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Nonreciprocal Metal-Dielectric Photonic Structures for Electromagnetic Isolation and 
Power Control 
Final Report 

Andrey Chabanov (University of Texas – San Antonio) 

It is well known that an effective way to drastically enhance light-matter interaction is to 
incorporate the optical material into a complex photonic structure with feature sizes comparable 
to the light wavelength in the medium [1]. Such photonic structures with engineered dispersion 
can display unique optical properties unattainable from uniform (single-phased) optical materials. 
In properly designed photonic structures supporting slow-waves or cavity resonances, light-matter 
interaction can be enhanced by several orders of magnitude compared to that of uniform optical 
components. Such enhancement can lead to a dramatic size reduction and performance 
improvement. Particularly efficient can be photonic structures with engineered spectral 
singularities associated with slow light propagation [2,3] and arrays of optical resonators [4-9]. A 
common problem with either approach, however, is that the same slow-light or resonance 
conditions can also cause the enhancement of absorption, which increases energy losses, heating, 
etc. [10-12] In addition, the enhanced absorption can dramatically lower the Q-factor of the optical 
resonance and, because of that, significantly compromise the component performance as the 
enhancer of the useful light-matter interaction [13]. 

In the reported research effort, we have developed photonic structures in which only targeted 
property of the functional material (e.g., magnetic, nonlinear, phase-change, etc.) is enhanced, 
whereas losses and/or other unwanted light-matter interactions are kept limited, or even reduced. 
As has been proposed, we have focused on magnetic materials that break time-reversal symmetry 
of EM wave propagation, providing critical functionalities such as optical isolation and circulation
in RF systems. The developed MW isolator is based on a multilayered structure hosting a 
ferromagnetic nanolayer and a set of dichroic layers, which is so thin that the entire structure can 
be bent and used to cover a wide area with an arbitrary shape. The key structural elements, the 
ultra-thin Faraday rotator and absorptive sheet polarizers, have been developed and successfully 
tested at X- and W-band frequencies [14,15]. In addition, we have designed multilayered structures 
with phase-change components, such as vanadium dioxide, acting as reflecting photonic limiters 
in the W-band [16]. The reflective photonic limiter transmits low-intensity radiation while totally 
reflecting radiation with intensity exceeding a certain limiting threshold. In the developed limiter 
designs, the limiting threshold for the forward propagating wave can differ widely from that for 
the backward propagating wave. Within the lower and the upper limits, the multilayer displays 
unidirectional transmittance, and therefore can act as a free-space MW isolator with extraordinary 
power-handling capabilities – exceeding those available with conventional magnetic isolators and 
circulators by orders of magnitude. In the following, we describe MW isolators with magnetic and 
phase-change components.

1. Free-space wide-aperture sheet-isolator based on a multilayered resonant cavity
A typical free-space isolator comprises a 45-degree Faraday rotator (FR) placed between a pair of 
linear polarizers (LSP1 and LSP2) with 45-degree misalignment, as schematically shown in Fig. 
1 [17]. The existing free-space isolators have certain inherent problems, one of which is a limited 
aperture. In the reported research we explore the possibility of a (multilayered) sheet-isolator with 
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virtually unlimited aperture. The latter requirement implies that both polarizers LSP1 and LSP2 in 
Fig. 1 should also be sheet-polarizers, as opposed to beam-splitting polarizers. A fundamental 
problem with the existing dichroic sheet-polarizers is that they only partially absorb the input light 
component with unwanted linear polarization, while the rest of it is reflected [18,19]. The partial 
reflectivity of the unwanted linear polarization will inevitably result in a failure of the sheet 
isolator. Indeed, the backward propagating input light (the one that should be blocked by the 
isolator), after entering the system through the polarizer LSP2 in Fig. 1b, will bounce back and 
forth between the two polarizers, every time passing through the Faraday rotator and acquiring 
additional 45-degree Faraday rotation. After two bounces, the light will return to the polarizer 
LSP1 with additional 90-degree polarization rotation and, thus, will not be blocked by the polarizer 
LSP1. The latter amounts to isolation failure. To prevent the backward propagating input light 
from passing through the sheet-isolator, we must make at least one of the two polarizers perfectly 
absorptive for the unwanted linear polarization, thereby, preventing the backward propagating 
input light from bouncing back and forth between the two polarizers. Designing perfectly 
absorptive sheet polarizers and incorporating them into the multilayered sheet isolator was one of 
the objectives of our investigation. 
Here we report different sheet polarizers involving dichroic nanolayer(s) incorporated into the low-
loss resonant cavity shown in Fig. 2a. In our simulations, the lossless resonant cavity involves a 
half-wave defect layer located in the middle of a periodic stack of alternating quarter-wave layers 
with the high (H) and the low (L) dielectric constant. The entire configuration can be described as 
(HL)4(LH)4. The constitutive layers of the resonant cavity have the respective dielectric constants 
of  𝜀" = 9.5 and 𝜀' = 3.8. The quarter-wave layers thicknesses are 𝑑" = 𝜆,/4 𝜀"  and 𝑑' =
𝜆,/4 𝜀', respectively. The half-wave defect layer provides a quasi-localized mode associated with 
the resonant transmittance at the mid-gap wavelength of 𝜆,. Since the half-wave defect layer has 

the low refractive index, 
the resonant field 
distribution shown in Fig. 
2b has antinodal plane in 
the middle of the defect 
layer, where the amplitude 
of the quasi-localized 
resonant mode reaches its 
maximum value. In our 
simulations we use the 
quarter-wave layer 
thicknesses of 𝑑" = 256 
nm and 𝑑' = 405 nm, in 
which case the frequency 
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of resonant transmittance is 95 GHz. The calculated transmission dispersion of the resonant cavity 
(without dichroic nanolayers) is shown in Fig. 2c. The field distribution at the frequency of 
resonant transmission is shown in Fig. 2b. The addition of one or more (aligned) ultra-thin dichroic 
nanolayers to the resonant cavity does not affect the wave propagation with the desired linear 
polarization (hereinafter, the TM polarization) – the resonant field distribution and the 
transmission dispersion remain nearly the same as those shown in Figs. 2b and 2c for the case of 
the resonant cavity without the dichroic nanolayers. What happens to the undesired polarization 
component (hereinafter, the TE polarization) strongly depends on the location of the dichroic 
nanolayers in the resonant cavity. For instance, in the simplest symmetric configuration shown in 

Fig. 3, the incident wave with 
the TE polarization is nearly 
totally reflected. By contrast, 
in the more complex, but still 
symmetric configuration 
shown in Fig. 4, the input 
wave with the undesired TE 
polarization experiences a 
nearly total resonant 
absorption at the frequency 
of the cavity resonance. 
Finally, in the asymmetric 
configuration shown in Fig. 
5, the wave with the 
undesired TE polarization 
experiences either strong 
broadband reflectivity (for 
the forward direction of 
incidence), or strong 
resonant absorption (for the 
backward direction of 
incidence), as shown in Fig. 
5c.  In all cases shown in 
Figs. 3 – 5, the incident wave 
with the undesired TE 
polarization is blocked, while 
the wave with the allowed 
TM polarization displays a 
strong resonant 
transmittance. Away from 
the frequency of cavity 
resonance, all the sheet 
polarizers in Figs. 3 – 5 
reflect both the forward and 
backward propagating waves 
regardless of its polarization. 
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Note that since the polarizers LSP1 and LSP2 in Fig. 1 are misaligned, the definition of TE (or 
TM) polarization is polarizer dependent.  

As was already pointed, the backward propagating wave passed the Faraday rotator in Fig. 1 must 
be absorbed by the dichroic sheet polarizer – not reflected back toward the Faraday rotator. The 
symmetric absorptive configuration in Fig. 4 and the asymmetric reflective/absorptive 
configuration in Fig. 5, both satisfy the above requirement and thus can be used as components of 
a sheet isolator. Indeed, the high reflectivity of the TE-polarized wave incident on the front 
interface of the asymmetric polarizer (the red arrows in Fig. 5) will not compromise the isolator 
performance. Moreover, the high reflectivity in the latter case will enhance the power capability 
of the sheet isolator by preventing overheating of the input polarizer LSP1. At the same time, the 
TE-polarized wave incident on the back interface of the asymmetric polarizer (the green arrows in 
Fig. 5), does experience nearly perfect resonant absorption, which is essential for the sheet isolator 
in Fig. 1 to function properly. 
As a proof of concept, we fabricated and tested the asymmetric resonant sheet polarizer described 
above. The LSP was assembled from C-cut sapphire and fused quartz wafers, and aluminum (Al) 
wire grids deposited on sapphire wafers. The LSP structure is (S1Q1)2(S1Q2)(GS2)2(Q2S1)(Q1S1)2, 
where S1 and S2 are 256-µm and 246-µm sapphire, Q1 and Q2 are 404-µm and 442-µm quartz, 
respectively, and G is a 40-nm thick Al wire grid with a duty cycle of 0.3 and periodicity of 20 
µm. The design of the LPS was by no means optimized due to limited stock of wafers at the time 
of assembly. 

The wire grid on sapphire (GS2) was measured with a normally incident gaussian beam in the 
forward and backward directions. The S-parameters of GS2 were measured with the use of a 
Keysight vector network analyzer.  We observed no difference between the results obtained for 
the beams incident in the forward and backward directions, within experimental error. The T and 
R spectra of the wire grid oriented along the y-axis are shown for the x- and y-polarizations of the 
incident wave in Fig. 6a and b, respectively. The position of Fabry-Perot resonance of the substrate 
is indicated by the sharp dip in reflectance R of the x-polarized wave in Fig. 6a. In the vicinity of 
the resonance, the polarization extinction ratio of the wire grid is about 33 dB. For the rejected y-
polarization, the reflectance R is only 0.86, implying that the wire grid still has a significant 
absorption, 𝐴 ≈ 0.14. 

The same measurements of the S-parameters were carried out for the asymmetric LSP with wire 
grids being oriented along y-axis. The T and R spectra for the x-polarized wave are shown on Fig. 
7a; the difference between the forward and backward directions of incidence in negligible, similar 
to the case of GS2. The LSP supports perfect resonant transmittance for x-polarization at 94.4 GHz 
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and is highly reflective away from the resonance, indicating that the grids do not interact with x-
polarization component of the radiation.  By comparison, the absorbance/reflectance of the y-
polarized wave is highly asymmetric, due to its strong interaction with the aluminum grids, as 
shown on Fig. 7b and 7c. These experimental results are qualitatively identical to the results of our 
simulations, reflected in Fig. 5c.  

For the forward propagated y-polarized wave measured reflectance R reaches 0.99 at the vicinity 
of the resonant frequency of 94.4 GHz and transmittance T is suppressed down to -50dB within 
the entire band gap. This implies that absorptance A of the wave traveling in forward direction is 
smaller than 0.01. By contrast, for the backward propagated y-polarized wave, the measured 
reflectance R shows extremely sharp -38 dB dip at 94.03 GHz, with transmittance T being 
absolutely the same as in the case of forward propagated wave. This indicates that for the y-
polarization component of the wave travelling in backward direction the experimental LSP is 
almost completely absorptive at the resonant frequency. 
Note that the Fabry-Perot resonant frequency for the y-polarization incident in backward direction 
is red-shifted to 94.03 GHz from 94.4 GHz, which can be seen from the difference in position of 
reflectance R dip in Fig. 7a and 7c. This is attributed to the reactance of the wire grids, which 
makes their optical thickness for y-polarized component large enough to produce a measurable 
shift. This effect can be further reduced by lowering periodicity of the grid from 20 µm down to 
few microns. Demonstrated mm-wave LSP exhibit a large 50dB extinction ratio. The degree of 
reflection asymmetry for y-polarized light is about 5000 at the resonant frequency. In comparison 
with stand-alone dichroic nanolayer, the asymmetric LSP offers 20dB higher extinction ratio and 
significantly enhanced power capabilities (for the forward propagating wave). Also, according to 
our measurements, if light is incident on the LSP at oblique incidence, its performance will not be 
significantly affected, as long as the angle of incidence does not exceed 40-degree. The oblique 
incidence, though, results in a blue-shift of the resonant frequency, which provides ability to tune 
the operational frequency by tilting the LSP.  

Another fundamental problem associated with the existing free-space isolators is that they fail to 
stop the light obliquely incident on the back interface. Indeed, at oblique incidence, the backward 
propagating light transmitted by the polarizer LSP2 in Fig. 1 and subsequently by the Faraday 
rotator, will acquire elliptic polarization and, thus, will not be completely blocked by the polarizer 
LSP1. One way to address this problem and to make the sheet isolator omnidirectional is to add a 
metallic nanolayer to the multilayered sheet-isolator. The location of the metallic nanolayer should 
coincide with the nodal plane of the electric component of the resonant field distribution. At normal 
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incidence, such a nanolayer is "invisible" for the resonant mode and does not interfere with the 
resonant transmittance of the allowed linear polarization. At oblique incidence, though, the nodal 
plane of the electric field distribution shifts away from the metallic nanolayer, and the entire 
multilayered structure becomes highly reflective at any frequency. For this to happen, the nodal 
plane location must not coincide with the local symmetry plane (if any) of the multilayered 
structure. The detail description of this approach can be found in [14]. In the case considered in 
[14], the metallic nanolayer was ferromagnetic and, thus, it provided not only rejection of obliquely 
incident light, but also the 45-degree Faraday rotation for the light with normal incidence. In this 
paper, we will not further elaborate on the problem of oblique incidence. 
The most straightforward way to build a sheet isolator is to place a thin-sheet Faraday rotator 
between a payer of misaligned sheet polarizers, as schematically shown in Fig. 1. A possible design 
of a resonant thin-sheet Faraday rotator for microwave frequencies was discussed in [14], where a 
ferromagnetic (cobalt) nanolayer was placed in a nodal plane of the electric component of the 
quasi-localized mode in a multilayered resonant cavity. Such a configuration allows to drastically 
suppress the Ohmic losses caused by the cobalt electric conductivity, while, dramatically 
enhancing the magnetic Faraday rotation. The latter effect is explained as follows. At microwave 
frequencies, the Faraday rotation is caused by the interaction of oscillating magnetic field with the 
ferromagnetic material (say, cobalt). Since the nodal plane of the resonant electric field distribution 
coincides with the antinodal plane of the oscillating magnetic field, we simultaneously have a 
strong suppression of the Ohmic losses, and a strong enhancement of magnetic Faraday rotation 
[14].  
Here, we suggest the idea of utilizing the same resonant cavity to host the dichroic nanolayers and 
the magnetic nanolayer responsible for the Faraday rotation. In this case, the polarizers cannot be 
identified as separate components of the entire stack. Such an integrated design can be seen as an 
optimized version of the layered sheet-isolator. A numerical example of the integrated sheet-
isolator design is presented in Fig. 8. The resonant millimeter-wave cavity is composed of low-
loss quartz and sapphire quarter-wave layers. The cavity hosts both magnetic and dichroic layers. 
The Faraday rotation is provided by a 9.3-µm thick strontium ferrite layer with the permittivity ϵ 
= 2.15 + i0.015 [20] and Verde constant 𝑣 = 1530 rad/ T·m [21], in a bias magnetic field of 540 
mT. The dichroic components are presented by two pairs of 9-nm thick aluminum wire grids with 
a duty cycle of 0.25. According to our simulations, the integrated sheet-isolator provides the 
forward resonant transmittance with insertion loss of 3 dB (Fig. 8b, red line). At resonance 
frequency of 95 GHz, the isolation ratio is about 40 dB (Fig. 8b, green line). Away from the 
resonance, the entire multilayered structure is highly reflective in either direction.  

   The integrated sheet-isolator in Fig. 8 supports resonant transmittance for the forward y-
polarized incident wave. Dichroic nanolayers in this case do not affect the propagation of the y-
polarized wave incident on the front interface (propagating in the forward direction). The x-
polarization component of the wave incident on the front interface will not enter the multilayer 
and will be reflected. The portion of the wave incident on the back interface (propagating in 
backward direction) that passes through the right-side set of dichroic nanolayers and the magnetic 
layer, will be subsequently absorbed by the dichroic nanolayers on the left-hand side of the 
magnetic layer, as clearly seen in Fig. 8d. At the resonant frequency, the isolation ratio of the 
integrated sheet-isolator in Fig. 8 is predicted to be as high as – 40dB. 
In conclusion, let us reiterate that the proposed wide-aperture sheet isolators are based on a low-
loss resonant cavity hosting subwavelength dichroic nanolayers and a magnetic layer with normal 
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magnetization. The 
forward transmittance of 
a sheet isolator is 
essentially narrowband, 
due to its resonant nature. 
The role of the cavity 
resonance is essential and 
multifold. Firstly, the 
resonance enhances the 
magnetic Faraday 
rotation produced by a 
subwavelength magnetic 
layer, thereby allowing to 
make the sheet isolator 
rather thin – its total 
thickness does not exceed 
a few wavelengths. 
Secondly, the resonant 
conditions allow the use 
of thin dichroic 

nanolayers by enhancing/modifying their dichroic properties. In particular, the resonant conditions 
provide a nearly total (resonant) absorption of the backward propagating light by the dichroic 
nanolayers, thereby, preventing the sheet isolator from failure. The same dichroic nanolayers 
taking away from the multilayered resonant cavity would be mostly reflective and, thus, could not 
be used in a sheet isolator. Finally, the resonant conditions are necessary for the formation of a 
quasi-nodal plane in the oscillating electric field distribution. Placing a metallic nanolayer at the 
location of an asymmetric nodal plane results in the rejection of obliquely incident light and 
rendering the sheet-isolator omnidirectional [14]. 

2. Reflective photonic limiter for the W-band
Photonic limiters (PLs) are safety devices transmitting low intensity radiation, while blocking 
electromagnetic radiation with excessively high intensity. The existing passive PLs (those 
activated by the incoming radiation itself) utilize nonlinear optical materials, which transmit low-
intensity radiation while blocking radiation with intensity exceeding a certain limiting threshold 
[22] (Fig. 9a). The existing PLs, however, have serious limitations in their capacity to provide
necessary protection against radiation induced damage. Firstly, the threshold energy for nonlinear
behavior is usually higher than practically required values of the limiting threshold. Secondly, the
limiting threshold provided by most of the known nonlinear optical materials is not far away from
their damage threshold. Thirdly, nonlinear optical properties are frequency dependent; therefore,
at certain wavelengths, nonlinear optical materials may not provide protection to optical systems.
To address the above problems, the so-called “reflective” PLs (reflecting rather than absorbing 
electromagnetic radiation) have been recently developed [23-25] (Fig. 9b). Reflecting PLs are 
capable of increasing the damage threshold while adjusting the limiting threshold to a required 
level by incorporating nonlinear optical materials in a resonant photonic structure/cavity [23-25] 
(Fig. 9b). At low intensity, such a cavity displays a strong resonant transmission. As the input light 
intensity grows, the nonlinear absorption kicks in, and the entire structure becomes lossy due to 
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nonlinear absorption enhanced by the cavity resonance. Further increase in light intensity results 
in total suppression of the resonant mode. As a consequence, the entire layered structure becomes 
highly reflective (not absorptive!). Importantly, the vulnerable layer with nonlinear absorption is 
shielded from the high-intensity incident light by one of the Bragg reflectors. The major 
advantages of the design based on resonant cavity with purely nonlinear absorption include: (i) a 
significant and controllable reduction in the limiting threshold; (ii) an increase in the limiter 
damage threshold, due to the shielding of the nonlinear layer; (iii) an orders-of-magnitude 
reduction in the high-intensity transmittance. On the downside, (i) in the transition range between 
the low-intensity transmittance and high-intensity reflectance, the resonant cavity will be highly 
absorptive, much more so than in the case of a single layer made of the same optical material with 
nonlinear absorption; (ii) due to the resonant nature of the low-intensity transmittance, the above 
approach essentially requires optical materials with purely nonlinear absorption, because even a 
small linear absorption will be greatly enhanced at the cavity resonance. Materials with purely 
nonlinear absorption do exist, but they can only perform at specific frequency ranges.  

Fig. 9. Schematics of passive absorbing (a) and reflective (b) photonic limiters, transmitting low-intensity radiation 
while blocking high-intensity radiation. 

In principle, the problem with linear absorption can be solved by switching to PLs based on the 
nonlinear refraction, rather than intensity-dependent absorption. A simple example of the kind is 
provided by a periodic optical structure composed of two alternating components with matching 
linear refractive indices, but different nonlinear refraction [26,27]. At low light intensity, the 
periodic structure is optically uniform, while at high intensity, it can develop photonic band-gaps 
(PBG) and become reflective at the respective frequencies. A similar idea is to use the intensity-
dependent shift of the photonic bands in a PBG structure [28]. A potential advantage of the above 
approaches is that either of them can provide a broadband low-intensity transmittance. On the 
downside, (i) the nonlinear shift of the refractive index is usually small, which results in only a 
narrow-band protection from high-power radiation, as well as inferior attenuation of the high-
intensity input; (ii) the direct exposure of nonlinear layers to the high-level input light can 
negatively affect the limiter damage threshold; (iii) the presence of large number of nonlinear 
layers can result in highly nonuniform spatial distribution of the high-intensity electromagnetic 
field inside the photonic structure, which will also negatively affect the performance of the limiter. 
The above problems can be addressed by using PCMs in which the radiation induced change in 
the refractive index is significant and abrupt (see, for example Ref. [29]).  
In the reported research, we have focused on vanadium dioxide (VO2), which undergoes transition 
from the insulating to the metallic phase at 68 0C. Spectra of transmittance and reflectance (or S-
parameters) of a 200-nm VO2 thin film grown by PLD on a sapphire substrate, measured at 95 
GHz in a temperature-controlled environment (Fig. 10a), point to large changes in MW properties 
of the VO2 film. The real and imaginary parts of the refractive index of VO2 extracted from the 
experimental data are shown in Fig. 10b. These measurements confirm the near-binary nature of 

a	 b	
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the VO2 refractive index, which could allow for the low-intensity transmission over a broad 
temperature range below the transition point. On the other hand, MW losses and heating of VO2 
in the W-band are very small at low temperatures. Indeed, the same VO2 sample exposed to 95-
GHz radiation with power as high as 46 W (gaussian beam, 1.3” FWHM) could not be switch to 
the high-temperature phase, and therefore requires significant MW absorption enhancement. 

Fig. 10. (a) S-parameters of a 200-nm VO2 film on sapphire measured at 96 GHz, as a function of temperature 
(courtesy of M. Hilario, AFRL/RD); (b) real n and imaginary k parts of the refractive index of the VO2 film calculated 
from (a). 

Our photonic limiter design [16] is based on a multilayered resonant cavity made of sapphire layers 
(blue) separated by air gaps (white), incorporating a VO2 nanolayer (green), as shown in Fig. 11a. 
The resonator is designed to support a transmission resonance at 95 GHz (Fig. 11b). At the 
resonance frequency, the electric field distribution (shown in red in Fig. 8a) has an antinodal point 
at the position of the VO2 nanolayer. At low intensity radiation and room temperature, the VO2 
nanolayer does not significantly affect the resonant mode and resonant transmission. However, at 
high intensity radiation the limiter is expected to heat up, to induce the transition in the VO2 
nanolayer from the insulating to the metallic state. In the metallic state, the VO2 (yellow in Fig. 
11c) interacts strongly with the radiation, suppressing the resonant mode along with resonant 
transmission, resulting in a broadband reflection (Fig. 11d).  

Fig. 11. Photonic limiter for the W-band made of sapphire layers (blue) separated by air gaps (white) and incorporating 
a VO2 nanolayer. Spatial distribution of the electric field component of the resonant cavity mode at low (a) and high 
(c) temperatures; the VO2 nanolayer is shown in green and yellow, respectively. Resonant transmission (b) and
broadband reflection (d) of the photonic limiter at low and high temperatures, respectively.

a	 b	

a b

c d
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The photonic limiter design of Fig. 11 was realized with 250-µm sapphire wafers, 780-µm air gaps 
and a 200-nm VO2 film deposited on a 525-µm sapphire wafer, and was measured in the 
temperature-controlled environment. MMW spectra of transmittance (T) and reflectance (R) of the 
multilayer, as a function of increasing temperature, are shown in Fig. 12. The resonant 
transmittance peak is seen to initially blue-shift (Fig. 12a) with increasing temperature, and then 
to completely disappear on reaching temperature of ~740 C (Fig. 12b). The multilayer then turns 
highly reflective (Fig. 12c). 

Fig. 12. Transmittance T, (a-b) and reflectance R, (c) of the multilayer of Fig. 8 as a function of increasing temperature 
(courtesy of M Hilario, AFRL/RD). 

The abrupt changes in the transport characteristics (as in Fig. 12) of the multilayer would be most 
desirable and productive when the alterations of the refractive index of the VO2 layer are self-
induced. To this end, transmission measurements of the multilayer have been carried out with a 
high-power source (at 95 GHz) in the ambient air. Once the MMW source has been turned on, the 
output power was kept at a fixed level (corresponding to incident radiation power of 30, 35, 40, 
and 46 W) and the absolute transmission was measured as a function of time (Fig. 13). 

Fig. 13. Transmitted power through the multilayer of Fig. 8, as a function of time, at various incident radiation power, 
30, 35, 40, and 46 W. 

The presented data have interesting features. Firstly, a sharp drop in transmission at short times, 
for a fixed incident power, indicates switching of the VO2 from the insulating to the metallic state. 
There is clear correlation between the switching time and the incident power: the switching time 
becomes shorter as the input power increases. The shortest switching time was observed at ~3 s, 
for a 46 W incident power. Secondly, the drop in transmission (~ 6 dB) is not as large as in that 
measured in the temperature-controlled environment (~30 dB), at 46 W incident power. And 
thirdly, the transmission drops to near the same level at longer times, regardless of the incident 
power. 

a	 b	 c	

	46	W	
40	W	
35	W	
30	W	
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Notice that the incident beam is gaussian, so that the intensity has a maximum at the center and is 
falling down from the center. There is then good reason to expect that the phase transition in the 
VO2 layer initially occurs at the center of the incident beam and then grows outward from the beam 
center. Indeed, calculations have shown that gaussian-beam transmission stays the same when the 
incident power and the (metallic) VO2 layer area blocking the gaussian beam are both increasing. 
These are just two competing factors which exactly compensate each other in the measurement. 

The evolution in time of the transmission through the multilayer can be better understood with the 
VO2 layer imaging, as in Fig. 14. Figs. 14(b-f) are IR images of the forward end of the multilayer 
at specific times of the transmission in Fig. 11a, indicated by the corresponding vertical dashed 
lines, for incident power of 46 W. The red spot in the IR images is the metallic phase of VO2. At 
incident power of 46 W, initiation (Fig. 14c) and stabilizing (Fig. 14d) of the metallic phase of 
VO2 take up to 600 s; the following growth in size of the metallic phase can be explained by 
heating up of the entire multilayer at later times. Therefore, further investigation of the 
multilayered PL may require pulsed MMW transmission measurements and Maxwell’s-Heat 
transfer modelling. 

 
Fig. 14. (a) Evolution in time of the transmission through the multilayer with the VO2 component for incident power 
of 46 W; (b-f) IR images of the multilayer at specific times, indicated by the vertical dashed lines in (a). 

As in the case of asymmetric metal-dielectric structures [30], one can expect that in the asymmetric 
PCM-dielectric design, the limiting threshold for the forward propagating light can be different 
from that for the backward propagating light. Specifically, input light of the same intensity incident 
from opposite sides of an asymmetric structure can produce different heating effects and, therefore, 
the transmission coefficient for forward and backward propagation can also be different. The 
advantages of the approach based on light-induced heating over using asymmetric structures with 
conventional nonlinear materials can include: (i) a much lower input light intensity required to 
trigger a change in the temperature-dependent material parameters, and (ii) a change in the 
complex index being much larger than that of conventional nonlinear effects. For a given PCM 
layer (VO2 in our case), the lower and the upper limits of the incident light intensity within which 
the structure displays unidirectional transmittance, can be engineered by the proper choice of the 
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layered structure geometry. The frequency of the unidirectional (forward) resonant transmittance 
can also be changed significantly. 
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