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ABSTRACT

In this special project, ~SnO, thin films doped with by the method of spray
pyrolysis have been deposited on glass substrate at 400 ° C. The thin films are obtained from
SbCl, / SnCl,.5H,0 in methanol solutions at the following antimony concentrations 0.0, 0.5, 1.0,
2.0, 3.0 and 4.0 wt%. X-ray diffraction pattern results show the presence of SnO, in the cassiterite
structure with a tetragonal rutile, and results from FWHM with a grain size in the range of nano
crystalline. Optical transmittance shows the best value around 90% in the visible region obtained
from samples doped with 0.5 wt% of SbCl,. For electrical properties the resistivity decreases when
antimony concentration inercases in range of 1.2 x 107 Q-cm to 6.4 x 10° (d-cm. Hall effect
measurements on electrical properties at room temperature show that carrier concentration and

20

mobility were 10* — 10 em ® and 10" - 10’ em’V 's ' respectively. As the antimony

concentration increases, the carrier concentration increases but mobility decreases.
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2.2.3 ﬂqy:f]migﬂnﬁmm [daviay, 2539]
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| k2| =n/c (2.9)
unuaumsh 2.8) asluauns 2.5) o2 ldauny i luia x du
E =E, exp[ia)(nn/c —t)]exp(— whx /c) (2.10)
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3

= Al -E ) (2.15)
Taeh 8 Ao YIAAANDY (reduced electron-hole mass)
a a daa 1 '
H. o poUANDAIATNFOAINY (optical matrix element) TEHIAUDUINAUY
Haziau
E A DINILDUNAINY
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d 1
2.2.5 msTadulsznimagandumasvesarsnaiaih
a a Jd aa w
[Abelas, 1972; AINIA%, 2539; N AY, 2543; FA1Y, 2546]
) ] Y 1 @ a & £
dmsulumsneassvousiil | @unsnvzmimdulszansmsganauaueIsng

7211 180105 AT AN LUDILE (transmission : %T) H1UA15AI0819 IAINNDITHUIVIALE

fannszny (p vumsdogsiiinnuruuning d uazuaindwiueanuinnaisdleis ()
& g Lol o 4 @ [ { ) 1 1
Faduiletsuduanuenanu (b) faaadiegdi 2.8 mmsazieusazdaiuve Tz 1a
Y
NAUAITAIH
T =1 /1= (1-R) exp(-Old) / [1+R exp(-20Ld)] (2.16)
R=1/I; = (- (0 1) 4K 2.17)
d‘ A [ a q“’ 1 1
Tagn T Ao duilszansmsdanu
A [ a QJ 9
R Ao duilse@nsmsaznou
o e dullsz@ntmaganduuer
A 1 ar d
I Ao ANUUVBEIRaIH U AN
a d
I Ao AN UVDWAIANNTENUWANLI
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T=1/1;=(1-R)exp(-0Ld) (2.18)
A 3 d' [ a a"' Y =
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a aa o
[Kittel, 1971; 99010, 2543; FA1TY, 2546]
o =t S {0
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1w ] 9 9 =\ a d! A d' Y v 1 1
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@ A sl W To A A adg a
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(plasma frequency : () AQULEIAINMUANNIN (2.20) - (2.22) unzAauanalugdii 2.11-2.12

doNo1sanlunue SI (ST unit) 921891 -

E(a)) =]- s >
E,M@
2
o =
Eom
2
8(@)51——a)—’2’
)

(2.20)

2.21)

2:22)

{ ' - adg a K \ = adg @
Taeh : €@) = milanduladiannsn (dielectric function) ¥aadtanasou luaanae lane
A Al
Annudaila 9
g, = manmmwgenliauu sy ldlugaann e (permitivity in vacuum)
1 1 a d
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U ) ad
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2.3 anama v [Runya, 1975; 9156, 2543]
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O =nqll, +nqll, (2.23)

A = A a4 v e as o w
$V3)] Hn Lag Hp ﬂ’aﬁmwma@u‘ﬂ"lﬂ (moblllty) "UEN@Lﬁﬂﬂi@ulm%I@ﬂﬂﬂJaWﬂU Uag v,
A ] A = v o ' ° i
A9 AITULIINDYLADUVDIBDIANATIDU i]']ﬂﬂ'J'lﬂJﬁilWUﬁi%ﬁ’J'Nﬁﬂ'lWN'luh"lﬂ'l (electrical
.y @ vy . = a1 g [ 3
conductivity : O) Fuanwdruniu i (electrical resistivity : D) daulu o = /P A9UUANIN

g Inihdaudu lamaums

G =1/q(L, + ) (2.24)
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2.3.2.2 35 ¥adevasuvanae sl B udH (linear two point probe method)
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2.5 Unngmsaivessean [Kiteel, 1971; nwilad, 2543; §Arly, 2546; 9138, 2543]
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$uduves [Sb] / [Sn] 0.5% ldnanlunsnua q du uaas13lugld 4.3 vazwuinnsuves
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iioWau119 Sno, MReaNuAud U9 [Sb] / [Sn] 0.5% Nvwnaaduaue laslvinalszuna
£ ] TR I I o~ B a4 o yat v oA
150 nm Fam3 Waa lumsviudedu shlddduoeiwsou lalanunumandiesiufe 547 nm

14 1.5 lm agnsinang13lugii 4.4
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nansiiluenansianulidmiunisidnunenisfinyinintu leygalihlvlduselesdmunism

lidnsdileg viedu Bnvieinudlvidaudasilomuazdesdnddiadiveaenarsynasaninisiluly
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EHT=13.00kv  WD= 6mm Signal A = SE1 : : ¥ 1300V WD= 7mm
Mag= 2500KX Scan Speed =9 T 4046 2500KX Scan Speed =9

Undoped [Sb]/[Sn] =0.5%

EHT =13.00kV WD= 7mm Signal A = SE1 Date :26 Jan 2005 " EHT=1300kv  WD= 7mm Signal A = SE1 Date :26 Jan 2005
Mag= 2500 KX ~ScanSpeed =9 Time :12:13:10 = Mag= 2500KX Scan Speed =8 Time :13:42:31

[Sb]/[Sn] =1.0% [Sb]/[Sn]=2.0%

EHT=1300kVv WD= 7mm Signal A = SE1 Date :26 Jan 2005 : EHT=1300kVv WD= 7mm Signal A = SE1
Mag= 25.00KX Scan Speed =9 Time :12:09:12 i Mag= 2500KX Scan Sy 9

[Sb] / [Sn] = 3.0% [Sb] / [Sn] = 4.0%

~ 1 da d 1 a d'
171 4.2 yananwaneaNnAsdganssmioanAToULLUdRINTIATBATIEN SnO, ArfoAd
W0 [Sb] / [Sn] 0.0%, 0.5%, 1.0%, 2.0%, 3.0% Wag 4.0% N1¥Ia1Wu 20 Ui

ﬁ' (=1 =%
dielutinsueuila
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T=1300kv WD= 7mm Signal A = SE1 Date :26 Jan 2005 B EHT=1300kVv  WD= 7mm Signal A = SE1 Date :26 Jan 2005
Mag= 2500KX Scan Speed =9 Time :11:01:08 Mag= 2500KX Scan Speed =9 ime :11:01:08
s

t=15 min. t =20 min.

EHT=13.00kV WI mm Signal A=SE1  Date :26 Jan 2005 ¥ EHT=1300kVv  WD= 7mm Signal A=SE1  Date :26 Jan 2005
Mag= 2500KX Scan Speed =9 Time :12:20:18 i Mag= 25.00KX Scan Speed = 8 Time :1345:01

t = 30 min. t = 40 min.

EHT=13.00kv  WD= 7mm Signal A = SE1
Mag= 2500KX S

t =50 min.

~ ' 9 Jda 3 { ad A A
zﬂ‘ﬂ 4.3 l,LﬁﬂﬂﬂWWﬂWﬂfﬂTﬂﬂﬁ@Qﬂﬁ'ﬂﬁiﬁu’E]Lﬂﬂ@]iaullﬂﬂﬁﬂﬁﬂi']ﬂsll@\iWﬁiJﬂ"N SnO, NvD

ANUTUTUYBY [Sb] /.[Sn] 0.5% nlFarlumsnusie 9 M ielulinmsueuila
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EHT=1300kv WD= 8mm EHT=13.00kv  WD= Signal A = SE1
Mag= 10.00K X ScanSpeed =9 ks Mag= 10.00KX Scan

t=15 min. t =20 min.

EHT=1300kv WD= 7mm Signal A = SE1 ? EHT=1300kV.  WD= 8mm Signel A = SE1
Mag= 10.00 KX Scan S 9 4 i Mag= 10.00 KX Scan Speed = 9

t =30 min. t =40 min.

EHT=1300kVv  WD= 7mm
Mag= 10.00KX Scan Spee

t =50 min.

4 ' da g 1 @ a
3‘1J‘ﬁ 4.4 lm’ﬂ\iﬂTWﬂ']U%']ﬂﬂ'gﬂﬂﬂﬁﬂﬁﬁﬁuﬂmﬂﬂﬁ@ullﬂﬂﬁ@ﬁﬂﬁ’lﬂﬂl@Qﬂ']ﬂﬁﬂ"ln'lﬁ"ll@\iwﬁ’ﬂu']ﬂ

U

S$no, AFeANuUIdLTUYDS [Sb] / [Sn] 0.5% AlFaalumswueis q Au Weluinis

=)
UaUUQ
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=® U Y = a v ad dw v A g d
4.3 wamsAnanyazlnIIa31WanTI9an A 83T AUUVRITITB N
A v & o v 2 a al s A A
ilosnndesnInsudsanyue Iaseadananideganinvesilauue Sno, fniou
P R o ad a2 A Y9 [ o = 2y v ad o A
yunszanalag aaiwsivaihdavuanmsey 1 lUvinmsfneinstenuuvessaqdns e
=y [ A A o = a v A .ﬂ' a [BR=I4
Anpranvazvesiiandsinguazih ldwSeuoudufiaunaigiy WeRnsanNiduueLY
2 i 5 o i ; 4
aszand laafiwsow latanyus Inseadewdnilunuula A01sangdi 4.6 uaz 4.7 Fauaasns
dy v a3 I'd a a d A A Yy 9 1
RYAVUVDITITONFY0INANLI SnO, LazHANVIN SnO, MABAMMUDLUY [Sb] / [Sn] #19 9
[ 1w ar d H {
Tagldalunmsnu2o wid v wazgdauuie Sno, NBeANUdNTUYS [Sb] / [Sn] 0.5% #
] 1 @ "o d ar d H
TdnanTumsuudie 9 nu dsing1lauure Sno, wagilauui Sno, NTeAwANUTUTUYDS

= kY

4 a a Y o &
[Sb] / [Sn] TunseudedBaisdInlsladail JlassadrmaniluunumaizInda 3ind

]
s 1

[ av a o 1 = { [

A0ANADINUNANUITENFUMTATWRNILNTIMAD - BasilseuNgusafe S2u1U (200)

1 v Y
TaeiioTn15i9en N uTM - [Sb] / [Sn] M1nVUIY 15211V (200) TAMUANFALINIY LA

] 1 4 9 a 4 g o ard
I udoimsionNudaudy [Sb] /7 [Sn] luilSuanunauaszildins uvesiduuiainig
v @ d%‘ 9 d' dyw 1 =\
dad luuuszuny (200) nay Tesudad 13lug17 4.6 uag 4.7 uennnildenuiunsudivuia
3 A 9y A - I, Y, a 2 e
@nauianNuduT Yo s RN UALEAd 13 11M15 197 4.1 Gl uvuiaueunTUNR U
{ a o aa o

910051 XRD @wdumsi (4.1) [Cullity, 1956; Kittel, 1974; 1UHUAD, 2543; §A1T0, 2546]

YUIAVDIUNTU (grain size)

KA

D Se® — & (4.1)
B,, cost
& A
o D A9 YUIALNTU
A 1 d‘é dgl @ 1
K D ﬂ']ﬂ\‘i“VlGIN"UUﬂ‘Uﬂlu1ﬂllﬁ$§'ﬂﬁﬁ‘ﬂ'€l\uﬂiu
A Y A A Y oA g P 2 1 Y
ﬂze D 3$ﬂ$ﬂ3111ﬂ'31\‘1ﬂlﬂﬁWﬂ‘V]ﬂ'ﬂNﬂlﬂJV}ﬂnﬂuﬂﬁﬁﬁu@ﬂl@ﬁﬂ']ﬂ"JTiJléUiJ’sIQQ'ﬂ
(full width at half — maximum of the diffraction peak)
AUATEA 1132A1TANA (microstrain)
&= f,,cos0/4 (4.2)

A A = @
U9 € D AITNIATEATSAUIANTA
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d’ ad nﬂ' o o/ dy
2'1.]7] 4.5 HaaIsnNIINI ﬁza LW’f]Ll'lvlﬂ‘Vi'l"ULl'lﬂ"U'f]\‘]LﬂﬁuQWﬂﬁLﬂﬂ@iﬂJﬂl@ﬂﬂ'l'iLaEJ'JL‘UL!

w Pl o
UDITITLDNY

{ { o 4 ar o
Glﬁ']\‘]‘ﬁ 4.1 Lkﬁﬂﬂﬂllﬂﬂ&ﬂiu%Wﬂﬁﬂ"luﬂmllﬁ?{flnﬂﬂi'lw XRD (azamnaIna1g SEM wo9Wanu

$n0, HAzlaVI9 Sn0, Ao TS [Sb] / [Sn] 0.0%, 0.5%, 1.0%, 2.0%,

Aq v ' oA = =
3.0% Lag 4.0% VIGI,‘BL'JaﬂuﬂﬁWU 20 4N ma“lunmiu@uua

A13R298619 srnansufinndnn | wwnamnsuildennmgis sEM
FWHM (10710815 (10° @)
Sno, 78 125
Sn0,:Sb ([Sb/Sn]=0.5%) 114 150
SnO,:Sb ([Sb/Sn]=1.0%) 62 175
Sn0,:Sb ([Sb/Sn]=2.0%) 73 200
SnO,:Sb ([Sb/Sn]=3.0%) 74 250
SnO,:Sb ([Sb/Sn]=4.0%) 75 300




43

[ (200)
(110) (101) 4 (211) (310) (301)
0 WMW-‘ b gt Nyl s P g [Sb]/ [Sn] = 4%
g .
%‘ Now— L T, - - % PESUNPRPT RO DV [Sbl/ [Sn] = 3%
£ )
“s [Sb]/ [Sn] = 2%
b Aoy 70 it syt eihsictoapssamstoitvon [SD]/ [SN] = 1%
Jod, PEN 'y, !
it e e T #e  [Sb]/ [Sn] = 0%
— T T T T = |
20 30 40 50 60 70 80 90
2 Theta

1 v Y o oaq @ 7 =
51/% 4.6 uangednasunBREAULSIFRNGURINENLIN Sno, MFeAINdNF VR [Sb] / [Sn]

~Aq Y ' - A A a
0%, 1%, 2%, 3% uag 4% A a1 lumsniu 20 w1 e bilimsueuiia

(@11)
ittt = 50 min,
e o pe—_ ya ool t = 40 min,
£
z { s i
2 Mo R | A
5 My A Yo NENTSRWPRII P e PORRPISRT I t = 30 min.
=
i ot mbtn s *h:A: « ot bt t = 20 min,
WYVAPPUR, R Y .S “ L e o o e 1o
T T T T T 1
20 30 40 0 yaneta B 70 80 90

A @ T v ad o ar d ~
51/ 4.7 uamsanlnasumsfeauussddngvesilanyie sno, MdeaNuANTUYDS [Sb] / [Sn]

9 ' a ~ ~ P a4 1
0.5% Taeldrarlumswu 15 wif, 20 WA, 30 WA, 40 WA uag 50 WN e litins

a
Uauug
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~ 1 A =2 ard a d A A Y g
MN1TNN 4.2 Llﬁﬂ\‘iﬂ’lﬂﬁ‘ﬂﬂl@\ﬂﬂﬂWaﬂﬂlﬁ]\ﬂ/\lﬂil1J'N SnO2 Lm:‘v\lau‘mq SnO2 NERDAINVNUUU DY
[Sb] / [Sn] 0.0%, 0.5%, 1.0%, 2.0%, 3.0% uag 4.0% N1sa1lun1sny 20 waf ©¥ie

-} =
Tutinmsuoudia

[Sb]/ [Sn] Maivealasanan (4 )
(Wt%) a c
0.0 4731 3.205
0.5 4.743 3.195
1.0 4,744 3.197
2.0 4751 3,915
3.0 4752 3.216
4.0 4752 3216

A J A =* a d a d A A Y Y
M1519N 4.3 LLﬁﬂ\?ﬂWﬂﬁﬂﬂlﬂ\‘iIﬂi\‘lWﬂﬂﬁJEN‘V‘I?IN’U'N SnO, AL GEIRN SnO, NABAINNIUNUUYDY

[Sb] / [Sn] 0.5% Tlgnarlumsyiy 15 i, 20 WA, 30 Wi, 40 1 waz 50 wId

e laifimsueuiia
na Mnaivealasanan (4 )
(1) g c
20 4.743 3.195
30 4,753 3.196
40 4,753 3.197
50 4.755 3.200

4.4 HAMSANINMTTIRIULA
P] oo a d a o AA g Yy 9
MIANEINMIARNULAVDINENUI SnO, uazilauuie Sno, ABedsa N LT UYD
] [l =1 1w a| d ~
[Sb] / [Sn] #1a 9 Tawlgamlumsnu 20 wiit wirfu waglduuie sno, MFeanududuves
[Sb] / [Sn] 0.5% #l¥alumsnuedia o fu ANTDATNTOVAINTOYT - Iadida uuy
[ a o a I'd P 1
auiiiatiy munlas W Iniinos (UV-VIS-NIR Spectrophotometer) 81 Shimadzu Ju 3101 PC

4 1 1V a d ad {
TagidennnuenInaulugIe 300 - 2500 nm WUIASHV1 SnO, UAAFULI SnO, TTann
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9y ] ]
(WU UU09 [Sb] / [Sn] A9 ¢ Wi uaeRIANUEIATUNINAT 350 U1 TUNAT DLAWTOAINIY
18 wazwuhAduu1e sno, Mdennududuves [sb]/ [Sn] 0.5% Imsdeiuuesldqaga uas

J a2 A 9 .9 a 1 Yo 4 =

Fauu19 sno, MReaduduYea [Sb] / [Sn] 4.0% Hmsdaruuaslddga Fwaaslugly

v ' £
4.8 wagnUNAANLI $nO, NAeANMANTUYDS [Sb] / [Sn] 0.5% N1Farlumsnusie « 1

A 4 1 . ' d {
yaefifaNueIAauNINAI 350 W Tuwas sgauisadewiu 1 waswunAauwIe Sno, Nive
y 9 ~ ] A A 8y 9 ¢

anunduduves [Sb] / [sn] Arnarlumswu 20 wiit Snsderiuuas lagega wasiauung sno,
d’ { 1 IS 1 T (: é
fdoanududuve [sb] / [Sn] Anarlumswiu 50 wiil Timsdeinunaslddgaiaaaslugy

n49

100 - = |[Sb}] / [Sn] = 0.0%
== [Sb]/ [Sn] = 0.5%

ISbl/ [Sn] = 1.0%
30 - ne s : = [Sbl/ISn] = 20%
~—— [Sbl/[Sn] = 3.0%
—— [Sbl/ [Sn] = 40%
60 -

50

40 -

Transmittance (%)

30 -

20 1

Chas B
0 T — T J T T

250 450 650 850 1050 1250 1450 1650 1850 2050 2250 2450
‘Wavelength (nm)

517 4.8 uamslesiFudamsdainuaslugisanuerintiu 300 - 2500 nm YesWA SN0, i
Roanududuues [Sb] / [Sn] 0.0%, 0.5%, 1.0%, 2.0%, 3.0% uaz 4.0% lagldaanlu

ASWU 20 W1 e lulimsueutia
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100 — t=15min
90
80 -
70
60
S
2
550 =
@
]
3
-E 40 i
w
g
= 30
20 -
10
0 g W T T T TS & 7
250 450 650 850 1050 1250 1450 1650 1850 2050 2250 2450
Wavelength (nm)

P J d 4 e 1 A' J =
31U 4.9 waautlesiyuanmsaanuiee lur9aMe1198% 300 — 2500 nm YINANVIS SnoO, N
Ao nudnduvos [Sb] 2 [Sn] 0.5%  Mldarlumsnu 15 W, 20 19, 30 U,

P = é‘l L= =
40 UIN-U1aL 50 UM ma"lmmmeuua

4.5 HaMIANFIAMANNMIUMY
Y] 9 v 4 a d AAM oy
1INHANINAAIIAMIANUATUNILLIHYYEINANLS SnO, fazHlANLNe SnO, NiFed 8
Y Y J ad 4 14 v o
AMMUVNYUUDY [Sb] / [Sn] AN 9 TAe3BLIU 1ADF W1 (van der Pauw method) WUHANL
sno, MdeaNududuves [Sb] /{Sa] A9 TaelHaatlupssin20 wiividu Hanuduniy
wiudigane 352 (D) uazlimaniwdmmmtiih 23 x 10° (Q-cm) wazwuhilduing
sno, fdeanududuues [Sb] / [Sn] 0.5% Tagldnalumsnuma o du Tannudiuni
1] o' H T - é

wivdiigade 15.6 (L) uazlimanmdumiuluih 23 x 10° (Q-em) Failduing sno,
Meanududuvos [Sb] / [Sn] 0.5% Tasldnarlumsny 20 W sziimanudumuuEy
fo 352 QD) wazdaamwdrmu Ay 2.3 x 100 (Q-cm) vazhanududuvos
[Sb] / [Sn] 0.5% TasradlFlunisviu 50 Wi dmanudumuukudingade 15.6 QL)
waziaanmdumuliih 2.3 x 107 (Q-cm) ndanamuaNuduTuYIaTR91INNT 0.5%

Taeldarlunsny 20 WA wdy wuNaaNNEUIULEY tazaaniwd i Tidhdia
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A dzl a gy 9 A 1w A 1 A 9 1 Y 1 1=} 1
WY tazinnududuvesasiaminufie 0.5% uanaii 1y lumswuriesnidt 50 Wi wuh
U |l 1 S ‘3‘ 4 ‘é d'

aanudumuususazaan i Iihdaunuiu dweadl3luga 410 - 413 uay

A319N 4.4 —4.5

200

180

160

140

a ® o D
g &8 8 o

Sheet Resistance (QQ / [ )

B
(=]

%4
=}
1

=}

T T T ! 1

0 1 2 3 4
% [Sb] / [Sn]

{ 1 1 4 P
U7 4.10 LERIAIANUAIUMULNUYITANLIS SnO, ABoANUANTUVO [Sb] / [Sn] 0.0%,

0.5%; 1.0%, 2.0%, 3.0% uag 4.0% Iaaldtarlunsnu 20 win Wo lufinisueuila

90
80 -
70 -
O 60
g 50
g 40
&
2 30
&
20
10
0 T T T T =]
15 25 Time (sec) 35, 45
= 1 Y] ] a A A Yy 9
gﬂ‘w 4.11 HaAIMIANUA UM ULHUYDIN AN SnO, NAABANUIVUUUVYDY [Sb] / [Sn] 0.5%

Taoldnalumswiu 15 WA, 20 WA, 30 W, 40 N waz 50 wIn Welys

=
AIUBUUA
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1.40E-02

1.20E-02

1.00E-02

8.00E-03

6.00E-03

Resistivity ( Q-cm)

4.00E-03

2.00E-03

0.00E+00 T T T T T T 1

0 1 y 3 4
% [Sb] / [Sn]

s 4.12 ugrasnammd i lwshvealduuns sno, fidenanndutiuves [Sb] / [Sn] 0.0%,

0.5%.1.0%, 2.0%, 3.0% Ly 4.0% Iagldarlumsny 20 1% we lulinnsuoutia

5.00E-03

4.00E-03

3.00E-03

2.00E-03

Resistivity ((Q - cm)

1.00E-03

0.00E+00 T T T T T T T

15 28 35 45 55
Time (sec)

51l 4.13 uamamandumu Ifhvesilauuie sno, Hideanudiudiuvea [Sb] / [Sn] 0.5%
Taldalunmswu 15 WA, 20 WA, 30 WA, 40 WA waz 50 Wi ielwd

=
NTUBUUA
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~ ' v ' ' Y ald A A
AT NN 4.4 LA NUATUNTULNY Llazﬂiﬁmwmm’null‘V\IﬁW‘U’E)\W\ImJ’UN Sn02 NAADAINY

[WudU94 [Sb] / [Sn] 0.0%, 0.5%, 1.0%, 2.0%, 3.0% taz4.0%lasldarlun1snuy

= § d‘ a =}
20 W e lulinmsueuiia

% [Sb] / [Sn] A3 ) i14aan AANUAUNIUUHY manmdrnmiu i
Tumsnu 20 w1 «Q /0y Q- cm)
0.0 183.1 1.2x 10°
0.5 353 23x10°
1.0 61.9 41x10°
2.0 74.4 49x10°
3.0 84.9 56x 10"
4.0 97.0 64x10°

~ ' [ ' 1 v ad A A
A1TINN 4.5 U NUATUNTULNU Llagﬂ']ﬁﬂ’]wgnu‘ﬂ']uVLW‘W’]‘U@QV\"@NU'N Sn02 NERDAIY

[Wutupd [Sb] / [Snl 0.5% Iaglatanlunisiy 15 vid, 20 w19, 30 W, 40 WId

a tﬁ' LF=) =
Uag 50 U LiJ’E]"l‘JJiJﬂTilLEJHUﬂ

% [Sb] / [Sn] = 0.5 AMANUAMUNIULHY maamauny i
T4 lumswnua1eny (i) (QJR)) Q) - cm)
15 82.5 45x10°
20 35.3 2.3x10°
30 30.9 24x10°
40 18.7 1.8x 10°
50 15.7 24x10°

< J
4.6 wamsﬁnmﬂsm{]mimmmaeaa

d Jd ' '
ﬁ]1ﬂﬂ1§ﬁﬂ‘ﬂ1ﬂ51ﬂ{]ﬂ15m‘ﬂ@\‘laf)ﬂaﬁ'liﬂiE]‘H']ﬂ']'lilﬁu'llluu‘ll@ﬁwqﬁz UAZTNINADDY

9 1 ad A a ya 1 ] 18 -3
‘UBQWTHSVL@ Taewunwanuig SnO, ‘V]LG]5EJiJllﬂllﬂWﬂ’J'lll‘ﬁuHmu"UENWW‘i% 87x10 cm’ Uag

I v 4
Lﬁm%‘ammg%'u%'mm [Sb] / [Sn] 0.5%, 1.0%, 2.0% mmmwmuuumaqwmzﬂzﬁﬂuﬁwﬁu

HazaziimanauloR oA NuTuIUYe [Sb] / [Sn] 3.0% way 4.0% lasnldiarlunisny 20
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' v ¥
LR TS dNanNAG BRI INEIEIBA NUH LML UV I SNVAUA TN INAADIVDININE
' 24 ~ A 4 o A
weiimanasdeuanl3lugi 4.14 uazanaadi 4.6 dieWdung sno, Mdedisanuduiuves
9 ] 1 Y] 1 A' d' 9 L - a' 3 1
[Sb] / [Sn] 0.5% lagldaanlumsviuais q fu nudulenanlslumsnuliaunuiu amnny
] Sl A 1 [ [ ' & H
WU HYRI Iz ETiAuiNAY daudnmaaesveswmzaziidianas Fwaas B lugln 4.15

HAZAI19N 4.7

r TE+20 + 140 — 0014
6E+20 X —@— Carrier Concentration;n(cmhs) 120 - [7092
o™ SE420 b Resistivity; R, (2 - em) G
G B
g == Mobilily:ll(cmlIV.s) E =
T 4E+20 - - 80 5 [o0008 g
™ = Y
i e
2 g Loos =~
S 3E+20 _%60 2“ I— 0. )
5 & o
2 g
E‘, 2E+20 < 0 L 0004
1E+20 - 20 — 0002
0" o0 Lo
0.0 0.5 1.0 2.0 3.0 4.0
{Sb] / [Sn}

Uit 414 usasmanuIAiuNNE - dnmadoseIng wazArd i iflwes
5’ M
HAuu1 Sno, AdeATKTNTLVBI [Sb] / [Sa] 0.0%;.0.5%, 1.0%, 2.0%, 3.0% WAz

4.0% TaeRlFarluntswu 20 w1 e luiimsueuila



1.60E+20

1.40E+20

1.20E+20

1.00E+20 |

8.00E+19 -

6.00E+19

Carrier Concentration(cm )

4.00E+19

2.00E+19

3
==~ Carrier Concentration; n (cm )

i Resistivity; R (Q -cm)

2
—@— Mobility; p (cm /V.s)

51

—0.008

— 0.006

- 0.004

(5 A/ ) ANTIqOIN

(wd - ¢y) AyApsisoy

—0.002

|
1
0.00E+00 |

i I oS T

20 30 40

Time (sec)

50

51 415 waaIRIANUNHLLILININE

AMNARDIURIWIME  tazaanwaumu Tihwos

Hauu1g sno, RaeanuduTuYed [Sb] / [Sn] 0.5% lauldaantunswu 15 wd,

= ~ = oA 1A ~
20 1IN, 30 UIN, 40 UIN UL 50 UM Luﬂhlullﬂ—liuauuﬁ

d' ¥ v il r'd
AN 4.6 UFEAIAIA VAU UUUNING TNTNADDIVDINTNUE uazﬁmwéfmvnu"lﬂﬂmaﬂau

119 ShO. Mo NNEUILUBI [Sb] /[Sn] 0.0%, 0.5%, 1.0%,2.0%, 3.0% WAz 4.0%
2

Tae e lumsnu 20 win tia lidmsueuiia

% [Sb] / [Sn] A4 9 AMNITHHUILUY ANINATDIVOINIHE | anINAIuNIY
e lumaniu YOINME n (cm ) LL (cm™/V.s) it p (Q - cm)
20 WA

0.0 8.7x10" 71.6 1.2x 10”

0.5 5.1x10" 63.9 23x10°

1.0 42x10" 44.4 4.1x10°

2.0 6.6x10% 23.4 49x10°

3.0 8.1x10" 16.6 56x10°

4.0 7.9x 10" 14.9 64x10°
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{ ' ] ' a
GﬂiNﬁ 4.7 BAAAIANUUUUHUNING TATNADDIVIINITIY LLﬁ&’ﬁﬂTWéﬁHVﬂH‘lwﬂ"ﬁJ@QWﬁN

V14 SO, NeANUINTUYDL [Sb] /[Sn] 0.5% Taeldarlumsnu 15w, 20

= = = = ‘d' [B=Y =
UIN, 30 UIN, 40 LN Lag 50 UN m@"limﬂmmuua

% [Sb] / [Sn] = 0.5 APNUNUILLEY | aawadesvesmine | anmaiuniu i
nanfildniumieiu anf) | vosmmg n em’?) L (cm’/V.s) P (€2 -cm)
15 2.2x 10" 78 45x10°
20 5.1x10" 63.9 2.3x10°
30 6.1x 10" 43.7 24x10°
40 9.0x 10" 39.2 1.8 x 10°
50 14x10”" 19.4 24x10°

4.7 HAMIANHITZHINAANNHIHULIN

apd { { {
1AMIANEHANUIE SnO, MeRy Sb Mwsenld Mdea1mduduvea [Sb] / [Sn]

A Y l 1 %) o 1 a o d'zﬂ YY)
0.5% Tagnanlylumanusme 9 0 NUAIANNMUIVBINANYIN Sno, NRoAI NI UV

[Sb]/ [Sn] wuagiidasmzdaginsmuaasdiiulugli 4.16

1600 -

1400 —

1200

1000 -

800

Thickness (nm)

T T

25 Time (sec) 35

45

57 4.16 uamsAInLMIVeITENLIS SnO, NiFeAmdud U [Sb] / [Sn] 0.5% Taoiild

1 = = = = = d' =Y =
nalunmsnuy 15 I, 20 UIN, 30 €N, 40 UM Uag S0 UIN ma'lwmmauua
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agiuazveauauus

5.1 a3l
ad { a. a qu o ad { 1Y
Waup19 Sno, Miwsoy Tavdtanlsdinlslade dudnuuzvesilaui ldtanizdugu
¥ v a g 4 T ard { <]
594188 vInmsAnyIAemMsifenuuvesssdons w1 lnseasevesiavimion1d iy
) 4 =) I dy =1 @ [ 1 = A Yy 9
suumase: Intia § na vazlanudwilooanu uazfmuiunsuiivinaaaauienududy
A d?l ' =\ ' ' A A 9. 9
YoI158001nIU TaewuIunTulvuIRed 1ug9 150 nm 1iiBRoRMdNTUY0 [Sb] / [Sn]
1 Y Y A s
(0.5%, 1.0%, 2.0%, 3.0% uag 4.0%) vzavnaliamranimdrniuliiianas Taoh 0.5% fisn
anmdumu Iifidinga fie 2.3 x 107 (C2-cm) 1Hp9919N 1590 AOUUBS Sb 9211 Tuumud
a o ya a a v & adg @ dy I ads a 1
zaouvosayniliomnasernui 1 a2 Fdmnasoudail wwnaoiudiannsoudase dau
4 1 Yy A 4 ¥ o a o
Womeanududuvoa [Sb] / [Sa] 4.0% aramwauniu IWihaziiudy tagieriflduung
° =) gl " oAard A A Yy 9
SnO, Tiimsainymsdeimuasnyar Wdauuia SnO, NIBANNVUUUYDI [Sb] / [Sn] 0.5%
(N K 9 A <2 wa 9 J Jd
ansadutas lduniga wazvnmsangaauiianis i daelsingniseivessead
1 a ] A 13 d‘ = =) 9 __Jor
WU UTUUANUNMUHUURINI ML IZIANIY WBINT9ANMAINI LU [Sb] / [Sn] u
v [

Ysuawnay oglugie 10°-10* cn”’ uazdniwnaesvemIzanadiionNuRUILL UYBY
- d? =< n’/’ Y = al o A A Yy 9
winzinuIu 1nmsAnpuaagl1adn lumsindeudauute sno, fdeanududuves

QA {ad { o oYY o ' ¢

[Sb] / [Sn] 0.5% Wluiton lunangalunmsnei ldssgnaldduda Wi lds suasvourad
a ¢ A ap d { 9 (U

U 919nd 1H1o901NTANDIE SnO, NiFeRUIUVBI [Sb] / [Sn] 0.5% Timsderiuuas 1dun

iga uazlimanmdrmnid i 2.3x 107 (Q-cm)
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5.2 lyvuaz dorauouus
ad { a a
TumsiwSoulauuie sno, Meanududuves [Sb] / [Sn] TasiFa)sdlnls lada
a ~ o o A Y v J ad
wuidgm wazmaiauedsemsiemserh ldsulyemsmeaes ieldwadwsosnin@nga
9y A o dy
Pynuasdorauaunziiaal
a d dg' Y] 1 Yo 13 a °
1. AUMNUBIHANUNIUBYAUTATIMINUYBImsazas Taovn l9oasimsnms uiul ez vh
g a d "o
Taitedlaw luasdiweue
= o 9 2 Y < o Y a Yy
2. Tumswssnasazmeasdy manis Pidunannuezi ldifanmsanasnou'ld
a { = a J a J a
3. gungiveavananlinnudenlum (heater) lumsmsouiduunalas s msdlnls laga

o a

dy 9 ad d? () wa 1 ad dd? dy 9
umnldgungingeuu sgiiliquantifa 9 veelaudau (lumsnaassillFgumai 400

QU Ll U

DIPNIY AT E)

a o ard A A 9 o = A A d 2 a o
4. ﬂ’liiJﬂ']iLl"l‘V‘]ﬂiJ‘iJ"N“VlL@'lSﬂilllﬁﬂ']ﬂ"liuf‘]ﬁumw@LWiJﬂ’J"IZJﬁﬂuﬁmm@@ﬂﬁﬂﬂl@\iWﬁN
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Pattern : 77-451

Radiation = 1.540600

Quality: Calculated

SnO,

Cassiterite, syn / Tin Oxide

Lattice: Tetragonal Mol.weight = 150.69

S.G.: P42/mnm (136) Volume[CD] =72.15

2= 475090 Dx =6.936

c¢=3.19650
Ilcor =9.63

ICSD COLLECTIOM CODE : 039177
TEMPERATURE FACTOR : ATF
REMARKS FROM ICSD : REM  TEM 930.

2th

26.511
33.770
37.843
38.858
42.514
51.613
54.593
57.628
61.691
62.404
64.516
65.754
69.017
71.027
74.185
78.442
80.865
83.407
83.905
86.927
89.447

=
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2 W_2NOMN_2O0O 2,0 _2N_AON_2AAa00 ~
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Pattern : 77-452

Radiation = 1.540600

Quality: Calculated

SnO,

Cassiterite, syn / Tin Oxide

Lattice: Tetragonal Mol.weight = 150.69

S.G.: P42/mnm (136) Volume[CD] = 72.34

a=4.75520 PG a18

¢=3.19920
Ilcor =9.52

ICSD COLLECTIOM CODE : 039178
TEMPERATURE FACTOR : ATF
REMARKS FROM ICSD : REM  TEM 1100.

2th

26.487
33.740
37.808
38.823
42.474
51.564
54.539
57.574
61.629
62.342
64.454
65.688
68.947
70.957
74.110
78.359
80.777
83.319
83.811
86.829
89.348

=

WWANRBRONNWWALENWONNN-AN—-

2, W=_2PNON_LCO 2O N_,ON2 A 00 - X

NOONO-_ANN_2AN_2O0ONO0O 202020 o
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Pattern : 71-652

Radiation = 1.540600

Quality: Calculated

SnO

2

Cassiterite / Tin Oxide

Lattice: Tetragonal

S.G.: P42/mnm (136)

a=4.73800

¢ =3.18650

Mol.weight = 150.69
Volume[CD] =71.53

Dx =6.996

Ilcor=9.98

ICSD COLLECTIOM CODE : 009163

TEMPERATURE FACTOR : ATE

REMARKS FROM ICSD : REM

REF.

2th | h
26.585 | 100 1
33.874 76 1
37.950 21 2
38.977 4 1
42.635 1 2
51.771 56 2
54.754 13 2
57.825 6 0
61.877 12 3
62.599 <1 2
64.737 12 1
65.962 15 3
69.283 <1 3
71.274 6 2
74.444 | <1 | 2
78.703 9 o’
81.131 3 4
83.709 6 2
84.186 <1 4
87.223 3 3
89.779 7 o)

) W_2NON_L2PO_2O0_2AN_2ON_2A 00 - x>

NOONO-ANN-_C AN, ONO 202020 o

Pattern : 72-1147

Radiation = 1.540600

Quality: Calculated

SnO,

Tin Oxide

Lattice: Tetragonal

S.G.: P42/mnm (136)

a=4.73700

¢ =3.18500

Mol.weight = 150.69
Volume[CD] =71.47

Dx=7.002

I/lcor =9.62

ICSD COLLECTIOM CODE : 016635

REMARKS FROM ICSD : REM

REF.

TEST FROM ICSD : At least one TF missing.

2th I h
26.591 | 100 1
33.888 74 1
37.959 20 2
38.991 3 1
42.645 1 2
51.787 | 50 2
54.767 12 2
57.855 6 0
61.892 10 8
62.618 | <1 2
64.768 10 1
65.981 13 3
69.259 | <1 3
71.306 5 2
74.477 | <1 2
78.727 7 3
81.152 2 4
83.744 5 2
84.207 | <1 4
87.246 2 3
89.817 5 3

2 W_2NON_L2PO 2, O0O_2AN_2AON A 00 -~

NOONO-_2NN-_22N_ONO0O 202020 o
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Pattern : 16-737

Radiation = 1.540600

Quality: Not indexed

Sn,0,

Tin Oxide

Lattice: Not
assigned

S.G.: (0)

Mol.weight = 420.07

2th

10.820
24.099
25.879
27.081
31.727
32.316
33.015
37.073
40.248
49.355
50.020
50.494
51.690
52.683
52.847
53.245
55.881
58.075
58.765
59.983
60.943
63.541
65.495
66.388
67.253
67.917
69.173
77.775
78.690
79.079
80.030
80.678

h




=l :3 Y d' = a(d
ﬂTS!ﬂﬁ?JNﬁ"liagﬁ'lﬂﬂﬁﬂ‘M!Wﬂ!ﬂiUN‘V‘I@N‘UN SnOZ: Sb

TaensamlsdInlslaga

10l NANAVDITIA

Sn = 118.71 g/ mol
Sb = 121.75 g/ mol
H = 1.01 g/mol
0] = 16.00 g/ mol
Cl = 35.45 g/ mol

msmInSinawes snCl,SH,0 anmandu 0.2 Tua lumsazaruif5anas 60 mi

60

SnCl,.5H,0 11431 1 Tua dshmiin Twana = (118.71)+(4)(35.45)+5[2(1)+16] g
=350.5 g

" SnCl,.5H,0 371171 0.2 Tua = (350.5)(0.2) g
=70.1 g

#1592a18 1000 ml ¥SnCl, 5H,0 3wan 0.2 Tua =701 g
/1502218 60 ml HSnCl, 5H,0 31191 0.2 Tua = (70.1§60) g

1000
~4.206 g

msﬁmamﬂ?mmmmamﬁa [Sb]/ [Sn] 1 wt%

350.5

¥30111aNAvY4 SnCl,.5H,0 = 350.5
U319 SnC1,.5H,0 1191 0.2 Twalumsazaio 60 ml = 4.206
SnCL,5H,0 = 3505 ¢ Iu 1luadisn = 118.71
SnCI.SH,0 = 4206 g 1uo02TIuadisn = (118.71)4.206)
= 1.4245
10 [g—ﬂ = 1 wt%
[Sb] - [ﬁ] [y e

ol (Lj(l 4245)

100

g / mol

= 00142 ¢
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w70 luanaved SbCl, = (121.75)+(3)(35.45) g

= 228.1 g

USanas [sb] 121.75 g Tu 1 Tualda/5ua sbel, = 228.1 g

USanas [sb] 0.0142 g Tu 1 TwaldalSumm suc, = (228.1)x (0.0142) g
121.75

.. A15199 [Sb] / [Sn] 1 wt% vzd0eld sbcl, HlFmm = 0.0266 g

MIABUNTA HCL 1NV 4 M
v
TuTaseaunersiile HCL37% anmagudu 12 M udniesonld 1danududu 4 M

v
1/5u1m5 100 ml A91IY

HCI 37% - 12 M
US1105999 HCI 37% ANUELTU 4 M 3 (100)x 4 ml
12
= 33.3 ml  WEUNL
ﬁmﬁ@ﬂﬂﬁ&"g (DI Water) = 67 ml

Y v Y
wnawe) : TiAnnsa HCLasluhaenysey mniu dudnsihaeatszgaslunsa Hel

funeumstlenmsazaiy
1. 111 SnCL,.5H,0 Waunua13ivafio ShCl,
2. Hnagawansfinauudalunsa HCT 4 M 15 ml
3. ilomsazmgnuanda I uUTinas 1814 60 ml Taensiin CH,O0H

o ~ ' | a S|
4. hansazae e lguilgmngii 100 © ¢ iflunarts win
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