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During SU-8 standard photolithography process, a patterned topography is formed with a characteristic height profile produced by
the different shrinkage of the UV exposed and masked regions. We study the change of wettability, film solubility, and topographic
modifications on SU-8 films of different thicknesses and show its relevance in the formation of spinning-flow arrays on top layers
made from positive photoresists. Also, considerable contrast in film solubility and surface energy as observed from contact angle
measurements is produced. Interface diffusion of the photoresists was also observed and followed by Rutherford Back Scattering.
We discuss the derivations of the mentioned effects concerning the limitations to multilayered microfabrication processes and
possibilities to take advantage of the surface profiles obtained.

1. Introduction

Polymeric photoresists are employed in microfabrication as
standard materials for photolithography. However, photore-
sists are typically employed as sacrificial materials that only
serve to transfer designed features on a substrate. Othermate-
rials, such as metals, oxides, and semiconductors, are used to
conform to the devices envisioned. In recent years, new pro-
cesses have emerged that make use of polymers as the func-
tional and structural materials. A growing number of poly-
mer basedmicrodevices, mainly applied inmicrofluidics, can
be found in the literature [1–6]. The growing interest in poly-
mer based MEMS [7] has driven the development of novel
processes and protocols to control its mechanical [8–10],
optical [11], magnetic [12–14], and electrical [15–17] proper-
ties. Also the surface chemistry [18], the resolution attainable
during optical lithography [19], and the topographical fea-
tures were intensively studied.

Because of the intrinsic mechanical properties of epoxies,
SU-8, an epoxy based negative tone resist, is widely used for
polymer MEMS [20–22]. However, the lithography process

involves several thermal treatments and multilayer coatings,
which are successively patterned to achieve the desired
3D structures. It is important to notice the existence of
many problems during multilayer fabrication. For example,
although it is commonly assumed that photoresists of uni-
form thickness achieve the designed pattern only after the
dissolution of the exposed/unexposed regions to UV light for
positive/negative tone resists, it was observed that topograph-
ical changes are produced on SU-8 before the development
step. This is due to the differential shrinkage of the exposed
and masked regions during the so-called postexposure bake
(PEB) [23–25].

In this work, we aim to identify, classify, and resolve the
main and key factors tangled withmicrofabrication involving
bilayers of different photoresists, in search of accurate proce-
dures for polymer MEMS fabrication. We studied the bilayer
system form by a positive tone resist over a prepatterned,
but undeveloped, structural layer of SU-8. We report that,
besides the topographical changes, UV exposure affects two
additional physicochemical properties.These are the different
wettability of a secondary, top resist, over the exposed and
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Table 1: Conditions for deposition and lithography of each layer.

Spin max speed
(RPM) SB PEB HB Exposure Dose

(mJ/cm2)
Development time

(s)
SU-8 2001 3000 60 s at 65∘C & 60 s at 95∘C SB 15min at 200∘C Mask 162 60
SU-8 2010 3500 60 s at 65∘C & 180 s at 95∘C SB 15min at 200∘C Mask 189 180
SU-8 2050 4000 180 s at 65∘C & 240 s at 95∘C SB 15min at 200∘C Mask 324 300
AZ-9260 2500 210 s at 105∘C None None Flood 128 210
Microposit S1400-31 5500 180 s at 95∘C None None Flood 108 45

unexposed regions of the SU-8 bottom layer, and the partial
solubility of the SU-8, giving rise to interface diffusion and
intermixing between the two layers. We recommend actions
to avoid or reduce the drawbacks produced by these effects.
We find these factors to be highly relevant for the fabrication
of multilayer polymer based microdevices and shed light on
this topic.

2. Experimental Procedure

Sample Preparation. Two kinds of photoresists were used
for the fabrication of bilayer structures. The bottom layer
was made from epoxy based SU-8 (𝑀𝑖𝑐𝑟𝑜𝐶ℎ𝑒𝑚 𝐶𝑜𝑟𝑝.) as
negative tone photoresists in 2001, 2010, and 2050 formu-
lations. For the top layer positive tone resists like AZ-9260
(𝐴𝑍 𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑖𝑐𝑠) and Microposit S1400-31 (𝑆ℎ𝑖𝑝𝑙𝑒𝑦) were
used. Photoresist films were deposited over soda-lime glass
slides by spin coating and all samples were cured by soft
bake (SB) as recommended by the supplier. Lithography was
performedusing a SÜSSMaskAlignerMJB4with anOSRAM
350WHg lamp. Between the lamp and the mask a bandpass
optical filter was set for cutting offwavelengths below 350 nm.
SU-8 films require PEB afterUV exposure for cross-linking of
epoxy groups. An optional hard bake (HB) process at higher
temperature can be optionally performed. A top layer with
a positive tone resist was spin coated followed by a second
SB necessary for drying. A second UV flood exposure was
applied to this layer. Finally, top layerwas developed usingAZ
400K 1 : 4 developer.The characteristic parameters employed
in the process for each layer are detailed in Table 1.

Wetting Angle Measurements. We prepare SU-8 2050 films
processed by three different treatments: first, SU-8 was spin
coated on glass slide and SB was performed. A sample of
this film was conserved, while the rest of the slide was
irradiated with 336mJ/cm2 UV in flood exposure mode.
Afterwards, PEB was applied and a piece of this sample was
taken. The remaining piece was submitted to a hard bake
for 15min at 200∘C. The wetting angle was measured using
a homemade setup with a generic 200x digital microscope
for drop magnification; the drop has a constant volume of
2 𝜇L depositedwith amicropipette.The imageswere analyzed
to obtain the contact angle for water and Microposit on SU-
8 film with SB, PEB, and HB. The images were analyzed
to obtain the contact angle for water and Microposit on
SU-8 film submitted to SB, PEB, and HB using an image
manipulation program (GIMP) [26] to extract the edge drop
and measure the contact angle with the surface.

Sample Surface Topography. The topographical features pro-
duced after PEB in different formulations of SU-8 films were
analyzed by AFM (Bruker microscope) in contact mode.
SEM images were performed in SEM Philips XL-30 at 30 keV.
Optical images were obtained with a Nikon Eclipse L200
microscope.

Top Layer Diffusion. Absorption spectra were taken using
a Thermo-Spectronic Genesys 20 UV-visible spectropho-
tometer. The depth profile of sample elemental composition
wasmeasured using Rutherford Backscattering Spectrometry
(RBS) with a NEC 5SDH, 1.7 MV Tandem Accelerator, and
a NEC RC43 high vacuum analysis end station (10−8 Torr
of base pressure). In brief, RBS consists in a monoenergetic
ion beam (2MeV energy He+ ions), impinging normal to
the sample surface, backscattered by nuclei of the elements
present in the sample, and detected afterwards by a surface
barrier detector positioned 15∘ apart from the beam line
[27].The outgoing energy of scattered projectiles depends on
the nuclei mass and its energy distribution extends from a
maximum, for nuclei at the sample surface, to lower energies
due to the beam energy loss in the incoming and outgoing
trajectories for nuclei at the bulk [28]. The measured spectra
were analyzed with the SIMNRA [29] software that fits the
experimental data by varying elemental concentrations, using
a database of scattering cross sections.

3. Results

Bilayer Structure. The attempt to perform a bilayer structure
by depositing a second layer of a positive tone resist over a
previously exposed with a regular pattern, but nondeveloped
SU-8 2050 film, resulted in particular features that seemed
to be related to the characteristic geometry of the mask
employed. A series of lines arising from a central point in the
sample could be easily perceived, suggesting that centrifugal
acceleration present during spin coating was responsible
for the effect. A closer look at the samples allowed us to
understand the way in which the spinning forces and the
topology of the mask are related. The optical image shown
in Figure 1 displays the flow of the positive tone resist during
spinning, where each of the circular patterns of the bottom
layer (SU-8) acts as an obstacle to the radial flow of the liquid.
This could be either because of topographical changes or due
to surface modification, and therefore wettability occurred
after patterning the SU-8. However, we noticed that the
appearance of such features depended on the time elapsing
between the releasing of the positive resist and the start of the
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Figure 1: Optical images of Microposit on PEB SU-8 2050 (a) before development (b) after development. Inset shows the mask employed for
UV exposure. Figures (c) and (d) represent an isometric view of the sample.

spinning cycle. Also the thickness of the SU-8 film was found
to be important, since SU-8 2001 films, approximately 1 𝜇m
thick, were completely deformed during the second-layer
deposition. These observations suggested the presence of a
third, important effect: the partial solubility of the SU-8 film
in the solvent of the positive tone resists. Actually, propylene
glycol monomethyl ether acetate (PGMEA, CAS: 108-65-6),
which is the major solvent used in AZ-9260 and a similar
compound (CAS: 111-15-9) present in Microposit resists, is
also used as the major component in the recommended
developer for SU-8 (SU-8 developer, MicroChem); therefore
the solubility of the unexposed regions in the bottom layer
and the diffusion of the positive tone resist across the SU-8
layer could be expected. A similar effect is also present when
multiple layers of SU-8 are deposited.

It has to be noticed that the appearance of the radial line
features is also clearly visible after the development of the top
layer. After either flood ormasked exposure, remaining traces
of the positive colored (reddish) resists could be observed,
even after extended development times. To quantify the
penetration of the positive tone resist into the bottom SU-8
layer we prepared three samples of SU-8 films with SB, UV
exposed plus PEB, and HB.The deposition of the Microposit
resist was attempted in all of these samples. After the flood
exposure of the Microposit film and its development, the
characteristic reddish color of the resist was clearly visible
only in the SB and PEB, but not on the HB sample. This is
shown in Figure 2 where absorption spectra were taken after
the development of Microposit top layer.

The result of this experiment suggested that the solubility
and penetration of the positive tone resist were reduced after
progressive SU-8 thermal treatment and specially restrained
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Figure 2: UV-visible absorption spectra of bilayer samples formed
by deposition of Microposit over different thermally treated SU-8
2010 films after development of Microposit layer.

after HB, as expected from the extended cross-linking and
densification of the epoxy film.

It is worth noticing that the solubility and intermixing
of both resists take place during deposition of Microposit at
room temperature; however, after spinning this resist, the soft
bake treatment performed at 95∘C could also enhance the
interdiffusion effect because of the glass transition temper-
ature (Tg) of SU-8. It is known that Tg of SU-8 depends on
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Figure 3: Contact angle for water and Microposit on SU-8 2050.

the preexposure to UV and the following thermal treatments.
For the case of unexposed, soft baked SU-8, Tg is around
50∘C [21, 30]; for exposed samples submitted to PEB, Tg was
found to be similar to the maximum temperature during
PEB (95∘C in our case) (Feng). For hard baked SU-8, Tg
is >200∘C [19, 21, 30]. This is also in agreement with our
observations, being the sample submitted to SB the one that
shows the higher absorption due to remaining Microposit
resist, as shown in Figure 1.

(1) Wettability. Regarding the change in wettability it was
observed that masked and exposed regions of the SU-8 show
different wetting properties for water andMicroposit positive
tone resist. Wetting angles were measured. The results for
SU-8 2050 are summarized in Figure 3 where an increase in
the contact angle can be noticed after each of the thermal
treatments successively applied. This means a reduction of
wettability for Microposit due to the thermal treatment of
SU-8. Microposit resist displays better wettability compared
to water. Wetting angles for water can be compared with
typical values reported in the literature (60∘–80∘) [31–35].
Water wettability is also important because the majority of
developers products for positive tone resist are aqueous based
solutions. Our results show that exposed regions of the SU-
8 film are more hydrophobic, in agreement with previous
studies.

After PEB treatment of the bottom SU-8 layer, the regions
exposed have slightly less wettability than the unexposed
ones. This is an initial approach to understand the reason
why uncovered regions in the bottom layer are observed after
spinning ofMicroposit. In all cases the wetting angle is higher
when SU-8 is submitted to HB treatment. This differential
behavior represents one of the three characteristics to take
into account in the construction of bilayer structures. For SB

Table 2: Depth profile after PEB for different SU-8 film thicknesses.

SU-8 2001 2010 2050
Thickness (𝜇m) 2 9 40
Depth (nm) 180 450 4100
Ridges height (nm) 10 100 420

treatment the wetting behavior for Microposit is affected by
partial solubility of the bottom layer as will be discussed later.

(2) Topography.Thesecond relevant issue is the surface profile
that is produced due to the differential expansion and con-
traction of the exposed and masked regions of SU-8 during
PEB. As explained by Denning et al. [23] the cross-linking
produced in the exposed regions of SU-8 films during the PEB
treatment increases significantly the mechanical stiffness of
the film, while the unexposed regions remain relatively softer.
Both the exposed and masked regions of SU-8 films expand
during the PEB at 95∘C; however, due to the cross-linking in
the exposed regions, it becomes more rigid [36] and during
cooling contracts less than the masked regions, creating then
a topographical profile where unexposed regions are seen
as depressed features, surrounded by ridges formed in the
frontier between both areas. In the case studied by Feng
and Farris [36], the SU-8 film thickness was approximately
15 𝜇mand the valleysmeasuredwere about 400 nm, while the
heights of the ridges were nearly 200 nm.

We studied this effect in detail by using a transparent
mask with 50𝜇m opaque disks arranged in hexagonal pat-
tern. After PEB, AFM scans were performed to quantify the
topographical features and also by means of SEM imaging of
the sample placed at a tilted angle. Both results are shown in
Figure 4. It was confirmed that the topographical features are
more pronounced in thicker films (Table 2) since the absolute
volume changes are more significant.

The third effect relevant to bilayer fabrication analyzed in
this work is the solubility of bottom layer during the coverage
with top layer.

(3) Interface Diffusion. To better understand the effects such
as partial diffusion of top layer into the bottom one, we used
RBS to follow chemistry markers contained in one of the
layers involved, for example, antimony (Sb) and sulfur (S)
that are present in the SU-8 photoinitiator (triarylsulfonium
hexafluoroantimonate salts) but are not in the Microposit
photoresists.

Figure 5 shows RBS spectra for SU-8 2010 with different
treatment stages and a second Microposit photoresist layer
equally baked, exposed, and developed for all samples.
Although the total film thickness is around 10𝜇m, the
penetration depth of the beam is 5𝜇m. In this region of
the sample, steps corresponding to every element can be
observed. The split shoulder structure can be assigned to C,
O, and S elements. The peak observed at 1350 keV indicates
that there is a thin region of the film containing potassium.
Besides the above-mentioned elements there is an estimated
amount of 85% atoms of H (invisible by this technique).
Elements such as C and O are present in SU-8 as well as
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Figure 4: 50 𝜇m circle in SU-8 2010 after PEB: (a) SEM photograph. (b) AFM. (c) AFM profile.

Microposit while K detected is a residue from the developer
solution.

SB and PEB samples seem to form a mixture of both
resists on top, contaminated with K belonging to developer,
keeping the unchanged bottom of SU-8 out of the reach of
the beam. An interdiffusion layer is formed due to partial
dilution of SU-8 layer. Sulfur and epoxy groups migrate into
this mixture layer. The composition of the mixture layer is
slightly enriched with S, having 1.15% for PEB and 0.82% for
SB.

PEB sample shows a more notorious interdiffusion effect,
contrary to the expectation to get a denser structure after
cross-linking produced during PEB. In this case, the S step
suggests also a variation in the composition from the surface
to the bulk, explained by the deviation from the simulated
plateau between 800 and 1300 keV. The slope states that the
concentration of S is higher in deeper regions of the sample
approaching that of pure SU-8.

Sulfur content in HB sample was notoriously lower
(0.18%) possibly due to thermal decomposition of sulfur
based photoinitiator molecule as reported by Takahashi and
Shirai [37] who found this effect starting at 150∘C.

In case of PEB, the thicker interdiffusion region compares
to penetration depth, making Sb out of reach.This seems rea-
sonable to us as a result of interdiffusion phenomena between
resist compounds because the diffusion coefficient for S is
higher than for Sb. SB andHB samples spectra have a clear Sb
step at highest scattering energy.

4. Conclusions

Three different effects were found to be important for the
microfabrication of multilayer structures based in SU-8
resist: the differential wettability of the exposed and masked
regions of the SU-8 films, the topographical features arising
during PEB, and the solubility and interdiffusion of positive
tone resists and SU-8 films. The mentioned issues affect
significantly the quality of the bilayer photolithography and
the resolution attainable and limit then the performance of
designed devices. We find that several actions could be taken
to minimize the importance of these effects such as choosing
thinner SU-8 films, reducing the resting time of the positive
resist before starting the spinning cycle, and performing a
hard bake, whenever possible, of the SU-8 film before the
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Figure 5: RBS spectra for Microposit/SU-8 samples with different
SU-8 2010 treatments: SB (red), PEB (green), HB (blue), and
SIMNRA software fittings (dark color lines).

deposition of the top layer. RBS spectra confirm that with the
HB SU-8 process it is possible to get two well defined layers
as interface diffusion effects occur when SU-8 is not hard
baked.We called the fact that the topographical features could
also provide an advantage for the design of nanostructured
surfaces and molds for soft-lithography techniques, where
controlled roughness and curved profiles as shown in Figure 3
could be useful.
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