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Preparation of Polystyrene Thin Films Containing Bragg Structure and
Investigation of Their Photonic Characteristics

Sungdong Cho'

Abstract

Polystyrene thin films containing Bragg structures have been successfully obtained by the removal of DBR porous
silicon films from the DBR structured porous silicon/polystyrene composite film in HF/H,O mixture solution and by
replicating the nano-structures of porous silicon containing Bragg structure. Polystyrene thin films containing Bragg
structures displayed unique optical reflection resonances in optical reflection spectrum. This optical reflection band was
resulted from the interference of reflection wavelength at Bragg structure of polystyrene thin films. The wavelength of
reflection resonances could be modified by the change of Bragg structure of the master. Polystyrene thin films containing
Bragg structures were flexible and maintained their optical characteristics upon bending. The Polystyrene thin films
replicate the photonic features and the nanostructure of the master.

Key words : Bragg, Polystyrene, Reflections, Films

.M B

Photonic band gap 2271 Yablonovitch2H!! Johno]?!
%4717 (photonic crystal)ol] €]g+ wg3} gle] x4 g
4 71=(light confinement) 5l t)gt ofe]t]o] & A7)
SHHAEE v]§- Su|QlE Fofz wHshr] A=l
FEALL A ME TE FHEES F71H R W}
A|AA "éﬂ'c’l, o|xH Ee AR T ¢ Sl
g oA o] FT7HES AR T %Zéga 71 A
5 %‘—E Hjgste] o] & & k. d & o]z
g2 9S4y #7455-4 =2 24

™Y 71555 W Lskal photolithography
g3ll4 ol& 4 AUkl
-4 BARE e e 3A F /A7
=t 2 AR Z WA o RRE gzl

N o 2

E rlr m

mlo >{\l FIO

l

M

of, o iy to ue
o [40

N
==
9,
o

zx st 3182 (Department of Chemistry, Chosun University,
Gwangju, 501-759, South Korea)

fCorresponding author: sdcho@chosun.ac kr
(Received : September 3, 2010, Revised : September 17, 2010,
Accepted : September 27, 2010)

7ot} ol WHo g v AR 2= A9
A& thF=d 9 o] 8%t} Yablonovitchs ¥ 71
< A9 “yablonivites”2} E]l= AU JE|Z
A0l Z-g-at ok o2 w0 2= “woodpile” -
2 EgE A0 F wafer-fusion?} laser-beams ©]-&3}
= e w HZ AZEo2HE woodpile 725 ]
4-3to] $hEs 2494 1kx19] photonic band gap=

R CIpo A=A

T A e EE UrLU]Ei A719] YAE A=

%“3“‘ i O]‘:]' o C’] T+ AR e AL FRE0]
O]

*‘E‘jrﬁ ‘?l% opal*] &

packed é@% o/‘é ot Q1% opak 7HA 99 Bl

2 silicat}?® polystyrene %2} T} &

%ﬂ#i% FARER she LEAR N gE 5 gtk

Z o = poly(methyl methacrylate) (PMMA) S Z 9]

ZE o]&3le] 78 A} opal ZES WHE AL BHuHE

]j]_ 01]‘4_ [11]
ol Al M&st IEA A ELS IEA} beadE ©]
£5t] TE o7 T FeH 542l vty 9] wh



Bragg %% Z= Polystyrene ¥}

| Z(full width at half maximum, FWHM)®¢| o -$- =
= g@o] th 2 = oA ol5 FH53517] 93
A2 WHOZE WX Fo] v} AL IR} FEAY S
tad AEEE ol &8st vtes W o #EHy
EA4S BRASHT 934 A E(porous Silicon,
PSi)2 301 Aol Uhlire} Turner!'>1le)] 2]3)jA] A =]
o] R, 19903 o= L. T. Canham!*lol] o3& w3
EAdo] ARSI} A A dle]H el hydrofluoric
acidE &1 2 AFEEte] dFo 7 U AFE FA
= Frlo] oA il mlo]2E A7]9 7]*#0
AAGA =™, o] w] Y==27]¢]
A7 A71ek FEl, AHg-et= &l o] F-un], de|E
dlojsel] A7t g o gt gEiit) oA
TEE thad dEE2 w22 RS VAL
Aof AR} A Fopol| A 2 &8 7ol 2 EF
=1, B A7 A=A k. e, v
AT 553 71 GYollM W Wilete A%
o] WA WAtz A o] s ElketA AT
wof A7 QIThISl o] gl F8Hy EAS 7k ohy

]152_6_
[FIE= 1

xf

1

A AR W BuHS /X2 9len, 1 Bie
sfabA 0w o] H2)7} folSITh R Rk /| 3L o] &
3t ZAEo] Wzl w2 FaH AT E o] L3l A
B4, 331591 AR o) go] Bt e /1A
I Ge AnAY, Lo o] 75E o] HL 7
22 Qo] e AL Wy 9t) ] six|uk o A
Z]2& HAxA vk electrophoiling) 24 S 53 4&
2o 27 FolA 47 7IXE wEE A A of
e BAHLS BYel] U5 LA HeA R WS

FEHo|2 GHH e} Hof 717} oi$- 4]
AR S5 3R BEA DR HelE 34
of A W BEEH AN2A ALgo] PAF
o, 2elsld )t ol B e nekaIslel o
B AYES RAZ do] 3] TEE 2E 43
2248 AAsieh. A%E 37473 3¥4E DBR o
34 delze] 728 I 9 Bt ohe} 54
g FUAS 7T 3 A R
P4 ZRARG G A PAFL AL Yo
A2 ol 7HI7t g e Row ZET.

&

e 0\'

2,

i

|

2.

>
e

2.1. Bragg TZE = C3d A2[2 F29 &d
DBR(Distributed Bragg reflector)2 ©]-&3F t}3-A
A2 4 WS =59 pr— typee] A 4l
o] 9 (B dopped)E galvanostat (Keithley 2420)& A8

& Azt a5

o Faka 54 24}

139

sto] Abztake] MRS ZEFo] A71shehA A zhi
S F3) AT 943 d"e] 73 (pore)} o]
(depth) & Zzt= th3/d A& F4s7] A 217
|1l 2= hydro fluoric acid (48% by weight: Aldrich
Chemicals)®} ethanol (Aldrich Chemica]s)% 3:19] F

FH|Z EFsto] ARSI oM HARE dojFe e
2 =2 AR 2 AR AP#&%E W o] F
Aot EHE AFE 5 mA-em?9 90%, 50 mA-cm™
o] 325 Fow 309 whHE3te] Y3 Th Egh
AFo2E 52 ¢FEs 522 9ES A

430, o] RE FA-2 Teflon cellX 331t}
217} $ol = ethanol?} o}22 7EAE o] &8l A& 3}t
)\}\E]—.

2.2. Bragg TZE #= CI3Y A2 E&e| ME
#2]¢ DBR thaA AP filme 47 2717
48l furnace (Thermolyne F627030)S o] &3t 400°C
ol Al ¢ 3AZF E]t HolET. AtstE v e
&l ARAE casting A1ZITE ALEAR= polystyrene
(Aldrich, Mw = 280,000) 7.44 g2 Toluene (Fisher
Scientific) 20 mLel =<1 F 4] 30%S A& Th.
Castinggt 534 D52 °F 80°C o]3ke] 2%=ollA] 20
B EA e AY S "Fﬁga‘jr 2 ¥, HF : EtOH =
1:5 F-oH| 2 29tE g £t
o] 9 DBR tha4
AAE L o} e -

il g

oJ [‘l’l]
i<} 11

L/‘JEJ DBR o343 ”ﬂ*ﬂ' ’*@74 LEARS
At ER S 24 317] $13) tungsten - halogen lamp
9} optical microscope”’t “&2H# Ocean Optics USB-
2000 charge-coupled device spectrometerE A3}
th T3 AEFe] I3 AP EHE g2lE] Q)
FT-IR (Nicolet 5700)2 A& 3152 thad Az 2
5o AA AFE F<Is7] Y8l Xoray diffractometer
(XRD, D/MAX-3C, Riguku Co.)Z AF&&l3iTh.

T AEEE /130] $H02 A2 ols o
W wel B we] o) F EFE FYO of
$8 & 9tk B Uo7} Bragg F2E thed del
& 71 o]o]] Wl A2 The FaEo] L o o] £

Ashe delE YAYOE olF FRE AL A5
Fo RA YAYS ALY F UL JO2 AR

J. Chosun Natural Sci., Vol. 3, No. 3, 2010



140

B
oX
of

4000

3500

3000

2500

2000

——DBR PSi

1500

Reflectivity (A.U.)

1000

500

0 1 1 1 1 1
400 500 600 700 800 900

Wavelength (nm)
% 1. 618 nmollA] ¥HAE] 25 HojsF= DBR U4
2e] WL 2oE,
Fig. 1. Reflection spectrum of DBR porous silicon showing
reflection resonance at 618 nm.
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Fig. 2. Reflection spectra of films obtained from each
preparation step.
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Fig. 3. FE-SEM image of photonic crystal polymer film
having Bragg structure.
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