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Worldwide attention has been paid to GaAs and S5iC as a kind of the heat-
‘resisting and advanced semiccnductor materials. Doping of specific
impurities into semiconductor materials is a key technclogy for producing
semiconductor devices. As one of doping technologies, thermal diffusional
doping has been successfully applied to 5i. Application of thermal
diffusional doping to GaAs needs expensive and complicated processes in
order to prevent an occurrence of lattice defects by impurities. On the
other hénd,.it is difficult to apply this technology to SiC, because of
small diffusion coefficient of impurities to SiC. Therefore, it is of great
importance to develop a substitutional doping technology for these materials
for realizing heat-resisting and advanced semiconductor.

To dope scme impurities into Si erystal by using neutron irradiation is
a mature technology and is called NTD. The High Temperature engineering Test
Reactor (HTTR) which has been being constructed at the Oarai Research
Establishment of the Japan Atomic Energy Research Institute has an unique
and superior capability to irradiate large-sized specimen, in the order of
10cm in diameter, at high temperature up to approximately 1000°C .

This report presents a result of feasibility study of potential
applicability and effectiveness of NTD to GaAs and SiC at the HTTR. First of
ail, advantages and disadvantages were identified by reviewing the state-
of ~the-art technology of NTD to 35i. Pctential applicability of NTD to GaAs
and SiC are discussed. Based on this discussion, effectiveness and

feasibility of NTD to these materials at the HTTR are examined.
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As a resulf, NTD iz feasible to S$iC but not to GaAs. The HTTR provides
the capability to produce SiC semiconductor, in particular, to produce the
semiconductor with {1)low irradiation damage, (2)uniform distribution of
doped impurities and (3)high productivity, if a large-sized SiC crystal is
capable to be commercialized. Practical application of NTD at the HTTR will

be discussed in the next study.

Keywords: Heat-resisting and Advanced Semiconductor, SiC, NTD, The HTTR, Fea
sibility Study, Potential Productivity.
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Table 2.1.1 Number of electrons in steady state orbits at low

atomic number elements'’.

BEFHE

RF&=
T F# Z 1s 25 2p 3s 3p 3d
H 1 1
He P 2
L 3 2 1
Be 4 2 2
B ] 2 2 1
C 6 2 2 2
N 7 2 2 3
O ] 2 2 4
F g 2 2 o
N e 10 2 2 8
N a 11 2 2 6 L
Mg 12 2 2 6 2
Al 13 2 2 6 2 I
S 14 2 2 6 2 2
P 15 2 2 6 2 3
S 186 2 2 6 2 A
Cl 17 2 2 6 2 9
Ar 18 2 2 6 2 §
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Fig. 2.1.1 Schematic illustration of energy band structure of semiconductor element.
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Table 3.1.1 Resistivity of a single-crystal Si semiconductor

as a function of thermal neutron flux*’.

R ] #rhE R E L hge s
(h) (n/cm?) (Q-cm
4.0 1.5x10%? 200
5.4 2.0x10'7 150
8.2 2.9x10'7 100
16.3 B.9X10t7 50

) BHEEAGHETEREZL 0X10° (/en®-s)  BHEMOEIFEZE
M OERRE HE LU THERICREVWELTHE
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Table 3.2.1 Key specification of nuclear reactors as utilized for

Si-semiconductor production®.

E S FFR moErt L AEH (WD
Fue—2 RISO DR-3 D0 10
Ze—5v | Studsvik R-2 H,0 50

75 VR Saclay OSIRIS H,0 70
75V R Saclay | ORPHEE D,0 14
77 UA Grenoble SILOE - H»0 30

*H Missouri Univ. MURR H.0 10

A& JAER] JRR-4 H,0 3.5

A JAERI JRR-2 D0 10
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Fig. 3.3.1 Recent status of research activities by utilizing JRR-2 and JRR-47".
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Fig. 3.3.2 JRR-4 core configuration® .
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Fig. 3.3.3 JRR-2 core configuration®.
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