@creat ive
\“common

O N § E.E B

O248= 0lHE A4S M2=

o 0l HEES SH, HHxE, 38, A, 23 2 88F = S&LIL
o RS HEEE HEE = sU0

CS3 &2 2 AS MS0r gLk

AEARAMN. A5tz A HSAMHE EATHADE ZLICH

HZd. A5t= 0| A5=S Pl SHE2 02T

=

o Flotk=s, 0 =2 HOIS0IL =2 22, 01 53
ZH5EH LHEHHMOF ERLICH
o HEAHMZSH SE2 ANE 228 OlgE =4

AEAYN 02 01X Ad= A% WEN el 3

III'°‘I
IUIU
ne
=
q,
i3
e
=

0lZ12 D& H S Legal Code)E Olalat?| H 228 218

Disclaimer &

Collection



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

[UCI]1804: 24011- 200000233269

2006 F 2 H
Aif = B2 57 3 S

H2x FolA F2(PLD)H &g
Zn0O ¥t2r A3 71 A X

Zetg ol g FAF AT

i) SN2 BN 17
Yy B B2 Rt

S &



H2x golA F2(PLD)H <9 st
ZnO ¥tar A A3 71 A X

detdol M AT AT

Growth of ZnO Thin Film by Pulsed Laser
Deposition and Photocurrent Study on the Splitting
of Valance Band

2006 % 2 A 24 H

IE R B RS KB
Yy B B2 R

S &



H2x golA F2(PLD)H <9 st
ZnO ¥tar A A3 71 A X

detdol M AT AT

o] WIS MEMALEMT IO IR
2005 % 10 H H
L) SN -2 N ] 7

Yy B B2 R

S &



& B mtE

il
X

\
il

i

AR A

\
/

{j ‘ﬁsz‘% I:ll[‘n {ﬁ 6]_
HREAE R B g
EEAF . B g
HREA R B g

2005 4 11 H H

IR KB



ABSTRACT

Al 1 Al B 1

Al 27 O] B 2
Al 18 TR BEA e 2
A 278 Hall S eeeeerrni, 6
Al 3A FAEE i 7

A 3FF AT F SA . 12
A 138 PLDYI 93 ZnO ¥ AF.coeviiiiniini, 12
A 28 HR TR orreeieeeieeenie e 14
Al 38 Hall E T eeeevvreerermmreermmmimeetiiieeeiieee. 14
X-]] 4@ %@%(Photocurrent) %7@ ........................... 14

Al 47 A A3 D aF 15



Al 13 ZnO vtute] AA F2 D A ZAcoeeeennnn 15

1. ZnO HFEES] A TR cervereerrreeeiiiinneeee e 15
2. Zn0 BHEFE] AF ZZ  coevreeiiri 17

A 2 Hall ETheeeeeoreeerremeremineeiieeeaireeeeeeeeaenes 20
A 38 FFSF AHEY BA i 23
A 48 FAFZE AFEY BN, 28
A BFF B B, 35



List of Figures

Fig. 1 Strain Of lattice CONSELANt. - rrrrrrrrrrrrrrreerni i, 4

Fig. 2. Formation of electric potential.-«««eeeereeeeeeeeeeene.. 5}

Fig. 3. Illustration of the sample connections used for

Fig.

Fig.

Fig.

Fig.

Fig.

taking van der Pauw transport data configuration
(a)-(d) are employed for collecting resistivity
data while (e) and (f) are used with a magnetic

field applied perpendicular to measure the Hall

. Pulsed Laser Deposition system for Growth of

70O tHin fileeeeeeeeeeeeererreresreesaeiesaeieeeseeeieneenens 13

. X—-ray diffraction patterns of as—-grown ZnO

I FilITL, v e vevrrvenrnennsnennsneneeneseeeseeieseeneenesenenens 16

. PL spectrum at 10K for wvarious substrate

temperature of ZnO thin films.:ceeeeerereeeeeeeeeeeeee. 18

. Surface morphology of as—grown ZnO thin fil---19

. Temperature dependence of mobility for ZnO

tHITL fIl)eeevveerrrrresneonensennsnsnesaesaeineiseiessesneenenns 21



Fig. 9. Temperature dependence of carrier density for
ZnO thin film. ................................................. 22
Fig. 10. Optical absorption spectra according to

temperature  variation of ZnO thin film.

Fig. 11. Temperature dependence of energy gap in
ZnO thin film. (the solid line represents the
Varshni eqUAtion. ) eesssseeeesserersrenseenneenrennneees 27

Fig. 12. Photocurrent spectra of ZnO thin film «eeeeeeee-- 29

Fig. 13. Fine structure for energy level of ZnQeeeeeeeee-- 31



List of tables

Table 1. Resultant analysis on Hall effect ZnO thin film

Table 2. Peaks of optical absorption spectra according to

temperature  variation of ZnO thin film



ABSTRACT

Growth of ZnO Thin Film by Pulsed Laser Deposition
and Photocurrent Study on the Splitting of Valance
Band

Hyun Kim
Advisor : Prof. Kwang-Joon Hong
Department of Physics,

Graduate School, Chosun University

7Zn0 epilayer were synthesized by the pulesd laser deposition(PLD) process
on Al:Os substrate after irradiating the surface of the ZnO sintered pellet by
the ArF(193 nm) excimer laser. The epilayers of ZnO were achieved on
sapphire (AlyO3) substrate at a temperature of 400 °C. The crystalline
structure of epilayer was investigated by the photoluminescence. The carrier
density and mobility of ZnO epilayer measured with Hall effect by van der
Pauw method are 8.27x10"°cm™ and 299 cm”/Vs at 293K, respectively. The
temperature dependence of the energy band gap of the ZnO obtained from the
absorption spectra was well described by the Varshni's relation, E4(T) =3.3973
eV - (2.69 X 107 eV/K)T?/(T + 463 K).

The crystal field and the spin-orbit splitting energies for the valence band
of the ZnO have been estimated to be 0.0041eV and 0.0399eV at 10K,

respectively, by means of the photocurrent spectra and the Hopfield quasicubic



model. These results indicate that the splitting of the Aso definitely exists in
the I's states of the valence band of the ZnO. The three photocurrent peaks

observed at 10K are ascribed to the A;-, Bi—, and Ci-exciton peaks for n=1.
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Zn0E-VLE sgts WEAZA A2oA olvx] u] 7H4o] 3.37 eV A3
olq ¥H=A|ZA] LED(light emitting diodes)'™ LD(laser diode)” &89z~
Y ogeny? g9 e4dn 9% S840 g n glo] FEHL Qe Bd
oty whghx %A o] ZnO 2RS A8l Y& whHI 19 B4 ATt ekst
A &=l a1 Ak ZnO 2749 4 e F2 oA F2Hpulsed laser
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%7]  ZZHthermal chemical vapor deposition)'? B o T EA
(molecular-beam epitaxy)'” ©] it} o] WHE 7ked H2 go|A] Z2H(PLD)
Mo =2 |59 55 2% (melting point)7} 2 HI=A)|, Aete 52 A8 g
Altarget)l] B2 2ol A (pulsed laser beam)= FAFste] T2 A8 B &4
=

o] X5 F49] %9 A& =d& 713 AA HH(thin film)o] F4 H=

T AL AR EdE Ed 7 deEE gFgeE AU doe
Aol vk 2 oA Sy, 1F9 A9E(rf-sputtering), =2 0] |, 3}
g %7] &%&(chemical vapor transport method)'HO=E AAZ ZnO BF9
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Zn0 H=e) 71 24 B 7PdA o] ZEbgel thek R dresA Stk
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AEAT Hamilton matrixE o83 7FAxte] Z2AHH Fs2-&(crystal field
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Fig. 3. Illustration of the sample connections used for taking van der
Pauw transport data configuration (a)-(d) are employed for collecting
resistivity data while (e) and (f) are used with a magnetic field applied

perpendicular to measure the Hall voltage.
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Table 1. Peaks energy of optical absorption spectra according to

temperature variation of ZnO thin film

Temp. Wavelength

K () Energy(eV)
293 367.9 3.3701
250 367.5 3.3737
200 366.7 3.3810
150 366.0 3.3874
100 365.5 3.3921
7 365.3 3.3940
50 365.1 3.3958
30 365.0 3.3968

10 364.9 3.3975




ul

Ao 93t direct band gap? &% o|&A4

=4

J

a8 11€ ZnO ¥ee] &<
o] &% &AL Varshnizl?”9l

S YERH I At} Direct band gap?] =%

a T2

ATE A71A, EL0)E OKANAL AR A, a2t BE AT

3.3973 eVolil at 2.69x10 ' eV/K, BE 463 Kot



(%]
H
.i

E,(0) = 33979 eV
a = 260x10 "eV/K
B =463 K

ENERGY BAND GAP (e¢V)

3.37

0 150 300
TEMPERATURE (K)

Fig. 11. Temperature dependence of energy gap in ZnO thin film. (the

solid line represents the Varshni equation.)
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Fig. 12. Photocurrent spectra of ZnO thin film




Table 2. Temperature dependence of PC

peaks for ZnO thin film

Wavelength Energy Value
. Ac Fi
Temp.(k) difference obtained by eror mne
Aso Structure
(nm) (eV) symbol (B, or By Eq. (2)
A(7—T%)
367.9 3.3701 E,(293.L)  (E)) 0.0026 0.0039 Aer T g’(‘rexli't;"m)
616
293 367.6 3.3727 E,(293,M) .
. i N o . . (or Be excitoon)
363.4 3.4117 Ex(293.9) (E2)-0.0390 -0.0411 Aso C(M—T%)
(or Cw excitoon)
A(l7—T%)
367.6 3.3727 E,(250.L)  (E)) 0.0028 0.0038 per OF J‘;(IFPX?”?OM
616
250 367.3 3.3755 EL(250,M) (or By excitoon)
1 exc
363.1 3.4145 Ex(250.9) (E2)-0.0390 -0.0412 Aso C(M—T%)
(or C; excitoon)
A(l7—T%)
367.1 3.3768 E,(200.L)  (E)) 0.0024 0.0036 per OF J‘;(IFPX?”?OM
616
200 366.9 3.3792 E,(200.M) .
o ) ) ! X N . (or B excitoon)
362.7 3.4183 Ex(200.S) (E2)-0.0391 -0.0414 Aso C(M—T%)
(or C; excitoon)
A(7—T%)
366.1 3.3866 E,(150.L)  (E)) 0.0027 0.0038 per OF J‘;(IFPX?”?OM
616
150 365.8 3.3893 Ex(150.) .
o o Ry X N . (or B excitoon)
361.7 3.4277 Ex(150.S) (E2)-0.0384 -0.0401 Aso C(M—T%)
(or C; excitoon)
A(l7—T%)
365.6 3.3912 E/(100.L)  (E) 0.0028  0.0039 per OF J‘;(lre"?‘t;"’m
616
100 365.3 3.3940 E,(100,M) .
) o _ (or B excitoon)
361.2 34325 E(100.8)  (E»-0.0385  -0.0398 Aso CTroT)
(or C; excitoon)
A(7—T%)
365.3 3.3941 E,(771)  (E) 00028  0.0041 Aer OF Sf;”‘?‘tfom
616
77 365.0 3.3968 Ex(77,M) .
_ _ (or Bz excitoon)
360.9 34353 E/77.8)  (E»-0.0385  -0.0398 Aso T
(or Cy excitoon)
A(7—T%)
365.2 3.3949 Ex(50.L) (1) 0.0028 0.0041 Aer OF J‘;(lre"?‘t;"’m
616
50 364.9 3.3977 E,(50,M) .
(or B excitoon)
360.8 34363 Ef50.8)  (E2-0.0386  -0.0399 Aso CTroT)
(or C; excitoon)
A(l7—T%)
365.1 3.3958 Ex(30.1) (1) 0.0028 0.0041 per OF J‘;(lre"?‘t;"’m
616
30 364.8 3.3986 En(30,M) (or By excitoon)
1 exc
360.7 34373 E(30,8)  (E2-0.0387  -0.0400 Aso CTroTe)
(or C; excitoon)
A(7—T%)
365.0 3.3968 E,(10.1) (£1)0.0028 0.0041 per OF J‘;(lre"?‘t;"’m
616
10 364.7 3.3996 E,(10,M) (or By excitoon)
1 exc
360.6 34382 E(10.8)  (E2-0.0386  -0.0399 Aso CTroT)

(or C; excitoon)
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Fig. 13. Fine structure for energy level of ZnO
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1

1 (Aso+ Acr)— 23' Asoncr] 2 (23)

Eiw = 3 (8so+aen)—(+)

AU & Aq7|A Eid Egv e 2ok A3l o8] 2 A-,
—exciton®] NUAE Epx(A), Ex(B)1E1 En(C)E 71513
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Ey(T)Q! Varshni #A2lo2 FE 10Kwe] & 19 olux] o 7474 E,(10)
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energy, EpxE 2EQtth o]o]A 293 KolA 10K7HA] Aloleo] BFAF &5
(PPelle Ao oL), SHagdner dadq©)Ee] duAE Z
Epp(L), Epp(M) 18] 3L Epp(S)Z E7]3 exciton ¥AF ngts &2l 313t}
ZnO Btere]l 10KW Fd7F =AEHd = FdF 552 3707F At o
AUAZ FH T3 EiH B 242 o3 2o

E: = Epp(10,M) - Epp(10,1) = 3.3996 - 3.3968 0.0028 eV

Ez = Epp(10,M) — Epp(10,S) = 3.3996 - 3.4382 = - 0.0386 eV (24)

Ei17} Eo#t< Hamilton matrixol] tigs] A9 W4g4S 9

Acr = 0.0041 eV, Aso =0.0399 eV (25)
olt}t. o] FHEL Shay’Eo] electro-reflectanceE =% 3}
field splitting Acr 0.0038 eV} 0.0003 eVe] Qxbghs zko i
spin-orbit splitting Aso 0.0399eV #3¥ Z xS & = AdATh

E
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& 104 3.3975eV o]la, ¥ 2914 10KY W Epp(10,L) = 3.3968 eV ©]
B2 Eg(10) =Epx + Epp(10,1) = Epx + 3.3968 eVollA Epx =3.3975 - 3.3968
= 0.0007 eVo|t}. 13 E=Z free excition binding energy Erx =0.0007 eV
ojth. ¥ 1914, 10KY w, E(10) = 3.3975eVolal & 20|14 10KY uf
Epp(10,1) = 3.3968 eVoltt.  Ey(10) =Egx (10) + Epp(10,L)0]EE  Epx(10)
= E4(10) - Epp(10,L) = 3.3975 - 3.3968=0.0007 = 0.0007 eV ©|t}. o] gk
& Epx(10)= Epx /n® = Epx/1°= 0.0007 eVt L3}, webd 10KY o) 3
AF 58 Fagdie] oy Epp(10,L)& n=14 wf 7P TrollA A
T I'vZE Zw A7 Aj-exciton &$-2 o]t}

E (10, M) o3 o] mzs E(10, M) = [E,(10) + {E,(10, M) -
E,(10, D] - EpxololA Z79] grEs thYdshd, 3.3996 eV =3.3975eV+
(3.3996 -3.3968 ) eV - Epx7Fath. 2#A Epx=0.0007 eV=0.0007 eV/1”
ojol A Ey (10, M) B-¢el= 7FdA Teoll A AZh Deoll A ofl 2 o= 7}
0.0006 eV 7FA<Ql n=1%0 A=ZE v A7 Bij-exciton &g o]t} E, (10,
M3} E (10, L)) oA 7F40] #1712 0.0028 eV7} o}l (24)2]of u}
2} crystal field splitting ACr¢l 0.0041 eVoltt.

E, (10, S)¥FEE w3 #Zol nEgrh E(10, S) = [EL(10) + {E,(10,
S) - Ey(10, M)] - Exxol A Erx = 0.0007 eV=0.0007 eV/1* o] E, (10, S)
Bge PR oA A= Ty o2 0.0007 eV oFfeol = n=191
AEZ Eu A Ci-exciton &-Fglolth E, (10, M)3} E, (10, S) AFol<f o
HAl 4E& ZH7|9 0.0386eV7F o}l spin orbit splitting ASo¢!
0.0399 eVelth. 30KY = X 1014 El(30) = 3.3968 eVoltt. o] 2=
F 204 FHF Ao ol|A Epe(30,L) = 3.3958 eVoltt. Erx(30)
= E4(30) - Epp(30,1) = 3.3968 -3.3958 = 0.0010 eVo|t}.

Epp(30,L)& Epx/17 = 0.0006 eVololA 0.0003 eV 2249 3L ze
n =19 @ Aj-exciton®&-Fglolth. PER7EAZ Epp(30,M)= (32 Acrt
0.0013eVel x5 2til n=19 w9 Bi-exciton®-%g 0|tk P72
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