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B2 RN AR (1) ¢ Burstein-Moss3 M

Lol

Conduction Band

Fermi Level

Measured band gap =
Eg + AE

AE = Moss-Burstein shift

Valence Band

» The Burstein—Moss effect is the process by which the apparent bandgap
of a semiconductor GG &5 H)  is increased as the absorption edge is
pushed to higher energies as a result of all states close to the conduction

band being populated.

»This is observed for a degenerate electron distribution such as that found in
some Degenerate semiconductors and is known as a Burstein—Moss shift.



Anomalous Optical Absorption Limit in InSb

ELiAs BURSTEIN

Crystal Branch, Metallurgy Division, Naval Research Laboralory,
Washington, D, C

(Received December 11, 1953)
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Band Gap Renormalization (BGR) effect

® The band structure theory has been developed so far for
small carrier densities.

® |[f the carrier density Is large the interaction of free carriers
has to be considered. The first step was exciton formation.
However, at high temperatures (ionization) and at large
carrier density (screening) the exciton is not stable.

® Exchange and correlation energy leads to a decrease of
the optical absorption edge that is called band gap
renormalization (BGR).
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Fig. 7.24. Principle of the formation of a (donor) impurity band. (a) Small dop-
ing concentration and sharply defined impurity state at Ep, (b) increasing doping
and development of an impurity band that (¢) widens further and eventually over-
laps with the conduction band for high impurity concentration. The shaded areas
indicate populated states at T = 0K

With increasing concentration, an impurity band develops.

A periodic arrangement of impurity atoms would result in well defined band edges as
found in the Kronig—Penney model.

Since the impurity atoms are randomly distributed, the band edges exhibit tails.

For high doping, the impurity band overlaps with the conduction band.
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It has been proposed that these many-body nteractions
give rise to the band-gap shrinkage AE?Y, which is evaluated
for n-ZnO as' "

o\ 1/4

n]E’

1/2
+ K3 (%) (l +mh)s11’m (7)
m nm

where each term accounts for the electron exchange interac-
tions, minority-carrier correlations, and carrier-ion correla-
tions

19S. C. Jain, J. M. McGregor, and D. J. Roulston, J. Appl. Phys. 68, 3749
(1990).

207, A. Sans, J. F. Sanchez-Royo, A. Segura, G. Tobias, and E. Canadell,
Phys. Rev. B 79, 195105 (2009).



Band-gap tailoring of ZnO by means of heavy Al doping

B. E. Sernelius*
Solid State Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831 (1983)
and Department of Physics, University of Tennessee, Knoxville, Tennessee 37996
(a) (b) (c)

| hw | hw

AE, = AEg, — AEqqq

e.g.

AE,=An'’’

QE?GN _ P[ n,—n, ) Y
. n. |/

N\

o

3 4 2
AEBSN = An'"” 4 Bn!"* + Cn!

€ € FIG. 3. Schematic band structure with parabolic conduction
and valence bands separated by E,, [part (a)], after heavy dop-
ing assumed to have the sole effect of blocking the lowest states
in the conduction band so that the optical gap is widened by a
Burstein-Moss shift AEP™ [part (b)], and representation of a
perturbed band structure and ensuing optical band gap E,; in
the case of many-body interactions [part (c)]. Shaded areas
denote occupied states. The Fermi wave vector k is indicated.
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Carrier concentration dependence of band gap shift in n-type ZnO:Al films

J. G. Lu® and S. Fujita”

International Innovation Center, Kyoto University, Katsura, Nishikyo-ku, Kyoto

615-8520, Japan
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FIG. 4. Band gap energy as a function of electron concentration in AZO.
The inset shows the band gap shift as a function of electron concentration.
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» Mott Criterion

When the distance of the impurities becomes comparable to their Bohr radius,

the critical density (N,,c) can result to degeneration.

3 1
( )1/3 = 28,
2 Ny,c

( N, *a, =0.25)

Critical doping concentration for
various semiconductors at room

temperature.

material type Nye (cm_a) Ref.
C:B p 2% 10%°  [399]
Ge:As n 1.5 x 1017 [421]
Si:P n 1.3 x 10'%  [423]
Si:B p 6.2 x 10'%  [423]
GaAs n 1.0 x 1016 [424]
GaP:Si n 6> 10" [426]
GaP:Zn p 2 x 107 [427]
GaN:Si n 2 x 101  [428]
GaN:Mg p 4 x 102%° [403]
Algo3Gag 77N:S1 | n 3.5 x 1018 [429]
ZnTe:Li p 4x 10" [422]
Zn'Te:P p 6 x 10'® [422]
ZnO:Al n 8> 10" [430]
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Fig. 7.25. (a) Donor ionization energy in n-type Ge for various doping concen-
trations. Dashed line is a guide to the eye. The arrow labeled EB denotes the
low-concentration limit (cf. Table 7.2). Experimental data from [421]. (b) Acceptor
ionization energy for ZnTe:Li and ZnTe:P as a function of the third root of the
ionized acceptor concentration. Data from [422]
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Fig. 7.26. Electron concentration vs. inverse temperature for Si:P for three dif-
ferent doping concentrations ((i): 1.2 x 10" em™, (ii): 1.25 x 10" em™°, (iii):
1.8 x 10" em™*). Experimental data from [423]



