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Abstract

An efficient route “Near-Infrared Quantum Cutting” and have been demonstrated in Ho®* and Yb?* co-activated
Y203 sample, synthesized by a solution method. Quantum Cutting emission excited with 362 nm and 449 nm,
of (1%) Ho®*" and (5 %) Yb®" codoped Y03 samples, reveals the efficient emission in the green region which
corresponds to °S, — ®lg transition of Ho®* at 549 nm in visible region. Ho**/Yb3* co-doped yttrium oxide
phosphors have been synthesized and the phase analysis by powder XRD, measurement of SEM images, Steady
State and Time-Resolved Photoluminescence Study has been investigated in detail. An orthorhombic of Y,0s:
Ho®*, Yb®" phosphor show a pure phase by X-Ray diffraction and Photoluminescence emission (PL) spectra,
reveals the efficient emission in the green region which corresponds to °S;— °Is transition of Ho®". This type of

NIR QC phosphors has great promises in energy conversion for c-Si solar cell applications.

1. Introduction:

Global energy consumption is on the rise and sustainable energy production based on the direct conversion of
the energy radiated from the sun into electricity, has achieved significant importance for the generation of
sufficient energy to meet the long-term worldwide energy demand [1, 2]. Harnessing solar energy through
photovoltaic (PV) technology constitutes a promising route for the generation of green and renewable energy.
One of the major factors limiting the efficiency of solar cells is the ‘spectral mismatch’ between the energy
distribution of photons in the incident solar spectrum and the band-gap of a semiconductor material used in
Solar Cell. In the ‘Smart Photon Management’ of the Solar Spectrum, spectral modification by converting sub-
band-gap photons to supra-band-gap photons, is one of the third generation concept which has been suggested
to overcome the classical efficiency limit of photovoltaic devices [3-5]. All photovoltaic devices exhibit a
certain absorption threshold, and incident photons with energy below this threshold do not contribute to current
generation in solar cell. On the other hand, photons with energy larger than the band-gap of the semiconductor
constituting the solar cell are absorbed but the excess energy is lost due to thermalization of the generated
electrons. The strategy, termed as third generation solar photon conversion involves the incorporation of a
passive luminescence layer consisting of down-conversion, down-shifting and upconversion phosphors, in PV
cell [6].
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However, despite the considerable development of the PV technologies over the past decays, the high
production and fabrication cost of the materials coupled with limited power conversion efficiency have
restricted the extensive use of this environment-friendly technology for power generation. On the other hand,
quantum cutting (QC) or down-conversion luminescence materials yield two lower energy NIR photons by
cutting a high energy UV photon, leading to quantum efficiency of more than 100%, is used for the spectral
conversion of photons which are responsible for the generation of thermalization loss [16, 17].

Generally the power conversion efficiency (PCE) of DSSCs can be impacted by many factors such as
light harvesting efficiency, electron injection efficiency and the rate of undesirable charge recombination [18].
Although, all the rare-earths except La®* and Lu®*, are well known for their sharp luminescence emissions
originating from 4f-4f transition, very few rare earths such as Er®*, Tm®*, Ho®*" owing to their ladder-like energy
levels, are suitable for upconversion emission. Furthermore, for the realization of all the three optical processes,
i.e. for multimodal emission, couple of lanthanides either separately or co-doped with Yb®* are suitable. Till
date, very few papers have been published on rare-earth doped oxide phosphors exhibiting color emission
tunability as well as exhibiting multimodal emissions.

In the present work, the down-conversion (DC), in Ho*/Yb*" codoped Y203 phosphors have been
realized. Concentration optimized Y,03:Ho%"/ Yb®" phosphor shows efficient energy transfer from Ho®" to Yb®*
when excited by 449 nm.

2. Experimental
2.1 Syntheses of Phosphors

Y203:H0* (1%),Yb%* (5%), phosphors samples have been prepared by “complex based precursor solution
method” using triethanolamine (TEA) as complexing agent. For the synthesis of Ho*, Yb3* doped Y20s, solid
powder of Yttrium Nitrate [Y(NOs3)s], Holmium Nitrate [Ho(NOs)s] and Ytterbium Nitrate [Yb(NOs)s] have
been dissolved in double distilled water to make the stock solutions of Yttrium Nitrate, Holmium Nitrate and
Ytterbium Nitrate, respectively. Y(NOz)s and Ho/Yb(NOz)z solutions are taken in different stoichiometric ratios
in order to synthesize samples. When complete dehydration occurred, the nitrates themselves decomposed, with
the evolution of brown fumes of nitrogen dioxide, leaving behind a voluminous, organic-based, black, fluffy
powder, i.e., the precursor powder. The precursor mass was then calcined at 650 °C for 2 h and annealed at 1000
°C for 2 h to get the required samples.
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3. Result and Discussion

3.1 Crystal Structure and Phase Purity analysis by X-ray Diffraction (XRD)

The phase purity of the synthesized samples has been checked by powder XRD. Figs. 1 present the XRD patterns
of Y203:H0**(1%), Yb** (5%). From Fig. 1, the XRD pattern of the phosphor shows the positions and relative
intensity of the diffraction peaks for the as-prepared samples which can be indexed to the 1a-3 (206) space group
with the standard cards of cubic Y203 (JCPDS#88-1040), which do not show any change with a variation in
Yb®*" concentration even up to 30 mol%. No impurity phase is observed in XRD patterns, demonstrating
Ho%*/Yb** are all incorporated into Y»03 and formed a solution structure. This confirms an effective doping of
Ho®" and Yb®" ions on Y** site.

Y503:H0>*(1%), Yb3*(x%)

Intensity (arb.units)

0 20 30 40 50 60 70
26 (degree)

Fig. 1 XRD patterns of (a) Y20s:Ho%" (1%), Yb%* (5 %); with the standard XRD data of cubic Y203
(JCPDSH# 88-1040).

The morphology and the size of as-synthesized nanophosphors have been measured by Transmission Electron
Microscopy (TEM). Figs. 2 display the TEM of Ho3*/Yb®*-doped yttria nanoparticles annealed at 1000 °C for 2
h. From Figs 2, it is evident that all nanoparticles exhibit spherical shape and the av2rage size of the
nanoparticles have been estimated by measuring over 50 particles and the average size of the nanoparticles have
been found to be ~30 nm.
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(a)

Fig. 2 TEM image of Y203:H0%* (1%), Yb**(5%) phosphor

3.2L.uminescence Properties

Photoluminescence Excitation and Emission Spectra of Y203:Ho** (1%), Yb%" (x %) (x = 0, 5, 10 and 20)
phosphors have been presented in Figs. 3(a) and (b). The host absorption band of Y»Oz lies in 200—300 nm
regimes, accordingly the excitation spectra have been recorded in 300—500 nm regions only. Excitation
Spectra is comprised of a large number of sharp absorption peaks located at 362 nm, 420 nm, 449 nm and 494
nm corresponding to %ls—>Hs, °ls—°Gs, °ls—3Gg / °F1 and °ls—'F3 of Ho®" respectively. To understand the
energy transfer from Ho®* to Yb® as well as the down-conversion mechanism, a schematic energy level
diagram of Ho**—YDb®* ions with radiative electronic transitions is shown in Fig.4 in supporting information.
A variation in the intensity of the excitation peaks is observed with the enhancement of the Yb** concentration
in codoped samples. It has been perceived that, the intensity of the excitation peaks decreases followed by the
increase in the concentration of Yb®*.

The visible emission spectra are measured by exciting the phosphors at 449 nm excitation wavelength,
which is attributed to the absorption of Ho®": ®Is—°Ge/°F transition and is presented in Fig. 3(b). PL emission
spectra exhibit two evident emission bands placed at 549 nm and 755 nm in the range of 500-800 nm
corresponding to 5F4/°S;—°1s and SF4/°S,—°I5 transitions of the Ho®" ion, respectively. Besides, there are two
weak emission peaks at 536 nm and 667 nm, as presented in Fig. 3(b), which are attributed to °F3—°lg transition
and °Fs—°lg transition of Ho®* ion, respectively. It is interesting to mention that Ho®* ion in the ground state
(ls) is excited to °Ge /°F1 state after excitation by 449 nm. Subsequently, F4/°S; level and °Fs level can be
populated by non-radiative relaxation processes from the corresponding upper states. Here, non-radiative
multiphonon relaxation process dominates over radiative decay, which owes to the small energy gap between
the upper state and °F4/°S; and °Fs levels.
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Fig. 4 Excitation (a) and emission (b) Spectra of Ho%*/Yb*" codoped Y203 phosphors with

Ho*UArpiticcoedopattatitisrofoxide, phmekahins haversitatisymthesized and the cubic phase analysis by powder
XRD, TEM images, and Photoluminescence Study has been investigated in detail. Structure of the proposed
phosphor has been determined by XRD. A Photoluminescence emission (PL) spectra, reveals the efficient
emission in the green region which corresponds to °S; — °lg transition of Ho®*" ion. This type of NIR QC
phosphors has great promises in energy conversion for c-Si solar cell applications.
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