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NOTICE

MAI Basic Four® equipment is designed to meet the
safety requirements of Underwriters Laboratories
(UL), the emission requirements of the Federal
Communications Commission (FCC) and Verbandes
Deutcher Elektrotechniker (VDE), as well as cer-
tain requirements of other safety or regulatory
agencies. Compliance with the recommendations and
standards of these agencies or organizations may
require the use of specific intercomnecting cables,
which have been determined to meet the applicable

criteria. Use of cables not meeting these require-
ments could result in violation of local Building

Codes or other regulations, and result in damages.
MAI Basic Four, Incorporated, shall have no reponsi-
bility for any results whatsoever that arise from
any use of any cables not supplied or installed by
MAI Basic Four, Incorporated, or our authorized
representative.

viii



M8083
PREFACE

This manual contains service information for the 5-1/4 Inch Fixed Media Disk
Drive, Machine Types 4171 (71 MB), 4120 (120 MB), and 4326 (127 MB). The
information is presented as a field-service aid and supports the installation,
operation, and maintenance of the subject Disk Drive.

The Disk Drive is used on the MAI Basic Four® Series 2000 and Series 7000 com-
puter systems, and differs only in the formatted storage capacity provided by
each system. On Series 2000 systems, the Disk Drive is formatted for 71 MB
(Machine Type 4171) or 120 MB (Machine Type 4120); on Series 7000 systems, the
Disk Drive is formatted for 127 MB (Machine Type 4326).

The major topics covered in this manual are:

Section I Introduction

Section II Installation

Section III Functional Description

Section IV Maintenance
Section V Removal/Replacement
Section VI Illustrated Parts Lists

Section VII Schematics

WARNING

This equipment generates, uses, and can radiate
radio frequency energy and, if not installed and
used in accordance with the instructions manual,
may cause interference to radio communications,
as temporarily permitted by regulation. It has
not been tested for compliance with the limits
for Class A Computing Devices pursuant to Subpart
J of Part 15 of FCC rules, which are designed to
provide reasonable protection against such inter-
ference. Operation of this equipment in a
residential area is likely to cause interference,
in which case the User at his own expense will be
required to take whatever measures that may be
required to correct the interference.

ix
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Figure 1-1. 5-1/4 Inch Fixed Media Disk Drive
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SECTION I
INTRODUCTION

1.1 GENERAL DESCRIPTION

The 5-1/4 Inch Fixed Media Disk Drive, used on MAI Basic Four® Series 2000
(Machine Types 4171 and 4120) and Series 7000 computer systems (Machine Types
4326), is a microprocessor controlled servo disk drive system (see figure 1-1).
The Machine Type 4171 Disk Drive uses eight data heads, one servo head, and
five non-removable 5-1/4 inch disks as storage media. Machine Type 4171 Disk
Drive data surfaces employ one moveable head to access 1,024 cylinders for a
total of 8,192 tracks. The Machine Types 4120 and 4326 use 15 data heads, one
servo head, and eight non-removable 5-1/4 inch disks as storage media. Each
data surface employs one moveable head to access 918 cylinders for a total of
13,770 tracks.

The disk drive unit consists of the following major components:

o Mechanical Assembly
o Read/Write and Control Electronics

o Power Supply

l.1.1 Mechanical Assembly

The disk drive consists of a single printed circuit board, a frame for mounting
the drive, and a head disk assembly (HDA). The components inside the HDA are:
disks, spindle motor, head positioning assembly, heads, actuator amm assembly,
and air filter. Shock mounts are provided to minimize the transmission of
vibration from the frame to the HDA.

l.1.1.1 Printed Circuit Board Assembly (PCBA)

The PCBA, figure 1-2, is a multilayer board with the internal planes being
primarily used for voltage and ground only. The circuitry contained on the
PCBA is used to control the spindle motor, actuator positioning system,
actuator latch, and read/write circuitry.

l1.1.1.2 Head Arm Assembly
The read/write heads are mounted on avhead arm assembly which is then mounted
to a ball-bearing supported shaft. The voice coil, an integral part of the

head armm assembly, lies inside the magnet housing when installed in the drive.
See figure 1-3. :
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READ/WRITE HEADS VoICE COIL

MAGNET
ACTUATOR SHAFT MAGNET
HOUSING

Figure 1-3. Head Positioning System

Current from the power amplifier, controlled by the servo system, causes a
magnetic field in the voice coil which interacts with the field around the
permanent magnets. This reaction causes the voice coil to move within the
magnetic field. Since the head arms are mounted to the voice coil, the voice
coil movement is translated through the pivot point directly to the heads and
achieves positioning over the desired cylinder.

Actuator movement is controlled by the servo feedback signal from the servo
head. The servo head is located on the lower surface of the bottom disk where
servo information is prewritten at the factory. This servo information is used
as a control signal for the actuator to provide track-crossing signals during
on—-cylinder seek operation, and timing information such as index and servo
clock.

l.1.1.3 Spindle Motor Assembly

The spindle drive is a brushless dc drive motor contained within the spindle
hub itself. The rotational speed of spindle is 3600 rpm. The motor and
spindle are dynamically balanced to insure a low vibration level during opera-
tion. Dynamic braking is used to quickly stop the spindle motor when power is
removed.
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l.1.1.4 Heads and Disks

The heads utilized in the Disk Drive are composite manganese-zinc ferrite head
sliders and flexures. These heads are used to record and read information on
the thin film metal disks. The thin film metal disks provide a highly abra-
sion-resistant surface decreasing the potential for damage caused by shipping
shock and vibration.

l.1.1.5 Air Filtration System

The disks and read/write heads are assembled in a clean—air enviromment and
then sealed within the HDA. The HDA contains a 0.3 micron absolute filter
mounted inside the casting to provide constant internal air filtration. A
second 0.3 micron filter, located on the HDA top cover, permits pressure
equalization between internal air and ambient air. See figure 1-4.

l.1.2 Read/Write and Control Electronics

The read/write and control electronics are packaged on the PCBA. This PCBA,
which includes two microprocessors, performs the following functions:

e Read/write of data

e Index detection

e Head positioning

e Head selection

e Drive selection

e Fault detection

e Voice coil actuator drive circuitry

o Track O detection

® Recalibration to track 0 on power-up

e Track position counter

e Power and speed control for spindle drive motor

e Braking for the spindle drive motor

e Drive up—-to-speed indication circuit

e Reduced write current on the inner tracks

e Monitor write fault conditions

e Control of all internal timing

e Generation of seek complete signals

1-4
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REC/IRCULATING FILTER
ROTARY VOICE CaiL

AIR FLOW PATH

Figure 1-4. Air Filtration System

l1.1.3 Power Supply

The Disk Drive requires only dc power for operation. DC power is supplied from
an external power supply with outputs of +12 Vdc (+5%) at 4.5A maximum, and +5
Vde (+57%) at 1.9A maximum. Typical current drawn from the +12 Vdc source
during operation is 1.57A and from the +5 Vdc source is 1.7A. DC power is fed
to the disk drive via a 4-pin connector on the component side of the PCBA.

1.2 DISK DRIVE SPECIFICATIONS

Table 1-1 lists the specifications for the 5-1/4 Inch Fixed Media Disk Drive.

1-5
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Table l1-1. Specifications, 5-1/4 Inch Fixed Media Disk Drive

PHYSICAL ENVIRONMENTAL (continued)
Height: 3.4 in (8.6 cm) Non-Operating Shock
Width: 5.9 in (15.0 cm)
Depth: 8.2 in (20.8 cm) 20 G's (1/2 sine =11 ms)
Weight: 6.3 1bs (2.9 kg)

POWER
ENVIRONMENTAL

DC Voltage

Ambient Temperature

Control: +12V +5%, 1.57A Typical,

Operating: 50 to 113 °F 4,5A Max (af_bower on)
(10 to 45 °C) Logic: +5V +5%, 1.7A Typical,
Non-Operating: —-40 to 140 °F 1.9A Max

(=40 to 60 °C)
Maximum Ripple (Included in
Tolerance): +5 = 50mV,

Maximum Temperature Gradient +12 = 120mV
Operating: 18 °F/hr (10 °C/hr) Power Dissipation: 57W, high;
Non-Operating: Below Condensation 9W, low

Heat Dissipation: 25W, Typical,
Relative Humidity (non-condensing) 28W Max

Operating: 8 to 80%
Non-Operating: 8 to 957% GENERAL

Capacity (Unformatted)

Maximum Elevation

Machine Type 4171:

Operating: 10,000 ft Per Drive: 85.32 MB
Non-Operating: Per Surface: 10.60 MB
-1,000 ft to 40,000 ft Per Track: 10.42 KB
Vibration Machine Types 4120:
Per Drive: 143.55 MB
Operating: 5-25 Hz, 0.006 in P-P Per Surface: 9.57 MB
25-500 Hz, 0.25G peak Per Track: 10.42 KB
acceleration

Machine Types 4326:

Operating Shock Per Drive: 143.55 MB
Per Surface: 9.57 MB
With retries: 2 G's (1/2 sine =11 ms) Per Track: 10.42 KB
Without retries: 10 G's (1/2 sine
-11 ms)
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Table 1-1. Specifications, 5-1/4 Inch Fixed Media Disk Drive (continued)

GENERAL (continued) GENERAL (continued)

Capacity (Formatted) NOTE

Machine Type 4171: ' The disk drive is provided
(Series 2000 Systems) with an error map showing
Per Drive: 71.32 MB the location of media de-
Per Surface: 8.40 MB fects. The defective areas
Per Track: 8.20 KB are identified by cylinder
Per Sector: 512 Bytes number, head number, and

bytes from index.

Machine Type 4120 The disk drive is guaranteed
(Series 2000 Systems) to be error free on cylinder
Per Drive: 119.85 MB 000. Additionally there will
Per Surface: 7.99 MB be no more than an average
Per Track: 8.20 KB of 10 defects per surface.
Per Sector: 512 Bytes The maximum number of

defects is 128.

Machine Type 4326: No surface shall have more
(Series 7000 Systems) than 20 defects. No track
Per Drive: 126.90 MB ' shall have more than 5
Per Surface: 8.46 MB defects.

Per Track: 8.20 KB
Per Sector: 1,024 Bytes

Mean Time Between Failures:
8,000 POH, Typical
Access Time (Includes Settling

Time) Component Design Life: 5 years
Machine Type 4171: Rotational Speed: 3,600 rpm

Average: 28 msec

Track-to-Track: 4 msec Recording Density: 9,875 bits

Full Stroke: . 49 msec per inch

Track Density: 1,000
Machine Types 4120 and 4326:

Average: 27 msec Cylinders (Machine Type 4171):
Track-to-Track: 4 msec 1,024
Full Stroke: 46 msec

Cylinders (Machine Types 4120
and 4326): 918
Error Rates

Tracks
Soft Read: 1 per 101l bits read Machine Type 4171: 8,192
Hard Read*: 1 per 1013 bits read Machine Types 4120 and 4326:
Seek: 1 per 107 seeks 13,770

*Not Recoverable within 16 retries

1-7
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Table 1-1. Specifications, 5-1/4 Inch Fixed Media Disk Drive (continued)
GENERAL (continued)
Sectors: 440,640
Data Heads (Machine Type 4171): 8

Data Heads (Machine Types 4120
and 4326): 15

Servo Heads: 1
Disks (Machine Type 4171): 5

Disks (Machine Types 4120 and
4326): 8

DC Power Connector (P3): 4-pin AMP
P/N1-480424-0 (using AMP pins
P/N 350078-4) (strip) or
P/N 61173-4 (loose piece)

DC Power Connector (J3, on PCBA):
4-pin AMP MATE-N-LOCK connector
P/N 350543-1

Frame Ground Connector (J4):
AMP P/N 61761-2 (Faston Type)

Frame Ground Connector (J4):
AMP P/N 62187-1 (Recommended)
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SECTION II
INSTALLATION

2.1 INTRODUCTION

This section contains general procedures/requirements for Disk Drive installa-
tion. Specific procedures for removal/replacement and installation of the Disk
Drive on the Series 2000 and Series 7000 systems may-be found in section V.

NOTE

Further information on disk drive installation and
configuration may be found in the Series 2000 System
Installation Manual, M8086, or in the Series 7000/8000
System Installation Manual, M8089.

2.2 UNPACKING INSTRUCTIONS
l. Open the shipping container.
2. Carefully remove the top half of the inner foam insert.

3. Remove the drive from the container and remove the conductive plastic
covering. Inspect the drive for physical damage.

4, Remove the defect map from the top of the drive. Use the information
on the map for defect management. Copy the map and file a copy for
use in the event the original is lost or misplaced.

5. The Drive is now ready.for operation. There are no external shipping
locks.

6. After unpacking the drive, store the packing materials for possible
future use.
2.3 SPACE REQUIREMENTS

The Disk Drive is shipped mounted in a frame assembly with a face plate in-
stalled. Figure 2-1 shows the external dimensions of the drive.

2-1
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Figure 2-1. Disk Drive Mechanical Dimensions

2.4 MOUNTING

The Disk Drive may be mounted in any orientation. The Disk Drive has mounting
holes on three sides of the frame for ease of mounting. Figure 2-2 shows the .

location of the mounting holes.
CAUTION

The casting is very close to the frame mounting holes

in some locations. Mounting screw lengths must be

chosen such that no more than 0.125" of the screw is
available to enter the frame mounting hole. The torque
applied to the mounting screws should be at least 9 inch-
pounds but to avoid stripping the threads, the maximum
torque applied shall not exceed 12 inch-pounds.

2-2
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Figure 2-2. Disk Drive Mounting Dimensions
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2.5 POWER REQUIREMENTS

No ac power is required. The dc voltages and currents required to operate the
Disk Drive are shown in table 2~1. The current profile for 12 volts is shown
in figure 2-3.

Table 2-1. DC Power Requirements

VOLTAGE HIGH LIMIT LOW LIMIT
Nominal +12V +5V
Regulation +0.6V* +0.25V
CURRENT

Typical 1.57A 1.7A
Maximum 44 5A%% 1.9A
POWER DISSIPATION 57W 9w

RIPPLE AND NOISE
Maximum (P-P) 120mV 50mV

* Regulation may be +l1.2 volts during power up
** At power ON for a period of not more than 10 seconds.
Maximum current is drawn until RPM's reach 1000. If
after 10 seconds, RPM is still less than 1000, a time-
out occurs and the spindle motor is turned OFF.

£ &8

\ PICAL CURYE
3.0 \<

CURRENT - AMPS

SECONDS
1/2V CURRENT POWER UP CYCLE

Figure 2-3. Motor Start Current Requirements

2.6 INTERCONNECTING CABLE CONNECTORS

The following paragraphs describe the requirements for the dc power connector
and frame ground connector.

2-4
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2.6.1 DC Power Connector

The dc power connector (J3) is the equivalent of a 4-pin AMP MATE-N-LOCK con-
nector P/N 350543-1 mounted on the component side of the PCBA. The recommended
mating connector (P3) is AMP P/N 1-480424-0 utilizing AMP pins P/N 350078-4
(strip) or P/N 61173-4, (loose piece). DC power connector J3 pin locations and
voltage assignments are shown in figure 2-4.

2.6.2 Frame Ground Connector

The frame ground connector (J4) is a Faston type connector, AMP P/N 61761-2.
The recommended mating connector is AMP P/N 62187-1. If wire is used, the hole
in J4 will accommodate a wire size of 18AWG maximum.

Frame and logic ground are NOT connected together when the drive is shipped.

2.7 CONNECTORS

The following paragraphs describe the Interface Connectors, Control Cable Term—
ination, and Jumper Settings required to operate the disk drive.

2.7.1 Interface Connectors

Two interface connections are required by the disk drive: a control cable (Jl)
and a data cable (J2). Details of the control and data signals required can be
found in section III.

Connection to Jl is via a 34-pin PCBA edge connector. Connector dimensions are
shown in figure 2-5. The pins are numbered 1 through 34 with the even pins
located on the component side of the PCBA and the odd pins located on the
solder side. Pin 2 is located on the end of the connector closest to the power
connector J3. A key slot is provided between pins 4 and 6. The recommended
mating connector for Pl is AMP ribbon connector P/N 88373-3.

Connection to J2 is via a 20-pin PCBA edge connector. Connector dimensions are
shown in figure 2-6. The pins are numbered 1 through 20 with the even pins
located on the component side of the PCBA. The recommended mating connector is
an AMP ribbon connector P/N 88373-6. A key slot is provided between pins 4 and
6.

PIN 4
v3 +5 VOLTSE DC=5%
PIN 3 ’
(@ @@ @W + 5 VOLT RETURN
PIN |
+ 12 VOLTS DC=5%
PIN &
PCEBA ,COMP, T SIDE
( ) ONENT SIDE ) + /12 VOLT RETURN

Figure 2-4. DC Power Connector (J3) Pin Locations and Pin Assignments
2-5
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2.7.2 Control Cable Termination

If the Disk Drive is the last drive at the end of the control signal cable, a

220/330 ohm termination resistor pack must be installed on the PCBA near con-
nector Jl. The terminator must be removed if the drive is not at the end of a

string of drives. The part number for the terminator pack is 42101,

2.7.3 Factory Installed Jumper Settings

The following jumpers are located on the Disk Drive PCBA and are installed at
the factory. The jumper locations are shown in figure 1-2. Jumper JA provides
for different track per inch (tpi) settings. Jumper JC enables off-track
detection to create a WRITE FAULT if off-track is detected during a write oper-
ation. Jumper JD is a factory aid used to disable the UNSAFE signal from the

HDA.

2.8 OPTIONS

The Disk Drive has two options available to the operator or user by means of

jumper settings, drive address selection (J7) and write protect switch connec-
tion (J8). Figure 1-2 shows the location of these jumpers. The installer must

set the drive address jumper to the appropriate position to allow the system to
address the drive. If Write Protect is to be used, a switch must be connected
to terminals located on the drive PCBA.

2.8.1 Drive Address Selection Option

In multiple drive configurations it is necessary to configure each drive (max-

imum of four per host controller) with an unique address. This is accomplished
by locating the jumper plug over the correct pins as shown in figure 2-7. The

standard drive is shipped addressed as Drive 1/Drive 0 (actual address designa-
tion is dependent upon the numbering system used).

2.8.2 Write Protect Option

A write protect option is incorporated into the Disk Drive. The option can be
invoked by attaching a shorting plug or attaching a switch across two test pins
located near IC U63 on the PCBA., These pins are on 0.100" centers to allow
ease of installing a switch connector.

2.9 VENTILATION

The Disk Drive operates with a minimum of air circulation. Air circulation of

3 cfm around the drive is adequate provided the temperature of the ambient air
does not exceed 122 °F (50 °C). Enclosures should be designed or chosen such
that this minimal air circulation is provided and that the maximum temperature

is not exceeded.
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SECTION III
FUNCTIONAL DESCRIPTION

3.1 INTRODUCTION

This section contains the functional description of the Disk Drive on the
following levels:

e Operational description of the various tasks
performed by the system

® Interface description

e Format description and examples of formats

3.2 OPERATIONAL DESCRIPTION

The Disk Drive consists of read/write and control electronics, read/write
heads, head positioning actuator, disks, and air filtration system. These
components interpret and generate control signals, position the heads over the
desired track, read and write data, and provide a contamination—-free environ-
ment,

3.2.1 Spindle Motor Operation

The Disk Drive uses a Z8 microprocessor for spindle motor control. The timers
within the microprocessor are used to time a revolution within 3.6 microsec-
onds. The timers are crystal controlled to ensure the accuracy of the measure-
ment. With this measurement the microprocessor develops an error signal rela-
tive to the deviation from 3600 rpm and assures that the rotational speed is

within +3.6 microseconds of 3600 rpm. This results in a +0.1% speed control.

An adaptive offset loop (figure 3-1) provides error correction to lock the
spindle motor exactly on 3600 rpm.

The input to the microprocessor is a square wave developed by the switching of
the hall sensors in the brushless dc motor. Physical position of the spindle

relative to the hall sensors provides rotational information to the micropro-~-
cessor, figure 3-2, As the motor rotates the microprocessor in effect rotates

the commutation so that the motor speed is exactly in sync with the hall
Sensors.

Spindle rotation is controlled with two modes of operation: start mode and run
mode. A description of each mode follows.

3-1
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3.2.1.1 Start Mode

The start mode starts the spindle motor rotating and causes the heads to fly as
soon as possible to minimize the headwear. To achieve this, a high torque is
required due to the mass of the disks and the drag caused by the non-flying
heads. The heads nominally start to fly off of the disk at approximately 1000
rpm which takes about 3 -seconds. Because of system and/or power supply
constraints, this initial torque is limited by limiting the +12 volt current to
4 amps. This current limiting is accomplished via analog circuitry on the PCBA

assembly.

The spindle is allowed to run at 4 amps for approximately 3 seconds which is
the time it takes to get the disks rotating to at least 1000 rpm and the heads
flying. After the 3 second current limit, the motor rotational speed in-
creases, increasing the back electromagnetic force (emf) and decreasing the
motor current, figure 3-3. As figure 3-3 shows, the current decreases
exponentially as the spindle speed approaches 3600 rpm. This operation
consumes approximately 18 seconds. At this point, the current is approximately
1 amp which is where the second mode of operation begins.

Another feature of the start mode is the time-out condition which occurs in the
event that the spindle is not up to 1000 rpm in 10 seconds. This feature
protects the heads from excessive wear if there is a problem, and also protects
the spindle drivers if too much current is required to get the spindle up in
the appropriate amount of time. If the time-out condition exists, the spindle
motor is turned off and the only way to start the spindle up again is to remove
power from the drive and then reapply power to the drive. It should be noted
at this time that if the drive is power cycled at a rate faster than 30
seconds, and there is a problem in the HDA, that is physically restraining the
spindle from turning, the spindle drivers could overheat and be damaged in the

process.

START CURRENT

SENSE
AVG: I LOCK - ON
A 3600 RPM
] fo - — — — —
| ] ] | ]
5 /o 15 20 SECONDS

t

Figure 3-3. Spindle Motor Current Profile
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e2.1.2 Run Mode

n the run mode the drive uses pulse width modulation to control the speed.

his method of analog control also reduces noise. Since the drive to the
pindle does not have to be a full ON and full OFF condition, no audible noise
s generated. Pulse width modulation causes the driving hexfets to operate in
heir linear region. This reduces the large surge of ON and OFF currents which
ould result in an audible 720 Hz noise. Figure 3-3 shows that at the 3600 rpm
ock, the current drops from 2 amps to approximately l.2 amps. This is due to
he analog control taking effect in which the hexfets now are run in their
inear region requiring less current and resulting in less heat dissipation.

ue to the switching of the hexfets and the internal inductance of the motor,

arge induced current spikes are generated that need to be suppressed. These

arge currents are produced in part because of the delta configuration of the

pindle motor. The delta hookup has circulating currents when switching from

ne phase to another. Small capacitors are added to the spindle drive hexfets
0 minimize these spikes that would otherwise be on the +12 volt power bus.

'he head arm assembly is driven to the landing zone and latched when power is
‘emoved from the disk drive. This is accomplished by using energy stored in a
.apacitor during normal operation. A capacitor is charged from the +12 volt
ower supply. When power is lost, the capacitor's charge is applied to the
.ctuator to move the heads into the landing zone and become latched. After the

leads are latched and in the landing zone, the drive goes into the dynamic
yraking mode. During dynamic braking, there is still voltage available due to
he back emf of the spindle motor. The spindle motor is now used as a gener-
itor to cause all the motor windings to be shorted via the hexfets which are
;till enabled by the residual emf. The large short circuit current acts in
jpposition to spindle motion, causing heavy breaking action.

}e2.2 Servo System Operation

'he servo system in the disk drive utilizes a di-bit pattern on the lower sur-
‘ace of the lower disk in the HDA assembly. The servo head, servo pattern,

jervo circuitry on the main PCBA, and the actuator mechanism are the main com—
onents that make up a closed loop servo system in the drive. This servo

iystem allows precision track following which compensates for variations in
:rack location caused by thermal conditions. See figure 3-4.
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3.2.2.1 Servo Circuitry

The output of the servo head must be proportional to the distance off track for
any given head position with respect to the servo track. Since each head has a
slightly different width, and output is a function of width, the gain for each
head must be compensated for in the electronics. This guarantees that the
output in volts per inch of track offset is identical for any servo head so
that the circuitry will perform smooth and accurate track following.

The head output signal is fed to the servo read amplifier. The output of this
amplifier is of constant amplitude due to the Automatic Gain Control (AGC)
signal. The amplitude of the sync pulses in the di-bit pattern is about 4.4
volts peak-to-peak at the Servo Read Signal (figure 3-4) which is between the
servo read amplifier and the demodulator.

The demodulator, under control of the demod control circuits, samples A and B
or C and D pulses and uses the difference in amplitude to generate a position
error signal (PES). The discharge signal is used to discharge the peak detec-
tor circuit in the demodulator prior to the next sample period.

The demodulator output, PES, is applied to a summing mode along with the DAC
output from the microprocessor to generate ADJUSTED PES. This DAC output
signal is only used during seeks or to force offtrack conditions for amnalysis.

ADJUSTED PES feeds the compensator which takes a position signal and generates
an acceleration command. This acceleration command must be smooth and orderly
to obtain a well behaved servo loop. The compensator output is fed to the
actuator mechanism through an actuator current control circuit. The output is
0.25 amp for each volt of input from the compensator. This current through the
actuator coil causes the actuator mechanism to move the heads over the disk
surface.

The actuator mechanism contains a coil with a dc resistance of approximately
4.5 ohms and a shorted turn to allow the fast rise times required to obtain
fast access times. The coil and the shorted turn act as a transformer with a
turns ratio of 136:1. The low impedance of the shorted turn (secondary) is
reflected into the voice coil (primary), allowing the fast rise time.

The microprocessor is essentially not used during the track following mode ex-
cept to monitor that the servo system is operating properly. The processor is
required to get the servo system started when power is applied or after a mal-
function and for performing seeks.

The sync detect circuit detects guard bands, track 0, and index pulses. Guard
bands are written outside track 0 and inside the innermost data track. The
purpose of the guard band is to allow the servo circuitry to sense that the
heads are not over a known data area. The guard bands are written in such a
manner as to cause the actuator to move in the proper direction to get back
over the data area. The index pulse is used to signify the beginning of a

track. The track O pulse indicates that the actuator is positioned at cylinder
0.
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3¢2.2.2 Servo Pattern

The servo pattern is basically a di-bit pattern. The servo circuitry along
with this pattern has been designed to be tolerant of small disk defects.
Since the patterns are timing related, fake sync pulses can be inserted if
sync is not detected in signals read from the servo track.

The pattern contains eleven bits of information and is repeated 625 times per
track. See figure 3-5. The information that can be contained in the pattern
is: sync, 4 bits of information; track 000; guard band; index; and 4 bits of
track center information A, B, C, and D.

The sync, track 0000, guard band, and index signals are written 10 time units
apart. The track information is written 20 time units from the sync bits and
20 time units from each other.

The track information is repeated every four tracks (figure 3-5). These pulses
are monitored for track following. In figure 3-5, the example shows the head
path such that the amplitudes of pulses A and B will be equal and half ampli-
tude when the head is following the track center. Pulse C will have no ampli-
tude and pulse D will have full amplitude.

Since pulses A and B are only known by their time relationship, one additional
piece of information is required. This information will allow the servo system

to know the proper direction to drive the actuator when an off-track condition
exists. For example, if the A pulse is larger than the B pulse, the error is

in a different direction on track O than it is on track 2. The drive does not
know which of the 918 tracks the heads are on, however, it does know which
track of any given set of four that it is looking at. In this way the circuit-
ry applies correction in the proper direction. The microprocessor keeps track
of which track the heads are on by monitoring the increments and decrements to
track count on the data bus, under the direction of the direction in signal.

If the least significant bit (LSB) is a 0O, the A and B pulses are monitored for
track position. If the least significant bit is a 1, the C and D pulses are
monitored. The most significant bit of the counter (direction in) controls the
direction of correction applied for an offset between any pulse pair.

The sync pattern is written starting with a pair of pulses. Following this
pair are time slots for track 0, guard band, and index pulses, if required.
These are then followed by another pair of sync pulses. The A, B, C, and D
pulses for track location are as shown in figure 3-5. The guard band track
center pulses, however, are somewhat different. The outer guard bands, outside
of track 0, are written with only A and C pulses. This will cause correction
to always be applied to move the heads inward toward track O. Likewise, the
inner guard bands, inside the innermost track, are written with only B and D
pulses, thus causing correction outward toward the data tracks.

The index pulse is repeated twice for redundancy. Therefore, if one index
pulse is not detected, the other should be and the drive will always generate
an index pulse once per revolution. If one of the index pulses is not detect-
ed, the width of the index pulse will be halved to 26.7 microseconds. Normal
index pulse width is 53.4 microseconds.
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3.2.3 Read/Write Channel Operation

The read/write channel performs the recording and reading of data to the disk
drive. Figure 3-6 shows typical read timing while figure 3-7 shows a block
diagram of the read/write channel.

The read/write circuits are provided with +11 volts through the voltage regula-
tor circuit consisting of U3l and Ql5. This +llv is derived from the +12F
input voltage. The read/write data is transmitted between the heads and the
drive PCBA electronics via the read/write flex circuit and the associated
preamps (SS1104).

Figure 3-6, Read Function Timing Diagram .
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3.2.3.1 Write Function

The write function is shown in block diagram form in figure 3-8. The two
signals HDSEL22 and HDSEL23 are fed to the decoder U29 selecting one of the set
of four preamps within the HDA. Actual writing of data happens if, and only
if, the four signals to the decode chip are true, namely safe condition from
the HDA preamp, drive selected, seek complete, and write gate true. The MFM
WRITE DATA signal received by the differential receiver will then be written on
the disk. As each transition is received by the write data receiver Ull, it
goes through a resistor level translator U2l. As long as WRITE GATE is active,
flip—flop U23 will toggle for each transition. If any of the conditions for
the write function are not true, flip-flop U23 will be held reset forcing the Q
output to be a logic 1 level. This forces the Q output to be a logic 1 thus
disallowing any current to flow through the Read/Write preamps. The two diodes
at the Dx Dy HDA outputs are back biased.

When the decode U29 is satisfied, the write select and write current control
signals are at +8.5 and +1 volt levels respectively. This indicates that a
write function is in process. When the decode U29 is not satisfied, the write
select and write current controls are at +5 and +4.3 volts. This indicates
that a read function is in process. During the write operation, U37B, a tran-
sistor package, is turned off. This causes the voltage controlled current sink
to allow current to flow from the preamps. When Ul9B is on, it is a non-write
function. The voltage controlled current sink is forced to sink current from

the +5 volt supply.

A block diagram.of the read/write preamps used on the Disk Drive is shown in
figure 3-9. Each preamp supports four heads.

32.3.2 Read Function

The read function is shown in block diagram form in figure 3-7. The typical
analog signal that can be seen at the differential inputs Dx and Dy is shown in
figure 3-6, Read Function Timing Diagram. This analog signal is fed into the
AGC amplifier and then to a low pass filter. At this point, the signal path

has two directions.

The first direction is the AGC loop which is the direction going towards the
bottom of the page. The analog signal is now processed through a buffer
amplifier which branches again in two directions. The AGC loop is the direc-
tion that goes toward the GATED TRANSCONDUCTANCE AMPLIFIER. This amplifier is
gated with WRITE GATE to inhibit the AGC loop during WRITE operations. This
gating inhibits saturation of the read amplifiers due to the very high ampli-
tude write signals.

The transconductance amplifier is referenced to a fixed reference voltage
(Vref). If the average input voltage is above Vref, the output of the ampli-
fier is increased, thereby reducing the. gain of the AGC amplifier. Conversely,
if the average input signal is below Vref, the amplifiers output is decreased,
which causes the AGC amplifier gain to be increased.

3-11
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The AGC amplifier is used to cause a constant average amplitude with varying
head outputs. This compensates for output variations from head to head and for
the signal reduction that occurs as the heads are moved from cylinder 000 to
cylinder 917. This reduction of signal with cylinder positlon is due to
increased bit density and decreased wavelength.

The other output of the buffered amplifier is a 2V p-p signal which is fed
through a hysteresis loop. This loop compensates for bit patterns that on high
resolution media will cause the signal to cross through the hysteresis levels
again. High resolution can cause a phenomenon called shouldering. Shouldering
is a portion of the signal waveform that has zero slope other than at the
peaks. These areas of zero slope can be mistaken for peaks if not properly
recognized and processed. The hysteresis loop causes these potential pulses to
be ignored as the analog signal is converted to digital as shown on signal D of
figure 3-6. This signal is fed into the D input of flip-flop U23.

The second path for the signal is through the low pass filter. The filter out-
put is fed into a differential amplifier. The output of this amplifier is
signal A. The other path of the low pass filter output is through the differ-
entiator and pulse shaper. The output of the pulse shaping circuit is desig-
nated as signal C. This signal is fed into the clock of flip-flop U23 and
along with the signal on the D input, generates the signal E. This signal E is
then processed by a bi-directional circuit to generate a MFM read signal. This
MFM signal is translated from ECL levels to TTL levels, buffered, and presented
differentially to the interface as +MFM READ DATA and -MFM READ DATA.

3.2.4 Power-Up Sequencing

DC power (+5V and +12V) may be applied to the drive in any order, but +12 volt
is required to start the spindle motor. When the spindle reaches full rota-
tional speed, the actuator lock automatically disengages and the heads then.
recalibrate to track 000. Step pulses received during the recalibration, Track
000, READY, and SEEK COMPLETE status signals will be true. The drive will not
perform any read, write, or seek operations until READY is true. If 1000 rpm
spindle speed is not reached within 10 seconds of power application, an auto-

matic shutdown procedure is initiated: power to the spindle motor is removed
and the drive will not come ready. Figure 3-10 shows the timing for power up
sequencing.

NOTE

During power-up and recalibration, the drive
will emit a variety of audible sounds. This
is caused by the actuator voice coil and is

perfectly normal.
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Figure 3-10. Power-Up Sequencing

3.2.5 Power-Down Operation

Upon removal of either or both of the dc voltages from the drive, the drive
circuitry causes the actuator to be retracted to a shipping and landing 2zone
located at the inner diameter of the disks. The actuator is latched in this
position by the actuator latch until power is again applied and the spindle
motor is up to speed. The spindle motor is also dynamically braked, by back
emf, to decrease the stopping time when the heads are in contact with the
disks. The disks will stop rotating in approximately 9 seconds.

3.3 INTERFACE DESCRIPTION

The Disk Drive has two interface connectors: one for control signals (J1) and
one for data transfer signals (J2). The control signals are TTL while the data
signals are differential. The following paragraphs describe the signals, tim-
ing requirements, and pin assignments associated with these two interface con-
nectors. The driver/receiver pair used on the drive is also discussed. The

location of these two connectors is shown in figure 3-11.
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Figure 3-11. Interface Connector Locations

3.3.1 Control Signal Interface

The control signals are both input and output, originating external to the
drive and internal to the drive respectively. The control signals can also be
divided into two types: those intended to be multiplexed in a multi-drive

system and those intended to do the multiplexing. The controls signals that do
the multiplexing are:

DRIVE SELECT O
DRIVE SELECT 1
DRIVE SELECT 2
DRIVE SELECT 3
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The signals to be multiplexed are:

e HEAD SELECT 20 e WRITE GATE

e HEAD SELECT 21 e INDEX

e HEAD SELECT 22 e READY

e HEAD SELECT 23 e SEEK COMPLETE
e TRACK 000 e WRITE FAULT

Up to four drives may be installed in a daisy chain configuration using a
single control cable. The last drive in the string must have a termination
resistor pack installed while all others must have the terminator removed.

The input lines have the following electrical characteristics:

Logic "0" = TRUE = 0.0 Vdec to 0.4 Vdec @ 1 in = 40ma (max) = LO
Logic "1" = FALSE = 2,5 Vdc to 5.25 Vdec @ 1 in = 250ua (open) = HI

The output lines are driven with a TTL open collector output capable of sinking

a maximum of 40 millamperes at the Logic "0" or TRUE state with a maximum volt-
age of 0.4 volts dc measured at the driver. When the driver is in the Logic

"1" or FALSE state, the driver transistor is OFF and the source current is
250 microamperes maximum.

Driver/Receiver - The recommended driver/receiver combination for control
signals is shown in figure 3-12. The maximum cable length recommended is 20

feet (6 meters). Pin assignments for the control cable are shown in figure
3-13 and table 3-1.

+5v
220
7438 ZOFFOMAXJ T74LS/
_ K a5
| /1>——
| \ I 3309

Figure 3-12. Control Signal Driver/Receiver Combination
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ouo r
GND 3
HD SEL BIT2- | 2
QNMND 5
WRITE GATE — > 6
GND ;
SEEK COMPLETE—
e COMRLETES
< TRACK 000 - 0
__GND /1

=
G /s
Hp ELEITO- | )1s

HOST o 15| orsk
< - /6 DRIVE
SysrEM GAD 19
HOSEL BIT 1= _] s
SND 19

< INDEX 20
READY —

- 22
GND 23
STEP - D by
DRIVE SEL 0= |5~
GND 27
DRIVE SEL T = o
GND 29
DRIVE SEL 2 =

— 30

DRIVE SEL 3 = 1%,
33

DIRECTION IN = | 5o

Figure 3-13. J1/Pl Connector Pin Assignments
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Table 3-1. Control Signals (Daisy Chained)

GND RTN PIN SIGNAL PIN AND NAME
1 2 Hd Sel Bit 3
3 4 Hd Sel Bit 2 -
5 6 Write Gate -
7 8 Seek Complete -
9 10 Track 000 -
11 12 Write Fault -
13 14 Hd Sel Bit 0 -
15 16 N/C
17 18 Hd Sel Bit 1
19 20 Index
21 22 Ready -
23 24 Step -
25 26 Drive Sel 0 =
27 28 Drive Sel 1 -
29 30 Drive Sel 2 -
31 32 Drive Sel 3 -
33 34 Direction In -
Note: "-" indicates low true signal

3.3.1.1 Control Input Signals
The following paragraphs describe the control input signals.

Head Select Lines - The following head select lines allow selection of each
individual read/write head in a binary coded sequence:

20, 21, 22, and 23
Head select 20 is the least significant select line. The heads are number-
ed 0 through 15. When all head select lines are high (inactive), head 0 will
be selected. A 220/330 ohm resistor pack provides line termination.

Write Gate — The active state of this signal, or LO level, enables write data
to be written on the disk. The inactive state of this signal, or HI level,
enables data to be read from the drive. A 220/330 ohm resistor pack provides

line termination.

Step - This interface line is a control signal which causes the read/write
heads to move in the direction defined by the DIRECTION IN line. The access
motion is initiated at the high to low level transition or leading edge of the
signal pulse. Any change in the DIRECTION IN line must be made at least 100
nanoseconds before the leading edge of the STEP pulse. The DIRECTION IN line
must not change for at least 100 nanoseconds after the trailing edge of the
last STEP pulse. See figure 3-14 for General Step Timing. A 220/330 ohm
resistor pack provides line termination.

3-19



M8083

/OOns MIN /00 ns MIN
T i
-DIRELTION V7777777 | \ G777
IN n n
~3TEP ' {§ |
| 2.tms |
—i  l— 50075 MAX \a—pMiN—ml HEAD SETTLE
SEEK | . I | OELAY
COMALETE L

Figure 3-14. General Step Timing

All multiple cylinder seeks in the Disk Drives are buffered seeks., Optimum
performance from the drive will be achieved if the time between step pulses is
from 1 microsecond to 13 microseconds. Any time up to 3100 microseconds (3.1
milliseconds) will be accepted by the drive. See figure 3-15 and table 3-2.
Table 3-2 also shows performance expectations for different step rates.

The equations for the time of a seek of any given length L, are:

SEEK LENGTH (L) SEEK TIME (including settling)
1 Sms
2 -7 5ms + 0.43ms(L)
8 - 31 8ms + 0.22ms(L)
32 - 127 llms + O.1llms(L)
128 - 511 15ms + 0.053ms(L)
2512 23ms + 0,027ms(L)

The equation for calculating the average seek time is:
M
AVERAGE SEEK TIME = 2/M Z (1 - L/M)TL
L=1
WHERE: M is the number of cylinders
L 1is the length of the seek in cylinders

'L is the time for an L cylinder seek
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S00 msec MIN
-S8TEP

e/

a—— 2 _usec MIN, —=
3/00 «sec MAX.

Figure 3-15. Step Pulse Timing

Table 3-2. Seek Performance Vs Step Time

STEP AVERAGE MAXIMUM
TIME ACCESS TIME ACCESS TIME
(usec) (msec) : (msec)
1-13 30 48
14-26 34 78
30 42 85
35 43 92
40 44 92
45 45 . 92
50 46 92
60 47 105
70 52 112
80 55 115
90 57 122
100 59 126
150 71 164
200 83 210
300 110 296
400 140 383
500 170 474
600 200 564
700 230 653
800 260 744
900 290 835
1000 320 926

Time between step pulses cannot exceed 3.1 msec.

All seek times include settling and begin upon reception of
the first step pulse.
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Direction In - This signal defines the direction of motion of the read/write
heads when the STEP line is pulsed. An open circuit or HI level defines the
direction as "out” and when the STEP line is pulsed, the read/write heads will
move away from the center of the disk and toward cylinder 000 (the outermost
cylinder). If this line is at a LO level, the direction of motion will be
defined as "in" and the read/write heads will move toward the center of the
disk. Any changes in the level of the DIRECTION IN line must conform to the
timing restrictions shown in figure 3-14. A 220/330 ohm resistor pack provides
line termination.

Drive Select - DRIVE SELECT, when LO, connects the drive interface to the
control lines. Positioning the DRIVE SELECT jumper between two appropriate
pins on the PCB determines the address to which the drive will respond. The
location of the DRIVE SELECT jumpers is shown in figure 2-7. The following
table indicates which drive will be selected for each jumper position.

3.3.1.2 Control Output Signals

The following paragraphs describe the control output signals. See figure 3-13.

Seek Complete - This signal, when LO or true, indicates that the read/write

heads have settled at the destination cylinder and that another seek, a read,
or a write may be initiated.

Track 000 -~ This interface signal, when LO or true, indicates that the read/-
write heads are positioned at cylinder zero (the outermost data cylinder).

Write Fault - When LO or true, this signal indicates that a condition exists in
the drive that may cause improper writing on the disk. Further writing is
inhibited in the drive until the improper condition is cleared. WRITE FAULT
can be cleared by deselecting the drive or by cycling power OFF and ON.

NOTE

This signal should be edge detected by the
controller.
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There are three conditions detected:

e Write current in a head without WRITE GATE active or no write
current with WRITE GATE active and drive selected

e Multiple heads selected, no head selected, or improperly selected

e Head not properly positioned over track (OFF-TRACK detected)

Index — A pulse on this interface signal line is provided by the drive once
each revolution (16.67 millseconds) to indicate the beginning of a tracke. This
signal is normally HI and makes a transition to LO to indicate INDEX. The LO
pulse is nominally 53.4 microseconds in length. Only the HI to LO transition

is valid. Index timing is shown in figure 3-16.

Ready - This interface signal, when true together with SEEK COMPLETE, indicates
that the spindle is up to speed and the drive is ready to read, write, or seek.
When this line is false, writing and seeking are inhibited. Typical time for

READY after power on is 15 seconds. Figure 3-17 shows some of the general
timing requirements of the input and output signal lines of the drive.

e [6.67 Ms NOM ——»

- INDEX

— —~—53.4 usec TYP

Figure 3-16. Index Timing
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DC POWER ON ] !
— le— 20 SEC MAX
|
-READY
(/?;ewcrw) { — le-SEE FIGURES 13 & /14
' o
- 5TEP |
—o23 SEC MAX |=—!
-SE&EK __l :
comp o [-2MSEC MAX
- TRACK 000 | | |
READ DATA vaLld — 1 LT
- DRIVE SELECT 1
"1 =88 MAX
HEAD SWITCHED |
— | @—/008 MAX
READ DATA VALID L___JL—____I___I_—
' 8,445 MAX
~WRITE GRTE ——‘ jo—
|
—o| [o—400 uS MAX
WRITE DATA [

Figure 3-17. General Timing Requirements

3.3.2 Data Interface

The following paragraphs describe the data interface.

3.3.2.1 General Description

The lines associated with data transfer between the drive and the controller
are differential in nature and may not be multiplexed. These lines, MFM READ

DATA and MFM WRITE DATA, are provided at the J2/P2 connector on all drives.
The driver/receiver combination used for these lines is shown in figure 3-18.

A third signal is available at J2/P2., That signal is DRIVE SELECTED which

indicates the selection status of the drive. This line is an open collector
TTL output.
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HIGH TRUE | 100 HI6H TRUE

AMD 26153/ )f ' T AMD 26L 532

|
|
|
]

- = & NOMINAL"™" LINE

Z=/05 Q) LoGIC O LoG/C 4

NOMINAL " =" LINE
FLAT RIBBON OR TWISTED PAIR
MAXIAUM 20 FEET

Figure 3-18. Data Line Driver/Receiver Combination

Pin assignments and line titles for J2/P2 are shown in figure 3-19 and table
3"'30

FLAT RIBBON OR TWISTED
PAIR MAX 20 FEET

JZ

- DRIVE SELECTED —
RESERVED
RESERYVED
REBERVED
RESERVED
RESERVELD
RESERYED

HOS5T RESERVED
SYSTEM RESERVED
RESERVED
GROUND /]
CREBLE PRESENT -
|_+MFM WRITE DATA ]
-MEM WRITE DATA -

S/BNAL GND
_S/GNAL GND |
é.:m:m READ DATA | ,
L =MEM READ DATA f

DISK
DRIVE

\om\xo\o\{smm\\‘(g

/8
E“..S'/GNAL SND 19
S/GNAL GND 20

Figure 3-19. J2/P2 Connector Pin Assignments
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Table 3-3. Data Signals (Radial)

SIGNAL PIN SIGNAL NAME
1 Drive Selected -
2 - 10 Reserved
11 Ground
12 Cable Present -
13 + MFM Write Data
14 - MFM Write Data
15 Signal Ground
16 Signal Ground
17 + MFM Read Data
18 - MFM Read Data
19 Signal Ground
20 Signal Ground
Note: "~-" indicates low true signal

3.3.2.2 MFM Write Data

This is a differential pair of data lines which define the transitions to be
written on the disk. The transition of + MFM WRITE DATA will cause a flux
reversal on the disk provided WRITE GATE is active. This signal must be driven
to an inactive state (+ MFM WRITE DATA more negative than - MFM WRITE DATA) by
the controller when in the read mode. See figure 3-20 for write data timing.

No write precompensation is required by the drive; if write precompensation is
used, some loss in read performance may result.

-DRIVE SEL
-HD SEL
=+ [>—Gus MAX (HEAD SWITCHING)
M —=| la— 25ns MIN, \50ns MAXIMUM
+MFM VALID
A
~WRITE GATE | | MAX. 5271?5/
RECOVERY

Figure 3-20. MFM Write Data Timing
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3¢3.2.3 MFM Read Data

Data recovered by reading prerecorded information from the disk is transmitted

to the controller by the differential pair of MFM READ DATA lines. The transi-
tion of the + MFM READ DATA going more positive than the - MFM READ DATA line

represents a flux reversal detection from the disk under the selected head.
See figure 3-21 for MFM READ DATA timing.

3.4 FORMAT DESCRIPTION AND EXAMPLES

The purpose of a format is to organize a data track into small blocks of data
called sectors. Each sector has a unique address in its header or ID field.

3.4.1 ST506/412 Format

The format shown below in figure 3-22, the ST506/412 format, is a format com—
monly used on lower performance disk drives. Its efficiency of 817 (unfor-
matted capacity/formatted capacity) is typical; however other efficiencies can
be obtained by varying the number of sectors per track. The ST506/412 format
is a soft sectored format which means that the beginning of each sector is de-
fined by an Address Mark and a prewritten identification (ID) field which con-
tains the physical sector address plus cylinder and head information. The ID

field is then followed by a user supplied data field.

The ST506/412 format is a slightly modified version of the IBM System 34 double
density format which is commonly used on floppy disk drives. The encoding is
Modified Frequency Modulation (MFM).

-DRIVE SEL
-HD JEL
e r_-a,u: MAX (READ SWITCHING)
— [*—25ns MIN ,150ns MAXIMUM
Al ohth UL B Iy
READ DATA
—=| |o—C00ns TYR _.1 ke 8us READ/
 _WRITE 68 BIT CELL MAX.  WRITE
WRITE 6ATE R RECOVERY

le— cAw &€ FROM 0 TO 200ms

|
#00s —J "_—.‘ S0-/80ns
[N
—.‘ }-——2007;‘ YR

8Ir CeLL

+ MFM WRITE DATA

Figure 3-21. MFM Read Data Timing
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INDEX i I
REPEATED 32 TIMES (314 BYTES)
s 1D FIELD P2 OATA FIELD jéﬂﬂ
£ c
WRITE viu|E Zx
UPDATE ¢Ei1/5x00 Lelclolclc 3xoo|lsx 'Fal 256 D‘\TA‘ cle 3xaoll5 3
IOAM m AM NORMAL

]

NOTES: |. NORMAL TRACK CAPACITY = [04]6 BYTES UNFORM ATTED
&.7AL DATR BYTES TRACK = 256%X32=8./92

Figure 3-22., ST506/412 Format

3.4.,2 Address Marks

The beginning of both the ID field and the data field are flagged by unique
characters called Address Marks. An Address Mark is two bytes in length. The
first byte is an "Al" data pattern. This is followed by either an "FE" pattern
for an ID address mark, or an "F8" for the data address mark.

The "Al" pattern is made unique by violating the encoding rules of MFM by
omitting one clock bit. See figure 3-23., This makes the Address Mark pattern
unique to any other serial bit combination that could occur on the track.

8IT POSITION

2 3 4 5
co co co co Co

/

(o)

"a1’ DATA BITS
“al’ CLOCK BITS o) /

o
cD
/
o
ENCODED PATTERN H H I_I
WITH DROPPED CLOCK
D D

C = clock BIT
D = DATA BIT

o o

o O

: :\080\

NORMAL ENCODED
PATTERN WITHOUT
DROPPED CLOCK

Figure 3-23. "Al"™ Address Mark Byte

3-28



M8083
3.4,3 Gap Length Calculation

Gaps surrounding the ID and data fields establish physical and timing relation-
ships 