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USE OF ATTENUATION AND PHASE DELAY CHARACTERISTICS OF SAW TO MEASURE AIR-GAP HEIGHT

J. D. CrOWkY*~ J. F. Weller and T. G. Giallorenzi
Naval Research Laboratory

Washington, D. C. 20375

ABSTRACT

The attenuation and phase delay characteristics Theoretical plots of the fractional decrease in

of a SAW which has been perturbed by a metallic plane group velocity ve-rsus gap height are plotted in Figs.

above the surface of a piezoelectric delay line have 1 and 2 for a. yz-LiNb07 delay line centered at 230 MHz,

been theoretically computed and experimentally measured,
These measurements provide a diagnostic tool for deter-

mining the height of an air gap and for determining

the minimum achievable air gap for a particular
supporting structure.

IDT

Acoustoelectric interactions play an important

role in SAW signal processing. Air-gap structures in

which the evanescent electric field of a SAW on a

piezoelectric substrate interact with charge carriera

in an adjacent semiconductor have been used to con-

struct convolves [1], correlators [2], and optical

imagers [3]. In analyzing and evaluating the perfor-

mance of these devices it is valuable to have a mea–
sure of the air–gap height. It is also valuable to

know the minimum achievable air gap below which mass
loading occurs. Using experimentally measured phase

delay characteristics of the surface wave and the

theoretical predictions for the perturbation of the
surface wave by a metal film, the height of the metal
film above the surface of the piezoelectric substrate
can be determined.

A metal film interacting with the evanescent elec-

tric fields of the SAW on a piezoelectric substrate

perturbs the propagation constant, 6, of the SAW. In
the limiting case of infinite conductivity, there is
no attenuation due to the metal film, only a decrease

in the phase velocity, v .
P

The fractional decrease

in phase velocity due to a metallic film at a dis-

tance h above the surface of the piezoelectric is

given by the following expression derived from re-
sults by Otto [4].

‘= (. /(. p+. g))(l+N) exp(-2]61h)~

‘P
g

where

N=(E+E p g tanhlBlh)/(cg+cp) tanh161h)

(1)

h=O

e = dielectric constant of gap
g

= dielectric constant of piezoelectric
‘e

~
= fractional change of phase velocity due to

‘P h=o a metal film at h=O.

Since the perturbation of the phase velocity de-

pends on the height of the gap relative to an acous-

tic wavelength, this structure is dispersive, i.e.,
the phase velocity is a function of frequency. The

fractional change in group velocity is a measure of

the amount of dispersion. The group velocity, Vg, can

be computed using (2) once Vp versus frequency has
been determined from (1)

(=Vp(fl) 1 -
Vp (f2) - Vp(fl) fl -1

‘g
Vp(fl) f2 - fl

)

(2)

— THEORY

o EXPERIMENT

.030

<

.020 -

.015 -

.010 -

0

.005 -

o~
o 1000 2000 3000
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Figure 1 - Effect of Si02 film thickness on the
fractional decrease in group velocity of a SAW pro-

duced by a metal film spaced above the surface of a
yz-LiNb03 delay line by an Si02 film.

In Fig. 1 the gap is assumed to have a dielectric con–
stant of 12.86 co corresponding to an Si02 film, In

Fig. 2 the gap is assumed to have a dielectric con-

stant of E. corresponding to an air gap. Also plotted
in Fig. 2 is the phase lag per unit length produced
lowering a metal film to a height above the surface

which equals the Si02 rail thickness; this quantity

was calculated using the fractional change in the

phase velocity of (l). The attenuation due to the
metal film is theoretically zero if no mass loading
is assumed.

Two experiments were performed in which the per
turbation of the SAW by metal films at different

hieghts above the surface of a yz-LiNb03 delay line
was measured. In the first case, the metal films were
separated from the LiNb03 by sputte~ed Si02 films
ranging in thickness from O - 1200 A. For each thick-
ness two SAW delay lines centered at 230 MHz were fab-
ricated with the same Si02 film thickness. On one of
these delay lines a 1000 ~ aluminum film was evapo-
rated, covering a 1 cm path length. Figure 3 illus-
trates the experimental set-up used to measure the
phase delay characteristics of these delay lines.
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Figure 2 - Effect of Si02 rail thickness on the

attenuation, phase lag, and fractional decrease in
group velocity of a SAW produced by an air-gap-coupled

metal film supported by Si02 rails.

Figure 3 - Experimental set-up for measuring

attenuation and phaae delay characteristics.

Using the delay line without the metal film as a ref-

erence, the relative phase delay, 6, of the delay line

with the metal film was measured as a function of fre-
quency using the swept source and vector voltmeter.
The fractional decrease in group velocity is related

to the slope of the 0 versus frequency curve by the
following expression

(3)

where Vg is the group velocity of the reference line

and L is the path length covered by the metal film.

For each Si02 film thickness the fractional decrease

in group velocity was calculated from the experimen-

tally measured @ versus f curve, and is plotted in
Fig. 1. The experimental data points fall very close
to the theoretical curve. Such good agreement suggests

the possibil~.ty of utilizing experimentally measured
fractional decrease in group velocity as a diagnostic
tool to determine the height of a metallic plane above

the surface of a piezoelectric.

In a second experiment, this technique was applied

to the case of an air-gap-coupled metal film, An alum-
inum film wss evaporated on a polished glass substrate.

Subsequently, Si02 rails were sputtered on the metal
film. Five such samples were fabricated having rail
thicknesses ranging from 3840 ~ down to 500 A, As
each sample was lowered onto a yz-LiNb03 delay line
operating at 230 MHz, the attenuation and phase lag

which occurred were measured. Once in position the

phase lag, 13, versus frequency curve was taken from

which the fractional decrease in group velocity was
computed . The experimental values for these three

quantities are plotted in Fig. 2 for each Si02 rail

thickness.

The experimentally measured quantities and the
theoretical curves of Fig. 2 are inogood agreement
for Si02 rail heights down to 1000 A. Thus the height

of the air gap can be determined using the phase de-
lay characteristics of the surface wave. For the
case of a 500 ~ rail height, severe mass loading

occurs producing attenuation of 10 dB/cm. In addition,

the full phase lag and fractional decrease in group

velocity which are expected theoretically cannot be
achieved. Thus the practical limit on the minimum

air gap for this particular configuration appears to

be 1000 g.

In summary, the attenuation and phaae delay char-
acteristics of a SAW which is perturbed by a metallic
plane at a height h above the surface of a piezo-
electric substrate have been computed for the two
cases of a dielectric-filled gap and an air gap.
Experimentally measured charac.teriatic.s are in good
agreement with theory. This suggests that a measure-

ment of the attenuation and phase delay characteris-

tics is a useful diagnostic tool in the evaluation of
an air-gap structure. The phase delay characteristics

provide a quantitative measure of the height of the

air gap. Such measurements can lead to a determina-

tion of the minimum achievable air gap. In our par-

ticular air-gap structure which utilizes a rail sup-
port structure, it waa readily apparent that the

practical limit on the minimum air gap was 1000 ~.
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