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PREFACE

This manual has been prepared for customer engi- Section 6 - Description of descrete components and
neers and other technical personnel directly involved their functions. For ease of using the
with maintaining the storage module drive (SMD). logic diagrams, transistors and their
Shown in the configuration chart. associated components are frequently
condensed into an equivalent logic sym-
Reference information is provided in six sections in bol. This section, arranged in alphabeti-
this manual. Section numbers and a brief description cal order of the circuit type designator
of their contents are listed below. (AAA-ZZ2Z) explains these functions and

illustrates the actual discrete elements,

Section 1 - General Description. Describes equip-

ment functions, specifications, and Manuals applicable to the SMD are as follows:
equipment number identification.
Publication No. Title
Section 2 - Operation. Describes and illustrates 53308400 Maintenance
the location and use of all controls and 83308500 Reference
indicators, power on sequencing, and 83308600 Parts Data

disk pack installation and removal.
A guide for the Disk Drive Operator, Publi-
Section 3 - Theory of Operation. Describes basic cation nﬁmber 83323770, is also available.
logic and mechanical functions. The guide may be ordered through Literature
Distribution Services at the following ad-

Section 4 - Introduction to logic symbology and dress:
card construction.
Control Data Corporation
Section 5 - Description of integrated circuits used Literature Distribution Services
in the dri Includ . : nts 308 North Dale St.
in the drive. cludes pin assignme St. Paul, MN 55103

along with truth tables and/or typical

waveforms.
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STORAGE MODULE DRIVE CONFIGURATION
EQUIP. | FINAL | POWER CABINET FEATURES ELEC FEATURES
IDENT. ASSY NON CAB- | DAISY | HYST. | NRZ/ VAR,
NUMBER P/N HZ voLT ACST facst| !X | 2X |DESK|RACK| ey |cyain |Brake| MFM | PLO |secT.
BJ7AL-A  |76420002 | 60 120 X X X | x| x
BJ7A2-A 76420003 60 120 X X X X X X
BJ7A2-B 76420009 50 220 X X X X X X X
BJ7A2~C 76420011 60 100 X X X X X
BJ7A2~-D 76420010 50 100 X X X X X X X
BJ7A2-E 76420015 60 120 X X X X X X X
BJ7A2-F 76420016 | 50 220 X X X | x X | x X
BJ7A2-G 76420037 60 120 X X X X X X X
BJ7A2~H 76420038 50 220 X X X X X X X
BJ7A2~J 76420046 60 120 X X X X X X X
BJ7A2~K 76420048 50 220 X X X X X X X
BI7A2-L 76420049 60 100 X X X X X X X
BJ7A2-M 76420050 50 100 X X X X X X X
BJ7A2~N 76420052 60 120 X X X X X X X
BJ7A2-P 76420051 50 220 X X X X X X X
BJ7A2-R 76420066 | 60 120 X X X | x X | x X
BJ7A2~-S 76420053 50 220 X X X X X X X
BJ7A2-T 76420056 60 120 X X X X X X X
BJ7A2~U 76420057 50 220 X X X X X X X
BJ7A2-V 76420070 50 220 X X X X X X X X
BJ7A2-T 76420056 60 120 X X X X X X X
BJ7A2~U 76420057 50 220 X X X X X X X
BJT7A2-W 76420058 50 220 X X X X X X X
BJ7A2~-7 76420059 50 220 X X X X X X X
BJ7A3-A 76420004 | 60 120 X X x | x X | x
BJ7A3~-B 76420008 50 220 X X X X X X X
BJ7A3~C 76420062 60 120 X X X X X X
BJ7A3-L 76420065 60 120 X X X X X X
BJ7A3-F 76420074 60 120 X X X X X X X
BJ7A3~G 76420075 50 220 X X X X X X X
BJ7A3~H 76420080 60 120 X X X X X X X
BJ7A3-K 76420082 60 120 X X X
BJ7A4-A 76420005 60 120 X X X X
BJ7A5~A 76420006 60 120 X X X X X
BJ7A5-B 76420007 | 50 220 X X X | x X | x
BJ7A6-A 76420012 60 120 X X X X X X
BJ7AT7-A 76420013 60 120 X X X X X X X
BJ7A7~B 76420014 50 220 X X X X X X X
BJ7AT~C 76420031 60 120 X X X X X X X
BJT7A7~D 76420032 50 220 X X X X X X X
BJT7AT-L 76420076 60 120 X X X X X X X
BJTAT~F 76420077 | 50 220 X X X | x X |x X
BJI7B2~A 76420029 60 120 X X X X X X X
BJ7B2~B 76420030 50 220 X X X X X X X
BJ7B2-C 76420033 60 120 X X X X X X X
83308500 F ix




o) STORAGE MODULE DRIVE CONFIGURATION tconce

EQUIP. FINAL POWER CABINET FEATURES ELEC FEATURES
IDENT. ASSY NON CAB- | DAISY | HYST. | NR2/ VAR,
NUMBER P/N HE voLT ACST | acst| !X | 2X | DESKIRACK| ey | cuain|Brake| wem | PLO |secT.
BJ7B2-D 76420034 | 50 220 X X x Ix | x Ix | x
BJ7B2-G 76420039 | 60 120 X X X X X X X
BJ7B2-H 76420040 | 50 220 X X X X X X X
BJ7B2~J 76420054 | 60 120 X X X X X X X
BJ7B2~K 76420055 | 50 220 X X X X X X X
BJ7B2~L 76420063 | 60 - 120 X X X X X X X
BJ7B2~-M 76420074 { 50 220 X X X X
BJ7B2~N 76420064 | 60 120 X X X X X X X
BJ7B2~P 76420071} 50 100 X X X X X X X X
BJ7B2~R 76420078 | 50 220 X X X X X X X
BJ7B2-S 76420079 | 60 120 X X X X X X X
BJ7B2~U 76420081 | 60 120 X X X X
BJ7B4-A 764200411} 60 120 X X X X X X X
BJ7B4~C 75420043 | 60 120 X X X X X X X
BJ7B4~E 76420044} 60 120 X X X X X X X
BJ7B4-G 764200451 60 120 X X X X X X X
BJ7B5~A 76420069 ] 60 120 X X X X X X X X
KER 0644
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SECTION 1

GENERAL DESCRIPTION



GENERAL DESCRIPTION 1

INTRODUCTION

The CONTROL DATA” Storage Module Drive (SMD)
is a high speed, random access, data storage device
that interfaces with a central processor through a

controller.

The electro-mechanical SMD positions its readfwrite
heads to discrete tracks over spinning disk surfaces.
Data, in the form of magnetized bits or spots, is
written on or read from the disk surfaces by the
read/write heads. Head positioning is performed
by a closed loop proportional servo system. The
carriage is driven by a voice coil linear actuator
with position feedback provided from a servo sur-

face on the disk pack.

The basic SMD consists ol a disk pack spindle with
associated drive motor, an actuator assembly,
speed and position sensing devices, and logic cir-
cuitry for positioning, reading, writing, and inter-
face. A hinged cover allows access to the spindle
for normal pack installation and removal, while
also providing a seal in the closed position to main-

tain cleanliness within the disk shroud.

Specifications for the storage module drive are
listed in Table 1-1.

TABLE 1-1. DRIVE SPECIFICATIONS
Characteristic Conditions Specifications
PHYSICAL SPECIFICATIONS
Refer to SMD Maintenance Manual Publication No. 83308400,
ENVIRONMENT
Temperature Operating 600F (15, 50C) to 90°F (32°C)
Gradient 120F (6. 69C) per hour
Transit {(packed) ~30°F (-340C) to +1500F (66°C)
.Relative Humidity Operating 20% to 80%
(no condensation) Transit (packed) 5% to 95%
Altitude Operating -1000 £t (-305 m) to +6500 £t (3.05 km)
Transit {packed) -1000 £t (-305 m) to +15,000 ft (4.6 km)
POWER SPECIFICATIONS \
Refer to SMD Maintenance Manual Publication No., 83308400,

83308500 H



TABLE 1-1. DRIVE SPECIFICATIONS (Cont'd)

Characteristic Conditions Specifications

DATA RECORDING SPECIFICATIONS

Disk Pack Packs/Drive 1
Recording Surfaces/| 5
Disk Pack
Usable Cylinders/ | 823 (0-822)
Recording Surface
Tracks /Cylinder 3
Tracks/Inch 384
Track Spacing 0,0026 inch (nominal)
Rotational Speed 3600 rpm (16.7 ms/rev)
Disk Pack CDC 9877 or equivalent
Disk Surface 14 inches {nominal)
Diameter
Disks/Disk Pack 5 (top and bottom disks are for protection only)
Coating Magnetic oxide
Seek Timing Access Mechanism Voice coil driven by servo loop
822-Track Seek 55 ms {(maximum)
1-Track Seek 7 ms {maximum)
Average Seek 30 ms

1-2 83308500 E




TABLE 1-1.

DRIVE SPECIFICATIONS (Cont'd)

Characteristic

Conditions

Specifications

I.atency Time

Recording

Heads

Data Capacity

Controllers/Drive
Drives/Controller

Interface Cables

Average
Maximum

Mode
Bit Density

Rate

Recording

Servo (positioning)
Read/Write Width

Nominal

Bits/Track
Bits /Cylinder
Bits/Pack

Bits/Byte
Bytes/Track
Tracks/Cylinder

Quantity
Quantity

Minimum Length

Maximum Total
System Length

Type

Connectors
Pin Assignments

Signal Functions

8.33 ms (at 3600 rpm)
17.2 ms (at 3492 rpm)

Modified Frequency Modulation (MM}

4038 bits per inch (outer track, nominal)

6038 bits per inch {inner track, nominal)

9.677 Mz (nominal), 1,209,600 bytes/second

B
1

0.002 inch {nominal)

80 MB

161, 281 (unsectored)
806; 400 (unsectored)
651,571,200 (unsectored)
8

20, 160

5

1

16 (0-15) maximum

15 ft (4.6 meters)
75 ft (22, 8 meters)

Control: Twisted pair

Signal: Twinax

2 per drive (star configuration)
Refer to Maintenance Manual

Refer to Section 3 of this manual

ASSEMBLY LOCATIONS

Figure 1-1 illustrates the basic storage module drive.

Detailed information on the construction and functions
of these assemblies is provided in Section 3 of this

manual.

TOP COVER ASSEMBLY

The top cover assembly protects the other drive
assemblies during operation. The drive cover for

pack loading is opened by means of a latch under the

83308500 F.

cover. An electrical switch senses that the cover

is opened, disables the spindle motor power, and

commands retract if the heads are loaded.

SPINDLE ASSEMBLY

The spindle assembly mounts and rotates the disk

pack. Its associated drive motor runs continuously

whenever a pack is installed, the pack cover is
closed, and the START switch is on.

1-3



/op COVER

PACK COVER

LOGIC CHASSIS

ACTUATOR COMPONENTS

SERVQO AND
READ/WRITE HEADS

CONTROL PANEL

POWER SUPPLY

SHROUD

BMIC
SPINDLE

Figure 1-1, Assembly Locations
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ACTUATOR ASSEMBLY

The actuator assembly mounts the read/write heads
for processing data. The actuator contains a voice
coil positioner controlled by a closed-loop, con-

tinuous-feedback servo system.

SHROUD

The shroud surrounds the disk pack. The shroud
protects the pack, aids in directing air from the
blower to the pack, and prevents the operator from

damaging the read/write heads with the pack.

LOGIC CHASSIS

The logic chassis serves as the mounting point for

the main complement of the logic cards. The chassis

is mounted on the deck assembly. The backpanel
terminals provide ready access to all signals enter-
ing and leaving each card. In addition, the cards
have test points for monitoring critical signals within

the cards.

Read/Write logic cards that contain logic directly
affecting head selections and operation are mounted
near the data head leads.

POWER SUPPLY

The power supply distributes the dc power required
by the drive. Incoming power is filtered by a line
filter and applied to a main ac power circuit breaker
and a secondary ac power circuit breaker for the
power supply.

EQUIPMENT IDENTIFICATION

An equipment number is assigned to each drive to
identify its configuration. This provides a system-
atic method of identifying, accounting, and con-
trolling changes that affect drive logic and

mechanical components.

83308500 D

The equipment configuration is identified by a name-
plate attached to the [rame at the back of the drive.
The Equipment Identification Number will be similar

to the following:
BJ7A2 A 0

L Series Code

Type Identifier

N

Equipment
Identifier

The Equipment Identifier indicates the basic function
of the unit. Refer to the equipment configuration

listing in the preface,.

The Type Identifier indicates a non-interchangeable
difference in equipments that affects the interface.
The term "Mod" is sometimes used interchangeably

with "Type Identifier',

The Series Code changes with each non-interchange-
able change within the equipment. Drives with
different series codes are fully interchangeable at
the system level; however, not all of their electrical -
or mechanical components may be interchangeable.
Series codes are changed by Engineering Change
Order (ECO) only at the factory.

Other changes are accomplished by Field Change
Order (FCO). These changes may be installed either
at the factory or by field personnel. FCO changes
are indicated by an entry on the FCO Log that accom-
panies each machine, It is important that this log be

kept current by the person installing each FCO.,

Unless otherwise specified, all theory, procedures,
and diagrams in these manuals apply to all units.

Exceptions are noted where applicable,

Manuals accompanying unit shipments from the
manufacturer match the configuration of those units.
Subsequent manual changes are controlled by the
Revision Record sheet behind the title page of every
manual. This sheet identifies the Series Code and
FCO effectivity of manual changes. If maintenance
will be performed using a manual other than the
manual supplied with each drive, verify that the

manual and drive configurations match.
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OPERATION 2

INTRODUCTION

‘This section provides instructions and related infor-

mation for operating the drive,

CONTROLS AND INDICATORS

The drive has a control panel located on the front of
the machine, and power switches and a running time
meter located at the rear. Figure 2-1 illustrates
the controls and indicators, and table 2-1 pro-

vides functional descriptions.

OPERATING INSTRUCTIONS
POWER APPLICATION

1. Set AC POWER circuit breaker to ON. (If
the pack is stored in the drive, the AC
POWER breaker should be left on to main-

tain cleanliness of shroud and pack.)

2. Set POWER SUPPLY circuit breaker to
ON.

3. Install a disk pack {refer to Disk Pack

Installation procedure).

4. Press operator panel START switch.

5. Spindle motor energizes. Head loading
sequence begins when spindle is up

to speed.

6. Head loading sequence is complete when
heads are positioned to track 0. Drive is
now ready to receive a Read, Write, or
Seek command from the control unit.
READY indicator is on.

DISK PACK HANDLING

To ensure maximum disk pack life and reliability,
observe the following precautions:

83308500 F

1. Store disk packs in machine-room atmos-
phere (60°F to 90°F, 10% to 807% relative

humidity).

2. If disk pack must be stored in different
environment, allow two hours for adjust-

ment to computer environment before use.
3. Never store disk pack in sunlight or in
dirty environment,
4. Store disk packs flat, not on edge. They
may be stacked with similar packs when

stored.

[}

Always be sure that both top and bhottom
plastic covers are on disk pack whenever

it is not actually installed in a drive.

6. When marking packs, use pen or felt tip
marker that does not produce loose residue.
Never use a lead pencil. Write on label

before it is applied to disk pack cannister.

7. Do not attach any label to the disk
pack itself. Labels will not remain
attached when the pack is spinning
and catastrophic head crashes may
result. All labels should be placed

on the pack cannister if required.

DISK PACK INSTALLATION

Make certain that the disk pack to be installed has
been maintained according to the Preventive Mainte-

nance section.

1. Raise pack access cover. (AC POWER

circuit breaker must be ON).

2. Lift disk pack by plastic canister handle.
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TABLE 2-1. CONTROILS AND INDICATORS

Control or Indicator

Function

OPERATOR PANEI.

START switch

START indicator

FAULT switch

UNIT MAINTENANCE
switch

FAULT indicator

LOGIC PLUG

READY indicator

Energizes (when pressed to light) spindle drive motor and begins

First Seek sequence provided the following conditions are met:
1. Disk Pack is in place and canister removed.
2. Pack cover is closed.

3. Circuit breakers are on,
Causes a power off sequence (when pressed to extinguish).
Lights when switch is on.

Clears the fault circuitry and extinguishes the FAULT indicator.
(Does not clear Maintenance Fault register.)

Prevents drive from activating Unit Selected signal, thus
preventing the controller from selecting drive, This switch
should not be used during normal on line operation.
Lights in response to one or more of the following conditions:

1. Read and write are selected at the same time.

2. No ac write current when Write Gate is present,

3. More than one head is selected.

4. Read or Write is selected while off cylinder.

Low voltage condition sensed for +5v, £20v, +42v.

6. Loss of dibit signal for 350 ms with heads loaded.

Completes circuitry topermit selection of the unit through a binary code.
CAUTION

Unit select logic plug should not be changed or removed
unless unit is shut off with heads unloaded.

Lights when the unit is up to speed, the heads are loaded, and no
fault condition exists.

REAR PANEL

AC POWER
circuit breaker

POWER SUPPLY
circuit breaker

Elapsed Time Meter

Controls application of ac power,
Controls application of dc power to the logic chassis.

Active when ac power and dc power are applied by circuit breakers.
Records accumulated ac power-on time.
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TABLE 2-1, CONTROLS AND INDICATORS (Cont'd)

MAINTENANCE PANEL (BACK OF OP PNL)}

Control or Indicator

Function

WRITE FAULT indicator

HEAD SELECT FAULT
indicator

W.R. FAULT indicator

Indicates a write was attempted and no ac write current and/or dc

current was sensed.

Indicates more than one head selected.

Read or write were selected at same time,

ON CYLINDER FAULT
indicator

VOLTAGE FAULT indicator

Read or write was selected while off cylinder.

Low voltage condition existed for *5v, #20v, *42v.

Disengage bottom dust cover fram disk pack

by turning canister handle counterclockwise.

Set cover aside in an uncontaminated area.

CAUTION

Avoid abusive contact between the disk
pack and the spindle. The read/write
heads are sometimes manually positioned
during maintenance procedures. Make
certain that the heads are fully retracted.

Place disk pack onto spindle.

NOTE

A spindle lock mechanism is actuated
when the disk pack canister cover is
on the spindle. The mechanism holds
the spindle stationary while loading or
unloading a disk pack.

Twist canister handle clockwise to lock

disk pack in place.

NOTE

A click may be heard as the spindle
lock mechanism engages.,

Lift canister clear of disk pack, place
bottom dust cover on canister, and set
aside in an uncontaminated area.
Close pack access immediately to

prevent entry of dust and contamina-
tion of disk surfaces.

DISK PACK REMOVAL

Press operator panel START switch to
extinguish the START indicator.

Check that disk pack rotation has stopped.

(Stopping time is approximately 1.5 minutes

pack so that post protruding from center of

Lift canister and disk pack clear of spindle.

2.
without brake and 20 seconds with brake.)
3. Raise front cover,
CAUTION
The read/write heads are sometimes
manually positioned during maintenance
procedures, Make certain that the
heads are fully retracted.
4. Place plastic canister over mounted disk
disk pack is received into canister handle.
5. Twist canister handle counterclockwise
until disk pack is free of spindle.
CAUTION
Avoid abusive contact between the disk
pack and the spindle assembly.
6.
7. Close front cover.
8.

Place bottom dust cover in position on disk
pack and lock it.

FIELD TEST EXERCISER

The Field Test Exerciser permits full control of the
drive seek and read/write logic without computer
intervention. Refer to the Field Test Exerciser

manual for a complete description of operation.
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THEORY OF OPERATION



THEORY OF OPERATION 3

INTRODUCTION

Theory of operation for the drive is organized into
two parts. The first part describes the major me-
chanical assemblies. The second part describes the
power functions, the logical functions, and the

signals exchanged with the controller.

I"unctional descriptions are frequently accompanied
by simplified diagrams. These diagrams are useful
both for instructional purposes and as an aid in
troubleshooting. The diagrams have been simplified
to illustrate the principles of operation; therefore,
some elements are omitted. The logic diagrams in
the Maintenance Manual should take precedence over
the diagrams in this section whenever there is a con-

flict 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 re-
sulting 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
1/0 commands -and signals), and track format (i.e.,

data records and field organization).

ASSEMBLIES

Figure 3-1 illustrates the relation of the major
assemblies comprising the SMD. The following
paragraphs describe the operation of these assem-

blies.

POWER SUPPLY

Each drive has its own self-contained power

supply.
rear and cooled by air from a blower at the

The power supply is located in the
front of the drive cabinet. The power sup-
ply consists of a transformer and associated
filter capacitors to supply *5, %12, £20

and t42 volts. The *5 and %12 V sup’plies are

also internally regulated.
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The power supply has the following outputs:

1. 420 vde for emergency retract relay, hyster-

esis brake, and the logic.

2. +12 vdc for read amplifiers and track servo

preamplifier.
3. %5 vdce for the logic.

4. +£42 vdc for use by the voice coil positioner

and by the writer circuitry.

Power is made available to the drive through a line
filter and the closed contacts of the AC POWER and
POWER SUPPLY circuit breakers. When the AC
POWER circuit breaker is closed, the blower motor
starts, logic fan, and running time meter operate.
When the POWER SUPPLY circuit breaker is closed,
all dc power iz available, the logic fan starts. With
both AC and DC circuit breakers closed, the running
time meter operates. The %5 vdc voltages are ad-

justable.

LOGIC CHASSIS

The logic chassis assembly consists of a wire wrap
board, logic cards, and a blower motor. The logic
cards are installed on the protruding pins of one
side of the wire wrap board. Wiring between cards
and to and from the logic chassis occurs at the pro-
truding pins on the opposite side of the wire wrap
board. Access to this wiring is gained by releasing
two screws from the hinged support at the rear of
the logic chassis and swinging the chassis upward.
The chassis is held in this position by a sliding

support mounted on the voice coil assembly.

The logic card chassis contains all the logic cards
used in the drive except the writer and analog cards,
which are located near the actuator assembly. The
logic chassis cards are five by six inches and in-

stalled vertically in numerically identified positions.

DRIVE MOTOR ASSEMBLY

The drive motor drives the spindle assembly. The
motor is a 1/2 hp unit of the induction type. The

motor is secured to a mounting plate. The motor
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mounting plate is secured to the underside of the
deck plate. 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 temperature of the drive motor is monitored by
an internal thermostat., If the motor overheats, the
thermostat opens. The result is a speed loss and
retraction of the heads. The drive motor thermal
overload button is located on top of the motor; it is

reset by pressing it.

HYSTERESIS BRAKE ASSEMBLY

The hysteresis brake decelerates the drive motor
during a Power Off sequence (refer to Power Off se-
quence paragraph). The brake is energized whenever
relay K4 is de-energized and the heads are unloaded.
The brake mounts directly on the motor shaft, below
the motor pulley. The brake consists of two concen-
tric permeable bodies assembled with a uniform gap
separating the outer diameter of one from the inner
diameter of the other. These adjacent surfaces con-
tain a series of pole faces. A permanent magnet, in
the shape of a cup, fits in the gap to separate the
cylinders. This cup is connected to the motor shaft
by two setscrews. As long as spindle motor power is
applied, brake power is not available and the cup is
driven at the speed of the motor. When spindle motor

power is removed and the heads unload, braking

power is applied. A flux field is created between the -

inner and outer cylinder pole faces as braking volt-
age (+20v) is applied to the inner cylinder. The flux
field sets up what is in effect magnetic friction be-

tween the inner cylinder and the cup, causing the cup
(and motor shaft) to decelerate. Brake deceleration

in turn causes spindle motor deceleration.

SPINDLE ASSEMBLY

The spindle assembly is the physical interface be-
tween a drive and a disk pack. The surface of the
pack mounting plate (Figure 3-2) mates directly

with the center of the disk pack.
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Figure 3-2. Spindle Assembly

The upper end of the spindle assembly contains
internal threads that engage the external threads of

a stud projecting from the disk pack. When the disk
pack canister cover handle is rotated clockwise, the
spring loaded lockshaft inside of the spindle is pulled
upward and the disk pack is pulled down. As aresult,
the mating surfaces of the disk pack and spindle are
engaged by a force of approximately 130 pounds.
When the disk pack is fully engaged, a release mech~
anism in the canister handle frees the canister {rom

the disk pack.

The spindle lock is actuated by the pack canister
when installing or removing a disk pack., This
makes it easier to install or remove a disk pack

by preventing spindle rotation.

The spindle is driven by a flat belt linking the

spindle drive pulley to the drive motor pulley.

A ground spring (Figure 3-2) 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.

ACTUATOR

The actuator consists of the coil and carriage, rail
bracket assembly, and magnet assembly. The
actuator (Figure 3-3) is the device that supports and
moves the read/write and track servo heads. The
forward and reverse moves of the carriage on the
carriage track are controlled by a servo signal.

The basic signal is developed in the logic section
and processed by a power amplifying stage. 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 around the magnet assembly. The re-
action either draws the voice coil into the permanent
magnet field or forces it away. Signal polarity de-
termines the direction of motion, while signal

amplitude controls the acceleration of the motion,

MAGNET ASSEMBLY

RAIL BRACKET
ASSEMBLY

HEAD-ARM
ASSEMBLY

!
HEAD CAM

The voice coil positioner is a bobbin-wound coil that
is free to slide in and out of the forward face of the
magnet assembly. Fastened to the positioner is a
head/arm receiver which holds the 5 read/write
heads and the single track servo head. The head/
arm receiver mounts on the coil and carriage as-
sembly 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 the disk pack. (Refer to Head Loading para-
graph for detailed information on read/write head

loading and unloading.)

The positioning signal is derived in the logic chassis
and power amplifier, The signal is applied to the
voice coil positioner via two flexible, insulated, metal

straps, the ends of which are secured to the carriage

and bearing assembly.

COIL AND CARRIAGE
ASSEMBLY

8M5

Figure 3-3. Actuator Elements (Heads Extended)
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During any Seek operation, the logic must be in-
formed of the current location and velocity of the
carriage., This information is provided by the vel-
ocity transducer in the magnet assembly and the
track servo head installed on the head/arm

receiver.

The transducer is a two-piece device, one piece
Refer to the

Transducer paragraph for a complete description.

stationary and the other movable.

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 car-
riage moves too far toward the disk pack, the two
bumpers contact the upper and lower {ront sides of
the carriage. If the carriage is retracted far enough
away from the disk pack, the rear of the head/arm
receiver contacts a rear cylindrical bumper which

protrudes out of the front face of the magnet core.

HEAD LOAD SPRING
RIGID ARM

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 disk pack cither
when power is removed from the unit or when the
disk pack velocity falls below about 3000 rpm. The
actuator components involved in these operations

are identified in Figure 3-4.

Ileads 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. Ilead load spring
pressure is designed to just equal the opposing
cushion pressure (function of disk pack rpm) at the
required height. As a result, the head flies. How-
ever, if the head load spring pressure exceeds the

cushion pressure (as would happen if the disk pack

] UNFLEXED PROFILE

CAM SURFACE

OF HEAD ASSEMBLY

HEADS UNLOADED - CAM
f“N\ SURFACE ON EACH HEAD
] ASSEMBLY RIDES ON CAM

WHEN CARRIAGE 1S

1 | RETRACTED. HEAD FACE
] MOVES CLEAR OF
DISK SURFACE.

HEADS LOADED-CAM SURFACE ON EACH
HEAD ASSEMBLY RIDES OFF CAM AS

CARRIAGE EXTENDS. MOVEMENT OF

HEAD LOAD SPRING MOVES HEAD

HEAD

== { ] :

o T — 1

P

DUAL SURFACE DISK

HEAD CAM CARRIA
{PART OF DISK PACK) RRIAGE

[ < 1 '—T__}

T ey - \...J_I

CUSHIONING LAYER OF AIR EXISTS
ON SURFACE OF SPINNING DISK.
HEAD GIMBALS COMPENSATE FOR
DISK VARIATIONS.

TOWARD DISK SURFACE UNTIL OPPOSING
FORCE OF AIR LAYER CANCELS
FORCE OF HEAD ASSEMBLY.

8M6

Figure 3-4. Ilead Loading
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lost enough speed), the head stops flying and con-
tacts the disk surface. This could cause damage to

the head as well as the disk surface.

To prevent damage to the heads and/or the disk pack
during automatic operation, loading occurs only
after the disk pack is up to speed and the heads are
over the disk surfaces. For the same reason, the
heads unload automatically and are retracted if the
disk pack rpm drops out of tolerance. During
manual operations, heads should never be loaded on
a disk pack that is not rotating. Head loading is a
part of the Power On/Load function. Pressing the
START switch initiates disk pack rotation and
purge. Purge time is 15 to 30 seconds (30

sec max).

When the pack reaches 2800 rpm, the logic
senses the Up to Speed condition. After up
to speed and purge have been accomplished,
the logic 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 3-4) 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
unloaded position. As the carriage moves forward,
the head load spring cam surface rides off the head
cam just after the read/write heads move out over
the disk surface. The loading force moves the head
face toward the air layer on the surface of the spin-

ning disk until the opposing forces balance.

The heads loaded switch status reflects the state of
the read/write heads (loaded or unloaded). This
status is used in the logic chassis and power supply.
The switch mounts on the upper rail bracket and is
transferred by carriage motion. Whenever the car-
riage 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 trans-
fers at a point within about 0.1 to 0.2 inch forward
of the retracted stop. This switch status remains

3-6

unchanged until the carriage is retracted to the same
position and, as such, does not precisely indicate
the loaded/unloaded status of the heads. Precisc
status is determined by the logic when the servo
track head senses dibits. This switch is interlocked
to the drive motor and will not allow spindle power

to be removed until the heads are unloaded.

Head unloading occurs whenever power to the unit is
removed or disk pack rpm drops below tolerance.
Signals to the logic 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 Power Off Sequence
paragraph for additional information.) As the car-
riage retracts, the cam surfaces encounter the head
load springs and each head rides vertically away
from the related disk surface., The carriage con-

tinues back to the retracted position and stops.

Head/Arm Assemblies

Six head/arm assemblies are mounted on the car-
riage. A read/write head/arm assembly consists
of a read/write head assembly 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 assembly (Figure 3-3), which includes a
cable and plug, is mounted on a gimbal ring which,
in turn, is mounted on a head load spring. This
method of mounting allows the head assembly to
pivot (independent of the arm) tangentially and radi-
ally relative to a data track on the disk surface.
Such motion is required to compensate for possible

irregularities in the disk surface.

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 floating arm is the mounting point for the head
and is necessarily flexible so that it can flex during
load and unload motions, onto and off of the cam

surfaces,
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Figure 3-5. Head/Arm Assembly Motion

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 imper-
fection) is countered by a move in the op-

posite direction by the gimballed head and/
or floating arm. As a result, flight height

remains nearly constant.

TRANSDUCERS

The deck assembly contains two transducers: speed
sensing transducer and velocity transducer. These
transducers provide signals that are used by the

logic chassis and the controller to generally control

the progression of most machine operations.
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Speed Sensing Transducer

The speed sensor (Figure 3-6) generates a voltage
output whenever the two ferro-magnetic slugs enter
the magnetic field surrounding the pole piece at the
pickup end of the transducer. The pack hub is filled
with two ferro-magnetic slugs. The speed sensor
generates a signal each time the slug is detected by
the transducer. The logic then shapes this signal
into a 55-usec pulse. As long as the speed exceeds
DIRECTION

OF ROTATION 515k pack HuB

&)

FERRO MAGNETIC SLUG

/—] DECK SURFACE

&

.| sHaPiNG
LoGle [~ 55 USEC PULSES

. . 8M8
3-6. Speed Detection

Figure



2800 rpm, one of these pulses will be sensed at least
once each 12.5 ms. A sensing circuit within the logic
monitors the pulses and provides an enable to relay

K2,

If speed is insufficient, the pulse repetition rate is

reduced accordingly. This has either of two effects:

1. 1If the heads are not loaded, K2 cannot
energize and the logic will not initiate

the load sequence,

2. If the heads are already loaded, K2 opens,
and the voice coil is disconnected from the
logic power amplifier and connected to the
emergency retract circuit. The heads
immediately are unloaded to the retracted

stop.

Velocity Transducer

The velocity transducer (Figure 3-7) is a two-piece
device consisting of a stationary tubular coil/housing

and a movable mignetic core,

The magnetic core is connected via the extension
rod to the rear surface of the head/arm receiver.
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 this emf is
directly related to the velocity of the core {(and car-
riage). The polarity of the emf is an indication of
the direction of movement by the core (and carriage).
The transducer output drives an operational ampli~
fier located in the logic chassis. This signal is used
by the servo logic to control acceleration/decelera-

tion of the carriage during Seek operations.

BLOWER SYSTEM

The blower system (figure 3-8) provides positive
pressure in the pack area. The presence of this
elevated pressure results in an outward dispersion

of air preventing ingestion of contaminated air. This

TRANSDUCER | LOGIC CHASSIS

MAGNETIC
CORE CONNECTED
TO HEAD/ARM
RECEIVER VELOCITY
AMPL SIGNAL
EXTENSION
! COIL /HOUSING ROD
L 1 e
\ (STATIONARY) VELOLITY =
COIL WINDING
{FULL LENGTH
OF HOUSING) 8M9
Figure 3-7. Velocity Detection
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Figure 3-8.

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.

DISK PACK

The disk pack is the recording medium for the drive,

The disk pack consists of five 14-inch disks, center-
mounted on a hub. The recording surface of each
disk is coated with a layer of magnetic iron oxide
and related binders and adhesives. The top and

bottom disks are protective non-recording disks.

There are five recording surfaces and one track
servo surface. The servo disk contains pre-
recorded information that is used by the servo logic

to position the heads to the desired track.
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Blower System

The 823 recording tracks are grouped in a 2~-inch
band near the outer edge of the disk. Track 822 has
a diameter of approximately 9 inches; the diameter
of track 0 is about 13 inches. The tracks are spaced
about 0,0026-inch apart.

The disk pack has a two-piece container. The bottom
cover can be removed simply by grasping and rotat-
ing the center hub. The top cover is designed so
that it can be removed only by installing the disk
pack on the spindle. The disk pack can be removed
from the spindle only by using the top cover, This
design protects the disk pack from physical damage
and greatly reduces the possibility of contamination

of the disk pack recording surfaces.



FUNCTIONS

1/O OPERATIONS

Figure 3-9 is a block diagram of the drive and its
1/O lines. Table 3-1 defines the signals on the I/O

lines. The block diagram shows only the main ele-
ments involved in the I/O dialog. More detailed
diagrams that illustrate signal interchange between
drive logic subsystems are provided in the applicable

theory portions of this manual.

TABLE 3-1. I/O LINES

Signal Name

Function

"A" CABLE (FROM CONTROLLER)

Tag Bus Lines

Bus In Lines
Bit 0
Bit 1
Rit 2
Bit 3
Bit 4

Bit 5

Bit 6

Bit 7

Bit 8

Bit 9

Unit Select Lines

Three lines that define the operation to be performed by the drive. Decoded
in the drive to define tag functions: Tag 1 strobes in the cylinder address and
initiates the seek. Tag 2 strobes in the head address and Tag 3 is the control

select which enables the function to be performed.

Tagl Tag?2 Tag 3
1 1 Write Gate - Enables write drivers,
2 2 Read Gate - Enables the digital read data lines.

With PLO option, leading edge triggers read chain
to sync on all-zeros pattern,

4 4 Servo Offset Plus - Offsets the actuator from the

nominal or cylinder position toward the spindle.

8 - Servo Offset Minus - Offsets the actuator from the

nominal on cylinder position away from the spindle.

16 - Fault Clear ~ Pulse sent to drive to clear the fault

summary flip-flop.

32 - Address Mark Enable {optional) - When combined with
a Write Gate, Address Mark is written. When com-
bined with a Read Gate, an Address Mark search is

initiated.

64 - RTZ - Pulse sent to drive to cause actuator to seek

to track zero.

128 - Data Strobe Early - Enables the PLO data separator
(optional) to strobe the data at a time earlier than
optimum,

256 - Data Strobe Late - Enables the PLO data separator

(optional) to strobe the data at a time later than

optimum.
512 - -

Four lines used to select the drive. The binary code on the lines must
match the code on the logic plug in the drive.
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TABLE 3-1. I/O LINES (Cont'd)

Signal Name

Function

"A'" CABLE (FROM DRIVE)

Sector Mark

Fault

Seek Error

On Cylinder

Index

Unit Ready

Open Cable Detector

Address Mark Found
(Optional)

Signal is derived from the servo track. There are a maximum of 128 sector

marks available per revolution.

Indicates that one or more of these faults exist: DC power fault, head select
fault, write fault, write or read while off cylinder, and Write Gate during a
Read operation. '

Indicates that the unit was unable to complete a move within 500 ms, or that
carriage has moved to a position outside recording field. A seek error inter-
rupt also occurs if an address greater than track 822 has been selected. In
this case, the seek error interrupt drops, the counter clears, and the car-
riage does not move.

Indicates that the servo has positioned the heads over a data track.

The leading edge of this signal is coincident with the leading edge of the

sector zero.
Indicates that selected unit is up to speed, heads are loaded, and no fault exists.

Inhibits Unit Selection and any unwanted command such as Write Gate when

"A' cable is disconnected or controller power is lost.

Indicates that an Address Mark has been found. Enabled by a combination of
Read Gate and Address Mark Enable.

"B" CABLE (FROM CONTROLLER)

Write Data

Write Clock (Optional)

Carries data to be recorded on disk pack. Data is write compensated MFM or
optional NRZ.

Required for optional NRZ. MFM transmits the Write Clock signal which

must be synchronized to the NRZ data.

"B" CABLE (FROM DRIVE)

Servo Clock

Read Data
Read Clock (Optional)

Seek End

Unit Selected

Phase-locked 9.677 MHz clock generated from the servo track dibits. It is
used to transfer data to the drive.

Carries data recovered from the disk pack. Data is MEFM or optional NRZ.,
Internally derived clock that is synchronous with the detected NRZ data.
Seek End is a combination of ON CYL or SEEK ERROR indicating that a seek

operation has terminated. If an address greater than 822 cylinders has been

selected there will be no change in Seek End status.
When the four unit select bit lines compare with the logic plug on the control
panel, and when the unit select line is true, then the Unit Selected line is

true.
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POWER SYSTEM FUNCTIONS

The drive power system receives its input
from the site ac power source and uses it to
produce all the ac and dc voltages necessary
for drive operation. The remainder of this
discussion describes the power system and

contains the following major topics:

e Power Distribution
¢ Power On Sequence
e Power Off Sequence

¢ Emergency Retract and Data Protection
POWER DISTRIBUTION

Power distribution consists of routing power
to the various elements in the power system
and the rest of the drive. The distribution
is controlled by the AC POWER and POWER
SUPPLY circuit breakers. The power
distribution circuits are shown on figure
3-10 and basic operation is explained in the

following.

Site main ac power is input to the power
supply via the AC POWER circuit breaker.
When this breaker is closed, it applies
power to the HOUR meter and blower motor.
It also provides the input to the drive
motor control triacs; however, the motor

does not start until the power on sequence.

Closing the POWER SUPPLY circuit breaker
applies power to the logic fan and dc power
supply. The dc power supply converts the ac
input into the dc voltages necessary for

drive operation.

Power On Sequence

The power on sequence starts the drive motor
and initiates loading of the heads. Figure
3-11 shows the circuits involved in this
sequence and figures 3-11.1, 11.2, and 11.3
are flow charts of the operation.

The power on sequence begins when the
operator presses the START switch. If all

83308500 G

circuit breakers and interlocks are closed,
pressing this switch deenergizes the
hysteresis brake and energizes the Start
and Run triacs. This causes the drive
motor to start, The drive belt transfers
drive motor motion to the spindle, thereby,
causing the disk pack to rotate,

When pack speed reaches about 2800 r/min,
the Up To Speed signal goes active and
energizes the emergency retract relay (K2).
Energizing this relay connects the voice
coil to the power amplifier. This puts the
voice coil under control of the servo
system, thus allowing the heads load se-
quence to begin whenever the 25 second
heads load delay (triggered when the START
switch is pressed) times out, Details of
the heads load sequence are given in the
First Seek discussion,

Power Off Sequence

The power off sequence unloads the heads and
stops the drive motor. Figure 3-11 shows
the circuits involved in this sequence and
figure 3-11.4 is a flow chart of the

operation,

The power off sequence begins when the
START switch is pressed, This enables the
RTZ logic (see RTZ Seek discussion) and
cause the heads to move in the reverse

direction,

When the heads unloaded switch indicates
the heads are unloaded, the following
events occur:
e The RTZ logic is disabled.
® The run triac (K1) is deenergized to
remove power from the drive motor run
winding.
¢ The hysteresis brake is energized and
applies a braking action to the drive

motor. '



Removing power from the run winding and
energizing the brake cause the drive motor
and therefore the disk pack to slow down.
When pack speed is less than 2800 r/min the
Emergency Retract relay (K2) deenergizes.
from the

to the

This disconnects the voice coil
power amplifier and connects it
The
retract circuit input pulls the

emergency retract circuit. emergency
heads back

to the fully retracted position.

The drive motor continues to slow down and
comes to a complete stop within 30 seconds
of the start of the sequence. This leaves
the drive in a standby condition with the

blowers on and dc power active.

Emergency Retract and Data Protection

Certain emergency conditions could occur

which require immediate disabling of the

write cirucits and full retraction of the

heads. These conditions are:
1. Loss of ac power.
2. Opening of the pack cover interlock.
3. Loss of spindle motor speed.
4. Loss of any of these dc voltages;

5, +12, %20, or 42,

Emergency Retract Circuit

The heads are retracted under emergency
conditions to prevent damage to them if the
disk speed is reduced. A velocity servo
circuit (Figure 3-10) is used to retract the
heads at approximately 20 ips. When relay
K2 is deenergized as described in the
following paragraphs, the voice coil is then
connected to the emergency retract circuit.
Input to the velocity circuit is received

from the velocity transducer. If

START

TRIAC
|
| Ki |
| }_— |
| | ORIVE MOTOR _ _
!' 2y |
H
x ! ! |
Lo e e o] | RUN i
| START !
3 Ki 1 !
i ]
4 2 THE RMAL|
— T ; cuTouT |
+V 1
' |
|, .
AC
POWER
UNIT |
o ; o——s—{BLOWER
A LINE | MOTOR
PWR FILTER :
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O- —Q O
PWR % +5
soom, s | TOvosic
-
] Ot P +12
TO READ AMPLIF]
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5 20 ] HYSTERESIS BRAKE AND LOGIC
f——p +42
TO VOICE COIL POSITIONER
—p -42
% GND
+4
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Figure 3-10," Power Distribution
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the heads are positioned over a track or moving to
any other track, the output of the transducer is re-
spectively zero or a negative voltage. This voltage
is applied to an operational amplifier, which controls
the application of ~42 vdc to the voice coil. The
feedback loop controls the current to the voice coil
while retracting to maintain a maximum velocity of
20 ips. When the heads loaded switch transfers, a
FET switch turns off the operational amplifier, and

the circuit removes the -42 vde from the voice coil.

Loss of AC Power

Loss of site power results in:

1. The dc power supply outputs dropping to
zero.

2, De-energizing all relays and disabling the
logic.

3. Transferring the contacts of K2 to provide
a path from the emergency retract circuit

to the voice coil. This circuit pulls the

carriage back to its retracted stop.
Loss of ac power at the AC POWER circuit breaker

or within the unit results in the loss of spindle speed
(see below).

Loss of Spindle Speed

If the spindle motor speed drops below 2500 rpm,
the speed detection circuit in the logic detects the
speed loss and opens relay K2, This connects the

voice coil to the emergency retract circuit.

L.oss of DC Power

Fault circuitry in the logic detects the loss of dc
voltage outputs from the power supply. Relay K2 is
then opened either by the logic or directly by the
loss of +20 vdc, thus connecting the emergency re-
tract circuit to the voice coil. If the +12v power is

3-16.10

lost, servo dibits will not be detected and after
approximately 350 ms the heads are unloaded. A

Fault indication will appear on the control panel.

SEEK OPERATIONS

Seek operations are those drive functions that cause
a repositioning of the read/write heads. The heads
are attached to the actuator which, in turn, is moved
by a voice coil positioner. The mechanical elements
involved in the mechanism are described in the as~

sembly portion of this section.

Two logic circuits are used to control the seek

function:

1. The Servo Circuit, which conirols the

voice coil positioner.

2. The Track Servo Circuit, which generates
signals relating to the position of the heads
over the disk pack.

The general concepts of these two circuits are ex-
plained to provide the general background informa-
tion needed to understand the specific types of seeks.
Then more detailed explanations are provided for
the three types of seeks: Load, Direct Seek, and
Return to Zero Seek.

Servo Circuit

The servo circuit is a closed loop servomechanism
used to position the read/write heads. Figure 3-12
is a simplified schematic of the servo circuit.
Functions of the major elements of the system are
explained in Table 3-2.

A servo loop sums all of the error voltages imposed
on it, The loop always attempts to maintain itself at
a null, If not nulled, the loop will adjust the correct-
able device (in this case, the voice coil positioner) to
achieve this null., Signals applied to the loop are
called error volitage. Two major error voltages are
used:
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TABLE 3-2., SERVO CIRCUIT FUNCTIONS

Circuit Element

Function

Cylinder Address
Register

Cylinder Address
Adder

Difference Counter

Digital-to-Analog
Converter

Position Converter

Desired Velocity
Function Generator

Summing Amplifier

Switching Mode Control

Load Gate

RTZ Gate

Power Amplifier

Holds the present cylinder address. It is updated to the new cylinder address

when a seek is initiated.

Combines the present cylinder address with the new cylinder address comple-

ment to arrive at the difference.

Holds the number of tracks yet to be crossed before reaching the desired track

or cylinder, Counter value is zero when on cylinder.

Monitors the seven lowest order bits of difference counter to provide an analog
indication of Position Error during the last 256 tracks (except last track) of all
Seek operations.

Provides coarse Position Error signal, the amplitude of which is proportional
to the number of tracks to go. Amplitude is clamped at negative saturation

while tracks remaining are equal to, or greater than 256, Amplitude decreases
in discrete steps (controlled by D/A converter) as last 256 tracks of a seek are

crossed. Signal is inverted for reverse seeks.

Processes Position Error signal at gain levels that vary as Position Error
decreases. The resulting output is the analog representation of the desired
velocity curve to achieve maximum control to deceleration. The parallel non-
linear feedback circuit maintains tight loop control by increasing gain as the
Position Error signal approaches zero. This gain control prevents loss of
control during the critical deceleration portion of the seek and is essential to

minimize overshoot and settle out problems. It also minimizes drift about null.

Generates a control signal to drive the power amplifier. When Position Error
exceeds Velocity Amplifier signal, control signal causes power amplifier to
accelerate carriage. When Velocity signal exceeds Position Error, carriage

decelerates.

Decelerates carriage from tracks equal 256 to tracks equal 7 by supplying
pulses of maximum reverse current to the voice coil to follow Position Error

deceleration curve,

Provides a constant positive input to the summing amplifier. This causes

forward velocity of 7 ips.

Provides a constant negative input to the summing amplifier, This causes

reverse velocity of 7 ips.

Responds to summing amplifier derived control signal to drive carriage
mounted voice coil positioner. Current feedback is used to stabilize the gain

of the power amplifier.

3-18
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TABLE 3-2, SERVO CIRCUIT FUNCTIONS (Cont'd)

Circuit Element Function

Velocity Amplifier Amplifies signal of carriage mounted linear velocity transducer to provide an
indication of velocity to the servo circuit. Also receives a negative feedback
from positioner which acts to cancel current coupling that occurs from the
velocity transducer location within the magnetic field created when current is
applied to the voice coil positioner. The associated amplifier disable forces
amplifier gain to zero during a Power Off sequence (unload heads). This is
required so that coupling between the positioner field and the velocity trans-

ducer does not cause oscillation during movement to the retraction position,

Velocity Integrator Provides an integrated representation of velocity between each of the last 256
track pulses of a seek. Integrator is clamped off to gain of zero at all other
times. Integrator output is a sawtooth waveform applied to input of desired
velocity function generator between each track pulse to fill in or smooth out

the stepped signal of the D/A converter (received via the position converter).

Fine Servo and Fine Fine servo monitors integrated velocity. When difference counter is 1 (T=1)
Latch and integrated velocity exceeds 1. 4v, it indicates that there is one-~half track
to go. Fine latch sets fo enable fine gate and disable coarse gate. This
switches Position Error input to summing amplifier from desired velocity

(coarse gate) to fine position (fine gate). Fine also has the following effects:

a. Turns on integrator clamp to switch off velocity integrator.

b. Enables on cylinder detection.

During load or RTZ sequences, both outputs of Fine Latch are high. This
disables both the fine and coarse gates so that motion is under control of load
gate or RTZ gate.

Bit 0 Address Register Used to select proper track servo signal phase for use as Fine Position Analog
and Slope FF signal (signal controlling servo loop as last track is approached and carriage

is stopped). If bit 0 is not set, the seek destination is an even numbered track
and the track servo signal will not be inverted for use in stopping the carriage.
If bit 0 is set, an odd track is identified and track servo is inverted. Register

bit content is placed in Slope FF which performs actual gating.

On Cylinder Detector Monitors fine position signal when T<1. When signal is less than about 0, 98v,
heads are close enough to track centerline to be assumed to be on cylinder.
After 1.75 ms delay, On Cylinder is returned to controller and to drive logic.
If heads overshoot at end of seek so that voltage exceeds 1,61v,delay is re-
initiated. Delay permits carriage to settle out before controller may attempt

any read/write operations,
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1. A position error: this is the departure of

the positioner from the desired position.

2. A feedback signal to modify (or oppose)
the position error to cause a smooth

motion of the positioner.

The position error signal is provided by the position
converter and its allied elements. The amplitude of
the signal is proportional to the distance from the
present position to the desired position (tracks-to-
go). The major feedback signal is the output of the
velocity transducer. The amplitude of this signal

is proportional to the velocity of the positioner while
the polarity indicates the direction of motion, for-

ward or reverse.

The loop applies its position and feedback signals to
one point, the summing amplifier. If the summation
of these signals is not equal to zero, the summing
amplifier outputs a signal proportional to the ampli-
tude of the error voltage (which signifies the amount
of displacement from the desired position) and the
phase of the error voltage (which indicates the

direction of displacement).

The error output from the summing amplifier is
applied to the actuator drive amplifier assembly.
The actuator contains a voice coil positioner that
supports and moves the read/write heads. In turn,
the voice coil is located within a powerful magnet.
Whenever a current passes through the voice coil
windings, the interaction of the induced emf and the
magnet's flux field cause the positioner to move.
The acceleration of the motion is proportional to the

polarity and amplitude of the voice coil current.

Basic Seek Operation

Seek operations are initiated by a series of control
signals from the controller or by internally-generated
signals within the drive during power up conditions.
Most long seeks may be divided into four phases (see
Figure 3-13).
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1. Accelerate Phase: the voice coil receives
full current to move the positioner from the

current cylinder towards the new cylinder,

2. Coast Phase: velocity is at its maximum

and the positioner velocity is constant.

3. Deceleration Phase: the positioner is ap-
proaching the desired cylinder. Its velocity
must be reduced by braking action to pre-

vent overshoot.

4. Stop Phase: The positioner is almost at the
desired cylinder. It must be stopped at the

precise centerline of the new data cylinder.

The logic is in Fine mode to stop and hold

the positioner at the new cylinder.

Refer to the various seek descriptions for detailed

information on the exact seek sequencing.

Accelerate Phase: This phase is controlled largely

by the position error signal. The controller sends
the desired address to the cylinder address register
and adder. The adder combines the new address
complement with the present address to arrive at the
difference. The difference is gated into the difference
counter, which decrements until tracks-to-go equals

Zzero.

The seven low-order bits of the difference counter
are applied to the position converter. The value of
these bits indicates the position error {or tracks-to-
go) from 0 to 256, that is, the amplitude of the posi-
tion converter output is directly proportional to the
If the re-
maining seek length is greater than 256 (T> 256), the

number of tracks remaining in the seek.

position converter output is clamped at its maximum

saturated value to cause a very large position error,

The input to the summing amplifier is now a large
signal. Since there is no velocity yet, the current
through the voice coil is maximum, causing maxi-

mum acceleration.
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As the positioner accelerates, a velocity signal is
generated by the velocity transducer. This signal
opposes the position error signal. Its amplitude,

however, is less. Acceleration continues.

Coast Phase: Eventually, the amplitude of the posi-
tion error signal and the velocity feedback signal are
equal. The net error signal in the loop drops to
zero. The summing amplifier output follows, so
current is cut off. Velocity is constant. Friction
losses tend to slow the positioner but, as it does, the
velocity signal decreases. This allows the positioﬁ

error signal to call for more current.

Deceleration Phase: Braking action starts as the

positioner approaches its selected cylinder.

The track servo circuit (refer to Track Servo Circuit
description) has been generating cylinder pulses as
each cylinder is passed. These pulses are used to

decrement the difference counter.

When T <256, the servo loop changes to the switching
mode to maintain speed along desired velocity curve.
This curve is the analog version of the number of

tracks-to-go.

The velocity curve is generated by the desired ve-
locity function generator. Its output is compared
with velocity fo achieve maximum deceleration under
all conditions without overshoot. The deceleration
curve permitting the best control is obtained by
taking the square root of the position signal and
comparing it with velocity. The position signal is

the sum of the following:

1. The position error signal from the position
converter. Its output, which is now un-
clamped, is a signal whose amplitude is

proportional to the number of tracks-to-go.

2, Integrated velocity from the velocity
integrator. Integrating a velocity signal

provides a signal proportional to distance.

3-22

This signal is a sawtooth waveform: it is
pulled back to zero by each cylinder pulse
and increases in proportion to velocity and
time (distance). The combination of the
stepping-down output from the position
converter with the ramp integrated velocity
signal results in a smooth curve of con-

stantly-decreasing magnitude.

3. The square root function provided by the
non~linear feedback around the desired

velocity function generator.

When the desired velocity signal becomes less than
the Velocity signal, current is applied to the voice
coil in the maximum reverse direction until the
velocity of the carriage slows down below the instan-
taneous desired velocity value. The current to the
voice coil is then turned off and the carriage coasts
under its own inertia while the difference counter
continues to count down (decreasing the desired
velocity signal). If the carriage velocity becomes
too high for the existing desired velocity signal, a
maximum reverse current is again applied until the
velocity slows down below the instantaneous desired

velocity value.

At T =7 the switching mode logic is disabled and the
total summing amplifier output is used to decelerate
the carriage to keep the Velocity signal/Position

Error signal difference to zero.

Stop Phase: Stop Phase begins when the difference

counter indicates that there is one track-to-go.
When T=1, the velocity integrator signal is pulled
back to zero by the cylinder pulse. Its output, indi-
cating distance, increases. When its amplitude
indicates approximately one-half track remains,
Fine Enable sets the fine gate. Desired velocity is
disabled since the coarse gate is opened by Fine
being set.

The last half-track of motion is controlled by the

fine position analog signal from the irack servo
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circuit. Fine position and velocity are applied to
the summing amplifier through the fine gate. The
summing of these two signals controls the braking

current,

At the start of the seek, the slope FF is set if the
seek is to an ocdd-numbered cylinder. The slope
signal controls the phase of the track servo signal
applied to the fine position amplifier. This adjust-
ment is required since track servo signal phasing is
a function of the servo head position: the signal is
positive when over negative dibits and negative wh\cn
over positive dibits. Therefore, on forward secks,
the signal decreases when approaching a data track
with an odd number and increases when approaching
a data track with an even number. The opposite is

true during a reverse seek.

Phasing of the track servo signal is selected so that
the fine position signal opposes the velocity signal

during the last half-track of the seek. Both signals

are decreasing. If either is greater, the summing

amplifier makes minor braking current adjustments,
When the heads are on cylinder, both signals are

zero and current is zero,

When the fine position signal is less than about 0,98v,
the positioner is, for all practical purposes, posi-
tioned over the data track. This initiates the On
Cylinder delay. After 1.75 ms, On Cylinder is re-

turned to the controller.

The {ine servo remains active even though On Cyl-
inder is up. This is the track following or position
error operation. Since the positioner is not mechan-
ically locked in place, it can drift off cylinder. As

long as it is precisely positioned, the dibits read

from the adjacent dibit tracks are equal and opposite.

Should the carriage move, one dibit signal will in-
crease in amplitude. This results in a slight track
servo signal which is translated into the fine position
signal. The summing amplifier, in turn, senses
this off-null condition and drives the positioner back

on cylinder.
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If the positioner goes off cylinder sufficiently to
cause a fine position signal greater than 1.61v for

more than 800 psec, the On Cylinder signal is lost.

The loop also permits positioner offset if the pro-
gram requires it for error recovery. A Servo Offset.
Negative (bit3) code will provide a negative bias
input to the fine position amplifier. This is now an
error signal to the summing amplifier to cause a
forward motion. This motion stops when the bias
voltage and track servo voltage cancel. Sexrvo Offset

Positive (bit 2) causes reverse offset.

The distance of the Servo Offset is preset
for 250 microinches, forward or reverse.

Bit 2, Tag 3, forces the actuator away from
the spindle. Bit 3, Tag 3 forces the actua-

tor toward the spindle.

Short Seeks

The preceding explanation assumed that the seeks
were long enough for the positioner to attain maxi-
mum velocity, Maximum velocity of about 70 ips
requires 200 tracks acceleration time. During short
seeks, gating is identical although relative phasing

of the error signals will vary.

During seeks less than 25 tracks, certain signals
are available immediately: integrated velocity, non-
linear feedback to the desired velocity function
generator, and a position converter output not
clamped at its maximum value. These signals gen-
erate a position error voltage to accelerate the
positioner. Because the amplitude of the desired
velocity signal is less, however, the voice coil cur-

rent is not as great as during long seeks.
The net effect of these differences is that system

gain is reduced. Acceleration is reduced accord-

ingly to permit minimum total seek time while not

3-23



permitting overacceleration that would cause over-
shoot. The primary function remains unchanged:

acceleration occurs when the position error signal
exceeds the velocity signal; braking occurs when

the velocity signal exceeds the position error signal.

Track Servo Circuit

Basic Description

The track servo circuit provides head positioning

information. The signals generated by this circuit:

1. Generate a track servo signal that indicates
the displacement of the heads from their

nominal track centerline.

2. Generate cylinder pulses during seeks to

indicate each cylinder crossing.

3. Generate indications that the heads are
positioned outside of the normal data
cylinders.

Information for this circuit is derived from the track
servo head (figure 3-14), This is physically simi-
lar to the read/write heads, except that it does not
write., The head reads information from the servo
track surface of the disk pack. 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 pack. Do not confuse
the servo surface with the other five disk pack re-
cording 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.

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

3-24

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 center-
line 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 propor-
tional 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 position, the amplitude of one
dibit component increases while the other decreases.

This error voltage is the track servo signal.

Circuit Description

The basic elements of the track servo circuit are
illustrated in figure 3-15 while table 3-3 explains
their functions.

Dibit Gating: After being differentially amplified,

the servo signal is applied to gates that separate the
dibit signals by sensing the positive and negative flux
reversals ( figure 3-16). A positive dibit consists of
a positive-going waveform immediately followed by

a negative~going waveform. This component triggers
the Odd Dibits FEF'. On the other hand, a negative
dibit consists of a negative-going waveform followed
immediately by a positive-going waveform, This
component triggers the Even Dibits FF,

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 signal is at a null. It swings in the posi~-
tive direction when the amplitude of the even (nega-
tive) 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.
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TABLE 3-3. TRACK SERVO CIRCUIT FUNCTIONS

Circuit Element Function
Track Servo Head Reads dibit information from the disk servo tracks. This head cannot
write,
Track Servo Preamplifier Amplifies the signal read by the track servo head.
Positive and Negative Separate dibit waveforms into positive and negative components, Positive
Gates

gate triggers during first half-cycle of positive dibits (read from odd dibit
track) and second half-cycle of negative dibits (read from even dibit track).
Negative gate triggers in the reverse condition.

Positive and Negative Function as synchronizing gates to control dibit pulses generation. Posi-
Delays tive delay fires at the leading edge of positive gate. If negative gate output
is available before positive delay times out, it indicates that positive dibit
has been sensed. This fires the odd dibit one-shot. (Although the positive
delay fires during negative dibits, a negative gate is not available immedi-
ately thereafter; the odd dibit one-shot is not enabled.) The negative delay
functions in the reverse condition. These delays inhibit inputs to peak
detectors so that they react only to the positive peaks of their respective
dibits.

Even Dibits and Odd Provide 890 *20-nsec pulses indicating dibits. Freguency of

Dibits One-Shots each one-shot is 403 kHz.

Peak Detectors Provide peak detection of dibit signals. Outputs are proportional to dibit
amplitudes: the greater the amplitude, the more negative the output. When
head is centered between dibit tracks, outputs of + and - integrators are
equal, As head moves from centered position, output from one integrator
increases negatively while output from the other integrator becomes less
negative. The difference between these two outputs is proportional to servo

head displacement from centered (on cylinder) position.

AGC Circuit AGC voltage is proportional to sum of dibit signals. As signal strength in-

creases, voltage goes less negative to reduce circuit gain,

Heads Loaded Detection Provides positive signal when dibit amplitude is sufficient to indicate that
heads are loaded over dibit tracks. Prior to this high output, positive/
negative gates are inhibited to indicate no servo tracks detected.

If dibits are not available within 350 ms after start of Load sequence (or if
lost for 350 ms at any other time), no servo tracks FI* sets. This initiates
an RTZ sequence to unload heads and sets fault FF,

Track Servo Amplifier Provides signal proportional to sum of + and - peak detectors. Output is
null when head is centered between dibit tracks (on cylinder); negative

when over odd track or outer guard band; positive when over even track

or inner guard band,
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TABLE 3-3. TRACK SERVO CIRCUIT FUNCTIONS (Cont'd)

Circuit Element

Function

Cylinder Pulse Detection

Velocity Integrator

Load sequences.

End of Travel (EOT)
Detection

Reverse EOT FF

Forward EOT FF

condition.

Provides cylinder pulses to difference counter and other logic elements
as track servo signal approaches null. One pulse is generated per track

crossed (even/odd transition or odd/even transition).

Provides ramp signal proportional to distance travelled {(velocity integrated
with time). Output is positive-going during forward seek; negative-going
during reverse seek. Output is pulled back to zero to reinitiate integrator

function by each cylinder pulse, or during certain conditions of RTZ or

Monitors integrated velocity to enable EOT circuit. When velocity inte-
grator output exceeds about 1.4v, heads have moved a distance of approxi-
mately two tracks without sensing any cylinder pulses.

Indicates that heads are positioned over outer guard band. Refer to First
Seek and RTZS discussions for further details.

Indicates that heads are positioned over inner guard band. This is an error

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 detector. The outputs
of these two detectors are applied to a summing
amplifier whose output represents the distance be-
tween the two detector outputs. This output is the
track servo signal. The signal is at its maximum
negative value 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 cir-
cuit, it is used to generate the fine position analog
signal that controls movement during the last one-
half track of a seek or during a Load sequence. The
cylinder detect circuit generates cylinder pulses as
the track servo signal approaches a null.
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Circuit gain control is achieved by applying the out-
puts from the peak detectors to a second summing
amplifier. Its output is negative in proportion to
signal strength: the stronger the signal, the less
negative the agc voltage. This signal 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 amplifier. The less
negative the age, the less the resistance; therefore,
more of the signal is shunted by the FET to reduce
circuit gain,

End of Travel Detection: The End of Travel circuit

determines when the heads are positioned outside of
the normal data cylinders. This function is used
during Load and RTZ sequences and to indicate an
error condition during a seek.

Forward EOT indicates that the heads are within the
inner guard band. Assume that the controller has
commanded a forward seek and the positioner pro-

ceeds past cylinder 822. Sequencing is as follows:
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As the heads move forward, the velocity
integrator output produces a signal propor-
tional to velocity (the input to the integrator)
and time (provided by the integrator capaci-
tor). The input, which is a positive-going
ramp during forward seeks, represents
It is pulled back to
As long as

distance travelled.
ground by cylinder pulses.
cylinder pulses are generated, the output

cannot reach an effective value.

After track 822 is passed, no more odd
dibit tracks are detected, resulting in no
more cylinder pulses to reset the velocity
integrator, When the output exceeds ap-
proximately 1.4v (2 tracks), Forward EOT
Enable comes up. This signal, in conjunc-
tion with the even dibits picked off of the

inner guard band, sets the Forward EOT FF,

With the Forward EOT FF set:

a. Seek Error FF sets to return Seek

Error to the controller.

b. Seek IPF (set at the start of the seek)

is cleared,

c. The difference counter and cylinder
address register are set to 000 (T=0).

d. Fine Enable is raised within the servo

circuit.

e. Because of ¢ and d, the Fine Gate in

the servo circuit is enabled.

f. The Slope FF is cleared to indicate a

seek to an even-numbered cylinder.

The track servo, functioning as the fine
position analog signal in the servo circuit,
is gated to the servo summing amplifier
via the Fine Gate. The signal is at a
maximum amplitude because only even
dibits are being sensed. This error voltage
causes the positioner to drive in reverse
until the servo signal drops to zero; the

heads are then positioned at cylinder 822.

-

5. An RTZ command is required to clear the

Seek Error status.

Reverse EOT indicates that the heads are positioned
over the outer guard band. If this condition occurs
during regular reverse secks, the Reverse EOT FF
sets. This initiates an automatic Load sequence to
return the actuator to cylinder 000,

Cylinder Pulse Generation: As the servo head

crosses the interface of the even/odd dibit tracks
(Figure 3-17), the servo signal decreases toward
null. The two detected cylinder pulses are ORed to
a Schmitt trigger. The hysteresis designed into the
trigger causes it to be up only while the servosignal
is between Ov and 0, 4v. This provides a 10 pusec
cylinder pulse. Each cylinder pulse decrements the
difference counter and switches the velocity inte-~

grator to ground.

It is possible that the last cylinder pulse may not be
generated when the seek is completed, causing the
The On Cyl-
inder signal provides a pulse to decrease the differ-

difference counter to hang up at 001.

ence counter to 000. With the difference counter at
000 (T=0) and On Cylinder available, the Seek
Complete F'F sets.

The track servo circuit remains active following
If the servo head drifts off of
its centered position, the track servo signal will no

completion of a seek.
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 positioner
back into position.

load

This function involves the activities that a unit must
perform before it can effectively respond to a Read,
This
function consists mainly of power supply relay se-

Write, or Seek command from the controller.
quencing and status checking by the units logic. As

a result, no actual selection of the unit is required

and very little drive/controller signal exchange occurs.
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Figure 3-17. Cylinder Pulses Generation
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Successful progression of the function assumes that
all circuit breakers are on, disk pack is installed on
spindle of unit, and the interlock is closed. Success-
ful completion of a load is signified by the occurrence
of an On Cylinder and the lighting of the READY

indicator.

Initiation of the function occurs when the operator
panel START switch is pressed. See Figures 3-18
and 3-19 for the load flow chart and timing diagram.
The START switch enables relay K4. This re-
leases the hysteresis brake (option), and

starts the spindle motor through relay K1.

When the disk pack speed reaches approximately
2800 rpm, voice coil relay K2 is energized to con-
The

speed sensing circuitry also enables the up to speed

nect the power amplifier to the voice coil.

logic at approximately 2800 rpm, providing an Up
The IL.oad latch

activates circuitry to produce an average forward

To Speed signal to the Load latch.

7 ips access that mechanically loads the heads. The
carriage continues forward with the servo head
searching for the prerecorded positive dibit signals
When the reverse EOT
area {(all odd, or positive, dibits) is sensed, the
Load latch is cleared, the Reverse EOT FF is set,

and the Fine gate and latch are enabled. The car-

on the track servo surface.

riage now moves under control of the Fine Position
analog signal. When even dibits are detected (ap-
proaching track 000) the Fine Servo signal decelerates

the carriage.

The drive sends On Cylinder to the controller 1,75
ms after the Iine Position signal is less than 0, 98v.
The carriage stops when the Fine Position signal is
Ov. The Servo Ready latch is then set, and the
READY indicator is turned on. The drive is now

ready to perform a Read, Write, or Seek operation,

83308500 G

If, for any reason, the dibit signals are not detected
by the servo head within 350 ms after the Looad latch
is set, the RTZ latch is set and the carriage is re-
The FAULT
When the FAULT switch
is pushed, the Fault latch is cleared and the carriage

tracted to the heads unloaded position.
indicator is then turned on.
will attempt another seek to track 000. Once again
if the dibit signals are not detected within 350 ms,

the carriage will be retracted to the heads unloaded

position and the FAULT indicator turned on.

Direct{Forward/Reverse|Seek

The Direct Seek function involves those operations
that must be performed to move the read/write heads
from their current track or cylinder location to the
one specified by the controller.
3-20 and 3-21.

and awaiting further instructions.

Refer to Figures
Assume that the drive is at track 10
Assume also that
the controller wishes to do a Read or Write operation
at track 320, When the controller determines that
the drive is ready, it sends the new cylinder address
along with Tag 1. Raising Tag 1 places the old ad-
dress and compliment of the new address in the adder.
After the compare has been made, the difference
counter is loaded with the number of tracks to go.
When the controller drops Tag 1, the new cylinder
address is loaded into the CAR, the seek direction

is sent to the servo, and a Start Seek pulse is gener-
ated.

general seek functions.)

(Refer to the servo circuit discussion for

The Forward Seek signal from the cylinder address
adder gates the output of the position converter
(Position Error signal) into the desired velocity
function generator. (A Reverse Seek would have
gated an inverted Position Error signal.) Since the
seek length is greater than 256 tracks, the position
converter output is clamped at a fixed voltage. Start

Seek clears the Fine latch, so the output of the

3-33/3-34
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START (K4) _J

SPINDLE MOTOR (K1} ]
SPEED (K2) [<— SPEED > 2500 RPM
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!
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i i
H t
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H t
H |
I :
)

i

:

'

FWD EOT ENABLE I

1

{3,
NO SERVO TRACKS DELAY e 350 MS QAX—————%

REVERSE EOT FF [EVEN DIBITS
DETECTED L TRACK O
|
FINE POSITION ANALOG f 0.98V — KT
FINE LATCH @] |
ON CYLINDER DELAY 175 MS
ON CYLINDER I
NOTES:

@ LOAD LATCH CAUSES L.OAD GATE TO APPLY A FORWARD SEEK VOLTAGE
TO VOICE COIL SUMMING AMP. FINE GATE IS INHIBITED. CYLINDER
ADDRESS REGISTER AND DIFFERENCE COUNTER ARE SET TO ZERO.

@ MOTION TO 7 {PS PROVIDED BY LOAD GATE UNTIL ODD DIBITS SET REVERSE
EOT FF. MOTION CONTROL THEN PROVIDED BY FINE POSITION SIGNAL.

@ DIBITS MUST BE DETECTED WITHIN 350 MS OR FAULT IS SET. HEADS UNLOAD.
@ FINE LATCH IS JAMMED AT START OF LOAD UNTIL. LOAD FF CLEARS, KEEPING

COARSE OR FINE GATE DISABLED. WHEN LOAD FF CLEARS, T< 1, AND FINE
ENABLE IS HIGH, THE FINE LATCH WILL BE SET.

8J93A

Figure 3~19., First Seek Timing Diagram
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ON CYLINDER DELAY STARTS WHEN FINE POSITION SIGNAL<0.98V.
TIMES ARE NOT TO SCALE. '
BJ95A

Figure 3-21, Direct Seek Timing Diagram



desired velocity function generator is gated through
the coarse gate to the summing amplifier. Since the
carriage is stationary, no Velocity signal exists to
balance the Position Error, and forward motion of

the carriage begins.

With the Position Error signal clamped at maximum,
the power amplifier output {(and voice coil positioner
current) will be maximum and the carriage will con-
tinue to accelerate. As the carriage moves forward,
outputs from the track servo head are processed to
derive a cylinder pulse as each cylinder is crossed.
Each pulse decreases the content of the difference
counter by one. When acceleration has increased to
the point where the Velocity Amplifier signal and the
Position Error signal cancel each other, the Sum-
ming Amplifier Control signal drops off. During
this phase, the carriage coasts along the 55 ips
plateau with the power amplifier providing only
enough output voltage to compensate for the back

emf of the moving voice coil positioner.

When the tracks remaining in the Seek are approxi-
mately 256, the position converter voltage clamp is
disabled, and for the remainder of the Seek (except
for the last track), the servo position error is de-
rived from the D/A converter. As each track is
crossed, the D/A converter output steps down by a
precise and linear amount. So that the Position
Error provided at the desired velocity function

generator input is not stepped, the integrator clamp

gates the velocity integrator on between each cylinder

pulse. The resulting integrator sawtooth output is
added to the D/A converter output and fills-in the
area between the leading edges of each step.

As the Position Error signal begins to decrease, the
servo system is changed to the switching mode.
When the Position Error signal becomes less than
the Velocity signal, current is applied to the voice
coil in the maximum reverse direction until the
velocity of the carriage slows down below the instan-

taneous Position Error value. The current to the

voice coil is then turned off and the carriage coasts
under its own inertia while the difference counter
continues to count down (decreasing the Position
Error signal). If the carriage velocity becomes too
high for the existing Position Error signal, a maxi-
mum reverse current is again applied until the vel-
ocity slows down below the instantaneous position

error value,

At T=7, the switching mode logic is disabled and the
total summing amplifier output is used to decelerate
the carriage to keep the Velocity signal/Position

Error signal difference to zero.

When the counter indicates one track to go to the
desired destination, the Integrated Velocity signal
is reset by the regular cylinder pulse. The Inte-
grated Velocity, which indicates distance, brings
up Fine Enable when about one-half track of travel
remains. This sets the Fine latch which, in turn,

enables the Fine gate and disables the Coarse gate.

Desired velocity no longer has an effect; the position
error is supplied by the Fine Servo signal. This
signal is the track servo signal from the track servo
circuit. The amplitude of the signal is proportional
to the distance between current head position and the
desired cylinder,

Since the desired destination is track 320, bit 0 of
the Address register is ''0", This causes the Slope
I to be cleared. As a result, the track servo
signal is inverted to form the Fine Servo signal. In
all seeks, the Fine Servo signal is phased to be op-
posite to the velocity signal. As the carriage
approaches track 320, the Fine Servo signal ap-
proaches Ov. The summing amplifier responds to
this decrease in amplitude by decelerating the car-
riage so that the sum of the Velocity signal always
just cancels the Fine Servo signal. At track 320,
both Velocity and Position Error equal zero, and all
motion stops with the servo circuit at null. Only a

Position Error will cause additional motion. When

83308500 D



the Fine Servo signal is less than 0.98v, a delay of
1.75 ms starts. The On Cylinder signal occurs when
the delay times out,

Certain conditions indicate that the seek was not
completed successfully., This is a Seek Error.

These conditions are:

1. On Cylinder not generated within 500 ms

from the start of the seek.

2. Forward EOT sensed. The carriage re-

turns to cylinder 822 and remains there.

3. Reverse EOT sensed. The carriage re-

turns to cylinder 000 and remains there.

4. If the carriage drifts off cylinder enough
for the fine position signal to be greater
than about 1.61 volt for more than 800
usec, the Seek Error FF sets. In addition,
if the drive is reading or writing, the Fault
FF also sets. Write gate is disabled. The
unit will not accept any commands until the

error is cleared manually.
5. Command seek to track greater than 822,

All of these conditions require an RTZ command to
clear the error. RTZ clears Seek Error and returns
the drive to cylinder 000,

Reverse seeks function in an identical manner, except
Total
seek times for forward or reverse seeks are identi-

that all phases and polarities are reversed.

cal for seeks of equivalent lengths.

Return to Zero Seek(RTZS)

The RTZ function allows a controller to return the
heads to track 000 when a Seek Error occurs. See
Figures 3-22 and 3-23 for the RTZS flow chart and

timing diagram,

The RTZS pulse sets the RTZ latch and clears the
Seek Error FF. This enables the RTZ gate, result-
ing in a bias voltage that forces an average 7 ips

reverse motion of the carriage. When the carriage

83308500 D

passes cylinder 000, no more even dibits are de-
tected. This is the Reverse EOT area. The lack of
even dibits inhibits cylinder pulses, allowing the
velocity integrator in the track servo circuit to reach
a negative output in excess of 1.4v. This, along with
odd dibits, sets the Reverse EOT FF. The integrator

is reset, but reverse motion continues unimpeded.

After an additional reverse motion of about two to
four tracks, the velocity integrator output again ex-
ceeds 1.4v. The RTZ latch is cleared while the
Looad latch sets.

The Load latch activates circuitry to produce an
average forward 7 ips access. The carriage con-
tinues forward with the servo head searching for the
prerecorded positive dibit signals on the track servo
surface. When the reverse EOT area (all odd, or
positive, dibits) is sensed, the Load latch is cleared,
the Reverse EOT FF is set, and the Fine gate and
latch are enabled. The carriage now moves under
control of the Fine Position analog signal. When
even dibits are detected (approaching track 000), the
Fine Servo signal decelerates the carriage.

The drive sends On Cylinder to the controller 1.75
ms after the Fine Position signal is less than 0., 98v.
The carriage stops when the Fine Position signal is
Ov. The sequence must be completed within 500 ms
after RTZS initiation, or else the Seek Error FF is
set,

The RTZS function is also used during normal power
off sequencing. If the START switch is pressed by
the operator, the control interlock opens. This
raises the Unload Heads signal in the drive logic.
The RTZ latch sets to initiate a 7 ips reverse seek,

This time, however, the EOT Enable circuit is dis-
abled so that the velocity integrator signal has no
effect. In turn, the Load latch is disabled. Reverse

motion continues until the heads unload.
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RTZ{TAG I,BIT 6) ’ |

{ L
RTZ LATCH 10) 17 1
TURN AROUND—{ je—
FWD ---- {7
CARRIAGE MOTION - 4® .
REV — —\REV-71PS :

CYLINDER PULSES UL,
® cYU

[ i

I
1 i
i |
i 1
1 ]
r ¢t O 1 i
REV EOT ENABLE 7 U '
{
. | |
FWD EOT ENABLE R i B
I '
F
REVERSE EOT FF I f = : : @1
KSEC! !
REVERSE EOT PULSE pp e 1
47 i | 1
t i |
SET LOAD/RTZ FF {f J L !
| !
LOAD LATCH 1
FINE LATCH T
FINE POSITION SIGNAL _\/\/\/ / y— 0.98v
I'N—cyL o
, LYLO i
ON CYLINDER DELAY L —=l Jei75Ms
ON CYLINDER Iy r—h
4
NOTES:

(D RTZ LATCH CAUSES RTZ GATE TO APPLY NEG VOLTAGE (SEEK REV) TO VOICE COIL
SUMMING AMPL, COARSE AND FINE GATES INHIBITED. .CYLINDER REGISTER SET TO

ZERO AND DIFFERENCE COUNTER SET TO ZERO.

SERVO SIGNAL.

COUNTER

00 @ ©

FWD MOTION TO 7 IPS PROVIDED BY LOAD GATE, IT PROVIDES + (SEEK FWD) TO
SUMMING AMPL. WHEN LOAD LATCH CLEARS, MOTION CONTROL PROVIDED BY FINE

CYLINDER PULSES RESTART VELOCITY INTEGRATOR. THEY DO NOT AFFECT DIFFERENCE

REVERSE EOT FF CLEARED BY FIRST EVEN DI BITS. (APPROACHING TRACK 0).
BOTH QUTPUTS ARE HIGH WITH EITHER RTZ OR LOAD LATCH SET. THIS DISABLES

COARSE AND FINE GATES. FF THEN SET BY T < | AND FINE ENABLE.

Figure 3-23. RTZS Timing Diagram
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The RTZS function transfers automatically to the
heads unloaded condition if dibits are lost for more

than 350 ms.

BASIC READ/WRITE PRINCIPLES
Introduction

Information is recorded on, and read from, the disk
pack by means of 5 heads. Each head contains a

read/write coil.

Writing Data

Data is written by passing a current through a read/
write coil within the selected head. This generates
a flux field across the gap in the head (Figure 3-24).
The flux field magnetizes the iron oxide particles
bound to the disk surface. Each particle is then the
equivalent of a miniature bar magnet with a North
pole and a South pole. The writing process orients
the poles to permanently store the direction of the
flux field as the oxide passes beneath the head. The
direction of the flux field is a function of Write
current polarity while its amplitude depends on the
amount of current: the greater the current, the

more oxide particles that are affected.

CURRENT

/“FLOW

MAGNETIC FLUX
FLOW

Information (data) is written by reversing the cur-
rent through the head. This change in current
polarity switches the direction of the flux [ield

across the gap. The flux change defines a data bit.

Erasing old data is accomplished by writing over
any data which may already be on the disk. The
write current is zoned in eight current zones to
ensure proper saturation level for best head resolu-
tion. The write current is maximum on the outer

tracks and progressively decreased for inner tracks.

Reading Data

As the disk passes beneath the read/write head, the
stored flux intersects the gap (Figure 3-25). Gap
motion through the flux induces a voltage in the head
windings. This voltage is analyzed by the read cir-
cuit to define the data recorded on the disk. Each
flux reversal (caused by a current polarity change
while writing) generates a readback voltage pulse.

Fach pulse, in turn, represents a data bit.

Track Format

Each track has Index as its starting point. The track

is further subdivided into 64 sectors on the standard

WRITE CURRENT

RECORDING
/
MAGNETIC COATING \ HEAD
(SURFACE) 7
\ Nl -
BASE = ™™
\5‘ S N P < N_ 5% H L4 b N/\.S ;/_\N rd

SURFACE MOTION

NOTE. RELATIVE HEAD TO SURFACE MOTION, RECORDING (WRITE OPERATION)

Figure 3-24.

7SiTA

Writing Data
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\READ BACK SIGNAL

*m—m READ CURRENT
FLow

YN S SN TN
¥ T N N S L N S 5§ RN S
b4 ~_ A Y IR 2

SURFACE MOTION

NOTE: RELATIVE HEAD TO SURFACE MOTION, REPRODUCING (READ OPERATION)

7SiBA

Figure 3-25. Reading Data

unit. Other numbers of sectors per track
are possible by changing sector plug in S/C
08 W/0 37725A & BLW or by selecting sector
switch in S/C 08 W/ 37725A & ABV at location
A03.

ing Index.

Sector 000 is the first sector follow-
Index and Sector signals are

available to the controller. For further
information, refer to the Direct (Forward/

Reverse) Seek theory earlier in this section.

One track is operated upon by one read/write head.
The heads are numbered from 0 through 4. These
heads are positioned vertically with respect to each
other. As a result all 5 of the heads may be used
without moving the actuator. Since any of the heads
may be addressed at practically instantaneous rates, .
the recording medium may be thought of as a cylinder
rather than as 5 discrete surfaces. This is the cyl-
inder concept. Since the actuator may be positioned
horizontally to any one of 823 rings or tracks, there
are 823 cylinders. They are numbered from 000
(the cylinder nearest the outside edge of the disk) to
822 (the innermost cylinder). Any track may be ad-
dressed by seeking to the desired cylinder and by
selecting one head. Only one head may be selected

at a time.

Track format, sector control, and data record for-
mat are functions of the operating system. These

83308500 D

functions are directly controlled by the controller.
Refer to the applicable controller manual for further

information,

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 disad-
vantages. This unit uses the Modified Frequency

Modulation technique.

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

nominally 9.677 MHz.

MFM defines a ''1" by writing a pulse at the half-cell
time (figure 3-26). A "0" is defined by the absence
A pulse at the
beginning of a cell is Clock; however, Clock is not

of a pulse at the half-cell time.

always written. Clock is suppressed if there willbe
a '"1'" in this cell or if there was a ''1" in the previous
cell,

The rules for MFM recording may be summarized
as follows:

1. There is a flux transition for each "1" bit
at the time of the "'1",

2. There is a flux transition between each
pair of "'0' bits.
3. There is no flux transition between the bits

of a ""10" or "01" combination.

The advantages and disadvantages of MFM recording
are as follows:

1. Fewer flux reversals are needed to repre-
sent a given binary number because there
are no flux reversals at the cell boundaries,
achieving higher recording densities of data
without increasing the number of flux re-

versals per inch.
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Figure 3-26,

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

number,

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.

READ/WRITE OPERATIONS

Introduction

An overall block diagram of the read/write chain is
shown in Figure 3-27. More detailed block diagrams
and timing diagrams are shown in conjunction with
the discussions of the various stages in the read/

write chain.,

3-46

8M25
MFM Recording

Head Selection

The desired head must be selected before a Read or
Write operation can be performed. The head selec-
tion process is initiated by a Tag 2 function code
from the controller. This code gates the desired
head address into the head decoder. For purposes
of this discussion, assume that head 4 is the head to
be selected. Also assume that the present head

selected is head 0O,

The controller places the address for head 4 (100)

on the 3 low order bits of the address and control bus
lines. Tag 2 is then transmitted to the unit to gate
The

end result generates a 0" output to select head 4.

the address information into the head decoder.

The remaining pins have ""1'" outputs to disable their
respective heads. The "0" output grounds the center

tap of head 4.
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Nz COMPENSATED mark S | comear | |*RARK ADDRESS
pata - ] MFM ENABLE RATOR [™>|DETECTIONI ™ MARK
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HEADS T
WRITE DATA—>f o HEAD PRE- LOW NS DATA
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WRITE
FAULT
512
cYL 256| WRITE
~—~{CURRENT]
ADDRESS | 35]22RR
DATA
HEAD PHASE DATA 0
ADDRESS____ éé&‘gs LOCK SERA-|  CONTROLLER
CODING] -
CONTROLLER CLoC

0P|
READ GM’E—-——-T

8J139

Figure 3-27. Read/Write Chain Block Diagram

If more than one head is selected, a fault is indi-

cated.

Write Data Processing

A Write operation actually begins before the voice

coil positioner moves the heads to the desired track.

The Head Select Strobe function code gates the iden-
tifying number of the head to be used into the Head
Address register (see Head Selection description).
When the Seek operation is completed, the unit sends
an On Cylinder signal to the controller. This signal
informs the controller that the unit is On Cylinder

and ready to receive further commands.

83308500 g

The controller now examines the Seek Error, Unit
Ready, and On Cylinder lines. If a Seek Error exists,
the controller sends a Return to Zero function code

to clear it. If an On Cylinder exists, the controller
responds with a Tag 3 function code that gates the
Read Gate signal (bit 1 of the address and control bus
lines) to the unit. The Read gate must be enabled in
a synchronization field at least 10 usec before the
sync bit if the PLO Data Separator option is chosen.
This enables the read circuit logic function with the
previously selected head to read the data record on
the disk pack. The address is read from the Read
Data line by the controller and compared with the
address of the desired record. If the address is cor-
rect, the controller drops Read gate and brings up
Write gate (bit 0) with a Tag 3 function code. This
disables the read circuit and enables the write circuit.



The write data is transmitted to the unit, amplified,
and applied to the selected head (Figure 3-28). The
Write signal from the controller must now be up if
the data is to continue along the write chain. If
write is up, the data is allowed to pass through the
remainder of the chain to the selected head and is

written on the disk pack.

Write Compensation {Optional]

The write compensation circuit converts the NRZ
data into MFM data while compensating for a read

condition known as peak shift,

Peak Shift

Peak shift is an effect that degrades read accuracy
by distorting the waveform. This condition exists

because no electromechanical device can be perfect.

Ideally, the flux reversal command by the write tog-

¢gle would be instantaneous as shown in the Ideal

Recording portion of Figure 3-29, Current would
immediately switch from one polarity to the other.
As a result, the distance required to complete the
magnetic flux reversal on the disk would be so nar-
row as to be insignificant; the readback pulse would
then also be extremely narrow. To carry the princi-
ple one step further, the heads would be an infinitesi-
mal distance from the disk surface. Therefore, the
head gap itself could be made very small for two

reasons:

1. The magnetic field strength increases as

the head moves closer to the disk.

2. The head gap must be wide enough to inter-
sect sufficient lines of force from the
magnetic flux field to generate a signal.
The weaker the signal, the wider the gap
must be., With the substantial flux ampli-
tude gained by having the head very close
to the disk surface, a very small head gap

can generate a reliable readback voltage,

@ DIFF @ WRITE

@ WRITE @

WRITE CURRENT

WRITE DATA —> RCVR TOGGLE DRIVER > TO SELECTED HEAD
WRITE
® CURRENT
WRITE ENABLE CONTROL

]
wRTE @) [T

WRITE
ENABLE @ ,_l

0 | 0 ! I ! o I i ! | I
1 ' , ! !
| ; i ) t '
i ] i t
i i
L T T
| ! : ! : : :
! ! | } ! ! |
] : ' i i 1 '
WRITE @ ; ; 1
] t ]
TOGGLE \ l ' I ! .I ’ |[ |
] 1 ] 1 1 ) |
| i i I | , I
' { | { 1 | |
| : : t ! I
: | i : | ' l
1 t
t i 1 | i : !
WRITE : ' : l | | :
1 i
currenT @ | ; A ! : |
Figure 3-28. Write Chain Circuit 8M27
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TOGGLE

WRITE \ / \ /
CURRENT \ / \ /

| —
\
\_
READBACK ’\ /\ /
VOLTAGE \/ \/

TM3S

Figure 3-29. Write Irregularity
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However, it takes time for the current to reverse,
and the flux change is not instantaneous. Further-
more, heads must fly a finite distance from the disk.
The greater the distance between the head and the
oxide, the wider the head gap must be. The resulting
readback voltage is more or less sinusoidal with

peaks less easily defined in time or amplitude.

With modern high frequency recording techniques,
adjacent clock/data pulses are close enough to inter-
act with each other. This is shown in Figure 3-30.
Peak shift is the result of the interaction of the
pulses. Because two pulses tend to have a portion
of their individual signals superimpose themselves
on each other, the actual readback voltage is the

algebraic summation of the pulses.

When all '"1's" or all '"0's" are being recorded, the
data frequency is constant: pulses are spaced apart
by one cell (103 nsec). As a result, the pulse spac-
ing causes the overlap errors to be equal and

opposite. The negative-going and positive-going

WRITE
TOGGLE

|

!

|

|

|

]

i ZERO

! PEAK —>|
: SHIFT
!

|

!

!

|

|

|

This is the "'zero peak
AP B 5 D

errors cancel each other.
shift'" condition of the
3-30.

pattern in Figure

Peak shift occurs when there is a change in fre-
quency. A "011" pattern represents a [requency
increase since there is a delay of about 1.5 cell
between the "01" and only 1.0 cell between the "11'",
As a result, the squeezing of the cells causes the
mathematical average (the actual readback voltage)
to shift the apparent peak to the left. This is early

peak shift.,

On the other hand, a "'10" pattern represents a fre-
quency decrease since a pulse is not written at all
in the second cell. In addition, a '"001" pattern is
also a frequency decrease since there is a 1.0 cell

interval between the first two bits and 1.5 cell be~

tween the last two bits.

The examples listed above examined only two or

three bits without regard to the preceding or

i 0

L

RESULTANT
(ACTUAL)
READBACK
VOLTAGE

NOTE:

@ IDEALIZED INDIVIDUAL
READBACK VOLTAGES

] EARLY
fe— PEAK
SHIFT

Figure 3-30,

LATE
lk<— PEAK

SHIFT 7M36A

Peak Shift
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subsequent data pattern. The actual combinations
are somewhat more complex. The drive logic ex~

amines and defines the following patterns:

Pattern Frequency Change
011 Increasing
1000 Increasing
10 Decreasing
001 Decreasing

Any data pattern will have considerable overlapping
of the data pattern frequency changes. Consider the

overlap of these eight bits:

Increasing Frequency

10 06 13 ‘o; 1 41t o

Decreasing
Frequency ——4

Any of these peak shift conditions can cause errors
during subsequent read operations. The drive com-
pensates for these known errors by intentionally
writing a pulse earlier or later than nominal. This
function is accomplished by the write compensation

circuit.

Write Compensation Circuit (Optional)

The write compensation circuit (Figure 3-31) con-
verts NRZ data into MFM data while intentionally
shifting the pulses in the data cell to compensate for
peak shift.

Data enters a decode shift register in NRZ format.
It is shifted through the register by a 9,67 MHz clock
signal determined by the 19.34 MHz clock and a
phase related 9.67 MHz clock. As the data shifis
through the register, the register contents are
examined by a series of gates to analyze the bit
pattern. These gates determine if the incoming data
frequency is constant (00000 or 11111), increasing
(01% or 1000), or decreasing (10 or 001). The tim-~
ing of the write data pulses applied to the write
toggle (Figure 3-28) are adjusted to compensate for
the frequency shift:

83308500 D

1. If frequency is constant, there will be no
peak shift. The pulse, clock or data, is
intentionally delayed by 6 nsec and is applied
to the on time gate. This pulse is the

write data pulse applied to the write toggle.

2. If frequency is decreasing, the apparent
readback peak (Figure 3-30) would occur
later than normal. To compensate for this,
the data is written earlier than nominal.
Early gate is enabled. This causes clock/
data to be written concurrently with the

clock pulses; the 6-nsec delay is bypassed.

3. If frequency is increasing, the apparent
readback peak would occur earlier than
normal. Therefore, data is intentionally
written later than nominal. Late gate is
enabled., This causes the write data to be

writter 12 nsec after the nominal beginning

of the cell.

Writing Address Marks (Optional)

The drive writes an address mark (AM) on command
of the controller. When the Control Select, Write
Gate, and Address Mark lines are high the write
compensation circuit (Figure 3-32) is prevented from
being applied to the write circuitry. Current con-
tinues to flow through the write coil but, since there
is no current reversal, no flux transitions occur.
Therefore, the read circuit cannot recognize the
constant flux as usable information. The controller
determines the length of the Address Mark (three
bytes).

Read Data Processing

AGC Amplifier and Address Mark Circuit

Analog read data from a selected head is passed
through a preamplifier and a low pass filter (Figure
3-32). The filter attenuates the high unwanted
frequencies (noise) in the read data signal and pro-

vides a linear phase response over the read data
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frequencies. The output of the filter is applied to

an agc circuit through a differentiator. The agc cir-
cuit provides a relatively constant output amplitude
from a wide range‘of input amplitude. The output of
the age amplifier circuit is applied as a reference
level to the data latch circuit. The detected age
signal is also integrated for use in a fast response

address mark detection circuit (optional).

The address mark circuitry is enabled by the Ad-
dress Mark Enable signal from the controller. The
absence of output signals from the differentiator is
sensed by the agc loop. A voltage comparator com-

pares the age level and senses the absence of output

signals. The transitionless period of about 2,4 usec

is detected and formed into a 7.75 +.25 usec
The Address Mark signal is used to

resynchronize the data separator PLO (optional).

address mark.

Data Latch Circuit

The data latch circuit (Figure 3-33) receives differ-
entiated data from the agc circuit. Data is applied
directly to the high resolution channel and through a
The

filter lowers the resolution of the Read Data signal

low pass filter to the low resolution channel.

by attenuating the third harmonic of the signal. After

being delayed approximately 35 nsec past the low

HIGH RESOLUTION CHANNEL

@
ANALOG @ CszEgsos PULSE @ DELAY DATA ——>@ DATA
READ DATA DETECT. FORMER 5] LATCH LATCH
LOW RESOLUTION CHANNEL
zero | @
FILTER CROSS
DETECT
AN
mas (g / N\ AN Sdh VAN
READ DATA \/ \/ \/ \/ \/
oaTA PULSE (D) [ ] Mo T I l [T
fi(E)goRcEs{)ss ® l { oL | |
A
patA puLsE @ M I T LT LT
DATA LATCH
BEFORE PULSE ] | L
SHAPER @ l l [
NOTES: |. TIMING SIMPLIFIED
2. LOW PASS FILTER INTRODUCES APPROXIMATELY 35 NSEC DELAY
/3\ DASHED LINE INDICATES LOW PASS FILTER OUTPUT 8M30
Figure 3-33, Data Latch Circuit
3~54
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resolution winder, the high resolution channel pulse
clocks in the low resolution channel window to set
the data latch. This produces an output from the
latch which retains the timing of the high resolution

channel,

The high resolution channel may form extraneous
pulses caused by the low frequency input dropping
through the zero cross-over detector. These ex-
traneous pulses would follow the legitimate pulse.
However, they are ignored by the latch because the
latch cannot be set without the presence of the low
resolution channel pulse. The low resolution chan-~

nel has no extraneous pulses because the third

harmonic is suppressed, and eliminates the dropping.

Index Detection Circuit

The index detection circuit (Figure 3-34) generates
a 2.4 usec pulse at the start of each new logical
track. This signal is returned to the controller as
Index and also resets the sector counter to zero.
Not odd and not even dibits are presented to a re-
triggerable multivibrator. The output of the multi-
vibrator is held high until the Index pattern is
present. The start of the Index pattern activates the
Index counter/decoder., Only the correct missing
dibit pattern will cause the counter to increment to
the correct code (as shown in the timing diagram).
After the counter reaches the code 01101, the next
clock pulse resets the latch, and thus the counter,
and also provides a 2,48 ysec Index pulse from the

decoder.

Note that Index is inhibited while the heads are over

either a forward or reverse EOT area.

Sector Counting Circuit

The sector circuit (Figure 3-35) permits the con-
troller to determine the current angular position
(sector) of the heads with respect to Index. Each
track may be considered as subdivided into 64
segments (sectors). They are numbered from 000

83308500 D

through 127, Sector 000 is the first sector following
Index.

A 403 kHz clock signal, derived from the servo track
dibits, is used to generate the sector count. The
Index pulse resets the sector bit counter and sector
counter. The first positive-going pulse after Index
increments the sector bit counter. The counter
continues to be incremented by the 806~kHz clock
until it reaches 128 (bit 27 high), at which time a
Sector pulse is generated. The Sector pulse resets
the sector bit counter, increments the sector counter,
and is sent to the controller. The sector counter is
incremented by Sector pulses until it reaches a count
of 127, It is reset by the Index pulse. Sector Count
Enable must be high for the sector counter to incre-

ment.

Read PLO and Data Separator

General

This circuit has two functions: (1) to con-
vert the MFM data from the analog to digital
converter into MRZ data and (2) to generate
a Read Clock signal which is locked to the
frequency of the read data (9.67 MHz nomi-
nal). Both the NRZ data and the Read Clock

signal are transmitted to the controller.

The read PLO and data separator circuits
consists of four main parts (refer to fig-
ure 3-36):

@ Input Control - Controls whether MFM
data or 4.84 MHz clock pulses will fur-
nish the input to the circuit.

® Data Strobe Delay - Delays the pulses
to provide the proper input to the VCO.
These circuits also provide error re-

covery cability.

® Phase Lock Loop - Synchronizes the cir-
cuit outputs to the phase and frequency
of the inputs.
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Figure 3-35. Sector Circuit
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® Data Separator - Converts the MFM data
to NRZ data and generates the Read
clock. This circuit is actually a

part of the phase lock loop.

The remainder of this discussion further de-
scribes the read PLO and data separator cir-

cuits.

Input Control

The input control circuit selects the input
that will be used by the read PLO and data
separator circuits. This input will always
be either MFM data from the read analog to
digital converter or 4.84 MHz clock pulses
from the servo frequency multiplier circuit.

The 4.84 MHz clock signal is used only when
the drive is not reading MFM data, such as
before Read Gate is raised. It also uses
the 4.84 MHz clock whenever the Address Mark

Enable signal is active because this indicates

the drive is expecting the Address Mark
which contains no MFM data. The drive uses

the clock signal as a substitute for the read

data for two reasons: (1) the signal is
derived from the track servo dibits and
therefore, its frequency (like that of the
read data) varies directly with disk pack
speed and (2) after being processed by the
pulse forming circuits, it has about the

Data Strobe Delay

The purpose of the data strobe delay circuit
(refer to figure 3-36) is to delay the data
pulses sufficiently to provide the proper
timing relationship at the input to the
phase lock loop. The output of the data
strobe delay circuit is delayed by a time
determined by the state of the Data Strobe
Early and Data Strobe Late signals. These
signals facilitate the recover of marginal
data and are enabled by the Error Recovery
tag (001).

The output of this circuit is the Delayed
Data signals which are sent to the input of
the phase lock loop.

Phase Lock Loop

The phase lock loop (refer to figure 3-36)
synchronizes the read PLO/data Separator
circuit outputs (NRZ data and Read Clock)
to the input (either MFM data or 4.84 MHz
clock). The loop accomplishes this by com-
paring and following two signals: (1) the
Delayed Data signals which have a constant
phase and frequency relationship to the
input MFM data or 4.84 MHz Clock (whichever
is used) and (2) the Feedback Clock Pulse
signals which have a constant phase and
frequency relationship to the output NRZ

same nominal frequency as the read data (9.67 data and Read Clock signals. The loop inputs

MHz) . This results in it being easier for the are applied to the phase/frequency compara-
phase lock loop to synchronize to the proper tor,
frequency when switching from one .of the sig~

nals to the other. The phase/frequency comparator generates

output pulses which are a function of the
Once selected the signal is applied to a phase and frequency between the positive
pulse forming network which generates a 20 going edges of the inputs. The filter
nsec pulse for each transition of the input. circuit uses the comparator outputs to
These pulses are then applied to the data generate a control voltage for the voltage
strobe delay circuits and also furnish the controlled oscillator (VCO).

data input to the data separator.
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This control voltage causes the frequency
of the VCO to vary in the direction neces-
sary to eliminate the phase and frequency
differences between the two signals that

were input to the comparator.

The output frequency of the VCO is actually
twice that of the input so for an input of
9.67 MHz it has an output of 19.34 MHz.
However, the data separator divides this

by two before generating the Feedback Clock
Pulse signals thereby providing a feedback
to the comparator that satisfies the loop.

Data Separator

This circuit determines if the data pulses
represent a one or zero and then converts
the data to NRZ. It also generates the
Feelback Clock Pulses to the comparator and
the 9.67 MHz Read Clock that is sent to the
controller, Figures 3-37 and 3-38 show
simplified logic and timing for the data

separator circuit.

The VCO outputs provide the proper timing
relationships for the data separator by
controlling the Data Window and Read Clock
FFs. The Read Clock FF generates the 9.67
MHz Read Clock signal and also provides
timing signals to the data separator logic.
The Data Window FF generates the Data
window which is used to determine whether

the input data pulses represent ones or

zeros. The actual decoding of the data is
done by the "1's" Enable and "0's" Enable
FFs.

If a data pulse represents a one it occurs
during the data window and sets the "1's"
Enable FF., Setting this FF generates a
Feedback Clock pulse and causes the Data
Buffer to generate a NRZ one.

If the data pulse represents a zero the "l's"
Enable FF is not set and the Data Buffer

FF generates a NRZ zero. In this case the
"0's" Enable FF which is set by every data
pulse generates the Feedback Clock Pulse

signal.

Before accurate detection of data can begin,
the proper phase relationship must be
established between the data (representing
ones and zeros) and the VCO output pulses.
This is done during a 7.75 usec lock to data
period which is initiated by the Lock to
Data signal. This signal is a 7.75 usec
pulse that occurs when the Read Gate signal
goes true or when the Address Mark is de-
tected. The Lock to Data signal holds the
"0's" Enable FF set and disables the output
of the "1's" Enable FF. Therefore, if the
circuit is to synchronize properly the pulse
must occur during a period when the drive is
reading only zeros.

83308500 D
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at the ""1's"" flip-flop during the proper phase of the
Setting the FF

inhibits the output gating of the "0's'" cnable FF,

clock, the "1's" enable FF is set.

provides the data out signal, and supplies a refer-
ence signal to the comparator, Clock pulses from
the read signal set the '"'0's'' enable FF, which also

supplies reference pulses to the comparator.

The Lock-to-Data signal is kept high only long enough
to achieve phase-lock during the preamble that occurs
at the beginning of a record. This phase-lock period
is necessary to establish the proper phase relation-
ship between the data to be received and the 9,67

MHz clock from the VCO and to signify to the phase-

lock loop that it is receiving a field of zeros.

Servo Frequency Multiplier Circuit

The Servo Frequency Multiplier circuit (Figure 3-39)
uses dibits produced by the track servo circuit to

generate the basic 806-kHz clock signal, The signal
is applied to the index and sector detection circuits.
The servo frequency multiplier circuit also provides
a 89,67 MHz Servo Clock signal to the controller and

a 4.84 MHz clock to the read PLO,

The nominal frequency of the dibits is 806 kHz; how~
ever, the actual frequency is a function of the spindle
motor speed. The phase-locked loop (PLL) in the
clock circuit synchronizes itself to the actual dibit
rate. This permits the clock to react to variations
in gpindle speed. Signals derived from this circuit,
such as servo clock, are a function of actual spindle
speed rather than functions of an absolute time base,

and therefore bit density is independent of disk speed.

Input dibits are applied to two retriggerable multi-
vibrators: one supplies a 1.6 usec (approximate)
output pulse, the other a 750 nsec (approximate)
output pulse. The 1.6 usec pulse is longer than the
dibit period, thus providing a continuous gate for the
feedback pulses from the voltage controlled oscillator

(VCO) as long as dibits are present. The output of

83308500 D

the other multivibrator is fed through a delay which
produces 25-nsec pulses for application to the phase/
frequency comparator at the actual dibit frequency.
The comparator generates output pulses which are a
function of the time (or phase) difference between the
positive-going edges of the two inputs. One input,
designated the reference input, is the delayed dibit
pulses; and the other input, designated the feedback
input, is the clock derived from the voltage~control-
led oscillator. The output of the comparator is
fixed amplitude positive and negative pulses which
The filter

circuit integrates the two inputs to generate a control

are applied to an active filter circuit.
voltage proportional to the phase error. This voltage
is applied to the VCO to adjust for any changes in the

frequency of the two signals being compared.

Write Clock Frequency Multiplier

A times-two phase-lock loop multiplies the 9.67
MHz Write Clock for use in generation of the optional
MFM write-compensated data. The operation of this
circuit is essentially similar to that of the servo
frequency multiplier circuit. The input to this cir-
cuit is the returned 9,67 MHz clock sent to the con-
troller from the servo frequency multiplier circuit.
This scheme eliminates the effect of cable propaga-
tion delays in drives that use the NRZ-to-MFM

option.

FAULT DETECTION

There are five fault conditions detected by the logic.
These are:

Write Fault

More Than One Head Selected
Read AND Write

(Read OR Write) AND Off Cylinder
Voltage Fault

Setting the latches of any one of these fault detection
circuits (Figure 3~ 40)sends a Fault signal to the
controller and to the drive operator panel; it also
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Figure 3-40. Fault Detection Circuits




inhibits the write circuitry and the Unit Ready con-

dition. Fault conditions are cleared as follows:

Master Fault is cleared by a power-up, a Fault Clear
signal from the controller, pressing the FAULT push-

button on the operator panel, or by pressing the
MOMENTARY switch (located at logic card location
5); the Fault register is cleared by a power-up or
the MOMENTARY switch.

Write Fault

The Write Fault indicates low (or the absence of)
write current, The level of the current supplied to
the write winding is sensed by a level detector and

converted to logic levels to generate a Write Fault.

In addition, the ac Write fault circuit detects im-
proper write current conditions that occur with open,
shorted, half-open, half-shorted, and/or missing
center tap heads. As long as the write drives is
operating properly, the threshold detector continu-
ously toggles and retriggers the single shot multi-
vibrator. The single shot times out if the toggling
stops. Thus, a Write Fault is generated if either
the write current level drops or if the toggling stops,
and if the write circuitry is enabled. A Write Fault
is also generated if current is passed through the

head on a Read operation.

3-66

More Than One Head Selected

This fault is generated whenever more than one head
is selected. The outputs of the head select circuits
are monitored by summing and voltage comparator
circuits, If more than one head is selected, the
circuit generates a Multiple Select Fault which sets
the Head Select Fault latch.

Read AND Write

This fault is generated whenever the drive receives
a Read gate and Write gate simultaneously from the
controller. This condition sets the Read AND Write
fault latch.

{Read OR Write) AND Off Cylinder

This fault is generated if the drive is in an Off Cyl~
inder condition and it receives a Read or Write gate
from the controller., This condition sets the (Read

OR Write) AND Not On Cylinder fault latch,

Voltage Fault

This fault indicates below normal levels for the
positive and negative dc voltages by setting the
Voltage fault latch.
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KEY TO LOGIC 4

GENERAL

Section 4 contains information on logic symbology,
operational amplifiers, integrated circuit package
configuration, discrete component descriptions and

logic card diagrams.

The logic used in this device consists of two styles
of circuits: discrete component and integrated cir-
cuits. Discrete component circuits contain individu-
ally identifiable résistors, capacitors, transistors,

ete.

Both TTL and ECL integrated circuits are used.
Nominal logic levels for these two IC fam-
ilies are given below, along with a typical
expected range. All signals are named for
their function when thier logic value is "1v,.

Logical Nominal Typical
State Voltage Range

TTL "1" +3 Vv +2.5 V to +4,0 V*
TTL "0O" ov 0V to +0.9 V
ECL "1" -0.9.Vv -0.61 V to -0.,97V
ECL "O" -1.8 Vv ~1.52 V to -2.38V

* Measuring a TTL open collector voltage
may result in a reading that is close
to the actual power supply voltage.

Different circuit configurations, tempera-
tures, and so on may result in legitimate
readings that fall outside of the typical
range. Such readings, however, should be
suspect in the event of trouble,

LOGIC CHASSIS

The Logic Chassis consists of the logic board wire
wrap assembly and guiding piece parts for the logic

cards.

Logic cards are plugged into the logic hoard wire

wrap assembly. Guide rails connected to perpen-
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dicular panels guide the cards into place and restrict

horizontal or vertical movement.

Wire wrap pins extend through the back panel. The
logic cards mate with these pins on one side of the
back panel. On the other side, the "wire wrap"
side, wiring interconnects the logic functions be-
tween cards. This wiring is secured to the pins by
the wire wrap technique. These pins also provide
convenient test points for monitoring logic levels of

all signals entering and leaving each card.

The wire wrap surface of the logic board wire wrap
assembly contains wire wrap pin identification (Fig-
ure 4-1). Logic cards are designated by horizontal
row (A) and vertical column (1 through 16). Wire
wrap pins are then called out by pin number and
column A or B. For example, A8-12B is the back
panel pin at logic row A, position 8, pin 12 of col-

umn B,

JAO1 through JAO4, PAl, PA2, PA6, PA7, P09,
and JA10 are auxiliary connectors used to interface
logic cards with maintenance panel, I/O connectors,
etc. Pin identification is by pin number (1 through
14) and row (A or B). (JAOLl-5A is auxiliary con-

nector JAQL, pin 5, row A.)

LOGIC CARDS

PHYSICAL DESCRIPTION

All components of the logic cards (Figure 4-92) are
mounted on one side of a printed circuit board (PCB).
Numeral designators (1 through 99) are etched on

the non-component side of the board identify each
transistor. A 4-character alphanumeric designator
is etched on the non-component side of the board to
identify the card type. A matrix code (alphanu-
meric) also appears on this side, Non-amplifying
components such as integrated circuits, resistors,

capacitors, diodes, ete., are not marked.
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Figure 4-1. Wire Wrap Board Assembly

PIN ASSIGNMENTS

Cards are equipped with a 62-pin (sockets) connector.
Connectors are mounted along the shorter dimension

on the component side of the board,

The pins of each card connector are arranged in two
columns (A and B) and are numbered from the top
starting with pin 1 and continuing through pin 14 on

the half-size card. The pins of the full-size card

4-2

are numbered 1 through 34, however, pins 18A, 188,
19A, 19B, 20A, and 20B are omitted.

The logic chassis wire wrap surface (side opposite
surface where cards are installed) contains wire
wrap pin identification information adjacent to each
chassis row. Wire wrap pins are numbered 1
through 17 in each chassis row. When a full-size

card (spans two logic rows) is installed in the logic

83308500 D
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Figure 4-2. Logic Card Detail

chassis, card connector pins (sockets) 1A and 1B
mate with wire wrap pins 1A and 1B of the upper
row, while card connector pins 21A and 21B mate
with wire wrap pins 1A and 1B of the row immedi-
ately below. The logic diagrams for this unit show
connections in terms of wire wrap pins.

TEST POINTS

Test points are located near the edge of the card
opposite the connector and in other strategic places
on the component side of the board. Test points are
identified alphanumerically starting with A on the
top, outer edge. Test points A and Z are available
for ground reference on full-size cards. Only test
point Z is available for ground reference on half-

size cards.

LOGIC SYMBOLOGY
INPUT/OUTPUT STATE INDICATORS

Input/output state indicators are the polarity indi-
cator (— or p— ) and the logic negation indicator
(—g orp— ).
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The input polarity indicator indicates the most nega-
tive potential is required to satisfy the logic function
represented by the qualifying symbol. The output
polarity indicator indicates the most negative poten-
tial is present at the output when the logic function
is satisfied. The absence of the polarity indicator

indicates the most positive potential is present.

The logic negation indicator is a small circle located
at the origin or termination of a signal line, and
tangent to a logic symbol. The presence or absence
of this indicator tells the conditions that are neces-
sary to satisfy the function of the logic symbol. The
presence of the circle indicates a ''0" logic level on
that line is needed fo satisfy the function. The
absence of the circle represents a logical "'1"" as
needed to satisfy the function.

The relative level indicator depicts the occurrence
of inversion. Figure 4-3 shows some representa-
tive examples of the relative level indicator being

used in this manner.



NON-INVERTING

o I e B i e e
o I e 0 et e e

Figure 4-3. Inversion Conventions

DYNAMIC INDICATOR

The presence of a dynamic indicator ( t> ) just inside
a symbol indicates the inputs are gated (satisfied)
with the dynamic positive-going transition of the in-
put line to the state shown. A logic negation indica-
tor {circle) accompanying the dynamic indicator
signifies that a negative-going transition is required
to gate in the inputs. Absence of the dynamic indi-
cator indicates the inputs are gated (satisfied) with

the static state of the input line.

SIGNAL LINE INDICATORS

Non—Standard levels

Some signal line indicators indicate non-standard
levels on input/output lines. These signal line
indicators are as follows:

sl non-standard logic levels

—>%—— analog or non-logic levels

———A~— variable control

Absence of these indicators shown above indicates a

standard logic level.

Inhibit

The inhibit line indicates gating of the logic function
will be inhibited whenever the line is at the level
indicated by the logic negation indicator. Inhibit line

symbols are as follows:

_JH with logic negation indicator
———}——{ without logic negation indicato
Miscelloneous

Other signal line indicators are as follows:

test point

.
_X twisted pair

FUNCTION SYMBOLS

Circuit function symbols for discrete components

and integrated circuits are as follows:

1 OR gate or inverter

a AND gate

83308500 A



=1 exclusive OR
b amplifier (with or without gain)
¥ amplifier with adjustable gain
P> summing amplifier
/o integrating amplifier
D differentiating amplifier
X/D digital to analog conversion

digital to analog conversion with
x/¥ adjustable gain

by analog to digital conversion

amplifying level translator (gain noted
B x/v outside box)

positive analog rectifier (symbol pre-
1ol ceded by a minus sign if negative
rectification is used)

analog summation of digital inputs.
Reference voltage outside box indicates

X/ output signal level resulting when
specified input(s) are negated
DIy Schmitt trigger
P iﬁgfﬁﬁi’ non-linear, gain controlled
Fp function generator
np active bandpass filter
N bandpass or resonant circuit

>y bidirectional switch
X /'Y Level conversion - transmission line

to logic level, switch state (ground or
open) to logic level, logic level to power
output (to drive lamp, relay, solenoid,
etc.)

1 _J L retriggerable multivibrator (single shot)

t T . .
jr—y SymMMmetry restoration circuit

200nt 2] ones delay - when input changes to a ""1"
L —if & 200 nsec delay occurs before the "1
eod 18 passed on

zeros delay - when input changes to a
b J '0"" a 30 nsec delay occurs before the
"0" is passed on

2% Iboth transistors are delayed by 35 nsec
b
83308500 A

INPUT/OUTPUT DESIGNATORS

Inputs are individually identified as necessary by an
input designator inside the symbol block and adja-
cent to the left side following all prefixes indicating

dependency. These input designators follow:

R reset or clear
S set
G gating type input that affects other

inputs or outputs
J J input of J-K flip-flop

K K input of J-K flip-flop

2 used to link gating (clock) input of con-
trol block to J and K inputs of J-K flip~
flops

T toggle or complement input

D data input of D-type flip-flops

C a gating {clock input for D-type flip-flops)
—o shift right (or down)

o shift left (or up)

+1 increase contents by one (count up)

-1 decrease contents by one (count down)

indicates grouped inputs that maintain a
]OR[ fixed relationship in states and always
change together

indicates relative weighting of inputs or
outputs in codes. They may be consecu-
tive, binary, decimal representation of
binary values, etc.

A, B, C, ETC. when two or more of these are used to-
gether in inputs to a symbol, it indicates
individual signals or individual groups of
signals to be identified for further oper-
ations such as arithmetic functions

Certain input designators (C and G) may also be used
as prefixes to other input designators, but not to each
other, C and G indicate dependency of every desig-
nator, such as D, they prefix, and are referred to as
dependency notation. For example, CD indicates

that the input is gated to a D-type flip-flop only when



the C input is active. Gate dependent inputs (G) may
be distinguished from each other by 1, 2, etc., follow-
ing the G. Where more than a single G term is
involved, commas are used to separate the numbers.
Clock dependent inputs for loading data are denoted
by a ''C". Different C inputs are distinguished by a

number following the C.

COMMON CONTROL BLOCK

Signals entering the common control block (Figure
4-4) are common to more than one section of the
circuit. The neck of the common control block
abuts the top or bottom of the sections it controls,
Input designators may include C, G, R, ~, -, +1, -1,

plus select lines with or without decoding.

WIRED FUNCTIONS

The logical representation for wired functions is
shown in Figure 4-5. These functions are used where
circuits have the capability of being combined as an
OR function by having the outputs connected. This
is simply a physical connection and no electrical or
electronic components are involved. The logical
interpretation of a wired OR function simply re-
quires that one of the inputs be a logic "'0" before

the output can be a logic ''0''. The wired AND output
will be a logic "'1" only when both inputs are logic

HI,SH.

e

F—@
SN 2 ©

(O common coNTRoL
BLOCK

@ neck

® sections)
CONTROLLED 8Y
COMMON CONTROL
sLocK

Figure 4-4, Common Control Block

OR ~ AND
1 a
INPUT N\ OUTPUT  INPUT A\ OUTPUT
INPUT INPUT
ervie

Figure 4-5, Wired Functions

INTEGRATED CIRCUITS

Figure 4-6 shows the schematic version (as shown
on card schematic diagram) and the logical repre-
sentation (as shown on logic diagrams) for the same

representative integrated circuit,

Referring to Figure 4-6 it is apparent that the two
versions are essentially the same. Both views
identify pin numbers, the function symbol, and the
CDC element number for the circuit. Refer to
Section 5 for manufacturer's information on the

various element numbers.

The last item of information regarding these two
representations involves the location code which
borrows part of the schematic symbols reference
designator. In the reference designator (U-A4B),
the U specifies a non-amplifying integrated circuit,
the A4 is the circuits board matrix location for the
package, and the B indicates the section of the
package. (A 140 package is a four section package.
Each section is a separate circuit. Sections are
identified A through D.) The location code {on logic
drawings) borrows the matrix location and addition-
ally specifies the location of the card in the logic
chassis: position 5.
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SCHEMATIC

INPUT

\4 U-A48
! | 6

5 140
\l FUNCTION

SYMBOL

CDC ELEMENT NO.

Figure 4-6.

OPERATIONAL AMPLIFIERS
INTRODUCTION

The operational amplifier (op amp) is a high-gain
integrated circuit that can amplify signals ranging
in frequency from dc to its upper frequency limit,
which may be more than one megahertz. It is used
extensively in the drive as a linear amplifier of

servo analog signals. Because of its versatility,

however, it has multiple applications.

The op amp approaches the following characteristics

of an ideal amplifier:

1. Infinite voltage gain

2. Infinite input resistance

w

Zero output resistance

4. Zero offset: output is zero when input

is zero

5. High bandwidth frequency response

BASIC CIRCUIT ELEMENTS

Figure 4-7 is a highly simplified schematic of a
typical op amp with its basic feedback network.

Detailed circuit analysis information may be obtained

83308500 A

FUNCTION
SYMBOL

INPUT
\ A

4n 1

oUTPUT
e
140

EXN Aos@z_\J\

CDC ELEMENT NO.

LOCATION

{IN LOGIC CHASSIS
AND ON CARD!

Integrated Circuit

by referring to the manuals prepared by the applic-

able manufacturers.

INPUT STAGE

All op amps utilize a differential amplifier in the
input stage. This circuit may bhe relatively simple,
as shown, or may consist of multiple circuits with
FTEs or Darlington-connected transistors. The
advantage of this type of amplifier is that it amplifies
the difference between the two input signals, For
example, if 10 mv are applied to the non~inverting
input while 9 mv are applied to the inverting input,
the extra 1 mv difference is amplified. The amplifi-
cation, which may be a voltage gain of up to 100,000,
is linear until the op amp saturates or until increas-

ing frequency causes rolloff.

If the same input is applied to both input terminals,
the signal is referred to as the "'common-mode”
input signal. In the preceding example, the 9 mv
are the common-mode input, while 1 mv is the dif-
ferential input. In the ideal op amp, the output is
zero with identical inputs. Only the difference (1
mv) is amplified. Since the common-mode input is
not amplified, signals common to both, such as

noise and hum, are cancelled.



t
t
—te

@----=n

o eeed

R2
AN
e n
INPUT STAGE 2nd STAGE OUTPUT STAGE
V4 V4
SUMMING @
POINT
m—\
V4
% ] va
I —
dB
R3 v Vv Vv
RS
NOTES;
@ TO COMMON CONSTANT-CURRENT SOURCE.
@ NOT APPLICABLE TO ALL TYPES.
REFER TO MANUFACTURER'S DATA SHEET.
@ FOR BALANCED INPUT |MPEDANCE,
R3: R R2 79133
RI+R2

Figure 4-7. Simplified Op Amp Schematic

SECOND STAGE

Not all op amps have a second stage, If used, how-
ever, it may contain additional amplification and

level shifting,

BASIC CIRCUIT FUNCTIONS

Resistors R1 and R2 provide degenerative feedback
to control the overall gain of the circuit. As long as

the ratio R2/R1 is low compared to the open loop

4-8

gain at the operating frequency, circuit gain is inde-
pendent of the characteristics of the specific op amp.

Rapid analysis of this circuit is possible if two basic

principles of op amps are assumed:

1. Insignificant current flows into either input

terminal; it can be assumed to be zero.

2. The differential voltage (V3) is insignificant

and can be assumed to be zero.
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Rule #1 may be presumed since the input impedance
is very high. As a result, all current (I1) entering
the summing point must leave it (I2). These currents

are:

Il = V1/R1
2 = -V4/R2

n

The minus (-V4) indicates that the output is the in-
version of the input. Since no current flows into

the op amp, Il must be equal to I2, By Ohms l.aw:

V4/V1 = -R2/R1 or V4 = -VI(R21R1)

Therefore, the output is simply the ratio of R2/R1.
This linear output/input relationship holds true as
long as the input (V1) is not of sufficient amplitude

to saturate the op amp.

Resistor R2 is frequently shunted by a capacitor.
This controls the roll-off characteristics of the cir-
cuit where the full op amp bandwidth is not required.
The effective feedback to the input is the resistance
of R2 in parallel with the capacitive reactance of C1.
Capacitive reactance decreases as frequency in-
creases. Therefore, a frequency increases, the
effective impedance of R2-C1 decreases to reduce

overall gain.

If C1 is large enough, its charging time becomes
more of a factor. The output cannot react as fast
as the input may change. This is the integrating or
low pass function. For example, doubling the fre-
quency halves the gain. The output is the mathe-
matical integral of the input when the effects of C1
predominate over the effects of R2. Thus, if the
input voltage is proportional to velocity, the output

is proportional to distance.

Since there is actually a slight current {(measured
in nanoamperes) entering the differential stage, the
difference or unbalance between the two input cur-
rents would be amplified. This results in an error
known as dc offset, that is, the output would be non-

zero with a zero common-mode input. If, however,

83308500 A

the currents are made to be equal, that is, they see
equal input impedances, they are common-mode and
are cancelled. Resistor R3 is selected to balance
out the offset voltage and current by making the

impedance to ground of the two inputs equal.

Rule #2 holds true as long as feedback is provided
by R2 or its equivalent. As long as the amplifier is
not saturated, it will adjust its output voltage to
maintain the differential voltage V3 at zero., There-
fore, the summing point is at V2. Since V2 is usually
at ground potential, the summing point is also at
ground. This is a ''virtual” ground, that is, it is at
ground potential even though there is no connection
between this point and true ground. If the summing
point is monitored with an oscilloscope, little or no

signal can be observed.

Typical op amp circuit functions are illustrated in

Figure 4-8.

SCHMITT TRIGGER CIRCUITS

Operational amplifiers can also be connected in the
Schmitt trigger configuration (Figure 4-9), Note
that the degenerative feedback path is not provided.
It is replaced by a regenerative feedback path. This
is the open loop configuration: if the voltage at the
non-inverting input is greater than the voltage at the
inverting input, the output is saturated at its most
positive value. Reversing the inputs causes the cir-
cuit to slew (change) at its maximum possible rate

to saturate negatively.

All Schmitt triggers have hysteresis. Hysteresis
is supplied by regenerative feedback from the output

to the non-inverting input.

Consider A376 of Figure 4-9. Assume the voltage

at A is zero. A voltage divider network (not shown)
sets point B at +1,28v. Without feedback and, since
the non-inverting input is more positive than the

inverting input, the output is saturated positively.



CIRCUIT TYPE SYMBOL
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INVERTING v
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R
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REFERENCE Rz Vagr our
VOLTAGE +V
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-v
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L
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Figure 4-8, Op Amp Circuit Functions (Sheet 1 of 3)
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CIRCUIT TYPE SYMBOL ouTPuTO®

I
2
i
R dt
INTEGRATING I Vour = — e f"m
o " C
AMPLIFIER Yy O—w I I
Your IF V,, IS CONSTANT,
L Vin X TIME
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voL
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NOTES:

(D) MiNUS SIGN(~) INDICATES THAT OUTPUT IS INVERTED.
(® R, USED TO PROVIDE DC FEEDBACK TO KEEP OUTPUT
SYMMETRICAL ABOUT GROUND. ) Tl -2

Figure 4-8. Op Amp Circuit Functions (Sheet 2 of 3)
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CIRCUIT TYPE SYMBOL FUNCTION

Vour = + V F v, <V
out = + VsaT i 2
OPEN LOOP />

{ COM PARATOR) Vouy Voyr = OV IF Vi = V2

Vour = ~Vsar IF Vi > Vg

AAA = 4 F v, < vy
SATURABLE V| QAN /> Vourt VsAT | ! 2
COMPARATOR Vour Yoyt = OV IF V=V

o—
Ve Vour= V2 F V>V,
AAA v = ¥y Fv, < vy
v, O— ya: ouT 2 i 2

SATURABLE

COMPARATOR VouT Vour = OV IF V) = Vp

Yy 0
Vour = =Vsar IF VY, > Vp

b
Vv, O—am N > Vour = Yz IF v, < Vo,
NONL INE AR e

COMPARA TOR Vour Vour = OV IFV, = Vp

o—
Va Vout = V2 IF v, > v,

NOTE:
(D Vour!s ACTUALLY PRODUCT OF lv, l - lvz ] X AMPLIFIER OPEN

LOOP VOLTAGE GAIN (Ay). Ay R 10,000, Voyr CANNOT ACTUALLY

EXCEED THE SATURATION VOLTAGE (Vgar), WHICH IS ABOUT

2 VOLTS LESS THAN THE SUPPLY VOLTAGE, T4oi-3

Pigure 4-8. Op Amp Circuit Functions (Sheet 3 of 3)
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As the input A goes more positive, the output does

not change until A equals B (+1,28v). The differential
voltage is then zero, so the output starts to switch to
a zero-volt output. However, there is now a path
from Y to B; the B input becomes less positive than
the A input. The output very quickly saturates

negatively.

With about -14v available at Y, the voltage at B is
reduced to +1,.10v, The input must now swing to less
than +1, 10v for the output to change its state back to

positive saturation.

The remaining circuits work in a similar manner.

DISCRETE COMPONENT CIRCUITS

Figure 4-10 shows a schematic (as shown on card
schematic diagram) and the logical representation

(as shown on logic diagrams) for the same theoretical
discrete component circuit. Three lines of informa-
tion are contained within the logic symbol. The top
line is the function symbol and designates the board
logic function of that particular symbol. In this case,

D represents an amplifier, the logic function

+20V

é R22F

+20V

Q41

+20V

performed by the circuit, The second line, also an
alphabetic code, designates the circuit type being
used (HAB).

function identifier (specifically a high level ampli-

The circuit type is a subdivision of the
fier). By using the circuit type designator, detailed
information on that particular circuit may be obtained

by referring to Section 6.

The third line within the symbol identifies which

logic card location the circuit is located on.

The numbers on the input lines to the symbol indi-
cate which transistor is driven by that input line.
For example, the upper input has a number 22 on
its line, showing that it drives transistor number

22 (i.e., Q22 on the card schematic diagram).

The output lines also have numbers associated with
them. These numbers indicate which transistor
directly feeds the output line. For example, the
lower output line has a number 40 above it, indicat-
ing that the output from transistor number 40 (Q40
on the card schematic diagram) drives the lower

output line.

@ QU T

2[5 14t
‘ ]A?OSI: 7
39 || HaB | | 40,

ouT

Figure 4-10. Discrete Component Circuit
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The lines on the interior of the logic block that
bracket both inputs and both outputs show that the
input lines and the output lines are differentials.

The relative level indicators show that the ampli-
fier does not invert the signal. Slashes on the inputs
and outputs show that the signal levels are non-

standard.

83308500 A

For schematic diagrams of discrete component cir-
cuits used in this device see Section 3. An analysis
of circuit operation supports each circuit diagram.

The order of presentation is in accordance with the

three-letter alphabetical circuit type designator,.

4-15/4-16



SECTION 5

INTEGRATED CIRCUIT PACKAGE CONFIGURATIONS



INTEGRATED CIRCUITS

INTRODUCTION

Section 5 contains descriptive information
regarding all integrated circuits used in the
BJ7XX logic. Integrated circuit descriptions

83308500 D

are arranged numerically from the lowest
nunbered element, tc the highest numbered

element. Refer to section 4 for an explana-

tion of the symbology used in section 5.



Description

The 140 circuit is a four-section (quad),

2-input, positive NAND gate.

AN A— &
NOTES:
—C OR :>-C
1. Symbol repeated for each gate. g B
2. Vendor identification:
Element Vendor Number LOGIC SYMBOL
140 7400,9002
140H T4H00
140L 74100
140LS 74LS00
140A 74500
3. Package pin configuration, =
SECT
A 3
+Vch 8
TOP 2—
VIEW
4
! 76ND Ec
SB'T 6
5
9..__._
SEST 8
10—
A BiC
0O 011 12
o 1 SECT
10l D 1l
I 110
13
TRUTH TABLE
{FOR ONE GATE) : PIN ASSIGNMENTS
140
Rev C

Sheet 1 of 1
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Description

The 141 circuit 'is a three-section, 3-input,
positive NAND gate.

NOTES:
1. Symbol repeated for each gate.

2. Vendor identification:

Element Vendor Number
141 7410,9003
141H 74H10
141L 74L10
141Ls 74LS10
141s 74810

3. Package pin configuration.

4'V&:(:M 8

TOP
VIEW

! TenD

=00 00 >
——Q O~ - OO w
—O0O-=0-0~-0|0

TRUTH TABLE

83308500 D

AN A— &
B~ —D OR B-—o
c - c
LLOGIC SYMBOL
'_
o | SECCT "
. p—
3
SECT
4 A s
P
9-————
. SEBCT 8
Jp——
PIN ASSIGNMENTS
141
Rev B

Sheet 1 of 1
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Description

The 143 circuit is a two-section, 3-input,

positive NAND gate.

NOTES:
1. Symbol repeated for each gate.

2. Vendor identification:

Element Vendor Number
143 7440,9009
143H 74H40
1438 74800

3. Package pin configuration.

+Vee

A B C DIE
0 0 O O}
0 0 0 I}l
0 0 | O}1
0O 0 I 111
c 1 0 0}1
0 I 0 il
O 1 1 O}t
o1 1 1]
I 0 0 O}1
10 0 1}t
10 1 O}
U I N I
I 0 O}t
A RN
111 0}l
1 110

TRUTH TABLE
(FOR ONE GATE)

2—— SECT
A

LOGIC SYMBOL

SECT

PIN ASSIGNMENTS

143
Rev B
Sheet 1 of 1
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Description

Circuit 145 is a dual, expandable AND-OR-
INVERT gate. Section B of this circuit isg
expandable. If not expanded pins 11 and 12

are open.

NOTES:

1. If not used, expander pins may not be

shown.

2. Vendor identification:

Element Vendor Number
145 3005
145H 74H50

3. Package pin configuration.

+Vcc'

4 8
TOP
VIEW
1 7
GND

A B C DIE
0 0 0 01
0 0 O 1]}
C 01 0]1
0 0 | 1|0
C 1 0 0j1
O 1 O 111
o I 1 0ofi
o1 1 1]0
I 0 0 01!
0 O 111
0 1 O
0 1 110
I 1 0 0|0
I 0 110
1 1 0410
Pl 1o

TRUTH TABLE

83308500 D

2‘& i AN \ 8
3 145 3N a
.6 145 8
41— a1
5/ & 5] |
| I
i3] & OR  3n!
s~ .8 Ing 8
to] & on] !
, 1l - NNES
2 2 E
LOGIC SYMBOL
| EXPANDABLE GATE
&
s—] | L
SECTION B 1 P>~4
o Je— ’
& [
0 I ¥EmiT
12 ¥coLL
¥CONNECTION FOR EXPANDER
) NON-EXPANDABLE GATE
&
s— |
SECTION A 4 b—5
G __j‘“
8
o m—

PIN ASSIGNMENTS

145
Rev B
Sheet 1 of 1



Description

The 146 circuit is a six-section (hex)

inverter.

NOTES:

1. Symbol repeated for each gate.

2. Vendor identification:

Element

146
146H
146L
146LS
1468

Vendor Number

7404,9016
74H04
74L04
74L504
74504

3. Package pin configuration.

+Vee

A1
B L[

TIMING SEQUENCE

196 I\ g or a—DN 146 I

LOGIC SYMBOL

SECT
A 2
SECT Iy
c 4
SECT K
C 6
SECT R 8
D

SECTK 0

PIN ASSIGNMENTS

146
Rev B
Sheet 1 of 1
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Description

The 149 circuit is a quad 2-input Exclusive
OR gate that performs the function Y=AE + AB.
When the input states are complementary, the

output goes to the high level.

NOTES : | A = A =1
1. Symbol repeated for each gate. 149 . ¢ OR 149 c
2, Vendor identification: B~ B

Element Vendor Number

149 7486 LOGIC SYMBOL
149H 3021

149L . 74186

149LS 741586

1498 74586

3. Package pin configuration.

"'V°°14 8
TOP
! Tenp
|___...
SECT A 3
] 2_____
4
A B|C -
A secT B[ ©
0 11 5
o]
I 1o
9.—___
o 8
TRUTH TABLE SECT C
Topmm—
12
gL S——Y
SECT D
13

PIN ASSIGNMENTS

149
Rev B
Sheet 1 of 1
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Description:

The 158 circuit is a 4-bit synchronous binary

]
counter. This circuit can be preloaded with *:: 2‘5
data at the data inputs when the load input 6 "
is low. This disables the counter and enables 5 2
the data inputs. Input data will be trans- 4 3
ferred to the outputs the next time the clock 3 "
input has a low to high transition.
16 CNTR
158
In order for the counter to count, the load 10
(pin 9), clear (R), and P and T enable inputs M G2
. P—T
must be high. A low level to the clear input 9 & (Gl
will clear the outputs to low level regard- !
less of the level to any other input. » alc
=

When P is low, the clock input is disabled so P L2+l

) —AnlR
that the counter can not count. When T is
low, the clock input and carry output are
both disabled. LOGIC SYMBOL

NOTES:

1. Vendor identification:

Element Vendor Number
158 74161,9316
158A 74161
158LS 74LS161

2. Package pin configuration.
+Vee

158
Rev B
Sheet 1 of 3
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PIN

I (CLEAR) |
9 (LOAD) L

i
3 T
4 | e
5 PINPUTS :

6 -
2 (CLOCK)  —F rrirururun
] 1

7 (ENABLE P) _! : ; .

10 (ENABLE T) _+ 17 ! :

i L T B o W o T
vy 1

i BB f 1 | N

3\ ouTPuTS —

5 (TC CARRY)__ 1

0T|213 1415 0 1 2
BEE = DON'T CARE  CLEAR COUNT —wre b
CONDITION PRESET COUNT
T%Dnz
NOTES:
(® MODE SELECTION WITH POSITIVE-GOING GLOCK IS:
PINS [ PIN
7810 9 MODE
| I |count up
0 | 1 [no cHanGE
t | o [pReseT
0 | o |PRESET

PIN 15 IS MIGH WHEN ALL OF THE FOLLOWING
PINS ARE HIGH: 10, I, 12, I3, AND |4,

© ILLUSTRATED ABOVE IS THE FOLLOWING:
I. CLEAR OUTPUTS TO ZERO
2. PRESET TO BINARY 12
3. COUNT TO 13,14, 15, O, | AND 2

4. INHIBIT
©® PINGS) FUNCTION

! MASTER RESET (ACTIVE LOW) INPUT {CLEAR)
2 CLOCK ACTIVE HIGH GOING EDGE INPUT
3,4,5,6 PARALLEL INPUTS

7 COUNT ENABLE PARALLEL INPUT
9 PARALLEL ENABLE (ACTIVE LOW) INPUT
10 COUNT ENABLE TRICKLE INPUT

I, 12, 13,14  PARALLEL OUTPUTS
i5 TERMINAL COUNT OUTPUT (CARRY)

TIMING SEQUENCE

158
Rev B

Sheet 2 of 3

[%2]



9
LOAD o2 N s b [ oAl an
& |cLock
-
DATA A 0> 8 K cLear
CLEAR ot | T
8 P—1As  aBl< 008
|
& |cLock
-
DATA B o & K cLear
2
a8 P J Qc 0 QC
—
& |cLock
5
DATA C o 8 K cLEAR
2 .
CLOCK o | |
& J  apl—roan
—
COUNT B
ENABLE ol —{ & [cLock
P =
-
DATA D o2 & K CLEAR
COUNT a IS, RIPPLE
NT 10 CARRY
!

FUNCTION DIAGRAM

158
Rev B
Sheet 3 of 3
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Description

The 159 circuit is a synchronous 4-bit shift
register capable of shifting, counting, stor-
age, and serial code conversion.

Data entry is synchronous; the outputs
change state after each low to high transi-
When the load/shift input
is low, the parallel inputs determine the
When

tion of the clock.

next condition of the shift register.
the load/shift input is high, the shift
register performs a one bit shift to the
right, with data entering the first stage
flip-flop through the J-K (serial) inputs.
By tying the J and K inputs together, D-type
entry is obtained.

A low level to the clear input will clear the
outputs to a low level regardless of the

levels to any input.

NOTES :

1. Vendor identification:

Element Vendor Number
159 74195,9300
1591Ls 74LS195

2. Package pin configuration.
+Vee

6 9
TOP
VIEW
! 8GND

83308500 D

9
168
|O> —3
N 8
-~
——-—‘-B-R
SR-4
159
2 GJ 15
Heo
— 3N GK
5 cb 14
6 cD i3
2
7
cD N

Pin

4,5,6,7

9

10
12,13,14,15
11

LOGIC symBOL

Function
Master Reset (clear)
First stage J input
First stage K input
Parallel data inputs
Load/shift control
Clock

Parallel outputs

Complementary output (77)
for last stage

159
Rev B
Sheet 1 of 3



PIN

| CLEAR l ’

:[7/////// [z 220777,

|
4 ~__J: l
; I,
: T
) T i,

i
i

[ { | | |
I ' I I | i i
Ezzza ln i l ]
2 J | 1 O 10 | I!: : [ :
! ! : ! I |
! ! I ! { ! [
3 K I ) 10[;11101:11. , L
1 ! ¥ [
! ! ! | ! . | , ! t
| 1 [ ! ' !
1% | ! I | l | l ! i |
! 1 ! 1 | | l | ! f
f 1 1
14 i 1 l l { ] ) l : l { !
| 1
! ] i I i ¢ : { | i {
! I [ i
13 OUTPUTS I ! l } [ | ! [ ! ] | , .
i ! . | | '
| | ) | I ' |
12 i | l ’ I

i

|
i
I

S —

CLEAR| LOAD

®

(:) Parallel data entered via
CD inputs by pin 9 low and
positive~going signal on
pin 10.

Data shifts down

(Pin 15—=Pin 14, etc.)
with clock.

SHIFT

(:) Serial data entered into
J-K inputs by pin 9 high
and positive-going clock.
Pin 4 input inhibited
because pin 9 is high.
Outputs follow Truth
Table shown below. (Were
J and K tied together,
output at pin 15 would
track the J input with
no deviation from the
Truth Table.)

ENTER SERIAL DATA AND SHIFT

©

INPUT PINS | QUTPUT PIN
2 3 15
0 0 0
0 I |O(NO CHANGE)
| o] I {TOGGLES)
! ! !

159
Rev B
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Description

The 161 circuit is a monostable retriggerable multi-

vibrator that provides an output pulse whose duration

is a function of external timing components.

Input pins 3 and 4 trigger on the positive going edge

of the input pulse and pins 1 and 2 trigger on the

negative going input pulse. The 161 circuit will re-

trigger while in the pulse timing state (pin 8 high) ;

the end of the last pulse will be timed Ffrom

the last input.

NOTES:

1. Vendor identification: 9601

2. Package pin configuration.

+Vee 14 8
TOP
VIEW
l 7GND
INPUT PINS OUTPUT PINS
OPERATION
] 2 3 4 8 6
H—sL| H H H TRIGGER | JL | LI
H |H—L| H H TRIGGER | L | LT
L X |L—>H| H TRIGGER | 1 | LT
X L |L—H H TRIGGER | T | LT
L X H {L—>H TRIGGER | JL | LI
X L H {L—>H TRIGGER | L | LI
H H H L H
X X L X L H
X X X L L H

X=DON'T CARE

TRUTH TABLE

(TIMING
NETWORK)
| Tn Tls 8
~ N 1J—‘L | S
Emj 161
3 & >
s

~ 6

LOGIC SYMBOL

PIN
CL 7 RETRIGGER
2 S

S

4 _] ; —»l e

8 o Jex [

e L[ L [

¥pPULSE WIDTH DETERMINED BY
RC TIMING NETWORK

TIMING SEQUENCE

Cx Ry
Vee
H 13
8

N &

Sl

OUTPUT PULSE WIDTH (t) IS DEFINED AS
FOLLOWS: 0.7

1=0.32 Ry Cx [H-——:]

RX

Rx IS IN KQ, Cx IS IN pf, t IS IN NS

FUNCTION DIAGRAM

161
Rev B
Sheet 1 of 1
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Description

The 162 circuit is a dual differential line
receiver. A minimum differential voltage of
25 mV is required to insure a high or low

output level. Common mode voltages of #3V
or less will be rejected. The maximum allow-

able differential input voltage is 5 volts.

NOTES:
1. The two sections may be shown separately.

2, Vendor identification:

Element Vendor Number |
~ement —— R A
7 /Y
162 75107 DOQ/ 2 ] X .
7
162¢C 75108 N st
1628 NE521F 6 G2
3. Package pin configuration. L—-—-GZ
+Vccm 8 8 Gl
. M TRl T
v
2 7Y | 2 12 ]
| GND
12&4__..
5 Gl ' TWISTED PAIR
6 2 RECEIVER APPLICATION
&
86/
. 20 ,
¢ 121
I x
7 2} > [TY
ANALOG TO DIGITAL 9 [
CONVERTER APPLICATION = 2psd

Gl

)
G2
L &
8

R ) & °
VLI TV 4 WAL H 22

5ai h2 51N —l = 2

7
6 6 v
tsz OR ti >ov=y ¥
<-0.8v=zY

82]2 ___*Em_'JV —sn,

. . ; o 162 DUAL DIFFERENTIAL RECEIVER USED AS A
y P il v SCHMITT TRIGGER WITH EXTERNAL FEEDBACK

- 2 NETWORKS AND FIXED BIAS ENABLING GI AND

AEIN 62 STROBE INPUTS.

LOGIC SYMBOL LOGIC SYMBOL

162
Rev C
Sheet 1 of 2
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d l l
PIN 4 1S LOW ONLY IF GI AND G2 ARE H ] |
HIGH AND PIN | IS MORE NEGATIVE
THAN PIN 2. G2 IS COMMON TO BOTH 9 [—l
CONVERTERS.
162 DIGITAL TO ANALOG 162 TWISTED PAIR
CONVERTER APPLICATION RECEIVER APPLICATION

TIMING SEQUENCE

STROBES
Dmfﬁfﬁ?g IAL T OUTPUT

Vip225MV_ |L ORHLOR H H
LORH L H

~25MV<V,p<25MV | L |LOR H H

H | H |INDETERMINATE

LorRH L H

Vip<-25MV | L |LoRH H

H | H L

THE DIFFERENTIAL INPUT VOLTAGE POLARITES
SHOWN MEASURED AT PIN A WITH RESPECT TO
PIN B. A MINUS POLARITY INDICATES THAT
PIN A IS MORE NEGATIVE THAN PIN B.

TRUTH TABLE
{(RCVR APPLICATION)

+V

162 SCHMITT TRIGGER

—F &

L L

5 8 S 4

6

12—+ D

™.
H—- &8 P>~ .9
8
FUNCTION DIAGRAM

162
Rev B
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Description

The 164 circuit is a dual negative-edge-
g g (|o)ib.

S
triggered JK flip-flop. Each flip-flop is i 3 64 164 —————5~(9)
rovided with a direct SET input. These
v . P _ B> | 6
direct inputs provide a means of presetting 12) 2 oK (8)

the flip-flop to initial conditions.

LOGIC SYMBOL
Data may be applied to or changed at the clocked

inputs at any time during the clock cycle, except
during the time interval between the set-up and hold-
times. The inputs are inhibited when the clock is
low and enabled when the clock rises. The JK inputs
continuously respond to input information when the

clock is high. The data state at the inputs through-

OUTPUT UTPUT
out the interval between set-up and hold time is INPUT BEFORE G AOFTER G
stored in the flip-flop when the clock pulse goes low. J K SET [CLEAR| SET [CLEAR
Each flip-flop may be set at any time without regard 0 0 0 i 0 i
to the clock state by applying a low level to the SET 0 0 1 0 i 0
input. 0 I 0 1 0 !
0 ! ] 0 0 !
NOTES: L o] ol 1 | o
. | 0 | 0 | 0
1. Symbol repeated for each flip-flop.
I l 0 ! | 0
2. Vendor identification: | | By ) 0 |
Element Vendor Number
164H 3062 TRUTH TABLE
164s 745113

3. Package pin configuration.

+Vee PIN

14 8
— - -
VIEW

i Tono - 400" |
1(13) LI L
z(xz)__f—_l,_E_
5(9)__}"‘-”—’1______'F‘
s(&)” L [ L.

TIMING SEQUENCE

164
Rev B
Sheet 1 of 2
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w
-
?

JO-

CLOCKO—e

| U

[

KO—

s

-0 Q

I

(REPEATED FOR EACH FLIP-FLOP)

FUNCTION DIAGRAM

33— Q———5
l_...._.
2 Q—s=s
[ R Qt——9
13—
12 et QF—-38

164
Rev B
Sheet 2 of 2
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Description

The 172 circuit is a gquad, 2-input positive

NOR gate.

NOTES::

1. Symbol repeated for each gate.

2. Vendor identification: 3002 A P 1
3. Package pin configuration. ¢ OR N
+vee,, 5 B> 1724 — I72H
VIEW
f 76ND LOGIC SYMBOL
l.._...__.
SECT B
A 3
2__
4
SECT I\ 6
B
A B|C 5
0 O}t
(I) 01!0 9
110
1 tlo SECT 8
c
10—
TRUTH TABLE "
SECT Iy
D
13

FUNCTION DIAGRAM

172
Rey B
Sheet 1 of 1
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Description

The 173 circuit.is a quad, 2-input,positive
NAND gate with an open collector output.

NOTES:
1. Symbol repeated for each gate.
2. Vendor identification: 3004

3. The output of each gate is an open
collector.

4. Package pin configuration.

*Vcc'

4 8
TOP
VIEW
! Tonp

—-_—0Q0| >
—-0O=—0O]lm

o-——lo

TRUTH TABLE

173H —I~ 73K

LOGIC SYMBOL

,...____.‘
SECT
A 3
. J—
4
SECT
B8 6
5
9._.
SECT
C 8
10—
12
SECT I
D
13
PIN ASSIGNMENTS
173
Rev B

Sheet 1 of 1
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Description

The 175 circuit is a dual, positive~edge-
triggered, D~-type flip-flop. This device con-
sists of two completely independent D flip-
flops, both having direct SET and RESET
inputs for asychronous operations such as
parallel data entry in shift register appli-

cation.

Information at input CD is transferred to output Q
{pin 5/9) on the positive-going edge of the clock
pulse. Clock pulse triggering occurs at a voltage
level of the pulse and is not directly related to the
transition time of the positive-going pulse. When
the clock is at either the high or low level, the CD-

input signal has no effect.

The flip-flop can also be set or cleared directly at
any time regardless of the state of the clock by
applying a low input to the SET or RESET inputs.
NOTES:

1. Symbol repeated for each flip-flop.

2. Vendor identification:

Element Vendor Number
175 7474
175H 3060
175Ls 74LS74
1758 74574

B

3. Package pin configuration.

+Vcc'4' 8
VIEW
I 7
GND
(m)%b-s 178 F—(9)
(12) ——CD
(i =—>c
(13) DR 8 (5)

LOGIC SYMBOL

83308500 D

6 (8)

1
1
|

TIMING SEQUENCE

4,10(SET)

1 ,I3(RESETIO

L] [

3,11 {CLOCKD.

Y ¥

e B e

2,12 (DATA) O——

FUNCTION DIAGRAM
(EACH FLIP-FLOP)

175
Rev B
Sheet 1 of 1



Description

Circuit type 182 is a 4-bit binary counter. During
the count operation, transfer of information to the
outputs occurs on the negative-going edge of the
clock pulse. The direct clear (pin 13), when taken
low, sets all outputs low regardless of the states of
the clocks (pins 8 and 6). The 182 is fully program—
mable; that is, the counter may be preset

to any state by placing a low (''0") on the count/load
input (pin 1) and entering the desired data at the
inputs. The outputs will then change to agree
with the data inputs independent of the state
ct tne clock inputé. This allox&s the 182 to
be used as a 4-bit latch (register applica-
tion) by inactivating the clock inputs and

using the count/load input as a data strobe.

NOTES:

1. Vendor identification:

Element Vendor Number
182 74197,8291
1828 82591

2. Package pin configuration.

VCCM 8
VIEW
! TonD
OUTPUT
COUNT

Qp|Qc|Qs|Qa
o} 0j0}0j|0
] 0100}
2 0j01lt]o0
3 OO0 1) |1
4 Oj11]0]|0
5 O|1j0O]!}
6 of1}t]o
7 (2 I N O I I |
8 1101010
9 110101}
10 1101110
B 1101
12 11010
13 1{1H]of1
14 L1 1tio
15 [

TRUTH TABLE
(WITH PINS 5 AND 6 WIRED TOGETHER)

(23)- cD 2 )
(22) > co 20
(21 10 o L% @g)
Je CNTRL
182
! §
13 .
F—B>+r
(20) 2 ) TE S
c
8 .
R

LOGIC SYMBOL

! | U
<L GATE D INPUTS

L 1BU 1

]
8 M MUMLMLMLM ULl 5 oA ~SET REG TO ZERO

[

56 ML ITL LU 4
L 5 i 1 f

2 L. o o_ 1L

v °o___ [

COUNTER 3
APPLICATION 2 : —
Ww_
12  —
REGISTER
APPLICATION

TIMING SEQUENCE

122
Rev B
Sheet 1 of 2
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CONNECT PINS 5 & 6 FOR 4-BIT COUNTING, USING DATA INFUT A.
AS A 3-BIT COUNTER, DATA INPUT B IS USED. FIRST STAGE MAY
THEN BE USED AS AN INDEPENDENT DATA LATCH IF COUNI/LOAD AND
CLFAR FUNCTIONS COINCIDE WITH THOSE OF THE COUNTER.

|
4
DATA A o
| r—*lalc*—-w———————l l
COUNT/LOAD 1
|

|
|
1
| |
| PRESET 5
l T Qu—°Qa
| CLEAR o2 !
o CLEAR
| CLOCK | o
| 8
l DATA B o2
z =
““““““““ } PRESET 9
CLOCK 2 o2 dr 9 °Qs
CLEAR
DATA C oo
1
DATA D o

FUNCTION DIAGRAM

182
Rev B
Sheet 2 of 2
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Description

The 188 circuit consists of one 4-input and {

three 3-input positive NOR gates.
PRE P 7 %3-— 1 N 12 Loy & 12
A— 188 "ﬁ.& 188
NOTES : 15 15
. 2 2
1. Symbol sections may appear separately. L 14 S 4
3 N OR 3~ —
2. Vendor identification: 9015 D
5 | - 5.
3. Package pin configuration. 6 I~ 6 —
+Vee
16 ] 10 IOE
TOP i ﬁ 1 ___9
VIEW e I
! 8anp
LOGIC SYMBOL
188
Rev B

Sheet 1 of 1
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Description

Circuit type 191 is a BCD-to~decimal (l-of-
10) decoder. Four active-high BCD inputs
provide one of ten mutually exclusive active-
low outputs. When a binary code greater than
9 is applied, all outputs are high. This
facilitates BCD to decimal conversions and
eight~channel demultiplexing and decoding.

The 191 circuit can serve as a one-of-eight
decoder with the D input acting as the active-
low enable. Eight-channel demultiplexing

then results when the desired output is
addressed by inputs A, B, and C.

NOTES:
1. Vendor identification: 9301

2. Package pin configuration.

(D)
(¢)

(B) 14—-o
(A) 15 ]

INPUT
BINARY 7
/'l
0

VALUE

OUTPUT
DECIMAL
VALUE

2—|8
| —a
2

X—>Y
DCDR
191

N D N D

LOGIC SYMBOL

t+Vee
16 9
VIEW
I 8
GND
INPUT PIN L0 ("0") QUTPUT PIN,,
2 1 14 5 [(OTHER OUTPUTS= i
6] 0] 0o 3
o | o | o i 12
ol o | 1 |o i
o | o | I | 10
o | 1 ]o o 9
o | 1 | o | 3
o | 1 1| o 4
o | 1 | | 5
Il o] oo 6
Lo | o | 1 7
o | 1 |o *
bloo | i *
| I | o | o *
| I e %
| [ 1| o x
i ! | 1 X

% =ALL OUTPUT PINS HIGH
TRUTH TABLE

83308500 D

191
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INPUT
PIN

5

14

2

OUTPUT

{(BINARY)
™~ oouTPUT O

> 00UTPUT |

™ 0oQUTPUT 2

™ 5OUTPUT 3

OQUTPUT 4

™ 0 0UTPUT 5

™ 0OUTPUT 6

A
INPUT AO

A

B
INPUT Bo

B

C
INPUT C O—

c

D
INPUT D ©

D

™S o0ouTPUT 7

FUNCTION DIAGRAM

D> O0OUTPUT 8

coiwmip] ooy [Comy] iomy looms] ooopg [Ooio> KICIOR] Joop] KO

™ 0QUTPUT 9

13

12

PIN

191
Rev B
Sheet 2 of 2

83308500
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Description

The 195 circuit is a dual retriggerable
monostable multivibrator. Input pins 4 and
12 trigger on the positive-going edge of the
input pulse and pins 5 and 11 trigger on the
negative~going edge. The 195 circuit will
retrigger while in the pulse timing state
(pin 3/13 high) and the end of the last pulse
will be timed from the last input. A low
level to the reset input (pin 3/13) resets
pin 6/10 to low level and inhibits data in-

puts.

NOTES:

1. The full timing network would be shown
on the logic diagram.

2. Vendor identification: 9602

3. Package pin configuration.
+Vee

8
GND

4. H = high level (steady state), L = low level
(steady state), ? = transition from low to
high level, v = transition from high to low
level,.J L = one high-level pulse, 1 = one
low level pulse, X = irrelevant (any input,

including transitions).
5. Output pulse width (1) is defined as follows:
- 0.7
t=0.32 Ry C, [1 +R‘§]

Ry is in KQ, Cyisin pf, fis inns

INPUT PINS OUTPUT PINS
5(11) 4(12) 303)] 6(7) 10(9)
vy v w |JLLI
VRN TR O I i
x X L | L H

TRUTH TABLE
(SEE NOTE 4)

83308500 D

TIMING
NETWORK
T 1
5 | 6
4 1> 1110
3 —R— 195 N 7
N 10
2 |TP= 111
13 b 195 9
et N P S,
\LIS \LM
TIMING
NETWORK
LOGIC SYMBOL
a4
-
5 ;
3 ﬁg
Q 10
ab 9

FUNCTION DIAGRAM

PIN

i }_j }—I RETRIG‘EJR
4 1 M r:—l_ []
] - ¥uS pe- | -®{#us =

AR N R I I O

¥ PULSE DURATION IS A FUNCTION OF THE
RC TIMING NETWORK.

TIMING SEQUENCE

195
Rev B
Sheet 1 of 1



Description

The 200 circuit is a hex inverter buffer/
driver with an open-collector output.

NOTES:
1. Symbol sections may be shown separately.
2. Vendor identification: 7406

3. Package pin configuration.

+Vee

X/Y
200

N2 I~ X/Y _ 2
200
N4 3 I
~ 6 5 L8
OR
>...8_ .9__5 ____.._8_
N_l0 TN |10
/2 N e
LOGIC SYMBOL
200
Rev B

Sheet 1 of 1

83308500

b



Description

208S

1
208s

Type 208 is a dual, 4-input, positive NAND !
gate. 2
4
NOTES: 5
. 9
1. Symbol sections may appear separately. I
10
2, Vendor identification: 12
Element Vendor Number 13
208 7420
208H 74H20
208L 74L20
208LS 74LS20
208s 74520

3. Package pin configuration.

+Vce

INPUTS JOUTPUT
A B COD E
00 0O !
0 0 O | 1
00 1 O 1
O 0 I 1 I
o1 OO0 |
o1 0 i |
o1 10 |
o 1 1
I 000 !
I 0 0 | |
I 01 0 |
0 1 | |
I 1 0 0 I
It 0 1 |
R N . |
Fror 0

TRUTH TABLE

83308500 D

LOGIC SYmMBOL

208
Rev B

Sheet 1 of 1



Description

Element 300 is a high gain operational ampli-

. : . +15V
fier mounted on a single chip.
7
Pin Function —2 N
B function Lo e
1 Input Frequency Comp. ) 3 300
2 Inverting Input T Tacs
3 Non-inverting Input ¢ & ¢'¢
4 -V (Connected to Case) FREQUENCY ~I5V FREQUENCY
5 Output Frequency Comp. COMPENSATION COMPENSATION
6 output LOGIC SYMBOL
7 +V
8 Input Frequency Comp.
NOTE:

1. Vendor Identification: 709C

PACKAGE PIN CONFIGURATION

300
Rev. B
Sheet 1 of 1

5-30 83308500 D



Description

Element 301 is a frequency compensated, high

gain, operational amplifier,

)
e
j=1

G)\)G'\U‘I»D-LL)NF—‘I

NOTE:

Function

Offset Null
Inverting Input
Non-inverting Input
-V

Offset Null

Output

+V

Not Used (no connection)

1. Vendor Identification: 741c

PACKAGE PIN CONFIGURATION

83308500

D

+15Vv
7

Yo g
3 301

T 5 Ja.c
ey
NuLL 15V

LOGIC SYMBOL

301
Rev. B
Sheet 1 of 1



Descr

Eleme
high

Pin

1

O N W N

11
12
13
14

NOTE:
1.

iption
nt 306 is a pair of frequency compensated, NULL  +15v
gain, operational amplifier. S [t
At ds
Function —N ] 12
Inverting Input A 2 306
Non-inverting Input A 6 0
Offset Null A ___ZN
-V 5 lle ¢4
Offset Null B —J
Non-inverting Input B NULL ISV
Inverting Input B LOGIC SYMBOL
Offset Null B
+V (B)
Output B
No Connections
Output A
+V (4)
Offset Null A
Vendor Identification: 747C

+Vee

TOP
VIEW

7
: GND

PACKAGE PIN CONFIGURATION

306
Rev. B

Sheet 1 of 1

83308500
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Description

Element 307 is a differential voltage com~

parator.

)
.
=]

w\lG\U‘lbwt\JHi

NOTE:

Function

GND

Non-inverting Input
Inverting Input

-v

No Connection

No Connection
Output

+V

1. Vendor Identification: 710

PACKAGE PIN CONFIGURATION

83308500

D

+i2V
8
2
Z>OV 7
307
3N
J-r La,c
= -V

LOGIC SYMBOL

307
Rev. B
Sheet 1 of 1



Description

Element 309 is a wide band differential

amplifier with a nominal voltage gain of 9. +év
NOTES : Tg
i
1. Vendor identification: 3001 pXE:)
&N Ml
Iz is |4 lmls,c
T
mas_ oY
NETWORK

LOGIC symBoOL

PACKAGE PIN CONFIGURATION

309
Rev B
Sheet 1 of 1
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Description

The 321 is a dual differential comparator. Output

(pin 10) is high when either pin 2 is at a lower po-

tential than pin 3 and pin 13 is high, or pin 6 is at a 2 I
lower potential than pin 5 and pin 9 is high. A low :2/!;
level to pin 9 or 13 will inhibit operation of that 13
. . . — 10
section which it controls. 6 I 1
:] >/Y
5 |
NOTES:
Sy
1. Vendor identification: TSC 5711
2. Package pin configuration. LOGIC SYMBOL
GND  +Vece
NC N ¢ NC
BI13i1210109 8
1234567
NC 4 NC
-Vee
2,6
¥ '
3,5 ' t
, i
1 t
i3, 9 ] : E l
1 i
o [ N
FUNCTION SEQUENCE
321
Rev B

Sheet 1 of 1

83308500 D 5-35



Description

Element 322 is a frequency compensated, high +15V
speed, operational amplifier.
7
Pin Function 2 N
=2n runction R T ©
1 Offset Null/Compensation 1 XXX 6
3
2 Inverting Input
51 8 (4
3 3 Non—-inverting Input e
NULL
4 -V = ! -15v
5 Offset Null/Compensation 3 FREQUENCY
COMPENSATION
6 Output
! v LOGIC SYMBOL
8 Compensation 2
NOTE:

1. Vendor Identification: LM318

PACKAGE PIN CONFIGURATION

322
Rev. A
Sheet 1 of 1

5-36 83308500 D



Description
The 329 circuit is a wide-band RF/IF/Audio

amplifier with external AGC control.

NOTES:
1. Vendor identification: 1590

2. Package pin configuration. (T0-99

metal case)

+1}/ +V
7 T7
3 5 3 5
2./1 yom
| 329 329 6
2,4,8C

M:
L
e

i

LOGIC SYMBOL

329
Rev B
Sheet 1 of 1

83308500 D



Description

The 500 circuit is a synchronous 4-bit up/
down counter. Synchronous operation is pro~-
vided by having all flip-flops clocked
simultaneously so that the outputs change
coincidently with each other when so in-
structed by the steering logic. The outputs
of the four master-slave flip-flops are
triggered by a low-to-high-level transition
of either count (clock) input.
of counting is determined by which count in-
put is pulsed while the other count input is

high.

The counter is fully programmable; that is,

the counter may be preset to any state by
entering the desired data at the data inputs
The

output will then change to agree with the

while the load input (pin 11) is low.
data inputs independently of the
A high level applied to the clear input
The
clear function is independent of the count

forces all outputs to the low level.

and load inputs.

NOTES:

1. Input/Output identifiers are not part
of the symbol.

2. Vendor identification:

Element Vendor Number
500 74193,9366
500Ls 74L5193

3. Package pin configuration.

+Vee
16 9

TOP
VIEW

! 8
GND

The direction

count pulses.

1 1 B3 (BorRROW OUT)
XY G2
sl g, "2 (carRY oUT)
(23)%———-c0 _Zé
2 co S
i;; ' co 2
15 3
(29) cD I
16 CNTR
500
vp 2 6l
COUNT
pown
&
s
&
=
G2
1 e
14 ]
LOGIC SYMBOL
500
Rev B

Sheet 1 of 3

83308500 D



83308500

D

CLEAR
L.OAD
A
B
DATA
C
D
COUNT UP
COUNT DOWN
Qa
QUTPUTS
Qc
Qp
CARRY
BORROW
SEQUENCE
ILLUSTRATED
NOTE:

i
b
B
SRS e
TSI oCTCCTCCoTTIICCC
(! [
B S
b |
e Eninlplpiy
1 I ! |
I L ! ! L] [ [ |
R Lo l
I N R N (U Y S I o
b (I | | | |
g ST e BN o ey BN ey AN
bt | | I
— ] [ : 1 L [ :
[ I | | |
e I I ! : I ] |
[ (| | | | |
1 LI P [
[ U f ! [ |
ol Il | N
6] 13 14 i5 0] | 2 I o 5 14 13
4 L——COUNT UP——J L——COUNT DOWN——J
CLEAR PRESET

C) ILLUSTRATED ABOVE IS THE FOLLOWING SEQUENCE
1. CLEAR OUTPUTS TO ZERO.
2. LOAD (PRESET) TO BCD THIRTEEN.
3. COUNT UP TO FOURTEEN, FIFTEEN, CARRY, ZERO, ONE AND TWO.
4. COUNT DOWN TO ONE, ZERO, BORROW, FIFTEEN, FOURTEEN AND THIRTEEN.

COUNTING SEQUENCE

500
Rev B
Sheet 2 of 3



10

BORROW
a OUTPUT 13
~
CARRY
& OUTPUT 12
DATA
INPUT A®
- F; ET)
PRESET
DOWN , OUTPUT @, 3
COUNT 1 T
CLEA?QA
count -
e
DATA
iNPUT B O a
8 R OUTPUT @ 2
Qs B
1 T
(o}
8 CLEAR
o
a
DATA
o—
INPUT C N s
& PRESET
Q¢ OUTPUT Q; 6
1 T
[
& - CLEAR
= a
DATA
o
INPUT D ~ o
CLEAR o——n L
a PRESET
Qp —OOUTPUT @ 7
— 1 '
Tp
a CLEAR
y— L F
LOAD [ - 8

FUNCTION DIAGRAM

500
Rev B
Sheet 3 of 3
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Description

The 501 circuit is a 5-bit comparator that provides
comparison between two 5-bit words and gives three

outputs : "less than", "greater than', and "equal to'’.

A high level on the active low enable (pin 1) forces

all three outputs low.

NOTES:

1. Vendor identification: 9324

2. Package pin configuration.

GND
3. Pin names:
Pin Function
1 Enable (active low) input

9,10,11,12,13 Word A parallel inputs
3,4,5,6,7 Word B parallel inputs

2 A Less Than B (A <B) output
14 A Equal to B (A=B) output
15 A Greater Than B (A > B)
output
INPUT QUTPUT
1 A B A<B|A>B| A=B
H X L L L
L |[WORD A =WORD B| L L H
L /WORD A>WORD B| L H L
{ |WORD A<WORD B| H L L

H=HIGH LEVEL
L =LOW LEVEL
X =EITHER HIGH OR LOW LEVEL

TRUTH TABLE

83308500 D

S ] 16 z

0 _|g| s0l

LI Y

12 1,

13—'__'__ As>g—"2

e

I e A<B—

£ s

5 lale

i 12

21

LOGIC SYMBOL
501
Rev B

Sheet 1 of 2
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Description

The 519 circuit is a register made up of six D-type

9
flip-flops with common clock and clear inputs, —=C
_I_B.R
NOTES: RGTR "‘
1. Vendor identification: 3 5 2
Element Vendor Number 4 o 5
519 74174 5 I ’
5195 745174 LIS s 10
355 12
2. Package pin configuration. 14 = 5
+Vcc'6 R
TOoP
VIEW LOGIC SYMBOL
8
'enD
CLEAR L L
cLock M M M M m
DATA 3 4, s.————w M B
INPUT 11,13, 14
DATA 2,57
OUTPUT lo,lz,lsm
B - oon'T caRre
FUNCTION SEQUENCE
519
Rev B

83308500

D

Sheet 1 of 2



,-33 D Q zc -
= CK
CLEAR
o? ) a0
~ CK
CLEAR
paTA J 6 7
INPUTS Y © 0 Q—o
-~ CK
CLEAR [ DATA
OUTPUTS
o) = =110
= CK
CLEAR
PE = o112
~ CK
CLEAR
LB
o4 B a5 )
9
CLOCK o {1}\‘ =~ cK
CLEAR
CLEAR -———_P

FUNCTION DIAGRAM

519
Rev B
Sheet 2 of 2
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Description

9
. _ ———{>C
Element 520 contains four TTL ositive-edge~
r P g [ p R
triggered, D-type flip-flops. Each has a
. RGTR
direct clear input and a complementary out- 520 r
put. Information at the D inputs is trans- 4 co 2
ferred to the Q outputs on the positive edge N 3
of the clock pulse. When the clock is at ) co 7
either the high or low level, the D input N 6
signal has no effect on the outputs. i2 cD 10
N 1
NOTES : 13 co 15
1. Vendor identification: S 14
Element Vendor Number
LOGIC SYMBOL
520 74175 .
520LS 74LS175
5208 748175
2. Package pin configuration:
+Vee 16 9
TOP
VIEW
! 8 sno
INPUTS QUTPUTS
CLEAR  CLOCK D Q Q
L X X L H
H 4 H H L
H + L L H
H L X NC NC

4= TRANSITION FROM LOW TO HIGH LEVEL
X=DON'T CARE

NC=SAME AS BEFORE INDICATED INPUT
CONDITIONS WERE ESTABLISHED

520
TRUTH TABLE Rev B

Sheet 1 of 2
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DO~ 0 Qp—=01Q

(4)

—O>CK ¢! _(SS—OIQ
CLEAR
2Do 5 D Q—(‘_F)“'OZQ
&> CK 6 "—(6—)"026
CLEAR
2091 D Qigye3a
- >CK 5———-—0(”) 3Q
CLEAR
4D O D Qp———m—m—m040Q
(13) (15)
CLOCK ) > CK Q ) 0 4Q
CLEAR
CLEAR o— D& T
(1

FUNCTIONAL DIAGRAM

520
Rev B
Sheet 2 of 2
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|
Description g’—* 8! saB.c
1 1
. 14, 521
The 521 circuit performs the addition of two 4-bit 8 1, A 614
binary numbers. The sum (2) outputs are provided 10 | gl 15
for each bit and the resultant carry (C4) is obtained 16 ry 4l 2
from the fourth bit. L oL 8
: B
A Y 2
NOTES: L
1. Vendor identification: 7483 l§- 1 JC
2. Package pin configuration.
LOGIC SYmMmBOL
GND
6 12 9
ToP
VIEW 10 Al I
[ 5 8 F_
Vee I Bt
13 Cco 1@
8 A2—>
] 2 6
-
7 B2 &
INPUT OUTPUT
WHEN WHEN INTERNAL
co=L CO=H CARRY C2
WHEN WHEN
ce=L C2=H
Al 1B Az 182 131 52 Tc2 /1si 52/ Tc2 3 A3
A3|/B3l/ A4/ B4/33/ 54/ cal /53 Sal ca 53 2
LjLr e le e {HL L (13
HiL Lt L {HluLlLio!lH|iL H
LiHIL Ll HILIL L H]L 4 B3
HIB L L L | HIL|H]HIL
LiL | HIiL L el alHelL
HiL]H|L ] H|HL L ]L | H
LJH|H{L|H{HIL]|L]LIH
HIH|HIL{L]|L | HIHILIH
LjL L | "L ] HIL IH]IH]|L | AG—e
HiL L | H]|H]H{L]lIL L IR | sS4 15
LIHILIH|H]IHL L lL |H M
HIHIL | HiLt|L]|H|IHIL | H =
LlL Ml H L nlnllH 16 B4 A
HiL | HIH|HILIHILH]|H
L H H H H | L H | L H H c4 14
HIH|IH|[HIL|{H | HIH|HIH
NOTE 11 INPUT CONDITIONS AT Al, A2, B2, AND CO
ARE USED TO DETERMINE OUTPUTS 5! AND
22 AND THE VALUE OF THE INTERNAL
CARRY C2. THE VALUES AT C2, A3, B3, A4, FUNCTION DIAGRAM
AND B4, ARE THEN USED TO DETERMINE
OUTPUTS £3, 54, AND C4.
521
TRUTH TABLE Rev B

Sheet 1 of 1
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Description

The 527 circuit is a 8~bit shift register with gated 8 >/C

SR-8
527

A high-level input enables the other input which will 2 &|cD

serial inputs and an asychronous clear. The gated
serial inputs (pins 1 and 2) permit complete control S N
over incoming data as a low at either (or both)

input(s) inhibits entry of the new data and resets the

L Jx

first flip-flop to the low level at the next clock pulse. !

then determine the state of the first flip-flop. Data

at the serial inputs may be changed while the clock

is high, but only information meeting the setup re-

qurements will be entered. Clocking occurs on the 10

low-to-high-level transition of the clock input. H

NOTES: 13

1. Vendor identification: 74164,8570

2. package pin configuration. LOGIC SYMBOL

+Vee

SERIAL @ A

INPUTS @ B

oLt e Nnininiginisiniainlinislinininlisl

(®cLear ™ ]
|
I
|
!
x
;
!
]

1'_J
|
:
1
|
I
|
l
!
|
i

i
I
|
|
|
(" - i
®alll L L 1
- !
OL I B I B
_——— {
®ec "1 . 1 L
t
I
-—- !
Qp B | }
OUTPUTS < OLI I , | L ,
- 1
Qe__j. ] l
! |
O | l 1
1 [
- i
@QG___—} E I 'l
SCL . ! [
I INHIBIT SHIFT I INHIBIT
CLEAR CLEAR
NOTES: |. TYPICAL CLEAR, INHIBIT, SHIFT, CLEAR, AND INHIBIT SEQUENCES.
2. Q:Pm ASSIGNMENTS.
527
Rev B
FUNCTION SEQUENCE Sheet 1 of 2
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DESCRIPTION

The 581 circuit is a phase-frequency detector. This

device contains two digital phase detectors, an !
. . - ) 58t NS
emitter follower amplifier, and a charge pump cir-
cuit that converts TTL inputs to a de voltage for & R
s = R
use in frequency discrimination and phase-locked- 3 ~2
-
loop applications.
8 .12
The two phase detectors have common inputs.
Phase~-frequency detector A is locked in (indicated & 6
by both outputs high) when the negative transitions Uy 10
of the variable input (pin 3) and the reference input 4 om ot 5
. . N = - N
(pin 1) are equal in frequency and phase. If the 9 8
variable input is lower in frequency or lags in phase, >m — IN

output pin 13 goes low; conversely,output pin 2 goes

low when the variable input is higher in frequency LOGIC SYMBOL
or leads the reference input in phase. The variable ’

and reference inputs to phase detector A are not

affected by duty cycles because negative

transitions control operations.

Phase detector B is locked in when the variable in- REFERENCE | » 3
put phase lags the reference phase by 90° (indicated INPUT PHASE
by output pins 6 and 12 alternately going low with %’Z%%%ET%CRY
equal pulse widths). If the variable input lags by VARIABLE 3 A N »
more than 90°, pin 12 will remain low longer than INPUT
pin 6. Conversely, if the variable input phase lags
the reference phase by less than 90°, pin 6 remains - 12
low longer. In phase detector B,the variable input PHASE
and the reference input must have 50% duty cycles, FDRE%%UC%%%Y
B
™ &
The charge pump accepts the phase detector outputs
and converts them to fixed-amplitude positive and
negative pulses. ‘ 4 I~ 5
KOTES: caroe
1. Vendor identification: 4044, 4344 1 +—10
2. Package pin configuration.
+vee 8
VIEW
l y 9o amp P>
GND

FUNCTION DIAGRAM

581
Rev B
Sheet 1 of 1
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Description 2 [- VS
m 5 <OVTS
The 916 circuit may be used as either a one- 6 s 916 oR ! : 2 916 2
>m
shot or a free-running multivibrator. Descrip- N - 8 2>0V+R 7
tions are provided for both of these applica- R 4 N
tions.
NOTES:
1. Vendor identification: NE555
2. Package pin configuration.
ge p J 5T6T7 5T2T6T7
2
> yd 16~
EE L OR 4] JUL |3
GND | o 18 Vee 2 916 MHZ
TRIGGER 2 =3 7 DISCHARGE e v 918
OUTPUT 3 g 1 6 THRESHOLD
RESET 4 3 ' 5 CONTROL VOLTAGE
LOGIC SYMBOLS
Vee
Ts
6 % 5 _ CONTROL
THRESHOLDO—
COMPARATOR =0 VOLTAGE
2
COMPARATOR -0 TRIGGER
DISCHARGE o]
D P
= OUTPUT
STAGE
& l'
QUTPUT GROUND
BLOCK DIAGRAM
916
Rev B
Sheet 1 of 3
83308500 D 5-51



+Vee (5 TO 15V)
o

L4 o
Monostable Operation
In this mode of operation, the timer func- RESETT——‘_4 Ra
tions as a one-shot. Referring to Figure la 4 8
. o— 7
the external capacitor is initially held 2
C

OUTPUT 0—3 s_il_ 1;

discharged by a transistor inside the timer.

CONTROL
VOLTAGE
{

OtuF

Upon application of a negative trigger pulse
to pin 2, the flip-flop is set. This releases

H——

the short circuit across the external capaci-
tor and drives the output high. The voltage Figure la.
across the capacitor now increases expo-

nentially with the time constant T=RpC. t=0.IMS/CM

When the voltage across the capacitor equals INPUT=3V/CM

2/3 Vge, the comparator resets the flip-flop i

which,in turn,discharges the capacitor J

rapidly and drives the output to its low OUTPUT VOLTAGE=5V/CM-

state. Figure 1b shows the actual waveforms

generated in this mode of operation.

The circuit triggers on a negative going in- /// ‘/" I// /’

Vi
put signal when the level reaches 1/3 Vee- / / /
Once triggered, the circuit will remain in CAPACITOR VOLTAGE =2V/CM
this state until the set time is elapsed, Rpo=9.1IKQ, C=.01pF, R =1KQ

even if it is triggered again during this

interval. The time that the output is in Figure 1b.

the high state is given by t=1. 1 RpC and

can easily be determined by Figure lc.

Notice that since the charge rate, and the FREE RUNNING FREQUENCY

vs Ry, Rg AND C
threshold level of the comparator are both 100

directly proportional to supply voltage, the
timing interval is independent of supply. 10

Applying a negative pulse simultaneously to

N
N\

CAPACITANCE pF
S
7 7
0\ / /
Q
@/
K

N
N

the reset terminal (pin 4) and the trigger

v

V 4
N\
w\o/

terminal (pin 2) during the timing cycle

7,
%

discharges the external capacitor and causes

the cycle to start over again. The timing \\\\ \\\\ \\\\ \\\ \\\\
cycle will now commence on the positive edge 0.0 — \ N N N
of the reset pulse. During the time the (R +2R ) \\\\ \\\\ \\\\ \\\\
reset pulse is applied, the output is driven

o P ppiLed P 0.001 v NN
to its low state. 0.1 | 10 100 1 10 100

Hz Hz Hz Hz KHz KHz KHz

When the reset function is not in use, it is FREE RUNNING FREQUENCY
recommended that it be connected to Vge to
avoid any possibility of false triggering. Figure lc. gis B

Sheet 2 of 3
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Astable Operation

If the circuit is connected as shown in
Figure 2a (pins 2 and 6 connected) it will
trigger itself and free run as a multivibrator.
The external capacitor charges through Rp
and Rp only. Thus the duty cycle may be
precisely set by the ratio of these two

resistors.

In this mode of operation, the capacitor
charges and discharges between 1/3 Ve and
2/3 Vee.  As in the triggered mode, the
charge and discharge times, and therefore
the frequency are independent of the supply
voltage.

Figure 2b shows actual waveforms generated

in this mode of operation.

The charge time (output high) is given by:
tl = 0.693 (Ra + Rp) C

and the discharge time (output low) by:
t2 = 0.693 (Rpg) C

Thus the total period is given by:
T =tl + t2 = 0.693 (Ry + 2Rg) C

The frequency of oscillation is then:

1 1.44
f=7= (R + ZRB) C

and may be easily found by Figure 2c.

The duty cycle is given by:
RB

83308500 D

+Vee(5 TO 15V)
o—

QUTPUT 4 8
O-——1 3 7
Re
5 6
! 2
CONTROL J;
VOLTAGE C
Ol pF i[ ]t
Figure 2a.
t=0.5MS/CM

OUTPUT VOLTAGE 5v/CM

| dinE

CAPACITOR VOLTAGE IV/CM

Figure 2b.

TIME DELAY
vs Ry, Rg AND C

100

S

NN

///
4 v
E (Ra+Rg) ///
o ! \ VA VA 7 S 7
z ¥9’ & & o/ &
an N N\ SP NS
g 0O 7 N 4
[« 9
(& ]
o.om////
10 100 | 10 100 1 10
SEC SEC MSEC MSEC MSEC SEC SEC
TIME DELAY

Figure 2c.
916

Rev B
Sheet 3 of 3
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Description

Element 926 is an analog gate that switches
on and off under the control of a binary
input. A logic "0" turns the gate on and
allows it to pass an analog signal from
input to output. A logic "1" turns the
gate off and causes it to block the analog
signal.

Pins Punction
3,6,11,14 Analog Inputs
1,8,9,16 Analog Outputs
2,7,10,15 Binary Inputs
4,5,12,13 Ground

NOTE:

1. Vendor Identification: IH5012

| TOP
VIEW

I 8

PACKAGE PIN CONFIGURATION

3 926 | ! 926 3
./.._..2.& +_g_1>F
6 8
7 F 8 7 F i
ERA N OR LI DNF
I 9
9 I
BTN F [T
14 " 16 4
15~ F EIN F

14,5,12,13 ' 14,5,12,:3

LOGIC SYMBOL

3 i
AT
noo% o7 9
" iuz Iio 6
O:oss IIS |

FUNCTIONAL DIAGRAM

BINARY |FUNCTION
BLOCKS
I | ANALOG
SIGNAL
PASSES
O | ANALOG
SIGNAL
TRUTH
TABLE

926
Rev. B

Sheet 1 of 1

83308500
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Description

The 10102 is a ECL quad 2-input NOR gate.

NOTES:
1. Vendor identification: MC10102L

2. Package pin configuration.

INPUT PINS QUTPUT PINS
12 13 9 15
0 0 0 |

| o] { 0
o] | | o

I | | 0

TRUTH TABLE
(ONE SECTION)

83308500 D

RN
1 ~ 2 & 2
+ + =
0102 10102
NN
G_u.
i SN i3
7_5
OR 10
R4 e
HD
" 9 12 o115
+ 15 13 9
LOGIC SYMBOL
10102
Rev C

Sheet 1 of 1



Description

The 10104 is a ECL quad 2-input AND gate.

NOTES:

1. Vendor identification:

2. Package pin configuration.

MC10104L

Veca

16

]

Veer

INPUT PINS OUTPUT PINS
12 13 S 15
0 0 | 0o
t 0 | 0
0 I l 0
! ! 0 |

TRUTH TABLE
(ONE SECTION)

4 N 4 |
i N2 & 2
5 N 10104 * 5 10104
AN 5
OR
0 N 10
N NI e
1 N H
12 N n 15 12 ¥ 9
13 N\ + 9 13 + 15
LOGIC SYMBOL
10104
Rev C

Sheet 1 of 1
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Description

The 10105 is an ECL triple OR/NOR gate with
a 3-2-2 input and a 2-2-2 output configuration.
NOTES:

1. Vendor identification: MC10105L

2. Package pin configuration.

Vece

INPUT PINS | OUTPUT PINS
9 10 6 7
] 0 i 0
| 0 0 H
0 I 0 |
| f o] |

TRUTH TABLE
(ONE SECTION)

83308500 D

;

2i

10105

y bb

~

Fb

+ 7 s + 6
10 4
== 10105
6 10 7
2 4 3
—d +
3 oR 5
. 2
+B 15 12 14
14
g B s
LOGIC SYMBOL
10105
Rev C

Sheet 1 of 1
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Description

The 10106 is a ECL,

gate.

NOTES :

triple,

1. Vendor identification:

4-3-3-input NOR

MC1l0106L

2. Package pin configuration.

Veez

16 9
i::::::; TOP
VIEW
1 8
Veei VEE
INPUT PINS OUTPUT PIN
12 13 14 15
0 o] 0 I
0 0 | (o]
0] | o] 0
0O i ! 0
| 0 0 0
1 0 I 0
I I ¢] 0
! 1 i o]

TRUTH TABLE
(ONE SECTION)

4 4 |
5 N 5
8 .| 3 i 1,63
8 1~ 10106 6 10106
7 I
9N 9
10 2 OFR N
o L
121: 2
lS{: + 15 13 B 15
LA 4
LOGIC SYMBOL
10106
Rev C

Sheet 1 of 1
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Description

The 10116 is a ECL triple differential line receiver,

The line receivers are essentially very high speed

linear differential amplifiers with standard ECL 5N AN 3 4 N " 2
1 1
outputs. . 0116 o116
N 2 5 ] + 3
NOTES: 10 N7 9~ B 6
. s o . OR
1. Vendor identification: MC10116L g 6 0| -
] + b +
2. Package pin configuration. BT T I8 12 Th14
Vecz
2
16 3 B + 14 13 + 15
TOP I
! 8
veer VeEe
LOGIC SYMBOL
10116
Rev C

Sheet 1 of 1

83308500 D 5=



Description

The 10125 is a quad ECL to TTL level translator.

NOTES:
1. Vendor identification: MC1l0125L

2. Package pin configuration.

GND Vee
16 9
TOP
VIEW
1 8
%1 VEE

+5V
L,
2
x/v |4
3 012 [
5
5,
.
10
|] 12
14
E
5
-1.29VR v
IR
LOGIC

+5Y
)
3 NT
4
x/y N
> 10125
7 fa—
5
ba../._.
6 ot
OR 1
N 12
k.,(_.
10
[N
13
5./___
14
-1.29VR Hoy—
IR
SYMBOL
10125
Rev C

Sheet 1 of 1
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Description

The 10131 is an ECL circuit containing two
master-slave, type-D FFs. The FFs are con-
trolled either by the set and reset inputs
or by the clock input used in conjunction

with the CD (data) input (refer to functional

diagram and truth tables).

When both the set and reset inputs are low,
the FFs are in the clocked mode and their
output states change on the positive transi-
tion of the clock. The resulting change
depends on the information present at the
data (CD) input.

The FFs have both common and exclusive clock
inputs. The FFs change separately ,under
control of their exclusive clock inputs,
whenever the common clock input is held

low. They change states simultaneously,
under contrel of the common clock,whenever
the exclusive clock inputs are held low.

In either case, the final state of each TF
depends on the information present at its
data (CD) input at the time of the clock.

NOTES :
1. Vendor identification: MC10131

2. Package pin configuration.

\/
e 9
TOP
VIEW
; 8
vee VEE
SET —2 S 2_Q
DATA —— nep
EXCLUSIVE CLOCK —2 Lo
COMMON CLOCK —2 N
RESET— 3_Q
ser_12 13 5 Q
paTa 9 cD
T N o
EXCLUSIVE CLOCK ——| _
RESET —> R 4 Q

FUNCTIONAL DIAGRAM

83308500 D

5
S n 2
’ cD
s 10131
9 1C
4 —J 3
R + —
12 S T 15
10 co
_‘jl 10131
L PpC
13 A b 14
OR
—_ 4__ S e 5.._%_%__
s 10131
9 ! #C
5 R 3
13 S T 15
10 cD
-
12 R + 14

LOGIC SYMBOL

X=DON'T CARE
ND=NOT DEFINED
NC=NO CHANGE

H=LOGICAL ONE
L =LOGICAL ZERO

COMMON |EXCLUSIVE =
DATA| “clock | crock | @ Q
H L H H L
L L H L H
H H L H L
L H L L H
X L L NC | NC
X H H ND | ND
CLOCKED OPERATION
SET [RESET| ¢ Q
H L H C
L H L H
H H ND | ND
L L NC | NC
SET/RESET
OPERATION

TRUTH TABLES

10131
Rev C
Sheet 1 of 1



Description

The 12040 is a logic network designed for
use as a phase comparator for ECL-compatible
input signals. It determines the "lead" or
"lag" phase relationship and the time dif=~
ference between the leading edges of the
waveforms.,

Operation of the 12040 is best described by
assuming that two waveforms of the same fre-
quency, but differing in phase, are applied
to input pins 6 and 9 (see timing diagram).
If the logic had established by past history
that the waveform at pin 6 was leading the
waveform at pin 9, the output of the compar-
ator at pin 4 would be a positive pulse whose
width is equal to the phase difference; and
the output at pin 11 would remain low.

If the logic had established by past history
that the waveform at pin 9 was leading the
waveform at pin 6, the output of the compax -~
ator at pin 11 would be a positive pulse width
equal to the phase difference; and the output
at pin 4 would remain low.

Both outputs for the sample condition are
valid, since the determination of lead or
lag is dependent on past edge crossings and
initial conditions at start-up. A stable
phase-locked loop will result from either
condition. Phase error information is con-
tained in the output duty cycle - that is,
the ratio of the output pulse width to total
period. By integrating or low-pass filter-
ing the outputs of the comparator, and by
shifting the level to accommodate ECL swings,
usable analog information for a voltage-
controlled oscillator can be developed.

NOTES :
1. Vendor identification: MC12040

2. Package pin identification.

Vee2
“1a 8
TOP
VIEW
Vccl' ’ VEE

>S +
12040

(WHEN PIN 6 LEADS PIN 9)

(WHENPIN 9

>S +

LOGIC SYMBOL

bR +_9______.
R +>.'_2____,

INPUT,PIN 6 _| l ] l o

INPUT,PIN § |

s

— 5 e—LERD |

OUTPUT, PIN 4 ﬂ

[ B

o

OUTPUT,PIN |1 -
LEADS 'PIN &) 1

——3 LAG
TIMING DIAGRAM

pE—
U U
[P—

12040
Rev A

Sheet 1 of 2

83308500
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) 3
—1R Qp—e
—iS
S L
—4R Ql—e
12
1 g 1
Veol =PINT
Veez =PINIG
Veed =PIN7

LOGIC DIAGRAM

12040
Rev A
Sheet 2 of 2
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SECTION 6

DISCRETE COMPONENT CIRCUIT DESCRIPTIONS



DISCRETE COMPONENT DESCRIPTIONS 6

INTRODUCTION

Section 6 contains descriptive information
regarding all discrete component circuits

83308500 D

used in the BJ7XX logic. Circuit descriptions
are arranged in alphabetical order (AMA-Z27)
according to circuit designator. Refer to

section 4 for an explanation of the symbology
used in section 6.



Amplifier and Filter - ALR

The ALR circuit is a differential amplifier and a 2
pole linear phase filter followed by a differential
buffer amplifier. The amplifier stage has a gain of

approximately 2.

Q1A and B form the differential amp with R6 and R8
being the load resistors and also impedance match-
ing resistors for the filter. The inductors I.1 and

L2 and capacitors C3 and C4 make up the rest of the

filter. The upper break design frequence (-3 db
point) of the filter is 3.13 MHz.

The input coupling capacitors Cl and 2 in conjunction
with bias resistors R1 and 2 give the circuit a low
frequency cutoff (-3 db point) of less than 2 kHz,

The output is a differential emitter follower buffer
consisting of Q3 and 4 and R10 and 11, that is used

to reduce the output impedance.

SR I
5 /\U/\U :I:
“‘“"”““] /e ["*'“ VARV I
N AR | K
’ /\/\/ I
+20v
T.
4:R9
3220
L1
o . 22 UH -
. cs
ao—i [oia l N Soc
o +20V ApF
$RI R4 T eaer 3pe $RIO
3K 220 R7 $680
1.8K
£ i [ L |
- R3 =
$R2 3.3k Jas R L TSV
11K 220 L C4 SR8 680 %
ce2 , 68PF 1K
B € QiB
€
AuF N ™ %3 ce
22 UH —j—éF—OD
A pF
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Differential Amplifier - AZJ

The preamplifier is a cascade type with a matched
pain of transistors (QEA and Q6B) used as a common
emitter front end followed by another matched pain
of transistors (QRYA and QIB) used as a common base
second stage, this effectively reduces the emitter
collector capacitance of the common emitter front

end.

AZJ

The final stage of the front end is a emitter follower
(Q7 and Q8) used as a buffer between the preamp and
filter section. Resistors R1 and R2 in the emitter
circuit give the front end a input impedance of just
under the 500 ohms. The constant current source

for the preamp supplies approximately 2,5 ma,

D
D

D C
D C

D (
D C

D (
L L L

D C

C
C

%4
v it oC
09_8/ }\Qa Ol uF
cl I o
15uF 2 2 R5
. N 222K
R3
IK R3
ANV > +6V 1"_-‘-1
1K =
R4 L RG
?.33»( > $2.2x
QoA Q7 Cc3
~ [0
Ot uF
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LEVEL TRANSLATOR (COMPARATOR SECTION) ~ BRD

The BRD circuit is a differential voltage
comparator which operates in conjunction

with the SHT circuit to translate input sig-
nal levels of below +23 V to a low TTL output
and input signal levels of above +23 V to a
high TTL output.

The BRD circuit functions in conjunction with
the SHT circuit to indicate whether or not
the write current is below a minimum value.
(See SHT circuit description.) A voltage
reference of +23 V is applied to the base of

TP

BRD

transistor QP. With normal write current,
the base of QN is below +23 V. Under these
conditions transistor QN is on and transistor
QP is off, and the resistor in the collector
circuit of QN provides a forward bias voltage
to the SHT circuit. If the write current is
below the acceptable minimum, the voltage at
the base of QN goes above +23 V. Then ON
turns off and QP turns on, and the resistor
in the collector circuit of QN does not
develop sufficient forward bias for the SHT
circuit.

B{TO SHT CIRCUIT)

A—*_——‘W r““‘*“‘>+23v

<+23V
C——-—-1~__—*/r-——)ﬂGHTTL
LOW TTL

NOTE: AIS INPUT TO BRD CIRCU!IT
CISOQUTPUT OF SHT CIRCUIT

QN CRi

\
NOTE=VO¢TAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY.
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Amplifier and Filter - BZJ

The BZJ circuit is a differential amplifier and a 4
pole low pass Butterworth filter followed by a differ-
ential buffer amplifier. The amplifier stage has a

gain of approximately 7. 5.

Q3A and B form the differential amplifier with RS
and R6 being the load resistors and also impedance
matching resistors for the filter. The inductors L1,
L2, .VLB, and L4 and capacitors Cl1, C2, C3 and C4
make up the rest of the filter. The upper break
frequency (-3db point) of the filter is approximately

6.8 MHz.

3B
/>

BZJ

3AED

The input capacitors C1 and C2 in conjunction with
resistors R1 and R2 give the circuit a low frequency
cutoff (-3 db point) of less than 20 kHz.

The output is a differential buffer consisting of Q4,
Q5, R7, and R8 that is used to reduce the oﬁtput im~

pedance and give more drive,

The constant current source for the differential amp

supplies approximately 4.75 ma.

D
=1

D C
S E

418

£
<

-

ol 22u L3 c
UH 35 UH ©
.Ol[.LF ° YL . 7~ %5
1
Ao——} Q38 ic3 Lcs N
T
36PF 27PF RS 3'3;0
Ri )} 680
IK R3
75 =Vg +6V
e ] - ‘
R4 B
R2 75
cl 1K R6 . RS
OluF ca Lce 680 i1
80 H Q3A T36PF TZ?PF
NS N WA [ aa
L2 L4 [y
22 UH 3.5 UH ® oD
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BUFFER AMPLIFIER - (ZJ

The CZJ circuit is a buffer amplifier designed to
increase the output signal driving capability of a
differentially amplified signal., Q19 and Q20 are
emitter followers that present comparatively high

input irapedance and low output impedance,

D

A%

=

D (
D C

Y

D¢
A D

\

et

D C
D C

A%

C
C
ksl

ey > Sy .
] czJ [
—k— —%—
A QI
Ri
+iL2V 100
R2
100
B Q20

0 C
R3
330
-5V
R4
330
oD
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WRITE DRIVER -DLC

The DLC circuit is a differential current
switch which converts voltage input signals
to current for driving a differential re-
cording head.

TTi. level signals are applied to inputs A
and B. Transistors QN and QP drive the
bases of transistors QR and QS to control
current to the head. The current source is
connected to input E and supplied to the

A2y I } [>-x—-—6 c
a—?——)e—- bLC -—9(—1-—0
F 76
PP
E—'—"/"'—‘—““-"‘-‘

TP

emitters of transistors QR and QS through
diodes CR2 and CR3. Differentiated current
is available to the head at outputs C and D.
Diodes CR6 and CR7 provide a path to ground
for write current when input F is grounded
by a write protect circuit. Diodes CR4

and CR5 rectify the echo pulses from the
head and apply them to a write voltage fault
circuit through output G.

HIGH(TTL)
LOW(TTL)
HIGH(TTL)
LOW(TTL)
+14,3V
+13.3V
+14.3V
+13.3V
+8V

S N N B
B L[ 1_
I R e
Tee [ L [

+2V
+.5V

-3V
+8V

+2V
+1.5V

1

e

-3V
oV

<

‘“T

-2V

AO_{>QN +27V o
QRZ o C
1 390 $R3
3120
L CR2 ¥ CR6 & CR4
R[5y cRI
| R ) " Lrs
120 ci 1 330
A pF 390PF
L CR3 CR7E ¥ CRS
R4 =
120
0D
80——6 >QP Qs

l

T

2
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DELAY USED IN PULSE FORMER -DLZ

The DLZ circuit is a delay used in a pulse
former circuit. A description of the DLZ
circuit is meaningful only when related to
the logic gates that it interfaces with.
As used in the circuit of this drive the
DLZ and associated gates produce pulses of
approximately 10 ns.

DLZ

Ao ;
lcu RI
TZZOPF 390
= -5V

NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.

DLZ
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Rectifier ~ DZJ

The DZJ circuit is a full wave rectifier with a differ- +0, 11v and is set so that the output of the AGC ampli-
ential input and single ended output. fier is 2v p-p.

The rectifier consists of a matched pair of transis- The output buffer amplifier is Q4 and presents a com-
tors (Q1A and B) used as a differential pair. QlA paratively high input impedance and a low output

and Q1B conduct during the positive half input cycle impedance.

and back biased during the negative half input cycle.
@2 is used as a constant current source supplying The input frequence response is greater than 2 kHz,

about 4.5 ma,.
Diodes CR1, 2, and 3 along with test select R1 and

R2 form an adjustable bias network. This adjusts
the DC base line at output C from about -0. 35v to

A
g
DZJ

D
D

\

D
D
= b=

B v
+O.11V
c 10 I<.5V
-0.35V
¢l R4
Ao——J— s QiA
.I/LF a7
::RZ
T +6V
RI R6 i
TEST 680
CRI SELECT
€
CR2 4
c
CR3 $R3 RIO
JiK 3.3K
-6V
c2
RS
Bo— ) - g
AuF
e
R7 CR4
1.8K
1 RS R9
= 680 330
-6V DZJ
Rev A
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DIGITAL TO ANALOG CONVERTER - GKF

The GKF circuit converts three digital input

signals to an analog output whose level de-
pends upon the logical combination at the
inputs.

The element 200 is an open collector IC.
When pin 9 of element 200 is +3 volts or a
"1", its output {pin 8) is 0 volts. When
pin 9 is 0 volts or a "0", its output (pin
8) is open and the resistor divider (XR4,

XR10, XR13, etc.) to V_ determine the volt-
age at an identical manner but have less
influence on the voltage at point D because
of their entry connection in the resistor
network.

When V., is +12Z volts the output at D cor-
responﬁing with the various combinations of

logic input is as shown in the waveform
diagram.

+3V
al | 1 |
| L] oy
+3V
I B D
ov
+3V
c l !
ov
+9.8V
+8.5v
A
— X/ > +7.0V
B8 —Q) GKE —%— D +5.8v
¢ G +4.5V
+ 3.1V
+ 1.8V
D
+ .5V
+ Vg
+5V
XR4 XR5 XRI10
1K 1K 1K
XR1 1 GAAA AAA AN Obo
2K
2 9 8 XCRI
¢ 200 P S XRI3
+5V ElE4 2 K
XR6 XR7 XR11
XR2 1K 1K 1K
2.2K S AAN AN AMA
1
5 i 10 XEQZ
200 $XRI4
+5Y EIE4 T K
XR8 XR9 XRi2
<R3 1K 1K 1K
5 2K p b A AN, VA VWA~
13 12 XCR3
-
: 200 g e
EIE4
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VOLTAGE
The JMN
voltage
trolled

The JMN

of a digital to analog converter.
operational amplifier in the JMN circuit

inverts the analog input at A and translates
the voltage level to drive the base of current

CONTROLLED CURRENT SOURCE - JMN

circuit accepts an analog input
and converts it to a voltage con-
current for the write driver.

circuit receives the analog output
The 322

source transistor QP.

is supplied at output D.
is provided at output C so that other cir-
cuitry can test for proper current level

output.

Write current output

Current sensing

Control from a write current pro-
tect circuit is applied to input B.

Current

is supplied at output D when input B is
Current source transistor QP is shut

+27V.
off when input B goes to ground.

+23V
+19.8V
+16.6V
A +13.4vV A c
+10.2V &
M
+ 7.0V 5 ' JMN o
+ 3.2V
+ 0.8V
+22.24V
+21.82V
+21.40V B_‘r~———-—L~__~J— +27V
. +20.98V ov
+20.56V C——\\_____J—————j\\+z7v
+20.14V <+23V
+i9.72V
+19.30V
+27V
$RI2 RS _Lc: lmo éRH
i 180 4.99K /r.WF 2261 S26l
7 l8
3 oo
6
R
Ao Bz 2 N 322
121K RS 2
3303
IS
R3 R4 h
(7.8K CR2
10K
— &— 5
CRI 1 ™
RI c2
B 390FP
47K ) R§ o
et C3 178K
T.3PF  R7 R9
6.8K 2.2K
CR3 /Fﬁ
—ie - o P
D
JMN
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PASSIVE TRANSLATOR (TTL TO ECL) - LLZ

R3 and R2 form a resistor divider that changes nor-
mal (and worst case) TTL levels into normal (and
worst case) ECL levels. A ''1" TTL will translate
into a "'1" ECL. RI1 serves as a pullup in case there
is no input and causes a ''1" to be outputted. CRI1 is
& germanium clamp to limit the output voltage to
+0.2 in case an input voltage of +5 or greater is
applied.

X/Y
LLZ

3v
A I
ov

AC

CR!

NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.

-0.8v
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~1.8V
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ANALOG TO DIGITAL CONVERTER - LVL

The LVL circuit is an analog to digital
converter. The state of the digital output
voltage at B is dependent upon the value

of the input voltage at A.

The LVL circuit is used to convert the fine
servo signal to a digital level. The

digital output signal of the LVL circuit in-
hibits the On Cylinder signal. When the
value of the signal at input A goes from
greater than 0.5 V toward 0 V, output B goes
to a logical 0 as the input signal crosses
0.3 V. As the signal at input A goes from

0 V toward greater than t0.5 V, output B goes

to a logical 1 as the input signal crosses
0.5 v,

I
B (OUTPUT STATE) A A\
0 }

Y

A

i

LvL

T

06 05 04 03 02

O. o]

1 1

0. 0.2 03

A (INPUT VOLTAGE)

RS
(L.OK
o ° AA-
+5V
g:‘ N CRI cr«z_LCl
IOOPF +
. 16.2K T op /'FV
¢ ® 10
R2 LWV“] A sovi
511 R6 - 3 N 4
= 139 G
R 511 ne<2le 9
‘L _L 17N 0B
R3 A ce 6 64
511 CR3 CRgfIOOPF nc-2lc
¢ I 5
I N N a9
14.7K 10.0 -5V 3.83K
A
-15v

-5V
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ANALOG TO DIGITAL CONVERTER - LVN

The LVN circuit is an analog to digital
converter. The state of the digital output
voltage at B is dependent upon the value

of the input voltage at A and the logical
states of R and F.

The LVN circuit is used to convert the
coarse command error signal (summing ampli-
fier output) to a digital level. The digital

put A changes polarity from +2.9 V to ~2.9 Vv
when the pre-programmed circuits determine
that carriage acceleration is required.

Also during the forward seek, forward en-
able (F) is a logical 1. The result of thes
two conditions is that output B goes to a
logical 1. When B is at a logical 1 the
power amplifier is turned on. When carriage
acceleration is determined to be sufficient,

e

es

signal output of the LVN circuit enables the A goes from ~-2.9 V toward +2.9 V. Then B go
power amplifier of the drive to operate in to a logical 0, and the power amplifier is
the switching mode, thereby reducing tran- turned off. During deceleration output B
sistor power dissipation during the coarse switches alternately from logical 0 to
positioning mode. Two enable controls, logical 1 to switch the power amplifier on
reverse (R) and forward (F), are used to and off as required.
gate the proper circuitry.
LVN circuit functions during a reverse seek
The analog voltage at input A is representa- are complementary to a forward seek, except
tive of the carriage drive signal. This vol- that a logical 1 at B still turns on the
tage varies between a nominal plus and minus power amplifier and a logical 0 at B turns
2.9 volts. During a forward full seek, in- it off.
CONDITIONS: FORWARD SEEK
F=|
R=0
I >
B{OUTPUT STATE) A Y
0 — } < } } t t
3.0 -2.0 -0 -05 O +10 +2.0 3.0
A(INPUT VOLTAGE) A
CONDITIONS: REVERSE SEEK
F=0 R LVN B
R=1 2
! <€
B(OUTPUT STATE) Y A
0 — } + } > } t
-3.0 -2.0 -1.0 0 +0.5 +1.0 +2.0 +3.0
A{INPUT VOLTAGE)
_LCl
R2 {O0OPF RE
> R5 *Sv- +lev 464K
Ao— Sii R6 . 4 Tio
R3 2.61K 35— E>0v]i
< 51 b f‘é 139 G 1
RO G
7 N £ Y
G+
F o— 8ls
— C2 Jj ls
N
IO0OPF R7 ==
3.16K -V
- "MA
Rl R4 RS
511 1.96K 3.83K
-5v -5v LVN
Rev B
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l.evel Translator /Read Enable ~ LZJ

The read enable circuit is enabled when the input is
low (TTL level), thus causing the output to go to
almost +20v and enabling the read matrix. A low on
the input of the 927 turns on its output transistor and
current flows from +20v thru the emitter base junc-
tion of Q1, thru R2 and the output transistor collector
to emitter of the 927. This puts the collector of Q1
at just below +20v.

A high on the input of the 927 turns the open collector
output transistor off and prevents current from flow~
ing from emitter to base of Q1, thus turning off Q1.
With Q1 off the pull down resistor (R4) takes the out-
put to approximately ~11v. This back biases the
head select diode matrix to a negative level sufficient
to prevent write spikes from causing damage by

entering the read preamp.

>+2.4v
X/Y A
LZJ <+.8V
+19.6V
8
.oV
+5v
RI
2.2K
A
s O
4] X7y ®
927
l T R4
L 10K
—1.2v
cl
I.l/&.F
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Level Translator - MZJ

The multiple select fault circuitry uses a differen-
tial voltage comparitor to sense if two or more
heads are selected. A voltage reference of +17. 4v
is established at the base of Q2 with no head selected.
With one head selected the voltage at the base of Q1
will be 18,2v, thus Q2 and Q3 will conduct keeping
the output of @3 low (TTL level) indicating no fault.
If two or more heads are selected at the same time
the base voltage at Q1 will be 16.7v or greater
causing Q1 to conduct and Q2 and Q3 to turn off,
The output will then go high a (TTL level) indicating
a fault,

| HEAD SEL
X/Y +18.2V
T A
MZ J +6.7v
2 HEAD SEL
+4.8V
B
+0.2v
+20V
i +5v
Ci
Ol uF
RS
A O- o 1K
B
Q3
RS ::R4
L2K T12.0K
NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.
MzJ
Rev A
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LEVEL TRANSLATOR (OUTPUT SECTION) -~ SHT

The SHT circuit provides a TTL compatible
output for the comparator section of a level
translator.

The SHT circuit functions in conjunction

with the BRD circuit to indicate whether or
not the write current is below a minimum

(FROM BRD CIRCUIT) B

value. (See BRD circuit description.) The
output of the BRD circuit provides bias for
transistor QN to turn it on or off. When

the write current falls below +23V, QN is
turned on to provide a low level TTL output.
When the write current is above +23V, QN is
turned off to provide a high level TTIL output.

X’y

SHT

>+ 23V

A l I <+ 23V

HIGH TTL

¢ l / LOwW TTL

NOTE: A IS INPUT TO BRD CIRCUIT
C IS QUTPUT OF SHT CIRCUIT

+5v

Cl

T 390PF

NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.
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WRITE PROTECT CLAMP - RAP

The RAP circuit acts as a clamp, changing
its output impedance path from high to low
when the input is switched high.

When the input at A is low
turned off,

(TTL) Q1 is
and the impedance from B to

ground is high. When A is switched high
(TTL) Q1 is turned on, providing a low
impedance path between output B and ground
for the write current.

+2v
X/Y A I ov
A~ >+ g
RAP B-“_-—J*—-—~— +27V
ov
+36V +27V
R2
RI 10K
10K
CRI CR2 B
Ao- P——pi QN
R3
l.2K

NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.

RAP
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INVERTING TRANSLATOR (TTL TO ECL) - TLZ

The first part, consisting of Ry, R4 and Ql form a

simple transistor inverter to turn TTL "1's" into
TTL "0's". The second part, Rg, R3, Rg, and CRy,
form a LLZ passive translator which produces ECL

levels from TTL inputs.

83308500

D

3v
v —
I~ oV
T
Lz I —0.8v
- 1.8v
+5V
R2
:?Kl 1.78K
R3
o
A B QI 237K
1K a5
348k CRI
= ALY =

NOTE: VOLTAGE AND COMPONENT VALUES

ARE FOR REFERENCE ONLY,
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DELAY - UB- Delay times for capacitive delays used are as

follows:
The capacitor delay circuits delay a "1' input at A
for a specified period of time before providing a ""1" Delay Type Time
output at B. Delay time for a ''0"' pulse is negligible, UBR 40 NS
UBS 25 NS

Assume a ''0", ground, enters at A, If the capacitor
is discharged, it remains discharged and the output
remains ""0'". If the capacitor is charged when the
"0" signal appears, the capacitor discharges almost
instantaneously, and the ''0" appears with no notice-
able delay.

If a "'1", +3 volts, enters A while the capacitor is
discharged, the capacitor must first charge to a
minimum "'1'" voltage before a "'1" can appear at B,
The required charge time is the delay time of the
circuit. The charge time is dependent on the capa-
citor value, the resistance between the source volt~-
age and the capacitor, and the minimum voltage
required to produce a ''1" output.

A — ——— B / \
uB-—

RNA
270

ICNA

(D COMPONENT VALUES VARY.
(® USED ON UBR AND UBS ONLY.
3

VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.

RNA
2200 PR None
680 PF None
+3V
oV
+3V
oV
UB~
Rev A
Sheet 1 of
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DELAY - UBT

The UBT delay circuit delays application +5 volts to
a standard TTL gate during a power up sequence.

Applying +5v (T1) slowly raises output A to +5 volts
as Cl is charging. As the voltage across Cl1 ap=~

proaches 5 volts, output A raises to 5 volts after a
specific delay time determined by the values of R1,

R2, and C1,

+5v + 5V

+5V - e ov

T i I
; i A e +5V
A ov
usT l(——-— ¥ MS
TI T2

% TYPICAL DELAY TIMES
R R2 €l DELAYTIME
39K 00K 60uF  8OMS
6.8K IOK 60uF  30MS

+5v
SR
39K
: —O A
2 100K 60uF

NOTE:
VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY,

uBT
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DELAY - UC-

The UC-delay circuit is used to delay open-collector time of the circuit. The charge time is dependent
intégrated circuits. The circuit delays a ""1"" input on the value of the capacitor, the value of the resis-
before providing a '"1" output at B. The delay time tor, and the minimum voltage required to produce a
for a "0" pulse is negligible. The delay circuit con- "1" response.
sists of a resistor connected to +5v and a capacitor
connected to ground. Characteristics of the UC-circuits are as follows:
Assume that a "'0" (ground) enters at A, If the ca- Circuit Type Capacitance  Resistance  Delay
pacitor is discharged, it remains discharged. The UCM 5600PF 1.2K 1. 508
output is an immediate 0", If the capacitor is Ucp . 5600PF 560 0.8US
charged when the ''0"' signal enters, it discharges UCR 5600PF 1K 1.3U8S
almost instantaneously. The "0 appears at output ucs 3.3UF 2.2K 1MS
B with no noticeable delay. ucv 270PF 2.61K 175N8
ucy 200PF 10K 200NS

If a 1" (+3.0v) enters at A, and the capacitor is
discharged, the capacitor must first charge to a
minimum "'1" voltage (typically +0.7v) before the 1"
appears at output B. The time necessary to charge
the capacitor to this minimum voltage is the delay

¢ ¥
A uc— ’ 8 B /] 3V
ov
- ®
LI P
+5V
R1
@, . - 08
1/' ’,"—\
e
2y o
NOTES:
@ DELAY TIME DEPENDENT ON CIRCUIT TYPE. vc-
@ OPEN COLLECTOR TRANSISTOR IN PRECEDING STAGE. Rev B
Sheet 1 of 1
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DELAY - UEB

The UEB circuit delays application of ground to a
standard TTL gate during a power-up sequence,

During power off phase (Tg), capacitor C1 is dis-
charged by R4, CR2, and CR3. Applying +5v power
(Tl) raises output A to +5v as power comes up. At
this time (T3) Q1 is off and C1 is charging. As the
voltage across Cl approaches 5 volts, Q1 turns (T9)
on reducing output A to about 0 volts,

+5V
t * +5V 4/////' ov
+5V ' ! A o +5v
UEB -
A—A////’ Y
to t ty

¥ DELAY TIME VARIES WITH COMPONENT VALUES,

SEE LOGIC DIAGRAMS FOR SPECIFIC DELAY TIME.

+ 5V

—>

R3
CRI 47K
RI
10K
R2
33
CR2 CR3
Pt Pt Q!
! R4
60 uF a7k

NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.
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DELAY - ULY

The ULY-delay circuit delays a ''1" input before
providing a ""1" output at B, The delay time for a
"0" pulse is negligible. The delay circuit consists
of a resistor connected to +5v, a capacitor connected
to ground, and a series input resistor.

Assume that a "'0"" (ground) enters at A. If the capa-
citor is discharged, it remains discharged. The
output is an immediate ''0", If the capacitor is
charged when the "0 signal enters, it discharges
almost instantaneously. The ''0" appears at output
B with no noticeable delay.

If an open circuit (''1") enters at A, and the capacitor
is discharged, the capacitor must first charge to a
minimum "1" voltage (typically +0.7v) before the ''1"
appears at output B. The time necessary to charge
the capacitor to this minimum voltage is the delay

time of the circuit. The charge time is dependent

on the value of the capacitor, the value of the resis-

tor, and the minimum voltage required to produce a
"1" response.
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DELAY - USD

The USD circuit maintains a T7TL high level sistor QN is initiated by the fault trigger
output for 0.8 sec during the time that the at input A. QN is turned on when input A
power supply voltage is dropping. goes to 0 V, causing output C to go high.
Resistor R5 and capacitor C2 provide the
The USD circuit functions as the delay time-out constant to keep output C high for
portion of a write fault clamp circuit 0.8 sec. Stored energy is supplied at in~
which prevents write current from reaching put B to maintain QN in the on state for
the head during a +36 v supply voltage fault the 0.8 sec duration. The high output at
condition. The switching action of tran- C is used to switch on a write clamp circuit.
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LEVEL TRANSLATOR - WCN

The WCN circuit translates input signal
levels of below -0.5 V to a low TTL level
output and input signal levels of above
-0.5 V to a high TTL level output.

The WCN circuit has a differential voltage
comparatoxr circuit to indicate whether the
write driver is on or off. A voltage ref-
erence of ~0.5 V is applied to the base of
transistor QR. When the write driver is

off, the voltage at the base of transistor

X/Y

WCN

+5v

ON is -1 V, turning off QN. Therefore,
transistor QR is turned on and its collector
voltage goes low, turning on transistor QP.
Transistor QS is then forward biased provid-
ing a low TTL output. If the write driver
is on, the voltage to the base of QN goes
above -0.5 V (less negative) and QN is turned
on. As a result QR, QP, and QS are turned
off, providing a high TTL output. Capacitor
Cl delays the low to high transition by

125 ns.
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