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The stable e-beam deposition of metal layer and patterning
on the PDMS substrate

Ju-Yeoul Baek, Gu-Han Kwon, and Sang-Hoon Lee’

Abstract

In this paper, we proposed the fabrication process of the stable e-beam evaporation and the patterning of metals layer on
the polydimethyisiloxane (PDMS) substrate. The metal tayer was deposited under the various deposition rate, and its effect
to the electrical and mechanical properties (e.g.: adhesion-strength of metal layer) was investigated. The influence of surface
roughness to the adhesion-strength was also examined via the tape test. Here, we varied the roughness by changing the reactive
ion etching (RIE) duration. The electrode patterning was performed through the conventional photolithography and chemical
etching process after e-beam deposition of 200 A Ti and 1000 A Au. As a result, the adhesion strength of metal layer on the
PDMS surface was greatly improved by the oxygen plasma treatment. The e-beam evaporation on the PDMS surface is known
to create the wavy topography. Here, we found that such wavy patterns do not effect to the electrical and mechanical properties.
In conclusion, the metal patterns with minimum 20 um line width was produced well via the our fabrication process, and its
electrical conductance was almost similar to the that of metal patterns on the silicon or glass substrates.

Key Words : PDMS substrate, deposition rate, oxygen plasma, electrode patterning

.M B

2 A} 7z
o] 3 E (d& 59 < 4
7k 71A|1 ) "Jﬁ(mtertace) T A7
Y Gt M rhsdE dE
5]_37 oh/],m E;(f, ."LEH 20
MEMS 7] AA = el &-&
B 77h9 Ao YEE s ok &
Tolvt Q1771718 149 Rlef 7h
[4v QARRE Yore off 74x] A7)
FAB AL, W2 A0 2= Aol Ay
=} Jfidkolr}. e} o) g Ao 283} 7]
F2 &% glol A717E Aol o)4] 7153k WMo
2 RAI771A A4 Tzl Aol urER 2
=] [e]

P
b
2
e
©
)
1o
o
N
N
3

2
2

og
Moo
o,
C L
2
Hf
~—

o
5 o

ot

o

B

=Lk

i ©orr X

M N .
O
BN

o

o
I o

fU
o
iz
ot
T

Ol

G%ﬂ

(o3

Q,
o Ez f

,ﬂ
Lol & o off

2
A

At

o
ofy
ko o

o
fmr

B ok ol

> N

oty
N,

its

70!_2
uy O
oo

ey

=
-~ =

a

L3 glom, o] 71elA ofoll tig ATFE A8

‘INEE

TSR 1383 (Dept. of Biomedical Eng., Dankook University)

"Corresponding author: dbiomed@dankook.ac.kr
(Received : September 23, 2003, Accepted : November 15, 2005)

st ioHl A=e] AF3E sk dEE 7
(substrate) $1ol F&TE S Adtsis 7igo] A7
AHE-Eo] gto, Al AA7E A 23 7] A A
8}3h4 Z3Kmatching)& o] FA %3t olXE A=
O B oo AAE vEA A /Ut old] dig gt
2 Z2]o]n = (polyimide)E 712 ARS8l o] 4
Aol st Aot g7k /‘753 o g, 9 A
ol e vlad gEo P A hﬂf% A=
PDMSE 7|0ez A3 5] &3 977} 1aE
yo

e

g
9Tk PDMSE A=A H fARE R FAS
zbe= Z2 2 A, 938, softlithography 37 &

& A #fo] o)sle] v &FA H(microfluidic chip)$

_.4.;.{

AR BN AR ek, 55 A Ao
S48, 8 0 F7lol Ul e Fgel Fob Ao
B A W Hlolaz Hoz ge) $85 Ak
e olE s ARG RO S} AFE ST
 SIRL 712 A Sl o148 AR A1 &

Qe 97149 45
28 2L} 218

£ Qe ATz
7/%\2&; o2t B8] <lg

~423 -



36 LR

w, 9T A R HAAEe A fg o4 Y =
7 A AL}t AdHo ok 8] wfEel, o4&
A=) A H@Ado] vl T2} 22t PDMSS
ol A E 733, 015 Vwto.R g W)
e GiabA] ot 71 ol Al Al i ¥
Bl PDMSSF 5% %— vol Ao} QA Ao
2 oﬂ %# "4 B0l o3

o 4
2,
olft
o

o
=
o
=<
172]

l

v)‘\_

- [<)
& /\}‘30}@1 —rﬂ"‘i‘i 3“0‘3 A gy 7] 20E
5 :

235} v} E-beam evaporation system o2 =4 &

QB 3 Fol go] RAY S Akl ek
2 WA FARAIL, o F FE FASAE o714
PDMS 71%e] %% Axel 27, 3% 39| FHEE
5 N5E o] A B AT ANEAL
TS ok FAL o] B S W
st o] me A714 S4e) Wake Bk,

2. Al i
2.1. M=nry
Ao AM&-3H PDMS 7132 29 sE] W o)
ste) AlZtE9ith WA PDMS prepolymer®} curing
agentZ(Sylgard 184 silicone elastomer kit, Dow Corn-
ing) 10:19) A2 EFsd & AL T AT HA
AelEfel ] 712 AARIT. o)F 37 2 ¢ o]
Hoﬂ B3 150 pm 2 30327 AWFH 3 T AF
Bg ARg-ste] 120°CoA F A Tt 7 5}0}01
‘ZF 100 um 7€ PDMS 7|%& A A7t PDMS
NG B FO RHYS PYATI7] Aste] B o
—“rLOML PDMS 7]¥g 4ha Fehzvlo] 4 o 27¢
207 BB A7 2 PDMS EW9 A S
%E sk3ATt oA 9 A2l © PDMS 713 9l

&l . o])x]—

- AT

!

o]

E-beam evaporation system-2(2000-TEE1215, SNT)
1§39, AT FAEAL K 19] B ©]
F 22 A 252 A8l 242 Ay

Gold layer  Titanium layer

(@)
PDMS substrate
/AZ5214 layer
(b)
Photo sensitized Transparency
part of film
AZ5214 UV Lig17 Printed part
()
@
(e

a2 1. 2429 J8Y TA; (a) PDMS 7]l e-beam
gvaporation system ©|8-3} Elgbgt v %
231t} (b) AZ 52145 5000 rpm & U :,E] &
t}. (c) 9] moo] TUE @ B BEE 018
st A4S 2RI AZ 52148 2RI
(d) 2558 AZ 5214% developdtal, B3 Bl S
Hztl o2 A7} (e) AZ 52145 AAYH
Fig. 1. Patterning process of the metal layers; (a) Deposition
of Ti and Au film by e-beam evaporation system on
the PDMS substrate. (b) Spun with AZ5214 at
5000 rpm. (c) Photo sensitizations of AZ5214 by UV
light after UV expose with electrode shape printed
transparency film. (d) Develop the photo sensitized
part of AZ5214 and metal layers etching by each
etchant(aqua regia and Ti etchant), and (¢) Remove

01

22

=g A2 SASUT FEF ) THL

the AZ5214.

1. 328
Table 1. Deposition conditions
Parameter Condition Parameter Condition

Vacuum less then 1.5 x 10 torr E-beam focusing size 3mm ®
Deposition rate of Ti 0.5 A/s~3 Afs E-beam power Voltage 7.5kV
Thickness of Ti 50 A~300 A Current 0~100 mA
Deposition rate of Au 0.5 A/s~3 A/s Source to substrate distance 40 cm
Thickness of Au 500 A~2000 A Substrate temp. Non heated
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Fig. 2. Dimensions of the metal patterning; (a) for the
adhesion test, and (b) for the measuring of
electrical resistance.
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Fig. 3. Roughness changes of the surface as a function of
the treated time of oxygen plasma.
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