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ABSTRACT 

Surface acous t i c  wave propagat ion on doubly 
r o t a t e d  cu ts  o f  qua r t z  i s  considered. 

corresponding t o  reg ions  where t h e  second o rde r  
temperature c o e f f i c i e n t  i s  smal l ,  and these a r e  
compared t o  s i n g l y  r o t a t e d  cu ts .  The f o r c e -  
frequency e f f e c t  i s  masured ,  as i s  power f l o w  
angle, f o r  sample cuts ,  and i t  i s  shown how the  

s t a t i c  frequency-temperature curve may be compen- 
sated us ing  the power f l o w  v a r i a t i o n  w i t h  tem- 
pe ra tu re .  The an iso t ropy  r a t i o  i s  t abu la ted  
f o r  a rlumber o f  doubly r o t a t e d  cuts .  

Sample 
s t a t i c  frequency-temperature r e s u l t s  a re  given 

INTRODUCTION 

The e v o l u t i o n  o f  bu l k  acous t i c  wave (BAW) 
resonators  f rom s i n g l e  r o t a t e d  types t o  doubly 
r o t a t e d  c u t s '  l e d  t o  a number o f  improvements, 
desp i te  t h e  g rea te r  d i f f i c u l t y  o f  manufacture. 
Almost c e r t a i n l y  t h e  most s i g n i f i c a n t  advance has 
been the development o f  t he  SC cu t .2  
s p i r i t  o f  these BAY developments t h a t  doubly 
r o t a t e d  SAW c u t s  have been i n v e s t i g a t e d . 3  
r e p o r t  here on a number o f  aspects o f  t h i s  
i nves t i gat  i on . 

It i s  i n  t h e  

We 

FREQUENCY-TEMPERATURE 

The s t a t i c  frequency-temperature ( f - T )  behav- 
i o r  o f  a resonator  i s  represented by the cub ic  
r e l a t i o n  A f / f  = aAT + bAT2 + cAT3, w i t h  AT = T-To. 
T i s  t he  temperature va r iab le ,  and To = 25OC i s  
t h e  reference temperature. Table 1 l i s t s  t h e  
nominal values f o r  t he  c o e f f i c i e n t s  b and c ( i n  
u n i t s  o f  10-'/K2 and 10-"/K3 , r e s p e c t i v e l y )  f o r  
t h e  s i n g l e  r o t a t e d  AT and BT BA)! cuts ,  t h e  SC 
doubly r o t a t e d  BAV c u t ,  and t h e  ST and SST" 
s i n g l y  r o t a t e d  SAW c u t s .  The "a" c o e f f i c i e n t  i s  
zero; t he  reference temperature i s  25OC. 

o r i e n t a t i o n s  w i t h  parabola constants  ( b  va lues)  
f o r  SAW propagat ion t h a t  a re  r e p r e s e n t a t i v e  o f  
the best  determined i n  t h i s  s tudy.  An experimental 
f - T  curve i s  shown i n  F ig .  1. 

Shown i n  F ig .  2 i s  a comparison o f  t h e  s i n g l y  
r o t a t e d  ST and SST cu ts  w i t h  one o f  t he  best  
doubly r o t a t e d  cu ts .  I t  i s  seen t h a t  t h e  doubly 
r o t a t e d  ( d r )  c u t  i s  s l i g h t l y  b e t t e r  than t h e  SST 

Table 2 g ives a number o f  doubly r o t a t e d  

Table 1. Temperature C o e f f i c i e n t s  

7 SST 

b 

-128. 

- 18. 
-20. + 96. 

Table 2 .  Suyer ior  TCF o f  Coublg Potatec! 
SAL Cuts. 

F ig ,  1. Frequency-Temperature P l o t  o f  SAN on 
Doubly Rotated Quar t z  P l a t e ,  

c u t ,  p a r t i c u l a r l y  a t  h i g h e r  temperatures, I n  
F ig .  3 i s  seen the  e f f e c t  o f  small  changes i n  t h e  
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angle Q (see the diagram inse t  in F i g .  2 ) .  
this cut aa/a$ i s  approximately +2.7 x 10'6/K,o+. 

For frequency s h i f t  n f / f .  This s h i f t ,  divided by the 
magni tude  of the force applied and multiplied by 
the d isc  cross-sectional a rea ,  $a . t a r  defines 
the coef f ic ien t  Kf chosen t o  characterize the 
e f f ec t .  
of a d r  SAW device measured as a two-port delay 
l i ne .  
t a  = 0.9 mm, a = 1661, b = 140X, and c = 1 mm. 
(Cf. F i g .  7 f o r  def in i t ions) .  

Fipure 5 i s  a plot  of phase and impedance 

The device dimensions a re  @a = 11 mn, 

In Fig. 6 i s  shown T(f measured f o r  an ST cut 
disc as function of force azimuth Y. T h e  symmetry 
of the ST about the X (Y' = 00) and Z '  ( y  = 900) 
axes i s  aeparent. 
curve of Kf f o r  a representative d r  cut.  The 
curve i s  unsymmetric and larger in magnitude. 

Figure 7 shows the corresponding 

-2001 I I I I 60 I 80 I ID0 I 
0 - 4 0  -20 20 40 

T f l P f R L T U R t  l't) 

F i g .  2 .  Frequency-Temperature Behavior Comparison 
of Select Orientations. 

Fig. 4.  Force-Frequency Apparatus and Veasurement 
Instrumentation. 

-55 -25 5 E 65 55 125 

TEMPERAl I IRE C 

Fig. 3 .  Frequency-Temperature Dependence on Q, 

FORCE-FREQUENCY 

The force-frequency e f f ec t  was measured with 
the apparatus shown i n  Fig. 4 .  
were rounded and subjected to  in-plane, diametric 
force pa i r s .  The phase change upon force 
application was t rans la ted  into a normalized 

The SAW pla tes  

- -r l - -1--  1 -  1 1 1 1 7 
fc-192 MHZ (1.5 MHZIDIV) 

PHASE AN0 IMPEDANCE ROT 

Fig. 5 .  Phase and Impedance Response of Doubly 
Rotated Crystal (Unmatched). 

POb!ER FLOW ANGLE 

Power flow angle (pfa)  i s  the angle between 
phase and group velocity vectors, as depicted i n  
F i e .  8. This angle i s  a function of temperature 
as seen i n  F i g .  9 f o r  a d r  cu t .  Table 3 provides 
measured values of pfa f o r  a variety of cuts a t  
three temperatures. The sens i t i v i ty  t o  temper- 
a ture  of the pfa may be applied t o  compensate f o r  
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llllllllll 
Fig .  6. Force-Frequency Azimuth Curve f o r  ST Cut. 

F ig .  7. 

t h e  s t a t i c  f -T  behavior o f  t h e  SAW device. Th is  
i s  accomplished5 by employing smal l -aper ture 
a u x i l i a r y  I D T  t ransducers t o  sense the changing 
p f a  w i t h  temperature. Combining the  ou tpu ts  o f  
these a u x i l i a r y  t ransducers w i t h  t h a t  o f  t h e  main 
t ransducer  produces a phase c o r r e c t i o n  w i t h  
temperature t o  c o r r e c t  frequency. 
shows an example o f  t h e  technique. 

The power f l o w  angle i s  r e l a t e d  t o  t h e  
incrementa l  s lope o f  t h e  i n v e r s e  v e l o c i t y  sur face.  
I t  i s  cha rac te r i zed  by the  an iso t ropy  r a t i o  y.5 '6 
The temperature dependence o f  y i s  g iven f o r  a 
number o f  SAW s i n g l y  and doubly r o t a t e d  o r i e n t a -  
t i o n s  i n  Table 4.  

Force-Frequency Azimuth Curve f o r  Doubly 
Rotated Quar tz  Cut. 

F igure 10 

CONCLUSION 

Doubly r o t a t e d  SAN cu ts  e x i s t  t h a t  a re  
s u p e r i o r  t o  s i n g l y  r o t a t e d  cu ts  i n  f -T behavior ,  
Because o f  t h e  a s y m t r y  o f  these cu ts  and o f  t h e  
phase propagat ion ancjle necessary t o  produce small  

"a"values, t he  p f a  valuer, are n o t  zero, and the  
curves f o r  such e f f e c t s  as force-frequency a re  
unsymmetrical. Notwi thstanding these complications, 
d r  SAW p l a t e s  have c e r t a i n  a t t r a c t i v e  fea tu res ,  

IDT 

F i n .  8. 
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PORTIONS OF 
PHASE FRONTS 
J \ PHASE VELOCITY 

POWER D E N S I T Y ~  
PROFILE IDT 

Schematic o f  Power Flow Annle 

- CALCULATED 1 MEASURED 

I I I I 
0 50 100 150 

TEMPERATURE DEGREES USIZ 

Power Flow Angle V S .  Temperature f o r  
( Y X w l t )  14.283/39,117/40.6 P1 a te .  

such as t h e  a b i l i t y  t o  be temperature compensated 
over  wide ranges, and, f o r  some o r i e n t a t i o n s ,  
a h i g h  f o r c e  s e n s i t i v i t y .  I n  a d d i t i o n ,  cu ts  t h a t  
are compensated f o r  var ious n o n l i n e a r i t i e s  (as 
i s  t h e  SC BAW c u t )  remains an i n t r i g u i n g  
poss i  b i  1 i ty.  
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Tab1 e 3. TEMPERATURE DEANEHCE OF THE POWER FLOW ANGU ON WUBLY ROTATED 

THETA PHI PSI 1 T = 2 5 5  I 1=1m 

CUTS AT ORIENTATIONS (VX WLT] PHllTHETAlffl 
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i s m 2  
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37- 

+I  2 -01 
+2 5 +l 0 
tl 1 4 2  
to5 4 7  
t14 to1 
to3 4 9  
to5 41 
t o 4  -08 
- 0 1  -1 2 
+I 1 4 3  
r(l1 -1 0 
401 -10 
-0.3 -1 I 
-07 -1 6 
41 -62 
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-7 2 -55 

-1 m 
-1 050 
4 967 
4x3 
0633 
5593 
5581 
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6 U N  
6 057 
6 567 
7410 
8033 
B E  
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F i g .  10. Frequency-Temperature Compensation 
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