KI5 HEER#R No.40 (2021)

B PER HVPE RGFEEE A1 GaCls a5l D BRI 38

Development of GaClz Supply Technology for Mass-Production Halide VVapor-Phase Epitaxy System
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Silicon carbide (SiC), gallium nitride (GaN), and gallium oxide (Ga203), which have wide band-gap and
big Baliga’s Figure of Merit compared with silicon (Si), are required to improve the power conversion
efficiency of power devices for the low carbon society. Especially, Ga20Os is good material because of low
cost substrate can be manufactured. Reduction of the growth cost is a major issue for the spread of Ga203
devices, and we think that development of a mass-production system using HVPE method with capability
of high-speed and high-purity growth is necessary for reduction of the growth cost of Ga20s.

In this paper, we report on the trial production and evaluation of the GaCl; generator that supplies metal
chloride (GaCls) as source material for mass-production HVPE system. As a result of generating GaCls
using two-step reaction with Ga metal and chlorine gas, it was confirmed that the amount of GaCls reaches
more than 7000 pmol/min required for Ga203 growth in the HVPE system (6 inches x 7). By optimizing the
structure of the container filled with Ga metal and gas flow conditions, we succeeded in increasing the

reaction efficiency between Ga metal and chlorine gas to 99% or more.
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Figure 1 Schematic diagram of conventional HVPE reactor.
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Figure 2 Equilibrium partial pressures of gaseous
species in (Ga-Cl2)-Cl2 reaction.
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Figure 3 Photo and cross sectional view of the GaCls

generator.
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Table 1  Specifications of the GaCls generator.
Specification

Ga +1/2Cl, - GaCl (Zone 1)

GaCl + Cl, > GaCl, (Zone 2)

Reaction

Source zone Multi series graphite boat

Reactor Vertical quartz reactor
Heater 3-zone electric furnace
Amount of Ga metal 3 kg/boat

Size 500%500x1300(H) mm
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Figure 4 Experimental system diagram of the GaCls

generator.
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Table 2 Process condition of the GaClz generator.

Parameter Setting Value

Reaction Pressure Atmospheric Pressure
Reaction Temperature 850°C/boat temp.
Reaction Time 60 min.

Cl, : 25 - 200 sccm
N, : 950 — 2975 sccm
N, : 2000 sccm

Total Gas flow

Purge Gas in quartz tube
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Figure 5 Temperature distribution of the GaCls
generator.
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Figure 6 Photos of GaCls solidified in a quartz trap.
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Figure 7 XRD data of solidified powder in a quartz trap.
(a)Calculated GaCls data from crystal structure.

(b)Measurement result of powder trapped in quartz trap.
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Figure 8 Reaction efficiency of Ga metal and Cl2 gas.
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Figure 9 Relationship between Clz flow rate and amount

of GaCls generation.
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Figure 10 Structure of diffusion plate and simulation result
of circulating flow in Ga boat.
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Figure 11 System of mass-production HVPE using external
source supply.
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