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Growth characteristics of AlGaN layers in different conditions: pressure and ammonia flow were pre-
sented. The structures containing the AIN buffer and the AlGaN layer were grown by metalorganic vapor
phase epitaxy. The goal was to find the growth conditions for AlGaN with stable 60% of aluminium
and determine the aluminium concentration deviation while changing two parameters. Pressure showed
bigger influence on aluminium incorporation, layer quality and surface roughness than ammonia.
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1. Introduction

III-nitrides materials are nowadays commonly
used in technology due to their wide range of appli-
cations in the fields of optoelectronics and electron-
ics e.g. ultraviolet light-emitting diodes (UV-LED)
or fast switching transistors [1-7]. Semiconductor
structures often consist of ternary compounds due
to the changeable bandgap [8]. One of the ex-
amples is aluminium gallium nitride (AlGaN) al-
loy which is a semiconductor with a wide and
direct bandgap. Ultraviolet light emitting diode
(UV-LED) works on AlGaN-based materials that
are mainly prepared by metalorganic vapor phase
epitaxy (MOVPE). Commonly UV-LEDs construc-
tions contain AIN buffer, n-AlGaN, multi-quantum
well region (GaN/AlGaN), p-AlGaN, p-GaN [9-12].
The final composition of the ternary AlGaN al-
loys depends on multiple parameters during growth.
The most important parameters during the growth
in MOVPE are pressure, gap distance (the dis-
tance between the showerhead and the susceptor
in the reactor), molar flows of precursors, vapor
pressure and temperature. Precise control of the
Al composition during the growth of the AlGaN
layer, especially of advanced structures, when fast
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switching between p-AlGaN/n-AlGaN and multi-
quantum-wells region (which are grown in various
conditions) region is necessary. The efficiency of Al
incorporation into the AlGaN layer is important
from a device point of view.

The aim of this study is to verify the optimal
parameters for AlGaN growth with a stable 60% of
Al and to determine the Al concentration deviation
while changing pressure and ammonia flow.

2. Methods

The sets of the AIN/AlGaN heterostructures were
grown on c-plane sapphire wafers. The structures
contain 1 pym of AIN buffer and 300 nm of AlGaN
layer epitaxially grown in temperature conditions
1073-1112°C. All samples were grown by metalor-
ganic vapor phase epitaxy (MOVPE) with con-
figuration 3 x 2” FT-CCS Flip Top Close Cou-
pled Showerhead Aixtron reactor. Trimethylgallium
(TMGa) and trimethylaluminum (TMAI) were used
as metallic precursors and ammonia (NHj3) as a pre-
cursor for nitrogen. The neutral carrier gas was hy-
drogen (Hz). The distance between the showerhead
and the susceptor (gap distance) was set to 10 mm.
The experiments are divided into two sections.
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Data collected during ammonia experiment.

TABLE I

AIN/AlGaN|Al content| AlGaN Temperature on
Type of Sample | NHs |Pressure ! . . |Growth rate .
. thickness |in AlGaN |relaxation the surface during
experiment |number |[sccm]| [mbar] [nm/s]
[nm] [%] [%] the growth [°C]
P1 800 304/987 £ 7 59 43.20 0.23 1075
. P2 1200 258/970 + 5 60 63.40 0.20 1112
e’fps“;lnem_ P3 | 1600 | = |302/987T£7| 57 55.00 0.22 1073
with ¢ f’mimg P4 | 2000 308/987 +7| 57 41.90 0.22 1078
rmoma FOW! - ps | 2400 300/987 +7| 57 54.80 0.21 1078
P6 2800 300/987 £ 7 57 54.00 0.22 1077
pP7 50 258/970 +£ 5 60 63.40 0.20 1112
. P8 70 300/970 £ 5 60 40.00 0.20 1096
e’fpsnfent. PO | oo | 90 [285/971£5] 50 46.20 0.19 1076
with changing| ) 110 |300/987+7| 58 43.00 0.17 1075
Pressure P11 130 |320/987+7| 57 46.80 0.16 1074
P12 150 294/987 +£ 7 53 55.10 0.14 1074
o T T T T @] of 50 mbar. Table I presented all collected data from
. + two experiments. During the experiments, only one
or ; ) parameter was changed during this time. For both
59 | T I 1 series, the AIN buffer was grown in the same con-
S 1 ] ditions. The composition of the AlGaN layers was
E sl ; 1 determined by the X-ray diffraction technique. The
< growth rate and layer thickness was estimated using
;56 - + T the LayTec EpiTT system based on reflectometry
55 | i measurements.
:Z + 3. Results and discussion
40 %0 % 100 120 140 160 Increasing the reactor pressure caused a grad-
Pressure [mbar] ual reduction in aluminium. The difference between
the two extreme points is 6% (Fig. 1a). The opti-
o1 L ' | ' | | )] mal pressure for obtaining AlGaN with a concen-
tration of 60% is 70 mbar with the set parameters.
6oL } | Figure 1b shows the dependence of the amount of
_ Al in AlGaN in relation to the change in ammonia
§ sol " i flow during the layer growth. The aluminum con-
3 tent at the beginning decreases by 3-4% at higher
sl _ flows, and then stabilizes.
= The reflectance was measured during the growth
571 } . i of individual structures. The AIN growth rate
T . + + reached always 0.61 nm/s due to the fact that the
56 1 AIN buffer was grown under the same conditions in
L ) L L ! L all samples. For the AlGaN layers grown at different
800 12000 1600 2000 2400 2800 pressures, a gradual decrease in the growth rate of
Ammonia flow [scem] the AlGaN layer was noted in the reflectance plot
(Fig. 2). At a pressure of 50 mbar, the growth rate
Fig. 1. The dependence on aluminium incorpora-

tion in AlGaN layer during the growth with changed
parameters (a) pressure, (b) ammonia flow.

In the first part, the characteristic of the pres-
sure dependence of AlGaN composition was studied
in the pressure range from 50 mbar to 150 mbar.
The step was changed every 20 mbar. In the sec-
ond part, the ammonia flow was changed from 800
to 2800 sccm in steps 400 sccm, at stable pressure
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of the AlGaN layer was 0.20 nm/s and as the pres-
sure increases, the growth rate decreased to a value
of 0.14 nm/s at the highest pressure of 150 mbar.
There is a correlation with the results obtained by
Allerman and coworkers who observed that both
parameters, Al composition and growth rate de-
creased with increasing the reactor pressure [13].
Chen’s [14] and Kim’s [15] groups also obtained
similar results, i.e., receiving a decrease in Al in-
corporation into the AlGaN layer with increasing
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Fig. 2.

The reflectance measurements were measured for wavelength 633 nm for AlGaN layers during an

experiment with changing pressure. The graph includes the growth rate of AlGaN layers. The buffer AIN layer

was not changed during the growth in all samples.

800 sccm

Fig. 3.

1200 sccm

2800 sccm

The morphology of the AlGaN layers determined by using AFM technique. The scanned area is

2 x 2 pm, in the first row are presented samples from the experiment with changing pressure and in the second
row samples from the experiment with changing ammonia flow.

pressure [16]. During the ammonia experiment, all
samples were grown in 50 mbar. In the ammonia
flow rate applied (800 to 2800 sccm), the observed
growth rate (0.20 to 0.23 nm/s) and the change in
the composition (57 to 60% of Al) changed almost
by half compared to the changes observed with pres-
sure (see Table I).
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The morphology of the samples was studied by
Brucker atomic force microscopy in the fast scan-
ning mode. With increasing pressure and ammo-
nia flow, the roughness of the samples surfaces also
increases. Pressure, however, has a higher impact
on the sample’s surface than the ammonia flow.
The topographies of all deposited structures are
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Fig. 4. XRD measurements of AlGaN layer grown
in 50 mbar — symmetric scan (00.2) and reciprocal
space map from asymmetric scan (01.5).
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characterized by smooth surfaces and small RMS
coefficients. The surface of the structure deposited
at 50 mbar shows numerous holes which disappear
as the pressure increases to 90 and 150 mbar. At
a pressure of 150 mbar, the growth of the AlGaN
layer appears to be similar to the step-flow type
growth (Fig. 3).

The crystallographic structures were determined
by measurements of HRXRD. The structure qual-
ity was determined from the symmetric scan (00.2),
and the relaxation and strains of the layers —
from the asymmetric scan (01.5) (Fig. 4). Figure 5
presents the results of full width and half maximum
(FWHM) for all AlGaN layers. AlGaN grown in
2400 sccm ammonia flow has good crystal quality
due to the narrowest peak of all samples and the
lowest value of FWHM. In contrast, AlGaN grown
in 50 mbar has the worst crystal quality due to the
highest value of FWHM.

4. Conclusions

The study presents the characteristics of
Alp.0Gag.4oN layers growth during changing con-
ditions, pressure and ammonia flow. With increas-
ing pressure during the AlGaN growth in the
MOVPE reactor, the incorporation of aluminium
is decreasing. The drop of 7% of Al was no-
ticed in AlggoGag4oN layers in the range 50—
150 mbar and a change in the growth rate (from
0.20 to 0.14 nmm/s) was also observed. Ammonia flow
has a lower influence on the aluminium incorpora-
tion in Aly g0Gag.4oN layers. The aluminium con-
tent decreases by 3-4% at higher flows. Pressure
has a higher impact on the sample’s surface mor-
phology and crystal quality than the ammonia flow.
This is confirmed by the AFM and XRD measure-
ments. The collected results determine what devia-
tion should be applied when changing pressure and
ammonia flow to obtain the Aly g0Gag. 40N growth.
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