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We report the observation of ultraviolet and visible near-resonance enhanced Raman scattering in
epitaxial wurtzite A] _,In,N (0001) (0=<x<0.7) thin films. The films (thickness150 nm) were

grown by plasma source molecular beam epitaxy on sapgBb8l) substrates. A substantial
spectral enhancement is seen for Al-rich samples using 2445104 e\} radiation due to the
closeness of their band gap energy to the excitation energy. On the other hand, sampbes with

~ 0.6 (energy band gap- 2.5 eV) show significant enhancement with 514.5 (@1 e\j excitation.

The A;(LO) and E, zone center phonons have been observed for all the samplesA;{h®)

phonon frequency shows the expected decrease with increasiing E, mode shows a two-mode
behavior supporting the recent theoretical predictions. Due to increased resonance enhancement,
strong second- and third-order spectra are seen in some film2006@ American Institute of
Physics. [DOI: 10.1063/1.1404402

Growing interest in developing optoelectronic devices#—26 scans of these films confirm wurtziteplane growth

operating in blue, green, and ultraviolet regions has stimuwithout any alloy segregation. The films are typically 150
lated the study of nitride ternary alloys: InGaN, AlGaN, andnm thick. The energy band gaps of these alloys have been
AlInN.12 Alloying among the group I nitrides allows band determined using optical transmission and reflection mea-
gap tuning from 1.9 eV in InN to 6.2 eV in AIN with an surements in the UV and near-IR regibriThese values de-
intermediate value of 3.5 eV for GaN. However, there havecrease with increasing, as expected from the band gaps for

been few studies on AlL,In,N films due to the difficulty

the end point compounds. The band gap energies for the

associated with their growth® samples studied in this letter are shown in Table I. The alloy

The hexagonal wurtzite AL,InyN system belongs to compositions were estimated K§002 XRD peak positions

the space grou€g, with four atoms in the primitive unit using Vegard’s rule.
cell. The representation at thiepoint is reducible to The Raman spectra were recorded using two different

I'=1A,+1E,+2E,+ 2B;.

spectrometers. Micro-Raman measurements were made in
backscattering geometry with a Renishaw 1000 system using

The A, andE, phonon modes are both Raman and infrared244 nm excitation. A single monochromat@instruments
active; theE, modes are Raman active, whily modes are  SA-Triax 550, equipped with conventional optics, holo-

silent. The lattice dynamic calculations on;AlLIn,N crys-

graphic supernotch filters, and a charge coupled device de-

tals based on the modified random element isodisplacemegéctor, was used to record spectra using 514.5 nm excitation
have been reported by Grille, Schnittler, and BechStedtjine, The experimental scattering configuration used in this
Their calculations predict a two-mode behavior B and  york allows the detection oh,(LO) andE, phonons.

E,(TO) modes, whereas almost a linear increase with Al

Figure 1 shows the Raman spectra of an AIN film, i.e.,

concentration for theé\;(LO) mode. However, there are no

reported experimental Raman scattering data on these alloy

. . 1 1 a
films. Here, we report the observation of near-resonanceABLE I. Energy band gaps of AL,InN thin films.

enhanced Raman scattering in;AlIn,N thin films, using

. t < X Sample X E, (V)
ultraviolet (UV) and visible light excitation(244 and 514.5 _
nm). i 0.00 6.00:0.10
The epitaxial Al ,In,N alloy thin films (0=x<0.7) i 03l NP
have been grown on sapphii@001) substrates using plasma iv 0.34 3.20+0.10
source molecular beam epita¥/X-ray diffraction (XRD) % 0.55 2.60-0.15
vii 0.67 2.50+0.15
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FIG. 3. Raman spectra of sample) [ x=0.55] obtained usinga) 514.5 nm
excitation and(b) 244 nm excitation. Note the strong enhancementain
compared tgb). The alloy peaks are marked with vertical arrows.

FIG. 1. Raman spectra of AIN film obtained with) 514.5 nm andb) 244
nm excitation. Tracéa) shows Raman peaks of only sapphit¢, whereas
trace(b) shows both AIN and sapphire peaks.

also show distinct steps at frequencies corresponding to
twice and three times thei;(LO) frequencies, which are

indicated by the vertical arrows in Fig. 2. These steps arise
from the cutoffs in the second- and third-order Raman scat-

sample(i) in Table I, obtained using both visible and UV
laser excitations. The lower trada) obtained with visible
laser excitatior{514.5 nm shows only the phonon modes of

the sapphire substrate without any Raman signal from Athering, and they appear at multiples of thg(LO) mode,

On the other hand, trad®) obtained using UV laser excita- . :

tion (244 nm shows strong enhancerr?ent of the RamarS"ce that mode is near the top of the phonon bands. The
modes from AIN. TheA,(LO) andE, phonons of AIN are strength of these cutoff features is another indication of the
clearly identified.and tﬁeir energie52 are 884 and 653%m strong resonance enhancement that occurs with near-band

However, these observed frequencies are 6 and 4'cm gap excitation. .
lower than those for bulkstrain free AIN, 213 perhaps in- Raman spectra of all samples were also recorded with

dicating a small tensile strain in the film. gl’]l-g\./?e dnrgnlexsc;tatlrc])ir;é ngllz ':;rr:]ﬂe;:rrﬂipés;xfh%v?/?d
Figure 2 shows the Raman spectra of samigs(v) stron Ram);n s?pnals gue to’ the closeness of their ener
obtained with 244 nm excitation. Samplé) [Fig. 2a)] g g - 9y
v band gap 2.5eV) to the excitation energ.41 e\j. For
shows strongly enhancedl;(LO) at 859 cm - and twoE, .
- . example, Fig. 3 shows the Raman spectra of sarfypleb-
modes at 677 and 627 crh Samples(ii) and (iv) show tained using both visiblftrace(a)] and UV excitationtrace
A1(LO) and E, modes that shift downward in frequency 9

a1
with increasingx. However, the intensity enhancement in (nt:)cx]des's,tgtng% Z?]Zaggg?r%(;rct)a)sztenm'?hcemRa;r;jn t(\:i/\:a\?:?rom
these samples is considerably reduced. Further, no discer '

ible peaks are observed in sample$ and (vi) due to the ﬂ']e samples listed in Table | are plotted in Fig. 4.

Figure 4 shows the comparison of Raman frequencies of
much lower band gap energy-@.5eV) of these samples L . . .
compared to the excitation line. Sampl@s, (i), and (iv) Al;_,In,N samples studied in this work with the theoretical

predictions of the zone-center phonons versus composition
(x) in 2H-Al;_,In,N alloys® The A;(LO) phonon clearly
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FIG. 2. Raman spectra of 150-nm-thick;A}In,N samples obtained using
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follows the predicted behavior. An important phenomenon in
alloyed semiconductor systems of the form 4B, C relates
to the behavior of the frequencies of the long wavelength
optical phonons with changing concentratign In these
mixed crystals, there are two types of observed behavior
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244 nm excitation(a) x=0.12,(b) x=0.28,(c) x=0.34,(d) x=0.55. Note
the strong enhancement (@ and(b). The second- and third-order features
are seen in@), (b), and(c). The vertical lines are drawn at two and three FIG. 4. Zone-center phonon frequencies vs Al content qf Ah,N. The

times the measuredl; (LO) frequency. Raman peak of sapphire is indicated symbols represent the data obtained in the present work. The dotted lines
by *. represent theoryRef. 9. For InN the data are from Refs. 15 and 16.
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