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Abstract—The dependence of the photoluminescence spectrum of electron—hole plasma in semi-insulating
undoped GaAs on the concentration of the background carbon impurity N¢ (3 x 10 cm3 < N < 4 x 106 cm™)
isstudied at 77 K. It is established that the density of the electron-hole plasma, whichisequal ton,_, = 1.1 x
10'® cm3 in crystals with the lowest impurity concentration at an excitation intensity of 6 x 10%? photons/(cm? s),
decreases considerably asthe value of N¢ increasesin the range mentioned above. A decreasein the density of the
electron-hole plasmawith increasing N is attributed to the effect of fluctuations in the carbon concentration N,

which giveriseto anonuniform distribution of interacting charge carriers and to localization of holesinthetails
of the density of states of the valence band. © 2004 MAIK “ Nauka/Interperiodica” .

The photoluminescence (PL) of electron-hole
plasma (EHP) and electron—hole drops in direct- and
indirect-gap semiconductors, respectively, has been
mainly studied in high-purity materials, so the condi-
tionsN<n,_,,and N <ng (N, n._;, and n, are the con-
centrations of the impurity, electron-hole pairs, and
excitons, respectively) at high excitation levels were
satisfied; as a result, collective interactions between
nonequilibrium charge carriers appeared [1-6].

Itisevident that anincreasein N should enhance the
screening effect of impurity atoms on the charge carri-
ers and weaken the interaction between the charge car-
riers. It seems likely that the magnitude of this effect
may depend on the electrical properties of the material,
the degree of compensation, and the distribution of the
impurity potential. However, the possible effect of
these factors on the EHP in direct-gap semiconductors
has been inadequately studied.

In this paper, we consider the dependence of the
EHP PL intensity in semi-insulating undoped GaAs
that includesimpurity-potential fluctuations on the con-
centration of the background carbon impurity N.. The
electrical characteristics of the samples under study and
the method for measuring the PL spectrawere reported
previously [7]. The excitation level J was changed from
3 x 10?1 to 6 x 10% photons/(cm? s) by varying the oper-
ation current of an Ar laser.

It was shown previoudly [7] that the edge-emission
band in the PL spectra of semi-insulating undoped
GaAs crystalsthat contain background carbon with the
concentration N and are subjected to a low-intensity
excitation (J < 3 x 10! photons/(cm? s)) is formed by
the band-to-band transitions of interacting charge carri-
ersat N < 1.4 x 106 cm3. At higher values of N, this
band is related to recombination of free electrons with

holes|ocalized at the tails of the density of states of the
valence band; these tails are caused by fluctuations in
the doping-impurity concentration.

As the excitation-intensity increased (J > 3 X
10% photons/(cm? s)), the spectrum of the edge-emis-
sion PL was modified. This modification is characteris-
tic of radiative recombination in the EHP: the band
peak (the energy corresponding to the peak hv = hv,)
shifted to longer wavelengths, and the band broadened
and changed shape. In addition, the short-wavelength
falloff of the PL intensity became less steep (Fig. 1),
which was indicative of recombination of hot charge
carriers whose temperature at the highest excitation
intensity was estimated from the slope of the short-
wavelength falloff and increased from 87 to 96 K as N
increased in the range 3 x 10" cm3 < N < 4 x 10'° e
under study.

The emission spectrum of some of the crystalsat the
highest excitation levels exhibited peaks (Fig. 1) that
were evidently caused by the initiation of stimulated
emission. The most substantial modification of the
spectrum occurred in the crystals with the smallest val-
ues of Nc. As the carbon concentration increases, the
spectrum modification is no longer observed at N =
2.8 x 10% cm3, asfollows from the extrapolation of the
Nc dependences of the peak energy hv,(Nc) and the
band width W(N) at various excitation levels (Fig. 2).

In Fig. 3, we show the dependence of the EHP den-
sity n._, at J = 6 x 10% photons/(cm? s) on the carbon
concentration estimated from the effective-potential
approximation using the formula[4]

' 3e? 1/3
E, = EQ—E(3T[2ne_h) ,
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Fig. 1. Excitation-level dependences of the edge-PL spectrafor GaAs crystals with different carbon concentrationsNg at T =77 K.
The excitation intensity was J = (1) 3 x 10? and (2) 6 x 10% photons/(cm? s). N¢ = (8) 3.5 x 105, (b) 9 x 10, and () 2.1 x 1016 cm™3,
The spectra were normalized to unity and were shifted arbitrarily along the vertical axis.

where E; is the band gap narrowed as a result of col-
lective electron-hole interaction, E is the unperturbed

band gap, € = 12 is the relative dielectric constant of
GaAs, and e is the elementary charge. When estimat-

ing, we assumed that E;J = hv,, and we decreased the
value of Eyat Nc = 1.4 x 10 cm2 by the depth of the
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Fig. 2. Dependences of the (1-3) width W and (1'-3) the
pesk energy hv,, of the edge-PL spectrum on the carbon
concentration N¢ at different excitation intensitiesJ at T =
77K.J=(1 1) 3x 102, (2, 2) 2 x 10%, and (3, 3) 6 x
10% photons/(cm? ).
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percolation level for electrons and holesy' = (2/3)y is
the depth of potential wells formed by fluctuations in
the carbon concentration).

As expected, the n,_,,(Nc) dependence shown in
Fig. 3 indicates that the EHP density decreases as N
increases; this decrease is larger than that of electron—
hole drops in Ge [8]. In our opinion, the main factor
causing the substantial decrease in the EHP density as
Nc increases is the presence of fluctuations in the dop-
ing-impurity concentration that give rise to a nonuni-
form distribution of interacting charge carriers. Local-
ization of holes within the tails of the density of states
of the valence band at N = 1.4 x 10 cm occurs in
times that are shorter than the lifetimes of nonequilib-
rium charge carrierst (according to our estimations, T <
1.3 x 10 sat the highest excitation intensity, which is
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Fig. 3. Density of the electron-hole plasma as a function of
the carbon concentration at the excitation intensity J = 6 x

10% photons/(cm? s) and T = 77 K.
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consistent with the values of T in semi-insulating
undoped GaAs, as reported previoudly [9]). Thislocal-
ization reduces the fraction of the charge carriers that
are involved in the formation of the electron—hole
plasma. The latter circumstance reduces the density of
the electron—hole plasma even further.
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