
第 26卷　第 5期
2005年 5月　　

半　导　体　学　报
CHIN ESE J OURNAL OF SEMICONDUCTORS

Vol. 26　No. 5
　　May ,2005

3 Project supported by National High Technology Research and Development Program of China (No. 200211404150)

　Li Jianhua　male ,was born in 1976 ,PhD candidate. His research interest s are t he non2silicon MEMS microfabrication and microfluidic chips.

　Chen Di　male ,was born in 1961 ,professor . His research interest s include quasi2L IGA microfabrication and it s application ,micro2sensors and

actuators ,and microfluidic chips.

　Received 26 J uly 2004 ,revised manuscript received 9 January 2005 ν 2005 Chinese Institute of Elect ronics

An Alternative Method for SU28 Removal Using PDMS Technique 3
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Abstract : An alternative method for SU28 removal is proposed. Instead of directly using SU28 microst ructure as the

elect roplating mold , a polydimethysiloxane ( PDMS) replica is employed. The metallic micromold insert obtained

through this method can be easily peeled off f rom the PDMS replica ,meanwhile with high resolution and smooth sur2
faces.

Key words : SU28 removal ; elect roplating ; PDMS ; micromold insert ; high2aspect2ratio microst ructures

EEACC : 0170 G; 2220C

CLC number : TN405　　　Document code : A　　　Article ID : 025324177 (2005) 0520899205

1　Introduction

There is a need to fabricate high aspect ratio

microst ruct ures ( HARMs) since these are critical

for t he performance of micro sensors and microactu2
ators such as micro mixers , micro elect rop horesis

chip s for bioanalysis ,and micronozzles for genera2
ting t hrust force ,etc. [1 ,2 ] . L IGA (lit hograp hite ,gal2
vano2formung ,abformung) technique is t he major

p rocess to p roduce HA RMs wit h vertical sidewalls

and high resolution. However , t he need for a syn2
chrot ron radiation source limit s it s application for

researchers and t he process is inherently time con2
suming and expensive. To reduce fabrication cost s ,

some alternative micromachined met hods have been

investigated recently ,such as deep reactive ion eth2
ing ( DRIE) based on inductively coupled plasma

( ICP) , excimer laser , and UV2L IGA , etc. Among

t hese methods ,UV2L IGA based on SU28 p hotore2
sist has shown great potential for indust rial appli2
cation due to it s wide availability and low cost ,and

has become pop ular in t he microelect romechanical

systems (M EMS) community[3～5 ] .

SU28 p hotoresist has excellent resolution in

t hick film applications ,and has been utilized as an

elect roplating mold. This mold is then used for a

large2scale p roduction of desired component s.

However t he highly crosslinked epoxy remaining

after develop ment is difficult to remove reliably

f rom high2aspect2ratio microst ruct ures wit hout

damage or alteration to t he elect roplated metal [6 ] .

Up to now ,a variety of techniques have been devel2
oped to remove t his crosslinked polymer . They can

be mainly classified into two categories , p hysical

techniques and chemical techniques. Physical tech2
niques such as water jet ting ,laser ablation and liq2
uid nit rogen f reeze/ t hawing are used to directly de2
st roy or demolish the crosslinked SU28. These

p hysical techniques can be fairly selective to t he

polymer over metal molds ,but suffer f rom t he abil2
ity to reliably remove small included areas of poly2
mer f rom high aspect ratio feat ures due to the f un2
damental size regime of t he incident etchant . The

met hod t hat using a sacrificial layer is reported by
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Mc Gall [7 ] ,but again ,one would suffer f rom the a2
bility to get t he etchant into areas completely sur2
rounded by elect roplated metal . In addition , some

solvent s are reasonably effective at swelling ,crack2
ing and crazing t he polymer . However , wit hout

p ure dissolution , t he solvent or p hysical met hods

remain potentially effective removal techniques for

some sample geomet ries ,but not for general appli2
cation.

Chemical methods are the ot her kind of ap2
proaches for SU28 removal . Oxidative chemicals ,

such as f uming sulp huric acid and hydrogen perox2
ide are of ten used to decompose t he crosslinked

SU28 and subsequent cleaning[8 ] . However , during

t he etching and oxidizing processes , which are

caused by H2 SO4 and H2 O2 simultaneously ,t he un2
derlying Ni surface is also serious damaged. Suc2
cessf ul st rip wit h oxygen plasma was reported ,but

t he etching rate was slow ,around 0125μm/ min un2
der 40sccm O2 plasma at 5133Pa with 120W RF

power [ 9 ] . Additionally ,other highly oxidizing mate2
rials have been st udied. Unfort unately ,t hese highly

oxidizing materials tend to be rather non2specific

and oxidize most metals as well .

In this work , an alternative met hod is p ro2
posed for p reparing an elect roplating mold using

UV2L IGA technique wit hout t he difficulty of SU28

removal . Instead of directly elect roplating a micro2
mold insert f rom SU28 mold , t he PDMS replica a2
gainst SU28 microst ruct ure is employed for metallic

mold preparation.

2　Experiment

Normally , to obtain a metallic micromold in2
sert , a reverse SU28 microst ruct ure is p rocessed

and elect roplating. However t his p rocess meet s

with difficulty of SU28 removal . In t his work ,an al2
ternative met hod is p roposed to prepare a metallic

micromold insert using PDMS technique. The se2
quence of this p rocess is shown in Fig. 1. A SU28

master was first p repared. Detailed p rocess is avail2
able elsewhere[10 ] . The PDMS used in this experi2
ment is a commercially available silicone rubber

compound f rom Rhodia (Shanghai ,China) . A set of

R TV 3040A (pre2polymer) and R TV 3040B (a cu2
ring agent) were mixed wit h a 10 ∶1 weight ratio

and degassed using a vacuum p ump to remove air

bubbles ent rapped during mixing. It was directly

cast onto t he SU28 microst ruct ures and baked in a

convection oven. It was cured at 95℃for 1h to cre2
ate replicated PDMS HARMs. Then t he replicated

PDMS HA RMs were peeled off f rom the SU28 mi2
crost ruct ures.

Fig. 1　Process sequence for micromold insert preparation using PDMS technique　(a) SU28 mold prepara2
tion ; (b) Casting of 10 ∶1 mixture of pre2polymer and curing agent ; (c) Curing and peeling off replicated

PDMS mold ; (d) Sputtering seed layer ; (e) Elect roplating onto PDMS mold ; (f) Metallic micromold insert re2
lease
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　　Subsequently ,a seed layer (1μm t hick copper)

was deposited on t he surface of t he replicated

PDMS using sp ut tering technology. Then nickel

was elect rodeposited on t he copper2coated replica2
ted PDMS using t he bath compo sition described in

Table 1. The bat h condition , including solution

composition ,p H and operational temperature , can

be referred to Table 2. After t he elect roplating ,the

PDMS mold was peeled off to release t he replica

metallic micromold insert . The seed layer for t he e2
lect roplating was selectively etched away af ter the

separation using an etchant composed of cupric sul2
fate ( CuSO4 ·5 H2 O ) saturated wit h ammonium

hydroxide (N H4 O H) . The backside of the metallic

micromold insert was planarized as needed.

Table 1　Composition of nickel elect roplating solution

Component
Concent ration

/ (g·L - 1)

NiSO4 ·7 H2O (nickel sulphate heptahydrate) 330

NiCl2 ·6 H2O (nickel chloride hexahydrate) 45

H3BO3 (boric acid) 30

Table 2　Conditions of nickel elect roplating

Material Temperature/ ℃ Voltage/ V Current/ mA p H

Nickel 45 0. 3 2. 5 1. 5～4. 5

3　Results and discussion

In t his work , microgear was employed as an

example to describe SU28 removal p rocedures. The

microgear used in t his st udy was 500μm in height .

In order to make a comparison ,metallic microgears

were p repared by elect roplating on SU28 mold and

subsequently metallic st ruct ure releasing t hrough

SU28 removal . Chemical met hod for SU28 removal

was employed. Figure 2 shows t he nickel microgear

after t he SU28 removal p rocess using wet chemical

met hod. Figure 3 illust rates a clo se2up of t he mi2
crogear . From above pict ures , it can be seen t hat

t he surface of t he elect roplated mold is severely

damaged. The oxidizing processes , which were

caused by H2 SO4 and H2 O2 simultaneously in this

case , p roduced t his rough surface wit h noticeable

surface pit s and tip s. Reducing H2 SO4 concent ra2

tion , batch temperature or etching time may im2
prove t he surface roughness.

Fig. 2　SEM picture of nickel microgear after SU28 re2
moval

Fig. 3　Close2up of the microgear with rough surface

Since t he volume shrinkage of t he PDMS after

t he curing is only 012 % , t here are no observable

dimensional changes in replicated PDMS replica

compared to dimensions in the original SU28 mold ,

which ensures that high precision metallic micro2
mold can be made. Figure 4 shows t he SEM pict ure

of t he microgear p roduced by PDMS technique p ro2
posed in t his paper . Figure 5 illust rates a close2up

of t he microgear . It can be seen t hat the microgear

obtained using PDMS technique has smoot h surface

since t he PDMS can be simply peeled off to release

t he metallic micromold. From above comparison ,

t he metallic micromold obtained using PDMS tech2
nique has better surface quality and easy to oper2
ate. So , PDMS technique partially solves the p rob2
lem of SU28 removal when preparing a micromold

insert .

In order to show t he applicability of this tech2
nique for much higher aspect ratio micro st ruc2
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Fig. 4　Microgear fabricated by PDMS technique

Fig. 5　Close2up of the microgear with smooth suface

t ures ,a micromold insert wit h aspect ratio up to 10

is attempted and successf ully p repared , which is

shown in Fig. 6. The t rench shown in t he pict ure is

10μm in width and 100μm in height ,and t he metal2
lic micromold insert shows smoot h surfaces and

vertical walls. The experiment s described above in2
dicate that PDMS replication and subsequently e2
lect roforming is an effective alternative method for

SU28 removal .

Fig. 6　Metallic micromold insert with aspect ratio up

to 10 fabricated by PDMS technique

4　Conclusions

In this paper ,an alternative met hod for SU28

removal is p roposed. PDMS replica of SU28 micro2
st ruct ure is employed for t he micromold insert e2
lect roplating. There are no observable dimensional

changes in replicated PDMS replica compared to di2
mensions in t he original SU28 mold. The experi2
mental result s show t hat t he metallic micromold

insert obtained by t his method has high resolution

and smoot h surfaces. This met hod can be applied to

metallic micromold insert p reparation and partially

solve t he difficulty of SU28 removal .
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一种利用 PDMS工艺解决 SU28去胶问题的方法 3
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摘要 : 提出了一种解决 SU28去胶难题的方法.该方法首先将 SU28微结构用 PDMS进行复制 ,然后利用复制的

PDMS微结构进行下一步的电铸 ,电铸完成后只要简单地将 PDMS揭下即可释放出金属模具.通过该方法制备得

到了深宽比达到 10的金属模具 ,而且模具表面光滑 ,侧壁垂直.

关键词 : SU28去胶 ; 电铸 ; PDMS ; 金属模具 ; 高深宽比微结构
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