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Fig. 2. Drive circuit for the LED matrix.

vided by the circuit in Fig. 2 via connec-
tors K and K.

Y-axis

As already stated, the amplitude of the
input signal (the measurand) is repre-
sented by a vertical ‘deflection’. Thus, for
a large measurand, one of the upper row
of LEDs must light, for a smaller signal,
one of a lower row of diodes. This is ar-
ranged by analogue-to-digital (A-D) con-
verter IC3 in Fig. 2.

When a slowly increasing signal is ap-
plied to the siG input (pin 5) of IC3, out-
puts L;-Lg of this IC go low sequentially,
one at a time. This means that when the
signal level at pin 5is low, L, is low, when
the input is high (1.25 V), L;q is low, and
when the level is somiewhere between
these values, say, 0.6 V, Lg or Lg is low.

Since the input level must be 0-1.25V,
a signal amplifier/attenuator is required
prior to K5 and this will be described a lit-
tle later on in the article.

X-axis

The horizontal trace is provided by (decade)
counters IC7 and ICg in Fig. 2. Control of
the matrix LEDs is from outputs Q;-Qg
of these ICs via IC| and ICy. The counters

Fig. 3. Printed circuit for the display
board (not available ready made).
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are in series and connected, with the aid
of ICs, and ICgy, to form a 16-counter.
‘To make the Q-outputs high, one by
one, starting with @, of IC; and ending
with Qg of ICg, clock pulses must be ap-
plied to the CLK inputs of both ICs. To'en-
sure that the process proceeds as indi-
cated, the clock to ICg is interrupted by

IC5.-IC5q when one of the Q-outputs of

IC7 is high. Only when pin 8 of ICs, is
high, are clock pulses applied to ICg; they are
applied to IC; at all times.

Because Qg of IC7 is connected to its

own ENA(ble) input and to pin 8 of ICg,
as soon as this output is high, IC; is dis-
abled and clock pulses are applied to ICg.
When Qg of ICg becomes high, IC; is reset,
whereupon its Qg goes high, which causes
ICg to be reset also. This is shown on the
matrix by the LEDs lighting, one by one,
from left to right.

Clock

The clock pulses for IC7 and ICg are pro-
vided by rectangular-wave generator ICxg,.
The generator is enabled only when its
pin 5 is high. Its operation depends on
Cy being charged (when pin 4 is high) and
discharged (when pin 4 is low) alternately
via Ry4-Ps. Since the gate is arranged as
an inverter, pin 4 is high when pin 6 is
low and low when pin 6 is high.

When the level of the potential across '

Cy approaches that at pin 4, the output
of the generator instantly changes state.
This means that if the capacitor was being
charged (discharged) just prior to the

change of state, it will be discharged

(charged) after the change. Since this is
a continuous'action, the output of the
generator consists of a train of rectan-
gular pulses whose repetition rate (fre-
quency) depends on the setting of Py.

Trigger circuit

When the clock generator runs continu-
ously, a still trace is obtained only if the
frequency of the input signal is the same
as that at which horizontal deflection takes
place, or a whole multiple of it.

Since the input frequency is better not,
or cannot be, altered, the horizontal de-
flection frequency must be variable. In
Fig. 2, this is made possible by P5. None
the less, because of changes in tempera-
ture and other factors, one or both of the
frequencies will shift to some extent. This
will result in a trace that constantly moves
across the screen.

It is thus necessary to ensure that the
input frequency and the deflection fre-
quency are synchronized at all times. As
is normal, this is achieved by triggering
the time base with the input signal. To
that end, part of the input signal is ap-
plied to pin 2 of IC, (the trigger circuit
consists of ICy, ICs, and ICg,).

To ensure that the input levels of IC3
and IC, are not exceeded, the signal input
is provided with a voltage limiter con-
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Fig. 4. Printed circuit for the driver board (not available ready made).

sisting of series-connected diodes Dig;
and Dyg. The supply voltage exists across
this series-network, but no current flows
through this, because the diodes are in-
verse-biased. When the level at the input
exceeds 10.6 V, D4 begins to conduct;
when the input drops below -0.6 V, D g9
begins to conduct. This means that the
diodes limit the range of input levels to
between 0.6 V below earth potential and
0.6 V above the supply voltage.

Circuit IC4 is arranged as a compara-
tor, that is, there is no feedback resistor
between its output (pin 7) and its invert-
ing input (pin 3). This means that, in the-
ory, the amplification of the opamp is in-
finite, so that the level of its output volt-
age can only be O V (earth potential) or
10V {supply voltage). The output cannot
be set to any intermediate value. In other
words, if the level of the signal at pin 2
rises above a certain value, the outputin-
stantly becomes 10 V; if the level drops
below that certain value, the output im-
mediately becomes 0 V. The value at which
this happens, the change-over or toggle
point, is set with P5.

Since the output of IC4 is thus either
10V or O V, even for very small input sig-
nals, any input is converted into a rec-

tangular voltage, whose frequency is iden-
tical to that of the input signal. This means
that the output is synchronous with the
input signal.

The output of IC, is used to trigger
clock generator ICg, at exactly the right
moment via D-bistable ICg,. When IC, ap-
plies a clock pulse to ICg,, the Q-output
of this stage goes high, whereupon ICg,
is enabled. Switch S, in conjunction with
inverter ICs,, determines whether the
clock is enabled at the leading or at the
trailing edge of the input signal. The exact
instant of onset of the trace is set with
preset Py. '

When decade counters IC7 and ICg
reach their maximum counter state, they
are reset to their starting state via Qg of
ICg; ICgis then also reset, so that the clock
generator is disabled. The clock is reen-
abled at the next output of IC,. If, there-
fore, there is no input signal, the LEDs
are out, because there is no trigger.

Construction

The oscilloscope is constructed on two
printed-circuit boards, one for the dis-
play (Fig. 3 and 5) and the other for the
driver (Fig. 4, 6, and 7).
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IC |0, and IC gy, from where it is applied
to the —ve and +ve inputs of IC, ;. This cir-
cuit sums the two voltages which are then
applied to the input of the oscilloscope.
The level of the d.c. component at the
output (pin 6) of ICy, is set with P3, which
means that the waveform on the oscillo-
scope can be shifted vertically with P3.

Since the level at the input of the os--

cilloscope must not exceed +1.2V, diodes
D147 and D;gg conduct when the output
of IC,; rises above 1.2 V. Note that the
output cannot become negative, because
the supply of the opamp is O (earth) to
+10V.

Comnstruction. The unit is best built on
the printed-circuit board shown in Fig. 9
and 10: note, however, that this is not
available ready made. Switch Sz and po-
tentiometer P3 must be soldered directly
to the board.

Since the ‘apparent earth’ of the input
terminals floats 5V above real earth, only
the input terminals are accessible from
outside, the real earth is not.

The unit is best tested in conjunction
with the oscilloscope. Apply a variable al-
ternating voltage to the input of the at-
tenuator/amplifier and check that six dif-
ferent sensitivities can be selected with
S3. Rotating P53 should shift the trace on
the oscilloscope vertically.

More accurate time base

The on-board time base of the oscillo-
scope is intended for applications where
the accent is more on viewing waveforms
than on accurate measurements. If, how-
ever, not only the waveform, but also the
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frequency (or period) of a certain signal
is to be assessed, a more accurate time
base is required. In an oscilloscope, an
unknown frequency is measured by com-
paring it with a known frequency: that of
the time base generator. It is clear that
the time base frequency must be accu-

rate if it is to function as a reference. In
the present time base a fixed 1 MHz gen-
erator is used, which is followed by a vari-
able divider, so that not only 1 ps pulses,
but also longer ones, are available.

The time base circuit is shown in
Fig. 11. The 1 MHz clock is formed by
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Fig. 8. Circuit diagram of the (optional) attenuator/amplifier.
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Fig. 9. Printed-circuit board for the attenuator/amplifier (not available ready made).

Fig. 10. Completed attenuator/amplifier.
‘ board.
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Schmitt trigger NAND gate IC3,. When C
is charged to a certain level, IC,3, changes
state, whereupon Cy4 is discharged. When
it is discharged to a certain level, IC 3,
again changes state, and the capacitor is
charged again. This results in a triangu-
lar voltage across the capacitor.

The output of IC,3, is a stream of rec-
tangular pulses with a PRR (pulse repe-
tition rate), f. of 1 MHz, and this is used
as the clock for the time base. When the
START input of the time base. circuit is
made high by the oscilloscope, the pulse
train is applied to the clock input of di-
vider IC;q via IC;34.

The 11 dividers (bistables) contained
in IC 9 are cascaded. The construction of
each bistable is such that upon each high-
low transition at its input, its output
changes state. That is, at the first high,
the divider is set, at the second, it is reset,
at the third, it is set again, and so on.
This means that a rectangular signal is
divided by two, so that the frequency at
the output of the bistable is half that at
its input. If IC|5 were considered on its
own, the frequency at Qg would be fy/2,
thatat Qy, fy/4, and that at Q¢ fux/2048.
Thus, as long as there is a clock signal at
pin 10, all binary combinations between
000 00000000and 111 1111 1111 would
be available.

However, although the bistables inIC 4
are set at a high-low transition at their
input, they are reset immediately after
being set (upon their output going high).
Therefore, at the next high-low transi-
tion, the bistable is already reset, so that
it is set again. With S, in position 1, Qg
is set at every high-low transition of the
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clock pulses, which means that the fre-
quency at Qg is equal to f.

The circuit which ensures that a bistable
is set and almost immediately reset is the
delay network formed by ICy5, and IC) 5.
The reset pulses are provided by the se-
lected Q output, relevant diodes and Sy.
For example, when the first divider is set,

Qg goes high and this high level is trans-
ferred immediately via S4, IC3p and IC 3¢
to the reset input of ICy4, whereupon Qg
becomes low again. This process results
in a very short pulse at the EXT output,
which is used to set the decoders on the
mother board to their next state.
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Fig. 12. Printed-circuit board for the time base (not available ready made).
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Fig. 13. Completed printed-circuit board
for the time base.
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