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1.0 INTRODUCTION

1.1V General Description

The Shugart Model 4000 Disk Drive is a random
access storage device with one or two fixed 14 inch
disks as the storage media. Each disk surface has
two read/write heads and contains up to 404 data
tracks. The drive provides up to 29 megabytes of
on-line storage on 1616 addressable tracks. An
option is available which allows 8 fixed heads
(one per track) to be selected, providing 144 kilo-
bytes of fast access storage. Up to 4 drives may be
daisy chain connected in one system.

Low cost and reliability of the unit is achieved with
a unique actuator design. The inherent simplicity
of mechanical construction and electronic controls
of the assembly allows maintenance free operation
for the life of the drive.

Mechanical and contamination protection for the
head, actuator, and disk is provided by an impact-
resistant plastic enclosure. A self-contained re-
circulating system supplies clean air through
absolute filters that are designed to last through
the life of the drive.

A single track of clock information is written on
the disk and is read by a single fixed head. These
clock pulses are used to synchronize the Phase
Locked Oscillator in the data separation circuitry
and provide Index, Sector and Write Clocking infor-
mation from the disk. A jumper programmable
counter is provided that converts the clock pulse
into any number of sectors per track.

A data separator PCB is mounted in the drive en-
closure. In addition to data separation of MFM
Read Data, this PCB MFM encodes and write pre-
compensates standardized Write Data.

The drive can be mounted in any 19 inch rack. It
occupies 5.25 inches of vertical space and is 22
inches long.




1.2 Specifications Summary

1.2.1 Performance and Functional Specifications

MODEL 4004 4008
No. of Disk Surfaces 2 4
No. of Heads 4 8
No. of Cylinders 202 202
No. of Tracks 808 1616
Gross Capacity ( M bytes) 14.54 29.08
Access Time (ms)
One Track 20 20
Average 65 65
Maximum 140 140
Disk Speed 2964 RPM +2%
Recording Mode MFM
Recording Density 5534 BPI
Flux Density 5534 FCI
Track Capacity 18000 Bytes
Track Density 172 TP1
Transfer Rate 7.11 x 106 bits/sec.
889 x 103 bytes/sec.
Sectors Programable
Start Time 1.5 minutes

1.2.2 Physical Specifications

Environmental Requirements

Operating Shipping Storage
Temperature (host ambient) — F 50 to 105 -40 to 144 -8to 117
Relative humidity — % (10t041°C) (-401t062°C) (-22t047°C)
8 to 80 1to95 1t095
Maximum wet bulb 78°F non-condensing

AC Power Requirements

50/60 Hz + 0.5 Hz

100/115 VAC Installations = 90to 127 V @ 2.9A maximum

200/230 VAC Installations = 180 to 253 V @ 1.9A maximum
DC Voltage Requirements

+24 V + 10% @ 3A maximum

+5V L 5% @ 3A maxiium

-7to-16 V@ 0.15A maximum (option -5 V + 5% @ 0.10A maximum)
Physical Dimensions

Height 5.22 inches maximum (132.6 mm)
Width 16.7 inches maximum (424 mm)
Depth 219 inches maximum (556.3 mm)
Weight 35 pounds (159 kg)
Heat dissipation 880 BTU/Hr. typical (235 Watts)

1.2.3 Reliability Specifications

MTBF: 8000 power on hours
MTTR: 30 minutes
Component life: 5 years normal usage
Acoustic noise level: less than NR 55
Error Rates:
Soft read errors: 1 per 1010 bits read
Hard read errors: 1 per 1012 bits read
Seek errors: 1 per 107 seeks

Preventive Maintenance: none required



2.0

This section will functionally describe the major
circuits of the SA4000. For interface timing,
refer to the SA4000 OEM manual Part Number
39005.

2.1 POWER ON RESET (POR)

When DC voltages are applied to the SA4000,

C44 on the Control board charges up momentarily,
preventing Q4 from turning on. From the time +5
goes high until Q4 turns on is approximately

15 msec, thus IC 5G will output a 15 msec -POR
pulse. This low pulse has several functions.

It resets the IN LOCK circuit (IC’s IB, ID,
and 2E) and the WRITE FAULT DETECT
circuit (IC 7F) on the Control PCB. —POR
then becomes +POR and is transferred to the
Actuator PCB, where it loads the step count
buffers (IC’s 5C and 5D), disables the step-
count timer (IC 1A) and loads the AC motor
phase counter (IC 1C) so that on DC power
up, phase A will be energized. SEEK COM-
PLETE is generated and with IC 5B set, the
step circuit will wait for a step pulse.



2.2 STEPPING
Control PCB

To initiate a seek operation, the controller issues
the required number of step pulses and also sets
the DIRECTION line at least 200 nsec before the
trailing edge of the step pulse.

if the drive is SELECTED and a WRITE operation
is not in progress, the step pulses (-STP) and direc-
tion of seek (-DIRECTION IN) will be gated
through the Control PCB to the Actuator PCB via
pins 4 and 2 respectively of connector J7.

Actuator PCB

In order to be valid, step pulses must be at one of
two rates. In the Normal mode there will be 1.1 msec
or more time delay between incoming step pulses.
In the Buffered mode there will be less than 350
usec time delay between them. If step pulses are
incoming 600 usec apart for example, then every
other pulse would be lost causing the heads to move
only half the required number of tracks. The reason
for this is that the step count timer located at posi-
tion 1A which counts down to zero in approxi-
mately 500 usec would output a low pulse. This
pulse then clocks chip 5B blocking out incoming
step pulses for another 500 usec while chip 1A once
again counts down to zero generating a single track
step and a SEEK COMPLETE signal. At this time
another step pulse is allowed to enter, but the pre-
vious one was lost.

In the Normal step mode, pulses are gated through
«chip 1B incrementing the step count buffers,

(IC 5C and 5D) by 1 and starting the step rate timer
(IC 1A). In approximately 500 usec the timer,

which was preset by the last step pulse, counts
down to zero. The low pulse generated at that time
does the following: 1) clocks IC 5B pin 3 pre-
venting any more step pulses from being processed
until the heads have stepped 1 track, 2) Clocks IC
5B pin 11 dividing the step rate timer outputs by 2
lengthening the time between steps to 1 msec, and
3) presets itself for the next step pulse input. The
step rate timer now counts down, once more out-
putting a low pulse when count zero is reached.
This second timer clocks IC 5B pin 11 again, this
time decrementing the step count buffers by 1 and
clocking the DIRECTION through the phase
counter to the decoder at 2C.

The phase counter, which is always set to phase A
on DC power up, increments or decrements ac-
cording to the level of the DIRECTION line. For
example, a phase count of 3 (Q4 high + Qp high -
Q¢ low) would be decoded by chip 2C to become
1Y1 and 2Y1 low, energizing both coils Bl and
A2 simultaneously. For a complete sequencing
chart refer to Figure 1.

Since the step pulse counters were decremented, a
borrow output in generated, clocking IC 4A.

This results in chips 5B, 5C, and 5D being reset for
any further step pulses and also generates SEEK
COMPLETE.

Buffered seeking entails exactly the same sequence
of events with the only difference being that all of
the step pulses are loaded into the step pulse buffers
before chip 1A is allowed to clock them out to

the stepper motor. In this mode the step rate is ac-
celerated and decelerated for the first/last 16 steps.
Refer to table 1 showing the acceleration/decelera-
tion step values.



STEPPER ACCELERATION/DECCELERATION VALUES

STEP # STEP TIME { uSEC)
1 984
2 1050
3 884
4 812
5 755
6 708
7 671
8 641
9 617

10 598
1 583
12 572
13 564
14 558
15 554
16 552

Table 1
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2.3 READ OPERATION

When the controller desires to initiate a read opera-
tion, it will select the appropriate head and drop

the -READ GATE line . If the drive has been select-
ed, -READ GATE goes to the VFO PCB via socket
7C and the ~-HEAD SELECT signal goes to the R/W
PCB via connector J6.

R/W PCB (Refer to Figure 2)

The head select lines are decoded by chips SA

and 2A who choose the appropriate head, by
grounding its center tap. Flux transitions are now
passed through the head core into the isolation
stage of the read channel. This stage isolates the
head from the read channel during the write mode,
provides the necessary damping for detection of
flux transitions, and affords the requisite impe-
dance matching between the selected head and

the first stage of amplification.

The first amplification stage is a high pass network
with a pole located at 76.9 KHz. It removes all DC
offset as well as provides a linear high pass for
frequencies greater than 1 MHz. Midband amplifi-
cation at this stage is 312 (50 dB).

Next the four pole bessel type filter network in-
creases the signal to noise ratio and linearizes the
phase by having a constant time delay. Load im-
pedance for the first amplification stage is also
provided.

Raw data is differentiated and amplified once more
by chip 3D which is a high pass linear amp pro-
viding a midband voltage gain of 96. Total gain for
the ‘two amplification stages equals 9 for 1F
frequency and 5 for 2F frequency.

Control PCB

Amplified raw data then goes to the Control board
via connector J6 as +DIFF READ +LINEAR signal
is not used. The analog to digital converter chip

7B is a bidirectional one shot device whose outputs
correspond to any flux transitions detected by the

read head. A head with very high resolution will
occasionally translate droop into a flux change.

All of the flux transitions, including any invalid

droop conditions, are scrutinized by the droop ig-
nore circuit whose 30 nsec delay allows invalid transi-
tions to be filtered out. Droop ignored raw data

then goes to the VFO PCB via socket 7D.

VFO PCB

—READ GATE is active when a read operation is in
progress. Chip 1B will be clocked by raw data,
counting up. [After 4 bits, 1B will enable NRZ
READ DATA to be sent to the controller.] At the
same time it disables chip 1E activating the window
generator chip 2E. VCO 2F is now compared to the
stream of raw delayed data. This stream consists of
clock and data bits 20 nsec wide delayed by 30 nsec.

If raw data bits are early with respect to VCO 2F,
the top half of the window generator chip 2E pin 7
goes low turning on Q2 charging up C13, who then
generates a positive going DC error voltage. If data
bits are late with respect to VCO 2F, the bottom
half of chip 2E pin 5 goes high turning on Q4 dis-
charging C13, who then generates a negative going
DC error voltage. Chip 2D pin 9 is always high be-
tween raw data pulses locking up the window gen-
erator. Without this condition VCO 2F which is
twice the frequency of the data bit stream would
cause a large false DC error voltage to be produced
whenever no data was present.

DC ERROR voltage, if it is a high going signal, will
cause the varicap CR3 to decrease its capacitance,
speeding up the frequency of the VCO 2F oscil-
lator CK+, thus VCO 2F which was lagging be-
hind the raw data stream will speed up. This
cycle always continues during the read operation
as the VCO 2F frequency tracks the data bit
frequency, i.e., the disk’s rotational speed.

Corrected VCO 2F is divided by 2 at chip 4E
becoming VCO 1F. Each alternate cycle of the.
VCO 2F frequency, according to jumper D/C
(sync on all O’s or all 1’s) will put all of the data

A/D ———» READ DATA

!
|
L B \
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E
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R
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HEAD —38 LINEAR AMP
HEAD |==——gq
SELECT.|——2
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Figure 2. Block Diagram
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bits into pin 4 of chip 5E and all of the clock bits
into pin 10 of chip SE. SE acts as an R/S flip flop
and latches on the data bits, clears on the clock
bits. By latching in this manner the data window
is extended so that delayed data will be centered
in the window to prevent late data bits from
“slivering” and appearing in both data and clock
window. The output of chip 5D then is centered,
delayed data bits only. They are stored in 6D
until clocked out of pin 5 by 5 VCO 1F. Chip

6D pin 9 then outputs a low whenever no data is
present and a high if data is present, i.e., NRZ!
READ DATA.

Control PCB

This data is then transferred to the Control PCB
via socket 7D where it is input to the line drivers
at 7H and transmitted to the controller as NRX
READ DATA.



2.4 WRITE OPERATION
Control PCB

When the controller desires to write data to the
disk, it will activate-head select, ~-WRITE GATE,
WRITE CLOCK, and NRZ WRITE DATA.

If the drive is in the READY condition, is
SELECTED, and there are no FAULT conditions,
-WRITE GATE will be gated to the R/W PCB via
connector J6, and will allow the write operation
to begin.

+WRITE CLOCK, -WRITE CLOCK, +WRITE
DATA, and ~-WRITE DATA all enter the dif-
ferential amplifiers at chip 6H, becoming +WRITE
DATA and +WRITE CLOCK +WRITE DATA

passes to the VFO PCB via socket 7D and +WRITE
CLOCK goes to the VFO PCB via socket 7C.

VFO PCB

+WRITE DATA and +WRITE CLOCK are mixed
at chip 6C and enter the precompensation circuit

composed of chips 4A, 4B, 5A, 5B, and 5C. De-
pending on the pattern of this clock and data
stréam, an appropriate amount of precompensa-
tion is added. The early line, (pin.3 of chip 4A)
delays the raw data stream by 8 nsec, the on time
line (pin 5 of chip 4A) delays it by 16 nsec, and

the late line (pin 9 of chip 4A) delays it by 24 nsec.
At this point the + MFM WRITE DATA goes back
through the Control PCB via socket 7D and to

the R/W PCB via connector J6.

R/W PCB

+ WRITE DATA (actually composite clock and data
bits) is converted from digital to analog by chips 1B,
2B, and 3B and associated circuitry. + MATRIX or
— MATRIX is selected by chip 3B depending on
whether or not a one or a zero is to be written.
the HEAD SELECT lines are decoded by chips

2A and 5A choosing one of the possible 16 heads
by grounding its center tap. Current flows through
the appropriate matrix diodes to the selected

head and flux transitions are imposed on the media
surface.
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2.5 ERROR CIRCUIT

The error circuit is located on the Control PCB

and its function is to prevent writing on the media
at improper times. + MULTI HEAD, - WRITE CUR-
RENT, -NOT READY, or ~-READ*WRITE condi-
tion will cause a +BLOCK WRITE and a -FAULT

to be issued. +BLOCK WRITE will prevent ~-WRITE
GATE from being active, -FAULT will be sent to
the controller who must toggle the -FAULT CLEAR
line in order to reset the fault circuit.

+MULTI HEAD is the result of the R/W PCB cir-
cuit selecting in more than one head.

-WRITE CURRENT occurs when -WRITE GATE
is active but no write current (IW SENSE) is sensed
in the R/W PCB write circuit, or -WRITE GATE is
inactive and write current is present in the R/W
PCB write circuit.

-NOT READY is active if ~-WRITE GATE is on,
but the drive is not in the READY condition.

-READ-WRITE happens if both -READ GATE
and -WRITE GATE are active concurrently.



3.0 TROUBLESHOOTING TECHNIQUES

Philosophy

The following troubleshooting techniques are de-
signed to aid field service personnel in locating a
drive fault down to the PCB level (modular replace-
ment) or to determine that the drive is not fieid
repairable, in which case the drive must be repaired
at a depot facility.

Equipment Required
1. A power supply capable of generating the follow-
ing voltages:
a. +5 volts at 3 amps maximum
b. +24 volts at 3 amps maximum
c. =5 volts at 0.1 amps maximum or
-7 to -16 volts at 0.15 amps maximum.
2. Oscilloscope — Tektronix 464 or equivalent.

a. Probes: X10 2 each
X1 1each

Troubleshooting Flowcharts

The interface signals utilized by the various flow-
charts may be generated by the host system/con-
troller through its own diagnostic routines, or by
the SA4000 suitcase tester available from Shugart.

Flowchart Symbols

Y Test Entry Point

O Perform Test Indicated

D Test is completed successfully —
Go on to next test.

11



12

AC POWER TEST

IS

DiISK
ROTATING
?

TEST 1
CHECK FOR PROPER]
AC VOLTAGE AT
J4 CONNECTOR

SCREW RE-
MOVED

IS
SPINDLE

DEFECTIVE

REPLACE SPINDLE
DRIVE MOTOR
ASSY

SEE SECTION XX

A

YES

IF DISK DOES NOT
ROTATE PROPERLY
AFTER REPLACE-
MENT OF DRIVE
MOTOR ASSY. THE
DRIVE SHOULD BE
CONSIDERED NOT
FIELD REPAIRABLE

TEST/REPLACE
AC POWER CABLE

CHECK AC
SOURCE

REMOVE LOCKING

SCREW ON DISK
SPINDLE PULLEY

REPLACE BELT —

SEE SECTION XX




D.C. POWER TEST
PRELIMINARY NOTES:

1.

CHECK REGULATOR JUMPER
OPTION ON ACTUATOR PCB
FOR CORRECT POSITION
(-5V OR -15V).

ﬁ<

)

TEST 1

CHECK THE FOLLOWING VOLTAGES AT|
CONTROL PCB CONNECTOR

J6 (PIN) VOLTAGE (£5%)
J +5V
E -5V
22 +24V
B +12V

TP3, 6, OR 11 1S GROUND REF.

TEST YES

OK?

NO

TEST 2
REMOVE RIBBON CABLE CON-
NECTOR J8 FROM ACTUATOR
PCB AND TEST VOLTAGES AS
FOLLOWS

J8 (PIN) VOLTAGE (£5%)
8, 10, +5V
12, 14
16 -5V
19, 20 +24V
18 +12V

TP2, 4,6, 7 ARE GROUND

r‘< TEST DONE >

TEST REPLACE
2 YES | pcB
oK > INTERCONNECT
? RIBBON
CABLE (20 PIN)
NO
TEST 3

CHECK VOLTAGE INPUT AT
ACTUATOR PCB J3

J3 (PIN) VOLTAGE (£5%)
5 +5V
4 -5V (OR -7 TO -16)
1 +24V

(IF RIBBON CABLE OK)

REPLACE
CONTROL
PCB

TEST 3 YES

OK

NO

CHECK SYSTEM POWER
(NOT DRIVE FAULT)

REPLACE
ACTUATOR
PCB

13
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N Cc

TEST 1
CHECK CLOCK TRACK AMPLI-
TUDE AT CONTROL PCB TP9:
1 .

1.5V (MIN) /lJ\
Y (™

DRIVE NOT “READY"
PRELIMINARY NOTES:

1. “READY" INDICATION WILL

APPEAR AS A LOGICAL “1” ON

TP28 OF THE CONTROL PCB

2. "READY” WILL NOT BECOME

ACTIVE FOR 1.5 MINUTES

AFTER AC AND DC POWER

ARE APPLIED.

3. THE DRIVE MUST BE SELECT-
ED BEFORE “READY" IS AVAIL-

ABLE AT THE INTERFACE
CONNECTOR.

REPLACE
READ/WRITE
PCB

NO
YES ¥

TEST 2
CHECK TP5 ON CONTROL PCB
FOR TTL LEVEL 500 NS PULSES
EVERY 2.2 uSEC

REPLACE

CONTROL —e
PCB

TEST 3
CHECK TP27 OF CONTROL PCB
FOR TTL LEVEL SQUARE WAVE
OF 70 NS £ 5 NS (14.2 MHz)

NO
YES

REPLACE

CONTROL .
PCB

TEST 4
CHECK TP26 OF CONTROL
PCB FOR TTL LEVEL PULSE
1.1 uSEC DURATION EVERY
20 MS. (INDEX)

- CONTROL

REPLACE

PCB

NO
YES

YES

NO

PROBLEM WITH,
CLOCK HEAD —
NOT FIELD
REPAIRABLE




DRIVE DOES NOT SEEK

D

TEST 1
CHECK TP28 OF CON-
TROL PCB
SHOULD =""1"

NCTE: +24V GROUND AND +5V GROUND MUST BE
COMMONLY REFERENCED.

NO
IS
DRIVE NO
SELECTED
?

ACTIVATE PROPER
“DS"” LINE

YES Y

TEST 2
CAUSE STEP PULSES AT J1—
PIN 26 (1/0 CONN.)

CHECK TP5 OF ACTUATOR
PCB — SHOULD SEE STEP
PULSES AT TP5

TEST NO

REPLACE 20 PiN

OoK?

RIBBON CABLE

(IF CABLE OK)

REPLACE

YES

TEST 3
CHECK ACTUATOR PCB CONN.
JO—PINS1&2,3,4&5,6
SHOULD BE TOGGLING BETWEEN
+24 and GROUND

NO

REPLACE
ACTUATOR PCB

ACTUATOR PCB

NO

DRIVE NOT
FIELD REPAIRABLE

15
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DRIVE DOES NOT FIND TRACK 00

PRELIMINARY NOTES:

1. DRIVE MUST BE “SELECTED”
AND “READY” IN ORDER TO
STEP TO TRACK 00.

2. TRACK 00 AT THE J1 CABLE IS
ONLY ACTIVE WHEN PHASE A"
OF THE ACTUATOR MOTOR IS
ACTIVATED (AFTER POWER UP)

3. TRACK 00 IS THE
OUTERMOST DATATRACK

POSITIONED
ON CYL
0?

TEST 1
CHECK TP3 OF ACTUATOR
PCB — SHOULD = LOGIC 2"
IF ACTUATOR IS AT TRK 00

TEST

NO

e ———————————————————
DESELECT DRIVE AND ROTATE

STEPPER DAMPER TO POSITION
HEAD ARM AT OUTERMOST
MECHANICAL STOP. DEACTIVATE
THEN REACTIVATE DC POWER.
THIS WILL POSITION HEAD ARM AT]
TRACK 00. CAUTION: DISK MUST
BE ROTATING TO AVOID POSSIBLE
HEAD/DISK DAMAGE.

REPLACE
> ACTUATOR

oK?

PCB

TEST 2
SELECT DRIVE — PIN 32 OF J1
(CONTROL PCB) SHOULD
BE = LOGIC 0.

TEST YES

OoK?

NO

IF DRIVE AT THIS POINT
DOES NOT SET TRACK 00
SIGNAL — DRIVE IS NOT

FIELD REPAIRABLE

>< TEST DONE >



DRIVE DOES NOT READ
PRELIMINARY NOTES:

. FOR THESE TESTS, THE READ/
WRITE HEADS SHOULD BE
POSITIONED AT CYLINDER 201.

AND A DATA PATTERN OF ALL
ZERO’S ORONE'S SHOULD BE
WRITTEN TO ALL READ/WRITE
HEADS.

DRIVE
SELECTED
?

ACTIVATE
PROPER "'DS"
LINE

YES

TEST 1
ACTIVATE READ GATE (U1 —
PIN 36) AND SET THE HEAD
SELECT LINES = DESIRED HEAD
ADDRESS. CHECK TP24 & 25 OF
CONTROL PC8 AND EXPECT
THE FOLLOWING MINIMUM P-P
AMPLITUDES:
MOVING HEADS — 0.85V P-P

FIXED HEADS — 1.5V P-P

NO

CHECK R/W HEAD
CONNECTORS, IF
OK — REPLACE

READ/WRITE PCB

YES 7

TEST 2
CHECK TP15 OF CONTROL
PCB — SHOULD BE DIGITIZED
SERIAL DATA (7.1 MB/SEC
RATE)

NO

REPLACE
CONTROL
PCB

YES [ 2

TEST 3
CHECK TP20 OF CONTROL
PCB FOR PLO CLOCK (7.1
MHz PULSE RATE)

CHECK 16 PIN
NO | INTERCONNECT
CABLES, IF OK,
REPLACE VFO
PCB

YES

IF READ IS STILL FAULTY:
POSSIBLE ERRONEOUS FORMAT

OR DATA — POSSIBLE FAULTY 1/O

CABLE.

YES

NO POSSIBLY BAD
R/W HEAD — NOT
FIELD REPAIRABLE
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DRIVE DOES NOT WRITE
PRELIMINARY NOTES:

1. WRITE GATE MUST BE ACTIVATED

FOR THE FOLLOWING TESTS.

IS

DRIVE

SELECTED
?

NO

ACTIVATE
PROPER “DS"
LINE

Y

TEST 1
CHECK TP 7 OF VFO PCB
FOR MFM ENCODED DATA,
WHICH SHOULD BE 3.5 MHZ
~OR 7 MHZ DEPENDING ON
'"PATTERN WRITTEN

NO

CHECK 16 PIN
INTERCONNECT
CABLES, IF OK,
REPLACE VFO
PCB

NO

MAY BE SYSTEM PROBLEM

IF NOT — THE DRIVE SHOULD
BE CONSIDERED NON-FIELD
REPAIRABLE



4.0 TEST POINTS AND PIN LOCATIONS
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s GROUND 23 GROUND ! . ey N I ) 2e bz
a1 12 -~ NOT READY 24 ~BUFF RD DATA 1 —_— 1 [
DATA I/0 2y 13 + FACULTY TRANSITIONS 25 +BUFF AD DATA | v2av | | 427 [ HEAD 14/15
INTERFACE my 26 + INDEX DETECT \ 22 22 [
9 27 +PLO CLOCK , 8 212y B |
9 : 28 + FHEADY h ) +5V R 1 -
—————— r—==== ‘ —— o
! ! SOCKET 7D sockeT7C ) IFK.1-2 FKA-21 ! J28 CLOCK HEAD
— ® 1 e 11 e 5y € [ S
\. A ] | = =~ =« =7 4 L d
TT1T-
v 112
AR E M
N|l2DjO|N rl'l‘ + mi3
b3 b=t el B hd »|=1
E1E INEH slalstale
Alololi]ole NN
> 8 >
Of- ~lol> S0
21121313 mlo
1 3
NEEE =
Taowwm N & o = | Ve oo =V
1% { [ |
" 1 o
3 ! 3
L ——_4J L— _J
[Cvrorce ]
TEST POINT NAME TEST POINT NAME
1 0 ERROR 7 WRT DATA
2 DC ERROR 8 DELAYED DATA
3 WINDOW 9 GROUND
s ONE'S 10 GROUND
s -CLAMP " GROUND
6 BIAS REF

SA4000 INTERCONNECT DIAGRAM



Test Points : CONTROL BOARD

1| INDEX JlgJL_ 20msecperiod, 1.1 ps pulse width

LOGIC 1 = READY, LOGIC 0=NOT READY

GND
ﬂl J—l 2.2 psec period (PLO clock derivative)
_]l_-l r—l 2.2 usec period (digitized clock track)
-
GND

Sector Count or Byte Clock e.g., 32 sector = I Lg ¢ 'L 600 usec period, 1.1 us pulse width

+ SYNC /.i.\ 2.2 psec
- SYNC \/\/ 2.2 usec

GND

GND

| =NOT READY 1 READY

NOT READY or READ-WRITE fault condition =1 no fault = {
WRITE GATE - READY - DRIVE SELECT | = Writing 1 Reading

JTLI L digtized read data

READ GATE - DRIVE SELECT | = READING * = WRITING

writEDATA | [ || BIT CELL PERIOD = 140 nsec
writE cLock | L] L L PLO CLOCK = 140 nsec PERIOD
NRZ READ DATA _I_[_I_L]—L BIT CELL PERIOD = 140 nsec

PLO CLOCK J l [ l [ I I | PLO CLOCK = 140 nsec PERIOD

[ — — —11 | — —_— —_— —_ — [ — ~1 w w
== EEEE EEEEEE EEEEEEELE




22

~3 w £ w N — N [\S] [ [ o) [N N N N
[e e} ~ [=)% w » w [ -

EIEEEREEEEEEE

MULTI HEADS + WRITE CURRENT = t

GND

-DIFF READ 1F —\7{/\-/—\— 1V 140 nsec - rides on a 2 volt level
+DIFF READ 1F —/—\f\;\-/— 1V 140 nsec - rides at 0 volts

INDEX DETECT _[Lg ¢ Il 20 msec period, 1.1 us pulse width

PLO 2F I I I I I l 70 nsec

READY =1

STEPPER BOARD

DIRECTION IN - ¢ OouT =1

GND

TKOO detected = 1

GND

STEP CLOCK .,—LJ_L_I—l_ 0.5 to 1.0 msec rate while stepping
GND

GND

VFO BOARD

intermediate VCGO correciion signal

DC error — typical VCO correction signal NRZ 1F = 280 nsec

decoded read data

1.!_‘._,'L_
e o0
I | I | | l VFO data window

CLAMP VCO 1t = clamped after 5 bits of data

DCERROR  wiinsiongipr
MFM WRITE DATA 1F = H | I 280 nsec

L' U 1F 280 nsec data window

GND

GND

GND



5.0 PCB COMPONENT LOCATIONS
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6.0 SCHEMATIC DIAGRAMS



. ¥
8 ] 7 6 | 5 v 4 | 3 2 1
PART MO
260722~ 1
2G5
op " — - HEAD c.T. ¢
2 |5 3 > 5
+ HEAD SEL | = 2l- eco) 2P F— - HEAD C.T. |
D + HEAD sEL 2 —xX = & oec ;~2 2‘%7— — HEAD C.T.2
o —
+ HEAD sEL A xZ 2 < 2a ?’;r_’ 5@— - HEAD c.T. 2
+ HEAD SEL 8 —xT » o 8p2 2“@— - HEAD C.T- 4
SpP—
+ HEAD =€L 84J 2@~ _ UEAD c.T. 5
10
xs2 22— - UEAD <.T-6
52 - :
Z/— - HEAD <. T. 7
S RS R8 ZRIl SRIO QRIZ SRIZ CRI4 QRIS
g oK Slok %on or3 %ox IOk %ou %\OK
| 2
obl R4/ — - HEAD C.T. 8
1S A | "; 5 ¥
4|, Beo/ 2P% - HEAD C.T-9
— 25 b2 2Q7— - HEAD c.T- (0
2le ob7 5¢%_ — UEAD c.T. 1!
AR sA 3Es 2 )
gpie G— - HEAD c.T. 12
opt Sem
- HEAD c.T.13
C 2¥7 - 1'eAD c.T. 14
ST - HEAD C.T-15
SRIG SRIT QRID QRIB & R2I QR20QR22 2R22
%loK IOK. 310K SToR \oK%\OK%K)K oK.
c i _ = P
" ¥— TP-WF
-WRITE GATE >N e ”
© = + FIXED HEAD
—H0)>e +sv %3210
. l RGE®
-» \c 2%
—g>o Wy + ITW SENSE
o gy
Y 470 3 (1%
3 3 N { S
+ WRITE DATA—— L‘ﬁj S5 +av “IWA 26 115455 240 2as
—! R38 R | Ve > + MATRIX
219 oo > YMSA Iglx
é.2¢x R36 e r39 . Foéoo R34 XS%IO
cR33 100
470 I3 1
B = AA— —-
z8
+ MULTI HEAD
Lo NOTES: UNLESS OTHERWISE SPEUFIED,
22
1. ALL CAPACITORS ARE IN MICROFARMADS
-1 +24v 22 1YY - +24VA 50V, +80 —on%. ’
) J:C"’? 2. ALL RESISTORS ARE 1N OWNS, I[4AW, 5%. REFERENCE DESJGMATIOﬁg_
22 o 3. ALL INDUCTORS ARE M MCROHENRIES. = LAST USED |NOT USED
12V x2  (TTT +12Va A. ALL DIODES ARE IN4lAs. 2y c4, 21
5. COMMECTOR REFERENCE SNYMBOL: R4
_+5V o3 ’ +5V »*®=Po, =J20 THRUQ J28. Rbe
+J_cze €,3,6,9 COMPONENTE NOT INSTALLED o R1O2 %28553%)5'50.52,33,80,
47 10,28 ASSEMBLY NUMBEE 26023 -0 . UNUSED |vec %UD ' v
fg io% | o TYPE |PosiTioN [ELEMENTS [PI)|PIN)
GND, g 1 Tl406 _[IC a7
A .;[ 29 l = T445 [2A BA e [ &
< cz1 = 4514 18 B2 2 |7 .
TA'Z/ TO-\ 95457 |2C 5 12 MUST CONFORM TO ENGINEERING SPEC. ES 300000 o,
wE 0% ° —_ — py MATERIAL . 1 2A
AR L - s e = : BERE NS [Pl St
— SV wall :Z 2% < : XX 7= 155]506 [ ] DETAL 3- RELEASED FOR ASSEMBLY
L1 Q2T2905] 3 — (CASE DEPTH] HNER o /o- 781 3585 oesen T260272
22 HARDNESS ANGULAR=: i) Pl BV S oF 2
SURFACE | ES comnens [ouTsioe MAX Sooe PRAT WO, eV
XS200 | 1 TRexTenT I%ﬁm ax D | [sclzco22-i30
s 7 { 6 | 5 4 4 , 3 , 2 , 1




8 | 7 ] 6 5 v 4 3 1
NO.
- MATRIX +8v 26027~ |
X5200 Lo ¢
+ MATRIX
X2200 \ A | cig %% R92
oo
HEAD ¢ <R3 - o AR M s 4 LinERR
cz2 L ’
s =
HEAD |\ Rl 1
T
\ CcR® R&8
HEAD 2 55 cRT e I\]{lz )
v 10}
VL = Rl 5¢C N = R94 + DIFF READ
HEA W—__-Z—“———" _ 14 l AAN W
o =3 o RS 5;"; 4 Q7.7 %
@_T——« =12 CRASACR eSS 1/8wW e Igoov\ AL =
RET SRGG 0% /o = —29
HEAD 4 a  cRl WK S1.oK = g0 —DIFF READ
@ > = R1&
4 CcRrRIO 1 &
p
HEAD S A RS = ?\23
. Rl =
| =
HEAD & 3 crIS l 2
R R s I%‘,. RE4
HEAD 7 e SR> 22 =
) cR20 - LIME
>
“EAD 8 crI? -sv
HMEAD 9 esl
+5V 20k
HEAD 10 r8\
K S
=102 cRAL 2M2907A
HEAD 11 —Wv -t <)
Qf@
HEAD V2 =
HEAD 1B
HEAD \4
HEAD |5 TiZVA
crR47
+ FIXED HEAD ”L INS221B
XS200 2.4V
+2v lee Lcao
) 10.\ Io-l
L c3l Lil
R21 SR2G = o 100 =
IOk $\OK —TM : 3| Cx— —svyneC
“ughp sELECT e A, 2| s
cLock i @7= e > caz L2 v
CLOCK CT @2 Q24 12 Oel eole;
® ! 230 5 e mm Px— +sYNC
CLOCK 2 ‘{77\ - *
C
-5VAIO?|
MUST CONFORM TO ENGINEERING SPEC.  ES 30000-0 EC HISTORY SHUGRART RASS(
MATERIAL | TOLERANCE UNLESS OATE NO. Itme SCHEMATIC OIAGRA
OTHERWISE NOTED EEAD fWE\TE
*.XX oetaL [Jud e [2]8(7 RELEASED FOR Y
CASE DEPTH WEAR T x DESIGN 126022
HARDNESS ANeu.Aill: appro | V' | /qelsmeer 2 ofF 2
ES CORNERS | OUTSIDE MAX COOE PART NO. REVAC
X8210 l | I l SR T 22 [sioe X D | |sc|2c022-1 [3085]
| 7 l 6 | 5 4 4 | 3 2 | 1




l PART NO.
i 260%5-0
Tx +SEER
- — +24 COMPLETE
RIS
5.6K &
| .~ |7 XRT <R
-8V 42 -
D - v +av [[2;44 INLOOZ
= £ Lavn—se
R30 gzaa 22 R = I
1003 3z 2K ¢ : 'S2— A,
2ivE xZ 2 Tzs 2
+ iNR DRIVER a3 1 {20, E) C 30 ‘ A
-~ g - QB
+ 2 BYTE cLock —X=2 e
+5V AZA 4,_ |K +24
i =) =3
R29 L ° ™ +24Y
— 2« - 3| Zle
<
=) (
+ PoRr ! &q°° - . RS
L I“ IN4oOR
: 1
4 it L 3
- 5P x - 3 2 ‘ L Slup  grwpie
1z ]28 1_3@" iup BRWp- = dion  ERNpZ
DM CRYBIZ 5 o) 3 +5y 5@_ A
=, sc . |2 = A N : 2
(55, ase o Bm & t:z:—‘
e o ] N ,
C ° 2 o 2
2 ZC_ Yo
2 —dig Y1
- L4426 vz +24Y
p-= | c 1:{(3
5 2Y0
) 3 —qe<
LED ANOCDE = 2X|
\/ 2 ';’ A 2Y2 CRAB 5
2 iN4o0
PET. EMITTER —\F2— = B 2Y3
LED CATRHODE —Wﬁ'—o - 4
—ﬁ = +5v 226 . — = <
z ol
— DIRECTION M g
DIRECT —xﬁ y B,
DET. COLLECTOR—L +5
Rzl
24V 3 Bl SRI® g7 gzz
470% 2K .
———AAA— +5V
+ 2V +24V
RO
2 OK 2 a
+24 RN 2/ —— AN e |z X R
B S/ & . Nécoz
oV ?/75 T (g
P2 G@— B2
- ey I
-5 RTN —\Y/ MOTES: ONLESS OTHERW.SE SP=CIF. =Dy =
- ALL CAPACITORS ARE N MICROFAEALYL =
—3 50V, IC%b. ' - - GINUSED Ve QMD\
E TNPE |POSITON |ELEMENTS RPINIRINY
2. ALL RESSTOKS ARE IN ORMS,I[4N,5% (2o T & B3 4 1A —
2. AL TRANSISTCL: Ake TIP-33. T4LS02[25 1417 & - C
4. COMMECTCk REFEEKENCGE SYMRAL: 1474 4A 58 411 > ~-TRAMK ¢ Q@
X=usg ‘W:JSSW:J95:J\O. 14186 [2¢ e 8
\ —~= Lo - 14191 L C TS
S, 0O O0— INCeN"eES JeNMPER oPTIol. T4153 | 50,50 T
G| SHORTING PLLUG '\NSTALLED. 5453 |20 20D, 814 .
LM D & \ -
2C748 |40 R
400> | i A 6| &
1G12222] 3D -1 -
MUST CONFORM TO ENGINEERING SPEC. ES 300000 EC HISTORY SHUGRART ASSGCCIATES
MATERIAL | TOLERANCE UNLESS DATE NO._JvmE = oA DI AGRA M
OTHERWISE NOTED i = = E
LINEAR = XX T i) ~ | DETAIL e e RELEASED FOR ASSEMBLY
CASE DEPTH| = XXX DESIGN |.
HARDNESS ANGULAR= APPRO = = /78] SHEET i OF |
ES conneRs | OUTSIDE MAX SCALE CODE PART NO. REV/EC
ThEATENT G2 }Tnsloe Ax D |- [:tlzecuz-c |=r

{ 5 A 4 i 3 | 2 i i




8 | 7 l 6 l 5 v 3 2 1
PART NO.
IZGOZ&-O
oS
DRWE SELECT | e '
- ——x——o
RIVE SELECT 2 : M
-D L —x® 4
20 3 %?f’
- DRIVE SELECT 3—)(———04
22 =) +SELECT
- DRIVE SELECT 4 )|
° ' I S e
< RE5
-SEEK CON\PL?{EJD 5% a2
*S5330 - I r2 ry ()= X— —TRACK &P
&
~TRACK @ \Va= 4}5&4 .
24 3 N4 |
- DIRECTION = c[>3 AP E L— —DIRECTION 1M
—HEAD SELECT 8 o G
- HEAD SELECT | * 6)e R‘E" +HEAD SEL |
—WEAD SELECT 4 x:’_ 1 2 v
- 3¢ \ .
—J -HEAD SELECT 2 3¢ ‘% &— +WEAD SEL 2
1 z
|2 [ 2lag)2 §— + HEAD SEL 4
: A
& ‘ 4 TG — +HEAD SEL &
ay 2 2 J44
=] > hc) 3,
) A Te2 70870 © =) /— + \NH  DRIVER
S ] 0 5V
RE83
c 2K
READ
TR ae:(o
+BLOCK WRITE 12,
2 Nz =
ASB|O 20 112 : . 2 0 F \D 9‘D05 G ~WRITE GATE
—WRITE GATE x :{2@ e k 1=
] \
[2) AP —oTP
_26 S N NB 5]¢E ST
- =TEP »: <|>% = "
4| D P2—@TPIC—@ TPI4
— READ &GATE 22 ‘ 5; s 3
12 2 —READ « WRITE
—» - 5NDC 1—5-@: XS310
[N 4 A & + SEL WRITE GATE
12 [f=) 4 3
+ WRITE cLoOck : +5v 9e | 5 *S 3O
X530 > 246F PR — WRITE CLRRENT
=] 1< 211 S Yoo
5 -]
% Wé )107 9 Elz
= = W FJ6F oloq B4 MA—4BV
RE9 ?g,
= 0% 5N&
4+ W SENSE Al 5 "
=)
25 L INUO L 7G e 1{2"@ EMZ
~FAULT QLEAR > 5474 1=
- %@1 J—i/\ e — Xt Rerov
- PoRazo 12 | XSz
xS E)
— READY 16
XSRS LUNUSED |vec lanp UNUSED |Vec|anD
TYPE POSITION [ELEMENTS [(PINYPIN) TYPE POSITION 1ELEMENTSEINIPIN
1400 [5B,1C, 20,16 [5B2,3456D34] 14 | 1 14586 6B 14 [ =
— 22 402 |Gk, 4G 4 7 14L5193]4D, 2€ 6|8
\( ¥ REFERENCE DESIGQNATIONS T4od [1E AES 4 [ 94155 g e &
+24VDC 219,20 L +24v LAST USED| NOoT USED J4LSOZ [BF 1417 142319 [F 6 | &
o v N con C\8-20, 28, 317-42 4504 3D, 2F 50532F1,3,4] 14 | 1 5114 [0 e T5
s o cR4 406 [5G TS EIEN AR
1% Ls 7410 | GE 4 [ 8720 | B - &
L —¥ ¢ *i2Vee ad 412 |34 4 NIV PN 1=
T2V R85 R271-32, 35 -52 14328 [6G,1H,2H 241 417 202 [ 1B AN
R Ry Te  |TPIO 440 [1E = 41T 40103 B|ahAB,AC, AEAF e Ta
=4.7 = 2 o3 Py
+avoe maxo 214 (S0l [ +5v\7 474 lzg,eécé,lo,zo, NE 20/330[34 | i
C4 \ )
Al "lf?, _[2% %é“f,464495b 58 EESCIE SEN A
1,911,131 1O °lo P 1 MUST CONFORM TO ENGINEERING SPEC. ES 300000 EC HISTORY =
GND Y TSe e | O S [ o Jme SCHENMATIC DIAGRAN
L! ¥ i“ F K, 2-20c OTHERWISE NOTED [ TR T3040 CONTR
o 22 ot v o =X T-78]>060] oevar [Suds [4- 15 RELEASED FOR v
-5VDe eI ~-sv case oerr] = E78 307w | esion Tocoeh
E oz HARDNESS ANGULAR= a0 | i+ TS /qelseer | of &
C SIDE CODE PART NO. REV/EC
X5200 | ‘ -SVoC EkrSEr e — D | = [8CT|2¢0%8 -0 |50
| T
l I ' 5 4 ' 3 2 1
8 I 7 l 6 | | | l




[ 3 > - | :
l PART NO.
4 READY 26026-0
+ 520288,
+X63°z°;= zep— P 7— —reAD DATA
%8320 rey 24 e
9
% 5 7|. ¥ 4 12G2 — +READ DATA
R
o [ ] | T
HIRIE
<+ DIFF READ -
2 + Co— 3 o| zepS '@\@—-— -PLO CLOCK
— DIFF READ al” | o A zsp4 4
— O— B .
ey e °r B — +PLo cLock
R&2 |12
2¢ H . s
“’QD‘Z ¥ _ geAD OATA
N 15 48 4 READ DATA
+SEL WRITE GATE RS 1210 o4 4oy _PLo cLock
*SBOO I . 14 3 454  +pLo cLoCK
s =\
, R 2 R +ev—
7 0 _0— 1 (50 E2
il DY LED OPTIOM
2
P R76 2 & +5v E
T 0 D—«»—va—%é" +5v —{F=
5 - K HigZ— +WRITE DATA
' 3 34
fcor ¥— — FALL
+WRITE DATA L §<5P T
Ry H
13
—WRITE DATA sTR
WRIT T 12|zes YPP——@TPIT
—1T'N
CONT
-
FWRITE cLOCK sl w | +WRITE evock
e BLOCK WRITE
Rt eH T Re=o0
~\WRITE CLOCK 2lsTr «
4 [RES
+WRITE C—'-SCK conT ces NOTES: UNLESS 'OTHERWISE SPECIFIEDS
+WRITE DATA
2% l. ALL CAPACITORS ARE |IN MICROFARADS
= WRITE DATA —-[>o—<>-—vvv— +av 50V, +80-20%/c « ’
— WRITE cLOCK: 2. ALL DIODES ARE IN4|4&.
3. ALL INDUCTORS ARE IN MICROHENRIES, IO0%.
8 4. ALL RESISTORS ARE IN OHMS4 |[4W, 5o,
93‘16> 5. ALL TRANSISTORS ARE 2N2222A.
B2 &. CONNECTOR REFEREMCE SYNMBOL?®
*MULTI HEAD 4>1& %= 3l3 /=323 =963 y=I1.
— WRITE CURREUT T. —O-0— INDICATES CUT-TRACE OPTIOM.
<300
—Zuagz 3. —O D—ZZ\OND\CA‘\"E% JUMPER OPTION.
*S300 (5] tev TYPICAL RESISTOR CONFlG-
_% URATION FOR 3H.
230
MOT ReEADY j]
200 =
-égbéo-wzrre 14 PIM DIP SOCKET AT 1C ¢ D
KNS 300
[\] sHORTING PLUG INSTALLED.
'MUST CONFORM TO ENGINEERING SPEC. ES 30000-0 EC HISTORY
MATERAL | TOLERANCE UNLESS e | M Trme SCUEMATIC DIAGRANM
OTHERWISE NOTED N1/ CCNTROL
near 22X DETAIL as |4 -18]  reLeased For Y
CASE DEPTH] = XXX DESIGN T26C2sd
HARDNESS ANGULAR= / 1\ ArPRO | 4{* T5/72 | sHeET 2 oF 4
ES connens [OUTSIDE wax| /7 C=3 PART 1O eV
VSO I TREATuENT L a— D o Ise | 26028 -0 |30
T 5 3 | 2 I 1




8 ; 7 v 4 | 3 | 2 1
PART NO.
[ I 26028-0O
k3 _C'oa‘o
MVI4o4 o0y
0%
) ]
D 12&79 8
= ' %D
= V.o
c ah®
ZD 3
-0
+ SYMC 7
- —C
SYNC ‘7
@
TPs
<21
+5V 55
r2) ! o271
+PLO 2F
K30
+1BYTE CLOCK
Xe230
+ 5V
TP4
16
— 12 i 2 gt +PYR1G
13| \c : 10 o
;f © e Ll k) 4+ CBSK
= N Y2338
(> < 2pe — 1M LOCK
(kv %330
~ oo
27— +2BYTE cLock
3 N4 \
___4> F— + PoR
54
B - l9
ZJ S|L
R9 1o 2 @A 1S
2% L 3] KA‘_ZBE‘LTQB 14
+ 5V 4 As‘ TR :2
=& 1q %o ~IMDEX DET
75 QD I XSO
R I—— + INDEX DET
T| *S330
—_ \o
UINIO "2 iF p2
— 2BYTE cLoOCK
XS330
A
MUST CONFORM TO ENGINEERING SPEC. ES 300000 EC HISTORY m
MATERIAL DATE NO.
‘ SRS e ™ ST, DIAGRAM
Lneap 22X oeTal Juds 4178 RELEASED FOR ASSEMBLY
CASE DEPTH| XXX DESIGN Teeted
HARDNESS AM:ULMllz APPRO | 4{™ | 5/7 SHEET 2 OF
ES CoRners | OUTSIDE MAX m CODE PART NO. REV/EC
X$320 l TrEATENT 852 [ ] D |- [:c]2eczz-o [zcy
1 1 T T T
4 3 | 2 | 1




PART NO.
26028-0
+ 5V — L soy
2y \ RPI
| X 2K
RP| RP2 >
Zx 2K < g 5 |e @7 Mi&
O-e O—¢ 0O 0O
2o er @l P o o o @T oo MSB +5v D
OPTION B ¢ O 09 09 O O O _T_ ° Al |!
L b 4 ,
b AL AL ATEE - elz 427 5%
410 Loz %Ln/rz >
5 o132 k
= 32 8-8\T s L—‘lo
Bid coy|ld )
103 Sut 2136 4 12859
Los — | =72 4e .LC‘ZQ
:% b =ot 14 - lg e1jee 3E T2 s _
J_( H - il -
ek 4F 9| pe 2 2|2+ LG/ — —SEEK COMPLETE
+1BYTE CLOCK EY + EV—AAA- 2 I _ceci COMPLETE
%5320 cIjce R8S cLR . RPI 12 XS200
R | L 15| coe 2 2 £y [N 37— —ReADY
2¥¢ = S |
+5V —AAM APE P
P26 2o T -
l— TV ¢ 10 1] )= ‘?— —INDEYX
. ' 843F N R\é@ 2y  —ReADY
*INgEx PeT S 4 Lgpl
285 O ¥— — |NDEX C
o= ST 4
T RDEX CET 3l 2le 1 rg@c B — —mYTE CLOCK
3ELR |
+ sELECT 1 ‘ i 3 SD‘C (? 9 % Hp2 5%/ - -BYTE ClLock
gy +ov [ 129 2 M e
+ M LOCK Y o~
ity 2k <2
+ PU RTG
*X 5320 7
- éa\o
—_ K
— l 0o +eVv
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