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SUMMARY

The Neutron Transmutation Doping (NTD) is a production technique of the
semi—conductors using a nuclear reaction between isotopes and thermal neutrons.
The interest in NTD stems from two of its advantages over the conventional
metallurgical methods of impurity incorporation. The first advantage is
high-precision doping, because the concentration of impurities introduced at a
constant neutron flux is proportional to irradiation time, which can be controlled
with a high accuracy. The second advantage is the high homogeneity of dopant
distribution, which is determined by a random isotope distribution, small neutron
capture cross section, and the uniformity of the neutron flux.

HANARO (High-flux Advanced Neutron Application Reactor) with the
maximum available thermal neutron flux of 5x10"n/cm*sec is a unique research
reactor in the world and has two NTD irradiation holes. To produce the NTD-Si
in 2002, KAERI has been setting up the irradiation facility for NTD. The
optimization analyses have been conducted to finalize the irradiator design to
produce the high quality NTD-Si grown by floating zone.

The device that flats the axial neutron flux distribution in silicon ingot is very
important in NTD process because the neutron screen is the sole method to
achieve the uniform irradiation. The high quality NTD-Si must meet the
requirement that the axial and the radial uniformity should be less than +5% and
£1.7%, respectively.

In this thesis, the optimal methods for uniform irradiation at silicon ingot in
NTD hole are studied. The MCNP4B was used to simulate the neutron screen.
The results show that the optimized neutron screen is sure to satisfy the
requirements. The uniformity of the axial neutron flux distribution is below =+

1.5% and also the best vertical location of the silicon ingot during irradiation

_vi_



was analyzed because the critical control rod position greatly affects the axial

flux distribution.
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Fig. 1 Growth way of single crystal by using

the floating zone method
1.2 Czochralski Growth
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3. Neutron Transmutation Doping 52!
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Fig. 12 MODEL 4.2.1 (reference case)
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Fig. 14 MODEL 4.2.3
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Fig. 25 MODEL 4.4.3
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Table 2 Flux characterizations of models

9] (x10" /cm’sec)

Model | ®max Prnin Paverage 80=(Pmax—Pmin )/Paverage | Pave/Pmax
M4.2.1 5.93 451 5.37 0.264 0.906
M4.2.2 5.33 4.24 4.90 0.223 0.919
M4.2.3 4.80 4.18 4.59 0.135 0.956
MA4.2.4 4.79 4.14 4.52 0.144 0.943
M4.3.1 454 4.10 4.39 0.099 0.967
M4.3.2 4.36 4.08 4.27 0.066 0.978
M4.3.3 4.58 4.29 4.45 0.065 097
M4.4.1 4.35 4.10 4.23 0.059 0.973
M4.4.2 4.30 413 4.229 0.041 0.982
M4.4.3 4.34 4.15 4.24 0.045 0.978
;z 4.30 4.17 4.26 0.030 0.992

_49_




(Max-Min)/Average

0.300
0.275
0.250
0.225
0.200
0.175
0.150
0.125
0.100
0.075
0.050
0.025
0.000

M4.2.2 M4.2.3 M4.2.4 M4.3.1 M4.3.2 M4.3.3 M4.4.1 M4.4.2 M4.4.3 Final
Design

M4.2.1

(@ o — D i)/ Dy VS- MCNP models

Fig. 34 Variation of §@

0.992

(Ave/Max)

1.000
0.980
0.960
0.940
0.920
0.900
0.880
0.860

M4.2.2 M4.2.3 M4.2.4 M4.3.1 M4.3.2 M4.3.3 M4.4.1 M4.4.2 M4.4.3 Final

M4.2.1

Design

Fig. 35 Variation of @, /®,..vs. MCNP models

_50_



(n/en2 sec)
7.0

6.0

50 r

40 r

3.0 r

20 r

1.0 ' | +—Max -mMin -4 Average

M4.2.1 M4.2.2 M4.2.3 M4.2.4 M4.3.1 M4.3.2 M4.3.3 M4.4.1 M4.4.2 M4.4.3 Final
Design

0.0

Fig. 36 Variation of axial flux (maximum, minimum, average flux) in Si-ingot

13
P
2
ﬂ
i
ﬂ

2. Hojs #x

29 329 33 AOE 9IA7} 350mm & AARe] A AAel AL W) A F
A& REolth & 30mmel N AR i FAEE BEFL Yot
Aol e zel weh Aol AT FAR WA Hmz 74 AelE Al u
2 ZAAe REE sefstn 19X daA FAR FARES BHAL F o
%718 Fofof gt}

a9 373 e AoBel 94 W wE FAAE Bxolth Aoj¥o] Jw o

st & BoA 7B ZA dEehved gAA ] A 91A]
A1 1lem Hojyol wel o 25%< Wb vt gk, 5olstAl%E 350mm ©] 3}l
e SRS Wyl gloh agla, a9 3994 Aojs YA 7F 400mm, 450mm,

500mm ¥ W AEE dZ24AS 2+ lem, 2cm, 3cm Y E ol B A7 Ay FA AL

_51_



& Fall Aol wet

Bk 19 39

2 ol

=
p

1T E3E 7 AlolE A0

S

A 550mm

o

Hola §)of

=
o=

ksl A w7 +29

3

D

Table 3 Uniformity of axial thermal neutron flux in Si-ingot

o MZIZIE|EIE|EE
z o | |o|v|v|T |
o Bl le|w|se ]y
Tl |no|n|n|S
Z—.O [~~~ ]~ ] ]l
ﬁo+_+_+,ii+_+_
IHo
‘Oleee
w |51 3| 3|E|E|E|E
md E|E|E|lo|ana|lS|=
iy ot ol ol F|7F|F|TF
cl 81 =
-
"
o9 | g/ 8|/ 8| &|&g|E| €
w |E|E|E|E|E|E|E
IS8 IB3 8|3
TN AR TF T[]
=

_52_



—s— CAR=300mm
CAR=350mm

CAR=400mm

—¥— CAR=450mm
—e— CAR=500mm
—— CAR=550mm

Fig. 37 Relative thermal neutron flux distribution in Si-ingot

according to control rod positions
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