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Abstract—A 500µm long capacitive silicon electro-optical MZI 

modulator for TM polarization light has been proposed and 
experimentally demonstrated with data rate 30 Gbit/s and 2 V peak-to-
peak driving voltage in a push–pull configuration.  
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I. INTRODUCTION 

After decades of development, integrated silicon electro-optical 
Mach Zehnder Interferometer (MZI) modulators based on the 
carrier-depletion effect have been demonstrated with very fast 
data rate increments from 10 Gbps [1] to 50 Gbps [2] and 90 
Gbps [3].  High-speed carrier-depletion modulators typically 
require millimeter long phase shifters and high-speed traveling 
wave electrodes, for which the velocity match between the 
microwave and optical wave is required and can be engineered 
through modulator structure geometries. Another important 
factor, is the impedance matching of the traveling wave 
electrode which is highly dependent on the active doping 
profiles and applied bias voltage, which dominates the 
bandwidth of the modulator. If a higher bias voltage is applied 
to achieve a higher bandwidth [3, 5] the phase voltage 
efficiency is reduced and the linearity degraded [5]. This 
potentially hinders generating equally spaced amplitude levels 
for high order pulse amplitude modulations (PAM), such as 
PAM-8, PAM-16, etc. To ease these problems, here we propose 
to use capacitive silicon modulators that can have constant 
capacitance and linear relations between phase change and 
applied voltage swings when operated in the metal–oxide–
semiconductor (MOS) capacitor’s carrier accumulation mode 
[4] or a linear phase voltage relation in reverse bias depletion 
mode. A thicker gate oxide (~50 nm) is preferred for capacitive 
modulators and guarantees the loaded waveguide capacitance 
per unit length comparable to most depletion modulators (<0.5 
fF/µm), which can avoid bandwidth limitations due to doping 
induced higher than designed capacitances [5]. Under these 
conditions, sophisticated optimizations as typically required in 
depletion modulators to engineering the impedance of the 
loaded traveling wave electrodes can be circumvented. Here we 

report our first attempt at high-speed MOS-capacitor based 
modulators with large gate oxide towards high-speed TM 
polarized light modulators. 

II. MODULATOR DESIGN 

Figure 1.a shows the schematic design of the proposed 
capacitor modulator with 50 nm gate oxide. The capacitor 
waveguide has silicon total thickness 320 nm, rib waveguide 
width 350 nm and slab thickness 70nm. Single mode 
propagation of TE and TM light can be achieved. The TM mode 
(Figure 2.b), has larger optical effective index, or more energy 
confinement in the silicon than the TE mode (Figure 2.c), and 
consequently higher modulation efficiency (Figure 2.d&e).  

 

 



Fig. 1 (a) Schematic profile of the lateral silicon MOS-capacitor modulator with 
50nm Gate oxide, (b, c) TM &TE optical mode |E| confinement. (d) Simulated 
VπLπ of TE and TM modes. (e) Phase change as function of applied voltage for 
TE and TM modes.  

III. EXPERIMENTAL RESULTS 

To compare the modulation efficiency of the TE and TM 
modes, both TE and TM polarized light was injected into the 
MZI modulators formed by Y-junctions. The measured DC-
bias induced spectra shifts are summarized in Figure 2. The 
results are consistent with the simulated results in Figure 1.d&e 
in that a large DC shift is observed for the TM polarization. 

 
Figure 2. The measured both TE and TM transmission resonance spectra with 
different applied forward bias voltages.  

High-speed data transmission experiments were performed 
by setting the laser wavelength around 1554.6 nm. For the MZI 
with phase shifter lengths 500µm, open eye diagrams for data 
rates at 20 Gbit/s and 30 Gbit/s have been measured, as shown 
in Figure 3, with 2 V peak-to-peak driving voltage in a push–
pull configuration. 

 

Figure 3. Experimentally measured open eye-diagrams with data rates 20Gbit/s 
and 30Gbit/s. 

IV. CONCLUSION 

We demonstrate a silicon capacitive MZI modulator with 
data rates up to 30 Gbit/s for TM polarized light using 500µm 
long phase shifters and a 2 V peak-to-peak voltage driving 
voltage in a push–pull configuration. Such capacitive 
modulators with larger gate oxide (50 nm) result in comparable 
loaded capacitance per unit length as typical depletion 
modulators whilst offering linear phase voltage swings, which 
is beneficial for building high performance silicon modulators 
targeting high order pulse amplitude modulation schemes with 
equally spaced amplitude levels. 
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