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In this study, we investigate the effect of Li-doping concentrations (3, 6,
and 9%) on the optical and electrical properties of Li-doped ZnO-
containing films. Li-doped ZnO films are fabricated by the RF-magnetron
sputtering process. The optical and electrical properties of thin-film depo-
sition at different sputtering RF powers in the plasma chamber are inves-
tigated. The electrical and optical properties of the thin layer are studied.
The results for the optical properties of thin films (ZnO/Li) show that the
absorbance, absorption coefficient, and optical conductivity increase with
increasing Li concentration, while the energy band gap and transmittance
decrease with increasing Li concentration. For all tested temperatures, the
D.C. conductivity of the ZnO film increases after Li doping. The D.C. test
shows that all films have the same activation energy, and the value of
this energy increases as the Li-doping ratio increases. The electrical prop-
erties of alternating current demonstrate that, as the frequency of the
electric field increases, the dielectric constant and dielectric loss of all
films decrease.

Y 1mpomy mociimKeHHI MM BMBYAEMO BILJIMB KOHIIEHTpAIill JIeTr'yBaJbHOTO
Jlitiro (3, 6 i 9%) Ha omTuuHi I eJeKTPUYHI BIACTUBOCTI ILIiBOK, II[0 Mic-
Tathb ZnO, meropaunmx Jlitiem. Ilnisku ZnO, nerosani Jlitiem, 6ys0 BUTOTO-
BJIEHO MeTonoM paxgiouactoTHoro (PY) marHerpoHHOrO poasmoporrneHHsa. [loc-
JiIKeHO ONTUYHI W eJeKTPUUYHI BJIACTUBOCTI OCAIKEHHS TOHKHUX ILJIIBOK 3a
pisHux mory:xkHOcTel PU-posmopolnenHa y miaas3mMoBiit kamepi. HocuigsxeHo
eJIEKTPUYHI W OIITHYHI BJACTUBOCTI TOHKOTO Imapy. PeayiabTaTu CTOCOBHO
ONTHUYHUX BJACTHUBOCTEN TOHKUX IIiBOK (ZnO/Li) mokasyooTh, IO IMOTJIH-
HaHHS, Koe(iIlieHT HmOrJIMHaHHA ¥ OINTWYHA IPOBigHICTH 3pocTaioTh 3i 306i-
JbIIeHHAM KoHIeHTpanii Li, Toxi ax mwupuHa 3a00poHEHOI 30HU Ta Koedi-
I[i€EHT MMPONMYyCKAHHA 3MEHIIYIOThCA 3i 30iablneHHAM KoHIeHTpamii Li. Huaa
BCiX MPOTECTOBAHUX TEMIIEPATyp IMPOBIAHICTH HA IMOCTIiHHOMY CTPYMi ILIiBKH
ZnO 36imbmIyeThea micaa JeryBaHHsa Li. TecT CcTOCOBHO MOCTiHHOTO CTPyMy
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IIOKasye, IO BCi IJIiBKM MAalOTh OJHAKOBY €HEpTilo aKTWBAIlii, a 3HaYeHHS
miel eHeprii 3pocrae 3i 30inbIIeHHAM piBHA JeryBauHsa Jlitiem. Enexrpuuni
BJIACTMBOCTi CTOCOBHO 3MiHHOI'O CTPYMY IIOKas3ylOTb, IO 3i 30iJbINIeHHAM
YacTOTU eJIEKTPUUYHOI'O IIOJIA [ieJIeKTPMUYHA NPOHUKHICTH 1 JieneKTpuuni
BTPATH BCiX MJIiBOK 3MEHIIYIOTHCA.

Key words: ZnO films, RF-magnetron sputtering method, Li doping, nano-
composite, optical and electrical properties.

Karouosi cmoBa: miaiBku ZnO, mMeTon pagiodacTOTHOTO MATHETPOHHOTO PO3-
MIOpOIIIeHHsA, JieryBaHHs JIiTieM, HaHOKOMIIO3UT, OITHYHI I eJeKTPUUHI
BJIACTHBOCTI.
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1. INTRODUCTION

The numerous commercial applications of ZnO nanostructures in
medication, colorants, catalysts, ceramics, and elastic-added sub-
stances have made it one of the most promising oxide materials.
ZnO nanostructures have the potential to be utilized in sun-powered
cells, anodes, sensors, straightforward UV defensive coatings, UV
outflow, surface acoustic waves, and magnetooptical frameworks
[1-8]. In any case, to create ZnO-based optoelectronic gadgets, the
fabric must be doped to get n-type and p-type. Common ZnO shows
n-type conductivity due to rotating zinc or oxygen openings, as is
broadly known.

Nevertheless, it is troublesome to get steady p-type ZnO, primari-
ly since the acceptor can compensate for characteristic absconds [9,
10]. Another issue that limits p-type conduction in ZnO is the near-
ness of remaining pollutants at noteworthy donor-like concentra-
tions [11].

To date, a number of reports [12—19] have been distributed on p-
type Li-doped ZnO lean movies manufactured by different strategies
and explored the impact of arrangement conditions such as temper-
ature and post-incubation concentrations lean layer motion picture
resource. In any case, to our knowledge, some papers on Li-doped
ZnO sol—gel lean movies with p-type nanostructures have been dis-
tributed [18, 19]. It has been specified that p-type conduction can
happen when the Li concentration is greater than or breaks even at
10%.

In this study, we examine the manufacture of Li-doped ZnO lean
movies by the RF-magnetron sputtering process. How the degree of
Li doping influences the optical and electrical properties of ZnO will
be talked about. We particularly examined the impact of lithium
concentration on the properties of ZnO.
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2. EXPERIMENTAL WORK

RF-magnetron sputtering strategy was utilized to create zinc oxide
coating on glass substrate.

After being treated in acetone and corrosive arrangement
(1/3HC1/2/3HNO;), the substrates (18 mmx26 mmx1l mm glass
slides) were cleaned with an ultrasonic cleaner. A base radiator is
mounted on the water-cooled anode. On the water-cooled anode, a
foundation radiator was introduced. In expansion, the substrates
were put 65 mm from the target surface and turned 15 times per
miniature.

The substrate temperature was measured using a thermocouple
and controlled using a feed-back-controlled radiator, which changed
from room temperature to 400°C.

To avoid defilement from other gases within the chamber, the
chamber was purged to an extreme background weight of 1 Pa ear-
lier in testimony. The restricted amounts of other extra gases were
at that point flushed out of the chamber, and the substrate surface
was cleaned for 15 minutes with unadulterated argon gas.

After almost five minutes of pre-sputtering to evacuate the sur-
face oxide layer from the target, testimony was started on the ZnO
target.

Sputtering was carried out for 120 minutes at a weight of 0.6
Dad in high-quality argon gas (99.999%).

Optical interferon is utilized to determine the thickness of the
film. The Shimadzu UV 3100 S spectrometer with double beam and
coordinate circle is utilized to assess optical reflectivity and trans-
mittance within the 300-1800 nm wavelength range. Utilizing
Swanepoel’s method, the refractive file was assessed from the opti-
cal information.

The test is warmed in a broiler set to a temperature of 50°C to
80°C, amid which the D.C. resistance and conductivity are recorded.

The A.C. electrical conductivity was tested using an LCR meter
(HIOKI 3532-50 LCR Hi TESTER (Japan)).

3. RESULTS AND DISCUSSION
3.1. Optical Properties

The objective of this study was to determine the impact of Li-
doping concentrations 3, 6, and 9 at.% on the optical properties of
Li-doped ZnO movies.

Inquire about examining the ghostly absorbance of movies at moo
temperatures, understanding sorts of electronic moves, and calcu-
lating vitality contrasts and optical constants.
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Fig. 1. Absorbance spectra of ZnO/Li thin films versus the wavelength.

3.1.1. Absorbance

Figure 1 shows the change in absorbance with wavelength of Li-
doping concentration 3, 6 and 9 at.% at low temperature. We note
that the absorbance of ZnO in the UV region is very high with dif-
ferent Li doping. They are almost equal because the energy of the
incident photon of lengths of 400 nm and above is small and not
sufficient for electronic transmission. While the energy of ultravio-
let waves is high, greater than 3 eV, it is enough to shift one elec-
tron from the valence band to the conduction band. This disintegra-
tion occurs at a slower rate in the visible and near-infrared ranges,
due to the absorption of the ZnO in the ultraviolet region, and the
absorption of the composites increases too with the increase in the
Li concentration.

3.1.2. Transmittance

Figure 2 presented the spectrum of optical transmittance as a func-
tion of the wavelength of the light incident on ZnO by adding dif-
ferent concentration of Li doping. The transmittance decreases as
the doping ratios increase. All thin films, including Li, have a high
transmittance, greater than 88%, according to the spectra. This is
because scattering effects have been reduced, structural homogenei-
ty has improved, and the crystalline state has improved.

3.1.3. Absorption Coefficient (A)

Figure 3 demonstrates that the absorption coefficient (o) of elabo-
rated thin films increases as the Li-doping ratios increase, which is
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Fig. 2. Optical transmittance of the Li—ZnO films versus the wavelength.
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Fig. 3. Absorption coefficient as a function of the incident photon energy
of the Li-doped ZnO films with various doping ratios.

due to an increase in the number of charge carriers in the films.
The result of absorption coefficient (o) for all prepared nanocompo-
sites presented smallest at low energies that could relate to the lit-
tle possibility of electron transition. Whereas it increases with in-
creasing energy of the incident photon, this indicates that the elec-
tron transition has a high probability. The energy of the incident
photon is sufficient to interact with atoms. Indirect electronic tran-
sitions are extremely likely to occur in accordance with the absorp-
tion coefficient (o)) values of the prepared films (less than 10* cm™).

3.1.4. Optical Energy Gaps Allowed

The plot of (hv)"" at r =2 versus the energy of the photon (hv) may
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Fig. 4. Permissible direct electronic transitions of the Li-doped ZnO films
with various doping ratios.

TABLE 1. Optical energy gap values allowed for the Li-doped ZnO films.

Li doping, % Allowed
0 4.25
3 4.1
6 3.29
9 3.7

be used to calculate the optical-band energy gap as shown in Fig. 4
based on the absorbance coefficient of Li-doped ZnO thin sheets.

The values, which we obtained, are shown in Table 1, where we
notice that the values of the energy gap decrease with the increase
in the weight percentages of Li doping. The equivalence package to
the local levels and the second transition from the local levels to the
delivery package is a result of increasing the proportion of the dop-
ing.

3.1.5 Refractive Index

Figure 5 represents the difference in the refractive index (n) of the
Li-doped ZnO thin films with the emitted photon energy.

The values are increased with the increase in the photon energy,
and this indicates that the electromagnetic radiation passes through
the Li-doped ZnO films slower in the ultraviolet and visible regions;
nevertheless the speed is higher in the visible and near-infrared
spectrums.

The refractive index is also increased with the Li doping [in the
weight percentages] in relation to the density of the composites.
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Fig. 5. Refractive index of the Li-doped ZnO films with various doping
ratios.
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Fig. 6. Extinction coefficient of the Li-doped ZnO films with various dop-
ing ratios.

3.1.6. Extinction Coefficient

Figure 6 depicts the difference in the coefficient of extinction (k) as
a function of photon energy for Li-doped ZnO thin film compounds.
The coefficient of extinction increases as the concentration of Li
doping increases. With an increase in the concentration of Li dop-
ing, the deviation increases, so, extinction coefficient (k) will in-
crease as a result of the centres of diffusion in the compounds.

3.1.7. Dielectric Constant (Real and Imaginary Parts of ( ,, ;))

Figures 7 and 8 present the variation of the real (g,) and imaginary
(g¢;) components of the dielectric constant for pure ZnO and Li-doped
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Fig. 7. Real dielectric constant of Li-doped ZnO films with various doping
ratios.
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Fig. 8. Imaginary dielectric constant of Li-doped ZnO films with various
doping ratios.

ZnO films as functions of photon energy (g,) presented how much
the speed of light was slow down in the material, which is consid-
ered a measure of the polarity of a material, whereas (g;) demon-
strated the dielectric absorb energy by the electric field through the
dipole motion. It can be observed that there is an increase in the
values of (g,) at low photonic energies followed by a clear decrease
in the higher energies for all nanocomposite films. A rise in the die-
lectric constant of Li-doped ZnO films represents a little rise in ZnO
internal charges.

3.1.8. The Optical Conductivity

Figure 9 shows how optical conductivity changes as a function of
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Fig. 9. The optical conductivity values versus wavelength of Li-doped ZnO
films with various doping ratios.

wavelength. The graph demonstrates that, as the wavelength in-
creases, the optical conductivity of all Li-doped ZnO films diminish-
es. This conductivity-related behaviour is strongly influenced by the
radiation wavelength when it hits the nanocomposite samples.

The higher absorption of all Li-doped ZnO films in this region,
and thus increased charge transfer excitations, causes an increase
in optical conductivity at a low photon wavelength. The samples
transmit light in the visible and near-infrared spectrum, according
to the optical conductivity spectra.

3.2. The Direct Current Electrical Properties of the Li—ZnO Films
3.2.1. The Electrical Conductivity of the Li—ZnO Films

The D.C. electrical conductivity (o) is affected by several factors,
along with the preparation method and the measurement circum-
stances.

Figure 10 depicts the temperature (T) and Li-doping dependences
of o in ZnO films.

The increase in o with Li-doping content could be attributed to
the formation of connected networks in the matrix of the thin film.
However, since ZnO is a semiconductor, doping it with Li may re-
sult in the development of energy levels inside the energy band gap
that act as traps for charge carriers that bounce between these lev-
els, boosting DC.

Figure 10 also demonstrates that the DC rises with T. This indi-
cates that these films have undergone thermal activation and exhib-
it semiconductor behaviour.
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Fig. 10. The relationship between D.C. conductivity (o) and Li-doped ZnO
films with various doping ratios.
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Fig. 11. Inc versus (10%/T) of Li-doped ZnO films with various doping rati-
0s.

3.2.2. Activation of the Li-Doped ZnO Films

Figure 11 displays the variation of the absolute temperature 10%/T
measured at a temperature range 285-330 K for Li-doped ZnO films
as a function of In.

Electrical activation energy (E,.) calculations showed values be-
tween 1.576 eV and 1.912 eV, as shown in Table 2.

The presence of free ions in the films is that caused the high
electrical activation energy for pure ZnO.

The drop in activation energies with increasing Li doping is re-
lated to an increase the energy gap between the local and global lev-
els, which trap charge carriers and are crucial for the transport of
charges.



STUDY OF THE EFFECT OF Li DOPING ON ZnO FILMS 633

TABLE 2. The electrical activation-energy values’ experimental results.

Samples Activation energy, eV
ZnO/Li 0% 1.912
ZnO/Li 3% 1.743
ZnO/Li 6% 1.613
ZnO/Li 9% 1.576
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Fig. 12. The dependence of dielectric constant of Li-doped ZnO films with
various doping ratios and frequency at room temperature.

3.3. The Li—ZnO Films’ A.C. Electrical Properties
3.3.1. The Dielectric Constant

The value of the dielectric constant indicates a materials’ capacity
to absorb electricity produced by an applied electric field. Figure 12
illustrates how the dielectric constant varies with the electric field
frequency range of 10* to 10° Hz at room temperature. The ratio of
3% Li doping demonstrates the decrease in dielectric constant with
rising electric field frequency. This could be as a result of dipole
samples’ propensity space charges’ polarization is reducing as they
try to align themselves with the directions of applied electrical
fields and with respect to total polarization. The most significant
form of polarization is space charge polarization at low frequencies,
and as frequency rises, it loses significance.

3.3.2. The Dielectric Loss

The dielectric loss is a measurement of the amount of electrical en-
ergy lost in the sample as a result of the applied-field conversion to
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Fig. 13. Li-doped ZnO films’ dependence on dielectric loss with various
doping ratios and frequency at RT.
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Fig. 14. Variation of A.C. electrical conductivity of Li-doped ZnO films
with various doping ratios and frequency at room temperature.

thermal energy. The relationship between dielectric loss and the
electric field frequency range of 10°-10° Hz. Figure 13 shows thin
Li—-ZnO films at ambient temperature that thin out as the applied
electric-field frequency increases. Reduced space charge polariza-
tion’s contribution is what causes this.

3.3.3. The Elecirical Conductivity of A.C.

As the electric-field frequency increases, the A.C. conductivity in-
creases noticeably. This relationship between the A.C. electrical
conductivity and the electric-field frequency range of 10°-10° Hz
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and both the ZnO and Li doping at room temperature is shown in
Fig. 14 for all Li—ZnO thin film samples. This is caused by the hop-
ping motion of charge carriers and space charge polarization, both
of which occur at low frequencies. Moreover, as the percentage of
Li doping rises, conductivity rises as well. Due to the regular dis-
tribution of charge carriers in the Li—ZnO thin films, the increase
in space charge as a result of this behaviour is caused by the in-
crease in carriers of charge.

4. CONCLUSION

In this work, we examine the impacts of Li doping concentration on
the electrical and optical characteristics of Li-doped ZnO films with
concentrations 3, 6, and 9 at.% . RF magnetron sputtering was used
to create Li-doped ZnO films. The optical characteristics for thin
films of (ZnO/Li) revealed that the absorbance, absorption coeffi-
cient, and optical conductivity increase as Li concentrations in-
crease, whereas the transmittance and energy band gap decreased as
Li concentrations increase. The Li-doped ZnO films’ D.C. conductiv-
ity at low temperatures was compared to their A.C. electrical char-
acteristics. It is shown that, for all various weight percentages of
Li, the dielectric constant and dielectric loss decrease as the electric
field frequency rises. All films have single activation energy, ac-
cording to the electrical characteristics for D.C. measurements, and
its value rises with an increase in the percentage of addition.
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