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� Introduction to Semiconductors

In This Lecture:



C. Bulutay Lecture 1Topics on Semiconductor Physics

Classification of Electronic Materials
Semimetals
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Source: J. Singh
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e.g., Bi, Sb, As, 

HgTe, HgSe
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A typical se/c (EPM) bandstructure: GaN & AlN
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Periodic Table
Common se/c
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A Classification of Se/c’s

Elemental Semiconductors

� Group-IV: Si, Ge; Diamond structure, tetrahedrally coordinated

� Group-V, VI: P, S, Se, Te are also se/c’s with several different crystal 

structures. Good glass formers

Binary Semiconductors

� III-V compounds are similiar to group IV� III-V compounds are similiar to group IV

� IV → III-V  ionicity increases. Electronic charge transfer from III to V 

atom: Coulomb interaction, changes in electronic band structure

� II-VI (ZnS): more ionic. Mostly large bandgaps → displays and lasers. 

Exception: HgTe zero bandgap → IR detectors.

� I-VII (CuCl): have larger bandgaps. Some are regarded as insulators. 

Increased cohesive energy. Rock salt struc. 

� IV-VI (PbS, PbTe, SnS): semiconductors. Large ionicity. 6-fold 

coordination. Very small gaps. → IR detectors

Ref: Yu-Cardona
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Oxides

� CuO, CuO2:semiconductors ZnO →transducer

� High Tc SC: Copper oxides: La2CuO4 → bandgap 2 eV.Dope with Ba or Sr. 
P-type. 

Layered Semiconductors

� PbI2, MoS2, GaSe, GaS: Intraleyer bonding covalent, interlayer bonding van 
de Waals.

� 2D Materials: MoS2, MoSe2, WSe2, … (Currently very hot in research)

Organic Semiconductors

Polyacetylene [(CH ) ], polydiacetylene

A Classification of Se/c’s (Cont’d)

� Polyacetylene [(CH2)n], polydiacetylene

� LEDs, lasers? Displays. Cheap. Slow. Bandgap manipulation is easier. 

Magnetic Semiconductors (gained further importance with spintronics)

� Magnetic ions: Mn, Eu etc. EuS, Cd1-xMnxTe: ferromag, antiferromag 
possible. Dilute mag se/c’s. Large Faraday rotation → optical modulators.

Others

� SbSI: Ferroelectricy at low T, 

� I-III-VI2, II-IV-V2: AgGaS2 and ZnSiP2 → chalcopyrite struc.  Tetrahedral 
bonding. Analog to III-V and II-VI.

� IV-VI with formula such as As2Se3: se/c’s in crystalline or glassy states

Ref: Yu-Cardona
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Ternary and Quaternary Se/c’s

� IIIx-III1-x-V type ternaries:

� AlxGa1-xN, AlxGa1-xAs,AlxIn1-xP, 

AlxIn1-xSb, etc.

� III-V1-x-Vx type ternaries:

A Classification of Se/c’s (Cont’d)

� AlAs1-xPx, GaAs1-xPx, InSb1-xAsx, 

InSb1-xBix, etc.

� IIIx-III1-x-Vy-V1-y, type Quaternaries:

� GaxIn1-xAsyP1-y, GaxIn1-xAsySb1-

y, etc.

� III 1-x-y IIIx- IIIy-V type Quaternaries:

� In 1-x-y AlxGayP, In 1-x-y AlxGayAs, etc.
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Band gap vs. Photon Wavelength

Source: J. Singh

Surprise: dilute nitrides!
Bandgap not linear interpolation
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Comparison of se/s

Source: J. Singh
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Why insist on se/c ?

� Physical properties of se/c can be altered drastically by

� Doping

� Pressure

� Electric or magnetic field

� Light

� Temperature

� Response of se/c to external inputs can be tailored in a manner that allows � Response of se/c to external inputs can be tailored in a manner that allows 

the devices to implement all necessary information processing operations

� Digital & analog signal processing

� Oscillators

� Detectors

� Memories

� …

� Industrial conservatism; huge investments and acquired knowledge
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Why insist on se/c ?
� Electrons have:

charge → interact strongly

Good for information processing/computation (digital/analog)

But they interact strongly among themselves and the environment, hence they 

are prone to noise 

mass → they suffer from propagation delays (drift velocity in se/c ~ 107 cm/s)mass → they suffer from propagation delays (drift velocity in se/c ~ 107 cm/s)

spin → a gateway to spintronics & quantum technologies (inc. nuclear spins)

� Photons have:

no mass, no charge → very weak interaction

Ideal for signal transmission as they are fast and hardly interact with each other

But, it is also harder to operate on them as in the case of electrons

� Semiconductors are ideal for hosting both electrons & photons!
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Low-dimensional structures

Spatial confinement length scale (L) comparable with de Broglie wavelength

� Quantum Well (2D)
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� Quantum Wire (1D)

� Quantum Dot (0D)
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