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PREFACE I 

This manual provides field service information for the Hewlett-Packard 7933 and 7935 Disc Drives 
and is intended for use by service-trained personnel. The disc drive is a state-of-the-art, mass 
memory product and, because of its product design, a modular replacement philosophy has been 
implemented to minimize on-site repair time. On-site troubleshooting and repair are assured 
through the use of the information provided in this manual and the maintenance aids contained 
in the service kit. For disc drive operator instructions, refer to the HP 7933 Disc Drive Operator 
Instructions, part no. 07930-90901, or the HP 7935 Disc Drive Operator Instructions, part no. 
07935-90901. For installation and operating instructions, refer to the HP 7933 Disc Drive Operat­
ing and Installation Manual, part no. 07930-90902, or the HP 7935 Disc Drive Operating and 
Installation Manual, part no. 07935-90902, and the Site Environmental Requirements Manual, 
part no. 5955-3456. For functional differences of the controller cache drives from the standard 
drives (HP 7933H/7935H) see Appendix B. 

WARNING 

The disc drive contains magnetic material (motor-spindle assembly and 
actuator assembly), a potential hazard to personnel during shipping. 
Special packaging and markings are required by the United States 
Government for shipping. If reshipment of the disc drive becomes neces­
sary, refer to the HP 7933 Disc Drive Operating and Installation Man­
ual, part no. 07930-90902, or the HP 7935 Disc Drive Operating and 
Installation Manual. part no. 07935-90902, for repackaging instructions" 
If reshipment of the motor-~pindle assembly becomes necessary, refer to 
section V of this manual for repackaging information. 

The contents of this manual are organized in seven sections as follows: 

• Section I, Theory of Operation, provides a general description of the disc drive followed by a 
functional circuit description of its operating systems. 

• Section II, Channel Interface, provides a summary of the command and message formats 
required to implement channel communications of the Hewlett-Packard Interface Bus (HP-IB). 

• Section III, Maintenance, provides maintenance information, maintenance precautions, lists 
standard and special tools and test equipment required to service the disc drive, and inspection 
and cleaning procedures. 

• Section IV, Alignment and Adjustment, provides step-by-step alignment and adjustment 
proced ures for the disc drive. 

• Section V, Service Information, provides service information including details of the disc drive 
self-test and internal diagnostic routines. 

• Section VI, Removal and Replacement, provides step-by-step removal and replacement proce­
dures for each field-replaceable electrical and electro-mechanical assembly used in the disc 
drive. 

• Section VII, Replaceable Parts, provides listings of all field-replaceable parts and an illustrated 
parts breakdown for the disc drive, as well as replacement part ordering information. 

• ... ~ppendix A, Service Notes 

• Appendix B, Controller Cache Service Information 

iii/iv 
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SAFETY CONSIDERATIONS 

KEEP WITH MANUAL 

GENERAL - This product and related documentation 
must be reviewed for familiarization with safety mark­
ings and instructions before operation. 

WARNING 

CAUTION 

SAFETY SYMBOLS 

Instruction manual symbol: the 
product will be marked with this 
symbol when it is necessary for 
the user to refer to the instruction 
manual in order to protect the 
product against damage. 

Indicates hazardous voltages. 

Indicates earth (ground) terminal. 

The WARNING sign denotes a 
hazard. It calls attention to a pro­
cedure, practice, or the like, 
which, if not correctly performed 
or adhered to, could result in in­
jury. Do not proceed beyond a 
WARNING sign until the indi­
cated conditions are fully under­
stood and met. 

The CAUTION sign denotes a 
hazard. It calls attention to an 
operating procedure, practice, or 
the like, which, if not correctly 
performed or adhered to, could re­
sult in damage to or destruction 
of part or all of the product. Do 
not proceed beyond a CAUTION 
sign until the indicated condi­
tions are fully understood and 
met. 

SAFETY EARTH GROUND - This is a safety class I 
product and is provided with a protective earthing ter­
minal. An uninterruptible safety earth ground must 
be provided from the main power source to the product 
input wiring terminals, power cord, or supplied power 
cord set. Whenever it is likely that the protection has 
been impaired, the product must be made inoperative 
and be secured against any unintended operation. 

BEFORE APPLYING POWER - Verify that the 
product is configured to match the available main 
power source per the input power configuration in­
structions provided in this manual. 

If this product is to be energized via an auto­
transformer (for voltage reduction) make sure the com­
mon terminal is connected to the earth terminal of the 
main power source. 

SERVICING 

WARNING 

Any servicing, adjustment, main­
tenance, or repair of this product 
must be performed only by service­
trained personnel. 

Adjustments described in this 
manual may be performed with 
power supplied to the product 
while protective covers are re­
moved. Energy available at many 
points may, if contacted, result in 
personal injury. 

Capacitors inside this product 
may still be charged even when 
disconnected from its power 
source. 

To a void a fire hazard, only fuses 
with the required current rating 
and of the specified type (normal 
blow, time delay, etc.) are to be 
used for replacement. 

To install or remove a fuse, first 
disconnect the power cord from 
the device. Then, using a small 
screwdriver, turn the fuseholder 
cap counterclockwise until the 
cap releases. Install the proper 
fuse in the cap - either end of the 
fuse can be installed in the cap. 
Next, install the fuse and fuse­
holder cap in the fuseholder by 
pressing the cap inwards and then 
turning it clockwise until it locks 
in place. 
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THEORY OF OPERATION 1,'jilH':' 
i..--_________ ~~J I I 

1-1. INTRODUCTION 
This section contains a general description of the HP 
7933 and HP 7935 Disc Drives and their major com­
ponents, followed by a discussion of the disc drive 
addressing structure, recording format, and principles 
of operation. Throughout this manual, any reference 
to "disc drive" is intended to mean the standard HP 
7933 and HP 7935. The HP 7933XP and HP 7935XP 
controller cache drive differences are described in 
Appendix B. 

1-2. GENERAL DESCRIPTION 
The disc drive is a high-performance, random-access, 
microprocessor-controlled data storage device designed 
for use as a peripheral unit in medium and large com­
puter systems. Data is stored on seven magnetic discs 
located in a self-contained media module housed in the 
disc drive. The media module is operator removable 
only in the HP 7935 Disc Drive. Only qualified service­
trained personnel may remove the media module dur­
ing required servicing of the HP 7933 Disc Drive. 

The media module contains 13 surfaces for data stor­
age and one servo surface with head positioning and 
sector timing information. Using the 13 data surfaces, 
the disc drive provides access to 404 million bytes of 
formatted information in a single package. Each data 
surface contains three precision head-position­
determining bands that supply automatic head align­
ment information. A separate head is used for each 
data surface to retrieve existing data or to record new 
data. Head positioning on any of the 1,321 cylinder 
positions is controlled by a closed loop, track follow­
ing, servo system that derives cylinder positioning 
information from the prerecorded data on the servo 
surface of the media module. 

The disc drive contains sophisticated internal self-test 
diagnostics and fault detection circuitry that exercise 
the complete disc drive and indicate faults through an 
eight-character alphanumeric readout display on the 
front panel. The internal diagnostics permit complete 
off-line testing of the disc drive and the media module. 
The self-test diagnostics and the fault detection cir­
cuits furnish a quick and easy means of fault isolation 
to the printed-circuit assembly level. This quick isola­
tion provides for increased serviceability and min­
imum downtime. 

The disc drive is interfaced through the Hewlett­
Packard Interface Bus (HP-IB) and has a built-in 

microprocessor controller providing for translation 
of high-level command words to command sequences 
intelligible to the disc drive. The controller supports 
system protocol designed to minimize the effects of 
data transfer errors. The controller is capable of man­
aging bidirectional data transfers in multi-disc 
environments. 

This furnishes the user with maximium capabilities in 
terms of system configuration and data transfer effi­
ciency. Sophisticated error correction code (ECC) 
algorithms and hardware make it possible to detect 
and provide correction information for virtually all 
single-burst data errors. 

The disc drive is housed in a free-standing cabinet. 
The principle components of the disc drive as 
described in the following paragraphs, include 'disc 
rotation components, an electromechanical head­
positioning actuator assembly, printed-circuit elec­
tronic assemblies, a power module, and air circulation 
and cooling components. 

1-3. DISC ROTATION COMPONENTS 
The disc rotation components include a media module 
chamber and a spindle assembly. The spindle assem­
bly consists of a brushless dc spindle motor and hub 
on which the media module is attached. The media 
module is a magnetic disc data storage module con­
taining seven 356-millimetre (14-inch) diameter discs. 
One disc surface is dedicated to servo head position 
and sector information and the remainder are data 
surfaces. The speed of the spindle motor is maintained 
at 2,700 rpm by control circuits on spindle driver 
printed-circuit assembly (PCA) A12. 

1-4. ACTUATOR ASSEMBLY 
The actuator assembly is an electromechanical unit 
consisting of a coil and carriage assembly, a magnet 
and rail assembly, a velocity transducer (tachometer), 
and two temperature sensors. 

The read/write heads and the servo head are attached 
to the coil of the carriage assembly. This coil, together 
with the permanent magnet on the rail assembly form 
a linear motor. Head positioning is achieved by apply­
ing a current to the coil of the motor. The raii ass~m­
bly is aligned such that when the motor is energized, 
the carriage moves the heads inwards or outwards 
from the center of the media module. The velocity 
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transducer measures the linear velocity of the coil and 
carriage assembly. The transducer consists of a small 
cylindrical coil and a permanent magnet. The coil is 
fixed in the center of the linear motor coil and the 
magnet is attached to the carriage. Movement of the 
magnet through the coil generates a voltage with a 
magnitude proportional to the linear velocity of the 
motor and the polarity indicating the direction of 
motion. This voltage is used by the servo loop control­
ling the linear motor to achieve acceleration/ decelera­
tion during carriage movement between disc tracks. 

A carriage latch and carriage back detector mounted 
on the side of the linear motor magnet control the 
loading action of the actuator. When the heads load, 
the latch solenoid is energized momentarily to retract 
the latch and allow the carriage to move away from 
its retracted (home) position. When the carriage returns 
to its home position, the latch automatically locks the 
carriage in place. The carriage latch back detector 
reports to the microprocessor when the carriage is in 
the home position. 

The temperature transducers monitor the temperature 
of the actuator assembly and the airstream exiting 
from the media module chamber, and alert the micro­
processor of an over-temperature condition. 

1-5. DATA AND SERVO HEADS 
The media module contains 13 data surfaces and one 
servo surface. Using one head per surface, the disc 
drive has 13 data heads and one servo head. The data 
heads are read/write heads that read data from or 
write data onto the data surfaces. The servo head is a 
read-only head that reads head position information 
from the prerecorded servo surface. 

The heads are designed to fly above the discs sup­
ported by a thin cushion of air that acts as an air 
bearing to the heads. This air bearing functions as a 
very stiff spring which is opposed by the leaf spring 
on each head arm. These two opposing spring forces 
tend to cancel one another at a flying height of approx­
imately 25 microinches. In order for the heads to fly 
properly, several conditions must be satisfied. These 
conditions include the cleanliness of the air surround­
ing the disc surfaces, the axial runout and flatness of 
the disc surfaces, and the flatness of the head surface 
near the read/write gap. 

Each head consists of a gapped ferrite core mounted 
in a ceramic shoe. There are two windings wound 
around the ferrite core and the windings are connected 
at a common point and phased such that the common 
point acts as a center tap. These windings are used for 
both reading and writing by detecting or producing a 
magnetic field at the gap in the ferrite core. 

Data is written by passing a current through the 
windings in a selected data head. This current gener-
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ates a flux field across the gap that magnetizes the 
iron oxide particles bound to the surface of the disc. 
The writing process orients the poles of each magnet­
ized particle to permanently store the direction of the 
flux field as the oxide passes beneath the head. The 
direction of the flux field is a function of the write cur­
rent polarity. Erasing is accomplished by writing over 
any data which may have been previously recorded on 
the disc. 

In a read operation, as the data surface passes be­
neath a data head, the magnetically stored flux fields 
intersect the gap in the ferrite core. Gap motion 
through the flux field causes a voltage to be induced 
into the windings wound around the core. This in­
duced voltage is analyzed by the read circuitry to 
define the data recorded on the data surface. Each 
flux reversal, caused by a write current polarity 
change, generates a readback voltage pulse. 

1-6. PRINTED-CIRCUIT ASSEMBLIES 
There are 18 printed-circuit assemblies (PCA's) in the 
disc drive, as listed below. 

• Regular PCA-AI 

• Actuator Driver PCA-A2 

• Servo PCA-A3 

• Microprocessor PCA-A4 

• Disc Memory Access (DMA) PCA-A6 

• Formatter/Separator PCA-A8 

• Track Follower PCA-A9 

• Read/Write PCA-AIO 

• Motherboard PCA-AII 

• Spindle Driver PCA-AI2 

• DC Power PCA-AI3 

• Control Panel PCA-AI4 

• Data Input PCA-AI5 (part of A14) 

• Load/Unload PC A-AI 6 (part of A14) 

• HP-IB PCA-AI7 

• Actuator Status PCA-AI8 

• Emergency Retract PCA-A20 (part of A2) 

• Line Filter PCA-A21 

Controller Cache PCA's (see Appendix B): 

• Cache PCA-A5 
• CDMA PCA-A6 

Ten of the PCA's (AI through A4, A6, A8 through All, 
and A20) are located in a card cage assembly and the 
remainder are mounted at other locations in the disc 
drive enclosure. A brief description of the function of 
each PCA is provided in the following paragraphs. 
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1-7. REGULATOR PCA-A1. Regulator PCA­
Al contains +5 Vdc, +12 Vdc, and -12 Vdc regulated 
supplies that provide operating power for the peA's 
housed in the card cage. Unregulated dc voltages are 
input to PCA-Al from dc power PCA-A13 in the power 
module via a cable assembly. Regulator PCA-Al also 
contains circuitry that monitors certain conditions of 
the disc drive ac input power and dc voltages and 
makes this information available to microprocessor 
PCA-A4 for self-test purposes. 

1-8. ACTUATOR DRIVER PCA-A2. The 
basic function of actuator driver PCA-A2 is to cause a 
current to flow in the coil of the actuator linear motor 
in response to a command voltage from servo PCA­
A3. The actuator driver-PCA also contains a number 
of the components comprising the emergency retract 
circuit. The actuator driver can be self tested by micro­
processor PCA-A4. 

1-9. SERVO PCA-A3. Servo PCA-A3 controls 
the positioning of the carriage and head assembly. 
The servo PCA also acts with microprocessor PCA-A4 
to perform track-to-track seeks, head loading and un­
loading, and self test. The offset for automatic head 
alignment is input to servo PCA-A3. Servo PCA-A3 
also contains circuits to compensate the servo system 
for track following. 

1-10. MICROPROCESSOR PCA-A4. Micro­
processor PCA-A4 supervises overall operation of the 
disc drive by addressing and enabling appropriate 
circuit blocks in response to input commands from the 
host computer. The input commands place the micro­
processor in one of four operational modes: control 
operations, which do not involve transfer of data; 
sense operations which determine the state of the disc 
drive; read operations, which transfer data -from the 
disc drive to the system host memory storage; and 
write operations, which transfer data from the system 
host memory to the disc drive. The microcodes for the 
specific instructions are stored in read-only memory 
(ROM) located on the microprocessor PCA. In addi­
tion, the microprocessor PCA circuitry includes ROM­
based self check diagnostics and test programs that 
facilitate troubleshooting the disc drive operating 
systems. 

1-11. DISC MEMORY ACCESS PCA-A6. Disc 
memory access (DMA) PCA-A6 provides an HP-IB 
interface, a microprocessor interface, serial/parallel 
data conversion, an implementation of the cyclic re­
dunduncy check (CRC) for data integrity on data 
transfers, and an error correction code (ECC) circuit 
for improving the integrity and recoverability of data 
written on the disc surfaces. The HP-IB interface is 
used to interface the disc drive to the system host 
computer through the Hewlett-Packard Interface Bus 
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(HP-IB). The microprocessor interface gives micro­
processor PCA-A4 the ability to control data transfers 
through the DMA, and allows the microprocessor 
access to the HP-IB for command interpretation and 
execution. During a write operation, the ECC circuitry 
adds redundant information to the data written on the 
disc. On a read operation, the ECC circuitry examines 
the data and the redundant information. From this 
information the ECC module can determine if an error 
has occurred and correct it if the length of the error is 
12 bits or less. Most errors exceeding 12 bits are 
detected but not corrected. The serial/parallel data 
conversion function is part of the read/write system. 
The DMA PCA can be self tested by microprocessor 
PCA-A4. 

1-12. FORMATTER/SEPARATOR PCA-A8. 
Formatter/Separator PC A-AS encodes input data to 
the read/write channel and decodes output data from 
the read/write channel. During a write operation, data 
is clocked from the serial/parallel data conversion cir­
cuitry on DMA PCA-A6 to PC A-AS where it is encoded 
and precompensated before being transmitted to read/ 
write PCA-AlD. During a read operation, data from 
read/write PCA-AIO is analyzed by decoder circuitry 
on PCA-AS to define the data recorded and then it is 
clocked into the serial/parallel data conversion circui­
tryon PCA-A6. :TIle formatter/separator PCA can be 
tested by microprocessor PCA-A4. 

1-13. TRACK FOLLOWER PCA-A9. Track 
follower PCA-A9 provides an output that is propor­
tional to the distance that the servo head is from the 
center of a servo track. This information is used by 
the head positioning system. The track follower PCA 
also informs the read/write system where data sectors 
begin and supplies automatic head alignment data. 
The track follower PCA can be self tested by micro· 
processor PCA-A4. 

1-14. READ/WRITE PCA-A10. Read/Write 
PCA-AID is an integral part of the read/write system. 
In the read mode, the readback signals caused by the 
flux transitions on the disc are changed by PCA-AID 
into a series of narrow pulses coincident with zero 
crossings. These signals are sent to formatter/separa­
tor PCA-AS for decoding and further processing. In 
the write mode, PCA-AID changes the encoded write 
data from formatter/separator PCA-AS into alternating 
flux transitions coincident with the incoming data to 
be written on the disc. The read/write circuitry can be 
self tested by microprocessor PCA-A4. 

1=15. MOTHERBOARD peA-AI L Mother­
board PCA-All, located at the base of the card cage 
assembly provides for the interconnection of signals 
and distribution of power between the PCA's housed 
in the card cage. The card cage PCA'S are connected 
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to motherboard PCA-All through receptacles mounted 
on the motherboard. An additional connector on the 
edge of the motherboard allows spindle driver PCA­
A12 in the power module to be connected by cable to 
the card cage PCA's. 

1-16. SPINDLE DRIVER PCA-A12. Spindle 
driver PCA-A12, located in the power module, pro­
vides power to the spindle motor to maintain its speed 
at 2,700 revolutions per minute. Spindle driver PCA­
A12 also contains self-test logic circuitry and unregu­
lated dc power supply circuits that furnish operating 
power for the spindle driver and actuator driver con­
trol amplifiers. 

1-17. DC POWER PCA-A13. DC Power PCA­
A13, located in the power module, rectifies and filters 
ac voltages from the secondary windings of the power 
transformer to provide unregulated dc power for regu­
lator PCA-A1 in the card cage. The output voltages 
from PCA-A13 are connected by cable to PCA-A1 in 
the card cage. 

I-lB. CONTROL PANEL PCA-A14. Control 
panel PCA-A14, located behind the front panel of the 
disc drive, performs the following functions: 

• Accepts inputs from the keyboard on data input 
PCA-A15. 

• Accepts inputs from the switches on load/unload 
PCA-A16. 

• Accepts input from the air pressure sensor. 

• Displays status messages from the microprocessor. 

• Displays internal diagnostic program data input by 
service-trained personnel. 

Control panel PCA-A14 is connected to microprocessor 
PCA-A4 via a 34-conductor ribbon cable. 

1-19. DATA INPUT PCA-A15. Data input 
PCA-A15 consists of a keyboard that permits front 
panel selection of the disc drive internal diagnostic 
commands. The data input PCA is a subassembly of 
control panel PCA-A14. 

1-20. LOAD/UNLOAD PCA-A16. Load/Unload 
PCA-A16 contains two switches: one permits front 
panel control of the disc drive load/unload function, 
the other controls the top door unlock feature on the 
HP 7935. The second switch is disabled in HP 7933 
Disc Drives. The load/unload PCA is a subassembly 
of control panel PCA-A14. 
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1-21. HP-IB PCA-A17. HP-IB PCA-A17, mounted 
at the rear of the enclosure, permits the disc drive to 
be interfaced to the system host via a standard HP-IB 
cable. The HP-IB channel select switch is also mounted 
on the HP-IB PCA. 

1-22. ACTUATOR STATUS PCA-A1B. 
Actuator status PCA-A18, mounted on the side of the 
actuator assembly and connected by cable to servo 
PCA-A3, provides an interface for the temperature 
sensors, tachometer, carriage lock solenoid, and 
carriage back detector on the actuator assembly. 

1-23. DELETED 

1-24. EMERGENCY RETRACT PCA-A20. 
Emergency retract PCA-A20 supplies emergency 
retract power to the actuator assembly in the event of 
an emergency condition requiring retraction of the 
heads. PCA-A20 is a subassembly of actuator driver 
PCA-A2. 

1-25. LINE FILTER PCA-A21. Line filter 
PCA-A21, mounted in the power module input power 
assembly, contains a line filter that suppresses radio 
frequency energy generated by the disc drive. 

1-26. POWER MODULE 

The power module consists of a metal casting on 
which are mounted a number of the components com­
prising the disc drive dc power system. The compo­
nents include a captive power cord, a primary power 
circuit breaker, a power transformer, dc power PCA­
A13, and line filter PCA-A21. Spindle driver PCA-A12 
is also located in the power module. The power module 
is mounted on rack slides at the rear of the disc drive 
cabinet to facilitate servicing. 

1-27. ADDRESSING STRUCTURE 

The media module used with the disc drive contains 
seven discs. (See figure 1-1.) These discs provide 13 
data surfaces and one servo surface. The disc drive 
accesses data on the 13 data surfaces with 13 read/ 
write (data) heads. 

Head positioning information and sector clocking are 
derived from the servo surface through a read-only 
servo head. There are 1321 ensured cylinder positions 
available for data storage. Cylinder addresses range 
from zero to 1320. Each data cylinder consists of 13 
data tracks, one for each data surface. Tracks are 
addressed when both cylinder and head addresses are 
specified. Each data track is divided into 93 physical 
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7933-300 
Figure 1-1. Disc Drive Addressing Structure 

data sectors. Sectors are addressed when both head 
and sector addresses are specified for a given cylinder. 
Head addresses range from zero to 12. 

All addressing in the disc drive is logical. The con­
troller assigns physical addresses to the logical ad­
dresses. When a defective physical track is encoun­
tered, a new physical track (spare track) will be as­
signed to the same logical address. This eliminates 
dual seeks to obtain the correct data and reduces sys­
tem overhead in managing the discs and spare tracks. 
A total of 1321 tracks are guaranteed as logical tracks 
through the use of the spares, which the controller 
assigns as required. There are 92 logical sectors 
(addressed from 0 to 91) for data storage, while the 
93rd is reserved as a spare for use in the event that 
one of the original 92 logical sectors becomes defec­
ti\re. Sectors are spared by the controller. Should more 
than one sector per track develop unrecoverable errors, 
the entire logical track will then be assigned a new 
physical address (one of the spare tracks). This spar­
ing action is transparent to the host CPU. 

Each servo surface has 93 sector clock patterns en­
coded on it. (See figure 1-2.) A sector clock pattern 
consists of 8 dibits on the plus odd tracks and a pat­
tern of 8 dibits on the plus even tracks. The physical 
location of each data sector is determined by counting 
index pulses after reading a sector. The sector count­
ing electronics count these index pulses to keep track 
of the physical sectors as they pass beneath the heads. 

1-28. ADDRESSING MODE 

The microprocessor operates in a cylinder mode to 
access the data storage areas of the disc drive. (See 
figure 1-3.) In the cylinder mode, the heads are posi­
tioned over a particular cylinder and then data is 
written or read starting with the lowest numbered 
head and continuing to the highest numbered head. A 
cylinder of information therefore consists of all sec­
tors on all tracks at a given cylinder address. Head 
switching occurs after the data in sector 91 of the cur-

1-5 
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Figure 1-2. Sector Clock and Index Generation 
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rent track has been transferred. Head switching is 
sequential, that is, head 1 will be selected after head 0, 
and so on. Data transfers will continue with sector 0 
of the next track after the address fields and track sta­
tus indicators of a sector of that track have been veri­
fied by the microprocessor. ;

HEAD ~~:~:~::: ~ + 1 
/' ~ SURFACE 

o 1 ! :---CYLINDER N + 2 / 

1-29. SECTOR FORMAT 
The smallest directly addressable storage area on a 
data surface is a data sector. (See figure 1-1.) Access­
ing a data sector is accomplished when the internal 
microprocessor-based controller specifies the address 
of the cylinder, head, and sector. Each data sector 
contains a 28.5-byte preamble, a 256-byte data field, 
and 6.375-byte postamble. (See figure 1-4.) 

The 28.5-byte preamble is used for synchronization 
and addressing purposes. It is comprised of a 22.5-byte 
formatter/separator sync field; and a 6-byte header 
field which specifies status, head and sector addresses 
and provides the spare and track status indicators. 

The data field is used to store 256 bytes of data. Each 
byte is defined as being eight bits. Only the data field 
is transferred to and from the system during most 
data operations. The preamble and postamble are 
normally generated and checked by the controller. 
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The 6.375-byte postamble consists of a 2-byte cyclic 
redundancy check (CRC) word and 4.375 bytes (35 
bits) of error correction code. The controller generates 
the CRC information during a write operation and 
appends it to the other information written in the sec­
tor. The check information itself depends on the value 
of every bit from the first bit in the header field to the 
last bit in the data field. During a read operation, this 
check information is regenerated and compared in 
such a way that the presence of errors is detected. The 
ECC circuitry can automatically, and with no delay, 
correct up to 12 contiguous bits per sector. 

1-30. FUNCTIONAL DESCRIPTION 
The disc drive is organized into seven functional sys­
tems. (See figure 1-5.) These are the microprocessor 
control system, control panel system, spindle rotation 
system, head positioning system, read/write system, 
power distribution system, and air circulation and fil­
tration system. Each of the functional systems is de­
scribed in the following paragraphs. 

The microprocessor control system (1) supervises over­
all operation of the disc drive, including self-test rou­
tines and internal diagnostics. The control panel sys­
tem (2) accepts inputs from an operator through a 
keyboard and switches, displays the operating state of 
the disc drive on an eight-character alphanumeric 
display and provides an interface for sensor signals 
from the media module chamber. The spindle rotation 
system (3) provides power to the spindle motor and 
maintains its speed at 2,700 revolutions per minute. 
The head positioning system (4) controls the loading 
and unloading of the heads under normal and abnor­
mal circumstances. The head positioning system also 
causes the heads to be accurately positioned over a 
specified cylinder during an initial head load, forward 
or reverse seek, or recalibration. The head positioning 
system also makes available sector data to the read/ 
write system. The read/write system (5) provides an 
interface with the Hewlett-Packard Interface Bus 
(HP-IB) and the means to read information from a 
data surface or write information onto a data surface. 
The power distribution system (6) provides the operat­
ing voltages required for the remaining seven systems. 
The air circulation and filtration system (7) provides 
cooling air to the heat generating components of the 
disc drive and cool filtered air to the media module 
chamber. 

Each of the functional systems is described in the fol­
lowing paragraphs. Accompanying the functional sys­
tem descriptions are functional block diagrams and 
tables containing descriptions of the signal mnemon­
ics used in the diagrams and text. Each of the func­
tional block diagrams is identified by a large number 
in the lower right-hand corner of the page. These 
numbers are provided to assist in locating the system 
source and destination of signals flowing between the 
systems, and the source of the signals listed in the 
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mnemonic tables. Most of the signal mnemonics have 
"-L" or "-H" suffixes. These suffixes identify active 
low and active high logic signals, respectively. Sig­
nals without such suffixes are analog signals. In addi­
tion, Section V, Service Information, contains an over­
all wiring diagram of the disc drive and a source and 
destination signal list for motherboard PCA-A1l. The 
numbers identifying the system functional block dia­
grams are also included in this documentation. 

1-31. MICROPROCESSOR CONTROL 
SYSTEM 

The microprocessor control system consists of circuits 
on microprocessor PCA-A4. (See figure 1-15.) The 
primary purpose of the microprocessor control system 
is to supervise overall operation of the disc drive in 
response to input commands from the system host 
received via the Hewlett-Packard Interface Bus 
(HP-IB). Interface with the host takes place via disc 
memory access (DMA) PCA-A6 in the read/write sys­
tem. (See figure 1-19.) Interface circuitry on PCA-A6 
gives the microprocessor the ability to control data 
transfers through the DMA and also allows the micro­
processor access to the HP-IB for command interpre­
tation and execution. 

The commands can place the microprocessor in five 
operational categories: control operations which do 
not include the transfer of data between the micro­
processor and the HP-IB, sense operations which deter­
mine the state of the microprocessor and the disc drive 
and identify the nature of any errors that may have 
occurred; read operations which transfer data from 
the disc drive to the host; write operations which 
transfer data from the host main storage to the disc 
drive; and internal self-test diagnostics. The micro­
code instructions for specific operations are stored in 
Read-Only Memory (ROM) located on PCA-A4. Refer 
to table 1-1 for a description of the signal mnemonics 
used in figure 1-15. In the "source" column of table 1-1, 
the numbers in parentheses following the PCA refer­
ence designations identify the functional block dia­
gram locations of the PCA's. Communication with the 
read/write system and the other systems in the disc 
drive, with the exception of the control panel system, 
is via the connectors on motherboard PCA-A1l. Micro­
processor PCA-A4 communicates with the control 
panel system via a 34-conductor cable assembly (W5). 

1-32. MICROPROCESSOR CPU 
A Z-80A microprocessor integrated circuit is employed 
on PCA-A4. The Z-80A is a CPU with 158 instructions 
and executes programs in ROM to provide all of the 
control signals needed to operate the system. 

1-33. COUNTER/TIMER 
The counter/timer (CTC) is an integrated circuit with 
four separate counter channels (channels 0 through 3). 
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Table 1-1. Microprocessor Control System Mnemonics 

MNEMONIC 

AO-H thru 
A11-H 

ACTSL-L 

ACTTST 

BF1SL-L 

DO-H thru 
D7-H 

DM1SL-L 

OOPEN-H 

EC1SL-L 

ER-H 

FSSEL-L 

HIOAO-H 
thru 
HIOA2-H 

HIODO-H 
thru 
HIOD7-H 

HIODR-L 

1-10 

DEFINITION 

Address Bus, 
bits 0 thru 11 

Actuator Select 

Actuator Test 

Buffer 1 
Select 

Data Bus, 
bits o thru 

DMA No. 1 
Select 

Door Open 

ECC No. 1 
Select 

Emergency 
Retract 

Formatter/ 
Separator 
Select 

Control 

7 

Panel Address 
Bus, bits 0 
thru 2 

Control Panel 
Data Bus bits 
o thru 7 

Control Panel 
Direction 

SOURCE 

PCA-A4 
(1) 

PCA-A4 
(1) 

PCA-A2 
(4) 

PCA-A4 
(1) 

PCA-A4 
(1) 

PCA-A4 
(1) 

PCA-A14 
(2) 

PCA-A4 
(1) 

PCA-A20 
(4) 

PCA-A4 
(1 ) 

PCA-A4 
(1) 

PCA-A4/ 
PCA-A14 
(1,2) 

PCA-A4 
(1) 

FUNCTION 

Microprocessor address 
bus, bits 0 through 11. 

Actuator driver PCA-A2 
select line. 

Analog test signal 
from actuator driver 
PCA-A2. 

DMA no. 1 buffer select 
line. 

Microprocessor bidirect­
ional data bus, bits 
o through 7. 

DMA no. 1 register 
select. 

Top door open flag. 

DMA no. 1 ECC select 
line. 

Emergency retract flag. 
Signal is active (high) 
when an emergency retract 
occurs. 

Formatter/separator 
PCA-A8 select line. 

Microprocessor control 
panel address bus, bits 
o through 2. 

Control panel 
bidirectional data bus, 
bits 0 through 7. 

Microprocessor control 
panel bus direction 
command. 
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Table 1-1. Microprocessor Control System Mnemonics (continued) 

! I I I MNEMONIC DEFINITION SOURCE FUNCTION 

.HIORD-L Control Panel PCA-A4 Microprocessor control 
Read (1) panel read command. 

HIOSL-L Control Panel PCA-A4 Control panel PCA-A14 
Select (1) select line. 

HIOWR-L Control Panel PCA-A4 Control panel PCA-A14 
Write (1) write command. 

HRST-L Control Panel PCA-A4 Control panel PCA-A14 
Reset (1) reset line. 

IL5-L Interlock PCA-A4 Interlock line. (Not 
(1) shown in figure 1-15.) 

1L6-L Interlock PCA-A4 Interlock line. (Not 
(1) shown in figure 1-15.) 

101SL-L I/O No. 1 PCA-A4 DMA no. 1 PHI select 
Select (4) line. 

IP-L Index Pulse PCA-A9 Index timing pulse. 
(4) 

MBSEL-L Hotherboard PCA-A4 Motherboard PCA-A11 
Select (1) select line. 

MRST-L Master Reset PCA-A1 Master power-on reset 
(6) line. 

NM1-L Nonmaskable PCA-A4 Microprocessor non-
Interrupt (1) maskable interrupt. 

OFTRK-H Off-Track PCA-A9 Off track fault flag. 
(4 ) 

PWRDN-H Power Down PCA-Al Power down fault flag. 
(6) Signal is active (high) 

for loss of regulated 
+12 or -12 Vdc supplies 
unregulated + 20 or -20 
Vdc supplies, or +13 Vd 
supply. 

RD-L Read PCA-A4 Microprocessor read 
(1) command. 

REGSL-L Regulator n'-'II ilL 
rvl'1-l'1'"t Regulator pf"'A_A'1 

v.n.-.n..J.. 
~""'",,,..f-
;:)O::::.J..O::::~'" 

Select (1) line. 
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Table 1-1. Microprocessor Control System Mnemonics (continued) 

MNEMONIC DEFINITION 

RWFLT-H Read/Write 
Fault 

RYlI'ST Read/Write 
Test 

S08-L Start of 
Sector 

SPDDN-H Speed Down 

SPDSL-L Spindle Select 

SPSPD-H Spindle Is 
Is Rotating 

1-12 

SRVSL-L Servo Select 

SRVTST Servo Test 

TFFLT-H Track Follower 
Fault 

TFSEL-L Track Follower 
Select 

TFTST Track Follower 
Test 

WR-L Write 

540 Hz-H 540-Hz Clock 

SOURCE 

PCA-A10 
(5) 

PCA-AlO 
(5) 

PCA-A9 
(4) 

PCA-Al2 
(3) 

PCA-A4 
(1) 

PCA-Al2 
(3) 

PCA-A4 
(1) 

PCA-A3 
(4) 

PCA-A9 
(4) 

PCA-A4 
(1) 

PCA-A9 
(4) 

PCA-A4 
(1) 

PCA-A4 
(1) 

FUNCTION 

Read/write fault flag. 
Signal is active (high) 
for write with no dc, 
write with no ac, dc with 
no write, and multi-head 
fault. 

Analog test signal 
from read/write PCA-AlO. 

Start of sector pulse. 

Spindle driver PCA-Al2 
speed down flag. Signal 
is active (high) when 
spindle speed drops. 

Spindle driver PCA-Al2 
select line. 

Spindle driver PCA-A12 
signal indicating that 
spindle is rotating. 

Servo PCA-A3 select line. 

Analog test signal input 
from servo PCA-A3. 

Track follower PCA-A9 
fault flag. Signal is 
active (high) when phase­
locked loop error occurs. 

Track follower PCA-A9 
select line. 

Analog test signal input 
from track follower 
PCA-A9· 

Microprocessor write 
command. 

540-Hz clock signal to 
spindle driver PCA-A12. 
(Actual frequency is 
538.7931 Hz.) 
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MNEMONIC 

~4 MHz-H 

+12 TST 

-12 TST 
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Table 1-1. Microprocessor Control System Mnemonics (continued) 

DEFINITION 

4-MHz Clock 

+12V Test 

-12V Test 

SOURCE 

PCA-A4 
(1) 

peA-A! 
(6) 

peA-A! 
(6) 

FUNCTION 

4-MHz self test signal 
to track follower peA-A9. 

+12 Vdc test input to 
analog-to-digital 
converter. The input is 
a division of +12 Vdc. 

-12 Vdc test input to 
analog-to-digital 
converter. The input is a 
division of -12 Vdc. 
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Each channel has an eight-bit counter and, if used in 
a timer mode, a prescale of 16 or 256. The counters are 
used to count sectors on data transfers and time inter­
vals. Channel 0 counts the 540-Hz clock and is used as 
a long interval counter. The input to channell is the 
zero count output of channel o. This allows cascading 
of counter channels so that channels 0 and 1 can be 
used as a 16-bit counter. The input to channel 2 is the 
zero count output of channelL This allows a possible 
24-bit counter by cascading channels 0, 1, and 2. The 
input to channel 3 is the buffered Start of Sector (SOS­
L) signal from track follower PCA-A9. 

1-34. DATA BUS STRUCTURE 
There are five separate data buses on microprocessor 
PCA-A4. (See figure 1-15.) The microprocessor data 
bus connects directly to the microprocessor CPU inte­
grated circuit. The microprocessor data bus also con­
nects to the counter/timer integrated circuit and three 
data bus buffers. The motherboard data bus is con­
nected to the microprocessor data bus through an 
octal bidirectional bus driver (data bus buffer). The 
memory data bus is connected to all RAM and ROM 
on PCA-A4. The only other connections to the memory 
data bus is a data buffer to the microprocessor data 
bus and a data buffer to the control panel data bus. 
There is no other connection to the control panel data 
bus on PCA-A4 except to the memory bus. The micro­
processor register data bus connects all microproces­
sor control registers and I/O devices, except for the 
counter/timer integrated circuit, to the microprocessor 
data bus through a buffer. 

The microprocessor register data bus connects all 
microprocessor registers and I/O devices, with the 
exception of the counter/timer, to the microprocessor 
data bus through a buffer. Data input to the micro­
processor register data bus includes system sense 
lines such as Index Pulse (IP-L); and system fault 
lines such as Door Open (DOPEN-H), and Spindle 
Speed Down (SPDDN-H). A complete description of 
the sense and fault lines shown in figure 1-10 is pro­
vided in table 1-1. The output of the on-board analog­
to-digital converter and the PCA-A4 revision data are 
also input to the microprocessor register data bus. 
Also, control data logic connected to the micro­
processor register data bus transmits Control Panel 
Reset signal HRST-L to the control panel system. 

1-35. ADDRESS BUS STRUCTURE 
There are four separate address buses on microproces­
sor PCA-A4. The microprocessor address bus is the 
address bus connected to the microprocessor CPU. 
This bus also connects to the ROM's and to a set of 
buffers. The microprocessor address bus becomes the 
memory address bus after it is buffered. The memory 
address bus connects to the RAM, the memory decode 
and bus control logic, and to a set of transparent 
latches. The transparent latches provide a stable ad-
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dress to motherboard PCA-A11 and to the register and 
PCA select decode logic on PCA-A4. 

The address bus beyond the transparent latches is 
called the motherboard Address Bus, and consists 
of bits 0 through 11 (AO-H through All-H) and the 
latched address bus consisting of bits 4 through 7. The 
motherboard Address Bus connects directly to mother­
board PCA-A11, and only bits 1, 2, 3,8, and 9 connect 
to circuitry on PCA-A4. Bits 1, 2, and 3 are used for a 
self-test function. Bits 1, 2, and 3 are connected to an 
input register so that part of the motherboard address 
bus can be tested. Bits 8 and 9 of the motherboard 
address bus connect to a portion of the PCA select 
logic. The latched address bus connects to the register 
and PCA select decode logic only. 

1-36. READ ONLY MEMORY 
The Read Only Memory (ROM) block contains seven 
8-kbyte by 8 ROM's for a total of 52 kbytes of code 
(4 kbytes are presently unused). The ROM's are 250-
nanosecond devices with separate device enable and 
output enable lines. These separate device enable and 
output enable lines allow the ROM to operate with no 
bus contention. All of the ROM's are turned on with 
the device enable before it is decided which device is 
needed. When the decision is made, that device is 
selected by its output enable line. 

The ROM's device enable is active only when either 
the microprocessor CPU device control signal (indicat­
ing a read operation) or a signal indicating an opcode 
fetch or an interrupt acknowledge is active. The 
ROM's output enable is active only when micro­
processor CPU control signals indicate that a memory 
access operation is occurring. With this constraint, the 
ROM's are write protected. 

1-37. RANDOM ACCESS MEMORY 
The Random Access Memory (RAM) block contains a 
2-kbyte by 8 static RAM. This RAM is used for tem­
porary data storage, stack area, table area, and 
scratch pad area. 

1-38. CONTROL SIGNAL GENERATOR 
The function of the control signal generator is to 
buffer and synchronize the control signals from the 
microprocessor CPU. The control logic generator sup­
plies the signals which control the action of all of the 
other circuitry on PCA-A4. 

1-39. MEMORY DECODE AND BUS 
CONTROL LOGIC 

The memory decode and bus control logic consists of 
two 256-byte by 4 PROM's. The memory decode 
PROM decodes address bits 8 through 15 to select 
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various hardware units (ROM element, RAM element, 
register and PCA select decode logic, etc.). The outputs 
of this PROM are used as inputs to the bus control 
PROM, along with address bits 5 to 7 and a control 
signal. 

1-40. CLOCK GENERATOR 

All clocks on microprocessor PCA-A4 are derived from 
an 8.0-MHz crystal oscillator on PCA-A4. The 8.0-MHz 
output is divided by two to provide a square 4.0-MHz 
master clock which is used to generate all of the clock 
signals supplied by PCA-A4. These signals include a 
4-MHz clock, an inverted 4-MHz clock, a gated 4-MHz 
self-test clock for use by the PCA's on the mother­
board, a 500-kHz clock for use by the analog-to-digital 
converter on PCA-A4, and a 538.7931-Hz clock (signal 
540 Hz-H) for use by spindle driver PCA-AI2. 

The 4-MHz clock is used by the microprocessor CPU 
and most of the control logic on PCA-A4. The inverted 
4-MHz clock is used for control logic requiring a dif­
ferent clock edge than the non-inverted clock. It is also 
used as the clock for the logic used to generate the 
500-kHz clock and the 538.7931-Hz clock. 

The 500 kHz is detived from the 538.7931-Hz clock 
logic. The 538.7931-Hz clock is obtained by dividing 
the 4-MHz clock signal by 256 and then by dividing 
that clock by 29. Since the divide by 256 is done first 
and by binary counters, the 500-kHz clock can be 
tapped off from one of the counters. 

1-41. REGISTER AND PCA SELECT 
DECODE LOGIC 

The register and PCA select decode logic is driven by 
bits from the memory decode and bus control logic 
select PROM's and by latched address bus bits. The 
PROM bits choose which of the on-board RAM, the 
DMA buffer RAM, the microprocessor registers, or the 
PCA selects will be active. Further decoding informa­
tion is provided by the latched address bits. 

The select logic is divided into two categories: I/O 
selects and memory-mapped selects. The memory­
mapped selects are active only during a memory oper­
ation and the I/O selects are only active during an 
I/O operation. The only 1/0 selects are the two PHI 
selects, the control panel select, the analog-to-digital 
converter select, and the counterltimer select. 

Selects for the two DMA PCA's are arranged so that 
both peA's are accessed by the same address. Which 
DMA is selected is determined by a bit in the micro­
processor control register. DMA PCA-A6 (primary port) 
is accessed when the control bit is high, otherwise 
DMA PCA-A5 (secondary port) is accessed. 
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1=42. ANALOG-TO-DIGITAL 
CONVERTER 

An analog-to-digital converter on PCA-A4 is used to 
test a number of analog signals from various PCA's in 
the disc drive. These inputs are used for self test, limit 
checking, and auto head alignment. The signals input 
to the AID converter are ACTTST, RWTST, SRVTST, 
TFTST, +12 TST, and -12 TST. Refer to table 1-1 for a 
description of these signals. The analog-to-digital con­
verter takes an input from an analog multiplexer and 
performs a conversion on the signal. The sequence of 
operation for the AID converter consists of setting up 
the multiplexer in the control register and waiting for 
the multiplexer to settle, writing to the AID converter 
to start the conversion, waiting for the conversion to 
finish, and then reading the data via the micro­
processor register data bus. 

1-43. MICROPROCESSOR INTERFACE 

Communication between the microprocessor and the 
PCA's in the disc drive is achieved via the bidirec­
tional three-state motherboard Data bus (DO-H 
through D7-H). Together with this Data bus, a Read 
command (RD-L) and a Write command (WR-L) are 
also bused to the PCA's. In addition, an individual 
select line is sent to each PCA. The PCA select lines 
include BFlSL-L, DMlSL-L, ECClSL-L, FSSEL-L, 
HIOSL-L, IOSL-L, MBSEL-L, REGSL-L, SPDSL-L, 
SRVSL-L, and TFSEL-L. The function of each one of 
these signals is described in table 1-1. Only one PCA 
select line is active (low) at anyone time. If the Write 
command (WR-L) is active (low) at the same time that 
a PCA select line is active (low), data will be trans­
ferred from the microprocessor to the selected PCA. 
Conversely, if the Read command (RD-L) is low at the 
same time that a PCA select line is low, data is trans­
ferred from the selected PCA to the microprocessor. It 
should be noted that the Read (RD-L) and Write 
(WR-L) signals do not refer to the read and write oper­
ations of the disc drive. 

1-44. CONTROL PANEL SYSTEM 
The control panel system (see figure 1-16) consists of 
control panel PCA-A14, data input PCA-AI5, and load/ 
unload PCA-AI6. Included on the PCA's are front 
panel switches, an eight-character alphanumeric 
display panel, an activity indicator, and a keyboard. 
Also included in the control panel system is an air 
pressure sensor, a top door latch sensor, and a top 
door latch solenoid (on the HP 7935 only). Control 
panel PCA-AI4 is mounted on the operator control 
panel of the disc drive cabinet and is connected to 
microprocessor PCA-A4 in the card cage via a 34-
conductor ribbon cable. Data input PCA-AI5 and 
loadlunload PCA-A16 are subassemblies ofPCA-A14. 

The purpose of the control panel system is to accept 
inputs from an operator through the keyboard and 
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switches, display the active state of the disc drive on 
the activity indicator, display disc drive status mes­
sages, unlock the top door of the disc drive (on the HP 
7935 only), and provide an interface to the micro­
processor for the signals generated by the sensors. In­
cluded in the following paragraphs are circuit descrip­
tions of the top door latch solenoid drive, the LOAD/ 
UNLOAD and UNLOCK DOOR switches, the activity 
indicator, and the display panel. Refer to table 1-2 for 
a description of the signal mnemonics used in figure 
1-16. In the "source column" of table 1-2, the numbers 
in parentheses following the PCA reference designa­
tions identify the functional block diagram locations 
of the PCA's. 

1-44A. TOP DOOR LATCH SOLENOID 
DRIVER (HP 7935 ONLY) 

Part of the control panel PCA-A14 circuitry is the top 
door latch solenoid driver which, under microproces­
sor control, operates the solenoid controlling the top 
door latch. The driver uses a switching technique that 
is triggered by microprocessor PCA-A4 to discharge 
energy stored in capacitors into the top door latch 
solenoid. Bit 0 (HIODO-H) of the control panel data 
bus, Unlock Door (UD-L), and Spindle Is Spinning 
(SPSPD-H) are inputs to the top door latch solenoid 
driver. Signals SOL+ and SOL- are the driver outputs 
to the solenoid. The driver is disabled after it detects 
that the top door is open. The top door sensor returns 
a Door Open (DOPEN-L) flag directly to microproces­
sor PCA-A4. The solenoid driver outputs a Door Open 
Flip-Flop (DOFF-H) signal to the microprocessor inter­
face for self-test purposes. Signal Top Door Sensor 
Interlock (TDSI-L) is returned to the microprocessor 
interface to allow the microprocessor to check that 
the sensor is correctly attached to connector J4 on 
PCA-A14. 

1-45. LOAD/UNLOAD PCA-A16 
The operator control panel LOAD/UNLOAD switch 
and the UNLOCK DOOR switch (on the HP 7935 
only) is mounted on load/unload PCA-A16. The out­
put lines from the LOAD/UNLOAD switch are con­
nected to the load/unload flip-flop on PCA-A14. The 
flip-flop output is Load signal (LD-L) to the micro­
processor interface. When LD-L is active (low), the 
LOAD/UNLOAD switch is in the LOAD position; 
when the LD-L is inactive (high), the switch is in the 
UNLOAD position. The front panel UNLOCK DOOR 
switch is also mounted on PCA-A16. This switch is 
connected to the keyboard scan circuitry on data input 
PCA-A15. 

1-46. DATA INPUT PCA-A15 
Data input PCA-A15 contains a row-column encoded 
keyboard that is used to input commands to the disc 
drive. The keyboard/display interface integrated cir­
cuit described in paragraph 1-49 has all the circuitry 
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needed for scanning the keyboard. Digit selection is 
accomplished by decoding the keyboard scan lines of 
the keyboard/display integrated circuit. The active­
low output lines from the scan line decoder are used 
for keyboard scan. These lines are also used as digit 
select lines. The UNLOCK DOOR switch (on the HP 
7935 only), mounted on PCA-A16, is also connected to 
this scan circuitry. 

1-47. ACTIVITY INDICATOR 
AND DRIVER 

The activity indicator informs the operator when the 
disc drive is performing a programmed function. The 
activity indicator is a light-emitting diode (LED) lo­
cated adjacent to the eight-character display and is 
controlled by the activity indicator driver. The driver 
inputs are bit 0 of the microprocessor Control Panel 
Data Bus (HIODO-H), the Activity LED (ACTIVE LED) 
select signal, and the HIO Reset signal (HRST-L). 

1-48. SENSORS 
The sensor circuitry is used to detect when the disc 
drive top door is open and the presence of cooling air 
flow. The state of the top door (open or closed) is 
detected by a Hall-effect sensor. The output of the top 
door open sensor is connected directly to control panel 
PCA-A14 and is reported to the microprocessor. A 
pressure-sensitive switch senses the air pressure in the 
absolute filter. Output from the absolute filter pressure­
sensitive switch (Sl) is connected to control panel 
PCA-A14 and is reported to the microprocessor. 

The two sensor output lines to the control panel PCA­
A14 microprocessor interface are: Top Door Open (DO­
H) and Filter (FLTR-L). Refer to table 1-2 for further 
details. 

1-49. KEYBOARD/DISPLAY 
INTERFACE 

The keyboard/display interface circuit provides the 
operator with an eight-character alphanumeric dis­
play on which messages appear regarding the active 
state of the disc drive and its current operating condi­
tion, and a keyboard for command entries. ,The key­
board/display interface circuit consists of large- and 
medium-scale integrated circuits including a keyboard/ 
display interface, an ASCII-to-18-segment display 
driver, a scan line decoder, a display segment driver, a 
digit driver, and an eight-character 18-segment LED 
display module. The keyboard/display interface inte­
grated circuit has an internal 16 by 8 display buffer 
that allows storage of the eight characters needed for 
the control panel display. Since the display employs 
18-segment characters, the ASCII-to-18-segment dis­
play driver is used for this function. The keyboard/ 
display interface has eight data lines from the inter­
nal buffer to the display driver. Only the low order six 
bits are used because the display driver can only dis-
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Table 1-2. Control Panel System Mnemonics 

I MNEMONIC I DEFINITION SOURCE FUNCTION 

ACTIVE Activity LED PCA-Al4 Address decoder output to 
LED (2) activity indicator driver. 

DO-H Top Door PCA-Al4 Microprocessor interface input 
Open (2) from top door closed sensor. 

Signal is inactive (low) when 
top door is closed. 

DOFF-H Door Open PCA-Al4 Microprocessor interface input 
Flip-Flop (2) from the top door latch 

solenoid driver circuit. 

DOPEH-H Top Door PCA-Al4 Top door open flag returned 
Open (2) directly to microprocessor 

PCA-A4. Signal prevents spin 
up of spindle motor when top 
door is open. 

FLTR-L Filter PCA-~.19 Microprocessor interface input 
(2) from absolute filter air 

pressure sensor. Signal is 
active (low) when absolute 
filter is in good condition. 

HIOAO-H Control Panel PCA-A4 Microprocessor control panel 
thru Address Bus, (1) address bus, bits 0 through 2. 
HIOA2-H bits 0 thru 2 

HIODO-H Control Panel PCA-A4 Microprocessor control panel 
thru Data Bus, (1) bidirectional data bus, bits 
HIOD7-H bits 0 thru 7 o through 7. 

HIODR-L Control Panel PCA-A4 Microprocessor control panel 
Direction (1) bus direction command. 

HIORD-L Control Panel PCA-A4 Microprocessor control panel 
Read (1) read command. 

HIOSL-L Control Panel PCA-A4 Microprocessor control panel 
Select (1) select line. 

HIOWR-L Control Panel PCA-A4 Microprocessor control panel 
Write (1) wri te command. 

HRST-L Control Panel PCA-A4 Microprocessor con tro 1 pane 1 
Reset (1) reset line. 

LD-L Load/Unload PCA-Al4 Microprocesor interface input 
(2) from LOAD/L~LOAD switch cir-

cuit. When active (low), it 
indicates that switch is 
in LOAD position. 
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Table 1-2. Control Panel System Mnemonics (continued) 

MNEMONIC 

MRST-L 

SENS-L 

SIL-L 

SOL+, 
SOL-

SPSPD-H 

TDSI-L 

UD-L 

DEFINITION 

Master Reset 

Sensor 

Sensor 
Interlock 

Solenoid 
+, -

Spindle Is 
Spinning 

Top Door 
Sensor 
Interlock 

Unlock Door 

SOURCE 

PCA-Al 
(6) 

Media 
Module 
Chamber 
(2) 

PCA-Al9 
(2) 

PCA-Al4 
(2) 

PCA-A12 
(3) 

PCA-Al4 
(2) 

PCA-Al4 

play 64 characters. The resulting 18-segment data is 
used to drive the display through current limiting re­
sistors. The display characters are selected by decod­
ing the three low order bits of the scan lines from the 
display interface circuit. The decoded digit number is 
used to pull the cathodes of one character low thus 
enabling the segments for the digit. 

The keyboard is connected to the keyboard/display 
interface as described in paragraph 1-46. 

1-50. ADDRESS DECODER 
The address decoder permits the microprocessor to 
address all the functions of the control panel. The 
decoder consists of two 2-to-4 line decoders. The "A" 
and "B" inputs are control panel address bus, bits 1 

1-18 

FUNCTION 

Master power on reset line. 

Output of sensor sensing 
condition of top door on disc 
drive. Signal is active (low) 
when door is closed. 

Microprocessor interface 
input. When active (low), it 
indicates that module detect 
PCA-Al9 is connected to Control 
Panel PCA-Al4. 

Top door latch solenoid driver 
output to top door latch 
solenoid. 

Microprocessor interface input. 
When active (high) it 
indicates that spindle motor 
is spinning. 

Microprocesor interface input. 
When active (low), it indicates 
that top door sensor cable is 
in place. 

Address decoder output to the 
top door latch solenoid driver 
circuit. 

and 2 (HIOAI-H and HIOA2-H). The enable for the 
read address decoder is a logical "AND" of Control 
Panel Select (HIOSL-L) and Control Panel Read 
(HIORD-L). Similarly, the enable for the write address 
decoder is a logical "AND" of Control Panel Write 
(HIOWR-L) and Control Panel Select (HIOSL-L). This 
decoding scheme provides four read and four write 
addresses. Control Panel Address bit 0 (HIOAO-H) is 
not used for address decoding. This means that two 
consecutive microprocessor addresses enable the same 
decoder output lines. 

The keyboard/display integrated circuit requires two 
addresses: one for commands and one for data. It also 
needs to read and write from both of these addresses. 
This is the reason that the address decoder generates 
one output for two addresses. 
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1-51. MICROPROCESSOR INTERFACE 
The microprocessor interface consists of a number of 
registers that allow the microprocessor to sample the 
sensor detector outputs, the PCA artwork and revision 
register, and various self-test signals. For each regis­
ter the output control signal is the appropriate select 
signal from the address decoder. These registers are 
used in pairs since each has only four output bits. The 
select signal for the registers is HIOAO-H. In this way, 
the register chooses which nibble to output depending 
on bit 0 of the address. 

Signals that the microprocessor writes to PCA-A14 for 
the purpose of controlling the control panel circuitry 
include: Master Reset (MRST-L), Control Panel Data 
Bus, bit 0 (HIODO-H), and Control Panel Reset 
(HRST-L). 

Signals read by the microprocessor from PCA-A14 
include: Load/Unload (LD-L), Top Door Open (DO-H), 
Filter (FLTR-L), Sensor Interlock (SIL-L), and Top 
Door Sensor Interlock (TDSI-L). Refer to table 1-2 for a 
description of the microprocessor interface output and 
input signals listed above. 

1-52. SPINDLE ROTATION SYSTEM 
The spindle rotation system (see figure 1-17) consists 
of circuits on spindle driver PCA-A12, located in the 
power module, and connected by cables to mother­
board PCA-A11 and spindle motor B2. The primary 
purpose of the spindle rotation system is to provide 
power to the spindle motor and maintain its speed at 
2,694 (2,700 nominal) revolutions per minute. The spin­
dle rotation system also supplies dc power to actuator 
driver PCA-A2 and emergency retract PCA-A20 in the 
head positioning system. In addition, the spindle rota­
tion system provides an interface to microprocessor 
PCA-A4, allowing the microprocessor to control and 
monitor operation of the spindle motor rotation sys­
tem for both normal and self-test conditions. The fol­
lowing paragraphs provide a description of the com­
ponents shown in figure 1-17, followed by system oper­
ating details. Refer to table 1-3 for a description of the 
signal mnemonics used in figure 1-17. In the source 
column of table 1-3, the numbers in parentheses fol­
lowing the PCA reference designations identify the 
functional block diagram locations of the PCA's. 

1-53. SPINDLE MOTOR 
Spindle motor B2 is a six-pole, two-phase brushless dc 
motor which develops a one-quarter horsepower out­
put. Current is switched to the windings in a pre­
scribed manner by a spindle phase encoder circuit 
that derives shaft position information from two Hall­
effect sensors mounted on the stator of the spindle 
motor. To turn the motor, it is necessary to switch the 
current in the windings 12 times per revolution of the 
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shaft in a pattern that repeats every 120 degrees of a 
revolution. This pattern is illustrated in figure 1-6. 
Note that the current in each winding alternates be­
tween a positive polarity and a negative polarity. 

The polarity and relative timing between the two 
motor currents determine the direction in which the 
motor rotates; that is, reversing the polarity of the 
currents shown in figure 1-6 will reverse the direction 
in which the motor rotates. The magnitude of the 
torque that the motor develops is directly proportional 
to the magnitude of the current in the windings. By 
sensing the rotational speed of the motor and using 
this information to control the magnitude of the cur­
rent in the windings, the motor can be made to turn at 
a constant speed for large variations of the load on 
the shaft. 

1-54. SPINDLE PHASE DECODER 
The spindle phase decoder takes the position informa­
tion from the spindle motor encoders (Hall-effect sen­
sors) and directs current of the correct polarity into 
the proper motor windings in order to turn the motor. 
Microprocessor control of motor spin up and spin 
down is also achieved by the spindle phase decoder. 

Position sensing of the motor shaft is performed by 
the two Hall-effect sensors mounted in the stator of 
the spindle motor. Hall-effect sensors are latching 
devices, that is, they sense a threshold magnetic field 
in one direction, switch output state, and then retain 
that state until a threshold magnetic field in the oppo­
site direction causes the state to change again. The 
sensors detect the magnetic fields from magnets at­
tached to the motor shaft. The sensors are arranged to 
detect a radial magnetic field between the magnets 
and the pole pieces of the stator. The 30-degree spac­
ing of the magnets on the shaft causes the two sensors 
to switch in a 2-bit Gray code. This 2-bit code has four 
states which are decoded to control switching the 
motor currents as shown in figure 1-6. The encoder 
signals from the motor are labelled ENCA and ENCB. 
Mter buffering and gating with self-test encoder sig­
nals from the microprocessor, the signals are labelled 
ENCODER A and ENCODER B. 

The position information from the spindle phase de­
coder is combined with the torque information from 
the motor speed control loop in an analog switch for 
transmission to the power amplifiers. 

Microprocessor control of spindle motor spin up and 
spin down is performed by signals Run (RUN-H) and 
Spindle Stopped (SPSTOP-H). The operation of these 
signals is discussed in paragraph 1-66. 

1-55. MOTOR SPEED CONTROL LOOP 
The motor speed control loop controls the speed of the 
spindle motor by comparing the phase of the edges of 
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MNEMONIC 

AO-H,Al-H 

+ASUPTST-H 

-ASUPTST-H 

CLEAR-L 

l+CURR-H 

l-CURR-H 

2+CURR-H 

2-CURR-H 

DO-H thru 
D7-H 

1-20 

Table 1-3. Spindle Rotation System Mnemonics 

DEFINITION 

Address 
Bus, bits 
o and 1 

Actuator 
Positive 
Supply 
Test 

Actuator 
Negative 
Supply 

Clear 

Current 
Sense, 
Phase 1 
Positive 

Current 
Sense, 
Phase 1 
Negative 

Current 
Sense, 
Phase 2 
Positive 

Current 
Sense, 
Phase 2 
Negative 

Data Bus, 
bits 0 
thru 7 

SOURCE 

PCA-A4 
(1) 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A4 
(1 ) 

FUNCTION 

Microprocessor address bus, 
bits 0 and 1. 

Microprocessor interface input 
from power supply detector 
sensing level of unregulated 
+36vdc (+LMSUPP) output to 
actuator driver PCA-A2 in head 
positioning system. An inactive 
(low) signal indicates that 
voltage is less than +25 Vdc. 

Microprocessor interface input 
from power supply detector 
sensing level of unregulated 
-36 Vdc (-LMSUPP) output to 
actuator driver PCA-A2 in head 
positioning system. An inactive 
(low) signal indicates that 
voltage is less that -25 Vdc. 

Microprocessor interface output 
that clears signal SPDDN-H. 

Microprocessor interface input 
from current detector in 
positive output of spindle 
motor phase 1 power amplifier. 

Microprocessor interface input 
from current detector in 
negative output of spindle 
motor phase 1 power amplifier. 

Microprocessor interface input 
from current detector in 
positive output of spindle 
motor phase 2 power amplifier. 

Microprocessor interface input 
from current detector in 
Negative output of spindle 
motor phase 2 power amplifier. 

Microprocessor bidirectional 
data bus, bits 0 through 7. 
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! ! 
I MNEMONIC I 

DOPEN-H 

+EMRSUPP 

-EMRSUPP 

ENABLE-L 

ENCA 

ENCB 

ENCODER A 

ENCODER B 

INTLKl 
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Table 1-3. Spindle Rotation System Mnemonics (continued) 

DEFINITION 

Door Open 

Emergency 
Retract 
Positive 
Supply 
Voltage 

Emergency 
Retract 
Positive 
Supply 
Voltage 

Enable 

Encoder A 

Encoder B 

Encoder A 

Encoder B 

Interlock 

SOURCE 

PCA-A4 
(1) 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A12 
(3) 

Spindle 
Motor 
(3) 

Spindle 
Motor 
(3) 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A12 
(3) 

FUNCTION 

Microprocessor signal 
indicating that top door of the 
disc drive is open. When 
DOPEN-H is active (high), 
spindle motor power amplifiers 
are disabled. 

Unregulated +36 Vdc supplied 
by PCA-A12 to the emergency 
retract circuits on actuator 
driver PCA-A2 and emergency 
retract PCA-A20 in the head 
positioning system. 

Unregulated -36 Vdc supplied to 
the emergency retract circuits 
on actuator driver PCA-A2 and 
emergency retract PCA-A20 in 
the head positioning systsm. 

Microprocessor interface output 
to phase 1 and phase 2 power 
amplifiers. Signal is 
returned to microprocessor 
for self-test purposes. 

Output of Hall-effect sensor A 
on spindle motor. Signal is 
used to control spindle motor 
speed and is also input to 
microprocessor interface. 

Output of Hall-effect sensor B 
on spindle motor. Signal is 
used to control spindle motor 
speed and is also input to 
microprocessor interface. 

Buffered ENCA signal or 
microprocessor simulated 
encoder A signal. 

Buffered ENCB signal or 
microprocessor simulated 
encoder B signal. 

Interlock chain. Spindle motor 
power amplifiers are disabled 
when INTLKl is active (high). 
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MNEMONIC 

INTLK-H 

+LMSUPP 

-LMSUPP 

MRST-L 

PHASE 
ERROR 

PH10UT-H 

PH1RET-H 

PH20UT-H 

PH2RET-H 

RD-L 

RUN-H 
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Table 1-3. Spindle Rotation System Mnemonics (continued) 

DEFINITION 

Interlock 

Actuator 
Positive 
Supply 
Voltage 

Actuator 
Positive 
Supply 
Voltage 

Master 
Reset 

Phase 
Error 

Phase 1 
Output 

Phase 1 
Return 

Phase 2 
Output 

Phase 2 
Return 

Read 

Run 

SOURCE 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-Al2 
(3) 

PCA-Al 
(6) 

PCA-Al2 
(3) 

PCA-Al2 
(3) 

PCA-Al2 
(3) 

PCA-Al2 
(3) 

PCA-Al2 
(3) 

PCA-A4 
(1) 

PCA-Al2 
(3) 

FUNCTION 

Microprocessor interface input 
informing microprocessor that 
cable between PCA-A12 and the 
spindle motor is correctly 
connected. 

Unregulated +36 Vdc supplied 
by PCA-A12 to actuator driver 
PCA-A2 in the head positioning 
system. 

Unregulated -36 Vdc supplied 
by PCA-Al2 to actuator driver 
PCA-A2 in the head positioning 
system. 

Master Reset signal originating 
in power regulator PCA-Al. 
Signal resets the disc drive 
circuitry at power turn on. 

Output of phase/frequency 
detector in motor speed control 
loop. Signal is also input to 
microprocessor interface for 
self test purposes. 

Phase 1 power amplifier 
positive output to spindle 
motor. 

Phase 1 power amplifier 
negative output to spindle 
motor. 

Phase 2 power amplifier 
positive output to spindle 
motor. 

Phase 2 power amplifier 
negative output to spindle 
motor. 

Microprocessor read command to 
microprocessor interface logic 
on PCA-Al2. 

Microprocessor interface output 
to spindle phase encoder. State 
of RUN-H is also sensed by 
microprocessor for control 
purposes. 
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I MNEMONIC I 
SCC+, 
scc-

SPDDN-H 

SPDSL-L 

SPDUP-L 

SPSPD-H 

SPSTOP-H 
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Table 1-3. Spindle Rotation System Mnemonics (continued) 

DEFINITION 

Spindle 
Current 
Command, 
+ and -

Speed 
Down 

Spindle 
Driver 
Select 

Speed Up 

Spindle 
Is Rotating 

Spindle 
Stopped 

SOURCE 

PCA-Al2 
(3) 

PCA-A12 
(3) 

PCA-A4 
(1) 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A12 
(3) 

FUNCTION 

Zero to +5 Vdc and zero to -5 
Vdc, respectively, output by 
spindle current command 
generator to drive current into 
the spindle motor to control 
its speed. Zero volts equals no 
current and 5 volts equals 
approximately 12 amperes into 
the motor. Torque information 
from the phase detector and 
position information from the 
spindle phase decoder are 
combined in an analog switch so 
that they can be amplified by 
the two spindle motor power 
amplifiers. 

A flag signal sent directly to 
microprocessor PCA-A4 and 
emergency retract PCA-A20 in 
the head positioning system 
warning that some fault has 
developed in PCA-A12 to cause 
the spindle motor to lose phase 
locked speed. SPDDN-H remains 
active (high) until it is 
cleared by the microprocessor 
or Master Reset (MRST-L). 

Spindle driver PCA-A12 select 
line from microprocessor. 
SPDSL-L is active (low) when 
microprocessor is addressing 
PCA-A12. 

Microprocessor interface input 
from spindle speed up detector 
indicating that the spindle 
motor has reached its 
operational speed of 2700 rpm 
(nominal) . 

A flag signal sent directly to 
microprocessor PCA-A4 
indicating that the spindle 
motor is rotating. 
Microprocessor interface input 
from spindle phase decoder 
informing microprocessor that 
spindle motor is stopped. 
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MNEMONIC 

+SSUPTST-H 

-SSUPTST-H 

TEMP-H 

WR-L 

540 Hz-L 

180 Hz-H 
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Table 1-3. Spindle Rotation System Mnemonics (continued) 

DEFINITION 

Spindle 
Driver 
Positive 
Supply 
Voltage 
Test 

Spindle 
Driver 
Positive 
Supply 
Voltage 
Test 

Temperature 

Write 

540-Hz 
Clock 

180-Hz 
Clock 

SOURCE 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A4 
(1) 

PCA-A4 
(1) 

PCA-A12 
(3) 

FUNCTION 

Microprocessor interface input 
from power supply detector 
sensing output level of 
unregulated +36 Vdc supply on 
PCA-A12. An inactive (low) 
signal indicates that voltage 
is less than +25 Vdc. 

Microprocessor interface input 
from power supply detector 
sensing output level of un­
regulated -36 Vdc supply on 
PCA-A12. An inactive (low) 
signal indicates that voltage 
is less than -25 Vdc. 

Microprocessor interface input 
from thermal switch on PCA-A12 
heat sink. If the disc drive 
blower fails or the airflow 
path to the heat sink becomes 
blocked, the temperature will 
rise and cause the thermal 
switch to open. This disables 
the spindle motor power 
amplifiers. If the spindle had 
been spinning, SPDDN-H will 
become active (high). 

Microprocessor write command to 
microprocessor interface logic 
on PCA-A12. 

A reference clock used to 
control the spindle motor 
speed. The clock is generated 
on microprocessor PCA-A4 from 
the 4-MHz master clock. The 
clock has a frequency of 538.79 
Hz, assuming that the master 
clock oscillator is exactly 
4.00000 MHz. This gives a 
spindle speed of 2,693.95 rpm, 
a negligible difference from 
the specified 2,700 rpm. 

Internal 180-Hz clock signal 
used to limit the duty cycle of 
the spindle motor amplifiers to 
one-third when the spindle 
motor is turning slowly. Signal 
is also input to microprocessor 
interface. 

7933 



7933 

I 
I 

j. 
I 

ENCODER A J. (ENCA) 

ENCODER B Ir)---~ 
(ENCB) C 

PHASE 1 
CURRENT 

pas 

t 
o I---~ 

l 
NEG 

pas 

PHASE 2 t 
CURRENT 1 

NEG 

Theory of Operation 

I I I 
I I I 

1200 ~I· 1200 ·1..: 1200 ~I 

I r I , , 

7933-321 Figure 1-6_ Phase Selection Timing 

motor encoder signals ENCODER A and ENCODER 
B to a crystal-controlled reference clock and driving a 
current into the motor windings proportional to the 
phase difference between the signals. Included in the 
control loop are a reference clock pulse generator, an 
encoder clock pulse generator, a phase detector, and a 
spindle current command generator. To prevent dam­
age to the power amplifiers during acceleration and 
deceleration of the motor, the control loop also in­
cludes a current limiting feature. The current limiting 
circuitry includes a 180-Hz generator and a spindle 
current limiter. Also, in order to inform the micro­
processor and other operating systems in the disc 
drive of the status of spindle motor rotation, a speedup 
detector is included in the control loop. 

1-56. REFERENCE CLOCK PULSE GENER­
ATOR. The clock pulses which the motor speed 
control loop phase detector (phase lock loop) uses to 
control the speed of the spindle motor are generated 
on microprocessor PCA-A4. The input to the reference 
clock pulse generator is signal 540 Hz-H, a square 
wave with a frequency of 538.79 Hz, assuming that 
the microprocessor master clock generator has a fre­
quency of 4.0000 MHz. The reference clock pulse gen­
erator is a dual one-shot that provides two pulses for 
every rising edge of the reference clock input signal. 

1-57. ENCODER CLOCK PULSE GENER­
ATOR. The encoder clock pulse generator produces 
a clock pulse each time spindle motor encoder signal 

ENCODER A or ENCODER B changes state. The gen­
erator also outputs a flag signal, labelled Spindle Is 
Rotating (SPSPD-H). This signal is transmitted to con­
trol panel PCA-14 via microprocessor PCA-A4 where 
it is used to prevent the top door from being opened 
when the spindle motor is rotating. 

1-58. PHASE DETECTOR. The phase detector 
is a phase/frequency detector. The output of the detec­
tor is an indication of the phase difference of the ref­
erence clock pulses and the encoder clock pulses and is 
also an indication of their relative frequency. When 
the reference clock is higher in frequency than the 
encoder clock (as during spin up), the output of the 
phase detector is at a high level. Conversely, when the 
encoder clock is higher in frequency, the phase detec­
tor output is low. When the two clocks are at the same 
frequency (spindle speed is phase locked), the output is 
a pulse with a duration directly proportional to the 
phase difference. The variable pulse width PHASE 
ERROR signal output from the detector is coupled to 
the input of the spindle current command generator. 
Signal PHASE ERROR is also input to the micro­
processor interface for self-test purposes. 

1-59. SPINDLE CURRENT COMMAND GEN-
ERA TOR. The spindle current command generator 
supplies the signals that the motor speed control loop 
generates to drive current into the power amplifiers to 
control motor torque. Spindle Current Command sig­
nals SCC+ and SCC- can vary from zero to +5 V dc 
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and zero to -5 Vdc, respectively. Zero volts equals no 
current in the motor and 5 Vdc equals approximately 
12 amperes into the motor. An analog switch com­
bines the torque information from the motor speed 
control loop with the position information from the 
spindle phase decoder so that it can be amplified by 
the power amplifiers. 

1-60. SPINDLE CURRENT LIMITER. The 
spindle current limiter protects the power amplifiers 
from overload when the spindle motor is accelerating 
or decelerating. 

When the spindle motor is turning slowly, it is possi­
ble for the output transistors in the power amplifiers 
to overheat due to the extended time that each transis­
tor is turned on. To prevent this possibility, the spin­
dle phase decoder is disabled by a lBO-Hz generator 
that limits the duty cycle of the power amplifiers to 
one-third. Slow speed is sensed by monitoring the out­
put of the encoder clock pulse generator. Whenever the 
time interval between encoder clock pulses is more 
than 10.6 milliseconds, corresponding to a motor speed 
of 470 rpm, the output of the lBO-Hz generator is gated 
through to the spindle phase decoder. This signal, 
labelled duty cycle limit, disables the outputs of 
the spindle phase decoder and shuts off the power 
amplifiers. 

When the spindle motor is spinning down, the spindle 
dri ver exerts a braking force by trying to spin the 
motor backwards. During the time that the motor is 
being decelerated, the voltage applied to the motor by 
the power amplifiers is out of phase with the back emf 
of the motor. The combination of this voltage and the 
12 amperes of current that the amplifiers can deliver 
could cause equipment failure. To prevent this, the 
spindle current limiter limits signals SCC+ and SCC­
to approximately 1.5 V dc at spin down. 

1-61. lBO-HZ GENERATOR. The lBO-Hz gener­
ator divides reference clock signal 540 Hz-H by three 
and supplies a lBO-Hz signal to the spindle current 
limiting circuitry described in the previous paragraph. 
The lBO-Hz output is also input to the microprocessor 
interface for self-test purposes. 

1-62. POWER AMPLIFIERS 
The spindle driver power amplifiers are transconduc­
tance amplifiers that convert the spindle current com­
mand generator output voltages (SCC+ and SCC-) 
into motor drive currents. The circuits for the phase 1 
and phase 2 power amplifiers are identical. Each am­
plifier has phase plus and phase minus current detec­
tors that allow the microprocessor to test the opera­
tion of the amplifiers. Enable signal ENABLE-L, in­
put to the amplifiers from the microprocessor inter­
face, is also used for self-test purposes. 
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1-63. POWER SUPPLIES 

Spindle driver PCA-A12 contains a ±36 V dc unregu­
lated supply that provides operating power for the 
spindle rotation system and the head positioning sys­
tem. The ±36 Vdc unregulated outputs are derived 
from a bridge rectifier circuit connected via fuses F5l0 
and F520 to a secondary winding on power trans­
former T1. The ±36 V dc output voltages are connected 
to the spindle rotation system circuits via fuses F590 
and F5BO and to the head positioning system via fuses 
F540 and F550. The ±36 Vdc outputs are also con­
nected to the emergency retract circuit in the head 
positioning system via fuses F560 and F570. These 
eight fuses are located on PCA-A12 and are only 
accessible when the power module is fully extended on 
its rack slides. 

The ±12 Vdc regulated outputs are obtained from volt­
age regulators powered by the ±36 V dc supply. These 
±12 Vdc regulated outputs are separate from the ±12 
V dc supply lines in the card cage. This isolation ~re­
vents the noise generated on PCA-A12 from beIng 
coupled into the noise-sensitive read/write and head 
positioning systems. In addition to not being con­
nected directly to the ±12 V dc supplies in the card 
cage, the ±12 Vdc regulated supplies on PCA-A12 
employ the PCA-A12 ±36 Vdc supply ground. This 
prevents ground noise from being introduced into the 
card cage. 

1-64. ACTUATOR ASSEMBLY EMER-
GENCYRETRACTPOWER 

The power required for an emergency retract of the 
actuator assembly in the head positioning system is 
available from three sources on spindle driver PCA­
A12. Under normal circumstances, with the disc drive 
connected to an ac power source and the'" LINE cir­
cui t breaker on, the energy for emergency retract wi~l 
come from the ±36 V dc supplies on PCA-A12. In addI­
tion to the dc supplies, the spindle motor itself will act 
as a generator which can supply energy to the ±36 
volt supplies and provide enough power to retract the 
heads. Each of the motor windings acts as an ac volt­
age source with a voltage equal to the back emf of the 
motor for whatever speed that it is spinning. Diodes 
rectify the ac motor voltage so that if the peak value 
of the back emf is larger than the dc voltage on the 
power supplies, then the motor will force current into 
the supplies. 

1-65. MICROPROCESSOR INTERFACE 
The microprocessor interface consists of four registers 
that microprocessor PCA-A4 uses to communicate with 
PCA-A12. All four registers are used to read informa­
tion from PCA-A12 regarding status and self test. Two 
of the registers can be written to for the purpose of 
controlling the action of the spindle motor and for 
clearing certain faults that can occur on PCA-A12. 
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Refer to table 1-3 for a description of the microproces­
sor interface input and output signals shown in figure 
1-17. 

1-66. SPIN UP AND SPIN DOWN 
To spin up the spindle motor requires that the power 
amplifiers be enabled and the motor speed control 
loop is set to the run mode. To achieve this, the 
microprocessor activates Run/Stop (RUN-H), Enable 
Spindle (ENABLE-L) and ENCODER A and EN­
CODER B. This sets the motor speed control loop in a 
run mode, with the power amplifiers and spindle 
phase encoder enabled. Following this, the micro­
processor checks the state of the run mode and ampli­
fier lines and Speed Up signal (SPDUP-L). When 
SPDUP-L becomes active (low), it indicates that the 
spindle is rotating at the proper speed. Following 
power-on, the microprocessor senses, via the Speed Up 
(SPDUP-L) signal line to the microprocessor interface, 
the spin-up time of the spindle motor to determine 
whether or not the disc drive has a media module 
installed. If the spin-up time of the drive is too short, a 
.:'.';1.1,,1'11#4 message will be displayed at the front 
panel. 

To spin down the spindle motor and brake it to a halt, 
the microprocessor sets Run/Stop (RUN-H) low. To 
spin down the motor and let it coast to a halt, the 
microprocessor sets both RUN-H and Enable 
(ENABLE-H) low. Signal Spindle Stopped (SPSTOP-H) 
from the spindle phase decoder informs the micro­
processor when the spindle has stopped. 

1-67. FAULT DETECTION 
Spindle driver PCA-AI2 contains fault detection cir­
cuitry that alerts microprocessor PCA-A4 and other 
PCA's in the disc drive to the occurrence of a failure in 
the spindle rotation system and the need to initiate 
emergency action. 

If the spindle motor has been running and a fault 
develops that causes the motor to lose phase-locked 
speed, Speed Down flag (SPDDN-H) from the speedup 
detector will latch high. This flag alerts the micro­
processor and the emergency retract circuit in the 
head positioning system to take appropriate action. 
Signal SPD D N -H will remain latched un til it is 
cleared by a Clear (CLEAR-L) from the microproces­
sor interface. 

In the event that the spindle motor cable connector is 
detached or incorrectly attached to PCA-A12, the 
power amplifiers will not be enabled and the motor 
will not turn. 

If the disc drive air circulation system fails or the air­
flo\v path to the heat sink on spindle driver PCP~~.l.L\.12 
becomes obstructed, a thermal switch on the heat sink 
will open and cause signal TEMP-H to disable the 
power amplifiers. If the spindle is spinning, Speed 
Down flag (SPDDN-H) will also be activated. 

Theory of Operation 

1-68. SELF TEST 
Spindle driver PCA-AI2 contains a number of circuits 
that permit the microprocessor to determine if the 
spindle rotation system is operating correctly. For this 
purpose, the microprocessor can effectively disconnect 
spindle motor Encoder signals ENCA and ENCB and 
substitute its own encoder signals. Several circuits can 
be tested with these substituted encoder signals. This 
includes testing the output status of the power ampli­
fiers, testing for motor rotation, testing for proper oper­
ation of the spindle phase detector, speed-up detector, 
and spindle current command generator. The ±36 Vdc 
supplies to the spindle rotation and head positioning 
systems can also be tested by the microprocessor. 

The power amplifiers are tested one at a time by sub­
stituting encoder signals and sensing the outputs of 
the power amplifiers via the phase current detector 
outputs. The microprocessor can determine with a 
series of encoder signals if the correct amplifier stages 
turn on. 

While the amplifier output stages are being tested, the 
spindle will rotate 1/12 of a revolution each time cur­
rent is driven into a different stage. The microproces­
sor can read the spindle motor encoder signals' to 
determine if the spindle shaft has moved the correct 
amount when current is driven into the motor. 

Opera tion of the phase detector is tested by the micro­
processor reading the reference clock and substituting 
a changing encoder signal through the microprocessor 
interface. The phase detector can be read when the 
frequency of the substituted encoder is equal to the 
reference frequency. If the phase locked condition is 
maintained for more than 1.3 seconds, Speed Up sig­
nal SPDUP-L will go low. 

The microprocessor checks the condition of the fuses 
in the ±36 Vdc outputs to the spindle driver and the 
head positioning system by checking the outputs of 
the power supply detectors connected to these lines. 

1-69. HEAD POSITIONING SYSTEM 
The head positioning system (see figure I-IS) consists 
of circuits on actuator driver PCA-A2, servo PCA-A3, 
track follower PCA-A9, actuator status PCA-AlS, and 
emergency retract PCA-A20 (a part of PCA-A2). Also 
included are such electromechanical components as 
the actuator assembly, carriage latch solenoid, tem­
perature sensors, and velocity transducer (tachometer). 

The purpose of the head positioning system is to con­
trol, following microprocessor instructions, the appli­
cation of power to the coil of the linear motor in the 
actuator assembly. This causes the heads to be accu­
rately positioned over a specified cylinder during an 
initial head load, forward or reverse seek, or recalibra­
tion. In addition, the head positioning system pro­
vides the means to retract the heads under emergency 
and normal conditions and to control track following, 
including automatic head alignment. 
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Provided in the following paragraphs is a description 
of the system circuitry contained on the five printed­
circuit assemblies, followed by a discussion of system 
operation. The operations described include head load­
ing, head unloading, seek, recalibrate, track following, 
and emergency retract. Refer to table 1-4 for a descrip­
tion of the mnemonics used in figure 1-18. In the 
"source" column of table 1-4, the numbers in paren­
theses following the PCA reference designations iden­
tify the functional block diagram locations of the 
PCA's. 

1-70. TRACK FOLLOWER PCA-A9 
Track follower PCA-A9 amplifies and conditions the 
output signal from the servo head to a usable level 
and from this amplified signal extracts radial (cyl­
inder) position information for the servo loop in the 
head positioning system. The amplified signal is also 
used to extract circumferential timing information re­
quired by the read/write system for sector placement. 
The track follower also provides the microprocessor 
with a signal that indicates when the servo head is 
over the servo surface. 

The radial position and sector information is derived 
from servo code magnetically recorded on the servo 
surface. (See figure 1-7.) The servo code consists of a 
combination of plus odd and plus even dibits. There 
are 1,338 concentric servo bands alternating between 
plus odd and plus even bands on the servo surface. In 
addition, each servo band has 93 index patterns en­
coded on it from which start of sector information is 
derived. There are also servo guard bands on the servo 
surface that contain information that informs the disc 
drive electronics of the servo code direction. The guard 
bands also supply automatic gain control (AGC) and 
phase locked loop (PLL) information so that initializa­
tion and stabilization of the head positioning system 
can occur prior to track zero. The following para­
graphs describe the functions of the track follower 
PCA-A9 circuit blocks shown in figure 1-18. 

1-71. MICROPROCESSOR INTERFACE. The 
microprocessor interface consists of a number of regis­
ters that microprocessor PCA-A4 uses to c'ommunicate 
with PCA-A9. The registers are used to read informa­
tion from PCA-A9 regarding status and self-test. The 
registers can also be written to, for the purpose of con­
trolling the action of the track follower and for clear­
ing certain faults that can occur on PCA-A9. 

The signals that the microprocessor writes to PCA-A9 
for the purpose of controlling the actions of track fol­
lower PCA-A9 include: Self Test Position Offset 
(STOPF-L), Index Sync (ISNC-H), Enable Start Of 
Sector (ESOS-L), Clear Error (CLER-H), Least Signifi­
cant Bit (LSB-H), Skew Word Measure (SKWM-H), 
Sync Command (SNCM-L), Start Of Sector Presence 
(SOSP-L), and Self Test Enable (STEN-H). 
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Signals read by the microprocessor from PCA-A9 re­
garding status and self test include: Head Present 
(HP-H), AGC Fault (AGFLT-H), Sector Clock Presence 
(SCPR-H), Start of Sector Test (SOST-L), and Sync 
Error (SNCER-H). Refer to table 1-4 for a description 
of the microprocessor interface output and input sig­
nals listed above. 

1-72. AMPLIFIER CHAIN. Data from the servo 
head is fed into an amplifier chain via connector J1. 
The amplifier chain consists of a preamplifier, an 
AGC amplifier, and a postamplifier. All three ampli­
fiers have differential inputs and differential outputs. 
The gain of the AGC amplifier is controlled by signal 
Automatic Gain Control Voltage (AGCV) from the 
AGC reference summing circuit in the track position 
discriminator. A low pass filter is placed between the 
AGC amplifier and the postamplifier. The differential 
outputs from the postamplifier have an amplitude of 
1.5 volts peak-to-peak and are labelled PRE+ and 
PRE-. Figure 1-7 illustrates the servo and data track 
assignments and the PRE waveforms that occur as 
the servo head moves across plus odd and plus even 
servo tracks. 

1-73. AGC FAULT DETECTOR. During opera­
tion of the track follower, the absence of a servo head 
signal causes the amplifier chain to saturate. When 
this condition occurs, the AGC fault detector circuit 
transmits an AGC Fault Signal (AGFLT-H) to the 
microprocessor interface. Simultaneously, a Track 
Follower Fault Signal (TFFLT-H) is sent directly to 
the microprocessor. Following restoration of the servo 
head signal, the AGC voltage will move to its normal 
level. However, signals AGFLT-H and TFFLT-H are 
still active until the microprocessor asserts CLER-H. 

1-74. PHASE LOCKED LOOP. The phase 
locked loop (PLL) circuit provides timing signals for 
the track follower signal processing circuits on PCA­
A9. The PLL supplies timing pulses which are locked 
in phase with the servo code. These timing signals 
occur within three timing periods: dibit timing period, 
sector timing period, and disc revolution timing period. 
The PLL locks the outputs of a counter chain to the 
basic 800-kHz servo waveform signal. The PLL circuit 
consists of a phase discriminator, a 12.8-MHz voltage­
controlled oscillator (VCO), and a gate generator. 

1-75. Phase Discriminator. There are two in­
puts to the phase comparator: the recovered servo code 
(PRE+ and PRE-) and the locked reference (REF). The 
recovered servo code consists of balanced dibit pat­
terns occurring at an 800-kHz rate when the track fol­
lower is on track. During seeks, the servo code becomes 
odd and even sets of amplitude modulated dibits with 
a 400-kHz fundamental frequency. The PLL retains 
lock during both conditions. The phase discriminator 
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AO-H thru I 
A11=H 

ACT +, 
ACT -

ACTMP 

ACTSEL-L 

ACTTST 

ACUR 

ADIS-L 

AGCV 

AGFLT-H 

CC 
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Table 1-4. Head Positioning System Mnemonics 

DEFINITION 

Address 
bus, bits 
o thru 11 

Actuator 
Drive 

Actuator 
Temperature 

Actuator 
Driver 
Select 

Actuator 
Driver 
Test 

Actuator 
Current 

Amplifier 
Disable 

Automatic 
gain 
Control 
Voltage 

AGC Fault 

Current 
Command 

SOURCE 

PCA-A4 
(1 , 
\-1 

PCA-A2 
(4) 

PCA-A8 
(4) 

PCA-A4 
(1) 

PCA=A2 
(4) 

PCA-A2 
(4) 

PCA-A20 
(4) 

PCA-A9 
(4) 

PCA-A9 
(4) 

PCA-A3 
(4) 

FUNCTiON 

Microprocessor address bus, 
bits 0 through 11. 

Power amplifier outputs or 
emergency retract outputs to 
linear motor M1. 

Linear motor coil temperature 
sensor signal input to analog 
multiplexer on PCA-Al8. 

Actuator driver PCA-A2 select 
line from microprocessor. 
ACTSEL-L is active (low) when 
microprocessor is addressing 
PCA-A2. 

Analog test signal sent to 
microprocessor PCA-A4. 

Output of current sense 
detector. Detector 
monitors actuator driver 
current. 

Microprocessor interface input 
from emergency retract control 
logic signalling that the 
actuator driver power 
amplifier is disabled. 

Output of automatic gain 
control circuit on track 
follower PCA-A9. 

Microprocessor interface input 
from AGC fault detector on PCA­
A9. The microprocessor uses 
signal to sense absence or 
presence of servo signal from 
servo head. 

Input signal to actuator 
driver electronics. 
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MNEMONIC 

CCOM 

CLER-H 

CLER-H/L 

CLIP-L 

CNVF-L 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Current 
Command For 
Actuator 
Driver 

Clear 
Error 

Clear 
Emergency 
Retract 
Latch 

Clear 
Input 
Latch 

Connector 
Verify 

SOURCE 

PCA-A3 
(4) 

PCA-A9 
(4) 

PCA-A20 
(4) 

PCA-A20 
(4) 

PCA-Al8 
(4) 

FUNCTION 

Output from Servo PCA-A) to 
actuator driver PCA-A2. Signal 
CCOM is amplified by PCA-A2 to 
drive the actuator assembly. 

Microprocessor interface output 
performing several functions on 
PCA-A9. It resets the SOSP-H 
(start of sector presence) 
signal and prepares the start 
of sector presence flip-flop to 
detect the next start of sector 
pulse which is too short for 
the microprocessor to detect 
directly. CLER-H is also used 
to clear the start of sector 
flip-flop for test purposes, 
making SOST-L (start of sector 
test) inactive while CLER-H is 
active. CLER-H resets the 
SCPR-H (sector clock pulse 
received) and PLER-H (phase 
lock error) lines and resets 
the sector sync sequencer 
circuit when a missing sector 
clock pulse occurs and the 
microprocessor does not want to 
resynchronize the track 
follower timing. 

Microprocessor interface output 
clearing emergency retract 
control logic on PCA-A20. 

Microprocessor interface output 
to emergency retract control 
logic. 

Microprocessor interface input 
indicating that the connector 
on the ribbon cable W1 between 
servo PCA-A3 and actuator 
status PCA-Al8 is properly 
attached and that the velocity 
transducer (tachometer) cable 
is connected to Jl on PCA-A18. 
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CRB-L 

CUL-H 

DO-H thru 
D7-H 

DCK-H 

DCP-H 

DEC-L 

DLE9-L 

DTO-L 
thru 
DT2-L 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Carriage 
Is Back 

Carriage 
Unlock 

Data Bus, 
bits 0 
thru 7 

DTG 
Clock 

Data Clock 
Pulse 

Deceler-
ation 
Has 
Started 

DTG 
Register 
less than 
or equal 
to 9 

Drive Type, 
bits 
o thru 2 

SOURCE 

PCA-AlB 
(4) 

PCA-A3 
(4) 

PCA-A4 
(1) 

PCA-A3 
(4) 

PCA-AlO 
(5) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

FUNCTION 

Microprocessor interface input 
from PCA-AlB indicating that 
the carriage is fully retracted 
into the actuator assembly. 

Microprocessor interface output 
to carriage latch solenoid 
driver. When heads are loaded, 
microprocessor actuates 
solenoid long enough to allow 
carriage to move from its 
retracted position. Following 
this, the solenoid is 
deactivated. 

Microprocessor bidirectional 
data bus, bits 0 through 7. 

DTG clock control logic output 
register. 

Data clock pulses fed to track 
follower PCA-A9 for skew. 

Microprocessor interface 
input from deceleration 
indicator signaling 
that the carriage has started 
to decelerate during a normal 
seek operation. Signal is used 
by the microprocessor as an 
intermediate timeout check 
point. 

Microprocessor interface input 
used during self test. 

Microprocessor interface output 
to drive type gain select 
circuit programming gain of 
servo loop to match the moving 
mass of HP 7933 actuator. 
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DTGO-H 
thru 
DTGi0-H 

DTGEN-H 

+EMRSUPP 

-EMRSUPP 

ERDR 

ER-H 

ERVCC 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Distance­
To-Go 
Register, 
bits 0 
thru 10 

Distance 
To-Go 
Register 
Clock Enable 

Emergency 
Retract 
Positive 
Supply 
Voltage 

Emergency 
Retract 
Negative 
Supply 
Voltage 

Emergency 
Retract 
Drive 

Emergency 
Retract 

Emergency 
Retract 
Vcc 

SOURCE 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A12 
(3) 

PCA-A12 
(3) 

PCA-A2 
(4) 

PCA-A20 
(4) 

PCA-A2 
(4) 

FUNCTION 

Output of an ii-bit register 
used to address the velocity 
curve generator. During a 
write operation the 
microprocessor preloads the DTG 
register to the value desired 
to cause the servo system to 
perform a seek or other 
velocity control funtion. The 
microprocessor can also read 
the value of the DTG register 
for normal operations during a 
seek, and for self test. 

Microprocessor interface output 
controlling when the DTG 
register is clocked. 

Unregulated +36 Vdc supplied by 
PCA-A12 to the emergency 
circuits on PCAIS A2 and A20. 

Unregulated -36 Vdc supplied by 
PCA-A12 to the emergency 
retract circuits on PCAIS A2 
and A20. 

A signal from the 
switching regulator to the 
emergency retract driver 
on PCA-A2 causing approximately 
5 amperes to flow through the 
linear motor coil for 
approximately 0.5 second when 
an emergency retract command 
has been received. 

Emergency retract flag signal 
from the emergency retract 
control logic. Signal is active 
(high) when an emergency 
retract occurs. 

A low voltage supply that 
powers the switching regulator 
on PCA-A20. 
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Table 1-4. Head Positioning System Mnemonics (continued) 

r 
MNEMONIC 

I 
DEFINITION SOURCE FUNCTION I 

I 
ESOS-L Enable PCA-A9 Microprocessor interface output I Start of (4) enabling SOS-L ~~d SOST-L. 

Sector (Start of Sector signals.) 

FCEN-H First PCA-A3 Used in the DTG clock control 
Clock (4) logic. Causes the QTC-H signal 
Enable to be used as the first track 

crossing. 

FPOS Fast PCA-A9 Track follower position error 
Position (4) signal used during seeks. 

FPOSEN-L Fast PCA-A3 Enables the FPOS signal--both 
Position (4) FPOSEN-L and SPOSEN-L are 
Switch disabled when PST-L is active 
Enable (low) . 

HP-H Head PCA-A9 Microprocessor interface 
Present (4) input from head bias circuit 

indicating state of servo 
head. Signal is active (high) 
for a good head and inactive 
for a bad head. 

INPUT-L Input PCA-A20 Microprocessor interface 
Latch (4) input from emergency retract 

control logic reporting that 
an input signal capable of 
causing an emergency retract 
has been received. INPUT-L is 
reset by CLIP-L. 

IP-L Index PCA-A9 Pulse generated once per 
Pulse (4) spindle rotation by once-

around counter on PCA-A9. 

ISNC-H Index PCA-A9 Microprocessor interface output 
Sync (4) synchronizing the once-around 

counter on track follower 
PCA-A9 that generates a pulse 
once per spindle rotation. 
The counter is preset 
when ISNC-H is active (high), 
and disabled when ISNC-H is 
inactive (low) . 
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LER-H 

LIERR 

LIN-H 

+LMSUPP 

-LMSUPP 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Latched 
Emergency 
Retract 

Linear 
Error 

Amplifier 
is Linear 

Actuator 
Positive 
Supply 
Voltage 

Actuator 
Negative 
Supply 
Voltage 

SOURCE 

PCA-A20 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A12 
(6) 

PCA-A12 
(6) 

FUNCTION 

Microprocessor interface 
input indicating the state of 
emergency retract latch. An 
active (high) signal indicates 
that the emergency retract 
latch is set. That is, an 
emergency retract has occurred 
and the microprocessor has not 
cleared the latch. 

Output of linear mode error 
amplifier. The amplifier is a 
differencial amplifier that 
forms an error signal between 
the current command (CC) signal 
and the actuator current (ACUR) 
signal. The amplifier output is 
connected via an analog switch, 
operated by the 
linear/switching mode control 
circuit, and a buffer amplifier 
to the differential power 
amplifier on actuator driver 
PCA-A2. The buffer amplifier 
output is labeled CCOM. 

Output signal from linear/ 
switching mode control 
circuit. Signal LIN-H 
determines whether the 
amplifier operates in a linear 
mode (LIN-H high) or a 
switching mode (LIN-H low). The 
switching mode is used for 
controlling the high currents 
during a seek and the linear 
mode is used when track 
following. 

Unregulated +36 Vdc supplied 
by PCA-A12 to PCA-A2. 

Unregulated -30 Vdc supplied 
by PCA-A12 to PCA-A2. 

7933 



7933 

MNEMONIC 

LNGSK-H 

LSB-H 

MNVEL-L 

MPVEL-L 

MRST-L 

MXSELO-H 
thru 
MXSEL2-H 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Long 
Seek 

Least 
Significant 
Bit 

Maximum 
Negative 
Velocity 
Command 
Enable 

Maximum 
Positive 
Velocity 
Command 
Enable 

Master 
Reset 

Multiplexer 
Select, 
bits 0 
thru 2 

SOURCE 

PCA-A3 
(4) 

PCA-A9 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-Al 
(6) 

PCA-A3 
(4) 

FUNCTION 

Microprocessor interface output 
used in velocity curve control 
logic. Signal is active (high) 
when the disc drive is doing 
a seek of 33 or more tracks. 

Microprocessor interface out­
put. When tracking on even 
tracks, the slope of the 
position signal is different 
from the slope of the position 
signal when odd tracks are 
being tracked. This is due to 
the alternating band pattern of 
the servo disc. The 
microprocessor compensates for 
this by outputting the least 
significant bit of the physical 
track address. This ensures 
that the polarity of the track 
follower position signal output 
to servo PCA-AJ is correct. 
Signal LSB-H is also returned 
to microprocessor interface for 
self test purposes. 

Velocity curve generator output 
voltage that causes carriage to 
accelerate toward the outside 
of the disc during the first 
part of a long seek. 

Velocity curve control logic 
output that causes carriage to 
accelerate toward the inside 
of the disc during the first 
part of a long seek. 

Master reset signal. MRST-L 
resets the disc drive circuitry 
at power turn on. 

Microprocessor interface out­
put selecting analog multiplex­
er signal for transmission to 
analog-to-digital converter 
on microprocessor PCA-A4. 
Signals input to the 
multiplexer include TAC, 
TEMP, CCOM, VREF, CC, VC, 
OFST, and POS. 
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NTR! 

OFST 

OFSTO-H 
thru 
OFST7-H 

OFTRK-H 

OPOS 

OTSET-H 

PADIS-H 

PER-L 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Negative 
Triangle 
Wave 

Offset 

Head 
Alignment 
Offset 
bits 0 
thru 7 

Off Track 
Fault 

Offset 
Position 

On Track 
Latch Set 

Processor 
Amplifier 
Enable 

Micro­
processor 
Emergency 
Retract 

SOURCE 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A20 
(4) 

PCA-A20 
(4) 

FUNCTION 

A negative triangle waveform 
used when the actuator driver 
is in a switching mode. The 
waveform is used to pulse width 
modulate the switching mode 
error amplifier. 

Voltage offset from automatic 
head alignment offset DAC. 

Microprocessor interface out­
put setting automatic head 
alignment offset value in 
digital-to-analog converter on 
PCA-A3. 

Latched output of track center 
detector. OFTRK-H becomes 
active (high) if the servo head 
goes off track after it should 
have settled. OFTRK-H is 
monitored by the microprocessor 
during normal operation and the 
detector is cleared by the 
microprocessor after the servo 
has settled on track. 

Signal POS with automatic head 
alignment offset added. 

Microprocessor interface out­
put clearing off track fault 
sensed by track center 
detector. 

Microprocessor interface output 
controlling power amplifier 
on PCA-A2. An active (high) 
signal will disable the power 
amplifier. An inactive (low) 
signal will enable the power 
amplifier, provided that the 
emergency latch is cleared and 
no conditions are present that 
will cause an emergency 
retract. 

Microprocessor interface output 
causing an emergency retract to 
occur. 
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PEXS-H 

PEXTMP 

POS 

POSEN-L 

PRE + , 
PRE-

PSF-H 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Pack 
Exhaust 
Temperature 
Sensor 
Select 

Pack 
Exhaust 
Temperature 

Position 

Position 
Control 
Loop 
Enable 

Pre­
amplifier 
+, -

Power 
Supply 
Fail 

SOURCE 

PCA-A3 
(4) 

PCA-AlB 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A9 
(4) 

PCA-A20 
(4) 

FUNCTION 

Microprocessor interface output 
selecting output of actuator 
coil temperature sensor (PEXS-H 
low) or module exhaust 
temperature sensor (PEXS-H 
high) from actuator status 
PCA-AlB. Selected output is 
TEMP signal input to analog 
signal multiplexer on Servo 
PCA-A3. 

Pack exhaust temperature sensor 
signal input to analog 
multiplexer on PCA-AlB. 

Output of position signal 
select and self test logic. 
Selected signal is derived from 
track follower signal FPOS, 
SP~S, or OFST. FPOS is used 
during seeks, SP~S is used 
after settling on track j ~~d 

OFST is used during self test. 

Microprocessor interface output 
controlling current command 
select logic. ~~ring normal 
operation, POSEN-L is inactive 
(high) when the disc drive is 
performing head loading, 
unloading, or seeks and is 
active (low) when the disc 
drive is following the servo 
track. 

Differential output of 
amplifier chain on PCA-A9. 

Emergency retract control logic 
input from power supply 
failure monitor reporting 
that a power supply failure 
has occurred. Failure is also 
reported to microprocessor 
interface. An active (high) 
signal indicates that one or 
more of the +5V, +12V, +36v, 
or -36v power supplies is below 
acceptable limits. 
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PST-L 

PI'RI 

PWM-L 

QTC-H 

RORD-L 
R1RD-L, 
R3RD-L, 
R6RD-L, 
R7RD-L 

ROWR-L 
thru 
R6WR-L 

RD-L 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Position 
Self Test 

Positive 
Triangle 
Waveform 

Pulse 
Width 
Modu­
ulator 
Self Test 

Plus or 
Minus 
Quarter 
Track 
Crossing 

Register 
0, 1, 3, 
6, 7, 

Register 0 
thru 
Register 6 
Write 

Read 

SOURCE 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A4 
(4) 

FUNCTION 

Microprocessor interface input. 
Signal PST-L routes the auto 
head alignment offset signal 
into the POS signal path to 
test the POS related circuits 
on servo PCA-A3. 

A positive triangle waveform 
used when the servo amplifier 
is in a switching mode. The 
waveform is used to pulse width 
modulate the switching mode. 

Microprocessor interface output 
that goes low whenever CCOM 
is above +1.4v or below -1.4v. 
Signal is used to check the 
PWM circuitry. 

A narrow pulse from the plus 
and minus quarter track 
crossing detector indicating 
when the servo head is either 
plus one quarter track from 
the center of a servo band 
or minus one quarter track 
from the center of a servo 
band. QTC-H is used to clock 
the DTG register when selected 
by the DTG clock control logic. 

Enables specified read register 
so that microprocessor can read 
the contents of the register. 

Indicates when the specified 
register is being written to by 
the microprocessor. 

Microprocessor read command 
to microprocessor interface 
circuitry. 
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RK1 

RK2 

ROM-10H, 
ROM-11H 

SCPR-H 

SKMFLG-L 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Relay 1 
Coil 

Relay 2 
Coil 

ROM Address 
bits 10,11 

Sector 
Clock 
Presence 

Skew 
Measure­
ment 
Strobe 

SOURCE 

PCA-A20 
(4) 

PCA-A20 
(4) 

PCA-A3 
(4) 

PCA-A9 
(4) 

PCA-A9 
(4) 

I FUNCTION 

Output of amplifier enable 
relay driver. This relay 
disables the power amplifier on 
PCA-A2 during emergency 
retracts. The default state of 
the relay (no power to actuator 
coil) disables the power 
amplifier. 

Output of emergency retract 
relay driver. This relay 
switches the coil of the 
actuator between the power 
amplifier output and the 
emergency retract driver 
output. The default state of 
the relay (no power to coil) 
connects the actuator coil to 
the emergency retract driver. 

Two high order address lines 
for ROM in VC generator. 
Selected profile is indicated 
as follows: 

BIT 11 

o 
o 
1 
1 

BIT 10 SELECTED 
PROFILE 

o Fast 
1 Half-fast 
o Quarter-fast 
1 Slow 

Microprocessor interface 
input. Signal SCPR-H becomes 
active (high) when the sync 
information at the beginning of 
a sector is received and 
remains active until reset by 
microprocessor interface signal 
CLER-H. 

Microprocessor interface output 
to the skew measurement cir­
cuit. SKMFLG-L is set high at 
start of the skew word measure 
sequence which is initiated and 
terminated by SKWM-H. SKWM-L 
remains active until a DCP or 
self-test condition is 
detected. 
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SKOF-H 

SKWM-H 

SKWO-H 
thru 
SKW7-H 

SKWMO-H 
thru 
SKWM7-H 

SLND 

1-40 

Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Seek Off 
Disc 

Skew Word 
Measure 

Skew 
Control 
Word, bits 
o thru 7 

Skew 
Measure, 
bits 0 
thru 7 

Solenoid 

SOURCE 

PCA-A3 
(4) 

PCA-A9 
(4) 

PCA-A9 
(4) 

PCA-A9 
(4) 

PCA-A3 
(4) 

FUNCTION 

Microprocessor interface output 
used to indicate which 
direction the carriage should 
move. SKOF-H is input to the 
velocity curve generator and 
the velocity curve control 
logic. 

Microprocessor interface output 
controlling skew correction. 
Track follower PCA-A9 contains 
a measuring and correction 
circuit for any displacement 
(skew) between the read and 
servo heads. Skew is measured 
as timing differences because 
the discs are in motion. When 
SKWM-H is activated (bit high), 
the skew measurement circuit 
waits for a DCP (data clock 
pulse) from the read/write 
system. The DCP signal occurs 
when read/write PCA-AlO detects 
a sector clock pulse. When 
track follower PCA-A9 receives 
a DCP pulse, it latches the 
current value of an internal 
counter into the skew 
measurement register. For zero 
skew between the read and servo 
heads this register will read 
Bo (hexadecimal). 

Microprocessor interface signal 
used to control amount of skew 
required. 

The contents of a register on 
PCA-A9 containing a skew word 
that is compared with the track 
follower's internal counter to 
generate Start of Sector 
(SOS-L) . 

Carriage latch solenoid driver 
output to carriage latch. Sig­
nal is connected to solenoid 
via actuator status PCA-AlB. 
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SMS-L 

SNCER-H 

SNCM-L 

SOS-L 

SOSP-H 

SOST-L 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Skew 
Measurement 
Strobe 

Sync 
Error 

Sync 
Command 

Start of 
Sector 

Start of 
Sector 
Presence 

Start of 
Sector 
Test 

SOURCE 

PCA-A9 
(4) 

PCA-A9 
(4) 

PCA-A9 
(4) 

PCA-A9 
(4) 

PCA-A9 
(4) 

PCA-A9 
(4) 

FUNCTION 

Microprocessor interface signal 
used to latch the intra sector 
count into the skew measure 
latch during the skew 
measurement sequence. 

Microprocessor interface 
input indicating that the 
sector clock pulse detect of 
the sector sync information on 
the servo bands does not occur 
when PCA-A9 expects it. The 
microprocessor can reset 
SNCER-H, ignore it, or acti­
vate SNCM-H. 

Microprocessor interface out­
put causing PCA-A9 to resyn­
chronize its internal counters 
to the sector clock pulses. 
(See SNCER-H.) 

Start of sector pulses output 
by skew delay comparator on 
PCA-A9. 

Microprocessor interface 
input. PCA-A9 can generate 
start of sector pulses by com­
paring the skew set register 
contents with its internal 
counter. Start of sector pulses 
are captured by a flip-flop 
which generates SOSP-H. This 
signal can be reset with 
CLER-H. 

Microprocessor interface 
input derived from SOS 
(start of sector) output. In 
normal operation, SOST-L is a 
train of short pulses. The 
function can be tested with 
WCLE-H and CLER-H. With CLER-H 
and WCLE-H inactive (low), 
SOST-L should be active (low). 
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SPDDN-H 

SPEN-H 

SP~S 

SPOSEN-L 

SRVSL-L 

SRVTST 

STCLK 

STEN-H 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Spindle 
Speed 

Slow 
Position 
Signal 
Enable 

Slow 
Position 

Slow 
Position 
Switch 
Enable 

Servo 
Select 

Servo 
Test 

Self 
Test 
Clock 

Self Test 
Enable 

SOURCE 

PCA-A4 
(3) 

PCA-A3 
(4) 

PCA-A9 
(4) 

PCA-A3 
(4) 

PCA-A4 
(1) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A9 
(4) 

FUNCTION 

Signal from microprocessor 
PCA-A4 control logic on 
PCA-A20 indicating that 
spindle motor is out of speed 
lock control. SPDDN-H will 
initiate an emergency retract. 

Microprocessor interface output 
selecting either the ··slow" 
position signal (SPOS) or the 
"fast ll position signal (FPOS) 
from track follower PCA-A9. 
SP~S is used when track 
following and FPOS is used 
during seeks. 

Track follower position error 
signal used during track 
following. 

Enables the SP~S signal- both 
FPOSEN-L and SPOSEN-L are 
disabled when PST-L is active 
(low) . 

Servo PCA-A3 select line from 
microprocessor. SRVSL-L is 
active (low) when 
microprocessor is addressing 
PCA-A3. 

Output of analog signal multi­
plexer sending servo test 
signals to the analog-to­
digital converter on micro­
processor PCA-A4. Signals 
tested are TAC, TEMP, CCOM, 
VREF, CC, VC, OFST, and POS. 

Microprocessor interface output 
used by the DTG generator clock 
logic to clock the DTG genera­
tor during self test. 

Microprocessor interface out­
put activating the self test 
generator on PCA-A9. See 
STPOF-L. STEN-H also enables a 
test of the skew measuring cir­
cuitry. 
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STPOF-L 

SWERR 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Self Test 
Position 
Offset 

Pulse 
Width 
Modulation 

SOURCE 

PCA-A9 
(4) 

PCA-A3 
(4) 

FUNCTION 

Microprocessor interface out­
put activating the self=test 
signal generator to simulate 
the dibits that are received 
when the servo head is reading 
the servo bands. When the 
read/write heads are properly 
positioned, the servo head 
picks up alternating dibits 
from each of the two servo 
bands. These signals are of 
equal amplitude, causing the 
two track follower position 
signals, FPOS and SP~S to be at 
zero volts, indicating correct 
position. If the servo head 
moves off track, it picks up 
more signal from one servo band 
and less from the other, 
causing the position signals to 
change and indicate a non-zero 
........ ,...... u ........ O!!.O+ ~~e! .... .,.,.. .... ".,..,. 
y~_~~. "~.~v ~~~~ 6V6 ~ •• 

position is when the servo head 
is centered over one servo 
band. This occurs when the 
heads are between tracks. The 
dibits from one servo band 
disappear causing the frequency 
at which dibits are received to 
be halved. This condition can 
be simulated by halving the 
frequency of the self-test 
generator. This is what happens 
when STPOF-L goes active (low). 

Output of switching mode error 
amplifier. The amplifier takes 
the error signal created by 
the difference between the 
current command (CC) signal and 
the actuator current (ACUR) 
signal and pulse width 
modulates it. The modulated 
output (PWM) is connected via 
an analog switch, operated by 
the linear/switching mode 
control circuit, and a buffer 
amplifier to the differential 
power amplifier on actuator 
driver PCA-A2. 
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TAC 

TCC-H 

TCD-H 

TEMP 

TFFLT 

TFSEL-L 

TFTST 

TO-H 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Tachometer 

Track 
Center 
Crossing 
Detector 

Track 
Center 
Detector 

Tempera­
ture 

Track 
Follower 
Fault 

Track 
Follower 
Select 

Track 
Follower 
Test 

Time Out 

SOURCE 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-Al8 
(4) 

PCA-A9 
(4) 

PCA-A4 
(1) 

PCA-A9 
(4) 

PCA-A20 
(4) 

FUNCTION 

Actuator tachometer signal out­
put trom tachometer buffer on 
servo PCA-A3. 

A narrow pulse from the center 
track crossing detector 
indicating when the servo 
head has gone over the center 
of a servo track. Signal TCC-H 
is used to clock the DTG 
register when selected by the 
DTG register clock control 
logic. (See DCK-H.) 

Microprocessor interface input 
from track center detector. 
Microprocessor Uses TCD-H to 
change the servo control from a 
velocity loop to a position 
loop during normal operations. 
When track following TCD-H is 
active (high) when the servo 
head is within 175 microinches 
of track center. 

Actuator status PCA-Al8 tem­
perature sensor multiplexier 
output connected to analog 
signal multiplexer on servo 
PCA-A3. The multiplexier output 
is selected by PEXS-H. 

Track follower fault flag 
returned directly to 
microprocessor PCA-A4. 

Track follower PCA-A9 select 
line from microprocessor. 
TFSEL-L is active (low) when 
microprocessor is addressing 
PCA-A9· 

Analog test signal sent from 
PCA-A9 to microprocessor 
PCA-A4. Signal is same as SP~S. 

Microprocessor interface 
input indicating that an emer­
gency retract is currently in 
progress, that is, the emer­
gency retract time is timing 
out. 
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VC 

VCEN-L 

VREF 

WCLE-H 

WR-L 

4 MHz-H 
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Table 1-4. Head Positioning System Mnemonics (continued) 

DEFINITION 

Velocity 
Curve 

Velocity 
Curve 
Switch 
Enable 

Reference 
Voltage 

Write 
Clock 

Write 

4-MHz 
clock 

SOURCE 

PCA-A3 
(h' 
\"-TI 

PCA-A3 
(4) 

PCA-A3 
(4) 

PCA-A9 
(4) 

PCA-A4 
(1) 

PCA-A4 
(1) 

FUNCTION 

The output of the velocity 
curve generator. 

Connects VC into velocity loop 
as desired velocity signal. 

A stable 6.2 Vdc voltage 
source on servo PCA-A3. The 
voltage is used to provide bias 
current for the digital-to 
analog converters on PCA-A3 
and to define window sizes in 
the track center detect 
circuit. 

Microprocessor interface out­
put that gates the 30 MHz out­
put of the PLL voltage­
controlled oscillator to exter­
nal signal TFCLK-L. In normal 
operation, WCLE-H is active 
(high). For test purposes, 
WCLE-H has a second funcion. 
When low, it sets SOSP-H, and 
causes SOST-L and SOS-L to be 
active. 

Microprocessor write command to 
microprocessor interface 
circuitry. 

Self-test clock used in self 
test circuitry. 
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is implemented using a sample and hold technique. 
The incoming dibit waveform is sampled by a solid­
state switch and a capacitor. The switch is closed dur­
ing the reference pulse and the trailing edge of the ref­
erence signal initiates the hold function. If the trailing 
edge of the reference signal occurs at the dibit zero, 
crossing zero error is held. If the trailing edge of the 
reference pulse is early, a positive error voltage is held 
and if it is late, a negative error voltage will result. If 
a dibit pattern does not appear, the sampling circuit 
samples zero volts and no significant transients will 
be encountered. On the average, the loop will drive the 
reference pulse trailing edge to coincide with the zero 
crossing when the loop is locked. 

1-76. Voltage-Controlled Oscillator. The 
phase discriminator output is fed to the input of a volt­
age~controlled oscillator (VCO). The LC tank circuit of 
the oscillator is tuned to approximately 12.8 MHz and 
is made voltage-tuneable with varator tuning 
diodes. The oscillator output is level-shifted for TTL 
compatibility. 

1-77. Gate Generator. Th~ VCO output feeds 
12.8 MHz to the gate generator which outputs dibit 
and sector timing signals. The 12.8-MHz clock signal 
is fed into five stages of binary counter. The last four 
bits of the 5-stage counter are used to form 16 different 
115-nanosecond timing periods. An 8 by 32 ROM is 
used to decode the 4 bits into eight different timing 
waveforms. The fifth input to the ROM is signal Least 
Significant Bit (LSB-H), the least significant bit of 
physical track address. This signal indicates whether 
the track is even or odd. The generator outputs A 
Sample (ASMP) and B Sample (BSMP) signals to con­
trol the timing of the sample-and-hold circuits con­
tained in the track position discriminator. 

1-78. TRACK POSITION DISCRIMINATOR. 
The track position discriminator processes the incom­
ing servo code to obtain position and amplitude infor­
mation. Included in the discriminator are a dibit inte­
grator, sample and hold circuits, an AGC reference 
summing circuit, a differential amplifier, and a 
limited-slew-rate amplifier. 

1-79. Dibit Integrator. The dibit integrator proc­
esses the servo code by measuring the energy con­
tained in the first half of each dibit, holding it for 
sampling, and then discharging it to a constant value 
before processing the next dibit. 

1-80. A and B Sample and Hold Circuits. A 
pair of sample and hold circuits are used to demulti­
plex the even and odd dibits into A and B channels. 
The channels are scaled and summed by the AGC ref­
erence summing circuit to provide an AGC voltage 
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reference level. The channels are also subtracted by a 
differential amplifier to provide position information. 

1-81. AGC Reference Summing Circuit. The 
AGC reference summing circuit provides a voltage 
which is proportional to the sum of the A and B chan­
nels. This summation, labelled Automatic Gain Con­
trol Voltage (AGCV), is used to control the gain of the 
AGC amplifier in the amplifier chain. 

1-82. Differential Amplifier. The differential 
amplifier subtracts the A and B channels to provide a 
bipolar signal referenced to zero and proportional to 
the linear position of the head relative to an odd-even 
track pair. The amplifier output, labeled Fast Position 
(FPOS), is the signal used by servo PCA-A3 for count­
ing track crossings. 

1-83. Limited-Slew-Rate Amplifier. Signal 
FPOS is also passed through a limited-slew-rate ampli­
fier. The amplifier output, labelled Slow Position 
(SPOS), is the signal used by servo PCA-A3 for track 
following. The amplifier output is also returned to 
microprocessor PCA-A4 for self-test purposes. This 
line is labelled Track Follower Test (TFTST). 

1-84. SECTOR DECODING. The servo code has 
sector timing information encoded on it for the fol­
lowing two purposes: a) to provide a physical ref­
erence from which the start of sector signal can be 
derived, and b) to differentiate between even and odd 
tracks. The information is encoded by including pat­
terns of extra dibits at the beginning of each sector. 
The extra dibits occur in a pattern unique to an even 
track or an odd track. The circuits performing the sec­
tor decoding function include a sector clock pulse de­
coder, an inter-sector counter, and a sector counter 
synchronizer. 

1-85. Sector Clock Pulse Decoder. The sector 
clock pulse decoder circuit decodes the extra dibit 
patterns on the servo surface to provide the required 
sector timing signals. 

1-86. Intra-Sector Counter. The purpose of the 
intra-sector counter is to provide a reliable start of sec­
tor signal. This is required because the error rate of 
sector clock pulse detection due to noise, signal loss, 
and other phenomena is unacceptable for reliable oper­
ation of the disc drive. The intra-sector counter is syn­
chronized with sector clock pulse detections, but there­
after depends only on the phase locked loop. 

1-87. Sector Counter Synchronizer. Proper 
synchronization between the output of the sector clock 
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MED!A MODULE PHYSICAL-LOGICAL CYLINDER MAPPING 

PHYSICAL LOGICAL TRACK 
TRACK NO. NO./TYPE 

PHYSICAL LOGICAL TRACK 
TRACK NO. NO./TYPE 

I PHYSICAL I LOGICAL TRACK 
TRACK NO. NO iTYPE 

0(00) LANDING TRACK 
1 AHA ~ 00 AUTOMATIC 
2 AHA HEAD ALIGNMENT 
3 AHA I BAND 
4 SYS. MAINT. NO 1 
5 a 
6 1 

113 108 
114 109 
115 SPARE (SEE NOTE 4) 
116 110 
117 111 

334 328 
335 329 
336 SPARE (SEE NOTE 4) 
337 330 
338 331 

555 548 

MEDIA MODULE 

NOTES 
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557 
558 
559 

638 
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641 
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6"4 
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782 
783 
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1279 
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THE DISC SURFACE 
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DURING HEAD LOAD AND 
RECALIBRATE OPERATIONS 
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1208 
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SPARE (SEE NOTE 4) 
1210 
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1318 
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SERVO TRACK 
SPACING 

(1600 MICROINCHES) 

1. A DIBIT IS A READBACK SIGNAL PRODUCED FROM A MAGNETIC HEAD WHEN 
A MAGNETIC SURFACE WITH TWO CLOSELY SPACED SATURATED FLUX 
REVERSALS PASSES UNDER IT 

4 SPARE TRACKS ARE ENUMERATED ON THE 13 DATA SURFACES BY 
SCALAR NUMBERS. AS SHOWN BELOW 

2. A +000 TRACK IS A MAGNETIC SURFACE THAT PRODUCES DIBITS WITH THE 
LEADING EDGE POSITIVE AND THE TRAILING EDGE NEGATIVE WHEN READ 
BACK BY A CORRECTLY POLARIZED HEAD THE DIBIT MUST OCCUR AT AN 
ODD INTERVAL. AN ODD INTERVAL IS DEFINED AS THE TIME PERIOD THAT 
IS AN ODD NUMBER OF INTERVALS FROM SOME REFERENCE LINE DRAWN 
RADIALLY FROM THE GEOMETRIC CENTER OF THE DISC 

3. A ·EVEN TRACK IS A MAGNETIC SURFACE THAT PRODUCES DIBITS WITH THE 
LEADING EDGE POSITIVE AND THE TRAILING EDGE NEGATIVE WHEN READ 
BACK BY A CORRECTLY POLARIZED HEAD. THE DIBIT MUST OCCUR AT AN 
EVEN INTERVAL AN EVEN INTERVAL IS DEFINED AS THE TIME PERIOD THAT 
IS AN EVEN NUMBER OF INTERVALS FROM SOME REFERENCE LINE DRAWN 
RADIALLY FROM THE GEOMETRIC CENTER OF THE DISC. 
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Figure 1-7. Data and Servo Track Assignments 
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pulse decoder (SCPGT) and the intra-sector counter 
(SCPDT) is maintained by the sector counter 
synchronizer. 

1-88. ONCE-AROUND COUNTER. The func-
tion of the once-around counter is to provide an Index 
Pulse (IP-L) signal. Signal IP-L is generated once per 
revolution of the spindle motor. The counter can be 
preset to any sector by the microprocessor. 

1-89. AUTOMATIC HEAD ALIGNMENT. The 
automatic head alignment circuits located on track 
follower PCA-A9 and read/write PCA-AlO provide the 
capability to measure and correct for dynamic head 
misalignment in radial position (offset) and circum­
ferential position (skew). 

The media module contains 13 data surfaces and one 
servo surface. There are 1,337 bands on the servo sur­
face for track following and in addition, each band is 
marked with 93 sector marks for circumferential tim­
ing. Each data surface has three bands of special 
servo code. These bands are located precisely above 
servo bands 1, 641, and 1,281. The head positioning 
system, under microprocessor control, places the data 
heads over these special alignment bands for auto­
matic head alignment measurements. 

Each surface can be selected by the data head select 
circuit on read/write PCA-AlO. The alignment band 
signals are fed into the read/write amplifier chain 
and the automatic head alignment module on PCA­
AlO. When the data heads are placed over an align­
ment band, an automatic head alignment position 
signal is produced that indicates how far from track 
center the data head is located. The signal, which is a 
bipolar voltage proportional to the error, is fed to the 
microprocessor for measurement. Sector timing is also 
indicated by Data Clock Pulse (DCP-H) signals, which 
occur where sectors should begin. 

These DCP-H signals are fed to the skew measure 
sequencer on PCA-A9. The skew is measured by latch­
ing the value of the intra-sector counter at the arrival 
of signal DCP-H from the data surface. This value is 
fed to the microprocessor. 

The microprocessor calls the automatic head align­
ment routines when the disc drive loads heads, after 
temperature changes, when a specified number of read 
errors is exceeded, and at regular time intervals. The 
sequence begins by recalling the automatic head align­
ment offset calibration factor. This factor is deter­
mined during self test by measuring the head align­
ment position signal for a simulated on-track condi-
tion. This ,ralue is subtracted from all head alignment 
readings. The microprocessor then selects a head, en­
ables the automatic head alignment circuit, and meas­
ures the head alignment position voltage. This is accom­
plished by repeatedly measuring for one revolution 
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(100 times) and averaging the result to null the runout 
component. An offset is added to the servo system 
equal to the measured offset. The measurement is 
repeated four times or until the measurement result is 
less than 2 counts. The final resulting offset is stored 
in the head alignment table. 

Next, the skew measure circuit on track follower PCA­
A9 is activated. Skew is defined as the circumferential 
timing difference of any data head with respect to the 
servo head. This value is measured by storing the 
value in the intra-sector counter on PCA-A9 at the 
instant that the Sector Clock Pulse (SCP) is received 
from the data surface via the automatic head align­
ment module on read/write PCA-AlO. This value is 
stored in a skew table. The radial offset and circum­
ferential skew measurements are repeated on all sur­
faces and at each alignment cylinder. 

After the auto skew and offset tables are generated, 
the offset and skew can be adjusted for a seek to any 
track. The values for offset taken at the alignment 
bands on either side of the target track are recalled. 
An interpolation is then done to provide an offset 
value for the target track. A similar interpolation is 
made for skew. 

1-90. Skew Measure Sequencer. The skew 
measure sequencer latches the output of the intra­
sector counter at the instant DCP is asserted. The con­
troller then reads the skew measure register. The 
microprocessor can set the start of sector pulse on the 
DCP signal by placing the measured value in the 
skew magnitude register. This register feeds the skew 
delay. 

1-91. Skew Delay Comparator. The skew delay 
comparator outputs signal Start Of Sector (SOS-L) 
when the intra-sector timing counter equals the skew 
value register. -

1-92. SELF TEST. Self test of PCA-A9 is ac-
complished by injecting a synthetic dibit signal de­
rived from the microprocessor clock signal (4 MHz-H) 
into the AGC amplifier. This signal tests the phase 
locked loop and the track position discriminator cir­
cuitry. The AGC Fault (AGFLT-H) circuit and the 
Track Follower Test Signal (TFTST) signal are used 
to verify that the track follower analog circuits are 
operating properly. Signal Start Of Sector Presence 
(SOSP-L) is used to verify that Start Of Sector (SOS-L) 
is being issued. The sector clock pulse decoder is 
checked by sequencing a correct sector code through 
the sector clock pulse decoder circuit. 

1-93. SERVO PCA-A3 
The function of servo PCA-A3 is to provide control for 
the positioning of the carriage and head assembly. 
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The servo PCA acts with microprocessor PCA-A4 to 
perform track-to-track seeks, head loading and unload­
ing, and self test. The offset for automatic head align­
ment is input to servo PCA-A3 from microprocessor 
PCA-A4. The servo PCA also contains the circuits 
required to compensate the servo system for track 
following. 

1-94. MICROPROCESSOR INTERFACE. The 
microprocessor interface consists of eight registers 
that microprocessor PCA-A4 can address to either 
write to or read from servo PCA-A3. The signals that 
the microprocessor writes to PCA-A3 for the purpose 
of controlling and testing the servo circuitry include: 
Carriage Unlock (CUL-H), Drive Type (DTO-L through 
DT2-L), Distance-To-Go Clock Enable (DTGEN-H), 
Multiplexer Input Select (MXSELO-H through 
MXSEL2-H), Head Alignment Offset (OFSTO-H 
through OFST7-H), On Track Latch Set (OTSET-H), 
Pack Exhaust Temperature Sensor Select (PEXS-H), 
Position Self Test (PST-L), Seek Off Disc (SKOF-H), 
Slow Position Enable (SPEN-H), Self Test Clock 
(STCLK), Self Test Enable (STEN-H), Velocity Com­
mand Gate Enable (VCGEN-L), Position Control Loop 
Enable (POSEN-L), Long Seek (LNGSK-H), and ROM 
Address bits 10 and 11 (ROMIO-H and ROMII-H). 
Refer to table 1-4 for a description of the functions of 
these signals. 

Signals read by the microprocessor from PCA-A3 re­
garding status and self test include: Connector Verify 
(CNVF-L), Carriage Back (CRB-L), DTG Register Less 
Than Or Equal To Nine (DLE9-L), Deceleration Has 
Started (DEC-L), Pulse Width Modulator Self Test 
(PWM-L), Track Center Detector (TCD-H), and Dis­
tance-To-Go Register, bits 0 through 10 (DTGO-H 
through DTGIO-H). Refer to table 1-4 for a description 
of these signals. 

1-95. VELOCITY CURVE GENERATOR. The 
velocity curve generator consists of three components: 
a 4-byte by 8 ROM, a companding digital-to-analog 
converter, and an operational amplifier. When an ad­
dress from the Distance-To-Go register (DTGO-H 
through DTGI0-H) is input to the ROM, a voltage ap­
pears at the operational amplifier output. This volt­
age, labelled Velocity Command (VC), is used as the 
reference when servo PCA-A3 is controlling the veloc­
i ty of the carriage. 

The ROM has four sets of four curves stored in it 
which act as the reference for seeks of different 
lengths. Four curves per set are used to allow the disc 
drive to perform long seeks in an optimum manner, 
and still perform shorter seeks well. The four sets of 
curves are used to provide a combination of high per­
formance (fast seeks) and high reliability (low power, 
slow seeks). 
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The slow profile is designed to guarantee that the 
actuator coil cannot be overheated. The power dissipa­
tion of this curve is approximately one half that of the 
fast curves. Only the "long" seek profile is different 
between the fast and slow sets of curves. Shorter seeks 
do not dissipate enough heat to require a slower seek 
time. 

All of the discussion that follows applies to both the 
fast and slow velocity profiles. (Details of how the 
microprocessor decides to select the fast or slow curves 
are provided in later paragraphs.) 

The specific curve which is selected for a given seek 
depends on the length of the seek. Seeks that are 
longer than 32 tracks are defined as "long" seeks. 
Seeks that are between nine and 32 tracks are defined 
as intermediate seeks, and seeks between three and 
eight tracks long are defined as "medium" seeks. 
Seeks that are one or two tracks long are called 
"short" seeks. 

The shape of the four curves within each set is essen­
tially the same. The desired velocity output is basi­
cally proportional to the square root of the distance to 
go to the desired track. This type of curve gives con­
stant deceleration during the last part of the seek, 
which optimizes seek time. 

The companding digital-to-analog converter in the 
velocity curve generator changes the digital input 
from the ROM to an output current. Seven bits from 
the ROM are used to determine the magnitude of the 
output current and one bit determines the sign. The 
sign bit is controlled by signal Seek Off The Disc 
(SKOF-H). The output current is converted to a volt­
age by the operational amplifier in the generator. 

1-96. VELOCITY CURVE CONTROL LOGIC. 
The velocity curve control logic provides the logic that 
connects the output from the velocity curve generator 
into the current command select logic block. Inputs to 
the velocity curve control logic include Distance-To-Go 
Register bits 0 through 10 (DTGO-H through DTGIO-H), 
Velocity Command Gated Enable (VCGEN-L), Long 
Seek (LNGSK-H), Position Control Enable (POSEN-L), 
and Seek Off Disc (SKOF-H). The output of the velocity 
curve generator select (VC) is selected by signal 
VCEN-L. Output signal Maximum Positive Velocity 
Command Enable (MPVEL-L) or Maximum Negative 
Velocity Command Enable (MNVEL-L) is selected as 
the input to the current command select logic when 
the disc drive is doing a long seek, and the carriage is 
more than 768 counts from the target. 

1-97. CURRENT COMMAND SELECT LOG­
IC. This circuit provides switching that controls 
which analog signals are used in the servo loop. The 
signals which are switched into the servo loop are 
Velocity Command (VC), Maximum Positive Velocity 
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Command (MPVEL-L), Maximum Negative Velocity 
Command (MNVEL-L), Tachometer Velocity (TAC) 
signal, and Offset Position (OPOS) signal. The OPOS 
signal is the POS signal with the automatic head 
alignment offset added in. The OPOS signal is con­
trolled by the Position Loop Enable (POSEN-L) sig­
nal. When POSEN-L is active, the OPOS signal is 
connected into the loop. When POSEN-L is inactive, 
the TAC signal is connected into the loop. Signal 
POSEN-L is a microprocessor interface output signal. 
Signal POSEN-L is inactive (high) when doing head 
loading, unloading, or seeks and is active (low) when 
the drive is following the servo track. 

1-98. DIST ANCE-TO-GO REGISTER. The 
distance-to-go (DTG) register is used to address the 
ROM in the velocity curve generator. The register 
consists of three four-bit up/down counters connected 
so that they always count down. The counters are pre­
loaded by microprocessor Data Bus bits 0 through 7 
(DO-H through D7-H) when the disc drive needs to 
move the carriage assembly. The counters are clocked 
by either the center track crossing detector, the quar­
ter track crossing detector, or the self-test clock. The 
selection of the proper clock is performed by the 
distance-to-go clock control logic. The register output 
is labelled Distance-To-Go Register bits 0 through 10 
(DTGO-H through DTGIO-H). 

The value of the DTG register can be used to calculate 
how far the carriage is from the target track. For this 
reason signals DTGO-H through DTG lO-H are return­
ed to the microprocessor interface. For long seeks, the 
DTG value essentially tells how many tracks the car­
riage is away from the target. For other seeks, the 
DTG value is twice the distance to target, plus a con­
stant value. 

1-99. DISTANCE-TO-GO CLOCK CONTROL 
LOGIC. This logic block selects which clock is used 
for the DTG register. Control inputs include DTGEN-H, 
STEN-H, LNGSK-H, and POSEN-L. The DTG register 
is clocked by the output of the plus and minus quarter 
track crossing detector (QTC-H) when signal Dis­
tance-To-Go Register Clock Enable (DTGEN-H) is 
active and the drive is not doing a long seek. Signal 
QTC-H is also used when doing a long seek and the 
distance-to-go value is less than or equal to 9 (five 
tracks from the target). The output of the center track 
crossing detector (TCC-H) is used whenever DTG EN-H 
is active and the plus and minus quarter track cross­
ings are not being used. The Self-Test Clock (STCL-K) 
is selected when signal DTG Register Clock Self Test 
Enable (STEN-H) is active. 

1-100. CENTER TRACK CROSSING DETEC­
TOR. The center track crossing detector indicates 
when the servo head has gone over the center of the 
servo track. The detector input is signal Position 
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(POS), derived from track follower PCA-A9 or the self­
test circuitry. The output of the detector is a narrow 
pulse which goes high when the track center is crossed. 
The output signal is labelled Track Center Crossing 
(TCC-H). Signal TCC-H is used to clock the DTG reg­
ister when it has been selected by the DTG clock 
control logic. 

1-101. PLUS AND MINUS QUARTER TRACK 
CROSSING DETECTOR. This block detects when 
the servo head is either plus one-quarter track from 
the center of the servo track, or minus one-quarter 
track from center. The detector input is signal Posi­
tion (POS), derived from track follower PCA-A9 or the 
self-test circuitry. The output of the detector is a nar­
row pulse which goes high when either a plus or 
minus quarter track location is crossed. The output 
from the detector is labelled Quarter Track Crossing 
(QTC-H). A quarter track is defined as 2.3 volts on the 
POS signal. The output of the detector is used to clock 
the DTG register when it has been selected by the 
distance-to-go clock controllogjc. 

1-102. VOLTAGE REFERENCE. The voltage 
reference generator provides a stable 6.2 volts (VREF) 
for certain circuits on servo PCA-A3. The voltage is 
used to provide the bias currents for the digital-to­
analog converters in the velocity curve generator and 
the auto head alignment offset circuit. The voltage is 
also used in the track center detector circuit for defin­
ing window sizes. 

1-103. TRACK CENTER DETECTOR. The track 
center detector is used to tell the microprocessor when 
the servo head is within a certain distance of track 
center (including the offset added by the auto head 
alignment DAC). Two operational amplifiers full wave 
rectify the OPOS signal. The second of the two ampli­
fiers also acts as a summing junction for signals 
which control the size of the detector window. The 
output from this second amplifier is compared to 
analog ground by a comparator. When the voltage 
from the second amplifier is positive, the servo head is 
outside the detector window. The inverted output, 
labelled Track Center Detector (TCD-H) is connected 
to the microprocessor interface. 

The track center detector has two window sizes. When 
the POSEN-L signal from the microprocessor is in­
active (high) the window size is ± 1.5 volts with 0.7 
volt of hysteresis. When POSEN-L is active (low), 
the window size is reduced to 0.65 volt with the same 
hysteresis. 

The larger of the two windows is used at the end of a 
seek to tell the microprocessor to change from veolcity 
control to position control. The smaller window indi­
cates that the servo head is within 175 microinches of 
center, and is used to tell the microprocessor that the 
servo head is very close to track center. 
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An off track fault indicator is included in the track 
center detector. The indicator employs a latch which 
goes high if the servo head goes off track after it 
should be settled. The output from the latch, labelled 
Off Track Fault (OFTRK-H), is connected directly to 
the microprocessor. Signal OFTRK-L is cleared by 
inverted signal OTSET-H from the microprocessor in­
terface after the servo head has settled on track. If the 
servo head goes off track, the signal is latched high. 

1-104. DECELERATION INDICATOR. The 
deceleration indicator informs the microprocessor 
when the carriage has started to decelerate. The out­
put is labelled Deceleration Has Started (DEC-L). The 
Current Command (CC) signal is compared against 
analog ground by a comparator. The comparator out­
put operates a circuit that provides a narrow pulse 
output on the rising and falling edge of the input. This 
pulse is used to clock a flip-flop. The flip-flop is cleared 
at the beginning of a seek by the First Clock Enable 
(FCEN-L) signal. Signal FCEN-L remains low long 
enough for the CC signal to start its acceleration 
command. When deceleration starts, signal CC 
changes sign and the flip-flop is clocked. The flip-flop 
output then goes low indicating that deceleration has 
begun. Signal DEC-L is used by the microprocessor 
during a long seek, as an intermediate timeout check 
point. 

1-105. AUTOMATIC HEAD ALIGNMENT OFF­
SET DAC. This circuit includes an 8-bit digital-to­
analog converter (DAC) and an operational amplifier. 
The DAC provides a current output and the opera­
tional amplifier converts the current output to a volt­
age. The value of the offset voltage is calculated by an 
automatic head alignment algorithm, which is in­
cluded in the seek routine. The output of the automatic 
head alignment DAC is added to the POS signal (to 
create the Offset Position (OPOS) signal. Signal 
OPOS is also transmitted to the analog signal multi­
plexer so that the signal can be verified by the analog­
to-digital converter on microprocessor PCA-A4. 

1-106. CARRIAGE BACK DETECTOR. The 
carriage back indicator is located on actuator status 
PCA-A18 and consists of an infra-red optical sensor 
that detects when the carriage is fully retracted into 
the actuator. The output from the sensor, labelled Car­
riage Back (CRB-L), is transmitted to the micro­
processor interface. Signal CRB-L is used during head 
loading and unloading. 

1-107. ANALOG SIGNAL MULTIPLEXER. 
The analog signal multiplexer is used to select analog 
signals' from servo PCA-A3 for connection to the 
analog-to-digital converter (ADC) located on micro­
processor PCA-A4. The output line from the multi­
plexer to the ADC is labelled Servo Test (SRVTST). 
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Eight analog test signals are selected by the multi­
plexer. The signal selected is defined by three Multi­
plexer Select bits (MXSELO-H through MXSEL2-H) 
from the microprocessor interface. The signals input 
to the multiplexer are Position (POS), Offset (OFST), 
Velocity Command (VC), Current Command (CC), 
Reference Voltage (VREF), Current Command For 
Actuator Driver (CCOM), Temperature (TEMP), and 
Tachometer (TAC.). 

1-108. TACHOMETER BUFFER. The tach­
ometer buffer is a differential amplifier that buffers 
signals TAC-L and TAC-H from the velocity trans­
ducer (tachometer) on the actuator assembly. The out­
put signal, labelled Tachometer (TAC), is input to the 
current command select logic. 

The Connector Verify (CNVF-L) signal is used to 
check whether cable WI between servo PCA-A3 and 
actuator status PCA-A18 is in place. When the veloc­
ity transducer connector is plugged into actuator sta­
tus PCA-A18 and cable WI is connected between servo 
PCA-A3 and actuator status PCA-A18, line CNVF-L is 
connected to ground. The microprocessor checks the 
state of CNVF-L during self test. 

1-109. DRIVE TYPE GAIN SELECT. The drive 
type gain select circuit sets the gain of the servo sys­
tem to match the moving mass of the actuator assem­
bly. Microprocessor PCA-A4 reads the motherboard to 
determine which configuration is being used, and then 
selects the appropriate feedback resistor. The resistors 
are selected by activating one of the microprocessor 
interface output Drive Type (DTO-L through DT2-L) 
lines. 

1-110. POSITION COMPENSATION AND LOW 
P ASS FILTER. The position compensation consists 
of a single lead-lag network that provides 53 degrees 
of phase lead at the crossover frequency to stabilize 
the system. The low-pass filter is also part of the com­
pensation for the system. 

1-111. POSITION SIGNAL SELECT AND SELF 
TEST. This circuitry is used to input the head align­
ment offset into the position signal circuitry. This is 
done during self test so that the various circuits on 
PCA-A3 can be checked. Whenever the Position Self 
Test signal (PST-L) is active, the alignment offset sig­
nal is added in at the point where Slow Position sig­
nal (SPOS) and Fast Position signal (FPOS) are input 
to servo PCA-A3 from track follower PCA-A9. The 
normal summing point for the offset signal is turned 
off when Position Self Test (PST-L) is active. This cir­
cuit also selects which of the two position signals is 
required at a particular time. The "slow" signal 
(SPOS) is used when the disc drive has settled on 
track. The signal is more immune to servo transients 
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and cannot be used for track crossings. The "fast" 
signal (SPOS) is used whenever the drive is not track 
following. When signal PST-L is active (low), both 
signals are disabled. 

1-112. TEMPERATURE SENSING. Servo PCA­
A3 provides control for the temperature measuring 
circuitry on actuator status PCA-A1B. The tempera­
ture circuitry measures the actuator coil temperature 
and the media module air exhaust temperature. The 
temperature sensors are selected by signal Pack 
Exhaust Temperature Select (PEXS-H). When signal 
PEXS-H is inactive (low) the actuator coil temperature 
sensor is selected and when PEXS-H is active (high) 
the media module air temperature sensor is selected. 
The selected sensor output (TEMP) is coupled to the 
microprocessor interface ADC via the analog signal 
multiplexer. (Refer to paragraph 1-107.) 

1-113. SELF TEST. The self-test procedures for 
servo PCA-A3 are divided into four sections. The first 
three sections cover items which can be verified while 
the heads are not loaded and the fourth section is a 
self test which requires the heads to be loaded, so the 
disc drive can perform track-to-track seeks. 

The first section tests the Connector Verify (CNVF-L) 
line, the velocity curve generator, the distance-to-go 
register, maximum positive and maximum negative 
velocity commands, signal DLE9-H, and associated 
digital logic. 

The second section tests the automatic head align­
ment offset DAC, track center detector, signal 
OFTRK-H, gain from the OFST signal to the CC sig­
nal and signal DEC-L. The third section tests other 
signals that can be verified before the heads are 
loaded and the fourth section is for self test after the 
heads are loaded. 

1-114. ACTUATOR DRIVER 
The actuator driver circuitry is located on actuator 
driver PCA-A2, emergency retract PCA-A20, and a 
portion of servo PCA-A3. 

The basic function of the actuator driver is to cause a 
current to flow in the coil of actuator linear motor B1 
in response to a command voltage from the servo cir­
cuit. Since the amplifier output is a current in response 
to a voltage input, the amplifier is a transconductance 
amplifier. A dual-mode amplifier is employed in the 
actuator driver. When supplying the large currents 
required for seek and similar operations, the amplifier 
operates in a s\lElitching mode. When the actuator is 
track following and the required currents are small, 
the amplifier operates in a linear mode. The switching 
mode greatly reduces the power dissipated in the 
amplifier circuits. The amplifier output current is con-
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trolled by pulse-width modulation of the output stage 
switching cycle. The basic switching frequency is 24 
kHz. The effective value of the current applied to the 
linear motor is the average value of the pulse-width 
modulated waveform. 

In the actuator driver, a voltage proportional to linear 
motor current is generated by a differential amplifier 
connected across a current sensing resistor. The re­
sulting actuator current is compared to the current 
command in a pair of error amplifiers, one for each 
operating mode. Each error amplifier outputs a cur­
rent error signal which is proportional to the differ­
ence between the current command and the actuator 
current signal. The linear mode error signal is applied 
directly to the power amplifier, and the switching 
mode error signal is processed into a pulse-width 
modulated pulse train before being amplified. 

1-115. LINEAR/SWITCHING MODE CON­
TRoL. The actuator driver linear/switching mode 
control circuitry, located on servo PCA-A3, determines 
whether the amplifier will operate in the linear mode 
or the switching mode. The circuit consists of two 
analog voltage comparators acting as a window detec­
tor. If Current Command signal CC is greater than 1 
volt of either polarity, corresponding to 2 amperes of 
linear motor current, the circuit will automatically 
select the switching mode. If the Current Command 
magnitude is less than 0.5 volt, corresponding to 1 
ampere of motor current, the circuit selects the linear 
mode. Between 0.5 and 1.0 volt is a region of hystere­
sis where the circuit remains in the previous mode. 

The mode control circuit has two outputs. The first 
output controls an electronic switch which selects 
either the Linear Mode Error (LIERR) signal or the 
Pulse Width Modulated (PWM) signal for application 
to the power amplifier input. The second output is sig­
nal Amplifier Is Linear (LIN-H), used to disable the 
triangle wave generator when the linear mode is 
selected. 

1-116. LINEAR MODE. The only circuitry used 
excl usi vely in the linear mode is the linear mode error 
amplifier located on PCA-A3. The output of this block 
is Linear Error (LIERR), a signal proportional to the 
difference between the Current Command (CC) signal 
and the Actuator Current (ACUR) signal. 

1-117. SWITCHING MODE. The current com­
mand processing in the switching mode generates a 
pulse-width modulated pulse train with an average 
value proportional to the difference between the Cur­
rent Command (CC) signal and the Actuator Current 
(ACUR) signal. The amplitude of the pulse train is 
carefully controlled so that the power amplifier output 
from PCA-A2 will switch quickly from cut off to satu­
ration and vice versa, with none of the other stages 
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saturating. The switching mode circuit includes a 
switching mode error amplifier, positive and negative 
voltage level comparators,positive and negative level 
shifters, a triangle-wave generator and a 40 micro­
second delay and offset circuit. 

1-118. Switching Mode Error Amplifier. The 
first block in the pulse width modulator is a switching 
mode error amplifier located on servo PCA-A3. This is 
a differential circuit that outputs a Switching Mode 
Error (SWERR) signal proportional to the difference 
between the Current Command (CC) signal and the 
Actuator Current (ACUR) signal. 

1-119. Voltage Level Comparators. The actual 
pulse-width modulation is performed by two analog 
voltage level comparators. The positive voltage level 
comparator operates on positive error signals and the 
negative voltage level comparator operates on nega­
tive error signals. The second input to the positive 
comparator is a Positive Triangle Wave (PTRI) with a 
negative peak at zero volt and a positive peak at +5 
volts. Conversely, the second input to the negative 
comparator is a Negative Triangle Wave (NTRI) with 
a negative peak at -5 volts and a positive peak at zero 
volt. 

Both triangle waveforms applied to the voltage level 
comparators are derived from an oscillator in the 
triangle-wave generator. The oscillator is gated off by 
signal LIN-H when the amplifier is in the linear mode. 
The oscillator frequency is approximately 24 kHz. 

1-120. Positive And Negative Voltage Level 
Shifters. The outputs of the positive and negative 
voltage level comparators are TTL logic levels (0 to +5 
Vdc). This voltage is acceptable for the positive com­
parator, but the negative comparator output must be 
converted to a 0 to -5 V de swing. Also, a small offset 
is added to the zero level of each signal and the two 
signals are combined into one. This level shifting is 
performed by the positive voltage level shifter and 
negative voltage level shifter circuit blocks on servo 
PCA-A3. 

1-121. Offset and 40 Microsecond Delay. These 
stages modify the pulse width modulation signal out­
put to ensure that the output stages in the power 
amplifier switch correctly. 

1-122. BUFFER AMPLIFIER. A buffer ampli­
fier on servo PCA-A3 accepts either the Linear Mode 
Error (LIERR) signal or the Pulse Width Modulator 
(PWM) signal, amplifies the selected signal with a 
gain determined by the operating mode, and provides 
a low impedance drive to send the signal to the power 
amplifier on actuator driver PCA-A2. The buffer ampli­
fier output is labelled Current Command for Actuator 
Driver (CCOM). 
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1-123. POWER AMPLIFIER. The power ampli­
fier on actuator driver PCA-A2 is a three-stage dis­
crete differential amplifier. The first two stages are 
true differential stages, and the output stage is a pair 
of identical power amplifiers driven differentially. The 
power amplifier input, CCOM, is converted from a 
single-ended to a differential signal in the first stage. 

The power amplifier output is routed through the emer­
gency retract relay to a compensation network and 
then to the linear motor coil. The emergency retract 
relay selects either the power amplifier output or the 
emergency retract output for application to the linear 
motor. The compensation network ensures the stabil­
ity of the actuator driver feedback loop and helps keep 
the power transistors within their safe operating 
range. 

1-124. CURRENT SENSE AMPLIFIER. The 
current sense amplifier on actuator driver PCA-A2 is a 
differential amplifier which amplifies the voltage de­
veloped across four (functionally two as shown in fig­
ure 1-18) current sensing resistors in series with the 
power amplifier output. A differential amplifier is re­
quired because neither side of the power amplifier is 
grounded and the load (the linear motor) is floating. 
Current sense amplifiers are used on both sides of the 
load. The current sense amplifier output, labelled 
Actuator Current (ACUR), is coupled to the switching 
mode and linear mode error amplifiers on PCA-A3. 

1-125. EMERGENCY RETRACT. The purpose 
of the emergency retract circuitry is to ensure that the 
heads will be unloaded off the discs if any event 
occurs which may potentially prevent normal head 
unloading. An emergency retract can be triggered by 
a microprocessor command, a master reset, the spindle 
speed falling out of phase lock, or any of the +5, +12, 
+36 or -36 V de power supplies falling below acceptable 
limits. An emergency retract also disables the actuator 
driver amplifier and disconnects the output of the 
amplifier from the linear motor. Also, an emergency 
retract sets a latch which prevents the actuator from 
being enabled until the latch is cleared by the micro­
processor. No additional emergency retracts can occur 
while the latch is cleared. Since Master Reset (MRST-L) 
sets the emergency retract latch, no power can be ap­
plied to the actuator driver until the microprocessor 
decides that it is safe to do so. 

The components comprising the emergency retract 
function, with the exception of a few power compo­
nents, are mounted on emergency retract PCA-A20, 
which is attached to actuator driver PCA-A2. The cir­
cuits on PCA-A20 include emergency retract control 
logic, relay drivers, a switching regulator, and a power 
supply fail monitor. In addition, the microprocessor 
interface for actuator driver PCA-A2 is also located on 
PCA-A20. The emergency retract circuit has one fault 
flag output connected directly to the microprocessor. 
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This signal, Emergency Retract (ER-H), is active 
(high) while an emergency retract is occurring and 
remains active until the cause is removed and the 
emergency retract latch is cleared. 

1-126. Microprocessor Interface. The micro­
processor interface on emergency retract PCA-A20 is 
the means of communication other than Emergency 
Retract (ER-H) between the actuator driver and the 
microprocessor. Almost all of the required communi­
cation involves the emergency retract function. 

The signals that the microprocessor writes to PCA­
A20 for the purpose of controlling the actions of the 
PCA include: Processor Emergency Retract (PER-L), 
Power Amplifier Disable (PADIS-H), Clear Emergency 
Retract Latch (CLER-H), and Clear Input Latch 
(CLIP-L). 

Signals read by the microprocessor from PCA-A20 
regarding status and self test include: Power Supply 
Fail (PSF-H), Input Latch (INPUT-L), Amplifier Dis­
able (ADIS-L), Latched Emergency Retract (LER-H), 
and Time Out (TO-H). Refer to table 1-4 for a descrip­
tion of the signals referred to in the above paragraphs. 

1-127. Emergency Retract Control Logic. The 
emergency retract control logic block on emergency 
retract PCA-A20 consists of three latches and two 
levels of gating. The first level of gating is essentially 
an OR function of Spindle Speed Down (SPDDN-H), 
Master Reset (MRST-L), Microprocessor Emergency 
Retract (PER-L), and Power Supply Failure (PSF-L). 
Anyone of these four signals will set all of the three 
latches: the emergency retract latch, the power ampli­
fier latch, and the input latch. The input latch remem­
bers when an input signal capable of causing an 
emergency retract has been received, and reports this 
signal to the microprocessor interface as Input Re­
ceived (INPUT-L). The input latch is cleared by signal 
Clear Input Latch (CLIP-L) from the microprocessor 
interface. 

The emergency retract latch triggers the emergency 
retract and also prevents further emergency retracts 
from occurring until the latch is cleared by signal 
Clear Emergency Retract (CLER-L) from the micro­
processor interface. The status of the emergency re­
tract latch is sent to the microprocessor interface as 
Latched Emergency Retract (LER-H). 

The power amplifier disable latch directly disables the 
output stage of the actuator driver power amplifier. In 
addition to being set by the signals which cause an 
emergency retract, the latch may be clocked to the set 
state by writing to the actuator driver with Data bus 
bit DI-H high. This results in a Power Amplifier Dis­
able (PADIS-H) signal being high when the latch is 
clocked. The microprocessor can therefore disable the 
power amplifier at any time. The power amplifier dis-
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able latch must be cleared by the microprocessor writ­
ing to the actuator driver with Data bus bit DI-H low 
(PADIS-H low). The status of the power amplifier dis­
able is sent to the microprocessor interface as Ampli­
fier Disable (ADIS-H). 

The second level of gating is an "OR" function that 
allows an emergency retract to be triggered by a 
Latched Emergency Retract (LER-H) or a Power 
Supply Failure (PSF-H). The third input is a Latching 
signal (LATC-H) from the switching regulator that 
preven ts the emergency retract from being cleared 
until it completes the timeout. Note that the Power 
Supply Fail (PSF-H) signal is included in both levels 
of gating. This redundancy ensures that an emergency 
retract will result from any possible combination of 
power supply failures. 

The emergency retract control logic provides drive 
signals for two relays discussed in the following para­
graphs. There are two other outputs: Emergency Re­
tract (ER-H) and Trigger (TRIG). Signal ER-H, sent to 
the microprocessor as a fault flag, becomes active 
(high) when an emergency retract occurs and it re­
mains high until cleared by the microprocessor. Sig­
nal TRIG is an optically coupled signal to the switch­
ing regulator which starts the regulator timing 
sequence. 

1-128. Relay Drivers. Drivers are included in the 
emergency retract circuitry for two relays located on 
actuator driver PCA-A2. One relay, a fast-acting reed 
relay, is used to disable the output stage of the power 
amplifier upon command from the microprocessor or 
when an emergency retract is begun. The driver out­
put for this relay is signal Relay 1 Coil (RKl). The 
other relay is a power relay used to switch the linear 
motor coil between the power amplifier output and the 
emergency retract driver output. The driver output for 
this relay is signal Relay 2 Coil (RK2). The default 
state of the relays, with no power applied to the relay 
coils, disables the power amplifier and connects the 
linear motor to the emergency retract circuit. The con­
trol signals for both relay drivers are generated in the 
emergency retract control logic. 

1-129. Switching Regulator. The purpose of the 
switching regulator is to cause approximately 5 
amperes to flow through the linear motor coil for 
approximately 0.5 second when an emergency retract 
is received. This guarantees that the heads will unload 
to the fully retracted position assuming that there is 
no abnormal restriction of the carriage motion. 

1-130= Emergency Retract Driver. The emer­
gency retract driver, located on actuator driver PCA­
A2, is a transistor power switching circuit. The input 
for this circuit is signal Emergency Retract Drive 
(ERDR), from the switching regulator. 
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1-131. Emergency Retract Regulator. The 
emergency retract regulator is located on the heat sink 
of actuator driver PCA-A2 and produces a voltage 
approximately 6.8 volts above the -36 V dc supply. 
This output voltage, labelled Emergency Retract VCC 
(ERVCC), is used as a low voltage power supply for 
the switching regulator circuits. 

1-132. SELF TEST. Two self-test outputs are pro­
vided in the current command processing circuits. One 
is analog and the other is digital, and both are derived 
from the Current Command (CCOM) signal output by 
the buffer amplifier on PCA-A3. 

The analog self-test signal is signal CCOM filtered to 
a bandwidth of 318 Hz and attenuated to one-half 
amplitude. This filtering has little effect on the low 
frequency signals in the linear mode, but in the switch­
ing mode the effect is to remove the switching fre­
quency and leave a signal representing the average 
value of CCOM. After filtering, the analog self-test 
signal is passed through the analog multiplexer and a 
buffer amplifier and appears on a line to the micro­
processor PCA-A4 labelled Servo Test (SRVTST). 

The digital self-test circuit is obtained from CCOM by 
a self-test window detector circuit on PCA-A3. The 
self-test window detector thresholds are approximately 
plus and minus 1.5 volts. If the amplitude of CCOM 
remains within the + 1.5 to -1.5 volt range, the window 
detector output remains at a constant high level. If 
CCOM exceeds 1.5 volts in either direction, the win­
dow detector output goes low. Thus, the window detec­
tor presents a signal to the microprocessor interface 
which is a constant high level in the linear mode and 
is a pulse train in the linear mode. The pulse train is 
low whenever CCOM is commanding the power ampli­
fier to switch on in either direction. The digital self­
test signal will enable the processor to determine 
which operating mode the actuator driver is in, and to 
measure the switching frequency when in the switch­
ing mode. The digital self-test signal is sent to the 
microprocessor interface circuit on servo PCA-A3. 

1-133. SELF-TEST AMPLIFIER. The self-test 
amplifier, located on PCA-A2, is a simple unity gain 
inverting amplifier circuit operating on the Actuator 
Current (ACUR) signal. The amplifier output, labelled 
Actuator Test (ACTTST), represents the average value 
of the current in the linear mode. The emergency 
retract current is also measured as ACTIST. 

1-134. POWER SUPPLY FAILURE MONITOR. 
The power supply failure monitor circuit, located on 
emergency retract PCA-A20, continually monitors the 
+5, + 12, +36, and -36 volt power supplies to ensure that 
they remain above minimum acceptable voltages. This 
is to ensure that power is available to perform emer­
gency retracts, and not to ensure normal operation of 
the drive. 
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The outputs of the power supply failure circuits are 
combined in an "OR" configuration so that a failure 
of anyone or combination of the power supplies will 
result in the Power Supply Failure (PSF-H) signal 
going high. This action will trigger an emergency 
retract. 

1-135. HEAD LOADING 

The microprocessor interacts with servo PCA-A3, 
track follower PCA-A9, and actuator driver PCA-A2 to 
load the heads. A flowchart describing this action is 
provided in figure 1-8. Head loading occurs after the 
prehead load portion of the self-test diagnostic has 
been completed. (The second half of the self-test diag­
nostic is completed after the heads are loaded.) 

Once the motor-spindle assembly reaches its opera­
tional speed of 2,700 revolutions per minute, the heads 
will automatically be loaded. After the microprocessor 
has concluded that circuit conditions are satisfactory, 
it starts the initial head loading procedure. First, the 
necessary conditions are set on servo PCA-A3. This 
includes setting Seek Off Disc (SKOF-H) low, indicat­
ing that the carriage should move toward the center of 
the media module. Position Control Loop Enable 
(POSEN-L) is disabled (high) since velocity control 
will be used. Distance-To-Go Register Clock Enable 
(DTGEN-H) is disabled (low) so that the desired ad­
dress can be latched into the DTG register. Long Seek 
(LNSK-H) is disabled (low) since the drive is not doing 
a long seek. Velocity Curve Gate Enable (VCGEN-L) 
is disabled (high) since it is not yet desired to connect 
the Velocity Command (VC) signal into the servo loop. 
ROM Address bits 10 and 11 (ROMlO-H and ROM11-H) 
are both low to select a "fast" velocity profile. The 
DTG register is loaded with a value that selects a zero 
voltage output from the velocity curve generator. 

Next the microprocessor sets track follower PCA-9 for 
even track selection, opens the carriage back latch, 
and enables the actuator driver circuitry on PCA-A2. 

The microprocessor now starts a timeout count of 50 
milliseconds and monitors the Carriage Back (CRB-L) 
signal and the output of the tachometer on the actua­
tor assembly. At this time, the carriage should still be 
retracted (CRB-L low) and the tachometer voltage zero. 
If not, drive error (DERR) 73 is issued. 

At the end of the 50-millisecond timeout, the DTG reg­
ister is loaded with a value that selects a "head load 
velocity" voltage from the velocity curve generator. 
Then, after a 10-millisecond interval to allow the car­
riage to start moving, a timeout count of 90 milli­
seconds is begun. Again the microprocessor monitors 
signal CRB-L and the tachometer voltage. If a timeout 
occurs before CRB-L switches to high (indicating that 
the carriage has not moved from its retracted posi­
tion), or the tachometer voltage is not within the 
proper range, drive errors (DERR's) 74 and 75, respec­
tively, are issued. 
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7933-322A(1 ) 

ENSURE SELF TEST OK 
SKOF-H = a 
POSEN-L = 1 
DTGEN-H:: a 
LNSK-H :: a 
VCGEN-L = 1 
ROM10i11 = 0 
DTG :: "ZERO VELOCITY" 

SET PCA-A9 POLARITY TO 
"EVEN" 

ENABLE ACTUATOR DRIVER 
OPEN CARRIAGE LATCH 

START 50 MS 
TIME-OUT 

NO 

VCGEN-L = a 
DTG :: "HEAD LOAD VELOCITY" 

WAIT 10 MS 
THEN START 90 MS 
TIMEOUT 

Figure 1-8. Head Load Flowchart (Sheet 1 of 4) 

Theory of Operation 

[DERR 73] 
MESSAGE 
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7933-322A(2) 
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[DERR 75] 
MESSAGE 

[DERR 74] 
MESSAGE 

Figure 1-8. Head Load Flowchart (Sheet 2 of 4) 

7933 



7933 

2 

CLEAR CLER-H ON PCA-.A9 

TURN OFF CARRIAGE LATCH 
SOLENOID. 

START 1075 MS 
TIME-OUT 

7933-322A(3) 

[DERR 71] 
MESSAGE 

Figure 1-8. Head Load Flowchart (Sheet 3 of 4) 
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[DERR 75] 
MESSAGE 

1-59 



Theory of Operation 

3 

SET AHA DAC TO ZERO 
OFFSET 
DTG = "APPROACH VELOCITY" 

ISSUE SYNC COMMAND TO 
PCA-A9, SET CLER-H LOW. 

SET 125 MS 
TIME-OUT 

YES 

YES 

7933-322A(4 ) 
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POSEN-L = a 
(SEE FIGURE 1-12, SHEET 2) 

[DERR 79] 
MESSAGE 

[DERR 80] 
MESSAGE 

Figure 1-8. Head Load Flowchart (Sheet 4 of 4) 

[DERR 77] 
MESSAGE 
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After verifying that the carriage assembly has moved 
from its retracted position, the microprocessor holds 
signal Clear Emergency Retract Latch (CLER-H) on 
track follower PCA-A9 high and disables the carriage 
latch solenoid. Next, the microprocessor starts a time­
out count of 1,075 milliseconds while monitoring sig­
nal AGe Fault (AGFLT-H) and the tachometer volt­
age. If a timeout occurs before AGFLT-H switches to 
high, drive error (DERR) 71 is issued. An improper 
tachometer voltage will trigger a DERR 75 message. 

With the heads over the guard band, the auto head 
alignment DAC is set to zero radial offset and the 
skew offset is also set to zero. The DTG register is now 
loaded with a value that selects an "approach velocity" 
voltage. A sync command (SNCM-L) is now trans­
mitted to track follower PCA-A9 to prepare it for 
proper dibit decoding. Also, signal CLER-H in track 
follower PCA-A9 is held low to enable valid AGC fault 
detection. Proper operation of the track follower is 
checked by monitoring signals Sync Error (SNCER-H) 
and AGC Fault (AGFLT-H). Drive errors (DERR's) 79 
and 80, respectively, are issued if abnormal conditions 
are detected. 

The microprocessor now starts a 125-millisecond time­
out period and monitors signal Track Center Detector 
(TCD-H) from servo PCA-A3. When TCD-H goes high, 
signal POSEN-L is set low, switching PCA-A3 to the 
position loop. The head load operation now performs 
the automatic head alignment and head settling pro­
cedures described for the seek operation (refer to para­
graph 1-140). If a timeout occurs before TCD-H goes 
high, drive error (DERR) 77 is issued. 

1-136. HEAD UNLOADING 

The microprocessor interacts with servo PCA-A3 and 
actuator driver PCA-A2 to unload the heads. A flow­
chart illustrating this interaction is shown in figure 
1-9. First, the microprocessor sets Carriage Unlock 
(CUL-H ) low, to ensure that the carriage latch sole­
noid is de-energized. The microprocessor then sets 
Seek Off Disc (SKOF-H) high, Long Seek (LNGSK-H) 
low, Velocity Curve Switch Enable (VCGEN-L) low, 
Position Control Loop Enable (POSEN-L) high, Dis­
tance-To-Go Register Clock Enable (DTGEN-H) low, 
and Slow Position Signal Enable (SPEN-H) low. This 
turns on the velocity loop. The DTG register is loaded 
with a value that selects a "head unload" velocity. 

The microprocessor now starts a timeout count of 2 
seconds and monitors the Carriage Back (CRB-L) sig­
nal. If a timeout occurs before CRB-L goes low, the 
microprocessor signals drive error (DERR) 87. 

When the CRB-L signal goes low, the microprocessor 
selects a velocity that will move the carriage back to 
the inner crash pad stops on the actuator. The velocity 
command chosen causes approximately 6 amperes of 
current to flow through the actuator, enough to cause 
the carriage to fully retract. The velocity command is 
left on for 100 milliseconds. 
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The microprocessor now sets signal VCGEN-L high, 
and loads the DTG register with the zero velocity 
command address. The microprocessor waits for 256 
milliseconds to allow the current in the actuator to go 
to zero and the carriage to stop before turning off the 
actua tor driver. 

1-137. RECALIBRATION 
Recalibration starts off in the same manner as head 
unloading. (See figure 1-10.) First the microprocessor 
sets SKOF-H high, telling the carriage to move toward 
the edge of the disc. Signals LNGSK-H, VCGEN-L, 
DTGEN-H, and SPEN-H are set low. Signal POSEN-L 
is set high. The DTG register is loaded with a "re­
calibrate" velocity address. If signal ACG Fault 
(AGFLT-H) is high at this time, drive error (DERR) 81 
is issued. 

The microprocessor now begins monitoring signals 
AGFLT-H and TCD-H as the heads move toward the 
edge of the disc. When it is determined that the heads 
have reached the edge (no TCD-H signals, AGFLT-H 
high), signal SKOF-H is set low to reverse the direc­
tion of the carriage. If the proper indications are not 
observed during the timeout intervals shown in figure 
1-10, drive error (DERR) 82 is declared. The micro­
processor continues to observe signal AGFLT-H and 
when no fault is indicated, the Tecalibration operation 
proceeds to the track zero settling procedure described 
for the seek operation (refer to paragraph 1-140). Fail­
ure to obtain the correct AGFLT-H indication at the 
end of a 50-millisecond timeout period will result in a 
drive error (DERR) 71. 

1-138. EMERGENCY RETRACT 
The microprocessor interacts with actuator driver 
PCA-A2, servo PCA-A3, and emergency retract PCA­
A20 to automatically retract the heads when certain 
conditions are detected that could cause damage to the 
heads andlor the media. A flowchart detailing the 
emergency retract operation is shown in figure 1-11. 

An emergency retract is initiated for a master reset a 
spindle speed down condition, a power supply failu~e, 
or a microprocessor command. Initiation of the emer­
gency retract includes triggering the emergency re­
tract circuitry on PCA's A2 and A20 and activating 
servo PCA-A3. After a 600-millisecond delay, the 
microprocessor monitors signal Carriage Back (CRB-L). 
In the event that the proper indication is not observed, 
drive error (DERR) 31 is signalled. 

1-139. TRACK FOLLOWING 
The electronics which are directly involved in track 
following are track follower PCA-A9, servo PCA-A3, 
and actuator driver PCA-A2. Track follower PCA-A9 
reads the signal from the servo head and converts it 
into a position error signal. Two signals come from 
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START 

CUL-H = 0 
SKOF-H = 1 
LNGSK-H "0 
VCGEN-L = 0 
POSEN-L" 1 
DTGEN-H = 0 
SPEN-H = 0 
DTG = "HEAD UNLOAD" 
VELOCITY 

START 2 S 
TIME-OUT 

[DERR 87] 
MESSAGE 

A 

" 

DTG = "HOLD BACK GENTLY" 

r 

WAIT 10 MS 

,r 
VCGEN-L" 1 

DTG = "ZERO" VELOCITY 

,r 

WAIT 256 MS 

, 
TURN OFF ACTUATOR DRIVER. 

" 

C END 

Figure 1-9. Head Unload Flowchart 

7933 



7933 

7933-355A (1 ) 

SKOF-H:: 1 
LNGSK-H:: 0 
VCGEN-L:: 0 
FPOSEN-L:: 0 
DTGEN-H:: 0 
POSEN-L:: 1 
SPEN-H:: 0 
DTG:: "RECALIBRATE" 

TOGGLE RECAL TP ON PCA-A9. 

START 385 MS 
TIME-OUT 

YES 

[DERR 82] 
MESSAGE 

START 40 MS 
TIME-OUT 

[DERR 81] 
MESSAGE 

Figure 1-10. Recalibrate Flowchart (Sheet 1 of 2) 
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CLEAR 
AGFL T-H 

SKOF-H = 0 
START 50 MS 
TIME-OUT 

[DERR 71] 
MESSAGE 

NO 
TO HEAD LOAD ROUTINE 
(SEE FIGURE 1-8 SHEET 3) 

Figure 1-10. Recalibrate Flowchart (Sheet 2 of 2) 
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START 

TURN ON EMERGENCY 
RETRACT ENABLE. 
TRIGGER E/R 

VCGEN-L = 1 
DTGEN-H = 0 
LNGSK-H = 0 
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VELOCITY 

WAIT 600 MS 

NO 
[DERR 31] 
MESSAGE 

Figure 1-11. Emergency Retract Flowchart 
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the track follower PCA. One is the Slow Position 
(SPOS) signal and the other is the Fast Position 
(FPOS) signal. The FPOS signal is the normal wide 
bandwidth position error signal that is used during 
track-to-track seeks, and while settling on track. The 
SPOS signal is a slew rate limited version of the error 
signal and is used during track following. 

Actuator driver PCA-A2 converts the low power signal 
from servo PCA-A3 into a high power signal which 
drives the actuator. When the drive is following a 
track, the amplifier is in the linear mode. 

Servo PCA-A3 is the point where signals are com­
bined and conditioned to provide the current com­
mand signal to actuator driver PCA-A2. The compen­
sation for track following is done by using a single 
lead/lag network. A low pass filter is also included to 
minimize the effects of mechanical resonances in the 
carriage structure. 

1-140. TRACK-TO-TRACK SEEKS 
The microprocessor interacts with track follower PCA­
A9, servo PCA-A3, and actuator driver PCA-A2 to per­
form seeks. (See figure 1-12.) In general, when the 
drive is told to do a seek, the microprocessor calculates 
and stores the length of the seek. If the seek direction 
is toward the outer edge of the disc, the direction is 
negative. If the direction is toward the center of the 
disc, the value is positive. The microprocessor loads 
the DTG register on PCA-A3 with the correct value 
and starts the carriage on its way to the desired 
cylinder. The carriage starts to accelerate toward the 
target track and continues to accelerate until the car­
riage velocity intersects the desired velocity curve. 
While the carriage is accelerating, the microprocessor 
is calculating the automatic head alignment offset for 
the target head. Timeouts for acceleration and decel­
eration are also included. As the carriage moves, the 
servo head crosses the servo tracks and as each track 
is crossed, the DTG register is counted down by one. 
This addresses a new part of the ROM, and the VC 
output voltage changes accordingly. 

The VC output voltage is basically proportional to the 
sq uare root of the distance to go to the target. When 
the carriage first starts the seek, the carriage velocity 
is low, so it accelerates to try and match the command 
velocity. Once the carriage velocity intersects the 
commanded velocity, the carriage starts to decelerate. 
As each track is crossed, the curve is updated and 
causes the carriage to decelerate at a constant rate. 

When the disc drive is doing a seek that is not "long", 
the plus and minus quarter track crossing detector is 
used for the entire track. When the disc drive is doing 
a "long"seek, it uses the track crossings to count down 
the DTG register for the majority of the seek. When 
the carriage gets to within five tracks of the target, 
the DTG value is equal to nine and the plus and 
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minus quarter track crossing is used as the clock. This 
provides a finer control over the carriage velocity as it 
approaches the target. 

When the DTG gets to the target value for the particu­
lar type of seek being performed, it means that the 
carriage is within three quarter tracks of the center of 
the target servo track. Since auto head alignment can 
introduce a plus or minus one-quarter track offset, the 
final position of the servo head will not necessarily be 
over the center of the servo track. 

Signal TCD-H goes true when the servo head is close 
enough to its final position for the position servo to be 
turned on. With signal POSEN-L disabled, signal 
TCD-H goes high when the servo head is within 240 
microinches of the target position. The target position 
is the center of the servo track, plus the auto head 
alignment offset. 

When the microprocessor sees signal TCD-H go high, 
it sets signal POSEN-L low. This action enables the 
position control and disconnects the velocity com­
mand curve from the loop. With signal POSEN-L low, 
the TCD-H window is decreased to 105 microseconds. 
When the microprocessor enables the position loop, 
signal TCD-H goes low. The microprocessor now cal­
culates the automatic head alignment values for the 
rest of the data heads and verifies that the head is on 
the desired track. Just after the position loop is turned 
off, the microprocessor reads the least significant bit 
of the physical track address and properly sets up 
track follower PCA-A9. The automatic head alignment 
offset value is looked up for the target head and 
cylinder, and is output to the servo PCA-A3. The 
microprocessor then writes to formatter/separator 
PCA-A8 to select the target head and to select the 
proper write current. 

1-141. READ/WRITE SYSTEM 

The read/write system (see figure 1-19) consists of cir­
cuits on read/write PCA-A10, formatter/separator 
PCA-A8, and disc memory access (DMA) PCA-A6. 
Read/write PCA-A10 also includes an automatic head 
alignment module which is part of the head position­
ing system. The purpose of the read/write system is to 
provide, under microprocessor control, the means to 
read information from or write information onto the 
data surfaces of the media module. In addition, the 
read-write system includes self-test circuitry that per­
mits the microprocessor to monitor operation of the 
system. Included in the following paragraphs are de­
scriptions of the circuitry on each of the three PCA's 
followed by a functional description of the read/write 
system. Refer to table 1-5 for a description of the 
mnemonics used in figure 1-19. In the "source" column 
of table 1-5, the numbers in parentheses following the 
PCA reference designations identify the functional 
block diagram locations of the PCA's. 
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FPOSEN-L = 0 

YES 

TAKE SNAPSHOT OF CTC. 
ROM10/ROM11 = 0 
LSB = 0/1 
CALCULATE DTG LOGICAL 
ZERO VALUE. 
POSEN-L = 1 
VCGEN-L = 1/0 
SKOF = 0/1 
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Figure 1-12. Seek Flowchart (Sheet 1 of 3) 
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7933-357 A (2) 
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NO 

[DERR 84] 
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NO 

DTGEN-L = 1 
CALCULATE SKEW (TARGET 
HEAD ONLY). 

WAIT 100 MS THEN SET 5 MS 
TIME-OUT. 

Figure 1-12. Seek Flowchart (Sheet 2 of 3) 
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Figure 1-12. Seek Flowchart (Sheet 3 of 3) 
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VERIFY NEXT SECTOR (IF THE 
NONVERIFY FLAG HASN'T BEEN 
SET. 

[OERR 86] 
MESSAGE 

1-69 



Theory of Operation 

MNEMONIC 

AO-H thru 
Al1-H 

ADRO-H 
thru 
ADR2-H 

ATN-L 

BF1SL-L 

BRO-H 
thru 
BR7-H 

CRB-L 

CS 

DO-H thru 
D7-H 
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Table 1-5. Read/Write Mnemonics 

DEFINITION 

Address Bus, 
Bits 0 thru 11 

Address 

Attention 

Buffer 1 
Select 

Board Register, 
bits 0 thru 7 

Carriage Back 

Current 
Source 

Data Bus, 
bits 0 thru 7 

SOURCE 

PCA-A4 
(1) 

PCA-Al7 
(5) 

PCA-Al7 
(5) 

PCA-A4 
(1) 

PCA-AlO 
(5) 

PCA-AlB 
(4) 

PCA-AlO 
(1) (5) 

PCA-A4 
(1) 

FUNCTION 

Microprocessor 
Address bus, bits 0 
through 11. 

HP-IB channel address 
programming lines from 
HP-IB channel select 
switch on PCA-Al7. 

An HP-IB management 
interface line. ATN-L 
causes all devices to 
interpret data on the 
bus as a controller 
command and activate 
this acceptor handshake 
function (command mode) 
or data (data mode) 
between addressed 
devices. 

DMA no. 1 buffer select 
line. 

Output lines from board 
revision register on PCA­
A-10 to microprocessor 
interface on PCA-AB. 
Signals allow 
microprocessor to sense 
state of certain control 
signals on PCA-AlO. 

Signal indicating that 
carriage is fully 
retracted into the 
actuator assembly. 

Analog test signal 
from write path current 
source. Signal is sent 
to microprocessor PCA-A4 
via analog multiplexer. 

Microprocessor 
bidirectional data bus, 
bits 0 thru 7. 
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MNEMONIC 

DAV-L 

DCP-H 

DCNW-H 

DIN-H 

DI01-L 
thru 
DI08-L 

DM1SL-L 

DOUT-H 

DSOS-L 

DVSEL-H 

EC1SL-L 
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Table 1-5. Read/Write Mnemonics (continued) 

DEFINITION 

Data Valid 

Data Clock 
Pulse· 

DC with no 
Write 

Data In 

HP-IB Data 
Bus, bits 1 
thru 8 

DMA no. 1 

Data Out 

Delayed 
Start of 
Sector 

Drive Select 

ECC no. 1 
Select 

SOURCE 

PCA-Al7 
(5) 

PCA-AlO 
(5) 

PCA-AlO 
(5)(4) 

PCA-A6 
(5) 

PCA-A17 
(5) 

PCA-A4 
(1) 

PCA-A6 
(5) 

PCA-A8 
(5) 

PCA-A8 
(5)(1) 

PCA-A4 
(1) 

FUNCTION 

Bidirectional HP-IB 
handshake line. DAV-L 
indicates that the data 
on the DIO lines is 
stable and available to 
be accepted by the 
receiving device. 

Data clock pulses sent 
directly to head 
positioning system for 
use in the automatic 
head alignment circuitry. 

Output of read/write 
fault detect logic 
indicating that the write 
current source has stayed 
on during a write. 

Serial read data line. 

Bidirectional I/O lines 
used for transfer of 
data, commands and other 
messages between the host 
computer and the disc 
drive. Transfer is byte 
serial, bit parallel. 

DMA no. 1 register 
select. 

Serial data out (that 
is, enroute to R/W or 
ECC) . 

Microprocessor interface 
output to AGC circuitry 
on PCA-AlO. Signal 
provides the timing for 
the amplitude sample 
circuit. 

Microprocessor interface 
output setting PCA-A8 and 
PCA-AlO to their 
operating states. 

DMA no. 1 ECC select 
line. 
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Table 1-5. Read/Write Mnemonics (continued) 

MNEMONIC DEFINITION SOURCE FUNCTION 

EOI-L End or PCA-Al7 HP-IB control signal used 
Identify (5) to indicate the end of a 

multiple byte message on 
the bus. EOI is also used 
for parallel polling. 

EOS-L End of Sector PCA-AS Resets the encoder on 
(5) PCA-AS at the end of 

sector. 

ER-H Emergency PCA-A2 Signal indicating that 
Retract (4) an emergency retract has 

occurred. ER-H is used by 
fault detect logic on 
PCA-AlO to deselect 
heads. 

FCLR-L Fault PCA-AS Clear signal for fault 
Clear (5) detect logic on PCA-AlO. 

FIN-H Formatter/ PCA-A6 Data output from ECC 
Separator (5) module on PCA-A6 to 
Input input of formatter/ 

separator PCA-AS. 

FLT-H Fault PCA-AlO Drive fault detect output 
(5) causing head select logic 

to ignore head selection 
inputs and deselect all 
heads if a drive fault 
occurs. 

FLW-L Follow PeA-AS Microprocessor interface 
(5) output used to read head 

alignment offset value 
from PCA-AlO. 

FOUT-H Formatter/ PCA-AS Data output from 
Separator (5) formatter/separator to 
Output ECC module on PCA-A6. 

FSSEL-L Formatter/ PCA-A4 Formatter/Separator 
Separator (1) PCA-AS select line. 
Select 

FUNER-L Formatter/ peA-AS Indicates that an error 
Separator (5) occurred in the R/W PCA 
Uncorrectable after a disc sector has 
Error begun transfer. 
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MNEMONIC 

FWAVE 

HAEN-H 

HAGV 

HSO-H 
thru 
HS3-H 

IFC-L 

I01SL-L 

LSB-H 

MAO-H 
thru 
MA2-H 
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Table 1-5. Read/Write Mnemonics (continued) 

DEFINITION 

Full Wave 

Head Alignment 
Enable 

Head 
Alignment 
Position 
Voltage 

Head Select, 
bits 0 thru 3 

Interface 
Clear 

I/O no. 1 
Select 

Least 
Significant 
Bit 

Multiplex 

SOURCE 

PCA-AlO 
(~) ,.." 

PCA-AS 
(5) 

PCA-AlO 
(5) 

PCA-AS 
(5) 

PCA-A17 
(5) 

PCA-A4 
(1) 

PCA-AS 
(5) 

PCA-AS 
(5) 

FUNCTION 

Analog test signal from 
full-wave rectifier in 
read path. Signal is sent 
to PCA-A4 via analog 
multiplexer on PCA-AlO. 

Microprocessor interface 
output to automatic head 
alignment circuitry on 
PCA-A10. 

An analog signal from 
automatic head alignment 
module indicating how far 
data head is from track 
center. Signal is sent to 
PCA-A4 via the analog 
multiplexer on PCA-AlO. 

Microprocessor interface 
output to head select 
logic on PCA-AlO. 

HP-IB general management 
line used by the system 
controller to halt all 
current operations on the 
bus, unaddress all other 
devices, and disable 
serial poll. 

DMA no. 1 PHI Select 
line. 

Microprocessor interface 
output to automatic head 
alignment module on 
PCA-AlO. 

Microprocessor interface 
output controlling 
selection of signals 
input to analog MUX. 
Multiplexer output 
(RWTST) is coupled 
directly to PCA-A4. 
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MNEMONIC 

MHF-H 

MRST-L 

NDAC-L 

NMI-L 

NRFD-L 

OFTRK-H 

OUTTST 

PRE + , 
PRE-

RD-L 

RDD-H 
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Table 1-5. Read/Write Mnemonics (continued) 

DEFINITION 

Multiple Head 
Fault 

Master Reset 

Not Data 
Accepted 

Non-Maskable 
Interrupt 

Not Ready 
for Data 

Off Track 

Output Test 

Preamplifier 
+, -

Read 

Read Data 

SOURCE 

PCA-AlO 
(5) 

PCA-Al 
(6) 

PCA-Al7 
(5) 

PCA-A4 
(5) 

PCA-Al7 
(5) 

PCA-A9 
(4) 

PCA-AlO 
(5) 

PCA-AlO 
(5) 

PCA-A4 
(1) 

PCA-AlO 
(5) 

FUNCTION 

Output of read/write 
fault detect logic 
indicating that the head 
select circuitry has 
selected more than one 
head at a time. 

Master power on reset. 

A bidirectional HP-IB 
handshake line. NDAC-L 
indicates to the 
transmitting device that 
data has been accepted by 
the receiver. 

Interrupt line tied to 
non-maskable interrupt of 
the microprocessor. 

A bidirectional HP-IB 
handshake line indicating 
that a device is ready 
for data. 

Off track fault flag used 
by PCA-AlO to deselect 
the heads. 

Analog test signal from 
67-nanosecond one-shot 
representing read path 
self-test result. Signal 
is sent to PCA-A4 via 
analog multiplexer on 
PCA-AlO. 

PCA-AlO read path outputs 
to automatic head 
alignment module. 

Microprocessor read 
command. 

Output of PCA-AlO read 
path. Signal is input 
to PCA-A8 for further 
processing. 
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MNEMONIC 

REN-L 

RWBR-L 

RWC-L 

RWFLT-H 

RWTST 

SHAV 

SOD-L 

SOS-L 

SRQ-L 
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Table 1-5. Read/Write Mnemonics (continued) 

DEFINITION 

Remote 
Enable 

Read/Write 
Board Revision 
Register 

Read/Write 
Clock 

Read/Write 
Fault 

Read/Write 
Test 

Sampled 
Head Alignment 
Voltage 

Start of Data 

Start of 
Sector 

Service Request 

SOURCE 

PCA-Al7 
(5) 

PCA-A8 
(5) 

PCA-A8 
(5) 

PCA-AlO 
(5) 

PCA-AlO 
(5) 

PCA-AlO 
(5) 

PCA-A8 
(5) 

PCA-A8 
(5) 

PCA-Al7 
(5) 

FUNCTION 

HP-IB control line used 
by system controller to 
enable bus compatable 
instruments to respond to 
commands from the 
controller or another 
talker. 

Microprocessor interface 
output enabling board 
revision register on 
PCA-AlO. 

Read/write clock used 
to clock in serial data 
during disc operations. 

Read/write fault flag 
from fault detect logic 
on PCA-AlO. Signal is 
sent directly to 
microprocessor PCA-A4. 

Output of analog 
multiplexer on PCA-AlO. 
Signal is sent directly 
to microprocessor PCA-A4. 

Automatic head alignment 
signal from AHA module 
on PCA-AlO. Signal is 
sent to PCA-A4 via analog 
multiplexer on PCA-AlO. 

Output signal from the 
encoder on PCA-A8 
indicating the start of 
data in a sector. 

Indicates that a sector 
on the disc is about to 
begin. Comes a little 
before SOD-L. 

HP-IB management line. 
SRQ-L alerts the 
controller to a need for 
communication. 
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MNEMONIC 

ST-H 

STO-L 

TDCP-L 

TFFLT-H 

UNER-L 

WCO-H 
thru 
WC2-H 

WDD-H 

WDIS-L 
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Table 1-5. Read/Write Mnemonics (continued) 

DEFINITION 

Self Test 

Self Test 
Offset 

Self Test Data 
Clock Pulse 

Track 
Follower 
Fault 

Uncorrectable 
Error 

Write Current, 
Bits a thru 2 

Write Data to 
Disc 

Write 
Disable 

SOURCE 

PCA-AS 
(5) 

PCA-AS 
(5) 

PCA-AS 
(5) 

PCA-A9 
(4) 

PCA-A6 
(5) 

PCA-A8 
(5) 

PCA-AS 
(5) 

PCA-A8 
(5) 

FUNCTION 

Microprocessor interface 
output to self test 
signal generator on 
PCA-A10. 

Microprocessor interface 
output to self test 
signal generator on 
PCA-AlO. 

Microprocessor interface 
output used to self test 
data clock pulse decoder 
on PCA-AlO. 

Track follower PCA-A9 
fault flag. Signal is 
listed by PCA-AlO to 
deselect the heads, in 
the event of a read/write 
fault. 

Indicates that the ECC 
was unable to correct 
the data errol' in the 
sector just begun. 

Microprocessor interface 
output to write current 
reduction circuit on 
PCA-AlO. 

Write data signal from 
formatter/separator 
PCA-A8 input to write 
path on read/write 
PCA-A10. 

Microprocessor interface 
output that allows the 
microprocessor to disable 
a write operation in 
cases where PCA-A10 
stayed in the write mode 
when it should have 
switched back to the 
read mode. 
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Table 1-5. Read/Write Mnemonics (continued) 

I MNEMONIC DEFINITION 

WEN-L Write 

WENC-L 

WNAC-H 

WNDC-H 

WR-L 

WRT-L 

4MHz-H 

Enable 

Write Current 
Enable 
Current Source 

Write with 
no AC 

Write with 
no DC 

Write 

Read/Write 

4-MHz Cloek 

SOURCE 

peA-AS 
(5) 

peA-AS 
(5) 

peA-AlO 
(5) 

peA-AlO 
(5) 

PCA-A4 
(1) 

peA-AS 
(5) 

PCA-A4 
(1) 

FUNCTION 

Microprocessor interface 
output controlling 
whether the write 
operation will allow 
data to pass to PCA-AlO. 
When WEN-L is active 
(low), read mode is 
preset at start of 
sector. 

Microprocessor interface 
output to write current 
source on PCA-AlO. Signal 
enables write current 
source when active (low). 

Output of read/write 
fault detect logic 
indicating that a 
selected head is not 
connected or has an open 
or shorted winding. 

Output of read/write 
fault detect logic 
indicating that a write 
command is issued but no 
write current results. 

Microprocessor write 
eommand. 

An interval signal on the 
formatter/separator 
peA-AS which enables the 
encode mode of operation. 

4-MHz self test clock 
signal used by PCA-AlO 
for self test purposes. 
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1-142. READ/WRITE PCA-A10 
In the read mode, PCA-AID changes the readback 
signals caused by flux transitions on the disc into a 
series of pulses. These signals are sent to formatter/ 
separator PCA-A8 for decoding and further process­
ing. In the write mode, PCA-AID changes the write 
data from formatter/separator PCA-A8 into alternat­
ing flux transitions coincident with the incoming data 
to be written on the disc. Circuit functions on PCA­
AID include head select, a read path, a write path, 
automatic head alignment, fault detection, self test, 
and a power supply. Each of these functions is dis­
cussed in the following paragraphs. 

1-143. HEAD SELECT. The head select circuitry 
uses a diode array and 14 switching transistors to 
allow selection of anyone of the 13 data heads for 
connection to the read, write, or automatic head align­
ment circuits on PCA-AID. The fourteenth head select 
circuit is used for a self-test signal source. Injection of 
the output of the self-test signal generator at this 
point allows all of the read/write chain to be tested as 
if the signal was generated by a data head. Head 
selection is performed by microprocessor interface 
output signal Head Select, bits D through 3 (HSD-H 
through HS3-H) from formatter/separator PCA-A8. 
Additional head select codes provide for intentional 
selection of two heads simultaneously (to test the mul­
tiple head fault detection circuitry) and deselection of 
all heads. Signal Fault (FLT-H) from the fault detect 
logic causes the head select circuit to ignore selection 
inputs and immediately deselect all heads if a read/ 
write fault occurs, except when PCA-AIO is in a self­
test mode. 

1-144. READ PATH. The circuits comprising the 
read path on PCA-AID are discussed in the following 
paragraphs. 

1-145. Isolation Transistors. The data signal 
from the heads is coupled through the select diodes to 
the input of the first data amplifier by two field-effect 
transistors. These transistors provide isolation during 
writes so that clipping is prevented and currents in 
the read amplifier first stage are controlled. 

1-146. Data Amplifier. The first data amplifier is 
a discrete differential cascode amplifier with emitter 
degeneration to control gain and increase the input 
impedance of the stage. Two resistors at the amplifier 
inputs provide controlled loading on the heads. 

1-147. Video Amplifier. A video amplifier follow­
ing the discrete data amplifier acts as a buffer. This 
amplifier has five parallel resistors that may be 
clipped for a 16 value binary sequence of gains to 
compensate for production variations in gain of the 
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other fixed gain stages. This setting assures that the 
AGC stage is maintained within its dynamic range 
over the full range of expected head-media conditions. 
The low impedance outputs of the buffer drive the 
data filter. 

1-148. Data Filter. The data filter provides the 
proper group delay of frequency to match the read 
path and to provide proper timing of the read data. 
The filter also attenuates signals at frequencies higher 
than signal frequencies from the media. 

1-149. Automatic Gain Control Amplifier. The 
automatic gain control (AGC) amplifier following the 
data filter is a second video amplifier with a field­
effect transistor serving as a gain setting element. 

Automatic gain control is accomplished by feeding 
back the sampled amplitude of the sync field from 
each sector (unless it is being written). Signal Delay 
Start of Sector (DSOS-L) from formatter/separator 
PCA-A8 provides the timing for the amplitude sample. 
A one-shot provides an 8-microsecond sampling pulse 
to a field-effect transistor analog switch. This transis­
tor couples the full-wave rectified data signal from the 
sync field to the input of an operational amplifier 
integrator. This integrator (read AGC amplifier) pro­
vides the signal to control the gain of the AGC video 
amplifier stage and also provides the analog memory 
function between samples and during writes. 

1-150. Current Buffer. The data signal output of 
the AGC amplifier is additionally buffered by a mono­
lithic transistor array. A Darlington pair in the array 
is used to provide the bias voltage for a pair of emitter 
followers (also in the array). The array buffers the 
data signal and establishes a dc level of about one 
diode drop above ground. The emitter followers drive a 
full-wave rectifier circuit for the read path and a video 
amplifier buffer for the signals to the head alignment 
circuit. 

1-151. Full-Wave Rectifier. The full-wave recti­
fier circuit consists of a pair of Schottky diodes with a 
resistive load to -6.8 volts. The output of the full-wave 
rectifier drives the AGC circuit, the amplitude qualifi­
cation circuit, and the differentiator. A test output 
labelled Full-Wave (FWAVE), is made available to 
microprocessor PCA-A4 via the analog multiplexer. 

1-152. Differentiator. The differentiator stage 
consists of a passive RC differentiator followed by a 
video amplifier to restore the amplitude lost in the dif­
ferentiator. The video amplifier output drives one-half 
of a dual high-speed sample-and-hold comparator and 
thus determines the trigger points for the 67-nano­
second output one-shot. 
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1~153. Amplitude Qualification. The amplitude 
qualification circuit compares the amplitude of the 
data signal against a fixed reference voltage and qual­
ifies (allows) outputs from the differentiation sample­
and-hold comparator only when the amplitude of the 
data signal is above the reference. This is accom­
plished by placing the differentiator's comparator sec­
tion in the hold mode when the signal amplitude is 
below the qualification level. Qualification eliminates 
output pulses which would otherwise result from the 
low amplitude peaks in the data signal during the 
shouldering periods and at times between widely 
spaced data pulses. If the differentiated signal crosses 
zero in the negative direction while the undifferen­
tiated signal is above the reference level, the dual 
sample-and-hold comparator output generates a nega­
tive transition on the positive output (which should 
correspond to a positive or negative peak in the data 
signal from the head). This transition triggers a 67-
nanosecond one-shot which produces the Read Data 
(RDD-H) signal output for the read path. Read Data 
RDD-H is sent to formatter/separator PCA-AS for 
decoding. A test output from the one-shot, labelled 
Output Test (OUTTST) is made available to micro­
processor PCA-A4 via the analog multiplexer. 

1-154. WRITE PATH. The circuits making up the 
write path on PCA-A10 are described in the following 
paragraphs. 

1-155. Write Toggle Flip-Flop. Write Data (WDD-H) 
signal from formatter/separator PCA-AS is divided by 
two (in frequency) by the write toggle flip-flop. This 
flip-flop alternately switches the write driver transis­
tors on and off. One of these transistors causes a posi­
tive transition in the applied magnetic field at the 
media, and the other transistor causes a negative 
transition. 

1-156. Write Current Source. The write current 
source determines the amplitude of the current which 
is applied to the head and thus it sets the magnetic 
field strength of the media. A test output, labelled 
Current Source (CS), is made available to micro­
processor PCA-A4 via the analog multiplexer. 

1-157. Write Current Reduction. The write cur­
rent reduction circuit allows the nominal current to be 
reduced under microprocessor control by Write Cur­
rent, bits 0 through 2 (WCO-H through WC2-H) so that 
the field strength can be optimized for different radial 
positions acr.oss the disc. 

1-158. AUTOMATIC HEAD ALIGNMENT 
MODULE. Automatic head alignment is accom­
plished by measuring the constant offset needed to 
exactly straddle a pair of head alignment bands which 
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are prerecorded on the data surface. Three sets of 
bands are recorded on each surface, and offsets are 
determined for each set. The microprocessor uses these 
three measurements per surface to define a profile of 
head alignment offsets which are then used for subse­
quent read/write operations. The circuit that measures 
the dynamic head misalignment in a radial position 
(offset) is located on PCA-A10. Simultaneously, an 
auto skew adjustment is made by comparing timing of 
circumferential codes in the servo track (on the servo 
surface) and the head alignment tracks (on the data 
surface). The circumferential position (skew) measure­
ment is determined by circuitry located on track fol­
lower PCA-A9. A table is built in microprocessor 
memory to allow adjustment for the measured skew 
across the surface. The head alignment process is 
invoked to update the tables when anyone of the fol­
lowing events occurs: a) a specified number of errors 
has occurred in reading data, b) the temperature in­
side the disc drive has changed a specified amount 
since the last head alignment, c) power up of the disc 
drive, or d) a predetermined time interval has elapsed. 
Additional information about automatic head align­
ment, including a description of the skew measure­
ment circuitry, is provided in paragraph 1-S9. 

The head alignment module on PCA-AlO consists of 
four main sections described as follows. 

1-159. Phase Locked Loop. The phase locked loop 
synchronizes with the signals from the auto head 
alignment bands on the data surfaces. 

1-160. Clock Generator. This is a ROM derived 
clock generator which is driven by the locked voltage­
controlled oscillator of the phase locked loop. The gen­
erator provides all timing functions for head 
alignment. 

1-161. Head Alignment Offset Detector. The 
head alignment offset detector consists of a sensitive 
full-wave integrate-and-dump discriminator which de­
ri ves an offset error signal for the microprocessor and 
an AGC signal for the read path AGC amplifier. The 
microprocessor issues servo offset commands to null 
the error signal from the head alignment offset detec­
tion circuit. Therefore, neither calibration nor linear­
ity of the error signal is critical to the accuracy of the 
automatic head alignment process. 

1-162. Data Clock Pulse Decoder. The data clock 
pulse decoder determines the presence of index pulses 
embedded in the head alignment bands. These pulses 
are compared, on the track follower PCA-A9, to refer­
ences from the servo surface to determine the amount 
of timing shift necessary to correct sector skew. This 
correction compensates for alignment errors between 
heads in the direction perpendicular to the actuator 
motion. 
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1-163. FAULT DETECTION. Four read/write 
faults are detected by the fault detect logic and the 
multi-head fault detector on PCA-AIO. These are write 
with no ac, write with no dc, dc and no write, and 
multihead. 

1-164. Write With No AC. The write with no ac 
fault occurs if the selected head is not connected or 
has an open or shorted winding. In this case, during a 
write, the normal feedback from the head is missing. 
Write with no ac also occurs if the write toggle flip­
flop fails, or formatter/separator PCA-AS fails to send 
data to read/write peA-AIO after a write operation 
has been initiated. Thus, the write with no ac fault 
checks to ensure that data is actually written during 
every write operation. This fault should detect dc era­
sure of data and should immediately switch off the 
heads to prevent continued erasure of data. 

1-165. Write With No DC. The write with no dc 
fault occurs when a write command is issued, but no 
write current results. The write with no dc fault may 
be caused by writing wlth no head selected, or it may 
be caused by circuit failures in the write current source 
on read/write PCA-AIO. 

1-166. DC And No Write. The dc and no WrIte 
fault occurs if the write current source stays on during 
a read operation. Detection of the fault prevents dc 
erasure of data during reads as the write with no ac 
fault previously described prevents it during writes. 

1-167. Multihead. The multihead fault occurs if a 
failure in the head select logic causes more than one 
head to be selected at one time. 

1-168. Fault Lines. Each of the above faults is 
latched when it occurs, and the heads are automati­
cally deselected by signal FLT-H. Thus, no damage 
will occur to data on the disc surface after the fault 
has been detected. The latched fault lines Write With 
No AC (WNAC-H), Write With No DC (WNDC-H), DC 
And No Write (DCNW -H), and M ultihead Fault (MHF-H) 
are sent to the microprocessor so that it can determine 
the correct disc drive response to the detected problem. 

Signals Off Track (OFTRK-H) and Track Follower 
Fault (TFLT-H) from track follower PCA-A9 and sig­
nal Emergency Retract (ER-H) from emergency re­
tract PCA-A20 are also used to deselect the heads. 
This prevents writing on the disc when the heads are 
not on track or when an emergency retract has been 
initiated. These faults are not latched on PCA-AIO 
since they are latched at the source. Note that the 
occurrence of one of these faults during a write will 
deselect the heads and this will cause read/write 
faults (write with no ac and write with no dc) to occur. 
These latter faults will be latched and reported as 
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read/write faults although read/write PCA-AIO is 
functioning correctly. (In responding correctly to an 
external problem, read/write PCA-AIO refuses to 
write; and then reports that a write is not occurring 
when a write command is being issued.) 

1-169. READ/WRITE SELF TEST. The read/ 
write self test may be partitioned into the following 
four segments: read path verification, write path verifi­
cation, fault detection verification, and auto head align­
ment self test. Descriptions of the four segments are 
provided in the following paragraphs. 

1-170. Read Path Verification. A 4-MHz Test Sig­
nal (4 MHz-H) generated in microprocessor PCA-A4 is 
attenuated and filtered by the self-test signal genera­
tor on PCA-AIO to provide 4-MHz Gaussian pulses for 
injection into the read chain. This injection occurs 
through a self-test transformer which is selected as if 
it was the fourteenth read/write head. This simulated 
data signal is processed in the normal read mode, and 
results in 67-nanosecond pulses at an S-MHz rate at 
the read path output. This output is low-pass filtered 
on read/write PCA-AIO and is directed as signal 
Output Test (OUTTST) to microprocessor PCA-A4 
through the analog multiplexer on PCA-AIO. This fil­
tered output is compared to the tolerance range of the 
67-nanosecond pulse at the S-MHz rate. If the meas­
ured value is within this range, the path is considered 
to be functional. 

The automatic gain control in the read chain is also 
tested. This is done by measuring the average value of 
the full-wave rectified voltage (FWA VE) with the 
microprocessor to ensure that it is within specification. 

1-171. Write Path Verification. Before the heads 
are loaded over the discs, data is written to each of the 
heads. If a write with no ac fault does not occur, it can 
be assumed that all the heads are functioning cor­
rectly for write operations. 

The write current reduction circuitry is checked by 
measuring a voltage change within the write current 
source as the write current is decreased. Signal Cur­
rent Source (CS) is measured by microprocessor PCA­
A4 and if the voltage change is not within specifica­
tion, a failure must have occurred. 

1-172. Fault Detection Verification. All four of 
the read/write faults previously described can be 
caused artificially under microprocessor control. The 
faults can then be cleared by the microprocessor. If 
the state of one or more of the faults cannot be made 
to change by the microprocessor, that particular detect 
circuitry must have failed. 
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The automatic deselection of heads is disabled during 
the fault detection verification so that each fault can 
be simulated long enough to detect its presence with 
the microprocessor. Signal Self Test (ST-H) turns off 
the feedback circuit which otherwise would deselect 
the heads upon fault detection. Since this test mode 
could allow data to be destroyed (if self test was en­
abled over a data surface), the Carriage Back Signal 
(CRB-L) locks out Self Test (ST-H), Master Reset 
(MRST-L) and Fault Clear (FCLR-H) signals unless 
the carriage is fully back and the heads are unloaded. 

1-173. Auto Head Alignment Self Test. Self test 
of the automatic head alignment circuitry is accom­
plished by generating a test dibit waveform and exer­
cising the automatic head module with it. The dibit 
waveform is developed by counting down the 4-MHz 
signals from PCA-A4 by 5 or 10. When the 4 MHz is 
divided by 5, a positive-negative pair is generated at 
an 800-kHz rate. In the divide-by-10 mode, the rate is 
400 kHz. The 800-kHz and 400-kHz signals simulate 
the dibit rates for on-track and off-track operation, 
respectively. During self test, these simulated dibits 
are fed to the phase locked loop, data clock pulse 
encoder, and head alignment offset detector in a se­
quence that tests the operation of the automatic head 
alignment circuits. 

1-174. POWER SUPPLIES. The +5 Vdc, +12 Vdc, 
and -12V dc supplies are filtered where they enter 
PCA-A10 and additional on-board filtering is provided 
for the +12 Vdc and -12 Vdc to the read preamplifier 
section. Three Zener regulators on peA-AIO provide 
+6.8 Vdc and -6.8 Vdc for the first two video ampli­
fiers, the AGC buffer video amplifier, and the re­
mainder of the signal path including a fourth video 
amplifier. Two additional Zener regulators provide 
-5.2 V dc for the write toggle flip-flop, the dual sample­
and-hold comparator, and the 67-nanosecond output 
one-shot. 

1-175. ANALOG MULTIPLEXER. The analog 
multiplexer is used to select analog signals from PCA­
A10 for connection to the analog-to-digital converter 
on PCA-A10. The output line from the multiplexer to 
the ADC is labelled Read/Write Test (RWTST). Five 
analog test signals are selected by the multiplexer. 
The signal selected is defined by three Multiplex Select 
bits (MAO-H through MA2-H) from the microprocessor 
interface on formatter/separator PCA-A8. The signals 
input to the multiplexer are: Output Test (OUTTST), 
Current Source (CS), Head Alignment Position Volt­
age (HAGV), Sampled Head Alignment Voltage 
(SHA V), Full Wave (FW AVE). 

1-176. FORMAITERISEPARATORPCA-A8 

The basic function of formatter/separator PCA-A8 is 
to encode input data to the read/write channel and 
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decode data from the read/write channel for reliable 
channel read/write operations. The circuitry on PCA­
AS includes microprocessor interface logic, a time­
sequencer and control logic, a decoder, an encoder, a 
30-MHz clock generator, and a phase-locked loop 
(PLL). 

1-177. MICROPROCESSOR INTERFACE. The 
microprocessor interface is an 8-bit wide parallel in­
put/ output interface selectable by the four least signif­
icant bits of the microprocessor address bus. The micro­
processor interface is used to control the operations of 
formatter/separator PCA-A8 and read/write PCA-A10, 
as well as supply the microprocessor with fault flags 
to indicate serious read/write system malfunctions. 
External inputs to the microprocessor interface include 
Address Bus, bits 0 through 3 (AO-H through A3-H), 
Read (RD-L), Write (WR-L), Formatter/Separator Se­
lect (FSSEL-L), and Master Reset (MRST-L). Refer to 
table 1-5 for a description of the microprocessor inter­
face output (control) and input (flag) signals, as shown 
in figure 1-19. 

1-178. TIMER/SEQUENCER. The function of 
the timer-sequencer circuitry is to provide sequential 
control signals for all PCA-A8 on-board operations. 

1-179. CONTROL LOGIC. The control logic pro­
vides for the proper interface between the micro­
processor interface and the timer/sequencer for set­
ting up and sequencing a formatter/separator cycle. 

1-180. ENCODER. The coding system used in the 
encoder is called variable length frequency modula­
tion (VLFM). This code is structured using data blocks 
of two- or four-bit length. There are four possible com­
binations in the two-bit block, but VLFM uses only 
three of them (00, 01, 10). If, in a string of data a "11" 
is encountered, a four-bit block will be encoded (in­
stead of a two-bit block). Only four of the possible 16-
bit combinations are encoded (1100, 1101, 1110, and 
1111). These three two-bit patterns and four four-bit 
patterns cover all possible data sequences. All two-bit 
blocks are mapped into three bits, and all four-bit 
blocks are mapped into six bits. At first glance, this 
would appear to be more of a disadvantage than an 
advantage, but design of the data map ensures that 
the worst case data pattern generates transitions on 
the disc surface that are further apart than of other 
previously employed codes. This means that the data 
can be packed tighter on the disc. 

On a sector write cycle, the Start Of Sector (SOS-L) 
signal from track follower PCA-A9 starts the encoder 
writing a 50 percent duty cycle sync field. No input 
data is required and the sync field has a duration of 
16 microseconds from the leading edge of signal SOS-L. 
Data is fed to Read/Write PCA-A10 via the Write 

1-81 



Theory of Operation 

Data (WDD-H) line. Signal WENC-L switches from 
high to low when the leading edge of SOS-L is encoun­
tered by the encoder. Signal WENC-L enables the 
write current circuitry on PCA-AI0 when active (low). 

With the write current enabled, the sync field is writ­
ten onto the disc. At the end of the 16-microsecond 
period, the pattern changes to the all-zero pattern. 
About one byte of D's are written followed by a 1. Up 
to and including the synchronization bit (1), all data 
has been internally generated by the formatter/ 
separator. 

When the sync bit is internally generated by the en­
coder, it is latched and fed out to the ECC module on 
DMA PCA-A6 via the Start Of Data (SOD-L) line. A 
clock is being fed to the write path by the same clock 
line (RWC-L) as for read. However in this case, clock 
generation is performed by the encoder. 

When signal SOD-L goes low, data (FIN-H) is pre­
sented to the input of the encoder (FIN-H) on the next 
clock edge. The first three bits of data are D's followed 
by sector data. When the ECC module is finished its 
output of data, signal End Of Sector (EOS-L) is set 
low. This operation generates a delayed reset, waiting 
an appropriate time for the data to propagate through 
the formatter/separator to the disc, before the write 
operation is terminated. 

Signal EOS-L resets the encoder. The next operation 
will be a read unless the microprocessor has set up the 
control logic prior to EOS-L for a write. In this way, 
the write operation is shut off by default in order to 
avoid destruction of recorded data. 

1-181. DECODER. The decoder generates a data 
clock and serial data from the code clock and encoded 
bit sequence. The decoder circuitry includes a 3D-MHz 
clock generator, a phase-locked loop (PLL), and de­
coder logic. 

1-182. 30-MHz Clock. The 3D-MHz clock signal is 
derived from a 3D-MHz crystal-controlled reference 
oscillator on PCA-A8. 

1-183. Phase Locked Loop. The function of the 
PLL is to generate a code clock from the serialized bit 
sequence recovered from the disc. 

1-184. Decoder. On a sector read, the Start Of 
Sector (SOS-L) signal from track follower PCA-A9 is a 
300-nanosecond pulse used to time the start of a sector 
read. The leading edge of SOS-L generates a delay 
internally in formatter/separator PCA-A8. The delay 
is 8 microseconds after which the read operation be­
gins. After this delay, the phase-locked loop on for­
matter/separator PCA-A8 is switched via the Read/ 
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Write Clock (RWC-L) signal to accept the Read Data 
(RDD-H) pulses from read/write PCA-AI0. At this 
time, signal RDD-H should consist of equally spaced 
66-nanosecond pulses with a period of 133 nano­
seconds. This periodic sync field allows the PLL to 
frequency lock to the transitions. At the same time, 
the Read/Write Clock (RWC-L) signal from the PLL is 
output to the rest of the read/write system. A certain 
time later, the incoming pulses on the RDD-H line are 
spaced further apart (200 nanoseconds). This is the 
secondary decode sync field. The decoder recognizes 
this secondary pattern and triggers the decode cycle to 
begin. 

This secondary sync pattern is decoded as a string of 
zeros. The first pattern that occurs that results in a 
"I" being output from the decoder is latched and fed 
to the read/write system as signal Start Of Data 
(SOD-L). At the same time, the first "I" followed by 
three D's is the data synchronization signature (sync 
word). The bits that follow represent valid data. Data 
is output to the ECC module on PCA-A6 via the For­
matter/Separator Output (FOUT-H) line. The ECC 
module generates an overflow handshake when it has 
enough data. When the End Of Sector (EOS-L) line 
from the ECC module goes low, it stops the for­
matter/separator and initializes it for the next sector 
to be read. 

Read mode is a default mode for the formatter/sep­
arator. As long as handshake lines Start Of Sector 
(SOS-L), and End Of Sector (EOS-L) are operational, 
the decoder will continue to automatically synchron­
ize and output disc data via the FOUT-H line. 

1-185. DISC MEMORY ACCESS PCA-A6 
The purpose of disc memory access (DMA) PCA-A6 is 
to provide serial/parallel data conversion, supply all 
HP-IB interface to the disc drive, buffer data between 
the disc drive and the host computer, implement a cy­
clic redundancy check (CRC) for data integration on 
serial data transfers, and provide an error correction 
code (ECC) module that improves the integrity and 
recoverability of data written on the disc. 

As shown in figure 1-19, DMA PCA-A6 has three 
separate external interfaces. The disc drive interface 
module consists of a serial data path with associated 
control lines. This interface is used to access the disc 
drive. The HP-IB interface module is used to interface 
the disc drive to the host computer through the 
Hewlett-Packard Interface Bus (HP-IB). The DMA 
buffer module gives the Z-80-based microprocessor sys­
tem the ability to control data transfers through the 
DMA. This interface allows the microprocessor access 
to the HP-IB for command interpretation/execution. 

1-186. DMA BUFFER MODULE. The DMA buf­
fer module includes DMA control/status registers, a 
disc address counter, an I/O address counter, an I/O 
byte counter, data RAM, and header RAM. 
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Inputs to the DMA buffer module include 12 Address 
lines (AO-H through All-H); eight Data lines (DO-H 
through D7-H); two control lines: Read (RD-L) and 
Write (WR-L); four Select lines: Buffer Select (BF1SL-L), 
I/O Select (I01SL-L), ECC Select (EC1SL-L), and 
DMA Select (DM1SL-L); and a Power On Reset 
(MRST-L) line. The four select lines allow the micro­
processor to access the data RAM, the processor to 
HP-IB interface (PHI) registers, the DMA control! 
status registers, the error correction logic, and the 
header RAM. 

1-187. DMA Control/Status Registers. The 
DMA Select (DM1SL-L) line, along with five address 
bits, are decoded by the DMA to provide 32 memory 
mapped ports. The first 16 of the 32 memory mapped 
ports allow access to the 16 bytes of the header RAM 
and the remaining 16 ports are decoded to provi~ 
eight control registers (write registers) and five status! 
registers (read registers). 

1-188. Disc Address Counter. The disc address 
counter is a 13-bit counter used to address the header 
RAM and the data RAM during data transfers be­
tween the disc drive and the DMA. The lower nine bits 
of the counter are used to address the two RAM's 
wi thin each sector as detailed in the header RAM 
description. 

1-189. I/O Address Counter. The I/O address 
counter is a 12-bit counter used to address the data 
RAM during data transfer between the data RAM and 
the PHI. 

1-190. I/O Byte Counter. The I/O byte counter 
is a 12-bit down counter which provides a means of 
stopping the transfer of data over the HP-IB at a 
predetermined byte count. Before the data transfer is 
started, the host computer tells the microprocessor 
how many bytes of data to expect in the transfer. This 
total byte count will be divided by 4,096 (maximum 
count with a 12-bit counter) and the remainder loaded 
into the I/O byte counter. The integer portion of the 
quotient from the above division is actually the num­
ber of times the I/O byte counter will wrap around the 
remainder number to which it is loaded. The micro­
processor keeps track of the number of times this wrap­
around occurs and enables the I/O stop circuitry 16 
sectors before the end of transfer will occur. 

1-191. Data Ram. The data RAM consists of 4 
kbytes of static RAM. The RAM receives the address 
field from three sources: the microprocessor, the disc 
address counter, or the I/O address counter. Since 
each disc sector consists of 256 bytes of data, the data 
RAM is capable of buffering 16 sectors of data enroute 
to or from the disc. The RAM is effectively converted 
into a 2-port RAM by multiplexing the disc and I/O 
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address counters during data transfers. All the data 
enroute to or from the disc drive must pass through 
the data RAM. 

1-192. Header Ram. The header RAM consists of 
two bipolar 16 by 4 RAM integrated circuits arranged 
as 16 bytes of very fast read/write memory. The 
header RAM is used to store the preamble and post­
amble information during each sector of disc access. 
The disc drive sector format is shown in figure 1-4. 
The disc address counter accesses the lower six bytes 
of header RAM at the beginning of each sector then 
increments into the data RAM address field (256 bytes) 
and finally wraps around into the first seven bytes of 
header RAM near the end of the sector. During a disc 
write, the six bytes of preamble are taken from the 
header RAM. If a full sector format is selected, the two 
cyclic redundancy check (CRC) bytes are also taken 
from the header RAM. During a disc read operation, 
the preamble, CRC, and error correction code (ECC) 
bytes are read into the header RAM. 

1-193. HP-IB INTERFACE MODULE. The 
HP-IB interface circuitry includes a Processor to 
HP-IB interface (PHI) circuit and a PHI latch. The 
HP-IB interface inputs include eight data lines (DI01-L 
through DI08-L) and eight control lines. The eight 
control lines are: Attention (ATN-L), Data Valid 
(DAV-L), End or Identify (EOI-L), Interface Clear 
(IFC-L), Not Ready For Data (NRFD-L), Remove En­
able (REN-L), Not Data Accepted (NDAC-L), and Serv­
ice Request (SRQ-L). 

1-194. Processor to HP-IB Interface. The proc­
essor to HP-IB interface (PHI) is an integrated circuit, 
designed to transfer bytes of data across the HP-IB. 
The microprocessor will normally set the PHI up to 
transfer data either into (write) the DMA data RAM or 
out of (read) the data RAM. Once the proper direction 
and control bits are set up, the microprocessor enables 
the start of a PHI/data RAM transfer. 

The PHI address and control lines are multiplexed 
between the microprocessor and the DMA controller. 
The PHI can be accessed by the DMA machine or the 
microprocessor through the PHI data bus. 

1-195. PHI Latch. The PHI latch is a bidirectional 
buffer register. The register is used to hold one byte of 
data enroute to the PHI (disc read) or just extracted 
from the PHI (disc write). This buffering is necessary 
due to the PHI's relatively slow access time during 
da ta transfers. 

1-196. DISC DRIVE INTERFACE MODULE. 
The disc drive interface module is basically the serial 
data path between the DMA and formatter/separator 
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PCA-A8 in the read/write system. Circuitry in the disc 
drive interface includes a serializier/deserializier 
(SERDES), SERDES control logic, sector control logic, 
and a cyclic redundancy check circuit. The disc drive 
interface lines are End Of Sector (EOS-L), Start Of 
Data (SOD-L), Read/Write Clock (RWC-L), Read Data 
(DIN-H), and Write Data (DOUT-H). 

The normal sequence of operation of the interface dur­
ing a disc read or write is as follows: signal EOS-L is 
activated, informing the DMA to get ready to prepare 
a sector. Next, SOD-L is activated, informing the 
DMA that the serial data stream is beginning on the 
next RWC-L edge. The first active data bit may be 
delayed several clock edges from SOD-L depending on 
the direction of the transfer. 

Serial data is now clocked into or out of the DMA until 
the end of the sector is reached. When SOS-L for the 
next sector is received, it either resets the DMA or con­
tinues the transfer depending on microprocessor activ­
ity during the previous sector. 

1-197. Serializer/Deserialzer. The serializer/ 
deserializer (SERDES) changes serial data from the 
disc to parallel bytes for buffering and subsequent 
transfer over the HP-IB. The SERDES also changes 
parallel data enroute to the disc into a serial data 
stream. 

The serializer consists of an 8-bit holding register and 
a shift register. During a write, a byte is written (upon 
request) into the 8-bit holding register sometime prior 
to the time it will be shifted out by the shift register. 
The byte is loaded into the shift register at the proper 
time to provide a continuous data stream. 

The deserializer consists of an 8-bit shift register (the 
same components as the serializing shift register) and 
an 8-bit holding register. During a read, the serial 
data is shifted into the deserializing shift register and 
at the end of the byte, it is loaded into the holding 
register. Sometime during each byte, the DMA byte 
controller extracts the byte from the holding register 
and transfers it to the data RAM. 

1-198. SERDES Control Logic. The SERDES con­
trol logic controls the start of the disc read and write 
operations. It also controls the shifting/loading of the 
registers in the SERDES. 

1-199. Sector Control Logic. The sector control 
logic prevents incoming data from overflowing the data 
in the data RAM. The data is monitored by the micro­
processor in order to control overruns on disc reads and 
writes. For a disc read, the sector counter is incremented 
after each sector is read from the disc and decremented 
after each sector (or partial sector if the last sector does 
not con tain 256 bytes) is transferred over the HP-IB. For 

1-84 

7933 

a disc write, the sector counter is incremented after the 
sector is received from the HP-IB and decremented after 
each sector is written to the disc. During a disc read, 
HP-IB data transfer is held off by the sector counter 
when the data RAM becomes empty and transfer does 
not resume until at least one full sector is read in from 
the disc. Also, during a disc write, the HP-IB data 
transfer is held off by the sector counter when the data 
RAM becomes full and transfer does not resume until at 
least one sector (256 bytes) of ROM is available. 

1-200. Cyclic Redundancy Check. The cyclic re­
dundancy check (CRC) circuit implements the CRC-16 
polynomial. During a write, the serial data is fed into 
the CRC generator until the last bit of the data field 
has been clocked in. At this time, the output data 
multiplexer is switched to clock the 16-bit value in the 
CRC shift register out as two CRC bytes. During a 
read, the serial data is fed into the CRC checker until 
the last bit of CRC is clocked in. At this point, the 
input to the CRC is disabled. If no data error has been 
detected, all 16 flip-flops in the CRC shift register will 
contain zeros. If any detectable error has occurred, at 
least one of the 16 flip-flops will contain a one. 

1-201. DMA BYTE CONTROL. The DMA byte 
control circuit is in charge of all data transfers be­
tween the PHI, data RAM and SERDES. The control­
ler consists of two ROM-based state machines, a sec­
tor counter, and the necessary logic to accomplish the 
above function. One ROM-based state machine con­
trols data transfer between the data RAM and the 
PHI latch. The other ROM-based state machine con­
trols data transfer between the PHI latch and the 
PHI. Both machines run on an internally generated 
12-MHz clock and handshake with each other to syn­
chronize data transfer through the PHI. 

1-202. ERROR CORRECTION CODE MOD­
ULE. The purpose of the error correction code (ECC) 
module is to improve the integrity and recoverability of 
data written on the disc media. To perform this function 
during a write, the ECC module adds redundant infor­
mation to the data written on the disc. On a read, the 
ECC module examines the data and the redundant 
informa tion and from this can determine if a data error 
has occurred and correct it ifthe length of the error is 12 
bits or less. Most data errors greater than 12 bits are 
detected but not corrected. 

1-203. Disc Writes. To operate as an error detector 
and corrector, the ECC module requires additional 
information along with the data. This redundant infor­
mation is generated during a write. The process of gen­
erating and appending the redundant information is a 
form of encoding the data. The ECC check polynomial 
developed by the ECC encoder is 35 bits in length. The 
data field has 2,112 bits before the ECC information, 



7933 

thus the addition of the 35 ECC bits makes the sector 
length written to the disc 2,147 bits. 

The ECC mod ule has two write modes. The first is write 
with encoding. In this mode, the data from the DMA is 
sent to formatter/separator PCA-A8 until the end of the 
data field. At this time, the ECC sends the redundant 
information (ECC postamble) to the formatter/separa­
tor. The second mode of operation is write full mode in 
which the data from the DMA is passed directly to for­
matter/separator PCA-A8. In this mode, the ECC field 
is supplied by the DMA. This method of writing is for 
diagnostic purposes only and is not used for normal 
operation. 

The data to be written to the disc comes into the ECC 
on the DMA Data Out (DOUT-H) line. The input data 
is connected to a gate circuit that selects between the 
DMA data and the encoded ECC postamble. The out­
put of the gating circuit is labelled Formatter/Separa­
tor Input (FIN-H). Signal FIN-H goes to formatter/sep­
arator PCA-A8 and is the data that is written on the 
disc. In the normal write mode, data from the DMA is 
passed to formatter/separator PCA-A8 until the end 
of the CRC field. At the end of CRC, signified by End 
Of Sector (EOS-L) going low, the ECC postamble is 
sent to the formatter/separator. In the write full sector 
mode, data from the DMA is always passed to the 
formatter / separa tor. 

The ECC encoder is a linear feedback shift register 
that generates 35 redundant bits from the data. The 
ECC field that is generated is appended to the data 
field immediately following the cyclic redundancy 
check (CRC). The location of the ECC field in the sec­
tor format is shown in figure 1-4. 

1-204. Disc Reads. To detect and/or correct the 
data read from the disc, the ECC module decodes the 
data and the appended redundant information. This 
process takes two steps. After the sector has been read 
and decoded, it is output one bit at a time. Correction 
is attempted on each bit as it leaves the ECC. The 
data is delayed one full sector on a read while it 
passes through the buffer. 

There are several options for reading with ECC. The 
first is read with no correction or detection. This is 
analogous to the write full sector mode and is used only 
for diagnostic purposes. A second mode of operation is 
to read with detection of errors but no correction. The 
third mode is to read with detection and correction. In 
this mode, all data errors of 12 bits in length or less 
will be corrected. A sector with any two or more bits in 
error separated by more than 12 bits is uncorrectable 
and must be recovered with a new read, if possible. 

There are two ECC read error flags. The first is Un­
correctable Error (UNER-L). This flag is sent as the 
last bit of the sector transferred to the DMA. Once set, 
UNER-L requires the microprocessor to clear it or a 
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power-on condition to reset it. A second flag is sent 
when a correction has occurred. This flag is valid dur­
ing the sector following the sector of interest. 

The ECC is a real-time correction scheme. This requires 
that as one sector is being decoded, the preceding sector 
is being corrected, if necessary, as it is being output to 
the DMA. This requires the use of the two decoders. 
Each decoder operates independently. While one is de­
coding the incoming data, the second is correcting the 
output data. The function of each decoder switches 
between these two functions at the start of each sector. 
This allows a given sector to be decoded and corrected 
by the same decoder. 

The decoder is similar to the ECC encoder in that it is a 
linear feedback shift register. This permits the same 
hard ware to be used for the encoder and decoder with 
only minor differences. In the decode mode, data from 
the disc is input to the decoder. To manipulate the data 
length specified by the polynomial to the actual sector 
length, the data is preshifted. 

At the completion of the ECC field, the linear feed­
back shift register should be all zeros if no error has 
occurred. If the register is nonzero, a correctable or 
uncorrectable error has occurred. The decoder is then 
shifted each clock cycle. If the decoder traps 12 bits or 
less, error correction starts. During the time the de­
coder has been trying to trap an error, the buffer has 
been outputting one bit of the sector on each clock. 
When the error burst has been trapped by the decoder, 
the bits in error are positioned at the output of the 
buffer. The data is corrected by inverting those data 
bits that align with the error correction pattern found 
by the decoder. If any error is corrected, the ECC 
records that as a correctable error. If no bits are cor­
rected during a sector, and the linear feedback shift 
register is not all zero's, then the un correctable error 
flag is set. There is a possibility that an un correctable 
error will be incorrectly flagged as a correctable error 
and correction attempted. The CRC which resides 
in DMA PCA-A6provides protection against this 
occurrence. 

1-205. Buffer. Thebufferisa2,147-bitshiftregister 
that holds one full sector. As data from one sector shifts 
in, the data from the previous sector is shifted out. A 
sector is shifted into the buffer as it is read off the disc. 
During the next sector it is shifted out to the disc drive 
interface module. 

1-206. Error Detection Logic. There are three 
errors, that can be detected by the ECC module. These 
are: Uncorrectable Error (UNER-L), correctable data 
errors and ECC write errors. Signal UNER-L is set on 
a disc read when there is an error of greater than 12 
bits in length in a given sector. A correctable data 
error is set when an error of less than 12 bits in length 
is found in a sector. Signal UNER-L and correctable 
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data errors are generated during a disc read. ECC 
write errors are generated during a disc write. An 
ECC write error is set if there is a hardware failure in 
the encoders. Signal UNER-L and ECC write errors 
are classified as hard errors. They are only reset by a 
Microprocessor Clear (PCLR-L) or Power On Reset 
(MRST-L). A correctable data error is held for one sec­
tor and then reset. An ECC write error is classified as 
a drive fault as it implies a failing ECC module. 

1-207. Control And Timing Logic. The control 
and timing logic controls the switching of the data 
streams. The circuitry generates the timing for the end 
of the data field and the timing for the end of the sector 
(EOS-L). The synchronization of the ECC data to the 
data on the formatter/separator and the DMA is also 
handled by the control and timing logic. 

1-208. ECC Data/Control Register. The ECC 
da tal con trol register permi ts the microprocessor to con­
trol the functions of the ECC module and read the status 
of the ECC module during self-test. 

1-209. ECC Self Test. Self testing the ECC mod­
ule consists of controlling all the inputs and monitor­
ing the outputs. For the ECC module this requires the 
control of signals to formatter/separator PCA-A8 and 
DMAPCA-A6. 

A register under microprocessor control drives these 
interface lines that are normally driven from other 
PCA's. Through other registers, the microprocessor 
can read the state of all inputs from the formatter/ 
separator-ECC-DMA interface. In addition, the micro­
processor can read the state of all signals generated 
by the ECC. The signals are read before they are buf­
fered onto the formatter/separator-ECC-DMA bus. 

1-210. DISC WRITES 
Disc writes, carried out under microprocessor control, 
can be of two types. One type is when data from the host 
CPU is sent to the disc drive and then written on the 
disc. The other type of write is internal to the disc drive. 
This latter type occurs during functional verify or for­
mat. In addition, writes can be either normal with CRC 
and ECC appended or write full sector with the entire 
sector being generated by the host CPU. 

There are three PCA's directly involved in disc writes. 
These are read/write PCA-AID, formatter/separator 
PCA-A8, and DMA PCA-A6. The DMA must contain 
one sector prior to starting to write a sector on the disc. 
This prevents an overrun situation where there is no 
data at some point during the write of a sector. The 
DMA also contains CRC and ECC generators. 
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Before the write can begin, the microprocessor checks 
that the spindle is at speed and the heads are loaded. 
Following this, the output data stream from DMA PCA­
A6 is sent to formatter/separator PCA-A8 where the 
data is encoded to VLFM. The output from formatter/ 
separator PCA-A8 is then sent to read/write PCA-AID 
where the data is changed into current pulses to the 
selected data head. 

The first step in a write operation is to position the 
heads over the correct track. The correct head is then 
selected and a sector is verified to ensure that the seek 
was made to the correct track. The sector that is to be 
written into is called the target sector. The micro­
processor sets up DMA PCA-A6, formatter/separator 
PCA-A8, and read/write PCA-AID in the target sector 
minus one. DMA PCA-A6 is now set to send one sec­
tor, starting at the next Start Of Data (SOD-L), with 
the ECC module set to the write mode, and formatter/­
separator PCA-A8 also in the write mode. This sets 
the clock to an internally generated 3D-MHz square 
wave. Finally read/write PCA-AID is set to the write 
mode. The write current source is not turned on until 
after Start Of Sector (SOS-L). 

DMA PCA-A6 must be turned on after each sector dur­
ing the previous sector. The microprocessor checks to 
ensure that a complete sector is in the DMA before 
enabling the next sector transfer. Before each sector, 
the microprocessor writes the header into the header 
RAM on the DMA. For sectors after the first sector, 
only the sector number is rewritten. The ECC module 
on DMA PCA-A6 is set at the beginning of the transfer 
and remains in the write mode until reset. Formatter/ 
separator PCA-A8 must be set to the write mode by 
the microprocessor every sector. This prevents a micro­
processor failure from causing a write over a good sec­
tor. Read/write PCA-AID remains in the write mode 
and does not require to be set up at every sector. 

To terminate a write, the microprocessor does not 
enable DMA PCA-A6 and formatter/separator PCA­
A8 for the first non-write sector. 

The microprocessor will terminate a write upon the 
receipt of several error conditions. These are: 

• An End or Identify (EO!) was received before the 
correct number of bytes were received by DMA 
PCA-A6 from the host CPU. 

• The number of bytes specified by the byte count 
has been received, without an EOI being received. 

• A channel error has been detected. 

• The software thinks that the write is finished, but 
the hardware thinks that more is required. 

• The ECC could not recover from an ECC write 
error. 

• The microprocessor fault detection circuit has de­
tected a fault. This indicates either: 
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(1) Off-track (OFTRK-H) 

(2) Spindle Speed Down (SPDDN-H) 

(3) Track Follower Fault (TFFLT-H) 

(4) Door Open (DO-H) 

(5) Emergency Retract (EMRKT-H) 

(6) Power Down (PWDN-H) 

(7) R/W Fault (RWFLT-H) 

• The firmware indicates that there are additional 
bytes to write while the DMA indicates that the 
total transfer has occurred. 

• The target sector was not found in one full 
revolution. 

• The ECC has write error. 

• A failure of the CTC on microprocessor PCA-A4 to 
increment from sector to sector. 

• The DMA did not contain a full sector prior to 
when the next sector was to be written. 

If there is no error, then a good status is returned. 
There is no checking at the end of a write to verify 
any of the written data. 

1-211. DISC READS 
There are three types of disc reads: an internal read, a 
normal read, and a full sector read. the internal read 
is used for testing and verify. The normal read is used 
to send data to the host CPU. A read full sector does 
not attempt correction; all data, including the ECC 
field, is sent to the host. All disc reads require that the 
heads be positioned over the correct track. 

There are several problems that can occur in a read as 
the result of data errors. The first is a correctable 
error. This is detected by the ECC module on DMA 
PCA-A6 and corrected in real time. The only action for 
the microprocessor is for it to increment the number of 
correctable sectors detected. A second problem is an 
uncorrectable sector. This occurs when the error is 
greater than one 12-bit burst. A signal from the ECC 
module prevents the sector in question from being 
sent to the host CPU. A third error is a CRC error. 
This error occurs when the data out of the ECC mod­
ule is incorrect. The CRC error can occur if: 

• The sector is uncorrectable. 

• The ECC incorrectly corrected the error. 

• There was a loss of lock while the data was being 
sent to the DMA. 

A fourth type of error is a Formatter/Separator Un­
correctable Error (FUNER-L). The error occurs when 
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the formatter/separator fails to detect the sync bit 
within its normal window. When the data is not either 
correct or correctable, then a read retry algorithm is 
entered. 

The read continues until a non correctable error occurs, 
there is a drive error, or the transfer is complete. At 
the end of the transfer, the DMA and the ECC are 
cleared. At the same time, formatter/separator PCA­
A8 and read/write PCA-AIO are set to lock on the 
write data clock. This action prevents loss of lock from 
occurring during nondata sectors. 

The drive errors that can occur during a read opera­
tion include: 

• Off track (OFTRK-H) 

• Formatter/Separator Error 

• Buffer full and I/O not running 

• Latency induced 

• CTC not counting sectors 

• Target sector not found 

• Address compare error 

• DMA reported error not detected by ECC 
or formatter/ separator 

• U ncorrectable error 

• FUNER-L error 

• Drive fault in non read/write hardware 

A read retry routine is initiated by the firmware when­
ever a retryable data eror occurs during a read opera­
tion. The host computer can specify via a CS/80 com­
mand, the maximum amount of time allowed for read 
retries. The host can specify a maximum retry time 
between 0 and 655.35 seconds in IO-millisecond incre­
ments. A retry time of 0 milliseconds will cause no 
retries to be executed. It should be noted that even 
when no retries are attempted, one rotational latency 
will occur as a result of an uncorrectable data error. 
Also, an additional latency will occur after the data 
has been recovered before the next sector can be read. 
Thus, two rotational latencies will occur if the data is 
recovered on the first try. 

The following describes, in order, the operations per­
formed to recover the data. 

a. If a read-and-transmit command is being per­
formed, the data that is in the buffer will be sent 
to the host before any retries are attempted. Dur­
ing a buffered read, there will always be one page 
in the DMA buffer that is empty and can be used 
for retry reads. Also, the page that was being used 
when the data error occurred can be employed. 
Thus, two pages are available to work with. 
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b. A logical timer is initialized so that it can be 
determined how much time elapsed since retries 
started. Each of the following items will be tried 
only if enough time is left to complete it. 

c. If there is not enough time for step d, return with 
the data that was available on the first read (since 
there was no time for retries). 

d. Verify -and re-read on the next revolution. The 
data will be read into a different place in the DMA 
buffer so as not to destroy the data available after 
the first try. If the data is read with no errors on 
the retry, it will be returned to the host without 
reporting any error condition. 

e. If the data is returned by any of the following rou­
tines, it will be returned with the error marginal 
data, sparing advised. If the read retry time runs 
out before the data is recovered, the bad data will 
be returned along with an indication that the data 
is not good. 

f. If there is not enough time for step g, return the 
latest data available. 

g. Try a second re-read on the next revolution. Re­
turn good data if it is read. 

h. If no time for step i, then return the latest data 
available. 

i. An automatic head alignment is performed on the 
head trying to be read from. Then a re-seek to 
the desired track is performed and an attempt to 
re-read. 

j. If no time is available for step k, return the latest 
data available. 

k. Try re-reads at various radial offsets. The data is 
read into a different part of the DMA buffer so 
that the data obtained after step i will not be lost. 
Up to 10 reads will be done with relative offsets of 
various values on both sides of track center. 

1. If no time for step m, return data available in 
step i. 

m. Try reads at various skew offsets. The sector will 
be read with skew offsets to microinches in both 
directions. 

n. If a correct read is not yet available, the data read 
at step i (after automatic head alignment) will be 
returned. 

1-212. POWER DISTRIBUTION SYSTEM 
The power distribution system (see figure 1-20) con­
sists of a power module, voltage regulator circuits, 
fault detection circuits, and associated switches, fuses, 
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indicators, and wiring. The purpose of the power dis­
tribution system is to develop the necessary dc operat­
ing voltages from the ac supply source and distribute 
these dc voltages throughout the disc drive. Figure 
5-19 is a wiring diagram of the disc drive, and table 
5-11 provides a power distribution list for motherboard 
PCA-A1l. Together, the wiring diagram and the dis­
tribution list supply power connection information for 
the disc drive. Refer to table 1-6 for a description of the 
mnemonics used in figure 1-20. In the "source" column 
of table 1-6, the numbers in parentheses following the 
PCA reference designations identify the functional 
block diagram locations of the PCA's. 

1-213. POWER MODULE 
The power module is comprised of a metal casting on 
which a number of the power distribution system com­
ponents are attached. The module is mounted on 
slides at the rear of the disc drive enclosure for easy 
serviceability. The components mounted on the power 
module include an input power assembly, a blower 
power assembly, terminal block TB1, power trans­
former T1, dc power PCA-A13, and spindle driver 
PCA-A12. Details of these components are provided in 
the following paragraphs. 

1-214. INPUT POWER ASSEMBLY. The input 
power assembly includes a captive line cord, '" LINE 
circuit breaker 81, receptacle J1, and line filter PCA­
A2l. AC power goes in two directions from'" LINE 
circuit breaker 81. One path is to accessory power 
outlet receptacle J1 located on the bottom of the 
module and the other path is to line filter PCA-A2l. 
Receptacle J1 provides a source of ac power for future 
developments of the disc drive. The line filter sup­
presses the conducted radio frequency interference 
generated in the disc drive. 

1-215. TERMINAL BLOCK AND POWER 
TRANSFORMER. Terminal block TB1, following 
line filter PCA-A21, is wired to the primary side of 
power transformer T1 and permits strapping the trans­
former primary windings to match the level of the ac 
supply voltage. Details of the strapping on terminal 
block TB1 are shown in figure 5-19. The secondary 
windings of power transformer T1 are connected to dc 
power PCA-A13 and spindle driver PCA-A12. 

1-216. BLOWER POWER ASSEMBLY 
The blower power assembly, located at the lower rear 
of the power module, includes connector J1 and fuse 
Fl. Power for blower motor B3 is derived from the 
terminal block TB 1 connections supplying power to 
one of the 120-volt primary windings on power trans­
former Tl. This permits operation of a 120 Vac blower 
motor with primary power inputs of 200, 208, 220, or 
240 Vac. 
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Table 1-6. Power Supply System Mnemonics 

I 
MNEMONIC I DEFINITION SOURCE FUNCTION 

AO-H, Address Bus, PCA-A4 Microprocessor address 
Al=H bits 0 a..'ld 1 (1) bus, bits 0 ~nd 1. 

AGND Analog - Analog ground 
Ground system. 

DO-H Data Bus, PCA-A4 Microprocessor 
thru bits 0 (1) bidirectional data bus, 
D7-H thru 7 bits 0 through 7. 

DGND Digital - Digital ground 
ground system. 

-EMR Emergency PCA-Al2 Unregulated -36 Vdc 
SUPP Retract (6) supply to emergency 

Negative retract PCA-A20. 
Supply 

+EMR Emergency PCA-A12 Unregulated +36 Vdc 
SUPP Retract (6) supply to emergency 

Positive retract PCA-A20 in head 
Supply positioning system. 

-LMSUPP Linear PCA-Al2 Unregulated -36 Vdc 
Motor (6) supply to actuator 
-36v driver PCA-A2 in head 
Supply positioning system. 

+LMSUPP Linear PCA-Al2 Unregulated +36 Vdc 
Motor (6) supply to actuator 
+36v driver PCA-A2 in head 
Supply positioning system. 

MRST-L Master PCA-Al A master reset signal 
Reset (6) that initializes the 

logic PCAIS during 
power on sequencing. 

PGND Power PCA-Al2 Power supply ground 
Ground (3) 

PWRDN-H Power PCA-Al Signal sent directly 
Down (6) to microprocessor 

signaling a power supply 
failure on PCA-Al. 

RD-L Read PCA-A4 Microprocesor read 
(1) command. 

REGSL-L Regulator PCA-A4 Microprocessor select 
Select (1) line to PCA-Al. 
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1-217. DC POWER PCA-AI3. DC power PCA­
A13 rectifies and filters ac voltages from the second­
ary windings of power transformer T1 to provide un­
regulated dc voltages for regulator PCA-A1. 

One winding of the power transformer is connected 
via fuses F110 and F115 to a full-wave rectifier inte­
grated circuit. The output from the rectifier is filtered 
by capacitor C170 to become approximately +13 Vdc. 

A second winding on the power transformer is con­
nected via fuses F210 and F215 to a full-wave bridge 
recti fer consisting of four diodes. The positive and 
negative outputs from the rectifier are filtered by 
capacitors C230 and C270 to become approximately 
+20 Vdc and -20 Vdc, respectively. 

A bleeder resistor is connected across each of the filter 
capacitors. The values of these resistors are chosen to 
discharge the capacitors in 2 minutes. This is less 
time than it should take to disassemble the disc drive 
to a point where the terminals on the capacitors are 
exposed. 

1-218. SPINDLE DRIVER PCA-AI2. Spindle 
driver PCA-A12 contains circuitry that rectifies and 
filters ac voltage from a secondary winding on the 
power transformer to supply +36 V dc and -36 V dc 
operating power for the spindle rotation system and 
the head positioning system. 

One winding on the power transformer is connected 
via fuses F510 and F520 to a full-wave bridge rectifier. 
The positive and negative outputs of the rectifier are 
filtered by capacitors C1 and C2 to become +36 Vdc 
and -36 Vdc, respectively. A bleeder resistor connected 
across each of the filter capacitors discharges the 
capacitors in 2 minutes. 

1-219. REGULATOR peA-AI 
Regulator PCA-A1, located in the disc drive card cage, 
contains +5 Vdc, +12 Vdc, and -12 Vdc regulated sup­
plies that supply operating voltages to the PCA's lo­
cated in the card cage and mounted on the control 
panel. Distribution of the voltages to the PCA's in the 
card cage is via connectors on motherboard PCA-A11, 
as detailed in table 5-11. Power to the control panel 
PCA's is via microprocessor PCA-A4 and cable W5. 
Regulator PCA-A1 also contains fault detection cir­
cuitry that monitors certain conditions of the power 
distribution system and makes available this infor­
mation to the microprocessor for self test and fault 
location purposes. 

1-220. +5 VDC REGULATED SUPPLY. The +5 
V dc regulated supply is constructed from discrete 
components and incorporates over current and over­
voltage protection. In operation, the unregulated + 13 
Vdc is delivered through a unity gain power amplifier 
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to the motherboard "load". A comparison amplifier 
compares the "load" voltage with a stable reference 
and drives the power amplifier to achieve an error 
null. This action maintains the "load" voltage essen­
tially equal to the reference level, independent of load 
current and + 13 V dc supply variations. Potentiometer 
R185 allows the output to be set to +5 V dc, ±50 
millivolts. 

The regulator circuit is protected against load faults 
by an overcurrent detect circuit that latches the supply 
output to zero volts for current surges lasting longer 
than 100 microseconds. When the overload condition 
is removed, the +5 V dc output can be restored by turn­
ing the '" LINE circuit breaker off and then on again 
after a 2-minute delay. Light-emitting diode DS192 is 
lit when the supply is in a +5 V dc current shutdown 
mode. 

The +5 V dc output line is protected against over­
voltage conditions which could cause damage to the 
logic elements. A sensing amplifier compares the out­
put voltage with an independent 6.2 V dc reference and 
triggers a crowbar circuit when an overvoltage occurs. 
For a longer term, fuse F162 in the + 13 V dc line will 
also open. A further fail-safe action is taken by en­
abling the normal current shut-down procedure pre­
viously described. 

The +5 V dc supply is protected from thermal overload 
by a thermal switch that opens to disable the power 
amplifier when the heat sink temperature rises above 
70°C (158°F). 

1-221. +12 VDC REGULATED SUPPLY. The 
+ 12 V dc regulated supply employs a heat-sink mounted 
monolithic voltage regulator that incorporates ther­
mal and overcurrent shutdown. Potentiometer R177 
allows the output voltage to be set to +12 V dc, ±0.36 
volt. In the event of an overcurrent, overtemperature, 
or shorted output condition, light-emitting diode 
DS182 will light to provide a visual indication of a 
circuit fail ure. 

1-222. -12 VDC REGULATED SUPPLY. The 
-12 Vdc regulated supply is similar to the +12 Vdc 
supply and includes a voltage regulator, adjustment 
potentiometer R117, and LED DS122. The -12 Vdc 
output is set to -12 Vdc, ±0.36 volt. 

1-223. POWER-ON CIRCUIT. The power-on cir­
cuit generates Master Reset signal MRST-L which is 
used for initialization of the disc drive logic circuits 
during power-on sequencing. 

At power turn on, signal MRST-L is active (low) for 
approximately 500 milliseconds after the +5 V dc regu­
lated output has stabilized. At very low line voltage (a 
brownout condition), MRST-L becomes active when­
ever the +5 V dc regulated output drops more than 0.25 
volt below the reference voltage level. 
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1-224. FAULT DETECTION COMPARATOR. 
The fault detection circuits on PCA-Al inform the 
microprocessor interface logic when any of the follow­
ing failure modes or warning conditions occur: 

• Loss of -20 Vdc supply (unregulated -12 Vdc). 

= Loss of -12 Vdc regulated supply. 

• Loss of +20 Vdc (unregulated -12 Vdc) supply. 

• Loss of +12 Vdc regulated supply. 

• Loss of+13 Vdc (unregulated +5 Vdc). 

No tests are made on the regulated +5 Vdc supply. 
This is because of microprocessor dependence on this 
voltage. 

Fault detection circuits on spindle driver PCA-AI2 
monitor the +36 and -36 V dc supplies to the spindle 
drive and actuator driver PCA-A2. These detectors are 
discussed in paragraph 1-67. 

The fault detection circuitry on PCA-Al employs volt­
age comparators that compare the monitored voltages 
with a 1.1 V dc reference derived from the regulated +5 
V dc supply. A loss or abnormal condition in any of 
the monitored voltages causes the associated compar­
ator to latch a signal into the microprocessor interface 
circuit and to transmit Power Down flag PWRDN-H 
directly to the microprocessor. 

1-225. MICROPROCESSOR INTERFACE. The 
microprocessor interface to regulator PC A-AI provides 
the following four functions: 

• Analog outputs for testing voltage levels with the 
voltage-to-digital converter on microprocessor 
PCA-A4. 

• A flag capability so that the regulator can inform 
the microprocessor of fault status. 

• Labelled outputs of the regulator fault type on an 
eight-bit output port to the microprocessor. 

The analog levels supplied for testing by the analog­
to-digital converter on PCA-A4 are taken from the volt­
age dividers used in the onboard fault detection com­
parators. These signals are labelled -12TST and 
+12TST. 

When a fault is detected by one of the comparator cir­
cuits, the states of all five comparators are clocked 
into the fault latch register. The state of these latches 
can then be examined by the microprocessor by en­
abling the associated line driver. 

1-226. AiR CiRCULATiON AND 
FILTRATION SYSTEM 

The air circulation and filtration system consists of a 
centrifugal blower situated at the bottom front of the 
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disc drive cabinet, a prefilter, an absolute filter, and 
associated ducting. 

Cooling air is drawn by the centrifugal blower into the 
prefilter through vent openings in the front of the 
cabinet. (See figure 1-13.) Large airborne contaminant 
particles are trapped as the air is drawn through the 
prefilter. Approximately one-half of the developed air 
flow bypasses the absolute filter and is directed to­
ward the power module and the card cage assembly. 
This flow of cooling air exits through vent openings at 
the top rear of the cabinet. 

The remaining one-half of the air flow developed by 
the centrifugal blower passes through the filtration 
element of the absolute filter where 99 percent of all 
contaminant particles 0.3 micron or larger are re­
moved. After the air is thoroughly filtered, it is ducted 
into the media module chamber. When the top door of 
the disc drive is opened to install a media module, all 
critical areas of the chamber will be purged of any 
foreign matter. Also, the high positive pressure de­
veloped wi thin the media module chamber after a 
media module has been installed and the top door 
closed tends to reject any airborne foreign matter. The 
air flow exiting from the media module chamber is 
directed over the actuator assembly before being ex­
pelled through the vent openings at the top rear of the 
cabinet. 

Figure 1-14 shows the critical elements involved in the 
read/write process, that is, the read/write gap, the fly­
ing height of the head, and the thickness of the oxide 
coating on the media module disc substrate. The fly­
ing height of the head is an average value due to the 
surface irregularities of both the head and the disc. 
Figure 1-14 also shows various types of contaminants 
and their size in relation to the flying height of the 
head. If a particle is hard enough and of sufficient 
size, it may scratch either the oxide coating of the disc 
or the surface of the head. Even if the particle is not 
hard enough to scratch, it may be large enough to 
increase the head-to-disc spacing, thereby causing 
data errors. 

To prevent potential damage to the disc drive due to 
head-to-disc contact and possible data losses, it is 
extremely important that the cleanliness of the air 
flow within the disc drive be maintained. To ensure 
that clean air will be present, the disc drive must be 
operated in the specified environment and the effi­
ciency of the prefilter and the absolute filter main­
tained. A pressure-sensitive sensor located in the air 
flow path monitors air pressure at the output of the 
absolute filter. The status of the sensor is checked at 
power turn on by the disc drive self-test routine and on 
a continuing basis by the host computer. Any indica­
tion of an abnormal condition in the air flow must be 
immediately corrected by service-trained personnel. 
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Figure 1-13. Air Circulation and Filtration System 
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---------------------~ 
READ/WRITE HEAD 

TYPICAL FLYING HEIGHT 
AT CYLINDER 1337: 
25 (+3, -2) MICROINCHES 

ALUMINUM SUBSTRATE 
0.19 CENTIMETER 
(0.075 INCH) 

I 
HUMAN HAIR 
0.01 CM DIA. 
(0.003 IN. DIA.) 
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DUST 
PARTICLE 

SMOKE PARTICLE 
6.35 MICRONS 
(250 MICROINCHES) 

OXIDE COATING ----~ ~ _______ ...... 

'" L DIRECTION OF ROTATION IS COUNTERCLOCKWISE. ~ ./'~ t"'1 Inr- A""~ C'n~~n It. T 'l7nn COlA IC 111) lAIl t:S Dt:Q \J ~~U~~~ THEOUTER'CIRICUMFERENC·E.~ .~ .. 

Figure 1-14. Types of Contaminants and Critical Elements 
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2-1. INTRODUCTION 
Interface to the disc drive is accomplished through 
Hewlett-Packard Interface Bus (HP-IB) hardware and 
the CS/80 Instruction Set, a set of commands formu­
lated for mass storage devices. The following para­
graphs discuss the types of CS/80 commands. Also 
provided is an overview of HP-IB. For full details of 
CS/80, refer to the CS/80 Instruction Set Program­
ming Manual, part no. 5955-3442. 

2-2. CS/80 INSTRUCTION SET 
The increase in capabilities of both host computers 
and mass storage devices has emphasized the need for 
efficient channel communication. The CS/80 Instruc­
tion Set increases the efficiency and speed of channel 
operations between disc memories and their associated 
host computers. Table 2-1 is a summary of all CS/80 
instructions. The CS/80 Instruction Set allows a host 
computer to access special utilities within the disc 
drive. Utilities are routines stored in firmware which 
allow error rate tests to be performed and the results 
of such tests to be examined or logged. Utilities are 
listed in table 2·2. Refer to the CS/80 External Exer· 
ciser Reference Manual, part no. 5955-3462, for full 
details. 

2-3. TRANSACTION STRUCTURE 
A transaction is a logically complete operation be­
tween a system host computer and a peripheral device 
(the disc drive) over a given channel (HP-IB). Three 
phases may occur during each transaction: command, 
execute, and report. A transaction begins when a com­
mand is received by the disc drive, and ends when a 
reporting message indicating the status of the trans­
action is accepted by the host. Figure 2-1 illustrates 
the transaction structure, and shows the relationship 
between the disc drive operating states and the chan­
nel activity relative to each phase. 

A unit is a separately addressable entity within a 
device (disc drive). A volume is a separately address­
able portion of the storage media within a given unit. 
The controller unit is addressed during diagnostic 
routines. 

2~4. REAL TIME COMMANDS 
Real time commands are optimized for execution time. 
These commands are used most often in host! device 
transactions. One or more complementary commands 
may precede a real time command in order to modify 

the operation of that command. Real time commands 
include: locate and read, locate and write, and cold 
load read. 

2-5. COMPLEMENTARY COMMANDS 
Complementary commands are used to set or update 
programmable states in the disc drive. The program­
mable states define characteristics such as: set unit, 
set address, set block displacement, set return address­
ing mode, set length, set burst mode, set retry time, set 
release, set status mask, and set Rotational Position 
Sensing (RPS) window size. These commands may be 
included within Real Time, General Purpose, or Diag­
nostic command messages, or they may stand alone. 

\Vhen a complementary command (or commands) is 
embedded within another command, the parameters 
or conditions established by that complementary 
command(s) are altered only for the duration of the 
current command. A stand-alone complementary com­
mand, however, sets the parameters or conditions until 
the same stand-alone complementary command alters 
the set value or until power-on occurs. Power-on resets 
all complementary commands to their default values. 
Therefore, at power-on, length is defaulted to equal the 
entire volume. A stand-alone Set Length command 
may give it a "set" value of 1 kbyte to be used for an 
entire sequence of transactions, although some special 
case commands could temporarily override this value 
with an embedded complementary command to set a 
"current" value of 256 bytes (for 1 sector). 

2-6. GENERAL PURPOSE COMMANDS 
This command group includes commands which allow 
the host to determine device type and operating char­
acteristics or to ascertain storage media integrity. 
These commands are not considered "real time" com­
mands and therefore should not be issued by the host 
unless it is willing to relinquish control of the drive for 
a varying period of time. General purpose commands 
are: locate and verify, spare block, release, release 
denied, describe, and initialize media. 

2-7. DIAGNOSTIC COMMANDS 
Diagnostic commands are intended to assist the host 
in isolating problems in the device to the replaceable 
assem bly level. Some commands allow protected ac­
cess to variables or data maintained by the device 
(such as error information), while others cause tests to 
be performed within the device, or on a specific area of 

2-1 



Table 2-1. Device Command Summary 

OPCODE FORMAT 
COMMAND COMMAND FORMAT FUNCTION 

BINARY HEX OCTAL ASCII DECIMAL 

LOCATE AND READ <00000000> 00 000 NULL 0 NO VARIABLES OR PARAMETERS LOCATES DATA INDICATED BY 
(REAL TIME) TARGET ADDRESS AND 

TRANSMITS DATA TO HOST. 
(PARAGRAPH 2-8) 

LOCATE AND WRITE <00000010> 02 002 STX 2 NO VARIABLES OR PARAMETERS TRANSFERS DATA FROM HOST 
(REAL TIME) TO STORAGE AREA BEGIN-

NING AT ADDRESS SPECIFIED 
BY TARGET ADDRESS. (PARA-
GRAPH 2-10) 

LOCATE AND VERIFY <00000100> 04 005 EOT 4 NO VARIABLES OR PARAMETERS INSTRUCTS DEVICE TO PER-
(GENERAL PURPOSE) FORM AN INTERNAL VERIFICA-

TION OF A SECTION OF DATA 
TO ENSURE THAT IT CAN BE 
READ. (PARAGRAPH 2-28) 

SPARE BLOCK <00000110> 06 006 ACK 6 <0000011 0> <OOOOO~ ALLOWS HOST TO GIVE DE-
(GENERAL PURPOSE) '--P1 VICE PERMISSION TO BECOME 

P1 = SPARING MODE BYTE TEMPORARILY BUSY WHILE 
S=O SKIP SPARE SPARING BLOCK INDICATED 
S = 1 JUMP SPARE BY TARGET ADDRESS. (PARA-
T=O RETAIN DATA GRAPH 2-27) 
T ~ 1 DO NOT RETAIN DATA 
T MUST EQUAL 1 FOR TAPE OPERATION 
S MUST EQUAL 0 FOR DISC OPERATION 

COpy DATA <00001000> 08 010 BS 8 <00001000> <OVVVOUUU> (0001000T>,( P1 > - - - - - - < P6 >, COPIES AMOUNT OF DATA 
(GENERAL PURPOSE) SPECIFIED BY LENGTH (DE-

SET 6-BYTE FAUL T VALUE, OR COMPLE-
,ADDRESS PARAMETER, MENTARY COMMAND VALUE) 

FROM THE SPECIFIED UNIT 
ADDRESS OF DATA SOURCE AND VOLUME TO A SELECTED 

UNIT AND VOLUME. (PARA-
<OXXXOWWW> (0001000T)( P1 > - - - - - - < P6 ~ GRAPH 2-29) 

SET 6-BYTE 
,ADDRESS PARAMETER, 

ADDRESS OF DATA DESTINATION 

VVV = VOLUME NUMBER ON UUU FROM WHICH DATA IS COPIED 
UUU = UNIT NUMBER OF DATA SOURCE 

T ~ ADDRESS MODE (0 = SINGLE VECTOR, 1 = 3-VECTOR) 
xxx = VOLUME NUMBER ON WWWTO WHICH DATA IS COPIED 

WWW = UNIT NUMBER OF DATA DESTINATION 
T = ADDRESS MODE (0 = SINGLE VECTOR, 1 = 3-VECTOR) 



Table 2-1. Device Command Summary (continued) 

OPCODE FORMAT 
COllftMAND COMMAND FORMAT FUNC'lf'ION 

BINARY HEX OCTAL ASCII DECIMAL 
--

COLD LOAD READ <00001010> OA 012 LF 10 NO VARIABLES OR PARAMETERS USED BY HOST SYSTEM TO 
(REAL TIME) BOOTSTRAP ITSELF INTO A 

HIGHER OPERATING ENVIRON-
MENT FROM A MORE PRIMITIVE 
STATE. (PARAGRAPH 2-9) 

--
REQUEST STATUS <00001101> 00 015 CR 13 NO VARIABLES OR PARAMETERS INSTRUCTS DEVICE TO RE-
(DIAGNOSTIC) TURN (IN AN EXECUTION MES-

SAGE) THE STATUS OF THE 
LAST TRANSACTION. (PARA--
GRAPH 2-35) 

RELEASE <00001110> OE 016 SO 14 NO VARIABLES OR PARAMETERS USED TO RELEASE DEVICE FOR 
(GENERAL PURPOSE) A PERIOD OF TIME. (PARA-

GRAPH 2-30) 

RELEASE DENIED <00001111> OF 017 SI 15 NO VARIABLES OR PARAMETERS PROHIBITS DEVICE FROM RE-
(GENERAL PURPOSE) LEASING ITSELF. (PARAGRAPH 

2-31 ) 
--

SET ADDRESS <00010000> 10 020 OLE 16 <0001000T> < P1 > - - - - - - - _. - - - - < P6 > USED TO SET VALUE OF TAR-

(COMPLEMENTARY) <00010001> 11 021 DC1 17 '-- I GET ADDRESS. SPECIFIES 
6-BYTE PARAMETER SINGLE- OR THREE-VECTOR 

ADDRESS MODE. (PARAGRAPH 
T = ADDRESS MODE (0 = SINGLE VECTOR, 1 = 3-VECTOR) 2-14) 

SINGLE VECTOR FORMAT: 6-BYTE BINARY NUMBER 

3-VECTOR FORMAT: P1 - P3 = CYLINDER ADDRESS 
P4 = HEAD ADDRESS 

P5 - P6 = SECTOR ADDRESS 
--

SET BLOCK <00010010> 12 022 DC2 18 <00010010> < P1 > - - - - - - - - .- - - - < P6 > ADJUSTS TARGET ADDRESS 
DISPLACEMENT '-- / BY NUMBER OF BLOCKS INCiI-

(COMPLEMENT ARYl 6··BYTE PARAMETER CATED BY PARAMETER FIELD 
(PARAGRAPH 2-15) 

PARAMETER FORMAT: 6-BYTE, SIGNED, TWO'S COMPLEMENT, 
BINARY NUMBER 

--
SET LENGTH <00011000> 18 030 CAN 24 <00011000> < P1 > - - - - - - - - .- - - - < P4 > DEFINES THE NUMBER OF 
(COMPLEMENTARY) "-- / BYTES IN A DATA TRANSFER. 

4-BYTE PARAMETER (PARAGRAPH 2-16) 

PARAMETER FORMAT: 4-BYTE, UNSIGNED BINARY NUMBER 

---



Table 2-1. Device Command Summary (continued) 

OPCODE FORMAT 
COMMAND COMMAND FORMAT FUNCTION 

BINARY HEX OCTAL ASCII DECIMAL 

SET UNIT <00100000> 20 040 space 32 <0010YYYY> USED TO SPECIFY A SPECIFIC 
(COMPLEMENTARY) <00100001> 21 041 ! 33 UNIT NUMBER WITHIN A MASS 

<00100010> 22 042 " 34 YYYY = UNIT NUMBER (1111 = DEVICE CONTROLLER) STORAGE DEVICE. (PARA-
<00100011> 23 043 # 35 GRAPH 2-12) 
<00100100> 24 044 $ 36 
<00100101> 25 045 % 37 
<00100110> 26 046 & 38 
<00100111> 27 047 (apos- 39 

trophe) 

<00101000> 28 050 ( 40 
<00101001> 29 051 ) 41 
<00101010> 2A 052 • (aster- 42 

Isk) 

<00101011> 28 053 + 43 
<00101100> 2C 054 44 

(comma) 

<00101101> 20 055 - 45 
<00101110> 2E 056 46 
<00101111> 2F 057 / 47 

INITIATE UTILITY <00110000> 30 060 0 48 <001100XX> < P1 > <P2>--------------<P9> DIRECTS DEVICE TO PERFORM 
(DIAGNOSTIC) <00110001> 31 061 1 49 \ I ONE UTILITY ROUTINE. (PARA-

<00110010> 32 062 2 50 UP TO 8-BYTE PARAMETER GRAPH 2-33) 

XX = EXECUTION MESSAGE QUALIFIER 
00 = NO EXECUTION MESSAGE 
01 = DEVICE WILL RECEIVE EXECUTION MESSAGE TEXT 
10 = DEVICE WILL SEND EXECUTION MESSAGE TEXT 

P1 = UTILITY NUMBER (DEVICE SPECIFIC) 
PARAMETER QUANTITY AND CONTENT IS FUNCTION OF P1. 

INITIATE DIAGNOSTIC <00110011> 33 063 3 51 <00110011> '\ P1 > < P2> < P3> DIRECTS DEVICE TO PERFORM 
(DIAGNOSTIC) I ONE INTERNALLY DEFINED 

3-BYTE PARAMETER DIAGNOSTIC ROUTINE. (PARA-
GRAPH 2-34) 

P1 - P2 = LOOP PARAMETER 
P3 = DIAGNOSTIC SECTION NUMBER 

NOOP <00110100> 34 064 4 52 NO VARIABLES OR PARAMETERS CAUSES DEVICE TO DIS-
(COMPLEMENTARY) REGARD MESSAGE BYTE. 

(PARAGRAPH 2-21) 

DESCRIBE <00110101> 35 065 5 53 NO VARIABLES OR PARAMETERS DIRECTS DEVICE TO RETURN 
(GENERAL PURPOSE) INFORMATION ABOUT ITSELF. 

(PARAGRAPH 2-25) 



Table 2-1. Device Command Summary (continued) 
--

OPCODE FORMAT 
COMMAND COMMAND FORMAT FUNCTION 

BINARY HEX OCTAL ASCII DECIMAL 
--

INITIALIZE MEDIA <00110111> 37 067 7 55 <00110111> <OOOOOCWZ> < P~~ > USED TO INITIALIZE ALL OF 
(GENERAL PURPOSE) THE DATA FIELDS OF THE DE·· 

CWZ = INITIALIZE OPTIONS FINED MEDIA AREA (CURRENT 

CWZ FOR TAPE UNIT UNIT NUMBER AND VOLUME). 

Z = 0 REWRITE SPARING TABLE WITH NO JUMP SPARES (PARAGRAPH 2-26) 

Z = 1 RESET SPARING TABLE TO INITIAL SPARES 
W = o INITIAL SPARES ARE EVERY 512TH BLOCK WITH 

TRACK OFFSET 
W = 1 INITIAL SPARES ARE NO SPARES 
C = o RUNS CERTIFICATION UTILITY ON TAPE 
C = 1 INHIBITS CERTIFY TEST (MEDIA REMAINS 

UN INITIALIZED) 

CWZ FOR DISC UNIT 
000 = RETAIN BOTH FACTOfW (PRIMARY) AND FIELD 

(SECOND/\RY) SPARES 
001 = RETAIN FACTORY SPARES ONLY 
010 = RETAIN NO SPARES (CE USE ONLY) 

P2 = BLOCK INTERLEAVE 13YTE (BINARY NUMBER) MUST 
BE 00 FOR TAPE 

--
SET OPTIONS <00111000> 38 070 8 56 <00111000> <OOOOOVYZ> USED TO SET DEVICE SPECIFIC 
(COMPLEMENTARY) '--P1·--.J OPTIONS. (PARAGRAPH 2-23) 

P1 = OPTION BYTE 

VYZ FOR TAPE UNIT 
V = o DISABLE AUTO SPARING 
V = 1 ENABLE AUTO SPARING 
Y = o JUMP SPARE 
Y = 1 SKIP SPARE 
Z = o DISABLE CHARACTER COUNT 
Z = 1 ENABLE CHARACTER COUNT 

--
SET RPS <00111001> 39 071 9 57 <00111001> < TIME 1 > < TIME 2 > SETS TIME-TO-TARGET AND 
(COMPLEMENTARY) WINDOW-SIZE TIME INTERVALS 

TIME 1 = TIME-TO-TARGET IN HUNDREDS OF MICROSECONDS FOR RPS DATA TRANSFERS. 

TIME 2 = WINDOW-SIZE IN HUNDREDS OF MICROSECONDS (PARAGRAPH 2-18) 

--
SET RETFIY TIME <00111010> 3A 072 58 <00111010> < P1 >< P2 > USED TO SET AMOUNT OF 
(COMPLEMENTARY) TIME AVAILABLE FOR READ 

P1 .. P2 = RETRY TIME IN TENS OF MILLISECONDS AND SEEK RETRIES. (PARA-
(16 BIT BINARY NUMBER) GRAPH 2-19) 



Table 2-1. Device Command Summary (continued) 

OPCODE FORMAT 
COMMAND COMMAND FORMAT FUNCTION 

BINARY HEX OCTAL ASCII DECIMAL 

SET RELEASE <00111011> 38 073 59 <00111011> <TZOOOOOO> USED TO SUPPRESS RELEASE 
(COMPLEMENT ARY) TIME-OUT AND TO ENABLE 

T 0= 1 SUPPRESS RELEASE TIME-OUT AUTOMATIC RELEASE. (PARA-

Z 0= 1 RELEASE AUTOMATICALLY DURING IDLE TIME GRAPH 2-22) 

SET BURST <00111100> 3C 074 < 60 <0011110T> < P1 > ACTIVATES AND DEACTIVATES 
(COMPLEMENT ARY) <00111101> 3D 075 = 61 BURST MODE. (PARAGRAPH 

T = o INDICATES THAT LAST BURST ONLY IS TAGGED 2-17) 
WITH A MESSAGE TERMINATOR (EOI ON HP-IB). 

T 0= 1 INDICATES THAT ALL BURSTS ARE TAGGED WITH 
A MESSAGE TERMINATOR. 

P1 -- NUMBER OF 256-BYTE SEGMENTS IN EACH BURST 
(IF P1 = ALL ZEROES, BURST MODE IS DEACTIVATED). 

SET STATUS MASK <00111110> 3E 076 > 62 <00111110> < P1 > - - - - - - - - - - - - < P8 > ALLOWS MASKING OF ERROR 
(COMPLEMENT ARY) \ I CONDITIONS REPORTED BY 

8-BYTE PARAMETER REQUEST STATUS (DIAG-
NOSTIC) COMMAND. (PARA-

PARAMETER FORMAT: GRAPH 2-20) 
BIT POSITIONS IN PARAMETER BYTES CORRESPOND TO 
STATUS REPORT ERROR BIT POSITIONS. REFER TO 
PARAGRAPH 2-35 IN CS/80 REFERENCE MANUAL. 

1 = MASKED ERROR 

SET VOLUME <01000000> 40 100 @ 64 <01000YYY> USED TO SPECIFY DESIRED 
(COMPLEMENT ARY) <01000001> 41 101 A 65 STORAGE VOLUME OF A SPEC-

<01000010> 42 102 B 66 YYY = VOLUME NUMBER IFIED STORAGE DEVICE. 
<01000011> 43 103 C 67 (PARAGRAPH 2-13) 
<01000100> 44 104 0 68 
<01000101> 45 105 E 69 
<01000110> 46 106 F 70 
<01000111> 47 107 G 71 

SET RETURN <01001000> 48 110 H 72 <01001000> <OOOOOTTT> USED BY HOST TO SPECIFY 
ADDRESSING MODE TYPE OF ADDRESS (SINGLE-
(COMPLEMENTARY) TTT = ADDRESSING MODE OR THREE-VECTOR) TO BE RE-

000 = SINGLE VECTOR TURNED IN REQUEST STATUS 

001 = 3-VECTOR EXECUTION MESSAGE. (PARA-
GRAPH 2-24) 



Table 2-1. Device Command Summary (continued) 
--

OPCODE FORMAT 
COMMAND COMMAND FORMAT FUNCTION 

BINARY HEX OCTAL ASCII DECIMAL 

WRITE FILE MARK <01001001> 49 111 I 73 NO VARIABLES OR PARAMETEF~S WRITES A FILE MARK AT THE 
(REAL TIME) CURRENT POSITION OF THE 

TAPE. (PARAGRAPH 2-11) 

UNLOAD <01001010> 4A 112 J 74 NO VARIABLES OR PARAMETERS USED TO UNLOAD THE TAPE. 
(GENERAL PURPOSE) (PARAGRAPH 2<12) 

--
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Table 2-2. Disc Drive Utilities 

UTILITY OPCODE(S) MICRO OPCODE 
AllOWED* (HEX) (HEX) 

32 CO 

32 C2 

32 C4 

32 C5 

32 C6 

32 C7 

30,32 C8 

30,32 C9 

30,32 CA 

30,32 CB 

30,32 CC 

30 CD 

30 CE 

31 D1 

*Opcode 30 Executes Utility With No Message 
Opcode 31 Executes Utility Receive Message 
Opcode 32 Executes Utility Send Message 

the storage media. Diagnostic commands may be 
modified by complementary commands. Initialize 
diagnostic, initialize utility, and request status are all 
diagnostic commands. 

2-8. TRANSPARENT MESSAGES 
Transparent commands compensate for different types 
of channels and differences in operating environ­
ments. Transparent commands are intercepted by the 
device firmware and modify the normal command­
execu tion -reporting transaction sequence. Transparent 
commands are explained in the CS/80 Instruction Set 
Programming Manual, part no. 5955-3442. 

2-9. HEWLETT-PACKARD INTERFACE 
BUS 

The Hewlett-Packard Interface Bus (HP-IB) provides a 
standardized method of connecting separate devices 
(see figure 2-2). The HP-IB permits transfer of com­
mands and data between the components of a system 
on 16 signal lines. The interface functions for each 
system component are performed within the compo­
nent so only passive cabling is needed to connect the 
system. The cable connects all controllers and other 
devices of the system in parallel. 

The Hewlett-Packard Interface Bus (HP-IB) has cer­
tain rules which must be followed for successful instal-

2-6 

UTILITY PERFORMED BY 
THE DISC DRIVE 

Read Full Sector 

Read Revision Numbers 

Read Drive Tables 

Read Run Time Data Error Log 

Read Error Rate Test Data Error Log 

Read Fault Log 

I nitiate Pattern Error Rate Test 

Initiate Read Only Error Rate Test 

Initiate Short Error Rate Test 

Initiate Random Error Rate Test 

Initiate Random Read Only Error Rate Test 

Clear Logs 

Preset Device 

Receive User Pattern 

lation of the disc drive. Cabling is limited to 1 metre 
per HP-IB load. Typically the Central Processing Unit 
(CPU) is 7 equivalent loads and the disc drive is 1 
equivalent load. 

The CPU adheres to an HP standard which allows 7 
metres of HP-IB cable between the CPU and the near­
est device connected to it and 1 metre of cable between 
each additional device. The maximum configuration 
is eight devices (not including CPU) per HP-IB chan­
nel or a maximum of 15 metres or 15 equivalent loads. 

The eight Data I/O lines are reserved for the transfer 
of commands, data, and other messages in a byte­
serial, bit-parallel manner. Data and message trans­
fers are asynchronous, coordinated by three hand­
shake lines: Data Valid (DAV-L), Not Ready For Data 
(NRFD-L), and Not Data Accepted (NDAC-L). The 
other five lines are for bus management. 

Information is transmitted on the data lines under 
sequential control of the three handshake lines 
(DAV-L, NRFD-L and NDAC-L). No step in the se­
quence can be initiated until the previous step has 
been completed. Information transfer can proceed as 
fast as devices can respond, but no faster than allowed 
by the slowest device presently addressed. This per­
mits several devices to receive the same message byte 
con curren tly. 
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TRANSACTION 
PHASE 

CHANNEL ACTIVITY UNIT OPERATING STATE 

OJ COMMAND-READY 
[!] 

IT] COMMAND 
COMMAND ACCEPT AND VALIDATE COMMAND 
MESSAGE NOTE: LOGICAL MACHINE GOES TO REPORTING STATE 

@] IF COMMAND IS INVALID, OR IF HOST 
REQUESTS REPORTING MESSAGE. 

0 BEGIN EXECUTION OF COMMAND 

m EXECUTION MESSAGE 0 REQUEST EXECUTION MESSAGE (IF APPLICABLE) 
REQUEST 

EXECUTION 
(IF APPLICABLE) 

0 [!] COMPLETE EXECUTION OF COMMAND (SEND 
EXECUTION DATA, RECEIVE DATA, OR ACCOMPLISH 
MESSAGE COMMAND ACTION) 

(IF APPLICABLE) 

0 COMPUTE TRANSACTION STATUS 

ETI REPORTING MESSAGE 
~ REQUEST REQUEST REPORTING MESSAGE 

REPORTING @] 
REPORTING 

@) SEND ONE-BYTE REPORT (QSTAT) 

MESSAGE 

~--

OJ Logical Machine idle in command-ready state. 

o Host sends command message. 

f3l Logical Machine accepts and verifies command. If command is valid, Logical Machine 
moves to execution state. If not, Logical Machine moves to reporting state. 

8] Unit begins execution of command. 

o m If command involves data transfer, Logical Machine requests an execution message. If not, 
unit completes execution. 

o Execution message is established if command involves a data transfer. 

o Unit completes execution of command. If command involves data transfer, unit sends or 
receives data through channel module. If not, unit completes action called for in command 
message. 

o Logical Machine computes completion status of transaction. Pass/Fail status is set into 
QST AT, complete status set into request status. 

~ @] Logical Machine requests reporting message. 

~ Reporting message is established. 

@] Logical Machine sends one-byte reporting message (QSTAT) indicating Pass/Fail status of 
transaction. Host must send iequest status command for complete status report (20 bytes). 

Figure 2-1. Transaction Structure 
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5955-3 Figure 2-2. Hewlett-Packard Interface Bus Signal Lines 

Devices connected to the bus may be talkers, listeners, 
or controllers (refer to table 2-3). The Controller-In­
Charge (CIC) dictates the role of each of the other 
devices by setting the Attention (ATN-L) line low and 
sending talk or listen addresses on the data lines. 
Addresses are set for each device at the time of system 
configuration. While the ATN-L line is low, all devices 
must listen to the data lines. When the ATN-L line is 
high, devices that have been addressed will send or 
receive data; all others ignore the data lines. Several 
listeners can be active simultaneously but only one 
talker can be active at a time. Whenever a talk address 
is put on the data lines (while ATN-L is low), all other 
talkers will be automatically unaddressed. 

The Interface Clear (IFC-L) line places the interface 
system in a known quiescent state. The Remote En-

able (REN-L) line is used to select between two alter­
nate sources of device programming data such as the 
front panel or the HP-IB. The End Or Identify (EOI-L) 
line is used to indicate the end of a multiple-byte trans­
fer sequence. In addition, when a controller-in-charge 
sets both the ATN-L and EOI-L lines low, each device 
capable of a parallel poll responds on the DIO line 
assigned to it. 

2-10. HP-IB COMMUNICATIONS 
This section describes the formats and sequences for 
the HP-IB commands, messages, and transactions 
that occur between the Controller-In-Charge (CIC) and 
the disc drive. The following list explains the terms 
used in this section. 

Table 2-3. HP-IB Definitions 

HP-IB TERM DEFINITION CONSIDERATIONS 

TALKER Any device which sends information over There can be only one TALKER sending infor-
the HP-IB. mation over the HP-IB at a time. 

LISTENER Any device which receives information over In a parallel poll system, there can be up to 8 
the HP-IB. Some devices can function as LISTENERS receiving information over the 
LISTENERS or TALKERS. HP-IB at the same time. 

CONTROLLER Any device that has been programmed to The CONTROLLER manages data flow by ad-
manage data flow between the TALKER and dressing one device as a TALKER and one or 
the LISTENER (s) in addition to being a more devices as LISTENERS. There can be only 
TALKER and a LISTENER. one actice CONTROLLER on the HP-IB at any 

time. The active CONTROLLER is called the 
CONTROLLER-IN-CHARGE (CIC). 

SYSTEM Any device that functions as a CONTROLLER There can be only one SYSTEM CONTROLLER 
CONTROLLER and is able to gain absolute control of the connected to the HP-IB. 

HP-IB with the Interface Clear (IFC) Signal. 
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COMMAND - A parcel of information transmitted 
over the channel (HP-IB) relating to a specific opera­
tion. Channel commands (usually a single byte) are 
used to manage operations on the interface channel. 
Device commands (usually more than one byte) are 
used to control the operation and are contained within 
the text of a command message. 

UNIVERSAL COMMAND - A channel command 
that causes all devices on the bus to perform a prede­
termined interface function. Refer to table 2-4. 

Table 2-4. Universal Command Formats 

UNIVERSAL UNIVERSAL 
COMMAND DEVICE CLEAR 

ATN ATN 
[POO1CCCC] [POO10100] 

P = Parity Bit P = Parity Bit 
CCCC = Command Code 

PRIMARY COMMAND - The primary I command is 
a channel command that begins the message se­
quence. It contains the command to listen or talk and 
the address of a particular device. The primary II 
command terminates the message with an unlisten or 
untalk command. 

SECONDARY COMMAND - The secondary com­
mand sets up the action required of the disc drive in 
the text of the message. 

TEXT - The text of the message can be 1 to n bytes 
depending on the required action. The required action 
can be to receive further qualifying information or 
instructions (such as a device command), to receive 
write data, to send read or status data, or to perform a 
specific operation such as a CLEAR. 

MESSAGE - A unique sequence of command and 
text bytes transmitted over the channel during which 
the communication link between the devices (for 
example, CIC and the disc drive) remains unbroken. 

COMMAND MESSAGE - A single message contain­
ing all the information required to address a device 
and initiate an operation, set up a programmable 
parameter, or set up an operation to be executed by an 
execution message. 

EXECUTION MESSAGE - A single message con­
taining all the information required to carry out an 
operation previously set up by a command message. 

Channel Interface 

TRANSACTION - A complete process or operation 
carried out over the channel. Some transactions are 
completed with only a command/report message, and 
some require a command, execution, and a reporting 
message. 

2-11. CHANNEL MANAGEMENT 
The following techniques are used by the CIC to man­
age the HP-IB: Parallel Poll and Universal Device 
Clear. 

2-12. PARALLEL POLL. The CIC conducts a 
parallel poll on the HP-IB by asserting ATN-L and 
EOI-L simultaneously. Each device requiring service 
can then respond by asserting the DIO line corre­
sponding to its address. The CIC then addresses only 
the device requiring service. If more than one device 
requires service, the CIC addresses the device with the 
highest priority (lowest address) first. Parallel Poll 
Enable (PPE) and Parallel Poll Disable (PPD) are 
internal states of the disc drive controller. PPE occurs 
when the disc drive requires service from the crc. 
PPD is the opposite state and occurs whenever the 
disc drive is active (for example, busy executing a 
command) or idle. A Parallel Poll Response (PPR) 
from the disc drive will occur if the ere asserts both 
ATN-L and EOI-L and if the disc drive is in the PPE 
state. 

2-13. UNIVERSAL DEViCE CLEAR. A uni­
versal command is a channel command that causes 
all devices on the HP-IB to perform a pre-determined 
interface function. Universal Device Clear erases infor­
mation stored in the disc drive controller and places 
the disc drive in a known reset state. The universal 
device clear format is shown in table 2-4. 

2-14. MESSAGE STRUCTURE 
Each message contains the following components 
(refer to table 2-5). 

- Primary I Command 
(unidirectional from crc to device) 

- Secondary Command 
(unidirectional from CIC to device) 

- Text (bidirectional) 

- Primary II Command 
(unidirectional from CIC to device) 

The eIe asserts ATN-L during primary and second­
ary commands to distinguish them from text informa­
tion. The disc drive decodes the information contained 
in both the primary I and secondary commands to 
prepare for action specified in the text. 
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Table 2-5. HP-IB Message Structure 

HEADER TEXT TRAILER 

PRIMARY I SECONDARY DEVICE COMMAND OR DATA PRIMARY" 

[ATN] [ATN] [ATN] 
[ONE BYTE] [ONE BYTE] [ONE TO n BYTES] [ONE BYTE] 
- UNIDIRECTIONAL - UNIDIRECTIONAL - BIDIRECTIONAL - UNIDIRECTIONAL 

• CIC TO DEVICE ·CIC TO DEVICE - QUALIFYING INSTRUCTIONS TO DEVICE • CIC TO DEVICE 
- BEGINS MESSAGE - SET UP DEVICE FOR - WRITE DATA TO DEVICE - TERMINATES 

• ADDRESSES FURTHER ACTION - READ DATA TO CIC MESSAGE 
DEVICE TO LISTEN 

- STATUS DATA TO CIC - UNADDRESSES 
OR TALK DEVICE 

• UNIVERSAL • UNLISTEN 
• UNTALK 

2-10 



I

lulU.lll1 
MAINTENANCE I III I 

L-__________________________________________________________________ ~,I I 

3-1. INTRODUCTION 

WARNING 

The disc drive does not contain 
operator-serviceable parts. To 
prevent electrical shock, refer all 
installation and maintenance 
activities to qualified service­
trained personnel. 

This section contains maintenance precautions, lists 
of tools and test equipment required, and maintenance 
instructions. Maintenance of the disc drive must be 
performed by qualified service-trained personnel. 

3-2. MAINTENANCE PRECAUTIONS 
To avoid injury to personnel and to prevent damage to 
equipment, observe the following safety precautions: 

WARNING 

• Observe all warnings and cau­
tions provided in this manual 
and affixed to the equipment. 

• Use extreme caution when 
working on the disc drive with 
the covers removed. Hazardous 
voltages are present inside the 
disc drive when the power cable 
is attached to an active ac 
power source. 

• Do not attempt to remove or 
change printed-circuit assem­
blies, interconnecting cables, 
or system cables while ac 
power is applied to the disc 
drive. 

CAUTION 

• Do not run the disc drive without 
an absolute filter installed. Severe 
contamination in the head/disc 
area may result in damage to the 
heads and/ or disc surfaces. 

• Use only the brands of cleaning 
materials specified in table 3-1. 

Other brands of cleaning materials 
may contain contaminating oils 
and/or lint which could leave a 
harmful residue. 

• Use only the type of alcohol speci­
fied in table 3-1. Some other types 
contain impurities that could cause 
damage. 

• Avoid applying excessive pressure 
to the gimbal area of a head while 
cleaning. Excessive pressure may 
alter or damage the head charac­
teristics which are precision set at 
the factory. 

• N ever place an inspection mIrror 
between the heads or allow it to 
touch the heads. The flying char­
acteristics of the heads may be 
altered or damaged. 

• Do not use oil or other similar lub­
ricants anywhere in the disc drive 
except where specified . 

~ Do not turn the disc drive power on 
or off when the system bus is in an 
active state (Activity indicator 
ill uminated). 

• Do not connect or disconnect the 
HP-IB cable from the disc drive 
when the system bus is in an ac­
ti ve state (Acti vi ty indicator 
illuminated). 

• Do not operate the disc drive with 
the power module cover removed. 
This will reduce the efficiency of 
the disc drive RFI shielding. 

• Do not attempt to power up the 
disc drive with the power module 
cover removed, or the power mod­
ule withdrawn from the enclosure. 
This will interrupt the flow of cool­
ing air in the enclosure and cause 
overheating and possible damage 
to the equipment. 

• Do not attempt to manually extend 
the carriage assembly, unless the 
head spacer tool, part no. 07930-
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60154, is installed and there is no 
media module in the disc dri ve; 
otherwise head damage will occur. 

• Precautions must be taken during 
maintenance of the disc drive to 
avoid accidental erasure of data. 
Normal writes initiated from the 
host CPU or the disc drive control 
panel (diagnostic commands) can 
overwrite data. Such writes must 
be restricted to prescripted scratch 
areas. 

• If maintenance of the disc drive 
requires operation with the card 
cage cover and/or head contami­
nation shields removed: 

a. Do not unplug or connect any 
heads while the heads are over 
the discs. 

b. Do not touch read/write PCA­
A10 or the head connectors 
while the heads are over the 
discs. 

c. Do not operate the disc drive 
with the two captive screws at 
the top of read/write PCA-A10 
detached from the adjacent 
read/write PCA shield. 

d. Do not attempt to remove or 
install the card cage cover with 
power applied to the disc drive. 

• To avoid accidental erasure of data 
while performing manual head 
alignment: 

a. Take precautions to minimize 
the possibility of electrical dis­
charge. Touch grounded metal 
on the disc drive before placing 
the head alignment tool near 
the carriage assembly. 

b. Do not touch read/write PCA­
A10 with the head alignment 
tool. This could cause a ground 
path to the head assembly and 
erase data on the head align­
ment tracks. 

c. Ensure that the shaft of the 
head alignment tool has an in­
sulating sheath. 

3-3. SERVICE TOOLS AND TEST 
EQUIPMENT 

7933 

The following paragraphs list and describe the tools 
and test equipment required to service the disc drive. 

3-4. STANDARD TOOLS 
Recommended standard tools and materials required 
for service are listed in table 3-1. Except where noted, 
equivalent tools may be substituted. 

3-5. ST ANDARD TEST EQUIPMENT 
The following items of standard test equipment are 
required for maintenance: 

• HP 970A Digital Voltmeter, or equivalent battery­
operated voltmeter. 

• HP 180 Oscilloscope, or equivalent. 

3-6. SPECIAL TOOLS 
The special tools required for servicing the disc drive 
are listed in table 3-2. 

3-7. PREVENTIVE MAINTENANCE 
In a normal operating environment (data processing 
environment), preventive maintenance should be per­
formed once per year on HP 7933 and HP 7935 Disc 
Drives. The yearly preventive maintenance includes 
the procedures outlined in paragraphs 3-8 through 3-15. 

Preventive maintenance is drastically reduced since 
many conditions normally checked in a preventive 
main tenance schedule are self diagnosable by the disc 
drive. At power on, the disc drive automatically per­
forms a complete series of self-test diagnostics. Also, 
during idle time, the disc drive cycles through a series 
of tests to ensure that it is operating at peak per­
formance. These tests include operation of the micro­
processor read only memory (ROM) and random ac­
cess memory (RAM), and the disc memory access 
(DMA) RAM. Also checked are the disc drive fault log, 
the need for automatic head alignment, and inputs 
from the disc drive control panel. The background 
diagnostics are arranged in such a way that response 
to a channel request can occur in 140 microseconds or 
less. 

The results of the self-test diagnostics are logged on 
two tracks called maintenance tracks. These results 
include a drive fault log, a run time data error log, an 
error rate test error log, and an address of spared 
tracks log. Full details of these logs are provided in 
section V of this manual. This means, for example, 
that if manual head alignment is required, the inter­
nal diagnostic will report the condition to the user 
who would in turn call a Hewlett-Packard Sales and 
Support Office for assistance. 
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Table 3-1. Standard Tools 

Too! 

Bit, hex, 3/32-inch, 1/4-inch base 
Tape, masking 
\Ajrench, torque, 2 to 12 inch-pounds 
Label, universal 
Alcohol, isopropyl (filtered) * 
Tape head cleaning solution (refill)* 
Cotton swabs 
Wrench, torque, 10 inch-pounds, 

preset 
Bit, 1/4-inch drive, Pozidriv # 2 
Wrench, torque, 30 to 150 inch-pounds 
Bit, 1/4-inch drive, hex key 
TORX® Driver Kit 

(includes the following items): 
Bit, T6 
Bit, T7 
Bit, T8 
Bit, T9 
Bit, T10 
Bit, T1 0,3.5 in. long 
Bit, T15 
Bit, T20 
Bit, T25 
Bit, T27 
Bit; T30 
Handle, driver 
Extension 
Pouch 

Mirror, inspection 
Sleeve, cleaning, with handle* 
Wipe, cleaning* 
Adapter, 1/4-inch hex to 1/4-inch 

base 
Tool, IC extractor 
Kit, ground* 
Sealant* 
Lubricant, special* 

* Do not substitute 

WARNING 

HP Part No. 

1535-2652 
0460-0030 
1535-2653 
7121-0923 
8500-0559 
8500-1251 
8520-0023 
8710-1594 

8710-0903 
8710-1007 
8710-1223 
8710-1426 

8710-1424 
8710-1423 
8710-1422 
8710-1421 
8710-1418 
8710-1465 
8710-1415 
8710-1416 
8710-1417 
8710-1420 
8710-1419 
8710-1413 
8710-1425 
8710-1412 
8830-0005 
9310-5074 
9310-4865 
8710-1457 

8710-1213 
9300-0794 
0470-0573 
6040-0652 

Isopropyl alcohol is a restricted article 
(flammable liquid). Transport in accord­
ance with Department of Transportation 
Regulations, Title 49, parts 171 - 177 
(Hazardous materials). 

All products which utilize the tape head 
cleaning solution are shipped with a 
Material Safety Data Sheet. Follow all 
applicable safety precautions when us­
ing the tape head cleaning solution. 

TORX® is a registered trademark of the Camcar Divi­
sion of Textron, Inc. 
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Table 3-2. Special Tools 

Too! HP Part No. 

Gauge, Pressure 
Tape, External Exerciser 
Extender, PCA 
Tool, Head Spacer 
Tool, Sensor Defeat 
Tool, Control Panel Holder 
Tool, Head Alignment Shield 
Tool, Head Alignment 
Tool, Head Initial Position 
Tool, Head Installation 

010f-0374 
07908-16001 
07930-60025 
07930-60154 
07930-60157 
07930-60161 
07930-60198 
13354-20007 
13354-20008 
13354-20009 

3-8. PRELIMINARY STEPS 

WARNING 

The disc drive does not contain 
operator-serviceable parts. To 
prevent electrical shock, refer all 
installation and maintenance 
activities to service-trained 
personnel. 

I CAUTION I 
• Do not turn the disc drive power on 

or off when the system bus is in an 
active state (Activity indicator 
illuminated). 

• Do not connect or disconnect the 
HP-IB cable from the disc drive 
w hen the system bus is in an ac­
ti ve state (Acti vi ty indica tor 
illuminated). 

Before performing the procedures described in para­
graphs 3-8 through 3-15, perform the following prelim­
inary steps: 

CAUTION 

Before proceeding with any preven­
tive maintenance, perform a data 
back-up to protect against accidental 
data loss. 

a. If the disc drive is in an operational state, set the 
LOAD/UNLOAD switch to the UNLOAD (out) 
position. 

Note: If a ~ message appears, 
wait until the system host releases 
the disc drive and again operate the 
LOAD/UNLOAD switch. If release is 
not obtained when the Activity indi­
cator extinguishes, the system must 
be programmed to release the disc 
drive. 
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b. The disc drive will now begin a spin-down opera­

tion with the display indicating _I':iI.I;I.I, 
"ii':W.t"d, and finally '-ii.'##! .•. 

c. Remove the shroud (refer to paragraph 6-3). 

d. Remove the media module (refer to paragraph 6-8) 
and store it in a suitable location. 

e. Set the'" LINE switch to the O/OFF position and 
disconnect the disc dri ve power cord from the ac 
power source. 

f. Disconnect the HP-IB cable from the disc drive. 

g. Remove the media module chamber (refer to para­
graph 6-9). 

h. Remove the head contamination shield (refer to 
paragraph 6-13). 

i. Remove and discard the absolute filter (refer to 
paragraph 6-6). 

j. Remove the front panel (refer to paragraph 6-4). 

k. Remove and discard the prefilter (refer to para­
graph 6-5). 

3-9. DATA AND SERVO HEADS 
Clean and inspect the heads as follows: 

I CAUTION I 
Do not allow the carriage assembly to 
move forward more than approx­
mately one-half inch from its latched 
(retracted) position without having 
the head spacer tool, part no. 07930-
60154, installed on the heads. Failure 
to observe this precaution will result 
in damage to the heads. 

a. Manually release the carriage latch solenoid (8, 
figure 7-5) and carefully move the carriage assem­
bly forward until the heads project approximately 
one-half inch beyond the cam towers (25, 25A). 

b. Install the head spacer tool, part no. 07930-60154, 
on the heads. 

c. Pull the carriage assembly outward the entire ex­
tent of its travel. 

3-4 

I CAUTION I 
N ever place an inspection mirror be­
tween the heads or allow the mirror to 
touch the heads. The flying character-

istics of the head may be changed or 
the head damaged. 

7933 

d. Using an inspection mirror, examine the heads for 
signs of abrasion (see figure 3-1). 

Note: Some heads may ha ve a gray 
"shaded" area. This is not necessarily 
a problem, since the flying character­
istics of the head are not affected. 

e. If any signs of abrasion are apparent, replace the 
head. 

CAUTION 
Use only the cleaning sleeves and fil­
tered isopropyl alcohol specified in 
table 3-1. Use of any other materials 
may leave a residue that could cause 
damage to the disc drive. 

f. Place a cleaning sleeve on the end of the handle 
(see figure 3-2). 

g. Moisten the cleaning sleeve with filtered isopropyl 
alcohol. 

CAUTION 
Avoid applying excessive pressure to 
the gimbal area of the heads while 
cleaning. Excessive pressure may 
alter the factory-preset flying charac­
teristics of the heads. 

h. Clean each head by placing the prepared head 
cleaning tool between the surfaces, then gently 
wipe the head face. Use only sufficient pressure 
to thoroughly wet the head and remove the 
contamination. 

i. Replace the cleaning sleeve on the cleaning tool 
with a dry cleaning sleeve. 

j. Carefully remove the remaining contamination 
from the head surface. 

k. Using an inspection mirror, verify that all evi­
dence of contamination has been removed. If the 
con tamination cannot be removed, replace the 
head. (Refer to section VI for instructions.) 

3-10. CARRIAGE RAILS AND 
BEARINGS 

I t is important that the carriage rails and bearings 
are clean in order to maintain the efficiency of the 
disc drive. To clean the carriage rails and bearings, 
proceed as follows: 
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TYPE OF CONTAMINATION: 
NONE, IDEAL HEAD CONDITION. 

CAUSE: 
NEW HEAD OR MINIMAL OPERATION 
IN A CLEAN ENVIRONMENT. 

REMEDY: 
NONE 

TYPE OF CONTAMINATION: 
GREY DISCOLORATION OF 
CERAMIC SLIDER. 

CAUSE 
FRICTION BETWEEN MEDIA AND HEAD, 
CAUSED BY CLOSE FLYING HEIGHT. 

REMEDY: 
REPLACEMENT OF HEAD, ONLY AS DETERMINED 
BY PREVENTIVE MAINTENANCE PROCEDURES. 

TYPE OF CONTAMINATION: 
OXIDE BUILD-UP ON TRAILING EDGE 
(DOVVN HEAD SHOWN). TYP!CAL 
OPERATING CONDITION. 

CAUSE: 
NEW MEDIA OR MANY HOURS OF OPERATION. 

REMEDY: 
CLEAN AS OUTliNED iN PARAGRAPH 3-10. 

TYPE OF CONTAMINATION: 
ABRASION AND PARTICULATE. 

CAUSE: 
MEDIA IS ABRASIVE OR EXCESSIVE MECHANICAL 
RUNOUT EXISTS. 

REMEDY: 
REPLACE DEFECTIVE HEAD. (REFER TO SECTION VI.) 

TYPE OF CONTAMINATION: 
ABRASION AND PARTICULATE. 

CAUSE: 
EXCESSIVE OPERATION ON ABRASIVE MEDIA. 
AIR FLOW RESTRICTED AND/OR CONTAMINANTS 
PRESENT IN AIR CIRCULATION. 

REMEDY: 
REPLACE DEFECTIVE HEAD. (REFER TO SECTION VI.) 
REPLACE MEDIA. 

Figure 3-1. Examples of Head Contamination 
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Figure 3-2. Prepared Head Cleaning Tool 

I CAUTION I 
When cleaning the carriage assembly 
bearings, do not allow alcohol to flow 
on the sides of the bearings. Alcohol 
will dissolve the lubricant in the bear­
ings and result in premature bearing 
failure. 

a. Moisten a cleaning sleeve with handle (as shown 
in figure 3-2 in filtered isopropyl alcohol (table 
3-1). 

b. Clean upper and lower rails. 

c. Using a cotton swab (table 3-1), clean bearings 
and cam towers. 

d. Using wipes (table 3-1), clean casting surfaces and 
rail clamps. 

e. Repeat the rail and bearing cleaning procedure 
until carriage movement is smooth throughout its 
travel. 

f. Proceed with lubrication procedure following. 

3-11. BEARING/RAIL LUBRICATION 
To lubricate the bearing/rail interface, proceed as fol­
lows (cleaning required first, see previous paragraph): 

3-6 

Note: A special lubricant, part no. 6040-
0652, has been developed for the actu­
ator linear bearing system to increase 
its usable life. The lubricant comes in 
an applicator which dispenses a pre­
cise volume. Correct operation of the 
disc drive requires that the exact vol­
ume of lubricant be used and that this 
procedure be followed exactly. 

7933 

a. Remove the shipping cap from the lubricant bottle 
and install the applicator needle cap. 

b. Remove the cap from the applicator needle and 
carefully clean any excess lubricant from the 
needle and body. 

CAUTION 

It is imperative that the entire volume 
of the drop of oil reside in the arch of 
the bearing where it will be in direct 
con tact with the rail. 

c. Locate the carriage near track 200 as shown by 
the track indicator on the upper rail guide beam. 
Apply a single, full drop of lubricant to the center 
arch portion of the lower rear bearing. 

d. Move the carriage to its outermost position 
agdinst the crash stops (track 1337 on the track 
indicator). 

e. Cover the heads with a cleaning wipe. This pro­
tects the heads from possible stray oil drops. 

f. Apply a single, full drop of lubricant to each of the 
arch portions of the upper bearing and lower front 
bearings. (See figure 3-3.) 

g. Remove the cleaning wipe from the heads. 

h. Manually move the carriage forward and back at 
least 10 times to distribute the lubricant on the 
rail surfaces. 

i. Move the carriage assembly to within one-half 
inch of its latched (retracted) position. 

j. Remove the head spacer tool. 

k. Return the carriage assembly to its latched 
position. 

1. Run 10 passes of random RO ERT and 50 auto 
head alignments as follows: 



7933 Maintenance 

7933-326A 

ACTUATOR 
BASE 

UPPER 
RAIL 

GUIDE 
BEAM 

~\ 
LOWER 

RAIL 

Figure 3-3. Carriage Assembly Lubrication 

ENTER 
88 
ENTER, 10 
ENTER(2x) 
94 
ENTER 
RUN 
(wait) 

ENTER,CLEAR,50 
ENTER ( 2x) , CLEAR 
68 
ENTER ( 2x) , 0 
ENTER,RUN 
Rv (SOx) 

STEP 0= 
LOOP 
NUM=10 
STEP 1= 
RNRD ERT 
STEP 3= 
RNRD ERT 
LOOP 

NUM=50 
STEP 1= 
HD ALIGN 
HD=O 
(0 +/- nnn) 

m. Any DERR 70 or 76 will abort the program, in 
which case the carriage and rails must be replaced. 

3-12. SPINDLE GROUND 
Inspect the spindle ground contact as follows·: 

a. Remove the three T15 screws (1, figure 7-3) which 
secure the bottom cover (2) to the motor-spindle 
assembly. 

b. Examine the graphite button at the bottom of the 
motor. If the graphite button is worn flat such 
that the flattened area is more than 5/16-inch 
(8 mm) in diameter, the ground button assembly 
must be replaced. 

c. To install a new or old ground button assembly, 
place one drop of sealant, part no. 0470-0573, on 
opposite mating surfaces of the ground button (see 
figure 6-6A). Do not put any sealant on the ground 
button threads. 

CAUTION 

Use extreme care not to touch the top, 
outermost machined surface of the 
spindle-motor assembly. 

d. Without touching the top, outermost machined 
surface of the spindle-motor assembly, hold the 
spindle nose tightly with one hand. ·With the other 
hand, hand tighten the ground button into the 
spindle-motor shaft. 

e. While continuing to hold the spindle nose by hand, 
tighten the ground button with an adjustable 
wrench until the spindle nose cannot be prevented 
from turning in your hand. 

f. Use a cleaning wipe to clean excess sealant from 
the ground button. 

I CAUTION I 
Ensure that the ground strap (60, fig­
ure 7-1) is installed beneath one of the 
T15 screws which secure the bottom 
cover. Failure to do this may result in 
loss of data or damage to the disc 
drive. 

g. Install the ground strap and the bottom cover 
using the three T15 screws removed in step d. 
Tighten the screws to 12 inch-pounds. 

h. Install the media module chamber. (Refer to para­
graph 6-9.) 

3-13. MEDIA MODULE CHAMBER AND 
MOTOR-SPINDLE ASSEMBLY 

To clean the media module chamber and the motor­
spindle assembly, proceed as follows: 
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WARNING 
All products which u:tilize the 
tape head cleaning solution are 
shipped with a Material Safety 
Data Sheet. Follow all applicable 
safety precautions when using the 
tape head cleaning solution. 

I CAUTION I 
Do not touch the spindle hub outer­
most machined surface with anything 
except the cleaning wipe moistened 
with tape head cleaning solution. 
Fingerprints may cause 
contamination. 

a. Using two hands, pull upward on the inner diam­
eter of the magnetic ring (3, figure 7-3), and re­
move the ring from the spindle assembly. The 
ring is held in place by its own magnetism. 

b. Using the adhesive side of transparent adhesive 
tape, remove all magnetic particles from the mag­
netic ring. 

c. Following the removal of all particles, clean the 
magnetic ring with a cleaning wipe, part no. 9310-
4865, moistened with tape head cleaning solution, 
part no.. 8500-1251. 

d. Install the magnetic ring by placing one edge of 
the ring into the magnetic cup on the spindle 
assembly, then lowering the ring into the cup. 

e. Using a cleaning wipe moistened with tape head 
cleaning solution, carefully wipe clean the interior 
of the media module chamber, the inside of the top 
door, and the top of the motor-spindle assembly; 
especially the spindle nose and the top smooth 
surfaces of the spindle motor and magnetic ring. 

f. Keep the top door closed until a media module is 
installed in the disc drive. 

3-14. MEDIA MODULE 
Media modules must be cleaned to remove buildups of 
contamination which could cause data errors, damage 
to the media module, or damage to the disc drive. 
Clean the media modules as follows: 
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a. Use a cleaning wipe, part no. 9310-4865, moistened 
with tape head cleaning solution, part no. 8500-
1251, and wipe clean the outer edge of the flat 
coupling surface located beneath the removable 
cover. Be careful not to leave any particles on this 
surface. 

b. Clean the side and bottom surfaces of the media 
module. 

c. Clean the media module being used in the disc 
drive, and all media modules in storage. 

d. Install a new absolute filter (refer to paragraph 
6-6). 

e. Install a new prefilter (refer to paragraph 6-5). 

f. Install the front panel (refer to paragraph 6-4). 

3-15. HEAD ALIGNMENT 
To check head alignment, proceed as follows: 

CAUTION 

• Do not turn the disc drive power on 
or off when the system bus is in an 
active state (Activity indicator 
illuminated). 

• Do not connect or disconnect the 
HP-IB cable from the disc drive 
when the system bus is in an 
active state (Activity indicator 
illuminated). 

a. Connect the HP-IB cable to the disc drive. 

b. Connect the disc drive power cord to the ac power 
source. 

c. Set the'" LINE switch to the 1/0N position. 

Note: Disc drive power must be on at least 
one-half hour before performing the 
preventive maintenance procedures. 

d. Install the media module, if not previously in­
stalled. (Refer to paragraph 6-8.) 

e. Set the LOAD/UNLOAD switch to LOAD (in) 
and allow about five minutes for the disc drive 
internal diagnostics to complete, as indicated by 
the ",;'" • display message. 

f. Perform the radial head alignment on all heads. 
To do this, key in the following program: 
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Keystroke 

9 

8 

ENTER 

Display 
LOOP 

CLEAR 

STEPO= 

Remarks 

Clears the diagnostic 
program. 

Maintenance 

3-16. ABSOLUTE FILTER 
Check air pressure in the absolute filter as follows: 

a. Connect the air pressure measuring gauge, part 
no. 0101-0374, to the pressure tap on top of the 

6 __ ,.==1=8#1 absolute filter. 

8 'O·I;I"a:' Performs the radial 

ENTER 

RUN 
Rv 
Rv 

Rv 

HER]]= 

• 

12 YY 

head alignment 
routine. 

YY = head offset 
count for each head 
(0 through 12). 

g. Record the head offset count for each head (the 
program will continuously roll through the head/ 
offset counts as the Rv (Roll) key is repeatedly 
pressed). 

h. If the offset count for any head is outside the 
range ±40 counts, alignment for that head is re­
quired (refer to section IV for alignment instruc­
tions). If a message is displayed, all 
heads may require alignment, the servo head may 
require alignment, or the head may be defective. 

i. Following successful completion of the head align­
ment check, install the head contamination shield 
(refer to paragraph 6-13) and the shroud (refer to 
paragraph 6-3). 

Note: Some early models may not have the 
pressure tap installed. These models 
can be upgraded by replacing filter 
cover, part no. 07930-60179, with filter 
cover update kit, part no. 07930-60242. 

b. The gauge should indicate a pressure of at least 
0.4 inch of water. If not, replace the absolute filter. 
(Refer to section VI for instructions.) 

c. Replace the absolute filter and prefilter. 

Note: The absolute filter must be replaced 
at least yearly, regardless of pressure 
level, since the filter can become con­
taminated by fungus growths. Also, a 
dusty environment can require more 
frequent replacement of either filter. 
Therefore, measuring the pressure is 
necessary to determine the extent of 
"filter plugging" and to develop a PM 
interval that ensures the pressure 
never dips below 0.4 inch of water. 
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4-1. INTRODUCTION 

WARNING 

The disc drive does not contain 
operator-serviceable parts. To pre­
vent electrical shock, refer all in­
stallation and maintenance activi­
ties to service-trained personnel. 

CAUTION 

• Precautions must be taken during 
maintenance of the disc drive to 
avoid accidental erasure of data. 
Normal writes initiated from the 
host CPU or the disc drive control 
panel (diagnostic commands) can 
overwrite data. Such writes must 
be restricted to prescri pted scratch 
areas. 

• If maintenance of the disc drive 
req uires operation with the card 
cage cover and/or head contami­
nation shields removed: 

a. Do not unplug or connect any 
heads while the heads are over 
the discs. 

b. Do not touch read/write PCA­
AlO or the head connectors 
while the heads are over the 
discs. 

c. Do not operate the disc drive 
with the two captive screws at 
the top of read/write PCA-AlO 
detached from the adjacent 
read/write PCA shield. 

d. Do not attempt to remove or in­
stall the card cage cover with 
power applied to the disc drive. 

• To avoid accidental erasure of data 
while performing manual head 
alignment: 

a. Take precautions to minimize 
the possibility of electrical dis­
charge. Touch grounded metal 
on the disc drive before placing 
the head alignment tool near the 
carriage assembly. 

b. Do not touch read/write PCA­
AlO with the head alignment 
tool. This could cause a ground 
path to the head assembly and 
erase data on the head align­
ment tracks. 

c. Ensure that the shaft of the 
head alignment tool has an in­
sulating sheath. 

This section contains step-by-step alignment and 
adjustment procedures for the disc drive. These proce­
dures are to be performed only after a repair has been 
made or when specified parameters are out of toler­
ance. Do not make any unnnecessary adjustments to 
the disc drive. 

Note: TORX® hardware is used in the assem­
bly of the disc drive. This hardware 
requires the use of special drivers 
(refer to table 3-1). In this manual, 
any reference to this type of hard ware 
will be accompanied by the appropri­
ate driver size (for example, T15). 

4-2. POWER SUPPLY ADJUSTMENTS 
Power supply voltages should be checked when the 
self-test diagnostics indicate a power supply failure or 
following replacement of regulator PCA-AI, dc power 
PCA-A13, spindle driver PCA-AI2, transformer Tl, or 
capacitors Cl, C2, C170, C230, or C270 in the power 
module. 

Power supply voltages are measured at test points on 
regulator PCA-Al and at connector W4P2 on actuator 
driver PCA-A2. Only the +5, +12, and -12 Vdc outputs 
are adjustable. To check and adjust the power supply 
voltages, proceed as f0110\:&/s: 

TORX® is a registered trademark of the Camcar Divi­
sion of Textron, Inc. 
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WARNING 

The following tests and adjust­
ments are performed with pri­
mary power supplied to the disc 
drive and its protective covers re­
moved. Such maintenance should 
be performed by service-trained 
personnel who are aware of the 
hazards involved (for example, 
electrical shock and fire). 

CAUTION 

Do not turn the disc dri ve power on or 
off when the system bus is in an 
active state. 

a. Set the disc drive LOAD/UNLOAD switch to the 
UNLOAD (out) position and the rv LINE switch to 
O/OFF. 

b. Disconnect the disc drive power cord from the ac 
power source. 

c. Remove the disc drive shroud (refer to paragraph 
6-3) and the card cage cover (refer to paragraph 
6-12). 

d. Reconnect cables W6, W5, and the cable from HP-IB 
PCA-A 7 to PCA's A2, A4, and A6, respectively, in 
the card cage. 

e. Connect the disc drive power cord to the ac power 
source. 

f. Set the rv LINE switch to 1/0N and the LOAD/ 
UNLOAD switch to LOAD (in). 

g. Connect a digital voltmeter between the +5V and 
GND test points on regulator PCA-Al in the card 
cage. (See figure 4-1.) Check that the voltage is +5 
Vdc, ±50 millivolts. If necessary, fldjust potentio­
meter R185 for the correct reading. 

h. Similarly check, and, if necessary, adjust the + 12 
Vdc and -12 Vdc outputs as detailed in figure 4-1. 

1. Using a digital voltmeter, check that the level of 
the +36 V dc and -36 V dc supplies connected to 
actuator driver PCA-A2 via connector W 4P2 are 
within specification. (See figure 4-1.) 

Note: Do not disconnect W4P2 from J1 on 
PCA-A2. Use a probe to measure the 
voltage at the point where the wires 
enter the connector. There are no ad­
justments for the +36 Vdc and -36 
Vdc supplies. 

4-2 

j. Set the LOAD/UNLOAD switch to UNLOAD 
(out) and the rv LINE switch to O/OFF. 

k. Disconnect the disc drive power cord from the ac 
power source. 

l. Replace the disc drive card cage cover (refer to 
paragraph 6-12) and the shroud (refer to para­
graph 6-3). 

4-3. SEEK DECELERATION 
The seek deceleration adjustment should be performed 
following replacement of the velocity transducer, 
velocity transducer shaft, actuator driver PCA-A2, or 
servo PCA-A3. To perform this adjustment, proceed as 
follows: 

WARNING 

The following adjustment is per­
formed with primary power sup­
plied to the disc drive and its pro­
tective covers removed. Such 
maintenance should be performed 
by service-trained personnel who 
are aware of the hazards involved 
(for example, electrical shock and 
fire). 

CAUTION 

Do not turn the disc drive power on or 
off when the system bus is in an 
active state. 

a. Set the disc drive LOAD/UNLOAD switch to the 
UNLOAD (out) position and the rv LINE switch to 
O/OFF. 

b. Disconnect the disc drive power cord from the ac 
power source. 

c. Remove the disc drive shroud (refer to paragraph 
6-3) and the card cage cover (refer to paragraph 
6-12). 

d. Reconnect cables W6, W5, and the cable from 
HP-IB PCA-AI7 to PCA's A2, A4, and A6, re­
spectively, in the card cage. 

e. Connect the disc drive power cord to the ac power 
source. 

f. Set the rv LINE switch to 1/0N and the LOAD/ 
UNLOAD switch to LOAD (in). 

DRIVE • g. When a message appears, key in the 
following program to perform the adjust seek de­
celeration routine: 
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Keystroke 

ENTER 

8 
8 
ENTER 
ENTER 

6 
7 

ENTER 
RUN 

• -12V • GND 

Alignment and Adjustment 

•• +12V +5V 

~R117 R177~ ~R185 

Display 

STEPO= 

__ -1'#11= .. 13=. 
LOOP 

NUM= 

'·:IIilD 
STEP/=6 

RDif DECL 

FN H Y N H 

--

VOLTAGE TOLERANCE MEASURE BETWEEN: ADJUSTMENT 

+5V 
+495 TO +505 VDC 

·5V TP AND GND TP 
('1%) 

R185 

-12V 
+11.88 TO +12.12 VDC 

+12V TP AND GND TP 
(:'-1%) 

R177 

-12V 
-11.88 TO -12.12 VDC 

('1°'0) 
-12V TP AND GND TP R117 

A. REGULATOR PCA-A1 

J 1 /W4P2 (DO NOT DISCONNECT!) 

VOLTAGE TOLERANCE MEASURE BETWEEN' 

-36V 
(- LM SUPP) 

·25 TO +40V W4P2-1. 2 AND W4P2-5. 6 (pGND) 

-36V 
·25 TO -40V 

(- EMRSUPP) 
W4P2-8 AND W4P2-5. 6 (pGND) 

-36V -25 TO -40V W4P2-3. 4 AND W4P2-5. 6 (PGND) 
(- LMSUPP) 

-36V 
-25 TO -40V 

(- EMRSUPP) 
W4P2-9 AND W4P2-5. 6 (pGND) 

B. ACTUATOR DRIVER PCA-A2 

Figure 4-1. Voltage Test Points and Adjustments 

Remarks 

Obtains diagnostic pro­
gram control. 

Ca uses the disc drive to 
enter the adjust deceler­
ation routine. 

F = forward deceleration 
value 

Y = reverse deceleration 
value 

h. The disc drive will now seek alternately from 
physical cylinder 100 to physical cylinder 1300 
with the display indicating deceleration timing. 

i. Adjust potentiometer R132 on servo PCA-A3 until 
the display indicates 38 ±4. (See figure 4-2 for the 
location of R132.) 

j. Clear the diagnostic program and then program it 
to check seek and verify times between cylinder a 
and the last physical cylinder as follows. Check 
that the seek time is 39.5 milliseconds or less and 
the verify time is 3.5 milliseconds or less. 
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~R132 

PCA-A3 

Figure 4-2. Seek Deceleration Adjustment Control 

Keystroke 

CLEAR 
9 
8 
ENTER 

6 

Display 

LOOP 
LOOP g 

CLERR 
STEPO= 

STEPO=E1 

1 "1#1#1: 
ENTER 

o 
ENTER 
ENTER 
ENTER 

8 
8 
ENTER 
ENTER 

CYL= 

CYL=O 

HER1J= ,,_a 
STEP 1= 

--i·lilD :. 
LOOP 

NUM= 

STEP2= 

6 1L"lit4l~ 

6 

ENTER 
1 

3 

VFY TIME 

INC= 

INC=' 
INC=/3 

3 MinID", 
8 INC=/338 

ENTER "-aiI 
ENTER -i'#I#D 
9 
9 
ENTER 
CLEAR 
5 

o 
o 
ENTER 

RUN 

STEP3=g 
SK DELAY 

DLY=/OO .,.,., 
DL Y= 5 

DL Y= SO 

DL Y= 500 

STEP4= 

, ••• M, 

Remarks 

Clears the diagnostic 
program. 

Causes the disc drive to 
enter the seek routine. 

Loop through the entire 
program. 

Causes the disc drive to 
seek to the cylinder 
specified. 

Allows a new seek delay 
time to be entered. 

s = seek time 
v = verify time 

k. Change command 66 for a cylinder increment of 1. 
Check that the single cylinder seek time is 2.5 

4-4 

milliseconds or less and the verify time IS 3.5 
milliseconds or less. 

Keystroke 

CLEAR 
EDIT 

Display 

"1#1#1: 
"§liD 

Remarks 

2 STEP=2 

ENTER 
ENTER 
CLEAR 

VFY TIME 

INC=/338 

INC= 

Changes the cylinder 
seek address. 

1 INC=/ 

ENTER 
ENTER 

RUN 

"-aiI 
-i'#I#D 
IR Wi 

Cylinder seek address 
increment is 1. 

s = seek time 
v = verify time 

1. Set the LOAD/UNLOAD switch to UNLOAD (out) 
and the "-' LINE switch to O/OFF. 

m. Disconnect the disc drive power cord from the ac 
power source. 

n. Replace the disc drive card cage cover (refer to 
paragraph 6-12) and the shroud (refer to para­
graph 6-3). 

4-4. HEAD ALIGNMENT 
The following head alignment procedures include in­
structions for servo head alignment and data head 
alignment. The locations of the retaining screws and 
the adjustment holes for the servo head and the data 
heads are shown in figure 4-3. To prepare the disc 
drive for head alignment, proceed as follows: 

WARNING 
The following adjustment is per­
formed with primary power sup­
plied to the disc drive and its pro­
tective covers removed. Such main­
tenance should be performed by 
service-trained personnel who 
are aware of the hazards in­
volved (for example, electrical 
shock and fire). 
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HEAD 
RETAINING 

SCREWS 

Gti 
DATA HEAD 0 (ON) oo~ 0

0 

DATA HEAD 1 (UP) @)1 0
1 

DATA HEAD 2 (ON) 2@ 02 

DATA HEAD 3 (UP) ~3 0 3 

DATA HEAD 4 (ON) 4@ 0 4 

DATA HEAD 5 (UP) (@),5 05 , 
SERVO HEAD (ON) @ 

®6 0 6 0 
DATA HEAD 6 (UP) 
DATA HEAD 7 (ON) 7~ 07 

DATA HEAD 8 (UP) @8 08 
DATA HEAD 9 (ON) 9~ 09 

DATA HEAD 10 (UP) ~10 0 10 
DATA HEAD 11 (ON) 11@ 0 11 

DATA HEAD 12 (UP) @1b~ 

HEAD 
ADJUSTMENT 

HOLES 

7933-352A 

Figure 4-3. Head Retaining Screw and Adjustment 
Hole Locations 

a. Disconnect the disc drive power cord from the ac 
power source. 

CAUTION 

Ensure that the discs have completely 
stopped spinning before removing the 
head contamination shield. Damage 
to the disc drive may result if this 
preca ution is not followed. 

b. Remove the disc drive shroud (refer to paragraph 
6-3) and the right-hand section of the head con­
tamination shield (refer to paragraph 6-13). 

c. Remove the card cage cover (refer to paragraph 
6-12). 

d. Connect cable W6 (26, figure 7-1) to actuator 
driver PCA-A2 and cable W5 (10) to microproces­
sor PCA-A4 in the card cage. 

e. Push the remaining slack in cable W5 into card 
cage slot number 7. This is necessary to avoid 
short circuits during head alignment. 

f. Loosen the two T10 screws (18, figure 7-2) which 
secure the latch shield (8, figure 7-1) to the media 
module chamber and remove the latch shield. 

Note: Steps f through k need only be per­
formed for convenience in observing 
the control panel display during man­
ual head alignment. 

g. Unplug the three cables from connectors J3, J4, 
and J5 on the left-hand side of the control panel 
assembly. 

h. Loosen the two captive screws securing ribbon 
cable W5 to the RF shield assembly. 

1. Push on the control panel assembly from behind 
until it releases from the two spring retainers on 
the media module chamber. 

j. Using the control panel holder, part no. 07930-
60161, hang the control panel assembly on the 
right-hand side of the enclosure. 

k. Attach the sensor defeat tool, part no. 07930-60157, 
to connectors J3, J4, and J5 on the left-hand side 
of the control panel assembly. 

1. Check that a media module is installed in the disc 
drive. 

m. Connect the disc drive power cord to the ac power 
source and set the rv LINE switch to 1/0N. 

n. Set the LOAD/UNLOAD switch to LOAD (in) 
and allow about five minutes for the normal 
power-on sequence. 

o. When a message appears, press the 
following keys on the diagnostic keyboard to ob­
tain diagnostic program control and perform the 
radial head alignment: 

Keystroke Display Remarks 

Obtains diagnostic pro­
gram control. 

ENTER STEPD= 

8 HD ALIGN Performs the radial head 
alignment routine. 

ENTER 
RUN • 

HEA]J= 

YY = head offset value 

I CAUTION I 
When installing the emergency retract 
(ER) disable jumper between test 
points ERDIS and ER -36, ensure 
that no other test points are contacted 
by the jumper wire. Damage to actua­
tor driver PCA~A2 '.vill result. 

If, while this jumper is installed, a 
RETRACT message appears on the 

alphanumeric display, a power loss 
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occurs, or the spindle drive motor be­
gins to slow down, manually pull the 
heads off the disc IMMEDIATELY. 
Some resistance will be felt when the 
carriage contacts the cam towers. The 
carriage must be firmly latched in its 
unloaded position. Failure to do this 
will result in damage to the discs and 
heads. 

p. Install a jumper wire between test points ERDIS 
and ER -36 (see figure 4-4) on actuator driver 
PCA-A2. This disables the emergency retract 
circuitry. 

4-5. SERVO HEAD ALIGNMENT 
Servo head alignment should be performed when the 
servo head is replaced or when all of the data heads 
have been replaced. At installation, initial alignment 
of the servo head is achieved when it is positioned 
with head initial position tool, part no. 13354-20008. 
(Refer to section VI.) Following installation of the 
servo head, the alignment of the data heads should be 
checked as described in paragraph 4-6. If the data 
heads can be aligned, the servo head is correctly posi­
tioned. In the event that all of the data heads cannot 
be aligned, the servo head should be adjusted as 
follows. 

a. Perform the head alignment preparation proce­
dures outlined in paragraph 4-4. 

I CAUTION I 
Before tightening any data or servo 
head retaining screw, the heads must 
be unloaded, using the Airpurge rou­
tine, to prevent damage to the heads 
or the media. 

co 
~ :2 0 (') + 

I <t 0 0 

<H 0: 0: 0: () 
lLI 0 lLI () 

I a.. 
~ 
<t 
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b. Unload the heads using the Airpurge routine 
(ENTER, 9, 7, ENTER). 

c. Check that the retaining screw for the servo head 
is tightened to 3 inch-pounds. 

d. Load the heads over the discs by re-entering the 
head alignment routine (ENTER, 6,8, ENTER), 
then select any data head which previously dis-
played a message. 

CAUTION 

To avoid accidental erasure of' data, 
the following precautions must be ob­
served when performing manual head 
alignment: 

• Take precautions to minimize the 
likelihood of electrical discharge. 
Touch grounded metal on the disc 
drive before placing the head 
alignment tool near the carriage 
assembly. 

• Do not touch read/write PCA-AI0 
with the tool. This could cause a 
ground path to the head assembly 
and erase data or alignment tracks. 

• Do not touch read/write PCA-AI0 
or the head connectors when the 
heads are over the discs. 

• Ensure that the shaft of the head 
alignment tool has an insulating 
sheath. 

e. Insert head alignment tool, part no. 13354-20007, 
in the servo head adjustment hole (marked with 
indelible marker on some disc drives) and rotate 
the tool until the message changes to 
a displacement reading. Remove the head align­
ment tool. 

• •••••••••• 0 I:· •••••• , <t Ii § co I-
0: (/) 
o I-1 <H~ () + I-<t <t () 

J1 
« 2 

J2 

Figure 4-4. Actuator Driver PCA-A2, Test Point Locations 
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f. Operate the R t (Roll) key and check that the 
display indicates a displacement reading for the 
remainder of the data heads. (This may require 
some rough adjustment of the data heads.) The 
reading will appear as a head number (left side) 
and displacement reading (right side). 

I CAUTION I 
Before tightening any data or servo 
head retaining screw, the heads must 
be unloaded, using the Airpurge rou­
tine, to prevent damage to the heads 
or the media. 

g. Unload the heads using the Airpurge routine 
(ENTER, 9, 7, ENTER). 

h. Tighten the servo head retaining screw to 8 
inch-pounds. 

i. Align the data heads as described in paragraph 
4-6. 

4-6. DATA HEAD ALIGNMENT 
Data head alignment should be performed: when a 
data head is replaced, if a head offset value is outside 
the range ±40 counts, or when the disc drive self-test 
diagnostic indicates that a data head is out of align­
ment. A check of data head alignment may also be re­
quired when the servo head is replaced. To check data 
head alignment, proceed as follows: 

Note: Installation of the head alignment 
shield, part no. 07930-60198, is no 
longer required. 

a. Perform the head alignment preparation proce­
dure as outlined in paragraph 4-4. 

I CAUTION I 
Before tightening any data or servo 
head retaining screw, the heads must 
be unloaded, using the Airpurge rou­
tine, to prevent damage to the heads 
or the media. 

b. Unload the heads using the Airpurge routine 
(ENTER, 9, 7, ENTER). 

c. Check that the retaining screw for the head being 
aligned is tightened to 3 inch-pounds. 

d. Load the heads over the discs by re-entering the 
head alignment routine (ENTER, 6, 8, ENTER), 
then select the data head to be aligned. 

Alignment and Adjustment 

CAUTION 

To avoid accidental erasure of data 
the following precautions must be ob: 
served when performing manual head 
alignment: 

• Take precautions to minimize the 
likelihood of electrical discharge. 
Touch grounded metal on the disc 
drive before placing the head 
alignment tool near the carriage 
assembly. 

• Do not touch read/write PCA-A10 
with the tool. This could cause a 
ground path to the head assembly 
and erase data or alignment tracks. 

• Do not touch read/write PCA-A10 
or the head connectors when the 
heads are over the discs. 

• Ensure that the shaft of the head 
alignment tool has an insulating 
sheath. 

e. Insert head alignment tool, part no. 13354-20007, 
in the appropriate head adjustment hole and r<r 
tate the tool until the display indicates zero, ±4 
counts. 

Note: Check that when the tool is rotated 
around the zero setting, the reading 
changes from a positive value to a 
negative value or vice versa. If this 
does not occur, rotate the tool until a 
zero setting is found that satisfies 
this requirement. If the head is defec­
tive and cannot be aligned, the dis­
play will show a message. 
However, if all the heads are being 
aligned, check the alignment of other 
heads before assuming that one is de­
fective. If one or more of the data 
heads give a message, it 
may be necessary to adjust the servo 
head. Refer to paragraph 4-5 for 
details. 

CAUTION 

Before tightening any data or servo 
head retaining screw, the heads must 
be unloaded, using the Airpurge rou­
tine, to prevent damage to the heads 
or the media. 

f. Unload the heads using the Airpurge routine 
(ENTER, 9, 7, ENTER). 
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g. Tighten the data head retaining screw to 8 
inch-pounds. 

h. Load the heads over the discs by re-entering the 
head alignment routine (ENTER, 6, 8, ENTER, 
RUN). 

CAUTION 

Before aligning any head, ensure that 
the head retaining screw on the head 
to be adjusted is tightened to only 5 
inch-pounds. Damage to the carriage 
assembly, the head assembly, or the 
screw could result. 

i. Insert head alignment tool, part no. 13354-20007, 
sequentially in each head adjustment hole and 
rotate the tool until the display indicates zero, ±4 
counts for each head. Use the R+ (Roll) key to dis­
play each head offset value. 

j. Remove the emergency retract disable jumper 
wire. 

WARNING 

Be sure to remove the head align­
ment tool from the disc drive be­
fore exiting from the radial head 
alignment operation. This will 
cause the disc drive to seek to 
track 0 and perform an automatic 
head alignment. Failure to re­
move the tool may result in injury 
to the operator and damage to the 
disc drive. 

k. Key in the following program to perform random 
seeks as indicated. 

Keystroke 

ENTER 

8 
8 
ENTER 

1 
0 
0 

0 
ENTER 
ENTER 

6 
4 
ENTER 

9 
9 

4-8 

Display Remarks 

HD ALIGN 

D ALIGNS 

LOOP 

NUM = I 

NUM=/OO 

NUM=/OOO 

END= 

STEPI = 
STEP/=6 

Exit radial head align­
ment operation. 

Loop 1000 times. 

l;nt,.ijj3 Random Seek operation. 
STEP2 = 

lO.ij#l#.A#· 
51< DELAY Seek delay of 30 ms. 

ENTER 

CLEAR 
3 
o 
ENTER 
RUN 

9 

8 
ENTER 

6 

DLY=/OO 

II"' 
DLY=3 

Dl Y=30 

-"#lit4 
'111 13 

LOOP 

LOOP 9 

CLERR 

-i-§i4·EI 
....... #1IiII.O #I 

Wait until finished 
(about 1 minute). 

7933 

8 
ENTER 
RUN 

HD ALIGN Head Alignment routine. 

• 

CAUTION 

When installing the emergency re­
tract (ER) disable jumper between test 
points ERDIS and ER -36, ensure 
that no other test points are contacted 
by the jumper wire. Damage to actua­
tor driver PCA-A2 will result. 

If, while this jumper is installed, a 
RETRACT message appears on the 

alphanumeric display, a power loss 
occurs, or the spindle drive motor be­
gins to slow down, manually pull the 
heads off the disc IMMEDIATELY. 
Some resistance will be felt when the 
carriage contacts the cam towers. The 
carriage must be firmly latched in its 
unloaded position. Failure to do this 
will result in damage to the discs and 
heads. 

1. Check each head offset value to ensure that the 
heads are within the range ±12 counts. If not, 
retighten the head(s) to 5 inch-pounds, reconnect 
the emergency retract disable jumper wire and re­
peat steps e, f and g. (Same CAUTIONS apply.) 

m. Select the Airpurge command as indicated: 

Keystroke 

CLEAR 
CLEAR 
9 

7 

Display 

HD ALIGN 

STEPO=9 

AIRPURGE 

ENTER Ij";ilillI;fId:t 

Remarks 

(or _:Ji';Jij 
(or -4i'iJij 

n. While the airpurge is being performed, install the 
head contamination shield 



7933 

o. Cycle the LOAD/UNLOAD switch to UNLOAD 
(out), then LOAD (in), and allow about one minute 
for the normal sequence. 

p. When a message appears, press the 
following keys on the diagnostic keyboard to ob­
tain diagnostic program control and perform the 
radial head alignment: 

Keystroke Display Remarks 

Obtains diagnostic pro­
gram control. 

ENTER - .... #1#1.0 

6 ....... #IIiI.EI#I 

8 HD RLIGN Performs the radial head 
alignment routine. 

ENTER ;'#4; •• EI 
RUN I!l. __ m YY = head offset value 

q. Check each head offset value for a range of ±12 
counts. If the head offset value for each head is 
not within this range, remove the head contami­
nation shield, install the emergency retract dis­
able jumper wire, and repeat steps d through n. 

I CAUTION I 
After performing the head alignment 
proced ure, the emergency retract dis­
able jumper wire must be removed to 
enable the emergency retract circuitry. 
Failure to do this will result in dam­
age to the disc drive. 

r. Following successful completion of the head align­
ment procedure, remove power from the disc drive; 
then replace the card cage cover and the shroud. 

4-7. DATA SURFACE VERIFICATION 
TEST 

The data surface verification test must be performed 
each time the media module is installed in an HP 7933 
Disc Drive, and at initial site installation of an HP 
7935 Disc Drive. To perform the test, proceed as 
follows: 

a. Set the LOAD/UNLOAD switch to the LOAD (in) 
position. 

b. The disc drive will now begin an internal diagnos­
tic routine. The normal sequence of display mes­
sages will be: TESTING SPIN UP 
AIRPURGE (or PURGE ), TESTING 
and If the routine does not com­
plete, the reason will be indicated by anyone of 
the following messages: ';"'·.·'·'·W, 
':'.'MI.,.JiI!€j , '.#10.-1431;);' , "1;"I':I#I~~_--=j:r.;:'II:'~'''1I 

FAULT , .i1"_'j;_1 ,or -;;':&.1::1; ••. 

Alignment and Adjustment 

Note: The Purge portion of the internal diag­
nostic routine will require approxi­
mately four minutes to complete. 

c. Ifa TEST ERR , 'U3;-i;'" , Milill' •• , 
RESERT .i1"_.#II;_] ,or message appears, 

a message in step b persists or any other message 
appears, refer to Section V, Service Information, 
for additional information. 

d. Perform the data surface verification test de­
scribed in table 4-1. 

e. To interpret the results of the data surface verifi­
cation test, add the total number of correctable 
(COR) errors on all heads. If more than 20 correct­
able errors or ANY uncorrectable errors are gen­
erated, a further diagnostic procedure is necessary 
before releasing the disc drive for on-line opera­
tion. This procedure is described in the next step. 

Note: The following procedure requires the 
use of an external exerciser. Refer to 
the External Exerciser Reference Man­
ual, part no. 5955-3462, for details. 

f. Perform the sector sparing procedure described in 
table 4-2. 

Note: 1. The previously described "off-Hne" 
data verification test consisted of 
two read-only error rate test passes 
which automatically filled the error 
rate test error log with valid failure 
information. The first step in the 
sector sparing procedure described 
in table 4-2 is to read the error rate 
test error log (ERT LOG) to verify 
the sector locations of any errors 
that occurred during the data veri­
fication test. If ANY uncorrectable 
errors or two or more correctable 
errors are logged for any sector, 
that sector should be spared 
(SPARE). Next, a Write Then Read 
Error Rate Test (WTR ERT) is exe­
cuted and two more Read Only Er­
ror Rate Test (RO ERT) passes are 
performed to log any additional sec­
tors that need to be spared. This 
action should be continued until 
there are no repeatable errors on 
any sector in the entire volume. 

2. Media module rejection criteria for 
new media is as follows: 

The total number of spare tracks 
that are logged in the spare track 
table should be less than or equal 
to 28. For media that has been pre­
viously installed and checked for 
data integrity, the media module is 
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Keystroke 

ENTER 
7 
7 
ENTER 
RUN 
CLEAR 
6 
o 
ENTER 
8 
8 
ENTER 
2 
ENTER 
2 
ENTER 
9 
o 
ENTER 
4 
ENTER 
8 
4 
ENTER 
ENTER 
RUH 
Ri-
R+ 
R+ 
R+ 
Rt 
Rt 
Rt 
Rt 

Table 4-1. Data Surface Verification Test 

Display 

[ STEPO=] 
[ STEPO=7] 
[CLR LOGS] 
[ STEP1=] 
[CLR LOGS] 
[ STEPO=] 
[ STEPo=6] 
[RECAL ] 
[ STEP1=] 
[ STEP1=8] 
[ LOOP ] 
[ NUM=] 
[ NUM=2] 
[ END=] 
[ END=2] 
[ STEP2=] 
[ STEP2=9] 
[READ ERT] 
[ AREA=] 
[VOLUME ] 
[ STEP3=] 
[ STEP3=8] 
[ ERT LOG] 
[ HEAD=] 
[ STEP4=] 
[READ ERT] 
[HEAD 0] 
[ 2.43E 5] 
[COR n] 
[UCOR n] 
[HEAD 1] 
[ 2.43E 5] 
[COR n] 
[UCOR n] 

. 
[HEAD 12] 
[ 2.43E 5] 
[COR n] 
[UCOR n] 
[RECAL ] 
[DRIVE *] 

Remarks 

Clears all logs, including the 
error rate test error log. 

Causes the disc drive to seek 
to logical cylinder, head, 
and sector O. 

Performs the read only error 
rate test twice. The test area 
is volume (all surfaces). The 
test lasts approximately 16 
minutes. The Activity indicator 
is lit for the duration of the 
test. 

Displays the information stored 
in the error rate test error 
log. The number "2.43E 5" is 
the number of sectors 
transferred, in scientific 
notation (243,000). 

Note the number of correctable 
(COR) and uncorrectable (UCOR) 
errors recorded for each head • 

Returns the disc drive to CPU 
control. 

7933 
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to be considered good until there 
are no more spare tracks available. 
(This will be indicated by a drive 
error [DERR] 146 or 231.) 

Program command 82, Display 
Spare Tracks, using the default 
head parameter (all heads), to ver­
ify the above conditions. 

3. The number of correctable errors 
that are not repeatable (those that 
occur in only 1 or 2 read only 
passes) should not exceed seven 
errors on anyone head. If this con­
dition is not met, it is an indication 
that there is a < performance prob­
lem in the read/write path and/or 
a head crash. 

g. Check the head alignment as indicated in the fol­
lowing program. The display should indicate a 
head number and a head offset value (YY) of ±40 
counts. If the count is outside this range, perform 

Alignment and Adjustment 

the head alignment procedure outlined In para­
graph 4-4. 

Keystroke 

CLEAR 

9 
8 
ENTER 

Display 

STEPIJ= 

CLERR 

STEPD= 

6 ""#IIiI.EI#I 

Remarks 

Resets the diagnostic 
program table. 

HD RLIGN 8 Perform the radial head 
alignment routine. 

ENTER ='id.8 
RUN YY = head offset value 
R+ 
R+ 

R+ 
CLEAR 

12 YY 

HD ALIGN 

END "','" • Returns control of the 
disc drive to the CPU. 

Table 4-2. Sector Sparing Procedure 

COMMAND 

1. ERT LOG 

2. SPARE 

3. WRT ERT 

4. RO ERT 

5. SPARE 

6. Repeat com­
mands 4 and 5 
until there are 
no repeatable 
errors on any 
sector in the 
entire volume. 

PARAMETERS 

All heads. 

Defective sector(s). Spare 
retaining data. 

Loop count = 1 
Type = PT 
Area = Volume 
No offset 
Pattern Source = PT 
Output format = ADD 

Loop count = 2 
Not Random 
Test Area = volume 
No offset 
Output Format = ADD 

Any sector that needs sparing. 
Spare retaining data. 

FUNCTION 

Determines which sectors must be spared. 

Spares any sector with ANY uncorrectable errors 
or more than one correctable error. 

Writes a new pattern on all sectors and records 
any errors that occur when reading them. 

Reads two more volumes of data and logs 
any errors. 

Spare any sector that has developed ANY 
uncorrectable errors or more than one 
correctable error. 

Note: This procedure requires the use of an external exerciser. Refer to the External Exerciser Reference 
Manual, part no. 5955-3462, for details. 
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I
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~ ________________________________________________________________________ ~I I 

WARNING 

The disc drive does not contain 
operator-serviceable parts. To 
prevent electrical shock, refer all 
installation and maintenance 
activities to service-trained 
personnel. 

5-1. INTRODUCTION 
This section contains information useful for servicing 
and troubleshooting the disc drive. Included is a de­
scription of the disc drive self-test and internal diag­
nostic routines, troubleshooting hints, and details of 
the disc drive signal connections and power distribu­
tion. The information provided is for the isolation of 
malfunctions within the disc drive and not for equip­
ment external to the disc drive. 

5-2. SIGNAL CONNECTIONS 
Signal connections for the disc drive assemblies are 
shown in the disc drive wiring diagram (figure 5-19). 
Motherboard signal connections are also listed in the 
Motherboard PCA-A11 Signal Distribution List (table 
5-10). The numbers in parentheses following the peA 
reference designations identify the functional block 
diagram locations of the peA's. 

5-3. POWER DISTRIBUTION 
Power distribution information for the disc drive, with 
the exception of motherboard PCA-A11, is given in the 
disc drive wiring diagram (figure 5-19). Motherboard 
power distribution information is provided in the 
Motherboard peA-All Power Distribution List (table 
5-11). 

5-4. SYSTEM FUNCTIONAL 
DIAGRAMS 

Functional block diagrams for the disc drive circuitry 
are provided in section I of this manual. Included are 
diagrams for the microprocessor system, control panel 
system, spindle rotation system, head positioning sys­
tem, read/write system, and power distribution sys­
tem (figures 1-15 through 1-20, respectively). Each of 
the system functional diagrams is accompanied by a 
circuit description. 

5-5. PCA LAYOUT 
Figures 5-3 through 5-18 show the layout of fuses, test 
points, connections, and potentiometers on peA's Al 
through A4, A6, A8 through A14, and A17, A18, A20, 
and A21. 

5-6. INTERNAL DIAGNOSTICS 
The following paragraphs provide information on how 
a user can interact with the disc drive control panel to 
enter and interpret the disc drive internal diagnostic 
procedures. In the discussion, all display messages are 
enclosed in square brackets or outlined, for example 

STEPD= , so that an accurate representation of 
the display readout can be presented. 

The control panel (see figure 5-1) on the disc drive con­
tains a number of switches and indicators that pro­
vide an interface to the operations of the disc drive 
and its internal diagnostics. On the right, the control 
panel has two switches that permit the operator to 
load or unload a media module, or unlock the top door 
(on the HP 7935 only). Next to these controls is an 
eight-character alphanumeric display that shows the 
operating status of the drive. Normal messages on the 
display tell the operator that the disc drive is stopped, 
ready for normal operations, or that an error has 
occurred. To the right of the display is an activity 
indicator that signals when the disc drive is busy exe­
cuting commands. On the left of the control panel is a 
keypad for use in accessing the internal diagnostics of 
the disc drive. The alphanumeric display shows the 
internal diagnostic program entries and results. The 
functions of the keys on the keypad are described in 
figure 5-1. 

Under normal conditions, the disc drive receives com­
mands from the system host. At this time the host 
commands have higher priority than those entered 
from the control panel keyboard. The disc drive must 
receive permission from the host to respond to instruc­
tions entered on the control panel keyboard. The sta­
tus requests from the host will automatically update 
the display so the state of the disc drive can be easily 
determined at any time. 

Release from the host control is requested when the 
ENTER, EDIT, or CLEAR key is pressed. Once the 
CPU releases the disc drive to the control panel key­
board, or if a timeout occurs on the release request, the 
diagnostic mode is entered. The automatic release to 
the diagnostic mode because of a time out can take up 
to two seconds. If the control panel display has either 

_j;III_. or ii=4 .... §jiJ.J when the user 
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enters a command key to request release, the status 
causing the fault or error will automatically be 
displayed. 

In the diagnostic mode, the diagnostic keys give the 
commands to the internal controller. This allows test­
ing the disc drive without the need of the host for all 
operations not requiring transfers to the host. In addi­
tion, the control panel display gives more information 
relating to drive problems in diagnostic mode than 
would be otherwise displayed. 

The internal diagnostics can initiate any of the com­
mands that the host can, but do not provide for dis­
playing very much data at one time. Up to ten differ­
ent steps, numbered 0 through 9, can be entered to 
make a diagnostic program. To indicate how many 
steps have been used, the step prompt includes a 
number indicating the current step number. The pro­
cedures that can be chosen for execution are listed in 
table 5-1 and discussed in detail in paragraphs 5-10 
through 5-52. 

The diagnostic keys normally operate on the contents 
of the internal program table. Keys are provided for 
creating and editing user defined programs for the 
purpose of diagnosing the disc drive. The EDIT key 
allows the modification of the step pointer to the pro­
gram table. This means that the user can specify any 
step desired for modification or examination. 

Background diagnostics are running during drive idle 
time. This includes the time waiting for a key to be 
pressed. Background diagnostics detect the need for 
automatic head alignment, update fault logs, and run 
certain short diagnostics. 

5-2 
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There are several procedures that do not increment 
the step number. Instead, they are executed imme­
diately. An example of this is the Seek Delay proce­
dure. This feature allows the seek delay to be changed 
without changing the diagnostic program. 

After the RUN key is pressed and the diagnostic pro­
gram is executing, any command key, not numeric 
keys, will cause the program to abort at the end of the 
current step. If the procedure is displaying data, the 
R.&.key is required to display the next data or get the 
next procedure. If another command key is entered 
instead of the R.a. key, that procedure will terminate 
and process the command key entered. Pressing RUN 
again will cause the previously entered program to be 
executed again. If any execute immediate procedures 
are desired, they can be entered before pressing the 
RUN key since they do not change the program. 

If an undefined procedure number is entered, 
ILL PRO!: will be displayed for about one sec­

ond. If an error is made while entering parameters, 
ILL PRRM will be displayed for about one sec­

ond. The parameter prompt message will then be 
redisplayed. 

All the error rate tests and diagnostics automatically 
log the error results in the appropriate drive error logs. 
The other commands will abort the diagnostic pro­
gram if an error is encountered and the error number 
will be displayed. The error messages will remain 
until any command key is entered. This gives the user 
time to read the message before proceeding. Numeric 
keys will be ignored at this time. 
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DIAGNOSTIC KEY FUNCTIONS 

CLEAR 

EDIT 

END 

ENTER 

RUN 

R~(ROLL) 

o thru 9 

Notes: 

Clears the data value in the destination area, 
either the program table or the step pOinter, and 
reprompts for the desired data. 

Sets the destination area to be the step pointer. "#liD will be displayed to prompt for 
the aeslred program step value. If the step 
value is cleared, it will become the current step 
unless otherwise changed. 

Returns control of the disc drive back to the 
system host. Any log entries that have not been 
written to the disc drive will be cieared. Status 
will also be cleared so previous operations will 
not affect the host. 

Writes the current data to the destination area, 
either the program table or the step pointer. It sets 
the destination of following data to be the pro­
gram table. The parameter pointer will be incre­
mented so that the next data can be displayed. 

Causes a previously entered program to be 
executed. 

Sets the destination of foiiowing data to be the 
program table. The parameter pOinter will be in­
cremented so that the next data will be displayed. 

Digit keys. Only valid if pressed before the 
ENTER or CLEAR keys. They will be ignored if 
pressed before the R",(RolI), EDIT, RUN, or 
END keys; or the UNLOCK DOOR (7935 only) 
or LOAD/UNLOAD switches. 

( 
I 

1. The diagnostic keys operate in RPN format, that is, the numeric 
keys precede the command keys. There are three exceptions. The 
first exception is that the first key pressed before gaining control 
of the internal diagnostics is used to get release from the system 
host. Either the ENTER, EDIT, or CLEAR key can get release from 
the host. The second exception is the EDIT key. It is used to inter­
rupt the programming mode temporarily and change the step 
pointer so that a different step can be examined. The third excep­
tion is that any command key pressed while a diagnostic program 
is executing will interrupt the program and control is passed to the 
programming mode. 

2. The above key definitions simplify the internal diagnostic lan­
guage because the action of any key is independent from any pre­
vious key entry. 

3. The program table can only be changed by the ENTER or CLEAR 
keys. All other keys have no effect on the contents of the program 
table. 

4. If the ENTER key is pressed when an equals (=) sign is displayed 
with no value following it, default or undefined data will be in the 
table just as if the CLEAR key was pressed. 

GJGJ0~ 
800~ 

05J8~ 

DISPLAY MESSAGES 

Activity 
indicator 

Alphanumeric 
display 

AIRPURGE 
or 

PURGE 

BUSY 

lJERR ••• 

..,.", ... 
t 

_jilil. t 

'.' •• j;C)t 

,:,,'.'" I:. j t 

HEM FRIL 

Signals when the disc drive is busy executing 
commands. 

An eight-character display that provides mes­
sages for the operator, indicates that service is 
necessary, and shows internal diagnostic key­
board entries. Common messages are listed 
below: 

The disc drive is blowing air through the media 
module to remove any contamination. This is 
performed for two reasons: 1) the top door has 
been opened, or 2) the spindle has stopped 
after a power failure. 

The front panel controls are not available be­
cause the controller-in-charge is accessing the 
disc drive. 

The disc drive has an error corresponding to 
the number nnn listed in Table 5-8, Drive Error 
(DERR) Numbers. 

The top door is open. Close the top door. (This 
message should occur only during servicing on 
7933 Disc Drives.) 

The disc drive successfully passed all diag­
nostics and is ready for operation. (* A single 
numeral on the right is the primary port 
channel address. A secondary port channel 
address numeral will appear to the left of the 
single numeral if the disc drive is fitted with 
option 022, dual port.) 

The disc drive has a drive fault. 

The disc drive is ready for operation but the 
prefilter and/or absolute filter requires 
changing. (* A single numeral on the right is 
the primary port channel address. A secondary 
port channel address numeral will appear to 
the left of the single numeral if the disc drive is 
fitted with option 022, dual port.) 

The disc drive has a hardware fault corre­
sponding to the octal number nnn (listed in 
Table 5-5, Hardware Fault Register (HFR) 
Numbers. 

The controller memory failed. 

The sliding door on the media module is not 
fully open. Reinstall the media module. (To be 
done by qualified service-trained personnel on 
7933 Disc Drives.) 

NCMODULE A media module is not installed. Install the 
correct media module. (To be done by 
qualified service-trained personnel on 7933 
Disc Drives.) 

14i".Mlll t The fault isolation program has found a part 
defective, corresponding to part nnn listed in 
Table 5-4, Failed Part (PART) Numbers. 

RESERT 

STEPO= 

The media module did not seat correctly before 
a head load due to contamination on the 
coupling mechanism between the spindle and 
the media module. Remove and reinstall the 
media module. (To be done only by qualified 
service-trained personnel on 7933 Disc Drives.) 
If the message persists, refer to the cleaning 
procedures in section III of this manual. 

The spindle is spinning down. 

The spindle is spinning up. 

Under certain conditions, this message may 
occur after the LOAD/UNLOAD switch is 
pressed. Press the END key to place the disc 
drive in operation. 

lO-i.·1 4141 #I'. The spindle is stopped. The disc drive is 
waiting for the LOAD/UNLOAD switch or the 
UNLOCK DOOR switch (on 7935 Disc Drives 
only) to be pressed. 

TERR 1** t The diagnostic program experienced a test 
error which corresponds to the number nnn 
listed in Table 5-9, Test Error (TERR) Numbers. 

"~-j.#liJ,J t The internal diagnostic found an error. 

TESTING 

Min'!·'i"· 
UNLOCK 

The internal diagnostics are running. 

The heads are unloading. 

The UNLOCK DOOR switch on the control 
panel (7935 only) was pressed, but the top 
door did not open. Wait for five seconds and 
press the UNLOCK DOOR switch again. 

Note: A media module, part number 97933-60000, is 
used with the HP 7933 Disc Drive. 

A media module, product number 97935A, is used 
with the HP 7935 Disc Drive. 

t Indicates that service is required by qualified service-trained 
personnel. 
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OPERATOR SWITCH FUNCTIONS 

LOAD/UNLOAD 
switch 

Blank switch 
(7933 only) 

UNLOCK DOOR 
switch 
(7935 only) 

Performs the load function when set to the 
LOAD (in) position and the unload function 
when set to the UNLOAD (out) position. Before 
either operation is performed. the disc drive 
executive will request release from the system 
host to do the load or unload. The operation 
will only be done if either the host request 
times out. or the host grants release. If release 
is denied, the display will show a liUSY 
message until release is granted. If UNLOAD 
is entered by accident. pressing the switch 
back to the LOAD (in) position will cancel the 
effect of the switch if the disc drive is not ai­
ready released. Only the UNLOAD function 
can abort the LOAD function. 

If the disc drive is under diagnostic program 
control, the load and unload functions are exe­
cuted as soon as the switch is pressed. The 
contents of the diagnostic program table are 
unchanged. 

Not used in the present configuration of the 
disc drive. Inadvertent operation of the switch 

may give an M'W •• ''':Wdisplay message 
when the disc drive is in an unload condition. 

Unlocks the 7935 Disc Drive top door after the 
unload operation is completed. If the UNLOCK 
DOOR switch is pressed while the spindle is 
spinning at speed, the unlock request will be 
ignored. If the UNLOCK DOOR switch is 
pressed during a spindown cycle, the unlock 
request is saved until the spindle is stopped. 

Figure 5-1. Disc Drive Control Panel 
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Table 5-1. Internal Diagnostic Utility Command Assignments 

EXTERNAL REFER 

NUMBER UTILITY EXERCISER TO 
COMMAND COMMAND* PARAGRAPH 

Head Positioning System Commands 
60 Logical Recalibrate 5-10 
61 Seek 5-11 
62 Alternate Seek 5-12 
63 I ncremental/Decremental Seek INSK 5-13 
64 Random Seek 5-14 
65 Varying Length Alternate Seek 5-15 
66 Check Seek and Verify Times 5-16 
67 Adjust Seek Deceleration 5-17 
68 Radial Head Alignment 5-18 
69 Circumferential Head Skew 5-19 

Read/Write System Commands 
70 Read 5-21 
71 Write 5-22 
72 Transfer Length 5-23 
73 Data Pattern 5-24 
74 Spare Sector Retaining Data SPARE 5-25 
75 Spare Sector Without Retaining Data SPARE 5-26 
76 Format INIT MEDIA 5-27 
77 Clear Logs CLEAR LOGS 5-28 
78 No Verify For Seeks 5-29 
79 Set Index 5-30 

Display Utilities 
80 Display Status REQSTAT 5-32 
81 Display Fault Log FAULT LOG 5-33 
82 Display Spare Tracks 5-34 
83 Display Run Time Error Log RUN LOG 5-35 
84 Display Error Rate Test Log ERT LOG 5-36 
85 Disp!ay Board Revision REV 5-37 I 

86 Display Sensors SENSE 5-38 
87 Display Current Address 5-39 
88 Loop LOOP 5-40 

Error Rate Tests 
90 Read Only Error Rate Test RO ERT 5-42 
91 Pattern Error Rate Test 5-43 
92 Short Error Rate Test 5-44 
93 Random Error Rate Test 5-45 
94 Random Read Only Error Rate Test 5-46 

Execute Immediately Utilities 
95 Velocity Loop Test 5-48 
96 Keyboard Test 5-49 
97 Air Purge 5-50 
98 Clear Diagnostic Program 5-51 
99 Seek Delay 5-52 

*The MNEMONICS in this column refer to equivalent CS/80 External Exerciser Commands. Refer to the 

I CS/BO External Exerciser Reference Manual, part no. 5955-3462 for details. 
I 
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5-7. INTERNAL DIAGNOSTIC UTILITY COMMAND EXAMPLES 

In order to illustrate the use of the internal diagnostic 
commands, the program entry sequences for a number of typical 
programs are given below. The first example is a procedure that 
has no parameters. 

Keystrokes 

9 
8 
ENTER 
6 
o 
ENTER 
RUN 

Display 

[11111111] 
[11111119] 
[CLEAR ] 
[ STEPO=] 
[ STEPo=6] 
[RECAL ] 
[ STEP1=] 
[ RUN ] 
[RECAL ] 

Some procedures have parameters. 
target address of cylinder 1000, 

Keystrokes Display 

[11111111] 
9 [11111119] 
8 [ CLEAR ] 
ENTER [ STEPO=] 
6 [ STEPo=6] 
1 [ SEEK ] 
ENTER [ CYL=] 
1 [ CYL=l] 
0 [ CYL=10] 
0 [ CYL=100] 
0 [CYL=1000] 
ENTER [ HEAD=] 
4 [ HEAD=4] 
ENTER [ SECT=] 
9 [ SECT=91 
0 [ SECT=90] 
ENTER [ STEP1=] 
RUN [ RUN ] 

[CYL 1000] <--

[ SEEK ] 

Remarks 

Unknown display value. 

Clear diagnostic program. 
This example will cause the 
heads to recalibrate to 
logical 0, 0, o. 

This example will seek to the 
head 4, and sector 90. 

Remarks 

Unknown display value. 

Clear diagnostic program. 

Get Seek command. 

Set cylinder to 1000. 

Set head to 4. 

Set sector to 90. 

Run program. 
Displayed for the seek delay 
time. 
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It the detault values for the head and sector could be used, the 
keystrokes tor a seek to cylinder 10 would be as tollows: 

Keystrokes 

9 
8 
ENTER 
6 
1 
ENTER 
1 
o 
ENTER 
ENTER 
ENTER 
RUN 

Display 

[????????] 
[???????9] 
[CLEAR ] 
[ STEPO=] 
[ STEPo=6] 
[ SEEK ] 
[ CYL=] 
[ CYL=l] 
[ CYL=10 
[ HEAD] 
[ SECT=] 
[ STEP1=] 
[ RUN ] 
[CYL 10] <--

[ SEEK ] 

Remarks 

Unknown display value. 

Clear diagnostic program. 

Get Seek command 

Set cylinder to 10. 
Use last head. 
Use last sector. 

Run program. 
Displayed for the seek delay 
time. 

It a seek to the current cylinder and head 4 is desired, the 
keystrokes would be as follows. 

Keystrokes 

9 
8 
ENTER 
6 
1 
ENTER 
ENTER 
4 
ENTER 
ENTER 
RUN 

5-6 

Display 

[11111111] 
[11111119] 
[CLEAR ] 
[ STEPO=] 
[ STEPo=6] 
[ SEEK ] 
[ CYL=] 
[ HEAD=] 
[ HEAD=4] 
[ SECT=] 
[ STEP1=] 
[ RUN ] 
[CYL 10] <--

SEEK 

Remarks 

Unknown display value. 

Clear diagnostic program. 

Get Seek command. 
Use last cylinder. 

Set head to 4. 
Use last sector. 

Run program. 
Displayed for the seek delay 
time. 
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If it is desired to seek between cylinders 1 and 10 indefinitely, 
the keystrokes would be as follows: 

Keystrokes 

9 
8 
ENTER 
8 
8 
ENTER 
ENTER 
6 
2 
ENTER 
1 
o 
ENTER 
1 
ENTER 
RUN 

ENTER 
(or EDIT 
or CLEAR) 

Display 

[11111111] 
[11111119] 
[CLEAR ] 
[ STEPO=] 
[ STEPo=8] 
[ LOOP ] 
[ HUM=] 
[ STEP1=] 
[ STEP1=6] 
[ALT SEEK] 
[ CYL=] 
[ CYL=l] 
[ CYL=10] 
[ CYL=] 
[ CYL=l] 
[ STEP2=] 
[ RUN ] 
[CYL 10] <-­

[CYL 1] 
[CYL 10] 

[CYL 10] 
LOOP ] 

Remarks 

Unknown display value. 

Clear diagnostic program. 

Get Loop command. 
Set number of loops to infinite. 

Get Alternate Seek command. 

Set first cylinder to 10. 

Set second cylinder to 1. 

Run program. 
The display will change after 
each seek. The next seek will 
not occur until the seek delay 
time is finished. 

If it is desired to incrementally seek by two cylinders for five 
seeks starting backwards, the keystrokes would be as follows: 

Keystrokes 

9 
8 
ENTER 
8 
8 
ENTER 
5 
ENTER 
ENTER 
6 

Display 

[11111111] 
[11111119] 
[CLEAR ] 
[ STEPO=] 
[ STEPo=8] 
[ LOOP ] 
[ HUM=] 
[ HUM=5] 
[ END=] 
[ STEP1=] 
[ STEP1=6] 

Remarks 

Unknown display value. 

Clear diagnostic program. 

Get Loop command. 

Set number of loops to 5. 
Set ending step to last. 

Service Information 
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3 
ENTER 
2 
ENTER 
1 

ENTER 
RUN 

[INC SEEK] 
[ INC=] 
[ INC=2] 
[ DIR=] 
[REVERSE ] 

STEP2=] 
[ RUN ] 
[CYL 8] <--

[CYL 6] 
[CYL 4] 
[CYL 2] 
[CYL 0] 
[ LOOP ] 

Get Incremental Seek command. 

Set cylinder increment to 2. 

Set starting direction to 
reverse. 

Run program. 
The display will change after 
each seek. The next seek will 
not occur until the seek delay 
time is finished. 

If it is desired to set up some commands before the loop command, 
the keystrokes would be as follows. This example sets the 
transfer length to the number of sectors in one cylinder, then 
recalibrate to logical o. The program loops on read and 
incremental seeks. When the complete volume is read, the disc 
drive does a recalibrate. 

Keystrokes 

9 
8 
ENTER 
9 
9 
ENTER 
CLEAR 
0 
ENTER 
7 
2 
ENTER 
1 
1 
9 
6 
ENTER 
6 
0 
ENTER 
8 
8 
ENTER 
1 
3 
2 
0 

5-8 

Display 

[11111111] 
[11111119] 
[ CLEAR ] 
[ STEPO=] 
[ STEPO=9] 
[SK DELAY] 
[DLY=nnnn] 
[ DLY=] 
[ DLY=O] 
[ STEPO=] 
[ STEPO=7] 
[XFER LEN] 
[ LEN=] 
[ LEN=l] 
[ LEN=ll] 
[ LEN=119] 
[LEN=1196] 
[ STEP1=] 
[ STEP1=6] 
[ RECAL ] 
[ STEP2=] 
[ STEP2=8] 
[ LOOP ] 
[ HUM=] 
[ HUM=l] 
[ HUM=13] 
[ HUM=132] 
[HUM=1320] 

Remarks 

Unknown display value. 

Clear diagnostic program. 

Get Seek Delay command. 

Clear the old delay. 
Set seek delay to zero. 

Get Transfer Length command. 

Set transfer length to number of 
sectors in one cylinder. 

Get Recalibrate command. 

Get Loop command. 

Set loop number to 1320. 
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ENTER 
4 
ENTER 
7 
0 
ENTER 
6 
3 
ENTER 
ENTER 

ENTER 
6 
0 
ENTER 
RUN 

END=] 
END=4] 

[ STEP3=] 
[ STEP3=7] 
[ READ ] 
[ sTEP4=] 
[ STEP4=6] 
[INC SEEK] 
[ INC=] 
[ DIR=] 

[ STEP5=] 
[ STEP5=6] 
[ RECAL ] 
[ STEP6=] 
[ RUN ] 
[CYL 0] 
[CYL 1] 

[CYL 1320] 
[XFER LEN] 

<--

Set ending step to 4. 

Get Read command. 

Get Incremental Seek command. 
Set cylinder increment to 1. 
Set starting direction to 
forward. 

Get Recalibrate command. 

Run program. 
The display will change after 
each seek. The next seek will 
not occur until the seek delay 
time is finished. 

If it is desired to examine a diagnostic program after it has 
been entered, the keystrokes would be as follows: 

Keystrokes 

9 
8 
ENTER 
8 
8 
ENTER 
4 
ENTF" 
ENTER 
6 
2 
ENTER 
1 
o 
ENTER 
1 
ENTER 

Display 

[11111111] 
[11111119] 
[CLEAR ] 
[ STEPO=] 
[ STEPo=8] 
[ LOOP ] 
[ HUM=] 
[ NUM=4] 
[ END=] 
[ STEP1=] 
[ STEP1=6] 
[ALT SEEK] 
[ CYL=] 
[ CYL=l] 
[ CYL=10] 
[ CYL=] 
[ CYL=l] 
[ STEP2=] 

Remarks 

Unknown display value. 

Clear diagnostic program. 

Get Loop command. 

Set loop number to 4. 

Get Alternate Seek command. 

Set first cylinder to 10. 

Set second cylinder to 1. 

Service Information 
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To examine the program entered above, the keystrokes would be as 
follows: 

Keystrokes 

EDIT 
0 
ENTER 
Rv 
Rv 
Rv 
Rv 
Rv 
Rv 
Rv 
Rv 
Rv 
Rv 
Rv 
Rv 
Rv 
Rv 

Display 

STEP=] 
STEP=O] 

[ LOOP ] 
[NUM= 4] 
[ END=] 
[ALT SEEK] 
[CYL= 10] 
[CYL= 1] 
[ STEP2=] 
[ STEP3=] 
[ STEP4=] 
[ STEP5=] 
[ STEP6=] 
[ STEP7=] 
[ STEP8=] 
[ STEP9=] 
[ STEP9=] 

Step O. 
Parm 1. 
Parm 2. 
Step 1. 
Parm 1. 
Parm 2. 
Step 2. 
Step 3. 
Step 4. 
Step 5. 
Step 6. 
Step 7. 
Step 8. 
Step 9. 

Remarks 

Step 9 again. 

If the zero was not entered in the above sequence, the step 
number to be edited would be the current step number. In the 
preceding two examples, the current step would be step 3. 

To change step 1 from an alternate seek to an incremental seek, 
the keystrokes would be as follows: 

Keystrokes 

EDIT 
1 
ENTER 
CLEAR 
6 
3 
ENTER 
2 
ENTER 
ENTER 
RUN 

5-10 

Display 

[ STEP=] 
[ STEP=l] 
[ALT SEEK] 
[ STEP1=] 
[ STEP1=6] 
[INC SEEK] 
[ INC=] 
[ INC=2] 
[ DIR=] 
[ STEP2=] 
[ RUN ] 

Remarks 

Step 1. 
Prompt for new step 1. 

Get Incremental Seek command. 

Set increment to 2. 
Set direction to forward. 

Run new program. 
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5-8. TROUBLESHOOTING 

The disc drive incorporates a self-test set of diag­
nostics that simplify the process of diagnosing and 
locating hardware malfunctions. The diagnostics are 
capable of isolating a malfunction in a disc-based sys­
tem to the disc drive with 99 percent accuracy. Once 
the disc drive has been identified as the cause of the 
system failure, the diagnostic routines can identify 
the particular failing subassembly within the disc 
drive with 95 percent confidence. The tests performed 
include internal diagnostics and a set of utilities 
which can be run off line or with an external 
exerciser. 

The internal diagnostics (see table 5-2) are automati­
cally executed at power on. The sequence of operation 
for the power on diagnostics is shown in figure 5-2. 
Also shown in figure 5-2 are the control panel display 
messages and disc drive operating states that occur 
during the power on diagnostic sequence. The object 
of these tests is to evoke all high level operations used 
during normal drive functions to verify that each is 
completed successfully. If a subassembly has been 
identified as faulty, the tests will terminate and the 
front panel display will indicate the source of the 
problem. 

The microdiagnostic routines listed in table 5-2 test 
individual subassemblies up to the level where they 
interface with other subassemblies. The macrodiag­
nostic routines, also listed in table 5-2, involve mul­
tiple PCA testing and are generally used to test the 
interface between the PCA's. These operational tests 
deal with the performance of an entire functional sys­
tem, for example the read/write system and the head 
positioning (servo) system. 

The disc drive has two dedicated maintenance tracks 
(2 and 1026). The system logs the various results of 
some of the self-test utilities on these tracks. The logs 
include a drive fault log, a run time data error log, an 
error rate test log, and an address of spared tracks log. 
Full details of these logs are provided in paragraphs 
5-33, 5-35, 5-36, and 5-34, respectively. 

Once control is given to the control panel keyboard, 
testing of the disc drive is possible without the need of 
the host CPU. With this control, the control panel dis­
play gives information relating to drive problems. 
This includes the most probable PCA's or assemblies 
that are responsible for a test failure. 

An additional troubleshooting aid is provided by a 
CS/80 external exerciser that links the disc drive 
internal diagnostics and utility programs to service­
trained personnel. These tests include a check of the 
HP-IB channel, as well as a complete interaction of 
the disc drive with the host CPU. For a detailed 
description of the external exerciser, refer to the 
CS/80 External Exerciser Reference-Manual, part no. 
5955-3462. 

Service Information 

Table 5-2. Diagnostic Command Assignments 

NUMBER 

00 

01 

02 
03 
04 
05 

06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
1C! 
IV 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41-59 

DIAGNOSTIC 

Diagnostic Commands 
Power On DiagnostiC (same as 

Macrodiagnostics numbers 01 
through 05) 

Macrodiagnostics 
Microdiagnostics and Head Load 

(same as Microdiagnostics 
numbers 06 through 40) 

Seek Verification 
Read/Write Verification 
Read Maintenance Tracks 
Drive Verification 

Microdiagnostics 
Microprocessor 
Regulator 
Set Drive Type 
Control Panel 
Unloaded Head 
Emergency Retract No.1 
Emergency Retract NO.2 
Spindle Driver 
DMA/CDMA/Cache 
PHI 
ECC 
Formatter/Separator 
Read/Write 
Servo/Emergency Retract Interface 
Track Follower 
RWC-L signal 
SOD-L signal 
SOS-L signal 
DOUT -H sig nal 
DIN-H signal 
FOUT-H signal 
FIN-H signal 
EOS-L signal 
FUNER-L signal 
UNER-L signal 
Formatter/Separator Interface 
Track Follower SOS-L to CTC 
Up to Speed 
Emergency Retract No.3 
Servo 
Emergency Retract Speed Up 
Emergency Retract No.4 
Read/Write Fault Lines 
Emergency Retract No.5 
Actuator Driver 
Undefined 
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7933-3S4A 

5-12 

RETRACT HEADS 

Clear Variables 
Clear Display 
Tristate PCA's 

Each of the following tests is run from a table. If errors are found in the 
test, they are immediately dealt with (i.e., no further tests are done).' 

Diagnostic command 00 (power on) runs all microdiagnostics and 
macrodiagnostics. 

Diagnostic command 01 (microdiagnostics and head load) runs micro­
diagnostics only. 

MICRODIAGNOSTICS ~ DRIVE STATE 

Microprocessor .... r------- Blank 
Regulator • 
Set Drive Type • 
Control Panel .... I-------·,.liill*:I:l:tIJ.~.Ii~~I#W=_ 
Unloaded Head Check • 
Emergency Retract # 1 
Emergency Retract 112 • 
Spindle Driver ..... I-------IL.,~:i#lEl.~:!I.l!Ji/[i:w.----- Spi n ni ng begun 
DMA • or 
PHI Li#l':-.r,,:, 
ECC 
Formatter/Separator 
Read/Write 
Servo/ER 
Track Follower 
RWC-L Signal 
SOD-L Signal 
SOS-L Signal 
DOUT-H Signal 
DIN-H Signal 
FOUT-H Signal 
FIN-H Signal 
EOS-L Signal 
FUNER-L Signal 
UNER-L Signal 
Formatter/Separator 
Track Follower SOS-L to CTC 
Up to speed ..... 1----------:---------Delay while 
Emergency Retract #3 spinning up (1 min.) 
Servo 
Emergency Retract #4 ..... 1------~------- Beep heard 
Read/Write Fault Lines 
Emergency Retract #S ..... r------------- Beep heard 
Actuator Driver .. Rattle 

-41/;4<1- Air purge. then 
• Incremental Seeks 

.Di:ii*t:::ti.iA'.~~'~ ... ----- Heads loaded 

MACRO DIAGNOSTICS 

Seek Verification .... r---------------Incremental Seeks 
Read/Write Verification 
Read maintenance tracks 
Drive Verification .... r--------------- Violent Random 

'If command is received during testing. 
it is considered an ERROR 

•• Displayed only under two conditions: 
1) if drive is powered on with the spindle 
stopped. or 2) if top has been opened. 

"';",W' Seeks 

To channel routines 
that look for commands 
on HP-IB 

Figure 5-2. Power-On Diagnostic Sequence 
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5-9. HEAD POSITIONING SYSTEM COMMANDS 

5-10. LOGICAL RECALIBRATE 

NUMBER 60 

NAME : [ RECAL 

PARAMETER none 

DESCRIPTION Causes the disc drive to recalibrate, then seek 
to logical cylinder, head, and sector O. This is 
because physical cylinder 0 is a head alignment 
cylinder. 

5-11. SEEK 

NUMBER 

NAME : 

PARAMETERS 

ASSIGNED 
DEFAULTS 

OUTPUT 
DISPLAY 
FORMAT : 

DESCRIPTION 

61 

SEEK 

cylinder number t head number, sector number 

cylinder number = current cylinder 
head number = current head 
lector number c current sector 

[CYL cccc] 
where: 
cccc = logical cylinder address 

Sets the target address to the address specified 
by the cylinder, head, and sector parameters and 
initiates a seek to the target address. The 
cylinder number is displayed and the seek delay is 
initiated. If any ot the default addresses are 
used, that address remains unchanged. However, it 
any defaults are used on the first seek tollowing 
release to the control panel, those addresses will 
be set to zero. 

When the ENTER key is pressed, the cylinder will 
be prompted tor by displaying [ CYL=]. Up to 
four digits can be entered for the cylinder 
number. If an illegal cylinder is specified, [ILL 
PARM] will be displayed for approximately one 
second. This is followed by the cylinder prompt. 

When the ENTER key is pressed j the head will be 
prompted for by displaying [ HEAD=]. Up to two 
digits can be entered for the head number. If an 
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EXAMPLE 

illegal head is specified, [ILL PARM] will be 
displayed for approximately one second. This is 
followed by the head prompt. 

When the ENTER key is pressed, the sector will be 
prompted for by displaying [ SECT=]. Up to two 
digits can be entered for the sector number. If an 
illegal sector is specified, [ILL PARM] will be 
displayed for approximately one second. This is 
followed by the sector prompt. 

Set the target address to cylinder 625, head 3, 
sector 10. 

Keystrokes 

9 
8 

ENTER 
6 
1 
ENTER 
6 
2 
5 
ENTER 
3 
ENTER 
1 
o 
ENTER 
RUN 

Display Remarks 

[1111??11] <-- Unknown display value. 
[????1?19] 
[CLEAR] Clear diagnostic 

[ STEPO=] 
[ STEPo=6] 

program. 

[ SEEK] Get Seek command. 
[ CYL=] 
[ CYL=6] 
[ CYL=62] 
[ CYL=625] Set cylinder to 625. 
[ HEAD=] 
[HEAD=3] Set head to 3. 
[ SECT=] 
[ SECT=l] 
[ SECT=10] Set sector to 10. 
[ STEP1=] 
[RUN ] 
[CYL 625] <-- Display will change 

after the seek delay. 
SEEK 

5-12. ALTERNATE SEEK 

NUMBER 

HAME : 

PARAMETERS 

ASSIGNED 
DEFAULTS 

OUTPUT 
DISPLAY 
FORMAT : 

5-14 

62 

[ALT SEEK] 

cylinder A, cylinder B 

cylinder A c first logical cylinder (0) 
cylinder B c last logical cylinder (1320) 

[CYL cccc] 
where: 
cccc = logical cylinder address 
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DESCRIPTION Causes the disc drive to alternately seek from the 
first cylinder address to the second. The cylinder 
address is displayed and the seek delay is 
initiated. If the LOOP procedure is not entered at 
the beginning of the program, only the first seek 
will be done. The target head and sector addresses 
will remain unchanged. 

EXAMPLE 

When the ENTER key is pressed, the first cylinder 
will be prompted for by displaying [ CYL=]. Up 
to four digits can be entered for the cylinder 
number. If an illegal cylinder is specified, 
[ILL PARM] will be displayed for approximately one 
second. This is followed by the cylinder prompt. 

When the ENTER key is pressed, the second cylinder 
will be prompted for by the display [ CYL=]. 
The cylinder number is displayed following the 
seek, and the seek delay is initiated. The next 
time an alternate seek is initiated, the other 
cylinder address will be the target address. 

Cause the disc drive to seek between cylinder 10 
and cylinder 1, until another command key is 
pressed. 

Keystrokes 

9 
8 

ENTER 
8 
8 
ENTER 
ENTER 
6 
2 
ENTER 
1 
o 
ENTER 
1 
ENTER 
RUN 

ENTER 
(or EDIT 
or CLEAR) 

[11111111] <-- Unknown display value. 
[11111119] 
[CLEAR] Clear diagnostic 

STEPO=] 
[ STEPO=8] 
[ LOOP ] 
[ NUM=] 
[ STEP1=] 
[ STEP1=6] 
[ALT SEEK] 
[ CYL=] 
[ CYL=l] 
[ CYL=10] 
[ CYL=] 
[ CYL1=1] 
[ STEP2=] 
[RUN ] 
[CYL 10] 
[CYL 1] 
[CYL 10] 

r("lVT_ 1 nl L""...... "VJ 

[ LOOP ] 

program. 

Get Loop command. 
Get infinite looping. 

Get the Alternate Seek 
command 

Set first cylinder to 
10. 
Set second cylinder to 
1. 

<-- Display will change 
after each seek. The 
next seek will not 
occur until the seek 
delay time is 
finished. 
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5-13. INCREMENTAL/DECREMENTAL SEEK 

NUMBER 63 

NAME : [INC SEEK] 

PARAMETER cylinder increment 
initial seek direction 

ASSIGNED 
DEFAULT: cylinder increment = 1 

initial seek direction = forward 

OUTPUT 
DISPLAY 
FORMAT : [CYL cccc] 

where: 
cccc = logical cylinder address 

DESCRIPTION Causes the disc drive to seek to the logical 
cylinder plus the cylinder increment specified. 
The resulting address is masked to be within the 
range of the disc drive. If the new address is 
illegal, the seek changes direction. 

5-16 

The cylinder address is displayed and 
the seek delay is initiated. The target head and 
sector addresses will remain unchanged. If the 
loop procedure is not entered at the beginning of 
the program, only one seek will be done. 

NOTE There are certain combinations of current cylinder 
and cylinder increment that will cause illegal 
addresses for both incremental and decremental 
seeks. For this case the program will run 
normally, but seeks will not occur. For increments 
greater than 660, the seeks will not be 
incremental seeks at the specified increment. 

When the ENTER key is pressed, the cylinder 
increment parameter is prompted for by displaying 
[ INC=]. Up to four digits can be entered for the 
cylinder increment. 

When the ENTER key is pressed, the initial seek 
direction parameter is prompted for by displaying 
[DIR=]. Only one digit can be entered for the 
initial seek direction. The number will cause one 
of the following messages to be displayed. If an 
illegal initial seek direction is specified, [ILL 
PARM] will be displayed for about one second. Then 
the initial seek direction prompt will be displayed. 

The initial directions are: 0 = [FORWARD ] 
1 = [REVERSE ] 
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EXAMPLE Cause the disc drive to incrementally seek by one 
cylinder until another command key is pressed. 

Keystrokes Display Remarks 

[11111111] <-- Unknown display value. 
9 [11111119] 
8 [ CLEAR ] Clear diagnostic 

program. 
ENTER [ STEPO=] 
8 [ STEPo=8] 
8 [ LOOP ] Get Loop command. 
ENTER [ Nm1=] 
ENTER [ STEP1=] 
6 [ STEP1=6] 
3 [INC SEEK] Get Incremental Seek 

command. 
ENTER INC=] Use default increment. 
ENTER DIR=] Use default direction. 
ENTER STEP2=] 
RUN [ RUN ] 

[CYL 1] <-- Display will change 
[CYL 2] after each seek. The 
[CYL 3] next seek will not 

occur until the seek 
delay time is 
~,! _.! _'- _-1 
1 J.n;u~.u"Q. 

[CYL nnnn] 
ENTER [ LOOP ] 
(or EDIT 
or CLEAR) 

5-14. RANDOM SEEK 

NUMBER 

NAME : 

PARAMETER 

OUTPlrr 
DISPLAY 
FORMAT : 

DESCRIPl'ION 

EXAMPLE 

64 

[RND SEEK] 

none 

[CYL cccc] 
where: 
cccc = logical cylinder address 

Causes the disc drive to seek to a random 
cylinder. If the Loop procedure is not entered at 
the beginning of the program, only one random seek 
will be done. The target head and sector addresses 
will remain unchanged. 

Cause the disc drive to random seek until another 
command key is pressed. 

Service Information 
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Keystrokes Display Remarks 

[11111111] <-- Unknown display value. 
9 [11111119] 
8 [ CLEAR ] Clear diagnostic 

program. 
ENTER [ STEPO=] 
8 [ STEPO=8] 
8 [ LOOP ] Get Loop conunand. 
ENTER [ NUM=] Get infinite loops. 
ENTER [ STEP1=] 
6 [ STEP1=6] 
4 [RHO SEEK] Get Random Seek 

command. 
ENTER STEP2=] 
RUN [ RUN ] 

[CYL nnnn] <-- Display will change 
[CYL nnnn] after each seek. The 
[CYL nnnn] next seek will not 

occur until the seek 
delay time is 
finished. 

[CYL nnnn] 
ENTER [ LOOP ] 
(or EDIT 
or CLEAR) 

5-15. VARYING LENGTH ALTERNATE SEEK 

NUMBER 65 

NAME : [VLA SEEK] 

PARAMETER none 

OtrrPtrr 
DISPLAY 
FORMAT: [VLA SEEK] 

DESCRIPTION Causes the disc drive to do a max~ physical 
alternate seek. Subsequent seeks will have the 
target address one cylinder closer to the center 
of the disc address range than the 
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previous seek. This continues until the seek 
length reaches zero. At this time, the target 
addresses will start getting further apart. This 
continues until an illegal address is generated, at 
which time the cycle starts over again. This 
causes all tracks to be accessed and all possible 
lengths of seeks to be run. If the Loop procedure 
is not entered at the beginning of the program, 
only one seek will be done. The target head and 
sector addresses will remain unchanged. 
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This command does not use the same target address 
variables that the other seeks do. This is because 
two sets of addresses must be saved so that one or 
the other can be incremented or decremented as 
needed. 

5-16. CHECK SEEK AND VERIFY TIMES 

NUMBER 

NAME : 

PARAMETER 

ASSIGNED 
DEFAULT : 

OUTPUT 
DISPLAY 
FORMAT: 

66 

[VFY TIME] 

cylinder increment 
initial seek direction 

cylinder increment = 1 
initial seek direction = forward 

[ss.s v.v] 
where: 
ss.s = seek time in milliseconds 
v.v = verify time in milliseconds 

DESCRIPTION Causes the disc drive to seek to the physical 
cylinder plus the cylinder increment specified. If 
the new address is illegal, the seek changes 
direction. The seek and verify times are displayed 
and th0 se0k delay is initiated. If the loop 
procedure is not entered at the beginning of the 
program, only one seek will be done. The target 
head and sector addresses will remain unchanged. 

NOTE The timing resolution is in 100 microsecond steps. 

When the ENTER key is pressed, the cylinder 
increment parameter is prompted for by displaying 
[ INC=]. Up to four digits can be entered for 
the cylinder increment. 

When the ENTER key is pressed, the initial seek 
direction parameter is prompted for by displaying 
[ DIR=]. Only one digit can be entered for the 
initial seek direction. The number will cause one 
of the following messages to be displayed. If an 
illegal initial seek direction is specified, 
[ILL PARM] will be displayed for about one second. 
Then the initial seek direction prompt will be 
displayed. 

Initial seek directions are: 0 = [FORWARD ] 
1 = [REVERSE ] 

Service Information 
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EXAMPLE : Cause the disc drive to verify single track seeks 
until another command key is pressed. 

Keystrokes 

9 
8 

ENTER 
9 
9 

ENTER 
CLEAR 
2 
0 
0 
ENTER 
8 
8 
ENTER 

ENTER 
6 
6 

ENTER 
ENTER 
ENTER 
RUN 

ENTER 
(or EDIT 
or CLEAR) 

Display 

[11111111] 
[11111119] 
[ CLEAR ] 

[ STEPO=] 
[ STEPO=9] 
[SK DELAY] 

[DLY=nnnn] 
[ DLY=] 
[ DLY=2] 
[ DLY=20] 
[ DLY=200] 
[ STEPO=] 
[ STEPO=8] 
[ LOOP ] 
[ NUM=] 

[ STEP1=] 
[ STEP1=6] 
[VFY TIME] 

[ INC=] 
[ DIR=] 
[ STEP2=] 
[ RUN ] 
[ss.s v.v] 
[ss.s v.v] 
[ss.s v.v] 

[ss.s v.v] 
[ LOOP ] 

Remarks 

<-- Unknown display value. 

Clear diagnostic 
program. 

Get Seek Delay 
command. 

Clear old delay. 

Set seek delay to 200. 

Get Loop command. 
Use default loop 
number. 

Get Verify Seek Times 
command. 
Use default increment. 
Use default direction. 

<-- Display will change 
after each seek. The 
next seek will not 
occur until the seek 
delay time is 
finished. 

5-17. ADJUST SEEK DECELERATION 

NUMBER 

NAME : 

PARAMETERS 

OUTPUT 
DISPLAY 
FORMAT : 

5-20 

67 

[ADJ DECL] 

none 

[ Fff Rrr] 
where: 
ff = forward seek deceleration value 
rr = reverse seek deceleration value 
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DESCRIPTION Causes the disc drive to alternately seek from 
physical cylinder/l00 to physical cylinder 
1300. The seek deceleration values are displayed 
and the seek delay is initiated. It the LOOP 
procedure is not entered at the beginning of the 
program, only the first seek will be done. The 
target head and sector addresses will remain 
unchanged. The seek delay for this command is 
fixed to prevent overheating the actuator. 

5-18. RADIAL HEAD ALIGNMENT 

HUMBER 

NAME : 

PARAMETERs 

ASSIGNED 
DEFAULTs 

OUTPUT 
DISPLAY 
FORMAT: 

68 

[HD ALIGN] 

head number, alignment band number 

head number = all heads 
alignment band number = 1 (middle alignment band) 

[hh snnn] 
where! 
hh = head number 
s = sign of head offset 
nnn = head offset value measured in 6.25 

microinch steps. 

DESCRIPTION Displays the current head offset for the head 
specified so that the head can be adjusted. The 
target cylinder address will be set to the 
appropriate alignment band address. The target 
sector address will remain unchanged. 

An automatic loop feature is built into the 
procedure. This updates the display on a periodic 
basis so that the head offset readout will change 
as the head is being adjusted. A R+ (Roll) key 
entry is required to continue to the next head when 
the default head number is specified or to move to 
the next procedure when a specific head is 
specified. 

NOTE Following this procedure, automatic head alignment 
will occur. 

When the ENTER key is pressed, the head will be 
prompted for by displaying [ HEAD=]. Up to two 
digits can be entered for the head number. If an 
illegal head is specified, [ILL PARM] will be 
displayed for approximately one second. This is 
followed by the head prompt. If no head is 
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specified, all heads, in order, will have the 
alignment displayed. This facilitates a check of 
all heads. 

When the ENTER key is pressed, the alignment band 
number will be prompted for by displaying 
[ BAND=]. Only 0, 1 or 2 can be entered for the 
alignment band number. If an illegal alignment band 
is specified, [ILL PARM] will be displayed for 
approximately one second. This is followed by the 
alignment band prompt. 

NOTE During radial head alignment, background 
diagnostics are not running. This prevents 
unexpected carriage movement. 

5-19. CIRCUMFERENTIAL HEAD SKEW 

NUMBER 

NAME : 

PARAMETERS 

ASSIGNED 
DEFAULTS 

OUTPUT 
DISPLAY 
FORMAT: 

69 

[HD SKEW] 

head number, alignment band number 

head number = all heads, 
alignment band number = 1 

[hh snnn] 
where: 
hh = head number 
s = sign of head skew 
nnn = head skew value measured in 0.311 
microsecond steps. 

DESCRIPTION Displays the head skew value for the specified 
head. The target cylinder address will be set to 
the appropriate alignment band address. The target 
sector address will remain unchanged. A R. (Roll) 
key entry is required to continue to the next head 
when the default head number is specified, or to 
move to the next procedure when a specific head is 
specified. 
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NOTE: Following this procedure, automatic head alignment 
will occur. 

When the ENTER key is pressed, the head will be 
prompted for by displaying [ HEAD=]. Up to two 
digits can be entered for the head number. If an 
illegal head is specified, [Ill PARM] will be 
displayed for about one second. This is followed 
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by the head prompt. It no head is specified, all 
heads in order will have the timing displayed. 
This is to facilitate a check of all heads. 

When the ENTER key is pressed, the alignment band 
number will be prompted for by displaying 
[ BAND=]. Only 0,1 or 2 can be entered for the 
alignment band number. If an illegal alignment 
band is specified, [ILL PARM] will be displayed 
for approximately one second. This is followed by 
the aligment band prompt. 

NOTE During circumferential head skew, 
background diagnostics are not 
running. This prevents unexpected 
carriage movement. 

5-20. READ/WRITE SYSTEM COMMANDS 

5-21. READ 

NUMBER 70 

NAME : READ 

PARAMETER none 

DESCRIPTION Reads data from the disc starting from the current 
target address, for the length specified by the 
Transfer Length command, and puts the data into the 
DMA buffer. If more data is transferred than will 
fit in the buffer, the data will wrap around. Data 
is not transferred out of the DMA buffer. The data 
is not compared with anything. The internal error 
detection hardware is used to determine whether or 
not the data is correct. 

At the end of the data transfer to the DMA buffer, 
the target addresses will not be updated. This 
means that two read commands will read the same 
data. 

NOTE If the transfer length command is not part of the 
current program, data transfers will not occur. 

EXAMPLE Cause the disc drive to read cylinder 125 twenty 
times. 

Keystrokes 

9 
8 

Display Remarks 

[11111111] <-- Unknown display value. 
[11111119] 
[CLEAR] Clear diagnostic 

program. 

Service Information 
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ENTER [ STEPO=] 
9 [ STEPo=9] 
9 [SK DELAY] Get Seek Delay command. 
ENTER [DLY=nnnn] 
CLEAR [ DLY=] Clear the old delay. 
0 [ DLY=O] Set seek delay to zero. 
ENTER [ STEPO=] 
7 [ STEPO=7] 
2 [XFER LEN] Get Transfer Length 

command. 
ENTER LEN=] 
1 LEN=l] 
1 [ LEN=ll] 
9 [ LEN=119] Set length to 
6 [LEN=1196] a full cylinder. 
ENTER [ STEP1=] 
8 [ STEP1=8] 
8 [ LOOP ] Get Loop command. 
ENTER [ NUM=] 
2 [ NUM=2] 
0 [ NUM=20] Set loop number to 20. 
ENTER [ END=] Set ending step to 

end. 
ENTER [ STEP2=] 
6 [ STEP2=6] 
1 [ SEEK ] Get Seek command. 
ENTER [ CYL=] 
1 [ CYL=l] 
2 [ CYL=12] 
5 [ CYL=125] Set cylinder to 100. 
ENTER [ HEAD=] 
0 [ HEAD=O] Set head to O. 
ENTER [ SECT=] 
0 [ SECT=O] Set sector to O. 
ENTER [ STEP3=] 
7 [ STEP3=7] 
0 [ READ ] Get Read command. 
ENTER [ STEP4=] 
RUN [ RUN ] Run program. 

[CYL 125] <-- Display will remain 
[XFER LEN] until test is 

completed. 

5-22. WRITE 

NUMBER 71 

NAME : [ WRITE 

PARAMETER none 

DESCRIPTION Writes to the disc starting from the current 
target address and for the length specified by the 
Transfer Length command. The data to be written 
will start at the belinning of the DMA buffer. It 
the transfer length is longer than the DMA bufter, 
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the buffer will wrap around. If the Define Data 
Pattern command did not precede the write, the 
previous contents of the DMA buffer will be used 
for data. 

At the end of the data transfer to the DMA buffer, 
the target addresses will not be updated. This 
means that two successive write commands will write 
the same sectors. 

HOTE If the transfer length command is not part of the 
current program, data transfers will not occur. 
This will help prevent accidental writes. 

EXAMPLE Cause the disc drive to write surface 5 with a 
specified pattern. 

Keystrokes 

9 
8 

ENTER 
9 
9 
Eh"'TER 
CLEAR 
o 

ENTER 
7 
2 

ENTER 
9 
2 
ENTER 
7 
3 

ENTER 

ENTER 
6 
1 
ENTER 
o 
ENTER 
5 
ENTER 
ENTER 
8 
8 

Display Remarks 

[11111111] <-- Unknown display value. 
[11111119] 
[CLEAR] Clear diagnostic 

[ STEPO=] 
[ STEPO=9] 
[SK DELAY] 
[DLY=nnnnj 
[ DLY=] 
[ DLY=O] 

[ STEPO=] 
[ STEPo=71 
[XFER LEN] 

[ LEN=] 
[ LEN=9] 
[ LEN=92] 
[ STEP1=] 
[ STEP1=7] 
[DATA PAT] 

[ PATT=%] 

[ STEP2=] 
[ STEP2=6] 
[ SEEK ] 
[ CYL=] 
[ CYL=O] 
[ HEAD=] 
[ HEAD=5] 
[ SECT=] 
[ STEP3=] 

STEP3=8] 
LOOP ] 

program. 

Get seek delay. 

Clear old delay. 
Set seek delay to 
zero. 

Get Transfer Length 
command. 

Set length to 
a full track. 

Get data pattern 
command. 
Set the default 
pattern. 

Get Seek command. 

Set cylinder to o. 

Set head to 5. 
Use last sector. 

Get Loop command. 

Service Information 
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ENTER 
1 
3 
2 
0 

ENTER 
ENTER 
1 
1 
ENTER 
6 
3 

ENTER 
ENTER 
ENTER 
RUN 

NUM=] 
NUM=l] 

[ NUM=13] 
[ NUM=132] 
[NUM=1320] 

END=] 
[ STEP4=] 
[ STEP4=71 
[ WRITE ] 
[ STEP5= ] 
[ STEP5=6] 
[INC SEEK] 

INC=] 
DIR=] 

STEP6=] 
[ RUN ] 
[CYL 1] 
[CYL 2] 

[CYL 1320] 
[XFER LEN] 

5-23. TRANSFER LENGTH 

HUMBER 72 

NAME : [XFER LEN] 

PARAMETER length in sectors 

ASSIGNED 
DEFAULT : length in sectors = 0 

Set loop number to 
1320. 
Set ending step to end. 

Get Write command. 

Get Incremental Seek 
command. 

Run program. 
<-- Display will change 

after each seek. 

DESCRIPTION Sets the data transfer length to the length 
parameter, that is, the number of sectors to 
transfer. The transfer length parameter will be 
prompted for by displaying [ LEN=]. Up to four 
digits can be entered for the transfer length. If 
the transfer length procedure is not used in the 
current program containing the read or write 
commands, the transfer length will be set to zero 
so data transfers will not occur. 

Note: The transfer length for a track is 92 
sectors. The transfer length for a cylinder 
is 1196 sectors. 

5-24. DATA PATTERN 

HUMBER 73 

NAME : [DATA PAT] 

PARAMETER 16 - bit octal pattern 

5-26 
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ASSIGNED 
DEFAULT: 16 bit octal pattern = %177777 (all ones) 

DESCRIPTION Sets the contents of the DMA buffer to the 16-bit 
octal pattern specified in the pattern parameter. 
When the ENTER key is pressed, the pattern will be 
prompted for by displaying [ PATT=%]. The percent 
symbol is a reminder that this number is octal. Up 
to six octal digits can be entered, although only 
the last 16 bits will be used for the data pattern. 
If less than six digits are entered, the leading 
bits will be zero. The data pattern is checked for 
octal errors when it is entered from the keyboard. 

When release is granted to the HIO, the data 
pattern is set to all ones for data security. 

5-25. SPARE SECTOR RETAINING DATA 

NUMBER 74 

NAME : [ SPARE 

PARAMETERS cylinder, head, sector 
spare type number 

ASSIGNED 
DEFAULTS cyl,head,sect,- no parameter = no operation 

DESCRIPTION Spares the sector pointed to by the target 
cylinder, head, and sector parameters. The data for 
the sector to be spared is lost. The data for the 
remainder of the track is saved. This is the normal 
spare command. If the sector to be spared can not 
be verified, this command will not work. The Spare 
Without Retaining Data command must be used. 

If the default parameters are used, [NO DEFLT] will 
be displayed for approximately one second. This is 
followed by the procedure prompt. In this manner, 
the user must explicitly specify where the sector 
to be spared is located. This helps prevent accidental 
writes to the disc. After the spare, the status is 
cleared since sparing changes certain parameters in 
status. 

When the ENTER key is pressed, the cylinder will be 
prompted for by displaying [ CYL=]. Up to four 
digits can be entered for the cylinder number. If 
an illegal cylinder is specified [ILL PARM] will be 
displayed for approximately one second. This is 
followed by the cylinder prompt. 

When the ENTER key is pressed, the head will be 
prompted by displaying [ HEAD=]. Up to two digits 
can be entered for the head number. If an illegal 

5-27 



Service Information 

head is specified, [ILL PARM] will be displayed for 
approximately one second. This is followed by the 
head prompt. 

When the ENTER key is pressed, the sector will be 
prompted for by displaying [ SECT=]. Up to two 
digits can be entered for the sector number. If an 
illegal sector is specified, [ILL PARM] will be 
displayed for approximately one second. This is 
followed by the sector prompt. 

5-26. SPARE SECTOR WITHOIJT RETAINING DATA 

HUMBER 75 

lAME : [SPR NDAT] 

PARAMETERS cylinder, head, sector 
spare type numb.r 

ASSIGNED 
DEFAULTS cyl,head,sect,- no param.t.r • no operation 

DESCRIPTION Spares the sector pointed to by the target 
cylinder, head, and sector parameters. The data tor 
the entire track is lost. This command allows 
sparing of sectors that cannot be verified. 

5-28 

If the default parameters are used, [NO DEFLT] will 
be displayed for approximately one second. This is 
followed by the procedure prompt. In this manner, 
the user must explicitly specify where the sector 
to be spared is located. This helps prevent accidental 
writes to the disc. After the spare, the status is 
cleared since sparing changes certain parameters in 
status. 

When the ENTER k.y i. pr •••• d, the cylinder will be 
prompt.d tor by di.playinc [ CYLa]. up to tour 
dicit. can be .nt.red tor the cylind.r number. It 
an illegal cylinder is .peciti.d [ILL PARM] will be 
di.play.d tor approximat.ly on ••• cond. This is 
tollow.d by the cylinder prompt. 

When the ENTER key is pr •••• d, the head will be 
prompted by displaying [ HEAD=]. Up to two dicit. 
can be entered tor the head number. It an ill.,al 
head is 'pecitied, [ILL PARM] will be displaY.d tor 
approximatelY one .econd. Thi. i. tollow.d by the 
head proapt. 

When the ENTER key is press.d, the sector will be 
prompted tor by displaying [ SECT=]. Up to two 
di,it. can be entered tor the sector number. It an 
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illegal sector is specified, [ILL PARM] will be 
displayed for approximately one second. This is 
followed by the sector prompt. 

5-27. FORMAT 

NUMBER 76 

NAME : [ FORMAT 

PARAMETERS 

ASSIGNED 
DEFAULTS 

OtfrPUT 
DISPLAY 
FORMAT : 

type number 
clear number 

format type - no parameter = no operation 
clear - no parameter = no operation 

[PCYLcccc] 
where: 
PYCL = physical cylinder addresses 
cccc = cylinder number 

DESCRIPTION Uses the clear parameter, telling whether 
to clear the user defined spare tracks or not in 
reformatting the disc drive. The interleave cannot 
be changed from the control panel. The default and 
clear parameters are not allowed. This requires 
the user to explicitly specify the use of the 
current spare tracks to prevent accidental writes. 

Logical formats verify that the heads are on the 
correct track before writing. It is recommended 
that after a logical format, the Pattern Error 
Rate test be run for sufficient time to find 
defects in the media again. Once format is start­
ed, it cannot be interrupted from the control 
panel. On the disc drive, the format command 
takes about 15 minutes to complete. 

Maintenance Track Format (MNT TRK) will reformat 
only the maintenance tracks without affecting 
spares or user data. 

When the ENTER key is pressed, the type of format 
will be prompted for by displaying [ TYPE=]. Only 
one digit can be entered for the type. The number 
will cause one of the following messages to be 
displayed. If an illegal type is specifed, 
[ILL PARM] will be displayed for approximately one 
second. Tnis is followed by the type prompt. If the 
default parameter is used, [NO DEFLT] will be 
displayed for about one second. The step prompt 
will then be displayed. 

Service Information 
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The types are: 0 = [LOGICAL] 
1 = [MNT TRK] 

If logical formats were selected when the ENTER key 
is pressed, the clear parameter will be prompted 
for by displaying [ CLEAR=]. Only one digit can be 
entered for the clear parameter. The number will 
cause one of the following messages to be 
displayed. If an illegal clear parameter is 
specifed, [ILL PARM] will be displayed for 
approximately one second. This is followed by the 
clear parameter prompt. If the default parameter is 
used, [NO DEFLT] will be displayed for about one 
second. The step prompt will then be displayed. 

The clear values are: 0 = [USE TRKS] 
1 = [CLR TRKS] 

5-28. CLEAR LOGS 

NUMBER 77 

NAME : [CLR LOGS] 

PARAMETER none 

DESCRIPTION Clears the fault log, the run time error log, and 
the error rate test log for all heads. 

5-29. NO VERIFY FOR SEEKS 

NUMBER 78 

NAME : [NOVERIFY] 

PARAMETER none 

DESCRIPTION Causes the drive firmware to not verify the target 
cylinder address at the end of the seek. If the no 
verify procedure is not part of the current 
program, the target address will be verified at the 
end of each seek. 

The no seek verify command needs to be entered into 
the program before the seek so that the seek will 
not automatically verify. 

5-30. SET INDEX 

NUMBER 79 

NAME : [SET INDX] 

PARAMETER none 
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DESCRIPTION Causes the drive electronics to generate the index 
pulse preceeding the target logical sector 
specified by the last seek co~~and. If the set 
index procedure is not part of the current program, 
the index pulse will occur at an undefined sector. 

The Set Index command needs to be entered into the 
program before the seek so that at the end of the 
seek the index pulse can be generated in the 
correct place. The waveform for the position of 
the index pulse with respect to the target sector 
is shown below. 

Index ' ___ I 

Sectors __ ( T-2 )_(_T-_1_)_(Target )_(_T_+l_,)_ 

5-31. DISPLAY UTILITIES 

5-32. DISPLAY STATUS 

NUMBER 

NAME : 

PARAJ.fETER 

OUTPUT 
DISPLAY 
FORMAT : 

80 

[ STATUS 

none 

[STSn~sss] 
where: 
n = status byte number 
sss = octal status value as listed in Table 5-3, 
Status Buffer Values 

[CYL cccc] 
where: 
cccc = logical cylinder number 

[HEAD nn] 
where: 
nn = head number 

[SECT nn] 
where: 
nn = sector number 

[PART nnj 
where: 
nn = failed part number as listed in Table 5-4, 
Failed Part (PART) Numbers. 
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[DERR nnn] or [TERR nnn} 
where: 
nnn = error number found in Table 5 -8 , Drive Error 
(DERR) Numbers or Table 5-9, Test Error (TERR) 
Numbers. 

[HFR ~] 
where: 
nnn = Hardware Fault Register contents in octal as 
listed in Table 5-5, Hardware Fault Register (HFR) 
Humbers. 

DESCRIPTION Displays the contents of the status buffer. Up to 
eight values of status can be displayed (table 
5-3). If a particular status byte is zero, it will 
not be displayed. The status values are displayed 
in octal so that the different values can be added 
since more than one bit in a particular status byte 
can be set. Status is cleared after the last statuI 
message is displayed. A Rv (ROLL) key entry is 
required to continue to the next displayed value or 
to the next program step if it is the last value. 
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Following the status b,ytes, other information may 
also be displayed, depending upon which status bits 
are set. If status shows that an address is 
included, the CYL, HEAD and SECT messages will be 
displayed. If there are any drive faults, the DERR 
message (table 5-8) will be displayed for up to 4 
faults. If the diagnostic failed, the PART (table 
5-4) and TERR (table 5-9) messages will show the 
failed part number(s) and the error(s) that caused 
it. 
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Table 5-3. Status Buffer Values Table 5-4. Failed Part (PART) Numbers 

NUMBER VALUE 1 I NUMBER FAilED PART 

Reject Status Byte 0 
STS1%OO1 Received illegal address 
STS1%002 Received illegal unit or volume address 
STS1%004 Received unrecognized opcode 
STS1%040 Received command without odd parity 

1 Reg ulator PCA-A 1 
2 Actuator Driver PCA-A2/Emergency 

Retract PCA-A20 
3 Servo PCA-A3 
4 Microprocessor PCA-A4 
5 DMA No.2 or Cache PCA-A5 

Reject Status Byte 1 
STS1%010 Wrong execution message length 
STS1%040 Message sequence violation 
STS1%100 Received parameter of wrong value 
STS1%200 Parameter exceeded device maximum 

6 DMA No.1 or COMA PCA-A6 
8 Formatter/Separator PCA-A8 
9 Track Follower PCA-A9 

10 Read/Write PCA-A 10 
11 Motherboard PCA-A 11 
12 Spindle Driver PCA-A 12 

Fault Status Byte 0 
STS2%002 Unit hardware fault 

13 Rectifier PCA-A 13 
14 Control Panel PCA-A 14 

STS2%020 Controller Hardware fault 17 HP-IB PCA-A17 
18 Actuator Status PCA-A 18 

Fault Status Byte 1 
STS3%001 Retransmit command 

19 Module Detect PCA-A19 
20 Data head 0 

STS3%002 Recovered from power failure 
STS3%010 Release required for internal 

maintenance 

21 Data head 1 
22 Data head 2 
23 Data head 3 

STS3%020 Release requested for diagnostics 
STS3%040 Release required for operator 
STS3%200 Diagnostic failed 2 

24 Data head 4 
25 Data head 5 
26 Data head 6 
27 Data head 7 

Access Status Byte 0 
STS4%004 The block has not been written 

28 Data head 8 
29 Data head 9 

STS4%010 Volume is write protected 
STS4%020 Unit is not ready for access 
STS4%040 No spare trcks avaiiabie 
STS4%100 Uninitialized media 

30 Data head 10 
31 Data head 11 
32 Data head 12 
33 Servo head 

STS4%200 11.legal parallel operation 34 not assigned 
35 Media module 

Access Status Byte 1 
STS5%010 Attempt to transfer past end of volume 
STS5%020 Attempt to transfer past end of file 
STS5%100 Unrecoverable data3 

36 Actuator coil connector 
37 Fan 
38 Tachometer 
39 Spindle motor 

STS5%200 Unrecoverable data overflow 40 Actuator +36V fuse, F540 
41 Actuator -30V fuse, F550 

Information Status Byte 0 
STS6%010 Latency induced for slow data transfer 
STS6%020 Only one spare track remaining 

42 Spindle +36V fuse, F590 
43 Spindle -36V fuse, F580 
44 Air filters 

STS6%040 Request release for internal maintenance 
STS6%100 Request release for diagnostics 
STS6%200 Request release for operator Table 5-5. Hardware Fault Register (HFR) Numbers 

Information Status Byte 1 NUMBER HARDWARE FAUL T1 
STS7%004 Error and fault logs are full 
STS7%020 Latency induced to correct data3 

STS7%040 Marginal data3 

STS7%100 Recoverable data overflow 

HFR%001 Spindle speed is down 
HFR%002 Heads are off track 
HFR%010 Track follower phase lock loop error 
HFR%020 Top door is open 
HFR%040 Emergency retract is set 

1 Messages are bit significant; more than one bit HFR%100 Power failure 

can be set per byte. HFR%200 Read/write fault 

2 Failed part numbers and errors follow. 
3 An address follows. 

1 Messages are bit significant; more than one bit 
can be set per byte. 
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5-33. DISPLA Y FAULT LOG 

NUMBER 81 

NAME : 

PARAMETER 

OUTPUT 
DISPLAY 
FORMAT : 

[FLT LOG ] 

none 

[DERR nnn] or [TERR nnn] 
where: 
nnn = error number 

[HFR %rum] 
where: 
nnn = Hardware Fault Register contents in octal 
found in Table 5-5, Hardware Fault Register (BFR) 
Numbers. 

DESCRIPTION Displays the error numbers from the fault log in 
reverse chronological order. In other words the 
last error is the first to be displayed. If there 
are no errors in the log, nothing will be 
displayed. A Rv (Roll) key entry is required to 
continue to the next displayed value or to the next 
program step if it is the last value. 

5-34. DISPLAY SPARE TRACKS 

lftJMBER 

NAME : 

PARAMETER 

ASSIGNED 
DEFAULT 

OUTPUT 
DISPLAY 
FORMAT : 

DESCRIPTION 

5-34 

82 

[DSP SPRS] 

head number 

head number = all heads 

[hh cccc] or [hh NONE] 
where: 
hh = head number 
cccc = cylinder number 

Reads the spare track table for the specified 
head. The head and cylinder numbers for the spare 
tracks will be displayed. If the default head is 
used, the spare tracks for all heads will be 
displayed. A Rv (Roll) key entry is required to 
continue to the next displayed value or to the next 
program step if it is the last value. 
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When the ENTER key is pressed. the head number will 
be prompted for by [ HEAD=] being displayed. Up 
to two digits can be entered tor the head number. 
If an illegal head number i8 specified. [ILL PARM] 
will be displayed for about one second. This is 
followed by the head prompt. 

5-35. DISPLAY RUN TIME ERROR RATE LOG 

NUMBER 

NAME : 

PARAMETER 

ASSIGNED 
DEFAULT 

OUTPUT 
DISPLAY 
FORMAT : 

83 

[ERR LOG ] 

head number 

head number = all heads 

[HEAD nn] 
where: 
nn = head number 

[ s.ssEee] 
where: 
s.ssEee = number of sectors transferred expressed 
in scientific notation 

[CORnnnnn] 
where: 
nnnnn = number of correctable errors 

[UCOR nnn] 
where: 
nnn = number of uncorrectable errors 

DESCRIPTION Reads the run time error log for the head 
specified. If the default head is specified, the 
error rate for all the heads will be displayed. 
Four entries will be displayed for each head. First 
is the head number, followed by the number of 
sectors transferred, followed by the number of 
correctable errors, followed by the number of 
uncorrectable errors. A Rv (Roll) key entry is 
required to continue to the next displayed value or 
to the next program step if it is the last value. 

Correctable errors in the RUN LOG are actually a 
count of the times that a Single Read Retry was in­
duced to correct the data. If more than one retry 
was required, it is logged in the uncorrectable 
count. ECC correctable errors are ignored. 

When the ENTER key is pressed, the head will be 
prompted for by displaying [ HEAD=]. Up to two 
digits can be entered for the head number. If an 

Service Information 
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illegal head is specified, [ILL PARM] will be 
displayed for about one second. This is followed by 
the head prompt. 

5-36. DISPLAY ERROR RATE TEST ERROR LOG 

NUMBER 

NAME : 

PARAMETER 

ASSIGNED 
DEFAULT 

OUTPUT 
DISPLAY 
FORMAT : 

84 

[ERT LOG ] 

head number 

head number = all heads 

[HEAD nn] 
where: 
nn = head number 

[ s.ssEee] 
where: 
s.ssEee = number of sectors transferred in 
scientific notation 

[CORnnnnn] 
where: 
nnnnn = number of correctable errors 

[UCOR nnn] 
where: 
nnn = number ot uncorrectable errors 

DESCRIPTION Reads the error rate test 101 tor the head 
specified. If the detault head is specitied, the 
error rate tor all the heads will be displayed. 
Four entries will be displayed tor each head. First 
is the head number, tollowed by the number ot 
sectors transferred, followed by the number ot 
correctable errors, followed by the number ot 
uncorrectable errors. A Rv (Roll) key entry is 
required to continue to the next displayed value or 
to the next program step it it is the last value. 

5-36 

When the ENTER key is pressed, the head will be 
prompted tor by displaying [ HEAD=]. Up to two 
digits can be entered for the head number. If an 
illegal head is specified, [ILL PARM] will be 
displayed for about one second. This is followed by 
the head prompt. 
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5-37. DISPLA Y BOARD REVISION 

NUMBER 

NAME : 

ASSIGNED 
DEFAULT 

OUTPUT 
DISPLAY 
FORMAT : 

85 

[REV CODE] 

part number 

part number = all parts 

[pp aa-r] or [pp NONE] 
where: 
pp = part number found in table 5-6, Revision Code 

part numbers 
aa = major revision (all ROMs replaced) 

r = minor revision (ROMs replaced individually) 

DESCRIPTION Reads the revision register for the part number 
specified, formats the data, and displays it. If 
the part is not specified, all parts in order, will 
have the revision displayed. This is to facilitate 
a rapid check of all parts. A Rv (Roll) key entry 
is required to continue to the next displayed value 
or to the next program step if it is the last 
value. 

When the ENTER key is pressed, the part will be 
prompted for by displaying [ PART=]. Up to two 
digits can be entered for the part number. If an 
illegal part is specified, [ILL PARM] will be 
displayed for about one second. This is followed by 
the part prompt. 

5-38. DISPLAY SENSORS 

NUMBER 

NAME : 

PARAMETER 

ASSIGNED 
DEFAULT 

OUTPUT 
DISPLAY 
FORMAT : 

86 

[DSP SENS] 

sensor number 

sensor number = all sensors 

[n GOOD] or [n BAD] for the pressure sensors 
[n vvvC] for the temperature sensors 
where: 
n = sensor number 
vvv = temperature in celsius 
c = celsius 

Service Information 
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[BFR ~] for hardware fault register. 
where: nnn=hardware fault register contents in 

octal as listed in Table 5-5, Hardware 
Fault Register numbers. 

[RWFR ~] for the read/write fault register 
contents listed in Table 5-7, Read/Write 
Fault Register Numbers. 

DESCRIPTION Reads the value of the sensor specified. If the 
sensor is a temperature sensor, it converts the 
temperature to Celsius, and displays it. If a 
pressure sensor is specified, the display will 
indicate if the pressure is good or bad. If the 
sensor is not specified, all sensors, in order, 
will have their values displayed. This is to 
facilitate a rapid check of all sensors. A Rv 
(Roll) key entry is required to continue to the 
next displayed value or to the next program step if 
it is the last value. 

When the ENTER key is pressed, the sensor will be 
prompted for by displaying [ SENSOR=]. Only one 
digit can be entered for the sensor number. The 
number will cause one of the following messages to 
be displayed so that the user can verify that the 
correct sensor was selected. If an illegal sensor 
is specified, [ILL PARM] will be displayed for 
about one second. This is followed by the sensor 
prompt. 

The sensors are: 0 = Not Assigned 
1 = [ FILTER ] 
2 = [EXIT AIR] 
3 = [ACTUATOR] 
4 = [HDWR FLT] 
5 = [RWFR FLT] 

5-39. DISPLAY CURRENT ADDRESS 

5-38 

NUMBER 

NAME : 

PARAMETER 

OUTPUT 
DISPLAY 
FORMAT : 

87 

[DSP ADDR] 

none 

[CYL cccc] or [PCYLcccc] 
where: 
CYL = logical cylinder addresses 
PCYL = physical cylinder addresses 
cccc = cylinder number 
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[HEAD nn] 
where: 
nn iii head number 

[SECT nn] 
where: 
nn ;: sector number 

DESCRIPTION Displays the current cylinder, head, and sector 
addresses. The physical address will be displayed 
when the current cylinder was specified as a 
physical target address rather than logical. A Rv 
(Roll) key entry is required to continue to the 
next displayed value or to the next program step if 
it is the last value. 

5-40. LOOP 

NUMBER: 

NAME: 

PARAMETER 

A.BSI GNED 
DEFAULT : 

DESCRIPTION 

88 

Loop 

loop number 
ending step number 

loop number = infinite looping 
ending step number = 9 

Causes the diagnostic program to loop the 
specified n~~ber of times. The loop procedure c~~ 
only be used once per program. Otherwise [LOOP ERR] 
will be displayed for about one second and then the 
step prompt will be redisplayed. If the default 
loop number is used, the step prompt will not be 
displayed. There is no way to execute non-loop 
commands after the infinite loop is completed. The 
only way to get out of an infinite loop is by 
getting an error or pressing a command key. 

When the ENTER key is pressed, the loop number will 
be prompted for by displaying [ NUM=]. Up to 
four digits can be entered for the loop number. 

If a specific loop number was entered when the 
ENTER key is pressed, the ending step 
number will be prompted for by displaying 
[ END=]. Only one digit can be entered for the 
ending step number. If the ending step number is 
not specified, it will be set to step 9. This 
causes the remainder of the program to be part ot 
the loop. 

Service Information 
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5-41. ERROR RATE TESTS 

5-42. READ ONLY ERROR RATE TEST 

NUMBER 90 

NAME : [READ ERT] 

PARAMETER test area number 

ASSIGNED 
DEFAULT : test area number - no parameter = no operation 

DESCRIPTION Runs the Read Only Error Rate Test with the test 
area specified. The starting address for the test 
needs to be specified using any of the seek 
commands. The error information is logged in the 
Error Rate Test error log. 

EXAMPLE 

5-40 

When the ENTER key is pressed, the area will be 
prompted for by displaying [ AREA=]. Only one 
d.igi t can be entered for the test area. The number 
will cause one of the following messages to be 
displayed. If an illegal test area is specified, 
[ILL PARM] will be displayed for about one second. 
Then the test area prompt will be displayed. 

The test areas are: 0 = [ SECTOR ] 
1 = [ TRACK ] 
2 = [CYLINDER] 
3 = [SURFACE] 
4 = [ VOLUME ] 

Cause the disc drive to run the read only error 
rate test 20 times on cylinder 100, head 4, sector 
25. 

Keystrokes Display Remarks 

[????????] <-- Unknown display value. 
9 [???????9] 
8 [ CLEAR ] Clear diagnostic 

program. 
ENTER [ STEPO=] 
6 [ STEPo=6] 
1 [ SEEK ] Get Seek command. 
ENTER [ CYL=] 
1 [ CYL=l] 
0 [ CYL=10] 
0 [ CYL=100] Set cylinder to 100. 
ENTER [ HEAD ] 
4 [ HEAD 4] Set head to 4. 
ENTER [ SECT=] 
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2 [ SECT=2] 
5 [ SECT=25] Set sector to 25. 
ENTER [ STEP1=j 
8 [ STEP1=8] 
8 [ LOOP ] Get Loop command. 
ENTER [ NOM=] 
2 [ NUM=2] 
0 [ NUM=20] Set loop number to 20. 
ENTER [ END=] Set ending step to end. 
ENTER [ STEP2=] 
9 [ STEP2=9] Get Read Only 
0 [READ ERT] Error Rate Test. 
ENTER [ AREA=] Set test area 
0 [ SECTOR ] to sector. 
ENTER [ STEP3=] 
RUN [ RUN ] Run program. 

[READ ERT] <-- Display will remain 
[ SEEK ] until test is 

completed. 

5-43. PATTERN ERROR RATE TEST 

NUMBER 

NAME : 

PARAMETERS 

.ASSIGNED 
DEFAULTS 

DESCRIPTION 

91 

[PATT ERT] 

data source number, test area number 

data source number - no parameter = no operation 
test area number - no parameter = no operation 

Runs the Pattern Error Rate Test with the data 
source, test area and offset flag parameters 
specified. The default data source is not allowed. 
This requires the user to explicitly specify the 
source of the data to be written to prevent 
accidental writes. The starting target address for 
the test needs to be specified using any of the 
seek commands. The error information is logged in 
the Error Rate Test error log. 

When the ENTER key is pressed, the data source will 
be prompted for by displaying [ DATA=]. Only one 
digit can be entered for the data source. The 
number will cause one of the following messages to 
be displayed. If the user pattern is desired, it 
must be previously defined with the Data Pattern 
procedures or else the last data pattern will be used. 

The data sources are: 0 = [PATT TBL] 
1 = [USER PAT] 
2 = [RND PATT] 
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EXAMPLE- 1 

5-42 

When the ENTER key is pressed, the area will be 
prompted for by displaying [ AREA=]. Only one 
digit can be entered for the test area. The number 
will cause one of the following messages to be 
displayed. If an illegal test area is specified, 
[ILL PARM] will be displayed for about one second. 
Then the test area prompt will be displayed. 

The test areas are: 0 = [ SECTOR ] 
1 = [ TRACK ] 
2 = [CYLINDER] 
3 = [SURFACE ] 
4 = [ VOLUME ] 

Cause the disc drive to run the Pattern Error Rate 
Test five times on cylinder 100 using patterns from 
the pattern table. 

Keystrokes Display Remarks 

[111??11?] <-- Unknown display value. 
9 [11111119] 
8 [ CLEAR ] Clear diagnostic 

program. 
ENTER [ STEPO= ] 
6 [ STEPo=6] 
1 [ SEEK ] Get Seek command. 
ENTER [ CYL=] 
1 [ CYL=l] 
0 [ CYL=10] 
0 [ CYL=100] Set cylinder to 100. 

100 
ENTER [ HEAD=] 
0 [ HEAD=O] Set head to O. 
ENTER [ SECT=] 
0 [ SECT=O] Set sector to O. 
ENTER [ STEP1= ] 
8 [ STEP1=8] 
8 [ LOOP ] Get Loop command. 
ENTER [ NUM=] 
5 [ NUM=5] Set loop number to 5. 
ENTER [ END=] Set ending step to end. 
ENTER [ STEP2=] 
9 [ STEP2=9] Get Pattern Error 
1 [PATT ERT] Rate test. 
ENTER [ DATA=] Set data source to 
0 [PATT TBL] pattern table. 
ENTER [ AREA=] Set test area 
2 [CYLINDER] to cylinder. 
ENTER [ STEP3=] 
RUN [ RUN ] Run program. 

[PATT ERT] <-- Display will remain 
[ SEEK ] until test is 

completed. 
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EXAMPLE 2 Cause the disc drive to run the Pattern Error Rate 
Test 20 times on cylinder 100, head 4, sector 90 
using a user defined pattern. 

Keystrokes Display Remarks 

r????????l 

L • • • • • • • • J 
<-- Un~~own display value. 

9 [11111119] 
8 [ CLEAR ] Clear diagnostic 

program. 
ENTER [ STEPO=] 
7 [ STEPO=7] 
3 [DATA PAT] Get Data Pattern 

command. 
ENTER [ PATT=%] 
4 [ PATT=%4] 
2 [PATT=%42] 
1 [ATT=%42l] 
0 [TT=%42l0] 
4 [T=%42l04] Set data pattern. 
ENTER [ STEP1=] 
6 [ STEP1=6] 
1 [ SEEK ] Get Seek command. 
ENTER r CYL=] L 
1 [ CYL=l] 
0 [ CYL=10] 
0 [ CYL=100] Set cylinder to 100. 
ENTER [ HEAD=] 
4 [ HEAD=4] Set head to 4. 
ENTER [ SECT=] 
9 [ SECT=9] 
n [ SECT=90] Set sector to 90. \.! 

ENTER [ STEP2=] 
8 [ STEP2=8] 
8 [ LOOP ] Get Loop command. 
ENTER [ HUM=] 
2 [ NUM=2] 
0 [ NUM=20] Set loop number to 20. 
ENTER . [ END=] Set ending step to end. 
ENTER [ STEP3=] 
9 [ STEP3=9] Get Pattern Error 
1 [PATT ERT] Rate Test. 
ENTER [ DATA=] Set data source to 
1 [USER PAT] user pattern. 
ENTER [ AREA=] Set test area 
0 [ SECTOR ] to sector. 
ENTER [ STEP4=] 
RUN [ RUN ] Run program. 

[PATT ERT] <-- Display will remain 
[DATA PAT] until test is 

completed. 
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5-44. SHORT ERROR RATE TEST 

5-44 

NUMBER 92 

NAME : [SHRT ERT] 

PARAMETER data source number 

ASSIGNED 
DEFAULT : data source number - no parameter = no operation 

DESCRIPTION Runs the Short Error Rate Test with the data 
source parameter specified on the entire volume. 
The starting target address need not be specified 
since the cylinders to be tested are random. The 
default data source is not allowed. This requires 
the user to explicitly specify the source of the 
data to be written to prevent accidental writes. 
The error information is logged in the Error Rate 
Test error log. 

EXAMPLE 

When the ENTER key is pressed, the data source will 
be prompted for by displaying [ DATA=]. Only one 
digit can be entered for the data source. The 
number will cause one of the following messages to 
be displayed. If the user pattern is desired, it 
must be previously defined with the Data Pattern 
procedures or else the last data pattern will be used. 

The data sources are: 0 = [PATT TBL] 
1 = [USER PAT] 
2 = [RND PATT] 

Cause the disc drive to run the Short Error Rate 
Test three times using random patterns. 

Keystrokes 

9 
8 

ENTER 
8 
8 
ENTER 
3 
ENTER 
ENTER 
9 
2 
ENTER 
2 

Display 

[????????] 
[???????9] 
[CLEAR ] 

[ STEPO=] 
[ STEPO=8] 
[ LOOP ] 
[ NUM=] 
[ NUM=3] 
[ END=] 
[ STEP1=] 
[ STEP1=9] 
[SHRT ERT] 
[ DATA=] 
[RND PATT] 

Remarks 

<-- Unknown display value. 

Clear diagnostic 
program. 

Get Loop command. 

Set loop number to 3. 
Set ending step to end. 

Get Short Error 
Rate Test. 
Set data source to 
random patterns. 

7933 



7933 Service Information 

ENTER 
RUN 

[ STEP2=] 
[RUN] Run program. 
[SHRT ERT] <-- Display will remain 
[ LOOP] until test is 

completed. 

5-45. RANDOM ERROR RATE TEST 

NUMBER 93 

NAME : [RAND ERT] 

PARAMETER data source number 

ASSIGNED 
DEFAULT : data source number - no parameter = no operation, 

DESCRIPTION Runs the Random Error Rate Test with the data 
source and offset flag parameters specified on the 
entire volume. The default data source is not 
allowed. This requires the user to explicitly 
specify the source of the data to be written to 
prevent accidental writes. The starting target 
address need not be specified since the cylinders 
to be tested are random. The error information is 
logged in the Error Rate Test error log. 

When the ENTER key is pressed, the data source will 
be prompted for by displaying [ DATA:]. Only one 
digit can be entered for the data source. The 
number will cause one of the following messages to 
be displayed. If the user pattern is desired, it 
must be previously defined with the Data Pattern 
procedures or else the last data pattern will be used. 

The data sources are: 0 = [PATT TBL] 
1 : [USER PAT] 
2 : [RND PATT] 
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EXAMPLE : Cause the disc drive to run the Random Error Rate 
Test three times using a user defined pattern. 

Keystrokes 

9 
8 

ENTER 
7 
3 

ENTER 
4 
2 
1 
o 
4 
ENTER 
8 
8 
ENTER 
3 
ENTER 
ENTER 
9 
3 
ENTER 
1 
ENTER 
RUN 

Display Remarks 

[1111?1?1] <-- Unknown display value. 
[11?11??9] 
[CLEAR] Clear diagnostic 

[ STEPO=] 
[ STEPO=7] 
[DATA PAT] 

[ PATT=%] 
[ PATT=%4] 
[PATT=%42] 
[ATT=%42l] 
[TT=%42l0] 
[T=%42l04] 
[ STEP1=] 
[ STEP1=8] 
[ LOOP ] 
[ HUM=] 
[ HUM=3] 
[ END=] 
[ STEP2=] 
[ STEP2=9] 
[RAND ERT] 
[ DATA=] 
[USER PAT] 
[ STEP3=] 
[RUN ] 
[RAND ERT] 
[DATA PAT] 

program. 

Get Data Pattern 
command. 

Set data pattern. 

Get Loop command. 

Set loop number to 3. 
Set ending step to end. 

Get Random Error 
Rate Test. 
Set data source to 
user pattern. 

Run program. 
<-- Display will remain 

until test is 
completed. 

5-46. RANDOM READ ONLY ERROR RATE TEST 

5-46 

NUMBER 94 

NAME : [RNRD ERT] 

PARAMETER none 

DESCRIPTION Runs the Random Read Only Error Rate Test on the 
entire volume. The starting target address need not 
be specified since the cylinders to be tested are 
random. The error information is logged in the 
Error Rate Test error log. 
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5-47. EXECUTE IMMEDIATELY UTILITIES 

5-48. VELOCITY LOOP TEST 

NUMBER 95 

NAME : [VEL TEST] 

PARAMETER none 

DESCRIPTION Puts the servo loop in the velocity control mode so 
that measurements can be made. The firmware then 
waits for a command key before a recalibrate is 
done. This exits the test. 

This procedure is not programmable, that is, it 
will not increment the step number. This test is 
executed after the ENTER key is pressed rather than 
after the RUN key. 

5-49. KEYBOARD TEST 

NUMBER 96 

NAME : [KBD n;ST] 

PARAMETERS none 

DESCRIPTION : Executes the keyboard test. This test displays the 
name of the last key pressed. If an illegal key is 
entered because of a hardware problem, [KEY ERR ] 
will be is displayed. The second time the END key 
is pressed, the procedure will exit. 

This procedure is not programmable, that is, it 
will not increment the step number. This test is 
executed after the ENTER key is pressed rather than 
after the RUN key. 
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5-50. AIR PURGE 

NUMBER 97 

NAME : [AIRPURGE] or [ PURGE 

PARAMETER none 

DESCRIPTION Causes the disc drive to execute the spin up 
sequence if the disc drive is currently unloaded. 
The heads will not be loaded. If the disc drive has 
the heads loaded, they will be unloaded. The 
firmware then waits for any command key. To reload 
the heads, cycle the LOAD/UNLOAD switch. 

This procedure is not programmable, that is, it 
will not increment the step number. This test is 
executed after the ENTER key is pressed rather than 
after the RUN key. 

NOTE This spin up sequence only involves the spindle 
driver diagnostic. No other foreground diagnostics 
are executed. 

5-51. CLEAR DIAGNOSTIC PROGRAM 

5-48 

NUMBER 98 

NAME : [ CLEAR 

PARAMETER none 

DESCRIPTION Resets the diagnostic program table and 
associated flags. 

Since the diagnostic program variables are cleared, 
this procedure is not programmable, that is, it 
will not increment the step number. This test is 
executed after the ENTER key is pressed rather than 
after the RUN key. 
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5-52. SEEK DELAY 

NUMBER 99 

NAME : [SK DELAY] 

PARAMETER seek delay time in milliseconds 

ASSIGNED 
DEFAULT : seek delay time = 100 milliseconds 

DESCRIPTION Causes a new seek delay time to be accepted from 
the keyboard. When the ENTER key is pressed, the 
seek delay time will be prompted for by displaying 
[DLY=nnnn] where nnnn is the current delay value. 
Up to four digits can be entered for the seek delay 
time. This allows seek delays from 0 to 10 seconds 
in millisecond steps. 

This procedure is not programmable, that is, it 
will not increment the step number. This test is 
executed after the ENTER key is pressed rather than 
after the RUN key. This allows the seek delay to be 
changed for the existing diagnostic program without 
disturbing that program. 

Table 5-6. Revision Code Part Numbers 
Table 5-7. Read/Write Fault Register 

(RWFR) Numbers 

I NUMBER I PART I I NUMBER I READ/WRITE FAUL T1 

0 ROM U-192 RWFR%01 AC write current missing with write 
ROM U-182 RWFR%02 DC write current without write 

2 ROM U-162 RWFR%04 DC write current missing with write 
3 ROM U-152 RWFR%10 Multiple heads are selected 
4 ROM U-142 
5 ROM U-122 
6 ROM U-112 'Messages are bit significant; more than one bit can 

be set per byte. 
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Table 5-8. Drive Error (DERR) Numbers 

~----~------------------------~------------------------~~------------------------'~ 

NO. I CAUSE 
-r'-------------

2 I During a read or verify 
operation, the ECC module 
reported an uncorrectable 
error. This error has 
priority over any CRC 
errors. 

3 

4 

During a read operation, 
both the uncorrectable 
read error and a servo 
system off-track error 
were encountered. 

During a read operation, 
the DMA hardware reported 
a data CRC error. If the 
drive has ECC, it should 
have caught the error. If 
there is no ECC in use, 
this is the proper 
reporting error for a 
read error. 

5 The CRC caught a read 
data error and the fault 
register indicates 
off track status. If ECC 
is present, then it is 
suspect as it should have 

I caught the error before 
the CRC. 

6 During a drive operation 
that was receiving data 
from the host, the drive 
received an end of 
transfer before the 
number of bytes expected 
to be sent to the drive 
were received. 

7 During a receive or a 
receive and write 
operation, the number of 
bytes expected from the 
host was received but the 
last byte was not tagged 
with EOI. 

POSSIBLE FAULT 

We have encountered a 
read error that was 
unable to be corrected by 
ECC. 

The off-track condition 
is the prime suspect. 
Off-track can induce an 
uncorrectable read error. 

If no ECC is present in 
the drive, then this 
error is just a "normal" 
rea d err 0 r . I f E CC i s 
present, the ECC 
integrated circuit is 
suspect. 

The off-track condition 
might easily have caused 
the read data error. 
Therefore the head 
positioning system is 
more suspect than the 
read/write system. If 
ECC is present in the 
drive, it also is highly 
suspect as it should have 
caught the error before 
the CRC did. 

In some cases (receiving 
a command) the early EOI 
status is expected and is 
not an error. 

Under normal conditions, 
this is a reporting 
e r ro r . 

SUSPECTED HARDWARE 
. '1 

This error can be caused i 
bye i the r bad me d i a 0 r a I 
read/write chain fault. A 
tes t of the read/wr i te I 
cha in shou ld dete rmine if 1 .. 1 hardware is at fault. If 
the media is bad, that 
location should either be 
avoided in future disc 
references or that " 
location should be 
spared. 

Perform a full servo 
system test. If that 
passes successfully, then 
the read/write system 
should be tested. 

If ECC is installed, it 
should be fully tested. 
If no ECC is in the 
drive, a normal read 
error has occurred and 
this error should only 
prompt concern if it is 
repeated often. 

A full test of the head 
positioning system should 
be performed. If that is 
successful, then a 
read/write test should be 
done. Again if ECC is 
present, it should also 
be checked. 

1. Head positioning 
system. 

2. ECC (If installed). 
3. DMA PCA-A6. 
4. Read/write system. 

The internal diagnostic 
should be able to find 
any errors associated 
with the EO! status. DMA 
PCA-A6 controls this 
status message. 

If this error is 
associated with some 
possible hardware 
problem, the DMA PCA-A6 
is a good suspect. 

NOTE: Some error numbers are (lcted on internally 
and may never appear on the display. 
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NO. 

8 

9 

10 

11 

13 

14 

15 

16 

I I 

Service Information 

Table 5-8. Drive Error (DERR) Numbers (continued) 

CAUSE 

During a receive or 
receive and write 
operation, a secondary 
was received while 
expecting data or 
commands. 

An incremental seek was 
requested that would 
extend beyond the last 
track of this drive. 

During a verify 
operation, the ECC module 
reported an uncorrectable 
sector. 

During a seek position 
verify operation, the 
disc drive experienced 
more off track conditions 
than are all.owable. 

During ver-i fy at ter a 
seek, comparison of 
logical and physical 
spare sector numbers did 
not compare. 

When a check was made of 
the header read from the 
disc 4 the first byte 
(status) had the most 
significant bit clear. 
This bit should always be 
set. 

When a check was made of 
the sector header read 
from the head, the head 
number was not the one 
expected. 

When a check was made of 
the sector header read 
from the disc, the sector 
number was not legal. 

POSSIBLE FAULT 

1ft his e r ro r is 
associated with a drive 
oroblem. DMA PCA-A6 could 
have problems. This 
error is a reporting 
error and does not mean 
that there are any 
hardware problems. 

RAM/ROM failure. 

This is a reporting error 
and does not mean that 
the drive is not 
operational. 

Head positioning system. 

DMA header RAM may be 
bad. 

The read/write system is 
suspect. 

The read/write system is 
suspect. 

The read/write chain is 
suspect. 

SUSPECTED HARDV/ARE 

If a drive problem seems 
to exist, DMA PCA-A6 is a 
likely suspect. 

Microprocessor PCA-A4. 

If a hardware problem is 
associated with this 
error Read/Write PCA-A10 
and then ECC electronics 
(DMA PCA-A6) should be 
checked out. 

Check out head 
positioning system 
electronics. All portions 
of the system are 

. sus.peet. 

1. Servo PCA-A3. 
2. Track Follower PCA-A9. 
3. Media. 
4. Actuator Driver 

PCA-A2. 
5. Carriage mechanics. 

DMA PCA-A6 

A full self-test should 
be performed on the 
read/write system. 

1. Read/Write PCA-A10 and 
Formatter/Separator 
PCA-AS. 

2. DMA PCA-A6. 

A full self-test on the 
read/write system should 
be performed. 

1. Read/Write peA-A10 and 
Formatter/Separator 
PCA-AS (especially 
head select). 

2. DMA PCA-A6. 

A full self-test on the 
read/write chain should 
be performed. 

1. Read/Write PCA-A10, 
Formatter/Separator 
PCA-AS 
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Table 5-8. Drive Error (DERR) Numbers (continued) 

~N_O_'-r ________ C_A_U_S_E ________ -+ _____ P_O_S_S_IB_L_E_F_A_U_L_T _____ ~SPECTEDHARDWARE J 
17 

18 

19 

20 

21 

23 

When a check was made of 
the sector header read 
from the disc, the 
cylinder number was not 
the one expected. 

DMA Status indicates that 
the DMA buffer is full of 
data. The DMA buffer is 
held clear during this 
operation, so the DMA 
should never report a 
full buffer. 

Formatter/Separator 
PCA-AS or ECC electronics 
(OMA PCA-A6) sent a 
fUNER-L or UNER-L signal 
to the DMA electronics. 
If the ECC has sent the 
status bit, the error 
would be an uncorrectable 
error. 

This error is the same as 
DERR 19 except that the 
head positioning system 
electroni~s also reported 
an off track error. 

During a DMA buffer write 
to the disc, a rotational 
latency was invoked. 
Since during a buffered 
write, all the data is 
already in the DMA RAM so 
this error would indicate 
that DMA PCA-A6 is faulty 
as it is the hardware 
that indicates such an 
error. 

All maintenance copies 
were searched without 
finding a valid copy 
during an access of the 
system maintenance area. 
Note that this error, if 
caused by a read/write 
problem, will require 
either a maintenance 
track format of the cur­
rent media, or new media. 
It is possibly recover­
able if caused by a head 
positioning system 
failure. 

The read/write system and 
the head position system 
are suspect. 

DMA PCA-A6 may have a 
hardware failure. 

Read/write chain. 

The fact that the disc 
drive went off track 
could have caused the 
formatter/separator 
error. 

The circuitry on the DMA 
that senses the 
availability of data for 
a write operation would 
appear to be bad. 

The drive has been unable 
to access a valid copy of 
a system maintenance 
file. This could be 
because seeks to the 
various copies were 
unable to be completed or 
that the read/write chain 
encountered errors that 
caused the drive to spare 
out all its possible 
copies of the maintenance 
file. Note that 
maintenance track sparing 
is NOT related to the 
CS/80 Spare command and 
proceeds without host 
intervention. 

I A full sel f -test should 
be performed on both the I 
read/write system and the I 
head positioning system. ! 

I 

1. Read/Write PCA-A10, 
Formatter/Separator 
PCA-AS. 

2. DMA PCA-A6. 
3. Servo PCA-A3, Track 

Follower PCA-A9. 
4. Media. 

A full self test should 
be performed on DMA 
PCA-A6. 

Read/write chain. 

If a hardware problems 
seems to be associated 

I
I with this error, the head 

positioning system 

I 
electronics should be 
checked out. 

I A full sel f test should 
be performed on DMA 
PCA-A6. 

1. DMA PCA-A6. 
2. Read/Write PCA-A10, 

Formatter/Separator 
PCA-AS. 

3. Microprocessor PCA-A4. 

A full self test should 
be performed on the 
read/write system and 
then the head positioning 
system. 

1. Read/Write peA-A10, 
Formatter/Separator 
peA-A8. 

2. DMA PCA-A6. 
3. Servo PCA-A3, Track 

Follower PCA-A9. 
Actuator Driver 
PCA-A2. 

I 

1 

~: ~!~r~proces so r PCA-A4 ·1 

~----~------------------------~----,--------------------~------------------------~. 
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Table 5-8. Drive Error (DERR) Numbers (continued) 

I NO. 

24 

27 

28 

CAUSE 

I During an access to the 
spare track table file on 
the system maintenance 
area, an invalid check 
byte was found. 

A seek was unable to 

I 
successfully reach the 
target track. The actual 
reason for the failure 

'wi Ilbe recor-4e4 in 
immediately previous 
logged DERR's if logging 
is enabled (other than a 
internal drive system 
seek) . 

During an access to the 
interleave value sector 
on the system maintenance 
area, an invalid check 
byte was found. 

POSSIBLE FAULT 

I 
The drive read in a 
maintenance file that had 
an invalid checkword. 
This had to be caused by 
a read/write failure, an 
uncorrectable read error, 
or bad media. 

Since an inability to 
successfully read from 
the target track in order 
to verify position can 

·also t r i 9f!er.tnis fault; 
both the head positioning 
system and the read/write 
system are suspect. 

The drive read in a 
maintenance file that had 
an invalid checkword. 
This had to be caused by 
a read/write failure, an 
uncorrectable read error, 
or bad media. 

29 A physical head position The head positioning 
recalibration operation system is suspect. 
was unable to 
successfully attain the 
normal recal position. 
This error will prompt a 
head unload operation. 
Immediately prior DERR's 
will elaborate on the 
cause of the failure if 
fault logging is enabled 
(if the recal is not part 
of a internal drive 
system operation). 

SUSPECTED HARDWARE 

A full self test should 
be performed on the 
read/write system. If the 
read/write system is 
operating. possibly a 
write failure occurred, 
or the media is bad. An 
Initialize Media 
(retaining no spares) is 
suggested. If that does 
not solve the problem~ 
the media should be 
replaced. 

1. Read/Write PCA-A10, 
Formatter/Separator 
PCA-AS. 

2. DMA PCA-A6. 
3. Media module. 
4. Microprocessor PCA-A4 'I' 
A full self-test should 
be performed on both the I 
head position system and "_, 
the read/write system. _ 

1. Servo PCA-A3, Track 
Follower PCA-A9, 
Actuator Driver 
PCA-A2. 

2. Read/Write PCA-AiO. 
Formatter/Separator 
PCA-AS. 

3. DMA PCA-A6. 

A full self test should 
be oerformed on the 
rea~/write system. If the 
read/write system is 
operating, possibly a 
write failure occurred. 
or the media is bad. An 
Initialize Media 
(retaining no spares) is 
suggested. If that does 
not solve the problem, 
the media shoOld be 
replaced. 

1. Read/Write PCA-A10, 
Formatter/Separator 
PCA-AS. 

2. DMA PCA-A6. 
3. Media module. 
4. Microprocessor PCA-A4. 

A full self-test should 
be performed on the head 
positioning system. 

1. Servo PCA-A3. 
2. Track Follower peA-A9. 
3. Actuator Driver 

PCA-A2. 
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Table 5-8. Drive Error (DERR) Numbers (continued) 

~----~-------------------------.~-----------------' 

NO. CAUSE i POSSIBLE FAULT 
~------~------------------------~ 

30 

31 

32 

33 

I A head unload operation 
i failed and was forced to 

perform an emergency 
retract. 

The carriage back 
indicator did not 
indicate that the heads 
were fully unloaded after 
an emergency retract was 
attempted. 

At the end of a read 
operation, no data errors 
were indicated by the 
hardware, but at some 
time since the last seek 
operation, the drive has 
gone off track. The data 
read is considered to be 
valid. 

During a disc read or 
write operation, the 
target sector was passed 
because there was either 
no room in the DMA buffer 
for the sector to be read 
or there was not a sector 
worth of information in 
the DMA buffer to be 
written to the disc. With 
RPS enabled on a write 
operation, the error 
could mean that the RPS 
window was missed. 
Otherwise, during a write 
operation, DERR 33 means 
at least one sector was 
written to the disc and 
the latency was induced 
by a subsequent sector 
write. 

I The head positioning 
system is suspect. 

Either the head 
positioning system is 
bad, the drive actuator 
mechanics are faulty, or 
the carriage back 
indicator is bad. 

This error is an 
information error only. 

None 

SUSPECTED HARDWARE 

A full head positioning 
system test should be 
performed. 

1. Servo PCA-A3, Track 
Follower PCA-A9. 

2. Actuator Mechanism. 
3. Media. 

First the drive actuator 
mechanics should be 
inspected to check any 
gross failures such as a 
stuck carriage. Remember 
that since this error 
occurred, that heads 
could still be over the 
discs, so caution is 
advised. Next, if the 
mechanics appear to be 
functional, a full head 
positioning system 
self-test should be 
performed. 

1. Actuator Driver 
PCA-A2. 

2. Drive actuator 
mechanics. 

3. Carriage back 
indicator on Actuator 
Status PCA-A1S. 

4. Cable Wl from Actuator 
Status PCA-A1B to 
Servo PCA-A3. 

5. Servo PCA-A3. 

If there are hardware 
problems associated with 
this error, the head 
positioning system 
electronics should be 
checked out. 

None 
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NO. 

34 

35 

36 

48 

49 

50 

51 

I I 

Service Information 

Table 5-8. Drive Error (DERR) Numbers (continued) 

CAUSE 

The error log (on disc) 
is full (it contains 101 
entries). 

The (disc) fault log is 
full (contains 65 
entries) . 

During a read operation, 
the header of each sector 
is checked for the proper 
address information. This 
error signifies that the 
first byte of that 
sector's header (status 
byte) did not have the 
most significant bit set 
as required in all 
sectors. 

During a read operation, 
the header of each sector 
is checked for the proper 
address information. This 
error signifies that the 
sector number read from 
the disc did not 
correspond to the number 
that the drive was 
attempting to read. 

During read operation, 
the header of each sector 
is checked for the proper 
address information. This 
error signifies that the 
head number read from the 
disc did not correspond 
to the number that the 
drive was attempting to 
read. 

During a read operation, 
the header of each sector 
is checked for the proper 
address information. This 
error signifies that the 
cylinder number read from 
the disc did not 
correspond to the number 
that the drive was 
attempting to read. 

POSSIBLE FAULT 

I 
This error is an 
information error only. 

Might be an indication of 
a severely increasing 
error rate. 

Might be an indication of 
more frequent drive 
faults. 

The read/write system is 
suspect as that bit 
should always be set in 
all sectors. 

A full self-test should 
be performed on the 
read/write system. Also 
the counter integrated 
circuit that functions as 
a sector counter on 
Microprocessor PCA-A4 
could be faulty, so a 
microprocessor self-test 
should also be performed. 

A full self-test should 
be performed on the 
read/write system. The 
head selection circuitry 
on Read/Write PCA-A10 is 
especially suspect as no 
data error was reported 
for that sector. 

The read/write system and 
the head positioning 
system could possibly 
cause this problem. Since 
no data error was 
reported for the sector, 
we most likely at some 
point were over the wrong 
track when we wrote the 
track or the DMA header 
RAM was faulty and the 
wrong cylinder number was 
passed to the read/write 
system. 

SUSPECTED HARDWARE 

If this error is 
associated with hardware 
problems, the ECC 
electronics on DMA PCA-A6 
should be checked out. 

Read/write system, media. 

All hardware. 

A full self-test should 
be performed on the 
read/write system. 

1. Read/Write PCA-A10, 
Formatter/Separator 
PCA-AS. 

2. DMA PCA-A6. 
3. Media 

Full self-tests on both 
the read/write system and 
the microprocessor should 
be performed. 

1. Read/Write PCA-A10, 
Formatter/Separator 
PCA-A8. 

2. DMA PCA-A6. 
3. Microprocessor PCA-A4. 
4. Sector timing 

generation circuitry 
Track Follower PCA-A9. 

5. Media. 

A full self-test should 
be performed on the 
read/write system. 

1. Read/Write PCA-A10, 
Formatter/Separator 
PCA-A8. 

2. DMA PCA-A6. 
3. Media. 

A full self-test should 
be performed on the 
read/write system, the 
DMA PCA-A6, and the head 
positioning system. 

1. Read/Write PCA-A1D, 
Formatter/Separator 
PCA-AS. 

2. DMA PCA-A6. 
3. Servo PCA-A3. 
4. Track Follower PCA-A9. 
5. Actuator Driver 

PCA-A2. 
Media. 
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Table 5-8. Drive Error (DERR) Numbers (continued) 
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52 

59 

60 

61 

63 

During run time, greater 
than four correctable er­
rors (single read retries 
to correct data) occurred 
in 64K sectors 
transferred. 

During an access of a 
head alignment band, the 
phase locked loop of the 
automatic head alignment 
circuitry on Read/Write 
peA-A10 was unable to 
phase lock on the servo 
code. 

During an access of a 
head alignment band, the 
automatic head alignment 
circuitry on Read/Write 
peA-A10 was unable to 
establish good automatic 
gain control (AGe) on the 
alignment band's servo 
code. 

During an access of a 
head alignment band, the 
automatic head alignment 
circuitry on Read/Write 
peA-A10 was unable to 
perform a measurement of 
the circumferential 
sector skew. 

During an attempt to 
determine the radial 
offset for a particular 
alignment band, we were 
unable to correct for the 
observed offset within 
the required accuracy. 
Note that we iteratively 
zero in on the proper 
offset, so this fault 
means that the system of 
alignment is not acting 
deterministically. 

Faulty data head cable is 
most frequent cause. 

Either the heads are not 
currently over the 
alignment band as 
thought, the head 
alignment circuitry on 
Read/Write peA-A10 is 
faulty, or the servo code 
on the alignment band is 
bad. 

Either the heads are not 
currently over the 
alignment band as 
thought, the head 
alignment circuitry on 
Read/Write peA-A10 is 
faulty, or the servo code 
on the alignment band is 
bad. 

Either the heads are not 
currently over the 
alignment band as 
thought, the skew 
measurement circuitry on 
the track follower is 
faulty, or the servo code 

lion the alignment band is 
bad. 

I 
Either the heads are not 
currently over the 
alignment band as 
thought, the pOSition 
signal from the automatic 
head alignment circuitry 
on Read/Write peA-A10 is 
bad I the 
analog-to-digital 
convertor on 
Microprocessor PCA-A4 is 
faulty, or the servo code 
on the align~ert band is 
bad. 

'I' 1. 2. 

13. 
I 
j 4. 

Data head cable open. 
Read/write system, 
media. 
Servo runout (media 
seating). 
Servo system. 

I 
A full self-test should 
be performed on 

'I Read/Write peA-A10. Next 
the system should be 
checked out. After that 

I 
the signal from the 
alignment band in 
Question should be 
analyzed for defects. 

1. Read/Write peA-A10. 
2. Head positioning 

system. 
3. Media alignment band. 

A full self-test should 
be performed on 
Read/Write peA-A10. Next 
the head positioning 
system should be checked 
out. After that the 
signal from the alignment 
band in Question should 
be analyzed for defects. 

1. Read/Write peA-A10. 
2. Head pOSitioning 

system. 
3. Media alignment band. 

A,full self-test should 
be performed on Track 
Follower peA-A9. Next the 
head positioning system 
should be checked out. 
After that the signal 
from the alignment band 
in Question should be 
analyzed for defects. 

1. Track Follower PCA-A9. 
2. Head pOSitioning 

system. 
3. Media alignment band. 

Full self-tests should be 
performed on the 
Read/Write peA-A10, Track 
Follower PCA-A9, 
Microprocessor PCA-A4, 
and the full head 
pOSitioning system. If 
all perform well, the 
servo code on that 
alignment band should be 
analyzed for defects. 

1 1. Read/Write peA-A10. 
2. Track Follower PCA-A9. 
3. Microprocessor PCA-A4. 
4. Head positioning 

system. 
S. Media alignment band. 
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64 

70 

71 

73 

74 

75 

76 

Service Information 

Table 5-8. Drive Error (DERR) Numbers (continued) 

During a disc read or 
write operation the drive 
detected an unexpected 
hardware fault register 
bit set. This means that 
some hardware was 
indicating to the 
microprocessor that a 
hardware fault had 
occurred. 

An excessive amount of 
disc runout was 
encountered during radial 
offset measurement. 

During head load, the 
track follower did not 
acquire AGCindieating 
that the guard band had 
been reached within the 
proper time. 

During a head load, the 
actuator appeared to move 
(loss of carriage back) 
before a velocity command 
was sent to the servo. 

During a head load, we 
did not lose carriage 
back after a velocity 
command was sent to the 
servo. 

During a head load, the 
output of the velocity 
tachometer indicates 
either a too slow or too 
fast velocity. 

During a radial offset 
measurement, the offset 
for the current head 
exceeded the maximum 
allowable quarter-track 
offset. 

POSSIBLE FAULT 

After this entry in the 
fault log, the contents 
of the fault register 
that prompted this error 
is recorded. The contents 
of that byte should 
indicate which board is 
in error. Note that a 
servo system off-track 
condition can trigger 
several read/write 
faults. Also speed-down 
will trigger emergency 
retract and virtually all 
the other faults. 

Either poor mounting of 
the media module on the 
spindle or the automatic 
head alignment circuitry 
on Read/Write PCA-Al0 is 
faulty. 

Either Track Follower 
PCA-A9 cannot detect the 
guard band or the head 
positioning system is 
much slower than 
allowable. 

Offsets in the 
servo-actuator driver, a 
faulty carriage back 
indication, or a faulty 
carriage back latch. 

Faulty carriage back 
latch, Actuator Driver 
PCA-A2 not driving the 
actuator, or a faulty 
Servo PCA-A3. It would be 
wise to check all 
connecting cables. 

The head positioning 
system may be driven to 
saturation or the 
tachometer may not be 
connected or functional. 

The head alignment 
circuitry on Read/Write 
PCA-A3, the A/D convertor 
on Microprocessor PCA-A4, 
a poorly manually aligned 
head, or a carriage 
mechanical discrepancy. 

Note: If all data heads 
exhibit excess 
offset, the servo 
head is probably 
mis-aligned. 

SUSPECTED HARD\A/ ARE 

Suspected hardware is 
indicated in the contents 
of the hardware fault 
register. 

1. Indicated PCA due to 
the hardware fault 
register. 

2. Microprocessor PCA-A4. 

1. Media module spindle 
mounting. 

2. Read/Write PCA-A10, 
automatic head I 

alignment circuitry. 

1. Track Follower PCA-A9. I 
2. Servo Head - unable to 

"read". ' 
3. Head positioning 

system (Servo PCA-A3, 
Actuator Driver 
PCA-A2. or Actuator 
Statu s PCA-A 18) . 

1. Se rvo PCA-A3. 
2. Actuator Driver 

PCA-A2. 
3. Actuator Status 

peA-AlSo 
4. Carriage back latch 

assembly. 

1. Actuator Status 
PCA-A1S. 

2. Actuator Driver 
PCA-A2. 

3. Servo PCA-A3. 
4. Carriage assembly. 
5. Carriage back latch 

assembly. 

1. Actuator Status 
peA-AlSo 

2. Actuator Driver 
PCA-A2. 

3. Servo PCA-A3. 
4. Velocity transducer 

coil. 
5. Tachometer rod. 

1. Read/Write PCA-A10. 
2. Microprocessor PCA-A4. 
3. Heads (data, servo). 
4. Carriage assembly 

(including cleanliness 
of rails). 
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Table 5-8. Drive Error (DERR) Numbers (continued) 

LNO. 
1 77 
I 

CAUSE 

During a head load or 
recalibrate, the landing 
track's track center 
detect was not found in 
the allowed time. Note 
that both track follower, 
AGC and sync had been 
successful prior to this. 

I 

78 Current operation blocked 
by existing error 
condition. 

79 During a head load or 
recall, Track Follower 
PCA-A9 did not acquire. 
sector sync as expected. 

80 During a head load or a 
recall, we were unable to 
gain AGC on the track 
follower in the time 
period in which we should 
have encountered the out­
er guard band servo code. 

81 

82 

83 

During a recalibrate, AGC 
on Track Follower PCA-A9 
was either lost prior to 
the operation or after 
slewing off the disc, we 
were unable to detect the 
loss of AGC which indi­
cates that we are off the 
servo code. 

During a recalibrate, the 
disc drive slews off the 
disc while waiting for 
the absense of track cen­
ter detects that would 
signal arrival in the 
outer guard band, This 
error indicates that this 
event did not occur in 
the allowable time. 

During a seek of greater 
than 32 tracks, 
Microprocessor PCA-A4 
monitors a deceleration 
bit on Servo PCA-A3. If 
the acceleratin period 
lasts past a distance 
proportional timeout, it 
is assumed there is an 
acceleration period 
e r ro r . 

-r.------------------------ j 

POSSIBLE FAULT . ~ SUSPECTED HARDWARE 

The track center detect I Servo PCA-A3. 
(TCD) circuitry on Servo 
PCA-A3 or the speed of 
the entire head position-
ing system. 

Previous error. 

The sync circuitry on 
Track Follower PCA-A9, 
media module servo code. 

The track follower, the 
pack's servo code or the 
servo head. 

The track follower or the 
media module servo code 
appear to be 
non-functional. 

The position signal from 
Track Follower PCA-A9, 
the TCD circuitry on the 
servo, or the servo code 
would be suspect. Also 
the entire velocity servo 
system might be very 
slow. 

The suspect circuitry 
would be the distance-to­
go (DTG) register and the 
TCD counter on Servo 
PCA-A3 as well as the 
media module servo code 
and Track Follower 
PCA-A2. 

Determined by previous 
failure(s) . 

1. Track Follower PCA-A9. 
2. Media module. 

1. Track Follower PCA-A9. 
2. Servo head. 
3. Media module. 

1. Track Follower PCA-A9. 
2. Servo head. 
3. Media module. 

A test of the entire head 
positioning system is 
suggested. 

1. Servo PCA-A3. 
2. Media module. 
3. Track Follower PCA-A9. 

(NOTE: If the Fast 
Position (FPOS) signal 
is too low, this error 
will occur on all 
110ng" seeks.) 

l ."-.-.--~"--_.i-... _____ . _______ -l.-____________ --i 
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Table 5-8. Drive Error (DERR) Numbers (continued) 

CAUSE 

84 During a seek, there is a 
length proportional 
time-out done until the 
Distance-To-Go (DTG) 
register indicates that 
the heads are within 3/4 
track of the destination. 
If this does not occur 
within the timeout. this 
error is generated. 

85 At the end of a seek the 
head positioning system 
switches to approach 
velocity after reaching 
within 3/4 track of 
destination. It then 
monitors the time until 
the first track center 
detect (widened due to 
position enable off) 
caused by coming "into" 
the target track. This 
error is generated by 
that period being too 

i long. 

86 During the final settling 
on track after enabling 
position control we were 
unable to maintain an 
on-track condition for 
the required time 
period. 

87 During a head unload. a 
time-out is performed to 
wait for the carriage 
back flag from Actuator 
Status PCA-A18. This 
error is generated by the 
elapsing of the time-out 
before carriage back is 
indicated. 

88 During a seek velocity 
calibration, the 
controller looks for 
certain numbers in the 
servo's Distance-To-Go 
(DTG) register. The time 
period between two of 
these numbers is used to 
calibrate the seek 
velocity. This error is 
caused if one of those 
two numbers was not found 
within the prescribed 
time-out. 

I I 

POSSIBLE FAULT 

The DTG and track 
crossing detector 
circuitry on Servo PCA-A3 
is suspect as well as a 
drop-out of the servo 
code caused by the media 
module or Track Follower 
PCA-A9. 

The TCD circuitry on 
Servo PCA-A3 is suspect 
as well as the media 
module servo code and 
Track Follower PCA-A9. 

Note: A full head 
positioning system 
self-test should be 
run. 

The head positioning 
system was unable to 
maintain track position. 

The entire head 
positioning system as 
well as the carriage back 
indicator on Actuator 
Status PCA-A8 is suspect. 
Also the mechanical state 
of the carriage assembly 
could be bad. 

The probable cause of 
this error is either the 
DTG miscounting on the 
servo, the track follower 
losing position 
information, or the 
microprocessor-servo 
interface being faulty. 

SUSPECTED HARDWARE 

1. Servo PCA-A3. 
2. Media module servo 

code. 
3. Track Follower PCA-A9. 

1. Servo PCA-A3. 
2. Media module code. 
3. Track Follower PCA-A9. 
4. Linear actuator 

assembly. 
5. Tachometer system 
6. Mis-aligned mechanics 

(carriage, crash 
stops, etc.). 

All portions of the head 
positioning system. 

1. Se i\JC PCA-A3. 
2. Track Follower PCA-A9. 
3. Linear actuator. 
4. Carriage assembly. 

1. Actuator Status 
PCA-A18. 

2. Servo PCA-A3. 
3. Actuator Driver 

PCA-A2. 
4. Carriage assembly. 

A full servo system 
internal diagnostic 
should be performed. 

1. Servo PCA-A3. 
2. Track Follower PCA-A9. 
3. Microprocessor PCA-A4. 
4. Media module and/or 

servo head. 
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Table 5-8. Drive Error (DERR) Numbers (continued) 

I 

NO. I CAUSE POSSIBLE FAULT 

! . ! 
89 ,Durln g seeks greater than ! Poor cooling of actuator 

" 32 t r a c k s I ate s t 0 f the 'I due top 0 0 r air f I ow 0 r 
actuator temperature is excessive ambient 
made just after the seek temperature. 
movement is initiated. 
This information is used 
to determine if the head 
positioning system should 
switch to the "slow" seek 
velocity to prevent 
overheating of the 
actuator. This error is 
when that temperature 
exceeds the allowable for 
safe operation. 

90 A spare operation 
retaining data was unable 
to seek the target track. 

I 
91 'A spare operation 

retaining data was unable 
to read all of the data 
from the target track. 

92 A sparing operation was 
unable to seek to either 
of the two closest 
available spare tracks to 
be used in that 
operation. 

93 A sparing operation was 
unable to write the 
available spare track and 
successfully verify it. 

Note: Above a certain 
temperature (120 
degrees C) long 
seeks are slowed to 
reduce the 
possibilities of 
over heating, 
therefore this 
error is not to be 
expected in 
"normal" operation. 

It is advised that a full 
internal diagnostic be 
performed before any 
sparing operation to 
ensure that the disc 
drive has not lost its 
ability to seek and 
read/write. This error 
may be the reason why 
sparing was envoked 
originally. 

It is advised that a full 
internal diagnostic be 
performed before any 
sparing operation to 
ensure that the ability 
to read/write has not 
been lost. This error 
may be the reason the 
sparing operation was 
envoked originally. 

A full internal 
diagnostic is recommended 
before any sparing 
operation. This error 
would seem to indicate 
that perhaps a full 
cylinder of available 
spare tracks is defective 
or that the drive can no 
longer seek. 

A full internal 
diagnostic is recommended 
before any sparing 
operation. This error 
would seem to indicate 
that either a full 
cylinder of available 

SUSPECTED HARDWARE ! 

Note: A head positioning 
system test 

should be 
performed. 

1. Actuator mechanics 

1 

thermistor on coil. 
2. Actuator Driver 

PCA-A2. 
I 3. Cable between Servo 

PCA-A3 and Actuator 
Status PCA-A1S. 

4. Cable between Actuator 
Status PCA-A1S and the 
actuator assembly. 

Tests of the head 
positioning system and 
read/write system are 
suggested. 

A test of the read/write 
chain is suggested. 

Tests of the head 
positioning system and 
read/write system are 
suggested. 

A test of the read/write 
system is suggested. 

spare tracks was ' 
defective or that the I" 

94 

, disc drive can no longer . i'" 

j read/write. I • 

An error was detected in I Head pos it ioning sys t em. I Head pos ition ing sys tem. 
the logical head load I I 
routine f rom the physical 'I 1 
head load driver. J 
~ ___ ,_JI_" __ " 
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Table 5-8. Drive Error (DERR) Numbers (continued) 

NO. CAUSE 

96 The CTC did not decrement 
or reload after the time 
for one sector. 

97 When the firmware has 
decided that the disc 
write operation is 
complete. it checks the 
DMA, since in the case of 
a receive and write 
operation, the DMA should 
stop in parallel with the 
firmware. In the case of 
a buffer write (write 
from DMA buffer), the 
error is not possible 
since the DMA is NOT 
currently receiving data 
from the channel during 
such a write. 

98 · Afaul t ·bi twas dete.cted 
on the DMA that should 
never be set for this 
drive. 

99 The ECC chip experienced 
a data compare error from 
the watch-dog linear 
shift register during a 
disc write operation. 

100 An attempt was made to 
reset the ECC chip, but 
the error status bit 
associated with that 
circuitry does not 
toggle. 

102 The DMA elect ronics set a 
bit that indicates the 
end of a transfer 
(HWTAF-H) before the 
expected termination of 
the tranfer. 

103 During a disc read or 
write, the target sector 
for an operation is 
determined by comparing 
the controller's target 
sector number and the 
sector counter found in 
the microprocessor PCA's 
Counter-Timer Chip (CTC). 
This error indicates that 
the desired sector number 
did not appear from the 
CTC within a full disc 

I rotation, 

POSSIBLE FAULT 

This problem can 
originate from anywhere 
along the sector timing 
pulse data path. 

DMA PCA-A6 and channel 
circuitry. 

• The DMA PCA:~A6 is highly 
suspect and the DMA 
internal diagnostic 
should be performed on 
that board. 

The ECC chip appears to 
have an internal fault. 
Any further disc writes 
before this fault is 
investigated is highly 
suspect. 

Either the ECC circuitry 
is defective or 
microprocessor PCA-A4 
cannot select the ECC 
chip. 

Either the OMA PCA-A6 
circuitry that monitors 
for the end of a transfer 
is faulty. or the 
microprocessor's ability 
to sense these bits is 
faulty. 

Either the CTC is not 
counting (perhaps due to 
either the CTC circuitry 
being in fault, or the 
sector timing circuitry 
that generates the sector 
pulses is failing) or 
there has been a 
controller fault that 
caused us to be looking 
for an illegal sector 
number. 

SUSPECTED HARDWARE I 
Any hardware involved I 
with the generation or I 
propagation of the sector 
timing pulse signal to 
Microprocessor PCA-A4 
including Microprocessor 
PCA-A4. 

The DMA microdiagnostic 
should locate the problem 
on DMA PCA-A6. 

1. Dtv'A PCA -A6 . 
2. Microprocessor PCA-A4. 

OMA PCA-A6 

1. DMA PCA-A6. 
2. Microprocessor PCA-A4. 

A full internal 
diagnostic should be 
performed. 

1. DMA PCA-A6. 
2. Microprocessor PCA-A4. 

A full internal 
diagnostic of the drive 
should be performed. 

1. Microprocessor PCA-A4. 
2. Track Follower PCA-A9. 
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Table 5-8. Drive Error (DERR) Numbers (continued) 

NO. CAUSE 
I 

1 04 I Du r in gad a tat ran s fer 
using the 4K static 
memory, a double-bit er­
ror was detected. 

105 The analog-to-digital 
converter (ADC) has a bit 
that should be set at the 
end of the conversion 
(EOC). This error is 
caused by that bit not 
being set at the end of a 
conversion. 

106 During a write operation, 
a CRC error was detected. 

107 Inconsistent internal er­
ror code(s) encountered 
by error reporting 
routine. 

108 During a period in which 
the disc drive is waiting 
for the sector counter 
(STP register) to reach 
an expected value, it was 
noted that the STP was 
counting at a faster rate 
than is possible for the 
disc drive. 

109 A hard double-bit error 
was detected in the 
l-Mbyte cache DRAM array. 
This error disables cache 
and prompts the operator 
message UNO CACH". 

110 A double-bi t error was 
detected in the l-Mbyte 
cache DRAM array while 
doing a host transfer-out 
(3 occurrences = DERR 
109) . 

lIlA microdiagnostic failed 
that refers to the con­
troller unit as opposed 
to one of the mass 
storage units. 

113 

114 
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The device received a 
channel independent clear 
directed to unit 0 or 1. 

A channel parity error 
has been detected by the 
channel interface, an il­
legal channel interface 
state (caused by receiv­
ing bus control, DMA 
handshake error with 
channel), or channel 
loopback failure. 

POSSIBLE FAULT 
I 

Either the 4K static RAM 
on the Cache PCA has a 
double-bit error or the 
error detection circuitry 
on the COMA PCA is 
faulty. 

The circuitry associated 

I with the ADC on 
Microprocessor PCA-A4 ap-
pears to be bad. 

OMA failure. 

ROM failure. 

SUSPECTED HARDWARE 

1. Cache PCA-AS. 
2. COMA PCA-A6. 

A full self-test should 
be performed on 
Microprocessor PCA-A4. 

OMA PCA-A6. 

Microprocessor PCA-A4. 

A full self-test should be 
performed on the head 
positioning system and 
Microprocessor PCA-A4. 

~ 

\ 

i 

I 

I 
I 
I 

I 
I 
I 

The STP circuitry (it is 
a channel of the counter­
timer (CTC) integrated 
circuit on Microprocessor 
PCA-A4 or the circuitry 
generating sector timing 
pulses (Track Follower 
PCA-A9) is bad. 

1. Microprocessor PCA-A4. I 
2. STP pulse ~enerating 

circuitry (Track 
Follower PCA-A9). 

Either l-Mbyte DRAM array 1. Cache PCA-AS. 
on Cache PCA-AS or error 2. COMA PCA-A6. 
detection circuitry on 
COMA PCA-A6 is faulty. 

Either l-Mbyte DRAM array 1. Cache PCA-AS. 
on Cache PCA-AS or error 2. COMA PCA-A6. 
detection circuitry on 
CDMA PCA-A6 is faulty. 

As the associated test As the associated test 
error (TERR) describes. error (TERR) desc ribes. 

Not a fault - internal 
error only. 

The error could be caused 
by a faulty channel or a 
fault in the OMA channel 
interface. This error 
could also be caused by 
faulty system configura­
tion or operation. 

None 

1 . OMA PCA-A6. 
2.Host System: 

a.Channel cabling. 
b.Channel configuration. 
c.Host Channel 

Interface. 
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Table 5-8. Drive Error (DERR) Numbers (continued) 
I I 
INn I II vol 

The device received a 
message type which con­
flicted with its current 
state. 

118 Channel activity has 
placed the device inter­
face in an illegal state. 

119 The actual length (in 
bytes) of an HP-IB mes­
sage conflicted with the 
expected length. 

121 An HP-IB message was ab­
normally terminated. 

122 The device received a 
cancel command. 

128 The CPU sent an illegal 
opcode to the .device. 

129 The CPU sent a unit or 
volume number which was 
out of bounds for this 
,..I,..,.,.;,..,.. 
ucvJ. ... c. 

130 The CPU sent a command 
which did not have the 
correct number of parame­
ter bytes for the op­
code{s) included. 

136 An internal diagnostic 
failed. Look at test er­
ror (TERR) to ascertain 
which one failed. 

137 The current request was 
aborted due to a lack of 
valid head alignment in­
formation. The aborted 
operation was most likely 
a write operation since 
reads and seeks are al­
lowed without valid head 
alignment. but not disc 
writes. 

139 PHI parallel poll 
synchronization problem 
was experienced by the 
CPU, or the CPU tried to 
talk to the drive while 
it was automatically 
released. 

146 No more spares are avail­
able for a requested 
sparing operation. 

I I 

POSSIBLE FAULT 

Internal error only. The 
host is out of sync with 
the state of the drive, 
or channel experienced a 
transmission error. 

Host software placed the 
device in an illegal 
state, or DMA hardware is 
improperly communicating 
with the interface chip. 

Internal error only -
possible transmission 
problem. 

2. DMA PCA-A6. 

1. DMA PCA-A6. 
2. System configuration 

problem. 

This error could be the 
result of a HP-IB configura­
tion problem. 

Internal error only - not None 
a fault. 

Internal error only - not None 
a fault. 

Internal error only - 1. HP-IB cables. 
possible transmission 2. DMA PCA-A6 . 

. problem. 

Internal error only - 1. HP-IB cable. 
possible transmission 2. DMA PCA-A6. 
problem. 

Internal error only -
possible transmission 
problem. 

Determined by test error 
(TERR) . 

This error was caused by 
an aborted head alignment 
operation due to a fault, 
or if the request for 
head alignment was trig­
gered by an internally 
detected pack temperature 
change, and our request 
for release was denied by 
the host system. 

Internal error only - not 
a fault. 

Internal error only. 

1. HP-IB cables. 
2. DMA PCA-A6. 

Determined by test error 
(TERR). 

A full internal diagnostic 
should be performed. This 
will test our ability to 
perform head alignment. 
Secondly. ensure that the 
host system was not ignoring 
our request for release. 

1. Read/Write PCA-A1D. 
2. Media Module. 
3. Microprocessor PCA-A4. 

None 

Media is getting too old, or 
has been damaged, or 
read/write system 
electronics have degraded. 
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Table 5-8. Drive Error (DERR) Numbers (continued) 

NO. CAUSE 1 POSSIBLE FAULT I SUSPECTED HARDWARE 
L,--------------+t~- .,-----------

--I In t ern ale r r 0 r on 1 y - net I Non e 
a fault. 

148 Retry attempts have 
failed to rectify a data 
error during a read 
operation. 

149 An internal event has oc­
curred, which requires a 
release sequence for 
servicing. 

225 A parameter bounds error 
occurred in a set address 
command. 

226 A parameter bounds error 
occurred in a command 
other than unit, volume, 
or address. 

230 The drive is in a condi­
tion such that it is un­
able to perform the com-

I mand (such as unloaded or 
an error condition). 

231 WARNING, the number of 
available spare tracks is 
low. 

Internal error only - not 
a fault. 

Internal error only -
possible transmission 
error. 

Internal error only -
possible transmission 
e r ro r . 

Almost anything in the 
drive. Perform a full 
diagnostic. Possible 
cause is any momentary 
(lightning, power surge) 
or hardware fault. 

The media module has too 
many defects or the servo 
and read/write systems 
cause too many unrecover­
able errors. 

None 

1. HP-IB cables. 
2. DMA PCA-A6. 

1. HP-IB cables. 
2. DMA PCA-A6. 

1. Read/write chain. 
2. Servo chain. 

1. Media module. 
2. Read/write chain. 
3. Servo chain. 

! 

L' I 
. ..1..-1 _--J.-_L_, ___ ._._ 
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Table 5-9. Test Error (TERR) Numbers 

NO. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

I 
I rAII~1= 

I..... . .. . ...., ..... ""-. . ._ . _, 

l
uurln g tne mIcroprocessor test tlest b), a 
data pattern is written to and read from 
the control register and an incorrect bit 
is found. 

During the microprocessor test (Test 6), a 
data pattern is written to and read from 
the CTC for each of the 4 channels, and for 
one of the channels a bit error is found. 

During the microprocessor test (Test 6), 
different data is written to each of the 
CTC channels and read back. One of the 
channels is incorrectly accessed. 

During the microprocessor test (Test 6), 
each CTC channel is set to timer mode, in­
ternally trlggered, and allowed to count. 
An incorrect count value is found in one of 
the channels. 

During the microprocessor test (Test 6), 
the eTC channels 0 to 2 are cascaded and 
allowed to count. An incorrect count value 
is found in one of the channels. 

Duiing the microprocessor test (T~~t 6), 
the 4 CTC channels are each configured in 
timer mode with interrupts enabled. Upon 
interrupt, the wrong channel interrupt vec-
t" ... ;'" ... """'0;" ..... .-1 f", .. 1'\..- .... I"\f +h .... ,...J,.,..,. ... "' ...... 1" 
","VI J....;} l'ti;;v,;;;;.l.VCU IV' vue VI \OIIC "IIQlnIC.L~ .. 

During the microprocessor test (Test 6), 
the 4 CTC channels are each configured in 
timer mode with interrupts enabled. Upon 
interrupt, no interrupt vector is received 
for one of the channels. 

During the microprocessor test (Test 6), 
the 4 CTC channels are each configured in 
timer mode with interrupts enabled. In the 
allotted time, one of the channels did not 
request an interrupt. 

During the microprocessor test (Test 6), 
the frequency divider circuit, which 
generates the 540 Hz signal, is found to be 
out of specification. 

During the microprocessor test (Test 6), 
one of bits 5 to 7 of the microprocessor 
sense register is in error. 

During the microprocessor test (Test 6), a 
fault is found in the address selection of 
the fault register and the sense register. 

During the microprocessor test (Test 6), 
bits 0 through 2 of the microprocessor 
sense register has the wrong value. These 
bits are bits 0 through 2, respectively, of 
motherboard PCA-A11 address bus. 

NOTE: Some error numbers are acted on internally 
and may never appear on the display. 

SUSPECTED HARDWARE 

Microprocessor PCA-A4. 

Microprocessor PCA-A4. 

Microprocessor PCA-A4. 

Micropocessor PCA-A4. 

Microprocessor PCA-A4. 

Microprocessor PCA-A4. 

Microprocessor PCA-A4. 

Microprocessor PCA-A4. 

Microprocessor PCA-A4. 

Microprocessor PCA-A4. 

Microprocessor PCA-A4. 

Any of the PCA's connected to 
the data bus: 

Actuator Driver PCA-A2. 
Servo PCA-A3. 
Microprocessor PCA-A4. 
DMA PCA-A6. 
Formatter/Separator PCA-AS. 
Track Follower PCA-A9. 
Motherboard PCA-All. 
<::""; ..... ,..j1'" " .. ;,,~_ D(",II._1I.1'1 
'-' .... .:. II \.I':' C I..J I .:. v C I I V("\ - ("\ I L. • 

5-65 



Service Information 

Table 5-9. Test Error (TERR) Numbers (continued) 

i 
NO. CAUSE f SUSPECTED HARDWARE 

!-----+---------.-----------~.----------------. 
lOuring the microprocessor test (Test 6), 1. Regulator PCA-A1. 13 
the power supply fault bit is set in the 2. Microprocessor PCA-A4 

14 

15 

16 

17 

18 

19 

20 

21 

fault register. 

During the microprocessor test (Test 6), an 
error is detected in the motherboard data 
bus when testing a 256-byte block of space. 

During the microprocessor test (Test 6), 
one or more of the motherboard data bus 
bits is stuck low when testing a 256-byte 
block of address space. 

During the microprocessor test (Test 6), a 
Idata bus contention or failure occurred on 
the motherboard data bus. 

During the microprocessor test (Test 6), 
the end of A/D conversion flag is never 
received. 

During the microprocessor test (Test 6), 
either the ground input or reference volt­
age input of the A/D circuit is found to be 
out of specification after an A/D 
conversion. 

During the microprocessor test (Test 6), 
the +12 Vdc reference voltage input is out 
of specification. 

During the microprocessor test (Test 6), 
the -12 Vdc reference voltage input is out 
of specification. 

During the Track Follower interface test 
(Test 32), the SOS-L line driven from the 
Track Follower failed to increment the CTC. 

24 During an access to the spare track table 
file on the system maintenance area. an in­
valid chec~ byte is found. 

28 During an access to the interleave value 
sector on the system maintenance area. an 
invalid check byte is found. 
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Any of the PCA's connected to 
the data bus: 

Actuator Driver PCA-A2. 
Servo PCA-A3. 
Microprocessor PCA-A4. 
DMA PCA-A6. 
Formatter/Separator PCA-A8 
Track Follower PCA-A9. 
Motherboard PCA-All. 
Spindle Driver PCA-A12. 

Any of the PCA's connected to 
the data bus: 

Actuator Driver PCA-A2. 
Servo PCA-A3. 
Microprocessor PCA-A4. 
DMA PCA-A6. 
Formatter/Separator PCA-A8. 
Track Follower PCA-A9. 
Motherboard PCA-A1l. 
Spindle Driver PCA-A12. 

Any of the PCA's connected to 
the data bus: 

Actuator Driver PCA-A2. 
Servo PCA-A3. 
Microprocessor PCA-A4. 
DMA PCA-A6. 
Formatter/Separator PCA-AS. 
Track Follower PCA-A9. 
Motherboard PCA-Al1. 
Spindle Driver PCA-A12. 

Microprocessor PCA-A4. 

Microprocessor PCA-A4. 

1. Regulator PCA-Al. 
2. Microprocessor PCA-A4. 

1. Regulator PCA-A1. 
2. Microprocessor PCA-A4. 

Microprocessor PCA-A4. 

1. Read/Write PCA-A1D, 
Formatter/Separator PCA-A8. 

2. DMA PCA-A6. 
3. Media Module. 

1. Read/Write PCA-AIO, 
Formatter/Separator PCA-AS. 

2. DMA PCA-A6. 
3. Media Module. J 
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Table 5-9. Test Error (TERR) Numbers (continued) 

I I 

/
1 •• 0 I "A II~I: 
~ . I ~~v~~ 

I

I 32 'IDurin g the Regulator test (Test 7), 
Regulator fault register contains a 
value for -20V and -12V. 

the 
wrong 

33 During the Regulator Test (Test 7), the 
Regulator fault register contalns wrong 
values for positive voltages, 

SUSPECTED HARDWARE 

1. DC Power PCA-A13. 
2. Regulator PCA-A1. 

Regulator PCA-Al 

34 During the Regulator test (Te~t 7), bits 5, Regulator PCA-Al. 
6, and 7 of the Regulator fault register 
did not compare to predefined values. 

35 During the Spindle Driver test (Test 13). 1. DC Power PCA-A13. 
all fuse bits have the wrong value. 2. Spindle Driver PCA-A12. 

36 During the Spindle Driver test (Test 13), Spindle Driver PCA-A12 and fuses. 
an unexpected combination of fuse bits are 
missing. 

37 During the Spindle Driver test (Test 13), Spindle Driver PCA-A12 and fuse F540. 
all fuse status bits are present except the 
actuator plus supply fuse bit. 

38 During the Spindle Driver test (Test 13), Spindle Driver PCA-A12 and fuse F550. 
all fuse status bits are present except the 

.actuator minus supply fuse bit. 

39 During the Spindle Driver test (Test 13), Spindle Driver PCA-A12 and fuse F590. 
all fuse status bits are present except the 
spindle plus supply fuse bit. 

40 During the Spindle Driver test (Test 13), Spindle Driver PCA-A12 and fuse F580. 
all fuse status bits are present except the 
spindle minus supply fuse bit. 

41 During the Spindle Driver test (Test 13), Spindle Driver PCA-A12 and fuses 
all fuse status bits are present except F540/F550. 
both actuator supply fuse bits. 

42 During the Spindle Driver test (Test 13), Spindle Driver PCA-A12 and fuses 
all fuse status bits are present except F580/F590. 
both spindle supply fuse bits. 

43 During the Spindle Driver test (Test 13). Spindle Driver PCA-A12 and fuses 
all fuse status bits are present except F540/F590. 
both plus supply fuse bits. 

44 Du ring the Spindle Dr iver tes t (Tes t 13). Spindle Dr i ver PCA-A 12 and fuses 
all fuse status bits are present except F550/F580. 
both minus supply fuse bits. 

48 During the SOS-L signal test (Test 23), the Track/Follower PCA-A9 
Formatter/Separator read the wrong value 
from the Track Follower. 

49 During the SOS-L signal test (Test 23), the DMA PCA-A6. 
DMA read the wrong value from the Track 
Follower. 

50 During the SOS-L signal test (Test 23), the 1. Track Follower PCA-A9. 
Track Follower read the wrong value from 2. Formatter/Separator PCA-A8. 
the Formatter/Separator. 3. DMA PCA-A6. 

51 During the RWC-L signal test (Test 21), the DMA PCA-A6. 
ECC chip and DMA read the wrong value from 
the Formatter/Separator. 

52 During the RWC-L signal test (Test 21), the 1. DMA PCA-A6. 
ECC chip, DMA and the Formatter/Separator 2. Formatter/Separator PCA-A8. 
read the wrong value from the Formatter/ 
Separator. 

I 
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Table 5-9. Test Error (TERR) Numbers (continued) 

NO. CAUSE 

53 
! 

During the RWC-L signal test (Test 21), the I 
DMA read the wrong value from the 
Formatter/Separator. 

54 
S5 

56 

57 

58 

59 

60 

61 

62 

ECC chip read the wrong value (see Test 53). 
During the RWC-L signal test (Test 21), a 
combination of the ECC chip, DMA and the 
Formatter/Separator read the wrong value 
from the Formatter/Separator. 

During the UNER-L signal test (Test 30), 
two uncorrectable sectors were clocked from 
the Formatter/Separator, but the EROR-L bit 
is not set on the DMA. 
During the UNER-L signal test (Test 30), 
there is an error in the DMA disc address 
count. 

During the UNER-L signal test (Test 30), an 
uncorrectable sector causes the sector 
counter to change from 0, while EROR-L is 
set on the DMA. 
During the UNER-L signal test (Test 30). 
UNER-L did not cause EROR-L to be set. The 
sector counter also worked incorrectly. 

During the EOS-L signal test (Test 28), the 
ECC chip read the wrong value from the 
Formatter/Separator. 

During the FOUT-H signal test (Test 26), 
the ECC chip read the wrong value from 
Formatter/Separator. 

During the FOUT-H signal test (Test 26), 
the Formatter/Separator or the 
Formatter/Separator and the ECC chip read 
the wrong value from the 
Formatter/Separator. 

63 During the FUNER-L signal test (Test 29), 
the DMA read the wrong value from the 
Formatter/Separator. 

64 During the FUNER-L signal test (Test 29) 
the Formatter/Separator or 
Formatter/Separator and DMA read the wrong 
value from the Formatter/Separator. 

65 During the SOD-L signal test (Test 22), the 
DMA read the wrong value from the 
Formatter/Separator. 

66 During the SOD-L signal test (Test 22), the 
Formatter/Separator or Formatter/Separator 
and DMA read the wrong value from the 
Formatter/Separator. 

67 During the DOUT-H signal test (Test 24), 
the ECC chip read the wrong value from the 
DMA. 

68 I During the DOUT-H signal test (Test 24), I' I the DMA or ECC chip and DMA read the wrong I value f rom the DMA. 

69 ii' During the FIN-H signal test (Test 27), the I 
',Formatter/separator read the \-'Jrong value I' 

from the ECC chip. 
~ ____ l. __________________________ _ 

5-68 

SUSPECTED HARDWARE 

1, DMA PCA-A6. 
2. Formatter/Separator PCA-A8 

DMA PCA-A6. 
1. Formatter/Separator PCA-A8. 
2. DMA PCA-A6, 

1. DMA PCA-A6. 
2. Formatter/Separator PCA-AS. 

DMA PCA-A6. 

DMA PCA-A6. 

DMA PCA-A6. 

1. DMA PCA-A6. 
2. Formatter/Separator PCA-AS. 
3. Connecting Interface. 

1. DMA PCA-A6. 
2. Formatter/Separator PCA-A8, 

1. DMA PCA-A6. 
2. Formatter/Separator PCA-A8, 

1. DMA PCA-A6. 
2. Formatter/Separator PCA-A8 

1. Formatter/Separator PCA-A8. 
2. DMA PCA-A6. 

1. DMA PCA-A6. 
2. Formatter/Separator PCA-AS. 

1. Formatter/Separator PCA-A8. 
2 DMA PCA-A6. 

DMA PCA-A6. 

DMA PCA-A.6, 

1. DMA PCA-A6. 
2. Formatter/Separator peA-AS 
J. Connecting Interface, 
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Table 5-9. Test Error (TERR) Numbers (continued) 

I 
NO. CAUSE I 

f _ . . . __ .... . .. . ,_ . ~_, . . I 
70 

71 
I 

Uurlng tne U11'J-H slgnal test t lest LO), tne I 
DMA read the wrong value from the ECC chip. 

The memory failed a data write/read/compare 
test. Or an uncorrectable error was found 
in the cache dynamic RAM array. 

72 Failure in cache page addressing, i.e., 
data written to wrong page. 

73 Error in data transfer from cache memory 
through COMA to disc media. 

74 Data miscompare (single-bit error) found 
during diagnostics while testing the 4K 
static RAM buffer. 

75 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

93 

96 

97 

Uncorrectable error found during diagnos­
tics testing of 4K static RA~ buffer. 
Indicates intermittent RAM failure or 
Hamming error correction failure. 

I 
During the DMA test (Test 14), data written 
to the DMA registers could not be read. 

'During the DMA test (Test 14), the DMA 
header RAM has a wrong value. 

During the DMA test (Test 14), the DMA data 
O.aM h.,..,. .,. ..... " .... ,.. """ 1 .. 0 
t\,-y'l ItU..;J: "" ""I Vfl~ V ""'.I,.u'l:i;; • 

During the DMA test (Test 14), the DMA DATF 
has a wrong value. 

During the DMA test (Test 14), the DMA has 
a read serial data compare error. 

During the DMA test (Test 14), the DMA read 
a wrong CRC error flag value. 

During the DMA test (Test 14). the DMA sec­
tor counter is miscounting. 

During the DMA test (Test 14), the DMA has 
a write serial data compare error. 

During the DMA test (Test 14), UNER-L or 
FUNER-L are being pulled low. 

During the DMA test (Test 14), the DMA disc 
address did not increment. 

During the ECC chip test (Test 16), the ECC 
interface lines are not what is expected. 

During the ECC chip test (Test 16), there 
is an ECC chip hardware fault. 

During the HP-IB chip test (Test 15), the 
wrong interrupt bits are set. 

During the HP-IB chip test (Test 15), there 
is a wraparound data compare error. 

98 During the HP-IB chip test (Test 15), the I identity bits have the wrong value. 

SUSPECTED HARDWARE 

DMA PCA-A6. 

1. Cache PCA-AS. 
2. CDMA PCA-A6. 

1. Cache PCA-AS. 

l. CDMA PCA-A6. 
2. Cache PCA-AS. 
3. Ribbon Cable W7. 

1. Cache PCA-AS. 
2. CDMA PCA-A6. 

1. Cache PCA-AS 
2. CDMA PCA-A6. 

DMA PCA-A6. 

DMA PCA-A6. 

DMA PCA-A6. 

1. DMA PCA-A6. 
2 Read/Write Chain. 

1. DMA PCA-A6. 
2. Read/Write Chain. 

DMA PCA-A6 

DMA PCA-A6. 

1. DMA PCA-A6. 
2. Read/Write Chain. 

1. DMA PCA-A6. 
2. Read/Write Chain. 

DMA PCA-A6. 

DMA PCA-A6. 

DMA PCA-A6 

DMA PCA-A6. 

DMA PCA-A6. 

DMA PCA-A6. 
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Table 5-9. Test Error (TERR) Numbers (continued) 

[-N-o=if-_______ C_A_U_S_E _____ . __ -+-___ S_U_S_PE_C_T_E_D_H_A_R __ D_W_A_-;E=:=J 
1 99 : During the HP-IB chip test (Test 15) I the 

HP-IB interface write missed the end of 
byte count. 

100 During the HP-IB chip test (Test 15) I the 
EOI is not received. 

101 During the HP-IB chip test (Test 15) I the 
secondary command is not detected. 

DMA PCA-A6. 

DMA PCA-A6. 

DMA PCA-A6. 

102 During the HP-IB chip test (Test 15). therel DMA PCA-A6. 
is a write data compare error. I 

103 

104 

105 

106 

107 

108 

112 

113 

114 

115 

116 

During the HP-IB chip test (Test 15) I there 
is a read data compare error. 

During the HP-IB chip test (Test 15). the 
IOSTOP signal came too soon. 

During the HP-IB chip test (Test 15), the 
sector counter missed incrementing on an 
I/O write. 

During the HP-IB chip test (Test 15). the 
sector counter missed decrementing on an 
I/O read. 

During the HP-IB chip test (Test 15), the 
automatic buffer fill failed. Buffer fill 
is for data security. 

During the HP-IB chip test (Test 15), there 
is a data compare error during an I/O read. 

During the Control Panel Test (Test 9). the 
top door is open. 

During the head load sequence following 
test 40, the media module is not detected 
as being installed. 

During the head load sequence following 
test 40. excessive runout is measured fol­
lowing a head load. Remove the media module 
and reinstall it. 

During the head load sequence following 
test 40, the velocity transducer signal un­
expectedly changed. 

The user aborted the diagnostic by pressing 
a button, or the CPU issued a cancel or 
clear command while the diagnostic is 
running. 

DMA PCA-A6. 

DMA PCA-A6. 

DMA PCA-A6. 

DMA PCA-A6. 

DMA PC,ll,-A6. 

DMA PCA-A6. 

Top door sensor and associated 
circuitry. 

1. Media module. 
2. Spindle Driver PCA-A12. 

1 Media Module. 
2. Spindle. 
3. Servo System. 

1 The sliding module door is closed. 
2. Velocity Transducer 
3 Carriage Assembly. 

None 

117 The user failed to do a Seek command that None 
displays a cylinder address before the com-
mand that transfers data. 

118 The sector counter is not counting Micropro~essor PCA-A4. 
properly. 

119 During the Control Panel test (Test 9), the 1. Control Panel PCA-A14, 
data written to the display register cannot 2, Microprocessor PCA-A4. 
be read back. 

120 During the Contro Panel test (Test 9) the Control Panel PCA-A14. 
sensor interlock pressure sensor cable 
connector) is ope 
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121 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

Service Information 

Table 5-9. Test Error (TERR) Numbers (continued) 

I I 
I I""AII~I: I I . ,,~u~'- I 

I 
During the Control Panel test (Test 9), the I 
keyboard/display scan is too slow. 

During the Control Panel test (Test 9), the 
microprocessor fault register door open bit 
does not match the control panel door open 
bit. 

The Control Panel read an illegal key value 
from the keyboard interface. 

During the Control Panel test (Test 9), the 
top door sensor cable is missing. 

Data transfers are illegal following a No 
Verify For Seeks command. A Seek command 
without the No Verify option must be per­
formed before data transfers are allowed. 

During the Spindle Driver test (Test 13), 
the bits in the spindle status register 
that should be zero are not. 

During the Spindle Driver test (Test 13), 
• the spindle enable f lip-f lop does not read 

back what is written to it. 

During the Spindle Driver test (Test 13), 
the run/stop flip-flop does not read back 
what is written to it. 

During the Spindle Driver test (Test 13), 
the spindle cable is not plugged on the 
Spindle Driver. 

During the Spindle Driver test (Test 13), 
the Spindle Driver heat sink is 
over-temperature. 

During the Spindle Driver test (Test 13), 
the spindle speed up bit is not correct. 

During the Spindle Driver test (Test 13), 
software timing of the Spindle Driver input 
clocks indicates that one of them is too 
slow. 

During the Spindle Driver test (Test 13), 
the current sense detectors indicate that 
no current is flowing in spindle phases. 

During the Spindle Driver test (Test 13), 
the encoder bits in the control register 
did not change. The spindle will not 
rotate. 

During the Spindle Driver test (Test 13), 
the spindle did not lose full speed within 
the allotted time. 

During the Spindle Driver test (Test 13), 
the phase detector bit is in the wrong 
state. 

During the Spindle Driver test (Test 13), 
the microprocessor fault register speed 
down bit does not match the spindle speed 
down condition of Spindle Driver PCA-A12. 

SUSPECTED HARD\AI ARE 

Control Panel PCA-A14. 

1. Microprocessor PCA-A4. 
2. Control Panel PCA-A14. 

Control Panel PCA-A14. 

1. Top door sensor cable is not 
connected to PCA-A14. 

2. Control Panel PCA-A14. 

None. 

Spindle Driver PCA-A12. 

Spindle Driver PCA-A12. 

Spindle Driver PCA-A12. 

1. Spindle-motor assembly cable. 
2. Spindle Driver PCA-A12. 

Spindle Driver PCA-A12. 

Spindle Driver PCA-A12 

Spindle Driver PCA-A12. 

Spindle Driver PCA-A12. 

Spindle Driver PCA-A12. 

Spindle Driver PCA-A12. 

Spindle Driver PCA-A12. 

Spindle Driver PCA-A12. 
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NO. 

140 

141 

142 

144 

145 

146 

147 

148 

149 

151 

152 

Table 5-9. Test Error (TERR) Numbers (continued) 

CAUSE SUSPECTED HARDWARE 

I During the Spindle Driver test (Test 13). ,Spindle Driver PCA-A12. 
lone or more card cage PCAs are missing. 

I During the up-to-speed test (Test 33). the 1. Spindle Driver PCA-A12, 
software time out for reaching full speed 2. Media module. 
expired. I 3. Spindle assembly. 

A diagnostic is requested which requires I None 
that the drive be at full speed while it is 

! not. 

During the Servo interface test (Test 19), I 1. Velocity Transducer Cable. 
the CNVF-L bit is high. A cable is discon- 2. Actuator Status PCA-AlS. 
nected or missing. 3. Servo PCA-A3. 

During the Servo interface test (Test 19), 
the reference voltage measured out of 
range. 

During the Servo test (Test 35), the offset I' 
voltage measurement did not agree with the 
value to which the offset DAC is set. 

During the Servo test (Test 35), the DTG 
register has an unexpected value. 

During the Servo test (Test 35), the 
velocity command signal measured out of 
range. 

During the Servo test (Test 35), the cur­
rent command signal has an unexpected 
value. 

During the Servo test (Test 35), the DTG 
i register has the wrong value indicating 

that it is clocked by a simulated track 
crossing voltage less than that specified 
by first track crossing, or position con­
trol mode did not disable the Quarter track 
crossing detector. 

During the Servo test (Test 35). the DTG 
register has the wrong value indicating 
that it is not clocked by a track crossing 
simulated by varying the offset DAC. 

I 

Servo PCA-A3. 

Servo PCA-A3. 

Servo PCA-A3. 

Servo PCA-A3. 

1. Servo PCA-A3. 
2. Emergency Retract PCA-A20 (part of 

PCA-A2) . 

Servo PCA-A3. 

SelVo PCA-A3. 

153 I During the Servo test (Test 35). the DTG 
register has the wrong value indicating 

I that it is not clocked by a Quarter track 
crossing simulated by varying the offset 
DAC. 

Servo PCA-A3. 

154 During the Servo test (Test 35). the DTG Servo PCA-A3 
clock control logic or DTG register failed, 

1 55 D uri n g the S e r v 0 t est ( T est 35). the 0 f f - S e r v 0 P CA -A 3 . 
track circuit did not trigger correctly. 

156 During the Servo test (Test 35), the Servo PCA-A3, 
deceleration bit has the wrong value. 

157 During the Servo test (Test 35), the posi- Servo PCA-A3. 
tion signal has the wrong value, 

158 During the Servo interface test (Test 19), 1. Velocity transducer. 
the velocity transducer signal is not zero 2, Servo PCA-A3, 
during self test 
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NO. 

159 

Table 5-9. Test Error (TERR) Numbers (continued) 

CAUSE I SUSPECTED HARDWARE 

Carriage Latch. 
Actuator Status PCA-A1S. 
Servo PCA-A3. I 

Du ring 
or the 
is not 
nal is Emergency Retract PCA-A20 (part of 

PCA-A2) . 

160 

161 

162 

163 

165 

167 

168 

169 

During the Servo interface test (Test 19), 
the actuator temperature measurement is out 
of range. 

During the Servo interface test (Test 19), 
the media module exhaust temperature 
measurement is out of range. 

During the Servo interface test (Test 19), 
the DTG register did not contain what was 
written to it. 

During the Servo interface test (Test 19), 
the Servo current command is not disabled 
by Emergency Retract. 

During the Track Follower test (Test 20), 
data written cannot be read back. 

During the Track Follower test (Test 20), 
the once-around-counter fails. 

During the Track Follower test (Test 20); 
the skew delay comparator fails. 

During the Track Follower test (Test 20), 
the SOS-L signal has the wrong value. 

170 During the TracK Follower test (Test 20), 
the sector-sync circuit fails. 

171 

172 

176 

177 

During the Track Follower test (Test 20), 
the track pOSition discriminator and posi-
tion signal output circuits fail. 

During the Track Follower test (Test 20), 
the skew measure circuit fails. 

During the head load operation and 
verification (Test 1), a drive error was 
generated which aborted the operation. 
(See note 1.) 

During the seek verification test (Test 2), 
a drive error was generated which aborted 
the operation. (See note 1.) 

1. Actuator too hot. 
2. Actuator temperature sensor. 
3. Actuator Status PCA-A1S. 
4. Servo PCA-A3. 

1. Ac tuator Status PCA-A1S. 
2. Servo PCA-A3. 

Servo PCA-A3. 

Servo PCA-A3. 

Track follower PCA-A9. 

Track Follower PCA-A9. 

Track Follower PCA-A9 

1. Track Follower PCA-A9. 
2. Formatter/Separator PCA-A8. 
3. DMA PCA-A6. 

Track follower PCA-A9. 

Track Follower PCA-A9. 

1. Track Follower PCA-A9. 
2. Read/Write PCA-A10. 

As determined by the drive error 
(DERR) logged in the fault log. 

As determined by the drive error 
(DERR) logged in the fault log. 

178 During the Read/Write verification test As determined by the drive error 
(Test 3), a drive error was generated which (DERR) logged in the fault log. 
aborted the operation. (See note 1.) 

179 During the drive verification test (Test 
5), a drive error was generated which 
aborted the operation. (See note 1.) 

180 During the head load operation and 
verification (Test 1), the heads were un-

1~~~~ef.)hiCh aborted the operation. (See 

As determined by the drive error 
(DERR) logged in the fault log. 

As determined by the drive error 
(DERR) logged in the fault log. 

*Note 1. Drive errors may be logged in either the fault log or in status. The user should read the 
fault log drive errors and not rely only on the status message. 
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Table 5-9. Test Error (TERR) Numbers (continued) 

------.~---------------------------------------- -r------------------------------------~ I NO. I CAUSE SUSPECTED HARDWARE -~'-i 
: 181 During the seek verification test (Test 2) I I As determined by the drive error ! 

the heads were unloaded which aborted the I' (DERR) logged in the fault log. 
operation. (See note 1.) 

182 During the Read/Write verification test 
(Test 3), the heads were unloaded which 
aborted the operation. (See note 1.) 

I As determined by the drive error 
(DERR) logged in the fault log. 

183 

184 

185 

186 

187 

188 

189 

190 

191 

During the drive verification test (Test 
5), the heads were unloaded which aborted 1 . 

the operation. (See note l.) 

During the head load and verification (Test 
1), a Hardware Fault Register bit is set 
which aborted the operation. (See note 1.) 

During the seek verification test (Test 2), 
a Hardware Fault Register bit is set which 
aborted the operation. (See note 1.) 

During the Read/Write verification test 
(Test 3), a Hardware Fault Register bit is 
set which aborted the operation. (See note 
1 . ) 

During the drive verification test (Test 
5), a Hardware Fault Register bit is set 
which aborted the operation. (See note 1.) 

During the head load and verification (Test 
1), the AGC fault is set or off-track oc­
curred more than once which aborted the 
operation. (See note 1.) 

During the seek verification test (Test 2), 

I

, the AGC fault is set or off-track occurred 
more than once which aborted the operation. 
(See note 1.) 

louring the Read/Write verification test 
I (Test 3), the AGe fault is set or off-track 

I
i occurred more than once which aborted the 
;operation. (See note 1.) 

IDuring the drive verification test (Test 
15), the AGC fault is set or off-track oc­
I curred more than once which aborted the 
i operation. (See note 1.) 
1 

192 \1 In any of the functional verification tests 
. (Tests 1, 2, 3, 5) I the proper number of 

I
'Data Clock Pulses are not received for a 
head, or, automatic head alignment failed. 
(See note 1.) 

193 lOuring the head load and verification (Test 
11), the Start of Sector timing is wrong. 

194 'lOuring the head load and verification (Test 
11), the Sector Clock Pulse timing is \"Irong. 
I I 

I I 
95 I'Durin g the head load and verification (Test I 

. 1), or the seek Verification test (Test 2), I the Data Clock Pulse count is wrong. 

As determined by the drive error 
(DERR) logged in the fault log. 

As determined by the drive error 
(DERR) logged in the fault log. 

As determined by the drive error 
(DERR) logged in the fault log. 

As determined by the drive error 
(DERR) logged in the fault log. 

As determined by the drive error 
(DERR) logged in the fault log. 

1. Actuator Driver PCA-A2. 
2. Servo Head. 
3. Actuator. 
4. Media. 

1. Track Follower PCA-A9. 
2. Servo PCA-A3. 
3. Actuator Driver PCA-A2. 
4. Servo Head. 
5. Media. 

l. Track Follower PCA-A9. 
2. Servo PCA-A3. 
3. Actuator Driver PCA-A2. 
4. Servo Head. 
5. Media 

1. Track Follower PCA-A9. 
2. Servo PCA-A3. 
3. Actuator Driver PCA-A2. 
4. Servo Head. 
5. Media. 

l . Track Follower PCA-A9. 
2. Servo PCA-A3. 
3. Read/Write PCA-AlO. 
4. Data Heads. 
5. Media. 

l. Track Follower PCA-A9. 
2. Spindle Driver PCA-A12. 
3. Media. 

l. Track Follower PCA-A9. 
2. Servo Head. 
3. Media. 

l . Read/Write PCA-AlO, 
2. Servo PCA-A3. 
3. Track Follower PCA-A9. 
4. Data Heads. 
,5. ~v1e d i a I ! 

!.-....... , .. ~.~~--.. -''' .. ~.----~.--".,,-..... --.. ~-, ... ~-.-.-~ ... ,.._._----_ .. ---_ ... _---'--- ,.....-~-..... ---, 
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NO. 

i96 

197 

198 

199 

200 

201 

202 

203 

204 

205 

208 

209 

210 

211 

212 

213 

Service Information 

Table 5-9. Test Error (TERR) Numbers (continued) 

I 
I CAUSE 

I 
I 

! 

'I During the seek verification 
the seek time is too long. 

test (Test ')\ I 

During the Read/Write verification test 
(Test 3), the test sector gets data errors. 

During the Read/Write verification test 
(Test 3), all sectors get data errors. 

During the Read/Write verification test 
(Test 3), a probable head/media problem oc­
curred. The fault log contains the errors. 

I 

During the Read/Write verification test I 

(Test 3), all sectors get uncorrectable er­
rors in the ECC test. 

I During the Read/Write verification test I 
. (Test 3), a correctable error is expected, I 

but not generated. 

During the Read/Write verification test 
(Test 3), an uncorrectable error is expec-
+orl hlOt nl\+ l'Ionol"::Itorl 
"''1;'\.1, w""""", IIV,"" ,=,'-11"-''''''''''-_. 

During the Read/Write verification test 
(Test 3), the CRC is not set on reading an 
uncorrectable error. 

During the Read/Write verification test 
(Test 3), there are too many off-tracks 
generated. 

During the Read/Write verification test 
(Test 3), there are too many verify faults 
generated. 

During the Read/Write test (Test 18), there 
is a Read/Write data path or fault detect 
e r ro r . 

During the Read/Write test (Test 18), the 
automatic head alignment circuits fail. 

During the Read/Write test (Test 18), a 
head is open, or disconnected, or connected 
wrong. 

During the Read/Write test (Test 18), 
Read/Write faults are not read by the 
microprocessor. 

During the Read/Write test (Test 18), an 
A/D converter error occurred. 

During the Read/Write fault line test (Test 
38), the Emergency Retract fault is not 
detected. 

SUSPECTED HARDWARE 

1 c", ... "" Df"'fI._l\",) 
I. we I v v I vn nv. 

2. Actuator Driver PCA-A2. 
3. Linear Motor, 
4. Carriage. 
5. Rails. 

1. Read/Write PCA-A10. 
2. Formatter/Separator PCA-A8, 
3. Heads. 
4. Media. 

DMA PCA--A6. 

1. Read/Write PCA-A10. 
2. Formatter/Separator PCA-A8. 
3. DMA PCA-A6. 
4. Heads. 
5. Media. 

1. DMA PCA-A6. 
2. Heads. 
3. Media. 

1. DMA PCA-A6 . 
2. Heads. 
3. Media. 

1. DMA PCA-A6 
2. Other PCA's. 
3. Heads, 
4. Media. 

1. DMA PCA-A6. 
2. Heads. 
3. Media. 

1. Servo PCA-A3. 
2. Track Follower PCA-A9. 
3. Actuator Driver PCA-A2. 
4. Actuator Assembly. 

1. PCA's. 
2. Actuator Assembly. 

1. Formatter/Separator PCA-AS. 
2. Read/Write PCA-A10. 
3. Motherboard PCA-Al1, 
4. Head Connectors. 

1. Formatter/Separator PCA-AS. 
2. Read/Write PCA-A10. 
3. Motherboard PCA-Al1. 

1. Heads. 
2. Read/Write PCA-A10. 

1. Read/Write PCA-A10. 
2. Formatter/Separator PCA-AS. 
3. Microprocessor PCA-A4. 
4. Motherboard PCA-All. 

Microprocessor PCA-A4. 

1. Read/Wr i te PCA-A 10. 
2. Formatter/Separator PCA-AS. 
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Table 5-9. Test Error (TERR) Numbers (continued) 

-----;---------------------------------------,---------------------------------
l NO. CAUSE SUSPECTED HARDWARE 
'--- -+.---------------------------

2 1 4 i D uri n g the Rea d / W r i t e f a u 1 t lin e t est ( T est 1 1. Rea d / W r i t e P CA -A 1 0 . 
38), the Track Follower faul t is not ! 2. Track Follower PCA-A9. 
detected. : 

I 
215 During the Read/Write fault line test (Testl 

38), the Servo off-track fault is not 1 
detected. 

216 During the Read/Write fault line test (Testl 
38), fault from either the Emergency ! 

Retract, the Track Follower, or the Servo 
was detected. 

224 During the Actuator Driver test (Test 40), 
the tachometer indicates either no carriage 
movement, or movement in the wrong 
direction. 

225 During the Emergency Retract test parts 2, 
3, 4, and 5 (Tests 12, 34, 37, and 39), one 
or more of the bits in the Emergency 
Retract registers is bad. 

226 

227 

228 

229 

230 

231 

During the Emergency Retract test part 3 
(Test 34), or Actuator Driver test (Test 
40), the actuator current is out of range. 

During the Emergency Retract Speed Up test 
(Test 36), the spindle speed down condition 
fails to set Emergency Retract. 

During the Emergency Retract test parts 1, 
2, and 3 (Tests 11,12, and 34), the 
Emergency Retract register bits do not 
match the Emergency Retract latch. 

During the Emergency Retract test part 1 
(Test 11), the grounded bit has the wrong 
value. 

During the Emergency Retract test part 1 
(Test 11), the power supply fail bit has 
the wrong value. 

During the Emergency Retract test part 2 
( T est 1 2), the p owe r - 0 n bit has the w ron g 
value. 

1. Read/Write PCA-A10. 
2. Formatter/Separator PCA-A8. 

1. Read/Write PCA-A1O. 
2. Emergency Retract PCA-A20 

of PCA-A2). 
(part 

3. Track Follower PCA-A9. 
4. Servo PCA-A3. 

1. Velocity transducer. 
2. Actuator coil. 
3. Servo PCA-A3. 
4. Actuator Driver PCA-A2. 

1. Emergency Retract PCA-A20 (part of 
PCA-A2) . 

2. Spindle Driver PCA-A12. 

1. Actuator Driver PCA-A2/Emergency 
Retract PCA-A20. 

2. Servo PCA-A3. 

1. Actuator Driver PCA-A2jEmergency 
Retract PCA-A20. 

2. Servo PCA-A12. 

Emergency Retract PCA-A20 
(part of PCA-A2). 

Emergency Retract PCA-A20 (part of 
PCA-A2) . 

1. Spindle Driver Fuses (+j- 36V 
Emergency Retract fuses). 

2. Emergency Retract PCA-A20 (part of 
PCA-A2) . 

Emergency Retract PCA-A20 (part of 
PCA-A2) . 

232 During the Emergency Retract test parts 2 1. Microprocessor PCA-A4. 
and 3 (Tests 12 and 34), the microprocessor 2. Emergency Retract PCA-A20 (part of 
Emergency Retract bit has the wrong value. PCA-A2). 

233 During the Emergency Retract test parts 3, 
4, and 5 (Tests 34, 37, and 39), or the 
Actuator Driver test (Test 40), there was 
an AjD conversion error. 

234 During the Emergency Retract test parts 3, 
4, and 5 (Tests 34, 37, and 39), or the 
Actuator Driver test (Test 40), the car­
riage moved when it should not have. 

235 During the Emergency Retract test parts 3 
4, and 5 (Tests 34. 37, and 39), or the 
Actuator Driver test (Test 40). the ac'­
tuator cu~rent is out of range 

Microprocessor PCA-A4. 

1. Actuator Status PCA-A18. 
2. Emergency Retract PCA-A20 (part of 

PCA-A2) . 
3. Servo PCA··A3. 

1. Actuator Drivpr prA-A? 
2. Servo PCA,-A3. 
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NO. 

236 

Table 5-9. Test Error (TERR) Numbers (continued) 

I 
I CAUSE 

!Durih9 rne Actuator Driver test 
I the Servo current command value 
I I range. 

(Test 40), 
is out of 

I 

I Servo 

SUSPECTED HARDWARE 

PCA-A3. 

23 7 D uri n g the Act u a tor D r i ve r t est ( T est 40), 1. S e r v 0 P CA -A 3 . 
the actuator current has the wrong value. 2. Actuator Driver PCA-A2. 

238 During the Emergency Retract test parts 2, 1. Spindle Driver PCA-A12. 
3, and 5 (Tests 12, 34, and 39), or the 2. Emergency Retract PCA-A20 (part of 
Act u a tor D r i ve r t est ( T est 40), the s pin dIe P CA -A 2) . 

239 

240 

241 

• 242 

lost speed during an emergency retract 
test. 

Heads are stuck out on the disc before the 
diagnostics are run. Head unload has been 
unsuccessful. 

During the Formatter/Separator test (Test 
17), the data written could not be read 

I 
back. 

During the Formatter/Separator test (Test 
17), the write-clock oscillator. the con-

i 
trol state machine, or signals that leave 
the board cause a failure. 

· During the formatter/Separator test (Test 
17), full-speed data read back from the 
Formatter/Separator does not match the data 
written. 

243 During the Formatter/Separator test (Test 
17), the generated RWC-L signal cannot be 
read correctly. 

244 During the Formatter/Separator test (Test 
17), the generated FOUT-H signal cannot be 
read correctly. 

245 During the Formatter/Separator test (Test 
17), the generated SOD-L signal cannot be 
read correctly. 

246 During the Formatter/Separator test (Test 
17), or the Formatter/ Separator interface 
test (Test 31), the generated FUNER-L sig­
nal cannot be read correctly. 

247 During the Formatter/Separator test (Test 
17), the wrong FIN-H value is read. 

248 During the Formatter/Separator test (Test 
17), the wrong EOS-L value is read. 

249 During the Formatter/Separator test (Test 
17), or the Formatter /Separator interface 
test (Test 31), the wrong SOS-L value is 
read. 

250 During microdiagnostic isolation routines, 
more than two PCA's failed. 

251 Motherboard drive type bits have the wrong 
value. 

253 Background diagnostics found an unexpected 
hardware fault indicated in the hardware 
fault register. Examine the hardware fault 
register contents found in the fault log. 

1. Actuator Status PCA-A18 (carriage 
back detector). 

2. Servo PCA-A3. 

Formatter/Separator PCA-A8. 

I Formatter/Separator PCA-AS. 

i_-
I FormatteriSeparator peA-A8, 

1. Formatter/Separator PCA-A8. 
2. DMA PCA-A6. 

1. Formatter/Separator PCA-A8. 
2. DMA PCA-A6. 

l. Formatter/Separator PCA-A8, 
2. DMA PCA-A6. 

1. Formatter/Separator PCA-A8. 
2. DMA PCA-A6. 

1. Formatter/Separator PCA-A8. 
2. DMA PCA-A6. 

1 . Formatter/Separator PCA-A8. 
2. DMA PCA-A6. 

1 . Formatter/Separator PCA-A8. 
2. Track Follower PCA-A9. 
3. DMA PCA-A6. 

The failed part is indicated on the 
display. Refer to table 5-4 for 
failed part codes. 

l. Motherboard PCA-All. 
2. Microprocessor PCA-A4. 

1. PCA indicated by the hardware 
fault register. 
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Table 5-9. Test Error (TERR) Numbers (continued) 

CAUSE 

diagnostics found a data RAM e~­
DMA buffer RAM 

SUSPECTED HARDWARE 

DMA PCA-A6 
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Table 5-10. Motherboard peA-All Signal Distribution List 

REGULATOR 
ACTUATOR 

SERVO DRIVER 
MNEMONIC DESCRIPTION PCA-A1(6) PCA-A2(4) PCA-A3(4) 

XA1P1 XA2P1 XA3P1 

AO-H Address Bus, bit 0 13 13 13 
A1-H Address Bus, bit 1 14 14 14 
A2-H Address Bus, bit 2 15 15 

A3-H Address Bus, bit 3 16 16 
A4-H Address Bus, bit 4 
A5-H Address Bus, bit 5 

A6-H Address Bus, bit 6 
A7-H Address Bus, bit 7 
A8-H Address Bus, bit 8 

A9-H Address Bus, bit 9 
A10-H Address Bus, bit 10 
A11-H Address Bus, bit 11 

ACTSL-L Actuator Select 37 
ACTTST Actuator Test [115] 
ACUR Actuator Current 109 109 

BF1SL-L Buffer 1 Select 
BRO-H Revision Register, bit 0 
BR1-H Revision Register, bit 1 

BR2-H Revision Register, bit 2 
BR3-H Revision Register, bit 3 
BR4-H Revision Register, bit 4 

BR5-H Revision Register, bit 5 
BR6-H Revision Register, bit 6 
BR7-H Revision Register, bit 7 

CCOM Cu rrent Com mand 105 105 
CRB-L Carriage Back 85 
DO-H Data Bus, bit 0 [3] [3] [3] 

D1-H Data Bus, bit 1 [4] [4] [4] 
D2-H Data Bus, bit 2 [5] [5] [5] 
D3-H Data Bus, bit 3 [6] [6] [6] 

D4-H Data Bus, bit 4 [7] [7] [7] 
D5-H Data Bus, bit 5 [8] [8] [8] 
D6-H Data Bus, bit 6 [9] [9] [9] 

NOTES: 1. Number within parenthesis following the PCA reference designation is the service reference number 
of the functional block diagram where the PCA is documented. 

2. Number within brackets indicates signal source. 
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Table 5-10. Motherboard peA-All Signal Distribution List (continued) 

MICRO- I FORMATTERi TRACK READ! I I 
PROCESSOR DMA SEPARATOR FOLLOWER WRITE J25 

MNEMONIC PCA-A4(1) PCA=A6(5) PCA-A8(5) PCA-A9(4) PCA-A10(5) 

XA4P1 XA6P1 XA8P1 XA9P1 XA10P1 

AO-H [13] 13 13 13 9 
A1-H [14 ] 14 14 14 10 
A2-H [15] 15 15 15 

A3-H [16] 16 16 16 
A4-H [17] 17 
A5-H [18] 18 

A6-H [19] 19 
A7-H [20] 20 
A8-H [21 ] 21 

A9-H [22] 22 
A10-H [23] 23 
A11-H [24] 24 

ACTSL-L [37] 
ACTTST 115 
ACUR 

BF1SL-L [27] 28 
BRO-H 17 [17] 
BR1-H 18 [18] 

BR2-H 19 [19] 
BR3-H 20 [20] 
BR4-H 21 [21] 

BR5-H 22 [22] 
BR6-H 23 [23] 
BR7-H 24 [24] 

CCOM 
CRB-L 85 
DO-H [3] [3] [3] [3] [1 ] 

D1-H [4] [4] [4] [4] [2] 
D2-H [5] [5] [5] [5] [3] 
D3-H [6] [6] [6] [6] [4] 

D4-H [7] [7] [7] [7] [5] 
D5-H [8] [8] [8] [8] [6] 
D6-H [9] [9] [9] [9] [7] 

I I 
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Table 5-10. Motherboard peA-All Signal Distribution List (continued) 

REGULATOR 
ACTUATOR SERVO DRIVER 

MNEMONIC DESCRIPTION PCA-A1(6) PCA-A2(4) PCA-A3(4) 

XA1P1 XA2P1 XA3P1 

D7-H Data Bus, bit 7 [10] [10] [10] 
DCNW-H DC With No Write 
DM2IN-L DMA 2 Interlock 

DM1SL-L DMA 1 Select 
DOPEN-H Door Open 24 
DSOS-L Delayed Start Of Sector 

DCP-L Delayed Clock Pulse 
EC1SL-L ECC 1 Select 
EOS-L End Of Sector 

ER-H Emergency Retract [98] 
FCLR-L Fault Clear 
FIN-H Formatter/Separator Input 

FLW-L Follow 
FOUT-H Formatter/Separator Output 
FPOS Fast Position 117 

FSSEL-L Formatter/Separator Select 
FUNER-L Formatter/Separator Uncorrectable Error 
HAEN-H Head Alignment Enable 

HAENR-H Head Alignment Enable Reset 
HSO-H Head Select, bit 0 
HS1-H Head Select, bit 1 

HS2-H Head Select, bit 2 
HS3-H Head Select, bit 3 
IL1-L I nterlock, line 1 84 

IL2-L Interlock, line 2 82 82 
IL3-L I nterlock, line 3 80 80 
IL4-L Interlock, line 4 84 

ILS-L Interlock, line S 
IL6-L Interlock, line 6 
IL7-L Interlock, line 7 

IL8-L I nterlock, line 8 
IL9-L Interlock, line 9 
IL10-L Interlock, line 10 

NOTES: 1. Number within parenthesis following the PCA reference designation is the service reference number 
of the functional block diagram where the PCA is documented. 

2. Number within brackets indicates signal source. 
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Table 5-10. Motherboard peA-Al1 Signal Distribution List (continued) 

- I I I u I 
PROCESSOR DMA SEPARATOR FOLLOWER WRITE 

MNEMONIC PCA-A4(1) PCA-A6(5) PCA-AS(5) PCA-A9(4) PCA-A10(5) J25 

MICRO I FORMATTER' I TRACK REA .... ' 

XA4P1 XA6P1 XASP1 XA9P1 XA10P1 

D7-H [10] [10] [10] [10] [8] 
DCNW-H 28 [28] 
DM2IN-L 101 

DM1SL-L [29] 30 
DOPEN-H [92] 
DSOS-L [39] 39 

DCP-L 91 [91 ] 
EC1SL-L [41 ] 41 
EOS-L [88] 88 

ER-H 98 98 
FCLR-L [35] 35 
FIN-H [34] 34 

FLW-L 104 104 
FOUT-H 38 [38] 
FPOS 117 

FSSEL-L [36] 36 
FUNER-L 43 [44] 
HAEN-H [102] 102 

HAENR-H [32] 32 
HSO-H [109] 109 
HS1-H [f10r 110 

HS2-H [111 ] 111 
HS3-H [112] 112 
IL1-L 22 

IL2-L 
IL3-L 
IL4-L 84 

IL5-L 
IL6-L 83 82 
IL7-L 

IL8-L 79 80 
IL9-L 81 
IL10-L 81 82 82 

I I 
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Table 5-10. Motherboard peA-Al1 Signal Distribution List (continued) 

REGULATOR 
ACTUATOR 

SERVO DRIVER 
MNEMONIC DESCRIPTION PCA-A1(6) PCA-A2(4) PCA-A3(4) 

XA1P1 XA2P1 XA3P1 

IL11-L I nterlock, line 11 
101SL-L I/O 1 Select 
102SL-L I/O 2 Select 

IP-L Index Pulse 
LlN-H Amplifier Is Linear 101 101 
LSB-H Least Significant Bit 

MAO-H Multiplex, bit 0 
MA1-H Multiplex, bit 1 
MA2-H Multiplex, bit 2 

MBSEL-L Motherboard Select 
MHF-H Multiple Head Fault 
MRST-L Master Reset [86] 86 86 

NMI-L Non-Maskable Interrupt 
OFTRK-H Off Track [97] 
PWRDN-H Power Down [99] 

RDD-H Read Data 
RD-L Read 11 11 11 
REGSL-L Regulator Select 38 

RWBR-L Read/Write Register Select 
RWC-L Read/Write Clock 
RWFLT-H Read/Write Fault 

RWTST Read/Write Test 
SOD-L Start Of Data 
SOS-L Start Of Sector 

SPDDN-H Speed Down 91 
SPDSL-L Spindle Select 
SPDS Slow Position 115 

SPSPD-H Spindle Speed 
SRVSL-L Servo Select 34 
SRVTST Servo Test [116] 

ST-H Self Test 
STO-L Self Test Offset 
TDCP-L Self Test Data Clock Pulse 

NOTES: 1. Number within parenthesis following the PCA reference designation is the service reference number 
of the functional block diagram where the PCA is documented. 

2. Number within brackets indicates signal source. 
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Table 5-10. Motherboard peA-All Signal Distribution List (continued) 

I I MICRO- FORMATTERi TRACK READ! I I 
PROCESSOR DMA SEPARATOR FOLLOWER WRITE I MNEMONIC PCA-A4(1) PCA-AS(5) PCA-AS(5) PCA-A9(4) PCA-A10(5) J25 

XA4P1 XASP1 XASP1 XA9P1 XA10P1 

IL11-L 
I01SL-L [31 ] 32 
I02SL-L [32] 

IP-L 87 
LlN-H 
LSB-H [103] 103 

MAO-H [106] 106 
MA1-H [107] 107 
MA2-H [108] 108 

MBSEL-L [40] 
MHF-H 30 [30] 
MRST-L 86 86 86 86 86 21 

NMI-L [75] 75 
OFTRK-H 97 97 
PWRDN-H 99 

RDD-H 37 [37] 
RD-L [11 ] 11 11 11 13 
REGSL-L [38] 

RWBR-L [41 ] 41 
RWC-L 42 [42] 
RWFLT-H 100 [100] 

RWTST 117 [117] 
SOD-L 90 [90] 
SOS-L 85 85 85 [85] 

SPDDN-H 91 [23] 
SPDSL-L [39] 17 
SPDS 115 

SPSPD-H 108 [20] 
SRVSL-L [34] 
SRVTST 116 

ST-H [101 ] 101 
STO-L [105] 105 
TDCP-L [116] 116 

I I 
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Table 5-10. Motherboard peA-All Signal Distribution List (continued) 

REGULATOR 
ACTUATOR 

SERVO DRIVER 
MNEMONIC DESCRIPTION PCA-A1(6) PCA-A2(4) PCA-A3(4) 

XA1P1 XA2P1 XA3P1 

TFFLT-H Track Follower Fault 
TFSEL-L Track Follower Select 
TFTST Track Follower Test 

WCO-H Write Current, bit 0 
WC1-H Write Current, bit 1 
WC2-H Write Current, bit 2 

WDD-H Write Data 
WENC-L Read/Write Enable 
WNAC-H Write With No AC 

WNDC-L Write With No DC 
WR-L Write 12 12 12 
540 Hz-H 540-Hz Clock 

4 MHz-H 4-MHz Clock 
+12TST +12V Test [113] 
-12TST -12V Test [114 ] 

NOTES: 1. Number within parenthesis following the PCA reference designation is the service reference number 
of the functional block diagram where the PCA is documented. 

2. Number within brackets indicates signal source. 
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Table 5-10. Motherboard peA-All Signal Distribution List (continued) 

I I - fORMATTERi I K I 
PROCESSOR DMA SEPARATOR FOLLOWER WRITE 

MNEMONIC PCA-A4(1} PCA-A6(5) PCA-A8(5) PCA-A9(4) PCA-A10(5) J25 

M'CRO TRAC READ/ 

XA4P1 XA6P1 XA8P1 XA9P1 XA10P1 

TFFLT-H 94 [94] 94 
TFSEL-L [33] 33 
TFTST 118 [118] 

WCO-H [113] 113 
WC1-H [114 ] 114 
WC2-H [115] 115 

WDD-H [33] 33 
WENC-L [43] 43 
WNAC-H 27 [27] 

WNDC-L 29 [29] 
WR-L [12] 12 12 12 15 
540 Hz-H [44] 19 

4 MHz-H [89] 89 89 
+12TST 113 
-12TST 114 

I I 
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Table 5-11. Motherboard peA-All Power Distribution List 

peA* +5V +12V -12V GROUND 

A1(6) 47,48,73,74, 71,72, 49,50 1,2,17,18,21 - 26,31 - 37,39 - 46,77,78,95,96,115, 

Regulator 89 - 92,97, 75, 76 116, 119, 120 

XA1 P1 98, 100 - 106, 
109 - 112 

A2(4) 
Actuator 47,48,73,74 71,72 49,50 1,2,17,18,21 - 28, 31 - 36,38 - 46,77,78,89,90,92, 

Driver 95 - 97, 99,100,103,104,111 -113, 116, 119, 120 
XA2P1 

A3(4) 
47, 48, 73, 74 71,72 49,50 1,2,17,18,21 - 28, 31 - 33,35 - 46,77,78,89 - 92, 95, Servo 

XA3P1 98 - 100, 103, 104, 111 - 113, 119, 120 

A4(1) 
Microprocessor 47,48,73,74 71,72 49,50 1,2,25,26,43,45,46,77,78,90,95,96,102 -106, 

XA4P1 109 - 112, 119, 120 

A6(5) 
47, 48, 73,74 71,72 49,50 1,2,25,26,27,31,35,36,39,40,45,46,77,78,89,91,92, 

DMA 
XA6P1 

95 -106,109 - 116,119,120 

A8(5) 
Formatter/ 47,48,73,74 71,72 49,50 1, 2, 25, 26, 40,45,46, 77, 78,89, 91,92,95 - 100, 119, 
Separator 120 

XA8P1 

A9(4) 
Track Follower 47,48,73,74 71,72 49,50 1,2,17,18,21 - 28, 31,32,34,35 - 46, 77, 78, 88,90,92, 

XA9P1 93,95 -106, 109 - 114,116,119,120 

A10(5) 
47,48,73,74 Read/Write 71,72 49,50 1 - 14, 25, 26,34,36, 38, 40, 42, 44,45,46, 77,78,83,95, 

XA 10P1 96,119,120 

Connector 
25, 26 J25 11,12,14,16,18 

*Number within parenthesis following the PCA reference designation is the service reference number of the 
functional block diagram where the PCA is documented. 
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NOTES 

1 ENCIRCLED NUMBER~ 0 INDICATE WIRING COLOR CODE AS FOLLOWS 

r~ B C 

I COLOR 

I BLACK I 0 I 0 I 0 I 
BROWN 1 1 1 

RED 2 2 2 

ORANGE 3 3 3 

YELLOW 4 4 4 

GREEN 5 5 5 

BLUE 6 6 6 

VIOLET 7 7 7 

GRAY B B 8 

WHITE 9 9 9 

2. BLOWER POWER ASS EM BL Y FUSE 

I FUSE I DESCRIPTION ! PART NO. 

I F1 ! 7A.250V,SB !2110-0640 

3, TERMINAL BLOCK TBl IS SHOWN STRAPPED FOR AN INPUT VOL TAGE OF 208 VAC 
ISTANDARD) OPTIONAL STRAPPING IS SHOWN BELOW 

OPTION 120 (120 VAC) 

INPUT 

BlK 

OPTIONS 220. 221. 222. 223 OPTIONS 241. 242 

4 SPINDLE DRIVER PCA-A12 FUSES 

I FUSE I DESCRIPTION I PART NO 

F510 3OA,125V 2110-0661 
F520 3DA,125V 2110-0661 

F540 15A, 250V, S8 2110-0327 
F550 15A, 250V, S8 2110-0327 

F560 7A, 250V, SB 2110-0640 
F570 7A, 250V, SB 2110-0640 

F580 10A,25DV 2110-0051 
F590 lOA. 250V 2110-0051 

5 CAPACITORS C1 AND C2 ARE MOUNTED ON THE 
POWER MODULE CASTING 

6 DC POWER PCA-A13 FUSES 

I FUSE I DESCRIPTION I PART NO. I 
Fll0 20A,32V 2110-0649 
F115 20A,32V 2110-0649 

F210 4A, 250V, SB 2110-0014 
F215 4A, 250V, SB 2110-0014 

7 CAPACITORS C170 C230 AND C270 ARE MOUNTED ON THE POWER 
MODULE CASTING 

8 GROUNDS ARE INDICATED AS FOLLOWS 

W ANALOG GROUND !AGNDI 

W DIGITAL GROUND IDGND) 

W POwER GROUND lPGND] 

m CHASSIS GROUND 

7933-325(1)C 

CORD 

RTl 

RT2 

ACTUATOR 
ASSEMBLY 

SLND ~-C""--,r----"':"":':'----{ 

I ',2V I ACTUATOR STATUS 
PCA-A1B ---------

lOWER MODU" ~'B" 

I ~~~~~~~~--------------, 
I I ~ I 

I I 

I 
I 

I 

L __ _ 

I 
I 
I 
I 
I 
I 
I __________ ..J 

NEUTRAL 

Wl 

W6 

W4 

r L.,...I j 

TO TRACK 
FOLLOWER 
PCA-A9 (J1) 
(SHEET 2) 

TO READ/WRITE 
PCA-Al0 
(JO THAU J'2) 
(SHEET 2) 

9 DATA 

11 DATA 

MED!A 
MODULE 

--------~ 
IDCPO~E-;-------­

peA-A13 

I 

I C230:_+-: I 
'~' I I ~ _________ -J I 

____ _ _ _ _ _ _.----.J 



RTI 

RT2 

ACTUATOR 
ASSEMBLY 

PI 

CNVF-L 

CNVF-L 

TAC-H 

TAC-L 

SLND 

d2V 

I 
I 
I 
1 
I 
1 
I 

-...I 

W6 

ACT. ACT-

'" '" 

NEUTRAL 

------

WI 

W6 

W4 

CAiI;;i ... GiE 

TO TRACK 
FOLLOWER 
PCA-A9(Jl) 
(SHEET 2) 

TO READ/WRITE 
PCA-Al0 
(JO THRU J12) 
(SHEET 2) 

1 DATA 

3 DATA 

5 DATA 

6 DATA 

8 DATA 

10 DATA 

o DATA 

2 DATA 

4 DATA 

SERVO 

7 DATA 

9 DATA 

11 DATA 

t .. "ED!A 
MODULE 

-
-

F590 
lOA 

SPINDLE 
DRIVER 

DRIVER 
12 

-36V 1 TO 

F500 CIRCU!'!S 0" 

Jl 

'1 

: I 
5 I 

~ I 
8 

9 I 
10

1 11 

12 

13 1 
141 
lsi 
16 1 
171 18 

19 

20 I 
211 

221 

23 

241 

lOA I PCA-A'2 

~~-O~O-~~~~--~--~~~--~V<~_3-6-V·~ 

25

1 26 

12,14,16, ", 
18,29 1 

!3 
IDCPO~E"R------­

PCA-A13 

1 

I 
W2Pl 

DO-H 

Dl-H 

D2-H 

~I D3-H 

D4-H 

DS-H 

D6-H 

D7-H 

AO-H 

I Al-H 

I DGND 

DGND 

RD-L 

DGND 

WR-L 

DGND 

I SPDSL-L 

DGND 

540 Hz-H 

DGND 

MRST-L 

~L.1-L 

_I SPDDN-H -. 
_DOPEN-H 

5V 

'5V 

11,12,14,16, 
18,29 DGND 

1 

W2 

/ 

rr r 
I 

.--- '5V 

L OP DOOR CLOSED 
SENSOR 

----
SENS-L 

Service Information 

WI 0 W6 
8 

W4 
C 

W3 0 W2 0 
ICONTROLPANEL- -- - -- - -- - -- - ---

P2 J5 peA-A'" 
J1 W5P1 

W5 

1 

I 
I 

I 

I 
I 

L 

IDATA-;;'P~­
PCA-A15 

TDSI-L 

-' 

~ ;5 0 

" " 

'" -' -' 
-i i: ~ ~ ~ -' -' 

0 0 ~ ~ ~ ~ 
" " 

1 KEYBOARD I L _________ ~ 

'12V 
1 

d DGND 

-. -12V 

: 1 
I DGND 

DOPEN-L 

: I HIODO-H 

: I SPSPD-H 

HIOD1-H 

9 1 
HIOD2-H 

I HIOAO-H 

10 I I HIOD3-H 
l1 

12 
HIOA1-H 

ld 
HIOD4-H 

HIOA2-H 

141 
15 

DGND 

~~ I 
DGND 

DGND 

18

1 
DGND 

19 
DGND 

20 I DGND 

DGND 

21 I 22 
HIODS-H 

23 
I HIOD6-H 

241 
"T HIODR-L 

I HIOD7-H 
2S. 

HIORD-L 
26 1 27 

HRST-L 

2s1 
HIOWR-L 

29 I MRST-L 

30 
I HIOSL-L 

31 1 
' 'SV 

"T 'SV a 33 
'SV 

'5V 
34 

1 

I I I , 
I 

I 
I 

1 

I I 

I 

I I 
I I 

~ 

I 
I 

I UNLOCK LOAD/UNLOA 
DOOR 

LOAD/UNLOAD 2 1 PCA-A.!! ___ ~ 

I I 
o I I 

J 
Figure 5-19. Disc Drive Wiring Diagram 
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W2 

TO SERVO HEAD 
ON ACTUATOR 

(SHEET '1 

01-H 

D2-H 

D3-H 

04-H 

DS-H 

D6-H 

07-H 

AQ,H 

A1-H 

DGND 

DGND 

RD-L 

DGND 

WR-L 

DGND 

W"~JjJ'~~~~ ~~ wei 
~ ~ ~ ~ ~ i i il ~ ~I ~I ~I il ::;~I u",l TO SERVO HEAD 6. g '-' ~ g g g ..J ..J -' ....J £l;.'l ~ UJ ON ACTUATOR 

lllllllll' 
1 I I ' I I , , , 

II II II 
CARD CAGE r ___ ~_I_ -+-+--+-Io-~ __ __ __ _ _~_~ _ !=_(~EET11 _ __ ~L _~_ __ _ _ , 

AISSEMBttJ. -- - -- -~.-- -~, -- -~ -------- ------------ - -~ - -~ ---~~-- ------ -------- -- -- -~ ~l - -- -~-- -- ---- -- ---- -------
MOTHERBOARD 

1 PCA-A11 

I I I J3 W4:~ -'-2- -; -'--5 -; -7--8 -; W6:: 1 2 l I 

L 

I 

I D7-H l' ACTUATOR DRIVER PCA-A2 P1 XA2P1 I 
WR-L 2 

W3P~ 06-H I 3 1 ... 1 I I ~'T '--2- 3- 4--5- :-7--8- ;-,;7,"'"';-'3 l ~~_:D 1 : :~ 8 ::-_: THRU D7-H ~ > ~ ~ ~l ~ ~ ~ ~ ~ 
I REGULATOR PCA-A1 I DS-H 121 WR-L :+ 

I ,6 131 5/ AO-H THRU A4-H W1 P2 • .J I I ~::: : ~~- I:~~:EL-L 1~~~~~~J1 1 -;~""7-:---'-;-9-'01-----------------' 

I I n I DO-H I 9 C 80 1 IL2H I 1 

I L P1.io 11 12 1~ - 38 82 84 86 99 '.'~ S I ~~~ ,;~ ] :; 1 ~:~:~\ I I 
XA1p;r-------_~---~ V IL2-L 1'2 931 ATMP-H 1 n 1 

I
I i...J L ~ I ,II ~ JJ ~:;: 1:1 !t! ~t ~::, ~1~1~I'TjlO~1---------~ 

8 ~ ~ ~ ~ ~ ... ~ i ~ ~ I ~ I -EMRSUPP I:~ i ~ ~ ill ...J '\' I r 
W2P2 J1 

l' f--./ 2f---/ 
13 f-V 

I: ~ 
1

6 f--./ 
7 f---/ 
B f--./ 

I-~ ,: f--/ 

1 '1~ 12...J 

1
'·3 ...J 14f--./ 
15 f-J 

-\ \ ~ -5V 121 I O~ 0 c( i ~ I J ~l ~l8 ~ ~ ~ ~ 
ERDR 22 a: s: <:t: CI) ::::l ~ 0 0 4: CfJ (j) LL 

ERVCC I READ-;;';:;-;'~-;;- - -- - -- - ~10Pl RK2 123 
1 '-........ ~....;: .... :... ......... ~-"-.;:",. ..... ~....;: .... .:....---------------------

I 
-274-1 8, BRO-H ,HRU BR7-H -12V " :26: I Lcp 

WNAC-H RK1 I~RACKFO"'iToWER ;c;;;.9-

n

-- - -- - -- - -- - -- - -- - -- - --li 
~ JO (HEAD 0) ~: I ~~:~~: _______________ ~ 

~ 
:~I MHF-H 

J1 (HEAD 11 I STR-H EMERGENCYREiiiACT""PCA-A~T7cHEoTci - --l 
J2 (HEAD2) :: 1 ;~~~_: ~~~L I J,' PCA-A2' L;1 ~ ~ ~ ~ ~ ~ ~.2! ~ ~ ~ ____________ ~ 

I r----fn 35 2 XA9P1 I 
r ~ J3 (HEAD 3) :: I ::::H ~::D I : ~ v 

SPDSL-L • Fe; J4 [HEAD 4) 41 I WENC-L D5-H ,5 ~ ~ 
:: 1L10-H D1-H ~ ;: ~ -;' I ~ 

I RWBR-L D2-H 1 I 

DGND 

!i40Hz-H 

DGND 

MRST-L 

IL 1-L 

SPDDN-H 

DOPEN-H 

-SV 

·5V 

· 1 

· · 

1
'8~ 
19...J 

20-./ 

1
21 ......../ 
22...J 

1
23 ...J 
24J 
25~ 

Lf~ 

I 
I 
I 

J5 (HEAD 5) 86 1 ~::~~H ~~:: I 8 ~ ~ ~ ~ ~ _ ~ ~ ~ "" ! ~ : g ~ ~ 
~+--qJ SERVO :~ I :~;~-H ~:~~ I :9~ ] 

~
J5 (HEAD 5) 9~87 II :::~T:~H ::-: 1

1,
:
4

: 

ER-H - EMRSUPP 

J7 (HEAD 7) 00 RWFLT-H RD-L 15 

:011 ST-H ACTSEL-L 1,6 

reP I LSB-H ER-H I 
J8(HEAD8) 103 17 

104 FLW-L SPDDN-H 18 

~ 
1051 STOol MRST-L 119 

J9 (HEAD 9) ~:I MAO-H THRU MA2-H ~:~RSUPP I ~~ 
J10 (HEAD 10) 112 :~~~HTHRU HS2-H !'\.. ::~:C 22 

1131 h3 

! FORM~T~;;RATOR PcA-AB - -- - -- - -- - --- -- - -- - --I 

! n 51 
P1 ~O 11 12 "t 'l4- 27 28 2930 31 35363739 41 43 3334 38 42 44 1~ 1~ 11.3 80 81 85 869088103104105 § 32 116 

- -- - -- - -- - -- - -- - --108-112-'15- - -- - -----

~ I WC1-H RK2 I 
Jl1 (HEAD111 ::: WC2-H "- '12V :: 

RWTST RK1 
1'02'71 "-4-;..;;.:.;'-------f1 126 4 

J12 (HEAD 121 t-..!H.!!.A"'E!.:.N-.;.;H'---____ d-..... TO DATA HEADS I 
o THROUGH 12 ~----r--~--------i 

;, ~ TDCP-L 1 .... 1 ________ ?..5- L- __________ -" 

~---------------------------------------------------------------------------------------------------

ON ACTUATOR I i 
,,",m,", i 
F~----~----~~----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------~ 
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: rr J!jD rr.-
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3 -I 10 

11 
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Figure 5-19. Disc Drive Wiring Diagram 
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Removal and Replacement I'HiMi' 
~ ______________________________ ~II VI I 

6-1. INTRODUCTION 
This section provides removal and replacement proce­
dures for field replaceable assemblies and components 
in the disc drive. The procedures are given in the order 
in which disassembly normally occurs. Each assem­
bly or component that must be removed before access 
can be gained to another assembly is listed first, fol­
lowed by the next component that can be removed. 
References are provided to the exploded views in Sec­
tion VII, Replaceable Parts, to assist in identifying 
and locating parts. 

Note: TORX® hardware is used in the as­
sembly of the disc drive. This hard­
ware requires the use of special drivers 
(refer to table 3-1). In this manual, any 
reference to this type of hardware will 
be accompanied by the appropriate 
driver size (for example, TI5). 

6-2. PREPARATION FOR SERVICE 

WARNING 

The disc drive does not contain 
operator-serviceable parts. To pre­
vent electrical shock, refer all in­
stallation and maintenance activi­
ties to qualified service-trained 
personnel. 

I CAUTION I 

• Do not turn the disc drive power on 
or off when the system bus is in an 
active state. 

• Do not connect or disconnect the 
HP-IB cable from the disc drive 
when the system bus is in an ac­
tive state. 

• Observe the torque settings for at­
taching parts specified in the re­
moval and replacement procedures. 
Failure to observe these settings 
may result in damage to the 
equipment. 

TORX® is a registered trademark of the Camcar Divi­
sion of Textron, Inc. 

Before starting any removal or replacement procedure, 
perform the following steps: 

a. If the disc drive is in an operational state, set the 
LOAD/UNLOAD switch to the UNLOAD (out) 
position. 

Note: If a _:1.~1" message appears, 
wait until the system host releases 
the disc drive and again operate the 
LOAD/UNLOAD switch. If release is 
not obtained when the Activity indi­
cator extinguishes, the system must 
be programmed to release the disc 
drive. 

b. The disc drive will now begin a spin-down opera-
UNLORD tion with the display indicating _. . -

SPIN DWN , and finally STOPPED 

STOPPED c. When a message appears, set the 
rv LINE switch to the O/OFF position. 

d. Disconnect the disc drive power cord from the ac 
power source. 

e. Disconnect the HP-IB cable from the disc drive. 

6-3. SHROUD 
To remove the shroud (1, figure 7-1), proceed as 
fOllows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Push in on the shroud latch (2) with a slotted­
blade screwdriver or similar tool. When the latch 
releases, raise the rear of the shroud and then 
move the shroud forward and a way from the disc 
drive. 

To replace the shroud, perform the above steps in 
reverse order. Ensure that the shroud is latched in 
place before placing the disc drive in operation. 
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6-4. FRONT AND REAR PANELS 
To remove the front panel (6, figure 7-1) and the rear 
panel (5) from the disc drive, proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Slide the front panel (6) upward until it unlatches 
from the bottom of the disc drive cabinet and then 
remove the front panel. 

e. Loosen the two 1/4-turn captive screws which se­
cure the rear panel (5) to the disc drive cabinet 
and remove the rear panel. 

To replace the front and rear panels, perform the 
above steps in reverse order. 

6-5. PREFILTER 
To remove the prefilter (7, figure 7-1), proceed as 
follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Remove the front panel (6) from the disc drive. 
(Refer to paragraph 6-4.) 

e. Raise the prefilter (7) upward until its lower edge 
is clear of the disc drive cabinet and then remove 
the prefilter. 

To replace the prefilter, perform the above steps in 
reverse order. Before installing the prefilter, ensure 
that the airflow arrow on the edge of the filter is point­
ing toward the interior of the disc drive cabinet. The 
cleaning instructions described in Section III, Main­
tenance, must be performed before the disc drive is 
returned to service. 

6-6. ABSOLUTE FILTER 
To remove the absolute filter (24, figure 7-1), proceed 
as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

6-2 

7933 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Release the two fasteners (18, figure 7-1) which 
secure the absolute filter duct assembly (17) to the 
disc drive and remove the duct assembly. 

e. Remove the absolute filter (24) from the disc drive 
cabinet. Tilt the absolute filter forward to clear 
the media module chamber assembly (25). 

f. To replace the absolute filter, perform the above 
steps in reverse order. Before installation, check 
that the absolute filter is free of defects and that 
there is sealing tape around its edges. Check also 
that there is sealing tape (part nos. 0460-1286 [0.25 
in. thick] and 0460-1287 [0.125 in. thick]) around 
the opening on the absolute filter duct assembly 
that mates with the media module chamber. If the 
sealing tape has deteriorated, replace it with the 
appropriate tape. The cleaning instructions de­
scribed in Section III, Maintenance, must be per­
formed before the disc drive is returned to service. 

6-7. CONTROL PANEL ASSEMBLY 
To remove the control panel assembly (11, figure 7-1) 
from the disc drive, proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Unplug cable W5 (10) from edge connector J1 on 
the right-hand side of the control panel assembly 
(11). 

e. Loosen the two T10 screws (18, figure 7-2) which 
secure the door latch shield (8, figure 7-1) to the 
media module chamber (25) and remove the latch 
shield. 

f. Unplug the three cables from connectors J3 J4 
and J5 on the left-hand side of the control p~nei 
assembly (11). 

g. Push on the control panel assembly (11) from be­
hind until it releases from the two spring retainers 
(29, figure 7-2) on the media module chamber (25, 
figure 7-1) and then remove the control panel 
assembly. 

To replace the control panel assembly, perform the 
above steps in reverse order. Tighten the T10 screws 
loosened in step e to 15 inch-pounds. 
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6-8. MEDIA MODULE 
To remove a media module from an HP 7935 Disc 
Drive, refer to the HP 7935 Disc Drive Operator Instruc­
tions, part no. 07935-90901, or the HP 7935 Disc Drive 
Operating and Installation Manual, part no. 07935-
90902. To remove a media module (24A, figure 7-1) 
from an HP 7933 Disc Drive, proceed as follows: 

a. Perform steps a and b of the preparation for ser­
vice procedure outlined in paragraph 6-2. 

b. Remove the shroud. (Refer to paragraph 6-3.) 

c. When the 1-1 •• ':11:11#1.1 message appears, release 
the top door latch, using a slotted blade screw­
driver, and open the top door as shown in figure 
6-1. 

d. Remove the media module following the instruc­
tions given in figure 6-2. 

e. Place the media module in its protective antistatic 
plastic bag, part no. 9222-0944. 

To replace the media module in the disc drive, proceed 
as follows: 

a. Connect the disc drive power cord to the ac power 
source. 

b. Set the LOAD/UNLOAD switch to the UNLOAD 
(out) position and rv LINE switch to 1/0N. 

WARNING 

All products which utilize the tape 
head cleaning solution are shipped 
with a Material Safety Data Sheet. 
Follow all applicable safety pre­
cautions when using the tape head 
cleaning solution. 

c. U sing cleaning wipes, part no. 9310-4865, moist­
ened with tape head cleaning solution, part no. 
8500-1251, clean the interior of the media module 
chamber (25, figure 7-1), the inside of the top door 
(7, figure 7-2), and the motor-spindle seal assem­
bly (65, figure 7-1). 

d. U sing a cleaning wipe moistened with tape head 
cleaning solution, wipe clean the side and bottom 
surfaces of the media module (24A). 

e. Carefully install the media module on the disc 
drive following the instructions given in figure 6-3. 

f. Close the top door (7, figure 7-2) and ensure that it 
is locked. 

g. Set the LOAD/UNLOAD switch to the LOAD (in) 
position. 

Removal and Replacement 

h. The disc drive will now begin an internal diag­
nostic routine. The normal sequence of display 
messages will be: TESTING SPIN UP 
AIRPURGE (0 r ), TESTING 
and . If the routine does not complete, 
the reason will be indicated by any one of the fol­
lowing messages: •• '."';).'iI#iI~1 ,,; .. I.M".'.';J 
NCMCDULE TEST ERR , ';lill;-ji'" 

FAULT FIL.TER I , or RESERT 

Note: The Airpurge (Purge) portion of the 
internal diagnostic routine will re­
quire approximately four minutes to 
complete. 

1. If a ';liII;-j;'" , , FAULT TEST ERR 
FILTER I , or .: ... 3;''':-' mes-
sage appears, a message in step h persists or other 
message appears, refer to Section V, Service Infor­
mation, for additional information. 

j. Replace the shroud (1, figure 7-1) and check that it 
is properly latched in place. 

k. Perform the data surface verification test de­
scribed in Section IV, Alignment and Adjustment, 
before placing the disc drive in service. 

6-9. MEDIA MODULE CHAMBER 
To remove the media module chamber (25, figure 7-1), 
proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud (refer to paragraph 6-3) and 
then unplug cable W5 (10) from edge connector J1 
on the right-hand side of the control panel assem­
bly (11). 

d. Rembve the media module. (Refer to paragraph 
6-8.) 

e. Remove the head contamination shield. (Refer to 
paragraph 6-13.) 

f. Remove the four T10 screws (25A) and two T9 
screws (25B) which secure the media module cham­
ber (25) to the cabinet assembly (86). 

g. Lift up on the two latches that engage on the 
latch plates (69) and remove the media module 
chamber (25) from the disc drive. 

Note: When installing a new media module 
chamber in a disc drive having a serial 
number prefix of 2319 or higher, re­
move the foam gasket material from 
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LATCH 

TOP DOOR 

REF 7933-215 
Figure 6-1. HP 7933 Disc Drive Top Door Latch Release 

the cabinet on the ledge which sur­
rounds the media module chamber 
opening (3 places). 

To replace the media module chamber, perform the 
above steps in reverse order. Tighten the screws re­
moved in step f to 10 inch-pounds. 

6-10. MEDIA MODULE DOOR-OPENING 
LATCH 

To remove the media module door-opening latch on 
the 7935 (31, figure 7-2), proceed as follows. (For 7933, 
door solenoid and shield have been replaced with a 
spring (23, figure 7-1». 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud (refer to paragraph 6-3) and 
the media module chamber (refer to paragraph 6-9). 

d. Press down on the media module door-opening 
latch (31) and remove the latch from the media 
module chamber. 

6-4 

To replace the media module door-opening latch, per­
form the above steps in reverse order. 

6-11. TOP DOOR HINGES 
To remove the top door hinges (9, figure 7-2), proceed 
as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud (refer to paragraph 6-3) and 
the media module chamber (refer to paragraph 
6-9). 

d. Loosen the two TI0 screws (18) which secure the 
door latch shield (8, figure 7-1) to the media mod­
ule chamber and remove the door latch shield. 

e. Manually operate the top door latch lever (22, fig­
ure 7-2) and open the top door (7). 

f. Remove the six T25 screws (4), lock washers (5), 
and flat washers (6) which secure the top door (7) 
to the top door hinges (9). 
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REF 7935 

1. REMOVE THE REMOVABLE COVER FROM THE 
MEDIA MODULE AND RAISE THE TOP HANDLE ON 
THE MEDIA MODULE. 

2. USING BOTH HANDS, ROTATE THE MEDIA 
MODULE COUNTERCLOCKWISE UNTIL THE 
INDEXING MARKS ARE ALIGNED AS SHOWN 
OPPOSITE. WHEN PROPERLY ALIGNED, LIFT THE 
MEDIA MODULE FROM THE MODULE CHAMBER. 

CAUTION 
MEDIA MODULES SHOULD BE STORED 
FLAT IN A CLEAN DUST-FREE AREA. DO 
NOT STORE MORE THAN TWO HIGH. 

3. HOLD THE MEDIA MODULE IN AN UPRIGHT 
POSITION AND ATTACH THE REMOVABLE COVER 
TO THE BOTTOM OF THE MODULE. LOCK THE 
COVER IN PLACE BY ROTATING IT CLOCKWISE. 

4. PLACE THE MEDIA MODULE IN ITS PROTECTIVE 
ANTISTATIC PLASTIC BAG BEFORE STORING IT. 

TOP 
HANDLE 

Removal and Replacement 

INDEXING 
MARKS 

I ~ jDI~ I r 'r~ ~t-l 
I - JJ I 

REMOVABLE 

Figure 6-2. Media Module Removal 
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REF 7935 

1. ON THE MEDIA MODULE TO BE INSTALLED, 
RAISE THE TOP HANDLE WITH ONE HAND WHILE 
HOLDING THE MEDIA MODULE UPRIGHT. THEN 
WITH THE OTHER HAND, TURN THE REMOVABLE 
COVER COUNTERCLOCKWISE AND DETACH THE 
COVER FROM THE MEDIA MODULE. 

WARNING 
All products which utilize the tape 
head cleaning solution are shipped 
with a Material Safety Data Sheet. Fol­
low all applicable safety precautions 
when using the tape head cleaning 
solution. 

2. FOR THE HP 7933 ONLY, CLEAN THE FASTENER 
STUD, VISIBLE AT THE BOTTOM OF THE MODULE 
AFTER THE REMOVABLE COVER IS TAKEN OFF, 
WITH A CLEANING WIPE MOISTENED WITH TAPE 
HEAD CLEANING SOLUTION. 

~_~_~---..-..=~_~ __ ~,.-" I IN DEXI NG 

rFcc::Jj~~~~~;;;;;:;;~ MARK 

,!:'.\" II~ MODULE · L I CHAMBER 

I) 

4. USING TWO HANDS, ROTATE THE MEDIA 
MODULE CLOCKWISE UNTIL IT STOPS. 

5. LOWER THE TOP HANDLE EVENLY AND FIRMLY. 

6. 

FASTENER 
STUD 

MEDIA MODULE 

REMOVABLE 
COVER 

3. HOLDING THE MEDIA MODULE BY THE RAISED 
HANDLE, ALIGN THE INDEXING MARK ON THE 
MEDIA MODULE WITH THE INDEXING MARK ON 
THE MODULE CHAMBER, AS SHOWN OPPOSITE. 
WHEN PROPERLY ALIGNED, LOWER THE MEDIA 
MODULE INTO THE MODULE CHAMBER . 

............... DOOR 

Figure 6-3. Media Module Replacement 
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g. Remove the eight T10 screws (8) which secure the 
hinges (9) and the RFI fingers (l0, 11) to the 
media module chamber and remove the hinges 
and the RFI fingers. 

To replace the top door hinges, proceed as follows: 

a. Attach the hinges (9) and the RFI fingers (10, 11) 
to the media module chamber with the eight TIO 
screws (8) previously removed. Ensure that the 
RFI fingers are in the correct locations, as shown 
in figure 7-2. Tighten the screws (9) to 15 inch­
pounds. 

b. Attach the top door (7) to the hinges (9) with the 
six T25 screws (4), lock washers (5), and flat 
washers (6) previously removed. Tighten the 
screws to 10 inch-pounds. 

c. Close the top door and check that it is properly 
aligned with the frame of the media module 
chamber. Open and close the top door a number of 
times to ensure that the door latch is operating 
correctly. If adjustment is needed, proceed as 
follows: 

(1) Unlock the top door and remove the eight T9 
screws (15) which secure the left-hand retainer 
(14) to the media module chamber. 

(2) Remove the eight T9 screws (13) which secure 
the right-hand retainer (12) to the media mod­
ule chamber. 

(3) Loosen the six T25 screws (4) which secure the 
top door (7) to the two hinges (9). 

(4) Close the top door and align it with the frame 
of the media module. 

(5) When the top door is properly aligned, tighten 
the four T25 screws (4) accessible through the 
two slots in the media module chamber to 15 
inch-pounds. 

(6) Open the top door and tighten the remaining 
two T25 screws (4) to 15 inch-pounds. 

(7) Attach the right- and left-hand retainers with 
the sixteen T9 screws previously removed. 
Tighten these screws to 5 inch-pounds. 

(8) Open and close the top door a number of times 
to ensure that the door latch is operating 
correctly. 

d. Replace the latch shield (8, figure 7-1) on the 
media module chamber. Tighten the two T10 
screws (18, figure 7-2) to 15 inch-pounds. 

6-12. CARD CAGE COVER 
To remove the card cage cover (27, figure 7-1), proceed 
as follows: 

Removal and Replacement 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Unplug cable W6 (26) from the actuator assembly 
and from actuator driver PCA-A2 (33) in the card 
cage. 

e. Loosen the two captive screws on the bracket 
which secures cable assembly W5 (10) to the card 
cage cover (27) and unplug W5 from microproces­
sor PCA-A4 (35) in the card cage. 

f. Unplug the HP-IB PCA-A17 cable (46) from DMA 
PCA-A6 (36) in the card cage. 

g. Loosen the four captive screws on the card cage 
cover (27) and remove the cover. 

h. To replace the card cage cover, perform the above 
steps in reverse order. Tighten the four captive 
screws loosened in step g to 20 inch-pounds. 

6-13. HEAD CONTAMiNATiON SHiELD 

To remove the components of the head contamination 
shield (30, 31, figure 7-1), proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Loosen the three captive screws which secure the 
right-hand head contamination shield (30) to the 
actuator assembly (80) and remove the shield. 

e. Loosen the two captive screws which secure the 
left-hand head contamination shield (31) to the 
actuator assembly and remove the shield. 

To replace the head contamination shield, perform the 
above steps in reverse order. Tighten the captive 
screws to 15 inch-pounds. 

6-14. CARD CAGE PCA'S 

To remove the card cage PCA's (32 through 39, figure 
7-1), proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 
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b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud (refer to paragraph 6-3) and 
the card cage cover (refer to paragraph 6-12). If 
read/write PCA-AlO (39) is to be removed, remove 
the right-hand section of the head contamination 
shield (refer to paragraph 6-13). 

d. On read/write peA-AI 0 (39), unplug the data head 
cables from connectors to JO through J12. Next, 
loosen the two captive screws which secure peA­
AlO to the adjacent shield (44), and remove peA­
AlO from the card cage. 

e. On track follower PCA-A9 (38), unplug the servo 
head cable from connector Jl. 

f. On servo peA-A3 (34), lift the PCA partially out 
of the card cage, remove connector clip (29), and 
unplug cable WI (28) from connector J1. 

g. On actuator driver peA-A2 (33), unplug cable W4 
(48) from connector J1. 

h. On regulator PCA-Al (32), unplug cable W3 (47) 
from connector J1. 

i. Simultaneously lift up on the two peA extractors 
and slide the peA up and out of the card cage 
chassis. 

To replace a PCA in the card cage, proceed as follows: 

I CAUTION I 
Ensure that the correct replacement 
peA is installed in its corresponding 
card slot, otherwise damage to the 
peA may result. 

a. Insert the replacement peA into the card cage. 
Press the PCA firmly into the connector on the 
motherboard until it is firmly seated. On read/ 
write PCA-AlO (39), tighten the two captive 
screws which secure the peA to the adjacent 
shield (44). 

b. Reconnect the thirteen data head cables to con­
nectors JO through J12 on read/write PCA-AI0 
(39), the servo head cable to connector Jl on track 
follower peA-A9 (38), cable WI (28) to connector 
Jl on servo PCA-A3 (34), cable W 4 (48) to connec­
tor Jl on actuator driver PCA-A2 (33) and cable 
W3 (47) to connector Jl on regulator PCA-Al (32). 

Note: 1. If regulator peA-AI (32) is re­
placed, it will be necessary to per­
form the power supply adjustment 
check before returning the disc 
drive to service. (Refer to Section 
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IV, Alignment and Adjustment, for 
details.) 

2. If actuator driver PCA-A2 (33) or 
servo PCA-A3 (34) is replaced, it 
will be necessary to perform the 
seek deceleration adjustment proce­
dure before returning the disc drive 
to service. (Refer to Section IV, 
Alignment and Adjustment, for 
details.) 
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c. Replace the card cage cover. Check that the servo 
head cable connected to track follower PCA-A9 
and cable WI connected to servo PCA-A3 are lo­
cated in the appropriate slots on the edge of the 
card cage cover before securing the cover in place. 

d. Connect cable W6 (26) to the actuator assembly 
and actuator driver PCA-A2 (33); cable W5 (10) to 
microprocessor PCA-A4 (35); and the cable from 
HP-IB PCA-AI7 (46) to DMA PCA-A6 (36). 

e. Attach the brackets which secure cable W5 (10) 
and the cable from HP-IB PCA-AI7 (46) to the 
card cage. 

f. Replace the right-hand section of the head con­
tamination shield (30) and install the shroud (1). 

6-14A. FIRMWARE UPGRADE KIT 
To remove the disc drive firmware from microproces­
sor PCA-A4 (35, figure 7-1), proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Remove the card cage cover. (Refer to paragraph 
6-12.) 

e. On microprocessor peA-A4 (35), simultaneously 
lift up on the two PCA extractors and slide the 
peA up and out of the card cage chassis. 

f. Before handling the ROM's in the upgrade kit, 
securely attach a ground strap to ground on the 
disc drive and to your wrist. The ground strap is 
available in the ground kit, part no. 9300-0794. 

g. Remove the ROM integrated circuit (Ie) chips 
using one of the two following methods: 

(1) On PCA's which have standard IC sockets 
(identified by being the same length as the 
ROM chip), use the Ie extractor tool, part no. 
8710-1213, to remove the ROM chips. 
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(2) On PCA's which have the zero extraction 
force sockets (identified by being longer than 
the ROM chip), insert a small screwdriver in 
the slot at the end of the IC socket and press 
downward on the catch (see figure 6-3A). 
Slowly slide the socket the full extent of its 
travel. The ROM chip is now released for easy 
removal. 

To install a firmware upgrade kit, proceed as follows: 

a. Install the new firmware ROM chips in the appro­
priate sockets (see figure 5-6); for example, if the 
ROM chip has the number 82062 (8xxx2, in figure 
5-6) stamped on it, install this ROM in the socket 
labelled U182. 

Note: The ROM chips cannot be ordered indi­
vidually; the complete firmware up­
grade kit must be ordered. Refer to 
table 7-1 for the kit part number. 

b. Insert microprocessor PCA-A4 into the card cage. 

c. Replace the card cage cover. Check ihai ihe servo 
head cable, connected to track follower PCA-A9, 
and cable WI, connected to servo PCA-A3, are 
located in the appropriate slots on the edge of the 
card cage before securing the cover in place. 

d. Connect cable W6 (26) to the actuator assembly 
and actuator driver PCA-A2 (33); cable W5 (10) to 
microprocessor PCA-A4 (35); and the cable from 
HP-IB PCA-A17 (46) to DMA peA-A6 (36). 

e. Attach the brackets which secure cable W5 (10) 
and the cable from HP-IB PCA-A17 (46) to the 
card cage. 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

Figure 6-3A. ROM Chip Removal 
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f. Replace the shroud. Ensure that the shroud is 
latched in place before placing the disc drive in 
operation. 

6-15. CARD CAGE CHASSIS AND 
MOTHERBOARD PCA-A11 

To remove the card cage chassis (57, figure 7-1) and 
motherboard PCA-All (56), proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud (refer to paragraph 6-3), the 
front and rear panels (refer to paragraph 6-4), and 
the prefilter (refer to paragraph 6-5). 

d. Remove the media module chamber (refer to para­
graph 6-9), the card cage cover (refer to paragraph 
6-12), and all of the card cage PCA's (refer to 
paragraph 6-14). 

e. Remove the two T15 screws (45) which secure 
HP-IB PCA-A17 (46) to the disc drive cabinet and 
remove PCA-AI7. 

f. Remove the T9 screw (40) which secures the RFI 
shield (42) to the disc drive. 

g. Remove the three T20 screws (41) which secure the 
RFI shield (42) to the PCA-AlO shield (44) and 
remove the RFI shield. 

h. Remove the two T15 screws (43) which secure the 
PCA-AlO shield (44) to the disc drive. Move the 
shield back toward the rear of the disc drive until 
it unlatches from the card cage (57) and then 
remove the shield. 

1. Remove the twelve T25 screws (51) which secure 
the power module cover (52) to the disc drive 
cabinet and remove the cover. 

j. Disconnect the blower (61) cable and the motor­
spindle (67) cable from the power module connec­
tors at the rear of the prefilter chamber. 

k. Unplug cable W2 (53) from connector J25 on 
motherboard PCA-All (56). Close the retainers on 
the connector. 

1. Unplug cable W3 (47) from connector Jl on dc 
power PCA-A13 (15, figure 7-4) and cable W4 (48, 
figure 7-1) from connector Jl on spindle driver 
PCA-A12 (6, figure 7-4). Remove cables W3 and 
W4 from the card cage and cable W6 from the 
actuator assembly. 
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m. Remove the T10 screw (70, figure 7-1) which se­
cures the servo cable retainer (71) to the actuator 
assembly (80). 

n. Remove the card cage chassis (57, figure 7-1) from 
the disc drive. 

o. Remove the fourteen T8 screws (54) which secure 
the shield (55) and motherboard peA-All (56) to 
the card cage chassis. Remove the shield and 
motherboard peA-All from the card cage. 

To replace motherboard peA-All and the card cage 
chassis, perform the above steps in reverse order. 
Tighten the screws removed in steps e, f, g, h, i, m, 
and 0 as follows: 

Index Attached 
Torque 

Step Screw Setting 
No. Part (in.-lb) 

e T15 (45) HP-IB PCA-A17 25 

f T9 (40) RFI Shield 10 

g T20 (41) RFI Shield 25 

h T15 (43) PCA-A10 25 
Shield 

i T25 (51) Power Mod ule 20 
Cover 

m T10 (70) Servo Cable 10 
Retainer 

0 T8 (54) Motherboard 4.5 
PCA-All and 
Shield 

When attaching peA-All to the card cage chassis, 
ensure that J25 on peA-All is aligned adjacent to the 
cable access opening on the card cage chassis. Also, 
when lowering the card cage chassis into the disc 
drive cabinet, ensure that the edge of the card cage 
chassis does not damage the flexible cabling adjacent 
to the actuator assembly. 

6-16. ACTUATOR ASSEMBLY 
The actuator assembly is factory installed in the disc 
drive cabinet and is not field replaceable. However, 
the majority of the components comprising the actua­
tor assembly are field replaceable. Removal and 
replacement procedures for these components, in 
order of disassembly, are provided in the following 
paragraphs. 

6-17. CARRIAGE LATCH SOLENOID 
To remove the carriage latch solenoid (8, figure 7-5), 
proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 
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b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Remove the media module chamber (refer to para­
graph 6-9) and the head contamination shield 
(refer to paragraph 6-13). 

e. 

f. 

g. 

I CAUTION I 
Do not allow the carriage assembly to 
move forward more than approxi­
mately one-half inch from its latched 
(retracted) position without having 
the head spacer tool, part no. 07930-
60154, installed on the heads. Failure 
to observe this precaution will result 
in damage to the heads. 

Manually release the carriage latch solenoid (8) 
and carefully move the carriage assembly forward 
until the heads project approximately one-half 
inch beyond the cam towers (25, 25A). 

Install head spacer tool, part no. 07930-60154, on 
the heads. 

Disconnect the two wires from the carriage latch 
solenoid (8). 

h. Remove the two T15 screws (7) which secure the 
solenoid bracket (11) to the actuator assembly and 
remove the solenoid bracket. 

l. Remove the two T9 screws (9) and flat washers 
(10) which secure the carriage latch solenoid (8) to 
the solenoid bracket (11) and remove the solenoid. 

To replace the carriage latch solenoid, follow the 
above steps in reverse order. Tighten the screws re­
moved in steps hand i as follows: 

Index Attached 
Torque 

Step Screw Setting 
No. Part (in.-lb) 

h T15 (7) Solenoid 13 
Bracket 

i T9 (9) Solenoid 13 

Following installation, manually check the locking 
action of the latch. 

6-18. ACTUATOR STATUS PCA-A18 
To remove actuator status peA-A18 (40, figure 7-5) 
from the disc drive, proceed as follows: 
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a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

d. 

e. 

Remove the shroud. (Refer to paragraph 6-3.) 

Remove the media module chamber. (Refer to para­
graph 6-9.) 

Unplug the velocity transducer (1) cable from con­
nector Jl on PCA-A18. 

f. Disconnect the two wires from the carriage latch 
solenoid (8). 

g. Remove the two T9 screws (38) and washers (39) 
which secure the right-hand rigid portion of PCA-A18 
(40) to the actuator assembly. 

h. Remove the four TIO screws (35) which secure the 
left-hand rigid portion of peA-A18 to the actuator 
assembly. 

1. Remove the connector clip (40A) from connector 
J2 on PCA-A18. 

J. Unplug the flexible cable from connector Jl on 
PCA-A18 and remove PCA-A18. 

To replace PCA-A18, perform the above steps in re­
verse order. Tighten the screws removed in step g to 
10 inch-pounds. 

6-19. VELOCITY TRANSDUCER AND 
VELOCITY TRANSDUCER SHAFT 

To remove the velocity transducer (1, figure 7-5) and 
the velocity transducer shaft (5) from the disc drive, 
proceed as follows: 

a. Perform the preparation for service proced ure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Remove the media module chamber (refer to para­
graph 6-9) and the head contamination shield (re­
fer to paragraph 6-13). 

e. Unplug the velocity transducer cable from con­
nector Jl on actuator status PCA-A18 (40). 

I _ .. U ..... o ... I I ~A I I I't I 
Do not allow the carriage assembly to 
move forward more than approxi­
mately one-half inch from its latched 

f. 

g. 
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(retracted) position without having 
the head spacer tool, part no. 07930-
60154, installed on the heads. Failure 
to observe this precaution will result 
in damage to the heads. 

Manually release the carriage latch solenoid (8) 
and carefully move the carriage assembly forward 
until the heads project approximately one-half 
inch beyond the cam towers (25, 25A). 

Install the head spacer tool, part no. 07930-60154, 
on the heads. 

h. Loosen the 1.5 mm hexhead setscrew (6) which se­
cures the velocity transducer shaft (5) to the car­
riage assembly. 

1. Free the velocity transducer shaft (5) from the 
carriage assembly and push the shaft into the 
actuator assembly. 

j. Remove the two T9 screws (2) which secure the 
velocity transducer (1) to the actuator assembly. 

k. Remove the T9 screw (3) which secures the retainer 
(4) to the actuator assembly and remove the 
retainer. 

1. Carefully slide the velocity transducer (1), with 
the velocity transducer shaft (5) inside it, out from 
the rear of the actuator assembly. 

I CAUTION I 
The velocity transducer shaft con­
tains a calibrated magnet. To prevent 
damage to the velocity transducer 
shaft, avoid contact by the magnetic 
end of the shaft with ferrous or mag­
netic materials. 

m. Carefully slide the velocity transducer shaft (5) 
out from the rear of the velocity transducer (1). 

To replace the velocity transducer and velocity trans­
ducer shaft (5), proceed as follows. 

I CAUTION I 
Exercise extreme care when replacing 
the velocity transducer. A slight twist 
on the back section will break the 
wires inside the assembly. 

a. Carefully slide the velocity transducer, with the 
velocity transducer shaft inside it, into the rear of 
the actuator assembly. Position the velocity 
transducer so that the transducer cable is aligned 
with the slot in the actuator assembly. Secure the 
velocity transducer in place with the two T9 screws 
(2) previously removed. Tighten the screws (2) to 
10 inch-pounds. 
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b. Replace the retainer (4) with the T9 screw (3) previ­
ously removed. Tighten the screw to 10 inch­
pounds. 

c. Using a slender rod of nonmagnetic material, push 
on the magnet end of the velocity transducer shaft 
(5) until the rod end extends through the hole in 
the actuator assembly. 

d. Insert the rod end of the velocity transducer shaft 
into the opening on the carriage assembly (16). 
Tighten the T6 setscrew (6) on the carriage as­
sembly to 5 inch-pounds. 

e. Carefully return the carriage assembly to its 
locked position and remove the head spacer tool. 

f. Connect the velocity transducer cable to connector 
Jl on actuator status PCA-AI8 (40). 

g. Perform the seek deceleration adjustment described 
in Section IV, Alignment and Adjustment. 

h. Replace the head contamination shield (refer to 
paragraph 6-13), the media module chamber (refer 
to paragraph 6-9), and the shroud (refer to para­
graph 6-3). 

6-20. DATA AND SERVO HEADS 
The data heads and the servo head are removed and 
replaced in the same manner. When any head is re­
placed, the appropriate head alignment procedure 
must be performed as part of the replacement. To 
remove a data head (12, 14, figure 7-5) or the servo 
head (13), proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Remove the media module chamber (refer to para­
graph 6-9), card cage cover (refer to paragraph 
6-12), and head contamination shield (refer to para­
graph 6-13). 

e. If the servo head is to be replaced, remove the TI0 
screw (70, figure 7-1) which secures the servo cable 
retainer (71) and ground strip (71A) over the servo 
head cable. 

f. Disconnect the appropriate head cable from the 
connector on read/write PCA-AI0. The servo head 
cable must also be disconnected from connector Jl 
on track follower PCA-A9. 
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To avoid damage to the head, be sure 
to install head installation tool, part 
no. 13354-20009, on the head as shown 
in figure 6-4. 
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g. Install the head installation tool, part no. 13354-
20009, on the head to be removed. (See figure 6-4.) 

Note: The UP side of the installation tool is 
used for heads 1, 3, 5, 6, 8, 10, and 12. 
The DN (down) side of the installa­
tion tool is used for heads 0, 2, 4, 7, 9, 
11, and the servo head. (See figure 6-5 
for head numbering details.) 

h. Hold the head in place by applying a slight pres­
sure to the head installation tool, and then loosen 
the appropriate head retaining screw (19, figure 
7-5). 

1. Remove the head with the head installation tool 
attached. Exercise care to avoid damaging critical 
elements of the head assembly. 

j. If it is necessary to replace a head retaining screw 
(19) and washer (20), proceed as follows: 

(1) Loosen all of the head retaining screws (19) 
on the carriage assembly. 

(2) Loosen the two T6 screws (17) which secure 
the retainer plate (18) to the carriage 
assembly. 

(3) Move the retainer plate (18) back toward the 
actuator until sufficient clearance is obtained 
to remove the defective head retaining screw 
and washer. 

(4) Insert the new head retaining screw and 
washer in place. 

(5) Move the retainer plate (18) to its former 
location and tighten the two screws (17) to 
10 inch-pounds. 

(6) Tighten the head retaining screws (19) to 8 
inch-pounds. 

To replace a data or servo head, proceed as follows: 

CAUTION 

To avoid damage to the head, do not 
touch or clean the surface of the head 
that attaches to the actuator. 
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UP HEADS I 
4 1 I 3 5 I 6 8 110 /12 I 

8 

HEAD INSTALLATION 
TOOL ATTACHMENT 

1. POSITION TOOL (1) WITH "UP" MARKING (2) 
AS SHOWN AND THUMB AT SPRING JOINT (3) 
OF HEAD ASSEMBLY (4). 

2. LIFT HEAD ARM UP UNTIL HEAD ASSEMBLY (4) 
IS STRAIGHT. 

3. INSERT POST (5) INTO HOLE (6) WITH 
CENTER PIN (7) OVER BACK AND FRONT 
PIN (8) UNDER HEAD ASSEMBLY (4). 

HEAD INSTALLATION 
TOOL ATTACHED TO 
UP HEAD 

2 

I 
/ 

1. HOLDING TOOL (1) AS SHOWN, INSTALL 
HEAD WITH MOUNTING HOLE (2) AND 
CABLE (3) FACING CARD CAGE SIDE 
OF DRIVE. 

UP HEADS 

DOWN HEADS I 
o 1 21 4 I 7 I 9 111 I SERVO 

I , , , , , 

1. POSITION TOOL (1) WITH "ON" MARKING (2) AS SHOWN AND 
THUMB AT SPRING JOINT (3) OF HEAD ASSEMBLY (4). 

2. LIFT HEAD ARM UP UNTIL HEAD ASSEMBLY (4) IS STRAIGHT. 

3. INSERT POST (5) INTO HOLE (6) WITH CENTER PiN (7) OVER 
BACK AND FRONT PIN (8) UNDER HEAD ASSEMBLY (4). 

7933-327 

HEAD INSTALLATION 
TOOL ATTACHED TO 
DOWN HEAD 

1. HOLDING TOOL (1) AS SHOWN, INSTALL HEAD 
WITH MOUNTING HOLE (2) AND CABLE (3) 
FACING CARD CAGE SIDE OF DISC DRIVE. 

DOWN HEADS 

Figure 6-4. Using the Head Installation Tool 
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DATA HEAD 0 (ON) 

DATA HEAD 1 (UP) 
DATA HEAD 2 (ON) C=!:::q 
DATA HEAD 3 (UP) 
DATA HEAD 4 (ON) C=~:::II 

DATA HEAD 5 (UP) r---"" 
SERVO HEAD (ON) c:::::::::~ 

DATA HEAD 6 (UP) ~~:s 
DATA HEAD 7 (ON) 

DATA HEAD8 (UP)~~~ 
DATA HEAD 9 (ON) C 

DATA HEAD 10 (UP) 
DATA HEAD 11 (ON) 

DATA HEAD 12 (UP) 

7933-352A 

HEAD 
RETAINING 

SCREWS 

HEAD 
ADJUSTMENT 

HOLES 

Figure 6-5. Data and Servo Head Retaining 
Screw Locations 

I CAUTION I 
To avoid damage to the head be sure 
to use the installation tool on the head 
as shown in figure 6-4. 

a. Install the head installation tool on the replace­
ment head, as shown in figure 6-4. The UP side of 
the installation tool is used for heads 1, 3, 5, 6, 8, 
10, and 12. The DN (down) side of the installation 
tool is used for heads 0, 2, 4, 7,9, 11, and the servo 
head. (See figure 6-5 for head numbering details.) 

b. Clean the head as outlined in Section III, 
Maintenance. 

CAUTION 

Do not tighten the head retaining 
screw with the head installation tool 
attached to the head as the heads will 
not seat properly in the earrige. Dam­
age to the head and the disc surface is 
likely to occur if the head retaining 
screw is tightened with the tool in 
place. 

c. Set the head in place on the carriage assembly 
and with the head installation tool still attached, 
move the head until the head initial position tool, 
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part no. 13354-20008, can be inserted into the ad­
justment hole of the head being installed. (The 
servo head adjustment hole is marked with an in­
delible marker on some disc drives; see figure 6-5.) 
The tip of the initial position tool must fit in the 
alignment slot on the head. 

Slide the head assembly back until it is placing 
pressure on the head initial position tool. 

Thread the head retaining screw until it is finger 
tight and the head remains in place. 

Remove the head installation tool, taking care not 
to move the head. 

Remove the head initial position tool and tighten 
the head retaining screw to 3 inch-pounds. 

Connect the head cable to its respective connector 
on read/write PCA-A10 (39, figure 7-1). The con­
nectors are mounted on PCA-A10 in the same 
order that the heads are mounted on the carriage 
assembly. Connect the remaining lead from the 
servo head to connector J1 on track follower PCA-A9 
(38). Install the cables in such a manner that they 
form a smooth semi-circle from the carriage as­
sembly to read/write PCA-A10. 

i. If the servo head was removed, secure the servo 
head cable using the cable retainer (71), ground 
strip (71A), and T10 screw (70). Tighten the T10 
screw to 10 inch-pounds. 

j. Replace the card cage cover (refer to paragraph 
6-12), media module chamber (refer to paragraph 
6-9), and the control panel assembly (refer to para­
graph 6-7). 

k. Perform the appropriate head alignment pro­
cedure, as given in Section IV, Alignment and 
Adjustment. 

1. Replace the head contamination shield (refer to 
paragraph 6-13) and the shroud (refer to para­
graph 6-3). 

6-21. CARRIAGE ASSEMBLY 
To remove the carriage assembly (16, figure 7-5), pro­
ceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 
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d. Remove the media module chamber (refer to para­
graph 6-9). 

e. Remove the head contamination shield. (Refer to 
paragraph 6-13.) 

f. If the carriage assembly is to be reinstalled, per­
form steps g and h. If a new carriage assembly is 
to be installed, remove all of the data heads and 
the servo head (refer to paragraph 6-20), then skip 
to step i. 

CAUTION 

Do not allow the carriage assembly to 
move forward more than approxi­
mately one-half inch from its latched 
position without having head spacer 
tool, part no. 07930-60154, installed on 
the heads. Failure to observe this pre­
caution may result in damage to the 
heads. 

g. Manually release the carriage latch solenoid (8) 
and carefully move the carriage assembly (16) for­
ward until the heads project approximately one­
half inch beyond the cam towers (25, 25A). 

h. Install head spacer tool, part no. 07930-60154, on 
the heads. 

i. Loosen the 1.5 mm hexhead setscrew (6) which se­
cures the velocity transducer shaft (5) to the car­
riage assembly and disengage the shaft. Push the 
shaft into the actuator assembly. 

j. Remove the four T15 screws (26) which secure the 
two cam towers (25, 25A) to the actuator assembly 
and remove the cam towers. 

k. Remove the four TI0 screws (15) which secure the 
carriage assembly to the armature assembly (37). 

1. Lift up on the carriage assembly and when it is 
free of the lower rail (43), remove the carriage 
assembly from the actuator assembly. (See figure 
6-6 for removal details.) Place the carriage assem­
bly on a clean, dry work surface. 

To replace the carriage assembly, proceed as follows: 

a. Clean the lower rail (43, figure 7-5) and the upper 
rail (46) with a cleaning wipe moistened with fil­
tered isopropyl alcohol. 

b. Before installing a new or old carriage, the bear­
ing outer race must be thoroughly cleaned of all 
particles. This must be done to maximize the 
future life of the assembly. 

c. Saturate a cotton swab with filtered alcohol. Fold 
a cleaning wipe over the swab and squeeze out 

Removal and Replacement 

UPPER 
RAIL 

7933-326A 

ACTUATOR 
BASE 
~ 

\ \ 
LOWER 

RAIL 

Figure 6-6. Carriage Removal and Replacement 
Details 

excess alcohol. Set the carriage assembly on a 
clean surface with the bearing readily accessible. 
Carefully rotate the bearing with one finger while 
swabbing the arch area and sides of the outer race 
with the cotton swab (see figure 6-6). Repeat until 
there is no sign of contaminant particles. 

I CAUTION I 
Do not allow excess alcohol to wick 
into the side covers of the bearings. 
This will dilute the bearing lubri­
cant and result in premature bearing 
failure. 

d. Repeat step c for each of the three carriage 
bearings. 

e. Clean all adjacent surfaces of any contaminant 
particles. 

f. Place the carriage assembly in position adjacent 
to the rails and engage the carriage on the upper 
rail (46). 
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g. Lift up on the carriage assembly and when it is 
level with the lower rail (43), rotate the carriage 
assembly into position on the lower rail. (See fig­
ure 6-6 for installation details.) 

h. Using alcohol, thoroughly clean the four T10 
screws (15, figure 7-5) which secure the carriage 
assembly to the armature assembly (37). Install 
and tighten each screw equally, beginning with 
two diagonally opposite screws. Tighten the 
screws to 10 inch-pounds. 

1. Manually unlock the carriage and move it forward. 

j. U sing a slender rod of nonmagnetic material, 
push the magnet end of the velocity transducer 
shaft (5) until the rod end extends through the 
hole in the actuator assembly. 

k. Insert the rod end of the velocity transducer shaft 
(5) into the opening on the carriage assembly (16). 
Tighten the 1.5 mm hexhead setscrew (6) on the 
carriage assembly to 5 inch-pounds. 

1. Replace the two cam towers (25, 25A) with the four 
T15 screws (26) previously removed. Tighten the 
screws to 15 inch-pounds. 

m. Move the carriage assembly forward and check 
that each side of the carriage is aligned with a 
crash stop pad (24) on the cam tower and a crash 
stop pad (47) on the actuator. When alignment is 
correct the carriage should strike all four crash 
stop pads with equal force. If necessary, loosen 
the cam tower securing screws (26) and move the 
towers forward or back until the desired align­
ment is achieved. Tighten the screws to 15 inch­
pounds. 

n. Clean and lubricate the carriage bearing/rail 
interface as described in section III of this manual. 

I CAUTION I 
Failure to lubricate a replaced car­
riage assembly as prescribed in para­
graph 3-11 can result in servo or data 
errors (plus DERR 70 or 76). 

o. Clean the data heads and servo head as described 
in section III of this manual. 

p. Move the carriage assembly to within one-half 
inch of its latched (retracted) position. 

q. Replace the data heads and servo head, if removed 
(refer to paragraph 6-20), or remove the head 
spacer tool. 

r. Return the carriage assembly to its latched 
position. 

6-16 

7933 

s. Replace the media module chamber. (Refer to para­
graph 6-9.) 

t. Perform the servo head and data head alignment 
procedures as detailed in Section IV, Alignment 
and Adjustment. 

u. Replace the head contamination shield (refer to 
paragraph 6-13) and the shroud (refer to para­
graph 6-3). 

6-22. ARMATURE ASSEMBLY 
To remove the armature assembly (37, figure 7-5), pro­
ceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Remove the media module chamber (refer to para­
graph 6-9), the card cage cover (refer to paragraph 
6-12), and read/write PCA-A10 (refer to paragraph 
6-14). 

e. Remove the left-hand section of the head contam­
ination shield (refer to paragraph 6-13). 

f. Remove the carriage assembly. (Refer to para­
graph 6-21). 

g. Remove the four T15 screws (26) which secure the 
two cam towers (25, 25A) to the actuator assembly 
and remove the cam towers. 

h. Unplug the velocity transducer (1) cable from con­
nector J1 on actuator status PCA-A18 (40). 

i. Disconnect the two wires from the carriage latch 
solenoid (8). 

j. Remove the two T9 screws (38) and washers (39) 
which secure the right-hand rigid portion of actu­
ator status PCA-A18 (40) to the actuator assembly. 

k. Remove the four cap screws (35) which secure the 
coil band cover and the left-hand rigid portion of 
PCA-A18 (40) to the actuator assembly. 

1. Detach the armature assembly (37) from connec­
tor J1 on PCA-A18 and carefully withdraw the 
armature assembly from the actuator. 

To replace the armature assembly (37), proceed as 
follows: 

a. Carefully insert the armature assembly into the 
actuator assembly. 
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b. Attach the coil band cover (36) and PCA-A18 (40) 
to the actuator assembly with the two T9 screws 
(38), two washers (39), and four cap screws (35) 
previously removed. Tighten the six screws to 10 
inch-pounds. Connect the armature assembly to 
connector J1 on PCA-A18. 

c. Replace the crash stop pads (24) on the inner side 
of the cam towers (25, 25A) with new crash stop 
pads. 

d. Replace the two cam towers (25, 25A) on the actu­
ator assembly with the four T15 screws (26) pre­
viously removed. Tighten the four screws to 15 
inch-pounds. 

e. Replace the two crash stop pads (47) on the actua­
tor with new crash stop pads. 

CAUTION 
Ensure that the carriage bearing/rail 
interface cleaning and lubrication is 
performed when the carriage assem­
bly is installed (refer to section III of 
this manual). Failure to perform these 
procedures may result in damage to 
the disc drive. 

f. Replace the carriage assembly as outlined in para­
graph 6-21. 

g. Extend the carriage forward and check that each 
side of the carriage is aligned with the crash stop 
pads on the cam tower and the actuator. When 
alignment is correct the carriage should strike 
each crash stop with equal force. If necessary, 
loosen the screws (26) and move the towers for­
ward or back until the desired alignment is 
achieved. Tighten the screws to 15 inch-pounds. 

h. Attach the two wires to the carriage latch solenoid 
(8) and move the carriage assembly back until it 
locks in place. 

i. Replace read/write PCA-A10 (refer to paragraph 
6-14) and the card cage cover (refer to paragraph 
6-12). 

j. Replace the media module chamber (refer to para­
graph 6-9) and the control panel assembly (refer to 
paragraph 6-7). 

k. Perform the servo head and data head alignment 
procedures detailed in section IV of this manual. 

1. Replace the head contamination shield (refer to 
paragraph 6-13) and the shroud (refer to para­
graph 6-3). 
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6-23. LOWER AND UPPER RAILS 
To remove the lower rail (43, figure 7-5) and the upper 
rail (46), proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Remove the media module chamber (refer to para­
graph 6-9). 

e. Remove the left-hand section of the head contam­
ination shield (refer to paragraph 6-13). 

f. Remove the carriage assembly. (Refer to para­
graph 6-21.) 

g. Remove the seven T10 screws (41) which secure 
the lower rail clamp (42) to the actuator assembly; 
then remove the clamp (42) and the lower rail (43). 
Use the 10 inch-pound offset torque wrench, part 
no. 8710-1594, to remove the screws. 

h. Loosen the three T10 screws (44) which secure the 
upper rail clamp (45) to the actuator assembly and 
remove the upper rail (46). 

To replace the upper rail and the lower rail, proceed as 
follows: 

a. Clean the upper and lower rail mount surfaces on 
the castings with a cleaning wipe moistened with 
filtered isopropyl alcohol. Remove all particles 
from the adjacent surfaces. 

b. Clean both cam towers in a similar manner to 
remove all particles from its surfaces. 

c. Install new crash stop pads on the cam towers, if 
necessary. 

d. Clean the upper rail (46) and clamp (45) with a 
cleaning swab and alcohol. Install the rail and 
clamp on the upper rail guide beam. 

e. Locate the end of the upper rail (46) flush with the 
front of the actuator assembly and tighten the 
three T10 screws (44) to 5 inch-pounds, starting 
with the center screw. Use the 10 inch-pound offset 
torque wrench, part no. 8710-1594. Repeat this 
procedure a second time, tightening the screws to 
10 inch-pounds. 

f. Clean the lower rail and clamp with a cleaning 
swab and alcohol. Install the rail (43) and clamp 
(42) on the casting surface making sure the rail is 
captured between the two tabs on the lower rail 
clamp. 

6-17 



Removal and Replacement 

g. Starting with the center screw, tighten the seven 
T10 screws (41) to 5 inch-pounds, alternating be­
tween left and right of the center screw. Use the 
10 inch-pound offset torque wrench, part no. 8710-
1594. Repeat this sequence, tightening the screws 
to 10 inch-pounds. 

h. Before installing the carriage assembly, clean 
each rail once again with a cleaning swab and 
alcohol to remove any particles. 

I CAUTION I 
Ensure that the carriage bearing/rail 
interface cleaning and lubrication is 
performed when the carriage assem­
bly is installed (refer to section III of 
this manual). Failure to perform these 
procedures may result in damage to 
the disc drive. 

i. Install the carriage assembly (refer to paragraph 
6-21). 

j. Return the carriage assembly to its locked position. 

k. Replace the media module chamber. (Refer to para­
graph 6-9.) 

1. Perform the servo head and data head alignment 
procedures detailed in section IV of this manual. 

m. Replace the head contamination shield (refer to 
paragraph 6-13) and the shroud (refer to para­
graph 6-3). 

6-23A. REAR CRASH PAD ASSEMBLY 
To remove the rear crash pad prior to installing the 
new crash pad, part no. 07930-60256, proceed as 
follows: 

a. Remove card cage cover (refer to paragraph 6-12). 

b. Remove head contamination shield (refer to para­
graph 6-13). 

c. Remove the read/write PCA-A10 by first discon­
necting all head cables from JO through J12, and 
loosening the two captive screws that secure the 
adjacent RFI shield (44, figure 7-1). 

d. Remove the media module, then remove the read/ 
write PCA-A10 support by unscrewing the two 
screws attached to the actuator/spindle base. 

e. Depress the solenoid plunger and install the head 
spacer tool (table 3-1). Move the carriage assembly 
forward and unscrew the four T10 screws that 
attach the carriage assembly to the armature 
assembly. 

6-18 

7933 

f. With a 1.5 mm hexwrench, loosen the setscrew 
securing the shaft to the velocity transducer and 
slide the shaft backward into the velocity 
transd ucer. 

g. Remove the rear crash pad assembly and use a 
cotton swab with alcohol to clean the mounting 
surface area. 

To install a new rear crash pad, proceed as follows: 

a. Place the new rear crash pad, part no. 07930-60256, 
into position by centering the hole around the 
velocity transducer and aligning the mounting 
holes (51, figure 7-5). Insert both T10 mounting 
screws and hand tighten. 

b. Re-attach the velocity transducer shaft. 

c. Verify velocity transducer clearance by looking 
through the hole in the shaft from the rear of the 
linear motor. While moving the carriage assembly 
slowly back and forth, an even ring of light should 
appear all around the velocity transducer shaft 
magnet. If not, the rear crash pad must be ad­
justed before tightening the screws to 7 inch­
pounds. Recheck clearance once more after 
tightening. 

d. Re-attach the armature to the carriage assembly 
(previous step e). Tighten the four T10 screws to 
10 inch-pounds. 

e. Push carriage assembly back into linear motor 
and remove head spacer tool inserted in previous 
step e. 

f. Re-attach read/write PCA-A10 support to actua­
tor/spindle base. Tighten both screws to 10 inch­
pounds. 

g. Clean the media module chamber as described in 
the preventive maintenance procedure (paragraph 
3-13). Re-install the media module. 

Restore the drive to running condition as follows: 

a. Read/write PCA-A10 into card cage, RFI shield 
tightened to 10 inch-pounds, heads reconnected to 
PCA-A10. 

b. Head contamination shields in place, tighten all 5 
screws to 12 inch-pounds. 

c. Card cage cover secured with 4 screws, tighten to 
12 inch-pounds. 

d. All card cage cables reconnected, front panel cable 
screws (2) tightened to 12 inch-pounds. 
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6-24. MOTOR-SPINDLE ASSEMBLY 

WARNING 

When shipping magnetic assem­
blies (motor-spindles) which have 
been removed from disc drives, 
each magnetic assembly must be 
packaged individually. Transport­
ing more than one removed mag­
netic assembly in a single con­
tainer could exceed aircraft limi­
tations, 2.0 milligauss at 2.13 
metres (7 feet), which could create 
a potential hazard during ship­
ping. If the magnetic material is 
being shipped into or within the 
United States, all applicable regu­
lations of the U.S. Department of 
Transportation (DOT) must be fol­
lowed before release to the initial 
carrier in the U.S. Refer to DOT 
Regulations, Title 49, parts 171-
177 (Hazardous Materials). 

To remove the motor-spindle assembly (67, figure 7-1), 
proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Remove the prefilter (refer to paragraph 6-5) and 
the media module chamber (refer to paragraph 
6-9). 

e. Remove the four TI0 screws (64) which secure the 
seal assembly (65) to the motor-spindle assembly 
(67) and remove the seal assembly. (Use the TI0 
bit, part no. 8710-1465.) 

f. Remove the T15 screw (3, figure 7-3) which secures 
the ground cable (60, figure 7-1) to the motor­
spindle assembly. 

g. Unplug the motor-spindle assembly cable from 
the connector at the rear of the prefilter chamber. 

h. Remove the three T30 screws (66) which secure the 
motor-spindle assembly to the actuator assembly. 

I CAUTION I 
When removing the motor-spindle 
assembly, do not attempt to lift the 
assembly by the spindle hub. Damage 
to the motor-spindle assembly may 
occur. 

Removal and Replacement 

I CAUTION I 

The motor-spindle assembly weighs 
approximately 15.9 kilograms (35 
pounds). Exercise care when lifting it 
from the disc drive. 

i. With one hand, push up on the bottom of the 
assembly until the mounting flange is free of the 
disc drive and with the other hand grasp the 
mounting flange. Then, with both hands, lift the 
assembly out of the disc drive. 

To replace the motor-spindle assembly, proceed as 
follows: 

CAUTION 

When installing the motor-spindle 
assembly, do not attempt to lift the 
assembly by the spindle hub. Damage 
to the assembly may occur. 

a. Grasping the motor-spindle assembly mounting 
flange with both hands, carefully lower the as­
sembly into the disc drive. When almost in place, 
support the bottom of the assembl)T \vith one hand 
until the assembly is resting on the actuator 
casting. 

b. Rotate the motor-spindle assembly until the power 
cable is pointing toward the right-hand side of the 
disc drive (as viewed from the front). 

c. Replace the three T30 screws (66) previously re­
moved. Tighten the screws to 75 inch-pounds. 

d. Replace the seal assembly (65) on the motor-spindle 
assembly with the four TI0 (64) screws previously 
removed. Tighten the screws to 10 inch-pounds. 

e. Connect the motor-spindle assembly cable to con­
nector J5 on spindle driver PCA-AI2 (6, figure 
7-4). 

f. Connect the ground cable to the motor-spindle 
assembly with the T15 screw (3, figure 7-3) pre­
viously removed. Tighten the screw to 12 inch­
pounds. 

g. Replace the media module chamber (refer to para­
graph 6-9), the prefilter (refer to paragraph 6-5), 
and the shroud (refer to paragraph 6-3). 

6-25. SPINDLE GROUND KIT 
To remove the motor-spindle grounding components 
and replace with the spindle ground kit, proceed as 
follows: 
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Removal and Replacement 

Note: Before starting this procedure, a disc 
back-up should be performed to pro­
tect data stored on the media. 

a. Remove media module. (Refer to paragraph 6-8.) 

b. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

c. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

d. Remove the following items: 

• Shroud (refer to paragraph 6-3). 

• Front panel (refer to paragraph 6-4). 

• Prefilter (refer to paragraph 6-5). 

e. Remove motor-spindle assembly. (Refer to previ­
ous paragraph.) 

f. Remove the three T15 screws (1, figure 7-3) which 
secure the bottom cover (2) to the motor-spindle 
assembly. 

g. Cover the spindle hub with a cleaning wipe and 
grasp firmly with one hand. With the other hand, 
remove the ground button using an adjustable 
wrench. Discard the ground button. 

To install a new spindle ground button, proceed as 
follows: 

a. Place one drop of sealant, part no. 0470-0573, on 
opposite mating surfaces of the new ground button 
(see figure 6-6A). Do not put any sealant on the 
ground button threads. 
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APPLY ONE DROP OF SEALANT ON OPPOSITE 
SURFACES. AVOID THE THREADS. 

Figure 6-6A. Application of Sealant 

CAUTION 
Touching the top machined surfaces 
of the spindle-motor assembly can 
cause contamination. 

7933 

b. Without touching the top, outermost machined 
surface of the spindle-motor assembly, hold the 
spindle nose tightly with one hand. With the other 
hand, hand tighten the ground button into the 
spindle-motor shaft. 

c. While continuing to hold the spindle nose by 
hand, tighten the ground button with an adjust­
able wrench until the spindle nose cannot be pre­
vented from turning in your hand. 

d. Use a cleaning wipe to clean excess sealant from 
the ground button. 

I CAUTION I 
Ensure that the ground strap (60, fig­
ure 7-1) is installed beneath one of the 
T15 screws which secure the bottom 
cover. Failure to do this may result in 
loss of data or damage to the disc 
drive. 

e. Install the ground strap and the new bottom cover 
using the three T15 screws previously removed. 
Tighten the screws to 12 inch-pounds. 

f. Clean the media module chamber and motor­
spindle assembly as described in section III of 
this manual. 

g. Reverse steps a through d of the previous (remov­
al) procedure to prepare the drive for operation. 

6-26. POWER MODULE 
The power module (73, figure 7-1) is located at the 
lower rear of the disc drive cabinet and is mounted on 
track slides to facilitate servicing. Field replaceable 
components in the power module include spindle driver 
PCA-A12, dc power PCA-A13, an input power assem­
bly, a blower power distribution 8ssembly, transformer 
T1, and five filter capacitors. 

I CAUTION I 
• Do not attempt to operate the disc 

drive with the power module cover 
(52) removed. This will reduce the 
efficiency of the disc drive RF 
shielding. 
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• Do not attempt to power up the 
disc drive with the power module 
withdrawn from the disc drive en­
closure. This will interrupt the flow 
of cooling air in the enclosure and 
cause overheating and possible 
damage to the equipment. 

6-27. ACCESS FOR SERVICE 
To access the power module (73, figure 7-1) for service, 
proceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the shroud. (Refer to paragraph 6-3.) 

d. Remove the front panel (6) and rear panel (5) from 
the disc drive (refer to paragraph 6-4), and the pre­
filter (refer to paragraph 6-5). 

e. Disconnect the blower (61) cable and the motor­
spindle (67) cable from the connectors at the rear 
of the prefilter chamber. 

f. Remove the twelve T25 screws (51) which attach 
the power module cover (52) to the disc drive and 
remove the cover. 

g. Unplug cable W3 (47) from connector J1 on dc 
power PCA-A13 (15, figure 7-4) and cables W4 (48, 
figure 7-1) and W2 (53) from connectors J1 and J2 
on spindle driver PCA-A12 (6, figure 7-4). 

h. Pull the power module assembly (73, figure 7-1) 
forward until it is fully extended on its slide 
mounts. 

To return the power module to service, perform the 
above steps in reverse order. Tighten the twelve T25 
screws removed in step f to 20 inch-pounds. 

6-28. SPINDLE DRIVER PCA-A12 
To remove spindle driver PCA-A12 (6, figure 7-4), pro­
ceed as follows: 

a. Perform the power module access for service pro­
cedure outlined in paragraph 6-27. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the cover (1) from PCA-A12 (6). 

d. Remove the four T25 screws (4) which secure PCA­
A12 to capacitors C1, C2 (11). 

Removal and Replacement 

e. Remove the two T10 screws (3) which secure PCA­
A12 to the two PCA supports (13) attached to 
PCA-A13 (15). 

f. Unplug the power transformer cable from connec­
tor J3 on PCA-A12. 

g. Loosen the four T15 screws (5) on the PCA-A12 
heat sink support (22) and remove PCA-A12 from 
the power module. Remove the air seal (2) from 
PCA-A12. 

Note: During installation, ensure that the 
air seal (2) is positioned on PCA-A12 
(6) with the foam side facing the front 
of the disc drive when installed. 

To replace spindle driver PCA-A12, perform the above 
steps in reverse order. Tighten the screws removed in 
steps d, e, and g, as follows: 

Index Attached 
Torque· 

Step Screw Setting 
No. Part (in.-lb) 

d T25 (4) PCA-A12 15 

e TIO (3) PCA-A12 5 

- Tl~ '''\ Dr< A _ A 1 () 11=; 
'-' \ , 

a. Perform the power supply check described in sec­
tion IV of this manual. 

6-29. DC POWER PCA-A13 

To remove dc power PCA-A13 (15, figure 7-4), proceed 
as follo\Ys: 

a. Perform the power module access for service pro­
cedure detailed in paragraph 6-27. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove spindle driver PCA-A12. (Refer to para­
graph 6-28.) 

d. Remove the six T25 screws (14) which secure PCA­
A13 (15) to capacitors C170 (19) and C230, C270 
(20). (Re-install at 20 Ibs. torque setting.) 

e. Unplug the power transformer (29) cable from 
connector PIon PCA-A13 and remove PCA-A13 
from the power module. 

To replace PCA-A13, perform the above steps in re­
verse order. 
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Removal and Replacement 

6-30. FILTER CAPACITORS 

I CAUTION I 

When replacing the filter capacitors, 
ensure that the "+" (positive) and "-" 
(negative) markings on the capacitor 
terminals match the corresponding + 
and - markings on PCA's A12 and 
A13. The vent plugs on the capacitors 
should also line up with the "VENT" 
holes in the PCA's. 

Filter capacitors Cl, C2 (11, figure 7-4) are held in 
place by a clamp (10) on the power module and the 
capacitors can be removed following the removal of 
spindle driver PCA-AI2, as outlined in paragraph 
6-28. Filter capacitors C170 (19), and C230, C270 (20) 
are held in place by a clamp (18) and the capacitors 
can be removed following the removal of dc power 
PCA-AI3, as outlined in paragraph 6-29. Before re­
turning the disc drive to service, per.form the power 
supply check described in Section IV, Alignment and 
Adjustment. 

6-31. INPUT POWER ASSEMBLY 
To remove the input power assembly (42 through 57, 
figure 7-4), proceed as follows: 

a. Perform the power module access for service pro­
cedure outlined in paragraph 6-27. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the three TI0 screws (40, figure 7-4) which 
secure the input power assembly to the power 
module. 

d. Unplug the brown wire from connector J4 and the 
blue wire from connector J3 on line filter PCA-A21 
(47). Disconnect the green-yellow wire from the 
ground terminal. Remove the input power assem­
bly from the power module. 

TBl 

INPUT BLUE 
POWER -----

(NEUTRAL) ~_.J 

*THIS WIRE MOVED TO TERMINAL 3 WHEN STRAPPED FOR 120V. 
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Note: On early models which use the recep­
tacle connector (50) and gasket (51), 
these parts are necessary to maintain 
cooling airflow within the disc drive. 
Replace these parts if they become 
cracked or torn, or replace the entire 
input power assembly. 
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To replace the input power assembly, perform the 
above steps in reverse order. Tighten the three screws 
(40) removed in step c to 20 inch-pounds. 

6-32. BLOWER POWER DISTRIBUTION 
ASSEMBLY 

To remove the blower power distribution assembly (31 
through 39, figure 7-4), proceed as follows: 

a. Perform the power module access for service pro­
cedure detailed in paragraph 6-27. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Remove the two TI0 screws (24, figure 7-4) which 
secure the strapping chamber cover (23) to the 
power module and remove the cover. 

d. Disconnect the following blower power assembly 
(31 through 39) wires from terminal block TBI (27) 
in the strapping chamber. (See figure 6-7 for 
details.) 

e. 

f. 

Terminal 

4 
7 

Wire 

white-brown 
black 

Remove the four TI0 screws (30, figure 7-4) which 
secure the blower power distribution assembly to 
the power module casting (61). 

Thread the two wires removed in step d through 
the opening in the power module casting and 
remove the blower power distribution assembly. 

WHITE-RED 

GRAY 

BLACK-RED 

WHITE - BROWN 

VIOLET 

WHITE - BLACK 

BLACK 

GROUND 

~D If 
GREEN - YELLOW 

POWER 
TRANSFORMER 

Tl WIRES 

Figure 6-7. Power Transformer Tl Wiring Details 
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To replace the blower power distribution assembly, 
perform the above steps in the reverse order. Tighten 
the screws removed in steps c and e as follows: 

Index Attached 
Torque 

Step Screw Setting 
No. Part (in.-Ib) 

c TIO (24) Cover 20 

e TIO (30) Blower Power 20 
Distribution 
Assembly 

6-33. POWER TRANSFORMER 
To remove the power transformer (29, figure 7-4), pro­
ceed as follows: 

a. Perform the power module access for service pro­
cedure outlined in paragraph 6-27. 

b. 

d. 

e. 

f. 

Ensure that the disc drive power cable is discon­
nected from the ac power source. 

Remove spindle driver PCA-AI2 (refer to para­
graph 6-28) and dc power PCA-AI3 (refer to para­
graph 6-29). 

Remove the two TI0 screws (24) which secure the 
strapping chamber cover (23) to the power module 
and remove the cover. 

Disconnect the following power transformer wires 
from terminal block TEl (27). (See figure 6-7.) 

Terminal 

1 
2 
3 
4 
5 
6 
7 

Wire 

white-red 
gray 

black-red 
white-brown 

violet 
white-black 

black 

Remove the T15 screw (58, figure 7-4) which se­
cures the green-yellow ground wire to the power 
module casting (61). 

g. Remove the four T30 cap screws (21) which secure 
power transformer Tl (29) and the two heat sink 
supports (22) to the power module. 

I CAUTION I 
The power transformer weighs ap­
proximately 16 kilograms (36 pounds). 
Exercise care when lifting the trans­
former from the power module. 

h. Carefully lift the power transformer up and away 
from the power module. 

Removal and Replacement 

To replace power transformer Tl, perform the above 
steps in the reverse order. Before placing the trans­
former in the power module, turn the transformer so 
that the blue wires on the transformer are facing to­
ward terminal block TBI (27) in the strapping cham­
ber. Tighten the screws removed in steps d, f, and g as 
follows: 

Index Attached 
Torque 

Step Screw Setting 
No. Part (in.-Ib) 

d TlO (24) Cover 10 

f T15 (58) Ground Wire 15 

g T30 (21) Power Trans- 60 
former and 
Heat Sink 
Supports 

Following installation, ensure that the transformer 
wires are reconnected as detailed in steps c and d and 
illustrated in figure 6-7. Before returning the disc drive 
to service, perform the power supply check described 
in Section IV, Alignment and Adjustment. 

5=34. BLO\A/ER ASSEf.1BL Y 
To remove the blower assembly (61, figure 7-1), pro­
ceed as follows: 

a. Perform the preparation for service procedure out­
lined in paragraph 6-2. 

b. Ensure that the disc drive power cord is discon­
nected from the ac power source. 

c. Loosen the two 1/4-turn captive screws on the 
baffle plate (58) and remove the baffle plate from 
the disc drive. 

d. Disconnect the blower assembly power cable from 
the connector at the rear of the prefilter chamber. 

I CAUTION I 
Do not attempt to pull forward on the 
blower assembly before it is unlatched 
from the cabinet. Failure to observe 
this precaution may result in damage 
to the cabinet. 

e. Disconnect the two 1/4-turn screws which secure 
the blower assembly to the disc drive cabinet and 
tilt the blower assembly upward until it unlatches 
from the cabinet. Remove the blower assembly. 

To replace the blower assembly, perform the above 
steps in reverse order. 
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7-1. INTRODUCTiON 
This section provides listings of all field-replaceable 
parts and an illustrated parts breakdown for the disc 
drive, as well as replaceable parts ordering information. 

Replaceable parts for the disc drive are listed in dis­
assembly order in tables 7-1 through 7-6 and illus­
trated in figures 7-1 through 7-6. In each table, attach­
ing parts are listed immediately after the item they 
attach. Items in the DESCRIPTION column are in­
dented to indicate relationship to the next higher as­
sembly. In addition, the symbol "- - - x - - -" 
follows the last attaching part for that item. Indenta­
tion of the items in the tables is as follows: 

Major Assembly 

*Replaceable Assembly 

* Attaching Parts for Replaceable Assembly 

**Subassembly or Component Part 

** Attaching Parts for Subassembly or 
Component Part 

The replaceable parts listings provide the following 
information for each part: 

a. FIG. & INDEX NO. The figure and index num­
ber which indicates where the replaceable part is 
illustrated. 

b. HP PART NO. The Hewlett-Packard part num­
ber for each replaceable part. 

c. DESCRIPTION. A description of each replace­
able part. Refer to table 7-7 for an explanation of 
abbreviations used in the DESCRIPTION column. 

TORX® is a registered trademark of the Camcar Divi­
sion of Textron, Inc. 

d. MFR CODE. The 5-digit code that denotes a typi­
cal manufacturer of a part. Refer to table 7-8 for a 
listing of manufacturers that correspond to the 
codes. 

e. MFR PART NO. The manufacturer's part num­
ber of each replaceable part. 

f. UNITS PER ASSY. The total quantity of each 
part used in the major assembly. 

The MFR CODE and MFR PART NO. for common hard­
ware items are listed as 00000 and OBD (order by de­
scription), respectively, because these items can usu­
ally be purchased locally. 

TORX® hardware is used in the assembly of the disc 
drive. This hardware requires the use of special 
drivers (refer to table 3-1). In this manual, any refer­
ence to this type of hardware will be accompanied by 
the appropriate driver size (for example, T15). 

7-2. ORDERING INFORMATION 
To order replaceable parts for the disc drive, address 
the order to your local Hewlett-Packard Sales and Sup­
port Office. Headquarter Offices are listed at the back 
of this manual. Specify the following information for 
each part ordered: 

a. Model and full serial number. 

b. Hewlett-Packard part number. 

c. Complete description for each part as provided in 
the replaceable parts listings. 
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Replaceable Parts 

Table 7-1. Disc Drive, Replaceable Parts 

FIG.& UNITS 
INDEX MFR PER 

NO. HP PART NO. DESCRIPTION CODE MFR PART NO. ASSY 

7-1- 7933 DISC DRIVE 28480 7933 
1 07930-60178 *SHROUD ASSEMBLY 28480 07930-60178 1 
2 07930-40062 **LATCH, shroud 28480 07930-40062 1 
3 07930-40061 **RETAINER, shroud latch 28480 07930-40061 1 
4 07930-00075 **SPRING, shroud latch 28480 07930-00075 1 
5 07930-60224 *PANEL, rear 28480 07930-60224 1 
6 07930-60214 *PANEL, front 28480 07930-60214 1 

6A 0624-0528 **SCREW, tapping, fh, 82 degree (7935 only) 00000 OBD 4 
6B 07935-40001 **COVER, information card (7935 only) 28480 07935-40001 1 
6C 07935-80001 **CARD, information (7935 only) 28480 07935-80001 1 
7 3150-0400 *PREFILTER 28480 3150-0400 1 
8 07930-00069 *SHIELD, door latch (obsoleted, see figure 7-2) 28480 07930-00069 1 
9 2360-0469 *SCREW, machine, pnh, T15, 6-32, 0.75 in. long, w/scw 00000 OBD 2 

10 07930-60084 *CABLE ASSEMBLY (W5) 28480 07930-60084 1 
11 07933-60049 *CONTROL PANEL ASSEMBLY (7933 only) 28480 07933-60049 1 

07935-60049 *CONTROL PANEL ASSEMBLY (7935 only) 28480 07935-60049 REF 
12 5041-0368 HCAP, switch, blank (7933 only) 28480 5041-0368 1 

5041-2090 **CAP, switch, unlock door (7935 only) 28480 5041-2090 REF 
13 5041-2007 **CAP, switch, load/unload 28480 5041-2007 1 
14 0624-0556 **SCREW, tapping, washer hd, T9, 4-20, 0.625 in. long 00000 OBD 3 
15 07930-60016 **LOAD/UNLOAD PCA (A16) 28480 07930-60016 1 
16 07930-60241 *CONNECTOR, pressure switch 28480 07930-60241 1 
17 07930-60179 *DUCT ASSEMBLY 28480 07930-60179 1 
18 0515-0442 **SCREW, T30, M6 by 16 mm 00000 OBD 2 
23 07930-80000 **SPRING, door latch (7933 only) 28480 07930-80000 1 
24 07930-80238 *FIL TER, absolute 28480 07930-80238 1 

24A 97935-60000 *MEDIA MODULE ASSEMBLY, 7933 (see figure 7-6) 28480 97935-60000 1 
97935A *MEDIA MODULE ASSEMBLY, 7935 (see figure 7-6) 28480 97935A REF 

25 07930-60031 *MEDIA MODULE CHAMBER ASSEMBLY (see figure 7-2) 28480 07930-60031 1 
25A 0624-0519 **SCREW, tapping, fh, T10, 6-19, 0.375 in. long 00000 OBD 4 
25B 

I 
0515-0695 **SCREW, machine, fh, T9, 90 degree, M3 by 0.5,8 mm long) 00000 OBD 2 

26 07930-60099 *CABLE ASSEMBLY (W6) 28480 07930-60099 1 
27 07930-60126 *COVER, card cage 28480 07930-60126 1 
28 07930-60109 *CABLE ASSEMBLY (W1) 28480 07930-60109 1 
29 07930-40169 *CLlP, connector (see detail B) 28480 07930-40169 1 
30 07930-60206 *HEAD CONTAMINATION SHIELD, right-hand 28480 07930-60206 1 
31 07930-60172 *HEAD CONTAMINATION SHIELD, left-hand 28480 07930-60172 1 
32 07930-60011 *REGULATOR PCA (A1) 28480 07930-60011 1 
33 07930-60012 *ACTUATOR DRIVER PCA (A2) 28480 07930-60012 1 

07930-00067 **INSULATOR SHEET (attached to card cage, not shown) 28480 07930-00067 1 
34 07930-60003 *SERVO PCA (A3) 28480 07930-60003 1 
35 07930-60302 *MICROPROCESSOR PCA (A4) 28480 07930-60302 1 

**EPROM Kit for PCA-A4 (not shown, see service note for PINs) 28480 1 
07930-60258 *CACHE PCA (A5 - for XP drives only) 28480 07930-60258 1 
07930-60262 **RIBBON CABLE W7, A5 tp A6 (not shown - XP drives only) 28480 07930-60262 1 

36 07930-60301 *DMA (or CDMA 07930-60357 if XP drive) PCA (A6) 28480 07930-60301 1 
37 07930-60007 *FORMATTER/SEPARATOR PCA (A8) 28480 07930-60007 1 
38 07930-60004 *TRACK FOLLOWER PCA (A9) 28480 07930-60004 1 
39 07930-60006 *READ/WRITE PCA (A10) 28480 07930-60006 1 
40 0624-0513 *SCREW, tapping, pnh, T9, 4-20, 0.5 in. long 00000 OBD 1 
41 0515-0381 *SCREW, machine, pnh, T20, M4.0 by 0.7,10 mm long 00000 OBD 3 
42 07930-00031 *SHIELD, RFI 28480 07930-00031 1 
43 0624-0521 *SCREW, tapping, pnh, T15, 6-19, 0.875 in. long 00000 OBD 2 
44 07930-60210 *SHIELD, PCA-A10 28480 07930-60210 1 

I 
45 0624-0521 *SCREW, tapping, pnh, T15, 6-19, 0.875 in. long 

I 
00000 OBD 2 

46 07930-60026 *HP-IB PCA (A17) 28480 07930-60026 1 

! 

47 07930-60061 *CABLE ASSEMBLY (W3) 28480 07930-60061 1 
48 07930-60098 *CABLE ASSEMBLY (W4) 28480 07930-60098 1 

I 

49 0515-0372 *SCREW, machine, pnh, T10, M3.0 by 0.5,8 mm long, w/scw 00000 OBD 2 

I I I I 
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7933 

FIG. & 
INDEX 

NO. 

7-1-
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 

59A 
60 
61 
62 
63 

63A 
63B 
64 
65 
66 
67 
68 
69 
70 

71 
71A 
72 
73 
74 

75 

76 
77 

78 

79 

79A 
80 
81 
82 
83 
84 

85 

86 
87 
88 

I 

Table 7-1. Disc Drive, Replaceable Parts (continued) 

HP PART No.1 MFR 
DESCRIPTION CODE 

07933-00002 
07933-00003 
07933-00005 
07935-00002 
07935-00003 
07935-00005 
0515-0386 

07930-60177 
07930-60059 
0515-0789 

07930-40021 
07930-60008 
07930-60184 
07930-60176 
0515-0433 

2190-0010 
07930-60130 
07930-60249 
0515-1375 

07930-60192 
0624-0512 

07930-00087 
0515-0655 

07930-60197 
0515-0764 

07930-60036 
0624-0519 

07930-00023 
0515-0374 

07930-00065 
07930-00076 
0515-0641 
No Number 
07930-60062 

0535-0004 

0403-0467 
1492-0081 

0624-0523 

10833A 
10833B 
10833C 

0380-1332 
No Number 
0624-0520 

07930-00074 
0363-0170 

07930-40035 

0624 0556 -

No Number 
07930-60246 
07930-00001 

*LABEL, power identification, 120/208V (7933 only) 
*LABEL, power identification, 220/240V (7933 only) 
'LABEL, power identification, 208/220V (7933 only) 
'LABEL, power identification, 120/208V (7935 only) 
'LABEL, power identification, 220/240V (7935 only) 
'LABEL, power identification, 208/220V (7935 only) 
*SCREW, machine, pnh, T25, M5.0 by 0.8,10 mm long, w/scw 
*COVER, power module 
*CABLE ASSEMBLY (W2) 
*SCREW, tapping, pnh, T8, M2.5 by 0.45, 10 mm long 
*SHIELO, motherboard PCA 
*MOTHERBOARO PCA (A 11) 
*CARO CAGE CHASSIS 
* BAFFLE PLATE ASSEM BL Y 
*SCREW, machine, pnh, T15, M4.0 by 0.70,8 mm long, 

w/scw 

*WASHER, lock, ext. tooth, no. 8 
*GROUNO CABLE ASSEMBLY 
*BLOWER ASSEMBLY (B3) 
*SCREW, machine, fh, T8, M2.5 by 0.45,6 mm long 
*BLOWER SUPPORT ASSEMBLY 
*SCREW, tapping, pnh, T9, 4-20, 0.375 in. long 
*BRACKET, fan 
*SCREW, machine, pnh, T10, M3.0 by 0.50,8 mm long 
'SEAL, contamination 
*SCREW, cap, T30, M6.0 by 1.0, 18 mm long 
*MOTOR-SPINOLE ASSEMBLY (B2) (see figure 7-3) 
*SCREW, tapping, 82-deg fh, T10, 0.375 in. long 
*PLATE, latch 
*SCREW, machine, pnh, T10, M3.0 by 0.5,10 mm long, 

w/scw 
*RETAINER, servo cable 
*GROUNO STRIP 
*SCREW, tapping, pnh, T15, M4.0 by 0.7,10 mm long 
*POWER MODULE ASSEMBLY (see figure 7-4) 
*SLlOE ASSEMBLY 
(Attaching Parts) 

*NUT, hex, M3.0 by 0.5 
---x---

*LEVELLER 
*CASTER 
(Attaching Parts) 

*SCREW, tapping, washer hd, T30, 1/4-20, 1 in. long 
---x---

*HP-IB CABLE ASSEMBLY, 1 m long 
*HP-IB CABLE ASSEMBLY, 2 m long 
*HP-IB CABLE ASSEMBLY, 4 m long 
*STANOOFF, hex, 6-32, 0.180 in. long 
* ACTUATOR ASSEMBLY (see figure 7-5) 
*SCREW, tapping, pnh, T15, 6-19, 0.50 in. long 
*GROUNO STRIP 
*GROUNO STRIP 
*BELT BAND 
(Attaching Parts) 

* A .. ,.._ :_ - n n : 
I __ 

I SCREW, lQI"'P"1g, T9, 4 2u, u.625 ,n. ,OIl!:! 

I 

---x---
*CABINET ASSEMBLY 

I 

**SUBPANEL KIT 
I **GROUND PLATE (shroud latch catch) 

i 

I 

I 

28480 
28480 
28480 
28480 
28480 
28480 
00000 
28480 
28480 
00000 
28480 
28480 
28480 
28480 
00000 

00000 
28480 
28480 
00000 
28480 
00000 
28480 
00000 
28480 
00000 
28480 
00000 
28480 
00000 

28480 
28480 
00000 
28480 
28480 

00000 

28480 
06004 

00000 

28480 
28480 
28480 
00000 
28480 
00000 
28480 
28480 
28480 

nn n uuOOu 

28480 
28480 
28480 

I 

MFR PART NO. 

07933-00002 
07933-00003 
07933-00005 
07935-00002 
07935-00003 
07935-00005 

aBO 
07930-60177 
07930-60059 

aBO 
07930-40021 
07930-60008 
07930-60184 
07930-60176 

aBO 

aBO 
07930-60130 
07930-60249 

aBO 
07930-60192 

aBO 
07930-00087 

aBO 
07930-60197 

aBO 
07930-60036 

aBO 
07930-00023 

aBO 

07930-00065 
07930-00076 

aBO 
NSR 

07930-60062 

aBO 

0403-0467 
2689-1 

aBO 

10833A 
10833B 
10833C 

aBO 
NSR 
aBO 

07930-00074 
0363-0170 

07930-40035 

,..... 1""\ v8u 

NSR 
07930-60246 
07930-00001 

UNITS 
PER 

ASSY 

1 
REF 
REF 
REF 
REF 
REF 
12 
1 
1 
18 
1 
1 
1 
1 
1 

1 
1 
1 
2 
1 
3 
1 
4 
1 
3 
1 
2 
1 
1 

1 
4 
8 

1 1 1 

2 

4 

4 
4 

4 

1 
REF 
REF 

4 
1 
4 
4 
4 
1 

A 



-t ( . s continued) 

, w/scw 

g, 

9 

g, 

I I 
I 
I MFR I 

I CODE I 

28480 I 
28480 
28480 
28480 
28480 
28480 
00000 
28480 
28480 
00000 
28480 
28480 
28480 
28480 
00000 

00000 
28480 
28480 
00000 
28480 
00000 
28480 
00000 
28480 
00000 
28480 
00000 
28480 
00000 

28480 
28480 
00000 
28480 
28480 

00000 

28480 
06004 

00000 

28480 
28480 
28480 
00000 
28480 
00000 
28480 
28480 
28480 

00000 

28480 
28480 
28480 

MFR PART NO 

07933-0000? 
07933-00003 
07933-00005 
07935-00002 
07935-00003 
07935-00005 

aBO 
07930-60177 
07930-60059 

aBO 
07930-40021 
07930-60008 
07930-60184 
07930-60176 

aBO 

aBO 
07930-60130 
07930-60249 

aBO 
07930-60192 

aBO 
07930-00087 

aBO 
07930-60197 

aBO 
07930-60036 

aBO 
07930-00023 

aBO 

07930-00065 
07930-00076 

aBO 
NSR 

07930-60062 

aBO 

0403-0467 
2689-1 

aBO 

10833A 
10833B 
10833C 
aBO 
NSR 
aBO 

07930-00074 
0363-0170 

07930-40035 

aBO 

NSR 

07930-60246 
07930-00001 

I UNiTS I 
I PER I 
I ASSY 

i 1 I 
REF 
REF 
REF 
REF 
REF 
12 
1 

18 
1 
1 
1 
1 

1 
4 
4 
4 

4 

I 1 
1 

! 

24A 

8 
NaTE· 
After s·erial . 
item8d prefix 2619 

eleted f ' 
and mod.f. or 7933 

(
lied for 79 

see figure 7-2). 35 

16 

,/ 

KID 
I .. .ft 
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''-........ 

''-........, 
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7933-30SF 



\ 
9 

79 

CARD CAGE CONFIGURATION 
FOR 7933XP/7935XP 

2 

Replaceable Parts 

CABLE TABLE 

07930-60109 CABLE ASSEMBLY (Y1) 
07930-60059 CABLE ASSEMBLY (Y2) 
07930-60061 CABLE ASSEMBLY (Y3) 
07930-60098 CABLE ASSEMBLY (Y4) 
07930-60084 CABLE ASSEMBLY (Y5) 
07930-60099 CABLE ASSEMBLY (Y6) 
07930-60262 CABLE ASSEMBLY (Y7 - XP CACHE ONLY) 
07930-60095 SENSOR-CABLE ASSEMBLY, DOOR 
07930-60130 GROUND CABLE ASSEMBLY, BLOYER 
07930-60149 CABLE ASSEMBLY, PYR MOD/BLOYER 

~--o 

86 
REF 

Figure 7-1. Disc Drive, Exploded View 

7-3 

Replaceable Parts 

FIG. & 
INDEX 

NO. HP PART NO. 

7-2- 07930-60031 
1 0624-0512 
2 07930-40147 
3 9164-0172 

3A 0515-0638 
3B 2190-0587 
3C 3050-0894 
3D 07930-40161 

4 0515-0638 
5 2190-0587 
6 3050-0894 
7 07930-60205 

7A 07933-00001 
07935-00001 

8 0624-0555 
9 07930-60181 

10 07930-00071 
11 07930-00072 
12 07930-40042 

13 0624-0513 

14 07930-40065 

15 0624-0513 

16 0520-0133 
17 0535-0011 
18 2360-0461 
19 07930-60096 

19A 07930-60268 
07930-80235 

20 0624-0544 
21 2190-0464 
22 07930-00005 
23 07930-60095 
24 
25 
26 
27 
28 
29 1390-0539 

30 0624-0510 

31 07930-601 90 
32 No Number 

33 07930-20153 
1480-0022 

7-4 

Table 7-2. Medi 

D 

MEDIA MODULE CHAM I 
*SCREW, tapping, pnh, 1 
*HOLDER, magnet 
*MAGNET 
*SCREW, machine, pnh, 
'WASHER, lock, helical,. 
'WASHER, flat, 5.0 mm 
*POST, media module 10< 
*SCREW, machine, pnh, 
*WASHER, lock, helical, . 
*WASHER, flat, 5.0 mm 
*TOP DOOR ASSEMBL 'Y 
**NAMEPLATE, product, 
"*NAMEPLATE, product, 
"SCREW, tapping, pnh, 1 
"HINGE ASSEMBLY, top 
*RFI FINGER, left-hand 
'RFI FINGER, right-hand 
'RETAINER, right-hand 
(Attaching Parts) 

'SCREW, tapping, pnh, 1 
---x---

*RETAINER, left-hand 
(Attaching Parts) 

*SCREW, tapping, pnh, 1 
---x---

*SCREW, machine, pnh, 
*NUT, hex, M2.0 by 0.4, r 
*SCREW, machine, 82-dE 
*SOLENOID ASSEMBL 'Y 
*SHIELD, door latch (79~ 
*'CAUTION LABEL (not 
*SCREW, tapping, pnh, 1 
*WASHER, flat, no. 6 
*LEVER, door latch (793: 
*SENSOR CABLE ASSEI 
Deleted 
Not Assigned 
Not Assigned 
Deleted 
Deleted 
*RETAINER, spring 
(Attaching Parts) 

'SCREW, tapping, pnh, l 
---x---

*LATCH, door opening, I 

*TUB ASSEMBLY 

*LATCH, media chambel 
**DOWEL, pin 



NOTE: . 
Earlier models usea 
combination of 
grommet(1390-0540) and 
fastener (1390-0541). 

18 31 

30 

I 

©/' / 

45~ 

'" 

~ 
, / 

@/' 
/ 

~ 
/ 73 

I 

I 

52 

MICROPROCESSOR 
PCA-A4 (-6X302) 

ARD CAGE CONFI~~~~TION 
C ,,"'n -I c33XP/79"OAt" rvn v 

Replaceable Parts 

CABLE TABLE 

CABLE ASSEMBLY (W1) 
CABLE ASSEMBLY (W2) 
CABLE ASSEMBLY (W3) 
CABLE ASSEMBLY (W4) 
CABLE ASSEMBLY (W5) 

07930-60109 
07930-60059 
07930-60061 
07930-60098 
07930-60084 
07930-60099 
07930-60262 
07930-60095 
07930-60130 
07930-60149 

CABLE ASSEMBLY (W~)_ XP CACHE ONLY) 
CABLE ASSEMBLY (W 
SENSOR-CABLE ASSEMBLY, DOOR 
GROUND CABLE ASSEMBLY, BLOWER 

IJR MOD/BLOWER CABLE ASSEMBLY, P 

~---e 

. E I ded View Disc DrIve, xp 0 Figure 7-1. 
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Replaceable Parts 793~ 

Table 7-2. Media Module Chamber, Replaceable Parts 

FIG. & UNITS 
INDEX MFR PER 

NO. HP PART NO. DESCRIPTION CODE MFR PART NO. ASSY 

7-2- 07930-60031 MEDIA MODULE CHAMBER ASSEMBLY (25, figure 7-1) 28480 07930-60031 REF 
1 0624-0512 *SCREW, tapping, pnh, T9, 4-20, 0.375 in. long 00000 OBO 1 
2 07930-40147 *HOLOER, magnet 28480 07930-40147 1 
3 9164-0172 *MAGNET 00685 101 MG7 1 

3A 0515-0638 *SCREW, machine, pnh, T25, M5.0 by 0.8,14 mm long 00000 OBO 1 
3B 2190-0587 *WASHER, lock, helical, 5.0 mm 00000 OBO 1 
3C 3050-0894 *WASHER, flat, 5.0 mm 00000 OBO 1 
3D 07930-40161 *POST, media module locating 28480 07930-40161 1 

4 0515-0638 *SCREW, machine, pnh, T25, M5.0 by 0.8, 14 mm long 00000 OBO 6 
5 2190-0587 *WASHER, lock, helical, 5.0 mm 00000 OBO 6 
6 3050-0894 *WASHER, flat, 5.0 mm 00000 OBO 6 
7 07930-60205 *TOP DOOR ASSEMBLY (order with appropriate nameplate) 28480 07930-60205 1 

7A 07933-00001 **NAMEPLATE, product, 7933 (order with top door assembly) 28480 07933-00001 1 
07935-00001 **NAMEPLATE, product, 7935 (order with top door assembly) 28480 07935-00001 REF 

8 0624-0555 *SCREW, tapping, pnh, T10, 8-19,1 in. long 00000 OBO 8 
9 07930-60181 *HINGE ASSEMBLY, top door 28480 07930-60181 2 

10 07930-00071 *RFI FINGER, left-hand 28480 07930-00071 1 
11 07930-00072 *RFI FINGER, right-hand 28480 07930-00072 1 
12 07930-40042 *RETAINER, right-hand 28480 07930-40042 1 

(Attaching Parts) 
13 0624-0513 *SCREW, tapping, pnh, T9, 4-20, 0.5 in. long 00000 OBO 8 

---x---
14 07930-40065 *RETAINER, left-hand 28480 07930-40065 1 

(Attaching Parts) 
15 0624-0513 *SCREW, tapping, pnh, T9, 4-20, 0.5 in. long 00000 OBO 8 

---x---
16 0520-0133 'SCREW, machine, pnh, pozi, 2-56,0.50 in. long 00000 OBO 1 
17 0535-0011 *NUT, hex, M2.0 by 0.4, nylon 00000 OBO 1 
18 2360-0461 *SCREW, machine, 82-deg fh, T10, 6-32,0.375 in. long 00000 OBO 2 
19 07930-60096 'SOLENOID ASSEMBLY (7935 only) 28480 07930-60096 1 

19A 07930-60268 *SHIELO, door latch (7935 only) 28480 07930-60268 1 
07930-80235 **CAUTION LABEL (not shown) 28480 07930-80235 1 

20 0624-0544 *SCREW, tapping, pnh, T10, 6-19, 0.375 in. long 00000 OBO 1 
21 2190-0464 *WASHER, flat, no. 6 00000 OBO 1 

22 07930-00005 'LEVER, door latch (7935 only) 28480 07930-00005 1 

23 07930-60095 *SENSOR CABLE ASSEMBLY 28480 07930-60095 1 

24 Deleted 
25 Not Assigned 
26 Not Assigned 
27 Deleted 
28 Deleted 
29 1390-0539 'RETAINER, spring 78553 C4883-022-07 2 

(Attaching Parts) 
30 0624-0510 *SCREW, tapping, pnh, T9, 4-20, 0.250 in. long 00000 OBO 2 

---x---
31 07930-60190 *LATCH, door opening, media module 28480 07930-60190 1 

32 No Number *TUB ASSEMBLY 28480 NSR 1 

33 07930-20153 *LATCH, media chamber 28480 07930-20153 1 
1480-0022 **OOWEL, pin 28480 1480-0022 1 

7-4 



7933 

NOTE: 

CAUTION 
LABEL 

32 

For model 7933 
substitute spring dse~~te s?lenoid (item 19 7933-307C W n In Ii 9 ure 7-1 (i te~ a;f )8 ~~:d (item 19A); ever (Item 22). 

. e la Module Chamb Figure 7-2 M d' er, Exploded V· lew 

Replaceable Parts 
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Replacea ble Parts 7933 

Table 7-3. Motor-Spindle Assembly, Replaceable Parts 

1 

UNITS FIG. & I 

INDEX I MFR PER 
NO. HP PART NO. DESCRIPTION CODE MFR PART NO. ASSY 

7-3- 07930-60036 MOTOR-SPINDLE ASSEMBLY (67, figure 7-1) 28480 07930-60036 REF 
1 0515-0380 *SCREW, machine, pnh, T15, M4.0 byO.70, 10 mm long, 00000 OBD 3 

w/scw 
1A 2190-0010 *WASHER, lock, ext. tooth, no. 8 00000 OBD 1 

07930-60234 *SPINDLE GROUND KIT (includes items 2 and 3) 28480 07930-60234 REF 
2 07930-60233 **COVER ASSEMBLY, bottom 28480 07930-60233 1 
3 07930-60232 **GROUND BUTTON ASSEMBLY 28480 07930-60232 1 
4 07930-40148 *RING, magnetic, coated 28480 07930-40148 1 
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7933 Replaceable Parts 

4 

(67, Figure 7-1) 

7933-306C 

Figure 7-3. Motor-Spindle Assembly, Exploded View 
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Replaceable Parts 7933 

Table 7-4. Power Module Assembly, Replaceable Parts 

I FIG. & I I UNITS 
I INDEX MFR PER 

NO. HP PART NO. DESCRIPTION CODE MFR PART NO. ASSY 

7-4- No Number POWER MODULE ASSEMBLY (73, figure 7-1) 28480 NSR REF 
1 07930-40123 "COVER, PCA-A12 28480 07930-40123 1 
2 07930-60045 "SEAL, air 28480 07930-60045 1 
3 0515-0372 "SCREW, machine, pnh, T10, M3.0 byO.50, 8 mm long, w/scw 00000 aBO 2 
4 2680-0278 "SCREW, machine, pnh, T25, 10-32,0.50 in. long, w/scw 00000 aBO 4 
5 0515-0752 "SCREW, tapping, pnh, T15, M4.0 byO.70, 10 mm long, w/scw 00000 aBO 4 
6 07930-60010 "SPINDLE DRIVER PCA (A12) 28480 07930-60010 1 
7 2110-0051 ""FUSE, 10A 250V (F580, F590) 60016 314010 2 
8 2110-0327 ""FUSE, 15A 250V SB (F540, F550) 03614 MDA-15 2 
9 2110-0640 ""FUSE, 7 A 250V SB (F560, F570) 60016 313007 2 

9A 2110-0661 ""FUSE, 30A 125V (F510, F520) 03614 MDA-30 2 
10 1400-1149 "CLAMP, capacitor 28480 1400-1149 1 
11 0180-3088 "CAPACITOR, 0.067F, +75 -10%,60 WVDC (C1, C2) 56699 86F-6209 2 
12 0515-0372 "SCREW, machine, pnh, T10, M3.0 byO.50, 8 mm long, w/scw 00000 aBO 2 
13 07930-20052 "SUPPORT, PCA 28480 07930-20052 2 
14 2680-0278 "SCREW, machine, pnh, T25, 10-32,0.50 in. long, w/scw 00000 aBO 6 
15 07930-60013 "DC POWER PCA (A13) 28480 07930-60013 1 
16 2110-0649 ""FUSE, 20A 32V (F110, F115) 03614 AGC-20 2 
17 2110-0014 **FUSE, 4A 250V SB (F210, F215) 60016 313004 2 
18 1400-1149 *CLAMP, capacitor 28480 1400-1149 1 
19 0180-3120 ·CAPACITOR, 0.082F, +75 -20%, 20 WVDC (C170) 56699 3188GE823U020AGA 1 
20 0180-3091 ·CAPACITOR, 0.41 F, +75 -20%,30 WVDC (C230, C270) 56699 86F6133H 2 
21 0515-0388 ·SCREW, cap, T30, M6.0 by 1.0, 100 mm long, w/scw 00000 aBO 4 
22 07930-00053 ·SUPPORT, heat sink 28480 07930-00053 2 
23 07930-00016 ·COVER, strapping chamber 28480 07930-00016 1 

(Attaching Parts) 
24 0515-0788 ·SCREW, tapping, 90-deg fh, T10, M4.0 by 0.70,10 mm long 00000 aBO 2 

---x---
25 0515-0458 *SCREW, machine, pnh, T10, M3.5 byO.60, 8 mm long, w/scw 00000 aBO 14 

07930-601 05 *STRAPPING WIRE KIT 28480 07930-60105 1 
26 0515-0640 *SCREW, tapping, pnh, T15, M4.0 by 0.70,16 mm long, w/scw 00000 aBO 4 
27 0360-2060 "TERMINAL BLOCK (TB1) 28480 0360-2060 1 
28 0360-0625 *STRIP MARKER 75382 MS671-7-1A 1 
29 9100-4145 *TRANSFORMER, power (T1) 05216 PX-4253 1 
30 0515-0788 "SCREW, tapping, 90-deg fh, T10, M4.0 by 0.70,10 mm long 00000 aBO 4 

07930-60203 *BLOWER POWER DISTRIBUTION ASSEMBLY 28480 07930-60203 1 
31 0535-0022 **NUT, hex, M5.0 by 0.8 00000 aBO 1 
32 2190-0467 ""WASHER, lock, ext. tooth, no. 10 00000 aBO 2 
33 07930-60149 ""CABLE ASSEMBLY 28480 07930-60149 1 
34 07930-80169 ""GASKET 28480 07930-80169 1 
35 2110-0565 ""CAP, fuseholder 28480 2110-0565 1 
36 2110-0640 ""FUSE, 7 A 250V SB (F1) 60016 313007 1 
37 2110-0569 *"NUT, fuseholder 28480 2110-0569 1 
38 2110-0566 ** FUSEHOLDER 28480 2110-0566 1 
39 07930-00081 ""COVER, blower power assembly 28480 07930-00081 1 
40 0515-0788 *SCREW, tapping, 90-deg fh, T10, M4.0 by 0.70.10 mm long 00000 aBO 3 
41 8120-3364 "POWER CORD (standard) 16428 CH77340 1 

07930-60211 "POWER CORD (option 120) 28480 07930-60211 REF 
8120-4065 *POWER CORD (option 210,220) 28480 8120-4065 REF 
8120-3307 "POWER CORD (option 221) 28480 8120-3307 REF 
8120-3306 "POWER CORD (option 222) 28480 8120-3306 REF 
8120-3330 *POWER CORD (option 223) 28480 8120-3330 REF 
8120-3332 "POWER CORD (option 241) 28480 8120-3332 REF 
8120-3752 I 'POWER CORD (option 242) 28480 8120-3752 REF 

07930-60204 *INPUT POWER ASSEMBLY 28480 07930-60204 1 
42 0515-0372 "*SCREW, machine, pnh, T10, M3.0 by 0.50,8 mm long, w/scw 00000 aBO 2 
43 07930-00029 "*SUPPORT 28480 

I 
07930-00029 1 

07930-60108 ""PRIMARY POWER WIRING KIT 28480 07930-60108 1 
44 0515-0372 "*SCREW, machine, pnh, T10, M3.0 by 0.50,8 mm long, w/scw 00000 I aBO 4 
45 3105-0155 "*CIRCUIT BREAKER (S1) I 14280 

I 

QOU-220/S369 1 
46 

I 
0515-0374 I '*SCREW, machine, pnh, T10, M3.0 byO.50, 10 mm long, w/scw I 00000 aBO 4 

I i i 
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Table 7-4. Power Module Assembly, Replaceable Parts (continued) 

FIG. & Ii 

INDEX 
NO. HP PART NO. DESCR!PT!ON 

7-4-
47 
48 

48A 
49 
50 
51 
52 
5'3 
54 

55 
56 

56A 

57 
58 

58A 
59 

60 
61 

07930-60021 '*LlNE FILTER PCA (A21) 
07930-20178 "CONNECTOR, strain relief (was Grommet) 
07930-80254 -'LOCKNUT, plastic 
0535-0025 "NUT, hex, M3.0 by 0.5, 2.4 mm thick 

07930-60180 '*CONNECTOR, receptacle 
Not Assigned 

0535-0022 "NUT, hex, M5.0 by 0.8 
2190:"0587 "WASHER,lock, helical, M5.0 
0362-0776 "GROUND TERMINAL, bronze 

(Attaching Parts) 
0535-0022 "NUT, hex, M5.0 by 0.8 
2190-0011 "WASHER; Jock, int. tooth, no. 10 
2190-0467 "WASHER, lock, ext. tooth, no. 10 

---x---
07930-00082 ·*COVER,.·input power assembly 

0515-0752 'SCREW;iapping, pnh, T15, M4.0 by 0.70,10 mm long, 
w/scw 

'WASHER, lock, ext. tooth, no. 8 
. 'SCREW, tapping, pnh, T15, M4.0 by 0.70, 10 mm long, 

w/scw· 
'OEFLECTOR, air 
'CASTING, power module 

MFR 
CODe M~~ ?ART t':o. 

28480 07930-60021 
·28480 07930-20178 

28480 07930-80254 
. 00000 OBO 

28480 07930-60180 

00000 OBO 
00000 OBO 

PNL-8 

OBO 
OBO 
OBO 

07930-00082 
aBO 

OBO 
aBO 

·07930-00054 
NSR 

r I 
I 1 
I I 
I 

I I 

UNITS 
PER 

ASSY 

REF 
REF 

2 

4 
2 
4 

11~ 
C2 

10---

7933-309E 

(48. Figure 7-1) 

-- ~ 
O~ IIIIW \.~ I' "'" 60 

'~ /"" 
'''-..../ 

,/11 
C1 / 

, , I 
, I 

'-.I 

(53, Figure 7-1) 50:6 
54~ ..... 

E, 



Replaceable Parts 

ntinued) 

I I I 
I I UNITS I 

~E I 
I 'PER I 

MFR PART NO. 
I ASSY I ~~J 07930-60021 ou 1 14 

80 07930-20178 
80 07930-80254 
DO . aBD REF 
80 07930-60180 REF 

,/ , 
DO aBO ( 15 
DO aBD 1 

I 

59 PNL-8 2 

DO aBO 4 
DO aBO 2 
DO' aBO 4 24, 

80 .' 07930-00082 
, 

::1 aBO 
! 

OEm' 1 

:1· aBO 2' 
I 
I 
I 

. . 07930-00054 <£) 
80 NSR 

28 

~., ' 

11 _____ 

C2 

47 

/11 
C1 /' 

10---

38 

Figure 7-4. Power Module Assembly, Exploded View 
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Table 7-5. Actuator Assembly, Replaceable Parts 

i FIG. & 
! 
I UNITS 

I INDEX MFR PER 
I NO. HP PART NO. DESCRIPTION CODE MFR PART NO. ASSY 

7-5- No Number ACTUATOR ASSEMBLY (80, figure 7-1) 28480 NSR REF 
1 07930-60229 "VELOCITY TRANSDUCER 28480 07930-60229 1 

(Attaching Parts) 
2 Deleted 
3 0515-0794 "SCREW, machine, pnh, T9, M3.0 by 0.50, 8 mm long, 00000 OBO 3 

with patch lock 
4 07930-00080 "RETAINER 28480 07930-00080 1 

---x---
5 07930-60227 "SHAFT, velocity transducer 28480 07930-60227 1 

(Attaching Parts) 
6 0515-0763 "SETSCREW, hex, M3.0 by 0.50,6 mm long 00000 OBO 1 

---x---
7 0515-0769 "SCREW, cap, T15, M4.0 by 0.70,30 mm long, 00000 OBO 2 

with patch lock 
8 0491-0093 "SOLENOID, carriage latch (superseded, order item 11 21790 0491-0093 1 
9 2200-0598 "SCREW, machine, pnh, T9, 4-40, 0.250 in. long 00000 OBO 2 

10 3050-0229 "WASHER, flat, no. 4 00000 OBO 2 
11 07930-60228 "ASSEMBL Y, solenoid lock (replaces old solenoid and bracket) 28480 07930-60228 1 
12 07930-60254 "HEAD ASSEMBLY, data, down 28480 07930-60254 6 
13 07930-60255 *HEAO ASSEMBLY, servo 28480 07930-60255 1 
14 07930-60253 *HEAO ASSEMBLY, data, up 28480 07930-60253 7 
15 0515-0374 'SCREW, machine, pnh, T10, M3.0 by 0.50,10 mm long, 00000 OBO 4 

w/scw 
16 07930-60038 *CARRIAGE ASSEMBLY 28480 07930-60038 1 
17 0515-0365 *"SCREW, machine, pnh, T6, M2.0 by 0.40, 4 mm long, 00000 OBO 2 

w/scw 
18 07930-00021 ""PLATE, retainer 28480 07930-00021 1 
19 3030-0925 ""SCREW, cap, hex, 4-40, 0.5 in. long 00000 OBO 14 
20 2190-0376 ""WASHER, flat, no. 4 00000 OBO 14 
21 1460-1661 "SPRING 28480 1460-1661 1 
22 07930-40130 *SUPPORT, PCA 28480 07930-40130 1 

(Attaching Parts) 
23 0515-0374 "SCREW, machine, pnh, T10, M3.0 by 0.50,10 mm long. 00000 OBO 2 

w/scw 
---x---

24 07930-40059 "PAD, crash stop 28480 07930-40059 2 
25 07930-60217 "CAM TOWER ASSEMBLY, left (supplied with 28480 07930-60217 1 

crash stop pad) 
25A 07930-60218 "CAM TOWER ASSEMBLY, right (supplied with 28480 07930-60218 1 

crash stop pad) 
(Attaching Parts for items 25 and 25A) 

26 0515-0384 'SCREW, cap, T15, M4.0 by.0.70, 16 mm long 00000 OBO 2 
---x---

27 Not Assigned 
28 Not Assigned 
29 Not Assigned 
30 Not Assigned 
31 Not Assigned 
32 Not Assigned 
33 Not Assigned 
34 Not Assigned 
35 0515-0373 'SCREW, machine, pnh, T10, M3.0 by 0.50,10 mm long 00000 OBO 4 
36 07930-40102 'COVER, coil band 28480 07930-40102 1 

36A 1400-0611 "*CABLE CLAMP, stick-on 28480 1400-0611 1 
37 07930-60047 *ARMATUREASSEMBLY 28480 07930-60047 1 
38 0515-0373 'SCREW, machine, pnh, T10, M3.0 by 0.50, 10 mm long 00000 OBO 2 
39 3050-0805 'WASHER, nylon, flat, no. 6,0.135 in. thick 00000 OBO 2 
40 07930-60018 *ACTUATOR STATUS PCA (A18) 28480 07930-60018 1 

40A 07930-40169 "CLIP, connector 28480 07930-40169 1 
41 0515-0374 'SCREW, machine, pnh, T10, M3.0 by 0.50,10 mm long, w/scw 00000 OBO 7 
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I 

I FIG. & I 
I INDEX 

I NO. I 
HP PART NO. 

I 7-5-
42 07930-40012 
43 07930-20060 
44 0515-0374 

45 4040-1103 
46 1530-1924 
47 07930-40059 
48 No Number 
49 No Number 
50 0460-1286 
51 07930-60256 

0515-0655 

I I 

Table 7-5. Actuator Assembly, Replaceable Parts (continued) 

I I I I 

I I MFR 

I . . . 
DESCRIPTION CODE MFR PART NO. 

I 28400 ·CLAMP, lower rail 07930-40012 
'RAIL, lower 28480 07930-20060 
'SCREW, machine, pnh, T10, M3.0 by 0.50, 10 mm long, 00000 aBO 

w/scw 
'CLAMP, upper rail 31846 0559001P 
*RAIL, upper 28480 1530-1924 
'PAD, crash stop 28480 07930-40059 
'LINEAR MOTOR ASSEMBLY (B1) 28480 NSR 
'BASE ASSEMBLY 28480 NSR 
'TAPE, gasket, self-adhesive, 0.25 in. wide, 0.25 in. thick 28480 0460-1286 
'REAR CRASH PAD ASSEMBLY 28480 07930-60256 
"SCREW, machine, pnh, T10, M3.0 by 0.50, 10 mm long 00000 aBO 

I 
I UNITS 

PER 

I AS~Y 
I 

3 

2 

2 

12 

49 

7933-308C 

Replaceable Parts 

Jt DETAIL A 
~REARVIEW 

Figure 7-5. Actuator Assembly, Exploded View 
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Table 7-6. Media Module, Replaceable Parts 

FIG.& i I I I UNITS 
INDEX MFR I i PER 

NO. HP PART NO. i DESCRIPTION CODE MFR PART NO. ASSY 

7-6- 97935-60000 MEDIA MODULE, 7933 (24A, figure 7-1) 28480 97935-60000 REF 
97935A MEDIA MODULE, 7935 (24A, figure 7-1) 28480 97935A REF 

1 97935-60012 'COVER, removable 28480 97935-60012 1 
9222-0944 'BAG, plastic, protective antistatic 28480 9222-0944 REF 

I 

I 
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7933-311A 

I 
I 

$ 

Figure 7-6. Media Module, Exploded View 

Replaceable Parts 

1 
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Table 7-7. Reference Designations and Abbreviations 

REFERENCE DESIGNATIONS 

A = assembly J = jack, receptacle connector T = transformer 

B = blower, fan, motor, synchro K = relay TB = terminal board 

C = capacitor L = inductor TP = test pOint 

CB = circuit breaker M = meter U = integrated circuit, non-

CR = diode MP = mechanical part repairable assembly 

OS = indicator lamp P = plug connector VR = voltage retulator 

E = contact, miscellaneous Q = semiconductor device other W = cable assembly (with connec-

electrical part than diode or integrated circuit tors), wire 

F = fuse R = resistor X = socket 

FL = filter RT = thermistor Y = crystal unit 

H = hardware S = switch Z = network, tuned circuit 

ABBREVIATIONS 

A = ampere(s) ID = inside diameter qty = quantity 

ac = alternating current in. = inch, inches 

AR = as required incand = incandescent rdh = round head 
assy = assembly incl = include(s) rect = rectifier 

inti = internal ref = reference 

brkt = bracket 110 = input/output rf = radio frequency 

rfi = radio frequency 
k = kilo (103 ), kilohm interference c = centi(10-2) 
kg = kilogram rh = right hand C = Celsius, centigrade 

cer = ceramic rpm = revolutions per minute 
Ib = pound rwv = reverse working voltage cm = centimetre 
LED = light-emitting diode 

comp = composition 
Ih = left hand 

conn = connector sb = slow blow 

M = mega (106 ), megohm SCR = semiconductor-controlled 

d = deci(10-') m = milli (10-3) rectifier 

dc = direct current mach = machine scw = square cone washer 

deg = degree(s) mb = medium blow Se = selenium 

dia = diameter met oxd = metal oxide Si = silicon 

dpdt = double-pole, double-throw mfr = manufacturer slftpg = self-tapping 

dpst = double-pole, single-throw misc = miscellaneous spdt = single-pole, double throw 

mm = millimetre spst = single-pole, single throw 

mtg = mounting sst = stainless steel 
elctlt = electrolytic 

My = Mylar stl = steel 
encap = encapsulated 

sw = switch 
ext = external 

n = nano (10-9) 

n.c. = normally closed T = TORX® screw 
F = Fahrenheit, farad 

no. = number Ta = tantalum 
fb = fast blow 

n.o. = normally open tgl = toggle 
fh = flat head 

NSR = not separately replaceable thd = thread 
fig. = figure 

ntd = no time delay Ti = titanium 
filh = fillister head 

tol = tolerance 
flm = film 

aBO = order by description 
fw = full wave 

00 = outside diameter U (~) = micro (10-6) fxd = fixed 
ovh = oval head 

oxd = oxide 
G = giga(109) V = volt(s) 

Ge = germanium pico (10-12 ) 
var = variable p = 

PCA printed-circuit assembly 
Vdcw = direct current working volts 

= 

H = henry, henries phh = phillips head 

hd = head pnh = pan head W = watt(s) 

hex = hexagon, hexagonal Pia = part of wi = with 
hie! = helical pot = potentiometer WIV = inverse working volts 
Hz = Hertz pozi = Pozidriv ww = wire-wound 

TORX® is a registered trademark of the Camcar Division of Textron, Inc. 

5/83 
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I 

CODE 
NO. 

00685 

03614 

05216 
06004 

11897 
13150 
14280 
16428 

Replaceable Parts 

Table 7-8. Code List of Manufacturers 

The following code numbers are from the Federal Supply Code for Manufacturers 
Cataloging Handbooks H4-1 and H4-2, and their supplements. 

MANUFACTURER ADDRESS 

Honeywell, Inc., 
Microswitch Div ................... Marlboro, MA 

McGraw Edison, 
Bussman Mfg. Div ................. St. Louis, MO 

Phoenix Transformer Co .............. Phoenix, AZ 
Stewart-Warner Corp., 

Bassick Div. " .................. Bridgeport, CT 
Plastiglide Mfg. Corp ............... Hawthorne, CA 
Vernitron Electronic Component ...... Laconic, NH 
Square-D Co ....................... Lexington, KY 
Belden Corp., 

Electronic Div .................... Richmond, IN 

CODE 
NO. 

21790 
28480 
31846 
56699 
58904 
60016 
74159 
75382 
78553 

83014 
94959 

MANUFACTURER ADDRESS 

Regdon Corp ........................ Brookfield, IL 
Hewlett-Packard Co ................. Palo Alto, CA 
Baumback Engineering Co ........... Mt. View, CA 
Mepco Electra Corp, Inc ............ Columbia, SC 
Mercotac, Inc ......... '" ........... San Diego, CA 
Littelfuse, Inc ...................... Des Plaines, IL 
Teledyne, Inc .......... " .......... " Edinboro, PA 
Kulka Electronic Corp .............. M1. Vernon, NY 
Eaton Corp., 

Engineered Fasteners Div ......... Cleveland, OH 
Hartwell Corp ....................... Placentia, CA 
3-M Co ................ '" ............ S1. Paul, MN 
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Affected Units: 
7933H 2204AXXXXX and below 

:rN<:n1PA-rrwr'IBLITY OF LINEAR M:JIDR WITH 
mIL ASSEMBLY ON UNITS WITH SERIAL 
PREFIX 2204 OR LaVER. 

Service Notes 

7933-01 

SERVICE NOT E 
Supersedes: None 

APPLIES TO: All Units~ Only Units on Agreement 0 

PERFORM: 
Immediately 0 At PM/Normal Call IX 1* 

On Failure 0 Information Only 0 

WARRANTY: EXTENDED NORMAL NONE 

LABOR: 1 hr 
PARTS: X 

TRAVEL: X* 
SERVICE Return for update 0 Use as is 0 

INVENTORY Return for salvage 0 See text IX 

WARRANTY EXTENDED UNTIL: April '83 

SYMP'IOM: Failure of the coil assembly on tmits with a serial# prefix equal to 
2204 or lower. 

- -----CAUSE-: --The spacing o£_thelinear--rrotor __ permanentJnagnets_witb:t"e~tto_tl1~ 
coil assembly riboon cable is such that there may be an interference 
fit when the coil is replaced with a new coil assembly (see figure on 
following page) • 

SOLurION: Since the linear rrotor is not a field replaceable item it will be 
necessary to return defective units to the factory for refurbishrrent. 
During the t:ine that the unit is being refurbished, [M) will supply 
any loaners that are necessary to minimize custorrer- downtine. Before 
a~y replaca-rents can occur, however, the factory HUST have a forecast 
of how rrany units are actually going to be reworked. This will 
require an inspection be made on the linear rrotor to verify spacing 
between the coil and linear rrotor ( see figure on the next page ). 
Once the inspection has been made and a unit has been verified to have 
the above problem, [M) Service Engineering should be contacted as soon 
as possible so that arrangemmts can be made for a loaner. 

*note: 

It is inportant to note that in the event of a prerna.ture failure of 
the coil asserrbl y, replacing the coil may provide a temporary fix but 
that the original problem of incorrpattablity will still exist. 

It is inperative that all units be inspected by no later than three 
rronths fran the date of installation. HCMever it is recormended that 
an atterrpt is made to coordinate all inspections with a nonnal service 
call to minimize travel. After the three rronth mark, this service 
note rroves to "perfonn irrmediately" status and [M) will pay travel 
accordingly. 

/sg PCO# 48-3932 (page 1 of 2) 4/82-48 
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'lM/sg 

Service Notes 

7933H-02 

SERVICE NOT E 
Supersedes: None 

APPLIES TO: All Units~ Only Units on Agreement 0 

PRJDtCI'S AFFEX:TED: 7933H 
ALL SERIAL NtMBERS 

PERFORM: 

WARRANTY: 

LABOR: 
PARTS: 

TRAVEL: 

SERVICE 
INVENTORY 

Immediately 0 

On Failure 0 

EXTENDED NORMAL 

Return for update 0 

Return for salvage 0 

WARRANTY EXTENDED UNTIL: 
IN'IEmAL DIA(N)STIC 

SYMI?'D::M: The 7933 internal diagnostic does not always 
correctly report the number of ·the defective 
part. 

CAUSE: All of the PCA' s in the 7933 are inter-related, 
and a failure carmot be located on a certain 
assembly with 100% accuracy. The diagnostic 
reports the part number of the first part which 
did not properly respond in its sequence of 
testing. The microprocessor PeA. is often 
reported because it controls so many functions 
of the drive. Before any service call is 
oonsidered oonplete, the suspect PCA should 
be replaced in the disc drive to verify it' s 
failure. 

It has been discovered that PCA' s can be 
vibrated loose in shipping. A rrodification 
will be made to the card cage cover, but 
until it is cmpleted we suggest that at 
installation all PCA' s in the card cage be 
reseated. This should also be done if there 
are intermittant problems. 

(page 1 of 1) 

At PM/Normal Call 0 

Information Only IX 

NONE 

X 
X 
X 

Use as is IX 
See text 0 

6/82-48 
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'IM/sg 

Service Notes 

7933H-03 • 

SERVICE NOT E 
Supersedes: None 

APPLIES TO: All Units ~ Only Units on Agreement 0 

APPLIES 'ID ALL tNITS 
7933H 

REM::>VING roMS 

PERFORM: 

WARRANTY: 

LABOR: 
PARTS: 

TRAVEL: 

SERVICE 
INVENTORY 

Immediately 0 

On Failure 0 

EXTENDED NORMAL 

Return for update 0 

Return for salvage 0 

WARRANTY EXTENDED UNTIL: 

SYMI?:OCM: Rans cannot be rerroved from the sockets of the 
07930-69002 PCA. 

CAUSE: Special zero extraction force sockets are used 
on this PCA. 

SOLUrICN: Insert a small screwdriver in the socket slot 
at the top of the Ie socket and depress the 
catc..h~ SlOYlly sli~ the top of the socket the 
full extent of its travel. The chip is nCM 

released for easy removal. 

\ 
\ 

(page 1 of 1) 

At PM/Normal Call 0 

Information Only« 

NONE 

X 
X 
X 
Use as is ~ 

See text 0 

6/82-48 
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7933 Service Notes 

7933-04 

SERVICE NOT E 
Supersedes: 

APPLIES TO: All UnitslQ Only Units on Agreement 0 

PERFORM: 
Immediately 0 At PM/Normal Call 0 

7933H R/W PCA FSI UPDATE On Failure~ Information Only 0 

07930-69006 
07930-60006 

Exchange 
New 

WARRANTY: 

LABOR: 
PARTS: 

TRAVEL: 

EXTENDED NORMAL 

.25 

Series 2146 and below 
SERVICE Return for update 0 

INVENTORY Return for salvage 0 

WARRANTY EXTENDED UNTIL: 

SYMPTOM: If a new R/W or Formatter Separator PCA is installed 
the disc-drive may-occasionally fail the power-on­
self test, usually with TERR 209. 

CAUSE: A pull-up resistor was left with one lead 
unconnected. 

SOLUTION: A #30 wire-jumper should be added to the trace side 
of the R/W peA from U891 pin 2 to U851 pin 12. This 
jumper should be added to all 07930-69006 peA's with 
series 2146 and below in field service inventory. 
This update will not require return of the peA's 
to CSD. The problem has only been noticed when 
replacement R/W peA's or Formatter Separators 
were installed~ After jumper wire is added 
update series number to 2147. 

NONE 

X 
X 

Use as is 0 

See text Q( 
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7933 Service Notes 

7933H-05 

SERVICE NOT E 
Supersedes: 

APPLIES TO: All Unitsj{ Only Units on Agreement 0 

PERFORM: 
Immediately 0 At PM/Normal Call 0 

On Failure l{ Information Only 0 

7933H DISC DRIVE WARRANTY: EXTENDED NORMAL NONE 

LABOR: .5hr 
ALL lNITS WITH SERIAL NU-1BER 
PREFIX 22l7A AND BE!.O'-l 

PARTS: 
TRAVEL: 

yes 
no 

SERVICE Return for update l{ Use as is 0 

FImwARE UPDATE INVENTORY Return for salvage 0 See text 0 

SYMP'KM: 

CAUSE: 

WARRANTY EXTENDED UNTIL: 31 Sept. 

Mandatory upadate on the next faiiure of the 7933H with serial 
number prefix 22l7A and below. 

1983 

This finrw,vare. revision adds. changes that will irnprov:~ tlle power­
on ~ence of -the 7933H. -These changes-- Will -allow for cideCrease 
in the number of steps necessary for rredia rrodule installation. 
Specifically, the deleted steps include the 5-minute "PURGE" and 
h~e Incra~"1tal Seek section of the Data Surface Verification test 
(see pages 2-14 and 2-18 in the Installation manual/ 07930-90902). 
In addition, there are several changes that allow for corrpa.tability 
with all revisions of PeA's that may be seen in a 7933H. 

SOLlJrIOO: On the next 7933H related failure perform the finrware update 
by replacing the existing EP~' s with the 7 EPRCM's in the new 
exchange EPRCM kit. The part nurrber for the new EP~ kit is 
07930-19006. FollCMing is a rnatrix that matches the part number of 
the individual EPOOM's in the 07930-19006 with their corresponding 
"U" number on the t-lICROPRCCESSOR PCA (p/n 07930-69002). Note that 
you carmot order these part numbers individually fran CPC and that 
the full kit must be ordered (07930-19006). 

07930-82061 U192 
82062 U182 
82063 U162 
82064 U152 
82065 U142 
82066 U122 
82067 Ul12 

MB/sg (page 1 of 2) 8/82-48 
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A-12 

The 07930-19006 will be supplied through CPC (DIV. 15) Blue Stripe 
exchange program. Defective EPro-t kits should be returned to Division 
15 (CPC) and not to Division 50 (CSD). 

All PSI rrust be updated as soon as possible because old fi:r:rrMare 
in the service kits will not work in new 7933H's (serial prefix 2216 
and above). 

LMD will accept extended warranty (02G) as follCMS: 

Parts­
LaOOr­

Travel-

07930-19006 EPro-t exchange kit 
.5 h::>urs 
no travel will be accepted 

****************************************************************** 
* NOm: When carpleting the CustOIIEr Support Order (CSO) fonn * 
* the service code block should be filled in with: "0005" * 
* This code will allow I:MD to nonitor the inplerrentation * 
* of this service note and prevent rejection of warranty * 
* billing. * 
****************************************************************** 

(page 2 of 2) 

7933 



7933 

MB 

Service Notes 

7933H-06 

SERVICE NOT E 

7933H DISC DRIVE 

tNITS WITH SERIAL PREFIX 
22l6A OR GREATER 

APPLIES TO: 

PERFORM: 

WARRANTY: 

LABOR: 
PARTS: 

TRAVEL: 

SERVICE 
INVENTORY 

Supersedes: 

All UnitsK Only Units on Agreement 0 

Immediately 0 AtPM/Normal Call 0 

On Failure 0 Information Only X 

EXTENDED NORMAL NONE 

Return for update 0 Use as is 0 

Return for salvage 0 See text 0 

CHANGES 'ID rovER CN SEQUENCE 
INTroDU:!ED BY NEW FIR-iWARE (r1R2) 

WARRANTY EXTENDED UNTIL: 

SYMP'ro·1: 7933H's with serial prefix 22l6A or greater have a much different 
power-on sequence than earlier drives. 

CAUSE: Several changes have been made to the Fimwa.re in order to 
inprove reliabi-lity of-the the disc-dri'veand -to fix--several 
"bugs" that have been discovered fran manufacturing release 
lIDtil l1CM. HCMever, there are just a few changes that t:ba field 
should be imrrediately aware of. Following is a brief explanation 
of these changes. 

1. The Firnware will autanatically execute a'PURGE-' ccmnand 
after the spindle notor has care oompletely up to speed. At 
this time the 'PURGE' rressage will appear on the frmt panel. 
The purge section lasts for 2.5 minutes. 

2. After this, the heads will load at a slower speed than with 
the old Fimwa.re. This decreases the severity of soft crashes 
when the heads nove away fran the cam tower (which is a source 
of contamination). 

3. Next, the drive will execute single cylinder seeks accross 
each of the 1339 physical cylinders and wait approxinately 
3 revolutions at each cylinder. This will "Lift up" any 
particles that are on the disc surface and allow tOOse 
particles to be purged out of the pack. During this 1.5 minute 
process 'PURGE' will remain displayed on the front panel. 

(page 1 of 2) 8/82-48 

Flin- HEWLETT 
~~ PACKARD 

A-I3 



Service Notes 

A-14 

4. Final I y, the familiar violent seeks and other notions 
will be heard while the front panel displays 'TESTING'. 
And then you will see 'DRIVE *' indicating that the drive 
is on-line. 

The alxNe procedure will be executed every tilre the power is 
turned from "OFF" to "CN" and the spindle is stopped. This 
requirarent allows the drive to experience a paver fail without 
a 4-minute delay if the ~r cates back up before the spindle 
stops spinning. This procedure will also be executed if the 
~r is on and the top door is opened. In other w:Jrds if there 
is the possibility of a Media Module being rerroved. 

SOllJTICN: The changes above will allow the CE to delete a few steps in the 
installation procedure •. Nanely, these steps are the five-minute 
purge and the increrrental seek section as shown in the data 
surface veri fiction procedure in the 7933 Installation Manual. 
It will still be necessary to run two passes of RO ERr and check 
for any OCOR's or repeatable OOR's so that these areas can be 
spared out. 

{page 2 Of 2} 
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7933 Service Notes 

7933-07 

S E R V C E NOT E 
Supersedes: 

APPLIES TO: All Units QC Only Units on Agreement 0 
---

7933H DISC DRIVE PERFORM: 
Immediately ~ At PMiNormal Cali 0 

On Failure 0 Information Only 0 

7933 SPINDLE DRIVER PCA 
07930-69110 EXCHANGE 
07930-60010 NEW 

WARRANTY: EXTENDED NORMAL 
-"-._-- --_ .. ---

LABOR: 
PARTS: 

TRAVEL: 

SERVICE Return for update ex 
INVENTORY Return for salvage 0 

WARRANTY EXTENDED UNTIL: 

SYMPTOM: The Spindle Driver PCA, 07930-60010 ((07930-69010 exchange) 
has had a higher than expected early failure rate. This is a 
reliability improvement change and does not imply extended 
warranty. 

CAUSE: Certain transistors on this assembly may be at the minimum 
spec ificat ion. 

NONE 

X 
X 
X 
Use as is 0 

See text 0 

SOLUTION: The Spindle Driver PCA circuitry has been changed to give ~lightly 
longer spin-up and spin-down times. This will substantially 
improve the problem of early failures. Since this problem only 
occurs during the early life of the drive, no action is required 
for drives in the installed base. However, we are requesting 
that all 07930-69010 assemblies in FSI be exchanged for 
07930-69110 assemblies, with the improved circuitry. Note that 
the part number (07930-60010) of the new PCA will remain the same. 

TM/sg 11/82-48 
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7933 Service Notes 

7933-08C 

PRODUCT SAFETY SERVICE NOT E 

APPLIES TO: All UmtsJfl 
S 

Only Units on Agreement 0 
uper""ties: 

ImmedlatelyX! At PM/Normal Call 0 
7933H Disc Drive 
Serial numbers 2228Axxxxx 
and below 

PERFORM: 
On Failure 0 Information Only 0 T\ 

All 
reviou 
7933-08 WARRANTY: EXTENDED NORMAL NONE 

LABOR: .7h,:s. 
PARTS: 

TRAVEL: X 

SAFETY GROUND INTERRUPT SERVICE Return for update 0 Use as is 0 

INVENTORY Return for salvage 0 See text XI 

1l\!'-1i':":liJI WARRANTY EXTENDED UNTIL: Warranty a1way_ 

SYMPTOM: The main chassis of some 7933H disc drives may not have a 
solid ground connection because of improper termination of 
the earth ground to the main chassis. 

CAUSE: This hazard is caused because the type of terminal used to 
connect the safety ground to the main chassis actually cuts 
the wire. A new ground terminal has been selected that will 
make a strong connection without any danger of severing the 
-gr-ou-ndwire. -

SOLUTION: Quantities of new ground terminals are being distributed to 
key people in each SRO according to the number of 7933's 
installed in that office. Each of these people will be 
responsible for seeing that these ground terminals are made 
available to the CE performing the repair. The person 
receiving the parts in each office will be an ALM if one 
exists for that office or a person that logically fills that 
position. In the case of ICON SRO's, distribution will be 
handled through ICON service headquarters. In the event that 
there are not enough parts to cover a particular SRO, the 
ground terminal will be available at CPC/PCE under part 
number 0362-0776. It is possible to tell if ariy disc drive 
has already been updated by the color of the terminal. The 
correct terminal is bronze colored while the improper 
terminal is copper. In addition, the CE should use the 
Maintenance Record sticker mounted on the absolute filter 
cover to indicate that this service note has been implemented 
on the drive. 

The following is the procedure that must be followed in correcting the 
problem. WAR N I N G 

***************** 
MB/sg TO AVOID POSSIBLE ELECTRICAL SHOCK, DISCONNECT THE POWER 
PCO# 48-5227 CORD BEFORE COMPLYING WITH THE FOLLOWING INSTRUCTIONS. 12/82-48 

HEWLETT ?p, PACKARD 

For more information, call your local HP Sales Office or East (301) 948-6370 • Midwest (312) 255-9800 • South (404) 955-1500 • West (213) 
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1'U~'NG POWER CORD 

20'2 

A-I8 

1) Follow steps 6-31a through 6-31c in the 7933 service manual to expose 
the Input Power Assembly. 

2) Locate the two (2) ground terminals (see figure below) and remove the 
Green/Yellow ground wire from each of the terminals. 

3) Replace these two ground terminals with the new terminals (p/n 0362-0776). 
Assure that the new terminals are adequately tightened. 

4) Cut the exposed wire on the two Green/Yellow wires and strip the 
insulation to expose new and undamaged wire. 

5) Insert the two green/yellow wires back into their original positions and 
tighten the screws on the new terminals. Note that the power cord bushing 
may need to be loosened in order to provide enough slack for connection to 
the ground terminal. There should be no strain on either of the two wires. 
Retighten the power cord bushing so that strain relief on the power cord is 
reinstated. 

6) Reinstall the Input Power Assembly and Power on Disc. No additional 
testing is required. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* NOTE: When completing the Customer Support Order (CSO) form the * 
* service code block must be filled in with "20002". Failure * 
* to use the service code will result in rejection of the * 
* warranty billing. * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

GREEN-YELLOW 
(GROUND) 

REPLACE THESE 

POWER 
CORD 

7933 



7933 Service Notes 

7933H-09 

5 E R V C E NOT E 
Supersedes: None 

APPLIES TO: All Units till Only Units on Agreement 0 

PERFORM: 
Immediately 0 At PM/Normal Call ~ 

On Failure 0 Information Only 0 

WARRANTY: EXTENDED NORMAL NONE 

LABOR: X 
PARTS: X 

TRAVEL: X 
7933H 400Mb Disc Drive 
Serial Number Prefix less 
than 2304Axxxxx 

SERVICE Return for update !l( Use as is 0 

INVENTORY Return for salvage 0 See text 0 

Mandatory Update to MR4 
Firmware (pIn 07930-19008) 

WARRANTY EXTENDED UNTIL: January 1984 

SYMPTOM: Starting with Serial Number 2304Axxxxx, all 7933H's will contain 
MR4 firmware. This will be coincident with the Manufacturing 

CAUSE: 

--- re-l-ease-o-f'- -the 7935H .. - -All----7-9-33H' -sthat--wer-e-produced-pri-or---to­
the 2304A prefix (May 1983) should be updated to MR4. 

MR4 introduces some significant improvements for the 7933 in the 
areas of performance,reliability and general drive operation. 
The MR4 firmware is totally backwards compatable and is used in 
common with the 7935. One of the most noticable features of MR4 
is the increased performance which makes the 7933/35 comparable 
to and in some cases(depending on the system configuration), faster 
than the 7925. This added performance is achieved by many changes 
in code structure and more efficient hardware utilization. There 
are many other changes in the firmware that are not related to 
performance but are nevertheless significant. The following list 
addresses some of these changes. 

Front panel message is changed to "AIRPURGE" instead of "PURGE". 
This keeps customers from misinterpreting and assuming that a 
data purge is occuring. 
Prevents error information stored in RAM from being cleared 
by the CPU so it can be later logged permanently on the 
maintenance tracks. 

- Automatically rewrites the spare sector during the read recovery 
algorithm. This makes the the 7933 nearly immune to a potentially 
disasterous condition defined as "sector 91" errors. 

MB/sg (page 1 of 2) 48/4-83 
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- Improves the velocity transducer/actuator current diagnostic 
for more reliable diagnosis as well as eliminating any problems 
caused by "sticky crash stops". 

- Eliminates the possibility of not completely finishing a sector 
transfer if writing when a power fail occurs and resulting in 
an unrecoverable error on that sector. 

- Seeks off of the alignment bands immediately after performing 
an automatic head alignment. This drastically reduces the 
probability of destroying the head alignment band in the event 
of an electronics failure or ESD influence and thereby keeps 
the media module from being destroyed 

- Eliminates the possibility of microprocessor hangs as the result 
of a recently identified problem associated with the PHI chip. 
This is expected to reduce some of the common channel timing 
problems(i.e. channel hardware timeouts) and possibly some system 
hangs. 

- A potential source of erronious DERR 114 has been found and 
eliminated. 

SOLUTION: At next PM or normal call, replace the existing firmware 
with the MR4 firmware (p/n 07930-19008). 
The following is a list of the part numbers of the individual 
ROMs in the 07930-19008 package versus their "un number assignment 
on the Microprocessor PCA. The individual ROMs are not orderable. 

07930-82081 U192 
82082 U182 
82083 U162 
82084 U152 
82085 U142 
82086 U122 
82087 U 112 

The 07930-19008 will be supplied through CPC(div 15) Blue Stripe 
exchange program. All FSI is to be updated to MR4 as soon as 
possible. 

DMD will accept extended warranty (02G) as follows: 

Parts­
Labor­

Travel-

07930-19008 EPROM exchange kit 
No labor will be accepted 
No travel will be accepted 

(page 2 of 2) 
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7933 Service Notes 

7933-10 

S E R V C E NOT E 
Supersedes: None 

APPLIES TO: All Units C Only Units on Agreement lD 

PERFORM: 
Immediatefy C At PM/Normal Call :Il 

On Failure C Information Only C 

7933H 400Mb DISC DRIVE 
Serial Numbers 2233Axxxxx 
and below 

WARRANTY: 

LABOR: 
PARTS: 

EXTENDED NORMAL NONE 

.5 hr 
X 

TRAVEL: X 

SERVICE Return for update C Use as is C 

Spindle Ground Retrofit 
Kit (p/n 07930-60223) 

INVENTORY Return for salvage C 

WARRANTY EXTENDED UNTIL: June 

See text:ll 

1984 

SYMPTOM: Due to a faulty design of the 7933 spindle grounding system, 
a high failure rate of spindle assemblies has been experienced. 
Common problems associated with premature failure of this ground 
are as follows. (This list is not exhaustive) 
- High error rate caused by improper ground. 
- Excessive run-out indicated by DERR 70 or high error rate due to 
thi5-excessive-run~ut(ru-n-outtablehas a value-of-above40). 
Remember that a "dirty" media/spindle hub causes the same problem. 

- Noisy spindle assembly. 
- Spin down/Spin up (also caused by numerous other problems.) 

CAUSE: The old ground system incorporates a mercury bathed "slip ring" that 
mechanically fixes the spindle shaft to the bottom cover. This 
rigid configfuraton allows very little freedom for spindle shaft 
run-out. Consequently, the two points where the slip ring is fastened 
to the shaft and bottom cover are subject to excessive stress from 
the run-out of the shaft. This stress results in the breakdown of 
the ground contact and ultimately in the total severing of the 
ground path. In addition the broken parts can easily "fly" into 
the spindle windings and hall sensors and cause considerable damage 
to these areas (including the Spindle Driver and Regulator PCA's). 

SOLUTION: The ground assembly has been redesigned and consists of a conventional 
ground button (07930-60221) and a mating bottom cover (07930-60222). 
Both the bottom cover and the button have been included in a kit, 

MB/sg 

9320-4766 (1/83) 

PIN 07930-60223, for ordering convenience. 

To remove the old grounding components and replace with the spindle 
ground kit(07930-60223), proceed as follows: 

1. Do a backup. The Media will be taken out. 

PCO#48-5317 (page 1 of 2) 5/83-48 
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2. Remove the three T15 screws and remove the bottom cover. 

3. Using needle nose pliars, pull straight down on the 
mercury slip-ring to expose the retainer screwed into the 
spindle shaft. 

4. Place a 3/8-inch nut driver on the retainer. Start rotating 
the nut driver in a clockwise direction. This will cause the 
discs to rotate. With the mass of the discs moving, quickly 
reverse the rotation (go counterclockwise) to loosen the 
retainer and remove it from the shaft. 

5. Remove the media module. 

6. Place one drop of sealant (pin 0470-0573) on opposite mating 
surfaces (see figure below). Do not put any sealant on the 
ground button threads. 

7. Without touching the top, outermost machined surface of the 
spindle hub, hold the spindle nose tightly with one hand. 
With the other hand, hand tighten the ground button into 
the shaft. Then, while continuing to hold the spindle nose, 
tighten the ground button with an adjustable wrench until the. 
spindle nose cannot be prevented from turning in your hand. 

8. Install the new bottom cover. Be certain to reinstall the 
braided ground strap with one of the three T15 screws. 

9. Clean the spindle motor and media module chamber very 
thoroughly using magnetic tape head cleaner (pin 8500-1251) 
and reinstall the Media Module. 

application of sealant 

**************************************************************************** 
* Note: When completeing the Customer Support Order(CSO) form,the service * 
* code block must be filed in with "20006". Failure to use the * 
* service code will result in rejection of the warranty billing. * 
**************************************************************************** 
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7933-11 

S E R V C E NOT E 
Supersedes: 

APPLIES TO: All UnitslD Only Units on Agreement 0 

7933H 400 Mb Disc Drive 
Serial Numbers 2233Axxxxx 
and below 

PERFORM: 

WARRANTY: 

Immediately 0 

On Failure 0 

EXTENDED 

At PM/Normal Call 0 

Information Only III 

NORMAL NONE 

LABOR: X 
Addendum to Service Note 
17933-10, Spindle Ground 
Retrofit 

PARTS: 
TRAVEL: 

SERVICE 

X 
X 

Return for update 0 Use as is 0 

INVENTORY Return for salvage 0 See text j@ 

WARRANTY EXTENDED UNTIL: 

SYMPTOM: Some of the new bottom covers (07930-60222) don't fit on the spinlde 
motor due to interference with the stator windings. 

CAUSE: There are 3 standoffs that hold the ground spring approximately 1/4 
inch from the bottom cover. This allows for an interference fit 
with the plastic part that the stator winding is wound on (see fig.). 

SOLUTION: If the bottom cover doesnoL.fitflush onthe __ spindle __ wb~pthe 3 
screw holes are properly lined up with the stator housing, it will 
be necessary to perform the following procedure: (NOTE: There is 
always only one position out of three possible orientations that will 
allow the bottuu cover to fit flush, so be sure and check all three 
positions before proceeding). See figure on following page for parts 
identification. 

9320-4766 (1/83) 

1. Remove Media Module and Spindle motor. 
2. Place Spindle assembly on a Table and lay on its side. DO NOT 

rest spin Ie upside down on the hub. 
3. Loosen set screw in the middle of the stator housing wall (this 

is the piece with a ribbed surface) using a T-8 TORX driver. 
4. Loosen the cable clamp at the exit notch for the spindle cable. 
5. Using the spindle cable for leverage, gently work the stator until 

it is turning freely in the stator housing. Then rotate the stator 
counterclockwise as far as possible while still allowing the 
spindle cable to exit through the notch in the spindle housing. 

6. Be sure that stress is taken off of the Stator and encoder wires 
by pushing the spindle cable inward, making sure that the insula­
ting sheath is also as far inward as possible. Reposition the 
cable clamp in the notch. 

7. When the bottom cover easily fits on the spindle, retighten the 
set screw to 6 in-lbs, making sure the stator is as deep as 
possible into the Spindle Assembly. 

8. Reinstall Spindle Motor and Media Module. 
( age 1 of 2) 7/83-48 
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STATOR 
07930 - 60066 
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STATOR HOUSING 
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7933 

S E R V 

7933H-12 
793SH-12 

C E 
Supersedes: None 

Service Notes 

NOT E 

APPLIES TO: All Un.tSII Only Units on Agreement a 

TM/sg 

Model Numbers: 7933H Disc Drive 
7935H Disc Drive 

PERFORM: 

WARRANTY: 

LABOR: 
PARTS: 

TRAVEL: 

SERVICE 
INVENTORY 

Immedlatety a 
On Failure C 

EXTENDED NORMAL 

Return for update C 

Return for salvage C 

Parts Affected: 07930-60002 (new) 

07930-69002 (exchange) 

WARRANTY EXTENDED UNTIL: N/A 

TITLE: NEW MICROPROCESSOR PCA PART NUMBER 

At some time in the future we are planning to introduce a dual 
port option for the 793X disc drive. The dual port option will 
require a slight modification to the Microprocessor PCA. In 
anticipation of this release, we are obsoleting the old Micro­
processor, 07930-60002. The new Microprocessor part number is 
07930-60302 (07930-69302, exchange). 

All old versions will be updated to the new version when returned 
for repair. These parts are fully backward and forward compatible 
in single port drives. At this time no parts should be returned 
simply for updating. 

(page 1 of 1) 
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At PM/Normal Call a 
Information Only is 

NONE 

X 
X 
V 

Use as is R 
See text a 

48/1-84 

Flin- HEWLETT 
a:~ PACKARD 

FOR MORE INFORMATION, CALL VOUR LOCAL HP SALES OR SERVICE OFFICE or East (201) 265-5000. Midwest (312) 255-9800. South (404) 955-1500. West 
12131 970-7500 or 14151 ."-.200 OR WRITE, H_ltn-P.c:urd, 1820 Embarcadero, Palo Alto, California 94303_ IN EUROPE, CALL YOUR LOCAL HP SALES or 
SERVICE OFFICE OR WRITE, Hewlttt-P.c:kard S.A .• 7. rue du Bo~u-Lan, P.O. 80x. CH-1217 Meyrin 2 - Genl'V8, Swiuerland. IN JAPAN, YokogaWll-Hewlen-Packard Ltd., 
1·27·15, Va Sagarnih.a City, Kanagewli Pr.fecture, Japan 229. 

© 1983 Hewlett-Packard Company 
Printed in U.S.A. 
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7933-135 
7935-135 

Service Notes 

PRODUCT SAFETY SERVICE NOT E 
Supersedes: NONE 

APPLIES T~ All UnitS IX Only UnIts on Agreement 0 

PERFORM: 
ImmedIately Qt At PM/Normal Call 0 

On Failure 0 InformatIon Only 0 

7933 DISC DRIVE WARRANTY: EXTENDED NORMAL NONE 

LABOR: 0.5 HR. 
PARTS: YES 

SERIAL NUMBERS TRAVEL: YES 
2337A09663 THROUGH 2342A11239 SERVICE Rfturn for up~tf 0 Use 1$ is 0 

INVENTORY Return for ylvage JG Sft tfxt 0 

ACTUATOR DRIVER PCA 
07930-60012 NEW 
07930-69012 EXCHANGE 
LOT NUMBER: 1227083 

WARRANTY EXTENDED UNTIL: 

HAZARD CATEGORY "A" 
HAZARD CLASS "4" 

ALWAYS 

SYMPTOM: THE ACtUAtO~ DRIVER ASSEMBLY MAY OVERHEAT, PERHAPS TO THE 
POINT OF COMBUSTION. 

CAUSE: FIFTY ONE (51) PRINTED CIRCUIT BOARDS FROM LOT # 1227083 
HAD ARTWORK MISREGISTRATION. THIS MAY RESULT IN CATA­
STROPHIC FAILURE OF THE BOARD. 

SOLUTION: WE MUST RECALL THIS ENTIRE LOT OF PCA'S BECAUSE IT IS NOT 
POSSIBLE TO DETERMINE BY VISUAL INSPECTION WHICH PCA'S HAVE 
THIS PROBLEM. THE LOT NUMBER IS LOCATED ON THE SOLDER 
SIDE OF THE PCA, IN THE UPPER RIGHT HAND CORNER, NEAR THE 
EXTRACTION TAB. YOU SHOULD ONLY BE CONCERNED WITH THE 
BROWN COLORED LAMINATED FIBERGLASS PCA'S. 

ALL DRIVES WITHIN THE SERIAL NUMBER RANGE.GIVEN ABOVE 
SHOULD IMMEDIATELY BE CHECKED FOR THE POTENTIALLY HAZARDOUS 
ASSEMBLY. ALL ASSEMBLIES FOUND WITH LOT NUMBER 1227083 
SHOULD BE REPLACED. DMD WILL ACCEPT WARRANTY BILLINGS FOR 
PARTS, LABOR, AND TRAVEL. · . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

• NOTE: WHEN COMPLETING THE CUSTOMER SUPPORT ORDER (CSO) FORM THE • 
• SERVICE CODE BLOCK MUST BE FILLED IN WITH "20015". USE OF • 
• THIS SERVICE CODE IS EXTREMELY IMPORTANT IN TRACKING THE * 
• EFFECTIVENESS OF THIS RECALL. * 

9320-5190 (1/83) 

• • • • • • • • • • • • • • • • • • • • • • • • • • 

FliDW HEWLETT 
a.:~ PACKARD 

FOR MORE INFORMATION. CALL YOUR LOCAL .. SALES OR SERVICE OFFICE 01' Ea't 12011 2e5~OOO • Midwnt 13121 255_00. South (4041 955·1500 • Wnt 
(2131 1170-7500 01' (4151 '''·1200 OR WRITE. H_len-hckard. 1820 Embatcadaro. Palo Alto. c.lifornillll4303. IN EUROPE. CALL YOUR LOCAL HI' SALES or 
SERVICE OFFICE OR WRITE. H~-hckard S.A .• 7. rue du 80Hu-un. P.O. 80x. CH· 1217 Mevrin 2 • Geneva. SMturland. IN J»AN. Vokooawa-~I.tt.$'ac:kard Ltd .• 
1·27-15. V_ $agarnNt. City. K.,..awel'refectu ..... n 2211. 
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7933H-14 
7935H-14 

SERVICE NOT E 
Supersedes: 

APPUES TO: All UnitS IX Only UnIts on Agreement 0 

PERFORM: 
ImmedIately 0 At PM/Normal Call 0 

Model Numbers: 7933H 
7935H 

On FaIlure 0 Informatton Only ~ 

WARRANTY: EXTENDED NORMAL NONE 

LABOR: X 

PARTS: X 

Part Affected: 07930-10008 TRAVEL: X 

SERVICE Return for u~t. It Use as is 0 

INVENTORY Return for $ltv. 0 See text 0 

WARRANTY EXTENDED UNTIL: N/A 

Disc Memory Division has developed and released new firmware for the 7933 
and 7935 disc drivese All disc units shipped from DMD with a product serial 
number prefix of 2426Axxxxx or later has the new firmware installed. The 
new firmware is referred to as MR5 and, as with previous firmware, will be 
supplied--through- CPCIPCE. 

Part number for the new firmware is 07930-10009. 

CPC/PCE will be the supplying division for the new firmware. 

The following is a list of the major changes incorporated in MRS: 

• Simplifies data error diagnosis by not logging corrected data from 
ECC, while logging 1n the COR count only those errors which were 
correctly read after a single retry. The UNC log contains the address 
and error code byte of errors that required more than one retry during 
execution of the data recovery algorithm. 

• Incorporates a new DERR (DERR 52) which occurs automatically if the 
soft (single retry) error rate approaches unsafe proportions. This error 
rate 1s calculated on a per head basis only. This will be a very good 
signal to the CE that corrective action should be taken immediately. 

- continued -

MB/lr 6/84 - 48 

9320-4766 ('/83) 

FliOW HEWLETT 
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FOR MORE INFORMATION. CALL YOUR LOCAL HP SALES OR SERVICE OFFICE or East 12011 265-5000. Midwest 13121255·9800. South 14041 955·1500. West 
12131 970.7500 or (4151 188·9200 OR WRITE. Hewlen-Packard. 1820 Embarcadero. Palo Alto. Ciillifornia 94303. IN EUROPE. CALL YOUR LOCAL HP SALES or 
SERVICE OFFICE OR WRITE. Hewlett-PKkard S.A .• 7. rue du 801l-du·Lan. P.O. Box. CH·1217 Meyrin 2· Geneva. Switzerland. IN JAPAN. Vokogawe·Hewlen-Pac:kiilrd Ltd .• 
1-27·15. V.tIe s.pmihare CitY. KaNlJlwe PrefKture. Japan 229. 

© 1983 Hewlett-Packard Company 
Printed in U.S.A. 1 of 2 
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* Adds a new DERR (DERR 106) which occurs when a CRC error is detected 
during a WRITE operation. This will fail on such DMA failures as the 
12-MHz crystal dropout during the WRITE, which will prevent the system 
from allowing data to be destroyed. The channel retry, which will 
follow as a result of this bad transfer status, will insure that the 
defective sector is rewritten error free. 

* Eliminates LDEV NOT READY messages and SPIN DOWN/UP problems except 
when hardware forces a head unload (power fail, spindle speed down and 
door open). 

* Eliminates known problems that can generate DERR's 1,4,14,15,16,17,29, 
48,83,85,89 and 114's). 

* Eliminates the possibility of an ECC uncorrectable error not being 
detected by the CRC. This has, in the past, possibly resulted in bad 
data being sent to the system with no error indication from the drive. 

* Replaces the PHYSICAL FORHAT option with MNT TRK FORMAT. This allows only 
the maintenance tracks to be formatted in order to recover from a DERR 23 
without destroying all of the factory generated spares. 

NOTE: This service note does not authorize extended warranty for replacing 
firmware in pre-2426A serial prefix 7933/35's. Another service note 
will follow which authorizes this replacement in conjunction with 
several other items as part of a major update program. Warranty 
billings submitted prior to the issuing of this follow-on service 
note will be rejected. 
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MB/sg 

S E R V 

7933H-15 
7935H-15 

C E 

Service Notes 

NOT E 
Supersedes: None 

APPLIES TO: AJI UnltS~ Only UnitS on Agreement D 

7933H Disc Drive 
7935H Disc Drive 
ALL UNITS 

PERFORM: 

WARRANTY: 

Immediately JI At PM/Normal Call D 

On Failure D Informalion Only D 

EXTENDED NORMAL NONE 

''WARRAI.VI'Y'' section LABOR: see 
PARTS: see "WARRANrY" section 

TRAVEL: see "WARRANTY" section 

SERVICE Return for update D Use as is 0 

INVENTORY Return for salvage 0 See textXl 
793X RELIABLITY UPGRADE 

WARRANTY EXTENDED UNTIL: Auoust, 1985 

SYMPTOM: Several changes have occurred on the 7933/35 that have made a 
significant impact on the reliability of these products. Six 
major contributors to· this increased reliability have been 
selected as the elements in a manadatory field upgrade on all 
units il'lthefield. However, no~ all uni~s will require all 

.- six' procedures -t6 be performed sirice' DMD has'- started _. shipping' 

CAUSE: 

new units with these improvements as soon as their designs were 
finished and tested. The following is a list of the procedures 
to be performed and the SIN prefix ranges which are affected. 

PROCEDURE 

- Update to MR5 firmware 
- Clean and lubricate rails/bearings 
- Install improved spindle ground assy. 
- Disable filter pressure sensor 
- Install Actuator Status connector clips 
- Install improved Absolute Filter 

UNITS AFFECTED 

2426A and below 
2343A and below 
2341A and below 
2335A and below 
2328A and below 
All 50Hz units 

Listed below are the major reasons for including the various 
procedures in this upgrade. 

MR5 firmware 

* Simplifies data error diagnosis by not logging corrected data from 
ECC, while logging in the COR count only those errors which were 
correctly read after a single retry. The UNC log contains the 
address and error code byte of errors that required more than one 
retry during execution of the data recovery algorithm. 

* Incorporates a new DERR (DERR 52) which occurs automatically if 
the soft (single retry) error rate approaches unsafe proportions. 8/84 

9320-4766 (1,83) 

r/£OW HEWLETT 
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FOR MORE INFORMATION, CALL YOUR LOCAL HP SALES OR SERVICE OFFICE or East (201) 265-5000. Midwest (3121 255-9800. South (4041 955-1500 • West 
(2131 970-7500 or (4151 968-9200 OR WRITE, Hewlett-Packard. 1S20 Embarcadero, Palo Alto, California 94303_ IN EUROPE, CALL YOUR LOCAL HP SALES or 
SERVICE OFFICE OR WRITE, Hewlen-Packard S_A_. 7. rue du SOIl<lu-Lan, P_O_ Sox, CH-121 7 Meyrin 2 - Geneva, Switzerland_ IN JAPAN, Yokogawil-Hewlett-PaC:k.ard Ltd_. 

1-27-15, Y,be S.gamiharl City, Kanagawa Prefecture, Japan 229. 
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This error rate is calculated on a per head basis only. This will 
be a very good signal to the CE that corrective action should be 
taken immediately. 

• Adds a new DERR (DERR 106) which occurs when a CRC error is 
detected during a WRITE operation. This will fail on such DMA 
failures as the 12-MHz crystal dropout during the WRITE, which 
will prevent the system from allowing data to be destroyed. The 
channel retry, which will follow as a result of this bad transfer 
status, will insure that the defective sector is rewritten error 
free. 

• Eliminates LDEV NOT READY messages and SPIN DOWN/UP problems 
except when hardware forces a head unload (power fail, spindle 
speed down and door open). 

• Eliminates known problems that can generate DERR's 
1,4,14,15,16,17,29,48,83,85,89 and 114's). 

• Replaces the PHYSICAL FORMAT option with MNT TRK FORMAT. This 
allows only the maintenance tracks to be formatted in order to 
recover from a DERR 23 without destroying all of the factory 
generated spares. 

RAIL/BEARING LUBRICATION 

• Significantly decreases wearing between the rails and carriage 
bearings which decreases the aIOOunt of "red dust" produced 
over time. This directly reduces servo related DERR's and the 
soft data error rate because actuator motion is not hindered 
by the red dust contamination. In addition, data loss as a 
result of red dust on the media is eliminated. 

SPINDLE GROUND ASSEMBLY 

• Provides a ground button/spring combination with wear life 
predicted at over five years. Bad spindle ground predominantly 
results in error rate degradation and seek errors. 

DISABLE AIR PRESSURE SENSOR and INSTALL NEW ABSOLUTE FILTER 

• The pressure sensor has been shown to be unreliable (even 
when at a proper adjustment level) which has resulted in 
many unnecessary "FILTER" messages. Since the sensor will 
be disabled, a new absolute filter (p/n 07930-80238) must 
be installed at the time of this update to assure a full 
year filter life in a normal operating environment. 

ACTION: The following parts and tools are needed to perform a full update. 

20.6 

A-32 

PARTS 
Update parts kit • 07930-67902 
Absolute filter 07930-80238 

• Update kit includes a ground button (07930-60232), ground spring 
(07930-00093), Pressure sensor (AMP) connector(p/n 07930-60241), 
2 Servo connector clips (07930-40169) and MR5 Firmware (07930-19009). 
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TOOLS 

Tape head cleaning solution 
Alcohol, 91~ isopropyl (filtered) 
Q-tips 
Cleaning sleeves (with handle) 
Cleaning wipes 
Bit, hex 3/32-inch 1/4-inch base 
Torque wrench (2-12 inch-pounds) 
Torque wrench (30-200 inch-pouncs) 
TORX Driver Kit (will use bits T9,T10,T15 and T30) 
Ground Kit 
Sealant 
Head Spacer tool 
Head Alignment tool 
Update Tools Kit ** 

8500-1251 
8500-0559 
8520-0023 
9310-5074 
9310-4865 
1535-2652 
1535-2653 
8710-1007 
8710-1426 
9300-0794 
0470-0573 
07930-60154 
13354-20007 
07930-67803 

** The Update tools kit includes a Rail lubrication kit (6040-0652), 
and a 10 inch-pound preset torque wrench (8710-1594). This torque 
wrench is a new addition to the special tools required for 
servicing 7933/35's and is required for proper installation of the 
lower and upper rails. The torque specification for the rail 
-clamp- screws-has changed -from5to-lO -inch-pounds-.---

Based on the serial number ranges indicated above, perform one 
or more of the previously mentioned procedures following these 
steps carefully. Refer to section VI in the 7933i35 service manual 
when performing procedures that require removal and replacement of 
parts. 

DRIVE ACCESS: 

1. Spin down the disc drive and remove media module. 
2. Tum off power. 
3. Attach ground strap to chasis ground and your wrist. 
4. Remove: Front Cover, Prefilter, Media Chamber, Spindle Motor, 

Card Cage Cover, L & R Head Contamination shields and Absolute 
Filter Cover. 

MR5 FIRMWARE (2426A and below) 

Remove MPU PCA and replace existing firmware with MR5. 

ACTUATOR STAruS CONNECTOR CLIPS (2328A and below) 

Install two connector clips at each end of the Actuator Status 
interface cable (on the Servo and Actuator Status PCA's). There 
are a few drives that have metal clips already installed. These 
should be replaced with the new plastic clips. A brief procedure 
is included in the Update Parts Kit explaining how to properly 
install these clips. 

30f6 
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CLEANING 

1. Install head spacer tool. 

2. Moisten a cleaning sleeve(s) with handle with alcohol for 
steps 3 and 4. 

3. Clean all surfaces adjacent to the rails including casting 
surfaces, rail clamps, and cam towers. 

4. Clean the full length of both upper and lower rails • 

•• *.* ••• *..... CAUTION ••• *.* •••••••• 

When cleaning the carriage assembly bearings, do not allow 
alcohol to flow on the sides of the bearings. Alcohol will 
dissolve the lubricant in the bearings and result in pre­
mature bearing failure. 

5. Moisten a cotton swab with alcohol and clean the arch portion 
of all three bearings. 

6. Inspect all servo and data heads and, with a new cleaning sleeve, 
clean any head that shows evidence of contamination. 

RAIL LUBRICATION (2343A and below) 

Note: A special lubricant (pIn 6040-0652) has been developed for 
the actuator linear bearing system to increase its useable 
life. The lubricant comes in an applicator which dispenses 
a precise volume. Correct operation of the disc drive 
requires that the exact volume of lubricant be used and 
this procedure be followed exactly. 

1. Remove the shipping cap from the lubricant bottle and install 
the applicator needle cap and clean any excess lubricant from 
the neele and body • 

• **** ••••• *... CAUTION *.** •••••••••• 

It is imperative that the entire volume of the drop of oil 
reside in the arch of the bearing where it will be in direct 
contact with the rail. 

2. Locate the carriage near track 200 as shown by the track 
indicator on the upper rail guide beam. Apply a single, full 
drop of lubricant to the center arch portion of the lower 
rear bearing. 
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3. Move the carriage to its outermost position against the crash 
stop (cylinder 1339). 

4. Cover the heads with a cleaning wipe to protect from possible 
stray oil drops. 

5. Apply a single, full drop of lubricant to each of the arch 
portions of the upper bearing and lower front bearings. 

6. After removing the cleaning wipe covering the heads, manually 
move the carriage forward and back at least 10 times to dis­
tribute the lubricant on the rail surfaces. 

NOTE: Any lubricant that was not applied directly to the bearing 
arches must be thoroughly cleaned off. This will require 
that steps 2-6 be repeated. 

SPINDLE GROUND (2341A and below) 

.1. Replace ground button and ground spring. These must be replaced 
as a set. When replacing the ground spring, it is important that 
the procedure provided . with the ····spring ·in the-- Update Parts Kit 
be followed exactly. 

2. Install the Spindle Motor and Media Chamber • 

•........• *... CAUTION •••••• * •.. * ... 
Only use Magnetic Tape Head Cleaning Solution (pIn 8500-1251) when 
cleaning the media chamber and spindle hub. Using alcohol will 
cause the painted surface in the chamber to flake off. 

3. Thoroughly clean the Media Chamber and Spindle hub using Tape 
Head Cleaning Solution. 

4. Clean and install Left and Right Head Contamination Shields. 

DISABLE AIR PRESSURE SENSOR (2335A and below) 

1. Remove Door Latch Shield on Media Chamber. 

2. Remove and discard existing pressure sensor cable assembly. 
Many drives have a ribbon cable which connects to the Module 
Detect PCA. This ribbon cable may be cut off at the PCA. 

3. Install Sensor (AMP) Connector on the Front Panel PCA and 
re-install Door Latch Shield. 

5016 
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FILTER AND FILTER COVER 

1. Remove existing Absolute Filter from the drive and vacuum all 
around Filter Well and surrounding area. 

2. If the drive's power source is 50Hz, replace the old filter with 
a new Absolute Filter (p/n 07930-80238). If in a 60Hz environment, 
replace the filter with the new style filter only after all of the 
old style filters (07930-80053) have been used up. 

TESTING 

1. Replace all covers and power on Disc Drive. 

2. Thoroughly clean and install Media Module and spin up the drive. 

3. If carriage cleaning/lubrication procedure was not performed, 
skip steps 4-7. 

4. Run 10 passes of Random RO ERT. 

5. Enter the following program into the Front Panel. 
STEP 0=88 (LOOP), NUM=50, END=default 
STEP 1=68 (HD ALIGN), BAND=default, HEAD=O 

6. Run the program and begin pressing the ROLL key (down arrow) 
about once every second. This will force the drive to perform 
50 automatic head alignments (takes about 1.5 minutes). 

7. DERR's 70 or 76 indicate that the carriage/rails must be 
replaced. 

••••••••••••••••••••••••••• WARRANTY •••••••••••••••••••••••••••••••••• 
• When completing the Customer Support Order (CSO) form, use the • 
• following CE checklist to avoid a rejection of the warranty • 
• billing and ensure effective implementation of this ·update. • 
• • 
• - Repair type 02G - STREP = $250.00 • 
• - Parts used 07930-67902 - Record ACTUAL labor hrs. • 
• - Zone travel =00 - "20017" in the service code block. • 
• - The words "793X update" should be in the corrments field. • 
• • • • • • • • • • 

- Write your office number on the card in the firmware return 
box. Enclose the old firmware in the shipping box and assure 
immediate return. 

- Update the CE log book on the customer site. 

- Note that the Absolute Filter (07930-80238) is not included 
in the above list, and will not be accepted under warranty. 

• • • • • • • • • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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7933-16A 
7935-16A 

SERVICE NOT E 

APPLIES TO: 

PERFORM: 

WARRANTY: 

Supersedes: 7933 -16 
7935-16 

All UnitS C Only Units on Agreement & 
Immedtately C At PM/Normal Call C 

On Failure at Information Only C 

EXTENDED NORMAL NONE 
X LAlOR: 

PARTS: X 
7933H DISC DRIVE 
SERIAL NUMBER PREFIX 2446 AND BELOW TRAVEL: X 

7935H DISC DRIVE SERVICE Return for update C Use IS is C 

SERIAL NUMBER PREFIX 2446 AND BELOW INVENTORY Return for U'VIgI C See text C 

PART AFFECTED: 07930-64253 UP HEAD 
WARRANTY EXTENDED UNTIL: December 31, 1986 

07930-64254 DOWN HEAD 
07930-64255 SERVO HEAD Repair Type: 02G 

Repair Class: ~ 
Service Code: 20020 

TITLE: NEW ASSEMBLIES 

SYMPTOM: 

SOLUTION: 

PD/5g 

9320·4766 (1/83) 

Due to premature failure of the head cable insulation, an 
excessive failure rate for the head assembly has been ex­
perienced in some disc drives. Head cables on the 793X disc 
drives have a PVC sleeve around the insulated wires. In 
SOU£ environments this sleeve cracks, placing additional 
strain on the insulation and the Wire, resulting in a 
broken wire. Cammon symptoms associated with this failure 
are as follows: 

- High data error rate, usually head specific. 
- DERR 52 logged in the drive FAULT LOGS. 
- Test errors (TERR's) that indicate PART 20 

through PART 33 failed. 
- UNRECOVERABLE data errors resulting in related 

system failures. 
- Date corruption on the media requiring reformatting 

of maintenance tracks and/or a system reload. 
- Erasure of an alignment band. 
- Numerous other drive and system errors that would 

indicate a data error rate problem exists. 

The primary insulating material used on the three head wires 
and used as the sleeve around the three wires has been changed 
from a PVC plastic to a polyeurethane material, resulting in 
a significant increase in the reliability of the head lead 
cable. The new head assemblies can be identified by a yellow 
connector. 12/85-4 

rli~ HEWLETT 
a:a11 PACKARD 

FOR MORE INFORMATION. CALL YOUR LOCAL .. SALES ORIERVICE OFFICE 01' Eat 12011 215-6000 e Midwest 13121 255-9800 e South (4041 955·1500 e West 
12131 170-7500 01' (4151 "1·1200 OR WRITE. HewIett-hckard. 1120 Emt.n:edero. "'0 Alto, c.lifomia 84303. IN EUROPE, CALL YOUR LOCAL" SALES or 
SlRVICE OFFICE OR WRITE. HewIen-hcUrd S.A., 7. rue du loiMu-Lan, ".0. lox, CH·1217 Meyrln 2 • Genew, Switzerland. IN MIlAN, Vokoea--Hewlett-hc:kard Ltd., 
1-27-15. Va $qIrn1lwa City, K......- Prefecture,.IIpen 229. 
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DMD recommends the following: 

- On first failure replace the defective head. 
- On second failure replace the remaining 13 heads. 

WARRANTY: Warranty will be extended until 12/31/86 as follows: 

TRAVEL: No 
PARTS: Yes 
LABOR: No 

• * • * * * * • * * * * * * * • * * * * * * * * • * • • • * * * * • * * * * * * 
* * • NOTE: When completing the Customer Support Order (CSC) the repair type must * 
* be coded 02G and the repair class must be coded SN (Service Note). * 
* The servic code block must be filled in with 20020A. For FIREMAN/HCETS* 
* users, the service code (20020A) must be entered in the PRINT field. * 
* * 
• * • * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

7933 



7933 Service Notes 

7933H-17A 
7935H-17A 

SERVICE NOT E 
Supenedes: 7933H-17, 7935H-17I 

APPLIES TO: All Units I Only Units on Agreement 0 

PERFORM: 
Immediately 0 

On Failure lit 
AI PM/Normal Call 0 

Information Only 0 

WARRANTY: EXTENDED NORMAL 
7933H DISC DRIVE LABOR: 0.5 SERIAL NUMBERS PARTS: X 2440A15720 THROUGH 2440A16100 TRAVEL: nN P A TT .TTRF. nNT.Y 

7935H DISC DRIVE SERVICE Return for update 0 

INVENTORY Return for salvage 0 
SERIAL NUMBERS 
2440A02400 THROUGH 2440A02450 WARRANTY EXTENDED UNTIL: 31 December 

TITLE: MISLOADED CAPACITOR ON SPINDLE DRIVER PCA 
(07930-60010-NEW, AND 07930-69110-EXCHANGE) 

SYMPTOM: 

SOLUTION: 

Intermittent spin-down/spin up problems due to a failure bn 
the Spindle Driver PCA. When reviewing the drive fault logs, 
DERR 230 and/or TERR 253 with the Hardware Fault Register 
indicating that spindle speed is down (HRF = %001) will 
most likely be logged. It is possible that servo related 
errors may also be logged (e.g., DERR 82, 83 and TERR 185, 
186 and 187) with the HFRstill indicating that spindle 
speed is down. 

Upon installation or on the next PM, inspect the Spindle 
Driver PCA for any drives that fail under the specified 
serial number range. There is a possibility that two polarized 
capacitors may have been installed reversed in a polarized 
application in the speed regulation circuitry. The two 
capacitors are small orange tantalum capacitors C165 and 
C357. C165 is located just to the right of the motherboard 
interconnect cable connector when the PCA is viewed from the 
rear of the drive with the power module cover removed. C357 
is located just to the right of the large heat sink in the 
center of the PCA as viewed from the rear of the drive. 
Both capacitors must have the "+" (PLUS) lead inserted in 
the hole with the square pad. If one or both of the capaci­
tors are installed incorrectly, replace the Spindle Driver 
PCA. Inspect all FSI and return defective parts to CSR 
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WARRANTY: Warranty will be extended until December 31, 1985 and 
DMD will pay for one 07930-69010 and 0.5 hours labor 
for each affected unit. Travel will be covered for 
failure only. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* NOTE: When completing the Customer Support Order (CSO) Form, the * 
* SERVICE CODE block must be filled in with "20021". This code * 
* will allow DMD to monitor the implementation of this service * 
* note and prevent rejection of warranty billing. * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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7933 

7933H-18 
7935H-18 

SERVICE 
SuperSedes: None 

Service Notes 

NOT E 

APPLIES TO: All Unlts)O Only Units on Agreement 0 

PERFORM: 
Immediately 0 At PM/Normal CaliX! 

On Failure 0 Information Only 0 

WARAANTY: EXTENDED NORMAL NONE 

LABOR: X 
PARTS: ON FAILURE 

TRAVEL: ON FAILURE 
7933H AND 7935H DISC DRIVES 
SERIAL NUMBERS BELOW 2526Axxxxx 

SERVICE 
INVENTORY 

Return for update 0 N/A Use as is 0 

See text 0 Return for salvage 0 

WARRANTY EXTENDED UNTIL: 1 July, 

TITLE: POTENTIAL SAFETY HAZARD FROM 
SHORTING BLOWER WIRES 

SYMPTOM: Arcing may occur between the blower motor housing and the 
yellowwiresthat.are.-connected_totheblower.motorstarting 
capacitor. This is a result of rubbing between the wires and 
the housing for a time sufficient to cause the insulation 
to be worn away. 

The only reported symptoms to date have been DERR 52's (high 
uncorrectable error rate) on random heads and the noise that 
is generated from the arcing. 

SOLUTION: All units Should be inspected at next PM or normal service 
call for signs of wear. If the yellow wires are in contact 
with any part of the blower housing they should be tied 
back with a cable tie. If the insulation has worn through 
or if it is nearly worn through, the blower assembly should" 
be replaced with a new blower assembly (pin 07930-60249). 

WARRANTY: Warranty will be extended until June 31,1986. DMD will pay 
for one blower assembly (07930-60249) and travel on failure 
only. 

MB/sg 
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It is believed that the quantity of blowers that will actually 
require replacement is very low and that most of the installations 
that exhibit wearing will be fixed simply by tieing the yellow 
wires back, removing the potential for future wear. In order to 
verify this assumption, DMD IS REQUIRING THAT ALL BLOWER 
ASSEMBLIES REPLACED UNDER THIS SERVICE NOTE BE RETURNED TO: 

HEWLETT-PACKARD 
DISC MEMORY DIVISION 
11413 CHINDEN BLVD. 
BOISE, IDAHO 83714 

ATTN: GENE WILLIAMS/3U 

When sending in the defective blower assembly, a copy of the 
Repair Order must be included in the shipping package. Failure 
to comply with the above requirements will result in rejection 
of the extended warranty billing. 

• • • • • • • • • • • • • • • • • • • • • I I • I • • • • • I I • I I I I • 

• NOTE: When completing the Customer Support Order (CSO) Form the SERVICE I 

• CODE block must be filled in with "20033". This code will allow I 

• DMD to monitor the implementation of this service note and prevent' 
• rejection of warranty billing. I 
• • I I I • • I I • • • • • I • • • I I I I • I * * * * * I * * 1** * I * 
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7933H AND 7935H DISC DRIVES 
SERIAL PREFIX 2523 AND BELOW 

Part Numbers involved: 

07930-19009 
07930-67902 

7933H-19 
7935H-19 

Service Notes 

SERVICE NOT E 
Supersedes: None 

APPLIES TO: All UnitS 11 Only Units on Agreement 0 

PERFORM: 
Immediately 0 At PM/Normal Call 0 

On Failure 11 Information Only 0 

WARRANTY: EXTENDED NORMAL NONE 

LABOR: X 
PARTS: X 

TRAVEL: -'X 

SERVICE Return for update 0 N/A Use as is 0 

INVENTORY Return for salvage 0 See text 0 

WARRANTY EXTENDED UNTIL: 1 August, 1986 
TITLE: MR5.1 FIRMWARE FOR 7933/35 

SYMPTOM: There are two problems with MR5.0 firmware that are corrected 
by MR5.1. 

MB/sg 

9320-4766 (1/83) 

The first is seen-as a SPIN- OWN message on the front- panel of 
the disc drive during a START operation of an HP3000/6X system. 
The problem was found to be caused by an improper CLEAR sequence 
which attempted to clear a disc drive that was in the process 
of executing a CLEAR. In most cases, the system will issue 
another CLEAR and drive will spin back up and resume normal 
operation. In some cases the drive will remain in a SPIN OWN 
state and the START will fail with a BOOTSTRAP CHECKSUM ERROR. 
A patch to TMIT Delta I, TMIT, and VIE is available to correct 
the problem of 2 sequential CLEARS during the START(Patch index 
G039) but there is still the possibility of SPIN DWN on a 
running system if the drive is sent two sequential clears at 
any time. MR5.1 WILL NOT eliminate the SPIN DWN symptom in the 
event of multiple CLEARS but it will guarantee a successful SPIN 
UP and eventual resumption of normal operation. 

The second problem fixed by MR5.1 is exhibited by symptoms resulting 
from the basic problem of undetected data corruption during a READ" 
operation. The possible system level failures are numerous but some 
of the more commonly reported failures are: 

- Disc space allocation becoming disabled on a drive. 
- Part of a file is overlayed with data from the target sector + 1. 
- Entries in file extent maps pointing to free space. 
- File labels being marked as bad even though they are error free. 

7/85-48 

Flidl HEWLETT 
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FOR MORE INFORMATION, CALL YOUR LOCAL HP SALES OR SERVICE OFFICE or Eat (2011 266-6000. Mid\wst (3121 255-9800 • South (4041 955-1500. West 
i213i 9;0-;500 ur (4'51 S88-S2oo C~ W~ITE, H;w!:noP&e!(':rd, 1820 E~.Adero. P~lo A!to, C.liforni. 94303. IN EUROPE, CALL YOUR LOCAL HP SALES or 
SERVICE OFFICE OR WRITE. Hewlett-hc:kard S.A., 7, rue du BoiHIu-un. P.O. Box. CH-1217 Meyrin 2 - Geneva, Swiuerl.nd. IN JAPAN, Vokoga_-Hewlett-Packard Ltd .• 
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793X-19 
page 2 

It is not possible for the problem to occur on any 793X disc drive 
unless the system host enables RPS (rotational position sensing) 
on that drive. The only hosts that enable RPS on the 793X drives 
are 3000 systems with MPE VIE or T-MIT and HP9000 series 500 with 
HPUX. There is a patch available for T-MIT and VIE that automatically 
disables RPS on any drive that does NOT have MR4.0 or MR5.1 (or later) 
firmware installed. 

SOLUTION: For the first problem, it is recommended that the MPE patch 
mentioned above be implemented as the complete solution to 
the SPIN OWN problem. Only the patch will eliminate the 
SPIN DWN message on the front panel which in most cases is 
the problem in the customer's eyes (i.e. BOOTSTRAP CHECKSUM 
ERROR occurs on only a small percentage of the SPIN OWN during 
START problems). 

For the second problem, the MPE patch which disables RPS when 
the installed firmware revision is earlier than MR5.1 is 
likewise a viable solution in many cases. This is because 
RPS provides no performance advantage when there are less 
than 3 drives on a GIC and eliminating any unneccessary 
rework on hardware has obvious advantages. Therefore, all 3000 
systems running VIE or T-MIT should install the RPS disable patch 
(patch index G052) but only those systems that suffer appreciable 
performance degredation when RPS is disabled should consider 
updating the firmware to MR5.1. There is NO advantage to nor reason 
for Updating firmware in drives that are on systems running other 
than VIE or T-MIT. 

Only 2 EPROMS have to be changed (ROMS 4 and 5) to upgrade MR5.0 
to MR5.1, so a two-ROM kit has been set up that is orderable 
under pIn 07930-19119. All of the MR5.0 in FSI is stocked inside 
of the 793X Reliability Upgrade Kit (pIn 07930-67902). All of these 
kits should be paired with the 2-ROM kit when any future reliability 
upgrades are performed (see service note 7933H-15). For any new 
reliability upgrade kit orders, order pIn 07930-67903 (identical 
to 07930-67902 except contains MR5.1 instead of MR5.0). For updating 
drives that already contain MR5.0, order the 2-ROM kit. 

DESCRIPTION OLD PIN NEW PIN 

MR5.1 F /W SET 07930-19009 07930-19109 
MR5.1 UPDATE(2-ROM) NIA 07930-19119 
RELIABITY UPGRADE 07930-67902 07930-67903 
ROM4 07930-82094 07930-82194 
ROM5 07930-82095 07930-82195 

WARRANTY: Labor and Travel will not be covered under warranty for any 
MR5.1 updates. The cost of updating drives that currently 
have MR5.0 to MR5.1 ($ 14.00 for the 2-ROM kit) is all that 
is covered by this service note. lmplementation of the 
reliability upgrade should continue to reference service note 
793XH-15 using pIn 07930-67903 if all 07930-67902 stock is 
depleted. 

*************************************************************************** 
* NOTE: When completing the Customer Support Order (CSO) Form the SERVICE * 
* CODE block must be filled in with "20034". This code will allow * 
* DMD to monitor the implementation of this service note and prevent* 
* rejection of warranty billing. * 
*************************************************************************** 
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7933 Service Notes 

7933H-20 

7935H-20 
SERVICE NOT E 

Supersedes: NONE 

APPLIES TO: All Uni ts v Only Uni ts On Agreement A 

PERFORM: 
I1IIIIediately At PM/Normal Call X 

7933H AND 7935H DISC DRIVES 
SERIAL PREFIX 2544 AND BELOW 

TITLE: POTENTIAL SAFETY HAZARD 
FROM STRAIN RELIEF 

On Failure Information Only 

WARRANTY: EXTENDED NORMAL NONE 

LABOR: none 
PARTS: See text 

TRAVEL: none 
SERVICE Retu rn for upda te Use as is 

INVENTORY Return for salvage See text 

WARRANTY EXTENDED UNTIL: 01 Aug. , 1986 

SYMPTOM: The screw on the plastic strain relief can be at line 
potential if the strain relief is improperly installed or broken. 

PROBLEM: The strain relief can break, and if subjected to mechanical 
stresses, can pierce the insulation on the power cable. 
A broken strain relif is usually not visible and must be detected 
using the following process. 

SOLUTION: On your next scheduled site visit, measure the voltage 
potential between the screw on the plastic strain relief and 
one of the screws on the power module assembly cover. 

************************************************ 
* CAUTION!! Do not touch the screw on * 
* the plastic strain relief until you have * 
* verified that no AC potential exists! * 
**************-********************************* 

If an AC voltage potential exists, replace the plastic strain 
relief with a new one, HP PIN 0400-0243. Also inspect and replace 
power cord if it is damaged. (HP PIN 8120-3364 standard) 
The strain relief is NOT a reusable item and must be replaced 
if removed. The new strain relief is to be torqued to 12 in/lbs. 

WARRANTY: Warranty will be extended until 01 Aug.,1986. DMD will 
pay for a strain relief and power cord on failure only. 

**************************************************************** 
* NOTE: When completing the Customer Support Order (CSO) * 
* Form the SERVICE CODE block must be filled in with "200035". * 
* This code will allow DMD to monitor the implementation of * 
* this service note and prevent rejection of warranty billing. * 
**************************************************************** 

GW/sg 7/85-48 
'320-4766 (1/83) 

For more i.formation, Call your local HP sales or service orrice or 
East 101-165-5000, Midw. 311-155-9800, South 404-955-1500, 
West 213-'70-'500 or 415-961-9200, or Write: 
Hewlett-Packard, 1820 Emharcadero, Palo Alto, Ca. 94303. 

C.pywrite 1983 Hewlett-Packard Company 
Printed in U.S.A. 
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IN EUROPE, call. your local HP sales or service office or write: 
Hewlett-Packard S.A., 7 rue du Bois-du-Lan, P.O. Box, CH-1117 
Mery!!! 1 - Ge!!ev2., Switzer!2.!!d. 
IN JAPAN, Yokogawa-Hewlett-Packard Ltd., 1-27-15, 
Yahe Salamihara City, Kanagawa Prefecture, Japan 129. 
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7933H-21 
7935H-2l 

S E R V C E 

Service Notes 

NOT E 
Supersedes: None 

APPLIES TO: All UnItS ~ Only Units on Aoreemenl 0 

It!AFORM: 
Immediately 0 AI PM/Normal Call 0 

On Failure 0 Inlormallon Only It 

WARRANTY: EXTENDED NORMAL NONE 

LABOR: X 
PARTS: X 

TRAVEL: X 

SERVICE Return for update 0 Use IS i. 0 

INVENTORY R.turn for salv. 0 See text ~ 

MODELS: 7933H 
7935H 

WARRANTY EXTENDED UNTIL: N/A 

PART AFFECTED: 0403-0467 Leveler Pad 

SERIAL NUMBERS: All drives serial prefix 
earlier than 2450 

TITLE: NEW STYLE LEVELER FEET 

SYMPTOM: Under heavy usage some disc drives have a tendancy to 
migrate or "walk" due to excessive vibration. 

SOLUTION: New leveler pads have been found that eliminate walking 
793X disc drives. The part number for these pads is 
0403-0467 and they are currently used on all drives 
shipped since serial number prefix 2450. It is 
essential that the drive rests on all four pads with 
equal displacement relative to the casters. To 
accomplish this, lower each pad until it touches the 
floor and then using a wrench. lower it by one more 
full turn. 

WARRANTY: None. This is a reliability enhancement. 

PD/5g 

9320-4766 (1183) 
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FOR MORE INFORMATION, CALL YOUR LOCAL .. SALEI OR SERVICE OFFICI or Eat (2011 215-6000. Midtwtt (312) 255-a8oo. South (.041 955·1500 • West 
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.RVICE OFFICE OR WRITE. H4Mt4n,-P.eqrd SA, 7, I'\!It <Iu 'Q~u-L.an, '.0. 'QII, CH-1217 Meyrin 2. GenIve. Swiuera.nd. IN JUAN, 'Y'okogeweoH_lett.p.ekard Ltd., 
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7933 Service Notes 
7933H-23 

7935H-23 

SERVICE NOT E 
Supersedes: None 

APPUES TO: AI! UftI1SK ~!y Unit! on AO~~I c 

MODELS: 7933H 
7935H 

PERFORM: 
Immedlalely 0 At PM/Normal Call 0 

On F..".l1 InlotmlltlOn Only c 

WARRANTY: EXTENDED NORMAL NONE 

SERIAL NUMBERS: All units with serial 
prefix 2607 or greater. 

PARTS AFFECTED: 
07930-69001 
07930-19109 

Il-tA PCA 
MR 5.1 FIRMWARE 

LAlOR: 
'ARTS: 

TRAVEL: 

SERVICE Return for update 0 

INVENTORY Return for "'vagi C 

WARRANTY EXTENDED UNTIL: NJA 

TITLE: NEW I}1A PCA AND FIRMWARE REVISION 

PROBLEM: Part changes to the DMA PCA, PIN 07930-69001, have necessitated 
a new board part number and a new firmware revision. 

X 
X 
X 
Ulenilo 
See text II 

SYMPTOMS: Parts changes have been made to the DMA PCA because the vendor for· 
the ECC and the PHI is no longer able to supply these chips. The 
PHI chip, PIN 1AA6-6104, has been replaced by the Medusa chip, 
PIN 1TL1-0001. The ECC chip, PIN lAG5-6001, has been replaced 
by an ECC chip with PIN 1TL3-0001. 

Slight differences between the PHI and the Medusa have resulted 
in a firmware change from MR5.1 to MR5.3. 

SOLUTION: The part number of the Il-tA PCA has been changed to 07930-69301. 
This new part number requires a firmware revision of MR5.3 or greater. 
An MR5.3 firmware kit, PIN 07930-19209, is available to upgrade from 
firmware revisions prior to MR5.3. 

MR5.3 or greater firmware revision is required in a drive that has the 
07930-69301 DMA PCA. MR5.3 or greater revision firmware is backward 
compatible with the 07930-6XOOl DMA PCA. 

WARRANTY: None. This is an information only service note. 

D/sg (page 1 of 1) 
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1·27-11, Va s.,.m ... City, K.....- ,,.,ectu .......... 221. 

e 1983 Hewlen·Packard C0mp8ny 
Printed in U.S.A. 1 of 1 

A-49/A-50 





7933 

7933H-24 
7935H-24 
7933XP-l 

Service Notes 

5 E R V j93~XPEl NOT E 

Supersedes: None I 
APPUES TO: 

MODELS: 7933H 
7935H 
7933XP 
7935XP 

PERFORM: 

WARRANTY: 

LABOA: 

All Unltsjt 

Immediately 0 

On Failure 0 

EXTENDED 

Only Units on Agreement 0 

At PM/Normal Call 0 

Information Only. 

NORMAl NONE 

X 
PARTS: X 

TRAVEL: X 

SERIAL NUMBERS: ALL UNITS SERVICE Return for update 0 U.a is 0 

INVENTORY Return for salvage 0 See text. 

WARRANTY EXTENDED UNTIL: N/A 

TITLE: NEW FIRMWARE REVISIONS 
RELEASED FOR 7933/35 
DISC DRIVES 

PROBLEM: The- introduction of-the-79-33/35XP disc drives---with -controller cache 
and the new DMA PCA (07930-60301) require two new firmware revisions 
for support. The combination of the new assemblies and firmware has 
created a compatibility problem between various assemblies and firm­
ware revisions used in the 7933/35 disc drives, and the necessity to 
support two different revisions of firmware in the field. 

SYMPTOM: The new DMA PCA (07930-60301) requires firmware revision MR5.3 or 
greater due to a compatibility problem that exists between the 
Medusa HPIB interface chip and MR5.1 or earlier firmware. This 
incompatibility problem causes a failure in the MPE software memory 
dump facility when installed as the system disc on HP3000 systems. 

PD/sg 

9320-4766 (1/83) 

MR6.1 firmware is required for the 7933/35XP with controller cache, 
but due to the expanded microcode required for controller cache it 
is not compatible with the early version of the microprocessor PCA 
(07930-6X002). Both MR6.1 and MR5.3 are backward compatible with the 
old DMA PCA (07930-6X001). MR6.0 was originally intended to support 
the 7933/35XP drives with controller cache but a firmware deSign 
error was discovered as the drives were introduced, resulting with 
MR6.1. Some number of standard 7933/35H drives were shipped with 
MR6.0 and there is no problem with using MR6.0 in 7933/35H drives. 
Currently all 7933/35 "H" and "XP" drives are shipped with MR6.1. 

(page 1 of 2) 4/86-48 

Flin- HEWLETT 
a:~ PACKARD 

FOR MORE '''FORMATION. CALL YOUR LOCAL HP SAUS OR SERVICE OFFICE or Eat 12011 265~OOO • Midwest (312) 255-9800 • South 14041 955-1500 • Wilt 
(2131 970·7500 or 1415) 888·8200 OR WRITE. HIWIett-hcQrd. 1820 Emb..-c.dero, Palo Alto, Californ~ 94303. IN EUROPE, CALL YOUR LOCAL HP SALES or 
SERVICE OFFICE OR WRITE. H_lett-l'ackard SoA., 7. rue du BoiHlu-Lan. P.O. Box. CH-1217 Meyrin 2 - Geneva, Switzerland. IN JAPAN. Yokagaw.-H_lett-l'ackard Ltd •• 
1-27-15. Yalle SapniharaCity. ~ PreflCtUN ...... 229. 
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7933/35H disc drives with dual port (option H22) will not be support­
ed on MR6.0 or MR6.1 firmware. There is not enough space in the 
firmware for both dual port code and controller cache code. Dual port 
will be supported with MR5.3. 

SOLUTION: The following firmware compatibility matrix summarizes the supported 
firmware configurations. The only firmware revisions required to 
support all 7933/35 disc drives are MR5.3 and MR6.1. 

NOTE: There are no reliability or performance improvements between 
MR5.1, MR5.3, MR6.0 or MR6.1 on 7933/35H disc drives. This is 
not a mandatory update service note. Do not update firmware 
unless it is required due to a related parts replacement. 

7933/35 FIRMWARE COMPATIBILITY MATRIX 

MR5.0 I MR5.1 I MR5.2' MR5.3 MR6.o I MR6.1 , 1933XP DUAL , 
07930-1 07930-1 NOT 07930- 07930-' 07930-' 7935XP PORT 
19009 , 19109 , USED 19209 19010 19110 CACHE , , 

DMA PCA , , 
NOT I , 

07930-6X001 OK , OK , USED OK OK OK NOT OK OK , I 

1m PCA , i NOT , , 
07930-6X301 NOT OKl NOT OK' USED OK OK OK NOT OK OK 
MPU PCA i NOT , 
07930-6X002 OK , OK USED OK NOT OK, NOT OK NOT OK NOT OK, , 
MPO PCA , 

NOT 
, , , , , 

07930-6X302 OK , OK USED OK OK , OK OK OK , , , , 
7933XP CACHE .. NOT i , , , , 
7935XP CACHE, NOT OKI NOT OK, USED NOT OK NOT OKI OK •••• NOT OK: 
DUAL PORT i i i Not i , 

I I , , , , OK , OK , USED OK NOT OKI NOT OK, NOT OK .... : , I , 

WARRANTY: None. This is an information only service note. 
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7933XP-02 
7935XP-02 

97930XP-01 

SERVICE NOT E 

MODELS:· 7933XP 
7935XP 

97930XP 

SERIAL NUMBERS: 

7933XP AND 7935XP 
DISC DRIVES SERIAL 
NUMBER PREFIX 2617 
AND BELOW 

APPLIES TO: 

PERFORM: 

WARRANTY: 

LABOR: 
PARTS: 

TRAVEL: 

SERVICE 
INVENTORY 

Supersedes: None 

All UnltllX Only UnitS on Agreemenl 0 

ImmedI .... y IX At PMlNormaI Call 0 

On Failure 0 InformatIon Only 0 

EXTENDED NORMAL NONE 
O.3hrs. 
X 
X 

Return for u~telJ URIS i. 0 

Return tor .. Ivage 0 See text 0 

WARRANTY EXTENDED UNTIL: July 1, 1987 

97930XP UPGRADE KITS 
SERIAL NUMBER PREFIX 
2629 AND BELOW 

PARTS AFFECTED: 
07930 .. 60257- COMA PCA 

TITLE: NEW CDMA PCA FOR CACHE DRIVES 

Repair Type: 02G 
Repair Class: CO 
Service Code: 20044 
Supply Dfv. :4800 .. 

PROBLEM: An asynchronous input to the controller state machine on the CDMA 
PCA can violate the minimum set-up time required for the state 
machine input registers. This can cause the output of the 
controller state machine to go into an unstable state. 

SYMPTOM: The output of the controller state machine controls the addressing 
of both the dynamic and static memory used in cache. Disruption of 
these control lines can cause an addressing error in cache or static 
memory during a data transfer. This misaddressing error can cause 
the following symptoms: 

D/sg 

9320-4766 (1/83) 

- DERR 104 Double bit static RAM error 
- DERR 110 Double bit dynamic RAM error 
- Undetected data corruption 

(page 1 of 2) 
6/86-48 
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SOLUTION: The COMA PCA has been redesigned to add a latch to the input of the 
the controller state machine to eliminate the possiblity of an 
unstable output. This change has resulted in a new part number for 
the COMA PCA (01930-69351). 

ACTION: Replace the 01930-60257 COMA PCA in all 7933/35XP disc drives and 
91930XP cache upgrades in the serial number ranges listed above with 
a 01930-69351 COMA PCA. 

MR6.1 firmware in these units should be upgraded to MR6.2 with the 
01930-60269 firmware upgrade kit. Refer to Service Note 1933/35XP-03 
or 91930XP-02 for replacement and warranty instructions related to 
the firmware update. 

WARRANTY: DMD will accept warranty as follows except for units purchased 
internally by HP (TAC units). 

******************************************************************** 
* * 
* LABOR: 0.3 hours * 
* * 
* PARTS: COMA PeA 07930-69357 * 
* * 
* TRAVEL: YES * 
* * * When completing the Customer Support Order (CSC), the repair * 
* type must be coded 02G and the repair class must be coded CO * 
* (component). The service code block must be filled in with * 
* 20044. For FIREMAN/HECTS users, the service code (20044) * 
* must be entered in the PRINT field. * 
******************************************************************** 



7933 

7933H-25 
7935H-25 
7933XP-03 

Service Notes 

7935XP-03 
97930XP-02 

SERVICE NOT E 
Supersedes: None 

APPUES TO: All UnitS Jl Only Units on Agreement [J 

peRFORM: 
Immedtately 0 At PMlNormal Call1ll 

On Failure 0 Information Only [J 

MODELS: 7933H 
7935H 
7933XP 
7935XP 

WARRANTY: 

LAlOR: 
'ARTS: 

TRAVEL: 

SERVICE 

EXTENDED NORMAL NONE 

X 
YES 

X 

Return for update ti Usta is 0 97930XP 
INVENTORY Return for "'woe 0 See text 0 

SERIAL NUMBERS: WARRANTY EXTENDED UNTIL: AUgust 1, 1987 

See Text 

PARTS AFFECTED: 07930-19209 MR5.3 Firmware 
07930-19110 MR6.1 Firmware 

Repair Type: 02G 

PD/sg 

Repair Class: CO 
Service Code: 20045 
Supply Division: 4800 

TITLE: Firmware Update MR5.4 and MR6.2 

PROBLEM: The Medusa chip, used to replace the PHI HP-IB controller chip on 
the 07930-60301 DMA PCA and the 07930-60357 CDMA PCA, contains an 
enhancement that allows the HP-IB bus to use a delayed handshake 
mode. This delay handshake mode is not used by the 793X disc drives. 
However, under certain conditions the current firmware can 
inadvertantly set the Medusa chip in the delayed handshake mode. Once 
set, the delayed handshake mode can only be reset by cycling drive 
power. 

SYMPTOM: Normally the Medusa chip transfers data across the HP-IB at a rate of 
one megabyte per second. If the delayed handshake mode is set, the 
data transfer rate for disc read operations is decreased to 625 
kilobytes per second. This slower transfer rate can cause up to a 
10~ decrease in system performance. This problem is a perfomance 
issue only; it does not affect data integrity. 

(page 1 of 3) 
6/86-48 

9320-4766 (11831 

Fli;- HEWLETT 
a:e.tI PACKARD 
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SOLUTION: The 793X firmware has been modified to eliminate the possibility of 
the Medusa chip being set in the delayed handshake mode. This firm­
ware modification requires two new revisions of firmware; MR6.2 and 
MR5.~. All standard 7933/35H disc drives and 7933/35XP disc drives 
currently produced are shipped with MR6.2 firmware. MR5.~ firmware 
is required to support 7933/35H disc drives with the dual port option 
(OPT H22) or the 07930-6X002 Microprocessor PCA. 

Two Update kits have been set up to upgrade from MR5.3 to MR5.~, and 
from MR6.0 or MR6.1 to MR6.2. On the next PM or service call any 
7933/35 disc drive with a 07930-6X301 DMA PCA or 07930-6X357 COMA 
PCA must be updated to the correct revision of firmware as described 
below. 

UNITS AFFECTED UPDATE KIT REQUIRED 

7933H and 7935H disc drives 
with serial number prefix 
2607A through 2621A MR6.2 07930-60269 

7933XP and 7935XP disc drives 
with serial number prefix 
2617A or below. MR6.2 07930-60269 

Units with 97930XP Cache Upgrades 
with serial number prefix 

MR6.2 2629A or below. 07930-60269 

7933H and 7935H disc drives 
updated to MR5.3 and the 
07930-69301 DMA PCA per 
Service Note 7933/35H-23 MR5.~ 07930-60270 

7933/35H drives with OPT H22 
(dual port) and serial prefix 
2607A through 2621A MR5.~ 07930-60270 

TO CONVERT MR5.3 to MR5.~ USE MR5.~ UPDATE PIN 07930-60270 

Replace: 

U162 ROM3 on MPU PCA 
U122 ROM6 on MPU PCA 

FROM 

07930-82293 
07930-82296 

TO 

07930-82393 
07930-82396 

7933 
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TO CONVERT MR6.1 TO MR6.2 USE MR6.2 UPDATE PIN 07930-60269 

Replace: 

U182 ROM2 on MPU PCA 
U122 ROM6 on MPU PCA 

FROM 

07930-82102 
07930-82116* 

TO 

07930-82202 
07930-82216 

*07930-82106 used in MR6.0 

NOTE: Used PROMs should be discarded. Do not return to DMD. 

All 07930-19209 MR5.3 firmware sets and 07930-19110 MR6.1 firmware 
sets in FSI should be returned for credit. Following are the new 
part numbers associated with this firmware change. 

DESCRIPTION 

MR5.4 F/w FULL SET 
MR5.4 UPDATE (2 ROM) 
MR6.2 F/W FULL SET 
MR6.2 UPDATE (2 ROM) 

PIN 

07930-19309 
07930-60270 
07930-19210 
07930-60269 

WARRANTY: DMD will pay warranty for the firmware Update kits only. DMD will 
not pay warranty for units requiring full firmware sets when a 
07930-69301 is used to replace a 07930-6X001 DMA PCA (refer to 
Service Notes 7933H-23 and 7935H-23), or for units purchased 
internally by HP (TAC units). 

******************************************************************** 
* * 
* LABOR: NONE * 
* * 
* PARTS: MR5.4 F/W Upgrade Kit 07930-60270 * 
* or MR6.2 F/W Upgrade Kit 07930-60269 * 
* * 
* TRAVEL: NONE * 
* * * When completing the Customer Support Order (CSO), the repair * 
* type must be coded 02G and the repair class must be coded CO * 
* (component). The service code block must be filled in with * 
* 20045. For FIREMAN/HECTS users, the service code (20045) * 
* must be entered in the PRINT field. * 
******************** •• * •••• * •••••• **.* ••••• * •••••••••• *.** •••••• ** •• 
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PO 

MODELS: 
7933H 7933XP 
7935H 7935XP 

SERIAL NUMBERS: 
serial prefix 2622 and 
greater 

PARTS AFFECTED: 
07930-60256 

TITLE: NEW REAR CRASH PAD MATERIAL 

7933H-22 

7935H-22 

Service Notes 

7933XP-04 

7935XP-04 

SERVICE NOTE 
Supersedes: None I 

APPLIES TO: All un.tsla Only Units on Agreement CI 

PERFORM: 
Immediately CI At PM/Normal Call CI 

On Failure CI Information OnlylC 

WARRANTY: EXTENDED NORMAL NONE 

LABOR: X 
PARTS: X 

TRAVEL: X 

SERVICE Return for update CI Use as is CI 

INVENTORY Return for salvage 0 See text l§ 

WARRANTY EXTENDED UNTIL: N/A 

SYMPTOM: Head load failures during drive spin up, causing one or more of the 
following errors: 

TERR 180 
TERR 224 
TERR 235 

TERR 236 
PART 2 
PART 3 

CAUSE: The material used in the rear crash pad is slightly sticky and if 
the carriage has been sitting in contact with the rear crash pad, 
it may stick and prevent the actuator from loading heads. 

SOLUTION: Replace the rear crash pad assembly (part no. 07930-60256). The 
replacement procedure is described in the 7933/35 Service Manual. 

The material used in the 07930-60256 rear crash pad assembly has been 
changed to a less sticky material. All 7933/35 drives shipped with 
serial prefix 2622 or later use this new material. Rear crash pad 
assemblies using the new material can be identified by two small, 
raised circles on the pad surface. 

8/86-48 
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CPC/PCE inventory has been purged of all 07930-60256 crash pad 
assemblies using the old material. All old style crash pads in 
FSI should be scrapped • 

. NOTE: Earlier vintage 7933H disc drives (approximately serial number 
2216A01700 and earlier) have a thinner rubber pad on the rear crash 
pad than later drives and thus may not be compatible with the newer 
assembly. Since the thicker pad moves the actuator closer to the 
spindle, it is possible for the carriage latch to bind with the 
carriage unless the latch is moved toward the spindle by the same 
amount. This can be corrected by using non~agnetic washers (part 
no. 2190-0402) as 0.40 inch "shims" between the linear motor and 
the carriage latch housing. 

WARRANTY: None. This is an information only service note. 
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7933/35H-26 
7933/35XP-OS 

S E R V C E NOT E 
Supersedes: None SUPERSEDES: I 

MODELS AFFECTED: 
7933H 7935H 
7933XP 7935XP 

APPLIES TO: 

PERFORM: 

WARRANTY: 

LABOR: 
PARTS: 

TRAVEL: 

SERVICE 

All Units a Only Umts on Agreement l!:I 
Immediately a At PM/Normal Call a 

On Failure It In'ormatlon Only a 

EXTENDED NORMAL NONE 

X 
Yes 

X 

Return for update a Use IS is a 

PARTS AFFECTED: 
07930-60036 
07930-69036 INVENTORY Return for ylvage a See text K 

DRIVE SERIAL PREFIX: WARRANTY EXTENDED UNTIL: 1 March 1988 

7933H 2603A26147 Through 2625A29670 
7935H 2603A05312 Through 2625A06336 
7933XP 2608AOI000 Through 2625A01542 
7935XP 2617AOI035 Through 2625AOI082 

Repair Type: 02G. 
Repair Class: SN 
Service Code: 20049 
Supply Division: 4800 

TITLE: 

PROBLEM: 

SYMPTOM: 

PREMATURE SPINDLE MOTOR FAILURES 

7933/35/H/XP disc drives shipped between February and 
June 1986 have been experiencing premature spindle motor 
failures. One of DMD's bearing vendors made a manufac­
turing change that, under certain conditions, can cause 
the bearing seal to rub in the bearing race, resulting 
with excessive bearing friction. 

The symptoms associated with this problem are most apt 
to appear as a spindle failure while attempting to spin 
the drive up after it was spun down after an extended 
period of operation. Failures may also occur during run 
time operation. Spindle failures related to this problem 
will always be accompanied with specific TERR and DERR 
faults indicating either a spindle motor problem and/or 
a loss of spindle speed (i.e. HFR=%XXI or %XX3). The 
specific faults are: 

1. TERR 136 - Spindle won't rotate. 
2. TERR 141 - Spindle didn't reach speed in time. 
3. TERR 187/188 - See note. 
4. TERR :225/238 - See note. 
5. TERR 253/DERR 64 - See note~ 

PD/ss 2/87-48 
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Note: The HFR will always indicate a loss of 
spindle speed (HFR=%XXI or %XX3). 

SOLUTION: If a 7933/35 disc drive listed in the above serial 
number ranges fails with one or more of the symptoms 
described, replace the spindle motor. 

FSI spindle motors (part number 07930-69036) should be 
inspected. If the spindle motor date code is 2609 
through 2627, return the spindle motor to SMR. The date 
code can be found on the white tag located on the top of 
the mounting flange near the spindle hub. 

WARRANTY: DMD will extend warranty through March 1, 1988. Extended 
warranty will cover parts only (part number 07930-69036) 
for the replacement of the original spindle motor on failure 
only. Labor and travel are not covered under extended 
warranty. 

***************************************************************** 
* NOTE: To receive proper credit for extended warranty, the * 
* date code attached to the defective spindle motor * 
* must be entered in the REPAIR DETAILS field of the * 
* CSO. The date code is found on a white tag as shown * 
* below, where XXXX represents the date code. * 
* 
* 
* 
* 
* 
* 

48-XXXX 
Made in U.S.A. 

* 
* 
* 
* 
* 
* 

***************************************************************** 

***************************************************************** 
* NOTE: When completing the customer Support Order (CSO) Form * 
* the SERVICE CODE block must be filled in with "20049". * 
* This code will allow DMD to monitor the implementation * 
* of this service note and prevent rejection of warranty * 
* billing. * 
***************************************************************** 
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7933H-27 

7933Xp-06 

7935H-27 

7935XP-06 

SERVICE NOT E 
Supersedes: 

APPLIES TO: All Unit. 0 

PERFORM: 
ImmedIately 0 

On Failure 0 
At PM/Normal Call 0 

MODELS AFFECTED: InformatIon Only 0 

1933H 
7933XP 

WARRANTY: EXTENDED NORMAL NONE 
7935H 
7935XP 

LABOR: 
PARTS: 

TRAVEL: 

x 
X 

X 

PARTS AFFECTED: 
07930-10310 

MR6 . 3 FIRMWARE 

SERVICE Return for update. 0 
INVENTORY Return for .. I .. age 0 

Use all ill 0 
See telCt 0 

WARRANTY EXTENDED UNTIL: N/A 

SERIAL NUMBERS: All drives ~ith serial 
prefix earlier than 2714. 

TITLE: NEW FIRMWARE REVISION MR6.3 

SYMPrOM:- During the head unload· sequence aDERR49 (sector compare­
error) message will appear on the front panel. The DERR 
49 is not logged in the drive's Fault Log, nor reported 
to the host system. This is a nuisance problem only and 
does not affect drive reliability or data integrity. 

PROBLEM: Under certain conditions the current firmware can cause 
a flag in the firmware code to have an incorrect value. 
This causes one sector in one of the four maintenance 
track copies to be incorrectly written with ~~ illegal 
sector address. Since there are four redundant copies 
of the maintenance information this error should not be 
reported by the front panel. 

SOLUTION: The 7933/35 firmware has been changed from MR6.2 to MR6.3 
(part number 07930-10310). This new revision of firmware 
eliminates the possibility that the firmware flag will be 
incorrectly set. Currently all 7933/35 "g" and "XP" 
disc drives are shipped with MR6.3. 

By SS 

9320-4766 (1/83) 

The MR6.3 firmware change fixes a nuisance problem only 
and has no effect on drive reliability, performance, or 
data integrity. Therefore, there is no need to upgrade to 
MR6.3 firmware unless a drive is experiencing the DERR 49 
message during a head unload. The DERR 49 message can 

4/27/87 PeO # 4800 

rh~ HEWLETT .de. PACKARD 

FOR MORE INFORMATION CALL YOUR LOCAL HP SALES OR SERVICE OFFICE or East (201) 
265-5000 * Midwest (312) 255-9800 * South (404) 955-1500 * West (213) 970-7500 
or ~415) 968-9200 OR WRITE, Hewlett-Packard, 1820 Embarcadero, Palo Alto, 
California 94303. IN EUROPE, CALL YOUR LOCAL HP SALES or SERVICE OFFICE or 
WRITE, Hewlett-Packard S.A., 7, rue du Bois-du-Lan, P.O. Box, CH1211 Meyrin 
2 - Geneva, Switzerland. IN JAPAN, Yokogawa-Hewlett-Packard Ltd., 1-27-15, 
Yabe Sagamihara City, Kanagawa Prefecture, Japan 229. 
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also be eliminated by re-formatting the maintenance 
tracks. 

Note: This is not a mandatory update service note. An 
upgrade kit to upgrade from earlier firmware 
revisions to MR6.3 is not available. The entire 
MR6.3 firmware set must be purchased, order part 
number 07930~-10310. 

FSI inventory of existing MR6.2 firmware (07930-19210) 
should be returned to CPC/PCE for credit. 

WARRANTY: None. This is an information only service note. 

2 of 2 
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7933/35H-28 

S E R V C E NOT E 
Supersedes: None SUPERSEDES: I 

APPLIES TO: All Unots C!{ Only Unots on Agreement a 

PERFORM: 
Immediately a At PM/Normal Call a 

On Failure a Information Only M 

MODELS AFFECTED: 

7933H 7935H 
WARRANTY: EXTENDED NORMAL NONE 

Option H22 Only 
(Dual Port) 

LABOR: 
PARTS: 

TRAVEl: 

SERVICE 
INVENTORY 

Return for update a 
Return for salvage a 

PARTS AFFECTED: 
07930-10409 
MR5.5 FIRMWARE 

WARRANTY EXTENDED UNTIl: N/A 

SERIAL NUMBERS: All Option H22 drives with serial 
prefix ~arlier than 2715 

TITLE: NEW FIRMWARE REVISION FOR DUAL PORT DRIVES ONLY 

SYMPTOM: The addition of the second DMA PCA in a dual port 
configuration (Option H22) can cause the data transfer 
rate to decrease by as much as 30% during data transfers 
in excess of 23 kbytes (one track). 

X 
X 
X 

Use as is II 

See text a 

PROBLEM: When a head switch occurs during a data transfer the 
firmware unnecessarily interrogates the second DMA HPIB 
channel. As a result, the target sector immediately after 
the head switch is missed, which automatically induces a 
rotational latency. 

SOLUTION: The dual port firmware code has been modified to inhibit 
the interrogation of the second DMA HPIB channel during 
a head switch. This modification has resulted in new 
firmware revision MRS.5 for dual port drives. A seven 
PROM MR5.5 firmware set is available for updating exist­
ing dual port drives (part number 07930-10409). 7933j35H 
disc drives ordered with the dual port option H22 will 
be shipped with MR5.5 firmware. 

PO/ss 5/87-48 

9320-4766 (1/83) 
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SERVICE OFFICE OR WRITE, HewIen~Kkard SA., 7, rue du So-.csu-Len, P_O. Sox, CH-1217 Mevrin 2 - Geneve, Switzerland. IN JAPAN, Yokogawa-HewI.n~ackard Ltd., 

1-27-15, Yabe Sagamihara City, K~ Pr.fac;tura.Japan 229. 
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Due to the small number of dual port 7933/35 disc drives 
in use, MRS.S firmware has been set up for dual port use 
only. MRS.4 firmware will remain available for support­
ing non-dual port drives with the old style microproces­
sor peA (07930-6X002). (Refer to Service Note 7935H-23 
for detail s). 

WARRANTY: None. This is an information only service note. 
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B-1. Introduction 

8-2. Product Overview 
The HP 7933XP and theHP 7935XP Controller Cache Disc Drives are high performance versions of the 
HP 7933H and the HP 7935H. The higher performance is achieved by adding one megabyte of memory to 
the disc drive controller. Existing HP 7933H and HP 7935H Disc Drives can be upgraded to the "XplI con­
figuration by installing the HP 97930XP Upgrade Kit. The one-megabyte controller cache memory is ac­
complished by changing to a new DMA PCA, adding a CACHE PCA, and changing to a new revision of 
firmware. HP 7933/35H Disc Drives having serial numbers prefixed 2337 and below contain a 
Microprocessor PCA (part no. 07930-60002). The 97930XP Upgrade requires a MicroprocessoF PCA (part 
no.07930-6X302). The added one-megabyte random access memory (RAM) keeps the last 255 active areas 
(16 sector blocks) of the disc so that future accesses to these same areas may be provided to the host 
without a physical read actually occurring. The objective of this "controller cache" memory is to decrease 
the overall disc response time and increase system throughput. The amount of system performance im­
provement will vary depending upon individual system configuration and program application. 

The controller cache is implemented as 255 blocks, or pages, of 4096 bytes (16 sectors) each. When the host 
requests a read, the cache memory will be searched to determine if the entire request can be satisfied from 
cache. If the request cannot be satisfied from cache, a physical read from the disc will be initiated. When 
a physical read is 4096 bytes or less, a full 4096 byte read will be initiated beginning at the start address 
requested by the host and the entire 4096 bytes will be stored in cache. When a new block is needed, the 
least recently used block is made available for the transfer. 

When the host requests a write, controller cache will be searched for all domains which overlap the area to 
be written. If the entire write request will fit into one cache block, that block will be updated and retained, 
and all other cache blocks will be flushed from cache memory. If the data to be written is not in a cache 
block, the data from the write will be written onto the disc, but it will not be retained in cache. The cache 
will not provide immediate response for writes and the host will have to wait for write operations to 
complete. 

8-3. Objective 
The objective of this guide is to familiarize CE's with the new HP 7933/35XP Controller Cache Disc 
Drives. It is expected that the CE has already had 200 level training on the HP 7933/35H disc products. It 
is not necessary to have an HP 7933/35XP drive at your disposal to study this guide, but if one is available, 
it would be useful for familiarization purposes. 

After studying this guide, a CE will be qualified to install and service HP 7933/35XP drives and the 
97930XP upgrade kit. 
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The f oHowing topics will be discussed: 

1. Product Overview 

2. Theory of Operation 

3. Diagnostic and Utilities 

4. Troubleshooting 

8-4. Related Manuals 
The following manuals provide additional application and technical information about controller cache. 

• General Information Manual (part no. 5953-3670) 
• Application Engineering Manual (part no. 5953-3672) 
• 97930XP Upgrade Kit Installation Manual (part. no. 07930-90911) 
• HP 7933 and 7935 Service Manual (part no. 07930-90903) 
• HP 7933 and 7935 CE Handbook Section (part no. 07930-90905) 
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B-5. Theory Of Operation 

8-6. Hardware 

B-7. Standard DMA PCA 
As a review, the basic block diagram of the standard DMA is shown in figure B-1. A brief iJlustrated de­
scription follows figure B-1. A thorough discussion on the theory of operation of the DMA PCA can be 
found in the 7933 and 7935 Disc Drive Service Manual. 

B-8. COMA PCA 
The addition of the one-megabyte controller cache memory used in the HP 7933/35XP drives is ac­
complished by replacing the standard DMA PCA with the COMA PCA, and adding an additional CACHE 
PCA. The functional block diagram of the CDMA and the CACHE PCA is shown in figure B-2. The 
CDMA- PCA-is functionaHy--thesameasthestandard-DMA PCA-, with- three major changes. The DATA­
RAM has been removed and replaced by the CACHE PCA, and a REFRESH TIMER and CACHE ERROR 
DETECTION has been added. 

8-9. Host Reads 
When the host requests a read that is less than or equal to 4096 bytes, controller cache will be searched to 
determine if the entire request can be satisfied from one cache block. If the request cannot be satisfied 
from one cache block, a physical read will take place beginning at the start address requested by the host 
and encompassing a full 4096 byte block. This block will then be stored in cache DRAM array. 

If the read request is greater than 4096 bytes, cache will not be searched. The request will be handled by 
the 4096 BYTE STATIC RAM on the CACHE PCA (this is identical to the Data RAM on the standard 
DMA PCA). The data will not be stored in the DRAM array. 

If sections of a read can be satisfied from several blocks, but the entire request cannot be satisfied from 
one block, a physical read will occur to read in a full 4096 byte block that contains the entire request. The 
blocks that contain the overlapping data will not be flushed from cache until a write of that data is 
requested. If a read request can be satisfied from more than one block, the first block found that contains 
the entire request will be used. When a new block is needed in the cache to satisfy a request, the least 
recently accessed block will be made available for the transfer. 

8-10. Host Writes 
When the host requests a write, controller cache will be searched for all blocks which overlap the area to 
be written. If the write request resides in one cache block, the amount written by the host will be updated 
in the cache block, physically written to the disc and retained. (The updating of cache, and the physical 
write actually occur simultaneously. There is a millisecond overhead for the search of controller cache.) 
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Any write request that resides in controller cache but is greater than 4096 bytes, or is present in more than 
one cache block (overlapping), will be flushed from cache, and physically written to disc. If the data to be 
written is not in controller cache at all, the physical write will occur and the data will not be retained in 
controller cache. The net effect of the write operation is that controller cache will not provide immediate 
response for writes. The host will have to wait for physical writes to disc to complete. 
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Figure 8-1. Standard DMA Block Diagram 
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8-11. Standard DMA Functional Description 

B-12. HP-IB Interface 

MICRO­
PROCESSOR 
DATA BUS 

MICRO­
PROCESSOR 

ADDRESS BUS 

FORMATTER/ 
SEPARATOR 

Controls the interfacing between the host and the disc drive. Drive commands are sent to the microproces­
sor and data is routed to the DATA RAM. 

8-13. Data Ram 
The 4096 bytes of static RAM allow for buffering up to 16 sectors of data. All data em"oute to or from 
the disc drive must pass through the DATA RAM. 
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8-14. Header Ram 
The HEADER RAM is used to store the preamble and postamble information during each sector of disc 
access, 

8-15. SERDES 
The serializer/deserializer (SERDES) changes serial data from the disc to parallel bytes for buffering and 
subsequent transfer over the HP-IB. The SERDES also changes parallel data enroute to the disc into a 
serial data stream. 

6-16. CRC/ECC 
The CRC/ECC module adds redundant information to the data during a write operation. On a read, the 
CRC/ECC module examines the data and the redundant information to determine if an error has occurred. 
It can detect and correct errors 12 bits or less in length, and detect errors greater than 12 bits in length. 

8-17. DMA State Machine 
The state machine controls the data transfer through all portions of the DMA peA. The state machine is 
controHedby the microprocessor through theDMA_Controland St~t~lS registers, 

8-18. Control And Status Registers 
The Control and Status Registers are accessed by the microprocessor through the microprocessor interface. 

8-19. Microprocessor Interface 
Interfaces the DMA PCA with the microprocessor through the microprocessor data and address busses. 

6-20. 12 MHz Clock 
Supplies the clock required by the Transfer Control State Machine. 

6-21. Ram Address Counter 
The RAM address counter is used to address the proper RAM addresses during data transfers. 

8-22. Controller Cache Functional Description 

6-23. Cache Error Detection 
The cache error detection circuitry provides double bit error detection and single bit error correction for 
the CACHE PCA. A 5 bit hamming code is encoded with each byte of read or write data transferred to 
the CACHE PCA. When the data is transferred back to the CDMA PC A, the hamming code is decoded to 
ensure the integrity of the data. If a single bit error is detected, it is corrected and the data is passed on to 
the host (read) or to the disc (write) without generating an error status. If the error detection circuitry 
detects a double bit error, the microprocessor is flagged, a DERR 110 is entered in the Fault Log, and an 
UNCORRECT ABLE DATA status is sent to the host. It is impoitant to note that the cache error detection 
circuitry only ensures the data integrity of the data as it is transferred through the CACHE PCA. 
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8-24. Refresh Timer 
The dynamic RAM (DRAM) used on the CACHE PCA requires a refresh cycle every 15 microseconds to 
re-write the contents of each bit cell in the 1 Mbyte memory array. The refresh timing signal is derived 
from the 12 MHz oscillator used by the state machine on the COMA PCA. The actual refresh control cir­
cuitry is on the CACHE PCA. 

8-25. Cache PCA 
The CACHE PCA is located in card cage slot AS and is interconnected with the CDMA PCA through a 
ribbon cable. The microprocessor data bus and address bus are connected to the CACHE PCA by way of 
the Motherboard. Fundamentally, the CACHE PCA replaces and expands the data RAM that was removed 
from the OMA PCA. It also contains the additional circuitry necessary for controlling the CACHE paging 
scheme. 

8-26. Dram Array 
The 1 Mbyte DRAM array is the actual cache memory array use for disc caching. The array is 13 bits wide 
(8 data bits and 5 hamming bits for error detection) and contains 1,048,576 addresses. The array can be ad­
dressed through the multiplexer on the address bus by the COMA address counter for data transfers; by the 
refresh address counter formernory refresh cycling~ and by the microprocessor via the microprocessor ad­
dress bus for diagnostic purposes. 

8-27. Static Ram 
The 4096 byte static RAM is identical to the data RAM on the standard OMA with the exception of the 
additional 5 hamming bits for error detection. The static RAM is only used when a continuous data trans­
fer exceeds 16 sectors, or if disc caching has been disabled. The static RAM is addressed through a multi­
plexer by the CDMA address counter for data transfers, or by the microprocessor address bus for diagnos­
tic purposes. 

8-28. Control Logic 
The function of the control logic is to manage the operations on the CACHE PCA. It uses inputs from the 
microprocessor and the COMA control logic to control the addressing of the static and dynamic RAM ar­
rays on the CACHE PCA. 

8-29. Page Register 
The page register selects the appropriate page from the 255 pages (4096 bytes each) of cache memory as 
requested by the microprocessor via the microprocessor data bus. 

8-30. Refresh Address Control 
The refresh address control addresses the appropriate portion of the DRAM array to be re-written during 
the refresh cycle. It receives its timing from the COMA. 
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8-31. Diagnostics And Utilities 

The controller cache firmware used in the 7933/35X P products include some new diagnostics and utilities. 
The major change in the diagnostics is the addition of a memory test on the cache RAM during the power­
on diagnostic. This diagnostic will report any errors found during the test and disable cache if the memory 
diagnostic fails. New utilities in firmware will allow the host to disable cache and access the Cache Error 
Log and Cache Statistics Table. 

8-32. Diagnostic Error Handling 
Controller cache diagnostics consist of four separate read/write/compare data tests added to microdiagnos­
tic Test 14. All tests perform the same type of test, but the data written to the memory changes. In the 
first test, zeros are written to every cache page. After all pages are written, all pages are checked to ensure 
that zeros are still found. In the second test, the pattern is changed to all ones and the test is repeated. Test 
three is a repeat with a different pattern in each page going forward. (Page 0 contains O's, page I contains 
l's etc.) In test four, the test is repeated with a different pattern going backward. (Page 255 contains 0, 254 
contains 1 etc.) 

In all four tests, if one or more correctable errors are found in a page, the error log of correctable errors is 
incremented by 1. If one or more uncorrectable errors are found in a page, the error log of uncorrectable 
errors is incremented by 1. Note that every byte in the cache could be bad and we will only increment the 
count once per page per test. All diagnostics, including the controller cache tests of Test 14 are run at 
Power-On, and if initiated from the HIO. However, if Test 00 is initiated by the system host, or an HP 85, 
after Power-On, Test 14 will be run without the controller cache tests. 

After Power-On, if Test ) 4 is initiated by specific request from the HIO, the system host, or the HP 85, the 
controller cache tests will be included. If the data comparison test fails at any point, the test will create a 
TERR entry in the Fault Log, and the diagnostic will terminate. The zero and one tests will generate a 
TERR 71 and the different pattern in each page tests will generate a TERR 72 in this case. 

At the end of the diagnostic, if any uncorrectable errors have been found, (uncorrectable count incre­
mented), a TERR 71 will be generated. 

The Cache Error Log values are only incremented by the DMA diagnostic. The error log values are initial­
ized to zeros by the Clear Logs command and by drive power-on. The diagnostic never resets the error logs 
counts to zero. 

8-33. Run-Time Error Handling 

During run-time processing, all correctable errors will be ignored. The firmware will not count the errors 
nor notify the host that they have occurred. All correctable error flags will simply be cleared by the 
firmware at the end of every transfer. 

If the uncorrectable error flag is set at the end of a transfer, the following action will be taken: 

1. A controller fault is generated to notify the host that bad data has been transferred to the host. 

2. A DERR 110 is entered into the Fault Log to indicate that an uncorrectable error occurred. 
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3. The entire controller cache is flushed and reinitialized so that the cache page which caused the error is 
the first page to be reused. 

If an uncorrectable error is found on three (3) consecutive transfers, the error is considered a hard, 
repeatable error and the following action is taken: 

( A controller fault is sent to the host to indicate a bad data transfer has taken place. 

2. A DERR 109 is entered into the Fault Log instead of the third DERR 110 to indicate a "hard" error. 

3. Controller cache is disabled. The cache status is set to the same state it is in when the DMA diagnostic 
fails. The host may not re-enable the cache. The cache will only be re-enabled if the drive successfully 
passes the DMA diagnostic. 

4. The following message is placed on the front panel to indicate that the cache subsystem has been dis­
abled: NOCACH * (where * is the HP-IB device address.) 

8-34. New Derr's 
The following are new DERR's which may be returned by a 7933/35 with cache installed: 

DERR MEANING 

104 A double bit error was detected in static RAM. The drive 
will allow reads but will block all writes to prevent des­
troying data on the disc. 

109 The cache detected three (3) DERR 110's in three 
consecutive transfers from the same cache page. Because 
of this repeatable error, the cache has been disabled. The 
operator is notified of this event with a message on the 
front panel. No message is sent to the host computer 
indicating that the status of the cache has changed. 
However, the host is notified of the bad data transfer by a 
controller fault which is returned by the drive. The drive 
will set the cache status byte in the cache statistics table 
to indicate that the cache was disabled because of RAM 
error. (See "Cache Statistic Tables" below) 

110 While performing a host transfer out of the cache memory, 
a double bit error was detected in the cache memory. When 
this DERR is returned, bad data has been transferred to the 
host if the operation was a read or bad data has been written 
to disc if the operation was a write. The host computer is 
notified of the uncorrectable by a controller fault status 
return. 
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8-35. New Terr's 
The following are new TERR's which may be returned by a 7933/35 with controller cache installed: 

TERR MEANING 

71 The memory failed a data write/read/compare test. The test was either 
writing zero's or one's to the cache memory and verifying the contents. 
This requires a double bit error in the cache memory if the Hamming er­
ror correction is working properly. This TERR is also returned when an 
uncorrectable error is found in the cache dynamic RAM array. 

72 The cache page addressing failed. Data was written to one page of the 
cache and it modified a different page. This could also be a pattern 
sensitivity in the cache memory. 

73 The cache failed to transfer data correctly from the cache memory to the 
disc media through the DMA. This could be either a DMA problem or a 
cache problem or the cable between them. 

74 The diagnostics found a data miscompare while testing the RAM used to 
store the cache tables. The table RAM is not accessed through the 
Hamming error correction so this error will be returned for a single-bit 
error in the table RAM. 

75 The diagnostics found an uncorrectable error while testing the 4K static 
RAM buffer. However, this RAM has already successfully passed a data 
compare test. Therefore, this could be an intermittent RAM failure or a 
failure in the Hamming error correction circuitry or the extra parity 
bits for the Hamming correction. 

If any of the above TERR's are returned by the DMA diagnostic, the drive will disable the cache subsys­
tem. In this case, the operator wiIJ be notified on the drive's front panel with the following message: 
NOCACH * (where * is the HP-IB device address.) 

8-36. Cache Control Utility 
A new utility has been added to the firmware to allow the host to enable or disable controller cache under 
software control. If the disc drive receives a request to disable controller cache and it is already disabled, 
the request will be ignored. And if the disc drive receives a request to enable controller cache and it is al­
ready enabled, the request will be ignored. There is no execution message. If the controller cache was dis­
abled by a diagnost.ic failure, this command will NOT enable it.. The only way to enable controller cache in 
this case is to successfully pass the DMA diagnostic (TEST 14) or the Power-On selftest. 

If a standard 7933/35 disc drive receives a Cache Enable/Disable command and the caching option is not 
installed, the drive will return an "Illegal Opcode" st.atus. 

The following events will cause the disc drive to enable controller cache: 
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1. Power On 
2. Device Clear command from host 
3. Cache Enable command from host 

The following events will cause the disc drive to disabie the cache 
system: 

1 .. DMA diagnostic failure 
2. Power-on self test failure 
3. Cache Disable command from host. 

8-37. Cache Error Log 
The Cache Error Log keeps count of the correctable (single bit) and uncorrectabJe (double bit) errors that 
occurred in the cache memory during the DMA diagnostic only. The purpose of this log is to allow CE's to 
run a controlled test and have visibility of every error found in the cache memory. The Cache Error Log 
does NOT contain any run time error information, nor is it in any way connected with the Error Rate Test 
(ERT) Logs or Run Logs. When a double bit error is found by the DMA diagnostic, A TERR 71 wiil be 
generated and the Cache Error Log will be incremented. The error counts in the Cache Error Log will be 
cleared by the drive under the following conditions: 

1 • Power-on and power fai 1. 
2. Clear Logs command with clear all parameter . 
'"l Clear I ~_~ ~~~~~ .......... ... ~ ... h ,.." 1,,~ """ .I"'"=lI"ho error ,,,,.. I"\-::. .... -::.mo+ol'" 0. LV~;:' vVllllliailU YV.l. \,11 V.1.C"1 '-'<.A'-'II-V ... ....,~ t-' ....... , looo'\, ......... ""-- • 

8-38. Cache Statistics Table 
The 7933/35XP disc drives keep statistics that allow the host to calculate the read hit ratio, the write hit 
ratio and the read/write ratio. The Cache Statistics table is read with the current Read Tables utility. 
These ratios are used to determine how effectively disc caching is being utilized. Additional information 
on these ratios and their relationship to system performance can be found in the Application Engineering 
Manual (P/N 5953-3672). The format of the Cache Statistics Table is as follows: 

Cache status 1 byte a - Cache enabled 
1 - Cache disabled by host request 
2 - Cache hardware not installed 
3 - Cache disabled because of RAM error 

May not be enabled by host. 
Blockwrite status 1 byte (Not used on the 7933/35XP) 
Page size (bytes) 2 bytes 
Number of pages 2 bytes 
Number of reads 4 bytes 
Number of read hits 4 bytes 
Number of writes 4 bytes 
Number of write hits 4 bytes 

The Cache Statistics Ta ble will be reset to zero in the following cases: 

1. Device Clear command from the host. 
2. Cache Enable command from the host. 
3. Cache enabled automatically by the drive (power on). 
4. Clear Cache Statistics command from the host. 
5. If any statistic counts overflows the 4 byte integer. 
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8-39. Troubleshooting 

Problems with the 7933/7935 disc drives with controner cache can be divided into two categories; cache re­
lated failures and non-cache related failures. The following discussion will explain some of the 
troubleshooting and diagnostic procedures for cache errors and also some considerations for troubleshoot­
ing non-cache problems on a drive with cache memory. The following discussion is not intended to be a 
complete troubleshooting guide for all types of 7933/7935 disc problems. Refer to the HP 7933 and HP 
7935 Disc Drive Service Manual (part no. 07930-90903), and the HP 7933/7935 CE Handbook (part no. 
07930-90905) for further details. 

8-40. Controller Cache Related Failures 
The primary diagnostic available for troubleshooting controller cache problems is the DMA diagnostic 
(TEST 14) resident in the 7933/7935 firmware. TEST 14 is used in conjunction with the Cache Error Log 
and the Fault Logs. Refer to paragraph B-31 and following. 

TEST 14 logs a count of all correctable (single bit) errors and uncorrectable (double bit) errors that are en­
countered during the diagnostic in the Cache Error Log. If an uncorrectable error is encountered during 
the DMA diagnostic, the uncorrectable error count is incremented, the appropriate TERR is logged in the 
Fault Log, and the diagnostic is terminated. Correctable errors encountered during the DMA diagnostic are 
only counted in the Cache Error Log. They do not generate a TERR entry in the Fault Log nor cause the 
diagnostic to terminate. 

8-41. Testing Controller Cache 
The following procedure is used to test cache memory. 

1. Clear Cache Error Log. 
2. Run one pass of diagnostic TEST 14. 
3. Read Cache Error Log and record contents. 
4. Repeat steps 1 through 3 two more times. 
5. Evaluate the contents of the Cache Error Log against the 

diagnostic error rate guidelines below. 
The Cache Error Log can not be accessed through the HIO front panel The HP 85 Service Tool, or a sys­
tem level utility program, is required to access the Cache Error Log. 
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8-42. Controller Cache Diagnostic Error Rate 
A. If there are 512 or more correctable errors per one pass of TEST 14, there is a hard failure. Replace 

the following parts in the order listed: 

1. CACHE PCA 
2. CDMA PCA 
3. MICROPROCESSOR PCA 

B. If there are less than 512 correctable errors per pass AND the correctable error count is different for 
each pass of TEST 14, there is a good chance of a cache hardware failure. Replace the parts in the or­
der listed in Step A. If errors continue at a variable rate, additional troubleshooting is required. 

C. If there is less than 512 correctable errors per one pass of TEST 14 and the error count is the same 
value for each pass, NO remedial action is required. This is an acceptable correctable error rate. 

D. Any DERR or TERR encountered during TEST 14 should be considered a hardware failure and the 
appropriate corrective action should be taken. 

B .. 43!1 Run Ti_me ControUerCacheErrorRate 
The following are guidelines for the number of cache related DERR's allowed logged in the Fault Log in 
terms of the total number of sectors read. 

Minimum # of 
DERR Sectors/DERR 

104 10 Million 
109 0 (see note) 
110 10 Million 

Any DERR 109 should be considered a hardware failure and 
appropriate action should be taken. 

8-44. Non-controller Cache Related Failures 

Troubleshooting non-cache related failures (i.e. seek errors, spindle rotation, etc) is similar to troubleshoot­
ing a standard 7933/7935 drive. But it is important to realize that when controller cach is enabled, there 
can be a significant reduction in the amount of physical seeks and reads occurring on the drive. This does 
not affect internal diagnostics such as a read only error rate test (RO ERT), but it can have a significant 
impact on some on-line tests such as WORKOUT or COLOSSUS. If these types of programs are used to 
physically exercise the drive, controller cache should be disabled. Otherwise, if the on-line programs are 
consistently accessing the same disc addresses, most, if not al1, of the data transferred will be between the 
host system and controller cache memory only. While this may be of some value for a system level exer­
cise, it is of little value for exercising all functional areas of the drive. In particular, the entire read/write 
chain including the head/media interface, and the servo/mechanical portion of the disc drive. Controller 
cache should be re-enabled after troubleshooting is completed. 

8-45. CS 80 External Exerciser 

To aid in troubleshooting and supporting 7933/7935 disc drives with cache memory, the following new 
commands have been added to the HP 85 CS/80 External Exerciser program, revision 2534 or later. 

8-15 



Controller Cache 7933 

- enables disc cache 
- disables disc cache 

CACHEON 
CACHEOFF 
CACHE STATUS 
CACHE LOG 
RESET STATS 

- shows status of disc cache (on, off, error, or not installed) 
- read cache error log 
- resets cache statistics table 

8-46. CS80UTIL Utility Program 

The CS80UTIL program has been enhanced in revisions A.02.01 or later to support the 7933XP /7935XP 
disc drives on HP3000 computer systems. The new commands are identical to the cache commands added 
to the External Exerciser program, with one exception. The CACHE STATUS command is replaced with 
CACHE ST ATS. With CS80UTIL, the CACHE ST ATS command not only shows the status of disc cache 
as described but it also provides the information required to calculate the read, the \\Trite and the 
read/write hit ratio as described in the Cache Statistics Table. 

An additional command has also been added to CS80UTIL that is helpful in running controller caching. 
The DIAG command allows internal diagnostics to be run on-line. With this command the DMA diagnostic 
(Test 14) can be run on-line. When the DIAG command is issued to a 7933/35 disc drive, it will terminate 
the command by initiating Test O. This is necessary because an other internal diagnostic tests cause the 
drive to spin down. Test 0 will run all power-on diagnostics, reload heads, and return the drive to "drive 
ready" status. 

CS80UTIL is the only on-line utility available to disable or enable disc caching on HP 3000 systems as there 
is no MPE command for this. In some instances it may be necessary to disable disc caching for 
troubleshooting or for performance measurement purposes. The following UDC's are suggested if there is 
a need to provide a method for the System Manager to disable/enable controller cache, or to access or reset 
the 'cache statistics table without running CS80UTIL directly. 

cacheon Idev::: "1" 
run cs80util.cs80.telesup;info:::"cacheon ! ldev" 
************************* 
cacheoff ldev:::"1" 
run cs80util.cs80.telesup; info:::"cacheoff ! Idev" 
************************* 
caches tats Idev="1" 
run cs80util.cs80.telesup;info="cache stats ! ldev" 
************************* 
resetstats ldev="1" 
run cs80uti1.cs80/telesup; info="reset stats ! Idev ll 

************************* 

8-47. HP 1000 Exer Program 

The foJIowing commands have been added to the EXER utility program for HP 1000 systems running 
RTE-A Revision 4.0 available from DSD. The command descriptions are the same as those listed for the 
External Exerciser above. 
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CACHEON 
CACHEOFF 
CACHE STATS 
RESET STATS 
CACHE LOG 



UNITED STATES: 
Hewlett-Packard Company 
4 Choke Cherry Road 
Rock ville, MD 20850 
Telephone: (301) 670-4300. 

Hewlett-Packard Company 
5201 Tollview Drive 
Rolling Meadows, IL 60008 
Telephone: (312) 255-9800 

Hewlett-Packard Company 
5161 Lankershim Blvd. 
North Hollywood" CA 91601 
Telephone: (818) 505-5600 

Hewlett-Packard Company 
200 South Park Place 
Atlanta, GA 30339 
Telephone: (404) 955-1500 

CANADA: 
Hewlett-Packard Ltd. 
6877 Goreway Drive 
Mississauga, Ontario L4VIM8 
Telephone: (416) 678-9430 

HEADQUARTER OFFICES 
If there is no HP Sales Office in your area, 
contact one of these headquarter offices. 

EUROPE/ AFRICA/MIDDLE EAST: 
Hewlett-Packard Company 
Central Mailing Department 
P.O. Box 999 
1180 AZ Amstelveens 
The Netherlands 
Telephone: (31) 20/5479999 

FAR EAST: 
Hewlett-Packard Asia Ltd. 
47/F China Resources Building 
26 Harbour Road, Hong Kong 
Telephone: (5) 833-0833 

JAPAN: 
Yokogawa-Hewlett-Packard Ltd. 
29-21 Takaido-Higashi 3-chrome 
Suginami-ku, Tokyo 168, Japan 
Telephone: (03)331-6111 

LATIN AMERICA: 
Hewlett-Packard de Mexico, 
Sp.A. de C.V. 
Monte Pelvux No. 111 
Lomas de Chapultepec 
11000 Mexico D.F., Mexico 
Telephone: (905) 596-7933 

AUSTRALIA/NEW ZEALAND: 
Hewlett-Packard Australia Ltd. 
31-41 Joseph Street, 
Blackburn, Victoria 3130 
Melbourne, Australia 
Telephone: (03) 895-2895 

04/88 

UNITED KINGDOM: 
Hewlett-Packard Ltd. 
Miller House -- The Ring 
Bracknell 
Berkshire RG 12 lXN, England 
Telephone: (4) 344/424898 



Flidl HEWLETT 
1Ii!~ PACKARD 

PRINTED IN U.S.A. 


	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	1-001
	1-002
	1-003
	1-004
	1-005
	1-006
	1-007
	1-008
	1-009
	1-010
	1-011
	1-012
	1-013
	1-014
	1-015
	1-016
	1-017
	1-018
	1-019
	1-020
	1-021
	1-022
	1-023
	1-024
	1-025
	1-026
	1-027
	1-028
	1-029
	1-030
	1-031
	1-032
	1-033
	1-034
	1-035
	1-036
	1-037
	1-038
	1-039
	1-040
	1-041
	1-042
	1-043
	1-044
	1-045
	1-046
	1-047
	1-049
	1-050
	1-051
	1-052
	1-053
	1-054
	1-055
	1-056
	1-057
	1-058
	1-059
	1-060
	1-061
	1-062
	1-063
	1-064
	1-065
	1-066
	1-067
	1-068
	1-069
	1-070
	1-071
	1-072
	1-073
	1-074
	1-075
	1-076
	1-077
	1-078
	1-079
	1-080
	1-081
	1-082
	1-083
	1-084
	1-085
	1-086
	1-087
	1-088
	1-089
	1-090
	1-091
	1-092
	1-093
	1-094
	1-095
	1-097
	1-099
	1-101a
	1-101b
	1-101c
	1-101d
	1-103a
	1-103b
	1-105a
	1-105b
	2-01
	2-02
	2-03
	2-04
	2-05
	2-05A
	2-05B
	2-06
	2-07
	2-08
	2-09
	2-10
	3-01
	3-02
	3-03
	3-04
	3-05
	3-06
	3-07
	3-08
	3-09
	3-10
	4-01
	4-02
	4-03
	4-04
	4-05
	4-06
	4-07
	4-08
	4-09
	4-10
	4-11
	4-12
	5-001
	5-002
	5-003
	5-004
	5-005
	5-006
	5-007
	5-008
	5-009
	5-010
	5-011
	5-012
	5-013
	5-014
	5-015
	5-016
	5-017
	5-018
	5-019
	5-020
	5-021
	5-022
	5-023
	5-024
	5-025
	5-026
	5-027
	5-028
	5-029
	5-030
	5-031
	5-032
	5-033
	5-034
	5-035
	5-036
	5-037
	5-038
	5-039
	5-040
	5-041
	5-042
	5-043
	5-044
	5-045
	5-046
	5-047
	5-048
	5-049
	5-050
	5-051
	5-052
	5-053
	5-054
	5-055
	5-056
	5-057
	5-058
	5-059
	5-060
	5-061
	5-062
	5-063
	5-064
	5-065
	5-066
	5-067
	5-068
	5-069
	5-070
	5-071
	5-072
	5-073
	5-074
	5-075
	5-076
	5-077
	5-078
	5-079
	5-080
	5-081
	5-082
	5-083
	5-084
	5-085
	5-086
	5-087
	5-088
	5-089
	5-090
	5-091
	5-092
	5-093
	5-094
	5-095
	5-096
	5-097
	5-098
	5-099
	5-100
	5-101
	5-102
	5-103a
	5-103b
	5-105a
	5-105b
	6-01
	6-02
	6-03
	6-04
	6-05
	6-06
	6-07
	6-08
	6-09
	6-10
	6-11
	6-12
	6-13
	6-14
	6-15
	6-16
	6-17
	6-18
	6-19
	6-20
	6-21
	6-22
	6-23
	6-24
	7-01
	7-02
	7-03a
	7-03b
	7-03c
	7-03d
	7-04
	7-05
	7-06
	7-07
	7-08
	7-09a
	7-09b
	7-10
	7-11
	7-12
	7-13
	7-14
	7-15
	7-16
	A-01
	A-02
	A-03
	A-04
	A-05
	A-06
	A-07
	A-08
	A-09
	A-10
	A-11
	A-12
	A-13
	A-14
	A-15
	A-16
	A-17
	A-18
	A-19
	A-20
	A-21
	A-22
	A-23
	A-24
	A-25
	A-26
	A-27
	A-28
	A-29
	A-30
	A-31
	A-32
	A-33
	A-34
	A-35
	A-36
	A-37
	A-38
	A-39
	A-40
	A-41
	A-42
	A-43
	A-44
	A-45
	A-46
	A-47
	A-48
	A-49
	A-50
	A-51
	A-52
	A-53
	A-54
	A-55
	A-56
	A-57
	A-58
	A-59
	A-60
	A-61
	A-62
	A-63
	A-64
	A-65
	A-66
	B-01
	B-02
	B-03
	B-04
	B-05
	B-06
	B-07
	B-08
	B-09
	B-10
	B-11
	B-12
	B-13
	B-14
	B-15
	B-16
	xBack1
	xBack2

