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Abstract

In this paper, YLif codoped with Ti™ and YB* ions was synthesized by hydrothermal method®Yboncentration is fixed at
1.5%, and TrA* concentration is changed from 0.1 to 0.4%. Intense upconversion luminescence is observed when the samples are excite
by 980 nm. The dependence of upconversion luminescence 8 Tancentrations is presented. The results show that upconversion
luminescence increases with the Trooncentration and gets its peak at 0.3 mol%. Under the excitation of 980 nm, the blue emission of
479 nm and the red emission of 647 nm are both duo to two photons process, and the UV emission of 361 nm is attributed to the thre
photons process. We also analyse the upconversion mechanism and process.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction used for preparing oxide materials, it is apparent that it is
not possible to have a direct analogy to the oxide route for
In recent years, much attention has been devoted to thefluorides, since the analogue of an alkoxide does not exist
development of infrared to visible upconversion lasers and for monovalent fluorine, and the intermetallic bridging ca-
fibore amplifierd1-3]. Many trivalent rare earth ions such as pacity of the fluorine atom is considerably less than that of
Er3t [4-6], Tm3t [7,8] and P#* [9] are doped as emission  oxygen.
and absorption centres in these materials. Among the rare In our present study, we developed a fluoride Y4iF
earth ions, YB" becomes the most suitable sensitizer ions codoped with Trd* and YB** ions prepared by hydrother-
because of its special energy levels and long excited levelmal synthesis. Hydrothermal synthesis method is a new
life. method for preparation of upconversion host materials.
When a rare earth-doped optical device is developed, theTo our best knowledge, works on the upconversion lumi-
host material is a very important factor to be considered. So nescence host material synthesized by hydrothermal have
far, much effort has been put into fluoride systems owing been reported only in our group. In this paper, we also

to their lower phonon energy than oxidg)-12] In the investigated the absorption and upconversion properties of
past, the synthetical methods of fluoride materials include YLiF4:Tm3", Yb3F. From these spectra, conclusion can be
solid-state reactiofil1-13] and sol-gel synthesid4] ba- drawn that hydrothermal synthesis for upconversion host

sically. For fluoride materials, both solid-state reaction and materials is a promising synthesizing method.

sol-gel synthesis are unsuitable methdds. There are two

reasons to explain it. One is that the processing of solid-state

reaction needs high temperature and protecting atmosphere2. Experiments

which is very critical for electric furnace. If not so, a fluo-

ride material is very easily to be oxidized. The other oneis The composition of the investigated fluorides were

about the sol—gel synthesis. Considering the gel processegprepared by hydrothermal synthesis as following proce-
dure: (0.985— x)Y 203 + 2LiF + 3NH4HF> + xTmyO3 +

" * Corresponding author. Tek:86 10 51689100; faxt-86 10 51688605,  0.015YDPCh = 2Y (1, Tm,LiF4 + 3NH3 + 3H20 (mol%).

E-mail address: pxj1107@sina.com (X. Pei). x varies from 0.001 to 0.004 mol. The starting materials
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have purity at least 99.9%. Mixed and stirred them to-
gether, then, a small mount of hydrofluoric acid was added
to adjust the pH value of the initial mixture in order to
optimize the reaction conditions. The mixture was sealed in
Teflon-lined stainless-steel autoclaves and heated at@20
for 96 h. After the reaction, the products ware filtered,
washed with distilled water and alcohol, and were dried at
room temperature.

The X-ray powder diffraction pattern was recorded on a
Dmax X-ray diffractometer using monochromated Cau K
radiation. The SEM spectrum was also measured with S650
scanning electron microscope. The absorption and upconver-
sion spectra were measured with UV-3101PC spectropho-
tometer and Spex, respectively. All measurements were car-

ried out at room temperature, and no spectral correction was 1586AE 2GKY X3, BBK 6.9um
done.
Fig. 2. SEM spectrum of YLif sample.
3. Result and discussion annealing, and we cannot find any suited levels offTm

so we can affirm that the peak is not a absorption peak of
Fig. 1 shows the X-ray powder diffraction pattern of Tm*" but a peak of some impurity in the host material.
YLiF 4:Tm3t, Yb3* prepared by hydrothermal method. Itis The absorption intensities become stronger along with the
basically consistent with the standard X-ray diffraction card increasing of Tm" concentration. The spectra fluctuation
JCPDS 17-874, indicating good synthesis of samples andbetween 830 and 950 nm is derived from the switch around
pimping effects of the rare earth ions to the samples. The 840 nm of the detectors.

SEM spectrum is shown iRig. 2 It reveals that the crystal In Fig. 4 room temperature upconversion fluorescence
lattice has a structure of foursquare scheelite and the grainspectra of YLiR:Tm>+, Yb3* with different concentration
bulk is well-proportioned. of Tm3* in the wavelength region of 300—-700 nm are shown,

Fig. 3illustrates the absorption spectrain the 200—-1700 nmfor a pump current of 900 mA coupled into the samples. As
wavelength range at room temperature, obtained from can be observed, the upconversion fluorescence exhibit sim-
YLiF4:Tm3t, Yb3t with different Tn?+ concentrations. ilar spectral contents as far as emission wavelength are con-
These absorption peaks centre around 1681, 1210, 786, 68%erned, and the signal light emanating from the sample pre-
and 467 nm, corresponding to the following transitions from sented four distinct emission bands centred around 361, 450,
ground stat€Hg to excited states’Hg, 3Hs, 3F4, 3F 3 and 479 and 647 nm, corresponding to tH2, — 3Hg, 1Dy —
1G4 of Tm3+. The broad peak about 980 nm can be assigned 3Hg, 1G4 — 3Hg and'G; — 3Hjy transitions of Tm™, re-
to 2F7/2 — 2F5/2 transition of Y. In addition, there is  spectively, as illustrated in the simplified energy-level dia-
also a peak around 1403 nm which can be eliminated aftergram for the Tm*/Yb3+ pair of Fig. 5. It is important to
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Fig. 3. Room temperature absorption spectra of YtTF, Yb samples with different TAT concentration.
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Fig. 4. Room temperature frequency upconversion spectra of )YLifr, Yb excited by 980 nm.

mention at this point that the blue emission around 479 nm is radiation originates from process involving three photons
intense enough to be seen by naked eyes, for pump power ofn ~ 3). The difference of slope between different ¥'m
a few tens of milliwatts with day-light illumination inthe lab-  concentration maybe is ascribed to the error of measurement
oratory. We also observed that the emission intensity reachcondition and fit linear. From many literatures before such
its peak with Tni* concentration of 0.3 mol%, and concen- as[16], the blue emission of 479 nm is deemed to originate
tration quenching occurs above this concentration. This is from process involving three photons with mechanism of
maybe duo to the cross-relaxation between*Trions and phonon-assistant energy transfer. In our research, its inter-
the existing of OH because of water in our experiment. esting that the 479 nm emission is a process involving two
For any process of upconversion luminescence, the visi- phonons. We consider the mechanism a cooperative sensi-
ble output intensityys is approximately proportional to the  tization process because the energy*@f; level is almost
powern of infrared excitation intensityir, i.e., lvis o I|g. equal to the sum of two 980 nm photons, considering the
In a double-log coordinate, the slope lgis—I|r indicates broadening of energy levels. This mechanism will be dis-
n that reveals the responsive relation between IR excitation cussed in detail later.
light and visible (VIS) emissiorfig. 6shows the dependen- The upconversion mechanisms involved in the population
cies of the upconversion intensities upon pump power for of the relevant excited state emitting levels of the Yb/Tm
the samples with different T#r concentration According  codoped materials are described in Fig. 8. Two 980 nm pho-
to the value of obtained from the power law, both the red tons are absorbed by two ¥b, respectively, exciting Y&
(647 nm) and blue (479 nm) radiation originate from pro- ground statéF5/2 to excited statéF7/2, then transfer their
cesses involving two photoris ~ 2) and the UV (361nm)  energies to one nearby P, exciting it to the excited state
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Fig. 5. Energy-level scheme for the Tm/Yb-pair indicating the possible mechanism of cooperative sensitization and phonon-assistant eaergdransf
bold arrows represent the emission, and the dashed arrows represent cooperative sensitization.

Fig. 7. Log—log plot of 450 nm emission intensity as a function of the
excitation power at 980nm for the YLiF4:Tm, Yb samples at room
temperature.

Fig. 6. Log—log plot of frequency upconversion emission intensity as a
function of the excitation power at 980 nm for the YLiF4:Tm, Yb samples
at room temperature.
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