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1. ME M ZleEs gHEE oele R ofef, o
& Fdshy] A% o vge A g5 S
HeA Az Jee] dAL FEA Hop # 7b dddnt. meA, e 72 FEaatE g4y
AR A% AA, LED $3 e ohdd Fean A AAHez AMHAHE Za AAE F dE
71E okl &S FA Hof, wtnA Ax e 719 el SFHI Ut ofyE Ywx F&E
ol FaAe] FEHA HAT FHAE F3ha Fetaate] o At ARE 71e F ot
g TES] A% vA HEEe 9 933 HE Uw QIEZYE Vlgolth vk JIIE 7
HE7EAY 21 o)y A71E 73 Q7] el =& Ux AU F2E ZE A¥TE 3R
AT Haady sgo] "esx grm 4 whatel] ZhQlste] v AAYe] FRE AARSHA,
zbs] o] g}, AAE ARHIE WHESt) ARRFORHA, Ve T
Ty, HIZEY AEFY FNE A8 2R ZES AU & o2 hFANT & 2o HZd BT,
o] 2%sket nZA3] i 277 Fdgm ) IT 2 NT &ofllM Bo] &85 3, 53
ojA, olg A A3 x 2ALY B2 A 248 AY 548 & de FEgaA EoF
A 7ibkel 3 FAHFE AAPIC : Photonic off &0l AT FFda ULt
Integrated Circuit), Z1LE ¥ AR A 2257 Ui QZAE JWe g FAEA 7w
e agso FAaAF 2 7Ha 9loen, g 3 A2 Ao udE F AR AGaA, F
9 FAZE4 LED o ta d77F @33 APy AA4 LED ¢ 22 FgaAe 1 F32 2 Ag
3 gk of wie} B BAgo] oi¢ wZEA wkE-girh uhet
olgl g 1 FAsH FAaaAE WA FA7 AN ke IZHE 43 ALEIL 8FFHo o9}
Boz FFE B FEI Y FAA HHE dZHUE AY 7e9 d77F AgH A
(EUV : Extreme Ultraviolet)o]t} F, o A ™ (Excimer) o 3 JdZHEE B3 FxAY FYL 77
dolAss e dupge F9& oj&3d Yaa o AYre AAHor JdAHDE JTIEL
By Fo] o]FoiAa glor}, oj5e Ul A =3 Az BHEH dFE0] &3] JAHa 9
o A% FAR A vemE FGA7A A3 thoolelet U= FRe FFgAAe] YEIES
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8L F2 A Jaadgds s FRAE
Hed F oA F AF=g I A 2L F&
TR A1A Aol Ha gkt

2. XY E 0o|Ef 11EE Lt FX AL
Xt WE'Y

2.1 ¥XEE THE Stamp ME J|&

B AR EREE FHEC UE F HAx
E T FUIHoR Wi E b Qe %L i
Z 7 (Photonic Band Gap)2 ©]€3l= Aoty #
e o AFetE oUAE ZE UE P 4R

=
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Well SAsHA Xtz o8 o]&dte] # v
22 A% & + U AR =d2e V&Y
Wi vk 01%61 Fevtzd HE #3 &4
o] A glo} HF m&eol Wi F3, AH 2
A7k Fhedl Aol B2 A7rt Bdd] gy
g’

o]g g FANZEA LI E YTYE JYPS B
@ a2 7jen ARy AN 249 2
o] aFHT JTAES F Ao A3

_g_
Bl w49 R #32, PDMS F 22 UV
o]
=

Fid AAY UV dZIESL S5 dAEA o)
£33, WFAe] 53 HdEE € §4 A9
Thermal YZHEE FFP o2 Yoz} o)l

FAEAY T2A dZHEL FIFL FE Fig. 1
of AAE nvle} o] AR A A E(ER:Electron
Resis)yE 9o AAE v 2AdY FAR2AH F+

1} Cr deposit, ER couting & baking 1 ER enafing & baking

VL beam expoaire and development

3} Cr reacfiveion efching ard PR shrip

43 31, Quarts reuctive o etdig

C ayer deposiion

A)FR ship and Ficting
Fig. 1 Schematic fabrication process of the imprint

master with photonic crystal structure

ZAE A HaaAeE F HEPsaL o
F A7 34 4 ift off 34 T ¥E3HE F
s A zko] o] FoiA 5L girk. EFH PDMS ¢ ZE
TER 29 A% :1632 EAFE H4E F
af A n.

FAAE FRAE M JZIES 398 A
4 ARs] AsAE A A TkEe Eel

ER 2o #4274 e 722E FYA e
= Aol M4 Fasit ARl o B A
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Soltt. Webd, w3E AHe 27 % FPe 3
B Al dnd Wed A58 AR 27
A =gl o8 AAHM, o= 4 (Dl o
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Dose = 1 rope X Topven )
S87°

ANA, Lygpe &= DAL S AR, T © AR =
EATL, SSZ = FEE AP spot 7] A E
ou)sla, WA HFEE HEALT AT
A7) 93] ZAEM, spot 7+ Al 28] A=}
Hl9] wEA|Tbo] AL HT

ol gl A7 wat FREA FEREY
A7 7FEA fY AARY e 98 A7]9
BEow shgo] HBR =PFS AAd}E AR

o diEd S4S AR ol 4
Moz HAe =3FE =Fdte o] FIAAA
TEEY YL AR A%J ¥4 gdoltt,

Fig. 2 & 7F&5A %t «1?. FAEA A" T
=3

z93s AT % o, Ge 7}
2998 QAR LB 5L ASALAAY

¢

=3nc @49 9% A9 HAe ¥ A ¥4
AHEAT ol W& JMEHAY A7 HHFY
ZaE A3 2 spot o HFEEE AlZRe] AolH o
2 ZAAAA Hol AAN o] © gol EA
35171 E°]‘:}. g, W2 JtEAds B8 =
A YA 2E 9 contrast Aol 2 ¢l
’z}l"%ﬁo] o ¥ AES 2 Ho F =

T Lift off F8A Fig. 3 & o] 5% tF
ER 9] strip 38F HAA Wie A48 2
& W9 tearing 22 Q1§ FAAA HAE Y
Hzert Ao Ax EARFe #Adrh wet
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< 3A 01'7'11 Quq Flg 3(b)9} Q’O] 7H&
AAAo 2 P9 A77} Am, wpges
T 377 2HA A3EE proximity effect 7
A= vt wmebA, taicld FAEAe 72
R A A wBFE AgHor HH3)
Aok gl

iy b L
4 A o
WL d o of

-

= F

—=— 5k
e 20 b
450 o —— 101y

At 300uC/om®

[eveloped Dismeter(nm )

T T —
o 200 400 SO0 1] [{eli}

Dose(ulim™

Fig. 2 Characteristics of developed photonic crystal
patterns according to the acceleration voltage

(a) tearing problem

(b) proximity effect
Fig. 3 The problems at the wrong acceleration voltage
and dose

Fig. 4 & & Oﬂl}Eloﬂ/q A A 8
A7} 610nm, Eo 3}
47 34 glol ARl wAE I
dazdnE Ba A% ¥ BA F
3 A=< UV AHAL pDMS ZES

Fig. 5 © lift off F4A LA HE=
tearing A & 101 37 98 B A
& PMGI & ©]43 bi-layer 71H & %

(b) PDMS master
Fig. 4 Fabricated photonic crystal pattern and PDMS

(a) original master pattern
master for UV imprint using e-beam lithography

&0 Aol #g Aolrh 71E9 bilayer

=

AbgEte] A =3-E 48 ¥ Undercut
Aoy o 2 lift off FAA EAS}E tearing
A3t sidewall o] 7HAE FAEA =

A% % gslth

ofg lift off ¥ BAF Aol g
sensitivity AFo] & o] &FRA T, ol AAZF 9
Undercut & A|2tst7] 93] 75+ 11 @4 At
of oA FdE IS WA HEZR udEd
T FERER o]FoR FAAY Fo9 FHE
A4 F2 TAFRE AYa vk wEkA, £
THAAE PMMA o A4S 93 AMEEE &
Ao &S WA ¥Ee PMGI & AAFCS
°]

A

<

éMmmHuinam
W Ho ru! of

Kl Logoe

28 3455

(a) Cr layer pattern

(b) Si master
Fig. 5 Fabricated photonic crystal pattern and Si master

for Hot imprint using bi-layer lift off process
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A ztate] ARRSIAY, 98 A"
71759 F2 ¥ JA A3 =7
FE AFEY. B =RdME x
50nm 59 98 " AL 4
Z g}

%2, 50nm, 100nm, 150nm % 200nm ©] 31, 1 H]
} 100nm ¢ @9 HHES AP oz vdy=
5 A4 Za9s A3t Ay =Fe
¥4 ZFA ER ¢l PMMA ¢ 24 7Z+3AC] HSQ
ALgste]l w3 HAEES F 2o =Hg
E&35 0 FA Z33A ER 9 PMMA ¢ A
7FEAYE 20kV, W59 A717F 10um oA
380uC/em 9] =33S 714 w Fig. 6 3 o] @
AR ESY F2Eo] AAUH 5% o AUx=
AEA 7T = AU =3, 4 BFAA
HSQ 9] A& 7Fde 20kv, 759 A7) 30
um, spot 7+ A7} 3.2nm oA 2700 pCl/em 9 =
FFAA AAAY 3% o9 AWEE A1
50nm ¢ A3 48 dA-He Az 4+ o

N

A

e e m[m

(a) PMMA resist

(b) HSQ resist
Fig. 6 Fabricated optical storage memory pattern using e-

beam lithography

3. YZEES 0|2 NAS Lk X st
AR HEY HE

31 FXEd 4801s

YZHEE o] 88 FA4 AL aA 71d
2l Y ZHE(Thermal Imprint)$} UV ¢ = # E (Ultra-
Violet Imprint) F422 TEE F gt} 7194
AIXYE ZTAHL o]L3 e AL 1995 d =

A~® dlge] Chou 57 HZE AL 7)&e=,

neold 2% Pxd o8 F4AY T2 A4
g I EF UV YTIEE 1999 W EHALx

[e]
S

28 ste] willson 1F9 o8 Aoz At
7e2H By Exe VwS HEANLE A
A AH3E T3 FAEA4 T8 A3 Wi
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dur o] FxLAA FZRE High-aspect ratio &
TxE ztown, FAAAY FxH EAS I
A717T M E ALs A3l & €t web
A v‘f—oﬂfﬂh High-aspect ratio & 97] 3]
Thermal YEZHE FA 9 RIE 7 FAHE &
FAAA /‘3337]%% ANstaA} Fot

Thermal JE%E—‘E Fig. 73 Zo] &7l4A +
AE o] &3t HEF Ho ¢HE Jstd AW S
qE e &4 E“;o"] A FHE FEAo] 2%
olstz Wzpg vF 2®EZ e ARE E st
RIE A7} ZAe o3| A Reverse 424 HES

o

N afive Pattern fransfer
Embossed
structure

hole array

Positive Stamp with
\ surface relief
(low aspect ratio)
Compression molding

Window

Spin coating of ;

thermoplast on ¥ opening

hard substrate

Stamp with Etching

nanerelief Negative Stamp with
Hot embossing feverse pa{tem.

and demolding (low aspect ratio)

Fig. 7 Process scheme for the fabrication of stamp copies
with reversed pattern

o] &l Reverse W] A®IxX g Tr}A] NIL 3}

3 RIE & AX'A Pillar array 3 Bl 9] High-aspect
ratio ~2HZE 4§ F AEY. 21 F4 £ Fig. 8
o el

Pasitive Pattern fransfer

Negative Stamp with
surface relief
(low aspect ratio}

Embossed
Structure

Compression molding pillar array
Spincoating of Window opening
thermoplast on
hard substrate Etching

Stamp

with nagorelief Positive Stamp with

Hot embossing reverse pattern
and demolding (high aspect ratio)

Fig. 8 Process scheme for the fabrication of high aspect
ratio stamp copies
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High-aspect ratio & 7] $]3l Deep etching <
A HW Si etching #A Foll £ FEo]
FUA= 43S o] Al oY d Age Al
olsty] A= Zhzte] Azt FACA Frching
& A3 2dsleior &

o JeEb AT

i

A2
et

Table 1 Process parameter

Process Step Process Condition

Si stamp<100>, Thickness460um,
Cr 20nm

Substrate

E-beam lithography | PMMA 600kg/mol ethyl lactate

exposure (safer solvent), Thickness 60nm

E-beam lithography .
Continuous path control mode

development
Development MIBK/IPA 1:3, 45sec
. RIE(BMP), Cl,/CO; gas, Standard
Cr Etching
value(max. power),Time 60sec
RIE(Oxford Plasmalab 100),
Si Etching 0,:CHF3:SF6, 5:40:2, power

200W, P=20mtor, 40nm/min
PMMA 25kg/mol ethyl

lactate(safer solvent), Thickness

Thermal Imprint
300nm (for moderate structure

depth), 1000nm thick(for high
structure depth)

resist

Temperature 200C, Time15min(for
pillar on stamp) to 60min(for

Imprint .
holes), demolding at about 70C,

Pressure 50bar

Si etching Z} ©@AllA 47 2 E3b| 9
etching gas & A&t} ol2ldt AL FafA
High-aspect ratio 7-Z&-& 800nm ©]4+9] Qo]7}1x]
& 5 AT Fig 9 oA HAFH o2 AL Pillar
array 729 ¥ 2 High-aspect ratio A 24H =
B2E Thermal FEA FA os|A WAAsAT)
9F A4¥ $4& 53 wEold High-aspect ratio
2ETE O 3 W A 3 wsod A9

3

i
KeX
=

—rm= T

ZRok 340 B4R *ﬁ*é NTE GF A
i Y Y A FxEY &Y APEE 29
T AT Fig. 10 & AZd FxA4 9] SEM o] v)A]
€ YeEhiio

Stamp W’ii’}yl Embossed
sgfme relief ) structure
(high aspect ratio) hole array

Spin coating
Thermo plast on
hard substrate
Stamp

With nano relief Photonie
Band gap
stracture with
Waveguide

Hot embossing
and demolding

Fig. 9 Process for fabrication of photonic crystal by hot
embossing

Fig. 10 Positive Si master stamp and pattern for low
index photonic crystal waveguide
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refractive index(n=2.46)2. 2 <13 crltlcal angle( 9 c) 1.
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o FARAYGE %‘%HE%E(Photonic Bandgap) E3&
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o| X 2F3 High-Aspect ratio ~FIE 0] 83},
Fig. 11 3% %ol LED 3% 7|#$lo] m€d Zg
wo| et F2 o] &3 AR vlaH AR}
HET 9 Thermal YZHE L= Uy YITHE 3
3L T HES APAh 24 WFe] AR
HzE vtxEst A8E £839 RE 34 ¢
A p-GaN 71#E 47383, p-GaN 59 HF o
S Aoty gt % A5 110 28
& ¥t} Fig. 12 LED A dAE FRZEA e
SEM °| 1| A& e A

Fig. 13 < 2006 do] ¥¥H =522 GaN-
based LED °ﬂ FAAAES APA %]E%Ei o}k

g etch-depth & TE F F& 35

1, Exitayy struciure with ODR

v

3. PMMA costing

4. Heat and pressure 8. 17O anct Pad deposion

Fig. 11 Process scheme for the fabrication of high aspect
ratio Photonic crystal LED Pattern'®

Fig. 12 The SEM image of fabricated Photonic crystal
LED pattern using NIL’

(a) pPad

e FTOSAGM |

o 2 Propagwaﬁon-bistaﬁzsﬁnnl *
Fig. 13 Analysis of Photonic crystal LED using 3D-
FDTD"

011 3D.-FDTD Al E# o)A S B3 YZAEE o]
83 etch-depth o HH xS a1 A¥S T3l
LED #£35&S 25%3F 7AD" =& Fig. 14 &
Zo] AZTHEE 3 200m ¢ 120nm 2] etch-
depth & 717 FAZ27 LED & Aoz FEF
3 2 &9 &A% 23 350mA 2 driving current
o] 4] conventional LED, 20nm 3*}Z*% LED I1&1
120nm #FAEA LED Z}2+e] LED output power ©
59.5, 92,5 281 1121 mW & Bgth o|= 2D #
244 ?17} illuminant intensity & %7}l °§5Z}:'°“
FAYE RE EOJ]TU‘] etch depth 7} ZoJ&A$
a8 27}6¥E}L & BHAZETY

s S aend E50

B i

Frowern far Wy
B

B 6 b a8 b
Loty

Fig. 14 Measurement of Photonic crystal LED using
NIL"
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24 LED ¢ Y Az 2 34 7)o e
A A B

FAAA oz 9 4 ARARY 2z} Az
HE o8& 53 A Zled dA JHE ®Bg
g 548 FMEeH, ol 7uiez &
HA w@FE T3 UV Y dZUEL PDMS
3t o ™, PMGL & ©| &3 bi-layer lift off ¥
O thermal YEHEL ABE FY& A
o} Sonm w9 TUE F ABAY AL FY
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s Az sew, s A3 4 7
e %'P‘ﬂ 800nm ©]/¢<] High-aspect ratio 9 #=2}
AAE 1%0]3t a2 AdstA AFEgivh =
ol &3t FAZA LED ¢
illuminant intensity 5 7}A14 = &% @8t
ol ZAAZFE vH FEAAe FE 3}
A Haads VEd e JZYE V)&
2 YnFgol FaT FUAL gedsiod,
FF dxFgo] FaAe nasstE g &
WA AlgE Roe R Awrdd,
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