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ABSTRACT

Surface acoustic wave propagation on doubly
rotated cuts of quartz is considered. Sample
static frequency-temperature results are given
corresponding to regions where the second order
temperature coefficient is small, and these are
compared to singly rotated cuts. The force-
frequency effect is measured, as is power flow
angle, for sample cuts, and it is shown how the
static frequency-temperature curve may be compen-
sated using the power flow variation with tem-
perature. The anisotropy ratio is tabulated
for a number of doubly rotated cuts.

INTRODUCTION

The evolution of bulk acoustic wave (BAW)
resonators from single rotated types to doubly
rotated cuts! led to a number of improvements,
despite the greater difficulty of manufacture.
Almost certainly the most significant advance has
been the development of the SC cut.? It is in the
spirit of these BAW developments that doubly
rotated SAW cuts have been investigated.® We
report here on a number of aspects of this
investigation.

FREQUENCY-TEMPERATURE

The static frequency-temperature (f-T) behav-
ior of a resonator is represented by the cubic
relation Af/f = aAT + bAT? + cAT®, with AT = T-To.
T is the temperature variable, and To = 259C is
the reference temperature. Table 1 lists the
nominal values for the coefficients b and ¢ (in
units of 10-°/K? and 107!2/K®, respectively) for
the single rotated AT and BT BAW cuts, the SC
doubly rotated BAW cut, and the ST and SST*
singly rotated SAW cuts, The "a" coefficient is
zero; the reference temperature is 259C,

Table 2 gives a number of doubly rotated
orientations with parabola constants (b values)
for SAW propagation that are representative of
the best determined in this study. An experimental
f-T curve is shown in Fig. 1.

Shown in Fig. 2 is a comparison of the singly
rotated ST and SST cuts with one of the best
doubly rotated cuts. It is seen that the doubly
rotated (dr) cut is slightly better than the SST
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Table 1. Temperature Coefficients

cut b c
AT | - 0.5 +109,
BT | -40. -128.
sC| -12. + 58.
ST | -34. - 18.

SST | -20. + 96,

Table 2. Suserior TCF of [Coubly Potated
SAY Cuts.

(ot 3819y TF (D) | (oI (i ¢ ) veLocty K PFA
(cecrees) 10-67k) (16-9k2 ac-12eh s &3] (pecrzEs)

12.01/31.21/39.8 0.06 -11.9 us 243 0.101 -1
15.13/31.13/37.33 0.11 -8 25.3 3248 1098 U6
14.31/41.07/40.56 ; 0.37 -13 B 3319 0.0% -8.6

-1.05/28.07/136.5 - -1 73 3259 011 ! +1.5
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Fig, 1. Frequency-Temperature Plot of SAl on
Doubly Rotated Quartz Plate,

cut, particularly at higher temperatures. In
Fig. 3 is seen the effect of small changes in the

0090-5607/81/0000-0346 $00.75 © 1981 IEEE



A. Ballato

angle ¢ (see the diagram inset in Fig. 2). For
this cut %a/3y is approximately +2.7 x 107%/K,0y.
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Fig. 2. Frequency-Temperature Behavior Comparison
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Fig. 3. Frequency-Temperature Dependence on y.
FORCE-FREQUENCY

The force-frequency effect was measured with
the apparatus shown in Fig, 4. The SAW plates
were rounded and subjected to in-plane, diametric
force pairs. The phase change upon force
application was translated into a normalized

frequency shift Af/f. This shift, divided by the
magnitude of the force applied and multiplied by
the disc cross-sectional area, ¢a - t;, defines
the coefficient K¢ chosen to characterize the
effect. Figure 5 is a plot of phase and impedance
of a dr SAW device measured as a two-port delay
line. The device dimensions are ¢3 = 11 mm,

ta = 0.9 mm, a = 166A, b = 140A, and ¢ = 1 mm.
(Cf. Fig. 7 for definitions).

In Fig. 6 is shown K¢ measured for an ST cut
disc as function of force azimuth ¥. The symmetry
of the ST about the X (¥ = 00) and Z' (¥ = 900)
axes is apparent. Figure 7 shows the corresponding
curve of K¢ for a representative dr cut. The
curve is unsymmetric and Targe( in magnitude.

Fig. 4. Force-Frequency Apparatus and Measurement
Instrumentation.
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Fig. 5. Phase and Impedance Response of Doubly
Rotated Crystal (Unmatched).

POWER FLOW ANGLE

Power flow angle (pfa) is the angle between
phase and group velocity vectors, as depicted in
Fia. 8. This angle is a function of temperature
as seen in Fig. 9 for a dr cut. Table 3 provides
measured values of pfa for a variety of cuts at
three temperatures. The sensitivity to temper-
ature of the pfa may be applied to compensate for
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Fig. 7. Force-Frequency Azimuth Curve for Doubly

Rotated Quartz Cut.

the static f-T behavior of the SAW device. This
is accomplished® by employing small-aperture
auxiliary IDT transducers to sense the changina
pfa with temperature. Combining the outputs of
these auxiliary transducers with that of the main
transducer produces a phase correction with
temperature to correct frequency. Figure 10
shows an example of the technique.

The power flow angle is related to the
incremental slope of the inverse velocity surface.
It is characterized by the anisotropy ratio v.5°®
The temperature dependence of y is given for a
number of SAW singly and doubly rotated orienta-
tions in Table 4,

CONCLUSION

Doubly rotated SAW cuts exist that are
superior to singly rotated cuts in f-T behavior,
Because of the asymmetry of these cuts and of the
phase propagation angle necessary to produce small

*a”values, the pfa values are not zero, and the
curves for such effects as force-frequency are
unsymmetrical. Notwithstanding these complications,
dr SAW plates have certain attractive features,
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Fig. 9. Power Flow Angle vs. Temperature for

(Yxwet) 14.283/39,117/40.6 Plate.

such as the ability to be temperature compensated
over wide ranges, and, for some orientations,

a high force sensitivity. In addition, cuts that
are compensated for various nonlinearities (as

is the SC BAW cut) remains an intriguing
possibility.
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