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Theoretical analysis and numerical simulation of SAW filter
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Abstract

The SAW Filter is an important key element of telecommunication systems. There are
many factor of the influence SAW filter, grasp the quality of SAW filter, theoretical analysis
and numerical simulation are more importance. In this thesis, uses the coupling-of-mode
(COM) model which is Abbott proposed to analysis the SAW filter. Then infers transfer
matrix of two-port SAW filter, and simulation the frequency response of 300MHz center
frequency of two-port SAW filter on the ST-Quartz substrate. Influences of key parameters,
such as the number of pairs of IDT, the cross length of the IDT, the delay distance, the number

of grating, and the metal thickness, etc., are discussed.

Keyword : SAW filter , COM model , ST-Quartz

DR R RN T R Ry Fre

EN:
g R o F 1 RpEr BAF e ARLEY A

H’:Z;

1
2



K]

R4 MM AE R RN FPE R - R -QETFJ% Wk B o o@ om B
(SAW)jp it Bt & H P — B AB4En~2 o po 22f A & il gt B e 45 SAW ik
% ~ 14 2wt F(Ceramic Filter) ~ % % Jg & % (Crystal Filter) ~ /i 5 gt % (Dielectric
Filter) ~ # & LC jgA % (Multilayer LC Filter) % 7 #f > 2 ¢ SAW gk B3 55 % > 4
£ R FIAUSAW it B2 FOHAL AT Rk B SRR A A B
2R EEEFL BE o a2 5 24 WLAN -~ Fh 2835 5 ﬁFILEWé‘-Q G
2 - o Fom Bk RILE S F_ 1885 ¢ & B Lord Rayleigh #7331 » 4= #) £ * &k &
N R I S i Ul i - et b S %ww%%WW@ﬁ
L RMAG e R g M EAN R FHd L e R SHACE- BAE
R R ERARREL AA et oz - > Fpt A B R ﬁﬂ%%ﬁj&{_aﬁ*"%
AP G BEREY AR o REAREAAET R LS E AR 2 g o T
1965 & % B s Whiter { Voltmer[ 1B 5 1145 & B T & 4 A4 1 7 4= R EH#H F (IDT)
1T A %%’d - BIBLT R AR g RERHFOD iR P F L kTR
F’“‘iﬁ.g@% PRFORTHMAF 20 LI - TH DY QRGBT AL BH T
WEJRE > A pF A FANE > RIFSAWRXZ 18T FF o

L5 B A EE ST DR S & BB
W E iR TR A R 0 F T *)%féév\%‘r%ﬁ“?" » & 3£ 11971 # d Tancrell £
Holland # 1! &% =3 B fic 7| (delta functlon model) ; 2z {4 Hartmann % % % 1973 # 3% !
K0 ER e BolC ) e 2 0 G YR RO ](1mpulse model) » &4 4T 23R R TR &
T AT S T T R ] PR RGP A R TR A
M 48 & #7372 % (Coupling-of-Modes) » & # 1954 & if d Pierce[2]7# ! > = ¥ & 3] 1977
# Cross 2 Schmidt[3]4 #-pt 2 H B * o frdm B 2o £ § 57 I 4
M 4 g R T AR EPF > Cross 2 Schmidt ch48 £ H03) I &% § »xehF Jgdi 242
THRAL g S A e Bl gk B R R o )T 1989 & o Abbott[4]¥2 Wright[5] % 4 4+
HhAog e AR F 5B 1 > & 2 g seehfiis ) Q#F]’\ TR A L AT Ak B
TR VRBEFEOLBEL > RE AR ST ERE LSRR Ft AR L
it > XL LAe g A1 B2 — o

N AT R RN RIS R Abbott 4k T g & BOAIIRH 0 B0 B B
0 Bl B6,7,8] 0 X P Peendicii T B o L A 6 Bt Bkl
PSR R R A o

R

0 Abbott #7# d1chig & BRI 0 - BA AR A AR RS TP S A
P2 SRR g R E R E D BT R T A L B iR
door AN P iput PE e et 2 3F & 35 propagation loss ~ electrode reflections ~ electrical

transduction ~ acoustic reception - thin film loss % distributed finger capacitance[1,4] ° # {s



FIHER L hE vk R(x,w) ~ F %k S(x,w) - FEat B4m & s = 4258 2 3 IDT 0

bus bar current — Fif fics > 25 0 F kA5 H - 2558353 ch SAW B 5 4o 5
5§17 [4.9]

d%;@ —jkgR(x, @) + jK e S (x, @) + jat V(@)

X

dS((/.ZX 60) ]k S(X a))+]K e—jZkOXR(x a)) ]a (a))e'*'jkox
X

dH%“”:+jm%Ru¢maﬁﬂ+jmnsu¢mé”“—j—ﬁziiéL Vo (@)
dx 3+ joR,C,

100, )

/(IL

R(L,w)

e HHH
WV AN,

|

P AW
i —V; ;‘_ A(;(X) '
x=0 x=1L

B 1. - 253 IDT 7+ & B

v o e s v . ! . PR 2
He A, s#a kL V(o) 54 2 IDT & BT B o e 3 8 miﬁ»ﬁikozA—a

T
2 2 2 +i¢r
b+ L[ 2OCHEA [ 6CRA, | Saet
v, | 9+(wR,C,) 9+(wR,C,) 3+ jwR,C,

A7.5%

)

2

3)

3o . iR e . 2 iR A e
0{5=—.e v K, =+Ke"" + J L r¢ » Ky =+Ke™” + J L r¢
3+ joR,C, 3+ jwC.R, 3+ joC.R,

Vel A w AR o o TR R #K(4,10,11] > R, ERRILEC, t B F E[T]

K : F 8% 8[8,10,11] » %ﬁﬁ%&ﬁ]@pﬁﬁﬂﬁ~wﬂﬁ® @, 1T i AR AT 1

LB HE- 255N IDT e B iE 2
R(0,w) =R, (w)
S(L,w)=S,(w)
I(L,w)=0

it WAL A2V 6B R E R B R jR PB4 R

-~

-t

o
=
o™

i

SO0,0 7 [P(@ Py@) PB,(®]R (@)
R(L,®) |=| Py(@) P,(®) Py@)| S, ()
10,0 | |P(@) Py@) Py(@) ] V,(@

“4)
&)
(6)

)



+ jK sin(DL) , _ D ool
D cos(DL)+ jAsin(DL) ) cos(DL)+ jAsin(DL)

P ooy .L(sm(DL/2)J>{0{SDcos(DL/2)+j(KSaR+A0{S)sin(DL/2)} ,

13

DL/2 Dcos(DL)+ jAsin(DL)
+jK sin(DL) 2kl
2= Dcos(DL)+ jAsin(DL) ¢
.L( sin(DL/ 2)}([%1) cos(DL/2)+ j(K 0 + Aat,)sin(DL/2) } i

P. =

23

DL/2 Dcos(DL)+ jAsin(DL)

2 2 . . _
Po—j 2(1{5% + K, +2A0a, J){ b Dsin(DL)+ jA( cos(DL))}

D’ Dcos(DL) + jAsin(DL)
5 AK o + K o002) + 2K K s, o 1—cos(DL)
D’ Dcos(DL)+ jAsin(DL)
i 3wC,.LIA,
3+ joR,C,

2 A=k, —k, » D=A*— KK

FRETIZIT A%
by=h, > =-2R; > P, =-2P;

hopt of 17 jrfv[P]iE“i ’ li P kAT gk el - 4550 IDT -

SBA G ELAAE B2 0 d A BE - 11,}\ D IDT ~ & B F 5% & Giw i
e £ bt~ 2 8 IDT e ffot i 3 R % 1 F S~ IDT

2 35 0 IDT % “74g 4 i & i‘zé,ﬁt e f AR A T R SR E Sl R
,»ﬁ@g)\;}g,-g R AMEERFE A - BHE- S HIDT Y TRT BER S
(short) 2 3 4e B K &fiy 4 [6,7,13]> @ L w A7 RIFeA[Pl4EL L H - )5V IDT 2 %% > ¢ 3

Tk B DAL N o TR CR A B R R S i B S S H(12)5

PR AV (@=0 > £ BT ERTER(0)=0% E5cF F C.(x)=0 > 1 i &N
& B i 05 o AT+

R(w)=0 = T,=P,e /" (8)

2

S (@)=0 = T,=Pe "> ©)

2

Zofs#-z it o Bl gk B 2 4c@ 3 d Section A 2 Section B 7k = e B B[6]
F* Fitz kb oA H - 2558 IDT (h[Pl4E'L ¢ & > 12 Section A k¥ 1 f§ i =
d Fetenb g s Fledhald ~ Tni 2 R Bu i A 1T %8 #72%x2[P]#EE > Section B

-



) GELAREE A

Section A: Section B:
bA PA PA A bB PB PB B
L Py P, || u, ) P, P, |lu,
H 2o
PP I'P.P I'’P,P, I'*P.P,
T e T T
- Pll - 1=-r Rl 1-r P22 S 1=-r Pzz
PP, I'P.P, I'’P,P I'*P,P
A ; A _ 315 B _ ; B _ 32473
P21:P32+ﬁ ) Pzz‘ﬂf"ﬁ gl_fgl+ﬁ > Pzz‘Rn*’ﬁ
Gratime M4 0 1L e D
rating ., ., A
\ 'm 'om _;I |4_
W m
e ]

RN +

Substrate IDT

B2 -%is Bl hrE

_—>b2
i, Z,
2 port ,
network
Section A Section B
B3 -4 e Bt BH 2 5E Bl 4. = BB S H4]

#F > ¥ SectionA % Section B ARG — B = B EESHB 4> f1* L QD2
(20)3% > FRF @ rigy ~ 2 gy g2 LIRT 2 TRY LA G HHENEL[Y]

L(o)| | Y, (@ Y,(@)| V(o) (12)
L) |V (o) Y,(@)]V,(0)

He

PAPA ) PAPB )
A B —J2kgD, — jkgD,
Y;1:P22+P”( 12721 e/ R4,Y12 21712 e]R4,

ApB _—j2kgD, = A B _—j2kgD,
I_Rlplle] o I_PIIPIIeJ o



ApB B pB
— Rz P21 — jkgDy _ pA B Plz le —Jj2kgDy
2= A B 2k, € » Y, =P, +F, ApB_—j2keD, |€
1-FRiRe 1-RiRje

$#-- iﬁ_&-ﬁ»@,g—-ﬁlﬁgj P ;%k'?ﬁ;fj Meh 2 T fe- [R4RZ 3 Z, 0 PIT L F B B
GGG~ a8 F G by b Rt (S)

b@] [S,(@ S,(@]a@) 13
by(w) | | S, () S, (o) | a (o) )

P $7 %4 7% $c(Scattering parameter)

b

=(I_Zl*Yll)(l+Z2Y22)+leYzlzzz; y S = _2VR1R2Y12
! (1+Z1Yll)(1+Z2Y22)_YIZYZIZIZZ N (1+Z1Y11)(1+22Y22)_Y12Y2121Z2

S = —2JRR)Y,, , S :(1_Zz*Y22)(1+21Y11)+Y12Y2121Z1*
B A+Z YA+ 2,Y,)-Y,1,2,Z, ” A+Z YA+ 2,Y,) -1, 1, Z,Z,

#¥ R =real|Z]
hofs WF I S EEL[S]Y 08, &S, KA S BE e FARA TSI TR -
W dE g A2 LR Sl v, A BT AR AT R ik

(@) =2P) Ly o g kg mm k0B = (0)—2"T)_p (costam))

A V2 P (~cos(zm))

for mﬁ?ﬁm+l s Wa iR RRREAE ST, 5188 h#c s s=(fpl2x)-m ;
y/3

P (cos(zn)) % Legendre % 78 ;% ; P (—cos(zn)) 5 Legendre = #25% ; n=mal/p >p % &
B B (4,7,10,11] - $>cT B R, =2pW/3aN, » £ ¢ a 3 TEER S N, & 242
T pi g BN T ¥ £BESDER H A 0.05~03 um pE >

p=0.04/H (Q/square) [7] » 22T FEC, =WC, » § £ B RE"F 5 05 - &
Flo 8 (=5 B £ 900 % C a4 %90 e (o) [7.8] - £ of e

2
K{Rk (%}& [%)sin(m])}l L AT Bk’ = 2T £ (00)[8,10] - F R idey B
p
BT A S ST-Quariz B> 751 % y= 047 +2.62f7 (dBlus) » £ ¢ f el =5
GHz[7] -



o~ EkEATEE®

B BRER G TN B A, TS R Rl E Y 0 T L S
Boodrt g THEEE A ER AR B 2 AR o 2 0
Pk B 4o Bk gk B ST-Quartz 5 A F ¢ «#g 5 5 300MHz cjp it % > %

PR AR P E R R RGBT MR - 0 T RE AR ST 8 s Bk

2ot ki v, 2R R Tk Bik(Temperature coefficient of delay,TCD)’fS FERT AF
e R B2 2T gL ke # BRT MR k) o e H TCD 48173 % >
BRRCEANPET LG AT U TN Y REREREE AT B SR
%o % 14 ST-Quartz h % 58 48 & $¥[13] > o % ¢ ¥ % ST-Quartz 1% 5 4 i&

Ve =3157.99m/s > - Sk F A G A hiE v, ~EAw AR EY S f2 AR AR A
S S v =f,- A0 FTIL A% K 3 en 300MHz £ & Bk ik B ik £ 1=10.52663 um >
A B EE*- $IDT> B IDT 4 B8R G d=1/4-1=2.6317um » $Fcnk |5 B % 7

2 1500A » = BB BHL TR Z,=2,=50Q » ¢,=7 > ¢,=7/2 > & HREW

B 050 Fobk e FaFulnd o Bt TEHET X AL 108 2 TR E
B RAE1004 0 £BIF TR TE 30018 e 2dpR THREA G BRAE T AT R
Fehl o REHES L LR §R TS Bkl BE o8 SR pew & 5}:‘5-"[{2\\1
Balbaa 4 o Ea 8L o Bkt B adE ~ 4 £ (Insertion loss) © @] 5 K,C, IR AR
ThLrig S dg B PF W2 RFL A TEREFFRRCBOLT £ FF MR R
Bz wdpr TR FFER 7 U g T AR e ’ﬂﬂwﬁﬁﬁ%»%%ﬁ
P 2 RARMEREE TS A FR TR LR g R TR RS R A
pdtiny g Aok o P Eadpr THRA P SR 2 gy E R LT KT
M EMERE A o BT AFTEBW 30017 THEEE 10 H 0 KL RT B
ERTEAMFERAPT O RREARE T UPREOFIE AL TE L L TR
TR LR AP EF SES(diffraction)IR % A 4 0 F ¢ SHEF € G AT E R R
(transverse mode) 3 o ] 8 £ FH T & B 30017 ~ T2 2 £ & 1004 » WA o
IDT $#c rig A4 F PR E > P g DR BAR T A 2 AR] > ok 5 5 8 5

B 6> A FIT iR AgA 4 chk b @B Hf "? 2 HBIRG o AeRl Y R IR
50 %P 0 4B~ JE4 5 6.5dB ¢ o HE F A 299.6MHz 0 ¢ 5wk L kA R ATk eh
300MHz » ® 30 ¢ SHf Feniz ¥ P B 4nG ¥ - BS @i & ERFE R A 2o
Heod BITERSTUFRY THRFES IR LRI - TRELEAF  {F 24 0
PRI O T FERR T RERS IR AR LAZERB A EER A
BRI o B O LA B R SHCRE] § TS i 0 o IDT kS & 6 B
P Bl § 5 IDT 6d Rl > B g en g e al /240 £ > @ H41/2 40 £ %
d T - REFECE ATrag 2 K 3dB dhiy 2474 0 T Y £ BB RR AR R 4
PUE S A £ dR KA A B PR 0 R A 0 MY T T £ B

6534



320

o o <
™ © .
i
zZZ
i
i
1 1
n,u o nw o n,u o nw 0%
TN @ ¥ v 9o K @
(gp)sso| uoiasu|
)
<D N SIS &
S|l O lajlalz=(2
Dln| = |Kla|T2
RS < SRS I =)
wn
Bl
~
Rl S R
Q M IS = | &
m ~ =9 ~ - 2
s = KX
= Y ~
S| & -1’8
Al = oL
o

Frequency(MHz)

ST-Quartz 8 & #-3] 5-#c %

% 1.

, ., ",
J :
() R
Y ¢
S © © S
©T T T Y
P PR 0
H 1 ¢ 13
H N -,
P R 1)
Y
N
I
' =3
o >
152
R
>
~ [on
- 3
o
w
0
1o
Q
o o o o o o o
A DY @ ¥ e © ~
(gp)sso| uoiasu|
o
, : S
oo & A
™M O — .xvﬁrl.
o ; -
{ ==
ZZZ .)ﬂ,
H 1 o
Lobo =
i o
1 1
N
I
=
o >
S
)
>
o
(9]
o
w
; ©
(o]
- N
, , , ,.m%
©O © o ©o o o o o oN

(gp)sso| uompasu

AN

T BB

,,,...
o 1L o v o W

300 305

Frequency(MHz)

295

o w .
A
(ap)Ananosyey buielrs
o o
— N
o
|2 2
!
o x =
™ < wn

o
AN

o o o o
o

(gp)sso| uotpasuj

300
Frequency(MHz)

B 9. & BiriFF S5 B RE



-10 : : : : :
------- D4 1/8, 5/8Iumda 20! |
2t | D4=2/8,6/8lumda | |
N D4=3/8,7/8lumda
L)
& — D4=4/8,8/8lumda o 40}
o k=2
w [92]
3 3 B s
= £ ORI
kel 8 i
€ e Vi
@ @ L
» 7} Vi
k= £ -80t Vi
\L,' ---------- D2=1/8,5/8lumda
------ D2=2/8,6/8lumda
100t § — D2=3/8,7/8lumda |
R D2=4/8,8/8lumda
-7 L L L L L L L L T T
897 298 299 300 301 302 303 297 298 299 300 301 302 303
Frequency(MHz) Frequency(MHz)
B 10. & & GEdE D4 $HF 5 Pz B8 B 11 2 B ede D2 $14 5 B2 94 F

WEE 30098 > BHF AT T URIFEAIA SRR Aok B o DT EEHEE R
ER-tRF 2B IE- L&B P od F&Tse* BER G RaucLE A 0 F @
REMe AR o kG BRI B 2 = BuBERD, ~ D, 2 D &AL
Flo £ B FE T UL F My 2 4R ’gité’ ot B bt T R g T 2

ARTE s F @A) AR T Wi AR sk I A R RS T R R LA G a2
WALE o d 3t A2 SR ans A G B BB~ SR8 05 en IDT S AR e

PA g B IFERR S AR o T AEBRER D, ¥ D T AL L - S8 FIH HHER
AE R "’K;}pﬂa B 10 2t ddp e D, &2 D (3A/8)ehiin™ » % o ehat B FEYE D, ¥

e

X RBRDPE g7 D, A2 EAF A 2 o Bt BEERRE /25
B#c 2y mfv’iéigieé“ PSR iR AR ¥ - Emd d o Bl 11 A Ak
D,(A/2)> 4 52t BFERE D, 82 D AHE 5 P B 50 B RS D, 8 D, 0B ¢ 11 112
EHEAF AL 0 A G R HAeD, =D =A/80r5A/8 5 € i RN M~ prE IR
*EA o omd BlY BB D, 8 Dt BEER L (3/8+n/2)A,n=0,1,2,... > i3 B
Boidat BEER A A HE R R TRER 2 ARSI TR B Al
D, % 2“FF ¥ (nonsynchronous) 2. K 3+ 7 2R K 37 11 & F s ki £ (8 D& £ 48
Sk o "E IR M A[12,14,15] &R T A 4D Q:}%"\ K g BT ETEIDT &
EHALEREAL T AF LA BRARIRY  FA LG k@il £

\

B ;‘Fg'fimﬁ“’“ﬁ“;é?ﬁ’ﬁ’i’v}%—fiH%ﬁL%—’*QPH/JL“&ui“g%ngﬁﬁét}@ﬁps@o
dAREE G BARR) dE s TR i\--‘(f@mﬁ o dgpd v v THEg B
o T/ At b TSRS L2 R

T~ B

A&7 4% Abbott 1148 & -7 (Coupling-of-Modes)523#% » 1T 5 A 17- H4 5 Bkl

2 tkPp o T FED L G %;ﬁ;@,ﬁ%’m@%;ﬂi v PR B O o
%ﬂ@ﬁxl kotr- Eo Bhpd Baddo 4o a‘ T LR THEAR &
B~ ERBHEF S B E £HER-E 0 Ha e g B P SHpF
FrA BT EIEROEE VIRLI PR A E o Bkpid B2 kg o



Reference

. White, R.M. and Voltmer, EW. (1965), “Direct Plezoelectric Coupling to Surface Elastic

Waves,” Appl. Phys. Lett., vol. 7, pp.314~316.

Pierce, J.R. (1954), “Coupling of Modes of Propagation,” J. App. Phys., vol. 25, pp.179~
183.

Cross, P.S. and Schmidt, R.V. (1977), “Coupled Surface-Acoustic-Wave Resonators,” Bell
Syst. Tech. Journal, vol. 56, pp.1447~1482

Abbott, B.P. (1989), “A Coupling-of-Modes Model for SAW Transducers with Arbitrary
Reflectivity Weighting,” Ph. D. dissertation, the Department of Electrical Engineering
at the University of Central Florida Orlando, Florida.

Wright, P.V. (1989), “New generalized modeling of SAW transducers and gratings”
Proceedings of the Annual Frequency Control Symposium, v 43, p 596-605

Brown, R.B., Horine, B.H. ,Hines, J.H. (1989) “Practical implementation of
coupling-of-modes theory for SAW device modeling” Ultrasonics Symposium
Proceedings, v 1, p 153-158

7. Morgan, D.P. (1985), “Surface-Wave Devices for Signal Processing,” New York: Elsevier.

8. Thorvaldsson, Thor (1989), “Analysis of the natural single phase unidirectional SAW

10.

11.

12.

13.

14.

15.

transducer” Ultrasonics Symposium Proceedings, v 1, p 91-96

Wu T.-T., Wang S.-M., Chen Y.-Y., Wu T.-Y., Chang P.-Z., Huang L.-S., Wang C.-L., Wu
C.-W,, Lee C.-K., (2002), “Inverse determination of coupling of modes parameters of
surface acoustic wave resonators” Japanese Journal of Applied Physics, Part 1: Regular
Papers and Short Notes and Review Papers, v 41,n 11, p 6610-6615

Abbott, B.P,, (1991), “A derivation of the coupling-of-modes parameters based on the
scattering analysis of SAW transducers and gratings” Ultrasonics Symposium, 1991.
Proceedings., IEEE 1991, pp. 5 - 10 vol.1

Abbott, B.P., Hartmann, Clinton S., Malocha, Donald C., (1992), “Transduction
magnitude and phase for COM modeling of SAW devices” [EEE Transactions on
Ultrasonics, Ferroelectrics, and Frequency Control, v 39, p 54-60

Cross, P.S. and Shreve, W.R. (1979), “Synchronous IDT SAW Resonators With Q Above
10000,” IEEE Ultrasonics Symp., pp. 824~829.

Thorvaldsson, T.; Abbott, B. P. (1990) “Low loss SAW filters utilizing the natural single
phase unidirectional transducer (NSPUDT)” Ultrasonics Symposium Proceedings, v 1, p
43-48

Soluch, Waldemar, (1998), ‘“Application of synchronous two-port resonators for
measurement of SAW parameters in piezoelectric crystals” IEEE Transactions on
Ultrasonics, Ferroelectrics, and Frequency Control, v 45,n 4, p 1113-1116

Campbell, C. K. , (1991), “Modelling the transverse-mode response of a two-port SAW
resonator” IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, v
38,n 3, p237-242



