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The Analysis and Fabrication of Layered Surface-Acoustic-wave Filter (I)

3t & % 9% - NSC 90-2212-E-002-156
PATEAR] 90F8A 18 £91410A318

EHANREE 575

i S € T 2

& 7 & @ & % 7 (Surface Acoustic
Wave Device, SAW)B- & S48 ~ R~/ ~
A A B8 IC Hafira s 4% %
HEEFI¥HBNALLEARERY
Mg o Rt BB £ E LA K
& & BRR R 35 30 A 48 B 69 2 R BT
HEF -ty THEEAOER
TR B LR R RBEAE R B
AR - BRIFHURABEHRLE
(Coupling-of-Modes, COM) & A st » s+ B &
PERMEARERABSZEEERE KT &R
SBTEUIARERZ % - LERASTR
&8 81 Simplex ;8| R E COM 43 > X
1 Bkt PO R @ F R R B IR -

Megsd AmBFARERS - FhABOHE
Abstract
A vast market exists for surface

acoustic wave (SAW) devices in areas such
as wireless communication and a variety of
sensor applications. This three-year project
is to study the layered SAW filters by both
the theoretical analyses and the
experimental measurements. In the first
year, to grasp the salient features of SAW
design, a simple two-port IF SAW filter
has been designed and fabricated. The
design was based on the Abbott’s COM
model and the reversed COM parameters.
Results have shown that the measured and
calculated insertion losses are in good
agreements.

Keywords: SAW resonator filter ~ COM
=3 E%BRE S

PARN = 3

KL 1 &R

1965 £ White $1 Voltmer [1]4% X 45 X
% #&(Interdigital Transducer » IDT) 4% 42 &
TRBEEAT  AAREHMREERBK
F@mEk o EHEABEEAHSRAERTR
B EF A BZWERALSERNA
b oo B AT 0 & @ AL U &9 B
HEBRLELERESF L A2
R —HEXRAERZ R
0 SRIEBLAR T Z Mo L o 38 S F 15 %
ol B B BF ha 3% 3B W 0 b B3R AT AR

AHBE—Fe AN YE FHEADER
TR R BRI KRB AR
R EE A - H Sk Abbott [21A74% B 69 AR
OB UBRAREE LR REAELZS A
e Ao PHRADEARE LIS A
RER BFEFEBARTSEAREER
Z Btk REREAEMEHETEE 55
T B A K% & 9 Simplex AR REE RS
4 COM 23 A E YA BDAER
TR B HRIE -
Z-RREFERAR
(—) BkimbEn

2B Ay R4 H T ORMIEE P O4R
REAGH BERZHEPOHEFEELH
2R B PHRREASBERSE > BHLK
AR AR BRI NE RS
F AKX Fay Abbott Bk IESEHRHSAM
FOFERERS -

EaesEaeit A@EnEEE
R e PR A 0 B

DL (1O,
dx Vg dt

H ¥, B FE & (Rayleigh wave)gik o



BLod Rt aEmE RGOS B
18 48 & 4% B o X 09 AR A [P1sE M KR &

T
S(0.@)] [R(®) P,(®) R(w)]R/ (w)
R(Lw) = Py(@) Py(@) Py(@)|[s,(@)| (2)
1{0.0) | |Py(w) Py(0) Py(o) V()

HP

+jK,sin(DL)
""" Dcos(DL)+ jAsin(DL)

P, = D ot
2 Dcos(DL)+ jAsin(DL)

PooviL sin(DL/2)\| e,Dcos{DL/2)+ j(K,a; + Aa,)sin(DL/2)
R YT Decos(DL)+ jAsin(DL)

+_]K sm(DL) ¢ 2kl (3)
Dcos(DL)+ jAsin(DL)

22

sin (DL/2)Y| @,Dcos(DL/2) + j(K,a; + A )sin (DL/2) | .,
e
DL/2 Dcos(DL)+ jAsin(DL)

-j2

K.} + Ko +2Aa Oy
Dcos(DL)+ jAsin(DL)

Dsm(DL)+jA(l—cos(DL))}

1-cos(DL) ]

Dcos(DL)+ jasin(DL)

+i

|
[
[A (K, +Kyat) +2KKaa](
[

3wC,L/A,;
3+ jwR,C,

E_le: 2> Py=-2P,, B,=-2P,°
(=) SBSTEBHEFERZPE

R rkBFEEAEEZS AV > HMAE
AR EREHESBALMEYHARE
Tty 3% o
21 REXERHHATIXKE

Bl1ABRZLBEMBMEHRAIIEXE
BEXEET  EBAHMHEEERGH
%E BrEatEIsgsss  BAHEX
AR > B ERE R REFE T CIREE
A 1afs o B 2 A A E L 4B mEEEA
REXETRHEET  TRIXKEHESE
TR MEE BPEsIIEESMET
BRBEARE  EREHE T CHEEME -
seoh o BB 1 BB 2 TURER > @EHE
BRHHRBEORIIERELEER BBK
EWABA REmEAMHRT -

22 & BmmAE A

EhZELEHRZ 4B MEER
ABHAOEETLGRA A A » Bt
HALBERERIBEAB. B3 448
WiHE B HEAEE R WAE B ¥
B A2 BB TP SHEEHB/A
Bk EBENLBIMEE LA KALEE

ANBEX RE¥AAHEYRT -
2.3 tEIEER
F1 P 2B AR 2 7T A5 48 5% oY AR R R 41

B XX T 1B/ ML B Bk
RAt&BEZMTYH 0 AR BUEERIE

ANB& R BERERREFD D
BPzimusBsma 2y Domlo 5o Bim
e IDT 2 pieyseifssae Dol A& IDT
Z MahicEEdE-B 4 AAE & D, D
T > EERED HEFERGMALE -
B SRAIABEZED, T uiEIE8k D, ¥ D, #4
EERAMGE BIHEREEEERS
R

D, =D, (3 ”)A, n=0,1.2...
8 2

zz:(i+qu,,n:QLzm
22

EECEIR T L:0E - E - U : o N o e i
TP CHEEREEGBE 0 ETRRALARKS
B PSR R i AR TS T K 8 e
BABK -

(Z) X ERZEBLHER LRSS

HHUEEARBEN SR BEETHK
3t #IF COM 12Hhrr K2 [Pl > &
Wspria ke A X 0 BpeT 2 5 3 s &9 4R
BHUGHAEER - 2R AREERHE
B BRAHZEEFERZLH O
E@mok kiR - RETAE - Roac# - TN
@Biah AT EREXTHEME L
WES B2 E S AERE > MIFMET
REfH At ER At B2 S8 E
FRARE R ENEREZ£E - B
AR EA RIS RO ERERS SN
Mt BERRGELLADEFARELS A
REMNAHZESHARTHE  E&E
Simplex 7% ] & R B K 5 704 89 &R COM
P Sl

AHREERANBALHEFETHEAR
B BLBETELEmBEAME 2R
s R R E @ B ot B2 B o

THEREAFTELERAESHAEA TR
B4 BRULAHEEATHEZLERR

4



ﬁké%i%%%ﬁ&ﬁﬁﬁzw%%w
%?»mﬁ%ﬁ$k%%% &&i it
IVEERE Lk & €& ETF-FIECE DN )
B - £ARHAGHI & THBALRHAA
B2 RPRAFSBETZEAE > RAT1EH
MR FTELEARN AT ERGE
FIETR ST A8 ke b RE o

e FRRIEXTHRAG LB TR
%m%&ﬁm%%ﬁ’*ﬂAﬁﬁ%Eﬁ
MERERME > TRALEHELH
ﬁﬁ%&i#éE%n MadE Gam
TNEALETFBORE  EREREEH
FZHMERREE  BRAEBELTAG
A RER S ASAZERE A EMEA
B BMELE BASBA P ZEXRE
MEAE > B3 ERBEATZIERZRM
o R AEEREADEAEERIN SR
— &Ml fEAEE SR EARE busbar E A
23

HMAWEBsHEAERER S ERES
Bk E & B Z 4 1% $ (Scattering
parameter) > 3t 3+ H 1% &34 R L Z By AR
oo AL TR SR ZEATARL A
AP EHERBEARHAMITELEIERS
rL  RE A RESFETREN > ALz
Tz LA RTRZMBLFAME -
ENEBEEBFRESHETHGRGAE
RRGEAERTEEZ B IERME
FEARGHEF XM RFZRND 0 AR
— BB SMEEPT o

AHTER#EIT COM 289 RE T
o AFETRF—RFTERLBFRE
#%  84F ST-Quartz AR EAM 5854
TAaA R EAREH p=3.932.um » XX
TARHBN=50 > HA42BmHa
N, =300 > R X KEW=100%2p > &8 &

BEh=1600A » BB R Etbm/p=05 - i
FAMBENZRYE EREEERER
(40 [ 6 FF77) it &L 4 Simplex £ R R R E
COM £$ > URERAREAFRZHE
R giBENS 0 LHATLHE S FHER
WREHZ &BESH -

(W) PHRAKXBRELEE S WIFEAR

At &R LA Abbott A% f8 41 % A
Rtk 8 b .04 % A 400MHz 2 =38 (5 |
BAERRZROEHER L EASREFG
é’J COM %% Rt EPHLABDEAER

B2IAEER - THBHELAHZIEERYE
%tl:%g C ARERE S # 2 EEEM

B 7 A% iaFEELASETRE
B B A A I ﬁhii#s—ééizﬁﬁi—ﬁ’fﬁﬁ L)
ME R REHDEE > Bt P OIE
$ﬁﬁAﬁ%%ﬁ%%ﬁ§a@8w%€

SRERARELEUBBZEFEER > BB
d%&ﬁﬁﬁﬁ FZ S RGER A
HERGLEBEEAER P CEEABA
BERANBHBAL  BHEBERATRHRER
HREABDE - FHAP CHEERIGEALR
% > #A Simplex R ELHAFZHERY
ERELSETREMNLER METEMNLASD
BAERERAR2EEH TR HLEE
Simplex %8| > B EAF RO KFHFA
HEBRRTTROBNZEL2HME K
FipmkmERAFZAEERE -

Wt EERERARIA

AN ENHERNBEHKRBRATEY &
BIBF &k » R BEMAREABEME B
%mﬁﬁﬁﬁﬁ TRIAEH R 9 % 2 217
[B1- 3 ERRXRT A RS PIAX EFL
BEESZHMNIS HBEERKEABEFAR
BRzZAETRAER -

A S

[1] R.-M. White and F.-W. Voltmer, “Direct
Piezoelectric Coupling to  Surface
Elastic Waves,” Appl. Phys. Lett., vol. 7,
pp-314-316 , 1965.

[2] B.-P. Abbott, “A Coupling-of-Modes
Model for SAW Transducers with
Arbitrary Reflectivity Weighting,* 1989.

[3] T.-T. Wu, S.-M. Wang, Y.-Y. Chen, T.-Y.
Wu, P.-Z. Chang, R.-S. Huang, C.-L.
Wang, C.-W. Wu, and C.-K. Lee,
“Inverse  determination of COM
parameters of surface acoustic wave
resonators,”  Japanese Journal of
Applied physics, 2002. (accepted)



[
-~ Ne-10
— Nt=20
-10 Ne< 40 [
20

~

g

& -30

2

=4

g

T -40 A ]

2

]

" /\/\/V\/\/\_
60 v . ‘ ‘7 —
g " N L R N L R .

WO 9 94 396 398 400 402 404 406 408 410
Frequency(MHz)

0

- W=1002
" — W=202
11.05 dB Wedox
15.40 dbs
E
2 -30
=2
1]
o
S -
2
g
]
&

z

390 J';Z 35;1 39 F,:':qu.:‘lgmé:{; 404 406 408 410
B2 REXLERIXEEHBEEERZ
2 gﬁ
77 B

e
5
B

‘

g 8

Insertion loss(dB)
O 1
]

¢

. 3998 o
Grating numbers 100 399 Frequency(MHz)
B3 25 MMEe HEEERZBE
Delay2=3/84

IS

s O

Insertion loss(dB)
Iy .

399 400 401 402 403 404 405

Frequency(MHz)

Bl 4 ESEH D HREFRZYY

70 L
95 396 397 398

REXTIEEEHEEERZ B

&l

B 6

Delayd =172

P
i

= DI=1My. 583

| nz:m;‘m«,}!
J— D2=382. 78y
[ece D2=amp, wBy

399 400 401 402 403 404 405
Frequency(MHz2)

5 BEHED2HEEFERZDE

3

J120
395 39 397 398

x10
4
35 —— Measured |
o ---- Inversion
3 1
8 ¥0 =3146 23
£25 x=146%
3 -4
S 5 o =272410
g 2
< Cst=194 pF
H 1.5 -4
8 : y =331*10
1 Rp=216762 4
053 u\’\k——-—q
.290 3os 400 403 410
Frequency (MHz)

BRAGMFARERZAFEERA
RE&R

H —— Measured
N ---- Sunulated

Insertion loss(dB)

-10

300 303 100 108 110
Frequency(MNHz)

B7 k@B AERETREARE

0
—— Measured
---- Inversion
.10 R
—~
0
=
~
2 -20 4
=2
=
=]
S -30
—
o
@
=
—
-40 1
i
-5

WHEEBBRZIAEER

T392 394 306 38 400 402 404 06 408

Frequency (MHz)
ZREABRARBETREMNAR
RS U E&EX Y



