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Nearly everyone has a portable cassette 
recorder_ If you don't have one, chances are 
your kid does ("Hey, Mom, Dad sto le my 
tape recorder !"). These recorders range from 
the under $20 "bare bones" var iety to multi 
centibuck units with nearly every feature 
imaginable. Fortunately it shoulg pe possible 
to use near ly any cassette recorder ava il ab le 
if it is clean and in good working condition . 
Pawnshops and similar outlets are good 
sources of used cassette recorders. Used 
recorders are often quite dirty and may need 
repair. Take alo ng a couple of test cassettes 
when you go shopping and check out the 
units' operation before buying. 

Watch out for bent capstans and broken 
cassette ho lders since these often are not 
repairable and indicate excessive ab use. 

Some dictating and "pocket secretary" 
cassette recorders do not use a capstan drive 
system. While these recorders are usable, it 
may not be possible to exchange programs 
recorded on these machines with a fr iend . 
Stick with the capstan driven recorders . 

While nearly any cassette recorder is 
usab le for storage of digital information, 
some units have features which improve 
performance or co nvenience. 
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(The Demise of an Overworked Carry-Corder) 

Tops on the convenience list is a digital 
tape counter. Next to destroying a valuable 
recordi ng, nothing is more frustrating than 
not being ab le to find a desired program on a 
cassette with several programs. The tape 
counter solves this problem. Merely reset the 
counter with the cassette fully rewound and 
write the cou nter reading of the start of each 
program on the cassette label. Some of the 
newer cassette recorders also have cue and 
review capability. Wh ile occassionally useful , 
these featu res are not really necessary_ 

A recorder with an AC bias and erase 
oscillator will produce the most reliable 
performance and highest quality recordings. 
Unfortunate ly most of the under $100 
cassette recorders now available erase and 
bias the tape with DC. 

DC erased and biased recordings have 
more low frequency noise and residuals and 
poorer high frequency response than AC bias 
record ings_ Cassette recorders des igned for 
music recording usually have circuitry to 
erase and bias the tape with a 50 to 100 kHz 
signal. These same recorders usually have 
drive motors wh ich are speed controlled by 
the power line frequency. Th e result is more 
precisely driven and recorded tape. Since 
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Figure I: Cassette digital modulator. This circuit converts 8 bit parallel data from a computer 
into a series of 2400 Hz and 1200 Hz tones using a VA RT. Filtering provided by CI and R 1 is 
used to' turn the square wave outputs of IC2b into a closer approximation of a sine wave (see 
figure 2). 
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these are normally stereo recorders, be sure 
to bu I k erase the cassette first to remove the 
residual signals between the stereo tracks. If 
you apply the signal to be recorded to both 
channels, the resulting recording will be 
usable on any of the portabl e cassette 
pi ayers. 

The cassette tape unit you select must 
have an auxiliary (AUX) or microphone 
input and a line or earplug output. Thi s is 
the only reasonable way to connect the 
cassette tape un i t to the necessary 
modulator/demodulator circuitry. Acoustic 
coupling through the microphone and 
speaker is totally unsatisfac tory . 

Pause controls are nice bu t not necessary. 
Use the cassette tape unit available to 

you, but remember you only get what you 
pay for and these days even that costs more . 

Choice of Cassette and Tape 

The choice of cassette cartridge and tape 
has more effect on performance than a/l 
other factors combined. This is no place to 
save a penny or even a buck. Get the very 
best tape you can buy. Do not even consider 
anything less than the super tapes. If your 
recorder can record the chromium dioxide 
tapes, use them. Anything less than the best 
will result in much frustration. Avoid using 
the C90 and C120 cassettes. The tape is too 
thin and fragile. C60 and shorter tapes are 
much more rugged. 

If a cassette is not in use it should be 
stored in its container in a dust free location. 
Keep the cassette tape unit spotlessly clean 
and do not smoke in the room in which the 
cassette equipment is used or stored. 

It is impossible to adequately stress the 
importance of buying the very best quality 
tape and then keeping it and the tape unit 
clean. Tape quality and cleanliness is much 
more important in digital applications than 
in the more conventional speech or music 
applications. 
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Getting the Digital Information 
onto the Cassette 

There are many ways to record digital 
information on audio cassette tapes. Many 
of these techniques work quite well as iong 
as the data is played back on the same 
machine as was used to make the initial 
recording. Rather than debate the merits and 
deficiencies of the various techniques, the 
author has chosen to support the proposal 
suggested for evaluation by the BYTE spon
sored symposium on audio digital cassette 
recording. I feel th e proposal adequately 
accommodates the limitations imposed by 
conventionally available audio cassette tape 
units. 

Digital information from your computer 
is generally available as 8 bits parallel from 
an 10 port or data bus. The recording on 
tape must be serial with start and stop 
delimiting bits. The transmitter portion of 
the UART is ideal for converting the parallel 
data to this ser ial format. Figure 1 is a 
circuit implementing such a converter or 
modulator. 

The ser ial output of the UART is said to 
be NRZ (non return to zero). It means that a 
logic one bit is a high level and a logic zero 
bit is a low level. A logic one causes the 
modulator to generate a 2400 hertz output 
signal and a logic ze ro generates a i200 hertz 
signal. Norm al output from the modulator is 
a string of sq uare waves. The sharp edges of 
the square wave signal do not usually record 
well on recorders with DC recording bias. 
The des igners of such recorders "ro II 0 ff" 
the amplifier low frequency response and 
boost high frequency response in an attempt 
to diminish th e drawbacks of DC biased 
recording. This causes a square wave to be 
abnormally "peaked" on the rising and 
falling edges and the flat portions to be 
"tilted." Refe r to figure 2. 

Such signals are more I ikely to cause 
errors during playback. Ideally the modu-
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Figure 2: If a square wave 
signal such as waveform A 
is recorded on a low cost 
cassette recorder, the play
bad? response may look 
liI?e waveform B, which is 
very difficult to demodu
late. If the square wave is 
filtered with a low pass 
filter before recording 
(waveform C), the play
back response will look 
like waveform D, which is 
a usable signal. 



Figure 3: Circuit of a 4800 
Hz oscillator. This oscilla
tor, using the 555 pre
cision timer circuit, can be 
used if a crystal controlled 
or line frequency derived 
timing source is not wail
able. 

lating signals shou ld be sine waves but 
ge nerati ng and switch ing si ne wave signals 
digitally is so mewhat complicated . 
"Rounding the square wave corners" with a 
low pass filter (R 1 and C1 in fig ure 1) is not 
totally effect ive but does provide a usable 
waveform. 

The AUX output is a 500 mV peak to 
peak signal. This signal leve l will ove rdrive a 
micro ph one input and shou ld onl y be con
nected to the reco rder auxiliary input (50 
kOhm or greate r input impedance). The 
MIKE output is 50 mV peak to peak and 
will drive most cassette microphone inputs. 

Th e 4800 Hz signa l shou Id be as precise 
as possible and capable of driving 2 TTL 
loads. Id ea ll y it shou ld be obtained from a 
crysta l osci ll ator and divider string or a 
phase locked loop (PLL) locked to the 
power line frequency. If such stabl e sources 
are not ava il ab le the circuit shown in figure 
3 is sat isfacto l'y but it mu st be accurately 
ad justed with a freq uency coun ter. 
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If the avai lable digital infonnation to be 
recorded is already in se ri al form with the 
necessary start and stop bits (2 sto p bits arc 
req uired) and is being sent at 300 baud, the 
UART transm itter is no t necessa ry. How
ever, the 4800 Hz clock ing signal should be 
sy nch ro nous with the se ri al digital inform a
tion ("16 clock pul ses per bit). If the in fo rm a
tion is se ri al but at some I'a te slower th an 
300 baud, it will be necessa ry to usc a 
UART rece ive r to fir st conve rt the inform a
tio n to parall el form. It is then loaded into 
th e UART transmitter as desu ibed ea rlier . 

When th e UART tra nsm it te r is read y to 
accept a parall el byte o f data, the OK TO 
LOAD line will be high. Data on the eight 
parall el input lines is loaded in to the UART 
transmitter buffel's by pul sing the LOAD 
line low for at least 1 microsecond or until 
the OK TO LO AD line goes low. The 
transmitter will sta rt tran smitting th e byte 
or character when the LOAD line is returned 
to the high state. 
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If the UART is not transmitting any data, 
its se ri al output line is high, causing the 
mod ul ator to generate the 2400 Hz signal. 

Playback of the Recorded Data 

Since the signal recorded on tape is 
bas icall y a standard FSK (freq'uency shift 
keyed) signal, it is possib le to recover the 
di gita l signal with a ph ase locked loop (PLL) 
or FM discriminator. In fact, users of the 
Suding cassette system (wide shift audio 
FSK) should be ab le to recover the N RZ 
data signal by readjusting their demodula
tors. However, data recove ry by these means 
is not as preci se nor as insensitive to tape 
speed variations as digital recovery tech
niques which extract speed insensitive timing 
pulses from the recorded signal and use these 
pulses to ret ime the NRZ d ata. 

Figure 4 is a complete schematic of the 
playback recovery cil'cuit or demodulator. 

The cassette earp lug output signal is 
conditioned by the ope rationa l ampl ifier 
Schmidt trigger IC3. IC4 is a ret riggerable 
one shot with a period of 555 microseconds. 
As long as the 2400 Hz signal is being 
rece ived , the one shot is co nstan tl y retrig
gered and does not time out. This cau ses flip 
flop IC5a to remain at the high state 
interpreting th e data as a logic one. When 
the 1200 Hz sign al is received , its period is 
long enough to allow the one shot to time 
out. Flip fl op IC5a is immediately reset. It 
stays at the low state as long as the 1200 Hz 
signa l is being received, because the one shot 
is ti med out whenever the next trigger ing 
edge occurs. Wh en the 2400 Hz signa l 
returns, the one shot output stays high, 
thereby permitting the flip flop IC5a output 
to sw itch to its high state. The outp ut of flip 
flop I C5a is the recovered N RZ se ri al data. 

Under idea l circumstances, the recovered 
data would be sufficiently stable to drive a 
300 baud teleprinter or TV typewriter 
directly. However, if the tape speed varies in 
excess of ap proximate ly ±6 percen t (a com
mon occu rrence), errors will resu lt. Since the 
1200 and 2400 Hz signals can-ying the 
digital information on tape will vary in 
frequency directly with tape speed vari
ations, it is poss ibl e to Li se these signals to 
acc u ratel y reti me the recovered data. Flip 
fl ops IC6a and IC6b extract this timing 
informati on. 

When the 1200 Hz signal is rece ived, IC6a 
is prese t with a pulse generated by C8 and 
R 15 eve ry time the one shot tim es out. The 
effect is to cause IC6 to ac t as a di vision by 
two. When the 2400 Hz signal is bei ng 
received, the one shot does not time out and 
IC6 acts as a divide by fo ur . The result is a 
double clock rate at the output of IC6b . 
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Instead of clocking the data into a shift 
register, it may be more des irable to usc the 
receiver portion of a UART, since the UART 
receiver has built in circuitry to identify the 
beg inn ing and end of each byte or character 
automatica ll y. Furthermore, the UART 
parall el data outputs arc 3-state, which 
permits convenient direct connection to 
most 10 ports or data bu ses . (For a more 
detai led discussion of the UART, you may 
wish to read "Seri al In terface" by Don 
Lancaster in BYTE, September 1975) . 

However, the UART requires a clock at 
16 times the data rate. This problem is 
so lved by phase lock ing an osc ill ato r at 4800 
Hz to 600 Hz (2X) ouput of IC6b. 
The phase locked loop (PLL) osc ill ato r is 
adjusted for 4800 Hz in the absence of any 
input signal. ICSb and IC9 divide the PLL 
osci ll ato r outp ut by eight and drive one of 
the PLL phase detector inputs. The o ther 
phase detector input is driven by the 2400 
Hz clock output of IC6b. 

Wh en the UART receiver recognizes that 
it has received a comp lete character, it ra ises 
its DATA AVAILABLE output line to log ic 
one (high leve l) . Since the UART outputs 
are 3-state, it is necessary to drive the 
RECEIVED DATA ENABLE input to log ic 
ze ro (low leve l) to read the para ll el ou tput 
data. After the parall el data has been read , it 
is necessary to pul se the RESET DATA 
AVA ILABLE line to prepare the UART to 
output the next byte or character. The pu lse 
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must remain at log ic ze ro for a minimum of 
one microsecond o r until DATA AVA IL
ABLE drops to log ic ze ro . 

Ci rcuit Adjustments 

As already stated, the 4800 Hz signal 
used to dr ive the UART transm itter and 
mod u late the tape record er shou Id be 
obta ined from a very stable and accurate 
source for best results . No other adjustments 
are necessary on the recorder modu lation 
ci rcu its. 

The data recovery one shot and the ph ase 
locked loop oscillator in the pl ayback data 
recovery circuits mu st be accura tely adj usted 
for best results. The most crit ical ad justment 
is the period of the data recove ry one shot. 
An easy way to adjust the per iod is to 
connect a we ll ca librated audio osci ll ator to 
the earplug input of the data recovery circuit 
and a high impedance vo ltmeter to the NRZ 
data output (IC Sa pin 1) . Set the audio 
osc ill ator for 1800 Hz and the output leve l 
for 1.S to 3.S volts RMS . Adjust R9 until 
the voltmeter read ing just changes (usc the S 
to lS volt sca les). Get the adjustment as 
close to the poin t of cha nge as possib le. 

The PLL osc ill ator is adjusted for 4800 
Hz (R12) with no connection to the earplug 
input. If a frequency counter is not ava il
able, compare the PLL osc ill ator .o utput 
(IC7 pin 4) to the 4800 Hz signa l used to 
drive the UART transmitter. 
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Figure 4: Cassette data 
recovery circuit. This cir
cuit shares the VA RT with 
figure 7. The operation of 
the recovery circuit is 
described in text. 



Figure 5: Cassette modula
tor demodulator wave 
forms. Th e signal pre
sented to the tape recorder 
is a filtered square wave, 
shown at the top. The 
timing of data recovery is 
shown relative to the con
ditioned playbacl? signal in 
the remaining five traces. 

Operating Procedure 

The playback data recovery circuit will 
operate best with an ea rplug output signal of 
between 4 to 10 volts peak to peak. Th is is 
within th e range of most portab le cassette 
recorders. I t may be necessary to put a low 
gai n amplifier ahead of the data recovery 
circu it if yo u are using a cassette tape deck 
not capable of driving a speake r directly . It 
may be necessary to tum down the playback 
tone contro l if the tape was reco rded on a 
DC biased reco rder'. 

To comply with the BYTE Symposium 
Standard , the recorded block of data on tape 
mu st have a minimum of five seconds of the 
2400 Hz tone before data is r·ecorded. Thi s is 
eas il y obtained by permitting the recorder to 
run in the record mode for fivc seconds or 
longe r befo re se nding data to thc UART 
transmitter. When thc UART is idl e the 
modul ator is generati ng 2400 Hz. 

Du ring play back it is recommended that 
yo u wait unt il th e pl ayback is one or' two 
seconds into the 2400 Hz "leader'" befo re 
all ow ing the computer to accept the UART 
rece iver output. Thi s is to avo id reading 
"trash" caused by turning the cassc tte tape 
unit on and off. 

It is possibl e to turn the cassette tape uni t 
on and off with a r'e lay under' compu te r' 
program co ntrol using the cassette tape unit 
remote contro l input. However, the cassette 
will reco rd and playback "t rash" during the 
sta r·tup and stop interva ls which may take as 
long as 3 to 5 second s. The 2400 Hz signal 
recorded on tape before each block of data 
gives the computer a "trash frec" interval in 
wh ich to pr'epare itse lf for the data to 
fo ll ow . 

Circuit Design Considerations 

It will be some tim e before enough 
informat ion has been learn ed abou t the use 
of audi o cassette r'ccorders for storage of 
digital in fo rm at ion to pe rmi t tru ly op timum 
designs of the nccessary modul ator/ 
demodulator circuits. Thcrefo rc thc auth or 
would like to present hi s design considcra
tions to provide othcr exper imenters and 

des igners a starting point for additional 
experimentation and optimiz ation . The com
ments are somewhat technical and are 
intended for the advanced experimenter or 
designer. 

Modulator Waveform 

The nonlinearity and skewed frequency 
response of most low cost cassette recorders 
impose serious limitations on the waveform 
of the recorded signal. I n severe cases, the 
waveform recovered from a square wave 
input may be so seriously "tilted" and 
"peaked" and fill ed with overshoots that 
data recovery is impossible. Obv iously a 
bette r modul ating signal would be a sine or 
tri angul ar waveform. On the other hand , 
"doctoring" the square wave with filters is 
at tractive from an economic viewpoint . Such 
filter ing can onl y be carried so far before the 
resulting differential amplitude of the two 
mod ulating frequencies produces "pumping" 
of the recorder automatic level control 
circuits and begins to diminish the signal-to
noise ratio and signal drop out margins of 
the higher of the two modul ating fre
qu encies. Economical generation of a better 
modul at ing waveform will go a long way 
toward improving data recovery reliability 
with simple recorders. 

Modulator Signal Level 

The signal leve l applied to the recorder 
appears to be relativel y uncritical. However, 
I feel the leve l should be standardized; but I 
am not prepared to recommend a preferred 
leve l at th e present time. 

Demodulator Signal Conditioning 

Many experimenters have used simple 
ze ro crossing comparators to condition the 
pl ay back signal. While these circuits have 
tremendous immun ity to signal drop out, 
they are quite sensitive to "drop in noise" 
and tend to "chatter" at low signal levels or 
in the absence of an input signal. I prefer a 
circuit with suffic ient hysteresis to provide 
some margin aga inst the drop in noi se and 
residuals and to prevent chatter. The idea l 
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trip points for such a circuit is probably in 
the range of 20 to 30 percent of peak 
signal. The trip points of the circuit 
described in this article are approximate ly 
±0.5 volt. Best perform ance will then be 
obtained from 3.5 to 5.0 volt peak to peak 
input signals. 

Demodulator One Shot 

If the one shot is proper ly adju sted, the 
data is recoverabl e with tape speed var iation 
in excess of ±30 percent from nominal 
speed. I have found the speed di stribution of 
the portable cassette tape uni ts to be skewed 
roughly 5 perce nt nega tive . If a tape is 
pl ayed on th e same unit as was used to make 
the recording the probl em is neg ligible. If, 
however, the tape was prepared on precision 
tape recording equipment (such as may be 
used for mass production of cassettes for 
widespread di stribution), then pl ayed o n a 
consu mer quality tape playe r, the tolerance 
of the recovery circuit to a dec rease in tape 
speed will be diminished. Thi s may prov id e 
some argument for increasing the period of 
the one shot 5 percent. 

A characteristic of the data recovery 
circuit used is that it causes an ap prox i· 
mate ly 6 percent marking bi as in the 
recovered waveform. Thi s is not too impor· 
tant if the data is recovered by a shift 
register or clocked into a UART receiver. A 
purist approach would delay the space to 
mark transition 6 percent of the nominal bit 
cell duration. 

Some exper imenters filter th e recove red 
data waveform to provide an additi onal 
immuni ty to error. I have not found it to be 
necessary and have found it creates more 
problem s th an it solves. 

Demodulator Phase Locked Oscillator 

The PLO is onl y necessa ry because the 
UART requires a clock at 16 times the data 
rate. The phase detector output is filtered 
with a lag- lead network . The filter was 
des igned to permit capture of signals ±15 
percent from nominal speed with a 0.707 
damping factor. Consequently, the osci ll ator 
will rem ain locked during ±15 percent ste~ 
changes of the input signal frequency. Once 
locked, the oscillator will trac k the input 
signal over a ±70 percent range. Th e sum 
frequency component of the ph ase detector 
output does modulate the oscillator slightl y 
but was not considered to be a problem. 
This modulation can be diminished by 
increasing the loop filtering; however, this 
reduces the capture range which is 
undesirable. 
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UN BELl EVABLE!!!!! 
The Intecolor® 8001 Kit 
A complete 8 COLOR Intelligent 
CRT Terminal Kit 

$1,395 

• 8080 CPU· 25 Line x 80 Character/ Line' 4Kx8 RAM / PROM Software 
• Sockets for UV Erasable PROM' 19" Shadow Mask Color CR Tube 
• RS232 I/O· Sockets for 64 Special Graphics' Selectable Baud Rates to 

9600 Baud' Single Package' 8 Color Monitor· ASCII Set 
• Keyboard· Bell' Manual 

And you also get the Intecolor® 8001 9 Sector Convergence System for 
ease of set up (3-5 minutes) and stability. 
Additional Options Available: 
• Roll' Additional RAM to 32K • 48 Line x 80 Characters/ Line' Light Pen 
• Limited Graphics Mode' Background Color· Special Graphics Characters 
• Games 
ISC WILL MAKE A BELIEVER OUT OF YOU, 

Send me (no.) Intecolor® 8001 kits at $1,395 plus $15.00 ship-
ping charges each. 
Enclosed is my D cashier's check, D money order, D personal check* 
D $350 deposit / kit for C.O. D. shipment for $ . 
NAME __________________________________________ __ 

ADDRESS ________________________________________ _ 

CITY ___________________ STATE ________ ZI P __________ __ 

' Allow 8 weeks clearance on personal checks B ® 
Intelligent Systems Corp 4376 Ridge Gate Drive, Duluth, Georgia 30136 

.® Telephone (404) 449-5961 

Conclusion 

The usc of hardware to modulate and 
demodul ate the cassette tape simpli fies the 
programming probl ems assoc iated with using 
the cassette for program load ing and storage. 
In some circumstances it may be poss ibl e to 
co nnect the cassette hardware interface 
directly to yo ur panel switches and di sp lay 
drivers and "let it rip ." Other systems may 
require per ipheral interface adapte rs or other 
similar circuitry to get the data onto and off 
th e co mputer data bu s. 

The cassette interface descr ibed in this 
ar ti cle is manufact u red by Prone tics Cor
poration. It is ava il able full y assemb led and 
tested on a 4.5 x 6.5 inch circuit card with 
connections through a standard du al 22 pin 
gold plated card edge connecto r. Price, 
ava il abil i ty, and other information may be 
obta in ed by writing: Pronetics Corporation, 
PO Box 28582, Dall as TX 75228. · 
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