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Thesis Title Characterization of Schottky Photodetector with Indium Tin Oxide
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Degree Master of Engineering

Program Microelectronics Engineering

Year 2009

Thesis Advisor Assist.Prof.Dr. Surasak Niemcharoen
ABSTRACT

This thesis study characteristics of Schottky photodetector with indium tin oxide (ITO)
transparent electrode by replace Al with ITO. The light can’t pass through Al electrode. So that,
current can’t generate under Al electrode but generate around it. As a result, ITO films have good
characteristics such as high transparent about 90 % and low resistivity about 10° Q-cm with 230
nm thickness and anneal in nitrogen atmosphere for 15 mins. The prepare ITO films on silicon
substrate for examine shape and area of the films that appropriate for the device. Circle shape and
area of 0.0625 mm_ are the best conditions because of low dark current (I.) about 4.36 pA. Then,
ITO thin films were fabricated on n-Si and p-Si, built in voltage of Schottky contacts were V, =
0.2 - 0.4 V. Schottky barrier of ITO/n-Si and ITO/p-Si were @y, Dpp, = 0.74, 0.73 V. ITO/n-Si
and ITO/p-Si have leakage current 5.03 pA and 5.38 pA at bias 5V. Photocurrent were 1.5 mA
and 3 mA at 25,000 lux, capacitance of diode were 110 pF and 95 pF, cut off frequency were 120

kHz and 125 kHz, respectively. In conclusion, the results from this experiment that ITO/n-Si and

ITO/p-Si have good characteristics of photodetector.
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Resolution

-easy 5 Um 0-2 Hm

-skilled 0-2 1m 10 nm

-special 0-1 {m 0-5 nm
Depth of focus Poof High
Mode

-fransmission Yes Yes

-refraction Yes Yes

-diffraction Some Many

Field of view
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Cost
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Only as image

Low

Large enough

Available for processing

High

Electron Gun
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4
L

- afaduildyTanzegidionludaui lidesmsoen iteadrufuddidnInsa
Iﬂu“lﬂ?s’msaxmuaﬁ'ﬂéuaqﬁaﬁun (Al etching) Faildaunauv8a H,PO, : HNO, :
CH,COOH : H,0 Tudns1aau80:5:5:10 ﬁ1m‘sq’nmclumsazmuﬂﬁ’ﬁ§u
ogiiiflouiiguugiyszana 40 °C Whunaszinu 20 Juri

- qulubi2ui

- whldudedenalulasiou

- aonidmihnuasesn Taeguluezdlau 2 ufaq az 1 1d

- qlubi2ui

- whldudsdemaluTasou

o' o a = =) I'd
8. nizyuMsailamesNauuIBmRnLAvesn lya
o o = o (= o
nmslgnilauuevesdwRouiiusen lad vz 1dmandewiudh (targen WhuduiRon
= v’c;cx o n‘ 4 = | [ Cd .: é [
fuoon lyanuAmuSand 99.99% sivmnaduiguinasyszane 3 11 Fuiludunay

YW In,0, 90 wi% i SnO, 10 wt% TuInssami [4imaialunistgnilduuni laifins 14

Dy

3
guniungmsesiulasdunsumsiinulussuuliaeg

14
AAMNg ITO target

- ERITUY
chamber 3 close
main valve (MV.) : close
roughing valve (RV.) close
forline valve (FV.) : close
needle valve (NV.) - close
stop valve : close
cooling water valve : close

- WA7@7 cooling water (My12.5301 LAz aMnANTle)

- deaing Rotary pump (main switch) wazitlaaing diffusion pump (diffusion
pump 9231 mMaINAandnszanm 20 wi vf'ly'qqmnqﬁ‘l’iﬁ 400 °C) 18730
dszanm 2-5 winewdlandi R,

- @and2 RV. (Aogqnin) azseaunitee 18 pressure < 1x10™ bar 8ndeilanda

NV. ndatlamianavesors neuuna Usuanuduld1ld 10 psi udrtlaiing
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p13nounfa nduindanal NV. Tnise w14 pressure < 1x10™ bar 3aseh
oteiszan 3 de ionsunda1iila stop valve azidaersneunfaudal?
Tuvie)
JandaRv.
W1A2137 FV. udmaaeld geissler tube 3n01m1#111 Chamber (geissler tube 'laj
Aa3An) s0UsTIIm 3 U
Wa2182 MV. (Aovillaaugna) uagso9uszuVTl pressure 14 chamber < 1x10°
bar 1A03a 1490 B-A vacuum gague (W30 ion-gauge)
1AW liquid N, !iji)vlﬁ pressure U3gum 1x10” bar uaz;ﬁunnq 30 wiiiaunez 14
base pressure <lx10°
Yaaing B-A vacuum gauge
Yandr NV, udadlawafs Ar gas 15 regutator 19714 10 Psi
Jandaamv,
MA83 MV. §M30 flow Ar gas 1asnuuMa9 MV, 15ganm 2.5 - 3 500
11n2187 MV. (ADoMY @IMTUAILAY pressure 11 19 4 x 10 bar vz
sputtering
Daaind RF power switch Tag

AC power switch ~ : On

RF power switch  : On
1151 RF power set (@1 lainla Shutter )

forward power 100 W

(hmsifisfiaz 20 W00 suti)

reflect power <50 W.

anode voltage <1.5 kV.
¥1m3 pre-sputter Tnodalidoudla shutter fhunan 1 921w

1@ shutter 11713 sputter MNIAINADINS

U@ shutter
151 RF power set 484 forward power Iasaaasiiaz 20 W a9 5 w1 i
aINFUD4 RF power switch
Ua Ar gas Taw
PandaNv.

Stop valve
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Yaranauna
a8 MV, uga 2500 1 52T
FadInd AC switch Y83 RF power switch Ha49n1laaing RF switch &2
15 UM
Janaimv.
Uaaing diffusion pump 1&35880 30 U1
JandrFv.
fﬂﬂfﬁ‘nﬁ; rotary pump
Leak pressure Y94 rotary pump Tusiun

Jaszuy cooling water

9. nszuuns IW1ad 15059 313509 3 ITO Mask) 1182 113509 2 (Aluminium Mask)

A 1 o ar ar =Y =\ - : o
iWesnnaisazats HOI R B lFdwmsvananaunsduifounvuesn ladiuszanaime

¥ 1
egitioneen 1 YedpaiinisSudouns 1TO Mask 1% Aluminium Mask (Wodleeiu

Til#egiidionlauaiasen

puLAvie lanwsuigunnil 90 °C Munaal 5-10 wid
o S A4 = =
e lnaariiauin (Az P1350) Aasasosatluiund Hinmsa 3000
souand Huna 40 Fu
] u’: 9/ o’ 3 b = s o
DUMHUATWSN (pre bake) Trbien Taueasta Arennuiaungumgil 90 °C

whaa 20019

ROUASHIUNIZINAUHUD 115N 3 (ITO Mask) A3oiad oS udounsn (Mask
Aligner) 141301 1un s Raouers 20 3ui

' ) Fa— . Py & o 9 o
RWUAIHIUNTZINAUNUY 113 DA 2 (Aluminium Mask) A201A3091SUFoUNITN
(Mask Aligner) 191aa1 Tun1snionas 20 Jui
o L , > 3
Yuaameio lumsdisnisguasluiwiduainaiu (AZ Developer) 2 uia
udag 20 W
ulupI2uis
whldudsdremeslulasiou
anaruilauuBuRouiuoen ladoen meviududa Inih s la Tasguasly

39210 HCL(HCL : DI 8a31d7u 1 : 1) figaamgi 40°C iihunan 30 Turi



48

- wlubi2ui

- hludsdaemalulasiou

- aenildnionlauaseen Tasguluezdlau 2 ufa9 az 1w
- gulubpi2uia

- ghludsdroma lulasou

10. AsZIIUMIBUNANBUALNALDN 156 (Annealing)
msouTlduuduReniiveon s unszuaumameanuiouiei i Inseat

mmﬁﬁnﬁumaﬁfu Sewtiama Iiaa rei stz fudanoudtu Tasduem

Teuluysseinavesialu Tasiuiigamai 300 °C Mwam 15 wi §asims Inavesing

TuTasiou 1000 ce/u®

-] d = o oy @ 1 _an
11. nszuaunsindeunan Tanzegiition (AnmauruFanou)

— i 3k a &
aunruive lanwaungungi 90 “Ciiunal 5-10 u
¥ v v
- paewie uaawianin (AZ P1350) aaonsoaaiiumes naamsa

3000 50D/ 1WA 40 FuH

- PULHUASISN (pre bake) T lanaanis Arunamdoungumgii 90 °C

= =
Wuaa1 20100

¥ ]
- simsanatueen leandundsveduiuganou Taognlunsadaudi
(Hydrofluoric Acid: HF) AinaN3dndu 5% (Punai 20 i
=1 @ (] aa o - - o =
- AR uvasvesunuFaneudofay Tangogidion Tannatanisiniey

Tanzlugaayme (Vacuum Evaporation) NANAUL5Z1% 2 x 10° Torr

= = . .
12. ﬂszmumsanﬂaniamaqnmun (Sintering)

'
s o

@ @ = o e ;
nszuaumInuamieuih Ifsesduiaveegiifiounaz Fanouauysoivu A
¥
o & Py =Y =
mahyuau T3 luussemavesialuTasiuigungii 480 °C Taviidnsnis lnaves
(1) & A i o @ o i @
' luTasou 1000 ccud Fududoulvveamim i s sodudanauazinszuasana

M
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A3ZUIMIASN schottky photodetector Hunew fazii 3.3

- o WiadTsns
ITUINAY n-Si, p-Si 1 a;I
3N 2
o 3 =y o
2 anaruauys
a¥ 199 sio, N .
DUIAGNNUBON lyA
AszyIUMg 191 e "R e
i) ALY ogiiion
#17199 n+

(IRW1¥ Si-n)

i

SunTINUE DY

4

3 T lnaTons
e 2
TWTnaTsns ™ ansn 1 Tt s
avasy Sio, anatuogiitioy
= o - 3 o
inaeuranYN iInapUTUOgItioy
duReuiueen laa AMuUndHUSaAnoY

3N 33 agUnszvaumsadiedans e Tauaa schotty photodetector
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¥ 1
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as o a ¢ A P
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Wimsfiny nazmidszgnd 1Fanuae Ty qudnyuzveslanueniminzaun 3 UaAINs
dosrnuumsgauazanmamumud esnnszsinduda I Tussla ndseniniimsfinm
awv Aaa I's o - » [ [ o
PINNIITENARUNT LAV LA NuTMIaesrunaanazan gy Iiihveslauus
o A o I o da = o = T - | o 0 r=1
2@ ionnuanyssivealduge iuAdemsuiinamauysal imsdassesiiediadus ndoy
Taodinsioeaa2 1Y uRan Rt (Crystallization) iafiMuaRANIINISANYIRUTVIA

1] 1] L] c‘ o ]
Anquesllanye Sautsmnaassesmiudiug Ae msAnuanuangs lilddTulye

¥
Auamiazdmveanstiulgsnuamidmnzaudums il 1d0u lunisnaaestissi



51

msailames Nauu19nnan 5, 15, 30 1ag 60 W19 [30-32] Miusuiiasziiluussoiniaves
maeendiou Tulasnunazeins auauiarlunisueuiian 15 11 [33-35] HaN1INABLY

¥ ¥
14 2 @ naasdaae 1

4.1.1 msanmguaniaidnndwdouivesnlyanlilduewiia
s Qs ¥
4.1.1.1 m3Inguantinelnsiaing
= a oo = nv o a a
msesouTaundwRouivesnled 145501510W ailaned dnvazAduunanwsoy

18 uamsdagn 4.1

P (g o o a A - 7t ' o
UM 4.1 dnvazvosidmnetmdguivoen lyannamiaiy

o . -

vinguin 4.1 Wuilduuslumsmssuiinaideiu fie s, 15, 30 1az 60 1K AWK
a s a " w a a s a

yoaflauviinnuuananiuamna lumsmion msaTouflduueeiugmsssniiy
nizonla il ldina lumnndonduui aramnvesidueznunnndu Aufimson 5
=l o ) ¢ e o [ te & A s - = - d A (]
Wi iU NIRIveslandIyuiia duna lidainiilivauusdusuiueen lydiniovey
A a vy A S A a o a g o a
nieleguouun nazilpdunaNaNMAIoY 15 WM wsuRUNauYIMIzUUnITn Taol

o o M o a a ] a a a4 o o '3 A qa’
TANINUND TUIDNTUY TIV0T lﬂuﬁu TIUNIAT 30 UIN lwmmnmuﬂnum«wun
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- J o o o =4 c’r’ g 1 a o =) '
mn‘ummzmmsnmu'lﬁ"uﬂmu HAEyNIa1 60 HINUY ISIHUNTIASTANISUANTUIAUYA
' d = 9 "
aavina lunmswisuisonin
d 4 a = o 14 =
asfdiznounnInssadvosauuisdwRoniuesn ladaninglin 4.2 naasszuiy
" - & " J o =t = d
M99 1D (222), (400), (441) uaz (622) FeszunmaniduszuuvesdwAsunveen lad [36-
LY ; = i o A o :rd o a  a = 4 a
37) dniuduiulvifauneiimsilgniiliesnssnouvesdudeuiivesn laa uazanguhn
o J A =) J 4 4 o a J
42 ﬁ:mu'lﬁ"mzm'u (400) manaﬂumsm'imﬁlnumqmuwmmmuﬁmmi:ummu'uu
] =1 LY - o o o o A 9/ o o ¥ o —
amamu'lﬁ%wquﬂ l'ﬂuﬂﬁﬁ]‘lﬂnﬁ ﬁmﬁmﬂwmwanwﬂaumaﬂummm‘lnmuizm‘un
o 1 = L [=1 A:: (-7 "‘II
FALDU TIUTSUIU (222),(441) ung (622) muu'mzmzumﬂ'lnmﬂmm{luwammmmnmi
[ | o oo i ¢ 1dw e a a o o
AL U\!ﬂ’.l"ﬂtls‘!vh.lﬂﬂﬂﬁuu‘i‘Elll.l.ﬂﬂUﬂllﬁ'ﬂ\iﬂmﬁﬂﬂﬂﬂlﬂﬂﬂulﬁﬂﬂﬂuﬂﬂﬂmﬁﬂ "ﬂl")ﬂ'l‘lﬂﬂ'li
a3 < = an 0 e Y d & s
alamestovgszivvesniinlaseiszuiun lidude naasimutnnuauyssives

d \ =1 ¥ o
Waunaon o naumRnIeny

-

T T T d g * X T i T T T T T

wl (212) IITO on glass slidal ] (222) ITO on glass slide |
sputter time 5 min 04 tter time 15 min|

30

Intensity (a.u.)
Intensity (a.u.)

20 4

T T
0 0 0 Bl o m 0 30 40 S0 o ] 50

E

Diffraction angle (20) Diffraction angle (20)
(a) (b)
0 T R - L. A T T S ™ T Frr— T T T
@) [iTG on glass side (do) {ITO on glass side
%04 sputter time 30 min; | |sputter time 60 min
400 - J
(222)
- 44 1 =
= H
2 = 300 g
Z 1l =z
2 (622) ]
=] =
£ g mod \
= 204 4 =
1
| 100 4
e 4 441)
1222) I ®22)
o T T T T T T T . L, ¥ T ¥ ¥ T T
20 30 40 0 0 b 0 0 30 40 50 6 n L
Diffraction angle (20) Diffraction angle (20)
(©) (d)

Uf 4.2 padilszneumalassadivesilduusdudouiivesnlad Hnarlumsailamed

A9 () 5 WM, (b) 15 1N, (¢) 30 W1 1 (d) 60 UM
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= o :‘ o 1 1
alSeuiouiuinnar 5,15 uaz 30 W1 MIAATILTHANIINAABITLH I XRD 11 SEM Haf
I&tinwasandesiu nar lunisiouilani s wiianuauyssivesnaniianoudialos

a A 2 A o 4
HazazlAuNNINYUIBNAT luNITIAT suINAY

AvrvesHanu it mdwansluzli 4.4 nsmanuvinidnnmaiin SEM
U o 4 [ [ =
Tasmomadaynevesilans amnsomvnanNunndaasasgl inar lumseion
A cg 4 A ' o ] @ o ar u’: A
INUAUANNNIIYEIHANEN daudnuzyounsuiinisdaisssduTunnads euasan
= :{ "

v ¥
asznuowazi Iumsaernundunas1aa aniunisnsztuasisnaeudiaiesain

11Ud7e nazdiedunannuaivaye Hauianuminavenoudin

60 1IN

15 4N

229 nm i

PP SE IS

U 4.4 Msmaumuvesilidug daomatia SEM

c; (=] o o o o [ o
MIHN 4.1 nfs gUINLUNG mmmﬂuwm'ﬂaumaﬁ”wmmunmmnw WY

nalumawion | Sapnumnde | Saanaminildudae
(min) SEM (nm) Surface profile (nm)
5 75 *
15 229 *
30 521 502
60 1,166 1,120

=] 1 b
wneme  * vt hiaansodald
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msmunanIuYsNaNuNBuRsuivoen lua TitmduaaslugyUn 4.5 demsm

Y sy ] a y ¥ o0 g ad
yaveunsy uilegiuiinaieds uadsns vhiidunsmaudsiduaunsuneglunsey

a A & -
MMAsUNISRI052 oz V0INTOU B9z TdvuIaveunsu Iaomay

Ui 4.5 mamunansu

a = " a
1919 4.2 VINANTUNI NN s ANUIANA 190

13aIns ﬁ‘l‘jﬂlﬂi’)'; YHIAINTH (nm)
5 W 24
15 1 30
30 wini 47
60 W17 76

4.1.1.2 MIIANUANVANINAS
¥ " o a oo - ot i [
mMsaosrnuuasosiauBuRouiueen leatiaigeludmuaalugg 400-800 nm
o = d [ ' J o o o g 4 =
dunaldnngdn 4.6 szmuiimsdesiiunasveslanuedufouiuesn leaniaigeda
3 1 1 "
Uszanw 80% u'ly 9iidunsl a, b, c uaz d Wunsmuaasmimsdesinmaaveslanuns

o ' A o - ° ' o W o o o
NAUNUIANY Wetinsansuneni i 14qe U Taseihdns e Tanaanaaeuduiaises
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A9 (ANNE1IAAY 670 nm) 1duns M a AAImMIvesHaUYsZIY 75 nm Bandfau

I3 3

4 ] ﬂlJ L} 1 o E; 1 1 A
weiinuvundesigaudiu lilsdedeinldmsdesimuasgennlude tiesninms
l ¥
Saissemvenantinaw hiauysal Wenamnnsznuszianinmsnzgru msazfiounas
A 1 = o 1 i ) U '
MIganau Fwasuedaueznszieeen Wi ldsimsdosiuasiiaianas daulu

[ ' o 3 A [ | g & A .{3 ° W
aﬁun‘nﬂ b, ¢ MIAVIFUUTINAMFIVUIUDININNITIAITUIAIVOIAANUATITNYITUVU 11']111

L] 1 =y 0 J 4
msdesriuneasiisgaiualdre idunsml difluilduusfinaumuidszum 1,166 nm

= 9 d e ' Y] Ve ' ' - = & v a
ﬂﬂLlﬁ'ﬂlﬂuﬂﬁﬂ“uﬂ'ﬂu“u’]ﬂau‘nq”'lﬂ !lﬂﬂ‘lﬂ'ﬁﬁENNTHHﬁQNﬂ'Iq@ﬂqﬂlu9Q91ﬂﬂ1iﬁﬂliﬂq
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1. INTRODUCTION

The important transparent conductive oxide (TCO) semiconductors are impurity-
doped ZnO, In;Os; and SnO; as well as multicomponent oxides consisting of
combinations of ZnO, In,O5 and SnO,, including some ternary compounds existing in
their systems. The work on TCO semiconductors such as tin oxide (SnO.), cadmium
oxide (CdO), and indium tin oxide (ITO) has been the great technological interest due
to their high-quality of electrical and optical properties.. The applications of using
TCOs are organic optoelectronic devices, transparent electrode in photovoltaic cells
and transparent electrode in photodetector.

In this report, we studied indium tin oxide (SnO; doped 1n;Os) which is an n-
type semiconductor and this is one of the most frequently used material because of its
unique characteristics such as good conductivity, high optical transmittance over the
visible wavelength region and excellent adhesion to substrate [1].  The thin film
consists of T,0; and SnO.. Indium (II1) oxide (In;O3) is a chemical compound, an
amphoteric oxide of indium. It forms bixbyte-type cubic crystals and has high melting
point. Tin oxide (Sn0O;) is the inorganic compound. The crystal structure of SnO, is
tetragonal. The mineral form of SnO; is called cassiterite, and this is the main ore of
tin.

2. EXPERIMENTAL

Glass slides were ultrasonically cleaned in DI water for 5 mins, and were
immersed in Piranha (H,SO4 + H;0;) for 10 mins, afterward they were ultrasonically
cleaned in DI water for 5 mins again [2]. Finally, they were blow-dried in a high-
purity nitrogen gas stream. The ITO ceramic target with 99.99% purity was made by
sintering a mixture of 90 wt% indium oxide (In;Os) and 10 wt% of tin oxide (SnO-)
[3]. Films were sputtered on non-heated substrate in the pure argon pressured of 1.5 x
102 torr at 100 W. The target was pre-sputtered for 60 mins and the sputtering time
were 5, 15, 30 and 60 mins. The distance between target and substrate was 15 cm.
Annealing treatment is carried out in oxygen atmosphere for 15 mins at each
temperature in the temperature range of 200-500°C [4].

The phase composition of ITO film was characterized using XRD technique
with a D8 Advance Brunker X-ray diffractometer, with monochromated CuKa in the
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scan range of 20 between 20° and 80° with a stép size of 0.025 (26/s). Measurements
were taken under beam-acceleration conditions of 40kV/35mA. Surface morphology
as well as the crystal grain size was directly observed by a LEO model 1445VP type
scanning electronic microscopy (SEM). The UV-visible optical transmission spectra
of 1ITO thin films were recorded by a single beam spectrophotometer (Thermo
electron corporation model Helios a). Electrical properties were surveyed with a
Prometrix model Omni Map ® RS35 type four-point probe [5].

3. RESULTS AND DISCUSSION

Structure properties

Fig. 1 shows the XRD analysis of the some selected samples prepared at
sputtering time (a) 5, (b) 15, (c) 30 and (d) 60 mins, respectively. The films were
annealed in oxygen flowed for 15 mins. It can be seen that the main growth directions
are (222), (400), (440), (411), (440) and (622), which cubic structure of the ITO [6].
The obvious difference between the two patterns (before and after) is that the film
annealed at higher temperature crystallized better. No impure phased corresponding to
other tin compounds such as Sn and SnO, were detected, indicated that solution of
ITO was formed.

The surface morphology of the ITO thin films annealed at difference
temperature. It can be seen from Fig. 3 that as the annealing temperature is increased,
the films are dense and the grain size along sample surface increase. After annealing,
the grain size was bigger because the temperature influences the form of grain size.
Furthermore, the grain size was polycrystalline because sputtering time was increased.

Electrical properties

Fig. 2 shows the influence of annealing treatment resistivity of thin
films. With the increase of the annealing temperature in ‘the range of 200-
500°C, the resistivity of the film increase significantly. This upper resistivity
effect is due to decreasing free electron in structure during vacuum annealing

4
process. The ITO film has a smallest resistivity of 4.55x10 Q-cm after
annealing at 300°C.

Optical properties

The optical properties of thin film shown in Fig. 4. It is clearly seen that the
transmittance of the film annealed at 300°C is much higher than those of the films
annealed at 200, 400 and 500°C. The optical properties were improved by increasing
heat treatment temperature because of enhanced formation and crystallization of thin
films. The higher temperature treatment influence better crystallization and lower
level of defect near grain boundary. Therefore, the structure of ITO thin film is
homogeneity and the light reflection decrease.
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|. Srithanachai®, K. Nutaman, A. Rerkratn, S. Niemcharoen and S. Supadech
Electronics Research Center and Department of Electronics Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang, Charongkrung Road, Ladkrabang,
Bangkok 10520, Thailand
2 Srithanachai@hotmail.com

Keywords: Photodiode, Indium Tin Oxide, RF Sputtering

Abstract. This paper descript studying and preparation indium-tin oxide (ITOQ) thin film from
method 90 wt.% In;O; and 10 wt.% SnO: formula rarget with 99.99% purity on glass slide by RF
reactive sputtering method at room temperature. This paper. sputtering time 5. 15. 30 and 60 mins,
Thin films ITO were meastred crystallization, optical and electrieal characteristic by an X-ray
diffractometer (XRD), sean electror - mucroscopy (SEM7 . Four Pont Probe and UV-VIS
spectrophotometry. The results found that thin films which-inade from RF sputtering method had a
high crystallization, @rder arraigement giain. Strong peak of XRD (40@) and (441}, low resistivity
are 2.2 x 107, 4.4% 10771 107 and 7 x 107 Q<cm. trapsmittance-are 82%. 84%, 87% and 89%.
respectively. The overall experimental results identify that fabrieated thin films ITO have good
properties and is suitable for transparemt eléctrode apphieation. The vltimate goal is developing
schottky phorodetector:

Introduction

Metal-Semiconducior Photodiode is-device thar converts optical energy. 1o clectrical energy
photocwrent occur at deplenon region and neutral region under window layer. Nowadays. many
photodiodes have two contract clectrode show Fig 1. Photocurrent is generated at window layer
only but photon ‘ean’t get through clectrods. Sa that. photocurrent 150"t generated right here.
However, photodiode still used as a optaelectronic conponent. By the way. photodiode is not used
by maximum efficieney. so. it_1s developed to a hansparent clectrode. ITO is a material has
developed and researched for a long time, Because of it« high trausmittance efficiency and high
responsibility. Moreover, ITO has a wide band gap. low resistivity and high transiittance in the
visible spectrum: 1TO has a-type conducnivity as aresult of the oxygenvacancy and tin doping of
InsOs in which Sn” substitutes for the In'" action. There are-many methods to prepare ITO thin
films such as chemical vapor deposition (CVD) [5]. thennal oxidation [6] pulsed laser deposition
[7] and sol-gel deposition [8]. Howexer. spuitering is-the most popular method to prepare thin films
by the RF reactive sputter method. Because this methad has a low growth sate and as easy way to
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Figure 1. Difference of electrode (a) Metal electrode. (b) ITO transparent electrode.
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control growth rate sputter give a uniform thin films and able to control parameters. ITO thin films
can be coat on substrate. For example, silicon. glass slide and polvimide. Fabricated ITO has many
good properties and appropriate to use as a transpatent electrode in clectronic devices or solar cells.

Experimental

ITO thin films were prepared by r.f. sputter with a target composite of the mixture 90 wt.% indium
oxide (In203) and 10 w1% tin oxide (SnOz). The size of TTO disk (99.99%) was 3 inch diameters. It
was used as a target. The distance between target and substrate was 15 cm [9]. Films were sputted
on unheated substrate in the pure argon pressured at 1 x 107 torr ambient. The target was pre-
sputtered for 60 mins and sputtered time 5, 15, 30 and 60 min. Every deposition steps. structural
properties were studies by the means of the X-ray diffraction (XRD, Bruker model DY) and the
scanning electron microscopy (SEM, LEO model 1445VP) technique. The optical transimission and
sheet resistance of films were mensured by UV-VIS spectrophotometer (Thermo  electron
corporation model Helios a) and four point probe (Prometrix model Omni Map & RS35) technique,
respectively

Results and Discussion

Surface morphology
Comparing with data structure, (222), (400) and (44 yare the indivm tin oxide opientation .show in

Fig. 2. The peaks of (222), (441) orientation was decreasing when spurtering time increzsed.
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Figure 2. The XRD pattern of RF sputtered ITO thin films,

By the way, the peak of (400) orientation increased while spurtering'was increasing. Becouse grain
size or structure were changed by sputtering time, peak charaeteristics was changed.

SEM image of indium tin oxide at sputtering time 5, 15, 30 and 60 mins with 100000x
magnification were .show in Fig. 3. It was found that the grain size are 23. 29, 43 and 75 on 3 at 3,
15, 30 and 60 mins, respectively. Sputtering time 60 min. grain size and order arrangement.

The form of grains were polyerystalline. Since the sputtering time that increasing cause more
crystal combination, so that, the grain size increase.

3

LMD - WIS - NTIED

@ ]Deqpady Hivr o

it



Advanced Materials Research Vols. §5-57 771

(b)

(c) (d)

Figure 3. SEM surface image of ITO. (a), (b). (c) and (d) at sputter time 5. 15, 30 and 60 mins,
respectively.

Optical properlies

The optical transmittance of ITO films ‘deposited on unheated glass shide. The ransmission
spectrum of 1TO at sputter time 5, 15, 30 and 60 mins show in Fig. 4. The most of transmission is
899%[1.2] in_range from 630 nm to.700 nm at sputter time 5 min because the film have low
thickness. At sputter time 60 -min ITO thin film have low transmittance, as, the transmittance of the
films was decreasing when the sputier time increased. A small grain size which grown on 5 minutes
sputter time has high transparency. On the other hand. the Jarge grain size thar grown on 60 minutes
sputter time has low transparency-
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Figure 4. The UV-VIS Transmittance of RF sputtered ITO thin film.
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Electrical propermies
The various ITO films resis

uvity that mode 1 various sputler ume are show in Fig. 5. Normally,

resistivity deercased by increasing time. Howev

cr. the maximum time of deerense resistivity is on

60 minutes with minimum resistivity of 7 X 10% O-cny. Conductivity was increasing while

spultering ime mcreased.

6 1 - 7
B 5{ o !
a T~
£~ 4 \‘ |
o ™
S 31
£ N \
2 21 Mg
3 14 e "—TI
0 = T T T d
0 10 20 30 40 50 60
Sputter time (min)
Figure 5. Resistivity of the ITO films at VAFIOUS Sputrer times.
Summary

Uniform of ITO thin films deposited by 1.1, sputtering, Swong peak (222). (400) and (441) were 11O
with XRD pattern. The ITO have transparent percentage on S min higher than 60 min about 89%.
The resistivity 60 min higher than 3 min about 73 107 Qoen The effects of the sputter-time of the

ITO films on structural. clectrical and optical propertics

were nvestigated [47. ITO thn films

suitable with iransparence glectrade for photodiode.
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