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ARTICLE INFO ABETRACT

Foywords: Trivalent dveprosium (Dv:*} activeted barium zinc lithium phosphate (BeZnliP} glasses were prepared by
G2z o employving melt quench routez. To onderstand the poszible applicability of the prepared glaszes in phoonic
Dyceacinaiiien Soing device applications, mumerous srucmral, optical, and radiative characteriztics have been explored in detail The
:'F'?fm]mnxm! non-cryztalline character of BaTnliP glas:z haz been confirmed with the help of an X-ray diffracton pattern. The
O conrdinzmes titled glaszes doped with Dv*t fons show several abeorption peake in the 330- 1800 nm range with an indirect

optical band gap of 3.41-3.76 V. The Judd-Ofelt (J-0) theory was emploved on the absorpton profilez and
ectimated various radiative parameters for the D™t ions activared BaZnliP glasses. The Dy ionz activazed
glasze: exhibit intense excitation at 350 mm and thres sharp vizible emizsions ar blue IZ"T'.;,__Q —= Hy . 23, wellow
(*Fgq — S5 4], and red 0°F; 5 — "8y, ). To ascertzin the lasing potendalities of BaPnliP glasses, the stimm-
lated emizsion cross-secton and branching ratos have been assezsed by correlating the emiszion speciral in-
fommadon with the radiative parameters calculated from the absorpdon specoal feamires. The colorimetmic
properdes thow the coordinares zituated in 2 bright white region Temperafure-dependent photoluminsscence
(TD-PL} spectral feanwes recorded revealed the thermal ztability of the as-prepared glaszes. The explorad
diztinctive features for [2!:.-‘3 " ionz activated BaZnliP glasses suggested the superiority and direct utility of the a=-

Temperanire-dependant photlominescance

prepared glasses in advaneed photonic device applications such as lasers and w-LED=.

1. Introduction

Be=cently, enormous research has besn focussd on the non-crystallime
glazzes activated with rare-sarth [RE} 1oms owing to ther exesllent
feature: such =z high trensperency, low menufschwing cosk, e=zy
fabrication techmique, highly dursble excellent smizzion properies, and
high thermal stabibty. RE ionz sefivated glaszes have dirvect ubliy m
mumerous areas such as solid-state lasers, optical fibers, sensors, hight
converters, and other optoclectronic devices [1]. The spectroscopic in-
veshgations for imstsnee absorpion, PL excitshon, PL emission, PL
decay, and TD-PL festures recorded for the RE jons doped glasses
explore the wobiy of the host glass mstrix for the aforementonsd
warious photonic devieess applications. The spectral features of the setive
ions (BE 1onz} doped into & host matrix can be venied by appropnate
chotes of host matrnix composition or by verying the RE ion concenira-
tion in a host RE 1onsz doped glasses have distinet optical properoess m
warious host glassez like phosphate, borate, silicabe, telhmde, and
chaleogenides from the perspecove of their spplications m sobd-state
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lazers [24]. To enhance the lzsing properties, the zlasz host can be
formed by uming & good gless former added with otermedistes and
network modifisrs [3.6]. For the best opticsl and lasing properfies. the
gelection of host glass with vanous RE 1ons 1=z a still difficult tazk [1]. To
inerease the shmulated emizzion cross-sechon and gusnium efficiency,
host glasz with low phonon energy 13 very much essantial A host gla==
with relatively less phonon snergiss can increses radistve properties by
suppresaing the non-radiatve decay process [7].

In quite recent times w-LEDs replace traditional fluorescent and in-
candescent lamps. These w-LED: zerve many pinrposes, meluding
excallent durshility, less power consumption, and a longer life span [£].
For the commercizl availlability of w-LED=, phosphors activated by the
blus LED chip to emuit green and red lights sltemately are amslly
enmpioyed. The majonty of current research, on the other hand, 1=
formsed on white ermssion by UV exeitabion without the uzage of sn LED
chip. RE doped glazses provide many advantages, including decreassd
manufscturing costs, 2 straightforwsrd mamufacturing proceszz, and no
halo =ffect [21.
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Fig. 1. Schematic diagram of melt guenching techmigue used w prepare
BaZnliP glasses.

There are various glass formers Like fluornides, phosphates, borates,
tellurites, silicstes, borosilicate, ete. The researchers worlang m the field
of glass seienes & technology have prepared & vanety of glasses n=ing
the sbove-mentioned glazs formers along with network formers and
studied their spectroscopic properfies. Among various glazs formers,
phosphate 15 one of the snisble glasz formers owing to distinchve
properiies like clear visihility in the wide-ranmng spectrum, zofteming,
lesz melting temperature, lagh thermal stabality, high RE 1on solobihity,
and Josy dizpersion [10]. Phosphate slazszes possess various applicsfions
m photonic devices but it has some hmitstions because of their hygro-
soopic neture snd poor chenmeal stabibity [11]. To overcome thess
brmtations, network modifiers (BaQ, 1a-0) and intermediate {Zn0) have
been added to the host glass, which can ineresse chemiesl stabality and
redice theymal expansions. Moreover, Zn0 helps to overcome hyvgro-
scopic pature and imeresses the splubihiy of RE 1ons: All the
above-dizcnszed characteriztic features possessed by the chemmicsl spe-
cies PoOz, Li0, BaD, and Znd prompted us to prepars = glaszy svstem
namely barmum  =zne  bthiuwm  phosphate (BaZnlaP)  glass
Phosphate-bazed glasses doped with RE 1ons are sffechve In improving
the luminsscent charactenstics of a matensl to have potential spplica-
tions iy the field of optoelectronies [12-15].

D% iz one of the very attractive RE ions for fabricating vizible solid-
siate deviess g itz emmzmion tskes placs in the visble region dus to £
trenzitionz. In general, In" ' doped materislz have two msjor peeks In
blue and yellow regions, and if their intensity ratio 1= appropriate; then
D! jons doped materials show & white light The ¥/B ratio can be
enhanced by changmg Dy fons concentration and sxeitstion wave-
Iength whach further gives magmficent emizsion from glassy matenials
m the vizble region [16-20]. Recently, 5. Tian ot al mwvestigsted
milicate-clad D! doped multi-component phosphate glass core glass
fiber for vellow laser applications. The sample with 1 mol.% D05 (2.6
wit) doping concentration exhibits the most intensive vellow emiszion
and iis internal quantom efficiency was determined to be 30,2734 [21].
P. Babu =t al. prepared D™ | fonz doped zine oxvfluorotelburids glasses,
The CIE coordinates of as-prepared T20ZofNDv1.0 glass are very nearer
to the wiots light region, showing their applications mw-LEDs [22). B
Amiad and ks coworkers synthesized Dy’ doped FPLO-Z-
nO-B.05-P,0. glassss for white light-emitting materials snd solid-state
lazsr applications [23].

In the present rezcarch work BaZnlaP glasszez doped with varying
concentrations of D™ ! ions were prepared by using the melt quench
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Fig. 2. XRD pattern of an undoped BaZnliP glz=s.

route. Various spectrozcopic charecterizations were performed on D !
icnz doped BaZnliP glasses to explore their struchral, opticsl sheoep-
tion, FL propertiez; and thermsi stability. The J-O theory has been
applied to the messured shsorpion bands (called oscillator strengths)
useful I assesmng varous radiative properties for the promment fluo-
rezcent levelz of In? ! dons in the titled glazzes. Further. the = hon
and spmssion properbies are correlated to mnderstand the lasing poten-
tiakities of the Otled glasses TD-FL spectral features are recorded fo
understand the thermal stability of the tiled glasses. Colorometnc
ztudics were alio conducted on the titled glaszes to imderstand the nzage
of the atled gia=ses m lighting Industry 82 =poxy-free w-LEDs.

2. Experimental procedure and characterization

BaTnliP glesses doped by varving concentration of Dy” ! iomz in
accordance with the molar composibon 60P,0:- (15-x)Ba0. -15Zn0
-10L330-%Dy203 (x =0,0.1, 0.5, 1.0, 1.3 and 2.0 mol% named as FDY0,
FDY], PDY2, PDY3, PDY4 snd POYS glases, respectively) were pre-
pared viz melt quench approach. The process used to synthesize these
phosphate glasses has been depicted in Fig. 1. Further, all the glasses
were charactenized through vanous techmiques to check their sutshibity
for photonic deviees. An X-ray Bruker DB advance diffractometer with
Cu-Ei vadiation (=1.5406 j;:l having mckel fGltered in 28 angle region
10 = B = 70" wes used for measunng the X-ray diffracton {XRI¥)
pattern for sn indeoped BaZnliP glasz Density 2nd refractive indices of
the Dv*! jonz doped BaZnliP glaszes were measured by emploving the
Archimedss principle and Brewster's angle method respectively. Ab-
zorption specira for doped BaZnliP glassez wers recorded in the 330
nm—1550 nm wavelength range by using a JASCO-made V-770 UV-VIS
spectrometer. The PL excitstion and emission properfies of In" | acii-
vated BaZnliP glasses characterize through JASCO FP-8300 Speciro
fluorometer attached to the Xenon are lsmp. PL decay carve recorded by
using Edinburgh FLSP 980 Spectro fluorophotometer wath an excitstion
souree a= Xenon flash lamp. TD-PL spectra were recorded with a spee-
trometer (Ocean Opiies) conmected with 2 Xenon exeitstion sourcs and 2
zample holder attached wath heatng aszembly.

3. Resultz & discussion
3.1. Souctiral analyss

The XRD patiern recorded for an undoped BaZnlaP giszz in angnlar
range (10-707) has been depicted m Fig. 2. It shows a widebsnd rather

than distinguizh sherp pesks, which mndicates the non-cryztalline char-
scter of BaZnliP glazs
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Table 1
Various physical properties of Dv" ' jons in BaZnliP glasses.
I Fhyzical Properry EDYV1 PDYZ PDW3  PD¥4  POYS
Ko
1 Tefractve -'.n:h:z_{r..;} 1.60 1.60 1.59 15399 159
g Density (gmyfem™} 228 229 280 g1 2.9z
3 Averzge molecular weight 123 124 135 126 17
4 Dv*" ion concentrasion, X 014 0.70 139 03 277
C10F= jons o )
5 Molar Vohome (cc/mal) 4270 4290 43I0 43329 4340
] Mean accemic valume (g E36 838 B39 E41 B42
-:m:,'amum:l
7 Dhimlaciric comstans () 156 256 255 235 2.55
E Opdical dielecoic constm 156 L.36 155 135 L35
- 1)
9 Reflection losses (R 383 352 3.32 532 332 5.32
1 Molar refraction (B2 1438 1467 1473 1480 1486
fem®)
11 Polarom radius {5} (A) 339 210 167 145 1.33
12 Inter-ammic discance (5l i 532 415 363 330
[ ]
I3 Molecular electromic 379 116 0.58 e~ 029
polarizabilig (10 =
14 Fiald Srength P 232 677 07 140 59
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Flg. 3(a). Densicy and melar volume vanagon with Dy":" loms conCenmaton in
BaZnliP glaszsez.

3.2 Physical properiies

Seversl physics]l and optical charscteriztics for BaZnliP glaszes were
assessed oming the relevant mathemstica]l expressions given i the
hiterature and are given in Table 1 [5]: It iz noted for BaZnlaP glasses, as
the Ov" ' Joms concentration is increasing from POYL (001 molss) to
PDYS 2.0 mol3]), substantiz]l quanfities such a: density, mesn atomic
weight, molar veolume, molsr reflechon, and fGeld stength are
moressmg, while: others such sz refractive mndex, optiesl dielectne
constant, reflection loss [B%9), polaron radius, mutuslly diztance be-
tweeen stams (1), and electronie polzrizability are redvoeing. Densities for
BafnliP glasses imcr=ase becanse the moleculsr weight of host com-
pounds 1e, Po0- (141.94 g/mol), ZnD [81.37 =/mol}), BaD (153.33
g/mol}, and Liz0 (20.88 g/mol) iz lower then that of Dy:0z (372.9
z/mol) which revezls the degres of structural clogeness in BaZnliF
glazzes [24 05]. The averape molecular werght of BaZnlaP glesses 15 alo
ezcalaimg due to the addibon of Dva0= 1n the host glezs: The veriation of
density znd molar vohime glong with varying Iv" | 1on concentration in
BaTnliP giazses 1z represented m Fig. 3{a). Prom Fiz 3{=), it i= con-
spicuous that density and molsr volume iz sorsng 2= the concentraton
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Fig. 4, FI-IR spectrum of an undoped BaZnliP glazz

of Dv® ' fons increzses. With an fnerezse in Dh” | ions concentration, the
mumber of dysprosium lons perumt volume aiso mereases 1n host glass
wihich I turn l=ads to an mmcresse In molar volome and other phiveical
properties. Furthermore, in the present work, alksline sarth codde{Ta/0]
iz added fto enhance the stability of the giass network by bndemng covgen
zioms with Dv" | ions. The interztomic distancs decreases ac the con-
centration of Dy" | 3oms increases for the prepared glasses. The decrease
in interatomic distance resulis in the surge of field strength. The inter-
astomic distance and feld strength shows an imverse relstionship with an
increase in the concentration of Dv® ' jons in BaZnliP glecs ar thown in
Fig. 3{b}. Comparatively, low values of field strength for BaZnliP glasses
represent the high zolubility of D™ 'ionz in the host glazz. Molecular
electromic polarzshihity = another impeortant physica]l property that
refates to optical, chemical, and dielectric propertiez hke UV abeorpbion,
wonic reflection, and chemical stebility. BaZnliP glasses with relatvely
low values of molecular clectranic polanzshility help in inereszing its
stabihity.

3.53. Vibrational spertroscopy

Fournier Transform Infrared spectroscopy (FT-IR) specirurn recordsd
for an undoped BaZnliP slass (FOYD) within the 4004000 cm * renge
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doped BaZnliP glasses

has been depicted in Fig. 4. The FT-IR spectrum displaved in Fig. 4 shows
several pesks sitnated 3t 400, 759, 000, 1097,1290,1648, 2855, 2027,
and 3465 cm L. The band 2t 490 cm ¥ may be assizned due to bending
of PO- vibrations and =lzo tetrahedral bond stretching of Zn-0 [26].
Other Bands Iocated 2t 750 om * and 000 em * may be attributed due to
symmeinic stretching (v} and asymmettic stretching, (v.) of POz
connection of 4 tetvahedral snd O: tetrahedral rezspectively with
non-bridsing cxygen atoms [11,27]. The band 2t 1097 em ' ¥ may be due
to asymmetric stretehong of Oz tetrahedral vibrating in PO mode, b
(P07} and maybe resembled sz linkage of the P-0-7n stretching band
[28]. The band =t 1200 cm ! iz aseribed due to stretching vibrations of
P-0 bonds in POy units. The band st 1648 cm * iz aseribed due to O-H
bending vibrations mitegrated becauss of air present in the making of
EBr pelletz for FT-IR characterization [29]. The band st 2855 cm
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reprezentz the presence of carbon contaminants [30]. The band
obesrved at 2022 and 3465 em © =re om account of asymmetric and
symmetric vibrations of the HoO molecules respectvely [31].

3.4, Absorption spectral cralyzis

Abzorption spectrs of Iv" | ions doped BaZnliP glasses recordsd
from 330 to 1830 nm wavelength range in UV-vi1z-NIR reglon is shown
inn Pig. 5. The =zpectra depicted In Fig. 5 show 2 senies of dyvsprosinm
sbzorphion peaks obsersed m UV, Vimble, and NIR regions arising from
itz ground (“His=) to numsrous higher ensrgy states such as *Prm, “Ta s
24+ %P Mg+ Kis oz Gz hze o Fan fFe o BFrn Fan
5H- =, 5Fy; = +9Hy 7 =nd "Hy; st wavelengths of 351, 364, 336, 425,
452 487, 753, 803, 000, 1095, 1278 and 1685 nm, respechvely [24].
From Fig. 5, 1t 1= conspicuous that, the abeorption bands observed o the
NIR region (zpin allowed) are relatively stronger than the ones observed
in the vizible region {forbidden). Among various sbsorphion tramsibons
cbeerved in the NIR region, the one pertaining to "Hyz - 0 5Fq; - + "Ha 2
detected at 1278 nm follows spin allowed rule AISAL 0 =1L 2 < and AlLJ
2 <1 and iz highly intense than the other transitions {seeFiz. 5]

The indirect optical band g=p for Dv” ' fons activated BaTnliP glasses
wers asseszed g5 per recorded sbeorption spectra with the help of rela-
tion given by Davis and Mott a= follows [11]:
ahy =B — E\" (1)

In the sbove relation, o denotes the sheorphion coefficient by which
reprazents the ineident photon energy, and B signifiez the band tailing
parameter, E_, which indicstes the energy bandgap. The value of the
parameter n describes the tvpe of ransition having values where n = 4
and n = 2 for divect and mdivect allowed transitions, respectively. The
E: values wers acquired for mndirect and direct optical transition uzing
Taue's plot by extrapolahing the hnesr portion of the plot (alw)™ versus
() with n = 1/2 and n = 2 [az presented m Fig 6{s) and (b]]
rezpectively. The estimated indirect E. Values vwere found to be 3.64.

Y1 Glaes

‘-/""J_I—/-‘

——PIWVI Glass

=—FDY3 Grlaxs

=i

{ahv}L'} {cm—'..ii E‘_r]-]-]

20 2% 2B A% AR 45 S0 S5 20 IS5 340 315 48 45 58 55 28 385 A0 3E 40 45 f0 6%
—TTHY4 Chass = PV S el
M 25 3 35 4B 45 58 W25 3w A= 49 45 S0
hv (eV)

Flg. 6(a). Indirect bandgap plot for Dv3+ ion: doped BaZnliP glazses.
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Flg. 6(c). Urbach encrgy plot for D' jons doped BaZnLiP glasses.

3.53, 3.41, 3.56, and 3.76 £V for PDY1, PDY2, POY3, POY4, and PDYS
glazzes, respectively. Similarly, the values for direct . were 4.28, and
433, 4.35. 416 and 4 83 £V for respective glasses:

Furthermore, 1n most of the glasry matenals the fundamentsl ab-
sorpaon edges are identified by the degres of the exponenial tail These
abzorption edges may srize dus to inter-band fransitions ineluding tail=
of the locslized states and follow by the Urbach rule [32].

The Urbach rule 1z explained by the following formula:

at#) —cesn( 37 ) (@)
Where C 15 constant, AE 1= the Urbach enerey represents the width of
band tails of localized states. The Urbach energies sre evaluated by
plotting = graph betveeen In (ohf) versos h# and then talong the mverse
of the zlops of the plotied zraph a= shown in Fig 6(c). The vahwes of AE
are decreazing (0.324, 0.316, 0.283, 0.280, and 0.23% V)] with an
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Table 2
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Experimensal (£} (x10 ﬁ}_. calrulated (Fagd (3107 %) oorillatns smrengthe, romes deviation (8.}, nephelawvede rato (), bonding parameters {f), and refractive index

(ry) for Dv** ions in BaZnLiP glasses.

Transitions fraom *Hy < — FDYL FOWZ FDY3 FOy4 FODYS
£ i £ £, £ i £ i £ i

s 0.21 1.737 03 1.320 LI7 2.701 o2 2,396
e TP 017 0.045 025 D.07E .65 0.0%0 D24 0.06%
Wi 4 i 067 0361 0.6 0260 0.66 0.337 0.85 0.379 o5l 0.325
Yoo - 0.04 0.054 D14 0.073 008 0.065
oy 7 0.46 0255 052 0.21B8 0.54 0,262 .62 0.252 0.3k 0.247
4?;.-_- 0.1 0.051 042 Qu02ZE 0.26 o041 0.55 0.050 0.2 0040
l].":|_.: ot 0.023 oIl 0.036 012 0.4z 009 00323
:F:._: 043 0.253 0.44 0113 051 0,196 074 0.224 o5 01721
er_: 0.55 D.669 0.8 382 LOE 0.351 L1B 0681 LO7 0.3555
5?;_.: 1" 0.51 0466 0.98 0304 105 0.491 116 0.650 105 0.5356%
g AL o 116 2162 £56 4405 s 4828 541 5231 297 +£.75EE
=:|'i-|_;|\_-_|_ 011 0.716 0AT 0.243 023 0812 0is 0,051
B (% 107% 41025 +0.535 41050 +0.62 40:32
n: 1.600 1.600 13889 1.589 1389
F 0.5%68 0885 0324 0594 0.983
i 0.38 0.49 0.53 0.59 Q6L

micrezse n the concentration of the doped BE ion concentration from 0.1 b

to 2.0 mol¥. Relatvely lowsr values of AE indicates the mimrmarn defect
present m the host glass netweork

The nephelanxetic effect, an esimation of the covalent character of
tranzition metsl-ligand interachon i BaZnlaP glazs matvx will sppear
ag partiaily fill=d f shellz. Electronte orbitals for the 4f configuration ars
disfigured becanse I | ions &re present in BaZnliP slass [33]. To getan
ide= shout the bond linking in metsl transition jons (D" ') and nearby
bzands, nephelmmcetic ratio ([ znd bonding parameters (5%]) are
deternmined by the forrmila sz writhen below and are given in Table 2 [4].

p=: ()

where 8. and 8_ =re the wavenumbers corvezponding to the transifions
of the measured shsarption spectra and free state of In° ' lons respec-
tively. The bonding parameters (636) 1= dependent on (i) and 15 calew-
lated with the help of thiz formmnla:

TR ;;'F (4
where, f iz the mean vahae of f. The bonding natore of ligands sround
the RE 1oms iz dependent on positive or negative vahies for 6. In Table 2,
1t was obesrved that & has posibve vahies, which represent covslent
bonding 1= prominent m these slasses

The experimentsl oscillator strength (S 15 8 hey parameter, which
was used to know the radiative properties of BaZnlaP glazzes. The value
of {4y was caleulated through the ares of sbsorption peals using the
following squaton [34-35].

Far=43E = IO "f £ (#1d8 (5]

where £ (§] iz moler extinetion cosfficient for wave mumber 8 cm fand
caleulsfed radiatrve perameters are listed 1o Table 2. J-O theory 1=
emploved to comparts the mtensity parsmeters (€35, 0y, €8] throngh a
method of least-squares fit, as per the formuala given mm the literature
[35]. To meazure the quality fit between £, & £, the rms deviaton
mdicated by B can be estmated v=ing the followmg fornmla:

(5 (e — 1)’

N

5
i, =

rmr

(6]

where 'N' denotes the total mumber of pesls involved in Stting.
Computed values of fop, f.y and &, wers tabulated in Table Z

Judd-Ofels parameters (fix 10 ""rm™) of Dv* ' ions in BaZolip glasses slong
with various reported host glasses.

Glass Syetem i i, iy Trend

FDYL 1053 0.z9 D.089 LA o A
PDYZ 11.24% 118 0zZF iy e iy e K
PDY3 12.24 1.30 0.46 T T
FDY4 12.37 1.E23 0.53 Al ey o il
PDYS 1L.7B 1.63 040 £ oAk o Ky
Lead bomosilicate 11.43 432 382 AU o P 4
SEL\-PI.D_FLﬂ PW3 1002 4554 270 0y = il = Ky
FIDw1 0 7.30 I1= (El=.] LT o A Y
EFNL_AFD? 13.30 338 283 iy e iy e K
TeWLIE 12.70 B.202 1827 i AN, il

Table 4

Transition probability (4g) (= ), luminescence branching ratio (#.). total
tranzition probatilicy (A;) ¢z 13 and radiagve lifedms (rg) (us) for the ohserved
emission transitions of Dy * fons in BaZniiP glass.

Sampis name Trapsiton Ag Ar P Tz

POY1 Pz = "Hiag 15.43 10%4.61 00151 913
22428 0:7530
10991 0.I004

PDYZ 36.02 1202.50 00259 831
236.93 0.745&
11669 n.0s72

POYS 5230 139217 00353 750
#3113 07440
12679 0.0952

POV4 £4.15 1428.17 0.0443 700
105746 07404
13365 0.0935

POYS 5199 1297.53 0.0401 770
959.22 07396
123.00 00843

Comparatively lesz vahie of & iz attsined to justify the J-0 theory in
calculating J-0 parsmeters and oo know radistive properties of BaZnlaP
glaszez. The J-O parameters (L2, 04, 5] wers computed by the method
of least zquares fit and were represented in Table 3 and compared with
other glassssz reported in htersture [15,36—44]. Intensity parameters
immtste & simmler trend (£, €3y ) for BaZnlaP glasses a5 given n the
literature for other glasses [45-51]. The intensity parameter (€2} pre-
zents the highest value for 2ll BaZnlaP glasse:, which represents covalent
cheracter for metzl ligend and asymmetric of BaZnliP ions near Dy® !
tons. For BaZnlaP glasses intensity of transiton E'I'I]_':_.-—_- to E].'71 17z + EH'gq
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Fig. 8. Emission spectra of Dy ' ions in BaZnliP glasses monitored 2 350 am
excitanon wavelength The inzet plot shows the relafive infensity variation of a
most intense peak with different Dy-doped BaZnliP glazses.

incresses as (i inereases. and viee verza. The prepared glasses show a
value of (3 nses from PDY] #o PDY4 glasies and drops for PDYS glass.
Amnong various prepared glaszes, POV glass has highest intensity for the
hyvperzenative tranmition and the lowest for PDYS glass, which repre-
zents 2 higher symmetrics! crystal stroctre of Dv™ ! ions for PDY4 glass,
Padiative parameters were caleulated from intensity parameters such a=
A (radistve probability], P (hminsscencs branching ratio), 1p {rad:-
ative lifetimes) as tabulated in Table 4, Required expressions for eval-
uating radizstive properties were uzed from published litershre [52].

3.5 PL exeivatior, PL emizsion and radiative properties arealysis

FL properties of Dn®' jon activated BaFnliP glasser have been
recorded at room tempersture. The recorded PL excitstion specrum
recorded for PDY3 glasz: {196 mol Dv* ! fons) exhibits several peaks inthe
range of 300-500 nm vis monttonng the erms=ton wavelength st 575 nm
ag ilhistrated in Fig. 7. The spechnom consists of several excitsiion peaks
at wavelength 322, 337, 350, 362, 356, 425, 449, and 473 nm, which
arizes due to the transibon from the lowwer energy Iewel I_'€'H15_—_-:'I to
several higher energy states EP!-’E -Lfsr,:.- EP.‘-Z EPs Tt 4113.':—. 4"-_711.2= LHIE;'
5 and *Fy~, of DV’ ions, respectively. The dominant tramsition was
noticed &t wavelength 350 nm, which 1= opted for recording the PL
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emizsion spectra for Tn® | jons activated BZLP glasses:

The emizsion spectra recorded for D' ions activated BaZnliP
glasses at an excitation wavelength of 3530 nm were depicted In Fig. &.
The FL spectra for 2ll doped glasses have shown three pesks at 483, 575,
and 663 nm due to ransibon from lngher energy staie "I—';.z to Jower
energy states t “Hys o "His ~ and E'Hl-;_: respechively. Amid these PL
peaks, transition (Fg2 — "Hya.2) was the most prominent as compared
with the other two trensitions. The intense trensition {Fgz — EH11-£5
was electric dipole in nature, exivremely sffected by nearby Dy ' fons,
and followed selection rule AL = 42, AS — 0, AJ = O or +2. The (*Foz
— "Hiz7) bransition was magnetic dipols (MD) in nature, which follows
AJ = Dor 4] selection rules & insensitive to the glass host environment.
The vellow o blue [¥/B) mbenstiy rabio 1= used to measure the raie of
deformation in the glass matrix surronnded by Dy’ fons end iz aleo
known as the ssymmetry ratio. The reto between yellow and blus PL
pesks has been utilized 2= 5 tool to observe the configuration of radiznt
glazz. The asymmetry rstio of BE ie (Dn” ') ionz change with the
configuration of glass. The ¥/B ratio 1= calculated for sll the prepared
gleszzez with the help of PL spectr= and iz tabulated m Tzble §. In the
present stodies, the ¥/B ratio for all prepered glasses 15 grester than 1.
From the ins=t plot of Fig. 8, 1t can be perceived that the miensity of
enuzzion spectra gradually rizes from PDY] to PDY4 glass as= the con-
centration changes from 0.1 to 1.5 mol96 of D" lons and reduces for
PDYS glass. This decrement in intensity beyond 1.5 molts of the doped
fon iz due to concenfration quenching that tool: place by resonent snergy
trancfer (RET) and muotual interactions between Dy” - Dy" © ions that
dezenibes the self-guenching mecham=m [33].

An energy level dizgram depicted in Fig 9 explains sll processes such
&5 excitafion, emizzion, RET, and CR channels. Ds to the zmall snergy
gap in the higher excited statez shove “Fg -, the non-radistive tranzitions
take place and are thersfore known as radiation-less relaxation energy
levels. Such non-radistive relsxstions ulfimately populate the *Foz en-
ergy state and conzeguently, radiative armizsions start corurnng from the
*Fp-z energy state o “Hizo Hize znd *Hiog lower levels producing
niense pesks at the blus, vellow, and red color of the visible spectrum,
respectively. The enersy gap between *Fo 2 and 5Fs 2 iz sufficiently larze
[~6600 cm ) than the phonon snergy of the host glazs (~1300em ),
and this leads to achiewving intense luminous radistve transitions as
shown mn Fig. @ [54]. Fig. 9 alzo depicted the rezonance energy transfer
[*Fpz+"Hizz + "Hiz =z +Fp2) and poszible cross-relavation charmels,
CRC-1, CRC-2. and CRC-3 for az prepared glasses [35 55-558].

Tounderstand more about the nahty of the titled glasses for laserand
optoclectronic device applications, the FL spectra for D' doped
BaZnliP glasses have been further nsed to esimate some radiative pa-
rameters ke luminescence branching ratio (fie), radiative transition
probability (Ag), total ransibon probability (A7} end radiative hfetimes
(1) using relevant formulas thet are given in the Hterature [59]. Stim-
ulated emission cross-sechon (G..) 1= an Importsnt parameter used to
know more sbout the lasing potentiality of a host matrix esn be calen-
lated by emploving the following formmala:

3

L
= oA d
T L

where &y denotes the wavelength of PL peak, Al denotes effective
bandwidth Ap denotes transition probability, o and n are the velocty of
light and refractive index, respectively, Radiative paramicters Ag, iy and
Ag calenlated for Dy®' doped BaTnliP glasses are tabulated in Table 4.
Branching ratio 15 another cructal parameter for the desigming of & laser.
The higher value of fig = 0.5 specifies the probability of achieving a more
sommlated emmzsion for a perticnlar transibon. An mmportant perameter
waz the lngh vahoe of somulated cross-section for obtaimims high gain
and identifving laser transitions of Dy * jons in host glass for various CW
laser spplications. Moreover, higher values of 0, = Alp (gain band-
width) and 0 x Tp (opbes]l gain parameters) heve charactenisbes of
good optical fiber snd wers hsted m Teble 5. The value of 6, and i
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Flg. 0. Partial energy level diagram showing shsorption, excitation, emisgon and eroes-relavation mechanism for Dv® ¥ ions in BaPoliP glaszes.

Tzble 5

Emizzion pesk wavelength Cipinm), effertve bandwidths (Adp) (om}, mezured

and experimental branching ratios (fp &f ), stimulared emission crose-
sictions (6.} (em”}, gain bandwidth (0. %Alp) (em®) and optieal gain param-
eter (o, = 1) (om® &) parameseers for the emission wanstions for Dv: ' ions in

BaZnliP glazsesz.

Specrral parameren POYL FDYZ EDYS FOY4 POYS
*Foz = *Hin

i 663 E63 663 863 BE3
Akp 14.53 15.16 15.29 15.45 1593
B 0.0 002 03 0.04 00+
B ooz 0.02 0.02 0.02 0.02
[ 13 237 .42 4.15 3.26
W = Aly Las 360 533 542 5.20
O % Tp 103 187 256 281 251
4.5!,-1 o 'Hu-':

o 575 = 375 ] 575
Alp 1322 13128 1338 13.36 1337
it O.7S 0.74 074 0.74 0.73
B 056 0.56 5% 080 0.39
Oy 35.32 38353 210 44,34 40.66
Oy w Als 4670 50,82 5615 59.92 54.30
O % g 3224 5202 3158 5139 331
*Foz = Hiin

Az 453 453 423 453 453
Akp 12.30 1167 12.05 11.90 1L97
B kil oo 009 0.09 o9
Pes B35 0.35 055 03 0.3+
[ # 251 Z 2 316 289
G = Adp 210 .29 357 377 3.47
% T 230 234 222 23 223

were lughest for PDY4 glasz related to 41'_’9_.*2 — ®H13.7 trensition and
mimnilar to other reported values [60,61]. Further, 1t 1= observed that
vanons radiative parsmsters sz menboned sbove have the nghest
values for POY4 glass for itz relatively intenze ransition “Fg .z — SHiz o,
which mskes thiz gless siotsble in zolid-ztste lighting and lzsing

Table 6
Experimental lifertime (Teg) (ps], radiative lifetime (e} (p=), quantum eficiency
), ¥/B rato and non-radiatve decay rates (Wil (3 ") for I}:.-‘31 ions in

BaInliP glaszes

Sample Teep [P Tz (= i 3) Y/ B W
PDY1 Sa4 13 B3 LT3 617
PDT2 565 831 &7 LB 566
PDYE 555 730 74 LBG 463
PDY4 336 TG 7 1G6 37
PDYS 4s9 T B3 182 748
Table 7
CIE coordinater of Dv® ' ions in BaZnliP glasses.
Name of the sampl= CIE co-ordinates OCTIED
X co-ordinars F co-ordinats
FDY1 0.354 D412 #5309
PDY2 D.356 0,40 4383
FIi3 0.361 0394 4525
FDY4 0.362 0:391 4474
PFDYS 0.372 D414 4453
applications.

3.6. Colorimerric propertes

The Commissicn Internations] de I'Eclairage (CIE} coordinates were
evahiated for D' activated BeTnliP glesser using PL spectrs umder
wavelength 350 nm. CIE coordinates for PDY] to PDYS BaZnlaP glasses
were tabulsted m Table 7. The OIE coordinates for optimiring glassie
PDY 4 glass 1= {0.362, 0.391 ) as indicated in Fiz. 10, which is placed ma
whiie zone and nearby wath & stsndard white hght point (033, 0.33).
One of the mmportant parameters known a5 correlated color
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Flg. 11. Decay profile of Dy® ' ions in BaZnliP glasses for ‘Fas — “tias (575
nm) tranzition under 350 nm excitation wavelength

temperatures (CCT) 1= used to get familisr with the trait of smission
DMorsover, 1t 1z specifisd as a black body Planckisn radiator temperaturs,
the color exmitted by the Planckian radiator 15 nearly similar to the color
emitted by the white light source. CCT 15 evalusted using the MeCamy
formula with the help of chromstcity coordinafes in this manner:

COT = 449 1 4 3525 0° — 682330 4 552033 (8)
where 1= '-l.:-:-: 1z mverse slope bme and (x, vo) (= 0.332, 0.186) 1=
epicenter [62,63]. CCT valoes were evaluzted for differing concenira-
tions of ™' doped BaTnliP glaczes and reprecented in Table 7. The
caleulsted values are observed m the rangs 4000K-S000K speafically
Hie m the baght white region, which make: them relisble for vizible
Iasavs and lichting applications.

3.7, PL decay specoral analysiz

The PL radiative decay curves for highly intense peak 9Fp - —5Hya
obgerved at 575 nm emizsion undsr 350 nm exritation were cthown n
Fiz. 11. For the different comeentrations of D" © ions, the PL decay
profile curves are recogmized 2= exponennz] in netire. The experimental
hifetimes (e} for all the as-prepared glasses were estimated by using
the obzerved PL decay curves and tsbulsted in Table & alomg wath
radiative ifettme (7g) values. From Table 6; 1t has been notioed that the
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Fig. 12. Temperatre-dependent FL spectra for 1.5 mold D' ions in BaZn-
LiP glaz=.

Ty vahues are smaller than 1. The vaniation in the observed dats anses
becanse of phonon energy transfer by the donors and mterhnked be-
tween D= ' ionzwith OH vibretionel bands available in prepered glazzez
[64]. One more important persmeter uzeful in understanding the lasing
potentialify of the as-prepared glazses iz quantum efficiency (f), which 1=
defined s= the rafo of owtpot photons to mpat photons. Practcally such
1 value can be evaluated for the glasses under study by usming the
following expression:
n= = (9}

e

The caleunlated valusz of g for all the ofled glasses are given m
Table 6. From the data appearning in Tsble &, it 15 conspcuous that
among all the glazses investigated in the prezent work, PDY4 glacs iz hest
susied for lasing schon st 575 nm a= 1t has & relatively high gvalue m
comparizon with other glasses. The non-radisfive snergy transfer {Wagd
can be caleulated by using the following formmula

1 1

e (10}

Texp Tg

The estimated Wiz values for the ofled glasses are depacted 1n
Tsble 6. Among all the titled glasses, PDY4 glaszs percetves relatively
least Wik value mdicating 1t supeniority 1n achisving more radianve
emmszions that other glassesz: Glazzes having relatively less Wye valoes
are more hable and prone to show high stimulsted cross-section and
quantum efficiency, which sre ezzenhis] for getimg potential lazing
aetion.

3.8. Tamperaoore dependent photoluminescence (TD-PL) soudiss

In the process of understanding the thermual stability of the optimizad
glazs (PI¥Y 4}, the TD-PL specira have been recorded for it 575 nm under
i = 350 nm &nd are shown in Fig. 12 The deta plotted In Fig. 12 10-
veals that the PL intensity of Dy" | jons in PDY4 glass iz diminishing a=
the temperafure rizes from room temperatore (27 YC) to 200 “C. The PL
intenzity of alf the peaks was reduced due o the thermal quenching of
the hominescent characteniztocs. A dear analyms of the data shown in
Fig. 12 sllows us to contemplate that PDY4 glass at §50 “C refams
£5.34% of 1tz Intensity m comparizon to it mabe] infensity. Forther, this
wvalue fall down to 73.49% at 200 *C. Thiz dats obtamed from TD-FL
specira reveals that the optimized glasz 1= having relsavely high ther-
ma=l stabnlity. Purthermore, the activation energy (AE) for the optorm=ed
glazs har been evalnated using the expression given by the Artherous
equaton [63]:
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I ~
k= z (11)

I+ C'r_:p{ KJT}

as per the exprezsion I; and Ir mdicate the PL mtensity at room tem-
peraturs snd T (K) temperatores, respectively. O signifiss & constant and
#e signifies the Boltzmann constant. The lineardy fitted graph betweenIn
{17/ 17)-1} wath 1/E:T plot gives the slope value, which iz equal to the
activeton energy for the prepared glazs az presented inFiz. 13. The AR
valoe 1z foamd to be 0.1 592V for PDY4 glass which 15 lezs than the value
already reported literature [66]. Thus, the TD-PL spectral dats obtained
for PDY4 glass showesses its supenior nabwe in exhobiting exeellent
theymal stabality.

4, Conclaszions

BaZnliP glazses with varying Do | fond concsntretions wers pre-
pared vis melt quenching routez and studied thelr nomerous speciro-
scopic charzcteristics to know ther spphicability in the vizible photonc
deviece applicshions. The non-erystalline nsture of the undoped BaZnliF
glazs iz confirmed by the XRD pattern. From the FT-IR spectral
recording, several wbration bands were noficed in the ss-prepared
undoped BaZnliP glass and confirms the formston of varnons bonds.
Dv” ! activated BaTnliP glasses are effectively abeorbing UV, vizible,
and NIR radiation having an optical bandgap in the 3.64-3.76 &V range.
Radistive properties of distingnizhed glowing lewels of I fons in
BaZnliP glasses were messured through J-O parameters. The PLzpectza
of BaFnlaP glaszes revesl three sharp peaks. out of which yellow enms-
sion {575 nm]} was the more intenss a2 compared with bhoe, and red
emiszion under 350 nm exctation wavelengih. The decay curves show
the exponeniial m nature. The caloulated CIE coordinates are m good
aspproximation with standsrd white Eght points {0.33, 0.33) of equal
energy and lie in the visible region. The valuss of CCT of BaFnliP glasges
fall m the bright whate light and maks them sintable for w-LED=. Bela-
tively high scHvation energy obtained for POY4 glaze from the recorded
TD-PL zpectnun revesls excellent thermsl stabihity for 1t From the
varions calculabed radiative parameters sspecislly quantom sfficiency
and strmulated smizssion cross-section, 1t was summerzed that among
varfous Dy" | activated BaZnliP slasses, POY4 glass {BaZnliP glass with
1.5 mol% of In" ! fon concentration] is quite sutzble for the fabricstion

of visible photomie devices such a5 yellow lazers and w.lED=.
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