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ABSTRACT

A study on the development of high-precision and

real-time ellipsometry applicable to disease diagnosis

Kim, Dong soo
Advisor : Prof. Kim Kyeongsuk, Ph.D.
Dept. Advanced Part & Material Engineering

Graduate School of Chosun University

Ellipsometry is the high precision optical measurement technique that
measures polarization state of light upon reflection (or transmission) from the
sample (thin film thickness) surface. Spectroscopic ellipsometry can be used to
measure film thickness with high precision due to its high surface sensitivity ,
makes it a very versatile technology used in many different applications. For
example, critical dimension metrology in the semiconductor industry and
biosensing.

Surface plasmon resonance (SPR) based biosensors are a leader in the
disease diagnosis, uses refractive index (RI) change for sensing parameter.
However, RI strongly depends on the environmental factors such as
temperature and pressure, put limits their use in detection of low
concentration analyte. In this study, the ellipsometric biosensor was

investigated to overcome this limitation of present sensing technology.

Solution Immersed Silicon (SIS) ellipsometric biosensor is designed for
disease diagnosis application with a new cost-effective approach. SIS sensor
uses thickness change as the sensing parameter instead of RI, unlike SPR
sensors. SIS sensors work at the non-reflecting condition (NRC) for ppolarized
wave, refers to as the pseudo-Brewster angle, where ellipsometric parameters

(%, 4) show very high sensitivity. At NRC, ¥ varies with thickness change

_IX_
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due to the interaction of analyte protein with the sensor surface, which is
translated to the SIS signal after proper calibration, depends on the
wavelength of probing laser. The 532 nm laser gives d¥ = 0.2265 for 1 nm
thickness change. The ¥ shows linear dependance on thickness, which is
essential for the ideal sensor.

SIS sensor chip is just Si wafer coated with a dielectric polymer, which can
be functionalized for the specific biomarker, easy to make and cheap.
Additionally, it does not need reference channel. In SIS sensor structure,
liquid flows between the sensor chip and prism, means sensor chip is always
in a liquid pool under prism, hence the name. Back-reflection from the prism
surface adds noise, eliminated by tilting prism by 2 degrees. Two fold noise
reduction was obtained. With the ideal condition, 0.003 picometer precision

was achieved.

Acute myocardial infraction (AMI) and Hepatitis B Virus (HBV) have a high
mortality rate, early diagnosis followed by immediate medicare could save
thousands of lives. Biomarkers of AMI (Myoglobin, creatine kinase-MB
(CK-MB) and HBV (HBsAg) appear in the blood stream very early but in low
concentration which is below the capacity of present sensing technology. The
capability of SIS sensors was tested by measuring these biomarkers in PBS
and human serum medium. The limit of detection was 1 and 10 picomole for

PBS and human serum samples.
In conclusion, SIS sensors have label-free, high-precision, high sensitive and

real-time measurement capability and with cost-effective. These attributes make

this technology suitable for point-of-care applications.
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— y-component of E(z,t)

(c) Elliptical polarization

Fig. 2-1 Representations of polarization state by phase difference
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Ez()eXD(i(Sx)] (2-4)

E,pexpi(wt — Kz +6,)| .
= exp? (wt — Kz) Eyoexp(i(sy)

Bz t) = [Eyoexpz' (wt — Kz + 6y)
oMoz , = UsoZ XEMGl=E E(zt)E expilwt — Kz)2 HMelotl ESEICH
= Eyoexp(iéy) - E,
(2-5)
E,= Eexplid,) = | E,| exp(id,)
OIIM, ?I&x (6, —0,)= Eq. (2-6)0F &20| Z&g £ UL,
E, = E,jexpli(6, — §y)] = | E, | expli(5, — 5@,)] (2-6)
Ey = EyU = |Ey|
2ol NI HEEE Eq. (2-7)10t 2Ch.
(2-7)

=1
=<

=xo
-/ —
MO 2 A3 (normalizat
=X 0l
o

o NIl & A

o
ion)&

rr

ke
=
my
=}

_‘I‘I_
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Table 2-1 Jones matrix and Jones vector used in ellipsometry

Jones matrix Optical component and characteristic
1 . . .
(0) Linear polarization
10 .
(00) Polarizer
r,s) - reflection coefficient
r. 0 ..
(574) p - parallel to the incidence plane
s . vertical to the incidence plane
(1 0 ) Compensator
0 exp(—id) § © retardation angle based on fast-axis
( cosf Sing) coordinate transformation
—sinf cost # : rotate angle base on each optical component

2o HZ AMEHE HS o= HHE Jones vector 0120l Stokes vector:2 HEE =
QUCH. Stokes vector= E2HZ L= iy EZ(randomly polarized, unpolarized)2l
2% Jones vector2 HEYE == Ql= AS AME=LCH. Stokes vector= 442 QIXE
2= 3019 HHZ, Yoo et F = Yo dEZ MHo & MIIS 2t9 gt
0|, SPATZ AMEHQt HHBABTZ MEHS &2 M| 2+ X0lg HEEC. Eq. (2-8)2
stokes Pl4=(parameter)S HE&EH AlQ|CHE®)

Sy=1,+1, (2-8a)

S, =1,— I, (2-8b)

Sy =1 = L (2-8c)
Sy=1—1 (2-8d)

Ef
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M2l XOIE LIEtHULHGY, s,= MJ_EZE Lo MII2t RJ_EHE Lo NI X0IE
O|0|8tCH. Stokes vector= 2F RAS0| &MIIZ(£)0l OFel &9 AIDI(intensity)2

Hg sS4 HEsU. WE =0 #H&0l g= EF
2-

randomly polarized,
unpolarized), stoke vector= eq (

S={5,0,0,0} (2-9)

It &2 0| Stoke vector= 2™ HHZ(totally polarized)= T2 AEHQF 2o 2

.‘

a
10

il

AEHUIA B B EZ% = Jones vectorlt el HZ A 22 ERQ 2o HZY
2

0z
o
nin
FEl
ol
o

4 S0, BF U $AX N0l BOIGILH S

o =<

S3 = sin 2

Fig. 2-3 Representation of a point P on the surface of the Pointcare sphere
using the (e,60) coordinates

Fig. 2-32 (¢,0) MEHE AIESol= Poincare £ UEHUWHO, Stokes vector A&

O 2ol d2&le M2 Huwdts 3-=0 2o 2S0HAsE S2tatel Lo BE dEE

=

HI

I

rr

LIEtH ROICH. Fig. 2-33t Z0| Poincare 2| HM(surface)®l & PSS, S)
Egs. (2-10)1 20| ESHED, (v, A) HEHC EIFBZ DTS2 Fig. 2-49 2049,

_13_
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/

tan¥ = XG/EyG

Fig. 2-4 Representation of the elliptical polarization by (¥, A) coordinate
system

S| = cos2ecos26 (2-10a)

S, = cos2esin26 (2-10b)

S; = sin2e (2-10c)

L MEgharo] 92t (azimuth)E UEHHM, ¢ tane 22 FUHX= Ef

OIIM 0= B, &
EY=Z2(ellipsometry angle)2 LIEFHCEH. OIE S0, tane =02 O, B2 AHA
= XNAE e=0010{, @F 42t
HSIGHAH SICH BHH ) Poincare 72 M & AXIIF DEE Ch2sH S (latitude) fIX
HAM=E o= LB (constant)dtH & 2t BI55 . 2422 (e,0) TEAHOIA

A ig. 230t 20l & JHKl 2 (¢,0)22 HESECE. 50 S, = 202 2H
HAEICH 20 L 2e2 242 9 YSOZ 7003 3™ Al HZ MEHI 210, 2 &2
EFREZUA =2 2010t »/2 X0 et CHEO0l &I 20 28H2 =ESEICH.
(e,0)= Eq. (2-10)1+ Stokes Bi4=E 0IE5I0I AHAE 2= JU2SM, Eg. (2-11)2t 20l

10
=
e
0z
o
nr
m

S
0 = %tarf1 ?2)
) ! (2-11)
€= Esin71(53)
—_ 14 —_
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OIJIM, we A= &Z AMJItl(amplitude ratio, tan? = E,,/E,)2 2t FI&x
(phase difference, A=4¢,—-4,)2 HEC. £, E,= Fig. 2-422H Eq.
(2-12)2t 20| ESEICh.

E,y=sin¥, E, = cos¥ (2-12)

Ea. (2-12)2% A =4, — 6,5 AZ0t0 Jones vectorE HBGHH Eq. (2-13)1 20l

E,| Ez()GXD(iA)} _ [sin®expiA)] _ tanWexp(iA) _
[Ey] n [ E, n [ cos¥ ] - COSW[ 1 (2-13)

[tetA Eq. (2-10)2 TS 20l Ha & B8 E = UL
Sy=1,+1=EE, +EFE, (2-14a)

S = sin’¥ — cos’¥ = —cos2¥ = I, — I, = E,E, — E,E, (2-14b)

Yy

S, = 2sin¥cos¥cosA = sin2¥cosA = I, .y — I .y
=E, B "= E B
— (B, + B)E + B E) ~ (B, - B)(E] - E))
= E,E, + E,E,
= 2Re( , E))
= 2Re(E, E,)

(2-14c)

Sy = —2sin¥cos¥sinA = —sin2¥sinAd = [,— 1,
= LB, —iB) B} +iE)~ (B, +iE,)E] - iE])
= i(E,E, — E,E,) (2-14d)
= —21m(E$El)

= —2m(E, E)

€T

_15_
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(etd 9 AlS S5l 220 (22X HIY LEHE Stoke vector2 EE 0| Jtsot
Ct. O I ZEE2 EH2 Mueller HEZ ES=IC). Mueller HE S Stoke vector 2
ODSiE 2o B AMHE ME26/0] 20| ZRES EUsH & BT AH BEE HAtsh
S0 ARSI, REEO EAHZ2 TS Mueller MBAS Eq. (2-15)Q 20| ESE
Ct.

M=AJRJ)A! (2-15)

OOIA J= Jones &ES UEHHH, ®= 3AZUIH =(Kronecker product)S 20|
SHCh. T8t A B2 Eq. (2-16)D 2Ch.

10 0 1
1o o0 —1 _
A=1011 o (2-16)
0i —i 0
Eq. (2-16)2 0|25t0{ Lo|o O|AIQI A|20| CHEF Jones HAIZS [HLI5H0 A2
St, 4 x 4 mueller 3O 2t 22 Egs. (2-17)1 20| BHEHEACHY

1

My = (TR + Do+ Ty + Ty ) (2-172)
1

My = 5 (D = ks + Iy oy = oy (2-170)

My, =Re[J, /5 |+ Re[ 4,45 | (2-17¢)

My, =Tm[Jy 15 |+ Im [y 5 | (2-17d)
1

My, = 5 (T Ry + Ty = Ty = Tl ) (2-17e)

Collection @ chosun
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1
Myy = o (T Iy = Sty = Iy oy + oo ) (2-171)

My =Re[J 45 |~ Re[ 45 ] (2-17g)
My, = Tm [, 5 | = Im [ 5 | (2-17h)
My, =Re[J, Y |+Re[ Sy ] (2-171)
My, =Re [/ 57 |~ Re[ /s | (2-17))
My, =Re| ), Jyy |+ Re[ Sy | (2-17k)
My, = Im[ 5 | = Im [ o | (2-171)
My, =—1Im [/, 5} |~ Im [ /5 (2-17m)
My, =—Im[Jy i |+ Im [ 5 (2-17n)
My =—1Im [/, 13 ]~ Im [/, (2-170)
My, =Re[ 4,455 | = Re[ /o4 | (2-17p)
o
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StCt.

BtAHHI=E 20|
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2204
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i T kT i ETS k?“
Egr Bry Brs
Et‘p E EtS
s B \ke
Bio\ |
(a) p-polarization (a) s—polarization
Fig. 2-6 Electric filed E and magnetic induction B
Fig. 262 =280l n;,, n,0 SLH MHE ZAHHUNA p-It2A s-TH2] BHAF & St
E LIEIHCEH, Fig. 2-61F 20| BtAt & EtE 22 AI|E FY IIE Bz 22
2 QUCH S HEQ ZHHUAM AH, BHAF, 2E 2101 6, 6., 0, 0110, &IIE E%
AI1E B 88 422 H=0lcte ZH A2 UFSCUH p-Ikt s-IHol st
Fresnel BtAHHIz= 2 EDHSE 2 = UL,
Fig. 2-69 p-B&ol AL, HMI|IE E° XIIE Bl et BH Z=AHE2 Eq. (2-19)
2t Eq. (2-20)22 EE &L,
E, cost; — E, cos0, = E cost, (2-19)
B,+B, =8, (2-20)
Il OFHERL ip, rp, tpe 22 p-EHE2| AN, BHAF, SEE 20I8HCH. Y29
=C 2 Nast=E MRIIMe XA 2AHAS EF=ovB(v; 8XIIIS =%, ¢/n)0l
0, OHES Z2EE n=S YUGIH E=cB/nt 20 ESECH. Eq. (2-19 ~ 20)2 =
HE2 NZ0l0 CIAl E0{WUH Eq. (2-21)12F 20| ESEC.
ni (E;p + ‘E;p) = ntE:‘,p (2_21 )
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CEt Ad(Snel )2 BIE(UAZ = BEAI2, nsind, = n,sind,)S 2HESID AR,

BIANE, S&0| SLTHA0 JACHH, p-EF, s-BE20

A

H% ¢, t,= Egs. (2-22 ~ 25)9F 20| EEECL,

_ B, _ mycost —nicost; (2-22)
P E,  mcost; +ncosb,

ﬁ
[

E.,  mnicost; —n,cosb,
r = = 5 ( 2_23 )
B, mnost;+n,cosb,
E, 2n,cos0;
t =—L= e (2-24)
P E, ncost;+ncost,
128 2n,cosb;
t,=—= (2-25)

S E n;cost; +n,cosb,

OIJIM, Eas. (2-22 ~ 25)0IMCl E , E = QAZS HIIF NI, E,, E/= b
MRSl EOIE KON, E,, E,= SDHZo IR MIIS UEHHCH T8 Egs. (2-22

~ 25)9 BHAMHIZ & EDHAESE 2XEH(polar coordinate)l 3D atoz =&
& £ QASM, 0l= Eq. (2-26)1 Eq. (2-27)1F &Lt

r,= Tp|€XD(i5r,,)7 r, = |r,|exp(id,,) (2-26)

t,=|t,|exp(id,,), t,= [t |exp(id,,) (2-27)

OHOF p-T2t s-ItDt Ott! EFEEZ MEH2 L0l AIZ0 A" = BFAIGHH &= &

-

PALZS B A

=
-IFQE s-THOl BRARAISOF TH2D] 20 BrARZS] H2 AEY
é} 2

Eiet= CHE &EH2 BHEHA T3, Eq. (2-18)0l =8 Bt 2801 Fresnel BHAFAI==HI
P

2 Fojgl= EIFBEZENES p 2 =HGHH S0+,
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(2-28)
(2-29)
(2-30)

tanWexp(iA)

expli(d,,—6,,)]

oom = ot ~ 3 = N TR B o]
ic <4 3T <+ o > = = IS o OF 4 R
s W+ SO SH MO R * 'l
- KU ..M._ o < o om_ S — = Wk
o D_.E D o_m 3 © ) S L_._ I._ R
ROR0O 4 of oy G Mo ST
w MO =R I ~ —
<0 N ~ ol 7l 0 =g
oF & il D ~ o H ) ol =
S 5 W = Kk W KO W
© U I c g ol _ &~ M 6 =5 ol
Wy W m_E SIS N c 9o T x = _ nD
=Sk o LE 2 TW_WM%MJ o =
o A < QL BN 0
ST D = [l .. m~ ZaX
oo £ = [ Ta_womls B
54T g g A TR - - TR
oY ™0 + B= 4 R 2 ﬁEl = J| 0
. .5 O — | T sz = %S MEE
95 8 &S — mm_u,mm K D o=
= S E = £ _ W= IR TR A
S > < ) ol R g O
S D LB I 5 z - S ~ =0
B E fle = TR L T
ol ol = yr I = S =M 5 5 5<%
™ z 2 [ o
wW S mw - o DT T W G
ol = 7 < o A oo T S W =
L h g w 4o @ o ST
& m & _m% oF W .= W n = Wk
by .1 s = O
2 48 2t _EN SR a
L.E N n7 ol L OI o = Py . - d |.M
xS ﬂﬁ.u_oMMﬁEl_H,_.u:_::_
W oF oG N = S
9> s W SIS
[T T s . rm B Y8
- S D o Ol iloll N ioJ T
SR WO Tt S ok = ®R R A A
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ol MDIME(E, B, - E

2 A =2
n—17 n B I‘EHE

[ -]

by
o
>
HU
A
b3
o
0z
<
nt
0z
ol
o
e

SSHAIDIH EICH Fig. 2-80A 7. fy,= 202 LAE FXIDITHE,)Sl &AM BHA
49 EDHAE O0IBICE. Fig. 2-80IA L 2 ASO BHAFS S A (HIIS)/
(2hOb), (2HOH)/(DIRZ)0IA LOILID D A2 2= 20l SH d= XY [, 94

A
st pOF LOUHH, RALBES f= Eq. (2-33)10 201 EEEL

e

)Nlcosﬂl = —(Nf—f\fgsinzﬁo)w (2-33)

>

ﬁZQTr(

A

Fig. 2-80IA r,(t,)e 2 ZASHAHY HZ AL (S HSHIS UEHCH
Fresnel I 8ACZLEH p-BZ, s-BHAE MID|O= Eg. (2-34 ~ 35)2 20| E8E

= UCH

_ Ncost; — Ncosb,, _ Nicost; = Nycosby (2-34)

L 2N cosb; A 2N;cost;
ik p Ncosb; + N,cos, ik, s Nicost; + Nycosb,

Fig. 100IA 25 gt 2ol  =J &= HHHE  7r,0ICH
expi[wt — (Kz +28+ )] = expilwt— (Kz+0)]exp(—i23)0|122 9tato2 st Siote
IO 4 B5tE exp(—i2B3)2 EHE 2 AUCH. 012 025N 2o Y
SW5tE dXIITIE expilwt— (Az+6)] exp(—i2np) 2 EE %

MOl B BEARH (7,00 Toro )= Eq. (2-36)1F 2001 LIEFE 2 QUCH.

To12 = Tor T E1tiT126XD (—i28) (2-36)

+ t01t107“107°§2€XD (—i4p8)+ tmtlo?“?o?“i}exp (—i683) +

_22_
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Eq. (2-34)9F Eq. (2-85)0MAl ry =—r @ 12, =1—t,t,9 22 2HZS AX22
Eq. (2-36)2) BHAIHIZ4= Eq. (2-37)1F 20| ESEC.

Top 1 T9€Xp (—i2p)

T2 1+7"01T12GXD(—i25) (2=87)
22 WEFCE SH S0 23S0 Eq. (2-38)2=2 Helg == UL
to, +t,exp(—i3)
01 T L12€XP (2-38)

b =
0z 1+ T1T12E€XD (— ZQﬁ)

o = g Ts,exp(i25) (2-39)
02p 1+ To1,pT12,p€XP (—142p)

. _ Tous +15, exp(—i20) (2-40)
L To1,5712,s€XD (—i23)

b=t he,ex0(i0) (2-41)
1+ 7’01,p7“12,p€XD(_ i23)

tor,s + t127sexp(— Zﬂ)

= 2-42
t012,s 1+r01,sT12,seXp(_i2ﬂ) ( 4 )

_23_

Collection @ chosun



Ey

ET, Ambient

Thin film ||d

N, Substrate

Fig. 2-7 Optical interface in a thin film formed on a substrate®

012

[ |
o1 tortio712€Xp(—i2B) toqtyorzexp(—i4fR)

- \/ / / /

Thin film (1)| Ny

Substrate (2)| N, \ \ \

toﬂlzeXP( if) tortiatizexp(—i3f) toytiarinrsexp(—ispe)
J
|

to12

Fig. 2-8 Optical model for an ambient/thin film/substrate structure®
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s
i

Polarizer Analyzer !

Fig. 2-9 Coordinate based on incidence datum

. 2901l A

= UCH

_ (1 0)( cos4 sind
00/\—sind cosA

o
07

Atot=

ol
=

HIIM B ZE0AM B2

iy
=}

tO Al

, s-EE0 e BEAtH=Z AR

O, (2-44)= HEEC.

ANZ2l p-#

P
(2-43)2 &

Mg 2 UOH, Eq.

ol

E

= rpcosAcosP-I— rsindsinP

=FSpIPl:

Xt

IIAN Et
intensity)Old, /= &J|

XZo M=ol HlAG22 Eq. (2-45
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LIEFHCH. GIDJIAM P, A=
=4kt &0l
PR
=g = UL SAIEHZ AlS

MI2Jl= Jones matrix&@ UHE}

LH
=

(cos (wt — P) —sin(wt— P)
sin(wt—P) cos(wt— P)

I

2o HIIE MDIIE 20I6tH, r,2 r,

A

22k

—/

T

E. %

£
0

i
o

oY
o
0z

>
1o

e
|
1
B)al

S
10
o=
m
°

) (2-43)
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(2-45)
(2-46 ~ 48)1t
(2-46)
(2-47)
(2-48)

FH Egs.

tan’¥ — tan’P

tan’¥ + tan’P
2tan¥cosAtan P
tan’¥ + tan’P

1+ acos(24) + Bsin(24)

g

O @, AS| EtAHE
7

[9)

o=

=

=

(2-45)

Eq.

ol
0

U

BHel fAXE =&o

- 0O
= I

=3

OlA I

| S )
_= ==
[E—TL

=
[—

na
RO
Iy

@

ok
10

ol

0
A0

ok

-

0
Bl

e E8S JI=EL2

HOF StCH.
(P, A)S HaotdH, ZASII0 AL

(2-49)2F 20| LIEtE =

o

00
Rr
oI
5
RO

EE
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EF/\I'ﬁl_JIK_ (7“12717, ’rlg’s), (r237pv TQB.S)E Eq (2_56, 57)3} DI-EI'.

N,costl; — Njcosb, N, costl; — N,cost,
Ty, = T, = (2-56)
22 Nycost; + Nycos, ' Ncost; + Nycosb,
L Nycos, — N,cosb, A N,cos, — Nycosts (9-57)
B2 Nycosty + Nycosts 25 Nycosty + Nycost,

A=XNst 4 p=tanPexp(iA)2t AR QIX} BE= Egs. (2-58, 59)%F 20| =
g = UL
1, [ Ncosty — Nycost, | [ Nycostly, — N cost; (2-58)
p= r, | Ncost,+ Nycost, |\ Nycost, + N, cos,
d d 2 2 - 2
g = 27TX]\71(;0591 =2m N;— Njsin™0, (2-59)

ek SM(thickness, d)= 0101 €1 Ues
QA2 0,15 Egs. (2-58, 59)0l HYS otH g = UHA &

2t Adlol HAlS Sof HAECH Ol M SHe EIREA=TIIZE 0|25 a8
SHG (¥, A)S JIE22Z HABH(0IE2H) (¥, A)2 HlWdtH SHS &tolo
HASECH. Fig

ig. 2-102 EBHREZEEIIS 24 22 IEE UEHTL

[

pcalib<:>pexp (2_60)

tanPexp(iA)(d)& tanLDeXpexp (iA)(d)
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Construction of
an optical model

Sample measurement

(l.}!, A)exp
Calculation
(l}!} A)'cal
Compare process |
|
Fitting &

Calculation of fitting error

Error minimization

Determination of optical
constant & thickness

}

Output result

Fig. 2-10 Flowchart of the data analysis in ellipsometry
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p-UJt 2&3S| 02 OFLIKIBH ZAZES XNUA S0, OlHel YAr=ZS pseudo—-Brewster
2 o
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M 40 1
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Fig. 2-11 Reflectance at air/glass interface
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1.5 1

1.0

Ellipsometric Amplitude ratio('r")

0.5

Equation y=a+b'
Weight No Weighting
Residual Sum 2.52206E-6
of Squares

Adj. R-Square

B |Intercept
B Slope

1
Value Standard Error
021739 3 B3563E-4
0.24855 6. 18167E-5 5

o

A

il

rd

L

—m— Relationship Thick and ¥
Linear fitting line

Fig. 2-13 Linear relationship between ¥ and thickness of SiO,
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Vg0 (deg) = (0.24855 X dg; -, (nm)) + 0.21739

Sdgom (nm)

 Ygion(deg) — 0.21739

N 0.24855
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CHOSUM UNIVERSITY

CH; CH3

CHy ke CH oy L CHs
s} o
o= o=
NH NH

gﬂ
]

]
Step 1. Step 2.
ohe
.- Exﬁ % ] e
= \&“ i | NHS-Dextran 3
CH;y
CHs ke CHy (/ i n{ %
o CM-Dextran !
O-<_ Trifluoroacetic D# °§)
NH Acid (25%)  NHi"OAC- NH; NH
NH4OH (10%)
e = —) —
CM-Dextran / EDC. NHS
| ] 1 |

Step 3. Step 4.

TBOC-bare wafer NH2 E£7| Dextran 0.1g/ml X 2|

TBOC-barewafer NH2 =2 7| Dextran 0.1g/ml X 2|

Fig. 3-1 Dextran silicon chip manufacturing process
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Light source  pglarizer

Sample

Fig. 3-2 Schematic diagram of Polarizer/rotating Analyzer el lipsometer

Goniometer

a. Polarizer

s | Detector

Light source

Sample :
Electronic system

Fig. 3-3 Configuration and 3-D model of Single wavelength Ellipsometer
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Photo. 3-3 Sample mesurement using Ellipsometer
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Fig. 3-4= BEIEEZSFEI|C HTEAAES UEH HREO0ICH MEAIABEZ EHE

HZ=FD| ot PC, motion control board, DAQ, motor driver, power supply S
SEGIACH. PCOHl= DNEHAXE 3MAIII] 28t A Z2HA IMPHRNE D2
2 HANZE = U= 0C 2H X ¥ £EE MO st 28 HOII 2H=
Jlol IS E MEZ ot 218 DAQ(Data Acquisition) 2E & Ec|) 45 MHS <

SXIoHACH £t MFAIAE UWRUH= A28 2H, 0C
LIQOIEHE MOiGH)| fIote 2f Setoll % AESHE
e

S &= National InstrumentAtel 8H& 3IEANH HH =

PG

Motion Analog,
Control board || Digital I/O board

- - edeN—=

Goniometer | | Step Moter | | DC Moter | | Detector

Fig. 34 Configuration of electronic system
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“dote MR 229 Ol e SRe I9gs &ttt 3.2.1.10Kd=s 2 ==20A
Motet EfeE2=ED|9 88 € A" AR Z2=2 SN AZsS =26t dA &

AotMo g HIE ERFEZSFHIIC ZE=2 528d HOINHI ZHOl AFZS S XIBH, JH

A 2 = Jelel0l M (green dot laser, 532

nm)HEHGIARLCH. EIREZ=ESHI = 2o HMIIE =SHoIH AIZ 0l BFAFE HZ ARl
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| AIDI HEE0l 0l SK0otCh. deldoldE
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Table 3-1 Specification of Green dot laser

I'tem value
Optical Power » Max 25 mW
Wave Length » 532 nm
Beam divergence » <{.4dmrad(full angle)
Operating Voltage » 12V DC
Operating Current » < 600mA
*Operating Temp. » 15 ~ 35T
Beam diameter » 14 mmat 10m
3.2.1.2 Z&&D|
UotNoz EIRBEZEZIN AI2E= 2HEJI= PMT(photomultiplier tube)2t &
el@ CIEE (silicon detector)Jt UL, 2 ==20M AIEE ZHEIl= J1201 HE
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J1(PDA100A-EC, Thorlabs co.)
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o
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D‘:'-IP_
Glan-Thompson HZ X2, calcite M&QS =2

Table 3-2 Specification of photo detector (PDA100A-EC)

Wavelength Range
Bandwidth Range
Operating Temp Range
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3.2.1.4 Goniometer

Goniometer= EIREA=FI|C LAAS HMOlols &2 S, ALY IF3HZ
O AXIE Ot 3™ Z23XAe 2HAESI0F EXE JtHYS 58 Az2 SAE
JIE2= Gt SIMGHA ECh. Goniometer= 2 &3 228 L A9 &8t g2 <
ol AF2ZI0, Sl BtREZ=FHIQ MAHE 220 T2 A fAXz g =
& AIE®2 NRC(non reflection condition)2l YLAIZS =0 =& &= sttt

3.2.1.5 MZ AHIOIXl(sample stage)

= AHOIXI= Goniometer 2& ZAF0 DECIASH, 00122 AFUOIHZ
DHE A8 AHOIX 3ME &AXIStH X, YV, Z52 3ANREE IIKNESE HMESHRUCEH
X, Y 52 SFotXA ote Al22 2AXE 0lSst=dl AEED, 752 g dA4E
o et AlE2 3d SASE JIELE &5 FYsS ol ¥ES &, £8 ME0]
DEE= AAMEHUN=E ANE EZ Al Human errorOl HE AEE 246HJ1 fI6tAH
Tilt=X, Tilt-Y2] MHREE HEE AHOIKE FASHAULL. Fig. 3-5= HMEEH MHE

AHIOIXIE LIEHAHCEH,

Fig. 3-5 Configuration of sample stage
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Fig. 3-6 2-degree tilt prims sensorchip
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Fig. 3-8 Antigen—-antibody binding dynamics response using 2-degree tilt prims
sensorchip

(2) AtCH2IZ Z2|E A

2E ZAT TelE WANE BEE LS ) 2o 4 Y= FEO YUs B 2E
ANZ B DT AU AR ABBD T2 F SXOF LM B0
NUHNORZ HEEMO| AP0l D Fig. 3-8MA HOIE & YUSO0l K2 =0/t

E(n=1.5~1.8) ZReIS 0188 ACI2B I

M&E #X= Fig. 3-92 Fi

clE dME X5 HEGIU2H, g. 3-101+ &Ct. &F
2 D=2E8 A= ZEACZ dXNT U0l AI2EH= &S |2l ME2 BK7 (n =
1.517), SF10 (n = 1.728)0ICt
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SN HTE Bio 20| T2IE FHUND AZSY AOINAN PIAE LS LO0IX Y
M40t S0l M2 Rts ZSHASO
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3-122 &Cf.

12

Fig. 3-10 Trapezoid prism sensorchip of SF10 material
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CHOSUN UNIVERSITY

Fig. 3-11 Light separation of Trapezoidal sensorchip ; BK7 material

Fig. 3-12 Light separation of Trapezoidal sensorchip ; SF10 material

(3) DIMR=Z =25 dME

OM=Z Zels dAE FXs 258N L= 2 B0l AIEE =2 Al Z
elEd dAE WRH DINMKRZE IH3otH Al2 220 z4s E = UAEE S 6t
UCH e AtCH2IE Z2Es dAED 20l U=28 AME AIZot0 258/ o
NE AN Al RE 22E = UAEST UMRE 2252 =01 & PAAS
dAStALH. MMES a2 2 It8S Fe 0i0ld2 EgEs S0/otH 2= € &
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Fig. 3-18 flow of valve system position
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(a) Flow-injection after rotating valve system ; injection sample

Fig. 3-19 Flow Injection sequence according to rotating valve system
(*source : waww.bionavis.com, Flow injection analysis)
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‘7 Quit ‘

Fig. 3-20 Configuration of ellipsometer S/W
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Fig. 3-21 Motion control window of ellipsometer S/W
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Fig. 3-22 System configurations window of ellipsometer S/W
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Fig. 3-23 FPGA program for trigger generation to synchronize measurement of
rotating analyzer and detector

3.2.3.3 Show Signal
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Fig. 3-24 Monitoring window of ellipsometer S/W
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3.2.3.4 Measure

Fig. 3-25 (¥, A) Measurement window of ellipsometer S/W
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Fig. 3-29 Schematics of stability test by temperature difference
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Fig. 3-32 Configuration of bio—material layer thickness measurement
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Fig. 3-33 Method for measuring the thickness of bio—layer
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4.3.1.2 CK-MB
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Fig. 4-12 Antigen— antibody reaction result of CK-MB in 20% serum buffer
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Table 4-3 Antigen-antibody reaction result of Myoglobin in PBS buffer (unit: AWY)

Antigen concentration
No. Type EDC/NHS | Antibody | Ethanolamine (ng/ml)
1 10 50

27 0.0631 | 0.1090 0.0791 ~ [ 0.0065 | 0.0088
21 | antibody | 0.0249 | 0.0534 0.0015 0.0025 | 0.0103 | 0.0131
69 | SUPBY 100229 | 0.1149 | -0.0017 | 0.0190 | 0.0112 | 0.0052

70 | system | 0.0340 | 0.0982 0.0172 0.0089 | 0.0047 | 0.0054
71 0.0154 | 0.0537 -0.0010 | 0.0020 | -0.0032 | 0.0011
32 | 0.0056 | 0.0051 | 0.0064

34 0.0020 | 0.0025 | 0.0114
40 | 0.0033 | 0.0018 | 0.0018
46| 0.0045 | 0.0034 | 0.0023
52 | 0.0020 | —0.0020 | -0.0002
53 | -0.0005 | —0.0001 | 0.0012
76 | Ay 0.0085 | 0.0026 | -

143 | external 0.0183 | 0.0183 | 0.0199
— binding

140 0.0134 | 0.0034 | 0.0068
149 | 0.0045 | 0.0043 | 0.0068
150 | 0.0096 | 0.0086 -
1470 | 0.0183 | 0.0025 | 0.0155
44 0.0210 - -
45 0.0163 | 0.0035 -
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Fig. 4-20 Calibration plot for HBsAg in each buffer
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