








Photon vs Phonon
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Table 1

e I A
Gap

Crystal

Q
a »

AlSh

SiC(hex)

Te

ZnShb

Energy gap between the valence and conduction bands

(i = indirect gap; d = direct gap)

' BlIZZI= = - -
= = R
E. eV e :FV\yj E. eV
0K 300 K Crystal Gap 0K 300 K

5.4 HgTe* d -0.30
1.17 1.11 PbS d 0.286 0.34-0.37
0.744 0.66 PbSe i 0.165 0.27
0.00 0.00 i 0.190 0.29
0.23 0.17 d 2.582 2.42
0.43 0.36 d 1.540 1.74
1.42 1.27 d 1.607 1.44
2.32 2.25 Zn0O 3.436 3.2
1.52 1.43 ZnS 3.91 3.6
0.81 0.68 SnTe d 0.3 0.18
1.65 1.6 AgCl — 3.2
3.0 — Agl — 2.8
0.33 - Cu0 d 2.172 —
0.56 0.56 TiO, 3.03 —

*HgTe is a semimetal; the bands overlap.






Conduction Condadtion
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Figure 5 In (a) the lowest point of the conduction band occurs at the same value of k as the highest
point of the valence band. A direct optical transition is drawn vertically with no significant change of
k. because the absorbed photon has a very small wavevector. The threshold frequency w, for
absorption by the direct transition determines the energy gap E, = fiw,. The indirect transition in
(b) involves both a photon and a phonon because the band edges of the conduction and valence
bands are widely separated in k space. The threshold energy for the indirect process in (b) is greater
than the true band gap. The absorption threshold for the indirect transition. between the band
edges is at hiw = E, + h{), wher€ ()/is the [requency of an_emitted Shg, L of wavevector
K = —k.. Athigher témperatures phofions age alread ent; if a phonon is absor cm
photon, the threshold energy is Aw = E, — A€}, Note: The figure shows only the threshold transi-
tions. Transitions occur generally between almost all points of the two bands for which the
wavevectors and energy can be conserved.
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Figure 13 Simplified view of the band edge structure of a direct gap semiconductor
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Table 2 Effective masses of electrons and holes in direct gap semiconductors

&FO0 EL\TI'\—)M FELVvik—IL2 DEELT=-7R—IL3

Electron Heavy hole Light hole Split-off hole Spin-orbit
Cryvstal m.,/m my,/m my,/m m,.,/m A, eV
InSb 0.015 .39 0.021 (0.11) 0.82
InAs 0.026 0.4] 0.025 0.08 0.43
InP 0.073 0.4 (0.078) S0 13) 0.11
GaSh 0.047 0.3 0.06 :Wffr%@}%“ 0.80
GaAs 0. 066 0.5 0.082 0.17 .34
CusO .99 0.58 0.69 0.13
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Figure 15 Standard labels of the symmetry points and axes of the Brillonin zones of the fee and bee
attices The zone centers are I'. In (a) the boundary point at (27/a)(100) is X; the boundary poin: at
2m/a)444) is L: the line A runs between I and X [n (b) the corresponding symbols are H, P and A.
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~Figure 19 Charges associated with an arsenic impurity atom in silicon. Arsenic has five valence
~electrons, but silicon has only four valence electrons. Thus four electrons on the arsenic form
tetrahedral covalent bonds similar to silicon, and the fifth electron is available for conduction, The
arsenic atom is called a donor because when ionized it donates an electron to the conduction band.




Table 4 Static relative dielectric constant of semiconductors
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5.5 GaShb 15.69
11.7 GaAs 13.13
15.8 AlAs 10.1
17.88 1Sb 10.3
14.55 SiC 10.2
12.37 Cu,O 7.1
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Table 5 Donor ionization energies E; of pentavalent impurities in germanium and
silicon, in meV
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Table 6 Acceptor ionization energies E, of trivalent impurities in germanium and

silicon, in meV
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Figure 20 Boron has only three valence electrons; it can complete its tetrahedral bonds only by
luking an electron from a Si-Si bond, leaving behind a hole in the silicon valence band. The positive

hole is then available for conduction. The boron atom is called an acceptor because when ionized it




