Performance analysis and experiment of LLove wave sensor
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Abstract: In order to obtain a high sensitive Love wave mass sensor, the LLove wave propagation char-

acteristics in a layered structure consisting of a ST-quartz and a silica were investigated theoretically

and experimentally on the basis of acoustic dynamics,the wave equation for the layered structure was

analyzed and its displacement and the dispersion curves were obtained by calculation. According to the

computing results, a Love wave sensor with a Si0O, waveguide layer was designed and fabricated on a

ST-quartz substrate by MEMS processes and its sensitivity was tested by electro-deposition experi-

ment. The results indicate that the mass sensitivity of the device is 100 ecm?/g and the detection limit

is 3. 65 ng,which meets the demand of biochemical detection for higher sensitivity basically.

Key words: Love wave mass sensor; dispersion curve; mass sensitivity; cyclic voltammetry

:2010-10-14; :2011-01-29.
(No. 608710438.60971025) ;

BEZ2009060) ; (No. KGCX2-YW-913-1);

11034007)

(No.
(No.



2458

19

sl [6-7]
[8] . ,
Love L7101 | Lamb
bzl TSM ( Thickness-shear Mode)
e . TSM
( Quartz Crystal Microbalance,
QCM). - QCM Love
, QCM ,
, Lamb Love
Lamb
o ,Love
0 ) Gize-
i 1992 Love
s ST- PMMA
. 1994 Z. Wang J. D. N. Cheeke'""

Harding G. L

[17-18]

Friedt

o Du ]

s Love

[16]

Love

Love

[19]

ST-
Love
2 [20]
ST-
. 1 .
y
| -

1
ig. 1 Layered structure consisting of quartz and SiO,
b
o b
uq b us b
“q,’ . 6‘5’, s
w,=lug,, 0, 0]", u.=[u,, 0, 0]",
L Puy, g, I u,, I u,,
. = T2C, Z+C, = .,
55 g Jbgzay 66 ay~ at*
(D
’ (:7”55 ’ (:qua 966
’ o
u,,
Cm Au,, =ps o7 (2)
’ (:”lm » Os
A .
o Juge | Juge
T, =Cy, 5o +C, 5 (3)
. dug,

T, =C,, —— €Y

xy S44 a:y



10 , :Love 2459
1 s ; . .
5 000x . [—0thmode] -
: .
- 4800 A 1
YT o 7uq.z">oo E
= 4 600
y=0 E
S 4400
Usy =™ Uqgz » (5 54
2 4200
T. =T, . 6) Z
2y ey A 4000
y=h
3800
T, =0 (D 02 04 06 08 10
(1. (2) Normalized thickness
2 Love ST-
u, =C,[tan(D; X h)sin(D; y) + Fig. 2 Dispersion curves of Love wave in the layered
COS(Dly)]Xei(wtfk:) s (8) structure
Uy, = C, el Cg XK /D) X/ il k) (9) 0 T T \' —IOth mo(lie
o
.’[:h/;{,u:w/k, Love _ 30 [ \ ]
an
H Ng
tan(2><7r><A/stvz/qu,l*lXx)* «E —60
— 7 v 2
ch55 X que Pa X Cqss Xw C“se _ (10) E —90
\/{0> Xv* XC, —C, *
14 44
Love —120¢ . . s . .
0.0 0.2 0.4 0.6 0.8 1.0
R Love Normalized thickness
o 3 Love
Fig. 3 Mass sensitivity curves of Love wave biosensor
3
4
ST-
, Love SPM s
o (PECVD)
(10) ,
2 ° ) °
h Love A h/Xx, 4 i
, , Love
’
S,.=—1/2M,
3 , M,
A Quartz
’ ’ h//\ =0.
17, S.,=—116.4 cm’/g,

$-4800 5.0kV 7.8mm x10.0k
4 Love

Fig. 4 Section figure of Love wave sensor



2460 19
5 1200
0_
N 4150
%D 4100
Love % 00007 <
S 450 2
40 pm, 5 pms, S, 7-—100 000} g
, = 10 =
=—111.2 cm®/g. 2 ©
150 000 150
=
2000008, WY g0
° 0 200 400 600 800 1000 1200
Love . s
y 100 6
pPA, 7 pg, Fig.6 Relations among frequency change, current and time
5 ° ~ N
’ Af ’ fo > S
Reference UV nier .m WA
solution o
electrodes electrodes y
< 1 Love 100 ecm*/g,
+——PDMS
Air 300,
. 3.65 ng,
SiO——n nn oo o—t—IDT g
Quartz—— 200 000 k
T
“Working B, 160000} 4
electrodes g
S 120000} B
_ P
5 Love 2
§ 80000} ]
Fig. 5 Schematic diagram of electro deposition on g « Experimental data
I o = 40000 Linear fit curve g
LOvVe wave sensor
0 . . .
0.0 0.5 1.0 1.5 2.0
Love .
Deposition mass/ug
(Polydime thyisiloxane, PDMS) s
. 7
Au ) Ag ’ (_/U ’
_, . i Fig. 7 Relation between copper mass and frequency change
10 *mol/L  CuSO, 107 %mol/L
1:1 o 7
Love 6 o . (6. 31
s » kHz), (12>
’ ’ H .
b
m = : Id: (1)
2+ Na-e ’
’ b
9Mc ’ Na
s € D) I ol °
Af m
—==8S, ~ . (12) 1 .
fU A Sm - ( 13)

- 2(M.Fpch A oh)



10 , :Love 2461
pche ol
. 6
(D) 0.1 pm, ST-
0.64 cm*/g, 0.1 g/cm’, , Love
4,2 cm®/g, .
(2) , , Love
1.777 pg, 0.45 s s
cm’/g. . ,
(3) h/A=0.17
, o 1. 019 g/cm?, S,=—116.4 cm*/g. ,
R 0,131 pm, 3.63 ecm?/g, 100 em?/g,
4) , 3. 65 ng, Love
: 0. 05 e
cm’/g.,
; . 7
s
3.21%. .
[5] . . - D
[l ,2008,16(10); 1936-
[1] PHILIP H P, GEORGE K. Fiber-optic evanescent 1941.
field absorption sensor [J]. Appl. Phys. Lett. , ZHUANG X Y, WU Y H, WANG SH R, et al..
1987, 51(1).12-14. Optical fiber evanescent field sensor based on new
[2] SAFAAFJAZI A, PETERSEN ] V. Evanescent type D-shaped fiber [J]. Opt. Precision Eng. ,
field fiber-optic chlorine sensor [J]. Optical & La- 2008,16(10):1936-1941. (in Chinese)
ser Technology .1994,26(6) :399-402. [6] LIEDBERG B, NYLANDER C, LUNDSTROM 1.
[3] s s , Surface-plasmon resonance for gas-detection and bi-
[Jl ,2006,14(5); osensing[ J]. Sensors and Actuators, 1983, 4: 299
771-774. 304.
SANG X ZH, YU CH X, YAN BB, etal.. Chem- [7] LIEDBERG B, NYLANDER C, LUNDSTROM 1.
ical sensor based on a fiber Bragg grating [J]. Opt. Biosensing with surface plasmon resonance-how it
Precision Eng. , 2006, 14(5): 771-774. (in Chi- all started[ J]. Biosensors and Bioelectronics, 1995,
nese) 10:ix.
[4] s , [8] CLARK L C,LYONS C. Electrode systems for con-
[Jl. , 2000,8(2): tinuous monitoring in cardiovascular surgery []J].
169-173. Ann. NY Acad. Sci., 1962,102.29-45.
GAO SH, DAI CH SH, WU G Y. Development [9] GIZELI E, STEVENSON A C, GODDARD N J,et

and application of time-resolved fluorescence optical
fiber biosensor [J]. Opt. Precision Eng. , 2000, 8
(2): 169-173. (in Chinese)

al.. A novel Love-plate acoustic sensor utilizing
polymer overlayers [J]. IEEE Transducers on Ul-

trasonics » Ferroelectric and Frequency Control,



2462

19

(10]

[11]

(12]

[13]

[14]

[15]

[16]

1992, 39(5):657-659.

KOVACS G.,VELLEKOOP J.HAUEIS R,et al. .
A Love wave sensor for (bio) chemical sensing in
liquids [J7]. Sensors and Actuators A, 1994, 43,
38-43.

WENZEL S W,WHITE R M. Flexural plate-wave
sensor; chemical vapor sensing and electrostrictive
excitation [ J]. Proceedings of IEEE Ultrasonics
Symposium » 1989 595-598.

TESTON F, FEUILLARD G, LETHIECQ M. Propa-
gation of Lamb waves in 1-3 piezocomposite bordered
by liquids [ A]. Proceedings of the Annual IEEE In-
ternational Frequency Control Symposium, 1999, 2.
1066-1069.

KONASH P L, BASTIAANS G J. Piezoelectric
crystals as detectors in liquid chromatography [J].
Anal. Chem. , 1980, 52(12):1929-1931.

WANG Z, CHEEKE J D N. Sensitivity analysis
for Love mode acoustic gravimetric sensors [ J].
Appl. Phys. Let. . 1994, 64(22):2940-2942.
DU J, HARDING G L,OGILVY J A, etal.. A
study of Love-wave acoustic sensors [ J]. Sensors
and Actuators A, 1996, 56. 211-219.

. ,2003,3:10-12.

PAN H F. ZHU H ZH., FENG G P. Love wave

sensor for being fit for operating in liquids [J].

(1982—>, s
, 2004
, 2007

. E-mail: miao pu@ yeah. net

[17]

[18]

[19]

[20]

[21]

Instrument Technique and Sensor, 2003, 3. 10-
12. (in Chinese)
, s s Love

Ll »2007, 29

(5):533-536.

SHIJ L, HU Y W, JIA H G, etal.. Fabrication

and research of Love wave sensor operating in liq-

uid media [J]. Piezoelectrics & Acoustooptics

2007, 29(5); 533-536. (in Chinese)

’ ’ ’ . Love

(1l
(05B) :2126-2129, 2134.
HU Y W, SHIJ L, JIA H G,et al.. Love wave

, 2006, 19

sensor and measurement of mass sensitivity [ J].
Chinese Journal of Sensors and Actuators, 2006,
19(5): 2126-2129,2134. (in Chinese)

FRIEDT J M,FRANCIS L. ,CHOI K H, et al..
Combined atomic force microscope and acoustic
wave devices: application to electrodeposition []].
Journal of Vacuum Science and Technology .
2003, 21(4):1500-1505.

AULD B A. Acoustic Fields and Waves in Solids
[M]. 1st ed.. New York:Wiley,1973.
BALLANTINE D S,WHITE R M, MARTIN S ],
et al.. Acoustic Wave Sensors: Theory, Design,
and Physico-chemical Applications [ M]. New
York: Academic Press, 1997.

(1978 =), s

. E-mail; lif@ciomp. ac. cn



10 , :Love 2463

(1982_)9 ’ 1) (1965_)’ ) 1)
S ,2005 , ,1996
w » E-mail; liuyongshun @ hotmail. s
“ com » E-mail; yihuiwu(@ ciomp. ac. cn
(1986_)9 ’ ) (1958_)’ ) 1)
,2009 s ,1982
. E-mail: bi xiaomeng @ hotmail. MEMS . E-mail; zhang-
com pingres@163. com
o
’ ’ ’
( , 330022)
b ’
o s 1 550 nm s
’ b ’ b
s o 1 549. 440~
1 549. 585 nm, 0. 06 nm, 1549. 516 nm . 0 652
Oe , 11. 9 dB, , N

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



