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Fabrication of a PDMS (Poly-Dimethylsiloxane) Stamp
Using Nano-Replication Printing Process
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Abstract

A new stamp fabrication technique for the soft lithography has been developed in the range of several
microns by means of a nano-replication printing (nRP) process. In the nRP process, a figure or a pattern can
be replicated directly from a two-tone bitmap figure with nano-scale details. A photopolymerizable resin was
polymerized by the two-photon absorption which was induced by a femtosecond laser. After the
polymerization of master patterns, a gold metal layer (about 30 nm thickness) was deposited on the fabricated
master patterns for the purpose of preventing a join between the patterns and the PDMS, then the master
patterns were transferred in order to fabricate a stamp by using the PDMS (poly-dimethylsiloxane). In the
transferring process, a few of gold particles, which were isolated from the master patterns, remained on the
PDMS stamp. A gold selective etchant, the potassium iodine (KI) was employed to remove the needless gold
particles without any damage to the PDMS stamp. Through this work, the effectiveness of the nRP process
with the PDMS molding was evaluated to make the PDMS stamp with the resolution of around 200 nm.

1. ME

BEA, AREA, vhole AddA v s

89 AEALA @ AT} AT A&sE T
Rom, 1 ZoNE AME, tEade] s
Gusololz 712 Al B Arsol 7195

3 Stk oldgk v Y diEA AHHEE
FAFY 2®I (quartz glass stamp)} UV F& o]
3 v JqEIE FHYIL ZEodgdEat
(polydlmethylsiloxane)(PDMS) 2EITE o3 &
ZE g4 3 (soft lithography) & AH?Po] T
A vFstAl R Qo @AAR] AE R
of AFPAOE x4y FRE A2 AIEFHE O

|=°

T A4, 519, gxdetried 74T
E-mail : dyyang@kaist.ac.kr
TEL: (042)869-3214 FAX :(042)869-3210

* @%iere9 e 7143 e
** garielr)eel 2a)

%:'—-‘?'— TR BEd FAE VNteF e
olZ2/}xHAd 71E (MEMS/NEMS)o| 4
Fa Jdok olH@ JEEs 24Y AFY A
of 43 "—“‘.%}a 3 gtom gt ool 4

, T AlAl Tl S A ‘:‘PEZﬂ RS

¥ AgAtel s Aok e

Ag/kl 2l ut 405_ u]-/\ﬂ (mask)g o]_g_

patterning) 3 o & (etching) T 3 & HHE

o] meol Alzel £4dol Zg

F AUE FHol g olele Aol

£
i
> oL
—_

o
o
b

T

ol

wd,

G Gl dHd AFEAS
Bae AT 49 ol

I'

T
i
2
_?1_,
. 5
. &
P o
EY
b
i
o I
o2
_?l_,
2
-u
°kﬂ

el oleis BHe FHa7] N AGRO )
He Agsto] we Azo) Angon g

2 F YRS AWIT (stamp)E AojA Ux
TEEL Azee $A o A7t AFHL
9l 00

ES AR otiE g ol

E iy FAHS #
A ER

If
£3te] PDMS & o d8gl 2 A z2abar A2k



1000 MEALE . olE] O

¥ PDMS 24®To 7Y GEEA
assembled monolayer)(SAM)E A% H Hil=
ol AAete s S gAY APHeR &~

To 342 E=¥5ty, BHE 74 g 7
Ajﬂ@é EAsE g $Ho] AEHT o

) ol3d ATE giaadse AdogE vlx
Ei Pt vtEH o8 HAghy *}%?Jc'i’“i A
u]go] Agito} Mg Aojth olE T FAHo U
ZaA &457] g8Me Uxg AEEE /1A
T vtz dd AA}E A vLoF a3 HA
AFZepz Aol Folug Fasict @AZAAE A
A9 2]zl F3 (electron-beam lithography)£

oj &3t} Ui F vixE 3“"&% AFsn fon
2“”‘5‘*‘ A SEO] /‘*/\1 _‘:\‘_ oz leg}x]n]-
FHu]gol 17k o] 9,1‘4.

B dFdMdeE U 53FH (nano replication
printing (nRP) process)= ©]-§3l vl=3 glo} 3
Aoz Hed ¥ F Jx PHE AANEHF o,
Azd vixeE oj8st Fig. 1 3 &o] PDMS
29825 APEE AASGT B dFdA A}
£33 Ux B3R dEx oA oFA F
@4 (two-photon absorbed polymerization)®'2&
ol g8t Zwlol viEW (bitmap) 2THHLEL o] &
&t X‘*‘”ﬁi A Fo] 200nm FE] ALEE
NAE BBoz AFsr] WEdl CAD dHolH
ol B3 F4e dHYS & ¢ de FHo
Jdony, AW i o) 43 FAN v}
o JAY 7tA o= wixE dHQ AFo} spedict
A2 HAYE ol PDMS 2T AFYYP L
ANGoZAN FF ATE EV\JEHTL]"“ ]

;Po!ymer pattem

(a)

Gold layer

Fig. 1 Schematic fabrication process of PDMS mold
using a nano replication printing (nRP) and
etching process; (a) direct patterning on glass
plate by the nRP process and (b) PDMS molding
after thin gold layer deposition on the patterns;
(c)~(d) etching process to remove residual gold
particles on the PDMD mold and a finished
PDMS mold
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Fig. 2 Schematic diagram of the nano-replication
printing system

Table 1 Principal specifications of the nano-replication
printing system

ITEMS MODEL MAKER
fs Laser Mai Tai Spectra-Physics
Isolator BBS8-51 Electro-Optic Tech
Scanner Scanjet 2 Scanlab
Shutter 6800HP Cambridge Tech. Inc.
Z-stage P-762.ZL Pl

X/Y stage X/Y stage Namil

Objective lens | 100X, NA 1.25
Glass plate Cover glass Fischer
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Fig. 3 (a)~(b) SEM images of voxels with top view and
inclined view. The numbers in Fig. 3(b) mean
exposure time of fs-laser respectively. And (c)
comparison between a voxel diameter of
experimental results and that of theoretical
prospects

Fig. 4 SEM image of voxels in the condition of exposure
time(2ms) and laser power(SmW); top view
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Fig. 5 (a) Schematic flow of nano replication printing
process and (b) a voxel matrix scanning method
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Fig. 6 (a) Bitmap image of a horse and (b) its replicated
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KAIST

(b)
Fig. 7 SEM image of replicated letters of (a) ‘KAIST’
and (b) ‘U] gkl =
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(b)

©
Fig. 8 SEM images of replicated figures and its molded
PDMS stamps; (a) Pooh character, (b) KAIST
logo and (c) the Korean Peninsula.
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