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Magneto-optical properties of GaAsSb /GaAs quantum wells

R. T. Senger? and K. K. Bajaj
Department of Physics, Emory University, Atlanta, Georgia 30322

E. D. Jones, N. A. Modine, K. E. Waldrip, F. Jalali, J. F. Klem, and G. M. Peake
Sandia National Laboratories, Albuquerque, New Mexico 87185

X. Wei and S. W. Tozer
NHMFL, Florida State University, Tallahassee, Florida 32310

(Received 5 May 2003; accepted 13 August 2003

We have measured the diamagnetic shift of a heavy-hole exciton in a single 60 A wide
GaAg ;Shy 3/GaAs quantum well as a function of magnetic field up to 32 T at 1.3 K using
photoluminescence spectroscopy. The sample was grow@Giroriented GaAs substrate using
solid-source molecular beam epitaxy. We have calculated the variation of the diamagnetic shift as a
function of magnetic field using a variational approach and a free exciton model. We assumed a
weak type-1 conduction-band lineup in our calculations. We found that the values thus obtained are
more than twice as large as the observed values. A similar calculation assuming a complete
localization of the heavy hole leads to the values of the diamagnetic shift which agree very well with
the experimental data. Our study suggests that the excitons are strongly localized in
GaAg ;Shy 3/ GaAs quantum well structures at low temperatures, and that this heterostructure has a
weak type-l conduction-band lineup. @003 American Institute of Physics.
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Study of the structural, electronic, and optical propertiesdependence of the variation 6f we assume that the hole is
of semiconductor alloys has attracted enormous attentionompletely localized; the hole mass is infinite. A similar as-
during the past three decades. This interest has been mosumption about the behavior of the hole was made in a com-
vated by their extensive applications in a variety of micro-pletely disordered InGaP-grown lattice matched on GaAs to
wave and optoelectronic devices and by a strong desire texplain the observed variation @ with magnetic field in
understand their fundamental properties. With the availabilthis materiaf®
ity of mature epitaxial crystal growth technologies, such as ~ The sample studied in this work was grown on a Si-
molecular beam epitaxyMBE) and metal organic chemical doped(100-oriented GaAs substrate by MBE. It contained a
vapor deposition, and their various variants, it is now posSingle 60 A wide GaAsSb quantum well with nominally 30%
sible to grow high-quality layers and heterostructures ofSb concentration. The MBE growth was performed using
these alloys with controlled compositions and sharp interelemental As and Sb solid cracking sources. The structure
faces. consisted of a 3000 A thick GaAs layer, followed by a 60 A

Recently, the GaAsSb alloy system grown on GaAs subWide quantum well with a 3000 A thick GaAs barrier layer
strates has attracted considerable attention due to its potent@Own on it. The GaAs barrier layers were grown at 590 °C,
applications in optoelectronic devices operating in the 1.3Vhile the growth temperature of the quantum well was

um region®2 Attempts have been made to incorporate nitro-460 °C. Growth rates were 1.0 and Jufn/h for the barriers

gen in this system to further reduce the band gap for appliii”d the active layer, respectively. The Sb composition in the

cations in the 1.5m region®* Therefore, a precise knowl- quantum wells was estimated from the Sb and As flux ratio.

edge of its band parameters and a proper understanding of it4'® sr?mprl]e vvlas not subjected to any annealing treatmgr:jts.
optical properties are needed to fully exploit its potential. The photoluminescend®L) measurements were carrie

A number of groups have studied the optical propertiesOUt at l.SdK. Tr;e sar?plel ]\C{vbas att:z\jched t_o the en(;i ,Oflf"‘ 130
of GaAsSb/GaAs quantum well structures in the absence of ﬁr‘: z\cr)err :)ann}?)nelrazzrl((:)a e:aﬁrz agt Egisslr:rrnne\;\:: u!; d'il;' an
magnetic field 1 In this letter, we present a study of the o=/ &9 P 9 . . :

o . : : L . excitation source. The laser beam was injected into the opti-
variation of the diamagnetic shif®) of an excitonic transi-

tion in a GaAsSb/GaAs quantum well as a function of thec.al fiber by means of an optical bee_lm splitter and the PL

magnetic field at 1.3 K. The Sb composition in our sample isSlgnal was detected by a 0.27 4 optical monochromator,
. o AL . d a IEEE 488-based dat isiti tem. Typical |

nominally 30% and the magnetic field is varied from 0 to 32an a ased data acquisition system. fypicatiaser

! L . power densities used in our measurements were of the order
T. We find that the variation o#, as a function of the mag- ¢ 1 \w/cn?. A North Coast EO-817 germanium photodetec-

) i o : For, together with a 30 Hz optical chopper and a phase sen-
using the formalism of Greene and B fapssuming a free give lock-in system, were used to record the infrared spec-
exciton model. To explain our data on the magnetic field

In Fig. 1, we display the PL spectra of a 60 A wide
dElectronic mail: senger@physics.emory.edu GaAsSb/GaAs single quantum well at the lower and upper
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FIG. 2. Variation of the diamagnetic shift of the heavy-hole excitonic tran-
sition in a GaAg-Shy 3/GaAs quantum well with a thickness of 60 A as a
function of the magnetic field. Symbols represent experimental data. Dashed
curve is calculated using the free exciton model. Dotted—dashed curve is

it of the range of applied magneii fied, namely Bt _ e 100 o L B o e e e
=0, <":lI.’1dB= 32T. The pOSIItIO.n of _the heavy-hole eXCIFom? band lineup configuration. Thce solid curve which agrees best with thyepmea-
transition at zero magnetic field is at 1.0165 eV which iSsurement is obtained by assuming a larger value of 50 me\Afy, to-
considerably lower than the value of the band gap of GaAs agether with infinite hole mass and nonparabolicity corrections for the con-
1.3 K (1.5196 eV. This transition broadens and shifts to duction band.
higher energies with increasing values of the magnetic field.
At 32 T, the transition energy is measured to be 1.0315 eVshift () as a function of magnetic field in a 60 A thick
In order to calculate the diamagnetic shifts, we follow acoherently strained GaAsSb/GaAs quantum well as we cal-
variational formalism similar to that of Greene and Bajaj. culated. The values of the various physical parameters used
Applying the magnetic field in a direction perpendicular toin our calculations are obtained by linear interpolation be-
the plane of the structure and using the symmetric gauge, thween those of GaAs and GaSb given in Table |. The dashed
Hamiltonian of the system regarding the %tate is given curve is obtained using a free exciton model, and the experi-

FIG. 1. PL spectra of a 60 A wide GajsSh, 3/GaAs quantum well at 1.3
K, for magnetic field values of zero and 32 T.

by, mental data is represented by solid squares. As seen in Fig. 2,
2 g2 W21 4 the calculated value af, for instance at 10 T, is more than a
H= = _2+V;onf( ) -——p— factor of 2 Iarger _than the measured value. At higher values
i=eh 2m; 9z; ' 2u p dp dp of the magnetic field, the difference between the calculated

and the measured values is even larger. It should be pointed
_ (1) out that in our calculations, we have used 1.014 eV for the
eoVp>t (Ze—zp)? band gap of theecoherently strgined G853 well in

. GaAs. Prinset al’ have used high-pressure PL measure-

wherew.=(eB)/(xc), such that the energy of the first Lan- ments to investigate the conduction- and the valence-band
dau level of the exciton is given byw /2. Herem, is the  qffsets between coherently strained and unstrained GaAs and
effective mass of the conduction electran, is the heavy-  g,ggest that the conduction-band states have a weak type-|
hole mass along thedirection, andu is the reduced mass in lineup. A recent study by Johnsat al° also suggests an
the transverse plane. Botla and m, can be Expressed N almost flat (weak type-] GaAsSb/GaAs conduction-band
terms of '—Utt'ngﬁr band parameteﬁi andyz: ™ p=(Ume  glignment for Sb concentrations of up to 37%. Therefore, for
+ (721 72)/mo) 7, Mh=(71=27;) Mo, wheremg is the  the conduction-band offset, we have used a value of 10 meV.
free electron mass. The particle position vectors are denoteg,yeak type-1l band lineup has also been suggested by some

1
2 2
+ gH®@ch

by ri=(pi,z), andp=pe—py is the relative coordinate. groups’® We find that our results for the free exciton model
Consistent with the above Hamiltonian, we use a threeyye rejatively insensitive to a weak type-I or a weak type-l|
parameter trial wave function of the form band lineup.
To explain the unexpect havior of the diamagneti
lﬂ(fe,fh):fe(Ze)fh(Zh)eXP(—Xm) 0 expla e unexpected behavior of the diamagnetic
Xexp(— bzpz). i) TABLE |. The parameters used in our calculatiéribhe conduction-band

. . massm, is given in units of bare electron massg,. y; and y, are the
wheref;(i=e,h) are the envelope functions of the electron kohn—Luttinger band parameters in terms of which the heavy-hole masses
and the hole in the quantum well, and a, andb are the  along thez direction and in the plane perpendicular to it are giverntg
variational parameters which provide the flexibility ¢fto ~ =(y1—2y2) " andm{=(y1+y,) ", respectively, in units ofn,. & is
conform to all the natural limits of the system. A variational the dielectric constant.
upper bound to the ground-state energy of the system as\@ ;i

. . . Me Y Y €
function of the magnetic field is calculated aBy(B) : 2 °
=min, . x(/H|). Then, the diamagnetic shift is defined as, 324 0.067 6.98 2.06 12.5

e GaSb 0.042 13.4 47 15.7

5=Eo(B)—Eo(B=0).

In Fig. 2, we display the variation of the diamagnetic See Ref. 14.
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shift with magnetic field in our sample, we propose, for theherently strained single GaAsSb/GaAs quantum well as a
reasons not completely clear to us at this time, that the hol&unction of magnetic field upto 32 T at 1.3 K using PL spec-
is completely localized by some defect or by potential fluc-troscopy. The value of the peak energy of this transition
tuations or both at low temperatures. As mentioned earlier, ahifts from 1.0165 to 1.0315 eV when the magnetic field is
similar behavior of the excitonic diamagnetic shift with mag- varied from 0 to 32 T. The observed variation of the diamag-
netic field was found in completely disordered InGaP layersetic shift with magnetic field is compared with the results of
grown lattice matched on GaA$.n Fig. 2, we display the a variational calculation which assumes that the hole is com-
variation of § with magnetic field thus calculated by a pletely localized and the quantum well structure has a weak
dotted—dashed curve. We have also included the effect of thiype-I conduction-band lineup, and a very good agreement is
nonparabolicity of the conduction band using an energyfound. The physical origin of the hole localization is not
dependent electron effective masstor the values of the understood at this time.

magnetic field larger than 10 T, the calculated diamagnetic

shifts are still somewhat larger than the measured values. If

we increase the value of the conduction-band offset from 10
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