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Abstract

Real-time biomolecule interaction analysis (BIA) sensor chips are widely used in
biomedical testing. Over the developed techniques, surface plasmon resonance shows
the most promising for these applications. Optic fiber based SPR sensors exhibit the
advantage of low-cost but it is difficult to integrate with microfluidic systems. The
angle variation detection is promising to integrate with microfluidic system for
real-time detection. However, conventional angle-variation SPR detection schemes
are usually limited by the relatively big size of the incident light spot and the
difficulty for real-time optical image observation. In addition, an expensive
goniometer is required to obtain precise angle measurement. Therefore, it is essential
to develop a system for simultaneously optical image observation and SPR detection
without using the moving part.

This work presents a TIRF objective-based surface plasmon resonance (SPR)
system for simultaneously image capturing and wavelength- resolved SPR detecting
for microfluidic applications. The light from a low-cost tungsten bulb passes through
a designed light stop and polarizer is used as the light source for SPR detecting. The
light spot is reduced to around 15 pum after passing through the 60X objective lens,
resulting in a higher spatial resolution for SPR detection in microfluidic channels.
Moreover, the designed confocal scheme makes the system capable of simultaneously
optical observation and SPR detection without scanning the wavelength or switching
the optical system. Results show that the developed system is capable of detecting
samples of refractive index in the range from 1.0 to 1.38 with a sensitivity of around
3417 nm/RIU. The developed system provides a simple yet high performance method
for on-site detecting the SPR spectra anywhere inside a microfluidic device.

The system was constructed under a home-built microscope system. A tungsten



bulb was used for the light source for SPR excitation. The light passed through a
designed light-stop with a 1.0 mm hole to obtain light beam with continuous
wavelength. The light beam then passed through the polarizer (TM mode) and deflect
using a TIRF objective lens for SPR excitation. With this approach, the incident light
beam can be further condensed into a small light spot such that the spatial resolution
can be enhanced.

The system setup for simultaneously image capturing and high spatial SPR
detection. The reflected light beam was collected using a multimode optic fiber and
analyzed with a high performance spectrometer for SPR analysis. A low N.A.
objective lens was used for simultaneously capturing the image while SPR detection.
Therefore, microscopic image and SPR analysis can be achieved in a simple system
without moving or scanning parts. Results show that the off-axis distance of 5.8 mm
has the greater SPR performance.

This study has measured the signal of SPR upon TIR Objective successfully.
Whether we changed the d off-axis distance corresponding to a different angle of
incidence, or changed in the refractive index of the sample, we all find the obvious
SPR wavelength of the light intensity lost. This optical architecture development will
create a high spatial resolution and the utilization of high-density chip system which

will integrate and reduce the cost of making the SPR measurement stage.

Keywords: surface plasmon resonance, surface plasmon resonance microscpe, total

interal reflection objectives, optofludics
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TR RRER A2 F HEITHRY 0 G ETERG LR R § T
PR fed Rk - R ERT O FTIEHT 2L H I KRR R

n;sin 0, = n,sin 90°

N L n
& 0, =sin"1(2
c n

(2-1)

B 2-1 Goos-Haenchen effect 7+ &, ]

FRR 210 T g RREE ARG F s 0 0

hopdTFER
TEART Ao ckRE? = FE% L - R 2T T AW Aa kiR
FOUARILEE B

% %0 4 5 & F R(Skindepth)> » I Fldept &2 kiR G ke L
5



2 ORET (M0 b - A S Goos-Haenchen effect [16, 17] -
212 £ %ﬁj}i‘h ERI IR B TR k= + (Plasmon)3 %

d 3Tl @R REERE ) S S 2K T HRE AR 2RIt 2 SRR
A2 4 ?,thi'—%% PRI FIE R AR IR DE LR 0 JGE 2 élf%f‘ (e
40nm % S0nm B A2 F AN B4 AR o 26 T AR ¥4
AEIBaF L pd TIBJRd 2R SPETE 2 2 ek e T o R AL E
Ao F A R FLFIF TN ATRESEER RPN EBENT I PR

d R+ Eide T %—?(Surface plasmon) @ H T F BB AA 5 £ G T jﬁigg

TRALLGEAL SRS LR HRT T B U FE S

TR RFEE Ry RT & A2 T FHAAET RS P8R e B
i L A e R Big2 pEApiE ) FHMT R R A Bif- ] BEE

Mo MFRL S HFIR L&A G IR S (Surface plasmon frequency) - £ B
i & % B (Metal permittivity) - %+ 3= #f F (Resonance frequency) #7 [2 R % #c
(Damping ratio) % [16,17] > & + &£ TREEHY > £//HY pd T F9rR 2.4 A K
Tl 4 Y RS AN E (G 2-2)(5Y 2-3) (G 24) B ¢ wp k

REFASF TR Gl wa M T IS -

i _ —iwt __ or
m—— = eEe mF pn (2-2)
r =rye 1ot (2-3)
—&_E i
To = m w2+ilw -4

FNEA R 2TR ¥ 4 Drude-Sommerfeld theory e p d 7§ 3 #3328 o

A AR E(pruge(W)E £HF At 3 AP U RE > P iritdn=eo T
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Bl 22528kt E3pd 32N E&MTFEARAET AR Dy
HET LR S E AR £ TV S E R S
P=Np= Ner(—wzﬂm) (2-5)
E

D=¢gE+P=¢(1-N ) (2-6)

; go(w2+ilw)

DRRERGTEG T U@ RN ALE MR L AT A

» 2
E€prude(@) =1 — u)2+pir‘u) 2-7)
u)pz . Ympz
SDrude((l)) i 1 - 02 +T2 +1 (1)((1)2+F2) (2_8)
10 -
Im(¢)
0 L S i ‘
600 800 1000
10 1 Wavelength [nm]
_20 i
_30 4
-40 -
_50 4
Bl 22 pd a3+ F £ F ﬁs’tﬁ = Drued-Sommerfeld theory
1972 # Johnson {r Christy & =& ¢ £ li 423 . > CA S
FRHF A pd TI M ERBLERARNSARALE > FL I RS BE

(interband transition) [18, 19] > & 3 & /i 7 & #c2 258 o
BPABRERIITERY > 2 RF pd RFFE O RALERT v g4

LR BHEARE S BRI B T (R 2:9)5 4 7



5 7
0 000008000 00000000" 6 09%00000°°°
: i 5 .. ..
3 5 — °,
10 S . e,
& s % 3 \ region of *o
i = * interband transitions
220 2 °
225 1
0 1 3 4 5 6 5 6
Energy [eV]
Bl 23pd 2F224% 5k
a%r 2 i ar
m— = —mwy’r + eEe 't —my — 29
at2 0 Y ot ( )
e E
= — = - B 2-10
0 m (wo2-w?2)—iyw ( )
Ly SR

HRAEL F LT BATRE 2186 235 ?ﬁ#&%fi MFEXAT AR

(34 2-11) ~ (5% 2-12)

_ — e? E
P = Np = Ner(;m) (2-11)
e? E
D =SOE+P=£0(1—N;m) (2-12)
At E MR ET I AT F BcdoN 2-13
@
Eint Sroana (W) =1 £ = (2-13)

AN
N

BT AECE B AL E B PR AR TR B 2-13)F 0

ARH

J

T\
_

B 5 (R 2-14)5 4~

i

wpz ] y(upz

+1
w2+y? w(w2+y?)

N AN s e (2-14)



0 T T T T T : : )
400 500 600 700 800 900 1000 1100 1200
-1 4 Wavelength [nm]
-2 J
Fl244Bp T3 2h2RF B2 02 ke
BrEPEBAT s BE I R FEXAET I 2 BGE 215 e &

ARG - B 25 TEREEGEL &R THEST R E AT

&(w) = €pryge (w) + Einterband (w) (2-15)

O Johnson & Christy
Theory

1000 1200
wavelength [nm

Im(€)

400 600 800 1000 1200
wavelength [nm]

Bl 255030 T AP 28Ry R o [21]

213 mIFEXF RES LETR AR

1930 &5 3 FRA R KFWRPRAR S HBHFE L £ R
FREHB AL I IARBES A L ARG R EDFT R Aot
- KRBT 6 AT N e s 20 2 e S R e 2 h E B
LR RS ERENE AT S TR L

Kz ERE ki EARE Ao R M KEHCER R o 10T Hx
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\m'-

B s #rw 7B £25 (Maxwell equation) » % iR K3 g i e B LG T J]%

FA R B8 E T R e R i

ﬁxE:—ug (2-16)

V X u_ﬁ = u(f+ u‘;—f) (2-17)

V-E=Z (2-18)

V-B=0 (2-19)

TR EBERANTTEAEMTI Y287 02 B RRTFHG DT

B ARG RFRRE@EERARRADE BT 2 F o LS L ETR RE D RS

d (34 2-16)~(5% 2-19):x & = (5% 2-20)~(5¢ 2-22)

VxE=—p2 (2-20)
V x uH ua‘;—; 2-21)
V-E=0 (2-22)
V-B=0 (2-23)

)i(])o%"/} ’Fﬁ‘\f‘@% u@uruoa 3:8?81-80’”1’ tti:—j’?‘%ggniﬂ u@ﬁf_‘\‘c_\c
»b ¥ ,#.gt

BAXZT6 556 REAL TG DR DEST T ST

P& - e
E=E, elX. ek . gmiet (2-23)
_l_—i — ﬁ; . ekxX . e—kzZ . e—iwt (2_24)

Heorbtz hiRkiR o T ORFBETHERHES 2 AW T 7 TG fl

= TM ik (P-wave)’ F 2. R 328 » s¢wm FFfL2 5 TE $CjE (S-wave) B 2-6 ©
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(A)

(®)

™ #is 2 ARV

, Ei, \Eij _
medium 1 @@T b/ I medium 1
v N Hi
J X N ‘ X
LN\ E>
Z | ({ Z
medium 2 H> k2 medium 2

Bl 2-6(A)TE s k£ (B)TM ik £ ihor & B

uéi%ﬁ?%%wTEﬁ@*%iﬁ%%%&?%ii

B IR (Y 2-25) (5N 2-26) 3 TM ik R B 2 BcF > f2st

E= (E, > 05 Ep) - ekeX. g=hkeZ . p-iwt

H=(0>H, 0): exX. gmksZ . =it

(2-25)

(2-26)

FIMBETREAS ARFT > HERPF  EREMTFLFORR - 2%

E LT (GN22T)~(3N 2-30): 8 A 2 A2t A e sy ot R iEAR Y TE W kR 2

FEER A

Ex1 = Ex2
H,; = H,,
Dzl = DzZ

D, = €Ez 5 Dy = 6E,;

(2-27)
(2-28)
(2-29)

(2-30)

FTM R EE S 2GR AN F R 7 87 (58 2-3D)~(5¢ 2-34) :

kxl = ka = kx
0Hy; w
_yt_ e
0z SEZL c
w
kz1Hy1 = _:51Ex1

w
kzZHyZ =7 &Ey,

X (N 2-31)~(5 2-34) ¢ s —%?Hﬂ = Hyzﬁzf;‘_r BHie
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(2-32)

(2-33)

(2-34)



D,=fm itz (2-35)
BED N ERES RN LY B KA AT SRR -
T A PR £ AT Thlle 5 f 0 A AR AT S AL e R
FETERUE L ERHT AT HF L fadriie t a2 08
b R S A
dlmm@ﬁ«mﬁiim?% ELECRES - SRR Pﬂﬁ% S
THEA e B4 2 R EF > TR ARERREY BRR T4 2-36) ~ (3¢
2-37) :
k2 +k, % = g, k2 (2-36)
k,? +k,,% = g,k? (2-37)
ﬁﬂké%%%%iﬁﬁﬁﬁ’ﬁé%ﬁ?%%@ﬁﬁ&’ﬁﬂﬁﬁﬁéﬁ

CEE VI RESEE S § TER'E

_ W &8 )
Kyspw = ¢ /—81+82 (2-38)

Rado TRANER NG BB RY > 2RI L LS £l

—*

(5°2-39) #8073 » 25 TR b

lt“\ﬂ

2R B A (Y 240~ 2-41) 0 k& R HAR
ARG R KGR SR Dk 5 RIS D ACERY DR Y R

B ERA T o Agpp s A T ALK o
Em=tmiHem 5 ke=k +k, (2-39)

ky = \/%% (2-40)

kxﬁz\/:z?; zgmlgzn;nglzﬂz) CCB (2-41)

xspp_i—xp \/%x (2-42)
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o EETH R AR TRUA LB gkl B e 0§t
AL PERRT R R LR AL G TR s meuwiﬁd’Pﬁajz%ﬂ
Fil- RERED > UEFTRIFES e 2 R KT REBER UL iE
ERHFEG TR RRETAFBWEREN TR L o RA FRHFH AN
THER2ZERE B AT Y AT B LS AU k1 4 6
TR SR O S BE L RFE(R 27)

¥ Lppew 2o ARSI 2 R A L G4 & (Prism coupling) ~ 45
& (Grating coupling) % k& 48 £ (Waveguide coupling) ° ™ T $43t = f8 48 & 45 7)

RIEEFE- M5 -

Em

ksp

propagation length

":’i““
\“‘\ﬂ
3
‘)ﬂ\‘.\r
=

W27 AR F-2REHALT T

2.14.1 #EmE =50

#4018 & (Prism based coupling)##1] 5 1% - F 476+ e i T HAL > 75 %
AP R ATFEEALFERRF M P A2 PR A KB AR TR
Fo g RRERUEROCMATTEEREN 5 > ks L7 (G 243) 4%
Toohrk MR E F R TR L R B P AR - FEHERN R EFR

REME A LRI NP RERFLE AR EIRE o doR] 28 -
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\ kx‘
Dielectric & ks z )

Metal &,

Dielectric &,

Bl 28 $&pkdF T fT iR

k,==+/e sin 0 (2-43)
_o : _O [&m& 1
k=g sin 0=ky,=7 =22 (2-44)
0=sin"' Re <9 /M> (2-45)
C lEmTE2

R 29 CARMNEF P A - AR MMF £EW2 BRE S
WGk ol R C AT UE- R NBF N2 d 40 MDA
FEAG R T A2 d g Med L BRAREREN: LB T
Z A ATH S ST MABT i g e o E R RS A6 T

R4 R AR B AT AR T Ao FUY M C D Vo F A& £

+
BT RATE G B TS LG R RS A

A C D

Wipp
A k=22 sing
ko= G
C k,\—=%\/8—.sin9
o D ke=2&
Jex

B 29 A hsd (A AR S FF £ 45 B)kT AL FF &G5O bR SRS

FEAH DRI~ HFEET £ 45

MAESME A S TR SR LS
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(1) Otto 3% % #

L R ?,Jf: P-4 0 1968 = Otto A K [22)#% kst £ HR > %
F -l s B XL 65 1250 nm 3 250 nm 0 #K @ i R EobrEeA oL
V2 B RRRT L R AN TV E A BRI A > F RARGEHE DS M
§ A LBl o MBI R R LR S £ 40 TR RE oA & P HEE
gL EDLE A ERIA G TREIRERT §F P Tt

P B o o+ Tl UK ERS o

h - .
T "

B 2-10 Otto 5* & 4# 13 & 7+ T F[22]
(2) Kretschmann ;' # 448 &

p- 2N d 1969 # Kretschmann f- Raether[23]- Fe 3% ) - 35 & /& "4
RS LS BRI HEEES 200 A2 ubrdid c E R EB R A6 DT
]\/P‘» » 2 Otto £ 5 E > BRANERET TR ES & F AR F o
oot s - B Sl 24t REFKOHFRER g > A @Az v Otto 5
LB Bage Y Bt — > Rtk gl I RFM AT P g

Soo RF R A G TR S e
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Bl 2-11 Kretschmann 3% # 4048 & 7 & Bl[23]
2142 k#3548 2L
%4+ ;% 48 & (Grating coupling)>* 1902 # Wood[24]:& 7 — 78 & k¢ F 515
SRR 0 LR ¢ g TR T 0 18 K & Rayleigh ¥ & F 12
WBETHEP A9 T %mﬁ B0 T3 1907 ER MR EF A0 T %Lﬁ‘u‘?\
A% f#§8(25] » E ] 1957 & Ritchie [26]4 #-% 4k % 6 T 45 Lihie— # cnpff

BRE B 212 5 RS R F M2 Ao TR B ER -

B 2-12 k448 & 7 & BI[24]

f@m 1957 & » Ritchie ¥ 8K §prearie * chkihiv 3 8 s 3% ¥
FHE ETEH > ABF BRI REZ LEDT HERPNE G RF Rk

S RS TIE RS LR S R RS 1 L
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_ . . 2T _ o . 2m _w €m
Ky light = Ko sin 6i —m = —sin 0+ Am=7 [ Kgp (2-46)
_ . L 2T _w . 21 _w €1&€m
Ky light = Ko V& Sin Glxm = :\/slsln 0+ T m=— ’81+Sm kep  (2-47)

kipET L AT F - SHS TG RPEENT ELG V- S5

ks

F2-46) B R AELLT AR ABE S AR @ (R 2ADRILFIY R 2 AT
FHpER ke E TR -

@ A

w\'ﬂ]’)

|
kx
B 2-13 k4p g & ¢ $7d 7 LR

B 2-13 7 5 Ak sk 2 SR A e B (i d v B) 0 B I BT 2

FELEI R BRARAR AR ERE G TRAL RAMLTHERD
d oo

2.1.4.3 4 ¥4 & (Waveguide coupling)
Y ST TR Y EER NGRS T F
BHALZZF A5 T RS &5 TRERA EL 0 2B TR S W SO

# -
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1.00
Microscopic
Objective  Flow Cell Spectrometer
<=2 5
g — © 0.954
Tungsten -Halogen 2
Lamp (=] £
o 2 0.90
omputer s
=
3
N 0.854
® (a) Water 0%
13 (b) Water 5%
2 0.80| (c) Water 10%
(d) Water 60% (b)
(e) Water 80% (c)
9
0.75 f) Water 100%! . .
500 600 700 800 900
Gold Coated Sensing Region Wavelength (nm)

Bl 2-14 fi» Lk 2 F SR Fr L5 TRERF27]

(&
-

Srivastava % [27]F ¢ 54 2t * KEH L 26 TRERFLAL = 727
EoB 2-14A)HY - B v‘[f% R U “%ﬁ&calddingi%éé‘%% &g
FRCEHFRFTRENHE o 0 BB BB EEURERL G G R
R o % 0 KBRS REOE Ba KA 6 TERT BRIE 2Rk
Golad 007 RATHF 2R AR EIRAE kBB R REFEA
17 o B 2-14(B) 2 2 RI7F kAP “Tx ez & o TR ERAL > ATHFAEF
BERAE L Einf o
P”Gwmi?%ﬁﬁJ*%%ﬁi*?#%%ipf’@ﬁp'

)
BB L s o B 2-15A)5 JI* S0 kR V|EE o Egp o Egg

~.

ﬁ€’ﬁﬁﬂ%ﬁﬂﬁ%%ﬁﬁﬁﬁéiﬁ%a?$4éﬁ%%’ﬁau%ﬁ?

BEF e BRI S AR B RERRE -

832
(A E 1.3351 1.3351
O)ver\ayer X g(gj
Gold film —— ‘do £ 82
Single-mode qt D g4
optical fiber o
Cladding 0 822
- T
Core—» Silica block Yz 2 820
Fiber mode < 818
S 816
o
Superluminescent  Lyot Spect h g 814
u ectrogra
diode 0900¥3'i16f e —— Polarization mixer 0P g12 o~
e —— —~ XXX ¢ 810 1 I I .13 L . | ! .

0 2 4 6 8 10 12 14 16 18 20

Single-mode fiber Time [min]

B 215 (A)ie » 53 fh2 %ok Hes £ 5 R JH AR BYI B AT £ 5 T R 2 4R E R RI28)
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5
%

L
L

22 %5 TR R R 2
¥

x

ARG g S B S e~ TR 3& R TS
Foh TS A MY FL AR AE ERE 2 o {iv- A48k E(Linker)
o s AT BRERER 2 - f ot - EANORAEL A T A LA

F R F AT BIA k3P o R AT LIRS SR R 2 454 [29] o 2t BE TM T 4R

W

ek R Rk S S TR UBLR BRI RS 2 2 A
BRER ~HEAEAME (AR IHTLIRPBE A RVLAZAZELAER B
AEER - kG RERIZEERS
221 AR ERILR

NAREERTHER AR A U ARER SR E » HE I R
BRIF LR YR AR F A LG LRTRBE S0 5 L
FUPFENFRLRER > R AP ARTARBF AL 25 THEIR - o
2-16 #4777 o § FRI AT P A G TR EIRERLFATIS L A A e

F237sfF g SRERY UL RS o

80% \—ﬂ

60% -

—

=

=

S
]

40% -

Reflection intensity

—n =1 l:;

20% 1 ~en=13323 0
'

D% T T T T L 1
30 40 50 60 70 80 an
Incident angle [©]

Bl 2-16 3 % & & B Pk S ELH)
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222 #AwAE BB

FLERTRY 250 k> M HRFRERLRETL G THRRIRER -
BRF Y KHREFAFA R AL L RERR R AR T
iR R S L PRIGOIGA R SRR ET 4 vE- o - BT IRLI AR
AE DR TRER AR RIFIORDATRFRDFRATR > U R AT
FEs g h L B E o
223  knEE PR

NEERERS LR ERT O PURRY L 8B DT FER LIRS
BTE S BRIk B - |5 kB R A ¥ kR
RIS TR E R A FH RE - SRR R F RS HRFIERIA G L
B F M2 Rl R FIg T2 R RS AR RS TE S 0 @ F 5
BREH hop MU A G P IE e Ag a e BRI B SR
RIZ A ERS EERD AR ST RAPEE R R ER TR R 2R
VAR e E W TR R e
2346 AL F LR L5218

Er R RSN LA E AT A 5 L LR F A 47 (RIA) - fx% 4
%~ 7 (EIA) ~ P8 % 4. 7% v ' 22 % (Enzyme - linked immunosorbent assay, ELISA) -
HELELIEFIA) 4 $ 4 F 23 8% £ $7(BIA) % -n k27X RIA ~ ELISA &7 FIA

BRI RGP R BRI BRATTHEDERS D RPIEIPHEET

ATl ARy ﬁxﬁg 52 I iE* g A $7(BIA) ©

BRSBTS R 2 o R RG TIRA O BT

o

%

2P % sods 4 8 RdF p ke g & 9 (Self-assemble monolayer) > § £ & p

KiEwe 7 - et F i i (Ligand) » fe#enf it AERARAFE H L A7 7

EH B LG A2kt o oM 5 K pR4AA T RS IR (Spacer) » Hialy
i3

9% Iom 3] 10nm 2 B > plégas & B0 2 6 R DR TR EHH o A
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REBE AP EARA S e e

Organic Interface:

— Determines surface properties
- Presents chemical functional groups

Terminal
Functional
Group

Spacer
(Alkane Chain)

Ligand
or Head Group

Metal
Substrate

231  @Ewp EEi

AN

-~

]

Organic Interphase (1-3 nm):
— Provides well-defined thickness
— Acts as a physical barrier
— Alters electronic conductivity
and local optical properties

Metal-Sulfur Interface:
— Stabilizes surface atoms
— Modifies electronic states

Bl 2-17 p =T R BI30]

PSR AR A AT

LR B LR L Ry PR Y

A2 B4 X f 4 (Van der

waals' force)» ¥ H# £ A @ FR L B A G IFRFEM A LT IE LR

1 (BIA)Y » © Ak R L8 &3 F R RIS

Lo

21 £ BB LERME nRECHTEF P

A A i
fie 48 AEME i z fks
™ £
Bk 414 ER N S
ROH Si-H [31]
Si [32]
RCOO-/RCOOH a-AlLO; [33, 34]
Fe,Oy [35]
Ni [36, 37]
Ti/TiO, [38]
RCOO-OOCR Si(111):H [39]
Si(100):H
RNH, FeO, [40]
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Stainless Steel [41]

316L
YBa,Cuz07-8 [42]
CdSe [43]
RC=N Ag [44]
Au
RSH Ag [45] [46, 47]
AgooNijg [48]
Au [45] [49]
AuAg [50]
AuCu [50]
CdTe [51]
CdSe [52]
CdS [53, 54]
Cu [45] [50]
GaAs [55]
PbS [56, 57]
Pd [58]
PdAg [50]
Pt [59]
Ru [60]
YBa,Cus07-6 [61]
Zn [62]
ZnSe [63]
RA Au [64]
RSR’ Au [65]
RSSR’ Ag [66] [67]
Au [67, 68]
CdS [54]
Sg Au [69]
R-{_J

d & 2-19 F gl § & BB R E ARHS) A B K E s §

G545, 70] £ 2 F £ FEFTELL T il Y B A SR
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* EEWITL LG ?,Jf:f B =8 0 1991 & Johnsonwﬂ;%f—‘k”;“iﬁiz\m Eiﬁi%&@
BOERF 7 f ek E 246 e} 18T & ACCOOH) » @ B i 2§ 14
PRFRCRBE S AEAISFAIIEIFE S A IRl i p R s

Eade o PR ke TREREIIL FRRP P71, 72]

(A) (B)
NH>
_\1 {D‘CHS _\ﬂ O—CHs
A ™
o,
Z CHa
Ha tEH;.,
3-APTES 3-MPTS

Bl 2-18(A)E # %Az 3-APTES #2 (B)Z 4 i ¢13-MPTS £ g4t & 4

RmiTE ko M A AR BB o & G R F ehfey E O AT AR E

¥

2o B § = A (-Si(OH)3) 7 £ 27 ((OH) i & g » 33y e H 45 b
R ETS SLE RE O ok RERL ¥ Ik $ard X2 A AT 2L

I

Botdh 2-1 P Vi g £ EN RBEEJMRAIEF LI AR

' % o H ¢ (B 2-18) 3-methacryloxypropyltrimethoxysilane(3-MPTS) fr

B R

3-Aminopropyltriethoxysilane (3-APTES){{ ¢ & - $i# i & ¥ - ¥ FRE ®

IF

A H £ Bk o 1998 £ Rogers 11;[73]%—‘k ] ;ﬁd 3-MPTS &z i chgh 33 » &
EDC/NHS -Riz i {88 F fv Rec B tegl » % 12 & DNA L7 FH 2T H 4w
dooag T ERd § P pEP L (ssDNA) & Oligomer e F g ip] » 1B i 2 1%
%R i 2 4o cDNA L5 8 & o @ 3¢ 1999 # Zammatteo ¥ [74]5 ¥+ # ) =

A Edad Gt T A G 0 1217 DNA 42 6 &4 T2 #l4z -
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- Fetuin (FET) glycan

. W N-Acetylglucosamine

. O Galactose

© Mannose

* @ N-Acetylneuraminic acid
4 Fucose (optional)

SNA | lectin

+ttrr bttt ettt

Activated COOH - Blocking surface with

1"SAMon AuE  .AuNPs + 2% mixedSAM. _ i obilised SNA © PVA and FET recognition

Legend: r NH,-terminated AT ?OH-terminated AT ? COOH-terminated AT r Activated COOH-terminated AT

Bl 2-19 A e mfHi £ 3 43 i ”d '3 pet(ligand) ® ¥ p e X2 £ opi4as

e 4 B (linker) » @ 82F 284 4 J FUeDNA & 39 F £ L BRMTS] -

232 4w ?.ijfi'—i}ﬁ’* WA F e

BELALEPEIRA R TRERL NPT LG TR REL LS
& * Kretschmann 3" #4048 & » 82 FLRTER DRI T 5§ 50 d 20

AE RS EE BT S TR 220 (A) FE A G DREERE R RN
Boo R - pgm e VY EE ER A BT AR EmE R o I
Gk ML P RECAEALG b ot Y T R A R T R kR §
et At AR IR At b TE R i -2 AT 8- e € SRR AR SR F
EFRAVRELAFHRBART LA LBERARARER B 220B)F R ERL

FRp> Hfed L LR % wfd PBS W5 & RRIEER By LajAuE

R S AL LIS Pk AP £ s RS AR RS A R L UL A
*Ap ke 4755 2. PBS 3Rk 0 PA LRARSHREH c BRIRELE
RELEZ0 PRFHRDLEM R FZNME E RECRR R REHEF L

o

BiPkd o LEFRERFREIRERYIIR A T2 >
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g

Conventional
single-wavelength

Differential
two-wavelengths

PBS-140
PBS-200
PBS-140

g

Refractive index change (pRIU)

0
g §§ § ?— Removing of a bound protein § § §
3o 29 8 withghine pHe) soion | 2 4
3 1000122 & 0 coa
§ Test Test
g 0 500 000 | tsbo
- Time (s)
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®l 3-18 Kretschmann #£ &t.48

g5z

K EF S8 54 7, W
B EEE R BHF SRS M R B K S ST 11
2 (3% 3-3) ~ (3% 3-4) ~ (3¢ 3-5)

o 2 4
=1y + t)olsty €77+t rpsth €77 + L.

(3-3)
2¢ =2dk,, cos® =2dn, cos0 = 2dn20059277t

(3-4)
-2 . 2
r=r, + Haratalen riat(tota1 r12r2})r23e (3-5)
1-r21r23e'12' 1-r21r23e'12'
Hoe zgm S fe e Kbl 78 e MRS
1= —TIn2 (3-6)
tigtyy —ripry =1 (3-7)
19PN F B E T ey (N 3-8) ¢
1‘12+1‘236_j2(p
- 1+r12r23e‘j2‘9 (3 8)
kR FEERLAY Y Gk B YET L H B2 X Sk
4o(5% 3-9) ¢

R=rr*

HoP F il ~ 1@ A BRI R T o (58 3-10) ~ (5C 3-11) ¢

(3-9)
n, cos 8,—ny cos 6
r12 = 1 2 z 1 (3'10)
n4 cos O,+n, cos 64
__ npcosf3—nzcosB,
I3 =
n; cos f3+nz cos b,

(3-11)
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PR R*YFMEBITAIAPEEE T2 F & g LR tFF

88% o
A3 P B EfRT R G R R E L B R R

43.1  RypEfHi s TR ERIBF
B R Z R TR R CBRR R K 2 iR d > BT o~ S 4

Bog bR THER G TREFRAE T § LM - 020 RU

TR EFE® KRR 2 RERHY o ehiEd 5 5.6 mm # 0.1 mm B pEiEH

I60mm%I fERBEHY  EGFEAG T 5?*?1%%%%:&‘_5?‘] o BIPIATIE R R
52



B B RE - AR WIlde s R o B MATLAB®:2 {738 » (@
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B RJL > BT F S s T B o stk ki ARk 0 B 4-4 - ety 2 R 5
RHB o Highs F W EpER A fphs k&Y 450nm T 950nm > H ¢ &
7 Bdhie sk B 2o TH B S 4 R 2 W F 5.6 mm $#% 69.10°~5.7 mm

& 69.67° ~ 5.8 mm & 71.54° ~ 5.9 mm & 73.52 ° ~ 6.0 mm ¥ & 80.18 ° -

53



100%

80% -

60% -

40%

—5.6mm 69.10°
5.7mm 69.67°
5.8mm 71.54°

—5.9mm 73.52°

—6.0mm 80.18°

20% -

Normalized reflective intensity

450 550 650 750 850 950
Wavelength [nm]
Bl 4-4 MATLABHCHR 7 I SRhFESET 4 s it &
Bl 45 58k - K PFin R ERE 5 - SpiE S B ST 2P
BAREE 47 %X 2] 0T BT che RN o d NHIEhEER R R £ H0] o STk &
A B ABIT AL 0 AP BRAMA RY)E 0984 ¢

700 -

(o2}

N

(&)
|

R2?=0.984

650

625 -

SPR wavelength [nm]

600 T T T T T 1
5.4 55 5.6 5.7 5.8 5.9 6

Off-axis distance [mm]

B 4-5 8 320 Ap R RRIBE AT RIA S BATI SR 1Y 2 M

BPyeEA fﬁ'd F sy 8 e * ah TIRF 47 46(CFI Apo TIRF 60x oil,

54



NIKON, Japan)z. £ (£ 2 6.09 mm > #-H X ~d = fsin03* & > Jw 3 324 » 84
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(k3x(j) *n2"2-k2x(j)*n3"2)./(2*n2*n3.*k2x(j));(k3x(j) *n2"2-k2x(j) ¥n3"2)./(2*n2*n3.¥k2x(j))
(k3x(j) *n2"2+k2x(j)*n372)./(2*n2*n3.*k2x(j))];

1(1)=M(2,1,)/M(1,1,);

t(G)=1./(M(L,1,)));
R(NODE-799,j)=abs(r(j))."2;

T(j)=(n3.*cos(angle3)/(nl.*cos(anglel))).*abs(t(j))."2;

Q(j)=real(r(j))./imag(r(j));

end
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end

R2=R.*100;

figure(1);
mesh(x,y,R2);figure(gcf);colorbar;
zlabel('Reflection intensity [%]");
ylabel('Wavelength [nm]’);
xlabel('Incident angle [degree]’);

hold on;
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4 D

(% £47545% 3D 7 R BHHRS 4 & 4753 5 2 foik £ )

clear;

for(DIFN=1:7)
nDIF=[1.3323,1.3356,1.3376,1.3404,1.3438,1.3464,1.3507];
for (NODE=1:790)

lambdaXX ; AT ek &
epslonX=1.54;
lambdap=143e-9;
garmap=14500e-9;
Al1=1.27;
fil=-pi./4;
lambdal=470e-9;
garmal=1900e-9;
A2=1.1;
fi2=-pi./4;
lambda2=325e-9;
garma2=1060e-9;

lambda=lambdaXX(1,NODE).*1e-9

epslonAU1(1,NODE)=-1./((lambdap*lambdap)*((1./(lambda*lambda))+((1./(garmap*lambda)))*i));
epslonAU2(1,NODE)=(((exp(fil *1))/((1/lambdal)-(1/lambda)-((1/garmal)*i))))+(((exp(-fil *i))/((1/lam
bdal)+(1/lambda)+((1/garmal)*i))));
epslonAU3(1,NODE)=(((exp(fi2*1))/((1/lambda2)-(1/lambda)-((1/garma2)*1))))+(((exp(-fi2*1))/((1/lam
bda2)+(1/lambda)+((1/garma2)*i))));

epslonAU=epslonX+epslonAU1+(Al/lambdal)*epslonAU2+(A2/lambda2)*epslonAU3;
epslonRE=real(epslonAU);
epslonIM=imag(epslonAU);

lambda3=lambdaXX(1,NODE).*1e-9;
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AU2=epslonAU;

N=600;

x=linspace(20,90,N);
y=linspace(400,996,790);
nl=1.515;
n2=sqrt(AU2(1,NODE));
n3=nDIF(1,DIFN);

%n3=1.3323;

d=40e-9;

angle1=(x./180).*pi;
angle2=asin((nl./n2).*sin(anglel));
angle3=asin((n1/n3).*sin(anglel));
k=2*pi/lambda3;
klx=k.*nl.*cos(anglel);
k2x=k.*n2.*cos(angle2);
k3x=k.*n3.*cos(angle3);

for j=1:N

MC(:,5))=[(k2x(G)*n1"2+k1x(j)*n2/2)./(2*n1*n2.*k1x(j))
(k2x(j) *n172-k1x(j)*n22)./(2*n1*n2.¥k1x(j));(k2x(j)*n1"2-k1x(j) *n2"2)./(2*n1*n2.*k1x(j))
(k2x(j) *n12+k1x(j)*n2"2)./(2*n1*n2.%k1x(3)) ¥ [exp(-(1*k2x(j)*d)) 0;
exp(A*k2x(G)*d) 1*[(k3x(j)*n2/2+k2x(j)*n3"2)./(2*n2*n3.*k2x(j))
(k3x(j) *n2"2-k2x(j)*n3"2)./(2*n2*n3.¥k2x(j) );(k3x(j) *n2"2-k2x(j) *n3"2)./(2*n2*n3.*k2x(j))
(k3x(j) *n2"2+k2x(j)*n312)./(2*n2*n3.*k2x(j))];

1(1)=M(2,1,)/M(1,1,));

t()=1./M(1,1,)));
R(NODE,j)=abs(r(j))."2;

T(j)=(n3.*cos(angle3)/(nl.*cos(anglel))).*abs(t(j))."2;
Q(j)=real(r(j))./imag(r(j));

end

RDIFN1(NODE,DIFN)=R(NODE.480);
RDIFN2(NODE,DIFN)=R(NODE478);
RDIFN3(NODE,DIFN)=R(NODE474);
RDIFN4(NODE,DIFN)=R(NODE.472);
RDIFNS5(NODE,DIFN)=R(NODE. 468);
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RDIFN6(NODE,DIFN)=R(NODE,466);
RDIFN7(NODE,DIFN)=R(NODE,464);

end

end

RDIFN(1:790,1)=RDIFN1(1:790,1);
RDIFN(1:790,2)=RDIFN2(1:790,2);
RDIFN(1:790,3)=RDIFN3(1:790,3);
RDIFN(1:790,4)=RDIFN4(1:790,4);
RDIEN(1:790,5)=RDIFN5(1:790,5);
RDIEN(1:790,6)=RDIFN6(1:790,6);
RDIEN(1:790,7)=RDIFN7(1:790,7);

plot(R);

hold on;
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