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Nano imprinting lithography fabrication for photonic crystal waveguides

Une Teak Jung(Nano Science. Dept. PNU), Chang Soek Kim (Nano Engneering Dept. PNU )
Myung Yung Jeong(Nano Engneering Dept. PNU )

ABSTRACT

Photonic crystals, periodic structure with a high refractive index contrast modulation, have recently become very

interesting platform for manipulation of light. The existence of a photonic bandgap, a frequency range in which propagation

of light is prevented in all direction, makes photonic crystal very useful in application where spatial localization of light is

required for waveguide, beam splitter, and cavity. But fabrication of 3 dimensional photonic crystal is still difficult process. a

concept that has recently attracted a lot of attention is a planar photonic crystal based on a dielectric membrane, suspended in

the air, and perforated with 2 dimensional lattice of hole. We show that the polymer slabs suspended in air with triangular
lattice of air hole can exhibit the in-plane photonic bandgap for TE-like modes. The fabrication of Si master with pillar
structure using hot embossing process was investigated for 2 dimensional low-index-contrast photonic crystal waveguide
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Fig. 3 Master stamp for triangular air hole type
polymer waveguide

Fig. 4 ol A YElHlZe] WA 93 wpiay 202 E
A 237 A Si substrate 9] Resist 5= 4 3]
3l 1 %]l E-beam lithography = Cross 3JE1& A
AlZet. o] g A AdE HE-E Develop/Etching 3}



Low -aspect - ratio 5 7}%l Original pillar "}~E &
AT} Fig. 4 9 HAHL EaA dojn 48wy
& NIL #4 o] AL e ARgsiA Hoh

NIL FA | Al85 & & )R /) (Hot embossing)
2 7ldSel ZHE driag A9 vy
o] &3l Aoz uAEY ANEJ SFEAE
7tgdste] A& Hol ¢t 7hste] o
2 WEe] A HEE fedol
24 o mhE g AlRE TE6
osjx A 71we AzaiA @

oft T
ot

2 &
N

i oto (1 o o&
N
N

m o ox
ol
b

of
o2l

L2 o (T o o N
&

Origination Pattern transfer

/. _____7) Substrate with
_/ Resist

LT »c 2 E-beam
Lithography

/ Developed resist
structure (positive)

7 / Etching of
transfer layer

1* line pattern
(continuous path
control)

Etching of
substrate

2% line pattern o Stamp with pillar

(crossed)

(low aspect ratio)

Fig. 4 Process scheme for the fabrication of original stamp

Fig. 4 ©] #7445 FallA #12& Original pillar array
Wk 2~E] = Aspect ratio & % Ul <l Pillar array &
d7] fl8lA Fig. 5 A HHoz A o s
Prg 47 RIE 4 AHA Reverse TH ]
2R E Ads 5 gdth

Original Pattern transfer

77 Stamp with Yoo /,/’ Embossed

surface relief E structure
hole array

Compression molding AT
/ 7 /iy ) Window

y 7] Spin coating of dEdes /)
£ 7/ thermoplast on E opening

hard substrate

/) Stamp with / g /) Etchin
! S g &
nanorelief ()
Stamp with

%ﬂ Hot embossing 3 ) reverse pattern
and demolding @ p

(low aspect ratio)

Fig. 5 Process scheme for the fabrication of stamp copies

with reversed pattern

o]#|dt  Reverse TE ] ==
NIL #43 RIE & AXW Pillar array & E| <] High
aspect ratio ~WIXZE A& F A HUh 1 HAS
Fig. 6 ol YEFATE. High aspect ratio & 7] 93l
Deep etching & 3}7] ™ Si etching g Zoll
FAH]  H®lo] FUAE AS7 A=,

EN R

500

Zbzke] AR Al el A Etching 4& 449
%73l High aspect ratio & HAT. FAH AL
table 1 ol Al LEFU QAT
_ Stamp with / Embossed
Structure

&’ surface relief /&
(low aspect ratio) —m—
compression molding / | Window opening
/ Spincoating of /__#5%
o

/g—// thermoplast on . :
hard substrate / fﬁ-gzje;;;;* 2Etching

Stamp
" with nanorelief o Stamp with
) reverse pattern

/S %’ Hot embossing m—‘
and demolding  ° (high aspect ratio)

Fig. 6 Process scheme for the fabrication of high aspect

pillar array

SO

ratio stamp copies

Table 1 Process parameter

4 A T4 =4
AT ZHEA00-8F
Substrate A 460um,

PMMA 600kg/mol
E-beam lithography ethyl lactate 83|
exposure (safer solvent),60nm
7

E-beam lithography
development
Development

Continuous path control mode

MIBK/IPA 1:3, 45sec
RIE(BMP), CL,/CO, gas,
Standard value
(max. power),

T A1 F 60sec
RIE(Oxford Plasmalab 100),
0,:CHF3:SF6,
5:40:2, power 200W,
P=20mtor, ol FH|&
40nm/min
PMMA 25kg/mol ethyl
lactate(safer solvent) 23],
300nm 77| (for moderate
structure depth), 1000nm
thick(for high structure depth)
JHA 2% 200C,AZF
15min(for pillar on stamp) to
60min(for holes), demolding
at about 70C, %} 2] 50bar

Cr ol %

Si ol %

3 Ang

resist

= A [s}
aspect ratio T ES 800nm ©]/Fe] Zo|7tA H&

F Q9



Stamp with Embossed
+ surface relief y =/ structure
(high aspect ratio) hole array
Spincoating
thermoplast on .
hard substrate Photonic
) Stamp bandgap
# ~ With nanorelief 4 stl_'ucture
y ] y with
g' Hot embossing Waveguide
and demolding (missing
line)

Fig. 7 Process for fabrication of photonic crystal by hot
embossing

Fig. 7 dA HFEH o= I Pillar array 759 2
BN 2 High-aspect ratio FAFAA =925 3 xR
4 34 g8 st tE HAF 1A
F3 wF=ol High aspect ratio B> = ©F 3l
o BAE Fa wEold 2@zan ghol ¥
shAIRE A AIZbE ©E A7]a si™

-
FaEO &4 AYEE 29 + Aok

=
=2 ol g e

ol o
ox

Al

Low-index-contrast polymer 2 29 IJAZAAHL
Triangular air-bridged type 4] TE-like mode PBG 7}
Adde]l FRIHAT olF o]&3ste] Waveguide
width & 09w 2 £9] ¥ PBG 39 WAz A
;<1 Z—] o7 Wavegulde /] 7]__% 7]. ) z,: %1\1:3 U}E
Atk ohE BAF HAOA 7tz ARIZE AR
o2 Aspect ratio S 7}A] 3L
sgzg AR A F
etching ¥4 ZHo =2 Azt 7zt
éﬁPZﬁ%7ﬁWﬂﬂg8w1 H2r

ZolE e et A9 adEa N A
O ~EEZE 2183 PMMA waveguide S 91t}

Fig. 8 Positive Si master stamp and pattern for low index
photonic crystal waveguide
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