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Fabrication Technology for Improving Pattern Quality in Two-Dimensional
Photonic Crystal Structure

LM, MEE, T, T, old4”, AMA", ol 2", BT, HEE”
(Hae-Sung Kim', Dong-Hoon Shin’, Scon-Koo Kim', Jin-Koo Rhee’, Beom-Seok Lee”, Hye-Won Kim™,
Jae~Un Lee”, Young-Soo Han”, and Young-Ho Choe™)

Abstract

There are now many theoretical investigations and real manufactures for numerous applications of

photonic crystals (PCs) associated with photonic band gap and photonic integrated circuits. However,
there are some difficulties to design and fabricate the desired pattern quality. It is not easy to satisfy
accurate critical dimension (CD) for patterns with arbitrary shapes and pitch sizes aligned in various
directions. In this work, we report the optimum conditions to better fabricate and design, and greatly
improve pattern quality in delineating two-dimensional (2D). PCs in the nanometer range using
single-step e-beam lithography system with conventional exposure mode,
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a9 1. =292 e 2249 % 23 +F (dot
27 350 nm, dot Alele] FIHHH 150
nm, 7] 500 nm).

Two-dimensional photonic crystal struc-
ture with waveguide shape.

Fig. 1.

& B3 oUd Faae F oA A A g
gl A, g3t display &4 3% & o8 A
A9 Quantum devices A 2tol H& ZAAHI A
A& 2+E 571 doH1-7]
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2249 % 27 (photonic crysta)®] #£& H8 3
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Fig. 2. Process flow to deposit the epilayer.
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Fig. 3. Resist thickness as a function of the
coating spin speed,
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H# % (adhesion)& FA 3, AHE HHE A
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I 2E F ol U FEEL dry A ¥ W
8= wh2 A (hard mask)d] 98& st 19 2
e duEg A8 948 3 ¢4, 3F 23
4 % AAE PAFHY) HEo AR cdude
T8 Yehla o ol RA AR HdHEF 72
9 feolwE A7) 25 x 25 mmE FHEh E=(dose)
HAEd g8 &2 229 4 A=y
gl HE&E g 7hEAEge] 50 kv, HAAE A
F7F 800 pa, W9 HAe] 50 nm, = AV7}
800 x 800 um?’, Wl HAA A& 2z 50450
nmZ 3t RIE #3-& ¢ 8 RY =+
T3 Fx9 HPF dote] TEAYE &= AP
AAE] A4F B o8 28% & (proximity
effect)9} 2=E] A (stitching) 3 ¥ & (butting) ol 2} &}
2 BAEE AFE37] 3o e FE F
742 Abgg mg s, A dAEe shed A
2E9 FAE Fole Hol Wasit wEtA dot
e g Aoyl fstd AAYL HAZESQ]
PMMA (polymethylmethacrylate, PMMA 950 K
4 % E3E = 14908 39 £% 7000 rpmel Al
2000 Ael FAR ZYsATt ol A % A
Hellx  HEF E=2E B0 pClem’AM 900
uC/em® 7AA B0 uC/em® BN FrAZ
Develop2 developer?! MIBKIPA (1:3)& AR&3}
o} 90& A 240Z7A] 30% AL 2 develop A
e F7MAAG. 19 AAEA == 350 pClem’
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S & itk E 18 Hxy w3 4y de
e FH 2Ag FYF Aot

k3 1. 239 3 ZAe el P48 7 A
24 B3 #4 x4
Table 1. Process condition of e-beam for

pattern formation of two-dimensional
photonic crystal structure,

HMDS & PMMA
spin coating

Pre-bake
E-beam exposure

low:500(8sec) rpm
high:7000(40sec) rpm

170°C, 10 min
0.8 nA, 350 uC/cm®

Develope MIBK:IPA = 1:3, 180sec
Rinse IPA: 1 min
Hard bake 130°C, 2min
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OE 4 A3 =3 AE oA, a0 57 wdEE
B48n lx 2344 F HAL address
grid =% WA HEsx gn MdAE
€. (bd) address grid AW x=3
A& A Hgstr] A HEgdg wg
ek &4 (dimensions) LE3n 3,
Before an e-~beam experiment, (a, c¢)
two-dimensional photonic crystal
pattern forming six angles arrangement
is designed without applying address
grid e-beam lithography method, (b,d)
Strategy and arrangement direction,
and dimension (dimensions) to apply
address -~ grid e-beam lithography
method in an experiment.

Fig. 4.
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B CHr, 07 - 5015 scen
S0 mTarr, 108 W, 150"

Yiet, enhant BOE
Al 4 min
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a8 5 dot #HElY HHE A% RIE o3 74,
(@) Zt & AR A 24, (b) o3
ol F AzE 22k # 24 99 a9,
RIE etching process for formation of
dot pattern, (a) Etching condition that
use in each layer, (b) Cross section of
two-dimensional phatonic crystal
pattern manufactured after etching,

Fig. 5.
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gas &9 H&E 242} 30/30 scem 2Elal A2 A
A F#H-& 200 mTorr, RF power: 50 W, 42
Are 2808 HdYsEtt O oF clMEcE
AA2EE AASIL, dot HEle] HAHH 28 2
& AA Fo2 Fqo oldd de 25L& 94 3§
ek 2E F wE PR S0, 2L gas
CHF«/Oq (50/5 sccm), 50 mTorr, 100 W, 153025
o g aer, oEHA HAYF(-SNEL gas
SF¢/O: (15/15 scem), 30 mTorr, 50W, 150% 9] =
Aeg dqHE P39t viRgor Si0Fe
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wet AAE st 29 55 2 o4 A e
EHE A9 3ol oA o]F9 SEM Alde
ag 6o el let

3. 8% o

4 24 dot WWe FA glolM o FARE
g AL AAY B3 gHe Avd agdn o
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Fig. 6. SEM picture of two-dimensional
photonic crystal pattern after etching.

(continuous path control) W3] AHE# rle=
45 A ok [10,11] AAY =33 #Ps 53
Z8% ¥z a2&E Ao] address AR 27
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{address grid size) ©|t}. ©] address A=A A7 &=
2¥ 4ol dehd Mt =% HE Ze Aotk
ol Aal Aarles e EHes ¥e%s ¥ a4 o
4 a7z §v, 1 3N 44 Ade F7)
Y HERTE 44 9 e 3g et o474,
address grid size®@ HAH ol w38 ¥ o g
olAlel FAYFH 1 AW RS Ao} E:
A, sl AEle] Easg AAEe e
Ha AYPon olFold gl HFolrk A9
3 Fe AEe] g3 gEe =07 kA
olst I 4L Matel ) A 23 AAE
(secondary electrons}®] AFAda Atgkel 9 o
olth [12-16]. z&vh o8l @ oej@iutel o}yg
gholl A 1 F ¥ address A2} = 7](grid size)o] 4
F el 2 Hx Ax 72519 5 om9) ZH ¢l
23 gEE dAE dHed Aedr =% e
+ 71 ol #l(ghost errors)q) AE A7 vE o
& (stitching and butting errors)& 7}a 4 gt}
o3¢ dwrHLeE w3 B RE HA wWHo
Wn o wA gef oxgEe e HeEe 7t
Zre] AY)e Fr] grEel oA AFE Ha
address grid size 5 nm2 9%%-& & x @z
W& g Arz 4AF Ao P& Aolr},
B ATedAE 94432 HE =3 (continuous
path. control) x4 W4le] obd, 7% REHg)
workfield®] % Walel 7128 Al2¥el Leica
¢} EBPG-4HR& A}&31o] $58 23049 3 2
3 HEE AFedn. A489 A 153 A e
= 9Ae A A (vector scan)$] FH$-Al¢h
9% Y(Gaussian round beam)elt} [9,10,16-18).
el MY =% T A48 e gy
7] (period) & 2 WHE-E address grid size®]
P4 g A%z, #H"be F71EE address
grid®] "gat A A7 Aolvh, e ge B
WA FA-g i PMMAS AAd gR2E
B AREEe A7 A& Y% 49, 2§ 28
HA =% A HAge] #HA2E Fd oA
(charging effect)5]o] A3 AW fF& Folx,
AF A 3= wlras 48 sgn, AA
350nm, 3 150nm 28] % F7] 500nm<) =2
Helo) S7d 2449 F AAHL AFEA d=, $
T HHE AZRE ¢ vt 29 7 =98
el 234 F AAE FAH olF #HY SEM
Atzlelrt, oMY FUAH AVIE AR Sz e
v dot HEE HAE & Uddd A A
TR2UE HEH ART olvel, o HY =3

= Q
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ag 7. g =0z e 2z FEH W
e gA4F olF #5¢ SEM AR,

SEM micrograph of the pattern of 2
dimensional photonic crystals with
various waveguide form.

Fig. 7.

Id 8.

(a) dot HEe] B4 HFA T o
2ol g SEM Azl (b) ¥ dFeiA
ety x=3 7es Lo 2 FAY
o] sjdg o|F2 SEM AbAl.

Fig. 8. SEM picture (a) about error in the
formation process of dot pattern. (b)
after problem is solved applying e-beam
lithography technology that is proposed

in this research,
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