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1.1 GENERAL DESCRIPTION 

SECTION I 
INTRODUCTION 

The Shugart SA600 series disk drives are random access storage devices with one, two, or three non-removable 
130 mm disks as storage media. Each disk surface employs one moveable head to service 160/311 data tracks. 
The four models of the SA600 series are the SA604/606 and the SA607/612. The SA604/606 provides 
6.66/10.00 megabytes accessed by 4/6 moveable heads over 160 data cylinders. The SA607/612 provides 
6.47/12.95 megabytes accessed by 2/4 moveable heads over 311 data cylinders. 

Low cost and unit reliability are achieved through the use of a unique rotary band actuator design. The inherent 
simplicity of mechanical construction and electronic controls allows maintenance-free operation throughout the life 
of the drive. 

Mechanical and contamination protection for the heads, actuator, and disks are proVided by an aluminum 
enclosure. A self contained recirculating system supplies clean air through a 0.3 micron filter. Another absolute 
filter allows pressure equalization with ambient air while maintaining contamination free environment. 

The interface of an SA600 fixed disk drive is ST506 compatible and is designed to fit into the same physical space 
as the Shugart SA400 series 5.25 inch MinifloppyTM. 

Key Features: 

a. 
b. 

Storage Capacity of 6.66/10.0 or 6.47/12.95 megabytes 
Winchester design reliability 

c. 
d 

Same physical size and identical mounting configuration as the SA4XX minifloppies 
Uses the same dc voltages as the SA4XX minifloppies 

e. Proprietary F asflex IV™ rotary band actuator 
f. Normal and buffered seek 

5 Mbits/ second transfer rate 9 
h 
I. 

Landing and shipping zone at track 1H2/340 
Brushless dc spindle motor 

j. 
k 
I. 

Automatic spindle and actuator lock 
Electronic damping 
Microprocessor-based electronics 

1.2 SPECIFICATION SUMMARY 

1.2.1 Physical Specifications 

Environmental Limits: 

Ambient T ~mperature: 
Operating - 40° to 122°F (4° to 50°C)· 
Non-operating - 40u to + 140°F (-400 to + 60nC) 

Temperature Gradient: 
Operating - 10°F per 1/2 hr (5.5°C per 1/2 hr) non-condensing 
Non-operating - non-condensing 

• Mdximum temperature change between write updates and subsequent read operations is limited to 65°F. 
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Relative Humidity: 
Operating - 8% to 80% 
Non -operating - 1 % to Y5 % 

Relative Humidity Variance: 
Operating - 20% per hr 
Non-operating - Below that can cause condensation 

Maximum Wet Bulb - 78°F (25.6°C) 

Elevation: 
Operating -- 0 to 10.000 ft. (0 to 3048 meters) 
Non-operating - -1.000 to 30.000 ft. (-305 to 9144 meters) 

Acoustical: 55 dBA at 1m 

Vibration 
Operating 

Non -operating 

Shock 
Operating - 1 g maximum - no soft errors 

hl!qul!llCV 

HI 
2 - 10 

l() SOO 
2 - 10 

1 () - 50() 

10 g maximum - no physical damage 
Non-operating - 30 g maximum - heads over landing zone 

The following specifications will be furnished at a later date: 

Ambient Magnetic Field 
Electro-magnetic I nterference Susceptibility 

DC Voltage Requirements: 
+ 12 Vdc ± 5% 1.8 A typical (12 V ± 10%. 4.0 A max starting for 6 sec) 
+ 5 Vdc ::t 5% 1.2 A typical (2.0 A max) 

Heat Dissipation = 86 BTU/hr typical (25 watts) 

Mechanical Dimensions without Faceplate (Nominal): 
Height = 3.28 in. (83.3 mm) 
Width = 5.75 in. (146.1 mm) 
Depth = 8.00 in. (203.2 mm) 

I Weight (incl. faceplate) = 5.2 Ibs (2.4 kg) 

1.2.2 Reliability Specifications 

MI!c1n Time Between Failure: 11.500 power on hours typical usage 
None required Preventive Maintenance. 

Mean Time to Repair: 
Component Life: 

Error Rates: 
Soft Read Errors: 
t idrd Read Errors: 

I Seek Errors: 

30 minutes 
5 years 

I per lOll) bits read 
I per lOll bits read 
1 per lOb seeks 

1-2 
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1.2.3 Performance Specifications 

Capacity 
Unformatted 

Per Drive 
Per Surface 
Per Track 

Formatted (33 sectors/track) 
Per Drive 
Per Surface 
Per Track 
Per Sector 

Transfer Rate 

Access Time (includes settling time) 
T rack to Track 
Average 
Maximum 

Average Latency 
Start Up Time (Typical) 

1.2.4 Functional Specifications 

Rotational Speed 
Recording Density 
Flux Density 
Track Density 
Cylinders 
Data Tracks 
Read/Write Heads 
Disks 
Index 

• Shipping zone at cylinder 182 
• • Shipping zone at cylinder 340 

SA604/SA606 

6.66/10.0 Mbytes 
1.66 Mbytes 
10,416 bytes 

5.40/8.11 Mbytes 
1.35 Mbytes 
8.45 kbytes 
256 bytes 

5.0 Mbits/sec 

SA604/606 

16.2 msec 
99 msec 

215 msec 
8.33 msec 

12 sec 

3.600 (+ 0.-72) rpm 
7.900 bpi 
7.900 fci 

256 tpi 
·160 

640/960 
4/6 
2/:3 

1 

1.3 FUNCTIONAL CHARACTERISTICS 

1.3.1 General Operation 

SA607/SA612 

6.47/12.95 Mbytes 
3.24 Mbytes 
10,416 bytes 

5.25/10.50 Mbytes 
2.62 Mbytes 
8.45 kbytes 
256 bytes 

5.0 Mbits/ sec 

SA607/612 

16.2 msec 
92 msec 

216 msec 
8.33 msec 

12 sec 

3.600 (+ 0.-72) rpm 
9.300 bpi 
9.300 fci 

345 tpi 
··:31 1 

622/1244 
2/4 
112 
1 

The SA600 fixed disk drives consist of read/write and control electronics. read/write heads. track positioning 
mechanism, media, and air filtration system. These components perform the following functions: 

a. Interpret and generate control signals. c. Read and write data. 
b. Position the heads over the selected track. d. Provide a contamination free environment 

1.3.2 Read/Write and Control Electronics 

The standard microprocessor and electronics are packaged on two printed circuit boards containing the following 
circuits: 

a. Index Generator Circuit g. Read/Write Head Select Circuit 
b. Head Position Actuator Drivers h. Ramped (Buffered) Stepper Circuit 
c. Read/Write Amplifiers i. Track 00 Indicator 
d. Drive (READY) up to Speed Circuit j. Brushless Spindle Motor Control Circuits 
e. Drive Select Circuit k. Electronic Damping Circuit 
f. Write Fault Detection Circuit 

1.3.3 Drive Mechanism 

The brushless dc drive motor rotates the spindle at 3,600 (+ 0, -72) rpm. 
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1.3.4 Air Filtration System 

Th~ disk(s) and read/write heads dre fully enclosed in a module using an integral recirculating air system with an 
absolute filter which maintains a clean environment. A separate absolute breather filter permits pressure equaliza
tion with the ambient air without contamination See figure 12. 

0.3 MICRON 
ABSOLUTE FILTER 

0.3 MICRON 
- BAROMETRIC 

ABSOLUTE FILTER 

]902601 A 

FIGURE 1·2. AIR FILTRATION SYSTEM 

1.3.5 Positioning Mechansim 

The read.l write heads are mounted on an drm which is posltionl'd hy th", Fasfll'x IV I M rotary actuator. A stepper 
motor IS used to position the rotary actuator preCisely. utilizing d ulllque IlH!tal bdnd/capstan concept. Figure 1-3 il
lustrates the read/write head pOSitioning mechanism. 

R/W HEAD 
ARM ASSEMBLY 

FIGURE 1·3. READ/WRITE HEAD POSITIONING MECHANISM 
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1.3.6 Read/Write Heads and Dlsk(s) 

The recording media consists of a thin, lubricated, magnetic oxide coating on a 130 mm diameter aluminum 
substrate. This coating formulation, together with the low load force/low mass Winchester-type flying heads, per
mits reliable contact start/stop operation. 

Data on each disk surface is read by one read/write head, each of which accesses 160/311 tracks. The drive is • 
available in three basic configurations: one disk with two read/write heads, two disks with four read/write heads, 
or three disks with six read/write heads. The heads may be positioned to track 182/340 prior to shutdown in order • 
to minimize the potential for damage to the recorded data on portable systems. Refer to paragraph 1.3.8. 

1.3.7 Actuator/Spindle Lock 

The SA600's are provided with an integral fail-safe actuator and spindle lock. This solenoid operated, dual 
mechanical brake is actuated when de power is applied to the drive allowing the spindle to rotate and the heads to 
be accessed. When the drive is powered off, the solenoid is de-activated allowing the brake to decelerate the spin
dle and lock the actuator. This prevents possibility of head or disk movement during shipping or movement of the 
drive. See figure 1-4. 

HEAVY DUTY FRAME 

FIGURE 1·4. SA600 ACTUATOR LOCK 
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1.3.8 Read/Write Head Shipping Zone 

The unused area of the disk surface, inside the data bands. is designated as a "shipping zone." The heads can be 
accessed to this area before the drive is powered off. prior to moving or shipping the drive. This ensures that if the 
drive is exposed to severe handling (shock). the data storage area of the disk surface will not be damaged by the 
heads bouncing on the disks. See figure 1-5. 

40 mm 
DISK 10 

130 mm 
DISK 00 

0.180 IN. WIDE 

+ 
STEPPER 

3902604 A 

FIGURE 1·5. SA600 SHIPPING ZONE 

1.4 FUNCTIONAL OPERATIONS 

1.4.1 Power Sequencing 

TRK 00 

TRK 159/310 -wJ 

HEAD 
SHIPPING 
ZONE 
TRK 182/340 

Since the SA600's have a speed sense circuit to prevent stepping until the disk is rotating at the proper speed 
(3,600 rpm), no power-on sequence is required. A READY signal will be presented to the controller interface once 
the disk is up to 95% of its normal rotational speed (3420 rpm). At READY time. after an initial power up. the 
drive will recalibrate itself to track 00. After an 18 msec head settle time. SEEK COMPLETE will go true. Normal 
seek and read functions can now begin. An additional 2 minute warm-up should be allowed prior to performing a 
write operation. Refer to paragraph 2.7. 

1.4.2 Drive Selection 

Drive selection occurs when one of the DRIVE SELECT lines IS activated. Oilly the drive appropriately jumpered 
will respond to the input signals, and the output signdls of that drivf' are then gdted to the controller. 

1h 



1.4.3 Track Accessing 

Read/write head positioning is accomplished by: 

a. Deactivating WRITE GATE. 

b. Activating appropriate DRIVE SELECT line. 

c. Being in READY condition with SEEK COMPLETE true. 

d. Selecting appropriate direction. 

e. Pulsing STEP line. 

Stepping can occur either at the normal or the buffered rate. During normal stepping, the heads are repositioned at 
the rate of incoming step pulses. In the case of buffered stepping, incoming step pulses are received at a high rate 
and are buffered into counters. When all of the steps have been received, they are issued to the stepper drivers at a 
ramped stepping rate. 

Each pulse will cause the heads to move either one track in or one track out, depending on the level of the DIREC
TION IN line. A true on the DIRECTION IN line will cause an inward seek; a false on the DIRECTION IN line will 
result in an outward seek toward track 00. 

1.4.4 Head Selection 

Any of the two to six possible heads can be selected by placing the binary address of that head on the three HEAD 
SELECT lines. 

1.4.5 Read Operation 

Reading data from the disk is accomplished by: 

a. Deactivating the WRITE GATE line. 

b. Activating the appropriate; DRIVE SELECT line. 

c. Assuring that the drive is READY. 

d. Selecting the appropriate head. 

1.4.6 Write Operation 

Writing data onto the disk is accomplished by: 

a. Activating the appropriate DRIVE SELECT line. 

b. Assuring that the drive is READY. 

c. Clearing any write fault conditions (if they exist), by reselecting the drive. 

d. Selecting the proper head. 

e. Activating WRITE GATE and placing data on the WRITE DATA line. 

1-7/1-8 (blf"mk) 



SECTION II 
ELECTRICAL INTERFACE 

2.1 ELECTRICAL INTERFACE 

The interface of an SA600 drive can be divided into two categories: 

a. Signal Interface 
b. DC Power Interface 

The following paragraphs provide the electrical definition for each line. 

2.2 SIGNAL INTERFACE 

The interface for an SA600 has drive control signal pin assiynments per industry standards. See figure 2-1 for the 
pin assignments 

HOST SA600 

--REDUCED WRIIE CUf~~ 
1 J1/P1 --- 2 
:3 

--- HEAO SfU:-CT 2" 4 .. 
5 

~.:::WRIT[ GAT.L __ -.. ti 
1 

oil 
-SEEK COMPLETE 

8 
'I 

~-
-- TRACK 00 

10 
11 

--WRITE FAULT 
12 

13 
-----1 

-HEAD SELECT 2" .. 14 
15 

FLAT -RESERVED" 
111 ~---------------

RIBBON .--- f--. -~ 
20 FT MAX --HEAD SELECT 2' 

HJ 
19 

..-- -- iNDEX 
20 

21 

... -READY 
22 

23 

-STEP .. 24 
25 

-- DRIVE SELECT 1 ..... 26 
21 

-DRIVE SELECT 2 
2ti 

2~j 

--- DRIVE SELECT 3 ... ~j() 
:II 

- ---- --.----. 
- DRIVE. :o[LEC r 4 3') .. .. 33 

~ ___ =_Q.l..~~J.QJi..'!i.. ___ 
:14 

t <) V DC J6/P6 
X t 5 RETURN 

.. 4 
:3 

~ ~ t 12 V DC 
1 

DC GND 
X f 12 RETURN 2 

"" -:=:::-

GN7! 
TWISTED PAIR 

~CND 
'RESERVED ON SA60l/612 
•• RESERVED TO J2 PIN 7 ON SA6071612 39026-05 A 

FIGURE 2·1. J1 INTERFACE AND J6 POWER CONNECTIONS 



The signal interface consists of three categorle!:>. 

a. Control Input Lines 
b. Control Output Lines 
c. Data Transfer Lines 

All control lines are digital in nature and either provide signals to the drive (input) or provide signals to the host (out
put) via the interface connector J 1 /P 1. The data transfer signals are differential in nature. They proVide data 
either to or from the drive. via J2/P2. See figure 2-10 for the J2/P2 pin assignments. 

2.3 CONTROL INPUT LINES 

The control input signals are of two types: those intended to be multiplexed in a multiple drive system and those 
intended to control the multiplexing. The control input signals to be mutliplexed are STEP: DIRECTION SELECT: 
HEAD SELECT 2°,2 1, and 22; WRITE GATE, and REDUCED WRITE CURRENT. The signals which are intend
ed to do the multiplexing are DRIVE SELECT 1. DRIVE SELECT 2. DRIVE SELECT 3. and DRIVE SELECT 4. 

The control input lines have the following electrical specifications. See figure 2-2 for the recommended circuit. 

Only one drive in the system should be terminated. and it should be physically located at the end of the cable and 
terminated by the removable 220/330 ohm resistor pack located near the PI connector. 

20 FT (MAX) 

True = 0.0 to 0.4 V de @ lin :c. 40 mA (max) 
False = 2.5 to 5.25 V de @ lin = 0 mA (open) 39026·06 

FIGURE 2·2. CONTROL INPUT DRIVER/RECEIVER COMBINATION 

2.3.1 Drive Select 1 - 4 

DRIVE SELECT, when logically true. connects the drive to the control lines. Only one DRIVE SELECT line may 
be active at a time. 

Jumper options OS 1. DS2. DS3. and DS4 are used to select which DRIVE SELECT line will activate the interface 
for that unique drive. See figure 2-3 for the jumper location. 

2.3.2 Direction In 

This signal defines the direction of motion of the read/write heads when the STEP line is pulsed. An open circuit. 
or logical false. defines the direction as "out" and if a pulse is applied to the STEP line. the read/write head will 
move away from 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 applied to the STEP line. the read/write heaos will move towards the center of the 
disk. 

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

2.3.3 Step 

I 
This line causes the read/ write heads to move in the direction defined by the DIRECTION IN line. The motion is 
initiated at each logical true-to-false transition. Any change in the DIRECTION IN line before the leading edge of 
the step pulse must be made at least 10 p'S for the SA604/606 and 0 ns for the SA607/612. Stepping can be per
formed in either the normal or buffered mode: 
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OS1-4 

FIGUFtE 2·3 READ/WRITE PCB 

Normal Step Mode 

In this mode, the read/write heads will move at the rate of the incoming step pulses. The minimum time between 
the successive steps is 3.0 ms with a minimum pulse width of 500 ns. See figure 2-4. 

-DIRECTION 

-STEP 

--1 r- 500 ns MIN 

~3.0msMIN~ 
----U ~\ 

--1 r- 500 ns MAX ---1 ~18 ms MAX 

-SEEK COMPLETE _______ 1 
(J~ __ 

FIGURE 2·4. NORMAL STEP MODE 

Buffered Step Mode 

In this mode, the step pulses 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 (refer to paragraph 
2.4.5) will go true after the read/write heads settle on the cylinders. This mode of operation is automatically 
selected when the time between step pulses is less than 200 JLsec. 

The DRIVE SELECT line may be dropped and a different drive selected 500 ns after the last step pulse has been 
sent to the drive. 

The maximum time between steps is 200 JLS with a minimum pulse width of 500 ns (see figure 2-5). 

Shipping Zone 

The read/write heads can be accessed to the shipping zone by doing a seek to track 182/340. 
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NOTES 

• Step pulses with periods between 200 J.LS and 3.0 ms are not permitted. Seek accuracy 
is not guaranteed if this timing requirement is violated. 

• A removable 220/330 ohm resistor pack (located near the PI connector) allows for 
STEP line termination. 

~ j.-10 11 S MIN ~ ,~ 500 ns MIN 

-DIRECTION IN I 
--------------------------------I I 

I 7 jlS MINI I 1 
500 ns MIN --+i r--- ---1 ~ 200 I1S MAX I I 

-STEP U U.--.... U Ur---, ----
r::r ---.J J.-500 ns MAX NOTE 1 ~ ! J.-

-SEEK COMPLETE , ...... ------------'---1 ---..... L 
I 1 

-DRIVE SELECT ______________ ~Ir~ 

NOTES SA604/606 SA607/612 

1 205 ms MAX 216 ms MAX 

39026·08·8 

FIGURE 2·5. BUFFERED STEP MODE 

2.3.4 Head Select 2°, 21, and 21 

These three lines provide for the selection of each individual read/write head in a binary coded sequence. HEAD 
SELECT 2° is the least significant line. When all HEAD SELECT lines are false, head 0 will be selected. Table 2-1 
shows the HEAD SELECT sequence and model variations for the HEAD SELECT lines. See figure 2-6 for the 
timing sequences. 

TABLE 2·1. HEAD SELECT (1 = False,O = True) 

HEAD SELECT LINE HEAD SELECTED HEAD SELECTED HEAD SELECTED 
20 21 

1 1 
0 1 
1 0 
0 0 
1 1 
0 1 

HEADS SWITCHED 

READ DATA 
VALID 

22 SA607 SA604/SA612 SA606 

1 0 0 0 
1 1 1 1 
1 - 2 2 
1 - 3 3 
0 - - 4 
0 - - 5 

39026-09 . 

~ ~3511s MAX 

~----~I I~ ____ ~ 
~ ~ 35115 MAX 

+ WRITE GATE _-+--__________ Ir-----.......... I _______ _ 
WRITE DATA -+-t ~ 400 ns MAX 
(FROM CONTROLLER)_-.;... ________ -...II .... _______ _ 
VALID . . 

39026--10 

FIGURE 2·6. HEAD SELECTION TIMING 
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2.3.5 Write Gate 

The active state of this signal (logical 0 level} enables WRITE DATA to be written onto the disk. The inactive state 
of the signal (logical 1 level) enables data to be transfl>rr~d from the dnvt:' and enables STEP pulses to reposition the 
head arm. See figure 2-6 for the timing sequences. 

A removable 220/330 ohm resistor pack (located near the PI connector) allows for termination of this line. 

2.3.6 Reduced Write Current and Precompensation 

When this interface signal is low (true). the lower value of WRITE CURRENT is selected (for writing on cylinders 
128 through 159). When this sigrldl is high ({abe). th(~ higher value uf WHITE CURRENT is selected (for writing on 
cylinders 0 through 127). The SA607/SA612 provides for automatic reduced write current switching. A 
removable 220/330 ohm resistor pack, located near the PI connector, allows for line termination. Optimum 
precompensation is 12 ns and should be lIsed on cylinders 128 through 159/311. 

2.4 CONTROL OUTPUT LINES 

The control output signals are driven with im open collector output stage, capable of sinking a maximum of 40 rnA 
at logical 0 (true), with a maximum voltage of 0.4 V meilsured at the driver. When the line driver is at logical 1 
(false), the driver transistor is off and the collector cut off current is a maximum of 250 /lA. 

All J 1 output lines are enabled by their respective DRIVE SELECT lines. 

Figure 2·7 shows the recommended control signal drivi::'r / receiver combination. 

20 FT (MAX) 

3902611 

FIGURE 2·7. CONTROL OUTPUT DRIVER/RECEIVER COMBINATION 

2.4.1 Track 00 

This interface signal indicates a true state (logical 0) only when the read/write heads of the selected drive are at 
track 00 (the outermost tr«.1ck) and thl.! access CIrcuitry is driving Clirrent through phase one of the stepper motor. 
This signal is false (logical 1) whl.!n the H'dci/wrik hccHJS of the seleckd drive are not at track 00. 

2.4.2 Index 

The drive proVides this interface signal once each revolution (16.67 ms) to indicate the beginning of the track. Nor
mally. this signal is a loglcdl 1 (false) dnd makes the h<.lI)sitiofl to logical () (true) for a period of approximately 10/ls 
once each revolution (see figure 2-8). 

INDEX 

~1~_.-__ ~ ___ 1_0~_S_TYP I 

.- 16.67 ms TYP -------t~~ 
39026· 12·A 

FIGURE 2-8. INDEX TIMING 
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2.4.3 Ready 

This interface signal when true (logical 0), together with SEEK COMPLETE, indicates that the drive is ready to 
read, write, or seek, and that the signals are valid. When this line is false (logical 1), all seeking and writing to the 
disk IS inhibited at the drive. 

READY will be true after the drive is 95 ± 2% up to speed (3348 - 3492 rpm). The typical time for READY to 
become true is after the power is on for 12 seconds. It is now safe to seek the drive, hut an additional 2 minutes 
should be allowed for thermdl eXpc.H1SI0n to stabillzl' hefore iHH/ write operCltioJ)s cHi! performed. 

2.4.4 Write Fault 

This signal, when active (logical 0), is issued to indicate that a condition exists at the drive that could cause im
proper writing on the disk. A WRITE FAULT occurs whenever one of four conditions occurs: 

a. WRITE CURRENT in the Read/Write head without WRITE C~ATE active. 
b. Multiple Read/Write heads selected. 
c WRITE GATE dnd NO WRITE CURRENT to Read/Write heads. 
d. Microprocessor sequence error. 

To reset the WRITE FAULT line, deselect the drive for at least SOO J)S A fault condition caused by a 
microprocessor sequence error cannot be reset by deselection. A dc power-on is necessary to restart the 
microprocessor. 

2.4.5 Seek Complete 

SEEK COMPLETE will go true (logical 0) when the read Iwrite heads have settled on the final track at the comple
I tion of a seek. Reading or writing should not be attempted until SEEK COMPLETE is true. See figure 2 -4 and 2-5. 

SEEK COMPLETE will go false in two cases: 

a. A recalibration sequence is initiated (hy the drive logic) at power-on if the read/ write heads are 
not over track 00. Refer to paragraph 2.7. 

b. 500 ns typical. after the trailing edge of a STEP pulse (or the first of a series of step pulses). 

2.5 DATA TRANSFER LINES 

All lines associated with the transfer of data between the drive and the host are differential in nature and may not be 
muillplexed These two pairs of balanced signclb <In.!: MFM WRITE DATA and MFM READ DATA, and are pro
vided at the J2.'P2 connector on all drives. Figure 2 -9 illustrates the driver receiver combination. Refer to figure 
2 1 () for the J2/P2 interface connection. 

HIGH 
TRUE 

26LS31 
OR EQUIVALENT 

FLAT CABLE 
20 FT MAX 

....w--------"''*''' 100 U 
+ SIGNAL 

-SIGNAL 
HIGH 

">---TRUE 

26LS32 
OR EQUIVALENT 

39026·13 

FIGURE 2·9. DATA TRANSFER LINE DRIVER/RECEIVER COMBINATION 
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HOST 
- DRIVE SElECTED 

1 
GND 2 

SPARE 
3 

GND .. 
SPARE 

5 
GND 6 

SPARE' 
J2JP2 

GND 
7 

8 

SPARE 
9 

FLAT CABLE GND 10 
20 FT MAX GND 11 

GND 12 
-+ MFM WRITE DATA 

13 
- MFM WRITE DATA 

GND 
14 

15 

GND 16 

+ MFM READ DATA 
17 

-MFM READ DATA 
18 

GND 19 

GND 20 

-~ -:...-

·Reserved to J1 Pin 16 on SA607/612 39026-14 -A 

FIGURE 2·10. J2 INTERFACE CONNECTION 

2.5.1 MFM Write Data 

This pair of signals defines the transitions (bits) to be written on the disk_ + MFM WRITE DATA going more 
positive than -MFM WRITE DATA will cause a flux reversal on the track under the selected head providing WRITE 
GATE is active_ This signal must be driven to an inactive state ( + MFM WRITE DATA more negative than -MFM 
WRITE DATA) by the host system when in the read mode. Figure 2-11 shows the timing for MFM WRITE DATA. 

- DRIVE SELECT --,~-------------------------------
-HEADSELECT ---,~ __________________________________________ __ 

35 JJs MAX --1 f. 
+ MFM VALID 

READ DATA 

.j f. 50 ns TYP 

BIT CELL: ~ 
= 200 n s TY PI, 

-WRITE GATE , ..... 411---- 35 /IS MIN ---tl ... ~I .. ' ____ ..... i 
+ MFM WRITE DATA 400 ns MAX ~ ~ -.j r. 50:ns MIN to 150 ns MAX 

(PRE-COMP = _____________ n ,., ri 
12 NS SINGLE I L..J W 1 _______ _ 
LEVEL) REFER TO 200 ns ± 0.1 % -.j ~ 
TABLE 6-1. 39026-15 

FIGURE 2·11. MFM READ/WRITE DATA TIMING 

2.5.2 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 Iines_ This transition of the + MFM READ DATA line going more positive than -MFM READ DATA 
lines represents a flux reversal on the track of the selected head while WRITE GATE is inactive. Refer to figure 
2-11. 

2.6 SELECT STATUS 

A status line is provided at the J2/P2 connector to inform the host system of the selection status of the drive. 

2-7 



The DRIVE SELECT line is driven by a TTL open collector driver as shown in figure 2-7. This signal will go active 
only when the drive is programmed dS drive X (X = 1, 2, ~), and 4) by proper placement of the shorting plug in the 
vicinity of J 1. and DRIVE SELECT X line at J 1 /P 1 is activated by the host system. 

2.7 GENERAL TIMING REQUIREMENTS 

The timing diagram shown in figure 2-12 illustrates the necessary sequence of events (with associated timing restric
tions) for proper operation of the drive. 

DC POWER ON 

H 12SECTYP 

DISK 95% SPEED 

-READY 

-.J J... 5.0 SEC MAX 

-TK 00 

-+f j.- 18 ms TYP 

-SEEK COMPLETE 
39026· 16·A 

FIGURE 2·12. GENERAL CONTROL TIMING REQUIREMENT 

Noll' 111<11 d Il'ldhbldlL' to Irdel.; ()() "l'qUl'IlCl' I" 11)llldll'<I dlilelllldll( dllv dleverv de power UII l'ur Ihls duloH~cdll se
qlH'nCl' 10 function. the fullowlllg conditiolls mu<,1 be Ilwl 

d STEP inpul al J 1 PI IS held Illdctive 

2.8 POWER INTERFACE 

Till' SAh()()"" rl'quirl' only de power for ()perall()l) 

1)( I)(JIA'('I Ie) elll SAhO() dnv(' 1<, \Id ("(>rllleel()) ,J!) 1)ll I(l( dll'(1 ()II Illl' '>(lldl'r Sldl' 1)( tlw peR The two de voltages 
"Iii! Illl'll "PI'( 1(1(.1111)1)" f~I()I)(l wllh their ,II) Ph pili deslqlldti()II'-> .1)(' oUllined in tdhle 22 

TABLE 2·2. DC REQUIREMENTS 

P6 PIN DC VOLTAGE TOLERANCE CURRENT MAX RIPPLE (p to p) 

1 + 12 VDC ± 0,6 VDC 1,8 A TYPICAL 250 mV MAX 
± 1.2 V STARTING· 4.0 A MAX STARTING· ALLOWABLE 

2 + 12 RETURN 

3 + 5 RETURN 

4 +5 VDC ± 0.25 VDC 
0.9 A TYPICAL 50 mV MAX ALLOWABLE 
1.5 A MAX 

* 10 sec max. 39026·17 
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3.1 PHYSICAL INTERFACE 

SECTION III 
PHYSICAL INTERFACE 

The electrical interface between an SA600 ~nd the host system is via three connectors. The first connector, J1, 
provides control signals for the drive; the second connector, J2, provides for the radial connection of the 
read/write signals; and the third connector, J6, provides dc power. See figure 3-1 for the connector locations. 

SA604/606 CHASSIS GROUND SA612 CHASSIS GROUND 

.......... -J2 

':::::::=41111-- J1 

39026· 18·A 

FIGURE 3·1. INTERFACE CONNECTOR LOCATIONS 
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3.2 Jl/Pl CONNECTOR 

Connection to J 1 is through a 34 pin PCB edge connector. The dimensions for this connector are shown in figure 
3-2. The pins are numbered 1 through 34 with the even numbered pins located on the component side of the PCB 
and odd pins located on the non-component side of the PCB. Pin 2 is located at the end of the PCB connector 
closest to the J2 connector and is labeled. A key slot is provided between pins 4 and 6. The recommended mating 
connector for PI is a Scotchflex ribbon connector PIN 3463-0001. 

~J4- 0036 ± 0004 
2 _,......- (0.914 ±ro.102) - .. t-....... ,..~~ ~ 

0.400 ± 0.010 0.4 ± 0.010 
(10.16 ± 0.254) (11.43 ± 0.254) 

~ ~ 

, 1. 

I I 
I I 

1 I 
-.J f.- 0.050 NOM (1.27) ~ 

- 11- 0.050 NOM 0.100 NOM . 

34 
~ ~ 

--'1 ~ 0.063 NOM (2 x ) 
1(1.60) 

BOARD THICKNESS 
0.062 ± 0.007 
(1.57 ± 0.178) I

~ I (1.27) (2.54) 

.. 1.775 ± 0.010 -------___ ~I NOTE: x.xx ± x:xx = in. 
(45.08 ± 2.54) .. (x.xx ± x.xx) = mm 

39026-19 

FIGURE 3·2. J1 CONNECTOR DIMENSIONS 

3.3 J2/P2 

Connection to J2 is through a 20 pin PCB edge connector. The pins are numbered 1 through 20 with the even 
numbered pins located on the component side of the PCB. The recommended mating connector for P2 is a 
Scotchflex ribbon connector PIN 3461-0001. A key slot is provided between pins 4 and 6. Figure 3-3 shows the 
dimensions for the connector. 

0.400 ± 0.010 
(10.16 ± 0.254) 

-.L 

BOARD THICKNESS 
0.062 ± 0.007 
(1.57 ± 0.178) 

~I 0.036 ± 0.004 
- 14- (0.914 ± 0.102) 

2 T 
0.450 ± 0.010 

(11.43 ± 0.254) 

I I 

I I 

II --11-- 0.050 NOM (1.27) 'l~ I" 0.063 NOM (1.601 

...J ~ 0.050 NOM (1.27) . --.f 0.100 NOM (2.54) 

.... 4..------ 1.075 ± 0.010 ______ ..... 1 NOTE: x.xx ~ X.xx = in. 
(27.31 ± 0.254) (x.xx ± x.xx) = mm 

39026·20 

FIGURE 3·3. J2 CONNECTOR DIMENSIONS 

3.4 J6/P6 

The de power connector. J6. is mounted on the non-component side of the PCB. J6 is a 4 pin AMP Mate-N-Lok 
connector PIN 350211-1. The recommended mating connector is AMP PIN 1-480424-0 utilizing AMP pins PIN 
61473-1. J6, pin 1. is labeled on the component side of the PCB. Wire used should be #18 AWG. Figure 3-4 il
lustrates the J6 connector as seen on the drive PCB from the non-component side. 

311028-21 

FIGURE 3·4. J6 CONNECTOR 
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SECTION IV 
PHYSICAL SPECIFICATIONS 

4.1 MECHANICAL DIMENSIONS 

See figure 4-1 for the dimensions of the SA600 series drives 

NOTE 

SA612 mounting brackets may look differellt from illustration, mounting hole dimen
sions are the same. 

0.19:t: 0.01 --I I..-
(4.8 :t 0.03) -I \ ... ______ _ 

T 
3.38 :t: 001 
(85.9 1: 0.3) 

1 

5.88 ::t 001 
(149.4 :t: 0.03) 

SIDE VIEW 

8.00 .. 001 
(20] 2 • 0 J) _· __ ·-----·1 

632 
MOUNTING 
HOLES 
4 ON BOTTOM 
2 ON EACH SIDE 

-~ 

006 '! 0.02 
(15 -'_ 05) 
TYPICAL 

TI 
5.75!: 0.02 

(146.1 ::t 0.5) 

(1397 :': 0.5) 
550 :': 0.021 

~ __ ~1l 
018/ ' GO?p. 0.02 

NOTE: x.XX • x.x In 

(x xx .. x xx) mm 
Uri: [I)M Vil 'N 

- (15 .. 05) 
(4 1 • 05) TYPICAL 

·This is within the 0.834 • 0.05 rTllrilfloppy 1l'(J,WI"'[j r,uir; location dlrnt:ns,on 

39026-22 

FIGURE 4-1. MOUNTING DIMENSIONS 
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4.2 MOUNTING 

The SA600's are capable of being mounted in either of the following positions: 

a. Vertically on either side. 

b. Horizontally with PCB down. 

4-2 



SECTION V 
MEDIA DEFECTS AND ERRORS 

5.1 ERROR MAPPING AND QUALIFICATION 

In high density digital recording storage systems, reliability and operational performance are very important. This is 
done by providing an error detection and correction scheme. For disk storage systems, the predominant error pat
tern is a burst of errors occuring in one or more tracks. These errors are drop outs (absent bits), drop ins (added 
bits). or bits shifted from their nominal position beyond the tolerance of the data separator. 

5.1.1 Causes of Errors 

The following conditions may result in errors: 

a. Marginal signal to noise rotio of read/ write circuits 
b. Marginal characteristics of the media and redd/write heads 
c. Mispositioning of read/write heads on the disk 
d. Defects or imperfections in the disk media 

5.1.2 Error Definition 

An error is a discrepancy between recovered data and original data. There can be an extra bit or a missing bit, i.e .. 
a "0" can be transformed into a "1" or a "1" can be changed to a "0." 

Errors fall into two categories: "hard" or "soft." Hard errors are usually the result of media defects and will be 
repeatable. Soft errors are often caused by items (a) through (c) under paragraph 5.1.1 and will normally not be 
repeatable. 

5.1.3 Media Defect Definition 

Most errors resulting from media defects are classified as hard errors. They are attributable to small imperfections in 
the oxide coating of the disk. such as an impurity within the oxide itself. or a scratch on the surface of the oxide 
coating. 

As the storage size and density of information increases. these defects become more apparent to the system. Win
chester technology utilizes a higher bit packing ratio than older types of drives and is therefore more susceptible to 
this type of error. 

5.1.4 Error Map 

All drives will be scanned by a special scanning device during the manufacturing process. This device will test the 
drive in extreme marginal conditions by measuring the amplitude of a unique signal recorded on every track of 
every disk surface. All hard errors (media defects) will be logged and an error map attached to each drive. Each 
defect will be listed on the error map and will contain the follOWing information: 

a. Track number 
b. Head number 
c. Byte count - Accurate to ± TBD bytes (indicates the defective bytes as a location from physical 

index) 
d. Length of defect in bits 
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The error map accompanying each drive will typically provide the locations of more hard errors than will be 
detected by the user system. There are situations, however, where a magnetic anomaly or extra defects caused by 
improper handling may cause an error that is unique to a particular formClt or bit pattern. This flaw may present 
itself as a hard error, in addition to those reported on the error map. In the event that this situation occurs. it is 
recommended that this defect be added to the error map and mapped out. 

5.1.5 User Error Mapping 

The user system should be capable of mapping the defects as listed on the error map. These include any additional 
hard errors found during the user's functional test. The recommended method of mapping is to create a defect 
directory at cylinder 00. This directory would contnin th(' locntinn" of all dc>f{>ctiv(' areas, as well as alternate track 
aSSignments for those areas. 

I 
Under normal conditions, many defects which have b(,{,11 JnaP.p.l'd. will work without causing any problems. The 
main reason is that the media surface exceeds the minimum requirements and the chances of the error are very 
low. The amplitude loss due to the defect may only reduce th(' slqnal only to a fractional value. It still ensures 
trouble-free operation for longer time under full range of specified temperature conditions. 

5.2 ERROR ACCEPTANCE CRITERIA 

The drive, as received from the factory will meet the following error criteria: 

a. No more than 5 defective tracks. 

b. No more than 15 additional single track errors (32 good sectors) 

c. A single defect is defined as an error less than 1 () bits long. A multiple defect IS defined as an 
error greater than 10 bits long. A defective track has more than one defect location. 

5.3 SYSTEM GENERATED ERRORS 

It should be noted that errors may also be present as a result of system electrical noise. marginal timmg conditions. 
ground loops in the dc power distribution cables. electro-magnetic interference. and radio frequency interference. 
etc. 



SECTION VI 
RECORDING FORMAT 

6.1 SA600 SERIES TRACK FORMAT 

The purpose of a format is to organize a data track into smaller and sequentially numbered blocks of data caDed sec
tors. The SA600 format is a soft sectored type, which means that the beginning of each sector is defined by a 
prewritten identification (10) field, which contains the physical sector address, plus cylind~ and head information. 
The 10 field is then foHowed by a user data field. 

The soft sectored format is a slighdy modified version of the IBM system 34 double density format commonly used 
on 8-inch floppy disk drives. The encoding method used here is called modified frequency modulation (MFM). 

Figure 6-1 shows each track divided into 32 sectors. Each sector has a data field of 256 bytes in length. However, 
if sector interleaving is used, Gap 4 can be reduced to 32 bytes minimum to accommodate 32 sectors per track. If 
sector interleaving is not used, Gap 3 is 25 bytes and Gap 4.becomes 26 bytes minimum. 

INOEX--""----------------inrt-----------------rL 

(iN) 1 SYNC 

22)( '..e' 

WRITE 

---10 A. .. 

DATA FIELD 

256 )( USER DATA 

U~ff----------------------------
NOTES: 
1. MINIMUM TRACK CAPACITY - 10416 BYTES. 
2. WRITE TO READ RECOVERY TIME = 35 MICROSECONDS. 
3. HEAD SWITCHING TIME = 35 MICROSECONDS. 

FIGURE 6-1. TRACK FORMAT 

The beginnings of both the 10 field and the data field are flagged by unique characters called address marks. 

An address mark is two bytes in length. The first byte is always an "AI" data pattern. This is followed by either an 
"FE" pattern which is the pattern used to define an 10 address mark, or an "FB" which is a data address mark pat
tern. 

The "AI" pattern violates the encode rules of MFM by omitting one clock transition between bits 4 and 5. This 
makes the address mark pattern unique to any other serial bit combination. 

AJI 10 and data fields are followed by a 16 bit cyclic redundancy check (eRe) character used for data verification. 
Each eRe polynominal is unique for a particular data pattern. 

Surrounding the 10 and data fields are gaps called Interrecord gaps. 
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6.2 GAP LENGTH CALCULATIONS 

6.2.1 Gap 1 

The purpose of gap 1 is to provide a head switching recovery period so thctt when switching from one track to 
another. sequential sectors may be read without waiting the rotational Idtency time. Gctp 1 should be at least 22 
bytes (30 bytes recommended) long to correspond with the head switchin~ll1n1l' of 35 microseconds. Gap 1 is im
mediately followed by a sync field for the 10 field of the first sector. 

6.2.2 Gap 2 

Following the 10 field. and separating the 10 field from the ddta field. is gap 2. C~ap 2 provides a known area for the 
data field write update splice to occur. The remainder of this gap also serves as the sync-up area for the data field 
address mark. The length of gap 2 is determll1ed by the data sepLHdtor lock up performance. 

6.2.3 Gap 3 

Gap 3. following the data field is a speed variation tolerance area. This allows for a situation where a track has been 
formatted while the disk is running 2~) slower (3:)211 rplll) (11HI Write upddted with the disk running at highest speed 
(3600 rpm). 

CJap 3 should he at least 15 bytes in length (this includes 2 bytes for write turn off). 

NOTE 

To operate properly in noninterledved formah. Gap :~ should be at least 25 bytes to allow 
for 35 itS read recovery. III this format. a drive can only support :52 sectors per track. 

6.2.4 Gap 4 

Gap 4 is a speed tolerance buffer for the entire track This allows the disk to rotate at the highest rated speed 
without overflowing the track during the format operation The format operation which writes the 10 fields. begins 
WIth the first encountered index and continues to the rwxt index 

6.3 WRITE PRECOMPENSATION 

Whenever two hits are written in close proximity to ectch othn. ct phenomenon railed pulse superposition occurs. 
which tends to cause t~ll' two hits to move away from edch other This IS a lar~~t' factor contributing to bit shift. 
Other phenomenon such d:-, random nOise. speed variation. etc will also G:lll:-:'(! bit shift. but to a lesser degree. 

The effect of bit shift can be reduced by a technique called precompensation. which. by detecting which bits will oc
cur early and which bits will occur late. can effectively rninllnlze till' shift by writing these bits in the opposite direc-
tion of the expected shift Bit shift is more ctpparent on the 1J1IWrIllOSt data tracks due to pulse crowding. 
Therefore. precompensation should onlY' he at track numbers gredter th.11l or equal to 12H. The optimum amount 
uf prl'cornpensdtioll for an SA600 is 12 IlS for both early <.lilt.! lall' writtl'll bib. Tdble b 1 shows various bit patterns 
for precompl'J1sation. Precompensation pattern detection bits are shifted through a four bit shift register. The bit is 
wlltten out ()f the third position 

TABLE 6·1. WRITE PRECOMPENSATION 

WRITE POSITION DIRECTION OF SHIFT 

o 0 0 0 ~ On Time Clock 
000 1 Late Clock 
o 0 1 0 - On Time Data 
o 0 1 1 Early Data 
0 1 o 0 -.. _----_. 
0 1 0 1 = ----------
01 1 0 - Late Data 
0 1 1 1 = On Time Data 
1 000 - Early Clock 
1 o 0 1 = On Time Clock 
1 0 1 0 - On Time Data 
1 1 o 0 - ----------
1 1 0 1 -- ----------
1 1 1 0 "- Late Data 
1 1 1 1 -- On Time Data 

3902624 
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SECTION VII 
CUSTOMER INSTALLABLE OPTIONS 

The SA600 series drives have no customer installable options. 

7-1/7-2 (blank) 



SECTION VIII 
DRIVE INTERCONNECT 

This section is not applicable to the SA600 drives. 

8-1/8-2 (blank) 



SECTION IX 
PACKAGING INSTRUCTIONS 

Due to the integral spindle brake. actuCltor lock. no speciClI Pdcka~~ing instructions are required for thest:> drives. 

NOTE 

It is sugge~ted that packin~l Illdtelldl bl' kept III Cc)Sl' tl1l' IIllit Illust be returned t() 

Shugart for repair. Regardless. the Uilit must be mdividually packaged in comparable 
packing as shipped to preriud(' darnd~·W in -;hippinq alld hrH1dling Damage to the 
unit as a result of inadequate packaging will void the warranty on the unit. 

FIGURE 9·1. SA600 PACKAGING 

9- 1/C) ? (h I:m h) 
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APPENDIX A 
ORDERING INFORMATION 

TABLE A·1. SA600 ORDERING INFORMATION 

SA604/606 

IABlc/o EIFI 

/ I 

PAODUCT F OPTION 

SA600 I u NUNE 

C POWER E FEATURE: RIW PCB CON TROLLEt'l PCB FRONT COVER 
CABLE ASS 1MBL y 

INTERCONNECT 

0 DC 0 

1 

? 
S 

INHHf AU 
.'1>1.1.111 :>1>111(1 608010 60832 , 

3 

D MODf:L FEATURE HDA BASIC DRIVE 

2 604 666MBylE 607520 60800 0 

j bOfJ 11111 M IIYTf f,O!')jO hllllO(J () 

SA607/612 

AB PRODUCT F 
~-f---

66 SAb 10 o NONE 

POWER c ~RONT COVER E f'EA1LJRE RIWPr:;B CONTRO,- PCB 

I 
_ .. -f------+-----+--------+-------I 

. ________ .. -_ ....... _-_._---+------1 

~-+---.- f---. 

11<11 HI AI I <Iil,I.",ll llihl44 I Ohll290 ~ 
f-----f---.---~---+_--------~-------~ ~~ 

D MIIIlIl I I AIIIHI 111,,\ I'!I~ IIA',II IIHIVI 

---1-- -. --. 

1,01 M hi II IJI.II;-! 

•.. -1-. -.- f---. ------

1 L 'I' "vl tH Il Oil 1 1 ~4 Q{) 1120 {J 3902627 
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