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PREFACE
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PREFACE

“

This manual contains maintenance information for the CONTROL
DATA® PAS5Gl/2 and PASN1/2 Fixed Storage Drives (FSDs). It is
prepared for customer engineers and other technical personnel
directly involved with mainteining the FSD.

The information in this marial is presented as follows:

Section 1 Theory of Operation. Describes power functions,
electromechanical functions, interface, unit
selection, servo surface decoding, sector detec-
tion, seek functions, head selection, read/write
functions, and fault detection.

Section 2 - General Maintenance Information. Contains infor-
mation on warnings and precautions, maintenance
tools and materials, testing the drive, and
accessing the drive for maintenance.

Section 3 - Trouble Analysis. Contains procedures and infor-
mation to assist in troubleshooting the drive.

Section 4 - Electrical Checks. Provides electrical test
procedures.

Section 5 - Repair and Replacement. Contains procedures and
information on the replacement and adjustment of
drive assemblies.

The following manuals apply to the FSD and are available from
Control Data Corporation, Literature Distribution Services, 308
North Dale Street, St. Paul, MN 55103:

Publicatiorn No. Title

83324760 PASGl/PA5SG2 and PASN1/N2 Hardware Mainte-
nance Manual, Volume 1 (contains general
description, operation, installation and
checkout information, and parts data)

83324770 PASG1/PA5G2 and PAS5N1/N2 Hardware Mainte-
nance Manual, Volume 2

83324780 PASG1l/PA5G2 and PASN1/N2 Hardware Mainte-
nance Manual, Volume 3 (contains diagrams)

8332244y CDC Microcircuits, Volume 1 (provides func-
tional descriptions for integrated circuits)

83324440 CDC Microcircuits, Volume 2 (provides func-
tional descriptions for integrated circuits)
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IMPORTANT SAFETY INFORMATION AND PRECAUTIONS
_—_

Proper safety and repair is important to the safe, reliable op-
eration of this unit. Service should be done by qualified per-
sonnel only. This maintenance manual describes procedures rec-
ommended by the manufacturer as effective methods of servicing
the unit. Some of these procedures require the use of spe-
cially designed tools. For proper maintenance and safety,
these specially designed tools should be used as recommended.

The procedures in this maintenance manual and labels on the
unit contain warnings and cautions which must be carefully read
and observed in order to minimize or eliminate the risk of per-
sonal injury. The warnings point out conditions or practices
that are potentially hazardous to maintenance personnel. The
cautions point out practices which, if disregarded, could dam-
age the unit and make it unsafe for use.

For the safety of maintenance and operating personnel, the fol-
lowing precautions must be observed:

. Perform all maintenance in accordance with the procedures
given in this manual.

. Read and observe all cautions and warnings provided in
the procedures and labeled on the unit.

. Use the special tools called out in the maintenance pro-
cedure.

. Observe sound safety practices when performing mainte-
nance.

° Use caution when troubleshooting a unit that has voltages
present. Remove power from unit before servicing or re-
placing components.

. Wear safety glasses when servicing units.

° Wear safety shoes when removing or replacing heavy com-
ponents.

It is also important to understand that these warnings and cau-
tions are not exhaustive. The manufacturer could not possibly
know, evaluate and advise maintenance personnel of all conceiv-
able ways in which maintenance might be performed or the possi-
ble risk of each maintenance technique. Consequently, the man-
ufacturer has not completed any such broad evaluation. Thus,
any persons who use any non-approved maintenance procedure or
tool must first satisfy themselves that neither their safety
nor the unit performance will be jeopardized by the maintenance
techniques they select.
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ABBREVIATIONS

.

A Ampere CLK Clock
ABV Above CLR Clear
ac Alternating Current cm Centimeter
ADD Addiess CNTR Counter
ADDR Addlr ess COMP Comparator
ADJ Adjust CONT Control
ADRS Address CONTD Continued
AGC Automatic Gain Control CT Center Tap
ALT Alternate CYL Cylinder
AM Address Mark D/A Digital to Analog
AME Address Mark Enable dc Direct Current
AMP Amplifier, Ampere DET Detect
ASSY Assembly DIFF Differential
BLW Below DIV Division
C Celsius DLY Delay
CB Circuit Breaker DRVR Driver
CDA Complete Drive ECL Emitter Coupled Logic
Assembly
ECO Engineering Change
CDC Control Data Order
Corporation
EN Enable
CH Channel
ENBL Enable
CHK Check
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EXT

FCGC
FDBK
FIG
FLT
FSD
ft
FTU
FWD

GND

HEX
Hg

HR
HYST
Hz

IC
IDENT

in
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ABBREVIATIONS (Contd)

External
Fahrenheit, Fuse
Field Change Order
Feedback

Figure

Fault

Fixed Storage Drive
Foot

Field 1est Unit
Forward

Ground

Head

Hexagon

Mercury

High Resolution
Hysteresis

Hertz

Integrated Circuit
Identification

Inch

IND
INTRPT
1/0

IPB

IPS

kg

kPa

KW

- 1b

LED

LSI

LTD

MH2z

mm

MPI

Index
Interrupt
Input/Output

Illustrated Parts
Breakdown

Inches per Second
Kilogram
Kilopascal
Kilowatt

Pound

Light Emitting Diode

Large Scale
Integration

Lock to Data
Meter
Maximum
Megabyte
Memory
Megahertz

Millimeter

Magnetic Peripherals,

Inc.
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ABBREVIATIONS (Contd)

m

MPU Microprocessor Unit
MRK Mark

ms Millisecond

MTR Motor

mv Millivolt

NC No Connection
NORM Normal

NRZ Non Return to Zero
ns Nanosecond

ocC Oon Cylinder

(0}] One-Shot

0oscC Oscillator

P Plug

PD Peak Detect

pF Picofarad

PG Page

PHH Phillips Head

PLO Phase Lock Oscillator
PROC Procedure

PROG Programmable
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PS
PWR
RCVR
RD
RDY
REF
REQ
RES
REV
RGTR
r/min

RSD

RTZ

R/W

S/C
SEC
SEL
SEQ

SPD

Power Supply
Power Supply
Receiver

Read

Ready

Reference

Request
Resolution
Reverse, Revision
Register
Revolutions Per Minute

Removable Storage
Drive

Return to Zero
Read/Write
Second

Series Code
Second

Select
Sequence

Speed
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TSN

SS

TF
TIM
TP

TSP

TTL

Vbb

VCC

VCO

XXX

ABBREVIATIONS (Contd)

Sector Switch
Tracks to go
Thread Forming
Timer

Test Point

Troubleshooting
Procedure

Transistor-Transistor
Logic

Volts, Voltage
Bias Voltage
Bias Voltage

Voltage Controlled
Oscillator

W/

W/0

W PROT
W+R

W-R

uF

us

Watts

With

Without

Write Protect
Write or Read
Write and Read
Write

Transfer

Ohms
Hexadecimal Address
Microfarad

Microsecond
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THEORY OF OPERATION 1

b .

INTRODUCTION

The theory of operation section describes drive operations and
the hardware used in performing them. It is divided into the

following major areas (refer to figure 1-1):

FAULT AND DIAGNOSTIC ELECTROMECHANICAL FUNCTIONS
ERROR DETECTION FUNCT1ONS Fmm————-
' DRIV
) L _COOLING |
v r—---== RN i Q
I HEAD DISK !
MICROPROCESSOR SEEK ' posIT L1 oR '
CONTROL FUNCT IONS L___T???] L_fP?ﬁ?_;
I
N
T
£
R
CONTROLLER (:::> R p— —
A & INDEX SURFACE
c CIRCUITS DECODING
£
i
| READ/WRITE HEAD
| FUNCTIONS SELECTION
|
e
SELECTION
POWER
SUPPLY
11044

Figure 1-1. Drive Functional Block Diagram
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Power Functions - Describes how the drive provides the
voltages necessary for drive operation.

Electromechanical Functions - Provides a physical and
functional description of the mechanical and electrome-
chanical portions of the drive disk rotation, head posi-
tioning, and air flow systems.

Interface - Describes the signal 1lines connecting the
drive and controller. It also describes the I/0 signals
carried by these lines and how they are processed by the
drive logic.

Unit Selection - Explains how the controller logically
selects the drive so the drive will respond to controller
commands.

Servo Surface Decoding - Explains how the decoding of the
data read from the servo surface by the servo head is
used to locate the radial position of the heads during a
seek movement, the rotational position of the disks (in-
dicated by the Index signal) when the heads are on track,
and the exact speed of the disks (indicated by the 2.41/
1.612 MHz clock signal).

Sector Detection - Explains how the drive derives the
sector pulses that are used to determine the angular po-
sition, with respect to index, of the read/write heads.

Seek Functions - Explains how the servo logic controls
the movements of the head positioning mechanism in posi-
tioning the heads over the disks.

Head Selection - Explains the head selection process.

Read/Write Functions - Describes how the drive processes
the data that it reads from and writes on the disk.

Fault Detection - Describes the conditions that the drive
interprets as faults.

The descriptions in this section are limited to drive opera-
tions only. In addition, they explain typical operations and
do not 1list variations or unusual conditions resulting from
unique system hardware or software.
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Functional descriptions are frequently accompanied by simpli-
fied logic and timing diagrams. These are useful both for in-
structional purposes and as an aid in troubleshooting. How-
ever, they have been simplified to illustrate the principles of
operation. Therefore, the diagrams (and timing generated from
them) in volume 3 of the hardware maintenance manual should
take precedence over those in this section if there is a con-
flict between the two.

POWER FUNCTIONS
GENERAL

Power functions are processes that take place within the power
supply and the drive when the drive is powered up and powered
down. These processes depend on whether the drive is set up
for local or remote operation. 1In all cases, the power up and
power down sequences are controlled through MPU programming
that monitors whether start conditions are present and whether
certain interlock and operating conditions are satisfactory.
The following areas of the power functions will be discussed in
detail:

° Power Distribution -- Describes how power is distributed
to the drive circuitry.

. Local/Remote Power Sequencing -- Explains how the drive
may be powered up either at the drive or by the control-
ler.

. Power On Sequence -- Describes how the drive circuitry is

initialized when power is applied and how the drive is
prepared for normal operation.

) Power Off Sequence -- Describes how the drive is powered
down, including unloading the heads and stopping the disk
rotation.

POWER DISTRIBUTION

The power supply provides the drive with basic dc supply volt-
ages when circuit breaker CBl is placed in the ON position.
The drive itself has no ac power requirements. All drive cir-
cuitry, including the electronics, cooling fan, and drive mot-
or, is operated with the dc supply voltages. The ac power ca-
ble connects the power supply (through CBl) to site ac power.
The power supply can be conditioned for operation with any
standard ac input voltage, as described in the Installation and
Checkout section of Hardware Maintenance Manual, Volume 1.
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The dc power cable connects the power supply to the drive.
When CBl is ON, this cable transmits four basic dc supply volt-
ages to the drive electronics. These voltages are +5 V, -5 V,
+24 V, and -24 V. The -5, -24, and +24 V supplies are protect-
ed against overload by pop-out circuit breakers on the power
supply. The dc power cable also contains signal 1lines, which
are enabled by control circuitry in the drive, to switch on
40 V dc power to the drive motor and produce disk rotation.

There are secondary power supplies on the drive's Control Board
that develop additional bias voltages for certain integrated
circuits. One supply steps down the +24 V input and develops a
regulated +15 V source. Another supply steps down the -24 V
input and develops a regulated -15 V source. A third supply
steps down the -15 V supply to develop a requlated bias of
-8.3 V for the servo preamp chip.

The drive has circuitry that monitors the various supply volt-
ages and disables write and/or servo functions when dc power is
unreliable. For more information about voltage faul“s, refer
to the Fault and Error Conditions discussion.

LOCAL/REMOTE POWER SEQUENCING

The local/remote feature selects whether or not the controller

can control starting and stopping the drive motor. Part of
drive installation is setting the LOCAL/REMOTE switch (on the
drive I/0 Board) for either local or remote operation. The

LOCAL/REMOTE switch setting determines start conditions for the
drive motor during power up. With the LOCAL/REMOTE switch in
LOCAL, start conditions require only that the START switch is
in the On position. With the LOCAL/REMOTE switch in REMOTE,
start conditions require that the START switch is in the On
position and that the controller has activated the Sequence
Hold and Sequence Pick signals.

In a system of several drives set up for remote operation, all
drives receive Sequence Hold and Sequence Pick at the same
time. Once Sequence Pick is received, a delay circuit in the
I/0 circuitry activates +Start Enable after an interval equal
to five seconds multiplied by the drive address. Thus, each
drive in the system has a unique start-up interval. However,
when Sequence Hold goes inactive, it causes all drives to stop
their drive motors at the same time.
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POWER ON SEQUENCE

The power on sequence takes place in two steps. Power on ini-
tialization occurs when dc power is applied to the drive. Fol-
lowing successful initialization, a 1load operation occurs each
time that start conditions become available. Figure 1-2 is a
simplified diagram of the power on circuitry, and figure 1-3 is
a flowchart of the sequence The following paragraphs describe
power on initialization in detail and summarize the load opera-
tion. More information about 1load operations is given under
Seek Functions.

Placing power supply circuit breaker CBl1 ON enables dc power to
the drive. A level detector on the Control Board monitors the
+5 Vdc input from the power supply and sets the -Low Vcc line
high when this 1nput reaches +4.9 V. Until this time., the DC
Master Clear latch is set, and its output, the -DC Master Clear
signal, remains low. In the Sector Counter Gate Array, the low
-DC Master Clear signal resets the sector counter. In
addition, the 1low -DC Master Clear signal disables the
interface by blocking unit selection and the remote power
sequencing circuitry. In dual channel drives, the 1low -DC
Master Clear signal blocks unit selection by either controller.

The -MPU Reset line to the MPU goes low when -DC Master Clear
goes low, and it is held low by a one-shot for about 3 ms after
the -Low Vcc line goes high. When -MPU Reset goes high, the
MPU performs three self-test operations to initialize itself.
These tests are as follows:

° The MPU performs a checksum calculation on the ROM con-
tents. This test validates that the MPU's firmware in-
structions are readable.

° The MPU tests its internal RAM by writing information in-
to it and reading it back.

° The MPU initializes its PIAs by sending data to them and
reading it back.

If the first two tests fail, the MPU halts and all the individ-
ual fault LEDs on the Fault Display Board remain 1lit. If the
third test fails, the MPU tries to light the First Seek LED and
halts. None of these tests can produce an operating panel
FAULT indication, and there is no way to clear these faults ex-
cept for turning CBl1 OFF.
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Figure 1-2. Power On Circuitry
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With the self-tests complete, the MPU clears the DC Master
Clear latch in the Sector Counter Gate Array and initializes
the circuitry within the I/0 Gate Array. The MPU communicates
with the I/0 Gate Array via I/0 Control lines 1, 2, and 3. The
MPU pulses I/0 Control lines 1 and 2 with a serial code that
clears the Cylinder Address register (CAR), the Head Address
register (HAR), the On Cylinder FF, and the Fault latches.

At this point, power on initialization is complete. This pro-
cess wWill not be repeated until dc power is removed and reap-
plied to the drive (via CBl). The MPU waits for start condi-
tions by monitoring the START switch and (in remote operation)
the Sequence Hold and Sequence Pick signals from the controller.

When start conditions are present, the MPU directs the 1load
operation. The 1load operation energizes the drive motor to
bring the disks up to speed and loads the heads to position
them at cylinder zero on the disks. Details of the load opera-
tion are given under Seek Functions. When the load operation
is complete, the drive waits for commands from the controller.

POWER OFF SEQUENCE

The power off sequence unloads the heads and stops the drive
motor. There are two conditions that initiate a power off se-
quence. One is a loss of start conditions, and the other is a
loss of dc power to the drive.

A loss of start conditions occurs when the START switch is
pressed to release it from the Start position or (in remote
operation) when the controller deactivates Sequence Hold and
Sequence Pick. The MPU monitors the start conditions and di-
rects an unload operation when they are removed. The unload
operation (discussed under Seek Functions) uses servo control
to move the heads completely outward over the landing zone.
The heads are held in this position by a retract command until
the actuator is locked by the actuator locking solenoid. The
MPU then drops the Motor Run command to disable the Motor Speed
Control, and the friction brake stops the drive motor. The
drive remains in this condition until start conditions reappear.

A loss of dc power results when power supply circuit breaker
CBl is switched OFF or when there is a loss of site ac power.
When the dc voltages drop, an emergency retract takes place
under hardware control. The emergency retract operation (de-
scribed under Seek Functions) requires no MPU intervention, and
it uses voltage generated by the decelerating drive motor to
drive the heads outward to the landing zone. When the heads
have moved outward to the landing zone, the actuator locking
solenoid automatically holds them in this position. With a
loss of dc power, the drive motor loses its excitation and is
stopped by the friction brake.
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ELECTROMECHANICAL FUNCTIONS
GENERAL

Certain drive functions are a result of the electromechanical
devices using drive power and working under the control of
drive logic circuitry. These functions include disk rotation,
head positioning, and drive cooling and ventilation.

DISK ROTATION

Gencral

Disk rotation is accomplished by an electromechanical system
that accelerates the disks to 3600 r/min during power up and
stops disk rotation with friction braking during power down.
The mechanical and electrical aspects of this system are dis-
cussed in the following paragraphs.

Mechanical Description
The mechanical components used for disk rotation are the spin-
dle, the drive motor, and the brake.

Spindle
The disks are mounted on the spindle assembly. The spindle,

like the disks. is part of the module. When the spindle is ro-
tated by the drive motor, the disks rotate with the spindle.

Drive Motor

The FSD has a direct drive system for disk rotation with the
drive motor mounted concentrically on the spindle. The motor
has a three-phase stator surrounded by a four-pole rotor. The
motor speed control (described in the next topic) provides
pulsed excitation to the three stator windings. To keep the
stator pulses in phase with rotor position, the speed control
uses feedback from sensors located in the motor. These sensors
employ the Hall Effect to sense flux reversals from the rotor
magnets. As the rotor magnets pass each sensor, its output
line toggles.
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Electrical Description
General

Electrical operation of the drive motor is discussed in two
functional areas:

° Motor Control System -- discusses how the drive motor is
started and how its speed is regulated.

° Friction Motor Braking -- discusses how the drive motor
is decelerated.

Motor Speed Control

The motor speed control regulates operation of the drive mo-

tor. Subject to interlocks, the microprocessor issues a
command to start the drive motor during the power on sequence
(see Power On Sequence discussion). The motor speed control

activates the 40 V dc output of the power supply and uses this
power source to excite the stator windings in the drive motor.
The control and status lines between these system elements are
shown in figure 1-4.

To start the drive motor, the microprocessor drops the -Motor
Run line. The drive motor receives power as long as this line
is held low. With the -Motor Run line low, the motor speed
control issues the -Enable Motor Power command to switch on the
40 V dc output of the power supply. During the interval when
jog current is high (see Seek Functions), the MPU activates the
+Low/-Hi Start Current line to limit the current drain for the
40 V supply.

The motor speed control divides each shaft rotation ¢f the mo-
tor into twelve 30° segments. During each segment, a current
path is selected through two of the three stator coils. These
stator excitations are timed so that, in each segment, the se-
lected stators exert a counterclockwise torque on the permanent
magnets of the rotor.

Rotational position of the motor shaft is relayed to the motor
speed control by sensors S1, S2, and S3 located inside the mo-
tor. The sensors are positioned at 30° intervals. Each sen-
sor employs the Hall Effect to output a digital 1level that
switches when the polarity of the 1local magnetic field re-

verses. The waveforms of S1, S2, and S3 are shown in figure
1-5.
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Figure 1-4. Motor Speed Control System Diagram

The motor speed control regulates motor gspeed by modulating the
width of the pulses applied to the stator coils. The motor
speed is kept within the following range: 3564 r/min (16.83
ms/rev) to 3636 r/min (16.34 ms/rev). The pulses have maximum
width until the rotation time decreases to 16.83 ms. Then the
pulse width decreases linearly to a zero value corresponding to
a rotation time of 16.34 ms.

Figure 1-6 shows simplified logic for the motor speed control.
The control modulates the motor pulses as follows: Once per
rotation, a signal called +360° Pulse goes active. This sig-
nal triggers a 16.34 ms reference delay, derived by subdividing
the 4 MHz clock in the motor speed control. This reference de—
lay corresponds to one motor rotation at the maximum allowable
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Figure 1-5. Speed Control Waveforms and Timing
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speed. A comparator circuit outputs a pulse that is active
from the end of the reference delay until the next 360°
Pulse. The active time for the comparator output pulse deter-
mines the on-time of the +Drive Enable line during each 30°
segment of motor rotation. Power 1is applied to the stator
windings only when +Drive Enable is high. This condition is
updated once per motor rotation, and the duty cycle of the mo-
tor is readjusted to keep the motor speed within its specified
range.

Three status outputs are generated by the motor speed control
and are used as follows:

. +Motor Fault -- indicates to the MPU that the drive motor
has a bad magnetic sensor.

. -Speed OK -- indicates to the MPU that the drive motor
speed is between 3564 and 3636 r/min and that no motor
fault is present.

. -Disk Stopped -- 1indicates to the interlock circuitry
that the last disk rotation exceeded two seconds.

Friction Motor Braking

The drive motor decelerates during the power off sequence under
control of the friction brake. A transistor switch on the mo-
tor speed control board energizes the brake during drive motor
operation to release the brake and allow the motor to turn.
The brake remains energized as long as the -Enable Power supply
control line is low. When the motor is powered down, this line
goes high, deenergizing the brake and allowing it to contact
the rotor in the drive motor.

The motor speed control activates the -Disk Stopped line to in-
dicate that braking is complete. This output to the interlock
circuitry turns off the flasher circuit for the Ready indicator
to show that power down is complete.

HEAD POSITIONING

General

Data—is written on and read from the disk by the heads . The
drive must position the heads over a specific data track before
a read or write operation can be performed. Head positioning
is performed by the actuator mechanism which is an integral
part of the drive. The actuator is controlled by inputs re-
ceived from the servo circuits (refer to the discussion on Seek
Functions).
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Actuator and Magnet Physical Description

The actuator (shown in fiqure 1-7) consists of the actuator
housing, the carriage and voice coil assemblies, and the head-
arm assemblies. The head-arm assemblies, with the heads
mounted at their front, are mounted at the forward end, and the
voice coil at the opposite end, of the carriage assembly. The
carriage assembly fits within and is provided with horizontal
movement into/out of the permanent magnet by bearings riding
along a carriage track. During head positioning, the carriage
rides the track towards or away from the magnet and over the
disk surfaces.

ARM MATRIX
BOARD

VOICE
colL

PERMANENT
MAGNET

ACTUATOR ,//)V I
ACTUATOR 7] A
LOCKING

SOLENOID

DISK 11D49A

Figure 1-7. Actuator and Magnet Assembly
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Whenever the drive is powered down, the actuator is latched in
the unloaded position with the heads over the landing =zone.
The actuator remains locked until the next power up sequence
when the MPU releases the actuator locking solenoid. The auto-
matic actuator locking feature eliminates the need to manually
lock the actuator when transporting the drive.

Actuator and Magnet Functional Description

The voice coil is mounted at the opposite end of the arm assenm-
bly and moves in and out of the magnet as the servo signals
change. The magnet 1is mounted on the housing in a position
which allows the voice coil to move as the field in the coil
changes. This small in and out motion of the voice coil in the
magnet provides the motion for the heads over the disk sur-
face. The movement of the carriage and voice coil (and there-
fore the heads) is controlled by positioning signals from the
servo logic. The positioning signals are derived in the analog
servo system and processed by the power amplifier. The output
of the power amplifier is a current signal which is applied to
the voice coil. :

The current from the power amplifier causes a magnetic field in
the voice coil which either aids or opposes the field around
the permanent magnet. This reaction either draws the voice
coil into the magnet or forces it away, depending on the polar-
ity of the current through the voice coil. The acceleration of
the voice coil is dependent on the amplitude of the voice coil
current.

HEADS

General

The heads are magnetic devices that record data on, and read
data from, the disk surface (the servo head, however, reads
prerecorded data but cannot write). Up to four heads are at-
tached to each supporting arm. The heads and arm together are
called a head-arm assembly. The head-arm assemblies are at-
tached to the front of the actuator assembly (figures 1-7 and
1-8).

The drive has 24 data heads and one servo head. The data (or
read/write) heads are used to record data on and read data from
the disk data surfaces. The servo head is used to read prere-
corded data from the servo disk surface for use by the drive
analog servo circuits.
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Figure 1-8. Data Heads

The following paragraphs describe the physical characteristics
of the movable head-arm assemblies and how they function during
head load and retract sequences. Further information about the
heads is found in the discussions on seek and read/write func-
tions.

Head-Arm Assembly

Each head-arm assembly consists of a rigid arm, supporting
either two or four heads on 1load springs and gimbal springs
(figure 1-8). The head-arm assemblies are mounted at the front
of the actuator carriage and follow the in/out motion of the
carriage created by the reaction of the voice coil magnetic
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field to the field of the permanent magnet. The rigid arm by
itself does not provide the action necessary for the heads to
load or unload. The head 1load spring forces its associated
head toward the disk surface; the gimbal spring allows the head
free axial movement along its vertical and horizontal axes in-
dependent from the rigid arm.

Read/write information is transferred to and from the heads
through cables connected to a preamp mounted on the arm. The
preamps interface to the read/write circuitry via the Arm Ma-
trix board, located inside the sealed module.

Head Loading -

In the retract (non-operating) condition, the head load springs
are forcing their respective heads against the disk surface in
the landing zones. There are two landing zones on each data
surface -- one for each head. At their extreme outward travel,
the heads are 1located over their respective 1landing zones.
When the system powers up, the program turns on the drive mo-
tor. When the drive motor is rotating the disks at acceptable
speed, the heads move away from the disk surfaces and fly on
the cushion of air created by disk rotation. At this point in
the power on sequence, the actuator is unlocked and the heads
are moved inward to track zero. Until the power off sequence
is begun, the heads continue to fly on the cushion of air.

The head load spring forces the head toward the disk surface,
while the cushion of air pushes against the head to resist its
closer approach. The air cushion pressure varies directly with
disk speed, so that at proper speed the forces of the head load
spring pressing the head towards the disk surface and the op-
posing force of the air cushion resisting the closer approach
of the head are balanced such that the heads fly at the correct
height above the disk.

If the disk drops below speed, the air cushion pressure de-
creases and the head load springs force the heads closer to the
disk surface. Sufficient loss of speed would cause the heads
to stop flying and contact the disk. This is called head land-
ing. Because insufficient disk speed causes head landing,
heads are not moved into the data areas until the disks have
come up to speed. For the same reason, the heads are retracted
from the data areas and locked over the landing zone when the
disk speed drops below a safe operating level.

AIR FLOW SYSTEM

The air flow system is divided into two parts, one for the
drive unit and the other for the sealed module.
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The drive air flow system (figure 1-9) provides continuous air
replacement and circulation to dissipate the heat generated by
drive operation. The main component of the drive air flow sys-
tem is the fan that is mounted on the rear panel. The fan mo-
tor is driven from the -24 V power from the external power sup-
Ply. The fan pulls ambient air through the input and primary
filter of the front panel. The fan circulation travels over
the electronics, cooling these assemblies before leaving the
drive through the back panel. The system intake port is locat-
ed on the front panel. This port is covered by the primary
filter which keeps large particles from being drawn into the
system.

The fan speed is monitored by a circuit on the I/O board.
Pulses from the fan retrigger a one-shot, and the one-shot

remains set as long as the fan speed is satisfactory. If the
+Fan Fault line goes active, the MPU retracts the heads and
powers down the drive motor.” Similarly, the MPU checks the

+Fan Fault line during a load operation and requires that the
line is inactive before powering on the drive motor.

The air flow system for the module is a self-contained closed
loop system (figure 1-10). The system consists of a fan, cir-
culation filter, and breather filter. The fan blades are lo-
cated at the top of the hub assembly, and the rotation of the
spindle rotates these fan blades. The motion of the blades

above the cut out pulls air through the circulation filter into
the disk area.

If the pressure within the module becomes less than the sur-
rounding atmosphere, makeup air enters through the breather
filter to equalize the pressures. Likewise, if the module
pressure exceeds atmospheric pressure, air leaves the module
through the breather filter.

INTERFACE

GENERAL

All rcommunications between drive and controller must pass
through the interface. This communication includes all con-
mands, status, control signals, and read/write data transfers.

The interface consists of the I/O cables and the logic required
to process the signals sent between drive and controller.

The following discussion describes both the I/O cables and I/0
signal processing.
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Figure 1-9.

Drive Air Flow System
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Figure 1-10. Module Component Placement and Air Flow
I/O CABLES

The drive has two I/0 cables per channel, consisting of an A
cable and a B cable. These cables contain all the lines going
between the drive and controller.

The A cable carries commands and control information to the
drive and status information to the controller.

The B cable carries read/write data, clock, and status informa-
tion between drive and controller. Figure 1-11 shows all lines
(except those not used) in the A and B cables. The functions
of each of these lines is explained in table 1-1.
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TABLE 1-1. INTERFACE LINES

Signal

Meaning

Function: Power Up Sequencing

Sequence Pick

Sequence Hold

A ground from the controller on this
line starts the power on cycle when the
drive's LOCAL/REMOTE switch is in the
REMOTE position, provided thct the START
switch has been pressed and that Se-
quence Hold is active from the control-
ler. Sequence Pick triggers a delay
circuit that delays the power on se-
quence for an. interval based on the
drive address.

A ground from the controller on this
line holds the drives in a power on con-
dition when the drive's LOCAL/REMOTE
switch is in the REMOTE position, pro-
vided that the START switch is 1left in
the Start position. Removing the ground
from this line powers down all operating
drives in the systen.

Function:

Controller Selecting Drive

Unit Select Tag

This signal gates Unit Select lines into
logical number compare circuit. Unit is
selected after 600 ns (maximum) internal
time lapse. Drive will not process com-
mands until selected.

When the Unit Select Tag is accompanied
by the proper 1logical address and Bus
Bit 9 active, this indicates a priority
select status in dual channel systems.
The drive 1is wunconditionally selected
and reserved by the channel issuing this
command provided that this channel has
not been disabled.

Table Continued on Next Page
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Signal Meaning
Unit Select Bits A binary code is placed on these four
0, 1, 2, and 3 lines to select a drive. The binary

code must match the logical address of
the drive determined by the logical ad-
dress plug inserted in the operator pan-
el. Drives can be numbered O through
7. Bit 3 must be inactive for a unit
selection to occur.

TABLE 1-1. INTERFACE LINES (Contd)
‘ Unit Selected This signal indicates the drive has ac-
‘ cepted a Unit Select request. This line
| must be active before the drive will
| respond to any command from controller.
Open Cable Detect A voltage is supplied by the controller
to override the bias voltage at drive
receiver. If the A cable is disconnect-
ed or if controller power is lost, unit
selection and/or controller commands are
inhibited.

Function: Drive Indicates Operational Status

Unit Ready Unit Ready indicates .hat the drive is
up to speed, that the first seek was
successful, and that no fault condition

exists.
Index This signal 1is derived from the servo
tracks. It occurs once per revolution

of the disk, and its leading edge is the
leading edge of sect( : zero.

Sector This signal 1is derived from the servo
tracks. The numbe: of sector signals
that occur for each revolution of the
disk is selected by svitches on the Con-
trol boarad.

Table Continued on Nexi Page
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TABLE 1-1. INTERFACE LINES (Contd)

Signal

Meaning

Busy

Write Protected

On Cylinder

Seek End

Seek Error

Used only in dual channel drives, this
signal 1is generated when a controller
attempts tn select a drive that has al-
ready been selected and/or reserved by

the other controller. This signal is
sent to the controller attempting the
selection.

This signal indicates that the drive
write circuits are disabled. The write
protect mode is enabled by a jumper on
the Control board, by a switch on the
operator panel, by a fault condition, or
by a loss of motor speed. Attempting to
write while the write protect mode is
active results in a fault condition.

This signal indicates that the servo
head 1is positioned at a track. This
line goes 1inactive if the positioner
drifts off cylinder.

This signal indicates either an on cyl-
inder status or seek error status re-
sulting from a seek operation that has
terminated.

This signal indicates that the drive was
unable to complete a seek within 250 ms,
that the positioner has moved outside
the recording field, or that the drive
was commanded to seek beyond cylinder
710.

The seek error can be cleared by an RTZ
command or by a power up operation.

Table Continued on Next Page
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TABLE 1-1. INTERFACE LINES (Contd)

Signal

Meaning

Fault

Address Mark

When this 1line is active, it indicates
that one or more of the following faults
exist:

° First Seek fault

° Head Select fault

o DC voltage fault

° Write fault

° Write or read attempted while
off cylinder

° Write gate during a read opera-
tion

When an address mark has been found,
this line goes high.

Function:

Controller Sends Commands to Drive

Bits 0 through 9
(Bus Lines)

Tag 1 (Cylinder
Select)

These ten lines carry data to the drive.
The meaning of the data is a function of
the active tég line.

This tag line gates the data on the bus
lines to the drive Cylinder Address reg-
ister. The bus bits have the signifi-
cance listed below.

Bus bits 0-9, with the value shown be-
low, encode the cylinder address for the
seek operation. Cylinder addresses
above 710 are illegal and will encode a
seek error.

Table Continued on Next Page
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TABLE 1-1.

INTERFACE LINES (Contd)

Signal

Meaning

Tag 2 (Head Select)

Tag 3 (Control

Bus Bit

WoOoONOOMd W +-~O

Function

Cylinder
Cylinder
Cylinder
Cylinder
Cylinder
Cylinder
Cylinder
Cylinder
Cylinder
Cylinder

This tag line gates

lines to the drive

ter.

listed below.

Bus Bit

o wNH-~O

Address
Address
Address
Address
Address
Address
Address
Address
Address
Address

the data on the bus
Head Address regis-

Function

The bus bits have the significance

Head
Head
Head
Head
Head

Address
Address
Address
Address
Address

This tag line gates the data on the bus

Select) lines to the logic circuits of the drive
for commanding various operations. The
operation performed 1is dependent upon
which of the bus lines is active. The
significance of the bus bits is as fol-
lows:

Table Continued on Next Page
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TABLE 1-1.

INTERFACE LINES (Contd)

Signal

Meaning

Tag 3 (Contd)

0

1

Write Gate

Read Gate

servo
Offset
Plus

Servo
Offset
Minus

Fault Clear

Function Performed

Enables write driver.
Not accepted if there
is a seek error or
fault status.

Enables read circuit-
ry. Leading edge
triggers the read
chain circuit to syn-
chronize on an all
zeros pattern. Not
accepted if there is a
seek error or fault
status.

Offsets the positioner
75 microinches toward
the spindle from the
on cylinder position.
Disables On Cylinder
for 2.75 ms.

Offsets the positioner
75 microinches away
from the spindle from
the on cylinder posi-
tion. Disables On Cyl-
inder for 2.75 ms.

A pulse¢ sent to the
drive that clears the
Fault flip-flop pro-
vided tthat the fault
conditicn no longer
exists.

Table Continued on Next Page
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TABLE 1-1.

INTERFACE LINES (Contd)

Signal

Meaning

Tag 3 (Contd)

5 Address Mark
Enable

6 RTZ

7 Data Strobe
Early

8 Data Strobe
Late

9 Release

Function Performed

When this signal

occurs with a Write
Gate, an address mark
is written. When this
signal occurs with a
Read gate, an address
mark search 1is initi-
ated.

A pulse sent to the
drive to move the po-
sitioner to track
zZero. It also resets
the Head Address reg-
ister, Cylinder Ad-
dress register, and
Seek Error flip-flop.

Enables the read com-
parator to strobe the
data at a time earlier
than nominal.

Enables the read com-
parator to strobe the
data at a time later
than nominal.

Used with dual channel
option only, it clears
channel reserved and
channel ©priority se-
lect reserve status.
(Refer to Unit Selec-
tion discussion.)

Table Continued on Next Page
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TABLE 1-1. INTERFACE LINES (Contd)

Signal Meaning

Functions: Read, Write, and Clocks

Read Data This line transmits data recovered from
the disk. This data is transmitted in
NRZ form to the controller.

Read Clock This clock is derived from, and is syn-
chronous with, the detected data. Read
Clock defines the beginning of a data
cell and is transmitted continuously.

Write Data This 1line transmits NRZ data from the
controller to the drive for recording on
the disk surface.

Write Clock This clock is the Servo Clock ‘etrans-
mitted to the drive during a write oper-
ation. Write Clock must be synchronized
to the NRZ data and must be transmitted
250 ns prior to Write Enable.

Servo Clock Servo Clock 1is a phase-locked signal
generated from the servo track tribits.
The Servo Clock frequency is 14.52 MHz
in 515 MB drives or 9.67 MHz in 340 MB
drives. Servo Clock 1is continuously
transmitted.

1/0 SIGNAL PROCESSING

I/0 signals from the controller initiate and control all drive
operations except local power on. The I/O signals are sent to
receivers in the drive and are routed from the receivers to the
appropriate drive logic. The drive in turn sends information
concerning the operation back to the controller via the driv-
ers. Fiqgure 1-12 shows the basic logic involved in the routing
of the I/0 signals.

Certain I/O signals cannot be transmitted or received unless
the drive is selected. These signals include the tag and bus
bit signals from the controller and the status bits to the con-
troller.
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All commands (except unit select) are sent to the drive via the
tag and bus bit lines. The tag lines define the basic opera-
tion to be performed and the bus bits further define and modify
the basic operation. Table 1-1 explains the functions of all
tag and bus lines.

UNIT SELECTION
GENERAL

The drive must be selected before it will respond to any com-
mands from the controller. This is the case because the tag
and bus bit receivers, as well as certain drivers, are not en-
abled until the drive is selected.

In both single and dual channel units, the select sequence is
initiated by a Unit Select Tag signal from the controller.
However, the sequence performed is different depending on
whether a single or dual channel is being considered. Since
only one controller can communicate with the drive at a time,
dual channel logic must solve the problem of priority when more
than one controller wants to select the drive at the sanme
time. The following paragraphs describe both single and dual
channel selection.

SINGLE CHANNEL UNIT SELECTION

The single channel unit select sequence (see figure 1-13)
starts when the controller sends the Unit Select Tag accompan-
ied by a logical address on the four unit select lines.

When the drive recognizes the Unit Select Tag, it compares its
own logical address (as indicated by the logical address plug)
to the address sent by the controller. The drive's logical ad-
dress is determined by the logical address plug which fits into
the operator panel. Depending on the plug used, this address
can be any number from 0 to 7. If no plug is used, the number
is 7.

If the address sent by the controller is the same as that of
the drive and the Open Cable Detect signal is active (indicat-
ing the A cable is connected and controller has power), the
drive enables its Select Compare signal.
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Figure 1-13. Unit Select Logic (Single Channel)

The Select Compare signal enables the receivers and drivers to
the controller and also enables the Unit Selected signal. The
drive is now ready to respond to further commands from the con-
troller.

DUAL CHANNEL UNIT SELECTION

General

Dual channel drives are connected to, and can be selected by,
either of two controllers. However, because the drive is cap-
able of responding to only one controller at a time, the con-
trollers must compete for use of the drive. For this reason,
there are functions associated with dual channel selection that
are not necessary when selecting single channel units.

The functions controlling dual channel selection are as follows:
° Select - Logically connects the drive to the controller,

thus enabling it to respond to commands from the select-
ing controller.
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° Reserve - Reserves the drive so it can be selected at any
time by the reserving controller, but prevents it from
being selected by the other controller.

° Release - Releases drive from reserved condition.

° Priority Select - Allows controller to force select the
drive by disabling the interface to the controller having
the drive selected or reserved.

° Maintenance Disable - Allows disabling either channel in-
terface during maintenance.

The following discussions describe each of these functions. It
should be noted that because these functions are basically the
same regardless of which channel 1is 1involved, they are de-
scribed only as they relate to Channel I. Figure 1-14 shows
the select logic associated with channel I selection and table
1-2 describes the major elements on this figqure. Figure 1-1%
is a flowchart of the dual channel unit select and reserve
functions.

Select and Reserve Function

The drive is both selected and reserved during the same se-
quence and this sequence is initiated by a Unit Select Tag ac-
companied by a logical address. However., the drive can be suc-
cessfully selected and reserved only if none of the following
conditions exist:

° Drive is already selected and reserved by other control-
ler.

() Drive is not selected but is reserved by other controller.

° Channel to drive attempting selection has been disabled
by either a priority or maintenance disable function.

The following paragraphs describe how the drive is initially
selected and also how it responds to a Unit Select Tag when it
is selected, reserved, or disabled.

Assuming the drive is available (not selected, reserved, or
disabled) and it receives a Unit Select Tag and logical address
from the controller on channel I, it compares the address re-
ceived with that indicated by its logical address plug. If the
two addresses are the same, the drive enables the Channel I Se-
lect Compare signal. The logic used to generate this signal is
identical to that used in the single channel units (refer to
figure 1-13).
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TABLE 1-2.

DUAL CHANNEL UNIT SELECT CIRCUIT FUNCTIONS

Element*

Function

ABR/RTM Switch

Release Timeout
One Shot

Channel I
Disable FF

Channel I
Disable Switch

Channel I
Reserved FF

Channel I*x
Selected FF

Channel 1
Select and
Compare Logic

Determines whether the drive will be
in ABR (absolute reserve) or RTM (re-
serve timeout) mode. If switch is in
RTM position, drive is released from
reserved condition 500 ms (nominal)
after being deselected. If switch is
in ABR position, drive remains re-
served until it receives either a re-
lease or priority select command.

Times out 500 ms after drive is de-
selected. If drive is in RTM mode,
the reserved FF is Cleared when
timeout occurs.

Sets if drive receives Priority Se-
lect command. This causes drive to
be selected and reserved for control-
ler 1issuing <command and disables
channel to other controller.

Disables channel I whenever it is set
to DISABLE position. It must be in
NORM ponsition during normal opera-
tions.

Sets during select and reserve se-
quence. When set it keeps drive re-
served to channel I until channel 1
releases or channel II issues a Pri-
ority Select command.

Sets during select and reserve se-
quence and enables drivers and re-
ceivers to channel I controller.

Compares logical address of drive
with that sent by controller (see
Single Channel Unit Selection).

Table Continued on Next Page
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TABLE 1-2. DUAL CHANNEL UNIT SELECT CIRCUIT FUNCTIONS (Contd)

Element* Function
Initiate Reserved Generates a pulse whenever Select Com-
Pulse pare signal goes true. The pulse

length is 400 ns for 515 MB drives or
300 ns for 340 MB drives. This pulse
creates a delayed <clock for the
Channel I and Channel II Reserve FFs.

Channel I Select Sets if channel I tries to select and

Tried FF reserve drive while it is already se-
lected and/or reserved by channel
II. When drive is deselected and re-
leased by Channel II, this FF clears
and thereby triggers the Select Tried

one shot.
Select Tried Generates a pulse whenever either
One Shot Tried FF clears. The pulse length is

40 microseconds for 515 MB drives or
30 microseconds for 340 MB drives.
This pulse 1is sent to controller
(associated with the Channel Tried FF
that triggered the one shot) via the
Seek End line.

* Includes only those elements directly concerning channel I
and shown in fiqure 1-14.

**The Channel Selected FF's are alternately clocked by the
Dual Channel Clock signal to prevent simultaneous selection.

The Select Compare signal causes the Channel I Selected FF to
set, thereby enabling the receivers and drivers to the Channel
i controller and triggering the Reserve one-shot. The output
pulse from this one-shot clocks and sets the Channel I Reserved
FF. With these FFs set, the drive sends Unit Selected to the
channel 1 controller indicating that it is ready to accept
further commands.
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Providing channel II does not issue a priority select command
(see Priority Select Function discussion), the drive remains
selected to channel I until the controller on channel I drops
its Unit Select Tag or changes the logical address to another
drive. At this time, the drive's Channel I Selected FF clears,
thus disabling the drive drivers and receivers for that chan-
nel. This also disables the Unit Selected signal thus inform-
ing the controller that the drive will no longer respond to
commands. However, the drive remains reserved to channel I
(allowing channel I to reselect while preventing channel II
from selecting) until the Channel I Reserve FF is also Clear.
This is cleared by either a release or priority select function
(refer to these discussions).

If channel I attempts to select and reserve the drive while it
is selected and reserved by channel II, the Channel I Select
Compare signal is still generated as during the initial select
and reserve sequence. However, the Channel I Select and Re-
serve FFs do not set, and therefore the attempt is unsuccess-
ful. The drive still sends the Channel I Unit Selected signal
to the controller, but, in this case, it is accompanied by the
Channel I Busy signal. The Busy signal 1indicates that the
drive is being used by channel II.

The drive also sets its Channel I Tried FF, thus recording the
unsuccessful attempt. When the drive is no longer selected or
reserved by channel II, this FF clears, causing Seek End to the
channel I controller to go 1low for 40 microseconds (30
microseconds for 340 MB drives). This informs the controller
that the drive is no longer selected or reserved.

If the channel I controller tries to select the drive while
channel I is disabled (either by a priority select or mainten-

ance disable function), the attempt is unsuccessful and no re-
sponse is sent back to the channel I controller.

Release Function

The release function will release the drive from either a re-
served or priority selected condition. There are two types of
release functions:

° Timeout release pulse

o Release command

1
1-42 83324770 A




The timeout release pulse is capable of releasing the drive
from only the reserved condition. This pulse is generated by
the 500 ms Timeout Release one-shot and releases the drive by
clearing the Reserve FF. The pulse is triggered when the drive
is selected (Select FF sets) and times out 500 ms after the
drive is deselected (Select FF clears).

Whether or not the one shot has any effect on the Release FF
depends on the position of the ABR/RTM switch. 1If this switch
is in the RTM (reserve timeout) position, the FF clears when
the one-shot times out, thus making the drive available to the
other channel. However, if this switch is in ABR (absolute re-
serve) position, the one-shot has no effect on the FF and the
drive remains reserved.

A Release command will release the drive from both the reserved
and priority selected conditions. This command is initiated by
the reserving and/or priority selecting controller when it is-
sues a Tag 3 (Control Select) with Bus Bit 9 active. This
clears the Reserve and Disable FFs and allows the other con-
troller to select the drive.

Priority Select Function

If the drive is selected and reserved, the other controller can
force selection by issuing a Priority Select command (Unit Se-
lect Tag accompanied by drive logical address and Bus Bit 9).
This command will disable the channel to the controller pres-
ently using the drive and also select and reserve the drive to
the controller issuing the Priority Select command.

For example if channel I has the drive and channel II wants to
select, channel II issues a Priority Select command. In this
case, the command sets the Channel I Disable FF which in turn
results in clearing the Channel I Selected and Reserved FFs.
It also sets the Channel II Selected and Reserved FFs, thereby
selecting and reserving the drive for channel II.

Once the Disable FF is set, that channel (in this case channel

I) is disabled until the other controller (in this case channel
II) issues a command to clear it.

Maintenance Disable Function

It is also possible to disabl: either channel by setting the
Disable switch for that channe® (refer to figure 1-14) to the
DISABLE position.
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DRIVE SERVO SYSTEM

The drive writes data on and reads data from the disk data re-
cording areas under the directions of the controller. These
operations cannot be done randomly, however, for when the con-
troller wishes to retrieve data, it must be able to find the
exact location where that data has been stored. This problem
is resolved by mapping the disks into discrete sectiors called
"Tracks" which are narrow concentric bands that cover the en-
tire circumference of the circle. The tracks are then further
subdivided into equal areas called "Sectors".

After the controller has selected the unit with which it wishes
to perform an operation, it must then direct the drive to the
specific location on the data recording surface where it wants
the operation to be performed. The operation of positioning
the heads over the desired track is called a Seek operation.
The drive servo system under the direction of the micropro-
cessor unit (MPU) performs the Seek operation to position the
heads by using information read from the servo surface by the
servo head.

The data recording areas of each of the disks (2 areas on each
of 12 disk surfaces) are divided into 711 tracks, and these are
assigned sequential number addresses from O, which is 1located
on the outer edge of the recording area, through 710 which is
located on the inner edge of the data recording area closest to
the hub. Since there are 24 data recording areas, each with
711 tracks with addresses 0 through 710, the controller must
select 1 of 24 possible tracks with the same cylinder address
number. This further selection is done by assigning numbers to
the data recording areas (and the heads associated with the
data areas) from O through 23.

Once a particular cylinder is selected, the controller then
further narrows down location selection by addressing one of 24
heads located at the selected cylinder. Each track is subdi-
vided into equal segments called "Sectors". This division is
accomplished by the setting of a group of switches called Sec-
tor switches (see the discussion called Sector Detection).
When the controller has selected the unit, the track, and the
head, then it waits for the particular sector(s) where it
wishes to write (store) or retrieve (read) data. Another op-
tion for locating an area on a track to be operated upon is by
writing an Address Mark at a specific location on the track,
and then looking for the mark at the beginning of a read opera-
tion.
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When the controller commands the drive to go to a cylinder/
head/sector where it wishes to perform a read or write opera-
tion, the drive servo system under the direction of the MPU
performs the positioning (Seek) operation. The MPU program
uses information read from the servo surface by the servo head
to do the Seek operation. The following discussion will de-
scribe servo surface decoding and then describe seek functions.

SERVO SURFACE DECODING
GENERAL

The servo surface is a prerecorded disk surface in the module
that provides three basic types of information to the drive
electronics. Information from the servo surface is read by the
servo head. The servo head is mounted on the same positioner
as the data heads; thus, movements of the servo head across
the servo surface correspond exactly to movements of the data
heads across the data surfaces.

The three types of information available from the servo surface
are as follows:

. Radial mcvement of the heads, indicated by the Position
signal

. Rotational position of the disks, indicated by the Index
signal

. Exact specd of the disks, indicated by the clock signal
from the servo PLO.

The significance of each type of information for drive opera-
tion and the development of the basic feedback signals from the
servo signal are presented under the following topics:

° Tribit Recording Scheme

. Servo Surface Format

. Tribit Decoder Circuit Operation

TRIBIT RECORDING SCHEME

Servo information consists of tribit coding on a series of con-
centric tracks located on the servo surface. The pattern of
flux reversals alternates from track to track. Each track has
eighty segments, each consisting of a special nine-byte resync
pattern followed by 327 normal servo bytes.
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Unless the servo head is positioned directly over one servo
track, the signal it detects is a composite of signals from the
two tracks nearest the head. Figure 1-16 shows servo informa-
tion recorded on two adjacent tracks and the signal detected
when the servo head is halfway between the tracks.

In figure 1-16, two normal bytes are followed by a resync
byte. Each normal byte contains three bits -- a sync bit and
two position bits. The sync bits have negative polarity and
are recorded on all tracks. The position bits have positive
polarity and are staggered from track to track so that they
make separate contributions to the composite servo signal.

The resync byte shown in figure 1-16 has a missing sync bit and
one position bit (half the number of position bits in the nor-
mal byte). Adjacent tracks have coinciding sync bits as well
as staggered position bits.

A SERVO SIGNAL RECORDED IN
v \/ TRACK "A" ON SERVO DISK

SERVO SIGNAL RECORDED IN

\/ TRACK "B" ON SERVO DISK

/\; COMPOSITE SERVO SIGNAL
PICKED UP WHEN SERVO HEAD

IS ABOVE THE CENTERLINE “C"

BETWEEN TRACKS "A" AND "B"

POSI
4 POSITION an\

R YT FIRST MISSING
NORMAL BYTE  NORMAL BYTE RESYNC BYTE SYNC BIT

SYNC
BIT

11D56

Figure 1-16. Tribit Pattern
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The special nine- byte resync patterns appearlng 80 times per
disk rotation contain different combinations of resync bytes
and normal bytes, depending on what the pattern designates on
the disk surface. The different patterns and their relation to
the disk format are explained under the next topic. Each
nine-byte pattern is followed by 327 normal bytes. Thus, for
each disk rotation, the servo head detects 80 X 336 or 26 880
servo bytes.

The relative amplitude of the position bits within each servo
byte is used to indicate the precise position of the servo head
and, therefore, the data heads. When the data heads are lo-
cated at the centerline of a data track, the servo head is ac-
tually 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 tribit signals. The amplitude of each po-
sition bit within a servo byte is proportional to the read coil
overlap of the recorded servo tracks. With the head centered,

each adjacent servo track contributes equal position bit ampli-
tudes. As the head moves away from its centered position to-
ward one servo track, the track being approached makes a
greater contribution to the detected position bits than the one
being 1left. The tribit demodulator converts this variation
into the position signal used by the seek circuitry (see Posi-
tion Demodulation).

Figure 1-17 shows the detected servo signal for three different

servo head positions. In one of the three cases, the servo
head is located on the centerline between two servo tracks, and
the position bits have equal amplitudes. In the other two

cases, the servo head is located on either side of the center-
line, and the position bits have different amplitudes.

SERVO SURFACE FORMAT

The servo surface, through its encoding format, establishes the
format of the disk data surfaces. The servo surface format di-
vides the disk surfaces into four zones: an 71l-track data
zon2?, two guardbands, and a buffer zone. The guardbands indi-
cate areas of the disk that cannot be used for recording of
data, and servo encoding extends beyond the normal limits of
head positioning. The outer guardband consists of 10 tracks on
the outer portion of the disk. The inner guardband consists of
250 tracks on the inner portion of the disk. The buffer zone
consists of two tracks located between the outer guard band and
the data zone. In addition, all four zones contain an encoded
"reference 1line" which establishes the logical beginning of
each track. When this reference is decoded, the drive sends
the Index signal to the controller via the interface.
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Figure 1-17. Tribit Signal Variations

Figure 1-18 shows the positioning of heads on the module disk
surfaces and explains, in the exploded portion of the drawing,
how formatting information is encoded on the digk. As des-
cribed in the Tribit Recording Scheme discussion, nine-byte re-
sync patterns are used as format indicators. Each of the nine
bytes is either a resync byte (labelled "1") or a normal byte
(labelled "0O"). With the two bytes labelled in this manner,
each nine-byte code can be designated as a nine-bit pattern
number. The Index pattern (10100010l1) marks the logical begin-
ning of each servo track. The remaining 79 coded patterns
spaced around each servo track depend on the zone for that
track. The outer guardband is encoded with pattern 100010101,
the data zone and buffer zone with pattern 100010001, and the
inner guardband with pattern 101010001.

Refer to the Index and Guardband Decoding discussion for a des-
cription of the circuitry that performs this decoding.
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Figure 1-18. Servo Disk Format
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TRIBIT DECODER CIRCUIT OPERATION

General

Operation of the tribit decoder circuitry is discussed first in
terms of its relation to other systems within the drive. This
is followed by explanations of the individual functions per-
formed by the decoder.

System Overview

Decoding the information present in the servo signal is essen-
tial for other functional areas of drive operation. Figure
1-19 is a functional block diagram showing signal flow betcween
the tribit decoder and these other functional areas.

Inputs to the decoder come from the servo preamp and the MPU.
The servo preamp amplifies the signal detected by the servo
head. The +Slope signal, supplied by the MPU, sets up the
phase of the decoded Position signal so that it can be used by
the seek circuits.

The MPU monitors three output signals from the decoder. During
normal seek operations, the servo head remains over the data
zone. Thus, when the Inner or Outer Guard Band Pulses go act-
ive, the MPU reacts by altering the seek protocol. Improper
decoder operation can affect seek reliability. For this rea-
son, the MPU monitors the -Demodulator Active line.

Data transfers to and from the disk must be coordinated with
respect to the rotational position of the disk. The Index sig-
nal is decoded and is input to the Sector Detection circuitry
which, in turn, generates a given number of Sector pulses per
disk rotation. The controller coordinates data transfers based
upon the Index and Sector pulses transmitted to it via the in-
terface.

In the 340 MB drive, the 1.612 MHz Clock from the decoder is
used by the R/W PLO circuitry to form a 9.67 MHz Servo Clock.
In the 515 MB drive, the 2.41 MHz Clock from the decoder is
used by the R/W PLO circuitry to form a 14.5 MHz Servo Clock.
The Servo Clock operates at exactly six times the frequency of
the clock from the tribit decoder, and it tracks the rotational
velocity of the disk. The controller transfers data to the
disk in sync with the Servo Clock. This compensation in the
rate of data transfers to the disk makes the written data
pattern independent of disk speed.
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