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ABSTRACT

KEYWORDS

Bridgman;

The absorption and luminescent properties of the samples with the compo-
sitions (2 mol %) Dy*": B-PbF, crystalsare featured in thiswork. The white-
light under theirradiation of 350 or 387 nm are comprised of the blue light
emission and the yellow light emission, originating from the transitions of
Fyp>H, g, *Fy,—°H, . inthe 4f° configuration of Dy**. Excitationand pho-
toluminescence spectra are explained in terms of Dy*" ions are substituted
mainly at Pb* siteswith high symmetry (O, or C, ). Thespectral characteris-
tics of this new phosphor make it a promising candidate for application on
potential laser transitions, optical devices and solid-state lighting for gen-

Dy®* doped;
Luminescent properties.

eral illumination purposes.

INTRODUCTION

The Dy?* (4f°) ionis capable of emitting severa
interesting wavel engthsbetweenitsf-f transitions, de-
pending uponitshaost, whichfind potentid applications
indiversefields. Fluorescence at 1.32 um originating
fromthe®F , —H, level of the Dy** ionisinteresting
for theapplication to thefiber amplifiersintheoptica
transmission system!¥. Further, theenergy levelsof Dy
ion arecapable of emitting mid-IR fluorescenceat 2.9,
4.4 and 5.5 um wavelengths, which are may due to the
6H13/2_)6H15/2’ 6H11/2_)6H13/2 and 6F11/2+ 6H9/2 - 6H11/2
transitions, respectively9, In addition, thevisiblelu-
minescenceof trivalent dysprosium Dy* mainly con-
sists of narrow lines in the blue (470-500 nm, “F,,

,~°®H,..) and yellow (*F,,~°H, ., 570-600 nm)
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wavelengthregion®. Theintenseydlow emissonshave
been observed in some crystal hosts, and can be uti-
lized asavisiblesolid-statelasert™ 9. At asuitableyel-
low to blueintensity ratio, Dy** will emit whitelight,
which are necessary for the development of whitelight
emission and arevery useful in high resol ution optical
display systemg014,

Among various host matrices, fluoride possessa
seriesof interesting propertiessuch aslow phonon en-
ergy, whichmakesthem particularly suitablefor IR tran-
gtions; longer fluorescencelifetimewithimproved en-
ergy storage; lower upconversion losses; reduced ther-
mal lensing; and extremely low beam depolarization
under strong pumping, being that thenatura birefrin-
genceislarger thanthat induced by thermal effects*?.
Todate, fluorideshave beeninvestigated ashost mate-
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riasfor thedysprosiumion to develop NIR laser and
visble-emitting medid*®4,

Inthiswork we present the luminescence charac-
terization of Dy*-doped PbF, crystal prepared by the
Bridgman method in anonvacuum atmosphere. This
study mainly includes growth, absorption, emission
measurements of Dy**-doped PbF, crystal, and some
preliminary resultson thewhite-light phosphorescence
from arereported.

EXPERIMENTAL SECTION

At low pressures, PbF, is found to exist in two
structural phases, namely orthorhombic (o) and cubic
(B). Although the cubic phase is the most stable in am-
bient conditions, the orthorhombic phaseisstable at
high pressure and low temperature®®. The Dy**-doped
B-PbF, crystasweregrowninour crystal researchlabo-
ratory using the conventional technique modified
Bridgman method under non-vacuum conditions. The
details procedureof crystal growth can befoundin our
previousworkl,

X-ray diffraction analysisof thegrown crystal was
performed with aRigaku D/max 2550V diffractometer,
using monochromeatic Cu Ka radiation with a working
voltage of 40 kV and current of 100 mA. Room tem-
perature absorption spectrumin therange of 300— 800
nmwas carried out with aresolution of 2nmusing a
JASCOV-570 UV/VIS spectrophotometer. Emission
and excitation spectrawere measured using afluores-
cence spectrophotometer (Hitachi 850) withaXelamp
asexcitation source, and thelifetimeswere measured
with aphosphorimeter attachment to themain system
with aXe-tiash lamp (25W power).

RESULTSAND DISCUSSION

Figure 1 presentsthe X-ray diffraction pattern of
the pure PbF, and PbF,: 2 mol% Dy crystals. As de-
tected by XRD, all diffraction peakscan bereadily in-
dexed to the pure cubic PbF, (JCPDS: 06-0251) with
space group of FM3m. No additiona peaks of other
phaseshavebeenfound, indicating that theexistence of
Dy* did not significantly influencethephaseand crys-
talization of the products. The Dy** ionsusually oc-
cupy acation substitutiona position, but charge com-

pensation isrequired to maintain thedectrical neutral-
ity of thesystem. Theextrapositive chargeiscompen-
sated by aninterdtitia fluorineion (F). Several cases
arepossible, accordingto the position of theintertitia
F- Frdt, theinterdtitial F"issituated in another unit cell
thantheonecontainingthe Dy ion, preserving thecubic
local symmetry (O,) of the Dy ion. Second, theinter-
dtitid fluorideisstuated inthesameunit cell asthe Dy
ion, inducing adistortion from the cubic symmetry.
Hence, the Dy ion symmetry centersare either tetrago-
nd (C,) if theintergtitia - issituated inthe[100] di-
rection, or trigonal (C, ) if itissituatedinthe[111] di-
rectionll,

Optical absorption spectraof Dy** (inthewave-
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Figurel: X-ray diffraction pattern of thegrown crystal

length region 350-2000 nm) ions doped PbF, crystal
areshownin Figure 2. The characteristic absorption
bands of Dy*" ions were centered at around 1697,
1275, 1094, 905, 805, 754, 475, 453, 425, 387, 364
and 350 nm. Theterminal levelsof the corresponding
trangtionsfromthe®H, ., ground state were assigned
asshownintheFigure2.

Theexcitation spectrumin Fgure 3isthe scanning
excited wavel ength from 300 to 500 nmwhen the de-
tection wavedengthwas set at 574 nm, for Dy**-doped
PbF, crystal. The excitation maximafor the 574 nm
emissionislocated at 350 nm correspondingto thetran-
stionfromthegroundlevel °H,, tothehypersensitive
leve P, , fromwhereit relaxes non-radiatively to the

712’

“F,,, Metastablelevel. Four secondary excitation peaks

at 325, 364, 387 and 455 nm were assigned and cor-
respond to thetransitionsfrom theground level (°H,,
2_) 6P3/2)’ (6H15/2_) 6P5/2)’ (6H15/2_) 4' 13/2) and (6H 15/

,~%..,), respectively. Thegenera observed pesksdis-
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Figure2: Room-temper atur eabsor ption spectrum of the Dy**-
doped PbF, crystal

tribution agreeswith thereported structure distribution
spectrain Refl2%, Those broad bandsindicate that
the Dy®* ions are substituted mainly at Pb?* siteswith
low symmfetry (C,,andC, ), arising fromthe charge
compensation processes.
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Figure3: Room-temper atur eexcitation spectrum of the Dy*-

doped PbF, crystal
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Figure4: Room-temper atur efluor escence spectrum of the
Dy*-doped PbF, crystal inthevisibleregion.
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Figure5: Energy level diagram for Dy*in PbF,crystal

The photoluminescence spectra of Dy**-doped
PbF, sample under excitation at 350 and 387 nm are
shownin Figure4. The PL spectrashow thetwomain
groupsof linesinthe blueregion (460-500 nm) and
ydlow region (550-610 nm) and also some weak lines
observed in red region. These blue, yellow, and red
emissonsareassigned to theelectronictrangtions (*F,
—>°H 15/2) d (4F9/2_) *H 13/2) and (4F9/2_) °H 1112) » Iespec-
tively. All transition of Dy** ionsin PbF, aredescribed
in the energy diagram from Figure 5. The blue (‘F,,

®H, . ,) emission corresponding to the magnetic di-
pol etransition and theyellow (*F,,—°H,.,) emission
bel ongsto hypersensitive (forced e ectric dipole) tran-
stionwiththesdectionrule, withAJ = 2. Thecrysta
field splitting components of Dy** can be observed and
iswell corrdated with the Kramer’s doublets (2J + 1)/

—— Pl by Science
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Figure6: Decay curvesof ‘F,, level of theDy* in PbF, crys-
tal at room-temperature
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Figure7: CIE diagram represented with our obtained chro-
maticity coor dinates

2, whereJisthetotal angular momentum of the elec-
trong? 22, |tindicatesthat Dy*" ionsarewell substi-
tuted into Pb* sites. In Dy**-doped PbF, sample, the
integrated intensity of blueemissonisgrester than that
of theyellow emission, thiscan be explained according
tothefollowingreason: Itiswell knownthat theydlow
(*F,,°H,,,) emission belongs to hypersensitive
(forced dectricdipole) trangtionwiththesdectionrule,
with, whichisstrongly influenced by the outside sur-
rounding environment. Theblue (*F,,—~°H_, ) emis-
sion corresponding to the magnetic dipoletransition

hardly varieswiththecrystal field symmetry around the

TABLE 1: Chromaticity coordinatesand cor regponding color
temperatur eswith different excitation wavelength

itati P Color
Sample Excitation Chromatlcny temper ature
(nm) coordinates
Dy:PbF, 350 (0.357,0.356) 4574
387 (0.322,0.346) 5969
CIE white
light point (0.33,0.33)
Pro Photo (0.3457,
/Color Match 0.3585)
PAL/SECAM
/HDTV (0.3127, 0.329)
(0.3101,
NTSC 0.3162)

Dy?*ion. When Dy** islocated at alow symmetry lo-
ca site(without inverson symmetry), theydlow emis-
sionisoften dominant in the emission spectrum and
when Dy?* isat ahigh symmetry loca site (withinver-
sion symmetry center), and the blueemissionisstron-
ger than the yellow emission and isdominant in the
emission spectrum?, Thelatter case occursfor Dy3*
doped PoF, crystdl, the Dy** ionsaresubstituted mainly
at Pb* siteswith high symmetry (O, or C, ). Thede-
cay of “F,, level of Dy* ionsin PbF, crystal hasbeen
recorded under excitationat 350 nm (°H, . ,—>°P, ), as
showninFigure6. Themeasured lifetimesof *F,, ex-
cited statedetermined by taking thefirst e-foldingtimes
of thedecay curvesof Dy**ionin PbF, crystal is 1.7
ms,

TheCommission Internationd del’Eclairage (CIE)
chromaticity coordinatesfor Dy**: PbF, were calcu-
lated and lisedin TABLE 1 dongwiththeir color tem-
peratures. Some other color systems chromaticity co-
ordinates are presented in table for comparison pur-
pose. The CIE chromaticity coordinates are al so rep-
resented in Figure 7. We have observed that the Dy?*:
PbF, exhibits excellent CIE coordinates of (0.357,
0.356) and (0.322, 0.346) for 2 mol% under excita-
tion at 350 and 387 nm respectively, which arequite
closeto that of the CIE whitelight point (0.33, 0.33)
for the National Television Standard Committee
(NTSC) system. Fromthetableitisclear that the Dy?":
PbF, can givecool whitelight by adjusting the excita-
tion source appropriately. This makesit possible to
makeaUV-white LED capable of emitting cool white
desiredfor outdoor illumination applications. Also, these
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phosphorsare useful for optical display systems, be-
causethe chromaticity coordinates of Dy**: PoF, ap-
proachesthe National Television System Committee
(NTSC). Theaboveobservationshint at thepromising
gpplication of Dy**: PoF, to producewhite-light for UV-
LED aswell asopticd display systems.

CONCLUSION

Inthiswork, wereport someprdiminary resultson
the photol uminescence from Dy**-doped B-PbF, crys-
td. Thestructurd andtheluminescent propertiesof Dy**:
PbF, crystal havs been studied by the measurement of
their XRD, absorption, PLE, PL, spectraalong with
their lifetimes. The emission spectrashow two strong
bandsinblue (*F,,~°H,,,) andyellow (‘F,,—>°H . )
regions. Based on the emi ssion spectral intengities, we
could cal cul ate the chromaticity coordinates of Dy3*:
PbF, phosphorsto demonstrate the col or stability of
the phosphorsand which gpproachesthe CIE ided white
light condition. Thespectra characteristicsof thisnew
phosphor makeit apromising candidatefor application
onoptica devices, visiblelaser and solid-statelighting
for generd illumination purposes. Investigationsof the
variation concentration of Dy ionsand others(for laser
applications) may betaken | ater.
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