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Abstract: The effect of temperature on the current-voltage (I-V) 

characteristics of silicon-based semiconductor materials is a critical factor 

influencing their performance in electronic applications. This study explores the 

temperature-dependent behavior of the I-V curve, highlighting key phenomena 

such as carrier mobility, bandgap narrowing, and thermal generation of charge 

carriers. Experimental data and theoretical analysis are combined to provide 

insights into optimizing semiconductor devices for various temperature ranges. 
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Introduction 

Silicon-based semiconductor materials are fundamental to modern 

electronics, with applications ranging from microprocessors to solar cells. Their 

electrical properties, particularly the current-voltage (I-V) characteristics, are 

highly sensitive to temperature variations. This sensitivity arises due to changes 

in charge carrier dynamics, including mobility and generation rates, as well as the 

intrinsic properties of silicon, such as bandgap energy. 

Understanding the temperature dependence of I-V characteristics is 

crucial for designing reliable devices that operate across diverse environmental 

conditions. This paper investigates these dependencies, combining theoretical 
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modeling with experimental data to uncover underlying mechanisms and offer 

strategies for device optimization. 

Theoretical Part 

The behavior of silicon-based semiconductors under varying temperatures 

is governed by several key physical principles, including the intrinsic carrier 

concentration, carrier mobility, bandgap energy, and the mechanisms of carrier 

generation and recombination. Understanding these factors is crucial for 

analyzing the temperature-dependent current-voltage (I-V) characteristics and for 

optimizing semiconductor device performance in different thermal environments. 

1. Intrinsic Carrier Concentration 

The intrinsic carrier concentration (nin_ini) in semiconductors is a 

fundamental parameter that determines the number of charge carriers available 

for conduction. It is highly temperature-dependent and increases exponentially as 

the temperature rises. The relationship for the intrinsic carrier concentration in 

intrinsic semiconductors like silicon is given by:  

 

Where: 

 Nc and Nv  are the effective density of states in the conduction and 

valence bands, respectively, 

 Eg is the bandgap energy of the semiconductor, 

 k is the Boltzmann constant, 

 T is the absolute temperature. 

 At higher temperatures, more electrons gain sufficient energy to jump 

from the valence band to the conduction band, leading to an increase in the 

intrinsic carrier concentration. This results in a higher number of charge carriers, 

thus increasing the conductivity and, consequently, the current in the 

semiconductor. 
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2. Carrier Mobility 

Carrier mobility (μ\muμ) describes the ease with which charge carriers 

move through a semiconductor material under the influence of an electric field. 

In silicon, the mobility of both electrons and holes decreases with increasing 

temperature. This is due to the increased scattering of charge carriers by lattice 

vibrations (phonons) as temperature rises. The relationship for carrier mobility as 

a function of temperature can generally be expressed as: 

Where: 

 μ0  is the carrier mobility at a reference temperature, 

 α is a constant that depends on the material, 

 T is the temperature. 

 As the temperature increases, the thermal vibrations of the silicon 

lattice become more pronounced, leading to more frequent collisions between the 

charge carriers and the atoms in the crystal. This scattering reduces the mobility 

of the carriers, which in turn affects the current flow, especially at higher 

temperatures. 

 3. Bandgap Narrowing The bandgap of a semiconductor, particularly 

silicon, is temperature-dependent. As the temperature increases, the bandgap 

energy (Eg) decreases. This phenomenon, known as bandgap narrowing, occurs 

because the atomic vibrations at higher temperatures cause a slight distortion of 

the crystal lattice, reducing the energy difference between the conduction and 

valence bands. This temperature-induced narrowing of the bandgap allows more 

electrons to move from the valence band to the conduction band, thus increasing 

the intrinsic carrier concentration and the overall conductivity. 

 The temperature dependence of the bandgap can be approximated by 

the empirical relation: 
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Where: 

 Eg0 is the bandgap at absolute zero, 

 γ and β are material-specific constants for silicon. 

The decrease in bandgap energy with temperature is crucial for 

understanding the increase in current at higher temperatures, as it reduces the 

energy barrier for carrier excitation. 

4. Thermal Generation and Recombination 

The process of thermal generation refers to the creation of electron-hole 

pairs due to thermal energy. As temperature increases, more electrons acquire 

enough energy to transition from the valence band to the conduction band, 

generating electron-hole pairs. This increases the overall charge carrier 

concentration and contributes to an increase in the current through the material. 

However, these thermally generated carriers can also recombine, 

especially at high temperatures, leading to a decrease in the carrier lifetime. The 

rate of carrier recombination is also temperature-dependent and can be described 

by the Shockley-Read-Hall recombination model. The recombination rate 

increases at higher temperatures, which may offset some of the increase in current 

due to thermal generation. 

5. Temperature Dependence of Reverse Saturation Current 

In the reverse bias region of a semiconductor diode, the reverse saturation 

current (I0) increases exponentially with temperature. This is because thermal 

generation of electron-hole pairs contributes to a small current even in reverse 

bias. The reverse saturation current is related to temperature by the equation: 

 

Where: 

 I0,0 is the reverse saturation current at a reference temperature, 

 Eg  is the temperature-dependent bandgap energy, 
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 T is the temperature. 

This exponential increase in the reverse saturation current with 

temperature is a key factor in the I-V characteristics of semiconductors, 

particularly in devices like diodes and transistors. 

6. Impact on I-V Characteristics 

The I-V characteristics of silicon-based semiconductor materials are 

governed by these temperature-dependent phenomena. As temperature increases, 

the following effects are typically observed: 

 The forward current increases due to the rise in intrinsic carrier 

concentration and enhanced thermal generation of carriers. 

 The forward voltage decreases due to the narrowing of the bandgap 

and the temperature-induced increase in carrier concentration. 

 The reverse saturation current increases exponentially with 

temperature, leading to a higher leakage current in reverse bias. 

These temperature effects must be carefully considered when designing 

and optimizing semiconductor devices for specific applications, particularly in 

environments where temperature variations are expected. 

Results 

The temperature dependence of the current-voltage (I-V) characteristics 

of silicon-based semiconductor materials was studied experimentally by varying 

the temperature from 300 K to 400 K. The measurements were conducted using a 

silicon diode in a temperature-controlled chamber. The experimental results 

revealed several key trends: 

1. Current Increase with Temperature: As the temperature increases, the 

current through the diode increases for a given applied voltage. This is due to the 

increase in intrinsic carrier concentration and enhanced carrier mobility with 

temperature. 

2. Non-linear Behavior: The I-V curves exhibited non-linear behavior, 

especially at higher temperatures. This non-linearity can be attributed to the 
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effects of thermal generation of carriers and bandgap narrowing as temperature 

increases. 

3. Temperature Coefficient: The temperature coefficient of the forward 

voltage, which is the rate of change of voltage with respect to temperature, was 

found to be negative. This indicates a decrease in forward voltage as temperature 

rises, consistent with the typical behavior of semiconductor devices. 

4. Reverse Saturation Current: The reverse saturation current was found 

to increase exponentially with temperature, as predicted by the Shockley diode 

equation. This is due to enhanced thermal generation of charge carriers at higher 

temperatures. 

5. Comparison with Theoretical Models: The experimental data were 

compared with theoretical models of carrier dynamics in semiconductors. The 

results showed good agreement with the models, particularly in terms of the 

temperature dependence of the saturation current and the exponential nature of 

the I-V characteristics. 

The experimental data and the resulting I-V curves for different 

temperatures are shown below: 
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Conclusion 

In this study, the temperature dependence of the current-voltage (I-V) 

characteristics of silicon-based semiconductor materials was thoroughly 

investigated. The experimental results showed that as the temperature increases, 

the current through the semiconductor also increases for a given voltage. This 

behavior is primarily due to the rise in intrinsic carrier concentration and enhanced 

carrier mobility, both of which are temperature-sensitive. 

The I-V curves exhibited nonlinear characteristics, with noticeable 

changes in slope as temperature increased, reflecting the combined effects of 

carrier dynamics and bandgap narrowing. Additionally, the forward voltage 

decreased with temperature, consistent with theoretical expectations for 

semiconductor materials. 

Reverse saturation current was observed to increase exponentially with 

temperature, a result that aligns with the Shockley diode model. The experimental 

data showed good agreement with theoretical predictions, confirming the 

temperature-dependent behavior of silicon-based semiconductors. 

These findings emphasize the importance of temperature management in 

semiconductor device applications, as temperature fluctuations can significantly 

affect the performance and reliability of devices. Understanding these temperature 

effects is crucial for optimizing semiconductor materials for a wide range of 

applications, from microelectronics to photovoltaic devices. 
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