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PREFACE
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PREFACE

This Manual provides the information needed to install, operate and maintain the
Cartridge Module Drive (CMD) and is intended to serve customer engineers and
operators who require detailed information about the Cartridge Disk Drive opera-
tions.

The total content of the Manual is comprised of eight sections, each having a
unique publication number, and is contained in one volume. The manual's publi-
cation number is that of the Table of Contents and Front Matter (77683555). This
number, along with the unit HPC number, should be used when making reference
to the Cartridge Module Drive Product Manual.

The following table identifies the content of each volume:

SECTION NUMBER/TITLE PUBLICATION NUMBER
1 General Description 77683556-3
2 Operation 77683557-1
3 Installation and Checkout 77683558-9
4 Theory of Operation "77683559-17
5 Diagrams* 77683560-5
6 Maintenance 77683561-3
7 Parts Manual 77683724-17
8 Wire Lists 77683563-9

*In some instances the 1/0 board documentation is part of the Hardware Product
Configuration (HPC) documentation package in front of this manual.
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OPERATOR SAFETY INSTRUCTIONS ‘

1. The power cord must be plugged into a power outlet. This outlet must be
readily accessible to the operator in case of emergency.

2. To operate this unit, the operator must depress the start/stop pushbutton
switch located at the front of the disk unit.

3. This unit must be serviced only by qualified technical personnel after removing
power cord from outlet.

4. In case of emergency, operator must remove power cord from outlet and con-
tact the proper technical service office.

SICHERHEITS - GEBRAUCHSANWEISUNG

1. Das Anschlusskabel ist in die Steckdose, die in der naeche des Geraetes
montiert ist, einzustecken. Der Netzstecker muss leicht und gefahrols
zugaenglich sein.

2. Zur Inbetriebnahme, sowie zum Ausschalten des Geraetes, wird der Start-
Stop Druck Schalter an der Vorderseite betaetigt.

3. Das Geraet darf nur von Fachpersonal nach dem Ziehen des Netzsteckers
geoeffnet werden.

4. Im Falle eines technischen Defektes, ist der Netzstecker zu ziehen und der ‘
Technische Dienst zu verstaendigen.
NOTICE

This equipment has been designed as component to high standards of design and
construction. The product, however, must depend on receiving adequate power
and environment from its host equipment in order to obtain optimum operation and
to comply with applicable industry and governmental regulations. Special attention
must be given by the host manufacturers in the areas of safety, power distribution,
grounding, shielding, audible noise control, and temperature regulation of the
device to insure specified performance and compliance with all applicable regula-
tions.

WARNING

This equipment generates, uses and can radiate radio frequency energy, and if
not installed and used in accordance with the instructions manual, may cause
interference to radio communications. It has been tested and found to comply
with the limits for a Class A computing device pursuant to Subpart J of Part

15 of the FCC rules, which are designed to provide reasonable protection against
such interference when operated in a commercial environment. Operation of this
equipment in a residential area is likely to cause interference in which case the
user, at his own expense, will be required to take whatever measures may be
required to correct the interference.
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GENERAL DESCRIPTION 1

1.1 INTRODUCTION

The Cartridge Module Disk Drive (CMD) is designed to interface with and provide
peripheral storage capabilities for data processing systems.’

1.2 GENERAL DESCRIPTION
1.2.1 PHYSICAL AND FUNCTIONAL

The standard CMD is a versatile rack mounted, high-performance, random access,
mass-memory device with a 96 megabyte capacity. The device features a front-
loading cartridge of 16 megabytes capacity with optional add-on memory capacity
of 16, 48, or 80 megabytes from one, two, or three fixed disks. The CMD has a
very fast average access time of 30 ms and the data-transfer rate is 9.67 MHz.

The Cartridge Module Drive can be connected to its associated controller in either
a star or daisy-chain configuration of up to 8 CMD units, resulting in a maximum
storage capacity of 768 megabytes.

A strapping option is provided in 16 megabyte increments on the fixed media sur-
faces. Programmable shunts on the Control/Mux PWA implement this option (i.e. a
96 megabyte unit may be strapped to become a lower capacity in 16 megabyte
increments). See Figure 6-25; Figure 6-25 is guardband waveform.

The drive contains: a cartridge receiver; spindle, drive motor and braking system;
fixed-media, read/write and servo heads; voice-coil positioner and track-following
servo; an Electronics Module containing read/write, microprocessor, I/0, servo
and drive control electronics; filtered-air supply; and a DC power supply. See
Figure 1-1 for the location of these elements. A hinged front door provides access
for the insertion and removal of the front-load cartridge. A removable cover
provides access to the electronics, heads, actuator and power supply.

1.2.2 STANDARD FEATURES

The standard CMD is mountable in a 19-inch rack in 10.5 inches of rack space,
extending 31.75 inches to the rear. (See Figure 1-2.)

The following are standard features of the CMD:

16 MB front-load cartridge receiver (cartridge not included)
Hard-sector configurations up to 127

Spindle brake

Address-mark detection

Servo offset

Early/late date strobing

Write pre-compensation

Independent manual write protect on fixed and/or cartridge media
Internal fault monitoring

Microprocessor control logic

77683556-A 1-1




HEAD
ELECTRONICS MODULE POSITIONER

CARTRIDGE RECEIVER

SPINDLE ::g‘#glif DRIVE

SLOWER MOTOR

(a7

HINGED FRONT DOOR

FIGURE 1-1, MAJOR COMPONENTS OF CARTRIDGE MODULE DRIVE

X730 ) HEIGHT 10.5 In, (264mm)
WIDTH 19.0 In. (483mm) Max. (Ponel)
17.25 In, (438mm) (Cover)
LENGTH 31,75 in, (80émm). Includes 1.25 in,
(30mm) coble ond switch clearance.
WEIGHT 170 b (7.1 kg)

FIGURE 1-2. RACK MOUNTED CMD UNIT
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1.2,

3

OPTIONAL FEATURES

The following are optional features of the CMD:

1.2,

y

Quietized Unit

The acoustically treated CMD is available as an option.
Slides for Rack Mounting

Power Options

The CMD can be supplied for operation with single-phase input
power of 100 V, 50 or 60 Hz;. 120 V, 50 or 60 Hz; or 220/240 V, 50 Hz.

1/0 Cable Terminators

MAJOR COMPONENTS

The following major components make up the CMD:

Electronics Module

The logic is implemented using low power Schotky for commands

and control logic and standard Schotky and ECL for the read/write
logic. The microprocessor is designed with standard microprocessor
building blocks. The logic is mounted on five PWA boards which plug
into a Mother Board.

Voice-Coil Head Positioner

Head positioning is performed using a closed-loop proportional servo
system with acceleration, velocity and position feedbacks. The
carriage is driven by a voice-coil linear actuator utilizing positioning
information from dedicated servo surface.

Deck and Spindle

A rigid cast-aluminum deck and precision spindle insures positive
registration and seating of cartridge. An AC induction motor pro-
vides spindle rotation through a flat belt and pulley.

Air Supply and Filtering

A direct-drive blower provides cooling air. The surrounding room
air entering the receiver is filtered by a 0.3-micron absolute filter.
Environmental requirements are given in detail in Section 3.

Cartridge Receiver

A front-load cartridge-receiving mechanism integral to the deck
assembly facilitates the insertion and removal of cartridge media.

Operator Control Panel

Controls and Indicators for the use of the operator are part of the
front panel assembly. These are the START switch/indicator, the
READY or ACTIVE indicator, the FAULT reset switch/indicator, the
PROTECT FIXED switch/indicator, and the PROTECT CART switch/
indicator. Details of these are given in Section 2. Additional switches/
indicators for use by the customer Engineer only, are found on the

77683556-A , 1-3




Control /Multiplexor PWA, Servo Fine PWA, the I1/O PWA and the
Servo Coarse PWA in the Logic Assembly. These are discussed in
detail in the Hardware Maintenance Manual.

1.2,5 OPERATIONAL CHARACTERISTICS

Operational characteristics of the CMD are summarized in Table 1-1.

TABLE 1-1., OPERATIONAL CHARACTERISTICS SUMMARY

CHARACTERISTICS

VALUE

TRACK DENSITY
POSITIONING TIME

Maximum Positioning time
Track-to-track positioning time
Average positioning time

SPINDLE SPEED

LATENCY TIME (AVERAGE)
RECORDING

Mode .

Density (inner track)
(outer track)

Bit rate (nominal)

Total number of removable disks

Total number of fixed disks

Servo surfaces

Data surfaces

Minimum Data tracks

Spare tracks

Disk Diameter (inches)
(millimeters)

Track spacing (inches)

DATA CAPACITY (unformatted)
No. of Fixed disks

Bytes/Track
Bytes/Surface (808 Tracks)
Bytes/Unit

*Includes 1 data surface on
removable disk.

UNITS PER CONTROLLER I/0 CHAN

384 TPI

55 ms (track 0 to 822)
6 ms
30 ms

3600 r/min (+2.5, -3.5%) Includes
voltage and frequency variations
specified in Table 3-1.

8.33 ms (at 3600 r/min)

MFM

6038 bpi nominal
4038 bpi nominal
9.677 MHz

DRIVE CAPACITY

32 Mbyte 64 Mbyte 96 Mbyte

1 1 1

1 2 3

2 2 2

2 4 6

1616 3232 4848

30 60 90 -

14 14 14

356 356 356

0.0026 0.0026 0.0026

1 2 3
20 160 20 160 20 160
16 289 280 16 289 280 16 289 280

32 578 560*65 157 120* 97 735 680*

8 (Daisy chain or Star)

[T
!
[~
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OPERAT ION 2

2.1 INTRODUCTION

This section provides the instructions and information required to operate the
CMD unit.

2.2 OPERATOR CONTROLS AND INDICATORS

Figure 2-1 depicts the locations of the operator controls and indications. All
switches and indicators are preassembled on a printed circuit board and mounted
behind the control panel assembly. The control panel conte‘ns separate write
protect switches and indicators for fixed and removable disks. A functional
description of the normal operator controls and indicators is given in Table 2-1.
Maintenance indicators and switches are described in paragraph 2.10.

2.3 OPERATING PRECAUTIONS

CAUTION
Do not remove AC power from the unit with the circuit breaker until the
disk has stopped rotating. The blower must remain ON anytime the disk
is rotating to prevent the rotating disk from drawing in unfiltered air.

In addition to the above, the following precautions and practices should be

observed while operating unit to obtain best performance and reliability of the

equipment:

1. Keep the access door closed to prevent unnecessary entry of atmospheric
dust. T

2. If head-to-disk contact is suspected or recognized and persists, stop the
unit by using the Stop and Power down procedure of this section and then
call the customer service engineer. Head-to-disk contact recognition is de-
seribed in Section 2.10 and Head-to-disk contact recovery procedure is de-
scribed in Section 6.7.22 of the Hardware Maintenance Manual.

3. The operator should not attempt to override any interlocks in the system.

NOTE
Appropriate steps should be taken to safe guard valuable data until the
head-to-disk contact can be remedied. Such steps may include leaving
the unit powered down, replacing the data cartridge with a scratch cart-
ridge, and/or immediate transfer of the data that is on the fixed disk.
CALL CUSTOMER ENGINEER.

2.3.1 POWER UP FOR ON-LINE OPERATION
NOTE

Steps 1 and 4 to be performed by mairtenance personnel only.

Verify connection of all power and 1/0 cables.

. Verify installation of proper unit select plug in front control panel.

Verify that START /STOP switch is in STOP pesition (out).

Actuate AC circuit breaker, CB1 (rear of the unit), and verify operation of
blower motor.

5. Install disk cartridge in accordance with Disk Cartridge Installation proce-
dure. See Section 2.7,

> W N -
. .
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CAUTION
The CMD shall contain a cartridge at all times whether operating or
not. This is necessary to insure proper sealing of shroud area from
environmental contaminants. ‘

DISK CARTRIDGE
ACCESS DOOR

WIDE ANGLE LED'S
BUILD INTO SWITCHES

PUSH DOOR IN AND PUSH
UP HERE TO DISENGAGE
RECEIVER DOOR LATCH @

UNIT SELECT
A NUMBER FROM 0-7 WILL
BE ON THE PLUG FACE. ® -

\ LATCH RELEASE
TAB

™ 6 i scaie ®-°°

FRONT PANEL

READY START PROTECY

ﬂ= START FAULT WRITE-PROTECT . STOP_CHECK CART FIXED

® ACTIVE STOP CLEAR CART FIXED
® ALTERNATE SWITCH LABEL CONF IGURAT1ONS

[
{6016 )

FIGURE 2-1, OPERATOR CONTROLS AND INDICATORS

*See Table 2-1 for differences in function of this indicator.
**Emergency use only. See Paragraph 2.8.2.
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6. Operate the START/STOP switch and verify START/STOP indicator illuminates
on those units which have the START indicator above the START /STOP switch.
Also, verify that the READY indicator ceases blinking and remains constantly
illuminated when the unit is up to speed and the heads are loaded. READY
indicator may be either above UNIT SELECT plug or inside the START /STOP
switch. Take note which of these options is applicable to unit.

NOTE
If FAULT indicator illuminates perform steps 1 through 3
of Fault Operating Instruction paragraph 2.4.

8. Within approximately 60 seconds after START /STOP switch is pressed,
*READY is sent to the controller and the READY indicator illuminates. Disk
drive is now ready to receive commands from the controller.

2.3.2 WRITE PROTECT

Operate the desired PROTECT switch (PROTECT FIXED or PROTECT CART.) and
verify that the appropriate PROTECT lamp illuminates. Selected volume is now
protected against controller Write commands.

2,3.3 STOP

The disk drive can be stopped whether or not the unit is in the process of
performing one of its functions., If START /STOP switch is operated during a
seek the carriage will inmediately perform a retract, ceasing the function it was
performing. .

To stop:

1. Operate START/STOP switch and verify that the READY indicator flashes on
and off until the spindle has stopped and then extinguishes when the spindle
has stopped.

2. Remove the cartridge (if desired) in accordance with Disk Cartridge Removal
(Normal) procedure. The cartridge access door will not unlock until the
READY indicator has stopped flashing and has extinguished. READY indicator
may be either above UNIT SELECT plug or inside the START /STOP switch.
Take note which of these options is applicable to unit.

2.3.4 POWER DOWN

Set main circuit breaker CB1 to "off", but only after spindle has stopped rotating.

NOTE
This is normally performed by maintenance personnel.

*Proper state of PICK, HOLD and/or LOCAL/REMOTE is assumed.

In case the 2 minute purge option is selected on servo coarse, the total time from
start to ready could reach 155 second maximum.
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TABLE 2-1, CONTROLS AND INDICATORS (SHEET 1 oF 2)

CONTROL OR INDICATOR

FUNCTION

START/STOP switch/indicator

START Indicator

READY Indicator

ACTIVE Indicator (optional)

FAULT switch/indicator

CONTROL PANEL

START switch energizes spindle

motor and initiates the first

seek mode provided the follow-

ing conditions are met:

1. The AC €ircuit breaker is ON.

2. Disk cartridge loading door closed
and latched with cartridge in
place.

3. FAULT light is OFF (indicating cer-
tain fault conditions do not exist-
see Section 2-9).

4, a. Switch S-1 on I/0 PWA in

"LOCAL" Position (see Figure
3-17).

b. If S-1 on I/0 PWA is in the
"REMOTE" position, the CMD
will start when ground is pro-
vided on the power sequence
PICK and HOLD lines from the
controller.

Located within the START/STOP switch,
this indicator lights only when the
START/STOP switch is operated inward,
turns off when switch is released.
Note all units have a START indicator.

Positioned above the unit select plug
on unit which have START indicator
within the START/STOP Switch. READY
indicates unit ready status. READY
indicator is illuminated whenever
unit is up to speed and heads are
loaded and no fault requiring manual
intervention exists within the unit.
The READY light will flash on and off
throughout the spindle start and stop
procedure. On units which have the
ACTIVE indicator above the UNIT SELECT
Plug, READY is the indicator within
the START/STOP switch.

Indicator illuminates when read, write,
RTZS or seek operation is in process.
This is an optional indicator and is
not on all units. When used, it is
above UNIT SELECT Plug.

Clears certain fault conditions when
operated. Refer to Section 2.9.

**Does not indicate Seek Error.

2-4
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TABLE 2-1. CONTROLS AND INDICATORS (SHEET 2 OF 2)

CONTROL OR INDICATOR

'FUNCTION

FAULT Switch/Indicator

PROTECT FIXED Switch/
Indicator

PROTECT CART Switch/
Indicator

UNIT SELECT Plug/Socket

CONTROL PANEL

Indicator indicates that a fault has been detected.
Operating the switch inward clears certain fault
indications and turns off the FAULT indicator.

The Microprocessor remembers certain faults through
the FAULT indicator does not illuminate until the
fault(s) are detected again during operation. Refer
to paragraph 2.9 for more information. If FAULT
indicator flashes off and on about twice per sec-
ond* it indicates that the air pressure of the
cooling air inside the unit is not adequate to
properly cool the unit. Customer Service Engineer
should be summoned.

When operated inward this switch disables the
write driver for the fixed media. Alternate
Action switch. The indicator indicates that the
fixed volume of the drive is write-protected.

When operated inward this switch disables the
write driver for cartridge. Alternate action
switch. The indicator indicates that the remov-
able volume cartridge of the device is write pro-
tected.

A plastic plug which generated the computer 1/0
channel unit number by closing coded switch
contacts in the socket into which it fits. The
top of the plug is marked with a number from 0 to
7 representing the unit number. The proper num-
ber plug is installed at installation time.

DISK PACK ACCESS DOOR

DISK PACK ACCESS DOOR LATCH The Disk Pack Access Door is unlatched as follows:

1. Press the door in to release the safety latch.
2. Lift up on the release lever (A) with the
fingers Tgée Figure 2-1).

3. Pull out and down to open the door and unload
the cartridge.

The latch will not release the door catch until
after the spindle motor has stopped rotating and
the interlock solenoid releases the catch. The
START/STOP switch must also be released (OUT)
before the solenoid releases the catch. In the
event of the loss of AC power the interlock sole-
noid does not release the catch in order to pre-
vent damage to the cartridge.

In units that have the AGC FLT-Door Lock option
installed, under certain fault conditions the
door will not be released after power down.

*Optional Lo-Air Detection Feature.

77683557-F
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2.4 FAULT OPERATING INSTRUCTION

2,4.1 ELECTRICAL/ELECTRONIC FAULT ‘

If FAULT indicator illuminates (not flashing on and off), during operating or
power up, proceed as follows:

1. Wait until READY stops flashing on and off.

2. Operate START/STOP switch to STOP and allow spindle to stop rotating,
then operate START /STOP switch to START. If FAULT lamp extinguishes,
normal operation can be resumed. If lamp remains illuminated call Customer
Service Engineer.

3. If smoke or odor is detected, turn AC breaker off and call Customer Service
Engineer.

4. If door does not open and FAULT does not clear, the drive might have the
AGC FLT-Door Lock option installed to prevent head-to-disc contact pro-
pagation. Customer engineering should be called.

2.4,2 NO-AIR FAULT

When air through the unit's absolute filter is sufficiently obstructed, the NO-AIR
interlock switch opens, removing power from the spindle. The unit ceases the
operation it was performing, the heads retract and the spindle stops rotating.

If not operating, the spindle will not start when the START /STOP switch is
operated to the START position. In both of the above cases, the blower con-
tinues to supply cooling air to the electronics, so a fault is stored by the con-
trol Microprocessor and the FAULT indicator illuminates. Call the Customer
Engineer to investigate the problem when stopping or failure to start occurs.
Read-out of the causes for faults is described in Section 6. 9.

2,4,3 LOW-AIR FAULT OPTION

If the unit has the Lo-Air Pressure option installed, the FAULT indicator flashes
on and off about two times per second to indicate air flow coming from the
absolute filter (in the base pan) is not adequate to properly cool the unit. The
operator can clean or replace the Pre-filter filter (if that option is installed)

and if the flashing FAULT indicator persists, the operator should call the
Customer Service Engineer to investigate the problem. The unit will power-up
and operate for a time, but when air flow is sufficiently obstructed, the No-Air
interlock switch will open and not allow the unit to power up at-all. Trouble

shooting the lack of proper air flow problem is described in Section 6, Maint-
enance.
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2.5 INPUT/OUTPUT LINES

Complete operations of the disk drive including spindle start/stop can be perform-
ed by the controller, * provided the START/STOP switch is in START position.
Input /Output signals exchanged between disk drive and controller and their func-
tions are explained in Table 5-3 . I/O switch must be enabled and REMOTE/LOCAL
switch must be in remote position. The Customer Engineer can configure to
customer request.

2.6 DISK CARTRIDGE HANDLIMG AND STORAGE

The following practices should be observed when handling or storing disk cart-
ridges. Refer to the Manufacturer's instructions for more detailed maintenance and
cleaning instructions, or refer to Section 6 of this manual.

1. The cartridge dust cover should be on the cartridge while it is out of the
disk receiver. This will insure a positive dust seal and immobilize the disk

inside.

2. Cartridges can be stored flat but never on the edge. They can be stacked
on top of one another, but never more than four high.

2.7 DISK CARTRIDGE IMSTALLATION

The disk cartridge must be stored in the same environment as the CMD for 60
minutes immediatc’y preceding it s use. Make certain disk cartridge has been
cleaned and maintained in accordance with accepted preventive maintenance pro-
cedures. Refer to Figure 2-2 for the following procedure.

1. Press the door in to release the safety latch.
2.  Lift up on the release lever (A) with the fingers (See Figure 2-1).
3. Pull out and down to open the door and unload the cartridge.

NOTE

Power must be on, the START/STOP switch out, and
READY and FAULT lamps must be off to release lock
on cartridge door.

4. To separate dust cover from the disk cartridge, push cover release button
toward center of cartridge.

5. Disengage dust cover from disk cartridge. Set cover aside upside down to
prevent dust from collecting within the cover.

CAUTION
Make certain that the read/write heads are fully retracted.

6. Slide disk cartridge into receiver track, ensuring that the head opening is
toward rear of the machine.

Push handle down. Push cartridge rearward until it stops.

Close cartridge access door and press the door closed until it is latched.
The cartridge slides into place on the spindle automatically as the access
door is closed.

o0 =3
e o

*Note: This includes ﬁ,wit‘ching of AC input power to the unit.
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DISK PACK IN
PLACE

ACCESS DOOR CATCH RELEASE

COVER RELEASE
BUTTON

_____

FIGURE 2-Z2., DISK CARTRIDGE INSTALLATION/REMCVAL

7. Store cartridge cover upside down in some convenient location.
8. Operate START /STOP switch to apply power to spindle motor.

NOTE
If the spindle motor will not rotate, disk cartridge
access door may not be completely closed, the cartridge
may not be properly seated on the spindle chuck or the
cartridge receiver/base may not be all the way down
on the lower chassis.
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DISK CARTRIDGE REMOVAL

2.8.1 "NORMAL REMOVAL

Refer to Figure 2-2 for the following procedure.

1. Operate START /STOP switch to STOP (out).

2. Pull down the cartridge access door after the READY indicator ceases flashing
on and off and extinguishes entirely. READY indicator may be either above
UNIT SELECT plug or inside the START/STOP switch, Take note which of
these options is applicable to unit,

3. Pull the cartridge out of the receiver with sufficient force to overcome
the detent action.

4. Place the dust cover in position on the cartridge and fold over top handle.

NOTE
The handle may be swung out to carry the cartridge but
do not push the cover release button.

5. Place another cartridge into the receiver and close cartridge access door. The
CMD shall contain a cartridge at all times to insure proper sealing of shroud
area.

2.8,2 POWER FAILURE OR EMERGENCY STOP REMOVAL

Refer to Figure 2-1 for the following two procedures.

DO =
o o

(3 0 -
o o

NOTE
These two procedures below to be performed only by the
Customer Engineer.

Wait approximately 8 minutes for cartridge to stop spinning.

Open cartridge access door. This automatically removes cartridge from
spindle chuck. Door will not open if a problem exists. Power must be
ON and START/STOP switch out to retract door latch solenoid.

AC Power should not be turned OFF while heads are loaded or disks rotating.
If AC must be turned off do not allow it to stay off if emergency retract fails
to retract the heads. Retract the heads by hand before removing AC power
again, ’

(4

NOTE
If heads have not retracted FAULT indicator will remain
OFF but spindle will continue to rotate until heads can be
manually retracted (in the case where AC power is still
applied) . Top cover of unit must be removed to manually
retract heads (see Section 6, Hardware Maintenance
Manual).

With light downward pressure at the front edge of the cartridge (to release
from detent) pull cartridge out from receiver.

Place cartridge cover in position on bottom of cartridge.

Place another cartridge into the receiver and close the cartridge access door.
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2.8.3 CARTRIDGE REMOVAL FOR EMERGENCY CONDITIONS

When conditions occur such as power outage, loss of AC power to drive (tripped
circuit breaker), or the system cannot achieve drive response, proceed as
follows:

1. Make sure the spindle motor is completely stopped. Either observe the
motor with the top cover of the unit off or turn off AC power and wait
a full 8 minutes before proceeding. .

2. See Figure 2-1. Insert a 6 inch steel gcale between the access door and
the front panel. Push the small tab to the right with the scale. This

locks the door allowing the door release @ to be operated while the tab

§(5 is being pushed to the right.

3. Perform steps 3, 4 and 5 on page 2-9, paragraph 2.8.2.

4. Close the door in the normal manner when ready to do so.

2.9 MAINTENANCE SWITCHES AND INDICATORS

Maintenance switches and indicators are provided for aiding the maintenance
personnel in diagnosing problems in the drive. These switches and indicators
are mounted on the printed circuit boards in the Electronics Module and they
should only be operated by maintenance personnel.

A set of seven LED fault display indicators are mounted on the top of the Con-
trol/Mux PWA in the electronics module. Two types of faults can be displayed ‘
on these indicators: non-microprocessor or logic detected faults and error con-
ditions detected by the Servo-Coarse PWA microprocessor (called the Micropro-
cessor Fault Summary). Table 2-2 lists the logic detected faults and the Micro-
processor Fault Summary errors displayed. Figure 2-3 shows the fault display
indicators on the Control/Mux PWA and the reset switch (S1) which resets the
display and brings up new information which is displayed on the indicators. *
The FAULT CLEAR switch on the drive front Panel also resets the logic detected
faults but does not reset the Fault history flip-flops as S1 on the Control/Mux
PWA does that. Also, the FAULT CLEAR switch does not place microprocessor
faults on the LED fault displays whereas S1 does. In addition to logic detected
faults and Microprocessor Fault Summary the fault indicators can display the
present cylinder address (from the last seek) and velocity status of the servo
system (slow, fast or OK). The use and operation of the switches and indicators

is described in more detail in Section 6-9 in the Maintenance Section of the
Hardware Maintenance Manual.

*The location on the PWA of this switch varies slightly among the various ver-
sions of the CNTL/MUX PWA.
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TABLE 2-2, FAULT DISPLAY INDICATOR SUMMARY

IND | LOGIC DETECTED

MICROPROCESSOR DETECTED

FAULT FAULT
CR1 | NO HEAD SELECT FAULT (NH) CR1 not used
CR2 | OFF ON

CR3 | WRITE FAULT

CR4 | WRITE OR READ WHILE OFF CYL. (W-R)
CR5 | WRITE AND READ FAULT (W+R)

CR6 | VOLTAGE FAULT (VF)

CR7 | HEAD SELECT FAULT (HS)

- ke G- - - — —oa—

HIGHEST ORDER M.P. FLT CODE
SUMMARY BIT (24).*

M.P. FAULT CODE BIT 23,

M.P. FAULT CODE BIT 22.

M.P. FAULT CODE BIT 2l.

1 _M.P. FAULT CODE BIT 20.

s cmme GES can came RIS GEE GER GED GED GES GED GED GED e =S Gme =

*In the Microprocessor Fault Code Summary mode two types of information are
displayed: The phase of operations where the fault occurred and the type fault.
From 1 to 13 phases could be displayed and from 1 to 16 faults. All of the

‘| applicable phases are displayed in serial order first and then all of the fault

codes applicable in serial order. See Table 6-7** for more details. Below is a
table of phases and faults which may be displayed on CR3 - CR7.

PHASE INDICATORS

CODE_(HEX)

02

FAULT INDICATORS

.| CODE_THEX)

PHASE INDICATORS

PHASE CODE_(HEX) PHASE
Return to Track Center 07 Head Load
Wait for Coarse Seek 08 Await AGC during
-Comp. Head Load
After Seek Settling 09 Await Track Cen-
Idle Loop ter-Load or RTZ
Return to Zero Motion 0A Settling-Load or
End of Velocity Table RTZ
0B OFFSET Active
ocC Clear OFFSET
Settling
0D Resume Settling
after False
Termination
FAULT TYPE

Spindle did not Start/Stop in 2 minutes (10 or 14 was noted)
Spindle Start GT 70 SEC max

No spindle movement or not up to speed in 2 MIN

No drive to Solid State Relay

Solid State Relay Failure

Stop Timeout

Emergency Retract Failure

Normal Retract Failure

Cylinder Address GT 822

OFF Track GT 1200 USEC

Unexpected AGC in Head Load

Lost AGC

RPM Fault

Lost Speed Pulses

Allowed Time Expired

No Track Lock in Settling

Microprocessor Fault Code Summary Readout is Complete

**Maintenance Section of the Hardware Maintenance Manual

77683557 -E
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A FAULT INDICATORS

MOMENTARY
A SWITCH §1 A
fmi WP WF WeR WRVF HS| 34 TP 18 0
¢ Ll eoel_J v == P
2 o
CR! CR2.CRI CR4CRSCR6 CR? m

A SHOWN IN "OFF" POSITION. LOCATION OF THIS SWITCH VARIES SLIGHTLY WITH

THE VARIOUS VERSIONS OF THE CNTL/MUX PWA.

A THE FAULT TYPE ABBREVIATIONS SHOWN ARE ETCHED ON THE PWA
UPSIDE DOWN NEXT TO THE APPLICABLE INDICATOR.

e~
Ciowe_)

FIGURE 2-3, CONTROL/MUX PWA SHOWING FAULT
INDICATORS AND FAULT RESET SWITCH
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2,10 HEAD-TO-DISK CONTACT RECOGNITION

The following paragraphs will aid the operator to recognize head-to-disk contact.
Head-to-disk contact recovery is described in the Maintenance Section 6.7.22.

2.10.1 READ/YRITE HEAD

The head-to-disk contact of a data head is first sensed by the operating system.
Head contact, in the very early stages, will exhibit an escalating increase of read
errors on that data surface.

If, after the head comes in contact with the disk, the drive is allowed to run long
enough, an audible noise may be heard. This noise will be a tinging sound.

An aroma will eventually be noticed if the head is allowed to continue making con-
tact with the rotating disk. This aroma will be the result of burning oxide caused
by the head generated by the head-to-disk contact.

2,10,2 SERVO HEAD

Head-to-disk contact of the selected (fixed or removable) media's servo head will
be apparent by the unloading of the heads. Unloading occurs when the head-to-
disk contact is severe enough that the head can no longer read the servo dibits.

The realization of a head-to-disk contact on an unselected servo head may require
more time. This contact will not become evident until either: 1) the servo surface
where the contact occurred is selected causing the heads to unload; 2) the head-
to-disk contact is severe enough to make an audible noise; or 3) oxide dust
clouds contaminate other heads causing more head-to-disk contact.

CAUTION

Once head-to-disk contact is suspected, to prevent
further damage and /or data loss, do not continue to
operate the unit. Power down the unit per Section
2.3.4 and call the maintenance person authorized

- to repair this kind of problem.
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INSTALLATION AND CHECKOUT 3

3.1 INTRODUCTION

This section provides the information and procedures necessary to install the CMD.

The 9448 CMD is listed by the safety agencies (UL and CSA) as a component. A
suitable enclosure is required which meets the Product Safety standards imposed
by agencies such as UL and CSA.

The 9448 CMD meets the Class A limits of Subpart J of Part 15 of the United
States FCC rules when installed according to the following instructions.

If the 9448 CMD is to be mounted within a verified Class A computing device,
the installation/operation instructions furnished by the device manufacturer
must be followed. If the 9448 CMD is mounted elsewhere, the use of shielded
cables may be required. 1/0 cables that are external to the enclosure are to be
shielded.

It is the user's responsibility to verify that his system complies with the
applicable FCC emission limits.

Information concerning the electromagnetic emission characteristics of this com-
ponent can be obtained by contacting MPI at the address given in this manual.

‘ 3.2 UNPACKING

During unpacking, exercise care so that any tools being used do not cause dam-
age to the unit. As the unit is unpacked, inspect it for possible shipping damage.
All claims for this type of damage should be filed promptly with the transporter
involved. If a claim is filed for damages, save the original packing materials.
Unpack the unit as follows:

A. Remove the top cover and inspect various items such as circuit boards, car-
riage assembly, and read/write heads for shipping damage. See Section 6
for procedure.

B. Check that all packing material pieces are removed, and that the unit is
clean inside.

C. Refer to Figure 3-1. Remove the screw @ which secures the carriage lock-

ing tool . Lift the Locking tool to remove the pin from the hole in the
carriage . Swing the locking tool around to the operating position 9 .
Reinstall the screw to secure the locking tool to the magnet in the operating
position. :

CAUTION

Do not position the carriage manually. Such action could cause the
read/write heads to load and to cause damage to the heads and disk.

The unit should never be shipped or even be moved any significant
distance without the carriage lock pin in place to prevent the heads
from loading and damaging the disk and/or heads.
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D. Remove rear shipping bolt @ of Figure 3-2, using a 3/16 inch hex bit*,
Store the shipping bolt in the hole provided to the left of the magnet as
shown at @ in the figure. Before shipping, this bolt must be installed in
the center hole again. Before placing the unit in operation remove screw

Figure 6-5.

CAUTION
AC-DC GRD short can occur if unit is operating and screw @ has not
been removed.

Store screw @ in tapped hole in vertical leg of E Module brace next to
base plate.

Before reshipping the unit return screw @ to its preinspection location
and securely fasten.

E. 1If the deck hold down bolts (Figure 3-3, Sheet 2 of 2) are installed,
(customer option) remove using a 3/16 inch hex bit* and stow them below
the deck in the Base Pan together with all the hardware as shown. If the
deck hold down bolts are not installed, proceed to the next step. '

F. If deck hold down bolts @ were removed to raise deck, these should be
replaced before placing the unit in operation. Before reshipping the unit,
it should be inspected to make certain that the bolts have been securely
installed (See Figure 3-3).

G. Replace the unit cover. The cover should remain installed even if the unit
is to be operated within a rack. '

H. A plastic cover is shipped in place of a cartridge. Remove the plastic cover
and install a cartridge before operating.

3.3 SPACE ALLOCATION

Figure 1-2 shows the unit overall dimensions for determining space allocation. In
addition, Figure 3-4 gives detail dimensions. Figure 3-5 shows the base pan and
electronics module maintenance envelope dimensions. See paragraph 3.4.1 for
installation procedure.

3.4 INSTALLATION AND MAINTENANCE

Required connections to the device are power/signal cables and system ground con-
sistent with normal peripheral equipment grounding practices. See Section 3.6 for
cabling information. The physical requirements are adequate clearances for main-
tenance and air intake/exhaust and adequate cooling** of the space in which the unit
is mounted. Detailed instructions for maintenance are found in Section 6 of this
manual.

CAUTION
The CMD shall contain a cartridge at all times
whether operating or not. This is necessary to
insure proper sealing of shroud area from
environmental contaminants.

* Used in Torque driver wrench, or use hex driver of same size.
**See Section 3.8, "Cooling Requirements," which specifies the cooling required
to maintain the intended reliability of the CMD.
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. 3.4.1 INSTALLATION MECHANICAL INTERFACING

This section contains the mechanical interface specifications for the CMD. Figures
3-4 through 3-9 provide mechanical dimensions or mounting details for the various
configurations. All dimensions are in inches and millimeters and are listed in tables
in each figure. All dimensions are nominal and subject to- the normal manufacturing
tolerances. See Section 3.6.2 concerning cable retract mechanisms for rack
mounted drives.

NG T CARRIAGE LOCK PIN(1)IN SHIPPING POSITION
®

------ CARRIAGE LOCK PIN(1)IN OPERATING POSITION

FIGURE 3-1., CARRIAGE LOCKIHNG TOOL - SHIPPING POSITION
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® @

: ?@ ‘O” ® @
/ )\

INSTALL SPACER REMOVE SHIPPING BOLT

ON SHIPPING BOLT FROM HOLE IN SHIPPING
AND STOW SHIPPING  TIE DOWN TAB USING

BOLT IN HOLE 3/16 INCH HEX BIT.
REMOVE SPACER FROM ©
——— ®  Tie-oown TS,
Ltz

FIGURE 3-2. REAR SHIPPING BOLT LOCATION
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77683558-E

TO RAISE DECK REMOVE SCREW USING
3/16 HEX BIT (BOTH SIDES)

or

@ INSURE BOLT IS INSTALLED BEFORE OPERATING OR
SHIPPING UNIT (BOTH SIDES) .
.- __‘1__ .
® PLASTIC COVER IS NORMALLY [ -
SHIPPED IN PLACE OF —
CARTRIDGE ‘ ‘
Cou !

FIGURE .3—3. DECK HOLD DOWN BOLTS (SHEET'1 OF 2)
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SPECIAL FLAT WASHER
(10125608 FILED DOWN)

SCREW 10126265
(USE 3/16 INCH HEX BIT)

SPLIT LOCK 10125806
FLAT WASHER 10125608

é’/ ———  BASE DECK
| 2
]

z

SHOCK MOUNT
FLATWASHER 10125608

NUT 10125301

o .

7

FOR SHIPPING:

— Bgn W= N

BASE PAN

CAUTION

REMOVE BOLT BE- '
FORE OPERATING

FOR STOWED FOR
SHIPPING : OPERATION :

R

CAUTION | ® caunon |
REMOVE BOLT BE- ! REMOVE BOLT BE- !
CAUNION FORE OPERATING FORE OPERATING

REMOVE BOLT BE- '
FORE OPERATING

NOTE: RETAIN CAUTION TAG FOR POSSIBLE FUTURE SHIPPING

-

Czon )

FIGURE 3-3, DECK HOLD DOWN BOLTS (SHEET 2 OF 2)
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36 INCH (914 mm) RACK MOUNT CASE ENVELOPE

jo—— O
z ¢
_ 4
—HJ \of QTT‘ ‘
! (Y % ( o
. - ——$— - A COVER)
| € Pt
' 170 L8 |
L. Us A A
le——o— A s -
L T 3
Do o CIRCUIT BREAKER
INCLUDING AND 1/0 CABLES
BUMPERS
;
PANEL, POWER ENTRY
€ MODULE
. LOCATION
SEE SHT 5
u
N 170 CABLE
ENTRY
g O VO
Dy L r i
G [‘ * L., _._.i Ry
| 5
rack Mount /| 1 NE
‘ J WS L ~de—\— P TRIMBOSS TV "‘ & Y
! f R (MAX) |
Power :
o ~
AT N I S
AC POWER CABLE —
b SIDE VIEW & 1/0 CABLE CLAPS
® 30 INCH (762 mm) RACK MOUNT CASE ENVELOPE
DIMENSION | INCHES | MILLIMETERS DIMENSION |  INCHES | MILLIMETERS
A 17.76 1.1 N 4.25 108.0
. 10.0 254.0 o 17.25 %2
c 0.3 9.7 P 0.38 9.7
O, 1.50 2.1 Q 0.75 1901
Dy 2.53 64.3 R 1.25 max 31,7 max
€ 2.50 74.7 s 1.25 min 31.7 min
F 1.56 .62 T 3.38 85.9
G 10.28 21.1 u 10,15 257.8
H 10,34 262.7 v 5.5 197
] 17.0 Qe w 2.8 70
——— J 18.94 @l X 16.70 22
(xx215_) K 4.4 11,8 % 1.7 43.5
==- L 0.44 .18 z 0.90 2.9
M 17.50 s

77683558-F

FIGURE 3-U4, DETAILED DIMENSIONS
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A->

—-

BASE ASSEMOLY IN MAINTENANCE
POSITION *

FRONT PANEL

"E" MODULE IN MAINTENANCE POSITION

ViEw A

DIMENSION | INCHES MILLMETERS REMARKS
A 2.00 MAX 2.8
. 10.50 MAX 206.7
c 24,50 .3 “E* MODULE RAISED TO MAINTENANCE POSITION
3 2.0 REF 7747
F 14,20 0.7
G 16.70 REF 4242
H 9,00 MAX 228.6
J 17.4 “. WITH BOARD EXTENSION

(x8&e)

FIGURE 3-5, BASE ASSEMBLY AND E MODULE MAINTENANCE
ENVELOPE
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3.4,2 INSTALLATION PROCEDURE FOR RACK MOUNTiNG OF THE CMD

1.

10.

11.

12,

13.

Adjust the rack rails @ front-to-back separation dimension or the slide length
or both (see detail "A" Figure 3-6) so that the slide fixed member can be mount-
ed to the front and back rack rails as shown in details "A" and "B" of Figure
3-6. Dimensional specifications for installation are given in Figure 3-8 or 3-9.

. Adjust the side-to-side separation of the rails (if possible) so that the width

specification is met (Figure 3-8 or 3-9).

. If the chassis mounting rail @ and the slides are shipped attached, remove

screw which holds the two together. The hex nut removed with screw

can be discarded but save the flat washer, split lock washer and the screw.
Disengage mounting tooth from its slot in the mounting rail, thus sep-
arating slides and mounting rail. Separate both slide sets from mounting rails.

- Using three 10-32 X 3/8 screws and three external tooth washers@ attach

the chassis mounting rail @ to the pan of the CMD. Repeat on other side.
Install the slides into the rack cabinet at the desired location (see Figure 3-6
Details "A" and "B"). Loosen the adjusting screws, nut and washer ( ,

) and @) to adjust the length of the fixed slide number . Position
the slides that the inside edges of the fixed slide members are 17.82 in.
(452.7 mm) apart. Make sure that the slides are horizontal and equal distance
from the base of the cabinet, To mount the slides, use one #10 lock washer

and one #10 flat washer on each #10-32 mounting screw . Insert the
screw @ through the cabinet mounting rail holes and the slot$~on the slide
mounting surfaces and then into the holes in the nut plates as illustrated in
Figure 3-6, details "A" and "B". Tighten screws.

Press the full extension release @ (see arrow in Figure 3-6) on each side and
pull the slides out to their full extension. approximately 29 in. (740 mm). The
slides will lock again at full extension.
Ealist the aid of one or two more persons to assist in placing the CMD on the
slides. First note Figure 3-6 detail "D", which shows the mounting tooth 8
on the chassis mounting rail @ and the slot @ into which the tooth fits.
Lift the CMD and place it so that it rests with each chassis mouating rail
resting on the top of the slide on each side. Once the CMD is resting on the
slides it can be slid toward the rear of the rack until the mounting tooth (8)
engages in the slot @and the mounting block @ on each chassis mounting
rail fits into the slot in each slide. If one or both of the chassis mount-
ing rails does not sit properly on the slides, the hardware which mounts
the slides to the rack rail should be loosened slightly and the distance between
the slides adjusted to allow each chassis mounting rail to sit properly on the
top of each set of slides. '
Place flat washer @ and lock washer @ on screw @ and insert the screw in
the hole . The matching hole in the base pan should be automatically lined
up with hole @ » but if it isn't the three screws @2) may have to be loosened
slightly and the CMD moved slightly until hole @ lines up with the hole in
the base pan. Now insert screw .
Tighten screws @ and@ on both slides. Tighten the screws @if they were
loosened while adjusting the separation of the slides.

ith both hands unlock the slides by simultaneously pushing the spring locks

inward and pushing the CMD into the rack. If an increase in pressure is

required as the CMD is pushed into the rack, loosen the twelve screws .
Adjust the separation between the sides so that the minimum amount of effort
is required to push the CMD all the way into the rack. Slide the CMD into a:zd
out of the rack at least three times to check the freedom of travel. Tighten
the twelve screws @ .
If the CMD is to be secured to the rack to prevent it from being slid out from
the rack, refer to Section 6.6.1. Remove the front panel per instructions and
install screw n Figure 6-1 which is the same type as @ in Figure 3-6.
Reinstall the front panel.
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TYP FRAME MOUNTING RAIL SURFACE
.g) (SEE FIGURE 3-8)

-D-—iiw
H P (@)
i g @) @

DETAIL A
REAR
MOUNTING
BRACKET

DETAIL 8

FRONT
MOUNTING
BRACKET

*SEE FIGURE 3-7.

{oz )

FIGURE 3-6. RACK MOUNTING DETAILS (WITH OR WITHOUT SLIDES)
(SHEET 1 OF 2)
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List of Items Tagged in Figure 3-6.

1. CMD Front Panel .
2. Screw, Mach., Pan Hd 10-32 X 5/16, P/N 10127141
3. CMD ‘Base Pan
4. Chassis Mounting Rail
5. Screw, Mach., Pan Hd 6-32 X 3/8, P/N 10127113
6. Washer, Lock #6, P/N 10125803
7. Fixed Slide Member
8. Mounting Tooth (fits into Item @ )
9. Full Extension Lock
10. Outer Slide
11. Full Extension Release
12. Inner Slide
13. Adjusting screws
14, Rear Recess Bracket
15, 16 & 17, Washers, nut used on #13
18. Mounting block on chassis mounting real @(fits into item @ )
19. Plate, nut
20. Screw, Mach., Pan Hd 10-32 X 5/8, P/N 10127144
21. Washer, flat #
22. Rach rail
23. Hole in fixed slide member for screw item #5 above
24. Mounting slot on end of outer slide member
25. Mounting slot on top side of outer slide member
26. Washer, lock #10, P/N 10125805
27. Washer, plain, flat, #10, P/N 94279113
28. Washer, External Tooth, #10, P/N 10126403
FIGURE 3-6, RACK MOUNTING DETAILS (SHEET 2 OF 2)
77683558-E
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> LY
Sy \
i
AR}
A
Yy .
v \ .
Ay
FS-T7, A (FIXED SLIDE MEMBER ——
v
1Y \ N .
fo——— s'trap casey ———
' ", .
re———— C (BASE) — 3,
1 \ N .
1
—={| [* D (MAX) SPACE REQUIRED FOR SLID MOVING PARTS)
— fay "
[[-—————( T ) ",
- E — f@— (FIXED MEMBER) G
, — |
)
J
NUT PLATE !
10-32 UNF-2 TAPPED. -\
. — X H

T (SLIDE TO FRAME MTG —
TYP FRONT AND REAR)

VIEW C
FRONT PANEL REMOVED

DIMENSION | INCHES MILLIMETERS DIMENSION | INCHES MILLIMETERS
A 17.82 452.6 L 0.625 15.9
] 17.50 444.5 M 0.500 12,7
C 16,70 424.2 N 0.625 15.9
D 0,52 13.2 P 0.88 22,4
E 0.56 14.2 Q 3.8 85.9
F 0.5 12,7 R 0.83 16.0
G 6.66 169.2 S 15.98 405.9
H 10,15 REF 257.8 T 18.312 45,1
J 10,34 REF 262.6
K 3.24 82.3

*See Figure 3-6

FIGURE 3-7., SLIDE/DRIVE MOUNTING CROSS SECTION
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v
>

SLIDE FIXED
MEMBER

<

| ~
K | :
. |
| i
.
I
1)
v
(RN -
PANEL
DIMENSION | INCHES MILLIMETERS REMARKS
A 18.82 478.0 MIN ALLOWABLE CABINET CLEARANCE FOR FIXED SLIDE MEMBER
) 17.73 w9 MIN ALLOWASLE CABINET OPENING FRONT AND REAR
o .50 747 CASE
€ 28.00 thru 711.2 thru SLIDE ADJUSTMENT LIMITS
33.75 857.25
F 0.12 3.1 REFERENCE
G 0.12 3.1 BUMPER
H 1.5 3.1
J 19.00 @36 MAXIMUM
K 33.00 8.2 TRAVEL MAINTENANCE POSITION
. FIGURE 3-8, RACK MOUNT DETAILS .FOR 36 INCH (914 MM) MOUNTING
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—_—
£
3
—
h
BASE PAN e SHIDE FIXED
]
’ __[_4___4
[- G ‘
""" H
CABINET RACK l
‘l ------- —
L /
]
- J
K
P R %
L3
A)EL
DIMENSION | INCHES MILLIMETERS REMARKS
A 18.82 478.0 MIN ALLOWABLE CABINET CLEARANCE FOR FIXED SLIDE MEMBER
B 1”3 4%3 MIN ALLOWABLE CABINET OPENING FRONT AND REAR
C . .
D .50 74,7 CASE
£ 28.00 thry 33.75 |  711.2 thry 857,25 | SLIDE ADJUSTMENT LIMITS
F 0.12 3 REFERENCE
G 0.12 3 BUMPER
H 2.62 66.6
J 19.00 482.6 MAXIMUM
K 32.00 812.8 TRAVEL MAINTENANCE POSITION

FIGURE 3-9, RACK MOUNT DETAILS FOr 30 INCH (762 MM) MOUNTING
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3.5 POWER REQUIREMENTS
3.,5.1 PRIMARY POWER REQUIREMENTS

The primary voltage and current requirements are shown in Tables 3-1 and 3-2.
Start up current is shown in Figures 3-9.1a and 3-9.1b.

All devices use single phase power,

TABLE 3-1, PREIMARY VOLTAGE REQUIREMENTS

VOLTAGE TOLERANCE FRESUENCY TOLERANCE
(VAC) (VAC) z z
100 +7, -10 60 +0.6, -1.0
120 +8, -18 60 +0.6, -1.0
100 +7, -10 50 +0.5, -1.0
120 +7, -16 , 50 +0.5, -1.0
220 +15, -29 50 +0.5, -1.0
230 +15, -31 50 +0.5, -1.0
240 +16, -32 50 +0.5, -1.0
‘ TABLE 3-2, PRIMARY CURRENT REQUIREMENTS (OPERATING)
Unit AC Power Line Current Peak* Consumption
Status (VAC/Hz) (Max. Values) Current kW
100/50 8.2 .18.0 0.950
Disks and 100/60
Carriage 120/60 8.2 15.0
in Motion 120/50 0.950
220/50
230/50 4.0 7.5
240/50
Disks not 100/60
in motion 120/60 2.0 0.25
(standby) 100/50
120/50 1.0
220/50
230/50
240/50
*Occurs on initial spin-up of disk for 30-second maximum duration.
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-Nu.u-_b.u L adndad
©cooocooo ooco

111 30111

o

(xab) 10 n-» © 0 &0 7
TWME-SECONDS

FIGURE 3-9,1A, START UP CURRENT (220-240 v, 50 Hz)

20 —

15 —

10
5.0

LLE LAY $ ]
/

0

10 20 0 40 50 60 70 8 9

-
(mage ) TIME-SECONDS

FIGURE 3-9,1B. START UP CURRENT (100 - 120 v, 50/60 HZ)
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3.5.2 POWER CABLE AND CONNECTOR FOR CMD

The power cable is 6 feet (1.83 meters) long. Connectors are defined as:

Description CDC P/N NEMA Configuration
120 V, 15 A rated, 60 Hz, 75778719 5-15 R

2-pole, 3-wire receptacle

connector at CMD end;

2-pole, 3-wire plug 5-15 P
connector at power

source end.

NEUTRAL
(BRIGHT PLATED
TERMINAL)

PHASE ONE

EQUIPMENT GROUND

FIGURE 3-10. INPUT POWER CONNECTOR, 120 v 60 Hz
(POWER SOURCE PLUG END)

A color-coded power cable is supplied with the 50-Hz CMD, but the 50-Hz power
source end connector must be furnished by the user. The cable color code and unit

power requirements are as follows:

Description Color-Code
220-240 V 50 Hz Brown -Phase One
Blue -Neutral

Green and Yellow -AC Equipment Ground

77683558-A
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3.6 CABLING AND CONNECTIONS
3.6.1 UNIT INTERCABLING

Inspect the cabling in the unit for proper seating of the connectors. Lift up and
swing out the electronics module (see Section 6.7.2) and check that the connectors
on its underside are properly seated on the pins. Figure 5-1 shows proper
locations for these. Section 3-12 "Accessories" for applicable cable/connector

part numbers.

It is recommended that shielded cable be used. However, unshielded cables may
be used in a properly shielded cabinet and when cables do not go outside the
cabinet.

All input/output cables exit at the rear of the disk drive (see Figure 3-12). Refer
to Figure 3-13 and 3-14 for connector pin/signal assignments for these cables.
The function of each signal name is described in Table 2-2. If a terminator is
used it is plugged into J2 on the /O PWA (see Figure 3-12). Figure 3-11 shows
the intercabling and terminator placement for the various drive connection
arrangements. Shown are the star cabled system and the daisy chained system.

A single drive would be connected as shown for the star configuration. Terminat-
ors are not furnished with each unit but must be ordered as needed for the
particular system configuration into which the CMD will be integrated.

CAUTION
The circuit assemblies contained in this equipment can be degraded or

destroyed by ELECTRO-STATIC DISCHARGE (ESD).

Static electrical charges can accumulate quickly on personnel, clothing,
and synthetic materials. When brought in close proximity to or, in contact
with delicate components, ELECTRO-STATIC DISCHARGE OR FIELDS can
cause damage to these parts. This damage may result in degraded reli-
ability or immediate failure of the affected component or assembly.

To insure optimum/reliable equipment operation, it is required that
technical support personnel discharge themselves by periodically
touching the chacsis ground prior to and during the handling of
ESD susceptable assemblies. This procedure is very important when
handling Printed Circuit Boards.

Printed Circuit Boards fhould be handled or transported in electrically
conductive plastic bags to insure optimum protection against potential
ESD damag=.

3.6.2 1/0 AND POWER CABLE ROUTING INFORMATION

Rack Mount Drives

It is recommended that a cable retract mechanism be incorporated in the rack de-
sign. However, due to the variations in rack and cabinet configurations it is not
possible to configure a mechanism or a method to satisfy all requirements and there-
fore such a device is not offered. Retrack Mechanisms can be purchased from a
number of different manufacturers.

NOTE
Additional 1/0 cable lengths are required to raise the E module to
the maintenance position.
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CAUTION
Do not plug/unplug 1/0 cables with power applied on either end. Refer
to Paragraph 6.5.2 for more detail.

3.7 GROUNDING
3.7.1 SYSTEM GROUNDING CONNECTIONS

The CMD frame and "DC" (DC power, Logic and analog signal) grounds are con-
nected when the units are shipped. However, they can be isolated by the user.
To do so disconnect the metal ground strap between the AC and DC ground studs
(see Figure 3-12) at the rear of the unit. This can be done by loosening the out-
side nut on each ground stud and rotating the strap away from the frame ground
stud or by complete removal.

3.7.2 FRAME GROUND

All parts of the CMD frame and associated metallic parts (not including the base
deck and Electronics Module frame which are DC ground) are bonded together
through low impedance contacts. A frame ground point is provided at the left
rear corner of the base pan (as viewed from the front of the CMD). The CMD
should be grounded to the system as mentioned in paragraph 3.7.1.

77683558-H 3-18.1




STAR CABLED SYSTEM
SYSTEM GROUND CONTROLLER )

B A ’ A [ A [ A [
o080
A ﬂ H 3 A ﬂ
ne g8 3 ne g% %8 ne  2¢ j3° ne 28 j3e
DRIVE DRIVE DRIVE ## DRIVE

| 2 3 8

SYSTEM CONFIGURATION FOR 1 OR MORE UNITS (UP TO 8)

NOTES:
1. Maximum individual A cable lengths = 50 feet (15.24 meters).
2. Maximum individual B cable lengths = 50 feet (15.24 meters).
DAISY CHAINED SYSTEM
g SYSTEM GROUND CONTROLLER 1
A ]
(XX ]
A 41- A IL [ A i;;ﬁ A [
ne ¢ et n® 2@ j3ee ne  j2¢ jee N 2% jyee
DRIVE DRIVE DRIVE s ORIVE
1 2 k] 8
SYSTEM CONFIGURATION FOR 2 THROUGH 8 UNITS
€7
NOTES:
1. Terminators are required to terminate "A" cable lines at the last unit of the
daisy chain or each unit in a star and at controller receivers.
2. Termination of "B" cable receiver lines are required at the controller. The
unit's CNTL/MUX card has termination integrated into its assembly.
3. Maximum cumulative A cable length = 100 feet (30.48 meters).
Maximum individual B cable length = 50 feet (15.24 meters).
4. Do not plug/unplug 1/0 cables with power applied on either end. Refer to
Paragraph 6.5.2 for more detail.
* 1/0 PWA
** CNTL/MUX PWA
*kk

Terminators must be ordered separately, since each unit may or may not
need one. (For P/N see Figure 5-14.)
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NOTE: INSTALL ALL PHA'S
COMPONENT SIDE OUT

SERVO-COURSE
(EM3) ELECTRONICS MODULE

-

CNTL/MUX PHA (EM2) 1/0 PHA (EM1)

HEAD ALIGNMENT
EXTENDER (OPT) (EM4)

SERVO FINE PWA
(En6)

READ/WRITE PWA
(em7)

“A" CABLE (S)

"8" CABLE =~

UPPER CABLE
CLAMP

1 B TERMINATOR (OR "A* CABLE) ‘
% Loven canLe ~ ‘\ (PLUGS INTO 1/0 J2)
: > ¥l “A" CABLE_CONNECTOR
oY (PLUGS INTO 1/0 J1)
V Bo/. “8* CABLE CONNECTOR
) D (PLUGS INTO CNTL/MUX J3)

3 GRowND
oD STMAY | OPTIONAL AC TO D GROUND COMNECT ION
CUSTOHER) AC (FRAME) GROUND

N
131
121
W,

% pROTRUSION BEYOND INNER WALL SURFACE NOT TO EXCEED 0.12 INCHES
(3 mm). SELECT PROPER LENGTH SCREW FROM ACCESSORY CARTON.

%9 THE SHIELD GROUND ON SHIELDED CABLES MUST BE GROUNDED TO THE UNIT
AND CONTROLLER.

FIGURE 3-12, 1/0 CABLE INSTALLATION AND PWA NAMES/LOCATIONS
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|

"\\ y
ELECTRONIC
it

EXTERNAL GROUND BASE PAN
STUD (DC)

AC (FRAME) GROUND

po———
s.!.ogg...l

BRAIDED

GROUND 3
WIRE N

|
} SYSTEM GROUND CONNECTION ALTERNATIVES:
THIS O0R

v

TO SYSTEM GROUND

TO SYSTEM GROUND

FIGURE 3-13, GROUNDING OPTION

77683558-A
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3.7.3  DC/LOGIC/ANALOG GROUND

The CMD electronic circuits (DC power, logic and analog signals) utilize a common
ground which is separate from AC or frame ground unless connected together at
one point as described in paragraph 3.7.1. If static charge build-up on the

frame becomes a problem when frame and DC grounds are separate it may help to
connect the two together at one point thrcugh a one megohm resistor in parallel
with a 0.47 uF capacitor.

3.8 COOLING REQUIREMENTS

Cooling air is drawn in at the front of the unit and exhausted through the rear. A
" minimum of 1 1/4 inch (32 mm) clearance must be provided at the rear of the unit
to maintain unrestricted air flow. A positive pressure near the rear exhaust should
not exceed 0.03 inches of water (7.47 Pascal).

3.9 ENVIRONMENT

Operating and storage environmental limits of the unit are as follows:
Operating Environment

* Relative Humidity ' 20% to 80%
*** Ambient Temperature +50°F (10°C) to +95°F (35°C)**
Temperature Gredient 18°F /hour (10°C /hour)
Humidity Gradient 10%/hour

Storage Environment (up to 3 months)

S

*Relative Humidity 10% to 90%

Ambient Temperature +14°F (-10°C" to +122° F (50° C)**
Temperature Gradient 27°F /hour (15°C /hour)

Humidity Gradient 10%/hour

Transient Environment (up to one week)

*Relative Humidity 0% to 100%
Ambient Temperature -40°F (-40° C) to +158° F (65° C)**
Temperature Gradient 36°F /hour (+20°C /hour)
Humidity Gradient 10%/hour

* Providing there is no condensation
** Maximum temperature reduced by 1.95°F/1000ft. (1.08°C/305m)

*** Ambient Temperature - Inlet Air can reach 9%°F provided the maximum
air temperature at the hottest point around the ¢ sides (excluding front &
rear) of the device does not exceed 125°F, '
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3.10 PREPARATION FOR USE
3,10.1 SECTOR NUMBER OPTION SWITCHES

The number of sector pulses per disk revolution can be selected by positioning
sections 1 through 7 of an 8 section DIP option switch on the Servo-Coarse PWA.
See Figure 3-16. The settings of the DIP switch (S1) are factory set to customer
requirements. The output from a section of the DIP switch will be a logic "0" when
the "ON" or left side of the switch is pushed in ("ON" is embossed on the lower
left corner of the switch also). The output of a switch is logic "1" when the right
side of a switch is pushed in ("OFF").* Table 3-3 lists the number of sector
pulses generated per disk revolution for each switch section setting of sections

1 through 7, Switch Section 8 is used for maintenance purposes and its use is
described in Section 6 of this manual. For normal operation switch section 8
should be left in the ON position. "OFF" (right side pushed in) displays the
actuator velocity adjustment and "ON" allows display of microprocessor faults and
present seek address. Position S1-8 io "ON".

Switches S1-1 through S1-7 are interpreted by the microprocessor on the Servo-
Coarse PWA as a seven digit binary number, with S1:1 being the least significant
bit and S1-7 being the most significant bit. Any number of sectors from 1 to 128
can be selected. The unique settings of the switch for each customer are shown in
a document called "Device Specifications and Switch Selections" which is included
in the front of every manual when shipped. These specifications can be used to
check the switch settings of the unit before it is put into operation.

*NOTE: The logic signals required from the switches are ON = 0, OFF = 1,
Therefore, when switches 2 through 7 are pushed down on the ON side and switch
1 is pushed down on the OFF side, the selection being made is one sector (S1-1
output is active LOW). When all switches are pushed down on the OFF side, the
selection is 127 sectors.
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TABLE 3-3, S1 SWITCH SETTINGS VS NUMBER OF SECTORS PER REVOLUTION

S1l-- Number of Includes

76 5 4 3 2 1 Sectors Sector

64 32 16 8 4 2 1 (Binary Weight) (in decimal)  Numbers

"0 0 0 00 0 1 1 0

00000T10 2 0-1

0000011 3 0-2

0000100 4 0-3

00000101 5 0-4
- etc.*

0001000 8 0-7
: — OtC, ¥

0010000 16 0-15
: etc.*

0100000 32 0-31
: etc.*

1000000 64 0-63
: etc.*

1111110 126 0-125

1111111 127 0-126

*The intervening values follow the binary/decimal number equivalence rules
and can easily be filled in by the reader.

3.10,2

The I/0 PWA contains three switches. The toggle switch S1 selects remote (at the

170 PWA

controller) or local (CMD control panel) control of the power sequence lines. The
toggle switch S2 provides manual capability of inhibiting drive transmitted signals
except for Read/Write Clocks and Data. Before operating the CMD, position these

two switches to the desired positions (see Figure 3-15).

Switch S3 is an option selection switch not found on all 1/0 PWA versions that

is set at the factory to customer requirements. When replacing the 1/0 PWA with

a spare, consult the Device Specifications and Switch selections document attached
with the manual at the time the unit is shipped. It shows how S3 should be set.

3-24
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3.11 INITIAL CHECKOUT AND STARTUP PROCEDURE

This procedure should be used to make the first power application to the unit.
The procedure assumes that the preceding procedures and requirements of this
section have been performed.

CAUTION
THE AC POWER CIRCUIT BREAKER SHOULD NEVER BE POSI-
TIONED TO OFF WHILE THE DISK IS ROTATING. WITH SPIN-
DLE TURNING AND BLOWER STOPPED. THE POSSIBILITY FOR
CONTAMINATION TO ENTER THE MEDIA AREA IS GREATLY
INCREASED.

Check that the AC power circuit breaker is OFF.

Check that the front door is latched and cannot be opened with a 10 *5
pounds (4.5 *2.3 kg) of force. If the front dvor requires less force than
specified, perform alignment procedure contained in Section 6.7. 21,

3. Open the top cover (per Section 6.7.1).

CAUTION '
DO NOT MANUALLY POSITION THE CARRIAGE, SUCH ACTION
COULD CAUSE DAMAGE TO THE READ/WRITE HEADS AND/OR
DISK SURFACES.

4. Make certain that the input power cable is connected to the correct external
AC power source.

5. Install the terminator in J2 of the 1/0 PWA if star configuration is used for
the system. For daisy chain configurations, the terminator is installed in the
last device only.

6. If the plastic bag surrounding the unit was damaged during shipping a 30
minute purge should be performed.

7. If a purge is to be performed, Disable Servo per paragraph 6.8.5.3, and
raise the base deck assembly per paragraph 6.7.2.

8. Turn on AC power circuit breaker. Make certain that the blower is operating
and allow blower to purge the absolute filter for a minimum of 5 minutes.

9. Lower the base deck assembly per Section 6.7.2.

10. Remove plastic cover shipped in place of a cartridge and install a cartridge
per Section 2-7.

11. On the I1/0O PWA switch the REM/LOC switch to LOC.

12. Operate the START /STOP switch on the operators panel to start the drive.

13. Check to see that the spindle drive motor is operating.

14. (Perform this step only if purge is to be performed).

With Servo Disabled the heads will not load, but the disk will continue to
spin. The unit should be allowed to purge for at least 25 minutes.
a. Operate STOP switch on operator control panel.
b. When a stopped condition is obtained, turn off AC breaker.
c. Enable Servo, turn on AC breaker, then operate the START
switch to START. '

15. Check that the positioner drives the carriage forward to load the read/write
heads at track 00 in a maximum of 70 seconds.

16. Operate START /STOP switch to STOP and check to see that the heads FULLY
UNLOAD and the spindle stops.

17. On I/0 PWA, switch REM/LOC switch to REM, unless the system requirement
is for the power sequencing control to be at the unit rather than remote.

18. Install 1/0 cables per Section 3.7.

19. Replace top cover.

20. Operate the START/STOP switch to START to start the unit. Wait until heads
are loaded (READY light illuminated) and run on-line diagnostics as applicable
(if available).

DN =
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3,12 ACCESSORIES
3.12.1 1/0 INTERFACE ACCESSORIES

I/0 Interface Accessory items required, but not furnished with the device are

shown in the following tables:

TABLE 3-4, UNSHIELDED I/0 CABLE AND TERMINATOR PART NUMBERS

DESCRIPTION QUANTITY REQUIRED NOTE | PART NO.
"A" Cable (Controller to Device) | One per Device in star, 2 775642XX
(Same Connector on each end) one per multi-spindle
(See para. 3.12.2) installation in Daisy
chain
"A" Cable (Device to Device) One less than total 1,2 775642XX
(Same Connector on each end) devices in the Daisy
(See para. 3.12.2) chain
"B" Cable (Controller to Device) | One per Device 775643XX
Terminator One per Device in star, 75841300
one per multi-spindle
installation in Daisy
chain

1. Multiple, number of cables required depends on number

of units in daisy chain.

2. Last two digits denote length. (For cable length see Table 305.)

The above accessories are required but not included with the units; they must be

purchased separately.

TABLE 3-5, UNSHIELDED 1/0 CABLE LENGTH AND TABS

FEET
PA$XBNOJ CABLE LENGTH IN isen
5 6 8 10 15 20 25 30 40 50
.52 1.83 2.48 3.05 4,58 6.96 7.63 9.16 12.2 15.2
"A" Cable R
775642XX |00 01 02 03 04 05 06 07 08 09
TAB
(XXX) |"B" Cable
775643XX |00 01 02 03 04 05 06 07 08 09
3-28 77683558-H




3.12,2 DESCRIPTION OF I/0 CABLE CHARACTERISTICS AND CONNECTOR
PART NUMBERS

3.12,2.1 “A" CABLE (SEE FIGURE 3-16)

ITEM DESCRIPTION MPI P/N BERG P/N P/N SPECTRA-STRIP
1 Connector (60 Pos) 94361115 65043-007
UNSHIELDED
2 Flat Cable (twisted- 95043902 3CT-6028-3-05-100
pair) 30 pair, 28AWG
SHIELDED
P/N 3M
2 Flat Cable, Jacketed, 77619362 3517760

shielded 28AWG
3 Contact, Insert 94245603 4808 -

"A" Cable Mating Receptacle on Unit or Controller

ITEM DESCRIPTION MPI P/N AMP P/N
4a 60 pin, right angle header 94369804 3-86479-4
4b 60 pin, vertical header 94385129 3-87227-0
3.12,2.2 “B" CABLE (SEE FIGURE 3-16)

ITEM DESCRIPTION MPI P/N AMP P/N
5 Connector (26 pos.) 65853402 3399-3000
6 Connector Pull Tab. 92004801 3490-2
UNSHIELDED

7 Flat Cable (26 pos.) 95028509 3476-26

with ground plane
and drain wire.

SHIELDED P/N 3M
7 Flat Cable, Jacketed 77619357 3517/26

"B" Cable Mating Receptacle on Unit or Controller

ITEM . DESCRIPTION MPI P/N AMP P/N
8a 26 pin, right angle header 94369802 1-86479-0
8b 26 pin, vertical header 94385112 1-87227-3
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3.12,2.3 [/0 CABLE CHARACTERISTICS
"A" Cable Unshielded ’

Type: 30 twisted pair, flat-cable

Twists per inch: 2

Impedance: 100 *10 ohms

Wire size: 28 AWG, 7 strands

Propagation Delay: 1.6 to 1.8 ns/ft (5.28 to 5.9 ns/m)
Maximum cable length: 100 ft cumulative (30.48 m)
Voltage Rating: 300 V rms

"B" Cable (with ground plane) Unshielded

Type: 26 conductor, flat cable with ground plane and drain wire
Impedance: 65 ohms (3M P/N 3476-26)

Wire size: No. 28 AWG, 7 strands

Propagation Delay: 1.65 ns/ft (nominal) (5.41 ns/m)

Maximum cable length: 50 ft (15.24 m)

Voltage Rating: 300 V rms

"A" Cable Shielded

Type: 60 conductor, flat cable, jacketed

Impedance: 55-105 ohms 70 ohms nominal

Wire size: 28 AWG, 7 strands

Propagation Delay: 1.51 0.25% ns/ft (4.95 *0.25% ns/m)
Maximum cable length: 100 ft cumulative (30.48 m)
Voltage rating: 150 V

"B" Cable Shielded

Type: 26 conductor, flat cable, jacketed

Impedance: 55-105 ohms 70 ohms nominal

Wire size: 28 AWG, 7 strands

Propagation Delay: 1.51 #0.25% ns/ft (4.95 +0.25% ns/m)
Maximum cable length: 50 ft (15.24 m)

Voltage rating: 150 V
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60 PIN AE 60 PIN MATING
CABLE -a-% P A" COMMECTOR " ALY
ON UNIT OR CONTROLLER P8 “A" CONNECTOR
ON UNIT OR CONTROLLER
woijjee | AN

¢ 0|l ee |n

m-.—.-rw 30 ° 60

26 PIN MATING

PYB "B CONNECTOR

ON UNIT OR CONTROLLER
"OIE Sli4

* CONNECTORS AS PURCHASED
MAY NOT HAVE RECEPTACLE
NUMBERS MARKED ON THEM

** PIN NUMBERS ETCHED ON PWB

FIGURE 3-16. 1/0 CONNECTORS - CABLE MOUNT AND PWB MOUNT
3.12,3 REMOVABLE DISK CARTRIDGE

The removable disk cartridge is not furnished with the device, and should be
ordered separately if one (or more) is desired. Part number of the model 1204
disk cartridge is 76204001.
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THEORY OF OPERATIOM 4

4.1 INTRODUCTION

The theory of operation for the drive is organized into two parts. The first part
describes the major mechanical assemblies. The second part describes the power
functions, the logical functions, and the signals exchanged with the controller.
Logic signal names are followed by the symbol +L or -L indicating that the active
(Logic "1") level of the signal is high (+4 Volts for TTL and -0.8 Volts for £CL)
or low (nominal 0 Volts for TTL and -1.7 Volts for ECL) respectively. For exam-
ple, the signal SEG-END-INT /+L indicates the signal is at a nominal +4 Volt level
when active (logic "1"). (See also paragranh 5.6.2.) Conrnector and pin nomen-
clature used in the text will be the same as that used in the wire lists. Following
is a list of the connector designators used (see also Figure 5-1).

Electronics Module PWA Connectors
EM1 1/0 PWA
EM2 Control/Mux PWA
EM3 Servo-Coarse PWA
EM4 Head Alignment PWA
EM6 Servo-Fine PWA
EMT7 Read/Write PVWA

Other Assemblies which may be referred to in this section

RC Relay Control PWA

PA Power Ambplifier Assy.
op Operator Control Panel
CMPB Component PVWA

SP Servo Preamplifier

WP Read /Write Preamplifier
™M Terminator PWA

VT1 Velocity Transducer

CR1 Spin Speed Sensor
Lo-Air Pressure Transducer (Optional)
No-Air Pressure Transducer

Each Electronics Module (EM) PWA has two connectors called P1 and P2. These

plug into J1 and J2 of the Mother Board PWA. In addition, eight other connectors
connect to the back panel vins of the EM Mother PWA. These are EMP3 through
EMP10 (EMP1 and EMP2 not used) cn tae wire lists and they route signals to/from
assemblies other than Electronics Module PWAs. On the schematics, signals which
connect between the Electronics Module PWAs will be labeled P1 or P2 plus pin
number. For example, P1-B41 on the Servo-Fine PWA schematic is the "FXD-ADR/
-L" signal which comes via the liother Board connections from EM2P1-A41 which is
the CNTL/MUX PWA. Sheet 1 of each PWA schematic is an Intracabling diagram
which shows the connection of "FXD-ADR/-L" between two PWAs. Connectors
labeled J1 or J2 on the Electronics [Module PWA schematics refer to interconnectior
signals, i.e., signals going through the EMP3 through EMP10 connectors to assemb-
lies not in the Electronics Module, such as the Servo Preamp PWA. The intracabling
diagram (or interconnection diagram, in some cases) with each schematic gives a
Cross Reference number which indicates figure number and sheet number where
the signal in question is found as a source or destination. For example, the signal
"P-DIBIT-REM" is shown on sheet 2 (Cross Ref. No. 0601) of the Servo-Fine PWA
schematic has as its source/destination the schematic of Figure 5-10, which is the
figure for the Servo Preamp scheratic. A lcok at Figure 5-10 sheet 2 (Cross Ref.
Mc. CC31) shows "P-DIBIT-REM" going ocut on ¢2-01.
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The interconnection Diagram of Figure 5-10 sheet 1 (cross Ref. 0901) indicates
J2-01 goes to P1B04 of Cross Reference 0602 (sheet 2 of Figure 5-7). A look at
Figure 501, sheet 2 of 2 (the interconnection diagram for the whole unit) shows
that there is a cable going from J2 of the Servo Preamp to P1 of EM6 which is the
Servo-Fine PWA. :

Reference should be made to paragraph 5.3 for a complete description of the use-
age of the cross referencing system discussed briefly here.

Integrated circuit components are designated as follows:
U2 -

25 12
—t— IC pin number

IC Location

Functional descriptions are frequently accomplished by simplified diagrams. These
diagrams are useful both for instructional purposes and as an aid in troubleshoot-
ing. The diagrams have been simplified to illustrate the principles of operation:
Therefore, some elements are omitted. The logic diagrams in Section 5 of this
manual should take precedence over the diagrams in this section whenever there
is a conflict between the two types of diagrams.

The descriptions are limited to drive operations only. In addition, they explain
typical operations and do not list variations or unusual conditions resulting from
unique system hardware or software environments. Personnel using this manual
should already be familiar with principles of operation of the computer system,
the controller, programming considerations (including the correct sequencing of
I/0 commands and signals), and track format (i.e., data records and field
organization).

4.2 ASSEMBLIES

Figure 4-2 illustrates the physical placement of the various major assemblies com-
prising the CMD. Figure 4-1 illustrates the functional relationships of these
assemblies. The following paragraphs describe the operation of these assemblies.

4.2.1 POWER SUPPLY

Each drive has its own self-contained power supply. The power supply is located
in the rear and cooled by air from a blower at the front of the drive cabinet.

The power supply consists of a linear iransformer and associated filter capacitors
to supply #5, #20, and *32 Volts. The *5 Volt supply and the 20 Volt supply are
internally regulated.

The power supply has the following outouts:

~1. 20 Volts for use in generating *15 Volts, +12 Volts and #6 Volts all of

which are used in the various analog circuits (i.e., servo and Read/Write,
and +12 Volts for the microprocessor and the microprocessor memory +
circuits.

2. 15 Volts for the logic. -

3. 132 Volts for use by the voice coil positioner and the emergency retract
relay.

4. 35 Volts AC for use by the motor breaking circuit.

Power is made available to the drive through a line filter and the closed contacts
of the AC POWER circuit breaker. When the AC POWER circuit breaker is closed,
the blower motor starts and all of the DC voltages go on. When the START switch
contacts are closed (at the control panel) the microprocessor causes the solid
state relay SSR1 and K1 to apply power to the pindle motor, assuming that the
deck is down, the cartridge is seated and the cartridge access door is closed.
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FIGURE 4-2, CMD MAJOR ASSEMBLIES
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CAUTION
With AC power circuit breaker in OFF position AC power is still
applied to AC line filter. To completely remove all AC power
from unit AC line cord must be disconnected from power source.

4.2.2 DRIVE MOTOR ASSEMBLY

The drive motor drives the spindle assembly. The motor is a 1/4 hp unit of the
induction type. The motor is secured to a mounting plate which in turn attaches
to the base casting. The motor mounting plate is secured to the underside of the
deck using insulating hardware so that AC current form the motor does not cir-
culate in the base deck. Power is transferred to the spindle via a flat, smooth-
surfaced belt that threads over the pulleys of the spindle and drive motor. A
 motor tensioning spring maintains a constant tension on the motor mounting plate
to keep the belt tight. The motor is connected to chassis ground via wire in
motor harness.

The temperature of the drive motor is monitored by an internal thermal overload
switch. If the switch opens, power is removed from the motor. The loss of spindle
speed causes the M.P. to retract the heads and initiate the STOP routine. The
drive motor thermal overload switch closes again when the temperature drops to

a safe level. If the fault has been manually reset, the M.P. initiates the START
routine which operates relay K1 and connects power to the motor again. At least
two minutes must elapse before the motor can start again.

4.,2.3 SPINDLE ASSEMBLY

The spindle assembly is the ohysical interface between drive motor and disks.
The surface of the spindle magnetic mounting plate mates directly with the steel
ring on the bottom of the disk cartridge, and the spindle hub is counter-sunk

in the center to accept a steel alignment ball in the center of the bottom of the
disk cartridge. The mating surfaces of the disk cartridge and spindle are engaged
by a force of 35 #5 Ibf (157 +22N). When the .cartridge access door is opened it
operates a mechanism which applies the necessary force to separate the cartridge
disk from the spindle magnet and moves the cartridge forward where the operator
can grasp it for removal. The steel ball in the center of the cartridge hub centers
the disk cartridge when it is installed in the unit.

The spindle is driven by a flat belt linking the spindle drive pulley ‘to the drive
motor pulley.

A ground spring is mounted at the lower end of the spindle assembly. The ground
spring is mounted so that it is always in contact with the shaft to bleed off any
accumulation of static electricity on the spindle through a ground strap. Mounted
on the bottom of the spindle is a disk with 16 slots in its periphery. The disk
periphery passes through a slot in the Spin Speed Sensor which puts out a pulse
every time one of the 16 slots passes through the Spin Speed Sensor slot. See
also Paragraph 4.2.5 for Spin Speed Sensor details.

4,2.4 ACTUATOR

The actuator consists of the coil and carriage, rail bracket assembly, and magnet
assembly. The actuator (Figure 4-3) is the device that supports and moves the
read /write and track servo heads. The forward and reverse motions of the car-
riage on the carriage track are controlled by a servo signal. The basic signal is
generated by the microprocessor on the Servo-Coarse PWA and processed by a
power amplifying stage. :
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The power amplifier output is applied to the voice coil positioner (part of carriage).
The signal causes a magnetic field about the voice coil positioner. This magnetic
field reacts with the permanent magnetic field existing in the air gap of the mag-
net assembly. The reaction either draws the voice coil into the permanent magnet
field or forces it out. Signal polarity determines the direction of motion, while
signal amplitude controls the acceleration of the motion.

The voice coil positioner is a mandrill-wound coil that is free to slide in and out of
the gap section forward face of the magnet assembly. Fastened to the positioner
is a head/arm receiver which holds up to 6 read/write heads and two servo heads.
The head/arm receiver mounts on the coil and carriage assembly that moves along
the carriage rail on six anti-friction bearings. Movement of the positioner in or
out of the magnet causes the same motion to be imparted to the entire carriage
assembly. This linear motion is the basis for positioning the read/write and track
servo heads to a particular track of data on disk pack. (Refer to Head Loading
paragraph for detailed information on read/write head loading and unloading.)

The positioning signal is applied to the voice coil positioner via two flexible, in-
sulated, metal straps, the ends-of which are secured to the carriage and bearing
assembly. There is a third metal strap which grounds the carriage to the base
deck assembly.

During any seek operation and I/0 command gives the microprocessor the cylinder
address to be accessed., The microprocessor compares this cylinder address with
the current cylinder address which is stored within the M.P. memory and then
issues a command to the positioner to move toward the new cylinder location with
an acceleration and velocity that is proportional to the difference in position. The
positioner moves in the direction of the new cylinder address under control of

a velocity feedback loop, with the velocity signal being supplied by a velocity
transducer.

The transducer is a two-piece device, one piece stationary and the other movable.
Refer to the Transducer paragraph for a complete description.

The actuator contains a stop mechanism to limit extremes in forward and reverse
movement. The forward stop assembly consists of two rubber bumpers located in
the shroud vicinity. If the carriage moves too far toward the disks the two bump-
ers contact the upper and lower front sides of the carriage. If the carriage is
retracted far enough away from the disks the rear of the head/arm receiver
contacts two rear cylindrical bumpers which protrude out of the front face of the
magnet assembly. '

4,2.4.1 HEAD LOADING

The read/write heads must be loaded to the disk surfaces before exchanging data
with the controller. The heads must be removed (unloaded) from this position and
driven clear of the disks either when power is removed from the unit or when the
disk velocity falls below about 3240 r/min. The head load/unload cam actions are
identified in Figure 4-4.

Heads are loaded by moving the aerodynamically shaped head face toward the
related disk surface. When the cushion of air that exists on the surface of the
spinning disk is encountered, it resists any further approach by the head.

Head load spring pressure is designed to just equal the opposing cushion pressure
(function of disk r/min) at the required height. As a result, the head flies. How-
ever, if the head load spring pressure exceeds the cushion pressure (as would

717683559-A : 4-7



happen if the disks lost enough speed), the head stops flying and contacts the
disk surface. This could cause damage to the head as well as the disk surface.

MAGNET ASSEMBLY @

1
HEAD-ARM ASSEMBLY
Z
- > || — con-camiace assemay }
Q
= (%) screws
1 @
!
Z |
N~ 0,
> CONNECTOR
support seacker (£)
_— VELOCITY TRANSDUCER
(Oxaree ) MAGNETIC CORE

FIGURE 4-3, ACTUATOR ELEMENTS (VOICE COIL SLIGHTLY EXTENDED
FROM RETRACTED POSITION)

\
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To prevent damage to the heads and/or the disks during automatic operation,
loading occurs at controlled velocity only after the disks are up to speed and the
heads are over the disk surfaces. For the same reason, the heads unload auto-
matically and are retracted at a controlled velocity if the disk r/min drops out

of tolerance. During manual operations, heads should never be loaded on & disk
that is not rotating. Head loading is a part of the Start Load function. Pressing
the START switch initiates disk rotation and purge. Purge is 15 seconds after
reaching 2890 r/min,

After the purge, the spindle RPM must be about 3240 r/min. If so, the micro-
processor specifies a load command and the carriage moves forward toward track
0. Head loading occurs during this forward motion. The carriage continues to
move toward the spindle until the servo detects track 0.

The head load spring (Figure 4-4) is designed to maintain a constant loading
force. While the heads are retracted, head cams on the actuator housing bear
against the head load spring cam surfaces. The cams support the loading force
and hold the heads in the unloaded position. As th carriage moves forward, the
head load spring cam surface rides off the head cam just after the read/write
hcads move out over the disk surface. The loading force moves the head face
toward the air layer on the surface of the spinning disk until the opposing forces
balance.

The heads loaded switch status refelects the state of the read/write heads (loaded
or unloaded). This status is used in the microprocessor. The switch mounts on a
bracket attached to the magnet top and is transferred by carriage motion. When-
ever the carriage is fully retracted, the switch state reflects the unloaded status
of the heads. As the carriage moves forward during a Power On /Load, the switch
transfers at a point within about 0.1 inch forward of the retracted stop. This
switch status remains unchanged until the carriage is retracted to the same posi-
tion and, as such, does not precisely indicate the loaded /unloaded status of the
heads. Precise status is determined by the logic when the servo track head
senses dibits. This switch is interlocked to the drive motor via the microprocessor

which will not allow spindle power to be removed until the heads are fully unloaded.

Head unloading occurs whenever power to the unit is removed, STOP switch is
blaced in STOP position, a voltage fault occurs or disk r/min drops below toler-
ance. Signals from the microprocessor cause the voice coil to drive the carriage

in reverse from its current location toward the retracted stop. (Either normal

or emergency methods can be used. Refer to Stop Sequence paragraph for addi-
tional information.) As the carriage retracts, the cam surfaces encounter the head
load springs and each head rides vertically away from the related disk surface.
The carriage continues back to the retracted position and stops.

4.2.4,2 HEAD/ARM ASSEMBLIES

Eight head/arm assemblies are mounted on the carriage. A read/write head assemb-
ly mounted at the end of a supporting arm structure. A track servo head/arm
assembly consists of a read coil head assembly mounted at the end of a supporting
arm structure. :

The head nssembly (Figure 4-5), which includes a cable and plug, is mounted on
a gimbal spring which, in turn, is mounted on a head load spring. This method
of mounting allows the head assembly to pivot (independent of the arm) tangent-
ially and radially relative to a data track on the disk surface. Such motion is
required to compensate for possible irregularities in the disk surface.
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The arm structure consists of a floating arm secured to a heavier fixed arm. The
end of the fixed arm opposite the head mounts in the carriage receiver. The float-
ing arm is mounting point for the head and is necessarily flexible so that it can
flex during ioad and unload motions, onto and off of the cam surfaces.

During head loading, each floating arm is driven off the related cam and unflexes
to force a head toward the air cushion on the spinning disk surface. The force
applied by the floating arm causes the heads to fly or float on the air cushion.
Vertical motion by a disk surface (due to warpage or imperfection) is countered
by a move in the opposite direction by the gimballed head and/or floating arm.
As a result, flight height remains nearly constant.

4.2,5  TRANSDUCERS

The deck assembly contains two transducers: spin speed sensing transducer and
velocity tranducer. These transducers provide signals that are used by the
microprocessor to generally control the progression of most machine operations.

The Base Pan Assembly contains two pressure switch transducers one of which
(Lo-Pressure) is optional. These pressure transducers provide signals that tell
the system the condition of the absolute filter.

4,2.5.1 SPIN SPEED SENSOR

The Spin Speed Sensor generates a voltage pulse whenever a slot in a disk on the
bottom of the spindle passes through the Spin Speed Sensor. The slot in the disk
allows light from an infrared light emitting semiconductor to strike a light sensing |
semiconductor whose output current increases during the time the light through
the disk slot strikes it. The resulting output is a train of pusles approximately
120 microseconds in duration with a pulse occurring once every millisecond
(approximately). The period between Spin Speed Sensor pulses is checked by the
microprocessor firmware every 20 ms (heads loaded, positioner in fine mode) and
if the spin speed is greater than about 3200 r/min, an enable is provided for
relay K2*, If the spin speed (r/min) is insufficient, the pulse repetition rate is
reduced and this fact is detected by the microprocessor. This has either of

two effects:

1. If the heads are not loaded K2 will not be energized and the microprocessor
will not initiate the load sequence.

2. If the heads are already loaded, K2 is opened, and thus the voice coil is
disconnected from the power amplifier and connected to the emergency
retract circuit. The heads are immediately unloaded at a controlled velocity
to the retracted stop.

In addition the "Spindle r/min Lost" fault will be stored in the microprocessor
memory and the unit becomes "not ready." Displaying microprocessor-detected
faults is discussed in Section 2.10.1. The Spin Speed sensor is illustrated in
Figure 6-17.

4.2.5.2 VELOCITY TRANSDUCER

The Velocity Transducer (Figure 4-6) is a two-piece device consisting of a sta-
tionary tubular coil/housing and a movable magnetic core. :

The magnetic core is connected via the extension rod to the rear surface of the
carriage assy. All motion of the carriage is therefore duplicated by the magnetic
core. As the core moves, an emf is induced in the coil. The amplitude of the emf
is directly related to the velocity of the core (and carriage). The polarity of

the emf is an indication of the direction of motion by the core (and carriage). The

*Figure 5-13.
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transducer output drives a summing operational amplifier located on the Servo
Coarse PWA in the Electronics Module. This signal is used by the servo logic to
control acceleration/deceleration and velocity of the carriage during Seek oper-
ations.

4,2.5.3 PRESSURE SWITCH

The pressure switch is a device that has a diaphragm and a set of electrical con-
tacts. When pressure is applied the diaphragm is deflected and the contacts are
closed making a completed circuit.

The pressure switches monitor the output of the absolute filter. The LO-AIR
switch (installed as an option) is set at a level that indicates the absolute filter
is in need of replacing. After the heads are loaded it triggers a timer circuit
on the relay control pwa which in turn flashes the fault indicator at a rate

of about two times a second on the control panel. When this occurs it does

not stop the system from operating; it is only meant as an indication of the
need to service the air filtering system.

The NO-AIR switch is set at a level that indicates the absolute filter has to be
replaced. It is in the Interlock Circuit and will shut down the system and not
allow it to operate if and when the pressure drops below the pressure switch
setting.

4,2.6 BLOWER SYSTEM

The blower system provides positive pressure in the disk area. The presence of
this elevated pressure results in an outward dispersion of air preventing inges-
tion of contaminated air. This air flow greatly reduces possible contamination and
resulting damage to the disk surfaces and the read/write heads.

Power to the blower motor is available whenever the AC POWER circuit breaker
is on.

4.2.7 DISKS

The disks are the recording media for the drive. The disks are 14 inches outer
diameter. Three disks are mounted on the spindle (non-removable by the operator)
and one center-mounted on a hub in an operator removable cartridge. The record-
ing surface of each disk is coated with a layer of magnetic iron oxide and related

binders and adhesives. The three fixed disks as a subassembly are called the
Fixed Module.

On the fixed disks there are five recording surfaces and one track servo surface,
and on the cartridge disk one surface is a recording surface and the other is a
track servo surface. The servo surfaces contain prerecorded information that is
used by the microprccessor to position the heads to the desired track.

The 823 recording tracks are grouped in a 2.14 in (53.4 mm, approx.) band near
the outer edge of the disk. Track 822 has a diameter of approximately 9 inches
(230 mm, approx.); the diameter of track 0 is about 13 inches (330 mm, approx.).
The tracks are spaced about 0.0026-inch (0,063 mm, app-ox.) apart.

The disk cartridge has a two-piece container. The bottom cover can be removed by
simply pushing the cover release button forward the center of the bottom cover
(see Figure 2-2). Removing the bottom cover reveals an inner cover which pro-
tects the lower disk surface. Removing the bottom cover only gives access to the
head access hole and the ring and hub that mounts on the spindle magnetic hub.
This design protects the disk cartridge from physical damage and greatly reduces
the possibility of contamination of the disk recording surfaces.
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4,2.8  ELECTRONICS MODULE

The Electronics Module Assembly consists of a "mother board" and six slots for
printed wiring assembly boards (PWAs) that plug into connectors mounted on the
mother board (EM1 through EM7). The mother board provides the connections be-
tween the six PWA connectors and furnishes the power busses which make avail-
able various Power Supply furnished voltages to the PWAs. Access to the inter
and intra-Electronics Module connections is gained by lifting upward on the

"Electronics Module and swinging it outward so that it hangs over the side of the

unit: The module is held in this position by a sliding support mounted on the side
of the deck assembly. This is referred to in this as the maintenance position.

The Electronics Module contains all of the easily removeable PWAs. There are other
PWAs (i.e., Servo Preamp, Read/Write Preamp, Power Amp, Relay Control, Oper-
ator Panel Control and Component Board ) in the unit but these are not the plug-in
type and are not part of the Electronics Module. The Electronics Module boards

are 7 1/2 by 10 1/2 inches (191 by 268 mm) and are installed vertically in numeri-
cally identified positionc. The theory of operation for the PWAs is covered in
Section 4.3, FUNCTIONS.

The Elcctronics Module frame is at "DC" ground and is isolated from frame or AC
grounu unless a wire at the rear of the unit is connected to the frame ground

stud tab at the rear, left side of the frame. See Section 3.7 "Grounding". Connect-
ing AC to DC ground is a customer option.
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4,3 FUNCTIONS
4,3.1  1/0 OPERATIONS

Input/Output signal definitions, pin number assignments and timing characteris-
tics of. /interface signals are shown in Section 5.7.

’ 4.3.2'i‘ POWER ON/OFF AND SPINDLE START/STOP FUNCTIONS

4,3,2,1 POWER SEQUENCING PACK AND HOLD

Power Sequencing requires AC and DC power on, START indicator/Switch ON,
and REMOTE START switch (switch selectable in CMD) in the Remote position.
Applying ground to the Pick and Hold lines will cause the first CMD in sequence
to power up. Once this CMD-is up to speed (see paragraph 4.3.2.3), the Pick
signal is transferred to the next active CMD and repeated until all active CMD's
are powered up. Individual CMD's may be started and stopped menually once
power sequencing is completed.

Interrupting the Hold line will cause all units to unload heads and stop the spindle.
Single unit start up can be controlled by momentarily closing the Pick line with
the Hold line grounded. Successive units will start each time the Pick line is
grounded. Power sequencing circuits and timing are shown in Figures 4.7 and 4.8.

When in Local Start mode, each CMD is independently operated by its respective
START switch.

A Pick or Hold is considered to be present from the Controller when a ground is
present on the Pick or Hold lines. Each Pick and Hold Source must sink 4 mA
per device. The Controller can provide this ground either through a mechanical
contact (relay or switch) or through an electronic circuit. The maximum voltage
considered as ground is 0.4 V. The open circuit voltage is 5 VDC max.

Pick and Hold Lines may be tied together and driven from a single source.

CMDs may be used in systems which are designed to recover automatically after
power outages or brown out condition exceeding the transient voltage. To achieve
this, the systems must monitor line power and utilize the CMD power sequencing
functions to stop and restart the CMDs when an outage occurs. Upon restart

the CMD must be initialized by the use of Clear Fault §tatus and RTZ. These
must be executed after the CMD has achieved the Ready state.

4,3,2,2 POWER ON SEQUENéE' .

Manually closing the AC POWER circuit breaker starts the blower motor running
and applies AC power to the power supply, which in turn supplies DC voltages to
the electronics. The DC power is fused but not switched and powers the electronics
whenever the AC POWER circuit breaker is on. Once DC power is on the spindle
start up sequence can begin, :

4,3,2,3 SPINDLE START SEQUENCE

The start up of the CMD Spindle Motor is sequenced by microprocessor firmware
and by relays (refer to Figures 4-16 and 4-20).

The spindle start sequence is as follows for a local controlled start:

1. Operating the START switch applies ground to a line (START) that passes
through four other interlock switches-the deck down, cartridge seated,
cartridge access door closed and NO-AIR switches-and then goes as
START /-L to PPI* port U36 on the Servo-Coarse PWA.

*See Section 4.3.4 for details of the microprocessor components.
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2. The microprocessor continually loops through a routine and as part of the
routine it interrogates PP] port U3§ and detects that the START /STOP
switch is in the START position and that the SEQ-HOLD/-L signal is active
low, which it will be with the REM/LOC switch in LOC position (I/0 PWA).

3. After some checks the microprocessor sends out the command to PPI port U36
to activate RUN/-L which causes relay K1 on the Relay control PWA to connect
the AC lines, to the spindle motor. Then the M.P. activates the Solid State
Relay SSR1 which connects AC power to the motor through K1.

4. The start up is monitored by the microprocessor and if the start up is too
slow or does not occur an operational fault is storeéd in the microprocessor
memory, AC power will be removed from the motor and the start will be
aborted.

_\) -
5. If the spindle speed gets above 3200 r/min before a 3-minute timeout, READY
indicator ceases blinking and remains illuminated and the heads load.

The flow chart of Figures 4-17, 4-18, 4-20 and 4-21 illustrates the detviils of the
power on sequence for a local start.

4,3,2,4 SPINDLE STOP

The spindle stop sequence is mainly under the control of the microprocessor £o
refer to Section 4.3.3 and Figure 4-19 for more information. The spindle stop’
sequence should never begin with the opening of the AC circuit breaker, because
opening the AC circuit breaker turns off the blower which may allow the motion
of the disk to draw in contaminated air that could cause head/disk contact. The
spindle stop sequence begins when the START /STOP switch is released or when
the controller deactivates the SEQ-HOLD/-L line (removes ground). The micro-
processor detects the open START switch contacts and sets the "Start-Stop
Cycle Flag" and enters the carriage retract subroutine. The M.P. stdres a

count int its internal operations counter which takes 30 seconds to count down

to -1. The M.P. de-energies the solid-state relay SSR-1 which removes AC

power to the spindle motor. Relay K1 is then de-energized connecting the break-
ing circuit to the motor. A 35 VAC tap on the primary of the power supply trans-
former is used in conjunction with a bridge rectifier on the Relay Control PWA

to supply the DC breaking voltage when the solid state relay is re-energized.
When the spindle speed drops below 14 r/min the M.P. delays 2 seconds, then
turns off the DC to the motor field by again de-energizing SSR-1.
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If the START /STOP switch is not in the START (down) position the M.P. allows
access to the cartridge. No attempti to open the cartridge access door should be
made under any circumstances until the interlock solenoid releases the door catch.
If the spindle speed never reaches 14 r/min within the 30 second time-out period
the M.P. sets the "Too Long to Stop" error (10100)* and sets up the counter
again for a two minute timeout. If the motor has not reached less than 14 r/min
within two minutes the "won't stop" error (01111)* is set and the "Operational
Fault" routine takes over (see Figure 4-27).

4,3,2,5 POWER OFF SEQUENCE

To Power-Off after spindle is stopped, open AC circuit breaker. To remove power
from all points within the unit remove the AC power cord from the AC power source.

4.3.3 MICROPROCESSOR FUNCTIONS-GENERAL DESCRIPTION

Functions which the Microprocessor and associated logic perform are as follows:
e Spindle Start/Stop and Spindle speed monitoring

e Servo Coarse positioning

e Sector pulse generation

e Servo head change

¢ Microprocessor self diagnostics performance

e Control the monitoring and displaying of faults connected with the above
five functions.

General descriptions of these functions are discussed in the following para-
graphs, ** :

4.3.3,1 SPINDLE START/STOP AND SPINDLE R/MIN MONITORING
e Spindle Start/Stop

The switch and control lines determining whether the spindle should be started or
stopped are monitored periodically. There is a delay built into the monitoring
routines so that noise on these signals is ignored. During execution of the
spindle start routine a test is performed to determine whether or not spindle
rotation actually begins. If not, the start is aborted and the fault indicator
illuminated. During execution of the stop routine the break is applied ‘and spindle
spin speed is monitored until approximately 14 r/min is attained. Then, after a
short interval for complete stop to occur, access is allowed to the cartridge, if
the START /STOP switch is in the STOP position.

Since the brake and. start cycles produce the greatest power dissipation in the
motor, the minimum interval between start cycles is limited to two minutes.

e Spindle Spin Speed

A disk having 16 slots is attached to the spindle with an infrared emitter and
detector on opposite sides of the disk. The time interval between two slots is
measured by counting passes through a short program loop. The time resolution
possible is *16 microseconds with an 8080 having a 500 nanoseconds cycle period.
The nominal interval between pusles from the disk at 3600 r/min is 1042 micro-

*See Table 6-7 for error codes.
**See General Block Diagrams in Figures 4-9 and 4-12.
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seconds. The worst case mechanical tolerances can introduce an error of about
1%. Thus the total error is about 3%. ‘

When the heads are loaded and the positioner is in the fine mode, the processor
is 1nterrupted every 20 milliseconds for a determination of spmdle spln speed. If
‘the speed is too low, the heads are retracted and becomes "not ready" with a
fault.

If the infrared pulse emitter should fail, an emergency stop procedure will be
used by the microprocessor since spindle speed monitoring will not be possible.

4,3,3,2 SERVO COARSE POSITIONING

Servo coarse positioning includes head load, head unload, return-to-zero and
controlling the positioner velocity during a seek, i.e., movement from the origin
cylinder to the destination cylinder. The CMD positioner servo is of the well
proven linear motortachometer feedback type.

o Head Load

When-spindle spin speed is determined to be correct, and no faults exist, a 10
ips forward velocity command is given the positioner servo to initiate loading the
heads. After the outer guard band is detected (i.e. "AGC ACTIVE" is detected),
the servo is switched from the coarse (velocity) mode to the fine (track following)
mode. After a delay of about 3 milliseconds from the time that the center of track
0 is first detected, the "ready" and "on-cylinder" signals will be set true.

e Head Unload

Head unload is normally accomplished using the positioner servo under control of
the microprocessor. A 10 ips reverse velocity command is given until the carriage '
closes the contacts on the heads loaded switch. The microprocessor senses the

switch closure and removes the reverse velocity command, causing the Servo to

stop moving. Relay KI is de-energized so that the voice coil is disconnected

from the servo amplifier and connected to the emergency retract circuit which

maintains automatically the retracted condition. Should the positioner servo fail

or should there be a voltage fault which would prevent microprocessor operation,

an emergency retract circuit is activated.

® Return to Zero

Return-to-zero is accomplished by giving the positioner servo a 6 ips reverse
veloc1ty command until about 10 mils outside track 0 where the outer guard band
is detected (rev. EOT). Then a 1 ips forward velocity command is given and the
head load procedure is entered at the point just after the outer guard band has
been detected. If a seek error caused the head unload, the head load procedure
will be entered.

e Seek Control

The profile of distance to be traveled at a given velocity for any seek is stored in
a table. When initiating a seek, the appropriate initial velocity command is found -
by means of a binary search procedure to locate the entry point in the table. The
distance to be traveled (number of cylinders to be traversed) at the initial
velocity is also a result of the search procedure. Thereafter, distance and velo-
city are taken from the table. When the end of the table is reached, the coarse
positioning portion of the seek is completed and the servo is switched from the
coarse (velocity) mode into the fine (track following) mode.
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Distance and velocity information is placed by the microprocessor into a next

‘ distance register and a new velocity register from where it is transferred into
a current distance counter and current velocity register. Each time "next"
information becomes "current" information the microprocessor refills the twc
"next" registers with "next" information. See Figure 4-10. With each cylinder
pulse, the value in the current distance counter is decremented. When the counter
reaches zero, the value in the next distance register is transferred into the
current distance counter, the value in the next velocity register is transferred
into the current velocity register and the processor interrupted (see "Interrupt
Logic", Section 4.3.4.3) so that new values will be loaded into the "next"

registers,
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FIGURE 4-9, BLOCK DIAGRAM OF SERVO-COARSE PWA AND
SUPPORTING ELEMENTS

The next distance register and current distance counter are implemented by one
section (counter 0) of a type 8253 programmahle counter (see Figure 5-3r), the

next velocity register is implemented by one port of type 8255A programmable .
peripheral interface (see Figure 5-3p), and the current velocity register is im-

plemented by two four-bit register logic elements (see Figure 5-3h).
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4.3,3.3 SECTOR PULSE GENERATION

Sector pulses are obtained through division of an 806 kHz clock (derived from

the servo surface) by the number of clock cycles per sector. The frequency
divider is synchronized by the Index pulsé (also derived from the servo surface).
The sector pulse generator is one section of a type 8253 (U2) programmable
counter operating as a frequency divider. The microprocessor reads the status

of a set of switches to determine the number of sectors per revolution, computes
the divisor, and loads the 8253 with the divisor. -

4,3,3.4 SERVO HEAD CHANGE

When the system controller commands a read/write volume change (fixed to remov-
able or vise versa) the microprocessor must initiate a change to the selection of
the servo head. The microprocessor does not change the selection of the servo
head, however, until the controller follows the "new" volume address with a seek
command, which the microprocessor verifies before changing the selection of the
servo head to match the selection of the read/write volume. After the validity

of the seek has been verified, the M.P. switches the SVO CLAMP/-L signal
active for 100 microseconds. The servo head selection change occurs at the be-
ginning of the 100 microsecond period and then the phase locked loop circuitry
locks in on the servo signals coming off the newly selected servo surface during
the 100 microsecond period. Before the seek to a new track can begin the track
center signal (TRK CEN/-L) must have been active for at least 1 millisecond,
indicating that the newly selected servo head has locked on to the track nearest
its position when the servo head selection change occurred Figure 4-11 is a flow
chart which illustrates the events described above.

4,3,3,5 MICROPROCESSOR SELF DIAGNOSTICS

Every time ihe power comes up on the CMD the microprocessor performs a series

of self diagnostic tests. It performs a CRC test on the ROM, a'write/read test

on the RAM, a write/read test of the programmable ports, and a test of the
interrupt system. The CMD will not become ready if any of the tests fail. Refer

to Section 2.9, 4.3.4.5 (Figure 4-27) and 6.9 for more details on the microprocessor
diagnostics.

..
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FIGURE 4-10, SEEK CONTROL (DIGITAL PORTION) BLOCK DIAGRAM
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4-22

FIGURE 4-11,
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4.3.4 MICROPROCESSOR DETAILED FUNCTIONAL DESCRIPTION
4.3.4.1 MICROPROCESSOR HARDWARE DESCRIPTION

The basic Microprocessor hardware consists of a processor (8080A), clock genera-
tor (8224), system controller and bus driver (8228), instruction memory

(2732), data memory (2114), interrupt logic, programmable timer (8253), and pro-
grammable peripheral interface units (8255A, called PPI). These elements are

tied together on three common buses-control, data, and address, The timing
relationships for these buses to perform memory read and write and 1/0 read and
write are shown in Figure 4-13 and 4-14.

4.3.4.2 MEMORY ADDRESS CODE ASSIGNMENTS

The address decode logic of U14 provides the address line decoding which selects
memory chips, I/O ports and etc. Table 4-1 shows the memory address codes

used to select memory chips, select and control I/0 ports and the interval timer
and to generate certain "software Strobes". The high order bit (MADR-F/+L) is
used to select either chips/functions within the CMD, or to select memory external
to the CMD via PWA slot EM4 (for factory test). It should be noted that for clarity
and consistency Table 4-1 shows all of the memory address codes as " /+L"
(nominal +4 V = Logic "1"). However, the A, B and C address lines are actually
mechanized as "/-L" logic (rominal 0 V is logic "1") in most places shown in

the schematics.

4,3,4,3 INTERRUPT LOGIC

The interrupt logic consists of interrupt flip-flops and latches, an interrupt in-
struction encoder and an interrupt port. Offset, seek and RTZ operations impose
interface response times cn the microprocessor which require circuitry that will
(1) memorize the command, (2) cause an interrupt and (3) drop ON CYLINDER.
Flip-flops on the I1/0O and Servo Coarse PWAs store the commands from the con-
troller. The interrupt logic is on the Servo Coarse PWA and it operates as
follows. The interrupt encoder (U26) generates the interrupt to the 8080 micro-
processor and prioritizes and encodes the interrupts into a 3 bit binary code AAA.
When the 8080A responds to the interrupt, U13 forces the code 11AAA111 onto
the data bus for the 8080 to use as a Restart instruction. The Restart instruction
saves a return address and transfers 8080 program control to theinstruction
whose address is eight times the AAA field of the Restart instruction. The new
instruction at 8 X AAA is the first instruction in the subroutine that services

the requirements of the particular function that caused the interrupt.
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TABLE 4-1. MICROPROCESSOR MEMORY ADDRESS CODE ASSIGNMENTS

FUNCTION MEMORY ADDRESS LINES MADR F/+L THRU MADR 0/+L 8080CPU
SRVO COARSE
77682950 FEDGC CIBA 9 8|7 6 5 43 2 1 0 | MADR HEX
External Address
(EM4) 1 - = =] = =« -]~ = = =}- - - = | 80pQH
Internal Address and UP
Memory:
ROM U16 (4K) |0 0 0 0|0 O O OJO O O OfO O O O | PAAGH to
: o0 00 011 1 1}J1 1 1 141 1 1 1 | QFFFH
RAMUI9, U23 |0 0 1 O0f0 O 0 O0JO O O OfO O O O | 20@@H to
0010000 O0Of1 11 1]1 1 1 1] 29FFH
Input Ports Addressed
as Memory (U10, U18)
LO-CYL 0 01 01 1 X X 2C2CH
HI-CYL 0 01 O0J1 0 X X 2828H
1/0 Ports: PP1-1
(v22)
Control . 0 0 0Jj0 0 X X 2P0
Port A 0 0 0 OJ1 1 X X H
Port B 0 0 0 0OJ1 0 X X |_@8@sH
Port C 0 00 001 X X P404H
PPI-2 (U27)
Control 0 0 1 10 0 X X 30304
Port A 0 0 1 11 1 X X 3C3CH
Port B 0 01 11 0 X X 3838H
Port C 0 01 140 1 X X 34344
Timer: (U21)Mode |0 1 0 X0 0 X X 4940H
CNT O 0 1 0 X1 1 X X 4C4CH
CNT 1 01 0 X1 0 X X 4848H
CNT 2 01 0 X]J0O 1 X X 44444
Software Strobes:
(U12)
LD-VEL-RD-INT 0 1 1 141 1 X X 7C7CH
RES-SK-INT 0 1 1 1J1 0 X X 7878H
RES-EXT-INT 01 1 110 1 X X 7474H-
RES-RTZ 01 1 1]J0 O X X 7070H
RES-OFF-INT 0 1 1 0f1 1 X X 6COCH
RES-SPD-LCH 0 1 1 01 0 X X 6868H
RES-SEG-END-INT O 1 1 OO0 1 X X 6464H
SET-INT 01 1 0f0 0 X X 6060H

4-26

77683559-E




Table 4-2 lists the Restart instruction produced by each interrupt and the prior-
ity attached to each interrupt.

TABLE 4-2, PRIORITY INTERRUPT RESTART INSTRUCTIONS

PRIORITY INTERRUPT RESTART INSTRUCTION

1 Clock (20 ms) CFH (11001111)

2 Segment End D7H (11010111)

3 External DFH (11011111)

4 Offset E7H (11100111)

5 Maintenance Fault EFH (11101111)

6 Seek F7H (11110111)
Comgnd
AAA

Clock (20 ms) Interrupt:

Counter #1 of the 8253 Programmable Interval Timer produces an interrupt every
20 ms which is the priority 1 Clock interrupt in Table 4-2. Firmware decrements
two counters stored in RAM with the 20 ms clock and uses the two counters for
various large timeout functions required by the CMD operations.

Segment End Interrupt:

Counter #0 of the 8253 produces the Segment End interrupt when the seek control
logic requires the next velocity command as described in Section 4.3.3.2, "Seek
Control". Refer also to the timing diagram of Figure 4-15. For the initial part of

a seek the firmware loads a count into the "next distance" register of Counter

0 (using I/0 WRT/-L) and then transfers that count (using "LD-VEL-RD-INT/-L")
into the "present distance" register in Counter 0. The count transferred into the
"present distance" register is the number of cylinders to be traversed at the
"current velocity” in registers U30 and U32. The "next distance" is transferred
into the "next distance" register at the same time. Figure 4-15 illustrates the

case where the heads are programmed to travel a one track segment at the "present
velocity" at the end of which the "segment end interrupt" occurs.

External Interrupt:
External Interrupt is reserved for later use.
Offset Interrupt:

A change in offset command lines detected by an edge detector circuit generates
the offset interrupt. The microprocessor then commands an offset position through
the velocity command port (PPI-1, Port B) to the D to A converter. In the fine
mode (closed loop) the D to A output is a position offset, but in the coarse mode
(open loop) the D to A output is a velocity command.

Maintenance Fault Interrupt:

The maintenance fault interrupt occurs as a result of a request from the Control/
Mux PWA to output through the velocity command port any stored fault codes.

This interrupt also triggers the velocity measurement reoutine if the microprocessor
detects that switch S1-8 on the Servo-Coarse PWA is in the OFF position., The

State of S1-8 is sensed through PPI-1 port PAT,
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Seek Interrupt: . ’ .

The Seek Interrupt initiates a seek operation. The flow chart of Figure 4-23
illustrates the Seek and Segment End Interrupts.

LOAD CNT =2

10 WRT/-L
(U2-23)

y CNT = 2¢ CNT =1 .
LD-VFL=-RD INT/-L
(V16-15) (Firmware Strobe)

CYL PUL/-L

(TP15) #—-’

DIG CYL PUL/+L / R

(®17)

Clk o

w29 M T 1 |

SEG END/+L
(U2-10)

SEG END INT/-L
(U1-5)

* THE INTERNAL OPERATION OF THE 8253 REQUIRES THIS EXTRA PULSE ON THE INITIAL SEGMENT
OF A SEEK,

_____

FIGURE 4-15, INITIAL 1 TRACK SEGMENT TIMING (SEEK OPERATION) ’
4,3.4,4 MICROPROCESSOR I/O LOGIC

The input/output logic consists of two programmable peripheral interface PPI
chips (U22/U27, type 8255A) and two multiplex chips (U10 and U18: type
74LS257). A binary 1 of 8 decoder (U12; type 74LS138) provides strobe pulses
for the M.P. 1/0 logic. These are shown in their relationship to each other in
the block diagram of Figue 4-12. Table 4-3 which follows lists the I1/0O ports and
their functions. _
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TABLE 4-3, MICROPROCESSOR 1/0 PORT SIGNAL ASSIGNMENTS

(SHEET 1 oF 5)

EFI 1 (u22) Source/Destination Function

PORT A (Inputs)

PAO Sector Selection Switch S1-1 (LSB) These seven inputs select the

: through Sector Selection Switch number of sector pulses per
S1-7 revolution. See also Table 3-3.
PAG
PA7 Sector Selection,Switch S1-8 Defines the action taken when
' the maintenance fault interr-
upt occurs. (Vel Adjustment)
PORT B (Outputs)
PBO Output Velocity commands to Vel. During a seek these signals are
: com. registers or maintenance servo velocity commands and
codes to Fault Displays on CNTL/ during execution of a mainte-
MUX PWA and WRT CURR CONTROL nance fault display the 5-bit
. BITS to RD/WR Preamp. error code is output. See
: Table 6-6 for more information
|PB7 the Fault Displays.

PORT C (Outputs) Port C is the seek control port.

PCO RDY BLINK/-L Turns on and off at a 1/4 sec.
rate during spindle start and
stop. When servo relay is

" enabled 0 volts on this line
specifies a ready condition
(heads loaded and on-cylinder.)

PC1 SK FINISHED/+L Enables ON-CYLINDER when
a seek is completed.

PC2 SK ERROR/+L A seek error has occurred

| (Table 6-7).

PC3 * EN TRK CEN/+L Enables 60 Hz run-out filter
on the signal position error
input. actuated when in fine
mode after track center has
been detected.

PC4 INT CONT/-L When active "low", enables
all interrupts. When "high"

) disables all but 20 ms clock
' int.

PC5 EVEN/-L Selects "+" polarity of signal
position error (SPE) from
Servo Fine PWA and closes
servo loop (fine mode).

PC6 0DD/-L Selects "-" polarity of SPE and
closes servo loop (fine mode).

77683559-E
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TABLE 4-3, MICROPROCESSQR 1/0 PORT SIGNAL ASSIGNMENTS

(SHEET 2 OF 5) ‘

PPI 1 (U22) Source/Destination ) ‘Function

PC7 FWR SK OFFSET+/-L Selects polarity of D/A output
which defines the direction of
movement for a seek and the
direction of position offset
for an offset.

PPI 2 (U27)
PORT A (Inputs) Port A is hardware status
inputs.
PAO SEQ PICK/*L Interface control line for
: sequencing start of spindle
, motor.
PAl RTZ/-L Indicates the state of the RTZ
‘ flip flop (U35).
PA2 REV EOT/-L « When active LOW the positioner

- has moved inte outer guard
band. It is used during an RTZ
to tell the M.P. to reverse
motion and lock on track O.

PA3 TRK CEN/-L Defines when the positioner is
‘ ' on track (see also Section’

4.3.5.3). v ‘
PA4 AGC ACTIVE/-L Signal from servo fine PWA
: which defines when the posi-
tioner is out of the servo
recorded zone.

PAS SPEED/+L Used to measure spindle speed.

PA6 START/-L Local Start Switch input. 1

PA7 SEQ HOLD/-L Interface control line for |
sequencing start of spindle ‘
motor.

PORT B (Outputs) Spindle control port. .

PBO OFFSET-ACT/+L Defines when a position offset

is active so that when the off-
set is removed, ON CYLINDER may
or may not drop according to
option selected.

PB1 PK COvV UNLOK/-L " When active LOW allows access .
to removable disk pack.

PB2 Not used
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TABLE 4-3. MICROPROCESSOR 1/0 PORT SIGNAL ASSIGNMENTS

(SHEET 3 oF 5)

PPI 2 (U27)

Source/Destination

Function

" | PB3

PB4
\

PB5

PB6

[,
PORT C

"I') 1PCO

PC1
PC2
PC3

PORT C
PC4

PC5

RUN/-L

BRK ON/-L

LINE ON/-L

SK-ACTIVE/-L

Not used
(Inputs)
HD LOAD SW/+L

AGC Fault Option
Purge Time Option
LINE OFF/+L

(Outputs)
UP-TO-SPEED/+L

MP FLT/+L

Active LOW when the spindle

tion.

Controls the RUN relay which

connects either a solid state
relay controlled AC line or a
transistor controlled DC Tine
to the spindle motor windings.

When active LOW and PB3 is
HIGH this line turns on the DC
brake current through the RUN
relay to the motor.

When active LOW and PB3 is
active LOW this line turns on
the solid-state relay which
controls the spindle motor
through the RUN relay.

Disables the Seek Interrﬁpt
and Offset Interrupt latches
during a seek.

This signal is active HIGH
when the heads are loaded (the
switch is open-not activated).

Door Lock/Unlock with AGC Fault.
35 Sec/2 Min Purge

Indicates solid-state relay
(SSR) is disabled. If this line
is active HIGH at the same time
that LINE ON from PB5 is

active LOW it indicates to the
M.P. that the motor-over-
heated switch has opened so the
M.P. sets a fault.

motor has exceeded 80% of
3600 r/min during spindle
start. Goes HIGH if r/min .
drops below 80% anytime the
heads are loaded. .

Indicates a M.P. fault condi-

77683559-E
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TABLE 4-3, MICROPROCESSOR 1/0 PORT SIGNAL ASSIGNMENTS
(SHEET 4 oF 5)

PPI 2 (U27) Source/Destination Function .

PC6 SVO CLAMP/-L ’ Used on Servo Fine PWA. At

. the beginning of a seek opera-
tion requiring a volume chanje
this signal triggers the servo
head change. It inhibits the
sector and index pulses and
selects a greater than normal
bandwidth for the servo clock.

_|PC7 SVO RLY EN/+L When active HIGH this signal:
connects the normal servo -
_power amplifier to the actuator
through the servo relay. When
LOW it switches the servo -
relay so the emergency retract
amplifier is connected to the

actuator. _
U10, U18 Multiplexor Ports* Outputs on Data bus lines DB;O
thru DB-7
"1" INPUTS CYL-ADDR-0/+L thru Lower eight bits of cylinder
(a11) CYL-ADDR-7/+L address read at the beginning
of a seek.
"0" INPUTS -
0 CYL-ADDR-8/+L _ Two high order bits of cylinder ‘
1 CYL-ADDR-9/+L : address. ‘
2 FLT-RESET/+L Input from Control/Mux PWA
requesting M.P. fault reset.
3 MP-MC/+L , M.P. checks this line during

a master clear routine to det-
ermine if an RTZ or MC-VLT-FLT
produced the MC condition.

4 LED FAULT/-L -~ Status from Control/Mux PWA
indicating a fault condition
exists. The M.P. will not load
heads when this is active LOW.

5 OFFSET+/+L Indicates a positive offset re-
quest.

6 OFFSET-/+L , Indicates a negative offset re-
quest.

7 VOL CHANGE/-L M.P. checks this line at the
. beginning of each seek to see
if a volume change is required.

*See end of Table for notes.
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TABLE 4-3, MICROPROCESSOR 1/0 PORT SIGNAL ASSIGNMENTS
(SHEET 5 oF 5) -

PPI 2 (U27); Source/Destination Function

Inputs to PPI 2 From Software strobes decoded from
Ul2 Binary/1:8 Decoder .input addresses

U12-15  : LD-VEL-RD-INT/-L Loads contents of velocity port

into Velocity Command Regis-
ters and strobes the Segment
End Counter. Also this strobe
allows the reading of the
interrupt instruction port for
-diagnostic purposes.

U12-14 % RES-SK-INT/-L

Resets seek interrupt flip-

. flop.
U12-13 f RES-EXT-INT/-L Available for later external

~ use.
u12-12 . RES-RTZ/-L ' v Resets RTZ latch and MP-MC

I latch. .
ulz-11 ; RES-OFF-INT/-L Resets .offset interrupt latch.
U12-10  * RES-SPD-LCH/-L Resets speed latch.
u12-9 4 RES-SES-END-INT/-L Rasets the segment end

interrupt flip-flop.

U12-7  ISET-INT/-L Checks interrupt related hard-

ware for diagnostic purposes.

PRIORITY INTERRUPT RESTART INSTRUCTIONS

PRIORITY INTERRUPT  RESTART INSTRUCTION
1 Clock (20 ms) CFH (11001111)
2 Segment End D7H (11010111)
3 .External DFH (11011111)
4 Offset E7H (11100111)
5 Maintenance Fahlt EFH (11101111)
6 Seek F7H (11110111)
AAA

*These are addressed as memory, not as 1/0. That is, the address is qualified
by MEM READ.

4,3.4,5 MICROPROCESSOR OPERATION :FLOW CHARTS

Flow charts illustrating microprocessor operatlon sequences are given in Figure
4-16 through 4-27,

Operation described by the flow charts can be interrupted at most any point in
the flow when an interrupt to the M.P. occurs. Register contents and anything
else necessary is saved (if applicable) until operation returns from processing
the interrupt and performing whatever operation is called for (if applicable).
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POWER-UP
SEQUENCE *

i

INITIALIZE AND
SELF-TEST

—

STOP SPINDLE

YES

START SPINDLE

l OFFSET

FAULT DISPLAY

FINE MODE
: N

SEEK

EXTERNAL
OPERATIONS

RETURN-TO-ZERO 20 ms CLOCK .
m SEGMENT'END

(xwse ) - *INCLUDES SOME HARDMARE OPERATIONS NOT INVOLVING MICROPROCESSOR
+INTERRUPT FROM 1DLE

FIGURE 4-16, MICROPROCESSOR GENERAL OPERATION FLOW CHART
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.,

CLOSE AC CirCUIT
BREAKER

1

BLOWER
OPERATES

!

OC VOLTAGES
COME ON
RESET OCCURS

B

MASTER RESET
SETS POWER-ON
SEQUENCE FLAG

NOTE: THESE ARE HARDWARE SEQUENGCES OTHER
- THAN THOSE INVOLVING THE MICROPROCESSOR,

*FIGURE 4-18

FIGURE 4-17, POWER-UP HARDWARE SEQUENCES FLOW CHART
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MICROPROCESSOR [ 8255 #2 CHECK AND NO
PEREORMS ROM CRC INITIALIZE

YES
YES YES REPEAT SELF

DIAGNOSTIC

ROUTINE
. NO
RAM CHECK INTERRUPT TEST
AND INITIALIZE
ERROR YES _LQYES ERROR
?
NO

8255 /) CHECK
AND INITIALIZE

9

= ’

NO

20 ms CLOCK TEST

ERROR YES

9

NO

Oawa)

*FIGURE 4-19
L]

FIGURE 4-18, INITIALIZATION AND SELF TEST SEQUENCE FLOW CHART

4-36 : 77683559-A




STOP
1

RESET POWER-UP SET "TOO LONG
FLAG T0 STOP" ERROR
(FAULT CODE 14)
l' YES
SET START-STOP SET STOP TIMEOUT
CYCLE FLAG 7
FOR 2 MINUTES TURN OFF OC
TO SPINOLE MOTOR
PERFORM RETRACT
EXCEED
SUBROUTINE 2 MIN STOP DOOR
TIMEOUT SET FRONT LOCK OPTION
? PANEL FLT ACTIVE s
SET STOP TIMEOUT
FOR 30 SEC no
SPINDLE
R/MIN
<14
TURN OFF AC &
TURN ON DC TO
SPINDLE MOTOR
SET TIMEOUT FOR
2 SEC
SET FRONT
PANEL FLT
WAIT
SPINDLE
R/MIN
<14 l:——_________
SET "WON'T STOP" *
ERROR
# FIGURE 4-20.

% % FIGURE 4-27.

FIGURE 4-19, STOP SEQUEMCE FLOW CHART
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NO NO-AIR
PRESS. SWITCH
VATE

ACTIVAT
?

DOO
INTERLOCK
WITCH CLOSEQ

UNLOCK
CARTRIDGE
ACCESS DOOR

LOCK CARTRIDGE *
ACCESS DOOR

RESET PICK
MEMORY

NOTES:
@ FIGURE 4-18

@ ® SHEET 2 OF THIS CHART

SET PICK
MEMORY

-le

e

M, P, PERFORMS
ROM CRC CHECK

FIGURE 4-20, MICROPROCESSOR START SEQUENCE FLOW CHART

(SHEET 1 oF 3)
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I TIMEOUT SEQUENCE |

STORE “SLOW
START" ERROR

SET 2 MIN,
TIMEOUT TO
START HEAD
LOAD

SPINDLE
AT 2700 R/MIN
?

2 MIN
ELAPSED
?

YES

STORE "WILL NOT
START* ERROR

*  FIGURE 4-27
* % FIGURE 4-2]

FIGURE 4-20,

17683559-E

PERFORM CARR.
RETRACT
SUBROUTINE

2 MIN
SINCE LAST
START

DECREMENT 2 MIN

START-T0-START STORE "NO
— counT RY SPINDLE MOVE-
58”,.‘,“ Eve MENT" FAULT
NOTE 2
(OPTION
JUMPER)
YES
NO

SET 70 SEC. SET 155 SEC. SET 2 MIN START-
TIMEOUT TO | Timeour T0-START TIMEOUT

START HEAD LOAD

COUNTER

vores g 00 ]

SET SPINDLE
RELAY FOR RUN,
START § SEC
RELA

STORE ERROR *
CODE (TRIAC
FAILURE)

5
SEC ELAPSED
?

YES

TURN ON SSR
SET 5 SEC. £
DELAY

NOTE §

(SHEET 2 oF 3)

DELAY 15 SEC,
FOR DUST PURGE

TURN OFF START/
STOP CYCLE FLAG

LOAD
HEADS

MICROPROCESSOR START SEQUENCE FLOW CHART
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START Sequence Notes

Note 1.

Note 2.

Note 3.

Note 4.

Note 5.

These decision boxes are not operations taking place in the software
or firmware, but only represent hardware interlocks which must be

in the correct state before depressing the START switch will cause
anything to happen. The microprocessor does not look at the state
of these switches but they must be closed before the START switch
can indicate "START".

A few blocks previous to this point in the flow chart it was found
that the START/STOP switch indicates Start. However, a two minute
timer will not allow operation to procede until the two minute
interval has elapsed. The two minute timer counter is decremented
by the 20 ms idle interrupt clock (see Idle Interrupt Flow Chart).
See also Note 4 below.

The Spindle motor must reach 2890 r/min before 70 seconds has elapsed
or a "too slow start" error will be stored in the fault store. A 70
second counter is set up to mark off the 70 second period and if it
times out before 2890 r/min is reached a two minute counter is set
up. If the two minute counter times out, the operational fault
routine is called to stop the spindle. "Will not sta-t" error is

also stored in the fault store. These timing events occur in par-
allel to the events of the Power-up Sequence Flow Chart. A timeout
could occur anywhere during the flow of events depicted, depending

on what caused the delay in the spindle start up sequence.

The two minute Start-to-Start Timer mentioned in Note 2 is initially
set up at this point in the sequence. Regardless of what else may
happen, a new start cannot begin after this time has been started
until it has timed out after two minutes have elapsed.

This loop tests to see if the spindle motor has started yet. If the
Solid State Relay that controls power to the motor is on but the

~speed fails to rise above 180 r/min a "no spindle movement" fault is

stored in the Fault store, and the operational fault routine routes
operation to the stop sequence.
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FIGURE 4-21, HEAD LOAD SEQUENCE FLOW CHART

Note 1. To time the head load operation a counter is set up which takes
300 ms to decrement to -1. If the counter times out, i.e.,
reaches -1 before the "Ready and on-track" condition occurs
a Seek Error is stored in the M.P. fault storage. The time-out
could occur at anytime during the Head Load or Fine Mode seq-
uences, so the time-out sequence is shown off to the side of
the main flow chart. If the "Set Ready" box in the Fine Mode
flow chart is reached before the 300 ms time-out occurs, the
300 ms time-out ccunter is stopped.
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’ 20 ms Clock Sequence Flow Chart Notes.*.

Note 1.

Note 2.

Note 3.

The Microprocessor loads 9CH into the high order byte of a 16 bit
programmable counter U2. The counter ‘is clocked by the 2 MHz

8080 Clock until it reaches zero, at which time the CPU is inter-
rupted. The output of U2 is a level every 20 milliseconds when
the CPU is able to process the interrupt and, as part of the
interrupt subi-outine, reload the 9CH value into U2 and restart
the countdown. :

Though it doesn't show up in all of the flow charts, the 20 ms
clock counter is continually being decremented by the 2 MHz
8080 Clock. At the end of 20 ms the CPU is again interrupted.

To measure off a 2 minute Start-to-Start interval, the CPU
loads a 16 bit Tocation in RAM with a number to be decremented
by the 20 ms clock (see note 1). When the number has been
decremented to -1 (2 minutes elapsed) a new start may be in~
itiated (assuming the power up sequence is complete). This
portion of the flow chart is not of any importance to the rest
of the flow shown on the chart, and is only of concern in the
Start Sequence. It is only shown here because of its relation
to the 20 ms clock which decrements the 2 minute counter. The
second sheet of the Powr-On Sequence Flow Chart contains the
box where the Start-to-Start timer was originally started.

Until a stop and an attempt to start again occurs the 2 minute
Start-to-Start timer is not connected with any of the ongoing
operations of the unit. The release of the START switch (STOP)
does not depend on whether or not the two minute Start-To-Start
Timer has times out; a stop may occur anytime after a start.

There is a location in RAM called the Operations 16 bit Timer
which is used for storing some number which will be counted
down to provide a time interval for some operation. The number °
stored there depends on the operation. When this counter loca-
tion is used in the motor spindle speed check sequence it is
loaded with zero. When the 20 ms clock interrupts the CPU the
Operations Timer is checked for -1 which it will not be if
everything is operating correctly. After the -1 check the timer
is decremented to -1 and then ‘the spindle speed check is made.
After the spindle speed check is complete the Operations Timer
is loaded again with zero. If during the spindle speed check
come fault occurs (a CPU“interrupt, for example) and the
spindle speed check is not completed for the 20 ms clock times
out, the operations Timer does not get set back to zero. When
the -1 check is made the contents will still be zero. This is

a fault condition and will be handled in accordance with the
fault routines, '

*Valid only for Idle Sequence
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Figure 4-23. Seek Sequence Flow Charts Supplementary Notes

Note 1.

Note 2.

Note 3.

From the time a seek begins until the selected head is "Ready
and on a Track" less than 80 ms should have elapsed. The M.P.
sets up counter at this point to measure off the 80 ms time
period. The counter could time out at any point in the seek
or fine mode sequences if a malfunction occurs. For this
reason the timeout sequence flow Ties off to the side of the
main flow.

One or more distance/velocity segments makes up a seek operation.
At the completion of the first segment the "Segment End Inerrupt"
occurs to signal the microprocessor that the next distance/
velocity segment (if any) should be given to the servo system
and the seek continued or operation switched to fine mode if

at destination. See Note 3. The M.P. makes a continual check

on the AGC system and unloads the heads when the AGC mal-
functions.

The Segment End Interrupt sets up the next distance/velocity
segment. If final destination cylinder has been reached opera-
tion enters the "Fine Mode." A destination cylinder of greater
than 1.5 cylinders away returns operation to the main seek
routine which continues to monitor AGC while awaiting the next
segment end interrupt. When the next segment end interrupt
occurs the M.P. provides the "next distance and, velocity"
value. When only one cylinder from the destination cylinder
the M.P. sets up slow velocity and stop operation. Less than
one cylinder to destination left initiates Fine Mode Operation.
Whenever the segment end interrupt occurs the logic circuits
place the most recent "next.distance and velocity" value in
the "present distance and velocity" register.

FIGURE 4-23, SEEK AND SEGMENT END INTERRUPT SEQUENCES FLOW. CHARTS

(SHEET 3 oF 3)
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Figure 4-24. Fine Mode Flow Chart Supplementary Notes.

Note 1.

Note 2.

Note 3.

Note 4.

Note 5.

Note 6.

During the fine mode of a seek, the time to lock onto track
center can not exceed approximately 10 ms or the M.P. Stores
a "NO TRACK LOCK" error.

Once the head locks on track the time Tocked on track should
be at least 1.2 ms or the attempt to lTock on track will be
repeated. The 10 ms timer is still running and will time out
if too many attempts are required to lock on track. The M.P.
Stops the 10 ms timer if on-track for more than 1.2 ms.

In the event of a malfunction affecting the units ability to
get and stay on track center, operation could conceivably
never get past here, in which case the 80 ms (seek operaton)
or 300 ms (RTZ or head Toad operation) timeout could occur.
See note 4.

Operation must reach this point before the 80 ms (seekj or 300
ms (RTZ or head load) timeout occurs or operation goes to the
"Seek Timeout Sequence" in Figure 4-23.

A seek error could have occured previous to this point due to
a timeout of one of the timers during the seek, or an error
could occur due to the failure to stay on track once having
reached track center. See Note 6.

The servo system continually works to keep the heads of the
selected volume on track center. If the heads stay on track
center the 1200 us counter never times out because the timer
is repeatedly initialized before timeout occurs. If the heads
get off and don't get back on track center before 1200 us
elapses, a seek error is stored in the M.P. fault storage.
The M.P. then goes back to (C) and tries the 10 ms Tock-on
sequence again. Operation loops continually in the flow
enclosed by the dotted lines. This corresponds to the "IDLE"
block in Figure 4-16. Operation leaves the Idle phase when

an interrupt to the M.P. occurs. The 1200 us counter operation
is suspended until operation returns.
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FIGURE 4-24, FINE MODE SEQUENCE FLOW CHART
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FIGURE 4-26. RTZ SEQUENCE SHOWING HEADS UNLOAD FLOW
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Notes on "UNLOAD HEADS" Sequence of Flow.

Note 1:

Note 2:

Note 3:

Note 4:

Note 5:

- able error code is set (see Table 6-7), the emergency retract is

The code indicating the phase of operation where the error occurred
and the error code are given in Table 6-7 in Section 6.

During the wait for "Heads Retracted" condition the two time-out
sequences "A" and "B" will alsa occur alternately if retract cannot
be accomplished. (See Note 3 and 4 below).

If the 440 ms time-out occurs flow sequence "A" takes place during
the wait for the heads to become fully retracted. The error code
denoting the time-out (see Table 6-7) is stored, a 500 ms time-out
is set and the emergency retract is set. Operation returns to the
"HEADS RETRACTED?" state. Flow sequence "A" also applies if the 5
second time-out occurs (see note 4 below).

When the 500 ms time-out occurs the flow sequence "B" takes place
during the wait for the heads to become fully retracted. The applic-

disabled (to prevent 100% duty cycle of the power applied for
emergency retract), and a 5 second time-out is set up. Operation
returns to the "HEADS RETRACTED?" state.

When the "Heads Retracted" condition is detected the timers (set
for the time-outs shown) will be stopped.

FIGURE 4-26. RTZ SEQUENCE SHOWING HEADS UNLOAD FLOW .
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FIGURE U4-27., OPERATIONAL FAULT SEQUENCE FLOW CHART
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4.3,5  SEEK OPERATIONS .
4,3.5.1 GENERAL

Seek operations are performed by the positioning servo system of the CMD which
is made up of both digital and analog circuitry. The details of most of the digital
portion are covered in Sections 4.3.3 and 4.3.4 which describe the microprocessor
and auxiliary digital circuits. This section discusses mostly the operation of the
analog portions with occasional references to microprocessor and other digital cir-
cuitry where applicable. Certain functions related to but not directly involved

in positioning will also be described in this section.

The positioning servo system of the CMD is a closed loop servo system containing
a position loop, a velocity loop, an acceleration loop and a compensation loop.
Figure 4-28 is a very simplified block diagram of the CMD servo system. The
compensation loop is not shown for simplicity. The velocity and acceleration
loops are analog while the position loop is a combination of digital and analog
circuitry.

4,3,5,2 SIMPLIFIED POSITIONING OPERATION

This section gives a simplified, overall description of the operation of the posi-
tioning servo system.

1. The positioning operation begins when the system controller communicates a
SEEK command to the CMD. The CMD microprocessor receives the SEEK com-
mand and initiates and controls the positioning operation. There are also
times when the microprocessor initiates a positioning operation without being
commanded to do so by the system controller. ‘

2. The microprocessor calculates the number of cylinders to be traversed during
tlie positioning action by comparing the present cylinder number (stored in
M.P. memory) with the destination cylinder number.

3. The microprocessor searches a table of velocity profiles for the correct '
velocity profile required for the commanded repositioning, and for the correct
entry point into the table.

4. The digital (binary) number representing the initial velocity is taken from
the velocity profile table and converted to an analog voltage in a digital-to-
analog (D/A) converter.

5. The digital to analog converter output voltage is amplified and applied to the
voice coil linear positioner.

6. The positioner begins moving toward the location of the destination cylinder.

7. An analog voltage proportional to positioner acceleration is fed back to provide
the proper acceleration profile to the positioner.

8. A velocity transducer (see Section 4.2.5.2) senses the positioner velocity and
feeds back a voltage proportional to velocity. This velocity feedback is sub-
tracted from the positioning voltage applied from the D/A converter (item 4
above) creating a "following error" signal which continues to provide drive
to the voice coil.
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9. The positioner ceases accelerating when the desired "initial" velocity is reach-
ed and continues at the "initial" velocity until the microprocessor commands a
change in velocity.

10. The position loop provides head positioning information to the positioning
servo system. The positioning information includes the following:

a. A signal that indicates the displacement of the heads from their nominal
track centerline.

b. Cylinder pulses during seeks to indicate each cylinder crossing.

c. Signals that indicate that the position of the heads is outside of the region
of the normal data cylinders.

Information for the position loop is derived from the track servo head (Figure
4-31) which is physically si:ilar to a data read/write head, except that it does
not write. The track servo head reads information known as "dibits" from the
servo track surface of the disk. "Dibit" is a shortened term for dipole bit.

11. The microprocessor and associated digital circuits monitor position and number
of tracks traversed using cylinder crossing information and change the vel-
ocity number in the D/A converter as required to.provide the proper velocity
profile for the positioning action in process. Figure 4-29 shows a velocity
profile for a long seek. Every operation is made up of one or more of the
distance/velocity segments like those shown in the expanded section.

12.  When the positioning operation is completed to less than one cylinder away
from the destination cylinder operation enters what is called the servo fine
mode. In the servo fine mode fine position feedback derived from the track
servo signal is switched in to bring the heads on track. The microprocessor
monitors the time required to complete the seek and signals a seek error if
the seek is not completed in time or if the heads do not stay on track when
the track is reached.

13. The fine mode positioning circuit remains active following completion of a seek.
If the servo head drifts off of its centered position, the track servo signal
will no longer bz at a null. The signal, functioning as the fine position analog
signal acts as a position error signal to drive the positioner back into position.
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4.3.5.3 DETAILED POSITIONING SYSTEM THEORY OF OPERATION
Position Loop Details ' .

The source of positioning information for thé position loop is the servo surface of
each disk module.

The servo head reads information from the servo track surface of the disk module.
This information is known as dibits; dibit is a shortened term for dipole bit.
Dibits are prerecorded on the servo surface during manufacture of the disk mod-
ule. Do not confuse the servo surface with the other five disk module recording
surfaces. :

Dibits are the result of the manner in which flux reversals are recorded on the
servo tracks. One type of track, known as the Even track, contains negative
dibits. .The other track, the Odd track, contains positive dibits. As positive dibit
consists of a positive-going waveform immediately followed by a negative-going
waveform. On the other hand, a negative dibit consists of a negatlve going wave-
form followed immediately by a positive-going waveform.

The "TP-13" waveform in Figure 4-30 shows an example of the odd and even dibit
waveforms resulting from an "on track" position of the servo head. Figure 4-32
shows the dibit waveforms with the positioner in motion across a track center.

There are 883 dibit tracks on the servo surface. At the outer edge of the surface
is a band of 24 positive dibit tracks. This area is the Reverse End of Travel (EOT)
or outer guard band. Then, there are 823 servo tracks alternately recorded with
negative and positive dibits. Finally, toward the inner edge of the pack, there

are 36 tracks containing only negative dibits. This is the Forward EOT or inner

guard band. ‘

When the read/write heads are located at the centerline of a data track, the track
servo head is actually centered between two of the prerecorded servo tracks and
is reading an edge of each. The detected signal is a mixture of the two adjacent
dibit signals. The amplitude of each dibit component is proportional to the read
coil overlap of the recorded servo tracks. With the head centered, the amplitudes
of the two types of dibits are equal. As the head moves away from its centered
psoition, the amplitude of one dibit component increases while the other decreases.
This produces an error voltage used for fine positioning called the track servo
signal.

Track Servo Signal

The track servo signal indicates the displacement of the servo head from the
on-track position. When the head is centered between dibit tracks, this signals is
at a null. It swings in the positive direction when the amplitude of the even
(negative) dibits being sensed exceeds the amplitude of the odd (positive) dibits,
and vice-versa. Amplitude is maximum when the head is centered over one dibit
track, that is, the head is at its maximum distance from the centerline of the
data track.

The servo signal is generated by the peak detectors that monitor their respective
dibits. If -the positive dibit amplitude exceeds the negative dibit amplitude, the
output of the + dibits peak detector is greater than that of the - dibits peak
dectector. The outputs of these two detectors are applied to a summing amplifier
whose output represents the distance between the two detector outputs. This
output is the track servo signal. The signal is at its maximum negative value ‘
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when the servo head is positioned over the outer guard band or over one of the
odd dibit tracks. It is at its maximum positive value when the servo head is
positioned over the inner guard band or over one of the even dibit tracks.

The track servo signal is applied to the servo circuit and to the cylinder detect
circuit. In the servo circuit, it is used to generate the fine position analog
signal that controls movement during the last onehalf track of a seek or during
a Load sequence. The cylinder detect circuit generates cylinder passes as the
track servo signal approaches a null.

The track servo circuit remains active following completion of a seek. If the

‘servo head drifts off of its centered position, the track servo signal will no

longer be at null. The signal, functioning as the fine position analog signal
within the servo circuit, will act as a position error signal to drive the posi-
tioner back into position.

Circuit gain control is achieved by applying the outputs from the peak detectors
to a second summing amplifier. Its output is negative is proportion to signal
strength: the stronger the signal, the less negative the AGC voltage. The sig-
nal is applied to the AGC amplifier to control the resistance of a FET within

the amplifier. The FET is connected across the differential inputs to the ampli-
fier. The less negative the AGC, the less the resistance; therefore, more of
the signal is shunted by the FET to reduce circuit gain.

End of Travel Detection

The reverse end of travel circuit provides the information to the MP that the
selected servo head has moved in reverse direction behind CYL @ (into the
outer guard band). This information (REOT /-L) issued by the MP during the
Return to Zero (RTZ) operation only. "

Cylinder Pulse Generation

As the servo head crosses the interface of the even/odd dibit tracks (Figure
4-31), the servo signal decreases toward null. Voltage comparator circuits
which switch their output states slightly before and slightly after the null
feed a Schmitt trigger circuit that generates a narrow pulse spanning the
null at the track center.

This track center pulse generates the cylinder pulses which the microprocessor
counts in keeping track of the actuator location.
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4.3.5.4 DETAILED POSITIONING THEORY OF OPERATION ‘

This section will be divided into two parts: operation of the Servo-Fine PWA
and operation of the Servo-Coarse PWA.

A Servo-Fine PWA Operation

The Servo-Fine PWA circuitry provides the following signals which are used in
other places withint the CMD: :

Various clocks generated by the phase locked loop circuitry.
Servo position error signals

End-of-travel information (AGC active/not active)

Index pulse and sector sync and inhibit logic signals.
Volume selection signals

e Head Alignment signals

For aid in understanding the following description of the Servo-Fine opearation
refer to Figures 4-30, 4-31 and -432 and schematic diagram Figure 5-7. Figure
4-1 also contains some helpful information, though of a more general nature.
The general relationship of the Servo-Fine functions to those of the Servo-

Coarse are shown in the block diagram of the Servo-Coarse analog circuits in
Figures 4-30 and 4-34,

Input Circuitry

- The dibit signals read from the servo heads are boosted in amplitude by the

servo preamplifiers on the Servo Preamp PWA and then inpui of the Servo-
Fine PWA. Analog switches controlled by the servo head select logic, select
either the cartridge servo signal or the fixed disk module servo signal to be
processed. The selected servo signal is fed to amplifier U35 and then to U25
which has an FET transistor across its differential input terminals. The negative
AGC voltage is applied to the gate of the FET to control the resistance from
source to drain. The less negative the AGC voltage the less the resistance is
resulting in shunting more of the incoming signal from the inputs of U25. The
stronger the signal at the input to U24 the less negative the AGC voltage. The
output of U25 is fed to a differential amplifier/filter network (U17) to increase
signal level, common mode rejection capability, and reject high frequency noise.
The double emitter follower circuit U8 buffers the signal from U17 and then the
differential dibit signal from U8 branches two ways at TP13 and TP14. One
branch drives circuitry which creates the Servo Position Error signal (SPE,
ISPE) and the othe branch provides the reference signal for the Phase Locked
Loop (PLL) circuits. The PLL operation will be described first.

Phase Locked Loop Circuits

The nominal frequency of the clock generated from the servo dibits is 806 kHz;
however, the actual frequency is a function of the spindle motor speed. The
phaselocked loop PLL in the clock circuit synchronizes itself to the actual

dibit rate. This permits the clock to react to variations in spindle speed. Signals
derived from this circuit, such as servo clock (SVO-CLK/-L) are a function of
actual spindle speed rather than functions of an absolute time base, and there-
fore bit density is independent of disk speed.
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A pair of level comparators (U6) using a reference threshold converts the dibit
signals into aperiodic digital signals. Refer to the TP40 and TP43 waveforms in
the timing diagram of Figure 4-30. Alternate pulse discrimination logic (U4, U5)
changes the two aperiodic signals to a periodic signal ODD + EVEN /+L which can
be seen at TP50. ODD + EVEN/+L is a pulse signal at 806 kHz if the servo is
locked on track as-shown in Figure 4-30. As the servo head moves towards an
"odd dibit" or "even dibit" track, the corresponding pair of dibits increases in
amplitude, resulting in a simultaneous decrease in the other pair of dibits.
Figure 4-32 illustrates this. The signal at TP50 changes to 403 kHz as alternate
dibit pairs fall below the comparator threshold. ODD + EVEN /+L drives the logic
which creates the Index and Sector Sync signals and provides the PLL input to
which the Phase Lock Oscillator (PLO) U28 must lock.

The Index and Sector Sync logic will be described in a section following this.
Single Shot U2 stretches ODD + EVEN /+L to 625 ns and drives the Phase detector
logic (U1, U10) and the PLO initial Phasing Logic (1/2 U12, 1/2 U13 and U19) with
it. The 625 ns pulse can be seen on TP48. The phase difference between the 806
kHz which originated at the VCO (U28) and the signal at TP48 is detected by

the logic of Ul and changed to a DC control voltage (TP55) by the current pump
amplifier and filter made up of circuit elements U9, C64, C65, R83, R78 and R99.
The control voltage controls the frequence of the voltage controlled oscillator
(VCO) U28 by means of VVC1 which is a voltage variable capacitor. The nominal
frequency of the VCO is 19.34 MHz. The VCO output is buffered in U37 and trans-
mitted to the Read/Write PWA as the WRT-PLC signal (P2A40, P2A41) which is
used as the write clock reference. Flip-flop U38 divides the VCO signal by two,
converts it to TTL logic (U39) and goes .over the interface to the controller as
SVO-CLK/-L (P2B42). Counter U29 divides the U38 output by six and then one
flip-flop in U3 divides the result by two again to produce the 806 kHz squarewave
feedback signal (TP47) which is the VCO derived input to the phase detector
mentioned above. Note that the PLL accepts both 403 kHz and 806 kHz inputs
(TP48) and provides a phaselocked 806 kHz output (TP48).

Servo Position Error Signals

Flip-flop U22 delays the 403 kHz clock (TP56) and the resulting signal synchro-
nously gates ODD-DIBIT-EN /41 (TP53) and EVEN-DIBIT-EN /+L in the peak
detector U7. The peak detector citcuits store the peak level of their respective
"odd" or "even" dibit signals in capacitors C37 and C20. The peak values are
discharged at a constant rate through resistors R18 and R22 to facilitate "new
sample" storage and hence a tracking demodulated envelope signal as the servo
head slews across the disk and passes alternately across even and odd dibit tracks.
The peak detector outputs are buffered in unity gain operational amplifiers (U15
and U16) and fed to the differential operational amplifier U23 to produce the posi-
tion error signal SPE and its inverse ISPE. The Servo-Coarse PWA uses the two
error signals as position control signals in the servo loop and generates cylinder
pulses from the PSE and the velocity signal.

AGC Control Signals

For AGC control the buffered peak detector outpus (TP25 and TP26) are summed
and compared to a DC reference (VR1) in operational amplifier U24 whose output
is the AGC CONTROL signal (TP9). AGC CONTROL changes the source-to-drain
resistance of Q2 at the input of U25. Comparator U44 compares AGC CONTROL
with a reference voltage and produces a logic level at 0 volts when the selected
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servo head reads servo dibits on the disk. This output of U44 is the AGC-ACTIVE/
-L signal sent to the Servo-Coarse PWA (P2B03). The microprocessor uses AGC-
ACTIVE/-L as an indication of end-of-travel. :

Index Pulse and Sector Sync and Inhibit

The Index pulse is derived from an index pattern read from the servo tracks. The
index pattern is a specific sequence of missing "odd dibit" and "even dibit" pairs
encoded on both odd and even dibit tracks in such a way that the pattern is de-
tected once per revolution of the disk. Even when the servo head slews across

the tracks the logic detects the index pattern uninterrupted. The index pattern
detected logic performs as follows. The 403 kHz clock (TP56) serves as a reference
and retimes the ODD + EVEN/-L signal in flip-flop U22; thus establishing a "re-
covery window" for the index pattern. The 403 kHz clock then shifts the index
data on U22 pin 5 through the shift register U21. When the binary code in the
shift register is (starting with pin 12 and going to pin 3) 1010110, then the binary
code in the "A" side of comparator U3l will equal the code on side "B". "B" is
wired in as 00110 (MSB to LSB). A seven bit comparator is formed by using the
"1" bits in the shift register which output on pins 10 and 12 to enable the com-
parator via NAND gate U20. The comparator output is clocked into flip-flop U33

to provide spike free Index and Sectors Sync signals (P1B40, P2B37). The Sector
Sync signal is identical to the Index signal except that the former occurs 1.24

ns earlier than the latter. INDEX/-L, SECTOR-SYNC/-L and 806 kHz/-L are
transmitted to the Servo-Coarse PWA where a programmable counter uses them to
generate sector pulses.

If a Sector Sync or Index decode is in progress and a volume change is required,
the volume change is delayed until the Sector Sync and Index are fully decoded.
Any subsequent Sector Sync or Index decode is inhibited until the "new" volume
servo head has been selected and the PLL is stabilized. Timing waveforms illustrat-
ing these conditions are shown in Section 5-7.

Volume Selection

The fixed volume servo head is selected when the signal FXD-ADD/-L (P1B41) is
at a logic low level and the SVO-CLAMP/-L (P2A30) signal is received from the
Servo Coarse PWA. The head select level is stored in flip-flop U41 and compared
to the level of FXD-ADD/-L in an exclusive OR circuit (U42). VOL-CHANGE/-L

is active low when FXD-ADD/-L and SVO-CLAMP/-L are logic complements of each
other (01 or 10). In addition to servo head selection, the SVO-CLAMP/-L signal
triggers two single-shot circuits (U30), one of which conditions the PLL filter

for a wide band mode of operation, and the other initializes PLL feedback counter
U29 for a fast lock up.

Head Alignment Signals

Head alignment requires buffered read data and servo track signels and these are
supplied by the amplifiers U18 and U27 respectively. Analog switches (U36) switch
the servo signal input to U27 between the cartridge and fixed module signals. The
switching control signals EN-REM/-L and EN-FXD/-L come from gate and inverter
U32 and U43, but the gate inputs come from the volume selection logic described
above and from a switch on the Head Alignment Adapter PWA. The input to the
read amplifier U18 is switched at analog switch U26 between servo data from the
cartridge disk and read/write preamp. The switching control is SW1 on the Servo-
Fine PWA. Section 6, Maintenance, describes the use of the Head alignment signals
described here. :
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B Servo-Coarse PWA Operation

The Servo-Coarse PWA provides the following circuit functional groups (refer to
Figure 4-34):

Position velocity and offset command generation
Actuator drive circuitry

Servo system velocity feedback circuitry

Servo system acceleration feedback circuitry
Actuator retract (unload heads) circuitry
Compensation circuitry

Track center detection circuitry

Cylinder pulse generation circuitry
End-of-travel detection circuitry

Spin speed pulse generation circuitry

The details of the first item above were described in detail in Section 4.3.3 and
4. 3.4 "Microprocessor Functions," and will not be described here. Details of the
other nine items are described in paragraphs which follow. Refer to Figures
4-33, 4-34 and 5-6 for circuit details. :

Actuator Drive Circuitry

For purposes of this description the actuator drive circuitry is considered to
consist of the Velocity and Position Offset Current Generator, the Summation
Amplifier, the 3.8 kHz Notch Filter, the pre-driver OP Amp, the Driver Amp
and the power Amp. All but the last named item are located on the Servo-Coarse
PWA. The Power Amp is mounted on a PWA on the top of the actuator magnet
assembly. In Figure 4-34 all circuitry on sheet 1 of the figure is on the Servo-
Coarse PWA.

The Velocity Offset Current Generator is made up of the D/A converter U37,
two OP Amps U44, analog switch IC U43 and two gate circuits U24 and U33 on
the input lines to U9. The Velocity/Offset Generator provides the input to the
Servo circuit that drives the actuator to -move it to a new position or offset it
slightly when on track. Sixteen different levels of velocity can be commanded
from the microprocessor by proper activation of the COM-0/+L through COM-
6/+L lines to the D/A converter and by choosing between two different resis-
tances on the U44 amplifier output. The least significant bit of the D/A con-

‘verter is not used to provide greater stability in the low end of the two velocity

ranges. Scaling of the D/A output is accomplished at the factory by selecting
the value of test select resistor R1 which provides a maximum output of 10.14
volts at TP-7. In operation precision resistor R39 is connected in parallel with
R41 by analog switch U43-9, 10, 11 to provide the higher velocities of the 16
velocities that the Velocity Offset Generator commands. HI-COM/-L when active
low closes the analog switch U43-10, 11 to allow a higher range of currents to
be input to the summing amplifier U48. The velocity /offset current generator
can be commanded (COM-0/+L thru COM-6/+L and HI-COM/-L) to inject current
to offset the actuator a predetermined distance from the track center position
where the servo head locates the nulled SPE signal. The direction of the offset
is determined by FWD-SK-OFFSET+/-L (U24-13). A positive offset (U24-13
Low) places the heads closer to the spindle center.
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The controller commands this capability in an attempt to recover data that is
slightly off track. Analog switches U43-3 and U43-6, operated by FWD-SK-
OFFSET+/-L, decide the input configuration of OP Amp U44-7; R32 either has
ground on it or the output of Op Amp U44-1. The latter condition provides a
positive drive to the summing amplifier U48. U44-7 is a unity gain amplifier
which inverts or does not invert the drive signal, depending on whether analog
switch U43-3 is open or closed. U43-14 attenuates the drive signal if the +5
volts is lost. Summing Amplifier U48 sums all of the signals which combine to
create the signal which positions the actuator.

If the velocity feedback is lost, the additional position loop gain tends to make
the servo system oscillatory.

Amplifier U47-14 supplies current to drive the two transistors Q1 and Q2 which
drive the power amplifier on the Power Amp PWA. U47-14 sums the signal from a
notch filter and the voice coil current feedback from differential amplifier U10-8.
The power amplifier on the Power Amp PWA drives the voice coil actuator when
connected SVO-RDY/-L when active low causes the relay driver amplifier on the
Relay Control PWA to pull in the contacts of relay K2.

Servo System Velocity Feedback Circuitry

The velocity transducer described in paragraph 4.2.5.2 produces a voltage pro-
portional to the velocity of the actuator. Tachometer Amplifier U50 amplifies the
velocity signal with a gain that is controlled by the variable resistor R7. Para-
graph 6.8.5.2 describes the procedure for adjusting the velocity gain and some-
thing of the theory of operation involved.

Amplifier U50 feeds back the velocity signal into the actuator drive circuitry at
the summing node before amplifier U48. The velocity feedback subtracts from
the commanded velocity drive signal and when the actuator velocity has reached
the commanded velocity there is not enough actuator drive to cause an increase
in velocity. A small amount of drive (called "steady-state error'") remains to
overcome system losses while the actuator moves at the commanded velocity.
The velocity feedback acts to dampen possible overshoot when the Velocity
Offset Current Generator makes changes in the commanded velocity, and also
reduces the steady state velocity lag error. A quicker and smoother response
to velocity step changes results.

Servo System Accelleration Feedback Circuitry

A large power resistor R1 (Figure 5-17) in series with the voice coil feeds back
a voltage that is proportional to the current in the voice coil. This voltage is
amplified by amplifier U47 and summed in with the actuator drive signal at a
summing junction between the 3.8 kHz notch filter and another amplifier, also
in U47. This voice coil current feedback is nearly proportional to the accelera-
tion of the actuator and acts in the servo system to alter the apparent inertia
of the system and thus improve transient response characteristics. It also
decreases the dead band nonlinearity of the power amplifier.
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Actuator Retract (unload heads) Circuitry .

The Actuator retract circuitry operates in a way that provides a controlled ‘
retract current to the actuator voice coil. Proper control of the retracting of

the heads prevents head-arm vibration f .at would cause head to disk contact
when the head cam surfaces contact the head unload ramps during retract.
Proper control is also needed to prevent tlLe carriage from banging into the
stops at the actuator magnet. Programmable Op Amp (U49) controls the retract
velocity of the carriage in the following manner. Resistor R98 (on U49) pin 8)
programs the quiescent rurrents within the Op Amp (U49) so that capacitors

C69 and C70 can hold encugh charge after power is lost to allow retraction to

_be completed at the proper rate. U49 operates as a velocity reference and com-

. pares the velocity signal directly from the Velocity Transducer with the refer-
ence voltage at U49-2 and thereby limits the drive current provided to transistor
Q4. The amplifier chain Q4 and Q3, and Q1 on the Powr Amp PWA will not drive
the actuator beyond the proper velocity, but due to the small amount of current
C69 and C70 must furnish, the retract velocity is uniform. The main retract
power is supplied to Q1 by the energy stored in a large retract capacitor.

The signal HD-LOAD-SW/+L switches off the drive te Q4 when the carriage
actuates the Heads Loaded switch. The large retract capacitor can then charge
to a nominal -31 volts. Comparator U46 detects that the retract capacitor is
charged and notifies the Microprocessor with signal UNLOD-VLT /+L. The micro-
processor does not allow the heads to be loaded again until UNLOD-VLT /+L
shows that the retract capacitor is adequately recharged. A low voltage Zener
diode VR1 on the Relay Control PWA will deactivate K2 if the +5 V logic voltage
drops. This will cause an emergency retract before the logic voltage drops

completely. ‘

Compensation Circuitry

The compensation feedback network around U47, Q1 and Q2 (C8, R6) is essen-
tially a rolloff filter, to control the gain and bandwidth of the current loop and
to reduce the deadband non-linearity of Q1 and Q2.

The U48 feedback network (C36, R3, R124) controls the gain and roll off the
velocity loop response a limited amount to aid in attenuating the loop gain at the
mechanical resonant frequencies in the carriage and velocity transducer.

Following U47 is an active notch filter, centered at 3.8 kHz. This includes the
circuitry from U47-6 to TP6. The notch filter provides additional attenuation of
signals in the vicinity of the notch center frequency which otherwise wovld be
greatly accentuated due to the mechanical resonances of the carriage and veloc-
ity transducer.

The 60 Hz Runout Compensation circuit consisting of U44, U39 and U45 essen-
tially produces an increase in gain of 5: 1 for the SPE and ISPE signals (switched
by U42-6, 14) in the band around 60 Hz. The increase in gain takes effect after
the last 1/2 track of a seek operation after track center is first made active.

This allows the servo system to remain on track when using a servo signal
modulated by an eccentric track caused by mechanical imperfections in disk

and spindle. On a machine having a disk rotation of 3600 r/min* eccentricity

in the track will pass under the heads 60 times a second, thus causing an
amplitude variation in the servo signal that is centered around 60 Hz. .

*S1 units, means Revolutions per Minute. ,
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The signal FN-TRK-CEN/+L operates the analog switch U45-6, 7 and U45-14, 15
thereby adding or removing the 60 Hz Runout Compensation circuit in series with
the SPE/ISPE signal. When FN-TRK-CEN/+L is high the 60 Hz Runout Compensa-
tion is connected in the circuit.

Track Center Detection Circuitry

To generate a pulse at the center of each servo track, two comparators U46 and
a schmidt trigger (U39) detect the SPE zero crossings and form a pulse which
straddles the zero crossings. The signal produced is TRK-CEN/-L. Each TRK-
CEN/-L pulse specifies that the heads are positioned within prescribed offset
limits. TRK-CEN/-L assists in generating the data cylinder pulses and goes to
the microprocessor on command through PPI #2. To generate TRK-CEN/-L,
comparator U46-13 is driven Low (OV) during most of the positive half of SPE
and comparator U46-2 is driven Low (OV) during most of the negative half of
SPE. The outputs of these two comparators form a "wired OR" gate which pro-
duces a narrow positive pulse during the short interval when neither of the two
comparators are driven Low. These short intervals occur straddle of the zero
crossing points of SPE which represent the center of each servo track. The
relationship between SPE and TRK-CEN/-L is shown in Figure 4-35. The
Schmitt trigger circuit U39 squares up the pulses and inverts them, thus
creating the TRK-CEN/-L signal. The relationship between SPE and TRK-CEN/
-L signal. The relationship between SPE and TRK-CEN/-L is shown in Figure
4-33.

Cylinder Pulse Generation Circuitry

The track center signal TRK-CEN/-L resets integrator U47 by closing analog
switch U45-10, 11 and shorts VEL to ground using switch U45-2, 3. The inte-
grator U47 integrates the VEL signal (TP3) which represents the head and

carriage velocily. Because the integrator is reset by the track center signal,
integrated output U47-7 is proportional to the distance traveled by the heads

“after the track center signal goes false. Comparators U51-13 and U51-2 compare

the integrator output level (U47-7) with reference voltages (one for positive
going VEL and one for negative going VEL) and switch to low logic output when
the heads are nearly midway between adjacent servo track centers (TRK-CEN/
-L). The two comparators form a "wire OR" gate which produces the CYL-PUL/
-L or Cylinder Pulse signal (TP-15). CYL-PUL/-L remains low from data track
center until TRK-CEN/-L resets the integrator U47-7. Figure 4-33 shows the
timing relationship of Track Center, integrated velocity, and Cylinder Pulse
signals during a forward and reverse head motion seek. For a reverse head
motion seek the integrated velocity signal U47-7 is a negative going voltage.

It should be noted that regardless of the velocity of the carriage, or whether
positive going or negative going, the integrator will integrate to the threshold
voltage of the comparators of a point representing the data track center.

The CYL-PUL/-L signal is then sent to a one shot U1-12 to produce 2.5 us

pulse for each negative going edge. This shrunk cylinder pulse (TP17) goes
to the timer module 8253 (U21) to count down the segment counter.
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End-of-Travel Detection Circuitry

There is no special circuit in the CMD for Forward End-of-Travel as that is
taken care of by the microprocessor. There is, however, a circuit for Reverse
End-of-Travel and it is used during Return to Zero cylinder. The Reverse End-
of-Travel signal REV-EOT /+L goes active high (true) after reverse motion of
the heads into the outer guard band. This occurs because velocity integrator
U47-7 continues integrating beyond the normal voltage level where it would be
reset by the TRK-CEN/-L signal, since no track center pulses occur in the
guard band regions. Eventually the output of the integrator reaches the nega-
tive threshold voltage that will cause the comparator U51-1 to switch from low
to active high. The switching of REV-EOT /+L to active high occurs when the
selected servo head is approximately 10 mills (0.061 mm) from track zero into
the guard band. The microprocessor commands the carriage to move back
inward toward track zero and the integrator then integrates positively (it was
not reset in the guard band). When the selected servo head reaches servo
track zero TRK-CEN/-L resets the integrator as shown in Figure 4-33.

Spin Speed Pulse Generation Circuitry

The Spin Speed Pulse Generation circuitry consists of an optical sensor which
senses the presence of 16 slots in a disk on the bottom of the disk spindle, a
comparator and a pulse shrinking circuit. The optical sensor consists of a light
emitting diode and a light sensing transistor which senses the infrared light
from the diode as the light passes through one of the 16 slots in the slotted disk.
Comparator U46-1 squares up the edges of the pulse from the light sensing tran-
sistor and sends the pulse (TP16) on to the pulse shrinking circuit made up of
U39, U40, U35 and U34 plus the delay filter R110 and C67. This pulse shrinking
circuit produces a 1 us negative going pulse at U34-3 at the point in time when
the trailing positive going edge of the 120 us pulse occurs. See Section 6.8. 4

for specification on this pulse. The 1 us pulse is made available for use by the
microprocessor through the port U27.
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| ‘ NOTES:
*Qutputs to circuitry external to Servo-Coarse PWA
**Feedback signals from circuits external to Servo-Coarse PWA

To cylinder pulse shrinker U39/U1, then to M.P. Programmable
Interval Timer U21 (8253).

To M.P. via PPI U27.

Spin Speed Pulse Circuitry.

Switched SPE/I-SPE.

Removable cartridge disk (volume 0).

Fixed pack disks (volume 1).

Anplifiers mounted on top of voice coil magnet.

Though shown above disks here, the slotted wheel is actually on the
bottom of the spindle.

Logical head number as addressed by the controller.

Use this number when selecting heads on factory tester.

PER PERPRERE B

Relay shown in energized portion.

FIGURE 4-34, BLOCK DIAGRAM OF ANALOG PORTIONS OF SERVO SYSTEM
(SHEET 3 oF 3)
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4,3.6 READ-WRITE FUNCTIONS
4.3,6.1 GENERAL

When the drive is on cylinder, has a head selected, and has oriented to the proper
position on the data track, it is ready to perform a read or write operation. The
controller initiates a read or write operation by sending to the drive the appropriate
TAG and BUS OUT BIT combinations (refer to Interface description for details).

During a read operation, the drive recovers data from the disk and transfers it
to the controller. During a write operation, the drive receives data from the
controller and records it on the disk.

4,3.6.2 WRITE OPERATIONS

The Controller initiates Write Operation by transmitting appropriate TAG and BUS
OUT bits along with NRZ Write data and the Write Clock. The write Data is
received from the Controller via the Data lines in the "B" Cable. The Read/Write
Control timing is shown in Figure 4-35. The drive first processes the Write data
through the NRZ to MFM encoder/compensator. The Write Compensation is applied
to minimize effects of bit crowding and frequency variations during readback.
The compensated data is then processed by the Write driver circuits and then
written on the disk. Figure 4-36 is a block diagram of the Write Encoder/Compen-
sator.

Principles of MFM Recording

In order to define the binary dibits stored on the pack, the frequency of the flux
reversals must be carefully controlled. Several recording methods are available;
each has its advantages and disadvantages. This Unit uses Modified Frequency
Modulation (MFM) technique.

The length of time required to define one bit of information is the cell. Each cell
is nominally 103 ns in width. The data transfer rate is therefore, nominally
9.67 Mbits/sec.

MFM defines a "1" by writing a flux transition at mid cell time, and a "0" by
writing a flux transition at the end of cell time except when the cell is féllowed
by a™" 1",

The advantages and disadvantages of MFM recording are as follows:

e Fewer Flux reversals are needed to represent a given binary number because
there are no compulsary flux reversals at the cell boundaries, achieving higher
recording densities of data without increasing the number of flux reversals
per inch.

"e Signal-to-noise ratio, amplitude resolution, read chain operation, and operation
of the heads are improved by the lower recording frequency achieved be-
cause of fewer flux reversals required for a given binary number.

e Pulse polarity has no relation to the value of a bit without defining the cell
time along with cell polarity. This requires additional read/write logic and
high quality recording media to be accomplished.
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NRZ to MFM Encoder/Write Compensation

The following functional description is written with reference to Block Diagram
Figure 4-36, Timing Diagram of Figure 4-37 and the logic schematic of the PWA
(Figure 5-8, Sheet 5). -

Figure 4-36 depicts a Retime Flip Flop logic (U44, U35) where the received NRZ
data is clocked with the accompanying Write Clock in order to reestablish the
timing reference. The NRZ data is then clocked into two shift registers (U22, U36)
using both polarities of a 9.67 MHz "phased clock". (See Figure 4-36). In order

to encode the NRZ into MFM, it is necessary to use both 9.67 MHz and 19.34

MHz frequencies with a known phase reference between the two clocks and the
NRZ data. The blocks "WRT GATE Sync" (U34) and "PHASE F/F" (1/2 U33)
perform the write gate synchronization and establish the phase relationship by
producing a "new" 9.67 MHz-clock PA, #B which are used to clock the registers.
A specific serial output of the shift register is used along with the #A clock and
the 19.34 MHz clock in the Block labeled "NRZ-MFM ENCODER" (1/2 U45, 1/2

U33) to produce the MFM output. The Write Compensation circuitry is comprised
of the block labled "PATTERN DECODE LOGIC" (U25, U26, U37), the delay line
(U46) and the multiplexing gate (U38). The write compensation is based on detec-
tion of frequency increase and decrease through an established algorithm described
below:

The pattern decode logic analyses'the NRZ data and determines if its frequency is
constant, increasing or decreasing. This is necessary because if the frequency is
increasing or decreasing, problems can occur during subsequent read operations.
These problems are eliminated by compensating the data before writing it on the
disk. '

The data frequency is constant whenever all ones or all zeros are being recorded
because all pulses are separated by one cell (103 ns). However, a 011 pattern
represents a frequency increase since there is a delay of about 1.5 cell between
the 01 and only one cell between the 11. On the other hand a 10 pattern represents
a frequency decrease since a pulse is not written at all in the second cell. A 001

. pattern is also a frequency decrease since there is a one cell interval between the
first two bits and 1.5 cell between the last two.

The brevious examples examined only two or three bits without regard to the
preceding or subsequent data pattern. The actual combinations are somewhat
more complex. The drive logic examines and defines the following patterns:

PATTERN FREQUENCY CHANGE
011 Increasing
1000 Increasing
10 Decreasing
001 Decreasing
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Any data pattern will have considerable overlapping of the data pattern frequency
‘ changes. Consider the overlap of these eight bits:

Increasing Frequency

o o g 1o llljr‘ﬂ

Decreasing
Frequency

The outputs from the pattern decode logic enable either the Early, Late or

Nominal gate (depending on the input frequency) to provide compensated Write
data as follows:

e If frequency is constant, there will be no peak shift. In this case the data is
defined as nominal and is delayed 6 ns.

e If frequency is decreasing, the apparent readback peak would occur later than
nominal. To compensate for this, the data is not delayed and is therefore 6 ns
earlier than the nominal data.

e If frequency is increasing, the apparent readback peak would occur earlier than
nominal. Therefore, this data is delayed 12 ns which is 6 ns later than nominal.

After being write compensated the data is transmitted to the write driver circuits.

An address Mark enable command interrrupts the flow of data and produces
approximately 3 bytes of erased mark.on the disk producing a unique mark which
is detected during read of a "soft sector" format (refer to interface format) .

. Write Drive Circuit

The compensated write data is sent to the write driver circuit located on the R/W
Preamp PWA. As depicted by block diagram of Figure 4-38 and circuit schematic
(Figure 5-9), the MFM compensated data is converted to flux reversals represent-
ation in ¢+ 2 F/F (1/2 U12) and the converted to write current (U14, Q3) which is
in turn driven through the selected Read/Write coil to accomplish the write opera-
tion. The write current control is comprised of a programmable DC Current Source
(U8, U13, U14, U15) whose operation is further described below.
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Write Current Control

The magnitude of the write current sent to the heads is controlled as a function of
cylinder address. This is referred to as write current zoning. There are seven
write current zones (A through G). Write current is maximum at the outer cylin-
ders, and is reduced as each-zone bounder is crossed. The cylinders in each
write current zone are defined in Table 4-4.

TABLE U4-4, WRITE CURRENT ZONES
ZONE CYLINDERS
A 000-127
B 128-255
c 256-383
D 384-511
E 512-639
F 640-767
G 768-822

Write Data Protection

As part of data security system, the drive inhibits the write driver circuits when-
ever there is a danger of writing faulty data on the disk. The Write driver is
inhibited by the Write-INHIBIT signal which becomes active under any of the
following conditions.

Write protect switch (es) on the control panel is (are) set.
A not up to speed condition exists..

A Seek error is detected.

Multiple commands (Read < Write) are decoded.

Voltage fault condition is detected.

Head Alignment is being performed.

In addition, the write driver circuitry is designed in such a manner that the loss
of power will not cause inadvertant write operation to occur while the heads are
retracting.
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4.3.6.3 READ OPERATION

The Controller initiates Read Operation by transmitting appropriate TAG and BUS
OUT bits to the drive. Upon decoding a Read Command, and depending on whether
there is an Address Mark enable commanded or not the drive performs data re-
covery and transmits data over the interface in one of two sequences.

The description of read operation is divided into two sections of analog and digital
partitions and their respective timing diagrams.

Read Operation (Analog Section)

The following description is made with reference to Block Diagram of Figures 4-38
and 4-39, timing Diagram of Figure 4-40, and Circuit Schematics of Read/Write
Preamp Figure 5-9 and Read/Write Figure 5-8.

The read preamp circuit of Figure 4-38 is enabled as soon as the Write enable is
turned off, providing the small differentiated signal derived from the selected
read/write head. This signal directed thru the diode switch (U9, 1/2 U2) is pre-
amplified (Q1, Q2, 1/2 U2) and filtered and further amplified and buffered
(U3, U4). One set of these outputs are transmitted to the analog read circuits
and a similar set of differential outputs is used for head alignment.

The analog signal input to the Read/Write board is Gain Controlled using variable
resistance Fet (Q2) and then amplified (U53) and differentiated in order to convert
signal peaks to zero crossings. The differentiated signal is again amplified (U41)
and filtered to reduce high frequency noise and fed to two parallel paths of zero
crossing circuits. Path one (U32, 1/2 U21, 1/2 U11, U9, U10, U20) is referred

to as the "high resolution path" since the signal is detected with no further atten-
uation of frequency response. The high resolution path also provides inputs to

the full wave rectifier (1/2 U11) whose output is used for Automatic Gain Control
(AGC), and also to a Compare or Circuit (U18, U29) which senses absence of flux
reversals for an eventual detection of Address Mark.

Path two (U40, U31) referred to as the "low resolution" path employs a Low pass
filter with a relatively low cutoff frequency to reject high frequence components
o” "he differentiated signal. The Delay lines (U9, 10) employed in the high re-
soiution path insure proper timing between the two channels. As depicted in the
timing diagram of Figure 4-40 the high and low resolutions channel, are approx-
imately one Quarter cell time (25 ns) delayed. This is necessary, in order to use
the low resolution channel as a qualifying enable (U19" and to eliminate possibility
of extraneous zero crossings of the high resolution ct _.inel being detected during
low frequency data patterns.
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The qualified output which is in the form of digital pulses of one pulse per flux
reversal is fed to a pulse shaper (U30, U8) prior to being decoded to NRZ.

Read Operation (Digital Section)

Refer to Block Diagram Figure 4-41, Timing Diagram Figures 4-42 and 4-43 and
Sector Format diagrams in Figures 4-44 and 4-45.

The Digital section of the Read Circuits is Comprised of the phase locked loop
(PLL), the MFM to NRZ decoder, and the Address Mark detection logic as de-
picted in Figure 4-41. The PLL employs a phase/frequency detector (U4) during
lock up time in an all 0's field, and after lock is acquired, a phase detector

(1/2 U14, 1/2 U16) is switched in to provide phase error information between
the reference input data and the voltage controlled oscillator (VCO). The phase
error information is converted to current (Q1, U1, U2, U13), filtered, and then
fed to the input of VCO (U12) as a variable voltage to control its frequence and
phase. The VCO nominal frequency of 38.7 MHz is divided by 4 (1/2 U14, 1/2
U16) and fed back to complete the loop. The feedback input to the phase detector,
however, is at 19.34 MHz, since it is operational during data field, and the fre-

quency content of data requires this higher frequency for phase coherent informa-
tion.

A 9.67 MHz reference clock (SVO-CLOCK) is fed to the PLL to keep it locked to
the disk speed at all times except when in Read Mode and no address mark enable
exists. This insures that upon switching from SVO-CLOCKS to MFM data pulse,

as an input, the PLL must make only phase correction leading to improved response

The timing Diagram of Figure 4-42 depicts an arbitrary pattern shown while PLL
is at "lock" for the purpose of illustration. The MFM to NRZ decoder employs 1/2
of the phase detector (1/2 U14) and the NRZ DATA F/F (1/2 U27) to accomplish
the decoding process. The NRZ data and the 9.67 MHz clock (Read Clock) are
then translated to TTL levels (1/2 U47) and sent to the interface drivers located
on CNTL/MUX PWA.

Prior to data transmission to the interface the Data Enable signal must become true
after PLL has been given sufficient time to lock and the MFM to NRZ decoding
process has begun. Timing diagram of Figure 4-43 depicts two conditions leading
to the start of PLL lock up time of 9 us max.

In the event that an Address Mark Enable (AME) command accompanies a Read
Command from the controller, the drive must detect the address Mark through

the address mark detection logic (U39, U48, U49, U50, U51, U52) (schematic
Figure 5-8), and an "Address Mark Found" signal subsequently activated for a
period of 9 us max during which the PLL locks and data transmission begins. In
the event that only a Read command is detected by the drive, the PLL lock time
begins immeditately upon detection of leading edge of Read Command and continues
for a period of 9 ys max. Data transmission will similarly begin before this time is
exhausted, as shown by the Data Enable signal of timing diagram Figure 4-43.
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NUMBER CF SECTCRS,/TRACK

DATA FIELD =20 140 _ 59 - 554 BYTES
64 SECTOR

= (SYNC FIELDS, TOLERANCE GAPS, AND ADDRESS)

DATA = 256 BYTES/SECTOR
% EFFICIENCY = 28X 84 100 = 1o
20 160

THESE AREAS ARE EXAMPLES ONLY AND MAY BE STRUCTURED TO SUIT IND)VIDUAL CUSTOMER
REQUIREMENTS,

FIGURE Y4-44, FIXED SECTOR FORMAT
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4-94

VARIABLE SECTOR WITH ADDRESS MARKS

INDEX INDEX
N IDENTICAL SECTORS
et
HEAD zeROES|  am [pLO @ write Lo SYNC A A\ £or pao| enp oF
SCATTER | 18YTE [ 38YTES [SYNC | ADDRESS™ [ SPLICE | SYNC [PATTERN | DATA™| CRe = 1'BYTE | TRACK
16 BYTES 118YTES [ BBYTES |1 BYTE | 11 8YTEs | 1 ovIE 28YTES 8 BYTES

fen ~

PATTERN

AL UNIT

FUAG STATUS A
SYNC UPPER LOWER
E”‘D LOGI- lviiNDER |cYLINDER |HEAD [SECTOR| cpe™| cac

T) = TIME BETWEEN LEADING EDGE OF INDEX AND READ GATE IS 8 BYTES,

A SPLICE POINT MAY EXIST WITHIN THIS AREA,
EXAMPLE NO. 1:  WHAT IS DATA FIELD LENGTH USING 64 SECTORS?

DATA FIELD = TOTAL BYTES/TRACK - MECHANICAL TOLERANCES _ (SYNC FIELDS AND ADDRESS)

NUMBER OF SECT CK

BYTES BYTES  pyres bYTES

. 20160 TRACK _-24 TRACK _
DATA FIELD A STCTORS 39 SECTOR =275 SECTOR

TRACK

% EFFICIENCY = X100 = 87%

275 X 64
2 160
EXAMPLE NO. 2: WHAT IS NUMBER OF SECTORS USING 256 DATA BYTES?

20160 -24
256 +39

256 X 68 X100
160

N SECTORS =68 SECTORS

% EFFICIENCY = =86%

A THESE AREAS ARE EXAMPLES ONLY AND MAY BE STRUCTURED TO SUIT INDIVIDUAL
CUSTOMER REQUIREMENTS,

FIGURE 4-45, VARIABLE SECTOR FORMAT
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: DIAGRAMS
—
5.1  INTRODUCTION

This section contains the intracabling diagram, a key to the logic diagram sym-
bology, Logic Symbols and waveforms for the integrated circuits, Printed Cir-
cuit Board documentation, and electrics} schematics.

Input/Output (I/0) Board documentation (for boards not listed below) is included
in the Hardware Product Configurator (HPC) Document Packageilocated in front of
the mgnual. It may be desirable to insert the 1/C Board portion in from of

Figure 5-4. I/0 signal definitions and timing diagrams are given in Section 5.7.

Also included in the HPC package is a "Device Specification" which defines the
correct switch settings for the option selection switches which are located on some
of the circuit boards. In addition, documentation describing Special Options,
Special Printed Circuit Boards, and other customer unique features are included
in the HPC package.

5.2 INTRACABLING DIAGRAM

The intracabling diagram is shown in Figure 5-1. Sheet 1 shows the overall cab-
ling between the mother board, printed circuit boards, and base pan electronics.
Sheet 2 shows the location on the back panel of the connectors that are used to
interface signals external to the electronics module.

5.3 CIRCUIT BOARD DIAGRAMS

The CMD printed circuit boards and associated diagrams are listed in Table 5.3-1.
Paragraph 5.3.1 describes how to track signals between the various circuit boards.

77683560-A ' 5-1/5-2




TABLE 5.3-1., CMD CIRCUIT BOARDS

CKT BD SLOT CROSS REF.
IDENT LoC FIGURE NO. TITLE
77622501 EM1 5-4 01XX I/0 CKT BD, OEM (INTCH)**
- 77665650  EM1 5-4 01XX I/0 CKT BD, OEM
77666950 - EM2 5-5 02XX CNTL/MUX CKT BD
77682950 EM3 5-6 03XX SERVO COARSE CKT BD
75886300 EM6 5-7 06XX SERVO FINE CKT BD (INTCH)**
77688750 EM6 5-7 06XX SERVO FINE CKT BD
75886350  EM7 5-8 07XX READ/WRITE CKT BD
77655250 5-9 08XX READ/WRITE PREAMP CKT BD
75885800 5-10 09XX SERVO PREAMP CKT BD
77680500 5-11 10XX POWER AMPLIFIER CKT BD
77624900 5-12 11XX OPERATOR CONTROL CKT BD (INTCH)**
77680700 5-12 11XX OPERATOR CONTROL CKT BD
77680740 5-12 11XX OPERATOR CONTROL CKT BD
77713900 5-13 12XX RELAY CONTROL CKT BD
77680691 5-13 12XX RELAY CONTROL CKT BD (*NTCH)**
75886100 5-14 13XX TERMINATOR CKT BD
77669900 5-15 14XX COMPONENT BD (32 V FILTER) CKT BD
75886001  EM4 5-16 15XX HEAD ALIGNMENT EXTENDER CKT BD
77688716 5-17 16XX AC AND DC PWR DIST. AND MISC
WIRING
76873801* 5-18 17XX POWER WIRING (60 Hz)
70116800* 5-19 18XX POWER WIRING (50 Hz)
75832500 5-20 19XX MOTHER BOARD (POWER SUPPLY)
75832900 PkR SPL  5-21 20XX REGULATOR CKT BD AXHV
77737300 5-22 21XX MOTOR SUPPRESSOR PWA
77648081 OR 5-1 ELECTRONICS MODULE-PWA éRef Onlyg
77648091 OR 5-1 ELECTRONICS MODULE-PWA (Ref Only
77648121 5-1 ELECTRONICS MODULE-PWA (Ref Only)

*Not a PWA - Conventional Wiring.
**Listed for reference only.

WARNING

PWAs can be damaged by static electricity if not properly handled.
Handling must conform to Control Data Standard 1.60.010 (See

Section 6.2.2).

77683560-N
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Moam ] OPERATOR  INO-AIR |

| PRESSURE | CONTROL  |PRESSURE|
SWITCH PANEL wi

ELECTRONICS MOOULE [I
PWA
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| OPERATION
\ INTERLOCK SWITCHES

I
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-
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== g | DOWN PLACE
-~ RECEIVER

CNTL MUX
PWA

SERVO
COARSE
PWA

ALIGNMENT
PWA (USED

ONLY WHEN
PERFORMING

MAINTEN-
ANCE

SERVO
FINE
PWA

READ/
WRITE >
PWA

AC INPUT
POWER

CIRCUIT
BREAKER
cal

FIGURE 5-1,

- IN PLACE
CARRIAGE .
___kRtoany
RANSDUCER [VTI
n
54] HEAD LOAD SW
NOT T '
CARTRDGE
Lo DOOR LOCK
A SOLENOY (K1)
| T=—— <
EM3 L -
P2 v
el ",
I O WItJ
9 READ/WRITE [1)2 RELAY | ™~
J ! PIEAMA: coNmRoL|
EM4 A PWA (Rwp) — ’("Vg .
P2 —J)7 N
7 J‘E }‘—‘ M
8 3 \
n N
RETR. !
| “UMPER PLUG
—J ~
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D powe e N
Pl AMPLIFIER .
}}‘_ﬂ\1 :]BOARD :
e | T EMPS 02 83
P2
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M7
E EMP8
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ENT PWA MOTOR
A
+5V -5V G +20V -20V (cmpe) >~ _csmuN
A s TR i
NN = RELAY
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82 | C4 _— pLOWER RUN 2 power
— cAP ! SUPPLY
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~ A R
O O

NOTE: SEE FIGURE 5-17 FOR DETAILED SCHEMATIC OF MOST OF THE

Emp9 - CIRCUITS SHOWN HERE.

EMP3 _—"I'

EMP10—

EMPA L ® OPTIONAL COMPONENT
7

INTRACABLING DIAGRAM (SHEET 1 OF 2)
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-EMP3

EM3-P1-B7

[ Lo S 40

EM3-P1-B22

EMP6A
1 |34] EM2-P1-A3/B3

17 |18 | EM2-P1-A19/B19

EMP6B
1 [38] EM2-P1-A30/B20

19 |20 | EM2-P1-A38/B38

EM3-P1-A31/B31

EM3-P1-A39/B39

EM7-P1-A6

EM7-P1-A13

EM3-P1-A2

EM3-P1-A5

EME-P1-B3

EM6-P1-B11

| EM7-P2-A30

EM7-P2-A35

EM3-P1-A24

EM3-P1-A29

- FIGURE 5-1, LOCATION OF CONNECTORS ON BACK PANEL (SHEET 2 OF 2)
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5.3.1 POINT-TO-POINT LOGIC INTERCONNECTIONS BETWEEN
CIRCUIT BOARDS

An interconnection sheet is provided with each diagram set for the circuit boards
and base pan electronics. This sheet contains interconnettion data to allow the

user to trace each signal to its source or destination. A Typical entry for a signal
is shown in Figure 5-2a. It should be noted that the total diagram set for each

PWA consists of several "sheets" that are assigned a Cross Reference number.*

To differentiate, the schematic subset for each PWA consists of a certain number

of "pages."* For example, the Servo-Coarse PWA documentation set has 12 "sheets"
total, but the schematic subset has only 7 "pages."* Table 5.3-1 (page 5-1) lists
the Cross Reference number assigned to each assembly for which there is a
schematic in Section 5 of this manual. Figure 5-2b illustrates the point to point
interconnection procedure.

SERVO COARSE CIRCUIT BOARD

EXT. Y0

EXT. TO

—— PWA N
£

SOURCE/ T

DEST XREF |  SIGNAL
P~

p2-B38 0605 | 806-KHZ/-L

b’ﬁ

CONNECTOR, PIN, SCHEMATIC
PAGE NUMBER AND CROSS
REFERENCE NUMBER OF
SOURCE/DESTINATION SIGNAL
ON THE SERVO FINE CKT BD.

SIGNAL NAME ON PAGE 4* OF
THE SERVO-COARSE CKT. BD.
SCHEMATICS. ARROWHEAD
SHOWS SIGNAL FLOW INTO THE
SERVO-COARSE CKT. BD.

XREF EM3-P2

:

8

1 o
R

A
4]
r\ -
0304 ! ﬂj M-P-FLT/+L

: ETC.E
—

|

BACKPANEL CONNECTCR

——

%<
o
m
]

0305

—]

p " FHA =

Tsource/
DEST XREF

P2-A38 0206

CONNECTOR, PIN, SCHEMATIC
PAGE NUMBER AND CROSS
REFERENCE NUMBER OF SOURCE/
DESTINATION SIGNAL ON THE
CNTL/MUX CKT BD.

SIGNAL NAME ON PAGE 5+ OF
THE SERVO-COARSE CKT. 3D.
SCHEMATICS, ARROWHEAD
SHOWNS SIGNAL FLOW IS FROM
SERVO-COARSE CKT. BO.

" THE SCHEMATIC PAGE NUMBER IS THE LAST TWO DIGITS OF THE CROSS REFERENCE NUMBEi (XREF) WHICH IS FOUND IN THE LOWER RIGHT
CORNER OF EACH SCHEMATIC PAGE. THE FIRST TWO DIGITS ARE THE ASSIGNED NUMBER OF THE DIAGRAM SET (SEE PAGE 5-1).

** A LINE WITH NO ARROW HEAD INDICATES THAT THE PIN IS ONLY A TIE POINT FOR A SIGNAL WHICH IS NOT USED 04 THE PWA.

LT

FIGURE 5-2A.

5-6

TYPICAL INTERCONNECTION SHEET ENTRY
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5.3,2 SCHEMATIC DIAGRAM INTERCONMECTION SYMBOLOGY

Multiple sheet (SET of pages) circuit board schematics are sequentially numbered
(1,2,3 etc) in the lower left-hand corner of each schematic sheet using the last
(right-most) digit of the corss reference number. Symbology for Sheet to sheet
connections and board to board connections are as follows:

¢ Sheet to Sheet ON PAGE examp]e:

® Sheet to Sheet OFF PAGE example:

HDA
6

e Board to Board ON PAGE example:

P2A27 MX-BIT-1/+L
\\ ¢
—) —

e Board to Board OFF PAGE example:

CYL-ADDR-1/+L \
b4 7 P2B27

1 = Signal "from" sheet 1 of SET
D = ON sheet reference (from sht 1
of set)

HDA = Signal name (from sht 1 of set,
location@)

2 = Signal "to" sheet 2 of SET

D = OFF sheet reference (to sheet 2
of set)

HDA = Signal name (to sheet 2 of set,
location (D) )

A27 = Pin Location of Board
connector (Ref Figure 5-2a)

MX-BIT-1/+L = Signal name (Ref
Figure 5-2a)

B27 = Pin location of board connector
(Ref Figure 5-2a)

CYL-ADDR-1/+L = Signal name
(Ref Figure 5-2a)

For sheet-to-sheet signal tracking within a board schematic, the schematic
sheet numbers referenced are the last digit of the cross reference number.

77683560~ M
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Some of the schematic sets use a sheet-to-sheet signal tracking reference method
that is different than that described above. This alternate type schematic uses a
zone and sheet number reference as shown in the example in Figure 5-2C.

Example:

(SH3-D 1) RST /-L CROSS SEF.

NO.

Refers to zone on sheet 3

Ref. No. ending in "3"

(on Sheet 3 of 13)

|
I
|
|
|
I
I
Refers to page with Cross |
1
L
|
: (on Sheet 4 of 13)
|
I

FIGURE 5-2C, TYPICAL ALTERNATE SHEET-TO-SHEET SIGNAL
TRACKING REFERENCE

The above example reference, taken from page 3 of 13 of Figure 5-6 (Cross Ref.
No. 0302), says that signal RST/-L came from sheet 3, zone D1. The alpha-
numeric zone grid is on two sides of each schematic page. To find "sheet 3",
look for the Cross Ref. No. of the same schematic set having a Cross Reference
number ending in "3" (0303 in Figure 5-2C above).

5.4 MAJOR ELECTRICAL DIAGRAMS

Base Pan Electrical diagram is provided in Figure 5-17. This includes AC Power
and DC Power Distribution, Interlock Switches, No-Pressure Sensor and Speed
Sensor CKT Diagram.
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POINT TO POINT INTERCONNECTION TRACING PROCELURE:

.

MENTALLY NOTE TURN TO THE NOTE THE FIGURE NOTE CONNECTOR/ TURN TO PAGE
SIGNAL NAME AND INTERCONNECTION NO. AND CROSS REF PIN NO. OF SIGNAL NO. OF DESIRED
CONNECTOR/PIN SHEET THAT NO. OF SIGNAL ON ON SOURCE/DEST. SCHEMATIC AS
NO. OF SIGNAL  [—®=] PRECEDES FIRST =1 SOURCE/DEST. [~ SCHEMATIC INDICATED BY
70 BE TRACED TO PAGE OF SCHEMATIC SCHEMATIC CROSS REF. NO.
SOURCE OR DEST. SET Y0U ARE
LOOKING AT
{ } { } BO6 KHZ/-L , P2836  [CROSS REF
0605 P2-838 Q M. 0605
EDN
7
- 7~
i
g
:
]
- -
T
i .
‘ B G x 1 i o u'l.. , m._
e R P bt it s
: ST I P -
L ol T o . '
B . 0, . - - _.;‘
i) =
Ve 14 towe leww (ot bt Bew $ & '3
- L L
P2-838 0605 | 806-KHZ/-L 0308 !un
DIGIT INDICATING Poodere, 3 !
. N PAGE NUMBER o
770460 )
N e
A4

FIGURE 5-2B,

77683560-M

TYPICAL ENTRY ON INTERCONNECTION SHEET

ILLUSTRATION OF POINT TO POINT
TRACING PROCEDURE
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5.5 POWER SUPPLY DIAGRAMS

Power Supply Wiring Diagram (60 Hz) Figure 5-18
Power Supply Wiring Diagram (50 Hz) Figure 5-19
Mother Board Diagram ~ Figure 5-20
Regulator Board Figure 5-21

5.6 LOGIC DIAGRAM SYMBOLOGY
5.6.1 GENERAL INFORMATION

Logic symbols are drawn with inputs on the left and outputs on the right whenever
space and layout permit.

Power supply connections, discrete timing components, etc, may be shown conn-
ected to the top or bottom of the symbol. Unused pins and unused elements need
not be shown. Figure 5-2D illustrates functionally equivalent symbols.

5.6.2 GENERAL SIGNAL ANNOTATION

S = Set input to bistable device

R = Reset (Clear) input to bistable device

G = Gate input has no direct action on circuit, but must be present before inputs
(and/or outputs) are able to function. If more than one gate is used a numeric
suffix is added (G2, G2, etc.)

D = Identifies a signal which requires the presence of another signal to perform
its function. :

C = Strobe pulse. Usually used to gate "D" inputs into a bistable device.

T = Toggle input. Bistable device changes state each time "T" assumes its
specified state.

J = J outputs conditioned by leading edge of dynamic toggle (G).

K = K output conditioned by leading edge of dynamic toggle (G).

243S = Example CDC element identifies.

N.C. S

4
3 3

GJ 2435 p—

- tgcms N
noc. 2 Nok 15 N

15 N N ¢ .

BOTH SYMBOLS REPRESENT A BI-STABLE JK F/F
CIRCU:T WITH SOME OF THE PINS UNUSED,
(N.C. INDICATES "NOT CONNECTED")

-————

1 X370b )
athghg e

FIGURE 5-2D. FUNCTIONALLY EQUIVALENT SYMBOLS
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Non-standard binary level (-=-) indicators are generally shown where there was
even a small expectation that one of the levels might be outside the standard .
defined tolerance of the logic family section. The logic levels may depend on such

things as terminations or loads. The standard binary levels were assumed to be:

LOGIC FAMILY LO LEVEL HI LEVEL
DTL/TTL -1,0 V to +0.8 V +1.8VtoV

TCS -1.86 Vto-1.5V -1.03 V to -0.79 V
ECL -2.0 Vto-1.4V -1.0V to -0.6 V
CMOS 0 to 30% Vdd 70% to 100% Vdd

Logic signals that are "Active-Hi" have the appendage /+L attached to their

names, and Logic signals that are "Active-Lo" have the appendage /-L attached.
For example, the signal FLT-RESET /+L will be "Low" (logic 0) most of the time
except when the fault circuitry is to be reset (Fault indication cleared). FLT-RESET
/+L will go "Active-Hi" (Logic 1) for a brief instant when the fault circuitry is

to be cleared.

The signal MEM-RD /-L will be "Hi" much of the time but when the micropro-
cessor memory is to be accessed (read out) MEM-RD /-L will go "Active-Lo" (to

Logic 0) for a brief instant while the contents of some memory location is accessed
(read). :

Table above defines voltage levels for "Hi" and "Lo". ‘
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‘ 5.6,3 SYMBOLOGY
Logic Symbols are as described in Table 5-1.

| TABLE 5-1, LOGIC SYMBOLOGY

——4———  INDICATES NON-sTANDARD N[~
LOGIC LEVELS A HIGH LEVEL ON THE LOWER INPUT
| “INHIBITS" THE BLOCK OUTPUT FROM

+ INDICATES NON-LOGIC "‘_f' ASSUMING ITS ACTIVE STATE
(ANALOG) SIGNALS L

™
‘ 1 —
; —_— TEST POINT A LOW LEVEL ON THE LOWER INPUT
| “INHIBITS" THE BLOCK OUTPUT FROM
| _ __+l§ ASSUMING ITS ACTIVE STATE
| INDICATES TWO OR MORE L

ok LINES WHICH CARRY THE
; SAME INFORMATION

= (USUALLY DIFFERENTIALLY)  __[Somee
CONTROL INPUTS TO THE COMMON CONTROL
. —stock BLOCK AFFECT EVERY TERM IN THE

ARRAY. INPUTS TO EACH TERM
IJ AFFECT ONLY THAT TERM,

j—‘ WIRED "AND" CIRCUIT ]
| TERM

—LJEM |—

INDICATES NON-SIGNAL EXAMPLE: G AFFECTS OUTP! “AND*
gégmci \égt;rév%‘ RELATION TO rnsuic?lvérgrn. AND
SUPPLY LINE sl V7 AFFECTS OUTPUT 8 WITH AN “OR"
_ RELATION TO THE ACTIVE STATE.
63 C CLOCKS DATA INPUTS D) and D2 DURING
grapsenecaoL e 1 A TOAGD o
| —{: A NON-INVERTING SIGNAL RELATIVE | $ V2 G3 AFFECTS OUTPUT £ WITH A NAND
| TO OTHER MPLIED SIGN SIGNAL LINES. RELATION TO THE ACTIVE STATE.
| EFFECT IS THE SAME AS THE USEOF P __C
‘ SIGN INDICATOR INTERNALLY. al r
Dy co 1 A
SIGN INDICATOR - USED TO ————
INDICATE INVERSION RELATIVE D2 co 2 s
—N N— TO IMPLIED SIGN SIGNAL o I 3
LINES. 3

DYNAMIC INPUT ACTIVE
DURING THE TRANSITION
FROM LOW TO HIGH STATE

LIGHT EMITTING DIODE

DYNAMIC INPUT ACTIVE
‘ DURING THE TRANSITION RIAC
‘ FROM HIGH TO LOW STATE

LT
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5.6.4

5-10

FUNCTION SYMBOLOGY

Function symbols are as described in Table 5-2.
TABLE 5-2. FUNCTION SYMBOLS

CONTROL GATE INPUT = AFFECTS INPUTS OR OUTPUTS WITH "AND" RELATION TO ACTIVE STATE
/\_/\/ OSCILLATOR X —s Y  DECODER
> AMPLIFIER #/7/\  DIGITAL TO ANALOG CONVERTER
& “AND" GATE mVR VOLTAGE REGULATOR OUTPUT VALUE "m*
1 "OR" GATE MUX MULTIPLEXER
S "EXCLUSIVE OR" SR SHIFT REGISTER
F D FUNCTION GENERATOR CNTR COUNTER
ALY ok LEVEL CONVERSION ALU ARITHMETIC LOGIC UNIT
TTL/DIFF
[T  SCHMWITT TRIGGER RCVR RECEIVER
) ANNOTATION RESTRICTING THE NUMBER
{_JI1__  SINGLE SHOT OF COINCIDENT INPUTS OR OUTPUTS
GROUPED !(EL V‘I)IT ACCORDING cT)O M.
AMPLE: MEANS ONLY ONE OR
SUMMING CIRCUIT LESS COINCIDENT INPUT OR OUTPUT BELOW
ALLOWED.
Im THRESHOLD (ANALOG OUTPUT)
{m OR COMPARATOR (BINARY WIRED "OR" OR WIRED "AND", OR OPEN
OUTPUT) PRODUCES A CHANGE <O COLLECTOR OR EMITTER CIRCUIT CAPABLE OF
IN THE OUTPUT SIGNAL WHEN BEING USED AS WIRED "OR" OR “AND", SUCH
INPUT EXCEEDS A PREDETERMINED AS ON BUS DRIVER CIRCUITS,
LEVEL "m".
) DATA INPUT
d CONIROL or CLOCK INPUT lo) NEGATING INDICATOR
G CONTROL GATE INPUT - AFFECTS — BILATERAL SWITCH. BINARY CONTROLLED,
INPUTS OR OUTPUTS WITH "AND" PASSES OR BLOCKS ANALOG OR BINARY
RELATION TO ACTIVE STATE, SIGNALS IN EITHER DIRECTION.
v CONTROL GATE INPUT - AFFECTS
INPUTS OR OUTPUTS WITH AN "OR"
RELATION TO THE ACTIVE 51."TE.
1 TX3%8a ")
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5.6.5 CIRCUIT TYPES AND WAVEFORMS

Figure 5-3a illustrates a typical integrated circuit. Figures 5-3b through 5-3s
illustrates some of the more complicated circuits utilized in the logic.

FUNCTION
SYMBOL

&
INPUT PIN o D4
NUMBERS Z: . / a1
AN
cmeurt _/ \ LOCATION
TYPE of

1 AAIb ) (ADDITION OF “L*, “S* OR "LS" DOES NOT
~="==’ "CHANGE THE LOGIC OPERATION)

FIGURE 5-3A. TYPICAL INTEGRATED CIRCUIT

2 140

OR

N AR L] LT

[—-
=
17} E

FIGURE 5-3B, POSITIVE NAND NEGATIVE MNOR
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TEXTERNAL g

ITIMING ' M5

ELEMENTS & !

FIGURE 5-3C., RETRIGGERABLE, RESETTABLE, MONOSTABLE
MULTIVIBRATOR (ONE SHOT)

AN s | s . .
. o1 ;
'_B>c : ! . N
2 1« ' 1(13)| I l l _I L_! L._l LJ I.._I ! :
ET PO N ! ! :
. ] ' 1
' ! X
N T , ! 2(12) ' ' [ | ] ' !
[ ' | 1
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4 ! '
A2 1ok ! ‘ ! '
2aN, No st . |
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| 6(7) . |
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CED

N————

FIGURE 5-3D. "JUK" NEGATIVE EDGE TRIGGERED TYPE F/F
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EbEbEEEE EEEE

558-8080
+12v +5V
EI

LS|
MICROPROCESSOR 16384
XXX

01 CLK

02 CLK

HOLD

INTRPT
INP DATA RDY INP DATA REQ
RESET FROM CNTR WAIT

DATA 7

ADR 32768

8192

CLK

MEM WRITE ENBL
HOLD ACK

INTRPT ENBL

DATA 7/MEM READ
6/INP CY
S/FETCH
4/0ouT CY
3/HALT ACK
2/STACK

-— -

FIGURE 5-3E, 8080A MICROPROCESSOR (SHEET 1 oF 2)
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h T2 Tw T3 T4 Ts ‘

% [\ \_
el [\ J—%._f—%__J-—\ 4/
Aiso | X \
st — -
o A WRITE A
. MODE
-
( oAt e Lo seao mooe
SYNC [ \
READY J
WAIT g
DBIN [ A\
DATA
WR \
TATUS ,
INFORMATION OATA
Als0 SAMPLE READY |  OPTIONAL | FETCH DATA OPTIONAL
MowoRy | HOLD AND OR
N EMORY or | HALT HALT INSTRUCTION INSTRUCTION
1/0 DEVICE OR OR EXECUTION
1,0 ey MEMORY WRITE DATA IF REQUIRED'
Oy ACCESS e ‘
STATUS INFO ADJU i
INTA OUT
HLTA WO !
MEMR M) \
INP STACK . ‘ 1
BASIC 8080 INSTRUCTION CYCLE ‘
17X388¢ 7Y : ‘

FIGURE 5-3E. 8080A MICROPROCESSOR (SHEET 2 OF 2)
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FIGURE 5-3F. “D"” TYPE F/F
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AN

’ -
\‘\ F2aN

5-16

’
g
SN 6
4
%{.«r’—c.u
;——>c
73 oK
R L 7
74L5109
n s 10
AL IY)
)_2_->C
13 Nox
15 N N\
7415109
(BT
N =

2(14

4(12)

3(13)

1 (15)

6 (10)

7(9

FIGURE 5-3G, "JK” POSITIVE EDGE TRIGGERED TYPE F/F

i c
1 NR
RGTR
50 I—
4
) |2
3
3 _Ico
e
12 10
=i CD ——
!
13 _Icp 15
14
(eslee_)
FIGURE

TToTTTTTIM

|

2(TYP.) I | I |

e e e e e e e e . e e = e s o e S e s St e e S e S )
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X =Y
507

[ ]

-~
~

C — N WA WL O N ©®9O

244449944

OUTPUT COUNT (ONE LOW AT A TIME)

INPUTS

8 4 2 119 8 7 6 5 4 3 2 10
12| 13j14f 15} jiofe 718 5 14 ]3] 2] jePIN
L Lt LIH | H|H H|H H|H H| H|L
L L{L | H|H ]| H|H H H HiL

L LtH L|H | H]|H H H L H

L LIH| H]|H | H|H H|H H|L |H| HIH
L H|L L{H | H]|H H|H L |H H{ H|H
L HIL|H}JH ] H|H HIL H |H H| HIH
L HlH LJH | HI|H L H | H

L HIH]| H]H | H]L HIH H

H L]tL L|H L|H H |H H |H H| H|H
H L]L H]L H|H H|H H |H H) HIH

DECIMAL DECODER

Xx—v] 1 _h!12 CLEAR (14)
15¢ 2
1 p13 LOAD (11) U
04 2 e e — e e e e e e e
—Jo 7 o e e e e mmmee - S
co o B (1) ittty ————--
1 > 2 ——— e m —— - e m = -
1 DATALc o) Tt~ -~ -~~~ ~— — - mfm e mm—— - -
o 3 C (10) o oo oo _
L:Xo00. 30 i (N (S S I A e e e o ——
o @ . e -
ifor w0 counr Nplplplpl
4 UP (5)
e count NpNplplplnm
.- DOWN (4) .
—8&]., oa @1 Lol T
]
LN 0p (2”2 J L | | -
N OUTPUT! 2.4 —.
TS N oc & 1 1 E—
]
op @)~ 1 1 — 1
SEQUENCE: CARRY (12) U
(1) CLEAR OUTPUTS TO ZERO. BORROW (37 3 U
@ 'T-m%g’““" TO BINARY 0 ] 415 o0 1 2 10 15 14 13
* F——count ur—4 }Q—— COUNT
DOWN
(3) COUNT UP TO FOURTEEN, o breeer

FIFTEEN, CARY, ZERO, ONE,
AND TWO.

COUNT DOWN TO ONE,
ZERO, BORROW, FIFTEEN,
FOURTEEN, AND THIRTEEN,

(4

NOTES:

Wy

(A) CLEAR OVERRIDES LOAD, DATA, AND COUN INPUTS,
(8) WHEN COUNTING UP, COUNT-DOWN INPUT MUST BE HIGH: WHEN COUNTING DOWN, COUNT-UP INPUT MUST BE HIGH,

FIGURE 5-3J. 500 UP/DOWN COUNTER

77683560-A

5-17




TYPICAL CLEAR, PRESE.T, COUNT, AND INHIBIT SEQUENCES

ILLUSTRATED BELOW 1S THE FOLLOWING SEQUENCE:
1. CLEAR OUTPUTS TO ZERO.
2, PRESET TO BINARY TWELVE.
3. COUNT TO THIRTEEN, FOURTEEN, FIFTEEN, ZERO, ONE, AND TWO,

CLEAR (1) e

X *=Y [P LEN (ASYNCHRONOUS)
15
6 1 LOAD
— cb —“ u
=T 2 1
Femmmmmmmeciee e mm——mm—m -
|
4 cD 13 3 — ]
3 1 | e m e m e m e mm e - =
——{eo - e CTTTTTTIIIIIIIIIIILLLTIIIIL
16 CNTR DATA L e e e e e 2 em e
158 INPUTS 5 O R
158LS (I
10 e J | o e e e e e e e e —————— . ———
7 CLOCK (2) L
v & |6 oo uruuynouJuruurugrurar
' [] 1
ENABLE P ' H 1 L___l__—
2 |4c @ ! :
1 ] +
T +
s —— : —
- ]
R Wl L oo
|
]

===--n ]
3 . g
ouTPUTS 1 ] 1 .
LE DN . | : 1 :
- ]
n__ 1 M 1 ]
[} [} :
CARRY I 1 :
12 113 14 15 0 1 2
X360 _) | I fe——count ——efa— inHIBIT ———]

CLEAR PRESET

FIGURE 5-3K. U4-BIT BINARY COUNTER

TYPICAL CLEAR, SHIFT, AND CLEAR SEQUENCES

SERIAL J 11
INPUTS

2]
- tananlinipigigigigigigigigigigigin

CLEAR
—u U
! i
\
[
[
|

S (. == !
3771 o '

]
£ o3 Wl '
EN --- .

- !
e 5__ 1 J 1 !
10 - i
P outeuts ) 6 D70 o
12, i
13 L J J
- !
n__2 | L
\
12 200 e

'

e gl
T [ |

CLEAR CLEAR

FIGURE 5-3L, SERIAL IN-PARALLEL OUT 8-BIT REGISTER
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INPUT PIN? (SHIFT A "1™ (SHIFT A 0"

Ryt J._____.
15 l'—l_ I I°
- .
] | ] Io
¢ MG EE |14 ) -
OuTPY .
8
1 || l | Io
—IN
1 °
12
Vo [ I
o2 we o JUUUUY
PARALLEL PARALLEL TRANSFER
14 DATAENABE 9 _lA "1* INTO EACH F.F = |

1
) 12

!

w

LLELL

PWR DATAIN 4

PWRDATAIN 5§

PWR DATA IN ¢

Fl
Epls

PWRDATAIN 7

"J*% INPUT 2 J—L ' J—l
"RUINPUT 3 _l I.___.

FIGURE 5-3M, FOUR FLIP-FLOP SHIFT REGISTER

INPUTS ouTPUTS
ENIO 1 2 3 4 5 & 714 2 1 ]6 ¢
5 J10 12 131 2 3 4|6 7 9 | s
4 7 >
I N6 e HIXx x X X x X x X|HHH|H n
+h5 ‘Dhe . LM W oM o w H HlHw v wlu o
N4 2N7
13 N 3 1 K5 Ljx x x x x x Llv Lt v e W
12 gH'z . |
LIx x x xx x v H|lt L Hw]L w
NN o 514
10 No Lfx x x X x L H H|lL HLIL W
7 15
:c oF L [x X X L HH H|IL H.H]|L
L | x X L H HH H|IHL LIJL H
LIX X L HH HH H|H L H|L H
LIX L H HH HH H|IHHL|L H
L JL HH HH HH H|HHH|L H
Crisi)
' FIGURE 5-3N. 1 OUT OF 4 DECODER
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8
st svsrwacom/aus DRIVER 8228 BLOCK DIAGRAM
57 STATUS RGTR Dy — |~ =~ DBy
LN om0 MEM READ P24 D) —o- e -o-e—DB
STATUS RGTK N\ 26 BI-DIRECTIONAL !
3N MEM WRITE B0 D2 —om =] BUS DRIVER |- ~-D82
S| MEm whIte 1/0 READ 5—27 A AP LIRS o083 | SYSTEM
—rowo ack 1/0 WRITE 533- BUS ) Dy —er] -ty Ot
e oata rea T Ack Po- D5 —+r o 0B
& DATA 7/MEM READ SYS BUS RGTR 7}—o- Dy —om |-o-—a—DBy
=1 6/INP CY 6 e Dy —o <] ~o-08;
%- 5/FETCH 5 —5—
—_ 4/0UT CY “
) /ouT C e L. DRIVER CONTROL
ﬁ - 3/HALT ACK I
A2 2/STACK e ] mEm &
A7 1/WRITE OUT e P
15 13 STATUS |-
N OINT® ACK 0 LATCH b MEM W
L 2ZNcONNECT STATUS, DATA RGTR >
] GATING /
-1 P 1/OR
« BI-DIRECTIONAL DATA LINES [ ARRAY .
o p—+1/0w
STSTB -
DBIN pe— BUSEN
WK 4q
HLDA pb—»- INTA
PIN NAMES
D7-D0 DATA BUS (8089 SIDE) INTA INTERRUPT ACKNOWLEDGE
D87-DBO DATA BUS (SYSTEM SIDE) HLDA HLDA (FROM 8080)
1/0] 1/0 READ WK WR (FROM 8080)
1/OW 1/0 WRITE BUSEN BUS ENABLE INPUT
MEMR MEMORY READ ST518 STATUS STROBE (FROM 8224)
MEMWN MEMORY WRITE vee +5V
DBIN DBIN (FROM 808)) GND 0 voLTs

1_X372 )

FIGURE 5-30. SYSTEM CONTROLLER/ BUS DRIVER FOR MICROPROCESSOR
SYSTEM (SHEET 1 OF
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o — S\ _ M\ M\ Mk

02 / S
— i —i 22
STATUS STROBE -
AW
o ]
80280 DATA BUS ) GRERED ¢
| |
a| l E“5’1 ! !
DAIN | I 1
[ 1 0o !
R — ! ! -~
TNTA, TOR, MEMR ————— | ] f
20-60 —»: :
HLDA N !  {
T
| : : -—.1 jo— 25
iNTA, TOR, MEMR __‘—:'\_:__I__‘_(
DURING HLDA | 7
| —|—fo—o{<———|-—2o
10 10

]
1 ]
1 > |e—us 1
WR ™ !
5-45 .
040 | H- — f— l~— 5-45
TOW ORMEM W Y \_ 7
1
L !
8080 BUSDURING WRITE _ _ _ _ ~ ~ —~ 4~ ~ D &
. v Ir-n--—bl—| 5-40
]
SYSTEM BUS DURING WRITE = — ~ = — — = — — < X
]
—>| H— 0
SYSTEM BUS ENABLE A )
' |
1
- 0 - = be- 2
SYSTEM BUS OUTPUTS = = = = = = = = = = = =~ = = = Y e T
- —— —
1_xa72b_1 VOLTAGE MEASUREMENT POINTS: Dg-Dy (WHEN OUTPUTS) LOGIC "0" =0.8 V, LOGIC “1" =3.0 V.

ALL OTHER SIGNALS MEASURED AT 1.5 V.

FIGURE 5-30. SYSTEM CONTROLLER/BUS DRIVER FOR MICROPROCESSOR
SYSTEM (SHEET 2 OF 2)
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System Controller and Bus Driver Functional Description

The 8228 System Controller and Bus Driver generates all signals required to ‘
directly interface the 8080A microprocessor, RAM, ROM and 1/O components.

The eight bit bi-directional bus drivers used provide high system TTL fan-out.
They also provide isolation of the 8080A data bus from memory and 1/0.

At the beginning of each machine cycle the 8080A CPU issues "status" information
(see time "T2" on the timing diagram) on its data bus that indicates the type of
activity that will occur during the cycle. The 8228 stores this information in the
Status Latch (see block diagram) when the STSTB signal from the clock chip goes
"low". The output of the Status Latch is connected to the Gating Array and is
part of the Control Signal generation. The Gating Array generates control signals
(MEM R, MEM W, I/O R, I/O W and INTA) by gating the outputs of the Status
Latch with signals from the 8080A CPU (DBIN, WR, and HLDA).

The "read" control signas (MEM R, I/O R .and INTA( are derived from the iog'ical
combination of the appropriate Status bit (or bits) and the DBIN input from the
8080A CPU.

The "write" control signals from the 8228 (MEM W, I/O W) are derived from the
logical combination of the appropriate Status Bit (or bits) and the WR input from
the 8080A CPU.

All signals are "active low" and directly interface to ‘the microprocessor RAM, ROM
and I/O components.

The INTA control signal is used to gate the interrupt instruction in the interrupt
port onto the data bus. ‘

The BUSEN (Bus Enable) input to the Gating Array is an asynchronous input that
forces the data bus output buffers and control signal buffers into their high-
impedance state if it is a "one". If BUSEN is a "zero" normal operation of the data
buffer and control signals take place.
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SCHEMATIC SYMBOL
[ ]
——PN—
ulnlulsl!:n|29|zalz7|
D0 D1 D2 D3 D4 D3 D6 D7
PAD | 4 3
__18]em0 ral [ 3
_1olem paz | 2
2] re2 ra3 1
21 pe3 st o~ °
. — ——
2] pas [
23] pes 574 ras [
“24]em w [/
25| pe7 poo fie
ect as
] L\ PC2 16
9] 40 rca 17
_— LI
‘ __3s)RsT rce 13 f
| BN WR Pcs 12 -
| TNt pes fu
| Pc7 o |

* BI-DIRECTIONAL LINES

FIGURE 5-3P, 8255 PROGRAMMABLE PERIPHERAL INTERFACE (PPI) FOR
MICROPROCESSOR (SHEET 1 OF 3)
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~T 1
POWER v GROUP /o
SUPPLIES ) GND | . GROUP |, K N ronr CZ?"S"’%
- — A \ ) ~| A
CONTROL (‘.__._
® .
GROUP
A 1/0
PORT C PC, - PC,
UPPER
BI-DIRECTION DATA | DATA (4)
D, D, C:U—SD srre | )
7 % (‘ )
BT L C) §rour /o .
|
! DATA BUS e Q:} PC, - PG
(4) \
T [N
o READ/ L
R CONTRO GROUP GROUP
CONTROL
— loaIc 8 (——— .
Al —_— CONTROL A | PoRT /0
p—— " e PO S—
RESET ® P -
—_— ,
]

s |

8255 BASIC OPERATION
] QWR

TT_|_INPUT OPERATION
T_]0__| PORT A—e=DATA BUS

0 \_|0_ | Porr B—o=

T T [0 [ FORT C—=DATA BUS

OUTPUT OFERATION

(WRITE)

0 | DATABUS—=PORT A

0 DATA BUS—PORT B

0| DA —=

0| DATA BUS——CONTROL

DISA

DATA BUS —+—3-STATE

TLEGAL CONDITION

0
0
T

(= Eud OB
(=]

—-|o— e
(=1 K= [=] (=]

x
x
x:

FIGURE 5-3P, 8255 PROGRAMMABLE PERIPHERAL INTERFACE (PPI) FOR
MICROPROCESSOR (SHEET 2 OF 3)
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he— 295 ns _.l 150 ns
MODE 0 (BASIC INPUT)
[ 400n —™ 3%
WR [35 n
fea=100 ns —.‘—Ol—
ﬁ‘ r ‘]( 27 -34
e 0 —o - to———— 00—

oureut Y

MODE 0 (BASIC OUTPUT)

FIGURE 5-3P, 8255 PROGRAMMABLE PERIPHERAL INTERFACE (PPI) FOR
MICROPROCESSOR (SHEET 3 OF 3)
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8255A Programmable Peripheral Interface Functional Description

General

The 8255A is a Programmable Peripheral Interface (PPI) device designed for used .
in 8080A Microcomputer systems. Its function is that of a general purpose I/0

component to interface peripheral devices to the 8080A system bus. The functional
configuration of the 8255 is programmed by the 8080A software (or firmware) so

that - normally no external logic is necessary to interface peripheral devices or

structures.

Functional descriptions of the logic subsections are given in the following para-
graphs. See block diagram (Figure 5-3p) of the 8255A. '

e Data Bus Buffer

This 3-state, bi-directional, eight bit buffer is used to interface the 8255 to
the 8080A system data bus. Data is transmitted or received by the buffer upon
execution of Input or Output instructions by the 8080A CPU. Control Words
and Status information are also transferred through the Data Bus buffer.

e Read/Write and Control Logic

The Read/Write Control Logic in the 8255A manages all of the internal and
external transfers of both Data and Control or Status words. It accepts inputs
from the 8080A CPU Address and Control busses and in turn, issues commands
to both of thz Control Groups in the 8255A.

e I/O Ports A, B and C

The 8255A contains three 8-bit ports (A, B and C). All can be configured in a
wide variety of functional characteristics by the 8080A software (or firmware)
but each has its own special features or "personality" to further enhance the
power and flexibility of the 8255A. ‘

Port A: One 8-bit output latch/buffer and one 8-bit data input latch.

Port B: One 8-bit data input/output latch/buffer and one 8-bit data input
buffer.

Port C: One 8-bit data output latch/buffer and one 8-bit data input buffer
(no latch for input). This port can be divided into two 4-bit ports
under the mode control. Each 4-bit port contains a 4-bit latch.and it
can be used for the control signal outputs and status signal inputs
in conjunction with Ports A and B.

® Group A and Group B Contirols

The 8080A software/firmware programs the functional configuration of each
port. It does so by executing a single Output instruction during which the
data bus D0--D7 contains the control code required to accomplish the setting
up to the desired modes of operation of the 8255A unit. The coding on the
memory address lines during the execution of the Output instruction take part
in setting up the modes also, in that they define which PPI and which port
the coded byte on the data bus lines is intended for (See Table 4-1).
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"Group A Controls" control Port A and part of Poart C and "Group B Controls"
control Port B and the other part of Port C. Setting up of the various modes of
operation involves setting the basic mode (0, 1 or 2), establishing for each

port whether it will function as an input or output port, and setting or resetting
individual bits in port C. The CMD only uses the 8255A in Mode 0 which simply
provides input and output operations for each port. No "handshaking" is required,
data is simply written to or read from a specified port. Mode 1 provides

strobed input/out (Port C provides the control ines for "handshaking" and

Mode 2 provides a bi-directional bus (with Port Con the "handshakes" again).
All operations involving the 8255 take place during 8080A instruction execution
time. Therefore, the timing of all inputs/outputs/control signals to/from the
8255A are tied strictly to the timing of the 808-A I/O timing. This is shown

in the timing diagrams in Figures 5-3p, 4-15 and 4-16.
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IS v \ 23
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AN oy 3 o
21 F e
- 3 %
18 Yoo F e
W prs F 2_:_
2 vy F F—
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* ELEMENT NUMBER
NOT ASSIGNED
(8212)

FIGURE

a2

TIMING DIAGRAM

$T3 OR D5)eD5; S -1 1.5V

P
ouTrut X:. 5V

) '
DS} DS2 ‘ﬂ/f X 1.5V 0.5V
le—af-

W~ \_—
wwm____________:j\ t=n
p—0 —=
CLEAR 1.5V ,(' 1.5V 0.
' fo— 55 —

[°]e]

[ ——— = - N
DATA 1.5V 1.5V
-7} = - o oo

ST8 or DSy° DS2 : 1.5V
0 —po—=a|
jfm——————mmese= -
OUTPUT-____..- ------- J 1.5V
sT8 * * 1.5V
t=-x -’!

5-3Q. 1/0 PORT 8-BIT PARALLEL (8212)
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)
. PROGRAMMASBLE
— AT us? lev& TIMER
7] s 8253 WRITE TIMING
c—— 5
4
s . o _ N
—_—] 3
s 2 IQ—— 0 —ef o 20
1 ) DATA BUS X
[
0 '4—200 L]
T 0
—— A0
2 1.
2N READ TIMING
cs 1
9 10 <3 x 1
T> Clko outo
—5] ocAmo je— 50 ——| ——| i.— 5
——$—> CLlK 1 . our1 _,3_ (2] '—— 25-200
14 GATE | o
DATA BUS 2 D>
’ o
_L.> CLK 2 ouT 2 'L
1 GATE 2

_____

FIGURE 5-3R, 8253 LSI PROGRAMMABLE INTERVAL TIMER FOR 8080
‘ SYSTEM (SHEET 1 oF 2)

77683560-A ) | - 5-29



CONTROL LINE TRUTH TABLE

[ gy a— 4
Cs |o | Wr| A | A0
o |1 ]o]o [0 ]LoAD countERNO. O
0 1100 |1 |LOAD COUNTERNO. | TYPICAL TIMING FOR MODES USED
o [1]o[1 o [Loab counrterNoO. 2
o T To 17 Tware mooE wom MODE 01 INTERRUPT ON TERMINAL COUNT
0 o] 1 ]o |o [reaD COUNTER NO. 0 clock AU
]
o o] 1]o |1 |reaD cCOUNTERNO. ) we
0 |0 1|1 [o [reaD COUNTERNO. 2 . 21 b
0 [0 [ 111 ]V [NO-OPERATION 3-STATE (INT?:‘IHI:JT‘)' —_
1 [ x 1 x]x | x [ DisasLe 3-sTATE n=4) }‘:_,, ol
o [ 1| 1 ]x]x]NO-OPERATION 3-STATE WRm - 1
|
CONTROL WORD FORMAT GATE E, —
1
Dy Dy Ds Dy D3 Dy Dy Dy ! !
5 “ :3 210

OUTPUT
) | R M2 {m | mof O (INTERRUPT)
(m = 5) ;

s L o
DEFINITION OF CONTROL FIELDS < A .
SC-SELECT COUNTER A+B=m
SC1 SCO MODE 2: RATE GENERATOR
0 0 SELECT COUNTER 0 . Lok JUUUUuUvUUUvUUuUuUuwn
0 ! SELECT COUNTER 1
WRn A4S \0=3 f
1 0 SELECT COUNTER 2 OUTPUT 4.3 2104321003210
1 1 ILLEGAL \4 LJ l,J
3 L
P T L R — 1202 @i
RL-READ/LOAD RESET — J
RL1  RLO
M-MOD
0 0 COUNTER LATCHING OPERATION (SEE El
READ/WRITE PROCEDURE SECTION) 0 Lo Jo | mobEo
7] 0| READ/LOAD MOST SIGNIFICANT BYTE ONLY] o lo |1 | mooer |°
0| 1| READ/LOAD LEAST SIGNIFICANT BYTE ONLY % 11 1o | MODE 2
1 1 READ/LOAD LEAST SIGNIFICANT BYTE .
FIRST, THEN MOST SIGNIFICANT BYTE, )l( ; ; xgg: i .
—— e - *
Xa6 ) { 1,10 ]1 MODE 5
* NOT USED

*

FIGURE 5-3R. 8253 LSI PROGRAMMABLE INTERVAL TIMER FOR 8080
SYSTEM (SHEET 2 OF
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r "
| CONTROL '
2 | AMPLIFIER |
= s Ve '
DGO pP— c - |
1 uxx 1,8,9,16 ' \
—N ! 1 !
? Vi | 1 1V
— 6 IN . —o0—TF our
— 2,7,10,15 : ANALOG SWITCH : 3,6,11,14
——5,0 ' '
— n Lmeee e e J
L
N
1
14 VC ViN Vo 'SWII'CN
RN LoGIC | v, OPEN
1 IN | ciecuir| OPEN
e LoGICl Vin | Vin | croseo
(IR
FIGURE 5-3S, ANALOG SWITCH
—
® : ] DIFF/TTL DIFFERENTIAL STROBES OUTPUT
(A +—DN 162 ‘ INPUTS G G2
1 '
Vip 2 25MV LORH [LORH H
6 Ty
=
“25MV < Vo < 25MV L |LORH
ol 1|y D
—h‘ H H INDETERMINATE
1 9
® +_D v P— LORH| L- H
12
A) Rl N
( 5 Vip g -2V L LORH H
‘ H H L
-5V
(x%0330_)
=) THE DIFFERENTIAL INPUT VOLTAGE POLARITIES SHOWN MEASURED

AT PIN A WITH RESPECT TO PIN B, A MINUS POLAMTY INDICATES
THAT PIN A IS MORE NEGATIVE THAN PIN 8.

FIGURE 5-3T, LINE RECEIVER, DTL/TTL DUAL DIFFERENTIAL.
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+v

NON-INV INPUT , ol o HP+t—a

INVERTING -INPUT. 3%

LATCH ENABLE 8 Fl"'—/-——é

8 1 16

-v
 Xoxaga 32V

TYPICAL TIMING
INVERTING
INPUT “ov

AN ANANAWNAY
VYRV

INVERTING
INPUT ]

<

— by = = = =

S e I i
R I i I e B

1~ Xx045b™)

i
1

g = e = =

RN

THE 330 CIRCUIT IS A DIFFERENTIAL VOLTAGE COMPARATOR. THE

‘ CIRCUIT HAS DIFFERENTIAL ANALOG INPUTS AND COMPLEMENTARY

‘ LOGIC OUTPUTS COMPATIBLE WITH ECL. A LATCH FUNCTION ALLOWS
THE COMPARATOR TO BE USED IN A SAMPLE-HOLD MODE. IF THE
LATCH ENABLE INPUT IS HIGH, THE COMPARATOR FUNCTIONS NORMALLY.
WHEN THE LATCH ENABLE GOES LOW, THE COMPARATOR OUTPUTS ARE
LOCKED IN THEIR EXISTING LOGICAL STATES.

FIGURE 5-3U, DIFFERENTIAL VOLTAGE COMPARATOR
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R = Reference Input
V = Vaoricble Input

TYPICAL TIMING (NOT ALL INCLUSIVE)

® _ L J L1 | —1 1

V)
b (12
R (8
v o ®
[VEK))
b (2
R (0
v o ®
g
b (2
 XX0445 )

_r|r|J|I1F|I|l
CASE |

» CASE 2

SAME FREQUENCY
CASE 2: V LEADS R IN PHASE AND DUTY CYCLE

CASE 3: V IS LOWER FREQUENCY THAN R

CASE 1: V LAGS R IN PHASE } V AND R ARE

R NS 3 __
oA
Rl 5]2
v s u
+
MC 12040

FIGURE 5-3Vv. PHASE-FREQUENCY DETECTOR
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X-AEF
ma——

J-04 1101 P2B11, 1005
P1-A1d 0204
P1-Al4 0204
P42 0206
P10 0204
Py 0204
-3 0606
Pi-30 0606
PI-g42 0204
P-443 0204

r2-003 0305
P2-304 0305
P2-905 0308
r2-907 .
P2-908 0205
P2-909 0205
P2-910 0205
P2-315 0306
P2-316 0208
P2-817 0205
P2-418 0206
P2-520 0204
P2-821 0202
r2-024 0203
P2-526 0206
P2-027 0204
gg 0205
- 0206
r2-50 0205
r2-835 0205
p2-83 0205
2-87 0205
-4 0205

{oaz )
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1/0 CIACUT BOARD (01XX)
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b . 22 | ondae INMIB-SEC/-L 0104
GND 0101 —ge 23 | og—— GNO oo
o 24 o
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. 20 | o PRES -SW/HL 010*
° Nile
° 2 e
° N |e
] | e
o B e
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NOTES:
AI. SWITCH SETTING OPTIONS

"ON" CYLINDER" IMMEDIAGELY
FOLLOWING SEEK COMPLETE

NO PSEUDO SEEK WITH
VOLUME CHANGE

Mo

wwm

1
2
3

4

34
35

VALIDATE "ON CYLINDER" WITH VALID SECTOR
PSEUDO SEEK WITH VOLUME CHANGE
SPARES

AZ. SEE_HPC/SWITCH SETTING SPEC. FOR SETTINGS OF THIS SWITCH APPLICABLE

TO THIS PARTICULAR UNIT.

F sm T FIGURE 5-4, 1/0 CKT BOARD (SHEET 7 OF 9)
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FIGURE 5-4, 1/0 CKT BOARD (SHEET 8 oF 9)
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ITEM
NO

DRAWING
NO.

77665650

77622501

77622520

77665670

15164426-7
50252800-3
15144900-6
15145000-4
15145100-2
15145300-8
15145400-6
15145700-9
15148500-0
15146000-3
15146200-9
15161600-0
15146900-4
15146300-7
15156700-5
95558701-9
17706716

94361416-4
24504380-7
51706300-4
41347800-9
91904653-2
77834360-8
94402133-6

'94402148-4

94402156-7
94402168-2
94402196-3
94402187-2
95538300-4
82311900-3
93533118-1
77612000-8
15145600-1
92498021-2
94360446-2
94227226-1
15104301-5
95524700-2
83452201-3
94240426-0
94360256-5
94360260-7

DESCRIPTION

PWA, I/0 OEM

PWA, 1/0 OEM

PWB, I/0 OEM

PWB, I/0 OEM

I. 75107

75110

74L5S00

74L502

74LS04

74LS05

74L508

74LS11

. 74LS514

. 74LS27

. 741532

. 75451

. 74LS175
74LS74

. 3437

Relay

Cap 10 V 10% 22 uF
Cap 50 V +80 -20% 0.022 uF
Cap 20 V 20% 4.7 uF
Diode IN4454

Switch Toggle
Header, Solder Tail
Conn Header Assy
Res 1/4 W 5% 110
Res 1/4 W 5% 170
Res 1/4 W 5% 1K

Res 1/4 W 5% 3.3K
Res 1/4 W 5% 47K
Res 1/4 W 5% 20K
Terminal Quick Conn
Inject/Eject Card-
Pin, Rolled

Lamp (LED)

I. C. 74LS10
Terminal Swaged

Res 1/4 W 1% 30.1K
Cap 300 V 2% 100

I. C. 9602

Terminal 0.250
Switch - 4 Position
Cap 50 V 10% 330 pF
Res 1/4 W 1% 383 ohm
Res 1/4 W 1% 422 ohm

Pd Pd Peed et P Ped Pd ed P frd o] fond Ped e
A
OO0 OOOO

*Used on Asm 77622501 only.
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CNTLMUX CIRCUIT BOARD

SOURC SIGNAL EM2-P1 SIGNAL SOURC
DEST X-REF X-REF. = 0 X-REF.| DEST X-REF
0V 0203 - 4o I Tog—- -0V 0203
-5V 0201 —do ? | o— 5V 0201
PI-803 1501 DIAG-HD-0/+ L 0205 —dqo 3 | o—- 45V 0201 | Pr-p19 0201, J1-01 (5-12) 110}
P1-004 1501 DIAG-HD-1/+L 0205 —dao 4 | oq— GND 0201 | P1-806 0201, Ji-16 (5-12) 1101
P1-00S 150! DIAG-HD-2 ¢ L 0205 —qo J | Ceg—- LP-BIT-0/4L 0205 | J1-02 101
GND 020] —qo 6 | od— GND 0201 | P1-904 0201, P1-318 (5-5) 020}
P1-807 1501 DIAG-HD-4/+1 0205 —qo 7 | oug— LP-BIT-1/0L 0205 | Ji-15 1101
P1-808 1501 DIAG-LATE-STROBE/+L 0204 —do 8 | od— LP-BIT-2/¢L 0205 | J1-03 101
#1-009 1501 DIAG-ERLY-STROBE/*L 0204 —qbo 9 | o LP-BIT-3/0L 0205 | J1-14 1101
P1-A10 1501 DIAG-AC-WRTCUR/¢L 020¢ 4o | 10 | o START/-L PI-AlO 0101, p2-11 (5-6) 0305, J1-04 (5-12) 1101
P1-A}l 1501 DIAG-RD-GATE "+ L 0204 —4o " le
PI-Al2 1501 DIAG-WRT-GATE/+L 0204 —go 12 | o——e= RDY-LED/-L 0206 | J1-05 101
Pl-Al3 0104 IDX-8UF-/L 0206 —go | 13 | ofe LED-FLI/-L 0206 | P1-840 0303, J1-12 (5-12) 1101
Pl-Al4 0104 SEC-SEC, -L 0206 —qmo 14 | oug— OP-FLT-CLR/-L 0202 J1-06 noi
PI-BIS 1501 DIAG-ENABLE, '+ L 0204 —¢o 15 | Ogemm  LED-ACTIVE/-L Nn-n 1101
o | 16 | oud—  WRI-PROTECT-FXD/-L 0206 | J1-07 1101
PI-817 1501 DIAG-AM-EN/+ L 0205 —go 17 | oug—  WRI-PROTECT-REM ’~L 0204 | J1-10 1101
PI-018 0704 | AM-ENABLE L 005 -efo | 18 | og—- GND 0201 | P1-806 0201, J1-08 (5-12) 1101
o | 19 | oug 5V 0201 | P1-803 0201, P1-844 (5-5) 0201, J1-09 (5-12) 1101
3V 023 —4o | 2 o~  DC-WRI-CUR-DET.-L 0202 | J09-92 0801
P1-822 1501 | HD-AUGN-WP, -L 0206 —40 | 2! | oo READY-GATE/+L 0206 | P1-A21 0104
2V 0203 —¢o | 22 | o—— INHIB-SEC/-L 0204 | P1-822 0104
GND 020) -——4=o0 23 | od4— GND 0201
19-08 0801, PI-328 0206 EN-WRT-CUR-0 /s L 00¢ —do | 24 | ot-— MULTI-HD-SEL/-L 0202 | 49-16 0802
19413 0801, PI-829 0306 EN-WRT-CUR-1, ¢ L 020® —4o | 2) | oug— AC-WRT-DET -L 0202 | J9-15 0801
19-09 0801, P1-830 006 EN-WRT-CUR-2"¢ 00¢ —{o | 2 [ ofw WRI-GATE/-L 0204 | J9-10 0801
o | 27 | of-am HD-SELO/-L 0205 | J9-04 0802
1501 DIAG-WRT-DATA -L 0204 -—¢o | 28 [ ofe HD-5/-L 0205 | 19-11 0802
1501 DIAG-WRI-DATA-GND 0204 — 40 | 29 | of—e= HD-4.=L 0205 | J9-12 0802
1501 DIAG-WRT-CLK -L 004 —40 | 0 [0
1501 DIAG-WRT-CLK -GND 004 —40 | I | ot 0205 | J9-08 0802
. 1501 DIAG-RD-DATA -L 0204 <ofo | 372 [ oo 0205 | J9-05 0802
1501 DIAG-RD-DATA-GND 0204 ~ofo | 33| ot 0205 | J9-07 0802
1501 DIAG-RD-CLK -L 0204 <ofo | 34| oo READ-GATE. +1L 0204
1501 DIAG-RD-CLK/GND 0204 -—Jo | 3| ofe WRI-INHINIT ¢ L 0206 | 19-01 0801
025 | SVO-RLY.'sL 0206 -—4o | 3 | oup— |'OLATESTROBE-L ‘0204 | P1-AJS 0103
0704 | ON-TIME-EN/-L 00« —4o [ 37 | od— 1/O ERLY STROBE/-L 0204 | P1-AY? 0103
P2-AD4 0705, P1-838 1501 AM=FOUND "L 0205 —4o | 3B [ ofe READ GATEsL 0204 | P2-905 0705
GND 00! —4o | 3 |od - GND 0201
P1-838 P2-318 0206, P2-A03 0705 [ PWR-UP-MR -L 0206 —fo | 40 | ot WRIGATE -l - 0204 | P2-004 0704
PI-34l 0606 | FXD-ADDR -L 0205 —wto | 41 | oo ERLY-STROBE/-L 0204 | P2-903 0703
P2-A07 0703 | LATE-STROBE/-L 0204 <ot | 42 | cd— 1/0 WRI-GATE/-L 0204 | P1-A42 0102
PI-843 0303, Pi-843 0105 | VOL-CHANGE, -L 0204- o | 43| o— 1/0 READ-GATE/+L 0204 | P1-A43 0102
SV 0201 bo | 44| o — 5V 0201 | P1-819 021
+20V 0203 - aH b— 0V 0203
| M2-P2
| A )
. o [ TToe
SV 0201 —4o 2 [ o -5V 020!
° e
. ° 4 |o
. ° 51o
GND 020} -—@=o 6 | og— GND 0201
° 7l o— wus-our-2wr7/eL 020 % P2-A07 0102
° g 94—  BUS-OUT-2WTO/+L 0205 | P2-408 0102
° o BS-OUT-2WT1/+L 0205 | P2-409 0102
. P2-m0 0303 | MCeVLT-FLT/-L 0203 = :? o—  BUS-OUT-2WT2/+L 0205 | P2-Al0 0102
o
P2-812 (5-6) 0305, P2-812 0103 | RTZ/-L 005 —4o | 12 |0
P2-813 (5-6) 0305, P2-813 0104 | ON-CYL/-L 0204 —<eo | 13 |0
P2-814 0304 READY-BLINK/-L 0206 —eo 14 | o
P2-015 0308 RESET-EXT-INT/-L 0202 —+o 15 | o—  OFFSET - ACT/+L 0206 | P2-Al5 0103
P2-316 0304 FLT-0/+L 0202 —4qo0 | 16 | od— gELECT/-L 0205 | P2-Al6 0102
// :“K 0304 :HZL 8£§ - :; O<4—  HD-ADDR/-L 0205 | P2-A17 0102
/ - 0304 -2/+L po o PWR-UP-MR/-L 0206 | P2-Al - -
Fa P2-819 0304 ru-:;q gg; = | 5 L4 8 0105, P1-AQ0 (5-5) 0206
P2- 0304 | FLT-4/+L — o1 MOD-ADOR/-L 0204 | pa2-,
P2-820 (5-4) 0105, 2-821 2305 | SEEK/-L 00 ¢ —to | 21 | o9— 50/ 0202 rz-ﬁzz? 8:3;
2V 003 —4po | 22 | od— gyp oxs | p2-g22 0103
GND 0201 —4g=o 2 | o4—  GND 0201
° ;; ST CLR-FLI-STAT/-L 0203 | p2-a24 0103
/
/ P2-810 0703 RD-CLK-GND 0204 —4= | 2 | ot ayir/a 0206 | pa.., "
/ P2-809 0703 | RD-CLK-GND 0204 —4o | 27 | o1&  cEEx-ERROR/-L 0204 n-% 3}8.
/ P2-828 0704 WRT-CLK-GND 0204 <=—to | 28 | oo~ AM-FND/-L 0205 | P:-A28 010¢
V! P2-829 0704 WRT-CLK -L 0204 ~a—to | 29 | ote  WRI-PROT/-L 0206 | P2-A29 0104
° | X [od— 1/O-AM-ENABLE/*L 0205 | P2-A30 0103
/ P2-831 0704 | NRZ-WRT-GND 0204« 1o | 3 |o
P2-832 0704 NRZ-WRT, -1 0204 ~=fo [ R0
K P2-107 0703 | NRZ-DATA-OUT-GND 0204 —4= [ 3 |o
/ P2-808 0703 | NRZ-DATA-OUT/-L 0204 —4= | Mo
o | 35 | od—  SELO/+L 0205 | P2-A3S 0103
P2-83 0205 | SEEK ERROR’+( 0204 —o | X% | o—  SEL-1/4L 0205 | P2-A%% 0103
P2-837 0303 | MAIN-FLT-INT, -L 0202 <=0 | ¥ | og—  SEL-2/4L 0205 | P2-AY7 0103
, P2-838 0305 | M-P-FLT +L 0206 —4o | 3B | od—  SEL-3/0L 0205 | P2-A38 0103
GND 0201 — | 3 | c4— GND 0201
/ P2-840 0303 | FLT-RESET/+L 0202 <a—t—o | 4 | og—
P2-341 5 | SVO-CLK2-GND 0206 —po | 4 | o :
/ 92-842 0805 | SVO-CLK/-L 0206 —po | 42 | o
£2-843 0605 | SVO-CLK2-GND 0206 —4o | 43 |o
/ XY 0201 —o | 44 | owg— L5y 0201
/ o 45 | o
——— »
(y_m) WIRED TO, BUT NOT USED ON PWA
!
/
- g
FIGURE 5-5. CNTL/MUX CIRCUIT BOARD (SHEET 1 0OF.10)
77683560-N
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UNUSED LOGIC ELEMENTS
ELEMENT | VENOOR NO. | LOCATION | OUTPUT PiN
20305 | 74Ls08 T} 24,10,12
$43Ls_ | mLsia us? a2
175Ls TaLSM () X=X
218LS LS uiz 1
s LI US4 8,10
Tans LI ) 0
o}v
plAga .,
1. LI
EZA‘J.-—; : +] gaa.cas Lees—cz.
£2844 T 20v TR e !
fi1A06
PIROG FESTRE § _l_
:zlg‘ N Ji-illH —
320, 4
PiA ) ! —— T
fia2d 1P5 O— 11 203ts of2— o8
: 7reQ—9 +L cas gz, ve $2
I 10 20v 022 1 o
: ' : PARE
1839
PRA
52839 s!xts
2802 l
02002 ,, | l
-8y

U4,Us, Ul Ui, ui7, ui3,ul3o

Y 1 2
SI“UJL u3s,uso,

Ul ,uigL
u26'-uds,uds, .
U35, U36,U39,Uad el
UAT=-U49, US| =USe,
US6-U%8, U4 -U4s

NOTES : UNMLESS OTHERWISE SPECIAED
I, RESISTORS VALUES ARE IN OHMS , 1/4W, $ 5%
2. CAPACITANCE VALUES ARE IN MICROFARADS

/) 3. INPUT PINS.ON US SPARES T1E0 TO GROUND TO
REDUCE POWER DISSIPATION .
D 522 TO VALIDATE OM CYLINDER WITH

VALID SECTOR,

CROSS REF
No 0201

FIGURE 5-5., CNTL/MUX CIRCUIT BOARD (SHEET 2 oF10)

WARNING
PWAs can be damaged by static electrictiy if not
properly handled. Handling must conform to Control
Data Standard 1.60.010 (see Section 6.2.2).
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FIGURE 5-5, CNTL/MUX CIRCUIT BOARD (SHEET 8 ofF 10)
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DRAWING

ITEM NO.
77666950
77666970
5 15164426-7
6 50252800-3
7 15144900-6
8 15145000-4
9 15145100-2
10 15145300-8
11 15145400-6
12 15145600-1
13 15145700-9
14 15148500-0
15 15145900-5
16 15146000-3
17 15146200-9
18 15147600-9
19 15124700-4
20 15146300-7
21 15146700-8
22 15146900-4
23 15148300-5
24 15146400-5
25 15156700-5
26 51783500-5
27 75808529-4
28 94240400-5
29 94240401-3
30 94361416-4
31 24504380-7
32 51706300-4
33 50240108-6
34 77612000-8
35 94360240-9
36 94360264-9
37 54360304-3
38 94360312-6
39 94360348-0
40 94360356-3
41 94360403-3
42 94360395-1
43 24500161-5
4+ 94402130-2
45 94402180-7
46 94402148-4
47 94402156-7
48 77612196-4
49 41347801-7

50 92498021-2

DESCRIPTION REMARKS

PWA, CNTL/MUX OEM
PWB, CNTL/MUX OEM

C. 75107

75110

741500

. 741502

. 74LS04

. 74LS05

. 74L508

. 74LS10

74LS11

741514

741520

. 74LS27

741532

. 741542

741551

. 74LS74

. 74L5157

. 74LS175

. 7415279
741586

. 3437

. 9324

Cap 100 V 10% 2200
Cap 50 V 10% 470
Cap 50 V 10% 1000
Cap 50 V +80 -20% 0.022 uF
Cap 20 V 20% 4.7 uf
Diode IN4454

Volt Req 6.2 V IN5234

OO0

Pt bt bt et bt bt et bt et et bt bt bt bt bt bt bt et et bt —d bt
OOOOODOOOOOOOOOOO0O0n

Lamp (LED)

Res 1/4 W 1% 261
Res 1/4 W 1% 464
Res 1/4 W 1% 1.10 K
Res 1/4 W 1% 1.33 K
Res 1/4 W 1% 3.16 K
Res 1/4 W 1% 3.83 K
Res 1/4 W 1% 10.7 K
Res 1/4 W 1% 9.76 K
Res 1/2 W 5% 820
Res 1/4 W 5% 82

Res 1/4 W 5% 10 K
Res 1/4 W 5% 470

Res 1/4 W 5% 1 K
Right Angle Header
Switch Toggle PC Bd
Terminal Swaged

FIGURE 5-5, CNTL/MUX CIRCUIT BOARD (SHEET 9 ofF 10)

77683560 -J

5-51




9-52

DRAWING
NO.

82311900-3
93533118-1
77832290-9
94357500-1
94402196-3
94360389-4
94360385-2
17706701-4
94240407-0
83452211-2
77612167-5
77612224-4
94402133-6
75808532-8

" DESCRIPTION

Inject/Eject-Card
Pin, Rolled

Socket, 16 Pin
Resistor Test Select
Res 1/4 W 5% 47 K
Res 1/4 W 1% 8.45 K
Res 1/4 W 1% 7.68 K
Cap 10 V 10% 1.2 uF
Cap 50 V 10% 220
Switch, Dual-In-Line
Terminal, Slotted
Shunt, Dip

Res 1/4 W 5% 110

Cap 100 V 10% 3900 pf

REMARKS

FIGURE 5-5, CNTL/MuX CIRCUIT BOARD (SHEET 10 ofF 10)
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SERVO COARSE CIRCUIT BOARD

BMI-P) SIGNAL X-ALF.
A
—o T —  ov 0301
o 2 o
-0 J |e
—o 4 lo
—e 5 1e
— t; od—  ANALOG GND 030!
Y .
° 8 | oo PA-COM - 0306
° 9 | oo  UNLOAD-cuRR 0307
o Y 10 | ot PA-COM-N 030é
oo | " | cf— 3:2VEET 03¢
-}-0 12 | o
—gpo 13 | oo UNLOAD-COMMON 07
4o | 14 |og— -NCA 0307
° 15 | o
° 16 o
° 17 O —— +S5VRIN 01
° 18 | o
° 19 o
o | 0 [od— I-AK-SIG 0306
° 2! | od— 1-FOK-RTN 0306
° 22 |o
—¢o | 23 | od—  ANALOG GND 030!
—go 24 [o
—0 25 |o
—0 % |o
~—0 27 |o
—0 28 | ot EN-WRT-CUR-0/+L 0304
o | 29 | ofe  EN-WRT-CUR-1/+L 0304
o | 0| ofe  EN-WRT-CUR-2/+L 0304
° 3l | ot BRK-PUL/+ L 0305
° 32 | o4— .
° 33 | ot RUN/+ L 0305
o | 34| ofe  LINE-EN/+L 0305
o | 35| ode  PK-COV-UNLOCK/+L 0305
° ¥ | oo SVO-RLY/+L 0305
° 3 | omg— LINE-OFF/+L 0205
o | B | od—  HD-LOAD-SW/+L 0305
—go | 3 | od—  ANALOG GND 00!
o | ©| od—  LED-FLT/-L 0303
o] @ lo FXD-ADOR/-L 030
ofo | 42| oo  RTZ-OR-SEEX/+L 0035
—fo | 43| od—  VOL-CHANGE/-L 0303
—0 4| og— +5V 030!
— 5| od— sV 0301
EM3-P2
A (]
° T 1o
: o 2 | og— -5V 0301
o 3 | o4—  SEQ-PICK/+L 0305
-0 4 | og— SEQ-HOLD/+L 0305
Y 5 | o-t®  UP-TO-SPEED/+L 0305
—4o 4 | o9—  LOGIC GND 001
--4-0 7 lo
--to 8 |o
-at-o 9 1o
-to 10 | o MC-VLT-FLT/+ L 0303
-ato 1| og— START/-L 0305
-} 12 | og— RTZ/-L 0308
{0 13 | ofam ON-CYL/-L 0305
Ed B 14 | ote= READY-BLINK, ~L 0204
1o | 15 | oge=  RESET-EXT-INT/-L 0305
-af-o 16 | ot FLT-0/+L 0304
S 17 | oo FLT-1/+L 0304
: o | 18 | o=  FLT-2/¢L 0304
o | 19 | oo FLT-3/+L 0304
:1-0 7? oo FLT-4/4L 0304
o | 2! | o4—  psyE00 SEEK/-L 0305
°© [ 22 | oo MADR-F/4L 0302
—4° | 23 !o9—  LOGIC GND 0301
~fo | 24 | 04—  OFFSET -/+L 0305
=1° | B | o%—  OFFSET « /4L 0305
={° | % [o4—  CYL-ADDR-O/+L 0303
~fo | 27 | o4—  CYL-ADDR-1/+L 0303
=to | 2 | o4—  CYL-ADDR-2/+\ 0303
-to | 2 :1-—- CYL-ADDR-3/+ L 0303
~to [ X = CYL-ADDR-4/+L 0303
~fo | 3 | o4—  CyL-ADDR-5/4L 0303
~to | 2 | 04— CYL-ADDR-6,'+ L 0303
~to | 3 | om— ZYL-ADDR-7. +L 0303
-to | M | og— CYL-ADDR-8, * L 0303
:j"’ 35 | od—  CYL-ADDR-9. + 1L 0303
o | X | o1®  SEEK-ERROR/+L 0305
40 | 37 [od—  MAIN-FLI-INT, -0 0303
—4o | B | oo MP-FLT - 0305
—q {; o4  LOGIC GND 0301
o o FLT-RESET/+L 03203
° 4 |0
° 42 |o
o | & je-  SECTOR-PULSE -L 0304
—o 44 — *5V 2301
4 — 0V 030!

SOURC
ﬁ X-MF_ DEST Z X-REF SIGNAL X-REF.
0V o)
ACH-SHLD 0306
VELOCITY Tach o0%0¢
XDUCER 1601 o
ANALOG GND 0301
P1-810 1508 | DIAG-FG-MON  -030*
Pi-gl 150® | DIAG-ACT-I-MON .030*
P1-912 100 | DIAG-OR-MON  1030*
PI-813 o803 | 1-SPE 0306
ri-8i4 0803 SPE 0306
ANALOG AND 0301
11001 1601 SPIN-SEN-DR 0307
110-02 1601 SPIN-SEN-SHLD 0307
11003 1601 SPIN=-SEN-RTN 0307
110-04 1601 SPIN-SEN 037
11008 1601 Y 0301
P1-830 010*  P1-AR 030 PRES -SW/+L 030° .
1601 Ji-01 1201 1PRES -SW/+L 030*
J1-02 1200 P1-840 0303 LED -FLT/-L 030°
ANALOG GND PRES -SW -GND  030*
ANALOG GND  030)
el- 0205,P1-841 0606 FXD-ADOR/-L 03¢
1M TP 0406 RTZ-OR-SEEK/+L 0305
-840 0303, P1-843 0606 VOL-CHANGE/-L 0303
SV 0301
sV 030!
-5V 0301
2-003 0603 | AGC ACT/A 0305
P2-304 1500 | 1/O-WRT/-L 302
P2-005 100 | 170-20/-L 0302
LOGIC GND 0!
2-907 1508 | MADR-O/+L 0302
P2-908 1500 | MADR-1/+L 0302
2-009 15900 ,| MADR-2/+L 0302
P2-810 1908 ] MADR-3/+L 032
P2-311 1500 | MADR-4/+L 0302
P2-912 108 | MADR-5/+L 0302
P2-813 1500 | MADR-6/+L 0302
P2-814 1508 MADR-7/+{ 0302
2-815 1900 | MADR-8/+L 0302
P2-816 1508 | MADR-5/+L 0302
p2-817 1909 | MADR-A/-L 0%2
r2-318 100 | MADR-3/-L 0302
P2-019 1500 | MADR-C/-L 0%2
$2-820 1508 |  MADR-D/-L 0%2
P2-821 1508 | MADR-E/-L 0302
LOGIC GND 0301
2-524 1508 | OBO/+L 0302
P2-125 1508 | DBI/+L 0302
P2-826 1508 | D82/+L 0302
P2-527 1508 | DBA/+L 0202
P2-428 1508 | OB4/+L 0302
P2-829 1500 | DBS/+L 0302
2-A% 0606 | SVO-CLAMP/-L 0305
P2-83) 1508 | D86/+L 0302
P2-832 150® | DB7/+L 0302
2-833 1508 | MEM-WRT/-L 0302
P2-834 150@ | MEM-RD/-L 0302
P2-835 150@ | EXT-INT-1/-L 033
P2-835 1508 | LOGIC GND 0%}
P2-0Y7 0606 | SECTOR-SYNC/-L 0304
P2-838 0605 | 808-KHZ/-L 0304
LOGIC GND 030)
SV 0!
0V 001
o
———
FIGURE 5-6. SERVO COARSE
77683560-N

SWIRED TO, BUT NOT USED ON PWA

SOURC
DesT

J1-01
J1-02
J1-03
J1-04

J1-05
J1-06

PI-01
n-oz} n

P2-A03
P2-A04
P2-AD5

1601
1601

CIRCUIT BOARD (SHEET 1 ofF 13)
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FIGURE 5-6. SERVO COARSE CIRCUIT BOARD (SHEET 9 OF 13)
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