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We report a measurement of the variation of the diamagnetic shift of a heavy-hole exciton in a single
coherently strained Gafsgg=Shy 3No 015/ GaAs quantum well as a function of magnetic field up to

32 T at 1.3 K using photoluminescence spectroscopy. The excitons are known to be localized in this
alloy system. This localization is simulated by assuming that the hole is completely immobilized,
i.e., its mass is infinite. Using this model we have calculated the variation of the diamagnetic shift
with magnetic field in this quantum well structure following a variational approach. We find that the
observed variation of the diamagnetic shift with magnetic field agrees quite well with that calculated
when the mass of the conduction electron in the well is assumed to beng,0&bout 50% larger

than in GaAg ;Sh, 3, an increase similar to that found in GaAsN for the same nitrogen composition.
© 2003 American Institute of Physic§DOI: 10.1063/1.1637439

Ever since the early work of Weyees al! and Kondow In this letter we present a study of the behavior of the
et al there has been an extensive effort devoted to the studgiamagnetic shif(5) of an excitonic transition in a coher-
of the structural, electronic, and optical properties of 1lI-V ently strained GaAsSbN/GaAs quantum well as a function of
compounds and their alloys containing small percentage ahagnetic field using photoluminescence spectroscopy at 1.3
nitrogen(N). The observation of a drastic reductiGmbout K. The compositions of Sb and N in our sample are esti-
180 meV in the energy band gap of GaAs, for instance, withmated to be about 30% and 1.5%, respectively. The magnetic
a small concentration of N~1%) has stimulated an enor- field was applied parallel to the direction of growth, and was
mous interest in optoelectronic devices grown on GaAs opvaried from zero to 32 T. The value af increases as a
erating in the 1.3um region. Introduction of nitrogen in function of magnetic field as expected. We find that the
GaAs also leads to smaller values of the lattice parametevariation of § as a function of magnetic field we measure is
Thus, the addition of a dilute amount of N offers a uniguemuch smaller than what would be expected for a free exci-
feature of reducing simultaneously both the band gap and thion. To explain our data on the variation &fwith magnetic
lattice parameter of a given IlI-V semiconductor or an alloy.field, we propose, as was done in the case of InGaP*alloy
To reduce the value of the band gap of GaAs-based maand GaAsSb/GaAs quantum welfsthat the exciton is
terials further, InGaNAs quaternary was proposed by Konstrongly localized at a defect or a potential fluctuation or
dow et al? Since then laser diodes based on this materiaboth. To simulate this localization we assume, as before, that
operating in the 1.3um region have been demonstrdtetl the hole is completely localized, namely, the hole mass is
and applications to solar celfsand heterojunction bipolar treated as infinite.
transistors have been investigafed. Sample used in this study was grown on Si-dof&ail)-
Recently, Ungaret al® have shown that the incorpora- oriented GaAs substrate by molecular beam epitAtBE).
tion of a small amount of nitroge(*1%) in GaAsSb ternary It contained a single 60 A wide GaAsSbN quantum well with
alloy reduces its band gap by almost 180 meV; about théominal Sb composition of about 30%. The MBE growth
same as in InGaAs. It is known that in a GaAsSb/GaAswas performed using elemental As and Sb sources fitted with
quantum well structure, for a given value of Sb composition,crackers. An RF plasma source using high purity nitrogen
the value of the band gap is smaller than in InGaAs/GaAgyas provided the reactive nitrogen species. The concentration
quantum well for the same In composition as long as theof N was controlled through the use of a shutter and by
widths of the quantum wells in each case are smaller than thearying the growth rate of the film. In the case of GaAsSbN
critical thickness? Thus, for a given value of nitrogen com- layers, the temperature of the substrate must remain within a
position, one can obtain lower values of the band gap irfairly narrow range in order to maintain proper control of the
GaAsSbN/GaAs quantum wells than in InGaAsN/GaAsconcentrations of the constituents of group V elements and
quantum wells. the quality of the quantum wells. Our structure consisted of a
3000 A wide GaAs barrier layer grown on GaAs substrate
present address: “BITAK-UEKAE, PK.74, 41470Gebze, Kocaeli, followed by a 60 A wide quantum well on which was grown
Turkey; electronic mail: senger@physics.emory.edu another 3000-A-thick GaAs layer. The GaAs layers were
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grown at 590 °C while the growth temperature of the quan- 25F ' TN ' g
tum well was 460 °C. The growth rates used were 1.0 and 1.6 GaAs,,Sb, , (a)
um/h for the barriers and the active layer, respectively. The 201 7
sample was subjected &x siturapid thermal annealing at
825°C for 10 s under a GaAs cover wafer in an enclosed _ 15 i
graphite susceptor backfilled with nitrogen. It is kndwihat g) J
the photoluminescenadL) characteristics of GaAsSbN are 177 10
considerably modified by rapid thermal annealing. It leads to 05 |
improvements in the intensity, reduction in the PL linewidth ’
and a blueshift of the PL peak. These effects are attributed to 00F
the drastic reduction in nonradiative channels due to the an- 080 690 1000 1010 1020 1030 1040
nealing of crystalline imperfections such as point defects and
arsenic antisites. However, no structural changes were ob- — S , . .
served after annealing.The nitrogen content in our samples 2or GaAs.  Sb. N |
is estimated to be about 1.5% as determined by the nitrogen 068577030015
flux and the growth conditions. An accurate determination 1.5
using electron recoil detection technique is in progress. For
the sake of a comparative study, one quantum well sample E 1.0
with the same structure as described above but without ni- .(’,—3)’
trogen, i.e., only GaAsSh, with nominally the same Sb con- 05
centration was also grown.

The PL spectroscopic measurements were carried out at

0.0

1.3 K. The sample was attached to the end of a Z@0core .
740 760

diameter optical fiber and was immersed in liquid He. An )

argon-ion laser operating at 514.5 nm was used as an irradi- Luminescence Energy (meV)

a..tlng source. The laser k_jeam was 'n.JeCted into the Opt!cqillG. 1. Photoluminescence spectrufar a 60 A wide GaAg,Sh, 3/GaAs

fiber by means of an optical beamsplitter and the returninguantum well(reference sampleat zero magnetic fieldb) a 60 A wide

PL signal was directed to a 0.27 m focal length} optical GaAsg egs5ly sNo 015/ GaAs quantum well for magnetic field values of zero
" and 32 T. Measurements are made at 1.3 K.

monochromator and an IEEE 488-based data acquisition sys-

tem. Typical values of the power densities used on our

780 800 820 840 860

samples were of the order of 1 W/én\ North Coast EO- W(re,rn)="Fe(ze) fr(zn)

817 germanium photodetector together with 30 Hz optical B —— 7 7o o2
chopper and a phase sensitive lock-in system were used to X ext] —A(pe—pn)*+a(ze—zn)°]
record the infrared spectrum. X exf — b%(pe— pn)?],

In Fig. 1(a) we display a typical PL spectrum of an unan- . :
nealed 60 A wide single GaAsSb/GaAs quantum well with!Vheref; (i=e,h) are the yvell known envelope functions of
30% Sh concentration at 1.3 K. The energy of the emissiorﬁﬂe e:eogo: agg Lhei hole :tr: t::e qu%ri‘rt]uT W‘ih%ép‘b’zir) ?Le
peak at 1.0165 eV is considerably less than the value of the © € ectron and hole posiiion coordinates, and, bare the

band gap of GaA<1.5196 meV and has a full width at variational parameters. The values of the various physical
maximum (o) of 13 5.meV parameterS we use in our calculations are obtained by lin-

In Fig. 1(b) we display the PL spectra of a 60 A wide ear interpolation between those of GaAs and GaSh, where

. . the conduction band masses are 0.067 and (h42and the
single GaAsSbN/GaAs quantum well at two different Value_sdielectric constants are 12.5 and 15.7, respectively. We as-

of thr—_z_magnetic field, namely, zero and 32 T. The excitomcsume that the addition of a small amount1.5% of nitro-
transition is located at 0.8210 eV and has a valueradf

, Biathe en does not change the values of these parameters except
about 28 meV, at zero field. The Sb concentration in this wel

. X - or the values of the mass of the conduction electron and the
is estimated to be about 30%. An addition of a small percentzonquction band offséf Recently we have measured the

age(~1.5% of nitrogen reduces the value of the excitonic y4riation of the diamagnetic shift of an excitonic transition as
transition energy in the GaggShy s quantum well of the 3 function of magnetic field in GafsSh, s/GaAs quantum
same thickness by 196 meV, a result similar to that found byye|is at 1.3 K using PL spectroscopyWe find the best
Ungaroet al”’ The excitonic transition at 0.8210 eV shifts to agreement between the calculated and the measured values
higher energies and broadens as a function of the magnetighen the heavy-hole is assumed to be completely localized:;
field, as expected. namely its mass is assumed to be infinite, thus suggesting a
We have calculated the variation of the diamagnetic shifstrong exciton localization. In the present calculation we
of this excitonic transition as a function of magnetic field in have also assumed a strong exciton localization in
this quantum well structure using a variational formalismGaAsSbN/GaAs quantum wellsamely the hole mass taken
similar to that of Greene and Baj4jWe have used the ex- as infinite, and have treated the conduction band mass as an
pression for the Hamiltonian given in the earlier referenceadjustable parameter. We have used 0.273 and 0.472 eV for
and have adopted the following form of a three-parametethe conduction and the valence band offsets, respectively. We

variational wave function for our calculations: have assumed that the addition of a small amount of nitrogen
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8 - - A . . magnetic field is compared with the results of a variational
P— K . f:alculatlor_l, which assumes thqt t_he hole is C_ompletely Iocz_;tl-
ol - m_=0.059 K | ized. We find the observed variation of the diamagnetic shift
s with magnetic field agrees very well with that calculated
- ) s when the mass of the conduction electron is assumed to be
2 4- K Y, ] 0.09mq. This is a determination of the mass of the conduc-
£ )/ - tion electron in GaAggssShh aNg 015 alloy system. Thus, in-
w / troduction of a small concentration of nitrogén1.5% into
21 //_’ s 1 GaAg ;Shy 3 leads to an enhancement of the value of the
.’ GaAs, . Sb N, . /GaAs mass of the conduction electron by more than 50%.
Y T - ' , . Sandia is a multiprogram laboratory operated by Sandia
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B (Tesla) States Department of Energy under Contract No. DE-AC04-
FIG. 2. Variation of the diamagnetic shift of the heavy-hole excitonic tran- 94AL85000. High field measurements were performed at the

sition in a 60 A wide GaAgss:Shy.iNo 015/ GaAs quantum well as a function National High Magnetic Field Laboratory, which is sup-

of the magnetic field. Symbols represent the experimental data. The curvgsorted by NSF Cooperative Agreement No. DMR-9016241
are calculated using the localized exciton model with infinite heavy-hole ;

mass. The conduction band masses are taken as 0.059 anu0f69the and by the State of Florida.

dashed and solid curves, respectively.
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