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Transparent Ce doped ZnO nanocrystalline thin films with crystallite size less than 46 nm are pre-
pared by sol-gel spin coating method. Band gap increases monotonically from 3.24 to 3.30 eV with increas-
ing doping of cerium up to 2 at. % which leads to band gap widening of 60 meV. UV emission disappears in
doped samples and blue emission with continuously increasing intensity is obtained. FESEM shows that
the surface consists of microclusters scattered throughout the surface making a network of clusters and
voids, and EDX confirms the presence of cerium in the doped samples.
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1. INTRODUCTION

ZnO is a II-VI semiconductor with wide band gap of
3.37 eV and large exciton binding energy of 60 meV at
room temperature which is higher than GaN (24 meV)
and ZnS (39 meV). It has various promising applica-
tions in the field of optoelectronic devices (like light-
emitting diodes, laser diodes), photovoltaics, photoca-
talysis, and flat panel displays [1-7]. Substitution of a
zinc ion by rare earth (RE) group ions generally pro-
duces additional electrons and improves the structure,
morphology, optical, electrical, thermal, and magnetic
properties. Cerium (Ce) is a center of attraction be-
cause of partially filled 4f shell located in the forbidden
gap of ZnO and it influences the photoluminescence
(PL) properties of RE-doped ZnO. RE metal ions act as
electron trapping agents can trap photoinduced elec-
trons thereby modifying the photoconductivity and
photocatalytic activity [2, 3]. There are various meth-
ods for depositing ZnO thin films such as pulsed laser
deposition, metal organic chemical vapor deposition,
spin coating, spray pyrolysis etc. [1]. The sol-gel spin
coating method is simpler yet produces good quality
films. It allows homogenous mixing of the chemicals at
atomic level, thus reducing the possibility of undetect-
able impurity phases [8]. In the present work, ZnO and
Ce doped ZnO thin films have been successfully pre-
pared by sol-gel spin coating. The effect of Ce dopant on
optical band gap and photoluminescence are presented.

2. EXPERIMENTAL
2.1 Sample Preparation

For preparation of undoped and Ce doped ZnO
films, Zinc acetate dihydrate and Cerium (III) chloride
are the starting chemicals. The undoped, 1 and 2 at. %
doped precursor solutions of 0.1 M are prepared in eth-
anol. Monoethanolamine is used to control the viscosity
of precursor solution, which has been stirred magneti-
cally at 60 °C for 30 min to get homogeneous solution.
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All the precursor solutions are aged for 15 days and
then spin coated on separate glass slides. Each film
consists of 10 layers leading to considerable thickness,
each spun at 3000 rpm for 30 s [9]. After each coating,
the sample is heated from room temperature to 400 °C
for 30 min and finally all the films are annealed at
450 °C for 4 h. The prepared samples are named as a, b
and ¢ which are deposited using 0, 1 and 2 at. % Ce
doped precursor solutions, respectively.

2.2 Characterization

The crystal phase and crystallinity of the samples is
investigated by wusing X-Ray diffractometer (Model-
Rigaku  Ultima IV) wusing CuKa radiation
(A =1.540598 A), with a tube voltage of 40 kV and a
tube current of 40 mA for 26 values ranging from 20 to
70°. PL and transmittance spectra have been recorded
using fluorescence spectrometer (Model-LS-55, Perkin
Elmer) and UV-Vis spectrophotometer (Model-V670,
Jasco), respectively. FESEM and EDX (Model-ZEISS)
is used for surface morphology and elemental analysis,
respectively. All the measurements have been per-
formed at room temperature.

3. RESULTS AND DISCUSSION
3.1 Structural Properties

X-ray diffraction patterns show that all the films are
polycrystalline in nature with hexagonal wurtzite struc-
ture showing orientations along (100), (002) and (101)
planes (Fig. 1). The peak along (002) plane occurs at
260=34.27°, 34.37° and 34.49° for samples a, b and c,
respectively. The orientation parameters vary from
0.220 to 0.512 indicating random orientation. Films are
highly oriented along the plane (101) in the films. The
crystallite size tps is calculated by the Debye-Scherrer
(DS) formula [10] and lies between 32 to 46 nm along
preferred planes (100), (002) and (101). The lattice con-
stants ¢ of undoped and Ce doped ZnO are calculated

The results were presented at the International Conference on Multifunctional Nanomaterials (ICMN2020)
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using the expression reported in Ref. [9] and lattice con-
stants ¢ are found to decrease with increase in doping.
The diffraction peak shifts to higher value of 26, result-
ing in a decrease in lattice constant ¢ with respect to
doping of Ce. Decrement of ¢ lattice constant may be
due to large ionic radius of cerium as compared to zinc.
The bond length decreases from 1.989 to 1.974 A as Ce
varies from 0 to 2 at. %. Dislocation density in the film
varies randomly from 5.21-1014 to 11.01-104 lines/m? for
the undoped and doped samples.
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Fig. 1 — XRD patterns of samples a, b and ¢

3.2 EDX

The EDX patterns confirm the presence of Zn and O
as the only elementary species in the undoped sample.
The presence of Ce in the doped samples is also con-
firmed by EDX (Fig.2). The concentration of Ce is
found to be 0.70 and 1.45 at. % whereas the precursor
solutions were prepared with 1 and 2 at. % Ce doping.
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Fig. 2 — EDX spectra of samples a, b and ¢

3.3 FESEM

FESEM images of the all three samples are shown in
Fig. 3. For undoped ZnO, i.e. sample a, the surface con-
sists of microclusters scattered throughout the surface
and making a network of clusters and voids. For sample
b, these microclusters start to club together and they are
completely clubbed for sample c¢. The porosity of films
also increases with increase in dopant concentration.

Fig. 3 —- FESEM of samples a, b and ¢
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3.4 Optical Transmission and Band Gap

The optical transmittance spectra (Fig. 4) is record-
ed using UV-Vis-NIR spectrophotometer in the range
300-900 nm. Undoped film is showing 75 to 86 %
transmittance in visible and infrared region. There is a
sharp cut-off in the transmittance curve near 379 nm
which shifts towards lower wavelength with increase in
dopant. The transmittance is more for sample b and less
in sample ¢ as compared to the undoped sample. Using
the transmission data, Tauc’s plot [9, 10] is drawn
which gives the value of band gap as 3.24, 3.28 and
3.30 eV for undoped, 1 and 2 at. % Ce doped ZnO films
respectively. Thus, the widening of 60 meV in optical
band gap of ZnO is obtained. The narrowing of band gap
in Ce doped ZnO nanoparticles (3.35 to 3.2 eV) is re-
ported by Sharma et al. [7]. There, the reduction in
band gap by Ce doping in ZnO happens due to the for-
mation of Ce related, localized, density of states closer
to the conduction band minima of ZnO [7].
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Fig. 4 — Transmission spectra of samples a, b and c. The insets
show Tauc’s plot, i.e. (ahv)? versus photon energy

3.5 Photoluminescence

PL spectra for all samples are recorded using excita-
tion wavelength 325 nm. The undoped sample a shows
UV emission peak at 389 nm with visible emission at
458 and 489 nm (Fig. 5). The intensity of UV emission is
higher than the peaks occurring in visible region.
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Fig. 5 — PL spectra of samples a, b and ¢
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The UV emission is a near band-edge (NBE) emis-
sion which may be due to crystalline quality of the
films and is attributed to free and bound exciton re-
combination, [11, 12]. NBE emission peak disappears
in doped samples and intensity of visible emission is
increased in doped samples. The intensity of visible
emission at 458 nm is increased by 2.4 and 2.9 times for
1 and 2 at. % Ce doping. “The blue emission, centered
on ~ 458 nm may be attributed to singly ionized Vzn~
and the blue-green emission centered on ~ 489 nm is
due to radiative transition of an electron from the shal-
low donor level of Zn; to an acceptor level of neutral Vizn
is reported in Ref. [1]. Authors previously reported that
luminescence in the visible region is usually attributed
to intrinsic defects of ZnO which may get enhanced or
diminished due to the presence of unintentional impu-
rities or intentional dopants. Oxygen vacancy is accept-
ed to be the most likely defect responsible for lumines-
cence in the visible part of the spectrum [13].
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4. CONCLUSIONS

Undoped and Ce doped nanocrystalline films having
hexagonal wurtzite structure with crystallite size less
than 46 nm are deposited using sol-gel spin coating me-
thod. Enhancement of 60 meV in the optical band gap
in ZnO thin films is obtained by Ce doping. The band
gap increases from 3.24 to 3.30 eV as Ce doping in-
creases from 0 to 2 at. %. The intensity of blue emission
is continuously increasing with doping. The intensity of
visible emission at 458nm is increased by 2.9 times for
2 at. % Ce doping. FESEM shows that the surface con-
sist of microclusters scattered throughout the surface
and making a network of clusters and voids and EDX
confirms the presence of cerium in the doped samples.
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ITocunenusa BUAMMOro BUNIPOMiHIOBaHHA JieryBauHaM Ce B TOHKuX miaiBkax ZnO
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IIposopi mHamokxpuerasmivumi ToHkl mwrBkm Zn0, meroBami Ce, 3 po3MipoM KpPHCTAIITIB MeHIIe 46 HM
OTPUMYIOTH METOJIOM 30JIb-TeJIeBOTO CIiH-TIOKpuTTA. [[lupuHa 3a60poHEeH01 30HM MOHOTOHHO 30L/IBIIYETHCA 3
3,24 no 3,30 eB i3 30iIbIIeHHAM JIeTYBaHHA IiepieM 10 2 aT. %, 110 IPU3BOAUTD 0 301IbIIeHHA IIUPUHHA 34-
6oponenoi 3ouu Ha 60 meB. YiabTpadioseroBe BUIPOMIHIOBAHHS 3HUKAE B JIETOBAHUX 3PA3KaX, 1 OTPUMY€ETh-
€S CHHE BUIIPOMIHIOBAHHS 3 MOCTIMHO 3pocTatouoio iHTeHcuBHIicTIO. FESEM mokaaye, 1o moBepxHs cKJaa-
€ThCA 3 MIKPOKJIACTEPIB, PO3CIAHUX II0 BCiM IOBEPXHI, AKI yTBOPIOIOTH MEPesKy KJacTepis 1 moposkHed, a EDX

TIATBEPIIKYE HASBHICTD IIEPI0 B JISTOBAHUX 3Pa3Kax.

Kmiouori ciosa: ZnO, serosaunii Ce; [llupuna 3aboponenoi 3ouu; [locnierne BuarMe BUITPOMIHIOBAHHS.
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