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Signal reception method of capacitive Lamb wave device
HU You-wang'?, JIA Hong-guang', LI Feng'?, Zhang Ping' ., WANG Shu-rong', WU Yi-hui'

(1. State Key Laboratory of Applied Optics, Changchun Institute o f Optics,
Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. Graduate School o f the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: A Capactive Interdigital Transducer (CIDT) was used in capacitive Lamb wave device to
solve the problem that the processes of function layers in most LLamb wave devices were incompatible
with classical IC process. In the devices, CIDT were used as both excitation cell and reception cell of
Lamb wave, as it was possible to realize the miniaturization. Because of CIDT’s exciting and receiving
the anti-symmetrical modes of Lamb wave directly, the problem of energy-coupling efficiency of trans-
ducers was solved. Basing on the analysis of several capacitance detecting circuits, the direct current
circuit method was selected to meet the special demands of the device. In order to validate the applica-
tion feasibility of direct current circuit method, a vibration-detecting experiment was designed. Exper-
imental results show that the error between measurement vibration signal and its theory value is only
2.4%.

Key words: capacitive Lamb wave device; CIDT; IC process compatibility; capacitive reception; direct

current circuit method

Y 5 B #3:2006-05-14; 4&1T H #7 :2006-12-16.
ESTE:EFK 863 %I B (No. 2004 AA404250) Fl [ 5 [ #R BH2: 341 B (No. 60474055)



W ACHE S 45 - U X Lamb S 5 1915 5 B 07 & 77

1 3 =

1T Lamb 1% 8% 8% A & & 1 2 8UE
T P A/ 0N T 4 G 0 o B AR R B AR X
1T Lamb 2 A9 2 [ AF b AR 2 CRI A, #5220 19
A BEARAG . W LA/ 7K o 8 75 3, 3 b o 1
Lamb &% 1 A 23 Wil 7K 19 s 3 8 CHNEO T ) 7K
HhA AR BE B DRI AT AR A A9 B R AR X (15
Lamb g F 75 /K H o H A P 385 1 B A 340
8 1 A ¢

HHl ok 2 8odi 8 19 2 7 MEMS T2 1)
Lamb {5 #1441 F R i %800 S 80 % 3l » 34 A
VA 7 A P O A O L AR RO
SO 45 RON - A L X e Ty ik 3 [R]  R SR L T R
ORI e L 2 55 M wIAE T2 AN 516 4
IC LA . itk T 20 2 M ) L, 3 ] $B7 30
o O R T 3 2 U o R A
( Capacitive Micromachined Ultrasonic Trans-
ducers) [ Lamb ¥ 284, H i CMUT i /& T
SHEEW T2 Yihai Wu ™ g gh A A CIDT 34
Jili Lamb J¢ , 1M e #2530 Lamb 3¢ % 7 59 45 I £
TCE O 2238 1) T WA, Je vk S B 3l U R T
G I B 5T 1 B B, HERE L2 R it T2

R SCAR AR T 1R W % CIDT S
7 Lamb (B35l {5 5 19 380l F0 4 Wi B A 4% F 1
YEL 2558 1C 2R3 » SCAE I 3l i 380ah #
T RIS I PR ST AR B 5 LR T I RE R R S
T AN TR] S g 4 B4 0l AU Lamb 3 19 3E %
PRAE i TR T RE 1R S RO )

2 wAEKX Lamb )k B4 T4FR¥E

2.1 EXRFEE

WE 1 s, AR Lamb 328 15 B0 4544
PIZ 5, b2 s A 46 T 58 A A S22 1 ik v B
W R BE 2R 8 pm; 2 2 W4 CIDT, CIDT
HL A 22 (8] A 5 5 B0 1A 5 T )22 ) L B S TE
Lamb & 2808, P4l CIDT 43 3] 5 kWi 19 Al
b 2T B % 2 s QR s A% Co i i 25
#r Coo MM Z B % E LT Lamb 3 &K, &
SCES R TAEBLSK .

i TAERE 2425 C. AR AR 22 8] Jon &) 30 2 e

Fei AR i A i il i IDT 2 ad i 1 ) JA B9 1k
| ek T AT 900Dt Lamb 38 5 96 3 0 45 3
A4 AL AR 2] C. b2 6 A WL A R A
IR Bl 1S 20 AR Al 22 18] f) B A A . AT 3 3
HUrR AR e A A A ) T R A G T R R O Y R
C 1928 A BT E AT LA 310 38 1 114 4% 3 HLAE L I
C, BRI A5 5 BEAT DT IC L 98 3 RS A L BOR LUE 1

IE}:i (172

S =

PRI % —«(:}—— LA

F1 gl Lamb 8 040 i AR R B E

Hg.1 Work theory diagram of capacitive Lamb wave device

il |

2.2 BHMERESHE

Lamb 72— F AR BB A T — A A
13 A AR rh . Lamb 3 rp B8 78 WY 45 I 8 1%
R R E - R R 4ol T MR R DA S R
e Bl A R IR IS 3 R 902 30 T A« R AR SR
BRI B A 230 A 9 e A 5 DR A i
8 5 J5E 7 [k L Jo e B SF 249 52 A% 34 A O\ 1k T 1)
TSR PR 285 4% St e 119 - 2 52 % 14 A6 A6 1] 1)
BT LS SO i R S

(BB AR Dy >3 S5 45 1] () A A Rk ik 9 ) % 7
S o o A I R R A Ry ARl 2 N BT 2 B
AR P 2 A A A R LA T R AE
P65 AR JEEBE b0 I, Ay AT (1 R 8 7 9 41K 3]
TS B EE AT AT DA AR A — A BB R 1 5
LR 25k 2l A% 4 1B 1) J5 8 e 0 R T 9 I Y I
% A A5 14 3 JEE R i B T Rayleigh 5119 58
JEE 5 F5 i+ A A0 R 5L AR g A IR BUOAR T —
SEMLRINE B0 T WA P HAr e Ay M S, RS,
AR S ALY T AN BEAE W P AR AL H

AR BRI IR R 29 =8 pm, ]
B o0 R Ko b =kb /2,

—w, J(La y, B ﬁ}? y, TA wE s (W y,
, f# o B B AR o
W, ROTF R A BLH I

[ E
VAT W e <




78 b=

K% T

%15 &

x10* Higher order
Modes

T /N
Tm 2
E
-
1} 5
;
0 Ay Rayleigh/SAW
0 5 10
flkHz-m

Pl 2k T IR0 A o A5 00 0y
Fig. 2 Velocities dispersion curves of Lamb wave on

silicon

_x [ E
f= W 0=y 2

P KA E= 150X 10" Pa, J K 2 =300
pm, B p=2 330 kg/m’ JAFA L v=0. 27 fLA
L), 2)A[ 18 V, =388 m/s, f, =1. 29 MHz,
Vo B A SCHRL 10 ] e i 8 04 A 3 32 B iR 22/ T
3.0%.,

3 @5 X Lamb & Z 441

HL A Lamb 32 4% 74 B9 MEMS il £ T. 2
Ay B— 7 BT 4 ' AR Ak A R s OUTET FELRE S BT O
2Bk, S0, a1, R T SIO, B2
KL, KOH J& ph, £ )85 1l bt 4b B 8 1 A1 D
3.5 mmX10.5 mm.JEEZ K 8 um BIRE M ; /£
fik R g — T ST 48 Ja 0 5 IS5 — v AU 4l ' Ak
e R T 9y — BB B, 236 A1, Si0, JIF
F s 1 SiO, FE #4547 KOH 35 808 Il s 51K
FAI G2 F HE 22 W i i 8 43 SiO, ; 5 #E47
KOH J& v, s 45 4 98 0 i 1 2 2 o 58 0050
W% JE O 221 o D BT ok VRS ok B A ) SR FLAR 5

3 A Lamb 3 2808 JEHFE ML
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