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Photoreflectance evidence of the N-induced increase of the exciton binding
energy in an In ,Ga; _,As;_,N, alloy
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The binding energy of the heavy-hole ground-state exciton g, 7As; - yN,/GaAs single
quantum wells y=0, 0.011 was experimentally derived by photoreflectance measurements. We
measured a binding energy of 6.6 and 8.5 meV for the N-free and the N-containing sample,
respectively. The observed increase of the exciton binding energy can be accounted for by an
increase of the exciton reduced mass of about 30% upon N introduction into @& InAs lattice,
consistently with recent experimental results and in agreement with earlier theoretical predictions.
© 2003 American Institute of Physic§DOI: 10.1063/1.1594279

In recent years WGa ,As; N,/GaAs phase-sensitive detection and the derivative-like nature of the
heterostructuréshave attracted much interest owing to the photoreflectancéPR) technique. A detailed analysis of the
surprising N-driven evolution of their electronic parametersPR line shape has led to an accurate determination of the
which make these compounds GaAs-compatible highly effinature and the energy location of density of states critical
cient emitters in the 1.3—1.5bm wavelength range. Nitro- points and has allowed us to separate the exciton and band-
gen incorporation in lfGa; _,As leads to a large bowing of to-band components of the PR features associated to the
the band gap for increasing N concentration and stronglynain heavy-hole transition. We estimated-80% increase
modifies the hydrostatic pressure and temperature depein the exciton binding energy upon 1% N insertion, in agree-
dence of the band gap of the host material. These effectmient with the predictions of recent calculations concerning
have been the subject of a large number of experimental ane effect of N insertion in 11—V alloy$3 This is experimen-
theoretical papefsand have been accounted for in terms of atal evidence of the increase of the exciton binding energy in
highly localized perturbation of the lattice potential due tothe perturbed host lattice. This increase can be accounted for
the N atoms. In a perturbative approadie N perturbation by a~60% increase of the electron effective mass, in agree-
is reduced phenomenologically to the interaction between thgent with an estimate obtained by measurements of the dia-
level of an isolated N atom and the conduction band minimagnetic shift in the same samples.
mum (CBM). A comprehensive detailed theoretical model  The heterostructures investigated have been grown on
based on symmetry breaking consideratfopedicts a siz-  GaAs substrates by solid source molecular beam epitaxy.
able localized character of the CBM and the appearance ofhey consist of a 500-nm-thick GaAs buffer, a 6-nm-thick
cluster states in the band gap. Ing 255G &y 745, N, well (y=0, 0.013, and a 100-nm-thick

The same theoretical models predict a significant inggAs cap layer. M craking was obtained by using a radio
crease of the electron effective mass. These predictions haygquency plasma source. The N concentration was deter-
been validated by different experimental techniques, withmined by x-ray diffraction measurements. The blank and the
quite _different results for In-containing and In-free pitrogenated structures have been singled out from a set of
alloys>**In the case of IgGa, ,As; yN,/GaAs quantum previously well characterized sampés® For our experi-
wells (QWSs), band structure calculatiotfsindicate that the ment we chose a sample with a relative low content of N
electron effective mass increases up~t80% upon N intro- (y=0.011) to avoid a PR signal degradation caused by the
duction fory=0.02. Recent calculations for similar hetero- jncreased disorder of the crystalline structure, but suitable to
structures suggest an increase in the exciton binding energyoduce a significant change in the electron effective mass
in N-containing samples, as we. _ (and, in turn, in the exciton binding eneigy

In this letter, the optical response Of  pR measurements were performed at near-normal inci-
InGa_As; yN,/GaAs single QWs was observed in gence in the 0.8—1.6 eV range, with spectral resolution of 1
N-free (or blank and N-containing samples by exploiting the ey The standard experimental apparatus operated with a
100 W halogen lamp as probe source. The excitation source
3Electronic mail: geddo@fisicavolta.unipv.it was provided » a 2 mW He—Nelaser, mechanically
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characterizes IlI-V materials in the dilute N solution limit.
(i) The broadening parametérof the IHH—1E transition

HH InGaAs/GaAs X :
. detected in the blank sample increases roughly by a factor of

2 in the N containing sampldrom 10 to 23 meYV. A similar
behavior has been reportéd®for the line width of theHH
free-exciton PL spectrum and accounted for by the increased
disorder in the well produced by N introductiofiii) The
line shape of the HH—1E transition looks quite asymmet-
ric (this must be related to the presence of a sizable band-to-
12 13 1.4 band componeintin both spectra, in particular in the spec-
energy (eV) trum of the N-containing sample.
FIG. 1. Photoreflectance spectrum at 90 K of the blank sample. Decompo- Here we focus on the PR features of theH - 1E tran-
sition into exciton(continuous ling and band-to-banddashed lingcontri-  Sitions where the extremely favorable signal-to-noise ratio
bution to the_ HH-1E fegture is reported. Thick line indicates the best fit gllows to distinguish between exciton and band-to-band con-
to the experimentopen circles tributes to the experimental line shape. We should mention
here that H irradiation, in a suitable dose, can be used to
chopped at a frequency of 220 Hz. The sample was mounteighprove PR signal-to-noise ratfd.When attempting to in-
in thermal contact with the cold finger of a microminiature terpret the optical response on the basis of the line shape
Joule—Thompson refrigerator that allows measurements imodels characteristic of modulation spectroscopy we found
the 80—300 K temperature range. that a band-to-band contribution has to be added to the exci-
Photoreflectance spectra taken at 90 K in the blankonic contribution in order to reproduce satisfactorily the ex-
sample and the N-containing sample are shown in Figs. perimental results. The deconvolution of the best fit into
and 2, respectively. Consistently with previously publishedband-to-banddashed linesand exciton(solid lines compo-
photoluminescence and PR resufts? we attribute the PR nents displayed in Figs. 1-2 highlights the spectral weight
features at lower energwhich dominate in both speciréo  gained by thedH band-to-band component after N insertion.
the optical response of the heavy-hole to conduction band The line shape models used in the fitting procedure are
transitions (HH—1E) in the InGa_,As;_,Ny, well. PR those of excitonit® or band-to-bantf transitions in confined
signals coming from higher excited state transitions as welbystems. Moreover the first derivative of a gaussian profile
as from the GaAs band gap of the buffer and/or cap layergas been used for the dielectric function in order to take into
were also detected in both spectra. The douldgtitting:  account the inhomogeneous broadeffimglated to thickness
26—-30 meV in Figs. 1 and 2 at higher energy than the and composition fluctuations of the QWs.
1HH-1E transition has been included in the best fitting  The experimental line shapes have been fitted in terms of
procedure since it affects the determination of transition enthe Aspnes formufd
ergies for the HH—1E structure. The nature of this doublet,
as well as of the higher energy structures, is beyond the _ i i -n
scope of the present manuscrifitwill be the object of an AR/R=RgBe*(hv—E+il) 7, @)
analysis to be published elsewhergentatively, the high en-
ergy doublet might be attributed to the light-hole transitionWhich is generally used to reproduce electroreflectance and
(1LH-1E) and to HH—-2E transition on the basis of the Photoreflectance spectra near a critical point in bulk
results reported in Ref. 16 for a 9-nm-thickyhaGa, ;,As  Semiconductord as well as in confined systeffis®**hy is
well. However, contributions from weaker forbidden transi- the photon energy of the probe beam dhds the critical
tions, e.g., the BIH—1E or 1HH—2E cannot be excluded. Point(CP) energy;B andI are the amplitude and the broad-
An inspection of Figs. 1—2 shows thdt) A rigid red- ~ €ning parameter of the critical point, respectivelyjs the
shift affects the exciton transitions of the N containing Phase projection angley is an integer or half integer de-

sample, due to the well knowr* band gap reduction which Pending on the type of critical point. In the case of confined
systems, excitolf and band-to-bartd transitions have been

satisfactorily fitted with values of the parameteequal to 3

10" AR/R

e ' ' ' and 1, respectively.

1.2 HH InGaAsN/GaAs | Since best fits in terms of a single contribution were
r unsuccessful in both N-free and N-containing samples, two
z 08 ] contributions were considered. The simultaneous presence of
g 04l distinct bandgaps separated by 30—-40 meV and due to N
- atoms occupying different environments has been reported in

00F = InGay_,As;_yN, sample$?? However, by no way we

could fit our spectra in terms of two=1 (or n=3) contri-
0.4L= . :

1.0 11 1.2
energy (eV)

FIG. 2. Photoreflectance spectrum at 90 K of the N-containing sample
Decomposition into excitor(continuous ling and band-to-banddashed

butions so largely separated. Quite satisfactory fits have been
obtained, instead, by using two closely spaced structures
with n=3 andn=1 to reproduce theHH—1E signal. In the

case of the higher energy signals, which are more noisy and

line) contribution to the HH—1E feature is reported. Thick line indicates could be almost equally fitted by usimg=1 or 3, we choose

the best fit to the experimelidpen circles

the excitonic profile

=3).
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TABLE I. Energy and broadening of theHH— 1E excitonic(ex) and band- QW PR features could be related to the competition between

to-band(bb) components as obtained by fitting E4) to the photoreflec- free excitons and bound excitor(®ot detected with an
tance spectra. The fit-derived uncertainty in the energy separation of the

1HH-1E contributions is 0.5 meV. absorptionfli|_<e technique ) )
The origin of the localized states could be well width

Sample E (eV) I' (mev) AE (meV) and/or strain fluctuations, as well as composition fluctuations
Blank ox 12426 10 6.6 (In- and N—rlch_cluster regionsmentioned by Xinet a_ll.
bb 1.2492 8 The last effect is expected to be more pronounced in the N
N-containing ex 1.1587 24 8.5 containing QWSs, consistently with the simultaneous presence
bb 1.1672 24 of nonuniform In and N concentrations.
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