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Abstract W e have grow n cubicA kGas- xN film son the GaA s(100) substrates by metallorganic
vgpor-phase epitaxy. Photolum inescence and X -ray diffraction results indicate that high quality
cubic A IGaN film shave been obtained A nd theA Imolar fractionw as achieved to be 0. 38 For
all the samples, the lattice strain in the A IGaN film s exists and relaxes partly. A nd the unre-
lieved latticemisnatch may vary w ith the change of A Imolar fraction TheA IxGa- N lattices
are unrelaxed for x up to Q 16

PACC: 7855, 0785

Group-III nitrides and their alloys are suitable for the application of the light emitting
devices in the blue and U Itro V iolet (UV ) regions aswell asof the high tenperature/high
pow er electronics devices"?. To date, most of the GaN devices have been made up of
hexagonal phase crystal fim® .

How ever, the cubic crystal of Ga\ offers several advantagesover its hexagonal coun-
terpart, including easy cleavage and no columnar grow th, which make it suitable for a
laser structure In addition, according to theoretical predictions, the cubic GaN oould pos-
sess the superior electronic properties for the certain device'®. It's al expected that the
cubic nitridesmay be an anendment to the p-type doping'®. The heterostructure cubic
group-III nitride alloys have a large band-gap difference and can be cleaved by the GaA s
Therefore, they are promising for the application of the optical and electric device'™. Re-
cently, we have achieved a cubic PN junction GaN L ED™. To realize the high quality
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LED and LD, the heterostructure must be adopted A nd it is necessary to improve the
quality of the cubic nitrides alloys However, only a fev reportson the grow th of cubic
A 1GaN *° *land no discussion on the strain in the A IGaN fim s can be found

In this paper, we described the grow th of cubic A kGaw- x<N and the mprovement of
the crystal quality. At the sane time, we investigated the variation of the lattice strain in
theA IGaN fims The achieved A I molar fractionw as 0. 38

W e grev acubicA IxGa. N on the GaA s (100) substratesw ith a low -pressurem etal-
lorganic vapor phase epitaxy (M OV PE) systan. Triethgallium (TEGa), trimethylalu-
minum (TMA ), NHswere used as the sourcematerials The grow th consisted of a low -
temperature buffer layer at 550 , a 600nm-thick cubic GaN at 850 , and a 100nm -thick
cubicA IkGaw N at 850 . Thepressure in the reactor is 1x 10'Pa during the grow th X~
ray diffractionwas used to strength the cubic structure Photolum inescence (PL) was ex-
cited by the 325nm’s lineof He-Cd L aser. W emeasured themolar fraction of A | by photo-
lum inescence and A uger electron ectroscope (A ES).

Several A IxGa- xN film sw ith different A Imolar fractionsw ere deposited on the GaA s
(100) byM OV PE W e changed theA I molar fraction by adjusting the flow ratio of TM A |
to the sum of TEGa and TMA | A tsushi N akadaira and Hidenao Tanaka''? have deter-
mined the relationship between the PL peak energy and the A | fraction x: E= 3.20+
1. 85x. W ith this equation, we could detemine the A | fraction of different AIGN films
Figure 1 is the PL gectrum of a cubic A IGaN film at the room temperature The only
peak was at 359nm. Thus, we obtained the A Imolar fraction to be 0. 14 The PN HM of
this peak was 17nm and the yellow emission was very weak, which indicated the good
crystalline quality of the A IGaN . TheA Imolar fraction could alo bemeasured by AES
The result from AESwas in agreament w ith PL
He-Cd Laser measuranent A s what A tsushi N akadaira and
L Hidenao Tanaka have reported™, the A | molar
fraction was found to be proportional to the A |

- precursor ratio of the vapor phase

Figure 2(a) and 2(b) show the X -ray diffrac-
o tion profilesof wo A IxGax- <N sanplesw ith dif-
ferent A I molar fractions TheA | molar fraction
- of the sample in Fig.-2 (a) is 0.16 and that in
Fig. 2(b) is0.38 They both have one peak of 20
= 39. 97 and the other at a higher angle

PL Intensity/a. u.

300 350 400 450 500 550 600 650

Wavelength /nm W e assigned the peak of 26= 39.97 to the

(002) diffraction of the cubic GaN and the other

FIG-1 A room temperature peak at a higher angle to the (002) diffraction of
photolum inescence spectrum of high the cubicA IxGas- «N. W ith the increase of theA |

quality cubiCA lo.1iGao.oN molar fraction, the (002) diffraction of A IGa\
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FIG.-2 X-ray diffraction profile of cubicA IkGai- <N w ith different A | concentrations
(a) x=0.16 (b) x= 0.38

drifted to a higher angle W e dotted the curves by using theL orentzian function to deter-
mine the diffraction peaksof A IGaN. T he diffraction peaksof A IGaN in Fig.2(a) and 2
(b) are 40.27° and 40. 46°, regpectively. W u and Y aguchi have ever used X -ray diffraction
to determ ine the A I molar fraction of A IGaN "*°. They assumed that the lattice in A IGaN
w as relaxed completely and then used the unstained A IN lattice constant of 0. 44nm. How -
ever, inour sanples, it ismore believable that the lattice didn't completely relax.

W e can useBragg lav to obtain the diffraction lattice param eter aaca Of (001) planes
along the substrate axis aaica in Fig. 2(a) is0. 448 nm and that of 2(b) is0.446 Theun-
strained lattice paraneter of epitaxial A IGaN layer was calculated by V egards lav. In
tem s of the lattice constant of A IN at 0. 44nm and that of Ga\ at 0. 452nm, the A IGaN
unstrained lattice parameters for the samples in Fig.2(a) and 2 (b) were 0.45nm and
0.447nm, regectively. Since the diffraction lattice paraneter is not equal to the un-
strained lattice parameter, a tetragonal distortion must present A ccording to a tetragonal

distortion model, the asica and aaica can be related by

Aaleay = au X (1+ E) (1)
_ aalea
e="_"-1 (2
and
anca = aux (1+ €) (3
_ Sajeay
€= aAu -1 (4)

Here, € is the perpendicular strain while € being the parallel stress au is the un-

strained A IGa\N lattice paraneter € and € can be related via the elasticity theory!*"
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€= " xe (5)

For amajority of the materials, the Poison's ratio v lies in the range 0.25 0.35
Now, we take vas 1/3, @ that 2v/(1- +) isequal to 1, and the unit-cell volume can be
only gpproximately conserved Table 1 gives the measured and calculated param eters of
these wo cubicA kGa. N samples The aaica/aaican ratio can reflect the strain in theA I-
GaN fims Asis shown in table 1, the asica/aaca ratio in the sample of Fig.2(a) is
1.0089 and that of Fig. 2(b) is 1.0045 T he ratio then seeams to decrease for large values
of themisfit It indicates that some misfits relief mechanisns (e g , dislocation) have
been introduced and thus low er the ratio. A I, the relaxation of the lattice strain can be
detem ined by the value of (aaiea- aca) /aca. Thevalueof (aaiea- aca) /aca reflected
the extent of how aaicav latticematched the GaN lattice A sweall known, the GaN lattice
and the A IxGaw- N lattice are different If the aaicaw matched with the Ga\ lattice, there
must be the lattice strain in the parallel direction of A IGaN. Given x= 0.16, thisvalue is
zero. Itmeans that A IGa\ film swere under the tensile stress and extended to match the
GaN. If the aaican cOMpletely matched GaN lattice, the lattice strain in the A |IGaN is com-
pletely unrelaxed W hile for x= 0.38, A IGaN does not match GaN at all But € would
not equal to zero, 9 we could conclude that the lattice strain in thisA IGaN film just re-
laxed partly. For the low er-A I-ooncentration samples, we could not clearly relve the
two peaks © that it is difficult to study the lattice strain for a low er A | concentration

Tablel Themeasured and calculated parameter sof two cubic AlxGas- xN films

Sanple X 26/ () au/rm aA|GaN/ml awoau/ameau € (aaicav- acav) /aca
A 0.16 40. 27 0. 450 0. 448 1.0089 - 4.4x 10 2 0
B 0.38 40. 46 0. 447 0. 446 1.0045 - 2.2x 103 - 8.8x 10 3

In summary, cubic A kGar <N (0< x< 0.38) films have been grown on the GaA s
(100) substratesbyM OV PE It isfound that, for all the samples, the lattice strain in the
A IGaN films exists but doesn't completely relax A nd the unrelieved lattice misnatch
might vary w ith the change of theA Imolar fraction TheA IxGa- N lattices are unrelaxed
for x up to 0.16 X-ray and photolum inescence indicate that we obtained almost a com-
plete phase of cubicA IGaN. TheA I molar fraction is achieved to be 0. 38
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