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Development of Oxygen-17 Separation Technology by Oxygen Distillation

7 B A gy L I = iy
SAKURAI Hayato KIHARA Hitoshi KAMBE Takashi

MRI *ﬁEODﬁﬂ%fE%jUPEL:B&%L D HEEFERE LToOFRAREES L TWD ﬁ;ﬁ SLTE
LR 170 ZEEFRARRIEIC X 0 BT 2 EAT 2 B Lz, V0 % 2 3RAVICIRNET 2 7o OIS /NS
Rk 7‘@%%%*6@?%%%%%&0%&%&7 0 AR EFTVY, Water-180 $liE 7T o b 3 BREICE
ML, MxT, ¥4 FIvrvrIalb—rarildy Hﬁn@&iiﬁﬁﬁ;ﬁﬁﬁ%@*ﬁ%%ﬁoto Z
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A new technology for separating oxygen-17 by oxygen distillation has been developed. '7O-labeled water
(Water-'70) is applicable to contrast materials for magnetic resonance imaging (MRI) and '"O-MRI can
improve resolution in comparison with conventional methods. Small-diameter structured packing columns
and a new process were adopted for our No.3 unit to efficiently enrich 7O. In addition, an optimal start-up
operation procedure was examined by dynamic simulations. We succeeded in the production of Water-70

for the first time in Japan about 1,000 days after start-up. Currently, the unit stably continues to produce '’O

products at an 7O isotopic purity of =

designed.
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RBELZERNMNEDO—>THD 70 1%, BHERRIZ
0.038%FRETFIE L, MRLERNMKOP THE—FEA L
EREO, V0 ALK TH D THEFE-17 ZERNL
IR K (Water-'70) | 13X, EERESILIRE{GE (LT,
MRI) OEEAIEE & L CORANEFS N TS, 0
AW MRIRZE (LT, YO-MRIRE) (IHER O
B2 WA C & D B 7 BUR W i OB 1 i
Wi HisE & el LT, T RRARIR 23 e T oD RISt
L CIHRERE CEifif g B OB 3 FIRECTH D LW D Fr
WM 5, VO-MRIRAE RT3 e v, TR —i%
BRIV BN D 7210 T <, MG - BdBEiE o mig(t

2 K Dk 2 I RO RBREANTIC & D72 03 5 ATREME &
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10 atom%, and with a production capacity of 30 kg-H2O/year as

180 OB A B L, 2004 41 [EEFE-18 L@ [EINL
IRHERE K (Water-130) | HU¥E 7" F o b 1 B4 (EEE 100kg),
2013 4E12 2 1% (4EPE 200kg) ZHERR L7239, Zho
DT 7 F T U0 23K 1 atom%F2 BT AfE & L C
WA 23, YO-MRI BER®E T, "0 % 10 atom%PL |k
WZRET 20 ERS D,

2015 “FZ Water-'80 EpE RN R KB TH S 3
SHE (FFPE 300kg) ZREERRTDICHIZ 0, FARRGIEME
D12 SR E R L TR ER 1.5 f5Icm EXE 5
T DICRE A KIBICBInsE7-9, 2hic Ly, 3
BHETIE 7O BREEAY 10 atom%l B IZIEET B AIBEMEDS
A&, —FT, "01E 80 L0 & RLEEICEIE
THETICHEFICZ ORMEET LI Z LR TRISN
7ot b, 0 ZZhHEAIZIRNE T 5 72 D O HATBHFE 23 M FE
ThoTl,

zti%&f‘ 1%, O DORYHREY LR A FTRE & 3 2 BAlrBA %

TEoT 3 BTV T B0 B O A PEMAE AT L
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oo, o 10 WIS OPEEAREL T3 T uk A&
ATV, Water-'70 ORGEICEIN THIH TR Lz DT
WET D,

2. BRERERMLIA 70 BB BRI

21 BFRFZABITED O DREDRFH
TRINTERFR AR X 2 ALK BE Tl — R AL R

DR E o,
o BRI T 1ITEW 6, a4
b N

o RRTFAELEN/NE WD, FE OB AR
L CRBERIEFIT SN
o HEEOERBIBMG O RGBREE CoORM (L
T, EEREFE) ARV
FROBBICHIGT -0, YETEAT T
A —RERncEELBEAE e 22 RA LT
Wb, AT v T HAr— R, BEEEZERATLE
OERPRHKE L, Kio® MBI~ EXE
BANZNELTHZLETHY, FiaRx M@=
A N OHNE, R OENOFAERE (LT, F—V T v
7)) OIERRIC X D EERE M OEREIC RN D, —
T uw AREMELT D0, BALBIR LImBRE AL
K6 N RE-FR T2 77 2D Z L THE
RrrbEARFEREEE LTS, ZNHICLD,
180 O TEMBEORBAFEICHKIIL TN D,

170 % Table 1 1Z/”F X 9 ICERR R ERMALD
THMEED THY, H"ORKGELEDI KL/
W, 180 &g LTS ER S S < BRI S
DIZEHET 2 WO BEND D, £, 170 Ay
DWHEIT0 L 180D H 1 H EHMICLET 2729,
— DL BED £ D BB T A E T R
Fuv 2L LRV, 0, 170 STk
AR — R oA LD X 0VBEERTabE AR
FEH A & e B B A O 7 D O BB R R D B
e

22 O HEEFEDLLE

R 10 atom%LL B 70 OR3ERIBI DA RE TR L L
THEALLTWD DI —ELEHE (NO) KEENH
%, & ORHM A BEFR AR L L 4EIC Table 2 1R T 9,
— P RIR R LI R R REE & e U CorBfR ik
MRENEWNI AT v MRBH DN, FHESCHERENRS
L0 REMICHEERSH Y, FFCARENTOREE
EEIXREETH 2,

70-MRI AL A ML e B A S i, oA —
X —DOTENFIAEND & RIFFICLZEE MRS UH & 72

b, TIZT, ZBHEEHDHLOO NO L0 iR e
TYALTITZER B E > Water-180 #iETZ > b T
FERDH Y, KREEEARECRERFIETH DIEHER
BiEEBRAT L L L,

Table 1 Natural abundance of stable oxygen isotopes

Isotope Mass Abundance ratio
160 16 0.99757
170 17 0.00038
180 18 0.00205
Molecule Mass Abundance ratio
160, 32 0.99591
160170 33 0.00074
160180 34 0.00407
170, 34 1.37 X107
170180 35 1.51 X106
180, 36 4.16X10°

Table 2 Comparison of 7O separation method by isotope

distillation
Material NO (6}
Operating
100 kPa 100 kPa
pressure
Temperature 120K 90 K
1.018
1.003
Separation factor (14N16O-
(160160_160170)
14N17o)
) ) ) Combustion
Handling Toxic, corrosive )
-supporting
) Tens of kg/year is Ton/year is
Production scale o )
upper limit possible

3. T MM

Water-180 5% 77 > b 3 5D R X % Figure 1 12,
BE% Figure2 \Z7°7, 7z, 7rt A {14k% Table3
WORT, FEARMZERIZT T o b 12 B L FERT
DD, FEBERO PRI 70 WA RH 5 &
W) RIZEWR DD, T, IE TNEROBEER
PARZERB IS IIAHAIFTRES S B H STV e, %
WD/ NERBIAIFTIEY ORI LY, ARHEIT TN
THAIFTHEY R FTIH I N EABE Th 5,
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1 : Nitrogen compressor 2 : Expansion turbine 3 : Heat exchanger 1
4 : Heat exchanger 2 5 : Heat exchanger 3 6 : Ultra pure oxygen distillation columns
7 : Oxygen isotope distillation columns 8 : Condensers 9 : Reboilers
10 : Isotope scrambler 11 : Liquid nitrogen pump 12 : Hydrogenators
13 : Cold box 14 : Air separation unit
Figure I Flowsheet of No.3 unit
3. EAKEREt
3 FHEDEARRRFHILL T OIEAF#H O TITHE LT,
o B APEMAREWTZ LD 10 atom%' 70 DPfE
NARER TR AL +H L
o 12 EHOTmERATILSEREL RiAEND
o2 o 2 &
IO EMIT DD, N—REOHRE L T/NNE
BEARREE T ORI T OB FE LT 7 7 & 2 DB
FeEM LI, MATIATIvIyIalb—vay
Ze FAV TR BN IRE R oD T & o g 7 S B S U 1R D Rt
e L7z,
41 INEERRAFTEYHORFE
AR X D RAR S BED BRI EAE T 23T
Figure 2 Oxygen-18 separation unit (No.3) A=B L LTHE—NVRT v T NBoD, A=V KT v
Table 3 Specification of No.3 unit EIIARBEBENO BRI ORI E L IRIEEDOAFT
Product Water-'"0 Water-'30 BB, FHTRROIRE & 72 58 TUHERIZ T W ZR R 8
Capacity 30 kg-H20/year 300 kg-H20/year DR=NVRT v TOFERRKE, ThE THNEED
Enrichment ~ 70=10 atom% 180=98 atom% ARBESCEM T DHBAIFTREM PN FIE Lo T le®,
Dimension W12.5XD4.3XH70 X 2m 12 SRECIIABIAIEEY AMER STl Y, ABAI
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Fe A I THLN S & ik U CE AR K OR—L R
Ty TRRENVENIBEN D o 72, RBHIFEHEYE
TRCHAFEEDH ET 5L T, BE I —v3
v ETH 20% BB AEMECE D I L bhroT, £
ZCAIE, 7w MRS & SRR CRIN IR AR R I
U7/ NERBLA T OBRR &2 i L 72 7, 4 [BIB%
LU 7=/ NSRRI FE ) O 5B % Figure 3 (3R,

BAE L7 T % Y4 TR A T D IRG R R E ©
FREAMERERTAN B 21T - 72, S5 O IX % Figure 4 12,
RERSEMF % Tabled (T3, BB, 2EEICEREMIA
Fr, BETEIES] 150kPa & L CaEmREM TiTo72, U AR
A SOAFUZITER T A, a T o OEAFIITIE
RERZMA L, F -l 7L E LT, RN ERIRE
IZHE LT E R C, B TH SR OMRIREZIE L, €D
B & 2R MAREHE T 0 7T AT & D HEEE & b4
5LV HDTHS,

O analyzer

Oz analyzer

Figure 4 Flowsheet of cryogenic distillation unit

Table 4 Experimental condition of distillation test

Column 1.D. 80 mm
Packing height Im
System N2-O2 system
Pressure 150 kPa

REBEOMR, BHEEE CTOBRIEREIXIZNEN
0.37%& 68% CTh o7z, ZIUIEERAE-HE T v s
DL DHRMEEIFIERETH Y, B Lo/ NERHE
BIFRES DR OHA TS L FEOMEEEZ O &
ZoR LT, £, IESBREICOWT SISk OHHIF 1Y
LRIBETH T, L EORER LY, ISR OEE~D
BAZRE LT,

42 FRIOEXHKEH

Fuk AFREFTIL, 2 OO, O PEAAE A RIRFIC
Mz 2 EMN TN 0 X2 HIRICHE LT,
FEIZ O 120V TIE, EEWFH O S ATRE L 72 b 7
akEAL LT, ARG 2 S THEN L
TR FRIFNAR 6 By RARE R T 1 7T Lx iz,
MRRARR IS T T~ CHRIREEE & UG Lz, 8,
0 IZARBEROD X 5 EHHE S TIREY — 7 B3
RENDD, YEEIFERDB AR E WA —L
K7 v 7RREEHFHAESILLTLES, 22
T, =L KT v TO/NSWELORBEEITB N T 70
BREOEY—7 BEREND L HICEEBEICBT DR
ARIERE 2R3 L, 0%0 Z Ly & LCiliEdT s~
R & LTz, Figure S IZIRGE L7z 7' 1 2D EFIREE
BT DB EE N O RN AR A & 7~ 9

107!
1021/
103 L

104

Concentration [-]

107

10

107 LS
o) product %o product
Length of Distillation Column

Figure 5 Concentration profile of isotopic oxygen in

proposed process
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4. Water-170 &li&

BB EET B0 RENSTLEBEICRIEL,
Water-'80 O RLE % P4G UT-, £ D%, Water-180 D
ATV B 0 O 2 /e L 7=, 70 OLEhiEis
R, 18O JEEICTER L2 B 180 S5 ORI E O R
21T, VO BAEOREE K > 7=, XL AT I 0
R 2 L—F TORSE & AR ERIMEICIES & £
L7z, £ LT, EEB%K 1,000 H T 170 A 85,
PEEICRE L, Water-70 OBLEABHIE LT, 7k, =
ORBRFILIRF OEY A T F o ZTE D Bk
HHZZATEY, ThoaBETHLIFEV I
L—a Y OFHIE—ET %, Figure6 12 70 JREZL
OHER & BERR T 0 180 B ORIE O R E R~ T,

0.15 : : : : 500
N .
i Jaoo _
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Figure 6 7O concentration and '30 production vs. time
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TWnole bl Zh, THITHIE LT V0 REL OB
PRELS EFRHLTEY, "o RfEMetEshizZ Lvb
VARV

5 BhHYIC

PSR ZR BT L D V0 2R B sy BiEB A % B L, Water-'70
OBLEIZEN T TRTh Lic IBERBICL 5 70 0
TEMRBEOEE IR TH D, NEEMAFTEHEY O
BA%, BT rEARFFR A A FIv I v Ial—
va K D EBEEESFIEDOREHELIZ LY 0 2R
BOLCIRHE L, 5 4EFRRE & LA S - BSR4 2 422051
BT LN TE,

BE, FMRREROEER L LICHEEZE LT
LERNCRLE 2k L TV B, 5 D Water-70 O E
ks & Hitr, YO-MRI REHITOMEZY AR —F LT
/ARN

O-MRI R HA A3 S LiLiE Water-'70 % L 0 %2
O REICHAGT 2 Z L 3RO B D, 5141 Water-
70 pfliEa 2 MERAE BIE L, 70 BB MR &%
Dy LoD 72 2R RN AR Gy BRI O BHEIZ B Y $LA T
W<,

230k

1) Kudo K. et al., Journal of Magnetic Resonance Imaging, 2018,
47(5), p1373-1379.

2) KudoK. et al., Magnetic Resonance in Medical Science,
2018, 17(3), p223-230.

3) ARJEH, MOE S, AREIE, IR, BRI S0 4k

BT 0 2O~ K5 A B, 2004, 23, p14-19.

PO E R, AR, ARETR, IR BRI S0 SR

S B PR LSRR R O BATE-. KB H R, 2004, 23,
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High Precision Analysis of Oxygen Isotope Ratio for Water-!"0

wOH R

YOSHIDA Hidetoshi

1. [FLC®HIC

170-MRI (##% KA B 1R) 12 K D R B2 Wik
DOBFENILHFE RZEZ T LICIThbTE Y, Yikn
Wikd 2 [TO AR AER 23, TR L
THIAENTWS DD, Brb AR o S ERGEE
GMP (FE3 i OREZH L O B O RLHE) (CHE
PWLTEMLTWD, AFETIE, "O-MRI ZEr#Eo
TR T H D Water-170 O &0k BE B2 35 RN K 5y
Wiz oW TN T 5,

2. DWAE

Water-170 3kl BRDME%, BELZBEHET A
oD 3R R AR FE % DU S AR By M et CHIE T
b, AFiEZ Water-180 oAt ChEBEHIN TR,
T OR A DL R IR T,

1) GMP #HLZE BIIZ AT 7 — b (W PERED 224
PERGE) Sh, (L - CEEER TV,

2) yHrEbE, BREEARKIBAIC L B REHEYLES kD
7=, V=27 %A MIEFFINLTWD,

3) Water-170 #BHIA & (0.5mL) THHATRETH
e

7ok, BEROMEE A CER, UEMRNEE
SHTEHTF v /2 7 R g (A M-401GA-DM)
Thd,

BARR 7205 FIE L LTI, Water-170 B2 EXR
O FRAEE BN L, [RIEE{E PN ED 0O B BE K KUk 40 & B
E L%, BRI TRAELZIEEN A E /NG A
YT T BRI 5, RIS, AY T —2NE
MRV B ATt OREPEA D~ L, BRI A%
RSOt ~=— FAARL T 2N L THEAT S, 20
%, BP0 BS Lz m/z=32~36 D~ A A~
7 MR VO REEREHRT L, BERYMEEKO
MU RV B AT R A R 1 ISR,

KA DR ST ST A /N a e a— iR

DY R R Ay i EE O

1) EfeS, 2) oFrkEE, 3) F—# koM,
WZOWTHENMT 5,

3.1 IEmEX

B S, IREBEAMOWE TH DIEEDE L XI5
ARELOWEME & ORMAESIZL VIS 2 08— 6
ToHbH, L, Water-'70 DOg 3R [RINALIAIE LI R K
TE7E b (190 2 J#:99.757atom%, 170 ¥ £ :0.038 atom%,
180 JRE:0.205 atom%) 2> 5 el L TRV, Water-'"0
OB o R SR RN (R P LD W E B IR AE L7220,
Z T, AEOIEMSFAMN T, BB E &S
Mt CHIE L7z 1°0, 70 KON 180 JREE %2 F Vv CHlE
BEOBEEALRL (BILEE) L, ZhERRARD
FEEE AR R TIE U7l (B2 ) & & BhiR L7z,
R L7 s Il B LR (B2 DA-650)
Thd,

3.1.1  Water-'’0 TODIREE

Water-70 ORI AIRE (3 HH O FHfE, 1°0
T2 FE16.77 atom%, 7O JEFE:12.64 atom%, 'S0 ¥EFE:
70.60 atom%) 2 I3 (T D B OV B I,
1.0835 g/mL K& O* 1.0840 g/mL & 72 V), W#H T BIHFIC
—E L7,

Water-170 OB [FIALAHRE O3 HrPEREE L T,
a7
%)
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3.1.2 fh#t& 70 1ZEHK TOREE

8 170 FEERAKIC DOV T B RIERICHEE L 72, 4
tLCOPEM (YHAE) &tk RFEE (COA
) X3 vy Mo THBiR—%L T\ (£ 1),

£ 1 AR 70 FERRK D B SR AL AR L H g 1

=R WG-17 WG-17 WG-17
No. -01-10 -01-13 -01-16
160 R & 77.30%! 73.45 77.05
(atom%) (76.9)*2 (72.7) (77.97)
70 R = 20.36 20.43 20.44
(atom%) (20.70) (20.90) (20.57)
130 R 2.34 6.12 2.51
(atom%) (2.4) (6.4) (1.46)

M1 bB g HE %2 TRt O :COA i

L22L, By MZXo TiEY4fE & COAED 170
TREEN 1 atom% L FRR 2R L o7 (R 2),

# 2 fhAhE 70 K O Bk RO R L 2

= v k No. WG-17-01-17
ERaR[EN COA i
190 Ji# £ (atom%) 76.94 78.31
170 Ji# £ (atom%) 21.93 20.65
130 Ji# £ (atom%) 1.13 1.04

2D V0 K OB E A COA il K& U+ il
NOREMT S &, JEIC 1.0106 g/mL } O 1.0114 g/mL
Lileode, —J7, [ % Rk o RS 5% 5 B FHC Tl
E LR 1.0115g/mL & 72 0, SHfl 2 - 725 H
BELIZE-HTIMRL oI,

3.2 HIRE

IIWHHEFERTM L L CHEM LA MR LK ER 3 A
MOENBIREEOR K RAE £ 3R, HiRL
5 B e OV PN ERURS 2 12, 0.022 atom%~0.056atom%
ERIFRRERE o7z,

#3 MR UKE KO3 HMOENEEREE

e l7ES ﬁfﬁﬁﬁ&%)ﬁ(atom%)
A 157 — 2 &1 H
'°0 R 170 % 180 i
2018. 4.90%3 10.52 84.58
05.24 (0.032)%4 (0.053) (0.044)
2018. 4.93 10.47 84.60
05.25 (0.022) (0.056) (0.051)
2018. 4.88 10.47 84.64
05.28 (0.024) (0.050) (0.052)
3 A 491 10.49 84.61
(0.032) (0.055) (0.055)

M3 LBCEEE %4 TFEOWERERE

3.3 R—HMOBEELERIHT

2 ZDGHED, S ARSI EFTEZZ, [
— B A R — TSI THOMT L7 R &R 4 10
o OHTE, SR RO S 2 Z A ThH, o
fERIFTETREIC LT,

4 (A BB O AR B 3 BT ik R

s | OWTE 70 BE
AN INpE TS | 7Y

SHTHER B | TS (A.B) (atom®%)
. A 10.87

1
2018.03.16 FE B 10.92
- A 11.02

.04. 2
2018.04.16 T B 1091

¥52018 4 3 HRICHMEB LA HEN 1 16 2 ~BK

4. FED

Water-'"0 O & FEEBRR RN ARSI E 1) IEMH
I, 2) MR, 3) R BOMAE R, % i
L7k A, RTREGRERLE -T2, BT, 1Bk
SEHCIE, EEEMENFE LRV, RBEE R
TOEMBEELEHBEELORBICE Y, Btk
FENLIR S HT M B ERECTH D Z EBFEHTE -,

P B AN
1) Kudo K. et al., Journal of Magnetic Resonance Imaging,
2018, 47(5), p1373-1379.
2) Kudo K. et al., Magnetic Resonance in Medical Science,
2018, 17(3), p223-230.
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BRLEZEN
GMP 77 U7 (—
“GMP Facility”
. AN

1. [FC&HIC B =

TR, B AR BRI AR PET (R W EnEn : W
k& o WrkEfR 21k : Positron Emission Tomography) 723/ E N }H_ﬁ 5=
CURL TG, Wik, PET M LAATE-18 [ g 2

P ARFERRK (Water-1%0) % TS R D A= ERE T (600 kg/
M) CARE, 40 DELEICESE RS R EMA L,
THES =7 35%% #4535, Water-'80 (%, PET A
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Practical development of a 10 kW class neon turbo-Brayton refrigerator

Rl 5= CISTIN=Y:: AN Ny W
OZAKI Shinsuke HIROKAWA Masaki KOBAYASHI Hideki HIRAI Hirokazu

HBREELE S — 7 VMR & O R EEE s 0 AR A A E THRY M E
TEY, 2T b ORI 2kW~10kW D RREES) & FF O MBS LB THh 5, Kb HEETIE,
EIREEEE IO ERLCTULE L SNDWHAES] 10kW DX A v ZHl e 3564 —R7T LA
b o EREE D BIFE T B Y # A, NeoKelvin®-Turbo 10kW % p& At L 7=, i DR A > 4 A % JFEHE,
MR 5 & —AREHEH 2L, BT — & EHh O WS ERET & iR 2 m 2 -y —evrav>r
Lotz 2 BEAL TS, ¥—trar 7Ly Oz ZIiIE o 2 Bz 28 M L,
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HTS (High Temperature Superconductivity) power applications have been developed actively and the
refrigerator requires larger cooling power. To satisfy this request we have developed 10 kW class turbo-
Brayton refrigerator which uses neon gas as working fluid. The refrigerator consists of a pair of turbine-
compressors which have turbine, compressor and PM motor on the same shaft. Turbine-compressor has
magnetic bearings with no rubbing parts, that results in long maintenance interval. Neon gas is compressed
from 0.5 MPa at inlet to 1.0 MPa at outlet by two compressors and expands through two turbines in parallel.
Design cooling capacity is 10 kW at cooling temperature 65 K. We made a commercial model refrigerator
and tested cool down characteristics, load cycles and cooling capacity using liquid nitrogen circulation

system. Specification and configuration of the refrigerator and its test results are shown in this paper.
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Table 1 Design specifications

Design Item Design Value
Cooling temperature 65 K
Cooling capacity 10.2 kW
Process pressure 0.5MPa/ 1.0 MPa
Gas flow rate 0.96 kg/s
Input power 162 kW
COP 0.063
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Turbine impeller

Figure 2 Turbine-compressor

Figure 3 10 kW refrigerator overview
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Figure 4 Performance test result
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Figure 5 Flow diagram of performance test
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FHOBERS -EREEL AL —bravT
LUy O EERECHZNOE 1 035@E NI BB S 15
T EDMERTE -, £, e — 2 AU BRTEILE
RN SBH DIRE OZEITRK 3K T, 20 4 7L
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I Hy0, H A 4G 3 & (Peroxidizer®) % FV 72 ALD ki~ &

Atomic Layer Deposition Using a Novel High Concentration H>O> Gas Delivery System

mntva T L T+ (RN
TSUCHIBUCHI Gaku ANDACHI Keisuke MURATA Hayato
Hox)b TG 7 LA Va7 U7l — A= )b~ ks RTLE*

Daniel ALVAREZ Jr. Jeffery SPIEGELMAN SUZUKI Katsumasa

HoO2 A A TR AR D HHERELE 7 = = A [\ OB LWER Al LTl S TV 5, AR Tk Ha02 A
D ALD HE 7 1 ZA~DO@H IS & et Uiz, —MRAIIT, ALD JEIE, BCARE PRI B 72 s AT RE 72—
FC, BREHEEGPOBENEWVIFREN D D, Foxld, mIRE M0 7 A 2 ZEME TE 5 Peroxidizer®%
AT 52 8T, BRGRIEE L EmAL—""y hOMNLEER L, BARMICIE, BRIFIRE:300°C T ALOs %
FRBRE L 72 & &, HoO 4 A IR & bl LT GPC A3 10%, FakaAIEREE 23 14%m £ U7z, F 72, pIEE A 150°C
TTiO R L7z & &, Ho0 AR & Hele LT GPC 25 14%, A7 v FEITED 58%0M L7z,

H20: gas is a promising candidate as oxidants for the next generation semiconductor manufacturing process. In this
study, we have considered applying H202 gas to ALD process. In general, ALD enables to deposit conformal films, but
its throughput is limited. Our approach using high-concentration H202 gas delivery system, Peroxidizer®, allows to
achieve both high film quality and high throughput. In the case of A2O3 ALD at 300°C using H202/H20 mixture, a
dielectric breakdown strength of the deposited film and its GPC were improved by 14% and 10% compared with the
case of H20, respectively. For TiO2 ALD at 150°C with H202/H20 mixture, BHF resistance of the film and its GPC

were also improved by 58% and 14% compared with the case of H20, respectively.

1. [FLC®IZ

WA, PR ORKF R, mERE ke & oBER
ISR D12, HEERELE 7 v AT ORI B
T E R EERRE D — D & 72 o T b, FRIC, HERS
JEOTRIZ I N TIE, RS CB 2R D B
RIS 23R D BTV B,

JE1- JE HERE VL (ALD: Atomic Layer Deposition) i3k 5
FRICIB W TEEALZR GO B O IR N ER T 5 72
W, BRI LUV 0.1nm) %) — 72 IEIE HIH A3 AT HE
Thbd, o, BHERMMEETLIEmMIFLTH, B
EWEEO BRI, $habbar 7 r—< Ve EER
BT HZENTES, FO—FT, ALD IEITITAIE
J(GPC:Growth Per Cycle)23 VN &0 5 #EN 5,

Fexlx, 2T ALOs B TN RE —=
THTIO BIZEBWTIRIRCTIER TE D a7 4+ —< /b
RRIESRRD HINTWD Z LG, ALD IR & ARk
EAHL, YrtRA0EEl XK= 2 MEICEBLT
= BDERALAI OB ITHL Y #LA T2, AFE T, BALIE ALD

o BFEARHED O UIWFSERT BB BN BOplRR
o BRI FEBAISHLAEE FEBRE 4 RX—va Vil
**%  RASIRC Inc.
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WZBITF 2 R EREHITH D HoO TAB LAY
WARDBEEAIE LT, HoOx B A RT3 Z & ThHt
B (GPC) B L OB o\ &k L= THiEd
éo

2. HO2 HREHEEE Peroxidizer® "

RASIRC # Peroxidizer®%, Z#LFE T2 KIBGIEIKT
SALNHEETH o7 Ho02 KIEHR & A2 D B B
<ERAL T B8 CTh 5 (Fig1), Peroxidizer® L3 E ¥
TR SN D TR HaO2 KIETR(30Wt%) 2 J5UER &
L, Moy BESAT 2 VT Ha02 KRR 2 5L - 3T 5,
FRFEIILUUTOMWY) Th D,

« HLRE NS D Nafion % 1% L 72 H202/H0 %
¥ v U7 AT &0 G D (H20:Ha00=4:1),

< N=T g 7 VRO DR EHLE O Ha02/H20 A
EHHEFTRE Th 5,
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IR RX Y U T HAFRE:SSLM £ TS RIRETH B,
(B¢ K Ha02 1 5:50,000ppm)

L

[
RASIRC
~J

Fig.1 RASIRC Peroxidizer®

3. =B

ALD FRfEIT Fig2 (R EEMER T, Ay hUt—
NVER SR 2 W TIT 272, TAI=T LT Y
#—H— & L CTiX TMA(Trimethyl aluminum) Z £/ L 7=,
FE =y LT Y I—H— & L TiZ TDMAT(Tetrakis
dimethylamino titanium) % U7z, E2{bAITH 5 H202
HAB LT H0 U ADHHEHIE & L TiE RASIRC
Peroxidizer®% N7z, A Y U OMFREEE & L CUIEK
Ko L3R PSA Aot v L3835 (SG-01A-PSA4) % [
Wic,

ALD REFIEZ Fig3 (oRd, 728, ERTIETSY
F—Y— EBALRI SR EER T2 Z LR 9,
W=V TRREIFI S HLZAITHAE LT,

BRI, = 7Y A —F — 2 T
JE(GPC), BT (R 1. Refractive Index) = IET 25 = & T
1ToTle, £7, BEHEHMAZ B E LT XPS(X-ray
Photoelectron Spectroscopy)ill &, 1-V I & (FEHiL L Fe ),
FT-IR(Fourier Transform Infrared Spectroscopy)#ll i, it
7 v % A\ 72 WER(Wet Etch Rate)a Al 247 - 7=,

H,0,/H,0/N,
H,ON,

00, Furnace

N,
eat
xchanger

N, S
VAN
"¢

Precursor

Fig.2 Schematic diagram of ALD system

Flow Sequence

Pressure and Parameter
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* Precursor . 0.01 Torr(Partial Pressure)
* Furnace Temp : 100~350°C

Changing samples

Heating in N, flow

Partial Pressure[Torr]

1)P /N i

)Precursor/N, Oxidant HO0, | Ho | 0. | O,
2N, purge H,0,+H,0| 027 | 1.13 | - | -
3)Oxidant H,O - 1.4 - _
4)N, purge 0510, - - 0.6 | 9.4

Cooling in N, flow

Fig.3 Flow sequence of ALD process

4. BRBLIUBE

4.1 ALO3® ALD RRIE#EER
411 AROs ZIED BRI EHE

Fig.4 |2 GPC OIREMRAFYE, Fig.s ICHITROIR
FEARTEME 2R 7, BRI AR IR, ftshixEn e
GPC LEPTHETH 5, 728, FLAIH O H202/H20 iR
AHAEFEE L, H02 &R LT,

Figd \ZEH T 5 &, [Al— o MRIRE CR{bAl O
EWIZ LD GPC &l L7=HE, W omkiER
FEIZBWWTH GPC 1E H0:>H20 Thotz, filx
WX, RRIEIRJE S 300°C DA, H202 A A HRE T
GPC=1.15 A/cycle, H.O H A H K% GPC=1.04 A
leycle Thotz, T7obb, BEHE LT HO0: 4
AEMEHTHZ LT, HHO HAHERAKE & LT
9 10%D GPC EA-PHER I N, TV h—HP—&
L C TMA, B#{bH&l & LT H0 H A & L C ALD
BT ALOs WA AT 5 & &, AT I BE L
T2 AURTFIREES Y 71— — 35[0 OH
FEIZHBITHZERMmENTnD 2, $hbh, 7
VA—Y—ofafilkERmIT%ERE L TOERR
OH EEICHHITE L VWR D, Fi2, H02 H AT
HO 7 A &g U CEEMRE R 4 OH #hiid 5 2h#
DEWZ EPRRENTND I, LTEEBN- T, KigE
LA & LT HaO HRAEMEHT A2 & T TMA
DOWERNEL R ENTZZD, GPC N ERE L
LorEZLND,

Fig 5 ICHEH T 5 &, BRIEIRE:150-350°C O HifH
WIZEBWT, BITRICKEREWVEFR O -T2,
TENT 7 A ALO: DJESTHEIL 165 BETH D Z
Enn, LFEOREFEE TR I N ALOs HIE
W, BITROWEER L, M RE Tixel 7T
ENTFATHDLHEEZD,

LB S, IR BE :150-350°C D #iPHIZ B W T,
ikl & LT HO W AZEH L7254, BEEDORR



{LHITH D HO HAEHKEE LG L T, L En
GPC TTENLT 7 ZAD ALO; MK A2 TE ATHE Tdh
DL ERHLNZR ST,

1.6

--H20
1.4 -+-H202

1.2

1

0.8

GPC[ A/cycle]

0.6

0.4

125 150 175 200 225 250 275 300 325 350 375
Temperature['C]

Fig.4 GPC as a fucnction of temperature (Al203)

2
-<-H20

1.8 -<-H202
. L
<
£ 1.6
o
2
‘g 1.4
&
7

1.2

1
125 150 175 200 225 250 275 300 325 350 375

Temperature[C]

Fig.5 R.I. as a fucnction of temperature (Al203)

4.1.2 ALOs BIEDIRE il

Fig.6 | XPS S#Tick I 27—~ hL %
AT,

Al R OfESIREEIX A0 BAICEKRT S
ARP(RFE T R /L ¥ —=74.5 eV)D E'— 7 O F TH
RENTEY, Al R EECHBCRETHEELT
Wb Eenbhd, £z, EH LB OENIC
rFoav—27o7 MIRINT, BiAHETO Al
JR T OfEEGIRIBIC K& R ERITA DR,

Tablel & XPS ATIZH5 1) 2 B & 20nm Hi 5 T
DT DKL R T,

RRBIR L :300°C D & &, AT HEEAIC X -
THHERIC R & 2RI A DN R oTo, £z, W
FTHNORBESEMIZB N TH ALO DI 2:3
ThY, BT LI =7 A(ALO)D L R AL
E—E L7, Lo T, Ju—A~X7 hLoOH|
ERER LT, AR TIE ALOs & LTHFEEL T
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W5 ZEDRHBTE D,

Fig.7 IZHufgkmkEssE o P E/B R Z2RT, 2B,
I-VHEYF 7L p B Si U= N EIZ ALDEEH
WT ALO: & 0.lpm FRIE L7 b D&Ml L 72,

B/ o ALOs & IR o i i Bk 8 58 B X
H202(300°C)>H202(200°C) >H>0(300°C) T & - 7=,
LEARER LY, BILAIE L TCHO0 W AZEBH L7
Bh, BFEOBRILAITH D HO H AR HE & ik
LT, IvmnwEBERHEBEESRGoNTZE NI D,

Fig.8 I FT-IR JEAE R 217, 723, HthoR
SRR IR Y Y A—F =L G LT
JEIE 235 10nm & 7= Y OFREIZIEAE 21T - T2,

WP ORIESLEICE N TS, 640em! I
Al-O FEAICKIF T 2 RARID R S iz,
640cm™ 123 1F 2 WU E XF —REH -0 D Al-
O, T ZbbIEXZE®RLTEY, HO2W
AEHT 52 LT HO A A HEEL Ll L C,
K0 ALO; NSO D Z L AR LT
W5, UlbEnD, HoO2 W AFERHIZ L » TER I
TN T BRI, ALOs W O & W S
ICEERLTWS EExbND,

PLEDER XY, HO2 FAEMBHT S Z & T,
BEFORLA L il L CTE W GPC, BRMZE
BIXOEEELZRFIZERTEDZ EBNbIo T,
Z T HeO2 H A D& OH #&sh I X » T, %
ALD A Z VBT DTV h—P—EgEm e LT
D OHEDHWBENREL oo EILND,
1.E+04

—H20/300C
H202/200C
H202/300C

1.E+04
1.E+04
\ 8.E+03
‘ 6.E+03
4.E+03
/ 2.E+03

1 0.E+00
84 8 8 78 76 74 72 70

Binding energy(eV)
Fig.6 XPS spectrum(Al203)

Tablel Film composition of resultant films(Al2O3)

- — &

Process l;lim compoosmon (é)
H,0/300°C 41.5 58.5 N.D.
H>0,/200°C 41.2 58.2 N.D.
H>0,/300°C 41.4 58.6 N.D.

S¢N.D.: Not Detected

Intensity(Count/sec)
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H20:>H20>03 Tdh o 72, Hil 213, BUBIEE:150°C
DG, HaO2 A A FARE X GPC=1.02 A/cycle, H20
H A B IX GPC=0.89 A/cycle, Os i H B ix
GPC=0.63 Alcycle TH o172, Tbb, BLA &
LT HO HAZREHT D2 LT, H20 T AEH
FE & Pl LT 14%, O3 i I & bRl L CTHY 60%
D ERNRB BT, TMA & H L T ALOs #iK%
ALD JECHET % & & & [FERIC, TiO2 @ ALD ik
7 m R 2BV ThaMmRERIIRERE L
TOFRBE OH BEICHAILTWD LHRIIN D,
L7e o T, AFEFRIEBA L LT H02 H A%
H202/200C H202/300C H20/300C i+ % Z & T TDMAT O3S S8 & 0 £ < Bk
Fig.7 Dielectric breakdown strength (Al203) SNtrz®, GPC BNLEHFLELDEEZLND,
Fig. 10 IZIEH T 5 &, AUEIEE:125-175°C Ol

FIZEB W T, BIrERIT H20>H0>03 Th o=, 7

11.0

o
o
|

o
IS)
|

8.0

—H20/200C ENT 7 A TiO DEITRIL 245 RETHHZ &
——H20/300C G, RS ATz TiO2 WERRIE, BRI ik de
o e L KTEATrATHBLEXD. AT, KM
El JE:125°C LA FCRbAl L LT Os A LB A,
£ FATHIE 2.4 K Th o7, TR B
2 W, B LKET Y A=K C R N AEH
WV AENTWAAEERB X HILD, il
DN, #%IEE WER B LU XPS T D s R

25;‘ 2050 1550 10'50 550 (422% )T% 2T 5.
Wavenumbers(cm-1) PLEDNG, pIRIREE:125-175°C O#FHIZ BT,
Fig.8 FT-IR spectrum (Al203) bl e LT HoO WA ZEH LA, BEFO

RILAITd D HaO A AR Y Al R & b L
T, LV EWGPC TTE/NT 7 AD TiO: HEE %
4.2 TiO2® ALD RiiR#ER TEHRFIRETH D Z ENHLNIT ST,
421 TiO2 BIED RIEYF 4 ET
Fig.9 |2 GPC D EKAFME, Fig.10 ([ZJEHTRD

B 23, SRl A BRE, Mz =
ZIGPC LRI TH D, 723, LT O 050, 25
EHAEER L, O L RFT LTI, 2
Fig9 ICHERT &, W oAl 2z H L= gls
> 1.
Ab, IR :125-175°C OHPHICEH VT GPC 3:0 >
N E3 &i—zﬁf“&bé LWL, T, TiO2# o 1
- & +H202
O FERIALFRAEFERHIT R > TWDH T 05 +H20
T, i_ﬂ'a*ﬁéﬁtt ALD &— R CTORRBENEST LT 03
. 0
VDD & BRI LTI Do R T, B 75 200 °C 75100 125 150 175 200 225 250 275
U bEorx, GPC O LEARHERINE, 2k Temperature[C]
HEREBEM TSV D —H—DES ﬁ#ﬁﬁfﬁ‘ig‘f Fig.9 GPC as a fucnction of temperature (TiO2)

BY, Whpd CVD E— RTOREEL 725 T
HTEERBLTND Y,

[F]— o R IER B TR A D EWZ L D GPC %
W4 2 &, W ORBREICHE W TS GPC I

19



27
26

“ 2.5 o K:A

£ | -f

£ 7

= 24 0

2

2 23 v

E ' = H202
22 -<-H20

03
2.1
75100 125 150 175 200 225 250 275

Temperature[C]

Fig.10 R.I. as a fucnction of temperature (TiO2)

422 TiO2 BIEDEE T

Fig.11 {2 XPS S#FicH i 52 Fu—2 <7 hL %
PNEIE

Ti HTORBARER Ti-0o alkcERN+ 2
Ti2p3/2( 3K fi — x /L ¥ — =4585 eV) B L O
Ti2pl12(RHH = R L ¥ —=464.0 eV)D 2 DO E—7
DHTHERESNTEBY, Ti BFEEICmbRiET
TFELTWDZ Enbnd, £z, R Lzm{bAl
DEWZE D=7 7 MR I, BLA
MTo Ti HADOfEAREBICRERER IR DAL
W,

Fig. 12127 7 v ik % F\ 7= WER O Il E 5 7 % 7R
9, WER X Si 7=/~ BT TiO 2SI X v 7= >
TN 1A% DA 7 v PRV IR (16BHF: AR AL 5 T3¥)
122 R L, 2iERTE OREE{LEET S
Z L THEMEL7Z, WER OENMEWIE S 23, 7 vk
WX HiPED S <, B R TIO T o 2 &l
Tx 5,

IR B :125-175°C O #IFHIZ W T, WER (%
03>H20 >H202 Th o7z, T OFERITA 7 v BlTxt
T AT HoO2 A& L CRliEE L 72 Tio: 3
ELENLTWDLZE2E®RT 5, HlxiX, IR
JE:125°C OBFA, H.0p H A KL WER=1.1
nm/min, H.O & A X WER=2.5 nm/min, O3
ff iR IX WER=3.4 nm/min, Th o7, T7bb,
bl e LT HoO2 W AZMEHT 52 LT, HO0
A AE R & B U TR 56%, Oz 8 K & kbl L
TH 68%, 77 v ERMtIEN A B9 252 &AM,
277,

Table2 {Z XPS /3 #TIZF 1) 2 JEIE S 20nm M C
DEITLFEDOMKE T, £72, Table2 O O/Ti i
FE I RICIER L, WER & OB A KB L7z, #%
R% Figl3 12777,
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Table2 XV, IR :125°C 2B W T, BR{LA
L THO HABIOH0 HA%REH LIZ%E,
TiO: HEIL Ti T & O JRTOATHEREI L TY
HZENHERTE D, — T, [A UARIEIRE:125°C
IZBWT, BbHE LT O &M LEEA, B
W NRFBIOYCREFBENREN L1%EE E1
TWD I EMPERTE D, Zhd, EREEICRAE
L7- TDMAT O FIZHEENDLENBLURCO—
AR IATEFNR T LE D EEZDLN
%, F72, Fig.10 2BV T, 03/125°C DJRITHRN
24 K Tholt I HLELFEFD N BLW
COFEE LS KL TS,

Fig. 13 [ZEH T 5 &, TiO#EH D O K1k
BREL 2 BITo8, WER MEL 22 HAICH D
ZENbhb, Figld PTHRY O/T LA KE NS
R O/Ti A 1.71 TH Y, TiO2 DAL &k
(O/Ti=2) & t# LT, O JRF-HENMRWE N R D,
ZORER % Fig. 14 O A AW THELET 5, 0/Ti
ERERVREBIE, BEFomERI AR +oEE
ALD A ZADBEITLTWD Z L EZENRT D720,
BEEENMENVRIETHDIEEZEZLND, 2FV,
O/Ti lENFWIZEREE EL, FRELT
WER S KIS D LV D,

5.E+04
H202/125C Ti2p3/2 4.E+04
—H20/125C | P
03/125C | 3 E+04
3.E+04
Ti2pli2 2E+04
/\ 2E+04
/
= \ \ 1.E+04
S, Mag
o XS S.E+03
———————1 0.E+00
470 465 460 455 450
Binding energy(eV)
Fig.11 XPS spectrum(TiOz)
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Fig.12 WER evaluation(TiOz)
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Table2 Film composition of resultant films(TiOz)

Process 'Film composition (%)
Ti O N C
H>0,/125°C | 36.9 | 63.1 | N.D. | N.D.
H,0,/150°C | 37.5 | 62.5 | N.D. | N.D.
H,0/125°C | 38.0 | 62.0 | N.D. | N.D.
03/125°C 37.7 | 60.1 1.1 1.1

S¢N.D.: Not Detected

4
35 .
3 03/125°C
g 25 *
g , H20/125°C
g
=]
=15
m *
z 1 2 o
os H202/150C  H202/125°C
0
1.55 1.6 1.65 1.7 1.75
O/Ti ratio[-]
Fig.13 O/Ti ratio vs WER
BEFORBIEBRT A5G E
70N 79N 20N
LGP P [vy ok N
295 O 295 79N
Si Surface
Next ALD Cycle
ik 72Ti02
o oy 9\ /O
/O\T/O\T./O\T/O\T. Tli/\n/\ PRI N
o, of I\o/ I\O/ 298 0N /ON /°\T
/0\ ,9\ / \T T|\/T\\/T|\/T|\/l
M T il o Ty 22 L0\ 9\ O\ O\
£9% 208 AN Si Surface

Si Surface

Fig.14 Image view of surface reaction model

43 EE
412XV, TMA ZfH L TR Sz ALO;s
HIEOEE, WTIhoBeRlZ2EH LEEAICE
WTh, ALO O FITMI 2:3 TH Y, ALOs D1k
FEMMRICE LW ERRENTZ, Tabb,
HIZRBGIRIED AL X L A EHFEET, K
BEEFEICT ) -V —EE TRICBT52EMH
OH KOWBRIIKTF LTI LEEZBND,

21

—F T, 422XV, TDMAT % L TIHK X
N7 TiO: MIKOBEE T TV h—H— 5 TR
BT DK HE OH HOWHERI T T2, TiRFOmB
fLIRBICHE RESBEBEESRTWELEEZLNRD, &
B, HeOs H AZHEHT 5D Z & T, BEfFEOEELA & Lt
g LCEVy GPC, A7 7 v BRI 35 X OV J % i pk
L7z ZHUiE HeOs D E v OH sl 5 & i ) e i
LR LT TDMAT D REGHEFELRMS T2 &
NTEXEbEEZOND,

5. F&H

RASIRC #ERE Ho02 A A% & (Peroxidizer®) &
FAV T ALO3 B X OV TiO2 D ALD RIESFEBR 24T - 72,
BRIZE D, BEAIE LCHO W AR LIRS, B
FEOBALHITH D H0 H AR Y LB LT, @
B (GPO) A R TED 2 EEW LN LT, &
GPC #EH 45 L%, 7ok AR OB Tk
<, BBV h—Y—ofHRERICLERD
728, BB LI ALD 7 5t 2 ~0D H0: H A DEHITK
723 2 MERBICORDB D EER D,

Fiz, MO HAZMAT 52 &C, BEFOBLA &
B LT, XV e ALOs IR X O TiO, iR %
KTEBZEEHLMNT LT,

U EAS, RASIRC HERE Ha02 H A fLHE2EE
(Peroxidizer®)IZ & 2 Ha02 77 A Y513 H20 T A6 LA
VRBLELTHEETHDLZ EERM L,

ZE 3R
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THVPE #£1Z X 5 &l EE GaN i il O & il R

Growth of Highly Crystalline GaN at High Growth Rate by Trihalide Vapor-Phase Epitaxy

oA A gy
YAMAGUCHI Akira MATSUMOTO Koh

A b e T B e
MURAKAMI Hisashi KOUKITU Akinori

GaN F:A i = 2 MEJE A B 45 L ¢, THVPE (tri-halide vapor phase epitaxy) % % Fi\ V7= 1400°C
WET HEiRR R A RE L, AR L F%R X Y —7 BEEEZ G5 EkmE s 3004
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In the attempt of reducing cost of manufacturing GaN substrate, tri-halide vapor phase epitaxy(THVPE) is

investigated to explore the effect of high-temperature growth up to 1400°C. High growth rate and high

crystal quality are achieved simultaneously using THVPE. High quality GaN with a comparable XRC

FWHM as that of a seed substrate was obtained at the growth rate of more than 300 pm/h. Dark spot density

(DSD) by cathode luminescence measurement decreases to seed substrate level at growth temperatures

above 1300 °C. There is hardly any yellow peak in the PL spectra of 2-inch-diameter sample, indicating

very small amounts of carbon impurities in the crystal. SIMS measurement revealed oxygen,

silicon,

carbon and chlorine impurities were at low level. In addition to high purity materials growth, parasitic

polycrystal growth around the wafer and the reactor wall is eliminated, which can improve productivity of

the THVPE thanks to very little down time of the reactor.
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(Low dislocation density) growth

Figure 1 Fabrication of GaN substrate by HVPE and
THVPE. The growth scheme in (b) cannot be realized by
conventional HVPE.
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Figure 2 The schematic and photograph of THVPE reactor
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Figure 3 Dependence of growth rate and XRC FWHM of

(002) on growth temperature.
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Figure 4 Comparison of morphology at different upper
growth rate limit points.
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Figure 5 Comparison of DSD at different upper growth
rate limit points. Comparison of DSD at different upper
growth rate limit points. The DSD of initial GaN substrate:
10°-10% cm
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Figure 6 Photograph of THVPE susceptor after growth.
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Figure 8 Photograph of THVPE reactor after three years of

use (just after washing with water)
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Table 1 Redidual impurity concentrations in the 250um

thickness GaN sample by SIMS measurement

Impurity Atoms (cm™) Detection limit (cm™)
Oxygen 3x10"7 2x10'6
Silicon 1x10"7 3x10%
Carbon <3x10"3 3x101
Chlorine <3x10' 3x10M

4580 5220
Wavelength [nm]

586.0

il | 1 ul1lN
3300 39840 4580 5220 5860 6500
Wavelength [vm] Wavelength [nm)

Figure 9 Comparison of PL spectra at each position on a 2-

inch-diameter wafer.
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Application of Pre-heated Oxygen to Supersonic Oxy-Fuel Burner

e\ HE oA e z* # R & e
YAMAGUCHI Masashi YAMAMOTO Yasuyuki HAGIHARA Yoshiyuki

USRI T OB 7 2 RZBWTRBIOSKR 7 7 v T OWSREZ BN 5 AN CBEEBENN—FT T 2
BHANBEN TN D, RIRE TIIBEO TR L 5 3—FF » 20 &E ML OBRL A, TEOFIZ OV T
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AR TIE, BERICHR: L CHR A2 AR 2 £ T A IR R R T S0%EMTTRE TH D Z L N T,
S DITRERIR R TRE A REL, ER e — X Z WS R L G L2 & 2 A, RGN Tl SRR
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SEDFERNE ST,

Supersonic oxygen burner is used in electrical arc furnace to assist melting scrap iron. In this study, we investigate the
effect of applying preheated oxygen to a supersonic oxygen burner on heating performance by using numerical
simulation and experiment. At first, the velocity distributions are evaluated by numerical calculation, and it is revealed
that the use of high temperature oxygen makes the jet velocity higher than conventional room temperature oxygen burner.
Secondary, we compare the time from the start of heating to the melting of the steel plate by prototype burner, and it is
found that the use of high temperature oxygen can reduce the time by up to 50% compared to the use of room temperature
oxygen. In addition, a combustion-type oxygen heater is manufactured and the effect of the decrease in oxygen
concentration due to mixing with combustion gas is evaluated. Under the conditions of oxygen preheating to 500°C,

same heating performance is obtained compared to the electric heater with a high oxygen concentration.
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(a) Conventional oxygen jet
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(b) SCOPE-Jet®
Fig.1 Schematic drawing of oxygen burner for EAF
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1) H2+02 = 20H

2) CO+20H = CO2+H:0

3) H:+20H = 2H0

4) 2CH4+02 @ 2CO+4H;

500m™

Fuel Inlet

Oxygen Inlet

Burner Outlet

Enlarged View

Fig.2 Computational domain



Table 1 Calculation condition

Item Condition

Gas model Ideal gas model
Oxygen

Flow rate 83.3 Nm3/h

Temperature 25°C, 500°C
Fuel

Species Methane

Flow rate 8.3Nm’/h

Temperature 25C
Outer Space

Outlet Pressure 101kPa abs.

Inflow Air  (02:21mol%,N2:79mol% )

Turbulent model RNG k-¢
Standard wall function

Combustion model EBU model

2.2 FRHER

Fig.3 12~ v ~NEU AR % 7”59, Fig.3(a)h sk OFAIR
E25COREFRTH D, mywmwmcm#%f%%
J RN BIEHEFO~ v AENRHZIFIE - EORE X
RN TERY, ZORBETAHETVMERTE 5, B
F25CHB L VS500CORM THMBRIIMARFE L THY,
RTFrvx a7y REILRIERELFHITE 5, Figd
IR AT 2 g, PROBRFRETRO BN k% TE
DI, BB SN TWD Z EnNgnd, mimEsix
Fs3% S00C O BT CHEL 2> TEBY, kKEENE
KRBT BRSNS, £z Figs ISEES 2R,
< NFSTPIFERETH D LD, BEREL
%@hk%w5w0®%@®ﬁﬁ%@’mﬁbf%ﬁ
Lo TNWDZ N5, BET HE TORMI
ER—TH D, ﬁa#éifm@ﬁi%i%ﬁ’
Y R SRNE A mE L RTRE T H D Z & RER &S NT,

Mach number

N

0.4 0.8 1.0 1.2 1.6 2.0

(b) Oxygen inlet temperature is 5000

Fig.3 Mach number distributions
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(a) Oxygen inlet temperature is 2507
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(b) Oxygen inlet temperature is 5000

Fig.4 Temperature distributions

Velocity (m/s)
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(a) Oxygen inlet temperature is 2507

(b) Oxygen inlet temperature is 50007

Fig.5 Velocity distributions
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Fig.6 Experimental facility
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Table2 (ZHRBESMF 2 7T, BB MEANT TRk &4
1000Nm¥%h & LT\ ey, KRB CIFBER L — & O
K178 40kW £ TOHIKIDNH Y, BiFE % 500CE TT
BMTE D LI N—F T ADOMRE E BEFE DR B 200Nm’/h
LL, /AL ATIH25CT, /AL B T 500CTE
NZNEHHEER~ v 201825 X% LIZ, /X
VA TETEETICHIROBEFEZ AV, XV B Tk
WIS /K 500CE TICEFEL T L TREREIT-
7o BRBHIFIRO KRR A% AV, FiEid 20~45Nm’/h
L7,

Table 2 Combustion conditions

Item Condition

A: Designed for 25°C
B: Designed for 500°C

Buner nozzle

Oxygen

Flow rate 200 Nm3/h

Temperature A: Room temperature,

B: Room temperature ~ 500°C

Fuel

Species Natural gas

Flow rate 20~45 Nm?/h

Temperature Room temperature
3.2 BRERELUVUEE

KK DB % Fig.7 (27, Fig7@lL 25CHD /7 X
A EHOWTEIROBFELRIES AR THY,
Fig.7(b)i% ./ AV B TEEFRIEE 5000CHkEkTH D, %
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T EMGN D, RN RN E e D B O B EE
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(b) 500°C Oxygen, nozzle B

Fig.7 Flame appearances
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Oxygen temperature 7 [°C]
Fig.8 Flame length
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Table3 (2 / X/b A ZAVWTRIRH A 45Nm/h, /A
Jv B TRIKA A 40Nm¥/h 38 LT 45Nm¥/h & 3 Skt
s R AR, RERA A D3R L 40.6MI/Nm® & LT
BEHZ LD =X VFEEHL, b —ZIZK5MBHETE
WZESST =RV L ORTIE R & HOoR LT
b, Casel & Case3 DT X /VXIXFEEE TH D03,
Casel O FDBRERR 232 <, Case3 TIXREIR D72
RO VIZEFED TEIZ T RV FEZENNTUW S, Table3



DOHESIZ LY, KA A 40Nm¥/h 7> 5 45Nm’/h (ZHEE
LTHAERRETRS, BELEIRLE LIEBEOEN
FEFIIRENWZ LR NDE, DFED, [FL 40kW 55D
TRAFZBMT DB, BEE LTERMT2L0 %
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e
B 60 //
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é S Y
2 40
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Fig.9 Time required for melting
60
Nozzle B
50 | 0.:2200Nm*/h
Fuel: 45Nm’h
L/D:32
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— A
5 30 f
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g 20 i 3
E
10
0
0 100 200 300 400 500
Oxygen temperature[‘C]
Fig.10 Effect of oxygen temperature
Table 3 Total energy
Case 1 2 3
Burner nozzle A B B
O: temperature [C] 25 500 500
Fuel flowrate [Nm3/h] 45 45 40
Fuel energy [kW] 508 508 451
Heater energy [kW] - 40 40
Total energy [kW] 508 548 491
Time to melting 44.7 22.1 21.9

at L/D =32 [s]
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Fig.11 Schematic drawing of oxygen heater
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Fig.12 Oxygen volume fraction
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Design of Packed Distillation Columns Using a Liquid Flow Simulator
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JFE Sanso Center Kurashiki Factory No.13 and No.14 Air Separation Units
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Cyber Security of Production Plants -Centralized Management of Firewall-
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Maintenance Suggestion Support Tool for Electrical Equipments
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Long Lifetime Electrode for Oxygen Plasma Cutting Equipment
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Energy Saving Nitrogen Generator with Gas Oxygen Co-producing System
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VECLOS UV A ¥ L AR — & 7 )L A &—J7— SPW-500WP

VECLOS Wireless Portable Speaker, SPW-500WP
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$EE - Peroxidizer®

High Concentration Hydrogen Peroxide Gas Delivery System - Peroxidizer®
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A LIzA/ R—T 4 TLELETH D, BHtlF 2012 F
12, KEFL#THS Matheson Tri-Gas #tZ@EL T
RASIRC #t M@+ #HDOHKXZEG L=, REEKEGHE
GI—TELT, SO IEHAEME R EEL, BE
HIEHLH L MERKEDRAEM B EZRENDBEER
(R - BRI BZZLEDOTESZHREBEMOBAZHEIC
BYBATLS,

BAMFEOSALEAM EREHOFEER T /N REWE
TOCRERBHUICHRET D ENTEE LMD
FFOEMREL, KEBLEIZE>TEDZ—ANEE
LT 5.l 2 (X, RASIRC T D45 EFElT T H D IR Bt
fizGAL-EMEKEIKEEEZER RERDFE
ARBAEBRITTRELL I TELEDHTLD,

ARBTIE R FERREORILE TOLXAITFIZ,
RIEEDOZ W TBBBIEKRARIICEB LAZR SIS
BB KR R FELELETE Peroxidizer' =8N T 5,

2. BEIEKFEH AEHIREE Peroxidizer®

.a lﬂ-.-w.l 1. E
L
RASIRC
N

M1 SREBMIEKEHAMBEE Peroxidizer®

43

RASIRC %t Peroxidizer’ld, ThET 2 KERS;
TRIEAREETH > =BEILKRKBERE, TEMND
BEEBRCKKILTEZZEETHS (T 1), AEAE FE
BIVvFUvIETHERINLIBEBIEKRTKER
(30wt’h) ZIRA & L, B RERAT 2 L T@EBkE KR K
BRESLE-BETL K2 IZKIEEEOBKETRY,
1) FAfRRSEEDREZBRBIEKBRKERTHT .
2) HABFRIEEORIIZF ) THREEAT S,
3) PEERAOLSEEICLY, RHDOBEIEKE
RUKDFHREEZEBT 5. DEIETIEESTO
HEBRMICER - [ILT HMHEEZFL, T
R IEEE LR,

4) Bh-SIELEZDFAXY U THARIZAFESN S,

YT HRICE#

?%} a) BBHFHFY
e
Mg T shTouza,

e A
[EAEB 7RI
’q\ 1!
H0, 1 il
Iy 1!
AN 1!
H,0 Iy 1!
Iy i
i il 1) SEERZES
L T BokEk
2) FYUTHR BRTHEET
ZHA
B2 HEEECLITIERE

3. Peroxidizer'lz&kd7O®RA /A= 3>

ARE L, ESBERATIC & YI0wthiBE L KRKZE
REIZ&R - FHR L, K50, 000ppmDEHREN DG
MELBBIEKFEINREHETETLIRAR—DEE
THbd. REMIZKY, EFOBRILR (BRROAY
VERE) THREHRTELRVWIVFUIPI)—=V
Jo@m&EL, CWD/ADEDHERAMETOLRDIER
It EDBEILKFARIZEDEFHFHLEY ) 12—
avhigEgEL o T,

(BRZEAHS S3EBRFEHEAE R SR

A ) _R— g U
<EW\&bhtEx>

AR EXRMAFMIER BEMAKE

Tel. 03-5439-5882

L )


akiranishina
四角形


RN

K5 HEEB#R No. 38 (2019)

LI T HER T ARG 2T A

Nitrogen Gas Supply System for Laser Cutting Machines
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Metal-organic chemical vapor deposition (MOCVD) system “UR25KRRC” with
automatic substrate transfer system

H B B SRS MOCVD 2E{&”UR25KRRC”

1. Introduction

The Taiyo Nippon Sanso Corporation (TNSC) has been
developing the metal-organic chemical vapor deposition
(MOCVD) system “UR25K” (reactor capacity: 6 inch x 7
wafers) for mass-production of nitride semiconductor devices
since the early 2000s. The UR25K has advantages, such as
wide range of growth pressure and high-speed growth [1], by
which high-performance devices can be fabricated. Recently,
the TNSC has developed a new system "UR25KRRC", which
is a UR25K with an automatic substrate transfer system (a
cassette-to-cassette (CtoC) system), to conserve labor and

improve yield (Fig. 1).
2. CtoC system of “UR25KRRC”

Manual loading/unloading of the substrates were required
for every epi-growth in the operation of the conventional
UR25K. The UR25KRRC was designed by adding a CtoC
system to the UR25K. Automatic transfer of the substrates to
the susceptor using the CtoC system is performed in three
steps: 1) The substrates are transferred from the in-cassette
box (Fig. 2) to the aligner by the robot (Fig. 3). 2) The
substrates are transferred to a wafer-holder from the aligner.
3) The substrates are placed onto the susceptor by the wafer
holder. The epi-growth is performed after placing the
susceptor in the reactor. Finally, the epi-wafers are arranged
in the out-cassette box by the same transfer system. From
loading to unloading of the substrates, this sequence can be
automatically executed as one operation and repeated

continuously.

Fig. 1 UR25KRRC system
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e o | |
Fig. 3 Robot and aligner for substrate transfer

3. Features of “UR25KRRC”

The footprints of the UR25K and the UR25KRRC systems
are 12 m? and 13 m?, respectively. The addition of the CtoC
was thus realized by minimizing the increase in footprint. In
addition, the housing of the UR25KRRC has an I-shaped
appearance, which allows more efficient usage within the
space of a clean room. It was confirmed that the epi-growth
performances of the nitride semiconductor layers were
maintained even after the addition of the CtoC system. The
UR25KRRC is expected to improve production efficiency
and contribute to the fabrication of advanced technologies
such as micro-LEDs and vertical-cavity surface-emitting
lasers (VCSELs), which are attracting attention in the field of
semiconductor development.

Reference: [1] Koh Matsumoto, Compound Semiconductor
Magazine, March 2014, pp. 38-43
(Yuya Yamaoka, Technology / R&D, Compound
Semiconductor Equipment Div., Innovation.)
[5-30-9 Fuji-building, Minato, Tokyo, 108-0014 Japan
http://www.mocvd.jp]
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