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Chapter 1. Fabrication of Random DBR Porous

Silicon Interferometer for Biosensor

Park, Jaehyun
Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Abstract

Porous silicon obtained by chemical or electrochemical dissolution
of ¢-Si has shown a great quantity of applications and extensive
works on this material has been reported both in the scientific and
technological areas. The visible photoluminescence at room
temperature of this material reported in 1990 by Cangam has
attracted considerable interest due to the possibility of manufacture
an integrated optical device on Si. Porous silicon multilayers,
sometimes also called porous silicon superlattices, improve the
feasibility of optical components realized from this interesting
material : distributed Bragg reflectors(DBR) and Fabry-Perot
interferential filters, Rugate filters, microcavities with controlled
spontaneous emission properties, waveguides, colour-sensitive
photodiodes, and resonant cavity light emitting diodes are some of
them. By adjusting the electrochemical etching conditions such as
alternating current densities, time, and HF concentration, the
morphology and porosity of PSi can be easily controlled.Distributed
Bragg reflector (DBR) PSi exhibits unique optical properties. DBR
PSi has been typically prepared by an applying a computer generated



pseudo-square current waveform to the etch cell which results two
distinct indices and exhibits photonic structure of Bragg filters. In
this paper we investigate the use of a random distribution in the
layer thicknesses in order to realize a broadband optical reflector and
to such technological motivations, the study of random dielectric
multilayers is of interest in the field of one dimensional light

localization.



I . Introduction
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DBR(Distributed Bragg Reflectors) t}3 o34 A< A= 4
9} Y3t A AE Z2EF A= Wyl disiAq Lol B Aojn =3k
o]g€A I}AE dF9 DBR o34 A TS A nio] LA E s rits}

of nlo]e EAQ WA (avidin)g BRI 75 FIs9.



II. Experimental Section

1. Materials & Instrument

1-1. Materials
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A A ZE A7 g8 0.0870.12 mQ o] Ad e Z2E p-type A
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1-2. Instrument
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A8 Aeste] x5 o
MAprage = 2(Liny + Laong) (2)
oA7leA L : ¥ AFE I AD dFAFY 7, n S AFE A
3 Y HE, L =2 AFE A8 AP 43T FA e =
AFE Js8 B FAHAEE E 5

Source meter
(Keithley2420)

Pt wire —»

Etching solution —

O-ring

Teflon cell

Figure 2. Schematic diagram of the etch cell with the counter
electrode(cathode) arranged asymmetrically, used to generate the

porous silicon.
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p - typed A#Z H°l= (B dopped, <100>, 0.0870.12 mQ)E WF
& o] £3}e Galvanostat (Keithley 2420)& E3lo AHFHE =54
71318t8 AR S AX FALL. AT AHLDY 7 F(pore)F} ZHe]
(depth) & Zt= o34 ALZTE FAs] 9% A4 $vW£2E Hydro
fluoric acid (48% by weight: Aldrich Chemicals)¢} Ethanol (Aldrich
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Table 1. Porosity and etch-rate of current

A5 mi mp m3 FAE(%) | AZHE(nm/s)
30 0.2239 0.2223 0.2190 33 70
300 0.2435 0.2399 0.2349 43 125

4] B oFA Aol ZA-HEL Looyenga?l LI =(Figure 3)%
o] &3l tJFAEI ALY HAAE wlegto g A9}

**** Looyenga

Refracive index

Il Il Il Il N
0 20 40 60 80 100
Porosity (%)

Figure 3. porosity and refletive index of Looyenga
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A715h3A Ak Fa 2o o3 A EL €A E
Wo] Si-OH= FZ2F e Astd oA AYIL AFssc. €44 A3st=
furnace (Thermolyne F6270-26 furnace equipped with controller)E& o]
£3te] 300CeNA 3AZ F<k XA F ). A3yt ¢ F oA dFA
AL g, CHCl, 13 HF £ANZ A3} Ar gas 3tellA A
g3/ A AN Az,

3-2. 439 dFA A 249 {FEAS

AZE 3 AYZS vle] A E &3 98 ZHE AAAAAR
FrEste] wio]le ¥AE AT F JEF I AstdE O34 A EH
3—-aminopropyltrimethoxysilane( 10 mmol, 99%, Aldrich Chemicals)
1.8mlE ¥ 80TE 19X 7HEet 7L 3t oflIFE Ze oA AYE
EHE AFg). 71498 F toluene, acetone, 12| 3L ethanol 22 A
A3 o AL7EE AERAA Foh g5 ASEAE A F de 2
Z) QA A 24 bioting ZEWHe] 2F3AZIc}. biotin 100mgE methylene
chloride 100meel L ik 3 A2 e} Ze}goll
1-(2-(dimethyl-amino)propyl)-3-ethylcarbodiimidehydro - chloride ,
EDC) 200mg (1mmo)E 7} 3] 1A 7Hger £8& A, 28|l €3
Ab3171 # rugate A AR 3 S 7St overnight ¥ES-E gk}, ubS-
o] F4¥ rugate ©IA AZ HES wlule, toluene, methylene
chloride, 2] 3 phosphate-buffered solution (PBS, pH = 7.4) o] £
== 334 AHS g

3-3. @9 A (avidin)9] ¥A

Biotin2& %3} DBR t}34 AHZ HE o]§3lo nlo]e E4F
AeHgoer A3t AFE FP3sct flow celldd o343 A& 1A
AlZ13L vle]l 2 A E = PBSe 200ME 5= &9 DA (avidin)<s A
43l 0.8mL/min 522 EeF9l).



Ill. Results and Discussion
1. DBR o34 A 29 ¥4 23
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Table 2. Etching condition of DBR PSi for 30mA and 300mA

AF | d3A %) | 22E | FFFA(m) AZEmm/s)| FAAT

30 27.595 2.64 40.695 56.818 1.40

300 57.394 1.90 202.794 78.947 0.39

T AL MPLE AT dolnel F AFE A&t BY2AS

257 H% Figure 43 Zo] H24<& w= 630nmeol A st shgaks
dAste &M Wel 17nmE Z3 9lE DBR o34 4EE §4% 5
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Figure 4. Reflectivity and photography of DBR porous silicon

1-2. AAF2 @9 3 (FE-SEM) §3

DBR o5 o34 AYZHE AT F 2 EAe] Jeve olfrE
gdolry] SJelA tFA A2 dHE FA Az e A S o] L&A A
d B Az T 7F 27 20-30nm FEeolH, o] 7| FE& o] &35t 56
x 50 x 40A¢] 27)1E ZE avidin® €A 7t 7p5EA Hg). A4 oOF
A A EY FAE 12m AE H(Figure 5(b)). F7¢ 4 $£ DBRS
FA = AAed QoA o B FrIAG Jopd 2AHo] shssit. 2
S Afe B Afel A A F =3 A F 5 o). (Figure
5(c)).

Figure 5. SEM image of DBR PSi. (a) Surface of SEM image of
DBR PSi. (b) Cross-sectional of SEM image of DBR PSi indicating



that the thickness of DBR PSi is about 12.2um. (c) Detailed
cross-sectional SEM image of porous nanostructure in a PSi film.

HC and LC indicate low current and high current, respectively.

2. A AEY nlo|le o= A A5
3§43 DBR o34 AYEZEL vlo]e AR 437 fs 2dE 3
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EDC
Scheme 1.
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= g9gez o]lFs =l ol SidlA SiOE WHaldA THES 3
&7t deojyr] W Eelct. Si-OHE FEWeo] A3td o34 AgE<% Scheme
13} #o] 3-(aminopropyl)trimethoxysilane® 37 ¥F-$ A 7]H FEwo] o}
AI1Fe® fFEAS A =% FAHE] FUlstEA WA asE Aspge
2 23 nm °]&38H k. Scheme 2914 HFE= WHOR bioting 7] & ]
H3E A HW  biotine® FAE3tE o3 AYZE o] &3y
avidin-biotin AFE °]Feo] ¥ Ho|d. WAz I A FAE] F7l
uel FF 24dnm BIF LR o] FEHch. b Fo] wiele®lew {EX3}



st #AA S 29 =2 Yeld gk (Figure 6).
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Figure 6. Optical reflectivity spectra of oxidized DBR PSi, surface
derivatized DBR PSi, biotin funtionalized DBR.
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Figure 7. Optical reflectivity spectra of biotin—functionalized DBR PSi
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IV. Conclusion

DBR 34 A& M2k 458 olgsle] A1saA 248 Fa
_]

Nlo oX,
f“

H

ol

= gqo
>

N

o

of

o

= =

BR t}34 A s AFE 4 9. AF€ DBR t
< HkAp 2 EY S 7}743’- dew AAFALERA S
7153 ¥ AFe =& AFd oA ¥
=3 g & 5 ddd. =3 ,M:a DBR t}34 A% o]
A (avidin) & F«Px]—s}h Hlo] @ A A 2 A sl Hlo] £¥1 S §53}
R o34 AELZL biotin-avidin AL AL st =2 &9 F7HE
ste] 17nm %j}’i}ﬁi o] s #FY F 3.

=
=
Aohn AdE 31 °a‘9%°ﬂx1 F48 4
3L
[
5

flo
=)
o
g

- |
\V]
T
w
(e}
=
=]
o
{u
AN
o

& o

L84

S

[l

Jo o & L OB MO OI-J

V. References

[1] Diesinger. H.; Bsiesy, A.; Heino, R. phys. stat. sol. 2003, 197,
561- 565.

[2] H. Sohn, S. Letant, M. J. Sailor, and W. C. Trogler, "Detection of
fluorophosphonate chemical warfare agent by catalytic hydrolysis
with a porous silicon interferometer”, J. Am. Chem. Soc., vol. 122,
pp. 5399, 2000.

[3] A. Bsiesy, J. C. Vial, F. Gaspard, R. Herino, M, Ligeon, F.
Muller, R. Romestain, A. Wasiela, A. Halimaoui, and G. Bomchil,
"Photoluminescence of high porosity and of electrochemically oxidized
porous silicon layers”, Surf. Sci., vol. 254, pp. 195-200, 1991.

[4] L. T. Canham, "Silicon quantum array fabrication by
electrochemical and chemical dissolution as wafers”, Appl. Phys.
Lett., vol. 57, pp. 1046-1048, 1990.

[5] A. G. Cullis, and L. T. Canham, "Visible light emission due to

”

quantum size effects in highly porous crystalline silicon ", Nature,

vol. 353, pp. 335-338, 1991.



[6] F. Gaspard, A. Bsiesy, M. Ligeon, F. Muller, and R. J. Herino,
"Exchange mechanism responsible for p-type silicon dissolution
during porous silicon formation”, Electrochem. Soc., vol. 136, pp.
3043-3046, 1989.

[71 H. Gerischer, P.Allogue, V.Kieling ; Ber. Bunsenges. phys.
chem. 1993, vol.97,p.753

[8] Dancil, K. S.; Greiner, D. P.; Sailor, M. J. J. Am. Chem. Soc,
1999,121, 7925-7930.

[9] Guerrero-Lemus, R.; Ben-Hander. F, A.; Fierro; G.;
Hernadez-Rodriuez, C.; Phys. Stat. Sol.2003, 197, 137-143.

[10] P. C. Searsonm J. M. Macaulay and F. M. Ross, J. Appl. Phys.
72, 253, (1992).

[11] C. Levy-Clement, A. Lagoubi, and M. J. Tomkiewucz,
Electro-chem. Soc. 278, 840,(1997).

[12] J. Park, S. Cho, Y. C. Ko, and H. Sohn, J. Korean Phys. Soc.
50, 695 (2007).

[13] S. Jang, J. Kim, Y. Koh, Y. C. Ko, H.-G. Woo, and H. Sohn, ]J.
Nanosci. Nanotechnol. 7, 4049 (2007).

[14] B. -J. Lee, S. Jang, and H. Sohn, Solid State Phenom. 491, 124
(2007).

[15] J. Kim, Y. Koh, S. Jang, Y. C. Ko, H. -G. Woo, and H. Sohn,
J. Nanosci. Nanotechnol. 7, 4165 (2007).



Chapter 2. Detection of Protein Based on
Biotin—-Modified Multi-encoded Rugate PSi

Interferometer

Park, Jaehyun
Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Abstract

A Dbiosensor has been developed based on induced wavelength
shifts in the visible reflection spectrum of appropriately derivatized
films of porous silicon (PSi) semiconductors. Multi—encoded rugate
PSi was generated by an electrochemical etching of silicon wafer
using an electrode configuration in aqueous ethanolic HF solution.
Multi-encoded rugate PSi displayed three very sharp reflection bands
whose reflection maxima varied spatially across the PSi. The sensor
system studied consisted of a multilayer of PSi modified with biotin.
The system was probed with various fragments of an aqueous protein
analyte. The sensor operates by measurement of the reflection peaks
in the white light reflection spectrum from the PSi layer. When the
biotin—-derivatized rugate PSi was exposed to protein in phosphate
buffer solution (PBS), the molecular binding caused a change of its
refractive index is detected as a shift in wavelength of these reflection
peaks. A red-shift of reflective spectra were observed, when the

biotin—modified rugate PSi was exposed to a flow of protein.
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II. Experimental Section

1. Materials & Instrument.

1-1. Materials

33 Q39 rugate oA AREZE A7l 93 0.0870.12 mQ 9]
#e 2 p-type AYZ HAdolHAE ALstdc. AU RAlS
7] 913 H2A]Lv]+= hydrofluoric acid (ACS reagent, Aldrich) ¢} &
438 ethanol (ACS reagent, Aldrich)?] &389S AL}, H2A]7]
7] % Etching cell& Teflon celld& A}£3l93, +A T+ platinum
wireZ -AF= aluminum foils AH-&3t%t}. vlo] LA E Antslr] $
3]  3-aminopropyltrimethoxysilane, avidin, streptavidin (Aldrich
Chemicals) <& T3t i e A ol 2} A¢&  biotin

(<]

tetrafluorophenyl ester < A 3517) <98l triethylamine,

©!

A

A7

ot

O,

—

2,3,5,6—-tetrafluorophenyl trifluoroacetate, Biotin (Aldrich Chemicals)<
79939 Agsgd. =g ZH 0 fEAF AEE g9
2-pyridyl-2-carboxyethyl disulfidex 3 A3yl s 2,2’-Bipyridyl
disulfide, 3—-mercaptopropionic acid, silica gel column chromatography
(Aldrich Chemicals)& FH3te] A-§3t5c).

1-2. Instrument

FT-IR ¥ Eg+ diffuse reflectance (Spectra-Tech diffuse
reflectance attachment)®4]S ©]-£3le] Nicolet model 5700< ©]-§ 3}
34 sl B3 dFZQDF rugate hFA A E F= = SEM
(FE-SEM, S-4700, Hitach)E °]-§3 < 54 3}3lch. 2-Thiopyridone®| %
EA 5+ UV-vis spectrometer (UV-2401 PC, Shimazu)& °]£3le A
st E9 2 rugae ohFA AT oA RE 2-thiopyridone?] WEH
9] <o AAL FF94AE 343 me HAE A FAHE s

2. %% Ad379H rugate }FA A9 A

28 1399 rugate ¥ A EY P PES 5 p- types]

AYZ geo]H (B dopped, <100>, 0.000870.0012 Q)& WFAFS o] L3}
o] Galvanostat (Keithley 2420)s &3l AFE SHAFH H7|3shz 2]



A& A AL 28T ALY 7] F(pore)t Zeol(depth)E Z+ ot
TA AYEZS A 9% A7 &vlE& Hydro fluoric acid (48% by
weight: Aldrich Chemicals)$} Ethanol (Aldrich Chemicals)< 3 : 1¢] ¥
el 2 EFstd Agdgon AFE Matlab ZE2IAPE AHEse] 3717
AH1stg o] &3t AFE current power sourceA-g3te] e Fch. AR
o] A71E 126.1 ~ 183.85 mA-cm > ¢ 0.58, 0.54, 0.50Hz¢] €A% A3l
Iy & 5002 F FEFY o] BE FAL Teflon celldlA 3314

=
th. Azt Fol & Ethanol 3 o}2& 7428 o g3t} MY, Az,

3. 4% A293 rugate tt3A A9 uHlo] LA AL

3-1. o34 A9 44 43}

ARAARS Tl 22 T AYZTL Si-HY IHS 7RI 9o 3]
Folu} FgA oA EelAslcl, Z1¥]3 aminoalkyltrimethoxysilane
23 98 24 AshkdS& T3t 1 Ede] Si-OH A47| & zZe 43kd
o3 AgZeE Wy A, AstE AJ= WE2E furnace
(Thermolyne F6270-26 furnace equipped with controller)A}-&3te] 30
0CelA 3A17 &3t 7HE 39l

3-2. 439 dFA A 249 {FEAS

AZE oFA AYEES blo] AARE $&357$s] THS AXUAAAE
TFrEdte] ulo]le EAE MY F AEF . AstE oA A
3—-aminopropyltrimethoxysilane( 10 mmol, 99%, Aldrich Chemicals) 1
mlE 93 80CTE 12X 75 7Hd sl ol aFS Ze o34 A %
W& A #3e}. 71493 F ethanol, methylene chloride, acetone <22 Al
g g ALIM2E AZRAA Frh g AEERAE AT F 9= F
AJVAAZA  bioting  EWe| xEAsAZ. nFst AT W
N,N-dimethylformamide & w2 A}$3}3 biotin tetrafluorohenyl
ester 100mgE &3 3tc}. £3) Zv] & triethylamines 0.9mlE ¥ 3 30

27 e S22 2 o oY EFT S oIFS 2E o

+
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A AYETE Y AYEEAA 12X 7HEek HHS-
ethanol, methylene chloride, acetone £2.3 A& o} AL722 A

AA Fct

3-3. Biotin tetrafluorophenyl ester ¢ A
Biotin (10.22 mmol) 2.5 g& 70C¢] N,N-dimethylformamide 200 mL
o el=2Z  EHUIstA  FaAc. &3 F O WFE AAFL
triethylamine (20.5 mmol) 2.5 mLE FY e
2,3,5,6-tetrafluorophenyl trifluoroacetate(15.25 mmol) 4 g% 3 7}3tt}.
32 AU 2R A 3087 AAFH Sl AFTAE A AADL AA
E2 100mLe] etherel o oA AZFEc}.

3-4. 2-pyridyl-2-carboxyethyl disulfide] 4

2,2’-Bipyridyl disulfide (4.54 mmol) 1 g& 15 mL¢] ethanol (99.5%)
o £A7 o1& 0.4 mLe glacial acetic acidE H7}3c}. 9 £ S
=8 &EEF wukste] F3 5 mLe ethanold]l 0.24 g (2.27 mmol) ¢
3-m

mercaptopropionic acidE® &3l o] £wld dropwise AlA Ft}.
F EF8T S AUEANA 12475 S AIA Fo vk 3 Sl
AFAHE 53t A A gl 29 AAAELS EXAAEA

pydine-2-thione®} 2-2’-dicaboxyl disulfide, 2-pyridy—-2-carboxy ethyl
disulfideg Z3sl2 9}l FHAES AASE HEEXES 97] $8A silica
gel column chromatography S AF£3tgch. 22 YA ES Ze] RH
EdF2 A WA o] FA2E methylene chloride / ethanol & ( 3 : 2,
v/v) &8 RUFd 9 EQ pydine-2-thioned x#u]E o]Fn Yo

EHdEry &% *‘3" E9 2-2’-dicaboxyl disulfide & X9

ol gk, EHe FAE 53X AAES AU H8 olFHe=w
2] 2)¥] 9] acetic acidE ’}‘37}?‘?} methylene chloride / ethanol (10 : 250,
v/V)E EH R UYFo] 535y &vl= evaporations F3l A A sH EX

AL 2-pyridyl-2-carboxyethyl disulfide® d&t}t. yolglE L9

me,
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acetic acid & =& A FAH sloA AA?G. F5& 04 g (82.2%,
based on 0.24g of the 3-mercaptopropionic acid starting material) ©]

o},

3-5. (3-aminopropyl)trimethoxysilane2® f:%3% o FA A&
3} 2-pyridyl-2-carboxyethyl disulfide?] &4 f X33}
2-pyridyl-2-carboxyethyl disulfide (0.2 g, 94.7 mmol)E 10 mL ¢]

methylene chloride L) o) =9l =
1-(3-(dimethylamino)propyl)-3-ethylcarbodiimide hydrochloride (EDC)
(100 mg, 0.6 mmol) & A7}k o] £l o

(3—aminopropyl)trimethoxysilane’} #5318 oA AL Hr7lsixe
1241 7H5 9 AU 256 A vb-gA ), vkgo] vy F ofFA Agde #9W

ethanol, methylene chloride, and acetonel% A3l AL 7[2=R

4. vlol e A9 ¥

Biotine 2 fE3td o34 A2 J& o] 43e uwlo]e EAS AHF
ez gAE AFE FPAAt flow celldl AL FedAA {52
0.8mL/min 22 3} 2w nlo]e EARZ = streptavidin, aviding A}-§3}

St

5. §x %A &4
Hlo] & EA 9l Avidin, streptavidine 2 F9 S W W= FsHE e A
3E SEAI7 Y8 F A= Ao] & o] &% differential graphd

239t} bloje EA ¥EE FHZ 20uMelg e 20nM, 20pM, 2pM
[e)



Ill. Results and Discussion
1. B3 Q293 rugate t}3A A9 FA4 AF
Rugate 7% & Z+= uF d3A AYITL 1 A7 70| vRs 7}
obd sinedt Hele AFAFE ol&ste A& Fo d& 5 Ut
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Figure 10. Reflectivity of multi—-encoded rugate PSi
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Figure 11. FE-SEM image of multi-encoded rugate PSi
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Figure 12. Diffuse reflectance FT-IR spectra of (A) triply encoded
rugate PSi, (B) thermally oxidized rugate PSi, (C) the wafer after
functionalization of the rugate PSi layer with
(3—aminopropyl)trimethoxysilane, and (D) rugate PSi functionalized

with biotin.
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&5 = 2-thiopyridone® AZFE UV/vis spectroscopy (Amax
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Figure 13. Optical reflection spectra of biotin—-fuctionalized rugate PSi
sample before (red) and after (blue) exposure of avidin(A) and
streptavidin(B), The green line in each case are the difference

between spectra obtained in the presence and absence of protein.
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Figure 14. Plots for showing the detection limits of protein at 2 pM
by using differential graph.
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Table 3. surface area of oxidized PSi, biotin-functionalized PSi,

Binding streptavidin PSi

Sample BET
Oxidized PSi 3.1369 m%*/g
biotin-functionalized PSi 3.4477 m%/g

Binding streptavidin PSi 3.5605 m?/g




IV. Conclusion
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Chapter 3. Fabrication of DBR Porous Silicon by
Asymmetric Electrode Configuration Multiple

Template

Park, Jaehyun
Advisor : Prof. Sohn, Honglae, Ph.D,
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Graduate School of Chosun University

Abstract

Porous silicon films displaying a distribution of pore dimensions
can be generated by electrochemically etching silicon in aqueous
ethanolic HF wusing an asymmetric electrode configuration. The
median pore size and breadth of the size-distribution in the film can
be set by adjusting the HF concentration, current density, and
position of counter electrode relative to the silicon electrode. Films
with pore sizes in the range of a few nanometers are used as
size—exclusion matrices to perform an on-chip determination of
macromolecule dimensions. Optical reflectivity spectra of the thin
porous Si films display distinctive shifts in the Fabry-Perot fringes
in regions of the film where the pore dimensions are larger then a
critical size, interpreted to be the characteristic dimensions of the

protein.
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II. Experimental Section

1. Materials & Instrument.
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Figure 15. Schematic diagram of the synthesis of multi—arrayed PSi.
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IM. Results and Discussion
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Figure 16. Reflectivity and photography of multi-arrayed PSi.
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Figure 17. Shift of wavelength by distance.
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Figure 18. FE-SEM image of multi—arrayed DBR PSi.
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IV. Conclusion
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Chapter 4. Porous Silicon Nanobiosensor for

Detection of Immunoprotein
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Abstract

Asymmetric porous silicon—-based optical biosensor was developed
to specify the biomolecules. Asymmetric porous silicon was generated
by an electrochemical etching of silicon wafer using an asymmetric
electrode configuration in aqueous ethanolic HF solution. Asymmetric
porous silicon prepared by using anisotropic etching conditions
displayed Fabry-Perot fringe patterns whose reflection maxima
varied spatially across the porous silicon. The sensor system studied
consisted of monolayer porous silicon modified with biotin. When the
biotin—-derivatized asymmetric porous silicon was exposed to avidin in
PBS buffer solution, molecular binding caused an increase of its
effective optical thickness. The changes of effective optical thickness
at different positions of asymmetric porous silicon were measured to

specify the biomolecules.
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II. Experimental Section

1. Materials & Instrument.

1-1. Materials
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A & e p-type AYUZ HAolHAE ALstdich. AU RS
A1717] 4§ B2} 4]+ hydrofluoric acid (ACS reagent, Aldrich) ¢}
438 ethanol (ACS reagent, Aldrich)®] &89S AH&34t. 2 A]7]
7] 413 Etching cell® Teflon celle AF$3t93, +A T4+ platinum
wire2 -HA S| aluminum foils A& ). vlo] LAARE futstr] ¢

[+

O
i‘%

3]  3-aminopropyltrimethoxysilane, avidin, streptavidin (Aldrich
Chemicals) <& T3t i e A ol 2} A¢&  biotin
tetrafluorophenyl ester & €437] 98l triethylamine, 2,3,5,6-tetra
fluorophenyl trifluoroacetate, Biotin (Aldrich Chemicals)s TF+¢3ste] A}
4354, =3 W {FEAIS AEE #FIF 2-pyridyl-2-carboxyethyl
disulfides fA3t7] 938l 2,2’-Bipyridyl disulfide, 3—mercaptopropionic
acid, silica gel column chromatography (Aldrich Chemicals)< ¢ 3}
o atg3lg). A EARE streptavidin, biotinylated-protein A, human
IgG (Sigma)ol A T+ 3t 2§33}

1-2. Instrument

FT-IR ¥ Eg+ diffuse reflectance (Spectra-Tech diffuse
reflectance attachment)®4]S ©]-£3le] Nicolet model 5700< ©]-§ 3}
54 st B AdIZYH rugate ThFA A E FFE ¥ = SEM
(FE-SEM, S-4700, Hitach)& °]&3t< 54 3}3lc}l. 2-Thiopyridones| %
EAE+E UV-vis spectrometer (UV-2401 PC, Shimazu)& o] &3l A
st W 53 rugate th3A AYE oA H¥ 2-thiopyridoned] W
AEe) oo AAL F4IFAE 343 me HAE 2A s AL 319}

2. Template® ©] £3F multi-arrayed o+FA4 A
H Y Az S o] 83 d3A A e A W
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2 Ay MNFAIZL o]L3 HYA SR Galvanostat &

& EeF 9 AVEE ARAAE A AL A4
m = ¥ S5 ol&3td vdA ARE s

Ztzke] AzZte doo]l 2xdeE M= o dAgIaEE ZE on-chip
). Az} 2vl2 &= Hydro fluoric

acid¢} Ethanols 3 : 19] —'lﬂ-ﬁ]‘ﬂl 338t Agsiglen AFe 99 4
A3 AF7} 68 AojAckE AL zHorate] 7|E 2A 1/6W WFE sl =

“
40 mA-mm ? o 20& E9F E&F9}.

Source meter
(Keithley2420)

Etching solution

“<———— §i wafer
Template

<— A] contact

Teflon celi

Figure 21. Schematic diagram of the synthesis of multi—arrayed PSi.

3. Hle] P =29 A

3-1. o34 A9 44 43}

ARARE 3 2L T AYTL Si-HY EWS JMAL Qo] 37 F
ojluy} LA A BelA sttt 2¥ 3L aminoalkyltrimethoxysilane 3 2
g Qs €3 A3sE 53 1 Edo] Si-OH F47& Z& Asid
g3 AYZeE Wy A A3E A7 WHLE furnace
(Thermolyne F6270-26 furnace equipped with controller)S A}-&3t¢9]
300Cel A 1A 7+ F3F 7FE 3o

3-2. Astd o34 A 29 FEAS



AZE o3 AYZS vle] A E SE37| 98 ZHE AAAAAR
FrEste] wio]le ¥AE AT F JEF I AstdE O34 AL EH
3—aminopropyltrimethoxysilane( 10 mmol, 99%, Aldrich Chemicals) 1
mlE 93 80CTE 12X 75 7FE sl ol IFS Ze o34 A %
HE 11] 23k}, 71493 ¥ ethanol, methylene chloride, acetone <22 A
A3 o AL7tEE AERAA Foh e AEEAE AT F de %
A JAAAZA  bioting FEHe] 2F3IAZIct. 2Fst A= €Y
N,N-dimethylformamide & W2 x£3l3 biotin tetrafluorohenyl
ester 100mgs £33}, £ Zu] 2 triethylamine® 0.9mlZ Y3 30
7 =2 S55 2ts] Foh oA EFF §Y oIIFE %%% o3
A AYES 93 AdEEAdA 124 7F 4k A wkg A F
ethanol, methylene chloride, acetone <23 4|33t r:}° AL7V2E AZE
A A ZFt}. TefloneZ A2 flow celld] vlo] 8o F 5319 o}bFA A
g 2<% A8l Phospate buffer solution®] $3® 200M FEe
streptaviding® E¥Fd. 21 F 33 s w3k sy &4
phospate buffer solutione &# A|H 3 o}& streptaviding ¥ A e} 2
38  phospate buffer solution®] £3)% biotinlated protein A(20uM)ZS
e F}. 33 A5 WIS Fslal <43 phospate buffer solutions

2 AH 3.

flo =

+
_'?.'..

3-3. 2-pyridyl-2-carboxyethyl disulfided] 4

2,2’-Bipyridyl disulfide (4.54 mmol) 1 g& 15 mL¢ ethanol
(99.5%)°] &)X 7 }& 0.4 mLe glacial acetic acidE H7}3c}. 319
LS =& £52 ksl F3 5 mLe ethanold] 0.24 g (2.27 mmol)
¢] 3-mercaptopropionic acid® &3sld 99 —3-“11 o] dropwise Al#A
Foh. 7 33 Sl AWXEAA 12X F BHSAA Fobh kg F
Sl AIFAHE FI}d AATL FHY ‘3”‘3“? EZIAEQ
pydine—-2-thione® 2-2’-dicaboxyl disulfide, 2-pyridy—-2-carboxy ethyl

disulfide® *33sl3 ). A EE A|ASNL EXZES 97 8lA silica



gel column chromatography g AF-&3tgct. 22 AAHAES ZHe TH
Y332 A WA o] FAZ2E methylene chloride / ethanol 3
v/v) E8 RUYFH #FoJEQ pydine-2-thioned :u]E of
YUt 5F A ESQ  2-2-dicaboxyl disulfide & %W
ol o, EdWe FF3 E3X AAES ZHUY] S§ olFReE F
A2 e 29 acetic acidE 3 7}8 methylene chloride / ethanol (10 : 250,
v/iV)E EHRUWF 53 fvl= evaporations 3l AA FHHE
EXINWAE 2-pyridyl-2-carboxyethyl disulfide Q+=t}. Folel =
239 acetic acid & =& FZZH sloA AAZYG. F5&L 04 g
(82.2%, based on 0.24g of the 3-mercaptopropionic acid starting
material) °]t}.

3-3. (3-aminopropyl)trimethoxysilane2. 2 #5338 oA AgPgE
3} 2-pyridyl-2-carboxyethyl disulfide?] EH X33}
2-pyridyl-2-carboxyethyl disulfide (0.2 g, 94.7 mmol)E 10 mL ¢]
methylene chloride $wle] *9¢ ¥ 1-(3-(dimethylamino)propyl)
-3-ethylcarbodiimide hydrochloride (EDC) (100 mg, 0.6 mmol)& * 7}
gk}, o] £uj9] (3-aminopropyl)trimethoxysilane’} 5313 r:}S’—H A7
< "1‘37]"3}3’— 124 7Hge A2 A A At dkge] ¢ F o34
A £e] FW-E ethanol, methylene chloride, and acetonel % A2 3}l
AL 7t22 AZE AAFEY
4. FT H§ 93 =
oA AYELS AYZ dZ2A dolHd AARE e Fo| AV|EHH 2
3 2

2 FA 3] whEd 43 o3A A 9 FLE o

A SASE o34 AT F25 Asto wAE A Ee] WA e A
3] 744 & 39 Fabry-Perot fringe pattens ©]Ftc}. @3 oA AgZ
o] FsA EAFL Bragg"“’ﬂ o)) wkAZe] AHEARS 1EE & . o
TA AYEY = =4 E(reflective index)°] n°lx, 2] 7



(thickness)7} LY o], ¥ 39 AsFgoes A1) 4FAZ o dF o
A A EezA FE3r

= 2nL-sin® (1)
ojlwj 67} 90°°]E % sin® + 1°]th. I EE WASAL nI Lol 934
gzt o34 Aol AMEA FAEF W 5 LS 1AFHe 9oEw
WA FAEQ ned osjA AARAG. =3 AHAe HF 59 =9

= T3 ‘ﬂr"‘ﬂr*“”H A e F}FAE ¢ F 9o
Aoz i AHA oA AYEY =AHES &F WA 2

o pet oA AYZY AS 3ol 0-100%7tA] W o
FAEY W3lE 3.4-1.00c} o] FHES W3l (An)E ANE mv] HF FF
AR olg =ZRIHWSIAL igors: AHEste  FEH{EFA(EOT
effective optical thickness)S 33 4 99 t}.

5. Hlo] £ %’él?—] =

biotin2® 238 o3 AYZ HE o] &3t viole EHAES AY
Hog wExstx wWo 38 A A WG As w9 AdS
malabsorption syndrome®] 99lo] == A IgGE EAst= AAZE A9
7159 dFE F£3sd). flow celldl 2R A oA F5E 0.8mL/min
o2 3lgoen ulole EAZE streptavidin, biotinylated-protein A,

human IgGE &£x18 o2 Z8 28314



M. Results and Discussion
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<— Al contact + Resistance : p++0.8 ~ 0.12mQcm
« Current : 40mA
« Solution : HF{ag) : EtOH=3:1
« Etching Time : 40sec
+ platinum type : needle

Teflon cej

Figure 22. Schematic diagram and photography of the synthesis of

multi—arrayed PSi.
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Figure 23. FE-SEM image of multi-arrayed PSi.

T3 o]FA FAE oA AYITL A7E ddo] 23 eE AR & u
A9 32 E5E& 7FAH Figure 24(A)$} #o] Fabry-Perot fringe pattens
gn] o] & el W3lE F&l fFEagegFAs ¢ 5 . FEFEF
A€ nL=mM2 2 el § & o] A& dMsid BARALE A3
miA FFs= WA =2 JAE weFE Jir gro]l FEFAold). wElA
AQA ez nd L& F3H o3 A2y FI54AF ¢ 5 Jd29
o]F ZZ YW igor 4.05 AL31e] Figure 24(B)A ¥ B3HaF7
£ 33E 5 dd.
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Figure 24. Reflective spectra and effective optical thickness of

multi—arrayed PSi.
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%3 OHel F87|& ZES WAz 43t 2 {FEASe] s
FT-IRS 53 #9339t multi-arrayed o34 A 29| 2lztw o] =
of FT-IR 29 EQ e g 32d 4 glo] p-type AEZE A 73t A &
P39t Figure 25Ac AZ7d o34 AFY FT-IR ZHEHo|t].
2119¢F 914cm-19A4 Si-He AF 2§} #3 AFS A & sk
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Figure 25. Diffuse reflectance FT-IR spectra of (A) triply encoded
rugate PSi, (B) thermally oxidized rugate PSi, (C) the wafer after



functionalization of the rugate PSi layer with
(3—aminopropyl)trimethoxysilane, and (D) rugate PSi functionalized

with biotin.

Si-OH= #We] Astd o34 AYFE  Scheme 53 Fo]
3-(aminopropyl)trimethoxysilane®} 37 uF-$ X 7]W EwHo] olwlIFLoF
=3t =9 Figure 25C+ 238 oA AL Fd & FT-IR 29
EY 53 3 Aol opAFe AFHAFL 3386cm NA FIAF
€ 1575cm elA HaE A £ geon AAFHe C-H AFAFL
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AP Z ZW streptavidin I ¥Hg-S 317] 93 biotin &&E FEA 3} 3]
QA biotin  tetrafluorophenyl  esterS  A}-&3}9 ). Biotin
tetrafluorophenyl ester® Al£3l+ o]+ ester 23S ¢33 Scheme 69
oA FAstH . o]2A §A = biotin tetraphenyl esterE Scheme 5°I
o8 #53F 3stgrt. N,N-dimethylformamide 15mLe] A%  biotin
tetraphenyl ester 100mgs %°]x Zvl& triethylamine 0.9mLE Y3 A
2o A 30%7 AsHAl EFsle o I F olwle® 233 FA A
< 93 A 12A7 ¥k A F ethanol, methylene chloride,
acetone w2% AAHF oF ALrtEE AZXAA Foh. 2Y dsH
biotin®] Z e o= Figure 25D° oJs] &dd 4 )it} biotin®] o
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2-2. Multi arrayed o}34 A9 o3t AE 4l
ofl  IFe EW A A AEE U} AsA
2-pyridyl-2-carboxyethyl disulfide & B AgA 713
dithiothreitol(DTT)el ¢]sl "]z = 2-thiopyridoned] %< F43t}. o]
+ Scheme 79 2]allA] A A 35}53c}.

— s — o EtOH — s OH
Q \S/<i/> * Ho)J\/\SH Acetic acid QS W
fsl 0— sl/\/\NH2 4 O \/\H/

: O 2
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¢ o i

CH,C,

F

DTT §—sl o s,/\/\N)K/\SH + Q
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Scheme 7.

&5 = 2-thiopyridone? A=%E UV/vis spectroscopy (Amax = 343nm,
e = 808 x 10° M 'em )& ¥3 #F39dct. 60mA/mm” AFol 2ls 2

Ztd A E Ao Ay d2% A A= dF 30-80%7 xHe ZAd
Fdx F& W 2 AFE 137 nmol/mm” o}, o] & AR Fle] =
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Figure 26. Optical reflective spectra of protein A-functionalized PSi

sample before (red) and after (blue) exposure of human IgG.

FFEASE O3 AL flow celldl IZAHAI|ZL Phospate buffer
solution(PBS)S &350 =9 wiAgAE 543 ). & celldl PBSe
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Figure 27. Change of effective optical thickness after addition of

each protein

Scheme 5%} #o] streptavidin® B2 A9} biotine] 2= proteinA
7} AdE 3o ZAE ne F7IE Figure 274 ¥ FE3e579 W3S
& F 9gltl. o] ] £43 PBSE T FolXE oln] AZS 3 A
WH3tE Holx ¢ HAF FEZIFAE ATk 127 proteinAR X5
AstE o3 AYZE ol & WY st HA A "W A, A 34
%, malabsorption syndrome®] 99l°] ¥+ ¥4 Human IgGE X 3+=
AAZAL Jes At 94 PBS Sl IgGE 59 (100uM)
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IV. Conclusion
Ao AgFE 2 mm® AER A ¥ A By E& AFsie] P
S o] &3t Ase] ARFE S FlA H]‘H’Q—‘—’— AZ4g o3 A
= Ak olFA ¥R oA AYZTL2 9le HAAA A=
g AR E FEvh. multi-arrayed ©hFA A £ whAgaEs A
AYPer Ddapgos olFste S FUsL AA FA v A&
o f1x¢ 7H7hE A HA A= B A7 4FE Lol pored
& A AFF Folx|= AL AT 4 39}, multi-arrayed
o34 AP ZL Fabry-Perot fringe patten2 2 vel}=d o] Apeldle]
g FH=E olE FT W3t A2E FIAA FEIASFAE F3idh
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