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1 Introduction

Molding is the most common method of fabrication of lay-
ers of microstructures in experimental microfluidic devices 
(Folch et al. 1999). The elastomeric substrates such as 
thermally-cured PDMS and UV-curable PUMA or polyu-
rethane acrylate (PUA) have been used in soft lithography 
of microstructures (Fujii 2002). The materials such as solid 
silicon or SU-8 which are impermeable to air, and highly-
flexible PDMS as the permeable substrate are widely being 
used in manufacturing of the molds for microfluidic appli-
cation (Kim et al. 2008).

During UV-molding, polymerization of a UV-curable 
material is completed when the casted resin receive enough 
dose of light for conversion of the pre-polymers to a fully-
cured structure. The UV-curable PUMA has been used in 
casting of the arrays of pillars using solid silicon and elas-
tomeric PDMS molds by employing a source of UV radia-
tion with pre-defined intensity for polymerization process 
(Alvankarian and Majlis 2012; Jafar and Burhanuddin Yeop 
2015). Inhibition of polymerization of the UV-curable 
materials such as PUA by oxygen trapped or permeated 
through mold into the resin during casting and curing has 
been demonstrated and used for microfabrication of hierar-
chical structures by UV-assisted capillary force lithography 
(Jeong et al. 2009), also for irreversible bonding of micro-
channels (Jeong 2008).

The polymerization rate in a layer of UV-curable resin 
is changed by air because the molecules of oxygen scav-
enge the radical species needed for crosslinking initializa-
tion (Dendukuri et al. 2008; Alvankarian and Majlis 2015). 
Diffusion of oxygen from a high concentration zone into a 
pre-polymer resin during UV curing requires an additional 
amount of UV energy to consume the dissolved and dif-
fused oxygen (Jeong 2008). It is proven that inhibition of 
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polymerization can be totally stopped by isolation of resin 
from ambient air using techniques such as covering it with 
a sheet of impermeable or with very low permeability to 
oxygen. Other techniques of reducing the inhibition effect 
are by covering the sample using nitrogen gas or using a 
high vacuum condition (Jeong et al. 2009; Alvankarian and 
Majlis 2015).

In this article, effect of oxygen diffusion in a permeable 
mold of PDMS on UV curing of PUMA resin (Polydiam, 
UK) casted for manufacturing of arrays of high-aspect-
ratio microchannels is investigated. It is demonstrated that 
the effect of oxygen diffusion is limited to a thin film of a 
few micrometers at the contact surfaces of mold and resin 
and a fully-cured microstructure is achievable by increas-
ing the exposure dose and intensity. For designs in which 
the order of magnitude of thickness of the undercurred film 
is close to microchannel dimensions, fidelity of pattern 
transfer from oxygen permeable mold to the layer of micro-
structures is influenced.

Motivation of the present research is to have a better 
understanding of oxygen diffusion effect on micromolding 
process using UV-curable materials. Moreover, results of 
the investigation can be exploited in microscale alteration 
of microchannels through controlling of exposure dose and 
intensity.

2  Materials and methods

2.1  Physics of the problem

During molding process, oxygen of the air is dissolved 
into the external surfaces of an air-permeable mold before 
filling it with a polymer resin. The gas molecules diffuse 
in directions of lower concentration of O2 until they reach 
to an equilibrium level. At ambient conditions of pressure 
and temperature, dissolving coefficient, diffusion coef-
ficient (D) and permeability of oxygen in PDMS solid 
polymer are measured and reported as 1.25 mM atm−1, 
7.88 × 10−9 m2 s−1, and 4.65 × 10−15 m3 s−1 Pa−1 respec-
tively (Kim et al. 2013). The volume of dissolved gas 
depends on size of oxygen molecules (0.346 nm), voids 
or free volumes in between the molecules of solid PDMS 
and geometries of mold (Thomas et al. 2011). The rough 
order of magnitude of time needed for a molecule of oxy-
gen to transport in PDMS can be calculated using dimen-
sional analysis of diffusion coefficient defined by D

(

l2

t

)

, 
where l is the characteristics dimension of mold. For 
a typical thickness of 5.0 mm in PDMS block, it takes 
about ~53 min for oxygen to pass through with the rate of 
~1.6 µm s−1.

Due to the high viscosity of PUMA resin which is 
~22500 cp (of PDMS is ~4600 cp) (Alvankarian and Majlis 

2012) and during pouring it on PDMS mold, air bubbles are 
trapped in arrays of microcavities and channels designed 
for present experiments. We observed that the nano scale 
bubbles formed are slowly dissolved in PDMS and resin 
and finally disappear within about 30 min depends on 
dimensions of microstructures. By filling the mold with a 
resin that has a different level of dissolved oxygen com-
pared to PDMS (Jeong et al. 2009), diffusion and dissolv-
ing of O2 resume again in direction of gradient until a satu-
ration point reaches depends on chemical composition of 
the substrate.

Exposure of utilized UV-curable resin by UV light ini-
tiates chemical reactions that consume the diffused and 
dissolved oxygen into the molded liquid while generating 
a fresh level of oxygen gradient. The chemical composi-
tions of UV-curable materials have ability to overcome the 
dissolved oxygen during cross-linking to a limited level 
and further diffusion of O2 from the external and internal 
boundaries which have higher oxygen concentration than 
the resin itself delays the crosslinking or stops it from com-
plete curing (Jeong 2008; Alvankarian and Majlis 2015). 
Therefore, in using PDMS mold and PUMA as the main 
substrate in micromolding, the high concentration of mol-
ecules of oxygen in resin has inhibitory effect on polymeri-
zation process. Completion of the polymer crosslinking by 
UV light in such condition demands a longer curing time 
or a higher intensity of light to compensate for the negative 
effects of high concentration of oxygen due to diffusion 
compared to curing time required for casting using imper-
meable mold.

As Fig. 1a schematically shows, diffusion of oxygen due 
to its gradient direction into resin is possible by two ways 
of diffusion from its top surface that is in direction contact 
with air and from its interface with internal surfaces of per-
meable micromold that contains a higher oxygen concen-
tration than the resin itself. Both ways of inhibitions can be 
prevented by using an impermeable mold and covering the 
upper surface of resin with an UV-transparent and imper-
meable sheet (Alvankarian and Majlis 2015). The exposure 
process is conducted on PUMA resin molded with physical 
boundaries as it is demonstrated in Fig. 1b. If upper surface 
of resin is covered by an impermeable or very low perme-
ability material, a continuous inhibition takes place only by 
diffusion of oxygen from PDMS mold. The cross-linked 
PUMA in contact with the resin has no inhibitory effect 
related to oxygen diffusion (Alvankarian and Majlis 2015).

A reference curing time, tref is defined as a measure 
of full crosslinking of PUMA in absence of excessive O2 
molecules with conditions that all surfaces of the resin 
are isolated from external oxygen as shown in Fig. 1c. If 
the molded PUMA is exposed by UV for duration of tref, 
while the oxygen diffusion is occurring from the perme-
able boundaries, a layer of resin is remained uncured on all 
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internal surfaces of the fabricated microstructures follow-
ing peeling of the cured PUMA from the mold as shown 
schematically in Fig. 1d. The thickness of uncured resin, 
HPr as depicted in Fig. 1e is washed out during fabrication 
steps. The size of HPr must be kept uniform and very low 
to maintain the pattern transfer at high precisions. During 
polymerization of the uncured resin which is confined by 
solid PUMA with very low level of O2 and PDMS mold 
with high level of O2, high gradients of oxygen concentra-
tion in the mold is expected. The non-uniformity in diffu-
sion and consumption of oxygen in microstructures such 
as high-aspect-ratio walls of the mold changes the HPr and 
therefore the molded product appears as shown schemati-
cally in Fig. 1f.

The crosslinking of PUMA starts by absorbing part of 
the radiated UV light and producing the radicals needed 
in polymerization while reaction is inhibited by the oxy-
gen diffused in pre-polymer. The molecules of oxygen 
are consumed via scavenging the radicals and terminat-
ing the reactions. Diffusion of oxygen from mold to the 
curing resin is the main factor in continuous inhibition of 

polymerization as shown schematically in Fig. 1e. The 
amount of oxygen permeated into a layer of the resin by 
diffusion from its boundaries is governed by the rate of 
change of oxygen concentration in the body of mold, CO2

 
which is defined by a time-dependent Fick’s second diffu-
sion model given by:

where, DO2−Mold is diffusion coefficient of PDMS mold 
with thickness of H. The one-dimensional model is for 
simplicity of numerical solution and has good validity in 
present analysis. In fact, in casting for microfluidic applica-
tions, the width and length of the PDMS mold are consid-
erably larger than its thickness and therefore the diffusion 
gradient dominates between top and bottom surfaces.

The driving factor for oxygen permeation from bounda-
ries of mold into the uncured resin is consumption of O2 by 
polymerization. While, transporting of oxygen molecules 
from mold into the film of resin with thickness of Hpr is 
resisted by mold diffusion coefficient, however, the rate 

(1)
∂CO2

−Mold

∂t
= DO2−Mold

∂2CO2
−Mold

∂z2

Fig. 1  Schematics for illustra-
tion of microfabrication using 
UV-curable resin and perme-
able mold with consideration of 
oxygen diffusion. a Micromold 
with permeated oxygen and 
resin before UV exposure, b 
exposure of casted resin with 
permeable boundaries, c a fully-
cured layer of microstructure 
after exposure with imperme-
able boundaries, d peeled off 
layer of microstructure with 
partially cured surface after 
micromolding at reference cur-
ing time, e a one-dimensional 
form of micromolding in 
presence of oxygen diffusion, 
f non-uniformity in thickness 
of uncured resin in molding of 
high-aspect-ratio microchannel
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of oxygen diffusion from crosslinked PUMA to the resin 
is zero. In the uncured resin with very low thickness, the 
change of oxygen consumption rate across the PUMA film 
is negligible and consequently the oxygen diffusion gradi-
ent. Therefore, a 1-d model of time-dependent kinetic equa-
tion for O2 with approximation of uniform concentration of 
oxygen can be derived as given by:

where the coefficient of consumption of oxygen, kc, is 
a function of UV absorbance of material at Hsp which is 
mathematically modeled by:

where, k1 is the constant of proportionality that depends on 
chemical composition of the material, µ (mm−1), the meas-
ured radiation attenuation coefficient that is about 0.54 
for PUMA with thickness of Hsp = 1.0 mm for exposure 
time of 0–120 s and I0 is the light intensity at first inci-
dence point to photopolymer which is defined according to 
employed UV source. The effect of resistance of permeable 
mold against diffusion is defined by kd, which can take a 
value between 0.0 as the impermeable substrate and 1.0 as 

(2)
∂CO2−Resin

∂t
= −kc(1− kd)CO2−Resin

(3)kc∞

(

∂I(z)

∂z

)

z=H

= k1µI0e
−µHsp

a substrate with maximum permeability. The exact solution 
of the Eq. 2 is given by:

2.2  Fabrication

Design of arrays of micropillars for the present experi-
ments was directly printed on a chrome-coated glass as 
a photomask using a laser write system (DWL 66, Hei-
delberg). In a lithography process, the patterns of same 
design but with negative and positive polarities on the 
photomask were transferred onto a silicon wafer (type P 
<100>) coated with a film of 0.7 µm photoresist followed 
by aluminum deposition with thickness of 0.2 µm and a 
final lift-off step. The patterned silicon with aluminum 
mask was anisotropically etched uniformly for depth 
of 37.0 µm by deep reactive ion etching (ICP OXFORD 
PlasmaLab System 100). The plasma etching method of 
the silicon in present work create vertical wall profile and 
rough surface that considerably reduces the optical reflec-
tance compared to polished silicon which is ~50 % for 
UV range.

The etched silicon with positive polarity patterns as 
shown in Fig. 2a was used in casting process as a posi-
tive master for fabricating the negative mold from soft 

(4)
CO2−Resin
(

CO2−Resin

) = e− kc(1− kd)
t

Fig. 2  SEM images of the fabricated hard and soft molds. a Arrays 
of micropillars in silicon master mold made by DRIE, b PDMS mold 
consisted of arrays of microwells fabricated using silicon master, c 

magnified image of two silicon micropillars with spacing of 5.5 µm, 
d a magnified zone of PDMS mold, e Schematic of selected zone of 
negative mold in symmetry plane of b–b
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PDMS for producing final PUMA product. The etched 
silicon with negative polarity was used as the gas-imper-
meable substrate for direct molding of PUMA microstruc-
tures. By pouring the degassed pre-polymer on the mold 
and full curing at 75 °C for at least 2 h, a PDMS negative 
mold as shown in Fig. 2b was made and peeled off from 
the master. The negative mold is consisted of parallel cav-
ities isolated by thin walls with thickness of wg = 5.5 μm. 
The height, width, and length of each one of the cavities 
are 37, 48, and 48 µm respectively building a volume of 
~0.09 nL.

The overall thickness of PDMS mold, hb + hg is 
5.0 mm including the height of microstructures. The 
PDMS soft mold and silicon hard mold were employed 
for making the layers of PUMA microstructure. Lastly, 
PUMA resin was dispensed on PDMS and silicon mold 
and then exposed to UV for crosslinking. As the UV 
source for experimental work, a mask aligner unit (MDA-
400LJ, Midas System, Korea) capable of producing a 
light of only 365 nm wavelengths with uniform intensity 
of ~15.2 mW/cm2 and a low-power unit (Model UVL-56, 
Black-Ray, 6 Watts Lamp, 365 nm wavelengths, UVP, 
Uplard, CA USA) was used for the range of intensities 
0.5–3.0 mW/cm2. After peeling the fabricated microstruc-
ture from mold, the crosslinked PUMA is washed from 
the uncured resin in 20 min using ultrasonic agitator filled 
partially with water.

Images of the arrays of cavities and micropillars on 
Silicon (Fig. 2a, c), PDMS (Fig. 2b, d) and PUMA sub-
strates were obtained using scanning electron microscope 
(SEM) (JSM-6510) operating at an accelerating voltage 
of 5 kV without sample coating. The charging effects 
were noticeable especially for samples with incomplete 
curing.

3  Results and discussion

3.1  One‑dimensional model

The modeling results of oxygen concentration in PDMS 
mold and curing PUMA is summarized in Fig. 3. The non-
dimensional oxygen concentration versus exposure dose 
in curing resin is graphed for the permeable (dotted lines) 
and impermeable (solid lines) molds at UV intensities of 
0.5, 2.5 and 15.2 mW/cm2 as shown in graphs of Fig. 3a. 
In crosslinked PUMA, concentration of oxygen falls 
below its critical level in uncured resin that is defined by 
∂CO2−PUMA

∂CO2−RESIN
≤ 0.01 and the inhibiting effect of oxygen diffu-

sion through it is almost zero (Jeong 2008). As the graphs 
show, impact of the radiation intensity on curing time fol-
lows an exponential trend. At low amounts of UV power, 
the photopolymer needs either a long exposure time for full 
crosslinking or practically it cannot completely be cured. 
The time required for the oxygen concentration ratio in 
layer with the thickness of hPr to reach the critical level in 
crosslinking (curing time) is ~2, 12 and 60 min for per-
meable and 0.2, 1.2 and 6 min for impermeable mold for 
the range of radiation intensities of 15.2, 2.5 and 0.5 mW/
cm2 respectively. Experimentally, a complete curing of a 
film of PUMA with thickness of 1.0–4.0 mm in absence 
of oxygen inhibition is achieved when it receives a radia-
tion dose of 50.0–810 mJ cm−2 corresponding to exposure 
time of 24–340 s and intensity of 2.5 mW/cm2 (Alvankar-
ian and Majlis 2015). Under UV intensity of 15.2 mW/cm2, 
exposure time required for full curing process is reduced to 
~15–30 s.

The Effect of mold permeability on curing time needed 
for crosslinking of a film of PUMA with the thickness of 
1.0 mm is presented in Fig. 3b. As can be seen, at each 

Fig. 3  Modeling results of consumption and diffusion of oxygen in 
resin and mold. a Oxygen concentration and exposure duration of the 
thin layer of resin in impermeable (solid lines) and permeable (dotted 
lines) molds for exposure intensities of 0.5, 2.5 and 15.2 mW/cm2, 

b effect of exposure intensity on curing time, c variation of oxygen 
concentration in PDMS mold while curing is in progress for different 
exposure intensities
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setting of the exposure intensity, ratio of the overall curing 
time of PUMA by using permeable mold to the imperme-
able one is ~10. The curing time at low exposure intensities 
is increasing exponentially so that it is nearly impossible to 
have a fully cured PUMA at very low UV power setting as 
reported previously for UV-curable PUA (Jeong 2008).

The Eq. 1 with the appropriate boundary conditions are 
solved numerically to determine the oxygen concentration 
in mold during UV curing as a function of time and coordi-
nate and the results are given in Fig. 3c. The initial oxygen 
concentration in mold is defined by 

CO2−Mold (t0)

CO2−Air
= 1.0. The 

boundary condition on bottom side of the PDMS mold or 
z = 0 is given by CO2−Mold = CO2−Air and 

∂CO2−Mold

∂z
= 0 

for permeable and impermeable cases respectively. At 
z = H, the relation CO2−Mold = CO2−Re sin is used for per-
meable boundary. The assumption of impermeable bound-
ary on external surface of the mold is valid for the cases 
in which the ratio of thickness of the mold to the uncured 
resin is substantial. The presented graphs indicate that the 
effect of oxygen gradient only reach to the distances of 
0.95, 1.5 and 2.15 mm when the exposure is continued 
for 120 s with the intensities of 0.5, 2.5 and 15.2 mW/cm2 
respectively. Therefore, the mold of 5.0 mm thickness is 
deep enough so that the impermeable boundary condition 
is applicable in modeling and experiment for the exposure 
duration used here.

3.2  Arrays of microchannels

Initially, the reference curing time, tref, is measured by con-
dition of complete crosslinking of PUMA in absence of 
oxygen diffusion using silicon mold. Under UV intensity 
of 15.2 mW/cm2 and for resin thickness of 1.0 mm, tref is 
obtained as ~15 s with average curing rate of ~ 67 µm/s.

Then, using the gas-permeable PDMS mold of Fig. 2b, 
d and by applying UV radiation of 15.2 mW/cm2, the cur-
ing time is extended to 120 s with overall curing rate of 
~8.3 µm/s for overcoming the diffused oxygen. The expo-
sure time is increased to more than tref till the thickness of 
inhibited film of resin, HPr is reduced from maximum to 
almost zero. The array of micropillars in PUMA as shown 
in Fig. 4a and inset is a replica of microstructure in silicon 
in Fig. 2a, c. At first glance, smoothness of the surfaces 
of pillars in master mold and final product is obvious to 
the level of magnified images of SEM. This can be con-
sidered as an evidence of good transfer of patterns after 
two molding steps. Each pillar in master mold and product 
has a width of 48.0 µm, height of 37.0 µm with inter-pillar 
spacings of 5.5 µ reflecting the good fidelity in molding 
process. Figure 4b and inset show the arrays of pillars in 
PUMA fabricated using PDMS mold with inadequate UV 
dose for complete curing. The most notable and measure-
able effect is a wider spacing of pillars in the array which 

is critical for microfluidic applications. Reducing the 
extended exposure time down to 30 s has increased the gap 
size at tip of pillars to ~9.0 µm and reduced the height of 
micropillars for ~2.0 µm. The calculated angle of gap at 
this condition is ~3.3°. Further reduction of exposure time 
to 20 s has caused a thicker layer of the resin remaining 
inhibited in present of oxygen as shown in Fig. 4c and 
inset. The incomplete curing had significant effects on 
the surfaces and dimensions of micropillars and gaps. The 
rough surfaces of microstructures are clearly visible at this 
level of image magnification. The pillars have round edges 
due to incomplete curing in corners of the mold. The pil-
lars with cubical shapes have a tapering deformation due to 
the oxygen inhibition effect. At root and tip of gaps in the 
array, there is a gain of 3.0 and 10.0 µm in size respectively 
that is increasing linearly from bottom to top in a V-shape 
form while the height is reduced for 5.0 µm. On the other 
hand, the pillar width has reduced for 3.0–10.0 µm at its 
root to tip. Accordingly, thickness of the uncured resin has 
increased linearly from 1.5 to 5.0 µm at root to tip of the 
pillars for those surfaces facing the gaps. The calculated 
angle of gap, θ is ~12.5°. The minimum thickness of the 
uncured resin is located at tip of the thin wall in the mold 
shown in Fig. 2e where the oxygen concentration level is 
at its lowest value. Additionally, further reduction of the 
exposure time to ~15 s which is the reference curing time 
for UV intensity of 15.2 mW/cm2 has caused incomplete 
formation of arrays of micropillars during fabrication due 
to insufficient dose of radiation to consume the dissolved 
oxygen in the array of wells.

For further investigation into the effects of oxygen dif-
fusion, measurement data of geometries of the fabricated 
microstructures are used to produce the graphs given in 
Fig. 4. The impact of diffusion on profile and size of the 
gaps in array of pillars is presented in Fig. 4d. By reducing 
the exposure time closer to reference curing time, the nega-
tive effect of diffusion that appears in the form of infidelity 
of gap profile in the product and the master mold is wors-
ened specially at tip of micropillars. In direction of z-coor-
dinate, the depth of diffusion is evaluated by measurement 
of the change in height of the micropillars by exposure time 
as shown in Fig. 4e. The maximum loss of the height of pil-
lars is hpr ≃ 5.0µm which is in good agreement with the 
experimental results for oxygen diffusion depth reported 
previously (Jeong et al. 2009). The crosslinking of inhib-
ited film of 5.0 µm takes ~100.0 s with average curing rate 
of ~0.05 µm/s. The difference of gap size in presence of 
oxygen diffusion and in absence of it is being used here as 
an indicator of depth of oxygen diffusion in x-direction in 
graphs of Fig. 3f. The range of change of diffusion effect in 
z-direction in Fig. 4e and x-direction at pillar tip in Fig. 4f 
are equal. The reduction in thickness of the inhibited layer 
on walls of the gaps from tip to root of the pillars is due to 
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the fact that the diffusing oxygen in tips of the thin walls in 
Fig. 2e is consumed more rapidly than the bases.

Finally, in this article, two approximations to 1-d have 
been applied on governing equations for simplification of 
analysis during UV-molding, diffusion equation in PDMS 
mold and kinetic relation of O2 in the thin film of uncured 
resin. Validity of the assumptions employed in equation of 
polymer crosslinking conditions is that the inhibited film of 
PUMA is a very thin layer so that across it the uniformity 
of oxygen concentration and consumption is maintained. 
According to experimental results, thickness of the inhib-
ited film covering the PUMA microstructures and is less 
than 5.0 µm which is sufficiently low in microfabrication 
technology so that the 1-d assumption is valid as it is used 

in the typical lithography processes. The three dimensional 
effects appear in the form of varying inhibited film of resin 
between 1.5 and 5.0 µm is considerably too low to contra-
dict the 1-d approximation. The 1-d modeling can effec-
tively predict the time and UV power needed crosslinking 
for real molding with 3-d microstructures and the results 
match together. The 1-d approximation of diffusion equa-
tion in PDMS mold is close to reality when the depth of the 
microstructures and thickness of the mold is considerably 
smaller than the overall width and length of the mold. In 
this case, the oxygen diffusion gradient dominates between 
top and bottom surfaces and the effect of side walls is neg-
ligible. In present work, the ratio of length of the mold 
to its thickness (5.0 mm) is about 10 and considering the 

Fig. 4  Micromolding of arrays of pillars with high aspect-ratio and 
vertical gaps using PUMA substrate and PDMS mold. a SEM image 
of fully cured micropillars by UV intensity of 15.2 mW/cm2 and cur-
ing time of 120 s, b insufficient exposure has caused the change of 
dimensions of structure for exposure time of 30 s, c highly tapered 
pillars and V-shape gaps due to the oxygen diffusion and incomplete 

curing with exposure time of 20 s, d experimental graph of changing 
of gap profile at different exposure times, e graph of changing of pil-
lar height versus exposure time indicating the thickness of inhibited 
layer of resin, f graph of changing of thickness of the inhibited layer 
due to oxygen diffusion through the thin walls of the mold at different 
exposure conditions



1812 Microsyst Technol (2017) 23:1805–1812

1 3

calculated typical oxygen diffusion rate of 1.6 µm/s in 
PDMS, the effect of diffusion from side walls toward the 
microstructure surfaces is absolutely zero for the range of 
PUMA curing time of 0–120 s. The curing time obtained 
experimentally for full crosslinking of the PUMA micro-
structures by using PDMS mold is ~120 s for UV exposure 
of 15.2 mW/cm2 which is in a good agreement with the 
result of 1-d modeling.

4  Conclusion

The inhibitory effect of oxygen diffused from PDMS mold 
into the curing PUMA during microfabrication was inves-
tigated. Impact of the effect was analyzed by 1-d modeling 
and experiments through parametric study of curing by UV 
exposure and geometries of the fabricated arrays of micro-
pillars. Our important findings are summarized here.

First, in overcoming the inhibitory effects of oxygen dif-
fusion, exposure dose and intensity are the key parameters. 
For high intensities of UV exposure, external surfaces of 
the thick molds demonstrate impermeable while crosslink-
ing is completing and inhibition is happening only by the 
oxygen previously dissolved in PDMS.

Second, the presence of diffused oxygen during UV-
molding impacts the fabricated microstructures in two 
ways. At high exposure doses, the inhibited layer is lim-
ited to a very thin film of less than ~1.0 µm on surface of 
the microstructures. At low exposure doses, the effect of 
oxygen can dominate a resin layer of about 5.0 µm which 
can be crucial for designs such as high aspect-ratio gaps 
addressed here.

Findings of the present work are important for design 
optimization of the permeable molds and curing process 
for manufacturing of microfluidics structures using pho-
topolymers. Finally, the investigated effect has the potential 

to be exploited in a curing-based technique for rapid minor 
modification of design of the microstructures as presented 
in this work.
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