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Theoretical Study on the Effects of the Withdrawal Weighting on the
Performance of Resonator Type SAW Filters
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This paper proposes a new improved lumped clement cquivalent circuit analysis method to analyze
withdrawal weighted SAW resonators of irregular electrode configurations, which enables to calculate the
frequency response of withdrawal weighted SAW resonators, This method has led to the derivation of Smith
equivalent circuit’ s y—parameters for a single ground electrode and formulated the resonator’ s admittance
by calculating the {otal current into an IDT assembly, To illustrate the effectiveness of the technique,
this method was applied to the design of a simple ladder filter and the change of the filter performance
was investigated in relation to the weighting of the series and parallel resonators, respectively. The results
shows that the withdrawal weighted resonator ladder filters provide better performance in their bandwidth
and transition characteristics than rormal ones, This new equivalent circuit analysis method can also serve
as a better tool to design and ana.yze general SAW resonator filters,
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Table 1. Design parameters of the SAW ladder filter,

design parameters value
substrate 36° Y-X LiTaOs
electrode thickness 4200 A (A)
metallization ratio 0.5
S electrode number 225
S reflector number 142
S electrode width 50 im
S period 4815 m
P electrode number 167
P reflector number 142
P electrode width 150
P period 498 /m

(* S: series resonator, P: parailel resonator}

AL E S U F A 25 Hogags @A & 5
e PELR olgE 4 o ol 347 e 4
Aol 1o} = B A Bgeld SR 27
Aol H & it} & vhe ZBRA i o] o] FolA
A% & LAY B MEe Ui df o &9
oz Yool E4& 2T & ASS ¢+ AU
Agk 549 A7} HeiAe BEE 7HD A &
gt LAY Brticke Mo #tE FU EEY 5
A& sk Aol Bgsitt & + gk,

ag eollds AT M39 8 F7Rde HE
YEEge] WiskE 7 deAeaR ARistaes, 1
23 9] Fatet 22 B e e, FAF
ot 8 F, 2 &2 BT st AR Ko B4
tht QatEE A& B o Y E Aot g e] £40)A

_aﬁer before

8, [dB]

725 750 775 800 825 850 875 900
frequency [MHz}

{b) HERXIZI0N 15742 mH Bt
{b) Imposition of 15 weighting paint on the parallel resonators

O 5. 43 SII2 QI3 e Zn 549 88l (A|S30(H)
Fig. 5. Frequency spectrum changes by the imposition of as withdrawal points on the filter (simulation).



54 tH2SERX| K213 H1£ (2002

P T e ITTT oI ey e e e e -
27.0: Aty
sl N T o | |
(AN SRS N S E P | R — ' O
— 798.2° frommm ‘ : 26.5] ‘ , 9
N v i — . ' i '
o 798.07 ; 4 L N 26.0 - *A*—*x—of»»-——'t--- U
i i J fas) -~ | ; ' B
> 19787 T —)'"'”r* IR P [ \ . e
= 7976:' .“_" T : . EZS'S: ’ ‘ 1 \ J
3 o ! — : R 2505 T P -
7974 " = g o - ; :
7972777 ' T t ! 4.5 ‘_L_‘_— - A R N
797.01— \ L : 240 [P U S SR
2 4 6 8 10 12 14 2 6 8 10 12 14
number of M points number of M points
{a) SHF0 (b) HEF
{a) Center frequency {b) Bandwidth
= i T ' T | S S R B T T
224 *\ —*——jl S T bt S 28 of JI -+ I Tx——+—— /3
__._ ‘ - ! i 3 o |
2.1 ; \ i ' ] 285t T —1- . 1

. 1
- ot e A
9. ' | H
P ' : 29.5 —- Foom e e
18 f\\* r % L ; 7#ﬂ

e oy A
'! s 30.5 1 N e

RP [dB]
T
]

ﬂ
|

| 1
\‘ |

L

i

SR [dB]

1.6 : " . |1y i i - \
2 4 6 8 10 12 14 2 4 6 8 10 12 14
number of M points number of M points
(cy 2|& {d) HXCH<
{c) Ripple {d) Sidelobe level
8231 oo T Tl mo':'::i- _L,:“TT___;F__ T
; ‘ l ' i ! ‘
— 822/ ; ! L | S L A S
N ; \ : : | N ; _ A _ i
T ! ; ' | __+__ T oqo00f T~ - TTT— T~ -
2 Sth ; 2 i '
= t i i ) 1 ; { =, 750:--- Tﬁ::rztxx B t:"":{—::?
5 os0p S [t N S SO o
B b ; | e b b~ 5°°'l ! , ! R R
819 | Lﬂ 2501 7 f““—l*”’_r_’ e
! | . !
818% 1 DU S N 0! B U SOt AU SO VUL U GG SO |
2 4 6 & 10 12 14 2 4 6 & W 12 14
number of M points number of M points
{e) Transmission zero right {f) Transmission zero left

2 6. ERAZN pH 712 Ust WEY HSHEH
Fig. 6. Filter performances by the change of the number of withdrawal weighting a at series resonators.

B o 22 4590 137 4R0R ol Fl miet

HolHjalo) S4go] 4] ANEE ¢ 4= ok vk W ,

2710l MY +5 Z7N ASolE ujw A L ener N

Hgiot 0BE AR A Wb g AR A T bt

e Busi BRL PR TS QAL 2 2 V) e

ToHE U WATAIO BE vithdraval 73S T 1

A3 7.0 AR ATE Kol ek, YyHAR AR &

7424 (photolithography process)& $81 A%t & * 650 700 750 800 850 900 950

Z17]% withdrawal SAW Tiujo] Ak s15mte) 2h3- 4 gk frequency [MHz]

& Haslsln 4L §olatA 7] S UL 07 7. A HEREN aE F712 I8HEES Mol

A7} (SMD; surface mounted device)2] HE| 2 23} . S0 (d8) N _

ou) WESS B47| (HP- 8752008 A FHel HEHA Fig. 7. Er.mhancement.of t‘he transn_lon band after the M -like
’ withdrawal weighting of series and parallel resonators

42 24sich, 2329, 23 59 AlBeel4 Ane} (experimen)



9T YA AE & 4 o, Holdol) 242
A8 A AT 2 S Utk

Iv. 22 R 18

2 =R Tl saW 34719 Ui Sl A5
HGHst Z withdrawal 7150] o}8 Fo SAUSE
ZAFEE) Sigte] 7129 JEaA) slAEE T aA B
A EFAH A7) 4 = Qe FIE A
F23 YAYE 402 R, ANEICL olF Hal
2AAZ) gk Smith F7HIR Q| p-H2to|EE =5}
Qod, ML HABIEL AN IDTR 27 399
AHHFE Ao 2N AA) DT oEulHAE T8}
o F4A @S FEsAL o}FA Fad 45 of
£3}] withdrawal 7H50| 2ojg SAW 32719 3%
2234 0) 7Hs3ln], AAZ SAW F27)9) withdrawal
715o] Fsid 3¢ Bele Sl o= AAE RAF
shaick, =4 & 6702) T E Bk 800 Mz tfY
O] RF SAW e} & T8} 3L withdrawal 715 Ho) 34
7] BEo| B4 AR o0, 1O Fn} SAW FA 70
withdrawal 715 & 348 49 7|2 de3A71 9
Ejof u[a| o{< 7HATE Mol o] 4L 24T 4 U
o, =3 AA Y-S B8 B AFolA AR AlY
EFFS AZe}gt), o) withdrawal Y2 #A RF o
A e 2 gho] ARE T 9= F771% SAW BH 2] HA|
of @2 =go] Helet Yo, A ookt 234 3
o] et A8 $HY AGo|c.

129

Hd

1, R, S. Wagers, “Phase error compensation in finger withdrawal
transducers,” Proceedings ot /EEE Ultrasonics Symposium,
pp, 418421, 1974,

2. T, L. Szabo, K R Laker and £ Cohen, "interdigital transducar
models: Their impac! on filter synthesis,” /EEE Transactions
on Sonics and Mrasonics. 26(5), pp. 321~333, Sep, 1978,

3. C. S Hatmam, “Welghting interdigital surface wave fransducers

FEIY SAw WEI SIS28 71EH0) njRis AW ol OIEY AR 55

by selective withdrawal of electrodes,” Proceedings of JEEE
Ultrasonics Symposium, pp, 423-426, 1973,

4, W. R_Smith and W. F. Fedler, “Fundamental and harmonic=
frequency circuit~-model analysis of interdigital transducers
with arbitrary melaliization ratios and polarity sequences,”
{EEE Transactions on MTT, voi, 23, no, 11, pp. 853864,
Nov, 1975,

5. K, R Laker, E, Cohen and A, J. Siobodnik, Jr., “Electric
fistd inleractions within finite arrays and the design of
withdrawa! weighted SAW.” Proceedings of IEEE Ultrasonics
Symposium, pp, 317-321, 1976,

8, D. C. Malocha, S Datta and B, J. Hunsinger, “Tap weight
enhancement for broad—band fitters.” 1EEE Transactions on
Sornics and Ultrasonics, vol, 25, no, 1, pp, 51-54, Jan, 1978,

7, X Y, Hashimoto and M. Yamaguchi, “Eflects of parasitic
circuil elements lo ladder-type SAW (ilters,” Technical Report
of IEICE, US96~101, 1997,

8, E, V., Bausk, “Oplimization of broadband withdrawal weighted
interdigital transducers for high selsctive SAW filters,” (EEE
Transactions on UFFC, vol. 46, no. 2, pp. 1276-1282, Sep,
1999,

8 W, R Shreve, “Surface—wave Two—Port resonator equivalent
citcuit,” Proceedings of IEEE Ultrasonics Symposium, P,
295~288, 1975,

10. E. J. Staples, J, 8. Schoenwald, R. C, Rosenield and C, S,
Hartmann, “UHF surface acoustic wave resonators,”  Proceedings
of IEEE Ultrasonics Symposium, pp, 245-252, 1974,

11, W, H, Haya, B, Dischier and P, Hiesenger, “Muitimode SAW
resonators — A method to sludy oplimum resonator design,”
Proceedings of IEEE Ultrasonics Symposium, pp, 289-288,
1976,

{2, W R Smith, B, M. Gerard, J. H, Collis, T, M, Reeder and H,
J. Shaw, "Analysts of interdigital suriace wave transducers
by use of an equivalent circuit model,” /EEE Transactions
on MTT. vol, 17, no. 11, pp. 856~864, Nov, 1969,

3. L, Inagawa and M, Koshiba, “Equivalent networks for SAW
interdigital iransducers,” fEEE Transactions on UFFC, vol,
41, no. 3, pp. 402-411, May, 1994,

4, =8 "AMCIRIY saw ®E(Q) AX A" HIZHSX,
My, ME, pp, 16-24, 1909,

XX} orel

e 9] % A (Youngjin Lee)
UZBZYLUEx| AROA APE HX

9] % ¥ (Seunghee Lee)
HABYULIX) M20W A5 YZ

ek & # (Yongrae Rob)
RS HNOW APE X



