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Numerical analysis for SH-SAW biosensor
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Abstract
This paper describes a shear horizontal surface acoustic wave (SH-SAW) immunoassay biosensor on a quartz substrate.
The SH-SAW biosensor is a 250MHz SH-SAW delay-line which has a gold surface covered with antibodies. It is important to
discuss the detection mechanism of SH-SAW biosensors on quartz. In this paper, the detection mechanism of SH-SAW
biosensors are investigated, using three numerical analyses. The first analysis is based on a mass loading model. The
second analysis is based on a viscosity model. The third analysis is based on a viscoelasticity model. The numerical
calculation method for quartz-based SH-SAW propagation characteristics, which is a modified Campbell and Jones method
involving the effect of liquid viscosity is described. In order to confirm the proposed numerical analysis models, 250MHz
SH-SAW biosensors on quartz substrates were tested. The mass, viscosity, and viscoelastic behavior of fluids on SH-SAW
biosensors were theoretically and experimentally discussed.
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Fig.1 Calculation model and coordinate system.
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Fig.2 Cross section of SH-SAW biosensor
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Fig.3 Phase shift and Amplitude change of SH-SAW
biosensor as a function of weight of additional
materials.
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Table 1 Phase shift of theoretical and experimental

results of 250MHz SH-SAW biosensor on quartz

2pg 2 B AARZAL ()
0.0012

B (Au)
HEfE (Sio,) 0.0006
AR (AR AR5 15 0.0012
FEERfE (HSA) 2

B ARSI IR No.68 2017 - 37



(HT LA — &) SH-SAW/NA 7+ > OEfERET

5. MEZEEIC £ BT

SH-SAW/N A 7 & v H 2B PR RIZ DV T offfr @
BRET U720 BUEIRHT TIIN A F IR E O L L 72 &
E DOSH-SAW D & I OB & FHE T A REE T V2 [
L7z0 BB R TIORPEZALIZPE ) SH-SAW D s 222 11 &
WEZLZF U TH Y, EEEOMR @ ICHELTWwbsIE
WIRENTZ F72, IBEORL D7) £ VIKIEHORMEZEL
ZFH L CSH-SAW/S A & > O Rt E-ii 2 47 - 72 W, 5
BRIZ25- Ik, TR0, 20, 30% 277 Y ¥ IAKIEHEONE

(B EIT VG, FNENCBT A & ARIEZ HE L7z Ml
ERFOIRFEIZ23T THIEY ~ 7 IV HUE3601E TH %o

47 ) &) ¥ IRBEE DO i EEAE S Kbz 5
5SH-SAWIN A 2 2O L IRIGOZALTH 5o MADFE
FRITERERRAT TR O N7 R, IEFTBIEERTHEONED
EHETHY, TT—N—=13x20 2R LT 5, RADFER
X0, KHEZEALIC N9 A SH-SAWD A ARZE (L, IRIEZS LI 3
e FEBRT—H L CWAIZ EATRENT,

= (Calculation
B Experimental

Phase shift (deg.)
=
L]

-80 |
-100
-120 L ' '
0 10 20 30 40
Concentration of glycerol mixtures (wit%o)
(a) Phase shift
.20
% —Calculation
S 15 | N Experimental
50
:
= 10
=
=
£°7
=
5 0 1 Il 1
0 10 20 30 40

Concentration of glycerol mixtures (wt%o)
(b) Amplitude change
B4 T+ KEBRDBREZLICHT S
SH-SAW/N 1 # = > Y DIRIERIEZE AL
Fig4 Phase shift and Amplitude change of SH-SAW
biosensor as a function of concentration of glycerol
mixtures.
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Fig.5 Estimated thickness of BSA versus BSA
concentration.
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Fig.6 Velocity change of SH-SAW biosensor as a
function of viscoelastic film thickness.




A TR O 4 2210 % (it 5 % K S SH-SAW O S fif %
WD WTIR 7z B % 3 5 250MHz/K f: SH-SAW
WZxt LEBR & BT 2 1T\, ZNENORFBREIEL 72,

BB E TV O CIE, EBRRERICTL L THAE
WIETHRIERSIZ & 5 SH-SAWDZALIZE & 267251 Tl
BHTEXRWI EDURENTZ Oy —RIYIZHER T /N1 A D
LU TIRREREID R SN TELD, RENICL ) &
THZ ) THhWEVIFEIRE N,

FEPEZALE 7OV OFFNTClE, 2 IR 9 SH-SAW O i
AL MEELIIFE L TH A LAREN, EBKEEL
—F LA AR S e

F70, EBROGESICHWSONE ¥ X7 H i HE L,
HiPEE TV X BB 2T 5 720 BTNV OZ Y% G2
5720 EARD R 7 5BSA% Hv» T250MHzDSH-SAW /N
A F Xy CEBREIT - 720 AR E 7V O T T
EBFEREZHPTE LI PR ENT B,

REAEIFHT T S N7 BB IZSH-SAW N £ F & > D4 A
X, KR, R BEE L REEF RN s L TEE
LEREL DL, HlZIE, EOBEFEIINT 5SH-SAWD 21L&
EREMICICERET 52 T, mERICBITA2HETREIZS
DEIKTHIEENRRITS DX ZILETE, HFHVLED
RiEL %o S RIIZE L kG L, SH-SAW/NA o+ & >4
DFERELEHIEL TV,

HEe

K2 TdH HSH-SAW/ N A F & & H O EAEFRNT W Tl EH
RSB SRR R EE e, TEBIRICE R e D%
THXF L7z EAEHLET,

SENH
(1) #dEmEfsE ANHSZ Rl Smeg Sk
‘POCTHISH-SAW/N 1 o+ & OBl 58, " H A AR,

No.64, 2013, pp. 41-45.

(2) M. Goto, O. lijima, T. Kogai, and H. Yatsuda, “Point-
of-Care SH-SAW Biosensor,” Proc. IEEE Ultrasonic
Symp., 2010, p. 736.

(3) T Kogai, N. Yoshimura, T. Mori, and H. Yatsuda,
“Liquid-Phase Shear Horizontal Surface Acoustic Wave
Immunosensor,” Jpn. J. Appl. Phys. 49 (2010) 07HD15.

(4) H. Yatsuda, T. Kogai, D. Athey, and V. Lawson, “SH-SAW
Rz A K& 247 2012 Proc. Institute of Electrical
Engineers of Japan, 2012, TC1-4.

(5) G. Sauerbrey, “Verwendung von Schwingquarzen zur
Wigung diinner Schichten und zur Mikrowidgung” |,
Zeitschrift fiir Physik, Vol. 155, (1959), pp. 206-222.

(6) J.J. Campbell and W. R. Jones, ‘Proagation of surface
wave at the boundary between a piezoelectric crystal and
a fluid medium” , IEEE Trans. Sonics Ultrason. SU-17
(1970) pp. 71-76.

(7) T Moriizumi, Y. Unno, and S. Shiokawa, “New Sensor
in Liquid Using Leaky SAW,” Proc. of IEEE 1987

(H#fiL AR — k) SH-SAW/NA # + > OEfERET

Ultrasonic Symp., pp. 578-582.

(8) K. Yamanouchi and H. Furuyashiki, “New low-loss
SAW filter using internal flotion electrode refrection type
of single-phasse unidirectional transducer,” Electron. Lett.,
vol. 20, no. 24, pp. 989-990, Nov. 1984.

(9) M. Goto, H. Yatsuda, and J.Kondoh, “Analysis of Mass
Loading Effect on Guided Shear Horizontal Surface
Acoustic Wave on Liquid/Au/Quartz Structure for
Biosensor Application,” Japanese Journal of Applied
Physiscs, Vol. 52, 07HD10, 2013.

(10) B. A. Auld, “Acoustic Fields and Waves in Solid” ,
Krieger, Malabar, FL, 1990, 2nd ed., Chap. 12.

(11) M. Goto, H. Yatsuda, and J. Kondoh, “Numerical
Aanalysis of Viscosity Effect on Shear Horizontal Surface
Acoustic Wave for Biosensor Application,” IEE] Trans. on
Sensors and Micromachines, Vol. 136, No.1, pp. 1-5, 2016.

(12) IHEE, EIHEET, "SH-SAWT /N A A & v 72 1E
Kt EAEHGEE YRGS (CID), Vol J75-C-
I, No.5 (1992) pp.224-234.

(13) M. Goto, H. Yatsuda, and J. Kondoh, “Effect of
viscoelastic film for shear hozirontal surface acoustic
wave on quartz,” Japanese Journal of Applied Physics,
Vol. 54, 07HD02, 2015.

(14) R, RS AV 7o R B g R T /N A
T v INE ORI L HERT, EEKFE LR
X, 2014.

AE -

SAW: Surface Acoustic Wave (5 F2 i)

SH-SAW: Shear-horizontal SAW (i i1 Tl i 4 2 i 1%

POCT: Point of Care Testing (JifAR BRI f7E)

HSA: Human Serum Albumin (& MI{E7 V73 ¥)

BSA: Bovine Serum Albumin (7 Y IfliE7 V73 »)

FEUDT: Floating-electrode unidirectional transducer (i & ##— /5]
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