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Abstract

Characteristics of SnO2 Thin films added with various

noble metal catalysts

Dong-Myong Na
Advisor : Prof. Jin-Seoung Park
Department of Materials Engineering

Graduate School of Chosun University

Thin films of platinum were deposited on a Al:Os/ONO(SIO2-SisN4-SiO,)/Si-substrate
with an 2-inch Pt(99.99%) target at room temperature for 20, 30 and 60 min by DC
magnetron sputtering, respectively X-Ray Diffract meter(XRD) was used to analyze the
crystallanity of the thin films and Field emission scanning electron microscopy
(FE-SEM) was employed for the investigation on crystal growth. The densification and

the grain growth of the sputtered films have a considerable effect on sputtering time
and annealing temperatures. The resistance of the Pt thin films was decreased with

increasing deposition time and sintering temperature. Pt micro heater thin film
deposited for 60 min by DC magnetron sputtering on an Al,Os/ONO-Si substrate and
annealed a 600°C for 1 h in air is found to be a most suitable micro heater with a

_VI_



generation capacity of 350°C temperature and 645 mW power at 5.0 V input voltage.
Adherence of Pt thin film and Al,O3 substrate was aso found excellent. This
characteristic is in good agreement with the uniform densification and good
crystallanity of the Pt film. Efforts are on progress to find the parameters further
reduce the power consumption and the results will be presented as soon as possible.
Moreover, Pt-doped SnO. sensors combined with above micro heater showed

highest sensitivity to CO gas when annealed at 600°C.
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Table 1. Toxic gases of gas sensor.

e 3 ol 4 7 2 283 as
LPG, %A 72 (A 2712, A7) 2 A
Za4 7 | CHy g A
7hAA 72 b &
CO(=dH A7) 2719 5
=7 | S H8RagE (SAN2)
g2, &2 A35E, NH; & A+
2 A 3 vk
OZ(E){E‘.H OZ]> 7]_}4 _?__qu_\_
S (iR A =) |k
@ o . | CONRATEA) o
HO(=xd, 2A7A) 7
A7), &4 5
o171 2.4 & A (SOx, NOy, &3 = 5
Oo(A Ao}, FAnlA]o]) azl, ®Ye
e I CO(EZHHAnA) azl, ®Ye
H>O (4] & 7}&) A2 @A 5
7 E} 37 d=E, A7)

_Iv_



A 2 A P2 A

Aol ey A {572~ (CO, HaS, SOz, NOoel &g ti7] e o] 2wl

T JpaZdoly stATE Aol FUHAT. oy Aol A 19239
Johnsonell ¢]&] Zw] 9142 A A (Catalytic Combustion-type Sensor)7} #2002 H
I HA o] AAE Fuln: 129 Pt wiredl A4 7Fa7F HESW AASHHEA 2
L7kl W& Pt A% F7kel s A=At

o AlA = 19591 Baker$t Pillistorel]l 98] a-ALOs =¥ Head® 9 PdEw& =
Tt AR RAHAAR, Fuje] st A7]e ARt mE AAMY BN S
Eot71= ol v

HEAQ HEA hAAARZE 196290 Seiyama™ 5ol e ALoz LEF ZnO
b= Al el gk A Bl Ak s FE wE §54sE W eA o] A3 W
St o] &3k Hx9 AXYY. I ¥, Taguchi® SnO: 7F=AAME 19620 8¥d E
S W, AlA HAx=E 494 AR d@Fgded AdAoer o2 HIJrh o]y
ArstE REEA Y] ZEaRdS e 1970d el HbAY] S0 g A7 &
o] Fo] Fom 1980ddlols W F&EorE ALy A A W AAAAER
LA o] S H AT AXE HE BFfAL e TS A8 J7kA, FHEnks

A
o

o A7 Ho gk 1980t 7k A o] AlA B E S Table 26l WERY AT
Aol Bgd ANL2A4S 0% A w57 ge) weryg M 5o Aty
gtk VDY ® pvD? B o] 718 olgdle AAA Az AAA U= MEMs

MA QT Zors] APE T Yok,



Table 2. Key solid-state gas sensor R&D papers in the first two decade.
Year Material Signal Detecting gas Researcher Ref.
1962  ZnO (Thin film) E.C. H? Alcoho), etc. Seiyama, et. al. 4
Sn0O, E.C. Combustible gas Taguchi. 6
1963  SnO,+Pd, Pt, Ag. E.C. Combustible gas Taguchi. 7
1966 ZnO, Sn0,, etc. EC. Reducing gas Seiyama, et. al. 8
Sn0,+Al0, BEC. Combustible gas Taguchi. 9
1967 WO,+Pt EC. H, NH, WH,, HS Shaver. 10
In,0,+Pt EC. H,, Hydrocarbon Loh. 11
1969 SnO,+Si0, EC. Combustible gas Taguchi. 12
1971  ZnO+P1+Ga,0, EC. CH, NH, Bott, et. al. 13
1972 SnO,+Pd EC. Propane Seiyama, et. al. 14
1975 La, Sr,CoO,, etc. EC.  Aicohol Sakurai, et. al. 15
V,04+Ag (Thin film) EC. NO, Sakati, et. al 16
Zn0+Ga,04+Pd, Pt. EC. H,, CO, Hydrocarbon Ichinose, et. al. 17
TiO, EC. 0O, Tien, et. al. 18
CoO EC. 0O Logothetis, et. al. 19
Pd MOS FET T.V. H, Lundstrom. 20
1976 Pd/CdS R. K Steele, et. al. 21
1977 $nO;+Pd+ThO, EC. €O Nitta, et. al. 22
1978 y-Fe,0, E.C. Propane Matsuoka, et. al. 23
Co,0, EC. CO Stetter. 24
Ag,0 SP.  Mercaptan Tsubomura, et. al. 25
Pd/TiO, R. H, Tsubomura, e1. al. 26
Metal-phthalocyanine EC. NO, Sadaoka, et. al. 27
Anthracene E.C. Amine, Carboxylic acid  Suzuki, et, al. 28
1979 ZnO (Thin film) EC. Alcohol Heiland, et. al. 29
1980 SnO,-Ultra fine particle EC. Combustible gas Abe, et. al. 30
1981 a-Fe,0, EC. CH, H, ew. Nakatani, et. al. 3
Zn0+V,0,+Mo0, EC. Freon Shiratori, et al. 32
1982 ZnO (Single crystal) EC. CO Jones, et. al. 33
SnO, (Thin film) EC. Combustible gas Chang. 34
SnO, (Thin film) E.C. Combustible gas Sotomura, et al. 35

E.C.: Electric conductivity. T.V.: Threshhold voltage. R.: Reciification. S.P.: Surface potentiat.
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Table 3. Classification of ceramic gas sensors.
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Fig. 1. Catalytic Combustible Type.
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Depletion region

adsorbed
oxygen
A .
Conduction band electron
Potential :
barrier In air Barrier
Potential barrier
In reducing gas
\ 4

1) O, + 2e¢ =» 20" or O2 : Resistance increased

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

Fig. 2. A model of a potential barrier to electric conduction at a grain

boundary.
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Table 4. Temperatures of physical

. 33)
changes in porous SnO-

T/C Physical change
150 Desorption of Oz
160 0Oz - 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 0%
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E
(Energy of system)

(a)

T ?AHPhys > d
AHChem
Fig. 3. 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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4.2.3 The Lennard-_Jones Model
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Lennard-Jones Model> $}8t&2to] A3l YA (AEN)E AWste (tdd 2do]

t}. Fig. 39 ()9 852 ZHMolA zero energyE 7l3 7FAEA7F uAEgHOR

HAste 4%, g o]l dojur] Aol &AE @elA717] A&l total energyE @
b osid

247} Lennard-Jones modelol 4] &2 &2t} 3}st-g 2 24 0]

M

mAsE Rol 9e A9 o AL oluA JEaw FW FE3 8eER] oyl

= Kaasexp( ) (6)

A
KT
© : the fraction of available surface covered
o] i},
2 (6)e] mEH e 2xodA gsg
(Desorption)= AJEa + AHepem 1 23,

df _ E _ (EA + H{:hcm ) L
% = Kaasexp( ) Kes Gexp XT 7

B

o Af WA ged. ww g

B

AHchem - the heat of chemisorption

Zf 0 (for steady state)
K H
o = ads chem 7 1 8
K:lcs eXp( KT ) }- E]— ( )
=, 2527 AsstH 0 v w48 A At o] WA A O = w§ e s 7z

aowpEbA A WA FF e e sitest ATS WA GA Hu. ey F&F
=3
N

s
o
k1
L
olN
L
jas)
=2
=2
Ac
e
=
=
i

L
o,
o
{4
%
x2,

9] coverage
Aots @2 FFAEE 3 E o] HYdd =dd 4§ =57 wWE coveraged
A wiFolth. 1A ZdHel =¥ FE - s gAE EAE9 coveraged +% o EA
< Fig. 491 el 843 oux e §2 ¥ E5F coverage O o &3 53
AHehems O 7} S7vgel wel A4S JEave O 7 7 gl wel Frhskth o



Haem”F © o Wl Zasles AL 31W9 heterogeneityol o3 @Ast=d, S A

el FASE A4E sitesd] FHFHY) A A 2 JHowD BLEHT, H3F

Zo] Mol wel o ¥ JHpems ZLE 317 WEolth Wty JHugems O 7}
/Mg E FasA Ao 257 S wEt Foizl ARt A FEAEE FAYE

S/MEY. 5, dO/dt = a 2 FFo] AL o, H6)22FE AEs = kTin a/kas °l
oa] FHol dolui, £x7l F/REE JEE FUbekE kA 0 w3 Frh@T
Hdl FHL Toaxol A BT Thax o8t A= 3HEFRE &2 E0] FAHER H
7FG A olAL, Thax 017l A= AEa + JHewem (activation energy)® ¢lsho] 25 o]

Z7tet 2 = 93 & 2 (Equilibrium Adsorption)©] A ¥ 7] wj o]t}
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Fig. 4. Typical adsorption isobar.
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SnO, ®W Yol FE Axr:= 0y, O, 079 3714 oledegz FFHh n-type

—

A3 E WA s ®EW e stoichiometryZF 21 E % (Surface conductance)dl] & 32 ©

I WkE F&HE A A o] 22 acceptorZA ZHE35Fo] HAES capturedtr] wjito] A=

Lo st o] 7bA] AbA FFES Table 40 YEW Y

[
s
N
B
>
N
g
=3
)
3

ok Edol FAs= A4 coverage® FASHY] wiimel FHFE Abold Hole i
Mol A8} E(Charge density)E WIA 7= T TS s}, A2oA Oogs 9

0y 7}2=9 Aol wWdukg(Exothermic reaction)dolx &8t wl$ =g A dojr}

woolglgk Aol oFA Wiz Ae] Aol A JMAFHA= &Eeu. olfE Weisz
limitation©. = ¢18] Two FZa= 09 Hx7 10%em’o s AdS w7 wEolt},

LY Onas 25FH O 29 Hol&m EE vjg =27 g
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4.4 Band Model(Depletion layer &4 )"

A Av S ZEE n-type WEAY ZHO] AFAREAVE FERE A ALY FRo] wE
A Q1 potetial barrier®t negatively charge-upe] WA EWH Ao WwrEA U
FoM= o2 31H % donor ionseZ 18] F3F 3t (space chare layer)o] 34
4l } &% % (deplection layer)o]2}al v o] A A7 F

o 34E B ARFS A
o)

potential zFo] & <3 # 7]# o] LAl band bending©] ¥ o]t} o] wl o] band

X% Fig. 5o veEbH

FAFTAA ] Aol M2 potential?] W3S R W, Poisson WA 2ol 93],
2
dN,
dg _ 4y ©)
dx €€,

Vix) = @, ~2(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
o] Flu (9 AEF, X = X oW W=A+= uncharged A E7} H 22 X=X,°l
0 AAZAES Hoksth, FA47F X8l A Ag A 3 (Deplection layer)oll A

A dV / dx =
o] A 4E Nixo(per unit area)@t 3F¥H Nix, = Ne (10) 7} 3, 2(9)S tA] A&

N (x—z, )?
_ q ) ( o ) ,,,,,,,,,,,,,,,,, (10)
2¢e,

V

N = the density of charged surface states

o] ¥, T3 X=0 ¥ ujo] potential <l Schottky barrier V.=

’

N i,
L= e (11)
: 2ee,
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o] #th, W AUATHE olFste=d A% oYX A (Energy barrier) qVsE
211Dl o sk
Vs=gN, Pec,N (12)

7} ®th. 2(10)& Maxwell-Boltxmann approximationg ©]

(Electron density)E T3 E ™,

MQ
e R i

ns - the density of elecrons at the surface

Er : Fermi energy
/4  Boltamann constant

T : absolute temperature
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(a) (b)
Fig. 5. Sketch showing the variation of EF-Eo:- with qVs (a) Vs =0(flat band

case, [O2 ]1=0) (b) equilibrium adsorption.
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SnO.E dly# M= o] W34 ~ 37ev) nd WEAZAN, ALAY EHAT 5

omA duRE de Sguol %l BARA vt A Fu4e 08 Wi
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A AAM e ZZ40 Ao 2ot A 7h22 = He, CO, HeS, NOy, MI®, 223 5
of 24 wgol Ha, AAE £AA, v, Fu 5 G FHUE Be AT} o F

S R A=

= XXVII -



A3 A AFE vt A7bE Snobee 54

A1 A A E
Siv} o] 2 2 M Al Y (micromachining)> vle] 22 A Al A (thermal microsensor)tt 7}
Aol wrdo] s Fa vtV @A7A poly Si, SiC”, NiFe Alloy”, NiCr”,

Pt/TiV% o] wretsl Si vl A7} 7)4S o] &3 wAl LA W3t A77t B A
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A ol R FZAE I 9low w3 sbydubrel AxmEa K
SolstA dojA = CO, NOx, SOx, CHx, HsS 5 d7] 29el 93 Fa T3 & A}
3 ZAZE " e Al ARdelth Y sEVIEE od t2EY FRY ¥ ¥
ol 7|7} st g7 el W FFS 71F Ewk obye; 1 Fel wel A9t
A AFeta Ak ole g Abaelk A E m Aol WrAeka, 24 WAl zHA ek #H A g
g7 o] Ao, HA(Home automation)E 93| 7FAA 7F2, A&7, F47E2 &7
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e s gl
wetaA B Afo| M= buffer layers F50] ofd G Fuu(ALO) S A Z 3} o]

quality) o] 47 =% 3
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Fig.7 XRD patterns of Pt thin film (a) 20min, (b) 30min and (c)

time.
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KV 10.9mm x50.0k SE(U)

KV 10.9mm x50.0k SE(U) 4 /10.9n 0 J 600-6 i 1.00um

Fig.8 FE-SEM surface images as a function of annealing temperature and

deposition time.
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Sjﬁvdkv 9 4t %100k o # 9 15:0kV'9:4mm x100k 500nm

4 15:0KkV9 1tnm x 100k * #500nm 5 1610k 9. 1mm x100k:

fig. 9 FE-SEM surface images as a function of doping time and materials.
(a) Pt 15sec, (b)Pt 30sec, (¢) Au 15sec and (d)Au 30sec. Annealed at
500 /6h.

= XXXVII -



22 15.0kV 92 x1008 "8 " o, 23 15,0k §.2mm x100k N 500hm

18 15.0kV 9.2mm X100k © 500nm 1941510kW 9. 2mm x100k

fig. 10 FE-SEM surface images as a function of doping time and materials.
(a) Pt 15sec, (b)Pt 30sec, (¢) Au 15sec and (d)Au 30sec. Annealed at
600C /6h.
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RMS : 77.48A RMS : 67.79A RMS : 49.19A

Fig. 11 AFM images and roughness with varying Pt deposition time and annealing
temperature. (a)20min,(b)30min, (c)60min annealed at 600C. and (d), (e), (f)
annealed at 700°C.
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Fig.12 Resistance of Pt thin film micro-heater as a function of sputtering time.
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Fig.13 Thermal characteristics of Pt thin film micro-heater as a function of input
voltage. Annealed at (a) 500C, (b) 600C and (c)700C.
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Fig.14 The power consumption of Pt thin film micro—heater as a function of input

voltage.
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Fig.15 TCR of Pt thin film micro-heater as a function of deposition time.
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40 |-

g Ra/Rg, CO 100ppm
35 Rg/Ra, NOx10ppm

Sensitivity

Au-15 Au-30 In-15 In-30 Pt-15 Pt-30

Fig. 16. Sensitivity of SnO2 thin films deposited in various condition with

annealing temperature.
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Fig.17 Response and recovery as a function of working temperature and CO

concentration. (a), (b) Pt 15sec and 30sec annealed at 500C.
And (c), (d) Pt 15sec and 30sec annealed at 600C.
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Fig.18 Response and recovery as a function of working temperature and CO

concentration. (a),

(b) Au 15sec and 30sec annealed at 500C.

And (c), (d) Au 15sec and 30sec annealed at 600C.
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Fig.20 Response and recovery as a function of working temperature and NOx

concentration. (a),

(b) Pt 15sec and 30sec annealed at 500C.

And (c), (d) Pt 15sec and 30sec annealed at 600C.
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