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Unique optical properties of AlGaN alloys and related ultraviolet emitters
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Deep UV photoluminescence spectroscopy has been employed to study the optical properties of
AlLGa N alloys (0=x=1). The emission intensity with polarization & 1 c and the degree of
polarization were found to decrease with increasinghis is a consequence of the fact that the
dominant band edge emission in G&AIN) is with polarization ofE L c(E||c). Our experimental
results suggest that the decreased emission efficiency,aplN alloys and related UV emitters

could also be related with their unique polarization property, i.e., the intensity of light emission with
polarization ofE L ¢ decreases with. It is thus concluded that UV emitters with AlGaN alloys as
active layers have very different properties from InGaN and other semiconductor emitt2f040©
American Institute of Physic§DOI: 10.1063/1.17652(08

Recently, AlGaN alloys, particularly Al-rich AlGaN al- Figure 1 shows the low temperatuf®0 K) PL spectra
loys have attracted much interest due to their applications ifor Al,Ga,_,N alloys (0<x=<1). We attribute the dominant
solid-state UV light sources for bioagent detection as well agmission lines to the localized exciton recombinaficfhe
for general lighting. However, it is well documented that thedotted (solid) lines indicate the emission spectra, collected
emission ?f;iciency in AlGa,_,N alloys decreases with in- with the polarization of L c(E||c). Several features are evi-
creasingx.”” The efficiency of UV emitters using AIGaN dent:(a) the emission peak position increases with increasing
alloys as active layers is also lower than that of blue emitterg for both polarization components axi) the PL emission
using InGaN alloys as active layefs.Recently, the proper- intensity, |, decreases with increasingor E L ¢ polariza-
ties of the fundamental optical transitions in AIN have beention component. The PL emission component evolves for
reporteo‘?‘8 The band structure of wurzite AIN near the E | ¢ being dominant for GaN t& | c for AIN. The bowing
point was found to be very different from GdNlhe recom-  parameter for AiGaN alloys can be obtained by fitting data
bination between the conduction band electrons and thgith the equation B(x)=(1-x)Eg(GaN) +XEg(AIN)-bx(1-X).
holes in the top valence band is polarized along the directiorrhe bowing parameter is determined to be0.86 eV,
of E||c(E Lc) in AIN (GaN).*° The unusual valence band which is in good agreement with previous reported
structure of AIN gives rise to unique optical properties of values' 31t is interesting to note that we did not observe
AlGaN alloys and their associated UV emitters. the PL spectral peak position shift between e ¢ and

In this letter, we present the results of the optical prop-E||c components, as expected for the free electron-hole tran-
erties of AlGa, N alloys (0=x<1). The 1um-thick un-  sition. This is primarily due to the fact that the exact selec-
doped AlGaN epilayers were grown by metalorganic chemition rule only applies to the free-hole transition&t 0, with-
cal vapor deposition(MOCVD) on sapphire (0001)  out considering the excitonic effect. The forbidden transition
substrates with low temperature AIN buffer layers. Tri-is not totally forbidden in the presence of the excitonic ef-
methylgallium and trimethylaluminum were used as Ga andect. Instead, one expects the forbidden transition appears at
Al sources, respectively. Theray diffraction and secondary
ion mass spectroscopy measuremeépeformed by Charles

Evan & Associateswere employed to determine Al con- 10 0k

tents. The as-grown AGa _,N epilayers exhibited low de- 1 x=0 ¢ laser Al,Ga, N/ALO,
gree ofn-type conduction fox<0.45. For GaN(x=0), the 8 W (), ochromator——— Elc
unintentional carrier concentration was about 806 cm™3 | il poladizer — Bl

and mobility was about 650 citV s. Forx>0.45, the con- -
ductivity of the films could not be measured. The deep UV g 6 x=03
laser spectroscopy system used for photoluminescé®ice ~ x=0.5
studies consisted of a frequency quadrupled 100 fs Ti: sap- H%
phire laser with an excitation photon energy set around
6.28 eV (with a 76 MHz repetition rate, a 3 mW average
power, and vertical polarizatigpa monochromatof1.3 m), 2
and a streak camera with detection capability ranging from
185 to 800 nm and time resolution of 2 fsThe experimen-
tal geometry was depicted in the inset of Fig. 1, where the 3.0
PL emission with eitheE | c or E L ¢ polarization orientation
can be collected using a polarizer in front of the monchro-
mator. FIG. 1. Low temperatur€l0 K) PL spectra of AlGa; N alloys of varying

x, for from x=0 to 1. The experimental geometry was depicted in the inset,

where the electrical field of PL emissigk) can be selected either parallel
3E|ectronic mail: jlang@phys.ksu.edu () or perpendiculaf L) to thec axis.

x=1
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FIG. 2. The degree of polarizatidd vs x in Al,Ga,_,N alloys.
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FIG. 4. (a) The FWHM of PL vsx in Al,Ga_N alloys at 10 K.(b) PL
emission intensities fdE | c andE| c vsx in Al,Ga,_,N alloys measured at

the same energy position as the allowed transition, but witd9 X:

weaker emission intensity.Moreover, strain effect and sub-

strate misorientation can also relax the selection rule.
The degree of polarizatioiP) is defined byP=(l

=1,)/(l  +1,), wherel |, andl, are the integrated PL intensi-

ties for the polarization components Bf L ¢ and E|c, re-

spectively. Figure 2 plot® as a function ofx. P decreases

almost linearly with increasing, and P=0 atx=0.25. The
representative band structures nearlthaoint of Al,Ga;_,N
alloys are depicted in Fig. 3 fga) x=0, (b) x=0.25, andc)

4.00eV 7 P=0
x=0.25 L,

FIG. 3. The band structures near thepoint of Al,Ga_,N alloys for (a)
x=0, (b) x=0.25, and(c) x=1.

x=1. The conduction bands ha¥e symmetry in both AIN
and GaN. Compared with the band structure of GaN, the
most significant difference in AIN is the negative crystal-
field splitting Acg (=219 me\j compared with a positive
value (+38 meV) in GaN® Because of this large negative
Acpin AIN, the order of the valence bands in AIN is differ-
ent from that in GaN. The top valence band Hags(I';)
symmetry in GaN(AIN) because of the positivenegative
Ak Therefore, light emission due to the recombination be-
tween the conduction band electrons and the holes in the top
valence band is polarized witk||c in AIN, which is in con-
trast to that in GaNE L ¢). This unique band structure of
AIN affects acutely the optical properties of AlGaN alloys, in
particular of Al-rich AlGaN alloys. When Al content is in-
creased fronx=0 to 0.25, the valence band witly symme-
try evolves as the lowest valence bai@i band in GaN to
the topmost valence ban@ band in Al,Ga_,N alloys
(x>0.25. At x=0.25, three valence bands become degener-
ated at thd’ point and the degree of polarizatidhis thus
zero.

Figure 4a) shows the full width at half maxima
(FWHM) of PL emission spectra of 4Ga,_,N alloys versus
X measured at 10 K. FWHM increases with increasirand
decreases again asfurther increase fronx=0.7 to 1. The
values of the PL linewidths we measure agree very well with
those calculated using a model in which the broadening ef-
fect is assumed to be due to compositional disorder in com-
pletely random semiconductor alloﬁl%?6 Figure 4b) shows
the variation of the integrated PL emission intensity of
Al,Ga N alloys with the Al content]p vs x, measured at
10 K for both polarization orientations d& 1 ¢ and E||c.
The emission intensity foE 1 ¢ component decreases with
increasingx, while I, for E||c component decreases slightly
with increasingx except for GaN. Our experimental results
shown in Fig. 4b) suggest that the unique optical property of
AlGaN alloys is also partly responsible for the lower emis-
sion efficiency in AlGa _,N alloys and related UV emitters
with higherx, i.e., the emission intensity of light with 1L c
decreases with increasixg The fact that the emission inten-
sity of theE|c component is almost independenta$eems
to preclude the dislocations and nonradiative centers being
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For edge-emitting LDs based on AlGaN alloys, since
light cannot leak out from the top and bottom layers due to
their unique polarization property, the guiding effect is thus

7z enhanced. Figure(b) shows the schematic diagram of LDs
ALGa N een with Al,Ga_N alloys as active layers. The transverse-
electric TE mode is usually the dominant laser emission in
all other semiconductor LDs, where the electric field of the
mode is parallel to the layer interfaces. However, for LDs
with Al,Ga ,N as active layergx>0.25 the TM mode
should be the dominant laser emission, in which the mag-

Al Ga, N (x>0.25)
(a) LED with AlGaN as active layer

_ ct netic field is parallel to the layer interfaces.

AlyGal_ Now | 1E In summary, we have investigated the optical properties
“ALGa, Nooz) ® of Al,Ga,_,N epilayers grown on sapphire by MOCVD. The

AlGa, N ¢o») dominant PL emission of GaN is with polarization BfL ¢

while that of AIN is with polarization of||c. The emission
intensity with polarization ok 1 c as well as the degree of

FIG. 5. (a) Schematic diagram of UV LEDs with 4Ba,_,N alloys as active pOIanzat_lor! dec;fe,a,ses Wltfh Increasmﬁt IS arguec: that the
layers. The light escape cone is abayt=20°, within which any photons ~POOI €mISSIOn efnciency o QGaﬂ.—.XN alloys gnd re a.ted uv
extracted are nearly polarized perpendicular to thexis. (b) Schematic ~ emitters is also partly related with the unique optical prop-
diagram of LDs with AlJGa,_,N alloys as active layers. In contrast with erty of AlLGa N alloys, i.e., the emission intensity of light
other semiconductor LDs with TE being the dominant models the TM modewith polarization ofE 1 c decreases witk. UV emitters with
is expected to be the dominant mode in AlGaN UV LDs. . ) .

P AlGaN alloys as active layers thus have very different prop-

] o o _erties than other existing semiconductor emitters.
the dominant cause for the reduced emission efficiency in

AlL,Ga N alloys with increasingk, as measured from the Useful discussions with Dr. S. H. Wei and Dr. Yong

surfaces of the epilayers. Zhang are gratefully acknowledged. This research is sup-
In terms of implications of our findings on device appli- ported by grants from NSF, DOE, DARPA, and ARO.
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(b) LD with AlGaN as active layer

Downloaded 30 Mar 2011 to 129.118.237.235. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions



