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ABSTRACT 

A wavelength selective switch is fabricated for routing wavelength channels in a wavelength division 
multiplexing network. The device uses a Mach-Zehnder interferometer configuration incorporating wavelength 
selective phase shifters, which are composed of cascaded microring resonators and waveguide thermo-optic phase 
sifters. The fabricated device works as a hitless wavelength selective switch with on/off switching ratios of 23 and 
20 dB in two wavelength channels of 1532.5 and 1536.7 nm, respectively. 

Keywords: silicon photonics, wavelength selective switch, Mach-Zehnder interferometer, microring resonator 

1. INTRODUCTION 

A wavelength-selective switch (WSS) is a key component to construct a wavelength division multiplexing 
network. It works as a routing switch for designated wavelength channels. Microring resonator (MRR) based 
switches are investigated to select a designated wavelength channel for switching to and from a bus line [1]-[3]. 
These switches have the advantages of a small footprint and adequate scalability of the wavelength channel. 
However, they have the disadvantages of being unavailable for hitless operation. As other configurations, arrayed 
waveguide gratings (AWGs) or caved gratings are used for demultiplexing wavelengths and are combined with a 
Mach-Zehnder interferometer (MZI) based routing switch [4]. The switch tends to have a large footprint due to 
AWG and/or a poor (de)multiplexer design flexibility. A micro electro-mechanical systems (MEMS) based 
approach [5] has an issue of integration complexity.  

Previously, we proposed a novel WSS composed of wavelength selective phase shifters embedded in an MZI 
[6]. In this article, we fabricate the WSS based on wavelength selective phase shifters to demonstrate the hitless 
operation in a two wavelength channel WSS.  

2. DEVICE CONFIGURATION 

The configuration of the WSS investigated in this article is shown in Fig. 1. The designated wavelength signals 
that are resonant in cascaded MRRs are coupled from outer arms to inner arms through MRRs, whereas other 
wavelength signals are radiated away from the device. Hence, this configuration works as an MZI for the 
designated wavelength signals. Phase shifters (PSs) are placed in outer arms. Each set of PSs and MRRs work as 
a wavelength-selective phase shifter for the designated wavelength channel at which the cascaded MRRs are in 
resonance.  

 
Figure 1. Configuration of wavelength selective switch based on phase shift. 

Let us consider the signal of designated wavelength λ1 that is resonant in the first (left) cascaded MRRs. A 
signal launched into the lower arm goes through PS-λ1, while the signal launched into the upper arm goes through 
no PS. The phase difference ϕ1 between the two signals is controlled by PS-λ1. The output port of the designated 
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wavelength λ1 is switched between the cross and bar ports of the MZI depending on the phase difference ϕ1=0 and 
π, respectively, for that channel. On the other hand, signals that are non-resonant in the first cascaded MRRs 
propagate in the lower and upper arms. They go through PS-λ1 evenly. Consequently, the phase change given by 
a pair of PS-λ1 does not affect the signals that are non-resonant in the first MRRs. For the designated wavelength 
λ2 that is resonant in the second (right) cascaded MRRs, the phase difference ϕ2 between two arms is controlled 
by PS-λ2 located in the lower arm. The output port of the designated wavelength λ2 is switched between the cross 
and bar ports depending on the phase difference ϕ2=0 and π, respectively.  

3. FABRICATION and CHARACTERIZATION 

The device was fabricated in a 220-nm-thick silicon layer on an SOI wafer. The waveguide pattern was drawn 
by using an electron beam lithography, and was transferred to a SiO2 mask layer. The waveguide was formed by 
using a reactive ion etching with SF6 gas. After fabricating silicon waveguides, a 2-µm-thick SiO2 over cladding 
layer was deposited by PCVD. 10-µm-wide, 230-µm-long and 50-nm-thick Cr heaters were formed by a lift-off 
technique to provide PS through a thermo-optic effect. An electric current was fed to the heaters through a 200-
nm-thick Au electrode. A pair of PS-λi’s (i=1 or 2) were connected in series so that an equal phase shift was 
provided in two PS-λi’s with a single power supply.  

3-dB couplers were composed of 480-nm-wide waveguides with a coupling length of 14 µm for 575-nm 
spacing between two parallel waveguides, which were designed to be fabrication-tolerant. The cascaded MRRs 
were designed so as to provide a FWHM pass band width of 1.7 nm and a free spectral range (FSR) of 11 nm. The 
details of the cascaded MRRs and the measured transmittance spectra are shown in Fig. 2.    

  
Figure 2. Structure and measured transmittance spectra of cascaded MRRs. 

  
(a)                                                                                     (b) 

Figure 3. Transmission spectra measured at the (a) bar and (b) cross ports of fabricated WSS. 

A broadband light source was used to measure the transmission characteristics of fabricated WSS. The TM 
mode lightwave was launched into an input port through a lens-tipped optical fiber. The output of WSS was 
coupled to another lens-tipped optical fiber to measure an output power at the bar and cross ports. The measured 
transmission spectra are shown in Fig. 3. Figures 3(a) and (b) show the transmittance measured at bar and cross 
ports, respectively. In the figures, the black lines denote the transmittance when the WSS is set so that the signals 
of both channel-1 (a center wavelength of 1532.5 nm) and channel-2 (a center wavelength of 1536.7 nm) are 
transmitted to the bar port. On the other hand, the red lines correspond to the case where only the channel-1 signal 
is switched to the cross port. It is clearly observed that the transmittance of channel-2 signal is not affected by 
switching the output port for the channel-1. Similar responses are observed at longer wavelengths with a periodicity 
of ~11 nm, which corresponds to the FSR of cascaded MRRs. They, however, exhibit poor on/off switching ratios 
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at longer wavelengths. This is attributable to that the splitting ratio of 3-dB couplers used in an MZI deviates from 
50:50 at the wavelengths except λ=1530-1540 nm. 

Focusing on a wavelength range of 1530-1540 nm, the transmission spectra measured at the bar port are shown 
in Fig. 4 for four switch states; ch-1 on/ ch-2 on (black line), ch-1 off/ ch-2 on (red line), ch-1 on/ ch-2 off (blue 
line) and ch-1 off/ ch-2 off (green line). The on/off switching ratios measured at the bar port are 23 and 20 dB for 
channels 1 and 2, respectively. Clearly shown is that the fabricated WSS works as a hitless switch. 

Figure 5 shows the transmission change measured at λ=1536.7 nm as a function of a drive power supplied to 
a phase shifter PS-λ2. A drive power of 40 mW is needed to obtain π phase shift. Complimentary output is observed 
at the bar and cross ports. 

      
Figure 4. Transmission spectra measured at the bar port                            Figure 5. Transmittance vs drive power supplied to 

 for four switch states.                                                                                   a phase shifter of channel 2. 

4. CONCLUSIONS 

We have fabricated the WSS based on wavelength selective phase shifters. The fabricated device works as a 
hitless WSS with on/off switching ratios of 23 and 20 dB in two wavelength channels of 1532.5 and 1536.7 nm, 
respectively. Although the present devices works as a two wavelength channel WSS, it is possible to increase the 
number of wavelength channel in a single MZI by properly designing cascaded MRRs and 3-dB couplers. 
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