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The February 1977 issue of Byte (page 82) contained an . G n

interesting article on a minimum hardware cassette interface. I
have used this technique to develop a cassette I/O to record
and load on tape at over 1600 baud. Because I don’t unpack
bytes for recording, the effective data rate is over 160 bytes/
second. The accompanying software listing for 6502 systems
provides a record start sequence which requires at least ten 16
bytes followed with an OE byte to be inputted in sucession be-
fore loading can commence. At the end of loading, two byte
checksum is used to detect errors. The hardware consists of a
direct connection from a one-bit output port to the micro-
phone input and a non-inverting hysterisis circuit incorporat-
ing an LM339 comparator as the playback electronics. Actual-
ly, I’ve used a direct connection for the playback with success Cassebte T/o  Hardware
but some cassette decks won’t work unless the comparator is
used. My General Electric and two Sanyo tape decks work
very well without the comparator but the Realistic deck won’t
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 in-
ner tip. I've found that in my Realistic deck, the earphone out-
put signal is on the barrel and the record input in on the inner
tip. With both the record and play leads inserted, this creates
an effective short.

To use this software, enter data in memory locations 0180-
0184 as follows:

0180 = LOAD/NO

0181-0182 = Start Address

0183-0184 = End Address
The record routine will record from Start Address to End Ad-
dress. LOAD/NO has no meaning to the record software.

The load routine will load from Start Address to End Ad-
dress but store data in memory only if LOAD/NO does not
equal zero. When equal 00, LOAD/NO can be used for verify-
ing and conditionally selecting modules on tape.

The load and record routines have callable entry points at
C/WRITE (3E00) and C/READ (3EAS), and non-callable en-
try points at LOAD.ENTRY (3F41) and RECORD.ENT
(3F52). If C/READ is called, the Z-bit of 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 a BRK instruction) will be executed at end of load-
ing and register A will indicate if the data was loaded correct-
ly: 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).

to
input
Por &

use shielded ouctput finpuk
Co

able From (530,
P PIA,TTL, elc.
Microphene. X, From
ingué

output

Fa
_j‘_ Pord

Mictocamputes
T/o

Cassekbe Decle

READ FROM CASSETTE

SCONNECT DIRECTLY INTO CASSETTE DECK VIA 6534 1/0

2122

R
NO LOAD: 31:=L0AD

PORT DIRECTION REGs

CASSETTE 1/0

TWO AYTE CHECKSUM
@

CASSETTE:

FORMeRYTE

CASSETTE INTERFACE wweew

«RA $3EA7
«0S

«DE $REAA
«DE $REA
«DE $C2
«DE ADDRS
«DE $#C4
«DE

+«DE $CS
«DE $CH

-DE $4181
«DE $2183

«DE $7132

INPUTZOUTPUT
VAR | ARLES

(AIT 2 = WRITE T0

Jessse FAST

ansa
TINPUT PAaRNMS

6
#1804 SYNCeCOUNT

2198 A1T«COUNT

#2082 ADDSS

A172 FORMeSYTE
az21@

AA3A C/PORTD

[ALL]

2119
A153 CHECHSUM

an1a

aaz2m

[ 1 kY.
2240

2868 ;

hAIR

A0@RQ C/PORT
2133 :
A14p ;=
2163 COUNT
a22é@

@23@ L0AD/NO
0247 START
@254 END

ASSEMALE 108

Number 27 Dr. Dobb's Journal of C Cali ics & Or ia, Box E, Menlo Park, CA 94025 Page 31

317



J1AE/0V3Y &SI GVOT/4007 @SSL

INNOJe XIS el
L X070 Gv3v/0 egst
topest

(ON3) 01 (levlS) Ol 3dvl wCud Ov3y  :GV3IB/T! pLGL

03ndv3k ON3

$139=0 QN3 10N

E¥370=0 «AuAI3E KNCY eypL
Sly ON3710N €SPl

FEN vl

GN3/10N 20 eEvL
ON3 dnd vl
Sy00ve v01 eLvt
GN3ZL0N Q0% vevl
Les+ON3 dRd ebElL
Les+Se00ve vA1  INI/AINS @BEL
Leg+SeGave INI eLEL
INI/dInS 3NK eYEL

Su00ve INI dm0I/INT BSEL

35ven0d ONV IN3W3BINI ANILNO0E

Sy
Lg$+sxGQvs VIS
Lgs+levls vC1

Sy0Qve VIS
1ev1S 01 OV/15+3A0m ©SCL
toevel
Su00¥ 01 1EVIS wO&d 3A0m 3NILINOB: WECL
t opelt
Uil
el
Qd007 3Ny oeLL
YEr X071 Av130°0v3y ¢BLL
LoeLLL
Qv3y 204 3n1L oks %04 AvI3GE @YLL
togsikL
togpll
31 1M 3NG LELL
INVISNOD AWTI30 oL #S# v01 AN0EIN0 well
gLl
3d¥1 01 3NO v INdINQ 3NIINOE: well
eept
1 duel
todtel
S1y wsel
Qd007 3N sl
x30 0d007 ¢rol
LNVISNGD Avi3Q Xyl vEeL
vld X g2vl
140470 WIS viel
¢ ¥ OLNO LELAL L weeL
150472 vQ1 (4117
04007 &Sr €564
INVISNOD Av130 xvl vloe
VHd ey
vld UELY)
1404/ VIS (2477
b voLNO ver V0 vEbR
140472 w01 (227}
INVISNOD Av713Q 3AFS THd 3L18M dL6R
toaeen
3dV1 01 3L1um 3NIIN0b: doB@
BT

EPEET2
$098
evew

9

Leées
Lees0d
905w
LEIL
Levedd
LIsw
L1393
c¢en
LHEE]

ey
[T
Lezuov
995§
Lelsay

v300
ey

30¢a
€Sbv

Ev3E
IAE
syt

[AF
E¥3E
Lw3E
3e3E
J63€
Vb3t
Le3t
S63€
Eb3E
Lb3E
ELELS

363¢
Je3t
bB3E
LB3E
vE3E

283€
¢E3E

EVELS
23E

LYEN
6L3¢
BL3E
L13¢
gi3e
€13¢
Li3¢e
393¢
HY3E
LEELS
B93E
693¢
§93¢
EY3€
v93€
483¢€

INVISNOD AV130 @y 028 %0 0¥32: 1IN0
3dvl 01 0837 v LNLINO INIINOY!
118 d01S L IN4LIN0 MON:
d0071/v1v0 3nd
INNOD*L1de D30 Ad»0NI+ND
QH3Z:1N0 &SI 11y°0u32
AH»QN3s¥] G3e
INO:INO uSF 11¢*3N0
Lig=0u3Z 23
ABHVD OINI 1337 141HS 3LlAusns0de 1SV 4001/v1v0
INMOD*11be VIS
Sliv & se# VO
LIb 1¥VIS  3NO:INO &SP
H3LNNOD WNSHI3WD 31v0dN  GAVSWNSHI HSP
3LAEsAE04® VIS 3LAE/ILIEM

3dvl 01 31A6 v 3L114mM 01 3NILNONE

S314Y wiS%I3KD HLI0Y SILIEM 3A0BV 3HL!
1X3N WNSXHD IH vd
IS¥1d ANSHD 07 3LIEM  31AH/311EM BSP
WNS¥I3KI= VO
WNSHD Ik 3AVS VHd
L@$+WNSHI3HIe %0

v1¥3/4007 33k
dW0J/INI ST
J1Ae/3114m ¥SP
vivQ Ov01 (x¢s¥QQV) w01 viv(3/4001

LES+nNSHIIHI® XIS
WNSHI3IKD ¥¥3ITD  WNSHI3MIe XIS
¢es x071

3lAd/31 1 8m BSP
*HYRD 1HVIS QW003s  des v01

(2) S¥QQV < L1+¥LS QV/1S33A0K &sT

18338/4d007 ANy
INNOJ+ 230

INAS #04 3nil Av130
A5130/d007 3nb
INNOJ#ONAS= 230

08323100 &SP 45730/4001
INN0JINAS VIS
ele v07

JlA6/3L1em HST
*H¥nd INAS yie V0T 15035/4001

INNOJe VIS

S3mIl ¢k ger v0O

GESY NO LNCINO 803 2 L1e S3ZITvILINI 3A08V 3nl
0140d/3 V1S
veér vy0

01E0473 V01 3118072

(ON3) 0L (LEVLS) WObd 3dW1 01 311&m EIELYNE

(41

@460
5093
3e0s82
[TF]
3ed4e2
seee
voye
58
BabV
3edie2
JEvEBe
L1 ]

89
3ELvee
235y
BV
€35V

9J06
ELELT
3ELwee
9oLV

€248
2J98
002V

3Elwed
deev

Etad I'T

33¢0
49933

64¢0
vJ33
3EQSK2
visk
ulew

3ELvee
ylbw
4356
veew

EEIN Lol
veee
391800

Qas3e

LD
bS3E
YS3¢E
PS3E
Ls3€
4v3€
qar3e
#r3E
6P3E
9p3C
Ev3t
Lv3g

2L
0€3E
HE3E
VE3E
BE3E

[Z£1%

3L3e
JL3¢

VL3E
§l3¢
SL3¢
€13¢
LL3E

3¢3€
J¢3¢
ve3E
LTEL
Sp3E

V3L

Number 27

Box E, Menlo Park, CA 94025

& Orthod

Ci

Dr. Dobb’s Journal of C:

Page 32
318



Iv4E=0VH
PESL=00V2RNSHD
4L JE=¢+553000d

LedE=»b0d2119K
CEEPE T EL]
PHIE=L/DINS

P¥3E=0N3/ 10N
ve3E=0V/15+3A0N
Bl3L=04001
0$3€=0832:1N0
LS3IE=11d*3N0
3¢3k=vlv0/4001
(TEISEINELYS]
¢elLEe=0N/0v0 1/
®OUE=l NOGIINAS/

b =wNSHI3RD/

33=(V)¥ At CVUT Cbr

¢E=(V)y 4r QVO1 G009

Ik misnd 0L ve 0OV

07 mNS¥I 01 (v)E GOV

€ llw 1N 179 IN0 XSVA

WNSWO3KD 31V0AN

A8YD 31VI0H

SIVSIGNE 338 v0T

HSJE=n0d+J0+0N3
LLEIE
324€=180d/N1
LL4E=1955300%d
P43E=Lon042L10M
LO3E=3801S/dIXS
bv3E=0v01/€001
So3E=INI/dI NS
¢B3€=4v730°Cv3n
Yyl3e=x
[EEDEVERTIE k]
Cr3E=¢007/vivg
SL3E=45130/4001
Eulu=0n3/
9Jve=Sk0CL /
VIUE=31Ansar04/
Le3y=0le0es3/

[SRITTEISE)

N3* wOd+d40+003

b003% dwl
0N
dON
raH
SLIER/D BST IN3*QeG03

4

¥ ke

AHINZ*CVOT oAl
cON
40N
nay ¢

SIvZION wee w0

Que 3Nk
A¥38/0 WS AHIN3*GVOT

Siy

Lt +nNSnd3nle 0]1S
Let+nNSnI3nde 0V

e v01

CEd+RNSNITHIe VIS
EE¢E+mniSHI3Inde JCV

G
0973 Gawsansxd

SHILINM0D WNSH2IHD 3LlvQdn:

S1H
B¢ E ONY
1e0es3 V0T 1e0d /N1

3dvl AOHJ LNdNI

Six
314H+wb0de VO
OQVsWrS¥T HSP
31t'sx04e VAT
NI#0Ls 11wk 3NH
INNOD*Like 230
3liv+ny0de 08 N1#31VIGY
21)  £+55300nd

¢S4E=INI*0B003Y
Ly3E=A¥IN3=0V0T
[ZEE AR ENR N T
VOIE=NDA0L oL 1wm
433€=31Aw/0v3
133€=64/4001
Sv3IE=0V38/0
483E=dn0D 7ONI
J23E=3N0: 1IN0
453E=31 16N
963€=11d°0¥37
LpIE=31a6/3114m
Qe3€=15338/4001
Lele=1eviSs
SIge=INN0I L Ids
YIE=INNOD /
er3v=120d/37

= /3 13114 13897
weve

eLee

#YPe  d4E290F  HGHE
eswe V3 ISJE
kvl vl 94dE
ctwe vg  SS4E
(2 A S0 T A AT S
blve

kive b4¢0  KS4E
btee 330v  3FJE
¥bEZ  FELVIE EPHE
riee ¥3  swdt
(2124 CERT
(293 “¢  evdE
evee Eby  wrdE

eEL2 w0 PELE
kete 3ecvwz  LvdE
(4374
veee
veel
teed kY dvdt
ke €25y IEdE
Leee €05y 0tdeE
veee oty VEJE
6b22 2386  BESE
beeC 208y 9EdE
leze 80 SE4E
ybee 8l FrdeE
§62¢
reed
Ewee
2uee
lsee
esce Yy EE4E
eLee bkbe LEJE
¥9ee  I9kedv  3¢4€
esee

wwez
wtee
eeee
eLee w4 024F
eree HedE
teee EE4E
eeee 424E
eeLe vede

[11%4 5043 224€
[23%4 ¥09¢  wedE
[21%4 gL 4L4€

1€ T1LNA 007

3IN0 3573 +0H3Z N3RL Wk d)

sba TILND 4007

L1y [¥wlS 40 ON3 711 LIvk

0¥32 41

L 11IND 4007

¢ 111NN 4007

3dvl

I FEELRL FEEINEEY

11e-27

Ih AASHIIHD w3IIHD

07 wNSnI3nd %I3IKHD

Ni#31V108

125533044
180d /N1
v2553306kd
le0d /N
AvI3C+0v3k
S20121 00
1¥0d/N1

INNOS*LikEe
L1

[RLEEFNAT]
L1eCa /N1

[RLTELIRRY]
120d/N|
Av13G0v3k

Leu0d2livm
1804/N1

EJRLF{AET]
1504 /N1

wOud 31he v Ov3s 3INILN0Y:

AERNEREEL]

31 Atisnr0de
ENRUY{ A ET]

NHN 3B
ENREELTTER

3116/0%3Y

07 mISHI3HD 3AVS

WNSHIIHTe

IH WASHD 3ANS
Lgg+mNSHI3H] e

3u01S 0L 41 *9¥d

(2) s¥QGV < LhvIS
SNOIIVO0T WESHIIHT b¥3TD L

6976001
dm0IZINI
(x+5b0QV)
3B01S/dINS
ON/O¥0T
ILAE/QV3Y

QV/1533A0wW
+mNSHOIHDe
ANS¥O3KD s

(22

[CELT)

1evlS Qw0034 de#

S1INAS #L = < 3t

Gv3k/d
1snw Lz

Qv01/4007
INNGD»
L/7dins

INAS  9l#

bRL]
FH
ELT
bsr
v3d
HSP
usr
G3H
¥sr

V1S
Va1

ELTY
uer

U3
usr
HSP

UEL
sl

3Nk
CHS

$GV01 0009:3nbl=116-7 Nulll3n

Sly
val
vd
Sy
@nd
v1d
eSIP
ELL]
dnd
vd
usr
Hd
val
VHd
val
ok
&sr
vis
3y
07
ssr

viva Qw01 mON:

ysr
AlS
Als
401

3NE
dnd
20¢
Add
407

ELL]
INI
3NE
did

kvie
wEL2
eeLe
49%4
117
(217
klee
(3174
[51°1
kvee
vEEL
veee
eLee
2eee
€66l
[1.1-1%
(241}
e29bl
Bsbl
Lol
(4378
el
elel
wiel
vobl
(2118
visl
egelL
(2118
(2413
EtBL
2Esl
Ledl
etel
vl
(¥2.18
eesl
Lewl
(241}
Elsl
eesl
eelLl
eyl
L
L2
Ll
€9lL
esilt
ewil
EELL
e2Ll
BLLL
Ewll
£yl
LEgL
eyl
BL9L
gu9L
gS9l
£vol
rEGL
@esl
[1%-1%
Byl
€esL
(211"
viLst
EH

Legn
8E
LEL]
ELETArS
Bo¢d
At 3eee
El Y7
LEFE]
Je3iue

5058
By

LEIY
J€32ee

£404

EDETAt
3tegue

(]
4460
BY

(&}
»350
vy
ELEET
Lepd
v38)
LR

e 4302
L1

€057
&%
(%11}
LIve
3t 4bee
wILE
Zved
Lr¥edv
IgdIne

Eiad 174
Edve
vl
ceev

1380
ETLN)
H3g6
LT
i

EEL]
9343
veea
“ied

oL de
LS
vidE
LLde
SL4€
113
EFELS
QudE
LUE]

&24E
ELEL

LEELS
Lede

443t
243¢
b43E

L143€
v43€

243¢
433¢

333¢
333€
H33E
LEEL
§33€
133¢
¥33€
é33¢
©33E
403¢€
03¢
H03€
603€
s03€

F33€
¢33¢
693t
ELEIY

LER
THIE
LEEL
9H3E
vH3E

2e3g
2e3€
ELER
Jv3t

319

Page 33

Box E, Menlo Park, CA 94026

& Or

Dr. Dobb’s Journal of C

Number 27



Tvee
svae
480
8199
Saee
5860
oevd
gg6J
1vee
Y620
L2882

N2EHL
47vIS
inlod
LX3N

1M3
dWANT
LAGIH
PAN T4

IsTE
VvI13d
NIVHI

JIsvg 0L AJvd

SHIINIOd

43915 13534 1IN
NO ST NHNL3H 6 % 96T

ey

moT104

4 LINIW3¥onI

#

3n0a A1

ANIT 34018

d0L JIsvd m3h

AVIS

Yyvino

SANTIT NO

TH OLNI AJVH

IYWIDo3Q NI 0d
AMYYD + V%2 =V

1437 14 IHS
e LV lyvls
1NNog L1d

6960
eviK
@262
534444
asva
11vd
3660
BBEE
(14 3]
di6d
aeva
92vy

SMAN
H

JYIHM
1X31
wnnay
1a1o
WNMAN

M3N
ANIT
GL09
aNT4
11510
I5v3aQ
dWi 3

dwl
d0d

SLVD
6062
el o]
Yevd
vevd
visd
[0 ]
26620
¥LVD
35 W0
A5 %D
& VI

@s¢e
1InD esce

NHNL3H FHL 3nvsS Lnd = 86¢e@
JISvd 310N * LGEG

0915
ARMEN
vl

WeH

SHIGWNN m3N NI INd *
*

Ind
a
H
151

v
H
v
S1'G

dul
N0k
A QW
ANT

N O
ddd
XNI
X¥15

134
NP
40
XN I
o
YVG
aav
agva
VX
AW

(13
7See
eCE0
26€9
lsge
[
6¥Ce
8¢
LY S
swee
sree
wree
gheo
oree
ree
avee
65¢0
8¢¢0
LSse
R
seee
vece
cece
2558
[eee
agce
62%¢
gaee
Lese
9250
coen
YNId vege

* £t
¢ege
rece
Bece
6150
1Sl 81¢¢

L1g0@

91¢0

cige

vigce
LAD glte

zice

adg lice

530¥04Q oml LH3ANOD * ¢lge

1Sl
e1s3l
1100
AUION
NN
LXLAk
as1ll
11109
TN 14
2910

100

s

€360
1730
9%
1960
evee
9L6D
Ge VI
860
Gs60
4660
G860
v362

¢0 6% €0

13

¥J @8 £

49

93

£2

aL

13

80 34 22

61

eu ve Yo

2L

£e

£

£e

43

30 34 ¥2

g3

¥o ¥ W2

S5

£e

aL

3

13

80 34 22

Y 9¢ va

<3

80 34 ¥¢

ae sk 22

29

69

13

g0

¢

62

¥3 39 22

cl

£¢

¥) 6L &q

L3

48

63

4V

er st

9Iasl
OIS

1nd
Wl NON
SMmdi
4001
ATH0I
dnso9
194
THW3a
@AIHI
3Q0sv

avwvd
jol-A-ke]
J¥v)
AR
AL k)
6YY)
3940
LYYD
S¥wl
(A k]
ALk
1990
@vvd
asvd
36D
46 ¥d
Y6 %D
669D
8640
<6Y0
ve Wl
16%)
€60
48V0
38vd
agvo
28YJ
68 VD
98 %0
[k
2B Y0
ALV
aLV¥d
aLvo

9LYI
GLYD
LD
1L9D
OLYD
4993
39§D
asva
as vl
g5 40

134
H XN I
Vi NOW
135440 [10sV 3 acy
S30H32 INIdd 8¥%'3 I @SILI
1.N0G ‘0S 4T = 24
Le ¢val 3 dWd
3] NV ind
L9, NI LIDIC LHOI¥ INO 1Nd *
a‘v NOW
3INO 1437 1SYId ind 112
o4y
BEE]
ouy
oY
'V Al 23Ia
G KT SLISIQ Oml 1IN0 INd *
2'a NOK
omlL dIw 2910  11¥D
g‘c AOW
oML HSIH 2910 172
H d0d
530432 SS3Y¥4dNS 041 1AW
v'a A Ok
5. 0201 1q NOW
s.eel % s.eeel aod 193
v g NOW
L7 S.el god 172
9HIX
H  HSNd
WSILI r
k] vdo
a‘v AOW  0S¥3d
*
035574ddNS SI0¥IZ SNIQYIT HLIm *
<-7H 3Y3Hm ONTHLS TIOSY 0L 3C *
NI ¥39FLNI AM¥NId GINDISNN LIE-91 %
134
a
a d0d  AYMON
HAQWNN ANIT ANNMS ANV *
134
11 109 “A0 a dod
dung ne
[d ans
A9 N OW
H XNI  LA&I
LX3N dur
THIX
] ava
Y1713a  QTH1
H'd N oW
4] N Ok
4 Hsnd
H d40d  dWng
dAEWNN INIT M3N INZWIHONT *
LAIH 2r
S3LA3 01 3 ans
wéy AOW
H XN I
weg AOW
AYMON nr
LaN3 Lv W ¥H0

6080
B8e¢n
Lege
Sece
sece
vece
Tece
2650
lege
cece
6620
8620
L620
9620
$620
vege
ce3Ze
2628
163e
veze
6820
B82¢
L8320
9826
(351"
r3zge
€82¢
2820
1820
282e
6L20
8120
LLZ0
$L20
sLae
vL2e
eLge
aLee
ILae
6L3e
6920
852¢
L9520
992e
S5 20
¥92e
€920
394e
192¢
@920
68620
8620
L5320
S¢2e
6520
vsee
£62e
2520
1620
0520
6vee
svee
Lv2e
Svee

¥

v

va

2

va

v

va

v

oe

¥a

v

eg

de

86
8¢

(4%

a

ve

28

VS Yo
65 YD
89v0
LSVD
(LK)
S0
£SY)
1592
ISY0
@9 ¥2
as vo
25D
as vd
Yo v
(S )
85 Y0
8¢ V0
LSyl
LA R
£eYd
1o ke]
A7 YO
arvo
e lAH]
arvd
gvv0
Ly YD
Yy vl
er Yo
gv vl
4§€Y0

Number 27

Box E, Menlo Park, CA 94025

& Orthod

Dr. Dobb’s Journal of

Page 38
324



