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Fast FEM/BEM Analysis for SAW RFID

KE Yabing, LI Honglang, HE Shitang
(Acoustical Micro-Electric Mechanics System Lab. ,Institute of Acoustics,Chinese Academy of Sciences, Beijing 100190, China)

Abstract; The fast FEM/BEM method that approximates the residual Green’s function by a superposition of
leaky wave modes is improved in this paper,and is used to analyze surface acoustic wave(SAW) radio frequency i-
dentification(RFID) devices. The improved method distinguishes their contributions from the spatial Green’s func-
tion and then contract the coefficients of leaky wave modes, which can avoid Peach’s problem of calculating the coef-
ficients of leaky wave modes by empirical formula, For an example of 128°YX-LiNbQ; substrate, the feasibility of the
improved method is confirmed. The improved method is used for the simulation of a SAW RFID device. The simula-
tion result agrees well with the experimental result, which shows that the improved method is accurate.

Key words: surface acoustic wave devices; radio frequency identification; FEM/BEM; bulk wave; Green’s func-

tion

0 3% FFNBRRETE. BN RKESHFE LU Ventura

=1
SRS (RFID) B RTF oM. s fias T ENES, ERRD HRZAARKEMA
FEM/BEM &, 7 ERNmMER £, B A Ak

B RS EAT A, Hon 4 1 2R F4R A B (IO % -
SCAE R 43 B 25 T 3 D) 4 bk 2R BB ik 5 DA

AREHR. 5 ICHEAM I, 7 RE P (SAW) RFIDH

BAT AU S B RS W, e PR FEM/BEMOHSRRORHO R AL B ih TR D

AR IR T BB & 48 . A BT/ A ol (FEM/ PHRERKERSITE. B EBR K, Peach XA

BEND R &0 AT % TR B g DOERRIC AR (RICA 19 BU 1040

5% SAW RFID, B4 )™ K22 2 5 B 57 45 SAW RFID R LA BRI 0 £ W E H # 8, B
B FEM/BEM 4 % gy Milsom™ 32 i, {6 BT BT AR B 1R AR 8D, AR BN R o A% AR R

UM BEM W BUHE K, B T R R R Rp s, o0 PEM/BEMARSL SAW RFID F % & IR

Morgan™ Z B T AN . EEXRBH B ER R, HitEEHR K,
K #% 4 FEM/BEM ¥, Ll Ventura™, Plessky™ , H W/l FEM/BEM # 4l SAW RFID #3t 5

Peach[sj%ﬂyﬁ%,m%}ﬁ]ﬁﬁ Egg&m’ ﬁ/‘z%_’ SAW ﬁs%ﬁﬁﬁﬁﬂfﬂ%ﬁ%%&ﬁs%tﬂfb?ﬁﬁﬁ%%

¥ %8 H 89 : 2012-03-09
ESWB :EXARESWHIMAE (10834010,11174318,61071054)
EEH A MEL 984, B, I BAA B4 . FENBEFEAREERSSHEAE FRENHA . BREHEE: FOR, Email: h@

mail. ioa. ac. cn,

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

%135

FIE S8 45« 75 3R T B3 AR 48 B9 BROE R R OT /57 e A 17

BB DX 43 T B T R B U 1 2 BUIR B O vk L AR IR
T Peach FEHF R REB AR T BERES M N
. DL 128°YX-LiNbO; #f #k AHIit8 L iEL T
RESBRBENAESMNE. R LAR#ERN FEM/
BEM ¥ ff E—# SAW RFID &4, 5L BER
FEIRE R 7 B LR IE s 3 7 B R .
1 Ep#EA
1.1 SAW RFID

Kl 125 SAW RFID iR K, Bl &HET R
KRB NIV RE S, b8 i R &K H W E 15 A
FERHET IR HaES% LN SAW 5 5,SAW &
Bt &R RE R XIBRER  REEREKR K
B MRS I RENNEES, NEFESE—
RIANWE R ES, REHRERNEESEED
FETE Yk v R4S B T AR H AR A I R A .

--Jﬂd
Wﬁ? m%[ﬁ&”ﬁﬁﬁﬂ%c ¥
—_— "L“\J,L R rgen, aw;//

ErE= /"‘/ I T

Eﬁ’%%
B 1 SAW RFID iy R &

1.2 FEM/BEM &

%A FEM/BEM #i#] SAW RFID i F &
R:EREREFXTRK, MBS BT XI8H 6k
BRMRHENBERBRK BMGEEREARKEN
HMAZ, RERTFFZEHERE, B 2 5 SAW
RFID fy 4 5,

E%T%’:

B2 SAW RFIDf @&
EaESEEERNE.EE2EFGIREN
e AHEEEBAESEAheBRRAR, AFE
HHRNAES., AESEAFSERERRT LMD
REGRFERZMEREMRE L. R ESE.
BRNEEETATHRCBNAEEE:EER AT

XM IR HEE. R
E#HX O,

5t F R4 (W &, FEM/BEM BRI [E | 2
BEM M ER AWM ER T TRELARTEHH
SRR FEmEEEnRNEREERE L AEHNE
GEMRZHBR D T BRRE; LIBBRESFNS I HE

SRR

PR A FEM Bl AR ERSNH REET S &
FE Ak TE b, g R B e SR T RSN S 1RAR
FEM R A8 B A mE B/ HERKR T B KL
BEM #l FEM BRI XA F &, RI\A T EHLF
ZAF AR A UL

2 FEM/BEM i & £ 1

mT BEMEMRFFERERSITE, K
BEM it H&1R X, & FEM/BEM K £ & A &,
ARG MR BR B0 T R R T T R T A AR 4
4r»BEM BT B A B4 O 4 F 40, A DUk 5 A
SR BB, W TR 4 3 S M R AR /D
foEF R EARDN, BB R % BB

NIRRT H &, fRYE Peach i JRE
XA A% AR R H5OR R T B A2 3K 5 B

N
G(wx)= D} —ig.e ™ ,2>0 (D

S N B BN EACRE. L
HEEE, S0P .Glua) AEEBEHES N G
BHEMAPE ig..s. B PRENZ M8 0. N
WG ER A ., AAHEEREE w AREE,
x REEBRR . B TEREBRX R, REE R
x>0 BB
R ¥R Peach WRE SRR ELRALITER
ME,RET —MAFELERAXNBESHIRR
T, BAERBREZBREARFE, & RKIAE
23 [ A AR WA ], B T AJ AR 25 (A 3k AR iR 3 | X
SHARBERTR, A RBHREUS EHEERY
ﬁ&@ﬁ Bx15:0
B 128°YX-LiNbO; BB EE B R T E
G () B8 I0E 3 T, G (e RA LR FE
HEBHMNEE BF ST G (o) fRE £

=]

b SR SRR iR

T JEEC 1L 25 4 4E)

N

N
=P

%

30 i 30 0 sb
(a) = A A e SR B

TEENE

o

MR/ )

=

1
_s BmESEE

‘iz: MEE
0 10 El} 30 40‘ 30

{6 2 ) B 3 1 e
@ 3 128°YX‘LiNb03 ﬁﬂﬂ@ﬁiiﬂi G44(wx)E‘Jﬁﬂ§iﬁM

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

18 E #® 5 5 %

2013 4¢

I~ NMBEERNRRER, TEH S MNEEREE
TURR I X RN R Y, R R A B3k, B T 5 e
BRI R FF. B mE 5 MRERIE R
Gu (w2 5 MR KR R4 BERIR 2,
5I& Gy (w) B, IR2ZEB /N, B I 0] 1 _E R i 3
SRRB T ERERN,

28 1pL b 3 Tk R i U 18 A0 1) AR 38 A4 bk R 5L il
rE. ZRP 128°YX-LiNbO, # 8 DAEAIE N £,
B RFLH 2 MLBSEM 9 MERRE T &,
AR EN BRI R E A —#F,
SE GuHRERREZ.H 51,

FRFERBRE T Peach F LA HE 4
BOotBEERETEARNBHER TR, XBRT
Peach FBHFHERN B, PAFELB AT EER
EZHHATRESBONER, B3kt
T Peach B U 5 35 0L AR I8 48 bR R B %

3 RFID##HELE LR

¥ LR RE FEM/BEM ¥R i T SAW
RFIDW{FE, URIEZ T EREHE, mE&M4F
X IeHREAR S B 4 B, B R M BR A 128°
YX-LiNbO, , XiE M AESF MK A K 19. 2 pm, 3R &K
MEH 24, & BALKA 0.5, FLEA 404, BIRE
0.576 pm, ST ZRITE &I 4. 8 pm, AT R ZIH
FFR 400, B — MR A S XIBGERBNEE —1
18 &M EIEE 1202,

H 4 SAW RFID #4MEEEHRER
T P 48 43 A A B | 5K B AR R B BUR B 5
S, EREREHELERNE S Fin. HERFE
Intel Xeon CPU 5130@2. 00 GHz 517,

T ) S Ty
—20k — {iH
_3{: 3
=
=, 50
s
T
—80 :
—100 \ R . L LN
o 035 10 15 20 235 30
I TE] s

E 5 SAW RFID 23441 8L S 30 Su B B 58 1 2 iy oz

B 5 W, XRGERSHELERYEIEL T R#

KR #®E FEM/BEM Hik2BEHE .
4 HRE

HR 4% Peach ¥ J5 38 SR A I 5 30 {04 4 3B 45 R 2R

B, 38 7E o (A S A AR R B B R A & T O TR T

WSEBRB G, BERE T Peach HFEHLA . HE

ZRAUHEENMEANBEHRERTE, XBRT

Peach THFHEMFE, PAFELE R AR ER

EZ2H MATRESHEMER, B 128°YX-

LiNbO, g4k i SAW RFID {5 E447, (5 &

H5EBWYE,IELT XERBHET EREHN,

B E 3k

[1] PLESSKY V P,REINDL L M. Review on SAW RFID
tags[ J 1. IEEE Trans Ultrason Ferroelec Freq Contr,
2010,57(3) :654-668.

[2] MILSOMR F,REILLY N H C,REDWQOQOD M. Anal-
ysis of generation and detection of surface and bulk a-
coustic waves by interdigital transducers [ J]. IEEE
Trans Ultrason Ferroelec Freq Contr, 1977, 24
(Suppl3) :147-166.

[3] MORGAN D P. Quasi-static analysis of generalized

SAW transducers using the Green’s function method
[J]. IEEE Trans Sonics and Ultrason, 1980, 27
(Suppl3) ;111-123.

[4] VENTURA P,HODE J] M,LOPES B. Rigorous analy-
sis of finite SAW devices with arbitrary electrode ge-
ometries| C]//S. 1. : Proc IEEE Ultrason Symp,1995:
257-262.

[5] PLESSKY V P, THORVALDSSON T. Periodic green’
s functions znalysis of SAW and leaky SAW propaga-
tion in a periodic system of electrodes on a piezoelectric
crystal[J]. IEEE Trans Ultrason Ferroelec Freq Con-
tr,1995,42(2) ;280-293.

[6] PEACH R C. The numerical analysis of general SAW
and leaky wave devices using approximate Green’ s
function regresentztions,_J.. IEEE Trans Ultrascn Fer-
roelec Freq Contr,2009,56(10) :2282-2291.

7] EAw. FREFFOESGHBRRAELNIDLE=:
B A 2004,

(81 B . % F FEM_BEM J # 89 7T 28 & IF B $1 i1 &
SAW £RBEL 5B [DL AW . £hi g,
2005,

(8] MTEE.FOR MEE. FREEFFNRERBE
BLT]. PEP 2 YE2E 12 R X¥,2011,41(10)
1210-1215.

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

