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A5-2 Low-Frequency Piezoelectric-Transducer Applications of ZnO Film
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[61 Introduction*****It is revealed that a high resistivity ZnO film highly-oriented

with c-axis perpendicular to a metal substrate-surface can be used as a low fre-
quency piezoelectric transducer which generates and detects the normal strain or
stress perpendicular to c-axis, i.e., perpendicular to the film thickness through
the piezoelectric tensor component e;,,;or d;,;. For example, tuning-bar filters
and a flat tuning-fork filter are successfully composed of ZnO films and elinvar-
alloy substrates whose resonant outputs are obtained even at frequencies lower

than 100kHz, and a piezoelectric microphone is also composed of a ZnO film and a Ti

membrane substrate.

[§2 Resistivity of 2nO sputtered filmF****The electrical resistivities of highly-

oriented ZnO films prepared by sputtering of a Zn or ZnO target in Ar, O,, or Ar +
0, atmosphere have been reported to be 10'-10Y Q.cm at room temperature%_71n our
rf-diode sputtering experiment also, the films were highly-oriented with the c-axis
perpendicular to substrate surfaces and the resistivities through the films were
10°Q-cm in order of magnitude when an undoped ZnO ceramic target was used in 0, or
0, (50%) + Ar(50%) atmosphere. These resistivity values are not high enough to be
used at frequencies below 100kHz, evaluating from the convenient and practical
condition that the used angular frequency & must be higher than the dielectric
relaxation angular frequency we of the piezoelectric semiconductor in case that

its dielectric property is used rather than the semiconducting one. The condition
w» we mMeans in ZnO film that p>» 2 x107Q.cm at 10kHz, ©>» 2x10Y Q.cm at 10Hz, etc.

for example. So we tried to use a Li-doped ZnO ceramic target which was sintered
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resistivity through the film higher than 10 G.-cm (5
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§3 Examples of low frequency application of ZnO] <
.filgl‘****l-‘igure 1 shows the insertion loss fre- %40- 8
=
quency characteristic of a tuning-bar filter com- 550_ 4
wn
posed of an elinvar-alloy metal substrate, ZnO ESO~ 4
film and divided Ag electrodes. The mode shown o e e L S
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in Figure 1 is the second overtone of the length FREQUENCY (kHz)
expander bar, and has electrical quality factor Fig.l The insertion loss frequency
characteristic of a length-expander
of 3470 and insertion loss of 0.55dB at 65.2640 mode filter, The source impedance is

209 and the load is 10kQ.
kHz. Figure 2 shows the insertion loss frequency

s



characteristic of a flat tuning-fork filter at

its basic mode, whose quality factor is 2360.

It

was easy to assemble these filters into tuning-

bar or -fork oscillators.

Figure 3 shows the insertion loss frequency

characteristic of another tuning-bar filter.

The

resonance frequency of the fundamental bending

mode at 1.977kHz is approximately equal to the

theoretical one, and the resonance frequency

ratios of over-tones to the fundamental are well

consistent with the theoretical ones.

The funda-

mental bending mode of the éample shown in Fig.l

was observed at 176.8Hz.

A piezoelectric microphone was composed of

10-20pm ZnO film sputtered on

whose tension is impressed by

a standard condenser microphone.

response was measured through

microphone amplifier in order

electret condenser microphone.

sensitivity was approximately

at frequency range lower than

3-1N0pym Ti membrane

the method used for

The pressure

an FET buffer and a

to compare with an
The pressure

-90dB (0dB=1V/1lybar)

10kHz where the Ti-

Zn0 membrane resonated, and therefore it can not

afford to be used practically at present.

§4 Electromechanical coupling coefficient kj Sﬂ

|Z2n0 filmp****To estimate the value of the electro-

mechanical coupling coefficient ki , a 29um thick

film was grown on a 3um Ti membrane and the

electrical admittance near the resonance freguency

of the length expander mode was measured

(Fig.4).

The resonance and antiresonance frequencies are

determined by the aid of phase measurement.

From
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Fig.2 The insertion loss frequency
characteristic of a flat tuning-fork
filter. The source impedance is 90Q
and the load is 10kQ. )
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Fig.3 The insertion loss frequency
characteristic of a bending mode
filter. The numbers at the peaks
show the overtones. The seurce is
902 and the load is 10kQ.
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Fig.4 The relation between relative
admittance and frequency near the
fundamental resonance of the length-
expander mode in a composite of 29%um
thick Zn0 and 3pm thick Ti.

these values, kg ( =d; /Vel, S ) of the ZnO-Ti complex bar can be estimated as

0.19+0.01.

crystals’g,

which are materials of the same symmetry.
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