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Abstract—To solve the problem of shaping nonspecialized polymers, new generation micro- and nanoelec-
tronic technologies are used, for example, nanoimprint lithography. A special case of nanoimprint lithog-
raphy is soft lithography, which involves the formation of a topology using a soft master mold fabricated by
a hard mold imprint. Therefore, the study of hard molds self-manufacturing possibility is an urgent task to
fabricate a new generation printed circuit boards with optoelectronic buses made of nonspecialized poly-
mer materials. In order to rationalize the cost of purchasing an expensive soft lithography hard mold, an
original technological process for hard mold fabrication based on an SU-8 photoresist is developed and
implemented. During the development of the proposed technological process, the reason for the formation
of a negative slope (T-topping) of the walls of the soft lithography hard mold is determined. In order to
eliminate the negative slope, a series of UV cutoff filters for optical radiation wavelengths less than 350 nm
is developed and manufactured. According to the experimental measurements data of the i-line mercury
lamp UV radiation intensity of the EVG620 NIL automated alignment and exposure unit, the dependences
of the UV radiation intensity attenuation on the developed UV light filter functional layer thickness are
plotted for 365 and 400 nm optical wavelengths. The effectiveness of the use of the developed UV filters is
proved by eliminating the negative slope during the technological process of manufacturing a test topology
of the soft lithography hard mold. Soft lithography will make it possible in the future to create printed cir-
cuit boards with a built-in optoelectronic data bus in the form of an array of polymer planar optical wave-
guides and optical input-output elements.

Keywords: polymer planar optical waveguide, soft lithography hard mold, SU-8 photoresist, negative slope of
photoresist walls (T-topping), cuttoff UV light filter
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INTRODUCTION conductor or dielectric materials [2, 3] in the manu-
facture of optical waveguides of an optoelectronic bus.
Of particular interest is the use of nonspecialized poly-
mers of general application in the formation of an
optoelectronic bus of a printed circuit board, since
they have a relatively low cost. The main disadvantage
of nonspecialized polymers is the lack of a UV curing
capability.

The solution to the problem of shaping nonspecial-
ized polymers is the use of new generation micro- and
nanoelectronic technologies, such as nanoimprint

The growth of data volumes transmitted in high-
performance computing systems has created condi-
tions for the development of new data transmission
systems, for example, new generation printed circuit
boards with embedded optoelectronic data transmis-
sion buses [1]. It is assumed that the basic components
of such an optoelectronic bus will be an array of poly-
mer planar optical waveguides and input-output ele-
ments [2].

One of the main tasks in creating a new generation
switching environment is the development of an
embedded optical components fabrication technol-
ogy, taking into account compliance with the condi-
tions for the production of traditional printed circuit
boards. Polymeric materials [3—6], which are charac-
terized by high optical transparency at wavelengths of
850, 1330, and 1500 nm, can replace traditional semi-
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lithography. A special case of nanoimprint lithography
is soft lithography [7], which includes the formation of
a topology using a soft stamp made by imprinting a
hard mold. However, the cost of hold molds is high;
thus, studying the possibility of manufacturing them
for the formation of optoelectronic bus for printed cir-
cuit boards from nonspecialized polymeric materials
for general use is relevant.
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Fig. 1. Scheme for preparing a hard mold.

FEATURES OF MAKING A HARD MOLD
OF SOFT LITHOGRAPHY

The scheme of the developed technological process
for manufacturing a hard mold is shown in Fig. 1. To
create the topology of a rigid hard mold, the SU-8
photoresist is widely used, taking into account the sub-
sequent stages of the formation of polymer planar
optical waveguides from a polydimethylsiloxane poly-
mer [8, 9].

During the development of the technological pro-
cess of forming a hard mold, the appearance of a pho-
toresistive mask vertical walls negative slope was noted
at the stage of UV explosure. This negative effect is
called T-topping in accordance with the form of the
formation of “outgrowths” in the surface layer of the
photoresist (Fig. 2) [10]. Figure 2 contains a photoacid
generator (PAG) of photoresist SU-8 (salt of triaryl-
sulfonium hexafluoroantimonate) [11, 12].

The negative slope is due to the excessive absorp-
tion of broadband UV radiation with a wavelength of
less than 350 nm when the hard mold topology is
exposed [11]. Due to the photochemical reactions that
occur with the excessive absorption of optical radia-
tion in the near-surface layer, local overexposure of
the photoresist occurs [10, 12]. According to the tech-
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nological documentation for the SU-8 photoresist, in
order to exclude the conditions for the occurrence of a
negative slope, it is recommended to expose the pho-
toresist through UV cutoff filters [11, 12]. The princi-
ple of the operation of UV filters is based on the selec-
tive filtering of the spectrum of a mercury lamp and
the exclusion of wavelengths less than 350 nm. Note
that such UV cutoff filters are expensive.

DEVELOPMENT OF A LIGHT FILTER
OF AN ORIGINAL DESIGN

In order to minimize costs during the study, a orig-
inal UV light filter was developed that cuts off wave-
lengths less than 350 nm of the i-line mercury lamp
UV spectrum, which is used when exposing the SU-8
photoresist [13]. The design of the developed UV light
filter includes a glass base made of quartz glass coated
with a functional layer of an SU-8 photoresist of a cer-
tain thickness.

To experimentally evaluate the attenuation
dependence of the UV radiation intensity on the
functional layer thickness of the original cutoff UV
light filter, light filters with different thicknesses of the
functional layer of the SU-8 photoresist were created.
Then, using a two-channel intensity meter, ABM
Vol. 51
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Fig. 2. Scheme of the occurrence of a negative slope of the walls of a photoresistive mask.

Model 150, the UV lamp radiation intensities of the
automated alignment and exposure unit, EVG620 NIL,
were determined at wavelengths of 365 and 400 nm
without a filter, through original UV filters, as well as
through a UV filter glass blank without an SU-8 pho-
toresist layer. The measurement results are presented
in Table 1.

It follows from Table 1 that for each wavelength,
the highest intensity of UV radiation is detected in the
absence of a light filter, and then, with an increase in
the thickness of the functional layer of the UV light fil-
ter, the intensity decreases.

Assume the UV radiation intensity attenuation
dependence on the developed UV light filter functional
layer thickness has the form of the function f(x,A),

where x is the functional layer thickness of the UV light
filter and A is the wavelength of UV light. Then

f(x,?u) — Icf (x’}\’)’

Icf (0’ }\’)

where I ; (x,A) is the measured intensity of UV radia-
tion, mW/cm?, with wavelength A that passes through
a UV filter with thickness x of the functional layer; and
I+ (0,A) is the measured intensity of UV radiation,
mW/cm? with wavelength A, which passes through the
glass blank of a UV light filter without a functional
layer.

Further, for wavelengths of 365 and 400 nm, sepa-
rate point dependences f (x, k) are plotted according
to the previously measured data from Table 1 (Fig. 3).
These dependences are approximated by a logarithmic
function of the form

S (x,h) =G (M)In(x) + Gy (A),

Table 1. Results of UV radiation intensity measurements, mW/cm?

SU-8 photoresist layer thickness, um
without filter 25 60 40 0
’ wavelength A, nm
365 400 365 400 365 400 365 400 365 400

1 31.29 75.31 21.05 62.8 - — - — - -
2 31.23 75.22 20.13 61.44 17.09 58.92 — — — —

3 31.09 75.13 19.86 60.26 16.88 58.68 18.18 59.24 — —
4 31.08 74.82 19.18 60.92 16.61 58.72 17.52 58.82 27.04 68.49

RUSSIAN MICROELECTRONICS  Vol.51 No.7 2022
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Fig. 3. Dependence of the attenuation of the intensity of UV radiation on the thickness of the functional layer of the UV light

filter.

Light filter

Fig. 4. The process of exposing the sector of the hard mold using a UV light filter.

where C, (1) and C, () are coefficients depending on
the wavelength of UV radiation.

It follows from the plotted logarithmic approxima-
tion dependences that for a wavelength of 365 nm the
coefficients C, (A) and C, (A) are 0.2501 and 0.6099,
and for 400 nm, they are 0.0491 and 0.9716, respectively.
Thus, for a wavelength of 365 nm and a UV cutoff filter
with a functional layer thickness of 25 um, the attenua-
tion of the UV radiation intensity will be 1.4149.

CHECKING THE EFFECTIVENESS
OF THE UV CUTOFF FILTER

To test the efficiency of using a UV cutoff light fil-
ter of an original design, a test sample of a hard mold
was made from an SU-8 photoresist. In order to work
out various conditions at the stage of UV exposure, the
hard mold plate was divided into four sectors, two of
which were exposed through an original design UV
light filter at different values of UV radiation intensity,
and the other two were exposed without using a UV
light filter at the previously experimentally selected
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optimal radiation intensity. Figure 4 shows the auto-
mated recording process prior to exposing the hard
mold through a UV filter using a 1/4-wafer sector
shutter on an EVG 620 NIL automated alignment and
exposure device. As a result of subsequent operations,
test topologies of the hard mode were made, enlarged
images of which are shown in Fig. 5.

The test topology of the hard mold in Fig. 5a, in
contrast to the topology in Fig. 5b, was formed when
exposed to broadband UV radiation without using a
UV cutoff filter of the original design, which led to the
appearance of a negative slope in the form of
“growths” in the surface layer of the photoresist. At
the same time, in Fig. 5b there is no negative slope in
the test topology of the hard mold exposed through a
UV light filter, which confirms the effectiveness of the
developed light filter. In addition, the radiation inten-
sity for the one shown in Fig. 5b of the sector of the
topology of the hard mold is 1.4 times larger than the
previously determined optimal radiation intensity.
Therefore, for the developed UV light filter with a
Vol. 51
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(@)

(b)

Fig. 5. Top view and cross-sectional SEM images of hard mold test topologies formed at a previously determined optimal expo-

sure power (a) and using a UV light filter (b).

functional layer 25 um thick, the validity of a certain
approximation dependence was confirmed.

CONCLUSIONS

As a result of the studies, it was found that when
manufacturing a soft lithography hard mold from an
SU-8 photoresist to form polymer planar optical
waveguides, it is necessary to exclude the factors that
cause a negative slope of the photoresistive mask
walls. The main reason for the appearance of a nega-
tive slope has been established: the SU-8 photoresist
explosure using the broadband UV radiation of the
i-line mercury lamp. The UV spectrum of such a
mercury lamp includes wavelengths below 350 nm,
which cause a negative slope of the photoresistive
mask walls.

The developed original UV cutofflight filter proved
its effectiveness. When using this light filter, the nega-
tive slope is excluded in individual sectors of the hard
mold test sample, which are exposed to the broadband
UV radiation of the i-line mercury lamp. In addition,
the theoretically calculated value of the UV radiation
attenuation passing through a UV light filter with a
functional layer thickness of 25 um was experimentally
confirmed.
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The results obtained are of decisive importance for
the rationalization of the polymer planar optical wave-
guides fabrication process with a reduced losses level
for optoelectronic buses of a new generation printed
circuit boards. The cost of their manufacture is mini-
mized through the use of nonspecialized polymeric
materials and soft lithography technology with the
independent production of hard molds.
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