Replication of Optical Rib Waveguide Structures using Nickel Shims
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ABSTRACT

The use of conventional fabrication techniques for the fabrication of polymer based photonic integrated waveguide
circuits is a necessary step to reduce costs. The replication of rib waveguides is presented using nickel shims. Results of
replicated waveguides and 1 x 2 multimode interference (MMI) couplers are shown.

1. INTRODUCTION

In recent years, polymers have been accepted as the material of choice for planar waveguide components, mainly due to
their increasing performance, rapid processibility, capability for precise tailoring of their optical properties, and their
comparatively low cost. To profit from these potentials, the improvement of fabrication technologies is needed as well
as the enhancement of materials. Polymeric optical waveguides have been fabricated by various techniques, such as dry
etching [1, 2], UV curing and soft lithography replica molding [3], and embossing [4, 5].

It has been shown recently that the deep UV induced modification of the refractive index of polymers is a promising
technique for the fabrication of passive planar lightwave circuits [6]. To achieve a smaller chip size, the use of strong
guiding waveguides is advantageous. The combination of deep UV induced refractive index modification with
replicated rib waveguide structures is a promising approach, which is demonstrated by rib waveguides and MMI
couplers.

2. FABRICATION METHOD

2.1 Overview

To manufacture rib waveguide structures, several process steps are necessary. Figure 1 summarizes the technology. The
template is fabricated by spin-coating photoresist onto a silicon substrate coated with a metal seed layer, and patterned
using standard UV lithography (a). The molding tool can then be electroplated with nickel (b). It is necessary to deposit
the metal seed layer for the electroplating before spin-coating the substrate to avoid metal deposition on the sidewalls.
This can lead to voids in extremely narrow structures during the growth of the nickel. The electroplated template, or
shim, is then fixed into a hot embossing machine (c). Shim fixation requires a special tooling to attach it to the upper
plate of the hot embossing machine, as the shim is relatively thin (typically between 300 and 600 um) and cannot be
clamped from the side. Ni-shims used for component replication described in this work were adhesively joined to a
counterplate. Special care had to be taken to maintain parallel surfaces between the tool and the polymer.
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After inserting a thermoplastic polymer film into the setup, the molding tool is evacuated, heated above the softening
temperature Tg of the polymer, and pressed into the film. The microstructures are filled with polymer material and are
replicated in detail (d). The setup is then cooled down and the tool is withdrawn from the polymer (e). The residual layer
which carries the structures and serves as a substrate for the following process steps is minimized during the process to
reduce the effect of stress due to the different thermal expansion coefficients of the tool and the polymer [7].

To induce waveguide structures, the replicated rib structures are modified by flood exposing them to deep UV radiation,
which increases the refractive index of a thin surface layer of the polymer.
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Figure 1: Process steps for the fabrication of rib waveguides

2.2 Materials and Methods

For the fabrication of the mould insert, AR-N 4400 negative tone photoresist from Allresist was coated using a
Hamatech spin coater on a 4’ standard silicon wafer. The silicon wafer was pre-sputtered with an approximately 300
nm thick titanium layer, which serves as the seed layer for the electroplating process. The resist was patterned using
standard UV lithography on a commercial maskaligner (EVG620, EV Group). Electroplating was carried out in a nickel
sulfamate electrolyte at a temperature of 52 °C and a current density of 1 A/dm?.

As waveguide material, poly(methyl methacrylate) (PMMA) from Notz Plastics (Brandname Hesaglas VOS) was hot
embossed in a custom made hot embossing machine (Jenoptik AG) at a temperature of 140 °C and a pressure of 90 kN.
The replicated structures were then flood exposed using the EVG620 mask aligner with a deep UV configuration with a
dose of 5 J/cm?. Exposed light intensity was measured by an UV intensity meter (Model 1000, Karl Suss) at 240 nm.
The structures were characterized using a Santec Laser TSL-210 at 1550 nm in combination with an IR-Camera 13215
(Electrophysics Corporation) and a Hewlett-Packard 8163 lightwave multimeter.
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2.3 Hot embossing

In recent years, hot embossing of
microcomponents has become a routinely used
replication  technology  for  thermoplastic
polymers. Low flow rates and slow moulding
speeds ensure that even the smallest details in the
nanometer range are replicated perfectly. Hot
embossing is particularly suited for structuring
planar plates and foils, as only a small amount of
plastic has to be moulded. In contrast to injection
moulding, the polymer flows a very short
distance from the foil into the microstructure
during hot embossing. As a result, very little
stress is induced into the polymer and the
moulded parts are well suited to optical
applications, such as waveguides and lenses [8].
An example is shown in figure 2.
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Figure 2: Rib waveguide replicated by hot embossing

Another advantage is that machine setup is relatively simple. Setup times are short as mold insert or polymers are easily
exchanged. Nickel shims of only a few hundred micrometers can be used for replication without major effort. The
electroplating process for such shims takes much less time than for more compact tools, as electroplating time increases
linearly with shim thickness. Therefore, tools can be manufactured from an existing photomask design within several

days.

Figure 3: Nickel shim with photonic structures (top left) and replicated part

2.4 Deep UV refractive index modification

Deep UV irradiation results in a local and controllable increase in refractive index in the exposed areas of the polymer
surface generating integrated-optical waveguiding structures in the embossed polymer [9, 10]. Only a thin surface layer
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