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~~~~THE SURFACE WAVE PRCPERT!CS OF UIO~

V B Tipson~ I F Vetellno I C Field D G Morency and D L Harmon
Dep trn e~ t of Electrica l Engineering

University of Maine , Orono , Maine 04473

~&~CT. The 5urf ac e acoustic wave ~SAW) properties of U103 are theoretically studied in order to eval-

~4~te its potential for use in re1~ t&d SAW devices . The surface wave properties were obtained by solvir.e e
co~~ led electromagnetic and acoustic wav e equations subj ect to the appropriate boundary ~~nditions. art-

*+j Qfl of the SAW velocity , pie electric coupling end power flow angle were obtained as a function of c. j ib-

9r*fhic orientation. U103 was found to have more than 1 .S times the piezoelec trlc coupling of UNbO 3 , ative ly

~oW power flow angle and SAV~’ velocities in the range of 1900 rn/sec to 2300 rn/sec . The h~gh plezoelv n c
coupling occurr ed for Z-cut Li103 and was independent of angle . The low SAW velocity and high couplir ~~~~ this
material atu active for long delay line applications .

luction

In the last ten years ther e has been a large the point group 6. The motivation for studying the SAW
amour.t of work in the study of surface aco ..s:ic w ave properties was ~~e t~ the extremely large piezoelectrlc
CSAW~ devices and their application ir. microwave eng— effec t observ ed in this materia l and hence the p-os —

irieering . A rather large r.urnber of piezoeIec~~tc mat— sible use of this material in related SAW devices . ?re-
end s exist in nature, however , only a relatively few limiriary experimenta l rneesure~~ ~~ and theoretical cal—
have been examined in detail for possible SAW appil— culations have beer. perior~~e~ ~t~~UI03. Tb~ S C.C5 i tS

cdtions. There are severa l important properties which indicate that this ~nateria l has both large plezoelec~~ic

one can look for in a candidate material which might coupling ar± a relatively low SAW velocity .
prove tc be important in a device application. Some of
tnese properties are (1) high piezoe ectrlc coupling, In the ~:esent work the SAW ~r;perties are ob-

l i  :e n.pera t ure cor~per.sated crysta lographlc cuts for ta m ed by solving the coupie~ el~~ t c ~~a;r.e:ic arid ac—
which the temperature coef ficient of the trenaft time ~s oustic wave equations s..:~ect to ti ,e app:c~ ntate ~~und-

~~~~ zero , ~:i~ low lcss in the surface acoustic wave . (iv) any conditions. In particular the s .rf~ce wave ve lc.c:ty ,

very low or very high SAW veloc ities , and (v) low power the piezoelectric coupling arid the power f icw arg e are

flow argie for the SAW . Deperidiri; upo n the applicat— calculated as a function of angle for all the st~.ri±~ rd

ion of the SAW device, one or mcre ~f the above cri— crv~ ta l1ographic cuts . U103 is n.e . c~~~~~r~~ to ether

tenla ~hcu 1d be set is f ~.ed for the~~iezoe lec tnic material. common SAW materta ls arid a pC~~S~~~~e C2p11ca tlo r .  of
this material in a rela ted SA SV ~e. ice Is discussed .

Some plezoe lec tric materIals have been studij ’
In er~er to determine theIr possible usefulness in SAW The
dev tce s .  !~3wever , only a fe .; materIa ls satIsfy one or

~cr: ,~ ~~e above criteria . UNbO 3~ ts one of the most . In a plezoeiec~~ic medium the coup led eieri~~o-
1y used materto is and exhIb its the hi;hest magnetic and acoustic wave eq~~ tf ens ma~ be wn~::e~

~..~ zc .~ ec oic coupling . This ms:er:o , ~~~~~~~~~~~~~~~ pos— as ,
se sses a high temperatur e coeffj c~eri: of ~eiay . Cn}y ~2
;~~artz and Te3 2 possess ten-.peratur e compensated Cuts .  

~~~~~~ — c — e = 0
~or a cot.OnS requ ir ing temçerat ~ re stebil ity such as j i~~ ~x 1~x . ki~ ~

X
k 

tX .

$,~\%~ er.c~~ ars arid dec c~~erS~ quartz is used. However ,
the piecoe lectr i c coupling of quartz Is  about 1/30th and 2 

(1)

zf the coup ling In LLNbO 3 whl e the coupiing of Te0 2 iS 
~ 

u~ 
________

~~~~ aho~ : 1’ ~~h t~.e couc llng in quartz . c~ompcsite structur es e
~
.Jt~ — c =

6 7 ~ X ~ X’ 1k ~x. ~x
have been used ‘ to sat isfy the t~~~peratu re cornpen— i it i

~~~ i:r :rtterl~ n but the f r icat io r .  ~rob le t ,  s are more w here p is the dc:islty ; 1, j ,  k , I = I . 2 , 3; u , the dis
tn-~n . .e± .  For long de~av lines :~~m.~th ;ermenium ox— placement — - c  a x the eL ula coo rd “ate
:It~:s .su: ~..e to r t Jt I ve v lzw b-.\\ veloc ity . The- C •

~~~~ 
, the ch~sti c cors t  ~t ~e~~sor:  e kj  , the PleZo—

::~~~ . i - ;  Ir. .~~s ms :e: ia i is howo ,e- one thiro tha t of el~ctrlc tensor ;  Cik. the die~ :lrtc perrr~ittiv ity tensor ;
— ~~~~~ and ~~, the scaler potential. In the :r above the piezo

electric ri-ed ium the potential S~~tt £ L~ p1ace S eq-a is t re  purp-c~~e of the pres -’rit poper Ic theoreti—

C ~ c ! - ~t~ th~ su :f ~ce wave ve locity , the pier o— ‘ 
2

u o - ; .  — •~~ e n l  the power flow angle for T110 3 in V • ~~ 0 . (2)

• . s~. 1u :~~~ t : ~ :ect ions. ~“ -t s m~ te rla l cry— • •If eç~ ations 1) and 2) are vu~ S I s’ ” C  si’- S

•.~ s~r~c~~.e nd be lcn9s tO 
j ect tø the ~~~~~~~~~~~~ t hat t~~- Str €~~~ v~ sh~ r on the

~ s~ ~~~~ iry : .e  .v Fc-ce Cf’ • of S’~ ertt~f~c Re— 5U rf~~CP and th~- f 1.x der is l t t  ~s c u . ~ ~~~~~~~~~~ •~~
. :-~ S, 

~
- •

~~ 
• . - ~~~~

— ~~ 6. boundary the SAV~ vt~ Oclty ~~~ b’u ~~ . .

r’~ ~~~ -tn1ca l .~~.e~ -Ing . A n c ~ r- .~re of th€ ’ p!~- : ni: co~~ i . ~ b~ .- r

tI~.~ ; .~~t’ . -:. . ’~’ i, .-. ,’’, e . i~ ’c. - - - ~~~~’’ ’ ’~~~’-
t
~~
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a piezoe1ec~ ic substr~ te with a rr~ass Iess ir~fir.itely thin Th~ ‘.‘~ r 1at 1on of the s urf ace wave velocity, the
cOn~~~CtOr on the surface. This m a y  5~ reasoned ~~ piezoelectric coupling and the power f low angle is pre—

follows. If there was no change In the v elocity , there sented for Cix sta ndard cr)’stallocmaphic cuts in
wo Ad be no interactior. between the conductor and the Figure 1. The cuts have been cor.r.ected so that there
s~ -f sce wave. It is ther. cc ric luded that an elec trode is a continuous variation for the quantities of ir.terest.
cor.!1;uration hev~r.g tar;ential e!~-o tric fields at the The values icr the 2 type cuts, i.e. , Z—cut , 2—axis
s r ! ce would have ii effect ir. surface wav e genera- boule , and 2-axis cylinder are not shown b~t may be de-

tier.. F~owever . i~ th. ~ocity change was significant duced from Figure 1. Because of the hexagonal symmr.e—
the eiectr c.de—s ..~~ace .‘e interactier. s hould S~ great— try of the 1.1103 lett ice there Is no var1et~cr. in SAW pro—
er. !.tathe r.atica lly , piezoelectric coupling is rneaa- perties over any of these cuts . The val.es for the SAW
ured ir. ter m s of veloc . change as follow s , properties of Z-cut are those of X and Y-axls cylinder

at 0 , for 2-axis boule they are those of Y. and Y—c utat
V 90 while for Z-ax is cylinder they are those of X and Y-

= v ‘ axis boule at 90

where 
Table I Maximum nv/v and maximum and minimum SAW

velocities for various piezoelectric materials .
v = velocity of a surface wave on a free surface Maximum Minimum Maximum

and 
v = velocity of the surface wave with an ~~ 

Material 1w/v (x10 2) Vel (M/sec) Vel CM/see)

f?nitely thin massiess conductor on the s urface . 11103
a 4.34 1904 2258

Obviously , a material which has a high value of ~.v/v LINbD3
b 2.8 3318 4000

r-e~at1ve to other piezoelec tric materials indicates a si~•~ LiTaO b 87 3110 3390
r~1~~car~t ir.~eractior. betw eer. the conductor and the sur— 3
face wav e and hence s~ hstantIa 1 p1ezoe1ec~ ic coupling. B1

12
Ge0

20
C .80 1623 1834

11~~ 0 d .66 3173 3475
A he power flow angle may be obta ined by evaluat- 2

~~~~~ th~ cor~piex rnechan~ca 1 and elec trical power corn- Quart zb .11 3175 3840
ponents . The corresporrd:n ; angle betw een the average TeD b 02 825 2028
elect omec har.ica l power flow and the direction of pro- 2
pa~~~~or Is defi ned as the power flow angle . Both the a
powe: flow cngle and Its rate of change along a crystal- present work
lc’;:aphic cut chould be quite low . bR f r e n c e  2

Results and Discussions CR i  22
d

Th~ surface wave ve locity , the piezoelec tric ~~~~~~ 

Reference 3

u~1zn.~ ~~~~ the power w am~;1e were calculated by the The most attractive cut in 11103 for possible SAW
corr~ .mer progra m cev~~oped for UGa O2 . The exper— applications is Z- cu: . The plezoelectric coupling re-
1ment.e l data for the e~:st1c constants and the piezo— aches Its maximum value arid remains constant through-
e.e:~~ic constants were o:tained from the work of

.lE . . out the cut. The power flow angle is not toc high and
r.t ss ur . .  while t..e c:e~ectric constants were obtained
fro~ the- work o’ Warner et al 17 its corresponding rate of change along this cut is zero.

Cven though the SAW velocity is quite large for 2—cut

F in comparison to other cuts in 1.1103, ti-~is velocity is
still rather low compared to the SAW velocities of many

~~ 

~ ~: 
of the commonly used SAW materials .

~ _____ _______ 

11103 is compared tc some of the other SAW mat-
_____ — erials in Table 1. In particular the rir.in~uin and max —

005 imumn SAW velocities and the maximum piezoelectric
coupling are presented for various zr.aterials. 1.1103

002 
possesses the highest plezoelec tric coupling of the mat-
eria ls listed . Ir. fact its coupling Is more than 1.5

0 — -‘ — times the coupling in LiNbO 3 which possesses the high—
est coupling of the corr.morily used SAW materials. The

— SAW velocities in 11103 are quite low and only slightly

2040 higher thar those occurring in Bi12 Ge020 which Is a

- - — 

material commonly used in long delay lines .

~ 
~~~~~~~ A~G~I 

11103 has definite possibilities for device eppli-

~~~~~~~~ ~ XC~ A~-5 5C~LC ce tlons . Its high coupling plus relatively low SAW

• , . ve locity make it an excellent candidate material for
~ ;Le I. The ‘ r 1 m~t~on ..~. the S..V.. ve locity. ~v~v and long delay lines . The fact that there is no variation in
t~~ ~

- e’r flow angle ~ v St .~m u  ~m- st.~llo~r.iphic cutS the surface wove properties for Z—c ut UI0~ wou ld de

r 
Ii-. ~. i  • ~- cut t .c~~j m5 ~it  ). end i ux is cyl1n~ em , C . ~.

— f1: :re1~ faci hCate the delay line design . Furt..e? Cx-
• em~.r boule at X and ‘~ cut , 90 and Z-axis cyl~nder at perin4enta l work would determine the usefulness of this

~ . an; ~~~~ t’.~ le . 9~
‘Y~Q
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flow angle and SAW velocities in the range of 1900 rn/sec to 230015/sec. The high
piesoelectric coupling occurred for Z-cut Li103 and was independent of angle . The
low SAW velocity and high coupling make this material attractive for long delay
line applications .
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