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Abstract

We present a dual-mask fabrication strategy combining SiN and SiO: to achieve uniform triangular InP
membrane waveguides for polarization converters. The conformal SiO: layer at the SiN-slope junction
provides self-compensation for etch-rate non-uniformity, preserving the triangular height. The residual
Si0: also improves mask overlay tolerance to ~80 nm. SEM characterization across ten wafer sites
confirmed uniform profiles with negligible height deviation, demonstrating a scalable and high-tolerance
process for wafer-scale polarization converters.

Introduction

Polarization handling in photonic integrated circuits (PICs) is becoming increasingly important due to the
substantial differences in effective index and propagation characteristics between the transverse electric
(TE) and transverse magnetic (TM) modes. Most photonic components are optimized for a single
polarization, resulting in degraded performance for the orthogonal one. To address this issue, various on-
chip polarization conversion schemes have been demonstrated across different material platforms. On the
generic InP platform, a mode-hybridization-based polarization converter achieved over 97% conversion
efficiency within a 131 pum device length [1]. On the silicon-on-insulator (SOI) platform, polarization
converters utilizing directional couplers [2] and asymmetric waveguide sections [3,4] have received
significant attention, while the IMOS platform has demonstrated polarization conversion in devices shorter
than 10 pm [5].

Polarization converter on the InP membrane

The schematic of polarization converter on the InP membrane is shown in Fig. 1 (a) and the principle can
be illustrated using the Poincaré sphere [6], as shown in Fig. 1 (b), where the evolution of polarization states
during propagation through a birefringent medium is represented by a circular trajectory between the
eigenmodes. In asymmetric triangular cross-section waveguides, the eigenmodes are tilted with respect to
the conventional TE and TM axes and propagate with distinct propagation constants (B: and 2). When an
input TE mode excites both eigenmodes, a phase difference accumulates along the propagation length L,
analogous to a bulk half-wave plate. By optimizing L and coupling the light back into a rectangular
waveguide, arbitrary elliptical or linear polarization states—including efficient TE-to-TM conversion—can
be achieved.
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Figure 1: (a) Schematic of the polarization converter design on InP membrane. (b) Poincaré sphere
diagram of the TE-to-TM polarization conversion




The device has been successfully fabricated on the IMOS platform [7], as shown in Fig. 2.1. Figure 2.2
illustrates the corresponding wafer layer stack and the fabrication process. The first step involves depositing
a 50 nm SiNy layer on the wafer as a hard mask, followed by spin-coating of ZEP 520A photoresist. In the
subsequent lithography step, the passive waveguides are defined using 100 kV electron-beam lithography
(EBL), while the polarization converter (PC) areas are protected. These steps are schematically shown in
Fig. 2.2 (a). In Fig. 2.2 (b), the status of the passive waveguide (left) and the PC region (right) after the
opening process is depicted. The opening is performed by wet etching—using a 4:1 HsPO4:HCI solution
for InP and a 10:1:1 H20:H>SO4:H202 solution for Q1.25. In the next step, the previous SiNy layer is
removed using a 1% buffered hydrofluoric acid (BHF) solution, followed by the deposition of a new 50 nm
SiNy layer. This mask is opened along the vertical sidewall of the PC region to form a hard mask for etching
the vertical sidewall. These steps are illustrated in Fig. 2.2 (c) and (d). An inductively coupled plasma (ICP)
etching process is then used to etch through the n-doped InP and waveguide layers, forming the vertical
sidewalls. In the final step, the SiNy layer is again removed with BHF and redeposited to form a new 50 nm
SiNy layer. The PC regions are opened, and a selective wet etch creates the triangular sections, as the SiN
protects the vertical sides. The final lithography and etching stages are schematically shown in Fig. 2.2 (e)
and (f). After this, all remaining SiN is chemically removed, completing the fabrication of the polarization
converters.
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Figure 2: (1) Scanning electron microscope image of a fabricated polarization converter. (2) Overview of
key steps of PC fabrication process.

However, this fabrication approach has a clear drawback—it cannot ensure wafer-scale uniformity. The
main reason lies in the instability of the SiNy etch rate in the Nitride RIE. The etch rate varies from run to
run, and even within a single 3-inch wafer, the etch rate at the center differs from that at the edge. As shown
in Fig. 3, Fig. 3 (a) presents the SiN thickness distribution before etching, with an average thickness of
approximately 95 nm across the wafer. Figure. 3 (b) shows the wafer after 40 s of etching, from which it
can be calculated that the edge etch rate is on average about 24% higher than that at the center.

This non-uniformity leads to incomplete SiN removal in the wafer center when the SiN at the edge has
already been fully etched. To ensure complete removal of the SiN layer above the target regions, an
additional over-etching step is typically applied. However, this introduces another problem: the triangular
waveguide height is reduced. As illustrated in Fig. 2.2 (f), the SiNy layer on the vertical sidewall defines
the triangular height and protects the InP and Q1.25 layers from excessive wet etching. When SiNy is over-
etched, its vertical dimension decreases, resulting in a reduced triangular height and consequently degraded
polarization conversion efficiency. Furthermore, because of the etch-rate variation between the wafer center
and edge, polarization converters fabricated at different wafer locations exhibit inconsistent performance.
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Figure 3: Thickness distribution of the SiN layer (a) deposited by PECVD for 7 minutes across a 75-mm
wafer. (b) after 40 s of reactive ion etching (RIE) using CHF; + Os.

To address this issue, we propose a new fabrication method, and the corresponding process flow is
illustrated in Fig. 4. As shown in Fig. 4 (a) and (b), the sloped surface is first formed by wet etching, while
a 100 nm SiNy layer is preserved on the top planar region. Then, a new 100 nm SiO: layer is conformally
deposited over the entire wafer, as illustrated in Fig. 4 (c). Subsequently, the region corresponding to the
vertical sidewall is defined by exposure and development, as shown in Fig. 4 (d), followed by etching. This
step represents the key and most innovative part of the process.

We take advantage of the fact that, under a CHF; + O: etching recipe, the etch rate of SiNy is approximately
twice that of SiO.. By carefully controlling the etching time in the opened region of Fig. 4 (d), SiNy in the
vertical sidewall region can be completely removed while maintaining residual SiO: on the sloped surface,
as shown in Fig. 4 (e). In the final step, the InP layer is etched to form the vertical facet of the triangular
structure, as shown in Fig. 4 (f). The remaining SiO- on the sloped surface not only provides self-alignment
but also ensures that the triangular height remains unaffected.
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Figure 4: Overview of key steps of PC New fabrication process.

The proposed process was verified on an InP dummy wafer, and the results are shown in Fig. 5. The
fabricated structures obtained from the wafer center (Fig. 5 (a)) and wafer edge (Fig. 5 (b)) exhibit uniform
triangular heights, with the unetched planar region used as a reference. In addition, both sets of structures
demonstrate the range of successful fabrication under different exposure overlaps. The “overlap” refers to
the intersection between the vertical-side exposure region and the sloped region shown in Fig. 4 (d). When
the overlap is excessive, the sloped surface becomes damaged, as shown in Fig. 6 (a); conversely, when
there is no overlap, the resulting structure becomes trapezoidal, as shown in Fig. 6 (b).

From the analysis of both sets of structures, the range of successful fabrication corresponds to an overlap
tolerance from —50 nm to +40 nm, indicating that the process achieves a total alignment tolerance of
approximately 80 nm for reliable triangular formation.



(a =~ 2 x - (
Figure 6. Effect of EBL exposure overlap on the PC: (a) excessive overlap damages the sloped surface;
(b) lack of overlap produces a trapezoidal instead of a triangular cross-section.

Conclusion

A dual-mask fabrication method combining SiNy and SiO: has been demonstrated for triangular polarization
converters on the InP membrane platform. The process compensates for etch-rate non-uniformity and
maintains consistent triangular height across the wafer. The residual SiO enables a self-aligned structure
with an ~80 nm overlap tolerance. SEM results confirm excellent uniformity and scalability, making this
approach highly suitable for wafer-scale polarization control in photonic integrated circuits.
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