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Fabrication of metal micro-precision sieves with high
open areas using UV-LIGA process
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Abstract; The manufacture of thick micro-precision sieve-sheets with high open areas is a key technical
challenge. After analysis on the process limitations existing in three manufacturing methods for metal
micro-precision sieves, an optimized UV-LIGA technique based on SU-8 photoresist is presented to
manufacture the micromesh nickel sieve-sheets. Operational parameters of some key process steps for
fabricating micro-precision sieve-sheets are determined experimentally, and morphological characteris-
tics of electroformed hexagon micromesh nickel sieves are evaluated using a SEM and an optical profi-
ler. Experimental results show that, using the UV-LIGA process, hexagon micromesh nickel sieves
(200 pm in side length,50 mm in diameter and 120 ym in thickness) with an open-area percent of 88 %

and a sheet-thickness of 120 pm, which can hardly be achieved by the conventional machining meth-
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ods, are successfully machined. The machined sieves are characterized by their smooth surfaces and

aperture walls, high precision sizes as well as rigid and homogeneous structures. These results show

that the UV-LIGA is an excellent method for fabricating micro-precision metal sieves.
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1 Introduction

Precision metal sieve-sheets coming in many al-
loys have been used in a wide range of applica-
tions, such as centrifuge screens, sugar screens,
filter screens, coffee filters, filter media for fil-
ter elements, filter candles, metal filters, pres-
sure leaf filters, spinpack filters, test sieves and

many others',

Some of the popular alloys are
stainless steel, nickel, brass, copper, gold, etc.
Precision metal micromesh sieve-sheets are usu-
ally produced by one of the three manufacturing
techniques: etching, laser cutting and electro-
forming™*’. Although with the most cost-effec-
tive and the quickest turnaround, chemical-etch-
ing process has a limitation in the aspect ratio
(thickness: aperture opening <1 : 1.5), and is
difficult to produce a quality sieve-sheet with
pitches smaller than 0.5 mm due to an undercut
effect. Laser-cutting is generally a fabrication
method with excellent positional accuracy and
reproducibility, but a " scallop-like" outline in
the resultant apertures having roughed walls,
together with its "one-aperture-a-time" manufac-
ture mode, greatly limits its application for fab-
ricating precision micromesh metal sieve-sheets
with ultrafine pitches. Electroforming, an addi-
tive rather than a subtractive process like etching
and laser-cutting, has several advantages over
punching, etching, laser-cutting and EDM
process in fabricating precision metal sieve-
sheets. These advantages include extreme high
precision, no burrs, no stress, smooth metal

surface and aperture walls, rigid and homogene-

ous structures, naturally flat products, design

flexibility, sharp edge definition, excellent re-
producibility, economical tooling and parts. It is
a highly cost-effective method for prototyping or
producing small and large series of metal sieve-
sheets with ultra-fine pitches (0. 02 mm to 0. 04
mm). However, it is very difficult to be used to
create the micro-precision sieves with an open
percent exceeding 85% and simultaneously a
sheet-thickness exceeding 0. 1 mm.

The open area percentage is an important
econotechnical norm for some applications of
metal sieve-sheets. For example, under the giv-
en aperture-shape and hole size conditions, the
bigger the open area percentage is, the higher
the efficiency of filtration or separation is. To-
day, to increase the open-area-percentage of mi-
cromesh sieve-sheets, we have to increase the
hole-size at a cost of lowering filtration or sepa-
ration grade or narrowing ribs of sieves with a
simultaneous reduction in thickness. This is be-
cause there are various process limitations in the
existing three manufacturing methods. It will be
very desirable to increase open-area-percentage
of micromesh sieves without changing the hole-
size or reducing the thickness of the sheets. But
it may be involved in the manufacturing prob-
lems of high-aspect-ratio microstructures. In
this case, a bigger open-area-percentage means a
less rib-width (or pitch), and hence an increase
in the aspect ratio. It is necessary to exploit or
search for some new techniques to meet these
fabrication requirements.

UV (Ultra Violet)-LIGA (a German acronym
standing for the main steps of the process, i. e.
lithography, electroforming, and plastic mould-

ing) using SU-8 resist, is an excellent High As-
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pect Ratio Microsystems ( HARMS) process
which allows to overlap a majority of the field of
X-ray LIGA applications while enabling low

(4]

costs and short throughput time'"’. It integrates

thick-resist lithography and electroforming
steps. Microcomponents from Ni, Cu, Au, and
Ag with a structure-feature height up to 500
pm, minimal lateral dimension down to 8 pm,
sharp and smooth sidewalls, and an aspect ratio
up to 10 have been achieved”™. These typical
process advantages may endow the UV-LIGA
technology with the feasibility of manufacturing
metal micro-precision sieves with high open are-
as in a relatively-higher thickness.

In this work, a nickel hexagonal micromesh
sieve with an open area percentage above 85%
and a sheet-thickness above 0. 1 mm is fabricated
tentatively by the UV-LIGA process based on
SU-8 resist. The SU-8 resist is used as a UV re-
sist because of its very high optical transparency
above 360 nm, which makes it ideally suited for
imaging fine structures with near vertical side-
walls in very thick films. After SU-8 resist
moulds fabricated employing UV lithography,
they are filled with nickel by the microelectro-
forming process, and precise nickel micromesh
sieves are subsequently obtained. To analyze the
feasibility of fabricating thick micromesh sieve-
sheets with the open area percentage using the
UV-LIGA technology, some performances such

as open area percentage, hole size distribution,

and tolerance are evaluated.

2  Design

In order to obtain a larger open area percentage,
a hexagonal opening is selected, as shown in
Fig. 1. In terms of hexagonal openings in sieves,
the open area percentage (K) can be computed
by the following formula™*-

K=(b/a)" X100% . (D

Fig. 1 Schematic diagram of hexagonal micromesh

Where a is the pitch of holes, b is the aperture of
micromesh. a and b are given by
a=3r+c.b=3r , (2)
Where ¢ is the width of rib between the two ad-
jacent openings, r is the radius of circumcircle of
hexagonal micromesh. So the equation (1) can
be expressed as
K=/3r/V3r+c)" X100% . (3)
It can be learned from the equation (3) that,
the larger the radius r is and the smaller the rib
width ¢ is, the higher open area K is. In order to
obtain a much higher open area percentage, the
rib width ¢ should be selected as small as possi-
ble. Given r=200 pm and K=85 %, rib width ¢
should be 30 ym from the Eq. (3). In this case,
the aspect ratio of ribs will be up to 4 if the
thickness of 120 pm of the sheet is adopted.

3 Process details

The main process steps are shown in Fig. 2. To
be propitious to release the electroformed nickel
sieve-sheets from the substrate, stainless steel
substrate (50 mm in diameter, 0.4 mm in thick-
ness) was designedly used. The details of the
optimized UV-LIGA process for manufacturing
the micro-precision sieves are as follows:

(1) After the substrate being carefully cleaned, a
120 pm-thick SU-8 2025 resist layer is spin-coa-
ted on the substrate with stepping spin speeds.
And after the resist having been applied to the
substrate, it is given a sufficient relax time to

minimize the stress associated with the spin coat
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process. And then, a soft bake step is carried
out on a hotplate, baking cycles of 65 ‘C for 20
min followed by 95 C for 20 min. Subsequent-
ly. the photoresist is cooled down naturally to
room temperature prior to its removal from the
hotplate.

(2) As shown in Fig. 2 (b), exposed regions
are obtained in the SU-8 photoresist by UV light

SU-8
resist

Stainless steel

(a) Spin-coating

UV light

PR mas
NNt

Stainless steel

(b)UV-exposure

Stainless steel

(¢)Development

Nickel

Stainless steel

(d) Electroforming

Stainless steel

(e)Removing resist

Fig. 2 UV-LIGA process schematic for fabricating
microstructures in an SU-8 electroforming

mode

irradiating with a contact mode. The UV-expo-
sure dose is 260 mJ/cm?.

(3) Prior to development, the exposed SU-8
resist is baked first at 65 C for 10 min followed
by baking at 95 C for 15 min on the hotplate.
During the developing, patterned photoresist is
rinsed in the MicroChem’s SU-8 developer with
an ultrasonic stirring (frequency, 33 kHz ; pow-
er intensity, 2 W/cm?) for 2—3 min, followed
by rinsing with isopropyl alcohol for 10 s. And
subsequently, it is dried on the hotplate at 95 C
for 1 min. The micro-moulds for nickel electro-

forming are shown in Fig. 3.
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Fig. 3 SU-8 resist molds of micromesh sieve after

development

(4) Microelectroforming in the patterned re-
sists with high-aspect-ratio micro features has
been still a tickler. Therefore, a novel electro-
forming process, named microelectroforming
technique assisting low air-pressure alternately
and temperature-gradient, which helps to signif-
icantly enhance mass transport, and to reduce
the formation of gas bubbles as well as to quick-
en the eliminating of the dissolved gas during the
microelectroforming®®’ , is applied to the electro-
deposition of nickel in the patterned sieve-
mould. Bath composition and deposition parame-
ters are presented in Tab. 1. The cathode is po-
sitioned horizontally 20 mm or so far from the

anode facing each other.
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Tab.1 Electrolyte composition and

electrodeposition conditions

Bath Constituent Amount or conditions

Ni(NH;S0O;), » 4H,O

420 ml/1
(Concentrated solution)
H., BO, 37.5 g/l
NaC,, H,; SO, 0.1g/1
Operating conditions

300 A/m?

Current density (DC)
Temperature gradient Bulk electrolyte: 25 C, Cath-
ode:60 C
pH 3.3~3.8

Agitation Forced flushing by airflow

(5) After electroforming, the un-exposed SU-
8 structures are removed with NANO Removal
PG (from MicroChem) by immersing mode at
80 C with ultrasonic agitation (frequency, 33
kHz; power, 30 W). This is followed by a reac-
tive ion etching process at 300 W RF power in
10% CF, and 90% O, ambient at 133. 3 Pa and
room temperature. Electroformed micromesh

nickel sieve-sheet after removing resist is shown

in Fig. 4.

Fig. 4

Morphology of electroformed nickel mi-

cromesh sieve-sheet

4 Results and analysis

Micromesh nickel sieve-sheet fabricated by the

optimized UV-LIGA technique is characterized

by excellent morphologies with very flat and
smooth surfaces of aperture walls, sharp edge
definition, rigid and homogeneous structures and
almost no electrodeposition defects,as shown in
Fig. 4.

To evaluate structural characteristics as well
as to analyze micromesh size variation of the e-
lectroformed sieve and compare with the de-
signed openings, topography and rib-width of
the electroformed sieve-sheet are also examined
typing MicroXAM
(from ADE) and a tool measuring microscope
typing MF-UA1740H (from Mitutoyo Ltd. ),
as shown in Fig. 5 and Fig. 6. Ribs characterized

using an optical profiler

with a slight taper shape are presented (shown

in Fig. 5(c)). The sizes of rib-width between the

(b)Partial enlarged detail

-0 -0 0 20 40 60 80
s H:0.432 um g
-£120 = - z
g = 2
=140 [ .

(c)Rib profile

Fig. 5 Topography and rib profile of micromesh sieve
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Fig. 6 Photo of nickel micromesh sieve-sheet

narrowest portion and the widest portion are in
the range of 2 ym by measuring randomly five
ribs. The reason for this is that the uppermost
portions of the resist are more intensively ex-
posed during the exposing, resulting in a taper-
ing of the resist from an upper widest point to a
narrowest point where the resist meets the carri-
er, and thus apertures having a trapezoidal cross
section are produced. These built-in taper aper-
ture walls together with smooth surfaces may
help to make sieves easier to clean and reduce
the possibility of clogging and particulate entrap-
ment. The average rib-width of micromeshes
measured at the half-height of rib in five differ-
ent places (shown in Fig. 6 O ~@® and Fig. 7) is
26. 16 pm, and there is a 3. 84 pm reduction
comparing with the designed 30 pm width,
which has practically increased the open area
percentage of sieve-sheets up to 88%. A small
air gap always forming between the mask and

the negative SU-8 photo-resist which is not per-

27571
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255 F 253
250
245
24.0

27.0
26.4
259

Width/um

o @ ® o 6

Position

Fig. 7 Width of ribs of micromesh sieve-sheet meas-

ured in five different places

fectly flat results in a light diffraction phenome-
non which causes some absorption of ultraviolet
radiation of un-patterned region (shown in Fig.
8), and therefore narrower trenches of resist
moulds where nickel will be filled by electrofor-

ming process forms after developing.

nm

— Mask

Practical
exposure

pattern

SU-8 resist

Desired
exposure

pattern Substrate

Fig. 8 Schematic diagram of SU-8 resist exposing

with diffraction phenomenon

5 Conclusions

Hexagonal micromesh (200 pm in side-length)
nickel sieve-sheets (50 mm in diameter, 120 ym
in thickness) with open area percentage up to
889% are successfully obtained using an opti-
mized UV-LIGA technique based on SU-8 photo-
resist and a novel electroforming process—mi-
croelectroforming assisting low air-pressure al-
ternately and temperature-gradient. These sieve-
sheets also feature smooth metal surfaces and
aperture walls, no burrs, rigid and homogene-
ous structures, and sharp edge definition. Aper-
tures with trapezoidal cross-section and plus or
minus 2 pm tolerance are naturally achieved u-
sing this process, which may benefit filter media
or printing stencil to be cleaned easily. It should
be noted that, comparing to the designed value,

the UV-LIGA-fabricated micromesh

sieve-
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sheets, however, may have a little increase in

the resulted open area percentage, which results
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