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Abstract — In this paper digital circuits forming two-channel
control signals with programmable duration are described. A
simulation and experimental study and comparative analysis of
two circuits are made. The circuits can be used as a base in
building of precise microprocessor devices intended for test and
control of transistor converting devices.
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. INTRODUCTION

Through the recent years the number of applications
requiring more precise and stable forming of signals with
various duration and frequency defined from controlled object
and it’s modes of operation increases. The technical decisions
in that area are the following:

1. Analogue methods. Disadvantages of such circuits are
poor stability of formed signals parameters, depending on
ambient temperature, supplying power, variations of the
parameter characteristics in serial production. They require
measures for temperature stability, hardware and software
corrections of the formed signal parameters.

2. Digital-analogue methods. Some of disadvantages of the
analogue methods are eliminated here, but it is difficult to
form signals with precise step of the signal changes and
requirements for hardware and software corrections of the
formed signal parameters exist.

3. Digital methods [1]. They remove most of the
disadvantages of the analogue and digital-analogue methods.
Also there are possibilities for microprocessor control of the
signal parameters, thus allowing programmability, parameters
measuring and so on.

Il. AIM AND TASKS OF THE PROJECT

The major aim is to develop and analyze digital circuit
variants  forming two-channel control signals  with
programmable duration.

The tasks in developing the circuits are as follows:

- development of two-channel circuits forming control
signals with programmable duration;

- circuits simulation in a distinct range of parameters values
(frequency, pulse duration);

- experimental study of the circuits;

- comparative analysis based on the simulations and
experiments.
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1. CIRCUITS AND OPERATION

Variant 1 of circuit forming control signals
= Circuits and operation

The first variant of circuit is shown in Fig.1. It consist of
two generators: G1 (low frequency) and G2 (high frequency),
four D-triggers (U1A, U1B, U7A, U7B), an inverter (U2A),
four hexadecimal counters (U3, U4, U5, U6), connected in
series and two 3-input AND gates (U8A, U8B).

G2 generates square waves with fixed frequency and period
shown in Eq. (1):

1
TGZ = f_ ) (1)
G2
determining the step of pause change between the two

channels output signals. G1 generates square waves which
frequency fg; can be changed with a step of Afg; in a defined
working range and respectively period Tg;. The triggers U1B
and U1A synchronize the frequencies of G1 and G2 and form
two-channel output signals dephased on & (rad).

The counters U4 and U6 and the trigger U7A form
programmable pause on the output Q of the trigger U7A in the
form of logical “0” and duration set by the pins a, b, ¢ and d of
the counters U4 and U6. The Eq. (2) gives the duration of the
pause:

t=Te2.Ky, (2)
ky is a scaling formed from 8-digit divider realized by the
connected in series counters U4 and U6.

The gates UBA and U8B generate two-channel control
signals with duration, given in the Eq. (3):

Tys=Tys= Tt 3)
= Simulation of the 1 variant working

The software Protel 99 SE [2] in simulation mode is used
for the analysis. The circuit shown in Fig. 1 is used for that
purpose. The simulation is made using the following data-in:

R
- output frequencies % in the range of 10 kHz to 1 MHz;

- fixed generator frequency of G2 f5,=20 MHz setting up
the change step for the programmable duration;

- setting proper values for the scaling k; varying in the
range from 0 to 255.

For the parameters of integrated circuits (counters, triggers,
gates) the typical values from their technical data at normal
conditions are set.

Fig. 2 and Table I show the results from the simulation of
output signals, where a is the first channel output signal and b
is the second channel output signal.

= Experimental study of the circuit working

The results form the experiments with the first circuit
variant using the oscilloscope TDS 1002 and generator FG-
8102 are shown in Table 11, where:

F, is the output signal frequency

T, — output signal period
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t7 — pause duration

k; - scaling

t,E7/C - pause duration from the experiment /simulation
t7, - channel 1 pause duration

t2 - channel 2 pause duration

The comparison of the experimental and simulation results
shows that there are slight differences which proves the
correct working of the circuit.

Variant 2 of circuits forming control signals

The second variant of a circuit is shown in Fig. 3. In
contrast to the first variant it is without two hexadecimal
counters and a D-trigger.

The Egs. (1), (2) and (3) are valid here too. The difference
in functioning of this variant in comparison to the first one is
that during one period Tg; the scaling is load to the frequency
dividers U3 and U4 twice at the beginning of each one-half
period.
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Table 11l and Table IV show respectively the results of
simulation and experiments. It is evident that they are nearly
the same.

IV. CONCLUSION

It is seen from the comparing of the experimental results
and two circuits analyses that the parameters of the
programmable pauses and output pulses are closer to the ideal
ones at the second circuit. Also the number of elements is less,
thus determining less expenses in production.

The developed circuits forming programmable pause may
be implemented in building two-channel devices for test,
control and regulating resonant inverters work.
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Fig 1 Control signal generating circuit — variant 1
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Fig 2 Output signal timing diagram for the circuit 1
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Fig 3 Control signal generating circuit — variant 2
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