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Abstract : An aternative method for SU-8 removal is proposed. Instead of directly usng SU-8 microstructure as the

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

through this method can be easily peeled off from the PDM S replica,meanwhile with high resol ution and smooth sur-

faces.
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1 Introduction

Thereis a need to fabricate high aspect ratio
microstructures (HARMS) snce these are critical
for the performance of microsensors and microactu-
ators such as micro mixers, micro electrophoress
chipsfor bioanalyss,and micronozzles for genera
ting thrust force ,etc.*? . L 1GA (lithographite ,gal-
vano-formung ,abformung) technique is the major
process to produce HARMs with vertical sdewalls
and high resolution. However ,the need for a syn-
chrotron radiation source limits its application for
researchers and the process is inherently time con-
suming and expensve. To reduce fabrication costs,
some alternative micromachi ned met hods have been
investigated recently ,such as deep reactive ion eth-
ing (DRIE) based on inductively coupled plasma
(1CP) ,excimer laser ,and UV-LIGA ,etc. Among
these methods,UV-L IGA based on SU-8 photore-
sst has shown great potential for industrial appli-
cation due to its wide availability and low cost ,and
has become popular in the microelectromechanical
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systems (MEMS) community

SU-8 photoresist has excellent resolution in
thick film applications,and has been utilized as an
electroplating mold. This mold is then used for a
large-scale production of desred components.
However the highly crosdinked epoxy remaining
after development is difficult to remove reliably
from high-aspect-ratio microstructures without
damage or alteration to the electroplated metal'® .
Up to now ,a variety of techniques have been devel-
oped to remove this crosdinked polymer. They can
be mainly classfied into two categories, physcal
techniques and chemical techniques. Physical tech-
niques such as water jetting ,laser ablation and lig-
uid nitrogen freeze/ thawing are used to directly de-
stroy or demolish the crosdinked SU-8. These
physcal techniques can be fairly selective to the
polymer over metal molds,but suffer from the abil-
ity to reliably remove small included areas of poly-
mer from high agpect ratio features due to the fun-
damental size regime of the incident etchant. The
method that usng a sacrificial layer is reported by
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McGall'! but again,one would suffer from the a
bility to get the etchant into areas completely sur-
rounded by electroplated metal. In addition, some
lvents are reasonably effective at swelling ,crack-
ing and crazing the polymer. However , without
pure dissolution,the solvent or physcal methods
remain potentially effective removal techniques for
ome sample geometries,but not for general appli-
cation.

Chemical methods are the other kind of ap-
proaches for SU-8 removal. Oxidative chemicals,
such as fuming sulphuric acid and hydrogen perox-
ide are often used to decompose the crosdlinked
SU-8 and subsequent cleaning'®
the etching and oxidizing processes, which are
caused by H2SO4 and H20. s multaneoudy ,the un-
derlying Ni surface is also serious damaged. Suc-
cess ul strip with oxygen plasma was reported ,but
the etching rate was dow ,around 0. 2% m/ min un-

der 40sccm O plasma at 5 33Pa with 120W RF
9]

. However ,during

power'™ . Additionally ,other highly oxidizing mate-
rial s have been studied. Unfortunately ,these highly
oxidizing materials tend to be rather non-specific
and oxidize most metals as well.

In this work ,an alternative method is pro-
posed for preparing an electroplating mold usng

UV-LIGA technique without the difficulty of SU-8

SU-8 microstructure

MITHTI
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Fig.1 Process sequence for micromold insert preparation usng PDM S technique

removal. Instead of directly electroplating a micro-
mold insert from SU-8 mold ,the PDMS replica a
gainst SU-8 microstructureisemployedfor metallic
mold preparation.

2 Experiment

Normally ,to obtain a metallic micromold in-
sert ,a reverse SU-8 microstructure is processed
and electroplating. However this process meets
with difficulty of SU-8 removal. In thiswork ,an al-
ternative method is proposed to prepare a metallic
micromold insert usng PDMS technique. The se-
quence of this process is shownin Fig.1l. A SU-8
master wasfirst prepared. Detailed processis avail-
able elsewhere!™ . The PDMS used in this experi-
ment is a commercially available slicone rubber
compound from Rhodia (Shanghai ,China) . A set of
RTV 3040A (prepolymer) and RTV 3040B (acu-
ring agent) were mixed with a 10 1 weight ratio
and degassed usng a vacuum pump to remove air
bubbles entrapped during mixing. It was directly
cast onto the SU-8 microstructures and baked in a
convection oven. It wascured at 95 for 1h to cre
ate replicated PDMS HARMs. Then the replicated
PDMS HARMs were peeled off from the SU-8 mi-
crostructures.

10:1 pre-polymer and curing agent

Glass ring

i

/ Seed layer

(d)

Electroplating m Metallic micromold insert

(H

(a) SU-8 mold preparar

tion; (b) Casting of 10 1 mixture of pre-polymer and curing agent; (c) Curing and peeling off replicated
PDMS mold; (d) Sputtering seed layer ; (e) Electroplating onto PDMS mold; (f) Metallic micromold insert re-
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Subsequently ,a seed layer (M m thick copper)
was deposted on the surface of the replicated
PDMS usng sputtering technology. Then nickel
was electrodeposited on the copper-coated replica
ted PDM S using the bath compostion described in
Table 1. The bath condition, including solution
compostion ,pH and operational temperature,can
be referred to Table 2. After the electroplating ,the
PDMS mold was peeled off to release the replica
metallic micromold insert. The seed layer for the e
lectroplating was selectively etched away after the
separation us ng an etchant composed of cupric sul-
fate (CuSO:s - 5H.0) saturated with ammonium
hydroxide (NH.OH) . The backside of the metallic
micromold insert was planarized as needed.

Table 1l Compostion of nickel eectroplating solution

Concentration
Component
[(g-L"1)
NiSO4 - 7H20 (nickel sulphate heptahydrate) 330
NiCl2 - 6H20 (nickel chloride hexahydrate) 45
H3BOs (boric acid) 30

Table 2 Conditions of nickel eectroplating

Material | Temperature/ | Voltage/ V| Current/ mA pH
Nickel 45 0.3 2.5 1.5 4.5

3 Resultsand discussion

In this work , microgear was employed as an
example to describe SU-8 removal procedures. The
microgear used in this study was 500 min height.
In order to make a comparison ,metallic microgears
were prepared by electroplating on SU-8 mold and
subsequently metallic structure releasng through
SU-8 removal . Chemical method for SU-8 removal
was employed. Figure 2 shows the nickel microgear
after the SU-8 removal process usng wet chemical
method. Figure 3 illustrates a close-up of the mi-
crogear. From above pictures,it can be seen that
the surface of the electroplated mold is severely
damaged. The oxidizing processes, which were
caused by H>SOs and H.0. smultaneoudy in this
case,produced this rough surface with noticeable
surface pits and tips. Reducing H2SO. concentra-

tion,batch temperature or etching time may im-
prove the surface roughness.

Fig.2
moval

SEM picture of nickel microgear after SU-8 re-

Fig.3 Close up of the microgear with rough surface

Snce the volume shrinkage of the PDM S after
the curing is only 0. 2%,there are no observable
dimensional changes in replicated PDMS replica
compared to dimensonsin the original SU-8 mold,
which ensures that high precison metallic micro-
mold can be made. Figure 4 shows the SEM picture
of the microgear produced by PDM S technique pro-
posedin this paper. Figure 5 illustrates a close up
of the microgear. It can be seen that the microgear
obtained usng PDM S technique has smooth surface
since the PDM S can be smply peeled off to release
the metallic micromold. From above comparison,
the metallic micromold obtained usng PDM S tech-
nique has better surface quality and easy to oper-
ate. S0 ,PDM S technique partially solves the prob-
lem of SU-8 removal when preparing a micromold
insert.

In order to show the applicability of thistech-
nique for much higher aspect ratio microstruc-
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Fg.5 Close-up of the microgear with smooth suface

tures,a micromold insert with agpect ratio up to 10
is attempted and successully prepared, which is
shown in Fig. 6. The trench shown in the pictureis
1 m in width and 104 min height ,and the metal-
lic micromold insert shows smooth surfaces and
vertical walls. The experiments described above in-
dicate that PDM S replication and subsequently e
lectroforming is an effective alternative method for
SU-8 removal .

Fig.6 Metallic micromold insert with aspect ratio up
to 10 fabricated by PDM S technique

4 Conclusions

In this paper ,an alternative method for SU-8
removal is proposed. PDMS replica of SU-8 micro-
structure is employed for the micromold insert e
lectroplating. There are no observable dimensonal
changesin replicated PDM S replica compared to di-
mensions in the original SU-8 mold. The experi-
mental results show that the metallic micromold
insert obtained by this method has high resolution
and smooth surfaces. This method can be applied to
metallic micromold insert preparation and partially
wolve the difficulty of SU-8 removal.
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