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Novel Crystal Technology (NCT) N

Novel Crystal Technology, Inc.

« Carve out venture from Tamura Corporation
« Established in 2015 {
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 Located in Sayama, Saitama, Japan N/f

* Products: v /
Ga,O; substrates & epi wafers ™. L B
Ga,0, power devices (TBA)
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Products S
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Production flow of Ga,0; power devices
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Product Roadmap '
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100mm wafer
200mm wafer
Diode

Aiming for cost performance that surpasses SiC SBD

Aiming for cost performance that surpasses Si IGBT




Features of Ga,O -
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« Ultra wide bandgap semiconductor
 Bandgap: 4.5-4.8 eV

* High electric field strength: ~8 MV/cm

* Bulk crystals can be grown from melt

Crystal structure of Ga,0O,

Ga,0; bulk cstal



Applications =
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S Ultra high voltage market, e.qg., grid, wind &
o trains could be killer applications for Ga203
g at the beginning.
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Ga,0,; Bulk Growth Methods &
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Method FZ VB CZ
i
N ] ' w |

Bulk size 1inch 2 1nch 2 1nch

reported

n-type Possible Possible Possible Possible

doping
Growth rate

(mm/h) 5 2 15
Strong point | High purity | High quality | Large boule | Large n-type
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Edge-defined Film-fed Growth (EFN“,)N
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A. Kuramata et al., Jpn. J. Appl. Phys. 55, 1202A2 (2016) 8



6-iInch Substrates &
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For demostratlon

(001) 6-inch substrate (001) 6-inch bulk crystal

There have been no commercial order for 6 inch substrates. But, once we get the
order, we can quickly establish production of the 6-inch substrates.




Vertical Bridgman (VB)

Vertical Bridgman (VB)
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Crucible
Pt-Rh alloy crucible
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Fe-doped 2-inch (010) Crystal -
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* Yellow coloration in the crystals origin to incorporation of Fe dopant
and crucible-derived Rh

« Successfully obtained 2-inch (010) substrates, the largest size (010)
substrate ever reported
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Halide Vapor Phase Epitaxy (HVPE) ST
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B-Ga,0; HVPE system

850°C 1000°C
0,/N, B Quartz glass reactor
Cl,/N, 5 Ga metal EGaCliN, Substrate  g) Exhaust
' —
S|C|4/N2 HOIder
Source zone Growth zone

The technology was transferred from Tokyo University of Agriculture and
Technology.
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100-mm HVPE Epi Wafer '
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In collaboration with Saga University
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100-mm B-Ga,0O, epitaxial wafer
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We have developed 100-mm gallium oxide epitaxial wafers
by using HVPE. 13



100-mm HVPE Epi Wafer '
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The yield of the 10 mm X 10mm diodes was as high as 51%.
The killer defect density is estimated to be about 0.7 cm-2,
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Summary '
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“ Ga,0, 1s a UWBG material for next generation power
devices.

% Ga,0, covers the application area of high voltage.

*+ Large and high-quality native wafers are already
commercially available.

EFG Crystal VB Crystal HVPE epi wafer
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