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Miniature SAW Antenna Duplexer for 
800-MHz Portable Telephone Used in 

Cellular Radio Systems 

Abstract-A new low-loss, high-power SAW filter has been developed 
for an antenna duplexer used in an 800-MHz portable telephone transceiv- 
er. The new ladder-type configuration uses SAW resonators and capacitors 
between electrode fingers and the earth. It is fabricated on a 2-mm-square 
LiTa03 chip. This configuration provides insertion loss as low as 1.0 - 1.2 
dB and output power up to 2 W at 800 MHz. Experimental results of a 
miniature antenna duplexer module using this filter as a transmitter filter 
and the previously published high-performance SAW filters as receiver 
filters are also presented. This module also includes a receiver low-noise 
amplifier, yet its size is under 8 ml. 

I .  INTRODUCTION 

PORTABLE telephone (cellular radio) requires A high-performance, miniature devices. SAW technolo- 
gies are noteworthy due to their small device size com- 
pared with conventional technologies [ 11, [2]. 

An antenna duplexer consists of transmitter and receiver 
filters connected in parallel via appropriate transmission 
lines, as shown in Fig. 1. The transmitter filter must have 
low-loss, hgh-power characteristics. The receiver filters 
must provide low loss and hgh sidelobe suppression. In a 
conventional duplexer, each filter is constructed with 4 - 7 
cascade-connected semicoaxial resonators containing 
high-dielectric ceramics. Thus the duplexer is one of the 
largest circuit components in a two-way transceiver, such 
as a portable telephone. 

SAW filters are miniaturized filters given that the SAW 
wavelength is about lo-'  times shorter than that of elec- 
tromagnetic waves [3], [4]. lnterdigital transducers (IDT's), 
which are constructed with 1.1 - 1.2-pm-wide electrode 
fingers at 800 MHz, are easily fabricated using standard 
photolithographic techniques, such as those used with sili- 
con IC's [l]. However, conventional SAW filters have 
rather large insertion losses of 10 - 20 dB. Thus they 
cannot withstand input power above about 15 dBm at 800 
MHz. 

This paper examines a new low-loss, high-power trans- 
mitter SAW filter at 800 MHz from initial specifications to 
final device operation. It describes a new filter configura- 
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Fig. 1. Block diagram for SAW antenna duplexer. 

tion which provides insertion loss as low as 1.0 - 1.2 dB 
and high-power characteristics of up to 2 W. Computer 
simulation procedures and experimental results are also 
presented. 

The authors have already reported several new technolo- 
gies for achieving high-performance SAW filters [2]. These 
include a new-phase-weighting approach, image-imped- 
ance connection of IDT's, and a new IDT repetition 
structure with a tapered number of finger pairs [2]. 

Receiver filters whxh provide low loss and high sidelobe 
suppression are achieved using combinations of these new 
technologies. Experimental results for a miniature SAW 
duplexer module using the newly developed high-power 
SAW filter as a transmitter filter and the above high-per- 
formance filters as receiver filters are also presented. The 
duplexer also includes a low-noise amplifier and a second 
receiver filter. However, its size is under 8 ml. 

11. ANTENNA DUPLEXER 
An antenna duplexer consists of two kinds of filters: 

transmitter and receiver filters. Two filters, T1 and R1. are 
connected in parallel via appropriate transmission lines, as 
Fig. 1 shows. Such a duplexer requires (1) low-loss (below 
2 dB) and high-power characteristics for the transmitter 
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filter, and (2) low loss (below 4 dB) and high sidelobe 
suppression for the receiver filters. 

A conventional duplexer is usually formed with T1 and 
R1. Each filter is constructed of semirigid coaxial reso- 
nators (4 - 7 resonators for each filter) containing high- 
dielectric ceramics. The other filters, T2 and R2, are also 
constructed of semirigid coaxial resonators. They are as- 
sembled in a motherboard together with other active and 
passive circuit elements. Thus the duplexer and the other 
filters have occupied the largest circuit areas in two-way 
transceivers, such as those in mobile and portable tele- 
phones. 

The authors have developed two kinds of RF modules 
for portable telephones. One is a miniature SAW antenna 
duplexer module containing three SAW filters (Tl, R1, 
and R2) and a low-noise amplifier. The other is MOSFET 
high-power amplifier module which also contains a SAW 
filter, T2. This filter is mounted on a miniature TO-18 
hermetically sealed package. This paper treats the former 
theoretically and experimentally. The latter will be pub- 
lished in the near future. 

111. NEW CONFIGURATION FOR LOW-LOSS, 
HIGH-POWER SAW FILTER 

A. Power Limitation of Conventional SA W Filters 
Conventional transversal SAW filters convert electro- 

magnetic energy to SAW energy using the electrostatic 
field pattern of input IDT coupling to the SAW through 
the piezoelectric effect [ 3 ] .  Thus maximum input power is 
limited to 10 - 15 dBm in 800 MHz conventional transver- 
sal SAW filters. This is because 1.1 - 1.2 pm electrode 
fingers are used in IDT’s at 800 MHz. The mechanical 
migration caused by the large vibration amplitude of SAW’s 
degrades these IDT electrode fingers. 

Our basic experiments herein use aluminum electrode 
fingers doped with 1.5 - 2.5 percent copper. This ensures 
about 5 dB improvement for input power. This improve- 
ment was first pointed out by Latham et d.  [ 5 ]  using SAW 
resonators with groove reflectors, fabricated on a quartz 
substrate. Ebata et al. [6] have also experimented with 
SAW resonators with metal grating reflectors. 

However, EIA standards define the radiation power 
from class I1 portable telephones as 1.6 W. Thus the 
duplexer must withstand - 35 dBm input power. To 
achieve over 15 dB improvement, a new filter configura- 
tion must be developed. 

B. New L,cidder-Type SA W Filter 
The newly developed low-loss, high-power SAW filter is 

constructed with electrically cascade-connected SAW reso- 
nators. This is shown in Fig. 2. Simple outer matching 
circuits are also introduced to input and output terminals. 
This configuration’s advantages are (1) low insertion loss, 
(2) high-power characteristics, and ( 3 )  sharp cutoff 
frequency responses at frequencies higher than the pass- 
band. 

Piezoelectr ic  
Substrate  

I m 
Fig. 2. Configuration for high-power SAW filter. 

(a) (b) 
Fig. 3. Wide-band SAW resonator. (a) Unit resonator. (b) Frequency 

characteristics. 

Each SAW resonator consists of an IDT with 300 - 400 
electrode finger pairs, as Fig. 3 shows. Backward SAW’s 
with almost the same amplitude as that of forward SAW’s 
can exist within an IDT with this many finger pairs. This is 
because in a periodic structure, forward- and backward- 
traveling SAW’s interact due to internal reflections. 

This configuration differs from the well-known conven- 
tional SAW resonators, i.e., reflector-type resonators, as 
follows. The configuration in Fig. 3(a) provides a very 
wide frequency band resonator. This phenomenon is very 
similar to that of the distributed feedback laser (DFB). An 
example of this SAW resonator’s impedance characteristics 
is shown in Fig. 3(b). The resonator’s antiresonant/reso- 
nant frequency ratio (f,/f,) is much larger than that of 
conventional resonators. 

The transmitter filter is designed to reduce the receiver 
band noise generated from the high-power amplifier (HPA). 
In general, the transmitter frequency band of cellular radio 
systems is allocated at the lower side of the receiver 
frequency band. Thus the ladder-type filter using SAW 
resonators and capacitors seems to suit the purpose. Here 
the antiresonant frequency of each resonator is assigned 
within the receiver band. This filter is shown in Fig. 4. 

The configuration shown in Fig. 2 is a one-chp realiza- 
tion of t h s  ladder-type filter. C,, where i = 0,1,2,. . . , n, 
can be achieved by the sum of the capacitances between 
resonator electrode fingers and the earth and of the capaci- 
tances between resonator-resonator coupling pattern areas 
and the earth. 
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Fig. 4. Ladder-type equivalent circuit. 

C. Frequency Characteristics for New Filter 

To explain frequency responses for the new filter more 
precisely, simplified equivalent circuits are introduced for 
the configuration shown in Fig. 2. An approximate equiv- 
alent circuit at all frequency ranges is shown in Fig. 5(a). 

At frequencies lower than the resonant frequencies of 
the resonators, each resonator's impedance becomes only 
capacitive due to the resonator's many electrode finger 
pairs. Thus an equivalent circuit of the filter is represented 
approximately by Fig. 5(b). 

At frequencies near the resonant frequencies of the 
resonators, each resonator's impedance approaches a series 
circuit of inductance and capacitance due to the mechani- 
cal reaction of SAW vibrations. T h s  produces the equiv- 
alent circuit shown in Fig. 5(c). 

At frequencies near the antiresonant frequencies of the 
resonators, each resonator's impedance approaches a 
parallel circuit composed of the capacitance between elec- 
trode finger pairs and inductance due also to mechanical 
reaction of SAW vibrations. This produces the equivalent 
circuit shown in Fig. 5(d). 

At frequencies sufficiently hgher than the antiresonant 
frequencies of the resonators, each resonator's impedance 
is again represented only by the capacitance between elec- 
trode finger pairs, resulting in the simple equivalent circuit 
of Fig. 5(e). 

The reason why the configuration of Fig. 2 acts as a 
filter is easily explained by Fig. 5.  Consider the case where 
the passband of the filter is close to or lower than the 
resonant frequencies of the resonators. In this case, near 
the passband Figs. 5(b) and (c) are approximated and 
simplified to Fig. 5(e); that is, the filter is represented by 
simple capacitance with respect to the earth. Thus input 
and output loads can always be matched using simple 
external matching circuits. 

At frequencies lower than the passband, the effect of the 
series capacitances becomes relatively large, resulting in 
the stopband of the filter. At frequencies higher than the 
passband, i.e., at frequencies near the antiresonant fre- 
quencies, the filter is represented by Fig. 5(d). Since reso- 
nator impedances become large due to the antiresonances, 
these frequency ranges correspond to the stopband of the 
filter. At frequencies sufficiently higher than the passband, 
the filter can be simplified again, as shown in Fig. 5(e). 
However, since the effect of the capacitance with respect 
to the earth becomes relatively large, the filter comes into 
the stopband again. 

Since the passband is located near the resonant frequen- 
cies and the stopband is located near the antiresonant 
frequencies in the above configuration, this filter is suit- 
able for the duplexer transmitter filter, which must have 

Fig. 5. Simplified equivalent circuit for Fig. 4's ladder-type filter. (a) 
For all frequency. (b) Below resonant frequency. (c) Near resonant 
frequency. (d) Near antiresonant frequency. (e) Above antiresonant 
frequency. 

very sharp cutoff frequency responses at the higher 
frequency side with respect to the passband. 

This configuration also offers both high-power char- 
acteristics and very low insertion losses. This is because at 
the passband of the filter most of the input energy is 
transferred electrically through the cascade-connected res- 
onators, and the degradation of IDT electrode fingers is 
very small due to the negligible influence of SAW vibra- 
tions. The experiments will illustrate these facts. 

IV. ESTIMATION OF CAPACITANCES AGAINST EARTH 
One new feature of this developed high-power config- 

uration is the utilization of capacitances against the earth. 
Capacitors against the earth in Fig. 4's equivalent circuit 
play a major role in synthesizing steep frequency re- 

- - n -- _ I  
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Fig. 6. Filter perpendicular section and charge distribution. (a) Charge 
distribution on electrode. (b) Step-function approximation. 

sponses. Accurate computer simulation results, shown sub- 
sequently, will illustrate t h s  point. 

It is rather difficult mathematically to formulate these 
capacitances, because of the complicated filter pattern. 
However, a fairly precise estimation is possible using some 
approximation. 

The capacitance values for resonator electrode fingers 
and resonator-resonator coupling pattern areas must be 
calculated separately. However, the difference for capaci- 
tances in both regions is negligible. This is because, if the 
substrate is sufficiently thck compared with the resonator 
electrode period, capacitances between electrode fingers 
and the earth nearly equal the capacitances of the simple 
parallel plates (see Appendix I). Thus it is not necessary to 
distinguish the electrode regions from coupling pattern 
areas. 

The filter perpendicular section is illustrated in Fig. 6(a). 
By identifying the electrode fingers as a uniform metal 
pattern, each capacitance given in the ladder-type equiv- 
alent circuit of Fig. 4 can be estimated using integral 
equation procedures. 

The resonator charge distribution reveals increasing 
functions toward the edges of the filter due to the fringing 
effect. This is also shown schematically in Fig. 6(a). A 
mathematical formulation for capacitances is possible by 
applying a step-function approximation to each resonator’s 
charge distribution. 

From fundamental electrostatic equations [7],  

where 
E electric field, 
D electric flux density, 
+ electric potential, 
p charge density, 

0 gradient operator. 

Using a Fourier series expansion 

tensor dielectric constant, 

where - represents the Fourier coefficient and M is a 
large width in the z direction, in whch almost all the static 
field is confined. Putting (4) into (l), (2 ) ,  and (3) and 
introducing boundary conditions at y = 0 and y = h, an 
integral equation is derived which relates charge distribu- 
tion to potential on the electrodes: 

~ = ~ ~ “ Q ( z ~ ) C ( z ~ z ~ ) d z ’ ,  Z , I Z  s z n  (5) 

where I/ and Q(z) are the potential and the charge distri- 
bution on the electrodes. C( zJz’) is Green’s function: 

- <, 

2 O0 sinh(y,h) c C(z1z’) = - + ~ 

h 

c22M n J G  m = l  mcosh(ymh) 
m n  mn 

. c o s ~ M Z ) C O S (  

Using the step-function approximation shown in Fig. 
6(b), Q(z) can be represented as follows: 

n 

Q ( z )  = a ,q , (z )  
r = l  

where U is the step function. 

yields algebraic equations. I/ = 1 is assumed: 
Putting (7) into (5) and using Galerkin’s method [7] 

1 = urJ2’  J ’  q , ( z ’ )G(z~z ’ )q , ( z )dz ’dz ,  j=1 -  n. 
, = I  2 , - l r , - ,  

(8) 
From (8) capacitors Cr ’s in the ladder-type equivalent 
circuit of Fig. 4 are given as follows: 

(9) 

V. COMPUTER SIMULATION PROCEDURES AND 
EXPERIMENTAL RESULTS 

Four parameters are used to design this filter’s required 
frequency responses. These are the resonant frequencies of 
the resonators, the electrical impedances of the resonators, 
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Fig. 7. Schematic drawing and capacitances for hgh-power SAW filter. 
(a) Filter pattern. (b) Calculated capacitances. 

capacitance values of the capacitors against the earth, and 
the filter degree corresponding to the number of reso- 
nators. 

A schematic pattern drawing of the new hgh-power 
SAW filter used in computer simulation and experiments 
is shown in Fig. 7(a). Eighteen series-connected resonators 
with 400 electrode finger pairs are used. To suppress 
electric direct coupling between input and output termi- 
nals, an isolation earth pattern is introduced in the middle 
of the filter. The average periodic length of electrode finger 
pairs for each resonator is also given in Fig. 7(a). 

Capacitance values calculated by the procedures shown 
in Section IV are given in Fig. 7(b). In the calculation, 
36OYX-LiTa0, [4] with 0.35 mm thickness is used as a 
substrate. Capacitance increases toward the edge of the 
filter. This increase is more evident toward the center-side 
edge of the filter due to the influence of the earth pattern. 

In general, frequency shifts for high-frequency filters are 
remarkable due to the influence of floating capacitances. A 
more exact ladder-type equivalent circuit representation, 

Fig. 8. Equivalent circuit for SAW resonator. 
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Fig. 9. Simulation results for high-power SAW filter 

whch includes floating capacitances between resonators, is 
discussed in Appendix 11. 

The previously published equivalent circuit model for 
the IDT, that is, the mixed field model with a of 0.5 [8], is 
used to design the SAW resonators. The mixed field model 
is shown in Fig. 8. Two types of periodic length are 
introduced in each SAW resonator to achieve the average 
period given in Fig. 7(a). This is also shown in Fig. 8. A 
mathematical formulation for the entire SAW resonator is 
possible using the above equivalent circuit models con- 
nected acoustically in cascade and electrically in parallel 

Computer simulation results for the new high-power 
SAW filter using 36OYX-LiTa0, with 0.35 mm thickness as 
a substrate are shown in Fig. 9. This simulation uses the 
more exact ladder-type equivalent circuit including float- 
ing capacitances (Appendix 11). Simulation results satisfy 
the required frequency responses for a duplexer trans- 
mitter filter and have a rejection level with over 20 dB at 
receiver band. 

Experimental results are shown in Fig. 10. Low insertion 
loss, under 1.2 dB, is achieved at the transmitter band. The 
rejection level at the receiver band is over 20 dB. Com- 
puter simulation and experimental results agree fairly well. 

The chip pattern of the new high-power SAW filter is 
shown in Fig. ll(a). Chip size is about 2 mm2. Electrode 

~91. 
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TABLE I 
AGING TEST FOR HIGH-POWER SAW FILTER 

8 0 0  8 4  0 8 8 0  9 2 0  

F r e q u e n c y  ( M I l 2 )  

Fig. 10. Experimental results for high-power SAW filter 

(b) 

Fig. 11. Photographs of high-power SAW filter. (a) Chip pattern (b) 
Mounted on TO-5 package. 

fingers of about 1.2 pm width are used in each resonator. 
The filters mounted on a TO-5 package are also shown in 
Fig. ll(b). The package on the right is hermetically sealed. 

VI. RESULTS OF POWER AGING TESTS 
As mentioned above, the maximum input power limit is 

about 10 - 15 dBm at 800 MHz in conventional transver- 
sal SAW filters. However, the new filter also provides 

(b) 
Fig 12 Photographs of electrode fingers after aging tests (a) Pure AI 

electrodes (2 W output after 600 hours) (b) AI-Cu electrodes (4 W 
output after 3000 hours) 

high-power characteristics. This is because at the passband 
of the filter, almost all input energy (1.6 W) is electrically 
transmitted through the connected SAW resonators. The 
mechanical migration of electrode fingers is very small due 
to the negligible influence of SAW vibrations. This is very 
different from previously published low-loss SAW filters 
[1], [2]. Thus this filter provides high power characteristics. 

At the stopband of the filters, strong SAW coupling 
occurs. However, input energy at this band is very small, 
such as noise generated from the high power amplifier 
(HPA). So the degradation of electrode fingers is not 
remarkable. 
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System specifications require a heat run test of more 
than 2000 hours with 2 W output power. Considering the 
margin, an aging test is conducted with three power levels: 
2, 3, and 4 W output power. 

It is well known that in both SAW filters and silicon 
IC's, aluminum electrode fingers doped with 1.5 - 2.5 per- 
cent copper improve input power by about 5 dB [5], [6]. 
Thus aluminum-copper electrode fingers have also been 
used in this hgh-power SAW filter. 

The results of the aging test for the high-power SAW 
filter are summarized in Table I. The lifetime for pure 
aluminum electrode fingers with 2 W output power is 610 
hours. By contrast, over 3000 hours are obtained even with 
4 W output power for aluminum-copper electrode fingers. 

Photographs of electrode fingers after aging tests are 
shown in Fig. 12. The degradation of pure aluminum 
electrode fingers after a 600 hour, 2 W output power aging 
test is shown in Fig. 12(a). Mechanical migrations, i.e., 
many hillocks and voids similar to those of electrical 
migrations due to high current density, are observed on 
electrode fingers. Alurninum-copper electrode fingers after 
a 3000 hour, 4 W output power aging test are shown in 
Fig. 12(b). No degradation for electrode fingers is ob- 
served. These experimental results confirm the feasibility 
of a SAW antenna duplexer as a class I1 portable tele- 
phone transceiver. 

VII. APPLICATION TO ANTENNA DUPLEXER FOR 
PORTABLE TELEPHONE 

As is schematically illustrated in Fig. 1, the newly devel- 
oped antenna duplexer module includes not only trans- 
mitter and receiver filters T1 and R1, but also a second 
receiver filter R2 and a receiver low-noise amplifier. The 
authors have previously developed high-performance SAW 
filters which can be used as receiver filters [l], [2]. They 
have also developed a bipolar transistor low-noise ampli- 
fier using hybrid IC technologies. 

Frequency responses for the SAW antenna duplexer 
module using the developed high-power filter as a trans- 
mitter filter and the previously published hgh-perfor- 
mance SAW filters as receiver filters are shown in Fig. 13. 
The frequency characteristics required for the antenna 
duplexer of a portable telephone used in 800 MHz cellular 
radio systems are satisfied over a wide temperature range, 
as the figure clearly shows. 

Photographs of a miniature SAW antenna duplexer 
module are shown in Fig. 14. The external appearance of 
the module is shown on the left. The transmitter high-power 
SAW filter as well as two receiver high-performance SAW 
filters on TO-5 packages are fastened by screws. The 
internal circuits of the module are shown on the right. The 
circuits also include a low-noise amplifier. The volume of 
this module is under 8 ml. This is about a one-fifth size 
reduction over conventional semicoaxial duplexers. 

In the near future, the size of transceiver units for 
cellular radio systems will be greatly reduced, leading to 
pocket-sized telephones. The fundamental experiments re- 
ported herein prove that SAW technologies are suitable for 

Tx to A n t  A n t .  t o  R X  i 

7 4 0  8 6 0  9 8 0  

F r e q u e n c y  (MHz) 

Fig. 13. Frequency characteristics for miniature SAW antenna duplexer 
module. 

Fig. 14. Photographs of miniature SAW antenna duplexer module 

the miniaturization of transceiver units. New functional 
devices combining SAW and other active or passive circuit 
elements, such as low-noise amplifiers and receiver mixers, 
are now also possible. 

VIII. CONCLUSIONS 
1) A new ladder-type low-loss, high-power SAW filter 

has been constructed with wide-band SAW resonators and 
capacitors between resonator patterns and the earth. It 
improves the high-power characteristics of conventional 
transversal SAW filters by over 15 dB. 

2 )  To design the hgh-power SAW filter, very accurate 
computer simulation procedures have been developed. 
Simulation agrees fairly well with experimental results 
using 36"YX-LiTa03 as a substrate. 

3) Aluminum electrode fingers doped with 1.5 - 2.5 
percent copper are used to withstand 1.6 W output power. 
Thus this SAW filter can be used as a class I1 portable 
telephone transceiver. 

4) A miniature antenna duplexer module including the 
high-power SAW filter, two high-performance receiver 
SAW filters, and a low-noise amplifier satisfies the system 
specifications for an 800-MHz portable telephone. 

T -' 
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5) These newly developed technologies show possibilities 
not only for further size reduction of the duplexer, but also 
for new functional devices combined with other active and 
passive circuit elements. 

APPENDIX I 
Capacitances between electrode fingers and the earth 

can be estimated by introducing periodic structure ap- 
proximation, as shown in Fig. 15. As the number of 
electrode fingers is large enough and the influence of 
unperiodicity at the edge of the resonator is negligible, 
these capacitances can be calculated using a conformal 
mapping technique. 

Using a Jacobian elliptic function, the g plane of Fig. 
16(a) is transformed into the s plane of Fig. 16(b): 

Here sn is a Jacobian elliptic function with the following 
characteristics [lo]: 

s n ( K o , k o )  =1 642) 

sn( K O  + j K , ' , k o )  = -. (A3) 
k0 

1 

K O  is a complete elliptic integral of the first kind with the 
modulus k , .  K,' is also a complete elli tic integral of the 
first kind with the modulus kh = e 1 - k i  . From the corre- 
spondence of both Figs. 16(a) and (b), 

K O  rL 
K,' 2 h '  
_ -  - - 

The w plane of Fig. 16(c) is also transformed into the t 
plane of Fig. 16(d): 

t = A.sn(  w , k , )  (A@ 

s n ( K , , k , )  =1 (A7) 

1 
sn ( K , + j K ; ,  k ) = - . 

kl 
K ,  and K ;  are complete elliptic integrals of the first kind 
with moduli k ,  and k ;  = /=, respectively. 

From Fig. 16(b) and (d), 

Thus using approximate representations for Jacobian 

/ /,//// // //// / /  //// / / / / / 

Fig. 15. Capacitances between electrode fingers and the earth 

'4 = ' . - - ' I  4 .  : z e i ; :  

i c )  (4 
Fig. 16. Conformal mapping for estimation of capacitances. (a) Unit 

section for electrode. (b) Conformal mapping of (a). (c) Parallel-plate 
condensor. id) Conformal mapping of (c). 

given as 

f22L __ 

(A121 
h C =  

elliptic functions [lo], capacitance C = ( 2 ~ ~ ~  K , ) / (  r K ; )  is Irh 
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Fig. 17. Electrode finger edge floating capacitances. 

I i t  
m7 TC3 “.7i. TCI ,777 TU ia-&-lza k ,, 

’ L A  - - -  
.m !! 

Fig. 18. Ladder-type equivalent circuit including floating capacitances. 

Introducing actual parameters ( L  = 2.5 pm, 1 = 1.25 pm, 
h = 350 pm) for the 800-MHz SAW resonators with 
36OYX-LiTa0, substrate into (A12), C is found to be 

E 2 2 L  C=-. 
h 

Equation (A13) indicates the capacitance  for^ the uni- 
form parallel-plate condensor. T h s  means it is not neces- 
sary to distinguish electrode fingers from coupling pattern 
areas to estimate capacitances against the earth. 

APPENDIX I1 

The ladder-type equivalent circuit in Fig. 4 is not an 
exact circuit for the high-power SAW filter in Fig. 2. This 
is because the influence of floating capacitances is not 
negligible in high-frequency SAW filters. The electrode 
finger edge capacitances shown in Fig. 17 are especially 
remarkable due to the large number of finger pairs. A 
rather exact ladder-type equivalent circuit representation 
including these capacitances is given in Fig. 18. 

Mathematical formulation for floating capacitors C,l’s is 
very difficult because of the complicated electrode finger 
patterns. Thus (2,”s are estimated experimentally. In com- 
puter simulation of the filter, 3 pF  is employed for 
each C,l. 

ACKNOWLEDGMENT 
The authors gratefully acknowledge the many useful 

discussions and considerable help of A. Iwama, Y. 
Kuwamoto, and H. Kobayashi of the Hitachi Tokai Works, 
of J. Yamada and A. Yuhara of the Hitachi Consumer 
Products Research Center, and of T. Toyama of the Hitachi 
Yokohama Works. Thanks are also due to A. Sumioka of 
Hitachi Denshi Ltd., to H. Kojima of Hitachi Shounan 
Denshi Ltd., and to Y. Saigou of Hitachi Video Engineer- 
ing Ltd. for designing and testing the devices. 

~ 3 1  

[41 

[51 

171 

REFERENCES 
M. Hikita, H. Kojima, T. Tabuchi, and Y. Kinoshita, ‘‘8OO-MHz 
high-performance SAW filter using new resonant configuration,” 
IEEE Trans. Microwave Theory Tech., vol. MTT-33, p. 510, 1985. 
M. Hikita, T. Tabuchi, H. Kojima, A. Sumioka, A. Nakagoshi, and 
Y. Kinoshita, “High performance SAW filters with several new 
technologies for cellular radio,” in Proc. IEEE Ultrason. $vmp.. 
1984, p. 82. 
A. J. Slobodnik, Jr., T. L. Szabo, and K. R. Laker, “Mmiature 
surface-accoustic-wave filter,” Proc. IEEE. vol. 67, p. 129, 1979. 
K. Nakamura, M. Kazumi, and M. Shimizu, “SH-type and 
Rayleigh-type surface wave on rotted Y-cut LiTaO,,” in Proc. 
IEEE Ultruson. Svmp. ,  1977, p. 819. 
J. I. Latham, W. R. Shreve. N. J .  Tolar, and P. B. Ghate, “Im- 
proved metallization for surface acoustic wave devices,” Thin Solid 
Films, vol. 64, p. 9, 1979. 
Y. Ebata, K. Sato, and S .  Morishta, “A LiTaO, SAW resonator 
and its application to video cassette recorder,” in Proc. IEEE 
Ultrason. Symp. ,  1981, p. 111. 
D. S .  Jones, The theory o/electromugnetism, New York: Pergamon 
Press, 1964.: I. Stakgold, Boundary value problem of muthemuticol 
physics I I .  
M. Hikita, Y .  Kmoshta, H. Kojima, and T. Tabuchi. “Resonant 
S.A.W. filter using surface shear wave mode on LiTaO, substrate.” 
Electron. Lett., vol. 16, p. 446, 1980. 
W. R. Smith, F. M. Gerard, J. C. Collins, T. M. Reeder, and H. J. 
Shaw, “Design of surface wave delay lines with interdigital trans- 
ducers,’’ IEEE Trans. Microwave Theoty Tech., vol. MTT-17, p. 
865, 1969. 
M. Abramowitz and I.  Stegun, Handbook o/ Muthemuricul Func- 
tions. New York: Dover. 1965. 

New York: Macmillan, 1968. 

m 

Mitsutaka Hikita (M’87) received the B S , M S , 
and Ph D degrees in electronics engineering, all 
from Hokkado Umversity, Sapporo, Japan, in 
1972, 1974. and 1977, respectively 

In 1978, he joined Central Research Labora- 
tory, Hitachi, Ltd , Tokyo, Japan From 1972 to 
1978, he was engaged in research work on the 
analysis of electromagnetic-field problems, mi- 
crowave accoustics, and acoustooptic interac- 
tions From 1978 to 1983, he worked on high- 
performance SAW filters for radio comrnunica- 

tion equipment Recently, he has been engaged in RF system design for 
cellular radio, as well as advanced application of SAW technologies 

Dr  Hikita is a member of the Institute of Electromcs and Communica- 
tion Engineer\ of Japan 

Yoshikatsu Ishida graduated from the electric 
course of Miyazaki Technical High School, 
Miyazaki, Japan, in 1963. 

He joined Taga Works, Hitachi Ltd.. Ibaragi, 
in 1963. Since joining Tokai Works. Hitachi Ltd., 
Ibaragi, in 1973, he has been engaged in the 
development of audio equipment, SAW filters 
for cellular radio, and SAW filter application 
devices. 

n 



1056 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 36, NO. 6, JUNE 1988 

Toyoji Tabuchi graduated from the electnc course 
of Tadotsu Techmcal High School, Kagawa, 
Japan, in 1961. 

He joined the Central Research Laboratory, 
Hitachi Ltd., Tokyo, in 1967, and has been en- 
gaged in research on laser application devices, 
liqud crystal devices, and surface acoustic wave 
devices 

Electronics and Commumcation Engineers of 
Japan. 

Kazuhito Kurosawa received the B S degree in 
electromcs engineering from Ibaralu Umverslty, 
Ibaralu, Japan, in 1985. 

He joined Toka Works, Hitach Ltd , in 1985, 
and has been engaged in development on SAW 
filters 

Mr Kurosawa is a member of the Institute of 
Electromcs and Commumcatlon Engneers of 

Mr Tabuch is a member of the Institute of Japan 


