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We have investigated the transport of carriers in GaAs using time resolved optical spectroscopy
with picosecond resolution. Carriers are optically created to the sample surface by an ultra-fast
laser pulse. They di�use and drift throught a thick GaAs layer, until they are captured by an
InGaAs quantum well, where they recombine with holes from a p-type doped layer at an inner
InGaP barrier. Our study was performed with a set of samples with di�erent GaAs layer thickness.
As the GaAs thickness increases, the emission from the quantum well is delayed and its decay slows
down signi�cantly. We have investigated the e�ect of an applied DC �eld between the surface and
the InGaAs quantum well. The transient of the quantum well emission is mostly independent of
the applied DC voltage up to �eld of the order of 20 KV/cm, including both polarities. This is a
clear indication that the carrier transport is dominated by ambipolar di�usion due to the Coulomb
interaction that strongly couples photoinjected electrons and holes. On the other hand, the decay of
the GaAs emission varies signi�cantly when a DC gate voltage is applied such as a current appears
at the structure.

I Introduction

A large amount of experimental and theoretical work

has accumulated on carrier transport in semiconduc-

tors over the last decades[1]. This research remains
however fundamental for the development of high-speed

electronic and optoelectronic devices. An especially

interesting point is the investigation of carriers trans-

port when they are far way from equilibrium conditions.
Carrier transport processes have been shown to a�ect

greatly many of the static and dynamics properties of

quantum well (QW) lasers[2]. Time resolved lumines-

cence spectroscopy has provided important insight into

the dynamical behavior of many physical systems.

II Experimental details

Our samples were grown by metal-organic chemical va-

por deposition (MOCVD) epitaxy. The structure con-

sisted of a top GaAs layer, a 50�AInGaAs quantum well

(QW), a thin InGaP intrinsic layer, which acts as a
space layer, followed by a p-doped InGaP layer and a

p-doped GaAs bu�er layer, on top of the GaAs sub-

strate. An external electrical �eld may be applied to

the structure through a semitransparent Au Schottky
contact on the GaAs surface and an ohmic contact at

the hole-gas created at the InGaAs QW. Three sam-

ples were grown with identical conditions and di�erent
thickness of the top GaAs layer: 100 �A, 1 �m and 4.5

�m. Time-resolved photoluminescence (PL) data were

obtained using an up-conversion system. Carriers are

generated by photoexcitation with a picosecond laser

pulse (7400 �A, 70 mW). The emitted luminescence is
focused at a nonlinear crystal. Optical gating with pi-

cosecond resolution is achieved by sum-frequency mix-

ing with a reference laser pulse. The sum-frequency sig-

nal, generated at the nonlinear crystal, if luminescence
and reference pulse have temporal overlap, is dispersed

by a 0.5 m spectrometer and detected by single-photon

counting. The temporal evolution of the luminescence

is obtained by delaying the reference laser beam with

respect to the excitation pulse. The samples are kept
at low temperatures (�5 K) at all measurements.

III Results and discussion

Fig. 1 shows a schematic diagram of our structures and

the IxV curve for the sample with the thickest GaAs

top layer. The structure behaves as a normal diode.

For V> +5V, a signi�cant current arises due to the
hole-gas conduction.

The light penetration depth on GaAs for the wave-

length of excitation laser (7400 �A) is of the order of 0.5
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�m[3]. For the sample with the thicker GaAs top layer

(4.5 �m), direct optical absorption at the QW is there-

fore negligible and the number of carriers at the QW

will be basically dominated by the motion of carriers
through the GaAs barrier. In this case, the capture of

carriers by the QW may be considered to be instanta-

neous for carriers close to the edge of the QW, rela-

tive to the carrier mean free path. As we decrease the
GaAs top layer thickness, direct absorption at the QW

increases, but the majority of carriers are still gener-

ated within the GaAs barrier, since this layer is always

more than an order of magnitude larger than the QW.

However, contrarily to the case of the sample with the
thicker GaAs layer, most of the photocarriers is then

created close to the edges of the QW. Therefore, the

capture time of carriers by the QW has to be explic-

itly considered on the transient equations of the system
and the motion of the carriers through the GaAs barrier

becomes irrelevant.

Figure 1. Schematic diagram of structures and the IxV
curve.

Fig. 2(a) shows the time-resolved PL from the GaAs
layer (Fig. 2a) for the samples with di�erent GaAs layer
thickness. The GaAs emission from the sample with
the 4.5 �m layer, that should represent the behavior of
a bulk-like structure, shows a relatively long rise time
of the order of 400 ps. Similar results have been re-
ported for bulk GaAs at lower excitation powers, when
the photoluminescence is dominated by excitons and
were attributed to the slow energy relaxation of the
hot excitons via acoustic phonons[4]. As the GaAs top
layer thickness decreases, the rising time of the GaAs
emission seems to decrease, which actually re
ects the
very eÆcient trapping of carriers by the near QW, that
quickly drains the carriers from the GaAs barrier. Elec-

tron capture times by quantum wells estimated from
previous experimental results varies from 1-100ps[5],
which qualitatively agrees with the results presented in
�gure 2(a) and 2(b), which shows the time-resolved PL
from the QW emission for our samples. The relatively
fast rising time ( 55 ps) for the sample with the thinner
GaAs top layer agrees with the electron capture times
mentioned above. The time constant obtained from
the PL decay for this sample ( 530 ps) describes the
e�ective carrier lifetime at the QW, including radiative
and non-radiative processes. As the GaAs top layer in-
creases, both the rising and decay of the QW emission
slows down due to the e�ect of the carrier transport
through the GaAs barrier, which results in an e�ective
broad generat ion rate for the QW. The QW emission
from the sample with the thicker GaAs layer remains
essentially null for 30 ps which clearly demonstrates
that photocarriers created close to the QW are negligi-
ble and the QW transient becomes basically determined
by the di�usion-drift of carriers through the GaAs layer.

Figure 2. The time resolved PL for (a) GaAs layer and (b)
QW emission.

Figs. 3 shows the time-resolved PL emission from
the GaAs layer and the QW for di�erent DC gate volt-
ages between the surface and the QW. The transients
have been normalized in order to make it easier to ob-
serve its transient shape. As observed in Fig. 3(a) the
decay of the GaAs emission remains basically constant
for negative bias but varies signi�cantly for a positive
gate voltage. This e�ect is probably related to the in-
crease of current observed for this condition. In con-
trast, the transient of the QW emission is mostly
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Figure 3. The time-resolved PL emission for di�erent ap-
plied DC �eld (a) GaAs layer and (b) QW emission.

independent for voltages up to 10 V, which corresponds
approximately to �elds of the order of 20 kV/cm, in-
cluding both polarities. This is a clear indication that
the carrier transport is dominated by ambipolar di�u-
sion, due to the Coulombic interaction which strongly
couples photoinjected electrons and holes. The pres-
ence of the electrical �eld at our structure tend to sep-
arate the center of charge of those photogenerated elec-
trons and holes, what then created a strong polariza-

tion �eld which opposes and cancel out the other �elds.
The transport of carriers through the GaAs layer can
therefore be described by a single e�ective ambipolar
di�usion coe�cient de�ned in terms of the individual
di�usion coe�cients of electrons and holes. It is also in-
teresting to note that, even then the PL decay of GaAs
emission becomes relatively very fast when a + 10V
gate voltage is applied at the structure, no noticeable
e�ect is observed at the transient from the QW emission
neither on its intensity. This indicates that the mech-
anism which extinguish the GaAs radiative recombina-
tion does not a�ect the number of electrons that arrives
at the QW, neither alters its di�usion velocity. A more
quantitatively analyze our results, can only be obtained
through the numerical solution for the transient equa-
tions to describe our system. This work is now under
progress.
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