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Abstract
Footprints of photonic integrated circuits (PIC) are becoming increasingly smaller, requiring components
to decrease in dimensions as well. On nanophotonic platforms (e.g. InP membranes) coupling between the
waveguide and the fiber is challenging due to the large mode mismatch. This mode mismatch is due to the
difference in dimensions between the fiber and waveguide. With these small waveguides simply coupling
a fiber to a chip will result in an inefficient system, requiring a more complex coupling method. As a result,
grating couplers are often used for fiber-to-chip coupling. We present a spot size converter (SSC) that can
couple a single mode fiber (SMF) to a nanophotonic InP waveguide. The SSC achieves a low loss of 0.41dB
and low polarization dependent loss (PDL) of 0.59dB when simulating the coupling of a SMF to a typical
InP membrane waveguide. The proposed structure has a total length of 510μm.

Introduction
Efficient fiber-to-chip coupling has always been a challenge. Especially when dimensions of waveguides
enter the submicron range as with the Indium Phosphide-Membrane-on-Silicon (IMOS) platform [1].
Direct coupling between a single mode fiber (SMF) and these waveguides often results in high insertion
loss due to a modal mismatch. To increase the efficiency of the system various coupling methods are
developed. There are two main fiber-to-chip coupling methods: vertical and edge coupling [2]. While
vertical coupling is more flexible with arbitrary on-chip positioning, compact size, easy fabrication and
wafer-scale testing, it suffers from a low coupling efficiency and is sensitive to polarization and wavelength
changes. Edge coupling provides a high coupling efficiency, has a large bandwidth and low polarization
dependent loss. However, devices have a relatively large footprint, and placement is only possible at the
edge of a chip which reduces flexibility. In addition, the fiber-to-chip alignment needs to be very precise
and wafer-scale testing is not possible [3].
For this paper we focus on minimizing insertion and polarization loss and design length. Hence, the choice
was made for an edge coupling design on the IMOS platform, where an InP nanophotonic waveguide is
inversely tapered and is coupled to an SMF using a spot size converter (SSC). The scope for this paper is
only the simulation of the SSC. In [4,5] similar designs have been demonstrated. It should be noted that in
[4] the design is coupled to 3µm HNA SMF. Although our proposed SSC design is not better in terms of
loss, it does achieve a smaller design length. Our design also stands out with flexible chip-placement, can
be added to the back-end of the fabrication process and works for multiple platforms due to the fabrication
method. A 2.5D two-photon lithography tool will be used to directly print the SSC over the InP waveguide.
This tool gives us the freedom to change the width and height of the design by using a technique called 2-
Photon Polymerization (2PP) [6]. A photosensitive resin is placed on top of the waveguide which is
polymerized by the tool. After development only the polymerized part, which is the SSC, will be left.

Design
Our SSC design consists of two main parts, which we refer to as section one and two in this paper. The side
and top view are shown in Fig. 1 and Fig. 2 respectively. Section one is the coupling between the InP taper
and the polymer and section two the transformation of the mode to match with the optical fiber. Two
sections are needed because if the dimensions of the polymer are changed when simultaneously the coupling
between it and the InP taper occurs, the SSC will demonstrate significant loss.
An InP waveguide on the IMOS platform has a width of 400nm and height of 300nm [1] while the core of
the SMF is circular and has a diameter of 9µm. To efficiently couple light between the waveguide and the
optical fiber the mode field diameter of the guided modes in the waveguide and the SMF need to match.
Therefore, a SSC is placed directly over the waveguide and its height and width are increased, thus also
increasing the mode field diameter. The InP is bonded on silicon with a BCB layer. SiO2 is there for better
adhesion of InP and Si to BCB. The SSC needs to have a higher index than the SiO2 layer or light will be



lost. Furthermore, if the index is closer to that of the InP waveguide, coupling between the polymer and the
waveguide will occur faster. The polymer used for this design is IP-n162. It has an index of 1.602 at the
operating wavelength, which for this design and simulations will be 1550nm.

To find the dimensions needed for the design of the SSC as well as the length of the taper, simulations were
done using a commercial FDE solver. In section one the coupling between the InP waveguide and the
polymer occurs. What is important for an efficient coupling is for the taper to be adiabatic. Furthermore,
the initial dimensions of the polymer cannot be too large, or coupling would become less efficient, but
should still be large enough that the polymer can confine the fundamental TE and TM modes. To have an
indication for the initial dimensions of the polymer, the FDE solver was used to calculate the minimum
dimensions required to confine the fundamental TE mode. This minimum was then used for determining
the taper length. Using a commercial EME solver the optimal combination for the taper length and the
initial polymer dimensions were found. The design in section one is used for the simulation. In the
simulation the InP waveguide is inversely tapered from 400nm to 80nm-100nm, this is the minimum width
lithography tools can reproduce without too much error. The polymer is placed directly on top of the taper,
which together are placed on an SiO2 layer. By sweeping the length of the taper for different dimensions
of polymer, the transmission efficiency for the fundamental TE and TM mode is found.
It was found that the optimal value for the initial polymer dimensions to confine the fundamental modes
while minimizing the taper length are 1.4µm by 1.4µm. However, this is still too small to couple it with the
SMF. The dimensions of the SSC’s facet need to be calculated to know the increase in width and height
required to match the mode in the SMF to the mode in the waveguide. With the FDE solver, overlap
calculations between the polymer and the fiber are performed to find the SSC’s facet dimensions, which
results in a 12µm-by-12µm square.
With the dimensions of the SSC known on both ends, the final structure can be designed. To connect both
ends, a polymer taper is created where the width and height both need to increase adiabatically to minimize
the losses. The final simulation is calculating the length of the polymer taper using the EME solver to sweep
the propagation distance and finding the transmission efficiency for both the fundamental TE and TM
modes.

Results
Section one consists of the InP taper and the initial dimensions of the polymer. We used an EME solver to
find the optimal combination of taper length and initial polymer dimensions. The result of the simulation
is shown in Fig. 3, where the taper length is plotted versus the transmission efficiency for different polymer
dimensions. However, the efficiency of the polymer taper in section two is also influenced by these initial
dimensions, seen in Fig. 4. From these two plots 1.4µm by 1.4µm were chosen as initial dimensions for the
polymer.

Figure 1: Side view of the proposed SSC structure. A polymer is placed
directly over the InP waveguide. The height of the polymer is slowly
increased to eventually match that of the fiber. The substrate will be Si
that is bonded to a small SiO2 buffer layer using BCB, with the structure
placed on top.

Figure 2: Top view of the proposed SSC structure. Next to the height
also the width of the polymer increases to eventually match that of the
fiber.



By combining the results of the overlap calculation between polymer and fiber, the taper and polymer
length simulations, the efficiency for the fundamental TE and TM modes for the complete design could be
calculated. The results are shown in Fig. 5 and Fig. 6 respectively. The efficiency is plotted versus the taper
length of the InP waveguide for various polymer taper lengths. Increasing the length of the polymer taper
will yield a better efficiency, although this improvement gradually decreases. Both the figures show a
ripple for smaller taper lengths, while more noticeable for the TM mode. The polymer acts as an optical
cavity creating a standing wave inside. This standing wave results in reflections creating a backward
propagating wave that interferes with the forward propagating wave, either increasing or decreasing the
efficiency. This effect is for the fundamental TM mode worse than for the fundamental TE mode, thus
explaining the difference in the ripple amplitude.

Due to limitations of the 2.5D lithography tool a taper length of 100µm and polymer taper length of 400µm
was chosen, resulting in an insertion loss of 0.41dB and a PDL of 0.59dB. The total length of the design
will be 510µm. The last 10µm are the result of the connection between section one and two and the small
block after section two . This connection is to relax the mode before the start of the polymer taper. The

Figure 3: The taper length versus the transmission
efficiency of the fundamental TE mode for various
dimensions of polymer.

Figure 4: The polymer taper length versus the
transmission efficiency of the fundamental TE mode for
various dimensions of polymer.

Figure 5: The taper length versus the transmission
efficiency for the fundamental TE mode for various
polymer taper lengths.

Figure 6: The taper length versus the transmission
efficiency for the fundamental TM mode for various
polymer taper lengths.



fabrication of the SSC is done using the 2.5D lithography tool. By placing this small end block after section
two, less stress is put on the formation of the polymer taper, ensuring that the edge does not deform.
The design compared to [4,5] does not achieve a better efficiency or PDL, however it significantly improves
in the total length of the design. Fig. 5 and Fig. 6 show that there is room to improve on efficiency, although
at a cost of design length. For improving on efficiency while still keeping a small design, the structure of
the polymer taper could be changed by either using a multistage linear or exponential taper for both width
and height.

Conclusion
In this paper we presented a SSC design achieving a coupling loss of 0.41dB and a PDL of 0.59dB with a
total design length of 510µm at an operating wavelength of 1550nm. The design does not improve in
performance compared to literature, however it achieves comparable results for a much smaller design.
The design also stands out with the fabrication method, a 2.5D lithography tool. This tool allows the design
to be printed at the back-end of the fabrication process, gives flexibility in design and on chip-placement,
and the design can be used for multiple platforms.
Improvements on the design can still be made. The PDL is quite high due to a low efficiency for the
fundamental TM mode, which also suffers from reflections when the taper length is small. An increase in
length would solve the reflection issue and increase the efficiency, however our design would need to
become very large to really improve the PDL. Another way to increase the efficiency for both TE and TM
would be to change the design of the polymer taper by changing the slope to a multistage or exponential
variant.
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