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A single asymmetric quantum well (AQW) of InGaAs lattice matched to InP grown by Vapor
Levitation Epitaxy (VLE) has been investigated using room-temperature photoluminescence
(PL) measurements. The experiment was performed under different optical excitation using
a 6328 A line from a Helium-Neon laser. By increasing the incident laser power a 28.8 meV
blue shift in recombination energy is observed to occur in a very narrow range of excitation
intensity. The observed energy upshift is claimed to be related to a pronounced reduction
of the 2D electron gas density in the InGaAs AQW.

Optical investigations on one-side modulation-
doped or single asymmetric quantum wells of GaAs-
AlGaAs grown by epitaxial techniques have been re-

(1,21 " A typical growth sequence

ported for over a decade
used in such structures includes a GaAs-AlGaAs short-
period superlattice on top of the GaAs substrate, the
GaAs quantum well, an undoped AlGaAs spacer layer,
a p-doped or n-doped AlGaAs layer followed by a GaAs
cap layer. The n-doped structures has a 2D electron gas
in the quantum well which accounts for their very high
mobility at low temperatures. Particularly interesting
is the possibility to control the 2D electron gas den-
sity (ns) located in the asymmetric quantum well by
optically pumping the sample at different optical exci-
tation intensities (I)[Z]. As far as PL experiments are
concerned the signature of the optical control of the 2D
electron gas is a shift in recombination energy in the PL
spectrum as a function of the incident laser power. The
low-temperature PL under consideration have been in-
terpreted in terms of electron- hole pair photogenerated
at the spacer layer. The photogenerated electron-hole
pair is spatially pulled apart due to the built-in electric
field in the spacer region. The photogenerated electrons
are drifted out of the large gap layer into the remote

layer containing the ionized donors and the photogen-
erated holes are drifted into the AQW. The PL spectra

are identified as intrinsic band-to-band recombination
involving the photogenerated holes and electrons from
the 2D gas. The reduction of the 2D electron gas due
to electron-hole recombination at the AQW is stabi-
lized by electron tunneling back from the 1onized donors
into the quantum well through a potential barrier repre-
sented by the spacer layerl?. The same charge transfer
mechanism was recently used to explain negative pho-
toconductivity in modulation-doped GaAs-AlGaAs and
undoped InAs-AlGaSh quantum wells®.

In this paper we report for the first time room-
temperature PL data obtained with a single asymmet-
ric n-doped quantum well of InGaAs lattice matched
to InP. Our sample was grown by vapor levitation epi-
taxy, a dual chamber, atmospheric pressure, chloride
transport vapor phase epitaxial growth techniquel. A
2400 A buffer layer of InP was first grown on top of a
semi-insulating InP substrate followed by a 100 A In-
GaAs quantum well lattice matched to InP, a 240 A InP
undoped spacer layer, a 600 A n-doped InP layer with
nominal 2 x 10'® em~3 donors. The whole structure
is then terminated by an InP cap layer. The growth
profile in our case is very similar to the growth profile
used in AQW’s of GaAs-AlGaAs except for the absence
of a short-period InP-InGaAs superlattice. Despite of a

much more simplified growth scheme used here for sin-
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gle AQW’s of InGaAs lattice matched to InP our PL
measurements indicate that good quality interfaces are
indeed obtained. Our sample has a 2D electron gas in
the AQW estimated to be of the order of 3.7 x 10'!
em~2. A conventional lock-in detection technique was
used to take the PL spectra. The laser line was chopped
and focused to a spot of the order of 60 ym in diameter
to give excitation intensities in the range of 10 to 103
W/em?. A calibrated set of neutral density filters was
used to change optical excitation intensities. The sam-
ple was mounted in a vertical sample holder and kept at
room temperature. The PL spectra were recorded us-
ing a liquid-nitrogen-cooled Ge detector. Fig. 1 shows
typical PL spectra under low-excitation as well as under
high-excitation intensities. The recombination energy
as a function of the optical excitation intensity 1s rep-
resented by full circles in Fig. 2. As shown in Fig.
2 around 102 W/cm? in optical excitation intensity a
sharp shift in recombination energy is observed at room
temperature. As mentioned above such a shift in re-
combination energy has been taken as the signature of
the optical control of the 2D electron gas in AQW’s of
GaAs-AlGaAs at low temperature. However, from the
experimental point of view there are remarkable dif-
ferences between our room-temperature measurements
with InP-InGaAs AQW and low-temperature measure-
ments reported for GaAs-AlGaAs AQW. In our case the
PL peak shifts by 28.8 meV, from 767.7 meV at an op-
tical intensity of the order of 100 W/cm? towards satu-
ration around 200 W/cm? at 796.5 meV. Typical values
for the energy upshift obtained from low-temperature
PL measurements with AQW’s of GaAs-AlGaAs are
of the order of 15 meV. In addition, the overall energy
upshift as observed from low- temperature PL measure-
ments occurs within a wide range of optical excitation,
being the ratio of the excitation intensity at the high
side (1) to the excitation intensity at the low side (I7)
of the order of @y = I/I} = 103. By excitation in-
tensity at the low side and at the high side we mean
respectively the minimum value of optical excitation
one needs to start the energy upshift and the minimum
value of optical excitation one needs to saturate the
shift in energy. In our case however the total energy
upshift occurs within a much narrow optical excitation
range of the order of Qs = I/l = 2, despite of the
structural similarities between our InGaAs-InP sam-
ple and the GaAs-AlGaAs samples used elsewherel! =31,
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As a consequence of the huge difference between @y
and Q2(Q1/Q2 = 500), any attempt to fit our room-
temperature PL data, i.e., the shift in recombination
energy (AEr) as a function of the optical excitation
intensity, based on the model proposed by Chaves et

al.l2l had little success.
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Figure 1. Room-temperature PL spectra ofthe InP-InGaAs

AQW (nominal 100 A wide) under low-excitation intensity
(a) and high-excitation intensity (b).
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Figure 2. Photoluminescence recombination energy versus
excitation intensity. The points are experimental results
and the full line represents a simulation according to egs.

(1) and (2).

The solid line in Fig. 2 represents the behavior
of our sample as simulated by the model proposed by
Chaves et al.l?.

rium condition, the majority carrier concentration in

According to that model at equilib-

the quantum well depends upon the optical excitation

intensity as

I=C(n) = n)exp(=Dy/) | (1)

where €', n? and D are respectively a constant related

to the tunneling attempt frequency of the carrier back
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into the quantum well, the 2D charge density in the
dark and a geometric factor related to the height and
thickness of the spacer region. The exponential in eq.
(1) describes the tunneling of carriers from the ionized
donors back into the AQW. A second equation con-
necting changes in recombination energy and 2D charge
density at equilibrium, has to be written to explain the

PL measurements. This is accounted for

AE, = A(n,) + B(n,)*/? (2)

where A and B are constants. The linear term in eq.
(2) represents the effect of the band bending to the
shift of the PL line. The square root term in eq. (2)
represents the effect of the band gap renormalization
to the shift of the PL line. By increasing the opti-
cal excitation intensity a blue shift in the PL spectrum
is therefore expected as described by coupling together
eqs. (1) and (2). Within the model proposed by Chaves
et al.l?] the estimated values of A, B and D in case of
our sample, taking into account i1ts geometrical param-
eters, are A = 2 x 107" meV x ecm?, B =35 x 1073
meVxem and D = 6.3 x 107% em. A typical value for
C considering the thickness of the spacer layer of our
sample is of the order of C = 10~ W. Estimation of
the parameter D = 6.3 x 107% cm involves calculation
of the electron tunneling current through a triangular
barrier of height V = estns/Keo, being K the dielec-
tric constant of InP, L, the thickness of the undoped
InP spacer and n; the 2D electron gas density in the
InGaAs quantum well. The calculation is usually done
within the WKB approximation. As predicted by egs.
(1) and (2) the full line in Fig. 2 tends to the dashed
line as D tends to zero. The dashed line in Fig. 2 is
drawn as an aid to the eye and is not related to any the-
oretical model. Smaller D values represent faster carrier
tunneling through the spacer layer. Abnormally small
D value has been reported for GaAs-AlGaAs AQW’s
and has been associated with the presence of impurity
states in the spacer layer!2],

To conclude, room-temperature PL peak position
taken from InP-InGaAs AQW is shown to be sensitive

251

to the optical excitation intensity similar to what has
been previously observed in GaAs-AlGaAs AQW at low
temperatures. Qualitatively our data indicate that an
optical-assisted charge transfer mechanism could takes
place at room temperature as 1t does at low temper-
ature. However a tunneling mechanism through the
spacer layer, as proposed by Chaves et al.l%] to explain
low-temperature PL measurements, do not account by
itgelf for the experimental results at room temperature.
A much faster charge transfer mechanism, probably
thermal activated, should be taken into consideration
to explain the experimental results presented here. A
deeper analysis of this new effect is presently in progress
and will be published latter on. Indeed, such a sharp
optical-induced change in the majority carrier density
at room temperature, as indicated by our PL measure-
ments, could be an interesting feature to design new

devices.
Acknowledgments

This work was partially supported by both the
Brazilian Agency (CNPq) and the Third World
Academy of Sciences (TWAS).

References

1. M. H. Meynadier, J. Orgonasi, C. Delalande, J.A.
Brum, G. Bastard and M. Voos, Phys. Rev. B
347, 2482 (1986); C. Delalande, J. Orgonasi, M.
H. Meynadier, J. A. Brum and G. Bastard Solid
State Commun. 59, 613 (1986); C. Delalande,
Physica Scripta T19, 129 (1987); E. A. Menezes,
F. Plentz and C. A. C. Mendona, Superlattices
and Microstructures 5, 11 (1989).

2. A. S. Chaves, A. F. S Penna, J. M. Worlock, G.
Weimann and W. Schlapp, Surface Science 170,
618 (1986).

3. A. S. Chaves and H. Chacham, Appl. Phys. Lett.
66, 727 (1995).

4. H. M. Cox, S. G. Hummel and V. G. Keramidas,
J. Cryst. Growth 79, 900 (1986).



