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1.1 Fans

BESE, TAEM, FURE W o ToARBIEME AT 2 o il re 2 FIH L C,
BRI FOFHMEIT ) A FF v TREE SN TE 2, B, BRKEICE
oA AV G TIIMEEOT =4 —NNHETHY, MR EZ PO
FE - EESTFICBW TS AT v FIZERE LWEEZZT 0D, 51T,
it FEREFE LR L DOEL OB TAL A F v I RIER LTV,
1.1 1R L= & 912, 2012 421X DNA(Deoxyribonucleic acid)i2 Wi o it 5
HHABIZ 173 A RV EZB2 b0 L0, ZofiE, 2fE LT 20134
26 2018 4E £ TOM], 12.6% DENHIHEZR(CAGR ; Compound Annual Growth
Rate) THLK & #ilT, 2018 4E % TITHI 365 fEK RAVHBIZET S & PHISHA T
%, DNA Zlrifiss o 1 Thie b Rl R R 21200 2 083 FF > 17 KA
Fo 7 THY, ZONBHOHGREIL 2012 FI2iF 17 [EX KL THY, Zomf
BT 17% DEFH R TR L, 2018 4013 46 5k i b & FllSh
V5@,

2011 FFHIZ H AR O [E R 1L 385 JKMIZE L, EFREROMBIRFESAEZNL
LTW%, Bk, EADEDOEKRERZ B F LV CEEICEHIIT 5 2 &
MTENE, BECTMIERDOEOMEENTZ DL IR, EFEEOKIE
RHMBIZERN D B2 D, ZTNEEBT 5720121, F-EARMHIIN THA,
T —H, AR, AEREBLBEEROMS Lo A A TF v T
BN AF R IR D, MDA T F v T EMIND T RE - TF 7%, T/
A= PV UL TEAGEICIN L Lo fhda R i~ A 7 n A — 4 — 0k LW
D 2 EBL S S W7 AEIE T, B E & SRR ISR LA, ROGEMT CTHREE
DI E BREFICEWR L, ¥ T BN E 2 BRI - BT 27 34
ATHD, TNETONRAL T 7L, i - ol 72/ g Hres & LT OMEE
DIHThHoTz, THUKIL, TFHRAFT v FAIBEBEDE 1T A A 2 HE#
L, Fv 7 ECBRHICONTT D2 b DT T /34 2 ThH 50,

12 IR LTI L DIT, BRIEWE Z 55 TR (AR & RS S S b
LBREBICEHRT HHZFTHD N T AT a2 —F—THRAT 5L, B+
(B DN HE G T IR N8R 2 W= BRI § T > U A X (FET ; Field
Effect Transistor), Yt & Z 35 O THIVTIEE FH#HE45E (PMT ; Photomechanical

1



Transfer)<> CCD(Charge Coupled Device)7e E3ME s, ~7 v EOE &
BT D T AT 2= =L LT, KRB F~A 2772 (QCM ;
Quartz crystal microbalance) & > ¥ —<CZ MR (SAW ; Surface acoustic wave)
LU —RMELR TN DD, EBEKONIEZ{RD D /L7 % V- QCM & v
P13 TICEL b S A, B EIIK S DIEAIKAF L, 5~30MHzZ fREE CTh 5,
SAW L, EEEREmICEE LHEE N7 A7 2 — % —(DT ; Interdigital
transducer) EBARIZ & B A LN L CRASEOLNS, ZOFEFEEIT IDT EBOIE
WIRAFE L, PR 1t 2AEA TRt % 2 & THESIZ MHz # O 88 A %%
HETED, BEEBRIETZ FT VAT 2 —H—TCRIHOMMEZRET D54,
FEHRIECEBRETH D Z ENMONTE VY, SAW & —DHERKAC
FhnTnsOO, —E THRESN TS SAW O OFEE LT, LA J—
SAW DIE7», ARG 2 [ % (shear horizontal-SAW ; SH-SAW), i A ik
(shear horizontal acoustic plate mode ; SH-APM), Love 72 Eid 5,

BUE, R E B E LTEERSE TIThbil CWARERICDE 7T
b D H OIS & U 7o B 3R A G %0 % W 55 1 (ELISA @ Enzyme-linked
immunosorbent assay) (= >V T 1.3 127730, ELISA #1E, @Ii&EE T 5 AV
ETOPURDTRE A EZ DUERH D, HKRETHEL TWDH D, EEE
TS RRIm 2 BEET 2 IIFAMETH D, FREEPEMTH LR ET A
v bbb, N AR Y —D T AT 2 —Y—IZSAW A HW 5 &, iR
REOSIZ X DR O R E B2 LA EEERE SICERTE 5, 202 &M
O, WNAMENRETY T NAEZA LFHIRFIRETH Y, G677 — & MK
BEACCMAIE L & L TEEfb S A7, EEMRYIKI N RETH S, SAW
o —ORWEICE L ClE, Y8R T a2 LR UEMAFH CTE 50 TR E
W<, BEMIZEATWVWD EWIRENRSH D, ZHVE T SAW B o —7T
HHEShTZ oo ) —KEe AW lLnwgkte b —238452 &
= HWINCARIIZE 2 BAA LTz, 55— TIL SAW OIS, AW CTHW -
SAW E— RDO—2Th D LA U —EOWESWTIHA L, REICANIZED A /Y
&R L DRERIZ DWW TR D,
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SUMMARY FIGURE
TOTAL GLOBAL MOLECULAR DIAGNOSTICS MARKET, 2010-2018
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Fig.1.1 Total global molecular diagnostics market, 2010-2018.
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Fig.1.2 Electrochemical measurements using molecular recognition element.
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Fig.1.3 Measurement of the antigen-antibody reaction in the ELISA method.
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BT AFERR IR S\ — R & [EERT D,

MR LRz helB 2l T %,

RIS DWE % Vel 2 MM O HEER),

FOCWE & Ff OB R LA (CIREURR IR 2 T L, FURICIE SE 5,
RIEDEERAFRA R ZBRE L, [EAEDUR + PR+ BRI O 2 E D,
REREREMZ D 2 LI K0 BERERTUAR R AT D,
REBREZET D Z LIZLVBPOFUREEZIET 2,



1.2 FRIFSHPEIR OO JE 5 A 5
SAW [FBEERE IR > TEDRE TH Y, ZOEEHW T A A3 ER

DYFFERZIEL, FEREOAZETEEE 7 LV 2OHKIET L LTET - @

ERHFICFHIN TV,

SAW DFET & LTI, 1885 4 Lord Rayleigh 73 -4 [ResM:RDE HIZIA > T
(GG 2R S EAET 5 2 & 2 ERMIICH 5 L7E®, SAW kv — &
L AT D198 & LTI, 1959 4F Sauerbrey 512 X 2K BiEE - E & ¥ —
DA OEH® 1979 451 Wohltjen 512 &5 SAW H 2 & > —~D S O
L7 AT, L, SAW ZHWB Wt o E L — D i
FENE AT TN B SAW BRI SN2 K 512220k D & 9 72
D=5 Th 512,

@O LR OEREEENBHRIEOEEDOB LZ 10050 1 LBV, /E-T, R
JAB R D BRI & SAW & ZH % & SAW DRI EMIZ DI E D 10° 45D
1 &7 FFBILOEED/NULRAETH D,

@ SAW DB /L X —NEEIEICET L TWHT0, F5034E, i,
il 2 [E AR m E T TE 5, 2O L) ICEERmD TEFUENTE ST
EDD, SAW BT E OMANEREZFIA LA T A ADEBNTX
Do
#1110, SAW o —, QCM B —B X O LR EFRIH Li-KE 7 7

R 4LHE(SPR ; Surface Plasmon Resonance)t > —@ 1983~2014 4F (2365 X

AUTZ R S O bl & on§- (o - BE R & Y v 7 & v % — “J-GLOBAL”),
SPR 1%, @7/ KT DO wfi- RN O EY & 77T X 3 g L TR

NEEZTAEEZFNT 2P —C, BERE CRHTEXERNEY, LL,

BRI T ) RN E MR R AL T 5700, HEBNEFICEEL D

TAV Yy MRH D,

4 1.4 12 QCM OWEJFRER 2 7~ 3, KELFERIZEIEZ T 25 & BT ~E
KPR EE AR R L, KSR BB L2 s L B AR
TRF I E 2 FEREEELE LTHIET D, TRt DJFREIZ OV TR
45,



£, MRS ITRANTER SN D,

foo = o
.......... (1.1)
Aobi#\:j:}l:z‘ﬁiﬁiﬁf@iﬁﬁ, U0§ij§iﬁﬁ?§)éo
RERB T ORI, to =24 (g =2)D L X,
o= [
° Po
.......... (1.2)

5&,

KEIEE) TR ICHE DT E L CTERENy + AtiZ /o7 T 5 &, ZORF

DO IARJEW ISy + A1,
__ 1 |k
f°+Af_2(t0+At)j;
1 Juy to
~ 2t E<t0+At>
A1) ERAT D &,

-1

fotaf=r(1+3)

0

|x] K 1D & E(1 + x)"~1+ nx DT &= H &,

At
fo+Af~fo —foa

Lo T,



Af = _Efo
.......... (1.4)
15 L=k OE EAmiT,
Am = po - AV = py - (A X At)
s At = Am
po-A
............ (15)
AVIIFEDOERITH Y, TR AXAEROIEAR A TH S,
K(1.3)7 b,
I ]
o 2fo | Po
............ (16)
R(1.4)I12(1.5), (1.6)EfRAT D L,
Am
Af = =22 2fy [22fo
_ 2 _ Am 2
........... (17)

RK(1.7)1%, Sauerbrey DXOTH v, HFE A IEBELEAMNPET D &R
FACAfZ2 AT, LREEH D 2 FICHAIT 5720, @EEIE EmBREICHETT
x5,

X 1.5 12 SAW D FEAFEE 279, SAW D JE 5k i, [k _EIcRk L= IDT
ERIE (AR AFT D72, Y8R T o AHF 2 Fv IDT EE 2 45 =
ETCRZGITEE MHz iR T& 5, £72, SAW O VX —NWE KT
FFZEF L TWDH T, RiETOFEORAE, Kill, fIERARETHY, EHLT
S_YEHTHRIT S QCM LV b EHZROTWA®P), [ 1.3 1R Liz & 9 726t
JRHURS S 78 & D53 75 8 2 WITRMEIZ L A EHEEE O Z L% SAW 5#E I |
T SEIEREREEOZEE L CTRIEAREE 725,



# 1.1 SAW, QCM, SPR -t #—J = Toim {44(1983~2014 4F)
Table.1.1 The number of articles in SAW, QCM and SPR sensor(1983~2014).

FiiB S ans
FH SAW QCM SPR
19834 ~20144 419 212 1151
20105 33 19 104
20114 27 26 95
20124 24 7 95
20134 38 18 108
20144 32 10 72
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Fig.1.4 Principle of a QCM measurement.
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Fig.1.5 Schematic drawing of primordial of a SAW.
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13 LA U —FKmEoOWHE

SAW 1T, [EEMROHERE L XK EICERESZHHAIED S 5 IDT EMic
£V, FEOEEEFROBRESERONTHZETrOZLTHD, 1885 4, A
XU RD ) —~YVESH T 5 Rayleigh 1355 57 P MERRIEVET 00 3 T 55 12— %
LE=PER LU TEET D LA U — I OFEEAHRIIOR L0, 2 E o
X TUV D SAW DO OFERH L LT, LA U —SAW DA, A ik 74 i 32 [ 1% (shear
horizontal-SAW ; SH-SAW), % % i % (shear horizontal acoustic plate mode ;
SH-APM), Love 72 E3d 500, 32 1.2 (oK RN & o — 0 72 o
ERBIZONWTE LD, LA U —HOMWEIX, xi BL X3 FMOEMNEZ H D,
Xy FINAEFE L, Xa(RS)F I ET 2 L 5 RE#E TH H(IX 1.6), EHEHE
WED VAV — R G ORI 2 B 1.7 1283, 2D xa ZBALRSY us 72, X 1.8
R T LA Y — s HEmE RIZHRIR D B 5 & HER AR IS S 472 hs
ST 25 M) = e i A R L7250 MHZ 8 0 SAW & o — MR R
ENTNHENM, WEHAEZ LA U — BRI BICEET 5720l 51
EPWDOEIFCHELKITL, BT 2EOBENHEINLIMERNH D, £
DIz, LA V=L, 751 AREED R SRR O EITII AR & T
boHEBEZONTEY, TRV —HNE = EOXFER TEDILS
JEHBINZ N, SAW DR o — & LTIE, K 1.9I12RT L 9 78 x3 2807 us
A b 729 o HIEIOZEN % 5 SH-SAW DFFZEA 1 & L TITbiL T 508,
1.10 (27T XK 912, SH-SAW GEE FICRUENATR & BV 2856, xs Bix b
RN, SAW EENIZIFHET S 2 < REHAKRNZ @B L, HENTE
HEEN D D, SH-SAW Z& 6, JENRO L FE TRE LN b+ 2k T
&% SH-APM, SH-SAW 72MaRE I HE 7R H BB i A Sy 2 2847 L 72 Love 213,
STAAR, MR ELL THMEHRETH D,

12



F 1.2 SR Y — O TR AR & &
Table.1.2 The main substrate material and the usefulness of various type of acoustic
wave sensor.

*%ﬁ%ﬁ L A1)—SAW SH-SAW SH-APM Love&
st ATHYRIKER STHYRKEE [36° YX-LiTaO, |STHhybK&EZE [PMMA/STHYRKER
ATHYKEE %

EEJJ_C_PEH?'&U?EEJJ LA)—iK TRYIRE TRYIRED TRYIRE

HREY HREY HREY HREY HREY
SR |(BLtEVY auntoy Buntry auntoy BuLerY

fR AT il fR 5Tt [EERil FRERiff FRER il

R - R FE-EERT |ME-BER  |WE-FES
BER |ERFEER BRFEE BRFEE N EY

NAF Y% NAF2Y NAFoH
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" EEAR

SAENE

1.6 LA U —il OARREZENL OREEX]
Fig.1.6 Schematic drawing of propagation displacement of SAW.
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1.7 JEBER EO LAY — 3 OEFE X
Fig.1.7 Schematic drawing of the propagation of Rayleigh SAW on the
piezoelectric element.
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Liquid
Input IDT Output IDT
/\Uf\\/{/ A m =

Rayleigh wave

Piezoelectric element

1.8 LA U —I=IEE O~ O MEN fi OIS X
Fig.1.8 Schematic drawing of Rayleigh wave attenuation when arranges liquid reservoir
on the propagation surface.
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1.9 JEBREAM E D SH I OB X
Fig.1.9 Schematic drawing of the propagation of SH-SAW on the piezoelectric
element.
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Liquid
Input IDT Output IDT

— m . s N s Y o

Piezoelctric element

X 1.10  SH DR TOIHE OIS
Fig.1.10 Schematic drawing of SH wave attenuation when arranges liquid reservoir on
the propagation surface.
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1.4 AREFED B K &R

AWFFEO HIIIX, SAW E— FO—2>ThbH LA U — %2 H\, QCM & H—
KU LEEAEEE MH) TH Y SIETHLHZ L, B~var7al vy MLV EME
WIRCTHETE DI EEHME LIS A v ZARERIEM R 3
BEFRRTHZ L THD, A CTHRARZ L 1S, Z O 2 FIH L@
BHA MHz O =P EITREIN T D0, RIRDEE T EDOTRED
Sfz, RWFFRETIE, RKROEETEEZHLBT 5720, BIEKICAIRY v N &
2AERL, 2V v FNICIEIRERFFL, XY NT—0 T F 74P =1 k->TE
JEZETHHIEEARE L TV (K 1.11), LA U —IR O EICRE ORI
Al 2V > NOIBIZ X > TEETE 722, K 112 128 T X 9 ISR O & S 3K
DIETTCHEEREEIC L > CTEDLERH Y, Fu—T Ry 7 2ANTHET S
7R R A FE LTz, LavL, X 1.13 OffiK O v I LHEIE (S [|B) & Bl os
L7291, JIENTY XN EL TV,

Z 2T, WRHEFREIOEE & LT, BN L SRR 2380 727 7 Aok
ARV — e T THEE ORI 2 ke L= 19@0C - = 3 2 TiL, R F
—LHHLEEBLET2BESED Z EBARBORE LAY —HOEHF
e EICERE CT&, 150~200MHz O & & CHRIE 2N FTREIC 72 > 7=,

Fo, ARV =T LiIAD LT EFAEREINZ /T o LA U — O 5L
HERZ ML L, HRIKD ED X 5 RIEWPBEIL TE 202 RO ToH
%7 v a— b & NaCl /KIEHR 2 FV CHIEE & L EE 21T - 77,

BAR L7 SAW B o —3EiE 2 A A2 o v U IO T A Z LA BEL TR
D, KIEEMERE LCEHINRTWL 7Ry, ZoRXIETHDLTT /v
= VBR(ATPYKEESIRSOHUAIRE, AN OPUEWEIRE, mMiRREZHIEL
TAE ROV THRIET 5,

BT, ARVE B SAW & U Y — D EBR TR & B O & kT
%o i U7z EB I TH D KM B ORESS SAW FE DR, IDT BARO/E
BUFE L TR KL D EEARR M, T ARV 2 — OERUITTE & FKME &BK
PEZ R Ui g, LA ) =Rl ZEE2ITHO XYy NT—2 T F 5
A W=7 PREBERRIZONTHET D,

BT, RV I LA O NTZREABNZ R T2V 14 U —iK
DEE 2 FWOW K TH 57V A& SAW T34 Z~AH L, HlE»S %
DEECHOWTHE LB RICOWTIET D, HBONTHENDL ' —K

19



XD 24TV, TV 3 — KRS 2 O TREE & FLisdiRaE U 725 2RI
DNTHET D,

FUETIE, XA BT ~DIEHE LTE R EKRER e & &R
BECHEL, FlUEER S EBREE AT > 72 RICHOWTERET 2,
FRHETIE, WG SR®%ICOVTERS,

20
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[0 0000 00
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Piezoelectric element

(ST-cut quartz crystal)

111 AlRY w RZ AT D LA Y —R SAW ikt o —FH
Fig.1.11 Photograph of Rayleigh SAW liquid sensor of Al slit type.
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AlEH : #3500 A e KA EDSE
\_ NEHD,
. a -BEOEZE. BREGED %)
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112 Al 2 Y MIARFF S 2 3UBHE IR O 1R
Fig.1.12 Schematic drawing of a sample solution hold in the Al slit.
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Fig.1.13 The result of repeat amplitude measurements of pure water was measured by
the Al slit type of Rayleigh SAW device.
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W RV A R SAW & o —HEE DB %

21 Famx

SAW E— RDO—>ThoH LA U —EkiHt P —& LTRHT A0,
WET D EHRIR AT BRE OB L Z T 5 2 &< A U — s LIk
—ICEE LR NWE LA THTRLELIICBEDONT Y XN EL S, AL T,
Z DR Z g U T2 BUKME & K ME A2 T LSRR IR O ki aL 2 B 1k U7 7R
NE—DOREERRRE LY, K2 T, BI% L7 SAW & — D ERLG I &l

EHEEIZOWTIRRD,
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2.2 JERNLA A SAW & LY — DA E

2.2.1 JEFEME

EEMELE LC, HEM, BRI I v 7 R, JEEER A OB
TEL, FEBMERT A 2L LTHERTOBRICH, IRV ) &R
mE I T E, ZNEIUTHEIOGIRTG AL (7 » b ) & L B O HETT 547
(G CIREIEIC L 0, EHICEL DERICH T BN D, HEHELL EBEIA
BERICHEH SIS SAW 7 4 v & —1%, FEREEHEIY 100MHz~3GHz Th 1,
BRI =N JJ ) = L X — (T X D 3 & R T BRI AR
SR E W LiTaOz 28 —fRAIICHEH S5 (# 2.1 2P, KEbIE LiTaOs (2~
TR SR BUTIRN DS, RIS 5 BB NIZIEE v Th 5 R
EET D, RFRTIE, "MABCY—ICHERAT2 2 2BEELTRY, BE
BT DRENT Y FHEEER L CST Ay MAREEFEHATIZ LI
@) ST &1 v hAKEL & LiTaOs Fb 2 L7258 OIRELEICK+ 2 BRGSO
RTA—=HThDHEDOIGERMEZ RTMNHAELLE VI 2 b —va VLR E
mzlmﬁbto%ﬁﬁmlmmm EARMIERAE L 20mm & L7z, ST > hK
FITIRFEZ L 10°C O#IPH TIRITIEAARICEZEI T /28, LiTaOs FEAR Tldk & <
ﬁﬂﬂﬁ%ﬂh&é:kb%mméo

fEAH L7 NTKRERIE, 22 1T Ko dMBle e TR, 7747 U A
AN REEDN DR EZ T2, K23 1R TEIICST Ay MEix, Z#akk
ﬁlﬁﬁ%ﬁﬁ’ﬂ°%@wfﬂmbkﬁfﬁhé LAY =R SE 5
729, K24 13T X9, KBFEANSST Iy NLTEEAMEI A v TF U —
D XEH R VAV —IOEITH AN 725 X 91 IDT EM ARl E L7, AJJIDT
AR & FMR PN ST NSO S 7= 0 7 s, HR B CRO & AU Al
IDT TR ENAGERH L5770, EmIFH S Ra=05~0.6 um O#EH I F R Ik
[N LT 2 IR S w7,
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2.1 JEEMEIO R

Table.2.1 Comparison of the characteristic of piezoelectristic material.

wnz | ot/ | EREE heirtiinll BT 25 —
[m/s] [%] [ppm/deg]
T T 3158 0.14 o|L1y—igk
e R 3948 0.11 oly—%—
36° Y-Z 5088 0.11 o|sHif
, X-112° Y 3287 0.64 18|L1u—m
LiTaOj
36" Y-X 4160 76 35 —%—ig
128° Y-X 3992 55 2L 1v—m
LiNbO, |Y-Z 3488 48 4L 1y—m
64° Y-X 4742 110 -80[U—%—i

26



50

ST-cut quartz
40 —X-112°Y LiTaOs
36°Y-X LiTaOs
)
A=
=
x
20
10
0
0 2 4 6 8 10
AT[C]

X 2.1 ST /1 bk & LiTaOs DIRFEEACIC K B A2 b bk
Fig.2.1 Comparison of the phase shift change to the temperature change of ST-cut
quartz crystal and LiTaO3 material.
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22 ANTIKERE ST Iy FENTKE T = —DOHNBIEE
Fig.2.2 Photograph of synthetic quartz crystal and the wafer.
(Source: FINE CRYSTAL Co.,Ltd.)

z
ST-cut 42° 45"

i,

/
r / 7 Y’
N A4z 45
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Fig.2.3 Schematic diagram of a cut direction of quartz crystal.
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Fig.2.4 Schematic diagram of Rayleigh SAW substrate of crystal quartz
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(@) Single electrode (b) Double electrode

25 IDT O v 7 )VEM & X 7 )V EMRE S OIS X

Fig.2.5 Schematic drawing of aluminum IDTs (a) single electrode and (b) double
electrode.
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Fig.2.6 Manufacturing method of the IDT electrodes.
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Fig.2.7 Photograph of the double electrode pattern.
(Gray part : Al electrode, Black part : Quartz crystal)
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Fig.2.8 Electrical properties of the single IDT electrode.
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Fig.2.9 Electrical properties of the double IDT electrode.
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. /\ Groove holder
Microscopic observation

210 {EARNLF —DMrmEIZIR G E
Fig.2.10 Photograph of the cross-sectional shape of the groove.
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Fig.2.11 Schematic drawing of the groove channel structure.
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(4 2.12(a) Bl (K Gh 1) O AR OFEfl M4 5 H
Fig.2.12(a) Photograph of contact angle of hydrophilic surface.
(Pure water 1puL).

110.7°

X1 2.12(b)  BE/KHE D FiK D4 B
Fig.2.12(b) Photograph of contact angle of water repelling surface.
(Pure water 1puL).
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213 HFEICHWZR Y NU—=7 T F T4 F—DIBIEE
Fig.2.13 Photograph of network analyzer which is used for the measurement.
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Piezoelectric element
(ST-cut quartz crystal)
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Fig.2.14 Schematic drawing of Rayleigh SAW type groove channel device.
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Fig.2.15 Comparison of the amplitude of the Rayleigh wave in the groove substrate use
or non-use((DBase wave: Characteristic without sample solution into the groove holder,
@Groove holder: Characteristic with pure water into the groove holder(the width and
depth is 0.4 and 0.2mm), (®Non-groove holder: Characteristic arranged the form of
droplets of pure water to the SAW propagation path as shown in Fig.1.5)
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Fig.2.16  Comparison 5 times measurement of the amplitude of the Rayleigh wave in
case of using the groove holder.
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Fig.2.17 Comparison of the phase difference of glycerin and pure water.
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Fig.3.1 Schematic drawing of the measurement system using pulse generator and

oscilloscope.
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Fig.3.2 Electrical characteristics of SAW device of single electrode
IDT(Frequency:157MHz).
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Fig.3.3 Electrical characteristics SAW device of double electrode IDT
(Frequency:197MHz).
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Fig.3.4 Comparison of the incoming and output pulse wave signal to SAW device.
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AL DRI TO LA Y — IR OISR ] 2 1E Ll L 72,

F£7-, L>2Htand Zii7-9 H=0.79mm ® & ¥ L=1.0mm DR A R L, Heig
DT DRI L7,

¥ 3.7 1275 L7-3# 08 (L)0.2mm-i# 5 & (H)0.25mm DR A AL 2 —Z2 vy, i
BA 0 N ~HK &2 AL 5 iR CTO L RSG5 ORIER R 2 X 3.8 [2RT, flik
EANDEIZICT, BFEEERRICE T o T, AWIERR DR TIE, L
>2Htand OEET &9, ZiUdFax OFTF B WT, 1 EETKE SN
T RERE ARG BETE R WSRETH D, - T, BH SN EFE, K
it B2 EHET SRRV SAW Th 5, MUK Z#ER D NIC AN D Z & TE SR
FEDEAT D DIE, AV SAW DSFKFITHER 2 ith L = L F—Hut 2 =
THOThdEELZLND,
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V*Jf\f@k%]\héﬁﬁf&f@ﬂm Lt/\ﬂ/x ERE T OMRE A 3.10 (T/RT, MK
ZEBAONA~AND Z LI LY, (EERIERFMIC 0.36us OIEIENBLIH S 4172,
DT3B ORI L>2Htane OBk A 724, ZAuZ, i BEE TR S
HERE DK FEMUCBGE T E AL BICHY T 550 TH 5, JHIE(L)0.4Amm-1#E S
(H)0.25mm DB N ARV & — 2 W56, TN Z R8T 2 Mt RF i o R E
(£ 0.31ps (2720, WEMEIFIE BT HEREHET.

EERSMTH D f=197TMHz, H=0.25mm, vg=3158m/s, v;=14975m/s LV, 4
¢=17.96(degree - s/m) Av OB HIFRF SN D, M3 1LITRLTc=H J — /LK
IR LAY 7 R OBMRICEB T, EEIRE & SCIRECY 2> 5 K v T o
\CEH UK Z Av & L7 A2 X 3.12 123, BIEMED Agp & Av O BER % /s
TREEZHWS L, ZOME T 17.31degree - s/m L2V, KET L ETEICIE
F—9 5 Z EAMER I T,

3.13 12 L 72 3#ME (L) 1.0mm-# 5 X (H)0.79mm DR Ok L 2 —& vy, i
NA~HiK 2 AL DRI TRIE L2 2 VL ZEBRE SO EAK 3.14 12571, Hn
T-1EBA 1 TARIT L>2Htang O REER AT 7= 97, 15 5 BIEERF RIS 0.96ps D IEEIE) B
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RizLTWD, AREIIMAKZ I, EERE 0.1~23% TIER L7-, /KEKE
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Fig.3.5 Schematic drawing of a sensor using the longitudinal wave radiation of
Rayleigh-SAW.
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Fig.3.6 Behavior of the incident wave at the solid-liquid interface based on Snell’s law.
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¢ 3.7 g 0.2mm-f = & 0.25mm DK IR
Fig.3.7 Photograph of the cross-sectional shape of the groove holder.
(The groove is 0.2mm width and 0.25mm depth.)

0.12 - L Change of delay time
doesn't occur.

0.08 -
> Pure water into the
0.04 -
° groove holder
=]
2 0.00
g— 6.0 . 80
Z 004 | time [ps]
0.08 - /
-0.12 - Output SAW signal

3.8 IH#ME 0.2mm-ifE < 0.25mm DA L7 & & D/~)L R D Rtk Hriig
(AL 2 —NITHK 2 AL 5 T T OAE 5 Hig)
Fig.3.8 Comparison of the pulse signal with the empty groove(air) and that with the
pure water filled groove. The groove was 0.2mm width and 0.25mm depth.
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3.9 JHiE 0.4mm-ifEE & 0.25mm DT K
Fig.3.9 Photograph of the cross-sectional shape of the groove holder.
(The groove is 0.4mm width and 0.25mm depth.)
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Fig.3.10 Comparison of the pulse signal with the empty groove(air) and that with the

pure water filled groove. The groove was 0.4mm width and 0.25mm depth.
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Fig.3.11 Dependence of phase shift on the mass concentration of ethanol due to
differences in the groove width.
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Fig.3.12 Comparison of the measured value and relationship model between the phase
shift and the sound velocity shift in ethanol solution.

65



0.79

3.13 JiME 1.0mm-f i & 0.79mm DK AR
Fig.3.13 Photograph of the cross-sectional shape of the groove holder.
(The groove is 1.0mm width and 0.79mm depth.)
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(AL —NITHIK 2 A 5Tl T OAE 5 Hig)

Fig.3.14 Comparison of the pulse signal with the empty groove(air) and that with the

pure water filled groove. The groove was 1.0mm width and 0.79mm depth.

66



360

300 - - = = Model A @=57.0%xAv
A Measured value : 4 #=50.1x4y
240 -
=
S,
S 180 - .
~ - - A
P d /A
120 b _ P P
P d - - - A
60 - %
Phe ’A’
0 &~ : , ,
0 1 2 3
Av [m/s]

[X]3.15 =& ) —NWAKEERFPTOEFERALNAH 7 hOT I a2l —v g

fiEl & E RS RO iR (& 0.79mm D355
Fig.3.15 Comparison of the measured value and relationship model between the phase
shift and the sound velocity shift in ethanol solution(The groove depth is 0.79mm).
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Fig.3.16 Dependence of phase shift on the mass concentration of NaCl solution.
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Fig.3.17 Comparison of the measured value and relationship model between the phase
shift and the sound velocity shift in NaCl solution(The groove depth is 0.25mm).
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41 FaNx

ARETIE, BF L7 LA U — SAW SR T /A R 2B L TR A F v 71T
BRI ZEEZBEELTHRBLTWS D, RENRRIZHUER, ARz ¥
—REE L LTmbNL T T ) v r-5-= 0 R T R U w A (ATP) KRR
MR 72 & % AREE CHIE LR RIS OW TGRS, Z oMz, 5T H
ELTHWOND Z U | Y VIKEIKR, FINOHTAEME 72 &% A0 THEIROF
P2 BN L 72 R DOW TR~ D, EH L7 BRI O EL, 4R ED
—E 2R 41 ITRT,

41 R U7-BUERAIR O FFE
Table.4.1 The characteristics of the sample solution.

5 ME £ 2FR nFE TS
OH
42 gy C;3HgO3 92.1 O{)\/OH
NH 2
N'{th N
— ATP HCZ 3 %C o 8CH
43 |(PF/2-5-Z1 | CiHigNsOsPsNa, | 5512 0 o 0 NSNS
ZFR)HL) HO—P—0—P—0—P—0—CH: 0o
ONa ONa OH 4KH H3h
H 3 2 H
OH OH
NH:z
PN
N1 o SC 7|‘|~l
ADP HC2 3 %C_ o BcCH
43  |(FPF/o-5-ZUUE| CioHisNs0oPoNa, | 471.2 0 0 , N7
ZFR)HL) HO T 0—P—0—CH: o
ONa ONa +<H H>h
H 13 2H
OH OH
Nen
N
N
.
44 wI7IIF I L | CiyHNgO,S;Na 476.5 HN s
j;hr/ 3 5
oanre
Na* 07 "0 N
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FHRR 2 — EOME T L THET H720, lEE U TE+~3E uL AgE L
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157.6MHz, H=0.25mm, vg=3158m/s, v;=1497.5m/s &, 1551 7-A¢ % (3.20)IC
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FOYERT A—F ThHHERNFEHAETH D,
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Fig.4.1 Dependence of phase shift and difference in the sound velocity on the mass

concentration of glycerin solution(The groove depth is 0.25mm).
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TT - E Y BT MU U LAATP)IE, ARNOZ R X — G- A
RO BB 2 LT D, Rz, KEDOREEZREY D1RIE K HIL, ATP
W L OB DR TV B, ATP L, RERRGE & & I ATP—ADP(T 7
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Pk HIL TN S,
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SFEEHD AW I T A A% W LIE LR A2 X 4.2 (R d, A LZIERL
A —1Z, g L=0.4mm-i# 5 & H=0.25mm % fv 72, SAW O F1.00JE % 39.5MHz
TiX, ATP IREEIC L o TAPIZEAL R 72 <, RHBRFR LU T THDH Z & bhro T,
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oo FT2, JEABEEDEW 19TMHz 731 ZADFNRAHEY 7 M AP R E R
KT DIEENE N ENDNY, ATP /LI 1mM TAGA 4.8deg 219 % f&
RE2BT,

ATP(MW : 551.2) & tLilg D 7= 12 iV 7= ADP(MW : 471.2)Ky R (A U = > X L%
TR Z, ZREIMKEZREEE UCRE 0~30uM OFiBH CIERLL 7=, A
0 157.6MHz, L=0.4mm-H=0.25mm TApZHE L7-fER %X 4.3 12R-T, F7o,
HE L7eAGZE RB2ITRA L THTZ Av E ORERE /R Lz, T/VIREE & iy
7 FORRIZEBWNT, ATP & ADP IE[A UM LI/ TS, i, Ei&
(L) TE < HFEREL)ICE > THERTFOEENEHL L TNDLZ LEZRLT
W5, ATP & ADP KIEIKIZIHWTIE, E/VIEE ImM(% T3 6.02x10% /L) T
AR 7 R7233.1deg 20V, HIRF OFHD 0.25m/s 21T DR 21572,

ARV A —DOB O IRNKE VY L=1.0mm-H=0.8mm & L7zt EDOMfHY 7 b
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Fig.4.2 Dependence of the center frequency between phase shift and the
concentration in ATP solution.
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Fig.4.3  Dependence of phase shift and sound velocity in ADP and ATP solution based
on the phase of pure water.
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Fig.4.4  Dependence of mass concentration and phase shift in ADP and ATP solution
due to the difference in the groove shape.
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Fig.4.5 Dependence of phase shift and the sound velocity in cefazolin-Na solution

based on the phase of market milk.
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F 42 EHY T NOFEE
Table.4.2 The kind of raw milk sample.

YUILES X5
1 MEMBEAY HEXRAESD
2 REMBEAY FERAES
3 PHREAEEDEEL
4 WELZEIDEEL
5 NiG&R0RFBLI- AR

60.0 -

40.0 -
20.0 +
0.0
0.0

-20.0 -

AP [deg]

-40.0 -

-60.0 -

46 AHNCEZENLET 7Y U OAFET T MHIER R
Fig.4.6 The measurement result of phase shift in cefazolin solution based on the raw
milk.
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WZEEINT 5 Z EDRmBTV S,

MiE7 N7 0%, EFICELFETHZ U RIED—D>ThbD, TNV
TUVREMET LTV AEATE, HRESKREBRANEDILOIEIE L 2> T
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Fig.4.7 Dependence of phase shift in Anti-GST antibody based on the phase of PBS.
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Fig.4.8 Dependence of phase shift in BSA based on the phase of PBS.
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Fig.4.9 Dependence of phase shift in blood based on the phase of PBS.
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