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Growth and Characterization of Tin Oxide Thin Films

Mr. Thongcchai Channgam ID 46015218
Dr. Sutichai Chaisitsak Advisor

Academic 2005

ABSTRACT

In this project , SnO, thin films doped with fluorine have been deposited on glass substrates
using mist pyrolysis. In order to obtain SnO, films with a high transmission and a low resistivity , the
effect of substrate temperature and the ratio of NH,F in the solution on the quality of the films have
been investigated. In addition the measurement system for Hall effect has been developed for

characterizations of resistivity , carrier concentiration and carrier mobility.
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2.5.1  ¥HAUd3 Transparent Conducting Oxides (TCOs)
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ZnQ Films Doped with Various impurities.

Doping Content Resistivity Carrier Concentration
Dopant {at. %) {1074 42 o) {H0% om—Y
A 1632 1.3 150
(&) 174 12 145
8 456 20 54
Y 272 74 E&
In 1.2 L 36
5¢ 25 27 5.7
5 8.0 438 &8
Ge 1.8 74 as
Ti 20 GRS 5.2
7 .4 a2 55
Hr 41 54 a5
F 0.5 4.0 540
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Tabte 1i: Resistivity and Deposition Method of Reported Transparent Conducting
Thin Fitrns Composed of Ternary Compound TCO Materials.

Resistivity Deposition Method
Material o (42 emy) {Substrate Temperature} Reference
SNy 1.7 = 1872 T RRGT 4
ZnSnl. 4% 073 of MG (RT 7
Mnin.C, 4.2 % 197" f sputtering” 5
= 104 rf 4180 (RT: 11
GainG:, [ ifsee B
(GainL0, < 104 de M30 {RT} 35
Tradnate R I [ o fFRST (RT} e
2840 dc ME0 RT 3%
N80 2.0 19 de MSD (250°C) 15

fote) TG s ransparent conducting oxide: M30 is magnetron sputtering depasition; BT is room
emperalure.
" Postanneaied
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Table I: Histary of Processes for Making Transparent Conductors.

Materiats and Process

Ag by chemecal-Lath gepasition

Snda: B By spray pyrodysis
SnOa.: Gl by spray myolysis
Sn0q: F by spray pyrofysis

1S by spray pyrclysis
oG s S0 By spbtien:

5 by sputiering

5 Dy Snray pyrohsis
Sn-.:h E b, ovh

TiN by CVD

Znlin by spray pyrolysis
Zn(G: A by spultering
ZnC: i by sputtering
Zn( 8 iy CVD

ZnC: Ga by sputienng
ZnCh:F by CVD

Zn Al by OVD
Zn0:=a by SVE
Zalrin by VD

25Ny, By spuitening
Zn5SnG; by spukenng

£d.3n0, by puised iaser deposition

Reference
Unknawn enehan
JRE Mochel (Cornings, 19477
HA. Mchimsier {Libbeyv-Owens-Ford}, 19477
WO Lylie ang AF Junge (PPG), 19610
M adochel (Corning:, 19514
Lo Holland and G, Sigdall, 19557
HF Dates and J K. Daws (0o
L (American Cyanamiv,
ALl Mozik and G Hascks tAmerican Cyanamid
R.G. Gordon {Harvarg:, 1979°
S H. Kurz 2and R.G. Gordon {Haward; 1586
CBMajor et as find. Inst, Techy), 1984Y
hinaumi ef al (Kanazawa:, 15844
N. Qiu et al (McGiHl), 13877
-=\‘aE(un"-ar et al, (Ar:o 'E-:aiar'}__ 1085"

o r.;:

o

a8H ¢
J. By Lﬂd R G. l;:Daj")?. {Haf,ara,x_, 190w
J.Hu and R.G. Gordon {Harvard:, 19927

i ! ‘i‘wmfﬂm Hawar:h 'i“f? e

H Enoki et i {Tohokyay 19325
T fainami et ab {KBDRZ{RWE.;,
S BcGraw st al (o

NRELY 19957

159577

HeTE

aloradn Sohool of Mines and

'ﬁ

2.53
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Table iI: Figures of Merit &/« for Some Transparent Conductors.

Visible
Absorption
Sheet Resistance Coefficiant Figure of Merit

Material £e7 )] e g
Zns:F & ERE 7
Cda500, 72 ooz 7
Zni Al 38 0G5 5
1005 30 5 G.0d a4
sSnigcF A 0.04 2
Zn0:Gza 3 012 3
Zn0: B g R P
SniD,:sh 25 032 G4
Zniin pich] 329 a2

A1313% 2.4 tigure of merit 489 TCOs V194FUA

anmwmsiitIW# (Electrical Conductivity)
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Table Hi: Approximate Minimum Resistivities and Plasma Wavelengths for
Some Transparent Conductors.

Resistivity Piasma Wavelength

Matefial {peil cm} {prm}
aq 18 G4
TN 23 i
Ins0y: 20 g =1.0
Ca.5n0, 1ag =13
2 Al HEE =13
Sna.F 068 =16
Ini-F 400 =20

13190 2.5 anandtuni Wi TCos theaiia
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Plasma Frequency
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Table IV: Work Functions of Some Transparent Conductors.

Work Function Etectron Concentration
Material {&V) {em™3
NGk 47 A
Zni 45 ®
.0 50 48
Sn0oF 45
Znsntd, 54
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Table V: Thermai Stability of Some Transparent Conductors.

Deposition Stability
Temiperature Temperature
Material £Cy "y
LECVD ZndB 260 <255
APCVD ZnthF 450 =700
APCVD Sni, F £50 <708
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Table Vi: Etchants for Transparent

Conductors.
Material Etchant
Znt Dilute acids
Zn0 Ammonium chioride
TiN Ho0: + NH,
50, HCH+ HNO; or FeCi,
2n0; Zn + HO
S Cril

Q15199 2.8 a3ndl tunIieae
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Tabie Vil: Hardness of Some
Transparent Conductors.

Material Mohs Hardness
TiN B
ShiG. 5.5
Soda-lime glass &
10y ~5
Zn 4
:‘El\g {0‘\"?’
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mA ®) Q0 ¥ME (n) cm” (L) em’v's!
0.1 9.39 0.882x10" 75.4
1 10.1 1.53%10" 40.6
3 10.1 1.45%10" 42.6
5 10.1 1.53%10" 40.3
7 10.1 1.42x10" 434
10 10.1 1.48x10" 417

713199 4.3 1 (R, n
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3 = ﬂ"
dsyanansmmsdarhuuaandwammduilszdninsganduues

o= —In

s 4
oL fin dualszAnsmiganauues

d 79 A TuMHIY IR dy

T fin alosiFunaaerim
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wdninndsuns musmannuduiussznhsmhdsaesnadinlssinimganau

uganaauInaeu (othy) FuwdaanuIdaeudv) udrmunsemviavesroadiaoy

WA (Energy gap:Eg) ldnnmianduasadudiuaamns midaduldaunuwdaau

ar 4 1 1 ar o { o L ] 1
Taou Tasgadani i lafevnausaseilanoundaudagii 4.12 vsmuimye

oUNAINUYBaAAN1NI Sn0, AiTe F exiligoaiuoundsnumiify 3.95ev (Aumun

2190900 A.Tucic, Journal of Materials Processing Technology 143-144 (2003) 41-45)
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Sample Energy gap (eV)

$10, 3.95
SnO, F ([F1=10%) 33
SnO:F ([F1=20%) 3.8
SnO,:F ([F1=30%) 3.8
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Sample Energy gap (eV)
300°C 3.92
350°C 3.9
400°C 3.8
a50°C 3.78
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4.2.4 memsAnwaEnDAnth S1e)51ngn13v099008 (Hall effect)
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Sample R‘(QD) n(cm”) H (em'v's")
qunnli 300°C 4.68E+01 1.03E+16 1.73E+01
garvghl 350°C 5.19E+01 1.34E+16 9.00E+00
quHli 400°C 2.79E+01 2.08E+16 1.07E+01
gaiMgii 450°C 4.12E+01 1.34E+16 1.13E+01
aududu F = 0% 1 20E+02 2.99E+15 1.74E+01
AN F = 10% 1.89E+01 2.88E+16 1.15E+01
Anududu F = 20% 2.14E+01 2.24E+16 1.21E+01
Audiudu F=30% 2.17E+01 1.74E+16 1.65E+01

1717 4.5ua93A1 R, n, M vos#AaNL1a SnO,F
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350 400
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U7 4.16 uaaanm R, vo9RAN119 SnO,F iqungii 300°C, 350°C, 400°C, 450°C
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’ [ el = [ =y d.y = A el =
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NARDI WU shield uaz 1118 shield Furwy'li 14 shield vzdinn n,, 1 lin
= o = o A a
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(o] Af d o Ve r A W d.y a A a a
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= ¢ a 4 A a
ajUminaassveamaas vufausdyneen lad nadou luman/fuuulasmiy
3/ [ : ar 4
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= ¢ o ¢ 4 A o [T A1
azapuvaIgeeT U uaznloTiFumsdanuuaagegaiios F innududu 0% Inuidu
¢ o ' Vg
81.9% uazAanL19Se0,430 F 7 10% Tdmanudumunkiudigaio 1.80x10' QUL naz1d
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