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1.0 INTRODUCTION 

1. 1 General Description: 

The CM 4000 Series of Half Height 5 1/4" \linchester Disk Drives are 
intended for mini and microconputer applications which require high speed 
randan access disk storage at lew cost. The units incorporate one platter 
and utilize a Winchester type head/media technology similar to that used 
in IBM-3350 type disk drives. The platter has two data surfaces. Each data 
surface ernplqys one movable head to service 640 data tracks. 

The unit requires only OC voltages for operation. These voltages are 
compatible with those used by industry standard minifloppy disk drives. 

Each unit consists of a drive mechanics assembly and a PCBA package which 
provides a standard 5 1/4" \-linchester interface for attachment to a 
formatter /controller. The interface allows up to four drive units to be 
daisy chained to a single formatter/controller. All electronic components 
are located outside the head/disk assembly for ease of field 
serviceability. 

Mechanical and contamination protection for the heads, actuator and disks 
are provided by an impact resistant aluminum enclosure. A self contained 
recirculating system supplies clean air through a 0.3 micron filter. A 
breather filter allows pressure equalization with ambient air without 
chance of contamination. 

Key Features: 

Head parking zone 

Positioner locking mechanism 

Unformatted capacity 13.3 Hbytes; formatted 10.5 Mbytes 

75 msec average access time 

SWing arm and metal band positioner 

Closed loop servo positioner 

Servo correction fran disk 

Step pulse buffer 

5.0 Megabit/sec transfer rate 

sr 506 interface 

Same OC voltages as minifloppies 

Same rrounting as half height 5 1/4 inch floppies 

1 



1.2 Sunmary of Specifications: 

1.2.1 Physical Specifications: 

Environmental Limits: 

Ambient Temperature: 

Operating= 50 to 122 Deg F (10 to 50 Deg C) 
Nonoperating= -40 to 140 Deg F (-40 to 60 Deg C 

Terrperature Gradient: 

Operating= 18 Deg F/hr (10 Deg c/hr) 
Nonoperating= Below that which can cause condensation 

r.1ax. \vet Bulb= 78 Deg F ( 25 • 6 Deg C) 

Elevation: 

Operating= -100 to 6000 ft (-20 to 1828 meters) 
Nonoperating= -1000 to 12,000 ft. (-305 to 3656 meters) 

Vibration: 

Operating= Ig 
Nonoperating= 3 9 

Shock: 

Operating= 19 
Nonoperating= 20g 

Ambient Magnetic Field 20 gauss 

EM! Susceptability IV/m 50 KHZ-300 MHZ 

]X Voltage Requirement: 

+ 12 VDC +/- 5% 2.2A peak during seeks and starts ups. 
0.9A average during read and write 
0.5 peak to peak maximum ripple 

+5 VDC +/- 5% 0.9A typical (l.OA max.) 
50mV peak to peak maximum ripple 

Heat Dissipation= 55 BTU /hr (15.3 watts) Typical 

Mechanical Dimensions: 

Height = 1.65 inch (41 mm) 
Width = 5. 75 inch (146.1 nrn) 
Depth = 8.00 inch (203 mm) 
Weight = less than 3 lbs. 
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Media: 

Oxide coated disks (IBM 3350 technology) 
OUtside diameter: 130 mm 
Inside diameter: 40 nrn 
Thickness: 0.075 

1.2.2 Performance Specifications: 

capacity 

Unfonnatted 

Per Drive 
Per Surface 
Per track 

Fonnatted 

014213 

13.34 Mbytes 
6.67 Mbytes 
10416 Bytes 

Per Drive 
Per Surface 
Per Track 
Per Sector 
Sector/Track 

10.5 Ml::¥tes 
5.248 Mbytes 
8.192 Kbytes 

256 Bytes 
32 

Transfer Rate 
Average Latency 

5.0 Mbits/sec 
8.39 msec 

Access T~e (includes settle t~) 

Track to track 13 msec 

Average 75 msec 

Maxinum 110 Msec 

1.2.3 Functional Specifications: 

Rotational Speed 
Speed Variation 
Recording Density 
Flux Density 
Track Density 
Qilinders 
Tracks 
R/w Heads 
Disks 
Index 
Encoding Method 
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014213 

3573 rpn 
.1% 

9275 bpi 
9275 fci 

750 tpi 
640 

1280 
2 
1 
1 

MFM 



1.2.4 Reliability Specifications 

MIBF: 
J:M: 
MITR: 
Ccnponent Life: 

&ror rates: 

12000 power-on hours 
None required 
30 minutes 
5 years 

Soft read errors= 1 per 10ElO bits read 

Head read errors= 1 per 10E10 bits read 

Seek errors= 1 per 10E6 seeks 

Defects: 

No greater than 3 defects/surface. Defects* shall be no larger 
than 11 bits. Track 000 on each surface shall be defect-free. 

*Defect is defined as an area during which the signal amplitude 
could fall belON 55% of track average anplitude or pulses which 
are greater than 140% of track average amplitude. 
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2. a FUNCTIONAL CHARACI'ERIsrICS 

2.1 General Description: 

The eM 4000 series 5 1/4 
and control electronics, 
media, and air filtration 
functions: 

II Winchester disk drive consists of Read/Write 
read/write heads, track positioning mechanism, 

systems. These canponents perform the follo.ving 

1. Interpret and generate controls signals. 
2. Position the heads over the desired track. 
3. Read and write data. 
4. Provide a contamination free envirornnent. 

2.2 Read/Write and Control Electronics 

Electronics are packaged on two printed circuit boards. The primary board 
to which power, control and data signals are connected includes: 

1. Index detection circuit 
2. Posi tioner servo control circuits 
3. Read/Write circuits 
4. Head select circuit 
5. Drive select circuit 
6. Track 000 detector circuit 
7. Positioner lock solenoid driver. 

The primary board also includes a microprocessor which performs the 
following functions: 

1. Controls both the spindle drive and positioner servo rrotor. 

a. Spindle speed controlled to .1% 
b. Controls spindle rrotor braking 
c. Controls spindle start-up current 
d. Senses motor failures, power losses, etc. 
e. Controls positioner velocity profile and position 

injection. 
f. Monitors servo burst on disk 
g. Corrects off track conditions, after servo burst 

decoding. 

2. Controls lines on interface 
3. Tracks position count 
4. Reduces write current at a specific track 
5. Prevents positioner over-travel 
6. Restores head to Track 000 on power-up 
7. Activates and deactivates positioner lock mechanism 
8. Monitors write fault conditions 
9. Gives fault indication on interface 

10. Controls all internal timings 
11. Generates seek carplete 
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The second printed circuit board derives its power from the 
ooard and includes: 

1. Spindle notor power amplifier 
2. Positioner servo power amplifier 

2.3 Drive Mechanism 

prirrary 

A die cast base houses the recording heads, disks, and the head postioning 
mechanism as well as the spindle drive rrotor. Rotational drive for the 
disks is provided by a direct coupled brushless OC notor. No electronic 
parts are within the sealed area and electrical connections are made 
between the recording heads wi thin this area and the electronics via a 
flexible circuit cable. 

2.4 Air Filtration Systenl (Figure 1) 

The disks and read/write heads are fully enclosed in a nodule using an 
integral recirculation air system with an absolute recirculating filter 
Which maintains a clean environment. A separate absolute breather filter 
permits pressure equalization with the ambient air without contamination. 

CM 4000 AIR CIRCUIATION SYSTEM 
FIGURE 1. 
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2.5 Positioning Mechanism 

The positioner is a swing ann mechanism supported on two preloaded ball 
bearings. The swing ann is connected via a connecting ann to a metal 
band/IX: brushless servo motor actuator system. The positioner is 
controlled b¥ a closed loop position and velocity servo systems. An 
optical encoder mounted on the motor shaft provides the required 
feedbacks. In addition a servo burst on the disk occuring just prior to 
index time provides fine position correction during thermal expansion of 
the drive. This correction is in addition to the mechanical compensation 
provided in the drive. The servo burst is transparent to the user and 
writing during this time is inhibited. Since the servo burst lasts for 128 
micro seconds and since writing during this time is inhibiteg, it is 
necessary to control the spindle rotational speed to 3573 RPM, in order to 
maintain a track capacity of 10416 bytes and a data rate of 5.0 Mbits/sec. 
A solenoid actuator will loCk the positioning system when power is 
raroved. The lock mechanism is deactivated when power is appl:led to the 
drive and the spindle is at naninal speed. 

2.6 Read/Write Heads and Disks 

The recording media consists of a lubricated thin magnetic oxide coating 
on a 130MM outside diameter aluminum substrate. This coating formulation, 
together with the law load force/law mass Winchester type flying heads, 
permit reliable contact start/stop, operation. Data on each disk surface 
is read by one read/write head which accesses 640 tracks. 

2.7 Head Parking Zone 

During shipnent the read/write heads are parked and locked in a zone near 
the disk hub. This parking area is not used for data storage so shipping 
cannot lead to loss of data or media damage. 
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3.0 FUNCTICNAL OPERATICN 

3.1 Power Sequencing 

The DC voltages, +5v and + 12v, may be applied in any order. When the 
voltages are applied to the drive and the power sense circuit determines 
that all voltages are within limits, the initial load sequence occurs. 
This sequence consists of running the spindle up to operating speed, 
releasing the positioner lock meChanism and positioning the heads over 
Cylinder 000. 

3.2 Drive Selection 

Drive selection occurs when one of the drive select lines is activated. 
Only the drive appropriately junpered will respond to the input signals, 
and that drive's output signals are then gated to the controller. 

3.3 Track Accessing 

Read/~lrite head positioning is accanplished by: 

a) Deactivating Write Gate 
b) Activating the appropriate Drive Select Line. 
c} Being in the Ready condition with seek corrplete true. 
d) Selecting the appropriate direction. 
e) Pulsing the Step line ~ 

Each step pulse will cause the heads to nove either one track in or one 
track out depending on the status of the Direction Line. A true on the 
Direction Line will cause a seek inward toward the spindle; a false, 
outward taNard track 000. Step pulses may be issued to the drive at time 
intervals equal to or exceeding 0.5 usec between pulses. The drive will 
accelerate to a speed of 17 tracks/msec (60 msec per track) before ranping 
down and settling on the track. Seek canplete will go true when the R/T;l 
heads have settled on the final track at the end of the seek. 

3.4 Head Selection 

Arty of the 2 possible heads can be selected by placing that head's binary 
address on the Head Select lines. 

3.5 Read Operation 

Reading data fran the disk is accanplished by: 

a) Deactivating the Write Gate line. 
b} Activating the appropriate Drive Select line. 
c} Assuring the drive is Ready. 
d) Selecting the appropriate head. 
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3. 6 ~vri te Operation 

Vlriting data onto the disk is accarplished by: 

a) Activating the appropriate Drive Select line. 
b) Assuring that the drive is Ready. 
c) Selecting the proper head. 
d) Insuring no write fault conditions exist. 
e) Activating Write Gate and placing data on the 

Write Data line. 
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4.0 ~CAL INl'ERFACE 

4.1 Physical Interface 

The interface of the drive can be divided into three categories: Control, 
Signal and DC power. Table I, II and III define the pin assigrunents for 
these interface lines. Tables IV and V sh.c:M the recarrnended cable type 
and the grounding configuration at the drive and at the host system. 
Figure 3 indicates the physical location of the connectors. Figure 4 
indicates a typical connection for a four drive system. 

J3 

J1 
COMPONENT SIDE 

J4 

INl'ERFACE CONNOCTOR PHYSICAL r.cx:::ATION 

FIGURE 3. 
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TABLE 1 Jl/Pl CONNECI'OR PIN ASSIGNMENl' 

GND RI'N SIGNAL SIGNAL NAME 
PIN PIN 

1 2 -NOr USED 

3 4 -RESERVED 

5 6 -WRITE GATE 

7 8 -SEEK CCMPLETE 

9 10 -TRACK 000 

11 12 -\VRITE FAULT 

13 14 -HEAD SELECT 2(0) 

15 16 RESERVED (TO J2 PIN 7) 

17 18 -RESERVED 

19 20 -INDEX 

21 22 -READY 

23 24 -STEP 

25 26 -DRIVE SELECI' 1 

27 28 -DRIVE SELECI' 2 

29 30 -DRIVE SELECI' 3 

31 32 -DRIVE SELECI' 4 

33 34 -DIRECI'ION IN 

12 



TABLE II J2/P2 CONNECI'OR PIN ASSIGNMENI' 

GND Rl'N SIGNAL SIGNAL NAME 
PIN PIN 

2 1 -DRIVE SELEX:TED 

4 3 RESERVED 

6 5 -WRITE PRaI'ECT 

8 7 RESERVED 

10 9 SPARE 

12 11 GND 

13 + MFM WRITE DATA 

14 - MFM WRITE DATA 

16 15 GND 

17 + MFM READ DATA 

18 - MFM READ DATA 

20 19 GND 

TABLE III P3-OC CONNECroR PIN ASSIGNMENI' 

VOLTAGE GROUND 

PIN 1 + 12 VOLTS DC PIN 2 + 12 VOLT RETURN 

PIN 4 + 5 VOLTS DC PIN 3 + 5 VOLT RETURN 
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TABLE IV SINGLE DRIVE SYSTEM J2/P2 NOT SHOWN 

HOST SYSTEM FLAT RIBBON OR eM 6000 
TWISTED PAIR MAX 20 FEET 

1-
- NOT USED 

--'" - 2 

- HEAD SELECT 22 
4 

3----4 

5----4 
- WRITE GATE _ .. 6 - 7~ 

- - SEEK COMPLETE 
8 - 9---1 

- TRACK 000 - 10 
11 ----4 

- WRITE FAULT - 12 
13_ 

- HEAD SELECT 2 0 

~ 
14 

15~ 
RESERVED (TO J2 PIN 7) 

16 

- HEAD SELECT 21 
17 ----; J1/P1 

~ 18 
19_ 

- INDEX 
20 

21 ----4 
- READY - 22 

- STEP 
23~ 

24 
25----4 

- DRIVE SELECT 1 .. 26 

- DRIVE SELECT 2 
27_ .. 28 - 29---1 

- DRIVE SELECT 3 -- 30 

- DRIVE SELECT 4 
31-.. 32 
33_ 

- DIRECTION IN -- 34 -
+ 5VDC r... .. 

X 
4 

+ 5V RETURN 

'-' 3 J3/P3 
+ 12VDC 

r... ---- 1 

+ 12V RETURN X 2 '-' -== -
DCGND rn FRAME GROUND rrtn J4/P4 
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TABLE V SINGLE DRIVE SYSTEM J2/P2 

FLAT RIBBON OR 
HOST SYSTEM TWISTED PAIR MAX 20 FEET eM 6000 

- DRIVE SELECTED .. 1 

2-
- NOT USED 

3 
4~ 

- WRITE PROTECT 
5 

6~ 

RESERVED (TO J1 PIN 16) 
7 

8~ 

SPARE 
9 

1O~ 
GND 

11~ J2/P2 

12---4 
+ MFM WRITE DATA 

13 
- MFM WRITE DATA .. 14 -

GND 
15 ---4 
16~ 

+ MFM READ DATA 

- 17 
- MFM READ DATA .. 18 

GND 

19---1 
20---1 --- _ ..... -- --
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HOST 
CONTROL 

J1 

DATA J2 DRIVE 
#1 

J3 
J4 

I 

CONTROLLER J1 

DATA \ DRIVE 
J2 #2 

J3 
J4 

I 

J1 

J2 DRIVE 
#3 

J3 
J4 

DATA 
I 

SEPARATOR DATA 

J1 

DATA J2 DRIVE 
#4 

J3 
J4 

I 

DC VOLTAGES· -

FRAME GROUND • 

FIGURE 4. 

* Note: Each drive should have its own DC voltages 
and frame ground connections to the power 
supplies. 
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4.1.1 Jl/pl Connector 

Connection to Jl is via a 34 pin PCB edge connector. The 
dirrensions for this connector are shown in Figure 5. The pins 
are numbered 1 through 34 with the even pins located on the 
canp::ment side of the PCB. Pin 2 is located on the end of the 
PCB connector closest to the DC pavver connector J3/p3. A key 
slot is provided between pins 4 and 6. The recarmended mating 
connector for PI is AMP ribbon connector PiN 88373-3 . 

. 036 ± .004 .063 NOM 

246 34 

rr r.. r.. r.. r I ;---

.400 ± .010 

i I I 

"''- -
1/ 

I 

~ ~.050NOM ~ __ f---.100 NOM 

14----- 1.775 ± .010 ------I~ 

FIGURE 5. J1 CONNECTOR DIMENSIONS 

4.1.2 J2/p2 Connector 

ALL DIMENSIONS 
IN INCHES 

BOARD THICKNESS 
.062 ± .007 

Connection to J2 is via a 20 pin PCB edge connector. The 
dimensions for the connector are shawn in Figure 6. The pins 
are numbered 1 through 20 with the even pins located on the 
carponent side of the pcb. The recarmended mating connector for 
P2 is AMP ribbon connector piN: 88373-6. A key slot is provided 
between pins 4 and 6. 211036 ±.OW ~ 

, 

______ /400 1_°'° ill ~~ ~ ru 
f 

BOARD THICKNESS 
.062 ± .007 

.050 NOM -----t~.~1 ~ ~ 14ol--- .100 NOM 

ALL DIMENSIONS 
1.075 ± .010 ---~ IN INCHES 

FIGURE 6. CONNECTOR DIMENSIONS 
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4.1.3 J3/p3 Connector 

The DC PONer connector (J3) I Figure 7, is a 4 pin AMP MATE-N-IDK 
cormector PiN 350211-1 rrounted on the solder side of the PCB. 
The recarmended mating connector (P3) is AMP PiN 1-480424-0 
utilizing AMP pins PiN 350078-4. 

FIGURE 7 J3 CDNNOCTOR (DRIVE PCB SOWER SIDE) 

The required voltages and current levels on connector J3/p3 are sho,vn 
belON. 

4.1.4 J4/p4 Frame Ground Connector 

FASTON AMP PiN 62275-1 

* NOTE: Each drive should have its o,vn DC voltages and frame ground 
connections to the po,ver supplies. 
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4.2 Interface Lines and pin Assignment 

4.2.1 Control Input Lines 

The control input signals are of two types: those to be multiplexed 
in a multiple drive system and those intended to do the multiplexing. 
The control input signals to be multiplexed are, WRITE GATE, HEAD 

SELECT 2(0), STEP and DIREX::TION IN. The signal to do the multiplexing 1.6 

DRIVE SELECT I, DRIVE SELECT 2, DRIVE SELECT 3, or DRIVE SELECT 4. 

The input lines have the following electrical specifications. 
to figure 8 for the recommended circuit. 

TRUE: O.OVDC TO 0.4 VDC @ I= -4OmA (Max) 

FAlSE; 2.5VDC to 5.25 VDC @ I= CrnA (open) 

Refer 

Each control input line is terminated b¥ 220/330 resistor pack as 
shawn in figure 5. 

4.2.1.1 Drive Select 1,2,3, and 4. 

The Drive Select lines, when true, enable the input lines of the 
correspondingly programmed drive{s}. Only one Drive Select. line 
should be true at any time. 

4.2.1.2 Head Select 

This line provide for the selection of each individual 
read/write head in a binary coded sequence. Heads are numbered 
o and 1 on the CM 4213. 

4.2.1.3 Write Gate 

The active (true) state of this signal enables write data to be 
written on the selected disk of the selected drive provided that 
READY and SEEK ca1PLEI'E are true, WRITE DISABLE is false and no 
WRITE FAULT exists on the selected drive. The inactive state of 
WRITE GATE permits the STEP pulses to step the R/W actuator on 
the selected and READY drive or it enables data to be 
transferred fran that drive if SEEK CCl1PLEI'E is true. 

+5V 

...... --- 20 FT (MAX) -----.~ 
220Q 

330Q 

FIGURE 8. CONTROL SIGNAL DRIVER/RECEIVER COMBINATION 
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4.2.1.4 Step 

This is a control signal Which causes the R/W head to nove in 
the direction of notion defined by the Direction In line. In 
the seeking IOClde the head noves one track for each STEP pulse. 

fution is initiated by the leading edge (Le. false to true) of 
the STEP pulse. !my change in the DIREx::TION line must be made 
at least lOOnS before the leading edge of the STEP pulse •. e 

STEP pulses may be issued at any time interval equal to or 
exceeding o. 5 micro seconds. The min:imum pulse width is a . IUS . 

See figure 9 for STEP pulse timing. In a restore (recalibration) 
operation the minimum interval between successive STEP pulses 
should be 3.0 mS. 

--j I-lOOnS MIN 

- DIRECTION 15 

I ~4.-------0.5~S--------~~ ~I 

-J 
- STEP if 

r--- 500nS TYP. ---------I 
I - SEEK COMPLETE _______________________ -' 

f,-
FIGURE 9. STEP PULSE TIMING 

4.2.1.5 Direction In 

This signal defines the direction of motion of the R/w head When 
the STEP line is pulsed. When the signal is false the direction 
is defined as "out" and a STEP pulse casues the R/w heads to 
move away fran the center of the disk. When this line is true 
the direction is defined as "in" and the heads will nove toward 
the center of the disk. The tracks are numbered 000 through 639 
and track 000 is the outernost track. If an attempt is made to 
seek out beyond track 000 or in beyond track 639 the actuator 
will stop when one of these extremes is reached. 

Once a nove has been initiated no attempt should be made to 
reverse the direction of seeking While the SEEK CCMPLEI'E Line is 
false. 
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4.2.2 Control OUtput Lines 

The output control lines are driven with an open collector output 
stage capable of sinking a maximum of 40mA at the true or active 
state with a maximum voltage of 0.4V measured at the driver. In the 
false or inactive state the output transistor is off and the maxllnum 
collector cutoff current is 2S0uA. 

The output control lines are enabled by the programned DRIVE SELECr 
Line. 

The recammended circuit is shown in figure 8. 

4.2.2.1 Seek Complete 

This line will go true when the R/\v heads have settled on the 
final track at the end of a seek. 

The SEEK COMPLETE Line will go false at the following times: 

a) During the poINer on sequence while the drive logic 
is in the process of restoring the R/W heads to 
track 000. 

b) Approximately SOOnsec after the leading edge of 
the first in any series of STEP pulses. 

The minimum duration which this line will remain in the false 
state is approximately 10.Oms. 

\vriting is inhibited when SEEK ca.1PLEI'E is false. Any rlt-_terrpt to 
write during this period will generate a vJRITE FAULT. ~:"len 
false SEEK ca.1PLETE also inhibits the transmission of MFM READ 
DATA. 

No atterrpt should be made to reverse the direction of stepping 
when SEEK c:n.1PLEI'E is false. 

4.2.2.2 Track 000 

The true state of this line is generated when the R/W heads 
are on their last step approaching track 000, i. e . , when 
they are noving fran track 001 to Track 000. It remains 
true as long as the heads are positioned at track 000. 
Track 000 is the outernost track. 

4.2.2.3 Write Fault 

This signal is used to indicate that a condition exists in 
the drive which causes improper writing on the disk (s ) • 
When this line is true, further writing is inhibited at the 
drive until the condition is corrected. 
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The following conditions are detected: 

a) Write current in a head without \iJRITE GATE active 
b) No write current in a head with WRITE GATE active 

and DRIVE SE:LEX::l'ED 
c) WRITE GATE active when WRITE DISABLE is true 
d) The DC voltages are grossly out of tolerance. 

WRITE FAULT may be cleared by de-selecting the drive for a 
period exceeding 50 usecs, otherwise the condition will 
automatically clear 2 msecs after the conditions generating 
the fault have been renoved. 

Writing is inhibited internally during seeking or if WRITE 
GATE is true at the time SEEK COMPLEI'E going true. 

4.2.2.4 Index 

The leading edge (i. e. false to true) of this 
indicates the beginning of each track. The pulse 
once per revolution of the disk (16.8 mS nan.). 
width is 128US. 

pulse 
occurs 

Index 

-l l,,,,, 16.79m'_~~1 
INTERNAL SERVO BURST I �r-------------j~F-<---------1 r--

~-----------~//r<----------LJ I I I I 

INDEX 

DATA RECORDING TIME 

II I I 

ur-~~~~~~~~~~~~~~~~~/--1,)-:-,r-<=============~~-l--U
~ .. ~,- -:, 

1 ... ·-I----------16.67ms---------~-. 

FIGURE 10 
4.2.2.5 Ready 

When the READY line is true together with SEEK CCMPLEI'E the 
drive is ready to seek or read and if in addition the heads 
are not off track it is also ready to write. When this line 
is false the I/O signals are rot valid, also, writing, 
seeking and the transmission of read data are inhibited. 

At poNer on the READY line goes true when the DC voltages 
are within tolerance, the disks are rotating at the correct 
speed and the heads are positioned at track 000. 

The READY Line will go false When the DC voltages are out 
of tolerance and/or the disks fail to maintain regulated 
speed. 
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4.3 Data Transfer Lines 

The data transfer lines are provided at the J2/P2 connector. 
differential in nature and may not be multiplexed. 

'!'hey are 

'I\vo pairs of balanced signals are used for the transfer of data, one pair 
each for MFM \llRITE DATA and MFM READ DATA. Figure 11 illustrates the 
driver/receiver combination used in the drive for data transfer signals. 

HIGH ___ --I 
TRUE 

'>--___ HIG H 
TRUE 

26LS31 26LS32 
I 

20 FT. MAX 
FLAT RIBBON OR TWISTED PAIR (Z "" 105 Q) 

FIGURE 11. DATA LINE DRIVER/RECEIVER 

4.3.1 MFM Write Data 

This is a differential pair that defines the transitions to be 
written on the track. \'Jhen vlRITE GATE is active the translt..i.;:,~" of 
the signal + MFM WRITE DATA going rrore posi ti ve than-MEN WRITE DA'l:A 
causes a flux reversal to be recorded on the track. When \'JRITE GATE 
is inactive the host system must hold + MFM WRITE DATA more negative 
than-MFM WRITE DATA. 

The standard MFM write data transmission rate is 5,000 Mbits/sec. 
The write data tllning is shown in Figure 12. The actual occurence of 
the flux reversals may differ due to write precampensation. 

---l I---- Bit C,ell = 200nS,TYPicai 

-------------------~I ----~ _____ ~ Binary Data - L 
-1 ~ 50nS Min, 125nS Max. 

+ MFM WRITE DATA ~L... ____ n nL.. __________ ....JnL-__ --'nL.. __ 
- MFM WRITE DATA "u U U U U 

FIGURE 12. MFM WRITE DATA TIMING. 
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4.3.2 MFM Read Data 

Data recovered fran a pre-recorded track is transmitted to the host 
system via a differential pair of MEM READ ~A lines. The 
transition of the + MFM READ DATA line going more positive than the 
MFM READ DATA line represents a flux reversal on the track of the 
selected head. 

Read data is suppressed during writing and seeking operations and 
also When the drive is not selected. Following a write operations 
and/or HEAD SELECT change the read data will not be valid for a 
period of up to 20uS. If the drive is already selected at the end of 
a seek operation, read data will appear immediately upon SEEK 
c:a-1PLEl'E. When the drive has been deselected, read data will not 
reappear for a period of up to lOOuS after it is reselected. 

Typical MFM read data timing is ShCMn in figure 13. 

-....j f---- Bit C,ell = 200n5, Typical 

___________________ ~I--------, _____ ~ 
Binary Data .- L 

-1 ~ 50n5 Min, 125n5 Max. 

+ MFM WRITE DATA ~L.....-_-Jn nL-_______ --JnL-_--'n .... __ 
- MFM WRITE DATA -LJ U U U U 

FIGURE 12. MFM WRITE DATA TIMING. 

4.3.3 Write Protect 

Writing to the disk is inhibited when WRITE PROTECT is active 
irrespective of the condition of WRITE GATE. I f WRITE GATE and WRITE 
PRaI'ECI' are both active simultaneously then WRITE FAULT is set. 

4.3.4 Drive Select 

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

The DRIVE SELECT Line is driven by a TTL open collector driver as 
ShCMn in figure 8. When the appropriate DRIVE SELECI' line at Jl/Pl 
is activated by the host system this signal will go active on the 
correspondingly programmed drive. 

4.4 General Timing Requirements 

Figure 14 is a timing diagram showing the necessary sequence of events and 
associated timing restrictions for proper operation of the drive. 
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Note that an automatic reealibration to track zero occurs at OC po.ver on. 
At OC p<JW'er off the disks are brought to a corrplete stop in approximately 
20 Sees. 

DCPOWER~ 

-..j I-- 9 Sec Typ. 
----'-----...; 

- READY (if selected) 30 Sec. Max. following momentary power interruption 

---i t--- See Para. 2.51.4 -----'----;U..-----;U 
-+j t-- ! -../ ~ 15mS Nom. 

- STEP 

1 Sec Max. , 
- SEEK CO_M_P_L_E_TE __ --In ... __ :..J: I 

: ~ t-- 100,,5 Max. 

------.1': 1 - TRACK 000 L..:-___ ...J 

I L-___ --l _____ ----J 
- - --

REAO DATA VALID ---------1 
r - - - - - - --- - - - -

-DRIVE SELECT I n 
~I==================== HEAD SWITCHED 

READ DATA VALID I 
I 

- WRITE GATE 

-.1-.1 

--i I-- 20,,5 Max. 

I I 
--Ihl-l;;:==:-;'400~,nS Max. 

-------_--_--~I ----~I WRITE DATA . 1-_______ _ 

FIGURE 14. GENERAL TIMING REQUIREMENTS. 
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4.5 Write Precampensation 

To assure data integrity, the write data presented by the host may be 
precompensated on tracks 256 through 639. 

The optimum arrount of pre carpensation is lOnsec. Figure 18 shows the bit 
patterns to be ccrnpensated. All other patterns should be written "On 
time". "On Time" represents a nominal delay. Early and late represents 
less or more delay, respectively. 

o 

BIT CELL 

D 

D 

0 

"CODED DATA" "WRITTEN DATA" 

D 

D 

0 

0 

0 

D D 

! WRITE DATA LATE _________ ---l 

o 

D 

WRITE DATA EARLY 

0 

C D 

I 
WRITE CLOCK LATE 

o 

I 

D C 

WRITE CLOCK EARLY ______ ----ltl 

WRITE PRECOMPENSATION PAlTERNS 

FIGURE 15 
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5.0 PHYSICAL SPECIFICATIONS 

This section describes mechanical and nounting recc:mnendations. 

5.1 Mounting Orie>ntation 

The CM 4000 may be nounted in any orientation. In the final rrounting 
configuration, insure that operation of the four shock nounts which 
isolate the base casting from the frame is not restricted. 

5.2 Mounting Holes 

Eight rrounting holes, four on bottom and two on each side are provided for 
nounting the drive into an enclosure. The size and location of these 
holes, shown in Figure 16, are identical to industry standard minifloppy 
drives. 

5.3 Physical Dimensions 

OVerall height/width/depth and other key dimensions are sho.vn in Figures 
16 and 17. 
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6.0 MEDIA DEFECI' AND ERRORS 

Any defects on the media surface will be identified on a defect amp provided 
with each drive. This defect map will indicate the Head number, Track number, 
and nllIIber of bytes from index for each defect. The naximurn number of 
defects/surface is three (3) with track 000 certified to be defect free on each 
surface. Each defect shall be no longer than 11 bits (a defect is defined as 
an area during which the signal amplitude could fall below 55% of track average 
amplitude or pulses which are greater than 140% of track average anl)litude). 
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7.0 JUMPER OPTICNS 

All jurrper options are shawn in Figure 18 and Table VI. 

FIGURE 18. 

Function 

Drive Select 0 

Drive Select 1 

Drive Select 2 

Drive Select 3 

Reserved 

Reserved 

TABLE VI 
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J1 

Jumper 
Block 

Jumper Block 
Pin Numbers 

1, 2 

3, 4 

5, 6 

7, 8 

9, 10 

11, 12 

J3 
r------
L~!~_·_ 
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8.0 WARRANI'Y AND SHIPPING INFDRMATION 

Should the disk drive fail to operate properly during the warranty period (12 
rronths from original shipment from factory) return the drive to Carputer 
Memories in accordance with the steps listed under Shipping Information. 

8. 1 USA Shipping Information 

a) call Catputer Merories Inc. order entry department for a return 
material authorization (RMA) number. 

Phone number (213) 709-6445 

b) Pack the disk dri ve in its original shipping container, or 
equivalent. 

c) Send the disk drive to the Catputer Menories repair facility 
at: 

9216 Eton Avenue 
Chatsworth, California 91311 

8.2 Europearl Shipping Information 

Kode Services Limited is the approved repair facility in the United 
Kingdom, the Republic of Ireland and Europe. Customers l.n these areas 
should contact: 

Kode Services Limited 
Station Road, Calne 
vliltshire, SNll illR, England 
Telephone Caine (0249) 813771. 
Telex: 449335 

Shipping costs to the factory are the custorner IS resfX:msibility. Catputer 
Memories Incorporated CarlDot assume any responsibility for loss or damage 
to shipments. For you protection, please send your disk insured. 
Computer Memories will return the repaired drive to the customer freight 
prepaid. 

To reduce the risk of shipping damage, disk drives should, if possible be 
shipped in the original container. Containers can be purchased from the 
factory if you have discarded the original. Please pack securely to avoid 
shipping damage. 
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