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Optical Properties of 3-D Nanostructure-arrayed

Polymer Surfaces

Student: Chia-Jen Ting Advisor: Professor Chang-Ping Chou

Institute of Mechanical Engineering
National Chiao Tung University

ABSTRACT

The development of coating technique to lower the reflected light and increase
the optical efficiency of an optical system is a very important topic for modern
optical elements. Recently, the use of anti-reflection (AR) structured surface
has been proposed as an applicable alternative based on both the theoretical
and the experimental study. In this article, antireflection structured surface
was analyzed by the finite difference time domain (FDTD) method in the
visible light spectrum and has been successfully fabricated on plastic substrate
by nano-imprint process. The optical properties, include transmittance and
reflectance were inspected. In addition, two kinds of metal thin films (gold
and silver) were coated on the 3-D subwavelength nanostructure surface to
examine their optical properties. It was found that the metal-coated AR
structures perform well with very low reflectance in visible range and low
transmittance in infrared range. This special optical property can be applied
in window film to reduce the heat caused by IR absorption. The FDTD
numerical calculation was used to analyze the AR structured surface by the

designed profile 3-D pyramid and conical structure. Both of the structures



showed the antireflection (AR) effect (reflectance<1%) when the aspect ratio
of the 3D structure was larger than 0.8. In the nano-imprint process, hot
embossing and UV curing process were applied to generate 3D nano-structure
on plastic substrate as PMMA,PC and PET. The optical property of the
fabricated polymer film showed good agreement with the simulation result. In
addition, the metal thin films on 3D nano-structure showed much better
optical reflection performance compared with the films coating on the flat
PET substrate. It also showed that the reflectance of 25 nm-thick silver film
on the moth-eye structure can be decreased from 47.6% ( the reflectance of
flat silver film with 25nm-thick ) to 10.6% at the entrance wave length equal
to 550 nm. The results are very useful for the commercial application of

window film product.
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WA m UFRT ARG TS EF SN AN IR (B R

By MR TEMEREDF LA 2P

1.2 9L Eag it 2 B R

N

PR TR G REREEE R Ry SRR # A AR
BRI A BT D SR H kS A B AR LG
P AL APLE SR AR E Btk R FEE R e d o JF B
PEFFEINE G R AT S F W 0 X2 A e

gELY o R R E AR ) S o fiuk & (anti-reflection ; AR) % &

Bv ARBLF LG 5 Emdken bR HEL g K LD B

HW R P PR AL P - B E B EFP[8] dod 1.1 %77 o F

A
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FEE Al

L1 B R et 18]

Ip Abbe  SERESY MIEEE BE BekiiR BEE

L iU (5876nm)  VplE FEE®)EBmm  (MPa)  (glom3) 24h, 23 C("C)Asm DEds
FHERWH BEHE 1491 53 @ 3200 1.19 03 95
i
HAppmeme  Makrolen LOQ2647 1585 30 gl 2400) 12 (.12 124

Apec HTO351 1566 83 2300 115 02 173
HERIBEEIE  Topas 9013 1533 5 o 3100 102 <001 123
Zeonexz E48R 1.53 % o 2500 101 <001 12z
Zeonex 440R 1525 % 7, 20 101 < (01 123
Zeonor 1020R 1.53 7, 2100 101 <001 101
Arten FY4727 1523 52 o 00 108 0.05 110
apel S014DF 1543 % o) 200 104 0.09 125
E2EPST) Udel P-1700 163 23 £ 2480 124 03 174
B2l PES) Ultrason E2010 LES &0 2700 137 21 208
Ha i Trogamid CX732% 1516 45 £0 1400 102 03 122

121 WAHarbig
(1) 2 7 3%485:

v 4 38 ) e % 48 (evaporation ) £ F_UR4F (sputtering ) 7 jE o
e - £ F 1 FheSi0, s THO,. . R i F A o I 475
Fend R oo Ao R I RS ER 0 F Y IIRE iE ST

oo bk VEF R oendk 5448 % (anti-reflection coating ) e 0 &

Wi A WARE R T MNP A M PREERE S H L RA
PR PR FEAER 12002 0 F 2B A LISEP o



T B M I AR Y AL A 2 TR (cold
plasma) =it & 5 4piwf (CVD) WAZ[9-10] - & (B &/ ARE B ¥ 1035
Pl R o F M W R+ 4 ST 0 TS e

( plasma ion assisted deposition ) ¥t § L1l g F R & 4 L3 T >

LR LTS h B TREFE T IR A

o A ATk BT R ¥ £ 605180 eV B o (e B4
RaEBilesEr & i 120 eVt T R T o A (1] o ¥ R R 4

( magnetron sputtering deposition ) ® 42~ & - 8 & % B A+ wdEi

0 3o F1E 0} R il £ feerE it b

S
R A B P F s KR e - RN

\f:l

™~

-
4%
_ﬂq
>
—
&

#i2 (PECVD) % W A P iwfidn Higas @ * itk
(microwave ) £ &4f (radio frequency ) ;% 7 Jl%a% S L PN 3
BRI - SCVD kSl Mo R B R R 5 fokans 4 R
Renia 3 123 5 g di[12] -
(2) BB %5 (3%-55%2 ; sol-gel):

“130 % -2 WAR (sol-gel process ) % ot R

F (submicron colloidal particles suspension) & # & ¥ & & & 544 4L

A
W
o
—

s
N
=

LR RS T EE NI EY R X

T

Bk e v B AME ST A0 S A B R o
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1.2.2 %% 5 % v Pk 48
(1) % K 2LF 2 B e 58

&iiﬁﬁmﬂﬁﬂ’iﬁzﬁﬁif@ggaﬁiggijw

Fodek B AR B ERE G5 PG 0 R4S T K PRURA 4 813k

FAompLa s HAFLTAL PE § M0 £ 200nm pF

'

BMLIR S 5 Agenic B4 B £ 4 S Aot K 120nm B
I R BV R WA A EV A EE A B R kR

U AL i B F b A T Ip T SRR Bkt R & ds

Fob s Rk E o B for ch Vb TR A 2 AR
Pk o HWW R RPHR SR T R kR BHH AL DR T fo- B
EHRFLEMAL LR B4 RE S RIS aF S
(2) BRI FTRR AL

dN R AN B A RBRG e R 2L PR ¢ A

11



ARG R PR AL LA A B S A 8 S X
2 ABAYIELY o L A4 ARS AR o BARB %

[14] > % § 64 ehA 2 Bt B 2 sl e flie ™ S 80l

9

Boft B> JE MR REBE 1 o a I RARE R RPN AL
T B o

Flad ATREA DAL > REFSEAERE 7 T EHRDITT
A4 5 4oB 1.6 #7570 2 & PMMA A+ ' %+ lpm 0 SiO2 #TEL%
PIOBE R R o FI G g E iAo R R TIE hR 4 A
g 4 o REFARSE o F Ak F L AV - A% kAL
IR REZ - o 4Bl 17 97T o S SRR AR KRS A5 A S o
HERA T EE VR ES R fovi A SR E DB G g

oI e 2 (15] -

FOS AR R R RIR

B 1.6 = & Erz2 [ 415l Az e sk gl 4l
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[HEN
w
it

g}
P
k3

EERART AU A VEREREAFF G LTI

A0 blhe D ARFAL BT e BACE R DRI SOTR RS o Bl

-~

L=k SURBERUEEE PP S NS SIS ¥ R e & 8
FF Y cHEdp it LB R E R AR A e FIR T AF - R+
v Rk R R AR 4R S HE[16] o B L) < R
200~400nm > ~ jj%{fgﬁ GHEREREFAHEER L o a1 d

KRER X FO FPRRMDFE SRR T PR FCTFERR . B ]

Wk R RATR A A P B R L R E SR

18
lal)

BHFF AR LR E SRS E B A ko p B E
EE SRR BUER S SR 2 E A R & A

(electronbeam )~ 3 5+%] B & R BIiT* >3-k o ~ 2B A H 8 H5L
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+[16-23] - @ #2003 # 4§, W Fraunhofer#™ 3 ¥ « V. Boerner % A 7%
Z o J1* > iqg % (holographic exposure ) #jt¥ & PMMA L4 + # i*
SR SN W E LRGSR i AR R UE S Ay
(surface-relief structure ) & » 2 4% (electroforming ) = ;% #-% & ¥
e A RS BHE MG BES A R [16]

AT F WA FEEA R 42 3D %4827 [Fl4E
ok A MR UL A2 (FDTD)Z #icie = 2 58 7 HiH A
Yo R IE SR F TR 2 N S B o TR R IT L g g

bo Y1 BT o @m**%#*%%i&ﬂ%%ﬁ%@ﬁ”’jﬁﬁﬁw

She

£l

TENF F i E kR A T 3}% it & 4% = (electron cyclotron
resonance microwave plasma chemical vapor deposition

ECR-MPCVD) > fie & p o 24 e ihgz 4 %) (self-masked dry etching ;
SMDE) $ii7 > f g = 8 - H Frenpies o A4 P g 2 F 24
? 7| (nano tip arrays) » R % % R4 SR S R - R4k
FHRIE® p i (self-organization)fF & ¥ 1 47 (Anodic Aluminum
Oxide ; AAO) 2.3 K3k TR 2 > K Tz AR XS

AL KREF R A e VR - 4% 2_#4 B & ((hot embossing )
W Ag ek FgRH & b X F L X A5UV curing) Bl 425 N F B A5 i

Iy L Ll PSS RV R IR Y T
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SFOIE A2 T R plFT “i?lj‘f‘%ﬁ_%\» B & BET 24Tk B

Foit- % jR3D A A & RENLII L K E P

14 % B i

F-413D% A L e TR E R A1 X T R R
Y SR S N ATES § TSI SR TR FE
B2 gE Sk o AR o RRAM LR o FON BT

FAF L1902 B4R o
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EE YRS L LT

it

FUw g Nk E A2 FHE S F ot d R 1817& W 4R
R # 5 7Fraunhofer > | * &bz = hf g Fik SR B 402 B K
FRA[17] M HIET £ c MENREHE T P BTRFHEN > TR
© ARk F RARRFERU TR R o A MR B
( sub-wavelength structure ; SWS) 23k I % B30 F < 1967 #
C. G. Bernhard % £t~ ¥ f53[39]» # M p R R 37 5 & fenp o
B4 R e B (moth-eye ) 0 WE G AP B 3T A SEAT R F enag i 5t
YA A ZFUF B % o 3B - O MR 3§ AR ACEL(SEM) BB B i

Peindog o BT - & O] T AR R hRAZRH LB EA

LT A R AR R SRR AR B -

2.1 x & ";‘;—’}#}}%’* WhUE S B AR

1973 # P.B. Clapham~ M. C.Hutley = A **Natureff ¥|- K= 7 ¢
BAEET A RE A FRPRGHE[18] ) WARIF 2 T Wt 2 gt
I3 4 m % ke (photoresist) o 14 4 3 3 FVELIE S ] AN K enf]
B2 PR 8 A0 5200nmE % o BRIEEFIRDT dop &
FspR gt - o £ G DR kR g4 B 5 E ME S5 ok
B 0 GoB]2.1 5057 o
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Refeance i)

L_._.. | [l o ; _?.

i) ) [3T1]
W avelengis onm)

-

F2.1 4 ik s (aNaturep 7 @ chir st 2 6 42 © 5 BHCH
2 (b)F 5% L2 F[18]

2 1982& Wilson & 4 » ¥ S8 — o) Bs P G cnk B Fp s i
ferd AT[19] 0 BIRILE B E A B B R G o s 0 MR
SRR SRR W SR A G T RE S TITH S
RAFRFCAHR L IEF A FBRERIFR T4 F ST R IR
T R AR > Ao B]2297 o R F M A R B R K PR
AR R ETFE L BHZEF AL G P R ITHF

( gradation of refractive index ) » &t g #rd]F &3 7 ks v 12 &

v 8 kA2 G AP (moth-eye effect) o
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B 2.2 b7 378¢ 557 LB ()& % B 4750 7 o 74 obr 47 54
(b)# I i A cis R 54 2 R+ BCSLR T BI[19]

211 f & B2 2 FELFF

dr Pt e Menfy R, B2 L AR KRR - Bk
PEFR G ERLFL R e AL KT RELH G 2K K
FHgA 172 2K Shplfez W Epm g 23Ed - 27 %4
3253 % M.G.Moharam¥? T.K.Gaylord# =~ E# p 19813 19951
FHRNLEHC[26][27][29]- 2 ¢ & 5 44— wr - Gk £
MBI AT A E 2 BRI o R R TR 2 W) o A
AT ARSI Bt e B ] 2 R E R TR

(RCWA) 4v 2 & frMaxwellj #5 = 4758 o SR m 4% = B2 4555



i I VRS A SE R TR S L o ) CIRIEAILE S E el S S N
2 k@R o T 5 AN 2 e endp AT BB E R
b ¥ - G NEF L ER T AT ) QMRS T R

2

2 ApM A o B¢ & 51987 Yuzo Ono[40] ~ 1999 % 2001 &
1

i
=

T d AR Sl WARRER B oo A HA

A ~ & K. Hane# #:[20][22] ~ 1992 # M.E. Motamedi[41] ~ 1997 #
Philippe Lalanney[42] ~ 2000-# K. Hadobas [21]% > 5= 7 1| * Rk &
AT ABEPHENTE L 7]+ WiEA 2z 2 ¥ “é’f#l e B Lk

BT o

2.12% & Bip2 fasdw
batp AL FEL P B oK Hane %42 0 F 4 d 719994
] * 2 5 k8’ (electron beam lithography ) 17 % ik ehfi 3 &
( SF¢ fast atom beam ) & fAHF - £ Al &b ap A F 2 & D978
PRA) B H[20] 0 Ats R DR G B Bk K S
(two—dimensional sub-wavelength structure ) - 4cB@]2.3%77 o =X i
S RA R G Ak IR R 5350 nm ~ ) BEESE S 150 nm o Ak
£200~2500 nm= ¢ R § =gk £ B A4 Gt £ 400 nm

2o B OSEE  F LR R AR 05T 967 M F10.5 96 0 BT &
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SR B A G A5 KR AR R S

0.8 pr——r ! .
orf i (b) —Ss

-====== Sllicon substrate
0.6 i
= L ;
0.4 L
03¢
0.2

0.1
0.0 B : ; :
500 1000 1500 2000 2500

Wavelength (nm)

Reflect

B 2.3 F 8 e k£ S H(2)SEM Bl (b)# fhF &

Btk b R B85 kS RI[20]
?f#%”érj? 7 2000 & % i K.Hadobas % 4 » & 3 % 7 % &
& + 3 fo s (opticalnterference lithography ) #l ¥ eh3 5 B4 L 5
[21]° % s B A% 5 Pk o &9 9 200nm ~ & 35~190nm -
o] 2.4 #7om o B 2.5 5B - HIFEF RFIFER DR K BHREIHET F
HEF SRS Sk T R R SR ER A

46 3k SRR RIFD AR AT -

BI2.4 # 545 % & AR £ 4 242 AFME GRl[21]
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2

l a=10 & unstructured
1 d (nm)
vy 35

@ 74
| @ 12

(& 190

0= y
200 200 400 50 600
A (nm)

B2.5 7 FiFRR D 4 S D P& BaF S5EA521]

2001 # p &~ 44~ § oK Hanedgdz* {1 * £ 3 REM DHFE &
§ i“ 450%% (ordered anodic porous alumina ; OAPA ) Mc®’ H#e22] >
FEE S R TEY A LG ORI S R R AT S Ak
Bk f @Az £ % g L (SFe fast atom beam ) k4 %] 1) =

RE B B0 -

(1) Mask fabrication (2) Pattern transfer
(a) First anodization {e) Mounting alumina layer
~ Alumina NNANNNN. Silicon
< Aluminum

{f) Romovmg upper layer and
{b) Removal of alumina layer adjusting pore diameter

(c) Second anodization

(d)} Removal from Al sheet

ALY

B12.6 BiEF it grHom Mol s L 1T =0k £ Bt A2 B[22]
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K Hanecdz#r @l iT ) kehpnk s34 - R 5 5 &I 5 5100 nm~ &
v =124 % 0 &7 Bk £ (400 nm<A<800nm) pF T
409" K PI1.69 2 % o gtk o I A Bt im & 2% (rigorous

coupled-wave analysis ; RCWA) 2 #its B Sk & s st

M Bk AeR2.747T o

(c) 0'6':_ ------ Si substrate (measured) |
051 " —— SWS (measured) L
: ... —*—SWS (calculated)

4
1
1
E
E
1

400 500 600 700 800
Wavelength (nm)

B2.7r0 5 i gEiom WP L & B () § 1Y 4FHORSEME R (b)
Pk & A2 SEMAY Wl (0)=t i & SR S5k 5E B[22]
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_"?}\\7

& 72003 % B ¥ +k#7% + & o Stephen Y. Choudc ¥ F & 8 ;

(\:

"LAT AR en 3 oF %] &7 4 %] ( nanoimprint lithography : NIL )&= 3

SWe

23] *# e A WA A G Fehzp F AL B e 2
ek R R SRR Ak 0 F & X 5520 nm ~ iF #7200 nm >
hoB2.847 % o BF LR E P T EE BE T R K T< 59 0 4o

2,947 e

tri-layer resist { after NIL )

BI2.8% i dher Qivw Sk K dk ST
()% %] = & ff @ 2 L 5] A2(b) % HE SEMAR i B1[23]

as.
S
\\“
041 S~o
| it SV bare Si
o3t T
2 |
3
2 02t
g
01
SAS Si
ua\_./—l\_. __=”_——
400 500 600 700 800

F12.9 =tk & ok S e £ bt k3 F[23)
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2003 & 4, B Fraunhofer#® 3 » « 3V, Boerner % 1 #* 2 i} &
(holographic exposure ) 772 ;¥ K& iTdfr &% > P57 MR- FEH
Tl SARR AT ¥ XL P Ty o H g A 1 Ak ey > R
ko~ BR O FI A G RS H (surface-relief structure ) > £ 45+ - &
& K18 > 348 (electroforming ) = ;%4 & AR AT Wl & EE
E 4w o F52 0K (stamper) > £ A ARITX E4F W4 A - BRI

2 4o B2.10%7 7 [24] o B2.11802 2 4 (v Lk s+ HSEMR]

Photoresist Plate =
b

Holographic Exposure

'

Development of
Surface-relief Structure m

Replication mto Metal w

by Electroforming il

v

Repeated Production of
Stampers from one Master

Structure

B12.10 14 2 ot & Pt (0% B A2 [24]

B 2.12 R E g 3  PMMA At 4 6 & 6 BLITFr S4is

SHE R S LHED B SE T A 1% T (H 6 F S 0.5%
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1] s ) o

B 2.11 & i & jieen AR 2452 SEM ¥ . F1[24]

10 Reflectance (%)
. l'-. ~
T T - ra—
8 .7' -----------------
. | = == Flat PMMA Reference =
6 v e Commercial AR Coating on PAMMA
t —— Moth-eye Embossed m PMOA
4

[ B

400 500 600 700 800
Wavelength (nm)

B 2.12 & PMMA A+ % & (T35 SuCg 9717 & 5 5 6 3% B)[24]
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22 JLF b2 kB pE
221 E»x A FR2& (EMT)
g 7 1993 # Raguin & * ] * % »c /f &= %4 (effective medium

theory ; EMT) A 45 Lk st 6 #4£[25] » 4 % j€1-D&r2-Deni 4

( <

FRmAEFL R AT B NG B P ATV A BN S
Kdok 5 & e N drsf A A B B R S F A PRk
R DA ATt o AoF12.13() 57 o hok L F e G S
g i} G ASHR R F R TR g %‘ﬁ“r} T 3O R e R 4T 5
Fo RN G ornendbF > TV N E P & adE itk o doR)

2.13(b)#5 7

Structured Surface Effective Medium

Dg
Multi-level Profile (a) Film Stack
-
o M _ n(z) 1 z
s H]
ng
Continuous Profile {(b)  Gradient-Index Film

BI2.13 %o/ Fma2 4 5 SHA HB(a) & Mok andd bt 5o 5
(b)xdt 4 ef B 378+ F 58 [25]
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222 FEHmepmE (RCWA)
B AP B & B 6 R (surface-relief) g 42k ns o

- LRI ‘F’K Bt 48 & 1@ 4 (rigorous coupled-wave analysis ;
RCWA) [26] » & 8% »c 4 712 (EMT) % 4c 124 47 {22 - RCWA
SRR ERRLEY e B ES SO T ok o B8 2 A58
FEATRE 2 A2 (Maxwell’s equations ) sk S iz B fR4T
f# o @ ~ 1981 Moharam !/ % Gaylord * ¥ » 7 =t Y RCWAIZ %4 &
15T G KA M EA)[26] 0 1 2 1 45 8L AT R SR A 2 kR o
M {s &198241,1}#*%:\ o 33k (surface-relief grating) & {7 %&
IR A A7[27] 0 K w0 A om R AR A 47 32 h AL A 0 1983 & Enger % 4
I5-BAs A EARF L 8% 1Dk (grating) [28] - 1986
# Moharam +~ fF = 2 RCWA 22 % % 3 5 B # % ( high
spatial-frequency ) & = ;% (rectangular-groove ) i & i sk
# (surface-relief grating ) & {7 A 47[29] > 2 J L k4 3 & 4 BN 7
F % (zero reflectivity ) ehE & 14 0 11 F 2 }}%*‘J‘a’fi Ak A0 1-D
dom BRI

311991+ Southwell 4 i& 72-D. ‘Lﬁ:m 3F[30] > AP 3T R
TR WAL 6 SRR S AT SO 3 R R R

L3 R endtast s oo eRl2.04% % o S E o i R B G BRI &
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1425
TN
\‘3‘:"*‘?%”‘
ZEESE
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i
&
45
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)’Jf”rﬁlj.i?: g34
4230

]

] 2
a) _
- a
3)] .
F ‘é, ‘5—* R
T2 2 i
FT 19948 SEM # - B 1 B (
- M (4B )
- oh [30 Vo %
S ar 1 é
o ( —— iy
" b! ¥ L 2
=R mary 4 ?} ) s
#[31]° A grating ) - mk Py
frn w7 A (2-D sub
TR LR B g 2T RCWAT wavelen
2 (9 = rEM gth)
Z?L-gl =(° T
o , 30° 5 fEIE
H k k"]’;‘% 3450) W e
CEn s
) % jL 23 %ﬁ
‘r%;l'[/ ";El_géa )
7 o L1 t',_i_
“:E%]’
#
l';&
Zisl

0
/:_?‘[\ )
i t',_i_%g EJ
| e
ey
b

=5 o
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P
b gﬁ .
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%50

T
i A
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K BT A Ao BI2.1657 7 o

20 T v L) L] v 1 1
-—.chawseo‘)

—y
4,1
T

— E-DEMT fip = 90°}

Power Reflected (%)
=

0L10.20.30.40 50 60 70

F12.16 RCWAL EMTA BI85 4 - 347 F » it & &
2B g 5 1 R3]
223 P g 1L L2 (FDTD)

FF3 5 'L A4 &2 (finite difference time domain ; FDTD ) #_d Yee
w1966 73 > JU* Bele > EFR B iR AR L L A
Bt 2RIy ipd k3283 Az F P EROTE

B el A 47 > % [32][37] © 1217477 EYeeds it

=k

TR
SHPE LR AFR R OTSERF IR AP i) 42
Al o #2302 a3 > Yee a0t B & 12t 4rB2.18477F o $pEs 4
AL B8 a2 BAGREPN TR ES A e f i &
FE el (AxAy) feE B arr <o (At) B F B4

FE s e N2 e F L REA N BIEE R A A ATE KR

B kp 3:;.'] 17 I’?’ffﬂé B A7 e 4] o
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A V:%/E (2.1)

& H,v E. A L, y
J#{ © > & 2 O
+ -
® ) ® @ -
Z
2 H, E, H, E
i g © e,
flf‘ A, H
J3 @ @ ®
E, i, E, H, a,
J1 o @ @ O
i-1 i i i+ i+1

B2.17 = AYee & +#[32]

B12.18 = aYee & te

2.3 2 4k m ] v T
1p e g frihis 4 %) (self-masked dry etching ; SMDE ) $t i

B3 A L I[3334]0 A T R R TR B A
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o
S

(ECR-MPCVD) 5 3 & ffe> 2 - ek TRWALS > L » F
Moo 2 7 S(SiHy) ~ 7 2(CHy) ~ & 4 (ADZ 4 § (Hy) o & 7 2282 @
g R A K BAIER P A2 a3 K Biok (SiC nanoclusters ) 17T

% 5F @ frt (nanomasks) - [EiFg % & T Hihagsb > a8 2

S

% &% %t (aspectratio) 2z 2 K 4w 5 o WE 2 K42 LT A
WRh . LEp GG EHEL o

231§ BEEFEF TG B

—l |
(rn\‘&

Mep e R KR Fric e R R SN Ak s] o
Bl 4r2.19%77F o sffmbcif4r™
(1) gAa fo: AR o » - B F R § B (CH#SiHAAH, ) 5
(2) 59 RFRHE 0 LARF DL G S E N s R P (SIO)
pp i fEZ & B ANAS A 2 O B SR RE A (nano-clusters) o d tigat
2K AR R A P B M. R T T g TR N &
S i (nanomasks )
Q) #% %%:d j]*i‘lmi AE 2 g AE RHAF LG 4B kR
B2 FEEpd RV BMEF RIETDHCEFHEZ
PR Pl R AR A 0 R R AF R X TR ]\
Wod B i £FE KRR BRI B AT e

o MR T R R R (TR A BB e 2R 837 8 5

31



CRVSE SRR N S R E N A B R N FE O T S

4] o
(1)

Reactants Plasma

(SiH, + CH, + Ar + H,)

ARIR AR
T e

)

Silane Plasma + Methane Plasma
— Silicon Carbide Cluster

silane plasma methane plasma

3)

Argon Plasma ~ Hydrogen Plasma

SiC
cluster

B2.19 p ez K@frice 2427 L8 ¢ (l)m 2 E B F
%f’(CH +SiH +Ar+H ) » (2) 2 F B iRFEIE A ~ (3) MBS
258 3 o 4 w5 [33-34]
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2.3.2AA0 #HF | iT

& ¥ 1 48(Anodic Aluminum Oxide)x 2. #] 172 #4483 » 7
PR (e L~ AR AR Y TF S B 0 B8 B 0T fE S
i};? RIS g A F IV o AeB22197 o 2 KL EenE BT

1 j£4 nm~300 nm > 34k A eh® A 5 10°~10"em® >t HEE - AL

% Anodic Aluminum Oxide Template - & s AAO i -

- mwwTEw s
'rl-l"ln:-.i‘..‘-“. :l
(L]

B2.21% F 34 S enAAOTH# (a)3 12~30nm(b)3* fZ~60nm
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Reflectance (%)
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(i +——t——t——+——"———T6  [mmd=150mm
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%33 3D A KAMEILHE AR A L F HFE

Reflectance (%)
Wavelength_(nm) | 350nm | 550nm | 750nm

A300_d600 (d/A=2) | 0.001 0.03 0.1

A300_d400 (d/A=1.3) | 0.005 0.1 0.07

A300_d300 (d/A=1) 0.01 0.02 0.39

A300_d240 (d/A=0.8) | 0.03 0.13 0.89

A300_d150 (d/A=0.5) | 0.51 1.48 2.53
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Reflectance (%)
Wavelength (nm) | 350nm | 550nm | 750nm

A300_d600 (d/A=2) 0.1 0.04 0.3

A300_d400 (d/A=1.3) | 0.27 0.13 0.54

A300_d300 (d/A=1) 0.18 0.39 0.63

A300_d240 (d/A=0.8) | 0.27 | 0.79 | 0.39

A300_d150 (d/A=0.5) | 0.57 | 0.6 | 1.22
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Reflectance (%)

T T T T T - 8

L S E A N
/[/f b = —,':—j———'—ﬁ . d=150nm
A 5 (I d=240nm
Kl/[ - 4 Bl d=300nm
[/I o8 BN d=400nm
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[ i@
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d=240nm
d=300nm
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300 400 500 600 700 800

wavelength (nm)

B 3.16 7 i 4w 4i 7|k B K Gt

%352 @ a4k EF s RS
Reflectance (%)
Wavelength_(nm) 350nm | 550nm | 750nm

A300_d600 (d/A=2) 2.01 1.71 1.53

A300_d400 (d/A=1.3) | 2.58 3.30 1.66

A300_d300 (d/A=1) | 2.83 | 3.47 | 2.10

A300_d240 (d/A=0.8) | 3.26 3.47 2.50

A300_d150 (d/A=0.5) | 3.94 3.68 2.77

I pyramid structure
Ediscontinuous pyramid structure

Reflectance (%)

=
d=150nm S

d=240nm \ ~ discontinuous pyramid structure

d=300nm
d=400nm \
design parameter ~ d=600nm

pyramid structure
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Reflectance (%)
Wavelength_ (nm) | 350nm | 550nm | 750nm

A300_d600 (d/A=2) 1.76 1.49 1.53

A300_d400 (d/A=1.3) | 2.06 1.79 2.16

A300_d300 (d/A=1) 3.12 3.7 1.56

A300_d240 (d/A=0.8) | 2.62 4.17 1.36

A300_d150 (d/A=0.5) | 3.82 3.47 2.32
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Gold film PET
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-
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42 R%EEHA

4.2.1 “{—* *‘3\+$E/fdgflﬁ-ﬁjﬁw§$*B/Uﬁ “%fn‘.,
( Electron Cyclotron Resonance Microwave Plasma Chemical Vapor

Deposition ; ECR-MPCVD )

PRERERE GHRE SRR LS CREFT P R B %
FAr e R R RH CVDA A 2 AR T R R TR
stz (ECR-MPCVD) 5 A & @42 2 > H 31 B & # 7 L 4cHl4.2
“ToR o AFE G R % d AsTex #7242 AX 4400:0% k% 0 2 ¢ pk R
4 A1 AX 21155~ ficik i B 51500 Werpie ik & 4 B ordh i 57

1t i A2 875 GaussE -t b R B R E G T A 2 T R TR

et

k3 AX4400 ECR & - #8% »xay T+ 1 3 ’#%ﬁ?ﬂﬁf% v A
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MEEe AR TS e 2 B o AX4400 1 & ey T
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QA 4 “Ti A F B E gL B
(R)FEE T F ac Bt F o~ WawrrHp >
(A)H 425 ¥ &Rk o

(5)¥ 1 A TER R ,%gvf—;% A AT S875% BTk kLo
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Cooling gas

Electromagnet
il Power Head

Gas inlet
Y
Deposition chamber

Rotary pump

Plasma : D P o

AX 2115 MW panel

Stage controller
(a) (b)
W42 T+ @k RAoL TG RS L (@) f SRR HET L B
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& 0 if A4 7 netpositive space potential - @ net positive space potential

BECR® R cfe i 207 Bd > BFT A el BRI Mo A
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LB ECR 248 o 7] 5 ECReR I » AX 44007 12 feAp 4 (R 2
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Fl43 # % REXA

(b)
W44 HHTERA HIEHS @TTAES L TR SRR
(b) % 454 73 % iR R £

DM B F R L2000 MIEFHEE S P OEF BT
PR AE 0 A e B A5 o c TERR R e § T A B B R
(1) 7 e 4h (Ni(NH SO3)2(4H;0)) § #iehp s & 7 J% 44 4

o AT BARG L o
(2% 44 (NiClp) ¥ 42 B4 805 fof 35 - & BT 7 1p 1 B R

R RS A L T 0 L
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(B)r: (HyBO;) 7 % Phig i fhm » @ PHE 4% £4.0~4.7 -
s

Rl45 TE&H P INEE

4.2.3+ % % 5}%'@1%&%& # (Atmospheric Plasma equipment )

BAE A G s kA HIE R o A HRE N E SR
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torch) ~ & %% (corona discharge) ~ /i {5 jz*= % (dielectric
barrier discharge; DBD) » v/ 2 & F % T #-& f3den ¥ B~ § 4
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# (atmospheric pressure plasma jet; APPJ) » 4ri@ 4.8 > 7*»?{: Jf‘(

NIRRT AL BRI L RL &R A B

7\

L o BT R AT A FECCR AT A 4 RKOGR § 4 (50~400°
C)» e ¢ % fostiog 3k (Non-thermal plasma)  F]u
B AIE 5 5 o

AR B F R R S TRAUPPI) i R K
TR AT LW A6 2 F R IR W A R (50-300 7
O PHWAAIZY FAF HEMHE > ¥ 55 ME BT ~23 8k

2 TR T A G AL dedom PR SRR Flen
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— T3 33 3

Inner electrode

‘Water
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4. 4.2 % k4 ek (SBSE)wmIE i

LT P e i i
ReH |5~ a4 20 KN
B~ e 2 <t 1200(8") mm
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BARR%RR 1.5 %
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TLH T AR 3 MM
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Nanoimprint Lithography » UV-NIL) & ¥ — & { 1% & /R %l f2
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(UV / VIS /NIR Spectrometer )
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243 % b R[T 0 k[ kA k k¥ % Model V-5704

S5 SR R pp
TR ﬁ? ¥ | 190~2500nm
WA E | 0.1,0.2,05,1,2 5and 10nm
AEBERE |+0.3nm
B E R928 -k & & # & 2 PbS photocell
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fati & 0.5nm in NIR # ]
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( Contact angle instrument )
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& (Mean) % jf % 2 E j7(Base Width) ~ %
#% (Drop Volume) -

%4 £ R §F

£ Bl @ © 0-2000mN/m
A & £0.5% >
247 &1 0.1%
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B14.20 #5 5 k

4.4 F =R
441 p e RFTRRFEMRETR K X RABE
AR BRATH PP AT

(1) #4227 ’ji’%éé’%'l WA P 2 » — B F & B (CH#SiH+Ar+H,) o

() g R R 0 A b end s 3£ D K sea i p (SIC)
ok 0 L2 P A7 3 o s RE A (nano-clusters) 5 d 3t iz
A F EERER A B A o VB B e g (TA
B i i~ (nanomasks)

(@) #¥ & 45d ”%’i%“ g ~F R g F REAF AR A B KRR
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A2 v Gl T 2 5k 452 (Si nanotips) el f2iE 2 > 4ok 4500 o B ARP
Hrenk g 3 07 = (CHA)~# = (SiH4)~ & # (ANZ 3 5 (H2);
AT RRE AR L2:02:3:8 Hixiscem; dd % L1200%
1 FR458mTorr=+ ; AFER QL2507 5 L 58+ sy
PER o X 56 ~ 36/ P2 B eng ;”ﬁ%éé’%l]ﬁ Bis o wE e A
FALR A K AT o

L2458 (v@ 3ok £ 4 2 e d ik

F R # & (Source gas) CH,#SiH +Ar+H,

"L Fsing (Gasflow rate) 2:02:3:8
CH,: SiH, : Ar:H_ e

Mk # &% (Microwave power ) 1200W
ECR current 180A
1 i¥/& 4 (Totoal pressure) 5.8 mTorr
# A48 B (Substrate temperature ) 120~250°C
= £ R (Growth time) 6 ~ 8hr

442 M T L KR LFHE

TEZ N E IR FAeT

DEzEEFZFERRF MBI EZR G F02 0

Qi BBEIEBET M > &0 BRI 0 BEr 2 K
o LR L A dg R o BAFRT AR R
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QR4 TEFAFET B E » - IFET /B & 5 0.1ASD (Anodic
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Spark Deposition ¥ =% A/dm?) > BER¥ 5 30min; % - FEET o
2R 4 02ASD FRF 5 30min; % = AR T %A 5 0.5ASD > pF
B % 12hro 8 R 4r 402 50-55°C > & ¥ A A 4EAp & > @ H g &
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% AR 6~7 Wt%
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/.w_ ﬁi 50-55OC
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Bz Bl 7 AR B ¥ ok Sk B Y A 3] (UV CURING) P - d 2 B4t 4 &
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AR A & P FP B FRE T > 2 Jf R LI IZ B (AR D
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FRIRP - LREEFSH TR 10KV 1 TS Y
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Mass flow controller Mass flow controller
for earrier gas for ionization gas
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@l_ I— DI water
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