20074 24

m{o

(e
i

[UCI]1804: 24011- 200000233820

1249 3338 Multilayer & A

Ay /38 182 Replicas



1249 3338 Multilayer & A

A2 /333 182 Replicas



Multilayer ©& A

13

A E X Replicas

%e)

N

o

T
Tor

ol
alg
HJ

0]

]

o

11

2006



o

%

~X

N

o

oF

2 (1)

4

+
e

E

o

%

)A

Nd

o

0]

]

o

11

200611



LIST

Chapter 1. Efficiency of Hydrosilylation of Porous Silicon

ADSETACTE ..o eeeeeeeeeans 1
L. INtroducCtion...........cccouveeeeeeneneeeeeeeeeeeeeee e, 2
. Experimenta@l SeCtioN.........cccoeeueeeueneeeieaeeaeaeeaannn.. 4

1. Materials & Instrument
1-1. Materials
1-2. Instruments
2. e A2 ¥4
2-1. n—type t&Ad Ao &4
2-2. p—type ThFA A9 A
3. A A 2o 3W-fEA sH(hydrosilylation)

2-1. Tungsten-halogen lamp 3}ol A 2] hydrosilylation
2-2. 2914 & o] 438 hydrosilylation
2-3. Thermal hydrosilylation®] &-&
3. Photoluminescence®] 724
4. Hydrosilylationo. & <18 ZH <A 3} a3
IV, ReferenCesS.......cuoueeneeieaeeeeaeeeeeeeeeeeeeeeeeeeeeeeeeeae, 18



Chapter 2. Fabrication of Bragg and Rugate Reflector

Porous Silicon in Full Color

ADSETACE ..o
L. INtroducCtion..........cueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeaaeaane,

. Experimental Section............ccceeuveveeevueeceninnnn...

1. Materials & Instrument
1-1. Materials
1-2. Instruments
2. 0% v AdeZe 44
2-1. Rugate t¥4 A9 &4

2-2. DBR t3A A9 A

M. Results and DiSCUSSION......oceeueeeeeeaeaeeaeaeaeann...

N}

1. DBR th¥4 del2e] wap 2o e

2. Rugate o34 A9 WAL 29 EH

IV, CONCIUSION....oueneneeeeeeeeeeeeee e eeeeaeaaaeaaeann,

V. ReferencCes.......uuuuueeeeieeaeieieaeaeaaeaeaeaiaiaeaiaieannn.



Chapter 3. Photonic Polymer Replicas of Rugate Porous

Silicon
ADSETACTE .o 27
L. JNETOAUCEION. ...o.eoneeeeeeeeeeeeeeeee e 29
. Experiment@l SeCtioN.........cceeeeeeeeneeeiieeaeaeaeeaeaeanannn. 30

1. Materials & Instrument
1-1. Materials
1-2. Instruments
2. Rugate o34 Ao 34
3. Free-standing ¥ rugate thsA Hg& Z&9 A%
4. Rugate o34 A2 29 AFsh(oxidation)

5. Rugate T34 A9 #3 184 replicad] Az

M. Results and DiSCUSSION.....oeeneeeeeeaeeeeeeeeeeeeeeeeaeanne. 33

<

1. Rugate th&4 HelZ9 wAAAEY

2. Free-standing film¢] ¥HAl~#E ¢

3. Rugate-structured 3% 3LE A} replica®] WAL~ 3 E &
4. 338 182 replica®] XRD(X-ray diffraction) data

5. Rugate Y34 2223} 338 1E A replica®] band width H] 1L

CONCIUSTON. .o 40

s ReEfCrenCesS........c.oeoeeeeeeeeeeeeeee e 40



Chapter 4. Photonic Polymer Replicas of DBR Porous

Silicon
ADSETACE ..ot 41
L. JNtrOAUCEION. ..o 43
. Experimental SeCtioN..........ccceueeueeieieenieaeiiieaeinanannnn. 44

1. Materials & Instrument
1-1. Materials
1-2. Instruments
2. DBR &4 Hg29 A
3. DBR PSi/al® A composite film2] #| %
4. DBR t&4 A9 AFst(oxidation)
5. DBR ©&/4 Al ¢t a4 replicad Az
M. Results and DiSCUSSION........c.cevueeeeeeeaaaaaiiaaiaeenaaannnnn. 47
1. DBR vt Ao wAaaEd
2. DBR PSi/32 %2} composite filme] #| %
3. DBR-structured %% A} replicad] WAL AHEH
4. 3338t 182} replica®l photograph =22l SEM image
5. %8 u% A replica?d) XRD(X-ray diffraction) data
6. DBR tYaA A&7 38 182 replica®l band width H] L

IV. CONCIUSTON....c.ccoeneneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeaa 55
s ReEfCrenCesS........c.oeoeeeeeeeeeeeeeee e 55

<



Figure 1 :
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7 :
Figure 8
Figure 9

FigurelO :

Figurell

Figurel?
Figurel3 :
. Reflectivity of 580nm DBR PSi and cross-sectional SEM

Figurel4

Figurel5
Figurel6
Figurel7 .
Figurel8 :

Figurel9
Figure20

Figure?l

LIST OF FIGURE

SEM image of PSi chip.

Photoluminescence and reflectivity of the PSi.
Hydrosilylation with 1-dodecene under tungsten-halogen lamp.
Hydrosilylation with 1-decene under tungsten-halogen lamp.
Hydrosilylation with 1-octcene under tungsten—halogen lamp.
Hydrosilylation with 1-dodecene under UV light.
Hydrosilylation with 1-decene under UV light.
Hydrosilylation with 1-octene under UV light.

Thermal hydrosilylation with 1-dodecene.

Thermal hydrosilylation with 1-decene.

© Thermal hydrosilylation with 1-octene.

Decrease of photoluminescence intensity after hydrosilylation.

Photograph of four porous silicon samples under illumination.

image.

Control of reflection spectra DBR PSi.

Control of reflection spectra Rugate PSi.

Optical reflectivity spectrum of synthetic rugate PSi.

Optical reflectivity spectrum and photograph of free-standing rugate
PSi.

Preperation of optically encoded plastic replicas.

Optical reflectivity spectrum of 585nm rugate-structured plastic

replicas.

: Optical reflectivity spectrum of 693nm rugate-structured plastic

replicas.



Figure22 . Optical reflectivity spectrum of 826nm rugate-structured plastic
replicas.

Figure23 . Optical reflectivity spectrum of polymer replicas. X-ray diffraction
spectrum of oxidized rugate PSi film and photonic polymer replicas.

Figure24 : Band width comparison of rugate-structured photonic polymer
replicas.

Figure25 : Optical reflectivity spectrum of synthetic DBR PSi.

Figure26 : Optical reflectivity spectrum, photograph and SEM image of DBR
PSi/Polystyrene Composites.

Figure27 . Preperation of optically encoded plastic replicas.

Figure28 . Optical reflectivity spectrum of 558nm DBR-structured plastic replicas.

Figure29 : Optical reflectivity spectrum of 622nm DBR-structured plastic replicas.

Figure30 : Optical reflectivity spectrum of 712nm DBR-structured plastic replicas.

Figure3l : Photograph of polymer replicas.

Figure32 : SEM image for the surface of polymer replicas.

Figure33 : Optical reflectivity spectrum of polymer replicas. X-ray diffraction
spectrum of oxidized DBR PSi film and photonic polymer replicas.

Figure34 : Band width comparison of rugate-structured photonic polymer replicas.



LIST OF SCHEMES

Scheme 1: Photoluminescent quantum dot in porous silicon.
Scheme 2: Classification of impurity semiconductor.

Scheme 3. Hydrosilylation method and efficieney of hydrosilylation.



LIST OF TABLES

Table 1: Hydrosilylation data under tungsten-halogen lamp.
Table 2: Hydrosilylation data under UV light.

Table 3: Thermal hydrosilylation data.

Table 4: Reflectivity condition of DBR PSi.

Table 5: Reflectivity condition of rugate PSi.

Table 6: Reflectivity condition of rugate PSi.

Table 7: Comparison of reflectivity spectrum.

Table 8: Reflectivity condition of DBR PSi.

Table 9: Comparison of reflectivity spectrum.



Chapter 1. Efficiency of Hydrosilylation

of Porous Silicon

Kim, Ji-Hoon

Advisor : Prof. Sohn, Honglae, Ph.D,
Prof. Cho, Sung-Dong, Ph.D.

Department of Chemistry,

Graduate School of Chosun University

Abstract

Hydrosilylation for both n-type and p-type porous silicon has been investigated with
alkene such as 1-octene, 1-decene, and 1-dodecene, under three different conditions.
Etching was carried out as a two-electrode galvanostatic procedure at an anodic
current density. The photolytic hydrosilylation of porous silicon using two different
types of light sources, 300W tungsten halogen lamp (white light) and UV lamp
(350nm), and thermal hydrosilylation (110 °C in toluene) were used to determine the
efficiency of the surface coverage of porous silicon. Surface characterization of silylated
porous silicon was achieved using FT-IR instrument by measuring the areas for the
alkyl regions. The effect of photoluminescence and reflectivity upon hydrosilylation was
also investigated. Hydrosilylation of p-type porous silicon exhibited red shift of
Fabry-Perot fringe and indicated that the pore structure of porous silicon remained
robust. While hydrosilylation of n-type porous silicon exhibited the decrease of
photoluminescence, hydrosilylation using 300W white light showed the least decrease of
photoluminescence. The efficiency of hydrosilylation in UV irradiation exhibited much
better than that in 300W tungsten halogen lamp. 20-60% efficiency of hydrosilylation
has been obtained from FTIR.



I. Introduction

AT $7F Aa e A A9 8Ee o Hopz AEEH 1, AT
gtk ole s Arshete] wwr® F(photonic) F8toltt (10 'nm) 3haHol
Ha BAE EF ¢ mopxa itk Y et 3%, 37 da Bxig e
NPAE G2d 38t npo] AR uE(m) 9o wolo BAL UREE 27 gyw
W, et AES AANAFE F28 29983 1 I E£F Yix(nano) 24

ol 4% e Woph g WE SEZ BAGL Y o fE v 249 49 2
s

2

A Al

i

FAEEo] A Bol AHEHL 9
37l WEoln oy Yk dAE wEAY A 3 Z, single molecule
transistor, bio-chip, waveguide, display & & &okollA &5 3t} oy
e QA4S o] gd Y sete @ WFEm v A vojazy Az Alg
s AP dolFel A7)884 14 (electrochemical etching)® & Edke] Az E
B34 A2 Z(porous silicon, PSH Vel WA E B4 B AT o] Foj A1 9Tk,
g A2 =2 3uds zZte AYE vk crystal® networkel®, Yk A7)

o 71 Y dAE e Unvyg AU 558 F34 ddS e aystals

o]f g thFA A2 vk gt ¢ A BFgHE Aoy, dAE Iy A
PR EEE MEARA, AEEE Z7HA7]7] Y #7teE dopant®] EFol whet
T 7HA R Yol And ¢ 9tk 4% 949 AYE matrix® o] Fojx AgE gd



of 3% 94% H7ste] E(h', Positive charge)o] AAHHAM UEUE p-type thE

A A2 5% 9425 #HUbste] WAe, Negative charge)’t AAFHHA Y&

n-type thaAd Aol vtz Aotk oFA FAE A4 ued YT A=
E s

¢ 394 542 A3 Aok B ptype THEA A E A5 WAt

mlo

(reflectivity) @72, n-type th34 A2 7§-°r 33 23} (photoluminescence) &4

(5)

S 7k 3 9t} (Scheme 2) ol @ whA EAT F wRFNYe MMEA 1 L4

o ZFA7E i didsidh AR R E g A #do] Si-HE o] FoA
ool whgo mj-¢ mzre gejolw, 2N 7] FollA A syt "o

ol AFE FaA FAE p-typted n-type hFA A2 F TF A
A Ao gd SolRy, Twe] f7] BAL TASEAE (hydrosilylation)” A 7 o
W oAt §IE Lot uA o). EW - E=A 3 hydrosilylation)E Al 7] 7]

};L_
9% TEY PHe Folui 139 F8E BAGL wwe) ¥ Ao

=

Negative electron

VB

Scheme 2. Classification of impurity semiconductor.



II. Experimental Section

1. Materials & Instrument.

1-1. Materials

Ux=(m) 2719 7]&3 vrola&(m) 2719 FAE FAste @59 e dd
Z= @487 f8 1-10Q@em® AF #E& Z= p-typedt n-type HEE
AbgE e w29 PSiel EwWo] hydrosilylationg Al7]7] 98 w3AZ F71 5
1-octene, 1-decene, 1-dodecene (ACS reagent, Aldrich)S AF&38F% L, A FAH
HEA7171 A8 A9 cells o] 481tk Hydrosilylations A17171 913k Z-2he] 7]
& AAG st TR (disti)E 9 =3 FHE F7I

_/[:

Gl EAT 5+ Y& R WaT AARI Aol degassing FYE 2~33
o
_%

AN7171 Yet FEA4u= hydrofluoric acid (ACS reagent,
Aldrich) ¢ £43 ethanol (ACS reagent, Aldrich)8] £38&HE& ALg3 Tt 22 A
7171 $1% Etching cell& Teflon cell& A3t 1, +A == platinum wireZ -7

= o)+ aluminum foil& AF-&3}9

1-2. Instrument

A2 dolHo ArjstsH oz F 2 (Electrochemical Etching)S 17171 93
Galvanostat (soucemeter2420) < o]&3st%th. @4 ¥ PSi= UV-VIS integrated
analysing system (Ocean Optics USB-2000 spectrometer) Ab-g3to] 3| d3 3 o
FA4s £A8% 3, hydrosilylation] %5 w3719 #2419 e, IdH %
of g A FxE Yotry] s FT-IR (Nicolet 5700)& AH&3H3A
Hydrosilylaitons  A17]171 9@ 3 H-&7](photolysis reactor, 360nm 120W),
tungsten-halogen lamp(white light, 300W), electric muffle furnace (Thermolyne,
F62730-26)& o] &3t %t

old

2.4

4 AeEe ¢4



2-1. n—type 34 AgZYg &4
n-type t54 AgZ(P-doped, 1-10Q2cm,<100>)& A 719 8l, n-type &2 4

o] g 2x2em’ 712 F¥len FA4uE HREOH=11%9 $3u2 o] o4&
Al Z 3T}, Galvanostat (soucemeter2420)S ol g3te] Ad7|gtsty RS Fev
Tungsten-halogen lamp(300W)stell A A S sty #4242 50mAe 4 AFE

157 &< ZEFAY. dgo] B T Ao gojuE A deEE AlF F
FT-IR(Nicolet 5700)3} UV-VIS integrated analysing system(Ocean Optics

USB-2000 spectrometer)& Ab&3to] 43t}

2-2. p~type FAA A9 FA

p-type T34 A Z(B-doped, 1-10Qcm,<100>)& 4387 3, A& oo
£ 2x2cm’ 27|12 FH8 1 FA4dE HFEEOH=1:19 F9u2 3o §45 Az
gttt GalvanostatE 0|83t #7]3184 ‘j*‘é}@] PAst L B ZAL 50mAd 5
T AL A AFE T §hgol 29 5 HIZE AoA dolHE AU e
2 A3 % FT-IR(Nicolet 5700)¥ UV-VIS integrated analysing system(Ocean
Optics USB-2000 spectrometer)2 Ap-&3fo] E243c},

3 O34 Agd 29 EH K EA 8 hydrosilylation)

A" v3Ad HddIF oA ded HEE %
hydrosilylatione 2 & 38t%th. Hydrosilylationo] AF42 #7154 1-dodecene,
1-decene Z1¥]3L l-octene °|E A Al 72 f71&E84& 247 Agsida, 2+2te] #7]
FES AAGY Hstd FHRisDE FAT £ FHE 71
Sf ¢l EAE F AU AF Y AAE AAGY] A5t degassing FHE 2~33]
o * O3 dEds A9 A Ya, gystd ¥
1-decene, 1-octene)E 77 20mL% % o] %t}
=

A W 0 2 hydrosilylationg Al 71t HF3-0]



AW M A (acetone, CH,Cl,, HFs= 2. 2)& A7l 3 thA] FT-IR¥} UV-VIS integrated
analysing system(Ocean Optics USB-2000 spectrometer)S AF-&3}¢] hydrosilylation
o 585 EAsn vuEdd. ol AF84H hydrosilylation WH S & 13 o]

3¢ ¥F8-7](photolysis reactor, 360nm 120W), tungsten-halogen lamp(white light,

oA Ae29 hydrosilylation W89 7+ FT-IR 2¥EZS F3 3000~

=
3500cm " Mol AFE C-He EAAEY 1480cm ‘o)A UYEIUE Si-C peakE %

&2 P 2 J (photolysisreactor, 360nm 120W )
tungsten-halogen lam p(w hite light, 300W )
therm al reactor

o, g7

H
Li_éi Si LI‘—Si_ — S| ——Si——S8i——Si——=5i

efficiency of hydrosilylation = (A ,-A)/A
A, :initial area of Si-H in FT-IR
A : area of Si-H after hydrosilylation in FT -IR

Scheme 3. Hydrosilylation method and efficieney of hydrosilylation. Hydrosilylation
reaction of the surface porous silicon with the alkene substrate (1-dodecene,

1-decene and 1-octene) and formation of the Si-C bond.



M. Results and Discussions

olFA dAE e HYIZS F A 55T AEE JHA L Ao W
o A#(-)7} doping ¥ °1 %= n-type Had A & o

37 Z(+)o] doping o=
ol 1 YEE= WA Reflectivity) @AFo] BEZ 1A o]
o34 A8 #9  Photoluminescence$t reflectivity® UV-VIS integrated

[¢] =
~type A AYE

Figure 22 @Al %

el

(Photoluminescence)

mupgpe

analysing system(Ocean Optics USB-2000 spectrometer)2 o] &3t &3 Ao
=3



4000 4000

3500 3500

3000 3000
—~

2500 o 2500
2 3

E 2000 '® 2000
i :

1500 E 1500
[

1000 1000

500 500

[1] o

450 550 650 50 850 450 550 650 750 850
Wavelength{nm)} Wavelength{nm}

Figure 2. Photoluminescence and reflectivity of the PSi.

do Aol H¥E E&, hydrosilylation ¥F&& 360nme 33-& o] §3 F wkgo 7
o (thermal) S ©] &3

% 1A] 7}, tungsten—halogen lampE o] &3 7 ¢ &2}
7 S A=

8
T AMESE e A7 F FT-IR % F=AE o 43t

2-1. Tungsten-halogen lamp(w hite light, 300W) 3}l X 9] hydrosilylation

& Figure 3, 4, 5= @AE n-typed} p-typed] " HIF xUE
tungsten-halogen  lamp(white  light, 300W) &}olA  1-dodecene(figure 3),
1-decene(figure 4), 1-octene(figure 5) hydrosilylation ¥4 2 ®8-39] FT-IR &
HAEHS el Aoty 183, n-typed A+ photoluminescence?] W3S H| i

911, p-typed 7 $E  Fabry-Perot fringe 2AZEZ WIE nwselo
1-dodecened hydrosilylationA] 71 & FT-IR 2~HEHS ZA4sHY  n-typed
hydrosilylation &&< 6%°]1, p*typegl A 59%Z  YESTE n-typed
photoluminescence: 53%7F 7491l p-typed WHAIAHERH L 1dnm7} A3 &
o2 o534 th 1-decened hydrosilylation 7% n-type?l hydrosilylation & & &
39%0] 1, p-typed A$ 36%=E YEFGTE n-typed photoluminescences 43%7} 7
91, p-typed WHAIAHEZHLE l4nmrt A Fom o] Fa T iAo



1-octenes hydrosilylation 7% % n-type9 hydrosilylation & &2 14%9°] 3, p-typed
A 29% %2 YEbTh n-typed photoluminescence™ 35%7} A%, p-typed
Average efficiency(9%)

N-type N-type=39 P—type-36 PL Spectra

—— Etching
C-H —— hydrosily lation

FT—IR Spectra Reflectivity Spectra
WAPAHAEG S 1Inm7t F3H £o= o Fa it

Figure 3. Hydrosilylation with 1-dodecene under tungsten-halogen lamp(white

light, 300W).

Average efficiency (%)
N-type N-type=6 P-type=59 PL Spectra

B C—-H —— Hydrosilvlaton

FT—IR Spectra Reflectivity Spectra

Figure 4. Hydrosilylation with 1-decene under tungsten—halogen lamp(white

light, 300W).



Average efficiency(%)
N-type N-type=14 P-type=29 PL Spectra

—— Etchina
— Hvdresilviatien

i
=

FT—IR Spectra

Reflectivity Spectra

Figure 5. Hydrosilylation with 1-octcene under tungsten-halogen lamp(white
light, 300W).

hydrosilylation &&(%) Fabry-Perot
PL Z4&(%) .
n-type p-type fringe?] ¥ $|(nm)
1-dodecene 6 59 53% 14
1-decene 39 36 43% 14
1-octene 14 29 35% 11

Table 1. Hydrosilylation data under tungsten—halogen lamp(white light, 300W)

follA dojx AnE F 1o YERNAT. E 1s EW

lamp(white light, 300W)Z ©]£3}o] hydrosilylation 3 7% hydrosilylation ©] tf g

S8 ntype e AT Boe potype ¥4 AT A4 2010074 %

< 9 35-53%0]H,

o]
=
= o 1l-lnm A4 & A2 ¢ 5 Atk

tungsten—halogen

rlo
)

Fabry-Perot fringe(g)

2-2. AY A (360nm, 120W)E ©] &3 hydrosilylation

_‘IO_




t}g figure 6, 7, 8& 4 uF3-7](photolysis equipment)E o] &3] 224 (360nm
120W)stol A 1-dodecene(figure 6), 1-decene(figure 7), l-octene(figure 8)3}
hydrosilylation® A A 4% w3 A 2 g To FT-IR 2HEHS eI Ao
b mpzsbA W o2 1-dodecenes hydrosilylationAl 71 ¥, FT-IRS ZA & HY
n-type?] hydrosilylation & &2 21%°] 1, p-typed A$ 19%%Z YEFETH n-types
photoluminescences= 51%7} 74T R 1, p-typed] WAIFAHEA L 1Inm7} 3% &%
o7 o]%39tt. 1-decened hydrosilylation 7% n-type® hydrosilylation & &<
21%0] 1, p-typed A$ 10% %= YEFGTE n-typed photoluminescences 56%7} 74
StlaL, p-typed WRAFAHER S Onmrt Ao} £oR o]Fsith mAHoR
1-octenes hydrosilylation 7% % n-type9 hydrosilylation & &2 23%¢°] 1, p-typed
A9 31%= YEbHT. n-typed photoluminescences 34%7} A%, p-typed

WAZHER S (nm7t 49 o2 ol Fadrh

Average efficiency(%)

N-type N-type=21 P—type=19 PL Spectra
- - H Aj\ = Hen T
: wmvEnuABE? <on
P type
B — Sl
I k siH
" My A
FT—IR Spectra Reflectivity Spectra

Figure 6. Hydrosilylation with 1-dodecene under UV light(360nm, 120W).
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Average efficiency(%)

N-type N—type=21 P—type=10 PL SpeCtra

E . e Si—H

- A i s
P—type

o — Emiasen

E :: k ﬁ Si—H

; J\/\ Mo

FT—IR Spectra Reflectivity Spectra

Figure 7. Hydrosilylation with 1-decene under UV light(360nm, 120W).

Average efficiency(%)

N-type N-type=23 P-type=31 PL Spectra
E = CL Si—H
P—type ""'""“’
el C-H e
i..;: K Si—H
FT—IR Spectra Reflectivity Spectra

Figure 8. Hydrosilylation with 1-octene under UV light(360nm, 120W).
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hydrosilylation &&(%) Fabry-Perot
PL Z4&(%) .
n-type p-type fringe?] ¥ $|(nm)
1-dodecene 21 19 51% 11
1-decene 21 10 56% 9
1-octene 23 31 34% 10

Table 2. Hydrosilylation data under UV light. (360nm, 120W)

HolA dojxl daE F 20 dehlodTh £ 28 BY Z94d(360nm 120W)S ©]
43}o] hydrosilylation & 7% hydrosilylation o ™3 T&L n-type a4 Ag
2o A o 20%9] wdd E&S Hol Fon ptype thy AHE AE
10730% 9 &S HolFY. w3 hydrosilylation ¥, PLY #Z 44 % Fabry-Perot
fringe?] W= tungsten-halogen lampdtol A A& Ao} FAFE oF 34-56%9 #

29 % 9-1lnm A% A MoelF & A

o AS A Ao

22

2-3. Thermal hydrosilylation®] T &

2 19 9, 10, 11+ 1-dodecene(figure 9), 1-decene(figure 10), 1-octene(figure

2 934 A3 thermal hydrosilylation A AS 4% W& A 2 Hkg o9
FT-IR 29 Ed& Hluste] yepd ok, oo F 7kA w3 nirbA =
1-dodecenes thermal hydrosilylation*| 71 ¥, FT-IRS ZA3|EY n-type?|
thermal hydrosilylation &< 29%0°] 1, p-typed A% 39%= eyl n-typed
photoluminescence: 56%7F 74391, p-typed WHAIAHER L 13nm7} A3 &
o7 o]F3 At} 1-decened thermal hydrosilylationst%& 7% n-type? thermal
hydrosilylation JE&2 48%9°]x, p-typed A$ 45%2 YEYH.  n-typed
photoluminescence 69%7F #4893, p-typed ¥HAIAHEH L 14nm7t F3p4 %
o7 o5} AT R l-octened thermal hydrosilylationdt$l< 4% n-type
9] thermal hydrosilylation & &2 24%0°]3, p-type® A% 26% % YEFETH n-type

9] photoluminescence= 63%7} 72438131, p-typed] WHAI~HER 2 14nm7} A3
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Zod o

=

15313

Average efficiency(9%)
N-type=48 P-type=454

PL Spectra

—— Etching

—— Hydresiyiatien

" -
P—type

: CL

FT—IR Spectra Reflectivity Spectra
Figure 9. Thermal hydrosilylation with 1-dodecene
A ffici (%)

N type N type—29 P type—39 PL Spectra

- C-H i

i /AL Si—H

: LEON.NN NAWY
P-type

. cH S e

i' k Si—H

=

FT—IR Spectra Reflectivity Spectra

Figure 10. Thermal hydrosilylation with 1-decene
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Average efficiency(%)

PL Spectra

N-type N-type=24 P-type=26
- C-H
P—type

FT—-IR Spectra

Figure 11. Thermal hydrosilylation with 1-octene

hydrosilylation &&(%) Fabry-Perot
PL #4 &%) .
n-type p-type fringe®] ¥ $l(nm)
1-dodecene 29 39 56% 13
1-decene 48 45 69% 14
1-octene 24 26 63% 14
Table 3. Thermal hydrosilylation data
AollAl Ao AFE F 3o YAt & 35 R thermal hydrosilylation &
g 7% hydrosilylation o ™3 T&< n-type ¥4 A Zoly p-type A A
g AS v F /A gHEg 9538 =& A& ¢ F dr ayy
hydrosilylation ¢ PLY #A&& ¢ 56-69%= th2 F W) njg] <7k Z=ow,
Fabry-Perot fringetx ¢ 13-14nm A %= red-shift 3tod A7) ¥ ¥y F4138 AL
¢ 4 dth

3. Photoluminescenced 7r%
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Yol A A& hydrosilylation©] ©]F01 7 n-type thF3A A9 49 kg Fof
O~

n =2
et g 30~70% AR ZAES AT £ Y. HFH2ZE  thermal

hydrosilylation®] 7} =& #4A&S& B9, tungsten-halogen lamp(white light
300W), UV light(360nm, 120W)2 o] 433 S A%/ Hado=z 713 e 74as
& Holy Aoz yelyth Figure 12+ #2d 3 2349 7#42&S Yed Ao
},
100 - —l— T hermal
—— ID0DW
—le— LIW-305rnm
8O |
£
& so0 |
-]
2
£ ao |
20 : - ;

1-dodece ne 1-decene 1-octene

Figure 12. Decrease of photoluminescence intensity after hydrosilylation

™

4. Hydrosilylation2. 2 913 9 A3 73

F71ol Al A AE hydrosilylated Tha4 A2 3 AZE Lolr 7] Y Wl

7HA & KOH 8ol 94 Abget WA A7 F ga] dxA7 4 234

S vt v 7MA TR o g WA hydrosilylation® tsA AgE3 v}
7] Yste] R HA EEL hydrosilylation A &L Al thaA Ao, F H
A FEL w3l tungsten-halogen lampE ©]€3}lo] hydrosilylation A7l T4

Ao, Al WA 82 A& st A hydrosilylation A7l tha4 A ZolH,
vl WA ¥E2 thermal hydrosilylationdt th3A A &o|t}. n-type thaA Ay
& a9 1elA HE upeh o] 29 st A A FFS JERUE olE tFg A
g 29 ¥de Ywng 279 AEE Uy A7 229 quantum confinement &7}
of 71Qlgttt, o] g3 AuEe& 7] Foll AgEo xWol E¢AstY, 53 KOH
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Slof W A RS QL 4 sl Figure 13 471014 AZE A B34
QeE% KOH $893 w3477 AGH3 FHE vag Aol ne st

o] hydrosilylations Al7]1A & Al taA AgEE KOH 893 933
Aol ghde] AdEHPoH, T4 Al 7FA hydrosilylations AlZ T4 A

1
dze 1 YRyl fANE AL ¢ 5 A

Figure 13. Photograph of four porous silicon samples under illumination (top); from
left fresh porous silicon, hydrosilylated porous silicon with white light,
hydrosilylated porous silicon with UV light, and thermally hydrosilylated porous
silicon sample and photograph of four porous silicon samples under illumination,

after the reaction with KOH aqueous solution (bottom).
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Chapter 2. Fabrication of Bragg and Rugate

Reflector Porous Silicon in Full Color

Kim, Ji-Hoon

Advisor : Prof. Sohn, Honglae, Ph.D,
Prof. Cho, Sung-Dong, Ph.D.

Department of Chemistry,

Graduate School of Chosun University

Abstract

The development of new technology, which can achieve at nanometer scale,
to build a device is of great interest, because it is too complex to fabricate
by wusing conventional lithographic method. Multi-structured porous silicon
(PSi) is very attractive material because of its optical signal transduction
capability. The unique optical properties of PSi have been investigated for a
variety of chemical and biological sensing applications. The chemical
modification of PSi exhibits the modification of its physical, chemical, and
electronic properties. Here we have prepared multilayer(Bragg, Rugate)
photonic structure by a galvanostatic anodic etch of crystalline silicon wafer.
DBR PSi having the photonic structure of a Bragg filter can be generated by
applying a computer generated square current density waveform. Also, rugate
PSi can be generated by applying a computer generated pseudo-sinusoidal
current density waveform. Multilayer PSi exhibits unique optical properties
and exhibits photonic structure of Bragg filters which result in a mirror with
high reflectivity in a narrow spectral region. This reflective wavelength can
be controlled by tuning of etching time and can appear anywhere in the
visible range depending on the square and sine waveform. This might be a

demonstration for the fabrication of specific reflectors or filters in full color.
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II. Experimental Section

1. Materials & Instrument.

Uk(nm) 2719 7]&3% we] A& (m) 2719 FAE F4st= multilayer 34 A
g5 d4E7] 98 08-02mQemd AF #HE = p -typed AYE YojHE
ALt A71setd BAL Al7]7] §3 B4 Evle hydrofluoric acid (ACS
reagent, Aldrich)®} <43 ethanol (ACS reagent, Aldrich)?] £&& A& 243t}
FE2A17]7] 98 Etching cell& Teflon cell& A48, +A o= platinum wire®

-A =9 = aluminum foil& AF&3FA

1-2. Instrument

AR ol A7)t oz ¥ A (Electrochemical Etching)& Al717] 93
Galvanostat(soucemeter2420)& o] &3ttt &4 ¥ o3 (DBR, rugate) o4 A&
2 UV-VIS integrated analysing system (Ocean Optics USB-2000 spectrometer)<
AFE3Ee] AZ 9 reflectivityE &3 59t}

2.4

ON

o

old

Al /\1;4

o =

rl

_g]

sk

A

2-1. Rugate 34 A 29 &4
p -typed] AT goHE 2x2m’ 27| E FHE L A7)SEH RS 9%
4= HF @ EtOH=3 : 19 #3H|& 4435 A %3t} Galvanostats ©] 83}
spata BAS glo] gAEn B2 2AE table HolE ZAYZ sine wave I E
of AFE 1009 At t & teflon cellol A ¢lo]H & AU
ethanol® A& g & UV-VIS integrated analysing system(Ocean Optics USB-2000
o

Al
=

{u

23

7]

JPE
o
)
N
32
o
r]:l‘.’,
b
11—

spectrometer) S Ab-& 3}

Reflectivity of | Time of 5mA(low | Time of 50mA(high | Etching solution(HF:
DBR PSi current) current) EtOH
536nm DBR PSi 65s 3s 3:1
557nm DBR PSi 70s 3s 3:1
578nm DBR PSi 70s 4s 3:1
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589nm DBR PSi 70s 5s 3:1
604nm DBR PSi 75s 4s 3:1
622nm DBR PSi 80s 4s 3:1
640nm DBR PSi 85s 4s 3:1
657nm DBR PSi 90s 3s 3:1
675nm DBR PSi 85s 5s 3:1
705nm DBR PSi 85s 6s 3:1

Table 4. Reflectivity condition of DBR PSi.

DBR t&4 Ag& dzdd FdaA A dolde FAL0E F8
Galvanostat® o] &

H -
F ZAYR sine waved A% FEZ 100W WEFe EHPF wLo Y &
w5 A

DBR th34 Ao B $AaA 2@
Reflectivity _of Center Amplitude Hertz(Hz) _Etching
rugate PSi current current solution(HF:EtOH)
544nm rugate PSi| 63.05mA 11.55mA 0.42 Hz 3:1
575nm rugate PSi| 63.05mA 11.55mA 0.42 Hz 3:1
597nm rugate PSi| 63.05mA 11.55mA 0.39 Hz 3:1
607nm rugate PSi| 63.05mA 11.55mA 0.38 Hz 3:1
626nm rugate PSi| 63.05mA 11.55mA 0.37 Hz 3:1
647nm rugate PSi| 63.05mA 11.55mA 0.35 Hz 3:1
670nm rugate PSi| 63.05mA 11.55mA 0.34 Hz 3:1
693nm rugate PSi| 63.05mA 11.55mA 0.32 Hz 3:1
715nm rugate PSi| 63.05mA 11.55mA 0.30 Hz 3:1
741nm rugate PSi| 63.05mA 11.55mA 0.29 Hz 3:1

Table 5. Reflectivity condition of rugate PSi.
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M. Results and Discussions

1 DBR B34 A8 29 watzdEY

A AgZe FAsAT Figure 1% 580nmol A1 7F 3 §HAl= DBR v A A9

=
HAlAR E Gy 2 29 =3 SEM images HoF1 Yt

2000 — 5-EMA CER PSi

u.)

2500

Reflectivity(A.

450 550 750 850
Wavenumber(nm)

Figure 14. Reflectivity of 580nm DBR PSi and cross—sectional SEM image.
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il
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v A% (Low current ; 5mA/cm®, 80%)9 =< AF (High
current ; 50mA/cm’, 3%)8 YR 20 wrEdle] =
st HAS slo] gAH Zolth. SEM imageE Hoj i
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Figure 15. Control of reflection spectra DBR PSi.

3-2 Rugate B34 A9 WMAIAHEH
o S Ao d(sine wave)d HEHZ =&

_IEI_
Z5o] DBR "4 del& 22 o= 5S4 ¢
&

=
oA S5 F4 5SS JHAE rugate e AP EE FAT A g
o2 ZHFE 1 cycled M-S F7HA71W =
& 4 9tk Figure 9% %41 DBR tha 4 A#ZolA vebdnteh 2ol 500nmel A
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FWHMS ®eol51 9]

_24_



B "I | 2
= 2 E =

—
&
=

Aeflectivity (A U.
B
=

-
=

500

Wavelengthinm)

Figure 16. Control of reflection spectra Rugate PSi.
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V. Conclusion

18 dAlele 5E% #4384 EAS 7FZ multilayer A AE 2 TAA
Multilayer 34 A2l Z& 487198 d71884 F2& A7+ 38 (waveform)
£33} square waveE °]&3 rugate U A
& A Y. ¥ multilayer tHEA
ZANFLEZMN WAL peakE Aoy wupgo
2 2AT 5 At A FolW @i HOE NS W Ao How

Ab peak7h o] F38ko] A LERS
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Chapter 3. Photonic Polymer Replicas of Rugate

Porous Silicon

Kim, Ji-Hoon

Advisor : Prof. Sohn, Honglae, Ph.D,
Prof. Cho, Sung-Dong, Ph.D.

Department of Chemistry,

Graduate School of Chosun University

Abstract

Synthesis of nanostructured materials has emerged as a useful and versatile
technique to provide the use of encoded materials for chemical and biological
sensors, high throughput screening, and controlled release drug delivery. Since
the discovery of porous silicon(PSi) from silicon wafer, research has been
associated with emerging technologies, such as photonic crystals for opticals
for band pass filters and micro chemical reaction applications in micro
chemical and micro fuel cells. Rugate PSi is an attractive candidate for
building nanostructured composite materials because the porosity and average
pore size can be tuned by adjusting the electrochemical preparation conditions
that allow the construction of photonic crystals.

Rugate PSi can be generated by applying a computer generated
pseudo-sinusoidal current density waveform. Rugate PSi exhibits unique
optical properties. The resulting rugate PSi films can be lifted off from the
silicon substrate to obtain a free-standing rugate PSi films. For many
applications, free-standing rugate PSi 1is limited by its chemical and
mechanical stability. Because these free-standing films are very brittle.

Here, we have prepared polymer replicas showing a desired reflectivity by the
casting of polymer solution onto a porous silicon dioxide multilayer and
provides the means for the construction of complex photonic structures with

polymers. The photonic polymer replicas showing a desired reflectivity by
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casting of polymer solution onto a porous silicon dioxide multilayer have been
prepared. The photonic polymer replicas are robust in ambient condition and
exhibit an excellent reflectivity in their reflective spectra. The photonic band
gaps of replicas are narrower than that of typical semiconductor quantum
dots. The means for the construction of complex photonic structures with

polymers have been provide.
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II. Experimental Section

1. Materials & Instrument.

Yi(nm) 2719 71FF vlo]laE(m) 2719 FAE FASE rugate T3 A A
2% 457 98 08-02mQemd Ad #HE zeE p -typed AHE do]HE A}
Fodrh. A7|sterd EAS A717] Yet A Sl hydrofluoric acid (ACS
reagent, Aldrich)®} <43 ethanol (ACS reagent, Aldrich)?] £&& A& 243t}
F2A1717] $138 Etching cell& Teflon cell& AF23F%4 1, +7 o= platinum wire®
A=) = aluminum foil& AF-8-3F%

Rugate te4d A& of4F #3 F59 Az AE¥ polymers polystyrene

(Aldrich, M,=280,000) & Al&3t% o™, polymers &A1 &vlZ+= Toluene (ACS
reagent, Aldrich)& AF-&3}% T

1-2. Instrument
AYE doldol A7 seH oz ¥4 (Electrochemical Etching)S 417171 9l
Galvanostat(soucemeter2420)& o] &3ttt ¥4 ¥ rugate 34 A2 UV-VIS
integrated analysing system (Ocean Optics USB-2000 spectrometer)& Al-&3}o] A
Z9 reflectivitys 249Ut TAE rugate TFA AYES AEA 77 Y
electric muffle furnace (Thermolyne, F62730-26)% A}43t9 oW, rugate Tha4 A
g2 mHg #93st7] 93] SEM(scanning electron microscope, JSM 840-A)& Al
4319t AZ% polymer replica?l AgZ AEY AA FFE FAdsr] 8

XRD(X-ray Diffraction, D/MAX-3C)¥& =439t}

2. Rugate 434 A9 A4

p -typed A dlo]HE 2x2m’ Z7|E Frlsa A7|EA AL e 24
4vi= HF : EtOH=3 : 19 F¥u2 &4& AxT. Galvanostats ©]-&3sko] 7]

speta RS st FAsta F o RolFE ZAYE sine wave 9 H

1
o A7E 1009 wh&eto]l SeFolvh whEo] € ¥ teflon celll A #lo]HE 7

1>
N
[
o
-
o

=
l¢]
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ethanol® A& % % UV-VIS integrated analysing system(Ocean Optics USB-2000

spectrometer) 2 Ab-&3Fe 43T}

R(ra;ﬁ;:tt;vitgs;)f High current| Low current Time(s) solutig:\c(rlllig?EtOH)
585nm rugate PSi 34.6mA 11.5mA 8s 3:1
692nm rugate PSi 34.6mA 11.5mA 18 s 3:1
825nm rugate PSi 34.6mA 11.5mA 10 s 3:1

Table 6. Reflectivity condition of rugate PSi.

3. Free-standing® rugate 54 AGZ &9 A%

FAE rugate A A 2S AAAvk(electropolishing) Al A free-standing 2 &
deE w57 A, FAHE rugate B AEEE BA teflon celld] 1A A 7] 1L
etching lined] A% & HEALwj= HF : EtOH=3 : 12 AF&3l9] 480mAclA 2%30
% 9% AVggHdoer FAANZY, 2 ) ethanolZ2 A3} & FALuE HF :
EtOH=1 : 152 u}HolA 30mAA 3% & A7|stgA oz FAAZ, wgo] &
Wt F Teflon celldl Al o] E 7Ul ethanols o] 83kl gy o A& ZE2
slide glass®l & %0o} &4 D& JH=Z 8 (free-standing PSi film)3] H}.

4. Rugate B34 A2 29 A8t (oxidation)

dojHo A EalH free-standing PSi filmS slide glass¥ol 2 Ex, 2A4S I =
electric muffle furnace ¢tol ¥ olA 450°o A 3A)17+E < A3 E A ZIt}. Furnace
Qo A o]y E AW F, UV-VIS integrated analysing system(Ocean Optics

USB-2000 spectrometer)S Al-&3}e] &4 3t}

5. Rugate 374 A 29 38 1&A replicad Ax
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Polystyrene ¥ S Toluene®]l &3](40% by weigh) A7 & stirring A 7] 8 A
overnight &t} o]&A wWr5ojZA polymers oxidized Multilayer PSie] F o
casting Al 71t} Ab3tE rugate v AE 29 &% Wol polymerE casting @

=

hod

N

<& 7] & polystyrenee ~MEA 371 ¢ 100°14 208 F<9F 4 A (annealing)
£ 3t} Annealing Yol 49 & HF:H,0=1:5 € %o ¥ o]A composite material?|
w2 9l A& AATY. INHAE AW F UV-VIS integrated analysing

o},

system(Ocean Optics USB-2000 spectrometer)< Al-g3fo] EA

rt
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M. Results and Discussions

oA w2
AFE Aole2 8T o= SAT & AT B& HAss 553 B4
SA4E M rugate BeA A2 ES A AT Rugate e A2 T e

17 21 19— FW.HM

Wavelength(nm)

Figure 17. Optical reflectivity spectrum of synthetic rugate PSi.

2. Free-standing film2] WAl ~H E &

=
A5 Ate 2Ado 2N, AHNEAI peakS o] EAZ & Y2} Figure 1% @
I

J% rugate T3 HAEIY SAH TAIAFER G peako]n, ZH7be] FW.H.M(full
é

g A rugate TaA AT Zo| electropolishing dted dlojHo] = IS
S Y. 9A A7) s RS A dRYt ¥ =2 A7 (460m
A~550mA)E E#Fo] F24% rugate thayA AYE 29 IE RES B
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EAAHE HE g, U2 AF(22mA~35mA)E ZojFo] BAH BRES 9o
oA HEg]sle] =43 2 Ad (free-standing film) ©A ©al rugate *+*
S 7FA B3 2y AEE A2 5 9t Figure 2% rugate A AEE
3} free-standing 2 &9 WAL~ F E 7] 3} electropolishing S %3 Z & lift-up
o ARE RoFE Zlojth WALAHAEY S ZA | EY free-standing &
o] ® Fol% A9 peak® W37l §l5S FAT 4 vk SEM image°l A
Hol=ntel o] o] 3 free-standing ZEL FA7F 10mA =5t =% &
7] el e BEEA Y uls AN dir] Fol vl =obAsta FA

A7) AN GFA R olhhE BEe

d

ﬁd
X

o
%2,
k)

Photograph

4000 :

3500 -

Rugate PSi
— — PSifilm

3000

2500

2000

Reflectivity(a 1.}

1500

1000

500

400 450 500 550 600 650 700 750
Wavelength{inm})

Figure 18. Optical reflectivity spectrum and photograph of free-standing rugate
PSi.

3. Rugate-structured 38 18X replica® ¥WHAA~HE H
Figure 3<& Free-standing film® 7]& (pore)ol polymer Fol4¥ o] rugate-filter? T+
Z2 7bA Bapg el det uiat replicas Al FseE AL =AFH 02 e Ao

th. WA multilayer 99 713 ZA 3] polymers © Z 2~2HEA 3§79

electric muffle furnaceE o] &3to] A3} (oxidation)E Al ZITh A2 A2 A =4
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&9 AR WA} peakt T3 FHoZ shiftd Zlolth Atgtd A A

Holl polymerE casting® & 97 2 (annealing)E Zd 7] %9 polymer’} 2} S0z
B 71wl s71Ud BE7E 2 nEAR AGAAM =d&9 SR peaks A
%0 2 shift & Ao|th. oJ7]A AnnealingAl %7} UF =0 Suj7} oA F
o 2EE Abgee &

-

O

b
%2,
N
=)

2
o] bprth W& Zo] Frh ¥ ¥ Astd oA A2 filme HF (hydrofluoric
acid)ol HEthe & ol43dted & wo] & PSi filme HF 98] AAs #F
g 24 replicas AZFFATH Fims AAT A5 7159 vie A 2g 2=
b A2 712 viHWA S e aR WA} peakw T HO= shiftd Ao
. FilmAA A H03 &3 HF €ul& A43 o= HF &9
filme& A A8 A A multilayere] 725 IWZ 2347 $golt).

Ly f
nL, .L‘
Oxidation(450°-Shour)

Multilayer porous film

Nl

Oko
o
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1
_81_1‘
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nl,
Removal of
PSi film
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Figure 19. Preperation of optically encoded plastic replicas.
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Figure 20. Optical reflectivity spectrum of 585nm rugate-structured plastic replicas.
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Figure 21. Optical reflectivity spectrum of 693nm rugate-structured plastic replicas.
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Figure 22. Optical reflectivity spectrum of 826nm rugate-structured plastic replicas.

Free-— Oxidized Composite Polymer
standing film film replica
Psi (blue shift) | (red shift) (blue shift)
1 585nm 531nm 569nm 534nm
(54nm) (38nm) (35nm)
2 693nm 636nm 688nm 651nm
(57nm) (52nm) (37nm)
3 825nm 741nm 810nm 782nm
(84nm) (69nm) (28nm)

Table 7. Comparison of reflectivity spectrum.
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XRD data® %s3lo Alzxd #
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ta, YA = B8 82 replicas AlZde] XRDE =439tk Figure 72 %ol
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Figure 23. Optical reflectivity spectrum of polymer replicas.(left) X-ray diffraction

spectrum of oxidized rugate PSi film and photonic polymer replicas.(right)
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Figure 24. Band width comparison of rugate-structured photonic polymer replicas.
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V. Conclusion
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Abstract

Synthesis of nanostructured materials has emerged as a useful and
versatile technique to provide the use of encoded materials for chemical
and biological sensors, high throughput screening, and controlled release
drug delivery. Since the discovery of porous silicon(PSi) from silicon
wafer, research has been associated with emerging technologies, such as
photonic crystals for opticals for band pass filters and micro chemical
reaction applications in micro chemical and micro fuel cells.
DBR(Distributed Bragg reflector) PSi is an attractive candidate for
building nanostructured composite materials because the porosity and
average pore size can be tuned by adjusting the electrochemical
preparation conditions that allow the construction of photonic crystals.

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 exbibits photonic structure of Bragg filters. DBR
PSi exhibits unique optical properties. For many applications, free—standing
rugate PSi is limited by its chemical and mechanical stability. Because
these free—standing films are very brittle. The use of flexible DBR
PSi/polymer composite materials eliminates these issues and improves
chemical and mechanical stability. However, these composite materials are

not suitable for the application of biological sensors in vivo due to the
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presence of silicon metal from the PSi films. Therefore, biocompatible
polymers having a specific optical characteristics would be ideal for these
applications.

Here, we have prepared polymer replicas showing a desired reflectivity by
the casting of polymer solution onto a porous silicon dioxide multilayer
and provides the means for the construction of complex photonic
structures with polymers. The photonic polymer replicas showing a
desired reflectivity by casting of polymer solution onto a porous silicon
dioxide multilayer have been prepared. The photonic polymer replicas are
robust in ambient condition and exhibit an excellent reflectivity in their
reflective spectra. The photonic band gaps of replicas are narrower than
that of typical semiconductor quantum dots. The means for the
construction of complex photonic structures with polymers have been

provide.

_42_



I. Introduction

e Fx5 712 Y4AE ofste Ux Ve 1 gAY =2 ¥ 8
I oyx 2719 Zdo] HAS W YEUes A2 28 54 Sl s
HL oAy 7oA AE HusEH X Y AFdAE s Ve
ZFol sl A ol mHel H7|ststA F 2] (electrochemical etching)
S Sd FAHEE v AH2PSHel tig dFE weo] o] Fojxa gl
oA Ad8Ee =2 IHAS 72t HA8E Y crystaly networkel™, yx =
719 71e3 yedas z2te ey 2AY99 559 FeA Ads zde crystal
S AAsteE MM EA s Fo8 AAjoltt Bragg filterd #3 +Z& 7MA

= DBR(Distributed Bragg reflector) th&4 2@ 21e square wave HE]9 A7)
steby FAE FaA FAHNE & don, & shA Unt §iabete S5 494
545 M2 e Aot sHARE olgd tFAd A AL
free-standing film ZFEjol Al o] HEF o] EorAA wio oz F8&FokolA

we Ae wolgth

k)

$elE o714 DBR B34 del2e B34 JuE WEdn Y 3% 1
2AE AZT Aotk @A wolLANEA AEHT Yt BE DRAE

< ERA AW, oY AEAELS I band width7b 100nm7 &=

71wl 2ogkol | 71 AN EAM S8 Erbestth. A 3

Ab A4S AAA 3 9l e WA band width7h &S DBR thda de e
25 7HAL e 1dAE AXE Aotk oA Ux FXE JHAL YL
W, 3 2409 e aEzo
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II. Experimental Section

1. Materials & Instrument.

Ux(nm) 2719 71g3 vto]22(m) 2718 F75 F4s= DBR vad A2
371 98 08-02mQemd A3 FS 2t p -typed AYE folHE AR
shdth A7IEeA AL A7]7] Y3 B4 4l & hydrofluoric acid (ACS reagent,
Aldrich)$} 43 ethanol (ACS reagent, Aldrich)e] £&&4& ALY, T2 A

7171 $1% Etching cell& Teflon cell& A3t 1, +A == platinum wireZ -7

o
o
2
ol

= o)+ aluminum foil& AF-&3}9

DBR t&ad degIs ol&d 3t L5 Azl AH&E polymere polystyrene
(Aldrich, M,=280,000) & AF&3%9 2™, polymerE &3|A171 &2+ Toluene (ACS
reagent, Aldrich)& AF-&3}% T

1-2. Instrument

AYE doldol A7 seH oz ¥4 (Electrochemical Etching)S 417171 9l
Galvanostat(soucemeter2420)& o] &3ttt ¥4 ¥ rugate 34 A2 UV-VIS
integrated analysing system (Ocean Optics USB-2000 spectrometer)& Al-&3}o] A
29 reflectivity® FASHTh. #$4® DBR tEA AEs A7l 94
electric muffle furnace (Thermolyne, F62730-26)& Alg3d99om DBR ta4 Ag

EHE 987] Ya SEM(scanning electron microscope, JSM 840-A)2 A}&
stk A x¥"  polymer replicad) A AR AA FHFE FAsr] 43l

XRD(X-ray Diffraction, D/MAX-3C)"& =439t}
2. DBR 9434 Ag29 ¥4

A
2l

p ~typed] A Z go]HE 2x%em”® A2 FH|Fta A7 FsHH AL 95
gvl= HF : EtOH=3 : 19 5 3u 2 $94S A%l Galvanostat® o] &3kl 7]
ghetA RAS §lo] e AEt HAZAL table 10 Bol®E ZAYE square wave 9

=
el AwE 200 vHEste] ZEFodth whso] 2 ¥ teflon celldl A lold S 7AW

1o

)
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ethanol® A& % % UV-VIS integrated analysing system(Ocean Optics USB-2000

spectrometer) 2 Ab-&3Fe 43T}

Reflectivity of :r'n%:va Sglrlrw(h?;h Etching I
DBR PSi current) current) solution(HF: EtOH

558nm DR 60s 3s 31

6eznm DBR 80s 3s 31

712nm _DBR 80s 7s 3:1

Table 8. Reflectivity condition of DBR PSi.
3. DBR PSi/31 %A composite film2 Az

Polystyrene 2 ¥ A5 Toluened| £31(40% by weigh) A7 +
overnight ¥t} Overnightsl= &9,  §A4¥ DBR v34d A& A
(electropolishing) Al A free-standing 2 & JHZ e o5 %W ALEAE casting
A7t} Casting 2ol By A2oA A5 #4388 H, slide glassol 9=
composite materiale Eo]jWltt, UV-VIS integrated analysing system(Ocean Optics
USB-2000 spectrometer)S Al-&3}e] &4 3t}

4. DBR 934 Ag 29 A3} (oxidation)

golHoAH E2lH free-standing PSi film= slide glass¥ ol 8 ¥, 23S JId=2
electric muffle furnace ¢tol]l ¥WolA 450°o| 4] 3A)7t5<¢t A3 E A) 7t} Furnace
otol A ¢lo]HE AW ¥, UV-VIS integrated analysing system(Ocean Optics

USB-2000 spectrometer)S AF-&3}o] &4z},

5. DBR 34 A2 29 #3 18 A replicadl A=
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Polystyrene A5 Toluened £3](40% by weigh) A7l ¥ stirring A7) A
overnight &t} o]&A wWr5ojZA polymers oxidized Multilayer PSie] F o
casting A1 71th. 2F3td DBR th3A A2 29 3% W polymerE castingd ¥, F
2 7] %l polystyrenes 2~HWEA stz 98 10014 205 %<¢F €4 (annealing) =
gt} Annealing 2+ o] 4 3 HF:H,0=1:5 &% ¥ o] X composite material® =t
fZo 9e AgEZS AAgY NHAE A F UV-VIS integrated analysing
system(Ocean Optics USB-2000 spectrometer)S AF-&38}o] &2 3kt},
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M. Results and Discussions

I. DBR &34 A7 2o wA=dEY

4 A FEFe A FHE A H(square wave)d FEIE w2 AFolA W
T2 YT o= ST @ FHFAAR YIS wAtste 553 B8

4N
o
[ob)

=

[eN
=
[eN
—
=
Ll
AN
oxl
o
o,
38

half maximum)

% 23 28 — FWHM

. Re_f‘lectivity(A.U.
g 8 B 8 B §

8

0
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Figure 25. Optical reflectivity spectrum of synthetic DBR PSi.

2. DBR PSi/1 ¥ & composite film9 A%

st " DBR taAl A@ 29 electropolishingg &le] flo]lHe] = TE
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S @A, sFA T Free-standing ZEL th7] Foll wj$ EA s HAXA
71 f4o 294 B77] 43 598 2E8AE o] 83 composite materialZ A %3} %1
t}. Composite material A% Al AF& ¥ polymer?l polystyrenee PMMAS A 33
aEAo|t}, o]#H A A H composit filmE DBR &

4 AYZY AEE adE JHA L A fEE Aq7A 553 AR E
A 7HA 3 e #EgH 542 A DBR PSi/polymer composite filmE
J 5t} Figure 2& composite filme] WAl A~# E &3 SEM imageZE 4
e}l A o]t} Figure 22 %39 composite film S A 383 EXHS a9 =
7P 9ge&s ¢ 4 i, SEM imageE %£3to] free-standing filmo©]
polymer Atole] mAHo oS & 4 9rth. DBR w4 A FelA
composite film A Ei7} FH S v peak’} HaH 2oz o 30nmAE °lF
g F2 polymerzol 9 d] multilayers®] i =4 & (refractive index)°]

Z7hgewA e @4bolth

TF A

Photograph

. | ——DBRPS
4000 |- — — Free-standing DBR PSi/polymer composite

Cross-sectional SEM Image
of composite film

ilicon

Reflectivity(AUL)

Wavelength(nm)

Figure 26. Optical reflectivity spectrum, photograph and SEM image of DBR

PSi/Polystyrene Composites.
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3. DBR-structured 3% 15 A} replica®l WAL~ HEH
eho A} Al Z¢ composite filmE wl$ sty bF7] v FHES AL JA
ok u izt A EAEe AEE F45 AR v Eo] drug deliveryy biosensordt #
2 AA A¥ol= w$- FAEE. Figure 32 Free-standing filme 7] ¥ (pore)ol
polymer Fol¥ o] bragg filterd T+%Z 7}x EALA O #8 122} replicas A %3}

= A e mAHoR Yehd gl

nL, f
nL, .L‘
Oxidation(450°-Shour)

Multilayer porous film

) HF+HZO(aq)
nL, f
ni,
Removal of
PSi film

Plastic replicas having photonic band

Figure 27. Preperation of optically encoded plastic replicas.

WA multilayer 99 7]8S IA &9 polymers U F 2 EA 793
electric muffle furnace® ©]&3te] 4t8t(oxidation)E Al Zlth 2tsE A A$ =24
£ AR WA} peak:E @b £ o7 shiftdh Aol AtstE thEA A Eo #
Mo polymerZ castingd F 97 g (annealing)E £ 7] & polymer’} 2 Eo]z
T+ 71 F7IdA AR 2 1dAE APAAN =459 FIE peaks FIHA

Z0 2 shift & Aolth, 7|4 AnnealingAl £=7F UF oW Luj7t UFoA &

o
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TE Q7] i 2EE AHdste &
o] bpRU} ¥ Aol Fu I¥ T Mgty gFA AP F filme HF (hydrofluoric
acid)ol It A& o] &ste @& Hol 9= PSi filme HFel o] AlAs ] 3
g 1872} replica® AZ3}AT Filme AAT 4% 7139 HEE Az 2ga 2
b 2 FVIE uHEA Z2A4E&9 AR A} peakt ©IY £o 2 chiftd Aol
o FilmA7A A H0% £%¢ HF &viE AH&d olf= HF & $=&5 #79

film& A A8 A AT multilayers] 725 IWZ 23471 $ ot}

= AzstdA diE e HALRIEYSS ST Aot kel AW TWE peak7t

Hily s AL dod = 9t}d Table 285 3714 A Z 9 peakd W3 ZT S FE e

86 8

8

Reflectivity(A.U.)
:

:

8

o

Figure 28. Optical reflectivity spectrum of 558nm DBR-structured plastic replicas.
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Figure 29. Optical reflectivity spectrum of 622nm DBR-structured plastic replicas.
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Figure 30. Optical reflectivity spectrum of 712nm DBR-structured plastic replicas.
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Free- Oxidized Composite Polymer
standing film film replica
Psi (blue shift) | (red shift) (blue shift)
1 558nm 518nm 549nm 514nm
(40nm) (31nm) (35nm)
2 622nm 571nm 612nm 578nm
(51nm) (41nm) (34nm)
3 712nm 658nm 711nm 654nm
(54nm) (563nm) (57nm)

Table 9. Comparison of reflectivity spectrum.

4. 338 8 A replica®l photograph ZL¥ i SEM image
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polymer7} BFWl A 7h7to]l SA kA= Fek AR, v Al e

MEZ ALz

-

3}
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Figure 31. Photograph of polymer replicas.
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4 15.0kV 9.7mm x100k SE(U) 10/18/05

Figure 32. SEM image for the surface of polymer replicas.

5 338 18R replica® XRD(X-ray diffraction) data
XRD datas Fdto] Azxd Fd nEA replicadl A2 AL AA FFE Fd
3 wokth A9 Al free-standing filme AWS ol it filme XRDE =4

i, YA s #e uR A replica® Al %3sto] XRDE =436t th. Figure 72 ¢

I

,d
=,

A Az 37kA Y] 38 A replicas d WHAFAH E R I 622nm O] peakE 7HA AL
e LEAS XRD data® “ERW A olth Figure 7014 viEbdulel o] =4

Z filmo 7% °F 70 position(20) G H ol A peak’t vEFwEow  #8 wE A} replica

o 7% peakrt A UEEA @98 @ & A AL F W A4S AR % 2
Ao the FEEY 2R AZNALE FHHE ARG
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Figure 33. Optical reflectivity spectrum of polymer replicas.(left) X-ray diffraction

spectrum of oxidized DBR PSi film and photonic polymer replicas.(right)

5. DBR vt¥ A A= Z3% 3%
Azg B3 1EA replicad AL~
FWHM 5 peak? band width7} 6~
=y
< goFdt reflector2 M

ged Aees 249 B

4ol 7ts

_1&

%2 band widthd] #HHL U T
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222 replica®) band widthE W

A E A replica®l band width 8] X

Ao 44 4" DBR tdA AgIZng
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&st719 s o
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Figure 34. Band width comparison
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of rugate-structured photonic polymer replicas.
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V. Conclusion

F AEA replicav At3hd DBR whad Ael2 EWo] REAE casting A7)
Aol e AxHUTt AFxH F nEA replicas DBR thaA Ay 4stA
EASL oz /A e, XRD datag Fetol 53 nEAAFE A BEHE
ARz Jebd S FHetdt o A& &2 band widthe Y +ZE 717 #g4 &

19 band width7} 71 &
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