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Abstract

We present the electrical characterization of high-speed co-planar strip electro-optic phase modulators
(EOPM’s) on a Indium Phosphide Membrane-on-Silicon (IMOS) platform. The behavior of Electrical S-
parameters of the fabricated modulators was measured up to 67 GHz using a vector network analyzer.
Experimental results agreed with a voltage-dependent simulation framework that integrates Poisson-drifi-
diffusion results with radio-frequency (RF) mode calculations to capture the effect of carrier and depletion
dynamics on the RF mode. This study provides quantitative evidence of how drive voltage influences the
modulation bandwidth and the overall device performance.

Introduction

The InP membrane-on-silicon (IMOS) platform [1, 2] combines the advantages of InP
and silicon-on-insulator (SOI) technologies, enabling the development of a
comprehensive library of building blocks and miniaturized components by utilizing a
highly confined InP membrane while enhancing the performance of the devices such as
lasers, detectors and modulators[3,4].

Recent developments in InP-based Mach-Zehnder modulators (MZMs) have greatly
advanced high-speed optical communications, achieving bandwidths up to 100 GHz and
data transmission rates of 320 Gbit/s for single modulator[5] and Ozaki et.al. reported 1
Tb/s/A modulation with integrated drivers[6]. These modulators leverage co-planar strip
(CPS) design on InP [5], which enables compact device footprints and reduces microwave
losses while maintaining high bandwidth. The CPS modulator operates in a push-pull
configuration with a ground-signal (GS) probe setup, making it highly compact compared
to the co-planar waveguide (CPW) configuration as it requires only two electrodes.

Figure 1: Cross section schematic of the co-planar strip electro-optic phase modulator.



The coplanar strip (CPS) transmission structures were fabricated on the IMOS platform
[1-2], ensuring full compatibility with the rest of the platform components. In this design,
only the intrinsic core region (shown in green in Fig. 1) is modified to implement the
electro-optic phase modulator (EOPM) epitaxy. A moderately n-doped region is
introduced near the p-type cladding (shown in red), forming a region of strong electric
field that enhances the Kerr effect, thereby improving the overall electro-optic efficiency.
The DC pad is routed through the p-side metal contact, visible at the bottom of Fig. 1,
which electrically connects the two waveguides.

Simulation Model

To simulate our devices and gain insight on it's inner workings, we have leveraged the
Imodulator python package, [7], a unified platform that integrates Poisson—drift—
diffusion, optical, and radio-frequency (RF) mode simulations. This unified approach
enables coherent data exchange between different simulation domains. The charge
transport simulations are performed using the Python-based package Solcore, while the
optical and RF mode analyses are carried out using FEMWELL, a finite-element method
solver written in Python. In RF simulations, imodulator enables the calculation of the
voltage and frequency dependent complex RF permittivity (¢ RF) of the material by
coupling FEMWELL with charge carrier distributions obtained from Solcore’s Poisson
and drift-diffusion simulations. In Fig. 2(a), the simulated charge carrier densities for
both holes and electrons are shown across the applied voltage range, illustrating the
expansion of the depletion region with increasing bias. The corresponding electric field
distribution in Fig. 2(b) highlights a highly confined electric field region.

For the DC electro-optic (EO) analysis, Solcore’s charge transport simulations are
combined with FEMWELL’s optical mode solver to evaluate the individual EO
contributions—Kerr, Pockels, intervalence, band filling, and plasma dispersion. The
resulting electro-refraction and electro-absorption spectra are presented in Fig. 2(c) and
Fig. 2(d), respectively. As shown in Fig. 2(c), the Kerr effect dominates the electro-
refractive response, consistent with the high-field design of the modulator.
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Figure 2: Simulated a) carrier concentration for holes and electrons in logarithmic scale, b) Electric field
(kV/cm) for varying voltages indicated by the color bar on top. ¢) and d) Simulated electro optic effect;
Band filling, Plasma, Intervalence, Pockels, Kerr with the Sum of the effects. ¢) Electro-refraction and d)
electro-absorption.

DC characterization



DC characterization was performed using the setup illustrated in Fig 3(a). A continuous-
wave laser source operating at 1520 nm was coupled into the device via a grating coupler.
The resulting power—voltage curve is shown in Fig. 3(b), demonstrating a good agreement
between simulation and experiment. From the measurements, a Vri-L product of 2.75
V-mm was obtained.
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Figure 3: a) Experimental setup used for DC measurements. b) Simulated and measured power—voltage
characteristics of a 1-mm EOPM, where both power and voltage are normalized for clarity.
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Figure 4: Voltage dependent electrical-electrical small-signal RF measurement of 500um of EOPM
a) S11, reflection and b) S12, transmission curves for both simulation and experiment

Small-signal measurements were carried out using a vector network analyser (VNA)
operating up to 67 GHz, with both the source impedance of 50 Q. The voltage-dependent
RF response of the modulators including the RF pads is shown in Fig. 4, where (a)
presents the measured S11 and (b) the S12 parameters. The results demonstrate a
significant increase in modulation bandwidth from an electrical-electrical (EE) 6 dB
bandwidth of approximately 40 GHz at 0 V to beyond 67 GHz when a 6 V DC bias is
applied to the modulator.



This bandwidth enhancement arises from the voltage dependency of the depletion width.
At 0V, the depletion width can be seen on figure 2, a) where it is only 80 nm due to the
presence of the n-doped region inside the core, which pushes the junction closer to the p-
cladding. Under this condition, the RF mode experiences substantial propagation loss,
limiting the bandwidth. Increasing the applied voltage expands the depletion width to
roughly 200 nm, which reduces RF loss and consequently increases the RF bandwidth.
This effect is notably more pronounced than in previously reported devices [5], where the
depletion region at 0 V is significantly wider, resulting in a less substantial voltage-
induced improvement.

Conclusion

We have demonstrated high-speed CPS EOPMs on the IMOS platform and validated their
performance using DC and RF measurements supported by a unified voltage-dependent
simulation framework. By integrating Poisson—drift—diffusion, optical, and RF mode
simulations, the model accurately captures the impact of carrier dynamics and depletion
width on the device’s electro-optic response.

The measurements show good agreement with simulations, including the observed
increase in bandwidth from ~40 GHz at 0 V to beyond 67 GHz at 6 V. This enhancement
is explained by the voltage-induced expansion of the depletion region and reduced RF
loss, while the dominance of the Kerr effect confirms the effectiveness of the high-field
design.

These results provide clear insight into the physical mechanisms governing CPS-based
EOPMs on the IMOS platform and demonstrate a reliable methodology for designing
next-generation high-speed modulators.
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