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Hanscom AFB, Massachusetts 01731 |

A. Jhunjhunwala, L.A. Veilleux', J.F. Vetelino and J.C. Field
Department of Electrical Engineering
University of Maine, Orono, Maine 04473* |

ABSTRACT Experimental measurements of 345 MHz surface acoustic waves propagating along the Y-axis of |
Z-cut lithium niobate have revealed the existence of a low-loss, high-coupling mode whose insertion loss is less |
than the Rayleigh-type surface acoustic wave. When the double electrode of quarter-wavelength transducers were
excited at the third overtone at 1035 MHz, the insertion loss of this mode was about 10 dB less than that of the |
SAW. The experimentally observed velocity of this mode was 4375 m/sec, considerably higher than the metalized
SAW velocy of 3800 m/sec, but in excellent agreement with the theoretical calculated metalized pseudo SAW
velccity. The experimentally determined coupling (Av/v) for this mode is almost a factor of three times that of the E
SAW. This volume mode is theoretically explained in terms of a combination of plate modes. A potential
applicationof this new mode is in low-loss, broadband signal processing devices.

Introduction

It is well known that when a surface acoustic wave shear wave whose phase angle 6 (See Fig. 2) is deter-

(SAW) is excited several spurious bulk type modes are mined by

simultaneously excited. These spurious modes were (1)
cos 6 Voo, /V (1)

initially considered to be of nqQ value and efforts were SH™ PSAW

made to minimize their effect. These modes not where

only sap energy from the input signal but also cause Vo = velocity of the slow shear wave

unwanted responses to appear at the output of the SAW and
device. Recently, however there has been some effort

v = velocity of the pseudo SAW.
to try to use spurious bulk type modes for useful pur- PSAW 2 e

Fig. 1 The variation

10

poses. One such bulk type mode which has received 2.5
some attention is the surface skimming mode. & * of SAW velocity,
i s Z pseudo SAW velocity,

F It is the purpose of the present paper to investi- :;* ; TCD, Av/v, power flow

: gate a new low-loss, high coupling volume or bulk & < = angle and attenuation
mode on Z-cut X-propagating (ZX) lithium niobate. The . = for the pseudo SAW for a
velocity of this new mode is significantly larger than 5 9. range of + 30" about
the SAW velocity and in good agreement with the theo- = o L Z-cut X-propagating
retically determined metalized pseudo SAW velocity. S g0 LiNb0O,. Solid line:
The ratio of the estimated electromagnetic to & e proper%ies associated
acoustic coupling (4v/v) of this volume mode to that of . _/ ____\- with the SAW. Dotted
the SAW mode, as determined from the input resistance, & line properties associated
ts 2.6 + 2. This mode which occursin a cut for ey with pseudo-SAW.

i which both a SAW and a pseudo SAW may exist is theo- 2

| retically explained in terms of a combination of plate 1B K /

| modes . . L

i Theory ¥ us00. £

& 4200 / X
The SAW properties of LINb0O, were obtained by w

| solving the coupled electromagnetic and acoustic wave el /{

, equations subject to the appropriate boundary con- 3800-_30_ = %

| ditions. The variation of the SAW velocity, pserdo- 7 AX1S Cut g

;' 4 SAW velocity, temperature coeificient of delay, Av/v,

| power flow angle and attenuation for the pseudo SAW INTERDIGITAL SAw

‘ for a range of + 309 about the Z-cut X-propagating TRANSDUCER /
direction is presented in Figure 1. A summary of the /

calculated velocities for surface and bulk type waves
is given in Table 1.

The pseudo SAW mode radiates its energy into a z VOL. WAVE

+ NSF Undergraduate Research Participant
* This work supported in part by The Air Force Office

of Scientific Research under Grant 75-2816 Fig. 2 Volume wave propagaticn path.

|
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Time delay measurements were made with a pulse
whose width was about one-half microsecond. The
time delay of the volume wave was the same as the
SAW for the optimum 5:1 spacing-to-thickns itio.
This confirms the condition of 1) for the t ¢
of a leaky-volume or pseudo SAW. Time lay and
spacing predictions from Eq (3) and from t ]
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with experimental observations. Wher
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of about 15 percent.

Conclusions

A new low=-loss volume wave mode has been investi-
gated on Z-cut, X-propagating lithium niobate. The
optimum transducer spacing-to-thickness ratio for
this volume mode is 5:1, a result consistent with the
radiation of the bulk waves at a phase velocity angle
of 25 to 30 degrees. The presence of the pseudo SAW
enhances the normal volumg wave radiation at phase
angles between 25°% and 30°. This causes the plate
mode spectrum to have a coupling peak at approximately
the pseudo SAW velocity. Since the coupling peak
for the individual plate modes is not as high as the
experimentally observed coupling of the volume modes,
one is led to the conclusion that the energy radiated
from the pseudo SAW into the bulk goes into more than
one plate mode. The coupling to volume modes of
much thinner plates than those investigated here has
been computed to be greater than that of the SAW.

An interesting property of this type of bulk mode
generation is that the bandwidth increases in propor-
tion to the transducer length in contrast to the
opposite behavior for the SAW mode (as in Fig. 6). In
order to achieve broad~bandwidth with the SAW mode,

a short transducer is required, into which it is
difficult to match. On the other hand, long, many-
fingered transducers are easy to match into. In the
present work an excellent match into the volume wave
mode without the use of an inductor was obtained.
Hence, a potential application of the volume wave
mode is in low=loss, broad-band signal processing
devices.
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