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A New Method for Fabrication of SU8 Structures with a High
Aspect Ratio Using a Mask-Back Exposure Technique’
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Abstract: A new method is presented, which can obtain high aspect ratio in SU8 structures. Instead that the top of
the photo resist layers are exposed to UV light through masks in conventional lithography, the new method utilizes
a mask-back exposure technique, i. e. the SU8 resist layer coated on a mask surface (metal patterns on a glass
plate) ,is irradiated by UV light through the back of the mask. So a desired exposure dose on the bottom of the re-
sist layer can be easily achieved without over-exposing from its top. T his has a two-fold effect, i. e. proper dose on

the bottom of the resist and less internal stress. Initial experimental results show that compared to an aspect ratio

of 18 obtained by conventional method, a higher aspect ratio of 32 in the SUS8 structures can be achieved by this

new method.
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1 Introduction

SU8 is an epoxy based, chemically amplified
resist with a high sensitivity, which is widely used
in the MEMS for the fabrication of primary struc-

[
tures

' The unique advantage of a SUS8 resist is
that the structure height fabricated with the SU8
resist can reach near Imm. Its high aspect ratio
(above 15) makes the SU8 an ideal material used
as a resist mask for RIE and a primary mould for

electroplating in
-

the fabrication of many de-
vices'"*l. Being a negative resist, the SUS resist
will be polymerized into crossdinked structures
during the exposure to the UV light. This poly-
merization will cause internal stress in the resist
layer, which, in turn, leads to poor adhesion of the
resist to the substrate if it is over-exposed. Some-

times, the excess internal stress may lift the resist
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layer off the substrate. To reduce the internal
stress in the SU8 resist, the exposure dose has to
be controlled to a minimum level. This often causes
the bottom of the resist under-exposed. T herefore,
the SU 8 resist near the substrate is often dissolved
in a developer due to less cross-ink reaction hence
a poor definition'".

The new method to be described in this paper
can reduce the internal stress without sacrificing
the desired exposure dose in the bottom of the re-
sist layer. The basic idea of this approach is a spe-
cially designed UV mask. This mask is fabricated
using normal UV lithography and wet etching pro-
cesses. Basically, this mask, which also serves as a
substrate, is a glass plate with some metal (in this
case, chromium) patterns on it. These patterns are
not only used to block the UV light like conven-
tional masks, but also used as a seed metal layer

for electroplating in subsequent process. It should
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be pointed out that this metal layer has to be com-

patible with the metal to be plated.

2 Details of fabrication

Conventional masks with the chromium and
oxide chromium patterns are used for lithography
only. While the special mask addressed here has
both functions of traditional masks and substrates.
The details of the fabrication process are shown in

Fig. 1.
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Fig. 1

Fabrication process for exposure of SUS re-

sist through the back of a mask

Firstly, the glass substrate is metallized with
chromium or copper and then patterned by stan-
dard UV lithography and wet etching techniques.
Secondly, a SU8 resist layer with a desired thick-
ness is directly coated on the metal patterns of the
mask, and then followed by pre-bake process. For a
300pum SUS8 resist layer, the pre-bake temperature
in oven is set at 95°C for 30min. After that, SU8 re-
sist layer is exposed to UV light through the back
of the mask at a dose of 1.2kJ/em’ with the light
intensity of 1W/em” and the exposure time of
20min. After UV exposure, the resist layer is post—
baked in oven at 85°C for 20min, and then is devel-
oped in SU8 developer commercially produced by
MicroChem Corp. for 30min. This prolonged de-
velopment will ensure all un-exposed areas in resist

layer to be dissolved in the developer complete—

ly'"". This long time to develop the SU8 structures
can provide the structure with the same exposure
dose profile. Finally, the metal patterns are electro-
plated to a desired height using the SU8 resist as a

mould and de-moulded from the substrate.

3 Results and discussion

The SUB8 resist is very sensitive to the UV
light. The exposure time has significant influence
on the definition of the SU8 structures. Conven-
tional lithography technique often makes SUS
structures have smaller lateral size in the region
near the substrate due to under-exposure in that
region'". This greatly reduces the strength of the
structures. Sometimes they are Washed away” in
developer. In order to ensure a desired exposure
dose in the region near the substrate, the resist lay-
er has to be over-exposed. However, over-exposure
will induce larger internal stress which will lead
poor adhesion between the resist layer and the sub-
strate, hence poor strength of the structures again.
It is found difficult to overcome this problem in
fabrication.

The new method presented in this paper, uti-
lizing Hack-exposure” technique, has been proven
to be a proper solution to this problem. Exposure
through the back of the mask will ensure the bot-
tom of the resist layer to be exposed at a desired
dose without over-exposing the entire resist layer.
T herefore, the SU8 structures fabricated in this
way will be strong and have a good adhesion to the
substrate. Figure 2(a) shows a structure of four
letters fabricated with SU8 by back-exposure for
20min. This structure has a lateral size of 10um
and a height of 320um, which gives a high aspect
ratio of 32. This is much higher than aspect ratio of
18 achieved using conventional exposure tech—
nique. From Fig. 2(a), it can be seen that the top of
the structure is slightly dissolved by developer due
to under-exposure, but this structure can stand on
the substrate firmly. A similar SU 8 structure fabri-

cated using the same technique, shown in Fig. 2



28 2

S k¥

25 4

(b). has a lateral size of 20um and a height of
400um. The only difference betw een the two is that
exposure lime employed in Fig. 2(b) is 35min. In
Fig. 2(b),a 10um expansion in lateral size can be

observed due to prolonged exposure.

Fig. 2 SUS8 structures fabricated by back-exposure

technique (a) Exposed for 20min: (b) Exposed for

35min

Although the back-exposure technique can be
used to solve the difficulties of poor adhesion and
poor strength of the SUS8 structures as discussed
above, its application in fabrication of ultra high
structures (e. g. a few millimeters) is still limited.
This is because the top of the structures may be
dissolved in developer due to under-exposure, as
seen in Fig. 2(a) . The higher the structures are, the
more SU8 will be dissolved on the top. However,
this limitation can be overcome by multiple back
exposure technique. In this case, A second SU8 re-
sist layer is coated on the top of the mixed struc—
ture of SU8 and metal after the gaps formed by
SU8 structures are fully filled by electroformed
metal (step of Electroforming”in Fig. 1). And the
SU 8 layer is exposed to UV light through the back

of the mask again. T his time, the exposure dose has
to be higher than that employed in the first step in
order to penetrate the SU8 formed in the first
step. Although the higher exposure dose will in-
duce larger internal stress in bottom of the resist
layer, this stress will not lift the resist layer off the
substrate because the electroformed metal struc-
tures fix the SU8 structures. The second SUS8
structures will be used as a mould for further elec-
troforming. The one of the advantages of this mul-
tiple back exposure technique is that no alignment
is needed for the second exposure. T his back expo-—
sure process can be used several times until a de-
sired thickness is achieved. Figure 3 shows the
structure of a heat exchanger, which is fabricated

using the back exposure process twice. T his copper

comb structure has a height of 0.6mm which is
electroformed by two 300um thick SU8 moulds.
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Fig. 3

back exposure process twice

A copper comb structure fabricated using

4 Conclusion

A new method is developed for fabricating
thick SU8 structures. Experimental results show
that an aspect ratio of 32 can be achieved by this
new method. This is much higher than aspect ratio
of 18 obtained by conventional exposure process.
Ulira high structures can be fabricated by multiple
back exposure technique. A unique advantage of
this multiple back exposure technique is that no

alignment is needed. This will greatly simplify the
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