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Abstract
Su;~dcevacoustic wave (SAW technology. has

been armlled to dV F/UHF radio
comq~unicati6ns to’ feduce the volume of transceivers.
[n tills paper, not only recent new SAW dewces but
also Iuture SAW technology to achieve , much
higher- erfornpce devices are investi ated. First, the

t! F’latest s atus of ().’8- 1.5-GHz SAW an enna du Iexers
8for cellular radios and a mlnlature SAW-V O are

presen~ed. Sec~nd, new SAWS with extremely high
veloc!tles and hne subrnlcron recess techmqpes are
exarnlnec!. Finally, a future ~AW-based ch~p-type
receiver IS discussed.

1. Introduction
In ra:lio a~~onal communications, such as

Celluiar-radio cordless-tele hone
h’?

systems,
miniature devices, e.g., SAWS, M ICS, LSIS, etc., are
strongly required to reduce the size of transceiver
units. An antenna du lexer

P
and an RF/IF

voltage-controlled oscilla or (VCO) have occupied
Iar ~e circuit areas, because the for!ner 1s constructed

‘$wtt 1 c:lsc:l~ie-conllecteci sernl-coaxial resona~ors and
lhe latter 1s constructed w}th MIC or semj-coax!al
re!onator ~ncl dlsc~ete transistors, varactor diodes and
chip capagltors/resistors.

In this pa er IN h-performance SAW filters jhat
7’8can dran~atlca ly re uce the antenna du lexer, size,

Pand. a wlde:band SAW resonator ~oget ler .w<lth a

&Ct? mod;lle are~resented. SA’$ dev~ces applying to
erl heral clrcult IC that can rovl~e a mlnl~ture

fqture GHz-ban communications require new

~Aw~ ?S well as ~~~~n:nprfi~j~c~:;~es. New
Iezo electrlc substrates with extremely high-veloclty

logltudlnal-leak
f metl;od with phase-shiftin~n;~tsphoto-l lthqgra 1

are examine? #or the former and the latter,
res ectivel .

?
Possibility for the Iar e-scale

R#!ntegra ion combined with SAd and
semiconductors is also investigated,

2. Antenna duplexers for cellular radios
As shown in Fig. 1, an antenna dulpexer consis~s

of two .fllters (T 1 and R 1) connected m arallel wa
fapproplate phase-shift elements between he antenna

Fig. 1 Blockdiagram of radio communications
ternlnal.

and hlters 11 j . Low loss ss well as. high: ower
C!/characteristics are regu!red for T 1. H1 h S1 elobe

Fsuppression characteristics are required or R 1. We
~~ d:::oped new SAW resona~or-cou led tilters

achieved very 1?Illgh:per orm?nce

(1
c1 ar cteristics by combiqln both 36 YX-LlTa03

2 and 64 YX-LlN~03 [ 3 ] substrates.
LlTa03 with goocl TCD and rather small k2 provides
sharp-cutoff h-e uency re~ onses, while LlNb03 with
not so good T & 1?but W1 h larg 2 :vides wide
suppression frequent

Examples of t~~;~%~;’e 1
]MI

duplexer” for the
analog cellular radios are shown in Fig.2 ~Tl and R 1
indiwdual structures are shown m Fig.(a) and

\ . MAW res. ,/’\

(al R 1 and T1 individual structure.
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(b) Frequency characteristics of SAW duplexer.
FiR.2 SAW duplexer for 800-MHz AMPS.
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(a) One-module tvpe duplexer structure.
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(q) Freauencv characteristics for SAW cluplexer,
FI.g.3 SAW CIU lexer ior 1.5-GHz PDC (digital

7cellular In Japan .

cluplexer frequecy responses used in 800-MHz AMPS
are shown in Fig.(b)). Low insertion losses as low as
1.9 dB from Tx to Ant. and 3.2 dB from Ant. to Rx,
respectively have been achlevecl. We have .a}:so
developed one-modgle type ctuplexer for the cllgital
cellulars as shown m Flg.3 (cluplexer structures are
shown in F1 .(a) and duplexer frequency responses

+used In] .5-(I Iz PDC are shown in Fig,(b) . Low
1insertion losses of 1.4 dB fromTx to Ant. an 2.3 dB

froly Ant, to Rx, respectively have been plso
achlevecl, The volume reduction ,b

Y
several times

compared with the conventional dle ectric-~esonato,r
duplexers has been r@lqed, The dLlplexer thickness 1s

kin gdio termmals
less ~han 2mm, WIIICI1 is a ver Im ortant ieature
requn-ed for recent sn~all and
such as card-type term reals, etc..
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(b) Exam les of im “edance characteristics for
resonator (~.+ 200Mfiz).

Fig.4 New SAW resonator for VCO.
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(a) Equivalent circuit and peripheral lC for VCO.
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Fitz,5 Minitaure SAW-VCO.
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3. Miniature wideband SAW-VCO
As shown in Fig. 1, one o! two VC.OS are used in

a r.aci!o transceiver. Achlewng a .wlde-fre uency
?varlatlon bandwidth was the most serl.ou:s pr b m forYfSAW-VCOS with 111Jh-C/N characteristics 5

have found new Sk modes which can pmp~g%~
alono thi~k Al-electrode

$

grating struct~lres formed
ol~6 (15 )-rot. YX-LIN 03, ps shown In Fig.4(a)

These modes at-e very slmlla! to o; w~~;
p~~pa~atlng alon

f
Au-electrode gmtlngs ?7

chtlerence 1s .tha the former can not exist. ~long
uniform Al film on the above .LlNb03, while the
latter can ropagate alon

~ %~’?$$ o??A~L[Nb03. filus, we name
“edge-energy tra pe~ mode”, The rela ive bqnciwickh

?between fr and a of the SAW. resonators using these
modes 1s. 12- 14% as shown m Flg.4(b), which 1s
several . times larger than the resonators using
conventional Ra Iel h waves.

We have a~o ~evelo~ecl a peripheral-circuit IC
usin 0.6-. II m Bjpoly-. ransistor . technolo y, of

% 5wh!c equivalent cwqult ES shown m Fl .Sfa . The
fvarmt?le capacitance 1s made by the dep etlon-la er

{ca.pacltances betweep Emitters and Bases of transls ors
wltb backward bias. The mmiature prototype
>AW-VCO 1s shown In Flg.5(b). The SAW resonator
is mounted wltbln a pocket of the up erside of the
SMD ,ackage and hermetlcall y. sealed. ?’he peripheral
lC is.t?xed witllln the reverse side pocket and resined.
Eletrlcal termmals are also formed on the reverse
side. The module is 3.5 X 3.5 X 2.@nm, which
achieves several times volume reduction compared
with the V,HF/UHF conventional VCOS, This SMD

!%!?-$C6S. %~~;~le;%!~e ;~;illa%~$;%%m
at 1.2 GHz are shown in Fig.5(c), of which C/N must
be improved b the next design. These ex erirnental

rresults show t le fqrtller posslblht of
{

z F circuit
mtegratlon by combmlng SAW and C technology.

4. New SAWS with high velocities and
fine lithography techniques

As shown in. Fi .6 a and (b)., two tvpes of SAW
E@have been ~!sed m A filters, i.e., RiyIe

(5!I 1! ~
Wvs

for TV-IF filters gnd SH-type !eaky wa e ~
rl

3
for tllters to mobde commumcatlons .1 . Recent y,

(a) Rayl’eidl waves.
+“+–+

b) SH-twe leakv waves

(c) Lomdudinal-twe leakv waves.
Fi .6 Three t es of SAW ((a), (b):conventional

!?SAV?S, (c)mew AlV).

Vs(m/s) k2(%) TCD
pm/°C )

,
128°YX-LiNb03
(Rayleigh wave) 3901 7.3 80

64°YX-LiNb03
(SH-leaky wave)

4419 14.5 79

1710YX-LiNb03
(Longitudinal-leaky wave) 6’72 13.3 95

(a) Qomparis$on (Vs:velovity, k2:electro-mechallical
couphng coefflclent, TCD:temperature coefficient of
delav).
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(b). Optimal Al-electrode thickness for
longitudinal.-type leaky waves.

Fi .7 Corn arisen between conventional and new
SA~s in Li#b03.

Exposure light Phase Exposure light

w Pi!?!’:ti*L$J,,:

Lens
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“Conventional New

(a) Conventional and phase-shift method.

(b) 0.4- f~ m Al-electrodes and spaces,

Fig.8 New fine photo-lithography technique.
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longitudinal-type leaky waves with the higher
velocities ha e been found on Li2B407 with special
cut angles

[
8 ] . $chematlc illustrations of the new

‘$~~~~ ~~;n{~~~~$~a~?o{!~~~~!~!~;
SAWS m-e summ~rizeci in” Fi .7(a) compared .wit!~

%other two t pes of SAW on .L1 . b03. The veloclty ]s
?largest In a most pll cuts 01 LlNb03. However, the

snjallest prop;~gqtlon losses can be obtained only
w!thln the llmltect. range of IDT Al-electrode
thickness, as shown m Flg:7(b).

We have used the. I-llne 1/1 O-photo:redyction

PO lu~h-frequency SAW dewces, because IDTs have
rintjng wltb phase-shlftlng masks shown m Flg.8(a)

perio ic structures, therefore the h’ se-shift method
can be most effectively applied [?1? . 0.4- f~ m Al
electrodes and also ().4- !~ m spaces made by the above
method are shown In El .8( b), which. corresponct to
about 2.5-GHz filters I? uyng Ra lelg.h waves and

Yabout 3.9-GHz fjlters if uslrtg t!le on lt@mal-leak
F {wavqs. SAWS with extremely. h]gh ve ocltles as, we 1

;s hne lithograph
Important for the ~lt~,~c%#;%~n;r;A$s%%;~~.
These experimental results show that SAW technolo y
can be applicable not only to recent 0.8-2 .O-G#z
mobile communications byt also to future several
GHz-bane{ mobile communications.

5. Future SAW device trends
Monolithic i;~egration technology will be II-y

important In fpture Especially,
system-et; -ch!

F
devices including both active- a;d

passive-clrcul elements w]II be pne of our goals to
achieve the smallest racho terminals. A; shown in
Fi .9, an epitaxial Si film formed on a p]ezo-electrlc

isu ,strate may provide very attractive mtonollthlc ICS,
wh]cl! Icad to large-~scale RF integration. We are
examlnlng not only S1 hetero,-eplta Ial ethnology but

1’
also heat- ress-contact techmques 1! 12 to form the
compounc materials, such as very thin. Si fjlm on
non-semlcond.uctor substrates. The active clrcults,
e.g., LNA, MIx., feedback am lther of VCO,. etc. are

1?fgrmed on the S] film, wh!le t e passive cmcults, e.g.,
fJlters, resonators, RF S1 nal. processors, etc. are

Fformed on the plezo-e ectrlc $ubstra~e. Many
probleqls must be solved to achLeve F!g.9’s such
one-chip recq]ver. However, by the begmg of 2 1st
centL!ry the lounten-pe.n or wtmt-watch types raclio
terminal will appear using the above technology.

RI /
SS signal

\-Y’out \ LNA / Epitaxia[ Si film

6. Conclusion
The provision of voice and data to .peaple who

m-e .movmg about or away from their wirellne
terminals hqve been re ulred as one of the major
commumcatlon means. %he future goal for such
wireless communications will be to provide
higher-quallt

J
serwces with lower-power and

srnaller-size ractlo tele hones and data termlna]s. In
Fth!s paper, we. showed hat SAW technology together

with monolithic-Ic technology would be continued to
offer key clevlces for such future mobile
communlcntions.
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