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Abstract—This paper describes a promising fabrication
technique for rapid replication of high aspect ratio
microstructured molds for UV embossing. The process involves
casting silicone rubber on a microstructured master, replicating
an epoxy mold using the PDMS rubber mold and finally,
metallizing the surfaces of the epoxy mold by electroless plating
nickel (EN). The preliminary study suggests that this technique is
feasible for rapid replication of high aspect ratio molds for UV
embossing. Uniform molds can be replicated rapidly through this
technique making the process economical and accessible.

Index  Terms—rapid replication, ratio

microstructured mold, UV embossing

high  aspect

I. INTRODUCTION

Polymeric micro-electro-mechanical systems (pMEMS) are
important as low—cost alternatives to silicon or glass-based
MEMS technologies for a range of present and future
commercially viable products in the field of life science, [1]
micro-optics, [2], [3] display technology [4] and so on. Hence,
pMEMS are attracting considerable attention in both the
scientific and industrial communities.

The creation of polymeric MEMS typically involves the use
of a microstructured mold to replicate polymeric materials
with the features in micron scale dimensions. Most present
techniques for microstructured moldmaking rely on
conventional semiconductor materials such as a silicon wafer
and standard microlithographic techniques originally
developed for the microelectronics industry. These materials
and techniques are relatively expensive and they are not
routinely accessible to most scientists and industrialists.
Recently, alternative technologies for micropatterning and
lithography using polymeric materials have been presented.
[5] Soft lithography using Polydimethylsiloxane (PDMS) is
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receiving much attention as an alternative method of rapid
replication. [5]-[8] This polymer is not only a low-cost
material but also particularly suitable for use as a mold in
replica molding because it can be separated easily from the
master without damaging the latter.

Ultraviolet (UV) embossing is a technique for making
polymeric MEMS components with high aspect ratio. It offers
many advantages such as rapid processing, operation using
low pressure and room temperature, outside-the-cleanroom
operation, and good dimensional replication. However, the
polymeric microstructured molds used in high aspect ratio
embossing must have sufficient rigidity to withstand the
stresses of demolding. In addition, the surfaces of the mold
need to be metallized and coated with anti-stick coating in
order to decrease the interaction between the mold and UV
embossing resins. To fabricate molds from a rigid
microstructured master mold, PDMS mold can be used as a 2™
generation mold and other rigid polymers such as epoxies,
polyurethanes, and poly (acrylic acid) can be molded against it
[6]. The 3™ generation polymeric mold made of a rigid
polymer with relatively higher surface energy can then be
metallized so that the metal layer acts as a diffusion barrier
between the mold and the photopolymerizable resin. [9]-[11]
Electroless nickel plating was explored as the metallizing
technique as it does not require sophisticated equipments.

In this paper, a promising replication technique for UV
embossing molds is presented. The method allows the rapid
replication  of  fairly rigid metallized polymeric
microstructured molds with high aspect ratio for UV
embossing. In this technique, no clean room is needed and
many inexpensive daughter molds can be made from each
expensive master. It is therefore an accessible and economical
technique.

II. EXPERIMENTAL

A. Materials

The master employed in this study was prepared by
exposing and developing a photoresist coating, specifically
SU-8 supplied by MicroChem Corporation (MA, USA), on a
silicon wafer through a mask. PDMS used in this work for
casting is supplied by Dow Corning Corporation (MI, USA).
The epoxy casting resin is Epoxfix Kit supplied by Struers
A/S (Denmark) and is a Biphenol A epoxy resin (M,<700).
The viscosity of the epoxy resin at 20°C is 550 mPa.s.



Pallidum choride (PdCl) and 1-vinylimidazole were
purchased from Aldrich Chemical Company and used as
received. A commercial product electroless nickel plating
solution ‘PEN-99° supplied by Plaschem Specialty Products
Pte. Ltd (Singapore) was used.

B. Procedure

Figure 1 illustrates the procedure used in this study for
microstructured mold replication. Many aspects of this
procedure are not novel; a similar but somewhat less elaborate
procedure has been employed previously for the fabrication of
stamps and molds for soft lithographic techniques. [5] Prior
efforts using similar procedures to create molds using soft
lithography have addressed neither the goal of high aspect
ratio microstructure nor the goal of mold metallization to
promote mold durability and the release of molded structures.

The mechanical and thermal processing conditions which
dictate the use of rigid metallic molds in many applications are
greatly relaxed in the UV embossing process, which involves
low-pressure and room-temperature processing. A new
problem, which arises in application of UV embossing to high
aspect microstructures, however, is cohesive failure within the
embossed structures. This can be addressed through surface
pretreatment of the molds to promote release of the embossed
structures.

Fabrication of PDMS mold ---- The microstructured silicon
wafer was stiffened by attaching it to a glass plate using room-
temperature curing epoxy adhesive. The PDMS prepolymer
and its curing agent were thoroughly mixed with a 10:1 weight
ratio. Before use, the prepolymer mixture was degassed at 30
mtorr for 30 min to remove air bubbles. A cavity was formed
around the master with a 2mm thick aluminum spacer; the
prepolymer mixture was poured into this cavity. A 1 cm thick
PTFE block was carefully lowered onto the prepolymer
mixture from one edge to realize continuous contact and
prevent bubble formation at the interface. The
master/PDMS/PTFE assembly was clamped (Figure 2) and
cured at room temperature for 24 h or at 65°C for 2 h, after
which the PDMS mold was peeled off from the master and
was ready for the next step of replication.

Fabrication of Epoxy mold ---- The epoxy resin and its
hardener were mixed thoroughly for at least 2 minutes, with a
weight ratio of 25:3 as recommended by the supplier, and then
degassed. The resin was carefully poured into a chamber
structured with glass sheets (top and bottom), the PDMS mold,
and a 2 mm PTFE spacer on the PDMS mold (Figure 3). After
curing at room temperature for 24 h and peeling off the PDMS
template, a microstructured Epoxy replica, which was adhered
to the top glass sheet, of the master was obtained.

Electroless plating nickel on the surfaces of the epoxy mold
(EN mold) ---- In general, the adhesion of metals to pristine
polymers is poor, due to the inherent physical and chemical
inertness of most polymers surfaces. [12], [13] In order to
enhance the adhesion of metals to polymers, the technique of
polymers surface graft copolymerization following the plasma
treatment has been widely employed prior to metallization.
[14] - [16]

In this study, the surface modification of the epoxy resin via
argon plasma treatment was carried out in a March PX-500™
Cleaning System. This system uses a solid-state radio
frequency generator operating at 13.56 MHz. The detailed
operating conditions were as follows: the plasma treatment
time at a plasma power of 100W was 60 s; the flow rate of the
argon is 350 sccm (standard cubic centimeters per minute).
The base pressure of the argon gas in the chamber was 50
mtorr. The plasma-pretreated epoxy mold was then exposed to
the atmosphere for a few minutes to allow surface-activated
species created by the plasma treatment to react with oxygen
to generate surface peroxide or hydroxyl peroxide functional
groups. [14] - [16] The “aged” epoxy mold was coated with a
thin layer of Nitrogen-containing monomer, specifically 1-
vinylimidazole, with an overlayer of Melinex® 454 film. The
epoxy mold together with the monomer and Melinex® 454
film were then exposed to UV illumination for 40s at room
temperature to enable graft polymerization of the monomer
onto the modified epoxy surface. The UV source was a flood
UV exposure system with Hg-lamp, specifically a 400W PK
102UV Lamp from I & J Fisnar Inc (NJ, USA). The measured
area-averaged UV intensity at 365nm was about 110mW/cm®.
After UV grafting, the Melinex” 454 film was removed and
the epoxy mold was rinsed thoroughly with deionized (DI)
water to remove residual ungrafted monomer and then dried in
an oven at 80°C.

The pretreated epoxy mold was activated by immersing in
palladium catalyst solution, containing 1.0 mg/ml PdCl, and
10 mg/ml HCI (37wt%), for 10 minutes. After removal from
the palladium catalyst solution, the mold was rinsed
thoroughly with DI water before being transferred to the
electroless plating bath. For electroless plating of nickel on the
surfaces of epoxy mold, a commercial nickel solution PEN-99
was used. The electroless plating of nickel was carried out at
90°C for 30 min. After plating, the EN mold was gradually
cooled to room temperature, rinsed thoroughly with DI water
and dried in an oven at 80°C.

C. Characterization

The dimensions of the master and the replicated
microstructured molds were characterized using an optical
profilometer, Wkyo NT 2000. For examination using scanning
electron microscopy (SEM), the replicated molds were coated
with gold and examined using a Joel JSM-5600 scanning
microscope at an operating voltage of 10KV; the Nickel-
plated epoxy molds did not require further preparation prior to
SEM.

III. RESULTS AND DISCUSSION

A master comprising microchannels separated by walls
composed of SU8 photoresist on a silicon wafer was used.
Figure 4 shows the dimensions of the master measured with an
optical profilometer (Wkyo NT 2000). The dimensions of the
trapezoidal trenches of the master are typically 25 um on top
and 15 pm at the bottom. The average distance (z) between the



tops and the bottoms of the trenches is 84 um. Therefore, the
aspect ratio of the master is about 4.

Figures 5 to 7 show the dimensions of the replicated
silicone rubber mold, epoxy mold, and EN mold respectively.
The corresponding dimensions of the silicone rubber mold
(top: 14 um, bottom: 25 pm, and z: 83um) and epoxy mold
(top: 23 pm, bottom: 14 pm, and z: 82um) suggest that the 3-
D channel paths on the master have been precisely replicated
onto the epoxy mold using the silicone rubber mold as the
intermediary. Due to the cross-linking shrinkage of silicone
and epoxy, the corresponding dimensions of the replicated
channel paths are slightly smaller than that of the master.
Comparison of dimensions shown in Figure 6 and 7 indicates
that the nickel has been homogeneously plated on the epoxy
mold with a thickness of about 2 to 3 um.

SEM micrographs of the silicone rubber mold and epoxy
mold are shown in Figure 8 and 9, respectively. Though there
are some spots on the surfaces of the molds, which may have
been introduced by dust, lint or other debris in the non-clean-
room environment of the experiment or during the preparation
of samples for SEM measurement, it is observed that a
complete and faithful replication has been obtained through
the molding technique. This is consistent with the results of
optical profilometry.

Figure 10 is the SEM micrograph of the EN mold. Although
the definition of the photograph is not very good, it directly
confirms that a uniform nickel film has been formed on the
surface to make the EN mold conductive.

As there are many ways in which this multistep process for
replicating microstructured molds can go awry, great care and
attention to detail is necessary for successful implementation
of this procedure. For example, only silicone rubber and epoxy
resin with low shrinkage should be employed, in order to
accurately replicate patterns from the master onto the 2™ and
3" generation molds. The epoxy resin used to create the 3™
generation mold should have a glass transition temperature
(Tg) which is higher than the temperature at which the
electroless plating is performed (90°C in this experiment);
otherwise the EN mold may deform during plating.

By this procedure we have replicated a low-cost Nickel-
coated microstructured epoxy mold from a master through the
fabrication technique of replica molding combined with
electroless plating. Although the EN mold produced in this
study is coarse and the aspect ratio of the patterned
microstructure is only 4, it does show that it is possible to
rapidly replicate microstructured molds for UV embossing.
Further studies are being carried out in our research group.
This ongoing work shows that it is feasible to faithfully
replicate microstructured molds with aspect ratios in excess of
10.

IV. CONCLUSION

A promising fabrication technique has been developed for
replication of microstructured molds for UV embossing. A
metallized epoxy mold with aspect ratio of 4 has been
produced through this technique. The technique is rapid and
simple, and is also economical, requiring neither “clean-room”

processing conditions nor other expensive specialized
facilities. Considering the advantages of UV embossing, this
technique is well suited for many applications in the field of
polymeric MEMS. Further studies using this technique are
under way, and we believe that in the near future
microstructured molds with high aspect ratio (>10) will be
replicated precisely from high aspect ratio masters.
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Figure 9 SEM photograph of epoxy mold replicated from PDMS mold



Figure 10 SEM photograph of EN mold
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