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Abstract: The efficiency of traditional solar cells is constrained due to the Shockley-Queisser limit, to circumvent 

this theoretical limit, the concept of solar thermophotovoltaics (STPVs) has been introduced. The typical design 

of an STPV system consists of a wideband absorber with its front side facing the sun. The back of this absorber is 

physically attached to the back of the selective emitter facing a low-bandgap photovoltaic (PV) cell.  We demon-

strate an STPV system consisting of a wideband absorber and emitter pair attaining high absorptance of solar 

radiation within 400–1500 nm (covering the visible and infrared regimes) whereas the emitter attains an emittance 

of >95% at the wavelength of 2.3 μm. This wavelength corresponds to the bandgap energy of InGaAsSb (0.54 

eV), which is the targeted PV cell technology for our STPV system design. The material used for both the absorber 

and the emitter is chromium due to its high melting temperature of 2200 K. The absorber and emitter pair is also 

fabricated and the measured results are in agreement with the simulated results. The design realizes an overall 

solar-to-electrical simulated efficiency of 21% at a moderate temperature of 1573 K with solar concentration of 

3000 suns. Furthermore, an efficiency of 15% can be achieved at a low temperature of 873 K with a solar concen-

tration of 500 suns. The designs are also insensitive to polarization and show negligible degradation in solar ab-

sorptance and thermal emittance with a change in angle of incidence.  

Keywords: Asymmetric, Birefringent, Metasurface, Metahologram, All-dielectric 

1 Introduction 

On account of the growing population, urbanization, and industrialization, there is a constant escalation in 

the energy demand. Drawing power from the major sources of energy available today, i.e., coal, peat, and natural 

gas, has an adverse effect on the emission of greenhouse gases, e.g., CO2, CH4, and N2O that cause global warming. 

This leads to inevitable environmental degradation and climate change. Moreover, the limited reserves of these 

non-renewable resources also make them less suitable for use as they will run out in the near future. For the specific 

reasons of preserving natural resources and avoiding harmful greenhouse gas emissions, renewable energy sources 

are sought for power generation. The renewable energy source with the most potential in replacing all aforemen-

tioned resources is solar energy, which is provided by the sun at around 1 kW/m2 with no hazardous effect on the 

environment and is widely being used for various applications; electric power generation, solar thermal collectors 

for water heating, desalination, gasification etc. However, harnessing solar energy from the sun with a single junc-

tion silicon photovoltaic (PV) cell has a limitation of efficiency, as stipulated by Shockley in 1961[1]. This effi-

ciency can be enhanced by having multijunction PV cells or by the introduction of solar thermophotovoltaic 

(STPV) system. 

In 1979, Swanson et al [2] coined the idea of solar thermophotovoltaics (STPV) to overcome the Shockley-

Queisser limit, and this concept of STPV system is depicted using Fig. 1. The distinctive feature of STPV is the 

presence of the intermediate absorber/emitter pair, in comparison to no intermediate structure in traditional solar 

energy harvest action in PV cells. The solar absorber absorbs all the incoming radiation from the sun and converts 

it to thermal energy while the selective thermal emitter, which is physically connected to the absorber, emits ther-

mal radiation of selective energy towards a low-bandgap photovoltaic (PV) cell. The emitter should be optimized 

for a PV cell in such a fashion that emitted photons exhibit energy slightly higher than the energy bandgap of the 

PV cell. This scheme reduces the heat losses within the PV cell due to the absorption of high-energy photons, and 

therefore, can significantly enhance the solar conversion efficiency. The theoretical maximum efficiency of the 

STPV systems can reach 85.4% at the temperature of 2544 K for the intermediate layer [3]. 

For the last two decades, metasurfaces have found numerous applications in the domains of metaholograms 

[4]–[11], thin-flat lenses [12]–[14], chirality and dichroism [15]–[17], for harnessing of evanescent waves [18], 

structural color [19]–[22], and perfect light absorbers [23]–[28]. Many researchers have proposed near unity ab-

sorbers and selective emitters made with metasurfaces individually, without combining these two into a unibody 

structure for the STPV system. In 2008 Nagpal et al [29] proposed a wideband absorber within the domain of 1 

μm-2.5 um. Bonod et al [30] presented a structure based on lamellar metallic gratings for the absorption of light. 

Liu et al [31] in 2010 reported a narrowband absorber with a peak at a frequency of 185 THz for refractive index 

sensing. In 2011 Aydin et al [32] proposed visible light absorbers based on metallic gratings and trapezoid arrays 

with an average measured absorption of 0.71 within the visible spectrum. Wang et al [33] in 2015 employed 

nanostructured titanium gratings to get high absorption in UV, visible, and near IR range. Minh Nguyen et al [34]  
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in 2017 reported a plasmonic grating-based perfect absorber for the visible and near-infrared (IR) wavelengths. In 

2018 Katrodiya et al [35] proposed an ultra-wideband absorber with up to 96% absorption in some bands. In 2020 

Li et al [36] gave a design based on tungsten elliptical arrays with >90% absorption between 300 nm-2200 nm. 

Qin et al [37] in 2020 also reported a perfect absorber with 99% absorption between (650-2200) nm. Some other 

report absorbers attaining high efficiency can also be found in the literature [38]–[42]. 

 

  
Fig 1: Theoretical concept of STPV with actual results from the proposed absorber/emitter designs. This figure is not made up 

to the proportion. 

From Kirchhoff’s law, under thermodynamic equilibrium, absorptance is equal to emittance. In light of this 

law, researchers have also reported selective emitters for specific applications. Liu et al [43] in 2011 design met-

amaterial emitters with unity emittance for the selective regimes and near-zero emittance elsewhere. Mason et al 

[44] also report the design of selective thermal emitter using gold strips of 3.2 um and periodicity of 4.8 um at a 

temperature of 160 ℃. Woolf et al [45] in 2018 demonstrate a TPV energy conversion mechanism using a met-

amaterial selective emitter with a thermal-to-electrical conversion efficiency of 24%. 

Plentiful research has been focused on individual absorber and emitter designs; however, limited research is 

available on the complete STPV system with an absorber/emitter pair having broadband absorption for absorber 

and selective emittance for emitter in mid-infrared regime corresponding to the bandgap energy of the PV cell. 

Lenert et al [46] in 2014 proposed a carbon nanotube absorber and photonic crystal emitter pair with experimental 

efficiency of just 3.2%. Rinnerbauer et al [47] proposed multi-walled carbon nanotubes (MWNTs) with an effi-

ciency of 3.74%, under a solar concentration of 130 suns. Nam et al [48] in 2014 reported a 10% efficiency at the 

temperature of 1400 K with a flux of 130 kW/m2. In 2016 Bierman et al [49] reported a solar-to-electrical conver-

sion efficiency of 6.8 (±) 2% that can be improved up to 10-15% the PV cell used for the experiment is InGaAsSb 

with a bandgap of (0.54 eV), efficiency is still far away from the ideal limit. Then in 2018 Chang et al [50] reported 

an efficiency of 18% under the solar concentration of 4000 suns at a temperature of 1380 ℃ using tungsten reso-

nators. A few other reported STPVs systems achieving good overall performance for both absorber and emitter 

also exist in literature [51]–[53]. 

Apart from the solar to electrical conversion efficiency, which inherently requires polarization insensitivity 

and angular stability, the nanostructured absorber and emitter forming the STPV system also need thermal stability 

for better performance at high temperatures. For this purpose, metals with high melting points can be employed in 
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the designs. However, the metals suffer from a degradation factor of oxidation, which is also one of the primary 

obstacles in developing STPV systems. Based on all these requirements and conditions imposed for a high-effi-

ciency STPV system, the absorber/emitter pair's design, optimization, and material selection become a challenging 

task. 

In this work, we present a complete STPV system design, which demonstrates a solar-to-electrical conver-

sion efficiency of 21%, at a temperature of 1573 K. These results are achieved under the solar concentration of 

3000 suns, employing chrome nano-cylinder arrays for both the absorber and emitter structures. The design prin-

ciples of the nano-cylinder arrays are based on the mathematical model of the cantor set. The melting point of 

chrome is around 2200 K, which is higher than the highest temperature needed by the proposed STPV system in 

order to attain maximum efficiency. Moreover, chromium has an oxidation resistance capability due to the for-

mation of top Cr2O3 layer that stops oxidation during its exposure to air making chromium highly oxidation-re-

sistant. The designs are also polarization-insensitive and show minimal deviation in absorptance with the change 

in the angle of incidence. The designed cantor set absorber attains an absorptance of more than 90% within the 

regime of (400 nm-1200 nm) after which it decays down to 70% at 1500 nm. The emitter for our proposed STPV 

system has been designed to present peak absorptance at the wavelength of 2.3 μm (0.54 eV), which corresponds 

to the energy bandgap of InGaAsSb. 

2 Absorber Design and Efficiency 

A perfect solar absorber for the STPV system should have an absorptance of 1 in the visible and near IR 

spectrum while completely suppressing absorption at longer wavelengths to prevent the thermal emission from the 

absorber. Another key consideration while designing an absorber for an STPV system is its stability under high 

temperatures, which can be addressed by careful material selection. Moreover, for the STPV system design, it is 

assumed that every photon above bandgap will result in electron-hole pair, the STPV system is housed in a vacuum 

chamber. Photon recycling is also ignored in the analysis. The key metric for the STPV absorber is α (absorptance 

of the absorber under blackbody or AM 1.5 radiation spectra), which is defined by the following expression [54]: 
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where, φ is the polarization angle, θ represents angle of incidence, ε is the emittance of the emitter, λ is the 

wavelength The system efficiency of an STPV is defined as: 
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where  Ƞint  is the efficiency of the intermediate structure as shown in equation (6). 
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SolP  is the solar irradiance, absP  is the power absorbed by the absorber and emitP  is the thermal emission by the 

emitter at temperature T. At thermal equilibrium (for the intermediate structure involving absorber and emitter 

pair), the incoming power is equal to the outgoing power. β is the ratio of the areas of the emitter and the absorber

b

e

A

A
, where eA  is the emitter area and bA  is the absorber area. 
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where NS is the solar concentration of the sun. Therefore equation (6) becomes [54]. 
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where ɸ is the polarization angle, Ɵ is the angle of incidence, and 𝜃𝑐 = 𝑠𝑖𝑛−1 √
𝑁𝑠𝛺𝑠

𝜋
, Ns is the solar concentration 

(number of suns), Ω𝑠 is the angle subtended by the sun, taken as 68.5 µ.Sr., IBB(λ, T) is the intensity of radiations 

at the blackbody temperature, 𝑇𝑠 is the solar temperature taken as 6000 K. 

 Based on the requirements above, we present a wideband absorber as shown in Fig. 2(a). The design consists 

of nine cylinders that are arranged in the form of a cantor set, with a central cylinder of diameter Da, and surround-

ing cylinders of diameter da, deposited on the glass spacer with thickness Sa. The material used for the cylinders is 

chromium due to its high melting point of ~2200 K, which makes the design robust to extreme temperatures. The 

design is based on the mathematical model of cantor set of the order 2, nine cylinders of two different sizes are 

used. Each cylinder covers a specific absorption domain, which results in overlapping of absorptance of all the 

nine cylinders, thereby creating a wide-band absorber covering the entire solar spectrum with an absorption of 

>0.8. Especially,within the spectrum of 400-950 the absorption is as high as >0.95. The absorber efficiency is 

defined as the ratio of αopt to the total spectral blackbody radiation at 6000 K or AM 1.5 [54]. 
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The absorptance of the presented structure is shown in Fig. 2(b) along with the absorption of an ideal black-

body at the temperature of 6000 K, and solar spectra with an air mass AM 1.5, Fig. 2(b) also shows the comparison 

of the designed absorber with that of a flat chromium layer of thickness h. It can be noticed in the plot that it has 

an absorption of greater than 0.95 in the regime 400-1000 nm then it starts decaying. At around 1500 nm the 

absorption goes down to 0.7, which further decays to 0.4 at the wavelength of 2300 nm. This absorption spectrum 

is desirable when considering that the ideal absorptance of the STPV absorber should be zero above the solar 

spectrum to prevent thermal radiation loss from the absorber.  Moreover, the structure is insensitive to the incident 

wave polarization angle at normal (θ=0), up to 70o as shown in Fig. 2(c). The results show that the absorption 

spectrum remains almost the same for different incidence angles of solar radiation, enhancing the overall efficiency 

of the system. The absorber efficiency of the presented structure is 89% for the blackbody radiation at 6000 K and 

91% for the AM 1.5. Full wave electromagnetic solver CST Microwave Studio is used for performing the numer-

ical simulations [55] and the wavelength dependent refractive index of chromium was taken from reported exper-

imental data [56]. 

The absorber should also be stable at high temperatures for reliable and high-efficiency use of the STPV, and 

also should be less sensitive to the polarization angles. The efficiency of the intermediate structure is demonstrated 

in Fig. 2(d) as a function of solar concentration (Ns) for different structure temperatures. At low absorber/emitter 

temperatures, the proposed STPV system achieves high intermediate efficiency as the solar concentration in-

creases. However, the intermediate efficiency becomes lower at high absorber/emitter temperatures due to the 

thermal emission loss to the surroundings, suggesting that the solar concentration needs to be increased to achieve 

the maximum possible efficiency. In addition, the absorption curve remains almost identical with the change in 

the azimuth angle φ as depicted in Fig. 2(e), which makes the design polarization-insensitive. At 873 K, the ab-

sorber achieves an intermediate efficiency of 92% at low Ns of 500 which is comparable to the state-of-the-art 

STPV absorbers operating at high temperatures. It can also be observed that if the solar concentration is kept 

constant, the intermediate efficiency decreases. As an example, if the temperature of the absorber is increased to 

1573K, under the solar concentration of 500 suns, int is reduced to 27.3%, in order to compensate we need to 

increase the solar concentration up to 2400 suns to achieve int  of 85%. Similarly, at a temperature of 1673 K, an 
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intermediate efficiency of 99% can be achieved under a high solar concentration of >40000 suns, so there is a 

trade-off between high int  and solar concentration. Fig. 2(f) shows the intermediate efficiency plots in the case 

of a perfect blackbody absorber using equation (9), and it can be seen that our proposed absorber works closely to 

the blackbody absorber by providing similar absorptance curves for various temperatures and solar concentration. 

 

 
Fig 2: (a) Perspective view of the unit cell of absorber, ha=70 nm; Da=250 nm; da=150 nm; ta=150 nm; Sa= 30 nm; Pa =800 

nm. (b) Absorption spectra of the designed absorber (black circles and dashed lines), as compared to that of a perfect blackbody 

at 6000 K (red), AM 1.5 (light blue), and a flat 70 nm chrome layer. (c) Change in absorption spectra by changing the angle of 

incidence θ from 0 to 70o. (d) Intermediate efficiency of the absorber at different temperatures, with solar concentration (Ns) 

on the x-axis in logarithmic scale. (e) Change in absorption spectra by changing the azimuth angle (φ) from 0o to 70o. (f) 

Intermediate efficiency of a blackbody absorber at different temperatures, with solar concentration (Ns) on the x-axis on a 

logarithmic scale. 
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 Fig 3: SEM images of the absorber and the measured absorptance (a) at 300 K with a scale bar of 1 µm. (b) At 300 K 

with a scale bar of 5 µm. (c) Comparison of measured and simulated emittance at 300 K. (d) at 873 K with a scale bar of 1 µm. 

(e) At 873 K with a scale bar of 5 µm. (f) Comparison of measured and simulated emittance at 873 K. 

The SEM images of the design are provided in Fig. 3(a-b) at room temperature and in Fig. 3(d-e) at 873 K, 

respectively. Fig 3(c) shows the measured absorptance of the fabricated absorber at 300 K, whereas Fig 3(f) shows 

the measured absorption at the temperature of 873 K, and it can be seen that by increasing the temperature from 

300 K to 873 K the proposed design retains its high absorptance.  

3 Emitter Design and Results 

The function of the selective emitter is to emit thermal radiation towards the PV cell for thermophotovoltaic 

power generation. The emitter is physically attached to the absorber such that its front side faces the PV cell. 

Ideally, an emitter should have the highest emittance at the energy slightly above the energy bandgap of the PV 

cell, and elsewhere it should have no emittance at all. The PV cell for which we have optimized our STPV system 

is InGaAsSb which has the bandgap of 0.54 eV. This energy corresponds to the wavelength of 2.3 μm using the 

formula Ehc / . Since 𝜀(𝜆, 𝜑, 𝜃) = 𝛼(𝜆, 𝜑, 𝜃) according to Kirchhoff’s law, the design of wavelength-selec-

tive emitter is similar to the broadband absorber, with consideration of selective absorptance. The efficiency of an 

STPV system depends a lot on the selective behavior of the emitter and high efficiency stipulates that an emitter 

should emit photons with energies that are slightly above the bandgap energy of the PV cell. However, the ideal 

emitter should not emit photons with above-bandgap energy to suppress the thermalization loss within the cell. 

Moreover zero-emission spectra below the bandgap of the PV cell is desirable because lower energy photons 

cannot generate electron-hole pairs. 

Taking the emitter design rules into consideration, the proposed emitter structure is presented in Fig. 4(a) 

which is also based on the model of cantor set of order 2. The calculated spectral emittance is shown in Fig. 4(b), 

which has the emittance peak of 1 at 2300 nm in wavelength. Since we deal with energy while designing emitter 

the wavelength scale is converted into energy as shown in Fig. 4(d), along with the blackbody emission spectra at 

different temperatures. It can be seen in the figure that the emitter shows a very high emittance near the peak of 

the blackbody spectra for the temperatures of interest. The area ratio between the absorber and the emitter unit cell 

known as β is taken as 2.25.  
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Fig 4: (a) Perspective view of the unit cell of emitter, he=180 nm; De=240 nm; de=300 nm; te=150 nm; Sa= 60 nm; Pe 

=1200 nm. (b) Emittance spectra of the designed emitter. (c) Change in emittance spectra by changing the angle of incidence 

θ from 0o to 70o. (d) Emittance of the designed emitter plotted against the energy on the x-axis as compared to the normalized 

blackbody radiation spectra at different temperatures. (e) Change in emittance spectra by changing the azimuth angle φ from 

0o to 70o. (f) The efficiency of the emitter 𝜂𝑃𝑉𝐶 , 𝑉𝑒𝑓𝑓, ultimate efficiency 𝑈𝑒𝑓𝑓 , and 𝐼𝑚( 𝑉𝑜𝑝) at different temperatures. 

The efficiency of the PV cell 𝜂𝑃𝑉𝐶 solely depends on the emitter design as shown in the equation below [50]: 

 

)Im(.. opeffeffPVC VVU           (11) 

where Ueff is the ultimate efficiency of the solar cell, also known as spectral conversion efficiency, and can be 

defined as:  
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Here, T is the temperature of the emitter, which in our case varies from 873 K to 1673 K. The value of the Ueff 

plays a central role in determining the efficiency of a PV cell, and this value depends on the emitted spectrum. The 

term Eg/E will approach unity for the energies slightly larger than the bandgap energy of the PV cell, then it would 

e 
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reduce monotonically for the larger values to make them less effective. Ideally, the emitter should be a narrow 

band such that it has emittance of 1 at the bandgap energy to make the factor Eg/E nearly equal to 1 resulting in 

100% Ueff. The second term in equation (11) is the depreciation factor 
effV  [57]. 
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where Kb is the Boltzmann constant, Tc is the temperature at which the solar cell is operating, taken as 300 K, 

q is the charge of an electron = 1.61 x 10−19C, f is the non-ideality factor that is taken as 0.5 for planar geometries 

of emitter and PV cell, and /qE=V gg
. It should be noted that 𝑉𝑒𝑓𝑓  basically determines the ratio of above-bandgap 

photon energies emitted by the emitter to that emitted by the ideal emitter (having a narrowband absorptance just 

above the bandgap of the PV cell). The value of Veff increases with the increase in temperature of the emitter.  The 

third term in the equation used for the efficiency calculation of the PVC is Im (Vop), which can be calculated from 

the impedance matching [57]. 

 

Fig 5: SEM images of the emitter and the measured emittance (a) at 300 K with a scale bar of 1 µm. (b) At 300 K with a 

scale bar of 5 µm. (c) Comparison of measured and simulated emittance at 300 K. (d) at 873 K with a scale bar of 1 µm. (e) At 

873 K with a scale bar of 5 µm. (f) Comparison of measured and simulated emittance at 873 K. 
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where 𝑍𝑚 =
𝑉𝑚

𝑉𝑐
. 𝑍𝑚 is also related to 𝑍𝑜𝑝 =

𝑉𝑜𝑝

𝑉𝑐
, where 𝑍𝑜𝑝 = 𝑍𝑚 + 𝑙𝑛( 1 + 𝑍𝑚).  

Using the equation (11), PV cell efficiency (ηPVC) is estimated to be 21% at the temperature of 1573 K as 

shown in Fig. 4(f). We have designed the emitter keeping in mind the constraints for developing STPV systems 

which include stability at high temperatures, oxidation resistance (through material properties or addition of die-

lectric coating), and also less complexity of them since it can create inefficiencies during the fabrication process. 

Most of these requirements are addressed by the material, chromium, which has a melting point of nearly 2200 K 

that is 527 K more than the 1673 K, temperature at which the maximum efficiency from our design could be 

attained. Figs. 4 (c) and (e) depict the angle insensitivity of the emitter. It can be observed that, like the absorber, 

the emitter also shows very little degradation by a change in angle of incidence θ and the azimuth angle φ. In order 
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to further enhance its thermal stability and inertness to oxidation, a thin layer of HfO2 is also coated on the struc-

ture. Figs 5(a) and (b) are the SEM images of the fabricated sample at room temperature taken as 300 K. Fig. 5(c) 

presents the measured spectral emittance of the fabricated emitter at 300 K. Figs. 5(d) and (e) show the SEM 

images of the fabricated sample at 873 K. Fig. 5(f) depict the measured emittance at the temperature of 873 K. The 

comparison of these two figures, reveals that the emittance increases by increasing the temperature from 300 K to 

873 K. 

4 System Efficiency 

The efficiency of the whole STPV system depends on both the efficiencies of the absorber and emitter. An ideal 

absorber should absorb all the solar energy with an absorptance of 1, but at longer wavelengths (where blackbody 

radiation approaches zero) its absorption should be 0 so that it would not emit thermal radiation back to the sur-

roundings. On the other hand, the emitter should emit the radiations at a specific wavelength just shorter than the 

bandgap wavelength of the PV cell (which in our case is 2.3 um for InGaAsSb). Eq (2) was used for the calculation 

of overall system efficiency and 16.5%Ƞ𝑃𝑉𝐶  was observed in Fig. 4(d) at a low temperature of 1073 K under solar 

concentration of 500 suns. To increase the efficiency of a system at a particular temperature we can increase the 

solar concentration (Ns). For the temperature of 1073 K, we can achieve an efficiency of 18.16% under the solar 

concentration of 4000 suns. Similarly, if we increase the temperature to 1273 K efficiency of the system can be 

enhanced to 18.5%, at a solar concentration of 1000 suns. However, in order to achieve an efficiency of greater 

than 21%, the temperature of the STPV should be 1673 K with a solar concentration of more than 5500 suns. In 

short, there is a trade-off between maximum efficiency and solar concentration, high efficiency requires high solar 

concentration and temperature. In Fig. 6(a) combined plots of absorption and emittance are shown with the wave-

length on the x-axis, and Fig. 6(b) shows the overall solar-to-electrical efficiency of the designed STPV at various 

Fig. 6: (a) Absorption and Emittance with respect to wavelengths. (b) Overall System efficiency with respect to solar concen-

tration (Ns) at different temperatures. 

temperatures. At a low temperature of 873 K the solar-to-electrical efficiency of the STPV approaches approxi-

mately 15% under the solar concentration of 500 suns, similarly, at the temperature of 1073 K, overall efficiency 

reaches 16% under the solar concentration of 1000 suns. This trend leads to >21% overall efficiency at 1673 K, 

under a high solar concentration of 5500 suns. The efficiency of the proposed STPV system, calculated from 

absorptance curves of the fabricated samples, is comparable to the achieved efficiencies in contemporary STPV 

systems [46]–[53]. Moreover, chromium metal, though it has the lowest melting point amongst refractory metals, 

presents exemplary characteristics of corrosion and oxidation resistance [58][59], which are crucial for STPV 

applications. These well-known properties of chromium result from the formation of a very thin coating of chro-

mium dioxide (Cr2O3) on surface [60] when chromium is exposed to air (sometimes referred to as self-passivation 

of chromium), this mechanism stops any further oxidation making chromium highly oxidation-resistant. Therefore, 

the chromium-based designs presented here are better suited for operation in elevated temperature and pressure 

conditions, even in comparison to metals with a higher melting point having lower resistance to oxidation, such as 

tungsten [50], [57]. The only limiting factor of the presented STPV system is the lower selectivity of the emitter 

that yields lower ultimate efficiency (Ueff). This decrease in Ueff is also somewhat compensated by the simultaneous 

increase in Veff that increases with an increase in the broadband response of the emitter. To further increase the 
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efficiency of the system, a different operating point can be selected, which requires a higher solar concentration. 

An example of such operating point comes at 1673 K with 40000 solar concentrations, where our design yields 

24% overall efficiency. 

Both the absorptance and emittance was calculated from the measured reflectance using Fourier transform infrared 

spectroscopy (FTIR). Since there is no transmission, we calculated the absorptance and the emittance by subtract-

ing measured reflectance from 1. The SEM images in Fig. 3(a, b, d, e) and Fig. 5(a, b, d, e) show some deviation 

from the original design this is because patterning refractory metal is difficult. Therefore, both the absorber and 

emitter were fabricated using Cr deposition and lift off process. In lift off process, nanostructures can be tapered, 

and the roughness of the sidewall can be high. This can be improved by etching the Cr layer using patterned 

photoresist (PR) as a etch mask. In this way, negative PR should be used; however, negative PR has complicated 

lift off process. Therefore, we fabricated the sample with deposition/lift off process. Similarly a change in absorp-

tance and emittance spectra at 873 K as compared to at 300 K can be seen in Fig. 3(f) and Fig. 5(f) respectively is 

due to a change in refractive index of Cr at high temperatures [61], [62]. 

5 Conclusion 

A broadband absorber with an overall absorption of 89% along with an emitter is presented for an STPV 

system. The material used for both the absorber and the emitter is chromium owing to its thermal stability at high 

temperatures. The overall solar-to-electrical efficiency of the system comes out to 21% at a moderate temperature 

of 1573 K with a solar concentration of 3000 suns. An STPV efficiency of 15% is achieved at a low temperature 

of 873 K under a low solar concentration of 500 suns. Due to the symmetric structures of both the absorber and 

emitter designs, the design is completely polarization-insensitive as well as angle insensitive up to 70o, and hence 

the absorption spectra remain almost constant making the designs stable for a wide range of incidence angles. The 

97% emittance of the selective emitter at a wavelength of 2300 nm, which corresponds to the bandgap energy of 

the InGaAsSb PV cell, plays a vital role in the efficiency enhancement of the system. The efficiency of the design 

is comparable to recent demonstrations of STPV systems, however, it is not the forte of our design. The significant 

benefit of the proposed design comes in the shape of intrinsic corrosion and oxidation resistance properties of 

chromium, which increases the stability of the STPV system. 
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