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Metalorganic Chemical Vapor Deposition of GaNAs Alloy Using
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Abstract: GaNAs alloy is grown by metalorganic chemical vapor deposition (MOCVD) using dimethylhydrazine
(DMHy) as the nitrogen precursor. High-resolution X-ray diffraction (HRXRD) and secondary ion mass spectro—
metry (SIMS) are combined in determining the nitrogen contents in the samples. Room temperature photolumi-
nescence ( RTPL) measurement is also used in characterizing. The influence of different Ga precursors on GaNAs
quality is investigated. Samples grown with triethylgallium (TEGa) have better qualities and less impurity contami-

nation than those with trimethylgallium (TMGa). Nitrogen content of 5. 688% is achieved with TEGa. The peak

wavelength in RTPL measurement is measured to be 1278. Snm.
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1 Introduction

Recently. I[II-N-V semiconductor materials
containing small amounts of nitrogen have attract—
ed a great deal of attention'”™ “. Incorporating a
small amount of nitrogen into traditional III-V al-
loys., such as Ga(In) As and Ga(In) P, not only re-
duces the lattice constant of the alloys, but also
arises a large bowing of their bandgap energylsl. A-
mong them, Ga(In) NAs can be grown lattice-
matched to GaAs, so it is expected to be a candi-
date for long wavelength lasers emitting at the
(1.3 ~

1.55um) with high temperature performance'®”,

fiber optical communication window

. s . 8
as well as for multiGunction solar cells'™.

Ga(In) NAs has been successfully grown by
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metalorganic chemical vapor deposition
( MOoCcvD )™,  molecular beam epitaxy
( MBE )" and chemical beam epitaxy

(CBE)'"”'.MOCVD is suitable for mass production
and is one of the promising methods to grow the
device materials; therefore, it has been widely used
in the fabrication of the optoelectronic devices. In
the MOCVD growth, DM Hy has been widely used
as the nitrogen source because DM Hy dissociates
more readily than NH: at low temperature (425C)
and has a high vapor pressure (2.07 X 10'Pa at
25°C)1M,

[n this paper, we report the MOCVD growth
of GaNAs under different temperatures by using
two different kinds of Ga precursors, i. e., TMGa
and TEGa. The samples are characterized by

HRXRD, RTPL and SIMS. Nitrogen content of
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5.688% has been achieved. The influence of Ga
precursors on GaNAs quality has been investigat—

ed.

2 Experimental procedure

Epitaxial growth was carried out in a AIX-200
water-cooled horizontal reactor under low pressure
on (001) GaAs substrates. IR-bulbs were used to
heat the susceptor. The carrier gas was palladium
cell purified hydrogen. Two different kinds of Ga
the

triethylgallium

materials were used in growth,

trimethylgallium ( TMGa)
(TEGa). Dimethylhydrazine (DM Hy) was used as

the nitrogen source and arsine ( AsHs) as the As

source

and

source. Metalorganic and hydride source materials
were supplied by different gas line, and then joined
into the reactor entrance. TMGa (or TEGa) and
DM Hy were joined in the metalorganic source line.
The total pressure was typically 10'Pa. The total
gas flow rate was 6L./min and the growth rate was
typically 1. 8um/h. Typical values of the [DMHy]/
([DMHy] + | AsHs]) were between 0.90 and
0.96. Those of [ AsH3] /Il were between 6 and 12.
In-situ annealing was carried out at 700C for
10min.

The nitrogen content of the samples was
mainly determined by high-resolution X-ray
diffraction (HRXRD) using a long fine focused X~
ray ( Acuker =
0. 154056nm) . The photoluminescence ( PL) mea-

surement was carried out at room temperature.The

generator and a copper target

luminescence was excited by a 532nm wavelength
doubled-Y AG laser, and detected with a InGaAs
detector. Different nitrogen, carbon and oxygen
content and their distributions of the samples were
measured by secondary ion mass spectrometry
(SIMS).

In the experiments, four samples were grown
and characterized. All of the samples consist of a
GaAs buffer layer, a strained GaNAs layer, and a
GaAs cap layer. Detailed structures and growth

conditions are shown in Table 1.

Table 1 Structures and growth conditions for

four samples

Sample name A B C D
GaNAs layer thickness/nm 350 270 130 96
Cap layer thickness/nm 115 180 230 65
Growth temperature/ C 570 570 570 510
[DMHy]/(|DMHy]+ [AsH3]) | 0.93 | 0.96 | 0.96 | 0.96
Ga precursor TMGa |TMGa | TEGa | TEGa

3 Results and discussion

Two main kinds of measurement that are often
used to determine the nitrogen content in GaNAs
are SIMS, and HRXRD. In SIMS measurement, the
contents of the elements can be directly obtained.
The only shortage of SIMS is that standard sam-
ples are required to do the calibration of the sensi—
tivity factors in the measurement. The accuracy of
standard determines the accuracy of the attained
value. Normal standard samples used are N-im-
planted GaAs'. In HRXRD measurement, the lay—
er mismatch is measured and then the nitrogen
content can be deduced from the mismatch value by
using Vegard’s law. There are two factors that can
arise error in determining the nitrogen content in
GaNAs layer in HRXRD measurement. One is the
strain relaxation of the epitaxial GaNAs layer. In
the calculations of the nitrogen content, the GaNAs
layer is regarded as fully strained. But according to
Matthews and Blakeslee’s model''", the epilayer is
fully strained until the thickness of the strained
layer exceeds certain value, named ‘ritical thick-
ness . Then strain relaxation should occur and the
epilayers should become partially relaxed. T he crit-
ical thickness value decreases with increasing nitro-
gen content. The influence of strain relaxation on
HRXRD results includes the broadening of the epi-
layer peak, the disappearance of the pendellosung
fringes, and the change of the position of the epi-
layer peak. In the case of GaNAs, the distance be—
tween the GaNAs and the substrate peak should be
reduced, the calculated mismatch should also be
smaller than the actual value. T his leads to smaller

nitrogen content calculated. Another factor is the
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influence of the impurities on the mismatch, espe—
cially carbon, which is often contained in the epi—
layer grown under low temperature. Low tempera—
ture is necessary to get high nitrogen content by
M OCVD. Carbon also leads to the GaAs lattice re—
duction, as nitrogen does. [t is impossible to get rid
of the effect of carbon in the calculation of nitrogen
content by HRXRD measurement unless the exact
carbon content is attained. This leads to the calcu-
lated value larger than the actual one. In this pa-

per, we combined HRXRD with SIMS measure-
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Figure 2 shows the RTPL results of the four

samples. The peak wavelengths of sample A, B, C
and D 1092. 60, 1104. 10, 1100.50

1278. 5nm, respectively.

are and

The distributions of different elements in the
samples are shown in Fig. 3. The elements include
nitrogen, carbon and oxygen. The latter two are the
main impurities in MOCVD grown samples, which
should affect the performance of optoelectronic de-
vices greatly. It should be noticed that only relative
values are shown in the figures for lack of standard

samples.

ment to determine the nitrogen content in the sam-
ples.

Figure 1 shows the measured and simulated
(004) HRXRD results of the four samples. The
strained mismatch of each - 4511,
- 5166, - 5036, The
corresponding nitrogen content calculated from the
results by using Vegard’s law is 2. 211%, 2. 532%,
2.468% and 5.704% , respectively. The simulations

were done with these parameters and assumed that

sample is

— 11639%pm, respectively.

no any strain relaxation occurred in the samples.
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It is shown from the HRXRD results of sam—
ple C that the measured curve fits for the simulated
one very well. The pendellosung fringes are very
clear. It is shown that the crystal quality is very
well and no any strain relaxation occurs in this
sample. It can be seen in the SIMS results that only
slight increase of carbon content was found. This
means that carbon has only negligible effect on the
lattice constant of GaNAs. So the nitrogen content
in sample C can be calculated by the HRXRD re-
sults and it can be used as the Standard sample”.

The absolute values of nitrogen content in other

samples can be achieved from the SIMS results. By
using this method, the nitrogen content obtained in
sample D is 5.688%, slightly smaller than the
HRXRD result, 5.704%. The difference between
them is attributed to the influence in the HRXRD
result of observed high carbon content and small
strain relaxation in the sample.

We can see from the PL results of the samples
that with the increasing of the nitrogen content,
the peak wavelength shifts to long wavelength
side, the full width at half maximum (FWHM) of
the PL spectrum also increases. This means that
the optical quality of the GaNAs layer becomes
bad. It is mainly due to the large size and electro
negativity difference between As and N.

Comparing the results of sample A and B, we
can see that by increasing the [DMHy1/([ DM Hy]
+ [ AsHs]) ratio, the nitrogen in the sample can al-
so be increased.

In the growth of sample B and C, we only
TMGa to TEGa at

keep other growth

change the Ga precursor from
the same molar flow rate and
The

achieved by using the two precursors at the same

parameters unchanged. nitrogen content
molar flow rate is nearly the same. The growth
rate decreases from 27nm/min to 13nm/min. This
means that TMGa is a more efficient Ga precursor
than TEGa. But comparing the results of sample B
and C, we can conclude that samples grown with
TEGa have better quality than those with TM Ga.
From the HRXRD results, we can see that al-
though the nitrogen content is nearly the same, the
pendellosung fringes of sample C are more clear
than those of sample B. T his means that the crystal
quality of samples grown with TEGa is better than
that of samples with TMGa. In the RTPL measure—
ment, the FWHM of sample C is narrower and the
PL intensity is higher than those of sample B. It al-
so shows that the samples grown by TEGa have
much better optical quality. In Fig. 3 (b), the effect
of different precursors can be directly seen from
the difference of carbon content. By changing the

Ga precursor from TMGa to TEGa, the carbon
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content is reduced to about one half. T his is mainly
due to the different behavior of carbon atoms in the
ethyl and methyl radicals. It is known that, in the
MOCVD growth, TEGa is pyrolyzed unimolecular-
ly by Bhydride elimination with the formation of

5
ethylene' ™,

Ga(C:Hs)s= C2Ha+ GaH(C:Hs)2

without the production of reactive carbon-contain—
ing species. On the other hand, TMGa is pyrolyzed
by producing highly reactive CHs radicals, which
leads to much higher carbon contamination. Along
with the breaking of CH: radicals, which leaves
large amount of carbon contamination in the mater—
ial, hydrogen atom incorporation in the epitaxial
films from TMGa may also be higher than that
from TEGa. Hydrogen can affect the crystal quality
because hvdrogen can terminate the crvstal bond.
The elimination of carbon and hydrogen can ex-
plain the better quality achieved by TEGa. So
TEGa is more suitable for growing GaNAs than
TMGa.

Moreover, another advantage of TEGa for low
temperature growth is that TEGa has much lower
pyrolysis temperature than TMGa. So, TEGa but
not TMGa was used in the growth of sample D at
510°C. Nitrogen content of 5.688% was achieved.
The RTPL peak wavelength was 1278. 5Snm. The
pendlosung fringes can also be seen from the
HRXRD results. This indicated relatively high
crystal quality of the epitaxial GaNAs layer could
be attained even at such high nitrogen content. But
for the RTPL result, the FWHM of the curve is
very wide, which shows that the GaNAs grown un-
der such a low temperature has poor optical quali-
ty. The broadening of the RTPL peak is attributed
to three reasons. The first is the low growth tem—
perature, the second is the nitrogen content in-—
creasing, and the last is the impurity contamina—
tion. T he relative values of carbon and oxygen con—
tents are shown in Fig. 3 (b) and (c¢). These two
kinds of impurities are the main ones that can af-
fect the quality of the epitaxial films greatly in
MOCVD growth. Compared to those of sample C,

the oxygen content was increased by two folds, and
the carbon content was increased by nearly one or-
der. The high oxygen should partly attribute to the
relatively high water content in DM Hy, and it also
due to the small As/IIl ratio (about 5) used in the
experiment to attain high [ DMHy]/([ DM Hy] +

[ AsH3]) ratio. It has been reported that in the
egrowth of GaAs with AsHs, a drastic increase of
oxygen content occurs in low temperature
growth'" with the reduction in V/III ratio. But for
the samples grown with tertiarybutylarsine
(TBAs), only small variations in oxygen content
was found and it is almost independent of the ap-
plied V/III ration. So, in order to improve the crys—
tal quality further, the impurity should be eliminat-
ed. T he possible solutions include increasing of the
As/IIl ratio or changing the As precursor from

AsHs to TBAs.

4 Conclusion

[n this paper, GaNAs grown by MOCVD is in—
vestigated. TEGa and TMGa were used as the Ga
precursor in the growth of GaNAs respectively.
TEGa compared to TM Ga shows many advantages
in the growth of GaNAs.

SIMS and HRXRD measurement were com—
bined in determining the nitrogen content in the
samples. Nitrogen content of 5. 688% has been ob-
tained in the growth with TEGa. The RTPL peak
wavelength was 1278. 5nm. The FWHM was very
wide partly because carbon and oxygen contamina-
tion occurrs under low temperature. For further
improving the quality, the impurity must be elimi-

nated.
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