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ABSTRACT

Dy** and Dy>*/Eu®" co-doped BaO-ZnO-Li,0-P,05 (BZLP) glasses have been
prepared and studied for their luminescence properties. Dy>*doped BZLP glass
emits red (*Fo;, — ®Hy3)), green (*Fo;, — °Hysp) and blue (*F,, — °Hyy ) emission
under 350 nm excitation. Doping of Eu®* tunes the emission from Dy>" in the
BZLP glasses. The cool white emission shifts towards the warm white region at
350 nm excitation wavelength owing to the energy transfer between sensitizer
Dy>* and activator Eu®" ions. Also, Dy**/Eu® co-doped BZLP glass gives intense
red emission under 393 nm excitation. Dexter’s theory was used to ascertain the
energy transfer mechanism among the sensitizer Dy>* and activator Eu®" ions via
Reisfeld’s approximation. The glasses have significant thermal stability and high
activation energy. These Dy**/Eu®" co-doped BZLP glasses can be utilized in the
fabrication of cool/warm w-LEDs and red emitting devices applications.
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Ce®" phosphor [6, 7]. These w-LEDs suffer from low
color rendering index, inappropriate color tempera-

1 Introduction

Demand for energy is ever increasing. So, energy
saving has become a very important research field
being considered significantly [1, 2]. In artificial
lighting, white light-emitting diodes (w-LEDs)
lighting sources have become particularly impor-
tant for reducing the world’s energy consumption
due to advantages like huge amount of energy sav-
ing, superior efficacy, compact size, environmental
friendliness, etc. related to fluorescent lamps [3-5]. A
commercial w-LED is based on a blue LED and YAG:
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ture and halo effect [8]. Glasses doped with transition
ions have attracted considerable interest because of
their memory and photoconducting properties. They
also find potential applications in the development
of new tunable solid-state lasers, solar-energy con-
verters and fiber-optic communication devices [9].
To improve these shortcomings, the development of
rare earth-activated glasses as a worthy substitute
for phosphors is being investigated [8]. Furthermore,
glass has many distinctive characteristics such as an
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easy cost-effective production process, good thermal
and chemical stability along with a high value of rare
earth solubility [10, 11].

The choice of a good glass host activated with rare
earth ions is still a difficult task in assessing optical
and lasing characteristics efficiently [12]. Numerous
glass hosts like borates, tellurites, silicates, fluorides,
phosphates etc. have been prepared and inspected for
innumerable optical features. Phosphate is one of the
appropriate glass hosts having distinguished proper-
ties like low melting temperature, highly thermally
stability, high rare earth (RE) solubility, low dispersion
and clear visibility in the wide-ranging spectrum [13,
14]. Phosphate glasses have found usage in the area
of photonics but their hygroscopic nature and poor
chemical stability limit their utility [15]. So, network
modifiers (BaO, Li,O) and an intermediate compound
(Zn0O) are added to the host thereby enhancing chemi-
cal & thermal stability and reducing thermal expan-
sions. Additionally, ZnO helps reduce the hygroscopic
affinity of the glass and increases rare earth ion solu-
bility in the glass matrix. RE doped phosphate glasses
improve the luminescent characteristics of materials in
various fields such as optoelectronic devices and lasers
due to the emission from the ultraviolet region to the
infra-red region [16-21].

Trivalent lanthanide ions are considered the most
appropriate activator in many crystalline or amor-
phous inorganic host lattices. Among the lanthanides,

white light via co-doping of appropriate rare earth
ions that can emit in the red region. Various RE ions
such as Dy>*/Ce’*, Dy**/Eu®", Dy*>"/Tm>" etc. are being
used to obtain proper artificial white light [24-26]. We
have introduced red emitting Eu®" ion as a co-activator
in Dy*" doped glass compositions so as to improve the
CCT and generate warm white light. This was under-
taken due to the overlapping of Dy®* emission profile
with Eu®* ions excitation profile. This fact shows that
some energy transfer can occur between both ions in
the proposed phosphate glass composition [27].

In the current investigation, Dy**/Eu®" activated
BZLP glasses have been prepared to achieve the opti-
mal energy transfer with thermal stability for warm
white light generation and usage in other solid-state
artificial lighting devices. Structural analysis along
with the study of optical properties of the BZLP
glasses has been undertaken in this research work.

2 Materials and methods

2.1 Preparation of Dy** and Dy*"/Eu’* induced
BZLP glasses

Transparent RE ions doped glasses have been pre-
pared via melt quenching routes with the help of
highly pure reagents using the following chemical
equations:

(15 — x) BaO - 15Zn0O - 10Li,O — 60P,05 : xDy,0; <xvaries from 0.1 to 2.0 mol% concentration of Dy3+ions>

(15 — y) BaO — 15ZnO — 10Li,O — 60P,05 : yEu,0, (y = 0.1 mol% concentration of Eu3+ions)

the trivalent Dy>* is an important ion, which emits in
the blue, yellow and red regions under numerous exci-
tations. Through combination of these color, Dy3+ ion
doped luminescent material is able to produce white
lights. The white light is tuned by a proper yellow to
blue ratio that can be altered by varying Dy** ions dop-
ing concentration [22, 23]. The bluish white light emit-
ted from the Dy>" ions doped glasses lacks a red con-
stituent and also has high co-related color temperature
(CCT). This cool bluish light can be tuned to warm
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Besides the aforementioned glasses, a series
of Dy,0; and Eu,0; co-doped glasses was also
prepared:

(15-x—y) BaO-15Zn0O-10Li,0-60P,05:xDy,03:
yEu,0; (x = 1.5 mol% concentration of Dy** ions and
y=0.0, 1.0, 2.0, 3.0, 4.0 and 5.0 mol% of Eu’' ions).
The prepared Dy>*/Eu®* co doped glass samples of
size 3 cm and uniform thickness 2 mm were named
as BZLP:DEO, BZLP:DE1, BZLP:DE2, BZLP:DES3,
BZLP:DE4 and BZLP:DE5 and shown in the Fig. 1.



Fig. 1 Dy**/Eu**co-doped
ions BZLP glass samples

Appropriate stoichiometric amounts of BaCOj
Zn0, Li,CO; NH,H,PO,4 and Dy,0; were taken and
ground for 1 h and the blended mixture was fur-
ther heated in a furnace for melting at 1200 °C. After
a while, the powder mixture turned into a liquid.
This liquid mix was then immediately quenched on
a preheated brass plate to give the final glass product
of uniform thickness. Further, the prepared glasses
were annealed at 350 °C for 1 h to remove thermal
shock and air bubbles strain. These glasses were pol-
ished with emery paper with 40 grit and also used
red oxide powder so that the smoothness of the glass
does not be affected.

2.2 Instrumentation

XRD data of Dy*"/Eu’* co-doped BZLP glass was
recorded using a D8 advance Bruker X-ray diffrac-
tometer in the 10° <20 <80° range. The absorption
profile was recorded via JASCO V 670 spectro-
photometer. Photoluminescence (PL) studies were
carried out in a JASCO 8300FL Spectro fluoropho-
tometer at room temperature. The decay profile co-
doped BZLP glass has been characterized using an
Edinburgh FLS980 spectrophotometer. Temperature-
dependent PL (TD-PL) profiles were recorded using
ocean optics spectrophotometer (FLAME- 5-XR1-ES).

3 Results and discussions
3.1 Structural analysis

The amorphous nature of the prepared Dy**/Eu®*
co-doped BZLP glass has been analysed using the
recorded XRD profile as shown in Fig. 2. The profile
contains a wide band with the nonexistence of any
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Fig. 2 XRD pattern of Dy>*/Eu**co-doped BZLP glass

Fig. 3 Absorption profile of Dy®* doped and Dy**/Eu**co-
doped BZLP glasses
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sharp peaks, confirming the prepared Dy**/Eu®* co-
doped BZLP glasses having glassy and amorphous
in nature.

3.2 Absorption characteristics
The absorption profiles of Dy*" doped BZLP glasses

in 330-2000 nm range have been shown in Fig. 3.
Peaks pertaining to transitions from 6H15/2 state

Fig. 4 Indirect bandgap plot of Dy** doped and Dy**/Eu**co-
doped BZLP glasses

to many higher energy levels at °P;,,*I;;, +°¢
P3 Mg + *Kizpp *Giipplispy *Fopn *Fapn, °Fspp,
F715,%Fosa + “Hy)p,°Fpyp0 + °Hgjp and °Hyypp of Dy™
ions [20]. The absorption peak due to °H;s), to
®F,1/, + °Hy), transition is most intense and follows
[AS]|=0, |aL|< 2and [a] |< 2[28].

The absorption characteristics of Dy>*/Eu®" co-
doped BZLP glasses were also illustrated in Fig. 3.
The bands are mainly due to Dy ** ions and broaden
in the UV region, when co-doped with Eu * ions as
depicted in Fig. 3. The absorption peaks observed for
Dy % doped BZLP glass in infrared region were in
good agreement with the literature [6, 7, 15].

On the basis of absorption characteristics, optical
band gap of all prepared glasses was evaluated via
Davis and Mott relation as follows [29]:

ahv = B(hv — Eopt>n

Here E,; is indirect energy bandgap, a represents
the absorption coefficient, B is the band trailing param-
eters and hv is incident photon energy. The value of n
is 2 for indirect allowed transitions [30]. As per the plot
presented in Fig. 4, estimated indirect E,,; values are
4.21,4.04, 3.96, 3.91, 3.88 and 3.86 eV for BZLP:DEQ,
BZLP:DE1, BZLP:DE2, BZLP:DE3, BZLP:DE4 and
BZLP:DE5 glasses, respectively.

Fig. 5 Excitation and emission spectrum of Dy** doped BZLP glass at A, =575 and A, =350 nm respectively. The inset plot repre-
sents the change in emission intensity with Dy>* ions concentration in BZLP glasses
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3.3 PL study of singly doped Dy’ ions
in BZLP glasses

PL characteristics of 0.1 mol% Dy>* doped BZLP glass
was presented in Fig. 5. PL excitation spectrum with
monitoring the 575 nm emission wavelength contains
various peaks in 300-500 nm range. The excitation
peaks were observed at 322, 337, 350, 362, 386, 425, 449
and 473 nm corresponding transitions are mentioned
in Fig. 5. Amongst the excitation peaks, the dominant
peak at 350 nm (°H,5,, — °P;,) transition was chosen
as the excitation wavelength to record the emission
characteristics [31, 32].

Figure 5 shows the emission spectrum of 0.1 mol%
Dy*" doped BZLP glass under the excitation of 350 nm
wavelength. The emission spectrum exhibits the blue,
yellow and red peaks at 483 nm (*Fo, — °H;5,), 575 nm
(*Fo;, — ®Hy3)p) and 661 nm (*Foj, — °Hyy ). The nature
of transitions 4F9/2 — 6H15/2 and 4F9/2 - 6H13/2 is mag-
netic dipole and forced electric dipole respectively.
The *F,), — °H,;), transition, on the other hand, is
both magnetic as well as in forced electric in nature
[33]. The (*Fy), — ®H3),) transition is the leading the
all-emission peaks. Further, the emission intensity
can depend on the doping concentrations. Hence the
doping concentration of Dy*" ion was optimized by
preparing a series of glass with 0.1 to 2.0 mol% of
Dy* ions. The inset shows the variation in emission
intensity with increasing Dy*" concentration. The
emission intensity upsurges till 1.5 mol% of Dy*" and
then declines [34]. This was due to mutual interactions

Fig. 6 Excitation and emission spectrum of 1.0 mol% Eu**
doped BZLP glass at A, =612 and A, =393 nm respectively
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and resonant energy transfer among the doping ions
in BZLP i.e., concentration quenching effect [34]. On
the basis of the emission profile, the 1.5 mol% is the
optimized concentration of Dy*" ions in BZLP glasses.

3.4 PL study of singly doped Eu*" ions in BZLP
glasses

Figure 6 shows the luminescence profile of Eu®*
doped BZLP glass at A, =612 and A, =393 nm
respectively. The excitation profile shows a number
of peaks in 300-500 nm range owing to the ("F, — *Hy),
("Fo—°Dy), (Fy—°Ly), (Fy—°Ly), ("Fy— °D3) and
(7F0 —°D,), Eu®" ions transitions. Amongst the sev-
eral excitations, the dominant peak was observed at
393 nm corresponding to ’F, — °L transition. Emis-
sion profile is illustrated in 500-750 nm range at
Aex =393 nm in the same figure. The emission profile
shows numerous sharp peaks attributed to ("D, — “Fy),
(5D0 —Fy), (5D0 —F,), (SDO —F 3), and (5D0 —F,)
Eu® ions transitions. The transitions °D, — ’F; and
D, — "F, of Eu®* ions can be characterised as magnetic
and forced electric dipole in nature, respectively. The
dominant emission peak was situated at 612 nm under
393 nm excitation [35].

3.5 PL study of co-doped BZLP:Dy**/Eu**
glasses

The excitation spectra of Dy**/Eu®" co-doped BZLP

glass (BZLP:DE1) were recorded by monitoring
the emission wavelengths at 575 and 612 nm as

Fig. 7 Excitation spectra of BZLP:DEI glass at A, =575 and
612 nm
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Fig. 8 Emission spectra of Dy>*/Eu**co-doped BZLP glasses at
Aex =350 nm

illustrated in Fig. 7. The excitation profile by moni-
toring the emission wavelength at 575 nm exhibits
a number of excitation peaks in 300-500 nm range,
owing to the transition from °Hjs/, to Py, "My,
o2, °Prpy, *Pspy, “lan, “Gryjy “lisp and “Fopp of Dy
ions. Also, some additional peaks were detected
at 393 and 465 due to the F, — °L, and °D, transi-
tions of Eu®" ions. The occurrence of excitation peaks
related to Eu®* ions while monitoring the Dy®" ions
emission peaks suggested that the Dy®" plays an
important role in energy transfer to the Eu*" ion. The
excitation profile while monitoring 612 nm emission
exhibits excitation peaks due to the 'F, — °Hg, °D,,
°L,, °L¢, °D; and °D,, transitions of Eu®" ions. The
overlap of the excitation spectra of BZLP: DE1 con-
firms the ability of the glass to be excited by n-UV
radiation.

Dy**/Eu®" co-doped glasses were excited by
350 nm wavelength and the corresponding emission
spectra are shown in Fig. 8. The emission profile
changes with increasing content of Eu®* ions in the
glasses. The peak intensity related to *Fg;, — °Hj5)y,
6H13/2 and 6H11/2 transitions of Dy*" reduces with
increasing Eu®" ions content whereas new peaks
attributed to °D, — “F,, ’F,, ’F,, and “F, transitions
of Eu®" ions are observed in the spectra. The reduc-
tion in Dy®* emission peak intensity and simultane-
ous enrichment in the Eu®* ions emission intensity
signifies energy transfer between sensitizer Dy** and
activator Eu® ions [36].
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Fig. 9 Emission spectra of Dy**/Eu**co-doped BZLP glasses at
Ay =393 nm

Furthermore, the PL spectra of Dy>*/Eu®" co-doped
BZLP glasses were recorded under 393 nm excitation
as revealed in Fig. 9. Numerous emission peaks situ-
ated at 591(°Dy — F,), 612 (°D, — "F,), 651(°Dy — "Fs)
and 700 (°D, — “F,) nm of Eu®" ion can be seen. Apart
from this, two peaks were also detected at 483 and
575 nm corresponding to ‘Fo/, — ®Hy5, and °Hyj)
transitions of Dy®" ions, respectively. Peaks corre-
sponding to Eu®* ion transitions are more intense
than those of Dy®" ion transitions. The intensity
of °D, — ’F,,’F,, 'F,,’F, transitions enhances with
increase in Eu®* ions, whereas minute changes are
observed in emission related with to *Fg;, — °H;s),,
®H,;, transitions of Dy>* ions. Thus, Dy>* ions sen-
sitize Eu®" ions as is evident from PL studies and
transfer a part of absorbed energy which is converted
to visible emission [37, 38].

A partial energy level diagram of Dy*" and Eu®"
ions is shown in Fig. 10 to realize the sensitizer and
activator ions energy transfer process. Dy3+ and Eu®'
ions get excited to upper energy levels by n-UV radi-
ation and then fall to lower energy states via non-
radiative decay. Subsequently, the Dy*" ions give
emissions at 483, 575 and 661 nm ascribed to the
*Fojp — ®Hysp, 6H;3, and °Hy,, transitions whereas
Eu®* emits owing to °D, — "F;, ’F,, ’F;, and F, transi-
tions. Some energy is also shifted from Dy*" to Eu®*
ions along with the individual emissions. The energy
shifting takes place as the energy level *I;5/, of Dy>"
ion is above the °D, °D; and °Dj energy levels of Eu®*



Fig. 10 Partial energy level
diagram of Dy** and Eu**
ions in BZLP glasses

ion. Also, the ‘Fy, level of Dy*" lies above the °D,
and °D, levels of Eu®*" ions. Owing to the less energy
difference between these levels, a part of absorbed
energy from Dy®* ions migrate to the Eu®" ions in
BZLP glasses as seen in PL spectra.

Mainly multipolar exchange interaction type of
energy transfer takes places in rare earth doped
glasses, which can be categorized into three
ways of interaction i.e., quadrupole-quadrupole,
dipole—dipole and dipole-quadrupole. The types of
energy transfer among the nearest doped ions were
analysed via Dexter’s multipolar exchange interac-
tion expression with Reisfeld’s approximation as fol-
lows [39]:

M0« cn3 1)
n

o and n# symbolize the radiant quantum efficiency
of sensitizer Dy®" ions in the absence of an activa-
tor and quantum efficiency of sensitizer Dy>" ions
with Eu®" (activator), respectively. C signifies the
sum of concentration of dopant ions. The nature of
multipolar exchange interaction is indicated by n in
the equation above. Depending whether the inter-
action is dipole-dipole, dipole-quadrupole and
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quadrupole—-quadrupole, the value of n can be 6, 8, or
10 respectively. The radiation intensities are linked to
the ratio between 5, and # as shown below [40]:

I
% o C/3 )

S

In the above equation, I signifies emission inten-
sity of Dy®* doped glass and I represent the emission
intensity of Dy*"/Eu®*co-doped glass. The graphs of
Isp/Is versus C"/3 taking n=6, 8, 10 can be seen in
Fig. 11. The non-radiative, dipole-to-dipole character
of the interaction and energy transfer between the
rare earth ions was confirmed by the best linear fit,
which was found for n=6.

3.6 Lifetime and energy transfer analysis

The lifetime curves of Dy**/ Eu**co-doped BZLP
glasses were recorded at A, =572 nm under excita-
tion A, =350 nm and shown in Fig. 12. The lifetime
curves are exponential in nature and can be fitted
with bi-exponential function as given below [41]:

I=1, +Alexp<—1i> +Azexp<—fi> 3)

1 2
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Fig. 11 Plot between I, /I
versus (a) (CD),+EM)6/3,
(bXCpyyp)*” and

©Cpyz)™”

Fig. 12 Decay curves of Dy**/Eu**co-doped BZLP glasses at
Ay =350 & Ay, =575 nm

Here I and I denote the emission intensity at any
instant ¢ and t=0, respectively and 7; and 7, denote
the slow and fast decay components. A; and A,
denote the fitting constants. On the basis of these
parameters, the average lifetime (7,,,) were calcu-
lated using the formula as mentioned [42]:

A1T12 + A2T22

(4)

favg = At + Ayry
The evaluated 7,,, values for the prepared Dy*/
Eu®"co-doped BZLP glasses are tabulated in Table 1.
The occurrence of energy transfer between the
dopant ions is confirmed by the decrease in the 7,,,
values with increasing Eu®* concentration. #r is the
energy transfer efficiency probability given as [43]:

1- 24
nr 0 (5)
Tablev 1 CIE color Sample name CIE coordinates (x, y) CCT (K) Decay time Energy transfer
coordinates (x, y), CCT (K), (us) efficiency 7,(%)
lifetime, Dy** to Eu** energy
transfer efficiency of prepared BZLP:DEO (0.372, 0.424) 4474 589 -
co-doped BZLP glasses at BZLP:DE1 (0.383, 0.410) 4125 571 3.05
Aex =350 and A, =575 nm BZLP:DE2 (0.376, 0.416) 4340 543 7.80
BZLP:DE3 (0.378, 0.405) 4185 524 11.03
BZLP:DE4 (0.383, 0.394) 3432 504 14.43
BZLP:DE5 (0.402, 0.391) 3180 496 15.78
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Fig. 13 Variation in lifetime and ET efficiency with Eu** ions
concentration in Dy>*/Eu**co-doped BZLP glasses

Fig. 14 [-H fitted decay curves of BZLP:DE4 glass

Here 7, and 7, denote the lifetime of the co-doped
and singly doped glasses respectively. Table 1 pro-
vides a tabulation of the energy transfer probability
(n7) parameter as well. It can be seen that when con-
centration of Eu®" ions increases, nr increases as well.
The likelihood of energy transfer seems to increase by
five times for an increase in Eu®* concentration from
0.0 mol% to 5.0 mol%. Figure 13 demonstrates how
lifetime and energy transfer efficiency in co-doped
BZLP glasses change when the Eu* ion concentration
in the glass lattice increases.

Furthermore, on the basis of PL decay curve of
BZLP:DE4, the type of energy transfer interaction has
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been analysed using Inokuti- Hirayama (I-H) model.
As per the I-H model, the equation which relates the
type of interaction as follows [44]:

3
_t t s
Iy = Iyexp T_o_Q<T_o) (6)

Here I; is intensity of luminescence at time f,
7, signifies the decay time, Q signifies the energy
transfer parameter and the value of S designates
the type of interaction having values 10, 8 and 6 for
quadrupole—quadrupole, dipole-quadrupole and
dipole-dipole interaction, respectively [44]. The best
fit is observed for S = 6 value as presented in Fig. 14.
Thus, the I-H models also confirm the occurrence of
dipole—dipole interaction among the sensitizer and
activator ions in BZLP glasses.

3.7 Colorimetric analysis

Table 1 shows the CIE coordinates of the as prepared
glasses. The color coordinates depend upon the inci-
dent excitation wavelength and also on the amount
of dopants in the glass. Varying Eu®" concentration
leads to the modulation of luminescence hues and is
helpful for a variety of applications. CIE chromatic-
ity coordinates of Dy*"/Eu®*co-doped BZLP glasses at
Ae =350 nm correspond to the white region as seen
in Fig. 15a. The coordinates for BZLP:DE5 glass at
Aex =393 nm were also plotted on the CIE diagram and
shown in Fig. 15b. CIE color coordinates were situated
in red region, under the A, =393 nm, which shows the
prepared glasses can be a potential red constituent for
many photonic devices.

Correlated colour temperature (CCT) is also a criti-
cal parameter which allows the researchers to deter-
mine the specific temperatures for which the CIE coor-
dinates fall closer to the whole light region. It can be
calculated using the McCamy relation [45]. The CCT
values for Dy**/Eu®" doped BZLP glass have been pre-
sented in Table 1 as well. The values signify emission
tuning from cool to warm white light regions with the
addition of Eu* ions. According to the aforementioned
findings, CIE colour co-ordinates and CCT values may
be effectively modified by the amount of doped RE
ions BZLP glasses. In turn, this demonstrates that as-
prepared Dy*"/Eu’* co-doped BZLP glasses are appro-
priate for n-UV pumped white illumination systems.
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Fig. 15 CIE chromaticity coordinates of a Dy>*/Eu**co-doped
BZLP glasses at A, =350 nm. b BZLP:DES glass at A, =393 nm

3.8 Temperature dependent PL study

PL spectra are affected by variation of temperature.
Hence, the temperature-dependent emission char-
acteristics for Dy>*/Eu®" co-doped BZLP glass were
recorded at A, =350 & 393 nm and shown in Fig. 16a
and b. With increase in temperature from 25 to 200 °C,
the PL intensity continuously decreases as can be seen
in the figure. The intensity is 93.40% of maximum
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at 150 °C and 91.25% of maximum at 200 °C, which
shows that the Dy>*/Eu®" co-doped BZLP glass has
very good thermal stability. Furthermore, the activa-
tion energy (AE,) can be accessed by using the Arrhe-
nius equation as follows [46]:

Iy

1+ Cexp(—%)

It =

Here Iy and Iy indicate the emission intensity at
25 °C and at a particular temperature T respectively
whereas CandKp signify an arbitrary constant and
Boltzmann constant respectively. On the basis of
temperature-dependent emission characteristics,
the In((I,/I1)-1) versus 1/K;T plots were analysed
and fitted with linear equation for the both emis-
sion characteristics. The plots are shown in Fig. 17a
and b. The activation energy for Dy*"/Eu®" co-doped
BZLP glass was assessed to be 0.242 and 0.241 eV
for emission spectra under A, =350 & 393 nm
respectively which have relatively higher activation
energy (0.196 eV) of reported glass in literature [3].
Thus, temperature dependent emission character-
istics show that the Dy>*/Eu®" co-doped BZLP glass
can produce thermally stable luminescence and can
be used as red emitting component in w-LEDs and
other luminescent devices.

4 Conclusions

Transparent Dy**/Eu®" co-doped BZLP glasses were
effectively synthesized via melt quench technique. The
structural and luminous properties were examined to
gain understanding of their applicability in photonic
devices. The single Dy*" doped BZLP glasses emits
blue, yellow and red emission under n-UV excitation
pertaining to the *Fy, — °H,5,, °Hy3), and °Hy , transi-
tions respectively. Dy>*/Eu®" co-doped BZLP glasses
give emission in visible region owing *Fg;, — °Hj5),,
6H13/2 and 6H11/2 transitions of Dy *" along with
Dy — ’F;, °Dy — ’F,, Dy — "F; and °D,, — ’F, transi-
tions of Eu " ion under 350 nm and 393 nm.With an
increase in Eu®" ion concentration, energy transfer
takes place from Dy" ions to Eu®" ions resulting in the
decrement of intensity of PL peaks of Dy”* ions. The
cool white emission shifts towards the warm white
emission under 350 nm and 393 nm excitation for the
co-doped glasses as can be seen in the CIE diagram.
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Fig. 16 Temperature dependent emission spectra of a BZLP:DE4 glass at A, =350 nm. b BZLP:DES5 glass at A,, =393 nm

The dipole-dipole type of energy transfer sensitizer
and activator ions in the BZLP glasses was verified
using Dexter’s ET formula, Reisfeld’s approxima-
tion and I-H model theories. The PL lifetimes for the

co-doped glasses reduced whereas the energy trans-
fer efficiency #r enflamed with upsurge in Eu®* ions
concentration from y=0.0 to 5.0 mol%. The tempera-
ture-dependent PL spectra under 350 nm and 393 nm

@ Springer



2059 Page 12 of 15

Fig. 17 In[(I/I)-1] versus 1/KgT plot for a BZLP:DE4 glass at
Aex =350 nm. b BZLP:DES glass at A, =393 nm

excitation were thermally stable with values of activa-
tion energy being 0.242 eV and 0.241 eV, respectively.
The aforementioned results for Dy*"/Eu®" co-doped
BZLP glasses show that these glasses can work is a
red light emitting component in w-LEDs and for
warm white light generation in various luminescent
applications.
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