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ABSTRACT

Improvement of Characteristics of ZnO Transparent

Conducting Oxide for LED Applications

Se Yeon Park
Advisor : Prof. Dong Chan Shin
Department of Materials Engineering

Graduate School of Chosun University

Recently a number of researches have been carried out on transparent conducting oﬁide
(TCO: ITO, ZnO) to replace metal electrode (Au/Ni) for enhancing the light extraction
efficiency of LED. In this study, after co-doping Al and Ga to ZnO, the optical and electrical
properties were investigated. The LED devices were fabricated using Al and Ga co-doped ZnO
thin films for TCO. ZnO thin film was deposited on a (001) sapphire substrate by RF
magnetron sputtering system at room temperature. The thickness of the ZnO thin film was kept
to 270 nm.

Resistivity and sheet resistance at room temperature were 4x10™ Qcm and 26 /[,

respectively. Transmittance at the visible wavelength range was more than 90%.voltage was5.8
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V at 20 mA current. EL intensity of the LED device with ZnO TCO increased by 40%
compared to that of Ni/Au. These electrical and optical properties suggest that ZnO is a

potential candidate for transparent conducting oxide for LED applications.
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Table 1. Properties of ZnO.

molecular mass 81.389
specific gravity at room temp. 5.642 g/cm2
crystal structure wurtzite
lattice constants a=3.250 A, ¢=5204 A
melting point 2250 K
typical growth temperature ~ 780 K
bandgap energy at room temp. 3.37 eV
exciton binding energy (Ep) 60 meV
dielectric constant 8.75
thermal conductivity 0.006 cal/cm/K
mohs hardness 4
thermoelectric constant at 573 K 1200 mV/K
density 5.78 g/cm®

formation enthalpy

-83.24 Kcal/mol

linear thermal expansion

coefficient at room temp.

a—axis direction 4.75

c-axis direction 2.92

electron mass

0.28

hole mass

18
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Fig. 1. Crystal structure of ZnO.
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Fig. 2. Injection of minority carriers in a forward-biased p-n junction leading

to spontaneous emission of photons.
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A} 3 A TLM (Transmission Line Method)
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Fig. 4. Lateral structures of test patterns for the measurement of specific

contact resistance.
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Fig. 5. Correlation between transfer length and total resistance at TLM.
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Al 4 A Hall effect
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Fig. 6. Diagraming of arrangement for Hall effect measurement.
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4.2 Van der Pauw law
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Fig. 7. Ohmic contact A, B, C, D.
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Table 2. Composition of Al and Ga co-doped ZnO thin films.

Composition (wt.%)

Sample Name

Zn0 Al Ga
Zn ooz Al 001 Ga oo 989 1 0.1
Zn osss Al oor Ga ooog 98.6 1 04
Zn ooz Al o1 Ga os 98.2 1 0.8
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Fig. 9. Heat treatment process for ZnO target Calcination.
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Table 3. Deposition parameter of ZnO thin films.

713 (0001) ALQO3
a2 E AFe
sputtering 7} Ar 7}~
7133} targete] 3+HZ4 40 mm
z7] AZE 1x10 ® Torr
3 ATE 5x10 * Torr
RF 944 @9 120 W
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Fig. 12. Etching images as a function of echant type.
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Fig. 13. Sheet resistance as a functions of RTA temperature for Al and Ga

co-doped ZnO thin films.
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Fig. 14. Resistivity as a functions of RTA temperature for Al and Ga

co-doped ZnO thin films.
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Fig. 15. Hall mobility as a functions of RTA temperature for Al and Ga
co-doped ZnO thin films.
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Fig. 16. Carrier concentration as a functions of RTA temperature for Al and

Ga co-doped ZnO thin films.

_43_



42 127 B4

400C, 600TCANA Fdxz] 3F¥ 3L SEM(Scanning Electron Microscope,
Hitach, S-4700)& AbG-3te] Wl A4S ZAbD 7 A2 28 200

7kl wE YA =Z7) Mg AJAT AT FEAHE A FE

= 15
ZnO A3} 400°C, 600CAH TAHEZ 8 ZnO A2 SEM AW S 1
W AxAZV) 7 A AE] 25 FUbo vldste FUkeleE RS @ &

%+ gle.

AlSH Gag £33 F 9Ae@ z00 AR A4S B Astel
XRD rocking curve(X-ray diffractometer, X'pert PRO, PAnalitica)E &3}
A 2 A}E 29 219 vl A 2271 400T, 600C=
Z7}ell weld 339 Arx Er71sta ¥EAE(FWHM, full width at

half maximum) H38F 2+43tE o2 Rol $dx e &% Z7}bd o 2

..44_



(Zng gg0Aly 0, Gag g )O

Fig. 20. SEM micrographs showing surface structure and grain growth
behavior of Al and Ga co-doped ZnO thin films on ALO; according to RTA

temperature.

- 45 -



43 33-A

gots 54

i

AlZ} Gao] M v}E zAH oz 23 ®© ZnOgl 200 ~ 800 nm I} o)
9] ¥3x= 5 HR-UV-VIS-spectrophotometer(Varian, Carry 500 Scan)E A}-&
sto] 2”17, 2% 18, 28 19914 JERRITh el X 40 460 nm
g G GolA target Z44o] 2}z thE A9 FR=E YERAT

o
Yo WSS 400 nm o4be] wF Aol 90 % o) ¥

9] FAE 270 nmzZ HA}3 FH FIRE =
AL A Zn0d FH}E 24 A} targete] A WSl & JHA
FdollA 90 % ojFe FAR=E YehldTh o2 Ni/Aug] F3%E 70
%<t BB AE W 20 % o] FFHATE AL 4+ Aok 2y A

WA oz 0 FRATL NG 9AAY S8 AFsHAow Zn0

(o
jat
i
(2
oo
=2
2
o
N
X
W)

l‘l

o] §3E7}F 400 nm ofstol A= 70% ofstE @A 3] WopA]7] wfFe] 2t
AN GdeMe $go] ojgum <HA Yk A B APeA
ZnOol AlZ} Gag =% targetsS AHE-3F A3 24 G H<9] 380 nmoj
ME 85 % olde FIHEE e UV-LEDY H&3 + Qe 7154
< BRAFATH

_46_



100

80

60

Transmttance (%)

200 300 400 500 600 700 800
Wavelength (nm)

Fig. 17. Optical transmittance spectra for Al and Ga co-doped ZnO thin films

deposited using Zn o9s9 Al 001 Ga o001 target.
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Fig. 18. Optical transmittance spectra for Al and Ga co-doped ZnO thin films

deposited using Zn o9 Al 001 Ga oo0s target
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Fig. 19. Optical transmittance spectra for Al and Ga co-doped ZnO thin films

deposited using Zn ooz Al 001 Ga 008 target
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Table 4. Transmittance of Al and Ga co-doped ZnO thin films.

RT 400C 500C 550C | 600

(Zn oos9 Al po1 Ga ooo1)| 94.2 92.9 91.1 945 93.3
(Zn ogss Al 001 Ga ooo1)| 94.0 944 90.0 0.7 91.6

(Zn ooz Al 001 Ga oos)| 980 974 95.6 98.7 98.5

(Ni/Au : 70% @460nm)
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Fig. 22. I-V characteristic for Al and Ga co-doped ZnO on p-GaN.
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Fig. 23. Current dependence of forward voltage for Al and Ga co-doped ZnO
thin films on a p-GaN.
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Ga co-doped ZnO thin films on a p-GaN.
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