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1. 7)^1# A]

7}I%44 7}li:tr4427l.2) 4 "^"b" 5]-f"o]-c- ^ "T"§"—5-A1 444

4-7}2*)l 44 42*M, ^#424, 47]444, 4444(iR44)#*l 
4a 447>4-g-*l4 44-8-224 4W4 2*1 a 9X9= LNG, LPG 
# 7>44 7}^427]*) 42^44 44424 7}3^7} 4

4# *lfa 44. 4^*1144 44424 7^44 4 44 !4#2 4 
a<§4 f 41 4 444 1-22 4# 4 &24 44 44422 4-8- 
4a- 44 1314 tS 4a^44. *1 4 444244 7>41 7>a»)l 

44 444, 4444 #4 44 asla 4444 4444 LNG, LPG 
4 24 7}2l- 71-44 7}2 44-8-22 #W4 4-8-4a 44. a el 4 

44444 4444 4# 4# 4#4 214, E 4444 ^MMl 4 
4 4#4 4a4 7^4424 4-444 4444 4 4444*114 4 

44 44#4 4«°il 44 44 444444 444 42414 7}^ 
444 71144 444- 4444 44- 4444444 2l#4a 444 

71-44 41 #4 4#444 #44a $14. 4" 7}a44 444 4-44 
44 44 X 1.14 S. 1.2*11 44-4#4.

y}a#4* 244 7>a>44244 a <844 &441M 44 44 
444, 44 44*11 44 444 444 44.

7}3 44 444(element)4 424 {lit 44444 424-7}- 4 

44 4*12(421)4*11 #4 4^ 441 4244 44 4447} 4 
24-4 4444 44 441 424s. 4444.

-3 -



5. 1.1 ti]2.S2)

g tK-y.-h*! ! Vl v 3|^] yy-g y-v^i] 3

#3 @3

-3# #4 5443 7>3 
3 7>i7> @344# 4, 
#33# 44@# 333 
243 -SrZ, 333 @3% 
®s #543
-33333 @47} #5#

-#433# 3Z4 53
43 7}43 7}4@ #34
33 33 @55 @3# 
43355.3 #543.
(7}£.7} 3Z31 533 3
44 3-8-33 333 & 
## 3333)
33333* tbt3 ^5#

-#333# 3Z4 53 
43 7}33 7}ii] #3 
4 343 33# 4#3 
s33 333 @35:# 
34#«^3 @333# 
43345.3 #543

#Z,1r5
#z, #5@ 33* 43
33

#5@34 43# 3# @33 #Z33(-30E3 
3)4 44 #z @34 
3#

@43 3334 341 3 3333 ti] @434(54 7}33 
7>44 si 3)

#333 7}44 43 @ 
4345. 3# 7>#

3@z
4%@

6 >-

Sl#5 #@%4 7}^5.4 33 
#3 33 333

34Z433 33z #3
$#

3#z433 @#z 3
3##

T# 3 43~5ti, 32333 33~53, 323 43 33~5ti, @23 @3

3333
0~100% LEL 
3^3333:10% LEL

0300% LEL
@4@-3#Z : lOOOppm

0300% LEL
34#3 @3 : 500ppm

@-@-&3 #5 : -10~40°C 
#Z : RH 95% 3 3

#5 : -10~40t:
#5 : RH 95% 3 3

#5 : -10~40t 
#Z : RH 95%4 3

433

1 3

-1#3@443 #33 7> 
4154 3333 33 4 
3
-@##34 3## @3
%#
-33z, 31333 ff

-34Z433 #33 3
3135.
-41-3 43, 43337} 
-§- 3
-3 3333 4*7] 343 
3 333*

-335433 #34 3 
2.3-5
-@71334 3334 4 
4# 7}#@37l4 33 
-41-3 4%, 4333 
7} #4
- 4 @134 33 <43 
34 @4#
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5 1.2 4# 7} A 44 4

4##44
7} A# A)

#541
7}A#A)

5414414
7}A-47t|

444-44
7} a 44

#5 O © © ©

445 © O 0 O

444 A A
551-40)1

454
O

-8-445 O © © A

44 #44 O O O -

5-0- O © © -

444 © © O O

4414 10ppm~3LEL #ppm~LEL lppm—100% 1 ~ lOOOppm

4# 4r#14455 5## 7}#47}A* #44# #1
# #44471- 44 44 44447H 44 #444- 44445 44 
4444. #44 74^17]^ 7}##7l-A7} ##4## 4 5441- 
f-4 #4445 44 #4##45 #444 7}a #4# 4444 # 
455, 4545 544 444- 444, 4-44-f-#4 444 444: # 
44 #4 4444-. 444 444# 4#7}A7l- #54- 4544 44 

444 44 44444 4444 4444 445 7>44 4145 # 
4&f7|- %444 4#147} #445 44-.

#444- #14 4544 #44- 4 • #445.# #a> #417)]## 
444 #W 4-4 #54543)0)] 4 444- 44. 4 554°)144 4 
545# #4 ##57] 44 5 7}5# #-0-414.
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S. 1.3 52.4 554 4# 5 • 54 tits.

- #44% #it4 ' /#

71 4 44- til 44-
(sampling box 5 44 a7l)

54, 3-7)
4a, 55 (anti-rain 
cover anti-dust 

filter f 15)

31, 4 4 (anti-rain cover, 
sampling box, auto-drain filter, 
flow meter, pump-#-)

71^444-
^453 #4 443:44 43:

oa5, 252# 43:
o#o] ^4# 71444 44 43:
o444 2.471 5-44 43:

(&5 5, 535 5)

2 4"
25554 444a
#v:5(gas sensor-4 
255422 25 4 
°1 7l^)

2.4, 44 454 544a 
915(454 44, filter4
54 S#, sampling##, pump, 
gas sensor4 2.4, 44)

2-5^4 3-127H14 14
0 4544 4 filterH4:l~37Hl

4 14
Ogas4 4^14 25, 44:3-12

71144 14

2. 444 5544%#

713:^4^44 54 455&71 714 e 45 7145 ^ 545 42.
7) 4^2. #44 si0.4, fSt444 44 525 #54 4 1/34 4 
444 4-715.4 2000444 4 1004/W 44^ 55.2 ^jsjji 45. 
4, a 55442 W44a SA4-[S1.4].

7l4#At ;tt#4 4* 4-44 444 197044 44-4 54, 44 5 
5St 44- 4-4 7>4Aj 7144 44 4 #53 # 4444 ^2 4a 
5 71^444 444 #5# 444 45.4- #44-4 5#4e# HIC
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?!## 4 #4 AjlA] 6]} 4## 7l# 411# 41# 44=4 4

444.

a i.4 7i^#44 ##

: 4;4;: 4 # # 5

7^43.71 LPG, £4 7fa, C04 4
44#, #4444 44#4 ^4

7^4# 44444 4#44 45.# 7}#(##71) 4#
(44#) & 4-#5-4

7>a, 4#4 4 #44-4# 4#
#44 MU 4 7^ 4#(C0, NOx, SO2)

3.114, 4^4 #44^^ 4#
4444, 4^4 7144, #47li 4#

44# 71^44# LPG, 4147}^ ##4#
#444 ttti, C02, #5-44
44, 44 7>*4, LPG, 414

7ie^ 4444#44^ g#, s# #4 ^3.^ 4## mfls 
S'### Tf^-S #3. beadS 4MM1M 4 #4 4 S
41 %###44#4414 444# 7>aSti.7]^ 44: 454:444.
a4## 77%# #4145.714 ## 41 #4$1# 44JL 23% 41#
4 ^41 7>a^y 4S#44 7M4 4444 #4#44a $14. 7>a 
45.71 s.#!-# 7}^&##(98.3%)4 44 444 ^4 4 I5%4^s 
as 44.

444 #4#S-41 444 4444 7}^44 4444#4 41#44 
7]#7ljM 444 444: #44 44444 44 45. 4#4 44 # 
4S 7}a#4 4## 4^44 #444 #S41 4# 44 7>4
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S. 1.5

-'I'll '' i! '1 949*1;

1 7H-9M 9949 [t0J]

2 $4 [44]

3 *344 9£97i *9] 471 7}i4A1 44**4^47= [*°J]

4 7}^=4M 711944 [94]

5 7] 7= 47] 244247=9-4 [#<g]

6 4# #7.1 7=m447ll°14 44#71 7]*£#Al *999 [*9]

7 *37^1 7H=4W ol*44 *99*1 nfly-SAi y] 944449 [94]

8 *9471 7]£44 7l°14a#a4 [#9]

9 C1-&7JT) 7>dhAjlA-] ^-SAjlA] *4*£1-717=4 [*#]

10 7]-7x4! t] *9 [44]

11 7>7x7|Ai Oj-^ #7^ 447= [*9]

12 717:4*4 4*94 [44]

13 4944 7]7=44 47l7] 7=9 [*9]

14 7>i4171 ##44 4424°] [44]

15 4719 7]t= 44 =9419 9 *9 £7] 7=^

16 7]7=44 4449 [4=11]

17 444 *£47l f|444 717:44 444471 [*=9]

18 *£44 #£44 &*444 4*44 717=47] *9=47139 [*9]

19 7lT=47i *999 [44]

20 9944 *£44 #£44 717=44 9#44(£ 443497] [*9]

21 717=44 #£44 9**9 [491

22 71=^44 419:44 *£44 5944 #47] °J9 94124°] [44]

23 9-944 *9=44 717=44 *944 444#[*9]

24 717=47] 1499 [94]

25 717=44 *9=471 *544 *944 $44 *9 94444 [44]

26 717=44 *944 9944 4444 442 [94]

27 7I747I 4£4994 [44/*9]

28 9471 7I744 **»4 [*9]

29 *£44 *£44 9*44 944 9444 S3 944 9944 [*9]

30 *£44 717=44 4944 [94]

31 ^*4471 717=471 9944 944 4444444 [*9]

32 7I744 9*4ai 44-7]# [t9]
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5. 1.6 ^

^5-4 Ml V1&4 3.2^4 344 34444 444 444 344 34
ABB Kent-Taylor
(41 ★ ★ ★

AC Rochester ★

Ametek ★

Bacharach ★ ★

California Analytical ★

City Tech ★ ★
Cosmos
CW-&)
Detection Inst ★

Draegerwerk ★ ★

EEV ★
Figaro Eng.
(34) ★ ★ ★

FIS
(34)
Gas Tech
(44)

★ *

General Monitors
(44) ★ ★ ★

Hartmann & Braun ★ ★ ★

International Sensor ★
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k e

?k Ib?4/^ % =F-kktLa k-k& ^
k Ik Ik [z ‘IziollR-k "R^Ziz ?Y-=r lb rHzlolk-k "5"-§rz7{^^rp>i^ (D

•-tn* lofr ^{zfrfr lk^ Lois Lair ## 
{y tottaip W# kk ^MyIy ia-tn Ibk# ^"ffk IL-i^tt

%sz
(k-k#B
Bk^)

v'iY

%8T

(uiddogi
^ioh-ff-fp ^is 
-§-{y klbthB) 
£X3^-§-te~0

-IsIp%0£+

(uiddog ^
{p k?iP -R-k
-§-{y klblh&)

{s.[o^^\s.

V-lzkkr

IKBW&-0 {sIp%S£ + MqWI ■x'lz kk-k

^ tolklYk 3^Wk -&# to y{Z

(^mk k m&# k?k l\ s

B^-klyW H@LL: lb34r?k
Ly-h" tb ^y-Iz LbZ'T S "-|a H'-ja -ts-Ln lb?^r |p?"L^ "=HS"§~{y -=?

:£^:"ffk ‘L^is "ta^^:"Sk #5^^r lo ~Y"k ^H-^ljV-il1 {z"ffk lkfe[p 

kk^k# ir"ff k lYlblz"S"k Ibk lz{s^B"5 Lb3^r kt? ^"hkk k 
#& ■?{£ > klb-MY-ta kkv-lz LokS^r -Lz^7-lzg>k
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#dh7}^)4 #44 ## 1

(3) ##, ###4 14# 1# 1

4. 5 15.#44#
7}^l5.7)7} 7}^7\ ### 1# 444 # 15.# 414# 41# 

l5.#:E4 1.64)44 303: 445 #144 0^4. l3L4<# <U#4l3i
# UlS-ll # #^15.5 #1414 4 14# 1# 1# 445 
#145 $14.

7}5%4 #5# 41 144/) %4)#4 4 4 157} #1 #4# 7>^ 
#57} 15#5 445. 141 ^T°li 4444 15.# #44°> 1 
44 144-7} 4444 5:4# 4# # 444 44. 4# “15.447) 
#”44- 444 115444# 44 4 41 44## 4a 5:47} #
4 44 15.7} 1445# #1444.

4. 7}5%15.7)4 #444
7}# 4 ### 4-7] 4144 4471) 4 15.7)# #4444 44. 1 

14 45.1 ##41# 5414 14 • 444 #44 44 a 411
# ##44 1### 10m a# 20m44 17)M 1415# #14a
$14.

CD l)5:4#(^#-4)5#4 4 44 4)4)
> 1#7), 15L, l-e-#!, 4!!a(!##44 #44 1#
44)# 7}57} ### #3)7} $}# JL#7}^#ti)7} 1##4

4 #44 !#4# 4 # 1414 441 #4 10m44 1 
7l) 414 4 #5. 414 #1# 14

t> ##4#145.# zl #44 ##4 7}T%7} 4## #3)7}
$14 154# a 441 #3)1 10m44 17)) 414 4 #5 
414 #1# 14

— 13 -



P> 44# 44 444 ### JL #71-314 7} 4# 3#7}3l 
til, 444 44 $&#41 4447)4 4s #4 4#4 44
44 4# 4# ¥#4 7>37)- 4|#1: #47} ## #4 ZL 
4 4 $4 4-## 1-5)1 20m44 1711 444 tiji-5. 414# 4 
## 44

t> 7>15- 1- #444 ## 4 $44 4 ## 0,1 7}37} 4lf}4 
7l 4# 4$°B# n 444 #4 20m44 17B 444 4# 
s 444 4=4# 44 

[> ^41 4#4|# 17B 44 44 
D> #47}3#4# 444$ 444 l7fl 44 44 
t> 4##44 444 44^a4 4$44 44^3.44 l^fl 

44

4til$4 44-4 i-Eil: 447B4 4 4 #4 444 4-f- o. 4#4# 
444 $44 #4* 4444 #3 4-34 144# 3#7}3#44- 
7)4 4til7} ^4)44 44 4#°B# 3#7}3l44 44444 44 
447> $4444$ 71 444 $44 #4# 44$4 «}## #4$ 
44 44# 444 4 44.

® 4444 - 4444 - 4-#44
> 4##44 444 4444, 4444, 44)44 # #4$ 

4-7>$A>4-4 4(4-4444 444 4 E)4- 7l$# 444 4 
4#-# 4444.)# 7}3##4 #3)7)- 4# 4til# 444 
#4 4# 4ti) $4 4-44 #4 10m44 VB 444 4£
$ 444: 44# 44

t> 4## 44 444 4#4 447} 4# 44, 444 44- 

$$#4 44444 4$ #4 4#4 4444 4# 4# 
##4 7)-37)- 4)4-1: 447} 4# #4 zl #4 $4 til-4-4
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i-3] 20m44 I7fl 444 al-IrS 444 tM 44 

(B ^#41^44
t> 44444 ^n])A^ti]7|- 4#°H4 ^44 ZL ^nflA^ti]

54 444 44 4w £ 1.844 4% Tf^s 4 # 44.

£ 1.8 1544si54 44 444 4444 #4

4 til 544
S(m') 0<S<30 30<S<70 70^8 <130 130<S<200 200<S^290

447H# 2 3 4 5 6

t> 4471# 444 4443144 47H47} 4444 44 ^ 
£# 2:4# 44 4#(44 4471-^4 444 #4 4 #£
4 444444# 444 4#)44 31 ^#4-3nfl4 444
£44 4## 44# 44=4 # $14.

©44
> 454444 ##(S£4£# 444 4# 4# l£4£4)
> #4 4 £4, 2#4 £4 4£#£# #4 444 44)44 44 
(444# £4)44 44 ^44 #4

t> ##4 7>2h7> 4444 4# 4£4 «H44 #4-

-25 -



41 2 ^ £ #

4 1 # %%%%4#4 7-3 ^ MM

%4 #444% oH ###44^4 7% 7M %344 7}^/@4 
4 %%4#4 M# &/.MM 44 ##% 7}M##^4- 4M, # 

M# 7}Z1 33A3, 4:4:4% 4# Ait4 Bit7) #4^ 7}i4^i 4# 

# %^%4 3M 7-2: ^ 74%%, S44 4473# 74% 7- 4
%7M4 4% %#3# 4%%^%.

1. #37%

a 2.1# EDS, SEM74# #% Ait 4- Bit 474 7374 M# 
34% 5344.

Ait 4174 %# SnOz* #3 7D^iti£ 4-S-^sas, #43 4-8-% 
Pd44, v, cr#4 %7# ^7t%^%4 453# M#4 ^?M%# 
WM 4S% 5333 744444, %4#4 %#33# An# 47% 
^A2 44-^4-.

Bit 474 4# MM 7flS5 Sn024%4| FezOa# ##%3 47 

%^34, Ml#4 &7M4# ^%4 44 %#33 4-8-g Au/Pd#
Ml#4 MM1 Mt ^ 334# M4 M% 73# 4-M 
3 744444.

444 433# #4# 3# 44 44-1:4 4444 4-8-43 $3# 

3#34 A144 A14 Mg# 4#4 m 7#4 4## 47j-44 444 
33 47 #34 AIM# 4-8-% 5333 44-4:4-. Ait 4#4 47 

Mg44 744 4 4344# 44 Si02%%# M44 5333 44- 
%34 Bit 4## Mg, Fe, Pt, 07# %4 M% (Al, Mg2)03# 4# 

% 5333 4-4-4:44 4537 Ait4- Bit4 7]#4 Know How# #4

-16 -



4447]4# 4444 4# 444 4 AS 444444, AM4444 
#S7|- 444 4444 7}s44#4°fl 4 44# 444 #4 4# s
44 A1444 44# #4: 4##4 4 #4# 44# 4^4 4
as 4444.

EE4, Afch 4#4 4# heater44 glass ceramic 444# 44 4

7)44 through-hole 44# 4 wiring# #44 44# 4AS. 444 

#4 44# 444 wiring 4 packaging 444 44# 4# 4AS 

#444.
444 heater# #4 A44 wire A# #4# A# Pt# 44444- 

zz# 2.14 a# 2.2# 4 4#4 #4444 5444# 44# 44 
4, #44#4 &444# zt^ 2.34 zz.4 2.44 44# %4.

ZL# 2.54 ZL# 2.6# 44#4 3.444(xi000, x?000)# 44# 4 

44 Ait 41 #4| 444 Bit 4#4 544#7> 4 aa] 31# 4 AS 

4444.

— J7 -



5. 2.1 Thick Film Gas Sensor Analysis Data (Alt, Bit)

Alt Bit

Element Material Element Material

Sensing
Film

Sn, Si, Pd,
V, Cr, 0

(Sn, V,

Cr)0%
Pd, Si02

Fe, 0 Fe2Os

Heater Pt, Si, Au Pt Pt, Fe Pt

Electrode An, Al, Si Au Au, Pd
Au : 62,
Pd : 38

Sensing

Electrode
Au Au

Substrate Al, Si, Mg, 0
(Al,Mg)203,

Si02

Al, Mg, Fe,

Pt, 0
(Al,Mg)2Os

Wire Pt Pt

Heater
Al, Zn, Si,

Zr, Mg, Ca,

Pb, Bi, Cd,
O

Glass
Material

—18 —



2.1 (Amt)

19



2.2 4 (Bit)
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2.3 (Afrfc)
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ZL^I 2.4 6XI-9-3: (Bit)
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(X1000)

(X7000)

2.5 (Alt)
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(xiOOO)

(X7000)

2.6 7}£.&x\ (BE)
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2. *4*4

*4*4^14* B#^** 4444 7}^4**4* *44-7] 44! 
141^7^4 =3.#7}^oj] 44 444*444* 444^4.

*44^* 44 444 44*4* 4*4^ 444 45.44^4* 
#444 =L 2:4444 4444 # ^£t #4 * 7}^^ 444
443 #4# *4444.

324 2.74 444 4^444*4 44 Bm4#4 447^^-0-44 
4444* 444 444.

447M%* 4500ppmAS 544t)] *<443i 444 ^5.44* 44

444 444 444*4* *44 44 625mW4£4 ^s4444 
72%444 7>4 ** 4^» 5-4*4 444 44444 *** 44 
5V4 3854* 44444.
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74

73

67 -
" ' ..I ' I i ...1 1 I 1 ■ *..

540 560 580 600 620 640 660
Heater Bower (mW)

_i_
680
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444^ 625mW*)] 4 ^^7^4 4]4 4^1 44444
44, 444 44# zi4 2.84 ZL^ 2.9, z&4 2.104] 44 44^84.

444 &4444 16.3kM 8-9-4, 10000ppm4 41471-^^84 2.9kQ

A& 4444 Rgas/Rair=0.1824 ^4 4^# 44484.

£V
3

CH4 Gas Concentration (PPM)

zi4 2.8 4471^^1 44 4444



m : tea) w &z &-n

dAIdd) uo!pi|U0OuoQSD9 %o
00001 0008 0009 00017 OOOE 0

i 1 i 1 i 1 i 1 i 1 r
- Z

- V

- 9

- 8
- OL
- Zl

- n

- 91

f
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#47>^# 4# 44# 4444444444.
#4# Referenced 4* 8V^. 44^2 6.8kQ# ^-444* 4-0-# 4 

444^, ^4d4* 5.6V4^-4, lOOOOppm# #471-^44 2.4V# 

4444 3.2V# 444* 4444.

Q\ Gas Concentration (PPM)

-3-4 2.10 #44—°fl #4 44444 (#4 Referenced4 : 8V)



2.11fr a
4§ 4^44# 44^E 3H4.

KS.^7}^ 2000ppmAS 5^^711 s]E^ ^S-^i^i- Tg
AM$\ ^7]^#^^ M 480mW7^s]

99.2%^£S] 7Hv ^-£1 ^E.ir 4

4 4.2V4 3201# 4EM&4.

Heater R^er(rrW)

2.11 i£3H 4% = 3.^7>^S]
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4444 480mW44 Bfrfc4w4 44 K# 4^444
44, 4^4 ### ^ 2.124 2.13, 2.144 44 444%
4.

444 &4444r 94AkQ±S. 444-5-4, 4500ppm4 4
44 2.1kQja& 444^ RCAS^AIR-O.0234 4^# 444%4.

C3HgGcB Concentration (FFM)

2.12 z&47|-^4 44 7(-^4-§-#4



1000 2000 3000 -
Ql% Gas Concentration (PFM)

2.13 =5.^-71-2:0)] (#3 : k8)
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^#4 4# 44# ###4##44#4.
444 Reference### 8VS. ##4JI 6.8kfi# 44#4# 444 4 

#4#a, &###4 7.5V#^_^_ 4500ppm# 2&#7l-^#4 2.1V# 

4444 5.4V# 444# 4444.

1000 2000 3000
C34Gos Concentration (PPM)

ZL# 2.14 44 #£# ###4

(4# Reference ## : 8V)
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ZL^ 2.154 444 4# 4% 424
1##4# 4 Hi 44°14.

= 5.47>^4 4444 4422144^1 480mW4 4#7^4 44 

44 442214°1$1 625W44 M47j-^i 44 1-0-2# 42 

4 14, zzfH 444 44 44 4 447} 44 44 4 4 444. 

44 44 14# #4 #474:4 44 44444 44 44^D#2- 4 
44 2214214 44 a4 4444 4# zzl 2.114 44444 

144 44 711444 4 114.

CgHg Gas Concentration (PPM)

zzg 2.15 4414144 4# ssi-71-2 14444 14
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2.16tt tflfr 444 44
2:4^4 4-0-444 4## 44\E 444, 44 44 &4414
4 4^444 $144^ =^44^4 44 4-0-24 ^4 4
4^ 444.

Gas Concentration (PPM)

n^ 2.16 B;M#s) =3.^71-^011 44 4-0-44

444 Al^44# ## B%4#4 ^ =&#7l-A:0ll tflsfl

44 625fflW4 4S0mW4 44 44^24^ &444 2-=- 44^ 4-0-4 
4# 444fe 4# 4 4 444.
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4| 2 4 PTC Heater# 4

# 1*414* 7^44# ** 14 £# #**£ #44 4

4# 44^4444 #44 4## trD14 444 Pt##t- #4#* 
PTC4#4 41 1*£ 4^11#-.

PTC##4 4414* 14444 “71-^45.4 7fl# 4 #4# 44” 
(1996.6~1997.1D4 44 #4*4* #!£#, 7f£444) PTC 44* 
4*44 4*4 44 #-#£&* ** #£4444 £7}# 444# 
41* 44# #44.

PTC (Positive Temperature Coefficient Thermistor)* *4 *71 

BaTiM Pb ^ £4# #S*4£(Y, La, Dy)# #7)-#.# £#4* 1 
4 4 Nil# 444 4*4 44*4 #*44.

PTC£4# 4*4**4* PTC# 44*4*# 445. PTC 44 
44# 44* 444 *7>444 z%4 2.174 444 4# 44 # 
(joule) 14 #4 44414 #41 445. £4# #£7> 4*4-31 #5) 

#£ 4*4 £444 444^4 4**4(44# *7H1 44 4*7> 
4£**)* 4444. 4 44 41-4*# 44* *4£5. *#*£4 
44 4# #£#4 ### 44 4*4 7}£44 4| 4*4, 444 41 
*#*£4 #4 14ir #£44 4 £3.7) 7l-£#4# 14# *4-* 4 

1*1*.
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1. PTC heaters]
PTC heater* perovskite t^CABOs)# 4# $Ba,Pb)TiO,4] 

*44 dopant# ^7>, *444 4* thermistor0]4. PTC thermistor 

A site4| 27} ^7}#, B site*!] 47} %7}(Pb, Ca, Sr, Zr, Sn)# 2# 4 

444 curie point(°] 4 Tc)# 44A1 4 4 $14. (Ba,Pb)TiOs AH&4] 

4% 47H444 4444 420C444 ## Tc# 4* f $1* 3A3. 
444 °}*4 4|2#^4 $144 PbOSjlM 44 2^4 #4^44 
4#4 3}##$! Pb#4#4 44N "44# $]#44 #AM 4
7i]#24 444 *4 4 41^4^ #7114# 7}4at $14. 444 #7114 
# #447] 444# 244 444* $M 447}4 47}## 4M 
4 44, 4711424 2## 441 #4444 24 4 2424# 44 

444 44.

300r

P 150

714 2.18 47} 4 7}44 4# Curie Point 44
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PTC heater^ 45# (Ba,Pb)Ti03# 4 4444 31-8-5)71 4#4
BaTiOs4 PbTiOs# ##44 4444, ^44 Tc44# 3.^ 2.184 
44 4444.

PbTiOs

Insoluble
jl^.L

BaTiOs CaTiOa

n4 2.19 Ferroelectric phase0)) 444 Curie point 44

44 Pb* 37-8-444 44 4# Pb #7} %# tc1- 4 3.804 4* 
4# 4 #54, 4 #4 55 PbTiOs4 Tcl- 4 4900*044 jl-8-4 

7>*44.
44 2.194444 BaTi03O 12004444 ferroelectric 444:

431 #^#4, -7004 5044 &4# 44# 4#4 44, PbTiOs* 
4 50004444 ferroelectric 4## #3! 4# 444 4# 4# 44 
45 437 ^x) ^4.
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5# (Ba,Pb)Ti03# 4*# #4 #4 PbTiOs# S-g-PS Tc4 #4 

MS 4442 BaTi037> #2 #4 -70 T# 5°C# #4* #4 

4^ MS 4MSS tetragonal 44* #4 #7}44. 2# 4 Ba# 

###* Pb#4 ##^r# PbO ### 44 2# #M44 4### 

#4444 4#4#4 *#44 $14.
* ####* 444 *#4* «1IW 2## Ca# Sr* 

(Ba,Pb)Ti03# #7}#4S4, 444 #4* 2# 2.1944 Tc7j- 300°C 

$1 line# 5 point# 2 44 *S# 444 point# 4444 4444.

4.

2. 44M
4 44444 BaTiOs, PbTiOs# tM^S 4442 M44 

dopant# NbgOs# #7f#4, heating44" 5V4 #2*4" #7} a] j£#* 
27} 2504444 CO### heater# 444 7}* 4 (Ba,Pb)Ti03^4# 

#2444.

2.1 *##s
(Ba,Pb)Ti03# 4S#7l 44 *#1-4# M# #2### 5 2.2# 

44444.
#S# *2* 99% 444424 BaTiOs# CaTiOs* 44 Fuji 

Titan# Ferro# ##* 2#S #44424, PbTiOs# SrTiOs* 

Aldrich## PbO, SrC03, TiOz# 4444 44444.
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3. 2.2 es ^ 4^44

Materials l’urily(0i'i) Formula Remarks

Barium Titanate 99.9 BaTiOs Fuji Titanium

Calcium Titanate 98.0 CaTiOs Ferro

Strontium
carbonate

99.0 SrCCb
STREN

CGENUCAKS

Lead( II )oxide 99.9 Pb03 Aldrich Chemical Co.

Titanium! IV )oxide 99.9 TiOz Aldrich Chemical Co.

Niobium oxide 99.5 NbzOg Aldrich Chemical Co.

Antimony (HI )oxide 99.0 SbzOs Aldrich Chemical Co.

Silicon dioxide 99.5 SiOz Aldrich Chemical Co.

Manganese oxide 99.0 MnOz
High purity
Chemicals

Aluminum oxide G-R AI2O3 Junsei Chemical Co.
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2.2 4342:
BaTiOs, PbTiOs, CaTiOs# SrTiOs# #4## dopant1 NbzOs# pot 

# 431, ethanol, ball# ## #441#. #41 44## 44# 100

0°C44 44 4# 4 #4#1#. #4#1 144 #1# 2444#! ball 
mills. #4# # binder# ###4 #4 244 4 #4414.

#41 slurry# 3i^j 2.201 Doctor Blade# 4 ##4 sheets. 44#

#4.

nl 2.20 Doctor blade 4 1 44

#44 sheet# 600444 50°C/hr.S. ###4 600°C# 4 444 #4 

41A4, #44 44# PbTiOs##S g# tube #7|s#4 44# 4

4] #4# #4 #31 ohmic paste# coner paste# ### 600°C# 4 10

#4 14444 444#4# #4414.
nl 2.21# =L$ 2.22# ### 411 4#44 4 #4-44#4#
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4-B-* 44^ 444, 4^4 412^
4^# 3. 2.34 444^4.

n4 2.21 ti-44 5^4*1

Zl^ 2.22 ^rS-^ig- #4# 4^ &4
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2.212] 300t4^2] 3^44 4^47] 4)
^#4, controller, multimeter2)- &# <S^t>^u]-. 4-5], 300°C44" 

2] f]# ^xRr quart -fi-el^ #4 4 ^#4 4^, 4 ^#4 4
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S. 2.3 Doctor BladeS. PTC heater

(24hrs.)

(24hrs.)

(4-5hrs.)

(24hrs.)

(4-5hrs.)

© Dopant Add

Binder Add

(D PbTiOa

Mixing

(D Mixing

Drying

Calcination

Mixing

Sintering

Drying

Press

Calcination

© Cutting & 
Polishing

— 45 —



5. 2.4# S. 2.34 43##34 44 444 44# 1200 °C 4 4 30# 

{1 N2#47]44 344 # ^^#£1- 50°C/hr, 80°C/hr, 100°C/hr3 4

#44# 4#4 4#### 44-4 444, 434 ptc4 44-43# 
a.7i| #44 4M°1 #4# 4 4# # 4 $1#4.

5. 2.4 ^443 ### 4# #4# ###4

*3 4 4 3 4 # (Q - cin)

50t/hr 7M

8012/hr 3.6K

10012/hr 1.65K

5. 2.5# 34#3# 1250°C3 44 300°C/hr3 44# 4 12501244

4 44444 44 4 #4 44# 444 444.
& 2.5# 444 44 44, 3443444 44444 4444#

Pb4 #44 #71-44 4944 Ba#44 44^44 #44 #7}3 4-#
4444 ^4-4# 4444-.

& 2.5 125012444 #444: 444 4# #44 4#4#

# 4 4 4 ! 4 # (fi • cm)!

125012, lhr 561

12501, 30min. 472

125012, lOmin. 450
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2.23^- 1200 °C 4 ^44 lr^44 ^44^ 4 444 444 4

# 44f^# 444 444. ^4 2.23(a), H4 2.23(b) 4 ^4
2.23(c)4 444 44 44 444^4 41-44 44444 4414^ 

4& # f 44^4, 2.23(c)4 2.23(d)^ 444 44 44

1200C444 44441- 4^1# 44- 444 444 44 44^ 4#
# 4 444. 444 3:44&444 44444 #4 42 ^44^# 
4^7% 4& 4 7}4 $44 444&# 44\9& 4 4" 444.

(a) 12WC, 30min (50t/hr) (b) 1200C, 30min (80"C/hr)

(c) 12001, 30min (1004/br) (d) 1200t, 2hr (lOOt/hr)
=l^ 2.23 ^z|#£°ll 44 444^
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44 5# 4%%4 454 Doctor Blade 5443# 5

44444 444 S47> %445 ^ls 44 544 441554 #
54 471454# 45 PTC heater 45# 45554 4444 4 =

5 4# 4 5 444.
Doctor Blade 54444 444 547} 4444 444 45444 

444 4444 44-i- 54% 4 Pb4 44 4 4444 8}# 545 

44 1#4# 444 5% 44455. 44:4 447} 4445 4# 4 

544.
444 5 44445 44% 544# 4444 44 Wr# 44414 

55# #444 454%4 444# 5445 444# # 5 45 
lngot54# 4#4 44# 44 4#454.

Ingot 4^# 4## 45 55# 44^0 #444% 5 ##% 54 

S. Polishing45 44# 444 454 Doctor Blade 54 4 4% #4 
55# 3711 %44% 5 %4.

5 2.6# Ingot4# 4#% 444 415 545# 444 444.
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5E 2.6 PTC (Ingot^)

Ingot Method

AdditivesBaTiOs PbTiOs

Dopant Addition 
(NbgOs etc.)

Calcination

Crushing

Mixing

Mixing

Binder Addition

Calcination & Sintering

Drying

Measurement

Green Sheet
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5 2.64 444 #4^1 44 BaTiOs4 PbTiOs, SrTiOs, CaTiOs# 4 
7>4 A]^i- 44^34, 4^4 44# 44 x-44# #4# 44

33, ZL #4# 34 2.244 44434.

BaTiOs, CaTiOs, #44 PbTiOs, SrTiOs 3# 4244 #444 3"# 
####S7^ #4^ a# 44- 43434.

34 2.25# #4# 4&4 3437) ^ 44# ##44 4^1) 4## 

4 ###4 434# dopant(Sb203, Nb205)4 44 ^444443 4 
# 44# 444 444.
###44 44^44 #4# BaTiOs# 44# 444 #44 4& 

44 #4# 3 4 334. BaTiOs4 44 34# 4 0.5^4 4# 44

43 #34 44^. 4#44 $134, PbTiOs, SrTiOs ^ CaTiOs# 3 
4 2.254 (b), (c), (d)4 444 44 4°) 444 agglomeration44 

$1## # # $14. #4 PbTiOs4 4344# ## melting point
s 444 344 43 ^3 4^44 444 37)7} 3.4, 443 ##

4444.
444 34 2.25 (a)4 BaTiOs# 444 PbTiOs, SrTiOs, CaTiOs# 

4#44 ##4 #444# #4 44371# 34434. 34, 34 

2.25 (e)4 SbsOs 3# 44347)- 33 4# 4^3. ##44 34# 
444)3 $134, 3^ 2.25 (f)4 NbzOs# SbsOs 34 4437)71- 43 
4 5343#4, °1 4 4344 dopant# $14371 4 34444 4 

7)4#44) 34# # 433 44-sM 4 444444# NbzOs# 4 
33)4 dopants 4444 #4# #434.

— 50 —



(a) BaTiOs

Cb) PbTiOs

(dj CaTiOa

2.24 xrd 4^
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2.25 44
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3. 4 ^#4

3.1 ^444
Tc7> 300°C °lAJ-y PTC 44^4# 4^44 44 zl$ 2.194 44 

4 BaTios-PbTiOs-CaTiOs 4^444 45. 1-45- 5444 2=4# 
(Bao.5Pbo.43)TiOs, (Bao/fbasCao.i)Ti0h, (Bao;TbasCao.i5)TiQs, (Bao.2Pbo.6Cao.2)TiCb,

(PbosCao^TiOsg- 44 44484.
4 ^44 dopants NbzOs# 0.11mol% ^7}44 1280C44 304# 

44444 ^#4 zi^ 2.264 4-4484.
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3.2 Nb205 ^7} #4) 4#

2# 2.274 BaTiOs-PbTiOs-CaTiOs *2^1414 Tc7> 300°C 4*4 
**44 *** 5##4 *2* *4*4 PbfllH 44 Tc4 444 
#4] 7} 47) 4*4 Pb4 *## 44424 Ca4 Ba44* Sr2 4# 
4#4. 44 Sr4 43# SrTiOs lmole #7># Tc# 2.544
a. 4*44* 2^41 4### 2*4824, (BaosPbo^raozlTiCb

, (Bao.4Pbo.5Cao.oo4Sro.oo6)Ti03, (Bao.zsPbo.6Cao.o5Sro.i)Ti034 37]-4 24 # 4

*484.
24 2.27# (Bao.5Pbo.43Sro.o7)Ti03 2422 424 42 64

(Bao^Pbo.43Sro.o7)Ti03 244 NbzOs 4#4= 444 4# 449-2444: 
444 442, 2# 2.28# 42 84 (Bao.z5Pbo.6Cao.o6Sro.i3)Ti034 NbzOs
47>^4 4# 4442 44# 44# 444, 2# 2.29# 443 42 
4 dopant NbzOs #7>4# #444 1280°C44 30# 2*4 44 4# 

4 4 W# 44444.
NbzOs #7>44 #7>3#4 D44 37)7} 4442 8*^1 4# 4 

713 NbzOs 447> grain boundary4 2~§-#4 44 444 422 2 
444.

24, NbzOs #7>44 0.11mol.%~0.13mol.%4 4 4 4 5"442, 44 
4 92# 4# 4# # 4 44. 25]4, 44## 0.15mol.%2 #7>4 
44 grain boundary2 4# 44 NbzOs7]- 2#4 4 hJL 4# 4 7}#
4 44 #442 8* *# * * 444, 4 s]4 441924 ^f# 
*#44*$; 4 44-22 # * 44.
2# 2.294 ##444 44* 24 Ca4* 47>4 4* 44 *44 

444 44 44 #7>#4 44 ##44*4 Ca* *71-4-4 

(Bao.5Pbo.43Sro.a7)Ti0324 *41 4444. 444 ## 44*4 Sr4# 
*7># ## #4* 444 *22 244. ##44*# NbzOs *7>#

# 0.11mol.%~0.13mol.%442 8# 44# *# 4442 4*4 4
* 4419-2 #422 4 #442 #4. 2*, Ca4 Sr4# *7]-#4
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44.
444 Nb20s4 44 air#44 d:#4 0.11mol.%-

0.13mol.%44 444& 4 f 444.

NbzOs 44#4| #444 444 444^ 4# # 4

zi^ 2.27 (Bao5Pbo.43Sro.m)Ti034 NWDs 4 7} 4=^ 4# 
4 4 45: 44 

(1280TC, 30#, #7ie ^4)
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ZZ^ 2.28 (Bao^Pbo.6C%.o5Sro.i)Ti03^ NkoOs 4# *1

(1280°C, 30S-, dil)
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3.3 #4 7] ±4

#2] 4# heater0)] 4444^] #4 44 *14

44 444 (Bao.4Pbo.6)TiCW&-Ti)4 4&# #43] 0.2mol.% NbzOs# 3 
7]-44 N2 447] 444 dh#44 4#ti)44# air #44 ^44 til 

H44 5. 2.74 444514.
3. 2.744 5.4 4445.S air^-47]7> Ng#47] 5:45.4 5:##£

7]- 4# 4& 4 # 51^4, 4# Nz##?] 5:44 5:4444 4 N%
gas7> 444 5:4#:E7> ^44 4AS 5.444. &4 4

# 4444:# air##45.4 N2##7]7> 4# 4444:# 444a. 4

4. °144 #44 grain boundary4 #444 4# Ba vacancy7} N% 
gas4 44 44#45.2] 44o] 4447] 4444 4444. 444

Ba vacancy# #4# 5:4#&4 44, 444^4 #44& a4 4-f

44.

5. 2.7 Air2]- N2##7] 5:4# #444a

Air 4# 7] Xi ##7|

5:44a4 44
(44#a)

44(12 • cm)
5:4#a 4 44

(44#s)
44(12 • cm)

11751, 30#
(300"C/hr.)

43M
1250°C, 10# 
(3001C/hr.)

53.6K

1175°C, 144
(300"C/hr.)

170M
1250 °C, 30#
(lOOr/hr.)

1374K

12001, 10# 
(300t/hr.)

184M
12504, 144 

(300C/W
561.7K

1200t, 30# 
(300t/hr.)

190M
1250"C, 144 

(loor/hr.)
7.8K
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3. 2.744 #4 air#4 7] db#4 4# 4# ^44 44
4 4 #4 ## 444-44 444 ##3. s.44 N2 #44 4444 
44 444## 4444 4# # 4 44-. 44 air#44 444 ## 
444 4444 44 Pb4 4#4 #444 444 Ba vacancy4 4 
4444 4-44 #444 41 #4 ##4444 #44# 4 #3. #44
4.
n44 #4-4^4 44 ## 4444:4 44# #4 44 #4$ 4 

#4-#£7f ^1## ##444-4 44# 4# 4 # 44-. 44# 4 
## Ba vacancy# 4### #444, #4# Nz gas# Pb4 44# 
444 44444 Ba vacancy 44# 44#4 4#4 4#5. A>s.^
4. s# 44# 44-# #44 ^44 #444 #44-4# #4^44 
Al #44 Ba vacancy# ###£7> 1%### #4^4^ 4#4 #4 
7> &# ## 44#4 4-44-# 4#5, 3.44.

444, ##44# &# #41-471 ^#3.4# n2 #4441^1 4 w.
# ##44# &#, #44^# 4### ## ##44#%# 444
# 4# 4 # 44.
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3.4 db444 ^ ^4#&4 4# R-T curve

34 3444^ 34 4 35^3 (Bao.4Pbo.6)Ti03 + 0.2mol.% Nb205+ 

2mol.% Si0243-4 ^44^4 4# R-T curve# 3& 2.304 444

#4.
12501244 £4444 #7144 44 44 4444 444 4, jump 

order# 4444 44 4 4 44. 444 444 £444 #7M1 4 
4 N2 gas4 44 4444 #4 Pb7> ##44 grain 37} 7} 7] 44 

44 4444 44^-5. s.444.

5E4 jump order4 444 grains7] 4 #44 44 grain boundary 
4 4 34 4^44 44££ ti.444.

444 44 ilf£4 125012, 144££ 4444.
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^ 2.30 (Bao.4Pbo^)Ti03+0.2mol.%Nb205+2mol.%Si02+0.168
mol.% AI2O3 5hAc3 s] ^>0)] tc|-R-X curve

(Nz ^447]^=^)
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200

A 3 2.31 (B%4PWTi05+0.2nx)L% Nb2Gb+2nx)l.%SiCb+0.168moL%
AI2O3 A 4 3 3 44 A 3 4* R-T curve

A 3 2.303 2}* A4A44 1250 °C, 1A14AA 444

(Bao.4Pbo.6)Ti03+0.2mol.% NbgOs+2mol.%Si02 + 0.168mol.% AI2O3 A1 4
3 3 44 A 3 4# R-T curve* ^ 2.3141 443^4.

3 44 A# 100°C/hrA 4 34^ tilsfl 300°C/hr.AS. % 344 44

4AS. 44 44 til444 44413 #4 4# 4 4 %14. 334 3
#4 44 3134 43 344A* ^71-a] 3 ol| 44 grain boundary 3 
Ba vacancy71- 43 33 A 44341 44 44 til 3 40] #71-44 4A 

A A44. 444, 44 44 «144^ 4A43 3344 4* 34,

4 300 °C/hr. 3 34 7> 4 a 4 *44 4434 4 A A s.34.
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3.5
a 2.84 444 PTC2] 4SM 4# 4^44# 444 4°14. 
3-9V44 0.5V StepVS 44# 44444 ^44 #4

% #4 47}4# 5V44 4 300 - 3301:4^4 7}4 ^ 44^
4 4V4 4a^T@ 250 °C 5.4 ^4 #vt- 44^4.

4444(lm3)4 4 50~60mW4V^ 444 4#

4 7>^44°fl 444v 44 heater44 1/3~ 1/4 4 4V 44444

4^4^ 4 $14 4 0.3. 4444.

& 2.8 4$H 44 34 S4M 44

V IVI
.1E4-0 -V- [TJ

Sample 1 Sample 2 Sample 3

3.0 237 257 192

3.5 260 268 214

4.0 310 287 279

4.5 334 342 302

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

7.5 300 303 291

8.0 300 297 292

8.5 299 302 292

9.0 298 303 293
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*11 3 % f 49 344 4# 4 *>#4 4% %3 4 337H%

4344 7^3 4 A# ^l2t 41% 34% 3.711 4% 443m

43344 #4 33% %434 35lJL m44% 4 44%
4#4 413% 4344 %4 443m 43344 44 71-34-4#% 

43%44 444 4 4%3%-g- #% %7> H5l3 441- 4% 444 

4 3%4 3m 4% 4 44.

% 4444 3 404 4334# 7H444 34 444 934 44 
37}# 43%7l 44 EDX, XRF, XRD, BET, TEM, SEM444 44 
31-44 44 4 33% %4343%, #44 f-%3%4 444, 44
m%4&4 ^7^4 4444 443%# #4434 4$a%.

1. 44344 44

43x114 %4-t§ 71-3444 4334 7H%# 444 4m% 44 4 & 
% Sn02 Powder-3 # 57>4m4 4#4 %%% 3444 444 43 
% Powder4- 4344 Powder34 344 BDH, 444 3#3%%, 
Raremetallic 3% 3 KIST4 4 4 44 444 Nano Powder# 7l% 4
mm 4-4 #4# 4*1-% % %-%%mm 4444%-.
3444 #444 4% 3#%4 43343# 5. 2.94- 5. 2.104 4 

4 4-4443%, X 2.114 3% 2.323 Powder4 Paste34 4 433 

%4 4°l3m4 34343# 44% 444.
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& 2.9

BCA, Ethyl-Cellulose

Heater

(OtCOblaCa xttO

Screen Printing

S (Drying)

Binder

Pd Black Mixing
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X 2.10

680C 30min

BCA, Ethyl-Cellulose

850°C 30min

Heater

PdCb (wt% 25)HzPtCle * 6FfcO(wt% 
_____ 25)_____

Grinding

© S S (Drying)

Screen Printing

45°C/20Qrpm
(4Qmin)

Binder

Rotary Evaporating
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a 2.11 Powder# Paste ^ ^

Paste -'o'- -?] VI Rare-metallic 4 «]■ BDIT
Nano

Powder
Paste Rate 7 : 3 7.5 : 2.5 8 : 2 7 : 3 7.5 : 2.5

44" ^4 #4 #S4 44

4# 4#" 4#- 4#"

Pt(lwt%) HzPtClg • 6H2O

Pd(3wt%) Pd Black PdCl2 PdClz PdClz PdClz

Mass 9.8g 11.4g 10.3g 11.3g 2.3g

Made by 4^# HIST

Sn02 Paste Firing Profile

Leveling & £ 5-10 £ 
Drying 100C 10“

850°C,30min

600-

5°C/min 
EC evaporate

10'C/min 
BCA evaporate

Time(min)

H# 2.32 b)]o]^h^
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5. 2.12# 44&4 EDX, XRF, XRD, BET #4 #4# 544 4° 1

4. EDX#444 3#5, BDH, Nano4 4# 99%4 #5 5^

54, Raremetallic4 96-98%# 4444. BET# 414 454 

44 3l#£, BDH, Nano4 4 5# 2~13m2/g55 4# M #45 # 

^^4 Raremetallic4 If# 30 -42mVg5 454^ ## 5#
4. St, XRD#414 #44a 5.#7> tetragonal 455. 44454, 

3 44# 3^ 2.33, 714 2.34, 3 4 2.35, 34 2.36, 34 2.37, 34 

2.384 4444.

5 2.12 #444 4444 441 454 4&4 #4#4

Mali nal EDX(%) XRF(°o) \KD
Bin

' K 1

Cl# 5

(wi%)

#4-1 96

Tetragonal

42

#4-3 97 85 38 0.086

Raremetallic 98 99 30 0.012

3#JE 99 13

BDH 99 95 6 0.006

Nano 99 2
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3^ 2.394 3^ 2.40, 3^ 2.41, 3^ 2.42, 3^ 2.43, 3^ 2.44£ £ 
£^4 #££4 4*1 412:4 3*14 tem #4 4 SEM^44t 

44 444 144.

TEM £444 3£344, BDH, Nano Powder4 44 444 £4 

4 44A144 4444 444 44 4 amorphous44£ 34£ 4—

5. #344, £££4 4£ 444 agglomerationC £1)444 444: 

31, raremetallic# 443.47} £444 4444 4444 4444 4 

33 4444.

SEM£444 Nano Powder4 44 £££33 41 (CRACK)4 44 

4 4# £ £ 113, Raremetallic4 BDH4 4£4)3 7]£444 uf 

443 1£ 133 444134 ££44 3£3#44 4x1 434 

X444# 314.

444 1*1 #414* £43 44 4X444 37)1 4414 £ 

£4, Raremetallic4 amorphous44°1 £ BDH# #1433 4444 

XRF, Cl£433 4144414.

Sn02l £-£#1# 44 XRF£414 *££# 85%, Raremetallic 

99%, BDH 95%4 #11:# 4134, 7}3£-£34 4#* 4££ Cl 

44 £-££=* 1434 41 #11444£ £££ (0.086wt%) >

Raremetallic (0.012wt%) > BDH (0.006wt%)4 £33 4414.

44 14* 343 44 7}3£34 £44 444 £££ *4* 4 

44* £33 444£ !£ Raremetallic#4 SnOz Powder# 4 £1
33 £3414.
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2.33 XRD 1)
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zig 2.34 XRD 2)
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=L$ 2.35 XRD (Raremetallic)
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3.^ 2.36 XRD £^44
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,n <r 11S’.:S':—

2.37 XRD (BDH)
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2.38 XRD ^^4 (Nano Powder)



(b) ^#3 2

(c) Raremetallic

2.39 *))3iQ 51## TEM 4# (1)
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(d) 31^5. ##

(f) Nano powder

2.39 #^^4 a] §1] &## TEM (2)
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(x 100)

(x 1000)

2.40 (^^4&)
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(X 100)

(x 1000)

2.41 (Raremetallic)
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(X 100)

(x 1000)

2.42 (aes#^)
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(x 100)

(x 1000)

nf 2.43 449-2 (BDH)
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(X 100)

(x 100)

2.44 ^1 -p-S (Nano Powder)
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2. tilers. 5 fa/ljy

44 44^444^ 44 yyy 4444-8- i3?if °l'S-«fl
444 444 yy* ^yyy ^4y* ^yy 4 ay 444 #y& 
yy 44 ya^ 44 aay* 24 4444 444 a# yy 444 
44^4# 4^# 4 8a# 484. 444 yy^ y^# 4 
44-4 y^yyaay yyyy && y-y yay aayyy #yy 
y-s-yyi: yyyyy ayy yaa -yyy ^ ay# 4 ay 7] 44 
y^ yy yy yy yyayy yyyyyy yy. 

yey 4444-8- anyy y-g-y 444 44ay y yyyyyy
# 3L 2.134 5. 2.144 yy 44484.

a 2.13 yey 4484-8- aay& y^-y 444 44ay

444 A^.g-xiia Ru02

y-g-'-'K-'-.a Size : 430 x 430

yg-/jy AI2O3 (ea : 96%, 5 x5cm, 0.4t)

anyyy y| DEKfd; (44)

":. ’-ay
100 °C 4 y I0min4 ya 
(4-2rya : 10 C/min)

yay Dry Oven (444x|-)

ay a y
850 D44 10min4 -8-4
(4"S:4a : 34°C/min)
44 ay 44 45min.

ay a BTU (USA)

— 84



5. 2.14 4 #4 44431# ^a^## 444

444 7]tg-#4#4- (44 : Q)

138.2 115.4 115.2 117.6 151.2 180.3
157.1 122.7 118.2 120.2 144.1 142.4
158.3 128.1 120.1 130.0 142.1 150.3
162.1 133.4 126.8 131.0 138.6 138.3
161.6 128.8 123.9 128.9 141.0 134.4
164.5 134.0 133.0 131.3 135.7 127.8
158.9 140.1 132.3 132.8 135.7 123.6
167.1 126.8 131.8 131.6 135.1 126.5
160.0 137.3 131.8 130.7 130.1 129.6
168.0 146.3 129.9 135.2 132.0 125.5
173.2 150.7 137.2 142.7 130.3 122.4
175.8 153.0 143.5 143.6 132.9 116.5

444 44#^%4 W 138124## 4# #4 44-4#, 444 
##4 444 444 4# W&#4 4 30124£ 4 ## 4#### 

#4#4 44 4 444 4444# #4i24# 4#4444 44#4 

4 4#44# 4 %l# 4## 4434.
34 4434# #4 #44 #44# 711444 3# 244 34 4 

s.# —3.4# 4444#4, #44 #4 7414 44 d:44 34 4 

444 4#4&# 344534.
34 #44 37]# 4#3 4X2mm44 3X2.5mm# 344334, 44 

4 43## 4#3 Ru0243 Pt# 4#44# 3#4 4# 344 7} 

4 4 ###31- 34 44# Ru024 44# #344 34 4## 4 

444 344 Pt! 3# 44444. #3 2.45# 3# 444 Al2034 
33 34# 444 444, 33 2.46, 33 2.47, 33 2.48, 33 2.49# 

33 2.50# 14 444 43 4 4344 43# 33344# 444 

444.
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50.8

5.9 3.0 » » 3.0 5.9
-----1.t 1-1 I I... I I I I I +-I I---- -

6.65

2.5

2.5

6.65

50.8

nt 2.45 AbOs
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(SuS)MESH :*325 
EMULSION : 37.5urn

(D tuttas02 0.5 gas 0.525
02125 

-t—h- i

oai»Ti

1.075

T0.2125

0.21253

A : 0.15
8 : 0.125

0.2 0.5 0,250.2 0.65 Oj t+H---- 't I i ... —1—I--------- 1

A : 0.125
8 : 0.15

OJ 75 

0.-2$

2.46 1*}
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M y u y y y y y M M

y y y y y y y y y y

y y y y y y y y y M

y y y y y y y y y y

y y y y y y y y y y

y y y y y y y y y y

y y y y y y y y y y

y y y y y y y y y y

y y y y y y y y y y

y y y y y y y y y y

2.47 lx> ^a.54 tifly
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u M y y y y M y y M

M y u y y y y y y y

li y y y y y y y y y

U u y y y y y y y y

M y y y y y y y y M

U y y y M y w y M y

u y u y y y y y y y

hi y y y y y y y M y

y y y y y y y y y y

M y y y y y M y M y

2.48 14 444 44444 44
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(SuS)MESH :*325

EMULSION : 18um

0.1 0.7 2.2 .
~H f*------- ■+*---------------- —---------H

2.49 14 314# 4444 44
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oo OO DO OO OO oo OD OD DO DD

DO DO DO oo DO DO OD OD OO DO

on OO OO oo DO OD DO OO OD DO

DO OO OO DO DO OD DD DO OO DD

DO DO OO OO on OO DO DD oo OO

□ D DD OO DQ OD DD DO no oo oo

DO OO oo OO DO DO DO DD oo oo

DD DO oo QD on OO on QD OD oo

DO DO oo OD OO OD oo on DQ DO

QD no DO DO no DD oo OD DO OO

2.50 m 44% 4444 444 i3f! 44
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414 #*1 4141: 441## A3l# 4## Pt44# 1#%
# 4% #14-134, 3 44# a 2.154 44414.

& 2.15 14 44# #444# A313S #4#

Pt444 44M (44 : Q)

5.7 8.1 8.9

5.4 8.2 8.5

7.2 8.6 8.6

7.5 7.2 8.4

6.5 5.7 5.5 8.3 7.4 8.3 8.8 8.6 8.5 9.0

- 7.7

6.7 7.6 8.5

5.4 7.4 7.9

5.5 - 9.4

7.6 5.8 6.6

#444 45 6-91213# #44 4# 4# 34 4#4 4444 
# A3l# 4-8-4 rU0244# !#S11 44144# 4#s 14

4 4:4 #4#4°> # 4AS #4414. 4#4 H£ 414-4(4
5 6~7J2)4 u]H4 44(45 8-9i2)4 41 44 444 1444 
M34, All 17~20/zml3# 44414 444 444 A1 (9801 

44 lOminl 44)4- 6~8jMnl33 34 1A4# #4# 314.
44 14 All 444## 344-4 24 A3l 44# #3 41 

34, 4 A31-& 4#4 4 #14 l#sii- 14414.
5. 2.16# 1, 244 14 4s 444 4444# a344 44 4 4 

#sl# 44# 144 24 441 444## A3l# 41# 3# 
2.51, 3# 2.524 44414.
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2.16 ^ yillsy (!*}, 2x»JE

* --1 ¥i 2*MH

el E ) 5) xflii Pt Pt

Mesh (jam) 325 ST400

Mesh (pan) 58 49

Emulsion Y"74| (/mi) 37 20

9Mi, <\ -^-Y- Y4 (/mi) 17-20 16-17

980t, lOmin
15°C/min

980°C, lOmin
15°C/min

Y-7>l (/m) 6-8 11-13
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(SuS)MESH : #400

EMULSION : 20um

0& 04 0.23 02 1J 02 0.5
M-----1..1-1....................... H------ 1

03

05

09

0.5

0 J&

05

oa
Oj
0.3

03

03

OJ

05

ZL^ 2.51 2x>
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pr ft N ft H PR ft ft

m m ft ft ft ft ft ft

ft m i ft ft ft ft ft

m it ft ft ft PR ft H

m m H ft H ft ft ft

m ft ft ft ft ft ft ft

m ft ft ft ft ft ft ft

2.52 24 44% *14 S14-& 4%
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3. 4444 44 44^44^ 4 #44 47H1 4# #4#4

#444 44 4#€ #44 #4444 4#4-5-44 #4# 444 
HaPtCle • 6H204 PdCkCs##444)4 #4#44 Pt, Pd# 4444 
444 #444# 4#4 pt:pd ^7^44 lwt%=3wt%

# h44 ##1 4 444#4 4#4 #44 ^7M1& 4^44 44 
4 7)-#4##4# 4# # 4^ ^4# 444## 4^4.

#4, 44444 #a44 4#4 447>4# 4444 44)# 44 

#a4# 244) #4 4# 444##4, 24 #34 444 4444 
44# Parallel 1) 44 IDTS44 # ### 44 4##44| 44# 4 
4# 44### 444. # 444 44# & 2.174 34 2.53, 34 
2.54, 34 2.55, 34 2.56, 34 2.57, 34 2.58, 34 2.59, 34 2.604

44 44^)44.

a 2.17 444 44# #344 44 (14, 24)

#. . i 4 14414 #34 24414 #34

44#44 4ii- SnOz SnOz

Mesh (/an) 150 Poly 150

Mesh #41 (/an) 82 80

Emulsion #41 (/an) 30 60

9M, 4#-f- #41 (/an) 18-25 40-50

#4#4 850 °C, 30min 850"C, 30min

#4# #4 (/an) 15-20 28-30
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(Al) MESH : *150

EMULSION : 30um

I—ass—|------is,ass.t

L
0.1

23

2.53 14 44% 444 44-8- ^a.% 4%
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a Cl a □ □ □ Cl a Cl □

Cl a Cl Cl □ Cl o □ Cl a

Cl Cl Cl a □ Cl Cl a a □

c Cl □ □ Cl Cl a a □ □

□ CJ □ a Cl Cl Cl a a Cl

c a Cl Cl Cl a □ Cl □ Cl

□ □ Cl a Cl a Cl □ □ Cl

c Cl o □ CJ □ □ Cl a Cl

Cl a □ a Cl C a □ □ □

a □ Cl a Cl a a □ □ a

3f] 2.54 lx> SI31-8- 4i3.fi
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(SuS)MESH : ^25
EMULSION : 18um

0.1 0.7 0.225
-t—t-

1.175 0.7 0.1

07

A : 0.15 
B : 0.125
C : 0.2

&

1 9

°13

3.^ 2.55 2x> ^3.5i
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SI si SI SI SI SI SI SI SI ffll
SB si SI SB SI SB SB SB SI SI
si si SI SI SI SI SB SI SI SI
si si SI SB SB SI SB SI SB SI
si si SB SI SI SI SI SI SI SB
si SI SI SI SI SB SI SI SB SB
si si SI SB SI SI SI SB SI SB
si SB SI SB SI SI SI SI SI SI
si SI SB SI SB SI SB SB SB SI
si SI SI SB SI SI SB SI SI SI

2.56 24 44% 444 44-§-

\
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(SuS)MESH :#325

EMULSION : 18um

0.1 0.5 1.5 1.0
HI-----h---------------H------

_L
0.2

0.7

0.7

0.7

0.2
T

0.3

0.8

0.3

0.8

0.3

2.57 2H ^4# (Parallel)
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bo BQ BQ BQ BQ BQ BQ BQ

BQ BQ BQ BQ BQ BQ BQ BQ

BQ BQ BQ BQ BQ BQ BQ BQ

BQ BQ BQ BQ BQ BQ BQ BQ

BQ BQ BQ BQ BQ BQ BQ BQ

BQ BQ BQ BQ BQ BQ BQ BQ

BQ BQ BQ BQ BQ BQ BQ BQ

2.58 sfl(Parallel)
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(SuS)MESH :#400 
EMULSION : 18um

0.1 0.6 1.5 1.0
HI-----1—------------H-------

_L
0.2

0.7

0.7

0.7

0.2

T

i 0.3

0.3

0.3

0.7

0.3

0.3

0.3

2.59 2x> ^14% 4€(IDT)
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m n n n n n n n 
nnn.nnnnn 
Rnnn-nnnn 
n n n -n m' r n n 
h h h h -'h h h h 

n. n n -n n n n n

2.60 24 44% 4444 44444 ^a.% 44(IDT)
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106

Temperature [ °C]

H.
a a 
a .a 
a a

-Jol1
JE

a4
a

nr
a
JE
j2
Hi

ojn
a
rK>
Hi
m|m
W
oM
±,
a
o>
JE
a
a

Jt Hi
at a2t
|U|o !tl|0
a
n>

a

o|m
a
n2
r|o
Hi

olft
a
rjo
Hi
a

o°
r|r
a

Ba,
a
JE
JE

[H
JE
a
V

a

01. a ,
a Hi • u
w JE oE

&
Ju

JE

rlo
to
8

JE Hi nr
a
oE

r|r
a

Hi
a

Hi a JE

Mfl JE a

H>
H

a
J|m
oi,
a

JE
a
_i°!i
a

JE a
ao|n _2

flljo a a

N
JE
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zig 2.63^ 420141^ a:Pd^ ##*1# 2.5wt%:2.5wt%&

Au^q-4 4M ^2:^ w]m

# 44\S 7A°)^-.
Pt^i^ir Ai-g-sfl o-^ffr ^0.5.

44#4.

Oij Ccrcentrcition (pprrjl

2.63 4% (3M^S : 420°C)
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2.64c 444a 420343 H:Pd3 444# 2.5wt%:2.5wt%a 
4a Pt444 444 3a4 444 444a3 44 4^44444 
443 444. 44^4 dz#4a7} 75034 34 7}4 #4 7^44 
#34 444-9-4, 10000ppm4 447^4^4 RGAs/RAm-0.1284 & 
4 4a# 4444.

Chi, Gas Concentration (PPM)

a^ 2.64 444a 444 44 71-^4443
(H:Pd=2.5wt%, ^44, 444a = 4203)

344 44* 44 Pt444 444a. Pt4 Pd* 2.5wt%:2.5wt% 4 
7H4 4 750333 413 3a4 ^=4# 334a 42033 ai43 

3 W$# 4 7j-4 44 7h^44#34 4434 4 4 444.
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#4 ### #4 444 44 43=244 Pt4## 4^
4 750C44 ^4(a4 Pd# 44 2.5wt%#7})# 4#3H 4
#4471 4144# #4 680M43- 44431 $1^ #44 244#-# 

4^4444 4-# 44 ^44^14 7)44, #44444 #&7} 4#
444 44.
444 £ 4 #4 4# 4444 ##4 Silica Sol.# 44^4445.

4 SbzOs# 44M&44 244#- ^ 4-0-444 2=4-44 4
44 4 #4 £-444 4tt ;D444& 44444.

♦ 444 44

%44 44# #4 43=431 44 442=4-# 44^m4 ##44 
71444 4445171- #44 #44 71-2=444 444, #44444 
44 #44#4 44# 4:31 44.

# 4444# ##44-444 44 Sn02 44#4 ^44-2#=#- 4 
44# 4-44 4^44# 44 44 ##4 Glass Frit# Silica Sol. 4 

# 2## #4## 4St!: ## 71-4- ###: 44### 71-4 42S. 
#44 2=## Silica Sol# MA-ST(Nissan Chemical#, B)# 47}44
##4 44# 44=# 24-4 #4-.
444 4## 44 #4 44# Binders. 444 4#44 71-4- ## 

44# 44-a%# 27}(a=Pd4 #7}#-#= 2.5wt%=2.5wt%, a##/}#) 

4 10wt%4 20wt%4 MA-ST# #7Ml-##4, 4# Nissel# NBK-1
Kneader# 4 #4 ^#4 # 2=7}# 42=4-4 #44 #44:#4 n 4 

4-# n# 2.654 4-4-4 $4-.
#44##4 MA-ST 20wt%# #7}4 424 2=7}4 44 MA-ST

I0wt% #7}4 424 2=4-4 #-##44 ##4 444-4 4-## 4# 
& 4-4-#4\ 24444 ## MA-ST 20wt%# #7}4 424 27}7} 
4 4.7MQ, MA-ST 10wt%# #7>4 43=#: 2=x>7> # 1.7MQ2S. 2.#
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BM#4 MA-ST 10wt%# 42:# ##°1 4 #fr ##

# "T #$^4.
MA-ST 10wt%# ^7M 4&# ^4^ 7}^# #-§-S 7M^

^-#4# ^71 #jl 4&# ^44 ti]HMi: 4(10000ppm444 4 #7} 

MA-ST 10wt%# ^7M 3112:# ^7).a) RGAs/RAm=0.138, 
MA-ST# ^4 ##-#42] RcA^RAiR-0.128) # 4471- #4 &7l4#
# ^44 4^ #444 ;H#€ #-§-#71- 71-^# 4^ #44

444.

CH4 Concentration [PPM]

zl% 2.65 7j-#3ll(MA -ST)Sl #71-44 #4 4# 7^#-### 
(Pt:Pd=2.5wt%, Pt44, 44#^ : 4200
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42.66# MA-ST 10wt%# 4^4 &44 ^

# 7]-a4#44# 44 444.

850C4I4 aw aw 7501:44 a#^ aW4 44% 4444
# 444# 4 4 444 4444# MA-ST I0wt%# 44
4 4 850°c44 a^% a44 &/144# 4a444 %44 4^4-8-
44# #444# 444 &4# 444 44# 4sSW4 4^4.

1-750PC
*~85CfC

CH4 Concentration [PPM]

W 2.66 MA-ST I0wt% Wa44 a4#s# 7>a4#44 
(Pt:Pd=2.5wt%, Pt44, 4 4 #5= : 4200
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71144 4#4&4y 4*4 444°! 22 y Ajlz^AlS.

4 Noised# 4^4# 44 44 #4 4 ^7144#
■a ## 447} y#.

a. <344 a-^ 44- 4441 yx^iisy &7144# 42244# &4# 

y# 4 y# 4471-4 ^7}###4 4^# 4^#yo_4 a 3.8

4 ZL #4# 44-4 ^4. 4M4 44### Sn024 4^-# 4^4 
4 44# 7}4# Sb203# 4x}#a 4444^4 44^4-4 &444 

44# 44*471 44 44 4444 44#44 5wt% 4 lwt%4 
Sb203# Ethanol Base# 44 FRITSCH44 Planetary Ball Mill# 4 
#44 1A14#4 #4 4 #44 4 vehicle, silica sol. 444 (MA-ST
10wt%, 850r^#)7l- ^7}g 44# 4444 444 7}^
44444 2:44444# 444^4.

a 2.18 7}^414 yaa 44# #447} 4 4 #4

37M ^44 f! 44
&4 44%
(4 4 4-T)

4 1L

B2O3+MA-ST
50 : 50
(mol%)

30wt% 1 ~ 2 MQ 14 / pt

Sb203+MA-ST
5 : 30
(wt%)

35wt% 3 ~ 4 MQ 14 / Pt

SbzOsT MA-ST
5 : 10

15wt%
0.6 - 0.7 MS 24 / Au(P)

(wt%) 1 MQ 24 / Au(I)

SbzOs+MA-ST
1 : 10

llwt%
10 ~ 11 MQ 24 / Au(P)

(wt%) 15 ~ 16 MQ 24 / Au(I)
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3 4 2.67f? MA-ST 10wt%# ^2:4 Pt:Pd=

2.5wt%:2.5wt%)^ 44 SbgOs^l 4# 4444# 444 ^4
4 SbzOs# 47>4°1 44444 44# 4^44 7A°-S- 44^4.

SbzOs# 471-44 gjz. 4&4 ^4440 1 4 1.7MQ45-4 4

4 e g):& 4441^4 #4 SbsOs lwt%# ^7}# 4^=4 ^4 &4 

44# 419KG, Sb20s 5wt%# 4&4 ^44 &444# 65.6KG
is 444 4dh# 4444.

—■— MArST 1QaA%
-#- fwvsr KW7VSb203 lwt% 
-a- MArST ICWWSbA 5wt%

Ot\ Gas Concentration (PPM)

3:4 2.67 Sb2034 471-4444 4# 444 44 
(MA-ST 10wt%, 44 : MQ)
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n4 2.68# MA-ST 10wt%# ^7>s| 42:4 A4(Pt 444-§-, 
Pt:Pd=2.5wt%:2.5wt%)4l 44 Sb2034 4 7} 44 4# 7>^4"g-44 4 

4# 444 4°14.
#444 Sb2034 47>4°1 47>44 44 7^44444 4444 

4A44 4as. 444ahs 4444 4444 44444 4a^# 

4 Sb2034 47>7> db44 4444# 4A444 444 4 &4# ?\

4M4 7^4##^# 444 444^ 4A& ^44444.

—■— M^-sr icxvt% 
-e-IWVST 1(W3^C^I% 
—a— IVVYST1 (Xvt%/$hp3l wf%

CH4 Gets Concentration (PPM)

zl^ 2.68 Sb2034 471-4444 4# 7>^4-g-444 44
(MA-ST 10wt%, R44, a:Pd=2.5wt%:2.5wt%)
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:%4 2.69%r MA-ST 10wt%# 444 d:4(Pt 444-8",
Pt:Pd=2.5wt%:2.5wt%)4| SbgOs 0.5wt%# 444
Parallel^ IDT5 4^#44 4^44# 444 5! °14.

^ o. 2L^ -f^*V 4&#4& 444 4 ^r#A4 Parallel4
4M& 454 444 IDT44^4s. 454 444 4444 4 4 
4 451- 5444 44 4 4414 4 Parallel44^^5 454 444 
494.3kfi, IDT44444 4&4 444 348.6M24 4444 IDT44S4 
s 444 444 4 44# 4444.
444 47>4 ^b)]4 4445. 454 444 444 4444 4-8­

44 4 44 444 444 44 444 #*H 44*11444 4 445 
4444.

<—Pardlel 
-•-IDT

CH4 Gas Concentration (PPM)

n4 2.69 444 444 4# 7>544444 44

(MA-ST 10wt%, SbzOs 0.5wt%, Pt:Pd=2.5wt%:2.5wt%, 850444)
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4 44 4#### #4 444 7}4 ## #4# 4* 44^44 4
MM4# Sn02##(RA)4 H:Pd4 ^?M4* 2.5wt%:2.5wt%M 4 A, 
MA-ST 10wt%4 SbgOs 0.5wt%# ^7M 850lC4j4 A## ^#4 ^ 
AM #44444 f# 4## #4 #44 M4M4.7M4##M#
4444 a ^7)44# y-dhAi# * &* 44554 4# <9*71- 2M 

440> # # 6_&

4. *41! 71-A44 A44 4555 7H

# 4*7H# 7l44]Ai^ 4# #7^ 4^44^# *4 45^# # 
AM #Ajo] ix>y£o^] #4 ^5am 45§M AjjxM #44 44 1 
444 4%4 *44-71 44 **% 45M4AM #A^# ^
44 24 4444^* 4^A4, 544-^4 ### ## #4;H4 4 
<9# 5"*4-M# 4^4. 544 AM 45# 44^ *44^# # 
4 4444 444AM 45# 4AM 4H7f 4*44 * 95# 4# 
4.

44 44 444 4444 444 45# #44 EDS*4#* 44 
#4 #4& Af-g-4 Sn4 Pt, Pd4 #t4 #4#44 5444 444
4 ##4: 44# A4# GrindingA] 4^4 ##44 #4^# 54#

Planetary ##M #44 459# 44 4444# 4 A#94.

5# Aa.4444 44 #4141 4# 4**4 4 544#44 44 
# 4^44 44 A3.44# 44# 144 24A 44 44 9# 414 
*4# UM44A4, M##5 M4M 7501, 8001, 850 °CM 44 44 
44 44* 4H4SI4.

3. 2.19* # 4444-41 AM# 444 455*# ##* 444.
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a 2.19 #4^44

V 7-.-13)S|-t-

2^1 750t

2^1 800t

(4444) 14
850t

24
T3 "ip

14
7501

#4#4
24

14
850t

24

~o" 24 850t

2.70tt 24 i2?1 4444 750r41^

4 #44 #47^# 4% 44# 444.
#47^ lOOOOppm 4%; 4 Rgas/Rair= 0.153- 444^4, &444 

(Rair)-c: 4 l.lMS^M 444 7]#4 S4(44##, ^a44# 24, 
850°C44 7>4 #4- 4^# 44## #44 444
4147}^ lOOOOppm 444 RGA&41AIR-0.12, ^444(RAiR)=2.6M 4
4 4^4 44 14444 &7M4^ 2444 44 4444.
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CH,GC6QiTQaiidicn(FFM

n.% 2.70 750 °C 4^1 dh#4 #4 3] 4 #7]-^ 4 #4 4-§-44
(4###, 231)

2.7l£ 4##-## 4&# 24 iH?1 ##44 800°C44 
4 #43] ^#71-^0]] rfltb 4444# 44# 44 4.

447}^ lOOOOppm 444 Rgas/Rair=0.145. 444^4, 2:7]7]4

(Rair)4 4 3.1MS& 444 750t44 4## 444 #44 4# 
4£4 #A4 27)x]fo] 3# o]#- ^4 4444.

-H8



CH1GCBCDioert'dicn(FRVl>

=l^ 2.71 800°C44 ^44- 444 pfH2-7bi<*l) 4# ^--8-^-4 
(44^:4, 24)

3L4 2.72fe -e-^44 4&# 14 *3^ 71444 8501044 £4 

% 444 444^4 44 44HM# 4-44 444-.
4#7}^ lOOOOppm ^44 RGAs/RAm=0.22a 4-4-^4, ^44^ 

(Rair)’ct 4 0.9MS4^5. 4-4-4 4-£4 4-dk 44^^-4- &44% 4­
4-44 42&# 44 M 7}^ ^4 4-4-^4-.
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1

Q*| I_• • ■ ■ 1 _____ i____ i___■ ■ ■ ■ • i I_______ ■ ■ »__ ' i i i i i
100 1000 10000

CHj Gas Coioeiiraticn (FFM>

33 2.72 850t44 3##4@44 447}34 4# ###4

(###4, IS])

3^ 2.73# ###4# 4&# 2# 33# 4444 850 t44 3# 

# #44 4#7]-34 tfl# ###4# 44# 44 4.

4#7|-3 lOOOOppm #44 RGAs/RAm=0.18& 44434, 344#
(Rair)# 4 1.4MQ43S 444 4##4# 4&# 14 3344^4-
850°C°]]4 34# 444 4444 #3# 344# 4444 3# #4

44# 35134 4e4 44 3433 43# 444 #34# 444 
### 4AS. 4-4-#34, ##44 #44 2# 334444 750°C 4 

800t44 34# 444 #343 444 #4# #4# 44#4.
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1

Q] 1—iii:l----------:  i i—: , i : i i 1_________i i 1 i i i i i-J 
100 1000 10000

O^GcGO%ioeriraMcn(FRv)

zzg 2.73 850t44 4#4 #44 4|47}^4 #4
(####, ^3### 24)

n# 2.74# MS. 4&# 1# %M3M 750 °C# 4 ±
#4 #44 #47]-## 44 4-g-#4# 44# 444.

447Hz lOOOOppm 444 Rgas/Rair=0.14S #444# 4^4 #4 

4 7>4 #4 44# 44444, 4444(Rair)# 4 1.8MQ4 4S 44 

#4 4444.
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1

8£V

01
.1 I I 

100
J_____ I___ 1—1__I I I I I ----------- I I I I « I I I 1

1000 10000
Qi,GCBGdTDeiiidicn(FFMi

2.74 7501:44 544 444 44
(#444, 53.444 is])

zl^ 2.754 #45 #44 45# 24 534 4444 750%:44 5 
44 444 447>^o)1 44 4##4# 444 444.

447H: lOOOOppm ^44 RGAs/RAm=0.234 &7]44(RAm)# 4 0.8 
MQ4£5. 44 444, 1:45. #44 14 ian 4444 75014 4 
544 444 445. 444 24 534 4444 750%: 4 4 544 4 
44 44 454 4444 54444 444 455 4444.
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Oi,GcBGGrxHlrahcn(FFMi

2^ 2.75 750444 ^#4 4144 #71-^4] « 4-§-#4
22b1<?14) 24)

25} 2.76# #H5. #4% A] SI- m >,251 t!444 850°C44 # 
## #44 Dj] ^71-24] 4% 4"#44# 44# 444.

447>2 lOOOOppm 444 Rgas/Rair=0.195. 444#4, 244^

(RAm)^r 4 444 4 #4 7M- ## 412# 4444^1 #
44# 444 #4$#4 ##& #4# 14 224 4444 850°c4 
4 ^^4 444 4444 4^4 244444 s.# 44# 5.

^2, 44 # 4#;m 44:4 4^4 #4## 4-# ## 2444#
44^4.
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Oj,GC6 GDroairohcn (FFM>

2.76 85012 4 4 514 #44 #4 l-g-##
(#4##, 5344# 14)

3-4 2.11 #15 #4% 45.1- 24 53# 4 #44 850°C44 5
44 444 447>34 44 444 444.

447]-3 lOOOOppm ^44 RcAs/RAm=0.24# 444 %54, 344^ 
(Rair)'ct 4 0.8M8155 444 415 #44 24 334 4444 85 
01244 314 444 ti]sT] 4-54 4444 34444 44 445. 

44444, 1:4444 14 534 4444 8501244 444 #44 
444# 454 34444 t7M 444 5# 144# 435 44 

44.

-224 -



Oi,Gd5GdToeiiTdicn(FFM>

2.77 850°C4)4 444 4147^41 4)4 4^#^
(#4^4, A3.444) 24)

3L^ 2.78xr 4)A4 #4(A)4 4) 47} A 4) 4%

# 444 4°14.
4)47}A lOOOOppm RGA^RAm-0.28& 444A4, ^4^4

(Rair)'c: 4 7.3MQ^S.3. 444 443^ as 4)s4 44 41 44) 4A4 
4 24)4E 444fe 4AS- 444a, &?)444 104 4a 4A 
A 4444.
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1

01 .' ^ "
100

: I I I I I « i_l .... . _ _l _ I I I « I i I 1

1000 10000
CHjGcBOoncentrdicnCFfM)

al 2.78 454 44(A)4 44
4444

=l^ 2.794 4|5l 44(B) 4 447}S4 w 4-g-IH

# 444 444.
447>S lOOOOppm 444 Rgas/Rair=0.24# 444 A4, &7)^ 

(Raer)'c: 4 7.4MQ45S 444 4^ 45% 44(A)4 444
45. #4^55 454 444 44 47>4 #40] a4 1444 

4 as 4444.
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1

I

Q1 .......ICO 1000 10000
O^GcBOoroenh'dicnCFFMi

2.79 4^4 44(B)4 447>So% tfltt
4-S-44

zl^ 2.80^ 4&4 44(04 q||#7^4 44 4-8-44

# 449 494.
lOOOOppm 994 Rgas/Rair=0.26S^ 444 44 S9S3.

4s4 #4(A), 44(B)4 4444s 44IAS 4s4 444 4# 
a4 ^ 44^ 449^4, #4 &444(RAm)^ 4 8.0MS

s 444 49-7%#44# 4s4 44#9 7>4 4# 449
4.
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1

0.1 11111 
100

I , I I I I I I I I I I I I I I I
1000 10000

CH4 Gas Concentration (PPM)

34 2.80 fWS 4^# 44(04 4%
##44

3. 2.20# ###44- ###4# 2:3444# 2444 850 M 4 ± 

## 444 EDS 44 441- 44 44-4 444.
#4 444 44 44 44444 4^4 444 Sn444 #444 

# 4^4 444 44 4 #41 4-44, 4&4 44# 4S4 4A& 

#444-.
5 2.20 #44 #44 #4444 4# EDS #444- 

(33444 24, 850°C 3#)

-7 #
#4# ill Planetary # 4 # 4

A B A B C

Sn 93.31 93.3 90.76 90.35 92.34

Pd 2.79 2.43 3.81 4.65 2.12

Pt 3.90 4.54 5.44 4.99 5.54
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2.81 £ ###44 ###44 3a##4# 2444 850°C44 
3#4 SEM 44# 44# 7A° 14.

4441 444 44 44 44444- 41&4 44 4444 44 #4 

444 43:4 444 4444 44 44-3-4 4 5443 4444 4 

44 4# # # 434, 434 44# 444#4 44# 444 43 
3 4444.
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(a)

(b) M3-4I

2.81 W'g ^44 #4^4 4# SEMA>4 

(^3444 24, 850t
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344M# 44# #4# ##ir4f l# 3a#34# #4 850 t4 

4 33# 3-9-3. 0.74MG# 4444 1##34 44# #44 #4 3# 

4# 44# &# 344. a#4 3-34 #7>4 ##33 #44 43

# #44 43 #^4 4 #4 4444 434 #4443 4444 

##0.4, 7H4#^ 43# 44# #44 4-3#44 2# 3a#44 

4- 800344 334 444 #44## 1# aa#34# 750344 3 

3# 343 447]-3 lOOOOppm t h4 34 Rgas/Rair—0.14# 444 

4 14434 44# #44 7}# 44 33# 44## #44 447}

3 lOOOOppm ##4 Rgas/Rair-0.1344 444 #444.

33#34 3-r 750344 33# #47} 850344 33# #44 

4# #3# 3a# ###34 #44433 43# 3#» 4#33 

#hS# 4 4 #4 43# 4444 l##3# 34# #4 #4# 4

4 33#3 3343# 85034# 43# 44# 4# # 4 334. 

344 #4# 34# 44 34, 3 34434#4 43# #4# 7}

3 ## 3-3# 34# ##7} 850344 3351# 14#3 43#44 
3-34# #344 #44 #^# #33 444 4# 33#3 3## 
#3# #4- 444# 4## #4 #4.444: # #a3 #444. 3
# &44#4 344# 75034 850344 33# #4#^ 43 # #
4 4 #4 444# 3#4 34433 4444 334.

33# 34444 34 #3# 33433 43# 34# 4#33 
#351# 4 43#4# 43# #A^ 2# 3a##41- S# 4 #3 

7} #443 37]4#3- #4 44# ##, #3#44 43# #4# 2

# 3a# 34# S# 4 3-3# #443 344## 3443 ##4 

4444 #34.
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44 #4# #*#* 4 *A*44* 7)^4 4**44$4 
44 447>, *7)4*°) u-4 4-44* 4*44* **a 44
4 43:4 447> 4 *** 4A3. 3.444, *a*4 444* 4 A 
1*A4 4471- #s. 4 2:4444 444 4*=* 444 4 444 4 
444 44 4 444 44 4A3. A444. 72.44 4 44 44#4 
44 A4 44* ##* ** 444 #4 4444 1-44 4A4 4 
A3. 4-A44.

5. 7>^44 A7}4

4 44711471444^ 144A4 44* *4 *4* 44*44 4 
4 4A^4* 4eA3. 4A.&4 444 444 4)44 44* 4« 
^4.

♦ *44 7^44 *44 41A

4 4*7114: 444 44-4 *44 7}^444 44144 41**4* 

14-4AS1 y^o])A-i <go)^ 44 4|**4* *447)1 44A4, Au4 

*4 Pt44* 4-4 4*4 *444 *a* 44 44 4^4 444 
*4* 4**44.

44 444 44**4 Rf±4 Sn02 *4* 4*44A*, PdCl2, 
HaPtCle • 6H2O4 44) Rotary Evaporator-4 Hot Plate0!) 4 *44 * 
4*4 *444 4#*#* 44$4.

444 71)3.4 144*4 4444 4*514 Pt**4 4* 44* 
*4* 4* * 4A# *4* 7>44 4*44* *** *4* 44A
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154 7>^o] J7 7><y 145 414 4 4 #11 #4# JIB] 44

# 1555 # pt!#4 11454 /Htl Aul4# 4#
#4# 415## 41 #44 44# <^3=# 2&4.4SS4.. £4 Pt!4 

& 4-0-41 14154 ^4^14- #14 4l5#455 444 #44 # 

443# #41 1341 444# 54-4H.
441-14- Pad! 41 ssr 14154 <344- #4441 7H1 43 

45 14-4 14! 4 144# 47l4#44 44#7}~t 444 # 1
# Au# 4#414.

445,4 1445.4 44# #4 7I-4 ## #4# 441# !4 # 

445 45414. £4 44#14- 44444 #415 7fll 4 441 

415 ### 44 4-0-4 471-1-5# 14454 144 141 445

11 MA-ST# 3)71-4#4.
#4! 4#414 5444 1# C14# 4444 44 4544 # 

5# 14154 1444# DTA-TA #4# #4 141 44511

#55 1444, 30#! Soakin&414.

5144 #5# 14 Au!4# 4-0-4 14 4#4 1# 1415 1 
#44 14! 44514 #14 850144 30#155 4154, 24 
4344# Au!4# 4-0-41 75014- 850144 1! 30#! #44 4 
5414.

£4 Pt!4# 4#4 14154 1#4 #14 455155 514

41# 414.
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5. 2.22c l4\i£4 44 4)2:244 a. 4^% 444

4)224i- 444 444.

a 2.22 44 4)22#

*|224 144^4 4444 4# 
7]#s] £)*) 422#

Au #4# 4#9b 
431443)

Pt 4 4-a- 4-8-4 
444 4 4

4 4 # Sn02 (Rich) 7) #2:314 #4 4#&44 #4

4 4 Pt(2.5wt%), Pd(2.5wt%) 7] #2:44 #4 4#^44 #4

4 4 Pt Au 4#244 #4

^ 7} # MA-ST 10wt% 7) #2:44 #”9 7]#2:44 #4

4 2: 680%: (30#) 7j#2:44 #4 4#^44 #4

850C (30#)
14 :7]#a44 #4 
24 : 750C (30#), 

850"C (30#)
4 #244 #4

1
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5.1 Au44& 4-0-4 m 44

44 Au44# 4-0-4 850t#4 #4(A, B)4 #47}3i# 4
4 4-§-#4 4## M^-4, zi^ 2.824 zi# 2.834 444 44# 4
4##4.

#4 A4 #47^ lOOOOppm ^44 RGA^RAm=0.79# 444 
^.4, &444(RAiR)# 6M04S& 444 a44# 4-0-# 4#4 ^4 

43:^4 6.5. #44 d:4# #4 4 #4 #44^ lOOOOppm f 44 
RcAs/RAnF=0.12, &7]4^(RAm)=2.6MQ# 4# 4^ 4 6-7#, &44 

2.5# #4 #44 #4# 44#4.

a^GCBGcrx^irdionCFFM)

zi# 2.82 Au44# 4-0-# 850C44 ^#4 #4(A)4 

#47}^# #4 4-0-#4
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2.834 44(B)4 44 4##^ 4 ^^4# 444
444.

447>A lOOOOppm 444 Rgas/Rair=0.821- 444A4, 57] 4 4 

(Rair)# 4 7.5MQ^£S 444 4# 44 A^ 4 54 44 (AH 444 
£ 3.7)} 4444 44& 44444.

CHjGcBO^meiirdionCFnvj

2.83 Au44# 4#4 850t44 ^#4 44(B)4
447>2H 44 4-8-44

44 #4# 4-4 44# AuS. 4# Pt44# 4-8-S4 4#
4 44 45:2:44 444.^44 44-4# 4# 4 # ##4.

^-44, 447^4] 44 4#A4 544444 Pt44# 4#M# 
44 44 44 44 4 44# 4444 4 44# 4#4 444 A 
44A& # 44 4AS. 4444 5.4 444 4444# 4 #,
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441 4% 4## 44 850t4 2%#^ 212a 24 41441 #41

4.
& 2.23# Au%## 4-0-% 144%4 444 4#4 #421^.2

42:% 24i 44 %44 1444 % A%4 4% 4414# 444 

444.
a 2.23 Au4#* 4-0-% 14 #44% 144 4%

#4_&4 #4 1 44

#41-8-4 41 #

1. 5*1 ^2:4 weighing %4 1. 444 *4 %£ 1 44
1 -2-4 1 4*44 -fi-4 ♦ 44 %4 4*4*4 1 weighing
4 2. 42*444 2* * - * 14 AW %444 ^5* ^4.
4 3. 2*4 Paste# 4 224441 ♦ 42 • 244-Bti 44

4 4 4*4 #4 1 24 4 • * ♦ 44142 44 (SEM)
4. 2# 4 - * ♦ #4# %442 #4 (EDS)

2
4
4
4

1. Pastel 144#
(444 Paste* 444 4-0-%

4 4# 4*4 *4 4 • *)
2. 44 *#* Au5 JiL*fl%4
4# 4%1 44

1. Paste* 4441 4-0-44 #*
All All *22 4-0-.

2. 44* Pt4 Au2 44 A}-g-44 
44% * AH44 4%.

& 2.234 444 14 14 14 #44%-0-A& 44% #4 (A, B)4
#4 #4* 414.4, o. 44# 2.84, n% 2.854 44 4441
4.

n% 2.84# 14 4%4 4-0-% 44(A, B) 4444 44142* 44 
4 14.5. ci%44 4# 44 4°1 144 444 4# 45-44 £4 
%44- #4 5-% 1# 44% 4 444.

-138 -



(a) A

(b) B

2.84 (Au #^-4-8- : 850td:#)
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3 4 2.854 444 EDS #444 44 A4 4# 44°1 44 #4 
44 B4 Sn##4 4 ^4) 444-3. $1# # f 4434, 44

4 44 454 4444 4-44 4## 444 433 #444 #4 
44# #4# 444# #4 #44444 # 435. 4-544-.

„ two

(a) 44 A

(b) 44 B

3^ 2.85 EDS #4 (Au 444-& : 850454)

-140 -



5.2 Au44# Aj-g-^ 2x> a]^
Au44& A}#^ 24 A]^^A^ %4 A]^44 3-A^ g_

& 4^4 -2-X}!- ^^z#A]f] 7| ^44 -y-^1 ^1#A]^

75014 850°cs 44 44 44 444 a# 444.
ZL^ 2.86^7 Au44& 44^1 850r<H]Ai #A^4 ^^7^61]

44 4444 A]at44# 444 444.
447}^ iQOOOppm ^1)4 RGAs/RAm=0.31# 44^A4, &44# 

(Rair)^ 4 3.2MQ4as 444 14 a]^a] 4^4 ^44 4«II4^ 2«fl 
44 #44 #4& 44)&A4, Pt44& A}#^| ?l#4 ^4 4|^4 

»144 ^4 ##4^4 ^47}^ IQOOOppm ^44 RcAs/RAm=
0.12, &444(RAIR)=4 2.6MQ4 44A14 4444 #4# M4.

CH1QcBGcroer*,aiicn(FFMi

zi^ 2.86 Au44^- A}#tn 850TC4A1 ^44 414 «g
41471-^41 44 44#4

-141 -



2.87# Au#4# 4-0-4 7501:44 #4# #44 ##?)-##

4# 4-8-44 4444# 44# 444.
444# lOOOOppm 444 Rgas/Rair=0.28# 4441#4, &444 

(RAm)# 4 3.1MS.& 444 850t#4 d:## 4 #^-4# #44 # 
4 441#4 Pt44# 4-0-4 4#4 44 4##4## #44 #4 
4 #4#4 444 444 #14.

£V

Oi,GGBGcnoertalicn(FFM>

ng 2.87 Au#4# 4-0-1 7504 #4 ^4# #44
#44## 44 4-§-#4

24 4^# 4-0-4 #44 #4#4 44# zi^ 2.88, zi^ 2.89# 4 
4 44414.

ZL# 2.88# 750°C4 850444 #44 #4 4444 444## 4 

4# 4## 14 44# 4-8-4 #44 444#4# #4##4 }

444# 4# 44# 4 114.
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(b) 850C

ZL$ 2.88 t'-S (Au ti^-4-S-)
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5.3 Pt44# 4# 4 444 44
Au44# 4#4I 4^4 A44 #44 4#4 a44# 4#^| 4 

s4 A 4-4444 #44 44 Pt44# 444 14-4 a4 44 4ss 

44 #44 44as 444 444 444 44# 444.

A% 2.90# R44# 444 850C44 A44 444 447}A4 4

4 4-B-44 4444# 444 444.

447>s lOOOOppm 444 Rgas/Rair=0.21# 444A4, A444 
(Rair)# 4 1.3MQ4SS 444 144A4 444 ±z\4 4# A44# 
# 2444 444# #4# A4A4 4a# #44# 4as 444
4.

C^QcBCDroertrdjcnCFFM

^ 2.90 Pt44# 444 85014 4 A#4 444
4I47}A4 4)4 4##4
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2.914 Au444 Pt444 44# 444 2^} 4^44

4 #4# 4 24 4°14.

:z4# 444 44 44 Au44i: 44# #s4 444 ^4 750°C 
4 850C44 ^4^4 4 &# a444 44# 850t#4 ^4# 4& 
4 444 °1# 4471-^4 4-#- #44 444 444 4A& 4
4444.

CHjGcBGcrxsirdicnCffM)

zL^ 2.91 a444 Au444 44# 4^4 444
#47>^4 #4 4444451
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144 A<^ 7M- ## #4# 444 # 49-44# 444 4
1* lH 44S4 l^oj H)3if s. 2.244 444^4.

Au4#4 4# 444A& Pt4## 4-8-4 7104 444 44 &4 
4W 447>A:4 44: 4-8-M-4°1 A# * 44# 4aa 4-44 7}# 
4 7501244 AM# 44 #44 A 4 #4 4-4-4-m 4A4, Pt4# 
4- 4-8-4: 444 4414 4-8-44°1 Au4#A4-# 4444 144 a 
4 444 444 44 4-A 1444 4AS. 444 4A&4 44# 
44 444 4#4 444444 44# 4# aM# 4 444 4-4 
71- #4441 4 144 44 A4 444 #44 4444 41# #4 
49-7]- 4834444 # 4AS. 4-444-.

& 2.24 444 4)4^ 41

A4#A
|
^.7] 44

Rgas/Raik
(CH- lOOOOpimi)

144a 414 (Pt 44-4-8-) 850"C 2.62WQ 0.121

4
4
4
4
1

a 44-4-8- 8501C 1.25MQ 0.214

Au 4 #4-8- (1#) : A 85012 6.04MQ 0.794

Au 4#4-8- (14) : B 85012 7.50MQ 0.819

Au 4 #4-8- (24) 75012 3.06MQ 0.276

Au 4#4-8- (24) 85012 3.19MQ 0.310
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Gas Monitoring System^ #1}# G# 4 GG.

- ^ € = AC 220V/60Hz
- -SGI «'N : 4 Channels
- : 0~12,500PPM
- : 2point, Relay
- 5 *1 # : 320(w)x 240(H) Dots LCD

o BAR : zj ^ PPM, &*1.
o LINE : *1 tt 5? 4 4^^ #GGeHS- &G.
o SET MODE : Print# G#7]#sl ^

- Heater^H : ±20%
- Print : INKJET PRINTER (HP-660K). PCL3
- # # : RS-232C (x)^ DATA #^)
- MEMORY : 4M Byte (4CH, 1#%M 3011# #G)

i 2.92 GG #*]-§- Gas Monitoring System
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% SAI

HEATER
CALS

PPM SAI

CHANNEL
CALR

ge data
HUNT

m data
PRINT

CHANNEL ti®iscale sg

CALIBRATION MODE MEASUREMENT MODE

aDI TIMER 
PRE HEATING 1MIN

SCALE

< MONITORING SYSTEM 21 PANNEL 3ISE >



1. Gas Monitoring System^] 7]^Ml
1-1. MEASUREMENT MODE
7h zlehh type

< Bj-EHZLEHH >
A. SCALE
SCALE 4 EM : 10%, 25%, 50%, 100%

©: (g) ^ (g) ^ ®: (g) ^ (g)

© ® : =1DH ZLEH= id§

© ® : SCALE 25%

® © : SCALE 50%

© ® ■■ SCALE 25%

B. SA|-^ E EMNtiS

@ g) - # (g)

© /8ARZ\
LX.W : a|q nEH=

© © : PPM El^1

© © : % ElYI
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C. SCALE TYPE

©

©

: etcH heH = 99 

: LOG SCALE 

: NORMAL SCALE

< 9ZLEH= >
A. CHANNEL 9^

©: (^1 -»• (2): (%) ®: (^) , (►) ©: (*) , (V)

© (%) : 9 nEH= 99

© (◄) (Yk

: CHANNEL

: CHANNEL 0|#

■■ 9S|

B. SCALE, 3.MM?} BiS 

SCALE 4E.MI : 10%, 25%, 50%, 100%

A|Z> SEMI : 60S EC, 120SEC, 6MIN, 12MIN, 60MIN

© @ : 9 HEHH 99

© (g) : SCALE 9^ @9

® © ® = SCALE 99

© © © : SA|A|y
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C. PRINT

©

^PfitNTj

: 3 Z1EH = S1^

: KEYS #S Mm\M SA|S §x\t[H 
PRINTERS @y

4. Sfieiia S3
* s|cn zleH = MODEofl3

^ ® ® ^ ® ®

© Zbar/X
NL '!/ : ycH ZLEli = S3

© (©™) : 3MEH# 33

© ® ® : S3# CH4%lS 0|#

© © : S3 34 (CURSOR 31)

© ©@ : DIGIT 0|#-

©® : ^1121 #, 3

© © : S3 ys

* Cfi CHANNEL S3 3 33 STEPAN

(©fw) : ZIEHS MODES #T|

< 33.5111 4,1-°] >
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©

(3) (alasm)

: Xi^ s-m 1

: nEHs MODES ^^\

: etcH ILE||= -is

C+. ?| E|- 7|& 

A. A|Z|

© ® ^ (2) (?) ' ® -* (g) (2) -*®.® -

® ® '® ^ ® © - ® ® • (?) ^ ® (?)

© @ : ?|E|- 7|& Mode

® ® ® : CALENDAR/CLOCK SETUP°S o|#

® (2) : Qj

© ® ® : £1*1 0|#

® ® (v) : MSI #, ^

© Q : ̂ §2^

® ® ® : D|"# 0|#

® (2) :

B. Type §=' aas^sH^I

© g) ® (T), (?) -^ (g) g) ® ® , ® ^

© ®) ® (®
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: 7|e| 7|^ Mode

: ALARM OUTPUT SETUPSS 0|#

(3) -MXH A1S)

: Type SEt #3*11 *11S o|#

: *g£l-S.

: 7|E^ 7|^ MENUS ^-Tl

C. CALIBRATION TABLE PRINT

Q (^) -» ® (^) , (v) -» ® (2) ^ ® ® ^ © (^)

© © : 7|E^ 7|^ Mode

© ©® : CALIBRATION TABLE PRINTS 0|#

© © :

© (raw) : DATA* PRINTERS *3

© : MENUS

D. DATA PRINT

© (^) (2) © ■ ® ^ 0) (2) -» ® (2)

® ® ■ ® ■- © ©■ ® - 0 (mm) (g) (^)

© @ : 7I^ 7I^ Mode

® ® ® : STORAGE GAS DATA PRINTS 0|#

(D (2) : *§ -ys|
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: PRINTS ?I*|S 0|#

* PRINT fSg nn 30^g

© = £^2| #S

© @ : DATA# PRINTERS @&|

© 0 : MENUS ^=H

E. SSBlIti PRINT

© (0 -> (g) (0 , (0 -» (g) (0

: ?|EF 7|s- #§ Mode 

: ALARM DATA TABLE PRINTS 0|# 

: d@|

: DATA* PRINTERS @&|

: MENUS
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1-2. CALIBRATION MODE
* CALIBRATION MODES. 0|##7| 44 9^ PRE HEATING

(1 MIN) #9o| £!£5Ej7| go|| © KEY* %|C40|: °hcp o| MODE-c-
7|^°s *g&£| #9g gas ^s&wi gs* ths s

2|SU0|: E©K

7\. HEATER ©©©T3

®@®^ ® ® ^ ®®® © ® ^ ® ^

© (^) (2) (2)

© © : HEATER CALIBRATION®S 0|#

© ® ® : 99 9q

© ©© : 99# CHANNELS 0|#

© @ : CHANNEL 9@l 0^ g (Toggle

© 9#29 : VR# 9#gl®S 29

© : 99 4S. 9951 SAVE

© : MENUS #T|

4. CHANNEL CALIBRATION ©©©2 CALB.)

(D®® ^ @) ®-^ ®®®^ ® © ®®

© GAS ® ® © ®

: CHANNEL CALIBRATION a 5. 0|# 

: 99 9S|

: 99# CHANNELS 0|#
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© (%) : CHANNEL ojJf zj (Toggle

® ® © : CALIBRATION GAS £1^1

© GAS : GAS CHAMBERS &5&I GAS ¥£]

© (2) : Sl-S

* 4# CHANNEL, 4# ^E°| CALB.-B STEP 3ti^E| h>m 

® @ : MENUS

4. CALIBRATION TABLE EDIT

© ®® : EDIT CALIBRATION TABLES. o|-

© 0) : -MS td#

© ®©@® : tSI ^|z|S 0|#

® 0) : ©S -y 6!j
© @® : DIGIT 0|§

© ®® S, &

© 0 :

* 1SA| STEP 3ti-¥E-| ti-a 

® A : MENU ^-Tl

< OFFSET 3L3 >

®®@- (2) (0) ~(3) (0) © 0) (0) —> © (0) -»

®@©- ^ ©)©)_* ® ©^ -»(E) 0) -* ® 0)
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© : EDIT CALIBRATION TABLES 0| #

© © : ge|

© : OFFSET

© ©@ : +, _ ud®)

© © : gsj

©® : DIGIT 0|#

© 0® : #4

© : gg &S.

© (alarm) : MENUS ^-Tl §u|

© : MENU

4. CALIBRATION TABLE PRINT

© (>)(▼) : PRINT CALIBRATION TABLES 0|#

PRINT

© (*© : MENU

4- QUIT________________

(D ®

© ®® : PRINT CALIBRATION TABLES 0|# 

© (m) : gg gg
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2. Heater ###

427))4 7}244# 427|) 244 7>^7> 4#S# 41 144# 4 

44224 4## 4-8-1# 441. 127))°) 44422# 1247l 

14)4# 7}24 m 4-8-°1 4#41112 W1-8-# 1247) 4 

44# 441 1*1)441- 123. 44 44. 444 7}2#44 #2# 
heater# #22 44 444 41444 7>4 444 44 4*17} 12 

4 4171-44 #4#1 4471-^4 444-8-°! 4#4444 4 400"C 

424 #5.7)- #211. heater*!) 4 #444 #24 142# 7}24 

4*11 4*14 444 #4*1 #-9-44 4# #21 ##22 444 
heater4 #4 1424 444 44 4 4## 444.

44-8- 7I-24244 4# 7}^44# #44 4444 #4 4 44
4 7)#44 44 heater #2# # 1### 3MI 44 ztoj) 44 #4 

#4-7} 4714 44. 3=4 447} 43.4 444-224 #44# 4# 

444 45-44 44427} 441## 444 42414 4441 44 
4 42414 44 42114 #442 zl 12114 heater*n 44 

41 44=# #7)) 44 #4#4 44-4 214 14.
Gas Monitoring System4 4 # °141 #44# 5.447) 4 4 heater 

4 #14# Power# 44# 1122 #142 14.

44# 4-441 #4 144# 44-4 4-4 #l#°ll #14# 41 
# 7}44423-4 3:h^ 4## 4-4- 14#7)1 #444#

444.
43-4 #4# SMPS Mode4 4# IC4 TL494# ###2 4 IC# 

R94- C3°)l 44-4 25kHz4 #4 2 444 44. Trl# #44 #14# 
44# VR14 14 4:4 44 OSC #414 !#4 #4 Dll LI# # 
44 C2*D 7)1444-. C24 7))44 444# heater4 #14 44 *14 

4 I##!23. heater4 4#7} 227)) 44 heater0)) 22# 4## 

R64- R72 41414 44 R8# #14 IC 4#4 44r##7)2 42 

44 Trl4 444^ 41# 3=414 #141 24V# 3=4122# 1
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# % 444. ouTPUT4#e ic4
4# Reference# #44 VR1A& 4444 44- °H #44 4#4: 
4 CPUi 44] 4^431 heater##, 4&44, 4&4 -2.## 44 °1 

44 4# heater Err# 4#-1r #4 #4.

V V

3.4 2.94 Heater #4# -5-#S|5.
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‘{a
k kk-kk k ^idsia kts ayv kado lo

•-bisxas
^VSHA #3k {/AS kk# toSOI kkkik #se0 )S9X to3k k 

# lb kHz'?{/ kkAHS ^"o'O #? k # k k to SOI #2HA
‘{aa Ik{S istfci Ib^lo^ #10 kts lkl/lY{$k{o #?k

kk k k? t/f-U to^kkfo -kk-k #SH klo -{akxas 3VIHA 
#3k {/AO lots# to TO! lbkfflVH kkkk Ibkupo ss -kis #k#

{a$> %r k{/ -a "3" k{o{ok
Ak tomddoi #k3# I-y^aooo's ^-kk33U3-I9Pa lb3k

"{ak k~ek k-k# it klbl^tf kk"ff tbk7^

’{aft {o

kkkn: #4k to^% #lbklkz: k#?{/ ^#k #k kk 
Wk# klk^^voy {&0a tb?^ ?{/k#

M&k k-8-im^k kk-k kk Ikk #kk kkk k
k-k to{z{z kk#3tk ^"o kill #{g akn tsEv lbkkk {ak#

k #^k -kk-k k#a?klk #k kkk?{/ fc{a* k#tk k%
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Vref

7 V V

dig 2.95 SENSOR IMPEDANCE
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3. Digitaln5-

Gas Monitoring System* 44* 7]-7h4 *7] o|] 4 4# 57#
4*4 J§-X\d\) ti- <3*o)H 7fl44 7^4;^ Field Test# *

4* 4*o_& 4 44 $14.
* System-^ #4^ # * $1# 4# 4*4 M4 1 Gbits] CPU7> 

20MHzS] Clocks *444 S.* Data7> 4444 44*4 4

Channels] #4 4 4## #4 4 ^1* g] #4#4* System* 4 LCD 

# #44 44^4 = 4H5]]^ **5. #4# 4 %Ln 0-12,500 ppm 
s] 7>^#£oi] 44 4* ppm44 %4-5-S. 4447]] 444.

44 LCD4444 5144* Data# 44*4# #44 print* # * 
7> 44. *4 4444 444 #444 #44 4 channels] Data4 4 

4 30##4 44^:* 4*4 4444 444 Data* g.a.4 RS-232C 
#4 *4* #4] 44# * 44 4Sa4.
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GAS
SENSORNT 1

1
HEATER 

CURRENT 1

GAS
SENSORNT2

1 ......
HEATER 

CURRENT2

' GAS 
SENSORNT 3

1
HEATER 

CURRENT3

GAS
SENSOR 4

1
HEATER 

CURRENT4

GRAPHIC 
LCD DISPLAY 

(320 * 240)

TE

NUMERIC FUNCTION 
KEY MATRIX 

(4 * 3, TACT SW)
H

ANALOG
INTERFACE

SIGNAL
AMPLIFIER

=)

POWER 
\BFFERENCE J

CPU
I80cl96kc-20

10-BIT A/D
8 CHANNEL

ADDRESS 
BUS .

TIMER
COUNTER

' DATA 
BUS

SERIAL
INTERFACE

BUS
CONTROL

SYSTEM ROM 
UV EPROM 

|-[=Sl (52KByte, 27C512

B
B
B

SYSTEM RAM 
Non Volatile SRAM 
(2KByte, DS 1220Y)

DATA RAM 
A/D Storage SRAM 

(512KByte, KM684000AI1

REAL TIME CLOCK 
CLOCK &LCD DISPLAY 

(50Byte, DS1287)

PRINTER BUFFER RAM 
Graphic Storage SRAM 
(512KByte, KM684000)

SERIAL PORT 
IS-232C 9600bps,

f I/O INTERFACE i/o^x INKJET PRINTER
I/O MULTIPLEXER -Vnon/off J HP 850K COLOR PRINTER

[ I/O CONTROL J (720dpi,4ppm,PCI 3)

2.
96

 7}
+7

§&
7)



9 7 9 7 7 7 7 9 7 7 9 7

CHANNEL - 2

CHANNEL - 3

CHANNEL - 4

2.
97



Gas Monitoring System

22.5­

20.0 -

17.5 -

15.0 -

12.5 -

10.0 -

7.5 -

0.0 -!----------- ,----------- ,----------- ,----------- ,----------- ,------------r
0 1 2 3 4 5 6

1998/11/30 15:57

CH-1 Alarm High = 23.0% 
CH-1 Alarm Low = 10.0%

CH-2 Alarm High = 20.0% 
CH-2 Alarm Low = 5.0%

ml
HI

CH-1 Max. = 7.8% nT
m

CH-1 Min. = 1.9%

CH-2 Max. = 8.3%
nr
o~

CH-2 Min. = 4.5%
W

CH-3 Max. = 12.6%
w
<\

CH-3 Min. = 1.9% <

CH-4 Max. = 7.9%
nP
nr

CH-4 Min. = 3.3% nr
N
<1

82cxi
Wn

CH-3 Alarm High = 23.0%
CH-3 Alarm Low = 7.0% 

Alarm Hmgh - 2R,0%

$

■CHAMNEL^-1 rHANWKT,-? jCHAMMEL-3. CHANNRT.-4MTN



|rK

mu \m

=l^ 2.99 3*1)33.5.
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it 2.25 Calibration Data Table

CALIBRATION DATA TABLE
1998/11/30 15:45

«< HEATER CURRENT »>

CH-1 = 118 mA CH-2 = 117 mA CH-3 = 119 mA CH-4 = 118 mA

«< CHANNEL VOLTAGE »>
(Unit = mV)

PPM CH-1 CH-2 CH-3 CH-4 PPM CH-1 CH-2 CH-3 CH-4
0 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 2 046
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 30500 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 32000 2046 2046 2046 2046
7000 970 978 890 916 32500 2046 2046 2046 2046
7500 994 998 912 930 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
9000 1056 1062 976 968 34500 2046 2046 2046 2046
9500 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 2046 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 2046 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 2046 2046 2046 42000 2046 2046 2046 2046
17000 2046 2046 2046 2046 42500 2046 2046 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 2046 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 2046 2046 2046
24500 2046 2046 2046 2046 50000 2046 2046 2046 2046
25000 2046 2046 2046 2046

( * = Data Error )
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1
2
3
4
5
6
78
9

10
1112
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

5. 2.26 Alarm Limit Data Table

ALARM LIMIT DATA TABLE 1998/11/30 15:48
(Unit = %)

CH-1
HIGH
20.0
20.0
20.0
20.0
20.0
25.0
23.0
23.0

CH-1
LOW
5.0

20.0
10.0
10.0
10.0
10.0
10.0
10.0

CH-2
HIGH
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

CH-2
LOW
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

CH-3HIGH
20.0
20.0
20.0
20.0
20.0
20.0
23.0
23.0

CH-3LOW
5.0
5.0
5.0
7.0 
7.0 
7.0 
7.0 
7.0

CH-4HIGH
20.0
20.0
20.0
20.0
20.0
20.0
20.0
25.0

CH-4LOW
5.0
5.0
5.0
5.0
6.0 
6.0 
6.0 
6.0

20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20 .0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 . 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 ' 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20,0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
20.0 5.0 20.0 5.0 20.0 5.0 20.0 5.0
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4. #44% # A4
A #9-7%# 7}#### #44%# lx}#A #97]]

# 4#A %## #4# #44 ### 44#As %#4$&A#, se
4 #4 #9 A## #49 AS xHa### Gas Monitoring System^

#49 ### 9 9 9 as 9944 #9# #4#9# 4 #4# 4.
44 I4#s4 49;m 4###^ 7}A#4 #97% M4 M 4

#A, 4%H:4 4 N, 4# 444:4 2# # # 544 Gas
Monitoring System# #9 4# A#, #44 #4# 4 AS} 9 Gas
Monitoring System# 144 47]] 4 CH(7]]#)# #JL 4 CH4 H4 # 
*|7> 444# 9ss 4444 a# 444 #444# 4#4AS. 4 
ash 4 CH44 #44 4 471-a 44 St# 144-4 St AS. 5444
A 7]## 4-9A $14.

5 2.274 44-4 44 #4 Gas Monitoring System4 4 4 4A 4, 
#, 4, 4, A, CH1-CH44 4 4:7}-A 4*4 A 4 A AS 544444, 
#44 44 #4 A 4 #7} A 4 AS# LEL4 0.1%(50PPM)~
100%(50000PPM) 4#S 44-4 A 47]] 444. 447}-A 4444 5 
.4A LELC50000PPM)# 44 ###(%)# 44# 4AS 4# #4 5 
14 CHI 4# 0.14 54# 4# 50000PPM4 0.1%# 50PPM4 ##7>
A7}- #44### #4##.

5 2.27 Gas Monitoring System4 #44 54 4

4 4 4 A CHI CH2 CHS CH4

1999 3 8 10 17 0.1 0.0 0.0 0.0

A #97}}# 44## #44 #44 A4 4444 ^ Gas
Monitoring System# 44# #44# 9444 494 #4, 7>Air4 
#97}}### 4] 4 4 a A 4 4] 4 AS #4# #4# 44#^ #4 4A

& ##4#4.
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4 4*7Hi|- 714* Gas Monitoring System# # ^1 4#* 4
*(19994 34 8 s 94 5#-114 28#)# ##(5 1.1-5 1.10 #345 

& 4*444.

4.1 7>5*A> 4#7l|#4

7l5#Al 44711 #44 44fb #44 4* Gas Monitoring System 

4 #44# #4# #4-47114 CH* 37114 CH(CH1, CH2, CH4)# # 
#7>54 #47> 544#- 455- 4-44:54, 44 4444 4l£ I 
44 #4# 4445 4# 455 44444.

*#55 #44 5 1.1, 5 1.24 19994 3# 8# 54 94 5#-114 
28# A}44 #### 444 444. 4 4444 4# CHI, CH2, 

CH4# #4715 LEL4 0.1%(50PPM)~2.1%(1050PPM) 44# #44
# ^1# 54445#, 5# 4444 3.4 4# 4 ##4 4##5 4

4 4*4 444 #51 5445 $1# 455 444$14.
#4 CHI, CH24 4* #4715# 4471 544 45* 4 444

gl# #-%*#, * CH# #51 54437 4* 4#4 *& *4

4 44## 4# 4445 44 455 #### # *4 444 44
# 444 44=4 45 44 455 4444, #4- 44 44# 4#4
# 4 44# 5A144 4# 445Alt- 444 44, 4544- Gas 
Monitoring System# 444 ‘###4’4 Noise# 44 44# *44
4 #55 ^#5] 44.

4# 715*4 4*71144# 444 4544 Gas Monitoring
System# 444## Al-g-# ‘###4’# 4# 4# 444 ‘###4’ 
44 2*4 Shield7l 44# 445 #* #55 44 44 44 *44 
Noise# 444 44# 4# * 4# 4# #47154 *5444 5# 
4# 4#4# 455.444#, #44 44# 44471 4# ** 41
###'# 5## #4#4.
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4.2 4# 395
4# 3953 944 %@xi# ^ o. 5#43 #3#

3 995#, Gas Monitoring System-2] 913 # # #3 4 34 91 4715
# 93 7l 3# $4## 9# 355 444 93939 444 #93 
3#393i 99-8; 44# f 444.

### 5 1.3, 5 1.44 Gas Monitoring System# 913 #9]## 9# 

(19994 34 84 94 54-114 284 444 9144)# 444 #55 
914715# 444 44 5344 9# 9# # # 953, 54 444

4 4:4 4# 3 991913 & 44 44 44 444 44 44444.

4.3 44 4 #38
44- 44284 ^44 #44 34 4# 395#- 4#7l4a 43­

3 713 3 3 5##3 4443 4454, Gas Monitoring System4 9] 
449]5 447}54 437]- 5343 9# 355. 44-4 939#9 

434 #34 4#433. 444 44# # 444.
### 5 1.5, 5 1.64 Gas Monitoring System4 914 4 43-# 3# 

(19994 3# 84 93 5#-113 28# 444 9144)# 444 355 
4147154 4371 43 5333 9# 4# # # 454, 54 4491 

3 #4 4# 3491435 44 4# 4# 444 3# 44444.

4.4 4# 345
3# 3454 3 4 # 2914 Gas Monitoring System# #3444 

91, 4# 34-54 447135 43 33333 434 5#43 #33 
3 9-453, Gas Monitoring System# 33# #334 914715# 3

371 5333 9# 355 444 334#9 934 #43 3#34

5 9#ir 49# # 994.
### s. 1.7, 5 1.8, 5 1.9, 5 1.10# 291# Gas Monitoring 

System# 9]3#3## 9#(19994 3# 89 93 5#-ll3 28# 43
# 913#)# 444 355 914715# 937l 9# 5343 9# 9
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4 4 4 434, a4 4444 44 4# 44444£ 44 44 4 
4 4443. 444 4414.

444 444 444 44 7^44 44/11444 4444 1443 
44444 44 444 4444 3^f 44433 444 444 44
4131 444 444 4 4434, ^M3 4444 4444 ^ 44
4* 4444 44 4444 4a#44 4^44.
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*11 5 4 7>4#- 4&4 4 AMI# *94

7M# Ajxil#al 4 <#4 44-E^ 44 & 2.284 2.100

& 2.28 7M#- 71-^4^.714 A}4=

m s ^ ^ LNG

g a fe £ ^gmast°i 25% oi s)
a m B#a , aEXll 61 smg

g y g g
• #6|bh n §§ (X)S^?|6| )

• gee gfa

a a AC 220V

A)gSES?l -10-40 °C

E til s ^ • S a^S Al : 2.85 W
■ gy^SAI : 3 W

xl 4= (mm) 70x 120x 41.5 (Lx Tx H)

2.100 7>44 7M4S.714 44-a>4
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S3MTIMERLEVELS 3

2.101
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1. 4 € #

7}s4S44 4## 4s#4# 44 4#444.
44^s# # 4l#-ss #e#444, 44# 4&44 ^ 

4s# 444 DC 8V# 444-444 4#443i, 4# 444 444 
4^1 4444 44SS DC 5V4 s#4 i|S3 4444 44.

AC220V4 LINE 444 #-#44 4 44# 300mA# ^^(FD# # 
44 444 (Tl)4 1444 4444, s#s# 24 444 #4 44 

# f^AS AC 9V4 4 444 41:444. 4 444 44 #4Sh 
(Dl, D2)4 444 (C1)S 444 444s# #44 4444-ss 4# 

44. 4 44 444 444 IC40J4H ###4, IC# #4#4# 4 
#4 44 44 4=44 DC 8V# 444 41:444, 4 44# IC U2 
4 U3# M44AS ##44. #44 44 #s4# #44 #s#
4 IC(U1)4 KA34063A7> a}#4#. o] ic# ### 4#44 444s,

4s4, #44, #44s #ss #444 #4.
44#s# 4##^-# 44 DC 444 IC(U1)4 ##44 Ul 344 

4 444 4-44 #44 (C3H1 44 ic# SOkHzS #44 4444-.

4 44#444 44 IC4 #44s# #4# 44# 44431, 500 
kHz IC 44 #44S4 S4#7> on 4# #4 #-#4 DC 44# 44 
4(L1)# 44 C44 44431, s##7)- OFF 4# 444# C44 #4 
4 444 #4S3(D3)# 444 #44 44. 444 # • #4 #4S 
s ##44 44# #44 (C4)# #44 7^44# 444 #-#44, 
4 44-3.44 #4# IC4 437] (Pin5)4 444 R24- R3S4 44 

44.
33 2.102# yj-4# 4S44 44# #ss44.
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2. 9 4 ti

94 #4 49# 44 a9# VR19 #99 944 494",
4# ### OP AMP (U2-B), 4#4# 49, 449 #449& #9

=14 $14.
4494 4 449 7}a944 49 R5, R6, R74 414 &9# VRl# 

4 #44 49a 4444, #44 494# 44 994 DC 5.0V4 

4e994 #944.
7}2z#44 7}#7} 4444 &5L, 4444 94°114# 4 944 4 

97} 4S4 44 OP AMP(U2-B)4 44449 444 447} 44, 
OP AMP4 #49 497} 44-.

7}^44°fl 7}A;7} 4444 7}^#44 444497} 4-44n, 7}9 
444 444497} 9444 444-449 944497} 99444, 

944494 4=949 494 947} MM94. 44 1M9 94*9 
OP AMP4 4494 44-449, OP AMP# 4 94#- OPEN LOOP 

9 #944 4 94-9 OP AMP4 #494 9494.
4 94-9 IC U3-D9 944 4449 4 449 999 99499 

94194.
IC U3-D# OP AMP44 949 49# 4449 4#444 7}#9

971 99949714 #449# 44449, 49494 4#9 444

#4 #449 49# R8, C5, D49 #944 $194, 7}a9944 #
9 #4 4 7}9444 497} 999 #97} 44444 499# 94 

#4# 49494. 4 49449 49444 4 60a 9944. 
a 9 2.103# 944-4 49944.
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REF< f-

LM356

^ 2.103
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3. 4 J& #

4 44 44 m# 4 #4 444 m, ^ =

(LED)##S]m, #4 ##4& ##& #444 $14.

44444 #44 ^llr IC(U3-C)# #44 4444 #44## # 
h"44.

4 4a# IC0J3-A4 U3-B)# 444 #44## #47144 #44 
## 4 0.42: ^7)5. ON4 OFF# 4444 4# ^ = $1 LD2# 4^ 

444. #44 4 4a# 4##4 4# #44aEl Ql4 Q24 #44 
a Q14 Q2# 44444 #44 ON/OFF 444a4 44 44# 4 

#444.
4#^#(LD2)4 #44 7>a444 4##4#

® 0.4a4 ON/ #4 ON,
(2) 0.4a4r 4# OFF/ #4 OFF# 4444, 4 4 #4 

a# 7>a44#47> sfl4l € 444 4444.
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s«?o
'R14
'680

>R15 >R16
'47K /3K9

2.104 3)3-5.
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3 |
g |$

jx
 \o\

c~
fc

$:
pr

h'
*\

C

2.105 ti.7]
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y H k

k

3
OKI
S
rs

a

HU 1
rc iH
rs l>
§5 4

K
(A ON
e
5

5
*• bfl
is US

3

2.106
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2.107 7}^^ ^.7)
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SO-10.0

SS)SS5l@ w>.1 OM-OBTi-i: «wae y.^.n r.>*. (B.wwM 6-’A* : <M*K#*ok*UwmMZ l .'is

2.109 7M-8- 7>^^^SL7l catalog
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4 6 4 4:^-8- 4&7M 44# 7114

44-8- 4&7]# 44#^ 44=4 4" 44 £ 2.294 zi4

2.1104 444^4.

£ 2.29 43-8- 7^4J&4 4 44

# 4 4 4

4 4
- AC 110/220V, DC 24V, 44*,

LNG-8-. #4:4, 444^.4
4 -8- 4 49 - AC110/220V, DC24V

4-8-££. ^ - -30 C -50C, 95%RH 4 3}

4 4 4 4 • 0-100% LEL

4H444
(71^^47}^)

10% LEL (1# 4M.)
30% LEL (27} 3J&)

4 # 4 • #44

tfl 4 7> ^ • LNG

4 # l& 4 • 4445.44

JL 4- £ 4 • 444£41i

4 & 4- 4 -1# 4^. (#44£4*)
- 2# 4ii (44 g = 4 *)

-8- 4 4 £ D
* o £

&7H 44 #4 # • 60S:

2b *1 4 4 - 5W

4 4*4 - 4-20mA DC (4 4 4# = 500G 44)

4 4-8-4= • AC 220V 1A

4 <8 ai 4= • 600 x 675 x 650mm (W x H x D)
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(a) 3M 44 # 4^1

(b) 44 (c) 444 444 44

2.110 44^ 7^4 H7l 4 4HjL 4) 444 (1)
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(d) (e)

(f)

2.110 ^-g- (2)
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4^ #g-§- 7}^^M.71 4^ 194841 4# 33*14.
o Tyy.-T"(-xi Ai 31t)

3M.4L all X]^L

SG-1200NB

ALARM2

RESET 0

©■
©'

SG-1200NA
— PCWlR

-

f^r)

r @
6

0- ' 0 6-

@-

7fR0 SPAN TfST
-0,0 o

Ksentbc

©
©
©

©

®

1) %&*?­
® 3432 
© 3.31232 
©

- 14 3232
- 24 3232 

® RESET 244
(5) -?-3

2) a] a]

® 3432 
© 14 3232
©
© 24 3232 
© 23 244

© 422 *44 
© 32 244
® 24 32 *#-
® 14 32 #*
® Ell 22 ##
© Zero #*
© Span ##

© 414

ZL^ 2.110

444 *144 113-44 3* *3*4 3*44.
#43# *41 31*4 3144.

14 13% 414 423#4 31*4 3144.
24 13% 44-4 7>23»4 333-4 3144.
1 -24 324 32324 44* *11444* 34 4*14.
90[dB/m] 4*4 242 14 32*2 13% 43-4 7>23*1 3-f 4* 
*4 *34 234344* 4**4 *14.

314 *144 133-44 3* *4*4 3*14.
14 13% 43-4 7}23#4 44*4 3144.
#433 *34 34*4 3114.
24 13% 434 71-23*4 34*4 3114.
33# 7}2*2 34* 44 4444 32*24 23*4# 24444
4*3 7414 43- ©2# 41141 4*4* 24444.
1 - 24- 32 13%* 131 3* 4*4* *4444.
24 32 13%* 23* 4# ##44.
14 32 13%* 23* 4# #*44.
423 444 43 *4* 3122# 44 ##44.
44414 32*2* 231 4 3321* 4# #*44.
4444 32*2* 231 4 *3*2%4 21*4* #*44.
3## 32*2 !3%* 51x24 bars. *31 LCD* 4*44 *# 4 bar-graphS. 2.414.
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o4444 Log, 4^-44 $14. Log^^-4 4
3443 7^4 ^s# 34 44# f 3^ 4"4& 443 ^o.^, ^ 

4-4 SOsegmentS. o]-f-<H4 $14. 4 
34#^ ±2%4 ^KKes. 4-8-43 SI 6.4, 71144 4&44 .4444 
4 44 50segment4 44444 4-§-44 ±1%4 41 #S# 444 # 
4 $14.

4, 444 434 7j-^34&44 ^ o_ = ^ ^

44 # 4 $14 ^4 1%4 44^# 443. $14. 44 #4 #4S4
4^44 Calibration^ 44 f^44 ^4^ %\E# 3 f 34 43#

#4# 444 44441 44# 4 34.

O 444
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1. 45-4 4S.44
1.1 CPU

CPU4 4^4 JI444 4^.4 ^57} 4#45L 4 £4 4-

44-44^^890514:4-0-4^4.
444 44.4 49 CPU4 4# ^4#4 4449 ^444

44 94#4 ^#4 4# 44#44 45-#4& 9]444 44* 4 

sS44.
CPU4 444 42.4# 4-0-44 444 444&4# 4

^44 4# e444 %14 P04 P2# 44:44 1/04^5.5. 4-0-44 

4.

=l^ 2.113 CPU 4 Si
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1.2 444

4444 4 3-4 443-44 7>#444 #4^4 24V DC 44# 4
-§-4 5V, 15V4 24 DC 44# 4#4414, 444 4## 4#4 4 
4.

- 5V : 4# #44^ ^4#4 4-§-44, 444 4&4 4
4 7}4 ## 4444- 4 444 #44^4 4# 4^^4 ^4# 
4 4-M 4# 44 #7] 4# TL494# 4 #41 5V4 4
4# 4 #4# ^7l#6||7]1 #44 44# ##4] # f #44
4 44.
- 15V : #44 ##41 4.# 15V Z# 24V# 4## # ^4.
- 24V : 4#4I4 7>#sM4 #4^# 24V DC 44# 44#^# 
44 4#44.

4 44^3.4 #4, #44 44, :%42 4# device44 #443: 
4 #44 4#44.

=l$ 2.113 44
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1.3 I/O
I/O 4# Uni# 4 ¥4# 4# 44#4, RS-485 ¥4

¥¥ ¥AS. #4 4 4 $14.
Sub-unit^.5.^-b] 4:# #5;¥ 444 444 4S-(^4 4¥4)# ¥

4 CPUS. 444444, 4:44# 44444 44 24Vs Pull-up4 
/lit 5V5. 444 #3## 44J5.S 4444 44. 4-i# 4
44 44-4 44- 44 4# 44-44# ¥444 4 4^4 44#4
(3L^ ^.e#)4 #444 44.

RS-485 ¥4¥¥4¥ 75176# 4444^-4, 4 4AJiit 44# 
444 #4-8-4# ^4144 4S.¥4 ¥444# 75176# ¥*H 4#& 
s/!i£ #444. 4 4¥# 444444 4 41M 4&# ¥4 
#4#4 4144# 3 #4# # $#¥ 444-44-s# 4
444 #44 4¥44.

3-4 2.115 I/O
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1.4 45 ^ ^5 #45

#494 455 544 o£)|aoS 4444 %I4.

545 90[dB/m] 444 #94 #4# %9 54# 4-8-?M, 14 4 
44; 444 7}£.7\ 5#4%# 414-44 374-4 45## #4

9 $15# 544^4.
5§ = #iH4 444-455(44 ‘^5’ 43. #)# 454^54, 44

4 #4# 44 444 4544 54454# 4444 44444.

7^444 7\^7\ 4444 #5, 4444 44444 4-M54 
4444. 4445. LD1(44)# 5445E1 Q544 5.44 454 4

4 49€4. 19^4^ 444 7l^4#4 1445 ^54 LD2(M)7}
5 #4 54 0644 544 454 44 4444, 24544; 444 A

54#4 2445 ^54 LD3(44)7> 5 #4 ^4 0744 544 45 
4 44 4444. 54 14 55 24444; 444 7l^##4 44-

45?l 4444 544 545 44 #44 44(44#).
314-54454 LD4(44)5 5#45Ei Q844 544 4541 44 

4444 544 544 454 4#45 5 #45^1 Q34|5 4571 5

444 54# 44 #4955 4444(4##).
vcc

Power Green

Aarml Yellow

P1.5 tZ>
ULN2D03

Trouble

BZ Red

GND COM

BUZZER

54 2.116 output 455
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2. 444 4&4)4
2.1 CPU

CPU4 4 #4 JZ-444 S^d^4|2S)7)- 44448# 

87C196KC# 44484. 6}eH 444 zi^4 44 CPU4 4# ^4 
#4 4444 44#44^44 #45-4 0~5V 4&# A/D #441- 

4## 0-2564 44S4M 4444 44 #44 45.444:4- 4h

44 444444 444# 4444. 4444# LED4 42.4# 4 

4 4444 4## ## 4 82# 4444 $14.
at 4#4 7>^Blll#5:S analog##4# 4 $1## 4&7} 

#444 $1# 4 4 444 4-8-4# D/A 4#4# 5V4 ###&# 
on-off 44# #7]4 44 #<M* #4-44# #t)& 4-8-482 

4 484&# 44 #1-4^2. ##42# 484.
444 =5172#42.41- 4-8-47] 444 444)2.4# 44 4§fl 4 

444 8# P34 P4# 4444 1/04#2_a 4-8-44 44 I/O# 4 

#-44 44 4##4 7H4# #84.

1111

:%# 2.117 CPU 4#2
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2.2 44#

44#4 4#S#El 7}#444 #4^-# 24V DC 44# °1
-g-sfl 5V, 12V, 15V4 DC 44# 4#444, 444 44# 4#4 4

4.
- 5V : 4# #44^ ^4#4 44 AS 4-0-514, 444 4&4 4
4 7>4 44 4444. 4 444 #4444 44 4^^4 444 
4 447} 444V.S 4# 4444 44 TL494# 4M 5V4 4 

4# 44-4-# ^4-M4 $}44 44# # # $ls# #44

4 $14.
- 12V : 0~5V4 444A# 4~20mA4 Analog #44iS 444

# 4-8-444.
- 15V : 444 #4M 44 15V S# 24V# 4## # $1A# ^4.
- 24V : 4#44 7}#5]44 #4## 24V DC 44# 44 A A#

44 4-8-44.
4 444A4 $14, 4# device44 #44&4 #44 4-8-44.

U1 MC7815

^4 2.118 44# 4as
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<a_a.

n4 2.119 I/O *SS

2.4 *44 #4*

#4*4 i|s* 1 ##2] #*#4 LCDs#s #444 a4. 
LED#* 7>S2] #4 *#2]- 7l7)4 #444* 4 44 *44 # * 

4s# 47] 44 ?;]]* 3:444 7] 7] 7} 44 43- 44 44# 444

414 #4# 4 45i* 44, LCDs.#* 7}i5] *5101] 4a.#

s.4 4 #44 *4# 4 4s# 47] 44 51x27]]4as #44 LCD 

* 4444 4 #4 bar graph# *4# * 4* MS 4444 4

4.
44* 0# 44# # 4 44 4441 44*ss 2%2] 4#ss 5 

47> 7>*44. * 4S4 44* 4]#44 44# # 4* 4# #4, 

1%4 4 4444 *44, 2%4 4 * 44, 3%4 4 *444 444 

4 4 #4 4 4 £4 4* 44# 4444 4 #44 4 l%2] 4#s44
*4 7]- 7]-*%# 7]** 7]]4444.
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2.3 I/O

I/O 45^ 4# Unit44 #4# 44 ##, ^4 #4, RS-485 #4 

44 #4^4 $14.
444544 4# AJir 4## 444 45414 4^4)# 

CPUS. 44:44 44, 444# W444 4# 24V5 Pull-up4 4
it 5VS 44# 4455 4444 44. 54 457]- #4
4 44°il 44 44 4# 4444# #444 4 454 44*4(-%
^ 5##)o] #444 $14.

RS-485 #44### 75176# 4#4#o_4, 44Sf4 #44 #4
5445# 454 44444 7>4ji 4# #44#, 4444&,

44####, 444 ##gl, 44#4 #4## ## 75176# ## 4
1X5455 #444. 4 4#^ 44-4444 4 41X545# #
# #4#4 #44# #4, 54 4 #4# 4 $15# 4#7>#45# 
44 4# #44 4 #4 4.

analog #445# 4~20mA 4 45# 4s'44 4"#4# 44-7] 7]
# 44# 4 $1# 44 4# CPUS44 #4 pwm45# 4## 4
# 4#45# 47]]4 OP-Arnp# ### #44 45# ## 44 4#
455 4444 #455# 444534.
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^=4 ^4 444 ^444 4454^(44)4 ^f-£|aL, 4 #4 7}

5 4 ^5L7> 1x}4S 4 MM* 4°-4 144 S 4i# 4444 * 

441 ^s^-s 4i# i4#4. 44 244 s slM^4W 4*4 24­
4* 4*# 4444. ti4ji 444*44 444 4#4 44 
Trouble 4444 45.44 4i# 444t4.

LD5, LD6, LD74 44 444 *4, 4*s, 44444 444 4 

4444# 4444141 444* 44* 44 4* ^ = 44.

U8 U14

Poeer Green

2.120 Output 4 Si
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2.5 44f#^
4^4# Aj]>| 7} 7}if #444 4## H#444 ^-#4 ^JSL?}

4, °11" 44 aJa^ 4#o)]# ^7} 44-44 $14. 4 ##^-7} $14# 

#5E# 44#4# 44# 7^44# 4## # #4. 444 ^44 
#£##4 4# #|| ##. 4 ilAES 444 #s# #444 #4
44 444 44M4& 44^4# 4444 #s##

4 4# 444 ^.#4 e#4. 444 44# #4441 4
444 4# TL4947} 4#4#4.

------- 1 y Sensor Oat

>m >TH2

—VV-

>t5k \10E

zl4 2.121 444
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d97 1

Sintered Filter

Sintered Filter's Specification

Particle Size 0.5—0.71 min

Mesh 22-30

=i^ 2.126 4^-8- lEi
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4] 3 # # #

4- 4#7H# 4 4471# 444 44-4-2 ^§}ji ##4 #4# % 

# ^44 4^44 7t2#427l-4 7M#/4^# 7}2l3.7l 7%#& 

44 4#4 444#4 4# #44 47144 #44 ^ #4#
& #444, 4^4 44^2 71-244 271-44 v]a.i%7}7} 4^-4# # 
&2# 4^4. 44 ## 47}# #4 5.514 #44## 4 4:4# 4 
## #4 7^444 ## 444 4444 4 44 44244 4## 
444-4, 7H#.#^# 7}2##lM.7l 44l#44 ^ 2.444 42 

Ej# #4-4 4444 44-4- 44 44# 4#4.

1) 44 444#-#- ^a>^71 44 44 Ait4 Bit4 4##2# # 
44 44 T-rt 47]4#4, #2 4 444# 44 4714 24 

#444 7]### 42.42. 444.

2) 444 7^4144 424 44 44 #4 #12 #44 #4#
44 4-23. 444 ##4 Sn02(Raremetallicfd;) # it # 4 #5512

4, #4^-# a4 Pd# 4#4 44 2.5wt%: 2.5wt%4 ^"#23
47}$!# 4 7>4 ## 4##4# 44444.

3) 44#44 2^#2 7114# 44 2#4 silica so!4 MA-ST#
47Mj 444 14 7t24##4# 244 44 4/}## 10wt% 

s. 4442.4 42.4 ## 271714# 424444 4# #44 
4 7fl4 4444 44.

4) 244 27414# 42444 44 Sb203# 44 47>4 444 
44 Sb203^7I-44 #7>4## 27M44 47144 424# 4 
22 4-444. 244, Sb2034 ^7>44 #7}-t## 71-24##

4 4 #714 7144424, 44 4# #4# 24# 4 sb2034 
W## 0.5wt%42?} 444 423. 44#4.

5) 44-71144 24# 244 44 44# #4 AiHl 444 Pt4
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3-9-71- ^ ^ A44M #344 ##M #4# $^M.
6) #34 3^43 7^44 °1 7H^#44 7H4# 4M 33#43

3M 4 Planertery Ball mill# 3#M 44 #34 s}- #4

4 &M# 3##4, &44M# 3M4M# 3# 34# MMld:
A4, 4 MM 3MM44 MM 33# #M 3#43 337} 3a 
MM.

7) PTCdz^M ^oj] %#447i 91% 4&33# 3^@M
34 44 4^3# S1O24 AI2O3# #44 37M 1250 t44
143 M3 M 300°c/hr3. 43S# 4a MMMM. mM 
(Bao.4Pbo.6)Ti03M4 4 0.2mol% NbzOs# 37}% 43# N2#4 7l 
44 #4M 34 434 #7}4 MM 334 43# 33-4 a 4 
3#a# M#3# 33-4 3 4#a MMMM.

8) 7I-3# 7>AM33M7iM A44 4 4^11 4 MM3 334## 
M3 44443 #3# 3 34 3443 #4344 #3M # 
4# # 3 33#3, 34 MM 34344# 4#43 337} # 
#MM.

9) 33# 7fi#34A44 4# 4#4 #44 3 4#4 4M3 

50segment4 3333# 3#M3 ±1%4 M3a# 43# 33 

34# 43a 3M. &M, 3# Sr#(Log5r#, ^#^#)# 3#M 
3 334- 4 M#7>7> 3a 44M4 433 7>#MM.

334 34# sMa H#t 3444 43# #4 MM3 M34 
7>m34 4M4 7>3 ## 2:3# Sn02M3# 3#4 #43 Pt, Pd# 
33 2.5wt%:2.5wt%3# 47}MM 3443 MA-ST(10wt%)4 M#4 
Sb2O3(0.5wt%)# MMM3 42:3 4#33M. 3&M, 434 4# Au4 
4 M3 R7> ##M #3# 23 a 33M.

7>4# 7>a#^4S.4, S4E144A3M 4# 4433# #M3 3 
44 #4# S.3#M, 34344 #34 MM 4#43 337} ^aM
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31, 499" 94 7]#9 444 4lfl4 7] 7]o)] ti^H

±1%9 914S# 4431 49 a]^1-ji 9449 4^49414 7f^ir 
#9 44# 949] tij-X] # # ^ 4.

£ 44# #44 499 4^914 7H%4M4 4999-# 44 7]-9 
9--449- 7^Y49a44 44, 4949- ## W4 914^9 4 
a# 999-94. 4*14, #49 4£9I9 7}^#44 494 49 4 
9-7]499 494 949°.s. 44914 44 49-4#a#4 44# 4 
5.99 4 4^4.
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1. Gas Monitoring System Data

S. 1.1 Monitoring System Data

(1999\4 3# 8°d 94 5^-104 16-gr)

# -8 4 e CHI CH2 CHS CH4 id € 4 CHI CH2 CHS CH4

1999 3 8 9 5 1.0 0.6 0.0 0.0 1999 3 8 9 41 0.0 0.0 0.0 0.0
1999 3 8 9 6 0.5 0.3 0.0 0.0 1999 3 8 9 42 0.0 0.0 0.0 0.0
1999 3 8 9 7 0.8 0.5 0.0 0.0 1999 3 8 9 43 0.0 0.0 0.0 0.0
1999 3 8 9 8 0.8 1.1 0.0 0.0 1999 3 8 9 44 0.8 0.9 0.0 0.0
1999 3 8 9 9 1.3 0.9 0.0 0.0 1999 3 8 9 45 0.5 0.5 0.0 0.0
1999 3 8 9 10 1.0 2.1 0.0 0.0 1999 3 8 9 46 1.3 0.0 0.0 0.0
1999 3 8 9 11 1.0 1.8 0.0 0.0 1999 3 8 9 47 0.0 0.0 0.0 0.0
1999 3 8 9 12 0.0 0.0 0.0 0.0 1999 3 8 9 48 0.4 0.0 0.0 0.0
1999 3 8 9 13 0.5 1.3 0.0 0.0 1999 3 8 9 49 0.9 0.2 0.0 0.0
1999 3 8 9 14 0.4 0.4 0.0 0.0 1999 3 8 9 50 0.0 0.0 0.0 0.0
1999 3 8 9 15 0.0 0.0 0.0 0.0 1999 3 8 9 51 0.9 0.7 0.0 0.1
1999 3 8 9 16 0.0 0.0 0.0 0.0 1999 3 8 9 52 0.0 0.0 0.0 0.0
1999 3 8 9 17 0.5 0.0 0.0 0.0 1999 3 8 9 53 0.2 0.1 0.0 0.0
1999 3 8 9 18 0.0 0.0 0.0 0.0 1999 3 8 9 54 0.3 0.0 0.0 0.1
1999 3 8 9 19 0.2 0.0 0.0 0.0 1999 3 8 9 55 0.9 1.2 0.0 0.1
1999 3 8 9 20 0.1 0.0 0.0 0.0 1999 3 8 9 56 0.8 1.1 0.0 0.0
1999 3 8 9 21 0.0 0.0 0.0 0.0 1999 3 8 9 57 0.0 0.0 0.0 0.0
1990 3 8 9 22 0.0 0.0 0.0 0.0 1999 3 8 9 58 1.1 0.8 0.0 0.1
1999 3 8 9 23 0.0 0.0 0.0 0.0 1999 3 8 9 59 0.0 0.0 0.0 0.0
1999 3 8 9 24 0.0 0.0 0.0 0.0 1999 3 8 10 0 0.9 0.3 0.0 0.0
1999 3 8 9 25 1.2 1.5 0.0 0.1 1999 3 8 10 1 0.0 0.0 0.0 0.0
1999 3 8 9 26 0.0 0.0 0.0 0.0 1999 3 8 10 2 0.0 0.0 0.0 0.0
1999 3 8 9 27 0.0 0.0 0.0 0.0 1999 3 8 10 3 0.0 0.0 0.0 0.0
1999 3 8 9 28 0.0 0.0 0.0 0.0 1999 3 8 10 4 0.0 0.0 0.0 0.0
1999 3 8 9 29 0.0 0.0 0.0 0.0 1999 3 8 10 5 0.0 0.0 0.0 0.0
1999 3 8 9 30 0.0 0.0 0.0 0.0 1999 3 8 10 6 1.6 1.2 0.0 0.0
1999 3 8 9 31 0.0 0.0 0.0 0.0 1999 3 8 10 7 0.3 0.5 0.0 0.0
1999 3 8 9 32 0.0 0.0 0.0 0.0 1999 3 8 10 8 0.0 0.0 0.0 0.0
1999 3 8 9 33 0.0 0.0 0.0 0.0 1999 3 8 10 9 1.1 0.4 0.0 0.0
1999 3 8 9 34 1.1 0.1 0.0 0.0 1999 3 8 10 10 1.1 1.1 0.0 0.1
1999 3 8 9 35 0.0 0.0 0.0 0.0 1999 3 8 10 11 0.6 0.1 0.0 0.0
1999 3 8 9 36 0.1 0.0 0.0 0.0 1999 3 8 10 12 0.0 0.0 0.0 0.0
1999 3 8 9 37 1.2 0.6 0.0 0.0 1999 3 8 10 13 0.0 0.0 0.0 0.0
1999 3 8 9 38 0.0 0.0 0.0 0.0 1999 3 8 10 14 0.5 0.2 0.0 0.0
1999 3 8 9 39 02 0.0 0.0 0.0 1999 3 8 10 15 0.6 0.0 0.0 0.1
1999 3 8 9 40 1.1 0.9 0.0 0.0 1999 3 8 10 16 0.3 0.2 0.0 0.0
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3£ 1.2 7}^# A} Monitoring System Data

(1999ti 3€ 8^ 1QA] 17^-llA] 28^-)

id € <y A) & CHI CH2 CHS CH4 \i € A] .u_ CHI CH2 CH3 CH4

1999 3 8 10 17 0.0 0.0 0.0 0.0 1999 3 8 10 53 0.2 0.0 0.0 0.0
1999 3 8 10 18 0.0 0.0 0.0 0.0 1999 3 8 10 54 0.9 0.6 0.0 0.0
1999 3 8 10 19 0.0 0.0 0.0 0.0 1999 3 8 10 55 0.4 0.0 0.0 0.0
1999 3 8 10 20 0.0 0.0 0.0 0.0 1999 3 8 10 56 1.6 0.1 0.0 0.0
1999 3 8 10 21 0.0 0.0 0.0 0.0 1999 3 8 10 57 0.0 0.0 0.0 0.0
1999 3 8 10 22 0.0 0.0 0.0 0.0 1999 3 8 10 58 0.8 0.9 0.0 0.0
1999 3 8 10 23 0.0 0.0 0.0 0.0 1999 3 8 10 59 0.9 0.6 0.0 0.0
1999 3 8 10 24 1.1 0.7 0.0 0.0 1999 3 8 11 0 1.0 0.4 0.0 0.0
1999 3 8 10 25 0.0 0.0 0.0 0.0 1999 3 8 11 1 0.7 1.6 0.0 0.0
1999 3 8 10 26 0.0 0.0 0.0 0.0 1999 3 8 11 2 0.0 0.0 0.0 0.0
1999 3 8 10 27 0.0 0.0 0.0 0.0 1999 3 8 11 3 0.0 0.0 0.0 0.0
1999 3 8 10 28 0.1 0.0 0.0 ' 0.0 1999 3 8 11 4 0.3 0.0 0.0 0.0
1999 3 8 10 29 1.4 1.5 0.0 0.1 1999 3 8 11 5 0.0 0.3 0.0 0.0
1999 3 8 10 30 1.3 0.7 0.0 0.0 1999 3 8 11 6 0.0 0.2 0.0 0.0
1999 3 8 10 31 0.0 0.0 0.0 0.0 1999 3 8 11 7 0.0 0.2 0.0 0.0
1999 3 8 10 32 0.0 0.0 0.0 0.0 1999 3 8 11 8 0.3 0.6 0.0 0.0
1999 3 8 10 33 0.0 0.0 0.0 0.0 1999 3 8 11 9 02 0.5 0.0 0.0
1999 3 8 10 34 0.0 0.0 0.0 0.0 1999 3 8 11 10 0.0 0.0 0.0 0.0
1999 3 8 10 35 0.6 0.8 0.0 0.1 1999 3 8 11 11 0.0 0.0 0.0 0.0
1999 3 8 10 36 0.1 0.0 0.0 0.0 1999 3 8 11 12 0.1 0.0 0.0 0.0
1999 3 8 10 37 0.0 0.0 0.0 0.0 1999 3 8 11 13 0.5 0.0 0.0 0.0
1999 3 8 10 38 1.3 1.6 0.0 0.1 1999 3 8 11 14 0.5 0.0 0.0 0.0
1999 3 8 10 39 0.9 0.6 0.0 0.1 1999 3 8 11 15 1.3 0.9 0.0 0.0
1999 3 8 10 40 0.5 0.8 0.0 0.1 1999 3 8 11 16 0.0 0.0 0.0 0.0
1999 3 8 10 41 0.8 0.0 0.0 0.0 1999 3 8 11 17 0.0 0.0 0.0 0.0
1999 3 8 10 42 0.6 0.2 0.0 0.1 1999 3 8 11 18 0.0 0.0 0.0 0.0
1999 3 8 10 43 0.0 0.0 0.0 0.0 1999 3 8 11 19 0.0 0.0 0.0 0.0
1999 3 8 10 44 0.0 0.0 0.0 0.0 1999 3 8 11 20 0.0 0.0 0.0 0.0
1999 3 8 10 45 0.9 1.0 OlO 0.1 1999 3 8 11 21 0.0 0.0 0.0 0.0
1999 3 8 10 46 0.0 0.0 0.0 0.0 1999 3 8 11 22 0.0 0.0 0.0 0.0
1999 3 8 10 47 0.0 0.0 0.0 0.0 1999 3 8 11 23 0.0 0.0 0.0 0.0
1999 3 8 10 48 0.0 0.0 0.0 0.0 1999 3 8 11 24 0.9 0.9 0.0 0.0
1999 3 8 10 49 0.3 0.6 0.0 0.0 1999 3 8 11 25 0.7 0.3 0.0 0.0
1999 3 8 10 50 0.9 0.6 0.0 0.0 1999 3 8 11 26 0.0 0.0 0.0 0.0
1999 3 8 10 51 0.0 0.0 0.0 0.0 1999 3 8 11 27 0.0 0.0 0.0 0.0
1999 3 8 10 52 0.0 0.0 0.0 0.0 1999 3 8 11 28 0.0 0.0 0.0 0.0
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3£ 1.3 Ml# ^ #4: Monitoring System Data

(1999#. 3# 8# 9A1 51-~ 10a] 161)

ti I H f CHI CH2 CHS CH4 # # °i *\ 1 CHI CH2 CH3 CH4

1999 3 8 9 5 0.0 0.0 0.0 0.0 1999 3 8 9 41 0.0 0.0 0.0 0.0
1999 3 8 9 6 0.0 0.0 0.0 0.0 1999 3 8 9 42 0.0 0.0 0.0 0.0
1999 3 8 9 7 0.0 0.0 0.0 0.0 1999 3 8 9 43 0.0 0.0 0.0 0.0
1999 3 8 9 8 0.0 0.0 0.0 0.0 1999 3 8 9 44 0.0 0.0 0.0 0.0
1999 3 8 9 9 0.0 0.0 0.0 0.0 1999 3 8 9 45 0.0 0.0 0.0 0.0
1999 3 8 9 10 0.0 0.0 0.0 0.0 1999 3 8 9 46 0.0 0.0 0.0 0.0
1999 3 8 9 11 0.0 0.0 0.0 0.0 1999 3 8 9 47 0.0 0.0 0.0 0.0
1999 3 8 9 12 0.0 0.0 0.0 0.0 1999 3 8 948 0.0 0.0 0.0 0.0
1999 3 8 9 13 0.0 0.0 0.0 0.0 1999 3 8 9 49 0.0 0.0 0.0 0.0
1999 3 8 9 14 0.0 0.0 0.0 0.0 1999 3 8 950 0.0 0.0 0.0 0.0
1999 3 8 9 15 0.0 0.0 0.0 0.0 1999 3 8 9 51 0.0 0.0 0.0 0.0
1999 3 8 9 16 0.0 0.0 0.0 0.0 1999 3 8 9 52 0.0 0.0 0.0 0.0
1999 3 8 9 17 0.0 0.0 0.0 0.0 1999 3 8 9 53 0.0 0.0 0.0 0.0
1999 3 8 9 18 0.0 0.0 0.0 0.0 1999 3 8 9 54 0.0 0.0 0.0 0.0
1999 3 8 9 19 0.0 0.0 0.0 0.0 1999 3 8 9 55 0.0 0.0 0.0 0.0
1999 3 8 9 20 0.0 0.0 0.0 0.0 1999 3 8 9 56 0.0 0.0 0.0 0.0
1999 3 8 9 21 0.0 0.0 0.0 0.0 1999 3 8 9 57 0.0 0.0 0.0 0.0
1999 3 8 9 22 0.0 0.0 0.0 0.0 1999 3 8 9 58 0.0 0.0 0.0 0.0
1999 3 8 9 23 0.0 0.0 0.0 0.0 1999 3 8 9 59 0.0 0.0 0.0 0.0
1999 3 8 9 24 0.0 0.0 0.0 0.0 1999 3 8 10 0 0.0 0.0 0.0 0.0
1999 3 8 9 25 0.0 0.0 0.0 0.0 1999 3 8 10 1 0.0 0.0 0.0 0.0
1999 3 8 9 26 0.0 0.0 0.0 0.0 1999 3 8 10 2 0.0 0.0 0.0 0.0
1999 3 8 9 27 0.0 0.0 0.0 0.0 1999 3 8 10 3 0.0 0.0 0.0 0.0
1999 3 8 9 28 0.0 0.0 0.0 0.0 1999 3 8 10 4 0.0 0.0 0.0 0.0
1999 3 8 9 29 0.0 0.0 0.0 0.0 1999 3 8 10 5 0.0 0.0 0.0 0.0
1999 3 8 930 0.0 0.0 0.0 0.0 1999 3 8 10 6 0.0 0.0 0.0 0.0
1999 3 8 9 31 0.0 0.0 0.0 0.0 1999 3 8 10 7 0.0 0.0 0.0 0.0
1999 3 8 9 32 0.0 0.0 0.0 6.0 1999 3 8 10 8 0.0 0.0 0.0 0.0
1999 3 8 9 33 0.0 0.0 0.0 0.0 1999 3 8 10 9 0.0 0.0 0.0 0.0
1999 3 8 9 34 0.0 0.0 0.0 0.0 1999 3 8 10 10 0.0 0.0 0.0 0.0
1999 3 8 9 35 0.0 0.0 0.0 0.0 1999 3 8 10 11 0.0 0.0 0.0 0.0
1999 3 8 9 36 0.0 0.0 0.0 0.0 1999 3 8 10 12 0.0 0.0 0.0 0.0
1999 3 8 9 37 0.0 0.0 0.0 0.0 1999 3 8 10 13 0.0 0.0 0.0 0.0
1999 3 8 938 0.0 0.0 0.0 0.0 1999 3 8 10 14 0.0 0.0 0.0 0.0
1999 3 8 9 39 0.0 0.0 0.0 0.0 1999 3 8 10 15 0.0 0.0 0.0 0.0
1999 3 8 940 0.0 0.0 0.0 0.0 1999 3 8 10 16 0.0 0.0 0.0 0.0
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5. 1.4 SHE ^ Monitoring System Data 
(1999ti 31 81 10a] 17^-114 28£-)

1 <3 A] •§•

1999 3 8 10 17
1999 3 8 10 18
1999 3 8 10 19
1999 3 8 10 20
1999 3 8 10 21
1999 3 8 10 22
1999 3 8 10 23
1999 3 8 10 24
1999 3 8 10 25
1999 3 8 10 26
1999 3 8 10 27
1999 3 8 10 28
1999 3 8 10 29
1999 3 8 10 30
1999 3 8 10 31
1999 3 8 10 32
1999 3 8 10 33
1999 3 8 10 34
1999 3 8 10 35
1999 3 8 10 36
1999 3 8 10 37
1999 3 8 10 38
1999 3 8 10 39
1999 3 8 10 40
1999 3 8 10 41
1999 3 8 10 #
1999 3 8 10 43
1999 3 8 10 44
1999 3 8 10 45
1999 3 8 10 46
1999 3 8 10 47
1999 3 8 10 48
1999 3 8 10 49
1999 3 8 10 50
1999 3 8 10 51
1999 3 8 10 52

CHI CH2 CHS CH4

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0:0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 - 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

1 a] ■§•

1999 3 8 10 53
1999 3 8 10 54
1999 3 8 10 55
1999 3 8 10 56
1999 3 8 10 57
1999 3 8 10 58
1999 3 8 10 59
1999 3 8 11 0
1999 3 8 11 1
1999 3 8 11 2
1999 3 8 11 3
1999 3 8 11 4
1999 3 8 11 5
1999 3 8 11 6
1999 3 8 11 7
1999 3 8 11 8
1999 3 8 11 9
1999 3 8 11 10
1999 3 8 11 11
1999 3 8 11 12
1999 3 8 11 13
1999 3 8 11 14
1999 3 8 11 15
1999 3 8 11 16
1999 3 8 11 17
1999 3 8 11 18
1999 3 8 11 19
1999 3 8 11 20
1999 3 8 11 21
1999 3 8 11 22
1999 3 8 11 23
1999 3 8 11 24
1999 3 8 11 25
1999 3 8 11 26
1999 3 8 11 27
1999 3 8 11 28

cm CH2 CHS CH4

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0,0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
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-3L 1.5 4 Monitoring System Data

(1999^1 3€ 8<a 94 5£r~104l6£)

XI 1 4 4 & CHI CH2 CH3 CH4 XI € H 4 £ CHI CH2 CH3 CH4

1999 3 8 9 5 0.0 0.0 0.0 0.0 1999 3 8 9 41 0.0 0.0 0.0 0.0
1999 3 8 9 6 0.0 0.0 0.0 0.0 1989 3 8 9 42 0.0 0.0 0.0 0.0
1999 3 8 9 7 0.0 0.0 0.0 0.0 1999 3 8 9 43 0.0 0.0 0.0 0.0
1999 3 8 9 8 0.0 0.0 0.0 0.0 1999 3 8 944 0.0 0.0 0.0 0.0
1999 3 8 9 9 0.0 0.0 0.0 0.0 1999 3 8 9 45 0.0 0.0 0.0 0.0
1999 3 8 9 10 0.0 0.0 0.0 0.0 1999 3 8 946 0.0 0.0 0.0 0.0
1999 3 8 9 11 0.0 0.0 0.0 0.0 1999 3 8 9 47 0.0 0.0 0.0 0.0
1999 3 8 9 12 0.0 0.0 0.0 0.0 1999 3 8 9 48 0.0 0.0 0.0 0.0
1999 3 8 9 13 0.0 0.0 0.0 0.0 1999 3 8 9 49 0.0 0.0 0.0 0.0
1999 3 8 9 14 0.0 0.0 0.0 0.0 1999 3 8 9 50 0.0 0.0 0.0 0.0
1999 3 8 9 15 0.0 0.0 0.0 0.0 1999 3 8 9 51 0.0 0.0 0.0 0.0
1999 3 8 9 16 0.0 0.0 0.0 0.0 1999 3 8 9 52 0.0 0.0 0.0 0.0
1999 3 8 9 17 0.0 0.0 0.0 0.0 1999 3 8 9 53 0.0 0.0 0.0 0.0
1999 3 8 9 18 0.0 0.0 0.0 0.0 1999 3 8 9 54 0.0 0.0 0.0 0.0
1999 3 8 9 19 0.0 0.0 0.0 0.0 1999 3 8 9 55 0.0 0.0 0.0 0.0
1999 3 8 9 20 0.0 0.0 0.0 0.0 1999 3 8 956 0.0 0.0 0.0 0.0
1999 3 8 9 21 0.0 0.0 0.0 0.0 1999 3 8 9 57 0.0 0.0 0.0 0.0
1999 3 8 9 22 0.0 0.0 0.0 0.0 1999 3 8 958 0.0 0.0 0.0 0.0
1999 3 8 9 23 0.0 0.0 0.0 0.0 1999 3 8 9 59 0.0 0.0 0.0 0.0
1999 3 8 924 0.0 0.0 0.0 0.0 1999 3 8 10 0 0.0 0.0 0.0 0.0
1999 3 8 9 25 0.0 0.0 0.0 0.0 1999 3 8 10 1 0.0 0.0 0.0 0.0
1999 3 8 9 26 0.0 0.0 0.0 0.0 1999 3 8 10 2 0.0 0.0 0.0 0.0
1999 3 8 9 27 0.0 0.0 0.0 0.0 1999 3 8 10 3 0.0 0.0 0.0 0.0
1999 3 8 9 28 0.0 0.0 0.0 0.0 1999 3 8 10 4 0.0 0.0 0.0 0.0
1999 3 8 929 0.0 0.0 0.0 0.0 1999 3 8 10 5 0.0 0.0 0.0 0.0
1999 3 8 930 0.0 0.0 0.0 0.0 1999 3 8 10 6 0.0 0.0 0.0 0.0
1999 3 8 9 31 0.0 0.0 0.0 0.0 1999 3 8 10 7 0.0 0.0 0.0 0.0
1999 3 8 9 32 0.0 0.0 0.0 0.0 1999 3 8 10 8 0.0 0.0 0.0 0.0
1999 3 8 9 33 0.0 0.0 0.0 0.0 1999 3 8 10 9 0.0 0.0 0.0 0.0
1999 3 8 934 0.0 0.0 0.0 0.0 1999 3 8 10 10 0.0 0.0 0.0 0.0
1999 3 8 935 0.0 0.0 0.0 0.0 1999 3 8 10 11 0.0 0.0 0.0 0.0
1999 3 8 9 36 0.0 0.0 0.0 0.0 1999 3 8 10 12 0.0 0.0 0.0 0.0
1999 3 8 9 37 0.0 0.0 0.0 0.0 1999 3 8 10 13 0.0 0.0 0.0 0.0
1999 3 8 9 38 0.0 0.0 0.0 0.0 1999 3 8 10 14 0.0 0.0 0.0 0.0
1999 3 8 939 0.0 0.0 0.0 0.0 1999 3 8 10 15 0.0 0.0 0.0 0.0
1999 3 8 9 40 0.0 0.0 0.0 0.0 1999 3 8 10 16 0.0 0.0 0.0 0.0
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5. 1.6 4"^" ^ Monitoring System Data

(1999\1 3-tt 8°i 10^1 17#-114 28#)

# € 4 #

1999 3 8 9 5
1999 3 8 9 6
1999 3 8 9 7
1999 3 8 9 8
1999 3 8 9 9
1999 3 8 9 10
1999 3 8 9 11
1999 3 8 9 12
1999 3 8 9 13
1999 3 8 9 14
1999 3 8 9 15
1999 3 8 9 16
1999 3 8 9 17
1999 3 8 9 18
1999 3 8 9 19
1999 3 8 9 20
1999 3 8 9 21
1999 3 8 9 22
1999 3 8 9 23
1999 3 8 9 24
1999 3 8 9 25
1999 3 8 9 26
1999 3 8 9 27
1999 3 8 9 28
1999 3 8 9 29
1999 3 8 9 30
1999 3 8 9 31
1999 3 8 9 32
1999 3 8 9 33
1999 3 8 9 34
1999 3 8 9 35
1999 3 8 9 36
1999 3 8 9 37
1999 3 8 9 38
1999 3 8 9 39
1999 3 8 9 40

CHI CHE CHS CH4

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0, 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

y € <8 4 #

1999 3 8 9 41
1999 3 8 942
1999 3 8 943
1999 3 8 944
1999 3 8 945
1999 3 8 946
1999 3 8 947
1999 3 8 948
1999 3 8 949
1999 3 8 950
1999 3 8 9 51
1999 3 8 952
1999 3 8 953
1999 3 8 954
1999 3 8 955
1999 3 8 956
1999 3 8 9 57
1999 3 8 9 58
1999 3 8 959
1999 3 8 10 0
1999 3 8 10 1
1999 3 8 10 2
1999 3 8 10 3
1999 3 8 10 4
1999 3 8 10 5
1999 3 8 10 6
1999 3 8 10 7
1999 3 8 10 8
1999 3 8 10 9
1999 3 8 10 10
1999 3 8 10 11
1999 3 8 10 12
1999 3 8 10 13
1999 3 8 10 14
1999 3 8 10 15
1999 3 8 10 16

CHI CHE CHS CH4

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
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5. 1.7 # # # (1) Monitoring System Data

(1999# 3H 8# 9# Sir ~ 10a] 16^)

# 1 °1^] r CHI CH2 CH3 CH4

1999 3 8 10 17 0.0 0.0 0.0 0.0
1999 3 8 10 18 0.0 0.0 0.0 0.0
1999 3 8 10 19 0.0 0.0 0.0 0.0
1999 3 8 10 20 0.0 0.0 0.0 0.0
1999 3 8 10 21 0.0 0.0 0.0 0.0
1999 3 8 10 22 0.0 0.0 0.0 0.0
1999 3 8 10 23 0.0 0.0 0.0 0.0
1999 3 8 10 24 0.0 0.0 0.0 0.0
1999 3 8 10 25 0.0 0.0 0.0 0.0
1999 3 8 10 26 0.0 0.0 0.0 0.0
1999 3 8 10 27 0.0 0.0 0.0 0.0
1999 3 8 10 28 0.0 0.0 0.0 0.0
1999 3 8 10 29 0.0 0.0 0.0 0.0
1999 3 8 10 30 0.0 0.0 0.0 0.0
1999 3 8 10 31 0.0 0.0 0.0 0.0
1999 3 8 10 32 0.0 0.0 0.0 0.0
1999 3 8 10 33 0.0 0.0 0.0 0.0
1999 3 8 10 34 0.0 0.0 0.0 0.0
1999 3 8 10 35 0.0 0.0 0.0 0.0
1999 3 8 10 36 0.0 0.0 0.0 0.0
1999 3 8 10 37 0.0 0.0 0.0 0.0
1999 3 8 10 38 0.0 0.0 0.0 0.0
1999 3 8 10 39 0.0 0.0 0.0 0.0
1999 3 8 10 40 0.0 0.0 0.0 0.0
1999 3 8 10 41 0.0 0.0 0.0 0.0
1999 3 8 10# 0.0 0.0 0.0 0.0
1999 3 8 10 43 0.0 0.0 0.0 0.0
1999 3 8 10 44 0.0 0.0 0.0 0.0
1999 3 8 10 45 0.0 0.0 0.0 0.0
1999 3 8 10 46 0.0 0.0 0.0 0.0
1999 3 8 10 47 0.0 0.0 0.0 0.0
1999 3 8 10 48 0.0 0.0 0.0 0.0
1999 3 8 10 49 0.0 0.0 0.0 0.0
1999 3 8 10 50 0.0 0.0 0.0 0.0
1999 3 8 10 51 0.0 0.0 0.0 0.0
1999 3 8 10 52 0.0 0.0 0.0 0.0

# I CHI CH2 CHS CH4

1999 3 8 10 53 0.0 0.0 0.0 0.0
1999 3 8 10 54 0.0 0.0 0.0 0.0
1999 3 8 10 55 0.0 0.0 0.0 0.0
1999 3 8 10 56 0.0 0.0 0.0 0.0
1999 3 8 10 57 0.0 0.0 0.0 0.0
1999 3 8 10 58 0.0 0.0 0.0 0.0
1999 3 8 10 59 0.0 0.0 0.0 0.0
1999 3 8 11 0 0.0 0.0 0.0 0.0
1999 3 8 11 1 0.0 0.0 0.0 0.0
1999 3 8 11 2 0.0 0.0 0.0 0.0
1999 3 8 11 3 0.0 0.0 0.0 0.0
1999 3 8 11 4 0.0 0.0 0.0 0.0
1999 3 8 11 5 0.0 0.0 0.0 0.0
1999 3 8 11 6 0.0 0.0 0.0 0.0
1999 3 8 11 7 0.0 0.0 0.0 0.0
1999 3 8 11 8 0.0 0.0 0.0 0.0
1999 3 8 11 9 0.0 0.0 0.0 0.0
1999 3 8 11 10 0.0 0.0 0.0 0.0
1999 3 8 11 11 0.0 0.0 0.0 0.0
1999 3 8 11 12 0.0 0.0 0.0 0.0
1989 3 8 11 13 0.0 0.0 0.0 0.0
1999 3 8 11 14 0.0 0.0 0.0 0.0
1999 3 8 11 15 0.0 0.0 0.0 0.0
1989 3 8 11 16 0.0 0.0 0.0 0.0
1999 3 8 11 17 0.0 0.0 0.0 0.0
1989 3 8 11 18 0.0 0.0 0.0 0.0
1999 3 8 11 19 0.0 0.0 0.0 0.0
1999 3 8 11 20 0.0 0.0 0.0 0.0
1999 3 8 11 21 0.0 0.0 0.0 0.0
1999 3 8 11 22 0.0 0.0 0.0 0.0
1999 3 8 11 23 0.0 0.0 0.0 0.0
1999 3 8 11 24 0.0 0.0 0.0 0.0
1999 3 8 11 25 0.0 0.0 0.0 0.0
1999 3 8 11 26 0.0 0.0 0.0 0.0
1999 3 8 11 27 0.0 0.0 0.0 0.0
1999 3 8 11 28 0.0 0.0 0.0 0.0
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X 1.8 ^3# ^ (1) Monitoring System Data

(1999\4 3# 8^ 10^1 17#-11# 28#)

tl # ^ # CHI CH2 CH3 CH4

1999 3 8 10 17 0.0 0.0 0.0 0.0
1999 3 8 10 18 0.0 0.0 0.0 0.0
1999 3 8 10 19 0.0 0.0 0.0 0.0
1999 3 8 10 20 0.0 0.0 0.0 0.0
1999 3 8 10 21 0.0 0.0 0.0 0.0
1999 3 8 10 22 0.0 0.0 0.0 0.0
1999 3 8 10 23 0.0 0.0 0.0 0.0
1999 3 8 10 24 0.0 0.0 0.0 0.0
1999 3 8 10 25 0.0 0.0 0.0 0.0
1999 3 8 10 26 0.0 0.0 0.0 0.0
1999 3 8 10 27 0.0 0.0 0.0 0.0
1999 3 8 10 28 0.0 0.0 0.0 0.0
1999 3 8 10 29 0.0 0.0 0.0 ' 0.0
1999 3 8 10 30 0.0 0.0 0.0 0.0
1999 3 8 10 31 0.0 0.0 0.0 0.0
1999 3 8 10 32 0.0 0.0 0.0 0.0
1999 3 8 10 33 0.0 0.0 0.0 0.0
1999 3 8 10 34 0.0 0.0 0.0 0.0
1999 3 8 10 35 0.0 0.0 0.0 0.0
1999 3 8 10 36 0.0 0.0 0.0 0.0
1999 3 8 10 37 0.0 0.0 0.0 0.0
1999 3 8 10 38 0.0 0.0 0.0 0.0
1999 3 8 10 39 0.0 0.0 0.0 0.0
1999 3 8 10 40 0.0 0.0 0.0 0.0
1999 3 8 10 41 0.0 0.0 0.0 0.0
1999 3 8 10 42 0.0 0.0 0.0 0.0
1999 3 8 10 43 0.0 0.0 0.0 0.0
1999 3 8 10 44 0.0 0.0 0.0 0.0
1999 3 8 10 45 0.0 0.0 0.0 0.0
1999 3 8 10 46 0.0 0.0 0.0 0.0
1999 3 8 10 47 0.0 0.0 0.0 0.0
1999 3 8 10 48 0.0 0.0 0.0 0.0
1999 3 8 10 49 0.0 0.0 0.0 0.0
1999 3 8 10 50 0.0 0.0 0.0 0.0
1999 3 8 10 51 0.0 0.0 0.0 0.0
1999 3 8 10 52 0.0 0.0 0.0 0.0

id ^ °i # # CHI CH2 CHS CH4

1999 3 8 10 53 0.0 0.0 0.0 0.0
1999 3 8 10 54 0.0 0.0 0.0 0.0
1999 3 8 10 55 0.0 0.0 0.0 0.0
1999 3 8 10 56 0.0 0.0 0.0 0.0
1999 3 8 10 57 0.0 0.0 0.0 0.0
1999 3 8 10 58 0.0 0.0 0.0 0.0
1999 3 8 10 59 0.0 0.0 0.0 0.0
1999 3 8 11 0 0.0 0.0 0.0 0.0
1999 3 8 11 1 0.0 0.0 0.0 0.0
1999 3 8 11 2 0.0 0.0 0.0 0.0
1999 3 8 11 3 0.0 0.0 0.0 0.0
1999 3 8 11 4 0.0 0.0 0.0 0.0
1999 3 8 11 5 0.0 0.0 0.0 0.0
1999 3 8 11 6 0.0 0.0 0.0 0.0
1999 3 8 11 7 0.0 0.0 0.0 0.0
1999 3 8 11 8 0.0 0.0 0.0 0.0
1999 3 8 11 9 0.0 0.0 0.0 0.0
1999 3 8 11 10 0.0 0.0 0.0 0.0
1999 3 8 11 11 0.0 0.0 0.0 0.0
1999 3 8 11 12 0.0 0.0 0.0 0.0
1999 3 8 11 13 0.0 0.0 0.0 0.0
1999 3 8 11 14 0.0 0.0 0.0 0.0
1999 3 8 11 15 0.0 0.0 0.0 0.0
1999 3 8 11 16 0.0 0.0 0.0 0.0
1999 3 8 11 17 0.0 0.0 0.0 0.0
1999 3 8 11 18 0.0 0.0 0.0 0.0
1999 3 8 11 19 0.0 0.0 0.0 0.0
1999 3 8 11 20 0.0 0.0 0.0 0.0
1999 3 8 11 21 0.0 0.0 0.0 0.0
1999 3 8 11 22 0.0 0.0 0.0 0.0
1999 3 8 11 23 0.0 0.0 0.0 0.0
1999 3 8 11 24 0.0 0.0 0.0 0.0
1999 3 8 11 25 0.0 0.0 0.0 0.0
1999 3 8 11 26 0.0 0.0 0.0 0.0
1999 3 8 11 27 0.0 0.0 0.0 0.0
1999 3 8 11 28 0.0 0.0 0.0 0.0
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±E 1.9 3## ^ (2) Monitoring System Data

(1999M 3# 8"W 9A1 52r~104 16^)

y 1 *} -Sr CHI CH2 CH3 CH4 id € «J *} & CHI CH2 CHS CH4

1999 3 8 9 5 0.0 0.0 0.0 0.0 1999 3 8 9 41 0.0 0.0 0.0 0.0
1999 3 8 9 6 0.0 0.0 0.0 0.0 1999 3 8 9 42 0.0 0.0 0.0 0.0
1999 3 8 9 7 0.0 0.0 0.0 0.0 1999 3 8 943 0.0 0.0 0.0 0.0
1999 3 8 9 8 0.0 0.0 0.0 0.0 1999 3 8 944 0.0 0.0 0.0 0.0
1999 3 8 9 9 0.0 0.0 0.0 0.0 1999 3 8 9 45 0.0 0.0 0.0 0.0
1999 3 8 9 10 0.0 0.0 0.0 0.0 1999 3 8 9 46 0.0 0.0 0.0 0.0
1999 3 8 9 11 0.0 0.0 0.0 0.0 1999 3 8 947 0.0 0.0 0.0 0.0
1999 3 8 9 12 0.0 0.0 0.0 0.0 1999 3 8 9 48 0.0 0.0 0.0 0.0
1999 3 8 9 13 0.0 0.0 0.0 0.0 1999 3 8 949 0.0 0.0 0.0 0.0
1999 3 8 9 14 0.0 0.0 0.0 0.0 1999 3 8 9 50 0.0 0.0 0.0 0.0
1999 3 8 9 15 0.0 0.0 0.0 0.0 1999 3 8 9 51 0.0 0.0 0.0 0.0
1999 3 8 9 16 0.0 0.0 0.0 0.0 1999 3 8 9 52 0.0 0.0 0.0 0.0
1999 3 8 9 17 0.0 0.0 0.0 0.0 1999 3 8 9 53 0.0 0.0 0.0 0.0
1999 3 8 9 18 0.0 0.0 0.0 0.0 1999 3 8 9 54 0.0 0.0 0.0 0.0
1999 3 8 9 19 0.0 0.0 0.0 0.0 1999 3 8 9 55 0.0 0.0 0.0 0.0
1999 3 8 9 20 0.0 0.0 0.0 0.0 1999 3 8 9 56 0.0 0.0 0.0 0.0
1999 3 8 9 21 0.0 0.0 0.0 0.0 1999 3 8 9 57 0.0 0.0 0.0 0.0
1999 3 8 9 22 0.0 0.0 0.0 0.0 1999 3 8 9 58 0.0 0.0 0.0 0.0
1999 3 8 923 0.0 0.0 0.0 0.0 1999 3 8 9 59 0.0 0.0 0.0 0.0
1999 3 8 9 24 0.0 0.0 0.0 0.0 1999 3 8 10 0 0.0 0.0 0.0 0.0
1999 3 8 9 25 oo 0.0 0.0 0.0 1999 3 8 10 1 0.0 0.0 0.0 0.0
1999 3 8 9 26 0.0 0.0 0.0 0.0 1999 3 8 10 2 0.0 0.0 0.0 0.0
1999 3 8 9 27 0.0 0.0 0.0 0.0 1999 3 8 10 3 0.0 0.0 0.0 0.0
1999 3 8 9 28 0.0 0.0 0.0 0.0 1999 3 8 10 4 0.0 0.0 0.0 0.0
1999 3 8 9 29 0.0 0.0 0.0 0.0 1999 3 8 10 5 0.0 0.0 0.0 0.0
1999 3 8 930 0.0 0.0 0.0 0.0 1999 3 8 10 6 0.0 0.0 0.0 0.0
1999 3 8 9 31 0.0 0.0 0.0 0.0 1999 3 8 10 7 0.0 0.0 0.0 0.0
1999 3 8 932 0.0 0.0 0.0 0.0 1999 3 8 10 8 0.0 0.0 0.0 0.0
1999 3 8 9 33 0.0 0.0 0.0 0.0 1999 3 8 10 9 0.0 0.0 0.0 0.0
1999 3 8 9 34 0.0 0.0 0.0 0.0 1999 3 8 10 10 0.0 0.0 0.0 0.0
1999 3 8 9 35 0.0 0.0 0.0 0.0 1999 3 8 10 11 0.0 0.0 0.0 0.0
1999 3 8 9 36 0.0 0.0 0.0 0.0 1999 3 8 10 12 0.0 0.0 0.0 0.0
1999 3 8 9 37 0.0 0.0 0.0 0.0 1999 3 8 10 13 0.0 0.0 0.0 0.0
1999 3 8 9 38 0.0 0.0 0.0 0.0 1999 3 8 10 14 0.0 0.0 0.0 0.0
1999 3 8 9 39 0.0 0.0 0.0 0.0 1999 3 8 10 15 0.0 0.0 0.0 0.0
1989 3 8 9 40 0.0 0.0 0.0 0.0 1999 3 8 10 16 0.0 0.0 0.0 0.0
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5. 1.10 (2) Monitoring System Data

(1999^ 3-W 8^ 10^1 17^r-11^1 283r)

€ SM £

1999 3 8 9 5
1999 3 8 9 6
1999 3 8 9 7
1999 3 8 9 8
1999 3 8 9 9
1999 3 8 9 10
1999 3 8 9 11
1999 3 8 9 12
1999 3 8 9 13
1999 3 8 9 14
1999 3 8 9 15
1999 3 8 9 16
1999 3 8 9 17
1999 3 8 9 18
1999 3 8 9 19
1999 3 8 9 20
1999 3 8 9 21
1999 3 8 922
1999 3 8 9 23
1999 3 8 9 24
1999 3 8 9 25
1999 3 8 9 26
1909 3 8 927
1999 3 8 928
1999 3 8 9 29
1999 3 8 9 30
1999 3 8 9 31
1999 3 8 932
1999 3 8 933
1999 3 8 934
1999 3 8 935
1999 3 8 9 36
1999 3 8 9 37
1999 3 8 9 38
1999 3 8 9 39
1999 3 8 9 40

CHI CH2 CHS CH4

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
ao 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 010
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 . 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
oo 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

1 <3 4 e

1999 3 8 9 41
1999 3 8 9 42
1999 3 8 9 43
1999 3 8 9 44
1999 3 8 9 45
1999 3 8 9 46
1999 3 8 947
1999 3 8 948
1999 3 8 949
1999 3 8 9 50
1999 3 8 9 51
1999 3 8 9 52
1999 3 8 953
1999 3 8 9 54
1999 3 8 9 55
1999 3 8 9 56
1999 3 8 9 57
1999 3 8 958
1999 3 8 959
1999 3 8 10 0
1999 3 8 10 1
1999 3 8 10 2
1999 3 8 10 3
1999 3 8 10 4
1999 3 8 10 5
1999 3 8 10 6
1999 3 8 10 7
1999 3 8 10 8
1999 3 8 10 9
1999 3 8 10 10
1999 3 8 10 11
1999 3 8 10 12
1999 3 8 10 13
1999 3 8 10 14
1999 3 8 10 15
1999 3 8 10 16

CHI CHS CHS CH4

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
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y € iM T CHI CH2 CH3 CH4

1999 3 8 10 17 0.0 0.0 0.0 0.0
1999 3 8 10 18 0.0 0.0 0.0 0.0
1999 3 8 10 19 0.0 0.0 0.0 0.0
1999 3 8 10 20 0.0 0.0 0.0 0.0
1999 3 8 10 21 0.0 0.0 0.0 0.0
1999 3 8 10 22 0.0 0.0 0.0 0.0
1999 3 8 10 23 0.0 0.0 0.0 0.0
1999 3 8 10 24 0.0 0.0 0.0 0.0
1999 3 8 10 25 0.0 0.0 0.0 0.0
1999 3 8 10 26 0.0 0.0 0.0 0.0
1999 3 8 10 27 0.0 0.0 0.0 0.0
1999 3 8 10 28 0.0 0.0 0.0 0.0
1999 3 8 10 29 0.0 0.0 0.0 0.0
1999 3 8 10 30 0.0 0.0 0.0 0.0
1999 3 8 10 31 0.0 0.0 0.0 0.0
1999 3 8 10 32 0.0 0.0 0.0 0.0
1999 3 8 10 33 0.0 0.0 0.0 0.0
1999 3 8 10 34 0.0 0.0 0.0 0.0
1999 3 8 10 35 0.0 0.0 0.0 0.0
1999 3 8 10 36 0.0 0.0 0.0 0.0
1999 3 8 10 37 0.0 0.0 0.0 0.0
1999 3 8 10 38 0.0 0.0 0.0 0.0
1999 3 8 10 39 0.0 0.0 0.0 0.0
1999 3 8 10 40 0.0 0.0 0.0 0.0
1999 3 8 10 41 0.0 0.0 0.0 0.0
1999 3 8 10 42 0.0 0.0 0.0 0.0
1999 3 8 10 43 0.0 0.0 0.0 0.0
1999 3 8 10 44 0.0 0.0 0.0 0.0
1999 3 8 10 45 0.0 0.0 0.0 0.0
1999 3 8 10 46 0.0 0.0 0.0 0.0
1999 3 8 10 47 0.0 0.0 0.0 0.0
1999 3 8 10 48 0.0 0.0 0.0 0.0
1999 3 8 10 49 0.0 0.0 0.0 0.0
1999 3 8 10 50 0.0 0.0 0.0 0.0
1999 3 8 10 51 0.0 0.0 0.0 0.0
1999 3 8 10 52 0.0 0.0 0.0 0.0

y € 4 CHI. CH2 CHS CH4

1999 3 8 10 53 0.0 0.0 0.0 0.0
1999 3 8 10 54 0.0 0.0 0.0 0.0
1999 3 8 10 55 0.0 0.0 0.0 0.0
1999 3 8 10 56 0.0 0.0 0.0 0.0
1999 3 8 10 57 0.0 0.0 0.0 0.0
1999 3 8 10 58 0.0 0.0 0.0 0.0
1999 3 8 10 59 0.0 0.0 0.0 0.0
1999 3 8 11 0 0.0 0.0 0.0 0.0
1999 3 8 11 1 0.0 0.0 0.0 0.0
1999 3 8 11 2 0.0 0.0 0.0 0.0
1999 3 8 11 3 0.0 0.0 0.0 0.0
1999 3 8 11 4 0.0 0.0 0.0 0.0
1999 3 8 11 5 0.0 0.0 0.0 0.0
1999 3 8 11 6 0.0 0.0 0.0 0.0
1999 3 8 11 7 0.0 0.0 0.0 0.0
1999 3 8 11 8 0.0 0.0 0.0 0.0
1999 3 8 11 9 0.0 0.0 0.0 0.0
1999 3 8 11 10 0.0 0.0 0.0 0.0
1999 3 8 11 11 0.0 0.0 0.0 0.0
1999 3 8 11 12 0.0 0.0 0.0 0.0
1999 3 8 11 13 0.0 0.0 0.0 0.0
1999 3 8 11 14 0.0 0.0 0.0 0.0
1999 3 8 11 15 0.0 0.0 0.0 0.0
1999 3 8 11 16 0.0 0.0 0.0 0.0
1999 3 8 11 17 0.0 0.0 0.0 0.0
1999 3 8 11 18 0.0 0.0 0.0 0.0
1999 3 8 11 19 0.0 0.0 0.0 0.0
1999 3 8 11 20 0.0 0.0 0.0 0.0
1999 3 8 11 21 0.0 0.0 0.0 0.0
1999 3 8 11 22 0.0 0.0 0.0 0.0
1999 3 8 11 23 0.0 0.0 0.0 0.0
1999 3 8 11 24 0.0 0.0 0.0 0.0
1999 3 8 11 25 0.0 0.0 0.0 0.0
1999 3 8 11 26 0.0 0.0 0.0 0.0
1999 3 8 11 27 0.0 0.0 0.0 0.0
1999 3 8 11 28 0.0 0.0 0.0 0.0
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2. Gas Monitoring System Program

< PROGRAMMING LIST OF GAS MONITORING SYSTEM >

/*-

j 1998. 7.12. CALIBRATION EDIT "A PRINT ROUTINE 3 3 |

1 *** 1998, 7.12. LCD2.C 99 , LCD3.C 39 , CONFIG MENU 9 71 1
l
I **s 1998. 7.19. LC03.C 9 9 , LC0< .C 3 9 . AD DATA PRINT 9 7) |

[ *** 1998. 7.25. LC05.C 9 9 . LC06.C 3 9 1
5 9 3 GRAPHIC PRINT 3 3 5 2- 5 PROG RAH A |

j XXX 1998. 7.25. : LCD6.C 9 9 , LC07.C 39.9 9 PROG RAH 9 7) |

1998. 7.28. J XOCAS.C PROGRAM g S. |

I XXX
»_____

1993. 7.28. : KOGAS.C 9 9 , SCREEN PRINT 9 7} [

0 0 N G X W A N G
GAS MONITORING SYSTEM

DongXvang Sentec Co..Ltd.
1998. 7.

<< A/0 Oils Pointer K BscXOp 9 * >>

* «l * 7| 1} 9 9 (No_Inlt Hc.oryH 9 q g A S A/O A| y g *| »
* »l * 7| 1) 5 9 (No_Inlt HemoryM g 4 t*A8 A/B 0»U J| * M ”
* »l 5. 7| 1) 5 9 (No_Init Me.oryH 2j H 3 Al.rm Lilt Code* *| 5

* A/D D.ti 8” i>I (BsckJJp Hemory 5 3 )
- Bs.ck_Op Address OOOOOH- 707FFH ( 0- <60799 ) - <50 KByte
-15 etl a. A/0 Dets 3 5 ( % X 10 ) .
- 605 X 2U| y x 3211 X (<CHX 2Syte+AUrm_lByte+ Error_lByte)
- Dsts Structure (lOByte, 55 3 5 Osts. Pointer^ 3 21 Offset)

0 1 i i 2 1 3 I < i S 1 S 1 7 1 8 1 9 1

CH_1 CH_1 CH_2 CH_2 CH_3 CH_3 CH_< CH_< ALARM ERROR
LOV HIGH LOV HIGH LOV HIGH LOV HIGH LIST CODE
BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE HUH HUM

- Altrs List Number ,---,--- ,--- ,--- ,--- ,--- ,--- ,--- ,
b7 : Bull DATA | b7 | b6 | bS | b<| b3 | b2 | bl 1 bO |
b5—bO : A lire List Humber 1-- 1--- 1--- 1--- 1--- 1--- 1--- 1--- 1

- Error Code Number
I 1 I----- 1----- 1------- 1------ 1 1 I
| b7 | b6 | bS | b< | b3 | b2 | bl I bO |
| CH_<| CH_<| CH_3| CH_3| CH_2| CH_2| CH_1| CH_1I
I AL_H| AL_Lj AL_H| AL_L| AL_H j AL_L| AL_K | AL_L j
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AL_H | AL_L | RESULT

J- +
| 0 | 0 | Ko Alarm
I 01 l I Low Alarm
| 1 | 0 | High Alarm
| 1 | 1 | Heater Alarm
i i i;

* Alarm List ^ 5? ? Z
- Alarm List?} 647| o| y »J o| fe. *| y * e| g a| ( % x 10 )
- S4X 4CHX (Alarm_Hlgh_2Byte-f-Al»rm_Low_2Byte) = 1KByte
- Data Structure (8 Integer, £ X} c Alarm Pointer^ 4 2) Offset)

r t i i i i r i i
I o I 1 I 2 I 3 I A I 5 I S I 7 I
t —»i i i i i i l

CH_i CH_1 CH_2 CH_2 CH_3 CH_3 ■ CH_4 CH„4
ALHI ALLO ALHI ALLO ALHI ALLO ALHI ALLO

• ALHI : HIGH ALARM 
« ALLO : LOW ALARM

^include <KOCAS.H>

unsigned char dummy,
prtcval, 
oldkey, 
usrmode, 
cmode, 
fmode, 
gmode, 
Imode, 
aaode, 
sxmode, 
symode, 
model, 
pmode, 
adflg, 
clmode, 
clrun, 
adcompl, 
adupdate, 
adenable, 
cursor, 
cursor!,
chsel;

unsigned char ca, cb, cc, cd, ce, cf, eg, ch, 
oldsec, rf, pointer, Incdec, 
ummode, umrun, uma, umb, use, uch

// PRTC Port Data 
// Old Key Scan Code
// CDser Menu Mode, 0:CRAPH/1:OSERMENO 
// graphic Change Mode, 0:BAR/1:LINEAR 
// unit Function Mode, 0:X/1:PPM 
tf Graphic control Mode, 0:CHANNEL/1:SCAL2 
// graphic Log scale Mode, 0:NORMAL/1:LOG 
li Alarm edit Mode, aaode:0"7 
Jt linear graph X„axls time Scale Mode :0"6 
// linear graph 7_axis range Scale Mode :0“3 
// graphic mode change flag
// Previous unit function Mode, fmode2| % 4 4 ®
// linear graph A/D channel select Flag, lov nibble
// Calibration Mode menu counter :0~4
ft Calibration RON status, 0:QFF/1:R0N
it A/D Complete Flag
// A/D Time Update Flag
// A/D Write Enable Flag
ft CURSOR flickering timer
// CURSOR flickering change Flag
// linear graph CHannel Select counter

// main* 4 4 5 4c 5 5 Register
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unsigned char 
unsigned int

unsigned int 
unsigned int 
unsigned int 
unsigned long 
float
unsigned int 
unsigned char

key, cpnt, oldmin, sysbuf, *aptr, *bptr, *cptr;
tent, // external interrupt Time Counter for A/D
hsotiaer, // High Speed Timer for softvare„timer
tmrZcount, // timerZ counter value
claps; // timer counter for KLAPSed^tlmer
count, buffi, la, ib, lc, dlymsec, rent, bfent, bfstart;
xent, aw, ax, ay, az;
PTS_AD„Table[8][2]; // PTS A/D command table
•tadr, cuadr, bfpnt;
fa,fb,fc, adf[4], fbuf; •

unsigned int

unsigned int 
unsigned long 
unsigned char 
unsigned int

unsigned int 
unsigned Int 
int
unsigned char

cyear; 
emonth, 
eday,

cainute; 
edata, 
calarm, 
adresult[16], 
adbuffer[8], 
addata[8], 
alarmdata[54] [ 4 ] [ 2 ]
Ibuf, ibufl, ibuf2; 
lbuf, Ibufl, lbuf2; 
buf[80]; 
cal[4][102], 
heater[8]; 
adi[4], ado[4], ayold[4], add[8]; 
al_cr[8], al_ol[8]; 
buff;
sva, exsec, svlsec,

// & % 3 ?!£ (1900- 2099)
// 3 4 9 d-12)
// 3 4 3 V4 (t— 31)
// 344 A|tt (0-23) 
it 34 4 £ (0-59)
// 3 4 4 A/D Data Memory 4 4 (0- 46079) 
// 344 Alarm Data 4 4 (0-63)
// PTS A/O Mode Scan/Data Table 
// A/D Data Buffer 
// 4 54 A/D Data 
// Alarm Data List 
// .Integer Buffers 
// Long integer Buffers 
// general purpose Buffer Array 
// Calibration Data Table 
// Heater Error Range

altype, airly, // Alarm Output Type
phtiaa[<]; // PreHeating Timer

unsigned long adaddr, adadbf;
unsigned int addrbf;
unsigned char altcur, adadrf[3J, readal, readerr;
unsigned int raadad[4];
unsigned char I prt, // Print Mode Flag

fcoa. // Communication Mode Flag
rtxtiaa, // Rx/Tx Delay Limit Time
txbut(40], // Transmittion Data Buffer
rxbuf[30], // Receive Data Buffer
rxstep, // Rx Command Step
rxmode, // Rx Command
txent, // Tx Byte Number
txptr, // Current Tx Byte Pointer

- _ _ ---------------------------------------.... . . ', V''?'7J7^7“7



txlcnt, . // Tx Line Counter
csum; // Checksum

unsigned int ria, rib, ric, rid, // General
rile // Length
ris, // Start
ric; if End

unsigned long ria, rib, ric, rid, ria; // General */
unsigned char freal, // 1:Screen Print Mode, 0:A/D Save Mode

frealcyc. // l:Drav Over 1Cycle
realstp; // A/D Save Step

unsigned int realptr, // A/D Save Pointer (SByte Step)
realaax, H A/D Save Max Pointer
realcnt; H A/D Save Current Counter

unsigned char brmode, it Bar Graph Range Mode (100, 50, 25, 10)
prmode; // previous range mode

float bscale; // Log Scale X ^

typedef struct date_t(
unsigned char sainute,

shour,
sday,
smooth;

unsigned int syear;
}Datebuff; 

Datebuff Bydate;

typedef struct ADseanTran_ptscb_t( 
unsigned char ptscount; 
unsigned char ptscon;
▼old *pts_sd; 
unsigned Int ptsdst;
Int :16;

) ADscanTran„ptscb;

/pragma »e»ory=dataseg(PTSYEC) 
ADscanTranwptscb ADscan_C8_l; 
/pragma memory=default

const unsigned char BLAKK[] = " 
const unsigned char AL_L0(1 = "LOW : 
const unsigned char AL_HI[] = "HIGH: 
const unsigned char 0_X10(J = "xlO"; 
const unsigned char U_PPM[] * "PPM"; 
const unsigned char GSCALfJ = "SCALE 
const unsigned char 0CHAN[] » "CHANT.1 
const unsigned char SBLNXfl * *

X"
X"
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const unsigned char SPERCt] =
const unsigned char NCH1[] -
const unsigned char NCH2[] »
const unsigned char NCH3[] =
const unsigned char NCH4[] =
const unsigned char BCH1[] =
const unsigned char BCH2[]
const unsigned char BCH3[] ■
const unsigned char BCH4[] =
const unsigned char MINU3[] -
const unsigned char MINU4[] -
const unsigned char HEAT[] '• 1
const unsigned char CALMOf] -
const unsigned char CALMI[] -
const unsigned char CALM2[] =
const unsigned char CALM3U -
const unsigned char CALM4[] -
const unsigned char CALMSH =
const unsigned char PVAITf ] -
const unsigned char STORGH -
const unsigned char MEASR[] -
const unsigned char MILIAf] =
const unsigned char MILIVH »
const unsigned char PCLM1[] -
const unsigned char PCLM2[] -
const unsigned char CRLF[) -
const unsigned char EBLKf] -
const unsigned char BERRH -
const unsigned char DSRMO[] -
const unsigned char USRHIH -
const unsigned char USRM2[] -
const unsigned char 0SRM3H ■
const unsigned char USRM4[] -
const unsigned char 0SRM5H ■
const unsigned char USRM6H =
const unsigned char ERRX[] -
const unsigned char ERRHf ] =
const unsigned char ERRLH -
const unsigned char ERRE[] =

* %

* CHI " 
" CH2 • 
’ CH3 *
* CH4 ’ 
■[CHI]" 
"[CH2]" 
"[CH3]" 
"[CH4]"

HEAT";
"CALIBRATION MEND";
"1. HEATER CALIBRATION ";
"2. CHANNEL CALIBRATION "j
*3. EDIT CALIBRATION TABLE 
"4. PRINT CALIBRATION TABLE”;
'5. QUIT MEND ";
•WAIT FOR PREHEATING : SEC";
"STORAGE";
"MEASUREMENT";
"(*A)“; '•
"(mV)";
"X-12345X";
"«PJL ENTER LANGUAGE - PCL"; 
{0x0d,0x0»,0];
" '

"USER MENU";
"1. CALENDAR/CLOCK SETUP ";
"2. ALARM OUTPUT SETUP ";
*3. CALIBRATION TABLE PRINT";
"4. STORAGE GAS DATA PRINT ";
"5. ALARM DATA TABLE PRINT ";
"6. QUIT ’;
" X ";
”K~";
"-L-";

const unsigned char KET_TABLE[16] = 0x011, // k=y_l RPM/X
0x012, // key_2 BAR/LINE
0x014, // key_3 NOR/LOG
0x018, II key_4 CH/SC
0x021, // key_5 T
0x022, II key_6 *-
0x024, // k=y_7 -*
0x028, U key_8 1
0x041, )/ k.y_9 ALARM
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0x042, // key_10 MODE
0x044, // key_ll ENTER
0x048, // key_12 PRINT
0x081, II key_13 X
0x082, // key_14 X
0x084, // key_15 X
0x088 };// key_16 X

const unsigned char LOGSC[5][6] = { [100, 60, 30, 15, 5, 1). // 100%
{ 50, 30, 20, 10, 4. 1), // 50%
{ 25, 18, 12, 6, 3. 1), // 25%
( 10, 8, 6. 4. 2, 1), // 10%
C 3, 5, 7, 9, 12}};// Row

/*•

***** MATH S =

void main(void)
c

IO_PORT2.5=l; 
IO_PORT2.5=0; 
sysinit(); 
while(1){

I0_P0RT2.5=1; 
IO_PORT2.5=0; 
if(lusraode){

// sy*tea initialize

-*/

/*-

LINEAR GRAPHIC DISPLAY MODE

------------------------------------------------------------------------------- */
if(csode){ // linear graph mode redrawing

i f (sxaode==0) sxaode=5; 
hoae()i
sprint(chsel*8+3,14, ">")j 
charcont(2);
if(adflg&OxOl 44 !phtiae[0]) sprint(4,14,(char *)NCH1); 
if(adflg40x02 44c !phtiee[l]) sprint(12,14,(char *)HCH2); 
if(adflg40x04 44 !phtiae[2]) sprint(20,14,(char *)KCH3)i 
if(adflg40x08 44 !phtiae(3]) sprint(28,14,(char *)NCH4); 
charcont(O);
if(!(adflg40x01) || phtiae(0]) sprint(4.14,(char *)BCH1); 
if{!(adflg40x02) || phtiaefl]) sprint)12,14,(char *)BCH2); 
if(!(adflg40x04) !! phtime[2() sprint(20,14,(char *)BCH3);
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LINELP:

if(!(adflgt0x08) 11 phti«e[3]) sprint(28,H,(char *)BCH4);
if(adflglOxlO)(

charcont(2);
sprint(38,14,(char *)0CHAH);
charcont(O);
sprint(36,15,(char *)GSCAL);

}
else{ .

charcont(2);
sprint(36,15, (char *)0SCAL);
charcont(O);
sprint(36,14,(char *)0CHAH);

}
if(nodef){

fillboxd,1,320,208,0);
switch(sxeode){

case 0: syaode=l;
case 1; tcnt=60;

break;
case 2: tcnt=12;

break;
case 3: tcnt=6;

break;
case 4: tcnt=3;

break;
case 5: tcnt=l;

' break;
)

xcnt=0;
svitch(sxBode)(

case 5: realstp=l;
realsax=1920; 
break;

case 4: realstp=l;
realmax=3840; 
break;

case 3; realstp=l;
real»ax=11520;
break;

case 2: realstp=2;
reaiaax=11520;
break;

case Is realstp=8;
realnax=14400;
break;

default: sxaode=5; .
syaode=l; 
realstp=l; 
real»ax=1920; 
break;

// Graph Clear

It step 1/32 SEC 
// 60SEC X 32 (SBrte Step)

U step 1/32 SEC 
// 120SEC X 32 (SByte Step)

// step 1/32 SEC 
// 360SEC X 32 (8Byte Step)

// step 1/16 SEC 
// 720SEC X 16 (SByte Step)

// step 1/4 SEC 
// 3600SEC X 4 (88yte Step)

// ?????????????
// 77???????????
// step 1/32 SEC 
// 60SEC X 32 (8Byte Step)
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)

realptr=0; 
realptr=0; 
realcnt=0; 
realcnt=0;
frealc/c=0; // Cycle Restart
freal=0; // Real A/D Save Mode
sprint (2,1, "X" J;
dravllne(28,12,28,183,1); //#& 4H 7| 5 (H
drawline(28,183,283,183,1); //#a *3 7| 5 ti
for(ca=0;ea<=10;ca++){ 

ib=ca*16+23;
dravline (25 , ib, 28 , lb, 1); // ^
If(!(caX2)){

svitch(sy»ode)f
case 0: lprintf1,2+ca,"X3",100-(ca*10)); 

break;
ease 1; lprintfl ,2+ca,*X3" ,50-(ca*5)); 

break;
case 2: lprint(1,2+ca,"X3",25-(ca*2.5)); 

break;
case 3: lprint(1,2+ca,"X3",10-ea); 

break;
}

)

>
if(sxnodeX2){

for(ca=0;ca<=6;ea++)( 
ib-ca*40+28;
dravline(ib,183,ib,186,1); // 42 a)a it?
if(£(caX2))(

if(sxaode==3) lprint((int)(ib/8),13,"X2",ca); 
else lprint((int)(ib/8),13,"X2",ea*10);

)

)

)
else)

for(ca-0;ca(=8;ca++)( 
ib=ca*30+28;
drawline(ib,183,ib,186,1); // 43 5) i =
if(!(caX2))(

if(sx»ode==2) lprint((int)(ib/8),13,"X2",(int)(ca*3/2)); 
else lprint((int)(ib/8),13,”X3",ca*15);

) .

)
)
if(sx»ode>3) sprint(37.12,"SEC"); 
else sprint(37,12,"MIR");

)
vhile(l)f
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key=kscan(0);

sviteh(key){

case 2:
hoae();
esode=0; // bar graphic mode
Bodef=l; // mode change
tcnt=l;
freal=l; // Disable Real A/D Save Mode
break;

ease 4:
If(geode){ 

gaode=0; 
adflgl=OxOf; 
eharcont(2);
sprint(36,lS,(char *)0SCAL); 
eharcont(0);
sprint(36,14, (char *)CCHAH);

}

elsef
geode=l; 
adflg|=0xl0; 
eharcont(2);

sprint(36, 14,(char SJCCHAK); 
eharcont(0);
sprint(36,15,(char *)0SCAL);

) . 
break; 

case 6;
i f (gmoda)(

sprint(chsel«8+3,14,* "); 
lf(chsel) chsel—; 
else ehsel=3; 
sprint(chsel*8+3,14,">’);

}
else(

sxeode++;
if(sxaode>5)sxeode=5; 
else goto LIHELP;

}
break; 

case 7:
if(geode)(

sprlnt(chsel*8+3,14," ■); 
chselte;
if(chsel>3) chsel=0; 
sprint(chsel*8t3,14,*>");

}
else{

if(sxeode){ 
sxBode—;
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if(sx*ode<l)sxeode=l; 
else goto LIKELP;

}
}
breaki 

case 5:
if(geode) goto G128; 
el»e{

if(sjreode){ 
sjeode— j 
goto LIHSLP;

}
}
break; 

case 8:
if(geode){

0128: svitch(chsel)(
case 0:

if(phtiee(O)){ 
cbarcont(O);
sprint(4,14,(char *)8CH1);

)

el«e(
if(adfIglOxOl)( 

adfIg4=0x0fe; 
charcont(O)|
sprint(4,14,(char *)BCH1);

)

else(
adflg!=0x01; 
charcont(Z);
sprint(4,14,(char *)HCH1); 
charcont(O);

)

)

break; 
case 1:

if(phtlee[1])(
charcont(O); •
sprint(12,14 ,(char *)BCH2);

)
else(

if(adfIg40x02){ ■
adflgl=0x0fd; 
charcont(O);
sprint(12,14,(char *)BCH2);

)
else(

adflg1=0x02; 
charcont(2);
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sprint!12,14,(char *)HCH2); 
charcont(O);

}
}
break; 

case 2:
if(phti»e[2]){ 

charcont(O);
sprint(20,14,(char *)BCH3);

}
else{

if(adflgt0x04)(
adflgi=0x0fb;

' charcont(O);
sprint(20,14,(char *)BCH3);

}
else(

adflg1=0x04; 
charcont(2);
sprint(20,14,(char *)NCH3); 
eharcont(O);

} '
}
break; 

case 3:
if(phtise[3]){ 

charcont(O);
sprint(28,14,(char *)BCH4);

)
else{

if(adflgl0x08)( 
adtlglc=0x0f7; 
chareont(O);
sprint(28,14,(char *)BCH4);

}
else(

adfIg|=0x08; 
charcont(2);
sprint(28,14,(char *)HCH4); 
charcont(O);

}
}
break;

)
}
elsef

syaode+t;
if(syeode>3)syaode=3; 
else goto LI8ELP;

)
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break; 
case 10: // Mode Key Select Config Mode

if(Igeode){ 
usr*dde=l;
freal=l; // Disable Real A/D Save Mode

}
break;

case 12: // Print Screen
if(!fcoa)[ 

fprt=l;
freal=l; // Real A/D Print Mode
charcont(2);
sprint(10,5," GRAPHIC SCREEN PRINT "); 
charcont(O);
Real_AD_Print{);
fprt=0;
goto LINELP;

>
else(

charcont{2);
sprint(4,5,"CAN’T PRINT BECAUSE COMMUNICATION.");
charcont(O);
dot;)vhile(’kscan(O));
goto LINELP;

}
break;

}

if(usraode) break; 
if(icsode) break; 
if(adcoapl){

for(ca=0;ca<4;cat♦) adi[ca]=addata[ca);
adcospl=0;
for(ca=0;ca<4;catt)(

adf[caj*(float)aditcaJ/10.00; 
if(phtlae[ca])(

If(altcur>50) charcont(2); 
sprint(ca*8+4,15,(char*)HKAT); 
charcont(O);

1
}
if (! (tcntX8)) { //S.’S 4$l Display

cd=0x01;
for(ea=0;ca<4;ca++)( 

if(phti»e(ca]){ 
switch(ca)(

case 0: aptr=(char*)BCHl; 
break;

ease 1: aptr=(char*)8CH2; 
break;

case 2: aptr=(char*)BCH3;
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break;
eaae 3: aptr=(char*)BCH4; 

break;
}

sprint(ca*8+4,14,aptr);
}
elsef

iffadfLg&cd){ ‘
svitch(ca){

ease 0: aptr=(char*)NCHl; 
break;

case 1; aptr=(char*)KCH2; 
break;

case 2: aptr=(ehar*)HCH3; 
break;

case 3: aptr=(char*)KCH4;
. break;

}

charcont(2); 
sprint(ca*8+4,14,aptr); 
charcont(O);
fprint(ca*8*4,15,"12.1*,adf[ca]); 
sprlnt(ca*8t8,15,*X*);

}
else{

svitch(ca){ •
case 0: aptr=(char*)BCHl; 

break;
case 1: aptr=(char*)BCH2; 

break;
case 2; aptr=(char*)BCH3; 

break;
case 3; aptr»(cbar*)BCH4; 

break;
)

• sprint(ca*8+4,14,aptr); 
sprint (ca*8+4,15, (char*)HIHU3);

}

)
cd<<=l;

}
}
if(tcnt==0){

*cntt>;
If (xcnt>=240) ( // linear graphic 2 2 Jf c 4 .

dravline{269,17,269,182,0); /* clear dot line */ 
drawline(30,17,30,182,0); /* clear guard line */
xcnt=0;
frealcyc=l; // Over 1 Cycle
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Tertdot(30+xcnt,17,3,165,1); /* draw guard line */
dr&wllne(29+xcnt,17,29+xcnt,182,0); /* clear guard line */
dravline(31txcnt,17,31+xcnt,182,0); /* clear guard line */
drawline(32txcnt,17,32*xcnt,182,0); /* clear guard line */
switch(sxeode)(

ease 0: symode=l; 
case Is tcnt=480; 

break;
case 2: tcnt=96; 

break;
case 3: tcnt=48; 

break;
case 4: tcnt=16; 

break;
case 5: tcnte8;

break;
)
switch{sy*ode){ 

case 0: cb=100;
break; 

case 1: cb=50;
break; 

case 2: cb=25;
break; 

case 3: cb=10;
break; •

}
)

cc=0x0l;
for(ca=0 ;ca<4 ;ca») ( 

if(adflg k cc){
ay=(unsigned int)(adffca1*160.0/(float )cb); 
if(ay>160) ay=165; 
pixel(29+xcnt,182-ay,1);

}
cc=(cc<<l)&0x0fe;

}
if (adf [0]*10>al__cr[0]) alrly|=0x01; 
else if(taltype) alrlyl=0xfe; 
if(adf[0]*10>al_cr[1]) airly|=0x02; 
else if( laltype) airly&=0xfd; 
if(adf[l]*10>al_cr[2]) alrlyi=0x04; 
else if(laltype) alrlyt=0xfb; 
if(adf[l]*10>al_cr[3}) alrly|=0x08; 
else If(laltype) alrlyi=0xf7; 
if(adff2)*10>al_cr[4]) alrly)=0xl0; 
else if(laltype) alrly*-0xef; 
if(adf[2]*10>al_cr[5]) airly1=0x20; 
else if(laltype) alrly&=0xdf;
If(adf[3]*10>al_cr[6]) airly|=0x40;
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/*------------------------------------------
| ***** HEATER CALIBRATION

u */
void Heater_Calib_Hode(void)(

unsigned char caa, cab, cac, cad, chc, chflg;
char Sxptr; 
chflg=0x0fj
caa=l; .
cab=l;
cac=0;
cad=0i
tcnt=8;
sdprint (1,1,"HEATER CALIBRATION*) j 
drawline(1,39,320,33,1); 
drawline(l,41,320,41,1J; 
sprint(4,4,"CAS DENSITY : NOT A
dravline(l,72,320,72,1); 
sprint(3,6,'->*); 
charcont(2);

NOT AVAILABLE*);
// Line

// all chnnel select
// REDISPLAY FLAG
// Shift Counter
// General Counter
// Select Arrow
// A/D Display Period 250aSEC
//Title
// Double Line

// Reverse Channel Character
sprint(5,5,(char*)NCHl); 
sprint(15,6,(char*)NCH2); 
sprint(25,8,(char*)NCH3); 
sprint(35,6,(char*)NCH4); 
charcont(O); 
horidot(1,104,4,320,1); 
sprint(2,8,(char*)STORG);
*print(10,8,(char*)MILIA); 
horidotd.158,4,320,1); 
sprint(2,12,(char*)HEAS8); 
sprint(14,12,(char*)MlLIA); 
do(

if(caa)(
for(c*c=0;cac<4;cactt) ldprlnt(cac*5+l,33,*X4",(unsigned long)cal[cac](101]); 
caa=0;

)
chc=kscan(0);
switch (chc) [

case 4: cab=I;
cab<<=cad; 
if(chflg 1 cab)( 

chflg4=("cab); 
charcont(O); 
switch(cad)(

case 3: xptr=(char*)BOI4; 
break;

case 2; xptr=(char*)BCH3; 
break;

case 1: xpt r=(char*)BCH2; 
break;
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else 0:
default: xptr=(char*)BCH1;

' break;
)
sprint(cad*10+5,5,xptr);

}
else(

chflg[=cab; 
charcont(2); 
switch(cad){

ease 3: xptr=(char*)NCH4 i 
. break;

case 2: xptr=(char*)HCH3; 
break;

ease 1: xptr=(char*)HCH2; 
break;

case 0:
default: xptr=(char*)NCHl; 

break;
)
sprint(ead*10+5,6,xptr); 
charcont(O);

}
eaa=l; 
break;

case 6: sprint(cmd*10+3,5," “);
if(cad) cad—; 
else emd=3;
sprint(cad*10t3,6,"->*); 
break;

case 7: sprint(cadaiO+3,5," ’);
cad++;
if(cad>3) cad-0; 
sprint(cad*10+3,6,*->"); 
break; '

ease 11: vhile(ladcoapl)( "
IO_PORT2.5=l; //vatch dog refresh
IO_PORT2.5=0;

}

cab=l;
for(cac=0;cac<4;cac++)(

ifichflg 1 cab) cal[cac][101]=adbuffer[eact4]; 
cab<<=!;

)
adcoapl=0; 
caa=l; 
break; 

default: break;
}

if(adcoapl)(
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3. Jl7| Program

; 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

ioportO

empty- portO 1st
empty portO 2nd
reset to sub portO 3rd
hold to sub portO 4th
BZ SPOT portO 5th
Trouble SPOT portO 6th
A12 SPOT portO 7th
All SPOT portO 8th

ioport2

empty port2 1st
AS port2 2nd
AR port2 3rd
Alarm Reset port2 4th
Trouble input port2 5th
BZ port2 6th
Alarm2 port2 7th
Alarml port2 8th

ioportl define
POWER equ pl.O
AL1 equ pl.l
AL2 equ pl.2
TROUB equ pl.3
BZLAMP equ pi.4
BUZZER equ pl.5
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SPDIS equ pl.7

ioportO define
;PORTO equ 8001h
BUFFO equ 20h

ALLSPDT equ BUFPO.O
AL2_SPDT equ BUFP0.1
TRB_SPDT equ BUFP0.2
BZ_SPDT equ BUFP0.3
SUBJHLD equ BUFP0.4
SUB_RES equ BUFP0.5
; equ r0.6

equ i0.7

----- loporn aenne —
;PORT2 equ 8000h
BUFP2 equ 21h

equ BUFP2.7
AS equ BUFP2.6
AR equ BUFP2.5
ALJtES equ BUFP2.4

AL2_IN equ BUFP2.3
AL1JN equ BUFP2.2

TRB_IN equ BUFP2.1
BZ_IN equ BUFP2.0

; outputport

; inputport

°> < 'o' Variables define '1

BLINKSTAT equ 22h
BUNKTM1 equ 040h
BLINKTM2 equ 070h

BTNSTAT equ 24b
AR_STAT equ BTNSTAT.O
AS_STAT equ BTNSTAT.l
ALR_STAT equ BTNSTAT.2

BTN_NO equ 25h

- 243 -



AR_NO equ BTN_NO.O
AS_NO equ BTN_N0.1
ALRJNO equ BTN_N0.2

DELO equ 30h
DELI equ 31h
LOOP1 - equ 32h
LOOP2 equ 33b

org 0

jmp 40h

org 40h
call init

start:

setb POWER
mov p2, #0ffh
mov a, p2
mov BUFP2, i

djnz LOOP1, blinkOO 
mov LOOP1, #BLINKTM1
djnz LOOP2, blinkOO 
mov LOOP2, #BLINKTM2

mov a, BLINKSTAT
jz blinkOOO
mov BLINKSTAT, #0
jmp blinkOOl

blinkOOO:
mov BLINKSTAT, #1

blinkOOl:

blinkOO:

jmp blinkl
blinkO:



mov LOOPl, #BLINKTM1
mov LOOM, #BLINKTM2
mov BLINKSTAT, #1

blink V

startaO:
jnb AR, starta4
jnb AR_NO, startaS
clr AR_NO

setb AR_STAT
setb SUB_HLD
jmp startaS

starta4:
setb AR_NO

startaS:

startbO:
jnb AS, startb4
jnb ASJNO, startbS
jb AR_STAT, startbOOO
clr AS_NO

startbOOO:

jnb AR_STAT, startbS
setb SUBURBS
jmp startbS

startb4:
setb AS_NO
clr SUB_RES

startbS:

startcO:
jb AL_RES, startc4

; checking hush mode 
; setting hush mode

; jump if no hush
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jnb ALR_NO, startcS

jb AR_STAT, startcOOO
clr ALRJNO

startcOOO:

jb AR_STAT, startcOO
setb AR_STAT
setb SUB_HLD
jmp startcS

startcOO:
setb SUB_RES
jmp startcS

started
setb ALRJMO
jb AS, startcS
clr SUB_RES

startcS:

jb AL1_IN, startO
setb AL1_SPDT
jnb BLINKSTAT.O, startbOO
setb AL1
jmp startbOl

startbOO:
clr AL1

startbOl:
jmp startOl

startO:
clr AL1_SPDT
clr AL1

startOl:

jb AL2_IN, startl
setb AL2_SPDT
jnb BLINKSTAT.O, startblO
setb AL2
jmp startbll

startblO:
clr AL2

startbll:
jmp startlO

startl:
clr AL2_SPDT
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clr AL2
startlO:

jb BZ_IN, start2
setb BZ_SPDT
clr BZLAMP '
jnb TRB_IN, start200

jnb BUNKSTAT.O, startb20
setb BUZZER
jmp startb21

startb20:
clr BUZZER

startb21:
jmp start201

start200:
setb BUZZER

start201:

jmp start20
start2:

jnb AL1_IN, starte2
jnb AL2_IN, starte2
jnb TRB_IN, starte2
jmp starteS

starte2:
clr BUZZER
jnb BUNKSTAT.O, starte4
setb BZLAMP
jmp start20

started
clr BZLAMP

starteS
jmp start20

starteS:
clr AR_STAT
clr BZLAMP
clr BZ_SPDT
clr BUZZER
clr SUB_RES
clr SUB_HLD

start20:



jb TRB_IN, starts
setb TRELSPDT
jnb BLINKSTAT.O, startbSO
setb TROUB
jmp startbSl

startbSO:
clr TROUB

startbSl:
jmp startSO

starts:
clr TRB_SPDT
clr TROUB

startSO"-

mov a, BUFFO
mov pO, a

jmp start

init-
clr ie

clr AL1
clr AL2
clr TROUB
clr BZLAMP
clr BUZZER

setb SPDIS

clr AL1_SPDT
clr AL2_SPDT
clr TRB_SPDT
clr BZ_SPDT
clr SUB_HLD
clr SUB_RES

mov BTN_NO, #0
mov BTNSTAT, #0
mov BLINKSTAT, #0
mov LOOP1, #BLINKTM1
mov LOOP2, #BLINKTM2
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mov
mov

ret

delay:
mov

delay 1:
mov

delayZ:
nop
nop
nop
nop

djnz
djnz

ret

a, BUFFO 
pO, a

DELO, WfOh 

DELI, #0f0h

DELI, delay2 
DELO, delayl

end

a ^3.^

#include"sub.h"

#define MAXVALAD1016 
^define OFFSETAD 104 
#defme MAXVALV 
#define OFFSETV 
#define MAXPPM

#defme ADGAIN

#defme OFFSETA 
#define MAX V ALA 
#define MAXVALDA200

4.8751
0.5
50000

205.462

4
20



I0_P0RT3 = (byte *) Oxlffe; 
IO_PORT4 = (byte *) Oxlfff;

// IO_PORT3 = (byte *) OxfOOO;
// KX.PORT4 = (byte *) OxfOOl;

SP_CON=0x09;
BAUD_RATE=0xl5;
BAUD_RATE=0x80;

lecLoffO;
power_on();
trb_signal_off();
lcdJnitO;
bz_stat = OFF;
sysJnitO;

led_off();
power_on();

normaLmodeO; 
mode = 0; 
premode = 0; 
while(l){

power_chk=0;
/*************** switch input ***********/
IO_PORTl = IO_PORTl|OxfO;
jp_stat = ((IO_PORTl»4) |0xf0);
if (jp_stat&Ox02) jp_stat&=Oxfd;
else jp_statl=0x02",
if (jp_stat&0x08) jp_stat&=0xf7;
else jp_statl=0x08;

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

sw_stat = Oxlf;
temp = HSIJ3TATUS;
if (temp & 0x02) sw_stat &= Oxfe;
if (temp & 0x08) sw_stat &= Oxfd;
if (temp & 0x20) sw_stat &= Oxfb;
if (temp & 0x80) sw_stat &= 0xf7;
if (*IO_PORT3 & 0x80) sw_stat &= Oxef;
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if ((sw_stat & 0x02)) bz„stat = OFF; 
else{

if «!(alarm&0x03)) && (trb_stat==0) )
}

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)
else

TEST;
)

else if (sw_stat&0x04){
if (mode==LEVEL2)
else if (mode==LEVELl) premode 
else

LEVELl;
}

else if (sw_stat&0xl0){
if (mode==CAL)

NORMAL;
else

CAL;
}

else{
mode = premode; 
all_off(); 
al2_off(); 
if

else 
if

all_on();

else if (mode == LEVEL2M al2_on();

else { set_off();

if (mode == CAL)

else caLoffO;
)

if (alarm&0x01){

(mode == TEST){

test_off();
(mode == LEVELl)!

:_stat = ON;

premode = NORMAL; 
premode

premode = NORMAL; 
= LEVEL2;

premode

premode = 

premode =

tesLonO;
}

set_on();

}

)

}
{ cal_on();

}
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if (jp_stat&0x01) 
else all_spdt_off();
}

else!
if (jp_stat&0x01) 
else all_spdt_on();
}

if (alarm&0x02){
if (jp_stat&0x04) 
else al2_spdt_off();
}

else{
if (jp_stat&0x04) 
else al2_spdt_on();
}

if (alarm&0x03) 
else if (trb_stat == 0)

if (trb_stat!=0){
trb_on 0; 
trb_spdt_on 0; 
all2_spdt_on(); 
org_altl=0x04;
} •

else {
trb_off();
trb_spdt_off();
org_alt&=0x0b;
}

all_spdt_on();

all_spdt_off();

al2_spdt_on();

al2_spdt_off();

all2_spdt_on();
all2_spdt_off();

if (alarm&OxOl) all_on();
if (alarm&0x02) al2_on();

// *************** ad input **************** 
acu = (ave[0]+ave[l]+ave[2]+ave[3]+

ave[4]+ave[5]+ave[6]+ave[7])/8;

puthex(acu»8);
puthex(acu&OxOOff);
ser_putch(10);
ser_putch(13);

// *************** display output ***********

clr_cs(); 
lcd_cmd(0x20); 
switch(mode){ 

case NORMAL:
normaLmodeO; 
sens = getjog(acu);
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if (sens<0){
underbar(ON, LEFT); 
sens = 0;
}

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

out_percent_da(acu);
levl = ( (floatXgetJeveK1))/1024. *101.);
Iev2 = ( (float)(get_level(2))/1024. *101.);
levl = get_log2(Ievl);
lev2 = getJog2(lev2);
bar_12(levl, lev2, RIGHT);
chkl = ( (float)(get_level(l))/1024. *101. * 500);
chkl = ppm2volt(chkl);
chk2 = ( (float)(getjevel(2))/1024. *101. * 500); 
chk2 = ppm2volt(chk2); 
if (sens2 >= (chkl*0.95)) { 

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

if (sens2 < (chkl *0.9) ){
if (jp_stat&0x02) alarm &= Oxfe; 
org_alt &= Oxfe;
}

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

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

break;
case TEST:

test_mode(); 
sens = getjog(acu); 
if (sens<0){

underbar(ON, LEFT); 
sens = 0;
}

else {
bar_fill(sens, LEFT); 
underbarCOFF , LEFT);
>

out_percent_da(acu);
levl = ( (float)(get_Ievel(l))/1024. *101.);
Iev2 = ( (float)(get_level(2))/1024. *101.);
levl = getJog2(levl);
lev2 = getJog2(Iev2);
bar_12(levl, lev2, RIGHT);
chkl = ( (float)(getjevel(l))/1024. *101. * 500);
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chkl = ppm2volt(chkl);
chk2 = ( (float)(get_level(2))/1024. *101. * 500); 
chk2 = ppm2volt(chk2); 
if (sens2 >= (chkl*0.95)) { 

alarm 1= 0x01; 
org_alt 1= 0x01;
}

if (sens2 < (chkl*0.9) ){
if (jp_stat&0x02) alarm &= Oxfe; 
org_alt &= Oxfe;
}

if (sens2 >= (chk2*0.95)) { 
alarm |= 0x02; 
org_alt 1= 0x02;
}

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

break; 
case CAL:

normaLmodeO;
sens = getjog(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 &=0xf8;
break;

case LEVEL1:
normal_mode(); 
sens = getjog(acu); 
if (sens<0) underbar(ON , LEFT); 
else bar_fill(sens, LEFT);
levl = ( (float)(getJeveK1))/1024. *101.); 
bar_empty(levl, RIGHT); 
out_percent_da(getJevel(l)); 
levl = ( (float)(getJeveK1))/1024. *101.); 
levl = getJog2(levl); 
alarm &= Oxfe; 
break; 

case LEVEL2:
normal_mode();
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sens = getjog(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.);
Iev2 = get_log2(lev2); 
alarm &= Oxfc; 
break;
}

lcd_cmd(0xll); /* display on */
set_cs();
sens2 = ( (float)(ad[21)/1024. *5.);
if ((sens2>heaterUP) II (sens2<heaterLOW)) trb_heater_on();

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

// sens = (acu-OFFSET)*(50000/(MAXVAL-OFFSET)); -
// sens = (50AMAXVALV - OFFSETV))
((MAXVALV/MAXVALAD*acu) - OFFSETV);

word getjevel(byte channel){ 
if (channel == 1)

return ((Chl[0]+Chl[l]+Chl[2)+Chl[3]+
Chl[4]+Chl[5]+Chl[6]+Chl[7])/8);

if (channel == 2)
return ((Ch2[0]+Ch2[l]+Ch2[2]+Ch2[3]+

Ch2[4]+Ch2[5]+Ch2[6]+Ch2[7])/8);

}

int get_Iog2(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>0.5){
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adv = get_ppm(adv);
adv = (float)adv * 1000750000.;
if (logl0(adv)>0.1){

if (adv<350) adv = ( log!0(adv)*47./3. +4.5 );
else adv = ( Iogl0(adv)*47./3. +4.0 );
data = (float)adv;
}

else { .
data = 4;
}

return ((int)data);
}

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

}

//tdefine DA100 236
//#define DA10 145
//#define DAO 53
#deflne DA100 236
^define DA10 152
#define DAO 65

void out_percent_da(word data)
{
/*

adv = (float) data*100/1024; 
if (advMOl) adv = 101; 
else if (adv>10){

adv = (adv-10)/90*(DA100-DA10) + DA10; 
data = (word)adv;
}

else {
adv = adv/10*(DA10-DA0) + DAO; 
data = (word)adv;
}

PWM_CONTROL=(byte)data;
*/

adv = ((float)data)/ADGAIN; 
if (adv>0.5){

adv = get_ppm(adv); 
adv = (float)100./50000. * adv; 
if (adv>101) adv = 101; 
else if (adv>10){

adv = (adv-10)/90*(DA100-DA10) + DA10; 
data = (word)adv;
}

else {
adv = adv/10*(DA10-DA0) + 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<b){

return 0;
}

else{
for(i=ll i<ppmN; i++){

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

derl = (ppm[i][l]-ppm[i-l][l])/(ppm[i][0]-ppm[i-l][0]>; 
der2 = ppm[i][l]- derl * ppm[i][0];
}

return! derl * voltage + der2 );
}

float ppm2volt(float ppm2)
{

float a, b;

a = 0; 
b = 0;
for(i=l; i<ppmN; i++){

if(ppm2<=ppm[i] [l])break;
}

derl = (ppm[i][0]-ppm[i-l][0])/(ppm[i][l]-ppm[i-l][l]); 
der2 = ppm[i][0]- derl * ppm[i][l];

return! derl * ppm2 + der2 );
}

void sys_init(void)
(

led_off(); 
trb_signal_off(); 
trb_spdt_off(); 
bz_stat = OFF; 
org_alt = 0;

disablejnterrupt!);
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INTJVLA.SK = 0x00;
clr_cs();
lcd_cmd(0x20);
bar_empty(0, LEFT );
bar_empty(0, RIGHT);
lcd_cmd(0xll); /* display on */
set_cs();

INTJvLASK = 0x2a: 
enable_interrupt(); 
HSO_COMMAND = 0x18; 
HSO_TIME = TIMER1 + 0x500; 
nop_ins truction(); 
nop_instruction();

HSO_COMMAND = 0x10; 
HSO_TIME = TIMER1 + 0x500; 
nopJnstraction(); 
nopJnstructionO;

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 (Oxff); 
delay (Oxff);

void underbar(byte cmd, byte channel)
{

if (channel—LEFT ) lcd_cmd(0xe0);
else if (channel==RIGHT) lcd_cmd(0xee); 
if (cmd — ONH

lcd_cmd(0xdl);
trbjower_on();
}

else trbJower_off();
}

void bar_fill(int level, byte channel)
{

if (level>51) level = 51; 
if (leveK 0) level = 0 ;
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if (channel—LEFT) adrO = OxeO; 
if (channel==RIGHT) adrO = Oxee; 
iccLcmd(adrO); 
lcd_cmd(OxdO);

i = level/8; 
j = level%8;

for(k=0; k<i; k++){lcd_cmd(0xdf);lcd_cmd(0xdf);}
if (j<4){

i=l;
for(k=l; k<=j; k++){i«=l;i++;}
il=0xd0;
lcd_cmd(i);
}

else{
lcd_cmd(Oxdf);
j-=4;
1=1:
for(k=l; k<=j; k++){i«=l;i++;}
i|=OxdO;
lcd_cmd(i);
}

lcd_cmd(adrO+OxOd); 
if (level==51) {

lcd_cmd(Oxbl); 
trb_upper_on 0;
}

else {
lcd_cmd(OxbO); 
trb_upper_off();
}

void bar_empty(int level, byte channel)
{

if (level>100) level = 100;
if (levelCO) level = 0;
if (channel==LEFT) adrO = OxeO;
if (channel—RIGHT) adrO = Oxee;
lcd_cmd(adrO);
lcd_cmd(OxdO);
k = level/2;
1 = level%2; 
i = k/8; 
j = k%8; 
if (j<4)(

level=l;
for(k=l; k<=j; k++) level«=l; 
lcd_cmd(adrO+(i*2)+l); 
lcd_cmd(OxbOI level); 
if (1H
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if (Ievel&0x08){
lcd_cmd(adr0+(i*2)+2);
lcd_cmd(QxbOIOx01);
}

else{
lcd_cmd(adr0+(i*2)+l);
level«=l;
Icd_cmd(OxbO|level);
}

}
}

else if (j<=7){
level=l;
j-=4;
for(k=l; k<=j; k++) level«=l; 
lcd_cmd(adrO+(i*2)+2); 
lcd_cmd(OxbOllevel); 
if (1){

if (level&0x08){
lcd_cmd(adr0+(i*2)+3);
Icd_cmd(0xb0l0x01);
}

else{
lcd_cmd(adr0+(i*2)+2);
level«=l;
lcd_cmd(OxbOllevel);
}

}
}

lcd_cmd(adrO+OxOd);
if (level==101) lcd_cmd(Oxbl);
else lcd_cmd(OxbO);

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

if (levl>50) levl = 50", 
if (levl<0) levl = 0; 
if (lev2>50) lev2 = 50; 
if (lev2<0) lev2 = 0; 
if (channel—LEFT) adrO = OxeO; 
if (channel==RIGHT) adrO = Oxee;

lcd_cmd(adrO); 
lcd_cmd(OxdO); 
i = levl/8; 
j = levl%8;
if (j<4){

1=1;

for(k=l; k<=j; k++) 1«=1;
lcd_cmd(adrO+(i*2)+l);
lcd_cmd(OxbOll);
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else{
j-=4;
l=l;

for(k=l; k<=j; k++) 1«=1;
lcd_cmd(adr0+(i*2)+2);
lcd_cmd(OxbO|l);
} ,

lcd_cmd(adrO); 
lcd_cmd(OxdO); 
i = lev2/8; 
j = lev2%8;
if (j<4){

l=l;

for(k=l; k<=j; k++) 1«=1;
lcd_cmd(adr0+(i*2)+l);
lcd_cmd(OxbOll);
}

else!
j-=4;
l=l;

for(k=l; k<=j; k++) 1«=1;
lcd_cmd(adrO+(i*2)+2);
lcd_cmd(OxbOll);
}

}
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# 4 #7}} 4# A} ####A}# ### 3# 3#3SA} 5L# 4

4# 43# 4 7>m 71-i^s. ### #44 MS}- 4443 ##
4# 44 FigaroA}# 2610 Models ScimarecA}# AF56 / AF503S# 
t3 #A}44#^ ## £#4 n]#^2:<2}- ^ ## 343 3433

#4 37}# #% #4# ^4^4.
#444 ScimarecM 44##3 FegOs# ###3 a}

#4^34, AF56# ##7}|#& ## FezOs# #7}## A}-^4 #33

#444. 3% 44 #4 4 3444# #f4 441 44# 44 #4
44# 4#% sandwich 43# A}#%1 4443# 7%-$} 4} 33.

4* ##% 435. #4444.
%%, Figaro^} ##4 #### #-#### SnOz# ^##3 4-0-4 

434, 4filler Pdi- #7M43, ##-# 4 4371}^# 4}471 Si02 

%## ^7}%434, &44%4^ ## ### 4#A1 V, Cr 4# #
-i: #7>ft #33 #444.

#44 heater ##5.4 3# #4# a}-§-s}434, 44 #4 4433 
4 ScimarecA}-# #44 Au/Pd#, FigaroA}# #44 Au# A}44 4 
# # 4 SIM. 3%, 37} wire4 3# #44# 4-§-5}*L4-.

7} #4 #44 4#44# Mg4 #7>4 7} #4 A>4#r 433 444

&34, o}#4 7}#4 #44 #4# 3.44-4 44 #444 7}#4
44% 433 #444-.

3%, FigaroA]-# ### #4°)]# #44 wiring 4 packaging ## 

4 44# 44 7}#»)] through-hole 44# 44 wiring# %4#A} 4 
5}4#—#, 4# 44 heater#4 glass ceramic #4444# 444.

##435. 3Af37}4 #4# ^ ## #4# 4) FigaroA>4 7}3 
#Ai##o] 34- 4^4 435. a>s.44#4.
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j£l. Thick Film Gas Sensor Products EDS/XRD Analysis Data

SCIMAREC AF50 SCIMAREC AF56 FIGARO 2610

Element Material Element Material Element Material

Sensing

film
Fe, 0 FezOz

Fe, Al,

Sr(?), S, 
Cl, Si

FezOs* a
Sn, Si, Pd,

V, Cr, 0
(Sn,V,Cr)0 

z, Pd, SiOz

Heater Pt, Fe Pt Pt, Fe, 0 Pt Pt, Si, Au Pt

Electrode

Pad
Au, Pd 62Au/38Pd Au, Pd, 0 60Au/40Pd Au, Al, Si Au

Sensing

Electrode
- - Au, Fe, 0 Au Au Au

Substrate
Al, Mg,

Fe, Pt, 0
(AlMg)203

Al, Mg,

Fe, Pt, 0
(AlJVlglzOz

Al, Si,
Mg, 0

(AlJVIglzOs

, SiOz

Wire Pt Pt Pt Pt Pt Pt

Heater
- - - -

Al, Zn, Si,

Zr, Mg, 

Ca, Fb, Bi,

Cd, 0

Glass

ceramic
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< Scimarec (AF 56)>

< Figaro (2610) >

US 1 5!5! 3SAI- ^X|-2| SEH
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< Scimarec (AF 56)>

2 da 33AI- ^XI-21



< Scimarec (AF56) >

(X 1000) (x 7000)

< Figaro (2610) >

3 as 3>h2t!!A| 23J°| H0 01 All 93
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i nun 1000 (urn)

< Figaro (2610) >

Pad JHI : 4.6 - 5.2gm
&X|Q[ =jj|:25nm



7le 44## 44#44 #4^4 ## Sn02 PowderS] ###4# 
Sa}#-7] #44 ^^^(2##), ## BA>, <#4 RA>, K4 H5]JL KIST 

44 44# Nano Powder# # 67>42] ### #4444.

ole]JL (#)##7l444 4## #44 #442s 44# 7}244 
Sa># 7}24##4# 4442. #2#- #24 44 ### zlb]jl 4 

4444## 4 7]-444.
5E# 7]es] 44 # ##42S 44# #4444# #4# #44

212# 244# 54 44# 4#4%4.

444 7]# #4 #4# #4 7i]4 a}## % 67>#s. 4# 4 42 
4 44# 44# 44# 44.

1. Sn02 Powder# 4# #4S 4444 44444.
7]## ### #44# #44# 4 s 7}#4 4 3.17. 47>4

# #44 #4444 44# #44 #)&#44 #442 Batch0!] 4 
### 4 AM] 7} 4# #43. 4#a>4 4424 ## &# #44 4

e #]## #4 #47]- 4# 444 444 #444 #44214.
44# # #4444 ## ###4 #4# 4&# Sn02 Powder

# 44# Sn02 PowderS 4442 (CHsC02)2Ca • %H204 #4 Ca 

4# 47]-# wM]4^S4, #4# 4-7]#44 ^ M #44 ## 2 
444 27}# Pd Black 44 PdCl2# 47>444. £4 4S #44 4 

#44 C17]# 44# #44 444 4S#S» #44214.

2. Heater 4S 4 #S# 7fl#
7]## Ru02# 444 44## 4-7]# a}## 4a]# ai#^ 44

# 444 # # #24, ##4 7>l a# #s#2# 447} #442 
s S4 4444 Pt# 4#4 44s ##14214.

§ 44^4 M ^ #-3- 7j|>a
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3. 4* ^ Pad 7))5 zlHd

4*4 44* 4*44 Pt Paste* 4* 27M4 44
444 #^5)* Loss7]- 3,2.5. 1/2 7}44 Au Pastes 44### 7fl 

44854 444 4444 4444 4444 *# 5* 44 *7}<3 
44# ^3145, Pt wire #4# 4-4441 Au Pad* *7}

455 44 4-8-444.

4. Paste 7)154 Binder 4 Solvent 44

7l#4 Binder* 7})54 a -Tepinol/Ethycellulose* *4" 444 5 

4- 44455 4--&-SM4 *444 7> 454 BCA/Ethylcellulose31 5 

4444 44484.

5. 444 #4 ** 3 ^7M 44

4*4 Pt : Pd 471-4 44 1 : 3* 444 5*4 ^ 44 *54 

4#4 #44 471-45 4444 54 454 7>54-8-*4* 4* * 
45* 7114444.

6. 44 #4 *445 7H4

4*4 4* 441-44 *44571- 44 71-5444 4314, *4 
44 4 4 *7)144547} c)]* 454, 5*4 silica sol# 47}44 4 

4 #44 4 4444 #44-5 4 44##4 4 314 4-5# 444-7)1 

7H4484.
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274

3£ 2 Tin Oxide powder analysis data

liml
.....

fH?!
vSTf-V.V

|p&s'

Sn Ca Pt Cl Si Cu A1 [mVg] [nm]

1 Precipitate-1 96.1 0.19(7) 2.3 0.6 SnOaCTet.) 42.4 <10

2 Precipitate-3 96.6 2.26 0.29 0.82 SnOz(Tet.) 38.3 — 10

3 Rare met. 98 0.6 0.5 0.8 SnO%(Tet.)+X 30.5 10-20 99.90 %

4 99.8 0^(7) SnOaCTet.) 13 22-77
99.90 %

Fe, Pb<10ppm

5 BDH Chem. 99.1 1 SnOz(TeL)+X 6.46 55-167
Pb:0.05

As:0.002

6 Nano 99.3 0.3 0.4
SnOz(Tet.)+Sn02(

Ortho.)
2.04 38-55



; 306­

, art--­

. vir- Liiiii ■§ S JLL
lit t'j

<BDH>

< Nano Powder >

6 SS XRI) E4 a j» (2)
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Z9

< 32x1 OHO CZJ fcd 1>

< 32x1 tH
O O Id 2 >

< Raremetallic >

38 5 SS XRD S3 (1)
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< Raremetallic >

7HS TEM Ah5! (1)
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<BDH>

< Nano Powder >

8 85 TEM Ah£! (2)
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Paste # Hi

Vehicle Powder / Vehicle

100 CPS

90 : 10 XXXXX
No.

95 : 5 5/5 6/4 6.5 / 3.5 7/3 8/2

No. 0 0 © © ©

97 : 3 X 6/4 6.5 / 3.5 7/3 X
No. 0 © ©

50 CPS 90 : 10 X 6/4 6.5 / 3.5 7/3 8/2

No. © © ©
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Jl& 9 Paste W l&EH

BCA/EC: 95/5(1 OOcps) BCA/EC: 95/5(1 OOcps)
P'owder/Vchicle '.515 Powder/Vehicle : 6 / 4

AIS 3- Al S 4

BCA: EC 90 : 10(50cps) 
Powder/Vehicle : 7/ 3

BCA : EC 90 :10(50cps) 
Powder/Vehicle : 6.5 / 3.5

xies

BCA : EC 90 : 10(50cps) 
Powder/Vchicle : 6 / 4
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4 Powder*# Paste w] 2.5.3E

■ Mi>
Haranctalhc

■
Nano Powder

Paste rate 7=3 75=2.5 8:2 7=3 7.5=25

Color i q &q gq

3S Wrw

Pt(l) H2PtCl6,6H2 H2PtCle,6H2 H2PtCl6,6H2 H2PtCl6,6H2 H2PtCl6,6H2

Pd(3) Pd Black PdCl2 PdCl2 PdCb PdCl2

Mass 9.8 g 11.4 g 10.3 g 11.3 g 25 g

Made by KIST
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10 Sn02 Paste Firing Profile

850°C, 30m in
Leveling 5-10 
Drying 100°C 10S

5°C/min 
EC evaporate

10°C/min 
BCA evaporate
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(X 100) (X 1000)
<BDH>

< Nano Powder >

(X 1000)

ns 12 ss mmm ^/dsssi diah^s (2)
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JL 5 Thick Film Gas Sensor EDS data
^ 3 :

1) = Ft lwt%, Pd black 3wt%
2) 4 : ft lwt%, Pd 3wt%, 850C 4:^9 23

Material Sn Pt Pd Si A1

1 90.4 6 2.5 1.1 -

2 Raremetallic 91.8 2.7 2.9 1.6 1

3 92.3 2.1 3.8 1.8 -

4 BDH 93.4 1.9 3.4 1.3 -

5 Nano Powder 92.7 1.8 4.2 1.3 -
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3E 6 Tin Oxide SSti Gas Sensor Sensitivity Data 1
f Mohm] I

1 2 ________________ 3
CH4 Ro Rs Rs/Ro dR% Ro Rs Rs/Rc 3R% Ro Rs HE! Aver. 3TD
1000 45 37 0.82 18.1 45 35 0.78 22 23 22 @95) 4.6 0.85 0.1
2000 43 34 0.79 21 23 21 0*90* 7.1 0.86 0.1
3000 45 33 0.73 26.5 41 31 0.76 24 22 18 088# 16 0.78 0.1
4000 45 34 0.77 23.4 41 31 0.75 25 23 19 19 0.77 0
5000 Ml!
6000
7000
1000 23 18 23 0.77

Rare 1 2 3
CH4 Ro Rs Rs/Ro dR% Ro Rs Rs/Rc Ro Rs SsS Aver. "STD
1000 1.3 0.9 0.69 31 1 0.6 0.66 34 1.4 0.8 41 0.65 0.1
2000 1.3 0.7 0.50 49.6 1 0.4 0.44 56 1.4 0.7 mism 50 0.48 0
3000 1.3 0.5 0.42 58.1 1 0.3 0.34 66 1.4 0.6 61 0.38 0
4000 1.3 0.5 0.36 64.3 1 0.3 0.30 70 1.4 0.4 | 68 0.33 0
5000 1.3 0.4 0.32 68.2 0.3 0.26 74
6000
7000
1000 1.4 0.3 0.19

.....
Nano 1 2

CH4 Ro Rs Rs/Ro dR% Ro Rs
1000 16 14 0.89 11.9 19 16 as 13
2000 16 13 0.83 17.4 19 15 8*81% 20
3000 16 12 0.77 23 21 14 ms# 36
4000 16 11 0.68 32.1 21 13 0*681 41
5000 16 10 0.65 35.1 21 11 *53 47
6000 Wm#
7000 16 9.7 0.61 38.8 Nee
1000 16 6.4 0.41 59.3 21 6.6 69

1 2
TFPT Ro Rs Bs/Rb dR% Ro Rs Rs/Rc

1000 1.4 1.2 H5S 16.5 4.8 4.5 0.93 6.6
2000 1.4 1.1 am 20.4 4.7 4.3 0.92 8.5
3000 1.4 1.1 22.5 4.5 4 0.88 12
4000 1.4 0.9 31.1
5000 1.3 0.9 31
6000 1.3 0.8 41.7
7000 wSs
1000 1.3 0.6 58.3 4.6 3 0.65 35

BDH 1
CH4 Ro Rs ms dR%
1000 17 15 am JA.
2000 17 14 am 17.4
3000 17 13 55S 24.9
4000 18 12 31.1
5000 17 11 34.3
6000 wss
7000 0%
1000 jT 7.4 IH 57
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4 #4 7]]44&4 44 4-§-44 4 43#iN 44 7f3

4# 44# 444 44 4 4444 #4334# 44 444 7>3# 
4 444 44 4 44# 44 44 3a4# 24 4444 44 44 
#4 g 4|3#4 4## 4^14^4.

44, 14 334 444 7>3#4 ^44 a?]* 4#4 4x2mm44 

3x2.5mm4 37]S 4443, 4445-# Pt3 444444 meander 

^44 heater pattern# #44434, 44#44 37]444 #3# 
44 44- 43# IDT435L 4444 #44%4.

444 444 44334# 4#44 4 paste# 44 4434# 4 
44434, R44 ##### 4#44 Pt4 Pd4 44444 4# 4 

4#4# 4443, 444 #44# #44534. 34, 4###3 4 
44 44#44 34#34] 44 7>344#4# 44444. 3b]jl, 
4 44 #4433 434 44#43 4144 #44 7}344#4# 4

34^4.
14 4144 4444 #4433 Pt heater4 444 4434, 44# 

44 IDT 444 444 4# 4444 44# 4##4 #4444 # 
45^3, 44#44 34# #47]- ## 444 4# 44#

3444 24 334 44# 4^ 4. 2# 44 334# 4#44 4

#44 4434# 444434, #444#44 4#44 7]444 3
443 7H4# 44 344 silica sol4 44# 444444 4444 

4443 71144- 7}344 #4 444 44# 4IN 44 4## 44 

$14. 34, 434 434 4444 -@44^4 noise#4# /H444
444 3444# 4N~#4kQ43 4## 4# #X3 44#44 4 

33 7H44 44 4## 4*3444.
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a 7 71-^Aj-g- iH-S] A}<£ -p7)]

1998. 11. 3

,.... ,'..

•Screen
'•:T'.....—

n - %
MfshOm)

*##%%If
Pt Heater 325 58 37

SQl : 2.25
SQ2 : 0.5
PV : 10.8
Snap Off : 700

17 ~ 20
980 r, ltimin

1513/min
6 ~ 8

Au IDT 325 58 18

SQl : 2.35 
502:0.5
PV : 5
Snap Off : 200

13 ~ 14
85013, lOmin 

15"C/min
9 -10

Au PAD 325 58 18

SQl : 10.05
SQ2 : 8.00
PV : 5
Snap Off : 200

14 ~ 16
85013, lOmin 

15°C/min
12 ~ 13

Sn02 150 82 30

SQl : 10.0 
SQ2:8.30
PV : 7
Snap Off : 600

18 - 25
85013, 30min 
as Sintering

Profile
15 ~ 20



5. 8 «K£*|] 2*1- >13.51 *><& ^ y^l-Y- ¥^1

1998. 12. 24

9m

Screen S;4='f 

*******

MeshOm)___
-

** (<«.)■

TV' "*
'■&** 3*

Pt Heater ST400 49 20

SQ1=9.85
SQ2 : 9.50
PV : 14.6
Snap- off : 700

16 ~ 17
980 ”C, lOmin 

15°C/min
11 ~ 13

Au IDT ST400 49 20

SQ1 : 11.0
SQ2 : 9.50
PV : 10.3
Snap off : 300

14 ~ 15
85012, lOmin 

ISt/min
11 ~ 13

Au Parallel ST325 57 18

SQ1:12J5
SQ2 : 9.50
PV : 10.3
Snap off : 200

15 ~ 17
850"C, lOmin 

15°C/min
13 ~ 14

Au PAD ST325 55 18

SQ1 : 11.0 
SQ2:9.50
PV : 10.3
Snap off : 300

15 ~ 17
850“C, lOmin 

lST/min
13 ~ 14

Sn02 PolylSO 80 60

SQ1 : 10.50
SQ2 : 9.50
PV : 9.6
Snap off : 300

40 ~ 50
8501, 30min 
as Sintering 

Profile
28-30
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HU 15 3^1 7h^i!A-ts 4I@ See

rifioo n

I I ti ll% ' #* 
i #

i3!! A^t; ST325mesh x 85.2 
Sa ^ : 116.3 -124.8 urn 

: 148.8 - 162.8pm 
Pad Size : 492.3 x 492.5pm

tssai

m
^3.@ Ai°f : ST325mesh x 85.2 

145.0-150.5 pm 
SaZi^ : 123.7-132.4nm 
Pad Size : 800.2 x 695.5pm



ZL§| 16 2x[ me sm

aaS •’■IS,1: ST400mesh x 69 
a^ #: 99.8 -105.4 pm

: 142.5 - 148.4pm 
Pad Size : 475.4 x 382.0pm

^3 a a^ : ST400mesh x 69 
# : 278.6 pm 

£R :280.5pm 
Pad Size : 675.7 x 482.3pm

^3E! : ST325mesh x 75
3^#: 803.3-772.3pm 
a# :299.0pm 
Pad Size : 669.2 x 481.3pm
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Zl^l 17 Thick Film Gas Sensor Batch Composition
1. Batch Composition(A), Pt = 5wt% 4. Batch Composition(D), Pt = 1wt%, Pd=3wt%

Hill im1BHI
Base Mat. Sn02 150.709 95 14.25
Additivel Pd 106.422 0 0
Additive2 Pt 195.08 5 0.75

Total 452.211 100 15
AddMateriall PdCI2 177.33 0
Add Material H2PICI6,6H20 517.9 1.991106213

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

Base Mat. Sn02 150.709 96 14.4
Additivel " "Pd 106.422 T 0.15
AJditive2 Pt 195.08 3 0.45

Total 452.211 100 15
AddMateriall PdC12 177.33 0.249943621
Add Material H2PtCI6,6H20 517.9 1.194663728

3. Batch Composition(C), Pt = 2.5wt%, Pd=2.

Base Mat.
■r WlllMTOU) ,

Sn02 150.709 95 14.25
Additivel Pd 106.422 2.5 0.375
Additive2 Pt 195.08 2.5 " 0.375

Total 452.211 100 15
AddMateriall PdCI2 177.33 0.624859052
Add Material H2PICI6.6H20 517.9 M95553106

Base Mat. Sn02 150.709 96 14.4
Additivel Pd 106.422 3 0.45
Additive2 Pt 195.08 1 0.15

Total 452.211 100 15
AddMateriall PdCI2 177.33 1.0.749830862
Add Material H2PtCI6,6H20 517.9 ! 0.398221243

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

Base Mat. Sn02 150.709 95 14.25
Additivel Pd 106.422 5 0.75
Additive2 Pt 195.08 0 0

Total 452.211 100 15
AddMateriall PdC12 177.33 1.249718103
Add Material H2PtCI6,6H20 517.9 0

6. Dissolve in Di-water

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

8. Dry on hot-plate(80oC)/30min

9. Grinding



(X 100) (X 1000)
< Pt 5wt% >

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

(X100) ' (X1000)
< Pd 5wt% >

3^ 18 ^ OH as S^tilOil WtE AS# 01 All
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3. 9 ^oH^oil data, Au@#, 8505. 51

Pt5 1OOOppm 2000ppm SOOOppm 4000ppm SOOOppm 10OOOppr! 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 6.697 0.687 2.633
2 0.624 0.545 0.485 0.477 0.445 0.399 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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10000
CH4 Concentration [ ppm ]

3gj 19 Pt/Pd mm SWtilOHKFE 
(RAF ^SSi, 8505 Au 2^)
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3. 10 0+-F data(Rare., Ft heater 420S. )

9505E 1OOOppm 2000ppm i3000ppm 4000ppm iSOOOppm 1OOOOppn Rad 000)
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

7505E
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

-298 -



299

Sensor Resistance Ratio [ Rs / R0 ]



7]es) 44 22 *1144 471244- Ml244 # 49-7} #422 4 

4 24 7H4€ #4^ 42*114 71-247144#- 44 7}2#4#4, 4
44g., 44711s., paste-7)13:-g-Dfl # 44 7V4 #4# 444824,

471244 422 4444 44471 44484. 44 4471 444 
44 4# 44 7>4 #4# #444 ##4824, 4 #444144 
444 24# 4442# 24484.
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510 £!£H Si§xH£|

Vehicle 
(BCA / EC)

Sn02 powder

% BxiBI

ng 21 EiEx-ll^ ^5iS XII4 SS
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*34|# *4^ 43* 4* *4* 3.4 44 4433
43*44 *4 334 84*4 343 34 4* 4 444 
4** $134 4*44" 44 443m 43*^* 4-4 71-344*4 

43*44 444 4 44-34* #4 47> 343 44* 4# 444 

43*433 4* * $14-. 444 *4# 34 4 4*4 444 44 
*43 44-.

1. 44 4 4 33 (Sensor Paste) 43*4 

7>. 44 #4 43*4

♦ Sn02 Powder4 44

4344 *44 71-3444 43*4 7H4* 444 434 444&
* Sn02 Powder* * 57>434 4#4 44$] *444 444 43 

4 Powder* 4*44 Powder34 *44 BDH, 4*4 3*34-4", 
Raremetallic 35]3 344*34 4444 44"* Nano Powder* 7]

* 433 *4 *4* 371-* * 4**33 444-84. 44* 44
* 57>44 43* TEM *4 *444 * * $1* 44 *4 34*4 
4 *37> ***4 4*4 4**3 7>3 434 4H4 *444 **
* *4* 444* 433 4*4* 8* Raremetallic44 Sn02 
Powder* 4*433 44*84-

♦ #44 ^7}

3*444 7>3***4 *4* 444 47}** #4*4 * Pt4
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Pd4 % 57MS. ^#4444 24-# XI44$a4. 4#4 #

4# ##2# HsPtCls ' 6H2OX- PdCk (2#2#%)^24, °1 4 Pt : 
Pd4 #-#4# wt%s] 44# 4 #22 5 : 0, 3 : 1, 2.5 : 2.5, 1 : 3, 0 

: 5 ^24 °)^ 2.5 : 2.54 47417} ^£4 244# 4X14 4# 4 

s. £.4 424 #4# 444^14.

#4 #44 X|2# 4# #4# #44224 4-0-4 44# Buchi4 

(Swiss)4 Rotary Evaporator R-124(with Water bath B-48D424 

45 °C, 200rpmXl4 4044 44444.

♦ C14 X| 4 (Calcination)

4-0-4 #4-0- #44 444 Cl# 4222 444# Cl 4

44 44 #44 #44 4-8-44X] 44# 444# Xl444 4#4 
4*4422 x]4€ #4# KXTCX14 144#4 42# #, TG-DSC# 
4# C14 2#44 4440] 680°C #e4 4# 44444. 4

44 # # 4 X] 4 # 4 4 Lentontt4 Tube Furnace 4209# 4 #44

680°c XI4 30#4 4244# 4^4.

4. 444 X|2#4

44### S.#44 #4 XI24 4444 #4# 4#4 4#4# 
4444 X]2444. 24 ### BCA4 EC(Ethycellulose)# 444 

424 4# EC4 424 BCA : EC4 4#4# 444444 444 
444 XI2 24# 4S444.
#4422 444 24# 50 cps4 EC 4 BCA : EC = 90 : 1022

4 7}# #24 #4# 44444.

444 BCA4 EC50# 90 : 1022 #4# #, Hot PIatelX|4 80”C# 
#4# #42 47f€ EC7} 4# ### 444 Stiring# ^4^4.
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4. 444 4 44 2### tA

♦ #44 ^7>

44# 44 442:^4 W4 4444 #442 4 Sn02 44# 
4 444 #s 4## 444 4###4 Glass Frit4 Silica Sol ol4 

3. 4# 2:## #### #24^24 71 #44^. 2:44 Silica Sol# 
MA-ST(Nissan Chemical!!, 0 )7} 71-4 4# 7] 444 • 4 444 # 44

4# 4# 4#4#4.

444 MA-ST4 #7}4# 444444 444 #4424 444 

4-8- #44 44# 44# 2444 l0wt%SiO24 ##7} 444

MA-ST471-4# 4# g-#4-84.
zl#22 4 #444# 444 Binder^ 10wt%SiO24 MA-ST* 4 

7}4 #, 4# Nisseitfc NBK-1 Kneader* 4 #44 ##444.

♦ #42## 4& 47>

7fl#4 7}2 4 a-i 2:47} 4445.4 ##4 44442:7} 7}#s}ji 4

4 4si4 Noise* #2:A]47] 444# 44 44##4 &444# 
#4~##kQ42 ## #27} 44. 444 # ##442 44 7}44 
#7}#*# 4444 444&4 24444 44# 4#* 2a}4-44-.

#4 A}^-4| 44 #m #4, Sb2034 #7}4 441 tin oxide4 4#4 
^4^222 sisM 47}#4 4.= #4^44 &444 ^4# ^4 

4$a4.
42### 7l 444 44## 4 5wt%, lwt%Sb203* Ethanol Base

5. ## FRITSCH4-4 Planetary BaU Mill# 4#44 144## #4 
4 #4# 4#4. 7L# vehicle# silica sol. 444# 47}#4 4##
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% ^]iif 44% * 444 7>5 44444 2:44% %%* #4 
4^4.

4. 4444354 44

444 *433 444 44#44 444* 7:34 4*3 $-%% 
4 44 4* Nissei4-4 NBK-1 Kneader* 4*44 220 rpm44 3* 

4 34* %44 4*435. 53.4444 *3% 44* 4435#

444^4.
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2. *4 *4

444 4*3)1 *554 *4 44*5 44* 444 4* C.WPrice 
its] MC810 Thick Film Printer* ****34 *4 444 534*

4*44 444 44 343 4444 44444.

7k 444 44

444 45.T7 44 ESLM Pt Paste(5544)* /}*1*34 44&

4# 444444 444 444 44 %4* 4*4*4-.

*34 334 44444- *44* 34* 444 4* 44* W 
* 4444 Leveling 204, 1004 44 *3 30444 444 3444 

&4#(m)44 444 434 44344 ** 44 1545. 4-444 
980444 3044 *444*4.

4. 44 ^ 434 44

44* 45.4 44 Ferro* 4 Conductrox 3066 Au Paste* 4*44 

34 444 44443 4434* 444444 *44 534 4*4 
*44* 44* 44-54* *54*4.

44* 444 44144 444**4 30*4 45* 1 444 Au 
4*4 413*1- 444 * 444* 34*4.

4 44 54* ** 15°C3 **4 * 850T44 30*4 444 4* 

4.

4. 44 4*33 44

444- 444 44 ik 444* 44 *, 444 44 4455* 4
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4!£## ##44#4 #4 #4 #4*4 #4* ####4.
#44 ^.y^. #oj# #, -@4-8- #4** #^#4 #4 #4 30##

##44 Leveling# #, Convection Oven4 4 30## #£##.5-4 # 

£# #4 £414 #*# #44 £#4 444 850C, 30## #44*
4##4.

3. £*4# # 444 #4

#*44- 4#*4 #4, #44# 7}£#4 ^#* Cutting# *, Au 
Paste £.* Spot Welder# °] -§-## Wiring# ###.

Wiring# #4 #7}# ## Stem4 ### # 7}£# #£.##4 4#

## #4 4#4 #*## 7}£#4&44 ### 307}###.
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St a ibooh SMPL ID 
RUN ID
Size
Operator

PdCIS
TEST

44.i53 mg 
RF AC

DATE RUN 
GAS 1 
GAS 2 
COMMENT

Sep/01/1998 
5DEG/MIN 
25->iOOO 
HD. JANG

1 10-

105- 6,65 hica 1 /mg 7.07 meal/mg
392.76 *C 11.27 mca1/mg

C 127.26 meal/mg100-
671.37 *C

400,52 *C
734.04

679.

30.98 100.0243.40
64.98 474.30 99.797

96.322

134.98 66,961768.89
50-649

787 99 *C.908.0 1

1000) 500
Temperature (eC)

21 TG-DSC

H
ea

t Fl
ow

 (mC
al

/s
ec

)



a 11 Sn02 oj y5E §7^21 ##, 17^ w

98-11-23

Additive Amounts of Addition (wt%) Heat Temperature(°C! til E

1 Fumed Silica 5 20 850 Ethanol

2 A| WE Silica Sol 5 20 10 15 850 H20

3 ST-C 20 10 30 50 850 600 Methanol

4 ST-0 20 10 30 50 850 900 H2Q

5 MA-ST 30 .20 50 10,5 650 850 950 Methanol

6 Alumina Sol 10 800 600 900 H20

7 MA-ST + Alumina Sol 20+10 800 600 900

8 DGF-510 30 . 850

9 L-#6 30 850

10 MA-ST + V2Os 10+5 850 Methanol

11 v205 5 850

12 LiCI 10 850

13 MA-ST + Sb203 30+5 700 600 Methanol

14 MA-ST + LiCI 30+5 700 600 Methanol

15 MA-ST + B203 30(50=50) 800 600 900 Methanol

16 CrgQs V2O5 30(30=70) 800 600 900

17 MA—ST + Cr203—V2O5 30+10 800 600 900 Methanol

fR M3.&2\ ±Ife Mol%
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Hi! 22 it SMI 1 60 A| A%l°l He 01 All H2E(SJGII/SX|^J||)

Glass Frit 15wt% Glass Frit 20wt%



311

23 aSHS ti!/H 4:Xf°l BS 01 All (HfeESilica Sol)

(X1000) (X1000) (X1000)

Silica Sol 5wt% Silica Sol 10wt% Silica Sol 20wt%
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I

US 24 £!Ai ±719\ 59 D| Ail (Fumed Silica)

(X 1000)
Fumed Silica 5wt%

i

Fumed Silica 20wt%
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US 25 i) SI fill 50 01 All (Silica Sol/MA-ST)

(X 1000) (X 1000)

MA ST 5wt% MA ST 10wt%



314

3! 26 if S Jill ti!AI ±Xf°l 5E 01 All (Silica SoVMA-ST)

(X 1000) (X 1000)

MAST 20wt% MAST 30wt%
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US 27 B5HBI @5011 El-E HE 01 All 55 
(MA ST 20wt%, Pt: Pd = 2.5 : 2.5)

(X1000) (X1000)

850°C, 30min 950°C, 30min



S. 12 yxll-s-ys- §j MASKsilica sol.)@7WI 7^^##-^ data

1000ppm IQOOOC
M 3000ppm

iQQ§O■f SOOOppm 10000ppn||Ra(1000)
S 8(2x1-) -•

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

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/1 Owt
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

MAST1 Owt*
1 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 I 0.008 0.004 0.003 0.063

8505. 5S A|S, Ei *fe. 7505 heater g5 4205.
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1. ^ 7}%j] ^S.Lfl-§-

^7M Melting Point CC) Melting PointCC)

v205 670 -685 TcOz 733

Ga02 652 LiCl 614

Bi202 817-825 CrCl2 814

b2o3 450 —470 Sb2Os 655

PbO 886 +2

2. Batch Process (#aM -&jS= = ggoG, 303r)

SOT $7}#
27]
("^^4 S)

ti]3L

B203+S102
50 : 50
(mol%)

30wt% 1 - 2 m 17} / Pt

Sb203+Si02
5 : 30
(wt%)

35wt% 3 - 4 MQ 13} / Pt

Sb203+Si02
5 : 10
(wt%)

15wt%
0.6 — 0.7 MQ 2A} / Au(P)

1 m 23} / Au(I)

Sb203+Si02
1 : 10
(wt%)

llwt%
10 ~ 11 MQ 2^} / Au(P)

15 — 16 MQ 2A}/Au(I)

(^r) #7] Si02fe MA-ST $
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3. 13 Sb203 %m\ 4# S! data

lOOOppm 2000ppm SOOOppm 4000ppm SOOOppm OOOOppn Ra(1000)

MAST/1 Owt 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+Sb2O3/5wt 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+Sb2O3/1 wt Kohm

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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444 444^1 54 #44 #44 4544
7%## 444 # 8#44# 4e4 4MM4 #4 4 #5# #444 
44 7>4 7i]444# 5## 4 54, 44 44- 444 7}-5#x-} 44# 

4 7]e4 #44 44 444 7}-5444 4547}# 484. at, 4 

7B44 444 44 44£44 #4# 5|7>4 #,444 4 5# 4 4 
#42:4# 444854 4#4 44 A^f 4 44.

1) 44 441-45. #41155 4^4 tin oxide #4444 4#4 
tin oxide(R4)# 4#44 42:4 7}5#x}4 #4 4 ##4 4—5. 4 

44 4# 444 7f#4 4-5-5. 4444. Pd 44 47}# pd black4 

4 PdC12# 444# 444 ## #55 45-44. 54, 4 4# 4
4 #44# Pt 4 Pd4 4# 2.5 : 2.55 4444.

2) Heater 45.# Ru0244 Pt5 4444 44# heater #4# # 
44454, 57>4 pt 4#7Tja.* An 4455 44485, 44 44 

55# vehicle# 4 #44 7>544 44## 4^444.

3) 44#44 5445 44# 44 #7>454 5#4 silica sol# 

/}#4454, 44 #7HI 44 #4#44 444 45 ^ 4444 
#4457}- 444 44444. 1144 silica sol.4 47}44 20wt%4

5 #7>44 44 7}-544 #44 #44 444454, 7>544#4
4 ##4 4# 47}^=# 4= I0wt% 454 455 4484.

4) -@45x1-4 a?)4# 45# 4M SbgOs# #71-4-854, SbzOs#
7f#4 #71-44 44 5x}444 4444 45484. 544, Sb203 

37H* #7H1 44 7>544^o] %44 44-4^54, 71-544#4
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7. ^7l^(KWEi) <1^4

y y 7) #
iaoy *M

7l # y
PTCSlEiyy-i- oj^-y #S4M

7} 7= ^ ^X^-7l AJW4
yy • yx}

(^7^#
4

71

ilMyxl
t^7fi^A} y^ney 4 y

y 4 4M4 ^ x||&f4
'g i! y f 7] 7] y ? -W

-7fl7] ^7]s yyx] y^. 638 ^7}^^A} y^7H%y (TEL)
0345-400-7535

7) 4 y^7^?7} / (^) #yyy 4 & x} y 9- t / x> xj y

4
$]
4
711
A

37lS xjy-x] xjX># 215
X1-&X] 6&? 6 3.6 1129-49

(TEL) 0342-710-0114 
(TEL) 02-856-2401-2

# 4*4 6&6 63-6 1129-49 (TEL) 02-856-2401-2

yy7>i / #x^ oi ^y?)x] yys]A> 
4 #4

3,824,0004 yy / 2644 yy

#yy' 2,4ooy /12 g y?79#(44^) / xfli

yy= 4 7] <@yy& 114671-0006125/110111-1344425

(KT^Jfyyxf)
y^-yyj 4 y

4 4 0345-400-7440 FAX 0345-416-7233

y-

7)#7iiy#yy 42&y 44&y 644 y#y yy 7ii 4-yyxi yyy
ulxf

4-6-4 yy yy#44.

1999 y 6 y ii y
y y y : 4 y y (y)

4 y y (y)

4 y- 4 # jf- y y y#

1. r4-yy7l*ti^j 41=84(1x1 X1112 44)
2. 7]* $ 46444(44 41-13: 44)
3. 71*4.44(14 1-23: 44) AM44s

til
4. fy* 4% 46 me, *4, 4$, 444

446 -@ix}a.)
4 5. -a-^xiiyy, 44iey y 44)4 yeyyai y*444s.(xi6 464 wi

6. 44! E6 464#4 464^444 S6 7iiliUi4(4ei-H »t)
7. 44 7|*44x!3.(sl6 464 %#) ioo,oooy
8. x)4x}### 46, *4##* 46(51 lr 464 #%-)
9. (71*444 46) 71*44 *4x13. 16
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8 ^11 v* 8 ' , 'Si ^8

4#4 -8-5= 4 #4 4*

/Sl^/l^-S-Sa) 7}H 7}*
(LNG, LPG) 7j7l ^ 35.71

7}ll7}* 3-444 #4=1 3^s 93 111* *s*
*4*14 71415]SiJZ. Pt/Pd dopants) 44 #1* 4
Sr 7}*7j4(Sn02)7} 7H#5)%4. Si, 7|#a) 7}* #4
4 7}## 3. Si Sr ISMl* 200 “C °1 l-SS 7}1# f 

Si Sr 4^)* PTCSlE-ls. 444^4.

°1 4* 7ies) 1*44 Sc lei* 7l4:3Hl 37} 
2) Ru024 Ptl* ## *4^13 a Sr i3^ SI 4 44 
4*41 4*4 43244 #2:#14 lei 4 111 
7>» 4@ t71 SU4. 44 4-8-4 444s 444 44 
4 PTC 1*314-# 44 ** Ss^es 7^3=444 

1**1* 114443 444 #*4 7}## 4%4.

444 *4-34 4#4 4a# 4*#*4

414 *1

47)144 444 4#4 7}*l PTC*4# 4-8-4 7}*#4* 44144*3. 5.3.4 

4-7} 14. s?f, 4-444 4443. si Sr 7}*#4# 4*1*4 4 4 Si 44 #41 4S
44 7}* #4# 7}*# 43. 4-=.Es} sf-17}*# 4% 4444 **4-3 *l*S7} «}
s4 *4*s 4 tS«H 44 444 44. 444 4-41 Is# 7}*#44 liss 
PTC 44* <=1*1*34 7)e4 s* #44 #*# 47)41 14# 7}## # $iS4, 
#s*l# 1## 44 47}44 3:4* 4# 4 SI4.

7)*4 7}i7f]A-i* 7}-§-4 *4*si#3 si4 *4S!*s 144 44 7}*3-** 
44 *S>471144 PTC44* 7)4*3 4-8-4 7}*#4^ 4*3:44 44 114 SI 
*S4 434 414(4e##4 1/4=8s)f*4 7}## 443., 444 #4*14 #* 
4=814. 4#4 31#*
#444 #3*e} 444* 4144 44 444 4M4.

1-8-## 1# 794 (#1)1 99 1 10 €(4i7iH si* 4*1 * SI Sr 7}& 14 g#)

^4)4 =9=87.} ## rM *7-}-4i#7}*r 4|#(lrS.Al 7149)

4 4 4 7] ^'n‘^1" 4 4 ^i| #41

mi *44-
7}7;35.7l
(4*1*4)

KNC
7}i#4 • 7}i|i71

(4*1*4)

#1
7}*#7) - 7}*337)

(4*1*4)

4 4 1 7ie*4 4###i #41

Figaro
7}*#7} . 7}*337)
(1*1*4, is#4)

Nemoto 7}*#4 - 7}* 3 37) 
(1*1*4)

Fis 7}* #4.7}* 3 s 7)
(1*1*4, ls#4)
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^ fkk kk# 'kk# -k?-k kkk ?{z

"S'k klfr^-k (Z)

-k^k k-k^ #R,k #k5 
& a- irak-s- #S -kk#k & wk kk#k ^ kuy k-k k
^■"o'-^L-tS'k-fe- k'k sk '^ik •§'^'?k 1^"S"kk5~7"k is-is w #k? 
klB" 5kk-k #?k "S' Iklb Is fe k-teix S'kil-'x-k-kis ■k'k lb 1.0

'k!o Tck^k ##k5k -hk-kkS #55 k-te-kk k
5S k k 55?5 ^5 kS"o is to lb?kk kkS5 S k k5k"k

k#k 5k kk Wk k-gr? kk k#kk IbS k% % 5# TTk
kkkk iS to ibfok '§‘kk 5:5 fo5 Iv S# "S"5 *R"n"k k#

•Sr k k? kkk?k kkk-k"S" #5 tfiit> Ibkk "Fkkr^k 5k^

5%

kkk k k"B"k kkk k"ff k k kk?k Sfo kkk k^k^E" kfe 
k #kk &% k kkWsk S TTiYfek •it-fri Ibk 55Sk? 5k# 
ko«n ‘dni kkk 5$> irkit’s" -kk-k 51k kkk 51k 5 l&k 
i°n Ibiok #%rk k5k-& ##5?5 kklk ira-kk 5kk5k % 

Vo isk "S=7-k Sr TT{y## ?55?5 Odl 5k TC|a%: %r{y#& k 
5S#5k 5k % TT-k## 5^5 &ZT ?Lt66T "5k& 51k TrkS 

k "Sk# is-tzk 5kk 1£{y&Vo #5 Ibk 'k^lk ^555 -k"s"5
IT -ta-k Ibk Sir k"S"SR> 5 k 555 5^5 5Sz 5 5555

kk m kkk5 (i)

# k S



4 4-4 4 4 s}7] 4-4 suss. 444-^ 4444. 7}^ 47i

4 4-g-44 45. 44-S-as. 4-#-=) 4 4444 4444 44 444 
44. a44 44- 7}^47i# 7f^i4 4^4 44 4 4447}^ 

444as. 44444 4444 444a 44.

A44 4a 447> 44447] 444 44a 44 A4-& 4444 

4 44.
0 7}A 4444*1 7>444.

(2) 44 7}A 4A44 4444 a4.
(3) 44 44 4A7> 44.

0 44. 44444 #4.
© ^4A4(4A. 4A) 4444 44.
© 4 #7] 9-7]. 4444.

© 47]4 44 444 4444 44.

a44 44 7}^ 47-] 47^ 4 A0A7d # 5 7>47> 4444 4

4. 44S.-C 44 444 44 #44 49 44*1 444A 44. 5.1
4- 4^ 7].7: #7^S| 4^4- tl]3l444.
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si 7^44 ### 44 tils

\ ##

11
1541

7}iW
3.4141
1-5 H

141^1 "#r5ll 11##1 #154 134

1 5 G G E E* G B N

115 E E G E E E E

1*311 N* - N - E* B E

-8-*sNr5 G G E N* N E N

!1 111 E* E* E* N* B* E B

G G E E B* E E

141 G E G G E E G

4111 fppm
—LEL

lppm
-100%

lOppm—3
LEL

14^5
1-100%

1-1000
ppm 1-100% fppm

E : 41*1 -f-4, G : #4, N : 15. #1 S4, B : 4ml LEL : #1 111 13
' : If 71114 414 ^1135 4M#2 #1.

Si44 n^o] ti>s4 7}^ 444 4# 454 447} 7>4- 

44& 44-45 454, 444 44444 4^44 7>^ 444 44 
a4 7>^4 ##4-44"# 4-0-4 4554, 4^4 S44 44455 
4# 4 444 4444# 4-0-4 4544 7^444- S44 7>54 
^#4-44 444-fe 54444 4## 4-0-4 S4 444 ?}£■ 44 
7} 44-. 444 4544 7>i. 444 4455. 447]- 4445 7>4 

4 4 444 7|-5^£ 44-4 44 -0-4457]- 45:11, 44 45445 
457} 44-fe 44 4. 44 447} b]h4 45 jz. 4^0] 14.HHJ7 7} 

54 4444 -44444 444. 444 44 444 445 444 

4444 444 7>5 44 44 44, 444 44, 45^ 4&4 4
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4, £##12:## 4 £7}#£# ;H#^-4 ##4s 44.

4% 44 & 7}£4 ##-## 4-8-4 ##&# 7}£7} ### 44

&# #4# ##-# 44% ##&# 4&44 44 444£# 7}£

#444. 4# #44 #4 ##### 4444 ###S7} ## 7}

£# ## #£#4 s #£## 4# #£%£& 7}# 4 #£# #4 

### #£ 7>44 7}£ #44 44431 44. 44 ##4£# 7}£ 

#4# ####41 #£# 1/20# £4 #£#4 #4# 4= &£4, CO 

#4 447Hz# 444 714 £# 71-44 7}##4# 44# # 44 

##4 444 71-44 7}## £r 4444# 4444 444 7}## 

71-4:4 #44 44#4 7>44 $#4-. 5E# ch4# #4 s#-4£-E 

lis #4 44 #414441 #417} #£4 #£41441 444 #£, 

#44 #44 4 #4# #414# 7M£ $14.

#44 ##4 444 4#£4 #£414 7}£#4# n# 144 £ 

#4 3 #44 444 341 £44(Sintering type), #4#(Thick Film 

Type) 4 ###££ ### # #4. £### 44 4 44 (Direct

Heating)# 41 #(Indirect Heating)££ 44 #7} ###, #4 4#4 

4 4##4 7>## 7}£#4# £##££ 4£# bulk type# #44

4. M £4 #4 444 44# #4# 4?l #3. ###£44 441 

4 #£7> 4444 ###4 #444 4444 7}£#47}-##

7H44ji #£# #4444 #44£# #4 44144 47}# ##4

4. 44444 71144 Bulk Type #4# 444 4 44 # 444 

444 £% 44 4)## 444 44 44s £##4444 £# 4 

44 4# 4# ###7}7} #4 #47}# #4. 4# 44# ####

microsenser# 4717} #4# ##/}## a}#-## #£4 #### 4

#4 44®a}7} #S#4. 44# #4# #£41 ## #### #44 

444 #44 # #££ ### Microsenser# Memory Chip# 4 #4
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7-16flo} 7^°- o>q4.

heater k electrode

U) Sintering type (direct heating)

anuz

heater \ electrode

(b) Sintering type (indirect

lead tire'

heater

(c) Thick file type (d) Thin file type

1. fa:
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(3) 7im 7fl_£L

7>S3#4iL7Ml 3#Sa 434S 43 344 7}

s#4 4:43 4371-^4 344 434 44 #4^=4 X44 #7l4 

ss4 4# 4 4^*4 44433 4344 7}s# 4#44. 4471- 
tils*! 444s. 7^o 1 4^44 71-S3S 444 44 343S71- 4 

as 44 3a44s 4£7> 343 44 4444. 4#4 ^4 41a. 

"M, 41^44, di43^ ;H4 ssls 4&4 44# 33 #44 4 
4 4^44^4 443 444 3434 44# 44 7114444.

54 444 33 4, 444, 47134 se)s 4^113 (monolith) 4 7} 
34s 434 4 43344 7>34sa 44 4#4 443 4 #44 
4 444 3^41 #44 4sa 4444.

3.42. 434344 4-r 7^444 ###oi ^ 4471- $13 s3

4EH 71- 5] 7l 434 44^:4 4^1 s. 433^# 43 44^# 434

44 44, 3 71134 4# #43:2 4 #4 3 443 3s44 434 
ss #S4 ^s,7l #47} 44 ^443 Hxil S3 44# 3 $l£# 

4444 44 7> 344s 34 4 7} 44 sag4.

444 447)3: 4 7}44 7>s4 4444 4 4344 433 4 

44 7HM 443 434 44.

- 7M3 7l-s^a4 (3#32.a 33 71-3)
- 443 7}s^a7i

- 7fS44 2-4 4 4 4 S4(4 channels, 4 4.334, 4M byte 42.4)

44 7}s^a7l#3 44 4444 4Aa 4141a 434 #3 34 

4 $14.
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- 49% 944 4 %495
- 4 5494 (4^2] 1/20-1/10, 100-150mW)

- #7}5 4% #5

- 44 444
- ^4 ?M, 4

9-94459 5#9 944 7>57]- 444# 44 9557]- 4
44 444, 4#4 99-4 444 444 44# 43:5. 4#3}4 4

9% 95 494 7^7^ 44 =)4 4544 %M4-5# 5)4 $14. 4

44 444-J15 <4431-4 444 power supply# 4455 49559 
4445# 444# 4.4-45.2] 45# 44sj-314 44 445# 44
% f 45# 444.

(4) %9°fl 4 57] 44 $] 49

4- 44 444 9 #4# m[9]997l4)-#(344%5).#K% 
^4%7)#99%,544#%,4499493:) 444 497]]# 444 
4. 44494 949# 494 44 541 9 9955 49494. 9 

# 4471-5 9# 994 #9# 95449 94^ 4454# #49 
955 9 71-5957]# 4|9-%4 4-44-31-9'945, #4 449 44 
9454 95 7]## 499 214] 7] 4] 999 7>5944 microsensor
4 7H449 944. 9 99 5# 7}5#44 9495#(##m/J4b) 
4 9414 #944 944 bulkH 4144 491 499945 4494 
4 5M4 419 9#94 4S5 45 44.

49S 7]-54459 KIST4 99495 547>5(947>5)4] 95

4 4444 99% #4# 7H#%#5, o]o]A] ^5444 (9)99-714
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£ ts-fe- 1?kkkk kkk "k%#k tokFr ^to-ff

kk #k IbM ?kkk ‘tr^kfe^ #?k k-k^k -fkk ^av
ilk kkk'? [bSk kkkk tbk? kk k:H

kkktfek^ #-&

kkk^ -ia kk? k^k kk k^k^& kkk In-kkk ^"o"k k 
k^k^k kk kk^k k-ta-iR kk?kk ^kto to klokkk ■Hk 
to kk kio k #kk [bkk "5"5*■§■•§" kirk to 'PlaklbXSDI klb 
kk k!o itt5"§""o" kk [o H>kv'kwk k kk?kk to "3k
"k^k&k #k@,k^ k? kk kR.k &kk ^k ^"o^k M#
-kkk kk-§k "B'^kkkk k{skk [bk'n'^a^ k k 16. k?k 

[ (XSBI) to kk^k-fek-kk /iYiSr'vk-kiS- _ 6 
"S66I ~ "01 "2661 ]#.a^ ^Yk^k kkk kkk -Hk-tR-k^ kirk k

kk kklo kibkkkkto kllokkk kka^kk lokkk "S^kk
#k & toktokk kto • ft? * W tokkk kk "C^kklo "§"k"S"k "C 
kkkk tokaa ki?k*i"k ^Ytb{Yk?kkk lbPi966i klkkkk

to kkiHk) ~ JLSIM - "kk?kkk : k’ffk'^k fe-ia-tF <0*

kkkkv - 7kk#kkk
- to kkktk) - tbkfc - "kkvkkk : k’ffkvk fe-ki ^

"kk kkk kktak ikktsfc kkk "k 
%k#a/ #kwg:kk?k -§-R,k k -Skk #k#k tkk
kk kk"&(k) tok kk ^'o'^-Sr kkkk tYkk irig"o'"S' #
tsk kkkkk kkk kk 1-y[bthk Hok c k?kk^kkk kk 

k^ya^k Ibkkkk k-tak" kkkkk kkk kkU k"5io k 
kkkk kkk kka^kk kkkk kk kk^k #kk & Ik k k



99 *9995, °1 ##7] 194

4. 49715 9-49 7159571 70# ^ 494H996. 4. - 1997. 11.]

(D 7144/494 715957] 70 #[ 9#7l5*7l/(#)#47l9 ]

449 95*0 7] H><>1 #7^7M 999 71594 57l# 9499
71444 4^44 4449 71549959# 70944 955 957]
3] 54 gas monitoring system# power supply zie] 31 44 calibration

99 71*0455 70#94JL, 54 44 ^rf 449 9949 7>54
44 #54 9949 444 44 4455 444 45594 444 
944 44. 444 544 444 5444, 444 45 9 445 5
45 M71-54 44 44494 444 44 44444, 444 94
#4 94# 4# 400t^e4l4 71# 9=54 944 9#e 5##%
4.

® 44715 9#4 444 57]-7il#[ 44-715471/99-9 41471 #4
9-5 ]

(9)^4-444 7159571 45#44 494 4*4 3*4 #44

#495449 449 4544 7l5#4 4 SnOz# 5#45 49 9 
4 5x1# 94455 45444.
54 5#44] 4 714* 44 544 4# ^ 44 44 449 #45
#5, #414 4719 9449 49444. 54 5#44 600TC5 5#
9 44 714- #9 4-4999 545, 59 715944 #544 4 4 
4/97]4- 4:47119, 9 714 94^ 95 9 949 994 49 994 
7l* 499 94 ##sM4.

70#9 f 49719 9995 4-71445 49471 +i%4 9## 5 

4^9 44 71595719 499 944 95599 4^494
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2. 7}^ *4 ^4

(3) 4*4* 4** *44 44, *4* 4*7}^4* 7fi4
[ **7}^M/^447l#4*4 ]

1* 4444 4444* 4445. 4*4* 4*4 71-44 7}^44 4 

4*44 4*# *3*44. 44 44* 444 Pt# &445_& 4^
*431, **#*4 Sn024 *4444 4# 444 7^**#*# * 

4 444 *4* 44*44. 4**4 Pd* Sn024 47]-* 4 Pd*s 
4*4 47M17} 4* *4**4 444*£4 4# 4*oi] 44 *4

* 444. 443 71-^444 *44:444 444*3*4 *^r* *
4* 444.

4. 447}^ *4*5.4 4*4* 4**4*[ **-7j-^**/(*)*
44* ]

-351 -



#4 7}^^ ^^.7] 41 4^7^ 7}44 7^4^71 ### ^

44^1 41 #& ifl¥&54 4^-g- 7}a4iL7]# ’994 4-^7141 44# 
4# 4 4/^ #44 41 #& #44# ##71- 4 <@#44. 44 7M#
7}i444a4# 44 444 #4^3)4 r4444# 44(KT4

a)j # 4444 14 44# 44 4444.

54 4^## 7}5^-A} ##714 g#4 447}^7i-#

4(NGV) #45441 44, #4#5a #a, 44, 5##4 #^#44 

4*3444. 444 #44&# 444 4 44 #44a# ^a# 44 

4# 4444 #4/#444.
4#44 PTC44 44* 444 4^44 454# 444# #5 

a 4445S.4 444 4#, 414 44# 44##4 444#5a &
# 44# 7M5 $14.

5^ 3. 7M-0- 71-^43171
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ZL^ 4. 7M-& ^.71

Zl^ 5 4^-8- 7}^7§£17] ^ 3-V|B]ig
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(5) ea 4

7h 4441-4 7}^4:44 Lfly- o]Al^2,

19924^4 444 7j-^^4 4f# 444#4 -#44 4# 44f
#4 44###A& <ysfl M4 4144 #444-. o.#n 4

44 7j-^Afj7«: 7^4 M 4 #4 #A44 44 4 M zi 71^(44 

44, MM 44 4444 7]<y§M 444 444 4 #4 ^4-, 4
444^£ 4444 44444 ##44 4M4(7)aM +M4I4
+ai^^+^^a]^)o| 4^44^ 4^4-Si- W4 ## 4444 4

4 7M1 4#7H#& 444 4-# 44#4 %l%4-.
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4. 449444 9^4 44#

444 449 7)-244 71^942 #^4a 44 71-295.7) s]a> 

#4 4#4 7)-24#944# A]]3:, 944424 4499

5.:n(942til7l-5.J:9 954119) 49 ^fsHI 499 4# 9994 
i- 994# 492 ol^-g-o] o|^4.

24 494 9#9499# 49# 4442 #94 22A) 7]# # 

91-9 #9# 7)471 94 471) 294 94449 5194. ae)4 ^7fl 

5.99 #44 4# 4944 99922 447)199 4W 4 99 4 

#9444# #9449 4944 #4a 9944 97)) 5-44 94# 
4492 494.

4#9449| 4949224 27H 9471-^944 9944# 4

99 KIST9 44944 4944 9944 (4)9994 (94 999 
4)4 94# 999 49- 99a, 3=4 9449 (4)99944 941 
9949944 4449 #4494#49444 #9# #9 4494 

9 44 ##44 494 44494. 447M=94 4999 (^)99
944 444 45.49 9499 5.44a 9a 9#7))#4 49 44 
7} 499 94a 4944 494a 99 7)-295_4 497))944 4 

(#)#994# 4442# 494. 444 9 4949 94
7^9-4 444 (9)9994& #422 44 KIST4 944 949 
#492, 97>4#442, a99#44 9444 9994 444 94 

4 4 # 49 9 94 4.

29 99)9)2 #7}##4#242 94 44 a #4 7))#9 492 

44 ##4 4^7)14(4, 5)^4 9=4)4 9#4# #44a 924, 4 
#7)1499 #244, (#)#994 4 KIST 4 9444-2 999 4

4# 4444 9a 994)4)24 71-244 4 99 71^944 9#7}
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# ZLS)3L 444 ^44 444 4 44^ $14.

(6) 1 4 <941 ^SLA\^ 27fl

444 #444# 44# 44 2^}4 444# 44 #4444 4

44 444#$!9-d:4 m2 #44 444 #4

(e)444$!-^4#4 

* 4444

- 4# 44 42= 44
- 424 24 4# 7>4- 44

- 4M 4# 4#

- #^44 ^ 4444 42 44
- 4-5. 4 4?M 444 44 #44 44 44 44 44 system

42
44

6. 4 4 

(1) 44)4 #4

7>. 4 4

4444 2444444 7}2^5.7l 424 4444 #4#4# 4

#4 44# 4 M 4471- $15.4 4#^ #4 44, 44# 42

4 4-544 #444.

m2 ^94442# 4m44, 4447% M, 447}27l7l7l- $124,

#44 47>2(figaro), 4S-S(nemoto) #2244 27}# 4444 2
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^4443 KNC444 ^#4^4 M# 44444

49 44 4494 4-8-4:n $14.

44-8-4 7}^^ 3.7] 4-8-^ 494 44 $134, ^4 7M-8-
4 39 A_a. ^4 #9 2:44 §13, 4e 7^4^.471- 47}3

4 44 39444 7}^9#4 n]^4 ^ &4 444 94 M44&

4 a. 9*4 4^4 4444.

344 4e 44^9 94 4#4 7}Ma.7i *4# 7) 4433 §> 

44 9334444 3949 447} *3 $144 *37} 44 444 

933 a. $14. 444 444 444a. 444 $13# 99 4 44 9 
4 4444 4-8-4 4 $14 3494$! 7}Ma.7]# 4*71] #4 39 

43 $14.

4. 4 4
449#4 444 447M43 7}^^ 34 4^-4 #9444 $14 

I?I61 934, a.4 444 $13 4444 9a.4i 7H444 444 

44^4 4^7H44 4a. 4& 444 94 444- 93 994 49 

;H4944.

#4 $19499 4a. 43^# 9-## #4-4 3933 4^4144
7}344 34 7H44 941- s}jl $14, 7>44 4 44 7}^44

4 44 93*4 4 7}rt 4-44 3$}3 7}3447} 7fl4€ 4444, 
at 44439 4444 44344 444 i5.5. 3344-43 44 

444 7I-944 44444 444* 4#4 4# 7}344 4 444
4 44 44 44 4444(network monitoring system)# 94444
e 44* # 4a.3. ^<24%
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(2) ^4

? «■ 1997# 1998# 1999 #
aoa<>m 2000# 2001#

4 #4 
(B-9#41) 

£43-Ml#

41 T - - 168 1,120 1,400

T1 # - - - 280 560

& XI - - 168 1,400 1,960

(#4|: 4) - - 6,000 50,000 70,000

(£41: Cfl) 6,000 50,000 70,000

4#4#£@
Ajxj-s]

£2.
(4®

444 68,640 81,120 93,288 107,281 123,373

44M443- 748 807 872 942 1,017

44m#
261 164 172 181 190

(2)
^^-7^^-Aj- : 2,400^

= 12^

*1999^ 3^71 ^-b) *i|wir ».5. -^<}5}7] A]

4^

® via] 4#4

- %^7^^-A} : 3,824,000,000^ €( 1998\4 7]#)

- : 264,000M( 1998\! 7l# )
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© ^44 42

- 99444 : #626^99(9999)

© 4444 94 : 4949 99

© 971994 : Aflf-Tfl 7HW 49422 5]]^A>SJ &o.

© 4#44 7l^£

- 7}^i17) 99 44#9 24(44, 99)
- 9949 #4 19
- 499# #4 14

© 444944
71^999249 99 9444 44 2 A] 7>^ A>-§-0] o>^^LflS|-

4449 4294 4#4 7}^#A^ ^olpM. X-si-fj- AjlA^I 7]]|Hj 4% 71]

#44 2.4

7. 9-f 947114

4AM 7199 71^^9244 444^ %4999 4444 19994 

4949^] 444 71944, 44 71244 244 44 444, 444 
4 &44 449 4232 99444 7149 444 441
444 4944 4942 44. 4aM 71994 44 44 9449 4 
99 £A]7}i Aj-9 ^924 4923 547494470 7193. 7H94 9 

# 4^23 54854241483 7193 32 924 (98.5.25 444444 
9), A194 71999 9^4 #7142 924 S4 ;M99 7199 7l2
4942719 9294 99 ai^ahe 49# 9 9223 4944 

44 242 9994. 999(9994294 49 44) 71294 4
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