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Handbook on Physical Properties of Semiconductors is an essential resource for students,
researchers, and engineers involved in the field of semiconductor technology. This handbook serves
as a comprehensive guide, providing vital information on the physical properties of semiconductors,
which are crucial for the design and optimization of electronic devices. Understanding these
properties is key to advancing technology in electronics, optoelectronics, and photovoltaic
applications. This article will explore the various aspects covered in a typical handbook on physical
properties of semiconductors, including their electrical, thermal, optical, and mechanical properties.

Introduction to Semiconductors

Semiconductors are materials with electrical conductivity between that of conductors and insulators.
This unique property allows them to play a vital role in the functioning of modern electronic devices.
The most common semiconductor materials include silicon (Si), germanium (Ge), and gallium
arsenide (GaAs). Understanding their physical properties is crucial for engineers and scientists
involved in the semiconductor industry.

Classification of Semiconductors

Semiconductors can be classified based on several criteria:

1. Intrinsic Semiconductors: Pure forms of semiconductor materials without any significant impurity
levels. Their electrical properties are determined solely by their atomic structure.

2. Extrinsic Semiconductors: Doped semiconductors that have impurities added to enhance their
electrical properties. They are further classified into:
- n-type Semiconductors: Doped with elements that have extra electrons (e.g., phosphorus in silicon).
- p-type Semiconductors: Doped with elements that create holes (e.g., boron in silicon).

Electrical Properties

Electrical properties are fundamental to the operation of semiconductor devices. The following
properties are typically discussed in a handbook on physical properties of semiconductors:

Conductivity



- Definition: Conductivity is a measure of a material's ability to conduct electric current. It is
influenced by the number of charge carriers (electrons and holes) and their mobility.
- Temperature Dependence: In intrinsic semiconductors, conductivity increases with temperature as
more charge carriers are thermally generated.

Carrier Concentration

- Intrinsic Carrier Concentration: The number of charge carriers in an intrinsic semiconductor at
thermal equilibrium.
- Doping: In extrinsic semiconductors, the carrier concentration is significantly increased by doping.
The concentration of n-type or p-type carriers can be calculated using the following formulas:
- For n-type: \( n = N_D - N_A \)
- For p-type: \( p = N_A - N_D \)

Where \( N_D \) is the donor concentration and \( N_A \) is the acceptor concentration.

Mobility

- Definition: Mobility refers to how quickly charge carriers can move through a semiconductor when
an electric field is applied. It is influenced by temperature, impurities, and lattice structure.
- Factors Affecting Mobility:
- Temperature
- Doping concentration
- Scattering mechanisms (ionized impurity scattering, phonon scattering)

Thermal Properties

The thermal properties of semiconductors are critical for understanding heat management in
electronic devices.

Thermal Conductivity

- Definition: Thermal conductivity is the ability of a material to conduct heat. Semiconductors
generally have lower thermal conductivity compared to metals, which can affect device performance.
- Factors Influencing Thermal Conductivity:
- Crystal structure
- Temperature
- Impurity concentration

Heat Capacity



- Definition: Heat capacity is the amount of heat required to change a material's temperature by one
degree.
- Dependence on Temperature: The heat capacity of semiconductors varies with temperature and
can be modeled using Debye or Einstein models.

Optical Properties

The optical properties of semiconductors are vital for applications in photonics, solar cells, and
optoelectronic devices.

Band Gap Energy

- Definition: The band gap energy is the energy difference between the valence band and the
conduction band. It determines the wavelength of light that a semiconductor can absorb or emit.
- Types of Band Gaps:
- Direct Band Gap: Electrons can directly transition from the valence band to the conduction band
(e.g., GaAs).
- Indirect Band Gap: Requires a phonon for the transition (e.g., Si).

Absorption and Emission of Light

- Absorption Coefficient: Determines how much light is absorbed per unit distance in the material. It
is wavelength-dependent.
- Photoluminescence: The emission of light from a semiconductor after absorbing photons, useful in
characterizing materials.

Mechanical Properties

Mechanical properties are also crucial for semiconductor fabrication and device reliability.

Elastic Modulus

- Definition: The elastic modulus measures a material's ability to deform elastically (i.e., non-
permanently) when a force is applied.
- Importance: High elastic modulus is desirable for structural integrity in electronic devices.

Thermal Expansion Coefficient

- Definition: The thermal expansion coefficient quantifies how much a material expands with



temperature.
- Significance: Mismatches in thermal expansion between semiconductor materials and substrates
can lead to mechanical stress and failure.

Applications of Semiconductor Properties

Understanding the physical properties of semiconductors is essential for various applications:

1. Transistors: The building blocks of modern electronics, relying on the controlled flow of charge
carriers.
2. Solar Cells: Utilize the optical and electrical properties of semiconductors to convert solar energy
into electricity.
3. LEDs and Laser Diodes: Depend on the optical properties of semiconductors for light emission.
4. Sensors: Use electrical changes in semiconductors to detect environmental changes.

Conclusion

The handbook on physical properties of semiconductors is an invaluable resource for anyone
working in or studying the field of semiconductor technology. By providing in-depth information on
electrical, thermal, optical, and mechanical properties, the handbook serves as a foundational text
that aids in the understanding and innovation of semiconductor devices. Mastering these physical
properties is crucial for advancing technology, ensuring that engineers and scientists can design
more efficient, reliable, and powerful electronic systems. As the demand for semiconductor devices
continues to grow, the knowledge contained within such handbooks will remain pivotal in driving the
future of electronics.

Frequently Asked Questions

What is the primary focus of the 'Handbook on Physical
Properties of Semiconductors'?
The handbook primarily focuses on the physical properties of various semiconductor materials,
providing detailed information on their electrical, thermal, optical, and mechanical characteristics.

Who are the intended readers of the 'Handbook on Physical
Properties of Semiconductors'?
The intended readers include researchers, engineers, and students in the fields of materials science,
electrical engineering, and solid-state physics who are interested in semiconductor technology.



How does the handbook address the temperature dependence
of semiconductor properties?
The handbook extensively covers the temperature dependence of various semiconductor properties,
discussing how characteristics like conductivity, bandgap, and mobility change across different
temperature ranges.

Are there any notable semiconductor materials highlighted in
the handbook?
Yes, the handbook highlights several notable semiconductor materials, including silicon, gallium
arsenide, and indium phosphide, along with their unique physical properties and applications.

What type of data and tables can one expect to find in the
handbook?
Readers can expect to find comprehensive data tables, graphs, and charts detailing the physical
properties of semiconductors, including electrical conductivity, thermal conductivity, dielectric
constants, and more.

How does the handbook contribute to advancements in
semiconductor technology?
The handbook serves as a critical reference for understanding semiconductor properties, facilitating
research and development in semiconductor technology and aiding in the design of new devices and
materials.
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