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Development of oxy-fuel combustion technologies in TNSC
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Our oxy-combustion technology began with the introduction of oxy-fuel burner from the United States in

1970, and its purpose has changed significantly with the changing times. Initially, the purpose was to

increase production by using it for industrial furnaces, then to save energy and environmental measures, and

in recent years it has changed to contribute to carbon neutrality. Under these circumstances, this paper

introduces the major oxygen combustion technologies that we have been developed over 50 years, and

describes how they should be developed based on these technologies in the future.
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Fig. 1 Relationship between oxygen concentration and

theoretical flame temperature
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Fig. 2 Relationship between oxygen concentration and
chemical species concentration in burnt gas
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Fig. 4 Relationship between flue gas temperature and
thermal efficiency in a furnace

2.4 BEFRMABEDFEMT

BREBEIT, BB DL OLERISICE > TAEL
FRI 7R R O R BE T BE 720 T 7 < IRBESS ~ D kL,
KT A DA HIEOEBEE RELZT D, T4
bh, N—F0O ) ANEE LT, KKIRE, it
B, R ENEDL Y, FIHSEICE L kR
B2 HT 20 ER DD, N—F ) AVEE~D
TA4— KRy 7DDl kK EZEESTDZ L
IFEET, ZORM, @BTNnEE LD,

WA OREFRRBERAT OB, ST, mEilR X0
TR OMWEBE, RIKAT A, T v LoRIR
BB R OB IR, T — 72 & OB RREHI R IR L T
X7, F, BIBREIIEFICEEOMKIGEIZR D
72, BEfFORIEFiExEEANATER2WEALE
<, RIS B OB BE TR P KU T U 72 317 vk & 8 R
T5ZET, BREEIToTET,

(1) 1R BEss o &M
FRPHRARE O T — I BB X 72 it XY

BRI E S TN D538, KRKOFHTIEEES
FF~DORFED AV IZ XV IEMe A2 7 AR 23
ETERY, E, BRIERPEKRD X S5 ITEIED K
P CIRENTE X O E W REFEPH 2 B8 2 5 7 & ORRE N
Holz, TOED, 7 varAfurA—FELR
LCRBRUICEE L TREICHA Lz, ZoMiE%
Fig. 5 IR, 7 v a v qua X —F3FEMRN
Az WG| Lans b EVESHC X 0 IR & G 5 ik
T, MHOEEZRIILENTE, £2, KHITE
D A AR F BB HT X B I E FTRE 2R Fi PR 12 (K T &
FCEHMT S, ZOFETEELWTRAEE LD
VDT, BlE, KWICLBZHTABREOKT %, X
FHFEE RO TSR THIE L,

Suction gas

. Zirconia sheath Cooling water
Suction port /
ri i
I 7 == /
\ ;’L / Fi
N E—=

\ Water cooled jacket
Thermocouple

Fig.5 Schematic of the water-cooled suction pyrometer
tip

HICFEM 2 K RIBE S 2B Ek e LT
REL DO T s, —2lF, VA U —HELE,
Z < VEELYE, CARS ¥, LIF k28 v—%—%
W, ZERORFIMEENE L TCOMERDDLDOTH
%, b IOk, L, FHEkE Arrs 77—
112 CT (Computed Tomography) Tk % fl A& b T,

T —2nbafitRkdrb0THDH, ZHLHD
H T I R SR R S B B £ B 7R ORI A i BRI L 72,
FHHE T, H20 <2 CO2 DA Aflht & 2 W TR I &
FIRAT2HEE, T3S0 BEBEEZFAT S
FERH D, Ui, oM EIC CT FiELEL
B W TRRIRE O R Ie oA & E S 5 5 ik % B
FE LT,

KPHOH AFEEOBE T, BEET 2 BRI
EoFEIKBROE N —8 &2 KEPICHEHEFAT
HZEICLY, KEREHOFEERE LR ?,

— 07, WRIRBREL ORI BIRBE L 72 2720, B
BFEOBCRIALIZRE S WM O B, k7 &R BER L
WCREREELZHEZTEY, ZhbiFAA—F /X0
FHFHCEE R TG A—H D, Z0d, BEO
EERNE, EFEOTEERCCHIE L, EEN
EEE LT, 63K, mEEREE, RRE, v —F—
BE, SuZ T Ak ENHONLNRTEREN, B



TR B F R ECEE ORI ELEIZ L b2 2856
WZIEBRAR S 720, L—F—Z ARy 7
Z —1% (PDA:Phase Doppler Anemometry) % f 7z 34

PDA MEDFIRE LT, ATD 2 8B3FT 6D,

(1) FERMPE TH DO THEZEL S 20

(2) =25 - mREM SRR HIE N FRETH D

PDA i1, L—H— Fv 7 J — it (LDV:Laser
Doppler Velocimeter) OFEHEEZIEHLZHDOTH D,
ZOJRE LN, WAETIOFRES DRI L — ok
EHTHIET, KiTorbEELENDI N Ry T
T =R L0 kLT OB B E s U7 B g o
Blbz=lr, ZoOREEOELERETDZ LIk
DRLTOHEEZRD D FHETH D,

R BE R R T 2 N—F 2T DI
Wi o TE, BEOEBEREAEST S Z L ITHER
WCHETH D,

I b, LEFEOHEMAGEZE LGS I8
LD, BRER KRRBEREZ T3 25 %12,
TG B AR E & b iAR BRI E 21T - T,

BRI EICIE, 2n V77— AT IF A —
Z—% A, KRS L < I3FNRBERE D KK D>
DO HR DA EREL, N—FFFOZY M
FEATG o4 B 5~ O PR A I L 7 kb As BRI E
21X, Fig. 6 ISR MAKEWE S E7z Cu A 7%
MAE Db ARMEBELEIEL, KOEBICKRZEHZE
SHTBEOKIBOEII S, BEVEEZHIET 5 ik
Z W9,

Detail
Burner
Outlet Temp. : Tyy

Water cooling tube
Heated Spot

Heat Input : H [kI/h]
H= AW % (Tan—Tiw) % C
C : Specific heat [kI/(t * K)]

I N T 1 T T Y
Heat Exchange Plate

Inlet Temp. : Ty
Cooling Water flow rate 1 AW (th)

Fig.6 Experimental equipment for measuring heat
transfer distribution
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Fig.21 Contour of gas temperature and particle
concentration
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Table 1 Example of effects of oxy-combustion in a glass
melting furnace

Oxy- Air

combustion | combustion
Oil consumption [-] 59 100
Seeds [-] 25 100
NOx emissions [-] 40 100
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Fig.25 Temperature distribution in the furnace

Table 2 Syngas composition by laboratory test (2.3MPa)

Ho CO CO2 H20 CHas | Temp. [K]
Measured 22.2 28.1 16.2 225 6.2 1312
Equilibrium

226 29.1 17.4 243 6.6 1310
value
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B PER HVPE RGFEEE A1 GaCls a5l D BRI 38

Development of GaClz Supply Technology for Mass-Production Halide VVapor-Phase Epitaxy System

P K AR i3 S
NAITO Kazuki SHIMIZU Yudai WATANABE Koki
Him Se* AR BLE NI C
YAMAGUCHI Akira ARIMURA Tadanobu KOSEKI Shuichi

IRIRFACA R EHICAR AR O/NT —F S5, ZATiE, BHa AMERWO 72 DI E BRI
BEHNTEY, ¥V ary (Si) LAY F¥ vy 70N FHEEEOM B R TENIZ R
FAF (SiI0), B(LAV v A (GaN) BLOEELH U U A (Gax03) &\ o TR EE A RO
FRERIFF SN TN D, FRIZ GarOs 1T & G W RECTH VD, TIEHRF I DENT A
AN B ERAEN TS, L LEtERE TIRATF 72 Gax0s 7 /3 A 2 & FEBL$ HITITpkE = 2 K
RHATRETH Y, ZOFRICITESEERE O S TTRE R & B b & kL 95
HVPE (Halide Vapor-Phase Epitaxy) %% V7= & EA HVPE RF2EE O ERNMLETH D,

AFGTIE, EEER GaxOs-HVPE FIEEERE O EEIZ M C, FEE 725 =AY U A (GaCls)
ZHAET D GaCls ¥ = X L — X OFRSME - 7-li 2 EhE L7z CHRET 5, BAEMIZIZEE Ga L1
FTH AL D 2 BB & AV T GaCls Z 428 L7246 H, GaCls £ B3 B PER HVPE RFLEE
(6 inch X 7 KoIF) 1T B L E SN DM E (Gax0s ARIERFIZ I\ Tl 7000 umol/min LA 1) %
B LTI ETHD, R Ga REFMHROEESCH AFMEORHELIZEY, &F Ga LR
HADRIGENHE 9%LL L@ D Z LTk Lz,

Silicon carbide (SiC), gallium nitride (GaN), and gallium oxide (Ga203), which have wide band-gap and
big Baliga’s Figure of Merit compared with silicon (Si), are required to improve the power conversion
efficiency of power devices for the low carbon society. Especially, Ga20Os is good material because of low
cost substrate can be manufactured. Reduction of the growth cost is a major issue for the spread of Ga>03
devices, and we think that development of a mass-production system using HVPE method with capability
of high-speed and high-purity growth is necessary for reduction of the growth cost of Ga20s.

In this paper, we report on the trial production and evaluation of the GaCls generator that supplies metal
chloride (GaCls) as source material for mass-production HVPE system. As a result of generating GaCls
using two-step reaction with Ga metal and chlorine gas, it was confirmed that the amount of GaCls reaches
more than 7000 pmol/min required for Ga203 growth in the HVPE system (6 inches x 7). By optimizing the
structure of the container filled with Ga metal and gas flow conditions, we succeeded in increasing the

reaction efficiency between Ga metal and chlorine gas to 99% or more.

1. IFC®IC
HD, ZNHDET RN EHEHET D721, X
KAEOE G BITER 1 JKkWh i B0, Zo U—=T L7 hu=7 AFEWOFRERNLETHD, BE
I HRERENEEED L OXEN S, R, WmEHE%ET D Si BT /31 AWM %, SiC < GaN, Gax03 %0

DA KXy FAEET AL ARERSATNSD 9,

* R&D 2=y b o< T TR S g
# R&D ==y b < BT T - 16 -
wee KPR CSE A =0 VIS Rk
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T D WD EEEM RO EE LTS T
MTEZ* (MBE) ¥, HiEE, /LA L—F—H
1 (PLD) ¥, A& REAMME (MOCVD) i, ~J
A RHDNEINA BT A4 REHME (HVPE) i£72 &3
& D BUE, I H A A — K (LED) - (K L — 4 (LD)
LDIT A R, WA B IEHR O IR O BT
F A ZABFE I EIC MOCVD IEA VWL TN D,
RO T e DSl e RoE = L F— (ke D 7o
W, PEERT S 2O EMERE L, K22 M, Egh#EL
DFENEE > TEY, MMEFEE LT Figure 1 127
T~ GaN FAR LS ICE M S T 2 AR E O
HVPE {EREH STV 5 D10,

NH; —
Hz, Nz — GaCl+NH3 HC[.|.HZ
HCl GacCl
cl, GaCl,

T=200...800 °C T=900...1200 °C

Figure 1 Schematic diagram of conventional HVPE reactor.

HVPE {:13 4Bt (GaCl, GaCls, AlCls, InCl3 %)
ERWIRIEAETH Y, Mhomik & TRk
A NDMEV, MRS FTEE, GaN 04 U v AfitSE

(GaAs) DRIV CIEREERE 25E Y (100 pm/hr
Plk) ol fmids, —5T, /Mg (2inch £
7213 4 inch) HBHE D LD LrERELEIRTESLT,
R = 2 MEJE D 72 91213k 42 (6 inch F 721% 8 inch)
BEHH G O BPER HVPE FRIEEEE O BB N AT K T
H5,

B O KA & PLET 5 T, SR kA4 mis
& RRIBEER AN R U SO AR PR RIS 3677 U 72 JFUR N Bl i Aa 07
KTHdZ LITER LTS 10, itk HVPE HEE(C
BWTHERO K ABREEBAICRR S 272D,
1 HEERH CHERR S LT B HE 72 & B L AR BRSO A
ANV REUERE L 725, L LARE&SIEINT
OBLEN B KAEULIZEEECH 0 BIRM TRV, £ 2
TR E R & RIRE A AN BE S, AN
beREE G T MBI TR BER ST
% 0, FEEE, GaClz DE A ZINBALG X CRUbEAG T
% HVPEJEIZ LV, GaN FBEDOHER 72 STV 12,
L2 LEA GaCls 1348 Ga [T~ @i <, Wi MEns s
FEIRBRFOKSGIBANHBE L 25 Z L0 h, &E
L E TR ST, 7248 Ga LIEER
HAD 2 BFERIGIZ LY GaCls AR S ¥ D 0EkD
GaCls V= r L—# 1%, &8 Ga LIEFR N ADKIEN
T TR FTEOMBRENG OV &, BT

0= EZIERTHE 7y R U v RBK
LR EBEEEROY A ANRKEYL L TLE S Z &N
PR L 2p o T\ D, BER HVPE AR O GaCls ¥ =
FL—4& & LTI, GaCls O KEMHGETTHE L+ 5 Ui
DEHRILE, VR —FO/NUERRD HND,

—J5C, HVPE {121 % 2 inch £721% 4 inch 4K I
D Gax03 FEF L OHERGED T NA A ThDH Y a v
FE—NYTEALF— I~V T Y RELT T )0
U—thCTERE, Wik TRy B, BEIZLD
R 2 2 MEJESFRE & 22 o TN D,

% 2 C Gax03 DEFER HVPE Rl & o MBI
T, GaCls o K&EftiB L O/NMbz B E L
GaCls ¥V = R L — X ORAR Z1T - 1=, AXFaTlE, &% Ga
BRI ADKISIZE Y GaCls 24K+ 2 ik
D GaCls ¥ = L—Z Z-SEL, GaCls DAERK RS
PREFE LD THRET 5,

2. GaCl; oz L—2 DA%

GaCls v = x L — ¥ 348 Ga L HFERHT A (Cl2
X HCI) % 800CLL L CRISEH®5HZ & T GaCls &
BT 5 2 BMRISHFRNEHMA L W, 1EHEED
Bt (Zone 1) T GaCl /B L, 2 Bxf H O Kt
(Zone 2) T GaCls & ifli B THEL T D L TH D,
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Figure 2 Equilibrium partial pressures of gaseous

species in (Ga-Cl2)-Cl2 reaction.

Figure 2 1Z2(Ga-Cl2)-Clz &S R F1T 5 KSR E
&Py EOBRE RS 19, (Ga-Cla)-Cl2 KIS/ T
i, RVIREHIRIC 7z o TEMEE 2R GaCls & 4Rk
THZENARETH D, L Zone 2 124 Ga
TFIERT, Zone 1 TR S 7= GaCl 2% Zone 2 THt



FRLT Ch EBIRMIICRIST A Z LIk D, £
GaCls 1% 200°CREEE TR E L CEIET D729, ik
FOARIR CRBE RSP IC AL Tl C& A5 Z &8
GaClz ZfE 5 Fl i Th 2,

B3k U 72 (Ga-Cla)-Clz S % % W TR %S L 72
GaCls ¥ = X L — ¥ OB B E L #§i& % Figure 3 12
KT, GaCls ¥ = x L —# O FEp k% Table 1 1
AT, ARFEONTIZAER Ga N FHE I NT-AR

Quartz tub
}eater Gallium boat ua /u ©

GaCl+Cl, >GaGl
]

Ga'ch
Figure 3 Photo and cross sectional view of the GaCls

generator.

(R— b LIMER) & 1~4 BRREHAIRE L LG T
HD, AREOHNITMEHDO~ L hre —F—
FRELTCWD, BAT AN EBEOR— b6 FE
DR—= b~ TS BEHZER— MEHEAL
72, £94JF Ga Z 7 L7 Zone 1 T4 & Ga-Clz
HADKIGNT LV GaCl AR S v, Zone 2 (2 GaCl
NEEIND, Zone2 DA — M Ch 2 HERMNT
HZ LT, GaCl-Cl ¥ AN Z v, GaCls ¥
EREnsd, ERENT GaCls # A 13k S =il
B AE Y RIS IE A~ &S b,

EHZEXAR—FE2HHAL TN AH728 GaCls ¥ =
XL —XD7y b7V b 500X500 mm &,
BRHS TR SN TS 2 BB RS & V72 8%
W7 v —@ GaCls ¥ = F L — & L ~_J 4 0 /N
b FEH L7, GaCls ¥ = % L — ¥ O/ AYLIZ &

D, REEEICRT S A=y FNICEEE
BHTsZ L bafEL o, £7-4JE Ga L Cl;

Table 1  Specifications of the GaCls generator.
Specification
. Ga +1/2Cl, - GaCl (Zone 1)
Reaction

GaCl + Cl, > GaCl, (Zone 2)

Source zone . .
Multi series %raphlte boat
r

Reactor Vertical quariz reactor
Heater 3-zone electric furnace
Amount of Ga metal 3 kg/boat

Size 500x500x1300(H) mm
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HADEMEEE 2B T2, A— FREICITERD
JEBOR 2 Bl X7z, ZRBHR L7z GaCls ¥ = 3
L —ZIZoWTHE, BHESTFHEFRTH D,

3. EE

BA% L7z GaCls ¥ = R L — X & L= EBRANE
DOWEE 2 FH9 5, Figure4 |2 GaCl; ¥ = r L — & D
R 7o —MERT, A RIL GaCl A% A Ch
FTA4Y, GaCliZEA C 7 A >, AEE -V T A
vV, BEXOWGa 7V —=C T HH. I ERITTWY
b, BHEHAOREII~vAT7e—ay ta—F |2k
DHIE S, R— MR SN D,

FIBEFE L7z GaCls ¥ = L — % O F NIEE
DAAREEER LTz, BT 7 U b KAES%
AL, BVEXMEEZEZDZ LT, AERIEEN
D LT W OWRESAG & R LTz, RICERE Ga &
FEW L7 GaCl £ AR — b 1 B, GaCls Ak AR —
M BEEZZNENAWT, GaCls DA% & FhE L 7=,
GaCl; A ICI3 48 Ga (M 7N, DOWA =L 7 h
n=7 ZH) BELOCLHT A (99.999%, JFP &) %
A L7z, AERkSM % Table 2 IZ/R"7, GaCls 4k A
® Ch it i, GaCl A Chii&o 2 % (Hink
W) & L7z, GaCls M Cl & ifi Lind 721
GaCl AR Cla &3t L, HERELE WECHIMINC AR L
STz GaCl A AREMEOE (3 GaCl>GaCls + 2 Ga)
THRT A & &L LTz, B &7z GaCls 1
200°CIZ IR S V7B N & @i L, SRS IS
HInhe b7y 7T L, £ GaCls ¥ = *
L—% 2 KRBT 581, REEZEEREYITH H
Mce—XY —KRr7E2FRELEZ,

Zone 1

Zone 2
H
Y

Hz“Nz_—ﬁ:II_ ] Cooling chiller
Cly+N, o)

Gas sampling

Exhaust

Clo#Np———— Pump

Purge N, >X———
Figure 4 Experimental system diagram of the GaCls

generator.

&JE Ga DEEEEB L UEALLZ ChitEN D,
GaCls D/ERL R R - T, RAED biv/o 4w & 2
ERENDAER Ga & Ch T ADMISHIREHEE LT,
&8 Ga LN AR (NA+Cl) AT S Chifi s
\Zx3 5 GaCls Ak E DR =T~ T,
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GaCls HWAWAEREND Z L& B CHRT 5729
WHR SN AR NT v THEIZ, ER L2 GaCls T A
FWMEIE, A% NT v S TEILEU L 2B KD
XRD WEAFEN L, WEREZIT>7, GaCls £+
WZHERBLE N O TR E g (AT > 7 8, JE &P
0.5~8ppm) ([CEVEEY TV T L, KRG ChLik
EEMER LT, $7-48 Ga KA R— FRNOH A FNn
HUIalb—yvaAlCREEL, R— MEICRE
ST YEHWAR DB B A WGE LTz,

Table 2 Process condition of the GaClz generator.

Parameter Setting Value

Reaction Pressure
Reaction Temperature
Reaction Time

Atmospheric Pressure
850°C/boat temp.
60 min.

Cl, : 25 - 200 sccm

Total Gas flow
N, : 950 - 2975 sccm

Purge Gas in quartz tube N, : 2000 sccm

4. HBRELVBE

4.1 GaCl; Pz RL—2DEERHE

GaCls A EBR %17 2 AilZ, GaCls ¥ =% L — % N
DIRE S ATNE %47 - 7= (Figure 5 M) , GaClz ¥ =
2 L—Z NS BVE e & AN LB T 1R DR 3 AT &
BIE L, A— MRS 850°CIZH VT, 48 Ga
A N OSEUE ST D EIR (BOGHEIR) ORI
ASCRETHY, BHRIBESMER>TND, Z0
FERD G, WL 3% IZFERE LT 0, IS REIR

D+L

EITIRWRE L EFIRNICSH 5720, @)% Ga &t
HELER— FOBRBEBPL LEREZ SIS L

MNAREL 725, BEAISEAR— Mo+ 52 LT, RiEH
EEEC I TR Ga OREHEZHEOE L83, 20
GaCls V=R L—HZ DFETH D,

HaatsF Ther‘rpo~couple 700 x
— 600 7-.'
Ho:w - m:m ’E‘ 500 1l
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k 5 400 E
s | oo 2 300 Reaction g
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Figure 5 Temperature distribution of the GaCls
generator.
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4.2 GaCl; DRk HERR

% b7 v T INERTH4E S 72 GaCls D% 1% Figure
6 T, A N T v I FHICAEHENL LT GaCls 23
HREL WD L E BB CHER LTz, GaCl ¥V =R L —
X & M E% OBLENTS, BLOHENT v 7RI
HERE L 72 R PICIIERCIRE BT 2488 Ga 1THB
M SN otz Z e, BRSNS ¥ A
IR T GaChEEEZ bND, HELITHRIZONT,
32K XRD JHIE % i L7 5% (Figure 7 28%) |, #5%
WENSHE SNBSS R - E RN ERL,
MR GaCls TH D Z & ZRE LTz,

Figure 6 Photos of GaCls solidified in a quartz trap.

-~ 64007
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Figure 7 XRD data of solidified powder in a quartz trap.

(a)Calculated GaCls data from crystal structure.

(b)Measurement result of powder trapped in quartz trap.

4.3 GaCl; ¥z L—2 DOE/MFE
Zonel (239 Cla B8 XY N2 O & L &8 Ga-Cla H
A DRIGNROBIR % 4 L7~ (Figure 8) , Z DFF GaCl
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W%RIH THDLZLEEBETDHE Y, B L GaCls
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% Figure 91787, ChifiE & GaCls AR EIIT AR
ZA3H Y, Chit &N 5 RAF 72§ S S
720 CREZIIN S 5 = & CRER! HVPE ki E
IZWBE7 GaCls a5 (GaxOs BUIEZERE 6 inch X 7 #UUF
IZBWTEE LB S 5 R8T d 5 7000 pmol/min
PLE) MR TE D RIALZGET, FHZ&E Ga L&t
NHRBEN NS WVIFE, EREND GaCls DENSE
W EWN D, )R Gaiikim Lot E 7§25
ZETHHEMET L, CLOMRKENEL kol &
NERLEEZOND, &F Ga & Ch W ADKIEhHEE
B D Z LT GaCl ANEA L, 2 ORMEL Cl I
ARG~ SURES B E SN D 2 L2 T
i+ L NTE D,

100 o

3 95 - s

g [u}

5 90 t -

g

e 85 |

S

5 80 - !
S

& 75

S 70

&) 500 1000 1500 2000 2500 3000 3500

Total gas flow (sccm)

Figure 8 Reaction efficiency of Ga metal and Cl2 gas.
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Figure 9 Relationship between Cl. flow rate and amount

of GaCls generation.
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PR Ga i LICHR T 5 2 a2l E, &J8 Ga &
Cle # ADRIERH 2 F b T D 19,

Circulating flow Diffusion plate
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Figure 10 Structure of diffusion plate and simulation result
of circulating flow in Ga boat.
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Figure 11 System of mass-production HVPE using external
source supply.
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Analysis of Oxygen Isotope Ratio with Multi-Turn Time-of-Flight Mass Spectrometer

S N,

KANESHIMA Keita

1. [FC&IC

B CII ARG O FERH I L DR L E RN
(70, '80) BMEHI AR LD, KCMEST A, Th
b2 Uz AL b S % 5 - e LTV 5,
70, 80 RE O EME/RERIE, SMERGER D ON ik
EEOMEEFHICE W CEERER THY, FICNE
RV Bt VT me=32~36 (Fi—JF+HEH
M1z DA F L DEREE A T DEMETE > TH
SNHERITTE) O~ AALT M ZRE LEBE2H
HLTW5, LaL, 080 & 70, (BRI A1)
DOEBFEN 0.004 Da &b TN E < EHEEDEERRTE T2
TLEMWMTERN, FIT, IO OEEA LV EMEICH
HVHEMN B DAY, KOBEKIDRIZL O RBE L8
T D HESRGRBICRL IR & R 2 ik (B
T, BEEE) 2H0T05 2, ZoJFEEFEEIC R
Th DN, RBIC L0 RS L -BREFRNAT 2 & 58
THEAE S —ERKICERT ZRENLEL D, Th
IEHEARIEMEE L, v oiiEE b KL 725, 22T
R0 AH D 19010, 70, & EHEEER H U IRINL (A
ExWET 2 HEE BT LT,

2. DWEE

B RS TS WO HEHTIC T L 72 258
L L T TOF-MS(time of flight mass spectrometer) % % & L
72. TOF-MS OREFRFITIRDEY Th 2D, T —ED
B TAA U TEMEL, MHEETE T EDHREL
TRATERE D, ZOBE miz A U 3 FOREHRER
BT DI A~BIET 5 £ CORMZENEC D, =
DEZEIZ L D & A AT REE SRS 5 2 &0
TE D,

TOF-MS D1 Th, M E TORATRREE S EH T
172 < ARIGE & 72 5 TOF-MS (HAE - A
JMS-MT3010HRGA (X 1)) Z#E Lz, AERL, &
F¥aERD 2L TRITHBEZ RE<SBSZ ENTE,

* RD = b OEHEFT FET 222 b

E W N
IGARASHI Takehiro

M A~BIE T DR EEZ RES TEHDT,
ALV DB EENTHETRETH D, Fio, AT TH
5720, TAY by 7 PC A O/NREEE Y A X FHT
ELHN~ORBELEH TH D,

)

A

1 S o T I R B oA
3. S HTHEREETE

TOF-MS Z A U 72 B3R RN IR 00 i BRI
D, £3 1010 & 0, DA B — 7 Mt DR 21T > 72,
BT 20, HAEEE - B LTV D TIRR-17 ZE
RN AR (Water-"70) | ZdER 0L, JEE LTI
FHAAEMMLIZ,

3.1 '%0%0, 0, mEE5SH
TOF-MS 2 L % B — 27 O 4Bk H 2 3 7 7= i 5,
m/z=32~36 D 5 K453 D ¥ — 7 1M Z T m/z=34 O 1°0'%0,
70, bR TE (K 2), EEEFNLIR 6 BOIRE %
ERARTHDZ ENThoTz,
35000
30000 F

25000 |

20000 |
# L
2 15000

" 10000 | 170,
5000 |

0 A_.
33990 33.992 33.994 33.996 33.998 34.000 34.002
m/z [-]

160180

X2 190180, 70, D~ AA~T L

-26_



K5 HEERER No.40 (2021)

3.2 DIMERE

SYNTIETERE L, — A I BERDR B DA skt 2 fif
FALEREBRIEICE VIS NS, L L, RARTFAEK
DO (150 1 :99.757, 170:0.038, 0 : 0.205 atom%)
VX 0 KR B0 MM U7 BRSE RN A BUE O R &
RELTHEL TWD, Eio, mRN AR E O ERENE
FELRWEORBRIEIC I 25HMEE2ITH) 2 &N T
RV, FIT, BAE? Ik ER L Water-70 2%
KRR LT-aEE At ek RN (AR 2 L, A
Ry fE D 7 2 2 FBHZ DUV T TOF-MS SHHE & &
FH A 5 2 & CIEMEE 239 L7,

3.2.1  Water-"0 2B+ B LEE

F£9°, Water-'"0 & BRI LIl /7 A % TOF-MS
THOWT LTz, m/z=32~36 O 5 iR FE % BEAFiEORIE
e LIZE ZABRIT T L (F 2), it T
m/z=32~36 O 5 KN 2T m/z=34 ® 190180, 70, ®
SYBESIHTIC X 0 AF NI BBRRINAR T 6 BB EE
DI IBEZ R U, BEFFIE & iR 5 & K 18
FEDRZEN 021 atom%LANITILE W BAFIc—FT 5
ZENbhrol (£3), EXAMIZEIVEONTEHE
Oy TR GR AN RN AR R S R S v D DO T, TOF-
MS &BEFFIEORFRENEMS RN - L2 &1,
TOF-MS MR [FINLIRST T 6 iR EE % IEREIZ /3 HT C
XTCWBHZEERLTNS,

# 2 Water-'70 (2351} D BR IR RN ARy -1 BE L
e R FNRREE (%)

m/z D% TOF-MSfE  BEFIE fWE
32 160, 1.87 1.84 0.03
33 1600 3.93 3.91 0.02
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Removal of Ultratrace Total Organic Contamination (TOC) in Inert Purge Gas Using
NANOCHEM® INX-Plus Purifier:
Low ppt Quantification of TOC by Preconcentration-GC/MS Technique

Gaku TSUCHIBUCHI* Robert TORRES** Mark RAYNOR*

Ultra high purity purge gases are required for advanced lithography processes such as Extreme Ultraviolet

Lithography (EUVL) in order to prevent contamination of the imaging optics. In this work,a NANOCHEM®

INX-Plus purifier designed for removing Total Organic Contamination (TOC) is evaluated with the aim of

removing TOC in argon gas to low ppt levels. To achieve this, an ultratrace analytical method using a

preconcentration-GC/MS technique has been developed with a lower detection limit of <1ppt for TOC (amu

>100). Removal of 500 ppt TOC (amu >100) in argon gas to less than 1 ppt is demonstrated with the

NANOCHEM® INX-Plus purifier by monitoring the outlet of the purifier with the preconcentration-GC/MS

unit.

1. Introduction

EUVL technology is the front runner for next generation
critical dimension imaging to pursue Moore’s law. The
leading semiconductor foundries have ramped up the use of
EUVL tools rapidly in the last few years and the demand for
tools will keep growing.

Organic and/or particulate contamination can not only
negatively impact the lifetime of the imaging optics, but also
result in defects in the transferred image'?. For these reasons,
ultra high purity inert purge gases are required to prevent
contamination of the imaging optics in EUVL tools.
Specifically, to ensure gas purity, point-of-use purifiers are
typically installed in the gas supply system upstream of the
optics compartment. Thus, a point-of-use purifier with the
capability of removing TOC in purge gases to low ppt levels
is necessary.

In this work, we discuss and present results on an ultratrace
analytical method wusing a preconcentration-GC/MS
technique and the performance of a NANOCHEM® INX-

Plus purifier for removal of TOC in argon gas.

2. NANOCHEM® Purifier?

NANOCHEM® purifiers have led the semiconductor
industry in state-of-the-art gas purification technology since
the early 1980’s. NANOCHEM® purifiers have proven to
remove impurities to the lowest levels in the industry,
typically below the lower detection limits of the most
sophisticated instrumentation. For many gases, ppt levels of
H20, O2, COz2, and CO are achieved. Purifier end point
detection is also available for many applications. For point-
of-use requirements, NANOCHEM® purifiers are suitable
for ensuring gas purity at the process tool if installed on the
gas stick immediately before the MFC or the chamber.

Fig. 1 NANOCHEMP® point-of-use purifier

* Advanced Technology Center, Matheson Tri-Gas Inc.

* *Frontier Purification Technology, Matheson Tri-Gas Inc.
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3. Ultratrace TOC Analysis

3.1 Experimental

The experiment was performed using a BTEX (benzene,
toluene, ethylbenzene, o-xylene, m-xylene, p-xylene) gas
standard as a benchmark for TOC. The experimental
equipment used to analyze BTEX in argon gas is shown in
Fig. 2. The BTEX standard was diluted to 12.5, 18.75 and
25.0 ppt (vol.) for the method evaluation. After the dilution,
BTEX was trapped in the preconcentration unit. Finally, the
trapped BTEX components were transferred to the cryo-
focusing trap at the front of the GC column, and then injected

into the GC/MS. The detection limit, repeatability and

linearity for BTEX injections were evaluated.

Fig. 2 Preconcentration-GC/MS system

3.2 Results

The Total Ion Current (TIC) chromatogram resulting from a
25.0 ppt BTEX sample is shown in Fig. 3. It shows that all
BTEX components are detected with sufficient signal-to-
noise. The detection limit of toluene (amu =92.14) calculated
using peak height and the baseline noise level, is less than 2
ppt. The detection limit of ethylbenzene (amu =106.17) also
calculated using peak height and the baseline noise level, is
less than 1 ppt. Good linearity of R? >0.99 and good
reproducibility of <5 % relative standard deviation are
achieved for all BTEX components. In summary, the
detection capability of 2 ppt for TOC (amu <100) and 1 ppt
for TOC (amu >100) were demonstrated with the
preconcentration-GC/MS technique.

In our previous work¥, the existing hydrocarbon purifier
only evaluated challenge concentrations down to the
detection limit of the APIMS analyzer. However this
preconcentration-GC/MS  technique enables expanded
analytical capability to low ppt levels to prove the

performance of purifier products.
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Fig. 3 Chromatogram resulting from 25.0 ppt of BTEX

4. Purifier Material Testing

4.1 Experimental

The NANOCHEM® INX-Plus purifier (WK-75F) was
prepared and installed in the system shown in Fig. 4. BTEX
as a benchmark of TOC can be flowed via either the bypass
or the purifier lines. The purifier material was tested
according to the following procedure at room temperature. To
make the calibration curve for low ppt levels and verify the
challenge concentration, the BTEX standard was diluted with
the manifold and flowed via the bypass. The actual challenge
concentration in argon gas was analyzed by the
preconcentration-GC/MS system. For the purifier testing, the
challenge stream was switched from the bypass to the purifier.
The purifier material was tested over a period of 24 hours at
100 sccm to determine the efficiency of removing TOC in
argon gas. Once the testing was completed, the challenge
stream was switched from the purifier to the bypass to verify

the challenge concentration again.

AV
\ R
Ar [ =] é_, =] J7 <
| /%\ A ot 5
\\A VAN g\ £
/ -1
L’—>< Dilution Manifold @/ &
= <
@ Exhaust MFC [ ><]
LN2
Exhaust —Q— GC/MS | Preconcentrator
Exhaust —Q—‘

Fig. 4 Schematic of the manifold used to test purifier

material performance for removing TOC



K5 HEERER No.40 (2021)

4.2 Results

The four calibration points including the blank (purified
argon gas) and the concentration of ethylbenzene as an
example of BTEX during the efficiency testing, is shown in
Fig. 5. The calibration points show good detection and
reproducibility at low ppt levels. The initial concentration of
ethylbenzene in argon gas prior to the purification was about
505 ppt. After switching the challenge stream through the
purifier, the outlet concentration of ethylbenzene and the
other BTEX components were less than the detection limit
and maintained the efficiency for 6 hours of testing on this
day. The outlet concentration remained below the detection
limit on the following day while the challenge concentration
was held constant. After that, the challenge stream was
switched from the purifier to the bypass, and the challenge
concentration of ethylbenzene was verified to be about 506
ppt. From these data, the purifier material tested shows the
removal efficiency of <2 ppt for TOC (amu <100) and <1 ppt
for TOC (amu >100).

700
= 600
o
> L/ ®e
2 500 o® o
o
£ 400 ]
S 300 Via Via Purifier Via
= Bypass Bypass
E 200 Calibration points
o 0,12.5,18.75,
s 100 o oppr
C 0 comeppeette TV .

0 10 20 30 40 50 60 70 80
time (hour)

Fig. 5 Ethylbenzene concentration in argon gas during the

purifier material efficiency testing

5. Conclusions

An ultratrace analytical method using a preconcentration-
GC/MS technique has been developed. This state-of-the-art
method shows a detection limit of less than 1 ppt for TOC
(amu >100) and sufficient accuracy. In addition, it has been
used to show that the NANOCHEM® INX-Plus purifier is
capable of removing TOC (amu >100) in argon gas to less
than 1 ppt, which is a very positive outcome. The results meet
the chemical cleanliness requirement for purge gas purity
used in EUVL tools. Therefore the NANOCHEM® INX-Plus
purifier can be proposed as an ultra high purity point-of-use

purifier for EUVL technology.
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New Cylinder Management System

Massimo DE MOLA* Federico FERNI*

WeTrack is a customized, modular software that provides all the functionalities and processes needed to

manage the labelling, filling, tracking and distribution of cylinders and containers in the packaged gases

manufacturing and distribution cycle. WeTrack solution is made by mobile applications installed on

handhelds used on the field by filling station operators, drivers or agents. The solution includes also a web

portal for managing assets, supervisor approvals, product catalog and all the configuration parameters.

1. Background

After the acquisition of the European business by TNSC,
Nippon Gases Europe had to decommission by end 0of 2019 a
Praxair tool named GCT (Global Container Tracking), that
was used in BNF (Belgium-Netherlands-France) and
Germany. The strategy to accomplish this binding agreement
was to create a new cylinder tracking platform in Europe,
starting from the regions that were using GCT and then
rolling out to the other geographies.

A team consisting of process experts, operations staff,
solution architects and developers skilled in web and mobile

technologies was therefore assembled to implement the

project.

2. Guidelines for design

The guidelines to develop WeTrack solution were:

* A design which allows to support various types of
processes in different plants and countries.

* A modular architecture with the possibility to add new
features without having big impacts on the existing
functionalities.

* Use cutting edge digital technologies and development
methodologies.

* Adopt a reliable and flexible way to integrate with other

corporate systems.
3. Solution Details

3.1 Technical specifications and architecture

* Nippon Gases — IT Operations and Logistics
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The application was developed entirely with
Microsoft .NET technology. Specifically, web services,
interfaces and web application use ASP.NET Core, while the
mobile application has been developed with Xamarin Forms.

The choice of .NET Core gives the flexibility to run the
application in Windows or Linux environment as well as
allows easy installation of the application in container
orchestrators such as Kubernetes.

There is a different instance of the application for each
country.

WeTrack is a software solution to cover and manage
barcode tracking in the processes of production and
distribution of gas containers, inside and outside the fence;
release and

including batch manufacturing, testing,

certification.

The solution is organised in modules, so to provide a set of

functionalities to manage containers for the end users:

» Labelling (managing the container data and associating
the container to a barcode)

*  Sorting (pre-fill inspection and container sorting)

» Filling

e Analysis

*  Tank replenishment (managing Bulk gases tank in filling
stations, connected with racks)

* Batch release of medical products by QP (Qualified
Person)

* Picking (managing sales orders and trips to be shipped by
picking the needed containers)

* Delivery trip (to manage the trip of a truck driver with



delivery of containers and picking empties at customer)
*  Countersell (for over-the-counter distribution for agents)
» Retesting (for container periodic retesting operations)
¢ Final Amend (to manage the reconciliation of empty
cylinders pickup from customers and update the related
container balance)

*  Procurement (to manage containers filled by suppliers).

3.2 Application layers
The solution is composed by:

* AData layer

* A Back End layer composed of web services, where is
managed the business logic for the solution

* An Integration layer where communications with
corporate systems take place

* A Presentation layer (Front End) composed by two
mobile applications for operators, drivers and customers
functionalities and a web application for administration,
configuration, approval workflows, asset and product

management.

3.3 Data layer

Each application instance has its own dedicated database.
Entity Framework Core is used as the data access technology.
This allows the flexibility to use any relational database for
which a provider is available, in this case Microsoft SQL

Server, and allows dynamic generation of database queries.

3.4 Back End layer

This layer has been implemented with APIs (Application
Programming Interface), that are web services using REST
(REpresentational State Transfer) technology. The APIs are
organized in microservices regrouped in domains related to

two main business area: Operations and Distribution.

Mobile applications

J 0 L

Web api gateway (https)
RESTFull endpoints

Domain: assets Jll Domain: filling ll Domain: tanks
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3.5 Integration layer

Communications with external systems take place in this
layer. For exchanging data with the corporate applications,
WeTrack exposes a set of SOAP (Simple Object Access
Protocol) web services which communicate with a
middleware solution, currently Microsoft Biztalk. There is an
on going plan to rationalize this layer and move to Mulesoft,
an innovative API-led connectivity platform that will allow
the integration with ERPs (e.g. J.D.Edwards, SAP or AS400

applications) in a more reliable and standardized approach.

3.6 Presentation layer: Mobile applications

The two mobile applications, developed with Xamarin
forms, rely on the underlying Back End web services layer.
They work on both the intranet using wi-fi access or Internet
using the handheld mobile connectivity. Mobile Applications
are managed in the handhelds using SOTI, a MDM (Mobile
Device Management) tool, that allows to deploy
automatically new application releases to handhelds, and also

to mirror the user session to provide support in case of need.

(. ZEBRA
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3.7 Presentation layer: Web Portal
The web portal is used for users administration,
configuration, approval workflows, asset and product

management.

Web application

Domain: assets Domain: tanks

Domain: filling

It has been developed with ASPNET Core MVC and rely

on the same domain contexts developed for the services layer.

4. Entities in WeTrack

4.1 Locations and departments

WeTrack is managing the locations for a company (plants,
depots) and departments where the production process will
be done, with the possibility to be created or modified directly

by the local business administrator.

4.2 Tanks and racks

WeTrack provides the possibility to setup the bulk gas
tanks available inside a location or a department. The tank is
related to a specific product, and connected with the racks
present in the filling station, so to manage the correlation of
bulk lot to the final product lot, and ensure the traceability of
raw material.

The tank is managed with a status that changes during the

replenishment phase and linked to the lot of the product.

4.3 Containers

The main feature of WeTrack is to manage containers
(cylinders, bundles, pallets, dewar) used during the
production and distribution of the product.

Every container will have a set of data that will define its
properties, some of them will be mandatory to manage the
production process. Every cylinder will be tracked with a
unique barcode as identifier, in some countries can represent
the container serial number itself.

The cylinders will have a link to a production lot that will
trace the whole process of the contained product from the
production to the final analysis, and during the following

distribution to other depots or customers.
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Each container is associated to a product family and
subfamily. This product classification is used to manage the
compatibility of the container with racks, tanks and determine
the composition of the product, through a production recipe.
The recipes are defined at country level for every subfamily
with components, percentage in the composition, unit of
measures and conversion factors.

The container has a status that changes during the process
and linked to the lot of the product. It’s possible to inquiry
the history of containers and lots.

The container will have a link to a bill of material in case
of association to a pallet, operation that is usually done by the
operators during the sorting or during the picking.

Bundles are labelled as frames, and it is possible to manage
the relationship between the frame and the cylinders inside
the bundle (as different records in the same asset table).

It has been developed a product mapping setup to allow the
determination of the product code used in each ERP, based on
the characteristics of the containers, so to allow the
integration with corporate systems. The product is classified
using some attributes that identify the product and the
compatibility with other products. Examples of possible
attributes of a product are the following:

e Product Family
e Product Subfamily

e Container type

e Capacity
e Material
e Valve type

e Number of Cylinders In Bundle
e Working Pressure

Specifically for Nippon Gases Offshore it has been
developed the possibility to manage full material codes and

empty material codes, so to comply to SAP requirements.
5. Future plan

Currently the solution has been implemented in BNF
(production and distribution processes), in Germany
(production), in Italy (distribution module for drivers), in
Offshore (production and distribution).

Next projects are:

e Finalize the implementation of the distribution module in
Germany, for Nippon Gases plants and for agents.

e Initiate project in Italy for production, initiative intended

to support AS400 replacement.



Develop new module for Site Gas Management in
hospitals to replace a solution present in Germany.
Rationalization of the Integration layer using Mulesoft
platform.

Containerize the application and migrate to Kubernetes
in order to improve the reliability and high availability of
the solution.

Upgrade.NET Core libraries to the LTS (Long Term
Support) version 3.1.
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Welding surveillance camera new "San Arc Eye"
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Term-3, Residual Quantity Monitoring System for Medical Gas in the Next Generation
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BS001 k=t (LGC ikt > ¥— - Forgs)

Model BS001 liquefied gas level gauge (Liquefied gas level sensor and indicator)
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Long Lifetime Middle-Pressure Gas Cutting Nozzle “305111” for LPG
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Introduction of 3DPro® Product Line for Metal Additive Manufacturing
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