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Attached is the ·SA600 Service and Information Package. 

Shugart Corporation 
475 Oakmead Parkway 
Sunnyvale. CA 94086 

(408) 733-0100 
TWX: 910-339-9355 
SHUGART SUVL 

This is being issued in lieu of the SAGOO preliminary Service 
Manual (PIN 39027-0) you requested. Demand for that manual 
has been minimal, and the product has been discontinued.. Due 
to these factors, it would be futile to publish a fern.al d()cu
ment for this product. 

Sufficient information has been included to cover your 
needs. Should you find a question arising, due not hesitate 
to contact Shugart Technical Support for assistance. We regret 
any inconvenience that may have occured, and pledge to continue 
to support the SA600 product. 

Shugart has chosen to replace the 600 series with our new 
706 abd 712 half-height Winchester drives. Complete documenta
tion of the 700 series is available by requesting the Shugart 
700 Reference Manual (PIN 39402). We welcome your inquiries. 

Thank you. 
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Two jumpers are present on the control PCB PIN 26149-X which can 
enable or disable some exercising and fault detecting features. 
These "control" jumpers determine the microcomputer response to 
certain out of specification conditions which may arise. These 
conditions,'as detected by the microcomputer, can be referred to as 
"control faults" to distinguish them from the read/write faults 
detected by the drive. Action taken by the microcomputer when 
these control faults occur depends upon the condition of the 
control jumpers. One jumper is referred to as the "delay" jumper 
(El to E2) and the other jumper is called the "exercise" jumper (E3 
to E4). These jumpers can represent four possible states: 

1) Both jumpers not installed (normal state) 

2) Only the delay jumper is installed 

3) Only the exercise jumper is installed 

4) Both jumpers are installed 

When a drive error is detected, logic levels corresponding to a 
single digit hexadecimal number as placed on pins 17 through 20 of 
the microprocessor chip. A logic high represents a "1" state with 
pin 17 the MSB and pin 20 the LSB. 

The SA 600 power-up is as follows: 

1) Microprocessor initializes internal registers input lines, 
and output lines to the proper initial states. 

2) Microprocessor internal RAM is tested. If the RAM test 
passes, the microprocessor goes to step 3. If RAM test 
fails, then a hex "0" is put on pin 17-20 and 

If the exercise jumper is not installed, then action is 
halted. 

If only the exercise jumper is installed, the microprocessor 
loops back to step 1. 

If both jumpers are installed, action is halted. 



Subject: SA 600 Micro Diagnostics Page 2 

Jl The ROM code pattern is tested for validity. If the code is valid, 
~ the microprocessor goes to step 4; otherwise a hex "1" is placed on" 
pi~ 17-20 and ••• 

If the exercise jumper is not installed, action is halted. 

If only the exercise jumper is installed, the microprocessor loops 
back to step 1. 

If both jumpers are installed, action is halted. 

4) If exercise jumper is not installed, then the microprocessor goes to 
step 5; otherwise the output lines from the microprocessor are 
individually and seqeuentially toggled and checked for the proper 
response. If the output lines respond properly, then the 
microprocessor goes to step 5. If any line does not respond, 
a hex "2" is placed on pins 17-20 and ••• 

If only the exercise jumper is installed, the microprocessor goes to 
step 1. 

If both jumpers are installed, then action halts. 

5) Spindle motor control constants are initialized and the microprocessor 
waits for about 1/2 second for the spindle motor to "falloff" '.a 
possible unstable reluctance torque null pOint. When the delay is 
complete, the microprocessor ramps the power applied to the motor from 
zero to full over a period of about one second using a pulse wave duty 
cycle control technique. After this, the microprocessor waits about 
one more second while checking to see that the motor has turned at 
least three revolutions. If the motor has turned enough, then the 
microprocessor proceeds to step 6; if not, then a hex "3" is placed on 
pins 17-20, the drive fault line is asserted, spindle motor power is 
removed and ••• 

If the exercise jumper is not installed, action halts. 
If only the exercise jumper is installed, then the microprocessor 
restarts. 

If both the exercise and delay jumpers are installed, then action 
halts. 

6) Actuator seeking control constants are initialized. The 100 
microsecond interrupts are started and the microprocessor enters the 
continuous background code loop. 

7) The spindle motor fault monitor routine in the background loop 
continuously checks to see if the spindle has stabilized within +/-
1.78 % of the proper running speed of 3571 RPM for at least two 
seconds. When this has occurred, the microprocessor proceeds to step 
8. Note that the rest of the power up sequence is completed while the 
foreground and background code is continuously repeating. The tasks 
are managed, therefore, with a series of flags which allow each task 
to complete itself and hand control to the next. This.process is the 
software equivalent of a hardware asynchronous state machine with a 
comon clock. 
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~. If the delay jumper is not installed, then the microprocessor proceeds 
to step 9. If the delay jumper is installed, the microprocessor then 
delays for 25 seconds to allow .the initial drive thermal transient to 
flatten out. This feature is used if the systems designer wants to be 
sure the drive is thermally stable before allowing the user to write 
any data on the disk. 

9) The drive ready line is placed in a true state and power is applied to 
the stepper motor in a "Phase A" condition. If the actuator is 
resting at track zero then the microprocessor proceeds to step 10. If 
the actuator is not at track zero then it is stepped outward a maximum 
of 256 times until it is resting on track zero. If the actuator lanas 
on track zero before 256 outward steps have occurred, then the 
actuator stepping is halted and the microprocessor proceeds to step 
10. Otherwise the actuator stepping is halted, a hex "5" is placed on 
pins 17-20, the ready line is set false, actuator power is removed, 
the fault line is set true and ••• 

If the exercise jumper is not installed or if both the exercise and 
delay jumpers are installed, then all other background and foreground 
tasks are not affected and the microprocessor does not proceed any 
further in the power initialization proces. This means that if no 
other problems have been detected by the microprocessor, the spindle 
continues to turn at the proper running speed and the drive can be 
controlled from the interface in the normal fashion except the 
actuator will not respond to step commands. If only the exercise 
jumper is installed, then spindle motor power is removed, foreground 
interrupts are disabled and the microprocessor restarts. 

10) The actuator will seek from track zero to track 180 and back twice to 
make sure the bearing lubricant is distributed properly and then the 
seek complete line is placed in a true state. Then: If the exercise 
jumper is not installed, the microprocessor proceeds to step 11. 

If the exercise jumper is installed, the drive will enter a self 
exercise mode in which the actuator will be continuously moved in a 
random direction over a random distance. If the delay jumper is not 
installed, the actuator will dwell in each track for a period of 10 
milliseconds in addition to the damping delay time. If the delay 
jumper is installed, the actuator will dwell for a period of 500 
milliseconds on each track in addition to the damping delay time. The 
length of the pseudo-random sequence that the actuator will move in 
corresponds to 1013 seeks, therefore, the movement will repeat after 
that many seeks. Before each seek operation, the 'microprocessor will 
check its internal track position counter against the state of the 
track zero flag for agreement. If the internal track position counter 
and the track zero flag state agree, then the self exercise function 
continues; otherwise, a seek error has occurred so a hex "6" is placed 

fon pins 17-20, the fault line is set true, the self exercise function 
is halted and ••• 

If only the exercise jumper is installed the microprocessor restarts. 

If the exercise and delay jumpers are installed, the microprocessor 
goes to step 11. However, the electrical or mechanical cause for the 
seek error may still exist. 
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ilL Drive power initializ.ation is now complete. Foreground and background 
routines will continue to opera~e to respond to the requests from the 
interface. The spindle motor fault monitor routine will continue to 
monitor the spindle motor revolution time. If after the power 
initialization sequence is complete the spindle nlotor speed goes 
beyond +/- 1.78 % of 3571 RPM for more than 6 revolutions, then the 
fault line will be put in a true state. Additionally, if the spindle 
speed falls below 90 % of 3571 RPM for more than 10 revolutions, then 
the foreground interrupts will be disabled, a hex "4" will be placed 
on pins 17-20, the ready line will be set false, the stepper motor and 
spindle motor power will be removed, the drive fault line will be set 
and ••• 

If there are no jumpers installed or if both the exercise and delay 
jumpers are installed, then action halts. 

If only the exercise jumper is installed, the microprocessor will 
restart. 

Additonal Functions Of The Delay Jumper 

In addition to changing the characteristics of the power-up sequence 
the delay jumper modifies the drive's behavior in normal operation. 
In particular, the drive will respond differently to seek commands 
depending upon the state of the delay jumper. This only applies when 
the exercise jumper is not installed. 

a) If the delay jumper is not installed! the drive will ignore any 
outwardly dlrected step commands if the actuator is resting on 
track zero. If the actuator is not resting on track zero, 
however, and an outwardly directed buffered seek command which 
will result in a track destination less than zero is presented, 
the drive will attempt to perform the specified seek. This will 
usually cause the actuator to hit the outer crash stop and come to 
rest somewhere between track minus two and track ten. 

b) If the delay jumper is installed, the drive will attempt to 
respond to any valid seek command and will not ignore outward 
seeks when resting on track zero. This allows the actuator to be 
positioned at tracks more outward than zero in order to align the 
crash stop during the drive assembly process. In addition, this 
is compatible to actuator response on the SA1000 product. 



1.0 PURPOSE: 

This procedure is to define the INCOMING TEST and INSPECTION 
requirements for Shugart SA600 Seriesj612 5.25 Fixed Disk Drives. 

2.0 SCOPE: 

This procedure is recommended to the Customer to assure 
compatibility and test correlation between the Customer and 
Shugart. 

3.0 APPLICABLE DOCUMENTS : 

3.1 Approved Vendor List (Customer) 

3.2 Packaging Requirement Specification (Shugart) 

3.3 Shugart's performance Specification as described in the 
5.25 Inch Fixed Disk Drive Brochure #220000. 

3.3.1 

3.3.2 

3.3.3 

3.3.4 

3.3.5 

3.3.6 

Description 

Key Features 

Performance Specifications 

Functional Specifications 

Physical Specifications 

Reliability Specifications 

3.4 Reference Vendor and Part History Records (Customer) 

4.0 PACKAGING AND IDENTIFICATION: 

4.1 Check individual and palleted containers for damage. 

4.2 Each shipment shall ~ontain a packing slip, listing as a 
minimum the Customer Purchase Order Number, Quantity, 
Customer Stock Number, Dash Number, and MLC Level. 

4.3 Each item shall be individually protected as required -
Reference Shugart's Packaging Specification. 

4.4 Each container shall be clean and free of foreign matter. 



5.0 INSPECTION AND TEST REQUIREMENTS: 

PK/ 

5.1 Visual - Mechanical Inspection. 

5.1.1. Check Model Number, Serial Number, and MLC Level. 

5.1.2 Check for loose screws and sub-assemblies. 

5.1.3 Check for loose connectors or missing jumpers. 

5.1.4 Check for exposed wires on cables/connectors. 

5.2 Functional Testing (Shugart Recommends the ADC T-650 
Tester - with Level E3 Software - This Tester is a 
specially Programmed for all 5.25 and 8 Inch Fixed Disk 
Products.) 

5.2.1 The functional Tests performed by the ADC Tester 
are as follows: 

o = Prompt character and indicates the program's 
ready to accept commands from the user. 

PP = Print Parameters 

Step Rate(XO.1MS) 30 
Margin Code 
Max Head 
Step Mode 
Max Cylinder 
Max Error Cnt 
Buffer Error 

Retry Limit 
Precomp Start Cylinder 
Low Write Current 
Start Cyl inder 

604/606 
30 

7 
3 
o 

160 
o 

5 
80 

80 

612 
JO 

7 
3 
o 

310 
o 

5 
128 

128 

NOTE: The following EXAMPLE is a print out of the Test Program 
with the PRINTER Option for ADC. 

WHICH PHASE? 0 
MS/ 4 
TM/ 1 
P2/ 1 
Fl/ 1 
WI/ 1 
RT/ 1 
RR/ 500 
RV/ 1 
WAf 1 
RA/ 1 
WC/ 5 
TM/ 1 
HO/ 1 

SET MARGIN CODE 
TEST MARGINS 
SET WORST CASE PATTERN 
FORMAT DISK DENSITY 1 
WRITE DATA INTEGRITY TEST 
READ DATA INTEGRITY TEST 
RANDOM READ DATA TEST 
READ REVERSE TEST 
OVERWRITE TEST 
OVERREAD TEST 
WORST CASE SEEK TEST 
TEST MARGINS 
HOME THE DRIVE 

182 (600 SERIES) 340 (612 DRIVE) SET MAX CYLINDER 



NOTE: The following EXAMPLE is a PRINT OUT of the test 
performed with the Printer option for the ADC T-650. 

• :':~.A......-

(JNtL" QO JER I AI. _ "-..AF:s9.:l._ 
• . , 

, 5~_AATE _LlLO.LI1SI-l EARLY 1'SAA6IN CON • .3.LA7E MRGlN .amE.":...3 ___ _ 
. MX. HEAD - :s STEP HODE.O MAX CYLINDER- 1:10 "'AX ERROI't CNT.O 
'. BUFFER E"'"ROR RETRY LII1n-:s "'I;;ECOl'1P START ·CYLllI.'jER- BO . 
• _ .. 1.0,",. WRITE-1..sTAIiT~YLUIDE.~- --1-"'8 .llENSl:tY.J1ODE-.1...:2Fl'L-::i:"i.,;zJet:,;':54::i6 _____ _ 
UNITS ONLINE- 01 
UNIT • 00 COUNT- :2 t!ULTt SIDEll MAGIN TEST 

. -"I'ItL .~RGIN_CDDE·1.2 •.. (24 NAND-SECONDS)---2ASS...:rESTL ____ _ 

,. UNIT • 10 MARGIN CD~-l::!. '(2" NANO-SECDNDS) PASS TEST 
.. UNIT. 20 "ARGIN CODE-I::!. (2" NANO-SECOND61 PASS TEST 
., __ ~tL4L.3.0_I'IARGINJ:OOE"!1::_(24 . .NANo-JEa:ONDSl--J"ASSJES.TJ:~ ___ _ 
.. UNIT ... 0 MRGIN CODE-I::!. (24 NANO-SEc::otmS) PASS TEST 
. UNIT • ~ MARGIN CODE-I::. (24 NANO-S£CONl)S) PASS TEST 
,~ DRlyE AT.J:YLlHDEB... ... _..l'JilROIIl-__________________ _ 

--- END OF .. 1NAL. TEST ROUTINE. TOTAL ERRORS • o 

~+-tS'-1 EAR\:;V MARS ... -CODE--S-t..ATE ~a!" CDDI! ........ ·~3--""x. HEAD • 3 STEP t100E -0 \'1AX CYLINDER· 310 \'1AX ERROR CNT·O 
a.JFFER ERROR RETRY LII1n~ PRECOI'IP START CYLINDER· BO 

___ "'LODlI""~~WRIRI'E_i_IiTAR'F_C_¥t:TNDErc--l28 ·DENS-I'f\'--t'IOOE.~"_!l2'r.Z:I ... ---
UNITS ONLINE. 0/ 
UNIT • 00 COUNT- 2· f'lU.TI SIDE!) MRGIN TEST 

----4<"'*"*1 ~-oo l1ARa~9E-l·2. (24 IfAII05ECONOSr-· .. P' .... A! .. !-~~ .. 9 .. T ----
UNIT • 10 MRGIN CODE.12. (24 NAND-SECONDS) PASS TEST 
UNIT • 20 f'lARGIN CODE.12. (2" NAND-SECONDS) PASS TEST 

----UNIT .... ~. -flM61N ·CODE-13.~26-flAHO-SECONDSI- PASS T£ST-----
PARK DRIVE AT CYLINDEP. 340 

_ .......... --911) ·OI"-f"tNAL.-;eST-P.OUTlNE.--TOTAL -ERfCOM .... r--~O.----~ 
._ .... _ END OF "T LOOP • 1 

__ .LSZ! • 

NOTE: THE ABOVE TEST ON THE ADC T650 TESTER TAKES ABOUT 30 
MINUTES PER DRIVE 

5.2.2 The operation of the ADC T-650 is in the Operations 
Manual, which comes with the system. 
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COOE PART NO. REV EC 

ES 030220 -0 
ENGINEERING SPECIFIC~.TlON 

TITLE 
FUNCTION SPECIFICATION" SHEET lA OF 

TJI,BLE OF CONTENT 

L GENERAl 
A. Description 
B. Perfonnance Specifications 
C. Functional Specifications 
D. Environmental Specifications 

• E . Reliability 
F. Mechanical 

II. POWER INTERF'ACE 
A. Frame Ground 
B. DC PO\'/er 

. III. SIGNAL INTERFACE 
A. Pin Assignment 
B. Connector Attachment 
C. Control Input Lines 
D. Control Output Lines 
E. Select Status 
F. General Timing Requirements 

""IV. PRINTED CIRCUIT BOARD 
A. Fabrication 
B. Connector Interface 

V. SPCIFICATION Sll~1MAR¥ 

A. Read Channel 
B. Write Channel 
C. Access Times 
D. Media 



CODE PART NO. 

ENGHlEEfUNG SPECIFICATION ES 030220-0 

TITLE _F_U....;..rlC;...T....;..I O_N.;....;.S....;..PE...;;C_I _FI_C_AT_I_O_N ______ _ SHEET 2 OF 

I. GENERAL 

A. DESCRIPTION 

The SA600 series disk drives are 5. 1/4 inch ~·linchester tYlJe direct 
access storage devices. The drives sUI)~ort the SA1000 ty~e signal 
interface and have DC voltage requirements com!,)atible to those of 
the SA400 series Mir.iflo~~y products. Each drive incor~orates a 
disk s~indle ,·!hich is directly driven by a brushless OC motor, a 
step~er driven ~otary band actuator, a double action spind1e/ 
actuator braKe, a shock mounted baseplate and b!o !lrinted circuit 
boards that contain the necessary read/write and control electronics. 

. B. PERFORr1ANCE SPECIFICATIONS 

CAPACITY 

Unfonnatted: 

Per: Dri \Ie' . 
Per' Surface 
Per Track 

SA6.02 
3.33 
1.66 

10.,416 

Formatted 33 sectors/track: 

Per Drive 
Per Surface 
Per Track. 

'Per Sector 

2.70 . 
1.35 
8448 

256 

Formatted 32 sectors/track: 

Per Drive 
Per Surface 
Per Track 
Per Sector 

TRANSFER RATE: 

2.62 
1.31 
8192 

256 

5 tlbits/s 

SI\604 
6.66 
1.66 

10,416 

5.40 
1.35 
8448 

256 

5.24 
1.31 
8192 

256 

SI\606 
10.0 
1.66 

10,416 

8.11 
1.35 
8448 

256 

7.86 
1.31 
8192 

256 

Access (seek + settle) times in buffered ste? mode: 

Track to Track 
Average 
Maximum 

16.2 ms 
95 ms 
205 ms 

Units 
t~Bytes 
MBytes 
Bytes 

MBytes 
t~Bytes 
Bytes 
Bytes 

t1Bytes 
MBytes 
Bytes 
Bytes 

Access time is defi ned as the time beti'.'een- the fall i ng edge of the 
last STEP pulse and the rising edge of the SEEK Cm1PLETE signal. 

Ayerage Latency: 8.33 ms 

REV EC 

2337 



TITLE 

CODE 

ENRINEERIN~ S~ECIFICATlnH ES 

FUNCTION SPECIFICATION SHEET 

ERROR RATES: 

Soft Read Errors 
Hard Read Errors 
Seek Errors 

10 . 
1 per 10··· bi ts read 
1 per 1n~2 bits read 
1 per 10 seeks 

C. FUNCTIONAL SPECIFICJ\TIONS 

Rotational S~eed 
Recording Density 

3600 RPt' 
7900 bPI 

(7900 FCI) 
Track Density . 256.TPI 

*No. of Data Cylinders 160 
No. of Data Tracks: SA602-320 

SA604-640 
SA606-960 

No. of R/W Heads: SA602- 2 
SA604- 4 . 
SA606- 6 

No. of INDEX per rev.: 1 
Data Encode r~ethod: t1FM 

PART NO. REV EC 

030220-0 2337 

3 OF 

Write Precompensation: Required from cyl. 
Reduced I·!rite Current: Requi red from cyl. 

128 thru 159 
128 thru 159 

*Ship~ingzone at cylinder 182 

D. ENVIRONt1EUTAL SPECIFICATIONS 
. 0~eratin9 

Ambient Temperature500F to l1goF 
(lOoC to 46 C) 

Relative Humidity 

Maximum l~et Bul b 

Temperature Gradient 

8% to 80% 

780F ~on condensing 

l00bl 1/2 Hr. 
{5.5 CI 1/2 Hr.} 

Relative Humidity Variance 20%)Hr 

Elevation 

Vibration 

Shock 

J\mbient t·1agnetic Field 

Ern Compati bi 1 i ty 

o to 5000 ft 
.{ 0 to 1828 meters} 

TBD 

TBD 

TBD 

TBO 

Storage/Shiooin~ 

-40~F to 14gDF 
(-40 C to 60 C) 

1% to 95% 

Non Condensing 

Be 10\'/ that 'tlh i ch 
can cause condensation 

BelO\,t that \·thich 
can cause condensation 

-1000 to +12,000 ft 
(-305' to +3656 meters 
TBD 

TBD 

TBD 

TBD 
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ENGINEERING SPECIFICATION ES 030220-0 23~7 

TITLE FUNCTION SPECIFICATION SHEET 4 OF 

DC Voltage Requi~ements 

+ 12V DC + 5% 1.8 A Typical, 4.0A t·1ax 

+ 5V DC + 5% 1.8 A Typical I 2.0A f1ax 

E. RELIABILITY , 

tnBF: 8000 POH Typical Usage 
pr1 : None. required 
MTTR : 30 t1inutes 
Component Life 5 Years 

F. MECHANICAL 

Height: 3.38 in. (85.9 mm) 
Width: 5.88 in. (149.4 mm) 
Depth: 8.19 in. (208.0 mm) 
Weight: 4 lbs . (1.8 kg) 
t~ounting Configurations: 

(i) Horizontal - R/to! PCB at bottom 
.(ii) Vertical - on either side ~f 8 inch dimension horiznntal. 

Refer to Figure 1 for detail dimensions and mounting hole locations. 
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eOOE PART NO. 

ENGINEERINn SPECIFICATION 
ES 030220-0 

TITLE FUNCTION SPECIFICATION SHEET 6 OF 

II. POWER INTERFACE 

A. Frw~E GROUND 

•••• ;.'.A' 

The baseQlate is electrically insulated froM the mounting brackets 
by virtue of the rubber shock mounts. The baserlate is connected 
to the DC common of the R/H PCB. AC grounding of the baseplate is . 
accom!J 1 i shed by one of two \,/ays: • 

(i) The DC Returns' (Commons) of the +12V and +5V lines are 
tied to the AC ground at the po\'1er supply. 

(ii) Attach separate ground wire (A!~G 18 or larger) to ground 
lug on top side of.basepl~te in the vicinity of the J2 
connector. . 

B. DC pm'JER (J6/P6) 

1. Pin Assignment (See Figure 2) . 

Pin # 

1 
2 
3 
4 

I c CD 
Figure 

2. PO\'ler Requi rement 
DC Voltage at Drive 

+12V + .60 v 
+ SV + .25 v 

3. Cable Length/Hire Size 

~1ax Length 

20 ft twi s ted 

2 

Designation 

+12V 
+12V Return 
+ 5V Return 
+ 5V 

CD CD CD) I 
P6 Front Vi e\·! 

Current 
Ty~. ~1ax 
1.8A 4.0 A 
1.0A 1.5A 

11in \~ire Size 

AWG 18 

Max Rioole {p-o} 

250 mV 
··SO mV 

REV EC 

2337 



TITLE 

ENGINEERING SPECIFICATION 

FUNCTI0M SPECIFICATION 

4. Connector Requirement 

J6 Socket (on PCB) 
P6 Plug Housing 
P6 Pins (4x) 

CODE 

ES 

SHEET 

At1P PIN 641734 
N1P PIN 1-480424-0 
Af··1P PIN 61473 

PART NO. 

030220-0 

7 OF 

III. SIGNAL INTERFACE 

A. PIN ASSIGNf1ENT 

G* 

1 
3 

5 

-7 
.. 

'9 
11 

13 .. 
15 
17 
i9 
21 
23 
25 
27 
29 
31 
33 

Refer to Figure 3 for pin assignment on the JI/Pl and J2/P2 
cables. The Jl ~ort su~ports daisy chaining to a maximum of 
four drives per cable. The 220/33D.n. terminator neblOrk located 
near Jl on the PCB should be removed exceot for the last drive 
in the chain. See Figure 4 for typical system configuration. 

Jl/Pl J2/P2 
<:* S I Gtll-'.L Nt\~~E G* S* S I GNJl.L tIJl.f1E " 

2 -REDUCED WRITE CORRENT 2 1 -DRIVE SELECTED 
4 -HEAD SELECT 22 4 3 SPARE 
6 -HRITE GATE 6 5 SPARE 
8 -SEEK CO~1PLETE 8 7 SPARE 

10 -TRACK 000 10 9 SPARE 
12 -FAULT 12 11 GND 
14 -HEAD SELECT 2° 13 +t~Fr1 HR I TE DATA 
16 RESEP.VED 14 -~1m I'lRITE DATA 
18 -HEAD SELECT21 16 15 GND 
20 -INDEX 17 +t1P'1 READ DATA 
22 -READY 18 -MFf1 READ DATA 
24 -STEP 20 19 GND 
26 -DRIVE SELECT 1 
28 -DRIVE SELECT 2 
30 -DRIVE SELECT 3 
32 -DRIVE SELECT 4 '*"G = GROUND PIN 
34 .-01 RECTI ON IN 1{S = SIGNAL PIN 

Figure 3/\ J1,J2 PIN ASSIGNt1ENT 

REV E.C 
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HOST ~A600 -
-REDUCED WRITE CURRENT 2 Jl/Pl 

-HEAD SELECT 22 - 4 
-HRITE GATE 6 
-SEEK Cor'PLETE . 8 

-TRACK 000 10 
-FAULT 12 
-HEJ1.D SELECT 2° 14 

RESERVED 16 
-HEAD SELECT 21 18 
-INDEX 20 
-READY 22 - -STEP 24 . 
-DFUVE SELECT 1 26 
-DRIVE SELECT 2 28 
-DRIVE SELECT 3 30 
-DRIVE SELECT 4 32 
-DIRECTION IN 34 

1,3 .... 33 GNO (ODD # LINES) 1,3 ... 33(OOD PINS 

J2/P2 -DRIVE SELECTED 1 Jl/P2 

SPARE 3 
SPARE 5 

SPARE 7 
SPARE 9 

GND 10,11,12 
+t1Ff.1 URITE DATA 13 -.... 

-t1H1 ~mITE DATA 14 
GrID 15.16 

+t·1Fr1 RFJI.n nATA 17 
-t1Ft1 READ D,l\.T J\ 18 

GND 19.20 
-~ --E-

Figure 3B Jl, J2 SHlNAL FLO\-! 



CODE PART NO. REV EC 

ENGINEERING SPECI FICATIor~ 
ES 030220-0 2337 

FUNCTION SPECIFICATION SHEET 9 OF 
TITLE 

SJI.600 
n ~ 

.J '\ l. J1* 
DRIVE #1 . r J2 I.. 

-.Jfi 

CONTROLLER 
I 

\.... r J1* \... 

r- DRIVE #2 
L J2 

J6 

I ----- .-

... 
J 

" ri Jl* 
.A ""L. 

DRIVE .tI3 
I-, ,. J2 rr ... L 

(DATASEPEP~TOR) 
., J6 
oJ Y 

r- .n L 

,.. DRIVE #4 
L J2 

J6 
:. L,.J 

. 

, 

DC 
... 

POHER , 
... ,. 

*TERMINATOR NETHORK REt10VED . 

Figure 4. T¥PICAL 4-DRIVE SUBSYSTEt1 
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.". IS/IO) 

B. CONNECTOR ATTACH~1EUT 

The fo 11 0\'1; ng 1 is ts the typi ca 1 connector and cable \·,h i ch can be 
used to connect a drive to a controller . 

Port 

Jl 
J2 

Connector 

3'1 3463-0001 
3t1 3461-0001 

C. CONTROL INPUT lINES (Jl/Pl) 

. Cable 

3~1 3365/34 
3r1 3365/20 

(20 ft max) 
(20 ft max) 

These are lines that carry control information from the host system to 
the drive via the multiplexer cable. Each line should be driven by • 
a 7438 type open collector driver, and is terminated at the drive by 
a 220A/330J\. resistor combination as sholttn in Figure 5. 7414 type 
Schmitt triggered receivers are used at the input. 

Electrical Parameters: 
At Driver At Receiver 

IOl = 40 rnA r~ax III = -1.6 i'1A H·in 

VOL = .40 v Max VIl = .40 v Hax 

IIH = 250 uA r·1ax 

VIN = 2.0 v Min 

Note: TRUE = Logic Zeio = .40 v max, FALSE = Logic O~e = 2.0 v ~in. 

DRIVER CABLE 
(20 ft max) 

+5v RECEIVER 
220.fL. 

____ ~~38b-~----------------*-~~----~ 

330.1\.. 

Fi9ure 5 J1/Pl SIGNAL DlUVEP.S/RECEIVERS 

REV E.C 
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The following paragraphs describe the functions and timings of each 
control input line. 

DRIVE SELECT 1 to 4 

DRIVE SELECT, 0hen true, connects the drive to the control line,. 
Only one DRIVE SELECT may be active at a time. 

,]umoer options OSlo 052,· nS3. and nS4 ".re used to "rooram the drive 
to respond to the resp~cti ve DRIVE SELECT 1 i nes; . ... . . 

DIRECTION IN 

This signal defines the direction of motion of the read/write heads 
when the STEP line is pulsed. An o~en circuit or logical false, 
defines the direction as "out" and'if a ou1se is aorllied to the 
STEP 1 i ne, the read/wri te head \Ali 11 move· a\'/ay fron' the center of 
the disk. If the input is shorted to ground, or logical true, 
the direction of motion is defined as "in" and if a pulse is aoolied 
to the STEP line, the read/write heads will w.ove towards the center 
of the di sk. 

A removable 220/330~ resistor pack, located near the PI connector, 
provides input line termination. 

STEP 

This line causes the read/write heads to move in the direction as 
defined by the DIRECTION IN line. Any chanqe in the DIRECTION IN 
line must be made at least 100 ns before the trailing edge of the 
step pulse. Stepping can be performed in either the Normal or 
Buffered mode: 

Norma 1 Step t10de - In thi s mode, the read/wri te heads \'1111 
move at the rate of the incoming step pulses. r·1otion is 
initiated at each true to false transition. The minimum. 
time between successive steps in 3.0ms, ~lith a minimum pulse 
width of 500 ns. Refer to Figure 6. 

Buffered Step ~1ode - In thi s mode, the step pu1 ses are received 
at a high rate and buffered into a counter. After the last 
step pulse, the read/write heads will begin stepping the 
desired number of cylinders and SEEK COMPLETE will go true 
after the readj\'/rite heads sett1 e on the cy1 i nder. Thi s mode 
of operation is automatically selected when the time between 
step pulses is less than 200,usec. Refer to Figure 7 for 
timing reo,uirements.: . 

REV EC 

2337 



TITLE 

•..• I.'.A' 

eOOE PART NO. 

ENGINEERIN~ SPECIFICATION 
ES 030220-0 

FUNCTION SPECIFICATION SHEET 12 

500 ns after the last steo pulse has been sent to the drive, the 
DRIVE SELECT line may be dropped and a diffe'rent drive selected. 

The maximum time beb/een steps ;s 200 JUs with a minimum pul se 
wi dth of 500 ns (Refer to Fi gure 7). 

OF 

Shipping Zone - The read/write heads can be accessed to the shipping 
zone by doi n9 a see k to TRK 182. 

NOTES: 1. Step pulses with periods beb/een 200..us and 3.0ms are not 
permitted. Seek accuracy is not guaranteed if this timing 
re~uirement is violated. 

2. SEEK Cm1PLETE may not go false until 500 ns- after the true 
to false transition of THE STEP pulse. 

3. A removable 220/330~resistor pack, located near the PI 
connector, all OVIS for STEP 1; ne tern; nat; on. 

~ ~ 100 ns MIN 

-01 RECTI ON IN :(;.;...,-,,::_~--,.:..;;/,:-I:'·~t::S:;..:',~~ .... ~$J;.;a.....1 __________ ~( f\-----
500 ns' MIN ~ k-- ~ UIM ,I 1<. 3. 0 m~ L --?t 

----~LJ ~K -STEP 

~. .' "'---.. 500 ns . 1 I' . MAX' -t118 f'1S MAX I~ 
-SEEK Cm.1PLETE _____ --J1 if L-I ___ _ 

FI GURE 6 NOPJ1AL STEP t10DE 

~ IE-- 100 ,ns MIN 

-DIRECTION IN ----,:~~ I e I 
500 ns .1 "'- I a A./S t'I~ 
: MIN ,-?1 r:- ~ 200.AJs~1J\XI~ 

U ULJ -STEP 

'. 
~ .l{- 500' ns, MAX 

~ It-- 500. ns flIN 

I ®i~x'~ , 
I 

LJr-~ ~(f 

~ 120~ ~JS' f1P.X 
-SEEK COt1PLETE . I . I· . . 

. 500·, ns ", 1&.:.-;.-.. ' ' 

k:

I 
-DRIVE SELECT' X , MIN ~'~ ..... __ _ 

Figure 7 BUFFERED STEP MODE 
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These three lines provide for the selection of sach individual read/write 
head in a binary coded sequence. HEAD SELECT 2 is the least significant 
line. When all HEAD SELECT lines' are false,'he~d 0 will be selected. 
Table 1 shows the HEAD SELECT decode and model variations for the HEAD 
SELECT lines. (Refer to Figure 8 for the timing sequences). 

HEAD SELECT LINE H~AD SELECTED HEAD SELECTED 
. 2 

2 21 2° SA602 SA604 

1 1 1 0 0 
1 1 0 1 1 
1 0 1 --- 2 
1 0 0 --- 3 
0 1 1 --- ---
0 1 0 --- ---

Table 1. HEAD SELECT (I = False, 0 = True) 

Heads' S\Ati tched 

Read Data Valid 

+\~RITE GATE 

Write Data Valid 

--:4 ~ 35.t1s t·1AX 

400 nS~II~ 
t1AX 

·1 

Figure 8. HEAD SELECTION TIt1ING 

WRITE GATE 

HEAD SELECTED 

SA606 

0 
1 
2 
3 
4 
5 

The active state of this signal (logical zero level) enables HRITE DATA 
to be written onto the disk. The inactive state of the signal (lo
gical one level) enables data to be transferred from the drive and 
enables STEP pulses to reposition the head arm. (Refer to Figure 8 
for the timing sequences). 

A removable 220/330./\,res;stor pack, located near the Pl connector, al1m'/s 
for termi nat i on of these li nes. 
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REDUCED HRnE CURRENT 

~/hen this interface signal is low (true) the 10\'/er value of Hrit€: 
Current is selected (for ''iriting on cylinders 128 through 159). 
When this signal is high (false), the higher value of Hrite Current 
is· selected (for writing on cylinder 0 throu9h 127). A removable 
220/330..1\. res i stor pack, located near the P1 connector, all O\'1S for 
line termination. 

o •. CONTROL OUTPUT LINES (J1/P1) 

These are the lines on the J1 port which carry status information 
back to the host (see Figure 3). They have the same e1ectt~ica1 
parameters and driver/receiver configurations as those described 
for Control Input lines. 

TRKOOO . 

This signal, when true, indicates that .the read/\'/rite heads are 
positioned (but not necessary settled) at the outermost data track 
(track zero). SEEK Cm1PLETE line should be used in conjuction for 
read/write purposes. This signal is used primarily to facilitate a 
reca1ibration process. 

INDEX 

REV EC 

2337 

The drive provides this interface signal once each revolution (16.67 ms) 
to indicate the beginning of the track. Normally, this signal is a 
logical one (false) ~nd makes the transition to logical zero (true) 
for a period of approximately 10)Us once each revolution. Refer to 
Figure 10. 

1< 16.67 ms TYP, 17.00 InS MI\X )1 
. 16.66 ms 'UN 

U 
---?I ~ 10)Js TYP 

Figure 10. . INoEX tHUNG 

READY 

u 

This interface signal \'1hen true (logical zero), together \'lith SEEK 
COr1PLETE, -indicates that the drive is ready to read, write, or seek 
and that the signals are ~alid. ~hen this line is false (logical one), 
all writing to the disk and seeking is inhibited at the drive. 

Ready will be true after the drive is 95 ~ 2% u~ to speed (3348 -
3492 rpm's). The typical time for READY to become true after pO\,/er 
on, is 12 seconds. It is nO\,1 safe to seek the drive, but an . 



TITLE 

CODE PART NO. 

ES 030220-0 
ENGINEERING SPECIFICATION 

FUNCTION SPECIFICATION SHEET 15 

additional 2 minutes should be ~l1O\.,ed for thermal expansion to 
stabilize, before any ·wri·teoperations are' nerformed.· . 

FAULT 

This signal, \'/hen true, indicates' one or mor~ of the following 
conditions: 

{i} Unsa fe wri te current in the read/v!rite heads. 

(i i) r10re than one readl\'lri te head is selected. 

(iii) Microprocesspr sequence error. 

OF 

Under a fault condition, all ~.,riting is inhibited at the drive. If 
the fault is transient in nature, it can be reset by dropping the 
SELECT line to the drive. A FAULT caused by condition (iii) above 
cannot be reset by deselection. A DC power on is necessary to 
restart the micro~rocessor. 

SEEK COMPLETE 

This signal, when true, indicates that the read/write heads have 
settled on a track. Read/write operations ~ay be initiated if heads 
are over a valid data track. 

Caution: This line may not go false until after 500 ns after the 
first false to true transition on the STEP line. See Figures 6 and 7. 

The SEEK COMPLETE line will remain false at DC power on until an 
automatic recalibration sequence is com~lete at· the drive. 

DATA TRANSFER LINES (J2/P2) 

REV EC 

2337 

Data transfer is handled by blo pairs of differential signals connected 
radially from the host to the drive at the J2/P2 connector. Pin 
assignment is given in Figure 4. The driver/receiver combination is 
given in Figure 10. 

DRIVER 

. + DP,TA 

Figure 10. 

CABLE 
20 FT t1AX 

+~1H1 DATA 

-MH1 DATA 

RECEIVER 

DATA TRAN9HTIER/RECEIVER CO~mItIATION 

+DATA 
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~'FM "'RITE DATA 

This pair of signals defines the transitions (bits) to be written 
on the disk. +r1H1 l'IRITE DATA going more positive than -t1H1 ~IRITE 
DATA will cause a flux reversal on the track under the selected head 
providing HRITE GATE is active. This signal. must be driven to· an 
inactive state (+t1FH l4RITE DATA) by the host system \'1hen in the read 
mode. Fi gure 11 sho~/s the timing for ~1Ft·1 I~RITE DATA. 

MFM READ DATA 

The data recovered by reading a pre-recorded track is transmitted to 
the host system via the differential pair of MFM READ DATA lines. 
This transition of the +t-1ft.1 READ DATA line going more positive than 
-'~Ft' READ DATA 1 i ne represents a fl ux reversal on the track of the 
selected head \'Ihile HRITE GATE is inactive. Refer to Figure II. 
-HEAD SELECT __ 

35 JJS ----)j 
MAX ~ --7\ ~ 50+ 15 ns 

+r1FM READ 
DATA VALID 

I _-.In n ~1~~~""""'7""r"·rT' ~/ """'--',,-' ;-.Jn~_ 

-WRITE GATE 

+MFM ~IRITE 
DATA VALID 

Figure 11. 

~"E. SELECT STATUS (J2/P2) 

-71 ~ 35 ..us '·1AX 

I 

~1Fr1 READ/HRITE DATA THUNG 

Selection status of a drive is nrovided bv the radial connector J2. 
The DRIVE SELECTED line is driven by a 7438 type open collector 
driven as that sho\'1n in Figure 5. This ·line 'I/i11 qo true only when 
the DRIVE SELECT X line is activated by the host, and that the OS 
jumper on the drive is plugged into the X ~osition (X = 1,2,3 or 4). 

F. GENERAL THlING REQUIREt1ENTS 

The timing di agram in Figure 12 shows the ty,ical sequence of events 
of a selected dri ve at DC po~!er on • 
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DC POWER ON 

~ IE- 12" SEC" TYP; 15 SEC' MAX 

DISK @ 95% SPEED I 

~ ~ 12 SEC TYP 

-READY 

I ~I ------------------
I ~ ~ 5 SEC t1AX 

-TRKOOO 

~ ~ 18 ms r1AX 

-SEEK COt1PLETE 

"I~-----------------
I ~ 2 tUN~TES TYP* ~I 

-HRITE GATE 

*A warm up period of 2 minutes is recommended before any write operation is 
performed. 

Figure 12. GEflERAL TIMING 
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lV. PRINTED CIRCUIT BOARD 

A. FABRICATION 

• ,," Is/aal 

T\~o nrinted circuit boards (PCB) are used in an SA600. The Read / 
Hrite PCB contains the necessary user interface. This PCB 'is . 
mounted on the bottom side of the drive, \'lith the component side facing 
down, and the signal and pOI'/er interface connectors at the read end 
of the drive. The Control PCB contains the microprocessor· 
control circuitry and ~oes not have any user interface. Outline dra\':ings 
for the Read/Write and Control PCB's are given in Figures 13 and 14 
respectively. 

B. CONNECTOR INTERFACE 

To be specified . 
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V. SPECIFICATION SUMMARY 

A. READ CHANNEL 

Out~ut @ 1. O. Ship/Verify " Fiel d 
Linear (J50-3-J50-4) 

1F 290 ± 95 mV p-p 290 ± 105 mV p-p 
2F .190 ± 75. mV p-p 190 ± 85 mV p-p 

Total (JP3-TP4) 
1F 

3.8 + 2.0 Vp-p 3 8 +2.0 V p-p 
" .. 1.2 V !'l-P . -1. 2 V p-p 

2F 4 8 - 1.2 V p-p 4 9 ,"1.2 V P-P 
. + 3.2 V p-p .. +3.2 V p-p 

Resolution (min) 62% 60% . 
Max 1F Asymmetr~ (cyl ~ and 159) 20 ns 25 ns 

~1in Droop (IF) 1.5 V 1.5 V 

Read Recover~ 30 ~s max 35"us MAX 

Max 2F Modulation 15%"' 20% 
Min Window Margin 34% 32% 

B. WRITE CHANNEL 

Current {p-p) 

0.0. {~ Tk 127} 50 + 6 rnA 50 ± 8 rnA 
1. O. (> Tk 127} 45 +" 6 rnA 45 ± 8 rnA 

'·1FM ~lri te Precornpensati on 12 + 3 ns 12 ± 3 ns 

Hrite turn off 1.0"us ~1ax 1.0 ± .5jis 

C. ACCESS TIMES (SEEK & SETTLE) 
Track to 1'rack 16.2 ms r1AX 16.2 ms ~"1AX 

Average (53-tracks) 94 ms t·1AX 99 ms rtllx 
t,1axirnuM (159 tracks) 201 ms ~1AX 215 ms MAX 

O. r1E CHAN I CAL 
Particle Count Class 100 

I • 
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.Ship/Verify Field 

. E. t·1EDIA 

Hard Errors TBD 
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SA612 IlLUSTRATED PARTS BREAKDOWN (MLC·S) 



SA612 PARTS UST (MLC·S) 

~ -~ QTY _ .... 
llEFERENCE PART . 

PER . . 
NUMBER NUMBER DESCRIPTION ASM 

1 12087·0 SCREW, Phillips 6-32 x 1/4" 1 
2 26145-1 READ/WRITE PCB, Assembly 1 
3 60847·0 GROUND BlJITON, Assembly 1 
4 10261·0 SCREW, Phillips 4-40 x 1/4" 1 
5 17403-0 OPTICAL SWITCH 1 
6 12087·0 SCREW, Phillips 6-32 x 1/4" 2 
7 60278-1 PLATE OPTICAL SWITCH MOUNTING 1 
8 61514-0 BRACKET MOUNTING, Left 1 
9 60758-1 DC ORNE MOTOR 1 

10 61525-0 STANDOFF, PCB Nylon 3 
11 12237-0 SCREW, PhWips 6-32 x 5/8" 4 
12 11223-0 MOUNT SHOCK 4 
13 61515-0 BRACKET MOUNTING, Right 1 
14 12236-0 SCREW, PhWips 6-32 x 1 7/16" 2 
15 61113-1 STEPPER MOTOR 1 
16 61122-1 ACTUATOR ARM, Assembly 1 
17 12087-0 SCREW, PhWips 6-32 x 1/4" 4 
18 12105-0 SCREW, PhWips 4-40 x 3/16" 2 
19 60820-1 COVER, Front 1 
20 15926-0 GROMMET and RING 1 
21 ·26149-2 CONTROL PCB, Assembly 1 
22 60856-0 CRASH STOP, FuD Step 1 
23 10013-0 WASHER 1 
24 12101-0 SCREW, PhWips 6-32 x 7/16" 1 
25 61524-0 BRAKE, Double-acting 1 
26 12238-0 SCREW, Phillips 6-32 x 15/16" 1 
27 60773-0 STANDOFF, PCB 1 



SM12 CONTROL PCB, ASSEMBLY 



SA612 CONTROL PCB, PARTS UST 

................ QTY 
-JiEi::ERENCE PART PER 

DESIGNATOR NUMBER DESCRIPTION ASM 

C2,4 15080 CAP, 0.1 p.F, +80,20%,50 V 2 
C5 15122 CAP, 0.068 p.F, 10%,35 V 1 
C12,13 15070 CAP, 0.0015 p.F, 10%,50 V 2 
C8,9 15040 CAP, .22 p.F, 10%,50 V 2 
C1,3,6,7 15086 CAP, 4.7 p.F, 20%, 50 V 4 
WI 10432 CABLE, Ribbon (26 Conductor) 2.5 
P3 1n19 CONN,Socket 1 
J1 19178 CONN, 26 Pos. 1 
J1 61116 CONN, Cover 1 
Yl 15705 CRYSTAL, 4 MHz 1 
CRl-7,12,13 10062 DIODE, IN4148 9 
CR8-11 15900 DIODE, IN4003 4 
CR14 15908 DIODE, IN5221B, 5%, 2.4 V 1 
U5 10051 IC,7406 1 
Ul 12692 IC,74161 1 
U3,7,9 12682" IC, LM3S8A 3 
U2 12673 IC, LM393N 1 
U8 12665 IC, UDN2981 1 
UI0 12693 IC, CD4066B 1 
U6 16267 _ IC, ULN2074B 1 
U4 61119-1 IC, Custom IC ChIp 1 
XU4-1-40 1n61 PCB INSERTED IC SOCKET PINS 40 
R53 16738 RES., 47 K, 5%, 2/. W 1 
R45,46 16956 RES., 1.80, 1%,2/. W 2 
R1,2 16832 RES., 180 0,5%,2/. W 2 
R3-5,9,29-37 10108 RES., 1 K, 5%, 2/. W 13 
R11 16953 RES., 1.8 K, 5%, 2/. W 1 
RIO, 19-21,24 10109 RES., 2 K, 5%, 2/. W 5 
R12,13,28 16859 RES., 2.7 K, 5%, 2/. W 3 
R14 16n9 RES., 3.3 K, 5%, 2/. W 1 
R40,41 10111 RES., 4.7 K, 5%, 2/. W 2 
R38,39 10113 RES., 10 K, 5%, 2/. W 2 
Rl5-18 16931 RES., 270 K, 5%, 2/. W 4 
R22,23,26,26, 16722 RES., 100 K, 5%, 2/. W 6 

48,49 
R27 16856 RES., 1.1 K, 5%, 2/. W • 1 
R8 16822 RES., 1 M 0, 5%, 2/. W 1 
R6 16829 RES., 10 K, 1%, 1/8 W 1 
R7 16921 RES., 13.3 K, 1 %, 1/8 W 1 
R42,44 16954 RES., 23.7 K, 1%, 1/8 W 2 
R47,43 16955 RES., 681 K, 1 %, 1/8 W 2 
R52 17003 RES., 100 K, 1%, 1/8 W 1 
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SA612 READ !WRITE PCB, PARTS UST 

~ -~-
Q1Y 

REFERENCE PART PER 
DESIGNATOR NUMBER DESCRIPTION ASM 

C10-13.19.22. 15080 CAP. 0.1 UF. +80-20%.50 V 20 
25.27.28.29. 
32-38.40. 
43-45 

C2-4.20,21,31. 15073 CAP. Ce .• 0.1 UF, 10%,50 V 8 
50,53 

C30,42 15074 CAP. Ce., .015 UF, 10%,50 V 2 
CS1 15053 CAP, Ce., 62 PF, 5%, 50 V 1 
C26 15101 CAP. Cer., 10 PF, 5%, 50 V 1 
C52 15059 CAP, Ce .• 270 PF. 5%.50 V 1 
C18 15061 CAP. Cer .• 330 PF. 5%,50 V 1 
C48 15145 CAP. Cer .• 75 PF, 5%. 50 V 1 
C1.39.46 15067 CAP. Ce .• 1000 PF. 5%. 50 V 3 
C49 15105 CAP. Cer., 390 PF. 5%. 50 V 1 
Cll 10088 CAP, Tent,l.O UF, 10%, 35 V 1 
C6,7,9 15125 CAP, Aluminum Electrolytic. 4.7 UF, 20%, 50 V 3 
CS,8,41 15092 CAP, filter. 200 UF, 20%, 16 V 3 
XU27 15672 CONN. IC (Dip) 14 Pin 1 
J7 17758 CONN, Header 20 Pos., Right Angle Double 1 
J3 17757 CONN. Header 26 Pos., Right Angle Double 1 
J4 17759 CONN. 8 Pas. Angle Double Row 1 
J6 17752 CONN. Header (Right Angle Mount) 1 
J5 17778 CONN, Header (Right Angle 7 Pos.) 1 
CR4.6-24.29-31 10062 DIODE. 1N4148 23 
CR25 15902 .' DIODE. 1N5231. Zener. 5.1 V 1 
CR26.27 15928 DIODE, IN5232. Zener. 5.6 V 2 
CR28 • 15929 DIODE, 1N5234. Zener. 6.2 V 1 
CR5 15927 DIODE. IN5239, Zener, 9.1 V 1 
L7 16323 INDUCTOR, Molded, 1 ,di, 10%, Shielded 1 
Lll 16322 INDUCTOR, Molded, 18,di. 10%. Shielded 1 
L8 16307 INDUCTOR. Molded. 4.7 ,di. 10%, Shielded 1 
L2.9 10082 INDUCTOR. Molded. 22,di, 10% 2 
LI0 16306 INDUCTOR, Molded, 3.3,di. Shielded 1 
U18 16273 IC,74LSOO 1 
U12.22 16274 IC.74LS02 2 
U9 10051 IC.7406 1 
U14 12681 IC.74LS08 1 
U21 12603 IC.74LSI0 1 
U15.20,28 16258 IC,7414 3 
U23,29 16207 IC.7438 '2 
Ull 16280 IC.7445 1 
U17 16281 IC.74574 1 
U19.24 16203 IC,7474 2 
U16 16213 IC.74123 1 
U10 10055 IC.8T20 1 
U1,6 12723 IC. NE592 Bum-In 2 
U4 12678 IC, CA3046 Transistor Array 1 
U13 12648 . IC. 75454 (Dual Peripheral DriVer) 1 
U25 12679 IC.26LS31 1 
U26 12680 IC.26LS32 1 
R74.75 17092 RES., 255 0, 1%. 1/8 W 2 
R20 16700 RES., rJXed. 825 0. 1 %. 1/8 W 1 
R85.87 17023 RES., Fixed 332 O. 1%. 1/8 W 2 
R22,33,34.54 16708 RES .• Fixed. 1.50 K, 1 %. 1/8 W 4 
R27,28 17091 RES., 1740, 1%, 1/8W 2 



SA612 READ/WRITE PCB, PARTS UST (CONT.) 

-.:...-..............--
QTY -:~'."-"~ ... 

REFERENCE PART PER 
DESIGNATOR NUMBER DESCRIPTION ASM 

-
R38 16774 RES., FIXed, 24 0, 5%, 1f4 W 1 
R78 16732 RES., Fixed, 100,5%,1/4 W 1 
RSO 16791 RES., Fixed, 180,5%,1/4 W 1 
RSO,77 16826 RES., Fixed, 680,5%,1/4 W 2 \ 

RS,9 10102 RES., FIXed, 100 0, 5%, 1f4 W 2 
\ 

R58,12 16777 RES., FIXed, ISO 0,5%, 1/4 W 2 
R1 10103 RES., FIXed, 2200,5%, 1/4 W 1 
R14,43,44 16741 RES., FIXed, 2700,5%,1/4 W 3 
R2,30,31 16838 RES., FIXed, 3300,5%, 1/4 W 3 
R13 16749 RES., FIXed, 390 0,5%, 1/4 W 1 
R17 10105 RES., Fixed, 430 0,5%,1/4 W 1 
R64,65 16824 RES., Fixed, 4700,5%, 1/4 W 2 
R3S 10106 RES., Fixed, 5100, 5%, 1/4 W 1 
R55,59,ll 16750 RES., Fixed 620 0, 5%, 1/4 W 3 
R21 10107 RES., Fixed, 560 0, 5%, 1/4 I 1 
R6,16,41,42,45, 10108 RES., Fixed, 1 K 0,5%,1/4 W 15 

46,48,52,62, 
66,68,81,83, 
19,7 

R15,23,24 16773 RES., Fixed 1.5 K 0,5%.1/4 W 3 
R84 10131 RES., Fixed, 22 K 0,5%,1/4 W 1 
R91.92 16772 RES., FIXed, 39 K 0, 5%, 1/4 W 2 
R3,56,57,6O 10109 RES., Axed, 2 K 0,5%,1/4 W 4 
R53 16859 RES., Axed, 2.7 K 0, 5~, 1/4 W 1 
R18,69,76,86.88 10117 RES., Axed, 3 K 0, 5%, 1/4 W 5 
R4 16779 RES., Axed, 3.3 K 0,5%,1/4 W 1 
R4O,47,49 16768 RES., Axed, 5.1 K 0.5%,1/4 W 3 
R10,89,90 16760 RES .• Axed, 6.2 K 0,5%,1/4 W 3 
R8 16836 RES., Axed, 51 K 0,5%,1/4 W 1 
US 16936 RES .• Network 1.0 K (Dip) 1 
U7 16937 RES., Network 4.7 K (Dip) 1 
U277 16837 RES., Pack 220 0/330 0 1 . RP2 16962 RES., Network 2 K (Sip), 8 Pin 1 
RP1 16963 RES., Network 10 K (Sip), 8 Pin 1 
R70 16959 RES., Axed, 0.75 0, 5%, 3 W 1 
R71 16961 RES., Axed, 35 0, 5%, 3 W 1 
U2,3 16240 QUAD TRANS., PNP Q2T2905 2 
U8 16241 QUAD TRANS., NPN Q2T2222 1 
Q1,2 17628 TRANS., Power, Tip 120 2 
TPl-8,J5O(1-4) , 17756 TERM, Post (.025 Sq.) 0.235 Long 27 

RDYI-2, 
FLTI-2, 
051-4, 
X,IDXI-2 

11337 RIVET 2 
OSl 15648 PLUG, Shorting 1 

60847 GROUND BUlTON, Assembly 1 



• READ OATA ~-------------------------------

'SEL WR GATE [I>----------------------T-
U23 

.......;-----------------------~) J2-17 ·wr.~ READ O>.TA 

-------------------------~) J2-19 -wr ... READ DATA 

' .. 39 -=-
~---------4t::~;[:P3----------------~~--------------------------------------------------~)J2-I -CRIVE SHEelED .~ SEL 

·wrw wqlTE OATA J2-ll : f60 --------------------------------------------~ ·WR ITE CHI. 

.wr .. WR ITE DATA J2-1" 4--------------~---------' 

+ 
1'180 
J8 

-5V 

1 
c:::~:. 

JZ-:; 

j"~ r-------~-------------------------_t-----~.,2yA 
.

20X + 19 
20 

_l-______ ~1:6V~.:20:Y.-·------------~--------r_-----_r--~------~----.. GNO F J3-, GND 

GHO OND ;6-.Z ~--,-

-TRIC 0 F"~ ... a ;"-3 : ~! ·Tl LEO J-4-1 .. ". 
100 

S" LEO 'SV .14-' ~ 

·5V J5--4 ~ 

'BRAKE "ZV J4-5 : .IZV WOTOR JS-5 

GilD .11-1 GND J2-2 

GND JI-3 GND J2-" 

GilD JI.-5 GND .12-6 

GND .11-' GNO JZ-8 

GND .11-9 GND J2-JI 

GND .II-II OND J2-12 

GilD JI-13 GNO J2-15 

GND JI-IS GilD J2-16 

GNO .11-17 GND J2-19 

GNO .11-19 GilD .IZ-ZO 

GND JI-ZI 

GNO .11-23 GND .14-2 

GNO .11-25 GND .14-.. 

GND .11-27 GND .14-. 

GND .11-29 

GND .11-31 ONO .15-3 

ONO JI-ll 

-=-

fro 
"'5V 

.. -SV 

.. ·sv 

J 
.. '12\1 

R70 

Es 
~. 
.7.5 
3W 

J20 16Y 
ZOX 

-

J3-~ 

p " 

.----------------------~) J3-26 -TRIC 0 FLAG 

-5V 

t 

RP2 
OS4 

, 

-'-

.. 

... 

, 

, 

J3-9 GND 

J3-JI GND 

n-J] GNO 

J3-15 GND 

J3-17 GND 

J3.-)3 GND 

J3-~1 GND 

.13-23 GND 

RZS.26,Z9,3Z.36.37,3 
R9Z 51.61.63.67.72.73 

79.82 

LI L3 
J8 -J49 

LAST USED NOT USED :~v;: .... !"/ 
REVERENCE DESIGNATION ""..ot ......... ' 

: '.-... .(" .1, 
: .. :".1.' 
r--! l'I'",.J( 
~,.,,~ 

it: E:3-
' .. ,m ...... 
.. ,,~J((T 10lIl 

N' "_.-
"I (WI_Ct.', 

'"" 'III"'" 

.... 

a'''''lo-I 
•• It 

A ~ PRJDUCTION RELEASE 

NOTES 
UNLESS OTHERWISE SPECIFIED: 

I. ALL CAPAC ITOR VALUES ARE IN 
MICROFARADS. 50Y. :10% 
2. ALL DIODES ARE IN4148. 
3. ALL INDUCTOR VALUES ARE IN 
MICROHENRIES, :10%. 
4. ALL RES ISTOR VALUES ARE IN 
OHMS, 1/4W. :5%. 
5. ALL TRANSISTORS ARE 
6. 1CK)2 INDICATES CUT TRACE OPTION. 
7. 1002 INDICATES JUMPER OPTION. 
8. D DENOTES OFF-SHEET CONNECTION, 

CA3046 U4 -j.-
7474 U19.24 U19- ! 14 I ! 

02T2222 US 
26LS32 U26 16 § 
26L.53i U25 16 S 

220/330 U27 14 7 
74LSOO UI8 14 7 
74LSIQ U2i 14 7 

7414 U15202? U15-612 14 7 
7438 U23 Z9 14 I Z 
74574 UI7 14 7 
74123 UIS 16 S 

74LS08 U!4 14 7 

75454 UI3 8 '" 74LS02 UIZ 22 un -13 14 "7 
7445 UII 16 S 
8T20 UIO -- 4 
7406 U9 14 7 

R DIP(iKI U5 14 -
R DIPI4.7I<l U7 - -
OZTZ905 U23 - -

NES92 UI 6 - ~ 
TYPE POSITION SPARE GATE VCCiGNC (OUTPUT PINI 

Ie TABLE ........ @ SHUGART ASSOCIATES 
OA 0<",45 

CIt::O r.~.1! READ/WR ITE. 
t .. .." ... .., .•• :.t. ,r·,,~: PCB,SCH 
.... ~.F.....-.J..- i;/;.. ... 

'0'1 J~"H94,) •••• :::-.1. tI. "&1. :" SC 026145-1 
... • .. 0 ~ SCA .. C ,/, I SA';';> , ... " , 01 • 



·DR lYE SEL oj J 1-26 E 

·DRlvE SEL 2 J 1-28 ( 

-DRIVE SEL 3 J 1-30 ( 

-DRivE SEL 4 J 1-32 ( 

I 

.AI 
2Z0 UI5 

'414 

5(( 5~[[T I ro~ RfvISI~~ LEwtL 

-HO 2-0 

-HO Z'I 
IrrnZ-

OSl 
1002-

~_---II cir>10--"t 

~~~------------------------------~--

r-----------------------------------------------------------------------------------------G> 
r----------------------------------------------------------------------------------G> 

--------------------------~ -HD I-I 

OS) 
100Z-

OS. 
1002-

R2 
330 

R84 
"'38 

------------------------------------------~[----~----------~r--~U~2~3~------~) J3-14 -SELECT 

~:~D',-----4) JI-20 • INtEl( 

U2e 
UZ8 uze '41. 1 -OR SEL 

± ....-..,,22""K-~ -5v 

'STEP JI-Z4 ~-......,~----~ U20 TP6 Y~i 
_ ...-+---II'~JO- 137;;;4 __ r _____________ ':~Z----t-t---------l4 ·OR SEL 

·WRITE GATE JI-' ~-__l------_-.. 7.,. ~ 2D wT 1 lQ) i-- I 3 ---~) JI- 8 -SEEr COMP 

~ICHJ2~ ~ 19t>2-- r---~~~---------------------t------------~--------~----------~T----------~~,~ r U21 I' t ule U2e I Y4~~ 
1 ... ....--13"1V"12--r--"-- U 18 --I~ ~ I L....-----H-.+-- Lr 7 JI-22 ·READY 

-!5V CRZ9 ..n...... ,-+++"""",,---... losp74LS8'0l 741.500 7.'4 -IOsrr--..... -----~,. 

I U 20 - II r----------i,i--1.L 500 I' o:L.-../"' ----<~-- 5\V"" - U 29 
-HEAD SEL 2-0 JI-14 ~--';H>--___ ------" 7414 U 14 U 12 I r--:ZDlI ---------. U 12 7438 

-HEAO SEL 2-1 JI-18 ~-iH-------+--~-+-- 9,.l't-.,.8 U20 7S40LS08 7.LS02 1L.... ___ ,-__ 7~~~ _ ~12DI'----4" I "IV" 7 Ii --i'"-l----+-- G d..-.)' ..-13 1 J I -10 -TR! 000 
-HEAD SEL 2-2 JI- ~ ~-i_----++ __ +.;----- 3~4 --10 I A4 r-- so.l U29 

-I!III SE NSE f4"::f'4i>-+-----+-+--I-+-+---, '~31i ;::;:: I 1 3.31( r-----+-____________ I-l--.+t-_IOsrr--..... ----_4 
_ "UL TI HO I.,!.; I 1 '---------------. C I I ll..J"'" ) J 1-12 -r AI,II. T 

: '~--y.?-!---:.A8 ~ ~t::- U 14 '---U-I-Z---" U28 
• ~~ R3 _=_ og~PI> I...-I14LS08 ! HLSOZ 741.. -SEL WR GATE 

: .e:-:K>l Id 5v '-t--........ ~---,zD" I ~O- J lfi>oZ --.--+--l4 'SEL WR GATE 
: r:::-:~3 I I U29 2K U 1·5 l[ '-+------+---1', -SEL WA GATE 

: r.:-:-~,6----" 7.38 70'14 I U22 U21 UI5 UIS 
: .r:::-::oO,2 _____ ..j AT r ~ Sll>o8 U22 ~ - 3~IO n. T 74,. 7414 

: r.::-: ~9 ,.... I CHJ2l 46 - io2 ---1""lT' 5L,...I"'" --+-+r--;~ ~ 10 021 ..- 'lJ>oz ~.~4_-,-+ __ -.. 
; ~5 -=- roooPI> I L -=- I 
:-Z20/3l0j : ~l,~' _ L 2~IIO 1 U2S4 .. 

I ---J r sc(t>e .--______ I~J.-.-./j2v-----1 .1.---- Z 0 So 5 

.DmECTI~ JI-~ ~ _________ ~~~ U20 'I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~------=--~- 17:4~ 1414 . _ 3 CRO 6 

RESERVED J!-2 ~----------I ~5c(t>6 --Ir------------------····-+-t'-----------------. I I 

UZ2 
74LS02 

'-I- :[:)0- .. 

·I>AUl' J3- 7 <------------------4------4--------------------------------- I 
-CLA rLT J3-24 (-----------------------~------1-------------------------------~ ------r--------~--------~--_4 r~=========~==t::tt=tt:====-:==~=====------J ~ J3-16 -6 STEP 

-SEEK COMP J3-22 ~---------------------1!----------11::::=::::::::::::::::::::::::::::::=::::=~L-J1 " 
oTRI( 000 J3-20 ~,--------------------------r_------------------------~------------------~ U9 ~'5V 

~ '406 La 4" 
-READY J3-18 (-------------------------~--------------------------------.-----------------lIfi>oIO---1----------~~ ~~~ 

V REI> 

,---sv 

fOU2 (D. 

~ .. ---...J 
rr--t-+-1f--++--~ 

U2.o4 10 --.-1'------------------4) J3 -12 ·OIRECTION 

UI3 
75454 

~~-

UI3 
'5454 

=zi:)a-

.~ '!V 
'--Izlo S Q 9 J 
~ II~; e r- 'EEJ4 

~ R~ 
I ·!5V ~ 10 OZ---,_ 

L~~ .L 
IIC L Ut8 I 

~4LSOO _ UI94 rl3r----..~--..., ( I .-_.--.... 4[)& ~ Z D SQ 5 Yi,'i . .01 I TP7 
I us I '474 S~ RS. (> "0'. I ~4 RE'D'JCED IW 
"~,14_-SV I 3CAC6--L::4Lr- ~-------+--.,.,..-......... -B °T'IPI20 'l::!I '---1------------------------l--~ : 470 4 -REClICED !W 

HAlL 2 JS-J 

MALL I JS-Z 

I--.-------_-~:~ 3: __ ~_j AI ~--~~:~::~:~~~:~:~~~~~~~~~t~~~~~~~:~~~~~~~~~~~~~~:~~~~~::::~:~~~::~::::::~:~~:~)~~5 M~~A 
U 14 (> -, J5-. 7 MOTOR 8 

.r·~d ~~ i U~ f2f~I.- ~'C41 1--. __ ~ _____ 4-~---------~~::::::::::::::::::::::::-~~~~~4):=::~D~ 

-< _______ -=============±='4LSoe 9 ~fp'zo 2ID3-----~---------~~~6.~~--J. 1 • "TR INH J3 _I . 0 

470 '--_--... 
-BRAKE J4-5«-~ _____ ~ __ ~~ ________________________________________________________ ~-------------__ -J~!R~7~1~ 

ii ~v rh "0"" SC 026145 -I 



I 
I 

• SEL WR GATE 

• HrA!) 0 J7 ~ 5 f-- CRI7 

.. :: ~ ~:~,~ :~ I. 
• HEAO i 

J7-i3 ( CRI6 I - '-f*-1 

• HEAD 2 J7-17 I 

• HEI.O .. J7-10 

• HEAD .. J7-12 

• ktAD 5 J7-" 
~_....:..r:;w' I 

• HEAD 5 J7 -·6 J'1.- I +.~. __ =~..:.o;:"J-_ . .L_~C:R~l~"~ __ L____ i 

J1-a---i 
V 

SEl.EC T WIO£ <4 

SELECT trlAIlAOW B>~"~:======-----------

e---, 
13 I 

~s 
I' .. 'Sv 

Tp: 
@ 

.1 _ fiBS ......,.. 
332 
!X 

U9 
7<406 

9 cit> B ---~ IJ ---

-----r 
~ 
I 

49 
J3!1OPf 

~L 
.01 

R8S 
3K 

_-+_ R2B 

"" 17~ 
1/8.., 

IX . 

I RZ7 

.,zv.~ 174 
I/SW 

IX 

TP5 

r 
~--

I 

SEE SHU r ~ __ I . rOF! 

[!> . DATA 

[!> . OATA 

£I>'R~'O t,,, OATA 

!1>pu 2 

).;SO-3 

).;50-2 

).150-.1 

).;50-4 

- L IIiE AI'! 

• L IHEAR 

GHO 
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