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INTRODUCTION 
The purpose of this manual is to introduce the Microcomputer 
Memories, Inc. (MMI) family of Winchester disk drives and to 
provide operating requirements and specifications. 

GENERAL DESCRIPTION 
MMI disk drives feature 3.78-inch (96mm) nonremoveable 
Winchester disks that provide unformatted data storage of 
6.37 megabytes in one-disk models and 12.75 megabytes in 
two-disk models. 

The drives can be mounted in three different bracket sizes: 
3.5-inch, 5.25-inch half-height, and 5.25-inch full-height. 
Each of these brackets conform to industry-standard mounting 
dimensions. 

All models contain a standard Seagate ST-412 interface for 
control and data communications with the host controller. 
Table 1 summarizes the MMI disk drive models. 

Table 1. MMI Disk Drive Models 

BRACKET SIZE 

NO. OF DISKS 3.5-Inch 
5.25-Inch 

Half-Height 
5.25-Inch 

Full-Height 

1 Model M106 Model M206 Model M306 

2 Model Ml12 Model M212 Model M312 
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The smal ler  s ize disk dr ive package provides the fol lowing 
advantages:  

•  Less weight  
•  Greater  shock resistance 
•  Lower power requirement 
•  Easier  f i t  into compact  systems 
•  Increased thermal  stabi l i ty  
•  Less heat  generat ion 

MMI disks contain 306 cyl inders,  are soft -sectored,  and 
rotate at  3 ,600 rpm. They do not  contain any prewri t ten 
data for  use by dr ive control  e lectronics,  such as embedded 
servo information at  index or  read/wri te  sync data outside 
the normal  data t racks.  This prevents wri te  faul ts  and 
seek errors from affect ing normal  dr ive operat ion.  

Each recording surface is  attended by a moveable read/wri te  
head that  exchanges ser ia l  modif ied-frequency modulat ion 
(MFM) data at  a rate of  5 megabits per  second.  The head 
posit ioner is  a radial  actuator  that  is  dr iven by an open 
loop stepper motor.  For greater  accuracy,  the stepper motor 
does not  detent  at  hal f -step posit ions.  Dr ive mechanics do 
not  a l low the head posit ioner to step the heads out  beyond 
cyl inder 0  during seek errors.  This feature ensures seek 
error  recovery by a recal ibrat ion to cyl inder 0 .  

Disks and heads are sealed within an impact-resistant  a lu­
minum enclosure that  provides an ul tra-clean air  environment 
and that  prevents contaminat ion.  

Dr ive electronics consist  of  a s ingle c ircuit  board contain­
ing a microprocessor,  c lock,  RAM, ROM, and the necessary 
seek,  read/wri te ,  and interface logic.  The microprocessor 
controls a l l  dr ive act iv i t ies,  including spindle speed,  
stepper motor sequencing,  the seek prof i le ,  and the receipt  
and transmission of  MFM data.  In  addit ion to these tasks,  
the microprocessor moniters momentary dr ive events and 
reports faul t  condit ions by f lashing a modulated faul t  code 
on a red LED indicator  on the front  panel .  Dr ive electronics 
require +5 and +12 VDC input  power;  no AC power is  required.  

In  summary,  MMI d isk dr ives combine the latest  in  Winchester  
technology with overal l  mechanical  s impl ic i ty  to provide a 
compact ,  h ighly-ef f ic ient  storage device that  may be easi ly  
integrated into a wide var iety of  computer  systems.  
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SPECIFICATIONS 
Table 2 lists specifications for MMI Winchester disk drives. 

Table 2. Specifications 

* 

CHARACTERISTIC SPECIFICATION 

Design Specifications 

Number of disks 1 or 2 

Number of heads 2 (one-disk) 
4 (two-disk) 

Number of tracks 612 (one-disk) 
1,224 (two-disk) 

Number of cylinders 306 

Medi a Oxide or plated 

Heads Monolithic (MgZn) 

Head positioner Stepper motor 

Performance Specifications 

Storage capacity 
Unformatted 

Per drive 

Per surface 
Formatted 

Per drive 

Per surface 
Per track 
Per sector 
Sectors per track 

6.37 megabytes (one disk) 
12.75 megabytes (two disks) 
3.19 megabytes 

5 megabytes (one disk) 
10 megabytes (two disks) 
2.5 megabytes 
8,192 bytes 
256 bytes 
32 
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Table  2 .  Speci f ica t ions  (cont inued)  

CHARACTERISTIC SPECIFICATION 

Performance Speci f ica t ions  (cont inued)  

Transfer  ra te  5  megabi ts  per  second 

Access  t imes  ( inc ludes  
head se t t l ing)  

Average access  
Maximum 
Track to  t rack 
Latency 

85 mi l l i seconds  
210 mi  11iseconds  
18 mi l l i seconds  

8 .3  mi l l i seconds  

Funct ional  Speci f ica t ions  

Rota t ional  speed 3 ,600 ro ta t ions  per  minute  

Recording densi ty  10,943 b i t s  per  inch (BPI)  

Track densi ty  588 t racks  per  inch (TPI)  

Areal  densi ty  6 .43 megabi ts  per  square  inch 

Encoding method Modif ied-f requency modula t ion 
(MFM) 

Emit ted  acoust ica l  
noise  

To be  determined 

Power  Requirements  

Input  vol tage  + 5  VDC ±5% @ 0 .8  Amps typica l  
+12 VDC ±5% @ 0 .7  Amps typica l  

Maximum r ipple  50 mi l l ivol ts  (wi th  res is t ive  
load a t  opera t ing current )  

Max.  s tar t  (10 sec . )  2  Amps 

Heat  d iss ipat ion 12 wat ts  average  

0 
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Table  2 .  Spec i f ica t ions  (cont inued)  

CHARACTERISTIC SPECIFICATION 

Envi ronmenta l  L imi t s  

Opera t ing  tempera tures  40°  F  to  115°  F  
4°  C to  46°  C 

S torage  tempera tures  -40°  F to  140°  F  
-40°  C to  60°  C 

Re la t ive  humidi ty  8% to  80% (non-condens ing)  

Maximum wet  bu lb  78°  F  (26°  C)  

Maximum ambient  
magnet ic  f i e ld  

To be  de te rmined  

Shock  
Opera t ing  
Non-opera t ing  

To be  de te rmined  
To be  de te rmined  

Rel iab i l i ty  

Er ror  ra tes  
Sof t  read  e r rors  
Hard  read  e r rors  
Seek  e r rors  

1  per  10 ' °  b i t s  read  
1  per  10 1 J  bi t s  read  
1  per  10® b i t s  read  

Mean t ime  be tween  
fa i lu res  (MTBF)  

12 ,000  hours  

Mean t ime  to  repa i r  
(MTTR)  

30  minutes  

Prevent ive  main tenance  None  

Serv ice  l i fe  5  years  
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PHYSICAL DIMENSIONS 
Table 3 lists the physical dimensions of MMI disk drive 
models; figures 1, 2 and 3 show the mounting dimensions. 

MMI recommends that drives be mounted vertically on either 
side or horizontally with the printed circuit board facing 
down. Do not mount a drive horizontally with the printed 
circuit board facing up. To insure vibration isolation, a 
clearance of at least 0.1-inch must be provided between the 
the top cover of the drive and the host frame and between 
the printed circuit board and the host frame. 

There are eight mounting holes, four on the bottom and two 
on each side, for mounting a drive in an enclosure. 

Note- When mounting a drive, make sure that the four 
chassis mounting screws do not protrude inside the frame 
more than 0.09 inch. 

Table 3. Physical Dimensions 

Dimension M106/M112 M206/212 M306/M312 

Height 1.625 inches 
(41.3 mm) 

1.625 inches 3.250 inches 
(41.3 mm) (82.6 mm) 

Width 4.0 inches 
(101.6 mm) 

5.75 inches 5.75 inches 
(146.0 mm) (146.0 mm) 

Depth 5.75 inches 8.0 inches 
(146.0 mm) (203.2 mm) 

8.0 inches 
(203.2mm) 

Weight 2.2 pounds 
(1 KG) 

2.2 pounds 
(1 KG) 

2.2 pounds 
(1 KG) 
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Figure 1. M106/M112 Mounting Dimensions 
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6 — 32 UNCTHREAD 

.190 

Figure 2. M206/M212 Mounting Dimensions 
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Figure 3. M306/M312 Mounting Dimensions 
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DRIVE ASSEMBLIES 
MMI disk drives consist of three major assemblies (see fig­
ure 4) :  head/disk assembly,  pr inted c i rcui t  board assembly,  
and chassis assembly.  

HEAD/DISK ASSEMBLY 

CHASSIS ASSEMBLY 

LINE TERMINATION 

J3 OPTION JUMPERS 

PRINTED CIRCUIT BOARD ASSEMBLY 

Figure 4.  Dr ive Assembl ies 
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HEAD/DISK ASSEMBLY 
The head/disk assembly (HDA) is  a factory-sealed chamber 
that  contains the head posi t ioner,  head assembly,  spindle 
motor,  and disk media.  In addi t ion to shel ter ing these 
components f rom changes in the outside environment,  the HDA 
features an integral  a i r  f i l ter ing system that maintains a 
c lean environment and permits ambient pressure equal izat ion 
without contaminate entry.  

PRINTED CIRCUIT BOARD ASSEMBLY 
A s ingle pr inted c i rcui t  board assembly (PCBA) contains a l l  
dr ive control ,  read/wri te,  and interface electronics.  Under 
microprocessor control ,  these c i rcui ts manage dr ive act iv i ­
t ies,  including index, t rack 0,  dr ive up to speed, and faul t  
detect ion,  dr ive and head select ion,  head posi t ioning, and 
read/wri te operat ions.  

CHASSIS ASSEMBLY 
The chassis assembly provides a r ig id frame for  a l l  dr ive 
components.  The f ront  panel  bezel  and dr ive select /dr ive 
faul t  LED indicator are mounted on the f ront  of  the chassis,  
the HDA is  shock-mounted on top of  the chassis,  and the PCBA 
is  mounted on the bottom of  the HDA. The chassis contains 
threaded mount ing holes.  

Version 1.0 Page 11 
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PHYSICAL INTERFACE 
The physical interface between the controller and the disk 
drive is via four connectors (shown in figure 4): 

• Jl/Pl control signal connector 

• J2/P2 data signal connector 

• J3/P3 DC power connector 

• J4/P4 chassis ground connector 

This section describes each of these connectors and provides 
connector dimensions. 

J1/P1 CONTROL SIGNAL CONNECTOR 

The control signal connector is a 34-pin edge connector at 
J1 on the PCBA. The pins are numbered 1 through 34 with 
the odd-numbered pins located on the component side of the 
PCBA. Pin 34 is located on the end of the connector that is 
closest to the J2 data signal connector. All odd-numbered 
pins are ground. A key slot is provided between pins 4 
and 6. The recommended mating connector (PI) is AMP ribbon 
connector P/N 88373-3 or Molex 15-35-1341. Figure 5 shows 
J1 connector dimensions. 

J2/P2 DATA SIGNAL CONNECTOR 

The data signal connector is a 20-pin edge connector at J2 
on the PCBA. The pins are numbered 1 through 20 with the 
odd-numbered pins located on the component side of the 
PCBA. Pin 20 is located on the end of the connector that 
is closest to the J3 DC power connector. A key slot is 
provided between pins 4 and 6. The recommended mating 
connector (P2) is AMP ribbon connector P/N 88373-6 or Molex 
P/N 15-35-1201. Figure 6 shows J2 connector dimensions. 

Page 12 Version 1.0 
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T 
.400 

1 

2 4 

.030 
+ .006 
-.001 

T 
.450 

-.060 

-1.775-

UNLESS NOTED, XX = ±.030, .XXX = ±.010 

.06-

34 

.040 

.100 

BOARD THICKNESS 
.062 ± .007 

Figure 5. J1 Connector Dimensions 

T 
.400 

1 

2 4 

-I 

•«:s? °6-

T 
.450 

20 

-.060 .04 
-.100 

-1.075 -

UNLESS NOTED, .XX = ±.030, .XXX = ±.010 
BOARD THICKNESS 

.062 ± .007 

Figure 6. J2 Connector Dimensions 
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J3/P3 DC POWER CONNECTOR 
The DC power connector is a 4-pin AMP Mate-N-Lok connector 
P/N 350211-1 at J3 on the component side of the PCBA. The 
recommended mating connector (P3) is AMP P/N 1-408424-0 
utilizing AMP pins P/N 350078-4 (strip) or P/N 61173-4 
(loose piece). Figure 7 shows J3 pin numbers; table 4 
lists DC power requirements. 

J4/P4 CHASSIS GROUND CONNECTOR 

The chassis ground connector is a faston AMP P/N 61761-2. 
The recommended mating connector (P4) is AMP P/N 62187-1. 
The hole in J4 accommodates a maximum wire size of 18 AWG, 

€ 
Figure 7. J3 Connector Pin Numbers 

J3 
CONNECTOR DESCRIPTION 

CURRENT AMPS 
J3 

CONNECTOR DESCRIPTION Maximum Typical 

Pin 4 

Pin 3 

Pin 1 

Pin 2 

+5 VDC ±5% 

+5 VDC return 

+12 VDC ±5%* 

+12 VDC return 

1.0 

• • 
2.0 

0.9 

0.5 

* 

±10% at power on or while seeking; ±5% whi 
or writing 

Occurs only during power up sequence 

le reading 
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0 

* 

ELECTRONIC INTERFACE 
The electronic 
dr ive consists 

interface between the control ler  and the 
of  the fo l lowing s ignals:  

•  Control  s ignals (J l /Pl) .  Control  s ignals are open 
col lector TTL d ig i ta l  s ignals ( low = ' t rue') .  Since 
the DRIVE SELECT l ines enable mult ip lexing of  control  
s ignals,  the control  s ignal  cable may be daisy-chained 
into a mult ip le-dr ive conf igurat ion containing up to 
four dr ives wi th the last  dr ive in the chain providing 
the input s ignal  terminat ions.  

•  Data s ignals (J2/P2).  Data s ignals are d i f ferent ia l  
read and wr i te data s ignals as def ined by EIA RS-422. 
In addi t ion to data s ignals,  th is cable carr ies an 
open col lector TTL d ig i ta l  DRIVE SELECTED status 
s ignal .  Data l ines cannot be mult ip lexed; a separate 
data cable is  required for  each dr ive in a mult ip le-
dr ive conf igurat ion.  

•  DC power (J3/P3) and chassis ground (J4/P4).  These 
l ines provide the +5 and +12 VDC input vol tages and 
ground. 

Tables 5 l is ts the pin assignments for  these connectors.  
Figures 8 and 9 show the interconnect ion cabl ing between 
the control ler  and the dr ive.  Figure 10 shows the typical  
cabl ing for  a four-dr ive system. 

Version 1.0 Page 15 
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Table  5 .  P in  Ass ignments  

PIN NUMBER 
SIGNAL 

CONNECTOR S igna l  Ground TYPE I /O SIGNAL NAME 

J l /P l  2  (1)  S  I  Reduce  Wri te  Cur­
ren t  (no t  used)  

4  (3)  S  I  Reserved  (Head  2 2  

(5)  
in  fu ture)  

6  (5)  S  I  Wri te  Gate  
8  (7)  S  0  Seek  Comple te  

10  (9)  S  0  Track  0  
34-•P in  12  (11)  S  0  Wri te  Faul t  
Ribbon 14  (13)  S  I  Head  Se lec t  2°  
Daisy- 16  (15)  - - Reserved  ( to  J2-7)  
Chain  18  (17)  s I  Head  Se lec t  2 '  

20  (19)  s 0 Index  
22  (21)  s 0 Ready 
24  (23)  s I  S tep  
26  (25)  s I  Dr ive  Se lec t  1  
28  (27)  s I  Dr ive  Se lec t  2  
30  (29)  s I  Dr ive  Se lec t  3  
32  (31)  s I  Dr ive  Se lec t  4  

J l /P l  34  (33)  s I  Di rec t ion  In  

J  2 /  P2  1  (2)  s 0 Dr ive  Se lec ted  
3  (4)  - - Reserved  
5  (6)  - - Reserved  

20-Pin  
7  (8)  - - Reserved  ( to  J1-16)  

20-Pin  9  (10)  - - Reserved  
Ribbon 11  (12)  - - Ground 
Rac  i a l  13  D I  +  Wri te  Data  

14  D I  -  Wri te  Data  
15  (16)  - - Ground 
17  D 0  +  Read  Data  
18  D 0  -  Read  Data  

J2 /P2  19  (20)  - - Ground 

J3 /JP3  1  _ + 12V D.C.  In  
Radia l  2  - + 12V D.C.  Return  

l  3  - + 5V D.C.  Return  
J3 /P3  4  - + 5V D.C.  In  

S-Single-Ended  D-Dif fe ren t ia l  I -Dr ive  Input  O-Dr ive  Output  

Page  16  Vers ion  1 .0  
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HOST 
SYSTEM 

FLAT CABLE OR TWISTED PAIR 
20 FEET MAXIMUM MMI DRIVE 

FRAME 

• REDUCED WRITE CURRENT -

• RESERVED (HEAD 22) • 

• WRITE GATE 

•SEEKCOMPLETE • 

• TRACK 0 

• WRITE FAULT • 

•HEADSELECT2° • 

• RESERVED (TO J2. PIN 7) • 

•HEAD SELECT 2' 

• INDEX 

• READY -

• STEP 

•DRIVE SELECT 1 

•DRIVE SELECT 2-

•DRIVE SELECT 3 

•DRIVESELECT4 • 

• DIRECTION IN • 

t • +5VDC• 

t 
-+5VDCRETURN -

+12VDC 
• +12 VDC RETURN-

TWISTED PAIR 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

~ CHASSIS 

Figure 8.  J l /Pl  Contro l  Signal  Cabl ing 
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HOST FLAT CABLE OR TWISTED PAIR 
SYSTEM 20 FEET MAXIMUM MMI DRIVE 

4 DRIVE SELECTED 1 
2 

3 
2 

4 
5 

4 

RESERVED (TO J1, PIN 16) 7 
6 

9 
10 

8 
9 

10 

8 
9 

10 

8 

+ MFM WRITE DATA » 

MFM WRITE DATA • 

13 

14 

'12 

15 
16 

19 
20 

'12 

15 
16 

19 
20 

4 + MFM READ DATA 

4 MFM READ DATA • 

17 

18 

'12 

15 
16 

19 
20 

'12 

15 
16 

19 
20 J 

'12 

15 
16 

19 
20 
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Figure 9. J2/P2 Data Signal Cabling 
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HOST 

CONTROLLER 

DATA 
SEPARATOR 

CONTROL 

DC VOLTAGE-

GROUND-

J1 DRIVE #1 

J2 

J3 J4 
V 

i-c 
c 
c 

J1 DRIVE #2 

J2 

J3 J4 

J1 DRIVE #3 

J2 

J3 J4 

\ 

J1 DRIVE #4 

J2 

J3 J4 
. 

Figure 10. Cabling for Four-Drive System 
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CONTROL SIGNALS 
Control signals have the following electrical specifica­
tions: 

TRUE: 0.0 VDC to 0.4 VDC @ I = -30mA (open collector 
driver) 

FALSE: 2.5 VDC to 5.25 VDC 0 I = +250^A (Schmitt trigger 
TTL input) 

There are two kinds of control signals: input and output. 
Input control signals come from the controller and are sent 
to the drive; output control signals come from the drive and 
are sent to the controller. 

Input Control Signals 
Input control lines consist of REDUCED WRITE CURRENT, WRITE 
GATE, HEAD SELECT 2°, 21 and 2', DIRECTION IN, STEP, and 
DRIVE SELECT 1 to 4. This section describes the signals 
on each of these lines. 

Note: All input lines (except REDUCED WRITE CURRENT) share 
a 220/330 ohm resistor pack for line termination. 

REDUCED WRITE CURRENT 

Since drive logic controls the write current internally, 
this line is not supported or terminated in MMI drives. 

WRITE GATE 

When WRITE GATE is true, stepping is prohibited and the 
selected head can write data on the disk. When WRITE GATE » 
is false, the selected head can read data from the disk. 

Page 20 Version 1.0 



ss 

Ml M106/M112 OEM MANUAL 

HEAD SELECT 2°, 21 AND 22 

A combination of the signals on these lines select the 
active read/write head: 

2' 
2° Selected 

Fal se False 0 
Fal se True 1 
True False 2 
True True 3 

Note: HEAD SELECT 22 is unused; it is terminated, however, 
to be compatible with larger capacity drives. 

DIRECTION IN 

When DIRECTION IN is true, the heads move inward toward 
the center of the disk when the STEP line is pulsed. When 
DIRECTION IN is false, the heads move outward toward cylin­
der 0 when the STEP line is pulsed. The DIRECTION IN signal 
must not change while step pulses are issued; there is no 
set-up time required. 

STEP 

When STEP pulses low (true), the read/write heads move in 
the direction indicated by DIRECTION IN. The leading edge 
of the pulse deactivates SEEK COMPLETE (see figure 11). 

There are two valid seek methods: 

• Slow seek. A STEP pulse rate of 1 to 15 mi 11iseconds^ 
places the drive into the slow seek mode, wherein head 
movements are in discrete 3 millisecond steps. In 
this mode, the trailing edge of each step pulse causes 
the heads to step in or out one cylinder. Figure 12 
shows slow seek timing. 

# Note- A seek to track 340 moves the read/write heads 
to~a"'special area inside of the innermost cylinder, 
called the landing zone. MMI recommends that the 
controller move the read/write heads to the landing 
zone before removing drive input power. 
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DIRECTION IN I" 
0 ns MIN 

STEP-

5(isMIN 

1 us MIN , h^5.000^MAX-| 
5 pus TYP 

U 
-I 

SEEK COMPLETE 

-100 ns MAX 

n_r 
—I 

100 ns MIN 

Figure  11 .  Genera l  Seek  Timing  

1 msMIN 
15 ms MAX 

STEP-

H h 1 tusMIN 

NOTE: STEP PULSE DUTY CYCLE NOT TO EXCEED 50% OR 500(iS. 

Figure  12 .  S low Seek  Timing  
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Buffered seek. A STEP pulse rate of 5 to 200 micro­
seconds places the drive into the buffered seek mode, 
wherein head movement is in one continuous motion. 
In this mode, drive logic buffers incoming step pulses 
until either 200 microseconds elapse after the last 
pulse or the total number of pulses exceeds the maxi­
mum number of possible head movements. When either of 
these conditions occur, drive logic executes the step 
pulses using an optimum algorithm. Figure 13 shows 
buffered seek timing. 

Note: If DIRECTION IN is false and the total number 
of pulses exceeds the maximum number of outward head 
movements, the heads move to cylinder 0 (called 
recalibration) and the TRACK 0 line goes true. If 
DIRECTION IN is true and the total number of pulses 
exceeds the maximum number of inward head movements, 
the heads move to the innermost cylinder. 

# 

5^sMIN 
"200 p.s MAX 

STEP-

-1 jxs MIN 

NOTE: STEP PULSE DUTY CYCLE NOT TO EXCEED 50% OR 100 

Figure 13. Buffered Seek Timing 

Version 1.0 Page 23 



M106/M112 OEM MANUAL 

DRIVE SELECT 1 TO 4 

When the jumpered DRIVE SELECT line is true, the drive 
receives and responds to control signals from the control­
ler. When the jumpered DRIVE SELECT line is false, the 
drive interface is disconnected and the drive cannot receive 
or respond to control signals from the controller. When a 
drive is selected and ready, the red LED on the front panel 
goes on. 

In multiple-drive systems, it is necessary to configure each 
drive (maximum of four per controller) with a unique address 
(1, 2, 3 or 4) so that control signals can be multiplexed. 
To assign a specific address to a drive, a jumper plug must 
be placed over the appropriate pins on the PCBA. Figure 14 
shows where to install the jumper plug for each address. 

When the jumper on the radial mode pins is removed, the 
drive is placed in the radial mode of operation. In this 
mode, the drive receives and responds to all control sig­
nals from the controller, regardless of the signal on the 
jumpered DRIVE SELECT line. The signal on the jumpered 
DRIVE SELECT line controls the front panel LED only. 

q: 

INSTALL JUMPER 
"FOR TEST MODE 
(MMI USE ONLY) 

. INSTALL JUMPER TO 
ASSIGN DRIVE 1 

INSTALL JUMPER TO 
ASSIGN DRIVE 2 

© 
O) 

.INSTALL JUMPER TO 
ASSIGN DRIVE 4 

INSTALL JUMPER TO 
ASSIGN DRIVE 3 

REMOVE JUMPER 
FOR RADIAL MODE 

Figure 14. Jumper Options 
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Output Control Signals 

Output  contro l  l ines consist  of  SEEK COMPLETE, TRACK 0,  
WRITE FAULT, INDEX, and READY. This sect ion descr ibes 
the s ignals on each of  these l ines.  

SEEK COMPLETE 

When SEEK COMPLETE is  t rue,  the read/wr i te heads are set­
t led over the f inal  cy l inder at  the end of  a seek operat ion 
and read/wr i te operat ions can occur.  When SEEK COMPLETE is  
fa lse,  the read/wr i te heads are not  set t led and no read/  
wr i te operat ions can occur.  SEEK COMPLETE goes fa lse when 
any one of  the fo l lowing condi t ions occur:  

•  Dr ive logic in i t ia tes a recal ibrat ion dur ing the power 
up sequence.  

•  Dr ive logic receives a s tep pulse f rom the contro l ler ;  
SEEK COMPLETE goes fa lse wi th in 100 nanoseconds af ter  
the leading edge of  the pulse.  

•  Dr ive logic determines that  a faul t  condi t ion ex ists.  

TRACK 0 

When TRACK 0 is  t rue,  the read/wr i te heads are posi t ioned 
over cy l inder 0 ( the outermost  t rack) .  When TRACK 0 is  
fa lse,  the heads are not  posi t ioned over cy l inder 0.  

WRITE FAULT 

When WRITE FAULT is  t rue,  a condi t ion ex ists at  the dr ive 
that  may cause improper wr i t ing on the d isk;  fur ther  wr i t ing 
and stepping is  inhib i ted unt i l  the condi t ion is  corrected.  
When WRITE FAULT is  fa lse,  wr i te operat ions can occur.  
WRITE FAULT goes t rue when any one of  the fo l lowing 
condi t ions occur:  

•  Input  vol tages (+5 or  +12 VDC) are too low. 

•  WRITE GATE goes t rue,  but  the dr ive does not  receive 
data on the +WRITE DATA and -WRITE DATA l ines.  
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•  Drive receives a STEP pulse when WRITE GATE is  true.  

•  Read/wri te  head assembly is  defect ive.  

When WRITE FAULT goes t rue,  dr ive logic waits two seconds |  
and rever i f ies the faul t .  I f  the faul t  condit ion st i l l  
exists,  the true WRITE FAULT signal  is  latched unt i l  input  
power is  removed; i f  the faul t  condit ion is  gone,  WRITE 
FAULT goes fa lse and the heads are recal ibrated.  

Note:  I f  the dr ive receives a STEP pulse when WRITE GATE is  
true,  the wri te  faul t  latches unt i l  input  power is  removed.  

INDEX 
INDEX pulses t rue once each disk revolut ion (16.67 mi l l i ­
seconds nominal)  to  indicate that  the beginning of  t rack 
(cal led the index)  is  passing beneath the heads.  Only the 
transit ion from false to true is  val id.  Figure 15 shows 
INDEX t iming.  

-16.67 msNOM-

INDEX-

H h 1.6 ms NOM 

V 

% 

Figure 15.  Index Timing 
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READY 

When READY is  t rue ( in  addi t ion to SEEK COMPLETE being 
t rue) ,  the dr ive is  ready to read,  wr i te or  seek and I /O 
s ignals are val id .  When ready is  fa lse,  a l l  wr i t ing and 
seeking is  inhib i ted.  Typical ly ,  i t  takes about  n ine 
seconds for  READY to  go t rue af ter  power is  appl ied to 
the dr ive.  

I f  a faul t  condi t ion exists (READY does not  go t rue) ,  dr ive 
logic f lashes a faul t  code on the f ront  panel  LED. Faul t  
codes consist  of  a ser ies of  four  long or  short  f lashes.  
Table 6 summarizes the faul t  codes that  can appear.  

DATA TRANSFER AND DRIVE SELECTED SIGNALS 

The J2/P2 connector  conta ins data t ransfer  l ines and a DRIVE 
SELECTED status l ine.  This sect ion descr ibes the s ignals on 
these l ines.  

Data Transfer Signals 
Two pai rs  of  balanced s ignals t ransfer  data to and f rom the 
dr ive:  MFM WRITE DATA and MFM READ DATA. 

MFM WRITE DATA 

This pai r  of  balanced s ignals def ine the t ransi t ions to be 
wr i t ten on the t rack.  When WRITE GATE is  t rue,  a t ransi t ion 
of  the +MFM WRITE DATA l ine going more posi t ive than the 
-MFM WRITE DATA l ine causes a f lux reversal  on the t rack.  
The contro l ler  must  keep the -MFM WRITE DATA l ine more posi ­
t ive than the +MFM WRITE DATA l ine when WRITE GATE is  fa lse.  

To insure data in tegr i ty ,  the contro l ler  should precompen-
sate wr i te data wr i t ten on t racks 128 through 306.  Wri te 
precompensat ion minimizes b i t  shi f t  and provides an opt imal  
error  rate.  The opt imum amount o f  precompensat ion is  
12 nanoseconds for  both the ear ly  and la te b i ts .  Figure 16 
shows the b i t  pat terns to precompensate;  a l l  other  pat terns 
should be wr i t ten "on t ime."  
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Table 6. Fault Codes 

Fault 
No. 

F1 ash 
Sequence Description 

1 S S S L Write fault 

2 S S L S Track 0 sensor remains false when 
heads are at cylinder 0 

3 S S L L Track 0 sensor remains true when 
heads are not at cylinder 0 

4 S L S S Head positioner fault 

5 S L S L Microprocessor ROM fault 

6 S L L S Microprocessor RAM fault 

7 S L L L Microprocessor I/O fault 

8 L S S S Power up fault 

9 L S S L Spindle speed not within ±1% toler­
ance at end of power up 

10 L S L S Spindle speed not within ±1% toler­
ance during normal operation 

11 L S L L Spindle speed below 20% tolerance 

12 L L S S Motor phase sequencing fault 
during normal operation 

L = long flash S = short flash 

Fault 1 latches after two seconds (if the write fault is 
not corrected). Faults 2 through 7 latch as soon as they 
occur. Faults 8 through 12 latch after three unsuccessful 
attempts to recover. 

When a fault latches, the fault code flashes indefinitely. 
Should this occur, remove power from the drive. After 
several seconds, reapply power. If the fault condition 
reoccurs, the drive may require servicing. 
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^JTL 
WRITE CLOCK LATE 

JL 
-WRITE CLOCK EARLY 

Writing should occur out of a shift register which is 
used to observe the pattern "On time" represents a 
nominal delay Earty and late represent less and more 
detay. respectively 

Figure 16.  Wri te Precompensat ion Pat terns 

MFM READ DATA 

This pai r  of  balanced s ignals t ransmit  the data read f rom a 
t rack to the contro l ler .  The t ransi t ion of  the +MFM READ 
DATA l ine going more posi t ive than the -MFM READ DATA l ine 
represents a f lux reversal  on the t rack of  the selected head.  

READ/WRITE TIMING 

Figure 17 shows the necessary sequence of  events (wi th 
associated t iming restr ic t ions)  for  proper read/wr i te 
operat ion of  the dr ive.  

Drive Selected Signal 
The DRIVE SELECTED l ine goes t rue when the dr ive 's  jumpered 
DRIVE SELECT l ine goes t rue.  This l ine informs the contro l ­
ler  that  the dr ive 's  inter face is  connected and ready to 
receive contro l  s ignals.  
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DRIVE 
SELECT 

HEAD 
SELECT 

r 8 us MAX HEAD SWITCHING 
H I—25nsMIN 

nnnnnn 

-i h 
200 ns TYP 
BIT CELL 

WRITE GATE 

+ MFM WRITE DATA — 
(PRECOMPENSATED 
12 ns SINGLE LEVEL) 

JUU1 
I — 8 |as MAX 
I READ/WRITE 

RECOVERY 

i r 
400 ns MAX—" 

t e l l -

Jinn 

h 

-150 ns 

200 ns TYP 
BIT CELL 

Figure 17. Read/Write Data Timing 
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DRIVE OPERATIONS 

Drive operat ions consist  of  power sequencing,  dr ive selec­
t ion,  head posi t ioning,  head select ion,  read operat ions,  
and wr i te operat ions.  

POWER SEQUENCING 
MMI d isk dr ives require +5 and +12 VDC input  power.  These 
vol tages may be appl ied and removed in  any order .  The 
+5 VDC r ise t ime must  not  exceed one second and the +12 VDC 
must  be appl ied wi th in f ive seconds to  avoid a faul t  condi­
t ion.  Af ter  receiv ing both vol tages,  dr ive logic performs 
the fo l lowing act ions in  the order shown: 

•  Ver i f ies that  the spindle speed is  wi th in 1% of  
3,600 rpm. 

•  Moves the heads to  cy l inder 0 (cal led recal ibrat ion)  
and act ivates the TRACK 0 contro l  l ine.  

t Act ivates SEEK COMPLETE contro l  l ine.  

•  Act ivates READY contro l  l ine.  

With the READY l ine act ivated,  the dr ive can perform read,  
wr i te,  and seek operat ions.  F igure 18 shows the power up 
sequence.  

DRIVE SELECTION 
For a dr ive to receive and respond to contro l  s ignals f rom 
the contro l ler ,  the s ignal  on i ts  jumpered DRIVE SELECT l ine 
must  be act ivated by the contro l ler .  When th is  l ine is  
act ivated,  the red LED on the f ront  panel  goes on;  when the 
l ine is  deact ivated,  the LED goes o f f .  

When in  the radia l  mode of  operat ion,  the dr ive inter face 
remains connected at  a l l  t imes,  regardless of  the s ignal  on 
the jumpered DRIVE SELECT l ine.  The s ignal  on the jumpered 
DRIVE SELECT l ine contro ls  the f ront  panel  LED only.  
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TIME (in seconds) 0 12 3 4 5 6 7 8^ 

DC POWER ON _T 
- 8.3 SECONDS -

TRACK 0-
100 txsNOM 

READY-

SEEK COMPLETE J r 
DRIVE SELECTED 

NOTE: THE RATE OF CHANGE OF THE LOAD DUE TO THE DRIVE IS 2.5 AMs. 

Figure 18. Power Up Sequence 
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HEAD POSITIONING 

To move the read/write heads to any valid cylinder, the 
controller must perform the following actions in the order 
shown: 

• Deactivate the WRITE GATE control line. 

• Activate the appropriate DRIVE SELECT control line. 

• Make sure that the READY and SEEK COMPLETE control 
lines have been activated by the drive. 

• Activate the DIRECTION IN line, if the heads are to 
be stepped in; deactivate this line, if the heads are 
to be stepped out. 

t Pulse the STEP line. Each step pulse causes the heads 
to move one track in or out, depending on the state of 
the DIRECTION IN line. 

HEAD SELECTION 

To select a read/write head, the controller must place the 
appropriate binary address on the HEAD SELECT 2° and HEAD 
SELECT 2' control lines. 

READ OPERATIONS 

To recover data from a disk surface, the controller must 
perform the following actions in the order shown: 

• Deactivate the WRITE GATE control line. 

• Activate the appropriate DRIVE SELECT line. 

• Make sure that the READY and SEEK COMPLETE control 
lines have been activated by the drive. 

• Select the appropriate head by placing its binary 
address on the HEAD SELECT 2° and HEAD SELECT 21 

lines. 
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WRITE OPERATIONS 
To write data onto a disk surface, the controller must 
perform the following actions in the order shown: 

• Activate the appropriate DRIVE SELECT line. 

• Make sure that the READY and SEEK COMPLETE control 
lines have been activated by the drive. 

• Select the appropriate head by placing its binary 
address on the HEAD SELECT 2° and HEAD SELECT 2' 
lines. 

• Make sure that the WRITE FAULT line has not been 
activated by the drive. 

• Activate the WRITE GATE line and place data on the 
+MFM WRITE DATA and -MFM WRITE DATA lines. 

€) i 

0) 

m-. 
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ADDENDUM 
Some ear ly  product ion MMI d isk dr ives conta in a 5.25- inch 
pr inted c i rcui t  board,  instead of  the standard 3.5- inch 
board.  A dr ive wi th th is  larger  board operates the same as 
a dr ive wi th the smal ler  board,  except  for  the fo l lowing:  

•  Puls ing the STEP l ine wi th WRITE GATE t rue,  does 
not  resul t  in  WRITE FAULT going t rue;  however,  
wr i t ing is  inhib i ted.  

•  Al l  wr i te faul ts  (except  +12 VDC being too low) 
la tch.  To recover f rom a wr i te faul t ,  input  power 
to  the dr ive must  be removed and then reappl ied.  

•  Al though the same jumper opt ions ex ist  (dr ive select ,  
radia l  mode and test  mode),  the p ins that  must  be 
jumpered are d i f ferent .  Figure A- l  shows where to  
insta l l  jumper p lugs for  the var ious opt ions.  

INSTALL JUMPER TO 
ASSIGN DRIVE 2 

INSTALL JUMPER TO. 
ASSIGN DRIVE 3 

INSTALL JUMPER TO 
ASSIGN DRIVE 4 

.INSTALL JUMPER TO 
ASSIGN DRIVE 1 

INSTALL JUMPER 
-FOR TEST MODE 
(MMI USE ONLY) 

REMOVE JUMPER 
FOR RADIAL MODE 

r \  /6\ a r \  fb\ (b\ 
\Q) \oj \q) \QJ \Q) \o) 

FRONT 

4 3 2 1 T R 

Figure A- l .  Jumper Opt ions (For 5.25- Inch PCBA) 
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