
relay’s changeover contact either short-
circuits R

1
when the capacitor is suffi-

ciently charged or connects R
2 
across the

capacitor to speed its discharge in the off
condition. For jitter-free operation of the
relay, you need suitable hysteresis be-
tween closure and opening. Too little hys-
teresis results in malfunction of the cir-
cuit in the presence of momentary dips.
Too much hysteresis leaves the circuit
unprotected against heavy inrush cur-
rents upon reclosure of the relay.You can
incorporate suitable hysteresis by adding
zener diode D

Z
and resistor R

3
in series

with the relay coil. The following equa-
tions describe the operation of the circuit
in Figure 2:

Dc pickup voltage:

Dc dropout voltage:

and hysteresis:

where V
CP

is the relay-coil pickup voltage,
R

C 
is the relay-coil resistance, V

Z
is the

zener-diode breakdown voltage, and I
Z

is
the zener-diode knee current.

Commercial-grade components have
variations in their parameters. These

variations can affect the dc pickup and
dropout voltages. For minimum sensi-
tivity to variations in V

CP
, R

C
, and I

Z
, you

should make R
3

as low as possible. Tol-
erances in V

Z
and R

3 
have an insignificant

effect on the circuit; however, I
Z

is tem-
perature-dependent, and its effect on
dropout voltage is significant. Figure 3
shows the experimental results. The pro-
totype uses the following component val-
ues: C�2000 �F (nonpolar), R

1
�36�,

R
2
�4.7 k�, R

3
�12 k�, V

Z
�110V, I

Z
�3

mA, V
CP

�65V, and R
C
�10 k�.
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The circuit in Figure 1 is a triple, rel-
ative-humidity sensor and ra-
dio transmitter. Sensors 1 and

2 form two gated oscillators with natu-
ral frequencies of 10 and 5 kHz, respec-
tively, at relative humidity of 50%. The
gated oscillators use variable resistances
R

2
and R

3
, respectively. Together, these

two oscillators generate FSK-modulated
outputs at output of IC

1B
, Pin 6. The os-

cillator for Sensor 3 causes switching of
the FSK signal at IC

2B
. IC

2B
’s natural fre-

quency is 1 kHz at relative humidity of
50%. As the HS1101’s capacitance
changes from 160 to 200 pF (180 pF at
relative humidity of 50%), the oscillator
frequencies change by approximately
�20% for relative humidity of 0 to
100%). You can tune the RF generator,
IC

1A
, to the desired frequency of 27 to100

MHz for FM transmission. The following
represents various ways to monitor the
signals at the receiver end (not included
in the design):

● Sensor 3 signal is the FSK-modulat-
ed signal at the receiver: 1 kHz�20%
for relative humidity of 0 to 100%.

● Sensor 1 signal is the top FSK fre-
quency, 10 kHz, on the carrier wave.
It measures 10 kHz�20% for relative
humidity of 0 to 100%.

● Sensor 2 signal is the bottom FSK
frequency, 5 kHz, on the carrier
wave. It measures 5 Khz�20% for
relative humidity of 0 to 100%.

● The difference between the top and
the bottom FSK modulating fre-
quencies provides the difference in
the relative-humidity signals.

You can replace the Sensor 3 circuit
with any TTL oscillator circuit with a
range of 100 Hz to 1 kHz. You can then

generate the frequency from any other
type of sensor. This frequency then be-
comes available at the receiver without af-
fecting the relative-humidity signals from
sensors 1 and 2. You can even use a TTL-
based ASCII output to replace the Sensor
3 circuit to pass the ASCII data along with
relative-humidity signals.

F igure  1

Transmitter senses triple relative-humidity figures
Shyam Tiwari, Sensors Technology Ltd, Gwalior, India

Using FSK modulation, you can generate three independent relative-humidity measurements with
one circuit.
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