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DESCRIPTION AND SPECIFICATIONS
CHAPTER 1.
1.1 DESCRIPTION
Physical Description

The GCR CacheTape* Unit (GCR) is a nine-track, multi-density, tape transport
manufactured by Cipher Data Products, Inc., San Diego, California. The unit is
designed to be rack-mounted in a standard 19-inch equipment rack. All components are
mounted on a precision-machined, cast aluminum plate. When the equipment rack is
securely anchored, the PWB and other internal components can be made accessible from
the front by releasing the equipment latch located inside the front panel (bottom) and
pulling the unit forward on slides.

The GCR simulates traditional tape drives by means of an internal cache memory that
performs the logical functions of a physical drive. The host system interfaces directly
with the logical drive. Data records from the host are stored in cache memory and then
written on tape by the physical drive, independent of the host. The physical drive is
thus virtually transparent to the host system.

There is one GCR model: the Model M990. It records at 1600, 3200, and 6250 bytes-
per-inch (BPI). The M990 has a maximum data transfer rate of 632 kilobytes-per-second
(KBS) and has built-in start delays to simulate the physical tape ramp time of
conventional start/stop transports.

There are two different access positions for the unit. The first position, operator
maintenance access, provides accessibility to the supply reel, head, and tape roller
guides.  The second position, service access, provides access to all electronic
components as well as mechanical parts.

Physical Tape Drive Mechanism

The reel-to-reel drive mechanism employs two direct-drive, dc, torque motors to drive
the tape reels. An optical tachometer assembly on the takeup hub regulates tape
speed. Tape tension is maintained at approximately 9 ounces by a single tension arm.

The tape path includes roller guides, a dual-gap head, and a tape cleaner. All roller
guides incorporate precision bearings to minimize friction and wear. The roller guides,
positioned on both sides of the head, utilize polished ceramic washers to guide the tape
across the head. This arrangement minimizes skew and the effect of tape-width
variations.

A tape cleaner is mounted adjacent to the head to minimize tape contamination.
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Functional Description

Figure 1-1 is a system block diagram. The GCR can be functionally divided into the
logical tape unit and the physical tape unit, both of which are controlled by the Z8002
microprocessor. The logical unit consists of the cache memory and associated logic
circuits, while the physical unit consists of the read/write circuits, read/write head, the
physical drive mechanisms, and the related sensing and controlling devices. The DMA
controller, under the overall control of the microprocessor, directly controls the cache
memory.

The microprocessor is supported by 64K of control storage (EPROM) and two 64K sets
of dynamic random access memories (DRAMs). The microprocessor also has analog
input and output ports for diagnostic purposes, control of motor drivers, and read
threshold selection.

The interface logic in the GCR consists of the following:

a. Read/write latches and strobes.

b. Command and status latches.
The read/write latches and strobe logic are connected to the DMA controller and cache
memory through device request logic. The microprocessor determines the rate of

access. The command and status latches interface directly with the microprocessor
logic. The host interface communicates only with the logical tape drive.

Cache memory is 256KB of DRAMs. The memory is logically a circular buffer and is
addressed by the DMA controller. The three channels of the DMA controller perform
the following services in the priority listed:

a. Physical tape drive

b. Logical tape drive

c. Microprocessor
The write formatter is under the direct control of the microprocessor. The ID burst,
preamble, postamble, and file mark are generated internally by the formatter. The

formatter output is sent to the write electronic circuits, which drive the physical tape
drive head to write the formatted data on the tape.
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Figure 1.1 System Block Diagram
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During a read operation, the read electronic circuits recover the low-voltage read
signals from the read head, condition the signals, and route the signals to the read
formatter. The read formatter detects the polarity of the data transitions and sends
input requests to the serial processing and skew buffer in the read formatter logic.
When a full data character is assembled by the skew buffer, the buffer requests that the
DMA controller recover the character and place it in cache memory.

Tape movement in the physical tape drive is controlled primarily by the takeup servo
and tachometer assembly. The velocity information generated by the tachometer
assembly is used to develop the drive voltage for the takeup motor. The tachometer is
also used to derive position displacement information between the beginning and end of
consecutive tape records.

The supply motor is the driving mechanism of a position servo loop that maintains the
tape at the proper tension. The compliance arm is held at a position between its two
limit stops. Any tape movement causes a change in position of the compliance arm,
resulting in a feedback signal from the compliance arm position sensor to the supply
reel servo. The servo adjusts the supply reel motor speed and direction to correct the
compliance arm position.

The end-of-tape (EOT) and beginning-of-tape (BOT) sensors consist of two infrared
LEDs and detectors operating on reflections from ANSI metallized markers applied to
standard tape reels.

An infrared detector adjacent to the supply reel senses that the tape is in the tape
path. This ensures reliable tape loading.
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1.2 SPECIFICATIONS
Interface Specifications
Signal characteristics are as follows:
a. levels

(1) True is low: 0 to +0.4 volt (approximately).
(2) False is high: +3.0 volts (approximately).

b. Pulses
(1) Levels as above.

(2) Edge transmission delay over 25 feet of cable is not greater than 200
nanoseconds.

The interface circuits are so designed that a disconnected wire results in a false
signal. Figure 1-2 shows the interface configuration for which the transport is

designed.
CUSTOMER CIPHER
HIGH = FALSE +5 VOLTS
— LOW = TRUE
220 OHMS
: Pl O Do_
= 8 8
<25 FEET 330 OHMS

TTL 7406
OR EQUIVALENT = =

Figure 1-2. Interface Configuration
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Mechanical and Electrical Specifications

Recording Method Phase Encoded (PE)
Group Code Recording (GCR)
Data Tracks 8
Parity Tracks 1
Density 1600 BP1I
3200 BPI
6250 BPI
Physical Tape Speeds 100 IPS (PE)

50 IPS (3200 BPI)
70 IPS (GCR)
Reposition Time 1.080 sec (PE)
0.540 sec (3200 BPI)
0.743 sec (GCR)

I/F Character Rate 70.3-632 kbs (burst mode)

(burst mode)

Physical Dimensions

Height 14.0 in. (35.56 cm)
Width 17.0 in. (43.18 cm)
Depth (from mounting surface) 22.0 in. (55.88 cm)
Overall Depth 24.5 in. (62.23 cm)
Weight 100 Ibs (43.36 kg)

1-6



Environmental

Dry Bulb Temperature 10° to 40°C

Wet Bulb Temperature 26°C max

Relative Humidity 20-85% (non-condensing)

Barometric Pressure 20" Hg to 35" Hg (68 kPa to 119 kPa)
Altitude Sea level to 10,000 ft (3km)

Temperature Shock 1°C/min (max)

Generated Heat 1300 BTU/hour max (vented to enclosure)
Acoustic Noise 60 DBA max

* The ambient temperature must be maintained within ANSI media limits to ensure the

data integrity of the media. The ANSI max is 32 degrees centigrade.

Non-operating (Long Term):

Dry Bulb Temperature -400° to 50°C

Wet Bulb Temperature 309C max

Relative Humidity 90% max non-condensing
Altitude Sea level to 10,000 ft (3km)

Shipping and Short Term Storage:

Dry Bulb Temperature -40° to 70°C

Wet Bulb Temperature 40°C max

Relative Humidity 95% max non-condensing
Altitude Sea level to 49,000 ft (15km)

Tape Speed (Determined by density)
100 IPS (1600 BPI)

70 IPS (6250 BPI)

50 IPS (3200 BPI)

LLong Term Speed Variation (LSV) +1% of nominal
Instantaneous Speed Variation (ISV) £2% of long term
Rewind Time 110 sec nominal-150 sec max
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Recording Density

GCR 6250 CPI or 9042 FRPI
PE 1600 CPI or 3200 FRPI
PE 3200 CPI or 6400 FRPI

Error Correction

GCR 2 channel (read)
PE 1 channel (read)
Erase Gap 4.2 in.

Data Format

GCR Compatible with ANSI STD X3.54 - 1976
PE Compatible with ANSI STD X3.39 - 1973
Block Size (max) 32 K bytes

Cache Memory 256 K bytes

Tape Computer Grade ANSIX3.40 - 1976

Width 0.5 in.

Thickness 1.5 milli-inch substrate

Reel Size 7 in., 8.5 in., or 10.5 in.

Tape Tension 9.5 oz. nominal

Data Reliability (errors other than media faults)

For PE For GCR
Write 1 error in 108 bytes 1 error in 108 bytes
Read Recoverable 1 error in 107 bytes 1 error in lO10 bytes
Read Permanent 1 error in 1010 bytes 1 error in 101l bytes
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MTBF (20% duty cycle) 5440 hours
MTTR (to isolate and replace major assemblies) 30 minutes
Inter-record Gap
For PE For GCR
0.6 in. (at 1600/3200 BPI) 0.3 in. nominal
nominal
0.5 in. min 0.28 in. min
25 ft. max 15 ft. max

Formatter Interface

Interface Impedance

Logic lLow
Logic High
Rise/Fall Time

Cable Characteristics

Input Power and Grounding

Operating Frequency
Frequency
Rate of Change

Utilization Voltage
Nominal input voltage
(slow-averaged rms,
including brownouts)
Range of nominal
voltage except 208, 230
Range of nominal
208, 230 voltage
Modulation
Harmonics (total)

Power Consumption

Industry compatible Cipher standard

110 ohms a 3 Vdc

0.4 Vdc, max

2.4 Vdec, min

100 nanoseconds, max

22 or 24 AWG twisted pair (shielded)

49 to 61 Hz

1.5 Hz/sec, max

100, 104, 110, 120, 127, 200, 208
220, 230,240

+10%, -15%

+10%, -10%

1%, max

10%, max

500VA max

400W max at 0.85 pf

250 W operating at 0.85 pf
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DIGITAL RECORDING TECHNIQUES
CHAPTER 2.

2.1 GENERAL

The basic concepts of digital recording, magnetic tape transport applications, and
principles of operation of the GCR CacheTape* Unit (GCR) are presented in this
section. A thorough knowledge of this section will be of considerable value in
troubleshooting this equipment.

Basic Concepts of Digital Recording

The use of magnetic tape as a digital recording medium has increased steadily as a
result of the increased use of microprocessor technology and the increasing versatility
and decreasing cost of tape transports. The digital recording process involves methods
and equipment capable of recording and reading information expressed in digital (binary)
code.

Data Recording/Reading With Magnetic Tape

The recording of data on magnetic tape originates with the input device, whose nine
channels of digital signals are transmitted to the corresponding data channels of the
transport in parallel bytes composed of nine bits aligned across the width of the
magnetic tape. A bit is a binary 1 or 0 which is presented in magnetic tape recording by
the presence or absence of a flux reversal, or by a plus or minus direction of flux
reversal, depending upon the coding system. (One of these channels is the parity
channel, which is used to correct errors which occur when one of the other eight bits is
not properly recovered). These signals produce corresponding electrical currents in the
read head of the transport, which, in turn, produces positive and negative magnetic
polarities corresponding to the original data and parity signals in the tracks of the tape
passing over it. The details of the methods in which the data is recorded for phase-
encode (PE) and group code recording (GCR) are given in the respective descriptions in
this section.

2.2 GROUP CODE RECORDING

Group Code Recording (GCR) is used for 6250 bits per inch (BPI) in the nine-track
mode. The major advantage offered by the GCR format is high density with optimum
data integrity, including enhanced error detection/correction facilities.

The GCR method uses the Non-Return-Zero (NRZI) Change on Ones recording technique
and is formatted in the GCR structure.



NRZI Recording Technique

The NRZI system, recording is carried out by a saturation current driven through the
head in a direction determined by a flip-flop which toggles for each 1 bit recorded. The
NRZI system requires the recording of at least one bit for every character; otherwise,
in an all-O character there would be no indication of the presence of that character.
When O's are written in all eight data tracks, the required one bit is written in the
parity track. The basic features of the NRZI system are as follows:

a. At data time, no change in magnetic tape polarity means a O bit.
b. A change from negative to positive or positive to negative is a bit.

c. There is no change of polarity between data bits.

See Figure 2-1 for description of NRZI-type writing and reading signals.

NRZI (NON-RETURN-TO-ZERO INTERRUPT) ———l I
WRITE VOLTAGE

+0 SAT —

TAPE MAGNETISM
YN S —
READ VOLTAGE J\ / \
[ |
DATA TIME 1 2 3 4 5 6 7 8 9

o]

0

Figure 2-1. NRZI Recording Waveforms

Group Coding Process. In the group coding process, every four bits of data along each
of the nine tracks are translated into a five-bit code that is recorded to tape. When it
is read back, the translation is reversed and the actual data values are derived by the
read logic. Since there are twice as many five-bit combinations as there are four-bit
possibilities, five bit codes are selected to ensure that no code will contain more than
two consecutive zeros, and that a run length of more than two consecutive zeros cannot
occur no matter how the codes are linked.

The four-bit data values and the corresponding five-bit GCR codes are shown in Table
1. The GCR conversion and storage process is shown in Table 2. The data structure
prior to GCR coding is shown in the DATA SUBGROUPS column; the translated five-bit
codings are shown in the STORAGE SUBGROUPS column.

The levels of redundancy used in the GCR process to ensure data integrity include:

Serial checks by track in five-bit segments

Parallel checks of each translated data character using vertical parity
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0 Cyclic checks of each seven characters using the Error Correction Code (ECC).
GCR Format

Details of the GCR format are shown in Figure 2-2.
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The GCR recording method is identified by and Identification (ID) burst in conjunction
with the Beginning-of-Tape (BOT) marker. The burst is in the PE frequency range on
track 6, with erasure on all other tracks. The burst must begin at least 1.7 inches ahead
of the trailing edge of the BOT marker and extend beyond the trailing edge of the
marker.

Following the ID burst is an Automatic Read Amp (ARA) burst of all ones in all tracks,
separated from the ID burst by an unspecified gap. The ARA burst begins no sooner
than 1.5 inches and no later than 4.3 inches from the leading edge of the BOT marker.
It ends no sooner than 9.5 inches and no later than 11.5 inches from the leading edge of
the BOT marker. Appended to the end of the ARA burst is an ARA identification
character consisting of ones in tracks 2, 3, 5, 6, 8, and 9 and erasure in tracks 1, 4, and

7. The ARA ID character is approximately 2 inches long.

There is normal Interblock Gap (IBG) between the ARA ID character and the first data
block. The IBG is nominally 0.3 inch long, with a minimum length of .28 inches and a
maximum length of 15 feet. The IBG is used to separate blocks of information on the
tape.

The GCR file mark is a special block written only by a Write File Mark command. The
file mark consists of 250 to 400 flux reversals in tracks 1, 2, 4, 5, 7, and 8 with no
recording in tracks 3, 6, and 9. The file mark indicates the end of a file of information.

A data block consists of a group of contiguous characters that are transported as a
block. The data blocks are separated by interblock gaps. The end of a block is flagged
by appending the Interface Last Word (ILWD) control signal to the last character of the
data block. While the ANSI specification defines a data block as a minimum of 18
characters and a maximum of 2048 characters, there are no technical restrictions in the
GCR recording technique to limit a data block to that size, and the specification
permits relaxation of the size requirement upon agreement of the interchange parties.

Each data block includes a preamble and postamble, each consisting of 80 characters.
The first five characters of the preamble are 10101, the second five characters are
01111, and the remaining 70 characters are 11111 in all tracks. The postamble is a
mirror image of preamble, consisting of 70 characters of 11111, five characters of
01111, and five characters of 10101, in which 1 is the last character control signal.

The preamble is followed by a Mark 1 control subgroup, which consists of nine parallel
five-bit serial values, 00111 in the respective tracks. The Mark 1 control subgroup is
followed by the data, which is then followed by an end mark consisting of nine parallel
five-bit serial values, 11111 in the respective tracks.

The end mark is followed by the residual and CRC groups. The actual number of data
groups can be calculated by dividing the number of data characters by seven. Any
remainder is accommodated in the residual group. The residual group also contains an
auxiliary CRC character that is used for error detection and correction. An ECC
character is also calculated for the residual group.

The CRC group consists of a CRC character written five or six times, depending upon
the number of data groups in the data block. If there is an even number of data groups
in the data block, a pad character is inserted as the first character in the CRC group.
If there is an odd number of data groups of data groups in the data block, the CRC
character is written in this location. This ensures odd parity for the CRC character.
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The Mark 2 control subgroup follows the CRC group. This subgroup consists of one set
of nine parallel five-bit serial values, 11100 in the respective tracks. This followed by
the postamble, which ends with the last character control signal.

A resync burst is interleaved in the block every 158 data groups. This burst consists of
one Mark 2 control subgroup, two synch subgroups, an a Mark 1 control subgroup. The
resync bursts are used to resynchronize the operation of the read circuits when the
bursts are sensed.

2.3 PHASE-ENCODED (PE) RECORDING

Phase-encoded (PE) recording is used for 1600 bits per inch (BPI) format in the nine-
track mode only. The PE technique is illustrated in Figure 2-3. A major advantage
offered by the PE format is the fact that the data is self clocking which allows each
channel to be synchronized using a preamble.

a. There must be a change of tape polarity between data bits of the same
polarity (consecutive 1 or 0 bits) at a time.

b. There must be a change of tape polarity at each data bit time.
c. There must not be change of tape polarity at phase time between 1 and 0 bits.

d. A change of tape polarity at data bit time, when reading forward; to erase
polarity is a 1, away from erase polarity is a 0.

e. The PE transport records and reads data at a density of 1600 bits per inch
(BPI).

For clarification, the term '"change of polarity" is also referred to as a flux change or
flux reversal. As noted above, there must be a flux reversal with each data bit, whether
it be a 0 or 1. Therefore, 1600 BPI equates to minimum of 1600 flux reversals per inch
(FRPI) in any given channel. (This would occur in the case of alternate 0 and 1 bits.)
The maximum case would occur with consecutive 0 or 1 bits, resulting in 3200 FRPIL.
The flux reversal at each bit time accounts for the self-clocking feature of PE writing.

Details of the PE format are given in Figure 2-4. Channels 0 through 7 contain data
bits, with the bit in channel 0 as the most significant bit. Channel P contains the parity
bit, which in the PE format is always odd. No Cyclic Redundancy Characters (CRC) or
Longitudinal Redundancy Characters (LRC) are used in the PE format. Each PE data
block, however, is preceded by a preamble consisting of 40 bytes of all zeros followed
by one byte of all ones. This is used to establish synchronization for the data block.
The all-ones byte identifies the end of the preamble and the start of the data bytes in
the block. Following each PE data block is a postamble which is the mirror image of
the preamble; i.e., one byte of all ones and 40 bytes of all zeros.
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A 1600 BPI phase-encoded tape requires an identification burst (ID) of 1600 FRPI in the
P channel and erasure in all other channels at the beginning of the tape. The burst must
begin at least 1.7 inches ahead of the trailing edge of the beginning of tape (BOT)
marker and extend beyond the trailing edge of the marker and end at least 0.5 inch
before the first block of data. The initial gap requirements are given in Figure 2-4.
The typical distance for a gap is 3.75 inches.

The ANSI specification defines a PE file mark as a special control block consisting of 64
to 256 flux reversals (at 3200 FRPI) in channels 2, 6, and 7. Channels 1, 3, and 4 are dc
erased, but channels, O, P, and 5 in any combination, may be dc erased or recorded in
the manner stated for channels 2, 6, and 7. The GCR writes and IBM compatible file
mark with 80 flux reversals (40 characters) at 3200 FRPI in channels P, O, 2, 5,6, and 7
with channels 1, 3, and 4 dc erased. The PE file mark is preceded by a gap of
approximately 3.56 inches followed by a normal interblock gap (IBG) of 0.6 inch.

2.4 CACHETAPE OPERATION

CacheTape operation consists of the GCR receiving data from the host computer,
placing the data in cache memory, and then writing the data on tape when the physical
write head is available. This permits faster write speeds, when viewed from the host
system, in that write data, as it is available, is transferred to the CacheTape* unit and
stored in cache memory. The GCR then writes the data on tape in a time frame
independent of the host transfer rate. The cache memory allows the GCR to perform
most of the housekeeping chores normally assigned to the host, freeing the host for
other system activities. The cache memory thus acts as a logical drive in its
interfacing with the host.

The cache memory has storage limits that are reduced as the amount of tape remaining
on the supply reel approaches end-of-tape (EOT). The system determines an impending
EOT detection approximately ten feet in advance of the EOT marker and lowers the
cache limits accordingly to assure that all data contained in cache will be written on
the tape. The system operates in a streaming mode, as described below. When the
cache is full and no further write data can be accepted from the host, Data Busy Line to
Host will be held high until the cache is depleted below the selected block limits.

2.5 STREAMING-TAPE OPERATION

Streaming tape operation is simply writing data to tape without stopping and starting
between each record block. Interblock gaps, as required in the ANSI format, are
inserted automatically "on the fly". Figure 2-5 illustrates in the simplest form what a
streaming drive will automatically perform if for any reason the unit must start and
stop after each block. As can be seen in the diagram, there is a period of time called
Command Reinstruct Time. This is the time after reading or writing the last character
of the last block in which the microprocessor system must instruct the tape drive to
continue or, after reaching point B, the tape drive will enter what is called repositioning
cycle. If the command to continue reading or writing is not received by the time
normal forward velocity reaches point B, the drive automatically decelerates, coming to
rest at point C. Accelerates in the opposite direction, begins to decelerate, after
coming to rest at point E, the unit waits for the next command to read or write. This
sequence is called repositioning.
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Figure 2-5. Repositioning Cycle

Because the tape acceleration and deceleration times required by the GCR are not
related to tape velocity by the usual formula, it is not possible to start and stop the
tape in the normal interblock gap (IBG). It therefore becomes necessary, during certain
command sequences, to reposition the tape so that it will be in the correct position with
respect to the record head when record velocity is attained following a subsequent
command. However, if the subsequent command is of the same category and is given
within the reinstruct time, repositioning will not be required; tape motion will continue
at the normal recording velocity.

Repositioning. Repositioning is accomplished in three steps:

a. Deceleration of tape to rest position (forward).

b. Acceleration of tape to a maximum velocity in the opposite direction.

c. Deceleration of tape to rest position (reverse).
Figure 2-6 illustrates these three steps and shows the relative positions of the record
head with respect to the recorded data. The velocity achieved during acceleration is
equal to the record velocity of the tape. A write operation is used for the purpose of
illustration: however, a read operation is identical, except that recorded data might be
on either side of the record head. Figures 2-6A, B, and C show the position of the head

and the last data block following acceleration or deceleration. Figure 2-6D is a
composite showing the position of the record head at any instant in time during
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repositioning. Segments AB, BC, and CD represent the actual repositioning, and
segment DA is the acceleration after another command is issued (access time).

To allow for minor variations in acceleration and deceleration rates, the tape is allowed
to run at speed for short distances during repositioning. This provides an offset, which
is shown as points C and C' in Figure 2-6D. After repostioning, the record head might
be left several data blocks in front of the point at which the next write or read
operation is to take place. If one microprocessor command is followed by another in the
opposite direction, it becomes necessary to perform an additional repositioning to allow
the required distance for tape acceleration, as illustrated in Figure 2-7. This
illustration represents a reverse read following a write forward. It can be seen that the
second reposition is a retrace of the first. It is shown offset in time for clarity only.
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DETAILED CIRCUIT DESCRIPTIONS
CHAPTER 3.
3.1 SENSE/SERVO BOARD (PWB 961344-XXX)
The Sense/Servo Board is a multiple-function PWB that contains the following circuits:

Voltage sourcing and regulation
Sensor signal processin
Mechanical actuations/drivers
Erase/Write Head drive
Compliance arm position sensing
Analog-to-Digital Converter
Supply reel servo driver

Take-up reel servo driver
Operator Panel interface
Alphanumeric Display Panel interface
Communication control

OO0 O0OO0OO0COO0OOOOOo

All top plate connections, except for data to and from the head, are made through the
Sense Servo Board. The board provides voltage for all other system boards, and all
direct external communications are made through the board via the Operator Control
Panel, Alphanumeric Display Panel, or Serial Interface.

The following detailed descriptions of the Sense/Servo Board functions are based on
Schematic No. 1. All sheet number references in the description refer to sheet numbers
of that figure.

Voltage Sourcing and Regulation (See Sheet 2)

Voltage sourcing and requlation is performed on the Sense/Servo Board. Unregulated
input voltages are received from Power Supply Module PS1 and via connector Jl. A
3524A integrated circuit (U3V) is used to achieve switching regulation. The switching
frequency of 25 kHz is determined by resistor R81 and capacitor C52. The 3524A drives
a push-pull power stage consisting of transistors Q3, Q4, Q7, and Q8, which actuate
current boost transformer T1.

Voltage requlation is taken from the secondary of the transformer T1 5-volt tap after
frequency filtering through inductor L4 and capacitor C13. The +5-volt transformer
output is rectified and sent to all system logic via connector P4.

Monitoring of the unregulated 57V dc input is done through comparator U3T. If the
input drops below 38V dc, U3T will shut down the switching requlator U3V. In addition,
one-shot U4V will send a power-on reset signal (PWR RES) to the microprocessor when
power is applied.



Sensor Signal Processing (See Sheet 3)
The sensor input signals are received at J7 and J8, and consist of the following:

Take-up reel tachometer

Door sensor

File protect sensor
Beginning-of-tape (BOT) sensor
End-of-tape (EOT) sensor
Tape-in-path sensor

O 0O 00 O0O0o

The sensor input signals are detected, shaped, and processed through comparators U10L
and Ul1lL. The resulting TTL-compatible signals, with the exception of the tachometer
outputs, are fed directly to CIO U12B, (Sheet 7) for processing by the microprocessor.
The tachometer outputs (TPO and TP1) are pulse-shaped and conditioned by U17E and
U17H (Sheet 7) before being routed to the CIO.

Mechanical Actuators/Drivers (See Sheet 3)

The following functions are controlled by the Sense/Servo Board:

o] Blower motor
o] Door lock solenoid
o  Hub lock solenoid

The Blower (BLWR), Door Lock (DRLK), and Hub Lock (HBLK) signals are sent from the
microprocessor via CIO U10B (Sheet 7). The BLWR signal controls the blower motor
through transistor Ql; the DRLK signal controls the door lock solenoid through driver
U9G-10 and transistor Q13; and the HBLK signal controls the hub lock solenoid through
driver U9G-8 and transistor Q13.

Erase/Write Head Drive Circuits (See Sheet 3)

The system uses three separate magnetic head assemblies; the erase head, the early
erase head, and the write head. The drive circuits for these heads are located on the
Sense/Servo Board. The drive circuits are controlled by signals from the microprocessor
sent via CIO U10B (Sheet 7). The Erase Head 1 Enable (EH1EN) signal controls the
operation of the erase head drive circuitry, which consists of driver U9E-2, transistor
Q10, and related discrete components. The Write Enable (WEN) and 6250 signal control
the operation of the write center tape head drive circuitry, which consists of drivers
U9E-6, U16J-12, and U9E-4; transistors Q11 and Q12; and related discrete components.

Compliance Arm Position Sensing (See Sheet 3)

Signals indicating the position and rate of change of position of the compliance arm are
generated by the compliance arm sensing logic. The compliance arm drive signal is
derived from the 40 kHz SERVCLK output of CIO U10B-19 (Sheet 7) by drivers U16J-4
and -6; operational amplifiers U17K-10 and U15K-4; and related discrete components.
A variable capacitor couples the compliance arm sense signal (ARMSNS) to U15K-1,
where the arm position (ARMPQOS) signal is generated by U15K-3 and related discrete
components. The ARMPOS signal is routed to the Analog-to-Digital Converter (Sheet 4)
via multiplexer USE. The ARMPOS signal is also applied to differentiation circuit at
U15K-12, consisting of Ul5K-14, U15K-10, and related discrete components. The
output at U15K-10, Arm Division (ARMDIV), is also sent to the Analog-to-Digital

3-2



Converter (Sheet 4) via multiplexer U5SE to indicate the rate of change of the position
of the compliance arm.

Analog-to-Digital Converter (See Sheet 4)

The Analog-to-Digital Converter (ADC) provides communications between various
analog signals and the microprocessor. The ADC consists of ADC1001 (U7D) and two
4051 multiplexers (U4E and U5E). The following analog lines are multiplexed and
digitized for transmission to the microprocessor:

+12V

-12v

+5V

+57V

Write Center Tap Voltage (WCTV)

Take-up Motor Voltage/Current (TMV/TMI)
Supply Motor Voltage/Current (SMV/SMI)
Arm Division (ARMDIV)

Arm Position (ARMPQOS)

O 0OO0O0OO0OO0OO0OOoOOo

The active multiplexer U4E or USE) is selected by the MDAC A/B signal from CIO
U10B-28 (Sheet 7). The signal to be sampled is selected by the A, B, C address signals
from CIO U10B-32, -31, and -30. The selected signal, after digitizing by U7D, is routed
to the microprocessor on the higher order byte of the processor address/data bus (AD8-
AD15).

Digital-to-Analog Converter (See Sheet 4)

The Digital-to-Analog Converter (DAC) provides communication between the
microprocessor bus and various analog signals. The DAC consists of DAC 1006 (U7B), a
4051 demultiplexer (U7G), differential amplifiers (U6C-1 and U6C-7), voltage followers
(UsD, U6E, and U6F), and related discrete components. The following analog functions
are generated by the DAC:

o) Supply Motor Current (ISU)
o) Take-up Motor Current (ITU)
0 Read Amplifier Voltage Threshold (ITHR)

The DAC 1006 (U7B) receives bits AD6 and AD7 and the high order byte (AD8-AD15) of
the processor address/data bus. The analog output is available at U6C-7, and is sent to
demultiplexer U7G for selection. The demultiplexer is enabled by the MDAC signal
from CIO U10B-33 (Sheet 7), and the output signal of the demultiplexer is selected by
the A, B, C address signals from Ul0B-30, -31, and -32. The selected demultiplexer
output signal is clamped by one of the high impedance voltage followers (U6D or U6E).
The selected output charges the associated capacitor (C26 through C28 and C30) to the
desired value, and since the demultiplexer output returns to a very high impedance
state, the capacitor retains that value until the next refresh time. The output at U7G-
12 is used as a calibration feedback signal to the DAC output.

Supply Reel Servo Driver (See Sheet 5)
The ISU signal from the DAC (Sheet 4) is the drive signal (supply current) for the supply

reel servo driver. The ISU signal is applied via R278 to Ul4P where it is filtered. The
signal is then modulated by a 20 kHz sawtooth (f+ and f-) at comparators Ul4T. The
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sawtooth is generated by U15J and U14S from a 40 kHz Servo Clock (SERVCLK) signal
initiated by CIO U10B-19 (Sheet 7). The pulse-width-modulated signals from ul4T-1
and U14T-2 are applied to the gating network of Ul4V. If the ISU signal was negative,
specifying forward reel movement, the signals from Ul4V-6 and Ul4V-8 are sent to
driver transistors Q26 and Q27. The ISU was low, specifying reverse reel movement,
the phase difference will result in reverse motion. The driver transistors feed an
H-bridge power driver comprised of transistors Q18, Q19, Q22, Q23, and their related
components, which drive the supply motor through inductors L5 and L6 and mctor
breaking relay K1. Voltage feedback is provided by comparator U9N-3, which generates
the Servo Motor Voltage (SMV) signal that is sent to the Analog-to-Digital Converter
(Sheet &) for digitizing and routing to the microprocessor. Current feedback is provided
by U9N-4, which generates Servo Motor Current (SMI) for routing to the microprocessor
via the Analog-to-Digital Converter.

Current limit protection is provided by comparator network Ul4M. When the servo
motor current exceeds its maximum limit, the High Current (HII) signal at U17J-4 goes
low. This inhibits the Ul4V gating network, causing the servo drive to shut down (Sheet
6).

Further shutdown protection is provided by the Watchdog Timer logic (Sheet 6). If the
+5V drops too low, the Servo Enable 2 (SERV EN 2) signal at U15H-8 goes low, inhibiting
gate U17G (Sheet 5). This shuts off transistor Q2, deenergizing relay K1 and shutting
down the servo drive.

Take-up Reel Servo Driver (See Sheet 6)

The operation of the take-up reel servo driver is similar to that of the supply reel servo
driver. The ITU signal from the DAC (Sheet &) is the drive signal (supply current) for
the take-up reel servo driver. The ITU signal is applied via R280 to Ul4P where it is
filtered. The signal is then modulated by the 20 kHz sawtooth (f+ and f-) from the
supply reel servo driver logic at comparators Ul4T. The pulse-modulated signals from
U14T-13 and Ul4T-14 are applied to the gating network of U12N. If the ITU signal was
negative, specifying forward reel movement, the signals from U12N-6 and U12N-8 are
sent to driver transistors Q25 and Q24; the phase difference will result in forward
motion. The driver transistors feed an H-bridge power driver comprised of transistors
Ql6, Ql17, Q20, Q21, and their related components, which drive the take-up motor
through inductors L7 and L8 and motor breaking relay K1. Voltage feedback is provided
by comparator U9N-12, which generates the Take-up Motor Voltage (TMV) signal that is
sent to the Analog-to-Digital Converter (Sheet 4) for digitizing and routing to the
microprocessor. Current feedback is provided by comparator U9N-10, which generates
Take-up Motor Current (TMI) for routing to the microprocessor via the Analog-to-
Digital Converter.

Current limit protection is provided by comparator network UL4N. When the Take-up
Motor Current exceeds its maximum limit, the High Current (HII) signal at U17J-4 goes
low. This inhibits the W12N gating network, causing the take-up servo drive to shut
down.

The take-up motor drive also has the further shutdown protection of the Watchdog
Timer logic detailed in the description of the Supply Reel Servo Driver.
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Operator Panel Interface (See Sheet 4)

The Sense/Servo Board processes control signals that operate a power switch, a power
on indicator, and six tactile membrane switches with five associated light emitting
diodes (LEDs) on the Operator Control Panel. The LEDs are controlled by the LOAD,
UNLOAD, ON-LINE, WRT EN, and HI DEN signals from CIO U12B (Sheet 7) through
drivers U12H. The switches are sensed by a resistor divider circuit and the same CIO
lines that drive the LEDs.

Alphanumeric Display Panel Interface (See Sheet 7)

The Alphanumeric Display Panel contains an eight-character (ASCII) fourteen-segment
display and three density display LED bars. When the alphanumeric display or LED
display address is decoded by U15E (DSPSL or LEDSL, respectively), data is sent to the
selected display via drivers U12G and U13G on the BADO-BADS lines.

Communication Control (See Sheet 7)

Communications between the Sense/Servo Board and the microprocessor is
accomplished by reading and writing to memory locations corresponding to six memory-
mapped input/output devices. These devices are the two CIOs (U10B and U12B), the
Analog-to-Digital Converter (U7D), the Digital-to-Analog Converter (U7B), and the
density and alphanumeric displays located on the Alphanumeric Display Panel.
Addresses within the Sense/Servo Board memory space are latched by U15B and decoded
by U15E. After decoding, the active output of U15E enables the selected I/O device.

3.2 CPU/MMU BOARD (PWB 961730-XXX and 962112-XXX)

The CPU/MMU Board consists basically of three logic groups: the CPU and associated
control and storage logic; the cache RAMs; and the control and management logic for
the cache memory area. The logic groups perform the following functions:

0 The CPU logic group consists primarily of the Z8002 microprocessor, the
78036 counter and 1I/0O (CIO); the microprocessor RAMs and PROMs; a
NOVRAM; and associated control logic chips. The CPU logic group monitors
and controls the physical and logical processes of the GCR.

0 The cache RAMs provide a logical tape area for data that is to be written to
the physical tape or that has been read from the physical tape. The cache
RAMs thus act as a data buffer between the host processor system and the
physical tape transport system.

) The control and management logic group, called the Memory Management
Unit (MMU), consists of the 2900 bit slice DMA controller and associated
control logic. The MMU provides access control and management of the
cache RAMs,

Each of these basic logic groups is described in detail in the following paragraphs.
Refer to Schematic No. 2.

CPU Logic Group

The microprocessor, which is a Z8002A chip (U25B, Sheet 2) is supported by two 64K-
byte banks of dynamic RAM (DRAM), consisting of a high-byte bank and a low-byte
bark, as listed in Table 3.
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The low-byte bank of DRAMs is used to store instructions and special input/output
operations. The high-byte bank is used to store stack data and to perform housekeeping
operations.

The microprocessor is also supported by 64K bytes of EPROM (U20K, U23K, U22K, and
U25K, Sheet 5,. The EPROMs contain start-up data and are accessed only during
boot-up following a power-up reset.

The microprocessor operates at two speeds. During boot-up, it operates at 2.7 MHz to
allow program data to be read from the relatively slow EPROMs and written into the
DRAMs. This is controlled by a clock conditioner (U27C). The clock conditioner divides
the clock by two in response to the BOOT signal, which is high during boot-up. The
BOOT signal is generated at U25D-11 (Sheet 3) by a Power Reset (PWRRES) signal. It is
reset under software controlled by RBOOT from address decoder U27J (Sheet 7).
During boot-up, the clock conditioner not only controls the width of the clock pulses to
the microprocessor, but also provides the NMOS levels and 10-nanosecond rise and fall
times necessary for proper microprocessor operations. At the conclusion of boot-up,
the BOOT signal is turned off by the software, and the microprocessor is clocked at its
full speed of 5.4 MHz.

The microprocessor communicates with the system via bidirectional address/data lines
ZAD0O-ZAD15. When the start cycle is initiated, the microprocessor sets up the address
for that cycle on the address/data lines and issues the Address Strobe (AS) at U25B-29.
The rising edge of AS indicates that the addresses are valid. The address strobe is
routed to the enable input (pin 11) of address latches U22F and U27F via U27H-6 and
U23B-6. The ZADO0-ZAD15 addresses are latched into the address latches on the
trailing (rising) edge of AS.

Data line buffers U23F and U25F also receive addresses and data on the ZAD0-ZADI15
lines. The addresses and data are sent to other portions of the CPU/MMU board via
buffered address/data lines BADO-BAD15.

The microprocessor generates status signals (ST0-ST3) at U25B-21, -20, -19, and -18.
These signals define the current processor status, and are sent to a decoder (U23C) to
activate the specified status line. The status line output codes and the active decoder
lines are listed in Table 4.

The REFRESH, 10, and SPECIAL IO status signals are used in the DRAM timing logic.
SPECIAL IO is used during boot-up to prevent microprocessor reading or writing in
instruction space other than instruction latch (Sheet 3). DATA + STACK, which is used
by DRAM timing logic on Sheet 3 to generate Boot Read (BOOT RD). INTA is sent to
the interrupt acknowledge input of CIO U20D (Sheet 7), and IO is used as an enabling
input to address decoder U27J in the CPU/DMA interface logic (Sheet 7). Both IO and
INTA are routed to other boards via buffer U22A and processor bus connector J5 (Sheet
6). The DATA + STACK signal is also used (Sheet 2) to generate the HBANK signal,
which when active, selects the high DRAM bank. DATA + STACK is applied to
Exclusive-OR gate U18J, and when REVERSE BANKS from the CPU/DMA CIO (Sheet 7)
is high, HBANK is also high. HBANK is sent to the address multiplexer (U18M, Sheet 5)
to specify the high bank has been selected.

Logic in the DRAM timing circuits (Sheet 3) generates Row Address Strobe (RAS) and
Column Address Strobe, High and Low (CASH and CASL) for the DRAMs. The RAS is
generated by U20B-6 on the rising edge of ZCLK from the microprocessor clock logic
(Sheet 2). The Address MUX (AMUX) strobe is set at U23D-8 (Sheet 3) to enable the
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high order address (row address) from DRAM address/MUX buffer U18M (Sheet 5). The
Memory Request (ZMREQ) signal from the microprocessor then toggles U23D (Sheet 3)
via exclusive -OR gate U18J-13 on the next portion of the cycle, sending AMUX low to
enable the low order address bits (column address) from DRAM address/MUX buffer
U27M (Sheet 5). The Column Address Strobe High (CASH) and Low (CASL) are
generated at U27P-18 and U27P-16 (Sheet 3) respectively. CASL, or both CASL and
CASH, are generated, depending upon the state of latched address 0 (LAO) from the
microprocessor address latches. The LAO signal is used to address decoder U27D and
specifies either byte or word mode. In the byte mode, CASL is generated; in the word
mode, both CASH and CASL are generated.

During IO operations, ZIO from the microprocessor is high at gate U23H-2. Flip-flop
U22B-8 is reset by ZCLK when RAS is generated, enabling U23H-1 and generating WAIT
for one additional ZCLK period. This additional microprocessor wait state is actually
required for off-card CIO access, but for logic simplicity it is used for all 10
operations. Whenever a data byte is written into DRAM, a parity bit is generated by
parity generators/checkers U23J and U22J (Sheet 4), and is also written into DRAM,.
Whenever a data byte is read from DRAM, the parity is checked by U23J and U22J. If a
high- or low-byte parity is detected, or gate U20J-6 generates a Parity Error (PERROR)
signal that sets flip-flop U20B-9, producing a low Watchdog Refresh Disable (WDOGR
DIS) signal. This signal is sent to the CPU I/O buffers (U22A, Sheet 6), where it is
routed to the Sense Servo Board via connector J5. During diagnostics, the FLMPE
signal or the FHMPE signal from CIO U20D (Sheet 7) forces a parity error at U22J or at
U233, respectively (Sheet 4).

A 64 X 4 bit non-volatile RAM (U253, Sheet 6), called a NOVRAM, is used to store GCR
setup data. This data includes unit number, ramp speed, record block size, and
interface transfer rates. The set-up data is mapped into the NOVRAM by the
microprocessor, bit by bit, in an EEPROM memory array, from a static RAM memory.
The set-up data represents the default initialization status of the GCR. A circuit
consisting of transistors Q1 and Q2 and associated discrete components inhibits the
NOVRAM store line to prevent false store and prevent store errors during power up.

Control and Management Logic Group

Control and management of the cache memory is provided by the Memory Management
Unit (MMU). The MMU consists of a Direct Memory Access (DMA) controller and
related logic that controls the interfacing of the microprocessor and the host interface
with the cache RAMs (Sheet 7). Three access channels allow simultaneous loading and
unloading of the memory. The counter/timer and parallel I/O unit (CIO U20D)
interfaces with the microprocessor and provides control signals to the DMA controller.
Two latches (U17K and Ul7L) route addresses from the microprocessor to the DMA
controller. An address decoder (U27J) routes additional control signals from the
microprocessor to the CPU control logic.

The MMU logic also contains the DMA Cache DRAM Control, which includes the
counter/clock logic for the MMU; the Bit-Slice Processor Logic to provide cache
memory addresses; and the RAS and CAS generation logic for cache DRAM location
addressing and refresh.

DMA Control Logic. The DMA control logic (Sheet 7) provides the interface between

the CPU and the DMA. The CPU and DMA operate asynchronously, with independent
timing signals, on their respective sides of the interface logic.
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The DMA control logic consists of a CIO (U20D), two address latches (U17K and U17L),
and an address decoder (U27J). The CIO routes CPU control signals from the
address/data lines (ZADO - ZAD7) to the DMA logic. The address latches route DMA
address (DMAQ - DMAL15) from the buffered address lines (BADO - BAD15) to the DMA
cache DRAM control logic. The address decoder decodes four latched address lines
(LA9, LA13, LAl4, and LA15) from the CPU logic and activates one of six output
control lines. The address decoder signals and their functions are listed in Table 5. The
CIO control signals and their functions are listed in Table 6, and the CIO output signals
and their functions are listed in Table 7.

DMA Cache DRAM Control

The DMA cache DRAM control logic consists of five interrelated circuits: the
counter/clock logic; the channel clock generators; the bit-slice processor logic; the
RASO0-3 generation logic; and the CAS0-3 generation logic. These circuits provide he
following functions:

) Counter/Clock logic - Receives the 10.85-MHz DMA master clock from the
CPU clock logic and divides this clock by two and four to produce the 5.43-
and 2.71-MHz operation clocks for CAS/RAS generation, bit-slice processor
timing, and channel clock generator timing.

o Channel clock generator - Produces three distinct clock phases (A, B, and C)
that are used to clock three specific channels: Interface, CPU, and R/W.

0 Bit-slice processor logic - Used to emulate a high speed three-channel DMA
capable of addressing up to 256K bytes of memory.

) RAS and CAS generation logic - Generate the Row Address Strobes (RAS) and
Column Address Strobes (CAS). RAS causes the row address locations of the
cache DRAMSs to be sensed; CAS causes the column address locations to be
sensed. CAS controls the three-state output of the DRAMSs, independent of
RAS. RAS causes row refreshes to occur, independent of CAS.

Counter/Clock Logic. The counter/clock logic consists of counter Ul6F and clock
decoder U16H (Sheet 8). Counter Ul6F receives the 10.85 UB DMA master clock signal
from the CPU clock logic (Sheet 2), and divides the master clock by two and four to
produce 5.43 MHz and 2.71-MHz clocks at Ul6F-3 and Ulé6F-2, respectively. The
2.71-MHz, 5.43-MHz, and 10.85-MHz clocks are used by the CAS generation logic and
the bit-slice processor logic. The 2.71-MHz clock is used by the channel clock
generator (Sheet 9), and the 5.43-MHz clock is routed to the Data and CIF-Write boards
via connector J3. The three clock signals, 2.71 MHz, 5.43 MHz, and 10.85 MHz, are all
applied to clock decoder Ul6H (Sheet 8). The clock decoder produces negative-going
timing pulses at Ul6H-15, Ul6H-13, and Ul6H-11 that are used by the bit slicer MUX
logic and the RASO-3 logic.

Channel Clock Generator. The channel clock generator (Sheet 9) consists of a ring
counter (U16C-6, U16C-10, and U15C-6) and associated logic devices. The three ring
counter flip-flops are clocked by the 2.71UB clock from counter Ul6F in the
counter/clock logic (Sheet 8). With the three flip-flops in the reset state, the output at
gate Ul4C-6 (Sheet 9) is high, causing the output of OR gate Ul7C to go high and
setting U16C-6 on the first clock pulse. On the next clock pulse, Ul6C-6 is set.
Similarly, U16C-10 is reset on the next clock pulse and U15C-6 is set. With U15C-6 set,
the high at UL7C-10 sends U17C-8 high, causing U16C-6 to again be set on the following
clock pulse.
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The three outputs from the ring counter (A, B, and C) are the INTERFACE CLK, CPU
CLK, and R/W CLK respectively. These signals provide three distinct phases of cache
operation: interface (phase A); CPU (phase B); and read/write (phase C). The clocks
are routed to the CIF-Write and Data boards via connector J3-50, -52, and -54,
respectively.

The clock signals also generate ABUF, BBUF, and CBUF (Sheet 9), which are used to
address the DMA bit slice devices (Sheet 8).

Bit Slice Processor Logic

The bit slice processor logic consists of five bit slice devices, a bit slice multiplexer
circuit, and associated logic. The bit slice devices generate the DMA addresses; the
multiplexer circuit routes the addresses to the cache DRAMs.

Each bit slice device (U3K, UK, UK, Ul2K, and Ul4K, Sheet 8) has nine input control
lines (I 0-I 8, as shown for U3K). However, only three lines (I 2,13, and I 4) are used in
the GCR for microinstruction selection. The remaining six lines are held high or low to
obtain the desired microinstructions as the three active lines are changed.

Three registers in the bit slice devices are used for DMA addressing. Each register is
dedicated to a specific DMA address, and is accessed and manipulated during a specific
clock phase (ABUF, BBUF, and CBUF). The register designators and their respective
DMA addresses are listed in Table 8. The remaining bit slice registers are not used.

The functions performed by the registers during their respective clock phases are
controlled by the microinstructions on the I 3 and I 2/4 lines and by the Carry In (CN)
line. The input signals to the I 3, I 2/4, and CN lines are generated by data selector
Ul8D (Sheet 9). The data selector receives the DOWN and LOAD signals for the IF,
CPU, and R/W channels from the CIO (Sheet 7). The DOWN signals specify a count up
or down command to the bit slice devices; the LOAD signals specify a load or run
command. The data selector (Sheet 9) is addressed by two of the phase clocks, phase A
and Phase C, to select the control signals for the IF, CPU, and R/W channels during the
respective phase.

The two data selector outputs are applied to gates U17C and U14B. The I 2/4 output
(U18D-7), when high, specifies a load operation, and sends I 3 high via OR-gate
Ul7C-2. The data selector output at U18D-9, when high, specifies a count down, and
sends 1 3 high via U17C-1. When Ul18D-9 is low, and a load command is not present
(I2/4 low), I 3 is low, specifying a count up operation to the bit slice devices.
Exclusive-OR gate Ul4B-3 generates a Carry In (CN) input to the bit slice devices when
either U18D-9 is high or when the input to U14B-1 from the advance MUX (U17H-7) is
high.

The advance MUX received WRITE ADV and' INTERFACE ADV from the CIF Board and
READ ADV from the Data Board via connector J3, pins 44, 42, and 43 respectively.
When any of these signals is high during its respective channel time, the address counter
in the bit slice devices will advance. :

The bit slice devices receive the DMA addresses (DMA0-DMAL7) from the CPU via
address ports Ul7L and Ul7K (Sheet 7). The devices (Sheet 8) receive the
microinstruction from the data selector on the I 3 and I 2/4 lines, and the Carry In (CN)
signal from the data selector output XOR gate. The DMA addresses are loaded into the

bit slice devices when the LOAD microinstruction is sent on the I 3 and I 2/4 lines.
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Three operations are possible using the 1 3, 1 2/4, and CN lines. These functions are
listed and described in Table 9.

The channel clock inputs (ABUF, BBUF, CBUF) to the bit slice devices select the
appropriate registers (R1, R2, and R4) for incrementing/decrementing and for
outputting via the Y outputs. During an ABUF (Interface) cycle, nothing is done with
the corresponding address register (R1, LTAPE address). The bit slice devices output
the R2 (CPU address) register via the Y outputs and increment or decrement the R4
(PTAPE address) register. Similarly, during a BBUF (CPU) cycle, nothing is done with
the corresponding address register (R2), and during a CBUF (R/W) cycle, nothing is done
with corresponding address register R4. The functions performed by the bit slice
devices during the three channel clock cycles, and the associated microinstructions, are
shown in Table 10.

The Y16 and Y17 outputs of bit slice device Ul4K are used in the CAS generation logic
to select the CAS decoder output, as detailed in the CAS generation description. The
YO - Y15 bit slice device outputs are sent to the bit slice MUX logic.

The bit slice MUX logic consists of MUX flip-flop U16K-5, latches U6J and U9J, and
line drivers U3J and U12J. The MUX logic timing is shown in Figure 3-1. MUX flip-flop

U16K-5 is clocked by the 10.85 UB clock and is initially set when the 5.43 UB clock is
high. On the next 10.85UB clock pulse, the low U16H-15 pulse at the preset input

5.43—1.___

U16H-15

U16H-13

U16K-5 (MUX)

T
U16K-6 (MUX)

ueJ(Q) —< YO0-Y7 YO0-Y7 YO0-Y7

u9J(Q) ]-———- Y8-Y15 Y8-Y15

AOA-A7A, —— U6GJ(Q) usJ(a) ueJ(Q) usJ(Q) ueJ(Q) uaJ(Q)
A0B-A7B

Figure 3-1. Bit Slicer MUX Logic Timing Diagram
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(U16K-4) holds the MUX flip-flop in the set state. The flip-flop is reset when a low
Ul6H-13 pulse occurs at the reset input (Ul6K-1). The positive-going edge of the
Ul6K-6 (MUX) signal clocks the bit slicer output data (Y0-Y15) into latches U6J and
U9J. The negative portion of the MUX signal enables the outputs of latches U9J. The
negative U16K-5 (MUX) signal enables the outputs of latches U6J. The AOA-A7A and
AOB-A7B outputs of drivers U3J and Ul12J, respectively, alternately route the U6J
outputs (Y0-Y7) and the U9J outputs (Y8-Y15) to the cache DRAMs (Sheet 10).

The Ul6K output of the MUX flip-flop is also used to clock flip-flops Ul6L-5 and
Ul6L-9 in the CAS generation logic.

RAS Generation, Write Enable, and Parity Check Clock Generation Logic (See Figure
3-2). The RAS generation logic consists of RAS flip-flop U15K-6, inverter U3C-8, and
four drivers (U15F-12, -14, -16, and -18). The RAS flip-flop is set by the trailing
(positive-going) edge of the Ul6H-11 pulse, sending U15K-5 high. This high is inverted
by U3C-8, and the negative signal generates RAS0-RAS3 at the outputs of RAS drivers
U15F-12, -14, -16, and -18. The RAS flip-flop is cleared by the leading (negative-going
edge of the pulse.

U16H-11 -_I._

U16H-13

U1SK-5

U15K-6

U3C-8 —

RASO-RAS3 A

WE

uU16D-9

WEO-WE3

U16J-9
(P CHECK CLK)

Figure 3-2. RAS Generation, Write Enable, and Parity Check
Clock Generation Timing Diagram
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The output of the RAS flip-flop at U15K-5 is used to clock flip-flops Ul5L-5 and
U15L-9 in the CAS generation logic, and the Write Enable flip-flop (U16D-9). When
Write Enable (WE) from the Read/Write (U18F-7) MUX (Sheet 9) is active (low), U16D-9
is reset on the next RAS flip-flop clock pulse. The low at Ul16D-9 (Sheet 8) generates
WEO-WE3 via drivers U15F-3, -5, -7, and -9. The WEO-WE3 signals are used to enable to
write function in the cache DRAMs (Sheet 10).

The outputs of the RAS flip-flop (Sheet 8) are also used to operate the Parity Check
Clock (P CHECK CLK) flip-flop (U163-9). The P CHECK CLK flip-flop is toggled by
the U15K-5, and U15K-6 outputs to produce the P CHECK CLK signal when the output
of Write Enable flip-flop Ul16D-9 is high. When Ul6D-9 is low, the P CHECK CLK
flip-flop is held in the reset state and P CHECK CLK is not generated.

CAS Generation Logic. (See Figure 3-3). The CAS generation logic consists of CAS
flip-flop U16J, gates U15H-3, -6, -8, and -11, and the CAS decoding circuit comprised
of latches Ul6L and U15L, and decoder Ul4J. The CAS flip-flop is clocked by the
10.85UB clock signal, and is toggled by the 2.71UB pulse. The 2.71UB pulses are applied
directly to U16J-3, and are inverted by U17J-12 and applied to U16J-2. The CAS flip-
flop is thus toggled on the trailing edge of the 10.85UB clock following each transition
of the 2.71UB signal. The CAS flip-flop output at U16J-6, when low, enables one of the
four CAS gates, U15H-3, -6, -8, or -11, as selected by the CAS decoding logic.

2.71UB

U17J-12

U16J-6 e

CAS

RAS | I

(SHOWN
FOR REFERENCE)

Figure 3-3. CAS Generation Timing Diagram

The CAS decoder output is selected by the Y16 and Y17 bits from the bit slicer logic
(Ul4K-36 and -37, respectively). Flip-flops Ul6L-9 and Ul6L-5 are clocked by the
Ul6K-6 signal from the MUX flip-flop. With Y16 and/or Y17 high, the respective
flip-flop will be set on the clock pulse. The Ul6L-9 and Ul6L-5 outputs are applied to
flip-flops U15L.-12 and U15L-2, which are clocked by the U15K-5 output from the RAS
flip-flop. The Ul6L-9 and Ul6L-5 signals are sent to decoder Ul4J, which decodes the
status of the two signals and enables the selected output line. This in turn conditions
one of the four CAS output gates for the CAS enabling signal from Ul6J-6.
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INTERFACE SECTION
3.3 CIF/WRITE BOARD (PWB 961346-XXX and 962357-XXX)

The CIF/Write Board performs two independent functions. It contains the circuitry for
interfacing the host controller with the Cipher interface, and it provides the write
formatting function. The interfacing section is shown on Sheets 1 through 4 of
Schematic No. 3; the write formatting logic is shown on Sheets 5 and 6.

Host Controller Interface

Commands, status, and data are exchanged between the host controller and the GCR via
the interface section. The interface signals are all active low. The daisy chain is
implemented with the pin-to-pin connections of J1 to J1 (Sheet 2). The input signals are
received by receivers U4D through U8D. These signals are defined in Table 11. The
write data (IW0-IW7, IWP) is latched by write data latch USE. The write data is clocked
into the latch by a Write Strobe (WSTR) from the CIF Write Strobe logic (Sheet 5). The
tape drive command lines (IREV, IWRT, IWFM, IEDIT, IERASE, and IHISP) are latched
by tape drive command latch U8E, which is clocked by the GO signal when the unit is
selected and IGO has been received from the host controller. The command signals are
sent to CIO U13F (Sheet 3), and the coding of these commands causes the tape drive to
perform specific operations as shown in Table 12.

The unit address is established by the FAD1, FAD2, and FAD3 signals that are latched
by U13E (Sheet3) from the CPU bus (AD13, AD14, and AD15). The FAD1, FAD2, and
F AD3 signals are applied to XOR gates U5H-1, U5H-9, and U15F-12, respectively (Sheet
2). The status of the interface address signals (IFAD, ITADO, ITAD1) must enable the
three XOR gates to select the unit. (See Table 13 for unit address codes.) When the
three XOR gate outputs are high, gate U8BK-8 is enabled, conditioning gate U12H-11 for
the initiating IGO signal and generating Function Select (FSEL). FSEL enables the
output interface drivers (U9D, U9E, U10D, U10E, U11lD, and U11lE), placing the GCR
status signals on the output lines to the host controller.

The IGO signal from the host controller is inverted at U12H-11 and, when active,
enables the addressed unit, generating GO. The GO signal latches the command bits
into latch UBE and generates an interrupt to the CPU via CIO U13F-15 (Sheet 3) to
indicate an interface command. The GO signal also latches the formatter busy state at
U6K-5 (Sheet 2). The output signals from the GCR to the host controller are defined in
Table 14.

Cache Memory Interface

The CIF/Write Board interfaces with the cache memory via connector J3 (Sheet 4).
Write data (MWDO0-7) is routed from the host interface to the cache via write data latch
USE (Sheet 2) during a write operation. Read data (MRDO-7, P, Sheet 4) is routed from
the cache to the host interface via output drivers Ul10D, U11D, and Ul1lE (Sheet 2)
during a read operation. The transfers are synchronized by using the cache memory
clocks. The cache memory is a three-phase read/write memory with automatic address
advance. The three phases are Interface, CPU, and Read/Write. The cache memory
clocks for these phases are INTERFACE CLK, CPU CLK, and R/W CLK (Sheet 4). The
three phases repeat every 1.57 microseconds. The Interface Board accesses the cache
during the Interface (ICR) phase, resulting in a 520-nanosecond access every 1.57
microseconds.
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The three cache memory clocks are buffered by ULD and are then used by the interface
control logic (Sheet 5). The buffered INTERFACE CLK signal also generates the
Interface Clock Rate (ICR) signal (Sheet 4), which is used to enable write data buffer
UA4E for transfer of data to the cache during a write operation. The buffered CPU CLK
(CCR) clocks latch ULE to latch the read data after buffering by U2E during a read
operation. The CCR clock also clocks the buffered read parity bit (BRDP) into parity
check flip-flop U1F.

In the write mode, the cache memory writes whatever data the write data buffer U4E is
driving on the lines. If Advance Hold (ADV/H) from the Interface Control logic is high
at U7E-2, the cache memory address counter is incremented after the write. If ADV/H
is low, continuous writing on each ICR phase occurs to one memory location.

In the read mode, the cache memory transfers whatever data is in the address specified
by the address counter to the read buffer (U2E on each ICR phase). If ADV/H is high,
the address is incremented; if ADV/H is low, the same address is read during each ICR
phase.

CPU Interface

The CPU maintains overall control of the interface logic. Interrupts and interface
status information are sent to the CPU via the CIO (U13F, Sheet 3) on the Address/Data
lines (ADO-AD7). The CPU sends control signals to the interface via the AD0O-AD7 lines
to latches U11F, U12F, U13E, and U15E, and decoders U9H and U10H. The CPU bus is
interfaced with the CIF/Write Board via octal buffers Ul4E, Ul4F, and U15D.

The CIO performs two control functions by means of three internal CIO counters. Two
counters are programmed to operate in series, and are initially loaded with the read
data word count. Each data transfer is counted via the COUNTER 1 INPUT line at
U13F-13, and the counters are decremented. When the counters are decremented to
zero, the read data terminal count signal (ITC) is generated at U13F-12, and sent to the
CIF control logic. The third internal CIO counter is used by the write formatter to
count data groups for the purpose of inserting a resync burst every 158 data groups.
The 158 CLK signal from the write formatter is sent to the counter via U13F-20; the
terminal count for the 158 data groups (158 TC) is returned to the write formatter from
ul3-19.

The Test Write Data and Test Read Data latches (U9F and U12E) are used during test
operations. The CPU can direct write operations to the CIF /Write Board write data bus
or read operations to the read data bus via these latches.

Data Flow

Data flows to and from the host controller on the unidirectional read and write data
buses. The interfacing of these buses with the host controller is described in the Cache
Memory Interface section. The data flows across the CIF/Write Board unchanged
except for the insertion of a parity bit in the write mode. During write operations, the
CRC, ACRC, residual, and pad character bytes are inserted by both GCR and PE data.
These bytes are inserted by U6F, U7F, U4F, and U3F (Sheet 4) respectively. The data
flow and check character insertions are controlled by the state machine (UlJ, U1K,
U23J, U2K, U3J, and U3K), as described in the Data Flow control discussion.
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The ECC byte is accumulated in ECC generator U5F during seven data transfers on the
write data bus. The ECC is output to the write data bus during the eighth time period.
There is no data transfer during the eighth time period. The ECC generator is reset
with a Reset ECC (RECC) pulse from state machine latch UlJ on the ECC clock
(CECC) for the eighth time period.

The CRC and ACRC characters are generated similarly in generators U6F and U7F
respectively. However, these characters are accumulated for a whole block and the
generators are output and reset at the end.

The residual character is accumulated in counters U4H and U4J and is gated onto the
write data bus by octal buffers U4F at the end of each block. When required, pads are
generated and gated onto the write data bus by octal buffers U3F.

Read data operations are also controlled by the state machine (UlJ, UlK, U2J, U2K,
U3J, and U3K) as described in the Data Flow Control discussion. Read operations for
both GCR and PE data are identical. The read data is transferred from cache memory
to the interface via the read data bus (RD0-7,P), and to the write formatter via the
Buffer Read Lines (REDO-7, P).

Data Flow Control

The CPU initiates read or write operations on the CIF/Write Board by asserting a Start
Data Transmission Pulse (SDTP) at output control pulse decoder U9H-9 (Sheet 3). The
SDTP pulse sets Data Transmission (DT) at interface data transmission latch U8L-5 in
the CIF control logic (Sheet 5). The DT pulse starts the CIF state machine, which
consists of three PROMs (U1K, U2K, and U3K, Sheet 4) and three latches (U13J, U2J,
and U3J). The state machine controls the data flow and timing for read or write
operations. When the Data Transmission is completed, the state machine resets the
interface logic. The DT signal is reset by RDT from UlJ-16 to interface data
transmission latch UBL (Sheet 5). The CPU is notified of the transmission completion
by the trailing edge of DT at CIO U13F-32 (Sheet 3).

The state machine also controls the accumulation of check bits, the insertion of the
ECC character, and the addition of the CRC and residual data groups. This control is
maintained by the three PROMs and the output latches in the form of clock and
enabling signals at the latch outputs (U1J, U2J, U3J, Sheet 4).

The interface data transfer rates are controlled by the microprocessor via latch U13E
(Sheet 3). The output control codes (CC1 through CC5) are sent to reduced rate counter
U13J (Sheet 5). The counter output is gated to produce CNT14, which is routed to the R
or W maximum rate gates (U10OP) to establish the state Machine Clock (SMCLK). The
SMCLK signal clocks the CIF control state machine latches (13, 23, 3J, Sheet 4) to
control the data transfer rate. The CCLl through CC5 codings and resulting interface
data rates are shown in Table 15.

Write Formatter
The Write formatter circuitry (Sheet 6), when initiated :by the microprocessor, reads
data from the cache memory, performs GCR or PE write data formatting operations,

and transmits the data and appended control codes to the head drive circuitry (Sheet 7).

The command synchro circuit, consisting of latches U4M, XOR gate U5H, and associated
logic, initiates the operation of the write formatter and synchronizes the
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microprocessor output signals to the Cache memory three-phase clock. The write
formatter is initiated by the Write Formatter Load Command (WFLC) at U4M-3. WFLC
is a negative pulse that clears U4M-9 and then sets U4M-5 on the positive-going trailing
edge of the pulse placing a high at U4M-12. The Read Write Clock Rate (RWCR) clock
is applied to XOR gate U5H-5 where it is XORed with the inverted Word Formatter
Control Bit 3 (WFB3) signal (GCR/PE) from the microprocessor. During a GCR
operation (GCR/PE high), the UH5-6 clock pulses occur on the trailing edge of the
RWCR clock; during a PE operation (GCR/PE low), the U5H-6 clock pulses occur on the
leading edge of the RWCR clock.

The first U5H-6 clock pulse after the WFLC pulse sets latch U4M-9, enabling the Word
Formatter Control Bits (WFB0O-WFB3) line receivers U2L and clearing latch U4M-5. The
second U5H-6 pulse clears latch U4M-9, enabling the latch UIN outputs and initiating
the operation of the state controller, consisting of PROMs UlM, U2M, and U3M and
latches UIN, U2N, and U3N. The latches are clocked by the U5H-6 clock pulses.

The general operation of the write formatting circuitry is then controlled by the state
controller logic. The state controller either PE or GCR write formatting operations, as
dictated by the state of Write Formatter Control Bit 3 (WFB3).

For GCR operations, the state controller outputs the 158 CLK signal to the CIO (U13F,
Sheet 3) and inserts the 158 resync first when the CIO returns the 158 TC (158 Terminal
Count) signal. The state controller produces the timing and control levels for the
preamble, postamble, and control codes. The programmable logic arrays (PLA) (U5R
through U12R) perform the 4-to-5 conversion, generate codes for the resync burst, the
preamble, the postamble, control codes, and modulation for the GCR.

For PE operations, the state controller performs general control for the overall
operation, and provides timing and control levels for the preamble, postamble, and
control codes. The PLAs generate the codes for the preamble, the postamble, and
control codes and performs part of the PE modulation. The balance of the PE
rr)lodulation is done with flip-flops (two per channel) in the write drive circuitry (Sheet
7).

3.4 DATA BOARD (PWB 961420-XXX)

The Data Board contains PE and GCR read amplifiers and read formatting logic. The
read heads interface directly with the Data Board. The board provides the following
functions:

Read Data Detection and Amplification

Read Data and Read Clock Recovery

Read State Machine Control

Read Data Deskew Buffering

GCR Read Data Five-Bit to Four-Bit Conversion
Read Channel Error Logging

O 0O O0OO0OO0OO0

The Data Board contains the following logic circuits to perform these functions:

Read Amplifier

Phase Lock Loop
Deskew Buffer Logic
Channel State Machine
Master State Machine

OO0 O0OOoOOo
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o Clock Generation Logic
0 Block Detection Logic
o Cache Bus Interface

The handling of both PE and GCR density read data is common for the Read Amplifier,
Phase Lock Loop, and Deskew Logic. Data from each of the nine channels is handled
independently through the Deskew Logic, and is then aligned into 9-bit characters and
synchronously clocked into the cache memory. The Channel State Machine is each
channel controls the read format functions, and the Master State Machine directly
controls the Channel State Machines. The Master State Machine is, in turn, controlled
by the microprocessor located on the CPU/MMU Board.

A detailed description of each of the Data Board logic circuits follows. Refer to
Schematic No. 4.

Read Amplifier

The Read Amplifier (Sheets 2, 3, 4) is a semi-custom device that integrates all read
data amplification functions for one complete channel. A separate Read Amplifier is
used for each of the nine read data channels. The following discussion covers the Read
Amplifier (U15K) data channel 2 (Sheet 2). The Read Amplifiers for the remaining
channels function identically.

Inputs from the read head (RPHD and RMHD) are received at pins 21 and 22
respectively. The Voltage Comparator (VCOM) signal at pin 7, from the Digital-to-
Analog Converter (DAC) on the Sense/Servo Board, sets the threshold level for the
detection of flux transitions. The RDROP2 signal indicates that a flux tansition has not
been detected for four consecutive read times, and is sent to the Voltage-Controlled
Oscillator (VCO) in the Phase Lock Loop to halt the read operation and generate a
channel error signal. The RDPLS2 signal occurs on each detected transition, and is sent
to the VCO to indicate that a transition has occurred. The RDATAZ2 signal is sent to
the skew test point logic (Sheet 2) for skew summing.

Phase Lock Loop

The Phase Lock Loop (Sheets 5 through 13) receives the detected flux transition signal
from the Read Amplifier and, through a group of one-shot multivibrators and associated
logic devices, conditions the signal for the deskew logic. As in the case of the Read
Amplifiers, a separate Phase Lock Loop is used for each of the nine channels. The
following discussion covers the Phase Lock Loop for the channel 2 (Sheet 8). The Phase
Lock Loops for the remaining channels function identically.

A VCO, together with associated components, continually cycles to provide a phase
reference for the read signal. The frequency of the VCO is initially set by
potentiometer R519. When in the GCR mode, the low P/G signal enables FETs Ul4J,
which change the charge on capacitors C508, C509, C503,and C504 to speed up the
frequency of the VCO.

A flux transition is indicated by a low RDPLS2 signal from the read amplifier. This
signal turns on multivibrator Ul4K-13, which sends a high to the CLR input of latch
U12K-13, enabling the latch. If the flux transition has occurred before U14K-5 in the
VCO has been turned on, U12K is clocked by the U14K-12 signal, sending a low frorn
U12K-8 to the pump down (PD) input of U12J. This indicates a data early condition. If
Ul4K-5 in the VCO is turned on before the RDPLS2 signal is received, U12K is clocked
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by Ul4K-4 signal when RDPLS2 is received, sending U12K-6 low. The U12K-6 signal is
applied to the pump up (PU) input of U12J to indicate a data late condition.

The PU or PD input to U12J causes the output at U12J-8 to increase or decrease,
respectively. This changes the voltage levels to the VCO components, increasing or
decreasing the frequency of the VCO in accordance with the data early or data late
condition.

When U14K-13 is turned on by the RDPLS2 signal, the low at Ul4K-4, indicating a flux
transition, clocks latch U11K-5, setting the latch. Multivibrator U13K-5, when turned
on by the VCO, clocks the data bit into latch U11K-12 synchronizing the read pulse with
the VCO and producing Synchronized Data (SD) at U11K-9.

When the RDROP2 signal is active (low), indicating that a flux transition has not been
detected for four character read times, an error condition is signalled. This error
condition is common to both PE and GCR recording techniques, since in PE a flux
transition occurs at each read time, and in GCR, no more than two consecutive zeros
can occur. The RDROP2 signal holds Ul4K-13 clear, and signals a channel error to the
channel state machine via gate U9K-6 and latch U10D-7.

Deskew Buffer Logic

The SD bits are sent to FIFO buffers U10J and U9J. Each FIFO is 16 bits deep. When
FIFO U9J is full, it sends a low Channel Read (CHRDY2) signal to the master state
logic to indicate that data is ready for transfer. The FIFO is clocked by the FIFOCLK
from the clock generation logic, which is common to all channels, when gate U9K-11 is
enabled by ENAFIFO from the channel state logic. The data is transferred serially to
latches U8J in the channel state machine.

When FIFO U9J is full, the SD bits are accumulated in FIFO Ul10J. If the data is not
transferred from U9J, and U10J becomes full, the signal from U10J-2 (IR) becomes
active (low), signalling an error condition. Latch UlOK-5 is reset on the next RDC
clock pulse from the phase lock loop, generating an OVERFLOW signal. The
OVERFLOW signal initiates a channel error signal in the channel state logic via gate
U9K-6 and latch U10D-7.

Channel State Machine

The channel state machine consists of latches U8J, PROM U7J, and associated logic.
The channel state machine is controlled by A, B, and C signals from the master state
machine to PROM U7J, which dictate the method by which the data is processed and
output. The channel state machine can detect an end mark (ENDMK), which would not
be output on the cache bus, a MK2, a PE postamble (PEP2), or data. When data is
specified, it is processed by the channel state machine and output to the master state
machine for transfer on the cache bus. The channel state machine also performs the
5-to-4-bit conversion function for GCR data.

The U8BJ latches are clocked by State Clock A (STCLKA) from the clock generation
logic, and receive the data serially from the deskew buffer logic at U8J-17. When
PROM U73 is instructed by signals, A, B, and C from the master state machine that a
GCR data transfer is occurring, the first data bit received by U7J and U8J is shifted
upward and returned to U8J-3 on the next clock pulse. Each data bit is similarly shifted
upward until the fifth data bit is received. PROM U7J then shifts four data bits out
serially to gate U18K-1, to generate SRDATA2 at UBK-3. The decoded data is sent to
the cache bus interface logic for transfer to the cache.
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When a channel error is detected, PROM U7J receives the error indication signal at
U7J-1, and generates the CHERR2 signal at U8M-11. When the data pattern received
by PROM U7J indicates an end mark or a MK2/PEP2, the resulting signals are generated
at UBM-10 and -9 respectively. The CHERR2, EMK2, and MK2/PEP2 signals are sent to
the master state machine logic.

Master State Machine

The master state machine (Sheet 14) controls the processing of the individual channels
via the A, B, and C signals, and generates flags to the CPU to indicate format and
status. The master state machine consists primarily of voting PROMs U5J, Ué6H, and
U6G; EPROMs U3G and U4G; CIO U5SB; and related gates, latches, and processing logic.

The channel ready (CHRDYO - CHARDY7, CHRDYP) signals are latched at U6J and
U5H, and sent to voting PROM U5J. When a minimum of seven channels indicate a
ready condition via the respective channel ready signals, voting PROM U5J generates
Data Ready (DRDY). DRDY is sent to EPROMs U3G and U4G via latch U4H-12 to
indicate that data is ready to be transferred in all deskew buffer logic FIFOs.

Similarly, End Marks (EMKO - EMK7, EMKP) and Mark 2/PE postamble detected
(MK2/PED - MK2/PEP7, MK2/PEPP) inputs from the individual channels are received by
voting PROMs Ué6H and U6G, respectively. When PROM U6H detects a minimum of
seven channels specifying an End Mark, or PROM U6G detects a minimum of seven
channels specifying a MK2 or PE postamble detected, the respective PROM generates
an EMK/PEOQ or MK2/PEL1 signal.

A priority encoder (U5G) receives EMK/PEQO and MK2/PE1 Block Detect Delay
(BLKDY), as well as, Block Detect (BLOCK DET), and Pad Count (PADCNT). The
ENMASTER signal is generated by the CPU and routed to latch U4H via CIO U5B. This
signal is used to enable the master state machine during a read operation. The BLOCK
DET signal is sent from the block detect logic to indicate that data has been detected
and that read operations should be initiated by the master state machine. BLOCK DET
enables the operation of the priority encoder. The PADCNT signal is generated during
PE operations and is used to pad the eighth character during a PE read function,

Priority encoder U5G encodes the five input signals to enable output line A0 or Al.
These lines, via XOR gates U1G-3 and -6, are latched by U4H, which also latches status
signals Data Ready (DRDY) from voting PROM U5J, FWD/REV from the CPU via CIO
U58, and PE/GCR, also from the CPU via the CIO.

These signals are sent to master state machine EPROMs U3G and U4G. The EPROMs
generate control signals A, B, and C to the channel state machines via latches U1H, and
format/status signals to the CPU via latch U2H and the CIO.

The CIO communicates with the CPU via the bi-directional CPU bus consisting of lines
ADO-AD7. These lines are buffered by buffers U6A and are routed to and from the
CPU/MMU Board via connector J5. Control signals for the CIO are received via
connector J5 and buffers U5A. The status and control signals sent between the CPU
and the Data Board via the CIO are listed and described in Table 16.

The synchronized read data (SRDATA0-SRDATA7) from the individual channels is
latched at U4C and routed to the cache bus interface logic via buffered read data lines
BRDATAO-BRDATA7. The parity bit (SRDATAP) is latched at U4E-9 and routed to the
cache bus interface via the BRDATAP line.
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Clock Generation Logic

The clock generation logic (Sheet 15) receives four clock signals from the MMU portion
of the CPU/MMU Board via connector J3 (Sheet 14), as follows:

CLD542 - The 5.42-MHz clock
CLK271 - The 2.71-MHz clock
R/WCKL - The read/write clock
CPUCLK - The basic CPU clock signal

0 cCc OO0

The clock generation logic (Sheet 15) synchronizes these four clocks to produce five
basic clock signals that are used to control the operations of the data board. These five
clocks are the FIFOCLK, CLK542, and master state machine clocks A, B, and C
(STCLKA, STCLKB, and STCLKC).

Block Detection Logic

The block detection logic detects recorded tape and signals the master state machine
and the CPU via the BLOCK DET line. The RDROPO - REDOP7 and RDROPP signals
from the read amplifier are received by PROM U6F -1. When data is detected on one or
more of the channels, the respective RDROP signal is high. When no data is detected,
all RDROP signals are low, and the U6F-1 PROM output holds flip-flop U4F reset via
amplifier network U5F-13. This holds the BLOCK DET signal low, indicating that no
data is recorded on the tape. When one or more of the RDROP signals is high, flip-flop
U4F -10 is set, sending BLOCK DET high to indicate that recorded data is present on the
tape.

Cache Bus Interface

The cache bus interface logic consists of nine gates (U3C, U4B, and U3B), line drivers
U4A, and parity checker U3A. The gates are enabled by the high PEPAD signal from
the master state machine. The gates receive the Buffered Read Data (BRDATAO -
BRDATA7, and BRDATAP) from the master state machine logic. When the gates are
enabled by PEPAD, the data is routed via the line drivers and connector J3 to the cache
on the MWDO - MWD7, MWDP lines. During PE operation the PEPAD signal goes low
every eight character count, inhibiting the gates and placing all zeroes on the output
lines.

Parity checker U3A receives the BRDATAO - BRDATA7, BRDATATAP signals and
checks for a parity error. If an error is detected, Vertical Redundancy Check Error
(VRCERR) is generated and sent to the CPU via CIO U5B (Sheet 14) to flag the error.

3.5 SENSE/SERVO BOARD (PWB 962832-XXX and 962810-XXX)
The Sense/Servo Board is a multiple-function PWB that contains the following circuits:

Voltage sourcing and regulation
Sensor signal processing
Mechanical actuations/drivers
Erase/Write Head drive
Compliance arm position sensing
Analog-to-Digital Converter
Supply reel servo driver

Take-up reel servo driver

OO0 O0OO0OO0O0OOoOOo
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0 Operator Panel interface
0 Alphanumeric Display Panel interface
0 Communication control

All top plate connections, except for data to and from the head, are made through the
Sense Servo Board. The board provides voltage for all other system boards, and all
direct external communications are made through the board via the Operator Control
Panel, Alphanumeric Display Panel, or Serial Interface.

The following detailed descriptions of the Sense/Servo Board functions are based on
Schematic No. 5. All sheet number references in the description refer to sheet numbers
of that figure.

Voltage Sourcing and Regulation (See Sheet 2)

Voltage sourcing and regulation is performed on the Sense/Servo Board. Unregulated
input voltages are received from Power Supply Module PS1 via connector J1. A 3525A
integrated circuit (U5G) is used to achieve switching requlation. The switching
frequency of 25 kHz is determined by resistor R59 and capacitor C54. The 3525A drives
a push-pull power stage consisting of transistors Ql, and Q2, which actuate current
boost transformer T1.

Voltage requlation is taken from the secondary of the transformer T1 5-volt tap after
frequency filtering through inductor L4 and capacitor Cé6. The +5-volt transformer
output is rectified and sent to all system logic via connector P4.

Monitoring of the unrequlated 57V dc input is done through comparator U3E. If the
input drops below 38V dc, U3E will shut down the switching requlator U5G. In addition,
one-shot USE will send a power-on reset signal (PWR RES) to the microprocessor when
power is applied.

Sensor Signal Processing (See Sheet 3)
The sensor input signals are received at J7 and J8, and consist of the following:

Take-up reel tachometer

Door sensor

File protect sensor
Beginning-of-tape (BOT) sensor
End-of-tape (EOT) sensor
Tape-in-path sensor

O 0O o0oooo

The sensor input signals are detected, shaped, and processed through comparators U2K
and Ul6H. The resulting TTL-compatible signals, with the exception of the tachometer
outputs, are fed directly to CIO U6A (Sheet 7) for processing by the microprocessor.
The tachometer outputs (TPO and TP1) are pulse-shaped and conditioned by U11E and
U12H (Sheet 7) before being routed to the CIO.

Mechanical Actuators/Drivers (See Sheet 3)

The following functions are controlled by the Sense/Servo Board:

0 Blower motor
o] Door lock solenoid
0 Hub lock solenoid
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The Blower (BLWR), Door Lock (DRLK), and Hub Lock (HBLK) signals are sent from the
microprocessor via CIO Ul4A (Sheet 7). The BLWR signal controls the blower motor
through transistor Q8; the DRLK signal controls the door lock solenoid through driver
U9H-4 and transistor Q14; and the HBLK signal controls the hub lock solenoid through
driver U9E-8 and transistor Q10.

Erase/Write Head Drive Circuits (See Sheet 3)

The system uses three separate magnetic head assemblies; the erase head, the early
erase head, and the write head. The drive circuits for these heads are located on the
Sense/Servo Board. The drive circuits are controlled by signals from the microprocessor
sent via CIO U14A (Sheet 7). The Erase Head 1 Enable (EH1EN) signal controls the
operation of the erase head drive circuitry, which consists of driver U7C-12, transistor
Q7, and related discrete components. The Write Enable (WEN) and 6250 signal control
the operation of the write center tape head drive circuitry, which consists of transistors
Q9, Q10, Q50, and Q51; and related discrete components.

Compliance Arm Position Sensing (See Sheet 3)

Signals indicating the position and rate of change of position of the compliance arm are
generated by the compliance arm sensing logic. The compliance arm drive signal is
derived from the 40 kHz SERVCLK output of CIO U14A-19 (Sheet 7) by drivers UL6N-4
and -6; operational amplifiers Ul16K-12 and -6; and related discrete components. A
variable capacitor couples the compliance arm sense signal (ARMSNS) to U16K-6, where
the arm position (ARMPOS) signal is generated. The ARMPOS signal is routed to the
Analog-to-Digital Converter (Sheet 4) via multiplexer UL0OE. The ARMPOS signal is
also applied to differentiation circuit at U16K-8, consisting of Ul6K-10, Ul6L-4 and
related discrete components. The output at U16K-3, Arm Division (ARMDI1V), is also
sent to the Analog-to-Digital Converter (Sheet 4) via multiplexer U10E to indicate the
rate of change of the position of the compliance arm.

Analog-to-Digital Converter (See Sheet 4)

The Analog-to-Digital Converter (ADC) provides communications between various
analog signals and the microprocessor. The ADC consists of ADC1001 (U13E) and two
4051 multiplexer (U10E). The following analog lines are multiplexed and digitized for
transmission to the microprocessor:

+12V

-12v

+5V

+57V

Write Center Tap Voltage (WCTV)

Take-up Motor Voltage/Current (TMV/TMI)
Supply Motor Voltage/Current (SMV/SMI)
Arm Division (ARMDIV)

Arm Position (ARMPOS)

OO0 O0OO0OO0OO0OO0O0Oo

The signal to be sampled is selected by the A, B, C address signals from CIO Ul4A. The
selected signal, after digitizing by U13E is routed to the microprocessor on the higher
order byte of the processor address/data bus (AD8-AD15).
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Digital-to-Analog Converter (See Sheet 4)

The Digital-to-Analog Converter (DAC) provides communication between the
microprocessor bus and various analog signals. The DAC consists Ul12A, a 4051
demultiplexer (U10A), differential amplifiers (U11A-1 and U11A-7), voltage followers
(UBA and UB8B), and related discrete components. The following analog functions are
generated by the DAC:

0 Supply Motor Current (ISU)
0 Take-up Motor Current (ITU)
0 Read Amplifier Voltage Threshold (ITHR)

The DAC receives bits AD6 and AD7 and the high order byte (AD8-AD15) of the
processor address/data bus. The analog output is available at U11A-7, and is sent to
demultiplexer U10A for selection. The demultiplexer is enabled by the MDAC signal
from CIO U14A-33 (Sheet 7), and the output signal of the demultiplexer is selected by
the A, B, C address signals from Ul4A-32, -31, and -30. The selected demultiplexer
output signal is clamped by one of the high impedance voltage followers (UBA or usB).
The selected output charges the associated capacitor (C71 through C73 and C266) to the
desired value, and since the demultiplexer output returns to a very high impedance
state, the capacitor retains that value until the next refresh time.

Supply Reel Servo Driver (See Sheet 5)

The ISU signal from the DAC (Sheet 4) is the drive signal (supply current) for the supply
reel servo driver. The ISU signal is applied to U155 where it is filtered. The signal is
then modulated by a 20 kHz sawtooth (f+ and f-) at comparators U15T. The sawtooth is
generated by U15R and U15S from a 40 kHz Servo Clock (SERVCLK) signal initiated by
CIO Ul4A-19 (Sheet 7). The pulse-width-modulated signals from U15T-1 and U15T-2
are applied to the gating network of U7T. If the ISU signal was negative, specifying
forward reel movement, the signals from Ul7T-6 and Ul7T-8 are sent to driver
transistors Q44 and Q45. The ISU was low, specifying reverse reel movement, the phase
difference will result in reverse motion. The driver transistors feed an H-bridge power
driver comprised of transistors Q35, Q36, Q37, Q38, and their related components,
which drive the supply motor through inductors L8 and L9 and motor breaking relay
K1l. Voltage feedback is provided by comparator U6W-3, which generates the Servo
Motor Voltage (SMV) signal that is sent to the Analog-to-Digital Converter (Sheet 4) for
digitizing and routing to the microprocessor. Current feedback is provided by U6W-10,
which generates Servo Motor Current (SMI) for routing to the microprocessor via the
Analog-to-Digital Converter.

Current limit protection is provided by comparator network U8W. When the servo
motor current exceeds its maximum limit, the High Current (HII) signal at Ul17R-4
(Sheet 6) goes low. This inhibits the U17T gating network, causing the servo drive to
shut down.

Further shutdown protection is provided by the Watchdog Timer logic (Sheet 6). If the
+5V drops too low, the Servo Enable 2 (SERV EN 2) signal at U175-8 goes low. This
shuts off transistor Q11, deenergizing relay K1 and shutting down the servo drive.

Take-up Reel Servo Driver (See Sheet 6)

The operation of the take-up reel servo driver is similar to that of the supply reel servo
driver. The ITU signal from the DAC (Sheet 4) is the drive signal (supply current) for

3-23



the take-up reel servo driver. The ITU signal is applied to U15V-6 where it is filtered.
The signal is then modulated by the 20 kHz sawtooth (f+ and f-) from the supply reel
servo driver logic at comparators U15P. The pulse-modulated signals from U15P-13 and
U15P-14 are applied to the gating network of U17P-9 and U17P-3. If the ITU signal was
negative, specifying forward reel movement, the signals from Ul17T-6 and Ul17T-8 are
sent to driver transistors Q40 and Q41; the phase difference will result in forward
motion. The driver transistors feed an H-bridge power driver comprised of transistors
Q31, Q32, Q33, Q34, and their related components, which drive the take-up motor
through inductors L7 and L6 and motor breaking relay K1. Voltage feedback is provided
by comparator U6W-4, which generates the Take-up Motor Voltage (TMV) signal that is
sent to the Analog-to-Digital Converter (Sheet 4) for digitizing and routing to the
microprocessor. Current feedback is provided by comparator U6W-12, which generates
Take-up Motor Current (TMI) for routing to the microprocessor via the Analog-to-
Digital Converter.

Current limit protection is provided by comparator network UBW. When the Take-up
Motor Current exceeds its maximum limit, the High Current (HII) signal at U17R-4 goes
low. This inhibits the Ul7P gating network, causing the take-up servo drive to shut
down.

The take-up motor drive also has the further shutdown protection of the Watchdog
Timer logic detailed in the description of the Supply Reel Servo Driver.

Operator Panel Interface (See Sheet 4)

The Sense/Servo Board processes control signals that operate a power switch, a power
on indicator, and six tactile membrane switches with five associated light emitting
diodes (LEDs) on the Operator Control Panel. The LEDs are controlled by the LOAD,
UNLOAD, ON-LINE, WRT EN, and HI DEN signals from CIO Ul6A (Sheet 7) through
drivers U15E. The switches are sensed by a resistor divider circuit and the same CIO
lines that drive the LEDs.

Alphanumeric Display Panel Interface (See Sheet 7)

The Alphanumeric Display Panel contains an eight-character (ASCII) fourteen-segment
display and three density display LED bars. When the alphanumeric display or LED
display address is decoded by U12E (DSPSL or LEDSL, respectively), data is sent to the
selected display via drivers Ul4E and Ul4F on the BADO-BADS lines.

Communication Control (See Sheet 7)

Communications between the Sense/Servo Board and the microprocessor is
accomplished by reading and writing to memory locations corresponding to six memory-
mapped input/output devices. These devices are the two CIOs (UL4A and Ul6A), the
Analog-to-Digital Converter (U13E), the Digital-to-Analog Converter (U12A), and the
density and alphanumeric displays located on the Alphanumeric Display Panel.
Addresses within the Sense/Servo Board memory space are latched by latch U12C and
decoder by U12E. After decoding, the active output of U12E enables the selected I/O
device.

3.6 DATA BOARD (PWB 962789-XXX)
The Data Board contains PE and GCR read amplifiers and read formatting logic. The

read heads interface directly with the Data Board. The board provides the following
functions:
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Read Data Detection and Amplification

Read Data and Read Clock Recovery

Read State Machine Control

Read Data Deskew Buffering

GCR Read Data Five-Bit to Four-Bit Conversion
Read Channel Error Logging

O O0O0O0OO0Oo

The Data Board contains the following logic circuits to perform these functions:

Read Amplifier

Phase Lock Loop
Deskew Buffer LLogic
Channel State Machine
Master State Machine
Clock Generation L.ogic
Block Detection Logic
Cache Bus Interface

O 0O O0OO0O0OO0OO0OOo

The handling of both PE and GCR density read data is common for the Read Amplifier,
Phase Lock Loop, and Deskew Logic. Data from each of the nine channels is handled
independently through the Deskew Logic, and is then aligned into 9-bit characters and
synchronously clocked into the cache memory. The Channel State Machine in each
channel controls the read format functions, and the Master State Machine directly
controls the Channel State Machines. The Master State Machine is, in turn, controlled
by the microprocessor located on the CPU/MMU Board.

A detailed description of each of the Data Board logic circuits follows. Refer to
Schematic No. 6.

Read Amplifier

The Read Amplifier (Sheets 2, 3, 4) is a semi-custom device that integrates all read
data amplification functions for one complete channel. A separate Read Amplifier is
used for each of the nine read data channels. The following discussion covers the Read
Amplifier (U26K) data channel 2 (Sheet 2). The Read Amplifiers for the remaining
channels function identically.

Inputs from the read head (RPHD and RMHD) are received at pins 21 and 22
respectively. The Voltage Comparator (VCOM) signal at pin 7, from the Digital-to-
Analog Converter (DAC) on the Sense/Servo Board, sets the threshold level for the
detection of flux transitions. The RDROP2 signal indicates that a flux tansition has not
been detected for four consecutive read times, and is sent to the Voltage-Controlled
Oscillator (VCO) in the Phase Lock Loop to halt the read operation and generate a
channel error signal. The RDPLS2 signal occurs on each detected transition, and is sent
to the VCO to indicate that a transition has occurred. The RDATAZ2 signal is sent to
the skew test point logic (Sheet 2) for skew summing.

Phase Lock L_oop

The Phase Lock Loop (Sheets 5 through 13) receives the detected flux transition signal
from the Read Amplifier and, through a group of one-shot multivibrators and associated
logic devices, conditions the signal for the deskew logic. As in the case of the Read
Amplifiers, a separate Phase Lock Loop is used for each of the nine channels. The
following discussion covers the Phase Lock Loop for the channel 2 (Sheet 8). The Phase
Lock Loops for the remaining channels function identically.
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A VCO, together with associated components, continually cycles to provide a phase
reference for the read signal. The frequency of the VCO is initially set by
potentiometer R519. When in the GCR mode, the low P/G signal enables FETs U25J,
which change the charge on capacitors C508, C509, C503,and C504 to speed up the
frequency of the VCO.

A flux transition is indicated by a low RDPLS2 signal from the read amplifier. This
signal turns on multivibrator U25K-13, which sends a high to the CLR input of latch
U23K-13, enabling the latch. If the flux transition has occurred before U25K-5 in the
VCO has been turned on, U23K is clocked by the U25K-12 signal, sending a low from
U23K-8 to the pump down (PD) input of U23J. This indicates a data early condition. If
U25K-5 in the VCO is turned on before the RDPLS?2 signal is received, U23K is clocked
by U25K-4 signal when RDPLS2 is received, setting U23K-5 and sending U23K-6 low.
The U23K-6 signal is applied to the pump up (PU) input of U23J to indicate a data late
condition.

The PU or PD input to U23J causes the output at U23J-8 to increase or decrease,
respectively. This changes the voltage levels to the VCO components, increasing or
decreasing the frequency of the VCO in accordance with the data early or data late
condition.

When U25K-13 is turned on by the RDPLS2 signal, the low at U25K-4, indicating a flux
transition, clocks latch U22K-5, setting the latch. Multivibrator U24K-5, when turned
on by the VCO, clocks the data bit into latch U22K-12, synchronizing the read pulse
with the VCO and producing Synchronized Data (SD) at U22K-9.

When the RDROP2 signal is active (low), indicating that a flux transition has not been
detected for four character read times, an error condition is signalled. This error
condition is common to both PE and GCR recording techniques, since in PE a flux
transition occurs at each read time, and in GCR, no more than two consecutive zeros
can occur. The RDROP2 signal holds U25K-13 clear, and signals a channel error to the
channel state machine via gate U9K-6 and latch U10D-7.

Deskew Buffer Logic

The SD bits are sent to FIFO buffers U21H and U20H. Each FIFO is 16 bits deep. When
FIFO U20H is full, it sends a low Channel Read (CHRDY2) signal to the master state
logic to indicate that data is ready for transfer. The FIFO is clocked by the FIFOCLK
from the clock generation logic, which is common to all channels, when gate U9K-11 is
enabled by ENAFIFO from the channel state logic. The data is transferred serially to
latches UBJ in the channel state machine.

When FIFO U20H is full, the SD bits are accumulated in FIFO U21H. If the data is not
transferred from U20H and U10J becomes full, the signal from U21H-2 (IR) becomes
active (low), signalling an error condition. Latch U21J3-5 is reset on the next RDC clock
pulse from the phase lock loop, generating an OVERFLOW signal. The OVERFLOW
signal initiates a channel error signal in the channel state logic via gate U20J-6 and
latch U21D-7.

Channel State Machine
The channel state machine consists of latches U19H PROM U18J and associated logic.

The channel state machine is controlled by A, B, and C signals from the master state
machine to PROM U18J which dictate the method by which the data is processed and

3-26



output. The channel state machine can detect an end mark (ENDMK), which would not
be output on the cache bus, a MK2, a PE postamble (PEP2), or data. When data is
specified, it is processed by the channel state machine and output to the master state
machine for transfer on the cache bus. The channel state machine also performs the
5-to-4-bit conversion function for GCR data.

The U19H latches are clocked by State Clock A (STCLKA) from the clock generation
logic, and receive the data serially from the deskew buffer logic at U19H-7. When
PROM U18J is instructed by signals, A, B, and C from the master state machine that a
GCR data transfer is occurring, the first data bit received by U18J and U19H is shifted
upward and returned to Ul19H-3 on the next clock pulse. Each data bit is similarly
shifted upward until the fifth data bit is received. PROM U18J then shifts four data
bits out serially to gate U18K-1, to generate SRDATAZ2 at U8K-3. The decoded data is
sent to the cache bus interface logic for transfer to the cache.

When a channel error is detected, PROM U18J receives the error indication signal at
U18J-1, and generates the CHERRZ2 signal at U19M-11. When the data pattern received
by PROM U18J indicates an end mark or a MK2/PEP2, the resulting signals are
generated at U19M-10 and -9 respectively. The CHERR2, EMK2, and MK2/PEP2 signals
are sent to the master state machine logic.

Master State Machine

The master state machine (Sheet 14) controls the processing of the individual channels
via the A, B, and C signals, and generates flags to the CPU to indicate format and
status. The master state machine consists primarily of voting PROMs U123, U15H, and
Ul15G; EPROMs U5G and U10G; CIO U12B; and related gates, latches and processing
logic.

The channel ready (CHRDYO - CHARDY7, CHRDYP) signals are latched at U15J and
U1l2H, and sent to voting PROM Ul12J. When a minimum of seven channels indicate a
ready condition via the respective channel ready signals, voting PROM U12J generates
Data Ready (DRDY). DRDY is sent to EPROMs U5G and U10G via latch U10H-12 to
indicate that data is ready to be transferred in all deskew buffer logic FIF Os.

Similarly, End Marks (EMK0O - EMK7, EMKP) and Mark 2/PE postamble detected
(MK2/PEQ - MK2/PEP7, MK2/PEPP) inputs from the individual channels are received by
voting PROMs U15H and U15G, respectively., When PROM U15H detects a minimum of
seven channels specifying an End Mark, or PROM U15G detects a minimum of seven
channels specifying a MK2 or PE postamble detected, the respective PROM generates
an EMK/PED or MK2/PE1 signal.

A priority encoder (U12G) receives EMK/PEO and MK2/PEl Block Detect Delay
(BLKDY), as well as, Block Detect (BLOCK DET), and Pad Count (PADCNT). The
ENMASTER signal is generated by the CPU and routed to latch U12G via CIO U12B.
This signal is used to enable the master state machine during a read operation. The
BLOCK DET signal is sent from the block detect logic to indicate that data has been
detected and that read operations should be initiated by the master state machine.
BLOCK DET enables the operation of the priority encoder. The PADCNT signal is
generated during PE operations and is used to pad the eighth character during a PE read
function.
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Priority encoder U12G encode the five input signals to enable output line A0 or Al.
These lines, via XOR gates Ul1G-3 and -6, are latched by U10H, which also latches
status signals Data Ready (DRDY) from voting PROM U12J, FWD/REV from the CPU
via CIO U12B, and PE/GCR, also from the CPU via the CIO.

These signals are sent to master state machine EPROMs U5G and U10G. The EPROMs
generate control signals A, B, and C to the channel state machines via latches UlH, and
format/status signals to the CPU via latch U3H and the CIO.

The CIO communicates with the CPU via the bi-directional CPU bus consisting of lines
ADO-AD7. These lines are buffered by buffers UL5A and are routed to and from the
CPU/MMU Board via connector J5. Control signals for the CIO are received via
connector J5 and buffers UL12A. The status and control signals sent between the CPU
and the Data Board via the CIO are listed and described in Table 16.

The synchronized read data (SRDATAO-SRDATA7) from the individual channels is
latched at U10C and routed to the cache bus interface logic via buffered read data lines
BRDATAO-BRDATA7. The parity bit (SRDATAP) is latched at UI0OE-9 and routed to
the cache bus interface via the BRDATAP line.

Clock Generation Logic

The clock generation logic (Sheet 15) receives four clock signals from the MMU portion
of the CPU/MMU Board via connector J3 (Sheet 14), as follows:

CLD542 - The 5.42-MHz clock
CLK271 - The 2.71-MHz clock
R/WCKL - The read/write clock
CPUCLK - The basic CPU clock signal

O O O0OOo

The clock generation logic (Sheet 15) synchronizes these four clocks to produce five
basic clock signals that are used to control the operations of the data board. These five
clocks are the FIFOCLK, CLKS542, and master state machine clocks A, B, and C
(STCLKA, STCLKB, and STCLKC).

Block Detection Logic

The block detection logic detects recorded tape and signals the master state machine
and the CPU via the BLOCK DET line. The RDROPO - REDOP7 and RDROPP signals
from the read amplifier are received by PROM U15F. When data is detected on one or
more of the channels, the respective RDROP signal is high. When no data is detected,
all RDROP signals are low, and the U15F PROM output holds flip-flop UL0F reset via
amplifier network U12F-13. This holds the BLOCK DET signal low, indicating that no
data is recorded on the tape. When one or more of the RDROP signals is high, flip-flop
U10F-10 is set, sending BLOCK DET high to indicate that recorded data is present on
the tape.
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Cache Bus Interface

The cache bus interface logic consists of nine gates (U6C, U10B, and U6B), line drivers
U10A, and parity checker U6A. The gates are enabled by the high PEPAD signal from
the master state machine. The gates receive the Buffered Read Data (BRDATAOD -
BRDATA7, and BRDATAP) from the master state machine logic. When the gates are
enabled by PEPAD, the data is routed via the line drivers and connector J3 to the cache
on the MWDO - MWD7, MWDP lines. During PE operation the PEPAD signal goes low
every eight character count, inhibiting the gates and placing all zeroes on the output
lines.

Parity checker U6A receives the BRDATAO - BRDATA7, BRDATATAP signals and
checks for a parity error. If an error is detected, Vertical Redundancy Check Error
(VRCERR) is generated and sent to the CPU via CIO U12B (Sheet 14) to flag the error.
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TABLES

CHAPTER 4.

Data values Record values

1234/5678 12345/678910
0000 11001
0001 11011
0010 10010
0011 10011
0100 11101
0101 10101
0l10 10110
0111 10111
1000 11010
1001 01001
1010 pl1010
1011 01011
1100 11110
1101 01101
1110 01110
1111 01111

Table 1. GCR Four-To-Five Bit Translation Codes
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ANSI Data Subgroups Storage Subgroups
Channel A B A B
1 DDDD DDDE HXXXXX XX XXX
2 DDODD DDDE HXXXXX XX XXX
3 DDDD DDDE XX XXX XXXXX
4 PPPP PPPP KXXXX XXXXX
5 DDDD DDDE XXXXX XXXXX
6 DDDD DDDE XX XXX XX XXX
7 DDDD DDDE HXXXXX XX XXX
8 DDDD DDDE XXXXX HXXXXX
9 DDDD DDDE XX XXX XXXXX
Group
Position 1234 5678 12345 678910
LEGEND: D: Data Bit
P: Vertical Parity Bit
E: Error Correction Code
X: 4 To 5 Conversion Code

Table 2. Data Group To Storage Group Format

HIGH BYTE LOWBYTE
(Sheet 4) (Sheet 5)
U23M, U26M, U19M, UI9N,
u26P, U26N, U19P, U21M,
U24M, U24N, U21N, U21P,
U23P, U23N, U22M, U22N,
U24P U22pP
Table 3. DRAM Locations
u23C
ST3 ST2 ST1 STO Operation Active Line
0 0 0 1 Memory refresh REFRESH
0 0 1 0 I/O reference I0
0 0 1 1 Special I/O reference SPECIAL IO
0 1 1 1 Interrupt acknowledge INTA
1 0 0 0 Data memory request DATA
1 0 0 1 Stack memory request STACK

Table 4. Microprocessor Status Line Codes
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SIGNAL

FUNCTION

SCIO (Select CIO)

Sent to CPU (Sheet 2); used to select Xmit mode for
U23F and U25F (BADO0-15). Selects CIO U20D
(Sheet 7).

SNRM (Select NOVRAM)

Sent to NOVRAM U25J (Sheet 6) to select the
NOVRAM. '

STORE NR
(Store NOVRAM)

Initiates a store operation in the NOVRAM (257,
Sheet 6).

RECALL NR
(Recall NOVRAM)

Initiates an array recall operations in the NOVRAM.

(R BOOT (Reset Boot)

Used by boot control logic (Sheet 3) to generate
BOOT after power test.

CDATA (Cache Data)

Indicates that an operation involving cache data is
occuring.

CADD (Cache Address)

Sent to U22H to start cache address transmission to
the DMA.

Table 5. DMA Control Address Decoder Signal Functions
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PIN NO. SIGNAL
(U20D-) NAME SOURCE/DESTINATION| FUNCTION

6 R/W ZR/W From CPU High: Read to CPU
(Sheet 2) Low: Write to CIO

36 CS0 SCIO From Address Chip Select 0 and 1.
Decoder U27J CS0 low and CS1 high
(Sheet 7) selects the CIO,

35 CS1 Z1/0 From CPU Chip Select 0 and 1.
Sheet 2) CSO0 low and CS1 high

selects the CIC.

34 AS ZAS From CPU Address Strobe. When
(Sheet 2) low, addresses, INTACK,

and CSO are sampled.
(See Note)

5 DS ZDS From CPU Data Strobe (active low).

(Sheet 2) Provides timing for data
into or out of CIO.
(See Note)

16 PCLK ZCLK From CPU Peripheral Clock. Used to
(Sheet 2) clock the CIO.

25 INTACK INTA From CPU Interrupt Acknowledge.
Status Decoder Indicates to CIO that an
u23C interrupt acknowledge
(Sheet 2) cycle is in progress.

24 INT VI to CPU Vector Interrupt
(Sheet 2) (active low). Requests a

CPU vectored interrupt.

17 IE1/ IEI/IEO from Interrupt Enable In/

18 IEO Other Daisy- Interrupt Enable Out.
Chained Device Control the CIO and

CPU interrupt priorities.
Table 6. DMA Control CIO Control Signals
NOTE: AS and DS low at the same time is an illegal condition and causes the CIO to

reset.
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SIGNAL FUNCTION

PCHECK Received from Cache memory parity checker.
Indicates a parity failure in memory. Read/Write
Clock to byte counter.

R/W BC Read/Write clock to byte counter.

IF DOWN, Sent to Load/Run MUX (Sheet 9) to specify direction

CPU DOWN, of count for DMA address.

R/W DOWN

IF READ, Sent to Read/Write MUX (Sheet 9) to specify a read

CPU READ, or write operation.

R/W C READ

DMA1l6, High order DMA address bits; sent to bit slicer

DMA 17 (Sheet 8) to specify selected CAS to be generated.

FHMPE (Force High Parity
Error), FLMPE (Force Low

Parity Error),
REVERSE BANKS

Used only for diagnostics to force high parity error
or low parity error and to change the active (high or
low) cache memory bank (REVERSE BANKS).

R/W L BUB
(Read/Write Last Byte)

Routed to CIF/Write and Data boards to indicate
that the last byte is being read or written.

IF LOAD, Sent to Load/Run MUX (Sheet 9) to specify a load
CPU LOAD, address or run operation.

R/W LOAD

CREFRESH Cache refresh signal; routed to Advance MUX

(Sheet 9) to advance the DMA address during a
read/write cycle.

Table 7. DMA Control CIO Output Signal Functions




Register Designator DMA address

R1 LTAPE
R2 ChU
R4 PTAPE

Table 8. DMA Address Register

13 I12/4 CN OPERATION

0 0 1 Increment B Register
1 0 0 Decrement B Register
1 1 X Load

X = DON'T CARE

Table 9. Bit Slice Device Microinstructions

INCREMENT DECREMENT LOAD
(12/4-13) (12/4-13) (12/4-13)

ABUF R2 »- VY, INCR R4 RE » VY, DECR R4 RE +~VY, LD R4
BBUF R4 + VY, INCR R1 R4 Y, DECR R1 R4 +VY,LDRI1
CBUF R1 -V, INCR R2 R1 » VY, DECR R2 R1-+Y,LDR2

Table 10. Channel Cycles And Bit Slice Device Register Functions

4-6




SIGNAL DESCRIPTION

IGO Initiate Command. Used to latch the command
specified on the command lines into the selected
ready GCR.

IFEN Formatter Enable. Enables the GCR. With GCR
on-line and IDBY true, pulse will reset a command
"runaway" condition.

IREW Rewind. Interface input signal. With GCR ready,
on-line, and not at BOT, causes tape to rewind in
reverse direction.

IRwU Rewind/Unload. With GCR on-line, causes selected
unit to go off line, rewind to BOT marker, then
unload the tape.

ILWD Last Word. Used during a write operation to indicate
that the character to be strobed into the formatter is
the last character of the record.

IREV Reverse

IWRT Write Tape drive commands lines.

IWFM Write File Mark (Decoding these five lines

IEDIT Edit produces the commands

IERASE Erase shown in Table 3-10).

WP, IWO-IW7 Write Data. Input lines that carry write data from

the host controller to the GCR.

IFAD, ITADG, ITAD1

Address lines used to select a daisy-chained GCR.

Table 11. Interface Input Signals
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COMMAND IREV IWRT IWFM IEDIT IERASE
Read Forward 0 0 0 0 0
Read Reverse 1 0 0 0 0
Read Reverse Edit 1 0 0 1 0
Write Forward 0 1 0 0 0
Write Edit 0 1 0 1 0
Write File Mark 0 1 1 0 0
Erase Variable Length 0 1 0 0 1
Erase Fixed Length 0 1 1 0 1
Security Erase 0 1 1 1 1
Space Record Forward 0 0 0 0 1
Space Record Reverse 1 0 0 0 1
Space File Search Forward 0 0 1 0 0
Space File Search Forward 0 0 1 0 1

(Ignore Data)
Space File Search Reverse 1 0 1 0 0
Space File Search Reverse 1 0 1 0 1

(Ignore Data)
Status Hold 0 0 0 1 1
Select 3200 CPI 1 0 1 1 1
Select 1600 CPI 0 0 1 1 1
Select 6250 CPI 1 1 0 0 0
Read Extended Status 0 0 0 1 0
Diagnostic Write 1 1 1 1 1

Table 12. Tape Drive Input Command Codes




IFAD

ITADO ITAD1 ADDRESS

LOGICAL

PO O0OOO

HFROOHFHM~OO

HOFOFORO
NoONwunmbEeEWN O

Table 13. Logical Unit Addresses

SIGNAL

DESCRIPTION

IFBY

Formatter Busy. Indicates that tape motion is
occurring.

IDBY

Data Busy. Goes true after simulated ramp delay and
remains true during execution of all channels
initiated by IGO.

IDENT

Identification. Pulsed when reading or writing from
the BOT marker and the PE 3200 or GCR
identification burst is detected.

IHER

Hard Error. Pulsed while IDBY is true to indicate
that an uncorrectable error has been detected by the
GCR. Indicates a machine failure during any write
operation other than a write edit; pulsed when add
parity sum of IW0-7, IWP is incorrect.

ICER

Correctable Error. During a read/write operation,
indicates the occurence of a single-track correctable
error.

IFMK

File Mark. Pulsed while IDBY is true to indicate that
the GCR has detected a file mark.

IRDY

Ready. Indicates that GCR is on-line, not rewinding,
and ready to accept a remote command.

IONL.

On-Line. Indicates that selected GCR is accessible
to the host controller.

IRWD

Rewinding. Indicates that the tape is rewinding to
beginning of tape. IRDY will be false while the tape
is rewinding.

Table 14. Interface Output Signals
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SIGNAL

DESCRIPTION

IFPT File Protect. Indicates that a reel of tape without a
file protect ring is mounted on a selected GCR.

ILDP lLoad Point. Indicates that the BOT marker is
positioned in front of the photosensor.

IEOT End of Tape. Indicates that the EOT marker has been
detected.

IWSTR Write Strobe. Pulsed to indicate that the character
on the data lines has been recorded and the next
character is needed.

IRSTR Read Strobe. Pulses to indicate that a character is

present on the controller interface.

IRP, IR0-IR7

Read Data. Read data from the GCR to the host
controller.

Table 14. Interface Output Signals (Continued)

DATA RATE (kHz)

CONTROL BITS
C4 C3 C2

632.8
316.5
211.0
158.2
126.6
105.5
90.4
79.1
70.3

l—'l—-‘b—dl—'l—ﬂl—'b—‘l—‘DQ
HD!—'DF—'OHOXQ

X
1
1
1
1
1
1
1
0

OO OOk ==X
HOORFOOFX

Table 15. Interface Data Transfer Rates And Control Codes
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SIGNAL FUNCTION
FROM CPU

PLLRESET Sent to phase lock loop to reset loop.

FWD/REV Sent to master state machine EPROMs to specifiy
direction of tape (forward or reverse).

PE/GCR Sent to master state machine EPROMs and to pad
count logic to specify recording mode selection (PE
or GCR).

TERMCNT/TEST Sent to pad count logic to specify read termination
count or test.

WRITE OP Sent to pad count logic to indicate a write operation
in progress.

TO CPU

STCLLKC Master state machine clock C from Data Board clock
generation logic.

PROCINT Sent from master state machine EPROMs to indicate
a processor interrupt.

POSTAM Sent from master state machine EPROMs to indicate
that a postamble has been detected.

BLOCK DET Sent from block detect logic to indicate that
recorded tape has been detected.

CHERRO- Channel error signals sent from individual channel

CHERRY7, state machines via latches U6B and U6C, also used by

CHERRP CIO U5B to detect ID BURSTS, FILE MARKS and
ARA ID BURSTS.

VRERR Vertical redundancy check error signal sent from

cache bus interface logic via latch U6B.

Table 16. Data Board/CPU Status and Control Signals
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NOTES? UNLESS OTHERWISE SPECIFIED.

N

4.

RESISTOR VALUES ARE iN DRMS | Ir4W 5% .

" CAPAUITOR VALUES ARE IN MICROFARADS .

IC VOLTAGE AMND GND ASSIGNMENTS; UNMUSED GATES:

IC TYPE |REFERENCE DESIGNATOR [+5 |6NDI+IZ |-12 [+ ~6 UNUSED
8Z251A UiaB 26| 4
ADCI00ICCN | U7D zo | 1o
DACIOOGICN | UIB 3|
LM332 U3T./DLIL 19M, 14N 14T 213 UlL-8
MCIAOSIBPL | U4E.5E:76G 8 |7
MC348BAP | Uizl 4 & |5
SN74LSIIN UIzn, 1av 47 UIZN-4,19V-A
RC413( USN. 15K, 17K, 19P, 195 17 UI95-A.B._UrTK-A B.D
SN741AN Uiod 4| 7 UlkJ- E
SN7407N USh, UTv 417 USG-ABL,UNV-E,F
SN74LSOBN | Ur2G, 136, I5H 1417 UISH -A
SMT4LSIZAN | LldH | 8
SN74LSOON | UITH 4|7 UITH-A,B
SNT4LSIZBN | UISE L1 8
SN74LS 14N UIZH. 156 417 U/5G-ARD.E,F
SN74LS175 uI5B, I7€ 6| 8
SNT74LS3ZN | U6 417 UltoG-AB
SN74LS74N | UISJ 4|7
TLOBZP UGB 6 C.6D, GE .&F &4 UleB~-A
UASSSTC uav 8| |
UC35Z24AN U3V )
ZBD3GAPS UIOB. U128 23| 7
SN74LSION | U176 4|7 U17G6-A, B
SN74LS04N UIGE a7 G, D.E,F
SN74LS244N | U17B 20 | 10 H
MCT7406P USE 197 9E-D.E

REFERENCE_DESIGNATION
LTR | 5385 | NOT USED
c | 165
CR | 49
DS | |
L | 9
a 30
R | 337
T 1
TP | 45
R | o
¥ ]
ALTERNAT
PIB ASSY 361544 - OOT.

LAST USED AND UNUSED REFERENCE DESIGNATORS:

E SCHEM SECTION (DETAIL A)TO BE USED WITH

ADIS
AD 4
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ADI2
AD1
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AD 9
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DAC
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NOTES : (UNLESS OTHERWISE SPECIFIED)

L IC Vpc & GND PINS WITH UNUSED PORTIONS:

IC TYPE | REFERENCE DESIGNATOR +5V|GND| UNUSED
SNZ4LS00N | 16N, 18H,22C, 25D 4| 7
SN74LSOIN | 23H 4] 71 C
SN74L504N | 238 4] 7
\SN74.SO8N | 22D, 27H 14| 7 27H-D
SNZILSION | 18A a7
SNZALSIIN | 14C 41 7 C
SN74LS14N | 3C | 7 E,F
SN74LS28N | 224 14| 7
SN74LS32N| 17C,20C, 20J,25H M7
SN741S42N | 23C 1618
SN74LS74N | 15L, 16D, 16L,17F, 18C, 22B 14| 7| 22B-A
SN72LSI09N | 20B 6] 8
SN7aLSI25N | 20H 1] 7
SN74LS138N| 27J 6] 8
SN74LS139N| 27D 16| 8
SN74LS153N| 17H, 18D, I18F 6] 8
SN74(S244N | 3A,6C, 94, 98B, 12C, 168, 22A, 27A 20| 10 16B8—A
3A-G , 27A-C.E.G

SN74[S245N| 23A,25A 20( 10
SN741S256N| 140 6] 8
SN74LS280N| 22J, 23J 4] 7
SN741S374N | 17K, 17L 20| 10
745112PC | 16d 6] 8
DM745135N | 18J 6] 8
745280N | 6B, 9C 141 7
T4F32 uibA 4] 7 lwea-B,c,D
74FOOPC I5H . | 7
74F04PC 17d | 7
74FO8PC 3B 17 |B,C,D
74F74PC | 12B, 15K, 16K, 17D, 23D 14| 7 | 15Kk-8
74F86PC | 14B u\|7
74FI09PC | 15C,16C % | 8 | 5C-B
74FI38PC | 16H 76| 8
74FI91PC | 16F 16 | 8
ZAF373PC | 22F, 27F 20| 10
74F374FPC 6A, 6J, 9J 201 10
27128 20K, 22K, 23K, 25K, .28 14 .
AM2901CPC| 3K, 6K, 9K, 12K, 14K 1030
AM2947PC | 23F, 25F 20| 10
AM2966PC | 3J 12J 15D ISF 18M 27M 27P 20| 10 | 15D-A,C.E.G
Ry o A

16.26,46,56, 76,86, 106, 11G, 136, 14G,

‘IH,2H, 4H, 5H, 7H,8H, I0H, 11 H, I3H, 14H,

194, 21M.22M, 23M, 24M, 26M,

1N, 21N, 22N, 23N, 24N, 26N,

195, 21B 22R 23R 24F 26P
X22100 | 254 18| 8
Z8002APS | 25B RIE]
Z8036APS | 20D 2317
Z8581PS | 27C 514
LM39IN 19N -1
898-5-R220/330| 12A (RESISTOR NETWORK) 16| 8 |PNS 56,714

2. POWER & GND ON CONNECTORS:
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C | tof TP | 34 | 13,14,21

CR ] Y 7
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Q 2

R | a1 | 27,28 32,40
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A5 17 R 1A A7 2 7 a1 7 a1 7
114 13 viem 745 26| uewp 42 6| vzem 22 Ll ueen 22 G| veer
(AT3 7 7Y 431z 43 12 43 72| 4312
@367)141-1415 Ur Zl 2%¢6 |18___A3 44 11| 4164 24 11| 4164 41| 4iea 4___11] 4164
At 6l ¢ A2 A5 10 BAD3 A5 10 B84D2 45 10 BAD? 45 10| BAD
“Ho 8 72___Af Al 13 or |12 A 13| or Zj_J A 13 2 Ao 13| oz 18
49 2 D 5% 5 a7 279 0 A 79 ol 479 n ZAg 279 pA
T/ T/9 E ll 17 JEi -5V
(3) MUY .
LA1-LA15
3 '
148 8 AYA
(47 z Iz
Uk 7| verw (16 a5
/45 A 7444 ~
144 /7] 296 [3___A3 ~ £A00 -5AD15
143 73 74z
2 77 > 5 A1
U“Ur 5 5 __ AZ
AT w100 g 11 _BaD Ut 10 11818 1 10 111 BADG w10 1t _BADS
T T U4z 9| 12_Ba01 0z_9 12_BAD9 1z 9 12 &a1 0z_ 9 [z Baps
(3) AMUX U3 8|pue0x |13_BDZ u3__8| w23k [i3_san 43 8| ueeK |13_awe {43 8| U2sKk |13__BADIO
Ud 7|a5 15 83 us___7 15_BApI ut__7 lt5_Bap3 7 5B
U5 4laa 1L _BId U5__o 1_Bur— us__ 6 1 Bapd 054 1o__BAD?
Ul__5|4c27128 [17__BADS 5| 21128 |17 a3 Ub 5| 27128 |f7_Bas Ub 5| 27128 |17_BADS
U7 2lpe 18__BADG U4 [78_Baon ur_4 l18_Baww 474 18 Bau
L 1483y 19 BaD7 us__3 19_BApE5 L us_3 19 _Bap7 463 19 BADIS5
Y925\ pg 4925 / ug_ 25 49 _25
(41024 A10__24 Uum__24 (A10_24
a2t w21 21 uan__21
a1z 23| 4 uz__ 23 Ur__23 L41Z__23
Us 2l un__2 us_ 2 uiz__2|
a18__26|'a13 27 15 us__26| {27 o 5V 141 20| 2r +5V U 2| 27 15¢
1 8 N 28 N 28
. Y 20 d 77 = 204z 2 204rr 204z
10| oo 1 9 1 1 1
(234) BOOT
22 OF 22 0E 22 0F 22 0E
13
.——C _
__ 1o | Ve plL RADS 4)
(3) BOOT q 32
(3 BOOT RD ,
(2,3,6,7) ZD5 ZC@§_4
' o
| 32 —Juear\.8
(2) SPECIAL IO L9432 ):

(2) ZMREQ CPU/MMU BOARD

EPROM / DRAM LOW Schematic No. 2
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(237) I0
(2,7,11) ZARG-ZADIS

(2357) LAY
(237) ZCLK
2,31 45
(23571205
(23)ZMREQ

(2.3)2B/ W
(4) WDOGENA UB

(2)ZPES

(2,7) INTA

(7.9) C DATA

(2,3,57) LAG- LAIS
(7) STORE NF
(3.7)2TOWR

(234) BR/W

(7) RECALL NR
(3)ZTORD

7) SNRM

/4

5 ien™ ;1 / TN J5 oUT
J5 /3l so0 2 /2 94\
War 3 4 /3 \esw /) v & g 11 2 13 | a0g
42 WATT (2,3,9) 0] ) rse 240112 8 1 AD1
;_/57%/ 2402 73 U254 7 15 D2 Ja
2% VI @7 ZADO - ZAD7 2403 14| 245 |6 1 | AD3 - . 7
45 VI (2) - ZAM 15 g A2 B | A +5g5354a FCFT] 9
49 NMI (2) 2AD5 16 4 19 405 85,122 9345
2 17 3 20 | A 254fd | Je-17)1 I
24D7 18 2 21 AD7 861zl 15
19 | = 123159
9.4 g 17
/AW ! 17/r 19
84 28 21
£8 7" 9 23
g b 8L gy | 28 11 23 | s
55 L E76 wrt 10 OE! 10 (7 £409 16 | 2 24 | A9 25
£6 2 240017 | U234 3 5 AD19 !
A Y <) WA ZAD17 1| 245 [« ¢ (M +i2v
57 L 5w £2 ) 2408 - ZADI5 2 | A
8 L £45 Er = L7 ’ 240215 |p ALE 28 AD12 ‘2
59 ——£35 15 2314 2 29 | AD13 8
U238 24014 12 8 30 AD14 10
A ZAD15 13 7 3t AD15 12
> ;9 g 7
y 7R 1%
18
20
17 3 YS CLK
£ 5 2| ¥ 22
13| vza (7 P 75 %
11| 244 9 8 HREQ 31
2 [> 18 9 RIW (1t) PRTERM 45
7
#5V <————4J4 (227 2N @ P33 )
= ’&% OE OF Y
1 19 32 | PWRRES
5 3
U3¢ LS5/% b 4 37 B/W
8 14 43 WATCHDOG ENABLE
15| pyeea |5 45 RESET
131 244 |7 50 | INTACK
2 18 33 | IOWR
1; ,96 34 | IORD
+5Y 17 D 3
J 3 o 12 _
OF OF U220\, 1
Y238 11 119 I 13 |Lso0 PWR RES (2,3.4)
RIS p 0 INA(7)
AN
/e (l) 04 zz/o 2,3,7)
3 TPIS
+—2d 00\ 1 RD CDATA (1)
2| 32
 p30 Zé g ag NOVRAM
§2.2K 143 4l ues)pli2  BApY
ITA 4 3),52210 1|13 BADT y 03 BADD-BADIS (24.5.7)
(45 2l o482 4.5,
Sq727N 4 S Ub /(; 5 o2 8403
STORE
*QO_EEJ A7 ): 10\ zeran
1 [
7
2’0 e 3 4 L5V
£q 32 10,5 R/ pos @2
P % 8 WoZ28B (k'S 2N4d01  R3G
Q a.9v.5% 2.2K
5
T AWA
44 32 R33
100
CPU/MMU BOARD

J4 /5 / NOVRAM

Schematic No. 2
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407 18 19
BADe 3 2
85 4| umt |5
. BADG - BADIS Gapd 7 374 [
(245,6) BADD-BADIS 843 8|p Qle
Bz 73] 72
a1 5
238 By 17l e
LA7 4 f ————
—i%—“‘ VN3 WR CADD L R
(& sz——v__l 2| oo
Ciﬁ‘1 (84075 18 19
. w3 2
§§4§‘K i +?v BB 171 UK g
SV B 4| 3¢ s
a4y qli5
0__7 A
R4 8y 13 12
= 4 10K 2as & = 9
a2
A uiaN 7T
JWSS% 3 |LM3IN q
[ ras 107 3 * 2
BaY, 4 5
T e S
.57 ape___8 314 |9
& Blp g2
ras Bae___ 14 15
A BADI 17 16
M &g 18 =
TEMP WARNING —2q 7220\ 4 4 ) 71
> T5WR 24 28 ) ura/v>:4, WR_CADD H
(3,6) Z IOWR q LA} 5| 0o
w1 I lfmg zl; o
(2356) LA1-LA15- % |uB—_1l; vew jlm__ O
ng Glg 138 3l
—_ 4l
(236) I0 tee  sf
6
GA Sz 7L
! 220a
CADD
2409 37| 33
20136 oricn
Wz 39 JAET
2 0| wveoo 30
-ZAD7 A03 40 |
(2,6,11) ZADG-ZADI5 2400- 24D Zd 1 PA312S
2ZAD5 e |28
20, 3] o7
2474 cro  fatizg
8036A
123) 2R/W Ay pcof
(236) ZI/0 33 ¢si pPc1f&l
% P22l
57z T 7 il PC3ES—@ TP34
(236) ZAS =95
(2356) 2D5 S s PB0f2
P
(23) ZCLK 16 L peuy Pgé 10
o5 | PB3{L
(2,6) INTA 240 NTHCK PB4 12
(2,6) VI Nt PasHE
(6) IET 17] e, aalle
(6) I£0 Blree o5

(1) PCHECK

(9) R/WBC

TEMP_WARNING / DMA CONTROL

«

OMA7 B)
DMAGL (8) -
OMAS 8)
OMA4 B)
DMA3(8)
DMA2 (8)
OMAT B)
DMAG B}

ENA )

DMA15 8}
DOMA14.(8)
OiA13 81
OMATZ 8)
DMA1 B8)
OMALG B8)
OMA9 (8)
oma8 &)

WFR CADDL (9)

SPARE

SCI0 &)

SNRH (G)
STORENR (6)
RECALL NR(G)
RBOOT(3)
CDATA (2,6,9)

IFDOWN(9)
CPY DOWN (9)
R/W DOWN(S)
IF CREAD(9)
CPU CREAD(9)
R/ W C READ(S)
DMA16(8)
DMA17(8)

FHMPE (@)

/ZMPE(Q
REVERS NKS (2)

R/W L BUB (%)
ZF toap(9)
CPUL0AD(9)
R/W L0AD(9)
CREFRESH (9)

K NOTE: THIS I.C. NOT INSTALLED

CPU/MMU BOARD
Schematic No. 2
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5V PU4

10
n 9
11_ sl Jnols e 537 5 utey|  F CHECK CLk (1T [
PL CE umhz— g
14 UtF 13 12| s112 0 2966 L
108518 cp 6 NC T (O WE —18 2 17 WED (10)
F191
2) awal 7 PU3 14 \ieD UISF
372 4 1|£5% B8 WETm
3 : UI5F
R B oy ST VB
21512 |, 11 z//5; TE3
1 C— WE3 (10)
@S [P | . PU3 p PU3 " F
I pu4 / Y16 2 9 72 9 —7
137>, 12 2778 ©) o o V2o it o8
Pu3 PU3 1 1 *5‘/7 o ast ] 7—3@—00 Vs | case (10
10 13 13 uns < J "N 9 FAST
I puida—12]p PR Pu4 % o pua bl e ’—z@w >z CAST (10)
UILK o q
P | 6 13N7 rd
B3 gbls 11, F74ls Y3 PU3 8baele | 5\ z55 “uiso CasE o)
. ops i IESUB(9) ; 4 4 s 0
8 P 3 ' AT A S 28 9 ol gl oS — B2 —— CAS3 (10
)| F138 g 7 (o) Yot wist 2 ur E Foo 8 y150
3_
TPIO mo O% 3|L57% 3|57 {;W 5 4
5p—=—
3 9 U3 7 7
Nzla A2 bpo=—
2(97) 18 b7 PU4 PU4 P8
F 25 g % -
5.43U8 Py b *q RASG (10)
() 3 uIsK Visia “usF
F74\6 O\ H# 25T
A 3 e sl R
e 3] jL’R/ 1 VISF
h:743 A1
s L 7452 (1)
1 UISF 52
28 RAS3 (10)
Yg- vI5 _ \ 7! ,
g 4[], a5 A £ ADA (10)
g —Bos v omag —25 Y8 | pyato—25 25 3 2 & v e T A 0
omat — 2851 vy a5 — 24 Y9 ) uiats 2 37 NZE = 8| 2%6 |12 234010)
oma2 —£3lo2 vz DMAG Y0 A oman 2 & 38 y/c N4 7 A g > 4 444 (10)
oma3 ——22lps 0¥ oma7 UK 22 U9k VIT) s 22 UI2K gzz UnK |39 e Y54 5 15} 5 25440)
4| 2501 5| 2001 4 2ot 5| 290 5l 2901 o g 4 s AGA(10)
1 F
(9) ABUF —¢514t (9) ABUF —45 (9ABUF — (9) ABUF —4-F (9) ABUF —475 ATATO)
- 2 2 2 2 2 1] 1 19
9 BBUF — 17512 (@) BBUF—475 @ BBIF —4 ] (9) BBUF —¢.2 9) B8UF —75] e T T
r1pe 4 4 9 4 5 4
9 CBUF— 151" @) CBUF —17g] () CBUF —%75] (9) cBUF —4] ) CBIF —475 o i . .
1 1 7 ] ] N > a AGBI10)
e 20 20 20 20 Y018 9 2 18 A1B10)
Y017 uss [ 4| vl |t 128 (10)
(1113 Fam |12 1] 296 |9
073 Vb 73 Yo 13 V6 13V 13 V26 . . 1 2 A3B (10)
712/4 —¢14r2 8 N roa—e 2 8 ~N 12749t 8 N resa—eld 8 N  r7/4 —ott 8 - NZEY] G B D> A48 (10)
() 28074 9 28 9 28 9 28 9 N 7 9 N 2 ASB (10)
1 11 11 11 } 11 N s > 8 £ AGBIIO)
15¢ 12\, % 15/ 12 73 457 —el2 A 25¢ 12 16 15y a—g 2 A ATB (10)
1317 2 N { 13 2 N\ e 13 21\ 13 2 Ny {/3 21\ up
777 31 7 31 7 31 7 31 , 7 37 Tiep Tf ([19
27175 32 27 32 27 32 27 32 27 32 Loloe (911) ENAX
501 34 5 34 5 34 5 3¢ 5 3
A 35 G 35 A 35 A 35 ¢ 35 Lo vo-v& (9)
N 29 |33 29 33 29 33 29 33 29 33 e
) 15|cp 15 15 15 15
o o o G I
O
10|30/40 1030410 1013040 tols0la0 10)30]a0]
+5V<—J Rz -;¢5V<——J ‘4 R3 45V —1 R4 +5V R5 +5V -— RG .
2204 220a 220a. 220a 220a DM CACHE DRAM CONTROL
1 4 [
| - CPU/MMU BOARD

AV é V i? i? Schematic No. 2
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c(8)

: J3
6 N4 0
4 CBUF®) 4~ 16 vi68 Njc —— ©0 | SPARE
(5244 ~ BBUF (8) 8 12 ABUF(8) 434
j Q 1s244 (8)5.43U8———C] fL ¢ 58 | 5.43 MiZ
5 c 24 RAWCLK (1)
A 4 ”;f’ 54 | R/WCLK
PU3 CPU CLK(T1)
. T l B 9 [ 52 | CPUCLK
I ‘65 ] 11 %7} -
%a 2[ e 10 A a2 50 | INTERFACE CLK
1532 2| ” a/w s | Ariszes
34FP)7 A I —@7P4 B)IESUB 1] i 48 | INTERFACE EARLY STROBE
‘—O l—" _| ®77P6 U34
1 ?15 5 S (7} RASLBYB —— 1703 45 R LAST BYTE
l |—DP4{/ J l—. 2 _u—lé_ —@®7P5 (§=//-1 l/[;/ég
3 uise ISNS
. P v ® 0
AL < £109 Jve 1915244 maz
511 s _30 7 (8,71) ENAX wWeB
7 @Y1 Ay 39 | mar
7 o
CHANNEL _CLK 4 &Y BINT 38 71s
GENERATOR '6_%—;244
® 2.71U8 Lk 56 | 271 MHZ
RI
+5v % 151 =y
u3C
PU4 #9 27 r 7P 41 45y
K 71K 4 |2 Zsm
% 4 (7)TF DOWN —-———gaﬂ 51
2 19 2 cpu bown ——I1t
uree \wnee DRI DO il 118D 10 ’zj@@_—_—-? 138 WSS
- 0574 3|57, ——213 15153 1532 299
(7). WR CADD L = DOWN/UPM[/X <7—Cf ______ 2 3 4 WRITE ADV
! *.——@ READ ADV
i T () IF [0AD ———F] — ) e 9 | Inieemce aov
(7 CPU LOAD 1 . 7
(7) R/W LOAD ; 2 12/4.(8) H
ADDR_LOAD SYNCHRO 3
[ 7de 5?
Ui D/ RINMUX {7 g,
cPu ADV (1) —2< 2 _ 1
(7) C REFRESH | le 3
4 Glosa 51 ’,57
Sy 2w 19
_ 38 Eg 1532 PU3 iz 7 21
m——,tsr rvw——wv w313 23
0 a ooy 2 7 115153 2
(€7 CDATA 121y R 2lpolo o ADV o o} - 4 50 27 |
W w 3 s R BC ADVANCE. MUK 79
A AL SF L s, uleh @ ADVANCE_MUX 5 |
T_’i 7 T[ &271u8 : 35 |
7 R/WBYTE CLK 37
PY4 | /7/"52 47 |
1532 LXL o
47
49 |
#5v PU3 1412 g.'; 1
Py D IF C REA) ———%{o™ ST 55
/2 ! _
e (7) R/WC READ 4z weF \z e 2
(57| ne 112 ¢s153 v —
R12 SR 1>%ls "
w Sk 7
12 _ WRITE
L, 13 AT (23) READ./WRITE MUX
PUz U4 L@zsw
- YNCH DMA: MISC
CPU/MMU BOARD

f
(7)CPU C READ 2:32 ‘ Schematic No. 2
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( ) R R ) ] ] 1 1 ]
. . - . PR . — e —o -5
lr s I 1 | | 1 1 I 1 [ 1 1 T 1
B) 75T = ] ] ] . s s ] ] S
(8) 450 A Blrrs — — — —] — ] ] ] ]
(8) WED N — — — — — ] S | —
B) pgA 5 Siag — — — — — . _ | |
@ — b~ 2lyun ) 1w 1 usp — 1 um “Jusp — | urop ) | w0 )
®) 424 J— N Gy — S — ] ] ] ] ] ]
(a A34 < A 1 A34,M —— - | PR I N R 1 1 1
(8) AdA — g —_ — — _ _ _ _ ] ]
(8) A5A 105 S— — — — — — — — —
8) A6A 4 Ba |, — —_— — _ — — — ] ]
@) A7 J a7 1Y’ Y @z | — 03— L4 Q5 | — -, 72 a7 [ — P | — L amP
oG i ory Y p— 02— 03 —] 04 —] 05 —] 06— 0? P —— DMP——
2 J l ! . : It l i 4
( R - o ) — ol - o | .« o R ] o o . ) o o -€7- -5y
s L 1 | | 1 [T [ 1 T 1 1
(8) RAST 4\ s — — ] g ] ] ] A i
®) (A5 15ie7s - — — _ — ] ] — ]
©®) WET N3l S — — —] — _ —] — S
- A5 Ag —_ — — ] J— J— —_— _ —
. 703 UIE 3 vaE USE U7E —use UI0E | urte | uBE UI4E
N Gl ] _ | ] _ | | _ | ]
\ 12],54164 ] ] — ] ]
. \ 1 44 P J— — P p— —_ _ P P
K A 70 £5 PRN— — P— JE— — — —
N 1Bl I ] | ] _ ] ] ] 1
t—¥—gﬂ7 Doyt t—ag | — o1 (— a2 (— a3 04— -—as|— 06 |— —, P L omP
09 oy [ p— 02— 03— D4 —— D5— D6 — 07— DP—— OMP——i
e 1 1 )| l l l )| l
G R U B I I B R N S
R T 1 T 1 [T T 1 | | T 1 [ 1
®) RASZ Al — . —] — ] ] —] —] ]
®) CAS2 A _ — —] —] — ] ] — ] ]
@) WE? - -gm _— — ] — —_ _ ] ] | |
6 A8 A 71 ut6 — ues — we — us6 ] u76 — usc — uro6 w6 | utse —1 wma
) A2B b blaz — _ — — — — — — —_—
®) A3B —— ’f,‘As‘”“ — — — — — — — _— _—
@ A4B J 4 — — — _— — | —] —] — ]
® A58 Lo — — — — _— — —— — —
® AGB B | _] ] ] ] ] ] ] ] ]
@& A78 +—> I ot® s Q1 — Py p— L 03— I a5 | — a6 \— | 07| — | gp|—] L oup
0g 2o 01— 02— D3 — 04— 05— Do — 07— P — DMP ——
|A ! Iy 1 d 1 4 1 %
R U SR I R U B B R S
HRE Il T T T 1 1 1 LT | T 1
&) RAS3 RS ] g | . ] /| ] ] -
@) (AS3 A 19173 — — —_ — —_ — ] —] —
®) WE3 h -5? WE — —_ — — — — — — —
T 7la UIH ] veH 1 van ] usH — v | usH — umwH — vy — u3H 1 unn
o ] ] ] ] ] ] ] ] —
T2 res ] — ] ] ] ] ] ] —]
k. 11 ] ] _ _ ] ] _ ] ]
10ls ] ] _ — _ ] —_ ] —
A ’3'44 1 1 P - P -1 —_ —_ —_
a7 oour{— g | —— a1 | — ;7] — L o3| — 04| —— 05 |— Y — a7 L op|— L omp
14 oy 01— 02 03— 04— 05 —— A 07— 0P — P —
e )i | | l . l Ji )i

PMA . CACHE DRAM

NOTES: UNLESS OTHERWISE SPECIFIED

ALL DEVICES, SIGNALS,AND PIN NUUMBERS,
IN THIS SERIES,ARE IDENTICAL.

CPU/MMU BOARD
Schematic No. 2
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16

+5V - UI2A o
g|  DIPTERM PAk 220/330 2 [2— PRTERM (&)
PART OF
0l 13 1a Jefe |n 1315 3
(1000 V4 18 2 | mwos
14 &
(10101 4 |mwo1
(10) D2 — 1o U95 4 6 | Mwp2
(10) D3 18 ,27 8 | #wD3
(10)0a 4 10 | MwDe
10} p5 2 g 2 |mwos
(10) D6 7] (5244 # | Mwoe
10)07 9 1 16 |MwD7
1 TfS’
CACHE_IN BUFFER vree
(1) pP 243 18 | MwDP
(S244
(26,7) ZADF-ZADS —
PU3
£4 az%/;
2hRgls I ZAD8 |
T 10 15125
F74
3l
CIR
! i
13 2 3 22 24p7 \ 2407 17 3
2 7 p; 5 28D A 240G 15 5
1l use U6B |8 7l vea o ZADS | 2AD5 13l v |7
0 5 5 g 9 2AD4_|\ ZAD4 11
9 e Te 10 13 17 ZAD3 A ZAD3 8 > 2
8 11 7 15 2AD2 )\ ZAD2 2 7
1 12 7l F374 I ZAD7 4 ZAD1 4! (5244 o
2| seso0 5280 [13 8 o ZADG A ZADT 2 18
4 4
T 07 979
usec RAWCLK (9) 3 urec CPU_PORT
(10) DMP ;39/% e —— RDC DATAG) | zaps 2
PARITY GEN L PARITY CHECK U3C 15244
DLSM
(70)QF LI 20 | MrOZ
(100 1 ;5 oc g 22 |mrp1
10 Q2 3 U 9 24 | MrD2
1003 g > 2¢ | MRD3
0) Q4 > 28 | MRDa
10)@5 b 14 30 |mMro5
) Q6 4| 15244 |16 32 | MR
W) Q7 2 18 34 | mrD7
7979
(S)ENAX I I
11IN9
(10) QP AT 3 | MRDP
pU3 7P3
swzg 5 [ (I)
151, \
(1iamp Vsraa 2 ! AN . PCHECK(7)
12 )M e et (TOCID 1'S CATCHER)
(8)P CHECK CLK 1y . 8t
CACHE OUT BUFFER 3
T—»Pm
1
(9) CPU CLK 5]u38) 3
(%) CPU ADV | Fog )

OMA Z DATA BUS
CPU/MMU BOARD

Schematic No. 2
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TP2

4z JI J3 J5 Jb Ja @
E— — |
IC TYPE | REFERENCE DESIGNATOR | #5712V [GhD | UNUSED sl (] ) L [ 1 | .
747500 70 12K, 8 701, B 4 7 z L I i ‘ ¢ —= 15V
TR P y e 7 3 3 3 25 9 |—d +l €1.2,10,30, €3-9,11-29, 31~40, 42-4.5,
741504 94,41, 5L, 5P JOK 4 12 E O 9 —s 5 5 5 17— 495, 579 5?-?‘3,:55-59,6!-70, 72-78,81
741508 |BH.Cd, 1, 6L GM, 10M 10N, 4, ; == 1 7 2 7 3 VZ'U 6V uf sov
3P, 78 5K 5Kk-D 13 9 9 17 5
74510 5J, 97/2/ 5P 14 7 15 11 11 27 17
741511 8K, 71, OM,BN, 9P 4 7 -
741514 3L 14 7 130-ABLDE 17 —s 13 13 47 19
741532 7K, TM 1M, 4N 5N, 100 14 7 19 15 15 53 21
741538 12c 14 7 _\13C-ABD 21 17 17 12 23
721574 4K, 6K, 5L 8LIIL,4M, | , 7 |1raana 23 19 19 22 25 b—1
A o gy:%p' i3 4 7 5FA.1328 £ 21 ¢l 32 ek
Talsizg g e e B 2 27 23 23 36 1 j»uzv HE
74/5125___|2F. J1J 2P 14 7 _111D.2PD es 25 25 32 2
74(5138 | 9H. 104 1% 8 39 27 27 6 3 . 12V
74LS161A___4H 4J 137 A 8 33 31 29 — a M SZL - P40
7405244 D150, 4E3F4E2LIZB.BRIL |20 10 o S
[ 7405245 14E14F 20 10 ;;5 gg ;; <7 ;; ey it % 16v
74(5280 _112D.3f 14 7
7415368 Gl % 8 29 37 35 29 i I I . -GV
7415373 | _1ZE I3ETSE 9F 10F | L, 10 41 39 37 30 cal C54
11E 12F L 43 41 41 5 b 2555 T 25uf
74,5374 | IN, 2N,3N,5E,8E 20 10 45 43 45 37 % 16V 16V
7404 11K 14 7 \[1k-BLDEF
74£08 719 1 7 17 8 47 45 47 45
74£10 11N, 10P 1 7 N4 49 149 —* 49
74£11 124 14 7 _i12d=A 51 6
74F32 o 14 7_luN-AC %7 53 8
74£74 iF. 4P 14 7 14p-4 55 10
74F240 |14 20 0 57 12
74£244 | 2E, 7F 20 10
74£374 E. 1V, .3J.3R 20 0 REFERENCE DESIGIATIONS 59 4
7414 40.50.60,70.8D 14 7 LAST NOT LAST NOT 16
7438 9D.10D.11D, 9E O, 11E 14 7 LR 1sfp USED LTR| SED USED <7 8
472 15H,15J,13K, 15K, 131, 13M, | , ; T & 5 20
I15M 13N, 75N A | 22
27324 1M, 2M,3M zq 12 e T e o
11R.12R J E he VR 26
LM339 75P 3 117 15P-ACD K Y b————— @ TP1, TP3,TP21, TP25, TR46, TP50
280364 13F 23 7 B WA
PAL20X8__|5F 24 2 5 > 5
| PAL2OXI0. _{GE7F.. 24 12 Q 1 7.90%
| 23492 1K.2K 3K 20 10 : —
145420 Z20 ) R 27,7909
I

5. VALUES FOR RXOS3, RXO6 DIFFER AMONG MSOO & Moo,

SEE PARTD LIST 961246 -001 FOR CORRECT VALUES FOR M991.
2. CAPACITOR VALUES ARE IN MICROFARADS.
L RESISTOR VALUES ARE IN OHMS , 1/4W, 5 %.
NOTES: UNLESS OTHERWISE SPECIFIED
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Iwg
Iwi

Iwz
IW3
TW4
Iws
TWG
w7

IWP
TREV
IWRT
TWiMm
IEDIT
TERASE

TIREW

Itwh

FGCR
FLOL
+1GAP

16 1
143 DIP TERM PAK -5V ISA DIP TERM_PAK Pl
220/3300  DIP TERM PAK fo o s5y | 22073302 DIP TERM PAK lom 45y (SOCKETED) 8 (SOCKETED)
18 (SOCKETED) &, o 8 3 (SOCKETED) f/234511!§|7374159770 125&71Q1122731415 .
Sy lelRin MM RMATTES
4;!0373/2/;591762 §§§§§§3§§5§§§ §§§§§§§§3§§~ J ’ HOSOZ-L{;?(/TS
%ﬂi‘gigg“’ﬁ’ﬂ'ﬁﬁ SR <AESN TS = ol 2 2 |zrBY
SEERFIREREIRR N w48 | 1R2
PU19 3 —{50— 50|ZR3
J, FBY ; 513 J
TP18 4 wsr;P 45 s J2 g2
2, / e L PP 36— 36| TwsTR
2 PU20-4ID 6K @ ®
P27 {3 IBLE oz \ 3 3k ts74 Ao CRSTR 8 24
- 1|8 43 (5) 10| 7438 3¢|IRSTR
(3) FAD1 ! (O C 2 RDP 5 .
SH N\ 3 10, TP23@ ( 07 3 4 1 1 |IRP
2))/s86 9 ek N\el, 7 _ ,?—3)7 7P6
/1) ¢st ' 121\ 11 _lGO | |FFEY 1 1914
9
J1 J1 (3) FAD2 8 3| 1s00 RIGP RDJ 1
1 [ /o ; 3 () AFBY IS o1 2 2 \TRe
46 |— 4 < & [ 1z 12 ‘ RD1 ? I
y 11 0 3 FADa’j p _— o 1€ |8 3 3 | 7R
Y 9 4 8 13 RDZ ? 5
/ 2 7 7.
8 8 4 TPIZ? 4| 7438
10 — 10 4 g 741 L & READ _DATABUS RD3 ] "
; y J 7; | RO~  — > 4
12 — 12 | 4 s 15 whng . RD7, RDP
‘ i3 2 W1 (34 TP
7 LS374 4 WD? / R ? 3
8l e 9 Wp3 ‘ROP_ 8| > 2 11 o o l7re
/’3 para (2 WO~ W7, WoP (3,4) RDI 39\ 12p jos 09 7 |3
30 }—30 4 L > 23 1arcH 2 oo WRITE DATA BUS /D110 75 Z 20— 20|1R5
26 26 A 9 8 Z £ WOl rD2__ 11| L5280 RD6 8
G A J 1l 50 w0 rdfg; RD3 12| READ (SH5) TP9? 10| 7438 10 10 | 7RG
7L 132 Y 3 2 CLK o | —2 \_| == — | DATA E_5_ Rreven | RD7 5
pry I 5| 7414 (¢ a0 1B\ priTy | v; & 8 8 |zr7
P I P 3 4 oyt RD5__1| CHECK ole—n/C .
PU3 PU2 RO 2|
WSTR . RD7 4] 3 1
lm 5D () sy 2 3 4 38|—38|108Y
5
’ P P 4 (3)z0eNT 2] 10e & o \— 1 |T7DENT
22— 22 4 A 5 D 6K o s> 2 (3)HER 2 8
18 -——133 T s a0 Lo 1\ £574 |8 Tsizs OWLOE —=] 0| 7438 12— 12 |IHER
34 |— a1 13
4 I 7 17 10 B Ggwiest—L (3 CER 2 1 J 0 I )
38 38 y, g 7414 2
40 —— 40 4
i 4 /g 29 REV (3) (3) FuK L 3
77| s |1 WRT(3) z 14 |—1 14 {TFmK
4 5———37%(33} (31RDY . 28— 28| IRDY
14| LS374 |15 (3) 2 Y
3 . 7 2 crase(s : - 9 5
20l—20 p 2 B % 2 e e 3 | Ls294 o 7438 22— 22|TE0T
b, ul 7w i EX ' LoP 13 1
4 0 5 Br—, 18y 7 7z 4 a|rLopP
4 4 p 7l 7414 |2 I 2l & FEN Lsz244 )
we—2 Gy (5H2) —;Ls e (3) Y@ o & TTPE® 2 |—| 2|\ FGLR
o 74 105 sory Lo LT AT 3 32— 32 |1FPT
+.2| 1500 P @, e £
B s"(ﬂz':’ Q 538 2 P e 4 ¢4 \—Jaa | TOM
AR R2 z.zr<| W3 9 8
qa—44 4 ’,5, o He— sGeR me ¢ 12\ Lso0 #5V l—o 10| 7438 4 30 {30 | TRWD
16— 16 J D o [E-cowe GF—n— M 3 "
36 36 < . LGAP N/C  FSEL R1°220 ”? 40 —40 | I SPEED
N/C
L_ g 741 4 pre FSEL 5 L B
L 5] IBIE 7] 8 e/ |
n/C N/C g,
L
TPi7 ourPuT &
T 51500 51%%5 wa
3 /
(3 top ope ¢ 37 CIF/WRITE BOARD
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— 3 Y ) +5v
161 %
220/330 DIP TERM PAK g 8 220/330 DIP TERM PAK
TOWT /ADS 3 2 70 ' 13D
Dy 3 2 LAB 1 15_TOW1 IBLE(SH2) n sBlelz o lolnfzlzmRls ‘L T EBkllel7 o izBHEE
D18l gor |2 (AT 2 g 10Hf 4 __IOWZ AD) 73 11F ’59 TR/ (SH4,5) Pl 1 :\a 2 Pklkl7 Pl
07 4] 5 [AZ 3¢ LpE_Tows Agz 5 isars g AFBY (sH2) T 2 NESEN
405 17] 15373 Ixg 15138 5 D_sz L3P (SH2) —:‘-Bi—————? A RTEST (SH4,5) N N R,
p— AD4 7 | & ° 4 Dﬂ SEL3P (SH2) Y- y-smmamanry l“ WTES?—(SHZJS) \_ L JS 28000 BLs
|ADS 14 Kio} I ;;2 la 9J RWSEM (34 5) P oo B 2 — INTERFACE
AD7 3| - 12 4 9 - 1 23 W —_ 2 l 228 B 13| ADZ
Acn__g 2 5 Zj; °bz 12 AD7 13 2 11 Isi25 |57 Xy % ADY-ADIS apr__ 77 3 14| aps
P o 7717 Vs 1€ 1 936 ROP s SR, el N\ o £20 st__/,‘? g 5 ADZ
LE —q Ls02 15125610 QUEr—= = —=1 w0 ar3 n 6| AD3
oF 2 ouTPUT T, NI - 33 A4 14 14 o 8| apa
71 CONTROL PULSES o (azeo Jdopt_ AD5 73| 1s2as [7 pd Bovas
PD2 PR /4 8 20| Aps
PD2 Na . Pl SEiep (sw2) ADZ A g 21| AD7
(3 ean— 218 o1 1 bl sEvsp (shey (sockeTED) :”R .
9 85 c 2= RLGP (SH2) Apg i/ |I9 3 T o
8H Ve (s138 3b2 ADs 3l o 12 oLl 222 TNap  ATES—REV M) (ousdps AN PO
Lsoq [HLS08/ Sler ¢ pll FrBYP(SHZ) ADIO___ 17 cC3 csne) Az m| g Sl WRT 2 2408 ) £15 P2
AD1 4| 15373 a2 Ao sEZ—wmm (sH2)
canf | 1 2| + 5p3 £l 4 CC4 (SH5) AD5 30 >
® (SH3) DS +—2de2s 7P~ RSTP (sH5) S LR | FADI (SH2) AD5 212 28036 3157 CRASE (5h2 2 e 24| ADD
55 L0413 FAD2Z (SH2) AD6__3 32 25| apro
= = % A ADI5 | FAD3 (SH2) AS 11 10 a7 4|¢ LT (a5 Btesis g 261 ADI1I
% Lsog 9 1so0 \ ! a —1Ap7 PAZ F——FEN (SH2) JZi (-'; 28| Az
N 34| == 22 £ L 29| Api13
_ A Peals—rBy sH2) 12 8 2ol apm
RIW =155 25— NC Apis it 9 31| ADIS
woP) PDI3 RV 1 [ a5acLK (5Ho) §
Wo7 T FC 158TC (SHG)
o2 2 o |27 (2.5 ADI, & 4 9| R/WA
ADI 18 19 WDé 126\ & 36 5 o - 451 RESET\
AD2 4| 15573 |51 wos , 5 a7 al/o0 —qCof  PB7(— GO (SH2) 50| INT ACK\
AD3 17 TEST 1] wpa alo 2] L= IDENT (SH2) L 7o | 35 65— REW (SH2) p, s|
AD4__ 7| WRITE Iz T wp3 {-wpg-7, 201 18 o 1 heRcsHz) SyscLx Z]€s! 5hz 16| 23N
ADPS 14) D/-}-Z}_I 5| wo2 | WoP Abz 4 5 ceresuz TP20® =g FELK 4-'—,71—)175 (SH4,5) 41 AS
AD6 8 # 9 wor |(SH2,9) ADS (1115373 6 pyx csuz) = INT 35— DPPE (SH5) R27
AD7 3 2| wop Aba 7] 1o RDY (SH2) | WTACK 25— REWU (SH2) S A 4
5 = AD5 1 15_ pBy(s#2) IEL 12— TOREQ (SHS) o > B
_ —20 115 \ 4 i, 06 8 (0 Wim csa) Blreo  reglB—TRAP (SH4) 2 T
R/W 1502/ < C%’E] 2 Ab7_o 13 2_ FpT(sHz) 8 vc o LS294 g TnTA |-
WIEST s K L6 - —30 14\ 1 mhe 7 23 ‘ 4 150 Yo ororr
WLOE ——J 541532 s Lsoz) 9 L (SHS)
(SH5) f_‘ ?f +5V 3 7 _RIW
1 g
i ] PD14 TNTA (3) Z8000 INPUTS -
8 IEH (3 58 COUNTER 19 1
AD9 3| 12£ [z RD6 AD8 19 WD COUNTER
ADI0 17 1% RD5 18 LDP (SH2) PD15
A0 415373 |5 RDY| pny AD? 3! 156 EOT (SH2)
ADl2____ 14| TEST 15 wo3[” T 0" oot 5375 [l 1600PE esH7)
ADI3 READ 1o RD2| (515 4) :g;z 4 WFB® (SH6)
abre_ 3| G lizeoi aE B WEB1 (SH6)
ADI5 8 9 RDZ WFBZ (5H6) .
] ' ADi4 | | 13 12_ wrB3 (sHe) t6) VIN
1 / 4075 || 8 9 wrLC (sH6) Bl s 54| 1£0
N\ 7] I/L5244
J
’__ UI0K USN 56| IET
RTEST 1304 4 1532 ved 21 7 2 | syscLk
PDIZ 25 (SH5) G1 6 2 L5083 15244 8 12
000 (H49) OECC ! 15244
L ) LATCHED oUuTPUT COUNTERT
CONTROL SIGNALS (5) CC5— INPUT T 3 ﬂ WAIT\
(SH5) RSTR 11
(5H5) €051 UHH 1z
(SHAIRSTREN 2 1502 15125 28000 INTERFACE & I/0
() 1R E Y PDIO
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E - 220/ 330 DIP TERM PAK lsi- +5V
o7 14 1327 3 —9 14 ’C{qL 2 7 — 7 3 3 2! 3 20/ 330 DIP TERM PAK HE e 45
=i Lo ar Ul A L Q1 T 5U 8 2 4 15 o |7 9 {10 {11 [i2 |I3 {14 |15 Zz 330 £
POl i 2z Lol 2B £S04 olusi0 ot 28 | EREEEE EBEHERRD 20
sl 4H )2 M323 5.4 |2 T o4 20 SR RRER ’gi”%:ggﬁigﬁ T 213 [# 516 |7 9/og1§13/§4/§
6 |11 M324 & Sl : : ~ S oNazle R R = X
2« | M52 P A ER . Fo32 1. SRR  omascacwe
G 7 T T 2 ” N st P33 C 4 . > T memory
isiela 12 b 45 a2 LSI6IA , Tso4 TN U3 INTERFACE
> I _\_@%71 (S74 4 i wog 17, @ 3 o1 mwoo
P PWisoa]_a 57 — WD@-WD7, WDP WDT__/5 5 = won
- - WDz __73 7
S (SOCKETED) e 1 & | mwpz
o1 _ CENRT] 9 almwp3
pUG "~ '(Ss/‘;/'-éjr wog 2 22 wpa wia 2| tsz2e4 |18 0| mwpa
: we! 3 l21 wp? wDS 4| 16 12 | mwos
- 2 16 WOZ wpz_ 4, 5F |20 wop2 W6 ¢, 74 2| o
RESIDUAL COUNTERS G1 9 . 4 ur 16 WD1 woz 5 79 WD3 WC7 8 17 16| mwoy
3 _10] 12u )& A 4 _WD2 Nwog o 75 WD4
(sa,8y pp 19 120 ) M3ZE E 12 WD3 wos_7| L 17 _wps LLR (SH.5,6 R
WD —— (SOCKETED) M324 77 Lgéiz 9 WD A |\woe_8| “sec [le_woe
/S5 PD3I 11323 73| ke 7 WD5 wo7_ 2| eon |B__WDZ
cag i e 8 91 L risesus) YETS 5 N 5 Woe SATEN E— | 8| mwop
CA1 2 » 7 7 6 D32 DDIS 321 ; 3 WD? : 1 . tsies
ChAz 3 8 4 5 1—Ap32 — 4 cece 1] SH3,5)
CAz 3| ¢3q99-2 1/CR (SH2) | Ll—>D i o 258
ool 3 2 |z PUB e / 1 ) i (SH5) 12 L 5 ZTEST Jsies ?SD;ési 4,%[;244 42| INTERFACE ADV
1 78| 775374 W19 —PU7 GRESID \ * — _ 1; PU1
e . 17 —PUS TRIW 4
a3 £ OCF
\S73) 81 1) 2 6 < 3 14 wEwa —ejzn 44| wRiTE ADV
B2 17 13 14 15 [~PUIO oACRC o 2 (SockeTER) : p or 2 (SHE) 5244
— ¢ — e 2] 23 2 18 WD 2
EEN] Bl g2 P o ) R PO 4| 7o ol o 1 ¢ 7
FB¢_1lg " VLT 2wt o B398y Gl 3F |14 Woo Zb F74 318 pews 37|17 s6| R/W LAST BYTE
——= 2pxio &0 (speq [E—Wo1 cL (SHE) 15243
0B jf CIF CONTROL o Cacec [T e s TI F240
SVOES STATE o1 sen |1 WD _J B cen |z %32 ™
(SH5) MACHINE e PR Woa 15 5 i PU4 165 2o ZHL 48| INTERFACE EARLY
D6 17 3 woy ! (SH5) | e STROBE\
(SOCKETED) WL7 W 17 |ts368wWD5 ; (SH&) % (23
g i ; oo y : RD? $———— BRDP R3 Y1 %19
cAg 1 12 I\ rcre (sus cacrc - 64 = ’T T’g : 220 J
car 2l 4 7 7 < (o45) Sy B S gog| | 2Tz |IH6) BRDE — 1V 4p 8 0| merDo
1 4 2 FACAC (SHE) qoe 5 e w7 | (sH6) BRD] 5 <
caz 3| 63992 |g 4 5 rece (sus) ROILY & 4 1 M- a 4 22| mrD1
g oz I 3| |2 [RCRCIERB) ‘ LE2hE go2) |16, 1€ (g7 |[(SHOIBRDZ— 4l o |4 A oal pmeps
o7 s\T |y 78| F374 |19 CRECC (SH5) GPAD , g3l | 2| F374 |3 |HUORPETTY g5 £ 4—z0| meo3
b _ N1 ROG-7— ppa| | 9 8 |SHO)BRDA——— ol F244 |11 )
545 £51__ 1) 2 17 6 GOT csms) (SOCKETED) v /3@2 2 . RoP ol Tsle Dlu |SHoERDES—— 5 13 i e
FB2 17 73 4 15 SMRST woe 2l 123 ICR_2|Ls10,, 7 e/ (sH2,3) SOBREE . = 30| MRDS
— B3 18 P /3 2 PFB4 woo = GF [ ve T T G2 (508 RD6| | 5 4 -] 54
~ 7 " © h wor 4| mmr EE—— WP 207l | 19 /5 | (SH6) BRD7 —— 3 7
BE 19, L N Whba 5| 20X10 |21 LS368 ui VDo 8 ) 0 OF
(s+2,3)>wWC3 6| CRC D1 5P 50 S 25 1 19
! wig-7, |wpg__7| TV wD2 6| L5289 @) Stn W 32| MRDE
5N wor " a5 wes FARITY s 7 12 ool men
W= N Gewns 2 34
sH 532 Woe 9 wos 2| Car s6| mrDE
TN Ea . T
woe 1| =) (SHS) TP
e’ [ o e |5 7 o ; oo > WEVEN(SHS) (
19 3 ! ADV/ H EN (SHS) =P o7 2 - 5 X (SH5) COmd
pas CAl 2 L#P\ Sel> | 7 £374 6 WSTREN (SH5) ot bt a— DI £ P * 2 v IASTESS) (SH5) TTR 56| 2.71 MEHZ )
caz 3| = s la 5 . oA F240 50| INTERFACE CLK
5 15 eSTREN (SHS) (S5H3,6) RWCR I—4 s2| cPu cLk
g © |2 3 12 rRAP (SH3) oCRC 4 (sHORRCR Ko sa| R/W cLK
_ 5|0 o 1 |8 19 GN A VAN . F240 38| mAg
TRIW—+ FBI ol D Clz |17 /6 PeB! & £598 — 39| mA1
(543,4) 8 p ERL = : N 5] su 6 o 40| mA2
Bz 17:% g . iz 114 /5 PFE2 Flisio AY:
— 23 8l P sle i3 g2 B3 s 5@06 #Lsoe (SH5) -
: (SHS) FBOE! - ] —
ree 191, = L 4] Bl teoa || | ¢ k)T STATE _MACHINE _EAC & CACHE INTERFACE
_ 8 2 3
OF 173 FBI > L= PFB1
O o7 U= 61~ la |
R7 ! <17 FBZ PTUQ; /2 — PFB2 J @75
e 14|LS244l6 . (SH5)
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\ T PRl UIL g e
B4 2 Prpa -
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2 PU23 [UsL\8 9
PUZ3 LS08 "_ﬂc oV "8  SMOEZ (sHe)
étl (225)——1 é 4 (SH3) RESET qQf32 Rggtjgi'D
(5H4,6) £ £ 15 == ccs 1 CNTIS 1
IR S 2o sm g Fe Is ] () RSTE W —o 3t 1757 ez g 0P 12 RATE ek
Z7m 311574 Z1e IhLS7% gfe o7 12 puaz R/W _—‘P—% —2lesn 2| Fro L
(5H4) cL cL cci i A Panl ’%f 172 \17 é’o (5H3,4) READ
f S e elie 2y i ; Rl %
bl fons i SO A =Vt P R ) ll—— _ﬁDL:;z ig— o 2] 57 \& of 0P\ o —  Lug R
(stia} T 5 c 4| 24 \G —D " Q 7P 8 S5/ 10| Fro )c
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T 12us3 (sHa) v TRIW —— » (sH2) 5—(@555‘
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9 ccs TS (sH4) WEVEN
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9
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CL CIF WRITE L | 1 00 .3 > REQUEST
ccs © 73 STROBE 773 Lso4 2| 1500 WRITE DATA LATCH
LM \8 O3, 3 9 OUTPUT ENABLE
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TR 3sn ) 4% (5H4) IheS7 ple RSTR = RSTR
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TRANSMISSION
CNT15 9‘9(_ g =DT TWRD 4l <08 &
LSO4
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HEAD DRIVER CLOCK CONTROL

MV Na ~~ 8
§7 o gy od —F——
U 2 =H 3O (PE/GCR) (ehe 17 1% 05 4
L WFB3 st) BRDS —9 7
(onar BRDT —13 12 D (547)
(sna) BRD3 —H R e O3 2 10R 8 (GCR) WDATA 5
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Note: Staples can cause problems with automated mail sorting equipment. Please use
pressure sensitive or other gummed tape to seal this form.

READER’S

. COMMENT
Cipher Data Products Inc. FORM

M990 GCR
CacheTape® Unit
Theory of Operation

This manual is part of a library that serves as a reference source for service technicians and operators of
Cipher equipment. You may use this form to communicate your comments about this publication, its
organization, or subject matter, with the understanding that Cipher may use or distribute whatever
information you supply in any way it believes appropriate without incurring any obligation to you. Your
comments will be sent to the author’s department for whatever review and action, if any, are deemed
appropriate.

Note: Copies of Cipher publications are not stocked at the location to which this form is addressed.
Please direct any requests for copies of publications, or for assistance in using your Cipher equipment to
your Cipher marketing representative or to the Cipher branch office serving your locality.

Please assist us by answering the questions listed below, then detach this prepaid comments form and

drop it into a mailbox. This will help us to attain our goal of providing you with documentation of the
highest quality.

MARK (X) THE APPROPRIATE ANSWER YES NO

e Is this manual easy to read? _

¢ Does the text flow in a logical manner? —_ —
¢ Are the directions easy to follow? —_—
® Are the examples and illustrations clear and usable? —_—
o Are the technical terms clearly defined? —_— —
¢ Did you find any inconsistencies or errors in the manual? _—
COMMENTS:

Thank you for your cooperation. No postage stamp necessary if mailed in the U.S.A. (Elsewhere, a
Cipher office or representative will be happy to forward your comments or you may mail directly to the
address in the Edition Notice on the back of the title page.)
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San Diego, California 92138

ATTN: TECHNICAL PUBLICATIONS DEPT.
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