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Abstract: There is an ever increasing demand for larger bandwidths and higher capacities in 

telecommunication and datacom networks. Data centers can require tens of thousands of optical 

modulators to handle the data traffic, and the need for higher modulation rates increases the power 

consumption per optical modulator. Moreover, power consumption can limit the density of equipment. 

Mach-Zehnder interferometers (MZIs) are often used as optical modulators to address the capacity 

challenge because of their wide bandwidth and performance at high data rates. The design of the optical 

waveguides used to implement MZI modulators, particularly the length of the phase shifting region, the 

configuration of the driving electrodes, and the required voltage to actuate the electro-optic (EO) 

modulator have significant impacts on the modulating speed and power consumption. Currently, state-

of-the-art MZI modulators in lithium niobate (LiNbO3) running at 10Gb/s-20Gb/s have drive voltages in 

the range of 6-10 volts, those in indium phosphide (InP) operating at 10Gb/s-40Gb/s have drive voltages 

between 1.2-3 volts, and silicon photonic MZI modulators with data rate of 10Gb/s–40Gb/s have drive 

voltages that can be as low as sub-1 volts. Different approaches to develop low-power, high-speed, power-

efficient EO modulators are reviewed in literature. These approaches include optimization of the 

waveguide geometry, the carrier injection density, the depletion region position, and the electrode 

configurations. In this work, we demonstrate that by modifying the MZI structure, it is possible to create 

a modulator with significantly reduced power consumption. The main advantage of this configuration in 

comparison with standard MZIs is a reduction of 50% in the phase shift required to obtain complete 

intensity modulation. The reduction in the phase shift needed to achieve complete modulation translates 

into a decrease in the voltage required to actuate the modulator. Consequently, the device has lower 

power consumption. 
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