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vapor phase epitaxy and their band gap energy

Akitaka Kimura®
Department of Chemical and Biological Engineering, University of Wisceiadison, Madison,
Wisconsin 53706-1691

C. A. Paulson
Department of Electrical and Computer Engineering, University of Wiscedéadison, Madison,
Wisconsin 53706-1691

H. F. Tang and T. F. Kuech®
Department of Chemical and Biological Engineering, University of Wisceiatdison, Madison,
Wisconsin 53706-1691

(Received 12 September 2003; accepted 6 January) 2004

GaN,_,As, epitaxial alloy samples witiN]>[As] were grown by metalorganic vapor phase
epitaxy. The range of As content achieved, uyt00.067, greatly extends the range of achievable

As levels to values that are well within the miscibility gap of the GaN—-GaAs system. The
single-phase epitaxial nature of the alloy samples was confirmed by x-ray diffraction. The
As-content dependence of the band gap was determined by optical absorption measurements. A
highly-bowed bandgap was observed as a function of the As content, and a refined value of the
bowing parameter of 16:91.1 eV was determined. @004 American Institute of Physics.
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The GaN_,As, alloy at high N content is an attractive 0<y<0.067. The optical band gap for the GaAs, alloy
material for extending the wavelength range of GaN-basegvas obtained from optical absorption experiments and its
blue-light-emitting devices toward the red/infrared region.compositional dependence was determined.

These alloys have a narrower band gap at smaller strain than GaNAs layers were grown to a thickness of 0.25«
InGaN alloys when grown on a GaN layer, due to the largeon GaN layers on sapphire substrates by low-preséise
band gap bowing parameter, which is attributed to a largeforr) MOVPE. The sources were trimethyl galliufiMGa),
difference in the atomic radii of N and A< These ammonia (NH), and tertiarybutyl arsine (fEgAsH,,
GaN, _,As,-based light emitters could replace GaAs-basedrBAs). The flow rates were 16.3—49mol/min for TMGa,
long wavelength devices, thus reducing the use of As-base@.071-0.214 mol/min for Nk, and 26.3—-937mol/min for
substrates and materials, and allowing multiwavelengtiTBAs. The carrier gas was hydrogen)HThe growth tem-
light-emitting devices to be integrated on a single substrateperature was 700—750 °C and the growth rate was 0.9-2.7
This alloy system, however, also possesses a large miscibilitym/h for the GaNAs layers. The high As content materials
gap® Although some Gal yAs, alloys with high N con- were obtained through a combination of reduced growth
tents have been growhthe realized As mole fractiofy) had temperatures, low V/III ratio, and increased As/N ratio
been previously limited toy<~0.03>° Iwata et al. grew  within the reactor. The As content was dependent on the
GaNAs alloys by gas source molecular beam epitBE)  specific growth conditions employed and the optimal growth
over the composition range okOy=<0.0094 and determined conditions were a function of the alloy composition. Details
a band gap bowing paramefeBherasimovat al.also grew  of the growth conditions are described elsewHere.

these alloys with As content up to 0.03 by metalorganic va- The phase composition of the epitaxial layers was char-
por phase epitaxyMOVPE).®> Novikov et al. determined the  acterized by x-ray diffractioiXRD) measurements in @26
MBE growth conditions to form the alloy over a limited diffraction geometry. The XRD measurements utilized Cu
range? An As content ofy=0.07 is, however, considered Ka; radiation. Electron probe microanalysiEPMA) was
necessary for lasing wavelength of 650 nm in order to meetised to quantitatively determine the As content in the films.
requirements for DVD applications. Moreover, the band gaprhe surface morphology was observed with an atomic force
of metastable GajN.,As, , within the immiscible region has microscopg AFM). The band gap was determined by optical
not been experimentally confirmed. absorption experiments based on transmission and reflectiv-

In this letter, we denote GaN,As, on the N-rich side ity measurementsvith a xenon lamp. The samples exhibited
of the composition regime as GaNAs and GalAs, on the  no detectable photoluminescence.

As-rich side as GaAsN for simplicity. We successfully grew  The GaNAs layers possessed a yellow hue and had
the GaN_,As, alloy with As contenty, over the range of specular surfaces. AFM measurements determined a typical
root mean square surface roughness of 0.637 nm for a 10-

-thi 2
30n leave from: Photonic and Wireless Devices Research Laboratoriesr,]m thick GaM-ggASO-OZ Iayer measured over a><22,um

NEC Corporation, Otsu-shi, Shiga 520-0833, Japan. area. While the morphology undoubtedly has an increased
YElectronic mail: kuech@engr.wisc.edu roughness with thickness, these materials could be used in
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FIG. 1. 6126 XRD patterns of the GapszsAsp0es Sample(a) around the more tha.m 16cm , indicating th.at these GaNAs a”Oy.S
GaN (0002 peak andb) in the wide range of & have a direct energy gap. The optical band gap was obtained
from the x-axis intercept calculated from a fit of the linear
relationship to a plot ofx? as a function of the photon en-
quantum well applications where the interface morphologyergy. Figure 2 presents the results for the GaNAs sample
in thin layers(~10 nm is critically important. with the highest As content gf=0.067 and the band gap of
6/260 XRD spectra of a GajysdASy gs4Sample are shown  this sample was estimated to be 2:2809 eV.
in Fig. 1. The GaNA<0002 peak is clearly observed on the The As-content dependence of the optical band gap for
low-angle side of the underlying Gak0002 peak in the GaNAs alloy shown in Fig. 3 can be compared to previous
XRD spectrum obtained for each sample, shown in Fig) 1 reports of the bowing parameter, which had been obtained
for GaNy g3fi\Sp.064. The GaNAs(0002 peak positions are over a greatly reduced range of As content. Our data agree
consistent with the EPMA-determined compositions, assumwell with these previous estimatédhe bowing parameter,
ing a lattice constant for hexagondi-) GaAs based on the B, is defined as follows:
known Ga—N and Ga—As bond lengths in cubic GaAs and GaNAS . ~ GaAs GaN
the h-GaN lattice constant. The GaNAs layers are assumed Eg )=y Eg ™ (1-y)Eg-y(1-y)B, &
to be totally relaxed. Within the limit of detection of the whereEgaNAS(y) is the band gap of GajN,As, . For expe-
XRD measurement, only peaks related to the hexagonal forrdiency, we used the-GaAs band gap of 1.429 eV f(Erfj""AS
of GaN(As) and to sapphire were detected over the widesince theh-GaAs band gap is unknowEgaN is theh-GaN
range of 2 shown in Fig. 1b). No peaks attributable to
GaAsN or cubic ¢-)GaNAs phases were observed. No sepa- 15
ration into GaNAs and GaAsN phases was observed in the
XRD measurements over the range of As content investi-
gated (G6<y<0.0669=0.0054). Our highest alloy composi-
tion measured was greater than that in previous repa\ts.
statistically significant fluctuation of the As content was de-
tected in EPMA over 20 spots with 5@m separation on
each sample. Each spot had resolution-0f25 um for both
lateral (horizonta) and vertical(depth directions.
Both absorption and reflectivity measurements were
used to determine the optical gap of the alloy samples. Typi- 1'50 ' 0_62 ' 0_64 ' 0.66 ' 0.;)8 .1
cal results for optical absorption experiments on the GaNAs As content v in GaNi-yAsy
samples are shown in Fig. 2. The absorption coefficient, '
was obtained from reflectivity and transmission measureFI!G. 3. As-content dependence of _the optical band gap within the GaNAs
ments that are shown i the insel. Reflecaffoeand trans. ¢1%% T8 o0 Sfoes o s I pesep e o v s
mittance(T) spectra had interference fringes because of th(t::losed circles are the results of the present study which has an improved

large difference in refractive index between the Gad) bowing parameter value of 16:91.2 eV.
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band gap of 3.39 eV. The band gap values for GaNAs alloysition of the alloys was well within the miscibility gap of the
with low As content have large errors in Fig. 3. The uncer-GaN—-GaAs phase stability region, no phase separation into
tainty in these measurements of low As content sample&aNAs and GaAsN phases was observed/#9 XRD mea-
arises, in part, from strong optical absorption from the un-surements. As-mole fractions up to 0.067 were demonstrated
derlying thicker GaN layer which interfered with determina- in this study. The optical band gap of the GaNAs alloy was
tion of the absorption edge of the top GaNAs layer. The highdetermined through optical absorption measurements. A re-
As content measurements have, however, a greater impact éined value of the bowing parameter was found to be 16.9
determination of the specific bowing parameter. Our mea=t1.1 eV.

surements, over a broader composition range, allow more )

exact determination of the bowing parameter, important in. 1 n€ authors would like to thank Dr. John Fournelle for
device design. The GaNAs bowing parameter was found tthe EPMA measurements, analysis, and useful discussions.
be 16.9- 1.2 eV. This value is slightly smaller than the value

of 19.58 eV that had been estimated from the GaNASim. Kondow, K. Uomi, A. Niwa, and T. Kitatani, Jpn. J. Appl. Phys., Part
samples over a much smaller As content rahg@e uncer- 135, 1273(1996. _

tainty in the previously determined value was not reported.zsl-ggaka" Y. Ueta, and Y. Terauchi, Jpn. J. Appl. Phys., P&E,14413

The value of the bowing parameter determined in this studysgl N:)u'gebauer and C. G. Van de Walle, Phys. Re§1810568(1995.

also agrees with the values determined frarGaAsN 4S. V. Novikov, A. J. Winser, A. Bell, I. Harrison, T. Li, R. P. Campion, C.
samples on the As-rich sidé.It should be noted that in Fig. 54 Sjigdozn, C. S. Davis, F. A. Ponce, and C. T. Foxon, J. Cryst. Growth
3.' only the grad|ents_ in the opt|_cal gap should be ComparedSM.QGhe?;sion??\}a, B. Gaffey, P. Mitev, L. J. Guido, K. L. Chang, K. C.
since Iwataet al. estimated their bowing parametefrom Hsieh, S. Mitha, and J. Spear, MRS Internet J. Nitride Semicond. Res.
photoluminescencéPL) peaks at 77 K, and the absolute val- 4s1 G3.44(1999.

ues of the band gap cannot be determined from those mea‘fK. lwata, H. Asahi, K. Asami, R. Kuroiwa, and S. Gonda, Jpn. J. Appl.
surements Phys., Part B7, 1436(1998.

' o . . "A. Kimura, H. F. Tang, and T. F. Kuech, J. Cryst. Growith press.

In summary, GaNAs epitaxial layers with high As con- sy jishikawa, N. Nakamura, S. Tsuda, S. Nakano, Y. Kishi, and Y. Ku-

tent were successfully grown by MOVPE. While the compo- wano, Jpn. J. Appl. Phys., Part3D, 1008(1991).

Downloaded 02 Mar 2007 to 128.104.198.190. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp



