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We investigated the behavior of the photoluminescence (PL) spectra of strongly doped p-GaAs in a
magnetic field, and analyzed the polarization of the recombination radiation in the Faraday
configuration. The observed effects offer evidence in favor of the interband recombination mechanism.

In spite of the many investigations of the luminescence
of strongly doped p-GaAs, there is still no unanimity
concerning the nature of the states that take part in the
recombination, 12!

It is known that to explain the recombination mech-
anism in strongly doped n-GaAs it was useful to in-
vestigate the photoluminescence (PL) spectra in a
strong magnetic field. '®) We use here the method of‘?!
to investigate the PL of strongly doped p-GaAs, with
separation of the o and o~ polarizations (radiation di-
rected along the field), and also without separation of
the polarizations (summary spectra). Magnetic fields of
intensity up to 330 kOe were used. The excitation in-
tensity was 1022—10% photons/cm? sec. The ¢0* and ¢~
spectra were investigated at T="77°K, and the sum-
mary spectra at 4.2, 77, and 300 °K. The samples were
doped with zinc and had a carrier density 2x 10—
1x10% em™,

At H=0, the edge-emission spectrum consists of a
single line that broadens with doping and shifts towards
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lower energies, in agreement with the results of!'?!,
When a magnetic field is applied, no structure whatever
is observed in the summary spectra. The line becomes
somewhat narrower and its maximum shifts towards
higher energies. The shift has a linear character in
sufficiently strong fields, and a nonlinear-shift section,
which increase with increasing degree of doping and with
temperature (Fig. 1a), is observed in weak fields,

Separation of the polarizations has made it possible
to resolve in the PL spectra of samples with p= 6x10'®
cm™ three lines: one in the o’spectrum (10*) and two in
the o~ spectrum (107, 207) (Fig. 2). The 1¢* line is al-
ways somewhat more intense at higher energy than 107,
The 20° line becomes manifest in the form of a step on
the high-energy edge of the spectrum, and to separate
it we subtracted the 10" line from the ¢~ spectrum (Fig.
2). This method is justified by the fact that in strong
fields, when the 10" and 207 lines are separated, the
10" and 107 lines have practically the same shape. All
three lines are shifted linearly with the magnetic field,
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FIG. 1. a) Position of the maximum of the summary PL spec-
trum of the sample with p=5x10% ¢cm=® vs the magnetic field
at different temperatures. b) Relative positions of the lines
107, 207, and lo* in a magnetic field for different samples at
T=177°K, and the corresponding distances between the Landau
levels of the light and heavy holes (average for mfi%) cal-
culated in accordance with®®? (solid line).

and their shifts can be extrapolated to one and the same
energy E at H=0.

With increasing degree of doping, the energy E, de-
creases, together with the decrease of energy of the
maximum of the line at #=0. At the same time, the
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FIG. 2. Photoluminescence spectra of sample with p=5x 10t
em=? at T=77°K and H=180 kOe: 1—og*, 2—0~, 3—20" line,
4—spectrum at H=0. Scheme of allowed radiative transitions
for the polarizations o* and ¢~ between the levels of the Landau
conduction band (¢, ) and the valence band (a,,b,—light holes,
a_,b_—~heavy holes). (a,a and 8,5 correspond to ms=+% and

— %, respectively).
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FIG. 3. Concentration dependence of the extrapolation energy
Ej at different temperatures, and of the coefficient, with di-
mension of mass, characterizing the rate of displacements of
the maximum of the summary photoluminescence spectrum in a
magnetic field at T=77 °K.

rate of line shift in the magnetic field increases (Fig.
3).

Two fundamentally different recombination mechan-
isms in strongly doped p-GaAs are discussed in the
literature: in the valence band'!! and in a band of shal-
low acceptors, which in accordance with the assump-
tions in'?' is preserved up to concentrations p ~102°
cm™, It is difficult to explain the observed difference
between the 0" and ¢~ spectra by assuming recombina-
tion in the acceptor band. At the same time, all the de-
scribed effects can be explained if it is assumed that in
strongly doped p-GaAs the recombination is due to
transitions from the conduction to the valence band. In-
deed, at the employed excitation levels and at T="T7°K,
in fields H> 50 kOe, the electrons in the conduction
band fill only the Landau levels with =0 and m,
=+3%. {(According to our estimates, the density of the
nonequilibrium carriers does not exceed 107 em™,) At
the same time, at p= 6X10'® em™, the Fermi level of
the holes lies 30—140 meV lower than the top of the
valence band, and therefore, in accordance with the
selection rules, ! the six transitions shown in Fig. 2
can be realized in a wide range of fields. The transi-
tions with m =+ 3 and - 3 cannot be separated, owing
to the smearing of the lines, and consequently the spec-
trum of o” should consist of one line, while the spec-
trum of ¢~ should consist of two, as is indeed observed
in experiment. Since the initial states for these transi-
tions are the same, the distances between the lines
107, 207, and 10" are determined by the distances be-
tween the corresponding Laudau levels in the valence
band. As seen from Fig. 1, for all the investigated
samples these distances turned out to be close to the
corresponding values for “pure” GaAs'! (increasing
somewhat with doping). The relative intensities of the
lines (I10*/I10™=1,2; I10°/I20” =3—5) also agree with
the theoretical estimates (~1.3 and ~3, respectively). !5!
It should be noted that the recombination mechanism
remains apparently unchanged in the entire temperature
interval 4.2—300°K, as is evidenced by the weak
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change, with changing temperature, of the concentration
dependence of the difference E, — E, (Fig. 3), where E,
is the width of the forbidden band of the “pure”
material.

Thus, the results agree with the known concept that a
single energy spectrum of states, with a “band” char-
acter, is produced in a strongly doped semiconductor. '®
The influence of doping becomes manifest in a decrease
of the forbidden-band width, which in our experiment
can be characterized by the energy E, and by a de-
crease in the effective carrier mass.

The interband-transition model explains also the non-
linear line shift in weak fields. This effect is analogous
to the nonlinear shift of the constant-intensity points in
the photoluminescence spectra of n-GaAs, described
in'®', and is caused by the electrons filling of the con-
duction-band Landau levels, which are broadened and

overlap in these fields. When the magnetic field is in-

creased to a certain value H=H", all the electrons are
quenched out at the Landau level #=0, and the line
shift acquires a linear character. With increasing de-
gree of doping and with increasing temperature, the
value of H” increases and the nonlinear-shift sections
increase.
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