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Comparative study on the broadening of exciton luminescence linewidth
due to phonon in zinc-blende and wurtzite GaN epilayers
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Linewidth broadening of exciton luminescence in wurtzite and zinc-blende GaN epilayers was
investigated as a function of temperature with photoluminescence. A widely accepted theoretical
model was used to fit the experimental data, so that the coupling parameters between exciton and
acoustic and longitudinal optical phonons were obtained for both structures. It was found that the
coupling constants of both exciton—acoustic optical phonon coupling and exciton—longitudinal
optical phonon coupling for zinc-blende GaN are almost twice as much as the corresponding values
of wurtzite GaN. These results show that the relatively strong exciton—phonon scattering seems to
be characteristic to zinc-blende GaN film. @02 American Institute of Physics.
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It is known that GaN exists in two different crystalline SiC (0001) substrates at 650 °C by plasma-assisted molecu-
structures under usual conditions. The equilibrium phase ifar beam epitaxyMBE).*® The thickness of the-GaN ep-
wurtzite GaN (a-GaN), while the metastable zinc-blende ilayer was about 1.8um. A micro-Raman system was
GaN (B-GaN) can be expitaxially grown. In the past a few employed to characterize the phonon structures of the two
years, the structural, optical, and electrical properties ofzaN films at room temperature. The excitation laser source
a-GaN as well asa-GaN-based devices have been extendn the Raman scattering was the 514.5 nm line of aif Ar
sively studied~3 However, many outstanding issues remainlaser. The incident laser beam is along the growth direction
unsolved. Compared with-GaN, fewer studidshave been of the films and the back-scattering geometry was taken. The
devoted top-GaN. This situation will change, as rapidly in- photoluminescencéPL) setup has been described previously
creasing attention has been paid to the system in recefgee Ref. 2P In the PL measurements, the same measure-
years>® Yang et al}® and Aset al!* recently demonstrated Ment conditions were applied to both samples.
electroluminescence frof-GaN p—n junctions, which rep- Figure 1 shows the measured PL spectra fromai@aN
resents the starting point gtGaN based optoelectronic de- and thea-GaN samples at different temperatures. At low
vices. Theoretical work has predicted tiaGaN has differ- temperature, the peaks at 3.269 and 3.151 eV ffp@aN
ent properties from a-GaN, for example, smaller have been identified by many auttitid® as the shallow

band-gap?3and easiep-type doping** Some of these have donor-bound exciton and the donor—acceptor pair transition
already been verified experimentally. lines. Our varying excitation power experiment also presents

In this letter, a comparative study on exciton scattering® clear spectral evidence that the peak at about 3.151 eV is

by phonons ing-GaN anda-GaN films is reported. The tem- the donor—acceptor pair transition. The linewidth of the

perature dependence of the linewidth of exciton lines in thélonor-bound exciton line op-GaN at 3.5 K is 14.66 mevV,
two GaN films is fitted with a theoretical model. It was found Which is comparable to the best values reported so Tare
that the coupling strength of the excitons with both thelinewidth of the dominant peak broadens to 54.9 meV at 300

acoustic phonons and the LO phononsadifGaN is much K. To the best of our knowledge, this is the narrowest PL
smaller than the corresponding ones grGaN. The rela- linewidth observed at room tempe_rature focaN:® More-
tively strong exciton—phonon coupling may thus be charac?r\éfrr]’ [;_rga;uccre]sif#lﬂ%ilrg(;ngsng'}'egftﬁéeﬁi"ﬂ”m;rl‘_‘fsg‘?”ce
teristic of 8-GaN. p=nj gh quality

The g-GaN films were grown on Si-doped GaAg01) the sample. In general, the shallow donor-bound exciton

. L . ansition dominates the low temperature PL spectrum of
r metalorganic vapor ph ition usin rH . . . .
SUbS.t ates b)_/ etalo ganic vapor pnase deposition using a a-GaN. From Fig. 1, it can be seen that the linewidth of the
monia and trimethylgallium as N and Ga precursors, respec; . . L o
. X . o dominant bound exciton line is 12.8 meV at 3.5 K, which is
tively. H, was used as the carrier gas during deposition. A . : ; .
. ; . R close to that of thgg-GaN. The linewidth of the exciton line
nucleation GaN layer was first deposited at 550 °C for 1Q .
. . Increases from 12.8 to 32.2 meV when the temperature in-
min. It was followed by a Zum-thick B-GaN layer at

R . . creases from 3.5 to 300 K.
820°C. Thea-GaN epilayers were directly grown on 6H- The temperature dependence of the linewidth for the

lowest 1S exciton transition in semiconductors can be given
dAuthor to whom correspondence should be addressed; electronic maiby16

sjxu@hkucc.hku.hk I(M=Ta+cT+ N T 1
Ypresent address: Department of Physics and Materials Science, City Uni- ( ) 0T Y ) ol ). ) ] @) ]
versity of Hong Kong, Kowloon, Hong Kong. The first term on the right-hand side is a constant, standing
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3.35 3.40 3.45 3.50 3.55 Solid lines are the fitting results with E€L).

Photon energy (eV) ) o )
FIG. 1. Measured PL spectra of the zinc-blende GaN and the wurtzite Gaﬁlnlformly distributed. We took the measured energies of the

heteroepilayers at different temperatures. For clarity, all the spectra werbO phonons when fitting the linewidth in Fig. 2. It is found
normalized and were shifted vertically except one at 300 K. that the result is excellent with the following parameters:
I'p=14.2 meV,0=0.072 meV K1, andy=706.0 meV for
— _ 1
for the impurity and inperfection scattering. The second tern-GaN, andI'y=12.0 meV, 0=0.036 meVK", and y

arises from the scattering of the excitons by acoustic=307.7 meV fora-GaN. Itis noted that the and y values
phonons, exhibiting the linear temperature dependends. obtained here fon-GaN are consistent with those obtained

17 :
the exciton—acoustic phonon coupling strength. The last terdy Buyanovaet al™* Obviously, the o and vy values for

is due to the interaction of the excitons with the LO phonong®-GaN are much greater than the corresponding ones of
and is proportional to the Bose functioN o(T) a-GaN, although theil"; values are comparable. This sug-
—[expliw,o/ksT)—1]" for LO-phonon occupation gests that there exists a stronger exciton—phonon scattering

wheref o, o is the LO phonon energy angd represents the in B-GaN. Brandt.and his co-workéralso observed a !e}rge .
exciton—LO phonon coupling strength. The above theoreticai®mal broadening of the near-band edge transition in
model has been frequently employed to study the thermaP-GaN. Furthermore, they pointed out that this was a char-

broadening of exciton luminescence in various semiconduc@Cteristic property of-GaN. _ .

tors. Fora-GaN, several group§*?fitted the experimental According to Rudiret als theoretical calculationS, the

linewidth using Eq(1). cc_)ntnl_)unon_ of exciton—LO _pho_non scattering to the line-
Figure 2 shows the linewidth of the exciton lumines- width is mainly from the Frhlich interaction. In general, the

cence ina-GaN andB-GaN as a function of temperature. arger LO phonon energy favors stronger Ififch interaction

The solid lines represent the least-squares fitting of the data
considering temperature-independent inhomogeneous broad- [
ening, acoustic phonon scattering, and LO phonon scattering. N 566.2
As a highly polar semiconductor, GaN possesses much stron- r '
ger exciton—LO phonon scattering than other 1ll-V semicon-
ductors, such as GaAs. In order to accurately determine the 2
characteristic energy of LO phonons in t8eGaN and the >
a-GaN films, Raman scattering spectra of both samples were 2
taken at room temperature, as shown in Fig. 3. The measuredfg
phonon energies of the-GaN and the3-GaN samples are in 553
good agreement with the values reported in the L ;—'ZFO (B-GaN) 737.9

literature’ 8202 s 5662 LO (3-GaN) —
From Fig. 3, it can be seen that a low contenieGaN C —E, (o-GaN)

exists in theB-GaN host because of the resolvegd ihonon ] L , . , T
mode, which is a characteristic mode®GaN. It should be 550 600 650 700 750
pointed out that the £phonon mode is not always observ- Raman shift (cm™)

able when we change the eXCitati(_)n spot. Thi; implies thag|g. 3. Raman scattering spectra for two GaN epilayers at room tempera-
the low content of ther-GaN phase in th@-GaN film is not  ture.
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and thus a larger coupling strengghFrom Fig. 3 we know 3.48

that there is a slightly larger LO phonon energy #GaN 3.47 ]

than fora-GaN. This small energy difference is perhaps par- 1 LE I B

ticularly important for polar semiconductors like GaN with 3'46'_ : s

very intense exciton—LO phonon Fich scattering. An- S 3451 i .

other important factor relating to the thermal broadening of < 344 M

the exciton lines is the binding energy of excitdfidt is g T .

very likely for B-GaN*>2to have smaller binding energy of 8 3431 = 0.GaN .

free excitons tham-GaN2*?® At higher temperatures, the 8 3424 ®  B.GaN+0.195eV .

free exciton recombination generally dominates in the PL & 544 ] .
spectra of GaN. This can be judged from the characteristic 1 3
asymmetric lineshape of the free exciton emisgfoilote 3401

that the lineshape of the dominant emission line from the 339 — S — !

n 1 2
50 100 150 200 250 300

B-GaN film changes from asymmetric to symmetric when
Temperature (K)

temperature is above 240 K. But for theGaN sample, the N _

emission line keeps its characteristic asymmetric IinshapE'G- 4. Temperature dependence of the peak positions of the dominant
. S emission for two GaN epilayers.

from 80 up to 300 K. This fact also indicates ti@aGaN has
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