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(Received F eblfuary 13, 2007)

Neutron'Transmutation'Doped Silicon Semiconductor (hereinafter referred as 'NTD-Si")
has good properties for the power device. In recent years the demand of NTD-Si has
increased significantly due to mass production of hybrid-cars. We have been investigated the
expansion technology of the NTD-Si productivity using the research reactors JRR-3, JRR-4
and JMTR of JAEA in order to meet the demand. The conceptual design of the automated -
silicon irradiation device using the JRR-3 Uniformity Irradiation System was carried out as
one of the effective measures.

After a Si ingot is irradiated once, it is turned over manually and irradiated again in
order to irradiate the ingot uniformly. With the conventional equipment, it is necessary to
wait radioactivity of the ingot decrease less than the permissible level with holding the ingot
'~ in the irradiation equipment. The waiting procedure takes 48 hours or more.

Because the automated NTD-Si irradiation device reduces the manual operation process
and the waiting time, it is effective to shorten the waiting period. Therefore, the automation
of the turntable and the tranéportation deviée mechanism, the devélopment of the automatic
turnaround of the irradiated ingot was introduced in this conceptual design. The result of
meeting the standard of a structural design, the shield design, and the seismic design
demanded on safety was obtained.

This report is concerning the conceptual design of the automated silicon irradiation

device for the JRR-3 Uniformity Irradiation System.

Keywords: Neutron-Transmutation-Doped Silicon Semiconductor, NTD-Si, JRR-3,
Research Reactors, Production Increases, Automated Silicon Irradiation Device,

Conceptual Design
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= 33-1 ﬂx}b@’—ﬁd)ﬂﬁ%ﬁ#?ﬁ&tﬁ}%ﬁﬂﬂ#F‘aﬁl

No. - FE A #rHIRERE
No.1 | 16,800 43 iRt 5,160 4
No.2 | 16,800 4y e &t 4,520 4y
No.3 | 16,800 4yHifs: R &t 3,880 %y
No.4 | 16,800 4y Hifi i &t 3,240 %y
No.5 | 16,800 43384 HE &t 2,600 4y
No.6 | 16,800 5yHiffEs | 1,960 4
No.7 | 16,800 4risfs At 1,320 43

No.8 | 16,800 Zr#fiREt | - 680 %
No.9 | 16,800 8RR at 40 %y

% 3.3-2 #FILS="HL(A1050) fARLE

¥ " BT LI =17 A (A1050)
" BE 2.71X 103 kg/m3
R (%)

B JIS HA&fE IV — b EREE*1 FHEICHAVWAE
Si 0.25 LT 0.06, 0.07, 0.06 0.125
Fe 0.40 LA F 0.35, 0.33, 0.35 0.40
Cu 0.05 LU F 0.02, 0.02, 0.00 0.025
Mn 0.05 LLF 0.00, 0.00, 0.00 0.025
Mg 0.05 L F 0.00, 0.00, 0.00 ' 0.025
Cr - — -
Zn 0.05 LLF 0.00, 0.00, 0.00 0.025
Ti 0.03 AT 0.03, 0.03, 0.03 0.03
Al 99.50 YA b 99.53, 99.55, 99.53 100
Co — — '_ 0.0002
Ga — — 200ppm

1 : BER AR A —DFM A — D BRI SN IS — k3 Kb bR TE,
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% 3.3-4 ORIGEN79 IR ILEX—BiEE

(MeV)
TR —HE BT R F—
0.2 - 0.4 0.3
04 — 0.9 0.63
09 - 1.35 1.10
1.35 - 1.8 1.55
1.8 - 2.2 1.99
2.2 - 2.6 2.38
2.6 — 3.0 2.75
3.0 - 3.5 3.25
3.5 — 4.0 3.70
40 . — 4.5 4.22
4.5 — 5.0 4.70
5.0 - 5.25

£ 33-5 MM TROMEHENSERE DREEE

(BAZ : m2-secl)

Fx—ALE (cm) N Mok fE
Hoxt fE

(F = — 2 FH b O HERE) (5 {E)
0 ' 9X 1017 92X 1016

50 1X1018 1X1015

100 1X1012 1x1ou

150 1X1010 1X109

200 1X108 1X107

250 1X106 1X105




JAEA-Technology 2007-033

5% 3.3-6 ZIS=HLEE (AS052) MR

% B’ TN =9 LG54 (A5052)
5 BE 2.71X 103 kg/m3
A % .

KAFE JIS HIMME | I/ — Mokl *2 FRICAVWSE
Si 0.25 LLF 0.07, 0.07, 0.08, 0.08 0.125
Fe 0.40 LL'F 0.28, 0.26, 0.28, 0.27 0.40
Cu 0.10 LL'F 0.01, 0.00, 0.02, 0.01 0.05
Mn 0.10 LAF 0.01, 0.00, 0.00, 0.01 0.02
Mg 2.2~2.8 2.56, 2.64, 2.65, 2.58 2.8
Cr 0.15~0.35 | 0.17,0.17,0.17,0.17 0.25
Zn 0.10 BLF 0.01, 0.00, 0.00, 0.00 0.05
Z DOt 0.15 LAF 0.01, 0.02, 0.02, 0.03 0
Al ¥ 7%, 5%, 5%, & 100
Co - - 0.0002
Ga — ’ k — 200ppm

ﬁ:%%TwivV&%:—y@%ﬁf~ﬁ#6%&éhki»y~b4&
MRS I HE,
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% 3.3-8 EHETITI—RERE ($i7ILS=") L 1g;A1050)

(0 177 50cm DALIE) (BA7 : photons/sec)
TR — ENRER (47)
(MeV) B4 40
0.3 3.35X 105 8.64 %X 10¢
0.63 4.81X108 4.03X 108
1.1 5.48 X 108 3.15% 106
1.55 1.52X 108 5.71X 105
1.99 1.44X108 1.21X 108
2.38 3.96 X 106 3.31X 106
2.75 4.31X 106 3.70X 106
3.25 7.16X 105 5.99 X 105
3.70 0.00 0.00
4.22 0.00 0.00
4.70 0.00 0.00
5.25 0.00 0.00

£ 339 EHETSLTI—BRERE (FILI=VLES 15;A5052)

(F L EJ7 50cm DOALE) (BA7 : photons/sec)
TRV H— MmHREH () '
(MeV) [EKES 40

0.3 1.43X107 1.42X107
0.63 4.15X 108 3.51 X108

1.1 8.01 X 106 4.19X1086

1.55 1.52X108 8.04 X105

1.99 1.16X 108 9.67 X107
2.38 3.17X 1086 2.65X 108
2.75 3.86X 108 3.35X 106
3.25 5.73 X105 4.79X105
3.70 0.00 0.00
4.22 0.00 0.00
4.70 0.00 0.00
5.25 0.00 0.00
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F 3.3-10 RILF—#RIRTHE (A1050)
WANNWEFEICHWBRERE L LT, RSV ¥—EE (4600g) %235

B L-fEZRY,
TR F— FRUASREE
(MeV) (photons/sec)
0.3 4.23 X109
0.63. 6.98 X 1012
1.1 7.33X1010
1.55 2.22 X 1010
1.99 1.97X 1012
2.38 5.37X 1010
2.75 7.46X 1010
3.25 9.76 X109
3.70 0.00
4.22 : 0.00
4.70 0.00
5.25 0.00

# 3.3-11 TSV OFT—U R F4EE (A5052)
EA~VEHEICAVCAHFEREL LT, #H0F=—ER (RHOME) 2%
BLUI-EEZRT, '

(B4 : photons/sec) -

TRV — Fx—Y DK (cm)
(MeV) 0~50 50~100 100~550
0.3 1.56 X 109 1.74 X 107 1.76 X 103
0.63 3.86X 1010 4.29X 108 4.33X 104
1.1 4.61X 108 5.12X 106 5.17 X 102
1.55 8.84 X107 9.81X 105 9.91x 10!
1.99 1.06 X 1010 1.19X 108 1.20 X 104
2.38 2.92% 108 3.23X 106 3.27X 102
2.75 3.69X 108 4.09X 108 4.13X102
3.25 5.27 X 107 5.86 X 105 5.92 X 101
3.70 0.00 0.00 0.00
4.22 0.00 0.00 0.00
4.70 0.00 0.00 0.00
5.25 0.00 0.00 0.00
HE 110g 110g 990g
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x 3.3-12 EBET7H T4 RR4EE (A1050 KU A5052)

BAVHEICHWARFRE L L C UTOEELZZER L
BERT, |

O #M7TAI=7Lh (A1050) : 2700g

@ ThI=vsHi4e (A5052) : T50g

TRLF— MR AR EE
(MeV) (photons/sec)
0.3 ' 1.09X 1010
0.63 1.35X 1012
1.1 1.16X 1010
1.55 2.14X 109
1.99 3.99X 1011
2.38 © 1.09X 1010
2.75 1.25X 1010
3.25 1.98% 109
3.70 0.00
422 0.00
4.70 0.00
5.25 0.00
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% 3.3-13 %ﬁﬁ#*xb#%&ﬁ%ﬁﬁ%

. SR B
1] I ( 'u’ Sv/h)

- Dal 0.03
Da2 0.26
Da3 34.9
Da4 0.39
Da5 34.3
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£ 3.3-14 EFAXTVYRITIIY O 9F— RS ST ERE0/2)

%_%)5 i‘%ﬁﬁiig R ( u Sv/h) _
BRIRAL AR &FHE

S1 1.820E-09
S2 7.483E-12

Dbl S3 3.923E-19 1.463E+01
S4 6.093E+00
S5 8.533E+00
S1 2.364E+01
S2 6.338E-02

Db2 S3 7.391E-06 : 3.254E+01
S4 2.797E-02
S5 8.804E+00
S1 1.067E+01
S2 2.920E-03

Db3 S3 1.465E-07 1.630E+01
S4 5.607E+00
S5 2.151E-02
S1 5.430E+00

: S2 2.356E-02

Db4 S3 4.883E-07 4.931E+01
54 4.298E+01
SH 8.761E-01
S1 2.812E+00
S2 2.380E-02 ‘

Dbb S3 5.188E-07 1.814E+01
S4 1.383E+01
S5 1.476E+00 .
S1 8.921E-01
S2 1.147E-02

Db6 . S3 9.717E-07 1.077E+00
S4 4.003E-04
S5 1.726E-01
S1- 1.914E+01
S2 2.509E-02 :

Db7 S3 1.691E-07 4.601E+01
54 2.562E+01
S5 1.220E+00




£ 3.3-14 HEEFRAXYRITIIII9Fr— IERERET EHER(2/2)
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21 FEHREYERE(uSv/h)
BRIFALE FHERRE BEME

S1 2.549E-01
S2 7.359E-03

Db8 S3 9.064E-07 2.624E-01
S4 1.957E-05
S5 9.141E-05
S1 7.986E-01
S2 7.868E-02

Db9 S3 1.587E-05 8.863E-01
S4 3.404E-03
S5 5.568E-03
S1 7.535E+00
S2 8.892E-01

Dbl0 S3 1.919E-04 8.531E+00
S4 8.392E-02
S5 2.248E-02
Sl 3.376E+01
S2 8.756E-01

Dbll S3 1.919E-04 4.389E+01
S4 4.143E-02
S5 9.211E+00
S1 3.951E+01
S2 2.203E+00

Db12 S3 6.509E-04 5.437TE+01
S4 6.697E-03
S5 1.265E+01 .
S1 5.504E-06
S2 3.668E-07

Dbl13 S3 8.186E-11 1.970E+01
S4 1.292E+01
S5 6.783E+00
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