In the May 1984 issue of Elektor we mentioned that connecting the
digital cassette recorder described in January of this year to the
output of a ZX 81 can cause problems. Since then we have worked
day and night (in spirit at least) to find a solution to help owners of
this computer. This article deals with what we came up with.

digital cassette recorder
with the ZX81

A few changes are needed both to the
cassette recorder board and the ZX 81
board and we will begin with the latter.
Part of the circuit of the ZX 81 is shown in
figure 1. The computer's output signal
must be amplified by making a new
cassette output. This is done by connec-
ting a 10 k resistor 10 the TV/TAPE output
(pin 16) of IC!. All this means is soldering
the resistor to R29 on ihe printed circuit
board, as indicated by figure ib. The out-
put signal then has an amplitude of

150 mV 5. The digital cassetie recorder
operates by driving the tapz into satu-
ration but the ZX cannot do this very eas-
ily as the impedance of its EAR input is
too high. All that is required to lower the
impedance is to cut the connection of R34
to EAR.

Moving on to the cassetie recorder board,
the hysteresis of Al must be reduced by
increasing the value of resistor R6 to 82 k.
The amplification of the playback seciion
is reduced by increasing the value of R20
10 10 k. The pause-level is improved by
giving C8 a value of 10 n. The pair of
relays, Rel and Re2, can better be
operated by hand. In normal use the
video signal is present at the cassette out-
put of the Sinclair with the result that the
circuit will always select recording. The
easiest way 1o solve this problem is to cut
the copper track close to pin 6 of Re2 and
link pin 8 to +12 V via a svritch. For those
who wani the uliimate, a band-pass filter
(with a centre frequency oi about 5 kHz)
can bz added in the playback section. In
this case C6 = 10n, C8 = 2n2, C8 =100 n

and R20 remains | k. All that remains then
is to connect a 560 p capacitor parallel to
R21.

To enable the circuit to be calibrated a
short program with a large loop must be
written into the computer and the SAVE
command is then given. The preset at the
input, Pl, must now be trimmed so that
LED D11 lights properly. The analogue out-
put, AN, is used when playing a recorded
program back to the ZX81. For playback
oreset P3 must be set so that the program
is read into the computer correctly. This
can be seen by looking at the width of
the biack bars on the screen. There
should be slightly more bilack than white
visible.

When reading in a program ii is imponarnt
that preset Pl should be turned com-
pletely to ground or that the olug be
removed from the input of the recorder

circuit. Under no circumstances may LED
D11 light during playback. This is essential
to prevent cross-talk between the recor-
ding and playback sections. Probably the
best solution is to short-circuit the input
by using a 3.5 mm socke! with a built-in
switch. As soon as the plug is removed
from the socket the input is then
grounded.

When the modifications given here are
carried out there will be joy in the hearts
of Sinclair ZX8] users as this compuier
can finzlly be used with the Elektor digital
cassetie recorder. [a]
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The ZX 81 is one of the most popular personal computers but it does
leave a lot to be desired in certain respects, one of the most notable
of which being its cassette interface. Any ZX 81 user who has had to
type in a complete program again because it could no longer be
loaded from cassette will confirm this. The pulse cleaner described
here is designed to make such problems a thing of the past. This
makes it a must not only for ZX 81 users but also for any other
computer that uses a similar type of pulse/pause system for the

cassette connection.

ZX81 cassette p

cleaner

The Sinclair ZX 81’s casseite interface uses
frequency shift keying (FSX) with a single
irequency. The signal is built up of a
number of pulses, a pause, a number of
pulses again, another pause, and so on
(see figure la). The number of pulses be:
tween two pauses indicates the logic
level: four pulses represent a logic zero
and eight pulses are used to indicate a
logic one. If this signal is stored on a
cassette tape the ‘digital’ shape cannot be
properly processed due to limitations in
the recorder's electronics and the
qualities of the tape itself. When the data
is read from the tape it will enter the com-
puter as a signal that looks. something like
that shown in figure 1b. The oscillation on
the last pulse beiore a pause could cause
the computer to falsely consider this as an
extra pulse, with dire conseauences. In
order ior the computer to be able io pro-
cess it properly this signal should really
be made into a digital signal with all the
interference removed.

The layout

The various pans of the circuit are seen in
the block diagram of figure 2. The incom-
ing signal irom the cassette recorder is
first passed through an adjustable
atienuator before being amplified and

passed through a band-pass filter. This is
followed by another amplifier and a high-
pass filier. All this is necessary to remove
any low frequency oscillations from the
signal as the computer could interpret
them as extra pulses. The filtered signal is
then fed through a negative and positive
peak rectifier. A Schmitt trigger compares
these output signals with the signal from
the high-pass filter to ensure that short
noise pulses are also removed. The result
is a clean digital cassette signal at the out-
put. The output signal from the positive
peak rectifier, incidentally, is also used to
control the attenuator at the input.
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Figure 1. These are the
sort of pulses that appear
at the ZX 81's cassette
output (top). After pro-
cessing by the cassette
recorder the signal (bot-
tom) does not look quite
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so ‘clean’.

Figure 2. The circuit for
the pulse cleaner, as the
block diagram here
shows, consists of some
amplifiers and filters, a
pair of peak rectifiers, a
comparator section and

an attenuator.
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Figure 3. The circuit
diagram for the puise
cleaner. As the circuit is
quite straightforward alt
the sections from the
black diagram can easily
be found here.

The circuit

The circuit diagram for the pulse cleaner
is shown in figure 3. The input signal is
first of all attenuated by preset P] and
then passes to the adjustable attenuator.
The output of positive peak rectifier A2
determines the d.c. voltage at the base of
transistor T1, which, in turn, decides the
current passed through diodes D1 and D2
and therefore the impedance (or, strictly
speaking, the difierential resistance) of the
diodes. When the output voliage of A2 is
high the attenuation of the input signal
will be correspondingly high. The moving
coil meter in the collector line of Tl gives
a visual indication of the strength of the
signal.

The attenuator is {ollowed by op-amp ICI
which amplifies the signal by a factor of
eleven and then feeds it to the band-pass
filter consisting of R4...R9 and C3 ... CS8.
The filtered signal is amplified by a factor
oi 100, by Al, to compensate for the
attenuation introduced by the band-pass
filter. The low frequency part of the signal

1s then removed by high-pass filter
RI2...RI14/Cll... Cl3 whose cut-off point
is at about 9 kHz.

The treated signal is fed to the inputs of
the two peak rectifiers, A2 and A3, and
the non-inveriing input of Schmitt trigger
Ad. Each rectifier consists of an op-amp
with a diode at the output. A 22 n
capatitor (C15 or Cl7) is charged to the
maximum value of the input voltage via
the diode, which is part of the op-amp’s
feedback loop. The 100 Q resistors are
needed to limit the charging current that
the op-amps provide.

The output signals from the two rectifiers
are added via resistors R19 and R2l and
then go to the inverting input of A4. The
other input of the Schmitt trigger, as we
have already noted, is connected to the
outpui of the high-pass filier so that A4
compares the rectifier signals with the dif-
ferentiated cassetie pulses provided by
the filter. The ouiput of the circuit is a
clean rectangular waveform that can be
fed directly to the ZX 81 cassette input.
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In practice

Small though this circuit is we thought it
worthy of a printed circuit board design.
This is shown in figure 4. As the power
supply is included on the printed circuit
board the only external components are
the transformer and, of course, the meter.
The various connection points, input, out-
put, meter and power, are all clearly
marked. When everything is connecied
and mounted the two presets must be set.
Calibrating and testing the circuit is done.
with the pulse cleaner connected be-
tween ZX 81 and cassette recorder. Now,
while trying to load some (well recorded)
programs from the cassette, trim preset Pl
until all programs are received correctly.

.

When this is done set P2 so that the
needle of the meter is in mid scale while
programs are being loaded.

The meter reading can be used as a
reference point when loading programs. If
the needle does not indicate mid scale Pl
should be trimmed until the reference
position is again indicated. In this way
even programs that have been diificult to
load in the past can now be loaded
properly. 7]
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Parts list

Resistors;
R1,R19,R21 =
R2,R10.R16 =
R3 = 10k
R4 1580 @
RS = 470 Q
R6 = 1k3
R7.R12,R17,20 = 4k7
RB.R13 = 15k
R9,R14,R23 = 47 k

RI1 = 1060 k

Ri5 = 470 k
R18,R22,R24,RZ5 = 100 Q
£1 50 k presat

P2 = 1 k preset

ik ¥

(I}

Capacitors:

C1,Ce.C14 = 220 i

C2 = 4n7

C3 = 1680n
C4,C20...C23 = 47'n
C5 =15n

c6,C1n
€7.C12 = 3n3
€8.C13=1n

Ci0 = 3% p

Ci15,C17 = 22 n
C16,C19 = 100 n
C18,C26,C27 = 1 u/i6 V
C24.C25 = 470 u/16 V

10n

Semiconduciors:

Di1...D5 = AA 119
DS ... D9 = 1N4DD}
Tt = BC 550C

IC1 = LF 335

1IC2 = TLOS4

IC3 = 78L05

IC4 = 78105

Miscellanegus:

F1 = fuse, 50 mA slow
biow

M1 = moving coil meter,
<250 pA f.s.d.

S1 = double pole mains
switch

Trl = mains transformer,
2x 9V, 50 mA

Figure 4. The printed cir-
cuit board for the FSK
pulse cleaner can be fit-
ted into its own case or
there may be room for it
within either the com-
puter or the cassette
recorder.
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