14

New Structure of SAW Resonator Filters on 64° YX LiNbO3
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Abstract

The double mode SAW resonator fillers have the serious shortcoming that oot-ol-band rejection above the passband is
quile poor. Hence a new structure of the double mode filler is designed with the COM (Coupling Of MOdes) theory with
betler out-of-band rejection characteristics while keeping all the beautics of Lhe conventional type. The sccond poal of the
design is 1o reduce the planar size of Uie structere so that mass produclivily of low [requency devices can be improved. For
those purposes. several TDT's and relfector gratings are added 10 or subtracted trom the conventional structure so that the
modilication can lead Lo better overall performance as a filter. As resulls of the investigation, several new double mode

SAW resonator filler siructures are developed. A new structure shows 10dB more out-of-band rejection that the conven-

tional type wilh 25% reduced device size. Good agreement s demonstrated between the analytcal results and experimental

results Tor an illustrative 325 M Hz four pole resonalor Nilter on 647 YX LiINbO,.

I. Introduction

There has been a strong need for wide band and low
loss devices in RF filters for telecommunication cquipment
such as hand held cellular phones and pagers. The role
has been laken hy diclectric resonator fillers. Yet SAW
Nlters have attracied intensive research for Lheir supenior
amenability (0 mass production, good performance, and
their grealer compactness than the dictectric resonalor
filters. On the other hand, the transversal filters present
the problem thal the inscrtion loss is mevilable by bi-di-
rectional radiation ol the SAW away from the transducer.
This has caused the invention of double mode SAW res-
onator filters,

The invention of doubie mode longitudinally coupled
SAW resonator lllers occurred in 1992 with the work of
T. Monta, ct al [I]. In contrast to narrow band (ransversely
coupled multiple pole SAW resonalor {filters, (he double
mode Dllers offer device operation wilh wide Nactional
handwidlh capabilitics, fow inscrtion loss, lal passband
response, and low group delay ripple. However, they have
the serious shortcoming that ouwt-ofl-band rejechion around
the passhand is quile poor. [ means that in order Lo meel
the specilications given by mobile  lelecommunication
systems, the nuvmber of poles in cascade should be increased,

which leads 1o more complicaled device slructures, diffi-
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culties in photo-lithography, larger device size, und so on.
Hence we are developing new type double made SAW
resonalor fillers with belier out-of-band rejection chara-
cleristics while keeping all the beauties of the conventioal
steucture. The second goil of the design is 1o reduce the
planar size of the structure so thal mass productivity of
low [requency devices can be improved.

The new structure is designed with the COM (Coupling
Of Modes) theory, Based on (he conventional struclure,
several 1IDT's and relleclor gratings are added to or
subtracted frrom it. Simple additon of more refleclors or
IDT's may induce harmful effects. Hence, the optimum
combination of the reflectors and [DT's is sought to
rcach the goal of beller out-of-band rejection withont sac-
rificing alf the other performances. In addition (o the gen-
eral new structure development, the effect of many design
tactors is investigated. Ting paper will first discuss Lhe
principles for analyzing longitudinadly coupled resonator
filters on (he basis of compuler simulation. 11 will then
present modification of the structore and demonstrate the
characteristics of the new filter employing a Jeaky SAW
{LSAW) on a 64" YX LiNbO, substrate. The numerically
investigaled performances are achieved  experimentally,

and comparizon between them s made.

Il. Transmission matrices of double mode
SAW resonator filters

Figure 1 shows & {yptcat strucluere of a dwal mode
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longiludinally coupled SAW resonator filters where leaky
SAW propagales underneath the metallized pattern. A
leaky SAW on a 64° YX LiNbO; substrale has a large
electromechanical coupling fuctor of J1% and also has g
relatively large frequency/temperature cocllicient ol -70ppm
/¢ This large frequency/temperature cocfticicnl requires
a wide operating frequency bandwidth, When these 1D7Ts
are connected as shown in the figure, the secend longi-
tudinal mode will no longer be excited so that it will be
possible to confligure a filter using only the first and third
longiludinal modes. Even though Fig. | bas a simple
structure, @ thorough analylical understanding is nol
available [2, 3, 4]. This paper analyzes characteristics of
the double made Nilter with modilied COM theory (5, 6].
The C'OM theory has certain Jimitations when applied to
the design of wide bund devices |7). Flowever, 11 s still a
good ool to predict the perlormance o SAW devices al
i preliminary examination stage. In the COM theory, a
transmission malrix relates the forward and backward
traveling wave amplitudes al the lett side of an clement Lo
those on the right side. Coupled mode theory is applied
to derive the 2 % 2 transmisston malrix relating the acoustic
wave amplitudes at the inpul and oulput ol a surface

wave reflection grating as follows [2. 3,4, §].

-

Figure 1. Conventional double made SAW cesonator (iller

structure.
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where a=[n,,2-(3—1 8)*]'", k)2 = grating mutual coup-
ling  parameler = 0.0091 -+3.48Ch/2) Tor Lhe 647 YX
LINbO,y substrale, s =detuning parameter =2z (1 - 1) fe
Ay g = grating sell-coupling parameter = $.052 4-0.18
(h/x) +1.4(h/2) tor the 647 YX LilLbO, substrale, a -

grating alenuation coelficient, (={requency, {y --cenler
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frequency of the DT pallern, v=SAW velocity, L=
length of the refleclor grating, f=wave number, h::cle-
clrode thickness, A =SAW wavelenght, and ¢ = phase
angle.

The (ransmission malrix T of an IDT is also found by
manipulating the well known admittance matrix based on
a Mason equivalent circuil model. Using the resulls of
Smith, el al. I5]. and including an ellective series electrode

resistance R. T is given by

(et — 1y s
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. N = number of clectrodes in the trans-

ducer, G, = transducer radialion conductanee, R, =combined
DT metal and lead resistance, Z. = load resislance or
souree resistance, &= (w0 Cy FB) (R, FZ.), w=angular
frequency, B, = lransducer radiation susceptance, 4~ N,
A o, A =refleclor repetition periad, ¢ 2 {« Cy +B,), and
C = 012l IDT capacilance.

The 2% 2 transmission matrix ol the transmission Jine
between cach of the active elements, IDT's and reflector

gralings, s in such a simple Torm as

Wil
P [L 0 ] (3)
0 Ll|ﬂ|..

where 1, 15 the lenglh of the transnission line.

These transmission malrices provide the means (o cal-
culale the properlies ol a cascaded structure of gralings
and transmission fines. Oncee the transmission matrices
are set up. the external ransonssion through w SAW res-
onalor is found by mateix moltiplication. Modilication of’
the structire in Fig. 1 ocan be ¢asily simulated by manipu-
lation of the matnices. The transmission malrices derived
in this paper reflect alb the theories suggested by C. K.
Campbell [2]. and C. S, Hartmann [7]. That s, the
clements ot the matnices are properly updated 1o include
SAW velocily dispersion, SAW altenuation increase due
to scallering, rudiation of bulk waves. and SAW reflectivily

change at the refllector gratings.

3. New type double mode SAW resonator filters
The structure in Fig. | in four pole conliguration, (wo
channels in cascade, s simulaled wilh the above menloned

transmission matrioes. and the theorctical and cxperimenlal
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results are shown in Fig. 2. The Fig. 2{b} is lhe measure-
menl result of the device fabricaled following all the
configurations ol Fig. 1. for this comparison. The middle
inpul 1DT has cighteen hnger pairs, and the two outer
IDT's hac cleven finger pairs, respectively, Tach refleclor
grating has seventy five fingers. All the otheir specilications
follow those of Rel. 1. There s a close apreement
belween the two results wilh some discrepancy below the
passhand. As shown, Lhe structure in Fig. | offers device
operation with wide fractional bandwilth capabibties,
low inscrtion loss, and flal passband response. However,
it has the serious shortcoming thal out-of-band rejection
above the passband is quile poor. [t means that in order
1o meel the specifications required by mobile telecom-
munication systems, the number of poles in ciscade
should be increased, which leads to more complicated
device structures, diflicoltics in photolithography, larger
device size, and so on. Henee new structures ol double
mode SAW resonator Dllers are developed with the trans-

mission matrices. The development is made with the phil-
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Figure 2. Frequency responses of the conventional double mode
SAW resonualor filters in Fig. |, (a)calculaled, (b)
measured,
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osophy that several IDT's, reflector pratings, or irans-
mission lines are added lo or sublracted from the basic
structure in Fig. 1 so thal the goal of belter oul-of-band
rejeclion is allained without sacrificing all the other
performances. Simple addition of more reflectors or
IDT's may induce harmful eflfects. Hence, the optimum
combinalion of the refleclors and 1DT's is soughi 1o
reach the goal. In additon, the effect of many design
lactors is investigaled and their oplimum values are deter-
mined. We have checked the cifects of the minc design
design (actors:the number of refleclors, width of the
reflectors, open or short slates of the reflectors, reflecior
finger metallization ralio, spacing between the refleclor
fingers, number of 1DT fingers, 1DT apodization pattern,
separalion belween the EDT and the rellector grating, and
clectrode thickness. Basced on the results, fairly many new
configurations have been attempted and several successful
moditications are presented.

The first modification s the insertion of a guarler wave
lransmission line mto the middle of each reflector grating.
The conliguration is olherwise the same as lhose in Fig.
1. Figure 3 shows the structure with the quarler wave

transmission line insertion. According 1o P. S. Cross, el al

Figure 3. Structure of double mode SAW resonator filter with
the insertion of a quarter wave transmission line in

the middle of cach refleclor grating.
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figure 4. Experimental frequency responses of lhe SAW res-
onalor lilter in Fig. M.
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15], this kind of madification leads to operating bandwidth
increase and sidelobe magnitude decrease of the device.
Experimental results are shown in Fig. 4. Increased inser-
tion Joss 15 duc to the impedance mismalching between
the SAW flilter and the measureinent instrument, not to
the fitter performance. In compacison with Fig. 2, overall
performance is quite similar to cach other. However, al
right below and above the passhand, significant reduction
of the sidelobe is observed. Below the passtand, that
reduction amounts o about -10dB. Baadwidth of -3dB
reduction is increased by 6% in comparison with Fig. 2(b).
Second modification is the addition of an TDT to the
outer sile of each exisling reflector grating, as shown in
Fig. 5. The rellector grating has (wenly hogers and each
of the new ouler IDT's has three linger pairs. The problem
wilk the basic structure of Fig. 3 is that we have to have
a [airly large number ol fingers in the refleclor grating in
order to get sufficient reflection. For high (Tequency
devices such as those working at 9060 MHz and above,
device size may not matter so much. However, for devices
such as 325 MHz filters for pagers, smaller size 1s of great
imporlance because it is directly relaled 1o ils mass pro-
ductivity. FFor reduction of the device size, the number of
reflector fingers should be reduced, which results in
poorer performunce of the device. ic.. a larger insertion
loss. Hence, for smaller devices, some belter idea must be
employed. The paint of devising the new structure in Fig.
5 is that, with a smaller number of reflector fitgers, the
remaining unreflected SAW can be intereepled by the
new IDT's. The intereepled SAW cnergy is transferred to

I
I

Figure 5. Structure of a double mode SAW resonator Niler with

|
L

the addition of a IDT (o vuler side of cach existing
refllector grating.

i7

the second resonalor channel, where the newly 1DT's
wark as additional SAW generators. With fewer reflector
fingers, the level of SAW cnergy conlinement within the
resonator patiern may get poorer. However, parl of the
wnreflecled energy is intzreepled by the new 1DT's, and is
utilized to regencrate SAW at the lower channel. Rege-
nerated SAW can compensale for some of the cacrgy losl
duc to the insulficiency of refTector fingers, Figure 6
shows Lhe frequency rsesponses ol the new  struclure,
Much improvement §, observed around the passband,
quite much rednction of the sidelobe al just below the
main tobe, However, a tairly large side lobe oceurs in the
region where the response used be flal. This undesirable
sidclobe gencration s supposcd o be due (o the insuf-
ficiency ol reflector fingers. Furlther, (he problem with
this structore 1s thal in the second resonator channel,
cach of the newly added ID'T's have 1o lose half of ils
radiated energy due Lo ils bidirectionalily.
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Figure 6. Frequency responses of the SAW resonator filler in
Fig. S, {a}culculated, {b) measured.
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Comprontise for this problem is made by adding one
more reflector grating next to cach of the new 1DT's as
shown in Fig. 7. The newly added relleclor has len
fingers. The structure is, in some sense, similar o he
interdigitated T TDTY configuration consisting of
series of TS allernately connected (o the electrical
inpul and outpul ports [R]. The structure in Fig. 7 resulls
form the addition of a set of a rellector prating and an
IDT to the basic structure. In lhis configuralion, more
and more sct of Them conlinue o be added. In the 11DT
design. cach IDT works as cither inpul or onlpui trins-
ducer allernately. In the structare of Fig. 7. only the cen-
tral 1DT receives the external electnical energy. Figure R is
the photograph of the device with the pattern in Fig. 7
while Fig. 9 is lthe results from the analysic ol g, 7
structure. Compared with Fig. 6, the magnitude of’ lhe
sidelobes 1 much rediced. In comparison with (he resuts
n Fig. 4, some enhancoment is observed above the pussband,
aboul -5dB. I we nerease the pumber of fingers i the
outermost  reflecter  grating, mote  reduchon o the
sidelobes is expected. The structure m Tig. 7 sives abond
75% of thal in Frg. 3. Henee, these results conling Lhal
the goal of more sidelobe reduction with smafler device
size has been reached with the new patleen in Fig 7

The results of igs. 6 andd 9 were oblamed  aller
optimizalion ol vapous Jesign (aclors mentionad above
OF the nine factors investigated in this paper. most of
them tarned out o have the same values as those iy Rels.
T and 2. However, Tor Fig. 9, The effect of two Gaclors-the
number of 11T fingers and the number of reflector

fingers-is hew and 1y presented here. The number of 1T

Qn

out
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fingers daes nol have much elfect on the passhand shape
ol the Blier. However, as the number increases for lixed
reflector gratings, the magnitude ol sidetobes increases
eradimally  Figore 10 shows the change of sidelobe magni-
tude with 1DT Ninger numbers. Om the other hand, as (he
number of rellector fingers increases, the passband gels

more and more Mat. and the insertion loss gets smaller

Figure 8. Photopriph of o Tabncated double mode SAW res-

onalor hitfer with the pattern i g, 7.

U 325MIz S80MT
K U

T 40 60 [§) 100 120 1a%

srendation g

(b} measured

Figure 9. Frequency responses of the SAW resenator filler

Figure 7. Structure of a double mode SAW resonmator (lier with
the addition of one more set of a reflector grating and

an IDT to ooter side of cach existing refledtor gralmg. structure in Fip. 7. G ealeulated, (bYmeasured.
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and smaller. However, as expected {11, above a cerlain
number of reflector fingers, this cffect is salurated. «nd
no more improvement is observed. ‘The saturation number

is ten for the configuration in Fig. 7,

sideicbe magritide

1 3 5 7 g 11 13 15
number of IDT fingers

Figure 10. Change of sidelobe magnmilude with the nimber of
IDT hingers.

V. Conclusion

In order to overcome the shorlcomings of conyentional
double mode SAW resonator lilters, we attemipted (o
develop new structure of the Mifler with belter oul-of-band
rejection characteristics while keeping all the beauties of
the conventional structures, It was (urther attempled to
reduce the planar size of the structure so thal mass pro-
ductivity of low frequency devices could be improved.
The new structure was designed with the COM {Coupling
Of Modes) theory. Based on the convenlional dounble
mode filter structure, several IDT's and reflector gratings
were added 1o or sublracled from il. As results of the
investigation, several new double mode SAW wesonator
filter struclures were developed. Some of the struclures
had (0dB more out-of-hand rejection characteristics than
the conventional type with 25% smaller device size. Good
agroement  was  demenstraled  belween  the  anafytical
results and the experimental results for an illustrative 325
MHz four pole resonator filter on 64° Y X LiNbO ..
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