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Epitaxial Growth (CVD) |

Chemical Vapor Deposition
Source gases:  SiH,, C;Hg, H,

Temperature: 1500~1550°C

Growth rate: 3~5 um/h

Substrates: 80 off-axis 4H-SiC(0001), (0001)
4H-SiC(1120) } prepared by slicing
4H—SiC(03§8) [0001]-grown ingots

Cold-wall CVD Hot-wall CVD
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‘ Concept of Step-controlled Epitaxy I
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1750V SIC Schottky Diode |
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T
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REVERSE VOLTAGE (V)

A. Itoh, T. Kimoto and H. Matsunami,
Int. Symp. on Power Semiconductor Devices and IC's

Yokohama, 1995
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... SiC MOSFET
Si0,/SiC MOS
AIN
AIN/SIC MISFET
... SiC MESFET
GHz
n-GaN
GaN/SiC HBT
MISFET,HBT:
>

SiC (0001) AIN
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* SiC III-N

. SiC (AIN/SIC )
>
/
~0.9%
2H / 4H (or 6H)
-V 7 IV-IV
( )

Polytypesof SIC Crystal I

Growth method
Plasma-assisted MBE

g Elemental Al and Ga
c Active nitrogen (N*)
/‘i EPI Unibulb rf-plasma cell
c Substrate Temperature
_ A 600~1000°C (T.C.)
3 B
= A
£ c Substrate
B commercially available
2 4H-SiC (0001)si
c 6H-SiC (0001)si
B off-angle: 0.1~0.3°
A
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( ) 1000°C
SiC
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(a) as-etched (b) HF-treated (¢) HF/Ga-treated AN 1goré)\nrth timzem(s)
60 [ j | as-etched
i (ordered silicate adlayer)
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Si/C: Si-rich Si/C: Si-rich Si(C: Si-rich z (oxgen-adsorbed (1x1))
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(Si-0) (no chemical shift) E20f ]
\ \ a
thao 1 HF/Ga-treated
z (oxgen-free 1/3ML Si adlayer)
20 -
2 4 6 8 R .
AN layer thickness (nm) Oxgen-free 1/3ML Si adlayer is
suitable for initial 2D growth
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Growth Mode vs Growth Temperature

1000°C growth
1Y%

600°C

800°C growth

RHEED intensity
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600°C growth
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Surface Morphology for Various Thickness

Tsub=800°C, on 4H-SiC
8 ML
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Model for Growth Evolution
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AIN ~ I1I-N with non-polar growth direction
AIN/SIC ( ) Spontaneous & piezoelectric polarization along c-axis
c-axis
Good: —
AN High density 2DEG in HEMT
Bad:
(1120) Spatial separation e-h in QW

(1190)

(G601

voto University

resulting in low emission efficiency @

Utilizing non-polar growth direction
such as [11-20] or [1-100]

High quality grown layer is a key
Choice of substrate and crystal plane




RHEED
[0001]azimuth (75 1000 )
Befor Growth After AIN growth
AIN 2H (1120)
6H-SiC . 0900
(1120) 21161010 01107270
¥ . .1%5.0..
4H,6H(1120)
4H-SiC 000
(1120) 2110 } i.zio
1120
6H-SIC(1120) =) 2H-AIN
4H—SiC(ll§O) # 4H-AIN !!

HRTEM for AIN/4H-SiC ~ 4H-AIN!!

4H region Vacc 300 kV

AN > [1120]

egion(2H) Vew [1100]

an-sic '] [0001]

AIN grown layer

[0110]

[0001] Polytype replication

[2110] 4H-AIN

Model for interface at faulted region

Coulted 4H  2H(Faulted)

region(2H) — Void  _
[1120] ABCBABABA /along[lloo]
\ 4H- AIN(1120)
[0001]
_ TT1T - interface
[1100]
4H- SIC(1120)
ABCBABCB

HRTEM on AIN/6H-SiC ~ 2H-AIN

2H region

Polytype replication doesn’t occur
in AIN/6H-SIiC system.

0

Disordered interface

AIN grown
layer

Projected
Interface

Anisotropy nature of crystalline quality due to symmetry of the surface.
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