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INT RODUCTION

The past forty years have brought about a revolution in frequency cont~-nland acoustic signal processing capabilities .1—’ * The most recent achi eve-
ments have been due in large measure to the development of surface acoustic
wave (SAW ) devices 1 7 . These have supplemented , anc in some cases taken over
various functions formerly performed~~bu lk acoustic wave (BAW) devices , par-
ticularly in the area of filtering. At the same time , SAW technology expanded
to create entirely new signal processing capabilities based on the availabil-
ity of the wave as a spatially distributed function at the crystal surface.
Bulk wave components , meanwhile , had also found new uses. Foremost among
these are new cuts that exhibit compensation of nonlinear elastic effects.
leading to resonators that are ultra-stable even under severe environmental
conditions . Both BAW and SAW devices profit from the favorable e1ec~ roma gne-
tic/acoustic velocity ratio which assures si gnificant miniaturization and de-
creased weight wi th respect to the corresponding electromagnetic devices .

More recently, attention has beer’ given to a new type of acoustic wave
device , utilizing bulk waves that travel near ly parallel to the crystal sur-
face. These are known as shallow bulk acoustic waves (SBAW), or as surfa e-
skimming bulk waves (SSBW), ard are the topic of this report. Most of the work

- I reported to date is due to Lewis —~~~ ‘ and to Kagfw ada t — . -
. Other applicable

analyses are due to Mitchell ’ 
~~. Wagers iD , Jh un.jhunwal a , et al .~~~ , an d Lee~

’.

Of particular importance to the operation of SBAW components is the in-
terdigital transducer (lOT) , consisting of interleaved electro de strips , be-
tween which the generating electric field is applied via a signal source . or
the received field is detected . The lOT array was fir st applied to the pro-
duc tion of BAW signals 3 ~~~~~~~~~~ then to SAW devices , and  finally to SBAW de-

• v ices 1 . Figures 1 and 2 s.how , in cross-section , the launching and reception
of SAW an d SBAW , respectively. Typical energy distributions are also shown ;
the SAW energy is confined largely within one wavelength of the surface , wit h
evanescent behavior in the direction of the depth. The SBAW . on the other
hand , is launched from the IDT array as a shallow beam of energy with real
propagation wavenumbers both parallel to the surface and in the depth direct-
ion. Without further development , the SBAW device shown would be of l itt lf’
use if the input and output were separated by many wavelengths , because of the
large energy losses encountered; fortunately these ia ,’ b obv ii t l ’d to a la ron
extent ac described in a la tn r section.

SINGL~ ROTATED CUTS

Crystal cuts are specif ied~~by their orient ation~ wi tb respect to the
cr ystallographic axes. A singly rotat ed cut is one that ~n1ergoes one rota-
tion about an axis; a typical example is the rotated -Y- cut chov,-n in Figure 3(~~
and denoted as (YX ~)P. The most popular such cut is tnn Bii~ AT- cut , seen in
Fi gure 4 oriente ci within a cultured quartz bar . I~ ’~ curcess is primaril y ~~
to th e superior frequency-temperature (f—T) ch a r act er i st i c, which is shown in
Figure 5. A l so  shown in th is  f igure is the curve for t h e  ~~ ST-c ut ~hich is
close in or ient ati 8n to the AT. For the AT cut . ~ = +35.21 . while for tho
ST cu t , P = ~42 .75 . Another BAW cut , having a zero te rn’rat ire ~~~~ f t i~~ j t ’nt

(TC)  of frequency exists. This  is the BT c ut , a t  ~ _ 12 .200 ; its frequenc y-
temper .iture 0urve is also shown in Fi~ -ire 5.

* See list of references beginning on 1 age ~~~~~ .
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When an ST cut, w h i ch norma lly supports SAWs propagating along X1 , has
its lOT array turned by 9C~ , it produces SBAWs pr -up uc at ing along X~ (or Z ) .
The ST cut is nearly p e rp end icular to the BT cut , so t~ie resulting SBAW has
a frequency-temperature ~f-T) characteristic very similar to that of ~be BT
cut, because the BT has its EAW propagating in the thi ckness (X~ ) direc tion.As seen in Figure 5, these f-T curves are parabolic , and not as good as the
cubic AT curve.

- 
- 

A big advantage of SBAWs on S. -cut quartz is that the frequency , for a
- I given 1DT . is about 1 .6 times the corres ponding SAW frequc cy . Ihis ratio
-
, -

, depends upon the ang~ie P . however , and decreases to nearly unity for the BT
cut. The ratio can never be less than one because the lim itin n SAW velocity
can never exceed the velocity of the slower shear wave propagating in the X 1
direction for rota ted-Y-cuts. This velocity is I~~77, wherea 

— V ~~~~~~ 
~~~~~

)
Z 

+ 
. (1)

Fo r SBAWs on BT-cut quartz . a compensa ting feature is the appearance of a cu-
bic f-T characteristic, similar to that of the AT - - ut. A family of curves
near the BT-cut ang le is shown for SBAW propagation in Figure 6~ Fi gure 7 sim-
ilarly shows the parabolic curves for propagation by SBAW on cuts situated
about the AT _ cut ’L

Another advantage of SBAWs over SAWs on singly rot at ed qua it z is the ab-
sence of SAW generation. When the TOT is arranged for ~AW propagation along
X 1 , BAWs are necessarily produced , as will be seen in a section below; but
when propagation of SBAWs take pla ce along X5, SAWs are not generated . This
produces a very clean mode soectrum for SBAW devices .

Lewis 11 ’ 17 also investigated SBAWs on rotated-Y—cuts of lithiu m tanta late
(LiTa -.D)), but found that, although there was no cou o li rq to gAw s in cr - s tals
of cla~ss 3m , all cuts of this gami ly had bad TCs . 2e Iiu se of the very larg e
piezoelectric coupling in lithium tantalate . it is useful i i wideband filter
applications despite its temperature behavior . Exampl es of this were chown
by Kagiwada 23 for lithium tantalat e and lithium nioba te .

Based upon current work on singly rotated cuts supu ortin g SBAWs , parti-
cularly on quartz , the key features summarized in Table 1 are now apparent .
In Table 2 are given SBAW capabilities that nave been denonstr ated in the lab-
oratory to date . It appears that devices based upon the SBAW principle may
very well find si gnificant applications as follows :

• delaj lines
• resonators
• bandpass f i l te rs
• oscillators
• synthesizers

I
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DOUBLY ROTATED CUTS

A - lo u b l y r o t a t e l  ‘ ut  is . 1’own i n  El  ~~~ o ’ 3 ( b ) .  ‘ i s  ,l ’n utn i (Y~1v~~cT ee an in ~ J ive s in ‘ t i n dey rce o f  f r n t ’~I o-- o u t  roy 1 - I I ’ S  àdIli t iona l id v a n—
ta ; - - .; ii; adIl l  t ion ‘ o : 0 - n a t u r e ’  I h IV i O”  i t  a l l o w s  o t h e r  pd r . n ; ’ I I ’ r ,  to I n
op t im ized . Juc~ C u t S  w e r e  i nv ’ - - ti ;at.ed fo r KA~ in r I u l r tz  by bu~ o v o — , an d
Ba ldw i n 1 —~~ I

, d i  ~y ’~~~r~ n i , ~~~ ,i1 . ~~~~~ a n t  B all a tn ’ 1  . ~A’W proi ,n ,lat ion on doubly
ro a 5 1  - ‘ ub’ , ra t I S w i - ;  reported by Flauden , e ii 

. LFAW ;lrop,1qi ion waS
briefly noted by Ba llato and I u I ns .m ’ 1” ~.

The EA W do ub l y rotated cut r ece iving the q rea t ’s t i t t e n t i o n i  a t  ire ’ u n t
is the SC cut . ’ . It is now n in I igure 8 ~u t lined on line dr awin o of ,n ban

f c il t Ur ’ t I i  r~~;j a r t ~ ’ grown O H t h i t i ~t a n t l e (2 2~ °) has , n l r t ’i lv t e e n  m i
porated . A p l i J t o - ; r . i p l i of such n bar is seen i i  Fi gunn’ 1 • Ii ‘an t i tu rn .
only tee a a n i l e ~d pp ri ’i!le1 tcly t ha t  of t i) ’ ‘nO c t )  ni rd II c rit ic , il l y III —
,j u S t t . t . 10
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Fi gure 10 depicts a doubly rotated BAW plate with b ulk wave propagation
shown taking place in the thickness direction. A SBAW plate is shown adja—
c€nt. The propagation direction fon ’ the SBAW is shown between the IDTs to be
along X~ , i.e., parallel to the BAW propagdtion dir ection. This leads to a
simple receipt whereby already-known results for doubly rotated BAW plates
c m i  be used to determine the approximate behavi or of the “corresponding ” SBAW
plate. From the fi gure it is seen that the plate that corre~ponds to the
(YXwfld/d BAW plate is a p la te  of o r ien ta t ion  (Y Xw Iw) Ø/ ( @ +9 0 )/ ip . Notice that
~ is~ the sanne for both plates. Also notice tha t 0 need only be replaced by
0+90 (kee ping th e resul t  in the range ~@ I ~ 9O ) .

It will be further seen tha t the rotation al symbol of the SBAW plate de-
scribes a triply rotated cut. The third angle , given as ~ in Figure 10 oer-
mits the specification of a whole family of SBAW p lates for each correspond-
in-i BAW plate , allowing one to oati I~iize some parameter of operation such as
temperature coefficient, coupling factor or beam steering angle. Because the
SBAW mode most adapted to satisfy ing the traction-free boundary conditions on
the i ’ysta l surface is the horizontally polarized shear mode , ~ can be chosenso that the X~ - Xd surface is along the direction given by the particle mo-
tion for one of the shear waves propagating along X~ in an unbounded medium .
This enhances the ease wit h which the node can propaga te , and th e cleanl i ness
of the resulting mode spect ru m .

The tn’i p ly rotated cut angles 0/i.L cc can be reduced readi ly to an equiva-
lent doubly rotated set by the formulas of spheri c .il trigonometry ; doubly ro-
ta ted plates are the most general t ype of cut.

Tue doubly rotated BAW cuts in quart z have been mapped for f-T behavior
in the entire ~T,9 plane ’°. An altitude chart of the first -order temperature
coefficient frequency for tee slower shear node (the so-called c-mode) is
given in Fi gure 1 1. This quantit y c o r r e s p o n d s  to the  s lope  of the  f -T cu rves
in Figure 5 at room temperature . By changing the ordina te scale trot’: Q to

+ 90 ) one has the TC altitu de chart, in first apprc nv imation , for doubly
rotated SBAW plates for the slow -shear mode . Figure 12 gives the altitude
chart for the faster shear mode (b-m ode).

In general , al l three of the wo’.’e types tha i ex~st for plane wave propa-
gation in an unbo’mnded ‘ind ium e~ is ’ and propagate in an SBAW plate , although
their prooertie s are modified by the finite boundaries. The quasi-long itu-
dinal (‘ a ’ mode), and the two quasi -shear waves (‘b” , and ‘c” m odes) are shown
by their spectrographic responses fu r a plate (l’fwf)~ lO° P + ~4 in Fi gure 13.
Here the faster shear wave (“b’ mode) is more str orvi iy driven , because of its
hi g her piezoelectric couplin g , and also because its motion more nearly coin-
cides with the direction o~ the surface of the plate , than the slower (“ c’) n
mode. By calculating the properties of a BAW plate having ~ 10° and °
one may jet an approxi ma te idea of the parameters of SBAW propagation in the
O = ~ 34 0 plate. Some of these art ’ shown in Table . . The top row gives the
frequency constant N (one half the acoustic wave v~ l oc i * v ); the ,~~ on d n-ow
‘ives the piezoelectric coupling for BAW t -o; ; .n .i~ ion ; the first order TC Qf

fr ”qu enl y is shown in row three , and th r calc - 1 ted frequency response of a
particular I[Y is g iven in the last row . The mode strength s and frequencies
are to be c3inpared with those in Fi gure 13 , where it is seen that the agree—
:nent ~s quite good . In Fi gures l~~, 15 , — in - I 16 are çive n cwrv es of N (the
frequency constant) , 1k (the piezoelectric cou p lin o ), and Tf (the first order
TC of freq ~~’ncy ) for quart: BAW propaga tion for Cuts n,YXw :) 0 0 (6’) 30’ 
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TABLE 3. Shallow Bulk Acoust ic Mode Properties

-

- - 

(YXwL)  0 = 10° / 0 = +34
0

; / -P ropagat ion SBAW

- - 

Mi3LI c MODE b ~~H a

N ( m i s )  
-‘ 

1873 2521 3177

(K)  
-6 

0.78 3 .77  1. - - .

T
f 

( 1 0  / K ~ - 5 6 . 0  -20.2 -94.6

f ( M Hz)  185 3 2 4 9 . 3  1 314 .3

Certa in on entat ions in quam’t : should be avoided . These i sic lu c~e ~~. l \ 4 1~

plates (and their co r responding SBAW c u t s )  of o r i e n ta t i ons  n ear  2 , P
and 0 l0. 4~~. 0 =- 6 . c° . Both of these d i rec t ions  are d i r ec t i o ns  ~t degener-
acy, where the two shear v e l o c i t  ies co inc ide : near these points the enc’ r-g ,
f lux dev ia t ions are lan -ge.

PIEZOELECTRIC T~ A NS0 U C T T d ’ -~

Transduction ot  a c o u s t i c  waves  - - i a the p iezoe lec t i - ic  et ’ f ec t  inmay he dete r-
mined if the forces produ ’ed ire known . Th e fo rce dens i t i e s  are ‘ii yen by t f t p

s t ress — grad ien ts ~ wh ich , in turn , ar e brou iht about by en e lec t r i c  f i e l d s
produ ced by the EDT a r’ -ay ’ . The pie :oelec ~ri or ion of t hs ’ ”e-:hanica l
stress relation is

T ~~— e  F . ( 2 )j  
~
. , j  1’

The mechan ical force-densities F . i r s ’  i n ’

e . 3 )

lOT f ingers produce e lec t ric fiel d teat are - - ‘- r . har pi -
‘ p ’aked at ‘~~~~~~

electrode edges . A n e\ a --~D i ’  is g i on’ i t  Fi qu re 10 , ‘ ‘ ‘ n ’  is s -own ~he st at ~field par a llel t i  a r t  a t  , ‘ e n  c r y -  a 1 cur ~ e ,  no i’- - a l :  :t ’ I t, f tc fiel d h ,i ¶
would ex is t  be t wee n para l  1 1  p l m i t ’ a ’ .j a c i~ - of  e - la l  -~a ;’ ; ~ h ’  f i e ld  posse ss -
es b ranch—po in t  ~i ngul ar i t i e ’ - at  ‘ i c h  ‘ dj n  - T~o’ other f i r  I d co mp one n ts  h”~°ave
in a s imi lar  manner . Be ca us e of the s p i f e s  in El k, t h”  t o r ,- o dens i t i es  ca ’ i be
represen t.ed , to an exce l lent  approx i ma t ion  as do l t  - f j ’ : - t i o n ’ - , and 41 1 te P~~ ,’ i —

tatio n ~ aco u stic w ives e v a l u a t e d  in a s t r a i s i h t  f o n ’wa rcl mas er -

Tak ing  as an example a rotated—V-c- ’ of q u a rt :  of orient a tion (~ 
X t ’ -

~~ -

w ith an EDT array a len ~g X 1 . the elec t i~ f i ’ l ’ I i r a d ie n t s  pea’ .  shar~ lv  ‘i ’ t IlC
elect rode f i n- ic r edges, and are E : ‘i (largest) i s  , plus  bo th  E - and

2•  The r o t a t e d  p i e z o e l e c t r i c  cons~an ’s that are no , , -:e ro  as ’’  e ’~~ - (
~~~‘ ~~~

,

e ’ :
1 

- e i  i~ e ’ 
~~. e ’ e ’ 

~~~ ~~~~~ , , ~~~~~~ e . i ’ n i t O s ’ ’ E. . p ’ / ’ *  ec

- - - - - •
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- di n-cc ted t on ’ces . ha ’ n, forces a loe ; \ or X~ . E 1 i~ ‘w i s e  generates  Y
force s. The wea ker g rad ien ts  L , 

- and E 1 , both produc t ’  X~ and X~ fo rce s .
T ee X 1 and X~ t Ol’ces lead to 0”~~s

If the 120 a s ’ ’ay is  s ’ o t i t ’ - I  s o t h a t  the f inger ed’ ies are o a n ’ a l l t ’l t.o t he
x a x i s  and p n o p a ’ :a t s o n  tak es p la c e  a l o nq  ~ ~~, ‘l ien F ’. va r l is o ’s ,  a lon g w i t h
t i c  Jrad i . s n t - 3 E ,. ,, and F ,:. T~~- rad ie nt s ~~~~~~~~~~~~~~ •, i 

~~ 
a ll prod uce

torces di rec ted a long  “- - but no other c o - q ’ o n ’ s  ¶ of t o ”  ~ ‘ . S3:~’ propaga t i on
anno t ta ke place but an SH— t y p e  of BAW pro l a - i  s ’ s .  and t h i s  is the - f tA.~ it

41ia s been inv e stigated to date .

A si m s 1 .sr c a lcu l  at ion ~ s , ’w5 t t3~~ I s ot a ’ ed - X-cu t ; of ~ rvs t a 1 s in c l ass
32 (q ua r tz , a lum um nu t :  phos o ho te )  , e2A ~ pr o pae , i  li,sn alo ’i ’~ 3 m t ~ direction pat -al lel
to the free surface pt-n t ucos SAI~ o ’mse ra t i sn as  well . A ’ .~iir m , for ro ta t  s ’d - ’~ -cuts of class 3m , both SBAW amid 337. ’ are ;e s n r a  t~’d t oc an y tropagat ion di  rn -

ion para l le l  to the p la te  ‘,ur t ace.

It appe a’-s , the n, tha t a r- - I S ’ S ’  e le t ’  s e t s ” - , c o n s i  t ’ ’ ’ t l ’ / ’ n ~u s ’d  on ‘in

piezoelect i’ic relations amid t tc’ dcl t a— 4 u m ’ c ’ l o s t S  ‘ r e d o ’  I) , tbn —

y ie lds v a l uab le  i ns i d nt  into t~i ’  produ t ion i f acous ‘ C  w a v e s  i’ ‘ m m  c t ’ v s —
al s . This approach can s nea t 1 .- be p1 ii e 1  on a , ,  ‘ i a t  i ~‘e s s ;  - -~ n t .  t een ’

resu of  t he d e l t a — f u n c t i o n  :iud’l of ‘ i’ ’- - f t c  - ion i s  he ‘c i i i  ‘a ’ ion o ’
and cOAW e qu ivalent c ms ’Lui ts in ~~~ -

-
~~~:~~~~ ‘u i - i snowm ’ i s  F ‘ a m ’ ’ ’ 18 . The t ie—

:o- tra n st or-tlo’ s a re p laced at. ni’ l~~ a i n s  ~ ‘,‘ - t~
-
~~ h -  ~‘ 1  ~~~

-,. ‘

ed e le c trodes are s i - - a l , l e f t  l i t  0 - n c ‘ ‘ ‘ ‘ -o t ‘C’ sun i . vo l  ‘ a q e .

~A PP ~
‘ 3/ D U CT I N~~

Ener’~y t.’ ,Ipp in; was app i m i  ‘ a 23 .-. o 1 - v ’ - ~ U- 1 ‘- . ‘ ‘  In- . — 
- ‘‘ - i n - ,’ , et

a l .  ~~~~~~~ and ‘~ind l i r  . Tr~ p o i s t ; on lu ‘ t ’ - : - • ‘~~s o s  ~t t ~ s , ‘ ‘ e - i t l ’ l  I ’
Oline r ‘ , A ) , Ct  al . ‘ , s e t  1 ’ 5 ’ , t ’ 5~~. I’’ , n F _  — 

- I ’  .• . - s -~ s: qi es t ’t ta ” SB.’ -.
L’y L e w i s - ’ . a n t  ‘ “ O  nlI- t s n tdl pro v ’sl v - - a - ;iwa l . r’ ’ 1,

T e e per iod ic  p e r t u t - b t t i o n s  ‘ r ’ ~~fl ‘i n ;  t. ’ C ‘ 5 ) s ’  u’c ,‘ r In e c t ’ ,I - -et , ill ft eli’, -

t rodes p la ced in t n ’  bAW p a t h  1 5 -Oduc e f i ns  du - 
~n ’ .  ‘t ? s ’ , t by a c o - b i n a t  ion o~a ,a Ss -  I a i d  i m i - i  ‘ ;- /  p1 e.’oe in ‘ ‘ic os fec ¶ S - in ~ E A W  ‘1 IV C  t’Pi Oitt , ’s 111,1 1 O ’1 (iti’~ 0

a Love ,~ 
o - ’ - a hori .’ o ’ t a i  1 ,  po lan -i :e l shs ’as - w a y ’ th at I’o ’t- , j i i ’ l’S 0 d i o  -onti” -

j t~ on , a t ’ ’ - m j l ; rad i - - n ’ t  in the  ,I”pt~i d i r . ’ ‘ son t O n  pro~ a - s t  io n.

or ~r t 41 m ’a pp nJ oLA.~ pnopa ’.j’ ion, ‘ i s ’  5 r , n ns t i s i ss ion  l i s t ’ s  in F ig s ’s ’ IS are
‘ o n -  ~ni r ’  In the mr c h , sn ’ a c ) ss n - j s t  Ic impedance a n t  os-oc,s ;,i I ion waven u ”her: the

0 ’ 1 ~- t i n s ’ .  S ’ .ru s ,t u r ’ — I ‘ ‘ i - d ’ ’i’~ , t h e  lines i ni ’ n ’ - - -

in i jure 1 is sh~wn -i n ‘ es ’ - ’ . ; - t  I ’ pps ’tI S LAW n,irn ’ow-t ’,is id fil t o ’  on S O - c u ’
-~ u i ”  1 5 ~ nes t  ~~ ~ n~ t ne - n I y c i i  n ‘ ‘s m o l t ’  s icc t i - i i i ’ s  j 5 , re~ u it i m t q
‘ rom ‘h~ obs ’’- e o ’ 233s; t s i ~ 1’ , tur ’ s 1 ’ r  borne o ut by F h c ~ - ‘ ‘ ‘ s d  ¶ r e : u ’ n

-~weep o~ t n c - , j ’ ’ ’ s’ t i t er ‘ S t i :swni  in Figu’ ’ ’ 20 .

P~~ L ) i - . T I 0 N  F ~ E L D

S : t A , ~ s’ad ia t ion pa t terns t ’ay s ’ t ’ t ”ss - ;t ’ rv S t  e s s l u l  lv calculat e d on t I - -
basis of si m ple antenna ‘hou r- ,’ U -’ I e’i is ~~~‘ , - s ’ ’ ~~ on b a sis of more s ’~~ts ’si—
si ye ~~j  1 Cu I at  i s ni s by Jean hunw ,s 1 a , e a I . . - m d  L” ’  ‘ 

- Re ~- 1 I~~ o~ an n iL

• a i c u l a ~ ion for t rio r i t d t e 1 — Y - , I S  ol - ; :am ’: c’ m~~’d ft .’ a sj n ,~lo i s ’ t ’ n i ’ ’
1 inn ‘,uur- e a ‘t ’ g il . ”: by C ij i w n d a  . e ’ I ., and iris . ‘ u - ~.’ in F I tie n’ 2 1 ‘ - ‘r t i e
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AT , BT , and ST cuts ’” . The plot e are of relative radi~ ted power in the far
field. It is seen how dramatically the pattern varies with @ even between
the adjacent AT and ST cuts. Further work will possibly imake use of Z—trans —
fo nisi s b “‘ , modified to account for the anisot ropy of the nied ium , to predict

I : accuratel ) the radiation from JOTs.

NEW MATERIALS

Two areas of future device potential appear to be (1) materials with
it i gher piezoelectric coupling than quartz , and (2) senm iconducting piezoelec-
trics. In the first category , the strongly piezoe lects ’ic substances lithium
tantalate and niobate have received some attention. A lu ist inum u phosphate (ber—
l in ite) appears another attractive m u aterial; it has the same crystal class as
quartz but is tore strongly piezoelectric , as well as possessing a zero TC
locus . Frequency constant N , coupling factor Ik I , and first order temperature
coefficient of frequency T~ for the three modes of infinite sing ly and doubly
rotated BAW plates are shown in  Fi gures 22 , 23 , and 24. To convert to SBAW
ori ent atlQns , the abscissa scale must be changed as discussed in prior sec—
tions. Similar curves are given in Figures 25, 26, and 27 for l i thium tanta—
late , and Fi gures 28, 29, and 30 g ive these quantities for lithium niobate .
T he loc u s of T~ = o for ber lin i i te a~ function of angles 0 and 9 is g iven in
Fi gure 31.

As pointed out by Lewis 5 ’ , certain complications appear for SBAW propa-
gation in hi gh coupling mate rials. In addition , the elect ri c field pattern
at the electrode edges beco s-ses strong l y modified and has to be taken into
account in the model used ’ ’ .

Propagation of acoustic waves in semiconductors appears to be an attract-
ive way to further the process of miniaturization of microelectronic si gnal
processing devices. Gallium arsenide is an excellent candidate material be-
cause not only is it piezoelectric, but it possesses a large band gap, allow-
ing high semiconductor temperature operation , as well as large mobility values ,
leading to hi gh frequency performance comparable to SAW capabilities. Using
the passage of SAWs or S 3 A W s  to modulate the a c t i v e  reg ions of semiconductor
devices might be expected to lead to attractive new IC-compatible devices.

NONLINEAR EFFE CTS

Nonlinear effects appear naturally in certain acoustic signal processing
devices such as convolvers ’2 .’3 . These operate by virtue of a nonlinear ef-
fect in the semiconducto r proximate to the piezoelectr ic sunstrate that sup-
ports the acoustic wave: the wave indeces an electric field in the semm iicon-
d uc t Dr to produce the nonlinearity .

Dielectric ma terials such as quartz exhibit non l inear it io s as well , pr i-
marily in the elastic stiffnesses. In this situation they are usually unde-
sirable. Fortunately . doubly ro ta ted quartz cuts supporting BAWs have been
found that are quite insensitive t o  the effects of mec hanical stress effects
of various sorts ’’. ~ 

‘ , This has led to the development of resonators that
have very good resistance to m echanical shocks and electrode f i lm stress
changes. Closely related to this problem is that of frequency cha nqes in BAW
resonators due to abrupt te ’sps ’ r , lt ure c~anges , Once again , doubl y rotated
quartz cuts have been found where thi s no nlinear elastic effect is minimi zed
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These BAW successes na turally lead one to hope t h a t  analogous SAW and
SBAW cuts exist; if they do , it is logical to look for the SBAW cuts accord-
in 3 to the prescription given above , v iz., keeping 0 fixed , and chang ing 9 to

~~~~~ T he a dd iti ona l  a n g l e  ‘
~~~, shown in Fi gure 10 , can be adj usted for best

TC or transduction efficiency.

Lew iS 5° has observed non-linear interactions between SAW and SBAW in a
-
‘ variety of substrates.

M A TER AL A T T E N U A T I O N

The room’.’. temperature attenuation of acoustic waves in a crystal is a
runct ion of the viscosity coefficients of the material , and has been calcula-
ted for BAW waves in quartz ” 4 ’ . . This intr insic loss becomes important in the
~FFz range in quartz. A more severe restriction on the attenua tion of GHz de—
vices may be due to scattering losses due to etch channe ls ’~’ . Th ese ar i se
from chemically polishing the substrate when the source material contains im-
purit ies and dislocations; they may be largely removed by using electrically
swept ma terial.

CONCLUSION

This report has described recent work in the area of shallow bulk acon-
st ic  waves ,  and has extended the applicabilit y of bu 1~ acou sti c wave c a l c u -
lat ions to this newer type of wave propagation by g iving simple rules whereby
approximate results may be obtained for SBAW using BAW analyses . Both sing ly
and doubly rotated plates have been considered , as hav e ma te r i a l s  other than
quartz.
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