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Transverse-opticalTO) and longitudinal-optica(LO) phonons of zinc blende JGa _,N (0=<x

=<0.31) layers are observed through first-order micro-Raman scattering experiments. The samples
are grown by molecular-beam epitaxy on GaA80l1) substrates, and x-ray diffraction
measurements are performed to determine the epilayer alloy composition. Both the TO and LO
phonons exhibit a one-mode-type behavior, and their frequencies display a linear dependence on the
composition. The Raman data reported here are used to predidt tfle0) andE,; (TO) phonon
frequencies of the hexagonal®a, _,N alloy. © 1999 American Institute of Physics.
[S0003-695(19901234-9

The ternary alloy InGa; N has attracted great atten- served peaks in the reported spectrum were ascribed to the
tion in the last years due to its successful application in thdirst and higher order phonon modes of G¥Nthe A; (LO)
electronic and optoelectronic device technology. Most of theandE, phonon frequencies of theIn,Ga, _ 4N alloy with an
work has been devoted to the hexagonal phdgeof the  In content varying between 1.9% and 11.3% were measured
material, the active media in light emitting diodes and lasely Raman spectroscopy.The LO phonon frequencies mea-
diodes! In order to understand the device characteristics, théured by us are fairly consistent with these reported data.
optical properties oh-In,Ga,_,N alloy epilayers’ double Based on early infrared reflectivity experiments &n
heterostructuredsingle- and multiquantum well structufés  InsGay 4N polycrystalline films* and recent Raman data for
and quantum dofsare investigated. However, very few at- the ¢c-InN andc-GaN binary compound$*®we use our re-
tempts have been made hitherto to study the zinc blend&ults to predict thé\; (TO) andE; (TO) phonon frequencies

phase (c) of the alloy despite its potential for practical Of the hexagonal alloy.

applicationd. The electrical transport and structural proper- "€ samples analyzed here are grown on G&&l)

ties ofc-In,Ga,_ N (x=0.07—1.0) layers grown by molecu- substrates .by plas_ma assisted MBE using a RIBER 32-
lar beam epitaxy(MBE) directly on GaAs(001) substrates system equlpped with elemental sources of Gg and As and an
were reported for the first time by Abernatayalin 19958 ~ Oxford Applied Research CARS 25 RF activated plasma

Shortly thereafter successful MBE growth of- source. The M background pressure in the growth chamber

In.Ga,_ N/GaN epitaxial layers on GaA@O01) substrates is of about 5<10*? Pa. Before starting the InGaN growth, a
exhibiting blud (x=0.17) and greef (x=0.4) photolumi- GaN-buffer layer is grown on GaAs at a substrate tempera-

nescence was reported. First measurements of the o tictl1re of about 720°C using Ga-rich conditions to prevent the
: P ) . PUC rmation of the hexagonal phase. For the growth of InGaN
gain of c-InGaN were also reported recentfyDespite the

. o . the substrate temperature is decreased to 600—-670°C. The
extensive investigations carried out on the hexagonal mat%l'ux ratio In/Ga is varied between 100 and 500. The growth

rial and the encouraging 'first resultg obta}ined for _its CUbiCprocess is monitored by reflection high energy electron dif-
counterpart, even the main mechanisms involved in the quraction (RHEED) and a RHEED-image recording system.
minescence emission from the InGaN mixed crystals remair:rhe thickness of the GaN buffer arinGaN films are of

to be understoo&?*‘a about 100 and 300 nm, respectively.

In this letter we report on the results of a study of the 11 alloy composition is obtained from the measured
vibrational properties of zinc blende /@3, N epitaxial  |atice constantsd) through Vegard's law* The values of
films using first-order micro-Raman spectroscopy. The zong,e determined by x-ray diffractometfXRD) with a Philips
center () transverse-opticalTO) and longitudinal-optical x pert High Resolution Diffractometer. Figure 1 depicts the
(LO) phonon frequencies are determined for the alloy instandardw—26 XRD scans along the symmetric (002) re-
three different compositionsg=0.07, 0.19, and 0.31. NO flexes of the analyzed samples. The spectra are well fitted by
Raman data have been published for the,Ga —xN epi-  pseudo-Voigt functions leading to the position of two peaks
taxial layers. Recently, a Raman spectroscopy analysiis of for each sample. The peak at239.90° is thec-GaN re-
In,Ga _yN/GaN films was performed, however, the ob- flection corresponding ta=4.52 A. The peaks at lower val-
ues of 29 are ascribed to theIn,Ga, _,N layers as indicated
JAlso at: UNESP, Bauru, ®ePaulo, Brazil in Fig. 1. From reciprocal space maps of the symm¢@2)

Electronic mail: tabata@macbeth.if.usp.br and the asymmetri¢113) Bragg reflex we find that our
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et . B . FIG. 2. Room-temperature micro-Raman spectra ofdHa,Ga, _,N epi-
37 38 39 40 41 42 taxial layers withx=0.07, 0.19, and 0.31 obtained in this work. The data
for c-InN (x=1) andc-GaN (x=0) are taken from Refs. 15 and 16, respec-
26(degrees) tively.

FI'IG- 1 The(_?_OZ) Bfgl%% fgﬂleg Ofcélgxgiai}th epitaxial 'ayetLS with an  and those ofc-InNN were recently measuréd,allow us to
?aloyegzﬁlpg?dlotrr?; sdlid 'cu.rve,saz:re tHe .Ieas(te-ssc?lrl:rreesfig?/vithe t?/\)/(giégjgcgpal(_e a consistent analysis Of the data for t_he alloy. Figure 3
Voigt functions for each sample. depicts the phonon frequencies as a function of the In con-
tent in the samples. The plot shows that the measured TO
_ and LO phonon frequencies of the alloy lie on straight lines
InGa,_,N layers are fully relaxed. The maximum of the connecting the corresponding values obtained forct@aN
reflected intensity from the jGa N layer is located along  and c-InN epitaxial layers. The Raman data discussed here
a direction in reciprocal space which connects the origin withead to the conclusion that the TO and LO phonon modes of
the maximum of the GaN Bragg reflex. For the=0.07  ¢.|n, Ga _,N ternary alloy exhibit a one-mode-type behav-
sample relaxation of the lattice was also observed duringor, Moreover, their energies depend linearly on the alloy
growth. The distance of RHEED reflexes changed notably:omposition.
revealing a change of the in-plane lattice constantafa Let us turn now to the analysis of the phonon peak at
=0.007=0.002. The In content in the samples are deter$25 cn'! observed in the sample with=0.31. Reciprocal
mined by interpolating linearly the value affor c-GaN and  space maps of the symmet(i@02) and the asymmetric113)
that>*"for c-InN (a=4.97 A) as a function of. Bragg reflex yield clear evidence for a Bragg reflex of an
The micro-Raman experiments are carried out at roomn-rich phase in this sample. The component of the scattering
temperature using a T64000 Jobin—Yvon Raman systerwave vector parallel to the direction of the sample surfate
with a charge coupled device as a detector. The 488.0 niplane is approximately equal to the in-plane scattering wave
line of an argon-ion laser is employed as the excitation and
the power is kept below 3 mW. The microscope objective in
the setup allows the laser beam to be focused on a spot of i cin Ga, N

about 2um. The measurements are made in backscattering 700}
. S : LO
from (001 surface. The incident radiation is polarized along
o . 850}
the [110] crystallographic direction and no analyzer is used
in the scattered light path. The spectral resolution is about 5 600

cm !

Frequency (cm-1)

Micro-Raman spectra of theIn,Ga, _,N layers withx 5501 .\-\.\'\TO
=0.07, 0.19 and 0.31 are shown in Fig. 2. The spectra for 500 \.
450 ¢ .

the pure binary compoundsinN andc-GaN are taken from

Refs. 15 and 16, respectively. The evolution of the TO and 0.0 0.2 04 06 08 10
LO peak frequencies along the alloy composition is indicated GaN ) InN
by black arrows. The peak frequency at 625 ¢nis tenta- Molar fraction x

tl\./ely ascribed by us to the. L.O phonon mode of the aIIOyFIG. 3. TO and LO Raman mode frequenciesl'abf the c-In,Ga _,N
with x=0.8. We address this issue later. The facts thf}t th%pitaxial layers as a function of the alloy composition. The straight lines
TO and LG phonon frequencies ofGaN are well knowt? connect the frequencies of the pure binary compounds.
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TABLE |. TO phonon frequencies & (cm™*) of the InGa,_ N alloy. The  data are reported for the first time for tbén,Ga, _,N alloy.

entries for the cubic systems are from the present Raman measurements aﬁnqs shown that the TO and LO phonon frequencief dor

for the hexagonal ones are predictions. The results for the pure &aN ( . . .

=0) and InN &=1) are from previous Raman experiments. the cubic alloy depend linearly on the In content in the
samples and exhibit a characteristic one-mode-type behavior.

Cubic Hexagonal To guide further experiments predictions are made for the
" To A, (TO) E, (TO) TO-mode @, E;) frequencies for thé-In,Ga N alloy
epitaxial layers.
0.00 558 537 556"
0.07 545 527 554 This work was performed under partial support of a
0.19 534 511 545 CAPES/DAAD/PROBRAL project within the Brazil/
0.31 523 495 536 o .
1.00 459 200 49C° Germany scientific collaboration program. The authors are
also indebted to FAPESPBrasilian funding agengyand
°See Ref. 16. VW-Stiftung for partial support.
bSee Ref. 15.
‘See Ref. 19.
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