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DETERMINATION OF HUMIDITY BASED
ON REGISTRATION OF ZERO TEMPERATURE
COEFFICIENT OF DELAY OF SURFACE ACOUSTIC WAVES

ABSTRACT. The article shows that in a humid gas medium the temperature coefficient of
delay ofsurface acoustic waves in the ‘lithium niobate-adsorbed water’system has a zero
figure at a certain temperature. In the studied system there is a correlation between zero
temperature ofthe temperature coefficient ofdelay with a dewpoint. It isproposed to use the
dependence ofzero temperature ofthe temperature coefficient ofdelay on the vaporpressure
to determine the relative humidity. The advantages ofthis method are considered.
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In a humid gas medium a layer of adsorbed water is formed on the solid surface,
the parameters of which depend on the temperature, state of the solid surface, the
temperature of gas medium, and the degree of humidity of this medium. If surface
acoustic waves (SAWSs) are propagated in a solid, then an adsorption layer perturbs
the conditions oftheir distribution. Investigating the influence ofan adsorption layer
on SAW parameters, it is possible to determine the relative humidity of a gas
medium.

It is more convenient to excite SAWs in piezoelectric substrates. Typically, a
substrate in a form ofaplane plate is made ofapiezoelectric crystal and has a particular
alignment. To excite and receive SAWs, it is possible to accommodate two interdigital
transducers (IDTs) on the polished surface ofthe substrate [1]. Such a device forms
a delay line. The main reasons for destabilizing the work of the delay line are the
impact ofthe temperature and humidity ofthe medium. The influence ofthe adsorption
layer on the surface elastic wave parameters is reduced to the change ofthe amplitude
and velocity of SAWs [2].
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As a result of temperature exposure (without considering the influence of
humidity), the distance between the SAW-transducers and the speed of surface waves
change, which leads to a change in the delay time of the acoustic signal T. Complex
influence oftemperature and humidity leads to a change in the amplitude and phase
ofthe delayed signal, the delay time changes accordingly.

For acoustoelectronic devices, an important characteristic of SAWs is the
temperature coefficient of delay (TCD) ¢ = 1~'0v0T. A solid or a liquid layer on the
substrate surface can significantly increase or decrease the TCD. Excluding the impact
ofthe adsorption layer, TCD includes the temperature coefficient of velocity change
ofelastic surface waves T to7/0Tand the temperature coefficient of linear dilatation
of the substrate a = L 'OL/OT [3]. (T—temperature, L—distance between SAW-
transducers).

lot _1oL__ 1 dVs _ 1 0Vs
TOT~ LdT Vs 0T —a Vs OT 1)

The humidity ofgas medium is determined by the relative vapor pressure p/ps. In
general, humidity depends on the temperature and humidity content ofthe gas medium.
As it was mentioned above, a water layer is adsorbed in a humid gas medium on the
surface of a solid substrate. The humidity of gas medium and the state of the solid
surface determine the conditions of the adsorption layer formation. Thus, there is a
link between the humidity ofgas medium and the parameters ofthe adsorption layer.
Consequently, there is a relation between the humidity of the medium and the
parameters ofelastic surface waves propagating in the layered system—'piezoelectric
substrate-adsorption water layer’.

In order to identify the possibility ofdetermining the humidity ofthe gas medium
by the signal parameters in the acoustic path, it was necessary to investigate the
variation ofthe delay time depending on the humidity ofthe medium. For this purpose
a measurement cell was developed (Fig. 1a). The design of the measurement cell
provides the opportunity to set necessary vapor pressure in the adsorption zone, to
control temperature of the substrate, and to conduct acoustic measurements. The
required vapor pressure in the adsorption zone may be obtained in two ways. Firstly,
it is possible to maintain a desired substrate temperature T2 and to change the liquid
temperature T!, above which the substrate is located. Secondly, the substrate
temperature T2 can be varied keeping constant the liquid temperature TI. Relative
vapor pressure in the adsorption zone is linked with the temperatures T! and T2 by
Clapeyron-Clausius equation:

&)

where Q and R—steam heat (condensation) and gas constant of water.
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Fig. 1. a) The diagram ofthe measurement cell;
b) Flow diagram of the measurement unit

Lithium niobate crystal with an optically polished work surface of YZ-cut was
pre-cleaned in a glow discharge and placed above the surface of double-distilled
water in a constant-temperature oven. The required vapor pressure according to the
equation (2) was set and controlled with an accuracy of 0.1 % through distilled
water temperature change T! and the substrate temperature T2. The adsorption of
water molecules was carried out on the work surface of the crystal between the
emitting and receiving SAW-transducers. SAW frequency was ~128 MHz. To
eliminate the effects ofthe signals reflected from the ends ofthe substrate, absorb-
ing coatings were used.

The change ofthe time delay of SAWSs was the main measured acoustic value. In
the experiment, the method of determining the change ofthe time delay At was used.
It is based on the registration of frequency change of SAW-Oscillator A/, formed by
introducing a delay line based on surface acoustic waves in the high-frequency
feedback loop amplifier (Fig. Ib).
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Self-excitation conditions ofthe SAW-Oscillator are satisfied if full insertion loss
in the feedback loop ofthe generator is less than the gain ofthe amplifier and the full
phase shift in the loop generator Yz is multiple of 2m:

V,Z=V=V,e=2rr-n>

where n = 1, 2,3... —an integer that specifies the mode of oscillation, yk—the total
phase shift in the amplifier circuits, SAW-transducers and matching circuits, ) = wT—
the phase advance in the propagation of SAWs. The generation frequency is defined as

n--e /21 3)
T

Mode of oscillation n is determined by the frequency characteristics of the
amplifier, input and output IDT. Since the phase slope in the SAW delay line rZy/<w
is significantly greater than the slope ofphase d yfld<A for other components and the
phase advance in the delay line is the predominant, frequency and stability of the
SAW-Oscillator depends on the conditions ofthe wave’s propagation in the acoustic
path [1, 4].

Any change in the surface and surficial region of the substrate may lead to
perturbation conditions of SAW propagation. As a result ofadsorption onto the surface
of the acoustic transmission line, the speed and amplitude of SAWs are changing,
thus the frequency of SAW-Oscillator is changing as well. Its new value is recorded
by a frequency counter. As it follows from (3), the change ofthe time delay is associated
with the change of oscillation frequency by the formula At/t = - A// ¥ Signal
attenuation is determined from the change in the amplitude ofthe signal atthe amplifier
input.

The actual diagram of SAW-Oscillator includes a device for the input and output
impedances matching of the SAW-Structure with load, attenuator for receiving a
desired power level in the loop and a decoupler to eliminate the influence of the
recording apparatus (not listed in Fig. Ib).

In the experiment, the humidity in the adsorption zone was set by changing the
substrate temperature. The temperature of distilled water was maintained at 200C.
The substrate was heated to thermodynamic equilibrium. With decreasing substrate
temperature of 300C, humidity in the adsorption zone increased, therefore thickness
of the adsorbed layer increased. With a certain thickness of the adsorption layer,
the change oftime delay due to a linear change in the size ofthe substrate and the
surface wave velocity depending on the temperature decreasing rate is compensated
by the velocity loss of SAWs as a result ofthe layer impact. Hence, the temperature
coefficient of the delay time becomes equal to zero [5]. Temperature t is the
temperature of TCD zero value. With further decreasing temperature the system
reaches the dew point, i.e. the temperature of intensive humidity condensation on
the substrate surface.
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Fig. 2. Temperature dependence on interference minimum frequency.

I-pPs=0,9; 2-phs = 0,96; 3-pPps = 1; i=20 °C.

Changing the humidity ofthe gas medium leads to a change in the dew point and
the corresponding change in the temperature of TCD zero value. When reducing the
relative humidity of the gas medium, the temperature of TCD zero value t should
decrease. Figure 2 shows the dependence ofthe change of SAW-Oscillator frequency
on the temperature for different values of the vapor pressure of water in the
measurement cell. The figure shows that the nature ofthe curves 1-3 (pl <p2 <p3)
virtually unchanged. The temperature of TCD zero value decreases with decreasing
vapor pressure in the cell in accordance with a decrease ofthe dew point temperature.
At the same time, the frequencies of extreme values~ of curvesf(t) increase.

The dew point depends on the humidity: with decrease in the relative vapor
pressure, the dew point is also decreased. Its dependence on the relative vapor pressure
is used in dew point hygrometers. From the analysis ofthe experimental and calculated
data it follows that the dependence ofthe temperature of TCD zero value and the dew
point on the relative humidity is well correlated with each other (Fig. 3).

t"C

Fig. 3. The dependence ofthe dew point (1) and the temperature of TCD zero value (2)
on the relative vapor pressure
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Dew point determination of humidity is reduced to the following. The dew point
is determined. The temperature ofthe hygrometer working surface is decreased to the
temperature of intensive condensation. This is the dew point td. Relative humidity p/

/>sat temperature t can be calculated using the empirical equation:

p a(td-t)
'9b; =T b 6D {*

where a = 3,15610'2; b = 4,19- 10"3. The error in determining the relative humidity by
using the empirical equation (4) does not exceed 0.1%.

It should be noted, that after repeated cycle of condensation and evaporation of
moisture there are traces of soluble substances on the working surface of the dew
point hygrometers. Soluble contaminants may occur as a result of chemical reaction
between the insoluble particles and active gases impurities in the air. A major source
ofpollution is the deposition of nuclei condensation in the air. Practically any surface
ofthe solid condensate is deposited at a temperature higher than the dew point. As a
result ofthe accumulation ofsoluble contaminants on the hygrometer working surface,
the dew point registration accuracy decreases significantly.

The temperature of TCD zero value is higher than the condensation temperature
Ofhumidity (in the experiment with ~2.3°C). Consequently, when the temperature
reaches TCD zero value, there is no condensation and pollution is not formed.
Therefore, it is possible to use the dependence ofthe temperature of TCD zero value
on vapor pressure to determine the relative humidity ofthe gas medium.

It is necessary to determine the dew point temperature ofthe curve maximumf(t),
corresponding to the temperature of TCD zero value out of the condition that the
temperature difference At = tm -t remains constant. Further, the relative humidity of
the gas at temperature t is determined from the equation (4). The procedure is similar
to the definition described above.

Thus, it has been demonstrated that the integrated effect of temperature and
humidity ofthe temperature coefficient ofdelay of SAWs varies from a positive value
to a negative one. At some intermediate value of humidity, TCD becomes of zero
value. With the correlation of the dew point temperature and the temperature of TCD
zero value it is shown that one can determine the relative humidity ofthe gas without
lowering the temperature of the substrate to the dew point, i.e. to a temperature of
condensation. Therefore, the working surface contamination and the subsequent
degradation ofthe SAW-hygrometer are eliminated.
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