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Development of the Detection System for Carbonyl Sulfide
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Carbonyl sulfide (COS) has attracted attention as a dry etching gas in a semiconductor manufacturing,

usage being increasing. On the other hand, Threshold Limit Value (TLV) was newly set at 5 ppm in 2011.

Thus high-sensitivity detection monitor for COS is being desired.

We have considered the high-sensitivity COS detection system in collaboration with the National

University Corporation Kumamoto University.

By combining adsorption-transform-detection methods, we have achieved the technique which converts

COS in the sample gas to hydrogen sulfide (H,S) selectively. Using this technique in combination with the

existing detector for H,S, we got able to detect COS at a high sensitivity (5ppm).

1. [FC®HIZ

Wik LR =/ (COS) 1T, AL EL Y2 TR
BT AEHEN— R~ A DRFERT Ay F
IHAL LTEAZED TN Y, COS i &1L KE

BIEZ TONCEX L TRV 2016 4|2 ki
EHAETE S BRI GE BN RIAENLTVWD,

COS IFFEHENAN L TWb—FT,2011 I KEE
EMAEFMFRFE (ACGIH) I THRRE (TVL-TWA)
73 Bppm ICHRRE Sirz 2, ERRE S 4 BT
HEHERZELOBENS LV TNANIA LTOE=HFY
VI WEFENTWDMN,COS [IALFAAIN ARG Tk
FERANEETH 5720 B E S iz TLV B4R
T DHEMPLER TS,

ZZ TYHTIE COS M AT LADOBFICEFL
ESRFPEARBAR KRS L LREAEICE Y HbAE

*OBHFE - 2y =TI AR O UEWFIERT AL A RS Sy BT B IR
*x AR RBE A RF AT SRR

(H,S) 12254 U BITE T &AL TUVN D HoS fiings & il
BB IH,COS % TLV T3 5 Sppm % i 0 o] fE 72 Hiffi 4
TEST L7=,

ARG TIX COS & SR EMRIN T D7D DT AT Lk
&, DOBEFEFINICE T 2 KM, T2 T UV HD
RN A AT S W TS B,

2. EBRRUER
2.1 COS &t - MAnFBe & BifiAknk

COS 1 “HEfE & A Fr o E e iiiE % & 0 LFAITR
TEVECTH D720, mIRE ICEBERIT 5 2 L AREETH
b, ZD1 COS HALFEMNTIEE 2Rty I 2518 L
EHAL DRy BT 2 FEERF L,

COS DOAMATFIEITIZEEFINC L Bl D fibta i
Z X DI R Ve ERB B,

BRI & DA FIHETIE, IS LY b E
(S0,) MAERLT 223, BIEHINN E 72 1XERANFR IS 2320
BLpDTDTA BNERT D, & 2 CHMAME
AR & T D T2 DITKR GRS & A A NRET 21T -



KI5BEEEE#R No. 34(2015)

72
IARGHREIOGIZ £ 0 AT D HoS 13, iR E T2l 7e
WRENZENE A —H— LV EiEah T\ 5,COS0 5 H,S
~OEMDPENR TR S NAUE, RO HyS Mgz H
WT HS#EIZTCOS 2= U vV HliEL b, %
T AR B ) E T b U RS TaOR tE Y& A
W EIREHEST S 2 E NTFTRETH D

LIk & v ARBIFE TIE COS Z MK RGIC L D H,S
VA U TR s TR 9~ 2 B & et L7,
ARG COBERBN L MFNBILLLTO4ETH D,

a) bl K 2 ANk iR s
il i BB AR By OV AR B O AL
b) WA X B RiALER
COS ZW AW TN A B WA REFTHELR W&
R OB
) B 2 ~DKSTIE
L EY NN AS 76 v AR 1527 = AR S
d) H,S Z5Hat% DR H
KA IE D TR g O R

2.2 COS DINKSIY RIS

COS % H,S |2 #1795 BT — MM FRE(L) D K
DAVSEND, ZORIGIE 1000C L Eo i X v #17
TAMRTHDIN,y =TI F (BT V=T L)
itz 0 MBVREA R T S L2 ENFETH DL Z
ERFHRTND O,

COS+H,0 - H,5+CO0, ....(1)

ikt 2 FR N 72 00K 9058 S0 ~C Uk S I s S D
{ERFEAET D HS OFREBMOI-DICEHE L 25,
T ORI X DK G fif5hs % & oo, H,S Fs4E &
A ROT T2 D OGS S 1 O B & fEt L7z,
MEHZLL F ok (Figl) (& T3 L=,

MRP
Micro detector

150 pL/min e o e e i

T‘ Column:

U - HMCS 2min Soda lime
suMEma Waste
0.1 M NaOH 3min 38V '

F gas ‘
containing COS
. Column in alumina
Bubbling Heater

Fig.1 Gas flow of Analysis
IR NTT v X F ke (HEEN — N T — Rl

) Z I SRS ST Air _X— R COS I THET L
Tro ETEBLD HS HIEIIX 7 VA LA U EERK
R (FMA) 12 X 28 lEEE iz, @RllEE,
~A 7T v b EmHR A D T mRE
HTECARIEIZ L U H,S % 0.1ppb DFE CRHll+5 Z &
RATRETH B 9,

fik ik D FTAR 2 b9~ D 12 7= v ,(2)2E VT COS
B HpS ~OEBNEZ FH L BOSGMEE LTT LR
F i R R BRE T R R D B A A R L
72

Bt L 72H, ST (ppb)
- - x1
N L 72 COSIEFE (ppb)
221 TU it B oKl
12 A > F B & 150mm O fil i fE oo Feit B A 2k &
HCEHt L7z (Fig.2), fiiEEN —EEU LD LA
WA D3 7 &, RIAREE R C o e 8
6g LA ENMETHD EEZBND,

COS 200ppb in Air , 65°C, flow rate 400ml/min
25 L} L} L} L} L} L} L) T L)

TEHHF() =

00...(2)

20 0 e |
15} o ]
10} ]

51 i

Conversion efficiency [%]
| |

0|||||||||
01 2 3 4 5 6 7 8 9 10

Amount of alumina [g]

Fig.2 Evaluation of the amount of alumina
222 fldESRE O FoRql
30~140°C D i CTFEAL 217V Fig.3 DFER & 157=,
NR—=2ZAH AL LT N, KO Air ICTEEL, 2
80C 60 C TEMBEDOMR AN R ONIZH, 2D
RENREIRE & B2 b,

COS 200ppb , Alumina 7g

16 T T T T T L) T T T T T T T
= 14} l..l
>
12 u®
g N, base "
2 10t 2 =
2
5 of .
s °r
> ol ir base
= L1 ™
O | | -
o o0

0 20 40 60 80 100 120 140
Temperature ['C]

Fig.3 Evaluation of alumina temperature



223 HAPWEDKEL
fi i & & IR E A B E L e ST E AR £k
(200~1000ml/min) & T [Al—ik FE oD i R 2 PR
9% Z & TRHME L, Fig.4 OfER &2 57,
K EIZI2 D ERRHREIZEZN R bR 2D Z &

M5 Feii 72 sk A 81 900ml/min LT & 72 5,
5uM FMA - COS 100ppb _ in Air

3.5
3.0
25
2.0
1.5
1.0
05l 1000 }
0.0

Output [V]

0 2000 4000 6000 8000
Time [s]

Fig.4 Evaluation of sample gas flow rate
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Fig.5 Linearity of COS conversion
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Fig.8 The effect of moisture addition
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Fig.9 Gas flow of detection system of COS
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Fig.10 Plots of COS detector reading
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Development of non- water-cooled convection heat transfer type oxygen burner
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Development of High-quality Low-temperature (=120°C) Plasma Enhanced CVD-SiN Films by Organosilane
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JEYTRR.L), MR (BHF E/R)ZFIRRE OMERE T Wavenumbers (cm™)
3@@, RE, BISEHCOWTHEMELTHY, SiN-A (b) SiN-B
fE43-11MPa T 1) SiN-B 5i7A3-74MPa & & & IC53\E 3 T A A Al 2
MG ha a5 Z LRz, —F T, BRI # 1, SiH4-SiN L HHE T o -SiN o IR bk
BHIIKRES B R L7200, N ) Organosilane
3R R AL SR 2 R, SIN-A I CIX PCT % Condition SiHa SIN@200°C | SiN-A SiN-B
FEhid b L, K& SIENFBERBA L, Si-OfbarHE Deposition
. . Temperature 350 200 200 99-103 | 110-115
MLTWDZ &Ny %, —J57C, SiN-B L, PCT ©0)
B TIEL A EZ L LAV, 202 & LY SiN-B X R.I. 2.04 | 1.93 1.90 1.81 1.83
WHOBREET T 7TARRELTY, 138 A RO '(SntLF/nf{[f; 129 | 1942 | 04 276 | 346
ZAldd, EE% & FSEOREMEREZAE T N
Lackage Curent 3x107° | 8x10° | 3x10° | 1x10° | 6x10°
HoMNERolz, (Alem*@1MV/cm)
WIZERPIMEE 2K 4 1R T, SiN-A X 1X10-6
Alcm2 @ IMV/em T3 Y, SiN-B fE1Z 6 X 10-9 Alcm2 @
1MV/cm T 7=, SiN-B %, SiH4-SIN & & (ZIZ[F 1L.E-06
BREOCEZMMEEZFE->TBY, fiEEL LTH 159 o
T X IR TH B, g
INLORELY, AT REELE L, RIEL 2 s
A Rk 5 2 & CRIBHRE 120°CLL T T b il g
RSINFRAZER CE D Z EBHLNE 75T, 1.E-09
1.E-10 - :
0 1 2 3

Voltage (MV/em)

4 U — 7 B R
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Fox i, A T AN AW TR E 120°CLL
T CEfhE 72 PECVD-SIN A K S5 2 & IZpkE)
U7z, BREOICE, B, s, MeRiET, 1
KFETH 2D SiHAIC X 5 &I (350°C)SIN K & [FIFEE D
MREAE R Lz, ZORRICEY, FEKE X MEMS
TN A TSR T DB DKW TR L,
EinE 7 SIN EZ IRt CE 5, £z, fEkERTHD
SiH4 & BRI ChH DAY 7 T LT HE
THY, FEHEAICE S RIERELEBT 22L&
TE 5, 5%, ZoOmMEIKE PECVD-SIN SlEH T &
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Ambient Air Vaporizer of Design Optimization with the Thermal Stress Analysis
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W35,

2. fRITRAK EBRITEH

A

AT T, Z2IRAZRFERR T L D L= R e O E

HRIRABICHR L C. RO B oK E Lzl
B 72 R 218 E & L= 8RBUS DT 235 L. 55

NlofER L v iRt ER D FE Uiz, W, fifTE
K OVERIZIT SpaceClaim Engineer 2015, A REEHEF
IV DVERR R VY LR —I21E ANSYS Ver.15.0 & v 7z,

FEMT SR D 2R AR AT Coi 23V U — 2§ % EAL
) — X X ) EAL-2000V Z&IR L7z, TR 2 X
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THERE - EAEK - S - BT EA 2 Rk T,
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— ERVA B A NLATR TR L. %%&%E&Lmﬁ

WERRIGIRE Uiz, #, FHRZIER(bD DI, Mk
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FRNTAE RSB NS D E M L CTER L, RO A
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R —2 7 L — F ORI hRGE SRR E L, 7
L— hEASEFmWRE Uiz, mESML. K hEH
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RS CREE)

AT R SR (N EHR)

B SRE A AR (R—RTL—F)
SEEMR KRB

X 2. BMESTIRAT D IRAT A1

K1 AT CHWIEMEESR OAVI=UL64)

B 2770 kg/m®

Yo R 71 GPa

K7V bk 0.33 -

HRIEIRER SR 2.3X10° K*

B 114 W/(m + K) @173K
144 Wi(m + K) @273K
165 Wi(m + K) @373K

% KRR OBENEE IR L7 b0 & VB

AIRHT WM BES 2R L ICR#iT 2, EFE
ENFRAT B OVER BBV T FRAT IS LB 70 5 M4 BFE 20
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Z ORERAE I, HER O JRETRY RSP T AT D0
NEMRRERE L7 ORF R LA RFT LTz, Yikk
HERHMOBUTRENIG L, BEROREEZZET L, £
TEF AT A L7e, X 4 ISR R b E X o 72
FAARTEAR S INT DA YIS )53 A 2 T, TR B OVIHEES
Y D7 4 EDOEEMAR D TR R QNS AR

AKX

AN

AN

X 4. LGN oA EEHRoE E:)
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The cooling system for Demonstration Studies of
High-temperature Superconducting DC Power Transmission System (Ishikari Project)

[ 3 O TN
FUJIWARA Nobuhiro

w R E #Z=
MATSUO Masahiro

1. [FC®IC

EIREBEY (HTS) ¥ — 7 AT AT LZIE, EEHIE

DR B E DT, 24 mh R CEE R RE7Z2 Wk
fld & MIRZEFR (LN TEBRAG A L Th S,

MRS oo 7B, B = 7 5 00 B 22
Bilizbilz, Mm AR EFBIGER Y AT & RKE A
FL R A & O T IRIR I B N R AR R0 . B 2SI —
HEE S OG- BE L RIRFEEITo T,

JEHRE AT TITh N TS IR T
AT LOEFEAFTE (LUFAFF PY) 2B\, fRa
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2. BxEtASt

A LN, JEBR N EI AT AOFBFHIH A 32151121
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HAHL A L faEt B SNz, EBIZ, HTS 7 —7 /L O il
THBR THEEZTIZEND, [BRFEE OHKIZHLRED
B W cilED DfREF S HERTEY,

HHBROE FIZBL T, OB A, 72> O
JEFHB I N IR S D TS A T W BVE O R R
P& FZFET DL OFREE SIS,

* ALY ey 7 B

% 9 bk 17
MAKINO Momoko
& 1 K BT
KANEKO Mitsuhiro

Mmoo s
NAKANISHI Tsutomu
HORE BT
AOKI Itsuo

Fo, BRI —T VR CIAL 2D T KB R itk %
T NWEIV AT AMAERL, REBES I /TR L
ZHEFETHI LD b HENI-Z 805, FHEEHINED
F#C, R EER T o7,

3. LN, BRGNS AT LR EH

K ATF BN TND LN, BRI EI AT AT, %
W BN ER U= N T b
WrEEL A TR LT- 1 DD = N ThrD, ASFPIICEIT
HINHIV AT LOFEARFRELE 70— K E K 11TRT,

o JTCHEE - —— - —mmmimmmim
| HERSSATAS RIS RS
| <]
’ MRebilesd ™ )
| .
| f \__
| hETvk—I
! (r—T L)
| 1221 R
| X [ —
| BUAK
i E—5—
2 kW
Pressure 0.2 ~0.5 MPa |,
Temperature 70~77 K(-196 ~-203 °C) h —
|| s—HILate EiR
Cooling Power |2 (+0.9) kW AERS T
Flow Late Max 40 L / min 09k
- I e
Pressure Drop | 0.1MPa kL E I

ARE—Ud e
%m; ERALT

1 FHFEFROFEARMTER & 7 a—X

2=y NI, WEIV AT ANERICE LB ORY
2—AEREELE BT, bR G TV, R
HARIZHIIE L TWND,

BlZIE, 77 KIZBT DR ZE RO L1 808 kg / m?
THY, ThE 77 KD 66 K O TIREEbSE5E, K
FEIT 7% FREHAT 5, AT ANICBITARIEZERED
RELEHZLLZOEBENDOLBELZ)Y ——& 7T
TR DA AL > TUND,

WHIV AT LNEFEERSIE TS LN, (3, NET52L
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VP —\—=Z JI I DI IR & O T3 i &7 > T
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W5, LN, TEBRIAHIS 27 AR ERO EF & LT, Bl
LIZBITDIRE S O E 1 NICERIT 72— R =40
LFOREBEER 1ITRT,

BFE1 [EHE 1O LN FEERMEIS AT A AR ES

4. BEES—J I AWB_EE
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BETHLHF (K2 5H),

2) WrE\ 1T, Q7 AI—REL (K2 EHZ
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A RET2E (K2 HMUBH),

(3) MG RS LOLEMER (A—/S—(frval—
Tay) Ol T ERELOTD, KBS CHATR
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4) VE—=UE X500 ADAT UL AEE WSS, Fi2, 7
— 7 IVEEIL 65 A DAT UL AE 2 KT FRP A5l
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S5, EEPEECE . 90° 8 T Bl OISR FHCIX
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2 HEWMA EEFREHRALE

, Design Specification
A—18— Liquid gas LN
‘ ‘fJ/JJJ—/EJ :
HTS r—TILE (©76.3 mm) Al — LR Inner Pipe

pressre

0.5+0.1013
(MPa)

Inner Pipe

-213~ + 40°C

Outer Pipe

-15~ +40°C

BB OIS & FEAAR

5. £&H

2015 4 8 A 6 H. Hifitl A& LB EE S —7 /L 500m
D e AR A R BR O SR R U D F2 3R BR R D)
DREENRENTZ, 5. 500 m TOREREHEL T, B
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MABIICD | BROEKT OTHEL D SR A E R
BH, ZORBEI Ty =7 MBS CHEIT QDI R,
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SE 3
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Fohn ERER, Rk 27 43 A.



5% f& #8 Ir

KI5 BEEE#R No. 34 (2015)

50 ton/day KIX T AR b IEE

50 ton/day LNG plant

1. [XL®»IZ

>R —L® Leeden National Oxygen fL:iZHHA S
D RIRH AR (LNG &) #0352,

ZAuE, 60 A A D ERIREBOFFLTEMN L
T B DOHPEM Th D,

2. #

1) HU5 LNG &
50 ton(metric)/day (29100 gallon/day)
2) HEE )
1614 kKW (2164HP)
3) BT A AR
C0O,=10% (vol), N,=2% (vol), H,O = 150ppm (vol)
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Kasumigaseki Hydrogen Refueling Station

1. FC®IC

BABIKFERAT — v 3 VTR FEER O T E TEF
AT & L R L H EhEE (Fuel Cell Vehicle LT FCV
ERET) WCKFEREIEFE L Tz, ZOE, ZoHEA
BT LI CHREFEFNR LRI T 5,

2. ERBBREUVFTERE

TREFEEL OMBIFE [kFE - BREFEREL Y w Y=
7 MAZBNT, HAYIOBERAKEZEAT — 3 Dtk
SEEFEE LT, 2002 4 12 A ~2015 4 8 A £ TH 13 4F
MfkpeEs L7z, ZOHM. 3 ROKFEAT—T =
CEBUEL, TRLOFEIEE LS B CEE &
T LT,

#£ 1 FEHER (2002 4 12 H~201548 )

KFEA A TR (kg-H,) 8,165
FCV &% (&) 4,605
TEIR 03K (H) 2,818
3. HRiEHE

1) WRE,rBEKERT— 3

(02412 H~06 47 A)

FT oy s THERIRER LN R BB E LT
A LTz, BB T L= & b T v 7 DDk
TEAREAEAS L, B CHAL CTE T o7z, KEMHS
TR CH DITEHEKFE N AEGRE OKFET— V) 1 35%
i & —#EICHAZE L FCV ~D FEIEE /113 35MPa TdH -
77

M1 ORE 7 BEKEAT = 2 VAN

@2 F2REBrEAkFEAT— 3
(‘06 4£ 7 H~094£ 3 H)
FEE N7 v 7 IR LREECREBIEET
X5k HICHE WEL, BEBLERDT-DES

Biana kM L, £ OS5 HEROKFEOWEEZAREL LT,

FCV ~DFEITHHE LI KEH A THREN T,
FEIEE /1% 35MPa Tdh - 7=,

. = A ——
— i
b e s g
L. L e
-y R

2 H2RABE, BAEAT o 2 L AEIN

(3) FEIMHBrBAAFEAT—V a3

(‘0943 H~'1548 A)

AHBFEIMZ, 22327 MEEK Y | 35MPa
FeiH, 70MPa FEHL O JF TN T D%l & Lz,
F72 FCV I A AKRET A ZHBHTE T L 7 —
IV A FEEL L TR Y | FEHE IR 0O RIE 72 F g 3 5
HTx7-, BEHRA T 70MPa FHEK NS L 7 — L%k
i LI BARYIDOKEAT—2 a L TH B,

4. #BbHYIZ

AEARNEIT, BEROLL LT EEAKEARAT —
Ta BN Th, ERTHMICR 2 EMEMN»ORE
FHEFERTH D, ZOXRE - EH UL, BEOR
Bk #E AT —3 3 > Hydro Shuttle®D, 24753, il
FHENZIE NS TR Y . BEFEOKEAT — 9 Tl
DB T S RVERF & 7o TV D,

(BAFE « =¥ =70 )" A5 77 0y o) MEEREFE
AKFEAF-vay7 vy 2yb @ AR



7 & f8 Ir

KI5 BEEEHER No. 34(2015)

L—YINLTHEZRT AR AT L

Nitrogen Gas Supply System for Laser Cutting Machines
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Energy Saving Nitrogen Generator with Liquid Nitrogen Producing Mode
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Pesticide system by carbon dioxide for spider mite of strawberry “Agurikun & Sukusuku bag”
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MOCVD System “ SR4000HT ” for UVC Light Emitting Devices
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Development of transportable liquid oxygen system “HOTARU” for Home oxygen therapy
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