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Fabrication of nano-patterns of photoresist
by ultraviolet lithography and oxygen plasma
E Cheng1, 2 , Suzhou Tang3 , Helin Zou4 ,
Zhengyan Zhang1 ∗ , Yao Wang1, 2
Nanofluidic devices with two-dimensional nanochannels have many applications in biology and chemistry, however, it
is still a challenge to develop a low-cost and simple method for fabricating nano-masks that can be used to produce twodimensional nanochannels. In this paper, a novel low-cost and simple method, based on UV lithography and oxygen plasma,
was proposed to fabricate nano-mask. The influence of exposure time on the photoresist mesas was investigated in the
ultraviolet lithography process. The parameters of RF power and treatment time on the width reduction of photoresist
mesas were analyzed by the oxygen plasma. In our work, in order to increase the efficiency controllability of photoresist
removal, a RF power of 90 W, a pressure of oxygen plasma 60 Pa, and the time division method were adopted to remove
photoresist by oxygen plasma. Finally, nano-patterns of photoresist mesas with bottom width of 330 nm were successfully
fabricated. The proposed method provides a low-cost way to produce high-throughput two-dimensional nanochannels.
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1 Introduction
Nanofluidic devices have drawn significant attention
in applications of biochemical analysis [1, 2], environment detection [3], and health care [4,5]. This is because special features existed in nanochannels, such as
the overlap of electrical double layer [6,7], and ultra-high
ratio of surface-to-volume [8,9]. Nanochannels are critical components of nanofluidic devices. These special features are even more pronounced in two-dimensional (2D)
nanochannels. 2D nanochannels have width and depth
in nanoscale. Moreover, the size of the 2D nanochannel
is similar to that of biological macromolecules, such as
DNA and protein, which has the irreplaceable advantages
to detection, control and separation of biological macromolecules at single molecule level [10,11]. The different
methods so far developed for fabricating 2D nanochannels can be classified as follows
• Some methods that do not require nano-masks have
been reported. Nano-masks are defined here as patterns with nanoscale in width, which can be used as a
mask for etching to transfer the patterns. These methods combine several processing technologies of Microelectromechanical Systems (MEMS) to realize the fabrication of nanochannels. These methods mainly include self-sealing by deposition technology [12,13],
sacrificial layer technology [14], polydimethylsiloxane
(PDMS) surface treatment/deformation molding technology [15,16], and cracking technology [17,18]. These

methods mainly rely on the traditional ultraviolet
technology (UV) and have the advantage of low cost,
but they are difficult to precisely control the size and
cross section shape of the nanochannels.
• Other methods that require the nano-masks for creating nanochannels have also been reported. In this
class of methods, the fabrication of nano-masks is
particularly important. The nano-masks were fabricated first, and then the 2D nano-mold can be produced easily by wet etching technique, finally the 2D
nanochannels can be obtained by replicating technique
[19]. By using proton beam [20,21], electron beam
[22,23] or focused ion beam [24,25], the nano-mask patterns can be fabricated directly with nano-resolution.
However, these direct-writing techniques require expensive equipments, and they are time-consuming for
nano-masks production. By using the sidewall technique [26-28], nano-masks patterns can be fabricated
by traditional UV exposure technique, and they are
low-cost. However, usually the fabrication process of
nano-masks by sidewall technique is complicated, and
they are not suitable for mass production. Therefore,
it is still a challenge to develop a low-cost and simple
method for fabricating nano-masks.
In this article, a novel low-cost and simple method,
based on UV lithography and oxygen plasma, is developed
to fabricate nano-mask. During the UV lithography, the
influence of exposure time on the photoresist mesas was
investigated. During the photoresist removal by oxygen

1 School of Mechanical Engineering, Hebei University of Technology, Tianjin, 300401, PR China, 2 Research Institute for Structure
Technology of Advanced Equipment, Hebei University of Technology, Tianjin, 300401, PR China, 3 School of Economics and Management,
Tianjin University of Science and Technology, Tianjin 300222, China, 4 Key Laboratory for Micro/Nano Technology and Systems of
Liaoning Province, Dalian University of Technology, Dalian 116024, China, zzy@hebut.edu.cn, bhwy2014@126.com

DOI:10.2478/jee-2020–0049, Print (till 2015) ISSN 1335-3632, On-line ISSN 1339-309X
c This is an open access article licensed under the Creative Commons Attribution-NonCommercial-NoDerivs License
(http: //creativecommons.org/licenses/by-nc-nd/3.0/).

360

E. Cheng, S. Tang, H. Zou, Z. Zhang, Y. Wang: FABRICATION OF NANO-PATTERNS OF PHOTORESIST BY ULTRAVIOLET . . .

6LOLFRQ

D

3KRWRUHVLVW

6L2

E

F

G

Fig. 1. Process flows of the nano-patterns of photoresist fabrication: (a) – layer of oxide film was grown on the substrate, (b) – AZ703
photoresist was spin-coated on the oxide film, (c) – UV exposure of photoresist, and (d) – photoresist treatment with oxygen plasma
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Fig. 2. Cross sections of the photoresist mesas with different exposure time after development: (a – 40 s, (b) – 45 s
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Fig. 3. Cross-section of photoresist mesas treated by oxygen plasma at different RF powers for 4 min, with a constant oxygen pressure
of 60 Pa: (a) – 20 W, (b) – 50 W, (c) – 70 W, and (d) – 90 W
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Table 1. Bottom widths of photoresist mesas after treated by
oxygen plasma

RF
Bottom
power width
(W)
(µm)
20
1.30
50
1.09
70
0.57
90
0.90

Width
reduction
(µm)
0.20
0.41
0.93
0.60

plasma, the influence of the parameters of RF power and
treating time on the width reduction of photoresist mesas
were also studied. Finally, the nano-patterns of photoresist mesas with bottom width of 330 nm were obtained.

2 Experiments
In the experiment, AZ703 photoresist was used. The
fabrication process of the nano-masks of photoresist based
on UV lithography and oxygen plasma is shown schematically in Fig. 1. It can be divided into four key steps: (a) –
a layer of oxide film with nanoscale thickness was grown
thermally on the silicon substrate, (b) – AZ703 photoresist was spin-coated on the surface of the oxide substrate,
(c) – photoresist was exposed to the UV light, and (d)
– photoresist was treated with oxygen plasma, then the
nano-patterns of photoresist were obtained.

3 Results and discussion
3.1 Analysis of exposure time
In the experiment, the silicon substrate with oxide film
was baked in the drying oven at 120 ◦C for 15 min to remove moisture thoroughly.To improve the adhesion between the oxide film and photoresist, a layer of hexamethyldisilazane (HMDS) was evaporated on the substrate
in the drying tower for 10 min. Next,the substrate was
baked at 150 ◦C for 3 min immediately. Then a layer of
AZ703 photoresist was spin-coated on the surface of oxide film at 4500 rpm for 30 s. After baking on the hot
plate at 85 ◦C for 30 min, photoresist was exposed to the
UV light in a mask aligner (MA6, Karl Suss, Germany)
at a dose of 6.0 mWcm−2 with a photomask. The transparent spacing between the patterns of the photomask is
1.5 µm .
When the times of UV exposure were set to 40 s
and 45 s - consequently, the development time was 51 s,
the cross-section of the photoresist mesas were shown in
Fig. 2(a) and Fig. 2(b). It can be seen from Fig. 2(a) that
the sidewalls of the photoresist mesas were not perpendicular to the surface of the substrate. This was because the
exposure time was insufficient. The bottom corners of the
photoresist mesas were not fully developed during the UV
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lithography. In Fig. 2(b), the sidewalls of the photoresist
mesas were perpendicular to the surface of the substrate,
and the bottom corners of the photoresist mesas were
fully developed in the developing solution. However, when
the exposure time was set as 50 s or 55 s, the photoresist
mesas were all disappeared with the same development
time as above. According to the analysis above, we can
conclude that the optimized parameters of exposure and
development time were 45 s and 51 s, respectively.
3.2 Analysis of parameters of oxygen plasma treatment
For obtaining patterns of photoresist with nanoscale
in width, the AZ703 photoresist mesas with microscale in
width on the substrate were treated with oxygen plasma
(Emitech K1050X). To optimize the treatment parameter
of RF power, the impact of RF powers on the width of
photoresist mesas treated by oxygen plasma were investigated. All the results were evaluated by the SEM (Scanning Electron Microscopy) images, as shown in Fig. 3.
Before treatment with oxygen plasma, the widths of
top side and bottom side of photoresist mesas were both
equal to 1.5µm. When the treated parameters of RF powers of the oxygen plasma were 20 W, 50 W, 70 W, and
90 W with a constant treatment time of 4 min, the widths
of top sides of the photoresist mesas were 1.30 µm, 1.09
µm, 0.93 µm, and 1.12 µm, respectively, Fig. 3(a) -3(d).
The corresponding reduced widths of top side were 0.2 µ
m, 0.41 µm, 0.57 µm, and 0.38 µm, respectively. When
the same treatment parameters of the oxygen plasma as
above were employed, the widths of bottom sides of the
photoresist mesas were 1.30 µm, 1.09 µm, 0.57 µm, and
0.90 µm, respectively. The corresponding reduced widths
of bottom side were 0.20 µm, 0.41 µm, 0.93 µm, and 0.60
µm, respectively, as shown in Tab. 1. In Tab. 1, when the
RF power was 70 W, the bottom width of 0.57 µm of
photoresist mesas was the smallest and the corresponding bottom width reduction was also the largest. When
the RF power was 20 W, the bottom width of 1.30 µm of
photoresist mesas was the largest and the corresponding
bottom width reduction was also the smallest. Table 1
shows that as the power increased from 20 W to 90 W,
the bottom width reduction decreased first and then increased. This is because if the RF power is too large, the
collision frequency of plasma will increase, and the actual
plasma effectively participated in etching will decrease.
When the AZ703 photoresist mesas was treated by
oxygen plasma for 9 min with the RF power of 20 W and
oxygen pressure of 60 Pa, the photoresist mesas with top
width of 1.22 µm was obtained, Fig. 4(a). With the same
treated parameters for another 2 minutes, the photoresist
mesas with top width of 1.12 µm were obtained, Fig. 4(b).
As the sample was continued to be treated for 2 minutes,
the top width of the photoresist mesas was reduced to
1.04 µm. In conclusion, when the photoresist mesas were
treated by oxygen plasma for a longer time of 13 minutes,
the width of photoresist mesas was still in microscale.
Thus, the RF power of 20 W was not appropriate due to
its corresponding removal rate was too slow.

362

E. Cheng, S. Tang, H. Zou, Z. Zhang, Y. Wang: FABRICATION OF NANO-PATTERNS OF PHOTORESIST BY ULTRAVIOLET . . .

D

E

F

PP

PP

PP

Fig. 4. The microscope images of photoresist mesas treated with 20 W, 60 Pa: for different time (a) – 9 min, (b) – 11 min, (c) – 13 min
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Fig. 5. Photoresist mesas treated by oxygen plasma with different time for 90 W, 60 Pa: (a) – 4 min, (b) – 4 min 30s
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Fig. 6. Microscope of photoresist mesas treated by oxygen plasma with 90 W, 60 Pa for different time: (a) – 4 min, (b) – 5 min, (c) – 6
min, and (d) – 7 min
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Fig. 7. SEM images of photoresist mesas treated by oxygen plasma with 90 W, 60 Pa for 7 min

When RF power was set to 70 W, the bottom width
of the photoresist mesa was 0.57 µm after treating by
oxygen plasma with 60 Pa for 4 min. With the same parameters of RF power and pressure of oxygen plasma, it
was found that the photoresist mesas completely disappeared when the treatment time was increased to 4 min

20 s. When RF power was set to 90 W, the bottom width
of the photoresist mesas was 0.90 µm with the treated
parameters of 60 Pa, and 4 min (Fig. 5 a). When the
treatment time was 4 min 30 s, and other parameters
were same as above, the photoresist mesas were all disappeared, as shown in Fig. 5(b). This was because as the
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oxygen plasma treatment time was set longer, the temperature of the sample will be higher. This result in a rise
of the reaction rate between reactive oxygen and photoresist, and the removal amount of photoresist was not easy
to control.
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3.3 Fabrication of nano-patterns of photoresist
In our work, in order to increase the efficiency of photoresist removal, parameters of 90 W, 60 Pa were selected
to remove photoresist. Meanwhile, to increase the controllability, the time division method was adopted in the
following work to remove photoresist by oxygen plasma.
For obtaining photoresist mesas with bottom width in
nanoscale, the photoresist mesas were treated with oxygen plasma by four steps, named time division method,
under a fixed RF power of 90 W, and a constant pressure
of oxygen plasma 60 Pa. Step 1: the photoresist mesas
were treated by oxygen plasma with 4 min, and the microscope image of the photoresist mesas after treatment
was shown in Fig. 6(a). The top width of the photoresist
mesas was 1.0 µm. Step 2: after step 1, the sample was
treated for another 1 min, and the top width of the photoresist mesas was 950 nm, as shown in Fig. 6(b). Step
3: after step 2, the sample was treated for another 1 min,
and the top width of the photoresist mesas was 760 nm,
as shown in Fig. 6(c). In the last Step 4: the sample after step 3 was treated for another 1 min, finally, the top
width was 640 nm, the corresponding of the bottom width
of the photoresist mesas was 330 nm, as shown in Fig. 7.

4 Conclusions
This paper presents a novel low-cost and simple
method for fabricating nano-patterns of photoresist, based
on UV lithography and oxygen plasma. During the ultraviolet lithography process, the effect of exposure time
on the cross-section shape of photoresist mesas after development was studied. The experimental results show
that photoresist mesas with the sidewall perpendicular
to the bottom surface were obtained, and the width of
the photoresist mesas was 1.5 µm after fully developed
in the development process. To improving the efficiency
and controllability of photoresist removal, RF power of
90 W and the time division method was adopted for removing photoresist mesas during the treatment of oxygen
plasma. The four time periods for removing photoresist
mesas were 4 min, 1 min, 1 min and 1 min respectively.
Finally, the photoresist mesas with the bottom width of
330 nm were obtained by oxygen plasma treatment, with
a RF power of 90 W, a pressure of 60 Pa, and a total
time of 13 min. It can be clearly seen that the proposed
method in this paper is a potential candidate for fabricating low cost 2D nanochannels, compared to most of
the current fabrication methods.
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