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Study of structural and optical properties of Mg.Zn;-O
films grown by sol-gel method depending on the precursor

type and molarity

Ahram Yom

Department of Electronic Material Engineering
Graduate School of

Korea Maritime and Ocean University

Abstract

/n0 is a typical II-VI group compound semiconductor and oxide
semiconductor with a direct and wide band gap (3.37 eV). ZnO has been
studied in various fields based on its excellent physical properties.
Among them, band gap engineering of 7Zn0 1is one of the main research
1ssues in ZnO based material. When the MgO are appropriately replaced by
Z/n0, 1t can tailor the band gap to the wider value. Based on this, the
alloy of 7Zn0O and MgO can be applied to the active layer of UV-LEDs and
high mobility field effect transistors and window layer for solar cell.
Furthermore MgZnO can be used in power semiconductor devices. For the
formation of MgZni- O films, we explored the sol-gel method that is one
of most popular solution based method and easily handle to deposit. The

films were grown by spin coating with a ZnO solution and a Mg<Zni-0
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solution on a Si (100) substrate. In order to study the characteristics
of the Mg«n; O films, the films prepared by two types of Mg precursor.
For the solution synthesis, Zn acetate dihydrate [Zn(CH3C00), - 2H,0] was
used as a Zn precursor, and Mg acetate tetrahydrate [Mg(CHsCO0); « 4H:0]
and Mg nitrate hexahydrate [Mg(NO3), - 6H;0] each type of Mg precursor was
used, respectively. Moreover, the molarity of the Zn precursor to the
solvent was varied to be 0.1 M, 0.3 M, and 0.5 M. Also we investigated
the effect of the contents of MgZni,O with the inclusion of Mg®* / Zn%
proportions up to 0%, 10%, 20%, and 30%. The optical characteristics are
measured by a UV-vis  spectrophotometer, and the structural
characteristics are measured by X-ray diffraction (XRD) and transmission
electron microscopy (TEM). Compositional analysis was performed using an
energy dispersive X-ray spectrometer (EDS). Both of Mg precursors were
successfully used to deposit the Mg¢Zn;-«O thin films and able to control
the mole fractions of Mg up to 30%. Also, the increase of mole fraction
of Mg in Mg¢n;O thin films caused a change in the growth mode from
(002) textyre growth of ZnO film to random growth of Mgy 3Zno -0 and the
reducing of c-axis length. Futhermore, as the mole fraction of Mg
increased, the band gap energy increased. The films using Mg acetate as a
Mg precursor kept a grain its size Of 20 nm regardless of mole fraction
of Mg in the films and thickness of films increased linearly with mole
fraction of Mg. The films using Mg nitrate as a Mg precursor showed a
smallest c-axis length of 5.186 A and a biggiest band gap energy of 3.63
eV when 30% Mg is contained. The increase in Zn concentration of
precursor solution also had an important effect on the properties of
ZnMgO0 films. As the Zn molarity increased, the thickness of films was
thicker. The 0.1 M samples showed a smallest in grain size however
bandgap energy has the larges one. the film with maximum band gap energy

obtained using Mg nitrate at 0.1 M. On the other hand, the films with 0.3

vii
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M showed consistent characteristics for Mg content. And the
transmittance was most improved up to 15% compared with others. the 0.5 M

samples showed poor structural and optical properties due to the high Zn

concentration.

KEY WORDS: ZnO, MgO, MgZnO, Precursor, Thin film, Sol-gel, Spin-coating
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Fig. 1 Graph of change in crystal structure of MgZnO according to Mg

content
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QA7) WEo] 4t FF, AYE Zn 92 5o A Aol A4 ulo] st
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Fig. 2 Crystal structure properties of ZnO (Zn and O for gray and black, respectively)

(a) Cubic rock salt , (b) Cubic zinc blende , (c) Wurzite hexagonal

Fig. 3 Wurtzite ZnO crystal structure
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Table 1 General physical properties of ZnO

Properties Value
Lattice constants at 300 K a= 32l A
b =5.206 A
Stable phase at 300 K Wurtzite
1.601
alc (ideal hexagonal structure shows 1.633)
Melting point 1975 C
Linear expansion coefficient a: 6.5x107
Jc) c:3.0x10°
Static dielectric constant 8.656
Band gap Energy 3.37 eV, direct
Thermal conductivity a= 0.6, c= 1- 1.2 W/m - K
o < 10° /cm®
Intrinsic

(max: n-type doping > 10% /cm® electrons,

carrier concentration . 7 3
max: p-type doping <10*" /cm’ holes)

Exciton binding energy 60 meV
Electron effective mass 0.24
Electron mobility at 300 K for )
. 200 cm“/V - s
low n-type conductivity
Hole mobility at 300 K for low )
. 5- 50 cm/V - s
p-type conductivity
Work function 45 eV
Hole effective mass 0.59
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Fig. 4 Energy level due to defects in ZnO
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2.1.2 Zn09] <&

ZnO+= vt geka 543 &2 549 s o EopllA dz 28§
Ha ok §e 2H doly MEAS 7N o] HA 9 UV LED| & &3}
7o Agtalm oF 60 meV (GaN ~ 22 meV)e] AAE = UAE 7R B =R,
ZnO st A7} GaN @Fst ZAAHg WE a8 ¢ 834 o A= 44
At} [28]. ZnOE A 47t Z7] wWEo] A AA, AA, Wsr] D H 3o
olH o} 2 AN & EoklA AHRE ¢ flow. EI FH " T EA
3k =2 A== A AA AX o= AREE o AT o] 2ok EpolojollA

ins

gk, Akl Fe, HAENA Bhste] o] 271714 FHAG Rokl A &&
91 9tk 19 220)% Zn0el 4] WE $-& EobE UEhiigitt [9]
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Applications for the
properties of ZnO

(" Direct and wide band

the blue/UV LEDs,

gap.
Large exciton binding
&, energy y
Iz “\

Large piezoelectric

laser diodes and

photodetector

SENsors,

constants.

transducers and

actuators

vacuum fluorescent display

Strong luminescence

L vy
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Strong sensitivity of surface

, field emission display

conductivity to the presenc
e of adsorbed species.
. vy

e “\

High thermal conducti

Gas and smell sensor

A& A

- :

added to rubber in order to

vity

b vy

i ™

Availability of large sin

increase the thermal
conductivity of tires

gle crystals

high quality thin film

Fig. 5 Applications according to the characteristics of ZnO
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Fig. 6 Rocksalt MgO crystal structure
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Table 2 General physical properties of MgO

Properties

Value

Lattice constants at 300 K

a=4.215 A

Stable phase at 300 K

Cubic rock salt

Band gap Energy 7.8 eV

Melting point 2852 C
Density 3.576 g /cm®

Boiling point 3600 C

Thermal conductivity at 300 K

45-60 W - m™ - K!

Thermal Expansion 14 x 10k
Refractive index 1.736
Dielectric constant 9.83
Linear expansion coefficient &
10.5x 10
(/)
Transmission Range 0.2 -8 um
Loss Tangent 3.3 x 107
Hardness 5.8 (Mohs)




2.2.2 MgO¢] &

MgO 52 112 A& A=, AFdA, 147 A Ass Hys 2
TTFT (transfarency thin film transistor)o] @] Al&Hth WHFoZ ALEEH &=
MgO 452 o3 22 Hojd 7|5< A&t

(1) MgO @24 7|3 oA B HZBEATo|E 23 EE0| oug)d 43
= ATE Si 71 AGolA A ®H MgO Hhehe HE2H ~7lo]|E 4kstEte] of

T M
g8 Ade % WMEIoE &8d F+ Uth
(2) AAF 2F57F 3.8A <1 MgO (100) &3} (100) A4 WSS zh= HZ2H A
E PRS2 o -95 %olth. o7l HEHXATI|E A3t
ke F 2Ef s JHAT & Al ol ASHE Alo]e] 2EH2~E A

Fat7)ol A& AFHh

E

(3) Si (100) 713 7ol (100), (110) ¥ (11D ZAA HiFS zt= 3 T/ MgO
g Ag 5 Utk oSS AHEstel Si ZlMAe] MR vtolE sk uhut
o 4% WML Aol & F gol, olE AHRe] oS ATsro Hels

(4 MgO wuiete] - &S 1.740|th. & HHFQ CeO2 B YSZH H| w5},
FAEo| W5 FolA MgO BEol B=A BEE Wl Fo] ol gH oz Hs}

=3
B) 4 A7 i 1 E4o] W] wiEe] MgO ¥t 12 LA
7§k mpo] A2 9} 2|0l My Fo' AMEStr|o] d-¢- A sttt
MgO =2 gutzo g Zetznt fxaFd o] #d (PDP)S $3 Fd4 =B
TZ 07 A "Fr [2,22] ZEgE0 gaZdols RE XY 2T ALE
g A3 dE 239 gaFgoldA A wE 5 Y] "WiEdd dAE TV,
HDTV 92 "HErto] AFo| &8 txEdolo &84
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2.3 MgyZn;09] 7183 £4

2.3.1 ngznl—xo-o’] %xé —“‘E;_Aé

WEA AL O =4S AAFCEA B Fa7 =4

7 AstAZ o At [33,34] MgZn,O 52 ZnOoll MgOE #4d3s] 1
&3te] Aok Mg (0.574)9 o] WAL Zn* (0.60A)°) o]& WA

A7) wel, Mg Aol 9g Zn dxte) tiAl= AA Ao & WEE
AZIA &AL o] Fold = Stk a8y, S 2A0E 29| ZnOst 9
g FETEY MgO Afole] v AA Fx= =9hET EF FHe de

& 4 Ao [16,17). MgZni,O= o8 43 =do et §94 == A48d 4
A TES M g it Zn2 +9F Mg2 + o2 RHE e FAMOE Eshal
ZnOell A MgOel dasta galx F7AE 33 mol % wgholch [35]. 1998 Ao
Ohtomo 52 PLDY o= MgZnm,O 5 A=xsa 34 T2+ 33 mol
% 7HA FAENCH, o= =& Mg ¥&e e FEACIE MgZn,O &
< AANE & A= 7hsd= A s [211 2003 Aol Takeuchi 52 600
T 719 L£%o|A PLDHOZ MgZn.,O0 BEL AxFPon 0.37<x<0.62]
He el A g wolojade] & 22 99< AT (28] 2y LK Wangga
< MOCVD 71&& AH&38te] x = 0339 4% MgZni,O & ARAZHAT
[36]. =49 g2 °‘HW74]9} A AR T2 F dyA ] Aol
ojEsH, e AR T AquA= 2= BE e S5 s wE
of X0l o9& dtt [371
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(a) (k)

Fig. 7 The structural models of (a) hexagonal and (b) cubic MgZnO alloys
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2.3.2 Mg,Zn;,09] &&

Mg ZniO& 3.37eV ~ 7.8eVe W2 A9 99 ~HEY oA iy =
Aol 7hsstH, o2 <3l Blue LED, UV LED, Photo detector, &3] (PV) %
% & Laser diode ¢} &2 UV FHA A=A &&o] 7ls3sttt [2,38,39]. 71&
9] ZnO% Ao "2 WME 77 52 AAE A AdUAZ A8 A4
g A W o#olA tolen FokolA FHe FHA Aotk wjiEo
MgZnO | ZnO °|F HY T7FE &3t AR a&S FFA717] Sl
g A= ok

¢

o

MgZniO BFEtE 7HA] YA 2 ERES Holy, EvE E3& 5
3l A7l A=Ae A AT F Ak ol T EAHCE HYF AR d5
window A& A& & F Qlom, ZAFFo] =2 FAHAA AL &44o] FH7)
o 5 A8 ZFER T F Ade HE AAY FEo) o] FAH FHE o
Az} [40]. =3, MgZn,O= 34" W ouyA = A &

=
o
€= 7dEH, 2 4 deE s A A4, A, "

22 AR A A= AHEE g AT 410
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Fig. 8 Schematic representation of the different stages and routes of the sol-gel
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I
(Versatile:better control of the structure, including porosity and particle size; pussibi]jty!
of incorporating antiparticles and organic materials into sol-gel-derived oxides '

[
|E;tmdnd composition ranges: it allows the fabrication of any oxide composition, but
also some non-oxides, as well as the production of new hybrid organic-inorganic
'materials, which do not exist naturally; |

Better homogeneity: due to mixing at the molecular level; high purity;

Sol-Cel

Less consumption: there is no need to reach the melting temperature, since the network |
structure can be achieved at relatively low temperatures near T,

|
Very smooth sputtered coatings (no droplets) I

Coatings and thin films, monoliths, composites, porous membranes, powders and fibers;

No need forap;ciai_pr;xpeﬁgﬁ equipment.

Fig. 9 The summerized merits of sol-gel method
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A3 AR T

31 E-4 &9 A=

ZnO @ 7ZnMgO ®retE e =-4 (sol-gel) HOo 2 AZedt. a8 23 =
g 7IWM& 53] Si (1000 713 2 sapphire 712 Aol 8puks 23 %
Z 4 AF&3%+ 2-methoxyethanol (2-ME)el| Zn A (Zinc acetate dihydrate) 2
Mg A4 (Mg acetate tetrahydrate, Mg nitrate hexahydrate)E £3sjA# A
298 Y. 18 £ HFAIZA monoethanolamine (MEA)S A& 3+
o WA Zn AFAE 20mle] 2ME Wjol FEste ot Zneo| 42 &)
o th3t Zne] E% =7} 0.1 M, 0.3 M 183 0.5 Mo] HE2 Ailste] Yo F
ATk 2 Mg AFAE Mg / Zne & ¥I7F 247 0, 10 %, 20 % 2 30 %7t
HEE e 2ES HUteith ololA, AFATE Fot e EWlE AY »
M) ALgEte] 75 C o LEE 30 ¥ £ 1500 rpmo muk stk 1
, ATFAY YAEe] Bl ZF =kEA &l $, MEAE 7Zneo & F=9
S FoF Hubsta, M FA 2ANA 2

ATh ko] ghsd % FA H SAqS A4 24 ATF T sAHAHAT

.

N HEE & Az Ao 2z

my ok

H
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Table 3 The important condition parameters about preparing solution.

Properties Value
Material 2—methoxyethanol
Monoethanolamine
Zn precursor /Zn acetate dihydrate
Mg acetate tetrahydrate
Mg precursor Mg nitrate hexahydrate
Concentration 0.1 M/03M/05M
Mg / Zn (mol) 0% [ 10% [ 20% | 30%
Stir speed 1500 rpm
Stir time 2h 30 m
Temperature room temperature
_23_
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MgsZny -0 precusor

e solution synthesis
Tinc acetate dilydrate
+
Mg nitrate hexahydrate or ‘ ¢ ‘
Mg acetate dihydrate 1-Methoxyethanol
[precusar] Annealing
(500°C f2hour) "
Mg.Zny.«0 precusor solution synthesis Spin Coating Mg.Zny.,0 film

Fig. 10 Schematic diagram of the sol-gel method.

Table 4 The main condition parameters about spin coating and annealing process.

Properties Value
Speed 2500 rpm
Time 30s
Spin-coating Repeat times 20
Temperature room temperature
Preheating 200 C / 10 m
Gas composition air
Heating Time 2 hrs
Temperature 500 €
95
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3.3 uhare) B4

/};]

M

3.3.1 X-ray diffraction (XED)

X-A 3" (X-ray diffraction, XRD) #x]+
A w TAYstE= Wl 3)A (diffraction) FAFS o] &35to] vluto] AAA H
HiFAE S eled W 783 722 54 54 Avleln. vl Fx&=
A XAE& T AlF)= XA A AA (generator), 4= 20 & FA3= L
Y<erE (goniometer), XA Z% (X-rays Intensity)E ZA3sl= AF7

(electronic circuit panel, ECP), 18]a t& AX&& Aojsta A4ks A3Ps}

Jpu
ol
1

= AojA4-4x] (control/data processing unit, Computer) 4l 7}A ZFAE= T
AEh X-4 dAFR Yol X-ray tubedl Fek HAVF YW EZRE U2
AAE 7FEAA B 550 FE5HA HY Bl 559 X-Ao] g
B FEHo=2s dxdgoe= g (copper, CwE AH&3H A=2IF
(zirconium, Zr) 59 YHE T3] 54 XA Ka-A& AL X-A & &
T 54 XAde AR dARE & A Ho| Uy XA 4= A=
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Zso| e Rk FASA dastel 0o B Zolth det HAR 0, A
o AN E XAlo] WAE] YT F 2 A 9Ast Yk ol
54 wlae] wAE EWHWE 1 AgAe F43 Aol gom, FH7} ¢
o ARAY FAYE ARA} o= AEE F AFHYEA =T AviuF
FATA wetd 2 w29 WX Fo] thEA vhebdth ARAe] FH Lol

Y PFo P MAHNS A% YR X-Hsh WA X-de neel

X-He EA wAzel 0 plAe B3

E
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]ﬁ (o] R ] 1l %

. ol Toll, 2AAS EE AWM 3 WFor A HHEH U= A
s BAol $53e BHY 5 glo] Y AL E

W oje)e] WEFdol =ay dASHA % 2
At = X-4d 3l =9] REA]
Zo] WatetA Hm, A Gt 729 AH daE A F2 FUHsH
Ao - ZAA Y wAle= OY 110 YERdlen A X9 ddE HY
& 4 gl= Joch. AdlM BIAlS] Z{2l: disin g 7} E|n, o= BolA (71|
o] Adletx At welA AB = BC = d'sind ©o]H, n'A = 2d-sinf & U=
g o, X-Ad2 ZsH 22 Hol ehdth O3 12 + & A3 ARRHE 2 &
S5 XRD #Ad] (RIGAKU, SmartlLab)?] ApXlo|t] 2 Zd|S Al&sto] 6 -26
FAHOE ANEE SAHSATH X~ M7= 40 KV [/ 30 meAR 1AL,
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.

.

:

AB = BC = dsinf
ni. = 2 dsinf

Fig. 11 Principle of X-ray diffraction equipment
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Fig. 12 High resolution X-ray diffraction equipment
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3.3.2 X-ray spectrometer (EDS)

X-ray spectrometer (EDS)v= A& m]| ol F2HEo] Algo HES &4
o AREE = Aulolt. o oAl AApgo] AlHe] &t AlH] T
3otz 24 ARE 92 AE T 54 X-Ae S A 2AAES
D = A" HZ7HA SiLD) detector’} EDSell dE] AFEE Il o,
20 keV WH97HA A=o] 7ledtA "ok Windows S3dke] whol=E<ql X-
AZE71E Ay X-rayel oJaf I EHE AFREE 1 X-ray7t EA8k= &<t of
22 "2 AFE ZEA Ha olE FTIEAA AFAAR X-A BA ¢
A3t EDS 29 EQ S AH E4T 35 < AyA R a8

Intensity2 Ueldth olyA e 2 HIE m=9 FHulzkd Ado)
Ao o |qA 7} Hal EDS Al2Hlol= e 54 X-A9 #X)7F A A= o]

L= M- 159 X-AE5o] &5 2add yedn. ~FEY Yo
A= ¢F 10 eVe X2 VMR EE g0 s 9AE Lol
rdsieh. AN A2 O 4o X-Ao 3 Aelrt Eals (128 eV)
Ztow yA 50| AAHA yehdn. o] ZE Afol=
st s A 7bsAo] fl=Es OE X-AS AETeEN HH3 A

of
o
rr

BN

o
o =

e

o <N

Ao

, X-F
=

> e
rlo

1\1>-<

%

W EL¥o
K
a2 7~

f

o
o, S
>4

EHol bssith =3 PARAS okl T Ake =4S Hopd F A
zEle] $uEF ZAPO) oldte] AFEAE shssich B APl AH8E EDS

= Egqxzdu) Ao yAEe] 9w Oxford instrument AFe] X-Max 80T =
do|t}, 29 13 o= EDSY FAEE YU 9tk
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Si DETECTOR

SAMPLE

Fig. 13 Composition of EDS
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3.3.3 UV-vis spectrophotometer

=2 oA MEAY Hop Z oux|e] Blo] dAbE A4 TRl 4
st AAZE JAREE Fstd AEURE HolstA "k mEkM oluA W=
A ool Il = 2 FEE HolAl Ha WMEA ouA B AL ey
Ao Bl& FHsHA Aok wRRZEAR ZRAE dee] Blo] ZnO HhER die] o
AStAl H® A AR FXAI7] 7]
Eol e A 22 FEHVE 9ok 18 ER YA E,_jl,].g]o] E o %
=27 Zeol AgstA Hil oldAHOE F4 Age 00 o H2EY

FrA e &gl delA 400 nm ~ 800 nm o] FH&L

l

[e]
A EAo IFES 7AEE wj§ F23A A,

Z A
o]

U
Ze7fe)

Buj

.

R
L
)

2 ATolA AATE ZnO " MgxZnixO Bhere] B3kss Hristr] <«
UV-vis spectrophotometer (CARY5000, VARIAN)E A}83} a7, 137 149 e}
WAtk MgxZnixO ¥rere] MiEAR oA SAS 918 200 nm - 800 nme] 3}
Z WA BAES A3, backgroundE2E 7] Q1 Alulo]o] S ALR-E}S
ow base lined air2 Ao Hete] g ~HEHES o] &3t 340

nm ~ 360 nm &< T (absorb edge) H-ZolA FF AFE I uel A4k
g F AN, o] &8t Tuac EES T JH W= =3 AL &
T AR
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Fig. 14 UV/Vis spectrophotometer equipment
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3.3.4 Transmission electron microscopy (TEM)

2,
N
i

FE3d2& w7 (Transmission electron microscopy, TEM)& 7 =}-4
af 7HEE AV AEREH dAME F AIRE Fdcte BRI 3
o]-& 3t A B HAFR EAS et AHSEE Aot 7z
o] g3&}e] W A|opA; (bright field image), $FAloF4 (dark field image)9]
o] 7453t A Y (diffraction pattern) 52 oS Ao AA
A4S & dok TEMS &8 oF 1509 wi&7bA1 9] avj& <
nAlFZ2E #ES & Aom dukzl A4 AgrxE dEst=d Wy &

o AR EAE Tz BERE & F Jdon, #Esr] oy

Hl & A3 ste] 9 (dislocation)v} #3523} (stacking fault) 5= A€
Aow AFE = Aot B TG FARG A S A AHEst Lo
= 1 B354 (high resolution image)S o] &3tH AAAZ F9o UAH|
= AT FHAFHE AT wepa dASHA wEd Hol o
5 43t /\]EQI AARStH ARE A5 5+ Utk TEME &
x

Yo
i)
ui o

of o
oy
d dr o do o

4
BN

o
filo
e
2
>
e
Lo

o] 3 electron energy loss detector<} photo detector

o,
2o BA Y% =R FEAn. BetAnde) st Ao st TEM)
Fe AHE 18 R ~ 20 A A= ZHIE F=Y 1 =t o]zdk
I = 3 olf= oo sidE F2 A (D oA &l & A
_0.61A _ 0.61\
~ nsin@  NA @D

33t Fu| Ao A T4 (numerical aperture) NA=1, 281 33=5000 A
o o, S (resolution)=3000 A |t} WrH HAAAu| A= A A=ze] B4
A4 o Z7] ol NA=0.01 oA v, e o &tk ot o] 4 (2 93]
A V=100,000 Vo] ZA-5-o] 34 k2 0.04 Aol SIdEE 25 AS ZAEH=
o, olZ& B Gl Hls 4Es] ¢ e Z2e Aot AVIA A=
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A s, v AAe] &%, i Vi sbERgtelt.,
h h 12.2
= = A 2
AAF O 2 HEH U HAEL 100~400 kV AEe nH}o =z 7M&Ha, 7}
S¥ AAE QA= o) ARe] YAAT of w, AAWY AHL 5 4
molth. AAZe] AEE FHT 5 Jodd U Fud 74 AFEE
B3] gholo} @Th ARo] FiE T APow suE ANESL FE zYdo
SdRHE 19 SuiE 94 FAAG B A7 AgE gus
o] JEM-2100Fel®], 1% 15 o) A 53 Ao T2EE Uefth

ARd Al deiM = Ao shbgAo] a oo st=dH, As AR
ofs) AAEE B e shAl Ao A=l Bl el o) BlAZE
A Fend 230 =298 4 dnh Weke] tivls Ak} kst tilel A
Z}e] 3 Ao) o)ajA dojdt}. Selected area diffractione A4, AR, H]
A 99, 2Ea ASsAdeId Aok 22 Agse THE] A& ASE
F Ao =3 3 Eels FHAAATZ (high resolution transmission electron
microscopy, HR-TEM)> Az} olm#| g2 43l dA=27] dde] 7220 A
HE Fo, A &40 Aol ¢ 83 J<< st ok
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BOUrce

L |
condenszer system

Cc2
condenser apartura

gampla holder l_ e sample
- objective lens
objective apertum

projector system

imaging

Fig. 15 Structure diagram of a transmission electron microscope
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Al 4% A3 5 uF

4.1 X-ray diffraction (XRD) &4 A3}

19 16-182 XRDel 0-20 HE o]&3le] ZnO 2 MgZnO Hheks =4 3o
de Id HEHEe|th ZE AMEZL Si (100) 7ol S23}H L, Mg acetate}t
Mg nitrateE 2+t AFAZE ALES MEES Mg =0 el 54 vwsts
ot 71 3 3E AYg BE 3™ 3 3= wurtzite ZnOolA UEhY = 3A T
AR e cubic 40 MgOol ##HHE AEL WAREA odth g 34 vz
25EH 29 2E 9 pAAdds ¢ o IFA % (002) 9

o

4w
o

o

o

=37t 7 FEgHT olE B8 AlZo] SAQ wurtzite TERE JHAH
-5 A wFEE AAD F AT oI A= (002) Heo] vE HEG
S 2 A oUAE ZHA7] wiEell, ¥iEto] obEHE AEAA 4 2 o

Zne| precursorE &ujEe] il 0.3 M2 3 A& ts)] A4¥EH, Mg
gheFo] S7HEel wEl AR F UkA WU #EEFHAT. WA, MgZnO9
wurtzite T-FoA (002) He] 20 S Mg ko HlEsle ¢ & =2 9]

F3ta, ol ZnoE 9] Mg X g of3) Huto] MEFH-S vERATH (002) Ao
20 & Zn0O2l 7% 3428 ° 9ar, Mg acetate B}=re] 749 3448 °, Mg
nitrate B}t 739 3440 ° & F7loh (002) ¥ =9 20 Ft& Braggel H3A
o2 YAt c-F AolE 4= F U Bragg ‘ﬂ”%% EAANA LEEHE
o] Ao -2 A AAAHA 4 2oy o& 4 Q) 2

2dsinf® = nA(n =0,1,2,3,...) (3)

714 de HE Aol o0& Aol A= §F Zolth Cu ke 9 3
A& 1.540598 nm=Z tfYdste] Al4F SR c-=2 dolE Fskr] fs (002)
=720 209 Axt ghs AL, doidl 2d Ftol HEE ¢ 9 ZHolo|t} <]
£ T8l 3E HJZ7) olsFel wEt -9 Aot Eue Ae AT
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AN} c-= ZAol+= Mg acetate #Hte] ¢ 4 5.187 A2, Mg nitrate B+
o]l A§ Ha 5186 A7MA ZAaFHAT c-F dole i 0.1 MolA 7HE

A Yebsa, 0.5 MellA 7Hd ZHA bt o] 1?& A4S Mgo] ZnO A=A
o —%%@gi 2)gkE o Mg? o]& Wb (0.71 A)o] Zn* o] ¥hA (0.75 A)ol
Hla] Z7] W&ol c-Fo] adte] 26 ol UM ALE HiuHEI Itk
[44]. =3+, ZnO<9] (002) V=3 =3+ E=F% w2t 0.1 MolA 0.5 M A E7HA]
34.28 ° oA 3442 ° = Z7}8th A4Ed upel o], &9 )Rk A Bl A
E Fxo & ZnO vtute] EA WHalo] g A7t B [45] c-F2

dol= Aol ¥sleE a9 199 yEhilich O dete) Fd8S glskr] f
HLXZ (FWHM) k3 ubete] AAY =7] (grain size)E <1 stgdoh 718 F

8 3" 739 (002) Hel 3= FWHM < Al4etga ol S vigow AX
ol z7] =3 Aeta ¥lastdch 13 202 (002) ¥ =9 FWHM ke W
35 ZLEHEE Uehd Zlo|th FWHM #t2 72 f& el #AJle] Mg o]
10%ol A ZHastal o] & F7isket Mge] ddol 0 % - 20 % 1 FRrelA =
F\X/HM9] # W37 Akoy 30 %olAs Wyt IA vElst ol Mg ¥
Fo] F7F 249 HIE dozitta & 4 Jdu. XS FWHME ®¥Hs=
0.1 Mol 7b& =Zm 03 Melld 714 Zon ATA E8o welds Mg
acetate®] W3}r} w3 gkt 4 (4)+= Scherrer Equation® @ o]R& 4=}
715 AAst= dl AHEEHH ts BAC o FHHUT

K
"~ Bcost (4)

A71A K& Aol 7W7h gtolw, Fakd 34 At @ A3 3
HE 0.9= AR AA o AA 4o whet Wetr|= o

092 A4EHAT. g FWHMY 2tk gholal 6= Bl Axolg.
T 42 grain size ©|H, o] 2 19 21o Y= YeERY AT grain sized]
e FWHMel dkm#glon #Hats FWHMS A3 X3k Mgel kol
whg} grain size7} Zropx= A= Ding et al. (2010)9] o)A AT Aol U3
skt [461.
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te ®Wske, Zn09 - A widAdel Hak A=A AL, wurtzite 739

g (110) 3" a7t F712 FFEE Aotk o) olf= EW oy

2 4z Z7t wZoltt. mEbA, vk Bua o] o8 AR g Wgo

34 ® o 2o 93E A do [47] et wid WEE 53 44 =

E A Y8 939 F=E vl ¥tk JCPDS Ho|EHo] A8 uke

2 7Zn0 (002) =9 Hizl =9 vl&s I9 229 IHZE FASAT

0.1 Mol 4], ZnO<] (002) M| ZHE Hlwd ZF=7F 237 wj&Eel (002) 3= 4

o A= Wsts 32 &tk 0.3 M E 0.5 MollA & (002) 33wl gFo A F

Z2ke] Ao gel Walyl s AR, Mg acetate AL Mg nitrate AE
of Hoh vla A w2A FA9 dFos Wit

iAol AEE Bl & 5 b 4% 2 Wi 4F asd dge
MAEA felsts] A8 AFe wa sack 18d FAs) FuEe 4Y =
= ass 93 =700 9L vAA @gieh £, 0.1 M| ZnO wupe AT
Aol e FEE s, (002 vl=e] WFe thE Zn0 Wukw mmstel Y3

3] ofetAl SAHUS. webd FuiF A= Wt Rele vl Asit 1
U Mg 2402 A% -3 Zol, FWHM 2 4 279 713 2 wsit ue
2 Zn FEOA Mgoz 2% EEd 549 Wyt 9 A v

Efvtr] wj&Eeleta *3 ZkEth 0.3 M3 05 M 7 AZF 2FdA= Mg 5=7}
E AEE AR Al 7HA Ade] ®sUF o F3A Yelhdt o] d3ds

Htg o' Mgol ®hgo] Znol ®la] & ®isE dovi oA F ok
AAZ, Mge] EA3} oAUA|7} Zno] A3t ARG & A7 RaEdnt
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(ﬂ) Mg Acetate

i-A

Imtensitv (a.u)

ITheta (deg.)

£
.

(b) Mg Nitrate

i v afer
FL 11

E |8 :

E d) =103 ' z 2

£ i

A o} x=10.2 : e R
(B =01
{a) =10 d

X0 plo 30 35 40 45 S0 == 1]
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Fig. 16 X-ray diffraction pattern according to Mg concentration of 0.1 M
samples (a) Mg acetate sample, (b) Mg nitrate sample
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Fig. 17 X-ray diffraction pattern according to Mg concentration of 0.3 M
samples (a) Mg acetate sample, (b) Mg nitrate sample
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Fig. 18 X-ray diffraction pattern according to Mg concentration of 0.5 M
samples (a) Mg acetate sample, (b) Mg nitrate sample
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Fig. 19 Comparison graph of c-axis length of
(002) peak according to precursor type (a) 0.1
M sample, (b) 0.3 M sample, (c) 0.5 M sample
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4.2 X-ray spectrometer (EDS) &34 ZA3}
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Fig. 23 Example graph of composition analysis in thin
films measured by EDS. (a) 0.3 M ZnO, (b) 0.3 M Mg
acetate 30%, () 0.3 M Mg nitrate 30%
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Table 5 Mg addition amount and composition

ratio of 0.1 M samples

0.1 M samples Mg precursor Mg content
10% 8%
Mg acetate
30% 21%
10% %
Mg nitrate
30% 29%

Table 6 Mg addition amount and composition ratio of 0.3 M samples

0.3 M samples Mg precursor Mg content
10% 10%
Mg acetate
30% 30%
10% 12%
Mg nitrate
30% 30%

Table 7 Mg addition amount and composition ratio of 0.5 M samples

0.5 M samples Mg precursor Mg content
10% 10%
Mg acetate
30% 21%
10% 13%
Mg nitrate
30% 28%
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4.3 UV-vis spectrophotometer
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Fig. 24 Light transmittance of 0.1 M samples measured by UV-vis
spectrophotometer (a) ZnO and Mg acetate samples, (b) ZnO and Mg
nitrate samples
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Fig. 25 Light transmittance of 0.3 M samples measured by UV-vis
spectrophotometer (a) ZnO and Mg acetate samples, (b) ZnO and Mg
nitrate samples
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Fig. 26 Light transmittance of 0.5 M samples measured by UV-vis
spectrophotometer (a) ZnO and Mg acetate samples, (b) ZnO and Mg
nitrate samples

_53_

Collection @ kmou



37

—=—(.1A

o
(=3}
T

o
th
T

Band gap energy [eV]
L
=

A
ia
I

Mg content [%]

Fig. 27 A graph showing the band gap change of all samples according to the Mg
composition (Mg acetate is A and Mg nitrate is N)
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4.4 Transmission electron microscopy (TEM) &4 A7}
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(a) ZnO (0.1 M) (b) Mg A 10%

Fig. 28 Cross section of 0.1 M samples measured by TEM (a) ZnO, (b) Mg act 10%, (c) Mg
act 30%, (d) Mg nitrate 10%, (¢) Mg nitrate 30%
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(a) ZnO (0.3 M) (b) Mg A 10% (c) Mg A 30%

Fig. 29 Cross section of 0.3 M samples measured by TEM (a) ZnO, (b) Mg act 10%, (c) Mg
act 30%, (d) Mg nitrate 10%, (¢) Mg nitrate 30%
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Fig. 30 Cross section of 0.5 M samples measured by TEM (a) ZnO, (b) Mg act 10%, (c) Mg
act 30%, (d) Mg nitrate 10%, (e) Mg nitrate 30%
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Fig. 31 Graph showing the change in thickness according to the molarity of Mg acetate
thin films measured by TEM
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