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1. 4E& 453 I9 D-T AR LA

Pulse operation parameter

Neutron
Model Beam Maximum
[n/s] Frequency
Current Accelerator Voltage

MP 320% 1x10% 60 1A 2.5—20 kHz 95 kV

MINIGEN® | 3x10% 20-70 A | 0.5—20 kHz 60-130 kV
D7119 2x108 3 mA Continuous 90 kV
P385% 3x108 70 A 2.5—20 kHz 130 kV
Genie 16? 1x108 40 1A ~5kHz 90 kV
Genie 35 1x10% 2 mA ~5kHz 160 kV
DT109 API® | 1x10® 500 A - 100 kV
DT108 API® | 1x10® 500 ¢ A Continuous 120 kV
DT110 GS® | 1x10® 2 mA 0—10 kHz 130 kV
ING-0139 5x108 227 A 1—50 Hz 130 kV
ING-039 3x10% 045 A 1—30 Hz 130 kV
ING-0319 2x10% 3.18A 1—100 Hz 130 kV

9 Products of Thermo Fisher Scientific, Inc.

Y Products of EADS SODERN.

° Products of Del Mar Ventures.
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% 2. 45547t F4€ Sc, Ti, Y, Zr, Gd, Er, H, ;RIJ_ Ta gr2te] D-T
HEOoZ A% IR ARE A [
Neutron Yields (106 neutrons/microcoulomb)
Energy
(kev) ScTx TiTx YTx ZrTy GdTx ErTx HfTx TaTx
x=1.97 | x=1.99 | x=1.90 | x=1.92 | x=1.95 | x=1.96 | x=2.00 | x=0.77
200 186 191 151 156 144 164 170 82.0
190 180 185 145 152 139 155 164 78.5
180 170 175 138 143 134 152 158 76.2
170 160 165 132 135 121 137 145 71.6
160 148 155 119 129 119 129 133 66.5
150 137 139 112 117 109 119 130 62.2
140 126 130 101 107 95.5 111 117 56.7
130 111 120 91.8 93.2 85.1 96.4 106 50.6
120 96.3 102 78.9 81.6 76.2 84.0 91.8 443
110 77.8 83.4 67.2 68.4 62.7 69.2 76.7 37.7
100 62.8 69.2 54.2 55.5 50.3 55.3 61.4 30.1
90 47.8 51.2 43.2 42.7 39.4 42.6 46.9 23.9
80 33.8 374 29.2 29.7 27.2 30.0 322 16.6
2.3 & FF 244 UE F4E W)

£ W15 AR LA #do] FARQI Sodernd

Carole Monnint EEHES 4 54 545 g<2lst7] f& Helg 3

ool ElebE utute] $4 54 A¥8S APt [15]. EHEbge] 49,

A 5 A Abstere] ofdko] Z7] wiEe Abstube A Aste] FATF

8E YRS 329 AAy HAgo] Basty uxlFo] o] I

qo]t}. SodernAtell A= 293-753 K, 20—950 hPa 919 g4elA ¥
EHg g-ed g whtel dis) 247t 4 FEAE S 19

Hebg 9969 49 £%7F 693K, &o] 10'Pad o 19 2

o} e AyE Al AALS Akl WE D/Ti #h2 gvlstd, Azt

of W& D/Ti Mat&olA 27| (e Delle F47F FAabEo] 254 FH

gt <y o
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8
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% 3. Helg 35438 4% 27 Al

Sample Activation D, absorption D/Ti Ref.

Ti sponge 600 °C, 2 h vacuum 25°C 1.5-2 16

Ti foil 0.5 mm 200-300 °C 10 Pa 400 °C, 50 kPa 0.1 17
Ti powder 200-300 °C 10 Pa 400 °C, 50 kPa 1.6 17
Ti/Ti02 film/gold Unspecified 1.33 mPa 0 18
Ti/TiO2 foil 50 um Unspecified - 0 19
Ti bulk Unspecified 600 °C, 500 kPa 1.5 20

Ti sponge 200°C, 17 h vacuum | 350 °C, 600 kPa 1.96 21
Ti/Cu layer 2 um PVD condition 200 °C, 100 kPa 1.9 22
Ti powder Unspecified 420 °C, 100 kPa 1.64 23

Ti film/Cu PVD condition 420 °C, 100 kPa 1.43 23

Ti sheet 1 mm Unspecified 600-850 °C, 1.0-1.2 23

100 kPa

T FE AL ME & TS T FES AEYeR Q3 =8
A% (dead layer) A7dojt}. E
o 0.3 um®| FA7A Abgieto
A FaS el Bk okye S Ak
2RO o] S QA stohE wgo] QT o]e sk sjAwtow
Elelg ket 9] k2 et TR S Akl [25]. e
Fo T4 sdAaEe "l =& A AlFE Zow, HEbg vk
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5. F4EE A Z HE7 =2 ¢ A9 5&

50 keV 70 keV 100 keV 150 keV

0.000217 0.000538 0.00118 0.001077

0.000222 0.00057 0.001208 | 0.001138

0.000246 0.000605 | 0.001263 | 0.001194

0.000256 0.000664 | 0.001308 | 0.001255

0.000268 0.00069 0.001378 | 0.001303

0.000277 0.000724 | 0.001422 | 0.001376
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E 6. FREE AYE A2V =2 I 5E
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a9 17. gt S 274 @& FE-SEM ## (a) 100 W, 100 C
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E 7. Hebg 9 & 279 ©E Sio2 AEEC] o ¥ AFg 103

w
W5 27 A

DC Power | 300W | 200W | 100W | 100W | 100 W 50 W

Temperature | 100 T | 100 € | 100 € | 200 T | 300 C | 300 C

0.18863]10.13222]0.11732 | 0.09313 | 0.0512 | 0.02562

0.18879]0.14321 | 0.12535 ] 0.09342 1 0.056365 | 0.02573

0.1894 | 0.13657 | 0.12144 | 0.09452 1 0.05742 ] 0.02581

0.18964]0.13699 | 0.1123 | 0.09432] 0.0612 | 0.02575

Sheet
0.18956] 0.13521 | 0.12041 | 0.09474 1 0.05677 | 0.02576

Resistance

0.1899110.13649 1 0.12867 10.09486 ] 0.05698 | 0.02574
(8/square)

0.19013]0.13593 ] 0.12672 | 0.09493 1 0.05642 | 0.02578

0.19011]0.14157 | 0.12374 |1 0.09544 | 0.05567 | 0.02576

0.18978]0.14124 ] 0.11469 | 0.09589 1 0.05563 | 0.0258

0.19024]0.13235]0.11921 | 0.09576 1 0.06002 | 0.02585

Average [0.18962]0.13718]0.12099 |0.09470]0.05650 | 0.02576
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Sample ID Hydrogen Weight H/Ti
Ti—-1-—a 215.7 ppm 97.600 0.1032
Ti—1-b 81.0 ppm 134.800 0.0387
Ti—1-c 230.2ppm 143.700 0.1102

Average: 0.01756
Deviation: 0.00823
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¥ 9.400 T, 1 71k Z7A 24X 42 F

3 23

Sample ID Hydrogen Weight H/Ti
Ti—2-a 0.1042% 24.000 0.4987
Ti—2-b 804.0 ppm 27.100 0.3847
Ti—2—c 782.2 ppm 27.000 0.3743

Average: 0.08761
0.4193

Deviation: 0.01441

F 10.450°C, 1 714 A0 5717 F4 T2 AQ AH

Sample ID Hydrogen Weight H/Ti
Ti—3—a 353.2 ppm 32.500 0.1690
Ti—3-b 349.6 ppm 20.900 0.1673

Average: 0.03514
0.1681
Deviation: 0.00026
¥ 11.450°C,1 71} ZANA 24X 42 FF A7

Sample ID Hydrogen Weight H/Ti
Ti—4-a 1.5516% 23.100 0.7427
Ti—4-b 1.7621% 10.500 0.8434
Ti—4-c 2.0033% 12.300 0.9589

Average: 1.77233
0.8483
Deviation: 0.22605
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06 .
H/Ti increase
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o o | hydrpgep
. loading time
0.2
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| —+—Target D (450, 24 hr)|

58 38

8

Hydrogen injection pressure (torr)

AN

T T T
0 5 10 15 20 25
Time (hr)

2l 9] A|7he]| WE 4 ¥He87]) ¢4 W3l

2% 23. () 200 gm EEHE 32
A =% ¥ ge5 39 FE-SEM ##

($) 24X &

2. Helg 9 2 F7 2%

T AL 3.9 ppm oY o]E %3
ZF 21

2 4.13627 pg, H/Ti #2 1.

E 13. el 89 78 & 4 FFF

Sample ID Hydrogen Weight
Cu_l 4.2 ppm 412.7 mg
Cu_2 3.5 ppm 313.7 mg

Average: 3.9 ppm

Deviation: 0.5 ppm
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E 16. #3 utgt 2 24K F542 FF A
DC Power Temp. Rotation Speed D/Ti
100 W 300 ° C 0 RPM 1.2113
100 W 300 ° C 0 RPM 1.2461
100 W 300 © C 0 RPM 1.2521
100 W 300 ° C 3 RPM 1.2101
100 W 300 ° C 3 RPM 1.1994
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Abstract

A Study on the Fabrication Procedure for a
Disk—Type Deuterated Titanium Target for a
Neutron Generator

Wonsik Jung
Department of Nuclear Engineering

The Graduate School

Seoul National University

This study aims to present thin film deposition and deuterium
adsorption procedure to fabricate neutron generator disk—type
targets with high D/Ti values and increase their lifespan. The neutron
target consists of a titanium thin film with hydrogen loading, and a
copper substrate for heat removal. We optimized the incident
deuterium ion beam energy and thin film thickness using Geant4
simulations. Additionally, we calculated the expected neutron yield
under the optimized conditions. The hydrogen adsorption conditions
were optimized by comparing the H/Ti results as per hydrogen
adsorption temperature and loading time using titanium foils of
different thickness values. Hydrogen (or deuterium) adsorption ratio
is strongly influenced by the surface condition and the deposition
conditions of the thin film. A titanium film was deposited according to
DC power of the plasma and substrate temperature. The quality of
the thin film was evaluated through surface roughness evaluation and
thin film sheet resistance for each deposition conditions.
Subsequently, the hydrogen adsorption results were compared

according to the quality of the thin titanium films, and the thin titanium

51 -":I'-\._E "%I:' L



film deposition conditions with the highest hydrogen adsorption ratio
were confirmed. The selected conditions were applied to conduct
deuterium adsorption. In conclusion, this study underscores the
critical relationship between thin film quality and hydrogen (or
deuterium) adsorption ratio, reinforcing the importance of optimizing
thin film deposition parameters for the design of neutron generator

disk—type targets with high quality of film and extended lifespan.

Keywords: Neutron generator target
Thin titanium film
Hydrogen adsorption ratio
Deuterium adsorption ratio
Film deposition
Hydrogen adsorption procedure
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