[UCI]1804: 24011- 200000232724

20064 8H
AiE - B2 57 5 S

ECEERE

Study of hydrogen gas sensor using Pd-WOs thin film

LI} SN N 1 7

J
x

N
7
<k
E



Study of hydrogen gas sensor using Pd-WOs thin film

20064F 8 H

KR KB

J
x

A

3t
i
a
-
1B
)



-

of
1o
1

A}
o)
5} 91 4
MA =
e B
1=
o=
Al

2
0064F 3
H

]
fief
KER
N j()?_‘:l
B

N Ly
K i
- FM LA
= ML
B
R

&
p i



A
E
E

Tor

;T

)A

N

o

oF

A
E
E

o

;T

)A

N

o

¢
E
i

E

o

;T

~X

Nd

o

20064 3 H

KRB RE KB B



LlSt Of Tables ........................................................................................................................ m
LlSt Of Figures ...................................................................................................................... I\
ABS TRA CT .............................................................................................................................. VI
xﬂ 1 7%]—. }\-] OO O SRR 1
A 2 F FAFZAF D o] E A FLZ 3
;{ﬂ 14 7]-4\_%1-X] xHJFj" ............................................................................................................. 3
xﬂ 2 A I?_Eiﬂ/}_], 7]—&41_]/\1 ................................................................................................. 6
D 1 B 7] g e 6

0. 0 T ZF G| AF oo 3

0. 2. 1 B 7] T Z (PRySISOIPLON) - erreeesssssreesessssssersssssssssssssssssssssssssssss s ]

2. 4. 4 E}ngf}((:hemisorption) .................................................................................... 11

2. 2. 3 The Lennard-Jones Model et 12

9.3 T AR T ZF G A} oo 15

2. 4 Band Model(Depletion layer BI A ) cererenee 16

xﬂ 3 A, WOs3 %Aé ................................................................................................................ 19



A 3 %

A1 A,
A 2 A,

A 3 4.

3.1

3.2

A 4 4,
A 4 A
A1 A,

A 2 A,

Azl oa) AxH WOomtete 24

Ta7]Ad W3 FAEA



List of Tables

Table 1. Classification of ceramic gas sensors.

Table 2. Temperatures of physical changes in porous SnOs.

_Iv_



List of Figures

Fig. 1. A model of a potential barrier to electric conduction at a grain boundary.
Fig. 2. Lennard-Jones Model of physisorption and chemisorption ;
(a) physisorption of a molecule, (b) chemisorption, where at d=oo,
enough energy has been introduced to dissociate the molecule..
Fig. 3. Typical adsorption isobar.
Fig. 4. Sketch showing the variation of EF-Eo2—- with qVs
(a) qVs =0(flat band case, [O2 1=0) (b) equilibrium adsorption.
Fig. 5. XRD patterns with varying annealing temperatures for (a)-(d) pure WOs;
and (e) 8 nm Pd deposition on WOs..
Fig. 6. AFM images and roughness with varying Pd deposition thickness on WOs.

(a) 0 nm, (b) 2 nm, (¢) 4 nm, and (d) 8 nm..
Fig. 7. FESEM surface images with varying temperature and Pd deposition thickness

on WOs.

(a) 0 nm, (b) 2 nm, (c) 4 nm Pd followed annealing at 500C/4hr and
(d) 0 nm, (e) 2 nm, (f) 4 nm Pd followed annealing at 600C/4hr.

Fig. 8 (a) W 4 and (b) Pd 34 core level spectra with varying annealing temperature,
Pd deposition thickness, and H2 flow.

Fig. 9. Resistance variation as a function of Pd deposition thickness and annealing
temperature.

Fig. 10.Resistance variation as a function of operating temperature for 2nm Pd
deposition on WOs..

Fig. 11.Resistance variation as a function of H2 concentration for 2nm Pd deposition
on WOs.

Fig. 12.Sensor Signal detection circuit.



Fig. 13. Null-balance circuit..
Fig. 14. Hardware block diagram.
Fig. 15. Software flowchart.
Fig. 16. Test module.

Fig. 17. Gas measuring program on computer.

_VI_



Abstract

Study of hydrogen gas sensor using Pd-W O; thin film

Kim Gwang-ho
Advisor @ Prof. Jin-Seoung Park
Department of Materials Engineering

Graduate School of Chosun University

Physicochemical and electrical properties for hydrogen gas sensors based on
Pd-deposited WO3 thin films were investigated as a function of Pd thickness, annealing
temperature, and operating temperature. WOs thin films were deposited on an insulating
material by thermal evaporator. XRD, FE-SEM, AFM, and XPS were used to evaluate
the «crystal structure, microstructure, surface roughness, and chemical property,
respectively. The deposited films were grown WOs polycrystalline with rhombohedral
structure after annealing at 500C. The addition effect of Pd is not the crystallinity but
the suppression of grain growth of WOs;. Pd was scattered an isolated small spherical
grain on WOs; thin film after annealing at 500C and it was agglomerated as an
irregular large grain or diffused into WOs; after annealing at 600C. 2 nm Pd-deposited

WOs; thin films operated at 250C showed good response and recovery property.
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Table 1. Classification of ceramic gas sensors
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Depletion region

adsorbed
oxygen
A .
Conduction band electron
Potential :
barrier In air Barrier
Potential barrier
In reducing gas
v

1) O, + 2&° =» 20 or O2 : Resistance increased

2) RH,(reducing gas) + 20" > RO+ H,O + 2e~ : Resistance decreased

Fig. 1. A model of a potential barrier to electric conduction at a grain

boundary.
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Table 2. Temperatures of physical

. 20)
changes in porous SnO-

T/C Physical change
150 Desorption of Os
160 02 - O transformation
227 Dry slope change
280 Water loss begins, minimum in
air resistivity ; low temperature
limit of peak in apparent gas
response
350 - 400 Maximum in apparent gas
response
400 Desorption of water from OH
450 High-temperature limit in
apparent
gas response ; water loss
complete ; maximum in air
resistivity
520 Desorption of O or O*




E
(Energy of system)

(a)

Fig. 2. Lennard-Jones Model of physisorption and chemisorption ; (a)
physisorption of a molecule, (b) chemisorption, where at d=oo,

enough energy has been introduced to dissociate the molecule.
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2.2.3 The Lennard-_Jones Model
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Volume

adsorbed
A

Physisorption

Equilibrium
Chemisorption

Irreversive
Chemisorption

Fig. 3 Typical adsorption isobar.

- 14 -

\



SnO; W Yol FFE AbiE 0., O, 079 37k4 o2 Pz FHHG. n-type
23 E A= WY stoichiometry 7} A X% (Surface conductance)ol] & <332 1]
A=Y, AAF 3 (Oxygen vacancy)s donorEX #gste] T HIAELEE Eol
I WkE FFE A4 o] 22 acceptorZA] 2835l M ALE capturedsty] wiiEo A=
L5 A& gHebge #ostes oy 7bA] A FAF S Table 39 YERU A

ok Edol FAss A4 coverage® FASHY] wiimel FHFE Abold Heole i
bl

o
2
>
o
oo

S

9] AslE = (Charge density)E H3A 7] F23 dgS8 o A

Oy 7229 dolx ¥wdut$(Exothermic reaction)dol® &3t w1 =2 A dojr}

woolelgk Aol oA wHimAe] Aol A JMAFHA= &Eu. olfE Weisz
=7t 10%/em®o 2 A S o] w o),

=g A AT

E
rlr
O\
o,
off

limitationo. & ¢l&] T Ho| & 235

b5
ot
@
ftl
Hr
o,
O\
ftl
lo,
29
o,
b
H
b5
rot
2
o

_15_



2.4 Band Model(Depletion layer &)Y

gl

Tl w

Lo

= n-type WA o] T AAREAVE FEeAL A4

potetial barrier®} negatively charge-up°] 2Astx T A9 ¥b=a]

FoM= o= 1A% donor ionse® A3 FI+ HdlZ(space chare layer)o] 34
Ho dA"E T AsES dA F B S(deplection layer)o]gtal 3t o] & A A F

Z 9] potential ZFo] 2 ¢l38] A7]Ho] WA3 band bendinge] ¥ ojytt}. o]uf ¢ band

TE£E Figd o JEr A
Adoksoll Ao 718l mE potential®] W3S W, Poisson WA 2ol o &,

T

2
do Ay ©

dx? €€,

Vix) = @, -9(x)

& the potential in the depletion layer

N; : the density of ions in the depletion layer
e ! the dielectric constant

€, . permittivity of free space

1, . the potential in the bulk of the semiconductor

Hopgtrh, FA7F XoQl % Akg 3 ZF (Deplection layer) ol A

o] A9 & Nixo(per unit area)g} 3t Nix, = N¢ (7) 7} a1, 2(6)S ©A A&

N = the density of charged surface states

o] ¥, T3 X=0 4 ujo] potential <l Schottky barrier V.=
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qN z,;
Ve—7r+— e (8)
2ee,

o] #th, W AUATHE olFste=d A% oYX A (Energy barrier) qVsE
21 (9)oll sk,

Vs =g\ Pee,Ni = 00éoZ—mm—mmmmmm——mm——e (9)
7} "oh A(10)& Maxwell-Boltxmann approximation2 o] &3] THAA Y HAEE

(Electron density)E T3 E ™,

7N
ns - Nlﬁxp[ - ( QEEEOK]N )]

ns - the density of elecrons at the surface
Er : Fermi energy
/4 : Boltamann constant

T : absolute temperature
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(a) (b)

Fig. 4. Sketch showing the variation of EF-Eo2- with qVs (a) qVs =0(flat band

case, [O2 ]1=0) (b) equilibrium adsorption.
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Fig. 5 XRD patterns with varying annealing temperatures for (a)-(d) pure WOs3

and (e) 8 nm Pd deposition on WO:s.
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RM S=0.801nm

Fig. 6 AFM images and roughness with varying Pd deposition thickness on WOs.
(a) 0 nm, (b) 2 nm, (c) 4 nm, and (d) 8 nm.
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Fig.7 FESEM surface images with varying temperature and Pd deposition thickness on
WOs.
(a) 0 nm, (b) 2 nm, (c) 4 nm Pd followed annealing at 500°C/4hr and
(d) 0 nm, (e) 2 nm, (f) 4 nm Pd followed annealing at 600 C /4hr.
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Fig. 8 (a) W 4 and (b) Pd 34 core level spectra with varying annealing

temperature, Pd deposition thickness, and H> flow.
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Fig.9 Resistance variation as a function of Pd deposition thickness and annealing

temperature.
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Fig.10 Resistance wvariation as a function of operating temperature for 2nm Pd

deposition on WOs.
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