Applied Physics A (2024) 130:267
https://doi.org/10.1007/500339-024-07447-1

Applied Physics A

Materials Science & Processing

=

Check for
updates

Effect of Er** ion incorporation on the structural, photoluminescence,
and ferroelectric properties of K, :Na, sNbO; ceramic

for optoelectronic applications

Muskan Varshney' - Shreya Soni' - Ankita Banwal' - Megha Narwan' - Manoj Verma? - Renuka Bokolia'

Received: 17 December 2023 / Accepted: 12 March 2024 / Published online: 1 April 2024
© The Author(s), under exclusive licence to Springer-Verlag GmbH, DE part of Springer Nature 2024

Abstract

The lead-free ceramics K, sNay sNbO;: x wt% Er’* (x=0, 1, 2, 3 and 4) were produced via solid-state method. The ceramic
was sintered at 1100 °C to produce a pure-phase perovskite with an orthorhombic structure. No extra phases in the XRD
spectra demonstrate that all the Er** ions have dispersed into the host lattice. At room temperature, PL emission spectra
were examined under the wavelengths 488 and 980 nm. In both emission spectra, green emission bands (528 and 549 nm)
and slightly faint red emission bands (662 nm) were found. Observing the effect of pump power revealed that two photons
are involved in the emission process. The time decay profile indicates an average lifetime of Er** ions is 25.05 ps. The fer-
roelectric hysteresis loop at room temperature showed decent shapes with good remnant. Thus, by combining the optical and
ferroelectric properties, KNN may have potential applications to be employed in optoelectronic devices.
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1 Introduction

A large amount of poisonous lead is present, and lead-
based ceramics have produced major environmental and
health issues. The WEEE (Waste from Electrical and Elec-
tronic Equipment) and RoHS (Restriction of Hazardous
Substances) regulations have therefore prohibited the use
of these ceramics [1, 2]. Researchers concentrated on lead-
free ceramics such as Na,, sBi, 5Ti05, BaTiO5, bismuth layer-
structured ferroelectrics (BLSF), and various other com-
pounds to substitute the harmful lead found in lead-based
ceramics. BaTiO; (BT), Na, sBi, sTiO; (NBT), and BLSF
are some examples of lead-free ceramics. Their unique char-
acteristics include optical transmission, ferroelectricity, die-
lectricity, piezoelectricity, and electro-optics, making them
an exciting research topic [3]. The search for one particular
lead-free alternative that is compatible with all applications
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in terms of its characteristics and applications has consist-
ently been unsuccessful [4]. The previous reports on lead-
free ceramics with excellent dielectric, piezoelectric, and
ferroelectric properties and their comparatively low phonon
energy (750 cm™') and strong physical-chemical stability
were found. Among them, sodium potassium niobate (KNN)
ferroelectric ceramics are the better substrates for upcon-
version luminescence [5-9]. From the literature survey, it
has been confirmed that ferroelectric materials can display
electrical and luminescence properties after being doped
with rare-earth (RE3+) ions [10, 11]. KNN has an ABO;
perovskite structure [12]. It is a composition in a 1:1 ratio
of ferroelectric and antiferroelectric, KNbO; and NaNbO;
respectively [12, 13].

The choice of the host material is essential for achieving
above-average mid-infrared (MIR) emission and vis-up-
conversion efficiency for Er’*. Halide glasses, particularly
fluoride because of their significantly low phonon energies,
have been thoroughly examined in the previous investigation
as the host materials of Er**. Among RE**, finding appro-
priate host materials is becoming more crucial to achieve
optimum up-conversion efficacy in the mid-IR and visible
regions. It is discovered that the host matrix’s interactions
with particle dimension, RE** doping, phase purity, posi-
tion replacement, and ion diffusion affect the upconversion
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(UC) emission [14]. Particularly for luminescent thermom-
etry applications, there is a need for appropriate host materi-
als that can maintain their heat stability and responsiveness
throughout a wide temperature range (around the ambient
temperature) [15]. Er’* is found to be the most cost-effective
and abundant among all the lanthanide ions and a decent
activator because of its broad photoluminescence (PL) emis-
sion range, from mid-infrared (MIR) to visible regions [4,
16, 17]. Er**-based solid-state lasers have shown promis-
ing results in laser output and can be used in the eye-safe
MIR region. These lasers have many potential applications,
including atmosphere pollution monitoring, medical surgery,
military counter-measures, and remote sensing [10]. Due to
its energy level configuration with a *I; 5, to *I,,, transition,
which is easily activated by low-energy photons, Er** is the
most popular ion for upconversion [18].

In the field of optoelectronics and photovoltaics, the
photo-electronic characteristics of ceramics play a vital
role in determining their appropriateness. Lanthanide ele-
ments improve electrical and optical performance, enabling
efficient and eco-friendly electronics [19]. Transparent
ceramics like (K, sNa, s)NbO;-ErBiO; have good optical
and ferroelectric properties, making them potential candi-
dates for optical modulation, switchers, and electro-optical
devices [20]. Sm**-doped lead-free 0.85(K, sNa, 5)NbO;-
0.15SrZrO; (KNN-SZ: Sm?*) transparent ferroelectric
ceramics have a unique photochromic phenomenon and
reversible luminescence modulation, making them ideal
for information storage, displays, anti-counterfeiting, and
photo-switching devices [21]. Studies also demonstrate that
(Big sNay s)g 94Bag 41105 lead-free ferroelectric ceram-
ics control the dielectric constant by light exposure while
maintaining superior electrical insulation. This makes these
ceramics suitable for photo-dielectric devices [22].

Based on the design technique mentioned above, in this
research, the structural and ferroelectric properties of Er**
substituted KNN ceramics were explored to enhance radia-
tive upconversion emission. Using Cu-Ka radiations, an
X-ray diffractometer was utilized to analyze the crystalline
manner and identify the KNN ceramic’s phase. Further,
FTIR spectroscopy was done to confirm the perovskite struc-
ture. P-E loops were investigated to study the ferroelectric
properties. The optical properties, PL, and UCL emission
spectra were also examined under the two excitation wave-
lengths, 488 nm and 980 nm, respectively.

2 Experimental procedure
2.1 Sample preparation

The solid-state reaction is a commonly used synthesis
technique for creating polycrystalline materials from solid
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reagents. This method typically involves using very high
temperatures to initiate the reaction. The chemical and mor-
phological properties of the reagents, including their reac-
tivity, surface area, and free energy, as well as the reaction
conditions, such as temperature, pressure, and environment,
can all affect the solid-state reaction. The solid-state reaction
method helps produce a high volume of product is extremely
easy to use compared to other techniques, and is economi-
cal [23]. The solid-state reaction was chosen in this study
because it is simple, and the apparent lack of solvents makes
the process economical. The solid-state reaction is preferable
for commercial applications. However, to maintain stoichi-
ometry, the starting materials, particularly K,CO;, must be
dried due to their sensitivity to moisture [24].

The K sNaj sNbO; (KNN) ceramics added with x wt%
Er3* ion abbreviated as (KNN: xEr, x=0, 1, 2, 3, and 4).
This study used a conventional solid-state reaction route to
prepare the KNN ceramics. High purity (99.99%) precur-
sors K,COj3, Na,CO;, Nb,O5_and Er,0; from Sigma Aldrich
were measured in stoichiometric ratio. Mixed powders in the
stoichiometric ratio were hand-ground in a mortar pestle for
5 h using ethanol. In a small crucible made from alumina,
the hand-ground powders were calcined for 3 h at varying
temperatures (700-900 °C). Then, the powders with the least
unreacted residue were combined with 5 wt% polyvinyl alco-
hol (PVA), a standard binder. After mixing, the resulting
blend was compressed into a 1 mm thick pellet with a 10 mm
diameter using a manual hydraulic press. The press had a
pressure of 50 MPa and a resting period of 1 min. The pel-
lets were then sintered in a furnace at 1100 °C for 2 h with
intermittent heat treatment at 500 °C for 1 h to eliminate the
binder from the pellets [25]. Similar steps were repeated
for producing KNN: Er** ceramics. A schematic diagram is
given in Fig. 1 to explain the synthesis process. Equation (1)
provides the synthesis with reaction [26]:

K,CO5(s) + Na,CO;5(s) + 2 Nb,Os(s)
- 4 K, 5Na; sNbOs(s) + 2 CO,(g) (1)

2.2 Sample characterization

X-ray diffraction (XRD) spectra were collected on a Bruker
D-8 advance X-ray diffractometer with Cu-Ka radiation in
the range 26 (10°—80°), and the phase formation of syn-
thesized samples was analyzed. The HORIBA PTI Quanta-
master (8450-11) at an excitation wavelength of 980 nm was
utilized to investigate the upconversion luminescence (UC)
spectra. A silver paste was coated (area~8.5-11 mm?) on
the prepared pellets (thickness ~0.55-0.65 mm). The coated
pellets were baked for 10 min at 500 °C so that the paste
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Fig. 1 A schematic illustration of the synthesis process

adhered utterly to the pellets. The P-E hysteresis loops were
marked out by an automatic loop tracer under 50 Hz. SHI-
MADZU RF-5301 PC-spectro fluorophotometer and Xenon
arc lamp were acquired to study the PL spectra under the
excitation of 488 nm at room temperature. The FTIR spectra
were obtained by the Perkin Elmer spectrum-II.

3 Result and discussion
3.1 XRD analysis

Figure 2a—e displays the XRD pattern of pure KNN powder
calcined at various temperatures (700 °C, 750 °C, 800 °C,
850 °C, 900 °C). There are some small peaks at 15.88°,
27.76°, 30.24°, and 34.44° (depicted by symbol *), indi-
cating that the material is not solely single-phased. Still,
the slight impurities did not significantly impact the X-ray
diffraction pattern. With the gradual increase in calcina-
tion temperature (700-900 °C), there is an apparent rise in
X-ray reflection intensity from various planes and the inten-
sity of secondary peaks (depicted by symbol *) reduces
significantly.

At 900 °C, the unit cell structure of the crystal of the
KNN sample is observed to have a strong reflection aris-
ing from the [020] plane. The peak splitting near 46°
and broadening in the diffraction patterns implies that
the structure is orthorhombic perovskite [27, 28]. Par-
ticularly, the (022) and (200) peaks splitting around 46°,
with the (022) peak having a higher value, confirms the
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orthorhombic lattice [28]. The XRD test demonstrates the
existence of all anticipated Amm?2 space group reflections,
which matches the reference number 98—-024-7571 from
the inorganic crystal structure database (ICSD), which
has an orthorhombic crystalline arrangement. For further
investigation, 900 °C was chosen to be the optimum calci-
nation temperature. Figure 3a depicts the XRD pattern of
KNN: xEr with various concentrations of Er** sintered at
1100 °C after being calcined at 900 °C [29]. The perovs-
kite structure is present in all the ceramics, which indicates
that Er’* ions have successfully diffused into the KNN
host lattice. Due to the incorporation of erbium ions, the
(022) and (200) peaks appear to merge indicating there
may be a phase conversion [10]. The intense peak (020)
moves to higher angles due to the incorporation of Er**
ions, as shown in Fig. 3b. Er’* ions with a smaller ionic
radius of 1.23 A occupy the A sites (K, Na) (K* ionic
radius = 1.64 A, Na* ionic radius =1.39 A) [9, 30]. This
decreases the interplanar spacing (d), causing the XRD
peak (002) to shift to higher angles, resulting in peak shift-
ing. Furthermore, the decrement in interplanar spacing
(d) was confirmed by calculating the a, b, and c lattice
parameters of the KNN: xEr (x=0, 1, 2, 3, 4) using the
Topaz software given in Table 1. A decrease in cell vol-
ume and lattice parameters a, b, ¢ is observed for KNN:
xEr (x=0, 1, 2, 3). Dopants possessing ionic radii that are
less than those of the host material result in a reduction
of the lattice parameters. This decrease is attributed to the
combined influence of the small dopant and the contrac-
tion generated by the development of oxygen vacancies
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Fig.2 a—e XRD spectra of pure KNN powders calcined at various temperatures ranging from 700 to 900 °C, as the temperature increases the
intensity of impurity peaks (depicted by *) reduces significantly
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Fig.3 a XRD spectra of KNN:xEr ceramic doped with various concentrations of Er** sintered at 1100 °C, b Shifting of highly intense peak to
the larger 20 angle due to incorporation of Er** ions

[31]. A slight lattice expansion is observed at x =4, this is
attributed to erbium ions not being diffused properly into

the host lattice [32].
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3.2 Fourier transform infrared (FTIR) spectroscopy

FTIR studies were carried out on KNN ceramics after being
sintered at 1100 °C temperatures to discover more about
their chemical interactions and functional groups. The FTIR
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Table 1 Lattice parameters of KNN: xEr (x=0, 1, 2, 3, 4)

Parameters K, sNay sNbO;: x%Er’*

x=0.00 x=001 x=0.02 x=0.03 x=0.04
a(;\) 3.952386  3.939977 3.939214 3.934564 3.956896
b(A) 5.697562  5.650172 5.660131 5.6264365.676656
C(A) 5.630112  5.616234 5.604401 5.604849 5.650599
Celel Volume 126.7843 125.0261 124.9584 124.0777 126.9234
(A%
Ryp 12.67 13.73 10.94 12.92 13.55
exp 9.24 9.19 9.09 8.82 9.33
Rp 14 15.07 12.12 14.91 15.50
GOF (x) 1.37 1.49 1.21 1.46 1.45
(a) |Ko.5Nao_5Nb03:x%Er3" x=4
[=]
e R
~ I\ d
X H x=3
o I :
s |\ : x=2
E |
& N :
c [\ :
L Y : x=1
| ol : !
: : x=0
560 10I00 15IOO ZOIDO 2500

Wavenumber (cm™)

Wavenumber (cm™)

spectra obtained for KNN: xEr (x=0, 1, 2, 3, and 4) are rep-
resented in Fig. 4a. The high-intensity transmittance band
at 486 cm™! is accredited to the stretching and bending of
the NbO¢ bond [13]. The less dominant band at 720 cm™!
is attributed to the oxygen octahedral which are the charac-
teristic peaks of KNN [12]. In Fig. 4b, there is a peak shift
from 471 cm™! to 486 cm™', which leads to the conclusion
that the FTIR spectra are exceptionally prone to changes in
the local structure of the substance when a foreign ion is
introduced [11].

3.3 Vis-down conversion photoluminescence

The excitation spectra of KNN are given in Fig. 5a and
the dominant peak was observed at 488 nm via transition
from ground state to “F,,. Figure 5b displays the emission
spectra of visible down conversion photoluminescence;

4861 (p) [Ko.sNag sNDO:x%Er*
484

482
480 -
478 -
476
474

472

470

0 1 2 3 4
Er** Concentration (x)

Fig.4 a FTIR spectra of KNN: xEr ceramic, b Variation of FTIR mode with Er** concentrations
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Fig.5 a Excitation spectra of vis-down-conversion photoluminescence of KNN, b Emission spectra for all the KNN compositions under the
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the H,,,, — *S5,, and *H,,,, — *I,5), transitions are
responsible for the dominant green radiation near 528 nm
and 549 nm, correspondingly. The relatively faint red
color radiation at 662 nm is attributed to the transition
*Fo, — *1;5/, [31, 33]. Under excitation by a wavelength
of 488 nm, the electrons are directly excited to the *H;,,
and *S;,, levels, which accounts for the significant inten-
sity of both green and red color emissions via down-con-
version. These levels simultaneously experience radia-
tive and non-radiative emissions. Er’* ions are stimulated
to the *F,,, level when the light source is 488 nm. The
preponderance of stimulated Er** ions first reaches the
*S,,, level via non-radiative relaxation due to the highest
multi-photon relaxation (MPR) rate, and then they reach
the *I,5,, ground level via radiation relaxation. This dem-
onstrates that Er**, and not any other particles in the KNN
lattice, is the source of the green luminescence detected
in the KNN [8]. The magnified view of the red band at
662 nm can be seen in the inset of Fig. 5. Therefore,
the most effective illumination sources for Er-doped PL
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Fig.6 a Vis-up-conversion emission spectra of KNN under the wave-
length of 980 nm excitation, b Plot of intensity v/s Er’* concentra-
tions, ¢ Mechanism of Er** downconversion luminescence under
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materials should have a wavelength of 488 nm for opera-
tions involving down-conversion [34].

3.4 Vis-up conversion photoluminescence

The UC emission bands that have been detected are consist-
ent with past studies on various hosts that have been doped
with Er** [35-38]. Figure 6a displays the vis-up-conversion
luminescence spectrum of KNN: xEr using a source of a
diode laser lamp with a 980 nm wavelength. There are two
prominent fluorescence peaks of a green color observed at
528 nm and 549 nm and a weak red band at 662 nm. The
red color can be attributed to the 4f-4f transition within the
Er’** (inset Fig. 6a). The two primary peaks at 528 nm and
549 nm correspond with the *H,, energy level and the *S;,
energy level of Er’*, respectively. This causes Er’* to transi-
tion to the ground state *I, s/, and release photons. The faint
fluorescence peak of red at 662 nm corresponds to the transi-
tion from the 4F9,2 energy level of Er’* to the ground state
*I,5- The UCL intensity enhances with Er** concentration
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but subsequently reaches its maximum strength, i.e., at
x =3, the UCL intensity diminishes with further insertion
of Er’* content in the host lattice. This occurs due to the
concentration-quenching effect. Figure 6b shows the varia-
tion of UCL intensity with varying Er** concentrations. The
dopant concentration reaches an edge where the distance
between erbium (dopant) ions becomes so minute that their
energy transference becomes simpler, contributing to non-
radiative relaxation. The radiative transitions reduce; hence
the strength of the PL emissions diminishes [13].

Figure 6¢ shows the mechanism of the down-conversion
process of Er’* ions under the excitation of 488 nm. It has
been observed that Er** ions in the ground state absorb pho-
tons and directly go to a higher energy level of “F;,,. How-
ever, under 488 nm excitation, the red and green emissions
are low relative to the emission under 980 nm excitation.
Excitation at a wavelength of 488 nm causes the electrons
to be directly excited to the *F, level. The multi-phonon
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relaxation (MPR) of the *F,,, energy level results in non-
radiative transmission and occupies the mixed *H,,,, and
%S, energy levels at the same time. A restricted number of
electrons reach the *Fy,, level simultaneously. The electrons
then radiatively transition to the ground state *I,5,, emit-
ting photons of the colors green and red with wavelengths
of 549 and 662 nm, respectively. It demonstrates that the
transitions involved in up-conversion at 980 nm differ sig-
nificantly from those in excitation at 488 nm. As shown in
Fig. 6d, Er’* ions in the *I;s, ground state are excited by
the incident 980 nm photons to the *I,;,, level by the ground
state absorption process (GSA). Some of the Er’* ions in
the “I;,, level absorb one more incident photon to populate
the “F,, level by an excited state absorption (ESA) process.
Under 980 nm stimulation, numerous Er>* ions are driven
to the transitional level, thereby increasing the population of
the “F,,, energy level via energy transfer (ET), which is not
possible at 488 nm [15].
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Fig.7 a—d Pump power dependency on UC emission spectra with various dopant concentrations
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3.5 Impact of different pump power on UCL

The total intensity of each emission band has been incorpo-
rated, and its relationship to pumping power has been plotted
in Fig. 7a—d. With the rising pump power, the UCL intensity
increases for all the concentrations of Er**. A power law
mathematical expression among the intensity I and pump
power P is suggested by theoretical analysis of the multi-
photon absorption process is represented in Eq. (2) [39—41]:

I P" 2)

where n signifies the amount of photons needed to complete
the UCL mechanism. In the log—log plot shown in Fig. 8(a-
d), three straight lines with positive slopes (denoted by n) for
each dopant concentration have been calculated for all emis-
sion bands. The characteristics of the upconversion phenom-
enon, or the number of photons absorbed during the upcon-
version phenomenon, can be determined using a log—log
scale to plot emission intensity versus excitation power. For
the emission bands nearly at 528, 549, and 662 nm, the slope
(n) is calculated by linearly fitting the experimental data and
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it comes around 2. This shows that at least 2 pump photons
are required in UC emissions [42].

3.6 Time decay analysis

The time-resolved photoluminescence (TRPL) decay curve
revealed the emission at 549 nm of Er** ions when stimu-
lated with a Xenon laser at 980 nm. Figure 9 illustrates the
time decay profile associated with the *S;, — 1,5/, level at
room temperature. It was adequate to fit the decay patterns of
singular doped systems with a tri-exponential decay function
for Er**, as described by Eq. (3):

I(t) = Ay + Alel_t/f + Aze;t/f + A3e3_t/f 3)

Here, I(t) represents the time variation of luminous inten-
sity; A; represents the scalar quantities; t represents the
measured time; and t; represents the decay time when the
excited state population falls to 1/e of its initial value. The
generalized equation with i=1, 2, and 3 for tri-exponential
fit is used to determine the average lifespan [43]. After sub-
stituting all the values in Eq. (4), the average time was cal-
culated to be 25.05 ps [44].

D Airi2
fae = YA

“

3.7 Ferroelectric properties

When describing the electrical behavior of a ferroelectric
ceramic, the hysteresis loop (polarization versus electric
field) is the single most crucial measurement that can be

K, sNag sNbO;:x%Er
x=0

(a) 2l

Polarization (uClcm?)
1
w
o

——18 KV/cm
——21 KV/cm
——29 KV/cm

31 KV/cm

-20 4+

Electric Field (KV/cm)

made. The name “ferroelectric” comes from the fact that
this loop resembles the magnetic loop (magnetization versus
magnetic field) obtained from a ferromagnetic material, even
though ferroelectrics do not contain a significant amount
of ferro or iron. The hysteresis loop provides information
about the switching behavior of the ferroelectric material
and is used to determine important parameters such as coer-
cive field, remnant polarization, and saturation polarization.
This information is essential for designing and optimizing
ferroelectric devices such as capacitors, actuators, and sen-
sors [28, 32]. Since among all doped ceramics, KNN:xEr
(x=3) showed the best upconversion intensity and XRD
plot, its hysteresis loop was compared with undoped KNN.
Figure 10a, b displays the P-E hysteresis loop of KNN: xEr
(x=0, 3). The hysteresis loop holds good shape for both
samples, indicating KNN is a good ferroelectric. For the
undoped KNN, i.e., (x=0), the remnant polarization and
coercive field increase up to 5.1 pC/cm? and 8.5 kV/cm
respectively, when applied electric field increases up to
31 kV/cm. Above 31 kV/cm, the undoped KNN could not
achieve the shape, resulting in lossy loops. For doped KNN:
xEr (x=3), the hysteresis loop holds its shape for the higher
values of the applied electric field (31 kV/cm <E <37 kV/
cm). The remnant polarisation and coercive field decrease
to 3.17 pC/cm? and 6.24 kV/cm, respectively. The observed
reduction in remnant polarization is linked to the associated
relaxation in the structural distortion, which can be observed
from XRD and FTIR analysis. The loss of K/Na can create
vacancies of oxygen, which have been observed to migrate
to areas of low energy at domain walls and electrode inter-
faces under high electric fields. This can impede polariza-
tion switching due to domain pinning and increase coercive
field [40, 45]. Table 2 elaborates on the measured values of
remnant polarization and coercive field for KNN: xEr (x=0
and 3) at various electric fields.

(b) Ko.sNag sNbO;:x%Er
x=3

Polarization (uC/cm?)

E= 28 KV/cm
E= 31 KV/cm
E= 35 KV/cm
E= 37 KV/icm

-20 4+

(Electric Field (KV/cm)

Fig. 10 a, b PE loops of KNN: xEr for x=0 and 3 with varying electric fields
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Table 2 PE parameters of KNN: xEr (x=0 and 3) for various electric
fields

Er** con- Electric field, E Remnant polariza- Coercive field,
centration (kV/cm) tion, 2P, (pC/cmz) 2E, (kV/cm)
x=0 18 3.702 5.462

21 7.592 13.474

29 10.202 17.124
x=3 28 5.192 10.384

31 6.356 11.364

35 5.788 11.798

37 6.058 12.478

4 Conclusion

The lead-free ceramic potassium sodium niobate
(K, sNa, sNbO,) mixed with the rare earth element Er**
abbreviated KNN: xEr (where x=0, 1, 2, 3, and 4) is
made by solid-state method to investigate the effect that
Er’* have on structural, ferroelectric, and photolumines-
cence characteristics. To generate a distinct phase perovs-
kite crystal with an orthorhombic crystal structure, the
undoped KNN was first calcined at temperatures gradually
increasing from 700 to 900 °C and then sintered at a tem-
perature of 1100 °C for 3 h. Because no other phases are
present in the XRD spectra of the Er’*-enriched KNN, it
can be deduced that all of the Er** ions have been incorpo-
rated into the host lattice. The development of a perovskite
structure could be seen in the FTIR spectrum observed
near 486 cm~! and 720 cm™!. The PL emission spectra of
Er** concentrated KNN particles were analyzed at room
temperature to an illumination wavelength of 488 nm and
980 nm. Both emission spectra contained bands of green
emission that were quite intense (528 nm and 549 nm)
and bands of red emission that were slightly less intense
(662 nm). At an illumination wavelength of 980 nm, it
was discovered that the upconversion PL spectra exhib-
ited a significantly greater emission intensity than the
vis-down conversion PL. It was determined that ceramics
use a two-photon pumping process for the emission pro-
cess after observing the influence of pump strength on the
emission process. The ferroelectric PE loop was observed
to have good loop shapes at room temperature and satis-
factory remnant polarization for the doped and undoped
KNN ceramic. This type of material possesses outstanding
intrinsic piezoelectric capabilities, and by combining its
optical and ferroelectric properties, it may also have the
potential to be utilized as a multifunctional optoelectronic
device.
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