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Determination of exciton transition energy and bowing parameter
of AlGaN alloys in AlIGaN /GaN heterostructure by means
of reflectance measurement
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The normal-incidence reflectance measurement was employed to obtain the free exciton transition
energy Egx) of AlGaN alloys in ALGa, ,N/GaN/sapphire heterostructure grown by metalorganic
chemical vapor deposition. It was found that the thickness variation of the AlGaN layer may cause
a noticeable change in the line shape of reflectance spectrum and impede the identification of the
desired excitonic position. By using a reflection model of two absorbing layers with a transparent
substrate, the experimental reflectance spectra were theoretically simulated and utilized to explain
the reflection mechanism in Xba _,N/GaN heterostructures. On the basis of the above analysis,
the feasibility of the reflectance measurement for such heterostructures is confirmed. At room
temperature, theEgys obtained from the fitting showed an excellent agreement with the
corresponding peak energies in the photoluminescence spectra. Furthermore, at the optical energy
position about 100 meV above tligy, the spectral feature of exciton-LO phonon interaction was
observed in the reflectance spectrum record for low Al compositiea0(16). Using the Al mole
fraction derived from x-ray diffraction measurement, the bowing parameter of the epitaxial AlGaN
layer was determined. In the range k@< 0.3, the resulting bowing parameter shows a downward
value of 0.53 eV. ©2001 American Institute of Physic§DOI: 10.1063/1.1334923

I. INTRODUCTION possible to generate precise Al content and, furthermore, pro-
vides information about the microstructure of epitaxial
GaN and its heterostructure with AlGaN have attractedayers® On the other hand, for the bowing parameter, be-
much attention to fabricate high power/high speed heterocause the investigations were performed on samples in dif-
junction field-effect transistofsas well as near UV laser ferent structures, growth methods, and growth conditions, it
diode$ and vision-blind UV detectordIn such device ap- s difficult to present a universal constant. In fact, there has
plications, a crucial property of the AlGaN alloys is the com-peen a relatively large variance in the values of bowing pa-
position dependence of the band gap eneigy) ( which is  rameter reported so fAfTherefore in practical meaning, pro-
described by a linear behavior of Al mole fractié and a  viding a simple and effective method seems more useful than
nonlinear deviation of bowing parametés). Up to now, a  trying to give a unified value of bowing parameter.
number of investigations have been done on the determina- Reflectance measurement as a powerful method has been
tion of the two parameters andb.* Although the composi- ysed in many works to yield the knowledge of optical con-
tion of AIGaN alloys obtained by chemical evaluation meth-gstants and excitonic resonance structure of I1-V column
ods, such as electron probe microanalysi°MA) or  semjiconductor materiafs® The three characteristic excitons
Rutherford-backscattering spectrome(BBS), etc., is con- (A, B, and C) of the wurtzite crystal structure GaN and
sidered more accurate than that extracted from the measurgicaN are usually used to deduce the band gap enegy (
ment of x-ray diffraction(XRD), it was suggested recently rqor GaN, the large exciton binding energy permits its exci-
that with taking account of the in-plane biaxial strain effectiongs to exist even at room temperature. It is predictable that
on both lattice parametera,andc, the XRD method is also o, Al,Ga, N also, the excitons will exist and strongly in-
fluence the room temperature band structure, specially in low
¥Electronic mail: jianghao_jp@yahoo.com Al composition region. On the other hand, reflectance mea-
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surement is, if possible, obviously convenient in determining  normal incidence

the E4 of AlGaN alloys, compared with other optical spec-

troscopic methods, such as photoluminesceé/tg, cathod- \ Medium 0 (air)
oluminescenceéCL), and optical absorptiofOA) measure- Tfm o to ng=1, dy=00

ments. The recent study of Ochalski al. has employed + A 0 Lo ¢ Medium 1 (AlGaN )
reflectance and photoreflectan@@R) spectra to determine I 21 mp=nj-iky, dj=~30--200nm
the Egx of AlGaN, but without any discussion on reflectance ™ |ty Medium 2 (GaN)
measuremert.More recently, Yuet al. have confirmed the _

feasibility of this measurement in estimating tfg, of 1123 tyy  mp=ngyiky dy=~l5um
AlGaN alloys in AlGaN/GaN heterostructures, but with a th ry |ty

difference of 3% (above 100 meY compared with PL Medium 3 (Sapphire)
measuremen In the experiment, however, we found that n3=n-ik3 (k3=0), d3=2mm
the thickness variation of the AlGaN layer may change the

line shape of reflectance spectrum and create uncertainty if

determining the location of excitonic energy. It was shown

that this uncertainty may be the reason for the large discrep- Medium 0 (air)

ancy between the reflectance and PL measurements. Henc ny=1, dy=00

the application of this method remains to be elucidated in
d ﬁ)p ¢ | 0. 0 d ethod re di S . eFe he FIG. 1. Schematic diagram of the AlIGaN/GaN/sapphire heterostructure and

modael analysis _an accuracy modi |Cathn. or suc . PUrthe reflection and transmission of the normal-incidence light in this multi-

poses, a reflection model of two absorbing layers with 8ayered system.

transparent substrate was used to perform a detailed discus-

sion on the experimental data. Based on this discussion, the

Erxs of AlGaN obtained from a fitting procedure were found . . -
. . used to calculate the mole fractigy) assuming the validity
in an excellent agreement with that from PL measurement. ) - -
- of Vegard's law. Principally, the relaxed lattice parameters
Combining the results of the reflectance and XRD measure- Lo
. . ag andcy from the binaries AIN and GaNgg(x) andcg(Xx)
ments, we obtained a downward bowing parambtel0.53 X
. L o . of stress-free ternary &Ga, N films should be related to
eV in the excitonic transition band gap of AlGaN epilayer. . ; :
mole fraction(x) by the linear expression
Il. EXPERIMENTAL PROCEDURE Co(X)=cS™N1—x)+cg™x, (1a)

The samples in this study were grown on sapphire g (x)=a%1—x)+a)Nx, (1b)
(000)) substrate by the horizontal atmospheric pressure )
metal-organic chemical-vapor depositiddOCVD) method. where the fully relaxed lattice constargg andc, are taken
Trimethylgallium (TMGa), trimethylaluminum(TMAI), and ~ to be 3-18?2? and 5.1850 A for Ga.lﬁla!’]d 3.1114 and 4.9792
ammonia(NH;) were used as source materials for Ga, AI,A for AIN, respec_'uvely, values which are now widely ac-
and N. All the epitaxial layers were nominally undoped. Thecepted. However, in most cases, the lattice parameters are
sapphire substrate was first heated at 1100 °C for 10 min in ghanged by lattice mismatch, thermal expansion change,
stream of hydrogen for cleaning. Then the temperature waBint defects, and size effect, ettin view of these changes,
lowered to 500 °C to grow a 30 nm GaN buffer layer. Sub-the actua_\l lattice parametans_anc_ic coulo_l bg, unde_r a cru_C|aI
sequently, the temperature was elevated to 1080 °C, at whicsSumption that in-plane biaxial strain is dominant in the
a 1.5um-thick GaN layer and a AlGaN layer with a thick- AlGaN layer, related to the fully relaxed ones by strain ratio,
ness between 30 and 200 nm was grown. The heterostructure (c—co) / (a—ap) Cis
is illustrated in Fig. 1. Reflection spectrum was measured in  &c/e,= c / a _2C_' 2
air for light normally incident to the surface of the sample 0 0 3
with a 0.1 nm spectral resolution. A tungsten lamp was usetvhereC is the elastic stiffness constants of the AlGaN epi-
as the light source. The peaks in reflectance spectra have altxial layer. Considering that the elastic properties of ternary
been confirmed by He—Cd laser souf@25 nm PL mea- varies linearly with the composition of arbitrary binary com-
surement for low Al composition samples. XRD measure-pounds, AIN and GaN, the valug$;;=114 andCg;=381
ment used a rotating anode Rigaku RINT2000 diffracto-GPa €./e,=—0.60) for GaN(Ref. 14 and C,3=120 and
meter, with CuKa, /Ka, doublet Ka;=0.1540562 nm  Css=395 GPa./e,=—0.61) for AIN (Ref. 15 were used
The scan step was 0.002°. All measurements were carric@ set the value of strain ratio of AlGaN as0.60 here,
out at room temperature. which is also identical to that used by Akasakial. in Ref.

16.

IIl. RESULTS AND DISCUSSION The mole fractiorx of the alloys can then be calculated
by solving Egs(1) and(2). Because the AlGaN films are so
thin in this experiment and all samples show relative high

For wurtzite structure AlGa, _,N crystal, the lattice pa- 2DEG mobility, they can be considered as perfectly strained
rameter of principle crystal axiscan be obtained from XRD by GaN layers, and then we can assume mﬁb()zag‘a'“
measurement in the symmetr{d006 reflections of 2-6 here. The composition values therefore obtained from the
mode by using the Bond method. The value fois often  measured lattice constants are shown in the next section.

A. Composition of the AlGaN layer
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B. Interpretation of reflectance spectra

w
=3

In Fig. 1, the AlGaN/GaN/sapphire multilayered struc-
ture is drawn schematically. Assuming that the thickness of
sapphire substrate is infinite and the roughness of the tof
most epilayer is negligible, at normal incident, the power
reflectance of this structure which takes the multiple reflec- &
tion into consideration can be written as

tootad 23€XH — 2apdy)exp —i 8) |?

u)

2.0

sl Uy sy by
[\
i

AIGaN (E ) (

Reflectance (a

l
absorption coefficient X 10°(cm™)

R=|r|?=|ro,+ . R E) N (1 A N N :
| | 02 1—I’23I’206X[1(—2a2d2)exp(—|52) ( ) ___________ ]
--------- —10
where ]
i Foitri2€Xp(—2a;dy)exp(—j6y) 3a) 705
01— pexp(—2ady)exp(—j8y) | Gan (EGlM) | | | | .
1 ! L l--f-- 1 1.1 11 ] 11 1 1 A1 11 O
r21+ rio exq — zaldl)exq _J 51) (3b) 34 3.6 38 4.0 4.2 4.4
I o= —,
20772 I 1o 12€XP(— 2a1d1)exp — | Jy) Photon energy (eV)
B tortioexpl — a dq)exp(—j 61/2) 3 FIG. 2. Numerically calculated reflectance spectral of AGa, sN/GaN/
0271 Fiof 12€Xp(—2a,d;)exp(—j &)’ (30 sapphire heterostructufeashed ling The solid line represents the experi-
mental data. Reflectance and absorption spectra of the GaN/sapphire struc-
torti0eXp( — aldl)exq _ J 51 12) ture are also given for comparisdigy andEy, were used as identification
tog= - , (3d) responding to the maxima of exciton profiles in absorption spectra of GaN
1—ragr1peXp(—2a1d;)exp(—j ;) (solid line) and Al ;,Ga, g\ (dashed ling respectively.
and
—n.)2 )2 . .
_|(ni=np)“+ (ki — &) |exp(i 6,) corresponding valley and peak in the reflectance spectrum.
ij

i (N +n)%+ (ki + &) | As shown in Fig. 2, the reflectance can be divided into three
. . B regions, which are the photon ener@ below the absorp-
X1j=0.1,12.13, ry=—rji, Oj=argri)] @ tion edge of GaN{b) between the absorption edges of GaN
are, respectively, the Fresnel reflection coefficients of airand AlGaN; andc) above the absorption edge of AlGaN.
AlGaN, AlGaN/GaN, and GaN/sapphire, and the corre- In region(a), as the normal-incidence beam experiences
sponding transmission coefficieff=1+r;;. « is the ab- relatively weak absorption, the reflected beam consists of the
sorption coefficient,n the refractive index, andd the lights that reflected from the interfaces of air/AlGaN,
thickness; 6;=(4nw/\)n;d; and &,=(4w/\)n,d,, k;  AlGaN/GaN, and GaN/sapphire. In this region, the reflec-
= a MAm and ko= a N4, tance spectrum is dominated by the interference effect results
Using Egs.(3), the reflectance spectra of AlIGaN/GaN from both AlGaN and GaN layers phase factor expf;)
heterostructure was numerically calculated. In the calculaand exp(jd&,). In region(b), due to the strong absorption of
tion, the absorption coefficient spectrum of GaN was takerthe GaN layer, the second term in E§) tends to be negli-
from our previous work the absorption spectrum of AIGaN gible, and results in a drastic change in reflectance. Since the
was obtained from the rigid shift of GaN. For avoiding no- multiple reflections in the GaN layer were eliminated in this
ticeable error, the Al mole fraction of AlGaN is set to be aregion, the reflected beam only comes from the lights re-
relatively low value,x=<0.11. The energy locations of the flected at interfaces of air/AlIGaN and AlGaN/GaN, and the
maxima of excitonic profiles in the absorption spectra ofshape of the reflectance spectrum is mainly dominated by the
GaN and AlGaN, nameétgy, andE,y, , respectively, were interference effect results from exp{8;). As the energy of
used as identifications corresponding to the extreme in rencident light further increases and reaches into redimn
flectance spectrum. Published data of Brunaerl. were the absorption of AlGaN rapidly increases, resulting in a
used for the refractive index of GaN and AGa, N as a  sharp change in reflectance again.
function of compositiorx and energy below the band géb. Besides the excitonic resonance structures of GaN and
Above the band gap, the data of Amarei al. were  AlGaN, we would like to address the line shape of reflec-
employed® Sapphire is considered to be transparent withtance spectrum regiottb), where the interference effect
the refractive index as a function of wavelength quoted froncaused by the AlGaN layer may strongly modify the spectral
Ref. 20. It should be mentioned that the phase factoriéyp( line shape and confuse the recognition of the excitonic pro-
in Eq. (4) may also contribute to the phase shift in reflec-file desired. Figure 3 displays the experimental reflectance
tance spectrum. However, this is neglected in the most of thepectra of different thicknesses of AlGaN layers. For Al
literature. compositionx around 0.1, we can see that the variatior of
The detalils in the reflectance spectra can be explained nesult in noticeable changes in the spectral line shapes of
the calculated spectrum illustrated in Fig. 2. As expectedregion(b). Specially, we found that wheah, is about 200 nm
model calculations show that the excitonic structures in abfFigs. 3c) and 3d)], the reflectance spectra show quite a
sorption spectra of GaN and AlGaN are just the cause of thdifference in shape. In Fig.(8), “two peaks” appear near
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FIG. 4. Calculated reflectance spectra fog fGa, oJN/GaN/sapphire het-

FIG. 3. Experimental reflectance spectra for®@# _,N/GaN/sapphire(x erostructures with thicknessl{) changes corresponding to that in Fig. 3.
around 0.] heterostructures with various thicknesses of AlGaN layegs.(  The line shape of regiofb) shows the changes in agreement with that in
The thickness values were measured by thickness monitor in the growthig. 3, while the energy location &y (3.621 eV are not shifted.

process of epilayers. It shows that the excitonic profile of GaN is hidden in

interference fringes whed, is about 200 nm.

is 192 nm. Under the effect of this fringe, the excitonic pro-

file of GaN is undistinguished, while that of AlGaN is still
the excitonic position of AlGaN and the excitonic profile of visible. For interpretation, we utilized the calculated spectra
GaN seems to be hiddéB.403 eV seems to be an extremum of Ry; (Ry;=|ro1/%) as shown in Fig. 5. It comes as no sur-
value of interference fringes rather than a valueEgfy prise that the line shape &j; exhibits a trend to agree with
which is indicated by another arrow at about 3.43;e\ow-  that of R as the thicknesd; increases. We can know that in
ever, in Fig. 3d) the excitonic peaks of GaN and AlGaN can regions(b) and(c), the large value o&,d, of the GaN layer
be identified clearly. In order to be clear in assigning bothlets R~R,, [see Eq.(3)]. According to Eq.(3a), rq, will
AlGaN and GaN peaks from Figs(@ and 3d), the reflec- approacltry; as thed; increases, meaning that thick enough
tion model was again used to analyze the experimental sped, will eliminate the multiple reflections in the AlGaN layer
tra, where the thickness of the AlGaN layer is a variableand only leave the reflected light af; remaining. As a
parameter. Because heterostructure devices are usuallgsult, R will approachRy;. Figure 5 provides a direct ob-
grown on thick GaN, where thickness enables the multipleservation thaRy; acts as a dominant factor in the amplitude
reflection in the GaN layer diminished at energy aboveof power reflectanc® around the exciton resonance energies
Ega’\‘, the influence of the variation in thickness of the GaNof AlGaN. BecauseRy; is not affected by the variation of
layer (d,) was not found and, therefore, was not concernedhicknessd,, the excitonic profile of AlGaN cannot be di-
here. minished in the line shape changes. In contrast to the AlGaN

In Fig. 4, the calculated spectra of different thicknessedayer, the GaN layer has to reflect its excitonic profile

of AlGaN layers are shown. As for the variation in thicknessthrough the reflected lights of, andr,; and, therefore, it is
of the AlGaN layer @,), it was seen that the energy location easily affected by the interference effect and its excitonic
Em Of the identification line does not shift with the changesprofile may be hidden by the interference fringe. The calcu-
of thicknessd;, while the line shape changes just like the lated model demonstrates that the occurrence of interference
changes of the experimental offeig. 3). It was also found fringe starts from aboudl; =40 nm with a thickness period
that the peak like shape presented belowERhg [Fig. 4c)]  about 75 nm.
is a interference fringe result from the AlGaN layer withn We can summarize the results of the above analysis as
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& °C ] ] ] | E. GaN 18
N 10 - “rx 16
8 140 nm/1500 nm
= 14
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m SIIIIIIIIIIIIIII].IIAIilli l'll“~ll.l
34 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0
Photon energy (eV)
5
| | |
550 nm/1500 nm FIG. 6. Room temperature reflectance spectra of AlGa®0 nm/

GaN(~1500 nm heterostructure samples with various Al mole fractirn,

The excitonic transition energies of GalR{>") and AlGaN EAS™M) are
marked by vertical arrows. The inset shows the spectrum ofxth8.16
sample. Broad features ascribed to exciton-LO phonon interaction were ob-
served at optical energies about 100 meV above Bf&' and EAICN,

respectively.

2.5 3.0 35 4.0 45

Photon energy (eV) broad features at which the energy is about 100 meV above

FIG. 5. Calculated reflectance spectraRgf (dashed lingandR (solid line) the free excitonic transition energies of GaN and AlGaN,
.o | [ol]] H HS

with variousuthicknessdl. With tphe ir??raease ofl, Ry; shows a trend of reSp.eCtl\./ely' Similar fefatures have been repqrted by several
agreement witlR at the excitonic profile of AlGaN. It also shows the am- studies in the absorpnon spectra of GaN ep|layers taken at
plitude of Ry is a dominant part in that dR. low?! and room temperaturé.However, to the best of our
knowledge, there have been no reports on the observation of
o _ L ) such features in neither absorption nor reflectance spectra of
(i) without the presence of interference fringiés region 5 iGaN alloys. It was suggested that this broad structure is
,(b)]’ ?"?th gxcitonic profiles of GaN ar).d AI_GaN can be eaSindue to the exciton-LO phonon interaction in an indirect
identified in the reflectance spectrufii) with the presence ;04 assisted absorption process which an incident photon

of interference fringes, the excitonic profile of the GaN layerg;, taneously generates a ground state free exciton and a
is possibly overlapped, but the excitonic profile of AlGaN | 5 hhonon, resulting in a resonance feature at the corre-

can be observed. The interference fringes will only present a§ponding energy in the spectrum. In the range &fx0

the low optical energy region di-yx and not shift the exci- <0.15, the LO-phonon energy of &a_,N ranges from
tonic position. This lets us easily assign the peak of AIGaN;abOut 735 cmt (91.2 meVf to 770 cm 't (95.5 meV. 2% By

(iii) the application of the reflectance measurement irPeason of the exciton dispersion, the energy spacing between

AlGaN/GaN/sapphire heterostructures is not limited by theye mayimum of broad feature and the band edge exciton is
layer thickness of AlGaNexcept the AlGaN layer is too thin slightly higher than one LO-phonon eneffyThe observed

to be detectex features indicate that LO phonon assisted exciton formation

Figure 6 illustrates the experimental reflgction ;pectra Oglso plays an efficient part in the a,_,N alloys (in this
AlGaN(~30 nm/GaN(~1500 nm samples with various Al .ase <0 16). For Al mole fraction above 0.16, the

mole fractions as a function of the photon energy. The POSiey citon-LO phonon interactions were no longer visitig.

tions around peak and valley of the spectra were taken as the 4nq may be attributed to the alloy broadening effect, due
free excitonic transition energiesgy) of the AlGaN and 1, yhe increase of Al content, which leads to a decrease of the
GaN layers, respectively, as indicated by arrows. Determinag,p ragiys of the free exciton in AlG&Rand makes the

tion _Of the location ofEgy will be described in th? NeXt  proad feature merge into the broaden excitonic profiles.
section. At room temperature, the three characteristic exci-

tons (A, B, andC) could not be individually observed and
were arranged in one broadened valley. We can see that wi
the increase of Al compositioxy the Egy of AIGaN shows a
clear shift to the high energy left. Another interest is that, for ~ In the spectral region which is of excitonic profile, we
the samples ok=0.16, the reflectance spectrum exhibits can determine the energy locations of the excitons with a

ﬁ:r Free exciton transition energy and bowing
parameter
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28 F = TABLE I. Comparison of the free exciton transition energi€sy) of
RT Al,Ga, _«N (x<0.16) epilayers determined from the reflectance spectra and
" the peak energies obtained from PL measurements.
26 [
\ Erx I Sample No. 1 2 3 4 5 6 7
g 24 /\ :; PLEg (eV) 3.533 3.578 3.600 3.621 3.667 3.669 3.695
> - | Reflec.Eg (eV) 3.527 3.583 3.606 3.621 3.664 3.667 3.700
& 22t g
S =
s 9
2 =
e 20K AlGaN 7] : undoped GaN and its ternary compound AlGaN, the domi-
¥ . .
& ’1 e nant peak in room temperature PL spectrum is due to the free
18 _J - exciton transition(FX).?8
Strictly speaking, the band gap energy is defined as the
16 GaN sum of free exciton transition energ¥£y) and its binding
M 111 1111 I 11 1} I 1 1 I | | I S | l—l' energy Eb)’ namelyEg: Eex+ Eb : HOWeVer, the Condltlon
33 34 35 36 37 38 39 4.0 is complicated in the ternary compound AlGaN. Up to now
Photon energy (eV) the binding energy of AIN is not clear. Moreover, no precise

knowledge is available on the composition dependence of
FIG. 7. A typical fitting curve of the experimental reflectance spectrum of effective masses in AGa N ternary alloys so far. In prac-
the Alof32.0N/GaN heterostructure with the AlGaN layer about 200 nm. ;o ity the transition energy of free exciton can be treated as
The free exciton transition energE@X) obtained shows a good agreement f’ h . bsti f band
with the peak energy of the PL spectrum. one of the most precise su stitutes ogltrue and gap energy
(Eg), namely, the excitonic band gap.
The nonlinear dependence of the lowest direct band gap

energy on the Al mole fraction can be written in the follow-
simplified procedure. The spectral line shape due to the eXng expression:

citon transition of energyhv; can be approximately de-

AlGaN__ —~GaN AIN
scribed in a form of Lorentzian dispersion, By =Eg (1-x) +Eg x—bx(1-x), ®)
hv,—hv+iT, where E; (GaN) and E4 (AIN) are the room temperature
R(v)=Rgy+A; Re{mexm 0], (5) band gap energies determined to be 3.43 and 6.20 eV for our
(hv=hw)"+ I samples.
whereR, is a constant of background reflectance, @nd The group values ok and E; of AlGaN alloys were

hy;, and®; denote, respectively, the amplitude, the energyhence used to determine bowing parameleiy fitting Eq.

location, the broadening parameter, and the phase factor &) In Fig. 8, the fitting plot shows a value 6f=0.53 eV,

excitoni (i =A,B,C).25 close to the reported value of 0.69 eV in Ref. 4 and 0.60 eV
At room temperature, the three discrete excitohsB,

and C) could not be individually distinguished. However,

they still have a strong impact upon the reflectance spectr: 43

—————- b=-0.8 ( Ref. 31, OA and CL ).

that nonexcitonic models cannot #t.In order to perform -—4--- 0 (Ref.30,PR).
meaningful fits to the spectra, the minimum possible number 4217 -o-f3--- 0.25(Ref. 16, SE). e

i inci- —+—— 0.53 (this work ). L
of free parameters were tried. In the case of normal inci sk A 0.60 (Ref. 29, PL).  +

dence, namelyEL ¢ axis, the resonance strength of the ex-
citon C band to conduction band transitiofi [ —T'[) is very
weak in the resonance lengthTherefore the exciton reso-
nance structures in the reflectance spectra are dominated t
the A and B exciton transitions here. Considering that the
andB excitons are relatively close in energy, we treated the
A;, T';, and®; of two excitons as the same one in the fitting
process.

For the purpose of comparison, we also performed room
temperature PL measurements on the samplezx<od.16
AlGaN alloys, where the exciton resonance energies are be
low the excitation energy of the 325 He—Cd laser source #
(3.815 eV. A typical comparison of reflectance and PL spec- XY O I P T T
tra is shown in Fig. 7. The free exciton transition energy of 0.00 0.05 0.10 0.15 0.20 0.25 0.30
A(I°—T [ Ep,) is obtained by least-squares fit of H§) in Al mole fraction (%)

reflectance spectrum. Table | summarizes the results of two

measurements, and shows that the differenceE@g of F_IG. 8. Al composition dependence of the exciton transmo_n energies de-
rived from the reflectance measurement. Such dependencies of band gap

AlGaN is less than 6 meV. Such a result is acceptable begnergy derived from CL, OA, PL, PR, and spectroscopic ellipsorm(&Ey
cause numerous studies have demonstrated the fact that f@ethods in literature were shown together.

— — 13(Ref.5,0A).

Photon energy (eV)
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