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Abstract: We demonstrate a 16×16 silicon optical switch consisting of 56 thermo-optic MZI 
switches in a Benes architecture. The chip size is 7×3.6 mm2. The on-chip insertion loss is <5 dB 
and the crosstalk is <-20 dB.  
OCIS codes: (130.4815) Optical switching devices; (250.5300) Photonic integrated circuits; (250.6715) Switching 

 
1. Introduction 

Optical signal switching and routing are indispensable for optical telecommunication and interconnect networks. 
The realization of optical switching in the optical domain can greatly reduce the system volume, complexity, and 
power consumption compared to the conventional Optical-Electronic-Optical (OEO) conversion schemes. The 
optical switches are required to possess the features of large port-count, non-blocking, low loss, and low-cost. 
Leveraging on the high integration and mass production capability of silicon photonics, silicon based optical 
switches have attracted a lot of research interest in recent years [1, 2]. In our previous work, we have demonstrated 
2×2 and 4×4 Mach-Zehnder interferometer (MZI) and double-ring assisted MZI (DR-MZI) switches [3-6]. The MZI 
switch is broadband and more tolerant to environmental temperature change. However, it occupies a relatively large 
footprint and the switching power consumption is high. The DR-MZI switch reduces the device size and power 
consumption at the cost of narrowed optical bandwidth. In this paper, we demonstrate a 16×16 non-blocking silicon 
optical switch based on MZI switch elements. It has a compact chip size of 7×3.6 mm2. The measured on-chip 
insertion loss is <5 dB and the crosstalk is <-20 dB. 

2.  Device structure and results 

Figure 1(a) shows the Benes architecture of the 16×16 switch composed of 56 2×2 switch elements. Each routing 
path goes through 7 stages of switch elements. The Benes architecture is non-blocking and requires the minimum 
number of switch elements, allowing for a compact device size. As each element has two states, the 16×16 switch 
hence has 256 states in total, among which 16! states are necessary for the complete mapping. The inset shows the 
structure of the switch element. It is composed of a 2×2 MZI with resistive microheaters integrated in both arms for 
thermo-optic (TO) tuning of the silicon refractive index [3]. The microheater is 400 m long, surrounded by air 
trenches to isolate heat lateral leakage. Figure 1(b) shows the mask layout of the 16×16 switch. All input and output 
waveguides are terminated with grating couplers and positioned in the chip center to couple with a fiber array. The 
electrical pads are put close to the chip edges to favor wire-bonding with a printed circuit board (PCB). The chip 
size is 7 mm×3.6 mm. The chip was fabricated using the CMOS-compatible process in IME Singapore. Figure 1(c) 
shows the microscope image of the fabricated chip. The inset illustrates the magnified MZI switch elements.  

There are multiple waveguide crossings in the Benes architecture as shown in Fig. 2(a). They incur extra 
insertion loss (IL) and crosstalk. We employ 1×1 multimode interferometers (MMI) based on the self-imaging effect 
at the crossing to reduce the IL and crosstalk. Figure 2(a) depicts the structure of the MMI crossing with critical 
dimensions notated. The measured transmission spectra for 50, 100, and 150 crossings together with the control 
waveguide are shown in Fig. 2(b). The envelope of the spectrum is caused by the grating couplers. From the 
spectrum, we can deduce the IL of the MMI crossing as shown in the inset. The IL per crossing is around 0.04 dB to 
0.06 dB in the wavelength range of 1500 nm to 1600 nm. Fig. 2(c) shows the spectrum from the crosstalk port, 
indicating the crosstalk is -20 dB.   

Figure 3 presents the characterization of the MZI switch element. The transmission spectra of the bar and cross 
ports are measured at various TO power levels, revealing good switching performance. The isolation between the 
bar and cross ports is >30 dB for the two switching states at 1560 nm. The TO power consumption to flip the state is 
~21 mW. It should be noted that an initial bias (~3mW power) is required to correct the phase error induced by 
fabrication. 
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Fig. 1 (a) Schematic of the 16×16 optical switch with a Benes architecture. Inset shows the structure of the MZI switch element. (b) Mask layout 

of the switch chip. (c) Optical microscope image of the switch chip. Inset shows the zoom-in view.  

 

Fig. 2 (a) Schematic of the MMI-based waveguide crossing. (b) Transmission spectra of waveguide crossing arrays. The control waveguide 

spectrum is also shown for comparison.  Inset shows the extracted insertion loss per crossing.  (c) Crosstalk spectrum of the waveguide crossing.   

 

Fig. 3 (a) and (b) Transmission spectra at various TO power consumptions for (a) the cross port and (b) the bar port of a MZI switch element. (c) 

Output transmission changes as a function of TO tuning power. The operation wavelength is set at 1560 nm. 
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Figure 4 shows a complete set of transmission spectra when all switch elements are configured at the cross state. 
The spectra are all normalized to a test waveguide. It can be seen that the on-chip IL is <5 dB for all routing paths 
and the crosstalk is <-20 dB at 1560 nm  

 

Fig. 4 Measured transmission spectra of the 16×16 switch when the switch elements are all at the cross state. Each plot incorporates 16 output 

spectra with light launched from one input port. 

3.  Conclusion  

We have demonstrated a 16×16 non-blocking optical switch with a chip size of 7×3.6 mm2 on the SOI platform 
using the CMOS-compatible process. The switch elements are based on the MZI structures with TO tuners. High 
switch extinction ratio (>30 dB) was achieved for the MZI switch element. Characterization of the 16×16 optical 
switch reveals that the on-chip insertion loss is <5 dB and the crosstalk is <-20 dB. 
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