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Abstract

We investigated changes in the preferred orientation and
microstructure of IZO films with increasing In content. ZnO film and
[Z7O films with In contents in the range of 0.3~50 at.% were
deposited on Si (111) substrates by pulsed laser deposition and
were subsequently characterized by X—ray diffraction (XRD), atomic
force microscopy (AFM), and transmission electron microscope
(TEM). Structural analysis of the films revealed that with increasing
In content, the preferred orientation of films changed from (001) to
random for an In content of 10 at.% and finally became (100) for an

In content of 20 at.%. The grain size of columns and RMS values



showed a gradual decrease with increasing In content. By introducing
an In content of up to 10 at.%, the initial orientation of nuclei
changed from c—axis to random; nuclei with a preferred a—axis are
dominant for an In content of 20 at.%, reflecting a deterioration of
the tetrahedral coordination of ZnO. Consequently, the growth
direction of grains changed and the preferred orientation of grains

affected the microstructure.
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2.1 Zn0O 71¥ &4

2.1.1 ZnO 24 %
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S2xo)lE AATEL ZnO = &7+ (Space group) P6sme T-% %
C = W& 6mm S 7. 119 2.1 3 #Zo] ZnO = A4
o]&5o] §174 A7 (hexagonal site)o] YA &FaL ofdd o] && Al A
Zk2] (tetrahedral site)el 91Aste] Zn T3 O Fo] wtlE 45 o

tt. BF AAFE a= 0.32496 nm, c=0.52069 nm = c =3}

a 3+ nj7F oF 1.6 v AEoly, ¢ & Wi o] 1o AUt gE
nkeko] o] & 71 ARt} 7] wjEel & o] 3} (effective ionic

charge)®] H|7} 1:1.2 & FAo] EA3t) ¢ =] $2¢ (0001)H 7}

(000-Dwo] =4 wols, zn AAS=W FHE (0001 W]
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Fig. 2.1 The crystal structure of ZnO. The gray and black spheres
denote Zn and O atoms, respectively: (a) cubic rock salt, (b) cubic

zinc blende and (c) wurzite hexagonal [23]



Table 1. The properties of ZnO [23]

Property Value
Lattice parameter 0.32496 nm
ao 0.52069 nm
Co

1.602 (1.633 for ideal
ao/co hexagonal structure)
Density 5.606 g/cm®

Stable phase at 300 K

Hexagonal wurzite

Melting point

1975°C

Linear expension coefficient (/°C)

20:6.5x107°, ¢(:3.0x107°

Static dielectric constant

8.656

Energy gap 3.37 eV (direct)
Intrinsic carrier concentration <10%cm’
Exciton binding energy 60 meV
Electron effective mass 0.24

Hole effective mass 0,59




2.1.2 Zn0 & A7]d EA
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A E o SRR ol Ty Fole FEo] o] FHtHAY

ol

o

Jol& AYdE A} Fol& Fro] o] Futyojof sty AxAfel e
&% A% (vacancy pair defect) = Schottky ZAgolz} s Fx}¢}
Zo] F¥—-39 A A (vacancy—interstitial atom pair defect) &
Frenkel Zgtolg} dtr}f. ddtA oz <Fo] 23} Jo] 9 nkx]Fo] A9
2o oledy EHeS A% Schottky Aol FE WASHA A,
ol Fol9 REAF zpoj7p & o2 A7 &4l thsiA & Frenkel

| $AskA wAEA BTk Zn0 A4 WA Znt. 070l o] &

ih3
ot
o

o
R
10
r!I.
B
al il
2
S
N
=
u
X,
i
)
K=
i
=2

a4 7F 0.74, 1.40 A & o
T8 A AFOZ Frenkel Ago] TS Ak 5 2349 A 44
mgol  1:1 o FetgEeld  Holu  wastrEd  (non-
stoichiometry) %5 7IA1 A#As2E Zn, O FEY Zn IUFP
A}, Zno, I I Fele] Abx BRI e P AdSo] AR

Well s o] t}. ZnO Ay W= 25 9 2.2 o YeRfAh



a8 2 oA ZnO oyx W=+ 3.2 eV olal AEd (conduction
band) %€ 0.005 eV o}#lol donor +=$7F EA3TE dni = Hld
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Conduction band

A I A Ec
....... 40 meVI I
........ 50 meV
190 meV
Eg=3.3 eV
deep level emission
-------- 2_5 ev
v band edge emission peak

Ev

Valence band

Fig. 2.2 Band structure of ZnO at room temperature with intrinsic

defect level [26]
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2.1.3 Zn0O A7} &%

WARTh AU, Aolol aw wa dde AsEd sEEoly
DAL WEA Wolop k. TEA AT ASels THES 3
o3l AVNAEE} 93l ol AHE A & F Uk oY

=] =] =) + + 3+
ZAS5 WEAA Zn & AFeE AoRE IS 942 APY, Ga't, In

Hl=steh = 4290 Ga, AL In §2 ZnO ufetel]l 37bsbd Zn 9}
Agetol  Joxxts WA, WA JeAFlAzel &l ZnO 9
oA W=el A Hmel vpz "eo] $1A % donor £91& dAsHA ok

donor F=9lol AT AA=2 A2AME GA A=dz 7] 2 +

o

gormz vtulol HwAS A A = Qlth. dAA7A Ga, Al In
A7vete]l ZnO 9 n & APl FEE 10¥%cm™? oo g ZF7MA
ATAHR7F RuEa Q. Suziki 18 [27] 1A= PLD HE AFE-31o]

H2oH ~107°Qem AEQ AFES zt= ZnO:Al vHetS A &)
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A&e Aoz BuEHdrh Ga & Al Br} Ab49be] WkgAjo] 21 Ga-—
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C axis

C-plane (0001)
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Fig 2.3 Plane of ZnO structure

cross side view top side view
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Fig. 2.4 Atomic arrangement of ZnO [22]
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2.3.2 =9 =43 dolA W FsAE

dolA "k Patsts Bok a9 3 gol AL FHCE 4 A9
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22k @ = A& (Frank—Van der Merwe growth) 2 Zra1 et ¥
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Fig. 2.5 The interaction between laser beam and target surface
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(a)

(b)

Fig.2.6 (a) two—dimensional monolayer growth, (b) three—
dimensional island growth, (¢) two dimensional growth of monolayer

followed by nucleation and growth of three dimensional island
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Press & Forming

Fig. 3.1 Schematic diagram of IZO target fabrication
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3.2 PLD (Pulsed Laser Deposition) 23 %%

B Ao A% Pulsed Laser Deposition (PLD)+ 3o] 248

(L
olo
ofo
N
U

nm Q! KrF excimer #olA, AFHEx], 7t~ ¥a5 A,

|

A

o]Fojx gloeH, 7 JEHEE 1" 3.2 o Yehdut

ok
ek
[k
rlr

AAFAA Z¥E HZ (Rotary Pump, ~1x107° Torr)Z, Zolut
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Fig. 3.2 Schematic diagram of PLD system
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3.3.2 Glass 7|3 fleAe A4

718 Fpollel wheE A #AE AREH] SlE PLD Wlew
Corning Glass 7|3 9o ZnO ¢ 1ZO (0.3 at.%, 1 at.%, 5 at.%, 10
at.%, 20 at.%, 50 at.%) ¥%= A48kt ZnO £ 1ZO Bhets a7
ojdel, f7lEoIY 29S AAs] A VBE oMlE, 3 aYn

Z £F w22 74 5 3P 259 AFHE sl B T Abol 9
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AYE 4.5 cm, dolA Y9t dolA AA wtE FU)= Z2HzF 2 J/em?2,
5 Hz 2 1439t =2 A g4 29 929 AAs] g 5 &
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3.4 ZnO 8} 120 vtete] 54 4

A" ZnO o} 120 wtehe] x4 54 Hrstr] flske] X-A
31" (X-ray diffraction: XRD, D/MAX 2100H, Rigaku) S ©]-&3} o}
XRD o Abg¥ X—A 348 Cuka (A=1.5418 A)olt}, -20 HOo =
Sdstlem, 207 oA 80" HWleAM FAStr. g vkl
EHPAS #AEs] fste]l ©®HE dA #vlA (Atomic  Force
Microscopy: AFM, SPA—-400, NITECH)S Alg&atqic. whuto] -z,
ANy Az mATRE B4 Yetel FadAEu A

(Transmittance elecrtron microscopy: TEM, JEOL JEM 2100F)<
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4.1 EDS =4 #A3}

¥ 4.1 & 5,10, 20, 50 at.%9 1ZO = EDS =74 ZAx}o|tl. EDS

298 %o 2ARNS B 43 340 ¥ ARWAS A@sol
9171 wliEe] 1 at.% oA AWEW EDS =AS F9ut. gAL

atomic %% A= o] AZFHUC BEO atomic < 5 at. %l HF,
In ©] 2.61, Zn 7} 47.53 22 Zn a2 5 % < ~2.3 o] A9 LA st}
=] 10, 20, 50 2] A$% Zn 9 In &) atomic ko]l #129 AXA st 9

=4S Eal 0.3, 1 at.% ¢ 120 "#HE xAH|7t 928 Aolzt
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Table 4.1 Composition of IZO films with In contents

Element (5at.% 1Z0) At% Element (10at.% 1ZO) At%
O K 49.86 O K 51.78
InL 2.61 InL 4.57
Zn K 47.53 Zn K 43.65

Element (20at.% 1ZO) At% Element 505at.% 1Z0) At%
O K 55.43 O K 53.12
InL 9.08 InL 22.87
Zn K 35.49 Zn K 24
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4.2 XRD 7% A

I% 4.1 2 PLD ¥& o]&3ste] T3¥ ZnO ®hetat 120 vhehe] [O-
20 Wew FAFE XRD #®ls yEhdith, XRD sj”olA AZFH2
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(10D), (102), (103), (004)°l siFeth ZnO -5 20 = 34.5° A
st 314 yzrF FFHSAY, o] 3 FWAH A (Hexagonal) ZnO
Az (002)de] &gt v= gy dAek= go= Si (111 7|3
el c—Fow A8 HAeS e oldd A= (002)
Hhgkol mo| v HWhek Wu vt TAAF| A (surface free energy) 7}
W71 wimel PR AdEielA wEre]l AgagE A, (002) Ik

A4S M- 3 Indium ©] lat.% ©lste] 12O v A
(002) ¥A =7} ZnO kel B8] #Z4skal (101), (102)2F (103)
A3 7F Jehr] AZETh ol Indium & &£ goEx di
Aol AsEP oY (002) ¢4 FANS 7HAE USS HERAT

a8y lat%  olde] EACNAM ASAde WsE daEEgIY
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73(31.8° , 58.78° )7} yebwtem, (002) A AE7F FAH
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34.5° ) vty vlwsldS W, 1 at.% ©18ke 1Z0 vl A% (002)

AL H 9 ol AE= IA Lok 2 1 at.% ©1¢Y Indium ©]

(ot

=g 4

—

ZO wrErel A (002) A 20 ol Zh7t 34.32°
33.98° , 33.6° (5 at.%, 10 at.%, 20T.%) & 3 Ad=a7} & Xo7

o

_

o ST I 1 at.% ol MRt Ael d002) #E wAsH
7Vt ol 9} FAFSE A7 Gupta [32]9F Morales [33]°] 2l&)
H3EAY. Gupta Iu2 PLD HO=Z, Morales I1FS 493
(hydrothermal procss) ©.=2 [ZO vuks AAAFHTH Y9 F 15
B Ee 4 Indium 4L AAAS As st ®Raushd, o]+
Zn®"(0.74 A) s} In*"(0.84 A) A3k Al F o] 2] o] &nkH Apolef <]

Hnow Yehdth Zn?tol&o] nlE Inffol&¢ ol&wtAo]l t©l =)

40



WZoll Zn o] &8 A3 Al o]y oo olgh whwl F-O]
Stress 7} €45k E2 o] Indium & AP F+x9 WS doFit
w A7delE f19 A7dRe vRAAR 1 at.% o4 w2
%9 Indium > Ad %9 MES 4ozl Aoz skt [34].
7)o mE AR WItE d#ey] 9l 120 Btete PLD o=
Corning Glass o F&stew, olw Indium %S 218 2o
Ensihci e

1% 4.3 & Corning Glass ¢l 52% ZnO ¢ 120 ¥rete] 0-20

Ho g FALE XRD sielolth, ZnO ¥ree] A9 200 =34.4° HLojA

o
e

T3t c—

Jo

002) =7k BREQT). ot WA FHIF el x

o,

TAREEYS = Ale etk 1oat% ©) 120 v

’

¢

%
(100)= (10D ¥ =7k dvetdm, (002) J=A9f Hl2d AEE zheth

.

a8y 5 at.% o) 1Z0 EFErelAE (002) I = Kk (100) 7}
AT a—F A8 E THAI AAEglen, 10 at.% ool = o
o]y (002) ¥Ax #EEA &=t 9 AHREHE, AL Wse
¢ e mekA SioF f 719 9ol Indiun S HA AolE
Holxgt ZnO ¢k 1ZO ¥Ehe VIR Fishs AdEgle]l c-FelA

Random 181 a—F90 2 AW Ao] WH3lsh= AL <& 4 Qo)

41



2 I‘ll. % A T T
En
J‘g(nocn)nn ZnO(110)

Intensity [arb units.]

' Z.nO(IJEIjj)E
W

o | y
20 25 30 35 40 45 50 55 60 65 70 7S 80
2 theta [°]

Fig. 4.1 XRD patterns of ZnO and 1Z0O films for different In contents:
(a) ZnO, (b) 1ZO (0.3 at.%) (c) IZO (1 at.%), (d) 1ZO (5 at.%), (e)
17O (10 at.%), (f) 1ZO (20 at.%), and (g) 1Z0 (50 at.%)
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Fig. 4.3 XRD patterns of ZnO and IZO films on glass for different In
contents: (a) ZnO (b) 1ZO (0.3 at.%) (c¢) 1ZO (1 at.%), (d) 1ZO (5

at.%), (e) 170 (10 at.%), (f) 1Z0 (20 at.%), and (g) 1ZO (50 at.%)
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20 [nm|

Fig. 4.4 3 AFM surface images of ZnO and IZO films:
(a) ZnO, (b) IZO (1 at.%), (c) 1Z0 (10 at.%), and (d) IZO (20 at.%).

47



T T T T
260 4
L ® -m- Grian size | 18
240 .\ -e— RMS J16
220 |
= \ : 14
g - | (100) Texlure
<= 200 \ . 1
ol VN " 2z
N 180 \ . Random Texture / N ] 5
) - \ : /o \ 10 =
g 160 ) /o 5
s [ £ /N g B
& 10 1M /o \ ]
120 (002) Texture “go——n . \ 1 6
L : \ 4
100 0\.\ : .
. .
80 e 2
L | | ' |
Undoped 0.3 1 5 10 20 50

In content [at.%]
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4.4 TEM 574 4%
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A8 s ot 7] FyskA G ATk Fujimura 25 [19] AAE
Axte] ostd (0001), (11-20), (10-10) o] EHJUAE 1.6 J/m?,
2.0 J/m?® 3.4 J/m® otk QoFetAtH, x7] I A A A9
welel EHoyAlel &g o] uiuo] e Anresl wAlgR R
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Grain size : 30~60 nm

Fig. 4.6 Cross—sectional bright—field TEM images and corresponding
selected—area electron diffraction (SAD) patterns obtained near the
Zn0/Si (111) interface of ZnO and IZO films:

(a) ZnO, (b) 1ZO (1 at.%), (c) 1ZO (5 at.%), and (d) 1ZO (20 at.%).
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Fig. 4.6 Cross—sectional bright—field TEM images and corresponding
selected—area electron diffraction (SAD) patterns obtained near the
7ZnO/Si (111) interface of ZnO and IZO films:

(a) ZnO, (b) 1ZO (1 at.%), (c) 1ZO (5 at.%), and (d) 1ZO (20 at.%).
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Fig. 4.6 Schematic representation of self—texture control: (a) (0001)

texture, (b) (11—-20) texture and (c) activation at the surface [22]
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