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FOREWORD

This manual provides operating and service instructions for the D3000 Series Disk Drives
Modeis D3300 and D3400, manufactured by the Pertec Division of Pertec Computer

Corporation, Chatsworth, Caiifornia.

The content includes a detailed description, specifications, instaliation instructions, and
checkout of the disk drive. Also included are theory of operation and preventive
maintenance instructions. Section VH contains a recommended spare parts list, photo
parts lists and schematics.

All graphic symbols used in logic dlagrams conform to the requirements of ANSI ¥32.14
and all symbols used in schematic diagrams are as specified in ¥32.2.

The disk drive modeis covered by this manual are listed below.

Cartridge Type Load
Model Tracks per inch Bits per tnch Fixed Disk Spindle Speed (rpm)
Front Top
D331X 100 2200 X 1500 or 2400
D332X 100 2200 X X 1500 or 2400
D334X 100 2200 X X 1500 or 2400
D342X 200 2200 X X 1500 or 2400
D344X 200 2200 X X 1500 or 2400




SERVICE AND WARRANTY

This Pertec Computer Corporation (PCC) product has been rigorousiy checked out by capable quality control persannel. The design
has been engineered with a precise simplicity which should assure a new level of reliability. Ease of maintenance has been taken
into consideration during the design phase with the result that all components (other than mechanical components) have been
selected wherever possible from manufacturer's off-the-shelf stock. Should a component fail, it may be readily reptaced from PCC
Peripherais Division or your local supplier. The unit has been designed for piug-in replacement of circuit boards or major
components which will ensure a minimum of equipment down time.

The Peripherails Division of PCC warrants products of its manufacture to be free from defect in design, workmanship, and material
under normal use and service for a period tweive (12) months, or in the case of flexible disk products 120 days. after the date of
shipment. PCC Peripherals Division agrees to repair or replace at its authorized repair center, without charge, ail defective parts in
systems which are returned for inspection to said center within the applicable warranty period; provided such inspection discloses that
the defects are as specified above, and provided further the equipment has not been altered or repaired other than with authorization
trom PCC Peripherals Division and by its approved procedures, not been subjected to misuse, improper maintenance, negtigence or
accident, damaged by excessive current or otherwise had its serial number or any part thereof altered, defaced or removed. All defective
items released heraunder shall become the property of seiler. THIS WARRANTY IS IN LIEU OF, AND BUYER WAIVES, ALL OTHER
WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING THOSE OF MERCHANTABILITY OR FITNESS FOR PURPOSE.

Please read the instruction manual thoroughly as to installation, operation, maintenance, and component reference list.

Contact your local PCC Service Division office for servicing and maintenance on ali PCC equipment except flexible disk drives.
Flexible disk drives must be returned to the Peripherals Division factory Repair Depot for servicing.

Please cantact the following groups for assistance with your specitic problem.

SERVICE DIVISION SUPPORT

For ail servicing requirements on PCC Peripherals Division equipment, piease contact your local PCC Service Division office.
Additionally, the Service Division offers maintenance contracts, service contracts, third party maintenance contracts, stc.

PERIPHERALS DIVISION SUPPORT
NORTH AMERICA: 21111 Erwin Street, Woodtand Hills, California 91367, (213) 999-2020
Qur Woodland Hills facility is staffed to provide assistance in the following areas.

ORDER ADMINISTRATION SPARES SUPPORT

¢ For submitting your equipment orders. * Spares Order Administration for submitting your spare

 For obtaining delivery schadules on your equipment. requests (except Emergency).

« For any other information on your orders. (Note also that » Spares Logistics Administrators to answer any questions
your local sales office can answer these questions.) on spares {(including assistance in determining part

TRAINING SUPPORT numbers).

e Contact the Training Coordinator for class schedules, for
classes to be held at your facilities, or for having a
customized training program developed.

NORTH AMERICA: 9600 !rondale Avenue, Chatsworth, California 91311, (213) 882-0030
Qur Chatsworth facilities are staffed to provide assistance in the following areas.

REPAIR DEPOT TECHNICAL SUPPORT
* For all questions related to equipment sent back or being ¢ For equipment troubieshooting assistance.
sent back to the Repair Depot. This inciudes schedules, « For applications information.

repair costs, or refurbishments. e For any other information or questions, or if you need

assistance and you just don’t know who to call.

« All equipment being returned for repair should be sent
to PCC Peripherals Division Repair Depot, 20400 Piummer EMERGENCY SPARES ) ' '
Street, Chatsworth, California, 31311. e For spare parts that are required immediately.

EUROPE: 10 Portman Road, Reading, Berkshire RG3 10U. England
Phone Reading (734) 582115 / TWX (851) 847-101

Users of PCC Peripherais Division equipment in Europe should direct all inquires on the subjects listed for North America to the
Reading office.

Servicing of all PCC Peripherals Division equipment is coordinated through the Reading office, inciuding U.S. OEMs that ship
systems to Europe.

PACIFIC

Users of PCC Peripherals Division equipment in Austraiia, Japan, New Zealand, and South America should direct all inquiries on the
subjects listed for North America to their local PCC representatives.
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PROPRIETARY NOTICE

Information contained in this document is copyright by Pertec Computer
Corporation and may not be duplicated in full or in part by any person without
prior written approval of Pertec Computer Corporation. Its purpose is to
provide the User with adequately detailed documentation so as to efficiently
install, operate, maintain, and order spare parts for the equipment supplied.
Every effort has been made to keep the information contained in this
document current and accurate as of the date of publication or revision.
However, no guarantee is given or impiied that the document is error-free or
that it is accurate with regard to any specification.
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SECTION|

GENERAL DESCRIPTION AND SPECIFICATIONS

1.1 INTRODUCTION

This section provides a physical description, functional description, and specifications for
the D3000 Series Disk Drive, Models D3300 and D3400, manufactured by the PERTEC
Division of PERTEC Computer Corporation, Chatsworth, California.

1.1.1 MODEL IDENTIFICATION

To simplify identification of D3000 Series Disk Drives, Figure 1-1 illustrates the breakdown
of code combinations empioyed by PERTEC.

D

F.

71

XX~ X

3
4

SN =

i

XX —=XXX

-E-— Optional Designator

WX
XU
SC

Write Protect Switches
Unit Number Selector Switch
Speciatl Configuration*

Optionat Input/Output interface

N Normal
C Compatible**
S Special*

. Number of Sectors

b Sector Configuration

| = Electronic on index Only Cartridge
E = Electronic on Multi-Notched Cartridge
M = Mechanical

e Speed Classification (Spindle rpm)

1 = 1500
2 = 2400

b—— Removable Cartridge/ Fixed Disk Configuration

5440-type Cartridge Only (100 tpi)
5440-type Plus Fixed Disk (100 or 200 tpi)
2315-type Cartridge Oniy (100 tpi)
2315-type Plus Fixed Disk (100 or 200 tpi)

L Density

2200 bpi, 100 tpi
2200 bpi, 200 tpi

Basic Designator

*As specifically ordered; not described in this manuai.

**Electrically compatible with controllers designed to interface to another manufacturer's
disk drive.

Figure 1-1. Model ldentification



Referring to Figure 1-1, the following illustrates the ease of identification, using Model
D3322-1064-NWU as an example.

(1) D3 is the basic prefix used on all D300 Series.

(2) 3inthe third position indicates a 100 tpi device.

(3) 2in the fourth position indicates a 5440-type cartridge plus fixed disk.
{4) 2in the fifth position indicates a spindle speed of 2400 rpm.

(8) | in the sixth position indicates that the 5440-type cartridge to be utilized has a
normal index notch only.

(6) 064 in the seventh, eighth, and ninth positions indicate a 64-sector device.

(7) N in the tenth position indicates a Normal (standard) interface configuration
option.

(8) W in the eleventh position indicates the unit is provided with Write Protect
switches.

(9) Uin the twelfth position indicates the unit is provided with Unit Number Selector
switch.

1.2 PURPOSE OF EQUIPMENT

The disk drive has the capability of recording digital data on {BM 2315- or 5440-type
cartridges utilizing the double-frequency method of recording. Spindle speeds up to 2400
rpm and data storage of up to 101.5 megabits are provided by the D3000 Series Disk Drive.
Data recorded on the removable media can be recovered when played back on any D3000
Series having the same cartridge type, density, format, and speed.

The D3000 is a rotating magnetic memory capable of storing and retrieving data in digital
form. The storage media is an aluminum disk coated on both surfaces with a layer of ferro-
magnetic material suspended in a binder. Data are stored serially in concentric tracks on
both surfaces of the disk.

The basic disk drive is available as a single-disk or dual-disk device. All modeis are
capable of accepting removable media with the removable disk enclosed in a cartridge
assembly. Depending on the model, the disk drive will accept either the top loading
5440-type or the front loading 2315-type cartridge.

Single-disk models have provisions for the removable cartridge only; dual-disk models
have provisions for the removable cartridge and a fixed disk enclosed within the drive
housing.

The disk drive is intended for use in conjunction with a formatter or controller to provide
rapid access mass memory for smaill and medium size computers.

An integral power supply is included in the disk drive and operates directly from single
phase power.

1.3 PHYSICAL DESCRIPTION OF EQUIPMENT

The top loading configuration of the D3000 Disk Drive utilizes a 5440-type cartridge and is
shown in Figure 1-2; the front loading configuration utilizes a 2315-type cartridge and is
shown in Figure 1-3.



Figure 1-2. D3000 Disk Drive, Figure 1-3. D3000 Disk Drive,
Top Load Model Front Load Model

All electrical and mechanical components necessary to operate the disk drive are mounted
internally within the housing of the drive. The housing is designed to be mounted in a
standard 19-inch EIA rack, or utilized as a table top unit.

All models are equipped with the necessary electronics to provide recording and retrieval
of stored data.

Access to the interior of the disk drive is gained by removing the dust cover. This cover is
mounted to the base assembly and protects the interior of the drive from dust and other
environmental contaminants.

The operational controls, which include indicators that are illuminated when the relevant
functions are being performed, are mounted on the front control panel. These controls are
accessible to the operator at all times. Power is supplied through a strain-relieved cord
having a standard 3-prong plug. Interface signals are routed through the interface cables
to input/output connectors iocated within the disk drive housing.

The major electronic assemblies are located near the rear of the drive. These assemblies
are mounted to aliow ready access without the use of extender cards or other special
tools.

1.4 FUNCTIONAL DESCRIPTION

Data storage is accomplished by utiiizing the non-contact method of magnetic recording.
The disk recording media is rotated at a constant speed and the recording heads, capable
of either reading or writing, are flown over the surface of the disk on a gas-film bearing and
positioned to the appropriate track by the use of a voice-coil type of linear motor
positioner. This type of disk drive, which utilizes a single head per surface, is referred to
as a moving-head disk drive.

Addressing of the stored data is accomplished by specifying the desired head position and
the applicable segment of the disk surface. The read/write electronics are capable of
non-simultaneous reading or writing of data on a single surface at a given time.

Figure 1-4 is a functional biock diagram of the disk drive, which consists of the disk drive
control logic, start and stop control plus auxiliary controis, and the necessary select and
enable gating.
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The positioner servo electronics comprise a major functional block. As the disk rotates at
a fixed speed, and the recording heads are flown over the disk surface, the positioner is
controlled in both the velocity and position modes. The positioner moves to the correct
address under control of the positioner servo control electronics. Data are then written on
the desired surface by selecting the corresponding head through the head seiect network.

The read/write electronics are subdivided into three functional blocks consisting of the
head select network, the write electronics, and the read channel. Write data causes write
current to be switched according to the pulse train on the WRITE DATA SIGNAL line. The
storage surface will then be magnetized accordingly.

During retrieval of the stored data, the corresponding head is again selected by the head
select network and the signal obtalned from the read/write head is processed by the read
channel into separate READ DATA and READ CLOCK signals for transmission via the
interface. The particuiar segment of the disk which is passing under the read/write head is
specified by the sector pulse and sector count lines from the sector electronics.

Control of the rotational speed of the disk is accomplished by the speed control
electronics group which establishes a known, fixed speed for the disk rotation within +1
percent speed tolerance. The sector electronics block provides pulses at the interface
which electrically subdivides the disk into a number of sectors for the purpose of
addressing data stored on the disk. Figure 1-5 illustrates the subdivision of a platter into 8
sectors by means of mechanical sectoring.

The air system consists of an absolute filter preceded by a pre-filter, and a blower driven
by the same motor which provides drive to the disk spindle. This air system provides a
well-filtered flow of clean air in the disk area to remove contaminants.

Power to the various electronic circuits is provided by an integral power supply. This
power provides dc voltages at suitable levels derived from the line voitage.

Ail major components are mounted to the base assembly. An aluminum alloy casting is
the basic component of the base assembly. Mounted onto the casting is the drlve
mechanism' which consists of a precision spindle, an ac induction drive motor, a squirrel
cage blower, and an idler system. Power to rotate the blower and spindle is transmitted
from the drive motor by means of a fiat beit. The idler system provides constant tension of
the belt and compensates for stretch of the belt,

SECTOR SLOT

INDEX SLOT

TOP VIEW

Figure 1-5. Mechanical Sectoring



Mounted to the spindle assembly is a ring with equaily spaced notches and one additional
notch spaced midway between two of the other notches; this is referred to as the Phase
Lock Ring and is used for sectoring and speed control.

In dual disk models, a fixed disk is mounted to the spindie assembly; it is referred to as
the lower disk but is not removable in the same manner as the cartridge. The second
disk is contained within the removable cartridge and is driven by a magnetic clutch which
is located on top of the spindle assembly. A precision ground cone on the end of the
spindle suitably locates the hub of the disk which is mounted in the cartridge. Rotary
motion is imparted to both disks simultaneously.

The blower is rotated while the drive motor is running and the disk is spinning. Air flow
from the blower travels through the disk area and purges the air of any contaminants in
this area. Air is drawn in at the lower front part of the front bezel and passes through a high
efficiency absolute filter located in the lower front portion of the base assembly.

Air is ducted to the squirrel cage blower and thence to the area below the fixed disk.
Suitable vanes on the spindle provide additional pumping action to cause air to flow into
the area of the upper disk. Air is exhausted at the rear of the disk drive. As a function of
exhausting the air, the electronics package is provided with suitable cooiing.

Additional cooling is provided through convection cooling of the heatsink assemblies
mounted at the rear of the base assembly. Power transistors mounted on these heatsink
assemblies are used in the power supply regulators and the positioner power amplifiers.

The base assembly provides mounting attachment points for the rack mounting slides,
switch brackets, front bezel, and the supporting structure for the printed circuit boards
and dust cover.

The positioner, in conjunction with the positioner servo and control eiectronics, is used to
position the read/write heads to one of a possible 203 or 406 cylinders. Figure 1-6 defines
the relationship between disk, cylinder, and track as used throughout this document.

The positioner assembly consists of a large permanent magnet, a carriage which utilizes

bail bearings, a magnetic velocity transducer, and a photo-electric position transducer.
Attached to the carriage are the read/write heads, and the positioner coil (voice coil).

DISK

CYLINDER

Figure 1-6. Disk, Cylinder, Track Relationship
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The positioner is a moving coil type of linear motor wherein the signal applied to the coil
results in a magnetic field which reacts with the magnetic field of the permanent magnet.
The force thus produced is used for purposes of controlling the position of the carriage.
Speed of the positioner carriage movement is controlled by sensing its instantaneous
velocity utilizing the magnetic velocity transducer.

The magnetic velocity transducer consists of a moving magnet within a fixed coil. The
position of the positioner carriage is sensed by using the optical detent type of position
transducer.

NOTE

There is no actual mechanical detenting of the positioner
carriage. The positioning at a given cylinder is achieved
entirely by electronic techniques.

Dc power to various electronic circuits is provided by the power supply which takes the
line voltage input, transforms it to a suitable voltage level, then rectifies and filters the
output of the transformer. The output is then provided to the power regulators located on
the Servo PCBA.

Also contained on the power supply assembly are the motor start capacitors for the ac
induction drive motor and a smail Motor Control PCBA. The Motor Control PCBA contains
ground isolation and power control circuitry for operating the drive motor. This PCBA is
separate from other PCBAS in order to isolate the line voitage.
1.5 MECHANICAL AND ELECTRICAL SPECIFICATIONS
The mechanical and electgrical specifications summary for the disk drive is shown in
Table 1-1.
1.5.1 INTERFACE SPECIFICATIONS
Levels:

True = Low = +0.2 £+0.2v

— Mimh — +2.3v

False = High = +3.0 Z06v

The interface circuits are designed so that any disconnected wire results in a faise signal.

Figure 1-7 shows the configuration for which the drivers and receivers have been designed.



Table 1-1

Mechanical and Electricai Specifications

100 tpi Models

200 tpi Models

Storage Capacity (Unformatted)
Singte Disk Modeis at 2200 bpi
Duai Disk Modeis at 2200 bpi

Cylinders/ Tracks
Single Disk Modeis
Dual Disk Modets

Sectors

Bita per Inch/ Tracks per Inch
Data Transfer Rate
2200 bpt, 1500 rpm
2200 bpi, 2400 rpm
Disk Speed
Latency Time {(Average)
1500 rpm Models
2400 rpm Modeia
Head Positioner
Seek Time
Adjacent Track
Average (One-third Stroke)
Maximum (Fuli Stroke)
Start Time
Stop Time
Removable Media Type
Read/Write Heads
Type
Number
Recording Mode
Dimensions
Haight
Width
Depth from Mounting Surface
Front Projection from Mounting Surface
Total Depth
Mounting

Weight (Excluding Siides and Cartridge)
Top Loading Models

Front Loading Modeis

Operating Temperatuse
Non-Qperating Temperature
Operating Humidity
Storage Humidity

Operating Altitude
Non-Operating Altitude

Voits ac
Watta (Maximum on High Line)
(Typical)
Hertz
Electronics
Undarwriters Laboratory

Canadian Standard

25.375 megabits
50.750 megabits

203 cylinders /408 tracks
203 cylinders/812 tracks

6,8,10,12, 14,16, 18, 20, 24, 28, 30, 32,
36, 40, 42, 48, 56, 80, 64

2200 bpi/ 100 tpi

1.56250 megabits per second
2.50000 megabits per second
1500 or 2400 rpm ( 4 1%)

20 milliseconds ) +1%)
12.5 miiliseconds (2 1%)

Voice Coli Linear Motor with Optical Detent

9 milliseconds maximum

35 milllseconds maximum

60 miiliseconds maximum

57 seconds maximum

22 seconds maximum

18M 5440 or 2315 type cartridge
Ramp Loaded, Radiaily Aligned

2 or 4 (One per Disk Surface)
Oouble Frequency

222.25 mm (8% inches) maximum
482,86 mm (19 inches)

660.5 mm (28 inches)

82,8 mm (3% inches)

742.9 mm (29Y inches)

Standard EIA

57.6 kg {116 pounds}

(including Integrai Power Supply)
50.8 kg (112 poynds)

(including integral Power Supply)
10"C to 40°C (50°F t0 104°F)
=10°C 0 85°C (14°F to 149°F)

5% to 85% Non-Condensing

t0 95% Non-Condensing at 40°C
to 80% Non-Condensing at 85°C

0 to 2266 meters (0 to 7500 feet)

0 to 6708 meteea {0 to 20,000 feet)

95, 100, 110, 115, 128, 180, 200, 210, 215,
1108 Pat 352?3}/25:.?6: gﬁ.sfomn
:goto 52, and 58 to 82

Ali Siticon

UL Approved

CSA Certified

50.75 megabita
101.5 megabits

408 cylinders/B812 tracks
408 cylinders/ 1624 tracks

8,8,10, 12, 14, 18, 18, 20, 24, 28, 30, 32,
38, 40, 42, 48, 58, 60, 84

2200 bpl/ 200 tpi

1.56250 megabits per second
2.50000 megabits per second
1500 or 2400 rpm { £ 1%)

20 milllseconds ( + 1%)

12.5 milliseconds ( £1%)
Voice Coil Linear Motor with Optical Detent
10 mllliseconds maximum

40 millissconds maximum

85 milliseconds maximum

57 saconds maximym

22 seconds maximum

18M 5440 or 2315 type cartridge
Aamnp Loaded, Aadially Aligned

2 or 4 (One per Disk Surface)
Double Frequency (2200 bpi)

222.25 mm (8% inches) maximum
482.6 mm {18 inches)

6680.5 mm (26 inches)

82.6 mm {3% inches)

742.9 mm (28% inches)

Standard EIA

57.8 kg (116 pounds)

{Including integral Power Supply)
50.8 kg (112 pounds)

(inciuding integral Power Supply)
15.6°C 10 38.0°C (80°F to 100°F)
—10°C 10 85°C (14°F to 149*F)

5% ta 85% Non-Condensing

to 85% Non-Condensing at 40°C
to 80% Non-Condensing at 85°C

0 to 2268 meters (0 to 7500 feet)

0 to 8708 meters (0 to 20,000 feet}

95, 100, 110, 115, 125, 190, 200, 10, 215,
11%ﬁi&gfégacgom;
ﬁo 52, and 58 to 62

All Siticon

UL Approved

CSA Cartified
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SECTION I
INSTALLATION AND INITIAL CHECKOUT

2.1 INTRODUCTION

This section contains a summary of interface lines, information for uncrating and
mounting the unit, as well as the procedure for electronically connecting and initiaily
checking out the disk drive.

2.2 UNCRATING THE DISK DRIVE

The D3000Q Disk Drive is shipped in a heavy duty container consisting of an inner and outer
carton. Use of the dual carton minimizes the possibility of damage during shipment. To
uncrate the disk drive:

(1) Place the shipping carton in the position indicated by the arrows on the outer
carton.

(2) Open the outer carton and remove the packing materiai.

(3) Lift the drive and its shipping frame and set it on a clean work surface. Ensure
access to the top of the unit.

CAUTION

THE D3000 DISK DRIVE WEIGHS 59 KG (130 POUNDS] IN
ITS SHIPPING CONFIGURATION. DO NOT ATTEMPT TO
LIFT THE DRIVE WITHOUT SUFFICIENT PERSONNEL.

(4) Check the contents of the shipping container against the packing slip and
investigate for possibie damage. Notify the carrier if damage is noted.

CAUTION

TO AVOID DAMAGE TO EQUIPMENT, DO NOT ATTEMPT
TO APPLY POWER TO THE DISK DRIVE UNTIL ALL
POSITIONER AND MECHANISM SHIPPING RESTRAINTS
HAVE BEEN REMOVED.

(5) Remove the polyethylene bag that surrounds the unit; remove the dust cover as
follows.

O Top Load Models
(i) Remove the 4 screws around the top of the adapter bowl.
(i) Remove the 5 screws aiong the sides of the unit.

(iii) Lift the rear of the dust cover approximately 30°, then carefully move the
cover toward the rear of the unit until the front edge of the cover clears the
bezei; remove the dust cover.

(iv) Remove the circular metal protective plate from the adapter bowl.
O Front Load Models.
(i) Remove the 2 screws on top of the dust cover.
(ii) Remove the 5 screws along the sides of the unit.

(iii} Slide the dust cover toward the rear of the unit until the front edge clears
the bezei.

(iv) Remove the dust cover.

(v) Remove the two tie-down straps used to secure the front door and
cartridge receiver during shipment. Figure 2-1 shows the relationship of
these restraints to the shipping frame and disk drive.
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Figure 2-1. Cartridge Receiver and Front Door Shipping Restraint

(6) Locate and loosen the two retaining screws (shown in Figure 2-2) on top of the
Logic PCBA; rotate the hinged card structure up and to the rear. The spring-
loaded PCBA pivot-lock automatically locks the Logic PCBA into the vertical
position as shown Iin Figure 2-3.

NOTE

lllustrations used in this manual to depict parts and
locations which are common to front and top loading
versions will normally be of front loading models.

(7} Loosen the two retaining screws which secure the Servo PCBA to the Logic PCBA
(see Figure 2-3).

(8) Swing the Servo PCBA into its extended position; engage the locking pin and the
PCBA support bracket (see Figure 2-4).

(9) Locate and identify the carriage retainer counterweight at the rear of the head
carriage assembly. Figure 2-5 shows the counterweight in its shipping position.

(10) Locate and remove the Allen head screw stored in the top of the head carriage
assembly adjacent to the counterweight.

(11) Remove the recessed Allen head screw from the counterweight which secures the
head carriage assembly to the magnet assembly during shipment. The head
carriage assembly can now be moved backward and forward freely.

(12) Align the two round holes in the counterweight to the two mating holes on top of
the head carriage assembly and insert the Alien head screws removed in Steps (10)
and (11). Figure 2-6 shows the counterweight in its operating position. Tighten
each Allen head screw so that the counterweight remains secure during operation
of the positioner.

CAUTION

IF THE UNIT IS SHIPPED, THE COUNTERWEIGHT MUST
BE USED TO SECURE THE CARRIAGE ASSEMBLY.
PERFORM THE FOLLOWING STEPS TO ENSURE THAT
THE COUNTERWEIGHT IS SECURED IN ITS SHIPPING
POSITION. FIGURE 2-5 SHOWS THE COUNTERWEIGHT
IN ITS SHIPPING POSITION.
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Figure 2-2. Rack Mounting the D3000 Disk Drive
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Figure 2-4. Component Identification
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Perform the following steps whenever the disk drive is to be shipped.
(1) Ensure that the head carriage assembly is fully retracted.

{2) Remove the two Allen head screws holding the counterweight to the head carriage
assembly. This will free the counterweight.

(3) Place the counterweight on the magnet assembiy as shown in Figure 2-5 so that
the counterweight edge pin is positioned behind the front plate of the magnet
assembiy.

(4) With the counterweight edge pin placed as in Step (3), position the eliptical hole
of the counterweight so that it is in line with the Allen head screw hole closest to
the magnet assembly on the carriage assembly.

(5) Tighten the recessed Allen head screw in the counterweight so that it does not
loosen during shipment. This secures the head carriage assembly to the magnet
assembly.

{6) Place the remaining Allen head screw removed in Step (2) into the storage hole
provided on the head carriage assembly. Tighten the Allen head screw so that it
will not loosen during shipment.

Check that the identification label on the rear of the unit bears the correct model number,
line voltage, and line frequency. If the actual line voltage or frequency at the installation
differs from that on the identification label, refer to Section {V of this manual.

CAUTION
OPERATOR MUST EXERCISE CAUTION WHEN
EXTENDING OR LOWERING THE LOGIC AND SERVO

PCBAS TO AVOID CRIMPING CABLING AND/OR
DISENGAGING MOLEX CONNECTOARS.

2.3 POWER CONNECTIONS

A fixed power cord is supplied for use in a polarized 115v outlet. For other power sockets,
the supplied plug must be removed and the correct plug instalied. Table 2-1 lists (in
several languages) the color code scheme used to identify the supplied power cord.

2.4 [INITIAL CHECKOUT PROCEDURE

A description of the controls and indicators used for operation of the D3000 Disk Drive is
contained in Section Ill. To check the proper operation of the disk drive before placing it in
a system, the following procedure should be performed.

(1) With the protective dust cover removed and with the Servo PCBA in the raised
position (as shown in Figure 2-4), inspect the PCBAs, connectgors, and cables.
Verify that shipping damage has not occurred. Check the connectors and plug-in
relay for proper instaliation.

(2) Verify that the positioner is in the fully retracted position.
(3) Verify that the cartridge area is free of dirt, contaminants, and shipping material.
(4) Verify that the ON/OFF switch is set to OFF,

CAUTION

CONNECTING THE DISK DRIVE TO A LINE VOLTAGE
OTHER THAN THE VOLTAGE SELECTED VIA THE
TRANSFORMER TAPS CAN RESULT IN DAMAGE TO
THE UNIT.
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Table 2-1

Power Cord Color Code
Black Noir Nero Schwarz
AC ‘Hot’ Phase Vivo Heiss
(Live)
White Blanc Bianco Woeiss
AC Ret. Neutre Neutro Neutrai
(Neutral)
Green Vert Verde Grun
Chassis GND | Chassis Terra Grund
(Earth) (Terre)

(5) Verify that connections to the power transformer are compatibie with the local
power source to which the disk drive is to be connected (see Paragraph 4.9);
connect the power cord to the correct line voltage.

(6) Place the power ON/OFF switch to the ON position; the ON indicator and the
SAFE indicator should illuminate within 2 seconds.

CAUTION

ON TOP LOAD MODELS, IF THE CARTRIDGE-LOCK
ARM IS PIVOTED OUT OVER THE BOWL, DO NOT
ATTEMPT TO ROTATE THE LOCK ARM TO THE STORED
POSITION UNTIL POWER IS APPLIED AND THE ON/OFF
SWITCH IS IN THE ON POSITION.

(7) Load the cartridge as described in Paragraph 3.4.1 or 3.4.3.
CAUTION

LOADING AND OPERATING WITH DIRTY, DAMAGED,
OR DEFECTIVE CARTRIDGES WILL CAUSE DAMAGE TO
THE DISK DRIVE.

(8) Depress and release the RUN/STOP switch/indicator; verify that, during the Start
sequence:

The RUN/STOP indicator becomes illuminated immediately.
The SAFE indicator is extinguished.

The disk comes up to speed.

The cleaning brush sweeps the disk(s) (top load versions only).
The positioner |oads the heads over the disk(s).

The READY indicator becomes illuminated within 60 seconds after actuation of
the RUN/STOP switch/indicator.

(9) Depress and release the RUN/STOP switch/indicator; verify that, during the Stop
sequence: -

¢ The READY and RUN/STOP indicators are extinguished.
¢ The heads are siowly unioaded from over the disk(s).
¢ The disk(s) comes to a stop.

« The SAFE indicator becomes illuminated within 25 seconds after RUN/STOP is
actuated.
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(10) Repeat Step (8) to return the disk drive to the Ready condition.
(11) Place the power ON/QOFF switch to the OFF position; verify that:

¢ The positioner immediately retracts the heads from over the disk(s) at a high
rate of speed (emergency unload).

e The cartridge access door is locked (front load modeis); the cartridge lock arm
is locked (top load models).

(12) Before the disk has the opportunity to coast to a stop, place the power ON/OFF
switch to the ON position; verify that the SAFE indicator does not become
illuminated until after the disk(s) has coasted to a stop.

(13) Remove the cartridge as described in Paragraph 3.4.2 or 3.4.4.
(14) Place the power ON/OFF switch to the OFF position.

(15) Position the Servo PCBA in the closed position and secure it to the Logic PCBA
with the two captive retaining screws (shown in Figure 2-3).

(16) Slide the spring-loaded sleeve of the Logic PCBA pivot lock downward to release
the pivot lock (see Figure 2-3).

CAUTION
OPERATOR MUST EXERCISE CAUTION WHEN EXTEND-
ING OR LOWERING THE LOGIC PCBA AND SERVO

PCBA TO AVOID CRIMPING CABLE AND/OR DISEN-
GAGI/NG MOLEX CONNECTORS.

(17) Lower the Logic PCBA and secure it to the PCBA support brackets using the two
retaining screws (shown in Figure 2-2}.

2.5 INTERFACE CONNECTIONS

The D3000 interface is configured to provide flexibility in the design of new controllers and
remain compatible with existing controllers designed for the D1000 and D5000 Disk Drives.
The D3000 will also operate in conjunction with the F3000 Disk Formatter.

The 3M flat cable used in the fabrication of the D3000 Input/Qutput (1/O) cables has the
following specifications.

(1) Number of conductors: 36
(2) Conductor size: 24
(3) impedance: 100 ohm

The maximum length of conductor between the D3000 and the Controlier/Formatter in a
muitiple cisk drive instailation is 6.1 m (20 feet). The maximum length of conductor
between adjacent disk drives in a daisy-chain configuration is 3.0 m (10 feet).

D3000 Disk Drives are normally supplied with a mating input/output cabie board and a
termination board. These boards must be installed as shown in Figure 2-7. Interface
signals are routed to and from the disk unit via the input/output cabie board. Tabie 2-2

shows the input/output lines required. Details of the interface are contained in Section lil.



Tabie 2-2
Interface input/Output Lines

)

Signal Name Term Sin‘?'al R;'i:'" Remarks
Inputs
UNIT SELECT NO. 1 WUSIR | 842 B4l
UNIT SELECT NO. 2 IUS2R | A42 Adt
UNIT SELECTNO. 3 IUS3R | B43 B44
UNIT SELECTNO. 4 WS4R Ad3 Ad4
PLATTER SELECT IPSXA | B27 826
HEAD SELECT IHSXR | A27 A28
CYLINDER ADDRESS STROBE ICASR | B33 832
CYLINDER DEMAND ADDRESS 0 ICDOR | A39 A8 LS8
CYLINDER DEMAND ADDRESS 1 ICO'R | B39 B33
CYLINDER DEMAND ADDRESS 2 ICD2R { A37 Al8
CYLINDER DEMAND ADDRESS 3 ICD3R | B37 838
CYLINDER DEMAND ADDRESS 4 ICD4R | A38 A3S
CYUINDER DEMAND ADDRESS 5 ICD5R | 836 835
CYLINDER DEMAND ADDRESS 6 ICOBR | A34 A35
CYLINDER DEMAND ADDRESS 7 ICO7R | B34 B3S MSB 100 tpi
CYLINDER DEMAND ADDRESS EXTENSION | ICDER | A33 A2 MSB 200 toi
RESTORE INITIAL CYLINDER IRICR A A32
WRITE ENABLE IWEXR | B22 B23
ERASE ENABLE IEEXR | A22 A23
WRITE DATA SIGNAL IWDSR | A28 A29
READ ENABLE IREXR | B24 B23
TRACK OFFSET PLUS ITOPR | B2S B28
TRACK OFFSET MINUS ITOMR | A25 A28
ACTIVATE EMERGENCY UNLOAD IAEUR 831 B32
START/STOP DISK DRIVE ISSDR | 830 829
Total input Lines = 25
Qutputs
READY IAXXD | B1 82
BUSY SEEKING NO. 1 18S10 | B9 820
BUSY SEEKING NO. 2 iBS2D0 | A19 A20
BUSY SEEKING NO. 3 1BS3D | B21 820
BUSY SEEKING NO. 4 18S40 | A21 A20
SECTOR PULSE ISPXD | A4 A5
SECTOR COUNT 0 ISCOD | A15 Ale LS8
SECTORCOUNT 1 1ISC10 | B15 814
SECTOR COUNT 2 ISC20 | A13 A4
SECTORCOUNT 3 ISC3D | B13 814
SECTORCOUNT 4 ISC40 | A12 A1
SECTORCOUNT S ISCSO | B12 B11
SECTOR COUNT & ISC60 | A10 A1l MSB
INDEX PULSE HWPXD B4 BS
READ CLOCK IRCXD B16 B17
READ DATA 1ROXD | A6 A7
ILLEGAL CYLINDER ADDRESS IICAD B3 B2
FILE PROTECTED IFPXD | A1 A2
MALFUNCTION DETECTED IMDXD | 86 BS
DUAL PLATTER DRIVE IOPDD | B7 88
DOUBLE TRACK DRIVE 1DTDD § A7 A8
(Special Interface Signat) A3 A2
Termination Voltage Ad5

B45

Total Qutput Lines = 23
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Figure 2-7. Interface Connector Board Instailation

There are three cable types available for use with the D3000 Disk Drives.

(1)

(2

3)

Controlier to Disk Drive cable for a non-specified controller. This cable is 3M fiat
cabie with an input/output cable board on one end to mate with the D3000; the
other end is free to accommodate connection to a controiler input/output board.
This cable is available from PERTEC in lengths of 1.5, 3.0and 6.1 m (5, 10, and 20
feet); refer to the Spare Parts List, Table 7-8, for specific part numbers.

110 Link cable (daisy-chain). This cabie is 3M flat cable with an input/output
cable board on each end to join two D3000 drives. This cable is availabie from
PERTEC in lengths of 1.5, 3.0, and 6.1 m (5, 10, and 20 feet); refer to Spare
Parts List, Table 7-8, for specific part numbers.

F3000 Formatter cable. This cable is 3M flat cable with an input/output cable
board on one end to mate with a D3000 drive and an input/output cable board on
the other end to mate with an F3000 Formatter. This cable is available from
PERTEC in lengths of 1.5, 3.0, and 6.1 m (5, 10, and 20 feet); refer to Spare
Parts List, Table 7-8 for specific part numbers.
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2.6 RACK MOUNTING THE DISK DRIVE

The disk drive is entirely seif-contained (including the power supply). The unit is 203.2 mm
(8.75 inches) high, requires 660.4 mm (26 inches) of rack depth, and extends 82.6 mm
(3.25 inches) from the front mounting surface. The unit is designed to be mounted in any
equipment rack or desk having standrd EIA mounting rails at the front and rear. Mounting
for two slide configurations is described.

All models are suppiied with heavy duty chassis slides, carefully selected to give the
optimum in unit serviceability. When mounted in the rack the chassis may be extended
fully forward for servicing; where servicing from the front is not practical the unit may be
extended from the rear.

CAUTION

DUE TO THE WIDE RANGE OF SLIDE TRAVEL, A
CABINET OF SUFFICIENT STATURE MUST BE USED TO
REDUCE THE POSSIBILITY OF UPSETTING THE
CABINET WHEN THE UNIT IS FULLY EXTENDED TO THE
FRONT OR REAR. REFER TO DRAWING NO. 103587
[SECTION Vil FOR CG LOCATIONS AT THESE EX-
TREMES BEFORE INSTALLING THE UNIT.

2.6.1 SLIDES

Remove the siide set (Part No. 102731 or 103670} and the installation kit (Part No. 102723)
from the shipping container. (Slide set Part No. 102731 extends the disk drive 762 mm (30
inches) to the front and 635 mm (25 inches) to the rear of the cabinet; slide set Part No.
103670-01 extends the disk drive 489 or 750 mm (19.25 or 29.5 inches) to the front or rear.)

2.6.2 INSTALLATION OF SLIDE SET PART NO. 102731

Refer to Figure 2-2 and Drawing No. 103587 in conjunction with the following mounting
procedure. The front and rear slide brackets and the slides are marked ‘LH’ and ‘RH’ for
correct assembly.

CAUTION

TO EXTEND THE DISK CHASSIS FROM THE REAR OF
THE CABINET, THE BEZEL MUST BE REMOVED: REFER
TO PARAGRAPH 2.6.2, STEP [4].

(1) Assemble the front and rear right-hand brackets to the right-hand slide assembly;
assemble the front and rear left-hand brackets to the left-hand siide assembiy.
The bracket screw heads must be ins*alied on the track side of the slide; the nuts
will therefore appear on the bracket side, or outside, of the slide assembiy. Use
lock washers under the nuts.

(2) Install the right and left slide assemblies to the front and rear EIA rails. Adjust the
distance between the slide brackets to 451.6 mm (17.78 inches). Ensure that the
right front and rear slide brackets, as well as the left slide brackets, are installed
at the same height on the front and rear rails. The screw heads must be on the
outside of the EIA rails.

(3) Puil the smaller chassis slide member forward to expose the screw holes that will
be used to attach the small slide member to the disk chassis.

(4) Remove the bezel assembiy from the disk drive by loosening the three screws on
each side of the bezel and sliding the bezel assembly forward until free of the
chassis (refer to Figure 2-2 for location of these screws). For clearance, remove
the three bezel mounting screws on each side of the chassis.
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(5) Remove 8 screws which attach the shipping frame to the disk chassis and lift the
unit free of the frame.

(6) With the right and left chassis slides extended fully forward, slide the disk drive
chassis between the inner members until the front slide mounting hole pattern
lines up with the tapped holes in the chassis. Thread three 8-32 X %-inch button-
head screws through the slide and into the chassis. Perform this on each side of
the chassis.

(7) Slide the unit through the cabinet to the rear and thread two additional 8-32 X -
inch button-head screws through the stide and into the chassis on each side.

(8) Locate the chassis in the closed position in the cabinet. Adjust each slide bracket
height by loosening the slide bracket screws to obtain the 5.97 mm (0.235-inch)
dimensions as shown in Drawing No. 103587.

(9) Reinstall the bezel.

(10) Install the slide restraining blocks {(Part No. 102776} at the rear of the cabinet
using the hardware provided. Adjust the restraining blocks to prevent the
intermediate slide member from working to the rear during normal operation.

(11) For top load models only, install the brim (Part No. 102691) using the hardware
provided.

(12) Install the catch assembilies as shown in Figure 2-2 using the hardware provided.
Adjust the catch spring on the EIA rail so the ball stud assembly installed on the
bezel strikes the catch spring on the EIA rail squarely. Apply a smail amount of
lubricant (PERTEC Part No. 665-0004, or equivaient) to each ball stud.

2.6.3 INSTALLATION OF SLIDE SET PART NO. 103670

Figure 2-8 and Drawing No. 103587 show the relationship of the rail mounting brackets to a
standard EIA cabinet and should be referred to in conjunction with the following
procedure.

Prior to installation of the disk mounting slides, determine the exact location in the
cabinet in which the disk drive is to be mounted.

NOTE

To ensure correct hole spacing positions for the slide
mounting bracket, catch assembiies, and top load brim
assembly, the location of the bottom surface of the bezel
must lie between a pair of rail holes spaced Yz-inch apart.

(%)) Thyead and tighten three 10-32 X 3/8-inch button-head Phillips screws for each
gglr of ;r%nt and rear brackets into the EIA rails; spacing must be as shown in
igure 2-8.

(2) Place a star lockwasher and 10-32 nut on each of the three screws. The nuts
should be started onto the screw only far enough to hoid. The mounting bracket
will be secured between the back of the E!IA mounting surface and the lockwasher.

NOTE

If the cabinet rails have untapped mounting holes, the nut
bars furnished in the hardware kit are to be used in place
of the 10-32 nuts.

(3) Install the right and left brackets to the raiis and tighten the 10-32 nuts sufficiently
to hoid them in place.

(4) Determine that the bracket surface adjacent to the rail is parallel to the rail and to
the side of the cabinet.
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for use with P/N 103670

(5) Establish that the measurement between the brackets is 436.37 mm (17.78 inches)
as shown in Figure 2-9. Tighten the 10-32 nuts on the right and left brackets. if
this measurement is not held the bezel may not fit between the trim molding on
the cabinet. Note that dimension ‘A’ must equal dimension ‘B’.

NOTE

Steps [1] through [5] must be repeated when the rear
brackets are installed.
(6) By inspection, determine which slide assembly and mounting hoies will be used
for the installation.
(7) Instatl the slide assemblies to the brackets using 8-32 X 3/8-inch Phillips screws;
tighten hardware finger tight.

(8) Extend the smail siide bar as far forward as possible to expose two Allen-head
stop screws located in the body of the lower slide of the slide assembly.
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(9) Loosen the two Allen-head stop screws so that 4 or 5 threads are showing. Move
each small slide bar to the extreme rear position (all the way out the rear of the
cabinet) to ensure that they do not become disengaged from the main slide
assembly.

(10) Remove the small slide bar from the main slide assembly by moving the small
slides all the way out the front of the cabinet.

NOTE
The small slide bar will be attached to the disk drive.

(11) Install restraining blocks to each of the rear rails with 10-32 X 3/8-inch Philligs
button-head screws. Position each restraining block so that the slide member will
be prevented from projecting beyond the rear of the cabinet.

(12) Install the smali slides (removed in Step 10} to the right and left sides of the disk
drive casting with 8-32 X 3/8-inch button-head Philips screws.

CAUTION

ENSURE THAT THE DIMPLE ON EACH SMALL SLIDE
MEMBER APPEARS BELOW THE CENTERLINE OF THE
SLIDE BAR; FAILURE TO DO SO WILL ALLOW THE DISK
DRIVE TO BE PULLED FROM THE SLIDE ASSEMBLY.

{(13) Extend each cabinet mounted slide assembly fully forward until a mechanical
stop is reached.

(14) install the disk drive to the two main slide assemblies which project from the front
of the cabinet by engaging the small slides on the disk drive with each of the
extended slide assemblies.

(15) Siide the disk drive into the cabinet to the closed position, i.e., the point at which
the bezel is seated against the cabinet rails.

(16) Carefully pull the disk drive forward about 6 inches until the first setscrew is
exposed on the right and left slide assembiies.

{(17) Tighten the left and right setscrews until they bottom out on their respective slide
assemblies; at this point, back off each setscrew one full turn.

(18) Carefully pull the disk drive forward about 16 inches until the second setscrew is
exposed on the right and left slide assembiies.

(19) Repeat Step (17).

(20) Carefully extend the disk drive forward about 30 inches, at which point the slides
strike the second setscrews in each siide assembly.

(21) in the position indicated in Step (20}, the PCBAs may be raised for servicing.
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SECTION I}
OPERATION

3.1 INTRODUCTION

This section explains the manual operation of the disk drive and defines the interface
functions with regard to timing, levels, and interreiationships.

3.2 CARTRIDGE HANDLING AND STORAGE

The magnetic coatings on the disk surface have the ability to retaip recorded intell igence
for an indefinite period. The recorded data does not tend to weaken or fade with age;
however, the physical properties of the recording medium are susceptible to damage.

1t is important that the disk cartridge be properiy handled and stored so that the integrity
of the recorded data is maintained. A damaged or contaminated cartridge can impair or
prevent recovery of data and can resuit in damage to the disk drive.

CAUTION

DO NOT ATTEMPT TO INSTALL OR USE A CARTRIDGE
WHICH DOES NOT HAVE A DISK-DRIVE COMPATIBLE
BIT-DENSITY RATING OR IS SUSPECTED OF DAMAGE
OR CONTAMINATION.

A disk drive which has been damaged or contaminated due to use of a defective cartridge
should not be operated with other cartridges until the disk drive has been inspected and/or
reconditioned by qualified service personnel. The rated density of each cartridge must be
compatible with that of the disk drive being used.

The following methods will ensure maximum protection of disk cartridges.

(1) The head port door on front load cartridges should be kept closed when the
cartridge is not inserted in a disk drive. This prevents the ingress of dirt and
secures the disk internally.

(2) Top load cartridges should have the bottom cover in place at all times when the
cartridge is not inserted in a disk drive. Do not allow the bottom cover to
accumulate dirt or other debris.

(3) Cartridges can be stored either horizontally or vertically. Front load cartridges
must always be positioned to avoid objects which couid damage the hub or cause
the air infet door to be pushed open.

CAUTION

DO NOT PLACE CARTRIDGES IN A STACK CONTAIN-
ING MORE THAN 5 CARTRIDGES.

(4) Avoid exposure of the cartridge to any magnetizing force in excess of 50 oersted
or loss of stored data may resuit.

NOTE

The 50 oersted level of magnetizing force is reached at a
distance of approximately 76.2 mm [3 inches]) from a
typical source, e.g., motors, generators, transformers.

(5) Do not store the cartridge in direct sunlight; temperatures outside the range of
0.6° to 60°C (33° to 140°F) shouid be avoided for non-operational storage.
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(6) Internal, as well as external, damage to a cartridge can result when dropped. If a
cartridge is dropped, it should be inspected by a qualified service representative.

(7) Front load cartridges should be labeled only in the area of the label frame
which is molded as part of the handle; top load cartridges should be labeled only
in the handle recess area. Placement of labels in any other area may cause
improper operation or contamination.

3.3 DISK DRIVE PREPARATION

The initial check-out procedure in Section il should be performed prior to placing the disk
drive in a system environment.

Optimum data reliability can be obtained only when the protective dust cover is installed
on the disk drive. Also, to ensure proper operation and data reliability, it is necessary that
disk cartridges be temperature stabilized at the disk drive ambient temperature for 2 hours.

For 200 tpi models, the time required to ensure cartridge interchangeability and data
compatibility is as follows.

(1) Initial Power Turn-on: the disk drive shall be considered stabilized after 15
minutes in the Run mode.

(2) Place the ON/OFF switch in the ON position and observe that the associated
indicator becomes iluminated.

(3) Observe that the SAFE indicator becomes illuminated within 2 seconds of the ON
indicator illumination.

3.4 CARTRIDGE LOADING AND UNLOADING

The following paragraphs describe the proper method to load and unload disk cartridges.
Procedures for front load models are contained in Paragraphs 3.4.1 and 3.4.2; procedures
for top load models are contained in Paragraphs 3.4.3 and 3.4.4,

3.4.1 LOADING A CARTRIDGE, FRONT LOAD MODELS
Refer to Figures 3-1 through 3-3 in conjunction with the following procedure.
(1) Verify that the SAFE indicator is illuminated as described in Paragraph 3.3.

(2) Referring to Figure 3-1, grip the handle formed by the top of the front bezel and
move the handle out and downward; this will open the disk drive door and cam the
cartridge receiver into position to accept a cartridge.

CAUTION

DO NOT ATTEMPT TO INSTALL A CARTRIDGE WHICH
DOES NOT HAVE A DISK-DRIVE COMPATIBLE BIT-
DENSITY RATING OR IS SUSPECTED OF DAMAGE OR
CONTAMINATION.

(3) Grip the cartridge by the molded handle and position the cartridge in the receiver
opening as shown in Figure 3-2. Note that the raised portion of the cartridge top is
aligned between the guide rails at the top of the receiver. Slant the cartridge to
match the slope of the bottom of the receiver.

(4) Press the cartridge slowly but firmly most of the way into the receiver; reiax the
grip on the cartridge handle and press the cartridge fully into the receiver, seating
it completely within the receiver as shown in Figure 3-3.
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Figure 3-1. Cartridge Loading/Unloading, Figure 3-2. Cartridge Loading/Unloading,
Front Load Models Front Load Models

Figure 3-3. Cartridge Inserted, Front Load Models
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(5) Close the door on the front of the disk drive by moving the door handle (top qf the
front bezei) up and toward the drive. As the door is closed, the cartridge will be
positioned onto the spindle.

CAUTION

IF THE CARTRIDGE IS NOT PROPERLY INSERTED IN
RECEIVER, THE DOOR WILL NOT CLOSE. DO NOT
ATTEMPT TO FORCE THE DOOR CLOSED OR DAMAGE
TO THE CARTRIDGE AND THE DISK DRIVE WILL RE-
SULT; REPEAT STEPS (1] THROUGH [5].

DO NOT ATTEMPT TO START THE DISK DRIVE UNTIL
THE DOOR IS FULLY CLOSED.

3.4.2 UNLOADING A CARTRIDGE, FRONT LOAD MODELS
Refer to Figures 3-1 and 3-2 in conjunction with the following procedure.
(1) Verify that the SAFE indicator is illuminated as described in Paragraph 3.3.

(2) Referring to Figure 3-1, grip the door handle formed by the top of the front
bezel and move the handle out and downward, opening the door.

(3) Grip the cartridge by the moided handle and pull the cartridge slowly out of the
receiver (Figure 3-2).

(4) Unless another cartridge is to be Inserted immediately, close the door to exclude
dirt and contamination from the interior of the drive.

3.4.3 LOADING A CARTRIDGE, TOP LOAD MODELS
Refer to Figures 3-4 through 3-9 in conjunction with the following procedure.
(1) Verify that the SAFE indicator is iluminated as described in Paragraph 3.3.

(2) Grip the handie formed by the top of the front bezel and slowiy pull the disk drive
from the cabinet on its slides until the cartridge area is accessible.

(3) Ensure that the cartridge iock arm is positioned away from the disk area as shown
in Figure 3-4.

NOTE

The cartridge lock arm must be rotated completely into its
recess.

(4) With the cartridge positioned as shown in Figure 3-5, press the cartridge release/
lock (with the thumb) all the way to the side. Holding the cartridge release/lock,
grip and pull the cartridge handle smartly to the vertical position shown in Figure
3-6. The cartridge is now reieased from the cover.



(5) Referring to Figure 3-7, place the cartridge over the cartridge adapter bow! with
the handle recess pointing downward (approximately 30 degrees) toward the rear
of the drive. Slide the lowered edge of the cartridge under the fixed retainer arm;
then lower the cartridge into the adapter, positioning it so that the keys on the
wall of the adapter engage the key notches in the base of the cartridge.

NOTE

Correct positioning of the cartridge has been obtained if
the cartridge rim is fully seated against the adapter bow/
along the complete periphery of the rim. When the
cartridge is correctly seated it cannot be rotated or tilted.

CAUTION

DO NOT ATTEMPT TO FORCE-SEAT ANY CARTRIDGE;
DAMAGE TO THE CARTRIDGE AND DISK DRIVE WILL
RESULT.

(6) Lower the cartridge handle into the handlie recess and allow the release/lock to
return (Figure 3-8). This will cause the cartridge hub to engage the spindle clutch.

(7) Invert the cartridge cover (removed in Step 4) and place it over the cartridge,
aligning the cover edge over the ridge along the cartridge rim.

(8) Position the cartridge lock arm over the cartridge cover (allowing the arm to cam
upward) until the arm comes to rest against the stop provided by the side of the
recesses in the adapter bowl (Figure 3-9).

CAUTION

IF EITHER THE CARTRIDGE OR COVER HAS NOT BEEN
PROPERLY POSITIONED IT WILL NOT BE POSSIBLE TO
ROTATE THE ARM INTO THE CORRECT POSITION;
THIS WILL PREVENT THE DISK DRIVE FROM STARTING.
DO NOT ATTEMPT TO FORCE THE ARM. ROTATE THE
ARM BACK INTO THE RECESS AND CORRECTLY
POSITION THE CARTRIDGE COVER.

(9) Push the disk drive into the cabinet until the catches engage.

3.4.4 UNLOADING A CARTRIDGE, TOP LOAD MODELS
Refer to Figures 3-10 and 3-11 in conjunction with the following procedure.
(1) Verify that the SAFE indicator is illuminated as described in Paragraph 3.3.

(2) Grip the handle formed by the top of the front bezel and slowly pull the disk drive
from the cabinet on its slides until the cartridge area is accessible.

(3) Rotate the cartridge lock arm away from its position over the cartridge cover to the
recess in the bowl as shown in Figure 3-4.

(4) Lift the cartridge cover out of the disk drive (Figure 3-8) and invert it.

(5) Press the cartridge release/lock (with the thumb) all the way to the side. Holding
the cartridge release/lock as shown in Figure 3-10, grip and pull the cartridge
handie smartly to the vertical position. The cartridge is now disengaged from the
clutch.

(6) Carefuily lift the cartridge out of the adapter bowl and place it into the cartridge
cover as shown in Figure 3-11.

(7) Press the cartridge handle into the cartridge cover recess and release; this causes
the cartridge hub to engage the cover, thus securing the disk.
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Figure 3-4. Cartridge Loading Top Load Modeis
(Lock Arm Away from Disk Area)

Figure 3-6. Cartridge Loading, Top Load Models
(Release/Lock Up)

Figure 3-5. Cartridge Loading, Top Load Modeis
(Release/Lock Down)

Figure 3-7. Cartridge Loading, Top Load Models
(Cartridge Positioned Over Adapter Bowl)
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Figure 3-8. Cartridge Loading, Top Load Models
(Cartridge Loaded, Release/Lock Down)

Figure 3-9. Cartridge Loading, Top Load Models
(Lock Arm Over Cartridge Cover)

Figure 3-10. Cartridge Unloading, Top Load Models

Figure 3-11. Cartridge Unloading, Top Load Models



3.5 SELECTING WRITE PROTECTION

When the disk drive is equipped with WRITE PROTECT switches, the operator should
select the appropriate switch setting at the time.the cartridge is inserted. On front load
models, the switches are mounted inside the door, behind the operator switch panel; the
drive must be in a Safe condition as indicated by the SAFE indicator to open the door and
gain access to these switches. On top load models, the switches are mounted at the left
rear of the cartridge adapter and are accessible through the top of the dust cover only when
the unit is pulled forward out of the cabinet.

To select protection for a particular platter, set the applicable switch to the ON position.
To enable writing for a particular platter, set the applicable switch to the OFF position.

When a WRITE PROTECT switch is set to the ON position, the particular disk (upper or
lower) is protected from write operations regardless of any write commands which may be
received. When a WRITE PROTECT switch is set to the OFF position, write operations may
then be executed.

3.6 STARTING THE DISK DRIVE

Upon completion of the relevant cartridge load procedure, the disk drive may be started as
follows.

(1) Depress and release the RUN/STOP switch/indicator located on the operator
control panel.

NOTE

lllumination of RUN/STOP indicates that there are no

inhibiting conditions and that the disk drive is rotating the
disk{s].

(2) Observe that the READY indicator becomes illuminated within 60 seconds after
actuating the RUN/STOP switch/indicator.

NOTE
Illumination of READY indicates that the disk drive is
ready to accept interface commands.
3.7 STOPPING THE DISK DRIVE
To stop the disk drive while RUN/STOP is illuminated, perform the foliowing procedure.
(1) Depress and release the RUN/STOP switch/indicator.

(2) Observe that the SAFE indicator becomes illuminated within 25 seconds: this

indicates that the disk(s) has come to a stop and the cartridge may be removed or
changed. -

3.8 DESIGNATING UNIT NUMBER

When the disk drive is equipped with a Unit Number Selector Switch, the setting of this
switch determines which interface UNIT SELECT line the drive will respond to, i.e., the
switch position specifies the device (unit) address.

The operator should set the switch to the appropriate position as specified by the system
and software operating procedures for the particular installation.

The switch is set by moving the thumbwheel until the desired number appears in the
window adjacent to the thumbwheel. Positions 1, 2, 3, or 4 may have significance.
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A drive may be designated a particuiar unit number, subject to the restriction that different
units on the common I/O bus must not have the same number assigned. Since the
switches in different units are not interlocked, if two (or more) drives are accidently
assigned the same unit number and that number is then selected by the controlier,
undefined operation may occur.

CAUTION

LOSS OF DATA MAY OCCUR IF THE UNIT NUMBER
SELECTOR SWITCH IS REPOSITIONED DURING A
WRITE OPERATION.

3.9 CEALIGNMENT

Prior to piacing the disk drive into operation, it is recommended that the CE alignment
procedure contained in Section VI be performed. Because misalignment of only 200
winches is significant and PERTEC cannot control the amount of shock a unit may
encounter during shipping, it is recommended that the CE alignment procedure be
performed on 100 tpi modeis; the CE alignment is mandatory on 200 tpi models.

3.10 PERIODIC MAINTENANCE

Periodic maintenance reguirements of the disk drive are detailed in Section V! of this
manual. Periodic cleaning of heads and disks, and filter changing should be performed
according to the prescribed schedules and procedures.

3.11 INTERLOCK PROTECTION

The operator should not attempt to force or override the various protection interiocks
provided by the disk drive. These interlocks are designed to prevent damage to data
contained in disk cartridges, and to the disk drive equipment. Front load models are
interlocked by a switch which senses when a cartridge is correctly inserted into the
receiver. When a cartridge is not inserted in the receiver, or the cartridge is incorrectly
inserted, the switch will not be actuated and this condition is sensed by the logic which
prevents the disk drive from responding to RUN/STOP operator commands and START/
STOP DiISK DRIVE interface line commands.

if the door is not properly closed on front load models, either as a result of the cartridge
being incorrectly inserted or because of operator error, the switch will not be actuated by
the cartridge; this results from the fact that as the receiver lowers a properly inserted
cartridge down onto the spindie clutch, the cartridge body (if it is in the correct position)
actuates the switch lever. Additionally, the door is locked whenever the disk drive is not in
a Safe condition. The Safe condition is indicated when the SAFE indicator is illuminated.

Top load models are interlocked by a switch which senses the postion of the cartridge lock
arm. This switch will be actuated only when the lock arm is fully rotated toward the spindle
and when the correct height is sensed by the cartridge iock arm. This condition will exist
when a cartridge has been correctly seated on the aligning keys and the cartridge bottom
cover has been correctly positioned over the top of the cartridge. in the case of an
incorrectly inserted cartridge, or when a cartridge having a non-compatible bit density
rating is inserted, the correct height will not be sensed by the switch and therefore the disk
drive will be unabie to respond to RUN/STOP operator commands or START/STOP DISK
DRIVE interface line commands. Additionally, if a cartridge is inserted without a cover, or
only a cover is inserted, the correct height will not be sensed and the disk drive will not
respond to commands.
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To prevent removal of a cartridge during unsafe conditions, the cartridge lock arm will be
locked whenever the drive is not in a Safe condition.

In addition to the electro-mechanical interlock protection, additional interlocking is
provided via certain logic within the disk drive. if the operator should actuate the RUN/
STOP switch/indicator, or if the interface shouid command a Stop sequence as a resuit of
a change of state on the START/STOP DISK DRIVE line during the time that a Write
and/or Erase operation is in progress, the heads wiil not be unioaded immediately from
the storage surfaces even though the disk drive prepares to execute a Stop sequence.

Only when the controlier has completed the current Write and/or Erase operation will the
heads be unloaded from the storage surface. This prevents the loss of data in the event
that the operator attempts to stop the disk drive during the time that a write data transfer is
in progress.

An additional interlock prevents changing the Write Protect status during a Write and/or
Erase operation. If either a Write and/or Erase operation is in progress, the status of the
write protection cannot be changed electrically regardless of the positions of the WRITE
PROTECT switches.

Only after completion of the current Write and/or Erase operation will the write protection
status change to agree with the particular switch setting.

This is primarily applicable to top load models, although the same logic is present in all
machines. The purpose of this arrangement is to prevent loss of data in the event an
operator should change the condition of the WRITE PROTECT switches during the time
the controller is in the process of a write data transfer.

3.12 SAFE CONDITION

The Safe condition for both front and top load models is indicated by illumination of the
SAFE indicator and is defined by:

(1) Power correctly applied.

(2) Disk not rotating.

(3) Heads retracted.

(4) Emergency or fault conditions not being detected by the logic.
(5) Disk drive not executing a brake cycle or a stop sequence.

It should be noted that aithough the disk drive is in a Safe condition, it is not necessarily

enabled to respond to start commands. The conditions which inhibit starting the disk drive
are:

(1) The cartridge is not properly inserted.

(2) Power is not applied.

(3) An internal emergency or fault condition exists and is being detected.
(4) The ACTIVATE EMERGENCY UNLOAD line is being asserted.
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3.13 EMERGENCY AND FAULT DETECTION

When power to a disk drive is lost when the disk is spinning, it is impossible for the disk
drive to maintain disk speed at a value which assures that the heads will continue to fiy
above the surface of the disk.

In order to protect the data and the cartridge, as weil as the disk drive, it is necessary to
remove the heads from the surface of the disk as fast as possible when a power fault is
detected. The process of removing the heads from over the disk in an emergency situation
is referred to as Emergency Unicad. Additionaily, there are other conditions which are
undesirable, either from the standpoint of potential hazard to data or to the disk drive.

It is also important to be able to communicate emergency conditions to the disk drive via
the ACTIVATE EMERGENCY UNLOAD interface line and cause the disk drive to enter an
Emergency Unload mode. This is appropriate in situations when a fauit or the failure of
power to the computer and/or controiler could result in a situation where the controlier
can no longer maintain controi of the interface iines, All of these conditions are sensed by
the disk drive logic and one or more of these conditions may cause the disk drive to
perform an emergency unload.

Notwithstanding conditions communicated via the ACTIVATE EMERGENCY UNLOAD
interface line, the conditions which can cause an emergency unload are summarized as
follows.

(1) Loss of ac or dc power.

{2) Disk speed does not remain within tolerance or is at an incorrect speed at the time
it is tested.

(3) Positioner error is detected.
(4) Write circuit faulits that could atfect the stored data are detected.

3.14 MANUAL CONTROLS

The operational controls and indicators are iocated on the front panel of the disk drive;
additionally, one or two rocker-type switches may be located inside the drive which
provide protection from inadvertent write operations. The following paragraphs describe
the functions of these controls.

3.141 ON/OFF

The ON/QFF power control is a rocker-type switch/indicator which provides the operator
a means of energizing and de-energizing the power to the drive. The indicator is
illuminated when power is ON and the internal + 5v power is operationai.

3.14.2 RUN/STOP

The RUN/STOP control is a momentary action switch/indicator which provides a means
for selecting the operationai status of the drive. The alternate action arrangement is
provided by the disk drive logic. The control will be illuminated when actuated and the
drive has been properly conditioned to allow the disk to be brought to operating speed.

When the illuminated switch/indicator is depressed again, a Stop sequence wili be
entared and the disk will decelerate to a stop. The cartridge may be unlocaded at this time.

if a cartridge has been incorrectly inserted or an emergency condition exists, the operation

of the RUN/STOP control is inhibited. Under this condition, the control will not become
illuminated and the Run status will not be achieved.
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3.14.3 READY

This is an indicator which is illuminated when the disk drive achieves a Ready condition.
The Ready condition is defined in Paragraph 3.17.1.

3.14.4 SAFE

This is an indicator which is illuminated when it is possible to safely insert or remove the
disk cartridge. When the SAFE indicator is extinguished, protective cartridge locks
prevent removal of the disk cartridge.

CAUTION

DO NOT ATTEMPT TO FORCE REMOVAL OF A DISK
CARTRIDGE WHEN THE SAFE INDICATOR IS EXTIN-
GUISHED. FAILURE TO OBSERVE UNSAFE CONDITION
CAN RESULT IN DAMAGE TO THE EQUIPMENT.

3.14.5 PROT (PROTECT)

Two indicators, mounted in a common housing, are provided to indicate the data
protection status of the disk(s). This status information can be from the WRITE PROTECT
switches (Paragraph 3.14.7), or from a hard-wired configuration.

When the upper PROT indicator is illuminated, the upper (removabie) disk is protected
from a write operation; protection of the lower (fixed) disk is indicated by illumination of
the lower PROT indicator.

The indicators are extinguished when the respective switch (or hard-wired configuration)
is set to permit write operations.

3.14.6 UNIT NUMBER SELECTOR SWITCH

A 4-position thumbwheel switch may be inciuded on the front panel of the disk drive to
provide a means for selecting one of several peripheral units on a common /0 bus.

Any drive may be assigned (designated) a particular unit number (unit address); subject to
the restriction that different units on the bus may not have the same number assigned.
Since the switches in different units are not interlocked, if two (or more) drives are
accidently assigned the same unit number and that number is then seiected by the
controller, undetined operation may occur,

When the thumbwheel switch is not inciuded, the disk drive will respond only to UNIT
SELECT NO. 1 line.

3.14.7 WRITE PROTECT SWITCHES

One or two rocker switches may be included in the D3000 Series Disk Drive. The purpose of
these switches is to selectively protect the disks from inadvertent write operations. One
switch selects protection for the upper (removable) disk; the other selects protection for
the lower (fixed) disk.

The switches are located inside the drive enclosure, near the removable disk cartridge. On
front load models the switches are mounted to the rear of the operator control panel.
Access can be obtained to these switches only after the door is opened. On top lcad
models the switches are mounted at the left rear of the cartridge adapter and are
accessible only when the unit is pulled forward out of the cabinet.
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When a WRITE PROTECT switch is set to the ON position, the particular disk Is protected
from write operations regardless of any write commands which may be received. When a
WRITE PROTECT switch is set to the OFF position, write operations may then be
executed.

The PROT indicators (Paragraph 3.14.5) indicate the status of the protect switches.

3.15 D3000 INTERFACING

The D300Q0 interface is described in two sections: Controller (or Formatter) to Disk Drive,
and Disk Drive to Controiler (or Formatter).

The interface is arranged such that as many as four different disk drives may be operated
on the interface by a common controller. This is accomplished by providing a group of
(disk drive) input lines and a group of output lines which become a common 1/O bus. This
bus is time-shared by the various drives that may be connected with the bus, i.e.,
daisy-chain arrangement.

3.16 INTERFACE INPUTS (CONTROLLER TO DISK DRIVE)

All signai names are chosen to correspond to the iogical true condition. All interface lines
are low-true at the interface with the low (true) condition considered to be Ov, and the high
(false) condition considered to be + 3v.

3.16.1 UNIT SELECT LINES

There are four UNIT SELECT lines. A low level on one of these lines will connect one
pre-determined disk drive to the common 1/O bus.

The low level on these lines enables all I/ O lines except:
(1) BUSY SEEKING (Paragraph 3.17.2)
(2) MALFUNCTION DETECTED (Paragraph 3.17.10)
(3) ACTIVATE EMERGENCY UNLOAD (Paragraph 3.16.2)
(4) START/STOP DISK DRIVE (Paragraph 3.16.13)

These lines are enabied at all times. Thus, it can be seen that a unit must be selected to
determine its ready status but it is not necessary to select a unit to determine its busy
status.

When the Unit Number Selector Switch is included, the units are identified to switch
positions and select lines on a one-to-one basis, i.e., switch position 1, UNIT SELECT
NO. 1 line, etc.

After a unit has been selected and the i/O bus has been allowed 2 usec to stabilize, the
selected disk unit will recognize inputs and provide stable outputs.

3.16.2 PLATTER SELECT

This is a level which determines which platter is selected in dual piatter models. When the
ievel on this line is low, the top (removable) piatter is selacted; when the level on this line
is high, the bottom (fixed) platter is selected, as shown in Tabie 3-1.

3.16.3 HEAD SELECT

This is a level which determines which head and corresponding storage surface (top or
bottom) is selected.
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In dual platter modeis a low condition on this line selects the top storage surface of the
selected piatter. When high, the line selects the bottom storage surface of the selected
platter.

In single platter models, a low condition on this line selects head 0 and the top storage
surface of the platter; when high, head 1 and the bottom storage surface are selected, as
shown in Table 3-1.

3.16.4 CYLINDER ADDRESS STROBE

This is a pulse which, when low for a minimum of 0.5 usec and the disk unit is selected
and ready, causes the RESTORE INITIAL CYLINDER line (Paragraph 3.16.6) and
CYLINDER DEMAND ADDRESS lines (Paragraph 3.16.5) to be sampled. This will initiate a
Restore operation or a Cylinder Seek operation, depending on the state of the RESTORE
INITIAL CYLINDER line.

For a Restore operation, the CYLINDER DEMAND ADDRESS lines are ignored and the
positioner will initialize at cylinder 000 (decimal).

For a Seek operation, if a legal address is presented on the CYLINDER DEMAND
ADDRESS lines, the positioner will seek the cylinder address specified by the states on
these lines. If an illegal address is presented, then the positioner will not move and the
illegal condition will be reported on the ILLEGAL CYLINDER ADDRESS line.

The desired operation is initiated on the trailing edge (low to high transition) of the pulse.

The RESTORE INITIAL CYLINDER line must be in a stable state at least 0.5 usec prior to
the ieading edge (high to low transition) of the strobe pulise.

The CYLINDER DEMAND ADDRESS lines must be in a stable state at least 0.5 psec prior
to the trailing edge of the strobe pulse. They must remain in that state during the trailing
edge and for at least 0.5 usec after the trailing edge of the strobe.

The BUSY SEEKING line (Paragraph 3.17.2) will go to a low level within 1.0 usec after the
leading edge of the strobe puise.

Table 3-1
Platter and Head Selection

PLATTER HEAD Dual Platter Models Single Platter Models
SELECT SELECT
Line Line
Logic Logic Platter g:::;:gz Head No. Platter g?r":gg Head No.
Level Level
Low Low Top Top 0 Top Too 0
Low High Top Bottom 1 Top Bottom 1
High Low Bottom Top 2 None None
High High Bottom Bottom 3 None None
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If a strobe pulse is issued to the disk drive when the positioner is executing a previous
command (and the BUSY SEEKING line is low), then the results will be as follows: the new
operation will not be commenced; the operation currently in progress will continue to
completion; and, an indication of an illegal address will be given on the ILLEGAL
CYLINDER ADDRESS line.

3.16.5 CYLINDER DEMAND ADDRESS (9 LINES)

These lines specify the cylinder address for accessing a specific cylinder. The address is
represented by the binary value with a low logic level corresponding to a binary one.

The most significant bit for 203 cylinder modeils is bit number 7; the most significant bit
for 406 cylinder models is the address extension bit. The least significant bit for alf modeis
is bit number 0.

The decimal cylinder number may be expressed as the sum of the true bit weights.

Bit
Number Ext. 7 6 5 4 3 210
Decimai
Bit 256 128 64 32 16 8 4 2 1
Weight

The range of legal addresses for 203 cylinder models is from 000 thrugh 202 (decimal); the
range of legal addresses for 406 cylinder models is from 000 through 405 (decimal).

3.16.6 RESTORE INITIAL CYLINDER

This is a level which, when low at the time of a CYLINDER ADDRESS STROBE (Paragraph
3.16.4), will cause the positioner to be restored to initial cylinder (cylinder 000). When this
level is high at the time of a CYLINDER ADDRESS STROBE the positioner will seek to the
cylinder specified by the address.

3.16.7 WRITE ENABLE

A low level on this line causes the write electronics in the disk to be conditioned for
writing, provided the unit is selected and ready. Data to be written are controlied by the
WRITE DATA SIGNAL line (Paragraph 3.16.9).

If a Write Protection condition does not exist and the positioner is not moving, write
current will be ailowed to flow in the selected (write) head.

Certain applications may require that all write data pulses be correctly recorded.
Therefore, it is recommended that changes of state on the WRITE ENABLE line be
accomplished during a time when no data pulses are being transmitted on the WRITE
DATA SIGNAL line.

3.16.8 ERASE ENABLE

This is a level which, when low and the unit is selected and ready and no Write Protection
condition exists, causes erase current to flow in the selected erase head. ERASE ENABLE
must be true when any write operation is being performed.

The ERASE ENABLE line must be placed in the low state within 1.0 usec when the WRITE
ENABLE line is placed in the low state.
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When the WRITE ENABLE line is placed in the high state (any low to high change of state),
the erase current must remain enabied for a period of time thereafter; the minimum time is
defined as the minimum erase gap time. (The erase current may remain enabled for a
period of time greater than the minimum erase gap time.)

3.16.9 WRITE DATA SIGNAL

The bit-serial write data pulses on this line control the switching of write current in the
magnetic head. The write electronics must be conditioned for writing.

For each high to low transition on the WRITE DATA SIGNAL line, a flux change will be
produced at the write head gap. This will cause a flux change to be stored on the selected
disk surface.

The data and clock form the combined write data signal and the double frequency method
of phase mode encoding is used. The repetition rate of the high to low transitions when
writing all zeros is equal to the nominal data rate +0.25 percent. The repetition rate of the
high to low transitions when writing all ones is equal to twice the nominal data rate +0.25
percent.

NOTE

it is recommended that the WRITE DATA SIGNAL be
turned off when performing a READ operation.

3.16.10 READ ENABLE

This is a level which, when low and the unit is seiected and ready, enables the outputs
from the read electronics, i.e., READ DATA and READ CLOCK.

When this line is low, the read electronics must detect one clock transition before any
clock and data pulses may be transmitted, i.e., the first clock transition of preamble or gap
will not be transmitted but ali others will be transmitted assuming the required conditions
are met. This arrangement prevents puises of less than normal duration from being
transmitted.

When the READ ENABLE line is high, the read electronics outputs are immediately
disabled and, if any data or clock pulses are in progress, these puises will be shaved.

NOTE

It is recommended that the controller be designed such
that the low to high transition of READ ENABLE is timed
or caused by a clock pulse transition.

3.16.11 TRACK OFFSET

The TRACK OFFSET PLUS line and the TRACK OFFSET MINUS line provide a means of
margin testing.

When one of these lines is low and the unit is selected and ready, the heads are slightly
offset from the normal track center. The direction of the offset is determined by the active
line. A plus direction is defined as being toward the disk center, a minus direction is
defined as being away from the disk center. Tabie 3-2 defines the operational condition of
the disk drive when the track offset function is used.

3-16



Table 3-2

TRACK OFFSET Operation
TRAcrogiiﬁ.ses;PLus mActggf: fs;l;.MlNUS Operational Condition of Disk Drive
High High Normal operation with heads centered over track.
Low High Operation with heads offset in the pius direction.
High Low Operation with heads offset in the minus direction.
Low Low Operation with heads centered over track under control
of offset lines and reduced read ampiifier gain.

When either of the TRACK OFFSET lines is placed at a low logic level, the positioner

requires one-fourth of adjacent track seek time to seek the new position and settle out. A

busy signal on the BUSY SEEKING line will not be given for TRACK OFFSET settling. The

geetél:(r:g gr‘r)e for any TRACK OFFSET is in addition to seek time as indicated by a BUSY
ine.

in general, the use of the TRACK OFFSET lines during a write operation is not
recommended. Unless there is some means to guarantee that the entire track will later be
erased (with the same offset control), then errors may be induced.

Prior to a read operation, the TRACK OFFSET lines shouid be conditioned for the type of
operation desired. Assume a track of data has been previously recorded under normal
conditions; the margin for recovery can be tested by reading and checking the data first
with TRACK OFFSET PLUS, and then with TRACK OFFSET MINUS. If adequate margins
exist, then all data will be correctly read.

For the case when both TRACK OFFSET PLUS and TRACK OFFSET MINUS are
simultaneousiy TRUE, read amplifier gain is reduced and the recovery margin is tested
with the heads centered over the track.

3.16.12 ACTIVATE EMERGENCY UNLOAD

This is a level or a pulse which, when low for a period of at least 1.0 usec, causes the disk
drive to enter an Emergency Uniload sequence. The write and erase currents (if any) will be
disabied and the heads will be retracted and unloaded from the storage surfaces. The drive
will revert to a not-ready condition within 5.0 psec after recognition of the command,
although unloading of the heads will not be completed this quickly.

As it is not necessary for a drive to be ready or selected in order to recognize the
command, the command may be issued at any time. All disk drives on the common 1/0
bus will unload when the command is issued. When this command is a continuous low
level the disk drive is prevented from loading the heads.

The primary use of this line is the protection of the stored data in the event of power failure
or other faults in the controlier or computer. During such fault conditions, it may be
impossible to maintain correct control of the interface for more than a few microseconds
after the fault occurs or is detected.

Additionally, this line may be used to prevent the loading of the heads (and hence
protection of stored data) before the software has properly initialized and gained correct
control.

Residual data errors can be expected in a given track if ACTIVATE EMERGENCY UNLOAD
is commanded while a write operation is in progress. ’
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3.16.13 START/STOP DISK DRIVE

This is a level which, when low and the following conditions and restrictions are met,
allows the controller to start and stop the disk drive remotely. The function performed and
the resulting actions depend on the condition of the drive at the time this line goes low.
When the START/STOP DISK DRIVE line is held at a high logic level,or is not connected
the line has no effect on the operation of the disk drive.

Conditions and restrictions effecting this line are:

(1) This line is enabled at ali times regardless of-the state of the UNIT SELECT lines.
Therefore, all disk drives on the common |/ O line may respond to this line.

(2) A truelevel on this line will cause the disk drive to commence a Start sequence if
the drive is not already in a Run condition, or if the RUN/STOP switch/indicator is
not depressed and none of the following inhibiting conditions exist.
¢ The disk cartridge is improperly inserted.

* Power is not applied.
* An internal emergency condition exists.
e The ACTIVATE EMERGENCY UNLOAD line is being asserted.

When used for commanding a start operation, a puise of not less than 260 psec,
or level change may be used.

(3) A true level on this line will cause the disk drive to enter a Stop sequence if the
drive is in a Run condition and the RUN/STOP switch/indicator is not depressed.
The sequence wiil be completed if the WRITE ENABLE and ERASE ENABLE inter-
tace signals are high.

When used for commanding a Stop operation, a pulse of not less than 60 sec, or
a level change, may be used.

(4) Since the START/STOP DISK DRIVE iine performs the same function as the RUN/
STOP switch/indicator, priority is by first actuation.

If the START/STOP DISK DRIVE line is actuated continuously, the RUN/STOP
switch/indicator is locked out during this period; conversely, if the RUN/STOP
switch/indicator is depressed and heid, the START/STOP DISK DRIVE line is
locked out during this period.

3.17 INTERFACE OUTPUTS (DISK DRIVE TO CONTROLLER)

All signal names are chosen to correspond to the iogicai true condition. All interface lines
are low-true at the interface with the low condition considered to be Ov, and the high
condition considered to be + 3v.

3.17.1 READY

This is a level which, when low, indicates that the disk unit is in a Ready condition. The
Ready condition is defined as that condition which exists when the foilowing
requirements are met.

(1) All power is applied and correct.

(2) A cartridge is correctly inserted.

(3) The disk is rotating at the correct speed.

(4) The heads are loaded.

(5) No equipment faults are detected.

{6) The logic is prepared to recognize commands.
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3.17.2 BUSY SEEKING (4 LINES)

This group of four lines provides signals indicating (on separate lines) that the drive is
busy seeking a new cylinder position. These lines do not require that the drive be
selected in order to enable these signals; therefore, the current status is always indicated.

When the Unit Number Selector Switch is set to a given number, the corresponding BUSY
SEEKING line number will be indicated.

When a BUSY SEEKING line is low, it indicates that the drive is executing or processing
the previous operation commanded by CYLINDER ADDRESS STROBE.

The appropriate line will go low within 1.0 psec of the leading edge of any strobe that is
recognized.

If the operation commanded does not resuit in positioner motion (illegal address or
address same as current position) the line will go high within 2.0 usec of the trailing edge
of the strobe. :

If the operation commanded results in a normal cylinder seek operation, the line will
remain low for the duration of the cylinder seek time (defined as the time from the trailing
edge of strobe to the trailing edge of BUSY SEEKING). At the end of the seek operation,
the line will go high.

If the operation commanded results in a restore operation, the line will remain true for a
maximum of 3 seconds (specified time is from the traillng edge of strobe to the trailing
edge of BUSY SEEKING). At the end of the restore operation the line will go high.

The readiness of the disk drive to perform a read/write operation is inferred by a high leveil
on the BUSY SEEKING line; however, the unit must aiso be selected and ready to execute
read/ write operation.

3.17.3 SECTOR PULSE,

The pulses on this line may be used for sectoring a disk if the address marker method is
not utilized. These pulses occur at regular intervals during each revolution of the disk.
These pulses, in essence, divide the disk (surface) into N equal segments, where N is the
number of pulses.

In disk drive models utilizing the 5440-type cartridge, the SECTOR PULSE line provides
etectronically generated pulses of predetermined number; the number is specified at the
time of order. This may be readily changed in the field by plugging in a different
programming-array plug. This piug configures tne disk drive to generate a specific number
of sector puises.

For disk drives incorporating a fixed disk as well as a 5440 removable disk, the number of
sector pulses for the fixed disk are also determined by a plug-in array.

In disk drive models utilizing the 2315-type cartridge, the SECTOR PULSE line provides
pulses derived from the sector ring on the cartridge. One pulse for each sector slot is
issued (this applies only to the removable disk). In some applications it may be desirable
to utilize electronically generated sector pulses in lieu of sectoring by the 2315-type
cartridge sector ring. This can be configured by plugging in the appropriate
programming-array plug. The sector puises for the removabie disk wili then be similar to
the arrangement described previously for the 5440-type cartridge.
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The number of sector pulses that may be accommodated by a 2315-type cartridge sector
ring is determined by machining and mechanical limitations. Therefore, cartridges are
available with 8, 12, 16, 24, 32, and 48 sectors as standard items.

" In disk drives incorporating a fixed disk as well as a 2315-type removable disk, the number

of sector pulses for the fixed disk are also determined by a piug-in array.

In all cases, the pulses on the SECTOR PULSE line correspond only to the respective
piatter as selected by the PLATTER SELECT line. This is accomplished by a multiplexer
internal to the disk drive.

The number of sector pulses that may be accommodated by the electronically generated
sectoring is listed in Table 1-1.

The duration of any sector pulse is 8.0 +2.0 usec. The SECTOR PULSE line is low during
the duration of the pulse, and high at all other times. If a unit is selected at the moment
that a sector pulse is in progress, that pulse duration will be shortened, i.e., the pulse will
be shaved an indeterminate amount. This will have the effect of introducing a time
uncertainty (instantaneous jitter) just for the shaved pulse.

3.17.4 SECTOR COUNT LINES

These lines specify the sector count presented in binary format. This count indicates the
particular segment of the disk surface currently under the read/write heads. The signals
on these lines are, in essence, the states of a binary counter. In all cases, the count
presented corresponds only to the respective platter as selected by the PLATTER SELECT
line; this is accomplished through the use of separate counters multiplexed internal to the
disk drive.

The count is represented by the binary vaiue with a low level corresponding to a binary
one. The most significant bit is bit number 6; the least significant bit is bit number 0.

For convenience of description the sector count may be expressed in decimal as the sum
of the true bit weights as follows.

Bit
Number6543210
Decimal

Bit 64 32 16 8 4 2 1
Weight

The signals on the SECTOR COUNT lines change state 2.4 +1.6.sec prior to the leading
edge of the sector puise, assuming non-shaved puises.

The sector pulse immediately following an index puise defines the beginning of sector
zero and, at the time of this sector pulse, the SECTOR COUNT lines will present a zero
value. Thereafter, the value will be incremented until the maximum count is achieved. The
maximum count that will occur is (N — 1) where N is the number of sector pulses. This is
determined by the particular configuration as described under SECTOR PULSE (Paragraph
3.17.3).
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3.17.5 INDEX PULSE

This is a pulse which is true once per disk revolution and is utilized to define the sector
reference (sector zero). The index puise always occurs during the sector just prior to
sector zero, i.e., during sector N — 1, where N is the maximum number of sectors. (Refer
to SECTOR COUNT lines, Paragraph 3.17.4, and SECTOR PULSE lines, Paragraph 3.17.3.)

The duration of the index puise is 10.4 +3.0usec. The INDEX PULSE line will be iow for
the duration of the pulse. At all other times, the line will be high. If a unit is selectd at the
moment that an index pulse is in progress, that puise duration will be shortened, i.e., the
pulse will be shaved an indeterminate amount.

In ail cases, the pulse on the INDEX PULSE line corresponds only to the respective platter
as selected by the PLATTER SELECT line. This is accomplished by a multiplexer internal
to the disk drive.

3.17.6 READ CLOCK

This is a pulse which goes true at the beginning of a new bit cell during a read operation.

The leading edge of this pulse defines the beginning of the new bit cell.

During a portion of each bit-cell time, the READ CLOCK line will be high and remain in this
state until the next bit cell time is to be defined by a pulse leading sdge.

This line is utilized to establish a timing reference for purposes of interpreting pulses on
the READ DATA line.

3.17.7 READ DATA
The signals on this line define the content of the data read during a Read operation.

The signal is a pulse for each /ogic one bit read from the disk. The line will be low during
the time of the phe pulse. The line remains high for each /ogic zero bit read from the disk.

The timing of pulses on this line is relative to the READ CLOCK line (Paragraph 3.17.6).
The reiative timing is such that a /ogic one bit should be interpreted if the READ DATA line
is low at any time when the READ CLOCK line is high between consecutive puises on the
READ CLOCK line.

3.17.8 ILLEGAL CYLINDER ADDRESS

This is a level which, when low, indicates that an illegal cylinder address was detected
during the last CYLINDER ADDRESS STROBE.

The line will go low within 1.0 usec after the trailing edge of the strobe only when an illegal
condition is detected. The line will go high within 1.0 usec of the leading edge of the
strobe if the line is is not already high at the time of the strobe. These actions will take
place only if the strobe is recognized. The unit must be selected and ready in order to
recognize the strobe.

An illegal condition will be indicated for either or both of the following.

(1} The cylinder address specified at the time of the strobe exceeds the range of legal
addressaes for that particular model of disk drive.

(2) A strobeis issued to the drive while it is busy seeking.



The following actions will clear (or prevent) an illegal address indication.
(1) An address within the iegal range is present with the strobe.
(2) A RESTORE INITIAL CYLINDER operation is commanded.

(3) The disk drive becomes not-ready as the resuit of an operator-initiated Unload or
Emergency Unload operation.

3.17.9 FILE PROTECTED
The level on this line indicates the selected platter is protected from a Write operation.

When the FILE PROTECTED line is low, it indicates that the drive wiil not perform a Write
or Erase operation regardless of a command on the WRITE ENABLE or ERASE ENABLE
lines; when the FILE PROTECTED iine is high, it indicates that the selected platter is not
protected and data may be written.

Depending upon the configuration of the disk drive, write protection may be provided for
either or both platters.

Changes of state on this line, as applicabie, will occur within 1.0 usec of a platter select
change (assuming the unit is selected).

it is recommended that the controller test the state of the line prior to attempting a Write
operation.

3.17.10 MALFUNCTION DETECTED
This is a pise which, when low, indicates detection of one of the following malfunctions.
(1) Loss of ac or dc power.
(2) Disk speed does not remain within tolerance.
(3) Positioner error is detected.
(4) Write circuit faults that could affect stored data.

Any of the above items listed necessitate unioading the heads and the drive will
commence an emergency unload sequence coincident with the trailing edge of the
malfunction puise; duration of the pulse is between 0.2 usec and 2.0 usec.

Any disk drive on the 1/O bus can puise this iine regardless of whether or not it is selected.
The line will not be pulsed if the maifunction is detected before the drive achieves a Ready
condition. The drive will become not-ready within 5.0 usec after the leading edge of the
pulse on the MALFUNCTION DETECTED line. Software diagnostics can determine which
drive has detected a malfunction by selecting one drive at a time, determining its ready
status, and comparing the results with the previous status.

As all disk drives on the 1/0 bus could pulse the MALFUNCTION DETECTED line
asynchronously and independently, the time between puises in a group may become
arbitrarity small.

In the case of power failures, etc., the pulses may overlap or occur simuitaneously.
NOTE

It is recommended that the leading edge of a malfunction
pulse be used to initiate diagnostic action and that once
the condition has been flagged, additional pulses can be
disregarded until after the flag is cleared. The flag need
not be cleared before diagnostic action is commenced.
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3.17.11 DUAL PLATTER

This is a level which, when low, indicates the number of different platters contained in the
disk drive. A valid level will exist on the line whenever the particuiar disk drive is selected,
regardless of whether the particular drive is ready or not.

The following identifies the logic condition of this line with regard to the type of disk drive
and number of platters.

Logic Level Type of Disk Drive Indicated No. of Platters
High (false) Single Removable Platter 1
Low (true) Dual Platter — One Fixed, 2

One Removable

This line may be used by the controiler or formatter to determine in advance the legal
number of storage surfaces available in a specific disk drive. This allows utilization of
different model disk drives on a common i/O bus.

3.17.12 DOUBLE TRACK DRIVE

This is a level which indicates the number of usable cylinders that a particular disk unit is
capable of accessing. A valid level will exist on the iine whenever the particular disk drive
is selected, regardless of whether the particular drive is ready or not.

Logic Level Type of Disk Drive Indicated Corresponding tpi

High (false) 2083 cylinders 100
Low (true) 406 cylinders 200

This line may be used by the controller or formatter to determine in advance the range of
legal addresses that a specific disk drive can accommodate. This allows utilization of
different model disk drives on a common i/O bus.

3.17.13 SPECIAL INTERFACE SIGNAL

The special interface signal is used on both 100 and 200 tpi models. On 100 tpi disk drives,
the special interface signal line is used to provide either the RUN status or SAFE status of
the disk drive to the interface. On 200 tpi disk drives, the special interface signal line is
dedicated to provide INTERNAL TEMPERATURE GO status to the interface. The
INTERNAL TEMPERATURE GO signal becomes a low-true logic level approximately 5
minutes after the disk drive indicates READY. This time delay is required to allow the
internal temperature of the disk drive and cartridge to stabilize before commencing a
WRITE or READ operation.

These signais are optional and must be specified at the time of order. It is important to
note that only one of these signal options can be provided at a time.
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SECTION IV
THEORY OF OPERATION

4.1 INTRODUCTION
This section provides a description of the D3000 Disk Drive theory of operation.

The disk drive consists of the mechanical and electrical components necessary to read and
record digital data on a magnetic disk. The disk drive consists of the following major
groups.

(1) Main chassis group

(2) Positioner assembly

(3) Power supply assembly

(4) Read/Write PCBA

(5) Servo PCBA

(6) Logic PCBA

(7) Temperature Compensation PCBA (200 tpi)

4.2 ORGANIZATION OF THE DISK DRIVE

Figure 4-1 is a block diagram illustrating the overail organization of the disk drive. This
organization can be subdivided into the mechanical and the eiectrical/electronics group.
The mechanical group can be further divided into the main chassis group and the
positioner assembly group.

4.2.1 MAIN CHASSIS GROUP
The main chassis group consists of the following components and assemblies.
(1) Base casting
(2) Air system filter and blower
(3) Spindle assembly
(4) Drive motor
(5) Drive train components
(6) Cartridge adapter (top load models)
(7) Receiver assembly (front load models)
(8) Disk cover (top load modeis)
(9) Lower disk cover (front load models)
(10) Bezel assembly
(11) Dust cover
(12) Control switch and indicator group

The main mechanical element of the disk drive is the base casting. This casting is a
machined aluminum alloy casting which is the supporting structure for all of the
components in the disk drive. When rack mounting the disk drive, the rack mounting
slides are mounted directly to the sides of the base casting. This provides a means of
sliding the unit in and out of rack installations.
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Figure 4-1. D3000 Disk Drive Organization
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The absolute filter and high efficiency blower are components of the air system and are
mounted into the base casting. In addition, duct work, either integral with the base casting
or formed by suitable cover plates, provides the means for channeling the filtered air into
the area of the disk and heads. The air system provides a highly filtered air flow into the
area of the disks and disk cartridge. Operational characteristics of the flying head type of
magnetic head employed in the disk drive require that the air bearing formed between the
head and the disk surface be relatively free of particle contamination. Therefore, the
filtered air flow provided by the air system causes a continual flow of clean air to purge
this area of the disks and ensure correct operation of this air bearing. The air cushion
which causes the heads to fly above the surface of the disk is dependent only upon the
surface velocity of the disk and not upon the air flow through the filter.

The spindle assembly mounts into the base casting and provides the central axis of
rotation for the disks. This spindle is a precision machined assembly utilizing ball
bearings which are pre-loaded to provide a runout of less than several hundred micro
inches. The assembly contains the phase lock ring which is used for sectoring the lower
disk and for the spindle speed control. It also provides a mounting location for the lower
disk in dual disk drives. A permanent magnet clutch, used to engage the hub of the
removable- cartridge, is mounted on top of the spindle hub. A precision ground cone is
also on the top of the spindle hub to accurately center the cartridge hub. The hub of the
spindle assembly acts as an air pump to pump the fiitered air into the area of the cartridge.

The drive motor is mounted on a mounting plate which, in turn, is mounted to the base
casting. The drive motor provides the power to rotate the disks at the prescribed speed and
drive the blower in the air system. This motor is a muitiple winding, permanent split phase
induction motor which is used to drive the spindle and the blower through a belt drive
system. The drive train components consist of the pulleys at the spindle, the blower shaft,
the motor, and the tension idler. The necessity of having a belt tension adjustment is
avoided by spring-loading the tension idler to maintain a constant belt tension.

The design of the D3000 disk drive provides maximum commonality of mechanical
components between top load and front load models. The major difference between top
load and front load machines is in that area which receives or adapts the cartridge to the
disk drive.

In top load models, the cartridge adapter is a machined aluminum alloy casting which
mounts to the top of the base casting. Mounted on this adapter is the cartridge lock
mechanism with an arm that pivots out over the top of the cartridge dust cover. The
position of this arm is sensed with a snap-action switch. The arm can be locked or
unlocked by a solenoid arrangement fitted to the adapter. Also mounted on the adapter are
booms for supporting the magnetic transducers.

In front load models, a receiver assembly is fitted to the top of the base casting and is
pivoted from supports attached to the base casting. This arrangement provides a
mechanism for properly locating the cartridge into the disk drive. It is also the mechanism
for disengaging the cartridge hub from the magnetic clutch on the spindle. A link arm
which is integral with the bezel assembly provides the camming action to disengage the
cartridge hub from the magnetic clutch.
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Also, on front load models, a lower disk cover is fitted which supports the magnetic
transducer and photo-electric sensor pickups and provides a covering for the lower disk in
dual disk machines. The analogous component in top load models is the disk cover which
is an aluminum alloy separator mounted in the cartridge adapter, just above the lower disk
area. The bezel assembly provides the decorative trim at the front of the disk drive and a
suitable cover for the air system intake. In addition, for front load modeis only, the
mounting arrangement for the door and the link arms provide the camming action for the
receiver.

A dust cover, consisting of formed metal, is used to cover the disk drive and protect it from
contamination. This cover is held in place by machine screws on both top and front load
models. The cover directs the air flow through the interior of the drive.

The ON/OFF power switch, RUN/STOP switch, and the indicators are mounted to the
base casting by the use of a bracket located directly behind the bezel. The bezel, on top
load models, may be removed without disturbing the operator switches or the wiring since
there is no mechanical connection between the bezel and the switch bracket.

4,2.2 POSITIONER ASSEMBLY

The positioner assembly is a separate modular unit that is mounted on a base casting.
Also mounted on the base casting are the positioner magnet structure, and the shaft for
supporting the carriage. The carriage is supported on a bearing structure riding on this
shaft. The read/write heads are mounted into the carriage.

Also attached to the carriage is the positioner coil. This arrangement of magnet and coil
provide a linear motor actuator for positioning the read/write heads. This type of
arrangement is also referred to as a voice coil positioner. Carriage velocity is sensed using
a velocity transducer consisting of a magnet within a specially wound coil. The transducer
is mounted on the positioner base plate and the magnet is attached to a shaft connected to
the carriage. The position of the carriage is detected and sensed using a photoelectric
position transducer which is attached to the positioner base plate by a mounting strip.

The 200 tpi models have a temperature sensing element mounted on the positioner base
plate. This thermistor is part of the temperature compensation circuitry included in 200 tpi
models.

4.2.3 POWER SUPPLY ASSEMBLY

The power supply assembly is a major subassembly which mounts to the underside of the
base casting and contains the power transformer, rectifiers, and filter capacitors. Also
located on the power supply assembly is the Motor Control PCBA and the motor start
capacitors.

4.2.4 READ/WRITE, SERVO, AND LOGIC PCBAS

The partitioning of the electronics system is primarily functional; the three major PCBAs,
in many ways, constitute the major partitioning of the D3000 electronics. These PCBAs
are the Read/Write PCBA, the Servo PCBA, and the Logic PCBA. In addition to the
functional descriptions contained in this section, detailed descriptions of these PCBAs
are contained in Section V.



The electrical and electronic components comprising the main chassis group, the
positioner assembly, and the power supply chassis are interconnected with the PCBAs
through use of interconnecting cable assemblies. The Read/Write PCBA is located
adjacent to the positioner assembly and the head cables connect directly to this board.
The Read/Write PCBA is constrained by self-locking card guides. The Logic PCBA is
mounted on pivoting supports which are directly mounted to the base casting. Hinged on
the face of the Logic PCBA is the Servo PCBA; these PCBAs are interconnected by
interboard flat cables.

4.2.5 TEMPERATURE COMPENSATION PCBA (200 TPI MODELS)

The temperature compensation assembly, which is included in 200 tpi models, is
comprised of a Temperature Compensation PCBA and a thermistor assembly. The
thermistor assembly is mounted on the positioner base plate.

4.3 FUNCTIONAL SUBSYSTEMS

The major functionai groups of the disk drive are illustrated in Figure 1-4; these major
groups, functionally discussed in the following paragraphs, are:

(1) Positioner and Positioner Electronics
(2) Read/Write Electronics

(3) Disk Drive Function Control

(4) Spindle Speed Control

(5) Position Controi Logic

(6) Sector Electronics

(7) Motor Control

(8) Power Supply

(9) Temperature Compensation

4.4 POSITIONER AND POSITIONER ELECTRONICS

An essential function in a moving head disk drive is the positioning of the read/write head
at the correct cylinder. This is accomplished in the D3000 Disk Drive by the Positioner
Servo Electronics and the Positioner Assembly.

4.41 POSITIONER ASSEMBLY

The Positioner Coil and Moving Mass (linear motor), Velocity Transducer, and Position
Transducer are the three major functional entities which comprise the Positioner
Assembly. Figure 4-2* shows the relationship of these subsystems to the Positioner Servo
Analog Circuits and the Positioner Control Logic.

The linear motor consists of a stationary permanent magnet and a positioner coil attached
to the moving-mass, i.e., the carriage and magnetic head assembly. A description of the
physical arrangement of the Positioner is contained in Paragraph 4.2.2.

*Foldout drawing, see end of this section.
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Functionally, the magnet structure and the ways that the carriage rides on are the
stationary portion of the linear motor. The moving structure consists of the carriage, the
positioner coil, the heads mounted into the carriage, the bearings which support the
carriage on the ways, and the moving portions of the Velocity Transducer and the Position
Transducer. The force that is necessary to move the moving-mass portion of the Positioner
is a function of the interreaction of the magnetic fields produced by the permanent magnet
structure and the magnetic field resulting from the current in the positioner coil. This force
may be used for purposes of accelerating or decelerating the moving-mass, or as a
restoring force for the purposes of holding the moving-mass in a given position. To a first
approximation, the force developed is proportional to the current in the positioner coil.

The Velocity Transducer provides an electrical signal that is proportional to the velocity of
the moving-mass and consists of a permanent magnet moving inside of the specially
wound- coil. This coil is attached to the positioner baseplate and is stationary; the magnet
is mounted on a shaft which is attached to the carriage. The amplitude of the signal
derived from the Velocity Transducer is approximately equal to the actual moving-mass
velocity. The magnitude of this signal is indicative of the speed of the mass and its
polarity indicates the algebraic sign of the velocity.

The Position Transducer is a photoelectric sensor that develops four electrical signals,
each serving a specific function for use in controlling the positioner. An incandescent
lamp, mounted in the position transducer body, supplies illumination to a group of
photodiodes located opposite the lamp and within the body of the Position Transducer.
The transducer body is mounted stationary to the positioner baseplate by the use of a
mounting strip.

Attached to the carriage is a precision scale which is part of the moving-mass. This scale
is interposed between the lamp and the photodiode and consists of opaque and
transparent areas in specific patterns. Also interposed between the scale and the
photodiodes is a precision reticle which is also made up of opaque and transparent areas
in specific patterns. The combination of the reticle patterns and the scale patterns are
used to control the amount of illumination reaching the photodiode group.

Two of the signals developed by the Position Transducer as a function of carriage position
are level change type of signals. One signal, the Heads Retracted signal, changes state
when the carriage is approximately Ya-inch from the fully retracted position and is used to
indicate the gross carriage position, specifically, the retracted position of the heads. The
other signal is the Position Transducer index signal which is used to define the legal range
of the carriage position. This signal is a multi-change-of-state signal. One of the
transitions of this signal is used in the initialization process during a head loading
operation.

The other two signals derived from the Position Transducer are referred to as X + 0 and
X + 90. These signals are linear signals that are cyclic as a function of cylinder position,
and bi-polar in terms of polarity. They are displaced in electrical phase by approximately
90 degrees.

All of the signals from the Position Transducer are current signals proportional in
amplitude to the illumination of the specific photodiode associated with that signal. The
X + 0 and X + 90 signals are actually derived from photodiode pairs rather than a single
photodiode.



4.4.2 POSITIONER ELECTRONICS

The Positioner Electronics consists of two major groups; the Position Control Logic and
the Positioner Servo Analog Circuitry. The relationship of these subsystems to the Linear
Motor, Velocity Transducer, and Position Transducer is shown in Figure 4-2. The entire
arrangement comprises a servo mechanism whose purpose is to control the mechanical
position of the carriage and, hence, the position of the heads or a time derivative of
carriage position such as the carriage velocity.

The servo mechanism may be operated in one of two modes, a Position Mode where the
position of the carriage is controlled, or the Velocity Mode where the velocity of the
carriage is controlled. The servo is switched between Position Mode and Velocity Mode, or
vice versa, by means of transistor switches which are controlled by the Position Control
Logic. The Position Control Logic determines the specific mode of operation on the basis
of commands input to it from the interface and the status of the signals derived from the
Position Transducer.

Additionally, as shown in Figure 4-2, the Linear Motor can be disconnected from the servo
and operated off the Emergency Unload Capacitor. This emergency unioad system
provides a means of independently supplying power to the Linear Motor during emergency
situations. This network is independent of the servo electronics for purposes of
high-speed retraction of the heads from the storage surface during emergencies. The
Emergency Unioad Relay acts as a double-pole, double-throw switch to connect the
Positioner Coil to either the output of the Power Amplifier and the Current Sensor, or to
the Emergency Unload system. It should be noted that when the positioner is executing an
emergency unioad, it is not operated as a servo and, therefore, functions in an open-loop
manner.

The Emergency Unioad Relay Driver receives its commands from the Logic PCBA via the
Emergency Unload Enable (LEUEG) line. When the Emergency Unload Relay is energized,
the positioner coil is connected to the servo; specifically, it is connected to the output of
the Power Amplifier and to the Current Sensor. The Power Amplifier, in conjunction with
this Current Sensor, forms a voltage-to-current converter providing a current in the
positioner coil that is proportional to the applied input voitage to the Power Amplifier. As
previously mentioned, the available force for moving the carriage is proportional to the
positioner coil current to a first approximation, and the Power Amplifier, being a
voltage-to-current converter, provides a current that is proportional to its input voitage.

Therefore, the output of the Summing Amplifier, which is the input to the Power Amplifier,
determines the force applied to the carriage where the force is approximately proportional
to the output voltage of the Summing Amplifier.

The Summing Amplifier input is the major summing junction of the servo. Applied to this
Summing Amplifier are the servo commands and the feedback which nulls these
commands. Therefore, the servo loop functions to reduce the voltage at the Summing
Amplifier input by providing an output voitage which results in a feedback signal which
nulls the command signal. Addmonally, on 200 tpi models, a temperature compensatlon
signal is applied to this summing junction.

One of the input commands to the Summing Amplifier is the velocity reference. The
velocity reference command is a request for a specific velocity when the loop is operating
in the fast velocity mode. This velocity reference is derived from the Velocity Function
Generator. The polarity of this reference is determined by the Polarity Select Network and
is applied to the input of the Summing Amplifier through a transistor switch. The Polarity
Select Network consists of U9, Q2, and transistor switch Q3, located on the Servo PCBA
(Schematic No. 102810).



The Velocity Function Generator is a digital-to-analog converter which has a single
polarity output. The address difference input is a digitali signal that is the binary
representation of the difference between the demand address from the interface and the
current address defining the current positioner position. The output of the Velocity
Function Generator is an analog voltage representative of the address difference.
Therefore, the specific velocity requested is a function of the distance to be traveled in
achieving the demand address.

The address difference is specified on the Address Difference lines in binary form where
NLADOQG is the least significant bit and NLADEG is the most significant bit. The decimal
address difference number may be expressed as the sum of the active bit weights. Each
address difference being assigned a specific bit weight. The bit weights are ascending
powers of two, where bit number 0 is decimal bit weight number 1; bit number 1 is decimal
bit weight number 2; bit number 2 is decimal bit weight number 4, etc., to the extension bit
number where the bit weight is 256. The address difference as specified on the Address
Difference lines determines the magnitude of the velocity reference generated by the
Velocity Function Generator.

Referring to the Servo Board Schematic No. 102810, it can be seen that the Velocity
Function Generator portion of the velocity function decoder/encoder consists of U12C,
U12B, U5B, U5A, U4C, USC, U4B, U5D, U4D, U3D, U4A, U3C, U4E, U3B, U4F, U3A. The
remainder of the Velocity Function Generator is the digital-to-analog conversion
arrangement consisting of a resistor network, a current-to-voltage converter, and diode
switches. The purpose of this arrangement is to take the digital signal encoded by the
velocity function decoder/encoder and convert it into a current of a specific value which is
then applied to the current-to-voltage converter. The summing junction of U8 (located on
the Servo PCBA) functions as a current-to-voltage converter producing a voltage level
which is determined by the address difference value. The resistor network is R1, R2, R7,
R8, R10, R11, R16, R17, R18, R19, R20, R21, R24, R25. The diode switches are CR1
through CR12. The current-to-voltage converter consists of U8 in conjunction with Q1.

Referring to Figure 4-2, the output magnitude of the Velocity Function Generator is the
velocity reference which is utilized during seeks. This reference is determined by the
address difference value. The polarity of the velocity reference which determines the
direction of the velocity is controlled by the Polarity Select Network. The Polarity Select
Network in turn is controlled by the Forward Direction (LFDX1) line from the Position
Control Logic. The Transistor Switch, which switches the velocity reference to the
Summing Amplifier, is controlled by the Velocity Reference Enable (NLVREG) line from
the Position Control Logic. When the positioner is executing a high-speed seek and is not
operating as a position servo, the Velocity Reference Enable (NLVREG) line will be active,
thereby switching to the velocity reference from the Velocity Function Generator.

Other commands which may be applied to the input of the Summing Amplifier are for
controlling the positioner in the Slow Velocity mode, i.e., during loading and unioading of
the heads. The Slow Velocity mode is also used when executing a Restore operation. The
Slow Velocity mode is determined by a velocity reference in the Mode Controi Circuits,
which in turn are controlled by two logic signals, Forward Slow Mode (NLFSM1) and
Reverse Slow Mode (NLRSM1).

The two slow mode control signals, NLFSM1 and NLRSM1, are developed by the Position
Control Logic and control transistor switches in the Mode Control Circuits which establish
the Slow Mode velocity reference. Transistor switch Q7, in conjunction with R44, CR21,
R45, and R46 on the Servo PCBA, are used for switching and determining the level of the
Forward Slow Mode velocity reference.



It should be noted that the polarity of the reference, and hence the direction of motion, is
determined by the power supply voitage in the particular circuit. Likewise, Q8, in
conjunction with R49, CR25, and R50, R46, determine the Reverse Slow Mode velocity
reference.

Additionally, command signals Track Offset Plus (NLTOPG) and Track Offset Minus
(NLTOMG) from the Position Control Logic can be used to determine position mode offset
through use of position reference voltages derived in the Mode Control Circuits. The track
offset function is employed in the position mode for diagnostic purposes. The two logic
signals, Track Offset Plus (NLTOPG) and Track Offset Minus (NLTOMG) operate transistor
switches in the Mode Control Circuits to generate a position mode reference, thereby
offsetting the heads from the nominal track ceneriine.

Referring to the Servo Board Schematic No. 102810, it can be seen that NLTOPG controls
transistor switch Q5 which, in conjunction with R33, CR15, R34, and R35, determines the
magnitude of the Track Offset Plus position reference. Likewise, Track Offset Minus
controls transistor switch Q6 which, in conjunction with R38, CR19, R39 and R35,
determines the Track Offset Minus position reference.

In addition to the commands controllied by logic signals that may be input to the main
summing junction, an offset correction may be introduced by the Servo Offset Adjust,
R22, on the Servo PCBA. There is also an external input test point provided to enable the
introduction of externai test signais into the summing amplifier. TP19 and R40 on the
Servo PCBA perform this function.

Two separate and distinct feedback paths to the main summing junction are provided. One
of these feedback loops is closed at all times when the servo is energized. This path, as
shown in Figure 4-2, is from the Velocity Transducer, through the Velocity Transducer
Amplifier, to the Summing Amplifier input. The Velocity Transducer Amplifier merely
amplifies the low level signal from the Velocity Transducer to a high level signal that is
proportional to the veiocity of the carriage. Since this feedback path is closed at all times,
a damping in the Position mode of operation is provided. In the Velocity mode, this
feedback nulis velocity commands.

The other feedback path is used only in the Position mode. This path takes the X + 0
signal from the Position Transducer, conditions it to a voltage signal in the Position
Transducer Amplifier, and then switches it to the Summing Amplifier input. The transistor
switch Q13 on the Servo PCBA performs the switching function and is controiled by the
Position Mode signal (LPMXG) from the Position Control Logic.

As previously discussed, four signals are provided to the Position Control Logic which are
derived from Position Transducer signals. These four signais are the X + 0, X + 90, Heads
Retracted, and Position Transducer Index. They are converted from current signals into
voltage signais by current-to-voitage converters that are contained in the Position
Transducer Amplifiers. These current-to-voitage converters are U1, U6, U2, and U7 located
on the Servo PCBA.

Since the output of the Position Transducer Amplifiers is an analog voitage and therefore
unsuitabie for direct application to logic, they are converted into digital signais by
analog-to-digitai converters. These converters are, in essence, a special type of Schmitt
trigger and are comprised of U11 and U10 on the Servo PCBA. The signais which are fed
back to the Position Control Logic are: Position Reference Clock (SPRCG), Position
Quadrature Clock (SPQCG), Heads Retracted (SHRXG), and Position Transducer Index
(SPTIG). These signals are utilized by the position control logic to determine the operation
of the positioner servo in conjunction with commands from other parts of the logic and the
110 interface.



Additionally, failure of the lamp in the Position Transducer is detected by the Lamp Failure
Detector. A signal derived from this detector is fed back to the Position Control Logic for
purposes of determining when an emergency condition exists. This signal is Position
Transducer Failure (SPTFG). ‘

4.5 READ/WRITE OPERATIONS

A double frequency recording method is used in the D3000 Disk Drive. Read/Write
operations are accomplished by a read/write head. During a write operation, a bit is
recorded on the disk whenever the coils of the read/write head are switched by the Write
Driver circuits. During a read operation, a clock or data bit is sensed on the disk whenever
the flux direction induced in the coil winding is reversed as a result of a change in polarity
of the flux pattern presently passing under the head gap.

The recording head is a split-ring core containing coil windings so that a magnetic field
with a given flux direction prevails at the core gap while the coil is energized. When current
flows through the coil, the flux induced in the core establishes a fringe flux at the gap. As
a magnetic recording surface passes by the gap, the fringe flux magnetizes the surface of
the disk.

During a write operation, a bit is recorded when the flux direction in the core is reversed by
switching between coils of the read/write head. The fringe flux is reversed at the gap and,
hence, the portion of the flux flowing through the recording medium is reversed. If the flux
reversal is considered instantaneous in comparison to the motion of the recording surface,
and the gap is observed at the moment of reversal, it can be seen that the portion of the
surface that just passed the gap is magnetized in one horizontal direction while the portion
directly under the gap is magnetized in the opposite direction. Between these two areas,
the flux must reverse 180 degrees; this recorded flux reversal represents a bit.

During a read operation, the gap first passes over an area that is magnetized in one
horizontal direction, and a constant flux is induced into the core and the coil. The coil
provides no instantaneous output voltage for this condition. However, when the recorded
bit (180 degrees horizontal flux reversal) passes the gap, the flux induced into the core and
coil must go through a 180-degree reversal. This reversal means that the coil sees a change
in flux which results in a voltage output puise.

A basic clock frequency signal is encoded in the data pulses to produce a singie
composite signal at the read/write head. The composite signal represents either a iogic
zero bit condition or a logic one bit condition for each bit-cell time defined by the clock.

Figure 4-3 illustrates the use of a clock frequency to establish the basic bit-cell timing
cycle. The insertion of a data pulse between clock pulses in a bit-cell period produces a
composite read/write signal which uses only clock puises for a logic zero bit indication,
and data pulses for a logic one bit indication. A zero bit-cell (clock pulses only) produces a
single change in direction of the flux pattern. A one bit-cell (data puise located between
two clock puises) produces a double change in direction of the flux pattern. In either case,
the clock signal causes a change in direction of magnetism from plus to minus or minus to
plus polarity, thus causing the storage of a bit. Because both clock and data information
are synchronized on a composite signal, double frequency recording is sometimes
referred to as self-clocking.

In double-frequency recording, a clock bit is always inserted at the beginning of each
bit-cell time to establish the basic recording frequency. A data bit is inserted between
clock bits (at twice the frequency) so that the data bit results in two flux reversals within a
single bit-cell time. !f the data bit is not present, a single flux reversal occurs in a bit-cell
time.
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4.6 READ/WRITE ELECTRONICS

The Read/Write electronics are contained on a single PCBA. Figure 4-4* is a functional
block diagram of the D3000 Read/Write system and should be referred to for the following
discussion.

4.6.1 HEADSELECT

Head selection in the D3000 is accomplished by signals from the using system via the
Ptatter Seiect (IPXSR) and Head Select (IHSXR) 1/0 interface lines. The signais on these
lines are required to select one of four read/write heads. Table 3-1 shows the head select
decoding used in the D3000 Disk Drive.

4.6.2 WRITE ELECTRONICS

Information to be recorded is supplied to the disk drive via the Write Data Signal (IWDSR)
110 interface line. The writing process is under compliete control of the logic functions and
control circuitry (Paragraph 4.7). Verification of system readiness, a software function, is
required prior to initiation of a write operation. The conditions that must be satisfied
before a write operation can be performed are:

(1) The unit must be in the Ready condition and Selected. This implies that only one
head is selected.

(2) The heads must be positioned over a legai track address.

(3) The WRITE PROTECT switch for the disk selected is switched to the OFF position
and the Power Clear signal is at a high level.

*Foldout drawing, see end of this section.



The disk drive is conditioned to perform a write operation when the Write Enable (IWEXR)
line is low. At this time the Write drivers are receptive to Write Data puises. When the Write
Enable line is active and system readiness is satisfied, current flows through the write coil
recording new data and causing all previous data to be overwritten, i.e., obliterated.

The read/write coil is a split center-tapped winding. During a write operation, current
flows in alternate halves of the read/write coil. Switching of write current in each half leg
causes magnetic flux reversals on the disk surface. It is important to note that when the
disk drive is in the Write mode, the erase coil is also energized. The read/write gap is
located in front of the erase gaps in both 100 and 200 tpi models. In 100 tpi models the
alternating write flux pattern magnetizes a band approximately 0.1905 mm (0.0075 inch)
wide on the surface of the disk; in 200 tpi models the magnetized band is approximately
0.10 mm (0.004 inch) wide. The erase gaps, which stradd!e the read/write gap, erase part
of the write flux pattern leaving a recorded band that is approximately 0.1651 mm (0.0065
inch) wide for 100 tpi models and approximately 0.0914 mm (0.0036 inch) wide for 200 tpi
models. This provides a signal guard-band between adjacent tracks.

4.6.2.1 Write Encoder and Driver

The Write Driver circuitry, shown in Figure 4-4, switches the write current to alternate
halves of the read/write head winding. The rate at which the write current is switched is
determined by the write Double Frequency (NLWDFT) signal from the Logic PCBA.
NLWDFT toggles a flip-flop whose outputs drive two write current control switching
transistors into alternately conducting states. The write current drivers are enabled by a
low logic level input on the Write Mode (NLWMXG) line at the Read/Write PCBA.

4.6.2.2 Erase Driver

The Erase Driver circuit is a transistor switch current source that is energized by the Erase
Current Enable (NLECEG) signal input to the Read/Write PCBA. A low logic level at the
NLECEG input enables the erase current to flow into the read/write head erase windings.

4.6.2.3 Write Current Control

The write current control causes the current level in the read/write coils to change as a
function of the positioner cylinder address. In 100 tpi models, for cylinder addresses of 0
through 127, the current level is set at approximately 35 ma; at cylinder address 128 and
above, the current level is reduced to approximately 27 ma. This current level change is
required because of the increased bit density at the innermost tracks on the disk surface.
The lower write current levels reduce the flux pattern fringe effects on neighboring bits. It
is important to note that in 200 tpi modeis the write currents are slightly different than
those given for 100 tpi models and the lower current level is switched at cylinder
address 256.

4.6.2.4 Write Emergency Monitor

This circuitry continuously monitors the legality of conditions within the read/write
system. If conditions are improper, the write emergency monitor outputs an active high
logic level to the emergency unload circuitry on the Logic PCBA. This causes the disk
drive to execute an emergency unload operation. Conditions that would cause a read/ write
emergency unload operation are:

(1) More than one head is selected at one time.

(2) The current monitor circuitry indicates the presence of a current in either the write
or erase circuits when such a current is not enabled by NLWMXG and/or
NLECEG.
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4,6.2.5 Current Monitor

The current monitor circuitry continuously checks the current outputs at a low logic level
to the write emergency circuitry during a write/erase operation. When both the Write Mode
and Erase Current Enable lines are at a high logic level, the write emergency circuitry
assumes that a read operation is in progress and looks for a high logic level from the
current monitor. Should the output of the current monitor be a low logic level at this time,
the write emergency monitor will sense an illegal condition and cause the system to
perform an emergency unload.

In addition to the current monitoring function, the current monitor circuitry can disable the
flow of write or erase currents to the read/write heads. The Power Clear signal (SPCSA)
generated on the Servo PCBA indicates the status of the regulated dc voltages and
controls a transistor switch in series with the common write/erase current path. Iin case of
a power failure, SPCSA goes to a low level, causing the transistor switch to open the
write/erase current line. This action prevents the writing of erroneous information on the
disk surface during a power failure emergency unioad condition.

4.6.3 READELECTRONICS

A Read Enabie (IREXR) signal from the system |/O interface conditions the Read/Write
circuitry to perform a read operation. Certain readiness checks must be performed by the
disk drive Function Control Logic circuitry before information can be transferred from the
surface of the disk to the system 1/O interface. The selected disk drive must be in the
Ready condition; this implies that the following conditions exist:

(1) The heads are positioned over a legal track address.
(2) Only one head is selected.

(3) The Write Enable and Erase Current Enable lines are both high and the current
monitor senses no write or erase current fiow.

The Read Electronics are activated when both the Write Mode and Erase Current Enable
inputs to the Read/Write PCBA are at a high level. This condition is locally ANDed
resulting in the Read/Write head windings being connected to the read preamplifier. The
amplifier read data are filtered, peak detected, digitized, and decoded before being
suitable for transmission to the using system interface. When the Read Enable Control
(NLRECG) signal to the Read/Write PCBA goes low, the Read Data (IRDXR) and Read
Clocks (IRCXD) are gated onto the system |/ O interface lines. A detailed discussion of the
Read Electronics portion of Figure 4-4 is contained in the following paragraphs.

4.6.3.1 Head Switch Circuitry

The Head Switch circuitry disconnects the Read preamplifier signal inputs from the
read/write heads during a write/erase operation. This is done to prevent the large voltage
signal levels that are applied to the head’s read/write windings during a write operation
from entering the low level inputs of the read preampilifier. Thus, the Head Switch circuitry
prevents the amplifier from being driven into saturation during a write operation.

4.6.3.2 Read Preamplifier

The Read Preamplifier is a single integrated circuit consisting of a wide band, linear
differential amplifier stage. Read signais from the read/write heads are typically
quasi-sinusoidal with typical amplitudes of approximately 1 mv to 5 mv. The nominal
voltage gain of this amplifier is 50 in 100 tpi models and 150 in 200 tpi models; the read
signal output has an amplitude of approximately 200 to 400 mv peak-to-peak. The amplifier
gain is determined by a resistor of appropriate size across the gain-adjust terminals.
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The ampilified read signal is ac-coupled to a L-C filter stage which removes the undesirable
high-frequency noise signals superimposed on the read signal. The special quality of the
filter is its ability to pass the read signal with only small attenuation and negligible phase
variation.

4.6.3.4 Variable Gain Amplifier

The filtered read signal is amplified by the Variable Gain Amplifier stage. This amplifier
has a nominal voltage gain of approximately 7.3 under normal operating conditions; thus,
the read signal output is normaily 350 to 650 mv peak-to-peak. In the read margin test
mode, the gain of the amplifier stage is reduced to approximately 2.6.

4.6.3.5 Peak Detector and Squarer

The 350 to 650 mv read signal drives a differentiating type peak detector which converts the
sinusoidal read signal into digital data by switching its output voltage level at each
positive and negative peak of the read data signal. The operation of the peak detector is
illustrated in Figure 4-5.

The output voltage signal from the differentiator is a 1.2v peak-to-peak amplitude that
swings +0.6v peak about a zero voltage reference. Prior to decoding, the read data are
converted into a pulse train at a frequency that is twice the read data rate. The action of the
double-frequency generator is shown in Figure 4-6. The pulsewidth of the signal is
controlled by component values within the circuitry.
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Figure 4-5. Peak Detector and Squarer Waveform
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4.6.3.6 Data Decoder Circuitry

The Data Decoder circuitry is essentially a data/clock separator. It is comprised of two
one-shot multivibrators, a decoding window generator, and a window polarizing circuit.
The Read Pulse Narrow (RPN) signal has a nominal data rate frequency when read data are
all zeros, and is twice this frequency when read data are all ones. It is this characteristic
that enabies the Data Decoder circuitry to separate read data from the clocks.

The first RPN pulse is treated as a clock pulse. its leading edge clocks the ones window
one shot to look for a data bit. At the end of the one-shot timing, the ones gate is reset and
the next RPN puise is another clock pulse. If an RPN pulse is present between the clock
pulses, it is treated as a data bit or a one bit and presented to the Read Data interface line.
The ones data output repetition rate will therefore be at the read clock rate. The timing
diagram shown in Figure 4-7 details these timing relationships. Two pulse former one-
shots determine the output pulsewidth.

4.6.3.7 Read Data Control

The Read Data Control gates the Read Clocks and Read Data onto the system 1/0 interface
lines, via line drivers on the Logic PCBA, in response to the Read Enable Control
(NLRECG) signal. When Read Enable Control is initiated, the Read Clock and Read Data
gate control is clocked to the enable state. This prevents puise shaving of the Read Data
and Read Clock signals.
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Figure 4-7. Data Decoder Timing Relationship
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4.7 LOGIC FUNCTIONS AND CONTROL

There are five major areas in the D3000 Series Disk Drives which require logic for control of
functions and timing, these are: Disk Drive Function Control, Read/Write Electronics,
Spindle Speed Control Eiectronics, Position Control Electronics, and Sector Electronics.
They are functionally shown in Figure 1-4. Since the majority of logic in the D3000 is
packaged on the Logic PCBA, the following is primarily a functional description of the
Logic PCBA. Only those areas on other circuit boards having logic functions of interest are
included.

NOTE

In order to fully understand the logic functions described,
the reader should acquaint himself with the discussion of
the specific integrated circuits contained in Section V. He
should also become familiar with the schematics
contained in Section VII.

4.7.1 LOGIC ARRANGEMENT

The Logic PCBA is depicted on sheets 2 through 5 of Schematic No. 102830. These sheets
have been divided on the basis of function and, therefore, a specific sheet is a complete
(or nearly complete) schematic representation of a specific function. The following
discussion identifies these functions by schematic sheet number.

4.7.1.1 Logic Schematic, Sheet Two

Sheet two of the Logic schematic contains the Start/Stop Control which is used in the
control and timing process of executing the start cycle of the disk drive and for executing
the stop cycle of the disk drive. Also shown on this sheet is the main clock generation
circuitry which consists of the crystal oscillator, clock countdown and clock gating
circuitry. This arrangement provides the reference for all timing functions on the Logic
PCBA.

A subdivision of the Start/Stop Control is also included. This circuitry is used for the
detection of run/stop commands, emergency and fault mode control, interlocking control,
start cycle sequencing, stop cycie sequencing, and condition indication.

4.7.1.2 Logic Schematic, Sheet Three

Sheet three of the Logic schematic contains a number of minor functions; these are the
select enable controls, the read outputs, the status outputs, the termination voltage power
supply, and the spindle speed control digital logic.

A subdivision of the select function is the head and disk select control, track offset enable
control, write/erase enable control, unit select decoding, busy signal encoding, write
protection control, and the status and indication circuitry.

4.7.1.3 Logic Schematic, Sheet Four

The functions shown on sheet four of the Logic schematic deal entirely with position
control; these are the demand address register, the valid address decoder, the current
address counter, the count control, subtractor and complementor, carry control, the load
address and illegal address control, busy logic, mode control, operation control, and error
check logic.
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4.7.1.4 Logic Schematic, Sheet Five

The functions shown on sheet five of the Logic schematic consist entirely of sector
electronics. These functions consist of the upper sensor detector, the upper time
demultiplexer, the lower sensor detector, lower time demultiplexer, sector phase lock
loop, upper sector countdown, lower sector countdown, sector multiplexer, index
multiplexer, sector pulse formers, index pulse formers, upper sector number counter,
lower sector number counter, sector count multiplexer, and the muitiplexer control.

4.7.2 DISK DRIVE FUNCTION CONTROL

The Disk Drive Function Control Logic is one of the major sub-divisions of the disk drive
which require logic for the control of functions performed. Figure 1-4 is a functional block
diagram of the D3000 Disk Drive and should be referred to in conjunction with the
following paragraphs.

The major block identified as Disk Drive Function Control in Figure 1-4 can be sub-divided
into two parts: a major block consisting of the Start/Stop Controi, and a minor block
containing minor control functions, e.g., head select control, unit select decoding. The
following paragraphs contain a functional discussion of these blocks.

4.7.2.1 Start/Stop Control

Essentially, the Start/Stop Control is a digital sequential machine mechanized with
integrated circuit logic. The purpose of this logic is to take external commands, combine
them with internal conditions plus suitable timing, and generate output signals for control
and indication purposes. Figure 4-8 is a block diagram of the digital sequential machine
used to mechanize the start/stop control.

The three essential blocks, shown in Figure 4-8, are State Storage, Combinational Logic,
and Delay Generator. The purpose of the State Storage block is to store the machine
states, This is mechanized with flip-flops and a counter. The present states are combined
in the Combinational Logic with external commands which allows the generation of output
signals for indication and controi by the output signal combinational logic. All of the
combinational logic is mechanized with gates. It should be noted that external commands
can modify directly the stored states. This is in addition to the capability of external
commands in combination with the present states to provide output signals and
modification of the stored states.

Included in the block diagram is a Delay Generator which is mechanized with counters and
a flip-flop. The generator provides specific delays under control of certain of the
Combinational Logic output signais. The Time Reference to the Delay Generator is
obtained from a crystal oscillator and clock countdown circuits.

Figure 4-9* is a functional block diagram of the Start/Stop Control. All of the logic
depicted in this figure is contained on sheet two of the Logic PCBA schematic. The time
reference for this arrangement is provided by a Crystal Oscillator whose output signal is
frequency divided by the Clock Countdown circuitry. This circuitry consists of a series
chain of counters that generate clock signals that are used by the Start/Stop Control logic.
These clock frequencies are aiso used in other portions of the disk drive logic.

Within the Start/Stop Control, gating of the clock signals is accomplished by allowing
clock pulses to be fed to the flip-flops only at specific times, thereby permitting these
flip-flops to change state only when a clock puise is present. The delay generation portion

*Foldout drawing, see end of this section.
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Figure 4-8. Digital Sequential Machine Block Diagram

of Start/Stop Control is handled by a Delay Counter which is operated from a clock signal
generated by the Clock Countdown circuitry.

In addition to the state storage there are three major functions performed by the
Start/Stop Control; these are interlocking control, emergency unload logic, and condition
indication.

Referring to Figure 4-9, commands used to start or stop the disks may be received either
from the RUN/STOP operator control or from the Start/Stop Disk Drive I/0 interface line
(ISSDR). These commands are detected by the Run/Stop command and Detection
circuitry and cause the Start/Stop Control to execute a start or a stop, as appropriate.

Interlocking is obtained by using a number of signais which are available within the disk
drive. These signals, used in conjunction with each other, allow interlocking of various
mechanical functions, e.g., locking the door on front load machines, and locking the
cartridges in top load machines when the disk is rotating. The Lower Detector Pulse
(LLDPG) input to the Interlock Control portion of the logic is used to establish that the
disk is rotating. The Not Write Or Erase signal (NLWOEG) is generated by some of the
minor control logic within the Disk Drive Function Control block and is used to prevent
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retracting the heads during a normal unload when either a Write or an Erase command
from the I/ O interface is occurring.

Correct insertion of the cartridge is detected by two switches in top load machines, and by
one switch in front load machines. This interlock prevents starting the disk drive when the
cartridge is not inserted. In top load machines the parked position of the cleaning brushes
is interlocked by a switch for purposes of determining that the brush cleaning cycle has
been satisfactorily compieted.

The Power Clear signal (SPCSA) from the Servo PCBA signals when an unacceptable
power supply condition is sensed. The SPCSA signal is provided to the Start/Stop Control
logic as well as to the Read/Write PCBA. Also supplied from the Servo PCBA is the Heads
Retracted signal (SHRXG) which is used by the Interlock Control to ensure that the disk
does not stop rotating unless the heads are retracted.

The purpose of the Emergency Unload Logic is to begin an emergency unload operation
when commanded externally, or when this logic detects certain fault situations which
require emergency unioading of the heads from the storage surface. One of these fault
conditions is the Position Transducer Failure (SPTFG) condition. This condition is
detected on the Servo PCBA and is provided to the Emergency Unload Logic should a
failure occur in the position transducer. Another signal, the Write Emergency Condition
(RWECG) is generated on the Read/Write PCBA should a write emergency condition be
detected. Additionally, the Activate Emergency Unload (IAEUR) 1/O interface line is
provided for commanding emergency unloads from the |/ O interface.

All other emergency unload conditions are detected by logic circuitry on the Logic PCBA.
Three of these emergency conditions are detected within the Start/Stop Control
arrangement by the Emergency Unload Logic. The signals utilized are: Not Position Mode
(NLPMXG), Speed Out of Tolerance (LSOTF), and an internal signal within the Start/Stop
Control logic. This internal signal is generated by the Interlock Control Logic from the
state of the Brushes Parked switch and is not shown on the block diagram. The Not
Position Mode (NLPMXG) logic state is tested by the Emergency Unload Logic to
determine if the heads have properly loaded during a start sequence. Speed Out of
Tolerance (LSOTF) is tested during the start sequence to determine if the disks have
reached the proper speed prior to loading the heads. The internaily generated signal from
the brushes parked switch is tested to determine that the brush cleaning cycle has been
correctly completed.

Elsewhere within the logic, three signals are generated upon detection of a specific fault
condition and are provided to the Emergency Unload Logic. These signals are Not Position
Limit Error (NLPLEG), Not Disk Speed Error (NLDSEG), and Not Seek Time Error
(NLSTEG). The Not Position Limit Error signal commands emergency unload when the
positioner exceeds its legal range of travel. The Not Disk Speed Error signal commands an
emergency unload when a disk speed error is detected after the system achieves the Ready
condition. The Not Seek Time Error signal commands an emergency unload when the time
for a seek exceeds the allowable maximum.

The major function controi output signals from the Start/Stop Control are:

(1) Start Drive Motor (NLSDMG), a pulse used for initializing the spindle speed
control logic.

(2) Purge Cycle (LPCFF), a flip-flop output state used for controlling the disk
speed during the purge cycle.
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(3) Load Heads (LLHFF), a flip-flop output state used for controlling the position
control logic and loading and unloading the heads.

(4) Emergency Unload (LEUFF), a flip-flop output state used to indicate that an
emergency unioad condition has started or presently exists.

(5) Load or Purge Not (NLLPNG), the output of combinational logic within the Start/
Stop Control; this combinational Idgic decodes the states of two of the major
state storage flip-flops, Purge Cycle and Load Heads. NLLPNG is used for
initializing the position limit monitor contained within the Position Control Logic.

(6) Brush Motor Enable (NLBMEG), controls the power to the brush motor in top load
models of the disk drive for operating the disk cleaning brushes.

(7) Brake Cycle Enable (NLBCEG), the control signal which determines when the
braking current is applied to the disk drive motor.

(8) Lock Cartridge Mechanism (LLCMG), controls the solenoid drivers on the Servo
PCBA and is the signal which determines when the cartridge mechanism is locked
or uniocked.

(9) Emergency Unload Enable (LEUEG), controls the emergency unload relay driver
on the Servo PCBA; this relay driver, in turn, actuates the emergency unload relay
as commanded by the Emergency Unload Enable signal.

The output signals from the Start/Stop Control circuitry described in (1) through (5) are
used on the Logic PCBA for specific control functions. The signals described in (6)
through (9) are fed directly to the Servo PCBA.

Three signals for driving the operator control panel lamps are generated by the Condition
Indication portion of the Start/Stop Control logic. These signals are Safe Lamp Drive
(NLSLDT), Run Lamp Drive (NLRXDT), and the Ready Lamp Drive (NLRLDT). The SAFE
lamp is used to indicate when it is safe for the operator to remove or insert a cartridge into
the disk drive; the RUN lamp is used to indicate when a machine is executing a start
sequence, or the disk is running. lllumination of the READY lamp indicates that the disk
drive has achieved the Ready condition.

Other signals generated by the Condition Indication logic are: Ready (LRXXG), Selected
And Ready (LSARG), Delayed Ready Condition (LDRCG): The Ready signal is the output
of combinational logic and is the combination of several flip-flop states within the
Start/Stop Contol. The Selected and Ready signal is the Ready signal combined with the
Selected signal from the unit select logic. The Delayed Ready condition is the Ready
signal passed through a delay network. Ready, Selected And Ready, and Delayed Ready
Condition signals are used in other parts of the Function Control Logic as well as enabling
certain portions of the Position Control Logic and the Sector Electronics Logic.

4.7.2.2 Minor Control Functions

The minor functions discussed in the following paragraphs are contained within the Disk
Drive Function Control logic block shown in Figure 1-4. Due to the nature of these minor
control functions, no attempt is made to relate these functions to a simplified block
diagram. The circuitry which performs these logic functions is contained on sheet three of
the Logic PCBA schematic.

The Select and Control Logic consists of a holding register and associated control gates

for processing the Platter and Head Select lines, the Track Offset Plus, and Track Offset
Minus lines. Also included is the Write Double Frequency Data Re-transmitter which acts
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as a line receiver and a line driver between the 1/ O interface and the Read/Write PCBA. The
Unit Select Logic, the Busy Output logic, and the Ready driver are also included as minor
elements in the Disk Drive Function Control Logic. Likewise, the Read/Write Control
logic, the Write Protect logic including the Write Protect Lamp Drivers are part of the Disk
Drive Function Control Logic. Additional minor functions are performed by the Read
Signal Drivers, the Malfunction Signal Driver, the Double Track Status Driver, the lllegal
Address Status Driver, and the Dual Platter Status Driver. These functions are described in
terms of function and purpose, as follows.

Two I/ 0 interface control lines are provided for selecting a specific storage surface. These
lines are the Head Select (IHXSR) and Platter Select (IPSXR). Two other 1/0O interface
control lines, Track Offset Plus (ITOPR) and Track Offset Minus (ITOMR) are provided for
selecting specific track offsets for diagnostic purposes. The four lines, Head Select,
Platter Select, Track Offset Plus, and Track Offset Minus are processed by the hoiding
register and distributed to the Read/Write PCBA. The Track Offset Plus and Track Offset
Minus lines are also distributed to the Servo PCBA.

The Holding Register performs a holding function to store the status of these lines under
certain conditions. These conditions are determined by the Selected And Ready and the
Not Ready conditions. The Write Double Frequency Data Re-transmitter acts as a line
receiver for the /O interface line Write Data Signal (iIWDSR) and re-transmits the signal to
the Read/Write PCBA as the Write Doubie Frequency signal. This acts as a buffer and
maintains timing of the Write Double Frequency signai.

Another minor function provided by the Disk Drive Function Control Logic is contained in
the Unit Select logic. This logic combines the setting of the Unit Number Selector switch
on the operator panel with the specific Unit Select Number signal from the 1/0 interface.
Decoding is performed and the Select signal is generated only when the Unit Select line
from the 1/ 0 interface corresponds to the number designated for the specific disk drive by
the Unit Number Selector switch on the operator panel.

Also contained within the Disk Drive Function Control Logic is the Busy Output logic. This
logic combines the busy signal from the Position Control Logic with the Ready signal and
encodes on a specific Busy Seeking line according to the setting of the Unit Number
Selector switch on the operator panel.

A number of line driver functions are performed by various signal drivers. These drive
internal logic signals onto the I/ O interface lines as outputs of the disk drive. These are:

(1) The Ready Driver for driving the selected and ready signal onto the Ready line at
the interface.

(2) The Read Signal Drivers for transmitting the outputs of the Read/Write PCBA
on the Read Data and Read Clock I/ O interface lines.

(3) The Malfunction Signal driver for transmitting the malfunction pulse on the 1/0
interface line.

(4) A Double Track Status interface line for indicating at the |/ O interface when a disk
drive is a 200-tpi model.

(5) The lllegal Address Status driver for transmitting the illegal address signal to the
Illegal Cylinder Address |/ O interface line.

(6) Dual Platter Status signal driver for indicating on the Dual Platter Drive 1/0O
interface line that the disk drive contains two platters.
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Another minor function control performed is the processing of the Write Enable (IWEXR)
and Erase Enable (IEEXR) signals from the I/O interface. These signals are gated by
Selected And Ready, Position Mode, and File Protect Mode, then transmitted to the
Read/Write PCBA for controlling those functions on the Read/Write PCBA. In addition,
the Not Write or Erase signal is generated for application to the Start/Stop Control Logic.
Also performed within the Read/Write control logic is the gating of Read Enable with
Selected and Ready. This signal is then transmitted to the Read/Write PCBA.

The Write Protect logic combines the state of the specific WRITE PROTECT switch on the
operator panel with the state of the Platter Select (IPSXR) line such that the respective
protect switch and the Platter Select line are decoded to set or reset the File Protect Mode
latch. The state of the File Protect Mode latch determines whether a particular platter is
permitted write and erase operations, depending upon whether it is designated as a
protected platter by the respective WRITE PROTECT switch on the operator panel.

The state of the File Protect Mode latch is gated with Selected and Ready and is
transmitted to the 1/O interface by the File Protected Status Driver which transmits the file
protect condition of the disk drive to the controller on the File Protected (IFPXD) /0 line.
The state of the WRITE PROTECT switches is indicated by the operator panel PROT
(Protect) lamps regardless of which platter is selected. The lamp indication depends
entirely on the state of the respective switch. The lamp drive signals are generated by the
protect lamp drivers according to the switch states.

4.7.3 SPINDLE SPEED CONTROL

The rotational speed of the spindle is controlled to within +1 percent of the nominal
value. This tight contro!l is maintained so that the spindle speed is not affected by line
frequency variations and to avoid disk speed variations due to tolerances of the drive train
components. The time reference for the spindle speed control is derived from the Crystal
Oscillator and Clock Countdown logic that is shown in Figure 4-9 as part of the
Start/Stop Control Logic.

The actual speed of the spindle is derived by sensing notches in the phase lock ring with a
magnetic transducer. In addition to the speed sensing function, Phase Lock Ring and the
Magnetic Transducer are used in conjunction with the Sector Electronics (Paragraph
4.7.5). The Phase Lock Ring is a flat circular plate with notches in the periphery. It is
mounted integral with the spindle and therefore the rotational speed of the Phase Lock
Ring is the same as that of the spindle. The Spindle Speed Control is a true servo loop in
that power is controlled to the drive motor which, in turn, rotates the spindle; the actual
speed of the spindle is sensed and compared with a time reference and the result of the
comparison is used to correct the amount of power applied to the drive motor. In this
manner, the loop corrects the existing speed of the spindle to the correct speed within the
ability of its resolution and response capability. It is important to note that although the
loop is a true closed loop servo, it is not a linear servo system. The reason is that the resuit
of the time/speed comparison is a single binary digit and therefore can have only two
possible states, a zero or a one, i.e., the speed is either too fast or too slow. For this
reason the actual speed regulation takes place in a limit cycle type of operation where the
actual spindle speed varies between an upper and a lower boundry as determined by the
response time of the loop and the resolution of the error detector. However, certain of the
loop characteristics are like a linear servo, in that power to the drive motor is varied for
control by changing the time of occurrence of the application of power within a given
power line cyclie in a manner which is usually referred to as phase angle control. in other
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words, the actual phase angle during the power line cycle where power is applied to the
main winding of the drive motor is the result of the integral of the binary speed error. This
determination is made from the comparison of the actual speed sensed by the Magnetic
Transducer to the time reference derived from the Crystal Oscillator.

Refer to Figure 4-10*, a functional block diagram of the Spindie Speed Control Logic, for
the following discussion. Operation of the spindle speed control can best be understood
by starting at the Spindie and going around the loop. The Magnetic Transducer senses the
notches in the Phase Lock Ring and produces a signal which is then processed by the
Sector Electronics Logic (refer to Paragraph 4.7.5).

The results of the action taken by the Sector Electronics logic is the output of a flip-flop
called the Phase Lock Flip-Flop (LPLFF). This flip-flop functions as a frequency divider on
the basic frequency derived from the Phase Lock Ring and converts the pulse as processed
by the sector electronics into a square wave. The Phase Lock Flip-Flop signal (LPLFF) is
fed into the Speed Sequence Control as shown in the block diagram.

Clock signals derived from the Crystal Oscillator and Clock Countdown (LCO2F, LCO3F,
LCO4F) are fed to the Speed Control Programming logic, then to the Speed Control
Counter. The time between the occurrences of low to high transitions of the Phase Lock
Flip-Flop signal is detected by the Speed Sequence Control logic. Detection of this
transition causes the Speed Sequence Control to generate two pulses which are
synchronous with the clock signal specified by the Speed Controi Programming logic.
These pulses determine the sequence of the time comparison.

The desired value of disk speed is programmed by the Disk Speed Count Programming
array. The program value fed to the Speed Control Counter is determined by the array and
the state of the Purge Cycle Flip-Flop (LPCFF), thereby providing a nominal speed for
normal operation and an over-speed value for use during the purge cycle. The programmed
value of the disk speed count is fed to the Speed Control Counter logic and the selected
clock signal from the Speed Control Programming logic is then counted by the Speed
Control Counter. The results of the count are stored in the Speed Value Flip-Flops and,
when appropriate, transferred to the Speed Status Flip-Flops as determined by the Speed
Sequence Control logic. The actual comparison of the spindle speed to the reference
signal occurs on the basis of the count totalized in the Speed Control Counter logic during
the time interval defined between transitions of the Phase Lock Flip-Fiop.

There are two outputs derived from the Speed Status Flip-Flops; the Increase Motor Speed
(NLIMS1) signal and the Speed Out Of Tolerance (LSOTF) signal. The Speed Out Of
Tolerance signal indicates when the disk speed is detected as being out of tolerance by the
Speed Value Flip-Flops. This information is tested during the start sequence and is also
combined in a Gate with the Ready signal (LRXXG) to produce Disk Speed Error
(NLSDEG). The Increase Motor Speed signal is fed to the Servo PCBA and is the basic
binary error signal derived from the comparison of the time reference to the actual speed.
The Start Drive Motor pulse (NLSDMG) is used for intializing the speed status flip-flops
during a start sequence and the Drive Motor Enabie (LDMEG) line is used for initializing
the Speed Sequence Control and the Speed Status Flip-Flops.

It can be seen that the purpose of the circuitry on the Logic PCBA is to convert the analog
signal obtained from the Magnetic Transducer into a suitable digital square wave, then
compare the time of occurrence of the positive transitions of that square wave with a time
reference obtained from a Crystal Oscillator. The result of that comparison is two signals,
one indicating the instantaneous speed error signal and, if appropriate, to provide a signal

*Foldout drawing, see end of this section.
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which would indicate a gross malfunction of the speed control. The Increase Motor Speed
(NLIMS1)-obtained from the Speed Status Flip-Flops is fed to the Servo PCBA.

A portion of the Spindle Speed control circuitry is located on the Servo PCBA. Basically,
there are two functions performed by this circuitry; the generation of a signal to the Motor
Control PCBA which is synchronized to the line frequency and causes the trigger to occur
at a specific time during the power line cycle.

Generation of a signal which is synchronized to the {ine frequency is necessary because
the basic power line is the power applied to the drive motor by the Motor Control PCBA.
This line synchronization is accomplished by a Zero Crossing type of synchronizing
network in which a pulse is developed by the Line Synchronizer when the line voitage
passes through the zero voit condition.

The trigger to the Motor Control PCBA must be supplied at a specific time during the
power line cycle. The time of occurrence of this trigger must be proportional to the integral
of the binary error signal. This is done to provide a proportional power control to the drive
motor main winding that is the time average of the binary error signal (NLIMS1).

Phase angle control is obtained by the use of a Ramp Generator which is synchronized to
the line voltage by the line synchronizer. The output of the integrator is compared with the
voltage developed by the Ramp Generator in a Voltage Comparator. The results of this
comparison are used to generate a trigger signal which is fed to the Motor Control PCBA.

The Motor Control PCBA is, in essence, a bi-directional power switch isolated from the
normal machine ground. The switch is turned on by the trigger signal from the Servo PCBA
and then turns itself off as the line current passes through zero. Also contained on the
Motor Control PCBA is the necessary interconnection wiring for configuring the drive
motor for the two basic types of power line operation, 110v and 220v (refer to Paragraph
4.8).

The trigger signal obtained from the Servo PCBA is applied to Current Amplifier Transistor
Switches via an Opto-lsolator device. The Current Amplifier Transistor Switches apply
gate current to the Triac Switch which selects the power line onto the main winding of the
drive motor. During normal speed control, when power is to be applied to the drive motor,
the specific time for switching in the power is determined by the voltage comparator on
the Servo PCBA. The Triac Switch allows current to pass through the drive motor winding
for that portion of the line cycle. Since the power line voltage has both a positive and a
negative excursion in a given cycie, power may be applied twice during a cycle. The phase
angle of that power application can be determined and controlled by the comparison of the
Ramp Generator with the integrated increase motor speed signal.

The control circuitry contained on the Servo PCBA is enabled by the Not Drive Motor
Enable (NLDMEG) signal. Thus, when it is desired to have no power applied to the drive
motor (e.g., when the machine is stopped) the circuitry is correspondingly commanded by
the state on the drive motor enabie line. When it is desired to stop the disk from rotating
and bring it to a halt, it is necessary to develop a braking torque to slow the disk down to
the stop condition in a reasonable amount of time. This is necessary because the rotating
assemblies have a considerable inertia and the time for the spindle to coast down to a stop
without an additional braking force would be excessive. In order to develop this braking
torque, the drive motor is operated in a special mode during that portion of the stop cycle.
This is referred to as a brake cycle and is defined by the Brake Cycle Enable (NLBCEG)
signal derived from the Start/Stop Control Logic on the Logic PCBA. When the Brake
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Cycle Enable signal is asserted, the Servo PCBA circuitry is caused to operate in a slightly
different mode wherein full power is applied to the drive motor main winding but only for
one-half of a line cycle. This develops a magnetic field in the drive motor which results in a
braking torque rather than in a running or starting torque. It is this torque which is used to
slow the spindle to a stop.

4.7.4 POSITION CONTROL LOGIC

Figure 4-11* is a functional block diagram of the Position Control logic and should be
referred to in conjunction with the following discussion.

The major function of the Position Control logic is to accept address commands from the
/0 interface and cause the positioner to move to the address demanded by the interface.
This involves generating suitable signals to control the mode of operation of the positioner
servo and to control the velocity that is used by the positioner servo. Additionally, certain
signals are generated which are supplied to the interface for purposes of indicating the
Position Control Logic status. Error checking of the Position Control Logic functions are
also accomplished by this logic.

The major inputs from the |/0 interface are the Cylinder Demand Address (ICDNR) lines,
the Cylinder Address Strobe (ICASRY), and the Restore Initial Cylinder (IRICR) lines. Inputs
to the Position Controi logic from the Servo PCBA are: Position Reference Clock
(SPRCG), Position Quadrature Clock (SPQCG), Position Transducer index (SPTIG), Heads
Retracted (SHRXG). The signals from the Servo PCBA are derived from the position
transducer. Additionally, the Load Head signal (LLHFF) is provided as an input to the
Position Control logic from the Start/Stop logic and is used in the Mode Control logic.

Major output signals from the Position Control logic to the Servo PCBA are the Address
Ditference (NLADNG), Forward Direction (LFDX1), Velocity Reference Enable (NLVREG),
Position Mode (LPMXG), Forward Slow Mode (NLFSM1), and Reverse Slow Mode
(NLRSM1). The major output signais which determine interface outputs are the lilegal
Address (NLIAXG) and the Busy (NLBSXG) signal. The auxiliary output suppied to the
Read/Write PCBA from the Position Control logic is Demand Address Most Significant
(LDAMG). In 200 tpi models an auxiliary output consisting of the three most significant
bits from the current address counter are supplied to the Temperature Compensation
PCBA.

A Cylinder Demand Address from the |/O interface specifies the address that is required
by the controller. If the address is accepted by the Position Tontrol lugic, it is stored in the
Demand Address Register. Loading of this register is under control of the Load Address
and lllegal Address Control logic. The validity of a demand address on the |/ O interface
lines is tested by the Valid Address Decoders, one decoder for 100 tpi addresses, and
another decoder for 200 tpi addresses. Only one decoder is connected, depending upon
the specific configuration of the machine.

The inspection and test of the address is made only when accompanied by a Cylinder
Address Strobe (ICASR) from the 1/0O interface. In addition, the state of Restore Initial
Cylinder (IRICR) line is examined at the time of a Cylinder Address Strobe and the state of
that line determines if the address is to be accepted or ignored, and if a restore operation
is to be performed. When the Restore Initial Cylinder line is asserted at the time of a
Cylinder Address Strobe, the Demand Address lines are ignored and the Position Control
logic commences a Restore operation. A Restore operation initializes the Position Control
logic and returns the positioner to cylinder 000. If a Restore is not asserted at the time of a

*Foldout drawing, see end of this section.
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Cylinder Address Strobe then the Demand Address lines are examined to determine if they
contain a valid address. If a valid address is present, this address is accepted by the
Position Control logic. if the address is an illegal address, i.e., it lies outside the range of
the valid addresses, then this is signalled by the lllegal Address (NLIAXG) line.

During a strobe, and any time during a Seek operation, the Position Control logic and the
positioner status are indicated on the Busy Signal (NLBSXG) line. lllegal Address and
Busy Signal are outputs of the Load Address and lilegal Address Control and the Busy
logic.

Information describing the current position of the positioner is stored in the Current
Address Counter which is an up/down type of counter. The direction of the count and the
amount of the count are determined by the Count Control logic on the basis of the Position
Reference Clock (SPRCG) and Position Quadrature Clock (SPQCG) signals from the Servo
PCBA. These are the digital position transducer signals derived from the outputs of the
position transducer.

The positioning system in the D3000 Disk Drive functions on the basis that the physical
position of the positioner is known to the Position Control Logic at all times. This is
because the logic has kept track of all moves made by the positioner since initialization,
i.e., current position information is initialized at the time the heads are loaded. In other
words, the system knows where it is because it was told where it started from and it kept
track of every move thereafter. Furthermore, it knows how far it has to go to achieve the
demand address because it knows where its current location is. The particular mode of
operation of the Position Control logic is determined by the Mode Control portion of the
logic in conjunction with the Operation Control logic. The various inputs and outputs of
this portion of the Position Control logic can be seen in the block diagram (Figure 4-16).

There are four modes of operation of the Position Control logic. One mode is the Position
Mode which causes the positioner servo to operate as a position type servo and hoid a
particular cylinder position.

During a Seek operation it is necessary to operate the positioner servo as a velocity type of
servo. This, of course, is a negation of the Position Mode line. In addition to the velocity
reference enabled by the Velocity Reference Enable (NLVREG) line, the direction of the
velocity is specified by the Forward Direction (LFDX1) line, and the particular velocity
reference level is determined on the basis of the amount of difference between the current
address and the demand address. This difference is specified to the Velocity Function
Generator on the Servo PCBA by the Address Difference lines. It is important to note that
the difference between the current address and the demand address is obtained by
performing a ones-complement arithmetic subtraction on the binary values contained in
Current Address Counter and the Demand Address Register. This subtraction process is
performed by the Subtractor and Complementor logic. Since the arithmetic is ones-
complement arithmetic, an end-around carry is used. This carry is under contro! of the
Carry Control logic and the algebraic sign of the velocity desired is determined on the
basis of the binary value of the carry. The actual subtraction is mechanized using an
integrated circuit binary full-adder. When the heads are being loaded, it is necessary to
force the carry to a particular state; this is accomplisched by the Carry Control logic on the
basis of the states of certain bits in the Current Address Counter.

The other two modes of operation of the Position Control logic are the Forward Slow Mode

and the Reverse Slow Mode. The two slow modes are a slow velocity type of operation.
The Forward Slow Mode is used during loading of the heads and the !atter portion of a
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Restore operation. The Reverse Slow Mode is used for unloading the heads and for
performing the first portion of a Restore operation. When operating in the Slow Velocity
Mode, the velocity reference developed from the Address Difference lines is not used and
therefore Velocity Reference Enable (NLVREG) is not activated.

The Error Check Logic performs two types of checks concerned with operation of the
positioner. The first check determines if the positioner has completed a seek within the
maximum allowable time. This check is done by the Seek Time Error (NLSTEG) check
circuitry and is a gross type of check to determine simply that the positioner has not
become stalled due to a fault. Although each seek is checked by this circuit, it does not
verify that the time for the specific distance moved was compatible with the specific time
associated with that length of seek. Rather, it determines that the positioner has not
become stalled while attempting a seek.

The other error check performed is to determine that the positioner has not travelled
outside of the legal range of travel. This is performed by the position limit monitor
circuitry which generates a Position Limit Error (NLPLEG) signal if the positioner exceeds
the normal range of travel. This check is performed only during the time that the heads are
loaded onto the disk.

4.7.5 SECTORELECTRONICS

Figure 4-12* is a functional block diagram of the Sector Electronics logic and should be
referred to in conjunction with the following discussion.

The major function of the Sector Electronics logic is to provide Sector pulses at the I/0
interface which electrically subdivide the disk storage surface into a number of sectors for
the purpose of addressing data stored on the disk. Additionally, the specific number of the
sector passing under the Read/Write heads is transmitted to the /O interface on the
Sector Count lines. These lines specify the sector count presented in a binary format. The
count indicates the particular segment of the disk surface currently under the Read/Write
heads.

In addition to the Sector Pulse and Sector Count, the Index Pulse is provided as an ocutput
of the Sector Electronics. This line provides a signal which is a pulse occurring once per
revolution of the disk and may be utilized to define the sector reference, i.e., sector zero.

Referring to Figure 4-12, it can be seen that the inputs to the Sector Electronics logic are a
signal from the Upper Sector/Index Sensor, a signal from the Lower Phase/Index Sensor,
Clock Signals obtained from the clock countdown portion of the Start/Stop Control logic
and the Drive Motor Enable (LDMEG) signal also obtained from the Start/Stop Control
logic.

The removable cartridge may be sectored either electronically or mechanically while the
lower (fixed) platter in duai disk machines is sectored electronically.

Electronic sectoring can be in one of two configurations since the removable cartridge
may be one of two configurations, i.e., an index notch only, or with sector slots and an
index slot. The associated types of electronic sectoring are provided from an index-only
type of cartridge and from a sector-pius-index-siot type of cartridge.

The normal top-loading cartridge has one slot in the armature plate which is referred to as
the index notch. This is the standard top-loading cartridge arrangement. Some specially
modified top-loading cartridges have additional notches used for mechanicai sectoring
purposes.

*Foldout drawing, see end of this section.
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The normal front-loading cartridge has sector slots for the purpose of sectoring and a
single index slot in the sector ring for purposes of mechanical sectoring. Special
front-load cartridges may be designed with only an index slot.

Referring to Figure 4-12, the Upper Sector/index Sensor is a photoelectric type of sensor
for front load models and a magnetic transducer for top load modeils. The Lower
Phase/index Sensor is a magnetic transducer on ail D3000 models. This magnetic
transducer senses the notches in the Phase Lock Ring mounted on the spindie. The Phase
Lock Ring is used for electronic sectoring and for speed control of the spindle. The slots
or notches in the removable cartridge are sensed by the appropriate sensor type and the
signal is fed to the Upper Sensor Detector which converts the analog signal from the
sensor to a digital pulse train. The pulse train, however, contains either all the pulses for
the sector siots, or notches, and in addition a pulse for the index slot or notch, or in the
case of index-only cartridges just a single puise for the index notch.

In the event that pulses for the sector siots or notches and the index slot or notch is
present, these will be separated by the Upper Time Demultiplexer. The pulse representing
the index will be output on one line from the Upper Time Demultiplexer and the sector
pulses will be output on another line. Therefore, it can be said that the Upper Time
Demultiplexer functions to separate the index pulse from the sector pulse. It is important
to note that these pulses are pulses representative of sensing of the slot and are not the
signals fed to the interface. The specific gate time required by the Upper Time
Demultiplexer is programmed by a Programming Array, and the basic time reference used
is obtained from a ciock signal generated in the Clock Countdown portion of the
Start/Stop Control logic.

In the case when an index-only cartridge is being used, a single pulse per revolution is
applied to the input of the Upper Time Demultiplexer. The output of the Upper Time
Demultiplexer will be a single pulse on the same line that was used for outputting the
demultiplexed sector information in the previously mentioned case.

The Lower Sensor Detector is a circuit similar to the Upper Sensor Detector except that it
has a variable threshold. The circuit converts the analog signal from the Phase Lock Ring
magnetic transducer to a digital signal which is applied to the Lower Time Demuiltiplexer.
The purpose of the Threshold Control for the Lower Sensor Detector is to provide a means
for changing the sensitivity of the Lower Sensor Detector. When executing a stop
sequence, or when the disk drive is in the Safe condition, it is desirabie to be able to detect
any rotation of the spindle; this is accomplished by causing the Lower Sensor Detector to
operate in a high sensitivity mode via the Threshold Control logic. This high sensitivity
threshold is enabled when Drive Motor Enable (LDMEG) is not asserted. When Drive Motor
Enable is asserted, the threshold is changed to a threshold similar to that used in the
Upper Sensor Detector. Drive Motor Enable is asserted whenever the disk drive is in the
Run condition.

The Lower Time Demultiplexer functions in a manner similar to the Upper Time
Demultiplexer except that the Phase Lock Ring always has a single index notch per
revolution which is interposed between the phase lock notches. The Lower Time
Demultiplexer will output the Index puise on one line and all the other phase lock notch
pulses on the other line. Thus, the Lower Time Demultiplexer separates the pulses
obtained from the phase-iock notches from the single index notch. The value of the gate
time required by the Lower Time Demultiplexer is programmed by the Programming Array.
The time reference for the Lower Time Demultiplexer is obtained from a clock signal
generated by the Clock Countdown circuitry in the Start/Stop Control logic.
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The specific sectoring configuration is selected by the connections of the Sectoring
Selection Programming Array shown as two blocks in Figure 4-17. The raw pulses output
from this interconnection array are unsuitable for application to the 1/O interface directly
and must be formed into suitable pulses by the Upper Sector Pulse Former, the Lower
Sector Pulse Former, the Upper Index Pulse Former, and the Lower Index Pulse Former.
Each of these pulse former circuits takes the raw input pulse and converts it into a pulse
having a time duration that is suitable for transmitting over the |/ O interface. The outputs
of the Upper Sector Pulse Former and Lower Sector Pulse Former are multiplexed onto the
single Sector Pulse (ISPXD) line by the Sector Pulse Multiplexer according to the
particular platter selected by the /0 interface.

Likewise, the outputs of the Upper Index Pulse Former and Lower Index Pulse Former are
multiplexed by the Index Pulse Multiplexer and fed to the single Index Puise (lIPXD) line
according to the particular platter selected by the interface. The Multiplexer Control Logic
controls the pulse multipiexers according to the state on the Upper Platter Select
(LUPSG), the Not-Upper Platter Select (NLUPSG), and the Selected and Ready (NLSARG)
line.

Additionally, the raw pulses obtained from the Sectoring Selection Programming Array are
applied to the sector number counters for purposes of generating the sector count. The
Upper Sector Number Counter and Upper Count Control are used to generate the sector
number count for the upper platter. The Lower Sector Number Counter and Lower Count
Control are used to generate the sector number count for the lower platter. A particaular
sector count is multiplexed by the Sector Count Multiplexer logic according to the control
signals generated by the Multiplexer Control logic. These control signals, generated by
the Multiplexer Control logic, are a function of the specific platter selected and the
Selected and Ready condition. The count control for each sector number counter
determines when the counter will be returned to a zero count. This is determined
automatically as a resuit of the count control action obtained from the raw index pulse
occurrence.

Electronic puises are generated by the disk drive as selected by the Sectoring Selection
Programming Array when the removable cartridge has the index siot only, or when it is
desired to electronically sector a multi-notch removable cartridge. Additionally, the
Sectoring Selection Programming Array causes the disk drive to generate puises for
sectoring the lower disk which is sectored electronically regardiess of the configuration.
These pulses are generated by counting down, with an electronic counter, the output of a
high-frequency oscillator. Because the sector pulses must be synchronous with the
instantaneous speed of rotation of the spindle, it is necessary to phase lock this
high-frequency oscillator to the spindie.

Those particular functions are implemented by the Sector Phase Lock Loop through the
Upper and Lower Sector Countdown Counters. Associated with these counters are
Electronic Sector Programming Arrays used to determine a particular number of sectors
and a synchronizer for each counter to synchronize the count with the Index pulse
obtained from their respective Time Demultiplexer. The output derived from the phase lock
ring notches are fed via the Lower Time Demultipiexer to a Phase Lock Flip-Flop which
divides the frequency of that pulse train by a factor of 2, and converts it into a square wave.
This square wave is used not only by the Sector Phase Lock Loop but is one of the outputs
of the Phase Lock Flip-Flop fed to the Spindle Speed Control electronics.

The Voltage Controlled Oscillator (VCO) within the Sector Phase Lock Loop is
electronically servoed to the square wave obtained from the Phase Lock Flip-Flop. This is
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accomplished by taking the output of the VCO and counting it down with the Sector PLL
Countdown Counter. The specific countdown value is programmed by the Countdown
Programming Array and the output of the counter is converted to a square wave by the
Sector Countdown Divider Flip-Flop. The outputs of the Sector Countdown Divider
Flip-Flop are compared with the Phase Lock Flip-Flop output by the Phase Comparator.
The output of the Phase Comparator is suitably filtered and applied to a
Sum-And-Difference Amplifier which generates the control voitage for servoing the
frequency of the VCO. This causes the output of the VCO to become phase-locked to the
phase lock puises obtained from the phase-locked ring.

The output of the VCO may be taken directly or the frequency may be divided by a factor of
2 by the VCO Divider Flip-Flop and applied to the Sectoring Selection Programming Array
for purposes of selecting the specific electronic sectoring configuration. This
high-frequency oscillator signal is then frequency divided by the Sector Countdown
Counter for the particular platter. The exact value of a count used for the division is
determined by the respective Electronic Sector Programming Array. The count is
synchronized to a specific platter by the associated synchronizer in conjunction with the
index pulse derived for use with that particular platter. The pulse train output from the
particular sector countdown counter has a repetition rate corresponding to the number of
desired sectors as programmed by the respective Electronics Sector Programming Array.
This pulse train is synchronized with the respective index pulse.

When electronic sectoring is selected by the Sectoring Selection Programming Array, this
pulse train is fed directly to the respective puise former.

4.8 MOTOR CONTROL

A functional element of disk rotational speed control is provided by the Motor Control
circuitry. The current switching necessary to control drive current for the drive motor is
provided by this subsystem. Additionally, provisions are made to accommodate drive
motor operation at different line voltages in this subsystem.

The disk drive motor is a permanent split-phase induction motor with multiple windings to
accommodate the two classes of line voltage operation. A permanent split induction
motor requires the use of a capacitor or other type of phase shifting arrangement
connected in series with the start winding (or windings). This is done to provide a current
in that winding, phase shifted with respect to the main winding, such that the net
magnetic field produced by the windings is a pseudo rotating magnetic field. In the D3000
Disk Drive, motor capacitors mounted on the power supply chassis are connected to
provide the phase shift of current in the start windings with respect to the main winding.

For 110v operation, main winding number 1 is connected in parallel with main winding
number 2 and is operated directly from the line voltage. Current through the winding is
switched on and off by a triac on the Motor Control PCBA. For 220v operation, main
winding number 1 is connected in series with main winding number 2 and the series
combination of these windings is operated directly from the line voltage. The current is
switched on and off by the triac on the Motor Control PCBA. The motor capacitors are
paraliel-connected for 110v operation and series-connected for 220v operation.

Therefore, the effective arrangement for 110v operation is that the parallel combination of
the motor capacitors is connected in series with the parallel combination of start winding
number 1 and start winding number 2. This parallel series network is operated directly
from the line voltage and is not switched by the triac. For 220v operation, the series
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combination of the motor capacitors is connected to the series combination of start
winding number 1 and start winding number 2 and this series network is operated directly
from the line voltage and is not switched by the triac. Thus, it can be seen that current
flows in the start winding at all times when power is applied via the ON/OFF switch on the
operator panel.

Torque will not be developed by the motor to an extent which will allow starting rotation of
the disks unless the main winding is energized for a sufficient amount of time to provide
the net rotating magnetic field. Likewise, sufficient torque to maintain rotation will be
available only if the main winding is energized sufficiently often that the avaiiable field
from a combination of the main and the start winding can provide the necessary torque to
the load. Torque available from the drive motor is therefore provided by switching on and
off the current in the main winding. The ability to control the speed of the drive motor and
the torque that it supplies to the ioad is therefore contingent upon switching the triac on
the Motor Control PCBA at the correct times and allowing current to flow in the main
winding as required.

The current amplification necessary to provide the high current drive for the gate of the
triac is provided by transistor current switches on the Motor Control PCBA.

Since the main winding of the drive motor is an inductive load, there can exist a phase
shift between the current through the motor and the applied voltage. This means that at
the time the triac current falls below the holding current value and the triac ceases to
conduct, there will exist a certain voltage across the triac. If this voltage appears too
rapidly, the triac will resume conduction and control will be lost. In order to achieve
control with certain inductive loads, such as the drive motor, the rate of rise in voltage
must be limited by a series R-C network across the triac. The capacitor limits the rate of
change of voltage across the triac with respect to time; the resistor limits the surge of
current from the capacitor discharging when the triac first conducts. It is also used to
damp the ringing of the capacitance with the drive motor inductance and the inductance of
a series inductor mounted on the Motor Control PCBA. This additional inductor is required
to reduce transients caused by the triac switching into conduction.

4.9 POWER SUPPLY

Figure 4-13 is a block diagram of the disk power supply which is in two parts. The first
part, the power supply module mounted on the power supply chassis, is fastened to the
base casting and contains the power transformer, rectifiers, capacitors, fuses, and power
resistors. Three unregulated dc supplies are generated at nominal voitages of +20v and
+10v dc. Three ac supplies are generated at nominal voltages of ac line voltage, 8v ac
(rms) and 21v ac (peak).

The second part of the power supply consists of the +10v and + 5v voltage regulators
which are located on the Servo PCBA. Interconnection between the two parts is provided
by a harness from the power supply chassis which plugs into the Servo PCBA via a 12-pin
connector. Interconnection for ac line voitage, ac common, and 8v ac (rms) to the Motor
Control PCBA is provided via a 6-pin connector.

The transformer primary connections are shown in Figure 4-14 for several line voltages.
Line voltage is connected to the transformer via the ON/OFF switch. The ac line voltage is
also used directly to power the disk drive motor. Also, 8v ac (rms) and 21v ac (peak) are
used for drive motor speed control circuits and to power the brush motor and associated
circuits. Unregulated dc (at a nominal of + 20v under load) is used to provide power to the
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Figure 4-13. Power Supply Functional Block Diagram
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positioner, voltage regulators, relay driver, and the solenoid driver. The voltage regulators
generate four regulated voltage supplies. The +10v supplies are zener regulated but not
adjustable. The + 5v supplies are adjustable and regulated.

All regulated dc voltages are protected against overvoltage by means of SCR crowbar
protection circuits. When any of the regulated voltage lines exceed its pre-set overvoltage
value, the corresponding SCR fires. This holds the voltage down on the circuits connected
to this voltage line until the fuse blows a few milliseconds later. The power resistors, in
series with the unregulated + 20v dc and unreguiated +10v dc, limit short circuit currents
to a finite value when the SCR fires in the corresponding circuit. The bleeder resistors,
provided across capacitors, discharge the capacitors when the power supply input line
cord is disconnected.

4.10 TEMPERATURE COMPENSATION (200 TPI)

Figure 4-15" is a functional block diagram of the temperature compensation circuitry used
in 200 tpi models. One thermistor is employed to sense the positioner basepiate
temperature. The analog signal from this thermistor is amplified and scaled to yield
signals which are accurately related to jemperature. This signal is then amplified and
applied to the servo summing junction onithe Servo PCBA and used as warm-up transient
compensation.

The positioner baseplate temperature signal is also compared to a temperature reference
signal from the temperature compensation circuitry and the difference applied to a
multiplying digital-to-analog converter. The multiplying digital-to-analog converter also
accepts as an input from the Logic PCBA the three most significant bits of the current
address counter. These signals are then applied to the servo summing junction for
compensation of the disk tracks.

A delay circuit which is timed to start at the end of the normal starting sequence is an
optional item that delays the interface IRDY signal. This circuitry is controlled by the Logic
PCBA and ensures stabilization of the disk drive before the temperature GO signal is
generated.

*Foldout drawing, see end of this section.
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Figure 4-9. Start/Stop Control,
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