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Last time:
Metals (free electron model) cont’d
Band structure
Today:
Band structure cont’d,
semiconductors
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Today

 Semiconductors and semiconductor devices
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Transistor count
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In 2020’s:
single atom level
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Single atom ftransistor
LETTERS nature

PUBLISHED ONLINE: 19 FEBRUARY 2012 | DOI: 10.1038/NNANO.2012.21 nanOteChHOIOgy

A single-atom transistor

Martin Fuechsle', Jill A. Miwa’, Suddhasatta Mahapatra’, Hoon Ryu?, Sunhee Lee?,
Oliver Warschkow?, Lloyd C. L. Hollenberg®, Gerhard Klimeck® and Michelle Y. Simmons'*

Saturation dosing Disscciation Incorporation
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Structure of Matter —WS13/14 — van Loosdrecht — Lecture 8 8



Semiconductors

Direct gap / Indirect gap
Intrinsic / EXtrinsic
Homogeneous / Inhomogeneous
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Diamond band structure

VoLrusMe 16, NUMBER 9 PHYSICAL REVIEYW LETTERS 28 FEBRUARY 1906
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FIci. 1. The electronic band structure of diamand,

BAND STRUCTURE AND OPTICAL PROPERTIES OF DIAWOND®*
W. Saslow,t T. K. Bergstresser, and Marvin L. Cohen¥

Department of Physics, University of California, Berkeley, California
(Received 27 January 1966)
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The electronic band structure of diamand,

‘Quadratic’ dispersion
in extended scheme
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Direct gap: GaAs

Energy
T 300K E,=142¢V
X-valley C-valley Er=171eV
Ex =150 eV
L-valley E,=034eV
Ey
<100> 4 & <11>
Wave vector
Eso | Heavy holes
Light holes
/- Split-off band
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Direct gap: GaAs, absorption
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Indirect gap: Silicon

Energy 200 K Eg: 1.12 eV
1 E=20eV
E, =128V
E_=0044 eV
] E =34eV
E =42eV
E12
'y
<100- |5 ! | <111>
[} Wave vector
Eso,, / Heavy holes
/ Light holes
Split-off band

Indirect bandgap,
optical transitions need an additional phonon for momentum
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Indirect gan. Si absorption

([I,xh V)HE (Cm-NEeVHE)

42& 20K 7
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Fhoton energy Av (V)
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Phonon assisted transitions
Onset at Eg-E

phonon
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Holes

Missing electron in a filled band
acts as a particle (hole) with:

* ki, = -K, Conduction

o Eh = _Ee

*V, =V,

*m, =-mg =

« f, = 1-f, *
valence

Hole

Both electron and hole conduction (bipolar conduction)
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Measuring the electron mass: Cyclotron
resonance

ELECTRONS
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Fic. 2. Typical cyclotron resonance results in germanium near

B Y Dresselhaus et al., Phys. Rev. 98, 368 (1955)
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Carrier density

Y
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n= [ dED(E) - fo(E) ~ mo-e®T with ny = 2 (PELT)’

E Ey—n m;, knT ;

p=J_"dED,(E)-f,(E) = po-e™T with py= 2( e )
Eg

n-p=ngpy-e FbT Independent of u or doping
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Intrinsic case: temperature dep. E;

E
__-9
Density: n; = p; = \Mopg - € 2kpT
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Extrinsic case

Si Si Sj Conduction band
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Doped semiconductors

Binding energies typical 10-60 meV
Bohr radius typical ~10 nm

log no
intrinsic regime

full ionization

~carrier
[ freeze-out

extrinsic regime “Ed/2

1/KT
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electrical conductivity, o
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