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Warnings
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Do not move or tilt the Hard Disk Drive unit while the drive
is running. Permanent damage to the drive may occur
resulting in the loss of information or damage to the disk.

Do not drop the Hard Disk Drive unit from any height as
permanent damage to the drive may occur.
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1/ Overview

The TRS-80 5-Meg Hard Disk Unit consists of two
non-removable 5.25-inch disks. There are four Read/Write
heads (one on each side of each platter) which move towards
or away from the center of the disk as needed.

The Disks and Read/Write heads are fully enclosed in a
sealed chamber. A special air filteration system prevents
dust and other particles, which destroy data, from reaching
the disks. Another filtering system allows pressure
equalization with the "outside" air pressure.

UNDER NO CIRCUMSTANCES MUST THE CHAMBER BE UNSEALED IN THE
FIELD. A CLASS 100 CLEAN ROOM ENVIRONMENT IS NEEDED FOR
UNDER-THE-BUBBLE REPAIR.

On all Hard Disk Units, flaws in the media are indentified

at the factory before the disk drives are delivered to the

customer. Attached to the bottom of each disk drive unit is
a "Media Error Map". This map identifies the flawed tracks

on that particular unit.
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2/ Technical Specifications

Basically, the hard disk unit consists of two platters (or
disks) lying parallel within the unit. There are also four
Read/Write heads, one on each side of each platter. These

heads move towards or away from the center of the disk as

needed.

When a unit is purchased, there will be no more than 3
tracks per head with defects. This will not exceed 8 tracks
per drive with defects. Also there will not be any flaws on
Track 0.

Disks/Platters 2
Heads/Recording Surfaces 4
Tracks per Inch 254
Cylinders 153
Tracks 612
Hard Disk Cylinders Tracks Sectors Bytes

1 153 612 19,584 5,013,504
-—- 1 4 128 32,768
-—- — 1 32 8,192
- -—- - 1 256

AC Power Requirements
50/60 Hz +/- 0.5 Hz
100/115 VAC installations (90 to 127 V)
200/230 VAC installations (100 to 253 V)
Fuse 2.5 at 250 Volts (Internal)

Min Typ Max Units
vin Range
Input Select 115V 90 115 135 vrms
Input Select 230V 198 230 264 vrms
Line Frequency 47 50/60 63 Hz
®
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Output Voltages V1 +5V 4.95 5.1 5.25 Volts
v3 +12v 11.4 12 12.6 Volts
vd -12v 11 -12 -15 Volts
Output Current V1 +5V 2.50 5.0 Amps
v3 +12v .75 2.0 Amps
v4 -12v  .005 .10 Amps
Ripple Voltages V1 +5v 50 mvV
V3 +12v 150 mv
vd -12v 150 mv
Efficiency 70 %
Hold Up Time
Full Load, Low Line 10 mSec
Full Load, Nom Line 16 mSec
Over-Voltage Protection 5.80 6.80 Volts

Min Typ Max Units
Vin Range
Input Select 115V 95 115 135 vrms
Input Select 230V 180 230 264 vrms
Line Frequency 47 50/60 63 Hz
Output Voltages +5V 4.75 5 5.25 Volts
+12v 11.4 12 12.6 Volts
-12v -11 -12 -15 Volts
Output Current +5V .45 2.5 Amps
+12v .75 2.0 Amps
-12v . 005 .10 Amps

Load Regulation

(measured by varying

load on considered output
from typ to either min or max

rated load) +5V 5 5 %
12v -5 5 %
-12v -8.3 25 %

®
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Ripple Voltages +5
12v
-12v

Efficiency
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Over-Voltage Protection 5.80

Dimensions
Height
width
Length
Weight

Primary
Secondary

Environment

Ambient Temperature

Relative Humidity
Maximum Wet Bulb
Heat Dissipation

Altitude

Warm-Up Period

Minimum On Power-Up
Minimum to Turn System On

After Turning System Off

Hard Disk Drive

Disk Organization
Tracks per Unit
Tracks per Platter
Sectors per Track
Bytes per Sector
Cylinders per Disk
Average Latency
Rotational Speed
Recording Density
Flux Density
Track Density

Storage Capacity (Hard Disk)

Unformatted

Bytes per Track

Radie fhaek

50 mv
150 mv
150 mnv

%
6.80 Volts

5.50 in (13.97 cm)
14.00 in (35.56 cm)
15.00 in (38.10 cm)

15.5 1lbs (33.10 kg)
12.5 1lbs (27.5 kg)

50 to 95 degrees F.
(10 to 35 degrees C.)
8% to 80%

78% non-condensing

operating: 0 to 6000 feet
(0 to 1829 meters)
storage: -1000 to 12000
feet

(=305 to 3656 meters)

2 minutes

15 seconds

612

306

34

256

153

8.34 msec

3600 rpm +/- 1%
7690

7690

254

10400
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Bytes

Bytes
Formatted

Bytes

per Surface
per Drive

per Drive
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3/ Connections

Connecting Your Primary Drive to a Model III
Be sure all power is OFF.

Note: Master unit does not come with Data Out connectors.
These are supplied with each secondary unit and require
installations.

Locate the hard disk expansion cable. Connect one end to
the I/0 bus card edge of your Model III. Be sure the cable
exits the rear of the computer so that it won't bind.

Connect the opposite end of this cable to the COMPUTER IN
connector, located on the rear panel of the primary drive.

Connect the power cord to the primary drive. Plug the other
end into an appropriate AC power source.

Radie fhaek
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COMPUTER IN

CONTROL OUT

Figure 1. Back Panel of Hard Disk Drive

Computer In (50-pin) Connect the Hard Disk
Expansion Cable from the I/0 bus card edge of the
Model III to this jack.

Control Out (34-pin) Connect one end of a
Secondary Hard Disk Expansion Cable to this
connector. The other end connects to the first
secondary drive.

Data Out A (20-pin) Connect one end of the
Data Cable from the first secondary drive to this
connector.

Data Out B (20-pin) Connect one end of the
Data Cable from the second secondary drive to this
connector.

Data Out C (20-pin) Connect one end of the
Data Cable from the third secondary drive to this
connector.

Filter

Radie Sfhaek
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Connecting Secondary Drives

The secondary drives are connected to the computer via the
primary disk drive. The drives must be stacked with the
primary drive on top of the secondary drives.

Locate the secondary hard disk expansion cable. Connect one
end to the Control In jack of the secondary drive and the
other end to the Control Out jack of the previous drive in
the chain. If you have only two hard disk drives, this
connector connects to the primary drive.

If you have another secondary drive, connect the second
secondary hard disk expansion cable to the Control Out jack
and the other end to the Control In jack of the next drive
in the chain.

Locate the data cable. Connect one end to the appropriate
data jack (A for the first secondary drive, B for the
second, and C for the third). Connect the other end to the
Data In jack on the secondary drive.

Radie fhaek
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CONTROL IN

Control In (34-pin) Connect one end
of a Secondary Hard Disk Expansion
Cable to this jack. The other end
connects to the previous Hard Disk
Drive.

Control Out (34-pin) Connect one

end of a Secondary Hard Disk Expansion
Cable to this jack. The other end
connects to the next secondary drive.

Data In (20-pin) Connect one end of
the Data Cable from the the primary
drive to this jack.

Filter

Figure 3. A Fully Configured Hard Disk System

Radie Sfhaek
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Connecting the Primary Hard Drive to the Model I

To connect the hard disk drives to the Model I you need a
Model I Kit (Catalog Number 26-1132). Included in this kit
are:

. A Model I Adapter Cable

. Three Diskettes:
HARD DISK OPERATING SYSTEM
XTRA
INITIALIZATION

Important Note: The Expansion Interface must be buffered
before the hard disk can be connected to your Model I.
Instructions on how to determine whether the Expansion
Interface is buffered are given next.

There are two types of Buffered Expansion Interfaces. The
first type is recognized by its cables. The flat ribbon
cable between the Expansion Interface and the Keyboard will
have a black box on it. There will also be a 3-wire cable
with a din plug type connector in the middle. See Figure 4.

Radie fhaek
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- Din Plug Modification

Buffered Cable Modification \

Figure 4. Expansion Interface/Keyboard with Buffered Modification

If the computer does not have these cables, then you must
look inside the Expansion Interface through the bottom
cover,

Look through the vents on the bottom cover for two rows of
eight memory chip sockets. (The sockets may or may not
contain memory chips.)

If the ROWS of sockets run long ways in the interface --
parallel to the keyboard -- then the computer is buffered
and is ready to be connected to the hard disk. See Figure
5‘

Radie Sfhaek
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Figure 5. Buffered Expansion Interface as Viewed From the Bottom

If the ROWS of sockets run perpendicular to the keyboard,
the computer is not buffered. See the illustration below:

Figure 6. Non-buffered Expansion Interface Viewed From the Bottom

Radie fhaek
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Figure 7. Connecting the Hard Disk to Your Model I

1. Locate the Model I Adapter Cable. One end has a
connector (40-pin). The other end has a black box
with a card edge exiting it.

2. Connect the 40-pin connector (the end with the cable)
to the Bus Extension port (also called screen printer
port) of your Expansion Interface. The cable should
exit towards the bottom of the expansion interface.

3. Connect the card edge end to the card edge connector of
the Hard Disk Expansion Cable (50-pin). The Hard Disk
Expansion Cable should exit the bottom of the
connector.,

4, Connect the other end of the Hard Disk Expansion Cable
to the COMPUTER IN connector of the primary hard drive.
The cable should exit towards the bottom of the
connector.

The primary hard disk drive is now connected.

Radie fhaek
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4/Power-Up and Power-Down

Model III System Power-Up

1.

2'

Make sure all power is OFF and all floppy diskette
drives are empty.

Turn on all peripheral equipment (such as a printer
or additional floppy diskette drives)

Turn on the primary hard drive by turning the POWER KEY
clockwise. This also turns on all secondary drives.
All secondary drives' power lights should come on.

Turn the computer ON.

Insert either the INITIALIZATION diskette or the
START-UP diskette in floppy Drive 0.

Press RESET. In a few seconds the screen shows a
large LDOS logo.

If the LDOS logo does not appear, repeat the above
steps, making sure you inserted the diskette properly.

The screen then shows this prompt:

LDOS Ready
Since you've not yet initialized your Hard Disk System,
the computer is now operating as a Floppy Disk System,
the only way it can operate until you initialize it.
If you've initialized the Hard Disk System, you can

remove the START-UP diskette. You only need it to
start up or reset.

To operate the system for floppy disk only, hold down the
<CLEAR> key and press the RESET button. (You must keep the
<CLEAR> key down until LDOS Ready appears.)

Model III System Power-Down

Radie fhaek
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The LDOS Ready prompt should be the last line on
your screen. If not, press <ENTER> or exit your
program so that it appears.

Remove all floppy diskettes from their drives.
Turn off any peripheral equipment.

Turn off the hard disk drive by turning the power
key on the primary drive counterclockwise. This
turns off all the drives.

Turn off the computer.

Model I System Power-Up

These are the steps to power-up and power-down the Model I
Hard Disk System. Please use these steps.

1.

Make sure all floppy diskette drives are empty.

Turn on all peripheral equipment (such as printer
and floppy diskette drives)

Turn on the primary hard drive by turning the

POWER KEY clockwise. This also turns on all existing
secondary drives. Wait for the power lights on all the
secondary drives to come on.

Turn the Expansion Interface ON.

Turn the CPU/Keyboard ON. Wait until all floppy disk
drive motors stop, then carefully insert the HARD
DISK OPERATING SYSTEM INITIALIZATION diskette or the
START-UP diskette in Drive 0.

The START-UP diskette is a modified copy of your
INITIALIZATION diskette created during initialization.
Initialization procedures are described later in this
supplement.

Press RESET. In a few seconds the screen shows a large
LDOS logo.

If the LDOS logo does not appear, repeat the above

Radie fhaek
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steps, making sure you inserted the diskette properly.

At the bottom of the screen, LDOS asks you for the
date. Type today's date in the mm/dd/yy form and
press <ENTER>. For example, for June 17, 1982, type:

06/17/82 <ENTER>

LDOS then displays the name and date of the diskette
above the logo. It also displays the expanded date
below the logo.

The screen then shows this prompt:
LDOS Ready

Since you've not yet initialized your Hard Disk System,
your computer is now operating as a Floppy Disk System,
the only way it can operate until you initialize it.

If you have already initialized your Hard Disk System,
you can remove the START-UP diskette (created during
initialization). You only need it to start up or
reset.

To operate the system for floppy disk only, hold down the
<CLEAR> key and press the RESET button. (You must keep the
<CLEAR> key down until LDOS Ready appears.)

Model I System Power-Down

lc

The LDOS Ready prompt should be the last line on your
screen. If not, press <ENTER> or exit your program
so that it appears.

Remove all floppy diskettes from their drives.

Turn off any peripheral equipment.

Turn off the primary hard disk drive by turning the
POWER KEY counterclockwise. This also turns off all
existing secondary drives.

Turn off the Expansion Interface.

Turn off the CPU/Keyboard.

Radie fhaek
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5/ Replacement Procedures

Replacement procedures contained in this manual are limited
to case disassembly, removal and replacement of
subassemblies, and case assembly.

Before beginning repair, disconnect all external cables from
the rear connector panel.

Disassembly

1. Remove the top row of screws (3) from the rear panel
and 1lift off the case.

2. To remove the hard disk controller board, remove all
cables from the board (data cables, hard disk expansion
cable, controller connecting cables, power harness, and
lamp controller harness).

NOTE: At the time of disassembly, be sure that the nylon
washer on center stand-off is saved for
reassembly.

3. To remove the hard disk power supply, remove the 4

screws which secure the power supply mount-and-shield
to the bottom of the unit and lift off the cover.
Loosen all cables. Disconnect the power harness from
the drive unit. Remove the six screws which hold the
power supply board.

Reassembly

1. Fasten the power supply in the bottom of the unit by
using 4 #6 screws and 2 #10 screws. Reconnect the power
cables.

2. Replace the power supply shield-and-mount and fasten it
using 4 #6 screws. Reconnect the power harness on
drive. Position the clear insulating sheet on the power
supply mount-and-shield.

3. Be sure and replace nylon washer between the hard disk
controller board and center stand-off. Fasten the board

Radie fhaek
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using five #6 screws.

4. Reconnect all cables, the lamp driver harness, and the
power harness. (Make sure that the lamp driver harness
is toward the rear of the unit.) Be sure that the data
cables are connected so that the cable comes from the
left-hand side of the plug when looking from the front
of the unit.

5. Replace the case top and 3 #6 screws in the rear panel.

Radie fhaek

- 24 -



5-Meg Hard Disk Service Manual

TRS-80 °

6/ Maintenance

The only regular maintenance the 5-Meg Disk Drive requires
is a periodic cleaning of the filter on the back of the
unit. Clean this filter whenever it becomes filled with dust
and particles.

To clean the filter, carefully remove the outer grill -- DO
NOT REMOVE THE SCREWS. Then remove the filter and rinse
with tap water. When the filter is completely dry, put it
back in the drive.

Radie fhaek
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7/ Theory of Operation

Hard Disk Controller Board
General

The hard disk controller board is a discrete implementation
of all functions required to control the 5.25 inch disk
drive via a standard data and control bus. The controller is
fabricated using a mix of high-speed bipolar and MNOS
devices contained on a single two-sided PC board. The design
of the circuitry makes use of a high-speed microcontroller,
the 8X300, newly developed NMOS support devices, Schottky
and low power Schottky devices. All I/0 connections are made
using standard ribbon cable connectors. Standard pin-out
configurations for disk interface connectors permit direct
pin-for-pin connections to the drives. All host to disk data
transfers are buffered by onboard RAM to achieve totally
asynchronous transfers to and from the disk by the host.

The disk controller is built around five basic sections:
Processor Functions

All functions of the controller are ultimately disciplined
by the onboard processor. Due to the high data rates
associated with hard disk drives, a processor capable of
extremely fast execution speed is required for processing of
data and controlling machine functions within the circuitry.
The processor used is the 8X300, a bipolar micro-controller
particularly well-suited for handling data efficiently at
high rates.

The 8X300 operates at a basic clock rate of 8MHz and
performs all operations within two clock cycles giving it a
speed of 4 MIPSS (Million Instructions Per Second) or one
instruction executed every 250 nanoseconds. The architecture
of the processor is different from most popular
microprocessors in that no common data or address bus is
provided to be shared by RAM, ROM, or peripheral devices.

Instructions are fetched from ROM via a dedicated
instruction address and data bus. The Instruction Address
bus (IAO - IAl3) is capable of directly accessing 8K words
of program storage, however, the controller uses only the
first ten address lines, IAO through IA9, limiting onboard
program storage to 1K words.

Radie fhaek
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Program data is input to the 8X300 (U30) on the Instruction
Data bus (IAO - IAl30) which is capable of directly
accessing 8K words of program storage; however, the
controller uses only the first ten address lines, IAO
through IA9, limiting onboard program storage to 1K words.

Fast IO Select

An extension byte has been added onto the instruction data
memory to provide port access decoding on an
instruction-by-instruction basis. This "Fast IO Select" byte
is not processed by the 8X300, but it is decoded by
auxiliary hardware (U39, U44, U45) to provide eight read
strobes and eight write strobes which route data to the
various devices distributed along the interface vector bus.

The Fast IO byte is latched into a 6-bit latch (U39)
trailing edge of MCLK to ensure that the data remains stable
during the entire instruction. This data selects a read
strobe and eight write strobes which route data to the
various devices distributed along the interface vector bus.

The Fast IO byte is latched into a 6-bit latch (U39)
trailing edge of MCLK to ensure that the data remains stable
during the entire instructions. This data selects a read
strobe and a write strobe through two l-of-8 decoders (U44
and U45) which are alternately enabled by the WC* control
strobe produced by the 8X300. THe read strobe decoder (U45)
is always disqualified at the end of instructions by MCLK'
(MCLK prime), a delayed copy of MCLK, to provide edges on
read strobes during sequential read operations from various
ports. This delay compensates for timing races through the
Fast IO latch (U39) and the control signals.

Because each decoder has a unique input, it is possible to
select any read port with any write port during each
instruction. Data is transferred between the processor and
its ports on a separate 8-bit bus called the IO bus. This
bus is active low. It must be noted that this bus is in no
way related to the instruction data bus and should be
thought of as simply an 8-bit bidirectional IO bus of the
8X300. In fact, it has been renamed as I0O0 - I0O7 to reflect
this distinction.

Internal Bus Control

Several bus control signals are produced by the 8X300 to
identify and strobe the data on the IO bus. Write Control

Radie Sfhaek
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(WC) is a signal which determines the direction of the data
to and from peripherals. When WC is false (during the first
half cycle), data is being input to the 8X300 from the IO
bus. When WC is true (during the second half cycle, data is
being output to the IO bus from the 8X300. Select Control
(SC) becomes active during the second half cycle instead of
WC if the IO bus contains an 8-bit IO address. the WC and SC
signals are combined by a NOR gate (U33) to initiate all
accesses from the 8X300 to any output port within one
instruction instead of the normal 5-bit immediate moves
provided for by the instruction set.

All instruction fetches occur late in the second cycle of
the preceding instruction. This time is marked by the
generation of a 65 ns (nominal) active high pulse called
MCLK which occurs every instruction. MCLK is used to latch
data prior to being input on the IO bus to ensure stability
during reads. MCLK is also used to disqualify read strobes
which would otherwise remain true into the second clock
cycle of any instruction which does not write to a port.

There are two more bus control signals produced by the
8X300, Left Bank select (LB*) and Right Bank select (RB¥*).
However, due to the implementation of the Fast IO Select
logic, only RB*, which is used as the chief enable signal
for U1l7 and Ul8, is needed.

Reset Circuit

The 8X300 is held reset for approximately 40 milliseconds
after initial power-on. This is accomplished by an RC
network (R42 and C52). After this power-up sequence, there
are two ways to reset the processor, both of which are
controlled by the host computer.

One method of resetting the processor is by resetting of the
host (i.e., reset switch) which drives the signal HDMR* low.
The other method of resetting the processor is by software
control. This is accomplished by setting bit D4 of port Cl
HEX. This latches the signal (SFTRESET) which in turn
triggers a one-shot U76 to drive RESET* low. The one-shot
duration is set for approximately 100 u sec pulse width.
RESET* is used to clear the drive control latches U62 and
U52 and the host interface WAIT* (U43).

Processor Power Supply

Power is supplied to the 8X300 from the +5 volt (Vcc) power
bus. Due to the internal operation of the 8X300, an on-chip
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voltage reference is provided to produce bias to an external
pass transistor (Q2) which drops Vcc to the 8X300 to
approximately +3 volts. All signals into and out of the
8X300 are internally level shifted to be TTL compatible.

Read and Write Ports

Throughout the circuit, output ports are formed by "D" type
latches using write strobes (WR0O -WR7) to latch data into
the ports. Reading of ports is universally accomplished by
using read strobes (RDO, RD2, RD4 - RD6) that enable
selected tri-state output devices on the I/0 bus.
Additionally, two read strobes are used to clock the host
DRQ* and INTRQ* latches (U5) and one read strobe is left
unused as a "dummy" port for glitch-free operation of the
Fast IO port decoders.

Read/Write Memory

Since the 8X300 does not permit data to be saved or
retrieved from dedicated program storage, RAM must be
installed on the IO bus. RAM must be accessed just like
other port accesses via the IO bus by IO instructions. To
provide for addressing the RAM, three latch/counters (U26,
U27, U28) are connected to the IO bus to receive and store
addresses required to access the RAM (Ul7,Ul8).

RAM Addressing

The RAM address bus (RAO - RA9) uniquely addresses one of
1024 memory locations. As each counter chip reaches a count
of 0, it will set a borrow condition to the next higher
counter which will be decremented at the end of the next
access to RAM. When all bits of the address have been reset,
the ROVF* bit on the last counter (U26) will be reset,
providing overflow status which can be read by the processor
on (U26). By setting various beginning address values, ROVF*
can be used to mark the end of any RAM access loop from 1 to
1024 bytes in length. The controller board uses this
function to set sector buffer lengths of 128, 256, or 512
bytes.

Sector Buffering

All data read from or written to the disk is passed through
the RAM to provide buffering required for asynchronous data
transfer between the host and disk. The counters are
post-decremented, which means that the effective addresses
are stable to the RAM by at least the instruction prior to
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the actual access. This pre-selection feature effectively
reduces RAM access time to the output enable and propagation
time of the RAM for read operations. This feature also
reduces the width of the minimum WR* strobe pulse for write
operations.

RAM Accessing

RAM access is initiated by RCS* which is the logical or (by
U59) of RDO* and WRO* which are generated by the Fast IO
decoders (U44 and U45). Data to be read from RAM will be
placed on the IO bus whenever RCS* is low and WC* is high.
Data is written into a selected RAM cell on the trailing
edge of WC* if RCS* is low. During writes, both WC* and RCS*
will be low for at least 120 nanoseconds so that data setup
time requirements are met.

Scratchpad Operations

Because the RAM address counters can be pre-set, direct
reads and writes to a specific address are possible. This
function is used for scratchpad storage during program
execution. This mode of RAM access requires two or three
instruction cycles for each random access to the RAM as
opposed to one for sequential access using the
post-decrement feature.

MAC Control Port

Basic control of the various functional sections of the
controller is accomplished by a dedicated 6-bit control port
called MAC CNTRL (U29). MAC CNTRL enables CRC generation
(CRCIZ*), functions of the WAIT control circuitry (WAEN?*),
gating of read or write functions (WRITE*), control of CRC
check word output (1BLA*), and AM detection (SRCH). MAC
CNTRL output states are latched into the port by a write
strobe (WR7). Additionally, any time MAC CNTRL is loaded
with a new byte, the lower two data bits (I0O0O and IQOI) are
strobed into the upper two address counter/latch bits (RAS8
and RA9). All remaining ports are distributed among the
basic functional sections of the controller and will be
described in detail within the discussion of those
functions.

Serial Data Separation

The controller board contains circuitry which processes
incoming MFM data from the drive by a method called data
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separation. Here, some background information may be
helpful:

In order to provide maximum data recording density

and therefore maximum storage efficiency, data is
recorded on the disk using a Modified Frequency
Modulation (MFM) technique. This technique requires
clock bits to be recorded only when two successive data
bits are missing in the serial data stream. This
reduces the total number of bits required to record

a given amount of information on the disk. This results
in an effective doubling of the amount of the data
capacity, hence the term "double density."”

Because clock bits are not recorded with every data bit
cell, circuitry that can remain in sync with data during the
absence of clock bits is required. Synchronous decoding of
MFM data streams requires the decoder circuitry to
synthesize clock bits when they are present. This is
accomplished by using a phase-locked oscillator employing an
error amplifier/filter to sync onto and hold a specific
phase relationship at the data and clock bits in the data
stream. The synthesized clock called RCLK can then be used
to separate data bits from clock bits and to shift the
resultant serial data into registers for parallelization
into bytes.

Incoming Data Selection

Serial data is input from up to four radially connected
drives via a quad RS-422 differential receiver (U54). The
receiver converts differential input data to TTL levels for
use by the controller. The data from the selected drive is
then routed to gate (U53). At this point, data and clocks
are still combined and appear as 50 nanoseconds (nominal)
active high pulses spaced at intervals of one, one and a
half, or two times the RCLK period. This data is presented
to the input of another AND/OR/INVERT gate (U4) which will
gate either MFM data or a reference clock into the first
stage of the VCO error amplifier circuitry.

Reference Clock

The reference clock is derived from the write clock crystal
oscillator (Ql, Ul0, and associated circuitry). This
oscillator uses a fundamental cut crystal to oscillate at
four times the RCLK frequency. The 4X output is then divided
by UlO to produce both a 2X clock (2XDR*), which is used as
a reference, and a 1X clock (WCLK) which is used to produce
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MFM write data for the disk. The crystal (Yl) frequency is
20.000 MHz for compatible drives.

Clock Gating

The gating of the reference and MFM data into the data
separator is dependent upon the condition of the Read Gate
signal (RGATE) and the spacing of the data on the serial
stream after RGATE is brought true. Due to the techniques
which are employed to separate data from clocks, it is
necessary to run the VCO0 at a rate twice the data clock
(RCLK) rate. The VCO is therefore set to an open-loop
frequency of 2 times RCLK. Any variations in this rate due
to variations in disk rotational speed must be compensated
for by the vVCO, but instantaneous shifts in data due to the
effects of adjacent bit cells on the disk and minor noise
must be ignored. Also, the response of the VCO must be
adjusted to effectively ride over missing clock bits which
occur as a result of MFM recoding technique. The resultant
compromise between response and reject requirements of the
VCO0 cause the VCO to have a tendency to become locked onto
harmonics of the data rate rather easily. This is likely to
occur if the VCO is connected to a data stream over a field
of data which has data bits spaced at one and a half or two
times the actual RCLK ti