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I. INTRODUCTION

The Digital Group Cassette Storage System is a total magnetic tape data storage and retrieval system capable of controlling
up to four Phideck cassette transports and accessing any of over one million 8-bit bytes within 20 seconds, using standard C-
30 Phillips cassettes.

The system is ideal for general purpose data and program storage, file copying, editing, and sorting operations. Eachdeckis
fully controlled to prevent tape breakage. Electronic braking precisely controls tapes for fast forward and rewind operations.
A 4- to 5-bit translation scheme. called Group Coded Recording, allows higher packing densities with asoft error rate of less
than one bit in 10%. This system operates at 1600 flux changes perinch, yieldinga datatransfer rate of 800 bytes per second at
a tape speed of five inches per second.

SPECIFICATIONS

Recording Density: 1600 FCPI (Fiux Changes Per Inch)
Data Density: 1280 BPI (Bits Per Inch)
using 4- to 5-bit Group Coded Recording
Data Rate: 800 Bytes per second (6400 Baud)
Data Capacity: 250,000 bytes on each side of a C-30 audio cassette

540,000 bytes on each side of 300 foot data cassette

Tape Speed: 5 IPS Read/Write
100 IPS Fast Forward/Reverse

Speed Tolerance: +15% (i.e., the system will read a tape that was recorded 15% from the nominal speed without
adjustment. It will read tapes outside this range by adjusting the data rate control.)

Error Rate: Soft - less than 1 bit in 108
Hard - virtually zero when using the software package supplied with the system and a good quality
audio tape

Power +5V DC +5%

1.0 Amps nominal 1 drive
2.0 Amps maximum 4 drives
4.0 Amps peak for .1 second during drive enable

+12V DC unregulated (limits: 11V-20V)
0.4 Amp average with tape moving
0.7 Amp peak during motor start

Il. SOFTWARE INTERFACE

Since the absolute method of controlling the cassette system will differ for each installation, only a basic interface will be
described. The user can then modify the basic interface to meet his own requirements.

COMMANDS

The command port (see Table 2.1) interprets the various commands into tape motion and activates the read/write
electronics. The two select bits, SEL1 and SEL2, selectthe active deck, according to Table 2.2. The selected deck canonly be
changed when all decks are stopped (status bit NOT BUSY is on). Otherwise, even though a command may specify a different
deck. the original deck will be used. ENABLE/DISABLE (Enable=1, Disable=0) controls the deck capstan motors so that they
may be turned off under software control. The capstan motors should be enabled during and at least one second priorto any
other commands. STOP/RUN (Stop=1, Run=0) controls tape motion. The STOP command also takes up slack in the tape.
FWD/REV (Fwd=1, Rev=0) controls tape direction, and SLOW/FAST (Slow=1, Fast=0) controls tape speed. Note that since
"slow reverse” cannot be performed, a "slow forward” is automatically substituted. RCD/READ (Record=1, Read=0)
controls the Read/Write electronics, and ERASE (=1) will erase the tape when RCD is selected. All commands other than the
RECORD or ERASE commands should have RCD/READ=0 to prevent recording spurious glitches on the tape.



Table 2.1

STATUS AND COMMAND PORTS

COMMAND PORT STATUS PORT

Bit Definition (1 active) Bit Definition (1 active)

Q SEL 1 Q OVERRUN/UNDERRUN

1 SEL 2 1 READY (data ready or ready
2 1=ERASE for data)

3 1=RECORD @=READ 2 STOP (possible jam or end

4 1=STCOP ?=RUN of tape)

5 1=FORWARD @=REVERSE 3 NOT BUSY (user may change
6 1=SLOW @=FAST decks)

7 1=ENABLE 0=DISABLE

Table 2.2

DECK SELECTION

SEL 2 SEL 1 DECK
[t} 0 (4
0 1 1
1 Q 2
1 1 3

STATUS

The status port (see Table 2.1) provides information on the state of the controller. Four status bits are brought out. leaving
four input bits for other uses. Two of the bits, STOP and NOT BUSY, supply information on the deck status. STOP is an
immediate response to a stop command or ajam. NOT BUSY occurs about a second after STOP turns on. signifying the deck
is totally stopped. STOP is used by the software in all cases, except to switch the selected deck, which car only occurinanot
busy state. The other two bits are status bits for the read/write electronics. READY indicates that the deck can accepi another
data byte (in Record) or that anew data byteisinthe DATA-OUT port (in Read). READY isresetaboutone millisecond after it
is set. It is also reset by a command, data in, or data out strobe. OVERRUN/UNDERRUN indicates that the computer has not
serviced a READY by supplying or looking at the new character within the required time It will remain set until a new
command is issued. It is to be treated in most cases as an error condition.

INPUT DATA (FOR RECORD)

The data input port requests the data bytes which are to be recorded on the tape. The first byte should be loaded either priot
to issuing the record command or within about five milliseconds after issuing the record command. Each subsequent byte of
data to be recorded should be loaded when the READY status goes high. Loading the new byte will automatically reset the
READY line. The byte should be loaded within .5 milliseconds after the READY signa!. Otherwise, OVERRUN/UNDERRUN
will come on, and the record electronics will go into erase mode. This may be allowed to happen at the end of adatablockin
order to record an inter-record gap. If a new command is to be given immediately after the last recorded byte. the
OVERRUN/UNDERRUN bit must come on before the command is given. If the command is issued earlier, part of the last byte
will not be recorded.

OUTPUT DATA (FOR READ)

The data output port is loaded by the read/write electronics with the data being read from the tape. After issuing a read
command, the electronics will look for a sync pattern and then load the output port with the first data byte. At this time,
READY will go high. When the byte is read, the READY signal will be reset. The byte should be read within .5 milliseconds
after the READY signal. Otherwise, OVERRUN/UNDERRUN will come on, and the read electronics will be halted until
another read command is issued. -2-



MECHANICAL CONSIDERATIONS

Since the various tape and head movements require certain amounts of time to stabilize, consideration must be given by the
software to insure error free read and record operations.

1. Never issue a record command (or turn on the record bit) when the tape is in any state other than slow forward, and the
tape is stabilized against the head. The tape may take as much as one second to align itself with the tape guides on the
head, and an unaligned tape may record errors. A good practice to insure reliable recording is to read the previous block
without error. This implies the tape is tracking correctly for the record operation.

2. When issuing a read command which causes the head to come up against the tape, noise and random patterns as the
tape becomes aligned may cause false synchronizing and give erroneous read data. Therefore, itis good practice in this
situation to wait about a second, and then reissue the read command, using only the data from this second read
command

3. When recording the first block of data at the start of a tape, issue an erase command, and then time outabout five to seven
seconds to allow the tape leader to pass before recording data.

4. To allow the recording of two consecutive blocks at different points in time, always go into erase mode after recording
the first block for a time longer than the space between blocks. (This is easily done by ignoring the READY after the last
byte has been recorded, and timing out for the erase time. The electronics will immediately begin erasing without
glitching). When the block is to be recorded, it is begun somewhere within the erased section, thus preventing any
glitching and subsequent false synchronizing on read operations.

The following bit patterns are recommended for issuing the various commands:

COMMAND Bit: 7 6 5 4 3 2 1 (0]
STOP 1 1 1 1 (0] 1] Selected Deck
FAST FORWARD 1 (%) 1 Q (0] Q (Note: Selected
FAST REVERSE 1 [} (1) (1] 1} o deck may only
READ 1 1 1 0 ("] (4] be changed
RECORD 1 1 1 1} 1 Q when status bit
ERASE 1 1 1 (1] 1 1 NOT BUSY is on.)
STANDBY (0] 1 1 1 7] (0]

iIl. HARDWARE INTERFACE

Computer Interface

The basic interface of the cassette controller to the computer occurs through four controller I/O ports. These ports may be
connected in various schemes to fully utilize the hardware arrangement of the computer.

The computer's output ports connect to the command port and the data-in port. The computer’s input ports interface to the
data-out port and the status port. Each port has its own strobe line which is used either to strobe information into the internal
latch or to activate the tri-state output in order to read the port.

All outputs from the controller will support ten TTL loads, and all data or control inputs are one TTL load, the command
strobe is two TTL loads, the data-in strobe is three TTL loads, the status strobe is four TTL loads, and data-out strobe is five
TTL loads. The data-out and status ports are tri-state, activated by their respective strobes. All strobe signals are active low,
and should remain high when not in use. The command data-in and the data-out strobes should be low for a period greater
than 500nsec. but less than one millisecond. A strobe greater than one millisecond is likely to cause false status indication
from the read/write electronics.

Some typical connections are shown in Figures 3.1 - 3.3. Figure 3.1 depicts a setup where all input and output ports are
provided by the computer. Unless all strobes are obtainable from the computer, a third output port will have to be dedicated
for software controlled strobe pulses. The scheme in Figure 3.2 uses this strobe port, but takes advantage of a bus system,
since the strobes are no longer tied to specific ports but are under software control. Figure 3.3 uses a bus system found on
more complex systems. Here, inputs and outputs are shared on the same line and controlled totally by the strobe signals.
Care should be taken when using this method not to load the bus beyond its capacity.

_3-



Deck Interface

The cassette controller must also be interfaced to the decks. Refer to Figure 5.1 for the wiring of the decks. The board thas four
separate connections for each of four decks on all pins except ALLCAP. CAPSUPPLY, ALLENGSW. and ALLENGSWGND.
The connectors supplied with the deck cables (when decks are included with the controller) will plug into ccnnactions tor
decks @ and 1. When decks 2 and/or 3 are used, the above signals must be wired into the connector for deck @ or 1. Also,
HDGND is a common head ground, and all cable shields must be terminated at these two pins.

For users with a Digital Group system, refer to the section labeled Using the Controller in a Digital Group System following
the construction section.

Controller Computer

ST Strobe @
Command Out @

ST Strobe 1
Data-in Out 1

ST In Strobe ¢
PData-out In @

ST —»

Status In 1
Figure 3.1

DEDICATED 1/0 PORTS



Controller Computer

ST
Command Out 7N
ST
Out B
Data-in —]
::} Spare
ST
Data-out In A
ST
Status
e——————————————————

Figure 3.2

MULTIPLEXED 1/0 PORTS WITH DEDICATED STROBE
(used with Digital Group systems)

Controllerx ‘Computer
ST
Strobes
Command Bus
ST
Data-1in
Figure 3.3
ST BUS ORIENTED PORTS
Data-out
ST

Status
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IV. THEORY OF OPERATION

HEAD ELECTRONICS

The head electronics consists of IC27 and IC28 which drive the head during record and IC 13 which amplifies ine: =ad swgnal
during read. 1C27 and 1C28 (75125's) have tri-state outputs which normally are in the nigh impedance state during a read
operation so that they won't influence the low level signal going from the head to the amplifier (1C13). Duringrecord, only the
sections of IC27 and 1C28 associated with the selected drive go into a low impedance state and drive the head :n a push-puli
manner. R6, R, R20. and R23 are used to limit the current through the head and should be adjusted foracuirentcf 1.5times
the head saturation current if the standard head is not used. Figure 4.1 shows typical wavefoerms for the record drivers.

During a read operation, section 1 of IC13is used as a pre-amp with balanced inputs and again of 2.9. Section 2is an amplifier
with a gain of 22. Section G is a low-pass filter and differentiator which produces zero crossings at its output whenever the
input signal has a peak The low-pass filter reduces the differentiator's sensitivity to noise. Section 4 is a Schmitt trigger
which detects the zero crossings and produces a TTL compatible signal atits output. Figure 4.2shows typical waveforms for
the read electronics.

BIT SYNCHRONIZING ELECTRONICS

This section of the controller is used to generate the proper fixed frequency clocks for record and variable frecuency clocks
synchronized to the data during read. The data is also converted from NRZI encoding to level encoding. This section of the
electronics consists of 1C9, 1C37, 1C50, IC41, IC42, IC55, IC10, IC11, T13, and associaied logic and components

1C9 oscillates at 14 times the bit rate (it takes ten of these bits for every eight bit data byte that is recorded) ana is adjusted
using R28. During read, IC37 and its associated reset circuitry divides the OSC signal by 8 if the data iscoming insiow. by 7 if
the data is coming in on frequency, and by 6 if the data iscomingin fast. Theincoming datarate is checked every time there is
a data bit of value “1". There is no correction for data bits of value “@". This compensates for small rapid variations in tape
speed. Large speed variations generate a DC error voltage with IC10 and IC11 which is fed back to the controi input of
oscillator IC9. During record, IC37 divides OSC by 7 and T13 turns off the DC feedback loop.

GROUP CODED RECORDING

Since a flux density of 1,600 flux changes per inch was incorporated, a special effort was made to also increase bitdensityina
packing scheme which maintains self-synchronization. Figure 4.4 illustrates this convention. group-coded recording, in a
comparsion with some older methods.
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NRZI. non-return-to-zero, illustrates a recording efficiency of 1.0, where recording efficiency is defined as the highest ratio of
BPI (bits per inch) to FCPI for a given format. There is, at most, only one flux change per bit. Unfortunately, this is nota self-
clocking scheme, and is therefore impractical for use on a cassette system which has inherent speed fluctuations.

PE, phase encoding, was designed to overcome such limitations by providing a flux change at the center of each bit period
which would synchronize a clocking circuit. The direction of this flux change indicates whether the bit is a 1 or @. The
recording efficiency of this method, however, is only @.5.

Bit Stream -~ 1 (0] ) 0 1 1 i (7]
| 1 |
NRZI L J | IS S |
| 1 1 | i ]l
PE | | | I ] | ]
I | [
GCR J I

Figure 4.4 Recording Methods

GCR, group-coded recording, at first glance appears very similar to the efficient NRZI method, but with one important
difference: No more than two zeros may appear in a row in the bit stream. This guarantees a clock pulse at least once every
three bits which provides synchronization. Since a restriction of no more than two zeros in a row cannot be placed ondata, a
translation scheme is used to encode 4-bit groups into 5-bit groups, and the above restriction is then placed on the 5-bit
groups. The translation table is shown in Table 4.5. Since the format is essentially NRZI, we have 4 bits per 5 flux changes, ora
recording efficiency of 0.8, which is 60% better than PE.

Table 4.5

4- to 5-Bit Translation Table

4-Bit Data Value 5-Bit Recording Value
0 00O 1100 1
0 0 0 1 110 11
0010 100 10
00 11 100 1 1
0100 1110 1
01 0 1 101 0 1
0110 10110
o1 11 101 11
1000 11010
10 0 1 01 0 0 1
1010 01010
10 1 1 010 11
1100 111 10
11 0 1 01101
11 10 o1 110
11 11 o1 1 1 1

-0-



RECORDING FORMAT

A synchronous format is automatically added by the eiectronics to the data being recorded. Of all the &-tut patterns possible
for use in this system, the only pattern not used is 11111. Therefore, this pattern is sent 15 times at the oeginmng of a data
block (75 ones). The purpose of using this pattern is twofold. First, since th2 start of a block must be found by Jropping the
head anywhere on the tape, the electronics searches for about 20 ones in arow, and tnis pattern only occurs at the block start
Second, the ones form a steady clock frequency and allows the self-correcting clocking circuitry o achieve sync in the
fastest possible time.

After the ones are recorded, the 1ive bit sequence, 00101, is recorded as a sync character. This particular seguence uniguely
defines the absolute start cf the block. At this point, the 4 high bits of the first byte are translated to § bits anc recorded, and
then the 4 low bits are translated and recorded. The rest of the bytes are recorded in & simitar manner. If s new block is not
immediately started, an erase signa! will begin atter the last byte. Figure 4.6 depicts the format.

BYTE 1 BYTE 2 3YTE
75 ONES SYNC HIGH LOW HIGH

[ IIIllIIllﬁﬁlﬂlkliﬁﬂlllﬁilﬁli!!ilg ¢ !

e

oW ERASE

I L

RECORD COMMAND L BYTET Qs
ISSUED

Figure 4.6 Recording Format

DATA FLOW

Record Data is strobed into IC46 and IC47 with the data input strobe. 1C31 and 1C32 select the half-byte to be recoraed
as well as the sync address. IC29 is a ROM which then encodes the 4-bit code into the 5-bit code and sends itto
the 5-bit shift register, IC's 30, 5. and 24. The data is then shifted intc iC4 which provides the record signat.

Read Data from the read circuitry is clocked into the 5-bit shift register (1C's 3C, 5. and 24) Atter each kalf-bvteis
loaded, data is routed through the selector (IC’s 31 and 32) and into the ROM decoder {IC29). Here, the 5-bit
code is decoded back into 4 bits and is loaded alternately into 1C43 and 1C44 to be strobed out

CONTROL SEQUENCER

The flip-flops whose outputs are RECORD, RUN, B, and A control the sequence of events in the reading and recording
processes. Refer to Table 4.7 for the valid sequencer states. The command strobe forces the "SEARCH FOR ONES" state
immediately, and system clocks put the sequencer through the appropriate states when the strobe is removed.

For record mode, the sequencer wili go to the "GENERATE ONES" state at the next CLOCK1 pulse. The system then waits
for IC's 7 and 20 to count out 75 ones and produce the ONESDONE signal. During this time, the ONES signal forces 1C29's
chip enable to cutput all ones into the shift register. After the ones are recorded, "SEND SYNC" is entered which produces
the SYNC-GEN signal to load a sync pattern into the shift register. Next, "RECORD A" is entered and selects the high bits of
the data byte, loading them into the shift register. Finally, "RECORD B" loads and sends the low bits cf the data byte.
"RECORD A" and "RECORD B" are then alternately repeated until either the next command strobe. a tape stop orjarn, oran
underrun condition. The latter two events will force the sequencer to the "GAP” or erase state

-10-



Table 4.7
Valid Sequencer States

State
RECORD RUN

@
>

Function

GAP

GENERATES ONES
RECORD A
RECORD B

SEND SYNC

- a4 a4
P~
QL Q 4 4 -

SEARCH FOR ONES
SEARCH FOR SYNC
READ A
READ B

O
- 499 gaaee

SeaQ
© = 4 -

For read mode, the sequencer remains in the "SEARCH FOR ONES" state until IC’s 7 and 20 detect about 20 consecutive
ones. If azero occurs, IC7 is reset and the count begins again. When sufficient ones are found, ONEDET tells the sequencer
to gotothe "SEARCH FOR SYNC" state. Each read bitis then shifted into IC30 and all five bits in the shift register are selected
and routed to the ROM. The SYNC signal occurs when the proper sync bit pattern is found. The “reset to 9” on IC20 is then
released and the sequencer is synchronized to the data. Also, the "READ A" state becomes active, and the next five bits of
data are shifted in, decoded, and loaded into 1C43 as "READ B" is activated. The next five bits are operated on in the same
way, except that IC44 is now loaded, and the sequencer goes back to state "READ A".

This sequence repeats until either a command strobe or an overrun occurs. In the second case, the "'SEARCH FOR ONES”
state is again forced until the next command strobe.
DATA STATUS LOGIC

READY and OVERRUN/UNDERRUN are controlled by IC21 and only occur at the times the shift register or the data output
latches are being loaded. READY is set at the end of state "RECORD B" as the second half-byte of data is loaded into the shift
register. It must then be serviced by the time "RECORD A" is entered, since the new first half-byte of data is needed at that
point. If READY is not reset at this point (by the input data strobe), OVERRUN/UNDERRUN will latch on.

In read mode. READY is set at the end of state "TREAD B". Itis at this time that the second half-byte of data is loaded into |C44.
If the output data byte is not read before the next half-byte is loaded, the OVERRUN/UNDERRUN flag is latched on.
CLOCKS AND SYSTEM TIMING

There are four major clocking signals derived from a four-phase clock system. MCLK, the master clock. with DCLK, the data
clock, generate ECLK, as in Figure 4.8.

IC20is used to divide DCLK by 5 and get a signal, DIVIDE-BY-5, once every data half-byte. This is combined with other clock
phases and sequencer states to obtain the clocks and signals shown in Figure 4.9.

MCLK | B .

DCLK

ECLK

Figure 4.8 4-Phase Clocks

-11-



Figure 4.9 System Clock Signaie

— — .——1 S—  S— :}——-1 [ -
MCLK ) L b Ld L4 ] ey
DCLK - -
ECLK |
|
{"Search for Sync” State CLOCK1 [
or "Gap” State) '_1 ""1‘ — L’j
DIVIDE-BY-FIVE
(All other states)
CLOCK1 -
A
(data shift) CLOCK4 } I
_ 1 1 | 1
SHIFT !
: S=shift L=load
(Load pulse does
b " r'. s .
(shift register clock) CLOCK3 ' :]ogdif“”r n READ
- — - -
'S s i s —1s
(rdy-over) CLOCK?2
»—-{* (arrows indicate

the active edge)

MOTOR DRIVE AND SENSE ELECTRONICS

The purpose of this section of the controls is to provide drive to the motors, braking for the motors, deck selection, andsense
tape motion for feedback to the motor control electronics.

TAKUPDRV goes to the low state whenever the takeup reel should be driver during read or record. R46 limits the motor
torque during this operation. BOTHDRYV goes low whenever the motor controi electronics senses that the reels should have
braking torque applied or that there may be slack in the cartridge. R45 limits the torque during this operation. ALCAPis used
to turn on the capstan drive motor.

ENGAJDRYV goes to the low state whenever the motor control electronics senses that the head and pinch roller should be
moved toward or away from the tape. T7, T8, T9, and T10 are used to brake the engage motor whenever itis notbeing driven
FFDRV and FRDRV are used to drive the tape in the fast forward or fast reverse direction whenever those commands are
given.



Transistors T2, T3, T4, and T5 in conjunction with steering diodes D1-D11 and D15 are used to provide drive to the selected
deck. Diodes D12, D13, and D14 apply drag to the undriven reel during the fast forward and reverse operations to prevent
excessive tape speed and to slow the tape as it nears the end of the reel. Transistors T11 and T12 generate a signal called
SPIN which tells the motor control electronics that the undriven reel is turning during the fast forward and reverse operations.
The PULSE signal has small negative going pulses on it whenever the takeup reel is turning. This is used to detect tape jams
and end of tape during the read, record, or erase operations.

MOTOR CONTROL ELECTRONICS

The motor control electronics senses the status of the tape motion, the position of the headbar, and the commands given by
the user and sends control signals to the motor drive circuits. The status bits STOP and NOT BUSY are also generated and
sent to the user interface.

The following discussicn provides the user with a description of the primary control signals. The user should look at the state
diagram given in Figure 4.10 to determine how the deck is actually controlled.

PULSES is generated by a one-shot (1C23) that goes active whenevera command is given and the deck is in the stopped state.
PULSES stays active as long as a pulse is received on the PULSE line at least once every half second. If a pulseis notreceived
within the allowed time, PULSES will gotoa1and cause the deck to go toward the NOT BUSY state. The DELAY signalisalso
generated by a one-shot (IC23) and is used to inhibit tape motion sensing for ' second after a command is given to allow for
the tape to accelerate to the proper speed. This one-shot is also used to time the BOTH signal aftera STOP command or tape
jam is detected.

QUIT will go to the 1 level if the manual stop button is pressed, if a STOP command is given, if no pulses are detected and
there is an active SLOW command, or if SPIN goes low during any FAST command and DELAY is not active. QUIT is
equivalent to STOP on the user interface.

-13-



Any FRCMD unless Any STOPCMD unless Any FFCMD unless

shown eisewhere shown elsewhere shown elsewhere
i
5 sec 5 sec /.Y\
from from /
FRCMD FFCMD

FRDRV rFDRV
—
ENGAGED’ NOTBUSY ENGAGED
.5 sec from
PULSE or STOPCMD
ENGAJDRV ENGAJDRV
BOTHDRV BOTHDRV
FRDRV FFDRV
FRCMD ENGAGED ‘ FFCMD
= 80ms
STOPCMD “
ENGAJDRYV ENGAJDRV

BOTHDRV .5 sec

from
SLOWCMD

BOTHDRYV
ENGAGED /
~ 80ms

any
SLOWCMD

STOPCMD

Note: Names within circles are motor control signals Labels on lines indicate commands given by user
or events within controller.

Figure 4.10 Motor Control State Diagram
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V. CONSTRUCTION

Tools: Fine tipped, low wattage soldering iron, “wire solder” (around 20 gauge resin solder). small
diagonal cutters, needle-nose pliers.

Test Equipment Voltmeter

500KHz or better oscilloscope
Frequency counter
Microprocessor, Mini, etc.

Estimated Construction Time:

1.

12.

13.

14.

15

16.

17.

18.

20.

6-11 hours

. Using the component placement chart given in the appendix, insert the 12 16-pin sockets into the PC board. If the

sockets have an indicator for pin one, orient it away from the edge connector. Invert the board by placing a book on the
sockets to hold them in and carefully solder all pins.

Insert and solder the 36 14-pin sockets as described above.
Insert and solder the 6 8-pin sockets.

The controller and deck need +5 Volts at 1 Amp nominal and +12 Volts at 0.7 Amps peak. Insert IC12, using silicone
grease and the heat sink. Solder R57 and R58.

Apply power to the board and check voltages at the traces labeled 9V and 5V. The 9 Volt supply should be between 8.4
and 9.6 Volts. The 5 Volts should be between 4.75 and 5.25.

Remove power from the board.

Insert and solder the three resistors rated above % watt (R44, R45, and R46).

Insert and solder the data-rate potentiometer (R28). Orient it so that it may be adjusted from the top of the board.
Insert and solder the remaining resistors.

Insert and solder all polarized capacitors (C2, C13-C19, C22, C27, C30, C32, C33). C13and C14aremarked witha+or -.
The others have a solid section of color on the positive lead. The board has + notations to aid in orientation.

Insert and solder the various remaining capacitors.

Insert and solder the four 1N4148 diodes and the 15 1N4001 diodes. All diodes should be oriented so that the bands on
the diode are toward the right side of the board. There is also a diode symbol in the board to aid in orientation.

Insert and solder T6-T12 into place. The emitter lead for these transistors is marked with a dot on one of the transistor
pads. The appendix contains a pictorial to aid in orienting the various transistors supplied in your kit.

Insert and solder the FET (T13). Orient it so that the drain is toward the top of the board (opposite from the connector).

Insert and solder T1-T5. These transistors are placed vertically with the leads inserted fully through the circuit board.
Note that the emitter lead is marked with an E on the circuit board.

Insert all IC's into their respective sockets, observing correct orientation (pin 1 away from edge connectors). If a
standard Digital Group CPU cabinet and the Phideck cabinet are being used, omit steps 17-19 and refer to Appendix L.

Wire the board into the microprocessor’s I/O structure, as described below. Connect the Phideck by slipping the Molex
connector supplied with the deck onto pins H-Rof the controller's 36-pin socket. Orient the Molex connectors suchthat
the orange wire is on pin R. This puts the deck into position @.

If deck 1 will also be used, connect its Molex connector similarly to the connector for deck @. Bend the pins out on the 36-
pin socket and slip on the connector. Decks 2 and 3 must be rewired at the connector, since several of the necessary
signal pins are common to all of the decks.

Connect the shielded pair from deck @ to pins 1and A. Connect the ground to pin 5 or E. If deck 1is to be used, connect
the shielded pair to pins 2 and B (reserve the connector’s orientation) and rewire the ground pin into deck @’s ground
connector. For decks 2 and 3. a different method of connection must be employed, as no more Molex connectors will fit.

Remove the protective plastic shield from the digital head on the transport, if one has been supplied.
-15-



21. Proceed with the initial checkout of the board by following the steps under Section Vii, DEBUG

22 When the board seems to be working properly, perform the oscillator calibration and read amplifier gain caiioration
procedures under Section VI. CALIBRATION. Calibrate the motor speed only if it is absolutely necessar; The Cassette
Storage System is now ready for use.

USING THE CONTROLLER IN A DIGITAL GROUP SYSTEM

The connection diagram in Figure 3.2 ot the controller manual is used with the Digital Group Software packages. Refertothe
wiring chart in Table 6.1 and to Appendix L, Phideck Connection Standards, for tiie proper connections tc implement the
wiring scheme in Figures 3.2. Appendix L covers cabling using a Digital Group CPU cabinet, Phideck cabinet and Phideck
Interconnect cable. if the Phideck cabinet and interconnect cable are not being used, make the connectionsin Table 6 1and
Detail 1 of Appendix L and follow the Deck interface section for deck connections.

An optional. but highly recommended, stop switch may be wired to the controller. A normaliy cpen momentary push button
which brings the manual stop pin (B) to ground will stop all deck movement.

Vi. CALIBRATION

OSCILLATOR CALIBRATION

To insure compatibility between decks and tapes among all users of this system, the data rate should be adjusted to meet the
standard specifications. Before you proceed with the adjustment of R28, the controller must be placed inthe record mode by
issuing a record command from the computer. This disables the DC feedback path to pin 5 of IC9. Adjust R28 fora 112 KHz
signal at pin 30f IC9. In record mode, this will produce an 8 KHz signal on DCLK. This bit rate (8,000 bits/sec) will record 1,600
flux changes per inch at a tape speed of five inches per second. The data rate is then 6,400 baud when referenced to the data
transfer rate between the computer and the controller.

MOTOR SPEED CALIBRATION

The capstan motor on the Phideck is preadjusted to 5 ips at the factory. The following adjustment may be made periodically
to keep the deck speed within tolerance. (Note: Side B of your tape has approximately one minute of a 4 KHz test signal
recorded on it. This is equivalent to 1,600 FCPI.) Using the 4 KHz test signal recorded on the reverse side of the cassette
supplied with your controller, monitor the tape signal in the read mode on IC13, pin 14. With a non-metallic screwdiver or
alignment tool, adjust the tape speed through the hole on top of the capstan motor so that the frequency of the tape signal is 4
KHz.
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Table 6.1

Wiring Chart

Phideck Board 1/0 Board (Ports 0-3)
PIN # DESCRIPTION CONNECT TO PIN # DESCRIPTION
6 DO7 26 MSB
7 DO6 25 MSB-1
8 DOS Data 24 MSB-2 Input
9 DO4 Output 23 MSB-3 Port 2
10 DO3 Lines 22 LSB+3
11 DO2 21 LSB+2
12 DO1 20 LSB+1
13 DO . 19 LSB
14 Data Output Strobe R MSB-3, Output Port 1
15 D17 D MSB
16 D16 C MSB-1 Output
17 D15 B MSB-2 Port 2
18 D14 Data A MSB-3
19 D13 Input A LSB+3
20 D12 Lines Y LSB+2
21 D11 X LSB+1
22 D10 W LSB
23 Data Input Strobe U MSB, Output Port 1
L *Not Busy 22 LSB+3
M *Stop Status 21 LSB+2 Input
N *Ready Port 20 LSB+1 Port 2
P *Overrun/Underrun 19 LSB
R Status Strobe S MSB-2, Output Port 1
S *Enable/Disable D MSB
T *Slow/Fast C MSB-1
u *FWD/BKWD Command B MSB-2 Output
Vv *Stop/Run  Port A MSB-3 Port 2
w *RCD/READ Z LSB+3
X *ERASE Y LSB+2
Y *SEL2 X LSB+1
Z *SEL2 W LSB
A Command Strobe T MSB-1, Output Port 1
B Manstop Stop

- e e

- L

Momentary,rNormaIIy Open Switch

*These pins may actually be wired to the opposite pin on the Phideck Board connector (i.e., pin L to pin 10 on the Phideck
Board).

READ AMPLIFIER GAIN CALIBRATION

First. record several minutes of test data onto a tape that you will be using. The Demo program on the Audio cassette supplied
with the controller contains a routine for recording test data. (Once you have decided on a type of tape that gives you good
results and that is readily available, you should not change tapes.) Now place the controllerin read mode and read your tape.
Monitor the signal at IC13, pin 1. If the amplitude is not within the limit shown in Figure 4.2, try different values of R18 until the
amplitude is within limits. This adjustment is not critical and your controller will give good results even if your amplitude isnot
within the limits specified.

HEAD AZIMUTH ADJUSTMENT

Using the 4 KHz test signal recorded on the reverse side of the cassette supplied with your controller, monitor the tape signal
on IC13, pin 1 with an oscilloscope. Adjust the Azimuth adjusting screw for maximum output. The azimuth adjusting screw is
located on the left side of the head with a spring under it to maintain tension. After adjusting, seal the screw in place with
insulating varnish or fingernail polish. -17-



Vil. DEBUG

Reread the software section to be certain the correct procedures are being executed. Insert controller card (do not connect
Phideck yet) and turn power on. The Demo program on the Audio cassette supptied with the controller should be used to
check out the basic functions of the controller. This will allow you to issue the basic mctor commands and record a repetitive
test data pattern. Do not use the test data options to test motor control functions. These are intended to check the
read/record circuitry.

Issue input and output commands to the 1/0 ports and verify that the strobe signals are present when the command is issued.
Also, verify that the data is being latched in the command and data latches correctly (IC33, 46, 47, and 28).

CONNECT THE PHIDECK AND PROCEED THROUGH THE FOLLOWING SECTIONS.

MOTOR CONTROL ELECTRONICS

Place an old cassette into the deck (if the motor control electronics is not working properly this test may destroy the tape)
Issue a fast forward command and check tape movement (these commands are given in the Mechanical Considerations
portion of this manual). Issue a fast reverse command and check tape movément. Remove cassette and issue a stop
command. Both reel motors should turn in opposite directions. Reinsert the cassette and issue arecord command. The head
should engage the tape and the takeup reel should turn. Place your finger on the takeup reel motor pulley. The head should
disengage within 1.5 seconds after stopping the motor. If any of the above tests fail, refer to the Theory of Operation for the
motor drive and sense electronics and the motor control electronics and proceed to trace the problem

HEAD SENSE AND BIT SYNCHRONIZING ELECTRONICS

Place controller in record mode and output data bytes to the controller every time READY comes true. You should see
waveforms similar to those shown in Figure 4.1 at the outputs of the selected head driver (IC27 or IC28). Waveforms similar to
these should also appear on the head of the selected drive.

The read amplifiers may be tested by using the tape you made in the previous paragraph, placing the deck in read mode after
rewinding the tape, and looking for the waveforms given in Figure 4.2. If the voltage at IC13, pin 1is clipping or notwithinthe
range shown, refer to Calibration for Adjustment. This adjustment is not critical and is probably not the cause of the
controller malfunction.

The bit synchronizing electronics may be checked by verifying the timing diagram shown in Figure 4.3.

' READ/WRITE ELECTRONICS

Test all of the clocking signals depicted in Figure 4.9. If a signal is not present or correct, trace back through the logic
generating that signal. Make sure about 0.2 Volts of the tape head signal is present on record, and not on read. Check that
RECORD reflects the selected state and RDY had a pulsing signal when recording or reading.

The basic clock, IC8, may be removed, and a bounceless switch (Figure 7.1) used to single step the system (14 clocks per data
bit). Ifan oscilloscope is notavailable, an audio amplifier with the circuitin Figure 7.2 can be used to probe for clocks and data
flow. For example, recording or reading in hex "5A" will sound like a 4 KHz square wave on pin 6 of IC5, and (on record) a 2
KHz square wave on pin 3 of IC4. (This signal is not present on erase and read.)

to soc.ket on To aux input
ICé)é pin 3 ) probe (]): 47K of amplifier
(1 removed) °
B S LAY g 1°
e 1K A
] _ TT

Figure 7.1 Single-step Clock Figure 7.2 Digital to Audio Sensor

'
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A. PARTS LIST

DESCRIPTION " QUANTITY CIRCUIT REFERENCE
74500 1 1C49

7400 8 IC1, 8, 10, 14, 16, 17, 25, 38
7402 1 iC15

7404 2 1C34, 40

7408 1 1C36

7410 2 1C19, 39

7411 1 1C18

7420 2 1C6, 22

7451 2 1C2, 24

7473 1 1C41

7474 6 IC3, 5, 21, 42, 50. 58
7475 4 1C33, 46, 47, 48
7486 1 1C26

7490 1 1C20

7493 2 IC7, 37

74107 1 1IC4

74123 1 1C23

74125 3 1C27, 28, 45

74153 2 1C31, 32

74155 1 1C35

74173, 8551 2 1CA43, 44

74195 1 1C30

745188, 8223, 6330-1J 1 1C29

75451 4 1C51, 52, 53, 54
LM324 1 1C13

LLM340T-8.0, uA7808 1 1IC12

LM358 1 IC11

LM555 1 1C9

2N4403 4 T7.8,9, 10

2N5129 1 T12

2N5139 2 T6, 11

2N6109 4 T2,3,4,5

2N6410, MJE2050 1 T1

MPF971 1 T13

1.5 ohm, »W 1 R44

7.5 ohm, 1W 1 R46

18 ohm, 2W 1 R45

47 ohm 2 R53, 57

82 ohm 1 R27

220 ohm 1 R12

470 ohm 1 R48

510 ohm 1 R58

680 ohm 8 R32, 33, 34, 35, 36, 37, 38, 39
1K ohm 7 R6, 9, 20, 23, 26, 31, 55
1.2K ohm 4 R15, 16, 19, 30

2.2K ohm 2 R1, 29

47K ohm 2 R2, 49

5K ohm POT 1 R28

10K ohm 13 R7, 8. 10, 11, 14, 17, 21, 22, 24, 25, 43, 47, 54
22K ohm 3 R40, 41, 42

33K ohm 1 R50

39K ohm 2 R4, 5

47K ohm 1 R3

100K ohm 1 R13

150K ohm 2 R51, 52

220K ohm 1 R18

1 Meg ohm 1 R56
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C4

220 pfd mylar

C12

.0015 mfd mylar
.0033 mfd mylar
.005 mfd mylar
.01 mfd disc

.1 mfd disc

C25
C3

C5, 6, 7,8, 9, 10, 11, 20, 21, 23, 26, 28, 29, 31

C1, 24

14

1 mfd tantalum

C2, 15, 16, 17, 18, 19, 22, 30, 32

Cc27, 33

4.7 mfd tantalum

C13, 14

100 mfd electrolytic

D1,2,3,4,56,7,8,9, 10, 11,12,13, 14,15

D16, 17, 18, 19

15

1N4001

1N4148

- AN NN
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N
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o
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T
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o 3 a
c o wn a
c53525
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14-pin DIP sockets
16-pin DIP sockets

- -

Dual 22-pin edge connectors
Dual 36-pin edge connectors

PC board

B. PROM PATTERN

A1 A0 BO B1 B2 B3 B4 B5 B6 B7

A4 A3 A2
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C. CONNECTOR PINOUT
Top of Card - Component Side

Pin No.

O©O N &~ W =

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Note

Description

HDA®

HDA1

HDAZ2

HDAS3

HDGND

DO7

DO6

DOS Data
DO4 Output
DO3 Lines
DO2

DO1

DO@

Data Output Strobe

D17

Di6

DI5

Di4 Data
DI3 Input
Di2 Lines
DI

Di0

Data Input Strobe

+9V Out

ENG3

SUP3

FWD3

REV3

ALLENGSW

ALLENGSWGND
CAPSUPPLY

ALCAP

ENG1

SUP1

FWD1

REV1

n/c = no connection

Pin 1 on 22-pin connector = +5V
Pin 2 on 22-pin connector = GND
Pin 22 on 22-pin connector = +12V

Bottom of Card - Circuit Side

Pin No. Description
HDBO

HDB1

HDB2

HDB3

HDGND

DATA READY IRQ
n/c

n/c

n/c

Not Busy

Stop

Ready
Overrun/Underrun
Status Strcbe
Enable/Disable
Slow/Fast
FWD/BKWD
Stop/Run
RCD/READ
ERASE

SEL 2

SEL 1

Command Strobe
Mansfop

ENG2

3UP2

FWD?2

REV2
ALLENGSW
ALLENGSWGND
CAPSUPPLY
ALCAP

ENGO

SUPQ

FWDO

REV0

DOZZr IR TIMMOOIEIPINLS X S<CAHOPTTVZIC XTI TMO Om>

_20.
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D. TRANSISTOR ORIENTATION

SIDE
VIEW

BOTTOM
VIEW

Transistor

2N6109
2N5139
2N5129
2N4403
2N6410
MJE2050
MPF971

D B C E
© _—
" 1 I
CASE CASE CASE
B C D
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E. DRIVER SOFTWARE DESCRIPTION

The software supplied with the Digital Group Cassette Storage System contains deck control subrautiies to allow the user to
concentrate on applications. The READ and RECORD routines provide all error recovery during read, snd data verification

during record.

The software package consists of several major routines to aid the user in controlling the decks. These are the RECORD,
CMDOUT, READ, and REWIND routines. There are numerous minor subroutines the user may invoke if he feels the needto

control the deck on a more basic level.

The sample Z-80 program given below is a simple example of how to use the major routines. The sample program will read the
tape on deck @ and write the data on deck 1, one block ata time. This program will halt if an unrecoverable error occurs. The
major routines are described in more detail following the example. This program wilt only copy tapes that have been recorded

using the format detailed in Appendix F.

* SAMPLE PROGRAM TO COPY A TAPE
* ON DECK 6 TO A TAPE ON DECK 1

* ONE BLOCK AT A TIME

LABEL op

START LD
LD
CALL
LD
LD
CALL
SsuB
LD

REDBLK IN
AND
JP
LD
LD
LD
LD
LD
LD
LD
CALL
PUSH
LD
CALL
POP
cp
JP
CP
RET
HALT

WRTBLK IN
AND
JP
LD
LD
LD
LD
LD
LD
INC
LD
LD
cP
JP
LD
LD
JP

OPERAND

A0
(DECK),A
REWIND
A
(DECK),A
REWIND

A
(TEMPID),A
TAPEIN
@8H
Z,REDBLK
A0
(DECK),A
HL,BUFFER
(POINTER),HL
A, (TEMPID)
(IDR).A

E.Q

READ

AF

C,FoH
CMDOUT
AF

e
ZWRTBLK
2

Z

TAPEIN
@8H

Z WRTBLK
A
(DECK),A
HL,BUFFER
(POINTW), HL
A.(TEMPID)
(IDW),A

A
(TEMPID),A
AB

0

Z,X256

LB

H.0

CALRCD
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COMMENT
SET DECK @

REWIND DECK @
SET DECK 1

REWIND DECK 1
CLEAR REGISTER A
INITIALIZE 1D

WAIT FOR NOT BUSY
BECAUSE THE DECK
NUMBER IS CHANGING
SET DECK 0

SET UP POINTER
SET UP ID

SET READ MODE
READ BLOCK
SAVE REGISTER A
STOP DECK

RESTORE REGISTER A
ERROR?

NO

BLOCK FOUND?

NO, FINISHED

HALT BECAUSE ERROR
WAIT FOR NOT BUSY
BECAUSE THE DECK
NUMBER IS CHANGING
SET DECK 1

SET UP POINTER
SET UP ID
INCREMENT ID
SET UP COUNT

2567
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X256 LD H.1

LD L0
CALRCD CALL RECORD RECORD BLOCK
CP 0 ERROR?
JP Z REDBLK NO. COPY NEXT BLOCK
HALT HALT BECAUSE ERROR
TEMPID DS 1
BUFFER DS 256D
END

The REWIND routine will stop the operating deck, select the specified deck, and rewind it. This routine returns to the calling
routine after the selected deck has been rewound and readied for another command. Memory location "DECK" must contain
the selected deck number (in binary) before the routine is called.

The RECORD routine will record data in the standard block format and then check the recorded data to verify that it was
recorded without error. If an error is detected, that portion of the tape is erased and all the remaining data is re-recorded. This
process is repeated until all data has been recorded successfully, or an unrecoverable error is detected.

As the user records data he must record blocks in sequence starting with IDW = 0, 1, 2, etc. Numbers may not be skipped!
Atter a series of blocks have been recorded, the user may re-record a block, but all old blocks following the new blocks may
be lost. Although not absolutely necessary, it is recommended that tapes be erased with a bulk eraser or using the Phideck in
erase mode to obtain maximum performance and prevent the controller software from becoming confused with the old data.

In order to use this routine properly, the input variables must be set up properly:

1. The deck number must be placed in memory location DECK.

2. The low order byte of the block ID must be placed in memory location IDW, and the high order byte must be placed in
IDW+1.

3. The low order byte of the address of the first byte to be recorded is placed in memory location POINTW, and the high
order byte is placed in POINTW+1.

4. Thenumber of bytes to be recorded is placed in register pairHand L. Acount of zero will cause the record routine to
simply return without recording any data.

When the record routine returns contro! to the calling routine, the registers and memory are modified as follows:

All Registers are altered.

IDW returns the 1D of the last block recorded plus one.

POINTW points one location greater than the last byte recorded.

The error code is returned in the A register and should be checked after every call to the RECORD routine. The error
codes are:

»wn

@ - Record completed with no errors
1 - CRC error in block 1D-1

2 - Block ID-1 not found

3 - End of tape or jam

The READ routine wili read one block and return to the calling routine. The deck is left running so the user must either read
another block or issue a stop command to the deck directly (see the CMDOUT routine).

To use this routine the following variables must be set up properly:

1. The deck number is placed in memory location DECK.

2. Memory location IDR contains the low order byte of the 1D of the block to be read. IDR+1 contains the high order
byte.

3. Memory location POINTR contains the low order byte of the address of where the data is to be deposited. POINTR+1
contains the high order byte.

4. Register E contains the mode. @ indicates that the data block is to be read into memory starting at the location
specified by POINTR. 1 indicates that the data block is to be checked for errors only (in this mode POINTR is not
used).

5. RETRYS (Register D) should be initialized only if the ALTRD or ALTRD2 entry points are used. It is automatically
initialized to 10 if the READ entry point is used. The user should normally use the READ entry point.
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When the read routine returns control to the calling routine, the registers and memory are modified as foliows:

1. Registers A, B, C, D, H, and L are modified.
2. COUNT (Register B) contains the number of bytes contained in the block:

@ = 256 bytes
1=1byte
2 = 2 bytes

255 = 255 bytes
3. ERROR (Register A) contains the error code after a read operation has been compieted. The error codes are:

@ - No errors

1 - Unrecoverable data error

2 - Unable to find block specified by ID
3 - End of tape or jam

The CMDOUT routine is used to issue commands to the transport. Memory location DECK must contain the number of the
deck that is referenced by command. Register C must contain the command to be issued to the deck. The valid commands
are:

COMMAND VALUE IN REGISTER C

STOP 11 11 0 00O
FAST FORWARD 1010 0 00O
FAST REVERSE 1 000 00 00O
READ 11 10 0 0 0O
RECORD 1110 1000
ERASE 1110 1100
STANDBY o1 11 0 00O

F. RECORDING FORMAT

This appendix shows the block format as it is recorded on the tape by the driver software and controller. Each byte recorded
on the tape consists of 10 bits or flux changes (see hardware description).

DESCRIPTION BYTES RECORDED
75 one bits 7.5
SYNC character 5
1D high 1
1D low 1.
COUNT 1.
CRC 1 1
CRC 2 1.
DATA 1. to 256
CRC 1 1.
CRC 2 - 1.
TOTALS* 16 to 271

*The record routine will erase to an equivalent of 271 bytes for short blocks so that all blocks will be the same size
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G. PROGRAM TAPE AND LISTINGS

The tape supplied with the program listing is an AUDIO CASSETTE recorded at 1160 Baud in Suding format. This WILLNOT
load from the Phideck.

The program tape contains the following programs in the order given in a 64 character versionthena 32 character version for
a total of eight tone bursts.

1. Phideck Demo for Z-80
2. Z-80 Ops System
3. Phideck Demo for 8080
4. 8080 Ops System

Each program includes the Phideck driver routines in the program listing in locations 890@H thru @B9DH. The Demo
Software is included as an aid in testing the controller.

Note: Listings are provided only for the Z-80 Software, however, the 8080 Driver Software object code is exactly
the same as for the Z-80.

USING PHIDECK DEMO SOFTWARE

1. Programs are loaded via audio cassette.

2. At completion of a successful load a listing of Phideck commands will be displayed.

3. In addition to the displayed options, there are three possible options - “"R”, "S", and "P".

4. "R" will return control to the Operating System.

5. "S" will display memory in either hex or octal depending upon last option (hex or octal) chosen by the user.

6. "P" will allow user to program as in the Operating System in either hex or octal depending upon last method chosen.

7. Reset will return control to Phideck Ops.

8. "P", "R"”, and "S" will operate when in Storage Dump, Program, or Phideck Ops.

9. Phideck option “#" allows the user to select any of 4 decks (@-3) by pressing shift # then desired deck number. Toreturn
to Phideck Ops press Y. The selected deck number will be displayed in the options listing upon return.

10. Phideck option "@" will copy a tape from deck @ to deck 1. This is not intended as an efficient method of duplicating

tapes, only as a demostration of Phideck routines. Only tapes recorded in the format detailed in Appendix F may be
copied using this option. T

11. Page@DH s being used as a 256 byte buffer in the Copy Tape option.

12. Phideck option "1" will erase a tape on the selected deck.

13. Phideck option "2" will fast reverse the selected deck.

14. Phideck option "3" will fast forward the selected deck.

15. Phideck option "4 will place all decks in standby. The capstan motors will be turned off.

16. Phideck option "5" will stop the selected deck.

17. Phideck option "6" will issue a read command to the selected deck. This will not read data from a tape.

18. Phideck option 7" will issue a record command to the selected deck. This will not record data on a tape.

19. Phideck option "8" will record 256 byte blocks of data in a fixed pattern. The test data recorded is not formatted in
accordance with Appendix F.

20. Phideck option "9" will read byte blocks of data from a tape in a fixed pattern. An “e"” will be displayed on the monitor for
blocks in error and a "g"” for good blocks.
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RCD17 RCD24 RECRD1

BACKSPACE
ABOUT 6 ERASE = 1 PUSH POINTER
ERASE = 1 BLOCKSIFRI ]
POP ERASE INCREMENT
' RESET
STOPS =5 STOPS oW ESET CRC
POP COUNT LALTPUT
PUSH COUNT 10 LOW
IPUTI
T oM yes
Y o (PUTI
PUSH ERASE, PUSH COUNT COUNT
STOPS
PUSH ERASE, DECREMENT SAVE CRC2
IDR = 1DW - 1 sTops COUNT H
POINTER = 'C":g:
POINTER + 256)
P ] (PUT]
- CRC2
< \\ Jos < cOuNT =07
"iow=¢
N - {__rco2s ) SAVE COUNT
no y ( rco22 )}—>»
( RECD1 )}——>t=e
Ll REWIND POINTER =
CHECK BLCC i IDR = IDW POINTER +
IDR (ALTROD! ERASE FOR = COUNT L SWITCH CRC,
) Mtttk [CHECK 1 BLK
5 SECON INTER
SECONDS RETRIES = 6 ERROR = @ POINTE
{ALTRD2] LOAD DATA
BYTE
>he >t - Rrco13_ ) RCD27 INCREMENT
ERROR 7 POINTER
! SWITCH CRC,
-
POP ERASE, POINTER
T
POP ERASE, STOPS INCREMENT 1PUTI
STOPS PUSH ERASE. ERASE
STOPS DECREMENT
COUNT

l«——-— RCD21 ’

> —( Reois )
FOP COUNT
DECREMENT RCD18 zero 2 >
J__ yes
f sTop ; PUSH COUNT
INCREMENT SAVE CRC2
IDR
RECORD 1 IPUTI CRC?
RETURN ) BLOCK
IRECORD1!
ERASE 1
BLOCK POP COUNT IPUT) CRC2
IRECORD1]
DECREMENT
SAVED COUNT
12 ERROR ? RECD3 1
POP ERASE. yes
STOPS, COUNT 1PUT]
PUSH ERASE, POPSTE::SSE' INCREMENT
STOPS, COUNT SAVED COUNT|
REMENT
INITIALIZE DECSTOPS
POINTER
<ewo? o
( wcote ) STOPS=0?
yes
1 yes
DECREMENT liPUT)
COUNT H
o
COUNT = © POP POINTER
RETURN
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RDS

READ

RETRIES 10

PUSH RETRIES
MODE

RESET CRC

INPUT
STATUS

-

OUTPUT READ
COMMAND

COUNTER =
14 sec

DECREMENT
COUNTER

/

ERROR = 2

POP RETRIES,
MODE

POP RETRIES,
MODE

(REWIND)

DECREMENT
RETRIES

RETURN

MOVE COUNT
TO B FROM D

POP RETRIES,
MODE (D.E)

PUSH COUNT
(8)

LOAD POINTER
(H.L)

PUSH POINTER
(H.L)

RESET CRC

L

( RD52 )

(GET)

B=IDH (high)

(GET)

E=IDL (low]

(GET)

D= COUNT

(GET)

(GET)

LOAD IDR

XY=1D0T-IDR

> (_ross  }—»

SWITCH CRC,
POINTER

STORE DATA

INCREMENT
POINTER

SWITCH CRC.
POINTER

DECREMENT
COUNT (B)

|

POP B; ADJUST
STACK POINTER

POP COUNT(B)

(GET)

(GET)

INPUT
STATUS

no
Gam D=

SET DELAY>
1 BLOCK

(FR)

ERROR= 1

RD8

( RD19 )

SAVE COUNT

DECREMENT
SAVED COUNT

y

IGET|

INCREMENT
SAVE

yes
e RD6
no

FF DELAY =
(XY) * 3/32

FR DELAY =
(XY) % 3/16 + 5

ERROR = @

RETURN



Z-80 DRIVER SOFTWARE

LOC OBJ LABEL OP OPERAND COMMENTS

G0 iy ST ¢CeeH

veee ?1/¢ % neCCRD (UNTIL COUNT kHXuAUSTD)

s ©117 % DAECK IS STOPPED AFTER RETURN

A0 ¢1lz¢ * INPUT:

AL c13e * I#CK - DECK NUMBEK LOCATEL IN MEMORY
Goy g14¢ * POINT® =~ LOCATEL In MEMORY

geve vity (FIRST DATA BYTE)

790k 216 % ID% - LCACTED IM MiMOXY (FIxST BLOCK)
VoL e ¢179 % COUNT - REGISTFR ®,T

Vit cicg * OUT}’LI:

ok 219 PCINTW - LCCATED IN MEMCRY

¢Szl w (LAST DATA EYTE + 1)

[aSEEaN]
RN
[alis
SIS}

gy g = FKROR - HEGISTER &
el gece ¢ = NO ERRCxS
Y0 L2iy % 1 - CRC ERROR IN ELQOCK
Ly g4 W ITw - 1
ULy Lecg % 2 — RLOCKX ITw—1 NOT FCUNED
Lk PRE, % Z - TAPE KENT OF JAV
A4 Cee * ITk - LOCATED IN MEMOLY
a3 Lg% (LAST RLCCK + 1)
251%% VSV ALTERED
A grey RFGISTFRS - A,%,(,I,E,B,L,ITR,PCINTE
¢ovv 1€ ¢ ¢2*1¢ raCORL LL U,1D FRAST=1
G2 1k ¢& C20y Lt i,8D STCPS==-
(Op4 EE e TUSH HIL COUNT
s 1E ¢E4., HODZY  PUSH D ¥RASE, STCPS
PN S W ST 275 LD HL,(ID4)
vige L F PIEY D%C HL IDR=1Dy -1
CECA f Pl VA g LI (ITR),L
A QoL INC
QELY LD

7E7h 7L
AT
?ule CA 20 @9 (410 JP 7,3CD1¢ YES
2¢17 1€ &% . LT D,11D KETRIES = 1¢
(e15 1F @1 243¢ LL  E,1D  CHECK MO«
0017 (D 7F 7R ¢4 CALL ALTRD
7C1A oC AW INC A FEROR?
Zo1E 3L C462 TG A
fG1C CA 29 49 gavy JP 7,RCD1& NO
71 1 tdee ECL1Z 1OF DE ERASE, ST0OPS
(e b1 ¢4ty dClz1l  PCP HL COUNT
¢ecl ©E al ¢E¢¢ HCD2T LD C,S¢H  STOP

PR ¢olu LD E,A SAVE iKRCK

450
A,1L IDw=2%
F

[SN
IS
~
~
<
B¢

I S SRR Crie CAIL CMDOU1

(LT T CorEy LT A,RB RESTORF KREKROR
vior (% ¢ sdy RET

S (147 Uk vEoe allle CALL HEWIND

ezC oy KC ooy LD C,¢ECH KERHASH

7l D &: (A s CALL CMLOUT

PACICE BG4 et L A,5¢T 5 SECONLS
e CD 81 A "Byl CALL DELAY

pele 11 ¢t nCI1& FCE DE EFASE, STCTS
ol LE el PLSh Tr

VESIISIIN e (€l RODI1E Del D TRASE (:%ASE - 1) ®LuCES
v COUh A4S vk cEes JF Z,PCII‘

7or T e B0 ciuae LT C,LCY rrAdE
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Pl

B1
Fc
¢B
DA
Ze

¢T

2o
z<
zid
ge
(o1

1F

ES
rl
¢e
€1
I

AR

Ige
<1

W

Ch

€9

¢ A

QA

A
e

¢ A

~

CESY
Vel
gery
CEoY
CECy
vt
K 71¢
272¢
Y4
g4
AP
Lreq
277«
gerev
grece
CEYZ
cE1u
CEz
aSYN
Eed
a=tel
Z8€EQ
ceve
¢EgG
cReY
ATA
291¢
eS¢
¢93¢
940
el
2oe¢
AN
coa¢
L9y
1e¢¢
1z217¢
1422
1237
lée
1¢52
17€v
1¢7¢
1%¢&¢
1¢9¢
117¢
111¢
11z2¢
112¢
1149
11z2¢
11€¢
1174
115¢
11¢¢@
12¢¢
1z21¢
127«
1224
124¢

125«

nCL14

RCT19

ECL1E

ECD17

kCL2E

RCILZ4

CALL
FUSH
CALL
pCP
JF
ECP
PO?
PLSH
pPUSH
LD
LEC
INC
JF
reC
INC
JF
LI
LD
FUSH
X
LD
INC

EX
LT
CALL
CALL
IN
ANT
POP
JF
POP
DEC
JF
LT

J

LT
CALL
pC?
FCP
PUSH
PUSH
SUE
ATL
JP
ADL
JP
Lo
1T
L
LL
CALL
INC
DEC
POP
Jr
INC
JF
LD

TD
4

INC

CVMDOUT

DE

AFCRIL

DE

RCL15

HL ERA3E, S1CP35
DE COUNT

DE

HL

HL,(POINTW) FCINTER
L COUNT F1GH =27
D

NZ,RCD16 NG

E

Z,RCD17 YES

B, E COUNT = COUNTL
F,eD  COUNTL =0

DE SAVE CCUNT
Dk, FL

HL, (IDR)

HL

(IDR),HL

DE,HL

C,2ERH RECORD
CMDOUT

RECRD1

TAFEIN ERRORY

¢LH

DE GET COUNT
Z,BRCD1E N

Dk DECREMENT STCPS
E 7

NZ,RCD2¢ NO

A,3D EKROR=23

RCD21

A,2D APPROXIMATELY € ELOCKS
r

HL ERASE, STOPS
Tk COUNT

DE

HL

A COUNT=¢ 7
T

NZ ,RCD22

r

Z,RCD12 Y&S

HL, (IDW)
(ILR),HL

v,6D RETRIFS = €
E,1D CEECK MODE

ALTRDZ

A ERROR?

A

TE

Z,RCD24 NC

D INCREMENT FRASE
RCIZ¢

,1D  ERASE=1
HL,(IDw) INCRSZMENT IDW
HL
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Y
A
Yet4
3B
¢t
CyR
ZAEA
geFER
opC
CoEk
gece
ZCcCa
KuCa
vl
7S CA
2eCC
gcCl
oD
genl
ol
Lare
eup?
PCTA
s
2%
ve
A
gunk
gelA
CS1A
vGDA
CCTA
AW
2UDE
PCDA
CYLA
ZODA
ASIN:Y
Z2SlA
CODA
7UTA
ZYLA
Gl E
COTE
vult
VATROY,
PLRe
GLE
ASB
CCEA
33D
vGtrC
CCEE
coTe
b s
k4
2ors
ore
CEr?
gere

COFB

e

.

ny el
[N

o
[Qe RN

CA

e

£ €A

A

A

A

A

12¢6¢
1272
12c¢
1zG¢
12¢¢
131v
1327

IGYZ
124«
1352
1%¢ev
13%7¢
12¢¢

2Ly
140k
141¢
142y
14372
144¢
145v¢
14¢¢
1477
146¢

o]
C

=)
n
o

RCD1€

* KLCRD1

1452 *

180¢

121¢ =

152¢
183¢

154¢ *

1252 =

15€¢ *

187¢

1562 %

156¢

189¢ *

161¢
l16z¢
1€C¢

164¢ >

1€52
1€€7
167¢
1RRYZ
16¢ e
1Tl
1714
172¢
172¢
174¢
172¢
17€7
177¢
174
17e
18¢¢2
1¢12
1&2¢
182¢
164

1&8¢

lete

s

EECI1

LD

M

FCP
INC
DEC
JP
DEC
FUSE
LD
INC
LT
ECP
Jp
LT
LT
ADT
LD
SUH
JrP
PEC
LD
JP

(IDW),EL

DE,HL

DE

D COUNTH =27
I

Z,RCD25 YES

D DECREMENT COUNTH
HL

HL,(POINTw)

A

(PCINTW),HL

EL

RCDZE

HI,(POINTW) ALD COUNTL TO POINTER

(FCINTW),HL
EKROR =0
Chzw

3o b

DECEEMENT COUNTH
B,eT COUNT=2
RCD13

(RECORD ONE BLOCK)
KRECCRD OR ERASF¥ COMMANT MUST RE

REFORF CALLING.

I[SSUED

UNDERRUN AND STCF SECULT EE CHECKED

AFTER RETURN.

INPUTS:

&£CRD1 PUSE

LD
LT
CALL
LT
CALL
LT
CALL
LT
LT
CALL
LT
CALL
LD
bX
LD
INC
EX
CALL
DEC

DECK - DECK NUMEER LOCATED
IN MEMORY

12 - REGISTER D,E

CCUNT - REGISTER E

(¢1=1 BYTF, @¢=256 LYTES)

PCINTER - REGISTER H,L
(FIRST TATA BYTE)
QUTPUT :
POINTER - RYGISTER E,L
(LAST DATA EYTE + 1)
ALTERED
REGISTERS - A,E,C,D,E,H,L
K1l PUSHE PCINTEFR
HL,¢D RESET CRC
c,T, ID EIGH

ALTPUT

C,E ID 1O%

PUT

C,B COUNT

PUT

D,H SAVE CHCZ

C,L CRC1

PUT

C,D CRrRC2

PUT

E,E SAVE CCUNT

(sP),HL SWITCH CHC, POINTER
C,(HL) LCAD DATA

HL INCREMENT POINTER
(sp),HL SwITCE CRC,POINTEK
PUT

b DECREMENT COUNT



PU¥C
a?:‘rI"F
CACC
LAZ1
ZAQ4
CACS
CACE
CALS
CAEC
¢ACL
CALW
CA1C
CAl4
ZA1S
ZA1S
ZA1E
ZA1Z
ZA1E
CA1Y
CA19
gAa1C
CALF
CAZC
gAcl
CAZ?
CALC
ZAE
ZAZE
KAZT7
CALZ8
CAZH
¢AcC
CARD
CAZE
ZAZF
CAZ1
CA32
CAZZ
ZAC4
CAZE
CAZT?
CAZE
A LS
CACA
VACT
CACE
ALY
gA4l
ZA42
A4z
Ch42
CA4?2
CA4Z
2A44
CA46
CA4Q
2h4acC
CA4F
ZA4F
2h4t
ZA4Y

c2
o4
4@
CD
4A
ch
1T
Cb
1C
€2
CD
k1
ce

IR
re

CD
Ce

gz
0t
1%
aF

SO Y

- Cr

¢2
CF
42
A8

1F

(S
O

A
ZA

¢A

CA

A
CA
A

1€7¢
1880
levd
190¢
191e
1€2@e
193¢
1904¢
1€E¢
196¢
197¢
188¢
19¢¢
3’44
<e19¢
cgze
203¢
2¢4g
Z2e%¢
20EQ
2ene
zped
2¢90
21¢e
211¢
2128
£1&¢
2140
<1ty
cl¢ee
217
218
clce
220¢
<210
222¢
2250
ccdi
22350
2262
227
Z2&7
POy
Lo
RN
°32¢
253¢
224
z3Z0
23€0

RECLS

3¢

GET

CrC

CRCA

(@)
S

(=}
[
—
=

2R ®

23e¢ *

23592
24C0
c41¢
2420
YL 360

PUT

ALTPUI

244g *

245 L3k

24€e

247 *

JF NZ,RECD1 NOT ZERC
Ll D,H SAVE CRCz
LT C,1L CrC1
CALL PUT
LD C,D CRC2
CALL PUT
DEC E DECREMENT SAVED COUNT
CALL PUT
INC E INCREMENT SAVED COUNT
JP NZ ,RECD3 NOT ZERO
CALL PUT
FCF BRI PCP FOINTEE
RET
GET
CRC IN E,L

DATA RETURNED IN C
A,C,H,L ALTERED
IN TAFEIN STATUS

ANT @FH

JP Z,GET

CALL TIN

PUSE DE

Lr A,C

XCR L

LD L,A

LD E,7D 7 TIME>
RLA A

YOod L

DE E

JFE NZ,CRCA DONE?

LD L,A YES

RRCA A

RRCA A

LT E,A SAVE 1

AND @CgH

XO0K H

LD D,A SAVE 2

LD A,E RESTORE 1
ANL 2FH

XOr L

LT H, A CRC HIGE DONE
RLA A TEST RIT 7
LI A,D RESTORE 2
JP NC,CRCFIN EI1T 7 WAS 17
XCk 1T YES

LD L,A CRC LOW ICNE
POP DF

RET

PUT

DATA IN REGISTER C

CEC IN H,L

A,H,L ALTERED
IN TAPEIN STATUS
ANT QFH
JP Z,PUT
CALL DOUT
JP CRC
REWIND
REGISTER A,C ALTERED
THIS RCUTINE WILL GUARANTEE
DECK SELECTION
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¢a4F (E ©¢ 24=¢ REWIND LT C,9¢R §°

¢hS1 CL SE A 24 ¢ CALL CMDQUT

¢rta DB 22 FASTR? Il TAPEIN

Chic rE €3 ~tly ANT @8H

ZALE CA S4 A ZE27 JP Z,REWE

CAZE (5 £¢ 2a5e LD C,2¢H PR

oD (D GE A 2Z4¢ CALL CMDOUT

Cho LF Q% 2222 HEwA I TAPEIN

CAEZ L€ ¢E HeEC AND &D

fhed LA BC A 2o7¢ JP Z,REXA

CAET (5 2280 RET

ZACS £LG¢ ¥ FA5T REVERSE, FAST FORWAKD
7narts ZELE # EEGISTER A CONTAINS MULTIPLF
Lhte PELIC ¥ Or 1@ MILLI-SECONDS DELAY
CEEE €y * REGISTER A ALTERED

ghes C2 262¢ IR PUSE BC

CALL FE £04¢ PLSE AF

CAER vE £ cELQ LD C,80H

¢heC (D QF A Z€c? IRA CALL CrDOUT

LAEEF F1 67 POP AF

gavTe CL 1 ¢\ CEEY CALL DFLAY

ZAYI VR G¢ €S2 LD C,9¢H

chE (2 C2 2A <R JP S10P

CATR (D c7le NOF

TRTEC L@ 27 NOF

CATA (S 27C TR PUSH BC

CATR KD 2748 PUSH AF

Za7C (E ACQ 7% LT C,2A0QH

CATE CZ 6C @A 27ER JP FRA

QAEL 2nre * DELAY MULTIPLE OF 12¢€ MS IN KEGISTER A
ZhEL gvee * REGISTERS A,R,C ALTEREL
€A1l ¥1 R4 29 279¢ LELAY LI BC,29B4H

QA4 LE cgee T DEC EC

QAES (4 281¢ INC E

CAEE (C 2€z¢ TEC B

ZAE? Cz B4 A 283¢ JP NZ,D1

gaeh T 284¢ LEC A

ZAtE Cz 81 €A 2EZC JPp NZ,DELAY

ZAEL C9 2dee RET

CABTE VASYES INEUT TATA BYTE (DATA RETURNED IN C)
CAET ceEg * REGISTER A IS ALTERED

CAEY *r EF 289¢ TLIN LD A,CEFE

¢he1l LT 21 <9¢? CUT STROBE

CACT LB €2 2912 IN TAPEIN

CAGE 4F 292¢ LD C,A

?hCE IE LF 202 TVINS LD A,@DFH

CAGE 10 21 29472 CUT STRCBE

ZAGA (9 Yaskel” RE1T

CACE 29EQ * CUTPUT COMMAND (DATA IN REGISTER C)
CASE 2970 * DECK IS OR’D WITH TATA
©A9B 98¢ * REGISTER A IS ALTERED

CACE A F2 CA €652 CMIOUT LT A, (DECK)

CAGE F1 Zle CR C

CACQKF D32 ¢z % 0UT TAPOUT

¢AR1 Z® GF e2? LI A,STH

CAR3 I3 01 Z¢50 CMDA CUT STRCEE

ZAAS C& 96 (A oe4ae JP DINA

CRES 2ecy ¥ QUTFUT DATA (DATA IN REGISTER C)
CAAE e * REGISTER A IS ALTERED

CARE 7O 3e7e DOUT LD A,C

CAACS L2 ¢k S¢nd 0UT TAPOUT
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ZAAB
CAAD
RAFQ
¢ARQ
ZLI1
QAED
CAEDS
CATF7
QARS
Z2AEQ
CATFC
ZATF9
QARG
CATC
ZATQ
ZALC
ZAFC
LARO
CAP9
¢AFC
GARC
CATO
ZAPC
¢AEC
ZAZQ
ZAEC
CAEBS
¢AFS
CREC
QARG
ZARO
ZALS
ZABO
CATO
2ATS
CAPQ
2AEC
2ABY
CARE
CALC
ZARC
QAEF
LAC2
¢ACS
gACT
CACA
2ACP
2ACC
¢ACE
QATL2
ZAD4
ZAT7
¢ATC
QALA
ZADC
CATLE
¢YAF1
CALZ
AL
QATF4
CAET

€N =t

1€
DE

21
Cd
¢D
Sk
CD
C1
Co
CD
e
¢k
CL
ee
e
DB
EE
Cz
1E
14
18
€2
€s

= ("
[ENIC ]

2L

Qe
Dz
Sk
@1
81

g8
LE
k¢

TA

¢
ZA
¢A

CA

A
Ch

. DA

B

A

st
38

sz
¢

b

LECK
IDR
PCINTR
IDw
?CINTW

LT A,S5FH

JP CvDA

VARIABLE DATA AREA

LS 1T DECk NUMEER 10 BE USED
DS 20 READ ID

LS 2D READ POINTER

TS 2L WRITE IT

DS Yy WRITE POINTER

READ ONE BLOCK
DECK REMAINS RUNNING AFTER RETURN

INFUT:
LECK - DECK NUMBER LOCATED IN MEMORY

POINTR - LOCATED IN MEMORY

(FIRST RYTE)

IDR - LOCATED IN MEMORY
RETRYS - REGISTER D

(ALTRED ONLY)

MOTE - REGISTER E

?=READ
1=CHECK

CUTPUT:

LD

PUSH

EQU
LT

CALL

LD

CALL

POP
RET

CALL

T

CALL

LD
LI
IN
ANT

DEC
INC
DEC
JP

TEC

DECK, POINTER, IDR UNCHANGED
REGISTER - A,E,C,D,H,L ALTERED
COUNT - REGISTEkR B
21=1 BITE
20=256 EYTES
EKROR — REGISTER A
2=NO ERRORS
1=CRC ERROR
2=BLOCK NO1 ¥OUND
3=END OF TAPE OR JAM
ENTRY POINTS:
READ — NORMAL ENTRY
ALTRD - DECK WILL EACKSPACE
FIRST, USER MUST SUFPLY RETRIES
ALTRD?2 - NORMAL, EXCEPT USER MUST
SUPPLY RETRIES.
D,1¢D RETRIES

DE RETRIES, MOLE
3D54

HL,2D RESET CkC
RD51

CMDOUT STOP RCOUTINE
A,1 .1 SECOND
DELAY

BC

FR FAST REVERSE CORRECTION
RI2

C,CECH READ

CMDOUT

B,488 14 SECCONDS
D,B

TAPEIN STATUS
@FH READY?
NZ,RD10® YES
DE

D

D

NZ ,RDS3

B
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CALE
CARY
ZAsE
ZAFQ
CAF1
CAE2
CAKD
ZAYE
ZAkG
ZAFA
ZATL
ZAFL
CLEC1
gree
2RO
LFgH
Qﬁ”‘

BeA
ZEZD
7FQh
¢B11
£511
F11
ZEll

Prlz
ZE15
¢B1€
ZE17?
¢E1E
2R19
ZE1A
CF1E
¢b1C
2FE1D
ZE1E
2383
Y b2@
gERC
gE26
CEZT?
CEZE
CRZA
2r2D
QLE2F
PBZ2
¢B3E
gr3e
¢B2Y
ZB3A
¢EZD
PB3E
CEZY
¢Ek41
¢B44
RS
GE4F
ZE&7
gr4E
ZF4F
2r4C
PE4F

°T

MO TIMMOp 3
N O O g (N d

2¢
z2¢
Z9
7C
29
CA
s
&4
<k
e
A
FE
FA
CcD
€2
1C
1p

54
¢
ce
cz
ee
4z
I1
ce
<A
EE
1
CD

BC

EC

¢1
22
EC
A
EC

3]

cC

[2¢]
W

-
n

A

- A

A

A

= CA

ZA

CA
N

Ch

3\

R

2k

v A
A
@A

2o
A

37
271¢
N4
2w
74 ¢
3722
27€Q
E77¢
37 e
STee
Zedd

ST %
l8cv
28
3E4¢
3BER
Srsias
ZETE
38&¢
2ECD
38e¢
2910

j= 9]
&)
AV]

|2s]
(o]
m

RDS52

.
3¢

toze *

392
3542
2859
3562
397¢
268
399¢
4200
4¢1¢
4¢2¢
4338
4747
4¢5¢
4UEC
427¢
4¢84
4¢29¢
4127
411

41202
4122
4140
41%@
41€¢
417¢
41829
41€9
42¢¢
4214
4229
4227
4240
425¢
4769
4Z7¢
428¢
4252
43¢ 2

Ipz

IT1

ITz

KDE

RD

[

Jp NZ,iD5%7

CALL REWIND

I A,2D EKROR=2

POP DE RETRIES, MOTE

TEC D

JI NZ,RD54

RET

CALL GET IDH

LD B,C

CALL GET 1DL

IT E,C

CALL GET COUNT

L D,C

CALL GET CRC1

CALL GET CRC2

SUE A CRC=07

ADL H

JP  NZ,EDS5 NO

ALD L

JFP NZ,RDS NO

CCMPUTE BE TAPEID
-HL IR
=XY

LL A,E

LT  HI,(IDR)

SUF L

LL E,A RECISTER E CONTAINS Y

LD L,A

LT a,F

SBC H REGISTLE A CONTAINS X

LD E,A H=XY/#®

ADL HL,HL

ADL HL,HL

ADD HL,FL

LT A, B

ATD HL HL

JP Z2,1D1

JF P.ID2

ADT H

CPL CCMPUTF FF DELAY

ADL 1 ADT 1 FOR 2°S COMP

Jp M,ID3

c 3 GREATFR THAN THRESHOLL?

JP  M,RD5 NC

CALL FF

JP RIS

INC E Y=¢7

DEC E

Jp Z,RDE YES

ATL H

RLCA

ADD 5

JF  FRCOR

NOP

LD B,D COUNT

PCPF DE RETRIES, MODE

PUSHE BC COUNT

LD FL,(POINTR)

PUSH HL

LD HL,@D RESET CRC

CALL GET
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@EE2
CESS
2b%4
gBEY
CESE
CES9
ZBEA
¢ESB
¢ESC
¢BOF
gECO
¢EB61
ZB64
QBRET"
ZBEY
CECA
@BED
CEEE
@EBF
g2
gB7a
gB74
gR77Y
¢2B78
¢BB
¢B7D
CEEY
ZBEZ
2BBS
gree
gBET
PBEA
¢BEB
QEEE
CEEF
CEGE
ERr92
€E9S
gro6
gBo9
ZEOR

€3

4F

n)nen

(SR

96

7E

[=8
~

0s
68
21
F1

15
87
g4
re
41

/N
F1

- ¢B

B

¢A
CA

¢B

B

B
2B
DA

VA

@A

¢k

gA

oA

431¢
4327
4330
4349
4329
42€¢
437¢
43&9
42C0Q
4400
441¢
4420
4437
444¢
445¢
44¢cy
447¢
448¢
4452
4509
451¢
4520
453¢
4540
455¢
45€0
457¢
45&¢
459¢
4620
4610
4€20
463¢
4640
4E5¢
4660
467¢
468¢
4ECD
47¢Y
4710

RDES

ALTRD

RD19

RDS

RD1¢

RT11

INC
TEC
JP
EX
IT
INC
EX
DEC
JP
PCF
pOP
CALL
CALL
IN
RRA
JP
RRA
RRA
JP
SUE
ATD
JP
ADD
JP
LD
CALL
LT
JP
LD
DEC
CALL
INC
JP
SUE
RET
AND
JP
pPOP
CALL
LD
JP

Z.

SF), HL SwITCH CRC,POINTER
(BL),C STORE IATA

HL BUMP POINTER

(SP) HL SWITCH CRC, POINTER
DECREMENT COUNT

NZ RDE6
BC ADJUST STACK POINTER
BC COUNT
GET
GET
TAPEIN STATUS
CVERRUN?
C,ALTRD YES
A
A STOP?
C,RD11 YES
A
H
NZ,ALTRD NO
L
Z,RD19
A,5D GREATER THAN 1 BLOCK
FR
A,1D ERROR=1
RLE
D,B SAVE COUNT
D DECREMENT SAVED COUNT
GET
D INCREMENT SAVED COUNT
NZ,RD9O
A ERROR=0
P4H STOP?
Z,RD52 NO
DE RETRIES, MODE
REWIND
A,3T ERROR=3
RD8
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H. PHIDECK MAINTENANCE

Recommended Field Maintenance

This maintenance schedule consists of recommended maintenance operations to be performed in the field by operating
personnel and service technicians. Schedule A consists of cleaning operations that should be performed every ten to twenty
hours of operating time. Since the accumulation of dirt and tape oxide is highly dependent upon operating environment and
the quality of tape used, the time interval for Schedule A can be varied according to system experience. The Schedule A
cleaning operations are simple enough that they can be performed by operating personnel in many systems.

The items in Schedule B should be performed by technically skilled personnel.

Required Equipment For Schedule A

1 Tape head clsanier or pure isopropyl aicohol
Rubber drive cieaner

Cotton tip wood swabs (Q-Tips)

Soft bristled brush

Tape head demagnetizer

SARRaIE

Schedule A (10 to 20 hour intervals)

1. Remove accumulated dust, tape oxide particles, etc. with a soft bristled brush.

2. Clean magnetic head and tape guides with tape head cleaner or isopropy! alcohol.

3. Clean the capstan shaft with a cotton tip swap moistened with tape head cleaner. Do not allow tape head cleaner to run
dowr the capstan shaft into the capstan bearing. Use only enough cleaning liquid on the cotton tip swab toremove tape
oxide from the exposed portion of the capstan shaft.

4. Clean pinch roller with rubber drive cleaner or isopropyl alcohol.

5. Demagnetize the tape head using a tape head demagnetizer.

Schedule B (500 hour intervals)

Maintenance Guide

This maintenance schedule consists of recommended maintenance checks and operations to be performed in a facility
equipped for tape deck repairs and maintenance. For greatest system reliability, this procedure should be performed on a
regular basis at intervals of approximately 500 hours of tape deck operating time. Where such maintenance is not
performed on a scheduled basis, this routine should be performed whenever a tape deck is returned to a repair facility for
repairs

Required Equipment

Tape head cleaner or pure isopropy!l alcohol
Rubber drive clearer

Lightweight machine oil

SAE 10 wt. ol

Cotton tip wood swabs (G-Tips)

Soft bristled brush

Tape head demagnetizer

Information Terminals M-300 Tape head and guide gauge set
Oscilliscope

10. Speed test tape

11. Miscellaneous hand tools

12. Frequency counter

® N Oh N

©

Cleaning

1. Clean Phideck throughly. Remove accumulated dust, tape oxide particles and lint with air hose or brush.

2 Demagnetize tape head

3. Clean tape head and tape guides with liquid cleaner and cotton swab. Useonly a commerical tape head cleaning fiuid or
pure isopropy! alcohol.

4. Clean capstan shaft with a cotton tip wood swab moistened with tape head cleaner. Do not allow tape head cleanertorun

down the capstan shaft into the capstan bearing. Use only enough cleaning liquid on the cotton swab to remove tape

oxide from the exposed portion of the capstan shaft.

Clean capstan drive rubber roller. Use rubber drive roller cleaner or pure isopropy! alcohol.
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Lubrication

1.

Oil the headbar pivot bushings using a drop or two of SAE 10 weight oil. Wipe off excess oil.

2. Apply a drop of lightweight machine oil to the capstan bearing where the capstan shaft enters the bearing. Clean any
excess oil from the capstan shaft.

Drive Belts

1. Remove the plastic cassette well and check the two reel drive belts. The belts should bereplaced if there are any signs of
splitting, cracking, or wear.

2. Check the belts for slippage by stalling the associated reel post while in the Fast Forward mode for the takeup reel and
Rewind mode for the rewind reel. The belts should be replaced and the pulleys cleaned if there is belt slippage during the
stalled condition.

3. Check the capstan flywheel drive belt for cracking, splitting, or wear. Replace if necessary.

Alignment Checks and Adjustments

1.

Using the Information Terminals M-300 gauge set and with the headbar engaged, check head depth of penetration,
zenith and guide height. The parameters being out of tolerance indicate that the gearbox positioning may need to be
adjusted to compensate for starwheel assembly wear.

If the previous checks indicate head misalignment due to gearbox positioning, perform gearbox assembly alignment
procedure. If head alignment is correct, do not perform adjustment.

Check gearbox starwheel to headbar engage-disengage positioning. Adjust starwheel position sensing micro-switch for
correct positioning if necessary.

Check pinch roller pressure and adjust if necessary. i o

Using a high quality tape with a continuously recorded tone or flux reversal pattern, check the play or read head output
for signal levels and quality. Incorrect signals are indicative of head wear, head alignment or tape tracking problems.
Check tape speed and adjust as described in the Motor Speed Calibration paragraph in section VI.

Check and adjust the head azimuth as described in the Head Azimuth Adjustment paragraph in section VI.
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EXPLODED VIEW

PHI-DECK®




Item

Z
<]

XN A WN =

Description

Cast Chassis

Reel Motor

Reel Motor Pulley
Reel Motor Belt
Cassette Guide Post
Rear Spring

Reel Rest Post
Bearing Housing Nut
Lock Washer

Spacer

Machine Screw, Metric
Machine Screw

Side Spring

Plate

Sheet Metal Screw
Guide Post Clamp
Snap-action Switch
Machine Screw

Flat Washer

Bearing Assembly
Optic Reel Rest

Reel Rest Slider

Reel Rest Sleeve

Reel Rest Spring
Gearbox Motor
Gearbox Side Assembly "A"
Gearbox Side Assembly "B”
Starwheel

Gear

Gear

Gear

Pitch Pinion Gear
Starwheel Shaft

Gear Shaft

Machine Screw, Metric
Sheet Metal Screw

* Jtem not shown

PHIDECK PARTS MATRIX

Quantity

A NON = = a o add ad A NN =22 AWANOON—=A =N N -
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Item
No.

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
53
61
64
77
80
81
82
83
84
85
86
87
88
89
90
92
93
94
95
96
97

Description

Capstan Drive Motor *
Set Screw

Cassette Well
Cassette Well Door
Capstan Drive Belt
Headbar Pivot Sleeve
Headbar Pivot Spring
Headbar Pivot Spacer
Allen Head Screw
Allen Head Screw
Dust Protector
Machine Screw

Eject Lever Pin

Eject Lever

Wire Harness Assembly *

Heat Shrink Tubing (inches) *

Machine Screw
E-Ring

Flat Washer

Nut

Headbar

Pressure Roller Assembly
Pressure Roller Post
Cable Clamp

Machine Screw
Pressure Roller Spring
Machine Screw

Head Azimuth Spring
Head Spacer
Read/Write Head
Flywheel Assembly
Capstan Pulley 5IPS
Flywheel Bracket
Nylon Set Screw
Flywheel Washer
Triple | Label

Quantity

bk eh ok d 2 DN eh e 4 b A A e A DA PRDNN SN = 2



Phideck Wiring

ORN~
O
+
REWIND

DECK WIRING —
MOTOR, HEAD, and SWITCH CONNECTIONS

i
C
+
'
9 R NINE PGSITION MOLEX
Ev CONNECTOR
TAKE-UP 8
FWD
7
_ SUP
6
O ENG
YEL - > | ALLCAP
4 CAPSUPPLY
/——\GRN' 3 .
O- ALLENGSWGND
+
rz— ALLENGSW
N POSITION 1 HAS
HEADBAR 1 |NC NO CONNECTION
RED*
1
I WHT*
BLU* [a) ZN\
2 z ( ) )
)
o T — ’
o
10}
“Wire Colors may vary %’ [¢)
| <
o
BLK* uw
C
:‘lg g BRN" 4 3 2 1 VIKRON HEAD
saturation current = 4 ma
HEADBAR SWITCH write current = 6 ma
1 HDB read output = 5.5 mv
NOTE: Four position Molex 2' HDA bandwidth = 100 KHz
go:mecto; ma(;/ :e cut 3. No Connection
etween 2 and 4 to separate 4. HDGRND (Shield)

HDGND from HDB and HDA.
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J. PHIDECK CONNECTIONS STANDARDS

In an effort to maintain compatibility between Digital Group systems using Phidecks, complete wiring diagrams have been
included for connecting Phidecks to your system. Refer first to the Phideck system block diagram to locate the appropriate
wiring diagram. A brief explanation of each diagram is included.

DETAIL 1:

DETAIL 2:

DETAIL 3:

DETAIL 4:

This diagram details the motherboard connections between the I/O Port card and the Phideck card using the
wire wrap pins on the 36 pin connector of each board.

The connections between the backplane of the paddle card connector block and the Phideck card 36 pin
connector are detailed on this diagram. Complete the wiring as if your system were using four Phidecks. even if
you are using less than four decks. There are several wires in the cable for decks 1 and 3 that are commontoall
the decks. The best approach is to make-up cables with molex connectors on each end that slip over the wire
wrap pins. If you should prefer not to use this method, please refer to Appendix C for the actual Phideck card
pinout.

This detail shows the cabling between the paddle card going to the CPU cabinet (22 pin) and the paddle card
going to the Phideck cabinet (36 pin). There are two groups of wires on this diagram. Shielded cables should be
used for the group on the left, since this cable contains the tape head signals. Also note that the shield from the
shielded cable doesn't go to chassis ground, but is strictly ground for the tape heads to help avoid noise on the
head ground. Ribbon cable (20 conductor) works best for the group on the right.

Phideck cabinet wiring is detailed in this diagram. Your wiring needs will depend on the number of Phidecks in
your system. The Phidecks are numbered @ thru 3, so if you are using only one Phideck, connect the cables
labeled for deck 0.

The Digital Group strongly recommends you follow the interconnect standards. This will greatly facilitate repair of your
system, should you find it necessary to return it for service. If you send us your system please detail the connections on the
paddle card connector block, etc. or state that you are following the Digital Group standard.
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PHI-DECK SYSTEM
BLOCK DIAGRAM

170 PORT CARD
36 PIN CONNECTOR

PHI-DECK CARD
36 PIN CONNECTOR

DETAIL 2

CABLE

PADDLE CARD CONNECTOR
BLOCK (BACKPLANE)

PADDLE CARD
22 PIN

DETAIL 3

PADDLE CARD
36 PIN

PHI-DECK CABINET
WIRING

DETAIL 4
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INTERFACE

PHI-DECK CONTROLLER
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