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Raman analysis of the configurational disorder in Al xGaj_ N films

Leah Bergman, Michael D. Bremser,? William G. Perry,® Robert F. Davis,® Mitra Dutta,”
and Robert J. Nemanich®
Department of Physics, North Carolina State University, Raleigh, North Carolina 27695-8202

(Received 30 May 1997; accepted for publication 12 August 1997

Raman analysis of thE2 mode of A[Ga, _,N in the composition range9x=<1 is presented. The

line shape was observed to exhibit a significant asymmetry and broadening toward the high energy
range. The spatial correlation model is discussed, and is shown to account for the line shape. The
model calculations also indicate the lack of a long-range order in the chemical vapor deposition
alloys. These results were confirmed by x-ray scattering: the relative intensity of the superlattice line
was found to be negligible. The line broadening of Ef2 mode was found to exhibit a maximum

at a compositionx=0.5 indicative of a random disordered alloy system. 1@97 American
Institute of Physicg.S0003-695(97)04041-3

The realization of achieving high quality &g N intensity® The free carrier concentration in the samples stud-
films has prompted an intensive investigation concerning deied here, as measured via the Hall effect, is relatively high
vice fabrication and material and device properties. Ramaron the order of % 10'/cm®) and as a result tha1(LO)
spectroscopy has been proven in the past to be a powerfalode is not detectable in the Raman spectra. The lack of the
method in studying alloy systems among which areelectric field interaction makes the2 mode ideal for the
Al,Ga _,As, InGa_,As, CgSr_,F,, ZnS _,Se, and present study. Future investigations may address the line
many more:™> Raman scattering from a perfect crystal, shape of theA1(LO) mode.
which consists of a lattice with translational symmetry, in- In the experiments the 488 nm line of an*Aion laser
volves phonons with a wave vectge=0 near the Brillouin  was utilized and the data were acquired at sample tempera-
zone(BZ) center® The alloying may destroy the configura- tures of 300 and at 10 K. The experimental error in the
tional translational symmetry, and the phonongjaf0 may  linewidth and peak position measurementsti$.5 and 0.5
be allowed to participate in the Raman scattering. As a resuém!, respectively. The AGa _,N films were grown via
the Raman line shape changes, and an investigation of thRe organometallic chemical vapor depositi®MCVD)
line characteristics may vyield valuable information on themethod at~1100 °C on 61-SiC(0001) substrates with a
microstructure state of the alloy. 1000 A AIN buffer layer® The thickness of the films is-2

In this letter we present for the first time observationslum and the compositiorx, which was determined via Ru-
and analytical study of an asymmetf@ Raman line shape therford backscattering(RBS), energy dispersive x-ray
of Al,Ga, 4N films. The asymmetry of the line is shown to (EpX), and Auger spectroscopy is: 0.06, 0.12, 0.22, 0.32,
agree with the spatial correlation model which is based ong 0.70. The data points far=0 andx=1 were obtained
the relaxation of thej=0 selection rules due to the alloying. from GaN film and AIN crystallit§? respectively.

The calculations indicated that the,&a, _«N lattice lacks a Figure 1 shows the room-temperature Raman spectra of
long-range order, a result which was confirmed by x-ray dif-the E2 line from AlL,Ga,_,N films of compositions 0.06,
fraction (XRD): the superlattice diffraction line was found to o 12, 0.22, and 0.70, which exhibit linewidths of 8, 13, 16,
exhibit a very weak relative intensity. Moreover, the func-ang 19 cm?, respectively. As depicted in the figure, the
tional behavior of thée2 linewidth with respect to the com-  gpectiral line shape for films 0f>0.06 exhibit asymmetric
positionx in the range 0-1 indicated a random distribution yr5adening and a peak shift toward higher frequency. Pos-
of the alloy constituents with maximum disorder at compo-gjhe line broadening mechanisms applicable to alloys in-
sition x=0.5. _ clude thermal broadening, activation of a symmetry forbid-

Ramap spectra were acquired in a backscattering geongap, zone-cente(q=0) mode which lies in the same
etry in which theE2 and theA1(LO) are the allowed 7Raman frequency range as the investigated line, and broadening due
modes from the face of the WurtzitdW2) structure’ Un- 1, activation of a collective of modes of wave vectqges 0.
like the nonpolaiE2 mode, theAl(LO) mode possesses an The |ast two broadening mechanisms result from the elimi-

electric field which interacts with that produced by the free4iion of the translational symmetry of the lattice due to
carrier waves known as plasmons. For samples with a SUfﬁélloying.

ciently high free carrier concentration, this phonon—plasmon
interaction affects theA1(LO) Raman line shape signifi-
cantly and results in a Raman signal with very weak

To investigate the thermal contribution to the line broad-
ening, Raman spectra were acquiredTat10 K, and no
significant change was observed between the shapes and
linewidths of the room and cold temperature spectra. Thus
@Also with: Department of Materials Science and Engineering, North Caro-the linewidth in our sample is not strongly affected by tem-

,na State University, Raleigh, NC 27695. _ perature. The only effect of the low temperature is the shift-
Also with: US Army Research Office, Research Triangle Park, NC 27709-, . 1 .
12211, ing of the peak position by-2 cm™* toward the high fre-
©Electronic mail: robert_nemanich@ncsu.edu quency, which was also previously observed in GaN films
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one- or two-mode typé'°and the behavior of the peak po-
sition depends on the type. The deconvolution of the peak
position is left to a future investigation; at present we address
merely the origin of the asymmetric line shape and line
broadening.

The Raman intensity (w) for the spatial correlation
model may be expressed'a$!?

2] 2
I(w)ocj ex;{ q4L

whereq is in units of 2r/a, a is the lattice constant, ard,
is the linewidth of the material of compositior=0 which is
GaN in this study. Our GaN films exhibit linewidth in the
range 3—-5 cm! depending on the film qualityFor the cal-
culations we used the upper range value to account for the
stress in the alloy which was inferred from the appearance of
cracks in the films. In the calculation we assumed a spherical
correlation domain and BZ.
540 550 560 570 580 590 600 610 620 To evaluate Eq.1) we fitted the phonon dispersion
Raman Shift (cm™) curves, which have been calculated by Azuhetal,® in
the vicinity of the BZ center. In their calculations tie2
FIG. 1. The RT Raman spectra of ti2 mode of A\Ga,_,N films of ~ Mode along theA direction exhibits a doubly degenerate
compositionx=0.06, 0.12, 0.22, and 0.70. The respective linewidths are: 8oehavior and is a weak function gf thus having no effect
13, 16, and 19 cm, and peak positions at: 567, 569, 572, 579 ¢nThe on the line broadening mechanism. In contrast, &2
solid lines superimpose(_j on the s_pectra of films:0.12 gnd 0.22 were curves along the and T directions both split into a lower
calculated from the spatial correlation model presented in(Bqg. . .
and an upper branch, where the former is a decreasing func-
tion of q and the latter is an increasing function: these curves
and crystals' and was attributed there to the thermal con-are expected to influence the Raman line shape. Our calcu-
traction of the bonding. lations of Eq.(1) best concur with the phonon dispersion
The second possible mechanism is the activation @f a curve of the form:w(q)=A+Bg? (in units of cm* and
=0 symmetry forbidden mode which might be convolutedwith A=568 andB=100), which is the approximated behav-
with the E2 line and cause the asymmetric broadening. How-or of the upper branch of thE andT curves in the vicinity
ever, the only mode in the frequency range of B line  of the zone center. However, when we included the contri-
that is forbidden in the backscattering geometry is thebution to the line shape arising from the lower branches of
A1(TO) mode of GaN at-560 cni%,” which lies at a lower the dispersion curves the fit was not ideal. Similar behavior
frequency. has been previously observed in the calculation of BN line
A more plausible mechanism to account for the highshape'? The reason for the dominance effect of the upper
frequency asymmetric linewidth in our Raman spectra is thdranches in our calculations is under investigation.
spatial correlation model, also known as the confinement The calculated lines and the Raman data for samples of
model. The model was developed to explain the asymmetrgomposition 0.12 and 0.22 are presented in Fig. 1. As de-
line in BN*? and St® and has been successfully applied topicted in the figure the asymmetric Raman data concur with
qguantify the line shape behavior of GaAl,As and the spatial correlation model, where the small deviation
Ga,_4In,As alloy systemg.The foundation of the model lies ~560 cm! may be attributed to the activate8ll(LO)
in the wave vector uncertainthq=2=/L, whereAq is the  mode. The ordered domain size,was determined from our
phonon wave vector rangé, is a spatial dimension into calculations to be~25-35 A; a relatively small value sug-
which the phonon is confined, agis related to the Raman gesting the lack of a long-range order in the alloy system. In
frequencyw via the phonon dispersion relatian(q). The  order to further investigate this hypothesis a film of compo-
size ofL in an alloy system may be viewed as the averagesition x=0.22 was characterized by XRD: the scan is pre-
size of the ordered domains which are embedded in thsented in Fig. 2. The figure shows the diffraction peak of the
configurational-disordered matrix. According to the model,(0002 planes of the AlGaNsuperimposed is also the SiC
asL gets smalleAq becomes larger: a wider range of fre- substrate pegkand the inset presents the we@o0]) dif-
guencies are allowed to participate in the Raman scatterindraction peak. Th€000Y) is a forbidden reflection in the WZ
and as a result the Raman line shape exhibits a change. Th&ucture and appears as a superlattice line only when lattice
line shape change depends on the phonon dispersion cureedering exists? the intensity ratio0001)/(0002 is a mea-
w(q); for a curve of negative slope the line asymmetry issure of the extent of the ord&t.Al,Ga_,N films which
toward lower frequencies and for a positive slope the asymwere grown by molecular beam epitaxy have been reported
metry is toward higher frequencies. The peak position alsdy Korakakiset al!’ to exhibit a long range order; the inten-
shifts accordingly. However, the position is a function of thesity ratio of their XRD lines is~0.05 in contrast to our much
alloy mode as well: an alloy can be categorized as being amaller intensity ratio o#~0.002. Thus the XRD confirms

d3q
[0—w(q)]*+(T¢/2)*’

@

Raman Intensity (A.U.)
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o A,B;_,C alloys has been previously addressed and it was
4 1 suggested that the anions, C, are periodically distributed in
their sublattice sites, while the cations, A and B, are ran-
domly distributed in the other sublattice site®.However,
achieving an ordered alloy in some families of ternary tetra-
hedral semiconductors has been demonstrated to be a func-
tion of the growth temperatur®:;the conditions for the or-
dered state in the AGa, _ N system have yet to be explored.
To conclude, the asymmetric behavior of th2 Raman
0 STy linewidth of Al,Ga _N alloys was attributed to the activa-
340 345 350 355360 tion of phonons ofj=0 arising from the disordered state of
200 (degrees) the alloys. X-ray diffraction supports the finding; the super-
lattice relative line intensity is weak. The line broadening of
FIG. 2. The(0002 x-ray diffraction of Ab/Ga 7d\; the scan displays the  the E2 Raman mode exhibits a maximum at composition
SIC Slutt’f‘tratl? peak. The inset to the figure shows the very @204, _n 5 \which is consistent with a random distributed system.
stiperiatice fhe- The authors acknowledge the National Research Coun-
cil, the Army Research Office, and the Office of Naval Re-
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