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Photoluminescence and photoluminescence excitation spectra of
InGaAs/GaAs quantum wells located at different distances from a surface
have been studied at 2 K. The influence of surface band bending on carrier
transfer into a quantum well is demonstrated. Oscillations due to relaxation
of photo-excited carriers in GaAs barrier have been observed in the quantum
well photoluminescence excitation spectra.

PACS numbers: 72.80.Ey, 73.50.Gr

1. Introduction

The transfer of non-equilibrium carriers into a quantum well (QW) is of great
significance for microstucture devices as well as for the physics of twodimensional
carriers. These processes, however, are still not completely understood. A wide
range of experimental transfer time values (from 0.3 ps [1] to 2 ns [2]) results in
different conclusions concerning the transfer mechanisms.

We present the results of photoluminescence (PL) and PL excitation (PLE)
studies in InGaAs/GaAs QW structures evidencing considerable role of surface
electric field on carrier collection into the QW.

2. Experimental

Investigated QW stuctures grown by metalorganic chemical vapour depo-
sition (MOCVD) on semi-insulating (SI) GaAs substrates, consisted of a 0.3 µm
GaAs buffer layer followed by an In0  18Ga0.82As 100 Α QW and a cap GaAs layer.
The cap layer of initial 2.µm thickness was gradually etched to have the samples
with the QW situated at different distances from the surface. The samples were
not intentionally doped and had a background hole concentration of 3 x 10 15 cm-3 .
The PL and PLE spectra were measured at 2 K under the excitation of a halogen
lamp with a 0.25 m scanning monochromator with 2 nm resolution.
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3. Results and discussion

The PL spectra of the investigated stuctures (Fig. 1) consist of two groups
of PL lines: those related to the transitions 11 HH between the electron and heavy
hole ground states in the QW and to recombination in the GaAs barrier. Figure 1
shows that the QW PL line 11 HH shifts towards red and strongly increases com-
paring to the PL lines of the GaAs barrier when the cap layer thickness is reduced
from 2 µm (A sample) to 0.2 µm (B sample).

We attribute these features to the influence of the surface electric fleld:
the quantum-confined Stark effect induced 11 HH lineshift and drift enhanced
photoexcited electron collection into the QW. The magnitude of the field ε =
6 x 104 V cm-1 , estimated according to [3] from the experimental value of the
11 HH lineshift of 8 meV, satisfactorily agrees with the value 4 x 10 4 V cm-1 ,
given by Schottky model (with p = 3 x 10 15 cm-3 and the surface band bending
0.6 eV [4]).

The comparison of integrated intensities of the QW and the barrier PL lines
according to [5] gives the electron transfer times into the QW: 10-9 s and
τtr = 10 -12 s for the samples A and B, respectively. The difference in τtr we
associate with the drift in the surface electric field: the field aids electron transfer
into the QW at the surface (B sample), but does not in the A sample with a thicker
cap layer.

Tle fast electron transfer is demonstrated in the QW PLE spectum of the
B sample (Fig. 2, broken curve). The spectum displays oscillations [6] witl the
period



662 G. Ambrazevicius, S. Μarcinkevicius, T. Lideikis, K. Naudzius

where ħΩLO = 36.4 meV is the energy of GaAs LO phonon, and m e = 0.067
and mhh = 0.45 are the electron and heavy-hole effective masses, respectively.
As long as τop < τtr < τee, where τop and τee are the characteristic times of
the electron—optical phonon and electron-electron interaction, respectively, the
energy of electrons, approaching the QW, oscillates with the amplitude ħΩLO
when the photo-excitation energy hvis changed. Then, the energy dependence of
the non-thermalized electron collection efficiency [6] and/or the electron capture
rate [7] will cause the oscillations in the QW PLE spectra.

For the excitation densities used in our experiment τee 10-10 s [8] and is
longer than τtr in the B sample. Additional photo-pumping shortens τee and the
oscillations disappear in the PLE spectrum.

The electron transfer time in the A sample becomes comparable with the
electron radiative lifetime in GaAs and recombination in the barrier appears to
be a competing process of comparable intensity to the QW PL. Assuming the
maximum recombination probability to be realized at k = 0 we should expect the
reduction of QW PL intensity at the photoexcitation energies hv corresponding
to the fast return of photoexcited carriers towards k = 0. For carrier relaxation
by emission of LO phonons these energies are

where

Δe is determined by Eq. (1), mlh = 0.08 is the light-hole mass and n = 1, 2, ....
The full curve in Fig. 2 shows the PLE spectum of the A sample, illustrat-

ing the effect of electron lifetime reduction due to recombination with the holes
cascaded to the top of the GaAs valence band. Clear minima in the QW PL inten-
sity appear at the excitation energies, satisfying Eq. (2). Note that the oscillation
period .lh 2Δ e . This means that for the excitation energies marked by bars in
Fig. 2 electrons and holes return to k = 0 almost simultaneously and, therefore,
have more chance to recombine in the GaAs barrier than to reach the QW. This is
confirmed by the analogous oscillations, though opposite in phase (at the energies
determined by Eq. (2) the maxima appear), observed in the GaAs barrier PLE
spectra.

4. Conclusions

The speed and efficiency of carrier transfer into a QW can be considerably
influenced by the surface electric field. Steady-state PLE spectroscopy is shown to
be applicable to study the dynamics of photoexcitation transfer into the QW.
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