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Thermal Analysis of Micro-Gas Sensor with Metal Oxide Sensing Layer
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Abstract

Thermal properties for typical stack-type and newly proposed planar-type micro-gas sensors were stud-
ied. The thermal analyses for the proposed planar structure including temperature distribution over the
sensing layer and power consumption of the heater were carried using finite element method by comput-
er simulation and well compared with those of typical stack-type micro-gas sensor. The thermal proper-
ties of the microsensor from thermal simulation were compared with those of a actual device to investi-
gate the acceptability of the computer simulation for micro gas sensor.
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Table 1. Thermal coefficients used for sim-
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Fig. 1. Finite element models of the
devices.
(a) planar structure (b) stacked
structure 1 (c) stacked structure I
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Fig. 2. The structure of a planar-type
microsensor.
(a) Top view (b) Back view

(1) Mask 1& AGAE st L& o8 AF
4o P48 #8), (2) Mask 2& 4agas ¥
Aol 9], (3) Mask 3% 4}7‘1“}‘}31 lﬂk’-_‘s"&
CLEDI-Y "

ANl AzFAe) ARG dge e E&°ﬂ ‘4
Folz A, HJYTR9 vlolaz A= HA
YAxs} g tojolxgoz PSR o] MMA
ZF A% ANE AZTPE B =F P48 4
g =g,

4 UM Y DE
41 00|22 FtAMAS) YA

YA FHPYTFRGME FAGE 239 w2
olele] gl Bl & 7HFHAAAT Y
2% FARE AT vige] AAE I E
o8 7ldsloidn. a9 3& 73} 56.6 N, 47.7
o R 251 d¥e] Ao JdE BAEYTE, AP
Y7213 H3YT=14%s] € 2E=o|Y. H
Ay vlo]3 2 ES A4 tE e ARES 8P

- {a) Heater

0 lDiaghragm el (= ’Senélhg B

layer

1

“(-- electrode

Bonding pad

(b) '
Sensing
: = | layer




ANBAA RG] =&A Vol 12, No. 10, October 1999,

© HhE ¢ 4 U FRYTEAAE JUes(s
l "__13?:3":9 © 396.3C)7H ¥R AUMS) AAAM vehin 1 @
WEr 1 ma pAYE 23 we 54 347.2v5 Ve

Al

& ¢ 7. VA F TR HpYT=e Ay
€ &AM Haexrt 42 oF 857.4Csh 364.8
Y| 257t AAY & A9 FAFEAAM nole
& &+ A9

|

OB 3. 22 56.5, 47.7 R 25.1 9] sk AY
qug A EX.
(a) BRAYT= b)Y H}E3YF=2 1 (o) A
2432 |
Fig. 3. Thermal flux diagram of the devices
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structure I (b) and the stacked
structure I (c).

e AR YHE PG Sdd e
HHzRE tololzdg AN s2Add ARy
7] 2ol HiEis 2ALALels) Thojolz el s o)
$9 %Al ¢ @ WY 295t Mad & Re
2= Aa¥d. A48 LAY 4R PHA 4L
79 7ldd e Agedold AsHE B9 B2
259 9424 29 4o UshiR. sl 2
Ads) BFESE PR FPRASH APAAR
sl 12009 AAAAS LES ARG, 2 et
A7k TR oW XYREHE HANA we 48 fe0 200 250 300
27ceES] #9372 YT sHgee Temperaturs (C)
A #7)x $eo2s AU 98 FEe x ok
57 gstt. 2AUs) LEE 150TAA 400T  ZAANR BATS pILEAA A
2 F7NB LR BAIUAS Fio BEYTE () BEYTFZ (b) ABYFZ] (o) 3
o A4 5.6%1M 10.0%2, A2 12 A4E 29721 |
T5%4M 13.1%2 A2YTELS A4 7.8%) - Fie. 4 Simulated heating power va. the i
Al24%s 4940 AANGE ¥ S A%, . fEe lemperabure across the Sensing
29 5e HUUTE, ABUTE I ARUTE  reatieod sirberove 1 (o) and the
1) is) 22} 56.6 o, 47.7 ¥ R 25.1 V9] 7} stacked structure I (c).
Ao] 72E W A7 A% LEETE B
ol& A2 FHAge] ciel BT BT LEE
% 350Teict. sl 2R e 2499 29 6¢ WEYTE, ASYTFEIH ABYFE
A4 ololmd 9] FRHRAT ARAT Aol 19 ABHIUE FHAHAE B Aol WY
AE e # 4 UL AIE W29 eEE A% FxolA pAve AU 22§ EA GFNE
29.3%¢, 28.5¢C. 28.4TCE E471&x 27¢s A9 o o8] 7tdEct. wetA JldeAvAEe 1d 3994

£
£
1
g

Power (mW)

Qo
m



F4UREE ARGz BE vlolag st24M9

g} o] AR g8 £2 AQ¥d. wd W
YrzolA BEHERY FAYo g AHEFU
49 difeldxot 2ulslelR Aol 28y
YT TtaEAY] AAY vi2 ojfol 3
- & g o) 71 H2) e} el iy A
o2 QAEFL dfdrixls] &4& 1Y gl
Ao g AR50t o dFeriAelag &
Hlejuxle] Aeoj7t A ve] AL E F/AIE
e go@ AYo) IA AIE VA Ao 47
g},

29 79 9GP F14AYe E FRH(HAYF
&8 A3YP=T : 260x260m®, ASYF[

1L N T

”O 037 014 L1l 148 128

N Distance (mm) &’

/
/

037 074 141 149 145
Distance {mm)

(mm)

3W 5. A7 56.6. 47.7 %-25.1 W8l A

g AlEEol e 4219 2k ¥ ¥,
(a) BAYTZE (b) 4FEF=I! () 3
29721

Fig. 5. Simulated temperature distributions
of the devices at 56.6, 47.7 and 25.1
oY for the planar structure (a), the
stacked structure [ (b) and the
stacked structure I (c).
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