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PREFACGE

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.

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-spindle 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:

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

e 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).

e 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.

e Section IV, Alignment and Adjustment, provides step-by-step alignment and adjustment
procedures for the disc drive.

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

e 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.

e 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.

e Appendix A, Service Notes

e Appendix B, Controller Cache Service Information

ili/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.

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.

E -~ >

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.

CAUTION

SAFETY EARTH GROUND - This is a safety class [
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

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 avoid 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.

Xi/xii






THEORY OF OPERATION

SECTION

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 builtdin

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) Al2.

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 rail assem-
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.

o Regular PCA-A1

e Actuator Driver PCA-A2

e Servo PCA-A3

® Microprocessor PCA-A4

e Disc Memory Access (DMA) PCA-A6
¢ Formatter/Separator PCA-A8

e Track Follower PCA-A9

e Read/Write PCA-A10

® Motherboard PCA-A11

e Spindle Driver PCA-A12

e DC Power PCA-A13

¢ Control Panel PCA-A14

e Data Input PCA-A15 (part of Al4)

® TLoad/Unload PCA-A16 (part of A14)
e HP-IBPCA-A17

® Actuator Status PCA-A18

¢ Emergency Retract PCA-A20 (part of A2)
e Line Filter PCA-A21

Controller Cache PCA’s (see Appendix B):

e Cache PCA-A5
¢ CDMA PCA-A6

Ten of the PCA’s (A1l through A4, A6, A8 through Al1,
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-A1l. Regulator PCA-
Al contains +5 Vdc, +12 Vdc, and -12 Vdc regulated
supplies that provide operating power for the PCA’s
housed in the card cage. Unregulated dc voltages are
input to PCA-A1 from dc power PCA-A13 in the power
module via a cable assembly. Regulator PCA-A1 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-AA4 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 dise drive to the system host
computer through the Hewlett-Packard Interface Bus

Theory of Operation

(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-AS.
Formatter/Separator PCA-A8 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 PCA-A8 where it is encoded
and precompensated before being transmitted to read/
write PCA-A10. During a read operation, data from
read/write PCA-A10 is analyzed by decoder circuitry
on PCA-AS8 to define the data recorded and then it is
clocked into the serial/parallel data conversion circui-
try on PCA-A6. The 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-A10 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-A10
into a series of narrow pulses coincident with zero
crossings. These signals are sent to formatter/separa-
tor PCA-A8 for decoding and further processing. In
the write mode, PCA-A10 changes the encoded write
data from formatter/separator PCA-AS8 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. MOTHERROARD PCA-A11. Mother-
board PCA-A11, 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-A1l1 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-Al in
the card cage.

1-18. 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-AlS6.

e Accepts input from the air pressure sensor.
e Displays status messages from the microprocessor.

e 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.

1-4
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1-21. HP-IBPCA-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-A18.
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. Spindie 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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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-
tive. Sectors are spared by the controller. Should more

(38 CLir T as COLwi Vs wela 1

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-
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rent track has been transferred. Head switching is
sequential, that is, head 1 will be selected after head 0,
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The data field is used to store 256 bytes of data. Each — | | DATA
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-A11l. 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

7933

Direction

(1)

MNEMONIC DEFINITION SOURCE FUNCTION
AO-H thru | Address Bus, PCA-AY Microprocessor address
All-H bits O thru 11 (1) bus, bits 0 through 11.
ACTSL-L Actuator Select PCA-AL Actuator driver PCA-A2
(1) select line.
ACTTST Actuator Test PCA-A2 Analog test signal
(4) from actuator driver
PCA-A2.
BF1SL-L Buffer 1 PCA-AY DMA no. 1 buffer select
Select (1) line.
DO-H thru | Data Bus, PCA-AY Microprocessor bidirect-
DT7-H bits 0 thru 7 (1) ional data bus, bits
0 through 7.
DM1SL-L DMA No. 1 PCA-AY DMA no. 1 register
Select (1) select.
DOPEN-H Door Open PCA-A1L Top door open flag.
(2)
EC1SL-L ECC No. 1 PCA-AY DMA no. 1 ECC select
Select (1) line.
ER-H Emergency PCA-A20 Emergency retract flag.
Retract (4) Signal is active (high)
when an emergency retract
oceurs.
FSSEL-L Formatter/ PCA-AY Formatter/separator
Separatoer (1) PCA-A8 select line.
Select
HIOAO-H Control PCA-AY Microprocessor control
thru Panel Address (1) panel address bus, bits
HIOA2-H Bus, bits O 0 through 2.
thru 2
HIODO-H Control Panel PCA-AY4/ Control panel
thru Data Bus bits PCA-AlL bidirectional data bus,
HIODT-H 0 thru 7 (1,2) bits 0 through 7.
HIODR-L Control Panel PCA-AY4 Microprocessor control

panel bus direction
command.
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Table 1-1. Microprocessor Control System Mnemonics (continued)
MNEMONIC DEFINITION SOURCE FUNCTION
HIORD-L Control Panel PCA-AlL Microprocessor control
Read (1) panel read command.
HIOSL-L Control Panel PCA-AY4 Control panel PCA-Alk
Select (1) select line.
HIOWR-L Control Panel PCA-Ak Control panel PCA-AlkL
Write (1) write command.
HRST-L Control Panel PCA-AYL Control panel PCA-Alk
Reset (1) reset line.
IL5-L Interlock PCA-AL Interlock line. (Not
(1) shown in figure 1-15.)
I1L6-L Interlock PCA-AL Interlock line. (Not
(1) shown in figure 1-15.)
IO1SL-L I/0 No. 1 PCA-AY DMA no. 1 PHI select
Select (4) line.
IP-L Index Pulse PCA-AQ Index timing pulse.
(&)
MBSEL-L Motherboard PCA-AY Motherboard PCA-All
Select (1) select line.
MRST-L Master Reset PCA-Al Master power-on reset
(6) line.
NMI-L Nonmaskable PCA-AY Microprocessor non-
Interrupt (1) maskable interrupt.
OFTRK-H Off-Track PCA-AQ 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-Al Microprocessor read
(1) command.
REGSL-L Regulator PCA-AL Regulator PCA-Al select
Select (1) line
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Table 1-1. Microprocessor Control System Mnemonics (continued)

7933

MNEMONIC DEFINITION SOURCE FUNCTION
RWFLT-H Read/Write PCA-A1O Read/write fault flag.
Fault (5) Signal is active (high)
for write with no dc,
write with no ac, dc with
no write, and multi-head
fault.
RWTST Read/Write PCA-AlQ Analog test signal
Test (5) from read/write PCA-A10.
S0S-L Start of PCA-AQ Start of sector pulse.
Sector (4)
SPDDN-H Speed Down PCA-Al12 Spindle driver PCA-A12
(3) speed down flag. Signal
is active (high) when
spindle speed drops.
SPDSL-L Spindle Select PCA-Al Spindle driver PCA-A12
(1) select line.
SPSPD-H Spindle Is PCA-A12 Spindle driver PCA-A12
Is Rotating (3) signal indicating that
spindle is rotating.
SRVSL-L Servo Select PCA-AY Servo PCA-A3 select line.
(1)
SRVIST Servo Test PCA-A3 Analog test signal input
(4) from servo PCA-A3.
TFFLT-H Track Follower PCA-A9Q Track follower PCA-AQ
Fault (%) fault flag. Signal is
active (high) when phase-
locked loop error occurs.
TFSEL-L Track Follower PCA-AY Track follower PCA-AQ
Select (1) select line.
TFTST Track Follower PCA-AQ Analog test signal input
Test (W) from track follower
PCA-AQ.
WR-L Write PCA-AY4 Microprocessor write
(1) command.
540 Hz-H 540-Hz Clock PCA-AY 540-Hz clock signal to

(1)

spindle driver PCA-Al2.
(Actual frequency is

538.7931 Hz.)
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Table 1-1. Microprocessor Control System Mnemonics (continued)

MNEMONIC DEFINITION SOURCE FUNCTION
Yy MHz-H L-MHz Clock PCA-AL 4-MHz self test signal
(1) to track follower PCA-A9.
+12 TST +12V Test PCA-Al +12 Vdc test input to
(6) analog-to-digital

converter. The input is
a division of +12 Vdec.

-12 TST -12V Test PCA-Al -12 Vdc test input to

(6) analog-to-digital
converter. The input is a
division of -12 Vdc.

1-13
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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 channel 1 is the
zero count output of channel 0. 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 channel 1. 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 1/0 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/0 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 (A0-H through A11-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, ete.). 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-A12.

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 derived from the 538.7931-Hz clock

logic. The 538.7931-Hz clock is obtalned 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: 1/0
selects and memory-mapped selects. The memory-
mapped selects are active only during a memory oper-
ation and the I/0 selects are only active during an
1/0 operation. The only I/0 selects are the two PHI
selects, the control panel select, the analog-to-digital
converter select, and the counter/timer select.

Selects for the two DMA PCA’s are arranged so that
both PCA’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.

Theory of Operation

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 A/D 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 A/D converter consists of setting up
the multiplexer in the control register and waiting for
the multiplexer to settle, writing to the A/D 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 (D0-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 BF1SL-L, DM1SL-L, ECC1ISL-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 any one 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-A15, and load/
unload PCA-A16. 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-A14 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-A15 and
load/unload PCA-A16 are subassemblies of PCA-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-A186, 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 (HIODO0-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. Qutput from the absolute filter pressure-
sensitive switch (S1) 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
MNEMONIC DEFINITION SOURCE FUNCTION
ACTIVE Activity LED PCA-A1L Address decoder output to
LED (2) activity indicator driver.
DO-H Top Door PCA-A1Y Microprocessor interface input
Open (2) from top door closed sensor.
Signal is inactive (low) when
top door is closed.
DOFF -H Door Open PCA-A1Y Microprocessor interface input
Flip-Flop (2) from the top door latch
solenoid driver circuit.
DOPEN-H Top Door PCA-A1L Top door open flag returned
Open (2) directly to microprocessor
PCA-AN. Signal prevents spin
up of spindle motor when top
door is open.
FLTR-L Filter PCA-A1Q 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-Ak4 Microprocessor contrel panel
thru Address Bus, (1) address bus, bits 0 through 2.
HIOA2-H bits 0 thru 2
HIODO-H Control Panel PCA-Ak Microprocessor control panel
thru Data Bus, (1) bidirectional data bus, bits
HIODT-H bits 0 thru 7 0 through 7.
HIODR-L Control Panel PCA-AL Microprocessor control panel
Direction (1) bus direction command.
HIORD-L Control Panel PCA-AkL Microprocessor control panel
Read (1) read command.
HIOSL-L Control Panel PCA-AL Microprocessor control panel
Select (1) select line.
HIOWR-L Control Panel PCA-AY4 Microprocessor control panel
Write (1) write command.
HRST-L Control Panel PCA-AhL Microprocessor control panel
Reset (1) reset line.
LD-L Load/Unload PCA-A1L Microprocesor interface input

(2}

from LOAD/UNLOAD 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 DEFINITION SOURCE FUNCTION
MRST-L Master Reset PCA-Al Master power on reset line.
(6)
SENS-L Sensor Media Output of sensor sensing
Module condition of top door on disc
Chamber drive. Signal is active (low)
(2) when door is closed.
SIL-L Sensor PCA-A19 Microprocessor interface
Interlock (2) input. When active (low), it
indicates that module detect
PCA-A19 is connected to Control
Panel PCA-Alk.
SOL+, Solenoid PCA-A1lL Top door latch solenoid driver
SOL- +, - (2) output to top door latch
solenoid.
SPSPD-H Spindle Is PCA-A12 Microprocessor interface input.
Spinning (3) When active (high) it
indicates that spindle motor
is spinning.
TDSI-L Top Door PCA-A1YL Microprocesor interface input.
Sensor (2) When active (low), it indicates
Interlock that top door sensor cable is
in place.
UD-L Unlock Door PCA-A1L Address decoder output to the
top door latch solenoid driver
circuit.

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

and 2 (HIOA1-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 (HIODO0-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 spindie 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-A1l 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

Theory of Operation

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 1is 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.
After 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

1-19
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Table 1-3. Spindle Rotation System Mnemonics
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MNEMONIC DEFINITION SOURCE FUNCTION
AO-H,A1-H Address PCA-Ak Microprocessor address bus,
Bus, bits (1) bits 0 and 1.
0 and 1
+ASUPTST-H Actuator PCA-A12 Microprocessor interface input
Positive (3) from power supply detector
Supply sensing level of unregulated
Test +36Vdc (+LMSUPP) output to
actuator driver PCA-A2 in head
positioning system. An inactive
(low) signal indicates that
voltage is less than +25 Vdc.
-ASUPTST-H Actuator PCA-Al12 Microprocessor interface input
Negative (3) from power supply detector
Supply 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 Vde.
CLEAR-L Clear PCA-A12 Microprocessor interface output
(3) that clears signal SPDDN-H.
1+CURR-H Current PCA-A12 Microprocessor interface input
Sense, (3) from current detector in
Phase 1 positive output of spindle
Positive motor phase 1 power amplifier.
1-CURR-H Current PCA-A12 Microprocessor interface input
Sense, (3) from current detector in
Phase 1 negative output of spindle
Negative motor phase 1 power amplifier.
2+CURR-H Current PCA-A12 Microprocessor interface input
Sense, (3) from current detector in
Phase 2 positive output of spindle
Positive motor phase 2 power amplifier.
2-CURR-H Current PCA-A12 Microprocessor interface input
Sense, (3) from current detector in
Phase 2 Negative output of spindle
Negative motor phase 2 power amplifier.
DO-H thru Data Bus, PCA-AL Microprocessor bidirectional
D7-H bits 0 (1) data bus, bits 0 through 7.
thru 7

1-20
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Table 1-3. Spindle Rotation System Mnemonics (continued)
MNEMONIC DEFINITION SOURCE FUNCTION
DOPEN-H Door Open PCA-Ak Microprocessor signal
(1) indicating that top door of the
disc drive is open. When
DOPEN-H is active (high),
spindle motor power amplifiers
are disabled.
+EMRSUPP Emergency PCA-A12 Unregulated +36 Vdc supplied
Retract (3) by PCA-A12 to the emergency
Positive retract circuits on actuator
Supply driver PCA-A2 and emergency
Voltage retract PCA-A20 in the head
positioning system.
-EMRSUPP Emergency PCA-A12 Unregulated -36 Vdc supplied to
Retract (3) the emergency retract circuits
Positive on actuator driver PCA-A2 and
Supply emergency retract PCA-A20 in
Voltage the head positicning system.
ENABLE-L Enable PCA-Al2 Microprocessor interface output
(3) to phase 1 and phase 2 power
amplifiers. Signal is
returned to microprocessor
for self-test purposes.
ENCA Encoder A Spindle Output of Hall-effect sensor A
Motor on spindle motor. Signal is
(3) used to control spindle motor
speed and is also input to
microprocessor interface.
ENCB Encoder B Spindle Output of Hall-effect sensor B
Motor on spindle motor. Signal is
(3) used to control spindle motor
speed and is also input to
microprocessor interface.
ENCODER A Encoder A PCA-A12 Buffered ENCA signal or
(3) microprocessor simulated
encoder A signal.
ENCODER B Encoder B PCA-A12 Buffered ENCB signal or
(3) microprocessor simulated
encoder B signal.
INTLK1 Interlock PCA-A12 Interlock chain. Spindle motor
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Table 1-3. Spindle Rotation System Mnemonics (continued)
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MNEMONIC DEFINITION SOURCE FUNCTION
INTLK-H Interlock PCA-A12 Microprocessor interface input
(3) informing microprocessor that
cable between PCA-A12 and the
spindle motor is correctly
connected.
+LMSUPP Actuator PCA-A12 Unregulated +36 Vdc supplied
Positive (3) by PCA-Al12 to actuator driver
Supply PCA-A2 in the head positioning
Voltage system.
-LMSUPP Actuator PCA-A12 Unregulated -36 Vdc supplied
Positive (3) by PCA-Al2 to actuator driver
Supply PCA-A2 in the head positioning
Voltage system.
MRST-L Master PCA-A1 Master Reset signal originating
Reset (6) in power regulator PCA-Al.
Signal resets the disc drive
circuitry at power turn on.
PHASE Phase PCA-A12 Output of phase/frequency
ERROR Error (3) detector in motor speed control
loop. Signal is also input to
microprocessor interface for
self test purposes.
PH10UT-H Phase 1 PCA-Al2 Phase 1 power amplifier
Output (3) positive output to spindle
motor.
PHIRET-H Phase 1 PCA-A12 Phase 1 power amplifier
Return (3) negative output to spindle
motor.
PH20UT-H Phase 2 PCA-A12 Phase 2 power amplifier
Output (3) positive output to spindle
motor.
PH2RET-H Phase 2 PCA-A12 Phase 2 power amplifier
Return (3) negative output to spindle
motor.
RD-L Read PCA-AY Microprocessor read command to
(1) microprocessor interface logic
on PCA-A12.
RUN-H Run PCA-A12 Microprocessor interface output
(3) to spindle phase encoder. State
of RUN-H is also sensed by
microprocessor for control
purposes.

1-22
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Table 1-3. Spindle Rotation System Mnemonics (continued)

MNEMONIC

DEFINITION

SOURCE

FUNCTION

SCC+,
sce-

SPDDN-H

SPDSL-L

SPDUP-L

SPSPD-H

SPSTOP-H

Spindle
Current
Command,
+ and -

Speed
Down

Spindle
Driver
Select

Speed Up

Spindle
Is Rotating

Spindle
Stopped

PCA-A12
(3)

PCA-A12
(3)

PCA-AY
(1)

PCA-A12
(3)

PCA-A12
(3)

PCA-A12
(3)

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-Al4 and
emergency retract PCA-A20 in
the head positioning system

warning that some fault has
developed in PCA-Al12 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-Al2 select
line from microprocessor.
SPDSL-L is active {low) when
microprocessor is addressing
PCA-Al2.

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

MNEMONIC

DEFINITION

SOURCE

FUNCTION

+SSUPTST-H

-SSUPTST-H

TEMP-H

WR-L

540 Hz-L

180 Hz-H

Spindle
Driver
Positive
Supply
Voltage
Test

Spindle
Driver
Positive
Supply
Voltage
Test

Temperature

Write

540-Hz
Clock

180-Hz
Clock

PCA-A12
(3)

PCA-A12
(3)

PCA-A12
(3)

PCA-Ab
(1)

PCA-AY
(1)

PCA-A12
(3)

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 Vdec.

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-Al2.

A reference clock used to
control the spindle motor
speed. The clock is generated
on microprocessor PCA-AlL from
the L4-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.
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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

Figure 1-6. Phase Selection Timing

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-

ERATQR. 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 +b Vdc
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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 180-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 180-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
driver 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 Vdc at spin down.

1-61. 180-HZ GENERATOR. The 180-Hz gener-
ator divides reference clock signal 540 Hz-H by three
and supplies a 180-Hz signal to the spindle current
limiting circuitry described in the previous paragraph.
The 180-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.

1-26
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1-63. POWER SUPPLIES

Spindle driver PCA-A12 contains a £36 Vdc 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 F510
and F520 to a secondary winding on power trans-
former T1. The £36 Vdc output voltages are connected
to the spindle rotation system circuits via fuses F590
and F580 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 Vdc supply. These
+12 Vdc regulated outputs are separate from the +12
Vdc supply lines in the card cage. This isolation pre-
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 Vdec 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-
GENCY RETRACT POWER

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-
cuit breaker on, the energy for emergency retract will
come from the +36 Vdc 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
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-A12 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 SPDDN-H will remain latched until 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-
flow path to the heat sink on spindle driver PCA-A12
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-A12 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.

Operation 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 1-18) consists
of circuits on actuator driver PCA-A2, servo PCA-A3,
track follower PCA-A9, actuator status PCA-A18, 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 lead, 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 communicate
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.

1-78. 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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Table 1-4. Head Positioning System Mnemonics
MNEMONIC DEFINITION SOURCE FUNCTION
AO-H thru Address PCA-A4 Microprocessor address bus,
All1-H bus, bits (1) bits 0 through 11.
0 thru 11
ACT +, Actuator PCA-A2 Power amplifier outputs or
ACT - Drive (&) emergency retract outputs to
linear motor M1.
ACTMP Actuator PCA-A8 Linear motor coil temperature
Temperature (4) sensor signal input to analog
multiplexer on PCA-A18.
ACTSEL-L Actuator PCA-AY4 Actuator driver PCA-A2 select
Driver (1) line from microprocessor.
Select ACTSEL-L is active (low) when
microprocessor is addressing
PCA-A2.
ACTTST Actuator PCA-A2 Analog test signal sent to
Driver (4) microprocessor PCA-Ak.
Test
ACUR Actuator PCA-A2 Output of current sense
Current (%) detector. Detector
monitors actuator driver
current.
ADIS-L Amplifier PCA-A20 Microprocessor interface input
Disable (%) from emergency retract control
logic signalling that the
actuator driver power
amplifier is disabled.
AGCV Automatic PCA-AQ Output of automatic gain
gain (%) control circuit on track
Control follower PCA-AS.
Voltage
AGFLT-H AGC Fault PCA-A9 Microprocessor interface input
(4) from AGC fault detector on PCA-
A9. The microprocessor uses
signal to sense absence or
presence of servo signal from
servo head.
cC Current PCA-A3 Input signal to actuator
Command (4) driver electronics.
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Table 1-4. Head Positioning System Mnemonics (continued)

7933

MNEMONIC

DEFINITION

SOURCE

FUNCTION

CCOM

CLER-H

CLER-H/L

CLIP-L

CNVF-L

Current
Command For
Actuator
Driver

Clear
Error

Clear
Emergency
Retract
Latch

Clear
Input
Latch

Connector
Verify

PCA-A3
(L)

PCA-A9
(b)

PCA-A20
(k)

PCA-A20
(L)

PCA-A18
(b)

Output from Servo PCA-A3 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-A18 is properly
attached and that the velocity
transducer (tachometer) cable
is connected to J1 on PCA-A18.
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7933 Theory of Operation
Table 1-4. Head Positioning System Mnemonics (continued)
MNEMONIC DEFINITION SOURCE FUNCTION
CRB-L Carriage PCA-A18 Microprocessor interface input
Is Back (4) from PCA-A18 indicating that
the carriage is fully retracted
into the actuator assembly.
CUL-H Carriage PCA-A3 Microprocessor interface output
Unlock () 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.
DO-H thru Data Bus, PCA-AY Microprocessor bidirectional
DT-H bits 0 (1) data bus, bits 0 through T.
thru 7
DCK-H DTG PCA-A3 DTG clock control logic output
Clock (4) register.
DCP-H Data Clock PCA-A1O Data clock pulses fed to track
Pulse (5) follower PCA-A9 for skew.
DEC-L Deceler- PCA-A3 Microprocessor interface
ation (4) input from deceleration
Has indicator signaling
Started that the carriage has started
to decelerate during a normal
seek operation. Signal is used
by the microprocessor as an
intermediate timeout check
point.
DLES-L DTG PCA-A3 Microprocessor interface input
Register (%) used during self test.
less than
or equal
to 9O
DTO-L Drive Type, PCA-A3 Microprocessor interface output
thru bits (W) to drive type gain select
DT2-L 0 thru 2 circuit programming gain of
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Table 1-4. Head Positioning System Mnemonics (continued)

MNEMONIC DEFINITION SOURCE FUNCTION
DTGO-H Distance- PCA-A3 Output of an 11-bit register
thru To-Go (W) used to address the velocity
DTG10-H Register, curve generator. During a
bits O write operation the
thru 10 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.
DTGEN-H Distance PCA-A3 Microprocessor interface output
To-Go (W) controlling when the DTG
Register register is clocked.
Clock Enable
+EMRSUPP Emergency PCA-A12 Unregulated +36 Vdc supplied by
Retract (3) PCA-Al2 to the emergency
Positive circuits on PCA's A2 and A20.
Supply
Voltage
-EMRSUPP Emergency PCA-A12 Unregulated -36 Vdc supplied by
Retract (3) PCA-A12 to the emergency
Negative retract circuits on PCA's A2
Supply and A20.
Voltage
ERDR Emergency PCA-A2 4 signal from the
Retract (W) switching regulator to the
Drive 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.
ER-H Emergency PCA-A20 Emergency retract flag signal
Retract (4) from the emergency retract
control logic. Signal is active
(high) when an emergency
retract occurs.
ERVCC Emergency PCA-A2 A low voltage supply that
Retract (4) powers the switching regulator
Vee on PCA-A20.
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Table 1-4. Head Positioning System Mnemonics (continued)
MNEMONIC DEFINITION SOURCE FUNCTION
ESOS-L Enable PCA-A9 Microprocessor interface output
Start of %) enabling SOS-L and 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-AQ 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-AQ Microprocessor interface
Present (%) 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-AQ Pulse generated once per
Pulse (4) spindle rotation by once-
around counter on PCA-A9.
ISNC-H Index PCA-AQ 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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Table 1-4. Head Positioning System Mnemonics (continued)
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MNEMONIC

DEFINITION

SOURCE

FUNCTION

LER-H

LIERR

LIN-H

+LMSUPP

-LMSUPP

Latched
Emergency
Retract

Linear
Error

Amplifier
is Linear

Actuator
Positive
Supply
Voltage

Actuator
Negative
Supply
Voltage

PCA-A20
()

PCA-A3
()

PCA-A3
(b)

PCA-A12
(6)

PCA-A12
(6)

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 signhal 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-AZ2.

Unregulated -30 Vdec supplied
by PCA-Al2 to PCA-A2.
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Table 1-4. Head Positioning System Mnemonics (continued)
MNEMONIC DEFINITION SOURCE FUNCTION
LNGSK-H Long PCA-A3 Microprocessor interface output
Seek (L) used in velocity curve control
logic. Signal is active (high)
when the disc drive is doing
a seek of 33 or more tracks.
LSB-H Least PCA-A9 Microprocessor interface out-
Significant (L) put. When tracking on even
Bit 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-A3 is correct.
Signal LSB-H is also returned
to microprocessor interface for
self test purposes.
MNVEL-L Max imum PCA-A3 Velocity curve generator output
Negative (4) voltage that causes carriage to
Velocity accelerate toward the outside
Command of the disc during the first
Enable part of a long seek.
MPVEL-L Maximum PCA-A3 Velocity curve control logic
Positive (4) output that causes carriage to
Velocity accelerate toward the inside
Command of the disc during the first
Enable part of a long seek.
MRST-L Master PCA-Al Master reset signal. MRST-L
Reset (6) resets the disc drive circuitry
at power turn on.
MXSELO-H Multiplexer PCA-A3 Microprocessor interface out-
thru Select, (4) put selecting analog multiplex-
MXSEL2-H bits O er gignal for transmission to
thru 2 analog-to-digital converter

on microprocessor PCA-AY.
Signals input to the
multiplexer include TAC,
TEMP, CCOM, VREF, CC, VC,
OFST, and POS.
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Table 1-4. Head Positioning System Mnemonics (continued)

7933

MNEMONIC DEFINITION SOURCE FUNCTION

NTRI Negative PCA-A3 A negative triangle waveform
Triangle (4) used when the actuator driver
Wave is in a switching mode. The

waveform is used to pulse width
modulate the switching mode
error amplifier.

OFST Offset PCA-A3 Voltage offset from automatic
(W) head alignment offset DAC.
OFSTO-H Head PCA-A3 Microprocessor interface out-
thru Alignment (4) put setting automatic head
OFSTT-H Offset alignment offset value in
bits 0 digital-to-analog converter on
thru 7 PCA-A3.
OFTRK-H Off Track PCA-A3 Latched output of track center
Fault (%) 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.

OPOS Offset PCA-A3 Signal POS with automatic head
Position (W) alignment offset added.
OTSET-H On Track PCA-A3 Microprocessor interface out-
Latch Set () put clearing off track fault
sensed by track center
detector.
PADIS~H Processor PCA-A20 Microprocessor interface output
Amplifier (u) controlling power amplifier
Enable on PCA-A2. An active (high)

gignal 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.
PER-L Micro- PCA-A20 Microprocessor interface output
processor (4) causing an emergency retract to
Emergency occur.

Retract
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Table 1-4. Head Positioning System Mnemonics (continued)
MNEMONIC DEFINITION SOURCE FUNCTION
PEXS-H Pack PCA-A3 Microprocessor interface output
Exhaust () selecting output of actuator
Temperature coil temperature sensor (PEXS-H
Sensor low) or module exhaust
Select temperature sensor (PEXS-H
high) from actuator status
PCA-A18. Selected output is
TEMP signal input to analog
signal multiplexer on Servo
PCA-A3.
PEXTMP Pack PCA-A18 Pack exhaust temperature sensor
Exhaust (4) signal input to analog
Temperature multiplexer on PCA-A18.
POS Position PCA-A3 Output of position signal
(%) select and self test logic.
Selected signal is derived from
track follower signal FPOS,
SPOS, or OFST. FPOS is used
during seeks, SPOS is used
after settling on track, and
OFST is used during self test.
POSEN-L Position PCA-A3 Microprocessor interface output
Control (4) controlling current command
Loop select logic. During normal
Enable 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.
PRE+, Pre- PCA-A9 Differential output of
PRE- amplifier (4) amplifier chain on PCA-A9.
+,-
PSF-H Power PCA-A20 Emergency retract control logic
Supply (4) input from power supply
Fail 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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Table 1-4. Head Positioning System Mnemonics (continued)

MNEMONIC DEFINITION SOURCE FUNCTION
PST-L Pogition PCA-A3 Microprocessor interface input.
Self Test (4) 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.

PTRI Positive PCA-A3 A positive triangle waveform
Triangle (W) used when the servo amplifier
Waveform is in a switching mode. The

waveform is used to pulse width
modulate the switching mode.

PWM-L Pulse PCA-A3 Microprocessor interface output
Width (4) that goes low whenever CCOM
Modu- is above +1.4V or below -1.4V.
ulator Signal is used to check the
Self Test PWM circuitry.

QIC-H Plus or PCA-A3 A narrow pulse from the plus
Minus (4) and minus quarter track
Quarter crossing detector indicating
Track when the servo head is either
Crossing 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 logiec.

RORD-L Register PCA-A3 Enables specified read register
R1RD-L, 0, 1, 3, (%) so that microprocessor can read
R3RD-L, 6, 7, the contents of the register.
R6RD-L,
RTRD-L
ROWR-L Register 0 PCA-A3 Indicates when the specified
thru thru () register is being written to by
R6WR-L Register 6 the microprocessor.
Write

RD-L Read PCA-Ak Microprocessor read command

(4) to microprocessor interface

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

MNEMONIC

DEFINITION

SOURCE

FUNCTION

RK1

RK2

ROM-10H,
ROM-11H

SCPR-H

SKMFLG-L

Relay 1
Coil

Relay 2
Coil

ROM Address
bits 10,11

Sector
Clock
Presence

Skew
Measure-
ment
Strobe

PCA-A20
(L)

PCA-A20
(k)

PCA-A3
(k)

PCA-A9
(k)

PCA-A9
(L)

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 BIT 10 SELECTED
PROFILE

Fast
Half-fast
Quarter-fast
Slow

[l i == ]
roro

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

7933

MNEMONIC

DEFINITION

SOURCE

FUNCTION

SKOF-H

SKWM-H

SKWO0-H
thru
SKWT7-H

SKWMO-H
thru
SKWMT-H

SLND

Seek Off
Disc

Skew Word
Measure

Skew
Control
Word, bits
0 thru 7

Skew
Measure,
bits O
thru 7

Solenoid

PCA-A3
(4)

PCA-A9
(W)

PCA-A9
(W)

PCA-A9
(k)

PCA-A3
(4)

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-A10 detects
a sector clock pulse. When
track follower PCA-AQ 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
80 (hexadecimal).

Microprocessor interface signal
used to control amount of skew
required.

The contents of a register on
PCA-AO containing a skew word
that is compared with the track
follower's internal counter to
generate Start of Sector
(S0s-L).

Carriage latch solenoid driver
output to carriage latch. Sig-
nal is connected to solenoid
via actuator status PCA-A18.
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Table 1-4. Head Positioning System Mnemonics (continued)

MNEMONIC

DEFINITION

SOURCE

FUNCTION

SMS-L

SNCER-H

SNCM-L

SOS-L

SOST-L

Skew
Measurement
Strobe

Synec
Error

Sync
Command

Start of
Sector

Start of
Sector
Presence

Start of
Sector
Test

PCA-A9
()

PCA-A9
(L)

PCA-A9
(b)

PCA-A9
(L)

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-AQ 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-AQ.

Microprocessor interface

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

7933

MNEMONIC DEFINITION SOURCE FUNCTION
SPDDN-H Spindle PCA-Ak Signal from microprocessor
Speed (3) PCA-Al control logic on
PCA-A20 indicating that
spindle motor is out of speed
lock control. SPDDN-H will
initiate an emergency retract.
SPEN-H Slow PCA-A3 Microprocessor interface output
Position ) selecting either the "slow"
Signal position signal (SPOS) or the
Enable "fast" position signal (FPOS)
from track follower PCA-AQ.
SPOS is used when track
following and FPOS is used
during seeks.
SPOS Slow PCA-AQ Track follower position error
Position () signal used during track
following.
SPOSEN-L Slow PCA-A3 Enables the SPOS signal- both
Position (L) FPOSEN-L and SPOSEN-L are
Switch disabled when PST-L is active
Enable (low).
SRVSL-L Servo PCA-Al Servo PCA-A3 select line from
Select (1) microprocessor. SRVSL-L is
active (low) when
microprocessor is addressing
PCA-A3.
SRVTST Servo PCA-A3 Output of analog signal multi-
Test () plexer sending servo test
signals to the analog-to-
digital converter on micro-
processor PCA-AlW. Signals
tested are TAC, TEMP, CCOM,
VREF, CC, VC, OFST, and POS.
STCLK Self PCA-A3 Microprocessor interface output
Test (%) used by the DTG generator clock
Clock logic to clock the DTG genera-
tor during self test.
STEN-H Self Test PCA-A9 Microprocessor interface out-
Enable (4) put activating the self test

generator on PCA-AQ. See
STPOF-L. STEN-H also enables a
test of the skew measuring cir-
cuitry.
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Table 1-4. Head Positioning System Mnemonics (continued)

MNEMONIC

DEFINITION

SOURCE

FUNCTION

STPOF-L

Self Test
Position
Offset

Pulse
Width
Modulation

PCA-A9
(%)

PCA-A3
(k)

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 SPOS 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
value, Worst case for off
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)
gignal 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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Table 1-4. Head Positioning System Mnemonics (continued)

MNEMONIC DEFINITION SOURCE FUNCTION
TAC Tachometer PCA-A3 Actuator tachometer signal out-
(4) put from tachometer buffer on
servo PCA-A3.
TCC-H Track PCA-A3 A narrow pulse from the center
Center (4) track crossing detector
Crossing indicating when the servo
Detector 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.)
TCD-H Track PCA-A3 Microprocessor interface input
Center () from track center detector.
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.
TEMP Tempera- PCA-A18 Actuator status PCA-A18 tem-
ture (4) perature sensor multiplexier
output connected to analog
signal multiplexer on servo
PCA-A3. The multiplexier output
is selected by PEXS-H.
TFFLT Track PCA-A9 Track follower fault flag
Follower (&) returned directly to
Fault microprocessor PCA-AlL.
TFSEL-L Track PCA-AY Track follower PCA-A9 select
Follower (1) line from microprocessor.
Select TFSEL-L is active (low) when
microprocessor is addressing
PCA-A9.
TFTST Track PCA-A9 Analog test signal sent from
Follower (%) PCA-A9 to microprocessor
Test PCA-A4. Signal is same as SPOS.
TO-H Time Out PCA-A20 Microprocessor interface
(4) 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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Table 1-4. Head Positioning System Mnemonics (continued)
MNEMONIC DEFINITION SOURCE FUNCTION
Ve Velocity PCA-A3 The output of the velocity
Curve (4) curve generator.
VCEN-L Velocity PCA-A3 Connects VC into velocity loop
Curve (4) as desired velocity signal.
Switch
Enable
VREF Reference PCA-A3 A stable 6.2 Vdc voltage
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.
WCLE-H Write PCA-AQ Microprocessor interface out-
Clock (&) 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.
WR-L Write PCA-AY Microprocessor write command to
(1) microprocessor interface
circuitry.
4 MHz-H 4-MH2 PCA-AY Self-test clock used in self
clock (1) 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. The 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 (AGCYV), 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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MEDIA MODULE PHYSICAL-LOGICAL CYLINDER MAPPING

DATA HEAD SPINDLE >
CORE

SERVO HEAD
CORE

PHYSICAL LOGICAL TRACK PHYSICAL LOGICAL TRACK PHYSICAL LOGICAL TRACK
TRACK NO. NO./TYPE TRACK NO. NO./TYPE TRACK NO. NO./TYPE
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2 AHA » HEAD ALIGNMENT 558 1004 990
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555 548 1001 988 1338 (ID) 1320
MEDIA MODULE

PHYSICAL TRACK 0 (OD)s.

HEAD 0

NOTES
A DIBIT IS A READBACK SIGNAL PRODUCED FROM A MAGNETIC HEAD WHEN 4. SPARE TRACKS ARE ENUMERATED ON THE 13 DATA SURFACES BY
A MAGNETIC SURFACE WITH TWO CLOSELY SPACED SATURATED FLUX
REVERSALS PASSES UNDER IT

1

HEAD LOADING AREA
¢ NO INFORMATION IS WRITTEN
IN THIS AREA
* HEADS ARE LOADED TOWARD
THE DISC SURFACE

SEE TABLE ABOVE
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. A +ODD 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

. 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
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SERVO HEAD
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TIME BASE: 0.5 us/DIV
SYNC:IP
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DATA HEAD POSITIONED WITH NEGATIVE OFFSET FROM DATA TRACK CENTER

DATA HEAD CENTERED OVER DATA TRACK

+—

DATA HEAD POSITIONED WITH POSITIVE OFFSET FROM DATA TRACK CENTER

SERVO HEAD OVER +EVEN SERVO TRACK

Al
VERT. GAIN: 2v/DIV
TEST POINT: FPOS

Al
VERT. GAIN: 2V/DIV
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A
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¥
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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-A10 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-A10. The alignment band
signals are fed into the read/write amplifier chain
and the automatic head alignment module on PCA-
A10. 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 value 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-A10. 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 (ROM10-H and ROM11-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 DTG10-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 (DTGO0-H
through DTG10-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-
ity 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 DTG10-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 (GPOS) 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 QOPOS 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. DISTANCE-TO-GO REGISTER. The
distance-to-go (DTGQG) 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 DTG10-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 DTG10-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 DTGEN-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 control logic.

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 W1 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 W1 is connected between servo
PCA-A3 and actuator status PCA-A18, line CNVF-Lis
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
PASS 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-A18. 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
maultiplexer. (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 Bl
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 switching 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 vaiue 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
exclusively 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 Vdc 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 Vdc 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-AZ2 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 signalis 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 Faiiure (PSF-L).
Any one 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 D1-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 D1-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
prevents 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 (RK1). 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 Vdc supply.
This output voltage, labelled Emergency Retract VCC
(ERVCQ), 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 ACTTST.

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 any one 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 (ROM10-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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Figure 1-8. Head Load Flowchart (Sheet 1 of 4)
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Figure 1-8. Head Load Flowchart (Sheet 2 of 4)
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TIME-OUT NO ~
YES
[DERR 71]
MESSAGE
-
END

7933-322A(3)

Figure 1-8. Head Load Flowchart (Sheet 3 of 4)
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SET AHA DAC TO ZERO
OFFSET.

DTG ="“APPROACH VELOCITY"

ISSUE SYNC COMMAND TO

PCA-A9. SET CLER-H LOW.

YES
NO
YES
NO
SET 125 MS
TIME-OUT

POSEN-L =0
(SEE FIGURE 1-12, SHEET 2)

YES

NO
NO
YES
[DERR 79] [DERR 77]
MESSAGE MESSAGE
A
[DERR 80] f
MESSAGE > END

7933-322A(4)
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Figure 1-8. Head Load Flowchart (Sheet 4 of 4)
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After verifying that the carriage assembly has moved
from its retracted position, the microprocessor holds
signal Clear Emergency Retract Laich (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 AGC 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.

Theory of Operation

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 aliow the current in the actuator to go
to zero and the carriage to stop before turning off the
actuator 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 recalibration 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 and/or 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 failure,
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 invelved 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 =
LNGSK-H
VCGEN-L
POSEN-L
DTGEN-H =
SPEN-H =0

0
0
1

1

DTG ="“HEAD UNLOAD"

VELOCITY

DTG = “HOLD BACK GENTLY”

WAIT 10 MS

START 2S
TIME-OUT

4

VCGEN-L =1
DTG ="“ZERO" VELOCITY

WAIT 256 MS

TURN OFF ACTUATOR DRIVER.

[DERR 87]
MESSAGE

END

7933-323A
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Figure 1-9. Head Unload Flowchart



Theory of Operation

(s )

y

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-AS.

YES
AGFLT-H=1 YE

START 385 MS
TIME-OUT

TCD
TOGGLES
AT LEAST ONE
PER 1.5 MS,

-

START 40 MS
TIME-OUT

YES

TIME-OUT
?

!

[DERR 81]
MESSAGE

[DERR 82]
MESSAGE

Figure 1-10. Recalibrate Flowchart (Sheet 1 of 2)
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SKOF-H =0
START 50 MS
TIME-OUT

CLEAR
AGFLT-H

AGFLT-H =
?

NO

TIME-OUT
2

TO HEAD LOAD ROUTINE
(SEE FIGURE 1-8 SHEET 3)

[DERR 71]
MESSAGE

END

7933-355A(2)

1-64

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



7933

Theory of Operation

START

y

TURN ON EMERGENCY
RETRACT ENABLE.
TRIGGER E/R

VCGEN-L =1
DTGEN-H =0
LNGSK-H =0
SPONSEN-L =1
DTG = “ZERO"
VELOCITY

WAIT 600 MS

[DERR 31]
MESSAGE

7933-356A

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
square 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-AG6.
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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START ?
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CALCULATE AHA OFFSET FOR

FPOSEN-L =0 TARGET HEAD AT TARGET
TRICK.
YES NO
A
3
\/ NO YES
TAKE SNAPSHOT OF CTC. .
ROM10/ROM11 = 0
LSB = 0/1
CALCULATE DTG LOGICAL
ZERO VALUE.
POSEN-L = 1
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>
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MESSAGE

7933-357A(1)
Figure 1-12. Seek Flowchart (Sheet 1 of 3)
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[DERR 84]
MESSAGE

DTG =
LOGICAL ZERO
?

END

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

y

POSEN-L=0
TAKE SECOND SNAPSHOT
OF CTC.

WAIT 100 MS THEN SET 5 MS
TIME-OUT.

CALCULATE REST OF AHA
(TAKES 1.8 MS MAX).

w >

[DERR 85]
MESSAGE

7933-357A(2)
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Figure 1-12. Seek Flowchart (Sheet 2 of 3)
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CLEAR OFTRK
ves | VERIFY NEXT SECTOR (IF THE
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2 SET.
WAIT FOR FIRST SOS-L PULSE
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FORMATTING) i
NO
¥
END
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RETRY COUNT

7933-357A(3)
Figure 1-12. Seek Flowchart (Sheet 3 of 3)
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Table 1-5. Read/Write Mnemonics
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MNEMONIC

DEFINITION

SOURCE

FUNCTION

AO-H thru
All-H

ADRO-H
thru
ADR2-H

ATN-L

BF1SL-L

BRO-H
thru
BRT7-H

CRB-L

cs

DO-H thru
D7-H

Address Bus,
Bits 0 thru 11

Address

Attention

Buffer 1
Select

Board Register,
bits 0 thru 7

Carriage Back

Current
Source

Data Bus,
bits O thru 7

PCA-AY
(1)

PCA-A1T
(5)

PCA-ALT
(5)

PCA-AY
(1)

PCA-A10
(5)

PCA-A18
t)

PCA-A10
(1)(5)

PCA-Al
(1)

Microprocessor
Address bus, bits O
through 11.

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

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-AS8.
Signals allow
microprocessor to sense
state of certain control
signals on PCA-A10.

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-Al
via analog multiplexer.

Microprocessor
bidirectional data bus,
bits 0 thru 7.
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Table 1-5. Read/Write Mnemonics (continued)

MNEMONIC

DEFINITION

SOURCE

FUNCTION

DAV-L

DCP-H

DCNW-H

DIN-H

DIO1-L
thru
DIO8-L

DM1SL-L

DOUT-H

DSOS-L

DVSEL-H

EC1SL-L

Data Valid

Data Clock
Pulse’

DC with no

Write

Data In

HP-1IB Data
Bus, bits 1
thru 8

DMA no. 1

Data Out

Delayed
Start of
Sector

Drive Select

ECC no. 1
Select

PCA-ALT
(5)

PCA-A10
(5)

PCA-A10
(5) (k)

PCA-A6
(5)

PCA-A1T
(5)

PCA-Al
(1)

PCA-A6
(5)

PCA-A8
(5)

PCA-A8
(5)(1)

PCA-Al
(1)

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/0 lines
used for transfer of
data, commands and other
messages between the host
computer and the disc
drive. Transfer is byte
gerial, 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-A10. Signal
provides the timing for
the amplitude sample
circuit.

Microprocessor interface
output setting PCA-A8 and
PCA-A10 to their

operating states.

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

7933

MNEMONIC DEFINITION SOURCE FUNCTION
EOI-L End or PCA-A1T 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-A8 Resets the encoder on
(5) PCA-A8 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-A10 to deselect
heads.
FCLR-L Fault PCA-AS8 Clear signal for fault
Clear (5) detect logic on PCA-A10.
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-Al10 Drive fault detect output
(5) causing head select logic
to ignore head selection
inputs and deselect all
heads if a drive fault
ocecurs.
FLW-L Follow PCA-A8 Microprocessor interface
(5) output used to read head
alignment offset value
from PCA-A10,
FOUT-H Formatter/ PCA-A8 Data output from
Separator (5) formatter/separator to
Output ECC module on PCA-A6.
FSSEL-L Formatter/ PCA-AY4 Formatter/Separator
Separator (1) PCA-A8 select line.
Select
FUNER-L Formatter/ PCA-A8 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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Table 1-5. Read/Write Mnemonics (continued)
MNEMONIC DEFINITION SOURCE FUNCTION
FWAVE Full Wave PCA-A10 Analog test signal from
(5) full-wave rectifier in
read path. Signal is sent
to PCA-AkW via analog
multiplexer on PCA-A10.
HAEN-H Head Alignment PCA-A8 Microprocessor interface
Enable (5) output to automatic head
alignment circuitry on
PCA-Al0.
HAGV Head PCA-A10 An analog signal from
Alignment (5) automatic head alignment
Position module indicating how far
Voltage data head is from track
center. Signal is sent to
PCA-AL via the analog
multiplexer on PCA-A1O0.
HSO0-H Head Select, PCA-A8 Microprocessor interface
thru bits 0 thru 3 (5) output to head select
HS3-H logic on PCA-A10.
IFC-L Interface PCA-A1T HP-IB general management
Clear (5) line used by the system
controller to halt all
current operations on the
bus, unaddress all other
devices, and disable
serial poll.
I01SL-L I/0 no. 1 PCA-AY DMA no. 1 PHI Select
Select (1) line.
LSB-H Least PCA-A8 Microprocessor interface
Significant (5) output to automatic head
Bit alignment module on
PCA-A10.
MAO-H Multiplex PCA-A8 Microprocessor interface
thru (5) output controlling
MA2-H selection of signals

input to analog MUX.
Multiplexer output
(RWIST) is coupled
directly to PCA-Al,
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Table 1-5. Read/Write Mnemonics (continued)

7933

MNEMONIC

DEFINITION

SOURCE

FUNCTION

MHF -H

MRST-L

NDAC-L

NMI-L

NRFD-L

OFTRK-H

OUTTST

PRE+,

RD-L

RDD-H

Multiple Head
Fault

Master Reset

Not Data
Accepted

Non-Maskable
Interrupt

Not Ready
for Data

Off Track

Output Test

Preamplifier
+ -

L

Read

Read Data

PCA-A10
(5)

PCA-AL
(6)

PCA-ALT
(5)

PCA-AY
(5)

PCA-A1T
(5)

PCA-A9
(b)

PCA-A10
(5)

PCA-A10
(5)

PCA-Al
(1)

PCA-A10
(5)

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-A10 to deselect
the heads.

Analog test signal from
67-nanosecond one-shot
representing read path
self-test result. Signal
is sent to PCA-Al via
analog multiplexer on
PCA-A10.

PCA-A10 read path outputs
to automatic head
alignment module.

Microprocessor read
command.

Output of PCA-A10 read
path. Signal is input
to PCA-A8 for further
processing.
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Table 1-5. Read/Write Mnemonics (continued)
MNEMONIC DEFINITION SOURCE FUNCTION
REN-L Remote PCA-A1T7 HP-IB control line used
Enable (5) by system controller to
enable bus compatable
instruments to respond to
commands from the
controller or another
talker.
RWBR-L Read/Write PCA-AS8 Microprocessor interface
Board Revision (5) output enabling board
Register revision register on
PCA-A10.
RWC-L Read/Write PCA-A8 Read/write clock used
Clock (5) to clock in serial data
during disc operations.
RWFLT-H Read/Write PCA-A10 Read/write fault flag
Fault (5) from fault detect logic
on PCA-A10. Signal is
sent directly to
microprocessor PCA-Ak.
RWTST Read/VWrite PCA-A10 Output of analog
Test (5) multiplexer on PCA-A10.
Signal is sent directly
to microprocessor PCA-AL.
SHAV Sampled PCA-A10 Automatic head alignment
Head Alignment (5) signal from AHA module
Voltage on PCA-A10. Signal is
sent to PCA-A4 via analog
multiplexer on PCA-Al0.
SOD-L Start of Data PCA-A8 Output signal from the
(5) encoder on PCA-A8
indicating the start of
data in a sector.
SOS-L Start of PCA-A8 Indicates that a sector
Sector (5) on the disc is about to
begin. Comes a little
before SOD-L.
SRQ-L Service Request PCA-ALT HP-IB management line.

(5)

SRQ-L alerts the
controller to a need for
communication.
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Table 1-5. Read/Write Mnemonics (continued)

7933

MNEMONIC DEFINITION SOURCE FUNCTION
ST-H Self Test PCA-A8 Microprocessor interface
(5) output to self test
signal generator on
PCA-A10.
STO-L Self Test PCA-A8 Microprocessor interface
Offset (5) output to self test
signal generator on
PCA-A10.
TDCP-L Self Test Data PCA-A8 Microprocessor interface
Clock Pulse (5) output used to self test
data clock pulse decoder
on PCA-A10.
TFFLT-H Track PCA-AQ Track follower PCA-AQ
Follower (L) fault flag. Signal is
Fault listed by PCA-A10 to
deselect the heads, in
the event of a read/write
fault.
UNER-L Uncorrectable PCA-A6 Indicates that the ECC
Error (5) was unable to correct
the data error in the
sector just begun.
WCO0-H Write Current, PCA-A8 Microprocessor interface
thru Bits O thru 2 (5) output to write current
WC2-H reduction circuit on
PCA-A10.
WDD-H Write Data to PCA-A8 Write data signal from
Dise (5) formatter/separator
PCA-A8 input to write
path on read/write
PCA-A10.
WDIS-L Write PCA-A8 Microprocessor interface
Disable (5) 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)

MNEMONIC

DEFINITION

SOURCE

FUNCTION

WEN-L

WENC-L

WNAC-H

WNDC-H

WR-L

WRT-L

LUMHZ-H

Write

Write Current
Enable
Current Source

Write with
no AC

Write with
no DC

Write

Read/Write

4-MHz Clock

PCA-A8
(5)

PCA-A8
(5)

PCA-A10
(5)

PCA-A10
(5)

PCA-Al
(1)

PCA-A8
(5)

PCA-AY
(1)

Microprocessor interface
output controlling
whether the write
operation will allow
data to pass to PCA-A10.
When WEN-L is active
(low), read mode is
preset at start of
sector.

Microprocessor interface
output to write current
source on PCA-A10. 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
command.

An interval signal on the
formatter/separator

PCA-A8 which enables the
encode mode of operation.

4-MHz self test clock
signal used by PCA-AlQ
for self test purposes.
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1-142. READ/WRITE PCA-A10

In the read mode, PCA-Al10 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-A10 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-
A10 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 any one of the 13 data heads for
connection to the read, write, or automatic head align-
ment circuits on PCA-A10. 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 0 through 3 (HS0-H
through HS3-H) from formatter/separator PCA-AS.
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-A10 is in a self-
test mode.

1-144. READ PATH. The circuits comprising the
read path on PCA-A10 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-AS8 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-A8 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-A8 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 (WCO0-H through WC2-H) so that
the field strength can be optimized for different radial
positions across 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 any one 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, ¢) 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 1-89.

The head alignment module on PCA-A10 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-
rives 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-A10. 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-AS8 fails to send
data to read/write PCA-A10 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 dec fault may
be caused by writing with no head selected, or it may

be caused by circuit failures in the write current source
on read/write PCA-A10.

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 Multihead 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-A10
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-A10 is
functioning correctly. (In responding correctly to an
external problem, read/write PCA-A10 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-A10 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 8-MHz rate at
the read path output. This output is low-pass filtered
on read/write PCA-A10 and is directed as signal
Output Test (OUTTST) to microprocessor PCA-A4
through the analog multiplexer on PCA-A10. This fil-
tered output is compared to the tolerance range of the
67-nanosecond pulse at the 8-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 (FWAVE) 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 encugh 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 -12Vdc 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 PCA-A10 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 Vdc 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
(SHAYV), Full Wave (FWAVE).

1-176. FORMATTER/SEPARATOR PCA-AS8

The basic function of formatter/separator PCA-AS8 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-
A8 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 (A0-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
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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-A10 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 0’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 0’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 30-MHz
clock generator, a phase-locked loop (PLL), and de-
coder logic.

1-182. 30-MHz Clock. The 30-MHz clock signal is
derived from a 30-MHz crystal-controlled reference
oscillator on PCA-AS8.

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-A10. 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
“1” 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 “1” followed by
three 0’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/0 address counter, an 170
byte counter, data RAM, and header RAM.
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Inputs to the DMA buffer module inciude 12 Address
lines (AO-H through Al11-H); eight Data lines (D0-H
through D7-H); two control lines: Read (RD-1) and
Write (WR-L); four Select lines: Buffer Select (BF1SL-L),
1/0 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
within each sector as detailed in the header RAM
description.

1-189. I/0 Address Counter. The I/0 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. 1/0 Byte Counter. The I/0 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/0 byte counter. The integer portion of the
quotient from the above division is actually the num-
ber of times the I/0 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 1/0 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 1/0 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 170
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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 dise
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 (DIO1-L
through DIOS-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
data 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-AS8 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 discread, the sector counterisincremented
after each sector is read from the disc and decremented
after each sector (or partial sector if the last sector does
not contain 256 bytes)is transferred over the HP-IB. For
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a disc write, the sector counter is incremented after the
sectorisreceived 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
information and from this can determine if a data error
has occurred and correctitif the length of the erroris 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,
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thus the addition of the 35 ECC bits makes the sector
length written to the disc 2,147 bits.

The ECC module has two write modes. The firstis 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
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formatier/separator.

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 areal-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 thatitisa
linear feedback shift register. This permits the same
hardware 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 correctabie 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 uncorrectable error
flag is set. There is a possibility that an uncorrectable
error will be incorrectly flagged as a correctable error
and correction attempted. The CRC which resides
in DMA PCA-A6 provides protection against this
occurrence.

1-205. Buffer. Thebufferisa 2,147-bit shiftregister
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
data/control register permits 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
DMA PCA-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-A10, 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-AS8 is then sent to read/write PCA-A10
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-AS8, and read/write PCA-A10 in the target sector
minus one. DMA PCA-AG6 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-AS8 also in the write mode. This sets
the clock to an internally generated 30-MHz square
wave. Finally read/write PCA-A10 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-A10 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:

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

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

e A channel error has been detected.

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

e 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)

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

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

e The ECC has write error.

o 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-AG6 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:

o 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

Theory of Operation

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 noncorrectable 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-A10 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:

e Offtrack (OFTRK-H)

¢ Formatter/Separator Error

e Buffer full and I/0 not running
e Latency induced

e CTC not counting sectors

e Target sector not found

e Address compare error

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

o Uncorrectable error
o 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 10-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. Ifthe 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 1.

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 S1, receptacle J1, and line filter PCA-
A21. AC power goes in two directions from ~ LINE
circuit breaker S1. 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-A21.
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 TBI1, 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
F1. Power for blower motor B3 is derived from the
terminal block TB1 connections supplying power to
one of the 120-volt primary windings on power trans-
former T1. This permits operation of a 120 Vac blower
motor with primary power inputs of 200, 208, 220, or
240 Vac.



7933 Theory of Operation
Table 1-6. Power Supply System Mnemonics
MNEMONIC DEFINITION SOURCE FUNCTION
AO-H, Address Bus, PCA-AL Microprocessor address
Al-H bite 0 and 1 (1) bus, bits 0 and 1.
AGND Analog - Analog ground
Ground system,
DO-H Data Bus, PCA-AL Microprocessor
thru bits O (1) bidirectional data bus,
DT7-H thru 7 bits 0 through 7.
DGND Digital - Digital ground
ground system.
-EMR Emergency PCA-A12 Unregulated -36 Vdc
SUPP Retract (6) supply to emergency
Negative retract PCA-A20.
Supply
+EMR Emergency PCA-412 Unregulated +36 Vdc
SUPP Retract (6) supply to emergency
Positive retract PCA-A20 in head
Supply positioning system.
-LMSUPP Linear PCA-Al12 Unregulated -36 Vdc
Motor (6) supply to actuator
-36V driver PCA-A2 in head
Supply positioning system.
+LMSUPP Linear PCA-A12 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 PCA's during
power on sequencing.
PGND Power PCA-Al12 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-Al Microprocesor read
(1) command.
REGSL-L Regulator PCA-AL Microprocessor select
Select (1) line to PCA-Al.
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1-217. DC POWER PCA-A13. 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
rectifer 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-A12. Spindle
driver PCA-A12 contains circuitry that rectifies and
filters ac voltage from a secondary winding on the
power transformer to supply +36 Vdc and -36 Vdc
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 PCA-A1

Regulator PCA-A1, located in the disc drive card cage,
contains +5 Vdec, +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-Al1,
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
Vdc regulated supply is constructed from discrete
components and incorporates overcurrent and over-
voltage protection. In operation, the unregulated +13
Vdcis 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 Vdc supply variations. Potentiometer
R185 allows the output to be set to +5 Vdec, £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 Vdc 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 Vdc current shutdown
mode.

The +5 Vdc 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 Vdc reference and
triggers a crowbar circuit when an overvoltage occurs.
For a longer term, fuse F162 in the +13 Vdc 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 Vdec 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 Vdc 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 Vdc, £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 failure.

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 Vdc regu-
lated output has stabilized. At very low line voltage (a
brownout condition), MRST-L. becomes active when-
ever the +5 Vdc 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 foliow-
ing failure modes or warning conditions occur:

o Loss of -20 Vdec supply (unregulated -12 Vdec).
¢ Loss of -12 Vdc regulated supply.

® Loss of +20 Vdc (unregulated -12 Vdc) supply.
e Ioss of +12 Vdc regulated supply.

® Toss 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-A12
monitor the +36 and -36 Vdc 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 Vdc reference derived from the regulated +5
Vdc 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 PCA-Al provides
the following four functions:

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

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

e 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 CiIRCULATION AND
FILTRATION SYSTEM

The air circulation and filtration system consists of a
centrifugal blower situated at the bottom front of the

Theory of Operation

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 within 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
absoclute 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.

191
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Figure 1-13. Air Circulation and Filtration System
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READ/WRITE HEAD

DUST
PARTICLE

HUMAN HAIR
0.01 CM DIA.

(0.003 IN. DIA))
TYPICAL FLYING HEIGHT
AT CYLINDER 1337:

25 (+3, -2) MICROINCHES

ALUMINUM SUBSTRATE FINGERPRINT
0.19 CENTIMETER SMOKE PARTIGLE
(0.075 INCH) 6.35 MICRONS

(250 MICROINCHES)
£ OXIDE COATING

DIRECTION OF ROTATION IS COUNTERCLOCKWISE.

SURFACE SPEED AT 2700 RPM 1S 112 MILES PER ~

\" HOUR AT THE OUTER CIRCUMFERENCE.

Figure 1-14. Types of Contaminants and Critical Elements
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NOTE 1

GROUNDS ARE INDICATED AS FOLLOWS:

= ANALOG GROUND (AGND)

@:
W:

DIGITAL GROUND (DGND)
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