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Abstract

Tb3*/Dy%* and E&*/Sn?* doped rare-earth borate glasses have been synthesized and characterized. Under UV excitgtii D§me*
and Ed* emit intense yellowish white, green, reddish orange and red lights, respectivel\?'lD¥t co-doped glasses, the enhancement
of Tb®* green emission is observed, and the sensitization is related to the efficient energy transfer¥réodl3/. In EL¥*/Sne* co-doped
glasses, the excitation wavelength range of*Eemission is broadened owing to the energy transfer from*SonEw*. This broadening
makes the Af 488 nm wavelength laser a powerful excitation source fot Huorescence. The rare-earth doped glasses with various visible
emissions are useful for developing new color light sources, fluorescent display devices, UV-sensor and tunable visible lasers.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction upconversion visible emissions in Er, Tm and Ho ions. On
the other hand, the high phonon energy in borate glass is not
Rare-earth doped glasses are useful materials for bulkdetrimental to Dy, Tb, Sm and Eu normal 4f transitions, and
lasers, optical fibers, waveguide lasers and optical amplifierssometimes it can accelerate the relaxation process, which is
[1-3]. Trivalent rare-earth ions Er and Tm doped phosphate, necessary and beneficial for visible emissions. In this work,
silicate, gemanite and tellurite glasses have been developedorate glass as a suitable hostfor Dy, Th, Sm and Eurare-earth
for infrared active optical devicgg—8]. Recently, research  ions is demonstrated. Efficient yellowish white, green, red-
focus on rare-earth doped glasses is not limited to infrared dish orange and red lights were measured and characterized.
optical devices, and there is a growing interest in visible op- In Th/Dy co-doped glass system, enhancement 8f Gbeen
tical deviced9-10]. With the increasing demand of various emission is observed, and the sensitization is due to the effi-
visible lasers and light sources, further investigations in other cient energy transfer from 3y to Tb3*. In Eu/Sm co-doped
rare-earth ions, such as Dy, Tb, Sm and Euions, are becomingglass system, the excitation wavelength range of Emis-
more importanf11-17] sion is broadened owing to the energy transfer front'Sim
Good glass host is very important for efficient lumines- Ew?*. These rare-earth doped borate glasses with various vis-
cence of rare-earth ions. Borate glass is a suitable optical ma-ible emissions will be useful in developing new light sources,
terial with high transparency, low melting point, high thermal display devices, UV-sensors and tunable visible lasers.
stability and good rare-earth ions solubiliy/7,18] How-
ever, interest in borate glass is small due to its high phonon
energy, and it is difficult to obtain high efficient infrared and 2. Experiments
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Fig. 2. Emission spectra of Phdoped (curve 1) and F5/Dy3* co-doped

Fig. 1. Emission spectrum under 358 nm UV excitation (curve 1) and exci- 7
(curve 2) LBLB glasses under 358 nm UV excitation.

tation spectrum for 580 nm emission in Bydoped LBLB glasses (curve

2).
sociated with the transitions from the ground |e¥dhs)» to
4G11/2, 4152 and*Fgyo levels, respectively, and other bands
, o3 3 112 11572 912 , resp Y,
8L|20.YBaO(15—x—y)La203-7082_03.ny i ~ yTb_*. are associated with the transitions from the ground level to
For the samples reported here=0.1 andy=0, x=0 other higher 4f excited levels, respectively. Efficient excita-

andy=1, andx=0.1 andy=1, respectively. The molar o of py3+ with UV radiation is confirmed here.
compositions of Si# and EG* doped LBLB glasses are The emission spectrum of LBLB:Pbunder 358 nm UV
8Lio0-7BaO(15—m— n)_La203;708203:n28n’P ’ nE_L?' ) excitation is shown as curve 1 Fig. 2 It consists of four
and herem=0.1 andn=0, m=0 andn=1, andm=0.1  gpission bands, locating at 492, 547, 590 and 626 nm and
andn=1, respectw_ely. All the chgmlcal powders_ were of belonging to th€D4 — "F3 (J=6, 5, 4, 3) transitions, respec-
99.5-99.999% purity. The well-mixed raw materials Were el The most intense emission peak is at 547 nm, and its
first heated for 30 min in an AD; crucible at 800C using  FywHM is only 13 nm. The peak intensity is >2 times higher
an electric furnace, and then at+a higher meltmg}empgraturethan other peaks, hence the fluorescence color is near pure
of 1150°C for 2h. LBL_B:Tbg and LBLB:Dy*", Tb reen. The emission spectrum of Byand TH* co-doped
glasses were prepared in a reducing atmosphere (CO gas)g) g glasses under 358 nm UV radiation is given as curve
because T4O7 was used as raw material for %0”5' The 5 Spectral comparison Fig. 2shows that co-doping with a
glasses were obtained by pouring the melt into a preheatedg a1 amount of D¥* ions enhances the $bgreen emission
brass mould. The samples were subsequently annealeq,ngs. |n the co-doped sample, the 547 nm emission peak is
at lower temperatures and then sliced and polished. The,so4 higher than that in the single doped one. This enhance-
excitation and fluorescence spectra of the samples wereyant is due to the small amount of co-dopanfhyand is
measured at room temperature using a Hitachi MPF-4 ot 46 to the DY* fluorescence overlap because there is no
spectrophotometer and a 75-W xenon lamp source. 547 nm emission for D¥ ion.

Fig. 3 gives the excitation spectra of $hgreen emis-

sion in TB* single doped (curve 1) and BY and TB*
3. Results and discussion

3.1. DY* and TB* doped LBLB glasses

Dy3* and TB"* single doped LBLB glasses emit bright yel-
lowish white and green lights, respectively. Curve Fig. 1
shows the emission spectrum of LBLB:Pyglass under
358 nm excitation. The yellowish white light is composed of
486 nm (blue) and 579 nm (yellow) emission bands. The two
bands correspond to th&g/> — ®Hys/2 and*Fgjo — SHizn
optical transitions, respectively, and the full width at half
maximum (FWHM) is 18 nm in both cases. The integrated RS . Pl
intensity ratio between the yellow and blue bands is 1.9:1. 0 300 %0 400 750 500
The excitation spectrum of the yellow emission is shown in
curve 2. In the spectral region from 280 to 500 nm, there are
eight excitation bands situating at 299, 328, 352, 364, 391, ig. 3. Excitation spectra for 547 nm emission irf Tkloped (curve 1) and
431,455 and 479 nm. The 431, 455 and 479 nm bands are astb3*/Dy3* co-doped (curve 2) LBLB glasses.
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Fig. 5. Energy level diagrams and visible emission transitions fot*Dy
Th3*, Sm?* and E#*. Energy transfer processes from $yo Tb** and
from Sn#* to EW?* are indicated.

Fig. 4. Emission spectra of PHDy3* co-doped LBLB glasses under
453 nm blue light excitation.

co-doped (curve 2) LBLB glasses. In the 300-500 nm spec- creased. The total increment of the population due to the co-
tral region, there are five excitation bands at 300, 318, 352, doping with Dy** leads to the sensitization of fluorescence
373 and 490 nm in TH single doped system. The 352, 373 in Th3"*.
and 490 nm bands are associated with the transitions from the
ground levef Fg to°Dy, °D3 and®Dy levels, respectively,and 32 Srd* and EG* doped LBLB glasses
other bands are owing to the transitions from the ground level
to other higher 4f excited levels, respectively. The 547nm  gp$+* and EG* single doped LBLB glasses emit reddish
emission intensity in co-doped glass is much higher than that grange and red lights, respectively. The emission spectra of
insingle doped glass under the UV light excitation. The com- g+ and E@§* in LBLB glasses under blue and UV light
parison of both emission and excitation spectra indicates thatexcitation are shown iffig. 6. The reddish orange light of
Dy?* ions sensitize the fluorescence ofTlefficiently. Sn?* (curve 1) is composed of 563, 600 and 646 nm emission
The energy transfer from By to Tb?* is the reason for bands, corresponding to tf&s/, — SH; (J=5/2, 7/2 and
efficient luminescence sensitization. To confirm this, 453 nm 9/2) transitions, respectively. The 600 nm emission band is
blue light was selected as an excitation source. Excitation the most intense and its FWHM is 17 nm. Curve 2 shows the
spectrum of TB* shows that LBLB:TB" glass does notemit  emissjon spectrum of Bt in LBLB glasses under 397 nm
light under this excitation condition. For LBLB:BY, Tb** excitation. It is composed of 577, 591, 615, 654 and 702 nm
glass, there is 578 nm yellow emission from™gand 547 nm emission bands. They belong to gy — 'F; (J=0, 1, 2,
green and weaker 626 nm red emissions frofiTas shown 3, 4) transitions, respectively, and the main emission is the
in Fig. 4 The appearance of $hemission bands indicates  15nm red band.
that a part of the absorption energy of jas been trans- The excitation spectra of 650 nm emission in%rand
ferred to TH". 597 nm emission in Eif in LBLB glasses are given iFig. 7.

Energy transfer process from Biyto Th** is describedin - The excitation spectrum of St (curve 1) is composed of
the energy level diagram, as showirig. 5[11,19,20]When

the 4f higher energy level of ¥ is excited with 358 nm
wavelength light, the initial population relaxes to lower en- sol
ergy levels until it arrives at th&F g/, level by phonon assis-

tance. With the emission of phonons, part of the energy in the

4Fgy2 level of Dy?* is transferred to theD, level of TB** by 3
resonance between the two energy levels. The energy transfer L
from Dy®* to Th®" is almost irreversible, because they, 2 ol
level in Dy3* is about 400 cm® higher than theD, level é
in Tb3*, and the probability in emitting phonons for By =

4 3+ 5 : : : 200 1
Fo2 — Tb®" °Dy4 process is much higher than that in captur-

ing phonons for TB" °D4 — Dy3* 4Fg/, process. The energy Y -
resonance transfer enhances the population f by lev- O 570 = 20
els. In addition, the energy gap between #ie and°D4
levels in TB* matches with the gap between tté;1/> and

6 : + ;
Hais2 Ieve|§ in DY**. Thus, CrOS_S're|axat|0n betwegn ?Dy Fig. 6. Emission spectra of Sthunder 410 nm excitation (curve 1) and of
and TB* exists and the population of ¥6°D4 levels is in- Ew* under 397 nm excitation (curve 2).
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Sn?t to EWY is efficient. The existence of energy transfer
expands the selectable pump source wavelength range for
Ew* fluorescence. Hence, the 488 nm wavelength from ar-
gon laser is a powerful excitation source foPEred emission
i in E¥*/Sm?* co-doped LBLB glass systems.
4 The energy transfer process from $mo EW* is also
' shown inFig. 5. When the?lg,, level of Sn¥* is excited
with 482 nm blue light, the initial population relaxes finally
to the *Gsy» level. Part of the energy in th&Gs), level of
Sm?* is transferred to theDg level of ELP* by resonance be-
ol ) . tween the two energy levels. The energy transfer frord'Sm
250 300 350 400 450 500 Ew?* is almost irreversible, because thes), level in SnP*
Wavelength (nm) is about 600 cm?® higher than the’Dg level in EZ*, and
the probability in emitting phonons for Sth*Gs/, — EW®*
Fig. 7. Excitation spectra for 650 nm emission in¥igcurve 1) and 597 nm 5DO process is much higher than that in capturing phonons
emission in E&* (curve 2) in single doped LBLB glasses. for EL3* 5D0 — St 4G5/2 process. The energy resonance

_ _ transfer enhances the population ofEBDq level. The in-
eight bands peaking at240, 348, 365, 378, 405, 421, 445 crement of the population due to the co-doping with35m
and 479 nm, respectively. The broadband240 nmisdueto  cayses the sensitization of Euemission under certain ex-

charge transfer state (CTS) of 8iand other sharp peaksare  jtation conditions, and leads to the expansion of excitation
due to the 4f—4finner shell transitions of $mThe excitation range in E&* fluorescence.

spectrum of E&" (curve 2) consists of eight bands peaking at

~240, 321, 364, 383, 395, 416, 421 and 468 nm, respectively.

The broadband at240 nm and other seven peaks are due to

Intensity (a.u.)

the CTS and the 4f—4f transitions of £u 4. Conclusions
Similar to TB*/Dy3* co-doped system, energy trans- o —iae . .
fer has also been observed in¥8n?* co-doped LBLB Dy®*, Tb**, Sm?* and Ed* doped borate glasses have

glasses. The energy transfer occurs when 482 nm blue lightPeen synthesized and characterized. In single doped glasses,
was used as an excitation source. Under this excitation con-Dy>*, Tb**, Sm#* and Ed* emit intense yellowish white,
dition, there is no emission in Btisingle doped LBLB glass ~ 9reen, reddish orange and red lights under UV and blue light
because 482 nm wavelength is outside théEexcitation ~ €xcitation, respectively. Enhancement of*Tiyreen emis-
range as shown above. However, ifEGms* co-doped sys-  Sion is observed in TH/Dy®* co-doped glass systems, and
tem, 565, 600 and 646 nm emissions from3mlus 615 the sensitization is due to the efficient energy transfer from
and 702nm emissions from Euare observed, as shown Dy®" to Tb**. For E(?*/Sm?* system, the excitation wave-

in Fig. 8 The E#* emission bands appearing in the ¥m length range for EXf emission is broadened due to the en-
emission spectrum indicates that a part of the absorption en-€rgy transfer from SAt to EL**. The broadening makes the
ergy of Sn¥* has been transferred to #uln particular, the 488 nmwavelength Arlaser a powerful source for Etifluo-

most intensive emission in the spectrum is the 615 nm red fescence. These glasses can be excited efficiently using com-
peak of EG+, and it confirms that the energy transfer from mercial UV and blue laser diodes and LEDS, and can be used

for developing new color light sources, fluorescent display
devices, UV-sensors and tunable visible lasers.
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