Byte February 1977 article included after Fast Cassette article!

FAST CASSETTE INTERFACE DESCRIPTION

The February 1977 issue of BYTE magazine (page 82) contained an
interesting article on a minimum hardware cassette interface. I
have used this technique to develope a cassette I/0 arrangement
which records and loads via tape at over 1600 baud. Because I

do not unpack bytes for recording, the effective data rate is over
150 bytes/second. The accompanying software listing for 6502
systems provides a record start sequence which requires at least
ten 16 bytes followed with an OF byte to be inputted in

succession before loading can commence. At end of loading, a two
byte checksum is used for detection of errors. The hardware
consists of a direct connection from a one-bit output port to the
microphone input and a non-inverting hysteris circult incorporating
an IM239 comparator as the playback electronics. Actually, I've
used a direct connection for the playback_with success but some

cassette decks won't work unless the comparator is used. My
General Electric and two Sankyo tape decks work very well without
the comparator but the Realistic deck will not operate at all
without the comparator.

An interesting note is that some tape decks put the signal on the
barrel of the record and play jacks instead of on the inner tip.
Also, some tape decks invert the signal on playback. This inversion
can be compensated by inserting an inverter (7400 or equiv.)

between the IM3:-9 and the input port.

To use this software, enter data in memory locations 0123-0127
as follows: 0123 = LOAD/NO

0124-0125 = START ADDRESS

0126-0127 = END ADDRESS
The record routine will record from START ADDRESS to END ADDRESS.
LOAD/NO has no meaning to the record software.

The load routine will load from START ADDRESS to END ADDRESS but
stere data in memory only if LOAD/NO does not equal O. When equal
0, LOAD/NO can be used for verifying and conditionally selecting
modules on tape.

The load and record routines have callable entry points at C/WRITE
(4000) and C,/READ (40A5), and non-callable entry points at
LOAD.ENTRY (4141) and RECORD.ENT (4%152). 1If C/READ is called, the
Z-bit in the PSR will be true on return if no error was detected
and false if errors occurred. If execution is at the non-callable
entry LOAD.ENTRY, a break (via BRK instruction) will be executed
at end of loading and register A will indicate if the data was
loaded correctly: R(A)=00 for good load, and EE for error.

To sum up, this has been a very reliable scheme and works error-free
with the cheapest tapes (even Concert tapes which can be bought
at many department stores at 3 for $1.00).
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f== INPUT/OUTPUT ==

C-PORT .DE $1702 SCASSETTE 1-0

C-PORTD .JE $1702 SFORT DIRECTION FEG.

SBIT 3 = WRITE TO CRTISETTES EIT 2 = READ FROM CRISETTE

. car e

i== VARIAELES ==

CHECK SUM .DE $BZ TWO BYTE CHECKSUM
COUNT .DE ADDRE

FORMe«BYTE .DE SE4

ZYNC«COUNT .DE FURM<EBEYTE

BIT.COUNT .DE $BS

HADDRS .DE 3$B&

H
FINFUT PRARME

LOAD-NO .DE %0122 ;00=NC LOARDS O1=LORAD
STRRT .DE SCGizd SETART ADDRESS

END .DE $012¢6 SEND ADDRESS +1

H
H
SCAWRITE: WRITE TO TAPE FROM (START: TO CEND
H
C

ZWRITE LDA C-FORTD
ORA #200001000 SBIT 2 = CRSIETTE OUY
2TA C-PORTD
STHE ABOVE INITIALIZES BIT & FOR QUTPUT ON PIA
L]
LDR #$20 32 TIMES
STA <COUNT
LOOP-RECET LDR «%$16 SYNC CHRR.
JER WRITE-/BYTE

’
LDR #%10
STA +3YMC<COUNT
LOOP-DELSY JSR OUT :ZERO
DEC ZYNCeCOUNT
ENE LOOF-DELSY
SDELRY TIME FOR SYNC
H
DEC <COUNMT
BNE LOOFP-RECST

-

JEIR MOVE+ST-AD ETRRT > RDDRE (2>

..

LDA #$0F RECOGRD START CHRAR.
JER WRITE-BYTE

..

LDX 800



402R~
402¢€~

402E-
4030
4033-
4036~

4038~
403A-
4028~
403D-
4040~

4041-
4043-
4046-
4049~
404B~
404D~
404F~
4051~
4054~
4056~
4059=
405B-

405D-

405F-
4060~
4063~
4065~
4083-
4069~
406A-
405E~
406E~-
4071~
4073-
4076~
4077-
4078~
4079~
407B-

86
86

Al
20
20
940

RS
48
AS
20

&8

85

20
A9
85
05
90
2u
Fo
20
Ce
Do

Be
B3

Bé
41
8F
Fé

B3

Re
41

B4

7C
08

B4
05
7C

5D
BS

Fo

40
40

40

41
40

40
40

0570
0571
0580
0590
0600
0610
0615
0619
0520
0621
0622
0630
0631
0632
0640
0650
0660
0670
0650
0690
0691
0700
0710
n7e0
0730
0740
07E0
o770
0790
6200
0210
0820
0330
0340
0850
0860
0870
0380
0390
0900
0910
0520
0930
0940
0950
0960
0970
0980
0990
1000
1010
1026
1030
1040
1050
1060
1070
1080

STX
STX

’

LOOP-DATA LDA
JSR
JER
BCC

LDA
FHA
LDA
JIR
PLA

PAGE 02

*CHECKSUM CLERR CHECKSUM

SCHECKSUM+$01

CACDRE»«> LORD DRTH

WRITE-BYTE -
INC-COMP
LOOP-DATA

SCHECKSUM+$01
SAYE HI CESUM
*CHECK SUM

WRITE-BYTE WRITE LD CK:IUM FIRZT

HI CKIUM NEXT

THE ABOVE WRITET BOTH CHECKSUM EYTES

RITE-BYTE ETR
JER
JER
LDRA
sTA
DRTR-LOOF ASL
BCC
ONE.BIT JIR
BEG
ZERD.EIT AR
CK+END«RY DEC
BNE

3
;
SROUTINE TO WRITE A BYTE TO TARPE
W

*FORM+BYTE

CKEUM<RDID UPDATE CHECKSLM CDUNTER

OUT :ONE STRRT RIT
#$03 2 BITS
*BIT.COUNT

*FORM«BYTE SHIFT LEFT INTO CRRRY

2ERO.BIT
OUT :ONE
CKeEND«BY
OuT :ZERG
*BIT.COUNT
DATA-LOOP

iNOW OUTPUT 1 STOP BIT

s

SROUTINE DUTPUT R ZERO TO TRPE

i
OuT :ZERO

% s 'ae ‘an

ROUTIMNE WRITE
L]
WRITE PHA
LDA
OrA
STA
PLR
PHA
TRX
JER
LDA
AND
STR
*® FLRA
TAX
LOCPD DEX
BNE
RTS

TO TAFE

LDA #$20 07 DELAY CONSTANT

SAYE DELARY CONSTANT

C/PORT
#%06001000
C/PORT

DELRY CONSTANT
LOoPD

CAPORT
#211110114
C-FORT

DELARY CONSTANT

LOOPD

sO0UT R

s0UT R

“17

70°

OM BIT

oM BIT

[A]



407C~ A9

407E-

4020~
4082-

4034~
4087~
4089~
402C-
40SE~

403F-
4091-
4093~
4095~
4097-
409AR-
409C~
409E-
40A1-
40R3-
40F4~

40RS-
40R7-
40R9-
40RC-
40RE-
40B0-
40B2-

40B4-
40Bé-
40B8-
40BA-
40BC—-

A2
Do

AD
85
AD
85

&0

E€
Do
E6
RS
CD
20
RS
(99
30
38
60

A2
86
20
co
Do
E6
Do

A4
co
90
cs
Do

30
F4

24
B6
25
B?

Be

BY
7

og
Bs
c6
01

no
Be
EF
16
n4
Be
FS

B6
oA
EB
OF
E?

01
0t

01

01

40

1090
1100
1110
1120
1130
1140

1150

1160
1170
1120
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310

TN
A2 U

1330
1340
1350
1350
1370
1380

1390-

1400
1410
1420
1430
1440
1450
1450
1470
1480
1490
1500
1510
1520
1530
13540
1550
1560
1570
1580
1590
1600
1610

1620 .

1630
1640
1650
1660

S

?
H
OuT :ONE LDR
_BNE
DELRY FOR “07

X as we we we

EAD.DELARY LDX
BHE

ws es we se

g-.

YE«ST-AD LDA
STh
LDR
STH
RTS

LarceE N2

ROUTINE OUTPUT R ONE TO TRPE

+$50

217 DELAY CONSTANT
WRITE :

TIME FOR READ

2830
LOOPD

ROUTINE MOVE FROM STARY TO ADDRS

START
*ADDRS
STRRT+$01
*ADDRT+$01

SROUTINE INCREMENY AND COMPRRE

Hd
INC-COMP INC
BNE
- INC
SKIP-INC LDA
CMP
BCC
LDA
CMP
BCC
3EC

NOT.-END RTS

sON RETURN» C=CLEAR: NOT ENDS

ws ws a1 we W

C-RERD: RERD

C-RERD

LDX
ETR
JER
CMP
BNE
INC
BMNE

LOOP-LORD

’

SKIP-1 LDY
CPY
BCC
CMP

BNE

*ADDRS
SKIP~INC
+ADDRI+$01
*ADDRS+$01
END+$01
NOT/END
*ADDRE

END
NOTEND

C=CSET: END REACHED

FROM TAPE TO (START)Y TO (END>

#$00
SCOUNT
READ-BYTE
#8156 SYNC
SKIP-1
SCOUNT
LOOP-LORD

SCOUNT
#$0R MUST BE > =
C/RERD
#$0F RECORD STRRT
C/RERD

10 SYNC’S



FAGE 04

40BE- RO 00 1670 LDY =$00
40€0- 84 B2 1680 3TY <CHECKSUM
40€2- 84 B3 1681 3TY oCHECKSUM+S01 CLEAR CHECK3IUM LOCRTIONS
40C4— 20 84 40 1650 JSR MOVE+ST/AD START > ADDRS (2>
1700 3 ’ ’

s
1710 jNOW LORD DRTA
40C7- 20 EF 40 1720 LOOP-69 JSR READ/BYTE

40CA~ AC 23 01 1730 LDY LOAD-NO CK6. IF TO STORE
40CD- FO 02 1740 BEQ SKIP/STORE
40CF- 81 Bé 1750 - STR (ADDRS sX3
40D1- 20 BF 40 1760 SKIP/STORE JSR INC-/COMP
40D4- S0 F1 1770 BCC LOOP-E€9
40D6- RS B3 1771 LDA eCHECKSUM+$01
40D8- 48 1772 PHAR SAYE CHSUM HI
46D9- AS B2 1780 LDAR <CHECKSUM
40DB~- 48 1790 PHAR SAYE CHECKSUM LO
40DC- 20 EF 40 1800 JER RERD-RBYTE
40DF- €8 1810 PLA
40E0- CS5 B4 180 CMP oFORM¢BYTE CHECK CHECKSUM LO
40E2— IO 0OF 1821 BNE FETURN
40E4~ 20 EF 40 1822 JSR READ-BYTE
40E7- €8 1823 PLR .
40ES8- CS B4 i2z4 CMP oFORMeBYTE CHECK CHECKSUM HI
40EA- &0 1330 RT3
40ER- 68 1831 PETURN PLA
40EC- A9 FF 1332 LDA #%FF CLERR Z2-BIT
40EE~ 60 1333 RTS .
1840 0N RETURN Z-BIT=TRUE:50CD LOADS Z-BIT==FALSE:ERRCR
1350 3§
1360 3
1870 SROUTINE RERD R BYTE FROM TRPE
1880 3
4CEF- 20 2E 41 1890 RERD/BYTE JER IN/PORT
40F2- DG FB 1900 BNE RERD/BYTE LOOP UNTIL 0
1810 3
40F4— 20 2E 41 1920 WAIT¢FORe¢l JSR IN-FORT
40F7—- FO0 FB 1930 BEQ WRIT¢FORel LOOP UNTIL 1
1340 3 .
40F9- 20 80 40 1950 JER REAL.DELRY
40FC- 20 2E 41 1960 JER IN/PORT
40FF- FO F3 1570 BEG WAIT¢FOR«1 IF ZEROD
1980 3
4101- 20 2E 41 1990 WRIT«FOR«0 JSR IN-PORT
4104- D0 FB 2000 BNE WAIT¢FOR«0 WRIT TIL END OF STRRT BIT
2019 s
4106- A9 08 2020 LDA #%$08
4108- 83 BS 2030 STR ¢BIT.COUNT
2040 3
410R- 20 2E 41 2050 WAIT«TO«CN JUSR IN/PORT
410D~ FO FB 2060 BER LAITeTC«CN LOOP UNTIL 17
410F- 20 80 40 2070 J3R READ.DELRY
4112- 20 2E 41 2080 JER IN-PORT
4115- FO 05 2050 BEG PROCESS«0 IF “0° THEN ZERO» ELSE ONE
4117- 20 2E 41 2110 PROCESS«! JSR IN/PORT
411A- DO FB 2120 BNE PROCESSe! LOCP UNTIL -0~
411C- 38 2130 SEC
411D- BO 01 2140 BCS ROTATE«IN

411F- 183 2160 PROCESS«0 CLC



PARGE 05

4120~ 26 B4 2170 ROTATE+IN - ROL +FORMeBYTE ROTATE CARRY
4122- €6 BS 2180 DEC <BIT.COUNT
4124- D0 E4 2190 BNE WRIT«TOeCH
4126~ A5 B4 2200 LDA oFORM«BYTE -
4128~ 20 34 41 2201 JSR CKSEUMeRDD UPDRATE CHECKSUM
412B- RS B4 2202 LDR oFORM¢BYTE
412D~ 60 2210 RTS
a220 ’
2230 3
2240 SINFUT FROM TAFE
2250 3
412E- AD 02 17 2260 IN/PORT LDA C/PORY
4131- 29 04 2270 AMD #%00000100 SMASK OUT ALL BUT EBIT &
4133- 60 2280 RTS
2281 |
228e i
2283 3
2284 JUFDATE CHECKSUM COUNTERS
2285 j
4134- 18 2286 CKSUM<ADD CLC
4135~ D8 2287 CLD
4136- 65 B2 2288 ADC SCHECKSUM+$00 RDD RC(A> TO CKSUM LD
4133- 85 B2 oe8% . STR eCHECKSUM+S00 ‘
413A- A% 00 2290 LDR #%$00
413C- 65 B3 2291 ADC eCHECKSUM+SU01 ADD 040 TO CKSUM HI
413E- 85 B3 aa9a STR eCHECKZUM+S(1
4140- 60 2293 RTS
2294 i
2300 3
2310 3
4141- 20 AS 40 2320 LORD.ENTRY JISR C/RERD
4144- DO 08 2330 ENE BRD
4146- A9 00 2340 LDA #$00 INDICATE GCOD LORD BY RCRI=00
4148- 00 . 2350 B BRK
4149~ ER 2360 NOP
4*'4R- ER 2370 NOP
« +B- 4C 41 41 2380 JMP LOAD .ENTRY
414E- RS EE 2390 BAD L.DA #3EE INDICATE BAD LORD RY RCAJ=EE
4150- DO Fé 2400 BNE B
2410 3
4152~ 20 00 40 2420 RECORD.ENT JSR C/WRITE
4155~ 00 2430 BRK
4156- ERA 2440 NOP
4157- EA 2450 NOP
4158- 4C 52 41 2460 JMP RECORD.ENT

2470 3
2480 END«OF«PEM .EN

LABEL FILE: [ - = EXTERNAL 1

sCoPORT=1702 sC/PORTD=1703 <~CHECKSUM=(00B2
sCOUNT=00B6 FORM¢BYTE=00E4 <3 YNCECOUNT=00E4
~BIT.COUNT=00BS ADLRE=00B& <LOAD-NO=0123

7 'ART=0124 ~END=01286 CAUWRITE=4000
LudP-RECST=400C LOOP-DELSY=401%5 LOOP-DATA=4 02E

WRITE/BYTE=4041 DRTR-LOOP=4 04D ONE .BIT=4051



ZERC.BIT=4056
WRLITE=40SF

OUT :0NE=407C
INC-COMP=408F
L-RERD=4 0AS
LOOP-€9=40C7
RERD-BYTE=40EF
WRIT«TO«CN=410R
ROTRTE«IN=4120
LOAD.ENTRY=4141
RECORD .ENT=4152
#70000+415B>415B
>

PAGE 06

CK€END¢RY=4059
X=40786

RERD .DELAY=4080
SKIP/INC=4035
LOOP-LDOAD=40RS
SKIP-STORE=40D1
WRAIT«FOR¢1=40F4
PROCESS¢1=4117
IN/PORT=412E
B=4148

END«DF «PGM=415B

OUT :ZERC=4 05D
LOOPD=4078
MOVE«ST-AD=4054
NOT-END=40R4
SKIP-1=40F4
RETURN=4 0EB
WAIT¢FOR«(0=4101
FROCEES«0=411F
CKSUMeADD=41724
BAD=414E



Daniel Lomax
Community Data Systems
114 E Mohave Rd

Tucson AZ 85705

In May 1975, | had a new Altair 8800,
from the original Popular Electronics offer,
with 256 bytes of memory and no more
money. What could | do besides blink lights?
The first thing | noticed was that there is an
addressable latch in the system, the Inter-
rupt Enabied latch on the 8080, which is
nicely buffered and displayed on the Altair
front panel. After turning it on and off for a
few hours, it occurred to me that, with an
carphone, the light might make music, and,
after several day’s mad programming, some
incredibly accurate baroque music emerged,
including one recorder picce of which a
musician friend - who loaded the data for it
- said he had never before been able to hear,
being too busy playing it.

After making recordings of the music, the
question arose: “If | can record music, why
not digital data?” | hadn't heard of the
various systems being developed at that
time, and my tape recorder is a Ward’s
Airline $30 cheapie. But, anyway, | recorded
various tones on cheap tape, played them
back, and looked at them on an oscilloscope.
I found that a 2000 Hz tone, linked 1o the
tape recorder through a 0.1 uF capacitor,

About the Author:

Daniel Lomax learned electronics in the physics laboratory at Cal Tech in
the mid 60s, but never graduated. Recent work in printing and publishing
brought him in contact with a burned out Honeywell Controller which was
part of a nonworking Photon phototypesetter, repair of which created a
business for him (phototypesetter repair) and taught him TTL logic. He is
active in the L-5 Society, a group working to encourage the establishment of
permanent human colonies at the L-5 Lagrangian point of the Earth-Moon

The Impossible Dream
Cassette Interface

was reliably reproduced — more or less -
with the tape recorder volume turned all the
way up, as an 8 V peak to peak ‘‘squarc”
wave: That is, “reliably’ in the sense that
the signal never failed to clip, had no visible
glitches, and | could see no missed cycles.
There was jitter in the frequency, a few
percent,

So, | built a breadboard single channel
input interface to look at the signal, capac-
itor-coupled, and diode-limited between
ground and +5, with Altair IN instructions.
Though this interface was all TTL — no
active lincar components — it was still
unnccessarily complex, as | will show. Any-
way, using onc cycle of 1100 Hz as 0 and
two cycles of 2200 Hz as 1, | found that |
could record data and recover it reliably,
using the Altair to time the interval between
transitions of the playback signal. According
to what | have recad, this is impossible. 3M
Corp is supposed to have spent many
millions of dollars working on cassette data
recording systems, only to find that audio
cassettes were too unreliable. Therefore,
cestablished engineers need read no further
(except as entertainment), since this might

Demonstration of his typesetting proficiencies came to us in

82

the form of excellent typeset manuscripts (which we reset for editorial and
stylistic reasons).



CASSETTE,“EAR"

ALTAIR, PINTE M

+5v

IN4148

— —{73> FINT, ALTAR INPUT

INd148

0.5uF CASSETTE, "AUX"

be in the same class as perpetual motion and
angle trisection with compass and
straightedge.

But, if you are an impoverished hobbyist,
and would like to store programs and data at
more than 1500 baud without spending any
money — assuming you have a tape recorder,
some capacitors, diodes, and connectors
let us dream the impossible dream together.
[The ‘“unreliability” of a device is not
necessarily dependent upon the modulation
method alone. This method hardly contru-
dicts any  principles of  information
theory . ... CH/

After doing the above experiments, the
corporation which owned the Altair folded,
and with it my source of income and
support for my family. | ended up with the
Altair, but had no time to play with it until
recently. Meanwhile, | have been following
the literature, and have observed all kinds of
proposed systems, none of them fast enough
for the kinds of applications | have been
considering and cheap enough for me to
afford. Like Dr Suding [see “Why Wait?”’
page 46, BYTE, July 1976], | cringe at the
thought of waiting 15 minutes to find out
that noise has destroyed data and | have to
start over.

My original bootstrap loader program was
64 bytes long and included a routine which
automatically set the appropriate timing
value by examining a string of zeros which
preceded the data on the tape, and which
updated that value using the stop bit be-
tween each byte. This article, however,
describes a shorter loader, not automatically
self-adjusting, and the hardware has been
practically eliminated.

It seems | had overlooked the fact that in
the Altair there is, in addition to the sense
switches, one free input channel — of sorts —
PINT. If PINT cannot be used for some
reason, a program can be written using
normal input channels. Also, there is no
reason to output two cycles for a single bit,

\
vl ﬁg ouTPUT

Figure 1: Schematic of the “‘Impossible Dream” Signal Conditioning Logic.
The output consists of simply driving the cassette recorder’s input with a TTL
level signal. The 0.5 uf capacitor is optional, according to the author, and can
be replaced by a direct coupling. The input is a simple network to clip the
signal coming back from the tape recorder.

Listing 1: Minimum Hardware Cassette Output Program. This program is a
stand alone method of recording data starting at location BUFFER on to the
recorder through the Altair PINTE line. This program terminates when the
page address is zero. A more general program could of course be written by
changing the initial conditions, and the end of execution test at locations 046
and 0+47. Note that in the listings of this article, the notation <0> js used to
indicate page addresses. The programs shown can be loaded at any arbitrary
page boundary by substituting an octal number (such as 003) for <O> every
time it appears.

Split
Octal
Address Octal Code Labe! Op Operands Commentary
377 SSwW EQU 377
200 BUFFER EQU 200
<0>>/000 041 200 <0> +« START [®4] H,BUFFER set initial output pointer;
<0>/003 061 200 <0 LXI SP.BUFFER set the stack;
~0>/006 333 377 LOAD IN Ssw input timing value;
<0-/G10 117 MOV C.A save itin C;
- 027 RAL set carry if SSW7 active;
324 055 <0~ CNC ZERO if not, output data ‘0°;
322 006 “<0:- JINC LOAD and if not, look again;
017 RRC recover timing value bit 7;
17 MoV C.A save itin C;
315 066 <0.- NEXT CALL ONE output ‘1" as start bit;
176 MOV AM look up data byte;
006 010 MVI B.010 load bit counter to one byte length;
007 BIT RLC set carry if data ‘1";
334 066 -0 cc ONE if "1, output "1';
324 055 <0 CNC ZERO if not “1°; output ‘0";
005 DCR B decrement bit counter:
302 030 <0 JNZ BIT if byte incomplete, output next bit;
315 055 <0 CALL ZERO byte complete, output stop bit;
054 INR L advance output pointer;
302 022 <0:- INZ NEXT go output next byte;
166 HLT page done, halt;
000 NOP space for
000 NOP exit jump;
<0>/055 363 ZERO [»]] turn off PINTE;
<0>/056 315 105 <0 CALL TIMEA wait 2C cycles;
<0>/061 373 El turn on PINTE;
<0>/062 315 105 <0> CALL TIMEA wait 2C cycles;
©0-/065 311 RET
363 ONE DI turn off PINTE;
315 112 <Q.- CALL TIMEB wait C cycles;
315 105 <0> CALL  TIMEA wait 2C cycles;
373 El turn on PINTE;
315 112 <0 CALL TIMEB wait C cycles;
315 105 <0> CALL TIMEA wait 2C cycles;
<0>/104 3 RET
<0>/105 21 TIMEA MoV D.C load timing counter;
<0>/106 025 WAITA DCR D count cycles;
<0>/107 302 106 <0> JNZ WAITA count until zero;
<0>/112 121 TIMEB MoV D,C load timing counter;
<0>/113 025 WAITB DCR 2} count cycles;
<0>/114 302 113 <0 INZ WAITB count until zero;
<0>/117 311 RET
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Listing 2: Minimum Hardware Cassette Bootstrap Loader. This program is
used to read the data recorded on a tape by the output program of listing 1.
The program is set up to assume coordination through the Altair interrupt
line PINT, but the method could be applied using timing loops on input as

well.
Split
Octal
Address Octal Code
200
041 200 <0>
061 200 <0>
066 000
303 106 <0>

<0>/070 083
<0:2/071 063
<0>/072

> 312 110
326 001

332 122
333 377

302 113
303 117

302 006
052 001

<0>

<0>

Labal

BUFFER
START

CLEAR

INT

SET
INTE
COUNT

Loor
BYTE

Op Operands Commentary

EQU 200

X1 H,BUFFER set initial load pointer;

LXl SP,BUFFER  set the stack;

mMvi M,000 clear initial load location;

JMP SET go to work;

INX SP reset

INX SP stack pointer;

CmpP B was interrupt immediate?

JzZ INTE if so, try, try again;

sul 001 set carry if data '1";

MOV AM look up byte under construction;
RAL rotate through carry;

mMov M.A put it away;

Jc BYTE if byte complete, go advance pointer;
IN Ssw input timing criterion {sense switches);
MOV B,A hold for comparison;

El enable interrupt;

NOP give it time to act before timing;
DCR A time period until interrupt;

INZ COUNT A>0 at interrupt, data ‘0";

JMP Loor A=0 atinterrupt, data '1";

INR L advance load pointer;

INZ CLEAR if not end of page, go load next byte;
LHLD START restore initial load pointer;

PCHL transfer control to object program;

Listing 3: Timing Test Patches to Listing 2. These patches are used to verify
the timing for the outputs by testing the actual timing values received for
each bit, storing them instead of the data.

Split
Octal
Address

<0>{113 074

303 122
<0131 166

Listing 4: Dropout Test Patches to Listing 2: These patches are used to ook
for spurious binary 1 data in a tape filled with binary 0 data. The Altair will

Octal Code

<0>

Name

COUNT

Op Operands
ORG 113
INR A
ORG 076
NOP

NOP

NOP

NOP

MOV MA
Jme BYTE
ORG 131
HLT

halt on any byte which is not 000 (octal).

Split

Octal

Address Octal Cade
<0>/122 054 000
<0>/124 312 006 <0>
<0>/127 166

Name

BYTE

Op Operands
ORG 122

CcP1 000

Jz CLEAR
HLT

so the revised program looks for one cycle of
2020 Hz as 0, and one cycle of 1470 Hz
as 1.

To try the system out, you can use a
solderless breadboard, or even just a bunch
of jumpers with alligator clips. PINTE (for
output to tape) can be picked up on the
front panel. Both PINT and PINTE can be
found on the motherboard, at Altair back-
plane connector pins 73 and 28, respec-
tively. | have found it convenient, for
debugging programs using interrupts, to wire
PINT to one of the extra switches on the
Altair front panel, connecting the center
terminal of the switch to ground. For the
clipping network, | pick off ground from the
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motherboard support rails, and +5V from
the front panel. Connect it all up as shown
in figure 1.

For a system test, clear the memory, then
deposit the output program shown in listing
1 into the memory. Replace the HLT at
000,052 with a JMP START,303. The NOPs
will serve as the START address. Set the
sense switches to 010, and initiate RUN.
Start recording. Wait about five seconds,
then switch SSW7 to 1. Let the tape run to
its end before stopping the Altair. This test
begins by outputting continuous zero bits
and then, when SSW7 is turned on, it
outputs a start bit in the 1 state, then eight
data zeros followed by a stop zero. Then it
repeats with another start bit, and so forth.

To read back this data, deposit the
bootstrap loader into the memory. Change
the PCHL at 000,131 to HLT (166). With
the connector out of the earphone jack of
the recorder, so you can hear the recording,
start playing the tape. When the clean, high
pitched tone starts (the train of zeros), stop
the tape recorder immediately. Put the
connector back in, and turn the recorder
volume all the way up. Set the sense
switches to 050. Start the recorder, wait a
second or so for it to settle, then start the
Altair with the RUN switch. The Altair
should, when the tape runs into the data and
begins transmitting bytes, load for about a
half second and then halt. To get out of the
halt condition, hold the STOP switch up
while you RESET. The memory, from
000,200 to 000,377 should be blank, all
zeros. Put 377 into 000,377, and try loading
the tape again. 000,377 should come out
blank again.

If it doesn’t work, tape recorder signal
polarity may be reversed between recording
and playback. Try reversing the signal and
ground leads from the tape recorder to the
input network. (Disconnect the output con-
nector and any other common grounds.) If
the system then works, interchange the EIl
and Dl instructions in the output program to
produce correct results with normal con-
nector polarity.

To verify the timing, you can modify the
loader as shown in listing 3. Set the sense
switches to 000. Start reading the tape while
data is being played back, rather than during
the leader zeros as usual. The Altair should
quickly halt. At address 000,200, and in
sequential addresses, you should find the
timing values for each bit as it came in. Make
a list of these values, and you should see the
data pattern. The value 050 was chosen to
be in between the timing values for O and 1.

To test tape for dropouts, which will read
as spurious 1s, use the bootstrap loader with



the patch shown in listing 4. Start the
recorder and Altair as usual for data, with
the test tape having been filled with data
000 as in the first test. The Altair will halt if
it finds any byte that is not 000. It will also
probably halt when the tape ends, from
shutoff noise.

The data rate for this system, as de-
scribed, varies with the data: 1470 baud for
all binary 1s, 2020 baud for all Os. | suspect
that it would work with higher data rates;
but, for my cheap cassette, the signal level
won't drive TTL reliably much above 2 kHz.
The addition of an amplifier or zero-crossing
detector could compensate for that problem,
possibly increasing the data rate by a factor
of two to four; of course, a better recorder
and better tape would also help.

The key feature of this method of re-
cording data is that the recorded signal is
symmetrical: It spends as much time high as
low. | found that, if | tried to record
unsymmetrical signals on the cassette, the
narrower pulses tended to be present only as
dips and bulges in the distorted attempt at a
sine wave that the recorder produces.

Figure 2 shows the waveforms present in
the system under various conditions. If the
cassette output does not produce a reliable
interrupt, try a larger value capacitor or a
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Figure 2: Tracings of Typical Signals.
a. The PINTE output signal from the Altair which is fed to the recorder.
b. The input signal clipped and seen by PINT when a recording of (a) is
fed back into the computer.
¢. Typical signals, in the case where polarity is reversed, See text for a
complete explanation,

lower frequency (increase the sense switch
setting from 010).

A final note: Timing values (sense switch
settings) described in this article are
appropriate for an Altair 8800 with memory
wait cycles. If the processor is running at 2
MHz with no wait states, try 014 as sense
switch setting for the Output Program, and
074 for the bootstrap loader.®
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