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A tunable transverse electric (TE) pass polarizer is 
demonstrated based on hybrid VO2/Si (vanadium 
dioxide/silicon) technology. The 20 µm-long TE pass 
polarizer exploits the phase transition of the active VO2 
material to control the rejection of the unwanted 
transverse magnetic (TM) polarization. Characterized for 
the wavelength range from 1540 nm to 1570 nm, the 
device features insertion losses below 1 dB at static 
conditions and insertion losses of 5 dB and an attenuation 
of TM polarization of 19 dB in the active state. To the best 
of our knowledge, this is the first time that tunable 
polarizers compatible with silicon photonics are 
demonstrated. © 2018 Optical Society of America 
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Circuits; (130.5440) Polarization-selective devices 
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Silicon waveguides show a high polarization dependence due to the 
high index contrast and birefringence. Therefore, a key feature to 
ensure optimum performance of silicon photonic chips is 
polarization management. Several polarization management 
devices, like polarizers or rotators, have been proposed in the 
silicon-on-insulator (SOI) platform [1-7] or using the plasmonic 
technology [8-14]. Compact devices have been demonstrated with 
plasmonics but at the cost of high insertion losses due to the 
interaction between light and metals. In contrast, highly efficient 
and low loss devices have been demonstrated based on silicon but 
normally with large footprints. However, polarization tunability 
remains still as an open challenge. Hybrid technologies based on the 
combination of the SOI platform with tunable materials are a 
promising route. Recently, phase transition materials such as 
correlated functional oxides have been proposed for the 
development of tunable photonic devices [15-24]. These materials 
are characterized by a reversible phase transition controlled by an 

external stimulus, which induces a relevant change in the optical 
and electrical properties of the material. Among them, vanadium 
dioxide (VO2) has acquired a significant status.  

 

Fig. 1. Concept art of the proposed TE pass polarizer as a function of the 
input polarization and VO2 states. On one hand, for VO2 in the insulating 
state (OFF state), both (a) TE and (b) TM polarizations go through the 
polarizer with low losses. On the other hand, for VO2 in the metallic state 
(ON state), the polarizer introduces low losses for (c) TE polarization 
and high losses for (d) TM polarization.  The state in VO2 is changed via 
Joule heat induced by a lateral microheater. 

By applying a thermal [25-27], electrical [28-34] or optical [35, 36] 
excitation, VO2 goes through a reversible transition from an 
insulating state at steady conditions to a metallic state under the 
influence of the external signal. The phase transition provides an 
ultra-large change in the imaginary part of the refractive index 
allowing to tune the material from a state with low losses to a state 
with high losses. Such optical loss variation could be exploited to 
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control light polarization by integrating the VO2 into a polarization-
dependent waveguide structure. Therefore, the combination of a 
passive polarizer structure with the effect of the phase transition in 
VO2 may provide tunability over the rejection of the unwanted 
polarization. The on-chip combination of the proposed tunable pass 
polarizer with other components, such as polarization splitters, 
could open new ways of manipulating the polarization of light in 
silicon devices with potential applications in different fields such as 
data communications, instrumentation or sensors. 

 

Fig. 2. SEM image of the fabricate device showing the silicon waveguide 
and the lateral microheater with the double Ti-AlCu metallization. The 
inset shows a zoom over the hybrid VO2/Si area where the granular 
texture of the VO2 layer can be observed. False colours have been used 
to highlight the silicon waveguide and the VO2 layer.  

In this work, we demonstrate a tunable transverse electric (TE) 
pass polarizer based on a hybrid VO2/Si waveguide. The 
performance of the polarizer is based on the fact that the interaction 
between the optical mode and a VO2 thin film deposited on top of a 
silicon waveguide is different depending on the polarization. Thus, 
the control over the transverse magnetic (TM) polarization is 
achieved by taking advantage of the refractive index change in VO2 
across its insulating to metal transition. To the best of our 
knowledge, this is the first time that tunable polarizers compatible 
with silicon photonics are experimentally demonstrated. The 
device exhibits a compact footprint with a total length of only 20 µm, 
insertion losses ranging from 1 dB to 5.5 dB, attenuation of the TM 
polarization above 19 dB and broadband operation. 

Figure 1 shows concept arts of the proposed tunable TE pass 
polarizer for both states in VO2 when the input mode has different 
polarization. On one hand, for the insulating state (OFF state), Figs. 
1 (a)–(b), the light travels through the polarizer with low losses 
independently of the polarization. On the other hand, for the 
metallic state (ON state), the VO2 has a low influence on the TE 
polarization, Fig. 1(c), but introduces high optical losses for TM 
polarization, Fig. 1(d). Therefore, by changing the state in VO2 it is 
possible to control the attenuation of TM polarization. The hybrid 
VO2/Si waveguide is composed by a granular VO2 thin film of 
around 15 nm in thickness and a single-mode silicon waveguide 
with a cross section of 480 nm x 220 nm. The silicon waveguide is 
separated from the active VO2 layer by a 60 nm-thick layer made of 
50 nm-thick nitride on top of 10 nm-thick silica. The nitride layer is 
needed for the chemical mechanical planarization (CMP) process. 
The phase transition in VO2 is controlled via Joule heating induced 
by a lateral microheater displaced 550 nm from the hybrid 
waveguide, as shown in Fig. 1. When an electrical current is flowing 

through the microheater, the generated heat is focused onto the 
hybrid VO2/Si waveguide inducing the metallic state in VO2. 

 

Fig. 3. Measured transmission spectra of the devices with and without 
the 20 µm-long VO2 layer for both polarizations. VO2 layer in static 
conditions. 

Two identical hybrid VO2/Si waveguide structures but with 
different grating couplers for TE or TM polarization, as depicted in 
Fig. 1, have been fabricated to characterize the device performance. 
The fabrication of the VO2 layer has been carried out by molecular 
beam epitaxy (MBE) followed by an ex-situ annealing process [37]. 
We have recently demonstrated that the insertion losses of the 
device can be minimized by using a VO2 layer with a granular 
morphology [38]. The granular morphology was the result of an 
additional solvent bath step during the exposure/lift-off processes. 
Figure 2 displays shows a SEM images of the fabricated device with 
granular VO2. The microheater is based on a double metallization of 
titanium (Ti) and aluminium-copper (AlCu) as depicted in Fig. 2. 
The Ti section has a width of 7 µm. Ti has a much higher resistivity 
than AlCu so the heat is concentrated in this section, which 
contributes to minimize the power consumption [39]. 

The insertion losses of the device in passive conditions, VO2 layer 
in the static state, have been firstly characterized. Figure 3 shows 
the measured transmission spectra of the devices with and without 
the 20 µm-long hybrid VO2/Si waveguide section for both 
polarizations. The observed wavelength dependence is determined 
by the slightly different grating response for each polarization.  
Insertion losses below 1 dB and a broadband operation (> 30nm) 
are achieved for both TE and TM polarizations. Once the passive 
performance of the device has been characterized, the phase 
transition in VO2 to the metallic state has been measured by 
applying different electrical power levels to the microheater.  

Figure 4 shows, for an input wavelength of 1550 nm, the optical 
losses for TE and TM polarizations as a function of increasing and 
decreasing electrical power sweeps. A hysteretic response inherent 
to the phase transition in VO2 is observed independently of the 
polarization. An electrical power of around 70 mW is sufficient to 
have the maximum attenuation of 19 dB for TM polarization. The 
power consumption may be reduced by reducing the lateral 
displacement between the microheater and the silicon. Another 
approach to reduce the power consumption could be to decrease 
the VO2 phase transition temperature to a value closer to room 
temperature. It has been shown that the transition temperature can 
be reduced and the width of the hysteresis can be modified (or even 
suppressed) by using different dopant elements [40-42].   
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Fig. 4.  Optical losses for TE and TM polarizations as a function of the 
applied electrical power to the microheater for the proposed TE pass 
polarizer.  

 

Fig. 5. Optical losses as a function of the wavelength of the proposed TE 
polarizer depending on the input polarization and the state in the VO2 
active layer.  The ON state has been achieved by applying an electrical 
power of 70 mW to the microheater.  

Figure 5 shows the optical losses as a function of the wavelength 
of the proposed TE polarizer depending on the input polarization 
and the state in the VO2 active layer. The broadband performance 
of the device is confirmed. On one hand, in static conditions of VO2 
(OFF state), insertion losses are below 1 dB for both polarizations.  
On the other hand, when an electrical power of 70 mW is applied to 
the device (ON state), the insertion losses for TE polarization 
increase to around 5 dB while the TM polarization is highly 
attenuated with optical losses around 19 dB.  

Low insertion losses in the device have been achieved due to the 
granular morphology of the VO2 layer. Simulations have been 
carried out to analyze the influence of such morphology on the 
device performance. The effect of the granularity has been modelled 
by the Maxwell-Garnett effective-medium theory (EMT) [43]. 
Maxwell-Garnett EMT has been proved to describe the effective 
permittivity of inhomogeneous VO2 thin films [44]. Therefore, the 
variation of optical losses has been simulated for the hybrid VO2/Si 
waveguide by considering a 15 nm-thick VO2 layer with an effective 
refractive index dependent on the volume fraction occupied by the 
VO2 in air.  

 

Fig. 6. Simulated optical losses of the hybrid VO2/Si waveguide as a 
function of the fraction volume (f) occupied by the VO2 in air. Values 
have been calculated for TE and TM polarizations taking into account a 
15 nm-thick VO2 film in the (a) insulating and (b) metallic states with 
effective refractive indices calculated by using the Maxwell-Garnett 
EMT. 

 

Fig. 7. (a) Electrical driving signal applied to the microheater and 
photodetected signal at the output of the polarizer for TM polarization. 
(b) Zoom of the photodetected output signal showing the rise and fall 
times. 

Results are shown in Fig. 6 for the effective VO2 layer in the (a) 
insulating and (b) metallic states. Refractive index values of 
3.21+0.17i and 2.15+2.79i for VO2 in the insulating and metallic 
states, respectively, have been taken from the literature [16]. 
Simulated optical losses for both TE and TM polarizations and VO2 
in the insulating and metallic states are in very good agreement with 
the experimental values shown in Fig. 5 for a fraction volume 
around 0.65. The fraction volume of VO2 was also estimated from a 
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binarized crop of the SEM image to discriminate the VO2 particles. 
From this technique, f = 0.66±0.07 was obtained, which is also in 
very good agreement with the value derived from simulations.  

The temporal response of the polarizer was characterized by 
applying a square signal of 10 kHz with a 50% duty cycle to the 
microheater. Figure 7(a) shows the electrical driving signal and the 
photodetected signal at the output of the polarizer for TM 
polarization. On one hand, when voltage is applied to the 
microheater, the output signal is highly attenuated due to the VO2 
change from insulating to metallic state. On the other hand, when 
the applied voltage is released, the VO2 returns to the insulating 
state and therefore to the low-loss state. The speed of the device can 
be obtained from the rise and fall times (see Fig. 7b), which are 3.16 
and 3.91 µs, respectively. The small differences between rise and fall 
times can be explained from the hysteretic response of the VO2 and 
the non-linear temperature change with time of the heating-up and 
cooling-down processes [45].  

In conclusion, a tunable hybrid VO2/silicon TE pass polarizer has 
been demonstrated. The rejection of the unwanted polarization is 
controlled by tuning the optical losses across the phase transition in 
the VO2 active material. A granulated morphology of the VO2 film 
allowed to reduce insertion losses while keeping a high polarization 
extinction ratio. Therefore, texturized VO2 films could be exploited 
as an efficient mechanism to improve the performance of novel 
active devices based on VO2/Si technology. 
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