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Principle of SAW Biosensor and Its Application
Technology
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With the rapid development of communication industry, SAW devices are noticeable in
communication application because SAW filters have advantages of small volume, lightness, low
costs, high IC-compatibility, and better filtering performance. Different piezoelectric materials can
be selected to fabricate various filters with dissimilar wave band, and these SAW filters have
become key components of wireless communication and mobile phone. Except for satisfactory
signal processing application, SAW devices, which have excellent characteristic of high mass
sensitivity, have been further applied to bio-sensing areas in the recent decade. In this paper, the
development and fundamental principle of biosensing SAW devices are briefly described firstly; the
wave propagation, mass sensitivity, application, fabrication process, and measurement techniques of
different SAW sensors are further discussed. Finally, a practical case of Love mode SAW senor with
ZnO0 thin film will be also presented.
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1. Direction of propagation

FHROT AT 1A 7R -

Particle motion

%o fEFHE - PENYSS - S -~ EREREENE
b AT AR A R I IR e A - R -
A - TEIRREE > Horh 7 R R R R A 1 R i R
A R AR BRI EMY - SEFER > RBF
TR EARNY » T A TR TR E =8 A«
HE R AR - DABUR R B SN R 1S T -
BrIbZ AN - R BT AR SR R -
T SR PR R T U T R B A 2 e B (R
SHE/ NEE MR B - (R B R AR B Y 3R
FEKIE 1500 — 6000 m/s 2 [ > 25 EEIEH S
FAE R - WENE NERR R - AHE R
flir ks FE ke - P AW 38 B m g E Rl
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FEIM 2R AVE (R AR BT 0 - AR EFRI4 L
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B sy o 18 FH B EE R A F T (micro-electro-
mechanical system, MEMS) B{E. 7 i i A (L
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FAE 1885 fEHEEEEE Lord Rayleigh B 5:H2H
KA RIS » /BN (Rayleigh wave) ©
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transducer, IDT) » HRHE HREEN - REH
WTeHEA Bt ERN 3R R » Bl AR R R om EH R
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2 RREBFOCFFRHERERE > AT
TE— A8 SGIRFEM | - #E BEEE X0 (converse
piezoelectric effect) #HIARICEAM IR FREEN -
IRTR EB 5 — A 8 SGIR A B - S TE AR 7R AN




(direct piezoelectric effect) ¥R BRI « MiH
i SGIR BB i [ s ORs RO - AT E R (R
ERR RO HE BRI B - O
R~ PRIEANSAERL o FEAEALIROHIIR » JRH e 58 Y
G E— R R TR > T R
(selective layer) o 75 #% 78 0] W i Bk e A (LW E 1Y
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HAEE AT BRI EAERENE ARG
%‘é‘ °

= REBERZABRVIERE

b2 AR ~ A8 717 S BRT RS R R
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BRI » AIFRTATRITIRES I (surface skimming bulk
wave, SSBW) ~ FE[Hif#[A] (surface transverse wave,
STW) ~ IR (leaky SAW, LSAW) ' = D)
TR E AN ~ Bl SR (flexural plate wave,
FPW) ~ B SEAR X (acoustic plate mode, APM) ~ 3%
THIFE A1 KR (Love wave) Fofd i LA 7 R HI
W EG - EEERE KERE—RHA -
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TCAFRZE A SRR RN » A8 FH R R RS ] - —
e e A HIRs - & (8 BT [A) 7K (shear horizontal,
SH) fRE=AYZREE - Frag sk sUR a8 B
RiFHIRIRS AT A BRI - Al (R RE RS
RCHIIRSS - 2NE 3(b) Fr7s o BB AR RGRIT A R
RAGRGHIZRE - EEGET R E — (L2
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(noise) 4 » HEME FthiNE - (HEESEESE
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===d> \Wave propagation <€— Particle displacement

Bl 5. % Pk eo kit RO o

REo AT BEEE - fidOsEERES
Rk AEMHERERAIRCR - BpteRim nHES
99.6% ° LLITHHIHE & IR AS B2 H A W 3
um) ~ 25 (doping) p MUHIZEFHY (0.5 um) ~ FEAfLEE
(1.5 um) FPAARLE > #EEERy 5 um » Hrpg4E p Al
B2 GG RO LAY 2 HG hO RS RS P o P 1k S A
B AL %] (back-side etching) & A% #% 11 &
(etching stop) °
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PRIy LA 5 P 7 R 7 38 (acoustic wave
guide) » FrLUERBERF I TH B EBRE - Al
RN R - (BEREE R - gt eEss
Ko BT R -

8(a)" Rk i 5 P R HI AR B S 5 k[
JEF A REABATREIG 22 2 WF 9T Ao R Ry R S U
HIER S E BRI A - WA R A
WELSE (polydimethylsiloxane, PDMS) #5¢ » PDMS
HBME -~ EVHAEE - BREEELRIFHER

PESERERL - E & AT B8 2E [ 8(b) il
YA P R T BEAR O R GR0E - P B P T R AR (2
EIFHEL R - E— AR e (EE -
TRCE 12 /NKFRT 24 /NRF#% > 15 HE 0 A BETE (E 8
EIAR fmAe 2 B (RlE > R RS (RS & O
RS20 A R (-

4. RE =M

9 ByREEAN AR ER - FIHMERTT
AR BEAE R RS XOIR B ML [T ACE A 1 At
AR (grating) FY<2 BB E R BEMMHE (energy
trapping grating) i - &AM ) < EE A
T > A REHEEEE (IR
AR B < 2 B e PR 1 7 7 20 SR TR R [ 3 > AT
10 AR o FRTATE A1 A Bl 07 7 0 SR
SPAREIEDL - R ELZ AR R AR T HAEE
EH BB - P DA R HIAE TE T hendl -
117 3 3 S T AR P A B AR T T R S TR T A
W) R EE AT B R R EOC A E S
EEERE -

FREEAFTHCER'ERE S, LITAFR

(12) .

S, =—— (4)
pt
4P

t= 5

Hrpo r BEREERE (effective thickness of
waveguide) * p EERAVEE - Z, Ry BRI H
PL (substrate acoustic impedance) > V, FyF%HIE Bik]

60 ——&—Peak 1at 199 MHz
59 —@—Peak 2 at 206 MHz
58.5 —_ —A—Peak 3 at 21.5 MHz
58 @
St x
2, 57.5
g 67— 2
8 7 —— —=a 8.
g BG (a) M4BT A T
Sl — Bl B H K TR
54.5 - : : : > (b) A4t
0 10 15 20 25 30 & .
Time (hr) o m Nl 24 2 R
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Guiding grating

Piezoelectric material

Bl 9. k@mig @k LT B o

FFE (surface particle velocity) » P Ry TR
J& (acoustic power density) * E5FLFRE = E#=H 2 1Y
I SR LB AR -

1" B ANFZE %S EH G (immunoglobu-
lin G, 1gG) kiR & SEREER - 1 [F R B
IgG IRE TS EIAFIRHRENE - HEFrAEE
1gG BEFE 1/1000 - Bl 1 mL % B 4% (B VA TR
(phosphate buffered saline, PBS) H1H 11 ug Z &
IgG » BRI ER K (19 600 Hz) ©

5. FiiigiRk

RLE R TR A B T A AN RIE R A E R
Nt B A R O & b b B — g I E g (guiding
layer) > (@ 12 FR" > EEERERER > gL
THI PR A B B R AR R TR o (@] 137 R RIiE Y

BRI OIS 2 0 Rrim I A S B R s B g R SR

[f] (major surface) ST » [ EL{EE A HEH -

DG EGRE LR E T

Ve, < Vi (6)

Hrp v, FRREERAIBI A EGEE (shear acoustic
velocity) * Vi, FolRE G RIS [AEE R
HERI RIS T E B R Y - e
BTG —" (1) (R AECEE 5 (2) TEE
T Q) RIS (EBURAERR )
5B S5 R R T FE B P MR R B (polymethyl-
methacrylate, PMMA) 1~ &b » PMMA EEL
By 118 kg/m' > BI[EAEGHE R 1100 m/s » (i
S LR BT R 2.3 kg/m’ > BY[A R Ry
2850 m/s © —f&IME » =73 T (polymer) FHZ A EER
% BAB{RAB A PR A - PMMA HIJ&
AEr TR BERRAISI AR B
{2 PMMA {EficE e o B BB EUEELL —A
Wi BN S AR/ NS B rEREE
(ENEBUERE R BID - EHH PMMA k%L
W R RITHERERRE  LEEEE
PMMA & _&(tWIERBHEEES" -
RImgRoCH B R ERUE S, L[F‘bi%““)
K(s,r)

S, =——Z 7
m Y (7

K(s.r)= B(l " C°S<ﬁzl;>;in</32h>

(”lﬁ/”z cos (@h)ﬂ ®)
o o

B = Vv 9)
o o

B. = VeV (10)

Heb o A= V/IfRPIEIEHIIEER - V R FE3EE (phase
velocity) * p, FERAYETE - p, Rl B EHVEE

Grating

added 3 C 3 C
10. »
R & AR 6 kAR R

68  BUEHME_+ 65— 93.8




63.863 fr—T—T T R SR | T T T T T
r mouse IgG g
1/1000
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Frequency

63.861 shift

I~ Regeneration

Frequency (MHz)

63.860

T Y
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Time (s)

1. RF# R 1gG AR A EERE " -

Lo a3

12000

h R B EWEE - B Ry BRI 8L (decay
constant) * 3, F IR AR [ {EEE H B (transverse
propagation constant) * @ = 27f FJlEAE (radian
frequency) * BFFAEREEEF G > &L
PRERNRADE (8) i K(s, r) (REC R RI » H
WECEEBHE -

FEJTH > DUE R SPARGEOC AT BT IR EE » 1
TCAFERIPETGTE - B il PR T O SRR B Ry R A IR
B HHORMEMEMHEEZE - £ 1°7 IStHEEE R
REE RS E B BT - mErE - BUES
I~ B R ER(E— L -

= REZRBAR ZEZET ~ HEHR

E/I IJ
FREE R RELASRE TIRNER - ffh
FRFEAPRIEEEE ~ fE SOIREEMGELET ~ o RE A
KRR ARG -
1. BEMHEERE
AR R R A RHTT AR HIFE SR

MR ~ TOA R E B R R PERE © 3% 2% Ty
MRS R 2 R 0 & 3% B i RER
PrOURE I B  FRRE MR B R 2 R - — i

it R SR R R R o AR E RN 3452 BR 5 B M B JBR B V8 IS DA 7 5 e A R (el
Guiding layer
Input IDT (Si0) Output IDT

BRI

N Guiding layer
a7, C "2 C added
ST-quartz 12.
Fam ity X -
Wave Sensitivity / Noise e et Fabrication Applications % 1.
type (typical vaule of Sm) complexity AfEH RA
Rayleigh (1021?21(;0L grvrzz/g) High MetaII) 121111 a:liystal Low vg]?;e = = % e
R B Y
FPW High / Moderazte Low/ Planar in silicon High Gas, Density, W iﬁ(é,lg) .
(200— 1000 cm'/g) Moderate Biochemical
APM Moderate / Lzow Moderate Planar, Low Gas, Viscosity,
(20—40 cm'/g) Metal on crystal Biochemical
STW High / Low2 High Planar, Low Gas,
(100—200 cm/g) Metal on crystal Biochemical
High / Low . Planar, Thin film on Gas, Viscosity,
Love (150—950 cm’/g) High metal on crystal Moderate Biochemical
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B 13.
FAR IR OO H Bk T AL A
FRY e

_- Particle motion

L LRH

3151 1 )

s 7 7

5 A

2 i B 3 \

>

Direction of propagation

Major surface

& ~ BEEEM G 23 (electromechanical coupling

factor, K*) M HEZRE

of frequency, TCF) Z£[K%&

(1) BREERE

REFREL (temperature coefficient
QT A

B ER A MR AR FE A R 532 - F5[EE

T OBESR B V=fx A R]H]

A RS R

HIREB RN RA - IGREMEIERS - K2 >

A P 1N
R TR -

& 2.
J& T H P R S S
gi%&m,w) o

% 3.
AR & IR AL R
U 2 B E M R AE S L 4F
IEE S Sl

70 BUEIAE

BlESEIL

SRR RN o Bl

(2) KBRS HRH

PR & R R B R B i pE Bl EE pE )i
HAREE ST LT RFRZ -
¥V LAV an
1% 1%
Heho v BRREENE LB BT > v B

B

ISR < R

RS CREE S AR B I AE B B B i
BEIEE  WIEEESSE (LiTaO,) BUHEESSH (LINDO,) » H
AR N ERE - HETEREENTH K

Piezoelectric material Velocity K (%) TCF Capac.itance p.er unit length
(m/s) (ppm/°C) of finger pairs (pF/cm)

ST-cut quartz 3158 0.11 0 0.55

Y, Z LiNbO, 3488 4.5 94 4.6
128° Y, Z LiTaO, 3992 53 75 50
77°Y,Z LiTaO, 3254 0.72 35 44
ZnO/sapphire 5500 50 35 —
ZnO/IDT/diamond 10500 1.5 30 —
IDT/ ZnO /diamond 11600 1.1 30 —

Si0,/ZnO/IDT/diamond 9000 0.5 0 —

SiO,/IDT/ ZnO /diamond | 10000 14 0 —
IDT/LiNbOs/diamond 11900 9.0 25 —
IDT/LiTaO,/diamond 10600 3.6 18 —

Crystal SSBW velocity (m/s) | K (%) TCF (ppm/°C)
90° rotated ST-cut quartz 4990 1.89 -33
35.5° (AT) rotated Y-cut quartz 5100 144 | £127 (-55to +85°C)
36° rotated YX LiTaO, 4211 4.7 -45
37° rotated LiNbO, 4802 16.7 -59
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< HRERT REUE R AE B B REEHARE
117 s HAR AR A RIAREA > WETF
Ry AR T -

(3) SARRERE

PRI SRR R AR PO A R 2 AR E
M BRI A R - REERG AL
PFE““"‘ TERPIRS: - ATLABL IR E A Z Ay %%

I ESAREEROCIFZ BN - — RIS > &
13&*%%4\%%121? AR HARRIRE (RECE
RZ o RN HAME R U OIERL (disturb)
FHE HI B -

2. RIS

5 XIRE MG 2 8E R R ~ $830IR
FEMET B - B FLIE (acoustic aperture) ~ B (EE
PR IR RS o A0 MR -

(1) REFERER

F T R SR 2 1 o VR B R A FE SGIR B A
) e T P o SR TR R R > U OVEER f AT
Fo

V=FxA (12)

Hrp o AV BRAEEREE >V BRAEREE » f
%EP’LD’A—H

14. 3 R EREHRTETE -

—f&E%Et A =4d (d J%a@ﬂ?%ﬁ?) 1E 14 Fr
o RE T RBEME LR BIRET V
%El f AT BRSNS SUIRE fﬁiéﬁﬁﬁ?

(2) BIRFLE

B we A XGNEMEBERRE - g5
TR E SR IRIRE AN - EERRE AR ER
AR - AR AR - (HEESTEEE (radiation
conductance) HEFIK 5 K7 @ BEEREEAEEIR
fEA/ N FARAK  BEFEEEGIEEN
Koo —fRIME » BRFLIEAE 30— 100 A ZfH -

(3) FESUIREH B

Fi IR P Mt By 2 B A A o
WLHIREST - A (L FHRBRERE S (R EBRRE AT 1 - 2242
FHE R BRI R AL ZREST > RIS SR
T Bk ETT R Z i ATER - (HEE HIT e

(4) BIREEERE
RN (IR R BB R R AR LR YT Z BRR - R
BEAGE S S RGHHE AR A TEREE AT s

FENGEEH (electromagnetic feedthrough) ©

5) EBEE

B NEmEEAS  HEET M EREE R
PELERE - MM ATERET I OERE A RS © F
TRAREZE  BEEEEEE/ ) - KEH8aF
Fot8 SUIRERBI KL » —fiksae B B REATR 500—
2500 A © &S BIEELL h/A (film thickness ratio) <<
1% » AignE 8 BEAESUE B r LA » H
o h BEBEE - A BREEREE - FRT s
J&YN - IR LA Rt GIRE AR - (B2 ST
AR R NN—E &GS T < B B A FIH 22
T o

b7 bt A S SR B AT 282 5 - BIE
HIRAE T2 > 8 SXOREBER 5T 5 M ANAHIE » DA
ST-cut fHEMR B - i EE M AYTE SOIR MG
A EAEEL )2 (major flat) fHESEAT - Bl ST-
cut FIEARAY X 5 o TR EE A - RETR
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R R S AN ENE = G N AT Gy e Lilid 1 ]
[ALARE E R A R -

3. REEFRBATHRE

B 15 BRI - BT R i T
PEBMEIRIE - RN - B Th R R E R
RHITE A BUEAE 5 RFBLIANY] (etching) WokH
B (lift-off) MG SR R R 4 I MM B (e I e
FPELL > BITRISER T BIE - HIiE T R
e DT AR o TS
EHHEEEE LA RIS ERE L AL
Wk > R B -

Clean
F subst rate

Metallization Photolithography
ST Tl LLLLEN Ll
Metallization

Photolithography

IEtching - - Lift-off I

Finish IDT

SiO2 PECVD deposition

Photolithography

mmmm | mma=
Etching
Love mode Rayleigh SAW sensor
SAW sensor APM sensor

. Metallization . Photoresist . SiO2

15. F AN ~ B T AR XA A i R R o AR A

RALE -

Piezoelectric substrate

72 FEIME T 651 938

55 SRR T A SR A DA RS R SRR R filr
AR BB R G0N T F i (Si-based bulk microma-
chining technology) BFHE & #ERSHE - [& 16 R
T B SEACR TR EAZE - B S ERY B LA
# 4 biE (thermal oxidation) F¢f & LAY B EE
{LERMHLE (LPCVD) HHER LR » P LR
W > S bFE ~ ZAbEE (aluminum nitride, AIN) ~
PEEREASL (lead zirconate titanate, PZT) 55 > IATRATIE
TEHEE BRGNS » T AR R
AL, - B RE I S W EE(bAY
DIRAFEH S ST (KOH) HETEmEERZ] » A6 LAE
THIH) — SR B ALY (B R B 2% 1L > HESERL
TCAREIE -

4. REBF R THE R
(1) MR hHEEN

17 Ffgis 387 (network analyzer) =HIFR
HE R BT o ER - BRI AR

(1) Thermal SiOz2or LPCVD SisN4

(2) Piezoelectric film deposition

(3) Finish IDT

(4) Photolithography & remove

SiOz2o0r SiaN4
[ -

(5) Back- side etching
ot I Piezoelectric film
M sio: or SisNe

16. % oy - # ok T BAERAZE -

Silicon substrate



B RGHITT AR RERE RN EEEE R (printed circuit board,
PCB) I » i HFT## (wire bonding) K% 5T FHHTILED
(impedance matching) > f&FHMEES ST EEE AT
AR - FEATEGHE AR REEFRE AR (LR E
AR REDTH - i EEEHE > #FHPO
l/fé SEAHA B RS B SE R A LRI H By - Hep

A ETPH FTUCFC LR A o PRI PE A e AR e AR F U S B
?SZ(UZ’)TE#EI’JTH?K?E% BRIz Ah > IRA] LIRS 4>
MrEEfE R R ST (microwave probes) TEFsaflk(E
T sE B s EHIEEERE L (on-wafer) dETTEH]
e o F TR~ B EE P E R Y H R AUE (parasitic
effect) °

(2) IREZ R

e 18 Ry 3R AE I RO IT AR 82 B A SR BOR &
(RF amplifier) LR 7S (oscillator) FYRIZ » ATHY
BAGE 3 MTEE (spectrum analyzer) BCHHZRET#28
(frequency counter) sK &I HIREAHR - —fig H
FH—{EH i g Y SR A PO A T RG] - (H
& AN _E— {2 A e S 4 g R T RO T Ry
2ZH R - W H R —(E LLE AR RS (mixer)
AR R = AR T -

5 St EREARRRATSGZ
FER

SRR i BT R w B 2 E U R
MM FTDLE 2 &S A et - B k%
(polyimide) ~ TR ZH# (polystyrene)® K cyanoethyl
cellulose (CEC)™ S{E R THTZE - HrhlL
SRR R S LS F IR (BEFERUE 960
cm’/g) AR HEEBEHE R AW (EEHEH
F& 400 cm’/g) 1 2.4 £ > 3R] LU SRR 7T
RIS » MRENEEFEENRERZ 12% -
SALFE IR E R R A T 2 3% 8
ISR B R R - A ™ -

1. TTHERE

TCHE%EHHE 0.5 mm .2 ST-cut f4HEELAHT -
e XGRS A E TS At E e - 5 IRE
Tl Al 64 $ R 36 %~ SEHH (1) 50 um -

o

][] L Jlee. ][ |
Network Analyser ’ .
SMA #88 Ground
SASRAR Ground

B 17. @3y iR R R @A R RRA AHZ T &R -

AL 50 A~ AifE XOIREEMRAEERE (P LG
ZIE) 80 A RNk BEm B & FEEHE
300 A o BFAERGIEIRSE 4 um HEALEEE R E
 RURTESS < E R RHIER 2 R » BRI
R 100 A K2 200 A -

2. LA R E

B 19 BAELREIRHRER - B 5e R fig
WRGHITT 8BRS IE iR G es - DISERET #Es
(frequency counter) 2K & HI HIREIER o HAHH
5 B 2 50 A =0 T I ORI TR (— (B A 2 5
» S E{E R 2 HHER) « SRR HE T EH R
(high performance liquid chromatography pump, HPLC
pump) * FEEVA R - ERER] (rotary valve) ~ TE&f

DT Signal output Frequency

’ counter

Selective coating

Piezoelectric
substrate

RF Amplifier

Reference

18. ¥k & 4 X< &k & AR BRI U9 R B )%
EH -
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Buffer
containe

o Computer
ALl ER AL TERY -

Rotary
valve
%

HPLC pump

Sample loop Inlet Outlet
Flow cell
Remnants
Sensitive
Love mode sensor, layer
r N
Remnants <

Injection

syringe

G

‘ Amplifier

Frequency counter

8~ IREERES (flow cell) ~ AESRETHES ~ EIEEE -

3. THEA
REsE B 1gG IS AR - I BREE R
EsRAESCERAR > LB HAFEZER
IgG IR BRI ERIRIRE « ERNA B
ERRE EATRZ E B 1gG (%;;%rﬁ-‘ﬁ% 400 ng/mL) * DIE
A FRAE AN 0 R 25 ul/min > EASE
400 #01% > BER(REIZ ERy —7 kHz » KRR AR S
ZE 1gG B (1000 ng/mL) > HERREEER 19
z * A00E 20(a) AR » HEEASS AT A 400 ng/mL
B 1gG RFE MR 5T 2 AR A 2 B B AR
s DI E BB S 1gG R - It HEF
EEFIRERY - FEAEBRAKWERREE - REEER
IgG TR R R T R RI2RE - (5
R B ER LIRS - B 20(b) BREHE 500 F41% o
DL 20 pL/ min 23R > FriGHRE 1eG RAE B
FlmtE s RE > HEFTHEZE G EER
5000 ng/mL [ » SER(FREE R 80000 Hz » Mi#E
IgG JEFE By 10000 ng/mL f > B RFE & 100000
Hz @ B3R RS EREEE B 1gG IRER ML -
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20. (a) 400 ng/mL & 1000 ng/mL % # & IgG #
A RS EHAE S (b) FRER IgG
BEMAERASEMEER" -



I\ fERRMREE

PEZRHR YRS R - RIAE R TR &
BRI TR SR A R AR A5 U o T B
TEHIERT > (2 H AT AR 2 TR A 2 T
ToE o AR SRR %ﬁ&ﬁﬁ&?mﬁMME
s REDIBRESMEERT » VEMGERER
JEFIFERE RS - FFHFERR L (integration) *ﬁAfﬁ
—ih b BRI A BT AR EEE R
FORARER T8 » WERRENMEEY - BTG

BEFEK - RRE R TR SR A B
Fo R PR AV B BRI © 35 ERS & TR St SR 25
O~ RE By > ABE R BRI > LAEF

AR ARG > A LRI L 15—
i

SEXRK

. C.Y.Lee, T. T. Wu, and Y. Y. Chen, &
AR E, 191 (2003).

2. T. Shigematsu, M. K. Kurosawa, and K. Asai, I[EEE Transactions
on Ultrasonics, Ferroelectrics and Frequency Control, 50 (4),
376 (2003).

3. http://www.yorku.ca/esse/veo/earth/sub1-10.htm

4. C. K. Campbell, Surface Acoustic Wave Devices for Mobile and
Wireless Communications, San Diego: Academic Press (1998).

K TIZEERR

5. J. Kondoh and S. Shiokawa, Electronics and Communications
in Japan, Part 2,81 (11), 187 (1998).

6. M. J. Vellekoop, Ultrasonics, 36,7 (1998).

7. M. Penza, G. Cassano, and A. Sergi, Sensors and Actuators B,
81, 88 (2001).

8. A.Hierlemann, and H. Baltes, Analyst, 128, 15 (2003).

9. Q.Y. Cai,J. Park, and D. Heldsinger, Sensors and Actuators B,
62,121 (2000).

10. S. J. Martin, A. J. Ricco, and G. C. Frye, IEEE Ultrasonics
Symposium, 1,607 (1988).

I1. F. G. Tseng, K. C. Leou, and L. C. Pan, Sensors, 2002,
Proceedings of IEEE, 1,278 (2002).

12. R. L. Baer, C. A. Flory, M. and D. S. Solomon, /EEE
Ultrasonics Symposium, 1,293 (1992).

14.

15.

16.

17.
18.

19.

20.

21.

22.

. A. Leidl, 1. Oberlack, and U Schaber, Smart Mater. Struct., 6,
680 (1997).

E. Gizeli, Smart Mater. Struct., 6,700 (1997).

J. W. Gardner, V. K. Varadan, and O. O. Awadelkarim,
Microsensors, MEMS, and Smart Devices, New York : Wiley
(2001).

Z. Wang, J. D. N. Cheeke, and C. K. Jen, Appl. Phys. Lett., 64
(22),2940 (1994).

G. L. Harding, and J. Du, Smart Mater. Struct., 6,716 (1997).
K. Z. Kourosh, W. Wojtek, and Y. Y. Chen, Sensors and
Actuators B, 91, 143 (2003).

H. Nakahata, S. Fujii, and K. Higaki, Semicond. Sci. Technol.,
18, S96 (2003).

K. Z. Kourosh, D. A. Powell, and W. Wlodarski, Sensors and
Actuators B, 91,303 (2003).

D. W. Branch and S. M. Brozik, Biosensors and Bioelectronics,
19, 849 (2004).

F. Josse, F. Bender, and R. W. Cernosek, Analytical Chemistry,
73 (24), 5937 (2001).

CHBREEABIF DREHRIEEL  HEET

ER L a2 A AR LT € a
ZHGEFEHBIEENERERER A AEL
BH A -
MEEEEABEILEEMEREREHN AL TEL
BH A -

Chii-Rong Yang received his Ph.D. in mechanical
engineering from National Sun Yat-Sen University. He is
currently an associate professor in the Institute of
Mechatronic Technology at National Taiwan Normal
University.

Ching-Feng Lee is currently a graduate student in the
Department of Mechatronic Technology at National
Taiwan Normal University.

Jian-Fu Shi is currently a graduate student in the Department
of Mechatronic Technology at National Taiwan Normal

University.

FHEIAE _+/1 65— 93.8 75



