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In this work, we present a study of the behavior of linewidths of excitonic photoluminescence
transitions measured at 10 K in AlGaN alloys as a function of Al concentration. Samples we have
investigated are grown by low-pressure metalorganic chemical vapor deposit{60@i oriented
sapphire substrates with low-temperature GaN buffer layers. The Al composition ranged from
0%-35%. We find that the values of the excitonic linewidth increase as a function of Al
concentration and agree very well with those calculated using a model in which the broadening
effect is assumed to be due to compositional disorder in semiconductor alloys. The values of the
excitonic linewidths measured in our samples are considerably smaller than those reported recently,
thus attesting to the high quality of our samples. 2601 American Institute of Physics.
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The past few years have witnessed an enormous resubertet al,? which overestimates the broadening effect due to
gence of interest in the study of the growth, structural, eleceompositional disorder. This model gives valuesrdhat are
tronic, and optical properties of IlI-V nitrides, their alloys, about 2.5 times larger than those determined from more so-
and heterostructures. This interest has been motivated largephisticated treatmenfe
by their application in several high power electronic and op-  In this work we report a systematic study of the variation
toelectronic devices such us light emitting diodes and laseof ¢ as a function of Al concentration in AGa, _,N alloys
diodes spanning the visible to the ultraviolet spectral rangemeasured by PL spectroscopy at 10 K. In our samples the
and by a desire to gain a better understanding of their funvalue ofx varies from 0 to 0.35, a range considerably larger
damental properties. A number of these devices have alreadfian that used by Steue¢ al® in their samples. We find that
been fabricated and are commercially available even thougbur values ofo increase as a function of as expected, and
a full understanding of their properties is still lacking. In are considerably smaller than those measured by Steude
most of these devices, alloys constitute important compoet a8
nents and it is therefore essential to obtain a better under- The 1 um thick Al,Ga,_,N epilayers were grown by
standing of their structural, electronic, and optical propertiesow-pressure MOCVD on sapphif@001) substrates with 20
in order to realize devices with improved performance.  nm low-temperature GaN nucleation layers. The growth tem-

An efficient way to investigate the quality of semicon- perature and pressure were 1060 °C and 100 Torr, respec-
ductor alloy systems is by studying the linewidths of theirtively. Trimethylgallium (TMG) and trimethylaluminum
excitonic photoluminescence spectra at liquid helium tem{TMAI) were used as the metal organic sources. The Al con-
peratures. The theoretical prediction of the behavior of theent was determined by TMG and TMAI flow rates as well as
excitonic linewidth associated with the broadening effects ofrom the room temperature PL spectral peak positions. The
completely random compositional disorder in semiconducton| contents for selective samples were also determined by
alloys is described well by models presented in severak.ray diffraction and secondary ion mass spectroscopy mea-
papers,~’ as we will briefly discuss in the following. There- syrements. The accuracy of thevalues was within+0.02.
fore, the higher the quality of the alloy, the closer the exci-  A|| continuous wave PL measurements were made at 10
tonic photoluminescence linewidths are to the theoreticallyc by means of a single photon counting detection system
predicted values. Steuds al® have recently studied the op- together with a microchannel-plate photomultiplier tube,
tical properties of coherently strained,&a N alloys (0 jth a detection capability ranging from 185 to 800 nm and
<x<0.22) grown on GaN by metalorganic chemical vaporan gverall spectral resolution of about 0.2 meV. The excita-
deposition (MOCVD) using photoluminescencéPl) and  tion wavelength was 292 nm and the PL signals were col-
other optical techniques. In particular, they have measuregcted in reflecting mode at an incident angle of about 30°.
the PL full width at half maximum(o) of excitonic transi- In Fig. 1 we display the PL spectra of /a,_,N for
tions as a function of Al compositiorf at 4 K and found,  several values ok at 10 K. As expected, the PL spectra
as expected, that it increases as a functior afid reaches a gpow excitonic transition energies and linewidths that in-
value of about 40 meV ax=0.22. It was pointed out by crease as a function of Al concentration. We also observe a
Bajaj and Coff that the good agreement observed in Ref. 8 isjecrease of the PL intensity due to the increase of nonradi-
actually due to use of a theoretical model presented by Schigive recombination processes with increasing Al concentra-
tions. In order to understand different contributions to the
dElectronic mail: gcoli@physics.emory.edu excitonic transitions we have carried out a line shape analy-
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FIG. 1. Photoluminescence spectra of®& _,N alloys measured at 10 K FIG. 2. Variation of the excitonic linewidtto) as a function of Al concen-
for several values of. tration: Theoretical calculations according to E¢b. and (2) (solid line),

determined from the line shape analysis of our PL spectra measured at 10 K
(circles, and measured by Steuéé al. (Ref. 8 (squaresat 4 K.

sis of the PL spectra measured using a multiple Gaussian

curve fitting procedure based on minimization of teer-  those determined by Goed al® Lee and Bajdj obtained

ror. For all samples witx>0 we find that the line shape of the following expression fou:

the PL signal can be deconvoluted into two distinct contri-

butions due to two different radiative transitions associated 0=0.41oo, (1)
with loosely localized excitons. where
During the past 20 years a number of groupshave
ted calculations af as a function of al it dEq(x) Ve
reported calculations af as a function of alloy composition 0o= 81IN(2)X(1—X) —s—. )
in completely disordered semiconductor alloys, this is briefly dx 4mag/3

reviewed in Ref. 6. In all these calculations it is assumed that HereV, is the volume of the primitive celkl Eg(x)/dx

excitons are created uniformly in the semiconductor alloyyescribes the variation of the direct band gap energy with
and that they experience slightly different values of the Iocala”Oy COMPOSItion ae= eh %/ ue?, w t=m;*+m, ! is the

. . . 1 L e
conduction and valence band eddessuming the virtual = yeqyced massn, andm, are the electron and hole masses,
crystal approximationin the region they occupy. Thus, the regpectively, and is the static dielectric constant. To calcu-
values of the emission energies from different parts of theate the value ofr in Al,Ga,_,N as a function of Al con-
alloy are slightly different from each other, resulting in an centration we have used the same values of the physical pa-
inhomogeneously broadened transition. In several of thesgymeters as those given in Ref. 8, obtained by linear
calculations it is assumed that the volume of the EXCitor]nterpolation between the values of GaN and AIN, namely,
essentially acts as a probe of local compositional diSOfdeﬁwe/mozo.ZZ(l—x)+0.33<, €=9.7(1-x)+6.3%. The
and thus the value of strongly depends on this quantity. yajye of the hole band mass,=1.5m, is assumed to be
The exciton volume, however, is not a well-defined quantumMpdependent of the Al concentration. The volumé,
mechanical quantity, thus it leads to the different values of zag(x)/\/i, whereay,=3.160(1-x)+3.11% A is the lat-
calculated by different groups. For instance, Goetlal," 8 tice constant in the hexagonal plane. The variation of the

far as we know, were the first to calculate the dependence qfand gap energi,(x) as a function of the Al concentration
o on alloy composition using rather simple statistical argu-(x) is given as

ments and defining the exciton volurdg, as 37(r3), where

(r3 is the expectation value of® and is equal to 74, Eg(X)=(1-X)E4(GaN) +xEg(AIN) —bx(1-x),  (3)
Here a,, is the exciton Bohr radius. Singh and Bdjaind  where the bowing parametbr=0.6 eV® and the energy gaps
Schobertet al? definedV,, as 3wa’, in their calculations at room temperaturg, (GaN)=3.42 eV andE, (AIN)=6.20

and obtained values af which are about 2.7 times larger eV. It is worth noting that Eqs(1) and (2) describe the
than those calculated by Goeeeal! Later, Zimmerman inhomogeneous linewidth broadening due to compositional
and Lee and Baj8javoided the explicit use of the exciton disorder and do not account for the homogeneous contribu-
volume and independently calculated the dependeneeoof  tion, which is always present at finite temperatures.

alloy composition following somewhat similar guantum me- In Fig. 2 we display the variation ef as a function of Al
chanical approaches. Their results agree rather weli wiiltoncentration. The solid line is obtained using Eds.and
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(2). Circles represent linewidths of excitonic resonances corthus indicating the higher quality of our AlGaN alloys. Fi-
responding to the transition with the highest emission energyally, it should be mentioned that the good agreement be-
obtained from the deconvolution analysis of the PL spectraween the results of our theoretical calculations and experi-
we measured at 10 K. This is associated with the mosmental data shows that the excitonic wave function is not
loosely bound exciton and therefore is quite close to ousignificantly perturbed by the localization potential, thus al-
model of the free exciton. Squares represent data fronowing us to use the theory of Lee and B&jajhich is based
Steudeet al® obtained at 4 K. From our data we have sub-on a free exciton model.

tracted the constant value for the inhomogeneous broadening In summary, we have studied the variation of the exci-
at x=0(ogan), Namely, 7 meV, so as to consider only the tonic linewidth in ALGa, N alloys as a function of Al con-
effect of the compositional disorder. Although Stewdel.  centration, with Gsx=<35. We find that the values of the
did not mention it, we assume that they too have subtractelinewidths of excitonic photoluminescence transitions mea-
the value ofo for GaN from their data. Even though there is sured at 10 K are considerably smaller than those recently
some scatter in our data, they show in general good agreeeported by Steudet al® and agree very well with those
ment with the results of theoretical calculations. Moreover calculated using the formalism of Lee and B&jaus sug-

the fact that subtractingg,y from the derivedr values leads gesting that random compositional disorder is the main
to good agreement with theoretical calculations implies thabroadening mechanism in our samples.

there is practically no clustering in our alloy samples, which , )

otherwise would increase the linewidth with increasing Al € research at Kansas State University was supported
concentration. The values of determined by Steudet al® Py the DOE(96ER45604 and the NSHDMR-990243).
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