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Growth of AIN bulk crystals from the vapor phase

Introduction

The following report summarizes research activities of the past quarter (07-09 2000). As
stated in earlier reports, the goal of this project is the growth of high-quality AIN bulk
crystals from the vapor phase. The equipment used for this purpose has been described

previously. Apart from routine maintenance, no major hardware changes were required in

the past quarter. After successfully testing the growth equipment, and after completing a

series of initial, unseeded growth runs our research efforts focussed on (1) a systematic

study of the relevant growth parameters and (2) first seeded growth experiments.
Experimental details

Al source material: A first series of experiments had shown that AIN crystals grew at large

growth rates from pure Al source material. However, it was found that Al-rich AIN crust
typically formed within the first hour of growth at the Al source surface and considerably
reduced the Al vapor pressure, thus slowing down the AIN growth rates. In the preparation
of long-term growth experiments (24 hours or longer) mentioned, AIN crust formation
issue had to be addressed. Under the current experimental conditions, it appears to be
difficult, if not impossible, to avoid the formation of the AIN crust. In order to obtain a
constant Al evaporation rate, we decided to use pre-reacted AIN as a source material. For
this purpose, larger amounts of Al (typically 10 g) were heated for 2 hours to 2000°C in a
500 Torr nitrogen atmosphere, in order to purposefully form a thick AIN crust over the
source material. Subsequently, the same source material was used for high-temperature AIN
growth runs. Although the Al vapor pressure from AIN sources is considerably smaller than
that of pure Al, constant growth rates could be achieved over extended periods of time. The
lower growth rates were partially compensated by increasing the source temperature to

2300°C.
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Seeded growth experiments: AIN crystals formed during initial growth runs were used as

seeds. Seeds were installed in the top part of the growth crucible by mechanically wedging
the seeds into the relatively soft BN cap material. Typically, needle-shaped seeds of several
mm in length and an aspect ratio of ~10:1 were used for these experiments. Optical
micrographs of the seeds were taken before and after the growth. The seeds were installed

as grown; surfaces were neither polished nor chemically treated.
Experimental results

| Growth parameter optimization: The following growth parameters were optimized for the
use of AIN source materials: growth temperature (i.¢., the temperature of the graphite heater
as measured using an optical pyrometer), system pressure, crucible position (and resulting
changes in the temperature gradient between source material and AIN seeds). Nitrogen flow
rates were found to be of minor influence and were subsequently kept constant at 100 sccm.
Mass loss of the source materiai occurred frqm 1800°C on, and reached 150 mg/hr at
2300°C. System pressure was found to influence the distribution of crystal growth inside
the growth crucible. Growth at lower pressure (100 Torr) yielded enhanced growth in the
crucible cap (due to a longer mean free path of the Al species); however, in order to avoid
long-term decomposition of the BN reaction tube and crucible, most growth runs were

performed at a higher nitrogen pressure (500 Torr).

Long-term growth runs of 24 hours were performed under the following conditions:

Heater temperature T =2300°C
System pressure p= 500 Torr
Temperature gradient ~ 50°C/inch

Spontaneous nucleation: Fig. 1 shows a picture of a crystal grown under the above growth

conditions. In each growth experiment several crystals of similar size and surface

morphology grew by spontaneous nucleation off the BN crucible walls, at a distance of
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about one inch from the AIN source. Several growth runs using identical parameters

confirmed reproducibility of the growth conditions.

Fig.1: AIN crystal grown from AIN source at T = 2300°C, p = 500 Torr. Crystal size: 8 x 4 x 0.7 mm’.

Under the given growth conditions, spontaneously nucleated crystals up to 20 mm in length
were grown in 24 hours. Most crystals showed a striated surface morphology. The
crystallographic c-axis was found to be oriented parallel to the surface striations. The
crystals were optically transparent. In some cases, a slight blue coloration appeared close to
the nucleation site of the crystal, indicatihg that at the beginning of the growth a larger

concentration of contaminants might have been present.

Seeded growth: Using spontaneously nucleated crystals from earlier growth runs, we

demonstrated continued growth on AIN seeds. Fig. 2 shows a sequence of pictures
illustrating seeded AIN growth under the aforementioned growth conditions. As can be
seen, the seed kept growing even after having been removed from the system and exposed to

air several times.
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Fig.2  Seeded AIN growth. From top to bottom: AIN seed as installed in growth crucible, growth of AIN
crystal at 2300°C after 3 hohrs, after 7 additional hours, and after 24 additional hours. Seed size: 5

x 0.4 x 0.5 mm’. Final crystal size: 6 x 1 x 6 mm’

The volume of the AIN crystal increased more than 30 fold in 34 hours of growth time.
Apart from some secondary nucleation that occurred during the last growth step, the bulk of
the obtained crystal was single crystalline. This finding indicates that interrupting the
growth (e.g., to refill the source material) is feasible, a fact that may be of crucial importance

for the fabrication of larger crystals.

Conclusion

In the past quarter, we have focussed on the growth from AIN source material. We have

achieved stable and reproducible, long-term growth conditions. First experiments on seeded
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growth have been successfully accomplished and have shown that the growth process can
be continued after the growth surfaces had been exposed to air, and that crystals keep

growing as a function of time.
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Growth of GaN bulk crystals from the vapor phase

Introduction

In this research effort, a high temperature nucleation technique has been developed to grow
GaN crystals. Processing conditions for lateral and vertical growth have been determined,
and have been applied to seeded growth experiments. Seeded growth was accomplished by
using seed crystals grown by the mentioned high temperature nucleation technique, in an

effort to produce larger GaN crystals without secondary nucleation.
Experimental details

Growth experiments were conducted in a dedicated dual-heater vertical furnace. The growth
cru-cible was made out of hot-pressed BN. The metallic Ga source material was loaded in a
separate BN insert. The temperature of the BN substrate, located at the center of the
crucible, was lowered using a water-cooled stage in order to achieve a favorable temperature
gradient. Spurious nucleation of GaN, which typically occurs during the temperature ramp-
up, could be avoided by heating the growth system to 1260°C in an N, ambient, in order to
avoid reaction of Ga and NH,. The growth process was initiated thereafter by flowing NH,

and decreasing the substrate temperature.
Experimental results

Preliminary experiments showed that the optimum growth temperature in the current growth
system is 1130°C. To determine the optimum processing parameters for the vertical growth
and the lateral growth at 1130°C, crystal aspect ratios were experimentally determined as a
function of the total pressure and the NH, flow rate during the growth, see Fig. 1. Crystals
with high aspect ratios were obtained at higher total pressures (> 500 Torr). The influence
of the NH, flow rate on the aspect ratio is pronounced at higher pressures, but less

significant at lower pressures.
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Fig. 1: GaN crystal aspect ratio as a function of ammonia flow rate and system pressure. Growth

temperature: 1130°C.

Further investigations showed that the aspect ratio change could be related to the depletion
of Ga concentration in the vapor phase due to the higher velocity of the NH, stream at larger
flow rates. Therefore, it is more accurate to interpret the aspect ratio changes in terms of the
NH,/Ga ratio rather than the total pressure. At lower pressures of NH;, the ammonia

density decreases and the Ga flux increases due to the increased mean free path in the vapor

phase.

In order to grow GaN platelets, low NH,/Ga ratios were needed. To obtain a larger Ga flux
to the substrate, the NH, gas inlet was moved from 1” to 2” away from the substrate
surface. Figure 2 shows the change in crystal morphology as a function of the Ga source
temperature. GaN platelets were obtained at a source temperature of 1260C, a total pressure
of 430 Torr, and a flow rate of 50 sccm of NH,. As the total pressure was increased, the
crystal morphology changed from platelets to needles. Prolonged growth resulted in larger

crystal sizes, but multiple spontaneous nucleation was still a problem.
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Fig.2: Crystal morphology change with the Ga‘source temperature, (a) 1240°C, (b) 1250°C, and (c) 1260°C

To grow larger GaN crystals without secondary nucleation, seeded growth was conducted.
GaN crystals of both large and small aspect ratios were used as seeds. Figure 3 shows
results of optical in-situ monitoring of a growth experiment, in which GaN needles were
used as seeds. Growth parameters were optimized for lateral growth conditions. As can be
seen in the micrographs, a nucleation exclusion zone was formed around the seed crystals.
The seed crystals grew without secondary nucleation for six hours. The width of the

crystals increased with time while the length of the crystals remained nearly unchanged.

(a) seed

7 (c) 2hrs

S

(d) 3hrs (e) 4hrs (f) 6hrs

Fig. 3: In-situ monitoring of the seeded growth of GaN needles at 1130°C, 430 Torr and 60 sccm of NH;.
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Fig. 4 compares the morphology of the crystals grown from seeds with spontaneously
nucleated crystals that formed on the BN substrate during the same growth run. The latter
crystals were all platelets, as shown in Fig. 4(b) and (c). Both the seed crystals and the
spontaneously nucleated crystals showed a smooth surface morphology, see Fig. 4 (c), (d),

and (e). Raman spectrum for a 400pm wide and 500um long crystal grown from a seed

crystal confirmed excellent crystallinity.
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Fig. 4: Seeded growth of GaN needles at 1130°C, 430 Torr and 60 sccm of NH,. (a) Optical micrograph of
a GaN crystal cluster after the seeded growth, (b) Crystals on BN after growth, (c) SEM micrograph
of the crystals grown on BN, (d) Magnified view of a crystal in (a), (¢) SEM micrograph of the
surface, (f) Raman spectrum of the crystal in (d).

Conclusion

Systematic studies have revealed the optimum growth parameters for the growth of both
high aspect ratio GaN crystals (needles) and low aspect ratio crystals (c-plates). We have
successfully demonstrated seeded growth of GaN crystals. We are currently investigating
the effect of the supersaturation of the vapor phase to isolate the growth predominantly on

the seed crystal. We have recently grown 2mm long and 1.5mm wide GaN crystals via
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seeded growth. In addition, we are planning to investigate GaN growth using diluted

ammonia in nitrogen.
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