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Abstract: This paper describes the development of a timer based voltage to frequency converter (VFC). Timer LM555 is used
in astable multivibrator mode with two OPTO-LLDRs (light dependent resistors) in the circuitry. The frequency of timer output
waveform which is measured using a digital storage oscillator (DSO) is almost linearly proportional to the applied input voltage.
Hence we obtain a linear relationship between the frequency of timer output waveform and the input voltage. Because of its qua-
si-digital output, the main advantages of this developed converter are linear input-output relationship, small size, easy portabili-
ty and high cost performance. In addition, the timer output waveform can be directly interfaced with personal computer or mi-
croprocessor/microcontroller for further processing of the input voltage signal without intervening any analog-to-digital convert-
er (ADC).
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0 Introduction

Sometimes it becomes very important requirements
in different electrical, instrumentation, electronics
and process industries like power plants, oil indus-
tries and petrochemical industries to transmit differ-
ent output signals of sensors (voltage or current sig-
nals) for the industrial automation purposes. To do
this we widely use voltage to current converter
(VCCO), voltage to frequency converter (VFC), etc.
Therefore, sensor output signal is to be converted in
a suitable form so as to process it very straightfor-
wardly and reliably. Different types of VCC tech-
niques for both grounded and floating loads as well as
VFCs"™ are widely used for this purpose. Since sen-

sor signal transmission through VFC technique is
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more reliable than VCC technique, here we have de-
veloped a VFC using a timer (1LM555) based astable
multivibrator associated with two OPTO-LDRs (light
dependent resistors)!™ for sensor signal transmission
remotely in the industrial environment. The timer
output frequency and the applied input voltage rela-
tionship is linear. This measurement system is also

very simple, low cost, and small in size.

1 Theory

Fig. 1 shows the timer IC LLM555 circuit with two
OPTO-LDRs which are the combination of one light
emitting diode (ILED) and one LDR. In this circuit,
the timer is working in astable multivibrator mode.

OPTO-LDR is nothing but a combination of LED and

a LDR. As per the working principle of timer™®'",
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the capacitor charging time (T¢) and discharging

time (Tp) can be written as
Te = 0. 693(RL()RA JFRL()RB)CSa (D
Tp = 0. 693RL()RB(:59 (2)

where Rira and Riprs are the resistances of LDRA
and LDRB, respectively; and Cs is the capacitance of

external capacitor,
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Fig. 1 LMS555 based astable multivibrator circuit with two
LDRs

Thus the time period (T) of the timer output is
given by

T: T(7+Tr) — O.693><3><R[‘()RA ><C59 (3)

and the frequency (f) of the timer output waveform
is got as
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Now the current (I) passes through LEDs is given
by

VI - 2‘/LED ,

I'=="%

(6))
where V; is the applied input voltage, Vigp is the
voltage drop across the LED and R is the current lim-
iting resistance.

The light intensity (Lux) generated by LED is
proportional to the current passing through this diode

as
Luxr = K, I, (6)

where K, is the proportionality constant and Lux is
the luminous of light.
The resistance of LLDR is related with the incident

light intensity as

K.

b
Lux

Rimr = (7

where K, is a constant and Rpr is the resistance of
LDR.
On substitution of Egs. (5) —(7), we can rewrite

Eq. (4) simply as
f=AV,+B, ®

where A and B are constants.
Therefore, Eq. (8) shows that f is linearly propor-
tional to V.

2 Design procedure and expreimental
set-up

Eq. (8) can be utilized to design VFC timer

Fig. 2

shows timer 1LM555 based astable multivibrator cir-
cuit with two OPTO-LDRs.
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Fig. 2 LMS5S5S based astable multivibrator circuit with OPTO-
LDRs

This circuit is implemented and it can be used as
the experimental set-up. V; is applied in the input
circuit containing the current limiting resistor (R),
and LEDs. R is used to control the current through
the LED. Since the LEDs are used as the light
sources for two [LDRs which are associated with the
timer based astable multivibrator and the current of
these LEDs depends on the applied V;, the timer out-
put frequency obviously depends on the applied V;
which is used as the supply dc voltage for the two
OPTO-LDRs.

As per the operation of .M555 based astable mul-
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tivibrator, due to change in V; the current through
the LEDs will be changed and the light intensity gen-
erated by LEDs will also be changed. Due to this
change in light intensity which is directly incident on
the LDRs which in turns change the resistors of
Ripra and Ry prp and hence as a result the timer output
frequency will also be changed. We have measured
the timer output frequency using a digital storage os-
cilloscope (DSO). Therefore, by measuring the fre-
quency of timer output, the input voltage can be de-
termined, i. e. voltage to frequency converter can be

developed.

3 Results and discussions

Fig. 2 is used as the experimental set-up for the ac-
tual experimental purposes and the different meas-
ured data are shown in Table 1. Based on the data
from Table 1, we have plotted the graph between the
applied V; and the measured f. The graphical repre-
sentation has been shown in Fig. 3 and it is found
that the timer frequency-input voltage relationship is

almost linear.

Table 1 Measured data for applied V; and timer f

1 2 3 4 5 6 7

Input voltage Vi 4.74 5.05 5.30 5.71 5.99 6.32 6.66

Timer output
X 39.50 42.48 45.50 49.54 52,50 55.38 58.00
frequency f (Hz)
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Fig. 3 Graphical representation of timer output frequency f

and input voltage V,

4 Conclusion

This article describes a timer based VFC and this
converter is very simple, low cost and also provides a
linear input-output relationship which is a very essen-
tial prerequisite for a measurement system. Another
advantage of this developed system is that because of
its quasi-digital output, it can be interfaced easily
with microprocessor/microcontroller and personal
computer without intervening with an ADC for fur-

ther processing purposes.
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