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Single-phase hexagonal GaN grown on AlAs /GaAs(001)
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This letter describes successful growth of single-phaseagonalGaN (h-GaN) layers orcubic
GaA<001) nominally singular substrates with the assistance of thin AlAs intermediate layers. The
crystallographic relationship betwednGaN and GaAs is extracted from a pole figure to be
h-GaN 0001]IIGaAg 001] in the growth direction anth-GaN 1010]IIGaAg 110] in the in-plane
direction. In a photoluminescence spectrum measured at 20 K, excitonic emission fronGis

layer is detected at 3.47 eV. @000 American Institute of Physid$S0003-695(00)05328-4

GaN, which is now in practical applications in the field radation of the AlAs surfaces does not occur. The typical
of optoelectronics, has mostly been grown on sapfd@@l)  molar flow ratio of DMHy/TEGa was 100 and the growth
substrates.On the other hand, there is an increasing interestate was 280 nm/h.
in other substrates such as Si and GaAs because of the larger First of all, GaN was grown directly on the Ga@81)
wafer size, higher conductivity, and advanced technology ofubstrate. It was confirmed by x-ray diffraction measure-
these substratés® Among a number of candidate substrates,ments using CKK «, radiation as an x-ray source that the
GaAs possesses an advantage from the viewpoint of the theGaN layers were in the cubic phase with
mal expansion coefficients; the thermal expansion coeffic-GaN001]|GaAg001], though the inclusion of the hexago-
cients of GaAs and GaN are 520 ° (Ref. 9 and 5.59 nal phase could not completely be eliminated. This is similar
%1078 K1, respectively. The difference between them isto many past reporfs® On the other hand, when an AlAs
much smaller than those with other substrates such as Shin layer(20 nm was inserted between the GaAs substrate
3C-SiC, and sapphire, which may prevent the generation oind GaN, GaN was no longer in the cubic phase but in the
cracks. This encourages us to use GaAs as a substrate for thexagonal phase with the orientation relation of
GaN growth. There have already been many reports on the-GaN0001]|GaA4001], which was assessed by the fol-
growth of hexagonal GaNn-GaN) and cubic GaNg-GaN)  lowing manner. Figure 1 shows an x-ray diffraction pole
on the GaAs substratés® Basically, h-GaN is grown on figure of GaN grown on AlAs/GaA80)) at 600 °C. In the
GaAg111) andc-GaN is grown on GaA®01) as is deduced figure, x refers to the angle between the GaAs surf4082)
from the crystallographic relationship. In contrast, this letterPlang and the plane under measurement. The diffractions
demonstrates that-orientedh-GaN is grown on GaA®01)  from h-GaN{1011}, c-GaN002, and GaA§l15 planes
if an AlAs thin layer is inserted between GaN and Wwere measured successively without changing the_experi-
GaAg001). Since the lattice parameters of GaAs and AlAsmental configurations. As a result, the six-féleGaN 1011
are almost the same, and since no remarkable difference Hiffractions were detected at=62°, but noc-GaN 002 dif-
their surface structures has been seen, the observed result is
interpreted by the difference of the surface chemistry of GaAs[110]

GaAs and AlAs.

The samples were grown by atmospheric-pressure met-
alorganic vapor phase epitaxy. On the GE)®d) substrate, a
20-nm-thick AlAs layer was grown at 700 °C using trimethy-
laluminum (TMAI) and tertiarybutylarsin€TBAs) as source
precursors. The molar flow ratio of TBAs/TMAI was 10 and
the growth rate was 900 nm/h. Atomic force microscopy
(AFM) observation proved that the surface structure of AlAs
thus obtained was quite similar to that of GaAs and consisted
of monolayer steps~+0.3nm) and atomically flat terraces.
Therefore, the influences of the surface structures on the
crystalline structures of GaN can be neglected in this study.
Then, 0.3um-thick GaN was successively grown using tri-
ethylgallium (TEGa and dimethylhydrazindDMHy). The
growth was initiated by simultaneously supplying those pre-
cursors to avoid nitridation, which may affect surface struc-
tures and influence the crystalline structbr&he growth FiG. 1. Pole figure of GaN grown on AlAS/Gaf91 at 600 °C. The

temperature was ranged from 500 to 700 °C, at which deggliffractions fromh-GaN{1011}, c-GaN{002, and GaA§l15 planes were
measured successively without changing the experimental configurations
and all results are shown together. Isointensity contour levels"atn2
¥Electronic mail: funato@kuee.kyoto-u.ac.jp =0,1,2,3;-") cps.
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FIG. 2. Schematic view of the in-plane crystallographic relationship in _ _
GaN/AlAs/GaA$001). Hexagon and square indicated by the dotted lines h-GaN[1010] // GaAs[110]

represenh-GaN and cubic GaAs lattices, respectively. Closed arrowheads
designate thé-GaN(101) planes, while open arrowheads the GaA€{1 1 FIG. 3. Surface AFM image oh-GaN grown on AIAs/GaA@01). The

planes. dotted lines were drawn so as to be parallel to the sides of the hexagon in
Fig. 2. Marker represents 100 nm.

fractions. Two important conclusions can be extracted from

these results(1) the grown film is single-phase-GaN and  align nitrogen atoms along AlIA$10] and lead to

(2) its ¢ axis is parallel to the GaA801] direction (i.e., h-GaN1010]|GaAg110].

growth direction. The latter was extracted in the following This crystallographic relationship is reflected on the sur-
way. The observed value gf indicates that the angle be- face. Figure 3 shows an AFM image bfGaN grown on
tween then-GaN{1011} planes and the GaA801) plane is  AlAs/GaAs. Many hillocks are observable. The dotted lines
62°. On the other hand, a planehrGaN forming an angle in the figure were drawn so as to be parallel to the sides of
of 62° t0 {1011} is (000]). Thereforeh-GaN000] is par-  the hexagon in Fig. 2. Relatively good agreement between
allel to GaA$001), that is, h-GaN0001]|GaA4001]. Fur-  the dotted lines and the sides of the hillocks suggests that
ther information obtained from the pole figure is that thethose consist oh-GaN{1010} planes. Sincg1010} is a
GaAs 115B and 15B diffractions and two GaN 1Al dif-  singular plane of hexagonal crystals, that may appear at the
fractions are on a straight line. This provides the additionagrowth front and, consequently, the sides of the hillocks be-
conclusion that a pair of paralleh-GaN{1010} planes came parallel td1010}.

[(1010) and (1010), for examplé are parallel to the The experimental finding that the crystalline structures
GaAs(110) and (1D) planes. of GaN varied depending on the underlying layers is analo-
By summarizing the results of the pole figure measure-gous to CdVin)Te on GaAs>"*On a clean GaA®01) sub-

ment, the in-plane crystallographic relationship involved instrate, [111]-oriented CdTe is grown with the crystallo-
GaN/AlAs/GaA$001) can schematically be drawn as Fig. 2. graphic relationship of CdT211]|GaAg$110].*® Since cubic
Since the AlAs layer is sufficiently thin to grow coherently, {111} planes are equivalent to hexagof@002 planes, the
lattice points are exactly the same as those in GaAscrystallographic relationship in CdTe/GaR81) is the same
As seen, h-GaN1210]|GaA4110] as well as as thatinh-GaN/AlAs/GaA$001) revealed here. In contrast,
h-GaN1010]|GaAd110] is satisfied, which is a desirable on a GaA§001) substrate whose surface is perturbed in some
configuration because those four planes can be cleavediay, [001]-oriented CdTe is grown. This perturbation could
Now, a question arises what causes such a crystallographie the result of a very thin layer of residual oxXitiéor ex-
relationship. We consider that a reason is strain. Twice theample, or the presence of a monolayer of adsorbed*Te.
GaAg110 spacing[ =7.9950 A at room temperatuf®T)]  What the examples of QCiIn)Te/GaA$001) tell us is that

is well commensurate with three times theGaN{1010} the surface electronic states of an underlying layer play a
spacing &8.2853 A at RT, which is indicated by arrow- crucial role in determining the crystalline orientation of the
heads in Fig. 2. Therefore, the epitaxial relationship takeSepitaxial” layer. Actually, in this study, both the AlAs and
place so as to make those planes parallel, while minimizingsaAs surfaces were atomically flat, and furthermore, nitrida-
the straint® Geometrically, h-GaN1010]|GaA4110] is  tion which can modify the surface structures was not con-
equivalent toh-GaN1010]|GaAg§110], but the former did ducted, as mentioned previously. Therefore, the present re-
not occur. This is probably due to the anisotropic bond consult thatc-GaN is grown on GaA®01), while h-GaN on
figuration of AlAs; for the(001) surface of AlAs, the orien- AIAs/GaAS001) must be interpreted in terms of the differ-
tation of the Al dangling bonds has projection aldrid 0], ence in chemistry of the GaAs and AlAs surfaces. Another
while that of the As dangling bonds has projection alonginteresting experimental result we found is tiaGaN can

[110], which suggests that the bonds between Al and Noe grown even on AlAs covered with thinkG nm) GaAs
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I L L L In summary,c-orientedh-GaN was successfully grown

20K on the GaA801) substrate with the assistance of the AlAs
thin layer. The crystallographic relationship betwdeGaN
and GaAs was clarified from the pole figure measured by
Yellow Band x-ray diffraction. PL was observed at 3.47 eV and was at-
tributed to excitonic emission.
Excitonic ) . L
Emission This work was supported in part by a Grant-in-Aid for

Scientific Research from the Ministry of Education, Science,
Sports, and Culture. The pole figure measurements were per-
x5 formed using a facility at the Kyoto University Venture
Business Laborator¢KU-VBL ).
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FIG. 4. PL spectrum oh-GaN grown on AlAs/GaA®01) at 900 °C. The
measurement was carried out at 20 K under the excitation by a He—Cd lasen
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