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SiC Single Crystal Sublimation Growth:

Growth Parameters and Occurrence of Defects

Ingots of monocrystalline SiC which are presently grown by the seeded sublimation growth technique, the so-called

"Modified Lely Method", have opened the path to the production of large area SiC wafers. However, the material quality

still remains an obstacle to a commercial breakthrough of the SiC technology.

To improve the quality of the wafers it is of prime importance to identify the mechanisms of formation of the different

defects and to understand the relation between their occurrence and the experimental parameters of the growth process.

This paper is mainly devoted to the determination of the influence of the seed characteristics on the occurrence of defects

in the as grown ingot. Polytype identification, morphology, structural perfection and defects analyses have been studied

using mainly optical microscopy and X-Ray white beam synchrotron topography.
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Comparative Study of SiC Bulk Crystal Growth Parallel
and Perpendicular to the <0001> c-axis

N. OHTANI, M. KATSUNO, T. FUJIMOTO, H. TSUGE, T. AIGO, H. YASHIRO

Nippon Steel Corporation

A comparative study of SiC bulk crystal growth parallel and perpendicular to the <0001> c-axis is presented. Many

aspects are different between the growth parallel and perpendicular to the c-axis. A major problem with the growth

parallel to the c-axis is the so-called "micropipes” which are small pinhole defects that penetrate the entire crystal and

cause critical flaws in SiC devices. In contrast, the growth perpendicular to the c-axis causes basal plane stacking faults in

SiC crystals, and it was found that the density of the stacking faults largely depends on the crystal growth direction and

polytype. Based on these results, we discuss the defect formation processes during the growth parallel and perpendicular

to the c-axis and demonstrate successful improvements in crystalline quality of SiC crystals.
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Fig. 1 Schematic diagram of the modified-Lely growth system.
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Fig. 2 SEM image of micropipe defect. A micropipe ( small hole
of 2-3py m diameter) is observed at the center of hexagonal
etch pit revealed by molten KOH defect selective etching.
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Fig. 3 6H-SiC crystal longitudinally sliced along the growth
direction, showing a multitude of micropipes emerging at
the polytypic boundaries between 6H and 15R.

OO000Ostep bunchingd OO OOOOOOOOOOO
000000o®*ooo00oo0o0o0oooooooo
gdoooooogsicoooooooooooooo
0000000000 ®20oUuo0oo0ooooooo
O00000oooooooooooooooooog
O00o000ooDoboboDoooOwwistDooooooog
Oo0oooooooooo®™Moooooooooog
oo0ooooooooooooooooooooog
oooooooooo#*@ooooooooooog
ooo0o00oooooooooooooooooog
O00o000oo00ooooooooooooooog
oood
O000000ooooooooooooooooon
ooo0o00oooooooooooooooooog
O00o000oo00ooooooooooooooog
ooo0o00oooooooooooooooooog
O0000000oooooo0oooooooogyezsg
O00o0oooooooooodndde0dooooog
O00o0000o0o0ooooooooooooooog
000000000 o0ooooooooooogenOd
OO0nOD000OO00OO0OO0ODOO0ODOODODOOOOODO
Oo0ooooooooooooooooooooodg
O00o0000oo0o0oooooooooooooog
Ooo0ooUoooooooooooosicooooo
O00o0000oo0o0oooooooooooooog
Oo0ooooooooooooooooooooodg
J000o0oo0ooooooooooDooodOne0n
O0ooo0oooooooooD@mnO0Ox00OO



B=nc B=(n-1)c B=c

<)

= T<0001>

— T<0001>

g0 0OoOoobooboboobobobooboobobobiloo
oooooooOooooooooooooooobooo
gooboO0o0o0o0oooo0oboboooo

Fig. 4 Schematic drawing of micropipe dissociation process,
where a micropipe is dissociated into a micropipe with a
slightly smaller Burgers vector plus one unit ¢ screw
dislocation.
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Fig. 6 One-inch 6H-SiC wafer with an extremely low mosaicity. The rocking curves obtained across the entire wafer show a single
diffraction peak as narrow as a few tens of arcseconds (spot size: 2mmx 2mm).
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Modeling and Simulation of SiC Boule Growth by Sublimation

Different computational tools have helped to provide additional information on the sublimation growth of SiC single
crystals by the modified-Lely method. The modelling work was motivated by the need of a better control of the local
temperature field inside the crucible. It is an environment of strong thermal radiation in which the SiC boule growth
process occurs. Heat transfer must therefore be coupled with gaseous species transport and reactivity. This highly coupled
model must take into account all geometric modifications in crucibles which strongly influence the crystal growth process.
This modelling field is still too young to propose a software package including all modelling aspects and a reliable
material database. However, some parts of the modelling work have reached maturity like electromagnetic heating and
thermal modelling coupled with simplified chemical models. In this paper selected examples are shown to demonstrate the
types of information which can be routinely available by simulation and how to manage some relations between simulation
results and growth characteristics.
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Fig. 1 Schematic representation of the experimental set-up used
for the crystal growth.
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Fig. 2 General representation of the temperature (K) fields (current density : 1.6x 107 W.m? ; frequency : 125 kHz)
(potential vector (x radius) in Wb and Joule losses (W.m) can be found in Ref. [3])
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Fig. 3 Influence of the diameter of the hole used for pyrometric measurements on the calculated temperature of the different part of the

reactor along the symmetry axis
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Fig. 7 Influence of the frequency heating on the final
shape of the powder and associated thermal
gradient. There are two locations for the SiC
powder. The two parts are separated by a
graphite ring.
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A.Ellison!, C.Hemmingsson!, B.Magnusson?, A.Henry?,
N.T.Son?, Q.Wahab? and E.Janzén?

! Okmetic AB, 2 Linkoping University

0000000 opooooooOooooooo

Development of a Novel SiC Crystal Growth Method:

The HTCVD Technique

The development of a novel SiC crystal growth technique, generically described as High Temperature Chemical Vapor
Deposition (HTCVD) is presented. Carried out at temperatures above 2100° C, the technique uses, as in CVD, gas precursors
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(silane and a hydrocarbon) as source material. The growth process can, however be described as “ Gas Fed Sublimation”

and is shown to proceed by the gas phase nucleation of Six-Cy clusters, followed by their sublimation into active species that
are condensed on a seed crystal. 4H and 6H-SIiC crystals with diameters up to 40 mm and typical length of about 1/2cm have

been obtained with growth rates of 0.5 to 0.7 mm/h. The structural and electrical properties of wafer demonstrators are

discussed with the aim of developing device quality semi-insulating SiC substrates. Mechanisms leading to micropipe

formation have been investigated and specific process steps such as in-situ etching have enabled growth of crystals with

micropipe densities down to 35 cm. Owing to the purity of the source material used in HTCVD, 4H wafers prepared from

undoped crystals exhibit semi-insulating behaviour with a bulk resistivity higher than 5x 10°Q cm at room temperature.
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Fig. 2 Temperature dependence of the growth rate on off-axis 4H
C-face with a C/Si of 0.3 using two seed holder
configurations differing by their temperature gradient O T.
Open circles (o ) correspond to an increased gradient as
compared to filled circles (e ). The growth rates were
similar for both on- and off-oriented seeds, indicating that
the activation energy in the lower temperature range is not
related to surface kinetics processes, but to the cluster
sublimation. The diamond symbols () correspond to a
C/Si of 0.4 at a higher silane feed rate.
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Table I Concentration (cm?) ranges of the main acceptors and
deep level impurities determined by SIMS
measurements in 4H-SIiC grown under representative
conditions. The concentrations below the SIMS
background level are preceded by (<).
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Fig. 6 Resistivity measured on two 4H wafers grown under
different environments, and with vanadium concentration
below 2x10%cm. The contact resistance is estimated by
the Cox-Strack method and the bulk resistivity determined
from the slope of the |-V characteristics measured in the
100-700 V range (Ni contacts).
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Morphology of Thick 4H-SiC Epitaxial Layers
Grown in a Vertical Radiant-Heating Reactor

H. TSUCHIDA, I. KAMATA, T. JIKIMOTO, AND K. 1IZUMI

Central Research Institute of Electric Power Industry

Thick and low-doped 4H-SiC epilayers are grown in a vertical radiant-heating reactor. Growth rates up to 18 p m/h have

been achieved in the reactor. The influence of pre-growth hydrogen etching on growth pit density of epilayers has been

examined. Hydrogen etching under a reduced pressure as low as 30 Torr is effective to reduce morphological defects. We

have also examined growth parameter dependence for morphology of epilayers. Source gas ratio (C/Si ratio) is crucial to

control morphology of epilayers, and C/Si ratios around 0.8 achieve a smooth surface without macro-step bunching.
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Fig. 1 Morphology of 4H-SiC epitaxial layers. Pre-growth
hydrogen etching was performed at (a) 50 Torr, 14150
and (b) 30 Torr, 14000 . The layers were grown under a
CI/Si ratio of 0.77 at 15500 .
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Fig. 2 Morphology of a 90 p m-thick 4H-SiC epitaxial layer grown
at18 y m/h.
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Fig. 3 AFM images of 4H-SiC epitaxial layers grown under C/Si
ratios of (a) 1.0 and (b) 0.77. The layers were grown under
50 Torr at 15500 .
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Fig. 4 The C/Si dependence of background doping level (Ng-Na).
The layers were grown under 50 Torr at 155007 .
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