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Motivation Optical properties

»Extensive research is performed to obtain ZnO thin films with enhanced conductivity and high 10 0.5
optical transparency in the visible region of the spectrum for applications as transparent 0 70
conductive oxide (TCO) materials [1, 2]. =80 —  ZnOLi1% S04
»Doping processes, able to control the band gap of ZnO and therefore to improve optical £ i S
properties such as transmission/absorption as well as the electrical conductivity are at present § 60 ——ZnOLis% 303 —— ZnO:Li 5%
widely investigated [3-6]. s | S
»In this study we analyzed the effect of Li, Cu and N doping, at concentrations in the range £ 40 é“
1-5 at.%, on the morphology, optical and electrical properties of ZnO thin films. & 2 01
= 20 .
Experimental details . ol T
»Sol  preparation:  zinc  acetate  dehydrate  (99.0%),  2-methoxyethanol  (99.8%), 300400 Swavg?gngm"(nf:)o 900 1000 300 400 500 600 700 800 900 1000
monoethanolamine (299%). Concentration of solution was 0.35 mol/l. Wavelength(nm)
» Dopant: lithium acetate (99.95%), Li, copper acetate monohydrate (299.0%), Cu and N dopant 05
in the form of ammonium nitrate (299.0%). 00r e — L 70
""" ZnO ref. 04 —— ZnO:Cu 1%
Spinning rate: 3000rpm/30s o —éﬂgfg" ;Q/ﬂ 5 ZnO:Cu 3%
Pre-heating 130°C/5 min K T o, Lost. —— Zno:Cu 5%
Thermal treatment 500°C/1h £ Ok g
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Transmittance and absorbance spectra of ZnO, Li/Cu/N thin films
All the films obtained demonstrate high transparency in the visible spectral
region. Sharp absorption edge confirms high crystallinity of the films.
Table: Optical transmittance, band gap energy and electrical resistivity
parameters of Li/Cu/N:ZnO thin films
Thin films T (%) Eg (eV) p (Q-cm)
ZnO
ZnO:Li
at.%
1.63 x102
ZnO:Cu
at.%
w2 0 =3 " T w: ' 0 75 X107
FE-SEM images of Li/Cu/N doped ZnO films ZntOD}N
Li:ZnO and N:ZnO films surface show pronounced wrinkles like structures, while i T
these features are reduced on Cu:ZnO films surface. - —

Electrical characteristics Conclusions

4 4 »Li, Cu, N doped ZnO thin films with thickness of about 60 nm were deposited on Si (100)/ SiO,
substrates by sol-gel.
Dark . Dark » FE-SEM micrographs revealed that the films morphology and their porosity are affected by type
< 2r g2 and dopants concentration.
S © » Lowest resistivity was achieved for 1 at.% Li, 3 at.% Cu and 5 at.% N. Particularly, Cu:ZnO films
L0 N present photo-generated currents under UV light illumination.
E 777777 200 '5 »The films transmittance in the visible region (400-800 nm) is 91 % for undoped ZnO films,
5 ol — ZnOLi1% 5. — Z00:Cu 1% 78-83 % for Li:ZnO films, 91-94 % for Cu:ZnO films and 91-93 % in the case of N doping.
© ——ZnO'Li 3% © —— Zn0:Cu 3% »The energy of optical band gap for Li doping remains close to those of undoped films, 3.21 eV,
——ZnOLi 5% —— ZnO:Cu 5% decreases to 3.14 eV for Cu doping, and increases to 3.25 eV for N doping.
teT4 2 o 2 4 6 AT I 0 5 10 »The results demonstrate that Li/Cu/N doped ZnO thin films obtained by sol-gel spin-coating
0 Voltage (V) Voltage (V) present a high transparency in the visible region, making them suitable for applications in TCO
based devices.
Dark __1op WV » Further improvement of the films conductivity are expected by optimize the sol-gel preparation (to
< 5 2 decrease the films porosity and wrinkles formation) and post-annealing parameters (appropriate
o —"9 5 atmosphere, temperature).
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