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NEW LOW LOS..; HiGH COUPLiNG MODE UP TO 1 GH z on LJN bO
3

P . H .  Carr

RADC/EEA
Deputy for Electronic Technology

Hanscom AFB, Massachuset ts  01731

A. Thun ihu nwa la , L .A .  Vell1eux~~, 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 th~. 7- ~xis  of

Z-cut li thium niobate have revealed the existence of a low—loss , high-coupling mod e whose insertion I u S E  is lu~~
than the Rayleigh-type surface acoustic wave .  When the double electrode of quar ter—wavelength  t r a n s dj c e r s  we:-

excited at the third overtone at 1035 MHz , the insertion loss of this mode was about 10 dB less than  th at  of the

SAW . The experimentally observed velocity of this mode was 4375 rn/sec . considerably higher  th an the rr .et l i , ’~~
-.

SAW velocy of 3800 rn/sec . but in excellent agreement with the theoretical calculated metalized pseudo SAW

veL c-~ o~’ . The experimentally dete rnined coupling (f ~v/v) for this mode is almost a factor of three t ime s  th at  of the

SAW . This  volume mode is theoretically explained in terms of a combination of plate modes. A pote~~t i d

app lication of this new mode is in low-loss , broadband signal processing devices.

Introd u ct ion

It is w ell ~~ ow’i that  when a surface acoustic wave shear wave whose phase angle 9 (See Fig . 2) ~s 
d r t ~.-r-

~~~~~ is excit ’d several spurious bulk ty p e  modes are mined by

~i m il t .cous l - • excited . These spurious modes were cc~ 
9 = v /v ~i)

i : t ~ i i l l ~ considered to be of nc~ value and effort s were SH PSAW

i- ,de to minimize their e f fec t .  These modes not where

~nl 1 sap er erg f from the input  signal but also cause V
SH 

= velocity of the slow shear wave

unwanted responses to appear at the output of the SAW and
device . Recent ly ,  however there has been some effort v velocity of the pseudo SAW .
to try to use spurious bulk type modes for useful  pur- PSAW

poses.  One s~~ch bulk type mode which has received ~ Fig . 1 The variat ion

some at tent ion is the surface sk imming  mode , 2 

~ 
3 . 1 . of SAW velocity ,

I ‘
. ~~~ 1 . 5  ~ pseudo SAW veloci ty ,

It is the purpose of the present paper to inves t i— ~ °‘ 

,2-
~~~•~ ~ TCD , LW/ v . power f l c w

sate a new l ow —I ~~~s , high coupl ing volume or bulk •~~ ~ angle and at tenuat ion

c~~d~ - on Z- cu t  X cr cp - ig at i n g  (ZX) l i th ium niobate.  The -
~~ . ~ for the pseudo So~’A for a

;e ioc i t ’ ef t h i s  r.~ w mode is s ign i f i can t ly  larger than — 
- • range of ± 30 about

the SAW .‘ t l c c ~~t y  d n good agreement with the the o— 
~

. ~~~~~
.“ Z—cut  X-prop agatin g

ret :~ i~~ de~~ rio -~ .ed metalized pseudo SAW velocity.  80. LiNb0~~. Solid 1PM:

The r at i o  f the  e-~ti mated electromagnetic to prOpert ies associated

. n - ~~~~ ’ iC co . p l l r . g  (tv/v) of h is  volume mode to that of 
70 ________________ 

with the SAW . Dotted

t he oAiV mode , as determined from the input resistance , 
~
, • 

~~~~~~~~~ li’~e properties associated

is 2 . 6  .2. This mode which occurs in a cut for • 2. 
‘ ,

, with pseudo-SAW.

~
h b~~th . , SAW and a p suad o  SAW may exist Is theo- /

‘

- nl l  y explained In terms of a combination of plate ‘
~ • “

~. 1es.

Tfl.~2FY -~-c~3. /

~~ 
4 20 0 .

The ~AW properties of LiNb O were obtained by •
•

s n iv in g  th  - coupled electromagneliC and acoustic wave ~~~~ ° ‘ S

it ions  sj b j e c t  to •h r .  app ropriate boundary con — 3b
~~

C.

30

‘-ll~’ons .  The variat ion of the SAW velocity, psei’do- ‘ 
i s~~s c - i  

30.

~A ,V velocity, temperature coefficient of delay, ~v/v ,

- - ‘~.‘er flow angle and attenuation for the pseudo SAW INTERDIGI TAL SAW
or ~ range of + 300 about the Z-cut X—propa gat ing TRANSDUCER 7

dire~
t i : n  is presented In F igure  1 . A summary of the 0~~

for surface  and bulk type waves 
— 

~
-
~~~~~~~~~/ \ , ‘•

~~~~~
- 

° 

—

The pseudo SAW mod e radiates it s energy into a 
4 

VOL.WAVE

+ NSf t ’ nder graduate Research Participant 
X

* This work supported in pert by The Air Force Office

of Scl c ’: t : f I c  Research under Grant 75-2516 
Fig . 2 Volume wave propagation path.
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n u a n c e S  f rom the  ‘a s i c-t in ’- ’  los s spacing predictions Iron Sq (3) and Ir  t o -  ge-cr

i i - - - ’  t ,
~~ ~cpu t  u np ’r - i -an . c e  a’: i s  t f n ”  - me- . i l lustrated in Figure 2 n. -w- r - . i i -  r o - n s o n a b m n .  - -

with cn t - : p e r l n tn :  t 1 obser ’: it l on s  . V. i t ’ - -  -i n at o-Crhei

Fl ie s. r ’ or to~
. a of h n .  ‘co lumn Ye ‘rat s crit i— was placed on the s, ,ci f ace  of the ct -st  1 , t n -  S-S W w.n S

c - n i l  
~ 

Set  ‘ c i a - 1 a p e - t m  t r u e  r I ~- ci  g ee : t h u s  i n p u t  completely  absorbed , w h i l e  t b ’  vol i t t - n a  Wav e  n.’. t i  L i n t

t fl’i 
~ 

t i  ‘ i isd :c’ rs , Scm th e  4 ‘ it ’ h :ce  s lab  c-e ly affected . When the t i i  or i~~ - : - c ’e.;. , ln ~~-~ : 1 of

O n -  SA n ’’ ( 0 - l i t  m e  o ’asr .ryn ’l f a r  .,i t r n o - d  w~~ r sp a c i n g  of ~v1’~ 
= 0.0021 was used t~~~

, n b a -  
~n. 1’: ‘ 

- - r n -  is i t - S

I .2 7  crc Th e  ‘.‘n n l u n , e wav e r ’r scn t t - a .r ’n t n t -  ‘pe ob— value of the t ransducer  c . i r - n c i t , n b - r ~ n C ,ainp u t -  t ’

in  I - - u s  -i - - 
~s - ‘  ui • ‘h ,n i  S U  o~ cow- . . This acoustic radia t ion  r e s t  S t - n t  - e. 

, t h i s  n c ’ n ’n : v - n O n  t t : n  -

per im en t i l ly  m e a s- i r ” - t vol . ’- t v : n t h i r u  ‘an cr c-  - ‘  ‘a p
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of about 15 percent.

Conclus ion s

A new low-loss vo l ume wave mode has been inve sti-

gated on Z—cu t , s-propaga ting l i t h i u m  niobate . The

op timum transducer spacing-to—th ickness ratio for

this volume mode Is 5 :1 , a resul t consistent with the

ra diation of the bulk waves at a phase veloci ty angle

of 25 to 30 degrees . The presence of the pseudo SAW

enhances the norma l volumg wave radiation at phase

ang les be tween 25
0 

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 p late modes is no t as hig h as the

experimen tall y  observed coupling of the volume modes ,

one is  led to the c o n c l u s i o n  tha t t he ener g y r a d i a ted

fro m the pseudo SAW into the bulk goes in to more than

one pla te mode. The coup l i n g  to v o l u m e  modes of

much thinner p la tes than those investigated here ~as

been computed to be greater than that of the SAW .

An in teresting property of th i s type of bulk mode

genera tion is that the ban dwidth increases in propor-

tion to the transduce r length in contrast to the

oppos i te behavIor for the SAW mode (as in Fig. 6). In
or der to achieve broad—bandw idth with the SAW mode ,
a short transducer is required , in to which it is

difficult to match . On the other hand, long, many—
f i ngered transducers are easy to match i n to .  In  the

present work an excellent match into the volume wave

mode wi thout the use of an inductor was obtained .
Hence , a po tential application of the vo l ume wave

mode is in low-loss , broad—band si gna l processing

devices .
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