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FEM simulation of a YX128°-LiNbO, SAW sensor
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Abstract: To study the electrode second order effects (ESOE) at high frequency, a two-dimensional periodic
finite element model of SAW sensor IDT was developed. Taking a YX128°-LiNbO; high frequency SAW sensor

as the simulation object, the ESOE with different electrode design parameters were quantitatively analyzed.

The relationship between the electrical admittance of sensor IDT and the center frequency was analyzed via the

harmonic response analysis, and the resonance and anti-resonance frequencies of the IDT were extracted. Re-

sults indicate that the modal frequency and the velocity of surface wave decrease as the metallization ratio

(MR) or the electrode height (EH) increases. At the same EH, stopband gets wider and reflection ration of

electrode increases with the increasing MR. The resonance frequency and the anti-resonance frequency extrac-

ted from the simulation are 973 MHz and 1 002 MHz respectively.

Key words: SAW sensor; IDT; FEM

SAW #8042 FHI R A% 5 b B A — Fh S p LA e
TR, TR R i S e B R R
TR T . SAW (2825 & SAW Z30F i — 4>
BT RS, A SRS SRR B
B BN IR T 0 SO
AU E R, SAW AR CL ARSI | Tagk
W0 % A R ) 5 SR AR A5 T I 1 N
Y. Liu A1 T. H. Cui F) [ 7 L # 4 ANSYS F

i B HEA: 2008 - 10 -21.
BEEUH: BRILARNDFFERHREGRITH.
EEE A BT (1979—) Lo WLAF s A

o B(1961—) 5, Bz, A S0

PSPICE 43 #f T SAW % J& 2% 1y fEAE". M. S.
Zaghloul S5 70 #r T WUAIREE T SAW 1 P 11 1
TERER (PR BE, JF 5 S0 0 45 A T B V.
Laude S5 71 FH# i 208 il ik AE A5 HEw 05 2
SR TR IS ROR G 1A BRoT/ i ooy HA
8], Le Brizoual S5 T AIN/ 4RI 2R # i
WRR A BT F 30T T HPERE . SAW 1%
EEHHORNE g — TR S EOR, BB T BRI A
T8 0. T A SAW AL IR T e b FH 2045 B AE 55
Kb Be. A2 IAERY IR SAW L et i, iy T
HLAI JSE JEE AT T Fia bl 5 BEAR /N, PRI a8 v A 5
FE R, 4 Delta pREET 45 250 F 0 2 A5



553 1]

BETTT, 45 :YX128°-LiNbO, SAW f& /&4y IDT )4 FROCHs B - 365 -

B O TSR AR A PEBE , SAW A2 Jf i 1] 25 i A
R 1) R IR BE T 1o 1YY el B B RE 5
FU3E B — USON U AS REFE 22 M. 3 o, — ALK
WS RBPAT T MO T L A I BB

A FROCI A AT DI —RE R B AR AL S 0
HKARBULIEARS L. AR T SAW (L1 IDT
AT BROTREAY , 2 B s o A7 1A TR LA 2 5T Y
LB R, A SAW L/ IDT i) — 4k

1 ARITARA

1.1 BHRTAE

T 3t T F A ARk r R 3 14 12 4 1) T 2 D7 R
i, iz s R 22 se i 45 75 /e , AT A s s R R A
sl T, TR AL B 3 AN AR S
e
I, E O u, 82¢
o * cﬁklaxjaxl i 0%, 0%;

I u, s 9

i 0%, 0%, N gikaxij;k

— R 5 X Sy A S AR B AR

I T I L 37 14 22 5 3 T O R B K A 1E|EZIK
iufrﬁ’] ARG G AR 2, HAY
%%’ﬁ%ﬁ@dﬂ‘%fﬁﬂ PRt , 22 25 A o
HUEEES A TR 5 15 24 1Y W e A T 3 3 2R ?fET
LlXTE%ﬁ%ﬁZE_L*%J:ﬁﬁE- E YN b
JEE2E I 3R IR 15 i) i M S Y I K
w(x) = N, (%)u,,
d(x) =N, (%),
K, Fl o, 53 AR HLICES s B 43 5 FLER T
Z*ﬁﬂ’]%%%‘aﬂ,,(x) HETTIAR B, JIFR @
FORBITNG S

JEH R BRICER P 1A% 0 AR SR X
e A8 ANSYS Hhn] DL FEAN [l i S R i ax
SRR
1.2 REEmRERNET

TER LAY SAW AR IR AR L5 A 18 1 B s, 78
YX128°-LiNbO, Hs Hi HEfA b 5341 & — i A XL H5

PRSI —A 0 AR IR A, AR A R T 2
Po)—By, A ERAE M AR A .

B TR T BRI, Tk i 2 RTiA
FROTHL B AT 40 BT, AR SCHF SAW A& A7 FR T
BRI T 20T R A AR

1) FHEpARBR B H7E IDT Al bon 52
PSRRI VR R i A 2 TR IR ) A% R 5 1)
BT AR AL T 0], AR S LA 5 Il A% 5

-p

B PR EAER S T . 5 S B AR R 2L
WCRTFHTERE , H B2 r AR A 142 T i e
Xt SAW AL gt I FHF- T AR IR AR, # Herh =
?ﬁffﬁﬂfﬁﬂkﬁiéﬁﬁﬁ”

i’ﬁb])\XTEll ﬁ'ﬁAJ"H Iffal
1M+ mr-
« i
HHL T ek

Bl 1 SAW fLEas FeA 44y

2) FERTRBE (45 . 2 TE I (1) RE i Bl R
RIS HEBOE, TR 3 R TR B I LS RE
WAL 5% , B X — R AE , A SCAUBEAYL 10 A5 3%
A JRE AR TR B RV AT A A RS A e AR L 3R 1T Dk Y
FEPE.

3) FIMAESE R A AL B, SAW R R
IDT A Al 38 L+ JLE 2 B T5t, sl
B AR R B AL R R M 5 A
AT LA bR 1] 38147 1o 198 A0 B, S i %) T 38
PESEF AT AL A B B TTZE R . T fR] B A AR A of
AN B AY g W] DARBE DL A R I P 46 i, R
FEACAT RN 45540 B i i 5 2. AR SCR
AR TR A 4.

TRT AR J5 1 Jo] 0 M 25 A A B 7R s R &) 2 i
N, BB PR A B Dy 4 wm, Hs H A ORI I
40 pum BT B SR A M D AR R

10A

r. r.

Fli

B2 SAW L/ A Al s R I
TR R Ty N AR A
J&, T Iy o A LS 78 ANSYS Hir M AT
BROCIEHIANE 3, 0 T AE L L , B S s 13
OPRERY. BSR4, AR S RO L MR il
A i BEJCHRE M EH 5359 7E SR



- 366 -

o>
P2
S

=

FA2E

MR = a/p,

EH = h/A = h/(2p).
A o AT, p Dy AR R RIEE A Ol H
YN = BEAE A R, A T R TS R R =
BOR BIHAR RN, N T — RIS R AR S
A FROTEC AL, SR 854 L MR | 0.3 24k
0.7, EHH 2. 5% 245 3.5%.

,

X

B3 SRR AR TR
2 AMERER

XS A FROTRE R A TS 285 73, BRI
AR R AL rh T LG A R R 2 T Y
PRIY. L IR A AT IR Y 5 R A &
(9, PR SO PR, AR £, s IS 22
AT L X T5 LR 2 R R RS, oy
AEBARCAE [ P IRAL T R AR 1Y
P F , I A A J BE v AN LR S 5% kp
A p SR BRAB S AR O PR S IR 2, AR

v=(fur +fPs
Jor =S
Jor ¥ 1

Hy B AT, RIGE 1 — AR 2 RO A Y
I B RSS20 4 RN R S A3, i ] SR A%
T R ST RO 1Y) 2% T B0 R LR S
AR SO RS AR A PR SR m] LAAE
POES1R: S MR S AAE 2 O g e SR
X EE R R I 5 A R I (4 000 m/s)
AR T AR 94 S AN M A A A A A
TR AR, o 45 R AT, B MR 5
EH PR6R, ZR I AR S IR AR, AN A4 2 1H0
e i) T A 25 B AL & 4 R T 2 T IR o B
MR Jx EH {05 2. TR A9 21 1 RS
B A3 (MR EH N B B FL i
R AR AL AT B 8, o IO ) R A S S R
RPN

kp = m

RS AT L RE 4t AR A PR TR, 1T A E L%
THA T —LE M B BB S — e Oy ik e
Wi ST X SAW Al IDT 247 0 )7 75 L P it
PR e R IDT A A bt el s 28y 475 g i)
IS , 38 Al 7 A 1 R AL A ]
P IDT f) 20 feL, s b i RO A {E Q %
SR Y KRR

Y = jwQ/V.
e YR SN, AR AL, o JEMBR, V
R .

x®1 BHRIRFEITER
BA MR EH/% f./MHz  f_/MHz 5 /(m - s7")
0.3 2.5 979. 30 978. 03 3915
0.3 3.0 977.42 976. 02 3907
0.3 3.5 975.21 974. 32 3 900
0.4 2.5 976. 33 974. 04 3901
0.4 3.0 974.98 972. 46 3 895
0.4 3.5 973.49 971. 02 3889
0.5 2.5 974. 66 969. 92 3 889
0.5 3.0 973.42 968. 57 3 884
0.5 3.5 97278 967. 16 3879
0.6 2.5 973. 31 967. 38 3 881
0.6 3.0 971.43 966. 12 3876
0.6 3.5 970.36 964. 61 3870
0.7 2.5 972. 08 965. 42 3875
0.7 3.0 970. 29 963. 66 3 868
0.7 3.5 968.67 961. 82 3 861
3920
3910 —a— EH=2.5%
—s— EH=3.0%
~ 3900F —— EH=3.5%
é 3890
§ 3880 f
3870
3860F ‘ ‘ ‘ ‘
0.3 0.4 0.5 0.6 0.7
MR

K4 RPEBEES MR J EH BIR A&

FEVE MRS 50 AT H A R S il 14 28 s A it o
LR b B — TR R R R R 0.1 V (I H
0.2 V). #7564 v iy HAR S B 7 Oy - B
[l — FLAR AV A 4 A PR T )l R G
{EAHAE , SR 5 e — 45 a it N P s 38T AE 0 BTy
P FPBERE 7 M AT B AR 2 0 BT AR A 1 2 T D5
FPAESA R BT R P A Y S E MR LA



553 1]

BETTT, 45 :YX128°-LiNbO, SAW f& /&4y IDT )4 FROCHs B - 367 -

i ICEAE EH 53509 0.5 F10. 3% BRI
b L5 5 26 A S S A B AR D T4 2 Y
FAIAR R R AEE] S . U AR 1 5
PRI IR | 3 94 O /MELI R PR
W IRAR 07 HER B IR Jy 973 MHz, 13
PRI A1 002 MHz.

100 E 3

—_

(=)
T
!

HL 540/ mhos
=)

0.1 E 3

920 940 960 980 1000 1020 1040
A% / MHz

KIS (ks IDT (2 SO SR C R
WA SRR R RS T
100 mhos , 111 5 e ) 3 44 2O AR T3 AME, 1X 5
Je T T HEA FROTEOR Fh R A I A f LA R TG
BROCHY , A SCBETH A SAW AL e A f LR N
90 IS , 73 A1 RIS AR AL TR A1 i3 R A A 3 T
WAL % 75 1) 2 TG FIR S A, S5 s ) FR AR 0 802 A

PR, 2o PR L
3% #

ASSONLFH ANSYS 57, 1 SAW AR I A FR
TR 38 o X6F A [a] P AR B L MR T R A iy 2
JCEE EH (9 — RN RIAEATRZS 0,
OrHT TSR LR RO B R A BN i —
AR BERIEAT T IR Lo A7, A5 5 T AL AR R
AR AR I AE AL SR IR T SAW AR
IDT AT PRAI R MR R R ARG T
PR UL S 58, ROR kD S, 4 R AL SR T
SR AR S A (15 LA SRad n] LI A%
B R G — L BO TRt EE S

52 U

[1] BENES E, GROSCHL M, BURGER W, et al. Sensors
based on piezoelectric resonators[ J]. Sensors and Actu-
ators;: A, 1995, 48(1). 1 -21.

WOLFF U, DICKERT F L, FISCHERAUER G K, et
al. SAW sensors for harsh environments[ J], IEEE Sen-
sors Journal, 2001, 1(1);: 4 -13.

LIU Y, CUI'T H. Power consumption analysis of surface

—
[\8}
[

—
W
[

acoustic wave sensor systems using ANSYS and PSPICE
[J]. Microsystem Technologies, 2007, 13(1): 97 -
101.

[4] ZAGHLOUL M S, TAHA T E, MOUSTAFA A H A, e
al. Modeling and simulation of fluid SAW-sensors under
acoustic plate mode operation| J]. TEEE Transactions on
Instrumentation and Measurement, 2001, 50(1) . 95 -
100.

[5] LAUDE V, REINHARDT A, WILM M, e al. Fast

FEM/BEM simulation of SAW devices via asymptotic

waveform evaluation [ J ]. IEEE Transactions on Ultra-

sonics, Ferroelectrics, and Frequency Control, 2004,

51(3): 359 -363.

LE BRIZOUAL L, ELMAZRIA O. FEM modeling of

AIN/diamond surface acoustic waves device[ J]. Dia-

mond and Related Materials, 2007 ,16(4 -7) . 987 -

990.

TANCRELL R H, HOLLAND M G. Acoustic surface

wave filters[ J]. Proceedings of the IEEE, 1971 393 -

409.

[8] SMITH W R, GERARD H M, COLLINS J H, et al. A-

—
@)}
[

—
~
[

nalysis of interdigital surface wave transducers by use of
an equivalent circuit model [ J]. IEEE Transaction on
Microwave Theory and Techniques, 1969, MTT - 17
(11): 856 —864.

[9] WHITE R M. Acoustic sensors for physical, chemical,
and biochemical Applications [ C]//IEEE International
Frequency Control Symposium. Pasadena: [ s. n. ],

1998 587 —594.
(i K &)



