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The first surface acoustic wave (SAW) sensor which 
functions via changes in conductivity of a thin 

surface film has been constructed. 1 A lead
phthalocyanine (PbPc) thin film is deposited by 
vacuum sublimation on the acoustic propagation path 
of a LiNb0

3 
SAW delay line which serves as the 

feedback element of an oscillator circuit.  
Reaction  wit h  strongly oxidizing gases, in  
particular N0

2
, increases the conductivity of the 

PbPc film. Acousto-electric coupling of the 
traveling electric potential wave associated with 
the SAW to charge carriers in the PbPc film 
decreases the acoustic wave velocity, altering the 
oscillation frequency of the circuit. This sensor 
is about 1000 times more sensitive, in terms of the 

number of N02 molecules which can be detected (10 16 

molecules/cm3 of PbPc film), than an identical SAW
sensor functioning via mass loading would be. 
Sensitivity to a few ppm of N02 in N2 has been

demonstrated. 

Surface acoustic wave (SAW) devices are currently 
being widely explored as sensors. In general, any 
change in a physical property of the SAW device 
surface or near-surface region which affects the 
acoustic wave velocity or attenuation can be 
exploited to construct a sensor. To sense a gas or 
gas phase constituent, molecules must be adsorbed 
and/or absorbed and must have a mechanism of 
interaction with the probing surface acoustic wave. 
Selectivity may rely on the properties of the 
material from which the SAW device is fabricated, 
or response may be altered or enhanced by coating 
the propagation path with a chemically selective 
material. Nearly all SAW gas/vapor sensors 
reported to date have relied on mass loading of the 
surface wave by sorbed species as the sensing 
mechanism. Variation of properties such as 
stiffness, conductivity, and dielectric coefficient 
have not yet been exploited in the fabrication of 
SAW chemical sensors. 
We have fabricated a SAW device which uses changes 
in electrical conductivity of a thin surface film 
as a mechanism for chemical sensing. The device, 
Figure 1, is comprised of four interdigital 
transducers on a LiNb0

3 
substrate forming two 

isolated acoustic delay lines. One delay line is 
used for sensing and the other for temperature and 
pressure compensation. The acoustic wave path of 
the sensing delay line is coated with a 1 6 00  A 
vacuum sublimed lead phthalocyanine film, the 
conductivity of which increases linearly with the 

gas phase concentration of N0
2 

over a wide range. 2 

Changes in film conductivity result in a fractional 
velocity shift �vivo as well as attenuation (per 

wavenumber) of the acoustic wave a/k given by: 1 •3
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The electromechanical coupling coefficient K2 is a
measure of the piezoelectric strength of the 
substrate; ash is the sheet conductivity of the 

film; Cs is the capacitance per unit length of the

surface; v
0 

is the unperturbed wave velocity and k 

is the wave vector. 

PbPc 

Figure 1 Dual delay line LiNb0
3 

SAW device with 

PbPc film on left wave path. Acoustic waves 
propagate from left to right;silicone RTV beads 
(black) prevent acoustic coupling of waves and 
reflections at ends of crystal. Low pass filter 
(LPF) selects difference frequency from mixer for 
output to frequency counter. 

Each delay line serves as the feedback element of 
an oscillator, the resonant frequency of which is 
thus a highly precise measure of the wave velocity 
in that delay line. The difference frequency of 
the sensing and reference delay lines, which is far 
less sensitive to variations in temperature or 
pressure than are the frequencies of the individual 
delay line oscillators, serves as the sensor 
signal. 
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Instead of temperature and pressure compensation, 
t he pair  o f  oscilla t o r s  m a y  b e  use d t o  
differentiate between two simultaneously occurring 
sensing mechanisms. In particular, the relative 
velocity perturbations due to mass loading and 
chemically induced conductivity changes can be  
separated from one another. As shown in Figure 2, 
one of the two delay lines is first coated with a 
thin film of a good conductor (Cr), then both delay 
lines are coated with identical PbPc films. The 
t hi n  me tal film  u n derl yi n g  t h e  PbPc film 
effectively decouples the SAW from charge carriers 
in the PbPc; the high conductivity of the metal 
eliminates the surface wave electrical potential. 
The response to surface mass loading, however, 
remains equivalent in the two delay lines. Figure 
3 shows the response of each of the two delay lines 
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Figure 2 Dual delay line SAW device of Figure 1 
alte red so that velocity of left delay line is 
sensitive to conductivity, mass, and stiffness 
changes, while right delay line, with Cr layer 
between substrate and PbPc film, senses only mass 
and stiffness changes: o is effectively decoupled. 
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Figure l Frequency shift for each of the SAW delay 
lines of Figure 2 upon exposure to 10 ppm N02 in N2
at 80 C. Decoupling of o reveals negligible 
frequency shift due to mass loacrrng; frequency! 
shift of "o coupled" oscillator is therefore duel 
entirely to conducitivity change. 

of Figure 2 to the introduction of 10 ppm of N02 in

N2 at 80 C. Clearly, the effect of mass change is 

insignificant ( cu r ve labeled "o decoupled") 
compared to the effect of conductivity change. 

Advantages of a conductivity-based SAW sensor, as 
opposed to directly measuring the conductivity of a 
PbPc film, are chiefly a result of the fact that 
film continuity is unnecessary for the interaction 
of the SAW with charge carriers in the film. This 
allows use of a very thin discontinuous film which 
will equilibrate more rapidly wit h the gas of 
i n te re s t .  It is also  unnecessary for the 
conductivity change to extend all the way through 
the film, so that a rapid initial response should 
be obtained as soon as the conductivity of the film 
surface changes. A thinner film also allows lower 
operating temperatures, exte nding t he l i f e  
expectancy of the film. 

Supported by the US DOE under contract DE-AC04-
76DP00789. 
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