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ABSTRACT

Design of SAW ladder filters has been performed by a rather trial and error method, that is, by modifying the design
vaniables step by step until designed performance of the filter satisfies given specifications. In this work, optimal design
method has been developed that automatically determines the detailed pattern of the. SAW ladder filter to meet the
specification once desired performance is given. As a first step for the development, the analysis tool for the SAW ladder
filter has been produced by means of thc Smith equivalent circuit analysis technique, and its validity has been verified
through comparison of its calculation result with experimental data. With the analysis tool, we have investigated the
performance variation of the filter with the change of its design factors, and the result has led to the optimal design
algorithm. Validity and efficiency of the algorithm has been checked through test design of several SAW ladder filter

samples on the market. ™

I.M 8

2] 2 AHENE 7INE A2 L SAW U T2
2 213 W Ao 2 A Arka)E WHsL AT 249
SAWREE2 shbe] Aapfolq B2 A}k o} BEA
FEUSE G, o) A Y S AR PR D 72
21 9A T2 WA ZPee] ANH2 Yo
EHL PGS AL 7D T8 By Zef 9
SAW RE S-S A8 347} 2ol whet 9 2%
e 727t A o BFAAT A A R A Fo)
B NRE R, A B L ANY 2349 dEH T2
o 28 o) BN T AL AL UG EH H2

*RARY Y AN Fe /7 AP T8
Azt - 1998d 8y 39

9 FAY SIFFA A Qoo Tt Bok BE AL
AEE $EH7] ANAE SURYY FAFHE 1
32 3%% A9 Fol B ¥obd WLt A, ¥R
Fot4 09 el W B FAEA S H e
A% o] E72] 2 0)th ¥ (ransiion band)o] FE & 44
o gt o1 Q EFEAL A1E2) FHZE VEA 7\
47 G AT AGAYE FAA Y FAANY 2
AHEHLZ A8 2 PAIGE B Folsl HEAY
4 9ok Yot Ael 8 SAW RElE Qo He
RYEAE A0 HES FUNRE VL2 84 g

£ 59 AAEE AL Atk 21} 2L T4
ME THE Yeel Ms) 2717k Ji Aoz ATkEL o
o A9 2A71EE ARl wha} A Yol A Arks
F9 QHBE AR 21} ol BASLS YA
28 900MHzo| 9] TR TN E o) S5 2o BA 7
94 gE REIDG BN BT o TFHAE 378}



Atc2]y SAW "E o] HA LA

= EAXNAY F4 2 Hot o] Alt) Y SAW HEH = F
Ao 2 AR P97t Held F5 el

2N1eF e 2 Al ¥ SAW BHE FARE gl A4
o] & Al2}T ¥H networke| &0l B} § Aolth &
Woll A1 5 & 42ty Y EL shte obd A=l o
# 7he] AF RSE FAO 2AAIIL o] E REEH
A, TN 5L Hgs) ugEy A3 84S T
AU & energy trappingol 8L 0|48 AFe) & T
T}H11. © Welr) shute] 4 713 9ol of 2} ¢ energy trap
< 3 7} ¥ Y § Monolithic WE] Eo] H29 AP
2 U3 AL HT Y, o)H S buk REE Yo =
AZ Y S SAW FA7]Z QAT Aol AF Alcheiy
SAW BEjelx olsl & = vk 121 bukdAHE) ¥
] SAW TANEL TF Y Ax2 e FHo] £0]3}%,
A3 VA vgel) mat 24 5 A 54 A7)
RN QYR E 2Ho} RolFnR o7 71A] AM 4
T ASE ATY S U THU o HF R AEIE
ge] AL3E P AFE vlEA FH 2o of o] FAAAM
A 8¢ A}al 2 Matsuda-[2), Yamaguchi [3), Sakamoto[4), 1 2]
. Hickemell {5] 5] 97237} AX, dF- A F il
A o)n] 44317} o] FA Qrt o) AT ES 7|2
AEF20) A 54 AES A8 AGAY sav 2
EHE 7l #e Al §ol) &y gt g7t 4]
719y 2.6) h&317] M E o A EEHE o
oFst7) sl ojol sht, AN L) AAYPLZE FolX =
Atekol B} Ytz gl 7l B7kA NP Fe
B o8 HAMSE 245 g 4AE st R L
oh B2 I AAgM 3 Y 6ol Lol o= H &
o] ZAgA o) Fotx] BEE LAAT, 7|2 A2 A
P a) HAgs A Hold & Ak YHZ RF
Aol AL E SAW BE R sl = 4 FH7 HE
o1 4o 2 glv} B AA T ARG NLFH kFol
Ya# Aot gt & AP A = SAW Al Y €
Bloll tiaf 4] o121 % ol &2 AR A QI AFTF
AW 152 HFAFIE YE | AR HANSFE
AEL2 HRNE £ A= A GuAEFS ML
2k gk

EY ZEE S B =EoME ¢4 ARY d
B g ENE F AL AHEFE ARE 5, 1
Engo 2 RE X AR AARATER JTUTE
£ Re)ety, TS A BAE sy 28z 2
AFRE o] &3 Fo) A AL PFA & HE ) AN
$EL AFOR HAY, A A <@ Yeje) 4
2o EARY F A HA A4 23RS REEH
o 48 o2 AAY 8 F AAGER £ =FA
MY T3P 2N AA ARE N EHI T2
AN HAs g5 ePFAL I 2} P

17

I. At saw HE| A

Reflector DT

v
e

X
Reflector

Piezoelectric substrate

I8 1. 18X SAW 33719 71 7=
Fig. 1. Basic structure of a SAW one-port resonator.
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Fig. 2. Ladder connection of the SAW one port resonators.
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Fig. 6. Comparison of the performance of a SAW ladder filter,
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Tablel. Design variables for the SAW ladder filter composed of
six one port resonators.

| Pis Pare P | IDT period of parallel resonators
Pro Paw Py IDT period of serics resonators
Puso Pises Pras refiecior period of parallel resonators
Pigs Pans Pac reflector period of seties
W W, Wy aperture width of parallel resonators
Wi Wy Wy, aperture width of series t
NIDT,,, NIDT,,, NIDT,, | number of IDT fingers of paralkl resonators
NIDT,, NIDT,, NIDT,, | number of IDT fingers of series resonators
Nref,, Nref,,, Nref,, number of reflector fingers of pamilel resonators
Nref,, Nref,,, Nref,, ber of reflector fingers of series resonators
h electrode thickness
" Hization ratic
Tocad : 32 variables
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Table 2, Independent design variables for the SAW ladder filter
composed of six one port resonators, and the relationship
with their dependent variables.

[ Tadepenitat variables Relationship Comments
Py Pro Pin P Py e =P €1, = constant [9)
P =P X1 B =P X G
Pise = Pip X 6o Piu = Pu X &
Pou ™ P X G P = P XS
W, =W, Wy
Taio W= Wy,
W, =W, x Q-ratio)
whswln
W, = W,/ Qatio)
NIDT,,, NIBT,, NIDT,, » NIDT,, > NIDT,, Nref,, = Nref,, = Nref,
NIDT, = NIDT;, = NIDT,, Nref,, = Neek, = Neef,,
Neef,, = (LD- NIDT\; 0¥ Py
wnfﬂ-D'mDTn'Pu}‘Pu
h
2 =proved to be optimum when 0.5
Total; 10 variables

B IS HUTEI YW AR YA TEY 5
Table 3, Classification of the design variables to control each
performance factor.

Performanes factor Design variables
f, (centes frequency) T
BW (bandwidth} (1) p), & po () NIDT,, & NIDT,, 3) b
SL (sifelobe)
& 5L (insertion loss) (1)1, () W,,, (3)NIDT,, & NIDT,
RP (ripple) Prk o
fa i :
VSWR\:::e :s;mm (1) NIDT,,, (2) NIDT,, (3) ratio, (4} , (5) Wy, (6) Py, & ppo (N h
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Fig. 7. Varation of the performance of the SAW ladder filter with the change of its electrode thickness h.
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FIg. 8. Optimization algorithm for the SAW ladder filter.
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Fig. 9. Optimization algorithm for the bandwidth of the filter.
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Table 4. Performance specification of the SAW ladder filter for

the CDMA handphones.
Performance factor specification Varisbility
% 836.5MHz f, =1MHz
BW, . 25.0 MHz BW, =2MHz
e . 264dB
SL, 233.0dB
RP, <10dB
VSWR, <1.80
LD 1.0 mm
*LD: lateral dimension of the filter

B 5. COMA Fol £4 SAW A2 Y el o) A3 dA A3
Table 5. Optimal design result of the SAW ladder filter for the

CDMA handphones.
Per formance factor per formance

f. 837.5 Wiz
B¥ 27.0 MHz
IL 1.4 48
SL 38.0 dB
RP ' 0.15 dB

YSWR, 1.79

YSWR, 1.78
LD 1.001 mm

*VSWR,: VSWR at the input port of the filter
*VSWR;: VSWR at the output port of the filter
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Fig. 10, Optimal design result of the SAW ladder filter for CDMA
handphones.
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