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¥ 2.1 Thick Film Gas Sensor Analysis Data (Ajit, Biit)

Ajit Biit
T ¥
Element Material Element Material
(Sn, V,
Sensing | Sn, Si, Pd,
Cr)Oo, Fe, O FexO3
Film V, Cr, O
Pd, SiO;
Heater | Pt, Si, Au Pt Pt, Fe Pt
Au 62,
Electrode | Au, Al Si Au Au, Pd
Pd: 38
Sensing
Au Au
Electrode
) (ALMg):0s, | Al, Mg, Fe,
Substrate |Al, Si, Mg, O ) (ALMg)203
Si02 Pt, O
Wire Pt Pt
Al, Zn, Si,
Heater | Zr, Mg, Ca, Glass
g Pb, Bi, Cd, Material
O
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A z3 A

21 &349=s
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Barium Titanate 99.9 BaTiOs Fyji Titanium
Calcium Titanate 98.0 CaTiOs Ferro
Strontium : STREN
99.0 SrCO3
carbonate CGENUCAKS
Lead( O )oxide 99.9 PhOs Aldrich Chemical Co.
Titanium(IV)oxide 99.9 TiOq 1Aldrich Chemical Co.
Niobium oxide 99.5 Nb20s Aldrich Chemical Co.
Antimony(Il)oxide 99.0 Sh20s Aldrich Chemical Co.
Silicon1 dioxide 99.5 Si0; Aldrich Chemical Co.
' High it
Manganese oxide 99.0 MnO. 2h p,un v
Chemicals
Aluminum- oxide G'R "AlO3 Junsei Chemical Co.
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22 A=
BaTiOs, PbTiOs, CaTiOs8 SrTiOssh MEA3 dopants] NbzOs
o] ¥, ethanol, ball¥} 7 T4t E£¥E 2FEL A
0CoNA 4XZHEST St T tadte dojx BEHE 244
mill2 2% % binder® T3t A 24X 7 8314}
%9 slurry: 29 2209 Doctor Blade® ]85} sheet2 2|23}
Rt

i

pot
100
ball

o
e

)

2% 2.20 Doctor blade A 3 3x]
AZE sheet= 600C7HA 50C/hr.2 5235 600°CoHNA 487+ dFA&
s, s AR PHTIOELE 9ol tube A7 2olA £2F )
ATFxE ZA3tEL  ohmic paste®} coner paste® HFEF 600To)A 10
3 @A ste AVIHEAL S EA A
a9 2219 2¥ 2228 AR AlHe AeAs 9 L -AIFEA

tfo
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BEE & 239 Yerddoh

A

=
=

g

a9 221 £ E-A

X
Nl
o
oF
oju

19 222 25-A3F =A
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2% 2219 SE-RA ZRFAE 00T neqH ZA57] 9
3t ZFFH, controller, multimeter?t & AZ3IYth E3], 300T]%
A4S A% 2AE quart FEE Eo HFded Uz, HIwHd 9
g AZste AHETh

Lo

UU
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¥ 2.3 Doctor Blade® A Z¥ PTC heater 33 %

@ PbTiOs

PhO TiOq
| |
I
Mixing (24hrs.)
]
Calcination
| ]
@ BaTiOs @ Nb20s
| ]
® Mixing (24hrs.)
]
@ Drying (4-5hrs.)
|
@ Calcination
|
® Dopant Add
|
® Mixing (24hrs.)
|
@ Drying (4—5hrs.).

Binder Add

1

@ Press

@@ Sintering

@ Cutting &
Polishing

@ A=3A3

® <A

— 45 —
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£ 24% #F 239 AxFTAZC 3] AFH AHE 1200CNA 302
F No®S71 A 22 & B4EEE 50C/Ar, 80T/r, 100C/hr2 W
HAAE A9 AYAHE Ui AolH, AZE PICY $A44ES

A EFE Aol RolAE RE £ 5 AT

¥ 24 ¥45E ¥t mE AlHe] [gs)

50C/hr : ™
80C/hr 36K
100C/hr 1.65K

¥ 25 A2ZSEE 1250C=E 3] 300C/hrE ¥4 v 1250TC ol A
o SR B2 AYF WS HED Rl

% 250 UEd AT gol, 2WLENMAY FA o] PolAsE
Pbel §ito] Z7tEjo] A4 W BaE I AF YUY Fa9 Fr2 e
A go] FolA= Aoz BoET) |

¥ 25 12507C

SRR

A& FAAZE ¥se] wE AP s}

1250C, 1hr 561
1250C, 30min. 472
1250°C, 10min. 450




¥ 2232 1200C 9 TLE oA WHEE 9 A7 WSt w

ol

€ "ATFEE Yetd Zelt. Id¥ 223a), 1¥ 223b) R 2
223()o] e AT o] WAEES MESE A4 Fo] A
AL B F e, 29 223009 1Y 223(dd vERG vie} go
1200CeIN 8 $ANZHS BAT B9 AR 4B Thal AXE AL
2 5 YA BEkA 2FeEdAY FANRE BA st Y=g

A Pe W Mg 2L vATEE JEEE & 5 AT

oo o

il

(a) 1200C, 30min (507C/hr)

L

(¢) 1200, 30min (100C/hr) (d) 1200, Zhr (1007C/hr)
2% 223 WAEE & n4TE



oj9} Ze NFAF 71E9 AFYEY Doctor Blade TRAYL &

ARG A 7o FEHZF AYPEHE EAZ A #4% vATFERY $-
7 A7IHEH S Zte PTC heater AZE AFded oz o =
AL ¢ F U

Doctor Blade &8& A ¢lojgt 471 TAHE AL HITAHY
7128t AR 71HE AET o Phe] 3T E vAFE FE FAZ
A3l 2L A™A X ooz 7] et 3o

mEtA] B AT E ol ARE NEsy] As gk gl A
FEE FAANA HEFAEY FHARE A HFLE € F IdE
tHE AMSE AHEE thA] A FEA T

Ingot ¥HE AMEE A$ AXE AP P AT F FeF F
Z Polishing3t= @AE AAA H+4d Doctor Blade &FA H)3] £9H
Z5E A FEAE F .

HE 262 IngotE ©]&3 AHY A= FTHEE YERE Aol

.‘_.
X3
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E 26 PTC A|Z2FA X (Ingoty)

BaTiOs PbTiOs Additives
| |
Dopant Addition
(Nb2Os etc.)
Mixing
I
Drying
l
Calcination
| .
Crushing

Binder Addition

Mixing

Green Sheet

Calcination & Sintering

Measurement

Ingot Method




E 269 Ut A ) BaTiOsoll PbTiOs, SrTiOs, CaTiOsE 3
7l NEE AFstgoH, 2384 A& A8 X-4d3d E4S Y3
R, 2 ZAHAE 27 2249 JEPRAT

BaTiOs, CaTiOs, 48 PbTiOs, SrTiOs 25 A24 o] &A% &
TTEAZA, AR 1T Al g3

a9 225€ 4T 489 4= ¢ A4S #FS] A8 4FH
o] #2433 REA3 dopant(Sh:Os, Nb:Os)oll s FALAAEW A #
2 AF}E UEd Bolt.

S2EA Y dAAVI9 AL BaTiOzg AP yrix E4L 43
A XS & £ JAT. BaTiOsd 4AF Z71& oF 0.5me] #-¢ vjA
3l #d3 YAZE o]F oA gloy} PbTiOs, SrTiOs ¥ CaTiOze =2

2259 (b), (c), (Do Yehd AF} o] H3}A agglomeration o
NSE B F Y. 53] PbTiOse 3% 4234 F Y2 melting point
2 3t Aol o= Ax JP=H YA ZrrF an, AT B

J

o

w2} A Zl% 2.25 ()9 BaTiOs2 A9t PbTiOs, SrTiOs, CaTiOse
gAY FEE BAAAL B dRAIAVE 2HWIGY. T,
225 (e)9 ShOs B¢ dAAZIZF 23 2 AUz BEdd 34
etz gloy, 28 225 ()9 NbOse Sbe03 Bt 4x3a7|7t &
W gd3tged, o] F wEAF dopantd PRI € FAA oA}
NNHEG FE & SR diHo E A7 E NbOsE
TA 8 dopantE HAQZst AFPE A3

1.1
lo rulo s

2

22
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(€3] BaTiO;

(b) PbTiOx

(e} SrTi0a

{d) CaTiO,







3. A9as

!

—

44

31

NE 1~Ag 57148 =4e

(BaoaPhosCan ) TiOs, (BaosPbosCan1s)TiOs, (BaozPboeCao2) TiO;,

42 PTC Mul2=HE Axst7] 93 28 2199 UE

T
ow
= .
4 W
< B
) %0
S %
e
ﬂm,&
o r ¢ &
S L BB
SMMW
R EAE S
8
“ 2 £ B

Al 303t

0.11mol% Z7}3ted 1280°C )

NbOs&

dopant$!

0

HERA AT

a9 2.2600

2% ARGE

o

~

/ e

Ar-£-H] %] &

o] Qo149
2713 A24)

30

gl

=z

e ~ - - P b-—4 P -

(1280C

a9 226 2




o 42§y =191B9Y foie i
= 2 [t BEY $& Bl Ely ‘hkers
hE B 2hth Selkkla 3R RER 2BEXTUWC] (¢ =
v 2ESTEB {480 {chielse lokkln Bl lR{£EBRD ki
1 ek ThElle KE o bii{ic2 ok
lx BD 3filn & ‘ol kKRR Toi 2lERE SRRl kil
e SRZEHE BIOUET Thle Ek8T RER BFOLLEd 3|
=g %OWST BEEl Bk 338 hledkln lzixln 5&&
lelle 3& 4B BB Tkl BR2E + B S 2 Thih
SRkl TE Ll TN 24& BS T €T El klah ‘e
Bh SRRkl 3R &l t& BRET EEOWLENIRY) 6T Ely

T




32 Nb20Os E71%o] & a3

a9 2279 BaTiOs-PbTiOs-CaTiOs Al2=®ellA Tc7t 300T o442l
BEAA HAA 55379 ABE 22FY PbiTd wet Tcd Asrt
A7 §7) 2e] Pbel Hte A nAt Cast BadP g Sr2 AT
sttt ol Sro] X2 SrTiO; lmole #7113 TcE 25TH ALZo
2 o)FAE A& 13 ABSE 2AH 2, (BaosPboasSroo) TiOz
, (BaosPbosCan004Sr0006) TiOs, (BaoasPbosCaoesSro1)TiOz9] 37HA] £=A4& A
A .

27 2272  (BaosPbossSroo)TiOz ZHo2  AZF AE 69
(BaosPbosSroo7) TiO3 Aol NbOz 2183 ¥W3le] W& nA7T2AE S
UERd Aol 17 228 AR 89 (BaozsPbosCaesSroi3)TiOzo Nb2Os
A7 Zd e mATE AARE JEd Aoln, 1§ 229 A" AR
o dopant Nb2Os H7F&g WEAIA 1280CoIA 308 £2F F9 42
H A g gS JEh It

NbOs H7b#o] S7HEsE YA Z7|7t FokAl e ol
7te NbOs YA7F grain boundarydl 88 2d &<
o Q.

EE NbOs Z7FZo] 0.11mol.%~0.13mol. % oA ddstz, =L

3 FERE ZE AL E £ 9u 28y, 7SS 015mol%E FIHA]
719 grain boundary® & %9 Nb.Os7} n&Ho] I 2L AAE
o] A &A%z Y= AL B & e, o3 vAFRY IS

LU AGHS] WEEE B £ o

2 2299 4ulAY WstE BY Caold AUt B¢ &9 49l
Uehd uigt o] il wet F2H| Aol CaE HIMSHA ¥
(BaosPhoasSroo) TIOs2. T+ =7 UEEH. o2 d 4L vl Sroj&
A7te 2e 2AE Ued Aoz B AeuATE NbOs A7t
0.11mol.%~0.13mol %M AE P& W FE Yehz e o
ATz Aoz F d9Han o EY, Cash Srol H7bFol

fr o



7t 2 NbOs H7bo] FastA 443 @& vede A& ¢ 5

ATt
oA NbOs  H A

A7rES ar®97] &2 0.11mol%~
0.13mol.2%6HM ¥ Atolde & o+ U

(¢) 0.13mol%

39 227 (BaosPbosSro07)Ti038] NboOs H 7o wa
AR AR
(1280C, 30, 715 £24)



{a) 0.09mol.% {b) 0.1lmol.%

19 2.28 (Bag2sPboeCaoosSro1)TiOz8] Nb:Os A7F#el] wE v A+

| A7
(1280C, 30, &7]% &4)



- Cm)

.am

6:
8.6 "

_%m.

aw
a,m
am
am

L

]

| - @o}awpsﬁ_@

PEEEEE BT, U SONU NENET G DO SN

4P
] w»... (B Py Oy sy, T,

008

23 229 7 x4 oA NbOs E7+e whe

0

010 o0 012 013 O#
Nb: 0  amount

g8 A 5
(1280C, 30& ¥71% 24)
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33 297 £4

el XN@AF AFgstuAt = heatero] H{3riol L AL HA
o] e (BagsPboe)TiOs=4 Y ABE AA 3N 02mol.% NbOsE 3
7beted Ne €971 stollA 223t 20 AZE air £97] 223 1]
w3t ® 279 YERSA

F 2794 B¥ AAFE airZ 9717 NeE 7] 2250 242%
7 g AL & F dEdH, ot NpEY7] 2FA 22T A N,
gas’t fgoE UAdta AZLET Hold RAog R, T3 A
2 HAEFE airE 7B o277 W& v A Edgs vegdz
t}. o]8}g AF}E= grain boundaryel &A3HA H+ Ba vacancy’t Ne
gasol 93] ZAYARY Fito] AAEH7] wEolzt AF4d. ot
Ba vacancy® 9% 2FALES A7 WHASE YIAAE A FHF
gt}

£ 27 Airst NoBSI7] &2 9] v Age

o
A2ALex 9@ A7+ AAdLx 9 A7t
A3H O - AEH O -
(7T 182 - cm) (A7) 1302 - cm)
1175C, 308 1250C, 10&
43M ' 53.6K
(300C/nr.) (300°C/hr.)
1175°C, 1A%k 1250°C, 30&
170M 1374K
(300C/hr.) (100C/hr.)
12007C, 10% 184M 1250C, 1A%+ 617K
(300°C/hr.) (300C/hr.) ’
1200°C, 30&% 190M 1250C, 1A%t 78K
(300°C/hr.) (100C/hr.) '
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[o]
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® 2704 BE air®7] £2A 2225V} 2L e £ZA
2 uAgge] AXE AOE Holyd N2 £417] 2ZA

BlE AL B 5 Yok ol air®el7] 224 2
2 %

iy

i)

7}sted A E  Ba vacancyd 2

HA o] FolAE Aoz AZe

~
0
~
i)
™
2
ox
rlo

—_—

oy WaAEEe og e BAFge Wte 29714 AdEglol
W& et “85E A2uAge]l AAE & & F vk olHs F
7= Ba vacancy® F¥oZ BRAXH, £2HF N gasvt Pbe L&
AAs ZAHHNS Ba vacancy A& AAsly] WEQY RAes Almd
o} g olE e e B9V 247 FRsA 43RS AR EA
A A/3€ Ba vacancy® WHAEEI =E54E AR HNWER A3 9
b e AL HAFe] e AoR Bt

‘whElA], Aeu|AE e TRV 2ARUE Ny 29Ul u v

e FeuAY Fe, FALEE WEFES B FLUATHES VE)

e

e
o)
o
1o
+
39,
)

—60 —



34 22X 2 YAE5 0 1 R-T curve
o] HAIFAE I HHRA (BaosPboe)TiO3+0.2mol.% NbzOs+
2mol% SiOpAlE 9 £2Z 25 mE R-T curveE ¥ 2300 ey
A tt.
kol F7hel wet A2 v A wolA ™, jump
ordere &3t g & F ;l‘:‘r ol 2| & @4—‘5 AN F7b w

X
E3F jump orderd ZAE graina 7|9 Fuie] wel gréin boundary
o] ¥go] A3y HELRE BAXY

Wby FH A2F2TE 1250C, 1Mo 2 AzZtd,
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| (a) 1250T, 108 S
o |
wr ~ , |

e — s -

“(b) 1250T, 30%

3

Wy e, 97

W

‘ i b S SRR i |
0 %0 20 0 400 500
. Temperatire(C)

2% 2.30 (BaoaPbog)TiOs+0.2mol. %Nb20s+ 2mol.%Si0z+0.168
mol.% AlOs 24 A2ZA7rd] W& R-T curve
(N2 B97122)

-r

— 62 —



<%
—

(a) 100C/hr
(b) 300T/hr

b
&,
1

—h - i
T T T

~ Resistivity (2 - an)

[y
e
]

°
8
§
§ _
g

‘Temperature (E)
3‘:5 2.31 (Bap4Pbos)TiOs+0.2mol.% Nb:Os5+2mol. 26510, +0.168mol. %
AlOs 249 Wzt =9 W& R-T curve

a3y 2309 HF  A2Fzdd 1250TC, ANBeE 2F
(Bag.4Pbos) TiO3+0.2mol.% NbzOs+2mol.2%6Si02+0.168mol.% AlOs A1 ¥
o Yzt&% o ©E R-T curveE 2§ 2310 Ve

BZEEE 100C/r2 & A$ol HE) 300C/Ahr.o2 & AL A
Hog e A HAYgE Y Qe RAE & ¢ Uk ol A
T o duyy Zo] WAEEE FUMAHA WE grain boundary 9]
Ba vacancy’} AR HWEZ Fitge wet 4L v|Age] Frtste e
2 RQAY wahA, B AL vATE FEs] fiAde we 3y,
< 300C/hr.8] A$7t 4358 5A4E vUede Aoz B,

e
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35 BHLESH

[e]
o] Fxo EFYY 250TCHRTY 4 =2 2525 ey,
T3 Gdd(Imdd APARE ¢ 50~60mWAEZ JYeh} 71&

9] 7t=AA e ALgH 3 99 heaterBth 1/3~1/4 ©lstE Mg EA S
Z2NZ & e Aoz vehyth

3.0 237 257 192
35 260 268 214
40 310 287 279
45 334 342 302
5.0 332 324 295
5.5 310 313 293
6.0 305 306 292
6.5 303 304 289
7.0 301 302 290
75 300 303 291
8.0 ' 300 297 292
8.5 299 302 292
9.0 298 303 293
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A3dFHF 229 4F H7E dd A7 R 7=AA

e Ty st e) AEE A FAL A AA HolAE
AZERZH 94 239 A43A 283 A2AE 9 H71H T
UEsg Jom o]FoA A FHo]2E ARIAHL tA] JtETAER
Az Z3A 2 AYgxdE EF H7F 283 A E A7 6l
AzIAFeZ Yg & It

2 ATodAE 71EY AxTAS AAste 2o 3 A5 AA
222 Az3}7] 98] EDX, XRF, XRD, BET, TEM, SEMZA4 & E3
REEHY AR ¢ 234 AHFAxA, 0 FF2AH FIA, AF
zAAR A7Sd oA FH2AL FlUER 3y

1. FAEHAg 44

Bte A Fuky staAA Y ARFTY ANE 984 AED 2XA=R
¢l SnO; Powdere & 57FAIZA 71&< WA S oA Ax
¥ Powder?t A43td Powder24 EYU¢ BDH, ¥£9 1&x3}E,
Raremetallic 28] KISTol ¢ 3j4 #2t3 Nano PowderE 7] A
BE sto FUE 71 & PR AFsAT

TAUY AP o REFDY AXTAEE E 299 X 2109 &
Z+ Jehies, ¥ 2113 23 232% Powderd PasteRA 2 AR
A% Hol2E ANFAHEE e Holth



¥ 29 FHHE o] BEZY AXITAE
© ¥ #
| |
(CH:CO2)Ca - xH0 SnCly HPtCls - 620
I ]
NHOH(PH:9.5)
|
@ HHEFA (147b
|
@A H (247b
|
@ TEAAZ -80T
l R
®s3s £ 600C
|
®% 4
I
@ Pd Black Mixing 3% A7
|
FEZ 4 Binder BCA, Ethyl-Cellulose
I
© 2EZPasted} (Kneader) | ShOs
I
@ Screen Printing
[ ]
A F 2 E3 Heater
I |
@ A # (Drying)
I
®x A 800C




X 210 §HEE o8 REZAY AXTAHAE
(D Rotary Evaporating
| |
. 0
HPtCls Z%IZO(W% SnO PdCl (wt% 25)
| |
45C/200rpm
(40rnin)
I
@ 3} 2 680°C 30min
|
@ Grinding
]
@ ZEE-4 Binder BCA, Ethyl-Cellulose
|
BREAPaste3HKneader) | ShOs
|
® Screen Printing
| |
A = 2 E 3 Heater
| |
@ A 2 (Drying)
|
A A 80C 30min
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B4 | 58 | dw ag | 2R |de 29| gL 34
A | =% 4g 4% | A% | Aw
Pt(1wt%) H:PtClg - 6H20
Pd(3wt%) | Pd Black | PdCl PdClz PdCl; PdCl2
Mass 9.8g 11.4g 10.3g 11.3g 2.3¢g
Made by | $%71d| Az4 | Az4 | Az9 | KST
SnO, Paste Firing Profile
1000 -
850°C, 30min Leveling &  5-10 8
Drying 100°C 10 2
800 -
Q 4
2 00 0°C/mi
9 1 ‘min
(0}
£ 0]
@ 5°C/min
EC evaporate
200
10°C/min
BCA evaporate
0 13 1 1
0 50 100 150 200
Time(min)

29 232 dol2EY 24T

%

=




% 212& ZX 29 EDX, XRF, XRD, BET EANZ#E gokg Ro|
t}. EDXEAZA3 14%, BDH, Nanodl 2<% 99%9 H& #e B4
©™, Raremetallic®] 734 96~98%E yetdith. BETEAZF H|Ed
Ho| T%%, BDH, Nano®] 2% 2~13mYgo2 H& e Hol1 F
283 Raremetallicd) A$E 30~42m%g2 f20E =2 e 29
o} 3 XRDEAZH ZSAHAE BTV} tetragonal Fo.2 UERGoR,
o ARE 29 233, 29 234 29 235 19 236, 1d 237, 19
2.38° YEFT

¥ 212 FEF T g3 Azl AR EHEA

FT3-1 9% 42
24-3 97 85 3 | 0086
Raremetallic 98 99 30 0.012
Tetragonal
I1EE 99 13
BDH 99 95 6 0.006
Nano - 99 2




a9 2399 1¥ 240, 18 241, 1Y 242, 19 243, 1Y 24 F
AP FAHA g3 Axd ZEZY TEM 4 2 SEM#NZH/E
Z+7y YR 3ol
TEM #4723 31¢=3+8, BDH, Nano Powderd 7A-$ vlAg 2

A= AAAAN 4R AT £ amorphousﬂﬂia Holz AL

Ata =Y, F3APe B 4R agglomeration(§-3) @0l LPE}%
, raremetallicE FAZ717F FARG FAESH dAFHA vdEUdE A
o2 #Hoad

SEME4] 43 Nano Powder® Z¢- FEdo=2 FH(CRACK)®] &4
& A& B 4 UL, Raremetallic} BDHO| A-¢dx 7]&@¥ ¢
Ui e AR #AFHJon FHHHY e EsEo] vuF F3d
EUAHE BT

I~

fu to

2

k

AodA A&} FZEAHE EJE 3o HgdaFHo] A JeEgd F
2" Raremetallic?t amorphous@4to] & BDHE SAAEE XA Y
XRF, ClEA o2 #8els 9

Sn0z9l FFEEAEL 93 XRFEAZAH FHHL 85%, Raremetallic
99%, BDH 95%¢] £A%& ddeod, 7t27g e d3dE vAe Cl
719 FHHES dolRy] A% FHAFJAAE FIY (0.086wt%) >
Raremetallic (0.012wt%) > BDH (0.006wt%)9] o2 Yehseh.

A9 A& B 3o JtagEe dE4 "M $# sS4 U
BU+es Aoz Adsds 42 RaremetallicAt®] SnO: PowderE HE 3
o2 AAsA.

I Jlm
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EBTD "2

PEGE T

o9 234 9582 XRD #4274 (3H9 2)



R T 3 e

WEGTF  T=x

NMKs,Hﬁ. T

THEST X e

aser
S A o ad et
SQEZ TR
TR e

IR

29 235 4289 XRD #4235 (Raremetallic)



Teas -

LS TE .-

29 236 98E2d XRD A A% (2&=3s))
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LZOIGE

19 237 98 ¥3d XRD ¥4 27 (BDH)
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19 238 98829 XRD 427 (Nano Powder)
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(c) Raremetallic

9 239 TR FAY &) Axd EEE TEM AR (1)



(e) BDH chemical

(f) Nano powder



i

(X 1000)

aY 240 23F 9 gdATE (IFEAR)
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(X 1000)

29 241 2239 EAWATZE (Raremetallic)
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(X 100)

(X 1000)

Oy 242 AEF
AZF o FHUATX
Z (Lc=3e))
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(X 1000)

a9 243 23239 EHnA T2 (BDH)



(X 100)

a9 244 24% 9] FHUAFZ (Nano Powder)



2. SIHAE & F=AA

Tt 23Y AT AANAE HA 71EY FEJAAE 2TUE o &5
A% sy AFgS St BAF S EAT F 2o AME S4E
A7) S8 MEE A 23dL 23] At AFH|nE sto] HFH9
AHATHE 9T & JEF Atk S HY AFL AXY H5e &
$3te VEEACEA AUAA S A H=3 2EAEY AAY
#EERE ASATIE adlo] HER 5% ANLAE Axr] 93
e WA oo tid HHAzHo] FYPH Aok gt

71€9) FEAHE 23 AE o] &% FE Y Az € ALFSHF A
& % 2133 ® 2149 22 Yehidct

H 213 71&9] 3EAHE 238 ALET JEHY AAZA

RuO:

Size : 430X430

AlOs (£% @ 96%, 5X5cm, 0.4t)

DEKjit (F3)

100CAl A 10mingt A=
(25%  10C/min)

Dry Oven (54383}

850 CA A 10minZt 3]
(&% 1 34C/min)
A 24 A7 45min.

BTU (USA)
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£ 214 71&9] HIANE 23D AN
sEe AFERAS (@9 ¢ Q)

138.2 1154 1152 1176 151.2 180.3
157.1 122.7 118.2 120.2 144.1 142.4
158.3 128.1 120.1 130.0 142.1 150.3
162.1 1334 126.8 131.0 138.6 138.3
161.6 128.8 1239 1289 141.0 134.4
164.5 134.0 133.0 131.3 135.7 127.8
1589 140.1 132.3 132.8 135.7 123.6
167.1 126.8 131.8 131.6 1351 126.5
160.0 137.3 131.8 130.7 130.1 129.6
168.0 146.3 1299 135.2 132.0 125.5
173.2 150.7 137.2 142.7 130.3 122.4
175.8 153.0 143.5 143.6 132.9 116.5

e AgEAAY F 1BRAEE W =4 dEidz, 7%
FZ=d 44 e A$ FAFgEgd o 023= o 52 A
BPed ol¢} o] el JEAYFE FHLUE FAFH AR AA
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GAS
SENSORNT 2

HEATER
CURRENT 2

GAS
SENSORNT 3

HEATER
CURRENT 3

GAS
SENSOR 4

GRAPHIC NUMERIC FUNCTION 1
LCD DISPLAY KEY MATRIX m— S%S‘,T%g&M
(320 * 240) (4 * 3, TACT SW) (52KByte, 27C512
i i he ’ .
! :>f SYSTEMRAM |
t Non Volatile SRAM
:>\ (2KByte, DS 1220Y) |
4 CPU ) | 1N  DATARAM )
180c196ke-20 L :> A/D Storage SRAM
ANALOG || P s12KByte, KM684000A1 1
s Y I 1
INTERFACE [ 10-BIT A/D] ADDRESS |H H |. ( REAL TIME CLOCK )
SIGNAL 8 CHANNEL BUS || H F>|CLOCK &LCD DISPLAY
AMPLIFIER E:) { TIMER ] [ DATA I (0Byte DSIZ8T)
OWER COUNTER J|__BUS 1| | :>(PRINTER BUFFER RAM )
ST Graphic Storage SRAM
BFFERENCE SERIAL |[ BUS ) (512KByte, KM684000)
INTERFACE ) | CON’IROLJ
e v - ]
RIAL /O INTERFACE ’ INKJET PRINTER
SS]? 2320 912201:;3 1O MULTIPLEXER B & HP 850K COLOR PRINTER
: /O CONTROL (720dpi,4ppm,PCI 3)

28 296 JFAA BT Qe el
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17.5

15.0

12.5

10.0

Gas Monitoring System

1998/11/30 15:57

CH-1 Max. = 7.8%

CH-1 Min. = 1.9%

CH-2 Max. = 8.3%

CH-2 Min. = 4.5%

CH-3 Max. = 12.6%
CH-3 Min. = 1.9%
CH-4 Max. = 7.9%
CH-4 Min. = 3.3%

CH-1 Alarm High = 23.0%

CH-1 Alarm Low = 10.0%

CH-2 Alarm High = 20.0%

CHANNETL.=1 CHANNEL.=-2 CHANNEIL-=3

> ]

CH-2 Alarm Low = 5.0%

CH-3 Alarm High = 23.0%

CH-3 Alarm Low = 7.0%

Y 298 FtARUHY A2d d ol g

CHANNEL-4MIN __ CH-4 _Alarm Hogwh = 2B8.0% |

E

=g =
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¥ 295 Calibration Data Table

CALIBRATION DATA TABLE
1998/11/30 15:45

<<< HEATER CURRENT 55>
CH-1 = 118 wA CH-2 = 117 WA CH-3 = 119 mA CH-4 = 118 mA

<<< CHANNEL VOLTAGE >>>

(Unit = V)
PPM CH-1 CH-2 CH-3 CH-4 PPM CH-1 CH-2 CH-3 CH-4
0 0 ] 0 0 25500 2046 2046 2046 2046
500 404 470 354 440 26000 2046 2046 2046 2046
1000 594 660 554 580 26500 2046 2046 2046 2046
1500 678 728 634 628 27000 2046 2046 2046 2046
2000 754 780 700 690 27500 2046 2046 2046 2046
2500 772 802 718 728 28000 2046 2046 2046 2046
3000 784 814 730 740 28500 2046 2046 2046 2046
3500 802 826 732 774 29000 2046 2046 2046 2046
4000 814 830 736 804 29500 2046 2046 2046 2046
4500 852 866 772 836 30000 2046 2046 2046 2046
5000 884 894 804 864 10500 2046 2046 2046 2046
5500 908 918 828 882 31000 2046 2046 2046 2046
6000 926 936 848 892 31500 2046 2046 2046 2046
6500 950 958 868 908 32000Q 2046 2046 2046 2046
7000 270 978 8990 916 32500 2046 2046 © 2046 2046
7500 994 998 912 93¢0 33000 2046 2046 2046 2046
8000 1012 1020 932 942 33500 2046 2046 2046 2046
8500 1034 1042 956 958 34000 2046 2046 2046 2046
2000 1056 1062 976 968 34500 2046 2046 2046 2046
29500 1078 1086 998 982 35000 2046 2046 2046 2046
10000 1098 1104 1018 994 35500 2046 2046 2046 2046
10500 1124 1128 1042 1008 36000 2046 2046 2046 2046
11000 1142 1146 1062 1020 36500 2046 2046 2046 2046
11500 1164 1168 1086 1034 37000 2046 2046 2046 2046
12000 1184 1188 1106 1046 37500 2046 2046 2046 2046
12500 1204 1208 1126 1058 38000 20486 2046 2046 2046
13000 2046 2046 2046 2046 38500 - 2046 2046 2046 2046
13500 2046 2046 2046 . 2046 39000 2046 2046 2046 2046
14000 2046 2046 2046 2046 39500 2046 2046 2046 2046
14500 2046 2046 2046 2046 40000 2026 2046 2046 2046
15000 2046 2046 2046 2046 40500 2046 2046 2046 2046
15500 2046 2046 2046 2046 41000 2046 2046 2046 2046
16000 2046 2046 2046 2046 41500 2046 2046 2046 . 2046
16500 2046 2048 2046 2046 42000 2046 2046 2046 2046
17000 2046 2046 2046 2046 42500 2046 2045 2046 2046
17500 2046 2046 2046 2046 43000 2046 2046 2046 2046
18000 2046 2046 2046 2046 43500 2046 2046 2046 2046
18500 2046 2046 2046 2046 44000 2046 2046 2046 2046
19000 2046 2046 2046 2046 44500 2046 2046 2046 2046
19500 2046 2046 2046 2046 45000 2046 2046 2046 2046
20000 2046 2046 2046 2046 45500 2046 2046 2046 2046
20500 2046 2046 2046 2048 "46000 2046 2046 2046 2046
21000 2046 2046 2046 2046 46500 2046 2046 2046 2046
21500 2046 2046 2046 2046 47000 2046 2046 2046 2046
22000 2046 2046 2046 2046 47500 2046 2046 2046 2046
22500 2046 2046 2046 2046 48000 2046 2046 2046 2046
23000 2046 2046 2046 2046 48500 2046 2046 2046 2046
23500 2046 2046 2046 2046 49000 2046 2046 2046 2046
24000 2046 2046 2046 2046 49500 2046 20486 2046 2046
24500 2046 2046 2046 2046 50000 2046 2046 2046 2046
25000 2046 2046 2046 2046

( * = Data Error )
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2.26 Alarm Limit Data Table

ALARM LIMIT DATA TABLE

1998/11/30 15:48

(Unit = %)
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0.0
1.2
11
0.0
03
0.0
03
0.0
00
00
0.0
0.0
12
05
00
04
11
0.1
0.0
0.0
0.2
0.0
02

00
00
0.0
0.0
00
0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
0.0
0.0

00
0.0
0.0
0.0
00
0.0
0.0
0.0
00
00
01
00
0.0
01
01
0.0
0.0
0.1
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
01
00
0.0
0.0
0.0
0.1
00
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1999
1999
1999
1999
1999
1999
199
1999
1999
1999
1999
1999
1999
1939
1999
199
1999
1999
199
1999
1999
1999
199
1999
1999
1999
1999
1999
1999
1999
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1999
1999
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1999
1999
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00 00 00 00 00 00 OO0 OO0 00 00 00 OO0 00 00 OO0 00 00 00 00 OO0 00 OO 00 00 OO0 OO OO 00 OO 00 00 GO 00 00 O OO

E 1.2 7t2FA 959 Monitoring System Data
- (19999 39 8Y 104] 17E~114] 28%)

2
A

10 17
10 18
10 19
1020
10 21
10 22
1023
1024
1025
10 26
10 27
10 28
10 29
10 30
10 31
10 32
10 33
1034
1036
10 36
10 37
10 38
10 39
10 40

1041

10 42
10 43
104
1046
10 46
10 47
10 48
1049
10 50
10 51
10 52

CH1 CH2 CH3 CH4

0.0
00
0.0
0.0
00
0.0
0.0
11
00
0.0
0.0
01
14
1.3
0.0
0.0
0.0
0.0
06
01
0.0
13
09
05
0.8
06
00
0.0
09
0.0
0.0
0.0
03
09
0.0
0.0

0.0
0.0
0.0
00
0.0
0.0
0.0
0.7
0.0
0.0
00
00
15
0.7
0.0
0.0
0.0
0.0
08
0.0
0.0
16
06
08
00
0.2
0.0
0.0
10

00

0.0
0.0
06
06
0.0
0.0

00
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00

00

01
0.0
0.0
0.0
0.0
0.0
01
0.0
00
0.1
0.1
01
0.0
01
0.0
0.0
01
0.0
0.0
0.0

0.0

0.0
00
00
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1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
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1999
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1999
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CH1 CH2 CH3 CH4

02
09
04
16
0.0
0.8
09
10
07

00

0.0
03
0.0
0.0
0.0
03
02
0.0
0.0
01
05
05
13
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
09
0.7
00
0.0
0.0

0.0
06
0.0
01
0.0
09
06
04
16
0.0
00
0.0
03
02
0.2
06
05
00
0.0
0.0
0.0
0.0
09
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
09
03
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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1999
1999
1998
1999
1999
199
1999
1999
1999
1999
199
1999
1999
1999
199
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
199
1999
199
1999
1999
199
1999
1999
1999
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¥ 1.3 v+9 A<YA Monitoring System Data

(1999 3¢ 8¢ 94l 5E~104] 16%)

CH1 CH2 CH3 CH4 Gl

0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
00
00
00
00
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0

00

0.0
00
0.0
00
00
0.0
0.0
00
0.0
0.0
0.0
00
0.0
0.0
00
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0

00

0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00

00

0.0
0.0
0.0
0.0
0.0
00
0.0
00
0.0
0.0
00
00
00
00
00
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
00
00
0.0
0.0

00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 199
00 1999
00 199
00 1999
00 1999
00 1999
00 199
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
0.0 1999
00 1999
00 1999
00 1999
00 1999
00 1999
00 1999
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94

CH1 CH2 CH3 CH4

0.0
0.0
00
00
0.0
0.0
0.0
00
0.0
0.0
0.0
00
0.0
0.0
00
0.0
00
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
00
00
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
00

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0

00.
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
00
00
00
0.0
0.0
0.0
0.0
00
00
00
0.0
0.0
00
0.0
00
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1999
1999
1999
1999
199
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1996
1999
1999
1999
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00 00 00 00 0O 00 00 00 00 OO OO 00 0O 00 00 00 00 OO 00 00 O0 O3 00 00 00 00 00 00 00 00 00 00 0o 00 0o 00

X 14 9+¥ A<%4 Monitoring System Data

>
A

10 17
10 18
1019
1020
1021
10 22
1023
10 24
105
1026
10 27
10 28
1029
10 30
10 31
10 32
10 33
10 4
103%
10 36
10 37
10 38
10 30
10 40
10 41
10 42
10 43
10 44
10 465
10 46
10 47
10 48
10 49
10 20
10 51
10 52

(1999d 34 8¢ 10A] 17 ~114] 28%)

CHICH2CH3CH4

00
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
00
0.0
0.0
00
0.0
00
00
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
00
0.0
0.0
00
0.0
0.0
00
00
0.0
00
0.0
00
00
00
00
0.0
0.0
0.0
0.0
0.0
00
00

00
00
00
00
00
00
00
0.0
00
00
00
00

00 -

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0~

0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
00

00 199
0.0 1999
0.0 1999
0.0 199
0.0 199
0.0 1999
0.0 1999
0.0 1999
0.0 1999
0.0 1999
00 1999
0.0 1999
0.0 1999
0.0 19%
0.0 199
0.0 1999
0.0 1939
0.0 199
0.0 199
0.0 1939
0.0 1999
0.0 1999
0.0 1999
0.0 1993
0.0 1999
0.0 199
0.0 199
0.0 199
0.0 1999
0.0 1999
00 199
0.0 1999
0.0 199
00 1999
0.0 1999
0.0 1999
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10 %
10 56
10 57
10 38
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11
11 12
11 13
11 14
11 15
11 16
11 17
11 18
11 19
1120
11 21
11 22
1123
1124
1125
1126
11z
11 28

CH1 CH2 CH3 CH4

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00
00
00

0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
00
00

00
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0

00

00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



¥ 15 27 A4 Monitoring System Data
(19993 3¢ 8Y 9A] 5 ~10A116%)

9 49U AE CHICHR2CH3CH4 9 € Y A ¥ CH CH2 CH3 CH4

00 00 00 00 199

00 00 00 00

199 38 95 38 94 00 00 00 00
199 38 96 00 00 00 00 199 3 8 94 00 00 00 00
199 38 97 00 00 00 00 199 3 8 943 00 00 00 00
1999 38 98 00 00 00 00 199 3 8 94 00 00 00 00
1999 38 99 00 00 00 00199 3 8 94 00 00 00 00
1999 38 910 00 00 00 00 199 3 8 946 00 00 00 00
1999 3 8 911 00 00 00 00 199 3 8 947 00 00 00 00
199 3 8 912 00 00 00 00 19 3 8 948 00 00 00 00
199 38 913 00 00 00 00 199 3 8 949 00 00 00 00
199 3 8 914 00 00 00 00 199 3 8 9% 00 00 00 00
1999 38 915 00 00 00 00 199 3 8 95 00 00 00 00
1999 3 8 916 00 00 00 00 199 3 8 952 00 00 00 00
199 38 917 00 00 00 00 199 3 8 953 00 00 00 00
199 3 8 918 00 00 00 00 199 3 8 954 00 00 00 00
199 38 919 00 00 00 00 1999 3 8 9% 00 00 00 00
199 38 920 00 00 00 00 199 3 8 9% 00 00 00 00
1999 3 8 921 00 00 00 00 199 3 8 957 00 00 00 00
199 3 8 922 00 00 00 00 199 3 8 938 00 00 00 00
199 38 923 00 00 00 00 199 3 8 959 00 00 00 00
199 38 924 00 00 00 00 199 3 8 10 0 00 00O 00 00
1999 38 92 00 00 00 00 199 3 8 101 00 00 00 00
1999 3 8 926 00 00 00 00 199 3 8 10 2 00 00 00 00
199 3 8 927 00 00 00 00 199 3 8 10 3 00 00 00 00
1999 38 928 00 00 00 00 199 3 8 10 4 00 00 00 00
1999 38 929 00 00 00 00 199 3 8 10 5 00 00 0O 00
199 3 8 930 00 00 00 00 199 3 8 10 6 00 00 00 00
1999 3 8 931 00 00 00 00 199 3 8 10 7 00 00 00 00
199 38 932 00 00 00 00 199 3 8 10 8 00 00 00 00
1999 3 8 93 00 00 00 00 199 3 8 10 9

1999 38 934 00 00 00 00 199 3 8 1010 00 00 00 00
199 38 93 00 00 00 00 199 3 8 1011 00 00 OO 00
199 3 8 93 00 00 00 00 199 3 8 1012 00 00 00 00
199 3 8 937 00 00 00 00 199 3 8 1013 00 00 00 0O
199 3 8 938 00 00 00 00 199 3 8 1014 00 00 00 0O
1999 3 8 93 00 00 00 00 199 3 8 1015 00 00 00 00

3 8 3 8

1999

940 00 00 00 00 1999 1016 00 00 00 00
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£ 16 E7 A Y2 Monitoring System Data
(1999 3€ 8Y 104 178 ~114] 28%)

¥ CHICHR2CH3ICH4 ¥ € 94 A& CHI CH2 CH3 CH4
5 00 00 00 00199 941 00 00 00 00
6 00 00 00 00199 942 00 00 00 00
7 00 00 00 00199 943 00 00 00 00
8 00 00 00 00199 94 00 00 00 00
9 00 00 00 00199 94 00 00 00 00
10 00 00 00 00190 946 00 00 00 00
11 00 00 00 00 199 947 00 00 00 00
12 00 00 00 00199 948 00 00 00 00
13 00 00 00 00199 94 00 00 00 00
14 00 00 00 001909 9% 00 00 00 00
15 00 00 00 00199 951 00 00 00 00
16 00 00 00, 00199 952 00 00 00 00
17 00 00 00 00199 95 00 00 00 00
18 00 00 00 00199 9% 00 00 00 00
19 00 00 00 00199 9% 00 00 00 00

00 00 00 00199
00 00 00 00199
00 00 00 00199
00 00 00 00199
00 00 00 00199
00 00 00 00 199
00 00 00 00199
00 00 00 00198
00 00 00 00199
00 00 00 00 199
00 00 00 00199
00 00 00 00199
00 00 00 00199
00 00 00 00 199
00 00 00 00199
00 00 00 00199
00 00 00 00199
00 00 00 00199
00 00 00 00 199
00 00 00 00199
00 00 00 00199

95 00 00 00 00
957 00 00 00 00
98 00 00 00 00
00 00 00 00
0 00 00 00 00
1 00 00 00 00
2 00 00 00 00
3 00 00 00 00
4 00 00 00 00
105 00 00 00 00
6 00 00 00 00
7 00 00 00 00
8 00 00 00 00
9 00 00 00 00
1010 00 00 00 00
1011 00 00 00 00
1012 00 00 00 00
1013 00 00 00 00
1014 00 00 00 00
1015 00 00 00 00
1016 00 00 00 00
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d ddAE

1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1939
1999
1999
1999
1999
1999
1939
1939
1999
1996
1999
1999
199
199
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
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E 1.7 9& AYA (1) Monitoring System Data
(19994 39 8% 94] 52 ~104] 16%)

10 17
10 18
10 19
10 20
10 21
10 22
10 23
10 4
10 %5
10 26
10 27
10 28
10 29
10 30
10 31
10 32
10 33
10 34
10 B
10 36
10 37
10 3B
10 39
10 40
10 41
10 42
10 43
104
10 45
10 46
10 47
10 48
10 49
10 50
10 51
10 52

CH1 CHz CH3 CH4

0.0
00
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00

00
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0

9 I AE
199 3 8 1033
1999 3 8 10HA4
199 3 8 10%
1999 3 8 1056
199 3 8 1057
1999 3 8 1058
1999 3 8 1058
1999 3 8 11 O
199 3 8 11 1
1999 3 8 11 2
1999 3 8 11 3
1999 3 8 11 4
1999 3 8 11 5
199 3 8 11 6
199 3 8 11 7
199 3 8 11 8
1999 3 8 11 9
1999 3 8 1110
199 3 8 1111
199 3 8 1112
1999 3 8 1113
199 3 8 1114
1999 3 8 1115
1999 3 8 1116
1999 3 8 1117
193 3 8 1118
1999 3 8 1119
1999 3 8 1120
1999 3 8 1121
199 38 1122
1999 3 8 1123
1999 3 8 1124
199 3 8 115
1999 3 8 116
1999 3 8 1127
1999 3 8 1128
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CH1 CHZ CH3 CH4

00
0.0
0.0
00
0.0
00
00
0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0

~00

0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
00

0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0

- 00

0.0
00
00
00
0.0
00
0.0
0.0
00
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
00

0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
00
0.0

00 -

0.0
0.0
00
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00

0.0
0.0
0.0
0.0
00
00
00
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
00
0.0
00
00
0.0
0.0
00
00
00



d ddAE
199 3 8 1017
199 3 8 1018
199 3 8 1019
199 3 8 1020
1999 3 8 1021
199 3 8 1022
199 3 8 1023
199 3 8 1024
199 3 8 105
199 3 8 102
1999 3 8 1027
1999 3 8 1028
199 3 8 1029
199 3 8 1030
199 3 8 1031
199 3 8 1032
199 3 8 10 33
1999 3 8 10 34
199 3 8 1035
199 3 8 1036
199 3 8 1037
199 3 8 1038
199 3 8 1039
199 3 8 1040
199 3 8 1041
199 3 8 1042
199 3 8 1043
19 3 8 1044
199 3 8 1045
199 3 8 1046
199 3 8 1047
199 3 8 1048
1999 3 8 1049
199 3 8 1050
1999 3 8 1051
1999 3 8 1052

¥ 18 ¥& A4 (1) Monitoring System Data
(19993 39 8¢ 104] 175 ~114] 28%)

CH1 CH2 CH3 CH4

0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

00

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

00

0.0
0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0

0.0
00
00
0.0
0.0
0.0
00
00
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
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d AR

1999
1999
199
1999
1999
1999
1999
199
1999
1999
1999
199
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
199

WWWWWWWWWWWWWWWWWWwWwwWwWwWwWwWWwWwWwLWwWwwwWwwwwWw

10 53
104
10 %
10 56
1057
10 58
10 50
11 0
11
1 2
11 3
1 4
1 5
1 6

7

8

9

CH1 CH2 CH3 CH4

0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0

0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0
00
0.0
0.0
00
0.0
0.0
00
00
00
00
0.0
0.0
00
0.0
0.0
0.0

0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0
00
0.0
0.0
00
00
0.0
00
0.0
00
00
0.0
00
0.0
00

00

0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
60
0.0
0.0
0.0



1999
1999
1998
1999
1999
1999
1999
1999

1999

1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
199
1999
1999
1999
1999
1995
1999
1939
1999
1999

44

WWWWWWWwWWWWWWWWWwWwWwWwWwWwwWwWwWwwWwwWwwwWwWwwwwwww
00 00 00 00 00 00 00 G0 GO Q0 0O 00 00 00 00 00 00 00 GO 00 00 00 00 0 00 00 00 00 00 OO0 OO 00 00 O 00 OO

¥ 19 #& AY¢4 (2) Monitoring System Data
(19993 39 8Y 94 58~104] 16&)

Al

A

et pmd ek b ek b b fd ek ek

LW OWOWWWOWWWOWOWW VWO LW

© ©
8 B

927

CH1 CH2 CH3 CH4

0.0
0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
00
0.0
00
00
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
00
0.0

0.0
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0

d
1999
1999
1999
1999
1999
1999
199
199
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
199
199
1999
1999
1999
1999
1999
199
199
1999
1999
199
199
1999
199
1999
199
199
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ddAE

WWWWWWWWWWWWWWWWWwwWwWwWwWwwWwWwwWwWwWwwWwWwWwWwWwWwWwwww
00 00 GO 00 00 0O 00 GO GO 00 OO 00 00 0O OO 0O 00 00 0O OO0 00 00 00 00 G0 OO 00 00 00 Co 00 OO0 00 GO OO 00

941
94
943
94
94
9 46
9 47

CH1 CH2 CH3 CH4

0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0

00
0.0
0.0
0.0
0.0
0.0
00
00
0.0
00
0.0
0.0
0.0
00
00
00
00
0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00
00
00

0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00
00
00
00
00
0.0
0.0
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
00
00
0.0
0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
0.0
00
00
0.0
00
0.0
0.0
00
00
00
0.0
0.0
00
0.0
0.0



d g LA

1999

1999
1999
1999
1999
1999
199
1999
1999
1999
1999
1939
1999
1999
199
1939
1999
1999
1939
1999
1959
1999
1999
1599
1999
199
1999
1999
1939
199
1999
1999
1999
199
1999
1998

ML

OWWYWWWWWYOYWOWWYPRWO

T el Sl T G U R
OO~ U W= OO~ U

WWWWWWWWWWWWWWWWWwWwWwWwWwWwWwWwWwWwWwwWwWwwwwwww
WO W WWWWWWw
BEIRRBEES

00 00 00 00 OO0 00 OO 00 00 00 00 00 00 OO 00 00 00 00 OO 00 OO 00 00 CO0 OO QO G0 00 00 00 00 CO 00 00 OO0 O

CHI CH2 CH3 CH4

0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0

.00

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
00
00
00
0.0
00

00 .

0.0
0.0
0.0
00
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
00
0.0
00
00
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
0.0
00
0.0
0.0
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d g4 A

1999
1995
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
199
1999
1939
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1959
1999
1999
1999
1999
1999
1999

M

WWWWWWWwWwWwWwWwwWwWwWwwWwWLWwWwWwWwWwWwWwWwWwWwWwWwwwwwww
00 00 00 00 00 00 00 00 00 OO0 Q0 00 00 00 00 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 00 CC OO OO0 OO

# 110 & AHUA (2) Monitoring System Data
(19993 39 8Y 10A] 17% ~114] 28%)

CH1 CH2 CH3 CH4

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
0.0
00
00
00
00
00
00
00
0.0
00
00
00
00
00
00
00
00

0.0
00
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
00
0.0
0.0
0.0
00
00
00
0.0
00
00
00
0.0
0.0
00
00
00
0.0
0.0
0.0
00
0.0

00

0.0
0.0
00
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0

00

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
00
00
00
0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.0
00
00
00
0.0
0.0
0.0
0.0
0.0
00
00
00
0.0
00
0.0
00



d g9gA R

1999
1999
1999
1999
1999
1939
1999
1999
1995
1999
1993
1999
1999
1939
1999
1999
1939
1995
1999
1999
1999
1999
1999
1999
1999
1999
199
1999
1999
1999
1999
1999
1999
1999
1999
1999

WWWWWWWWwWwWwWwWwWwWwWwWWwWwWWwWwWwWwWwWwwWwWwWwWwwWwwwwww

00 00 00 00 00 00 GO 00 OO0 00 00 00 GO 00 00 00 00 00 00 00 00 00 OO GO 00 0O GO 00 00 00 00 00 00 00 00 OO

1017
10 18
10 19
10 20
1021
10 22
10 23
10 24
10 %5
10 26
10 27
10 28
10 29
10 30
10 31
10 32
10 33
10 4
10 35
10 36
10 37
10 38
10 39
10 40
10 41
10 42
10 43
10 44
10 45
10 46
10 47
10 48
10 49
10 50
1051
10 52

CH1 CHz2 CH3 CH4

00
00
00
00
00
00
0.0
0.0
00
00
00
00
0.0
00
00
00
00
00
00
00
00
00
0.0
0.0
0.0
0.0
00
0.0
0.0
00
00
0.0
00
00
00
00

00
0.0
00
00
00
00
00
00
00
0.0
0.0
00
00
00
00
00
0.0
00
00
0.0
00
00
0.0
00
00
00
0.0
0.0
00
00
00
00
00
00
00
00

0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

g 494%

1999
199
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
199
1999
1999
1999
1999
1999
1999
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WWWWWWWWWWWWWWWWWWWwWwWwWwwWwWwWwWwWwWwWwwwwwwww

00 00 00 00 00 00 0O 00 00 OO 00 OO 00 KO0 OO OO0 00 00 B0 00 00 OO 00 00 ©0 00 00 O GO 0O CO 00 00 00 00 0O

10 53

1054

10 %
10 56
10 57
10 =8
10 59

11
11
11
11
11
11
11
1
1
11

0

2
3
4
5
6
7
3
9

11 10
mn
11 12
11 13
11 14
1115
11 16
11 17
11 18
11 19
1120
11 21
11 22
1123
11 24
1125
11 2%
1127
11 28

CH1 CH2 CH3 CH4

00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00

0.0
0.0
00
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0
00
00
0.0
00
0.0
0.0
0.0
0.0
00
00
0.0
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0

00
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
00
0.0
00
00
0.0
0.0
0.0
0.0
0.0
00
0.0
00
00
0.0
0.0
0.0
0.0
00
00
0.0

00
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
0.0
00
0.0
0.0
0.0
0.0
00
0.0
0.0
00
0.0
00
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



2. Gas Monitoring System Program
< PROGRAMMING LIST OF GAS MONITORING SYSTEM >

<
M

. ]
1 OONG XWANG |
i GAS MONITORING SYSTEM !
| |
| DongXvang Seatec Co.,Ltd. |
I 1998, 7. |
8 1
Iy X < 1
| =z 1398, 7.12., : CALIBRATION EDIT % PRINT ROUTINE 2 X {
1 1
b
| ®xx 1998, 7.12. : LCD2.C % , LCD3.C R4 , CONFIC MENU 22} |
i ]
¥ 1
| ®xr 1993, 7,19, : LCO3.C £ , LCO4.C X4 , AD DATA PRINT &7} !
14 1
3
| *=x=x 1998, 7.25, : LcoS.c. =% , LCOS.C R Y {
| 243 GRAPHIC PRINT M 28 2 & PROCRA¥ ¥ = |
1 ]
g 1
| ®=x 1993. 7.26, : LCB6.C £+ , LCOT.C B Y, & & PROGRA £ 2} i
H {
| *®tx 1998. 7.28, : XOCAS.C PROGRAX ¥ X |
1 1
-, 1
{ =xx 1998. 7.28, KOGAS.C # % , SCREEN PRINT & 7} [
18 £
/% —

{{ A/D Data Polater % Backlp X >>
= w2713 %o (No_Init Memory)of ® X BES A MY X2
*ul 273 T A (No_Tnit Memory)d o B ERF A/D Data H2 2 H P

ul =71 3¢

% o (No_Init Hemory}o{ ® A 2 Alarm List CodeZX 4

£ A/0 Data ¥ 2 F X (Back_Up Memory ¥ )
~ Back_Up Address 00000H—~ TO7FFH { O~ 480799 ) = 450 Ksyte
- 1% ©HE A/ODeta H2 (% x 10 )

~ B0 X 2441 P % 329 X ({CHX 2Byte+ Alarx_1Byte+ Error_lByte)

~ Date Structure {108yte, 2 X & Data Pointerof tl 2} Offset)

CH_1 CH_1
LOY  KIGH
BYTEZ BYTE

CH_2 CH_2 CH_3 CH_3 CH_4 CH_{ ALARM ERROR
LOW HICH LO¥ HIGH Llow HIGH LIST COBE
BYTE BYTE BYTE BYTE BTTE BYTE KON NOM

~ Alarm Liat Nuwmber r T T T Y T T T
b7 ¢ Hull DATA ] b7T] b6] b5 b4{ B3| b2 | b1] dO|
b5~ b0 : Alarm List Numbep'‘—t—t—tt 1t L 3

~ Error Code Number

v g amm - i mmn e e e e v mn wt e mm= avm  ew e e et s euw ey eem
-

H T
1 7 |
] CH_4]
| AL_H]

| S 1

T T T T T ¥ 1
B6 | bS5 | b4 | b3 | bz | bt | bO |
CH_4] CH_3] CH_3] CH_2] CH_2| CH_1] cH_t |
AL_L{ AL_H| AL_L] AL_H} AL_L] AL_H] AL_L]

1 . 1 2 1 L 1

~n
B
-
w
B
[
R
R
. SUp
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1]
| AL_K} AL_L| RESULT |
L L Ha ]
& ¥ ¥ )
[ 0] 0] ¥o Alarm {
I 61 1] LovAlarm !
| 11 @] High Alara |
| 11 1| Heater Alarm |
L 1 L }

* Alars List 3 3=
- Alarm List?} 6471 ol ¥ dd = NSy M (% x 10)
- 84x 4CHX (Alarm_High 2Byte+ Alarm_Low_2Byte} = 1KByte
- Data Structure (8 Integer, 2 X £ Alarm Pointer®} o # Offset)

1
|
4
Fo—

T

cH_i  cH.! CH.2Z CH2Z CH3 CH3- CH 4 CH 4
ALHI  ALLO  ALHI. ALLO  ALHI  ALLO  ALHI  ALLO
« ALHT : HIGH ALARM
< ALLO : LOW ALARM

o e amm s e o e aw o vmm et W v ot et e e -

x/
#include <KOCAS.H>
unsigned char duany,
prtcval, // PRTC Port Data
oldkey, // 01d Key Scan Code
usrmode, // CUser Menu Mode, 0:CRAPH/1:USERMEND
cmods, // graphic Change Mode, O:BAR/1:LINEAR
frode, // unit Function Mode, 0:X/1:PPM
guode, // Graphic control Mode, O:CHANNEL/1:SCALE
lmode, // graphlc Log :éale Mods, 0:NORMAL/1:LOC
amode, ]/ Alars edit Kode, amode:077
sxmode, // linear graph X_axis time Scale Hode :076
symode, // linear graph Y_axis range Scale Mode :073
modef, °// graphic mode change flag
pwode, // Previous unit function Mode, fmode®] ¢l 4| X 2
adflg, // linear graph A/D channel select Flag, low nibble
clmode, // Calibration Mode menu counter :07¢
elrun, // CaLibratfon RUNX status, 0:0FF/1:RUN
adcompl, // A/D Complete Flag

adupdate, // A/D Time Update Flag
adenable, // A/D ¥rite Enable Flag

cursor, // CURSOR flickering timer
cursorf, // CURSOR flickering change Flag
chsel; // linear graph CHannel Select counter

unsigned char ca, cb, cc, ed, ce, cf, cg, ch, // mainol M A2 8tE WS Register
oldsec, rf, pointer, incdec,

usmode, umrun, uma, usb, umc, uch; J// user menu 4 A A S
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unsigned char key, cpnt, oldmin, sysbuf, ¥aptr, tbptr, ¥cptr;

unsigned int tent, // external interrupt Time Counter for A/D
heotimer, // High Speed Timer for software_timer
tarZcount, // timer2 counter value
elaps; // timer counter for ELAPSed_tiwer

unsigned int count, buffl, 1a, ib, ic, dlymsec, rent, blcnt, bfstart;

unsigned int xcnt, aw, ax, ay, 2z;

unsigned int  PTS_AD_Table[8][2]; // PTS A/D command table
unsigned long stadr, cuadr, bfpnt;
float fa,tb,fe, adf{4], fduf;
unsigned {nt cyear; J/ 8 ¢¥= (1900~ 2099)
unsigned char csonth, /e % (1~12)
cday, // 2R R (1~31)
chour, J7 o Al G (0~23)
cminute; /H#R2 2 (0~59)
unsigned int cdata, // B2 A/D Data Memory H 2 (0~ 46079)
calarm, // B2 Alarm Data # 2] (0~ 63)
ndresult[iﬁ]. // PTS A/D Mode Scan/Data Table
adbuffer{8], // A/D Data Buffer
addataf8], // 822 A/D Data

alarmdata{54](41{2]; // Alarm Data List
unaigned int ibuf, ibufl, ibuf2; // Integer Buffers
unaigned long lbuf, lbufl, lbuf2; // Long integer Buffers

unaigned char buf[80]; // general purpose Buffer Array
unsjigned fnt calf[4}{102], // Calibration Data Table
heater{8]; // Heater Brror Range

unaigned int adi{4], ado[4], ayold(4], add[8];
unsigned int al_cr{8], al_ol{8];

int buff;

unsigned char swva, exsec, swlsec,
altype, alrly, // Alarm Output Type
phtime[4]; . ‘ // PreHeating Timer

unaigned long adaddr, adaddbf;

unaigned int lddrbl;v

unsigned char altcur, adadrf{3], readal, readerr;
unaigned int readad{4];

unaigned char fprt, // Print Mode Flag
fcom, // Communication Mode Flag
rtxtime, // Rx/Tx Delay Limit Time
txbuf {40}, // Transeittion Date Buffer
rxbuf{30], // Recelve Data Buffer
rxstep, // Rx Command Step
rxmode, // Rx Command
txent, // Tx Byte Humber

txptr, // Current Tx Byte Pointer




unsigned int

unsigned long

unsigned char

unsigned int

unsigned char

float

txlent,

csun;

// Tx Line Counter
// Checksum

ria, rib, rie, rid, // General

ril,
ris,

rie;

// Length
// Start
// End

rla, rldb, rle, rld, rlas; // General x/

freal,
frealeyc,
realstp;
realptr,
realmax,
realent;
brmode,
prmode;

bscale;

typedef atruct date_t{

unsigned char sainute,

shour,
sday,

smonth;

unsigned int syear;
}oatebuff;

Datebuff mydate;

// 1:Screen Print Mode, 0:A/D Save Xode
// 1:Draw Over 1Cycle

// A/D Save Step

// A/D Save Pointer (8Byte Step)

// A/D Save Max Pointer

// A/D Save Current Counter

// Bar Graph Range Mode (100, 50, 25, 10)
// previous range mode

// Log Scale A 3

typedef struct ADscanTran_ptacb_t{

unsigned char ptscount;

ungigned char ptscon;
void *pts_sd;
unsigned int ptsdst;

int

1163

} ADscanTran_ptsch;

Fpragma memory=dataseg(PTSYEC)

ADscanTran_ptscbh ADscan _€8_1;

#pragma memory=default

const
const
const
const
const
const
const

const

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

unsigned

char BLANK{]
char AL_LO{1
char AL_HI[]
char U_XI10(]
char OU_PPM[]
char USCAL{]
char UCHAN{]
char SBLNX[]

» ",
¥

"LOW @ . X"
MHIGH: . X"
"x107;

"PPMT;
*SCALE";
"CHANL";

» ",
'
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const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const

const

const

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unaigned
unsigned

unsigned

‘unsigned

unsigned
unsigned
unsigned
ungigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

unsigned

unsigned

char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char

char

char

SPERC[]) = " X *;

NCHI[] = ™ CH1 ";
NCH2{] = " CH2 ";
NCH3{] = ™ CH3 *;
NCH4{] =" CH4 ™;
BCHL[] = "[cH1]";
BCH2{] = "{cH2l";
BCH3[] = *[CH3]";
BCHA[] = "[CH4]";
KINUI[] = * «w= *;
HINUA[] = ®e—uamy

HEAT[} = * HEAT";
CALMO[] = "CALIBRATION MEND";

CALM1{] = »1. HEATER CALIBRATION "
CALM2[] = "2, CHANNEL CALIBRATION "
CALM3[] = "3, EDIT CALTBRATION TABLE ";
CALM4[] = "4, PRINT CALIBRATION TABLE";
CALKMS{] = *5. QUIT MENT "
PWAIT{] = "WAIT FOR PREHEATING :  SEC";
STORG[] = "STORAGE";

MEASR{] = "MEASUREMENT";

MILIA{] = "(mA)"; ™

MILIV] = *(=aV}";

PCLM1I[] = "X-12345X";

PCLM2[] = “&PJI ENTER LANGUACE = PCL";
CRLF[} = {0x04,0x0s,0};

EBLK[] = "

EERR[] = "-x";

OSRMO[] = "USER MENU";

USRM1{] = "1, CALENDAR/CLOCK SETUP ";
USRM2{] = "2, ALARM OUTPUT SETUP "
USRM3(] = "3. CALIBRATION TABLE PRINT";
USRM4[] = "4. STORAGE GAS DATA PRINT *;
USBRM5{] = "5, ALARM DATA TABLE PRINT ”;
USRMG[]| = "6, QUIT TN
ERRX{] = " X *;

ERRH{] = "H-~";

ERRL{] - *-L-";

ERRE[] = "--E%;

KEY_TABLE[16] = { ©Ox011, // key_ 1 : RPM/X

0x012,
0x014,
0x018,
0x021,
0x022,
0x024,
0x028,
0x041,

// key_ 2
// key_ 3
// key 4
// key_ 5
// key_8§
/7 key 7
// key 8
/7 key 3
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0x042, // key_10 : MODE
0x044, // key_11 : ENTER
Ox048, // key_12 : PRINT
0x081, // key 13 : X

0x082, // key_14 :
0x084, // key 15 :
0x088 };// key_ 16 :

const unsigned char LOGSC{5}{8} = { {100,
{ 50,
{ 25,
{ 10,
{ 3,

X X X

80, 30, 15, 5, 1}, // 100X
30, 20, 10, 4, 1}, // 50%
18, 12, 6, 3, 1}, // 25%
8, 6, 4, 2,1}, // 102
4, 5, 7, 9, 12}};// Row

/o
1

} xR MAIN B £

[

f2 2223

void wmain(veid)
(
10_PORT2.5=1;
10_PORT2.5=0;

aysinit{}; // system initialize

while(1)}{
10_PORT2.5=1;
T0_PORT2.5=0;
if(tusrmode){

/*

- - -

LINEAR GRAPHIC DISPLAY MODE

— e ——— o)

if{caode}{ // linear graph mode redrawing

if(sxmode==0)sxmode=5;
home();
sprint(chsel*8+3,14,%>"});
charcont(2);

if(adflg&0x01 &k !phtime{0]) sprint(4,14,{char X)NCH1):

if(adf1gk0x02 &4& !phtime[1]) sprint(12,14,(char ¥)NCH2);
if(adflgx0x04 && !'phtime{2]) sprint(20,14,(char ®)NCH3)};
if{adflga0x08 && !phtime{3}]) sprint(ZS.l&,(ehar EINCH4) ;

charcont{0);
if(1(2df1g&0x01)

phtime{0]) sprint(4,14,{char *)BCH1);

e
s
if{!(adflga0x02) |} phtime{1]) sprint(12,14,(char ¥)BCH2);
b
[ ]

$£(! (adf1g&0x04)

phtime[2]) sprint(20,14,{char %)BCH3);
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{f(1(adf1g&0x08) !} phtime{3]) sprint(28,14,(char ®)BCH4);
if{adflga0x10){
charcont(2);
sprint (36,14, (char *)UCHAN);
charcont(0);
sprint{36,15,{char ¥)USCAL);
}
else{
charcont(2);
sprint (36,15, {char ¥}USCAL};
charcont(0});
sprint{36,14,(char *)UCHAN);
) .
1f({modef){
LINELP: fillbox{1,1,320,208,0); // Graph Clear
switch(sxwmode){
cage 0: symode=l;
case 1; tc$t=50;
break;

cagse 2: tent=12;

.

break;
case 3: tent=6;
break;

case 4: tent=3;

break;
case 5: tent=l;
break;
}
xcnt=0;
switch({sxmode){
case 5: realstp=l; // step 1/32 SEC
’ realmax=1920; // G60SEC X 32 (8Byte Step)
break;
case 4: realstp=1; // step 1/32 SEC
realmax=3840; // 1208EC X 32 {8Byte Step)
break
case 3: realstp=i; // step 1/32 SEC
realmax=11520; // 360SEC X 32 {8Byte Step)
break; '
case 2: realstp=2; // step 1/16 SEC
realmax=11520; /{ T20SEC X 1§ (8Byte Step)
break;
case 1: realstp=8; // step 1/4 SEC
realmax=14400; // 3600SEC X 4 (8Byte Step)
break; ’
default: sxmode=5; // 1220222722727
symode=1; /7 22227222722
realstp=1; // step 1/32 sEC
realaax=1920; // BOSEC X 32 (8Byte Step)
break;
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}
realptr=0;
realptr=0;
realent=0;
realcnt=0; .
frealcye=0; // Cycle Restart
freal=0; ’ // Real A/D Save Mode
sprint{2,1,"X"); ) .
drawline(l&,lz:‘é&183,1); /I BE X e
drawline(28,183,283,183,1}); /858 28 7gd
for(ca=0;ca<=10;cas++){
ib=ca*16+23;

drawline(25,ib,28,1ib,1); //] % B%E ¥ 3
if(1{caX2))( )
swvitch({symode){
case 0Q: lprint{l,2+ca,"X3",100-(ca%x10));
break;
case 1: lprint{1,2+ca,”%3",50-(cax5));
break;
case 2! lprint(l,2+ca,"X3",25-{cax2.5});
break;
case 3: lprint{l,2+ca,"%3",10-ca);
break;
}
}
}
if({sxmodeX2){
for{ca=0;cal=6;car+){
ib=ca*40+23;
dravline{ib,183,1b,186,1); //$2 XE $32
12(!(caX2))(
1f(sxmode==3) lprint{(int)(ib/8),13,"%2%,ca};
else lprint{(int)(ib/8),13,"X2",ca*10);
}
}
}
else{
for{ca=0;cal=8;cat+){
1b=ca®30+28;
drawline{ib,183,ib,185,1}; //#3 B%E 23
i1 (cax2)){
if{sxmode==2) lprint{{int){ib/8),13,"%2",{int){ca*x3/2});
else lprint{(int)(ib/8),13,”%X3",cax1§);
}
}
}

if(sxmode>3) sprint{37,12,"SEC");
else sprint{37,12,"MIN");

}

while(1){
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key=kscan{0);
switch{key){
case 2:
home();
cnode=0:- // bar graphic mode
modef=1; // mode change
tent=1;
freal=1; // Disable Real A/D Save Mode
break; E
case &:
1f(gmode){
gmode=0;
adf1g&k=0x0f;
charcont(2);
sprint{36,15,(char *)USCAL);
charcont (0Q);
sprint (36,14, (char ¥)UCHAN);

}

elsef{
gmuode=1;
adflgi=0x10;

charcont{2);
sprint{36,14,{char *)OCHAN);
charcont(0);
sprint{36,15,(char *}USCAL);

}
break;
case 6

1f{gnode){
sprint(chsel®8+3,14," ");
1f{chsel) chsal--;
else chsel=3;
sprint{chsel*g+3,14,">");

}

elsef
sxmode++;
it {sxmode>5)sxmode=5;
else goto LINELP;

}

break;

case T:

if(gmode) (
sprint{chsel*8+3,14," ");
chsel++;
if(chsel>3) chsel=0;
sprint{chsel*8+3,14,">");

1

else{
if{sxmode}{

sxmode-~;
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1f({sxmode<l)sxmode=1;
else goto LINELP;

}
}
break;
cage §:
if(gmode) goto G128;
else{ : e
if(symode){
symode-~
goto LINELP;
}
}
break;
case 8:
if(gmode){
G128: switch{chsel)}{
case 0:
if(phtime{0])(
charcont(0);
sprint(4,14,{char %)BCH1);
}
else(
1f(adflgk0x01){
edflga=0x0fe;
charcont{0);
sprint{4,14, (char *)BCH1);
}
else(
adflgi=0x01;
‘charcont(2);
sprint(4,14, (char X)NCHL);
charcont{0};
}
}
break;
case 1:
if(phtime(1])(
charcont(0);
sprint{12,14,(char ®)BCH2);
}
else(

if (adf1g&0x02){

adf1g&=0x0fd;

charcont(0};

sprint{12,14, (char *)BCH2});
}
elsef

adflg!=0x02;

charcont{2};
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spéint(lz,lt.(char X)}NCH2);

charcont(0);

}
bréak;
case 2:
{f(phtime[2]}}{
charcont(0); .
sprint{20,14, (char ¥)BCH3);
}
else{
1f{adf1ga0x04)(
2df1gk=0x0fb;
charcont{0};
sprint (20,14, (char X)BCH3):
}
else(
adflgi=0x04;
charcont{2);
sprint{20,14,(char *)NCH3};
charcont{0);
) .
}

break;
case 3:
1f(phtine{3]){
charcont{0);
sprint{28,14,(char ®)BCH4);
}
elsef
1f{adflga0x08)(
adflge=0x017;
charcont{0);
aprint (28,14, (char ¥)BCH4);
}
else{
adflgi=0x08;
charcont(2};
aprint (28,14, (char ¥)NCH4);

charcont(0);

break;

}

else{
symode++}
if(symode>3)symode=3;
else goto LINELP;
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break;
case 10: // Wode Key Select Config Mode
if(1gmode){
usracde=1;
frealsl; // Disable Real A/D Save Mode
}
break;
case 12: // Print Screen
if{tfcom)(
fpre=1;
freal=1; // Real A/D Print Mode
charcont(2);
sprint(10,5," GRAPHIC SCREEN PRINT ");
charcont(0);
Real_AD_Print{};
fort=0;
goto LINELP;
}
else(
charcont{2};
sprint(4,3,"CAN'T PRINT BECAUSE COMMUNICATION."};
charcont(0);
do(;iwhile(!kscan(ﬂ));
goto LINELP;
}
break;
}
if (usrmode) break;
if(!cmode) break;
if(adcompl}{
for(ca=0;cad{;ca++) adi[ca]=addata[ca];
adcompl=0; -
for(ca=0;cacé;cat+){
adffca]=(float)adifcal/10.00;
1f{phtime[cal)(
if(altcur>50) charcont(2);
sprint(cax8+4,15, (char®)HEAT);

charcont(0);
1
}
if(!(tentX8)){ // 2% 43 Display
cd=0x01;
for(ca=0;cacd;ca++){
if{phtime{cal}{
switch{ca}{
case 0: aptr=(char¥)BCHI;
break;
case 1: aptr={char®)BCH2;
break;

case 2: aptr=(char*¥}BCH3;
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break;
case 3: aptrz(char¥)BCH4;

break;
}
sprint{cat8+4,14,aptr};
1
elge{
if{adflgaecd){
" svitch{ca){
case O: aptr={char¥*)NCH!;
break;
case 1: aptr=(char*)}NCH2;
break;
case 2: aptr={char*)NCH3;
break;
case J3: aptr={char*)NCH4;
. break;
}
charcont{2};
sprint{ca®8+4,14,aptr);
charcontiﬂ);
forint{ca*8+4,15,7X2,.1" ,adf[cal);
sprint{ca*8+8,15,"X");
}
else{
switch{ca){
’ cass 0! aptr=(char¥)BCH!L;
break;
cage 1: aptr={char¥*)BCH2;
break;
case 2: aptr={char*)BCH3I;
break;
case 3: aptr=(char¥)BCH4;
break; )
)
- sprint{cax8+4,14,aptr);
sprint{ca*8+4,15, {char®)}MINU3);
1
}
ed<<=1;
}
} .
if(tent==0){
xcot++;
if(xent>=240)( // linear graphic ¥4 & X 2¢c}.
dravline{269,17,269,182,0); /% clear dot line %/
drawline(30,17,30,182,0); /% clear guard line %/
xent=0;
frealeye=1; // Over 1 Cycle
}

T - 238 —



vertdot{30+xent,17,3,165,1); /* draw guard line =%/
drawline(29+xent,17,29%+xent,182,0); /% clear guard line %/
drawline(31l+xcnt,17,31+xcnt,182,0}); /% clear guard line %/
drawline(32+xcnt,17,32+xcnt,182,0); /* clear guard line %/
switch(sxmode){

case 0: symode=l;

case 1: tent=430;

'break;
case 2: tent=96;
break;
case  3: tent=48;
break;
case 4: tcnt=18;
) break;
case 5: tent=8;
breek;
}
switch{symode){
case 0: cb=100;
break;
case 1: ¢b=50;
break;
case 2: cb=23;
break;
case 3: cb=10;
Break;
) .
}
cc=0x01;

for{ca=0;cacd;ca++){
if(adflg & cc}{
ay={unsigned int)(adf{cal*160.0/(float)cb)};
11(ay>160) ay=165;
pixel(29+xent,182-ay,1};
}
ce={ceC<1)&0x0fe;
}
if(adf[0]%10>al_cr[0]) alrly}=0x01;
else if{!altype) alrly&=Oxfe;
1f({adf[0]*10>al_cr[1]) alrly]=0x02;
else if{!altype) alrly&=0xfd;
if{adf[1]1*10%al_cr{2]) alrly!=0x04;
else if{!altype) alrly&=Oxfb;
if(adf{1]*10%al_cr{3]) alrly!=0x08;
else if(!altype) alrly&=0xf7;
if{adf{2]*10>a)_cr{4]) alrly}=0x10;
else if(laltype) alrly&=Oxef;
if(adf{2]%10%al_cr[5}) alrly}=0x20;
else if(taltype) alrly&=0xdf;
If(adf(3]%10>al_eri6]) alrly}=0x40;
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/* !
| =x%xx HEATER CALIBRAT;OH : {
| ; |
e '/
void Heater_Calib_Mode(void){

unsigned char cma, cmb, cmc, c¢md, che, chflg;

char ®xptr;
chflg=0x0f; // all thnel select
cma=1; . // REDISPLAY FLAC
cmb=1} // Shift Counter
cme=0; _ // General Counter
cmd=0; // Select Arrow
tent=8; // A/D Display Period 250mSEC
sdprint(1,1,"HEATER CALIBRATION"); 1/ Title '
drawline{1,39,320,39,1); // Doub%e Line
draw;lne(1.41,320.4l.l):
sprint{4,4,"CAS DENSITY : NOT AYAILABLE");
drawline(1,72,320,72,1); // Line
sprint{3,6,"->"); 4
charcont(2): // Reverse Channel Character
sprint(5,6, {char¥)NCH1);
sprint{15,6,{char®)NCH2);
sprint (25,8, (char®)HCH3);
sprint (35,6, (char®)NCH4);
charcont{0);
horidot(1,104,4,320,1);
sprint(2,8,{char¥)STORG);
sprint{10,8, (char®)¥ILIA); °
horidot{1,158,4,320,1);
sprint{2,12,{charx)MEASR);
sprint(14,12,{char®)MILIA);
dof{
if{cma){
for(cme=0;cme<4;cme++) ldprint{cmc¥5+1,33,7X4", (unsigned long)cal[cmc][101]);
cma=0;
}
che=kscan{0)}
switch({che)(
case 4: cmb=l;
cmb<{<{=cnd}
if({chflg & cmb){
chflg&=(~cmb);
charcont{0);
switch(emd){
case 3: xptr=(char¥)BCH4;
break;
case 2: xptr={char¥)BCH3;
break;
case '1: xptr=(char®)BCH2;

break;
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case O0:
default: xptr={char®)BCH1;

break;
}
sprint{cmd*10+5,6,xptr);
}
else{
chflg!=cmb;
charcont({2};
switch(cmd){
case .3: xptr=(char¥}NCH4;
break;
case 2: xptr={char®)NCH3;
break;
case 1: xptr=(char®)RCH2;
break;
case 0:
default: xptr={char¥)NCH1;
break;
}
sprint(cad*10+5,6,xptr);
cbarcont(ﬁ);
}
cma=1;
break;

case O: sprint({cmd®10+3,8," ");
if{cmd) cmd--;
else cmd=3;
sprint(cmd*10+3,6,"->");
break;
case 7: sprint(cmd®10+3,5," *};
cnd++;
1f{cmnd>3) emd=0;
sprint{cmd*1043,6,->");
break;
case 11: while(!adcompl)(
10_PORT2.5=1; //vatch dog refresh
I0_PORT2,5=0;
}
cmb=1;
for{cmc=0;cmcl4;cme++)(
if{chflg & cmb) cal[cmc]{101]=adbuffer[cmcti];

emb{<=1;
}
adcompl=0;
cma=1;
break;
default: break;
}
if{adcompl){
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3. 394 712542 AR7] Program

% Ay

; ioportl

; power led portl  1st

; Alarml led portl  2nd
; Alarm2 led portl  3rd

; Trouble led portl  4th

: BZ led portl 5th

; Buzzer led portl 6th

; SPDIS  led port  8th
; ioport0

; empty port0  lst
; empty port0  2nd
; reset to sub port0 3rd

; hold to sub port0  4th

; BZ SPDT port0  5th
; Trouble SPDT port0  6th
; Al2 SPDT port0  7th
; All SPDT port0  8th
; ioport2

; empty port2 lst
; AS port2  2nd
; AR port2 3rd
; Alarm Reset port2  4th
; Trouble input port2 5th

; BZ port2 6th
; Alarm2 port2 T7th
; Alarmi port2 8th
y=======ozoso=os=s iODOI‘t]. define ==========z===s====
POWER equ pl.0

ALl equ pl.l

AL2 equ pl2
TROUB equ pl.3
BZLAMP equ pld
BUZZER equ pl5
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SPDIS

AL1_SPDT
AL2_SPDT
TRB_SPDT
BZ_SPDT
SUB_HLD
SUB_RES

an A A A

BLINKSTAT
BLINKTM1
BLINKTMZ2

BTNSTAT
AR_STAT
AS_STAT
ALR_STAT

BTN_NO

pl.7

z==== ioporto define =====z=zz=z=====c===

equ 8001h ; outputport
equ 20h
equ BUFP0.0
equ BUFPO.1
equ BUFP0.2
equ BUFP0.3
equ BUFP0.4
equ BUFP0.5
equ 0.6
equ 0.7
=== ioportz define ===========z=z=zzzz==z=
equ 8000h ; inputport
equ 21h
equ BUFP2.7
equ BUFP2.6
equ BUFP25
equ BUFP24
equ BUFP2.3
equ BUFP2.2
equ BUFP2.1
equ BUFP2.0

AN AN A A A A

0~ Variables define "0~ "0 "0~ "o

~ equ 22h
equ 040h
equ 070h
equ 24h
equ BTNSTAT.0
equ BTNSTAT.1
equ BTNSTAT.2
equ 25h
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AR_NO
AS_NO
ALR_NO

DELO
DEL1

LOOP1
LOOP2

org

jmp

org
call

start:

setb
mov
mov
mov

dinz
mov
djnz
mov

mov
jz
mov
jmp
blink000:
mov
blink001:

blink00: -

jmp
blink0:

equ BTN_NO.O
equ BTN_NO.1
equ BTN_NO.2

equ 30h
equ 31h
equ 32h
equ 33h

40h

40h
init

POWER
p2, #0ffh
a, p2
BUFP2, a

LOOP1, blink00
LOOP1, #BLINKTM1

LOOPZ, blink00
LOOPZ, #BLINKTM2

a, BLINKSTAT
blink000
BLINKSTAT, #0
blink001

BLINKSTAT, #1

blink1
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mov

mov

mov
blinkl:

startaQ:
jnb
jnb
clr

setb

setb

jmp
startad:

setb

starta8:

startb0:
jnb
jnb
ib
clr
startb000:

inb

setb

jmp
startb4:

setb

clr

starth8:

startcO:
jb

LOOP1, #BLINKTM1
LOOP2, #BLINKTM2
BLINKSTAT, #1

AR, startad
AR _NO, starta8
AR _NO

AR_STAT
SUB_HLD
starta8

 AR_NO

AS, startb4

AS_NO, startb8
AR_STAT, startb000
AS_NO

AR_STAT, startb8
SUB_RES
starth8

AS_NO
SUB_RES

AL_RES, startc4

; checking hush mode
; setting hush mode

; jump if no hush
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job
jb
startc000:

jb
setb
setb
jmp
startc00:
setb
jmp
startc4:
setbh
jb
clr
startc8:

jb

setb

jnb

seth

jmp
startb00:

clr
startb01:

jmp
start(:

clr

clr
startO1:

jb

setb

jnb

setb

jmp
startb10:

clr
startbl1l:

jmp
startl:

clr

ALR_NO, startc8

AR_STAT, startc000
ALR_NO

AR_STAT, startcO0
AR _STAT
SUB_HLD

startc8

SUB_RES
startc8

ALR NO
AS, startc8
SUB_RES

AL1_IN, start0
AL1_SPDT
BLINKSTAT.0, startb00
ALl

startb01

ALl
start01l

AL1_SPDT
ALl

AL2 IN, startl
AL2_SPDT
BLINKSTATUO, startbl0
AL2

startbll
AL2

startl0

AL2_SPDT
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clr
start10:

ib
setb
clr
jnb

jnb

setb

jmp
startb20:

cir
startb21:

jmp

start200:
setb

start201:

jmp
start2:

jnb

jnb

jnb

jmp
starte2:

clr

jnb

setb

jmp
started:

clr
starte5:

jmp

starte8:
clr
clr
clr
clr
clr
clr

start20:

BZ_IN, start2
BZ_SPDT
BZLAMP
TRB_IN, start200

BLINKSTAT.0, startb20
BUZZER
startb21

BUZZER

start201

BUZZER

start20

AL1_IN, starte2
AL2_IN, starte2
‘TRB_IN, starte?
starte8

BUZZER
BLINKSTAT.0, started4
BZLAMP

start20

BZLAMP

start20

AR_STAT
BZLAMP
BZ_SPDT
BUZZER
SUB_RES
SUB_HLD
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ib

setb

nb

setb

jmp
startb30:

cir
startb31:

jmp
start3:

clr

cir
start30:

mov
mov

jmp

init:
clr

clr
clr
clr
clr
clr

setb

cir
clr
clr
clr
clr
clr

mov
mov
mov
mov
mov

TRB_IN, start3
TRB_SPDT
BLINKSTAT.0, startb30
TROUB

startb31

TROUB
start30

TRB_SPDT
TROUB

a, BUFPO
p0, a

start

ie

ALl

AL2Z
TROUB
BZLAMP
BUZZER

SPDIS

AL1_SPDT
AL2 SPDT
TRB_SPDT
BZ_SPDT
SUB_HLD
SUB_RES

BTN_NO, #0
BTNSTAT, #0

. BLINKSTAT, #0
LOOP1, #BLINKTMI1
LOOPZ2, #BLINKTM2
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" a, BUFPO

mov
mov p0, a
ret
delay:
mov DELQ, #0fOh
delayl:
mov DELL1, #0fOh
delay2:
nop
nop
nop
nop
dinz DEL], delay2
dinz DELO, delayl
ret
end
#® AL =27

#include”sub.h”

#define MAXVALADI1016
fidefine OFFSETAD 104
#define MAXVALV
#define OFFSETV
#define MAXPPM

#define ADGAIN

#define OFFSETA
#define MAXVALA
#define MAXVALDAZ200

4.8751
05

205.462

IS
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"
4

IO_PORT3 = (byte *) Oxlffe;
IO_PORT4 = (byte *) Ox1fff;

IO_PORT3 = (byte *) 0xf000;
I0_PORT4 = (byte *) 0xf001;

SP_CON=0x09;
BAUD_RATE=0x15;
BAUD_RATE=0x80;

led_off();
power_on();
trb_signal_off();
led_init();
bz_stat = OFF;
sys_init();

led_off();
power_on();

normal_mode();
mode = 0;
premode = 0;
while(1){
power_chk=0;
[rEskkkrkerkrkk  gwitch input Aokt ok ok
I0_PORT1 = IO_PORT1I0xf0;
jp_stat = ((IO_PORT1>>4)|0xf0);
if (jp_stat&0x02) jp_stat&=0xfd;

else jp_stat|=0x02;

if (jp_stat&0x08) jp_stat&=0xf7;

else jp_stat}=0x08;

if (trb_stat==0) trb_spdt_off();
else trb_spdt_on ();

sw_stat = 0x1f;

temp = HSI_STATUS;

if (temp & 0x02) sw_stat &= Oxfe;
if (temp & Ox08) sw_stat &= 0xfd;
if (temp & 0x20) sw_stat &= Oxfb;
if (temp & 0x80) sw_stat &= 0x{7;
if (*I0_PORT3 & 0x80) sw_stat &= Oxef;
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if ((sw_stat & 0x02)) bz_stat = OFF;

elsel{
if ((/(alarm&0x03)) && (trb_stat==0) ) bz_stat = ON;
}

if ((sw_stat & 0x01)&&(org_alt==0)) {
bz_stat = ON;
alarm = 0;
trb_stat = 0;
spdt_stat = 8;
led_off();
power_on();

}

if (sw_stat&0x08){
if {mode==TEST) premode = NORMAL;
else premode =
TEST;
}
else if (sw_stat&0x04X
if (mode==LEVEL2) premode = NORMAL;
else if (mode==LEVEL1) premode = LEVEL2;
else premode =
LEVELL;
}
else if (sw_stat&0x10){
if (mode==CAL) premode =
NORMAL; )
else premode =
CAL;
}
else{
mode = premode;
all_off();
al2_off();
if (mode == TESTX test_on{();

else test_off();
if (mode == LEVEL1X set_on{();

all_on();
else if  (mode == LEVEL2){ al2_on();
else { set_off(};
if {mode == CAL) { cal_on();

else cal_off();
}

if (alarm&0x01H1
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if (jp_stat&0x01) all_spdt_on();

all2 spdt_on();

else all_spdt_off();
} .
else{
if (jp_stat&0x01) all_spdt_off();
else all_spdt_on();
}
if (alarm&O0x02){
if (p_stat&0x04) al2_spdt_on();
else al2_spdt_off();
}
elsef .
if (jp_stat&0x04) al2_spdt_off();
else al2_spdt_on();
}
if (alarm&0x03)
else if (trb_stat == Q) all2_spdt_off();
if (trb_stat!=0){
trb_on O
trb_spdt_on ();
all2_spdt_on();
org_alt|=0x04;
} .
else {
trb_off();
trb_spdt_off();
org_alt&=0x0b;
}
if (alarm&0x01) all_on{);
if (alarm&0x02) al2_on();

[/ Frxsxaxamakrxrk  ad inpubt FEskdskkikkdEk
acu = (ave[O]+ave[ll+ave[2]+ave[3]+
avel4l+ave[5]+avel[6]+ave[7])/8;

puthex(acu>>8);
puthex{acu&0x00ff);
ser_putch(10);
ser_putch(13);

[/ #xxxrrrrkrrexxx display output *#kkkssksks

chr_cs();
led_cmd(0x20);
switch{modeX
case NORMAL:
normal_mode();
sens = get_log(acu);
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if (sens<OX
underbar(ON, LEFT);
sens. = 0;
}
else {
bar_fill(sens, LEFT);
underbar(OFF , LEFT);
}
. out_percent_da(acu);
levl = ( (float)(get_level(1))/1024. *101.);
lev2 = ( (float)(get_level(2))/1024. *101.);
levl = get_log2(levl); :
lev2 = get_log2(lev2);
bar_12(levl, lev2, RIGHT);
chkl = ( (float)(get_level(1))/1024. *101. * 500);
chkl = ppm2volt(chkl);
chkZ = ( (float){(get_level(2))/1024. *101. * 500);
chk2 = ppm2volt(chk2);
if (sens2 >= (chk1#0.95)) {

alarm  {= Ox0L;
org_alt |= 0x01;
}

if (sens2 < (chk1*0.9) ¥
if (jp_stat&0x02) alarm &= Oxfe;
org_alt &= Oxfe;

}

if (sens2 >= (chk2+0.95)) {
alarm |= 0x02;
org_alt |= 0x02;
}

if (sens2 < (chk2#0.9) X
if (jp_stat&0x08) alarm &= Oxfd;

org_alt &= Oxfd;
}
break;
case TEST:
test_mode();

sens = get_log(acu);

if (sens<0){
underbar(ON, LEFT);
sens = 0;
}

else {
bar_fill(sens, LEFT);
underbar(OFF , LEFT);
}

out_percent_da(acu);

levl = ( (float)(get_level(1))/1024. *101.);

lev2 = ( (float)(get_level(2))/1024. *101.);
levl = get_log2(levl);
lev2 = get_log2(lev2);

bar_12(levl, lev2, RIGHT);
chkl = ( (float}(get_level(1))/1024. *101. * 500);
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chkl = ppm2volt(chkl);
chk?2 = ( (float}{get_level(2))/1024. *101. * 500);
chk2 = ppm2volt(chk2);
if (sens2 >= (chkl1*0.95)) {
alarm  [= 0x01;
org_alt |= 0x01;
}
if (sens2 < (chk1*0.9) X
if (jp_stat&0x02) alarm &= Oxfe;
org_alt &= Oxfe;

}

if (sens2 >= (chk2*0.95)) {
alarm  |= 0x02;
org_alt |= 0x02;

}
if (sens2 < {(chk2+0.9) H
if (jp_stat&0x08) alarm &= Oxfd;

org_alt &= Oxfd;
}
break;
case CAL:
normal_mode();

sens = get_log(acu);

if (sens<0) underbar(ON , LEFT);

else bar_fill(sens, LEFT);
adv = ((float)acu)/ADGAIN;

if (adv>0.5){

adv = get_ppm(adv);
adv = (float)100./50000. * adv +0.5;
}
else {
adv = 0;
}

if (adv>100) adv = 100;

bar_empty((byte)adv, RIGHT);
alarm &=0x{8;
break;

case LEVELL:
normal_mode();
sens = get_log(acu);
if (sens<0) underbar(ON , LEFT);
else bar_fill(sens, LEFT);
levl = ( (float)(get_level(1))/1024. #101.);
bar_empty(levi, RIGHT);
out_percent_da(get_level(1));
levl = ( (float)(get_level(1))/1024. *101.);
levl = get_log2(levl);
alarm &= Oxfc;
break;

case LEVEL2:
normal_mode();
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sens = get_log(acu);
if (sens<0) underbar(ON , LEFT);
else bar_fill(sens, LEFT);
lev2 = ( (float)(get_level(2))/1024. *101.);
bar_empty(lev2, RIGHT);
lev2 = ( (float)(get_level(2))/1024. *101.);
lev2 = get_log2(lev2);
alarm &= Oxfc;
break;
}
led_cmd(0x11); /* display on */
set_cs();
sens2 = ( (float)(ad(2])/1024. *5.);
if ((sens2>heaterUP) || (sens2<heaterLOW)) trb_heater_on();

else if (trb_heater_chk()) {
sys_init();
trb_heater_off();
}

}
/ sens = {acu~OFFSET)*(50000/(MAXVAL-QOFFSET)); -
// sens = &0/(MAXVALV = - OFFSETV))

((MAXVALV/MAXVALAD=*acu) -~ OFFSETV);

word get_level(byte channel}{
if (channel == 1)
return ((Ch1{0]+Chi[1]+Ch1{2]+Ch1[3]+
Ch1[4]+Ch1[5]+Chl[6]+Chi1[7])/8);
if {channel == 2)
return ((Ch2{01+Ch2[1]+Ch2{2]+Ch2[3]+
Ch2[4]+Ch2[5]+Ch2{61+Ch2[7])/8);

int get_log2(word data)

{
adv = (float)data*10;
data = ( logl0(adv)/3+47 +4 );
return {data);

int get_log(word data)

{
adv = {(float)data)/ADGAIN;
sens2 = adv;
if (adv>054

— 256 —



adv = get_ppm{adv);
adv = (float)adv * 1000./50000.;
if (JoglO(adv)>0.1){
if (adv<350) adv = ( logiO(adv)*47./3. +45);

else adv = ( loglO(adv)*47./3. +4.0 );
data = (float)adv; :
}
else {
data = 4;
}
return ((int)data);
}

else{
return ((int)( (float)adv*10 ~ (0.5-adv)*1 -1));
}
}

//#define DA100 236
//#define DA10 145

//#define DAO 53
#define DA100 236
#define DA1CO 152
#define DAO 65
void out_percent_da(word data)
{
/%
adv = (float) data*100/1024;
if (adv>101) adv = 101;
else if (adv>10){
adv = (adv-10)/90x(DA100~-DA10) + DAIQ;
data = (word)adv;
) :
else {
adv = adv/10*(DA10-DA0O) + DAQG;
data = (word)adv;
}
PWM_CONTROL=(byte)data;
*/

adv = ({float)data)/ADGAIN;
if (adv>0.5)
adv = get_ppmf{adv);
adv = (float)100./50000. * adv;
if (adv>101) adv = 101;
else if (adv>10)
adv = (adv-10)/90+(DA100-DA10) + DAILQ;
data = (word)adv;

}

i

else {
adv = adv/10+(DA10-DAO) + DAO;
data = (word)adv,
}
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PWM_CONTROL=(byte)data;
}
else{
PWM_CONTROL=DAO;
}

float get_ppm({float voltage)
float a, b;

a=0
b = initV;
if {voltage<bX{
return 0;
}
else{
for(i=1; i<ppmN; i++){

if(voltage<=ppm{i]{0])break;

}
derl =
der2 = ppm(ill1]- derl * ppmlil[0);
}

return( derl * voltage + der2 );

float ppm2volt(float ppm?2)

{
float a, b;
a=0
b=0
for(i=1; i<ppmN; i++}
if(ppm2<=ppmfil{1])break;
}
derl = (ppm{il[0]-ppmli-13[01)/(ppmlil[1]-ppm{i-11{11);
der2 = ppml[i}{0)- derl * ppm(il{1};
return{ derl * ppm2 + der2 );
}

void sys_init(void)
{

led_off();
trb_signal_off(});
trb_spdt_off();
bz_stat = OFF;
org alt = 0;

disable_interrupt();
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/

INT_MASK = 0x00;

clr_cs(;

Icd_cmd(0x20);

bar_empty(0, LEFT );
bar_empty(0, RIGHT);
led_cmd(0x11); /* display on */
set_cs();

INT_MASK = 0x2a;
enable_interrupt();
HSO_COMMAND = 0x18;
HSO_TIME = TIMERIL + 0x500;
nop_instruction();
nop_instruction();

HSO_COMMAND = 0x10;
HSO_TIME = TIMER1 + 0x500;
nop_instruction();
nop_instruction{);

power_on{);
power_chk = 1;

for{temp = 0; temp < 156; temp++)
for(temp = 0; temp < 1; temp++)

{
for(temp2=0; temp2<255; temp2++) delay(100);
} .
power_chk = 0;
delay(0xff);
delay(0xff);

void underbar(byte cmd, byte channel)

{

if (channel==LEFT ) led_cmd(6xe0);
else if (channel==RIGHT) lcd_cmd(0xee);
if (emd == ONX
led_cmd(0xd1);
trb_lower_on();
}
else trb_lower_off();

void bar_fill{int level, byte channel)

{

if (level>51) level = 51;
if (level< 0) level = 0,
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if (channel==LEFT) adr0 = 0xe0;
if (channel==RIGHT)adr0 = Oxee;
Icd_cmd(adr0);
led_cmd(0xd0);

level/8;
level248;

i
i

]

for(k=0; k<i; k++)}lcd_cmd(0xdf);lcd_cmd(0Oxdf);}
if (§<4){
i=1;
for(k=1; k<=j; k++){i<<=1Li++;}
il=0xd0;
led_cmd(i);
}
else{
led_cmd(0xdf);
j-=4;
i=1;
for(k=1; k<=j; k++){i<<=1L;i++}
i|=0xd0;
lcd_cmd(i);
}
led_cmd(adr0+0x0d);
if (level==51) {
led_cmd(Oxbl);
trb_upper_on ();
}
else {
led_cmd{(0xb0);
trb_upper_off();
}

void bar_empty(int level, byte channel)
{
if (level>100) level = 100;
if (level<0) level = 0;
if (channel==LEFT) adr0 = Oxe0;
if (channel==RIGHT) adr} = Oxee;
led_cmd(adr0);
led_emd(0xd0);
k = level/2;
1 = level22;
i=Kk8
i = k%8;
if (j<4){
level=1;
for(k=1; k<=j; k++) level<<=1;
led_cmd(adr0+(i*2)+1);
lcd_cmd(0xbOllevel);
if ()

— 259 —



if (level&0x08){ ,
led_cmd(adr0+(i%2)+2);
lcd_cmd(0xb0[0x01);

}
else{
led_cmd(adrO+(i*2)+1);
level<<=1;
led_cmd(OxbOllevel);
}
}
}
else if (G<=7)
level=1;
j~=4;

for(k=1; k<=j; k++) level<<=1;
led_cmd(adrO+(i*2)+2);
lcd_cmd(OxbOllevel);
if (1
if (level&0x08){
lcd_cmd(adr0+(i*2)+3);
lcd_cmd(0xb0I0x01);
}
else{ '
led_cmd(adrO+(i+2)+2);
level<<=1;
led_emd(0xbOllevel);
}

)
led_cmd(adr0+0x0d);
if (level==101) led_cmd(0xbl);
else led_cmd(0xb0);

void bar_12(int levl, int lev2, byte channel)

{

if (levl>50) levl = 50;
if (levi<0) levl = O;
if (lev2>50) lev2 = 50;
if (lev2<0) lev2 = 0;
if (channel==LEFT) adr0 = Oxe0;
if (channel==RIGHT)adr0 = Oxee;

led_cmd(adr0);
led_emd(0xd0);

i=levl/s;
j = lev1%8;
if (<4

=1

for(k=1; k<=j; k++) 1<<=1;
lcd_cmd(adrO+(i*2)+1);
Icd_cmd(0xb0il);
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}
else{
j-=4;
=1
for(k=1; k<=j; k++) 1<<=1;
led_cmd(adrQ+(i*2)+2);
led_cmd(0xbOID);
} )

lcd_cmd(adr0);
led_emd(0xd0);

i=lev2/8
j = lev2%8;
if (<4

I=1;

for(k=1; k<=j; k++) IK<=1;
led_cmd(adrO+(i#2)+1);
led_cmd(0xbOiD);

}

else{
-=4;
I=1;
for(k=1; k<=j; k++) IK<=1;
led_cmd(adr0+(i%2)+2);
led_emd(0xbOI1);
}
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E1. Thick Film Gas Sensor Products EDS/XRD Analysis Data

SCIMAREC AF50 SCIMAREC AF56 FIGARO 2610
Element | Material | Element | Material | Element | Material
Fe, Al
Sensi » Sn, Si, Pd,{(Sn,V,Cr)O
ensing Fe, O FesOn . S, | FeOs a n, Si (Sn 1:)
film . V, Cr, O |2, Pd, Si0
Cl, Si ' :
Heater Pt, Fe Pt Pt, Fe, O Pt Pt, Si, Au Pt
Electrod
e; : °l Au Pd |62au/38Pd|Au, Pd, O |60AW40Pd| Ay, AL Si|  Au
al
Sensing ,
- - Au, Fe, O Au Au Au
Electrode :
Al, Mg, Al, Mg, Al Si,  |[{ALMg)-03
Substrat (AlLMg) (Al
ubstrate| o by, o |AMEO By o | MO o | sion
Wire Pt Pt Pt Pt Pt Pt
Al, Zn, Sj,
Heater _ _ _ _ Zr, Mg, Glass
49 Ca, Pb, Bi,| ceramic
Cd, O
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1. SnO; PowderE A& ¥4
C 71E] Wil FAY

fl
2

H
Lo,
S
o
FE.
Lo

5

i

2. Heater A5 4 729 /44

7129 RuG,E o848 SE2E %717 AL4A ANS) APy Ash

9] fgle] & & glov, #UR JIE EE 2ERIE A7V 2EFHL
2 2o A3 PtE o] &% IHE qA A,
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3. A= 2 Pad A2 AA

71E) AZFE ASEAN AHESHY Pt Pastes @l$ zrlols Fd
AA] FAFE Loss7t ZBE 1/2 71A S Au Paste® AZERL 7Y
Hatgon AT oo RAsE A7HA &4 T AY 719
BAL wiAstL, Pt wire £3L EHFH o2 d7|Ys] Au PadE F7}
Hog2 AA HEsAth

4. Paste A %ZA] Binder @ Solvent ¥ 7
71& 9] Binder® A &< «-Tepinol/EthycelluloseE Fu Qo] B
o dutd oz ALEHHA EFATEIZ %33 BCA/Ethylcellulose A =

Wste A st

T #AAEAY FHFLI} dol st2AA Y VAH, €5
LR 7L w9 Ao, A4 silica solE H7bsto 7

AgdH FBAels] FAFE L FAEAY AN FEE AAHA
A

— 273 —



— Pie —

X 2 Tin Oxide powder analysis data

Precipitate-1 96.1 0.19(?7) 23 0.6 SnOy(Tet.) 424 <10
Precipitate-3 | 96,6 226 | 029 0.82 SnOy(Tet.) 383 ~10
Rare met. 9% 06 05 | 08 | SnOu(Tet)+X 305 10~20 99.90 %
99.90 %
nEE . 3(2 SnOs(Tet. 13 22~77
i 9.8 0.3(?) nOa(Tet.) Fe, Pb<10ppm
BDH Ch 9.1 1 SnOx(Tet.)+X 646 | 55~167 Pb:0.05
. . €eL. R ~
e e As10.002
SnOs(Tet.)+SnO
Nano 9.3 03 | 04 nOATet)+SnOL | o) 38~55

Ortho.)




Tor

ol

<H
e

<BDH >

< Nano Powder >

A A R)

IH
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R

2y

A
I

< Raremetallic >

O 722 2% TEM AR (1)
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< Nano Powder >

|
o
o
10

2 2EUY TEM AR (2)
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Paste A Y njw§

Vehicle

Powder / Vehicle
90 : 10
No.
100 CPS 9%5:515/5 6/4 |65/35 7/3 8/ 2
No. @ @ ® ® ®
97 : 3 6/4 |65/35| 7/ 3
No. ® ® ®
=0 cps |90 ¢ 10 6/4 (65/35 7/3 | 8/2
No. . ® @ S
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Max

BCA/EC: 95/5(100cps) - BCA/EC: 95/5(100cps)
Powder/Vehicle s 5/5 Powder/Vehicle : 6/4

.

LV
AR

ME3 NZ4

BCA :EC 90 : 10(50cps) BCA :EC 90 : 10(50¢cps)
Powder/Vehicle : 7/3 Powder/Vehicle : §.5/3.5

NZES

BCA :EC 90:10(50cps)
Powder/Vehicle : 67 4
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X 4 Powder'l Paste H|&Z X

82 73 7.5:25

Paste rate 73 1525

Aged | ZEY | de ¥4 | Pe 4

o
£

Color

g g ek 43

o

HE e

Pt(1) | HzPtCls,6Hz | HoPtCls,6Hz | H2PtCls,6Hz | HoPtCls,6Hz | HaPtCls,6Hz

Pd(3) Pd Black P4Cl; PdACl: PdAClz PACl,
Mass 98 ¢ 114 g 103 g 113 g 23 g
Made by | 53714 Az Az Az KIST
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712! 10 SnO, Paste Firing Profile

1000
850°C, 30min .
Leveling & 2 5-102
800 Drying 100°C 102
600
10°C/min
g ]
§ 4m-
= 1 5°C/min
EC evaporate
2004 .
10°C/min
BCA evaporate
0 T l T l T l L] l
0 50 100 150 200
Time(min)
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001 x)




< Nano Powder >

A8 128 &

HI

o AAE MAERO DMTE (2)
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¥ 5 Thick Film Gas Sensor EDS data
z A
1) X9 : Pt 1wt%, Pd black 3wt%
2) 71 E : Pt 1wt%, Pd 3wt2%, 850C A4 23]

Material Sn Pt Pd Si
1 3 904 6 25 11
2 | Raremetallic | 91.8 2.7 29 16
3 AT =3 92.3 2.1 3.8 1.8
4 BDH 93.4 19 34 1.3
5 |[Nano Powder| 92.7 1.8 4.2 1.3
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¥6 Tin

Oxide ¥ 8% Gas Sensor Sensitivity Data

&t [Mohm]
SA 1 2 3 {
CH4 1 Ro | Rs |Rs/RoldR%] Ro | Rs Rs/RddR%| Ro | Rs [RSIRAdR%|Aver.|STD
1000 | 45| 37 jo.82(18.1] 45 3510.78}1 22| 23| 22 H : 0.8510.1
2000 43 134 10.791 211231 21 0.86 1 0.1
3000 { 451 33 j0.73}126.5] 41| 31 ]0.76] 24| 22| 18 0.7810.1
4000 | 451 34 jo.77{23.4] 41 | 31 [0.751 25| 23} 19 0.77] 0
5000 -
6000
7000
1000 231 18 0.77
Rare 1 2 3
CH4 | Ro| Rs |Rs/Ro|dR%| Ro | Rs Rs/RddR%] Ro | Rs dR%| Aver.[STD
1000 11.3]09]o060 | 31| 1 [0.6]0.66] 34 |1.4]10.8 FEB9 41 10.65] 0.1
2000 | 1.3} 0.7]0.50[49.6] 1 |0.410.44] 56 1.4}10.7 50 j0.48] ©
3000 | 1.310.5]0.4215811 1 {0.310.34]66[1.410.6 K 6110.38¢! O
4000 | 1.310.50.36164.3] 1 10.3]0.30] 70 ]1.4{0.4 68 10.33] O
5000 {1.310.4]032168.2] 1 {0.3]0.26] 74
6000
7000 ; ;
1000 1.41 0.3 j&t8: 81 10.19
Nano | 1 2
CH4 T Ro | Rs |Rs/RofdR%} Ro | Rs E AR %
1000 { 16 ] 14 Jo.ss]11.9] 19| 16 19E8%F] 13
2000 | 16 1 13 Jo.83[17.4] 19 | 15 {65804 20
3000 | 161 12 fo.77] 231 21 | 14 [6:644 36
4000 | 16 | 11 jo.68 {32.11 21 | 13 0389 41
5000 | 16§ 10 Jo.e5§35.11 21 | 11 1681 47
6000 ot
7000 { 16 19.7{0.61 |38.8
1000 | 16 | 6.4]0.41 159.3] 21 | 6.6 [BIBE] 69
A 2
CH4 | Ro | Rs [Rs/Ral dR%| Ro | Rs Rs/RddR%
1000 | 1.4 1.2 }oi883{16.5/ 4.8 4.510.931 6.6
2000 11.4]1.1 ool 20.4] 4.714.3]0.9218.5
3000 | 1.4]1.1}o78922.5]4.5] 4 [0.88] 12
4000 | 1.4} 0.9 joiBat] 31.1
5000 11.310.9 31
6000 11.310.8F 41.7
7000
1000 1 1.3] 0.6 f¢ 58.3]4.6] 3 [0.65] 35
BDH i
CH4 | Ro | Rs IRsmRp| dR%
1000 { 171 15 R} 9.8
2000 | 17 | 14 fog2di17.4
3000 | 17 | 13 poizs:24.9
4000 | 18 | 12 j0i69i 31.1
5000 | 17 1 11 Fose4 34.3
6000 ¥
7000 .
1000 | 17 | 7.4 To:43] 57
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Sensor Resistance Ratio[Rs/R0]

—a—3Z 3

—e— Rare
e NANo
—y— 1 5
—- BDH
1000 10000

CH, Concentration [ppm]

J8 13 TinOxide B0 M2 HASY JHAAES
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§ AAEA] 24 2 AF

71&] ALHAYE A4l 233 & o8t Z A8 EH T 7t
e E4E B4 Fo £ dFodA EFHo2se By /AE Jt2A
A azte] A4 2 ARE A5 A 23™E 23] AFst HAH AN
4 9 AxFFP 47& AAsAn '

AA, 12 238 AFA] 7t2AA 2239 718 7]E9 4X2mmell A
3x25mme Z7|2 WAL, SEHARE PtE ¥A T2t meander
& e}e] heater patternS AAFILow, AAEZY VAR ALE
8 AT F2E DTTRE AF319 AASA.

olg2A ¥WAR AHAAFHEL o] 83t Z pasted FAH AHFA
FetF o, RALY] A8wEE o83t Ptel Pde Fdstd oE 2
AEAE ARsta, AFo EHHE FEAT. =T, FRELE A
28 AAEFY L2F2Ed B E tERAEAE FAHSAT. 2dx,
71Ee TAYLE AxY FRAEDAZ ARG AA9 N=FAEFE v
Ao

12+ AFA Yelhgd BAH OS2 Pt heatery AFo] ¥ton, #AAE
A9 IDT AF9Y ztFo] WF mAste A&E wFed aH}Ho|A £
393, ZRAEZ 238F FAC &S BEFo] UAFLE <
Hastq 23 239 AFE o 24 AF *iﬂ—% °
229 dHzAg 2ANGo, AXMZAZEZR EFHY 7RHe &
27Z= NdE A8 254 silica sol®] FFE WMIA7EA 7B
HAAZE AR 7t24A B4 Astd] nXE G dig 975 #5)
ok, =g, ARy d29 RAFH AMANEY noiseFAE A7)

AMA Z7AFE SR ~FARUZ HFE AL EX2 4229 A
Tk Jfde] g d+E AP

__.:__,

=

E
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ensing Layer

Au IDT Electrode

1,0; Substrate

Au Pad
Pt Heater

02 14 LS SUH NAMAL BZ
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X795 $£9Y 7t2A448 13 2398 A R AAF 7

1998. 11. 3

SQ1 : 225 .
SQ2 : 05 980°C, 10min
Pt Heater 325 58 37 PV : 108 17 20 15 /min 6 8
Snap Off . 700
SQ1: 235
SQ2 : 05 8507C, 10min
Au DT 325 58 18 PV : 5 13 14 15 /emin 9 10
Snap Off : 200
SQ1 : 10.05
SQ2 : 8.00 850°C, 10min
Ag PAD 325 58 18 PV : 5 14 16 15 /min 12 13
Snap Off : 200
ggé : 513038 850°C, 30min
Sn02 A e 150 82 30 PV ,‘7 ) 18 ~ 25 as Sintering 15 ~ 20
Profile

Snap Off : 600




— I6¢ —

¥ 8 ute N Tug AL 23 238 AY 2D AHIT S

1998. 12. 24

SQ1 : 985
SQ2 : 9.50 - 980°C, 10min _
Pt Heater ST400 49 20 PV : 146 16 17 15°C /min 11 13
Snap- off : 700
SQ1: 110
SQ2 : 950 850°C, 10min
A IDT - ST400 : 14 ~ 15 s 11 ~ 13
u 49 20 PV : 103 15%/min
Snap off : 300
SQ1 : 125
SQ2 : 9.50 _ 850C, 10min _
Au Parallel ST325 57 18 PV : 103 15 17 15 /min 13 14
Snap off : 200
SQ1: 110
SQ2 : 9.50 850°C, 10min
PAD ~ ~
Au ST325 55 18 V : 103 15 17 157 /min 13 14
Snap off : 300
SQ]. : 10.50 850°C, 30m1n
SQ2 : 950 .
Sn02 Zr=x) et Poly150 80 60 PV : 06 40 ~ 50 as Sintering 28 ~ 30
! Profile

Snap off : 300




8 16 T JtAHA

P

'Y

A

PR

— 292 —

: ST325mesh x 85.2
:123.7 - 132.4um

AT ALRF

M= £ :145.0 - 150.5 um
XM= 2k

Pad Size : 800.2 x 695.5um

QF : ST325mesh x 85.2
. 148.8 - 162.8um

Pad Size : 492.3 x 492.5um

A8 A}
M2 Z:116.3-124.8 um
M= 2+



T8 16 Y JIAMME 2k}

,14.,«
A A

VPR,
B LA

P kL
R EAR
LIRS

X

— 293 —

ST325mesh x 75

3
299.0pm
669.2 x 481.3um

AR AR
M= £:803

ST400mesh x 69

%I:

=R
&= % :2786 um

A3
M3 74
Pad Size

ST400mesh x 69

Qk:

2l At
XM= Z:99.8-1054 um

M= 7H
Pad Size

23

772.3um

M= 2Hy
Pad Size

280.5um
675.7 x 482.3um

142.5 - 148.4um
475.4 x 382.0pm
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718 17 Thick Film Gas Sensor Batch Composition

1. Batch Composition(A), Pt = 5wt%

Base Mat 5n02 160.700 9 14.25
Additivet Pd 106422 0 0
Additive2 Pt 195.08 § 075
Tolal 452.211 100 15
Add Materialt PdCl2 177.33 0
Add Meteria | H2PICI6H20 . 5179 1991106213

2. Batch Composition(B), Pt = 3wt%, Pd=1wt%

ase Mal. i 150.700
Aditived Pd 106.422 1
Addive? Pt 195.08 3
Tolal 452241 100
Add Materialt PdCi2 1713 (.249943621
Add Material2 | HPICIGSH20 ¢ 5179 1194663728

3. Batch Composition(C), Pt = 2.5wt%, Pd=2.5wt%

Base Mat Sn2 150.709 95 14.25
Additive! Pd 106.422 25 0.375
Additve? Pt 195,08 25 0.375
Total 452,211 100 15
Add ateriall PdCR 1.3 0.624850052
Add Material2 | HPICIBEH20 5178 (.995553106

4. Batch Composition(D), Pt = 1wt%, Pd=3wt%

Base Ma. . % '
Additivet Pq 106.422 3 045
Additive2 Pt 195.08 1 0.15
Total 452211 10 15
Add Materialt PdCI2 1713 .749830662
Add Material2 | HPICBSH20 | 517.9 (.308221243

5. Batch Composition(E), Pd = 5wt%

Base Mat. $n02 150.709 % 1425
Adtivet Pd 106422 § 075
Addtive2 Pt 195.08 0 0
Total 452.211 100 15
Add Materialt PdCl2 171.33 1.249718103
Add Materia | H2PICIG6H20 . 5179 0

6. Dissolve in Di-water

7. Rotary Evaporating with heating at 45°C
(30min)/200rpm

8. Dry on hot-plate(800C)/30min
9. Grinding '



(X 100)
<Pt 5wt% >

(X 100) (X 1000)
<Pt:Pd:2.5wt% : 2.5wt% >

¥

(X 100) T T (X 1000)
< Pd 5wt% >

A8 18 S2Z2 O IE 22 WAEHS OINFRE
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E 9 Fujx=Mo| g JIAHMAMZAT Bt data, Aull =, 850 &~&
Pt5 1000ppm|2000ppm  3000ppm | 4000ppm [5000ppm|10000ppr Ra(1000)
1 0.908 0.844 0.824 0.8 0.798 0.775 0.625
2 0.908 0.835 0.804 0.775 0.771 0.743 0.63
3 0.901 0.821 0.793 0.762 0.749 0.716 0.554
4 0.88 0.795 0.769 0.739 0.729 0.692 0.5
Ave 0.899 0.824 0.798 0.769 0.762 0.732 0.577
‘ Std. 0.013 0.021 0.023 0.025 0.030 0.036 0.062
Pt3/Pd1
1 0.757 0.699 0.655 0.627 0.6 0.585 0.977
2 0.646 0.585 0.55 0.523 0.491 0.484 1.146
3 0.812 0.757 0.709 0.696 0.665 0.65 0.935
4 0.728 0.672 0.619 0.595 0.562 0.544 1.051
Ave{ 0.736 0.678 0.633 0.610 0.580 0.566 1.027
Std. 0.069 0.072 0.067 0.072 0.073 0.070 0.093 "
Pt2.5/Pd2.5
1 0.684 0.574 0.528 0.44 0.419 0.293 1.358
2 0.63 0.537 0.488 0.393 0.396 0.326 1.652
3 0.654 0.571 0.523 0.482 0.46 0.362 1.715
4 0.598 0.513 0.463 0.424 0.401 0.353 1.586
Ave| 0.642 0.549 0.501 0.435 0.419 0.334 1.578
Std. 0.036 0.029 0.031 0.037 0.029 0.031 0.156
Pt1/Pd3
1 0.846 0.79 0.753 0.71 0.69 0.605 2.471
2 0.702 0.643 0.586 0.554 0.545 0.403 1.69
3 0.64 0.583 0.515 0.497 0.483 0.305 1.21
4 0.753 0.699 0.645 0.611 0.605 0.48 2.193
Ave 0.735 0.679 0.625 0.593 0.581 0.448 1.891
Std 0.087 0.088 0.101 0.091 0.088 0.127 0.557
Pd5
1 0.833 0.771 0.719 0.725 0.697 0.687 2.633
2 0.624 0.545 0.485 0.477 0.445 0.399(t 1.377
3 0.648 0.567 0.514 0.478 0.455 0.41 1.541
4 0.62 0.537 0.483 0.457 0.432 0.384 1.187
Ave] 0.681 0.605 0.550 0.534 0.507 0.470 1.685
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Sensor Resistance Ratio[R /R _]

—u—Pt5
—e—Pt3/Pd1) =
—w— P{1/Pd3
—&—Pd5

0.1

1000 10000
CH, Concentration [ ppm ]

T8 19 Pt/Pd S0 S2HINOE NHAALSES
(RA} 2%, 850 A2, AUudE=)
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F 10 220 uE JiAHA 2Z=8 3} data(Rare., Pt Z =, heater 420 )

950 % 1000ppm [2000ppm [3000ppm [4000ppm {5000ppm |10000pprf[Ra(1000)
1 0.343 0.252 0.232 0.204 0.195 0.141 0.373
2 0.393 0.297 0.258 0.232 0.218 0.181 0.582
3 .
Ave 0.368 0.275 0.245 0.218 0.207 0.161 0.478
Std. 0.035 0.032 0.018 0.020 0.016 0.028 0.148
850
1 0.264 0.192 0.179 0.158 0.151 0.109 0.485
2 0.28 0.203 0.179 0.156 0.148 0.11 0.462
3 0.279 0.195 0.169 0.154 0.147 0.109 0.546
4
Ave| 0.274 | 0.197 | 0.176 | 0.156 | 0.149| 0.109| 0.498
Std.]  _0.009 | 0.006] 0.006| 0.002| 0.002]| 0.001| 0.043
750«
1 0.213 0.154 0.139 0.129 0.122 0.091 0.586
2 0.214 0.159 0.143 0.134 0.127 0.093 0.532
Ave 0.214 0.157 0.141 0.132 0.125 0.092 0.559
Std. 0.001 0.004 0.003 0.004 0.004 0.001 0.038
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Sensor Resistance Ratio[R_/R_]

: : —m—950°C | -

0.1+

1000 10000
CH, Concentration [ ppm ]

d8 20 222008 JIALSEH
Ammmumma;m.%ﬁ\m.%a.Emmv

— 299 —



§ X AxEd ¢ AxA AR

e ggez Ay ANLAS slmstel £ AT BHo o
= 2y 7H AE F98 BEAY A2AAAGE 98 = w 5
HAZ, AFALE, paste- AZE0) 5 g A4 BAL s o,
AAans TEE daAd SAdA BT, oo B 25
A% 2e 949 AX FAL YA 2FHPon, 4 FZSANA
479 272 AANEE xFagth

— 300 —



ks ~
= i
AN AREERE
2 ma
Sllsl|™]||®
= (=]
@ i

Vehicle
(BCA/EC)
Hi

Bl

Kl
O

O

oK
o)
|
=Y

A8 % HIE

ok

ol

1o

R0
el
R

d)
<

W50
ol
loF
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WA 39y Jp2AA A=FTA

DA FUY A ARE % FAL A A HoliE
AZTAD T 239 9438 191 47 AF 2 HA)H IAo=
U4 gon o]FdA AA sHol2E AMRTAL A JtaRxER
AZFAY 7254 2 Agz2a g4 24 Ayt 2831 A4S 9 6y
AzFACZ e + Yo 22e) 242 24 2 Wsd g A9
3712 o

1. A4} Ho]~E (Sensor Paste) AZFA

7 . ZAER ARFTA
€ SnO; Powder?] AA

Nt Ty slaAdA e ARFTAH AXNE A AED XAR
% SnO; Powdert % S7FAZA 7€ QA S YA Az
" Powder$t 483¥ Powder24 5Y9 BDH, d&9 n&:=3hd,
Raremetallic 283 si2oistaie] o] sj4 A& Nano Powderg 7]
2 ARE 39 FE /4T F FAHoE AR ol 2ol
% 57HA9 AEF TEM ¥4 29 2 5 & vk go] 27|82
o Ax7F AW A4S vzsta 7ta Ao AFAY SN ¢
g EA4E& Yeds Aoz #AdsHE dE RaremetallicAld] SnO:;
Powder® HEHoz AAsigith

& =59 @5}

TN 7t2zteE5A4 g4e A4 AsHe FuEd = Ps}



Pde] H7HE F S7HAE WA 7|EA AAE AFEAC. AHEE &
W8 EFAZE HPiCls - 6H:08F PdCl (e sheHt)H o, o] o Pt :
Pde] EFH = wt%e B9 E 71F22 5:0,3:1,25:251:3 0

t 5 om o]F 25 : 259 ML FES RIVIAY "HAA HE A
8 B 435 5A4E deEhddY

ZAEAY AxE AT FAHL FIPo2A AHEE vl Buchirt
(Swiss)®] Rotary Evaporator R-124(with Water bath B-481)% o.m
45C, 200rpmell A 4083+ EF3A.

€ Cl19] Al A(Calcination)

A48 Zulg Bdol O CIE st Jlom
Zuk o BTAF AN BLEAH HAE gFe AAS 8N
gAY oz Ay BAL 10CHA INAES A2 ‘
Ag gty Clo &3 Jlstao] 680T 29 AL FAsAT ©
g B HAPdAE 9= Lentonit® Tube Furnace 42098 o] 8314
60Tl A 3083t stxA2E .

Y. vy A=F

2AE2AL £2HA T Az AHEH FHL g4 ALHE
vlo]lt] o] APt =7 4L BCA® EC(Ethycellulose)E A3}
gom o)F ECS =S BCA : ECS wjule #Wax7||A HHe
wld Az 274& AR

AfxHo2 HMAH 2L 50 cps9 EC 9 BCA:EC = 90 : 102
A 7 Fsd S4€ Ui

w2k BCAS EC50& 90 : 1022 &3¢ ¥, Hot Platelo]A] 80C<S
#A% A @rhe BEC/F A% £309 WA Stiringe WA
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o AsA € A% 2dEF HIL
& F3A 37t

AZE AA FHol2Est &Fuy J|RHe] HAAE 4 SnO; ZFAE
4 AAY F= AL AA AZHFFY Glass Frit# Silica Sol ¥
I AL A2FBEL EAES AEFGLY O FAAE 454 Silica Soldl
MA-ST(Nissan Chemicaliit, H)7} 7FF 2% 7|23 - HFAEALA S e
e AL a9y

oA MA-STO HZHE WA 78N 7188 FAZES A9
72& 544 vAe FFE A 10wt%Si0o] HE$IF HAHY

a3ez2 B FAqAE AZE Binderol] 10wt%Si0:9] MA-STE 3
7}e &, A E Nisseiit NBK-1 KneaderE o] &3t &£gstarch

& A¥zxEE As Ho}

MdE FtEAA AA7E RS 29 48% AdEFH o2 slEstn A
A 259 NoiseE #AA717] f3iAs A4 ZAEHDY 2/AYS
S ~FAQUE ¥E ot Ak wEA B ATAAE A8 7FH 9
H7MER S AAS ANARY Z7AZ oA e FFL AL

271 Atgel digt HE A3, Sbh0s9 #H7tel ¢ H tin oxide? A 3gto]
SolHom 2 Shy0:8] H7MF] WE AMAAY X7|AT HIgE #F
At

AzEFRL 7] AFE FAEZA I 5wt¥, 1wt%Sb:0sZ Ethanol Base
2 =94 FRITSCHAY Planetary Ball Mill& ol &3 1AES &%
2 BEHE ¥t 2F vehicled silica sol. ZEHAE H7stod AR E
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A ol 2EE ART F AN hs BABHH 2/1AF WE 23

st
g, Aol 2E] A2

4719 FAHE A¥E ARELAFG vAHE 7:3 9 v E&E EFT
% A 9E Nisseirtd) NBK-1 Kneader® ©}€3t9 220 rpmol A 38

AEZ=

_==

7 Ewe ga HEHow AadAe BLE AL ol
Azt o,
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2. % 239 A TA

ARY Axsol2Ee] Fok tulols A2 HaA BF CWPrice
7l MC810 Thick Film Printer& AF&gion A3 AZd ~3Ue
olgsted sgs A3 Tm AL A

7F sE e A4

51Ele] A3 e vulF ESLite Pt Paste(5544)& A& ew 4=z

AL HAIEA AZE sleE e A FHE #ZEAH.

Fzo 23 JHAST EEHe 24E AFE OF JdE I
T g2olA Leveling 208, 100ColA AZ 30EF FU zz A7)
ZAREF)NA ARG 2y [AU|RAA L £ 15CTE $2AA
930 C oA 30¥3 €A &3t

S LR EECRE

AFE ASE T Ferrorts] Conductrox 3066 Au Paste® AH&-3F%
on FE G wpAVMA R A2 E HIANAIY BHF 239 AHEH
A Hue ARzd e AR

AFL SEHY wgdd AdHsiged 30EL A2 F IEHI Au
A=9 d=is A4 F A E FAh
o]l Mo UL £F 15TE $2¢ ¥ 80TA 308 E47 %

o A4 Hol2E <14

e 39 A 2 AAUS 1A F ALY AN Hol2ES

[
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3. £2RAE & 7Y B4

GZu} vlggel A4, GAY AAMM 24F Cutting® ¥, Au
Paste =& Spot Welder& ©|-&3lo WiringS 3lg .

Wiring®d AA2AE AE Stemd] F2E §F 7l FEW3}] &
He B4 A7) ARs A2axzAY B4 R
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ST A

Weight (percent)

j_ 5 O O H SMPL ID PrdCl12 DATE AUN: Sep/01/1998
RUN 1O TEST GAS 1 . BDEG/MIN
q1ZE 44. 153 mg GAS 2 25-~>1000
APERATOR: RFAC COMMENT HD, JANG
110 L4
i -2
105 6.65 mcal/mg 7.07 mcal/mg
392.76 *C 11.27 mcal/myg o
100 e 720+47 *C 127.26 mcal/mg 3
2 671.37 <C JJ769.91
957 400.52 *C
904 -
B85
B0 o
75+
RESUL TS .
70+ Pt min °C %
1 3.40 30.98 100.024
65 2 94.98 474.30 99.797
3 147,15 S83.64 96.322
60 - 4 148.BS 73/.492 B/.228
5 194.98 768.89 66.961
554 6 163.82 0$2.20 9S0.649 . 20
7 202.07 998.0} 58,527 787 .89 <C
50 =22
T T T T T T T T
[¢] 100 200 300 400 600 700 800 200 1000

Temperature (<C}

a9 21 TG-DSC

Heat Flow {mCal/sec)



¥ 11 Sn0, ¥92| Ha & Zx M Al ALZE HIHH Y

xr
&,

M1y P AMSE

98-11-23
Additive Amounts of Addition (wt%)Heat Temperature(°C] Hl 1
1 Fumed Silica 5 20 850 Ethanol
2 X s & Silica Sol 5 20 10 15| 850 H.0O
3 ST-C 20 10 30 50 | 850 600 Methanol
4 ST-0 20 10 30 50 | 850 900 H,0O
5 MA-ST 30 .20 50 10,5] 650 850 950 | Methanol
6 Alumina Sol 10 800 600 900 H,O
7 IMA-ST + Alumina Sol 20+10 800 600 900
8 DGF-510 30 850
9 L-#6 30 850
10 MA-ST + V,05 1045 850 Methanol
11 V205 5 850
12 LiCl 10 850
13 MA-ST + Sb,0; 30+5 700 600 Methanol!
14 MA-ST + LiCl 30+5 700 600 Methanol
15 MA~-ST + B,03; 30(50:50) 800 600 900 | Methanol
16 Cra03 + V,05 30(30:70) 800 600 900
17 IMA-ST + Cr,03~-Vo0s 30 + 10 800 600 900 | Methanol
& 2502 =X= Mol% &5 e
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18 22 Z3HHE dA A

Glass Frit 15wt%

1000)

X Z8 OIM 7 (SIGI/E Xl A M)

2SS

o
Glass Frit 20wt%
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Silica Sol 10wt%  Silica Sol 20wt%

Silica Sol Swt%
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OS24 BSHAHIE dAH AKX T Ol Hl X (Fumed Silica)

B e

(X 1000) -
Fumed Silica Swt%

Fumed Silica 20wt%
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8 25 B3HHE WA A

1000)
- MA-ST 5wt%

Aol A 0] Al 2 X (Silica SoO/MA-ST)

(X 100)

(X 1000)
MA-ST 10wt%
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26 2 RIYE A AXS] EH OJAl -2 (Silica Sol/MA-ST)

(X 1000)
MA-ST 30wt%

(X 1000)
MA-ST 20wt%
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827 EXel 250 OE 39 0lA £
(MA-ST 20wt%, Pt : Pd =2.5:2.5)

(X 1000) (X 1000)

850°C, 30min 950°C, 30min




E 12 X E2ME 9 MAST(silica sol.)&7toff 2 ZIAZAEEM data
1000ppm [2000ppm [3000ppm [4000ppm [5000ppm [10000ppni|Ra{1000)
S H (2% E »
1 0.671 0.556 0.529 0.482 0.475 0.426 0.31
2 0.642 0.551 0.518 0.48 0.464 0.421 " 0.31
3
Ave 0.657 0.554 0.524 0.481 0.470 0.424 0.310
Std. 0.021 0.004 0.008 0.001 0.008 0.004 0.000
Rare(2X})
1 0.375 0.303 0.265 0.254 0.232 0.192 0.519
2| 0.385 0.29]  0.247. _ 0.236] _ 0.218] _ 0.184]  0.462
3| 0.468  0.352 0.3 0.302 0.29] 0.242 0.47
4 X
Ave 0.409 0.315 0.271 0.264 0.247 0.206 0.484
Std. 0.051 0.033 0.027 0.034 0.038 0.031 0.031
MAST/20wt
1 0.905 0.864 0.804 0.753 0.718 0.598 5.441
2 0.823 0.729 0.65 0.612 0.569 0.481 4 .81
3 0.839 0.815 0.724 0.689 0.656 0.582 6.244
Ave 0.856 0.803 0.726 0.685 0.648 0.554 5.498
Std. 0.043 0.068 0.077 | =~ 0.071 0.075 0.063 0.719
MAST/10wt
1 0.305 0.209 0.182 0.153 0.145 0.115 2.659
2 0.274 0.192 0.164 0.142 0.133 0.104 1.959
3 0.332 0.267 0.202| - 0.179 0.162 0.137 2.72
Ave 0.304 0.223 0.183 0.158 0.147 0.119 2.446
Std. 0.029 0.039 0.019 0.019 0.015 0.017 0.423
MAST10wt=*
| 0.354 0.261 0.218 0.2 0.187 0.136 1.643
2 0.391 0.282 0.231 0.212 0.193 0.14 1.554
3 :
Ave 0.373 0.272 0.225 0.206 0.190 0.138 1.599
Std. 0.026 0.015 0.009 0.008 0.004 0.003 0.063
l
F) 850 A AH, cb »&= 750 AZA|H, heater 2% 420%.
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Sensor Resistance Ratio [ R, / R, ]

—n— 33
—&— Rare
—&— MA-ST-20wt _

—~¥— MA-ST-10wt-850°C
—€— MA-ST-10wt-750°C

1000

0.1

CH, Concentration [ ppm ]

8 28 224 U gjlicasol. EJIE JIIALESEHS
(MASTEIJIAIE; 2 223 —rare+2.5Pt/2.5/Pd)
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Fo8 ixA44 Jt244 Axx 75§ 2 A4

1 F8 A7 HAEUWE

A7}A4  |[Melting Point(T)| @714  |[Melting Point(T)
V205 670~685 TeO: 733
GaO; 652 LiCl 614
Bi:Os 817~825 CrCly 814
B>03 450~ 470 © Sby0s 655
PbO 836+ 2
2. Batch Process (848 2% : 80T, 30%)
_ x7] A&k
A7 A E§) A7 =% o H] 31
(A2 %) >
50 : 50
B203+Si02 30wt% 1~2M | 1% /Pt
{mol28)
_ 5 : 30 ]
Sh203+Si02 35wt% 3 ~4M | 17 /Pt
(Wt%)
5:10 06 ~ 0.7 M| 2% / Au(P)
Sh203+Si02 . 15wt%
(wt2) 1M 22+ / Aul)
1:10 10 ~ 11 MR |23 / Au(P)
Sb203+Si02 . 11wt%
(wt2) 15 ~ 16 M2 | 23+ / Au(D)

(F) A7 A8 F Si0= MA-ST ¢
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¥ 13 Sb,0; M7tol utg JIAUSEN

} data

1000ppm [2000ppm 3000ppm|4000ppm|5000ppm OOOOppnl Ra(1000)
MAST/10wt Mohm
1 0.305 0.209 0.182 0.153 0.145 0.115 2.659
2 0.274 0.192 0.164 0.142 0.133 0.104 1.959
3 0.332 0.267 0.202 0.179 0.162 0.137 2.72
Ave 0.304 0.223 0.183 0.158 | 0.147 0.119 2.446
Std. 0.029 0.039 0.'019 0.019 0.015 0.017 0.423
MAST/10wt+Sb203/5wt Kohm
1 0.96 0.952 0.937 0.929 0.921 0.914 || 74.825
2 0.952 0.944 0.937 0.929 0.921 0.899 | 77.305
3 0.956 0.948 0.937 0.929 0.921 0.906 §| 76.056
Ave 0.956 0.948 0.937 0.929 0.921 0.906 || 76.062
Std. 0.004 0.004 0.000 0.000 0.000 0.008 1.240
MAST/10wt+Sbh203/1wt Kphm
1 0.598 0.545 0.51 0.489 0.469 0.422 || 475.61
2 0.606 0.534 0.504 0.468 0.449 0.396 || 483.28
3 0.598 0.538 0.511 0.485 0.471 0.417 || 418.28
Ave 0.601 0.539 0.508 0.481 0.463 0.412 {459.057
Std. 0.005 0.006 0.004 0.011 0.012 0.014 || 35.521
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Sensor Resistance Ratio [ R, / R ]

—M— MAST 10wt3 oo
—@— MAST 10wt3/Sb203 5wt} ~

—A— MAST 10wt$/5b203 lwcs : e

0.1 L l - 1 | i i 2 - 2 l
1000 10000
CH, Concentration [ ppm ]

8 29 Sh203 EIIN M E JIIAULEZSEH
(22 2& -rare+2.5Pt/2.5/Pd+MAST 10wt%)
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Fael Mtz By EAo 2}
AL 8 B AFdAE 7129 AMAFR 3H £ F2E 248
g 714 AMAES EEstgon old wa AZY sFAA *1 REES
# 71E FAH A8 AR sp2AA % 1—'uﬂ7}a sad. =%, 7t
A Aol w2t A2zt 548 BJME F, HHY AxEd H
TAZAE ARSI g Zo] 89% 5 Qith

o
0
o
o
_l

HY LAY LA 2R

i

1) Ax ZARNEAZ FAHOZ AZH tin oxide EZLdia
tin oxide(RAHE /\]-%'3}01 A Z8 7tA
G B DA AR Aes AAEE P 24 ArHA P biackd
4 PacEE BASE 44 T Ao Azath %, o A% 3
A ZddlE Pt ¢ Pd9 HlE 25 : 258 YE.

oi'PN
rlo

2) Heater A& RuO2tiAl Pt2 73t Y3 heater EAH S
datgon, 17te] Pt AZAEE Au AFo= QX3 AA Hol
2E$E vehicle® ¥A33Y 7t2AA AZRES ARG

3) FAEZY 243 MAE AT H/MAEAM &54 silica sol€
AbEst e, ool A7t s AMERS ZIAH Fx= B JHI
237 @438 AAIQDG. 2@ silica sol.d FIhko] 20wt%H
= F7gel wa taA B4o] WA AsHoH, H2RAFY
o) 5% AW AAFL o 10wi% A=A Ao Yehn,

4) AM e 2714 #aE A3 ShO0sE H7MSReH, Sh0sH

7tgol Ehgel W £AFo] FAGA HastATh. 22, ShOs
A7t Z7bel we AR A 40l A AfHJoH, ALFAEA
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