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ABSTRACT

Nickel masters are widely used to produce surface relief grating like patterned antireflection coatings of polysiloxane
material by simple embossing process. In the present work, patterned nickel master was prepared by using aluminium
template, which is a foil peeled off from the commercial compact disk. Nickel was deposited using Watts nickel bath by
pulsed electrodeposition for different relaxation times on patterned aluminium template. The deposition led to the
transfer of patterns of aluminium replica to the nickel deposit. After deposition, the aluminium template was etched out
chemically. Observation under an optical microscope showed that the obtained pattern was highly homogenous only for
Ton = 0.1 ms, Ty = 0.9 ms duty cycles as compared with other ‘on’ and ‘off’ times of pulse cycles. This simple single
step cost effective nickel master can serve as stamps for the subsequent embossing process. The preparation conditions
and its salient features are discussed in this paper in detail.
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1. Introduction

Advanced lithographic techniques for creating low di-
mension designs are now essential for progress in many
areas of science and technology. A number of methods
such as electron beam lithography, photolithography, dip
pen lithography, micro contact printing, replica molding,
etc [1,2] are used to fabricate patterns in the submicron
scale and substantial research focuses to explore new
techniques with high resolution of printing and writing in
the submicron regime. In particular, the established tech-
niques like photolithography, electron beam lithography,
etc., are requires specialized equipments, high capital and
operational costs. But soft lithographic techniques based
on embossing [3], molding [4-6], printing [7] and writing
[8] have high potential to serve as cost effective and sim-
ple alternative techniques. The soft lithography processes
are separated into two parts; 1) fabrication of the elas-
tomeric elements and 2) use of these elements to pattern
features in geometries defined by the element’s relief
structure. These two processes are typically quite differ-
ent, although it is possible in some cases to use patterns
generated by a stamp to produce a replica of that stamp.
The structure from which the stamp is derived is known
as the ‘master’. It can be fabricated by any technique that
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is capable of producing well-defined structures of relief
on a surface. Many elastomeric elements can be gener-
ated from a single master, and each such element can be
used many times in patterning.

The pulsed current electrodeposition is a well estab-
lished technique for deposition of metals, alloys and
semiconductors by varying parameters like peak current
density, ‘on’ and ‘off’ times of pulse, the sum of ‘on’ and
‘off’” times constitute one pulse cycle. The plating time
was varied depending upon Ton and Toff periods, where
Ton is the pulse-on-period and Toff is the relaxation pe-
riod (pulse-off-period) and a duty cycle is defined as T, /
(Ton + Tof). This method is able to reduce or completely
avoid compositional gradients by regenerating the initial
ion concentrations at the cathode/ solution interface at
the beginning of each pulse period. Moreover, by tailor-
ing pulse shape and duration, this technique enables close
control of the nucleation and growth process and allows
modification of film microstructure [9]. Also, it enables
to control the thickness and chemical composition of the
deposited material [10]. In this work, submicron size
patterned nickel masters were prepared by pulsed current
electrodeposition technique using sacrificial aluminium
template and investigated its salient features.
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2. Experimental Details

In the present work patterned aluminium foil peeled off
from a commercial non-SUPERMAS CDR (SONY)
compact disc was used for transfer patterns. A compact
disc is typically made of polycarbonate disk on which
patterns are made by laser trilling in the form of a single
spiral track. The SUPREMAS technology compact disc
polycarbonate substrates are having sharp edged groves
as compare with round edged groves of non-SUPRE-
MAS. In general, the sharp edged groves lower the re-
cording error ratio. The typical width and depth of each
line in the spiral track are 0.8 and 0.5 um and separation
between two such lines is about 1.6 um [11]. The diame-
ter of a typical compact disc is much larger than the se-
paration between two such lines and hence under an op-
tical microscope, the lines appear parallel with nearly
infinite radii of curvatures. The aluminium coating on the
polycarbonate disk also has the structural patterns that
appear as parallel lines under an optical microscope [12].
Both are separated independently and can be used as
substrates or template to produce patterned replicas. Be-
cause of the conducting nature of aluminium foil we have
employed pulsed electrodeposition technique to deposit
nickel on aluminium foil. The thickness of aluminium
foil is very small as compared with polycarbonate mold
and so it easily rolls. In order to keep it as flat, we have
stacked it with thick insulating tape on the backside.
Then the aluminium foil was cleaned using methanol.
LIECA ‘POLYVAR 2 MET’ optical microscope was
used to record the images of patterned nickel masters.

The pulsed electrodeposition process was performed in
room temperature using Watts nickel [13] bath (250 ml
aqueous solution of 45 g/l NiCl,-6H,0 and 240 g/l Ni-
S0,46H,0 and 30 g/l of HsBO,) at pH 4.5. The patterned
aluminium substrate was employed as cathode and a rec-
tangular graphite plate of similar size was employed as
the anode. The graphite anode was covered with a muslin
bag to avoid contamination of the bath with the graphite
particles.

The nickel deposition was performed with Ty = 0, (b)
Ton=0.9ms, T =0.1 msand (¢c) Ten =0.1ms, Tos = 0.9
ms pulse cycles in 1000 Hz frequency and the current
density of 5 A/dm? for one hour. Both the coatings were
rinsed with deionised water, dried under a 60 W lamp
and then subjected for chemical etching of the aluminium
template at room temperature by using mixture of 1.5 ml
of sulphuric acid, 12.5 ml of monophosphoric acid, 10 g
of chromium trioxide and one litre of double distilled
water. This etching process etches the aluminium tem-
plate alone without damaging the patterned nickel cost-
ing because of its high reactivity against aluminium.
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3. Results and Discussions

Antireflection layers are generally improves the light
transmittance in solar energy tapping applications be-
cause in most of the cases solar energy receiver is a glass
surface. So, refractive indices less than the glass refrac-
tive index 1.5 was required and it can be achieved by a
layer with porosity or alternatively by surface relief grat-
ings like patterned layer. Recently experimental and
theoretical reports [14] proved that surface relief gratings
like patterned antireflection layers are ideal for broad-
band applications. Because surface relief gratings are
diffractive optical elements that produce zero order dif-
fraction therefore all the higher order diffracted fields are
evanescent and only the zero order propagates as in a
homogenous medium. The structure and shape will de-
fine the profile of refractive index gradient here. In par-
ticular embossing polysiloxane layer using patterned
nickel master within few seconds of ultraviolet curing
through opposite surface of the glass substrate exhibits
more than 98% percent solar transmittance. Poor adhe-
sion of this polysiloxane material with nickel master led
the structure without destruction. Generally preparation
of nickel masters with submicron surface relief gratings
with a scanning system like an electron beam would im-
ply immense cost. Of course, it can be produced with
holographic exposure and without subsequent process
steps such as etching. Photographs of aluminium and
polycarbonate mold from a small piece of commercial
compact disc dismantle were shown in Figures 1(a)-(d).
In order to remove the aluminium from polycarbonate
mold a small piece of commercial tape was first pasted
on a small compact disc piece then slowly peeled it off.
Both the aluminium and polycarbonate mold are exam-
ined using optical microscope at 800 x magnifications.
The examination confirms both aluminium and polycar-
bonate mold have the submicron size grating like pat-
terns, the observed optical microscopic images of alu-
minium and polycarbonate mold are shown in Figures
2(a) and (b) respectively.

Depositing nickel on patterned aluminium template
was performed with three different trials with three dif-
ferent ‘on’ and ‘off’ times of pulse cycles and then the
template was etched out chemically. The optical micro-
scopic images of the patterned nickel masters prepared
using three different duty cycles such as (a) Tq = 0, (b)
Ton =0.9ms, T =0.1 msand (c) Ty =0.1 ms, Tor =0.9
ms were examined at 800 x magnification were shown in
Figure 3. All the aluminium templates transfer the rep-
lica patterns. However the masters deposited, shown in
Figure 3(c) with ‘high relaxation time’ (To) transfers
the replica with high resolution as compared with ‘on’
and ‘off’ times of pulse cycles which are shown in Fig-
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Figure 1. Photographs of the aluminium foil retrieve procedures from a compact disc.
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Figure 2. Optical microscopic images of the aluminium and polycarbonate templates at x800 magnification.
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4 um

MD 4000

Figure 3. Optical microscopic images of the patterned nick-
el master in x800 magnification obtained in different duty
cycles (@) Tors =0, (B) Ton = 0.9 ms, Tor = 0.1 ms and (C) Ton
=0.1ms, Ty =0.9 ms.

ures 3(a) and (b). The high relaxation of nickel ions in-
teraction at cathode and the bath solution interface during
deposition also increases nucleation rates leading to re-
duction of porosity, formation of small grains and im-
provements in transfer of replica pattern as compared
with low relaxations. One can use these patterned nickel
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masters for embossing particularly to produce grating
like patterned antireflection coatings of polysiloxane
material.

4. Conclusion

In conclusion, nickel masters with 0.8 um width and 0.5
pm depth surface relief grating like pattern and separa-
tion between two adjacent lines is about 1.6 um was
successfully fabricated using sacrificial aluminium tem-
plate. This method can be applicable to fabricate pat-
terned masters of other metallic and alloy materials. Also
instead of electrodeposition one can use electroless de-
position with the flexibility of using both polycarbonate
mold and aluminium foil of compact disc as a template.
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