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A Study on the Polymer Lithography using Stereolithography

Young Dae Jung’, Hyun Seop Lee , Jaec Hyuk Son , In Ho Cho’ and Hae Do Jeong"

ABSTRACT

Mask manufacturing is a high COC and COOC process in developing of semiconductor devices because of
mask production tool with high resolution. Direct writing has been thought to be the one of the patterning
method to cope with development or small-lot production of the device. This study consists two categories. One
is the additional process of the direct and maskless patterning generation using SLA for easy and convenient
application and the other is a removal process using wet-etching process.

In this study, cured status of epoxy pattern is most important parameter because of the beer-lambert law
according to the diffusion of UV light. In order to improve the contact force between patterns and substrate,
prime process was performed and to remove the semi-cured resin which makes a bad effects to the pattern, spin
cleaning process using TPM was also performed. At a removal process, contact force between photo-curable resin
as an etching mask and Si wafer is important parameter.

Key Words : Maskless patterning(P}2~3 212 3}¥), Stereolithography(®33=3, SLA), Photoresist(Z 34 @A
2£E), Spin Coater(Z=% E]), etching mask(]AUl2£3), prime process (LEHAFA),
semi-cured resin (W73 8tA)), strip(2E|)
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priming and (b) uncured resin without priming



Y] - ol FA - &A1Y - 2T - HHE: AL THIA An2A A 1%

KBSI .2 13.8kv ¥ép. @

(a) 2 hour passed (b) 20 hour passed

K3§T 72 isiewegaapiths

(c) cross-section of (b)

Fig. 6 SEM photographs of etched pattern by etching
mask by SLA

4. MY A 2@

41 OpA3 RS X4FYE 4

Fig. 72 Fig. 591 A€ A¢t 7"l BE #8dn|

Aog AT I 1 AB/ES Vel T Zolr}
Jua A9 A$E AZ9re =439 Fig. 7(a)°l
Bl 2 JHE BA B¢E ARATE A3 Fig
7(b)°ll "}E}‘—Hﬁ’i‘:} AAe] A9 positive HE
2L TAE) 23S negative HE ] I

Fig. 7@ 2% AEZ] AAXS dFA %=
we o7k AL ¢ 4 gtk ol AT Bl
A AA #elHE g A& 2& W 036mmZE L
q5jol gk A & & kYN 2 SLAS)
FUEE 0.1mme] FAAZoz 4AHA glou A}
&5 F4A4 FA9 A & e A8
=) wiat Be 2oyt Yied), THHY scanning

ZHE dojAe ﬁ%ﬁ gloj A o] FFolt FeHy
o] 24 =& YA WA, recoatere] YA ZHa} TS
AR zFAPezE AR HSo] Y&,
PRS AZEAL e 59 FFAA FHY
Mol gty & & gloh

we}A] Fig. 7(a)$} &) positive B F¢+
SLAS AUEE gz wdste Aolzt & £ 3
oo, &% tigstn AYE SLATHY Wro

—~

l’l(

,-ri’L' m,°~

o MAE = e dgdn.

Fig. 7(b) °l& FH37] 94 AFzHe 14
& o] &3 sentlel negative® ©]™ etching mask
2 AMgEE | BE A ozt WA A
Aoz Eopd, FAZL FALSE e dA
Aol Z2HYS AL ¢ AUtk ©]= Beer-lambert
law'dl w2 BRI FAA FUEHE FFH
(Shrinkage)® 87} 7FAl& AL ZH(cut-off error)
Sl ofs] 4ARE 2_}7—312 Wz £gE ¢ F Ak

T3 AL gF A5 e “74]749]":‘ &
g ox7t g & g Aoy A A
FAEL & & ok FAT 2xgo] AA B
SLAZH| A ¢] A= 036039 HEES A
A fod, 2 g oo HEdES A
opgt ok B & vt

0.75 — : .
— &— Ideal Pattern
0.70 - e 0lmm
-4 0.2mm
0.65 -v - 0.3mm
s > - 0.4mm
€ as04 -w Qe < 05mm
E K \',‘ “, -
£ 0554y N DA ]
1 050 duy = X
(=] bl N E *
= gas / 1'1 kA « o
x & ‘A
- SEverydrrrvaceedies
040 .- i hl
bt S Sl N “ ..
. o 0P -g-toa-t-Bg.g 0.8 80 g¥
0.35 " . —— " y
o 5 10 15 20 25

Pattern Number(dimensionless)

(a) Line-width according to line-space in a pattern A

Line-space(mm)

Pattern Number(Dimensionless)
(b) Line-space according to line-width in a pattern B

Fig. 7 Optical measurement of etching mask pattern

204



WA Fig. 7()e] HWAY HEZ & HA¥R
o] 28 WEH HUEs oA e Zﬂe
At ol& oA s E uie} o] iAud
o] g36mmeojgti B 4 on, HA SLAdX
0.36mmo]do] HE AEE FEE o F A o
¢ Ho g 14ste F W o] zigrag 274
"335“:}“ RE guisty}, £33 SLAE 334
FE IF2 3 AU olFE AFZH HEY
FEEL 1837 4] 04mmoldy AES 7}
AA HE F oA ol AAYE AXA HEE
AAE A8 27 & 743 S-S 4§
Hi A 05’-. BRIt} ol SLAY ¥4 EASR H
Ao, Hztdo] FolA4EF o83t 2xE0°] ¢
A= AL & 5 Atk

Fig. 7(b)—4 el B A7FHL el
AEEe A9 FAgHE B} oy A HEd
et b A AR 237t AP o2 AP
MPAL v/ A 80, o] g HgEg EAsn
A oaEe] dEFo] AE5E HED ATE9 HY
EE Z718H HAT sLAYE A RlE A9d BA
of mal e 2xE yHEollA "ok

AEHoZE SLAY 3 =" s g Ao A
9 positive ¥ FALEE FLte Qe 7HE
o FAHSE FA9 AT nE Hadd
% & (minimum single line-width)o]gt FAHA &
U™, negative HE Q] AUEE 93l A=
By Fx9 7hEAu o A E (presicion) gL
TAAE = 9th ole FH3A X9 #2583
dolAe] FF 2 spot 7Aoo} Mg FH$
o d¥E ¢ 3ok

v rzz

NO

rx
}-N to o fir M 4> M

—

=

A

AZe)

42 o3 E mEe XU B4

SLAS FAgd FAR A due e
mask2 &9 7beAd# JFEAHE ddstr] A&
A NS FAsA Fig 67 2o] oF 30me]
Hdolg M H g ARSR

¥E A ALAYEE £4317] Y& 4
HE HE52 X749 SurftesterE o] &3}o] Fig. 8

I Zo] dEe HAAE HA5H}

Fig. 8(a)8] 4¢+ 1%‘*\2}01 B 2NTE 7
Fo2 257 wEe] B A2 A4 e A
£ B 5 A 9714 7]%9_1 e 2AFL B
A FR T FRHE AR T M D ARe=

205

§ §

-0.0008

Surface Profile(ntin)

0.0010 1

-0.0015 |-

.0020 by r T ™
X Position{mm)

(a) 2 hour passed

T

-------

———
X Posmon(mm)

{(b) 20 hour passed

Fig. 8 Surface roughness measurement of etched
pattern

Fig. 8(b)x 333 2% Alzkel ¢ 2077 B¢
NA& Y7 7&4°M Aol A& wigde) A4
2 A7 AdE AE B F Q) ol AZEo] e
TE AJEFTAAN FFo] FAHA7] PEolgtn
Az},

OSL

5. 48

B AT dEo2 ALHT JE Fx
7120 SLAE o] &3l oz AlgE RS i}
¥ CADERIS AX o, 4802 AgdHu e
F7334 FA SL5170S o] &3l woz A
g2 dlolse Fdol Aue AFste FAHHY o
Y& o] &3l WY zE F35te THE AN
g

2 TAL BwEA AT 0%F =Y A

WHE AN T = FBAAN sade ALFH
g BEsm, A §2 Y & Avke FHo|
U EH FA FFE el LAYE WA



A - ol

-EAY - 295 AR FHFDFEIA A2 A 15

1€ HFE o, v AlFe] HEEH Hx9
AT i ux7] o2y 2 gL A
o] 4= MEMSY vlo]laz2 mARE 53
meso-scale®] HE I Wy o] Rolo= 43 4=
87 A, B QTN Adt TAHY FHE
f.9k3le] B

v 89 ZdA AAE AL L LA
AS- 1719 olxa3 AL EY F Uk

ANzZFHQ EdoA nmpAF AHZAIZF] ¢l

i CAD/CAMel & AZAAL EZFo] 7Hed
2ol ol A ZAlo] A CAEE & M5 o
¥ 21 7S AL £ U

dHhozrE AAr ZHAAM positived] H-$-
SLAGE| 9] ALEE Fol7] oY AF 9 Ao
folakx] E3lct ol & s ALGA 9 sgo] &
TEH9 FHEY A AYEE Foli FEU)e
59 8479 AAARge] aFHY. £ A
Az} AEFHe a7t Ao 0% =2 v F
aAge Ax ol & Uk

N Ag A AA} GEAYd FSe d
A folFA ¢ tF] A-E o Rk olE 9
) FAFoNA ALEH I U ashingTFE 4
3to] W G 3EEE& 7| Re] AAT F post-curing &

A& 388 2ot o

A

o rir

oo 2 K

* 7

B dFe #F3A9 EH7)2AFHAY
(R01-2003-000-11612-0)2] A Yoz FIP=om
ojo] FAA A EA ZHo] FA=HYTH

Angd

1. Jeong, H., Son, J., Im, Y., Cho, J., “A Study on
color properties of multi-color functional prototype
development using SLA,” Proc. of kspe, pp.
824-828, June, 2000.

2. Harriot, R., “Limits of lithography,” Proc. of the
IEEE, Vol. 89, No. 3, pp. 366-374, March, 2001.

3. Pique, A, Chrisey, D., "A novel laser transfer
process for direct writing of electronic and sensor
materials," Applied Physics A69 - Material
Science & Processing, pp. 279-284, 1999.

4. Paufler, J., Brunn, St., Korner, T., Kuhling, F.,

206

"Continuous image writer with improved critical
dimension performance for high-accuracy maskless
optical patterning," Microelectric Engineering, Vol.
57-58, pp. 31-40, 2001.

. Hayashi, T., Miyoshi, T., Tanaka, Y., Takahashi,

S., "Direct 3D forming using TFT-LCD mask,"
The 8th International Conference on Rapid
Prototyping, pp. 172-177, 2000.

. Farsari, M., Birch, P.,, "A novel high-accuracy

microstereolithography method employing an
adaptive electro-optic mask," Journal of Material
Processing Technology, pp. 167-172. 2000.
Chung, S, Im, Y., Jeong, H., "A study on
micro-replication of real 3D-shape structures using
elastomeric mold : from pure epoxy to composite
based on epoxy,” Int. Journal of Machine Tools &
Manuf, Vol. 44, pp. 147-154, 2004.

Jacobs, P., "Rapid Prototyping & Manufacturing,”

Society of Manufacturing Engineers, 1992.



