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The study of langasite based surface acoustic wave tag

XU Meng-ru, XIAO Xia
(School of Microelectronics Tianjin University, Tianjin 300072, China)

Abstract: Surface acoustic wave (SAW) radio frequency identification tags have attracted widely attention in the field of
radio frequency tags, and the study of the tag substrate materials also becomes a hotspot. The purpose of this paper is to
study the tag properties of surface acoustic wave tags using langasite (LGS) as piezoelectric substrate. The surface
acoustic wave tag based on LGS (0°, 138.5°, 26.7°) is analyzed in frequency domain and time domain. The tag charac-
teristic frequency, deposit ratio of interdigital electrode, metal electrode thickness and echo pulse characteristics are an-
alyzed by the finite element analysis method. The analysis results show that the resonance and anti-resonance frequen-
cies of surface acoustic wave are caused by the piezoelectric effect, and the pulse amplitude encoding mode is also veri-

fied. These results provide a basis for the fabrication of surface acoustic wave tags.
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Fig.1 The structure diagram of SAW-RFID system
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Fig.2 Simplified 2D structure model for SAW tag
characteris tic frequency analysis
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Table 1 The 2D geometric structure parameters
of SAW tag(um)

A D a h H
10.0 5.0 2.5 0.1 80.0

R2 BREFARZE G REYS
Table 2 The boundary conditions of the 2D geometric

structure of SAW tag
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Table 3 Elastic matrix of LGS single crystal(10'° N-m?)

€1y Cia Ci3 Ciy Cn Cn3
18.875 10.475 9.589 -1.412 18.875 9.589
c c c c

C C,
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Table4 Piezoelectric coefficients of LGS
single crystal(C-m)

€ €1 €13 €14 €s €6
-0.44 0.44 0 -0.08 0 0
2l €2 €3 € 2 66
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0 0 0 0 0 0
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Fig.3 Diagrams of 2D symmetric and antisymmetric modes
IDT F) AR RN 2 SR BRI £, A IR
B f I, WA LGS S RRME A
B F ] SAW FRAE AR IESIE Ny
f=Uetf)/2 (1
HT ] 3 0 PR SON RS T A T 5
i SAW PR HIHFFAESNA Ny 249.97 MHz. [ 4 A5{1]
RIS 1R A IRENIEEE, W) LU B
RN EEEPIE LGS BRI 1~2 MR KIEH,
XL SAW K8 73 RE B G P 7 E R SRR 1 MY
FEE SAW HLRRRFIES . X Q)T H L LGS
LA O FLE A RORLY SAW [RIARRFE V. =2 499.7

m-st,

Ver =A-(fier t S/ 2 ()
nliE I A G)THE AR IDT B R4

— ch+ _Jrsc—
k,A=2n —fm e 3)

S ZBT A RN 0.85%, XFFRFEAAIR
XPRRAEAS T AR v LU T 404 IDT () IR

TER AR BB, BT
HIEN S0, SFYMERTHRE AN

_joQ
Y==7 (4)

Hep, ¥ BRGS0 RopPR, Q0 Fonlisg, Vv
DN s K 2 A%

AT B AT, AT LASRAS AN AR ) 5
., W5 P, B 5 AR RAL, R Sae
FIR, PR RS R A AR ZE RS SRR o iBEE

UTIEIRINAR ML, IDT HFYOK,  BE BRI
IVAS ST N

A LGB A BRI JSE U T8 SAW AR%%
f¥] COM MM S, HEATHE— D WARZEAAL 73 A A
T AN, XS VA BT SAW 23411
BEHTULBCHEAT W -

. x10°
282
%
K 25
2.0
-10
15 £
‘;E-L 20 ' §
. =
i’g 10 &
230 .
3 5 0 <o0?0

A8 /um
4 WS T SAW HRiEE
Fig4 SAW amplitude diagram in the antisymmetric mode
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Table 5 Variation of SAW wave velocity with MR

. TR SEHRATIZR W
M f.o/MHz f../MHz vi(m's™)
0.0 25430 25430 2543.0
0.1 253.64 252.73 25319
0.2 252.87 251.71 25229
0.3 252.02 250.88 25145
0.4 251.12 250.15 2 506.4
0.5 250.31 249.63 2499.7
0.6 24927 248.97 24912
0.7 24835 248.48 24842
0.8 247.49 24801 24775
0.9 246.82 247.67 24725
1.0 246.60 246.60 2 466.0
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Table 6 Variation of SAW wave velocity with electrode
thickness to wavelength ratio

hi. fie/MHz f../MHz v/(m-s™)
0.5% 252.22 251.84 25203
1.0% 250.31 249.63 2499.7
1.5% 247.81 246.90 2473.6
2.0% 245.03 244.03 24453
2.5% 241.85 240.96 2414.1
3.0% 238.23 237.72 2379.8
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Fig.6 Simulation structure of tag echo characteristics
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Table 7 The simulation structure parameters of tag
echo characteristics(pum)
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Fig.7 Echo characteristic diagrams of two encoding modes
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