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Fig. 9.12. (a) Experimental absorption spectrum (circles) of GaAs at room tem-
perature on a semilogarithmic plot. The exponential tail below the bandgap is called
the Urbach tail (the dash-dotted line corresponds to Fo = 10.3 meV). The dashed
line is the theoretical dependence from (9.23). Adapted from [287]. (b) Tempera-
ture dependence of Urbach parameter E, for two GaAs samples. Experimental data
for undoped (solid circles) and Si-doped (n = 2 X 108 emn—3, empty circles) GaAs *
and theoretical fits (solid lines) with one-phonon model. Adapted from [285]
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Fig. 6.8. The various recombination processes: (2) direct radiative recombination; (b
direct Auger recombination; (c) recombination via trapping on a deep center. In th
latter case the figure shows the state of the system before and after each of the stage:
(1), (2), (3), (4). (After S.M. Sze, Physics of Semiconductor Devices.)
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Fgg. 9.9. Absorption edge of (a) Si and (b) GaP at various temperatures. Part (a)
adapted from [93], based on [281], part (b) adapted from [93] based on [282]
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Fig. 10.11. (a) Photoluminescence spectrum of GaN (grown on SiC substrate)
at T = 50K. In addition to emission from free (FE) and bound (BE) excitons
several phonon replica (labeled as 1LO-5L0O) are observed. Vertical dashed lines
indicate energy positions of multiple LO-phonon énergies (AwpLo = 92meV) below
the FE peak. Adapted from [352]. (b) Photoluminescence spectrum of 1LO phonon-
assisted recombination peak at T = 103K (from the data of Fig. 10.4). Data points
(dots) and lineshape fit (solid line) according to (10.32) with the parameters L —
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Flg. 1(?.14. ’_.Fransition energies in GaP (1" = 1.6 K) of the donor-acceptor recombi-
l’lf].thI-l involving the deep oxygen donor and C, Zn, and Cd acceptors, respectivel
Thg lines follow (10.37) for ES%F =2.339¢6V, ¢, = 11.1 and (EB)O, — 393 me:\}/’.
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€ - Germanium

Recombination Parameters
Pure n-type material
VK
The longest lifetime of holes T2 103 s
Diffusion length L>0.2cm
77K
The longest lifetime of holes T2 104 s
Diffusion length L20.15cm
Pure p-type material
VK
The longest lifetime of electrons T> 1073 5
Diffusion length L=03cm
K
The longest lifetime of electrons T 3 10% s
Diffusion length L z0.15cm
Surface recombination 10 + 10Pcm/s.
Radiative recombination coefficient at 300 K g 41-10°1% cm® !
Auger coefficient at 300 K ~1039 em® gl




GaAsS - Gallium Arsenide

Recombination Parameter

Pure n-type material (n, ~ 10%%cm3)

The longest lifetime of holes T, ~3 106 s
Diffusion length L, = (D, T,)*? L, ~30-50 pm.
Pure p-type material :
(a)Low injection level

The longest lifetime of electrons T, ~510%s
Diffusion length L, = (0,7 )¥?  L,~10pm

(b) High injection level (filled traps)

The longest lifetime of electrons T~25107s
Diffusion length L, L, ~70 um

Radiative recombination coefficient (Varshni[1967])

0K 1810%m’/s
185K 1.9-10%m’/s
300 K 7.2-10-%m°/s
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