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We present and analyse electronic Raman scattering results on a single two-dimensional electron gas confined in a single quantum well. 

measured as a function of the scattering geometry and in the presence of additional illumination. 

Electronic Raman scattering on single particle (SP) 
excitations and collective modes (plasmons) in two- 
dimensional electron gases (2DEG) have been ex- 
tensively studied in the past years [ 11. These ex- 
periments generally involved modulation-doped 
multi-quantum-well (MQW ) samples in which there 
are a large number of adjacent electron sheets. Some 
scarse results have been also reported [ 21 on 2DEG 
located at heterojunctions where electronic Raman 
scattering seems to be hardly detectable. In this com- 
munication we present Raman spectra obtained on 
a one-side-doped 17 nm thick asymmetric single 
quantum well. The carrier density in the well was de- 
termined [ 31 from Shubnikov-de Haas measure- 
ments to amount to 4.5~ 10” cm-2. This sample 
mainly differs from a classical heterojunction by the 
presence of an undoped GaAlAs barrier on the back- 
side, a fact which results in an additional contine- 
ment for electrons and especially ensures the con- 
finement of the photocreated holes in the same 
region. We obtained on this sample very intense and 
well defined signals corresponding to single particle 
and collective, interband and intraband excitations 
of the single electron gas present in the sample. Such 
an observation on a single quantum well appears as 
a crucial step in the investigation of external effects 
on the electron gas such as electric field induced con- 
finement through a Schottky gate at the sample sur- 
face. In this communication, we will describe the 
electronic Raman spectra recorded on the sample at 
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liquid helium temperature and present the measured 
frequencies as well as their dispersion as a function 
of the in-plane wave vector. We will next analyse the 
effect of an additional illumination on the frequen- 
cies of the SP and collective interband excitations 
and thereby illustrate the possibility to externally ad- 

just the electron density in the gas. 
We show on fig. 1 Raman signals obtained in res- 

onant conditions close to the Eo+do gap and cor- 
responding to the interband transitions between the 
lowest, occupied quantum level and the first excited 
one which is empty at this carrier concentration. As 
already well established on MQW samples [ 1 1, the 
SP spectrum is observed with perpendicular incident 
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Fig. 1. Raman spectra of interband SP excttations ( I ) and plas- 

mom (II). 



B. Jusserand et al./Single particle excitations andplasmons in a single quantum well 395 

and scattered polarizations, directly reflecting the 
energy transition E,, between the two quantum lev- 
els. The associated collective excitation, predicted to 
appear at higher energy due to the Coulomb inter- 
action, is coupled to the LO phonon via the asso- 
ciated electric field. In parallel configuration, two 
coupled modes therefore are observed, labelled E, 
and E_, whose frequency directly reflects the carrier 
density in the gas when the bare energy transition 
E,, is known. All three lines observed on this sample 
are among the narrowest ever reported [ 41 on such 
systems, thus illustrating the high quality and ho- 
mogeneity of the structure. 

On fig. 2, we present Raman spectra obtained in 
resonant conditions close to the E,, gap and corre- 
sponding to the intraband transitions across the 
Fermi energy inside the fundamental level. Both the 
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intraband SP excitations and plasmons display sharp 
incoming and outcoming resonances. This could 
suggest a scattering process involving intermediate 
exciton states, as introduced in ref. [ 41 for interband 
spectra. Such transitions in 2DEG are only observ- 
able at non-vanishing energies for a finite value of 
the in-plane wavevector k,,. They are moreover highly 
dispersive as a function of this quantity. We illus- 
trate this dispersion, obtained by varying and care- 
fully measuring the incidence angle on the sample, 

both for single particle (fig. 2a) and plasmon (fig. 
2b) lines. The former contribution appears in per- 
pendicular configuration as a band resulting from an 
integration of all possible transitions across the Fermi 
level displaying the same in-plane wave vector. Con- 
trary to what happens in 3D systems, 2D SP bands 
display a well defined cut-off at higher energy which 
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Fig. 2. Raman spectra of intraband SP excitations (a) and plasmons (b), both shown at different in-plane wavevector. 
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increases linearly both with the in-plane wavevector 
and the Fermi velocity. In the parallel configuration, 
we observed a single plasmon line as expected from 
a single sheet of electrons. Its frequency is predicted 
to exhibit a square root dependence on the product 
nk,,. Such a square root dependence is specific to a 
single electron gas and was never observed on a 
modulation-doped GaAs/GaAlAs structure. When 
several different electron gases are present in the 
sample, they indeed interact together due to the elec- 
trostatic field and several coupled plasma lines are 
observed [ 5 1. 

We show on fig. 3 the measured plasmon and SP 
dispersion curves on the whole range of in-plane wave 
vector we were able to probe. The linear dependence 
of the SP cut-off, which we measured, in agreement 
with the theory, provides a new determination of the 
electron density extracted from the Fermi velocity 
v,=2.9~ 10’ cm s-‘. The plasmon branch is clearly 
highly dispersive and follows a square root depen- 
dence as a function of the in plane wave vector, but 
lies at significantly lower frequency than predicted 
using the full RPA expression for the dielectric 
constant. 

Let us finally give some first results on external 
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Fig. 3. Plasmon ( + ) and SP ( x ) dispersion curves. Error bars 

for in-plane wave vector are included for plasmon dispersion. 

modulation effects on the 2DEG electron gas. As al- 
ready shown by luminescence and luminescence ex- 
citation [ 31 on the same sample, asymmetric quan- 
tum wells display the unique property to have a 
variable carrier density under an illumination at 

energies close to or higher than the band gap of the 
GaAlAs barrier. The effective density surprisingly 

decreases with increasing illumination. The most 
probable explanation [6] to this phenomenon in- 

volves the self-consistent electrostatic potential due 
to the one-side modulation doping. It results in a large 
energy barrier which hinders the electrons photo- 

created in the upper GaAlAs barrier, but not the cor- 
responding holes, from relaxing into the quantum 
well. The holes then easily recombine with the elec- 
trons existing in the well due the modulation doping 
and, in a steady state regime, the electron concen- 
tration decreases with increasing illumination. We 
show on fig. 4a the variation of ET‘,, (horizontal axis) 

and E+._ (vertical axis) as a function of the illu- 
mination intensity. As we quoted previously, the E, 

frequency strongly decreases under illumination, thus 
reflecting the decrease in the electron density. More 
surprisingly the interband transition displays a llery 

small and non-monotonic change in the same time. 
To understand this feature, we calculated, on the ba- 
sis of a simple model [ 3 1, the change in the position 
of the two involved quantum levels as a function of 
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Fig. 4. Variation of the interband SP excitations and plasmons 

measured as a function of the intensity (a) and calculated as a 

function of the electron density (b). 
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the electron density. This calculation takes into ac- 
count the change in the self-consistent electrostatic 

potential but not the, eventually different, correc- 

tions to both frequencies due to many body effects. 

The results are shown on fig. 4b in the same presen- 

tation as used in fig. 4a, the free parameter being now 

the electron density. The non-monotonic variation is 

well reproduced and can be qualitatively described 

when comparing the variation of each quantized level 

frequency (not shown on the figure) when the elec- 

tron density is increased: the second level becomes 

sensitive to the change in the quantum well shape 

due to the electrostatic potential at higher densities 

than the fundamental one but afterwards varies more 

rapidly with the density. As a result the interband 

energy first decreases and then turns to increase as 

observed in the experiment. Let us finally note that 

this variation is well reproduced taking into account 

only the change in the electrostatic potential, a fact 

which suggests a rigid shift of the two levels due to 

many body effects in our experimental conditions. 

In summary, we report the first observation of both 

intraband and interband electronic Raman spectra 
on a single electron gas confined in a single GaAs 
quantum well. The interband and SP intraband tran- 
sitions are well described on the basis of the state-of- 
art dielectric response 
value of the measured 
is not yet understood. 
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