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Structural and Electrical Properties of Aluminum Doped ZnO Electrodes
Prepared by Atomic Layer Deposition for Application in Organic Solar Cells
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Abstract

Transparent and conducting aluminum-doped ZnO electrodes were fabricated by atomic layer deposition methods. The
electrode showed the lowest resistivity of 5.73x10 Qcm at a 2.5% cyclic layer deposition ratio of Trimethyl-aluminum
and Diethyl-zinc chemicals. The electrodes showed minimum resistivity when deposited at a temperature of 225 °C. The
electrode also showed optical transmittance of about 92% at 300 nm. An organic solar cell made with a 300-nm-thick
aluminum-doped ZnO electrode exhibited 2.0% power conversion efficiency.
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Fig. 1. Resistivity, Hall mobility, and carrier concentration
as a function of cyclic layer deposition.
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Fig. 2. X-ray diffraction patterns of AZO thin films with

various doping concentrations.

]_

ol

wheto| A Alo] XA 3= Hl&o| Eolglol wmEf A
= olFEY HES & T AUtk

Fig. 2& AZO wtulke] LA EAMo] £ Fro I
@o] o]gg EO%—.—E} %—X-]%EL‘ 225°C°ﬂ/\1 A o].
Stk ZnO Hholl AlLS =333 59] peak= C-H02
=] &2 ZnO peak®t 22 X0 A A= o] 1}t
Ephdt}.

I3y ALO; peak (116)7F =3 % Yeldth Al =
HAE= Akae) g vhg-she Aol 3o o] =2l
2ol dAME AZO A3l &4 & Utk d7
oM e ALOy Al B UAIRE Al AR T
2 Zn09] AAT-2d T AZO ¥Eg 431
uf o] thFEE2] 2 Zn0 peakS AZO HHho] LiE}
dt} AZO getol|l A Al 9Abe] Tt AXHA vhat
o] A7z "l =L 5%el ¥ =3 Fxo
N CE o] A AR Ht,

B AA o] AZO uhehe 2§517] $13) 300 nm ~
800 nme] 71X B ol # Fagg 2Alell
ok ITO =2 5L /MBI G9dlA 90%01%%
o FFHEE 7= Ao R I AU7] Wi AZO
vt fARSE F8 540l dQslt) Fig 32
300nme] FAE S2AIZ AZO vrute] FehE EA4
& HojErh AZO wte] B E 918 200 nm A
9] ITO, 300 nm 72| ZnO, 300nm 571 2] Ga®] =
3 ¥ ZnO (GZO)ZE 7ro] EA1&131t}. 300nme] F7
2 Z23 AZ0 BHe] Hit BEIHEE 02%E =3

Journal of KSDT Vol. 13, No. 2, 2014



4 ARIE - JFAS
110
9 —#— ITO 200nm
100 8 —A— 700 300nm
000ooooooooad) i —@— AZO 300nm (Al 2.5%)
90] meensogtes] m:“‘m“l“|<l“.. —— AZO 300nm :.u 5.0%)
80 o ITO200nm & 71 l‘
— 2 o ZnO300nm =} e n
S 70 ; & AZO 300mm (Al 2.5%) L 6 “.‘ 3
~ o o # GZO 300nm (Ga 5.0%) < \x: .\
L
8 60, A E 54 * "
5 S “ e
= 504 ‘44 2 * "
£ 401 3 2l e\
g 30 23] iy *®  u
'[_' 2v g TTO AZO AZO 3 e \
g 5] 25 isom Xe |
5 M“ :‘% .
14 AA“ o~ \K. \
A Adaa, Xb\
500 600 700 800 g 4R
0.0 0.1 02 03 04 05 06 07 08
Wi
avelength (nm) Voltage(V)

Fig. 3. Transmittance spectra of the conventional ITO thin
film and ZnO thin film with different doping
elements.
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Fig. 4. The structure of the fabricated organic solar cells.
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Fig. 5. The current-voltage characteristics of organic solar
cells with Al-doped ZnO electrodes at different

thicknesses.
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Fig. 6. The current-voltage characteristics of organic solar
cells with a conventional ITO and with 300-nm-
thick Al-doped and Ga-doped ZnO electrodes.
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