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RESUME : En mesurant le comportement temporel de la luminescence d'un puits
quantique en fonction de 1'épaisseur du super-réseau qui le sépare de la surface de
1'échantillon, nous déterminons le coefficient de diffusion dans le super-réseau.
Nous montrons que les excitations qui diffusent sont des excitons du super-réseau.

ABSTRACT : By measuring the luminescence time behaviour of an enlarged quantum well
as a function of the superlattice thickness, we determine the diffusion coefficient
in the superlattice, We show that very likely the excitations which diffuse are
excitons.

I - INTRODUCTION

Deveaud et al |1} have studied the time behaviour of the luminescence of a 40 &
GaAs - 40 A GaAlAs superlattice (S.L.) with one enlarged well (Q.W.)C.9 um away from
the surface. The well width is 54 &. Their experiment is very comparable to the one
performed by Gdbel et al {2| excepted that the surface layer is not GaAlAs but a
superlattice. They used a four-level model to describe their results. Many para-
meters have to be taken into account. Furthermore the diffusion process is only
described by a characteristic time.

In this paper we present results obtained on a 36 A GaAs Q.W. in a 18 A GaAs -9
A AlAs S.L. The investigated sample was grown in a molecular-beam-epitaxy reactor at
680°C on GaAs substrate. R-X ray diffraction have been performed. The total thick-
ness of the S.L. is 6 um. The Q.W. lies in the middle of it. The sample was wedge-
shaped by chemical polish (1 um per mm). Then depending on the position along the
direction of the wedge, the enlarged well is situated at different depths from the
surface, from £ = 0 um to & = 3 um.

The time behaviour of the Q.W. luminescence is studied for different thick-
nesses of the S.L. before the Q.W. and for different absorption coefficients of
exciting light. The results are explained by a diffusion model of photo—excited
states in the S.L.

II - EXPERIMENTS

The light source is a dye laser (D.C.M.) pumped synchronously by a mode-locked
Ar* laser. The luminescence light of the sample immersed in pumped liguid helium
passes through two spectometers put in a substractive way. A streak camera working
in the synchro-scan mode allows us to record the time behaviour of luminescence with
a time resolution of 30 ps. Figure 1 shows the time behaviour of the luminescence of
the Q.W. for & = 3 pm. The curves obtained for others depths are very similar. The
wavelength of the exciting light is 655 nm and the absorption coefficient is weak.
(We checked it by recording the excitation spectrum of the S.L.)
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Figure 1 : Q.W. luminescence intensity versus time.
The excitation wavelength is 655 nm. The Q.W. is at
3 um from the surface. The fit is made with a
three-level model (1, = 60 ps, 1g; = 300 ps)
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Figure 2 shows the time behaviour of the luminescence of the Q.W. for two different
depths % = 0.45 ym and £ = 3 pum. The wavelength of the exciting light is 620 nm and
the absorption coefficient is high. Now, the two curves are different. The maximum
of the 3 pm-curve is delayed by about 300 ps with respect to the maximum of the 0.45
um-curve., Its decay is slower.
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Figure 2 : Q.W. luminescence intensity versus time. The excitation wavelength is 620

nm.

a) £ = 0.45 um b) = £ =13 um

The two curves are fitted with the diffusion model (1, = 60 ps, tgy = 300 ps, o =
20000 cm_l, D= 30 cml.s"1).

ITI -~ THEORY

We assume a one-dimension diffusion equation for the excited states in the S.L,

In 3¢

SL sy, Tsi
5 S0 Tk X
SL

ngy is the one dimension density of excited states in the S.L. ; D is the diffusion
coefficient and tgy, the lifetime.

The Q.W. is assumed to act only as a probe without modifying the diffusion in the
S.L.

The number of excitons created in the Q.W. N, is obtained by the following
equation ¢

dN n N
\ AR SL ;E

dt I
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The value of ngy is taken at the depth x = ! where the Q.W. is located ; Ty, is the
lifetime of excited states in the Q.W. ; 17 is the trapping time of excited states
of the S.L. and AR is the Q.W. width.

We looked for the solution of the diffusion equation [3] with the following boundary
conditions :

BnSL
=0 surface recombination equal to zero
Ix x =0
ngil{x = d,e) = 0 infinite recombination velocity on the superlattice-substrate

interface.
ngr.(x,0) = a N exp(- ox)

o is the absorption coefficient of light and N the number of photoexcited states.
The number of excitons in the Q.W. is :
(t'-t)
- ¢! At L

© AL . € =22 ot T /gy .
N (£) =% oN=—2C cos()\JZ,)—J e e e dt'
1 d m m T
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The parameters Ap and Cp are determined by the boundary conditions.

When the absorption coefficient of light is weak, diffusion process does not play a
big role. Figure 1 shows the theoretical fit with a three-level model. We determine
then the two times t, = 60 ps and tgy, = 300 ps.

When the absorption coefficient is high, we take into account the diffusion. We keep
the previous determinations of the lifetimes and look for the best fit when varying
the diffusion coefficient value. Figure 2 shows the result for D = 30 cm?.s”

IV - DISCUSSION

1 - The diffusion coefficient value we found is rather high for a low tem-
perature process. Though excitonic temperature may be much larger than the lattice
temperature. On the other hand, we made the assumption that the Q.W. does not
disturb the diffusion in the $.L. i.e.

2
3 ngp
2
D———i—x———- >>i—
St x =R T

This assumption is rather bad for & = 3 um. The consequence is that the diffusion
coefficient value we determine is overestimated.

2 - We did not discuss until now the nature of the excitation which diffuses in
the S.L. Because they observed in the Q.W. excitation spectrum small antiresonances
at the maxima of absorption corresponding to heavy and light exciton creations
Lambert et al {4] claimed that S.L. excitons are not efficient to populate the G.W.
We observed too these structures. They are indeed well explained in the exciton
diffusion model. Figure 3 shows the Q.W. luminescence intensity as a fonction of the
absorption coefficient for £ = 3 um. The curve reaches a maximum for a value of o =
5000 c¢cm~! and then decreases. Thus increasing the absorption coefficient to values
higher than the value at maximum decreases the intensity of luminescence : the
absorption maxima correspond to antiresconances in the Q.W. excitation spectrum.
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b absorption coefficient of light in the S.L.
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We measured the S.L. luminescence intensity as a function of time. The line is
broad and the time behaviour is not the same all along the line. At the maximum of
the line the decay time is roughly equal to the lifetime of the excited states which
populate the Q.W. (1gy = 300 ps). We conclude that very likely the excited states
which diffuse in the S.L. and populate the Q.W. are S.L. exciton states.
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