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Abstract: The ability to treat the surface of an object with coatings that counteract the 

change in radiance resulting from the object’s blackbody emission can be very useful for 

applications requiring temperature-independent radiance behavior. Such a response is 

difficult to achieve with most materials except when using phase-change materials, which 

can undergo a drastic change in their optical response, nullifying the changes in blackbody 

radiation across a narrow range of temperatures. We report on the theoretical design, 

giving the possibility of extending the temperature range for temperature-independent 

radiance coatings by utilizing multiple layers, each comprising a different phase-change 

material. These designed multilayer coatings are based on thin films of samarium nickelate, 

vanadium dioxide, and doped vanadium oxide and cover temperatures ranging from room 

temperature to up to 140 ◦C. The coatings are numerically engineered in terms of layer 

thickness and doping, with each successive layer comprising a phase-change material 

with progressively higher transition temperatures than those below. Our calculations 

demonstrate that the optimized thin film multilayers exhibit a negligible change in the 

apparent temperature of the engineered surface. These engineered multilayer films can be 

used to mask an object’s thermal radiation emission against thermal imaging systems. 
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1. Introduction 

Thermal imaging systems, such as infrared thermal cameras, can detect the surface 

of remote objects by measuring their temperature profiles. Similarly, blocking thermal 

radiation against thermal imaging systems using active or passive temperature control 

systems is an ongoing research area to hide an object or individual from infrared detec- 

tion [1–3]. Such systems are particularly advantageous against thermal imaging devices 

that detect heat signatures, and thermal technology encompasses a range of techniques and 

materials designed to make objects less detectable or even invisible to thermal detection 

methods. Hiding temperature information can be achieved by masking or mimicking the 

heat signature of the surrounding environment and is primarily used to avoid detection by 

thermal imaging cameras [2,3]. Efficient emission management can be achieved through 

insulation, cooling systems, or materials that emit radiation in a controlled manner. The 

challenge remains to develop a thermal system that works effectively in situations when 

the temperature difference is significant and in extremely hot or cold environments [4,5]. 
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A conventional thermal emission from an object of a certain temperature, governed by 

the Stefan–Boltzmann law, limits versatility and controllability. Recent research has aimed 

to break this conventional relationship, offering a unique opportunity for thermal man- 

agement and manipulation of energy transfer [6–10]. Phase-change materials commonly 

used in nanophotonics, such as vanadium dioxide VO2 and germanium telluride, exhibit 

reversible transitions between different crystalline structures or amorphous/crystalline 

states, leading to significant changes in their optical properties [1–3,11–22]. However, 

hysteresis in phase-change materials poses a challenge due to the difficulty in precisely 

controlling the transition thresholds between the insulating and metallic states [23–26]. 

This hysteresis can result in inconsistent and unpredictable performance, complicating the 

design and optimization of devices relying on these materials. Doped VO2 can make the 

transition less sharp, offering advantages such as smoother thermal responses, reduced 

hysteresis effect, and improved material stability. 

The phase-change materials enable efficient dynamic tuning of the photonic properties 

of the nanostructure or device because of the light control at the nanoscale. Several 

recent works have reported on the development of phase-change materials and coatings 

based on these materials that mitigate conventional temperature-dependent properties 

of the surface [2,3,27,28]. The efforts have been directed towards creating a versatile 

coating capable of dynamically adjusting its emissivity in a broad temperature range, 

potentially enhancing its performance in thermal management, sensing, energy conversion 

technologies, thermophotovoltaics, and other applications [12,29,30]. 

Phase-change materials have been widely explored for controlling thermal emission, 

with the metal and dielectric phases of VO2 exhibiting key properties that enable tunable 

thermal emissivity. Vanadium dioxide VO2 transforms from a metallic phase at higher tem- 

peratures to an insulating phase as it cools below approximately 70 ◦C, and the properties 

of this material have been investigated extensively in recent years [31,32]. The phase- 

transition shift in electronic behavior is accompanied by abrupt changes in the conductivity 

and optical properties. VO2 is highly suitable for smart radiation devices due to its sharp 

infrared reflectance change across its phase-transition temperature. Recent results have 

shown that a multilayer thin-film emitter, composed of a titanium nitride bottom infrared 

mirror, dielectric spacer, and a VO2 top absorbing film, can efficiently control thermal 

emissivity through the phase transition of the VO2 film [16]. Experiments reveal that a 

structure with a thin VO2 film achieves a significant emissivity change (∆ε ∼= 0.46) across 

the temperature range corresponding to the material phase transition. Thus, VO2 has the 
potential to be used in various applications ranging from smart coatings to energy-efficient 

devices [1,11–16]. 

Several phase-change materials beyond VO2, such as germanium telluride and indium 

antimonide telluride alloys [33–35], have been explored extensively. These materials are 

widely used in various applications due to their ability to switch between amorphous and 

crystalline states, significantly altering their electrical and optical properties. Germanium 

telluride, for example, is commonly used in data storage technologies such as rewritable 

optical discs and nonvolatile memory devices. Indium antimonide telluride is another 

phase-change material known for its rapid switching speed and low power consumption, 

making it suitable for advanced data storage and memory applications [34]. However, a 

significant drawback of these materials for thermal applications is their requirement for 

substantial cooling to reverse the phase transition, which can be highly impractical and 

limits their efficiency in dynamic thermal management systems. 

The phase transition of a material drastically alters its thermal and electrical properties 

and influences its ability to emit thermal radiation at various wavelengths. The emitter 

surface can be designed to counteract changes in the blackbody radiation distribution 
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over a specific temperature range, enabled by the insulator-to-metal phase transition. 

Samarium nickelate SmNiO3 exhibits a metal-insulator transition around 120 ◦C and is 

considered a promising candidate for temperature-independent thermal radiation and 

infrared emission management [2,3,19]. SmNiO3 is a strongly correlated quantum material 

that experiences a fully reversible, temperature-driven, solid-state phase transition. The 

smooth and hysteresis-free behavior of this insulator-to-metal phase transition allows 

engineering of the temperature dependence and cancels out intrinsic blackbody radiation 

spectra determined by the Stefan–Boltzmann law [3]. 

Here, we report on an advanced engineered coating that achieves thermal emission 

management of a surface using materials that undergo an insulator-to-metal phase transi- 

tion and optical properties that can be drastically tuned with temperature. Our modeling 

demonstrates the potential for broadening the temperature range in which thermal emis- 

sion management is achieved by employing multiple layers of phase-change materials. 

We use thin films of SmNiO3 and VO2 to compensate for the effect of the radiance change 

determined by the blackbody term. The surface’s emissivity is drastically altered by the 

material’s phase transition, which occurs at a different temperature for each layer. The 

effect of the coating thickness is investigated with the objective of achieving a minimal 

change in the apparent temperature of the engineered surface. Furthermore, we show that 

tungsten-doped VO2 films reduce the temperature at which this negligible change occurs 

down to room temperature. The material with the lowest phase transition temperature is 

placed at the bottom, while the topmost layer has the highest phase transition temperature. 

Each successive layer has a higher phase transition temperature than the one below it, en- 

suring optimal performance. We demonstrate an effective thermal coating that spans from 

room temperature to above 140 ◦C using a multilayer comprising thin films of SmNiO3 

and doped VO2. 

2. Methods 

The total amount of power emitted thermally by an object can be determined by 

integrating its spectral radiance—defined by Planck’s law and emissivity—across all wave- 

lengths and hemispherical angles. Assuming a negligible angular dependence of emissivity 

and integrating the angular dependency into the blackbody distribution, IBB(λ,T), this 

relationship can be written as 

A
Z 

dλε(λ, T)IBB(λ, T) = Aεtot(T)σT4, (1) 

where A represents the surface area, ε(λ,T) denotes the spectral emissivity, λ is the wave- 

length in free space, T is the temperature, and σ is the Stefan–Boltzmann constant. The 

total emissivity, εtot(T), may exhibit some degree of temperature dependence even in cases 

when the spectral emissivity does not, due to the integration of ε(λ)IBB(λ,T). However, this 

effect is generally overshadowed by the T4 term, allowing εtot to be approximated as a 

constant. Therefore, the Stefan–Boltzmann law establishes a direct connection between the 

temperature of a surface and its emitted radiation, affirming the common understanding 

that hotter surfaces emit more power. This principle can be used in devices for infrared 

imaging and contactless thermometry. It is possible to break this direct connection between 

temperature and emitted thermal power using an engineered-thermal-emission coating. 

The ideal coating acts as an emitter of a consistent amount of radiation regardless of its 

temperature, which can obscure the detection of temperature variations across a surface 

from infrared imaging devices. This kind of emitter has been called a zero-differential 

emitter, followed by further analysis of whether it conceals thermal signatures in a broad 

range of wavelengths or at specific spectral points [2,3]. In one case, the thermal emission 
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from one such coating is of approximately the same power at various temperatures if 

integrated over a particular wavelength range [2]. Concealment of thermal signatures from 

hyperspectral cameras and bandpass filters can be realized using zero-differential spectral 

emitters, where changes in blackbody radiation at each wavelength are offset by changes in 

emissivity at the same wavelength [3]. 

The figure of merit (FoM) of the thermal coating operating based on the zero- 

differential spectral emitter can be defined in the following way [3]: 

λ2 

FoM = 

λ1 
I(λ, T) ∂T 

dλ, (2) 

where I(λ,T) is the emitted temperature-dependent spectral radiance that corresponds 

to any object emitting thermal radiation, and I(λ,T) = ε(λ)IBB(λ,T). This FoM reflects the 

degree of change in the emitted temperature-dependent radiance for an infinitesimal 

change in temperature, normalized to the initial radiance. As it is a spectrally-dependent 

characteristic, it is integrated over the spectral range of interest. This FoM needs to be 

minimized to obtain a coating with minimal changes in the radiance with respect to 

temperature variations. 

The calculation of FoM takes into account not only the contribution of blackbody 

radiation IBB(λ,T) but also the impact of the emissivity of the coating ε(λ). Emissivity plays 

a crucial role in determining the efficiency with which a material can radiate energy as 

thermal radiation. Since the emissivity varies with both the material properties and the 

surface characteristics, it influences the overall energy emission and absorption behavior. 

Therefore, for a comprehensive assessment of FoM, both blackbody radiation principles 

and the specific emissivity values must be incorporated, ensuring that the material’s 

radiation efficiency is accurately accounted for in the design or analysis. Calculations of 

the emissivity of a coating made of multiple layers are performed using the transfer-matrix 

method, and emissivity is determined from the reflectance of the multilayer structure. Our 

model accounts for the materials’ dispersion and change with respect to temperature and 

doping. In our analysis, we consider an Al:ZnO (AZO) layer deposited on an infinitely 

thick SiO2 substrate. AZO was selected as a reflective layer because its optical properties 

are similar to those of indium tin oxide (ITO). AZO does not contain expensive materials 

such as indium, which means that AZO is a more affordable option than ITO for large-area 

applications. In contrast to highly reflective silver, AZO withstands the high-temperature 

processes required for the deposition of the oxide phase-change materials selected for our 

engineered coatings. 

3. Results 

3.1. Engineered Multilayer Coatings 

The changes corresponding to the typical unconcealed thermal signatures of the hot 

object are determined primarily by changes in blackbody radiation (Figure 1a). The spectral 

radiances of the substrate for different temperatures are shown in Figure 1b. The emissivity 

of the SiO2 surface in the same wavelength range remains constant with temperature 

due to the negligible change in the refractive index of SiO2. As expected from the Stefan– 

Boltzmann law, hotter surfaces emit more power and appear unconcealed, as the emission 

increases drastically with the temperature. 

Z 
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(a) (b) 

Figure 1. (a) Schematic illustrating the thermal concealment of a hot surface. The unconcealed surface 

appears to have different temperatures upon heating. In contrast, the ideal concealed surface appears 

to have the same temperature with low radiance, even when the actual temperature of the surface 

is increased. (b) Spectral radiances of a SiO2 substrate for different temperatures (35, 70, 100, and 

140 ◦C). The plot shows typical unconcealed thermal changes determined primarily by changes in 

blackbody radiation. 

Using the FoM definition with Equation (2), we first analyze the performance of 

individual SmNiO3 or VO2 layers on AZO/SiO2. We find that a 250 nm thick layer of 

AZO generally provides sufficient reflection as the bottom layer of the proposed zero- 

differential emitter. The thickness of the AZO remained fixed throughout this work since 

further increasing the thickness of the AZO layer does not improve the performance. In 

the reflectance calculations for determining the emissivity, wave absorption occurs almost 

entirely within approximately 250 nm of the AZO layer, and the thicker layer does not 

change the emissivity. The AZO permittivity is obtained by ellipsometry measurements (the 

case of 10 mTorr, reported in [36], along with the Drude fit in the extended spectral range). 

The spectral range of interest is 8–14 µm, and unless otherwise stated, the integration in the 

FoM definition is performed over this wavelength range. 

The variation of the thickness of SmNiO3 shows that FoM is minimum for the 

layer > 200 nm (Figure 2a). Data for the temperature-dependent refractive index of SmNiO3 

in the infrared range are taken from [2]. In the range of temperatures of 100–140 ◦C, SmNiO3 

undergoes a phase transition with a drastic change in material response and the ability 

to compensate for the change in blackbody radiation (arising from the multiplier IBB in 

spectrally-dependent radiance and the FoM defined through it). The spectral emissivity is 

highest for low temperature and short wavelength and changes gradually (Figure 2b). 

Similarly, a single layer of VO2 results in substantial variations in FoM due to the 

compensation (dark blue) or overcompensation (dark red) of the blackbody radiation 

(Figure 2c). Temperature-dependent refractive-index data of VO2 are taken from [14]. FoM 

is minimal for a layer thickness of around 450 nm, but there are rapid variations in the 

temperature range of 45–70 ◦C. The spectral emissivity changes rapidly in the range of 

temperatures corresponding to the phase transition (Figure 2d). These demonstrations of 

minimizing the thermal response by using the layers of phase-change materials open the 

possibility of designing a multilayer coating that covers a broader range of temperatures 

where effective emission management can be achieved, which we discuss below. 
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Figure 2. Effect of one layer of phase-change material on emitted radiance. (a,b) SmNiO3 and 

(c,d) VO2 on AZO/SiO2. (a) SmNiO3 minimizes FoM in the temperature range of 100–140 ◦C, which 

corresponds to its phase transition, and the ideal thickness of SmNiO3 is >200 nm, denoted by a 

red circle. (b) Spectral emissivity of the coating with 200-nm SmNiO3. (c) VO2 strongly affects the 

radiance at temperatures around 45–70 ◦C, and the ideal thickness of VO2 is approximately 450 nm, 

indicated by a red circle. (d) Spectral emissivity of the coating with 450-nm VO2. 

To extend the temperature range where the thermal coating operates, we engineer the 

multilayer coating using both SmNiO3 and VO2. A critical design principle is related to 

the order of the layers. The emissivity is determined from the reflectance of the multilayer 

structure, and the reflectance needs to take into consideration the phase transition tem- 

perature in each of the layers of the multilayer structure. Thus, in reflectance calculations, 

light should first reach the layer with the highest transition temperature and last propagate 

through the layer with the lowest transition temperature. The reason is that the material at 

temperatures above the transition temperature behaves as a metal and does not transmit 

light. Instead, the material is a dielectric below the transition temperature, allowing light to 

be transmitted through it with minimal losses. 

Taking into account the design principle related to the order of each phase-change 

material, we engineer the multilayer coating where the SmNiO3 and VO2 layers are de- 

posited on the AZO-coated SiO2 substrate (Figure 3). Variations of each layer thickness 
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show that layers of around 200 nm are ideal. The combined effect of the SmNiO3 and 

VO2 layers extends the operating temperature range of the infrared coating from around 

35 ◦C and up to 140 ◦C. Extending the performance of the multilayer coating across a 

broader temperature range enables better management of the emissivity over a wider 

temperature window. 
 

Figure 3. FoM for a combination of SmNiO3 and VO2 layers. The combination of layers extends the 

operating temperature range of the operation. Variations in the thickness of (a) VO2 and (b) SmNiO3. 

In both cases, the optimal thickness is approximately 200 nm (denoted red circles). 

3.2. Further Multilayer Enhancements 

Doping VO2 with various elements can effectively control its metal-insulator transition 

temperature and properties [14,37–41]. Doping the VO2 lattice with high-valence metal 

transition ions, such as W6+, Mo6+, or Nb5+, strongly affects the transition temperature, 

reducing it for some doping and making the transition less sharp. Similarly, low-valence 

metal ions, such as Cr3+, Al3+, Fe3+, or Ga3+, have been shown to achieve a higher tempera- 

ture of phase transition. Some other approaches, including doping of VO2 with titanium, 

can stabilize the transition characteristics. These dopants alter the electronic structure 

and lattice parameters of VO2, influencing its phase transition behavior and expanding its 

potential applications in thermochromic smart windows and other technologies. Although 

the transition temperature change is demonstrated with doping, complex refractive index 

data dependent on the temperature in the long-wave infrared range are rarely reported. 

We use data from [14] for W-doped VO2 with W/V = 0.93 at. %, which has been shown 

to reduce the transition temperature by around 20 degrees, reaching temperatures below 

40 ◦C. The three-layer phase-transition material coating can further reduce the temperature 

of thermal emission management (Figure 4a). Figure 4b shows a comparison of the best 

coatings in each category, clearly indicating that additional layers can result in the extension 

of the temperature range. For these calculations, the film thicknesses are the following: 

SmNiO3-only is shown for >200 nm; VO2 and SmNiO3 combination is shown for each layer 

of 200 nm; and finally, a bilayer of VO2 with SmNiO3 is for 150-nm VO2, 200-nm W:VO2, 

and 200-nm SmNiO3. 
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Figure 4. Further extension of the temperature range achieved with W doping of VO2. (a) FoM for 

three layers of materials, SmNiO3, VO2, and W:VO2 (0.93 at. %), changing the phase at different 

temperatures. The red circle shows the optimal range of SmNiO3 thickness. (b) Comparison of FoMs 

for the best coating in each category. SmNiO3 works only in one band (100–135 ◦C). Adding layers of 

VO2 extends the effect to lower temperatures (35–70 ◦C). (c,d) Spectral radiances for the lower and 

higher temperature bands, respectively. The comparison is shown for engineered coating (SmNiO3, 

VO2, and 0.93 at. % W:VO2, solid lines) and bare SiO2 substrate (dotted lines). The wavelength 

range is approximately divided into two ranges, and the range of 10–14 µm shows a much better 

performance of thermal emission management than 8–10 µm. 

To illustrate the operation of a near-zero differential temperature coating, we demon- 

strate a negligible change in the spectral radiance I with temperature variation (Figure 4c,d). 

We observe that in each temperature band, 35–70 ◦C and 100–135 ◦C, variations are very 

small, except for the wavelength range of 8–10 µm (solid line in Figure 4c,d). For compari- 

son, we show that the radiance of the SiO2 substrate changes more drastically (dotted lines 

in Figure 4c,d). We approximately divide the entire wavelength range into 8–10 µm and 

10–14 µm, and we calculate FoM for multilayer structures in each range (Figure 5a,b). One 

can observe that qualitatively, the tendency is the same, but the thermal coating performs 

better in the range of 10–14 µm. Comparing the spectral emissivity of two optimal coatings, 

which are VO2 and SmNiO3 combination and the bilayer of VO2 with SmNiO3 (Figure 5c,d), 

one can see a more gradual change for the latter, providing a better performance of the 

engineered coatings. 
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Figure 5. (a,b) Performance of the engineered emitter (SmNiO3, VO2, and 0.93 at. % W:VO2) in 

different wavelength ranges of operation: (a) range 8–10 µm and (b) range 10–14 µm. Thermal coating 

is better if detection is performed only in the long-wave infrared range. The red circles in (a,b) show 

the optimal range of SmNiO3 thickness. (c,d) Spectral emissivity of multilayer coatings: (c) VO2 and 

SmNiO3 combination is shown for each layer of 200 nm, and (d) bilayer of VO2 with SmNiO3 is for 

150-nm VO2, 200-nm W:VO2, and 200-nm SmNiO3. 

Figures 4 and 5 illustrate that within the temperature range of 70–100 ◦C, a FoM 

peak is observed for all combinations of coating films. Potential solutions to optimize 

performance within this temperature range could involve exploring alternative materials 

with tailored properties, and the operation temperature of the thermal coating can be 

extended by utilizing materials with phase transition at other temperatures. It has been 

reported that doping with low-valence metal ions increases the transition temperature of 

VO2, and these materials can be used to cover an additional temperature range of opera- 

tion [42]. The transition temperature of VO2 can be adjusted by incorporating low-valence 

metal ions, offering the potential to achieve temperatures suitable for broader operational 

ranges. This adaptability allows VO2-based materials to extend their functionality across 

additional spectral bands. Rare-earth nickelates have been reported to exhibit transition 

temperatures that vary with material combination, the number of layers and their thickness, 

and other parameters [42–47]. Developing artificially phase-separated systems, such as 

epitaxial superlattices combining SmNiO3 and NdNiO3, provides a versatile platform for 

engineering transition temperatures. These are promising candidates for use in engineered 

coatings and structures for applications in infrared emission management and thermal 

applications. The ability to fine-tune these temperatures arises from the dependence of the 

phase transition on the specific composition of rare-earth nickelates, paving the way for 

coatings with expanded and customizable operational capabilities. 
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Finally, we present a comparative analysis of the spectral radiance for both uncon- 

cealed and concealed surfaces (Figure 6). Our calculations include an SiO2 substrate and 

an optimized engineered emitter composed of three material layers SmNiO3, VO2, and 

W:VO2 (0.93 at. %) layered on an AZO/SiO2 substrate. The multilayer engineered surface 

demonstrates significantly enhanced performance, making it an excellent candidate for 

thermal applications. Analyzing spectral radiance is crucial to understanding how dif- 

ferent materials emit thermal radiation and is essential for developing effective thermal 

technologies. The engineered surface substantially reduces spectral radiance, decreasing 

it several times compared to the unconcealed surface, thereby significantly improving 

its ability to evade detection by thermal imaging systems. This work demonstrates the 

potential for significant improvement in coating performance using a multilayer structure, 

with analyzed variations in parameters, while emphasizing the proof of optimality through 

extensive optimization is beyond its scope. 
 

Figure 6. Comparison of the spectral radiance of unconcealed and concealed surfaces. (a) Calculations 

for the SiO2 substrate and (b) for the optimized engineered emitter consisting of three layers of 

materials, SmNiO3, VO2, and W:VO2 (0.93 at. %), on top of the AZO/SiO2 substrate. Both maps are 

presented with the same color bar to show the relative performance of the thermal coating. 

4. Discussion 

Phase-change materials are promising candidates for engineered coatings and struc- 

tures for infrared emission management and thermal applications. The temperature range 

where zero-differential emission from the object and coating occurs can be adjusted by 

modifying the material’s strain, doping, or tilt, thereby shifting the transition to encompass 

room temperature and even lower temperatures (Figure 7). The dopants in VO2 modify 

its electronic structure and lattice parameters, affecting its phase transition characteristics. 

Doping VO2 with different elements allows the metal-insulator transition temperature and 

properties to be effectively controlled. 
 

Figure 7. Multilayer engineered coatings that potentially cover the full range of temperatures, that is, 

from 35 ◦C to 135 ◦C: (a) design involving VO2 doped with low-valence metal ions and (b) design 

involving epitaxial superlattices of SmNiO3 and NdNiO3. 
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Incorporating high-valence metal transition ions into the VO2 lattice can lower the 

transition temperature. Thus, the operational temperature range can be extended by using 

multilayer stacks of materials with phase transitions at different temperatures. Low-valence 

metal ions can raise the transition temperature of VO2, allowing these materials to cover an 

additional operational band (Figure 7a). Furthermore, doping VO2 can soften the transition, 

providing more gradual thermal responses and improved material stability. This reduced 

sharpness can lead to better control over thermal management, which is highly beneficial 

for applications requiring the concealment of changes in temperature. This variability 

facilitates the design of zero-differential thermal emitters across a broad temperature range. 

The single-layer configuration that includes only SmNiO3 can efficiently operate in the 

band of temperatures ~100–135 ◦C. The engineered multilayer structure proposed in this 

work is shown to expand the range of operation and include temperatures ~35–70 ◦C and 

~100–135 ◦C. Using one or several layers of VO2, including ones with doping, enhances 

the concealment coating and expands the operation temperature. This provides tailored 

phase-transition temperatures, steepness of the transition, and optical properties. Another 

benefit of using doped VO2 systems is the associated reduction in their hysteresis. 

Furthermore, the operation range of the engineered coating can potentially be extended 

using other materials and superlattices in the family of rare-earth nickelates (Figure 7b). 

Rare-earth nickelates have shown transition temperatures that vary based on material 

combinations, the number of epitaxial layers, and other factors [42,43]. In particular, 

an artificially phase-separated system can be atomically engineered by creating epitax- 

ial superlattices with SmNiO3 and NdNiO3, two rare-earth compounds that experience 

metal-to-insulator transitions at different temperatures. The length scale of the interfacial 

interaction between the metal and insulator phases is controlled by balancing the energy 

expense of the boundary between these phases and the bulk phase energies. This length 

scale surpasses the physical coupling of structural motifs, introducing a new engineering 

approach for interface properties based on temperature rather than bulk energetics. Phase 

transitions at different temperatures have been studied extensively, but data on material 

permittivity in the mid-infrared range as a function of temperature remain unexplored. 

Calculations of advanced coatings involving engineered materials are beyond the scope of 

this work and will be the subject of future experimental investigations. 

The thickness of each layer in a multilayer system is critical to the coating’s overall per- 

formance. Optimizing the thickness of all layers simultaneously to achieve the best coating 

parameters is essential, and machine learning algorithms are well suited for this purpose. 

However, this optimization task lies beyond the scope of this work, and instead, we present 

an approach highlighting a concept that can be further refined through engineering the 

material properties of the multilayer structure. 

5. Conclusions 

This work shows how using a combination of thin film materials that exhibit 

pronounced insulator-to-metal phase transitions is possible to engineer coatings with 

temperature-independent radiance in an extended temperature range. These optical prop- 

erties of the multilayer coating were designed to counter changes in the blackbody radiation 

from a SiO2 substrate, showing the potential use of these coatings for applications calling for 

temperature-independent thermal radiation, infrared emission management, and cooling 

applications. Incorporating multiple layers of “zero-differential emitters (ZDE)” extends 

the operating temperature range. Our theoretical approach employed SmNiO3, which 

undergoes a metal-insulator transition around 120 ◦C. Using a reversible and hysteresis- 

free SmNiO3 phase transition helps to manage emissivity and mitigate intrinsic radiation 

profiles. The multilayer system included additional layers of VO2, both undoped and 
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W-doped, which lowers the transition temperature. The results of our calculations showed 

that the temperature range of thermal emission management can be extended with these 

multilayer coatings, which consist of materials with transition temperatures covering a 

broad range. The coating is designed by adjusting both the thickness of each layer and 

the doping levels. In this multilayer engineered coating, the material that has the lowest 

temperature at which it undergoes a phase transition is strategically placed as the bottom 

layer. Furthermore, the material with the highest phase transition temperature is positioned 

at the topmost layer, ensuring optimal performance and efficiency. This design principle 

is consistently applied across all layers, meaning that each successive layer is made of a 

material with a progressively higher phase transition temperature than the one below it. A 

single-layer coating consisting of one phase-change material, SmNiO3, is capable of func- 

tioning effectively within a temperature range of approximately 100–135 ◦C. We showed 

that incorporating an undoped VO2 layer adds the band of 56–70 ◦C to the temperature 

operation. The best coating that we designed consists of 200 nm of SmNiO3, 150 nm of 

undoped VO2, and 200 nm of W:VO2 (doping with W/V = 0.93 at. %) on top of a 250 nm 

thick layer of AZO on SiO2 slab. Overall, the optimal multilayer structure with doped VO2 

expands the operational range to cover temperatures 35–70 ◦C and 100–135 ◦C. 
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