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Abstract—UV-based nano imprint and transfer lithography
(NITL) is proposed as a flexible, low cost and versatile approach
for defining sub-micron metal patterns on optical fiber facets in a
single-processing step. NITL relies on a specially prepared mold
carrying the pattern that is to be transferred to the facet. The
fiber’s light-guiding properties allow control of the position of the
metal structures by optical alignment.

Index Terms—Alignment, gold grating, nano imprint lithog-
raphy, optical fiber, silicon-on-insulator.

I. INTRODUCTION

T AILORING the optical properties of materials by nanos-
tructuring is an important area of research. Metallic

nanostructures in particular have recently attracted a lot of
interest. Resonant field enhancement [1], sub-wavelength field
confinement [2] and strong diffraction properties [3] are cur-
rently investigated by several groups. Integration with optical
devices such as lasers, laser diodes or optical fiber facets is
thereby regarded a promising route to exploit the potential of
these metallic nanostructures for highly miniaturized, portable
and potentially cheap devices for applications ranging from
surface enhanced Raman scattering (SERS) and chemical/bi-
ological sensing to near-field optical microscopy, optical data
storage and circuit probing [4]–[6].

The fabrication of such integrated components on small facets
is rather challenging. It requires a top-down approach allowing
for deep sub-wavelength resolution patterning with nanometer
accuracy on very small substrates. This is not straightforward
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as various conventional steps for high resolution patterning
such as spin coating or etching are very challenging—if not
impossible—on this type of substrates. Although direct-write
techniques such as electron-beam lithography and focused
ion beam (FIB) milling have been developed for small facet
patterning, these approaches are only interesting for proto-
typing [7]–[9]. They are time-consuming, require pre- and/or
post-processing steps, are lacking flexibility towards choice
of materials and compromise optical material characteristics
[10]. Moreover, they are not suitable for parallel fabrication.
An interesting approach to solve these problems while offering
a route to parallel fabrication of metal nanopatterned optical
fibers was demonstrated in [11], where a nanoscale aperture is
fabricated by FIB milling and subsequently transferred to the
fiber by molding and bonding. However, several processing
steps are necessary after the molding to mechanically align the
metal structure with nano-aperture to the fiber core.

Nano imprintlithography is emerging as a large scale and
cost-efficient method for very high resolution patterning [12].
The primary advantage of nano imprintlithography is its ability
to beat the diffraction limit of light and make features in the sub-
micrometer and nanometer regime whereby the resolution is
only limited by the resolution of the mold. Nano imprintlithog-
raphy is also recognized for its flexibility towards choice of ma-
terials and shapes to be structured [13]. Although a UV-based
NIL process has been demonstrated on fiber facets [14], there
exist few or no reports of NIL-based metal nanopatterning on
small facets.

In previous work, we proposed a nano imprint and transfer
(NITL) technique to define submicron period metal gratings on
fiber facets [6]. We demonstrated an active alignment scheme
to align the gratings with the optical fiber core in a single pro-
cessing step. We applied this technique for the fabrication of
optical fiber probes for photonic integrated circuits based on a
waveguide-to-fiber gold grating coupler [15].

In this work, we describe the UV-NITL fabrication process in
more detail. In particular, we focus on two different alignment
schemes and discuss the experimental results.

II. FABRICATION

A. Process Flow

The principle of UV-NITL for metal patterning of fiber facets
is depicted by the process flows (a), (b), and (c) in Fig. 1. Process
flow (a) is an illustration of the standard UV-NITL process.
The standard process starts from a straight-cleaved fiber and a
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Fig. 1. UV-nano imprint and transfer lithography (NITL) on a fiber facet using a specially prepared mold carrying the metal pattern in the mold trenches. (a)
Standard UV-NITL process: (1) positioning of the fiber with low-viscous UV-curable resist, (2) imprinting and curing by external UV-irradiation, (3) pattern
transfer and mold release. (b) Self-aligned UV-NITL process: (1) positioning, (2) imprinting and UV-curing through the fiber core, (3) pattern transfer and mold
release. (c) UV-NITL using active alignment: (1) power-monitored positioning of the fiber with low-viscous UV-curable resist using infrared light scattered out of
the mold waveguide, (2) imprinting and curing by external UV-irradiation, (3) pattern transfer and mold release.

specially prepared mold. The mold acts as carrier of the metal
pattern that is to be transferred to the fiber facet. In particular,
the mold trenches are partially filled with the metal, whereas
no metal is present on the top of the features (see the insets of
Fig. 1). The process consists of three steps. First, a low-viscous
UV-curable resist is allowed to fill the space between the fiber
facet and the mold cavities. Second, the resist is cured and ad-
heres to the metal in the trenches. Finally, the fiber is removed
from the mold whereby the metal pattern is transferred from the
carrier to the fiber.

The major advantage of this technique is in the transfer of
the nanostructures. The processing difficulties due to the small
size of the fiber facet are solved by applying the lithography
processes themselves to a carrier chip or wafer of larger size and
by transferring the fabricated structures from the larger carrier
to the much smaller fiber facet. The molds can thus be fabricated
using rather conventional lithography processes such as e-beam
lithography, focused ion beam (FIB) milling or deep-UV (DUV)
lithography. This allows fabricating nanoscale features of very

high accuracy. The subsequent transfer of the structures requires
further preparation of the molds. This is the subject of the next
paragraph.

Another advantage is in the use of a low-viscous resist. The
polymer can be applied in a straightforward manner by dipping
the fiber into the resist. The low viscosity of the resist allows for
rapid and flexible patterning. In particular, by tilting the fiber,
the pattern can be defined at a non-perpendicular angle with
respect to the optical fiber axis.

A further advantage is the alignment capability of the
UV-NITL process. With alignment, we mean that the position
of the metal pattern with respect to the fiber core can be con-
trolled. A first option is self-alignment, illustrated by process
flow (b) in Fig. 1. A second option is active alignment illustrated
by process flow (c) in Fig. 1. Both will be demonstrated in the
next section.

Although the fabrication principles described in this paper are
focused towards metal patterns, the processes can be adapted
towards other materials like dielectrics or semiconductors. The
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Fig. 2. Left: mold preparation for the UV-NITL process. 1) Anti-adhesion
treatment. (2) Metal evaporation. 3) Contact with a sticky substrate. 4) Mold
release. Right: SEM-picture of the mold after the preparation process: the mold
carryies the metal pattern in the trenches.

principle of NITL as described above is based on adhesion con-
trol between the different materials involved. Asymmetry in ad-
hesion between the metal and the resist and between the metal
and the mold allows the metal pattern to be transferred from
mold to fiber. Adhesion control is obtained by appropriate mold
preparation.

B. Mold Preparation

The preparation of the mold is done in the following way,
schematically depicted in Fig. 2(a). First, the mold is treated
with an anti-stiction coating. Then metal is evaporated. A
second substrate with a sticking layer is brought into contact
with the mold so that the metal on top of the mold features is
transferred from the carrier substrate to the sticky substrate.
What is left, is the original mold carrying the metal pattern in
the mold trenches. The initial anti-adhesion treatment of the
mold is necessary to minimize adhesion between the silicon
and the UV-curable resist and between the silicon oxide and the
gold layer during the transfer process. The mold preparation
process described here can be carried out on a chip- as well as
on a waferscale.

We prepared an SOI mold with 220 nm top silicon layer and
a 2 m thick buried oxide layer. The fabrication of gratings
was done on a 200 mm SOI wafer using DUV lithography and
ICP etching of the top silicon layer. The grating depth was thus
fixed to 220 nm. The wafer was cut into pieces and the rest
of the process described here was carried out on a 2 cm 2
cm mold substrate. The anti-adhesion coating of the SOI mold
was applied by silanisation using (tridecafluoro-1,1,2,2-tetrahy-
drooctyl)trichlorosilane ( , ABCR GmbH) in a
pentane solution (0.1%) and subsequent rinsing using acetone,
IPA and water. The trichlorosilane groups react with the sur-
face hydroxyl groups under separation of HCl and an anti-adhe-
sion layer was formed at the surface [16]. Next, 20 nm of gold
were evaporated onto the mold by Joule evaporation. The posi-
tion of the sample with respect to the evaporation boat was care-
fully controlled in order to obtain a high degree of directionality
during the evaporation process so that very little metal is de-
posited on the sidewalls. The mold was then brought into contact
with a silicon substrate which was made sticky by spin-coating a
200 nm layer of BCB (BenzoCycloButene, Cyclotene 3022-35,
Dow Chemicals). During contact a pressure of 1 bar was applied
and the substrates were heated to a temperature of 150 degrees
C for good adhesion between the gold on the top grating lines

and the BCB. The cross section picture in Fig. 2 was taken after
removal of the sticky substrate: it shows that the gold on top of
the grating lines was successfully removed while the gold in the
trenches remained. It also shows that no gold is present on the
sidewalls.

III. EXPERIMENTAL RESULTS

UV-NITL was used to fabricate gold gratings on fiber facets.
Each fiber was prepared by completely stripping the capping
of the fiber and cleaning with IPA (iso-propyl alcohol). Then,
the fiber was cleaved using a standard fiber cleaver tool. The
mold chip was prepared as described above and put on a vacuum
chuck to remain fixed. The fiber was mounted on a micro-me-
chanical x,y,z-stage. A drop of low-viscous UV-curable resist
was dispensed onto the mold (PAK-01, Toyo Gosei Co.) and the
fiber was dipped into the drop before being moved to the posi-
tion of the grating. Then, the drop was squeezed between the
fiber facet and the mold by bringing the fiber closer to the mold
surface. Doing so, the mold cavities formed by the nanopattern
were filled with the resist. After curing by UV-light at room
temperature, the fiber was lifted from the mold. Fig. 3 depicts
the result of fabricating a one-dimensional 630 nm period gold
grating on the fiber according to the three different process flows
depicted in Fig. 1. We discuss the results in the following.

A. Standard Process

Fig. 3(a.1) and (a.2) show the result of the UV-NITL process
as depicted in Fig. 1(a) after UV-irradiation. The full grating
area on the mold was m m. The gold grating
area transferred to the fiber is defined by the area of the resist
volume in contact with the mold. It is slightly bigger than the
cross section of the fiber cladding.

B. Self-Alignment

A key advantage of UV-NITL on fiber facets is the ability to
control the position of the pattern using the light guiding prop-
erties of either fiber or mold. Alignment of the metal pattern to
the fiber core is important for those applications where maximal
interaction with the optical fiber mode is wanted.

Self-alignment is a very elegant solution to align the grating
with the fiber core. Fig. 3(b.1) and (b.2) show the result of the
UV-NITL process as depicted in Fig. 1(b). This technique is
based on UV-curing through the fiber core so that only the
cylinder-shaped resist volume extending from the fiber core
gets cured. Consequently, the imprint and transfer of the metal
occurs only for the area of this volume in contact with the mold.
As a result the metal pattern is perfectly aligned with the fiber
core.

In this case the full grating area on the mold was m
m. The single-mode fiber had a core-diameter equal to

9 m. The fiber was tilted 10 degrees with respect to the vertical.
UV-light was applied through the fiber core by connecting the
output of an EFOS Ultracure 100ss-plus system with the con-
nector of the single-mode fiber. Curing time was set to 300 s.
Remaining uncured PAK-01 was removed by dispensing IPA
onto the fiber end and subsequent blow-drying.

The elliptical shape of the grating area is explained by the
fiber tilt. Left of the grating in Fig. 3(b.2) some excess material
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Fig. 3. SEM pictures of metal gratings on fiber facets fabricated by UV-NITL. (a) UV-NITL of a gold grating. (a.1) Facet view. (a.2) Detail of the grating. (b)
UV-NITL of a gold grating using self-alignment by UV-curing through the fiber core. (b.1) Facet view. (b.2) Detail of the grating. (c) UV-NITL of gold gratings
using active alignment. (c.1) Facet view. (c.2) Detail of the central grating.

can be seen. These are pieces of the gold grating lines that did
not break off at the edge of the cured polymer portion but a bit
further. This problem is inherent to the self-alignment process
and gets worse when thicker metal layers are transferred. How-
ever, it is limited to one-dimensional periodic patterns. With 2-D
patterns, such as metal dots instead of lines, this problem does
not occur. We note that the self-alignment process also works
successfully with multimode fibers.

Components fabricated by the self-aligned UV-NITL process
are critically subject to damage and handling. The smaller the
size of the core and the larger the tilt of the fiber, the more fragile
is the fabricated component. For some applications this might
not be a problem. For those applications where the fragility is
problematic, an active alignment procedure is preferred instead
of self-alignment.

C. Active Alignment

Fig. 3(c.1) and (c.2) show the result of the UV-NITL process
as depicted in Fig. 1(c) after UV-irradiation. This technique is

made possible by designing the mold in such a way that it con-
tains a waveguiding layer. The silicon-on-insulator (SOI) ma-
terial system is very well suited for this purpose with the top
silicon layer serving as a lossless waveguide for infrared light.

The alignment works as follows. The fiber is connected to a
power meter and infrared light is coupled into the silicon wave-
guide layer of the mold. When the light enters the grating zone it
is scattered out of the waveguide. The amount of scattered light
captured by the fiber is monitored by the power meter and al-
lows optimization of the fiber’s position by in-plane translation.

Scattering of light out of an SOI waveguide by a 630 nm pe-
riod gold grating in the trenches is illustrated by the field plot
in Fig. 4(a). The amount of light captured by the fiber is calcu-
lated using CAMFR, a 2-D fully vectorial simulation-tool based
on eigenmode expansion and mode propagation with perfectly
matched layer (PML) boundary conditions [17], and plotted in
Fig. 4(b). It is clear from the graph that the optimal position of
the fiber for which most of the scattered light is captured, is at
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Fig. 4. (a) Light scattered by a gold grating in the trenches of a 630 nm period
grating in the top silicon layer of an SOI waveguide. (b) Coupling efficiency of
the scattered light as a function of fiber position.

about 1 m from the edge of the grating. This point can serve
as a reference point for further alignment of the grating pattern
to the fiber core.

Gratings of size m m with different filling factors
and gold in the trenches were defined on the mold. The fiber
was tilted 10 degrees with respect to the vertical. Light from
a broadband superluminescent LED (SLED) source with cen-
tral wavelength of 1535 nm was sent into the top silicon wave-
guide layer of the mold. The fiber was connected to a photode-
tector. By moving the fiber over the grating area, the optimal
position could be found and the whole system was irradiated
with UV-light after an additional translation of 3 m of the fiber
into the direction of the grating. The result after curing is shown
in Fig. 3(c.1) and (c.2). As the full area of the resist in contact
with the mold was irradiated, the neighbouring gratings with
different filling factors were also transferred.

The active alignment process described here allows aligning
gratings with a small footprint to the fiber core while the in-
termediate polymer layer that connects the gold grating with
the fiber serves as a support. To this end, components made
by the active-alignment process with UV-curing from an ex-
ternal source are much less fragile than components made by
the self-alignment process.

We note that the fabricated component is an interesting can-
didate for wafer-scale probing and testing of SOI nanophotonic
integrated circuits [6]. Such a probe requires accurate control of
the metal grating to the fiber core and control of the angle of the
grating plane with respect to the optical fiber axis.

IV. CONCLUSION

In this paper, a novel approach for single-step metal nanopat-
terning fiber facets is demonstrated: UV-based imprint and
transfer lithography (NITL). The process starts from a spe-
cially prepared mold carrying the desired metal pattern in the
mold trenches and relies on a low-viscous UV-curable resist
applied between mold and straight-cleaved fiber to transfer the
pattern onto the fiber facet. Optical alignment procedures were
described and demonstrated including a self-alignment process
and an active alignment process. The fabrication results were
discussed.
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