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Audio cassette recorder interfaces
~, for the 2650 microprocessor

The compact cassette is an ideal medium for data storage
and transport for microcomputer systems: it is small,
robust and simple to use. However, the cost of a digital
cassette recorder can be disproportionately high compared
with the rest of a microcomputer system.

An economical solution is to use an audio cassette recorder.

This is a relatively cheap device, which many people
already possess. The use of an audio cassette recorder

obviously involves compromises in performance, but, with
a carefully designed interface, the result can be a cheap,
reliable data-storage system. Two approaches are described
here: firstly, a simple hardware interface; and secondly, a
more sophisticated hardware interface. Error-correcting
software is described with the first interface although, in
practice, this has been found unnecessary.

1 Simple hardware with error-correcting software

This approach uses a hardware interface designed from
a minimum of easily obtained components. No changes
to the cassette recorder are required, nor is special
software necessary. The interface is capable of operating
at up to 1200 baud.

To complement this simple hardware design, an error-
correcting program is described to enable reliable
operation.

Hardware

Data is recorded by switching a 5 kHz oscillator on and
off and recording the resulting signal on the cassette. Thus
the presence of a 5 kHz tone represents a one, and the
absence of a 5 kHz tone represents a zero. An unrecorded
tape will thus contain all zeros. Figure 1 shows the basic
operation of the hardware. The 5 kHz tone h: . been
chosen so that the circuit can be used with even the

0 1 0 1 0 1 0 1 P 5 kHz tone
. ] L GikHa S [ 1 1 ) S
ata > >
OSCILLATOR MRS
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Fig. 1 Basic recording technique.
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cheapest and simplest cassette recorders. This approach
has been found extremely reliable in the laboratory, using
standard cassettes in conjunction with the error-detecting
Absolute Object format as described in Application
Memo SS51.

Recording circuit

Figure 2 shows two circuits to produce the encoded
signal for the cassette recorder. Alternatively, the 5 kHz
signal can be generated by software. Ry in Fig. 2(a) is
used to ensure fast starting of the oscillator. However, the
value must be such that the oscillator can be turned on
and off correctly.

D2
BAX17 R7
— R6 100 k2
data
68 k2
tape
ca | 174HEF40938 R9
39nF T 10092
(a)
»
D2
BAX17 2/6HEF40698B R8 Cc5
10k O.1kF
data tape
R6 R7 Cc4
100 k&2 100 k$2 820pFT
(b)

Fig. 2 Two examples of switched oscillator circuits.

Playback circuit

The playback circuit is shown in Fig. 3. The first half of
the LM393 is used to square the signal from the cassette
recorder, while the second half acts as a monostable to
provide pulses of equal length. When a 5 kHz signal is
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received, the resulting pulse train prevents the voltage
across the capacitor, on the input to the Schmitt trigger,
from rising above the threshold voltage, causing a one to
be presented on the data output. When the input from the
recorder is a zero-signal (no 5 kHz tone), the capacitor

is not discharged and the output is a zero. Figure 4 shows
the waveforms through the playback circuit.
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Fig. 4 Waveforms associated with the circuit of Figs 2 and 3.
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Fig. 3 Playback circuit.



Software

The software determines the data format, the baud rate
and the error-correcting characteristics of the data storage
system. The audio cassette recorder does not have facilities
such as start, stop, reverse etc. that are common to digital
cassette recorders. This severely limits any actions that
can be taken when errors are detected during reading. A
program to provide error-correction for drop-out errors up
to 511 bits long every 2049 bits is described here. Alter-
natively, when using a TWIN system, a suitable output
format is available from the WHEX command. Although
this alternative does not provide error-correction, it has
been found extremely reliable in the laboratory.

Data format

The data is recorded in blocks of 32 data bytes plus

6 control bytes. The format of a block is shown in Fig. 5.
The number-of-bytes entry is fixed at 32 except for the
last block, where the value 66 is used to indicate end of
data transmission. The two block control characters
(BCCs) are obtained by performing an exclusive OR
operation with each data byte on the BCC, and then
rotating the BCC one place left. The initial BCC is an
‘FF’ byte.

5-bits 2 bytes 1 byte 1 byte 1 byte
J address data
11001 | start alddress 32 BCC 32 data bytes BCC
start number
character of data
bytes (@)
5-bits 3 bytes
—A A N
11001 66 66 66 (b)
7274799
Fig. S Data format.
(a) data block;
(b) last block to indicate end-of-data.
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Fig. 6 Splitting a data byte and adding start and stop bits.

Because clock information is not recorded, data should
be treated as asynchronous, and each byte thus preceded
and followed by start and stop bits respectively. In Fig. 6,
a data byte is split into two hexadecimal characters and
each of these preceded by a start bit (0) and followed by
two stop bits (01).

The entire block (data plus control bytes, with start and
stop bits) is recorded three times to form a triad. The
address counter is then incremented by 32 and the next
block recorded three times. The last block contains no data:
it is used to indicate end-of-data and consists of a start
character followed by three bytes containing the value 66.
The program then detects a block length of 66 and re-
cognizes end-of-data.

Automatic control of the recording level is a common
feature among the cheaper cassette recorders. This

can cause a high noise level when recording zeros and a
distorted signal when recording the first characters of a
sequence. These effects can be overcome by preceding the
data by a leader of ones of about 600 ms, to allow the re-
cording level to stabilize. A short sequence of ones is
recorded before each data block to provide synchroni-
zation following possible drop-outs.

Bit and byte rate

These rates determine the storage capacity of the tape and
the sensitivity of the recording to drop-outs. As the bit
rate is increased, more bits are affected by a bad section
of tape and the number of cycles of the 5 kHz tone
recorded per bit is reduced. The byte rate can be
increased by decreasing the number of repetitions of

each block.

Error correction

The error-correction system is based on the assumption
that errors will occur with a length of 511 bits or less, only
once in any sequence of 2049 bits. This means that at
least one block in every triad should be error-free.

The read section of the program looks for a start character
and then stores the start address, block length and address
BCC. If the address BCC is correct, the program stores the
following 32 data bytes. If the data BCC is correct, the
next start address (old address + 32) is written into an
address control location (ADCO). The following data
blocks are only stored if the address in ADCO corresponds
to start address of the block and the address BCC is correct.
This ensures that the repetitions of a block read correctly
the first time do not overwrite that block.

If either of the BCCs is incorrect, or if the address in ADCO
does not correspond to the block start address, the program
branches to ERRA and adds one to the error count
(ERCN). The data could still be read correctly if ERCN

is 4 in the case where errors occur in the last two blocks

of one triad and the first two blocks on the next triad.
Consequently, the program aborts when ERCN reaches 5.
If all three blocks of a triad contain errors, the address in
ADCO will be permanently out of step with the following
block start addresses, and the error count will increment

on each block until the program aborts.



Performance

The performance of the system is summarized in Table 1.

TABLE 1 Performance of simple hardware and error-correcting
software recording system

recorded bit rate (bits/s) 1200

data byte rate (bytes/s) 23,4

storage capacity (bytes) on C60

cassette 126 k

maximum drop-out for guaranteed

correction 511 bits in 2049 bits
transport speed tolerance +7,5%

program size 416 bytes + 9 RAM

2 Frequency-shift keying system

In the system previously described, loss of a cycle of the
5 kHz tone would result in corruption of the data signal.
This could be overcome by increasing the time constant
of the detector and decreasing the baud rate to give a
greater degree of redundancy. This is done in the FSK
system, which uses a baud rate of 880 baud compared to
1200 baud for the simple system. The FSK system also
possesses a higher noise immunity as it must discriminate
between two separate frequencies instead of using a
simple amplitude detector.

The FSK method requires considerably more hardware
than the simple method previously described. The
software storage requirement is about the same, although
error-correction is not included. However, the software
offers more flexibility in the use of read/write operations.
The data is stored at a rate of 880 baud, so that each side
of a standard C60 cassette can easily store 64 kbytes. The
data is written in blocks of variable size, with the relevant
source or destination memory addresses specified in the
write or read commands.

FSK recording

In the FSK system, a one is represented by a high tone
and a zero by a low tone. The choice of these frequencies
is determined by the bandwidth of the recorder, the
redundancy and transfer rate of the recording and the
frequency ratio required by the demodulator.

The maximum frequency, {1, is about 7 kHz and the
transfer rate has been selected as 880 baud. The whole

Cassette recorder operation

Writing

First, the start and end addresses of the data to be written
(2 bytes each) must be written into the locations at label
ADRS (line 16). The tape recorder should then be
switched to record and an oral identification of the tape
recorded. The processor is then directed to the write

start address. STRT (line 28). The program will then
output a leader of ones for 600 ms, followed by the data
bytes between the addresses specified and halt at address
4F0 (line 105).

Reading

To read back the data from cassette, the processor is
directed to the READ start address STAR (line 107) and
the recorder switched to replay. The program will halt

at FINI (line 158) if the data has been read correctly or at
ERRS (line 165) if the data was not recovered correctly.

multiple of the transfer rate that is nearest 7 kHz is

8 x 880 = 7,04 kHz. This means that a one will be
recorded as a series of eight sine-waves. Because the
demodulator will still work correctly with one or two
cycles missing, the requirement for redundancy in the
recording is satisfied.

The frequency for a zero, fg, is determined by the
frequency ratio required by the demodulator. A ratio
of fo/f1 = 0,8 is suitable and allows the zero to be
recorded as six cycles of 5,28 kHz.

Data format

The eight-bit bytes are recorded serially, with an odd-
parity bit for each byte. The use of the odd-parity bit
ensures that each recorded byte contains a one, which is
required to maintain synchronization.

The data format is shown in Fig. 7. The data is preceded
by a leader of ones for about 20 seconds. This allows the
recording level to stabilize and provides synchronization
of the clock on playback whilst also easing manual
operation of the recorder. The leader is followed by a
number of zeros to act as start bits before the data
commences.

In order to provide a greater degree of synchronization, a
Return-to-Zero FSK method is used. This means that a
zero is represented by f( for a full bit-time, while a one
is represented by f1 for only 60% of a bit-time, the
remaining 40% being f(. This is illustrated in Fig. 8.
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Fig. 7 Data format of FSK system.
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Fig. 8 Return-to-Zero FSK recording method.



Hardware

The cassette recorder used for this system was a Philips
Automatic Recorder type N2215. Brief specifications of
this recorder are given in Table 2. The recorder has an
automatic recording level control and a three-digit tape
position counter. Any recorder of similar or better speci-
fication could be used in this application.

The interface between the recorder and the micro-
processor system is shown in block diagram form in
Fig. 9. Only six connections are required, three to the
microcomputer and three (2 signals and a common) to
the recorder. Figure 10 shows the circuit diagram of the
interface hardware.

TABLE 2 Recorder specification in brief

bandwidth 80 — 10000 Hz (+8 dB)
output 1 Vrmsinto 12 k§2
required input 0,2 mV into 2 k§2

wow and flutter < 0,4%

tape speed 4,76 cm/s 2%
Modulator

Phase-locked loops are used to generate the three
frequencies required: 880 Hz for baud rate, 5,28 kHz for

fg and 7,04 kHz for f1. The baud rate is determined by U3,

and can be adjusted by R1. U4 and Ug generate f1 and
fo respectively, being synchronized to the 880 Hz baud
rate clock. The NAND gates of Uy are used so that the
FLAG output of the 2650 microprocessor controls the
frequency to be recorded (fg or f1), see Fig. 8.

Although the signals generated by the phase-locked loops
are square waves, the limited bandwidth of the recorder
suppresses the harmonics, reducing the signals to the
fundamental sine-waves.

Elements U7 and Ug, four-bit counters, are used to

improve the synchronization of the frequencies fg and f7.

Demodulator

The demodulator is a phase-locked loop, Ug, set to a
frequency between f( and f1. When driven by the output
of the recorder, the phase-locked loop develops an error
voltage across pins 6 and 7, which is then detected as zero
or one by the comparators, Up. One output of the
comparators is used to synchronize the 880 Hz baud rate
clock and the other provides the demodulated data to the
SENSE input of the microprocessor. When there is no
input from tape, the output of the demodulator must be
inhibited. This is accomplished by the comparator U»,
pins 8, 9 and 14, which inhibits the demodulator output
when there is no signal from the tape.

The demodulator can be easily adjusted by means of R».
While the leader (all ones) is read, R is adjusted to make
the signal across pins 4 and S of Uy symmetrical.

Software

The software is a program that reacts to commands typed
on the keyboard/teletype by the user. The actions that
can be specified in the commands are: write a number of
bytes, or read a number of bytes. The number of bytes is
determined by the start and end addresses that must be
specified, thus the read/write action can access any part
of the memory.

The program relies upon the use of the 2650 PIPBUG*
monitor/loader: this is assumed to be resident in the
microcomputer system. Figure 11 shows a simplified flow
chart for the program. A listing is given in the Appendix B.

The program does not provide error correction, although
this could be incorporated in the same manner as in system 1
without difficulty.

* See 2650 Application Memo SS50.
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Fig. 9 Block diagram of the IFSK recording system.
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CLEAR PSL

PREPARE TEXT
2 % ACASIF % %

PREPARE TEXT
2?

=

DISPLAY TEXT

LOGICAL
COMPARE?

©

FLAG SET
FOR 3 SECONDS
SWITCH
RECORDER OFF

FETCH USER
COMMAND

WRITE
COMMAND?

READ
COMMAND?

RETURN
TO PIPBUG
COMMAND?

GO TO ADDRESS
0000 (PIPBUG)

PREPARE TEXT
2
>

L]

Cassette recorder operation

If careful use is made of the tape position counter,

several independent blocks of data can be stored on the
same cassette. Before recording, the tape should be
rewound so that the beginning of the oxide has just passed
the recording head. The tape counter is then set to zero.
The first block of data can then be recorded, the tape
wound forwards until the position counter reads, for
example, 50, and then the next block of data written.
Provided that the user keeps accurate notes of the position
at which the data is recorded, it will be retrievable. A
standard C60 cassette can easily contain up to eight
blocks of data, each of 8 kbytes plus leader, on each side.

GET No. OF BYTES PREPARE TEXT GET No. OF BYTES
AND START ?? AND START
ADDRESS s, ADDRESS
SET RECORDER
I I TO PLAYBACK
SYNCHRONIZE SET FLAG 10s
FSK CLOCK TO INHIBIT
AND FLAG TAPE SIGNAL
l SET RECORDER l
TO RECORD
WRITE ONES CHECK LEADER
FOR 20s AND START BITS
(LEADER) [
READ DATA TO
‘gFT'STEZSET,fORST SPECIFIED START
ADDRESS + LENGTH
I
: I
WRITE DATA
SPECIFIED BY PREPARE TEXT:
START ADDRESS * % EOJ % x
AND LENGTH
PREPARE TEXT: STiEGE
* % EOJ % %
>

©

Fig. 11 General flow chart of the FSK software.

When the tape has been positioned correctly, the cassette
program should be entered. The text, ** ACASIF #*, will
be displayed and the read/write command entered. The
command format is:

R nnnn aaaa

W nnnn aaaa

P

where nnnn is the number of bytes to be transferred,

four hexadecimal digits, aaaa is the start address of the
data, four hexadecimal digits and R, W, P represent the
commands read, write or return-to-PIPBUG. If the
command is not rejected (?? displayed) the recorder
should be switched to playback/record as appropriate.
When the data transfer is complete, the text, ** EQJ #x*,
is displayed and the program waits for the next command.



Appendix 1

Assembler listing for the error-correcting program for system 1.

LINE

SN S W -

PIP ASSEMBLER VERSION 2 LEVEL 1

ADDR

0449
0448
044D
0450
0453
0456
0458
0458
045D
0460
0463
0465
0467
0464
0469
0468
046D
046F
0471
0473
0475
0477
0479
047A
0478
047D

LABL

0000
0001
0002
0003
0000
0001
0002
0003
0000
0001
0onn2
0010
0008
0002

0440
0444
0445
04646
0447
0448

0449

0468

0460
046F

047A

Bl B2 R3 B4 ERROR SOURCE

FF
40
04
04
04
08
04
08
04
04
00
FF

TE

03
00

10
06
FF

TE
8

42
43
41
40

42

RO
R1
R2
R3
z

P

N

UN
EQ
GT
LT
RS
wC
co

AD
HO
AD
ST
ER

AD
@

@
@
@
4*
S

T

TI

B8G

EQuU 0

EQU 1

EQU 2

EQU 3

EQU 0

EQU 1

EQU 2

EQU 3

EQU 0

EQU 1

EQU 2

EQU H*10°

EQU HY 08¢
M EQU Hvy2e

ORG H'440"
RS RES 4 STRT/END ADRS
LD RES 1
CO RES 1 ADRS CONTROL
OR RES 1
CN RES 1 ERROR COUNT
RF RES 1 ADRS FLAG

PROGRAM STORES 2650 MEMORY BYTES ON AUDIO CASSETTE-
WITH ERROR CORRECTION FOR 511 BITS DKOP OUT IN 2049~
BITS AND SPEED VARIATION OF + OR - 7.8 PER CENT.-
DATA RATE IS 23+4 BYTES/SEC (46.8 HEX CHARS/SEC).
WRITE CASSETTE STRT

RT CPSL HYFF
PPSU HY400
LODASRO ADRS+2 SUB STRT & END ADRS

LODAsR]1 ADRS+3
SUBAsR1 ADRS+1
PPSL wC
SUBA»RO ADKS
CPSL wC
STRAYRO ADKRS+2 ADRS+2 HOLDS NO. OF BYTES
STKA+R1 ADRS+3
LODIsR3 0
LODIsRO HtFF?
WRTCsRO
M1 EORZ RO LEADER OF N#]
BDRRsRO £
BDRRsR3 TIM1
N LODIsR2 3

BGNO LODIsR3 0

TI

LODIsR1 HYFF?

PPSL RS

LODI»R3 6

LODIsRO H'FF

WRTCyRO

M2 EORZ RO RE-SYNC FOR READ PROG.

BDRRsRO £

BDRRsR3 TIM2
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PIP ASSEMBLER VERSION 2 LEVEL 1

ADDR

047F
0481
0484
0486
04R9
048C
048D
048E
048F
0491
0493
0495
0497
049A
0498
049C
049F

04A1°

04A3
04A6
04A9
04AA
04A8
04AC
04AE
0480
0482
0485
0488
0489
0488
048BE
04CO
04C3
04C5
04C8
04CB
04CE
04D1
04D3
04D5
0407
0409
04DC
04DF
04E2
04E4
04E7
04E9
04EB
04EE
04F0

LABL

0486

04A3

04EQ

B1

B2 B3 B4 ERROR SOURCE

CF
05
10
64
05

DO

40
B3

83

B3

40
B3

83
6F
41
40
41
40

43
42

43

60

DO

B3

BGN1

BGN2

EOFI

LODI»RO
BSTASUN
CPSL
LODAsRO
BSTAsUN
EORZ
RRL RO
STRZ
ADDIsR3
COMIsR3
BCFRLEQ
LODIsRO
BSTAsUN
EORZ
RRLyRO
BSTAsUN
LODIsR1
LODIsR3
LODASRO
BSTAsUN
EORZ
RRLsRO
STRZ
ADDIsR3
COMIsR3
BCFRyEQ
BSTAsUN
BDRAsR2
EORZ
LODIsR1
ADDASsSR1
PPSL.
ADDA»RO
CPSL,
STRAsR1
STRASRO
LODASsR]
LODASRO
SUBIsR1
PPSL
SUBIsRO
EPS1.
STRAsR]
STRAsRO
BCFAsN
LODIsKO
BSTAsUN
LODI»R3
LODIsRO
RSTASUN
BDRRsR3
HALT

HECFE»
OPRO

RS
ADRSsR3
oBYT

R1

R1

l

2
BGN1
32
oBYT
R1

oBYT
HYFF*

0
*ADRSsR3
oBYT

R1

R1

1

32
BGN2
oBYT
BGNO
RO

J2
ADKS+1
wC
ADRS
WC
ADRS+1
ADRS
ADKS+3
ADKRS+2
32

wC

0

WC
ADKS+3
ADRS+2
BGNW
HYCF?
OPRO

3
Hlb(,l
oBYT
EOFI

PAGE 2

0/P STRT CHAR CF

BEGIN ADDRESS O/P

BCC STEP

BR TWICE

0/P BLK LENGTH

0/P ADRS BCC

ADRS & BCC O/P COMPLETE

BEGIN DATA O/P

BR 32 TIMES
O/P DATA BCC

ADD 32 TO STRT ADRS

Sug 32 FROM NO. OF BYTES

STRT CHAR

END CHAR

WRITE TO CASSETTE COMPLETE



LINE

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

PIP ASSEMBLER VERSION 2 LEVEL 1

ADDR

04F1
04F3
04F5
04F7
04FA
04FR
04FE
0501
0503
0505
0507
0509
0sncC
0S0F
0510
U511
0512
0514
0516
0518
0514
051D
0520
0523
0524
0527
0529
052C
052€
0531
0534
05306
05138
053A
053C
053F
0540
0541
0542
0544
0546
0548
0548
054C
054E
0551
0553
0556
0557
055A
0550

LABL

04F1

04FE

0503

0536

053a

Bl B2 B3 B4 ERROR SOURCE

75
76
04
ce
20
cc
3F
18
75

FF
40
01
04

04
05
78
10
00

05
64

01
20

05

13
04
20
04
04

04
04

48

47
71

71

40

# READ CASSETTE STRT
STRR CPSL HYFF
PPSU H'40°¢
LODIsRO 1
STRAsRO ADRF
EORZ RO
STRAWRO ERCN
FIND BSTAsUN IBYT
BCTRsUN FIND
NDST CPSL RS
LODIsR3 0
LODIsR1 H'FF?
LO0O2 RSTAsUN IBYT
STRAsRO ADRSsR3
EORZ R1
RRL RO
STRZ R1
ADDIsR3 1
COMIsR3 3
BCFRyEQ LOO2
LODIsRO H'66!
COMAsRO ADRS+2
BCTASEQ FINI
RSTAsUN IBYT
coMZ R1
BCFASsEQ ERRA
LODIsRO 1
COMASR0O ADKF
RCTRsEQ HERE
LODAYRO ADKS+1
COMAsRO ADCO
BCFRsEQ ERKA
HERE LODIsR3 0
LODIsR1 H'FF?
L0033 BSTRyUN IBYT
STRASRO #ADRSsR3

EORZ R1
RRLsRO

STRZ R1
ADDIsR3 1

COMI,R3 32
BCFRsEW LOO3
BSTAsUN IBYT
comMZ R1
RCFRyEQ ERRA
LODAYRO ADRS+1
ADDIsRO 32
STRASRO ADCO
EORZ RO
STRAsRO ERCN
STKASRO ADRF
BCTAsUN FIND

PAGE

FIND START CHAR.

STR STRT ADRS

8CC

LOOK FOR END 66

3 ADRS IN
CHK ADRS BCC

CHK FOR NEXT BLOCK

ADRS CORKECT

BCC

32 BYTES IN
CHK DATA BCC

DATA CORRECT
INC. aDCO BY 32

KESET ERCN
RESET ADKF

11
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LINE

157
158
159
160
l61l
162
163
164
165
166
167
168
169

170

171
172
173
174
175
176
177
178
179
180
141
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

PIP ASSFMBLER VERSION 2 LEVEL 1

ADDR

0560
0561
0563
0566
0569
0568
056D
0570

0571
0573
0575
0577
0579
0574
057¢C
0S7E
05R0
0581
0583
0584
0585
05836
0588
0584
0588
058C
058D
058F
0592
0594
0596
0598
059A
059D
059F
0540
0541
05A2
05A3
0544
0547
0549
05AA
05AC
0SAF
05n0
0512

0583
0585

LABL

0560
0561

0570

0571
0575

0579

057€E

059F

05A4A

05AE
0580

0583

B1 B2 B3 B4 ERROR SOQURCE

40 FINI
04 01 ERRA
BC 04 47

CC 04 47

E4 05

18 03

1F 04 FE

40 ERRS

HALT

LODIsRO
ADDASRO
STRASRO
COMIsRO
BCTRsEQ
BCTAsUN
HALT

1
ERCN
ERCN
5
ERRS
FIND

PAGE 4

PROGRAMME READ CORRECTLY

INC. ERCN

TOO MANY ERRORS

PROGRAMME NOT READ CORRECTLY

% SUBROUTINES SURKOUTINES SUBROUTINES SUBROUTINES
® [/P PGM BYTE IN TwO BYTES

RS
0
0
5

ONL
Hagl
FBIT

HeBO?
R1
K1

ONZ2
FBIT

HYCa?
NDST
HYFO

ouT

HOLD
ONO

R1
HOLD
RS

80
HAHBD
43

x

FIRST/SECOND FLAG

B8R IF BIT 7 =1
HALF BIT DELAY
FULL BIT DELAY

TAKE BIT 7

Br FOR 5 BITS
STOP BIT

TAKE FIRST HALF OF BYTE
FLAG = 1

STR MS HALF BYTE

XXXX3210

ADD TwO HALF BYTES

FULL BIT DELAY

HALF BIT DELAY

® 0/P RO IN TwO BYTES AND HOLD RO

77 10 IBYT PPSL

06 00 LODIsR2
05 00 ONO LODIsR]
07 05 LODIsR3
30 ON1 REDCsRO
1A 7D BCTRsN
38 30 BSTRsUN
38 2A ON2 BSTRsUN
30 REDCsRO
44 80 ANDIsRO
61 I0RZ

Ccl1 STRZ

D1 RRLyR1
FB 76 BDRRsR3
3B 20 BSTRsUN
N1 RRLsR1
D1 RRLyR1
D1 RRLsR1
ES C8 COMIsR1
1C 05 03 BCTALEQ
45 FO ANDIsR1
E6 01 COMIsR2
18 07 BCTRsEQ
06 01 LODIsR2
CD 04 44 STRAsR1
1B 56 BCTRsUN
D1 OUT RRLsR1
D1 RRLsR1
D1 RRLsR1
D1 RRLsR1
01 LODZ

BC 04 44 ADDASRO
75 10 CPSL

17 RETCsUN
04 50 FBIT LODIsRO
18 02 BCTRsUN
04 2R HABI LODIsRO
F8 TE HABD BDRR»ROQ
17 RETCsUN
77 10 0BYT PPSL

c2 STRZ

RS
R2

PUT BYTE IN R2



PIP ASSEMBLER VERSION 2 LEVEL 1 PAGE

LINE ADDR LABL B1 B2 B3 B4 ERROR SOURCE

209 0586 CC 04 44 STRASRQ HOLD

210 05R9 46 0OF ANDIsR2 H'OF?

211 0588 86 S0 ADDIsR2 H'S50 R2 = (0101)3210
212 058D 44 FO ANDIsRO H'FOQ?

213 0SBF 84 05 ADDIsRO H'u5! RO = 7654(0101)
214 05Cl1 D2 RRLyR2

215 05C2 D2 RRLyR2

216 05C3 D2 RRLR2

217 05Cq4 D2 RRL 4R2 R2 = 3210(0101)
218 05Cs 38 09 BSTRsUN OPKO 0/P RO MS FIRST
219 05C7 02 LODZ R2

220 05C8 38 06 BSTReUN UPRO LS SECOND

221 05CA 0C 04 44 LODAsSRO HOLD REPLACE RO

222 05CD 75 10 CPSL RS

223 05CF 17 RETCsUN

224 0SD0O 05D0 CC 04 46 OPRO STRAsRO STOR PUT BYTE IN STOR
225 0503 05 05 LODIsR1 5 5 COUNTER

226 050% 20 EORZ RO START BIT

227 05De 38 0E BSTR,UN OPBI o/P BIT 7 OF RO
228 0508 0C 04 46 LODASRO STOR LOAD BYTE INTO RO
229 05DB  05NB 3B 09 0P8 BSTRsUN OPBI 0/P 16543

230 0SDD DO RRLsRO

231 050E Cco NOP

232 0SDF F9 7a BDRRsR1 0P8

233 05kl 04 80 LODIsRO H'80°¢ STOP BIT

234 O0SE3 38 01 BSTRsUN OPBI

235 05ES 17 RETCsUN

236 05F6 05E6 07 53 0FBI LODIsR3 83 o/P 0PCT

237 05€E8 BO WRTCsRO

236 05F9 FB TE BDRRyR3 &

239 05€8 17 RETCsUN

240 END

TOTAL ASSEMRLER ERRORS = 0



Appendix 2

Assembler listing for the program for system 2 (FSK).
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THIN RSSEMBLER VER 2. @

LINE ADDR OBJECT E SOURCE

6ea

6863

0864

8885

8836

8337

8808

0089 8600
2810 6061
911 0882
tg12 8683
6613 8688
0814 0948
8015 &6
0816 6887
@617 6als
6818 6828
0619 8016
8328 8868
8921 0B64
w22 6082
8823 6201
6024 0000
6825 el
8826 6882
6827 6000
8829 ebel
6638 60
0931 booY
6032 8262
B33

6334 668
@635 B8so
8636 0688
0837 6864
0838

6839 8284
0048 06058
0041 8427
8842 8412
0643 82l8
2344 BESAH
8645

6647 BBBY
0348 0446
@849 8442
8656 6444

v AUDIO CRSSETTE INTERFACE ++x  PAGE @0dl

* ] PEONINGS 778584-1326

ook

* 2650 AUDIO CRSSETTE INTERFACE*

¥ ook sofokok

¥

* DEFINITIONS OF SYMBOLS:

*

ke EQU 0

Ri  EQU i

ke EQU 2

R3  EQU 3

S EU H’88’

FoEau H’ 48’

I e H 28’

SFEQU H67°

CC e H’C8’

I0C EQU H’28’

RS EQU H’10”

WC EQU H @8’

OVF e H'84”

(oM e H'82’

C Ew H'8L’

Z B 8

P E 1

N B Z

G EQU @

T EQ 1

LT B l

U ERU 3

A1 EQU ¢

M ER é

*

0P EQU H’88"

BFE EQU H’88”

DES EQU H @5’

NB EW 4

*

COUT EQU  H’2B4’

LINE EGJ  H’83B’

BPTR EQU  H7427’

BUFF EQU  H/4137

ONUM EQU  H/2DB’

CFLF EQU  H’@8R’

*

kAN DEFINITIONS.
ORG H’44y’

PSR KES Z

PSI RES <

TXTH RES ¢

PROCESSOR REGISTERS

PSU: SENSE
FLAG
INTERRUPT INKIBIT
. STACKPOINTER
FSL: CONDITION COUE
INTER DIGIT CRRRY
REGISTER BfK SELECT
1=HITH. B8=NO CARRY
OYERFLONW
1=L0G., B=RRITH. COMP
CARRY/NO BORR(H
ERRNCH COND: ZERQ
POSITIVE
NEGATIVE
EGUAL
OREATER THAN
LESS THAN
UNCOND T TTONAL
RLL BITS RKE 1
NOT ALL BITS ARE 1

00D PARITY.
BYTE HAS 8 BITS.

NUMEER OF STRRT BITS

PIPBUG CHAR. OUT SUBRGUTIME.
FIPEUG LINE SUBROUTINE.
FIPBUG BUFFERFOINTEF

PIPBUG BUFFER RDDRESS.
PIPBUG GET NUMBER SUBRCUTINE
PIPBUG LINE FEED SUBRCUTINE.

FOINTER START RDDRESS
POINTER SIZE.
STAKTADDRESS OF TEXT..



THIN RSEBBLER VER 2 @

LINE RDDR OBJECT E SOURCE

31311k

2859

g

8861

g

8063

gEE

0067

8868 8446

8869 8458 7OFF
0870 8452 0485
8871 8454 8335
8872 845 3FB519
6873 8455 29
@874 845R BSA2
8875 B45C 308368
8676 B845F 3FBESE
a7

0878 8462 28
8879 @463 CLad2?
0839

8881 6466 BLB413
8852 8469 7782
6683 6468 E457
8884 046D 1610
8885 B46F E452
0086 8471 1C8S6F
6887 6474 E458
0888 8476 1C0060
3839 8479 0485
0898 8478 654F
8891 947D 1657
8892

0093 B47F Fezs
6954 8482 B2
0655 6463 5885
B89 6485 61
6897 8486 9882
8098 6488 1B6F
8899 B48A CDB442
0108 842D (EBd4
o161 8490 3FA2E
v162 8493 (DBd4¢
vl0: 64956 CEbd4l

ses AUDI0 CASSETTE INTERFACE *x*  PAGE 8062

ok

COMMAND HANDLER FOR ACRSIF

Rk R

*
*
*  WPPPP QO WRITE H'PPPP’ BYTES ON TRPE
. FROM MEMORY, START AT FOR. H/G0Q0/
3
*  RPPPP QUOQ  'RERD H'FFFP’ BYTES FROM TRPE
. TO HEMORY, STRRTING AT ADR H’006Q"
"
P "RETURN TO PIPBUG
*
RG  H'458’
NIIT CPSL  HFF’
LODI.R8 CTXTL  GET RDDRESS HIGH
LODL,RL >TXTL  GET ADDRESS LOW

STC BSTR, UN TEXT,
EORZ k@
TPSL  COM
BSTR 2 DLRZ
BSTA, UN LINE

EORZ kO
STRA, k@ BFTR

LODR, k6 BUFF
PPSL  COM
COMI, kB HW
BCTR, EQ ®RTA
COMI, R8 AR
BCTR, EQ RERD
COMI, K8 R'P”
BCTH EQ 8
S120 LODI, R <TXTS
LODL. RY DTXT3
BCTR, N STC

WRTH BSTR, UN GNUH
L0bZ Rz
BCFR, EQ SNZW
Loz ®1
ECFR, EQ SNZW
BCTR, UN 5120

SNZW STRA, k4 PSI
STRR, k2z FEI+1
ESTA, LN GNUN
STRA, kK1 FSA
STRA, F2 PSA+L

ERANCH TO SUBROUTINE TEXT
CLERK Rd
TEST COMPRRE BIT

FETCH COMMAND LINE

CLEAR F8.
CLEAK BUFFER FOINTEF.

FETCH BUFFER UATA.
LOGICAL COMPARE

BRANCH [F WKITE COMHRND.
BRANCH 1F READ COMMAND

BRANCH TO PIFEUG IF P COMAND
GET ADORESS HIGH,
GET RCORESS LOW

GET NUMBEF FROM EUFF IN F1,Fe
BRANCH TF P2 NONZERU

BRANCH IF R1 NONZEFRO

SIZE 1S ZERO

STORE SIZE HIGH INT FEl
STORE SIZE LOW INTO FEI+l
OET HUMBER FROM BUFF IN Fi.Fe
STORE ST ADR HIGA INTG PSH
STURE ST HUR LOW INTO FSA+s



16

THIN RSSEMBLER YER 2 @

LINE RDOR OBJECT E SOURCE

0165

610

8167 8499 33
8168 8498 967D
8169 649C 7448
@110

8111

o112

6113 649 33
9114 w45 167D
8115 B4A1 8468
6116 B4R3 BS3C
6117 B4RS 7648
0118 B4R7 B64B
6119 B4R9 FATE
8126 B4AB 7448
8121 64R0 23
@122 B4RE 187D
8123 B4B6 FE73
@124 B4B2 F971
0125 8464 B304
61

8127

8124

g1ed B 33
vl B4B7 16870
U131 B4B9 867
0132 4Bt FATE
8133 6480 FS°7
B134

8135

6136

0137 B4BF BUB44L
0135 402 BEB443
8139 B40S 1662
#1406 B4C7 G501
6141 @#4C9 @Ed4d
v1d2 B4ll 3826
8143 B4LE 36OE
0144 8408 FR77
8143 B40c F975
0146 04l4 ZFE56H
0147 8407 vdas
8148 409 8544
0143 @406 1Feds

*SYNCHRONIZE FLAG KITH FSK CLOCK

*

LFSH REDC. R3
BCFR, £ LFSH
cPSU F

¥

RERD FSK CLOCH

BRANCH IF FSK IS HIGH

+DUMP "ONES" FOR 28 SEC.

%

LFSL REDC, K3
BUTR, 2 LFSL
LODI, R® H’88’
LODI, R H/3C/

NEON PPSU F
LODI, RZ H’4B"
BORR,R2 $
Py F

LFSH REDC, K3
BCTR, 2 LFSH
BORR, K& NEON
EDRR, R1 NEON
LODL, R1 NSB

*

AU STARTEITS

*

LFSN FELC, K3
BCTR,Z  LFSN
LODL, 2 H'7é’
BUKR, RZ §
BURR, ki LFSN

*

+DUMP PROGRAH/DATA

x*

LR, k1 FSI
LODR, R FSI+L
BCTR 2 FROG
DL RL L

FROG LOOR, K& #FSA
ESTR, UN RSUB
ESTR, UN 1AC
EDRR. RZ PROG
EURR, R1 FROG
BSTR, UN LAZ
LODL, Re <TXTZ
LT, FL $TXTZ
BCTR, LN STC

READ FSK CLOCK
BRANCH IF FSK CLOCK
SET DELRY=28 SEC

DELRY = 780 USEC

BRANCH IF FSK CLOCH

NUMBER OF STHRT BITS

wix AUDIO CASSETTE INTERFACE *»x  PRGE BEWS

d

4]

BRANCH IF FSK CLOCH = &

DELAY = 1 MSEC

LORD SIZE HIGH INTO K1

LOAD SICE LCu INTO Rz
BRANCH IF SIZE = xkew

LORD (FIRSTY BYTe INTO ke

DUMP (FIRST) EYTE.

GET RODRESS HIGH
GET HUDRESS LOW



THIN ASSEMBLER YER 2. 6 #+x AUDIO CRSSETTE INTERFACE #xx  PAGE Gi8d

LINE RDDR OBJECT E SOURCE

6151
8152
8153 B40€ 8782

8154 B4EQ BF4440

8155 B4E3 DOES

8156 B4ES Cre448

8157 648 3876

8158 B4ER CF6448

8159 94ED 17
2168

8161

8162

8163 B4EE 7714
0164 04F8 8568
0165 84F2 33
8166 B4F3 187D
8167 B4F5 58
8163 B4F6 F480
8169 84F8 1AGC
8178 B4FR 7648
8171 84FC BS01
8172 B4FE 1804
8173 8588 7781
8174 @582 9602
8175 @584 7561
6176 8506 8646
@177 85688 FA7E
@178 B5AA 7448
6179 @5eC B8
0168 656t 1666
9181 8518 F968
8182 8512 7763
8183 6514 1B3C
8184 @516 7519
0185 @518 17

*INCKEMENT OF RDDRESSCOUNTER.

*

IRC LODIR3 2
BIRR, RO NEXT
STRA, R PSA, RS RESTORE LU HALF AR CNTR
BRNR, R3 LORC

NEXT STRA.RB PSA,R3  RESTURE L/U HALF ADR CNTF
RETC, UN

*

*SUBROUTINE TO QUTPUT ON FLRG FOR TRPEDUMP
*

RSUB PPSL  RSH SET RS AND C.

LODI, R1 DBS BYTE HAS 8 BITS

LFSK KEDC, R3 READ FSK CLOCK INTO KZ
BCTR, 2 LFSK BRANCH IF FSK CLOCK =g
KRRk, k8 PUT (LSB) INTO BIT #7.ETC

THI.R8 H’88’ TEST BIT #7
BCTR: N NONE IF 1 SET FLAG

PPSU F
L C TEST CARRY BIT
BCTR.Z NONL  BRANCH IF C=1
PPSL  C SET CARRY BIT
BLFR.Z NONE  BRANCH IF C NONZERD
NOML CPSL  C CLERR CFRRY BIT
NONE LODI,R2 H'46”  SET DELRY
BORR, R2 § UELRY INTO 2NU HALVE OF FSb CLOGH
CPSU F
TPSL WO TEST WITH CARRY BIT

BCTR. 2 BYCO BRANCH IF BYTE COMPLETE

BDRR, R1 LFSK IF BYTE NOT COMPL. RGTATE #4 RIGAT

PPSL  WC SET WC BIT
BCTR, UN LFSK

BYCG CPSL  RSAC+KC
RETC, UN

17
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THIN RSSEMELER VER 2 @

LINE ARDDR OBJECT E SOURCE

y187
2188
9189 8519 CCB444
8198 851C CDB445
J191 851F 08768
8192 8521 BFEd44
4193 8524 E426
A194 8526 14
8195 8927 E424
#196 8529 9885
@197 8528 3FBASH
8198 B5<E 0B71
9199 6536 3FBB4
6208 8533 DEAC
881
@282
8203 6535 242R2AR41
6539 43415349
852D 462fR24
6541 243E20
6264 @544 2A2A454F
0548 4AF2A24
6540 243E26
6285 B34F FiFeded
@553 3E2%
Bzt 1955 ZRAMSSE
#5359 52zfizAzd
8330 ¢43E26
@267
668
6209
6218 8368 7648
8211 8562 0480
8212 8564 @506
9213 8566 8683
8214 6368 FE7E
8215 B56R F97C
0216 856C FATA
B47 w56E 17
6218
3219 B36F 3FeDE
2208 B57¢ B2
el 8573 9586
.£¢¢ 8575 81
0223 6576 36e3
@224 8578 1FB479
6225 8578 (08442
4225 BSTE CEB443
te27 6381 IFeck
825 #3584 (1446
829 8587 (EB441

vk QUDIO CASSETTE INTERFACE %o+ FAGE @095

*SUBRQUTINE FOR QUTFUT (F TEXT

3
TEXT STRA, R8 TXTH

STRR, R1 TXTA+1

LODI, R @

RTEX LODA, KB *TXTA, k3

COMI, R8 R"&’
RETC. EQ
COMI, k@ R’$’
BCFR, EQ BTEX
BSTR, UN CKLF
BIRR, RX ATEX

BTEX BSTR, N COQUT
BIRR, R3 RTEX

%

*

STORE RUDRESS HIGH.
STORE ADDRESS LOW

GET CHARACTER.

RETURN IF & CHRRRCTER

LINE FEED IF & CHARACTEF

QUTPUT CHARACTEK

TXTL DATA  R/$+xACRSIF*x$324"

TXT2 DATR  A/*E(Jxk$$0&7

TRTS DHTR  R7278$0%7

THT4 DRTA R/ rERRek$$ D8

*
*SET FLAG FOK 3 SEC
*

DLAZ PPSU F
LODI.Re Heg”
LODI, k1 H 8g”
LODI, Rz H@83”

LOFR BDRR, k@ LOFH
BDKR, k1 LOPH
EURR, k2 LOPA
KETC. UN

%

KERD BSTR, UN GNUM
Loz ke
BCFR, EQ SNZR
LbZ R1
BCFK, EG SNZR
BCTA, UN S120

SMZR STRR, k4 PSI
STRA, k2 PSI+1
BSTA, UN GNUM
STRA, RL PSH
STRA, kZ FSH+L

SET FLAG

SET DELAY=3 SEC

GET NUMBER FROM BUFF IN R1.Fz
BRANCH [F NONZERO

IDEN

GET ADDRESS OF TXTS

STORE SIZE HIGH INTO P&l
STORE SIZE LOW INTO FSI+L
GET NUMEEK FROM BUFF IN Ki.Re
STORE ST ALK HIGH INTU PSR
STORE ST AUK LGK INTO FOR+L



P o M

TN ASSEMBLER VEK 2 &

LINE RODR OBJECT E SOURCE

8234

8232

8233 @38R 3FB3CH
8234 838D 8463
8235 B58F F879
8236 8551 3FEUL
8237 85% 12
6238 8095 1h&4
8239 6597 @6ed
8248 8599 1876
6241 0598 FA74
@ed2 8550 8584
8243 855%F 3FEXC
8244 B3A2 12
8245 B5A3 1R7A
8246 BHS F97B
@247 BSA7 7448
8248 BRI 7646
8249

8250

8231

6252 65RE B0wd4z
@233 G63RE BEA443
8z B5B1 1882
8235 8583 §561
625 BB 3B
8257 &7 81
6258 6388 7516
@259 B36A (CE441
0268 658D IFBdDE
@261 B3Co FA73
862 832 Fo7L
263 ©5C4 8485
6264 836 8344
8265 8508 1F456

#SET FLAG FOR 18 SEC

*

UNEQ BSTR. UM OLRZ
LODI, Rg H @z’
BORR, k@ UNEQ

ACAL BSTA, UN FSKC
SPSU
BCTR, N ONEL
LO0T, R2 H'09’
BCTR, UN RCAL

ONEL BDRR, R2 RCAL
LODI, K1 NSE

SBNF ESTA, UN FSKC
SPsl)

ECTR,N SENF
BOKR, R4 SENF
Py F
PSU F

¥

W 0AD PROGRAM/DATA

%

LODA, k1 PSI
LODR, R2 PSI+1
BCTR, 2 FROD
RODI.RL 1

FEGD BSTR.UN EITH
Loz R4
CPSL  ES
STRA, RE *PSH
BSTR. UN IRC
BDRR. R FROD
BDKR, R1 PKGD
LODI. R <TXT2
LODL RL 2TXTE
ECTA.UN STC

=ox QUDIO0 CASSETTE INTERFRCE *+%  FAGE 8Ba6

SET DELRY = 18 SEC

START RCASIF LOAD.
LOUK FOR LERDEFR.
BRANCH [F 5=1
CLEAR R2

BRANCH IF LEADER ¢ &56
NUMBER OF START BITS

LOOK FOR START BITS
ERANCH IF START BITS HWOT FOURU

TRIGGERFULSE.

LOAD SIZE HIGH INTG R1
LOARD SIZE LW INTO ke
BRANCH IF SIZE = Xa@w

CLERR RS EIT
STORE ¢FIRSTY BYTE INTU ¢ST) ALE

GET RDORESS HIGH
GET RUDRESS LUW

19



THIN RSSEMBLER VER 2 8

k% AUDIO CRSSETTE INTERFACE

LINE ADDR (0BJECT E SOURCE

az2e?

8268

@269 @5(8 51
Bevs 83CC 38
@271 @5Ch 98684
8272 @5CF 7764
@273 9301 1879
8274 8503 BG4
8275 8305 39875
8276 8307 7584
8277 8509 8439
8278 8308 F87E
8279 @300 17
azgd

gebl

8282

8283 B5UE 7716
6284 83€0 8508
8285 B5EZ 8688
@266 B5E4 B78H
8287 B5E6 3B63
6288 658 12
8289 B5E9 1pe2
@2% w5kb 1882
8291 83E0 €3¢
#25¢ B5EF héB1
8293 B5F1 23
6294 85F2 C5
8295 B5F3 7ASE
#2% B5FS SA71
B297 B5F7 2BSI
vZ3g 65F9 12
8299 B5FR 22
@388 @5FB C3
A38l @5FC 9ABI
6362 @3FE 7518
0283 6688 8465
6364 BoBe 8555
6285 6684 1FB4S0
6306 667 17
0367 6456

PAGE 6@37

*SUBROUTINE TO START DELAY IF FSK GUES HIGH.

*
FHSD
FSKC

TOVF

¥

RRR, k1
REDC, k8
BCFR, 2 TQYF
PPSL  OVF
BCTR. UN FSKC
TPSL.  O¥F
BCFR, Z FSKC
CPSL  OVF
LODI, k8 H739”
BURR. RO $
RETC, UN

FOTRTE k1 RIGHT

READ FSK CLOCK

BRANCH IF SENSE IS NONZERU.
SET OVF BIT

TEST OVF EIT

BRANCH IF OYF IS NONZERQ
CLERR OVF BIT

SET DELAY=578 USEC

*SUBROUTINE TO RECOVER ONE BYTE FRUM TRPE

%
EITH

LO0B

ONEC
FORG

SONL

FPSL RS
LODI, k1 H'@a’
LODI, k2 DEE
LGDI. R2 OF
BSTR, UN FHSD
SPSU

BCTR.N ONEC
BCTR, UN FORG
10R1, RL BFS
SUBI, Rz H'81’
EORZ  R3
STRZ 3
BSNR, R2 FHSD
BRNF, ke LODB
ESTR, UN FSKC
SPSU

EORZ  RX
STRZ  R3
BCFR, N SONL
CPSL kS
LODI, kg (TXT4
LODLL KL >TXT4
BCTA, UN STC
RETC, UN

END NIIT

TOTAL ASSEMBLY ERRORS = 6660

SET REGISTER SELECT
CLERR F1

EYTE HRS & BITS
WO PARITY

SENSE BIT IS LOADED INTO BIT#7 OF Ru
BRANCH IF SENSE 1S 1

INSERT DRTAREIT INTO k1
KEEP TRACK OF NWNBEF OF 2ITS

(0 FARITY CHECK

PARITY BIT INTO BIT %7 OF R&

U0 PARITY CHECK
BRENCH IF PRRITY NOT WRONG
CLERR REGISTER SELECT ’
GET ADDRESS HIGH
GET ARDURESS LW
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