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ABETITRACT

Fayronds: SrBi,T1.0:z (SBT) phosphors activated by S+ and co-activated by Ex'* have been synrhesized i the ourrent
BLSF sorucruze ressarch using a smaightforward solid-state reaction techmique X-ray Difffacton (XAD) confinms the sample’s
Decay Fmadics eryzeallinity. Seanming electron microzcopy (SEM), energy dispersive xray spectroccopy (EDX), and elementsl
TD? mapping have bean used to analyze the morphology and elemental compesigon of the syndhesized phosphor,

Fourier-transform infrared spectroscopy (FT-IF) analyeiz has confirmed the vibrationsl characteristies of the ==
prepared phosphor. Photoluminescence studies show inerease in liminescenrs intensity in case of 5o/ Bo ' co-
activated phozphors as compared with singly doped En** 2nd Sm™* Zedvated SBTO phosphiors. Colour mnabiliny
waz glo observed from reddish-orange o pure red region when S b antivated phosphors were co-actvated
with Eu** ions. These outcomes demonswats that SrBi,Ti 0y phosphore activated or co-acdveted with Sm*
and Eu** can be deploved in w-LEDs and other display devices applications.

Enbealha-Munk theary

1. Introduction

Thiere 15 an increasing need for high-gushty winte light with certain
colour temperatires and colour rendering qualitiez ag hghtimg technol-
oy develops [1,2] . Ressasrchers are striving to creats phosphors that
can acourately and fssthiully produces 3 variety of hoes. In oumerous
optoslectromic deviess, such as lasers, LED= and photoveltzics, phos-
phors are crueisl [2]. Energy sustamabihiey 22 2 whole 1= improved by the
energy ssvimgs brought about by better phosphor matenials: Resesrchers
today shave to improve how well can phosphor materials ransform
bzht Thas entsils enhencing phosphors’ guantum =fficiency, reducing
enerey lossss diring the conversion process, sand snhancing the spechisl
dizpersion of produced light among other things. When ultraviolet (L)
and wzible light =re uhlized sltermately, photochromizm ocenrs, which
35-a reverzible colour change Dhie to thewr many uses, including photo
switches, sensors, 3D homogrsphic memonies, and =mar windows,
photochrorme materssls have attracted a lot of attention. For thiz reason,
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scientsts are lookimg =t new phosphor materials that conld enhanes the
functonehty of these devices and open up new possibilitez. In
contemporary Gghbng technology, phosphor-besed 1EDs, somefimes
referred o gs phosphor-converied LEDe (po-LEDs), are: sszeniis]l By
empiovme & bloe or UV LED chap to sctivate = phosphor substance, these
LED: are made to create white hight. The phosphor emits hight m the
wizible spectrumy, usoally st bhae and yellow wavelengths that combine
to produce white hzht Nowsdavs, w-LED= sre crested by costing the
GaN blus LED chip with YAG: Ce¥ | vellow phosphors [4]. In any case,
the lack of red emizsion eauses these w-LED:s to exhabit certam drawe-
backs meluding high correlated colowr tempersture (CCT) and low
color-renderng ndex (CRI), which restrict their adaptability ina variety
of applications [5]. We can create an scorptable colour temperature and
CRI for residentis]l commerrial, and architecturs] hghting by combining
blue or UV LEDs with red-emithing phosphors. For highting and display
technology to provide a wids spectram of colours, red-emithmg phos-
phorz are ezsennal [5].
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To st the changng needs of many mmdustries, rescarchers are
attemphing to create new and superior rad-emitting phosphor materials
with mmproved efficency,; stablity, and colow pumey. Red-emutting
phosphors are used by the entertsinment and consumer electronics in-
disiries to create precize and vibrant colours ' colour TVs, moonibors,
and pregectors. Ressarch mic more efficient phosphor-based IEDs 3=
motivated by the demsnd for energy-efficient hghting and decrsassd
energy conmumphion Numerous wzes in lighting, displavs, optoelec-
tromcs, and other felds are fuelling the demand for red-emithng phos-
phor= [7.8].

The synthesiz and photolominescenes (PL) behaviowr of SrB1aTis0y=
{SBT)) phosphors co-doped with 8m° |/ Eu® ' fons have been described In
thiz eimrent work. SBT lathces are bismouth lavered structore ferroelec-
trics (BLSFz) with predictable (Biz0=1"' leyer intergrowth. Due to it
uragoe strocture, low phonon energy, lngh chemice! zstability, low cost,
non-toxe and envimonmental friendly behavioar, the Arvgvillins phase
(SBT) materizis have stirected 5 lot of attention of researchers [0, 10].
The=s bizmuths layered sorocturez slzo posssssez huigh Cune tempera-
ture, mood dielectric, ferroelectric and pirzoslectric properties, which
made them highly beneficizl i other applications fike piczoelechic,
prroeleciric and non-volatls rendom accezs memory =te. [11,12]. On
the other hand, due 1o thewr potential vhlity @ zobd-state lesers, dis-
plays, and other techmolozies, rare earth (RE) ions have been extensively

&
£
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exploited =5 hmminescence centres throughout the past few decsdes
Yugian Wi et al | published their work on SrBL, Ty Er° | emitting
phosphor for ant-connterfeting applicaton [13]. Yuying Zheng et al
have studied the photoluminescence, electrical properties and electron
bend structure of (Ho, ¥b)~' co-doped SrBi,Tii0y smoltfunctonal ce-
rammcs [11]. Tong Wei et sl have pubhshed arbicles on high perfor-
mance femperature sensing apd optical heating of T and ¥HY
co-doped SrBi Tiy0h: up-conversion huminesesnce nenoparticles and
optical mult-AmcHonalities of B! and Y0*' senmitized srontriom biz-
muth fitenate nsnoparicles [10,14]. Az perour knowledze, no work has
beenreporied on Sm° ' /Ex®' S8BT phosphors for w-LED applications. In
thiz work, see have used zamerium [Sm° ') end europium (Ev® V) RE ions=
a5 zenstizers/ activators to stody the prospeet of Dhuning orsnge-red
emuzeion o deep red m the gz prepeved SBT letbee for nzsge az rad
ermiting component In w-LED: and other ighting applications.

2, Expenimental and charscterization section

In this study, a sobid-state rescoon procedurs under high tempera-
ture was nzed to generate a series of SBT- x8m” | {x =005, 1.0, 1.5, and
20 moli) and SR x8m” BT | (x=1.0mol% ¥y =10, 20,30, 4.0,
and 5.0 mol%) doped phosphors vmder sir - atmosphere. First the raw
materials SriC0= (98 %4 [Thermo Fisher), Ti0z (98 581 (Thermo Fizher),

Stoichiometric amounts
of precursors

acetone
medium |

Grinding of mixture

Final product

SrBi,Ti,0,

mixture

Sintering

RE?:

Fig. 1. Flow chart of varous soeps involved in the syntheniz process of SBT phosphor.
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Bi-0 {99 %) [Loba Chemie]), 5my05 (99 %) (Loba Chemme), and Eua0:
(00 %) wers weighed aceording fo the stoichiomstric proporbon, placed
mn an agate mortar, and thoroughly ground for 60 min unol a hbomoge-
meous mixhore was obiained, The mix was then put into sn shomine
croctble amid hested to 2 high temperatore (200 “C) m a programmsble
furnsce. Onee the fonace neturally cooled to room temperahare the
samples wers ground agam. Addibonal charsctenzatioms were per-
formed using the obtamed pheosphor powder. Fiz 1 depicts all synthess
steps 0 deksil

The X-ray diffrection (MR} patterne of the synthesized phosphors
were capiared nsing a Bruker D8 Advanced Powder X-ray diffractometer
and s Cu-K radistion source (A= 1.54;1_ 40kV, 40mA) n the 20 range of
20-80" U=zmng-a JEOL 7610F Plus microscope, the morphological,
elementsl and EDX analvees of the msatensls were performed: The
Perkm Elmer Spectum 2 was used to examme the phosphor’s vibra-
tiona! modez =nd funchona!l groups. At room tempersture, diffuse
reflectance spectra of synthesized samples were captured nzime & TV-Vis
spectrophotometer {Jasco V-770: Spectrophotometer). Usng & xenon
lamp az the excitation sowree, the samples’ excitabion and emmszion
mpectra were recorded using & Jesco FP-5300 Spectroflucrameter. PL
dmcay curves were recorded on s Hameg Instruments HA 1507 digitsl
cenlloscope numming &t 150 MHz. Usng an occan epbes system, the
temperatie-dependent  photohominsscence (TDPL) smmizsion speciza
were measured . Al PLmessurements, exespt for TDPL, were recorded at
Toom temperatne

200
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3. Resulic and discuszion
3.1. XAD analyssz

The mitsal evslostion of the pority of the as-prepared zample -
volves phase confirmation nsing XRD. Fiz. 2 displays the XRD patterns of
the pure, undoped SrBiyTiy0: - bass meterial All the diffraction peaks
observed in the sample match the standard dats for SrBigTiyO < {ICDD
no. 43-0073). There are no indicstions of the presence of sny other
phazes; uggeciing that the obtsined zamples sre composz=d of 2 single
phase. SrBidTi¢0h s possesses an orthorhombic crystal strocoore with s
zpace group denoted 2= A2]1am (35). 1t has sperific lattice parameters: a
— 542804 h— 54380 A ¢ — 20,9400 A and angles @ [, and y are all
o0

Fig. 3 depicts the struchirs] configuration of SrBiy Tiy0y = showeasing
the posifioning of Sr°', Bi?!, and Ti*' Stoms within their respectsve
coordinaition snvironments. SrB1,Ti.0y - 1= classified 85 an Asrivillisne-
tvpe marenisl characzerized by & pecudo-perovshite structure. Thos
clazmification was firet establiched by Anrpalline m 1949, Annwlhmne-
type cxdes follow & general formuls [BL0:]{A B0 ] (=1, 2,
3, 4, where [Biz0-7°' larers intertwine with perowskit=lke [A..
iB0x 1 ° layers [15]. ABLTigDy= (A = Ba, 5r, and P} belongto the n
= 4 zerpes within the Awunvilhue family. In the crysisl sboucture of
ErBiyTiy0h -, Htenivm ccoupies the 30, ponition m the perovslzts layer
[16]. The coordinabion of stoms 1= -as follows: Sris coordinstsad with 8
oxyeen gtoms, Bi(l} and Bi(2) with 6 oxyeen atoms, winle B3] 1= co-
ordinated with 3 oxvygen atoms. Hence, based on the jomic radu and
valeney of the doped rare earih ton, 1t 1= snficipeied that rere earth 106z
will substibufe Sriand Bi sites mn the eryetal shruchurs. A= we lnosr, thess

150 4
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Flg. . XRD pattern of the 5rBi 110, and the reference data of ICDD no. 430873
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SrOg

lanthanides, exhibit wnigue electromie and magnetic properties that
miake themn dtiractive for vanous technological apphestons. Subshbut-
g the RE jongin the crystal latties of a phosphor can l=ad to changss m
the emmzsion wavelengths end color of the eputted light This property s
particularly important in spplicstions ke hght-erutting diodes (LEDs}
and dizplay technologes.

3.2 SEM and EDX muwlyes

Sm®' doped SBT phosphor and 5m® ' /Ev® ! co-doped SBT phosphor's
respectve morphologies sve shown m SEM mocrozraphs presented m Fig
4(z & bl Small nanoparbeles with vanabls onentshion thet resembls
plates were obeerved [10]. It 1z thought that the mivmsic smezotropy of
the bizmoth lsyered perovslote strociure 15 what thet cavsed the
plate-like graim development [14]. The renge of prepared phosphors
particle stzes 15 150-200 nm.

Bi(1)0s Bi(2)0s Bi(3)Os

Fig. 3. Crystal souecture of SrBiyTiy0, o, emphasizing the coordination environment of S, Bi, Ti and O atoms.
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The EDX spectrom znd clements]l mapping of SBET-1mold 8m°',
1mol% Eu® ' phosphor have been displayed in Fig. 5 inorder to examine
itz compositon and element distnbution [17]. According o the sgmple’s
EDX spectrum, Bt ', 8m ', 6° LT, and B clements make up the
zample These are the precursor substances that were nsed to create this
phosphor. These elements are distmbuted equally sccordmg to the Te-
sults of the slemental mapping, which firther dermonstrates the sgmple’s
scrorats synthess.

3.3. FT-IR analysiz

The FT-IR spectnmm at room temperatone has been shown m Fiz. Gin
the renge of 400-4000 cm 1. At 557 =nd 853 cm %, two strong ab-
sorption peaks were seen wherein, the fosmer peak conld be attmbuted
to Ti-0 bond stretehing =nd the lather waz attniboted to Bi<0 bond
stretching vibration [18]. The crestion of 3 layered-peroveiite structure

Fig. 4. SEM imzgez of S doped SBT phoepher and 5m° ' /BEx™' co-doped SBT phosphors
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Flg. 5. EDY imags:s and elemental mapping results of SBT: xEm* '].-'Ea: x =1 mol¥, ¥ = 1mol¥e) phosphor.

was also mdiceted by these two disoncove peaks. The symmetnc and
asymmetric siretching modes of the C—0 bond are represented by the
ghzorption peaks of 002 at 1050 =nd 1490 cm %, respectively [3].
There are two hitfle humps at 2858 =nd 2931 em ., which mdicates
bvdrogen bonding [2]. The fundsmental O—H siretching vibrations are
reprezented by the sheorption band st 3786 cm ¥

3.4 Dnffuse reflectrmre spectroscopy

The DRS spectra of SBT: *5m™! {x = 1.0 mol¥) and SBT: 3;5:'113'_
vEu® ' {r=1.0mol%, 3 = 1.0, 2.0, 3.0, 4.0, and 5.0 mol¥] phosphors are
chown in Fig. 7- The charge transfer band transition betwesn Sm™ ' 07
and En”'40° iz represented by the absorption band st 230 nm [12].

The Kubelks-Munk theary was applied to caleulate the band gap E;
using the following equations [20,21]

FIR]™ = Al —E) 1)
(1—EF
FIR)| = 28 12;

Here, B iz the corfficient of reflection s=nd F{R) represents the Hubelka-
Mumk funchon. Planel's constant 15 gaven by b, v stands for freqoeney
and ¢ for speed of hght A and n are constants, The samplss charae:
teriztics will determmine the value of i For the direct allowed transibons,
direct forbidden trancitions, indirect sllowed transitions. and mmdirect
forbidden tranmbtions, n 13 given by 1.2, 173, 2, or 3 repeectiely. An
evaluation of the E; bend: gap esn be made by plothing [E(RIhv]™ we
photon energy hiv, The E; band gap for the 5BT: 1 mol3t Sm® ' is4.50 eV

i

and SBT: x5m° ' /¥Eu" | co-schvated phosphors = in the renge of
470478 £V, as lustrated m Fig 7 (bdd). Thi= bend gap vahee iz
comparable to the previously reported band gap valnes of Sm=' /Ed !
co-doped host latiices. Mukesh E. Sshuy et 2l reported their work on
svnthesis and enhancement of photoluminescen: properfies in sphenical
shaped Sm | /Bu®' co-doped NaCzPD, phozphor particles for w-LEDs
znd the band gzps for NMaCePOy- x5m ' (x = 1.0 molts) and NataPOg
x5m® ' vEn ' (x=¥ = 1.0 mol) phosphors were estimated to be ahout
4,489 and 4.472 eV, rezpecovely [22]. Dongcheng Jhiang et al reported
the phiotoluminescence properties end energy transfer in the Sm° | and
Ex® ' co-doped Ca.BiPO,)s red phosphor and bandgep ealenlsted for
CEF: 0.085m> "', D.0SE® is 4.04 ¢V [23]. These band gap values are
favourable for the w-LED fzbrnication.

3.5 Photwohminewencs (PL) mvestization of single Sm° | ond co-doped
s ! /B fo-doped phoephors

Fig. 8{z) shows the PL excitation spectrim of SBT: xSm?' [x =
0.5mol%6} phosphor. The PL excitation specira of this ssmple zre ob-
tained by monitorng A= 600 nm. Severs]l sharp peaks betwesn 350
and 500 mm can be sren n the spectrum. The peaks at 363, 380, 409,
433 440, 455 =nd 481 correspond fo transitions from ¥H: £ te Dy,
Dy 2. P, Whoo, “Goo *lizoand *Ii; - respectively. The emission
..-.::u:l::ra of SBT- ISrn3 "{axr=10.5, 1.0, 1.5 and 2 0mol%) phosphors imder
408 mm sxcitation wavelength have been shown 1 Fig. 8(b). Four bands
st 564, 600, 646 and 708 corresponding to tansitions ‘Gso— “Haim
=Gs = EH‘ T AGE-I_" EHF =, and 4’-_73 o Ele z respectvely can be
obz=rved [24]. PL smizsion intensity sseme to mereaze till 1.0 ol of
5m”' ionm concentrstion but decreases bevond that Thiz cen be
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Fig. 6. FIIR zpecta of un-doped 58T phosphor.
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Flg. 8. PL excitarion spectum (3) of SBT:- x5m* ' (x = 0.5maol%:) phosphor and emizzion specora (b} of SBT: x8m " (x = 0.5, 1.0, 1.5 znd 2 Gmol%:) phosphors

sttributed to the phenomenon of concentration gquenching wherein the
acfivabor 1ons tndergo non-radiative loszes'dus fo excessive ions m each
other s vicimby.

Fig. @ illusirates the excitation and emission spectra of SBT: vEu° | (¥
— | mol®] phiosphor. The excitshon spectriim recorded 2t A — 615
nmy, comprises peaks ab 353 396 =nd 465 nm correspondmg to the
transitioms from excited state TFy to the *Dy, “Le and Do erission states
of En’' respectively. The emissicn spectzz were recorded in the wave-
Iength range 560-750 nm on pumping the phosphor at threes differemt
exertation wavelsngths 3 — 353, 306 and 465 nm. Peal= at 503, 615,
652 .and 703 nm owning to transitions "Dy—"Fy, “Dp—"Fs, "Dy~ Fa and
*Dg—"Fi respectively were observed [25]. Cut of these peaks, the one at
615 nm was the most infense znd the highest evmssion nbensity was
obssrived at A= 353 nm wavelength.

Fig 10 (2, b & e} dlustrates the comperizon of emizzion spectrs of
zsingly Ei®' doped SBT: vEu™! (¥ = 1.0 mols) and co-doped EBT:
x5m° yEn’ ' [x=1.0molit, 1.0 mols4} phosphors under three Sifferent
excitations, An— 333, 356 and 465 nm respectvely. Higher lumines-
cence intensity for S5m° | Eo®' co-activated phosphors can be seen ==
comparad to fingle Eu®' fon setivated phosphors: This shows that =n-
crgy tranzfer taker place from Sm° | to Exn® | ions due to which emizsion
mtensity inereases mulitple tmes. Co-doping with an acivebor 1om in-
creazes the zbsarpbtion cross-section and subsequently enhences luams-
nescence effimeney. Sinee there 1= a very smsll ensrgy diffsrence
betwesn the energy level *Gz - of the 5m® ' ion end the Dy level of the
Eo-! ion, 5o ' act as en officient sensitizer and transfers Itz enersy to
Eu ' ions which in results in enhanced luminescence. Energy transfer
between San° ! and En” | foms can fune the lominescent colour of the

SBT: yEu*'( y= 1mol%)

Excitation spectra
i, = 615nm

Intensity (arb. units)

2]

= Emission spectra

_ —— 3, 353m
Sy * n & i = 3%nm
= “ — A= 465nm

5D“'—-'T F‘

320 360 400

440 480 560 600 640

680 720 760

Wavelength (nm)
Flo. 9. Excitzgon znd emiszion specoa of SBT: :.'E:f' (¥ = 1 mol¥:} phosphor.
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Fig. 10. iz b & c). Comparizon of emizsion specmz of SET: vEur°' (¥ = L0 molit) and co-doped SBT: xSm° '/ ¥Ex™ (x = 1.0 maoldt, 1.0 mol%s) phozphorz.

phosphor. This 13 ezpecially importsnt n LED apphieations where
different light sources or applicsbons require specific colows. The
combination of 5m° | and En® ' ions helps achicve better color rendering
mdex (CRI) m LED highting. The kigh color rendening index makes the
tllurmineted object look natural and wibrant The electron exchange
process between S | and En®' fons can achisve srergy conversion,
enabhng the LED to-erit increasingly brighter heht

Emizzion specira of SET: x5m° /vEW | (x=1mol3, ¥ =1,2, 3. 4and
Smol3) have been shown 1 Fig 1102, b, ¢ & d). The zpectrs were
recorded 5t four different exertstion wavelensths 353, 306, 400 and 465
nma respectively. The specira comprise of several peaks at positions 593,
615, 632 end 703 nm owing to transitions “Dp— Fi, "Fz.. Fs and "Fy
respectively. It can be cleatly seen that increasing Eo° | concentration
results in incresse in emission mtensity 0pto 2 mols of Bu® | ions. After
that, smizsion imensiny decreasss graduslly. That mesns 1.0 mol% of
Sm”' ion concentration in singly 5m° | activeted phosphors and 2 mol3s
of Bv®' lon concentration in co-activated phosphors is the opbmum
concentration of RE tons for this parbenlsy host lathes. Fig 12 showsthe
enerey level dizgram showing various transitions sxhibited by Sm® ' and
Ex®! ions [26-23].

Dexter’s theory was applied slong with Retsfeld’s spprocomston, to
check the type of nmiltpolar mteraction by using the ziven equation -
.J.:*."‘.u o
I
whers Iy =2nd I, are the luminescenios imtensities of the SET- 8m® '/
Ex” 'co-doped phosphor with the absence znd presence of B’ ! jons
respectively. C iz the sum of the concentration of Sm™ ' and Ex” ' n =6,
B, 10 represent dipole—dipole {d — d). dipole —quadrupole (d — g, and

i

guadrupele —quadripole {g — g) mterschops, respechvely. Fig 13
showws the nesr regrezsion betwesn Iop/ o versns T2 The best linear
fit waz oberrved forn — 8, means the type of mterachion mvolved here 12
dipole-guadrupole iInterachion.

3.6, Quenten yisld

To assass the quantitative emizsion performance of the phoephor the
quannomm vield (QY) messurement was done using Honba QuantaPha-2
mtegrating sphere. The scattered 396 nm excitation specira {Rayleigh
Specira) were recorded for both the blank cup (), 2nd the optirmzed
zample (SBT: 25m ' /vEr" ', x = 1.0mall6. ¥ = 2 mols) (R:). Int=grs-
tion of Imstrument comrected Rayvloigh misnsibies was performed from
386 nmm to 406 nm a= shown 1o Fig. 14a)

Thereafter, the fluorescence ermsmon for blank and zample were
measured snd mntegrabon of the smassion signals & (blank) and E
{zampls) was performed from 350 nm to 750 nm a2 shovwm m Fig. 14003

The quantum Yield (@) 15 estimated wsing the followmsz relamon:

& —E|
O

Sinece the integration time constsnt used to collect the B, snd E; was
& time longer than for By, and B, durmg the measurement =0 the differ-
enee B -Ee 1o dinded by 8in the squations:

The QY of the optimsl sample SBET-1 mol¥ Sm” ', 2 mole Ev®' is
calculated 2= 55.9 which iz relatively hisher than the previows literature
values reported ‘for Sro¥{BOLL0.075m"!, 0015E:’' (387 %) [29].
Srg¥o W0 0.025m” ' /0L05mel  Ex! (512 % [30].
Neleg s MeW0s:0.055m" "0.380 ' (45 %) [31] phosphors. Thiz high

(@) = 10096 =
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Flg. 11. (3, b, ¢ & d). En* "' concentration dependent smiczion spectra of SBT: xSm® ! /vEu™? (x = Imolde, ¥ =1, 2 3, 4 and Smaol%).
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Flg. 14. Dotsrmination of quantum vield for 58T x5m™ '/ ¥Eu ' (x = 1.0mol%, ¥ = 2 mol¥s) phosphor

Y result allows vz to consider the use of the above phosphor m the
applicetion of photonic deviess.

3.7 ‘PL decay curves

Fig 135 shows the SBT: x5m°' /Ex”' co-doped phosphors’ nos-
malized PL decay curves at 400 nm excitshon wavelength A double-
erprmentizl foncton usmg the following formmula was uzed fo ft the
decay curves [32]:

—t —E 5
I=I,+48 ﬂ]:l.(r- ) +B- aq:r(r) (3}
H 3

Where I, and I represent the mtenstiies st time O =nd after t seeomds,
rezpectively; By and B are the Gtfing constants and T; snd T, respee-
tively stend for the fasi and slow decsy time components. The sverage
phosphor hifespan 15 caloulated using the relation shown below [23]:
Ay +A e
TAn LA
The calenlated hfetime values of the co-doped phosphors are hztedin
Table 1. The lifetimes values decrease with increasing Eo” | conesntrs-
tion thereby mplyving an effective enersy transfer from Sm? ' o B
tor= [34].

(4}

Ty,

10



P Rohillz eeal

Jourmal af Molsenler Srnkere 1513 (204} 158521

SHT: x5m™vEu®

»
L Bi- exponential Gt

k19 hex = 404 nm

0 i an 38

x=1 mol% S+

v= | moi% Eu?*

Aaq

=1 mol% Sm3t

& v=2 mol% Eutt
—Bi- v ponential fit

LINE

Lpx = 409 nm
TRITE M

(i -
.o Lo

» ¥=3 mol% Exdt
— Bi- eaponential fir
fpx = 40% nm

= 1 mol%s .':‘rm“"‘

Normalized log intensity (arb. units)

iLool . . . .

a.n 05 1.0 1.5 0 15 3.0
L0011

=1 mol% Smt
1F—4 4 « ¥v=5 mal% Eu?™"
— i exponential fit
o] hex =400 nm

1FE-54
TE-f . - .

0.0 0.5 L0 1.5 8 15 an

Time(ms)
Flg. 15. PL decay curves of SBT: xSm° ' /

Table 1
Lifetime decay values of SBT- x5m*!/ yEuo*' co-doped phosphors.

Lifetime vabues (me}

Samnple ID (x5 ' vEo” 'eeries]

x -~ EOmal®, v - 1 mal9e 565

x> Lmol v - I maoldé 77

x o LOmal%, v - F mal¥ 313

x - Limol v - 4 mualls B .rg

x - Llmal3t, v - O mal3 557
3.8 Colorrnetnic aralysiz

The optimal Sm®" doped and 5m™ ' /BEx®' co-doped SBT phosphors’
chromabicity disgrams from the Commussion Internstionsle de
I'éclairage {CIE) are chown in Fig 16 The emission spectra of Soo !
doped phosphors that wes recorded at excitetion wavelength 400 nm
and 5m® ' /Eu®' co-doped phosphors that were recorded at excitstion
wavelengths 353, 396, and 409 mm, respectively, were nzed to caleulsre
CIE pointz. The CIE coordinates of optimized Sm” 'ion doped phosphar
fall m orange-reddish reson. From Fiz, 16, we can find that CIE co-
ordinates for Sm°'/Eo®' ion co-doped SBT phosphors shifted from
orange-reddizh to deep red region. Thus! the CIE co-ordmates zhow a
color tunshility in Sm° ' /Ev®! co-activated phosphors &= compared to
sinzly doped Sm®' zctiveted SBT phosphors. Color tunshility allows
uszers to adjest the hghbng environrment to ther prefereness 2nd speeific
needs. Thiz change 13 beneficiz]l m creating different climates @ res-
denmal, commermal and mdustnisl areas. Adjstable [ED ightng can be
uzed to smulate natoral day changes, support circadien rhythme and
promote better sleep. In medics] facilibes, ishbing can be adjnsted ac-
cording to the comfort and health of the petent [35]. Thiz capsbality
OpeTiE up new poszibihties in varous fislds, enabling the custorm=stion
of lighting and display technologies to mest specific reguirements and
enhanes vimusl experiences.

Correlated colour temperatore (CCT) iz an addifions]l mmportznt

w= 1 mol% Sm™*

o v=d4 mol% Eadt
= exponential fit

LNE

Aex =409 nm
(LRI

1.5 20

Time(ms)

An

vET ¢ co-doped phiosphors ar 408 nim-excitarion wavelength.

parameter for illistrating the suitshbility and importance of REY ! doped
phozphor. The CCT reprezents the eolowr hue of a3 light source emtted
from a phesphor when it 1= excited by an energy source. With the nse of
the emnpiriest MeCamy squstion, the CCT vahaes was computed [36]:

CCT = —449n® + 3527° — 823 30 + 5520.33 (5}
Wher= (x. v) iz the CIE coordinste, (x;, ¥.) 12 the chromsticity epioentre
with coordinates (03358, 0.186), and (x. ¥p) 1= the chromaficity epa-
centre. and n — (xa)v-¥,) 1= the inverse slope line. Tabls 2 contsin=a
list of the eslenlated OCT values and CIE coordinates

3.9 Temporaturs dependeny PL {(TDPL)

Temperstirs dependent PL sz an sszenhsl characterization techmgae
to gssess the thermal stabihty of the as prepared phosphor especially 2f
such materisls are being targeted for usage in w-LED: and other Lighting
spphicabons where opersfing temperabhmes are very high Here, the
temperatire-demendent emizsion spectra of a x8m° | FEn” | (x = 1.0mol
%, ¥ = 2 mol3%) co-doped SBT phosphor were recorded 1 the temper-
store range of 208 to 423 K st intervals of 25 Kunder 400 nm sxeitzHon
(Fig. 17z). The spectra chow that the thermal quenching affect causes
the ermizmon Iniensity to steadily decresse as bemperanore msss. The
mtensity mesnred &t 298 K decreased by 72 pereent at 398 K showing
that the symthesiz=d co-doped phosphors had some thermzl skabdity and
maght be vzed to create sffectve highting and display systems. Adds-
tionally, the Arrhemims relstion can be vsed to compute the actvetion
energy (AE), which = a cromsl quantty to determune the thermeal sts-
ality of the phesphors {

I

0

1 +C-'Ex_zr.(f§)

T

e gk

(Y

Here, C 1= & constant and K iz the Bolizmann’s constant, I 1z the PL
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Fig. 16. CIE co-ordinates of optimal Sm? ' doped and Sm* f/Eo®

Table 2

Variation= of CIE Coordinates and CCT valoes for optimized =im
X g S

doped and oo doped Sm™ ' yEn” ' SBT pheosphor

x 1 408 mm 1765
x 2 353 om AICE
x - 1Omold ¥ 2 396 rom 2
x - LOmole v 2 405 nm 3

the mien=mty

Bt wariois t'BEi.TIg temperatares.

The slope of grapn La[(Ip3:) —1] vs. 1/HeT shown mn Fig 17(b}can be
uzed to determine the walue of AE. As 5 result. AE caleulated valoe i

0.385 =V which 15 relstively ]."._i_=,l1:r :1"5:. the previously reporied vahies
for BasMoTiOxxSm™ ' mal3t, ¥ = 4 mole6) (AE=0.305)
Srg¥oWalhe x5m” 1 rnu:u"" ¥ = 5 mol3t] (AE=0_306)

Em (AE-—-0.235) [32]. Higher
Ly c-:-t'r-_-pn..d_, to = slower reaction rate. Sub-

[ A
[30] _113;;..\:\0. 0,01

13 | o

activaion energy
with highsr acivehon energy can withstand higher tempera-
omres without undsrgoing mignificant cheouicsl changes becauss the
thermsal energy available =t Tl"n:i:n: "L"“'-Q"""L‘n.‘l.‘.':: may not be sufficlent to
overcome the setivation enerey barmer.

a
Bonc

stanees

4. Conclaszion

In comchisnion, the current pe
Tmine=cent snslysiz of Soo

per presents morphologiesl snd photo-
"B ! po-doped SBT phosphors produced
using 2 typaeal solid-state reaction spproach. '-'rl.in:'- have besn done on
the struchars]l ophieal and thermal =t of as prepared phosphors.
phosphors have orthorhombic erystal strieturss which 1= confirmead
by Lh: ¥AD mveshgation FI-IR a.11.=_1_1.'_=:|.s gave Informaiion about the
wvibrauonal states and functonal zroups present m the lathice of the
phosphors. From the UV-Viz-NIR absorpho
that the bend g2p of ths phosphors chan

tabilify

it was seen
e marih

n mvestigahon,
ses after doping with ra

04

foleenler Brnckere 1513 (2004} 156521

Jorsmeal of M

0.5 0.6 0.8

co-deped 56T phosphors

ions possibly &s a result of the development of exira trap states mn the
conducbon end velance band
OTE E1T

=g adies
r doped Sm” | SBT phozphors were conducted at 400 (¢
nm cxcitation and 500 wave-
'-:-p-cr.it'cl v. PL excitation end emussion im'c.,!:=ar.n:rr.s on
! co-doped phosphors were slzo recorded at varnons exen
x\'axtitr.a_hs [he aSa 306, and 400 nm). Ensrgy transfer from Smc
st lattice

an._dm"EL

resion. PL emmzsion 2nd exeitabion

( Gzz— "Hrz) emizsion

tation
'to
was studisd by companng the emizsion
co-schy Et-:d pr.asuh:\._. Using tem-
the ther of the phesphors

WaS INves tl\,aL_'ﬂ in the temperatiure rangs :uf EGB-JE.:. K After Eo® ' co-
doping in 5m*' doped phesphors, & considerable shift m the CIE co-
ordinates from the raddizh-orsnge to the pure r=d region was zeen Az
rezalt, our rezearch sopports the idea that Sm° ' and Ea
phosphors, when used

e
-2

zpectrs of Sm®!
peratore dependent PL anat

co-doped SBT
m the nght proporbons, can trigger efficient
isfer phenomena and can be used as deep red emuting
component of w-LED=
technologies.

Energy

znd in thermaslly steble lighting and display
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