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ABSTRACT

Visible quantum cutting (QC) is observed in MgF2 Co-doped with Gd3, Eu®* phosphor synthesis via wet
chemical method. Powder X-ray diffraction analysis shows structural purity. The emission and excitation
spectra of MgF2:Gd?, Eu3* were investigated using the VUV beam line of the Beijing Synchrotron Radiation
Facility (BSRF). Energy transfer in gadolinium compounds from the Gd?* ions to Eu®* through cross relaxation

occurs in this process. Quantum efficiency was found to be greater than 100% under the excitation of 172 nm

and 203 nm corresponding 857

Gy transition of Gd3 ions. The synthesized phosphor material is potential

candidates for the applications of plasma display panel and mercury free fluoresce lamps.

Keywords : Quantum Cutting, Plasma Display Panels (PDPs), VUV Spectroscopy

I. INTRODUCTION
For the development of mercury free florescent lamps
and plasma display panels (PDPs), we require
phosphor having quantum efficiency is greater than
unity under VUV excitation. The phosphors having
quantum efficiency is greater than unity are called
quantum cutting phosphors. Quantum cutting
provides a means to obtain two or more low energy
photons for each high energy absorbed photon.
Therefore it serves as a down converting (DC)
mechanism with quantum efficiency greater than
unity and it offers the prospect of providing enhanced
energy effectiveness in lighting devices [1]. In order to
obtain quantum-cutting phosphors with quantum
efficiencies exceeding unity, the lanthanide ions are
obvious candidates for this purpose due to their

energy level structures that afford metastable levels

from which quantum-splitting processes are capable.

[3-6]

II. METHODS AND MATERIAL

MgF2: Gd3, Eu® phosphor was synthesis via reactive
atmospheric process. In this method we used metal
carbonate like MgCO3(99.99% A.R.) as a precursor.
The inorganic magnesium carbonate was taken in
Teflon beaker. A little amount of double distilled
water was added in beaker and stired it, then
hydrofluoric acid (HF) added in it to get slurry. The
slurry was dried by blowing air or heating on hot
plate (80°C). A freshly prepared MgF: host was
obtained. Gd203 (AR 99.9%) and Eu20s (AR 99.9%)
were boiled in HNOs and evaporated to dryness, so as

to convert them into relevant nitrates. The aqueous
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solution of these nitrates where use as a dopants. The
1 mol% of gadolinium nitrate and 1mol% of europium
nitrate where assorted in the host material and
dehydrated completely.

The dried powder was transferred to a glass tube and
about 1.0 wt. % RAP agent was added. In this process
we used ammonium fluoride as a RAP agent. The tube
was closed with a tight stopper and slowly heated to
500°C for 2 h. The stopper was removed and the
powders were transferred to a graphite crucible pre-
heated to a suitable temperature. After heating in the
graphite crucible for 1 h the resulting phosphor was
rapidly quenched to room temperature. Belsareer al
well discussed about RAP in their literature [7]. The
complete process involved in the reaction was

represented as a flow chart in Fig. 1.
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III. RESULTS AND DISCUSSION

3.1 XRD Analysis

The formation of the MgF2: Gd*, Eu®*sample in the
crystalline phase synthesized by RAP was confirmed
by XRD pattern as shown in Fig.2. The XRD pattern
for MgF2:Gd?*, Eu3 agreed well with the standard data
from ICDD file (01-070-8282). Also the XRD pattern
show that Mgk lattice possesses Tetragonal structure
with a space group P42/mnm(136)with lattice
parameters a =b=4.5964 A° and c= 3.0376 A° and
interfacial angles a = f = y = 90°. XRD pattern of
MgF2:Gd?3, Eu® phosphor as shown in fig.1.
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Fig.1. Flow chart of MgF2: Gd*, Eu® prepared via RAP.
Fig.2.XRD patterns of MgF2: Gd3+, Eu* synthesized by RAP.
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3.2 VUV-UV PL Analysis

The concentration quenching of Gd3+ as a sensitizer in
MgF2 host background was resolute. From the Fig.3 it
can be encouraged that at 1 mol% of Gd3 ions in MgFs3
host shows optimum intensity peak at 311 nm under
the excitation of 273 nm. The emission spectra under
excitation 273 and 203 nm are shown in Fig 5. The
emission lines of Eu3+ peaked at about 593, 613, 650
and 700nm correspond to °Do—7F; (J=1, 2, 3, 4)
transitions respectively and the °Dy (J=0, 1, 2, 3) —7F;
transition peaks of Eu?* are much weaker than those of
>Do—7F) transition. There are broad excitations lines
spectra peaking optimum at about 203, 227 and 274
nm responsible for 8572—°Gj, Dy, °I; respectively [8] as

shown in Fig 4.

The process transfer of energy and quantum splitting
can happen by the combination of Gd3 and Eu® in
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corresponding to 8572—°Gy. The incident high energy
photon is cut into two visible photons emitted by Eu3*
ions. The energy of transitions °G—°P; on Gd3*
matches the 7F;—°Do excitation energy on Eu3*. Upon
excitation in the °Gy levels of Gd3* as the first step,
energy is transferred by cross-relaxation between Gd3
and Eu3 which make Gd3 fall into the °Pj state and
Eu3 is excited into the Do state. The excited Eu®" is
responsible for the first visible photon. The first step is
called as booming energy migration. In the second
step the remaining excitation energy of Gd* in the °Pj
state is transferred to another nearing Eu® ion, ie.
Eu3 ion exciting into a high state. Then a fast
relaxation from a high excited state to °Dj states will
occur. After the first step, because the Eu3* ion only
excited into °Do state, only the emissions of Do—7F)
transitions are expected. However after the second
step, all levels of >Ds321.0 of Eu3* are probably engaged,
so the emission wavelength consists of all of the Dy
(J=0,1,2,3) —7F) transitions [9].
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Fig.3.Emission spectra of MgF2: X%Gd? under the excitation of 273 nm.
Fig.4.Excitation spectrum of MgF2: Gd*, Eu?* monitored at 593 nm.
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Fig.5.Emission spectra of MgF2: Gd?, Eu® at excitation wavelength 203 and 274 nm.

Fig.6.Energy level diagrams of Eu and Gd* showing the cross-relaxation energy transfer process that leads

to quantum splitting [9, 10]

Consecutively to calculate quantum efficiency, some
assumption must be projected. The incident vacuum
ultraviolet photon absorption efficiency cannot be
taken into consideration. Some nonradiative losses at
defects and impurities are disregarded. In the
MgF2Gd?,
adopted including the excitation of Gd**—°Gy with

Eu’sample, different excitations are
203 nm and the excitation of Gd3*—°l; with 273 nm.
Upon excitation in Iy level with 273 nm, the quantum
cutting never occurs because no cross-relaxation
exists, so the >Dj—7Fj transitions emission of Eu3* has a
normal branching ratio between Do and °Dx, 2 3Upon
203 nm excitation in °Gy level with, the quantum
cutting can occur via two-step energy transfer. In the
second step, the emission of Eu® has a normal
branching ratio. The first step will pilot to the
increase of Do emission. So the ratio of Do and °D1,2,3
emissions is expected to increase. To determine the
efficiency of the cross relaxation, the formula

proposed by Wegh [11-20] was adopted as follows:

P,  RCDy/ Dy ~RCD /D),
RCD, /° Diys)s, +1

PCR + I:)DT

Where Pcr is the probability for cross-relaxation, Por
is the probability for the direct transfer from Gd3 to
Eu®. R (®Do/°D1, 2, 3)is the ratio of the Do and 5D, 2,3
emission integral intensities. The subscript (°Gy or °I))
represents the excitation level for which the ratio is
observed. From the emission spectra, the value of R
(®Do/5Dy, 2, 3)6Gy and (°Do/°Dy, 2, 3)¢I) can be calculated
44.12 and 29.42, respectively. Therefore, the value of
Pcr/Pcr + Poris 0.32. It means that there are 32% Gd3*
ions in the °Gj excited state settle down through a
two-step energy transfer emitting two visible photons
in this method. So the quantum cutting efficiency of
132% can be obtained. Quantum cutting in the Gd to
Eu understanding requires energy transfer over the
Gdsublattice to Eu [10].
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IV. CONCLUSION

The Gd3, FEusd+

successfully prepared through reactive atmosphere

inorganic material MgF: was

process. The XRD pattern confirmed its cubic
structure. The visible quantum cutting and energy
transfer through down-conversion was observed in
MgF2:1% Gd?*, 1% Eu3* and the quantum efficiency
was found to be around 132% under the excitation of

203 nm equivalent 8S72>°Gy transition of Gd* ions.
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