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WARNTINGS
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Do not move the Hard Disk Drive Unit unless the Spindle Lock
on the bottom of the unit is in the locked position. Moving
the unit 2ven two feet without locking the Spindle Lock could
result in damage to the disk media.

Before operation of the Hard Disk Drive, the Spindle Lock must
be put in the unlocked position. To do this, carefully tilt up
the unit and loosen the screw which holds the locking bracket.
Position the bracket to the side in the indented area and
tighten the screw.

DO NOT TURN THE DISK DRIVE UNIT UPSIDE DOWN.

The spindle on the bottom of the unit must only be rotated
clockwise as viewed from the bottom of the unit. If the
spindle is rotated in the incorrect direction, media scoring
and head damage could result.

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

DO NOT USE THE INIT COMMAND EXCEPT AS A LAST RESORT OR UNLESS
THE DATA ON DRIVE 4 IS SAVED ON A FLOPPY DISKETTE.

If the Hard Disk system will not boot up, try to find the
cause of the oproblem before using the INIT command. When INIT
is used, Drive 4 is reformatted and all data is lost.

When the unit is opened:
1. Never rotate the damper located on the bubble unit without
AC power applied.

2. DO NOT OPEN THE BUBBLE UNIT. IT IS NOT FIELD SERVICEABLE.
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1/ SPECIFICATIONS
POWER REQUIREMENTS
AC Power Requirements
50/60 Hz +/- 0.5 Hz
100/115 VAC installations (90 to 127 V at 1.1A
typical)
200/230 VAC installations (100 to 253 V at 0.6A
typical)

Fuse - 6 amp, fast-blow

DC Power Requirments
+24 VDC +/- 10%, 2.8A typical during stepping
(0.2A typical stepping steady state, non-stepping)
+5 VDC +/- 5%, 2.0A typical during stepping
(3.6A typical non-stepping)

DIMENSIONS
Height
Width
Depth
Weight

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

6 inches (15.24 cm)
18.5 inches (47 cm)
19.25 inches (48.9 cm)
17 1bs. (7.73 kq)

50 to 115 degrees F.
(10 to 46 degrees C.)
8% to 80%
78% non-condensing
150 watts (511 BTU/hr) Max.
operating: 0 to 6000 feet
(0 to 1829 meters)
storage: -1000 to 12000 feet
(-305 to 3656 meters)

2 minutes

15 seconds

Tracks per Unit 1024
Tracks per Platter 512
Sectors per Track 34
Bytes per Sector 256
Cylinders per Disk 256
Average Latency 9.6 msec
Rotational Speed 3125 rpm
®
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SPECIFICATIONS (cont'd)

Recording Density 6270 bpi

Flux Density 6270 fci

Track Density 172 tpi

Storage Capacity (Hard Disk)

Unformatted

Bytes per Track 8704

Bytes per Surface 2.23M

Bvtes per Drive 10M
Formatted

Bytes per Drive 8.5M (primary drive)

8.9M (secondary drive)

TRSDOS-HD FORMATTED FLOPPY DISKETTE
Storage Capacity

Bytes per Sectors 256
Sectors per Track 32
Tracks (single-side) 76
Bytes per Diskette 622,592
®
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2/ CONNECTIONS AND POWER-UP

The primary and secondary units should be connected as
illustrated below. Don't forget to connect the power cord for
the computer and each Hard Disk Drive Unit.

Model Il

Primary Unit

¢ : . NV T N\ a
i - —;,,L;] | - ~~ - _ i ‘\\ @ . ///
— - ~— T

Secondary Unit Secondary Unit

Secondary Unit

Power-Up

1. Be sure all floppy diskette drives are empty and all
components are turned off.

2. Turn Drive 4 (the Primary Drive) ON.

Be sure Drive 4 is turned ON first or data may be lost
or destroyed.

3. Turn all Secondary Drives ON. Allow 1 minute warm-up for
the Disk Drives.

4. Turn the Computer ON.

5. Turn all peripherals (including Floppy Disk Expansion
Unit) ON.

If the operating system is stored on Hard Disk (TRSDOS-HD),
the Computer will go to Drive 4 and automatically load the
operating system. Refer to the Hard Disk Owner's Manual

and the TRS-80 Model II Owner's Manual for operating
instructions.
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When turning OFF the system . . .

Turn all peripherals (including Floppy Disk Drives) OFF.
. Turn all Secondary Hard Disk Drives (Drives 5-7) OFF.
Turn the Primary Drive (Drive 4) OFF.

Turn the Computer OFF.

> wNo -

Always be sure Drive 4 (the Primary Drive) is the last disk
drive turned OFF. If Drive 4 is not the last drive turned off,

data could be damaged or destroyed.
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3/ 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 and BE SURE that the Spindle Lock is
in the locked position.

DISASSEMBLY

1.

Remove the top row of screws (5) from the rear panel and
lift off the case top.

To remove the hard disk controller board, remove all
cables from the board (data cables, hard disk expansion
cable, controller connecting cables, power harness).
Remove the five screws and split washers from the
controller board.

To remove the hard disk power supply, remove the six
small black screws which secure the power supply cover
to the bottom of the unit and 1ift off the cover. Loosen
all cables. Remove the six screws and washers which hold
the power supply board.

To remove the bubble unit, perform the following steps:

a. Remove all cables from the bubble unit controller
board and remove the screws which secure the board.
Twist the nylon retaining clips 90 degrees and
carefully 1lift off the controller board.

REASSEMBLY

1.

Replace stepper board, bubble unit, and bubble controller
board. Be sure that the wire connector on the Index Sensor
goes to pins 1 and 2 on the PCB.

Fasten the power supply in the bottom of the unit by using
six #6 screws and washers and also reconnect the power
cables.

Replace the power supply cover and fasten it using six #6
black screws.
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Position the hard disk controller board on top of the
power supply cover with the edge connector toward the rear
of the unit. Fasten the board using five #6 screws.

Reconnect all cables (data, hard disk expansion,

controller, power harness). 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.

Replace the case top and five #6 screws in the rear panel.
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4/ OVERVIEW

The TRS-80 Hard Disk Unit consists of two non-removable 8-inch
disks spaced approximately 1 inch apart. 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.

The Hard Disks have their own built-in error detection and
correction scheme. These errors are due to minor defects in
the media as well as signals from external sources. There will
be no more than 12 tracks per head with defects. Of these 12
tracks, no more than 4 tracks will contain multiple errors.

On all Hard Disk Units, flaws in the media are identified 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.

Radio Sfhaek




Hard Disk Service Manual

TRS-80°

5/ PRINTED CIRCUIT BOARDS
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Hard Disk
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ACT LT WP LT WPTS
o M LU 5
\
PI 3 | 4 5 6
L 1]
JI 3 [ < 5 6 J

(DRIVER BOARD)

Front Panel Driver Board Wiring Diagram

Front Panel Driver Board

Wiring Charts

Front Panel Bubble
J1 Pl Lights J2 P2 Controller
1 1 Active/WP 1 1 6C-8
2 2 N.C. 8A-1*
3 3 Active 2 2 7E-1
4 4 Write Protect 5B-11*
5 5 Write Protect 3 3 N.C.
6 6 Write Protect 4 4 J2-5

-] 5 e

Radio fhaek

*may appear at these
designations on some

boards.




Hard Disk

Service Manual

TRS-80°

7/ ELECTRICAL PARTS LISTS

Hard Disk Controller Printed Circuit Board

Symbol

U4

Uue

Uls3
Ul4
U22
U24
027
029
U30
U32
U33
Uu49
U56
us57
U58
U59

R52
R53
R54
R58

Description

PC Board Assembly
Staking Pins

Integrated Circuits
WD1100-02, pre-comp. generator
Delay line, 60ns
WD1100-05, parallel/serial parser
WD1100-04, CRC checker generator
WD1100-03, AM detecter
WD1100-01, serial/parallel parser
Delay line, 100ns
1024 x 8, BiPROM
8 x 300, micro-controller
1024 x 8, BiPROM
1024 x 8, BiPROM
8T31, 8-bit bidirectional port
1024 x 4, static RAM
1024 x 4, static RAM
8T26A, 4-bit transceiver
8T26A, 4-bit transceiver

Resistor Paks
220/330 ohm, 10-pin
220/330 ohm, 10-pin
220/330 ohm, 10-pin
4.7K, 6-pin, SIP

Front Panel Driver Printed Circuit Board

Symbol

Ul
R1
R2

Description

PC Board Assembly
Connector, 6-pin SIP
Harness, power
Harness, power
75413, PE driver
4.7K, 1.4W, 5%

4.7K, 1/4W, 5%

Radio fhaek

Manufacturer's
Part Number

8896002
8529014

8040112
8429009
8040115
8040114
8040113
8040111
8429008
8040086
8040300
8040086
8040086
9060031
8042114
8042114
9060026
9060026

8290020
8290020
8290020
8293247

Manufacturer's
Part Number

8896001
8519103
8709263
8709080
8050413
8207247
8207247

-16-
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Hard Disk Interface Printed Circuit Board

Manufacturer's

Symbol Description Part Number

PC Board Assembly 8896001

Staking Pins 8529014

Integrated Circuits
U3 8T26, quad transceiver, 1l6-pin 9060026
U4 8T26, quad transceiver, 16-pin 9060026
Ul2 8T26, quad transceiver, 16-pin 9060026
Uls3 1519-200B, 200ns delay, l6-pin 8429004
Ul9 8T26, quad transceiver, l6-pin 9060026
U40 8T26, quad transceiver, 1l6-pin 9060026
U4l 8T26, quad transceiver, 1l6-pin 9060026
U44 74S64, 2-3-3-4, AOI, l4-pin 9010064
U45 MK4116, 16K RAM, 200ns, 1l6-pin 8041016
U46 MK4116, 16K RAM, 200ns, 16-pin 8041016
U47 MK4116, 16K RAM, 200ns, 16-pin 8041016
Uu48 MK4116, 16K RAM, 200ns, l6-pin 8041016
U49 MK4116, 16K RAM, 200ns, 1l6-pin 8041016
Uso0 MK4116, 16K RAM, 200ns, l6-pin 8041016
Us1 MK4116, 16K RAM, 200ns, l6-pin 8041016
Resistor Paks
R3 4.7K, 8-pin, SIP 8292246
R4 4.7K, 8-pin, SIP 8292246
R7 220/330 ohm, 16-pin DIP 8290003
R18 4 .7K, 8-pin SIP 8292246
R19 39 ohm, DIP 8290002
Switches
51 DIP, l6-pin 8489004
S2 DIP, 1l6-pin 8489004
S3 DIP, 1l6-pin 8489004
®
Radio Sfhaek
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8/ SCHEMATICS
-1
NJing N.C. R3
7 F 390 .
ACTLT“/\ J—I'B E,‘,\\ "—_—,\N\I"”‘“‘r‘-’ - ’—"""“"\;;;'-' o —————
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R EADY e d —
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R
B 390 R —
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J2-3 =
\
> N.C.
NOTE:

Jumper options E-F and A-B and resistors R3 and Rl
are not needed and may be disregarded.

Front Panel Driver Board Schematic
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9/ THEORY OF OPERATION

POWER SUPPLY

TRS-80 °

Service Manual

Operating Characteristics

Typ
115
230

55

-————

Max

135
270

+2
+20
+5

50
100
50

6.82

Units

vVrms
vrms

Hz

Volts
Volts
Volts

Amps
Amps
Amps

o0 0P oe

mV
mV
mV

mSec
mSec

Volts

Min
Vin Range
Input Select 115V 90
Input Select 230V 180
Line Frequency 47
Output Voltages +5V 4.9
+24V 21.6
-12v 11.4
Output Current +5V 0.75
+24vV 0
-12v 0.042
Line Regulation
(measured at full-
rated output power)
+5V -———-
+24V -——-
-12v -——
Load Regulation
(measured by varing load
on considered output from
typ to either min or max
rated load) +5V -2
+24V -10
-12v -5
Ripple Voltages +5V ————
+24vV -——-
-12v -——
Efficiency 70
Hold Up Time
Full Load, Low Line 10
Full Load, Nom Line 16
Over-Voltage Protection 5.94
®
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TRS-80 °
Short Circuit Protection
+5V -——- -—— 2 ADC
+24V =i =i 1 ADC
-12v -—— -——= 0.6 ADC
Transient Response
at load change on any output
from min to max and max to
min within regulation limit -——- -———- 4.5 mSec
Insulation
Input to GND 50 ---- =---- KVDC
Input to Outputs 50 ---- =---- KVDC
Output to GND 50 ---- ---- KVDC
Isolation
Input to GND 4.5 ---- =---- KVDC
Input to Outputs 4.5 ---- =---- KVDC
Troubleshooting
Equipment for Test Set-up
l. Isolation Transformer (minimum of 500VA rating)
* *x *x * CAUTTION * * % %
Dangerously high voltages are present in
this power supply. For the safety of the
person doing the testing, please use an
isolation transformer. The 500VA rating is
needed to keep the AC waveform from being
clipped off at the peaks. These power supplies
have peak charging capacitors and draw full
power at the peak of the AC waveform.
2. 0 - 140 volt Variable Transformer (Variac) - Used to vary

input voltage. Recommend 10 amp, 1.4 KVA rating, mainimum

3. Voltmeter - Needed to measure DC voltages to 50V and AC
voltages to 200 V. Recommend two digital multimeters.

4, Oscilloscope - Need X10 and X100 probes.
5. Load board with connectors - See Table 1 for values of
loads required. The entry on the table for Safe Load power

is the minimum port ratings for the resistors used.

6. Ohmmeter

Radio fhaek
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7. Wattmeter - 150 watt rating minimum.

TABLE 1. LOAD BOARD VALUES

Min Safe Load Max Safe Load
Output Load Load R Power Load Load R Power
+5V 0.75A 6.670hm 8W 3A 1.670hm 30W
+24V 0 0 - - - - 3A 8ohm 140W
-12v 0.042A 286o0hm 1w 0.17a 7.06ohm 4w

OUTPUT LOADS

ISOLATION P +5v
T3— rransrormen VARIAC POWER -1zv—%

SUPPLY +24V

Comm

Figure 1. Test Set-Up
Set-Up Procedure

Set up test equipment as shown in Figure 1. You will want to
monitor the input voltage and the input power and also the +5V
output with DVM's. Also monitor the +5V output with an
oscilloscope using 50 mV/div sensitivity. The DVM monitoring
the +5V output can also be used to check the other outputs.
See the No Output section for test points within the power
supply.

Visual Inspection

Check the power supply for any broken, burned, or obviously
damaged componets. Visually check the fuse; check with the
ohmmeter if there is any doubt.

Start-Up

Load the power supply with the minimum load specified in Table
One. Bring power up slowly with the Variable Transformer while
monitoring the +5V output with the scope and DVM and the input
with the wattmeter. If the watttmeter registers high input
vower with low AC voltage applied, shut down power immediately
and refer to the No Output section. Supply should start with
approximately 50 to 70 VAC applied and should regulate by the
time 95 VAC is reached. If the output has reached 5 volts, do
a performance test as shown in the Performance Test section.
If there is no output, refer to the No Output section.

Radio fhaek
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No Output

l. Check the fuse. If the fuse is blown, replace it. Do not
apply power until the cause of the failure is found.

2. Check the diode bridge (DBl), power transistor (Q2), catch
diodes (D3, D4), turn-off transistor (Ql), emitter resistor
(R13), D1. and R2.

3. Use the ohmmeter from output common to each output with
output loads disconnected and check for shorted rectifiers
or capacitors. If +24V output seems shorted, check crowbar
SCR (SCR1l) and zener (Zzl).

4. Check for B+. Set up power supply and attach X100 scope
probe ground to the point common to R10, D1, and R6; this
point is between the large black input capacitors and the
control transformer (T1l). Slowly turn up power and check
for B+ on the side of R2 nearest to R3. With input at 95
VAC, this point should be between 250 and 300 vDC. If it is
not, check fuse, DBl, and if necessary, TM1 and TM2 (4 ohms
each), D3, and D4, and input capacitors C6 through C9. If
B+ is present at this point, but the power supply still
does not run, check the other side of R2. Replace R2 if B+
does not read almost the same value.

5. Check the Q2 waveforms. Use the X100 probe on the To-3
package of Q2 and check the collector waveform. The tran-
sistor should be switching. The correct waveform is shown
in Figure 2. If this waveform is not present, check for a
shorted junction on Q2. If there is not one, check the base
waveform. The base of Q2 is the transistor pin nearest the
bolt attaching the hestsink to the PCB. The correct
waveform is shown in Figure 3. If the waveform is not
there, read what DC voltage is present. If there is not at
least 0.5V on the base, check continuity of L4, Ql1, D1, R3,
R4, R5, and Cl0.

My

100 V/Div
10 usec/Div
INPUT - 95 VAC

(o

LOAD - MINIMUM

Figure 2. Q2 Collector Waveforms ErwmaLT

2V/Div
10 usec/Div

Figure 3. Q2 Base Waveforms
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Performance Test

Each of these test conditions should be set up and noted to be
within the limits specified in Table 2.

Test Input +5 Load +24 Load -12 Load
1 95VAC Max Max Max
2 135vacC Max Max Max
3 135VAC Max No Load Max
4 135VAC Min No Load Min
5 95VAC Min No Load Min

Table 2. Voltage and Ripple Specifications

Output Min Max No Load Ripple
+5V 4.90V 5.10v -———- 50mv P-P
+24V 21.20vV 26 .40V 30V 250mv P-P
-12v -11.40v -12.60V -——- 50mv P-P
®
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HARD DISK CONTROLLER BOARD

General

The hard disk controller board is a discrete implementation of
all functions required to control the eight-inch hard disk
drive via a standard data and control bus. The controller is
fabricated using a mix of high-speed bipolar and NMOS 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 power for the board
is supplied by a single 5-volt power supply. 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

. Serial data separation

Data conversion and checking

Serial data generation

Host interface functions

b wN -

Processor Functions

All functions of the controller are ultimately desciplined 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 8 MHz and performs
all operations within two clock cycles giving it a speed of 4
MIPS (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 (IA0 - IAl3)
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is capable of directly accessing 8K words of program storage,
however, the controller uses only the first ten address lines,
IA0 through IA9, limiting onboard program storage to 1K words.

Program data is input to the 8X300 (U30) on the Instruction
Data bus (IDO - ID15) as 1l6-bit words which are decoded to
perform the desired operation. All bus designations utilized
by the 8X300 are reversed from the traditional LSB (Least
Significant Bit) to MSB (Most Significant Bit) weighting.

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 rather it is decoded by
auxiliary hardware (U31, U37, U38) 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 (U31l) on the
trailing edge of MCLK to ensure that the data remains stable
during the entire instruction. This data selects a read strobe
and a write strobe through two 1-of-8 decoders (U37 and U38)
which are alternately enabled by the WC* control strobe
produced by the 8X300. The read strobe decoder (U37) 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
(U31) 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 IO0 - IO7 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 (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) is
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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 (U24) to indicate all accesses to
any port. This arrangement allows immediate data moves 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 instruciton fetches occur late in the second cycle of the
preceeding 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 ares two more bus control signals produced by the 8X300,
L=ft 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 U56 and U57
is needed.

Reset Circuit

The 8X300 is held reset for approximately 40 milliseconds
after initial power on. This is accomplished by an RC network
(R45, C40, and CR3) which drives a Schmitt trigger (U35) to
provide a proper rise/fall time on the RESET* line of the
8X300. Alternate reset of the processor can be accomplished by
dropping MR* (Jl pin 32) whenever the host wishes to reset the
controller. A Schmitt trigger (U35) is provided with a 4.7K
pull-up resistor (R46) to buffer the MR* input from the host.
RESET* also propagates to the drive control latches (U52 and
U51), host interface WAIT (U36), and DRQ* and INTRQ* latches
(U4), ensuring proper initialization of these functions during
power up and subsequent resets from the host.

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
voltage reference is provided to produce bias to an external
nass transistor (Q3) 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
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ports. Reading of ports is universally accomplished by using
read strobes (RDO, RD2, RD4 - RD6) that enable selected
tri-state output devices on the I0 bus. Additionally, two read
strobes are used to clock the host DRQ* and INTRQ* latches
(U4) and one read strobe is left unused as a "dummy" port for
instructions not requiring data from a port. This ensures
glitch-free operation of the Fast I0 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 (U48, U47, and U46) are connected to
the I0 bus to receive and store addresses required to access
the RAM (U56 and U57).

RAM Addressing

The RAM address bus (RAO0 - 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 (U46) will be reset providing an
overflow status which can be read by the processor on U50. 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
lenagth. 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 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
U39) of RDO* and WRO* which are generated by the Fast IO
decoders (U37 and U38). 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
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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 are pre-settable, 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 (U3). MAC CNTRL enables CRC generation
(CRCIZ*), functions of the WAIT control circutiry (WAEN*),
gating of read data into data separation circuitry (RGATE),
selection 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 (IO0 and IOl) are strobed into
the upper two address counter/latch bits (RA8 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
separation. Here, some background information may be helpful:

In order to provide maximum data recording
density and therefore maximum storage ef-
ficiency, data is recorded on the disk using
a Modified Frequency Modulation (MFM) tech-
nique. 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 re-
quired to record a given amount of infor-
mation on the disk. This results in an
effective doubling of the amount of data
capacity, hence the term "double density".
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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 (U25). The receiver
converts differential input data to TTL levels for use by the
controller. The data from the selected drive is then routed to
the data separation circuitry by a four-section AND/OR/INVERT
gate (Ul5). 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 (Ul8) 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 (Q2, Ul2, 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 Ul2
to produce both a 2X clock (2XDR*), which is used as a
refence, and a 1X clock (WCLK) which is used to produce MFM
write data for the disk. The crystal (Y1) frequency is 17.360
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 VCO 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 VCO, but
instantaneous shifts in data due to the effects of adjacent
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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 the MFM
recording technique. The resultant compromise between response
and reject requirements of the VCO 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 time
intervals.

To provide protection against this undesirable condition, the
VCO is always held locked onto a stable clock running at two
times the RCLK frequency whenever the controller is not
actually reading data. Furthermore, great care is taken to
switch in read data to the VCO error detector only when it is
known that the data stream frequency is equal to the RCLK
frequency. This can occur only when the data is a solid stream
of all ones or all zeros.

High Frequency Detector

The switching function is initiated immediately after RGATE
goes true and will only switch read data into the VCO after 16
consecutive ones or zeros (high frequency) are detected by a
one-shot (U8) and counter (U9) connected directly to the raw
MFM data. The one-shot is adjusted for a pulse width of one
and one fourth times the RCLK veriod. This is 287 nanoseconds,
+/- 10 ns. These adjustments of the DRUN one-shot (U8) provide
tolerences of up to one fourth the RCLK period in jitter on
the MFM data bits while still being able to distinguish MFM
zeros or ones from other data patterns.

Each clock or data bit on the serial stream triggers the
one-shot. If the time between sucessive triggers is less than
the one-shot time constant, the one-shot remains retriggered.
As the one-shot is triggered by data stream bits, so is the
up/down counter (U9) whose count mode is controlled by the
state of the one-shot outputs. While the one-shot is being
retriggered, the counter counts up. When any data bit fails to
reach the one-shot before its time constant is over, the
one-shot resets and in turn clears the counter. Only when 16
sucessive retriggers occur, can the counter reach its terminal
count. At this time, the counter overflow goes true and sets
the DRUN* latch output (Ul0 pin 8) low which switches read
data in and reference clock out. An AND-OR-INVERT gate (U1l8)
performs the switching. DRUN* is read through U43 by the 8X300
to determine the condition of the MFM data stream.
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VCO

RCLK is produced by the VCO through a divide-by-two counter
(Ull). The VCO is a discrete LC oscillator with a shunt
capacitor formed by a hyper-abrupt tuning diode (CR2). The
diode varies its capacitance as a function of the amount of
reverse DC bias applied to its PN junction. As bias decreases,
the capacitance increases which pulls the oscillator down in
frequency. Conversely, as the bias increases, the oscillator
frequency rises.

The VCO performs conventionally with one interesting
exception. To help the VCO lock onto the incoming signals more
quickly, a provision has been made to allow an external timing
signal to freeze the output of the VCO in the high state. This
is accomplished by disqualifying U2 in the VCO feedback
circuit and by removing bias from the transistor (Ql) which
provides loop gain in the oscillator. PHASEUP* performs this
function and is present just after the switch over from
reference clock to MFM data is made.

The width of PHASEUP* is directly related to the difference in
timing between the positive-going transition of the VCO output
and the positive transition of the second data/clock bit of
the MFM data stream. PHASEUP* causes the output of the VCO to
rise in phase with the MFM data from the drive. This
eliminates the need for the VCO to perform a frequency
acquisition to lock onto the data stream. The VCO need only
adjust its phase slightly to center data/clocks within the
RCLK. The phase acquisition is much faster and easier to
achieve and results in vastly improved performance.

Error Amplifier

Control of the VCO is accomplished by the error amplifier and
filter. The error amplifier is a balanced differential
amplifier whose output sources or sinks current to the filter
stage. The output of the error amplifier is pulse-width
modulated by the phase detector (U7, Ul7). Whenever the VCO is
running too slow, the error amplifier receives pulses from
data bits before it receives pulses from the VCO clock. This
causes the error amplifier to produce pump-up pulses to the
filter. The filter integrates these pulses producing an
average increase in the voltage to the cathode of the
hyper-abrupt tuning diode (CR2). This effectively increases
the reverse bias on the diode which reduces its capacitance
and therefore increases the VCO frequency slightly to match
the phase of the incoming data. Whenever the VCO is running
too fast, the error amplifier produces pump-down pulses to the
filter. The diode then receives decreased reverse bias and,
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therefore, more capacitance and lower VCO frequency.

The operating point of the tuning diode (CR2) is initially set
for an open-loop VCO frequency of two times RCLK by setting
OSC ADJUST* and monitoring the VCO output. This adjustment
places the initial bias through the bias divider (R3-R6, Cl
and C2) at approximately -2.8 volts to -3.2 volts. At this
setting, the most responsive region of the diode is being used
giving higher gain in the VCO. To keep the initial bias
voltage close to 3 volts with varying disk data rates, the VCO
incuctor (L2) is 3.9uH.

The VCO is forced to match the phase of the incoming data.
Once the VCO is close to the phase of the incoming data, the
pump pulses will become very small or be missing completely.
It must be noted that some slight error will always be present
because without pumps, the filter will float and the VCO will
drift. However, the overall gain of the error amplifier and
the VCO will maintain this error very small, resulting in very
close tracking between the VCO output phase and the incoming
data phase.

Previously, we said that great care is taken to ensure that
the VCO starts on the same phase as the incoming data. If this
were not the case, the error amplifier would produce very
large pumps in an attempt to pull the VCO onto frequency and
phase. Due to the gain of the error amplifier and the required
characteristics of the filter, the integrated pump pulses
would overcompensate, causing the VCO to overshoot in its
attempt to lock-on. This action would continue in a diminshing
fashion until lock-on occurred. Unfortunately, the data sync
fields it was trying to accquire would be over by the time the
VCO finally acquired lock-on. Therefore, PHASEUP* is extremely
important to the overall ability of the data separator to
function reliably.

Sample on Phase Detector

The circuitry which feeds the error amplifier is called the
Sample on Phase Detector. This circuit consists of several "D"
latches (Ul7) and a delay line (DL1l). The function of the
circuit is to provide time windows during which the leading
edges of the incoming MFM data can be compared to the leading
edges of the VCO clock. These windows are approximately 50
nanoseconds in length and are initiated by the leading edge of
any data bit as it enters the detector. The windows are
terminated by the same data bit, edge-delayed by a net 50
nanoseconds (60 ns in the delay line minus approximately 10 ns
in propagation delays).
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When both the delayed data bit and the nearest VCO edge arrive
at the detector, the detector is reset until the next data bit
arrives on the MFM data stream. The delayed data bit sets its
half of the detector latches to produce a pump-up condition at
the error amplifier. The VCO clock edge sets its half of the
detector to produce a pump-down condition. When the circuit is
balanced, both pumps are either on or both pumps are off,
producing no net pump-up or pump-down.

Window Extension

Once the VCO has been locked onto the phase of the incoming
data, the actual separation of data and clocks can occur. This
is accomplished by using a technique called window extension.
This technique causes data bits to first have their leading
edges shifted into the center of the RCLK half cycles then to
have them latched or extended until the next rising edge of
the RCLK. The shift is accomplished by tapping the data of the
Sample on Phase Detector delay line at the 60 nanosecnd tap,
and inverting the VCO clock to the RCLK divider (Ull). The
delayed data clocks a wmair of latches (U20 and U21). The
"data" latch has its "D" input and CLEAR connected to RCLK*
and the "clock" latch has its "D" input and CLEAR connected to
RCLK* .,

If a MFM data bit enters the latches while RCLK is high, it
will be extended as a data bit. If RCLK* is high, it will be
extended as a clock bit. Due to this extension technique, bits
can jitter approximately one-fourth the RCLK period without
being lost. The output of each latch is then further extended
by being fed directly into the second half of the latches and
clocked on alternate edges of RCLK. The final outputs of the
data extension/separation stage are two separate signals; one
signal consists solely of NRZ (non-return to zero) data and
the other of NRZ (non-return to zero ) clocks. The NRZ data
and clocks are finally in a form suitable for processing by
subsequenct circuitry on the Controller board.

Clock Detection

Due to the nature of MFM data encoding, it is impossible to
know exactly if MFM bits are data or clocks. This ambiguity
results in having to create circuitry to assume that bits on
RCLK* are actually data bits until the VCO is locked on and a
unique data/clock pattern is detected. This is accomplished by
holding the VCO to RCLK divider (Ull) reset until it is fairly
certain that bits on the data stream are actually clocks
belonging to a field of zero data.

Once this assessment has been made, the processor releases the
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AM detector (U22) by raising the SRCH signal. This signal
releases a latch (Ull) which will remove DHOLD from the RCLK
divider (Ull) on the next rising edge of a MFM data bit so
that CLOCKS will be on the RCLK* phase and DATA will be on the
RCLK phase. The processor makes its assessment of the state of
the data stream solely on the occurrence of a significant run
of zeros which is detected by the one-shot (U8) in the DRUN
circuit. Once released, the phase of RCLK vs. data and clocks
will remain stable throughout the read of an ID field or data
field. Whenever SRCH is dropped, the VCO to RCLK divider is
once again reset and no RCLKS are produced.

Data Conversion and Checking

MFM data which has been separated to form NRZ data and clocks
is processed through specialized circuitry to prepare it for
parallel processing by the 8X300. This processing consists of
three functional circuits.

1. AM detection (U22)
2. Serial-to-Parallel conversion (U24)
3. CRC checking circuit (Ul4)

Each function will be discussed separately but bear in mind
that many interdependencies exist.

AM Detection

As previously stated, it is impossible to know whether serial
data bits are actually data or clock bits by just looking at
the data stream. Furthermore, it is equally impossible to
determine byte boundaries. The problem is solved by a uniquely
recorded data/clock pattern called an Address Mark (AM). The
AM consists of a data pattern of HEX 'Al' with a missing clock
pattern of HEX 'OA'. Normally a data byte of HEX 'Al' requires
a clocking pattern of HEX 'OE'. In fact, due to the rules of
MFM data encoding, an alternating clock pattern such as HEX
'A' or HEX '5' cannot exist legally.

The AM is used to uniquely identify the start of a field of
information (data or ID field) within each sector. A long run
of zero data always precedes each AM on the disk. Zeros have a
clock bit for every RCLK. When attempting to read information
from the disk, the Controller first acquires phase lock over a
field of zeros. When this acquistion is achieved, the
processor releases the AM detector (U22) by raising the Search
control line (SRCH) on the MAC CNTRL port (U3).

Radio fhaek

-39 -



d Disk i
Har is TRS-80 ® Service Manual

Due to the circuitry associated with the VCO to RCLK divider,
the RDAT* output of the data separator (U20 pin 6) will be
high and the CLKS* output (U2l pin 8) will be low. RCLK* will
be the shifting clock for RDAT* and RCLK will be the shifting
clock for CLKS*. These four signals are routed into the AM
detector. Inside the AM detector, RDAT* is shifted into an
8-bit synchronous serial shift register and clocked on the
falling edge of RCLK*. CLKS* is shifted into a similar shift
register on the falling edge of RCLK. The output stage of the
RDAT* register is dumped into an 'Al' comparator and the
output stage of the CLKS* register is dumped into a 'OA'
comparator. AM detection occurs when both detectors are true,
thereby setting the AMDET* latch. At the instant AM occurs,
the exact relationship between data and clocks is known. It is
also known that data is being clocked by RCLK* so CLKS* can
actually be discarded; their purpose was in detecting AM. The
AMDET* signal is used as a synchronization signal to start
subsequenct conversion circuity. The AMDET* signal remains
true until the processor again de-asserts the Search control
line.

Serial to Parallel Conversion

After an AM has been detected, the serial-to-parallel
converter (U24) takes over. NRZ data and RCLK are used to
shift data bits into an 8-bit serial-to-parallel shift
register. As each bit is shifted, a divide-by-8 counter
circuit is incremented. After every eighth bit of data is
shifted, the counter produces an overflow pulse marking byte
boundaries in the serial data stream. The overflow bit from
the counter resets the counter, clocks the data from the shift
register into an 8-bit parallel latch, and sets a tri-state
flag register called BDONE. The flag can be read by the
processor to see if any converted data is ready to be read
from the latches.

When the processor sees BDONE in the true state, it services
the device by gating data onto the IO bus using read strobe 4
(RD4*) in conjunction with a tri-state buffer (U23). The act
of reading the latches also clears off the pending BDONE flag.
As successive bytes are processed, the BDONE is serviced by
the processor as data becomes available.

Outputs from the serial-to-parallel device also include
SHFCLK* and DOUT. SHFTCLK* is actually RCLK* propagated
through the device. DOUT is the Q output of the last stage of
the shift register string. DOUT and SHFTCLK* are routed to the
CRC generator checker device and also are tri-stated along
with BDONE. These signals are active only when WRITE* is high
which indicates a read mode of operation.
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CRC Checking Circuit

Data recorded on magnetic media is prone to several types of
errors which could render data unusable if some form of error
detection were not employed. Therefore, a cyclic redundancy
check (CRC) is performed on all data transfers from the disk.
The CRC is an error detection code consisting of 16 additional
bits which are appended to every ID field and data field on
the disk. These bits are produced by dividing the data stream
serially with a large polynomial. This division produces a
unique 16-bit value for any information passed through the CRC
generator.

As data is being read from the disk, the CRC generator (Ul4)
re-computes the original CRC bits. The value in the CRC
generator must always be zero after the last two bytes (which
contain the original recorded CRC) are read. When this
happens, the data was correctly read and the controller will
not flag an error. If, however, the CRC generator is not
zeroed after it has checked all bytes of the recorded data,
the controller will flag the data as erroneous and enter into
a re-try condition. If the controller cannot get correct data
after attempting to read it 16 times, the read will be aborted
and the host informed that the data in the buffer is
questionable.

The Controller board uses the same device to generate and
check CRC's for data being written to or read from the disk.
The polynomial used is:

16 12 5
X + X + X + 1 (commonly called the CRC-CCITT
polynomial)

The processor polls the condition of the DRUN circuitry during
read operations. When DRUN is true, it begins to search for an
address mark. Once the AM is located, the processor will start
to read parallel data which has been converted from NRZ data
by the serial-to-parallel device. The processor will terminate
this activity when it has received the information it is
looking for or if an error is detected.

While the processor is reading the parallel data, the CRC
generator is reconstructing the CRC check value. The CRC
generator is initialized by the processor setting CRCIZ* low
for at least 250 nanoseconds during the search for the AM.
CRCIZ* is originated on the MAC CNTRL port (U3). Upon
receiving the CRCIZ* signal, the CRC generator/checker will
preset all 16 of its internal polynomial division shift
registers to logic ones and arm an internal latch which will
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enable the checking function on the leading edge of the first
non-zero data to enter the device. It should be remembered
that prior to an AM there is always a field of zeros (all data
bits low) so the first non-zero data bit into the device will
always be the most significant bit of the AM (HEX Aal).

The CRC device, when enabled by the first non-zero data bit,
will shift succeeding data bits into a feedback shift register
string with Exculusive OR gates tied to the feedback nodes on
the first, fifth, twelfth, and sixteenth registers. As each
RCLK occurs, the registers will divide the incoming data and a
unique pattern of ones and zeros will appear across the
registers.

When the last bit of an ID or data field is processed, the
pattern in the registers should be equivalent to the 16 bits
appended to the fields during original recording. The appended
bits are also entered into the CRC device. If all of the bits
in the appended field are identical to the bits in the
registers, then the Exclusive OR gates in the register string
will have flipped all of the ones to zeros and the CRC will
have been satisfied.

The output of each register stage is tied to a 16-bit
comparator which goes true when all of its inputs are zeros.
The output of the comparator is retimed to remove any decoding
slivers and is output as CRCOK. The processor can read CRCOK
through U50 to see if a CRC error has occurred.

After the CRC bits are processed, the data stream will contain
at least one more byte of zeros. It is the nature of the CRC
polynomial that if no bits are set to ones in the registers
and if a constant input of zeros is shifted into the
registers, no bits will be flipped. This provides a convenient
latching function for the CRCOK flag which will remain true
for at least one byte after the last CRC check byte, giving
the processor time to read the flag.

The data, clock, and BDONE are supplied to the CRC device on a
3-bit mini bus. During read operations, the serial-to-parallel
device (U24) will be sourcing these lines since the WRITE
control line from MAC CNTRL (U3) is low and this enables
tri-state drivers on these lines. The Parallel-to-Serial
device (U1l3) will have its tri-state drivers disabled.

Serial Data Generation

The Controller records data on the disk in MFM format. In
order to produce the proper data format, the Controller uses
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several specialized devices to process the parallel data
supplied by the host into a serial MFM data stream. The data
supplied by the host is temporarily stored in the buffer RAM
until the correct sector is located for the data to be
written.

The process of writing is essentially the opposite of reading
except that the data separator circuitry is not required and
the generation of the MFM data stream is produced by
synchronous clocking techniques.

The functional sections of the serial data genration section
are listed below:

1. Parallel-to-Serial conversion (Ul3)
2. CRC generation (Ul4)
3. MFM and precompensation (U4)

Parallel to Serial Conversion

Parallel data is converted into a serial NRZ data stream by
the parallel-to-serial device (Ul3). The processor enables
this conversion by lowering the WRITE* signal on MAC CNTRL
(U3). WRITE* causes the tri-state buffers present on the
parallel-to-serial device to become active, supplying the CRC
device with data, clocks, and BDONE strobes.

The processor presents parallel data on the IO bus along with
the WR4* write strobe which latches the data into the parallel
port on the BDONE. Inside the parallel-to-serial device, the
parallel latches are loaded into a serial shift register on
every eighth WCLK transition. As the data is transferred to
the shift registers, the BDONE status flag is set. The
processor reads this flag through U50 to determine when to
write the next parallel byte to the device. The timing of the
parallel accesses is at a rate one-eighth that of the bit rate
of the NRZ data stream.

The output of the last register in the shift string is brought
out of the device as a NRZ serial data stream. The shifting
clock is also brought out as SHFCLK to be used as the clock
for the CRC device.

Whenever it is desir=sd to write a repetitive string of
identical data bytes, the processor can simply ignore the
BDONE flag and permit the device to reload the data from its
latches over and over again for as long as required to
generate the field. This feature of the device is used in
writing certain fields used in formatting.

Radio fhaek

=4 3=



Hard Disk TRS-80 ® Service Manual

CRC Generation

The CTC generator/checker (Ul4) is used to generate the CRC
bits and to append them to the end of the data being written
to the disk. This is the complementary function to that
performed during reads. The operation of the polynomial
generator is identical to read operations except that at the
end of the data field, the processor sets a signal which
causes the device to output the computed CRC after the data
instead of reading the CRC and checking it.

The initial state of the shift registers within the device is
forced to all ones by the processor pulsing CRCIZ* for
approximately 250 nanoseconds while the parallel-to-serial
device is outputting all zeros on the NRZ data line. At that
time, a latch is set which holds the registers at ones until
the first non-zero data bit enters the device. The first
non-zero bit will be the MSB of the AM (HEX Al) of the data
field to be written. When the processor decides that enough
zeros have been written to satisfy the sync field
requirements, it will store a HEX Al in the parallel-to-serial
device. At the proper time (in sync with BDONE) the
parallel-to-serial device will begin to send the MSB of the aM
to the CRC device. This will start the CRC polynomial
generator and the CRC will be computed.

As the processor writes the last byte of data to the
parallel-to-serial device, it will drop the 1BLA* (1 Byte Look
Ahead) signal on MAC CNTRL port (U3). This signal will cause
the CRC generator (Ul4) to begin dumping the computed CRC onto
the NRZ data stream at the conclusion of the last data byte
(synchronized with the BDONE signal). In this fashion, the
device is able to append the proper CRC information to the end
of a field of data. 1BLA* is maintained at a low state for the
duration of the unloading process which lasts for 16 bit
times.

During the unloading process, the CRC registers back-fill with
zeros. This feature is handy because by leaving 1BLA* low ;for
additional time, zeros will always be written after the CRC
which is a requirement for the proper operation of the CRC
device during read operations. The NRZ data with CRC appended
is then sent to the MFM generator device (U4).

MFM Generation
The conversion from NRZ write data to MFM write data takes
place in the MFM/Precompensation device (U4). This device

accepts NRZ data and a complimentary WCLK and produces MFM
data and clocks by sending the data through circuitry which
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decides when and where to write clocks on the data stream
under the MFM encoding rules. The proper encoding of the data
into MFM requires the device to apply three rules to the data.

1. If the current data cell contains a data bit, no clock
bit will be generated.

2. If the previous data cell contained a data bit, no clock
bit will be generated.

3. If the previous data cell and the present data cell are
vacant, a clock bit will be produced in the current
clock cell.

The terms "data cell" and "clock cell" are defined by the
state of the WCLK. While WCLK is low it, is a data cell and
while high, it is a clock cell. It can be seen then that both
clock and data cells are one-half the period of WCLK or 115
nanoseconds. Also note that by the rules started above, a
clock and data bit can never occur within the same WCLK period
and legal spacings for bits can be one, one and a half , or
two times the WCLK period only. The rules are implemented
within the device by shift registers that hold the next two,
last, and present data bits and combinational logic. The state
of WCLK is considered and the approopriate bit cells are
filled and combined on the MFMW output line of the device.
This line is subject to decoding slivers, so it is run through
a re-timing latch (U5) to clean it up.

Write Precompensation

The MFM data stream is now totally compatible with the
recording rules and may be sent to suitable line drivers for
transmission to the drive except for one modification. Due to
the decreasing radius on the physical surface of the disk, the
inside tracks have less circumference and therefore exhibit an
increase in recording flux density over the outside tracks.
This increase in flux density aggravates a problem in magnetic
recording know as dynamic bit shift.

Dynamic bit shift comes about as the result of one bit on the
disk (a flux reversal) influencing an adjacent bit. The effect
is to shift the leading edge of both bits closer together or
further apart than recorded. The net result is that enough
jitter is added to the data recorded on the inside tracks to
make them harder to recover without error. In any event, there
is a method called write precompensation which can be applied
to reduce the effect of this shift on the data.

Write Precompensation is a way of predicting which direction a
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particular bit will be shifted and intentionally writing that
bit out of position in the opposite direction to the expected
shift. This is done by examining the next two data bits, the
last bits, and the present bits to be written and producing
three signals depending on what these bits are. The three
signals are EARLY, LATE, and NOM. They are used in conjuction
with a delay line to cause the leading edge of a data/clock
bit to be written early, late, or on time. As with MFMW, these
signals are subject to decoding slivers and must be retimed by
U5.

The processor can enable or disable the generation of these
signals by controlling the RWC (Reduce Write Current) line
from U51. When RWC is high, precompensation is in effect. When
RWC is low, no precompensation is generated and the NOM output
of the device is held true.

The delay line, U6, actually performs the precompensation with
the help of an AND-OR-INVERT gate (Ul6). The MFMW pulses are
applied to the input of the delay line and, depending on which
of the three precompensation signals is present, the Ul6
selects a different tap on the delay line. Nominal data is
actually tapped from the second tap, early data from the
first, and late data from the third. From Ul6, the MFMW data
is sent to the input of a quad driver (U26) where it is
converted to a differential form and then sent to the disk
drive. The AND-OR-INVERT gate (Ul6) has one other function. If
the controller is not writing, the WGI (Write Gate Internal)
signal will be low. This is inverted by U35 and applied to the
fourth section of Ul6. This resulting high input effectively
inhibits the gate from accepting MFMW data.

Host Interface

All data transfers between the host and the Controller take
place over an 8-bit bidirectional bus consisting of eight Data
Access Lines (DALO-DAL7) between U49, U58 and U59. The source
or destination register is selected by three address lines
HDBAO through HDB2. All accesses are controlled by Card Select
(CS*), Read Enable (RE*), or Write Enable (WE*). Since the
access time for any particular read or write operation will
vary, the Controller provides a not-ready signal (WAIT*). For
systems using interrupts and/or DMA, the Controller provides
Interrupt Request (INTRQ) and Data Request (DRQ).

Accessing the Controller is essentially like accessing
variable speed RAM. The host must provide a valid address in
HDBDO* through HDBD2* along with a CS*. The host may assert
RE* or WE* either immediately or after a short set-up time. If
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access time will be over 100 nanoseconds, WAIT* will be
asserted. The host must keep all address lines and strobes
stable while WAIT* is true. When the Controller de-asserts
WAIT*, the data has been accepted on a write or the data is on
the DAL bus on a r=ad.

Wait Enable

Since most of the registers in the Controller are not
implemented in hardware, it takes the 8X300 a finite amount of
time to fetch the requested data on a Read or store data on a
Write. This time varies depending on the amount of processing
the 8X300 must do to access the desired register. After the
data has been written or read, the WAIT* line de-asserted
allowing the host to terminate the current bus cycle.

The generation of the WAIT* signal is controlled by a bit in
the MAC latch (U3) called Wait Enable (WAEN*). If the
Controller is ready to accept random accesses to its task
file, WAEN* will be asserted. The host must drop the Card
Select (CS*) line on J5 upon each bus access. The leading edge
of CS* clocks the wait control latch (U32), transferring the
WAEN* state through the latch, qualifying the wait drivers
(U45, U42). This clocking action is required to insure that
WAIT* will not be asserted in the middle of any bus access
already in progress. After the wait latch has been clocked,
CS* (BIC* or BOC* in some installations) causes WAIT* to be
asserted to the host.

The WAIT* line is released on the trailing edge of any read or
write strobe to the communications latch (U49). This release
is caused by the logical OR of RD6* and WR6* on U45 which
presets the wait latch (U36) to a non-wait request condition.

Bus Gating

During all accesses by the host, one of two signals will be
produced to gate the bus. During read operations, CS* and RD*
are ANDed, producing Bus Output Control (BOC*). This signal
gates the contents of the communication latch (U49) onto the
DAL bus. During write operations, CS* and WE* produce Bus
Input Control (BIC*). This signal latches the state of the DAL
lines into an internal R/S latch.

Register Selection
The combination of a host read or write operation along with
the WREQ* signal being asserted causes a signal, Card Select

Access (CSAC), to be generated. The 8X300 samples this signal
at U50 every 250 nanoseconds and, if asserted, reads the
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status of A0 through A2 and WE* (U60). The state of A0 through
A2 and WE* determine which register is to be accessed and in
what direction that access will take place.

Interrupts and DRQ's

The Controller produces Interrupt Requests (INTRQ) to signal
the end of all disk operations and Data Requests (DRQ) to
signal data ready to DMA controllers. INTRQ* and DRQ*
originate on the MFM generator (U4) as an auxillary function
of the chip. The INTRQ* signal is set using INTCLK and the DRQ
signal is set using DRQCLK, both of which are produced by U37.
Interruots are cleared by CSAC'* (a 200 nanosecond version of
the CSAC signal) and A0 and Al whenever the host reads the
Status register, issures a command, or accesses the sector
number register. DRQ's are cleared when the host accesses the
Data or Cylinder Low registers. DRQs will be re-issued for
each byte to be transferred. During Power On Reset or Master
Reset (MR*), INTRQ is set and DRQ is reset.
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HARD DISK INTERFACE BOARD

Signal Interfacing to the Model II Bus

Data is passed between the Hard Disk Interface Board and the
Model II system bus via two 8T26 transceivers, U40 and U4l.
Address and control signals are taken from the system bus and
are buffered by two LS240 inverting drivers, U29 and U43. U29
carries the address lines and U43 carries the control signals.
The WAIT* and XFERRQ* signals are driven to the system bus by
one-half of U28, a 7438 open-collector NAND gate. Connection
of these signals is made via Jl1, an 80-pin edge connector
which plugs into a standard Model II motherboard.

Signal Interfacing to the Hard Disk Controller Bus

Two 8T26 devices, U3 and U4, transfer data to the hard disk
controller bus (the HDC bus). Address lines A0 through A3 and
four control signals are driven to the HDC bus by U9, an LS244
inverting buffer. The INTRQ* and HDBWPCS signals are driven to
the HDC bus by one-half of U28. All data lines are connected
to a 220/330 terminator, R7, on the HDC bus side of U3 and U4.
These signals are taken from the interface board at J2, a
50-pin edge connector. A ribbon cable connects the board to a
50-pin I/0 header mounted on the Model II back panel.

Port Decoding Logic

The hard disk has 16 port mapped addresses for control and ID
registers. The first four positions of an eight position DIP
switch, S3, are used to determine the four most signaificant
addresses to be decoded as an access to the HDC. The hard disk
system for the Model II is mapped from CO to CF Hex. This
corresponds to a setting of S3 as follows:

positions 1, 2, 8 - OFF
positions 3, 4, - ON
positions 5, 6, 7 - Not Used

A 74S85 4-bit comparator, U37, checks address lines A4 through
A7 for an address that matches the setting of S3 which, in
this case, is CO to CF Hex. Upon an address in this range, the
signal at the A=B output, pin 6, will be the inverted output
of IORQ* ANDed with M1l. This signal is inverted by U2l and is
the enable for one-half of U38, a 74S139 two-into-four
decoder. U38 uses address lines A2 and A3 to give the outputs
SELDCR* (Seclect Device Control Register), or CTCEN* (CTC
Enable), or SELDIR* (Select Device ID Register).
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SELDCR* is ANDed by U32 with the inverted signal DEVEN which
originates from Ul6 pin 12 and Ul0 pin 13. This ANDed signal
becomes DCRCS* which is fed to U9 and buffered for the HDC
bus. This buffered signal is called HDBCS*.

CTCEN* is gated with the inverted signal DEVEN to form the
signal CTCCS*. When this signal is active low, an access of
the on-board CTC is present.

SELDIR* is gated with RD* by U24 to generate an enable for
one-half of Ull. The outputs of this 74LS139 correspond to
read operations from ports CO, Cl, C2, and C3. The outputs are
labeled RDDIRO* through RDDIR3*. SELDIR* is also gated with
WR* by U24. The resulting signal is tied to the enable of the
other half of Ull. Only two of the four outputs of this half
are used. These are WRDIR0O* and WRDIR1* which correspond to
WRITE operations to ports CO and Cl. WRDIR1* writes to port Cl
and sets the outputs of Ul6, a 74LS273. Ul6 provides the
following signals to the interface board:

DEVEN, WAITEI, INTRQEI, DMAEI, SFTRESET, and SFTINT.

U44, a 74S64, is a multiple input And-Or-Invert gate. The
output of this gate is inverted by one-sixth of U30 to become
the signal MIIDEN. This signal enables the bus transceivers,
U41 and U40, to either write data to or read data from the
Model II system bus. When MIIDEN is true (or high), data is
written to the system bus. When MIIDEN is false (or low), data
is read from the system bus.

DID Registers and Switches

Two Device ID registers are located at ports C2 and C3. These
registers can only be read and are set by means of two eight
position DIP switches, S1 and S2. Each switch and register is
used for identifying the two drives which they represent. S1
is read from port C2 and is used for drives four and five. S2
is read from port C3 and is used for drives six and seven.
Each drive is defined by a 4-bit number, 0 to F, and each
switch position stands for one bit of that number. When using
four 8-inch hard disk drives, S1 and S2 are set as follows:

5, and 7 - ON

positions 1, 3 ,
6, and 8 - OFF

4
positions 2, 4,
CTC
The Z-80 CTC chip (Ul5) on the interface board provides the
Model II with an interrupt vector for up to four interrupting

conditions from the Hard Disk Controller. CTC channels 0 to 3
are port mapped from location C4 to C7 respectively. The CTC
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uses the standard Z-80 system interrupt protocol where
interruot priority is determined by a peripheral device's
location in the daisy chain. Because of this, there cannot be
an open card slot on the Model II motherboard between the CPU
board and the Interface board.

16K Dynamic RAM

The interface to the Model II system bus consists of:
a. data bus buffers
b. address buffers
c. control line buffers

The data bus buffer-drivers buffer input data from the output
data to the CPU. They are chips Ul2 and Ul9. Gating logic
consists of U7, U8, U26, and U2.

The address buffers buffer and invert the address signals and
present them to the multiplexers (U34 and U35), to the port
select logic (U36), and to the memory select logic (Ul, U7,
and U26).

The control line buffers provide the following signals to the
memory board - SYNC* (Ml), CLOCK, MEMCYC*, RD*, REFRSH*, WR*,
IOCYC*, and RESET*. These signals are used by the RAS
precharge extender circuit, U33 and U26. This circuit ensures
that the minimum precharge time will be provided by the 4 MHz
CPU to the memory chips. RD* is used by U26 to gate data onto
the bus. REFRSH* is used by U26 and U8 to generate the memory
refresh pulse. WR* is buffered into the memory array and to
U36 for the I/0 port write pulse. IOCYC* is also used by U4l
for the same purpose. RESET* is used to clear port FF.

The memory array consists of eight chips. The chips are 16K by
1 bit MOS dynamic memory circuits. All the power supply
voltages are bypassed on every chip to provide good noise
immunity. The RAM chips are U45 through U52. C25 provides a
bulk capacitance of 12 volts.

The address multiplexers U34 and U35 take the buffered address
and drive the memory array through damping resistors R19 (DIP
resistor array). The MUX signal, provided by the timing
section, switches between the row address and the column
address. The damping resistors minimize the undershoot on the
signal lines which further enhances error-free operation.

The timing section consists of circuits U33, U26 (precharge

extender), Ul3 (delay 1line), U20 (delay line buffer), U27 (CAS
and MUX buffers), and Ul (CAS and write drivers). When MEMCYC*
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is active, indicating that the CPU is going to do a read or a
write, RAS is generated by the precharge circuitry and is
gated with REFRSH* at U26 (i.e.; no RAS pulse is passed to the
delay line during Refresh). The resulting pulse propagates
down the delay line generating first MUX, which switches the
address multiplexers from Row address to Column address, and
second, CAS which through drivers provides the signal of the
same name to the memory array.

RAS is also buffered by U8 to provide RAS to the memory array.
If WR* is present on the bus, then RAS is appropriately
buffered into the memory array and signals a write cycle. If
WR* is not present on the bus, the data from the memory array
is available for a read cycle. Note also that all RAS, CAS,
and WR signals are damped into the memory array just as the
address lines are and for the same reason. The damping
resistors are R1l, R2, and R15.

The memory select logic consists of packages Ul, U7, U29, U32,
and U8. The buffered address lines Al4 and Al5 and bits 1 to 3
of port FF are combined to produce select signals for pages 1
to 15. The memory select signal is then ORed with Refresh and
the resulting signal gates RAS into the memory array through
NAND gate US8.

I/0 port FF controls U25 which is an 8-bit resistor and is
selected by the strobe IOFFWR* which is generated by U36. U36
decodes the lower eight address lines, IOCYC, and the WR line
to generate the Select. The RESET line clears port FF upon
power-up or manual reset. Bits 1, 2, and 3 are used to decode
the Bank Select. Bank Select is normally decoded as the lower
four bits (DO - D3). Due to the lack of bit DO, the Bank
Select work in pairs. That is, if you select Bank F (DO - D3
all ones), it will also be present on Bank E (DO is zero, D1 -
D3 are ones). Bank F is usually selected.

If you compare this to the Model II RAM board you will notice
that it is very similiar. The video enable bit (D7) is not
needed here. The video overlay is from F800H to FFFF. Since
this board only has 16K of RAM and it is mapped from 8000 -
BFFF, it would not conflict with the video.
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10/ Supplement

This supplement to the Hard Disk Drive Service Manual
was reproduced by permission of:

Shugart Associates
475 Oakmead Parkway
Sunnyvale, CA 94086
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1.0 INTRODUCTION
1.1 GENERAL DESCRIPTION

The Shugart Model 1000 series disk drive is a random access storage device with one or two non-removable
8'' disks as storage media. Each disk surface employs one movable head to service 256 data tracks. The
two models of the SA1000 series are the SA1002 and the SA1004 with single and double platters respective-
ly. The SA1002 provides 5 megabytes accessed by 2 movable heads and the SA1004 provides 10 megabytes
accessed by 4 movable heads.

Low cost and unit reliability are achieved through the use of a unique band actuator design. The inherent
simplicity of mechanical construction and electronic controls allows maintenance free operation throughout
the life of the drive.

Mechanical and contamination protection for the head, actuator and disks are provided by an impact resis-
tant plastic and die cast aluminum enclosure. A self contained recirculating system supplies clean air
through a 0.3 micron absolute filter. Another 0.3 micron absolute filter allows pressure equalization with am-
bient air without chance of contamination.

The SA1000 fixed disk drive's interface is similar to the Shugart 8" family of floppy disk drives. The SA1000
is designed to fit into the same physical space as the 8'' floppies. However, existing floppy controllers are
not compatible with the SA1000 due to differences in the data transfer rates.

Key Features:

— Storage Capacity of 5.33 or 10.67 megabytes.

— Winchester design reliability.

— Same physical size and identical mounting configuration as the SA800/850 floppies.
— Uses the same D.C. voltages as the SA800/850 floppies.

— Proprietary Fas Flex Ill band actuator.

— 4.34 Mbits/second transfer rate.

— Simple floppy-like interface.

1.2 WINCHESTER TECHNOLOGY

The SA1000 disk drive employs Winchester technology. The term Winchester refers to several unique
features about the drive. They are:

* Environmentally sealed chamber for heads and disks.

* Disk surface lubricated to facilitate magnetic head take off and landing without damage to the media
(The heads can land randomly anywhere on the surface of the media).

* A head that flies 19 micro inches above the surface of the media.

* Reduced head load force of 9.5 grams which allows the heads to rest on the surface of media prior to
take off (The spindle speed for head take off is approximately 500 rpm).

The close proximity of the heads to the recording media permits recording densities of 6270 bits-per-inch.
This recording density allows 10 megabytes of data to be stored on an 8-inch drive. Sealing the chamber that
houses the disk and head assemblies prevents contaminants from reaching the disk surface. The 0.3 micron
absolute breather and recirculating filters keep the environment inside the chamber free from undesirable
particulate contaminants.

UNDER NO CONDITION MUST THE DRIVE BE UNSEALED IN THE FIELD. A CLASS 100 CLEAN ROOM EN-
VIRONMENT IS NEEDED FOR UNDER-THE-BUBBLE REPAIR.



1.3 SPECIFICATION SUMMARY
1.3.1 PHYSICAL SPECIFICATIONS

Environmental Limits

Ambient Temperature = 50° to 115°F (10° to 46°C)
Relative Humidity = 8% to 80% ‘
Maximum Wet Bulb = 78°F non-condensing

AC Power Requirements
50/60 Hz + 0.5Hz
100/115 VAC Installations
200/230 VAC Installations

90-127V at 0.75A typical
180-253V at 0.38A typical

DC Voltage Requirements
+24VDC + 10% 2.8A typical during stepping
(0.2A typical steady state, non stepping)
+5VDC + 2.0A typical during stepping
(3.6A typical non-stepping)
-5VDC + 5% (-7 to -16VDC optional) .2A typical

Mechanical Dimensions

Rack Mount Standard Mount
Height = 4.62 in. (117.3mm) 4.62 in. (117.3mm)
Width = 8.55in (217.2mm) 9.50 in. (241.3mm)
Depth = 14.25 in. (362.0mm) 14.25 in. (362.0mm)

Heat Dissipation = 511 BTU/Hr. typical (150 Watts)
1.3.2 RELIABILITY SPECIFICATIONS

MTBF: 8,000 POH typical usage

PM: None required

MTTR: 30 minutes
Component Life: 5 years

Error Rates:
Soft Read Errors: 1 per 10'0 bits read
Hard Read Errors: 1 per 10'2 bits read
Seek Errors: 1 per 108 seeks

1.3.3 PERFORMANCE SPECIFICATIONS

Capacity SA1002 SA1004
Unformatted
Per Drive 5.33 Mbytes 10.67 Mbytes
Per Surface 2.67 Mbytes 2.67 Mbytes
Per Track 10.4 Kbytes 10.4 Kbytes
Formatted
Per Drive 4.2 Mbytes 8.4 Mbytes
Per Surface 2.1 Mbytes 2.1 Mbytes
Per Track 8.2 Kbytes 8.2 Kbytes
Per Sector 256 bytes 256 bytes
Sectors/Track 32 32
Transfer Rate 4.34 Mbits/sec 4.34 Mbits/sec



Access Time

Track to Track 19 msec 19 msec
Average 70 msec 70 msec
Maximum 150 msec 150 msec
Average Latency 9.6 msec 9.6 msec

1.3.4 FUNCTIONAL SPECIFICATIONS

Rotational Speed 3125 rpm 3125 rpm
Recording Density 6270 bpi 6270 bpi
Flux Density 6270 fci 6270 fci
Track Density 172 tpi 172 tpi
Cylinders 256 256
Tracks 512 1024
R/W Heads 2 4
Disks 1 2

2.0 THEORY OF OPERATION
2.1 INTRODUCTION

This section will functionally describe the major circuits of the SA1000. For interface timing, refer to SA1000
OEM manual P/N 39010.

2.2 POWER ON RESET CIRCUIT (POR)

In order to generate a -POR (Power on Reset) signal, a simple switching circuit on the control PCB is used.
This circuit utilizes capacitor C4, transistor Q5 and two biasing resistors R67 and R68. When initial D.C.
voltages are applied to the drive, C4 charges up from 0 volts preventing Q5 from turning on. This establishes
a low at the output of IC 5C. It takes approximately 50ms for C4 to charge up enough to turn on Q5. Once Q5
is turned on, IC 5C8 will remain high until power is removed.

The following latches are cleared during the power-on phase:

— Resets the fault latch, 6D on the Control PCB.

— At the stepper PCB - POR loads counter chip 3F with a hex count of 3, which is translated at the de-
coder chip 2F to 0A,, 0B, (phase A).

— Resets the seek complete latch 2A, allows seek complete to be active at the interface if the
read/write heads are located at Track 000.

— Sets the Auto-Recal latch 3C on the stepper PCB.
— Clears the step enable latch, 1C on the stepper PCB.
— Loads track count buffer IC's 5E and 4B to a hex count of FF on the stepper PCB.

After the reset initialization is completed the drive waits for the ready condition to occur.



2.3 DRIVE READY (CONTROL PCB/STEPPER PCB)

The drive ready condition occurs when the disk spindle speed is above 95% of its nominal velocity (@ 2968
RPM's). The ready circuit is derived by comparing the time between two successive index pulses to a fixed
time reference. The index detection circuit consists of an op amp differentiator and a one shot schmitt trig-
ger. A zero detection at the output of the differentiator circuit would generate a 10us pulse at the output of IC
7B7. The frequency of the index pulse is depended upon the rated rotational velocity of the disk. The fre-
quency period is equal to 19.2ms when the disk is rotating at the rated speed (3125 rpm).

At the Stepper PCB an active low index signal presets the parallel inputs to counters 1E and 2E. These
counters are clocked by a 271Khz signal. It takes approximately 20 ms for 1E and 2E to overflow. A low, out
of counter 1E14, resets speed latches 1D and 5F. The speed latches will remain cleared if the time between
two index pulses is greater than 20.04 ms, indicating a not ready condition. When the disk is rotating above
95% of its nominal rotational speed, incoming indexes will preset 1E and 2E before they time out. The next
index signal will set latch 5F and 5F6 will go low indicating an active ready condition.

2.4 AUTO RECAL (STEPPER LOGIC P.C.B))

An Auto Recal is performed if two basic conditions are satisfied: One is that drive ready has to be in the ac-
tive state, and the other is that the heads must not be positioned over track zero. Assuming that these condi-
tions are met, the following logic functions are performed. The Index signal is gated through IC's 3C and 4F.
The Step Enable signal is in the inactive state, which allows the index signal to be used as a pseudo step
signal. The Auto Recal latch (3C) is currently in the set position, indicating the direction of motion of the
read/write heads will begin to recalibrate in the normal mode of operation until the track zero phase (phase
A) is detected. The seek settle timer 1B and 2B will time out in approximately 18ms, activating Seek Com-
plete at the interface. The drive is now ready for normal operation.

2.5 STEPPING
The STEP interface line is a control signal, which causes the read/write heads to move in the direction defin-
ed by the DIRECTION IN line. The Direction In line must be stable at least 100ns before the leading edge of
the Step pulse.

There are two basic modes of operation of stepping the read/write heads, the normal mode and the buffered
mode. In order to implement either of these two modes of operation, there are several conditions that must
be initiated before stepping can be accomplished.

1. Write Gate must be inactive.

2. Drive Select must be active.

3. Ready must be active, and Seek Complete true.
2.5.1 BUFFERED MODE STEPPING
In this mode, the step pulses are received at a high rate (pulse period separation between 3.0us and 200us),
and buffered into step counters 4B and 5E. Once all step pulses have been received, Step rate timer 5A14
will output a low, which is gated through IC's 3D10, 3E5 and 4F5. This logic function is used to prevent any

more step pulses from being received.

The actual stepping operation will now begin, depending upon the step count loaded into the step count buf-
fers, 4B and 5E. For discussion, assume a 20,, track seek operation.



Counters 4B and 5E will hold a count of 3, and 1,6 respectively. The count of IC.4B will be compared to the
count of IC 3A (this count currently equals zero). Since IC 4B’s count is greater than the count of IC 3A, IC
4A, Pin 5 will output a logical one. A high signal out of 4A will select the outputs from counters 3A through 3B.
This particular count will be used as an address to prom 5B. The firmware control for each address is design-
ed to select the appropriate step rate time (see figure 1). The approximate time for the first step rate is 200us
(Prom address 16,,) and the second step rate time is approximately 560us (Prom address 17,,). The output
from IC 5A, Pin 14, will clock the divide-by-2 flip flop at 1D. The output (low to high transition) from the flip flop
(IC 1D, Pin 9), has several important functions:

— Enables the 14us window generator circuit (step enable signal).
— Enables sequencing from the phase counter.

The phase counter will either count up or down depending upon the direction line. (For phase
counter timing see figure 2).

— Enables the down count from counter 4B.

The step count from counter 4B is continuously compared to the count of 3A, until 3A becomes greater than
the count of 4B. At this time data selector 3B will select the lower value step count of IC 4B. Slower and
slower step times are selected (ramping down) until the step time is at the rate of the initial step.

For longer seeks, the step speed will increase (ramp up) during the first 15 steps, until the maximum step
speed is reached. The speed will be maintained until only 15 steps remain. Now the step speed is decreased
(ramp down) gradually down to the initial 1120 usec rate. The purpose of ramping up is to decrease the total
seek time, and the purpose of ramping down is to slow the stepper mass down in order that a settle time of
18 msec, can be maintained.
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FIGURE 1. TYPICAL STEP RATE RAMP CURVE



GENERAL STEP PHASE TIMING
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FIGURE 3. READ CHANNEL BLOCK DIAGRAM

2.5.2 NORMAL STEPPING

Normal seeking entails exactly the same sequence of events as the Buffered Step Mode with the only dif-
ference being that only one step pulse is loaded into the Step Buffer, and the rate of stepping is considerably
slower. In this mode of operation the read/write heads will move at the rate of the incoming step pulses. The
pulse width is 3us minimum and the minimum time between successive steps is 1.5ms.

2.6 STEPPER DRIVER (CONTROL P.C.B.)

The stepper driver circuit is enabled by a low active enable step signal. The phase signals are entered via
cable J9, and are gated through open collector type drivers. For discussion purposes, assume that phase A,
is active, this signal would turn on Q18 and Q22 respectively, allowing the 24v Darlington switch to pass cur-
rent through Q22 (low impedance), and to the A, coil phase of the stepper motor. The activated A, phase will
also cause Q10 and Q27 to turn on. The amount of current flowing through the Phase A winding is regulated
by a switching regulating circuit consisting of 5A2, 4B1, Q14 and Q16. The current is monitored at a summ-
ing node and at the voltage comparator 5A2. If the current becomes too high, comparator 5A2 will switch,
turning off Q14 and Q16. This prevents any current from flowing through the phase A, motor coil. In this
mode the 5A2 comparator will switch on and off as required. Transistors Q21 and Q28 are in the off mode
eroviding a high impedance path for current to flow from Q21 into the A, phase winding. This prevents any
other phases from becoming activated. Once the desired cylinder has been reached + REF seek complete
will go true turning on Q29 and enabling + 5 volts to hold the stepper motor in position. The limiter 6A2 is ac-
tivated and it regulates current flow to the motor coil.

2.7 READ (CONTROL PCB, REFER TO FIGURE 3)
In order to initiate a read operation the following conditions must be satisfied:
— A selected drive.
— Drive Ready Active.
— A selected head.
— Write gate inactive.
— All Fault conditions cleared.

— Seek complete.



The read operation begins with raw read data flowing through the selected head. Resistor R1 (430Q) pro-
vides read damping necessary for the detection of flux transitions, and also provides the necessary im-
pedance matching between the read/write head and the first amplification stage. The first stage of the read
channel consists of isolation transistors Q2 and Q9, and protection diodes( CR9 and CR10). Differential
amplifier 2F functions as a high pass filter allowing any frequency above 15 Khz to pass through, and the 4
pole Bessel filter acts as a low pass filter allowing only frequencies below 5.3 Mhz to pass through. Tran-
sistors Q3 and Q4 act as an active impedance matching network to the final stage of signal amplification.
The final stage of amplification consists of a differential op amp, which allows only frequencies below 22
Mhz to pass. Typical amplification for the total read channel is 104 for 1F and 97 for 2F frequency. A 2 pole
Bessel filter with a corner frequency at 3.3 Mhz is inserted between 3F and 5F for additional droop reduc-
tion. The amplified raw data is digitized by a zero crossover detect one shot (8T20). The delay created by the
one shot at location 7B is used to delay erratic data long enough to be out of the window created by the com-
bination of IC 7F and IC 6F11. The output of 6E3 (or TP 5) is the digitized droop ignore circuit (noise ignored).
The digitized read data is then gated to the interface.

2.8 WRITE
In order to initiate a write operation the following conditions must be satisfied:
— Write gate on.
— Ready.
— Drive selected.
— Head selected.
— No fault conditions.

— Seek complete.

Assuming that the above conditions are satisfied a Write operation will be initiated. The write operation
begins with an active Write gate signal at 4D9. Write Gate active will turn off the read detector, and turn on
transistors Q6 and 2C8, 9, 10, allowing current to flow through the write current sense line. Current flow is
limited by three 1% resistors R22, R23 and R24. If the cylinder is less than 128 Reduce IW signal should be
in the inactive state, which allows an extra 10 ma to flow. When the cylinder count becomes greater than
128, Reduce IW should be activated, turning off transistor 2C12, 13, 14 preventing current from flowing
through R22, thus reducing the amount of current by approximately 10 ma. Current flow is monitored by
+ IW Sense signal. This signal alerts the control circuitry that an Write operation is being performed. Write
data is gated to F/F 5D, which divides the write data. In this mode write current will be switched by alternate-
ly turning 2C on and off. Write data will be written to the head whose center tap has been selected by the
decoder IC (1C).

2.9 ERROR DETECTION (CONTROL P.C.B.)

The fault signal is used to inhibit improper writing on the disk. There are two basic fault conditions that are
detected. They are:

1. Write Current in the heads wihtout Write Gate active.
2. Multiple heads selected.
Fault condition 1 will set latch 6D, preventing any data from being written on the disk. Fault condition 2 will

also set Iatch_ 6D, indicating more than one head has been selected. In order to reset any fault condition the
drive select line must be inactive for at least 500 ns or until a power-on-reset is applied.
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1.0 TROUBLESHOOTING TECHNIQUES
1.1 PHILOSOPHY

The following troubleshooting techniques are designed to aid field service personnel in locating a drive fault
down to the circuit level or to determine that the drive is not field repairable. in which case the drive must be
repaired at a depot facility

1.2 EQUIPMENT REQUIRED
1. A power supply capable of generating the following voltages.
+ 5 volts @ 3.6 Amps
-5 volts @ .2 Amp or (-7 to -16 VDC optional)
+24 volts @ 2.8 Amps
2. Oscilloscope - Tektronix 465 or equivalent
a. Probes: X 10 2 each
X 1 1 each
b. clip-on current probe
3. Digital Multimeter - H/P 3476B or equivalent.

1.3 PCB TEST POINTS

1.3.1 Control PCB Test Points
) FIGURE 4. 2V/div5 ms

INDEX SIGNAL 19.2 ms (Fig. 4)
DIFFERENTIATED READ DATA
DIFFERENTIATED READ DATA
DIGITIZED READ DATA
TRACK 000 FLAG 1, LOGICAL 1 = TRK 000
WRITE GATE
ENABLE STEP (Fig. 5)
WRITE DATA MFM

10 SEEK COMPLETE

11 GROUND
(8F-9) SYSTEM CLOCK 3.69usec (Fig. 6)

12 READ DATA

14 GROUND

15 GROUND

OO ~NOOBBWN

1.3.2 Stepper PCB Test Points

STEP COMPLETE (LAST STEP)
GROUND

GROUND

STEP RATE SIGNAL

adwnNn =

FIGURE 6. 2V/DIV 1us



1.4 TROUBLESHOOTING FLOWCHARTS

The interface signals utilized by various flowcharts may be generated by the host system/controller through
its own diagnostic routines. :

FLOW CHARTS

y Test entry point

O Perform test indicated

D Test is completed successfully go to next test.

“AC POWER TEST"
“TEST A™

PRELIMINARY NOTES
1 CHECK DRIVE VOLTAGE AND FREQUENCY SPECIFICATIONS
BEFORE SUPPLYING AC POWER TO THE DRIVE

Y

IS
DISK
ROTATING

REMOVE SPINDLE A
LOCKING SCREW

CHECK FOR
PROPER AC
VOLTAGE « 4
CONNECTOR

REPLACE AC
POWER CABLE A
CHECK AC

SOURCE

REPLACE DRIVE
BELT

DEFECTIVE?

REPLACE AC

|

IF DISK DOES NOT
ROTATE PROPER.-
LY AFTER REPLAC-
ING DRIVE MOTOR.
THE DRIVE
SHOULD BE
RETURNED TO
DRIVE DEPOT
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PRELIMINARY NOTES

1. CHECK R
OPTIONS ON

GULATOR JUMPER
CONTROL PCB

FOR CORRECT POSITION

(-5V OR -15V)

NOTE: IF LSI CHIP IS
INSTALLED THEN TEST
#1 NEED NOT BE
PERFORMED

“DC VOLTAGE TEST
“TEST B”

CHECK FOR +5 FLAT RIBBON CABLE J9 VOLTAGE
VOLTS @& TEST»m PINS
STEPPER PCB o o
21 + 5V
24 iV
1-17 (ODD) GROUND
YES
RECHECK /9 AT | TEST#2 ]
CONTROL PCB REPLACE
IF RIBBON CABLE OKAY GTEPPER —®
PCB
1S
TEST YES REPLACE FLAT
"2 RIBBON CABLE
OK? J9
CHECK FOR+5
VOLTS @ J5
CONNECTOR ALSO| TEST #3
CHECK OTHER DC
VOLTAGES
JS PIN VOLTAGE
1 +24 VOLTS
2 +24 RETURN
3 -5 RETURN
4 -5 VOLTS
S +5VOLTS
6 +5 RETURN
REMOVE P5 FROM
CONTROL PCB &
RECHECK DC TEST #4
VOLTAGES
REPLACE CON- B
TROL PCB
REPLACE .5
CABLE 8
CHECK SYSTEM
POWER SOURCE | TEST #5

REPLACE SYSTEM
POWER SOURCE

11

NOT A DRIVE FAULT CHECK FOR OTHER SOURCES



DRIVE
SELECTED?

CHECK FOR A
3.69us TIM(ISNG
CLOCK SIGNAL AT T#1
INTERFACE Ll
J298 10
CHECK FOR TIM-
NO | ING CLOCK AT TEST #2
CONTROLLER IN-
TERFACE
YES 1S
TIMING
CLK @ CON:
CHECK CABLE J9 TROLLER
PIN 16 AT CON- | TEST #3
TROL PCB
NO REPLACE CON- VERIFY CON-:
TROLLER OPERA-
TROL BD o
YES
CHECK J9 16 ATOR é) m
STEPPER PCB F
TIMING CLOCK TEST 44
NO REPLACE J9
CABLE
STEPPER PCB IC'S
YES PIN LOCATIONS
2E-1
VERIFY J4 TIMING 1E1
CLOCK AT THE 30-9
FOLLOWING CHIP | TEST #5 1A-13
LOCATIONS AT 5A-1
STEPPER PCB 1C9
181
2811
1A1
REPLACE
NO STEPPER ___@
PCB
NOTE. CABLE /9 WILL BE

YES

“DRIVE NOT READY"
“TESTC”

PRELIMINARY NOTES
1. TEST A AND B MUST BE COMPLETED SUCCESSFULLY
BEFORE STARTING TEST C

ACTIVATE AP-
PROPRIATE DS
LINE

-

REPLACE J2

CABLE

20 PIN CONNEC:-
R

TEST C CONTINUED NEXT PAGE

Toé

OMITTED WHEN THE STEPPER
LSI CHIP IS INSTALLED IN LOCATION #3C

OF CONTROL PCB
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“DRIVE NOT READY"

l “TEST C CON'T"
CHECK INDEX CHECK (-) RDY
PULSE TIMING AT J1-4 TEST #9
FOR A 192 MS TEST #6
PERIOD J6 PINS 1
AND 2
REPLACE
INDEX NO
TRANDUCER IS A @
NOT FIELD
NO| REPAIRABLE.
DRIVE MUST
BE RETURNED YES
TO REPAIR CHECK RDY AT
YES FACILITIES. CONTROL PCB IN-|  TEST #10
TERFACE J1
CHECK INDEX PIN 22

INTERFACE OF

STEPPER PCB 9 | TEST#7

PIN 2
REPLACE CON-
TROL PCB
NO| REPLACE CON-
TROL PCB
VERIFY SYSTEM OPERATIONS
YES
CHECK INDEX @
INTERFACE OF
STEPPER PCB Jo | TEST#8
PIN 2
NO| REPLACE CABLE
J9
YeES
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CHECK FOR A
LOGIC "0 AT

J1-42 TRACK
000 SIGNAL

NO

CHECK FOR INDEX
SIGNAL @« 4F-6
(19.2 MS) (STEPPER

)
O
o

YES

DIRECTION LINE
SHOULD BE A HIGH
(STEP IN) & SEEK
COMPLETE FALSE
(STEPPER PCB)

“TEST D”
“DRIVE WILL NOT AUTO RECAL”

PRELIMINARY NOTES: DISK DRIVE MUST BE
SPINNING AT RATED VELOCITY (3125 RPM)
AND DRIVE MUST BE IN THE READY CONDITION.

NOTE: CHECK HEADS FOR POSITIONING.
HEADS MUST BE POSITIONED AT OUTER-

TEST #1 MOST TRACK (TRACK 000).

DRIVE WILL NOT
YES RECAL IF HEADS
ARE POSITIONED
OVER TRACK 000

TES' #2

NO REPLACE
STEPPER
PCB

YES

TEST #3
TEST #4
CHECK FOR AN
ACTIVE LOW REPLACE CON-
»| SEEK COMPLETE TROL PCB OR J9
AT DRIVE (J2-1) CABLE
INTERFACE
No REPLACE
= STEPPER
PCB
CONTINUE NEXT PAGE . ..

14



CHECK FOR PRO-
PER PHASE
DECODING &
STEP ENABLE
TIMING. CHECK
FOR SAME
SIGNALS @
CONTROL PCB
END OF CABLE

YES

CHECK FOR PRO-
PER PHASE SE-
QUENCING &
FOLLOWING PINS

YES

DRIVE IS NOT
FIELD REPAIRABLE

“DRIVE WILL NOT AUTO RECAL”

“TEST D CON'T”
TEST #5
PHASE INTERFACE CONNECTOR PCB
0A1 22
0A2 23
0B1 26
0B2 25
NO REPLACE CON-

TROL PCB OR J9
CABLE

PHASE PIN LOCATIONS
A1 J3-10 & J3-9
TEST #6 A2 J3-8 & J3-7
B2 J3-6 & J3-5
B1 J3-4 & J3-3
*NOTE: USE CLIP ON CURRENT PROBE
NO REPLACE CON-

TROL PCB

15



“DRIVE DOES NOT SEEK"
“TEST E"

NOTE 24V GROUND AND - 5 VOLT GROUND MUST BE
REFERENCED

ACTIVATE AP
PROPRIATE DS '—®
LINE

CHECK FOR A NO gisgc;h)NTlON

ACTIVE LOW T —( : )
STEP SIGNAL « | TEST™! TROLLER

J1 PIN 36

CHECK DRIVE

DIRECTION LINE.

BE SURE THAT
THE DIRECTION

LINE IS NOT ARE

HIGH AND STEP PULSES

TRACK 000 « CONTROLLER
INTERFACE?

DETECTOR IS
TRUE

TEST #2

CHECK FOR
(S:?EEPC:UFL%‘ES “ STEP PULSES « REPLACE 1
19.14 CONTROLLER IN- CABLE
e TERFACE
NO REPLACE CON.-
TROL PCB l
CHECK FOR
SAME SIGNALS
YES OF OTHER END
OF CABLE
CHECK FOR

STEP PULSES
4F-6 OF STEPPER | TEST#3
PCB

NO | REPLACE
CABLE OR _..@
CONTROL PCB
NO REPLACE .9 ..
GABLE TESTwe  PHASE PIN LOCATION

A1 J3-10, J3-9

CHECK FOR

PROPER PHASE A2 jg-g. jg;

YES SEQUENCING @ B2 -6,

THE FOLLOW- B1 43-4.433
CHECK FOR A ING PINS.
14,5 STEP NOTE: USE CLIP-ON
ENABLE SIGNAL TEST #4 CURRENT PROBE
« 3C-8 OF STEP
PER PCB
NO | REPLACE CON-
TROL PCB
NO REPLACE STEP-
PER PCB YES
DRIVE NOT
YES FIELD
REPAIRABLE.
CHECK PHASE TEST #5
SIGNALS AT THE

FOLLOWING
PINS

END
TEST

PHASE INTERFACE CONNECTOR PINS
NOTE B: IF DRIVE SEEKS, BUT GETS EXCESSIVE SEEK
e 22 ERRORS, TRY REPLACING DAMPER ASSEMBLY REFER TO SECTION 2.4
982 . FOR REPLACEMENT PROCEDURE.
082 25
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“DRIVE DOES NOT FIND TRACK 00”
“TEST F”

PRELIMINARY NOTES:

1. DRIVES MUST BE SELECTED AND READY.

2. TRACK 000 IS OUTERMOST DATA TRACK.

3. ALLOW TIME FOR DRIVE TO PERFORM
AN AUTO RECAL.

NOTE: REFER TO TRACK ZERO ADJUSTMENT
PROCEDURE SECTION 2.6

(OOOE=

CHECK TO SEE IF | TEST#1
TRACK 000 DETEC-
TOR FLAG IS
LOCATED BET-
WEEN PHOTO
DETECTOR.

NO _|PERFORM TRACK
000 ADJUSTMENTS
YES

TEST #2

CHECK TEST TP6
FOR A LOGIC HIGH
CONTROL PCB

NO REPLACE CON-
TROL PCB
YES

TEST #3

CHECK !3 PIN 11
FOR A LOGIC 1"

REPLACE TRACK
000 ASSEMBLY
DETECTOR

RECHECK TRACK
000 ALIGNMENT,
AND CONTROL
ELECTRONICS
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TEST #1

IS
DRIVE
SELECT
ACTIVE

TEST #2

“DRIVE WILL NOT WRITE”

“TEST G”
ACTIVATE AP-
PROPRIATE DS
LINE
CHECK OR
NO REPLACE CON- —@
TROL PCB

CHECK FOR AC-
TIVE LOW WG AT
INTERFACE J1-40

IS WG

SIGNAL

PRESENT?

REPLACE J1 CABLE

_@

No | CHECK WG @ CON- TEST #4
TROLLER INTER-
FACE SELECT MULTIHEAD
5B8-13 = LOGIC "0" YES
UNDER NORMAL
YEST TEST#3 OPERATION
CHECK FOR
WRITE FAULT
CONDITIONS st s WRITE CURRENT
MULTIHEAD  EOITIOAE FAULT
OR WRITE CHECK IC 4D-2
CURRENT FAULT SHOULD BE A LOGIC REPLACE CON-
“1" WHEN WG IS TROL PCB
ACTIVE
TEST #5
YES REPLACE CON-
TROL PCB
TEST #
CHECK HEAD ok s
RESISTANCE WITH )
AN VOM. TYPICAL DRIVE NOT FIELD
| REPAIRABLE.
HEAD RESISTANCE e 15
BETWEEN CENTER SETURN AN
TAP AND COIL IS
6Q TYPICAL YES
T NOTE: REMOVE HEAD
CABLE WHEN TAKING
HEAD CT PINS RESISTANCE MEASUREMENTS.
+ HEAD 0 J7-1
HEAD 0 J7-3
+HEAD 1 J7-4
HEAD 1 J76
472 482
75 185
+ HEAD 2 J8-1
HERRE 83 | NOTE: MAY BE A SYSTEM
h#12 o gl PROBLEM VERIFY SYSTEM

OPERATIONS
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TEST #1

IS
DRIVE
SELECTED?

NO

CHECK FOR AN IN-
ACTIVE WG INTER-
FACE AT J1-40
LOGIC 1"

TEST #2
NO

YES

CHECK WG @ 4D9
AND 5F-13 SHOULD

BE A LOW + .4,
+1.7V
TEST #3
NO
YES
CHECK READ DATA
@ TPS
TEST #4
NO
YES

“DRIVE WILL NOT READ”

“TEST H”

ACTIVATE AP-
PROPRIATE DS
LINE

_®

CHECK OR
REPLACE CON-
TROLLER

CHECK WG @
CONTROLLER
INTERFACE

WG INAC-
TIVE @ CON-

REPLACE J1
CABLE

REPLACE CON-
TROL PCB
YES
TEST #5
CHECK RD AT TP3
AND 4
YES

NO

_®

REPLACE
CONTROL PCB
OR IC 5F

TEST #6

CHECK HEAD
IMPEDANCE AS
IN STEP #6 OF
TESTG

DRIVE NOT
FIELD
REPAIRABLE




2.0 DRIVE MOTOR/PULLEY/BELT REMOVAL INSTRUCTIONS

1.

2.

10.

11.

Remove the connectors at J5, J6, J7, J8 and J9, on the control PCB.
Unfasten the four keyed PCB mounts.

Remove the PCB.

. Unscrew the three cover mounting nuts (refer to Fig. 7).

Remove the cover.
REFERENCE FIGURE 8 FOR THE FOLLOWING

Remove the drive motor belt (60Hz — P/N 60375; 50Hz — P/N 60376) by rotating the spindle
clockwise. CAUTION: Counter-clockwise rotation may damage the heads or media.

. Loosen the two allen head set screws on the drive motor pulley and remove it from the drive

motor shaft.

Loosen the screw that secures the capacitor mounting bracket to the casting and rotate the
bracket clear of the capacitor.

Release the AC connector plug from its bracket on the casting.
Note the location of the three wires on the capacitor and remove them.

Unfasten the four locknuts securing the drive motor. Remove the four insulated washers and
ground strap. The motor may now be withdrawn from the drive.

2.1 DRIVE MOTOR/PULLEY/BELT INSTALLATION INSTRUCTIONS

1.

2.

Verify that there is an insulated washer (P/N 60482) on each of the four drive motor mounting shafts.

Locate the motor in its cavity in the base casting and install four more insulated washers. Install the
four locknuts, leaving them slightly loose.

Measure the center-to-center distance from the spindle shaft to the drive motor shaft. This distance
must be 7.73 inches. Reposition the drive motor if necessary. Tighten the locknuts securely.
CAUTION: Counter-clockwise rotation may damage the heads or media.

Route the AC connector plug leads between the capacitor and the base casting. Insert the plug into
its bracket.

Reconnect the three capacitor wires and tighten the capacitor bracket mounting screw.
Install the drive motor pulley on the drive motor shaft so that there is .660 inch clearance between

the top edge of the pulley and the drive motor face (refer to Fig. 8a). Insure that one of the set
screws is located on the flat side of the drive motor shaft. Tighten the screws.

. Reinstall the control PCB.

Reinstall the cover and secure with the three mounting washers and nuts.
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.660”

AC DRIVE MOTOR —%

FIGURE 8a. DRIVE MOTOR PULLEY ADJUSTMENT

2.2 SPECIAL EQUIPMENT
A. 465 Tektronic scope or equivalent.

B. 1 x 10 probe.

2.3 INDEX TRANSDUCER ADJUSTMENT PROCEDURE
A. Remove the J6 cable from the control board.
B. Remove the cover assembly by unfastening the three mounting nuts.
C. Remove the stepper board.
D. Apply A/IC power to the drive.

E. Place scope probe on signal wire of J6 cable, and ground the other side ot J6 cable wire. (Mode AQ
1V/div, time base 5 ms).

F. Adjust the index transducer by turning the base with a 3/8'' open end wrench. Adjust the index
pulse so that a 9V pp = 0.1V pp minimum signal appears on the scope (see Figure 9).

G. Remove A/C power from drive.

H. Remount the stepper PCB and reinstall the index transducer cable to J6.

I.  Reinstall the cover assembly.

INDEX TRANSDUCER

FIGURE 9. INDEX PULSE
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2.4 DAMPER REMOVALI/INSTALLATION PROCEDURE

2.4.1 DAMPER REMOVAL PROCEDURE
A. Remove the filler screw from the side of damper (refer to Figure 10).
B. Insert a .050"" allen wrench into the hole formerly occupied by the filler screw, and loosen
the allen screw inside. Gently remove damper assembly by applying a light upward
pressure. NOTE: The damper must remain upright to prevent fluid loss.

C. Reinstall filler screw.

D. Wipe damper clean.

2.4.2 DAMPER INSTALLATION PROCEDURE
A. Obtain new damper assembly, P/IN 60477.
B. Apply A/C power to the drive.
C. Remove the cover screw from the side of the damper.
D

Insert an allen wrench into the cover screw hole and loosen the screw enough to slide the damper
onto the actuator motor shaft.

E. Obtain the damper spacing tool (P/N 600548). Place the spacing tool between the damper and the
track 000 clamp (see Fig. 11). Slide the damper against the tool and tighten the allen screw.
Reinstall the filler screw.

F. Remove the spacing tool and wipe the damper clean.

G. Turn off AC power.

DAMPER

% FILLER SCREW
-

.010” DAMPER SPACING TOOL
.050” ALLEN WRENCH

-

ACTUATOR
MOTOR

FIGURE 10. DAMPER REMOVAL FIGURE 11. DAMPER INSTALLATION

24



2.5 TRACK 000 FLAG ASSEMBLY INSTALLATION AND REMOVAL

2.5.1 TRACK 000 FLAG ASSEMBLY REMOVAL

A
B
C.
D

E.

F.

Apply AC/DC power.

Allow the drive to perform an auto recal.

Turn off DC power.

Remove the damper in order to access the flag assembly (P/N 60404). Reference Section 2.4.1,
Damper Removal Procedure. NOTE: Caution should be used to insure that the actuator

motor shaft does not move during this procedure.

Loosen the allen head set screw on the Track 000 flag collar (P/N 60417) (ref. Fig. 12).

Gently slide the collar off the actuator motor shaft.

2.5.2 TRACK 000 FLAG ASSEMBLY INSTALLATION

A.

E.

Install the flag assembly onto the actuator motor shaft. NOTE: Caution should be used to
insure that the actuator motor shaft does not move during this procedure.

Locate the damper spacing tool (P/N 60548) between the top of the actuator motor and the
bottom of the Track 000 flag collar (ref. Fig. 13).

Position the flag so that it is centered in the Track 000 detector assembly (ref. Fig. 14).

Tighten the set screw in the collar, verifying that the .010 inch gap remains when the spacing
tool is removed.

Reinstall the damper assembly, as per Section 2.4.2.

2.6 TRACK 000 ADJUSTMENT PROCEDURE

2.6.1 TRACK ZERO ALIGNMENT PROCEDURE

A

B.

Turn AC/DC power on.
Allow the drive to perform an auto recal.

Using an allen wrench, loosen the Track 000 clamp. (Insure that the clamp does not slip down on
the actuator shaft).

With the drive at track zero, center Track 000 indicator flag in the center of Track 000
detector assembly (ref. Fig. 14).

Power down D.C. voltage.
Turn the damper counter-clockwise until it contacts the Track 000 crash stop.
Turn on D.C. voltage. The Track 000 flag should move 1/8'* while still maintaining center position.

Check TP6 on the control PCB for Track 000 indication (logical *‘1"").
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TRACK 000 FLAG CLAMP

ACTUATOR MOTOR

7/64” ALLEN
WRENCH

FIGURE 12. TRACK 000 FLAG COLLAR

TRACK 000 FLAG COLLAR

TUATOR MOTOR
ACTUATO DAMPER SPACING TOOL

FIGURE 13. TRACK 000 FLAG ADJUSTMENT

TRACK 000 FLAG

TRACK 000
INDICATOR

FIGURE 14. TRACK 000 FLAG ALIGNMENT
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3.0 SA1000 JUMPER OPTIONS

The following jumper options are located on the control PCB, P/N 26050. Reference Figure 15 for the loca-
tions.

JUMPER FUNCTION
Fault When jumpered, this option disables the fault detection circuitry.
Ready When jumpered, this option enables an active ready signal at the interface.

Drive Select  When jumpered, this option selects the designated drive.
(DS1 - 4)

-5, -15 Volts When jumpered in the -5 volt configuration, this option bypasses the regulator chip - to
be used when the input voltage is rated at -5 volts. When jumpered in the -15 volt con-
figuration, this option allows a -15 volt input to be regulated to -5 volts.

BBl 28

¢ (SR

= Al @@- [j

Eﬁ%tﬂamga % 5[313 513[3 EEZ[E@&U

“.EJE:E;

: E@E@@@@%l%@@a@% :
ol d T sl @@m@lagaﬁaﬂﬂﬂgﬂg

@BFWB T

-5, - 15 VOLTS JUMPER

FIGURE 15. SA1000 CONTROL PCB
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PIN

60310
60482
60461
60373
12067
11718
60506
60505
60503
60379
11719
12067
26046
26051
60468
60464
12081

PIN

60315
60316
15688
15669
15666
15665
60529
60334
12015
60451
12050
60060
60482
11711
60375
60335
12015
60487
60394
15692
15699
15666
15665
60529
60334
12015
60314
12050
60060
60482
11711
60376
60335

60531

60533
60532
60037
60499
60477
60430
60417
11928
60404
10170
60480
11930
10023
60425
10187
10440
19505

SA1000 ILLUSTRATED PARTS

DESCRIPTION

Basic Drive Kit

Cover Assembly, Rack

Rack, Bottom

Rack, Front

Screw

Nut, Push

Cover Assembly, Standard
Cover, Bottom

Cover, Front

Bushing, Bottom

Nut, Push

Screw

PCB, Stepper

PCB, Control

Flat Cable, PCB Interconnect
Bracket, Shipping (Spindle Lock)
Screw

DESCRIPTION

110V AC Motor, Harness Asm.
Motor, Spindle
Receptacle, Faston
Connector, Mate-N-Lok
Grounding Pin
Split Pin
Capacitor, 5uf
Bracket, Capacitor
Screw
Pulley, 60 Hz
Set Screw
AC Ground Strap
Insulator, Spindle Motor
Nut
Belt, 60 Hz
Bracket, AC Connector
Screw
220V AC Motor, Harness Asm.
Motor, Spindle
Receptacle, Faston
Connector, AC
Pin, Crimp
Ein, Crimp 2

apacitor
Brapcket. Car';acitor
Screw
Pulley, 50 Hz
Set Screw
AC Ground Strap
Insulator, Spindle Motor
Nut
Belt, 50 Hz
Bracket, AC Connector
Screw
Spring, Ground
Nut, Push
Screw, Spindle Asm.
Bolt, Spindle
Pin, Spindle Ground
Stepper Motor Assembly
Damper
Screw
Clamp, Track 0 Flag
Screw
Flag, Track O
Screw
Detector, Track 0
Screw
Nut
Mount, Track O Detector
Screw
Clip ‘U’
Seal, O Ring
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