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potential. The dynamics was explained using the energy band diagram for silicon under UV 

light illumination. The effective lifetime of excess carriers excited by NIR laser was measured 

under steady state conditions and it was found that it depends on the excess carrier density. 

In Chapter 6 we investigate optical properties in high resistivity doped silicon and single 

crystalline Si solar cell using reflection THz-TDS. The measured reflectance and refractive 

index of the silicon were in good agreement with reported values. The reflectance (and the 

refractive index) measured in the front surface of the single crystalline Si solar cell is much 

higher than that of silicon. In addition, no significant change in the THz reflection was observed 

for the samples when illuminated by UV and NIR radiation. 

In Chapter 7 we present a LTEM study for a polysilicon solar cell. The THz wave emission 

image directly reflects the electric field distribution in solar cell when illuminated by 

femtosecond laser. The effects of NIR and UV illumination on the THz wave emission from 

solar cell were examined under different voltage bias conditions. THz wave emission images 

showed that the THz emission gradually decreased with increasing illumination power. These 

changes were explained using the band structure of the illuminated solar cell. 

In Chapter 8 we draw out the conclusions based on the findings in this thesis. 
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was reported by Hu and Nuss in 1995 [15]. Since then, many imaging techniques were 

developed by using THz waves. In THz wave imaging, the images are taken by either the THz 

waves transmitted through or reflected from a sample using THz-TDS. Another attractive tool is 

laser terahertz emission microscope (LTEM), which shows unique advantages as a material or 

device imaging [16]. This system has the advantage in spatial resolution over the conventional 

THz wave imaging, because the spot size of the excitation laser is much smaller than that of 

THz waves. In this system, the sample itself is the source of THz emission, and the THz 

emission properties such as amplitude and waveform reflect the nature of the material. This 

system can detect and image THz wave emissions from various electronic materials such as 

semiconductors, high-critical-temperature superconductors, or ferroelectric materials when the 

sample is excited by femtosecond laser [6, 16]. This system was originally developed in our 

laboratory and demonstrated its capability for detecting defective interconnections in IC chips 

[17]. The results showed that the image of broken IC chips is different from the normal chips. 

Recently, Nakanishi et al., applied this technique to study THz emission properties of a 

polysilicon solar cell [18]. Their results showed that the THz emission image gives the structural 

information and reflects the dynamics of the local photoexcited carriers. 

On the other hand, photovoltaic (PV) technology has attracted much attention due to increasing 

energy demands for the future [19, 20]. The traditional sources of energy such as fossil fuels are 

being depleted day by day. The search for efficient and affordable methods for alternative 

sources of energy is important, and the conversion of solar energy into electrical power via 

photovoltaic devices is one of the most promising methods. However, the major challenges are 

to produce solar cells with high efficiency at an economically acceptable price. In order to get 

more efficient solar cells, much research and development is still required.  

A variety of optical methods, such as photoluminescence (PL) [21], electroluminescence (EL) 

[22], and the laser beam induced current (LBIC) [23] have been adapted for characterizing 

photovoltaic cells. Most of these methods are designed for large area collection such as entire 

PV panel imaging. The PL technique is applied to inspect silicon wafers and solar cells. This 

technique uses a short laser pulse to illuminate the cell, and the PL image of the resulting 

luminescence is detected using a sensitive camera. The PL image permits the visualization of 

the minority carrier lifetime and detection of local defects, among other properties. EL is the 

emission of light due to an applied electrical current by connecting the cell in forward bias. This 

imaging technique requires electrical contact with the device. Therefore, this technique can be 

applied for finished solar cell or module only, not for solar cell wafers. A silicon CCD camera is 
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used to acquire the EL image. This technique can be used for detecting defects and measuring 

cell uniformity. LBIC is a conventional technique used for measuring the current generated from 

the solar cell and the cell uniformity by scanning with a laser beam. The major disadvantage of 

this method is the requirement of electrical contacts, so that this method cannot be applied for 

the inspection of solar cell wafers. Recently, laser superconducting quantum interference device 

(SQUID) microscope [24] has been used to inspect the inhomogeneity of a polysilicon solar cell. 

This technique uses a continuous light focused on the surface of the solar cell to measure the 

magnetic field induced by the photocurrent. This technique is also applicable for finished solar 

cells.  

The performance of solar cells usually depends on the material quality and on the incident 

intensity and wavelength of light. Thus, the characterization of materials is of importance for 

design and fabrication of solar cells. It is also important to inspect finished solar cells to 

improve and maintain the product quality. In the photovoltaic industry, THz spectroscopic 

techniques can be applied to characterize solar cells and related materials. Measurements of the 

wavelength dependence of optical response are particularly important to understand the physical 

behavior of solar cells. For example, the near infrared (NIR) and ultraviolet (UV) light response 

are dominated by the charge carrier in the base (p-region) and emitter (n-region) of the solar cell 

due to the difference in their penetration depth. Therefore, the optical properties and the carrier 

dynamics at the surface and/or inside the solar cell can be studied. By using the transmission 

THz-TDS technique, the optical properties of solar materials or semi-finished solar cells can be 

studied under light illumination without electrical contacts. Since the finished solar cells are 

opaque in the THz waves, the optical properties can be determined by using reflection THz-TDS. 

On the other hand, LTEM can be used to inspect finished solar cells to study the dynamic 

behavior of photoexcited carriers. 

In this thesis, the optical properties and the dynamics of photoexcited carriers in silicon and 

silicon-based solar cells were studied under continuous-wave (CW) 800 nm (NIR) and 365 nm 

(UV) light illumination. The photoexcited carriers affect a number of material parameters such 

as complex refractive index, conductivity, and mobility. The lifetime and surface recombination 

velocity (SRV) of photoexcited carriers also affects the overall performance of solar cells. 

Working conditions for the solar cell was simulated by illumination with CW light, and the 

different material parameters were then examined without the need of electrical contacts using 

THz-TDS. The dynamics of local photoexcited carriers in solar cell were also inspected under 

similar working conditions of solar cell using LTEM. A thorough knowledge of wavelength 
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Chapter 2: Fundamentals of photovoltaics 
 

 

2.1  Introduction  

Photovoltaic (PV) cells convert sunlight directly into electricity. The conversion process is 

based on the photovoltaic effect discovered by Alexander Becquerel in 1839 [1]. The 

photovoltaic effect describes the release of charge carriers in a semiconductor when light 

illuminates its surface. The first modern inorganic solar cell was built by Bell Laboratories in 

1954 [2]. It was based on silicon and had an energy conversion efficiency of around 6%. Over 

the years efficiency has reached 25% for crystalline silicon solar cells [3]. There are many 

different types of materials are used for solar cell fabrication, the more traditional one is 

crystalline silicon. Generally, single crystalline Si solar cells have the highest efficiency than 

non-silicon based solar cells [4]. The other types of solar cells are thin film solar cells. They are 

made from layers of semiconductor materials such as amorphous silicon, cadmium telluride 

(CdTe), and copper indium gallium selenide (CIGS) only a few micrometers thick [5]. These are 

cheaper but the efficiency (10~20%) of the cells is lower than that of silicon-based solar cells 

[4]. Solar cells are also made from variety of new materials besides silicon, including nanotubes, 

silicon wires, organic dyes, and conductive plastics. Most of the works on these solar cells are 

being done in the laboratory. Another important structure of solar cell is multi-layer cells, where 

each layer will utilize light with different wavelengths; in this way, we can get cells with a 

higher efficiency. The efficiency of three layer cells (InGaP/GaAs/InGaAs) is about 40% [6]. 

Among the different types and concepts of solar cells, silicon solar cells are still the most 

popular and efficient. They comprise more than 85% of the PV market today. There are two 

main types in silicon solar cells: single-crystalline and polycrystalline. Single crystalline solar 

cells are made from a single crystal and have the highest efficiency but are the most expensive. 

Polycrystalline cells are made from many crystals and are more cost effective but less efficient. 

It typically contains a large impurity density, and crystal defects occur at the grain boundaries 

that act as recombination centers. The grain boundaries reduce the effective diffusion length and 

thus carriers recombine before they can reach the contact. Today the most efficient single 

crystalline solar cells have reached efficiencies up to 25%, while commercially available poly 

silicon solar cells have efficiencies about 20% under the global AM1.5 spectrum (1000W/m2) 

[4]. The main factor affecting this efficiency is the fact that photons with energies below the 

band gap energy cannot contribute energy conversion. Likewise, energy in excess of the band 
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experimental setups for terahertz spectroscopy, transmission THz-TDS [7] and reflection 

THz-TDS [8]. In the transmission setup, the THz beam generated by the emitter is focused on 

the sample position and propagates through the sample. After that, the beam is again focused on 

the detector system. The transmission setup is used to measure optically thin samples. For 

opaque samples, the reflection setup is required. Instead of propagating through the sample, the 

THz pulse is reflected from the sample. Then the beam is led to the detector by a beam splitter. 

In this section, we will briefly discuss the THz-TDS experimental setups and revise the data 

analysis for material parameters extraction.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

3.4.1  Transmission THz-TDS  

A typical schematic of a transmission THz-TDS setup is shown in Fig. 3.4. The system is based 

on a mode-lock Ti:sapphire laser that produces femtosecond laser pulses. The femtosecond laser 

pulses are divided into two pulses. One of the laser pulses is focused on the biased 

photoconductive emitter to generate THz pulses. The divergent THz pulses are collected and 

collimated by two parabolic mirrors and focused onto the sample. The transmitted THz pulses 

through the sample are collected and collimated by other two parabolic mirrors and focused 

onto the detector. The other optical pulse is focused onto the detector through variable delay 

stage. The THz pulses are obtained by scanning the relative time delay between the THz pulses 

and the laser detection pulse. The signal from the detector is usually weak. To detect such small 

signals, a lock-in amplifier is used. This system requires a mechanical chopper  

 

Figure 3.4: Schematic of the experimental setup employed for transmission-type THz-TDS 
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to be placed in the emitter or detector branch. There is setup without chopper, when an emitter is 

biased with an AC voltage. The typical operation frequency of the chopper is 1-2 kHz. The 

delay line is used for temporal scanning of the generated THz pulses. The delay line and 

lock-inamplifier are controlled by using a computer. The whole terahertz beam path from the 

transmitter to receiver is enclosed and purged with dry nitrogen, because water vapor absorbs 

THz radiation strongly at some frequencies. 

In the transmission THz-TDS, two measurements are performed in the time-domain: one is with 

a sample, and the other is without a sample. The two measured signals are transferred to the 

frequency domain. Figure 3.5 shows the measurement of the transmitted THz pulses and an 

example of a data measured using this system, in which time-domain waveforms and the related 

frequency spectra are shown, which allows the determination of the absorption coefficient and 

the refractive index of the sample in the THz region. Typical THz-TDS spectra can range from 

0.1 to 4 THz. The spectroscopic information obtained using THz-TDS also provides data to 

calculate the conductivity, charge carrier density, and carrier mobility of materials [7]. 

 
Figure 3.5: (a) THz transmission measurement, (b) time-domain THz signal and (c) related 

frequency spectrum by transmission THz-TDS. 
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3.4.2.1  Reflection THz-TDS setup 

The schematic configuration of the experimental setup for the reflection THz-TDS system is 

shown in Fig. 3.6. A mode-lock Ti:sapphire laser, which provided 70 fs pulses and a wavelength 

of 800 nm at a repetition rate of 82 MHz, was used as an optical source. The femtosecond laser 

beam is divided into two beams by using a cubic beam splitter. One of the beams illuminates the 

(100) InAs wafer at an incident angle of 45° for generating THz pulses. Two parabolic mirrors 

are used to collimate and focus the generated THz pulses onto the sample (or the reference 

mirror) surface at normal incidence and the reflected THz pulses from the surface is focused 

onto the detector by wire-grid polarizer (wire-grid 1) and a third parabolic mirror. The polarized 

reflectivity can be measured using two wire-grid polarizers. The other laser beam passes 

through a variable delay-stage and is focused onto the detector. The detector consists of a 

photoconductive dipole antenna on a LT-GaAs substrate. The THz pulse wave is obtained by 

varying the optical length of the femtosecond laser. In order to avoid the misplacement error, the 

reference mirror and the sample are placed on the sample holder and their positions are changed 

using a computer-controlled x-y translation stage. For imaging, the time-delay stage is generally 

fixed at the maximum amplitude of the THz signal, and then the THz beam is scanned over the 

sample surface using the computer controlled x-y stage.  

 
Figure 3.6: schematic of the experimental setup employed for reflection THz-TDS  
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Figure 3.8: Schematic of simple laser terahertz emission microscope (LTEM) system employed in 

the present study 

 

 
Figure 3.9: Typical LTEM image of poly crystalline silicon solar cell [18]. The image was obtained 

at an excitation laser power of 70 mW and a reverse bias voltage of 10V. 
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3.6  Summary 

In this chapter, the most commonly used techniques and the principles of generation and 

detection of THz pulses have been discussed. The mechanisms of photocarriers generation and 

the consequent THz pulse generation, as well as a brief description of the method of detection 

are reviewed. A common setup for transmission THz-TDS is presented. The data analysis for 

transmission geometry is thoroughly revised. The fundamental analytical expressions for 

material parameters extraction have been highlighted. The reflection THz-TDS is presented and 

briefly discussed the measurement and data analysis procedure. Laser terahertz emission 

microscope (LTEM) technique is also reviewed. The experimental setup and the principle of 

LTEM have been discussed. 
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photoconductive antenna to generate terahertz pulses. Four off-axis parabolic mirrors were 

guided the generated THz wave to the detector. A similar photoconductive antenna was used for 

detection. LT-GaAs photoconductive antenna emits THz wave with the frequency range of 0.04 

- 4 THz in this system. In addition, a CW light was introduced into the system, and sample was 

illuminated by the CW light with wavelength of 800 nm (NIR) or 365 nm (UV) at various 

powers to generate charge carriers. Illumination with NIR light favors charge generation in the 

base while illumination with UV light favors charge generation at the surface region of the solar 

cell. The illumination area on the sample was 0.5 cm2 and 0.88 cm2 for NIR and UV light, 

respectively. The THz radiation was focused onto the sample with a spot diameter of about 5 

mm. The illumination area was larger than that of THz beam spot, so that the THz wave was 

incident in a uniformity of illumination of photoexcitation. Measurements were carried out at 

various illumination powers of illumination light on both surfaces of the non-coated and the 

AR-coated samples. Table 4.1 indicates the measurement conditions at two wavelengths of light 

illuminating on the two sample surfaces. Two types of measurements were taken in the 

time-domain, with and without the sample (which serves as the reference). The optical 

properties of the sample can be deduced by analyzing the fast Fourier transformation (FFT) 

spectrum of the time-domain signals. All measurements were performed at room temperature 

with relative humidity of 30-35%. 

 
Figure 4.2: Schematic experimental setup for transmission-type THz-TDS system employed in the 

present study. 
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time-domain waveforms data, the frequency dependence of the complex conductivity in the 

THz region was obtained. The frequency dependent real part of the conductivity data fitted by 

simple Drude model at different illumination level is shown in Fig. 4.11. From the fitting 

procedures, the excess carrier density and mobility were estimated using Eqs. (3.22) and (3.23), 

and the results are presented in Table 4.4. The excess carrier density and mobility are smaller for 

the UV light illumination than that for the NIR light one. These can be explained by considering 

the penetration depth, photoexcited carrier generation, and recombination. Due to the short 

penetration depth of UV light, the photoexcited carriers are generated within 10 nm from the 

surface, and their lifetime is strongly shorten by high surface recombination values. 

4.4.4  Single crystalline Si solar cell with AR coating layer 

Anti-reflection (AR) coating plays an important role for the improvement of solar cell energy 

conversion efficiency. It is well known that bare Si has a high surface reflection of more than 

30% due to high refractive index. An efficient AR coating (layer of non-absorbing material with 

lower refractive index) on the surface reduces reflection and allows more light to enter into the 

solar cell, thereby increasing the energy conversion efficiency. THz-TDS measurements were 

also performed on the single crystalline Si solar cell with AR coating layer under NIR CW laser 

illumination.  

4.4.4.1  THz-TDS measurements with 800 nm (NIR) CW laser illumination  

Figure 4.12 (a) shows the waveforms of the THz pulses transmitted through the solar cell with 

AR coating layer under illumination of NIR CW laser at various powers. The THz amplitude 

decreases with increasing the illumination power. This is because the increase in illumination 

power resulted in higher photoexcited carriers in the solar cell and therefore greater THz 

amplitude attenuation due to absorption by the photoexcited carriers. Figure 4.12(b) shows the 

modulation of the THz transmission at different excitation powers due to an increase of 

photoexcited carriers in the sample. The reference signal (without sample) was also measured. 

In order to get the optical constants, the time-domain data converted to the frequency domain by 

FFT to obtain amplitude and phase spectra. After analyzing these spectra, the frequency 

dependent optical constants such as complex refractive index can be obtained. The deduced 

imaginary part of complex refractive index in Fig. 4.12(c) shows modulation due to the 

absorption of the photoexcited carriers. The complex conductivity data can be calculated from 

the complex refractive index data by Eqs. (3.8) and (3.9). Figure 4.12(d) shows the frequency 

dependence of complex conductivity of the solar cell at various illumination powers. 







54 
 

4.4.5  THz-TDS rear surface measurements of single crystalline Si solar cell  

Crystallographic defects and impurities are often present in the solar grade crystalline silicon. 

These imperfections would have a significant effect on the functionality of the device. The 

rough surface causes the incident light to reflect in different directions. Hence, the absorption of 

the incident photon is greatly reduced. THz-TDS measurements were also performed on the rear 

rough surface of the single crystalline Si solar cell with NIR CW laser illumination.  

4.4.5.1  THz-TDS measurements with 800 nm (NIR) CW laser illumination  

In these measurements, the THz pulses were transmitted from the rear surface to the front 

surface of the single crystalline Si solar cell. Figure 4.15 shows the waveforms of the THz 

pulses transmitted through the single crystalline Si solar cell under NIR illumination with 

various powers from the rear surface. The amplitude of the waveforms is attenuated more with 

the increasing illumination power due to the photoexcited carrier absorption. The reference 

waveform (without sample) was also measured. Time-domain waveforms were converted to the 

frequency-domain by FFT. These spectra were analyzed and the properties such as transmittance, 

complex refractive index and conductivity were calculated. It is seen from Fig. 4.16(a)-(c) that 

the frequency dependence of the transmittance, imaginary part of refractive index and 

conductivity changes in the sample due to photoexcited carriers generated by the NIR laser 

illumination. Figure 4.16(d) shows the real part of the conductivity data fitted with the simple 

Drude model.   

  
Figure 4.15: Waveforms of the THz pulses transmitted through single crystalline Si solar cell under 

NIR laser with various illumination powers from rear surface. 
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5.4.1.2  Measurements with 365 nm (UV) CW light illumination  

In this measurement, the sample was illuminated with UV light to generate carriers in the 

surface region. The temporal waveforms of the THz pulse transmitted through the Si wafer 

excited by UV light at different levels of illumination power are shown in Fig. 5.4 (a). It can be 

seen that the amplitude of the waveforms is smaller in the presence of UV illumination than that 

in its absence and it decreases with increasing illumination power. These changes occurred 

because the increase in illumination power resulted in higher photoexcited carrier densities in 

the wafer and therefore greater THz attenuation due to absorption by the photoexcited carriers. 

Figure 5.4(b) shows the amplitude spectra in the frequency domain. The transmission 

coefficient of the sample was obtained by dividing the sample spectra by the reference spectra 

and shown in Fig. 5.5(a). The transmittance of the THz wave decreases with increasing the 

illumination powers due to more photogenerated carriers in the sample. Using the Eq. (3.4) and 

the frequency dependent data of the screening of amplitude and phase, the complex  

 
Figure 5.4: (a) THz waveforms of Si wafer at different level of UV illumination power showing 

efficient THz attenuation and (b) the frequency dependence of their amplitude spectrum. 

 
Figure 5.5: (a) Transmittance and (b) complex refractive index of Si wafer at different level of UV 

illumination powers. 
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Figure 5.10: NIR illumination power dependence of excess carrier density and (b) the excess carrier 

density dependence of effective lifetime of p-type silicon wafer. 

5.4.2  Damaged/rough silicon wafer 

5.4.2.1  Measurements with 365 nm (UV) CW light illumination  

The silicon wafer with randomly rough surface due to the ion bombardment was also measured. 

The surface may have influence in the measured optical properties and recombination 

parameters. Figure 5.11(a) shows the waveforms of the THz pulses transmitted through the 

sample illuminated by UV light with various powers. The sample properties can then be 

obtained by analyzing the time-domain waveforms. The results of frequency dependent real part 

of conductivities are plotted in Fig. 5.11(b). At the same illumination power, conductivity is 

much smaller compared to the polished wafer. This is because the surface recombination rate at  

 
Figure 5.11: (a) Waveforms of the THz pulses transmitted through the damaged silicon wafer 

illuminated by UV light and (b) the real part of conductivity of the sample fitted by simple Drude 

model. The excitation powers are listed in the graph. 
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The effective lifetime was found to be ~10-7 seconds and depends strongly on the excess carrier 

density. The excess carrier density was one order of magnitude lower for rough surface than that 

of polished surface. We also observed high surface recombination for rough silicon surface. 
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THz-TDS is shown in Fig. 6.1. A mode-lock Ti:sapphire femtosecond laser was used as an 

optical source. It provided 70 fs pulses and a wavelength of 800 nm at a repetition rate of 82 

MHz. The laser beam was split into the pump beam and probe beam by a beam splitter. The 

pump beam was illuminated a (100) InAs THz emitter at an incident angle of 45° to generate 

THz pulses. The generated THz pulses were focused on the sample or a gold-coated mirror 

surface with two parabolic mirrors, and the reflected THz pulses from the surface were guided 

to the detector by a wire grid (wire grid 1) and a third parabolic mirror. The probe beam passes 

through a variable time-delay stage and was focused on a photoconductive dipole antenna 

fabricated on a low-temperature-grown GaAs to detect the THz pulses. The THz signal was read 

by a lock-in amplifier from the detector at ~2 KHz rate. The THz waveform was obtained by 

scanning the delay line. For imaging, the time-delay stage was fixed at the maximum amplitude 

of the THz signal and the reflection image was obtained by two-dimensional scanning of the 

sample. The detail data analysis procedures are described in section 3.4.2. 

Since the phase of the signal depends on the position of the reflected surface, it is necessary to 

place a sample and a reference mirror exactly in the same position. Otherwise, a small 

displacement results in a large error in the calculated optical constants [11]. To minimize error 

due to misplacement, a special movable sample holder was used normal to the THz beam. The 

reference mirror and sample were placed on the sample holder and changed their positions using 

a computer controlled x-y stage. This allows the reflection measurements with almost no phase 

errors.  

 

6.4 Results and discussion 

6.4.1  Measurements of silicon wafer 

To check the accuracy of the system, a high resistivity p-type silicon wafer was measured. The 

measurements were carried out at room temperature with regular lab environment. Two types of 

measurements were performed. For reference measurement, the THz signal reflected from the 

gold mirror was recorded. Figure 6.2 (a) shows the temporal waveforms measured with the 

silicon wafer and reference mirror. Figure 6.2 (b) shows their amplitude spectrum in the 

frequency-domain measured by fast Fourier transform (FFT). The amplitude of the waveforms 

reflected from the silicon sample and their FFT spectra are attenuated due to frequency 

dependent absorption and dispersion of the sample.  
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Figure 6.2: (a) Terahertz temporal waveforms of reference and p-type high resistivity silicon wafer, 

and (b) corresponding amplitude spectra in the frequency region. 

The reflection coefficient of the sample can be obtained by using the ratio between the reference 

and the sample amplitude spectra of reflected THz signals by Eq. (3.24). The reflectance can be 

obtained by squaring the reflection coefficient of the sample. It is noted that the reflectance is 

independent of misplacement phase error. Figure 6.3 present the reflectance of the experimental 

data and shows almost flat in the THz frequency range from 0.1 to 1.5 THz. The average 

magnitude of the reflectance for the p-type high resistivity silicon wafer is 0.29. This value is in 

good accordance with the results for high resistivity silicon previously reported [10]. 

 
Figure 6.3 Reflectance of the p-type high resistivity silicon wafer from the reflection measurement 

From the measured reflectance, the complex refractive index of the silicon wafer can be 

obtained using Eqs. (3.25) and (3.26). The refractive indices of the silicon wafer from the 

reflection measurement and the transmission measurement are presented in Fig. 6.4 for 

comparison. The value of refractive index for the transmission measurement is obtained as 3.42 

in the THz frequency region between 0.1 and 1.5 THz which is excellent agreement with  
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Figure 6.5: (a) Terahertz temporal waveforms of reference and single crystalline Si solar cell from 

front surface reflection and (b) corresponding amplitude spectra in the frequency region. 

 

 
Figure 6.6: (a) Reflectance and (b) complex refractive index of single crystalline Si solar cell 

measured from front surface reflection. 

 

Similar measurements were done on the solar cell under 365 nm (UV) and 800 nm (NIR) light 

illumination. Terahertz pulses reflected from the single crystalline Si solar cell illuminated by 

UV and NIR light at various powers are shown in Figs. 6.7(a) and (b), respectively. Results 

show that there is no significant reflection change in single crystalline Si solar cell under UV 

and NIR illumination.   
















































