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Abstract

Core technologies for integrating hydrogen gas sensor were investigated. In this study, the thermally
isolated micro—hot-plate with areas of 100x100-260x260 ,UIHZ was fabricated by utilizing surface
micromachining technique that provides better manufacturing yield than bulk micromachining
counterpart. The optimum design of the sensor was performed by analyzing the thermal profile of the
structure obtained from a ANSYS simulator. The 400-nm-thick polysilicon films doped with
phosphorus, the 300-nm-thick aluminum films, and the 200-nm-thick SnO:(or ZnO)films were used as
the micro-heater material, the temperature sensor material, and the gas sensitive material, respectively.
The experimental results show that the developed gas sensors can detect Hz concentration as low as 1 ppm.
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Fig. 1.
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The cross section of the gas sensor
developed in this paper;(a) sensor cell
base, (b) micro hot-plate, (¢) air gap.
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Table 1. The optimum deposition conditions of

the sensor materials.

Material ZnO 510,
Power RF 240 W RF 800 W
Base Pressure < 7x107 Torr < 7x107 Torr
Working Presure 20m Torr 5m Torr
Target-Substrate

5 cm 5 cm
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Substrate Temperature |Room Temperature(RT)|250-300 C
Sputtering Gas ArQ; = 3.7 Ar:O, = 2.8

wrale] F4E 200 nm I a-step thickness
profilemeter® AH8-3Fo] EA3Mg a1, wrEpe] WA
F#%% T9 morphologys £437] 9189 X-ray
diffraction(XRD)%} scanning electron microscopy
(SEM)= AR&-3hodT).

a¥ 2e 7tdA haAadE Ay AE #

Hro|th Si07h 32T Notyped) A2l o)
9o LPCVDZE poly Sig] FA=L TE T s}

2AA e W o] AF(Si0,-SisNg-Si0)E LPCVDZE
Zv)stn 1 99 MHP(Micro hot plate)E #A4 3}
Ay, wlelmE FEE ARE] 5K B
=z Yo 8 POCLE o] &3

205 éAl—é}O% A 20~25 Q- A
A 2 u&—%%iv}. e u} |[EA-= JHCO— A4
g7} sl 4 SiOeE %zﬂﬂ thgo] PRE | E
J 31 v T BOE $d0= Si0E oA
oA EgA HYPZo Si0E PECVDER 3dlo] thA|
Zas G 5 Si0e wfol e e} SR AA

o] HW LEAAE Al ¥
A%® RF w2 EE A¥E
2 ZA3 1 negative PR& AR&-81o] Al
2 AA100 m x 100 mm ~ 260 gm x
1A LA FAEL YA

2 £dL PECVDE oxide 2
=% 600 mE FHE s Hed SdA AFE

2 A e 7k A2 AA(Sn0y)
£ dasty] fgelth &4 ALE A *17‘112 &
7148 o]€3e] 2000 A FA< SnO: & ZnO
s}

=
AN 72x 28 2283 lift-off 7% o4
]
==

MRz dES FHsATE 2 vy BARZ
AgAe T2 J2FTAS NE Y olE ¢
3 Pt FEHE(EA: 200 nm)E FF& g
GA = sinteringS 7193 ZA], 500 Tl A
1027 Np 7k2=8 di7]dddl 52 dAsH



J. of KIEEME(in Korean), Vol. 20, No. 3, March 2007.

[
-

Si02% 2 B000 A ~1 pm) ‘
]

A Poly-Si(2_m) |
)

MHP base 2% :© SiOSisNySiO; }
(4000 A/8000 A/4000 A)

|

Poly-Si £2H3000 A ~4000 A
doped phosphorous (Micro Heater)

J
ESE ]
= (2000 A)
25 A4 (300 nm)

Si0, FF : 9% (600 nm)

l

I8F =

[_
L

[ Al Lift off 2 o

L

Si0p % - i

Homk

Zn0 (28 Sn0y) Lift off (7} ZH 5 l
gl o3 1 3000 A

l

" sintering T
!

Pad Open : SisNa(2000 A),
oxide &

|

l AT 23 (P 2 A3 |
!

32 7AdgA

[ J ]

[ MHP base open : XeFz 3|42 o3 |

ag 2. 7tAAAN 3 3EE,
Fig. 2. The fabrication processes for the gas

sensor.
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Fig. 3. The ANSYS simulation result showing
the temperature distribution profile of
the structure of a micro hot plate.
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Fig. 8. Output voltage-time characteristics of
the SnO2 gas sensor as a function of
Hs concentration(260 ).

A4 &

16 4 Operating Temperature : 260°C
»
14 4 //
./.
12 ~ ///
0/.
10 e
. L 3
Z 8- /
= »
[
5 /
» /
4 4 [ 3
14
0 T T T T T T T
0 10 20 30 40 50 80
H, Concentration {ppm)
38 9. SnOAAMY sensitivity - He 5% 24
(T=260 C).
Fig. 9. Sensitivity - Hy concentration characteristics

of the SnO; gas sensors(T=260 T).

Re weol Axe ARG RarRoas)E 77}
SE 7 A Y AAMY A (Ram)2E YT
Rnoz Ao 4 9t}

. Rymp— Reoas
Sensitivity(S)= — R
AIR

Hy 5%=7} 20 ppm7HA| sensitivitys #WE A
Zvetohrt He §=7F ©l Z7FsH sensitivity 9

ol ol

232

200ppm H,
2 .
o
/ Sn0,
5 ®
; \\‘
o §' Y
jo
@
4
< N
[ /
3+ & @
\
® e
ZnO
] - » i | e R | &
0 T T T T T T T M T T
0 100 200 300 460 500
Temperature{°C)
38 10. SnOAA 9t ZnOAA el 2xe] =
Response ¥3& Hw(H, % = 200

ppm).

Response - temperature characteristics
of the SnO: and ZnO gas sensors(H:
concentration = 200 ppm).

Fig. 10.

g SnOz AlA < ZnO AlAM
RAir
RGas
& 4 %] responset SnO: AlAY AL
T=260 T Hhrt sof =7} 718 23 7
23 W37 glol Hy 7R

A

s

Response LRI R=

¢l 7% response 7o
ARE BAAIL
B e T

EA A R n()ZSq

T Sk wEkA H o

2 I
A%7t avke A€ 2 5 Yok

7

E
OJE|E doix FRo ¥ l"i:i profile® &4 3}
of AAe HHTZ AAZ FPsHT Pl =9
A poly-Si & wlolzmz 3)E A==, Al vrube
L2 ABRE 283 SnO; ke Fa7FA 7}



AgABE AgSQch A3 AT st AL
A2ARE 1 ppme] HeFe] H FEAR A
2 5 gdE AL ¢+ Q90

[11 Y. Mo, Y. Okawa, M. Tajima, T. Nakai, N.
Yoshiike, and K. Natukaw, "Micro-machined
gas sensor array based on metal film micro
heater”, Sensors and Actuators B, Vol. 79, p.
175, 2001.

[2] K. D. Mitzner, J. Sternhagen, and D. W.
Galipeau, "Development of a micromachined
hazardous gas sensor array”, Sensors and
Actuators B, Vol. 93, p. 92, 2003.

[3] B. K. Miremadi, R. C. Singh, Z. Chen, S. R.
Morrison, and K. Colbow, "Chronium oxide

233

A7 AAABEE =R, A0 A3E, 20073 3¢

gas sensors for the detection of hydrogen,
oxygen and nitrogen oxide”, Sensors ‘and
Actuators B, Vol. 21, No. 1, p. 1, 1994,
[4] J. Tamaki, K. Shinmanoe, Y. Yamada, Y.
N. Miura,
"Dilute hydrogen sulfide sensing properties of
CuO-5n02
pressure evaporation method”, Sensors and
Actuators B, Vol. 49, p. 121, 1998.
R. K. Sharma, P. C. H. Chan, Z. Tang, G.
Yan, I-M. Hsing, and J. K. O. Sin,
"Sensitive, selective and stable tin dioxide

Yamamoto, and N. Yamazoe,

thin film prepared by low-

thin—films for carbon monoxide and hydrogen

sensing 1n integrated gas sensor array
applications”, Sensors and Actuators B, Vol.
72, p. 160, 2001.

[6] Y. L Bang, K. D. Song, B. U. Joo, J. S. Huh,
S. D. Choi, and D. D. Lee, "Thin film micro
carbon dioxide using MEMS process”, Sensor
and Actuators B, Vol. 102, p. 20, 2004.

[71 S. Wolf and R. N Tauber, "Silicon Pro-
cessing For The VLSI Era-Voll”, Lattice

press, p. 344, 1986.



