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ABSTRACT 

Gallium Arsenide, Gallium Phosphide and Silicon Carbide, which are all semiconductors, have been examined  at 

cryogenic temperature with and without illumination at various wavelengths. Illumination causes  a modification of the 

intrinsic properties of the materials such as a change  in  permittivity and an increase in  conductivity. This phenomenon 

can be explained by a change of state of the free carriers in different bands of the semiconductors.  

INTRODUCTION 

The whispering gallery mode (WGM) method has been used to make the most accurate measurements of the complex 

permittivity of extremely low-loss dielectric materials. This method has been employed for very precise measurements 

of the permittivity and the dielectric losses of both isotropic and uniaxial anisotropic materials [1-4] and also to analyze 

the effect of the light on Gallium Arsenide (GaAs) and Gallium Phosphide (GaP) samples under a white light at 

cryogenic temperatures [5],[6]. Recently, further experiments on high purity GaAs, GaP and 4H Silicon Carbide (4H-

SiC) samples have been measured at different wavelengths in order to provide an explanation of the observed 

phenomenon.  

DESCRIPTION 

GaAs, GaP and 4H-SiC are high purity semi-conductors with an energy band gap equal to 1.51, 2.33 and 3.25eV 

respectively at 50K. An electric field such as a light under certain conditions can cause the  free carriers to move in the 

semi-conductor, generating a current and then modifying the properties of the material. GaAs, GaP and 4H-SiC 

materials have been studied under light at cryogenic temperature. We observed a change  in the frequency (f) of the 

resonant mode being measured,. The latter may be interpreted as a modification of the material permittivity according 

to, 
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where ∆f = f – f0 and  f0 is the initial frequency of the measured mode. 



 pe is the electric filling factor of the resonant mode 

 εr is the initial permittivity of the material 

An increase of the losses was also observed, and may be described by, 

 

(2) 

The two first terms of this equation are related to properties of the material in darkness and the last term is related to a 

modification of the conductivity after the sample is exposed to light and  after the  illumination is switched off. This 

term describes the effect of the change of state of the free carriers under exposure to light. 

EXPERIMENTAL SETUP 

The measurements were taken on cylindrical high-purity samples of GaAs (diameter = 25.39mm and height = 6.25mm), 

GaP (diameter = 48.12mm and height = 5mm) and 4H-SiC (diameter = 11mm and height = 2.63mm). The different 

samples were placed in a closed cavity connected to a vector network analyser (VNA) (Figure 1). Different light 

sources were used to illuminate the semiconductor (SC) samples via an optical fibre. A 10mW white light and three 

different 1.4mW lasers (red (633nm), green (532nm) and blue (402nm)) were used to illuminate the samples. The cavity 

was located in a vacuum chamber and cooled on the cold finger of a single stage cryocooler. Once the temperature of 

the sample stabilized, the chosen resonant mode frequency and Q-factor were recorded via a fast data acquisition 

system. The sample was then illuminated for a certain time until the mode frequency stabilized after which the light was 

switched off. 

 

 

Figure 1 : (color online) The experimental setup 

RESULTS 

Measurements on GaP 
The WGE11,0,0 and WGE20,0,0 modes, respectively, at 10.9GHz and 16.5GHz, at 50K, were used for this first experiment. 

A 10mW power white light was sent to the sample and both frequencies recorded. The figure 2 and 3 show the 

evolution of the relative permittivity and microwave losses in the GaP sample under illumination . Due to  different 

electric field distributions in  the two modes, the light  illuminated “more field” in the case of the WGE20,0,0. As a result, 



it is clear that the effect of the light is stronger in  the second mode. This  can be explained by the fact that the light 

modifies the properties of the semi-conductor material where the field is confined. 
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Figure 2 : (color online) The evolution of the relative 

permittivity as a function of time for two different measured 

modes in the GaP sample at 50K 
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Figure 3 : (color online) The evolution of the reciprocal of the 

quality factor (or microwave losses) as a function of time for two 

different measured modes in the GaP sample at 50K 

In the second experiment, GaP was measured where three 1.4mW different coloured lasers (red, green and blue) were  

used to illuminate the sample. The WGE11,0,0 mode was  used  and the resulting measured  microwave losses are plotted 

in figure 4. We observed a bigger increase in  the losses when the sample was  under red light and almost no effect 

under blue light. Considering the energy of the incident photon (Eph=hν), the energy of the red, green and blue photons 

have  energies  equal to 1.9, 2.3 and 3.2eV. The energy gap of GaP semi-conductor is known  to be 2.33eV at 50K, but 

the band to band transition is not responsible to the observed modification of the microwave properties of the sample as 

the energy of the red photon is not high enough to facilitate the transition. 
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Figure 4 : (color online) The evolution of the reciprocal 

quality factor (or microwave losses) of the GaP sample 

under red, green and blue lights at 50K 

Measurements on GaAs 

The GaAs sample was measured with the three lasers  using the WGH7,0,0 mode at  12.54GHz  to characterise the effect 

of illumination. In this case, the energy of the incident red, green and blue photons is larger than the energy gap of the 

GaAs semi-conductor (1.51eV at 50K). Under green light, the measured mode disappears almost instantaneously into 

the noise floor of the VNA. The time it takes was too fast to be measured using our standard data acquisition software. 

Under red and blue light, the effect is similar to that   observed in GaP. 

Measurements on 4H-SiC 

In the 4H-SiC sample, the TE011 mode was measured under red, green and blue light. Its frequency was near 10.9GHz at 

50K.   Figure 5 shows the evolution of its relative permittivity as a function of time, at 50K. This was calculated to be 

nearly the same regardless of the colour (wavelength) of light used. The lasers were powered using an external power 

supply and it was not easy to set the exact same power when we changing over to a different laser. This may explain the 

small differences. Also, in the case of the 4H-SiC sample under illumination by any of the red, green and blue lasers, 

the energy of the incident photons is lower than the energy gap of 4H-SiC (3.25eV at 50K). Again, the band to band 

transition cannot be the explanation for the observed effect because it is not allowed. 
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Figure 5 : (color online) The evolution of the relative 

permittivity of the 4H-SiC sample under red, green and blue 

light at 50K 



 

CONCLUSION 

The paper shows a modification of the microwave properties of the GaP, GaAs and 4H-SiC semi-conductor materials 

under light at cryogenic temperatures. The first conclusion is that the properties of the sample are modified only if the 

light is illuminated a zone where the electromagnetic field is confined. And in both  GaP and 4H-SiC, we have shown 

an effect is observed under illumination  even if the energy of the incident photons is lower than the energy gap of the 

semi-conductor. This may be explained by the fact that the samples have been unintentionally doped during the 

manufacturing  process.  Impurities with energy levels in the band gap might be related to the observed effect.  
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