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FPGA Controller for  

Si Photonic MZI-Based 2 × 2 Optical Switch 
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Abstract― We present an FPGA controller for   

MZI-based 2×2 optical switch. The target optical switch is 

fabricated in the SOI process. Our controller determines the 

heater voltages required for 2x2 optical switch cross or bar 

conditions in a manner that consumes the least amount of 

power. The control operation is confirmed with 

measurement.  

 

I. Introduction 

There is a tremendous increase in data traffic within 

data centers and, consequently, the need for optical 

interconnect solutions with larger bandwidth are becoming 

stronger.(1) In addition, there are active research activities 

to implement the switching operation in the optical domain 

for future higher-performance data centers.(2) Although 

optical switches can circuit-switch signals containing large 

amount of information entirely in the optical domain, the 

switching operation control has to rely on electrical 

controllers and, consequently, implementation of switch 

controllers with the efficient control algorithm is essential 

for successful operation of optical switching systems. 

Furthermore, all photonic integrated circuits that are 

intensively investigated in recent years for such 

applications as quantum computing(3), machine learning 

accelerators(4), and photonic FPGA(5), require efficient 

electrical controllers. As a first step for establishing 

electrical controller technology for various photonic 

integrated circuits, we implemented an FPGA-based 

controller for a simple 2x2 optical switch based on the Si 

Mach-Zehnder Interferometer (MZI). 

 

II. MZI-based 2 × 2 optical switch 

 
[Fig. 1] (a) Chip microphotograph of the fabricated MZI-based 

2×2 optical switch. (b) Optical switch characteristics with 

varying heater voltages.  

 

Fig. 1(a) shows the Si Photonic MZI-based 2×2 optical 

switch used for the present investigation. The MZI has 

600-μm long arms with built-in metal heaters for both 

arms. Fig. 1(b) shows the characteristic curve of this 

optical switch when each of two heaters are operating. 

Although two arms are designed to have the same length, 

due to process variation, there is a significant amount of 

phase mismatch, which needs to be compensated by the 

controller.  

 

III. Operation of cross-bar voltage controller 

 
[Fig. 2] Measured of VPD and VDAC when the controller operates. 

 

Fig. 2 shows the measurement results of each heater 

driving voltage (VDAC), and VPD representing the output 

optical power at the cross state.  The controller sweeps the 

heater voltages with a DAC, and determines the DAC code 

that maximizes VPD (Codemax) or minimizes VPD (Codemin) 

for each heater. When Codemax for upper heater is smaller 

than Codemax for lower heater as shown in the figure, 

indicating upper MZI arm is shorter than the lower arm, 

only the upper heater is needed for the cross state. For the 

bar state, only the lower heater is needed. The 

measurement results show that the controller can 

determine the desired switch state by applying the proper 

heater voltage.  
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