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Winchester Disc Drive

Chapter 1
General Information

® General Description
® Technical Specifications

General Description

The Winchester disc drive is a random access storage device utilizing up to three non-remova-
ble 5 1/4-inch discs or platters as storage media. Each surface employs one movable head to
service 153/306 data tracks. The platter configurations (triple, dual, and single) of the Winches-
ter drives used in the 913X products appear next:

ST506 - Dual-Platter 5-Mbyte (early units)

ST406 - Single-Platter 5-Mbyte (improved track density)

ST412 - Dual-Platter 10-Mbyte (improved track density)

ST419 - Triple-Platter 15-Mbyte (improved track density)

Mechanical and contamination protection for the heads, actuator, and discs is provided by an
impact-resistant aluminum enclosure. Both electronic printed circuit assemblies are mounted
outside this enclosure. A self-contained recirculating system supplies clean air through a 0.3-
micron filter. A second port in the filter assembly allows pressure equalization with ambient air
without chance of contamination.

Drive Identification Number

Figure 1-1. The Winchester Disc Drive

1-1



1-2 General Information Winchester Disc Drive

Technical Specifications

Listed below are the electrical and physical specifications for the 5 1/4-inch Winchester disc
drive.

Formatted Storage Capacities:

Standard = 4.6 Mbyte — 4-Volume

(“A” versions only)

Option 10 = 4.8 Mbyte — Single-Volume
(“A” versions only)

Standard = 4.8-Mbyte — Single-Volume
(“V” versions only)

Option 004 = 4.6-Mbyte — 4-Volume
(“V” versions only)

Standard = 9.68 Mbyte — Single-Volume
(“B” versions only)

Triple-Platter Capacity = 14.57 Mbyte
(“XV”’ versions only)

Average Access Time: 85 ms for the single-platter 5-Mbyte
and dual-platter 10-Mbyte drive.
170 ms for the dual-platter 5-Mbyte.

Data Transfer Rates:

Sustained Average is 50 Kbytes/s. Your system transfer
rate may vary due to your mainframe.

Rotational Speed: 3600RPM = 1 %

Environmental Specs:
See the tabbed section for product environmental specs.

NOTE
The Winchester drive has no write protect capability. Therefore, cau-
tion must be used to avoid erasing or initializing over data you want to
keep.

CAUTION
THE WINCHESTER DISC IS A DELICATE INSTRUMENT.
MECHANICAL SHOCK CAN MISALIGN THE READ/WRITE HEADS
RESULTING IN READ ERRORS AND/OR DAMAGED DISCS
WHETHER OR NOT THE DISC IS OPERATING.




Winchester Disc Drive

Chapter 2

e Winchester Disc Drive Theory Of Operation

Theory of Operation
® Drive Electronics Theory of Operation
® Disc Drive Adjustments

Winchester Disc Drive Theory of Operation

Functional Characteristics
The following description is given for the 5, 10, and 15-Mbyte drives. The different configura-
tions are presented in the following table:

Table 2-1. Winchester Configurations
5Mbyte 5Mbyte 10 Mbyte 15 Mbyte

Dual Single Dual Triple
Platter Platter Platter Platter
Capacity (Mbyte) 5 5 10 15
Cylinders 153 306 306 306
Platters 2 1 2 3
Heads 4 2 4 6

The Winchester drive assembly consists of read/write electronics, read/write heads, head posi-
tioning actuator, media, and air filtration system. These components perform the following func-
tions:

Interpret and generate control signals.

Position the heads over the desired tracks.

Read and write data.

Provide a contamination free environment for the media and heads.

Read/Write Control Electronics
The read/write electronics are packaged on two PCAs. One PCA contains circuitry which pro-
vides the following:

Index detection.

Head positioning.

Read and write capability.
Drive speed sensing.
Head selection.

Write fault detection.
Stepper motor control.
Drive selection.

Track zero detection.
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The second PCA mounted under the one just described provides power and speed control to
the spindle motor.

Drive Mechanism

A brushless DC motor rotates the spindle at 3600 rpm. The spindle is driven directly (no belt or
pulley is used). A brake is used to provide a fast stop for the spindle motor when power is re-
moved. This minimizes the time that the heads are in contact with the platter(s) as the motor
slows.

Air Filtration System

The discs and read/write heads are fully enclosed in a module using an integral recirculation air
system with an absolute filter which maintains a clean environment. Integral to the filter is a
port which also permits pressure equalization with the ambient air without contaminant entry.
The filter is not a replaceable assembly.

Head Positioning Mechanism
The read/write heads are mounted on a ball bearing support which is positioned by a split band
actuator connected to the 2-phase stepper motor shaft.

Read/Write Heads and Discs

The storage disc consists of a lubricated thin magnetic oxide coating on one, two, or three
130mm (5.125 in.) diameter aluminum substrates. This coating formulation together with the
low load force/low mass (9 grams) Winchester type flying heads, permits reliable head/media
contact during start and stop operations. For each platter, there are two read/write heads (one
for each disc surface); each head accesses 306 tracks for the 5, 10, or 15-Mbytes of data stor-
age (153 tracks for the earlier ST506 drives).

Sealed Reliable Aluminum

.3 Micron Oxide Coated Media

Air Filtration System

Stepper Band

Activator Assembly Electrical and

Drive Electronics PCA Physical Interface

Motor Control PCA
Spindle Assembly

Figure 2-1. Winchester Drive Structure
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Functional Operation

Power Sequencing

The +5 VDC and +12 VDC can be applied in any order. The spindle motor requires + 12
VDC for operation. A motor speed sense circuit counts 512 revolutions of the disc. After 512
revolutions, the heads automatically recalibrate to track 0. For this recalibration to occur, the
step input must be inactive. Track 0, SEEK COMPLETE, and READY signals are all set true se-
quentially (refer to Figure 2-2). The drive will not perform read, write or seek operations until
READY is set true.

Drive Selection
The drive select allows up to four drives to be connected to a controller PCA. The select lines

are wire-OR’ed so that the one drive is always selected.

DC ON

15 sec. TYPICAL ———=

DISC UP TO SPEED
(512 REVS COUNTED)

|
|
]
|
i
}— AUTO RECALIBRATE
| PERIOD
X |
“TRACK 0 :
. |
|
X ! |
— READY UP to 16.66 ms. -%o- :
| |
! 1
X -l 'p— 18 ms max.
— SEEK COMPLETE
X

— DRIVE SELECT* |

(
]
|
|
|
[}
|
|
|
:
]
(*GATES READY, TK 0, SEEK COMPLETE) !

Figure 2-2. Power-Up Sequence
Track Accessing
Read/Write head positioning is accomplished by the following items after the drive is in the
READY condition with SEEK COMPLETE true.

Deactivating the WRITE GATE line.
Activating the appropriate drive select line.
Selecting the appropriate direction.
Pulsing the STEP line.

Each step pulse causes the heads to move either in one track or out one track depending on
the level of the DIRECTION line. A true on the DIRECTION line causes the heads to seek in-
ward toward the spindle; a false causes a seek outward toward track O (outer edge of platter).
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Head Selection
Any of the heads can be selected by placing the head’s binary address on the three HEAD

SELECT lines.

Read Operation
Reading data from a disc is accomplished by the following items after assuring the drive is

READY.

Deactivating the WRITE GATE line.
Activating the appropriate DRIVE SELECT line.
Selecting the appropriate head.

Write Operation
Writing data onto the disc is accomplished by the following after assuring the drive is READY

and that no write fault conditions exist.

Activating the appropriate DRIVE SELECT line.
Selecting the appropriate head.
Activating the WRITE GATE line and placing data on the WRITE DATA line.

Drive Electronics Theory of Operation

The drive electronics PCA contains the head select, read/write circuitry, and head positioning
circuitry.

One to three head select lines are used to select one of two, four, or six heads. All the heads
step simultaneously.

The read circuitry amplifies the output of the selected read head, provides noise rejection, wave
shaping, and outputs the differential read circuit voltages to the controller PCA.

The write circuitry accepts the differential write data voltage from the controller. The write cir-
cuitry is enabled by the WRITE GATE from the controller and provides the write current
source. The Reduce WRITE CURRENT line selects the write current level. The write circuitry
also provides precompensation to the write data.

The drive select allows up to four drives to be connected to a controller PCA. The select lines
are wire-OR’ed so that the one drive is always selected.

The STEP and DIRECTION inputs to the head positioning circuitry from the controller PCA are
converted to signals which drive the 2-phase stepper motor. The SEEK COMPLETE line then
signals the controller PCA that the seek operation is completed. The READY line indicates to
the controller that the motor speed is correct and that the head is ready. The DIRECTION line,
during a step, is low when the heads step toward track O and pulses once for each track step-
ped. There is an optical sensor on the stepper motor which indicates when track 0 is detected.
The INDEX signal is provided by a HALL-effect switch on the disc rotor.

The fault detect circuitry prevents writing and head-stepping activity when a fault condition is
detected. The fault detect circuitry is enabled under the following conditions:
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Power supplies are out of tolerance.
Multiple heads are selected.
No head selected.

WRITE CURRENT but with no WRITE GATE.
WRITE GATE but no WRITE CURRENT.

:- DRIVE ELECTRONICS ASSY | DRIVE ASSY 1

| HEAD 0 |

1 HS 0 HEAD 1 |

'| HS 1 3 | HEAD 2 |

| Hs2 sELECT | HEAD 3 | RW HEADS

l | HEAD 4

l HEAD 5§

I

I + RD DATA RDATA !
¢ | - roopaTa |READCKT

I |

I

+ WRT DATA WDATA
- WRT DATA
WRT GATE ] Yekr

— WRT

' REDUCE WRT 3 GATE

| —' S onne
s ! WRT FAULT MECHANISM
N

l DR SEL 1

| omse2 3

| DR SEL 3 DRIVE

| orseLs ;I SeLEcT

; STEPPER

MOTOR

é SEL SEL
I DC UNSAFE
I STEP + PHASE A
DIRECTION — PHASE A
2 READY | HeaD + PHASE B
N POSITION
SEEK COMPL - PHASE B
pau TRK 0 | ENABLE
ANl CKT
7/ 1 INDEX
AL
e e o — — s —

S S S

Theory of Operation

Figure 2-3. Winchester Drive Electronics PCA Block Diagram
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Winchester Disc Drive Adjustments

There are three adjustments on the Winchester drive which may be performed in the field.
They are as follows:

1. Brake adjustment (on earlier Winchester drives)
This should be performed whenever:

a. The Brake/Index assembly is replaced.

b. The unit won’t come READY (won’t come up to speed).
c. A squeal or rubbing noise is heard coming from the Winchester.

2. Index Sensor Adjustment
This should be performed whenever:

a. The brake is adjusted.
b. Data errors occur frequently.
c. Motor speed increases too rapidly.

3. Motor Speed Adjustment
This should be checked and performed if necessary whenever data errors occur fre-
quently.

Equipment Required
HP 5308A 75 MHz Timer/Counter or equivalent
5/64” Allen Wrench or the proper Torx driver — Torx set P/N 8710-1426
Feeler Gauge (0.010 in. and 0.030 in.)

Brake Adjustment (Earlier Winchester Drives)

To adjust the brake on the Winchester drive, first disconnect the disc memory from any AC
power source. Refer to Chapter 2 of Section Il (Assembly Access) and remove the top cover,
Winchester controller PCA, Winchester drive assembly and drive electronics PCA. Place the
drive assembly on a clean dry surface bottom side up. Check the clearance between the drive
hub and the brake pad and adjust if necessary for a clearance of 0.010 inch. To do this, loosen
the two screws (A) shown in Figure 2-4, place the 0.010 inch feeler gauge between the hub
and the brake pad and move the brake/index/ground assembly toward the hub until snug.
Tighten the screws previously loosened and proceed to the index sensor adjustment.

Index Sensor Adjustment

To perform this adjustment, first disconnect the disc memory from any AC power source. Refer
to Chapter 2 Section I (Assembly Access) and remove the top cover, Winchester Controller
PCA, Winchester drive assembly and drive electronics PCA. Place the drive assembly on a
clean, dry surface, bottom side up. Check and adjust the clearance between the index sensor
and metal tab on the hub shown in Figure 2-5. Adjust the index sensor clearance by loosening
the two screws shown in Figure 2-5 and inserting the 0.030 inch feeler gauge between the
index sensor and the metal tab. Tighten the two retaining screws previously loosened. Reas-
semble the drive assembly.
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Theory of Operation

Figure 2-4. Brake/Index Assembly

- R -

Figure 2-5. Index Sensor Adjustment
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Motor Speed Adjustment

To adjust the motor speed on the Winchester drive, first disconnect the disc memory from any
AC power source. Refer to Chapter 2 in Section II (Assembly Access) and remove the top
cover, Winchester Controller PCA and Winchester drive support plate, leaving the drive at-
tached to the support plate. Be sure to have the DC power connected to the Winchester drive
electronics PCA. Carefully place the Winchester support plate on its side as shown in Figure 2-
6.

Figure 2-6. Winchester Motor Speed Adjustment Test Setup

Connect the 5308A as follows:
Channel B input to the Input Pulse test point
Ground to TP10

Set the controls on the 5308A as follows:

Trigger to (trigger on leading edge)
Attenuators to COM B

X1

AC

PER B

Time Base to 1 uS

Apply power to the Disc Memory

Observe the 5308A display and, if necessary, adjust the pot tiomet in Fi
for a 0016666.6 uS period (+ 1 % MAX.) 29 petenfiometer shown in Figure 2.6

Disconnect all AC power and reassemble the unit.
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T 1

Winchester Drive Electronics PCA Test Points [ J8 I[ Jﬂ[ J6 |
TP 1 INTERFACE STEP PULSE
2 GATED STEP PULSE
3 (—) TRACK 0 SENSED
4 (+) INDEX PULSE
5 (+) SEEK COMPLETE
6 (+) TRACKO O14
7 RAW READ DATA
8 RAW READ DATA
9 GROUND
10 GROUND
11 READ DATA
12 GROUND
13 READDATA @2 40 O3
14 GROUND J5
15 DIRECTION + = OUT
Os5
O6
O1
o7 08
O15 on
16 O 010 O9
J4
120 O13
=T -

Figure 2-7. Drive Electronics PCA (P/N 09135-69502) Test Points and Connector Locations
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Drive Electronics PCA - P/N 09133-69101 or 09133-69103

The following test point description along with the Figure 2-8 is presented as a troubleshooting
aid in isolating the Drive Electronics assembly. The Drive Electronics assembly is used with the
406 drive. Check the part number of the Drive Electronics assembly to be sure you have the

right assembly.

Test Point 3 (Track Zero Sensor) '
Test Point 3 can be used to monitor the Track Zero sensor. A high logic level is a valid Track

Zero indication.

Test Point 4 (Index Sensor)

The Point 4 can be used to monitor the Index Sensor. A high logic level is a valid Index indica-
tion. Only the leading edge of the pulse can be considered valid. The typical signal at Test
Point 4 should resemble the signal shown in Figure 2-8.

Test Point 5 (Seek Complete)
Test Point 5 can be used to monitor the Seek Complete line. A high logic level is a valid Seek
Complete indication.

Test Point 6 (True Track Zero)
Test Point 6 can be used to monitor the Track Zero signal that is gated to the host controller. A
high logic level is a valid Track Zero indication.

Test Points 7 & 8 (Differential Read Filter)

Test Points 7 & 8 can be used to observe the differential read data. The typical amplitude of
the signal resulting from adding the two channels is 300 millivolts. Test Point 9 should be used
as ground to reduce noise.

Components of 1.25, 1.66, and 2.5 MHz should be observed. A full track record of high fre-
quency data (0000 or 1111) should resemble the one shown in Figure 2-8.

Test Points 11 & 13 (Read Data)

Test Points 11 & 13 can be used to observe the Read Data from the Time Domain Filter. Trig-
ger on Test Point 11 and monitor the delay at Test Point 13. Typically, the delay observed
should be 50 nanoseconds. A full track record of high frequency data (0000 or 1111) should
resemble the one shown in Figure 2-8.

Test Point 20 (5V Pullup)
Test Point 20 is a 5 volt pullup location. To use the pullup the line at J01 must be cut.

Test Point 9,10,12,14,15,16,21,22, & 23 (Convenience Grounds)
For any of the above functions, use the ground test point that is in the closest proximity to the
active test point.
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TEST POINT DESCRIPTION
3 Track Zero Sensor P |
4 Index Sensor
5 Seek Complete
6 True Track Zero
7&8 Differential Read Filter
11 & 13 Read Data
20 5 Volt Pullup
910,12 Convenience Gournd
14, 15, 16, [ ) 15
21,22,23 o3
o114
16

:

20110
10
e8
o7 21 23 12e
ge eeoe 130
20 22e 11
5
40 © 06

L

300mV typ. ‘ /\/\/\/\/\TEST POINTS 7 & 8

—)I l(-— 400nSec.

DIFFERENTIAL READ FILTER

—»1 200nSec.

TEST POINT 11
RAW DATA

e,
L— —-)I |<—50nSec. Typ.

TEST POINT 13

—->| 200nSec.|<-— —>|
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Figure 2-8. Drive Electronics PCA (P/N 09133-69101 or 09133-69103) Test Point Layout
and Timing
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Drive Electronics PCA - P/N 09133-69101 or 09133-69103

The following test point description along with Figure 2-9 is presented as a troubleshooting aid
in isolating the Drive Electronics assembly. The assembly is used with the 412 drive. Check the
part number of the drive electronics assembly to be sure you have the right assembly.

Test Points 1 & 2 (Differential Read Filter)

Test Points 1 and 2 can be used to observe the differential read data. The typical amplitude of
the signal resulting from adding the two channels is 300 millivolts. Test Point 8 should be used
as ground to reduce noise.

Components of 1.25, 1.66, and 2.5 MHz should be observed. A full track record of high fre-
quency data (0000 and 1111) should resemble the one shown in Figure 2-9.

Test Point 3 & 4 (Read Data)

Test Points 3 and 4 can be used to observe the Read Data from the operation of the Time Do-
main Filter. Trigger on Test Point 3 and monitor the delay at Test Point 4. Typically, the delay
observed should be 50 nanoseconds. A full track record of high frequency data (0000 or 1111)
should resemble the one shown in Figure 2-9.

Test Point 5 (Track Zero Sensor)
Test Point 5 can be used to monitor the Track Zero sensor. A high logic level is a valid Track
Zero indication.

Test Point 6 (Index Sensor)

Test Point 6 can be used to monitor the Index sensor. A high logic level is a valid indication.
Only the leading edge of the pulse can be considered valid. The typical signal at Test Point 6
should resemble the one shown in Figure 2-9.

Test Point 6 can be used to adjust the spindle motor speed. Monitor Test Point 6 and adjust R3
on the Motor Control PCA (accessible through the side frame) for a period of 16.67 mil-
liseconds, +1%.
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General Description

This manual describes the HP Winchester Disc Drives. The A version of the product is a 5-
Mbyte drive (9133A, 9134A, and the 9135A). These A versions can be configured for two
types of operation. These are shown next:

Standard - 4.6-Mbyte, 4-Volume
Option 10 - 4.8-Mbyte, Single-Volume

The B version of the same product is a 10-Mbyte drive (9133B or the 9134B). The B version
of the 9135 Disc Drive was not produced.

The 5 1/4-inch Winchester disc drive contained in the 913XA products (See the following list)
provides either 4.6 or 4.8 Mbytes of storage capacity. The standard (4-Volume) configuration
causes the drive to appear as an HP 9895A Flexible Disc Drive master with three slave drives
(1.15 Mbytes per volume) and the option 10 (Single-Volume) configuration causes the drive to
appear as one large 4.8 Mbyte volume.

913XA/B Family

3 1/2-inch 5 1/4-inch
Flexible Flexible

A (5 Mbyte) B (10 Mbyte) Disc Disc
HP 9133 X X X
HP 9134 X X
HP 9135 X X

The A versions of the 913X products are available in either the 4-Volume or Single-Volume
configuration. The B versions are only available in the Single-Volume form. The user’s main-
frame must have an operating system designed to support the selected volume configuration.

The original controller PCA installed in the 913XA products was designed and manufactured by
Microcomputer Systems Corporation. It is not serviced by HP except for assembly replacement.
Information on this MSC controller is at the back of the Appendix.

The latest controller PCA is designed and manufactured by HP and is installed in all current
913XA and B products. The 4-Volume or Single-Volume operation is configured using jumpers
on the PCA as well as the selection of 5 or 10-Mbyte Winchester disc configuration.

1-1
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The power supply PCA is designed to power all 913X products. It powers the Winchester drive,
the Winchester controller PCA, a flexible disc drive, the flexible disc drive controller PCA and
an /O assembly. The I/O assembly is contained on the same PCA as the power supply.

Product Configuration

The following tables list the firmware by part number for the different product configurations as
well as the jumper positions for the 10-Mbyte drive.

Table 1-1. Product Configuration

Drive
Product Drive Electronics Controller  Processor-IC ROM-IC
HP 9133

A 09135-69600 09135-69502 09135-69515 09135-85500 09135-85501
A#10  9135-69600 (09135-69502 09135-69501 88134-85500 88134-85501

After SN 2239A01446 model A and A Option10 change to the following:
09133-69100 09133-69103 09133-69514 N/A N/A
B 09133-69102 09133-69101 (09133-69514 N/A N/A
HP 9134
A 09135-69600 09135-69502 09135-69515 (09135-85500 09135-85501
A#10  09135-69600 (09135-69502 09135-69501 88134-85500 88134-85501
After SN 2203A03086 model A and A Option 10 change to the following:
09133-69100 09133-69103 (09133-69514 N/A N/A
B 09133-69102 09133-69101 (09133-69514 N/A N/A
HP 9135
A 09135-69600 09135-69502 09135-69515 09135-85500 09135-85501
A#10  09135-69600 09135-69502 09135-69501 88134-85500 88134-85501

After SN 2151A04165 model A and A Option 10 change to the followng;

09133-69100 09133-69103 09133-69514 N/A N/A

HP 250
20 09135-69600 09135-69502 88134-69910 88134-85500 88134-85501

After SN xoxxxxxxx model 20 changes to the following;

09133-69100 09133-69103 09133-69514 N/A N/A

25 09133-69102 09133-69101 09133-69514 N/A N/A
HP 9000

20 09855-69963 N/A 09855-69886 N/A N/A

Jumper Configuration for the 09133-69514 controller assembly appears in the next table:
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Table 1-2. 10-Mbyte Jumper Configuration

Product Jumpers
10M One Volume 4XX

9133A Removed Removed Installed
Option 10 9133A Removed Installed Installed

9133B Installed Installed Installed

9134A Removed Removed Installed
Option 10 9134A Removed Installed Installed

9134B Installed Installed Installed

9135A Removed Removed Installed
Option 10 9135A Removed Installed Installed

Removing the 10M jumper indicates a 5-Mbyte drive and removing the One-Volume jumper in-
dicates the 4-Volume configuration. The 4XX drive refers to the ST406 and ST412 drives. The
4XX jumper removed indicates the ST506 Dual-Platter drive. The ST506 Dual-Platter drive
uses the MSC controller (88134-69910, 09135-69515, and 09135-69501). See the next sec-

tion.

The platter configurations (dual and single) of the drives that are used in the 913X products ap-
pear next:

ST506 - Dual Platter 5-Mbyte (early units)
ST406 - Single Platter 5-Mbyte (improved track density)
ST412 - Dual Platter 10-Mbyte (improved track density)

Winchester Controller PCA Theory of Operation
(88134-69910, 09135-69515, and 09135-69501)

There are two sets of firmware available. They are the “D” code and “L” code PROM’s with
the appropriate processor chip which contains onboard ROM. The “D” code firmware emulates
9895A drives (four volumes) and the “L” code firmware (used on the HP 250) causes the
Winchester to appear as one 4.8-Mbyte volume. In the case of the “L” code firmware, the
read/write heads access 153 (0-152) tracks of each disc surface. The following controller PCA
have been used on the 5-Mbyte drives.

P/N 88134-69910 “L” Code - HP 250 Model 20
P/N 09135-69515 “D” Code - 4-Volume 5-Mbyte
P/N 09135-69501 “L” Code - Single-Volume 5-Mbyte
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Figure 1-1. Winchester Controller Block Diagram

The power-on circuit resets the processor, HP-IB circuit and the 9056 module (the large black
module attached to the Winchester controller PCA). All data transfers between the HP-IB and
the internal data bus are controlled by the processor. The HP-IB bus controller (9914 HP-IB
chip) manages the data transfers across the HP-IB channel.

The 9056 module provides data buffering and management, status checking and control of the
drive assembly, head selection, head positioning and verification, write fault monitoring, error

detection (up to 22-bit bursts), error correction (up to 11-bit bursts), WRITE GATE enable, and
WRITE CURRENT level switching.

Controller Theory of Operation (09133-69514)

The controller PCA is designed to interface the 5-Mbyte single-platter and the 10-Mbyte dual-
platter versions of the Winchester drives to the mainframe. Jumpers are used to tailor the con-
troller to the Winchester drive. These jumpers select the Winchester drive capacity and confi-
gure for either single-volume or four-volume operation (5-Mbyte drives only). The following
controller PCA have been used on the 5 and 10-Mbyte drives.

P/N 09133-69514 5/10-Mbyte - Jumper Selectable

Refer to the block diagram of Figure 1-2 while reading the following.









