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Zng 3Al g o8Py 2L geeYbg.1TMg oo 354 @amorphous fluoride film was prepared by pulsed laser
deposition. Ultraviolet and blue up-conversion emissions were observed under infrared excitation at
978 nm. In comparison with the upconversion of the target, the ultraviolet emissions are enhanced
greatly. The enhancement is attributed to a decrease of the Judd—Ofelt par@mételuced by
pulsed laser deposition, which precludes the transition rate tfono 3F , and enhances the energy
transfer process and populates t2, level: 3F,—3Hg (Tm®*):3H,—'D, (Tm*"). © 2003
American Institute of Physics[DOI: 10.1063/1.1557775

Recently, short-wavelength solid-state lasers in the ultraductive, superhard, and nanometer materialanotubes,
violet (UV) to green spectral range have attracted much atranobelts, etg.were studied by PLB3 An example of the
tention due to a wide range of applications including high-latter will be given here. Here, we reported infrared
density optical data storage, undersea communications, coleto-UV ~ up-conversion  properties  of  gBAlgos
displays, and infrared sensors. The phenomenon of frePky slig gogYbo 1TMg oo 2354 @amorphous fluoride film ex-
quency upconversion using intrinsic energy level matchinggited at 978 nm. The film was prepared by PLD. In compari-
of certain rare-eartiRE) ions, one of the approaches avail- son with upconversion of the target, the UV emissions are
able to explore short-wavelength solid-state lasers, has be@mhanced greatly, which is attributed to a decrease of the
investigated widely during the past two decadiésExcited ~ Judd—Ofelt paramete, induced by PLD.
state absorptio(ESA) and energy transfdiET) can be effi- Radiation of 1064 nm from a pulsed Nd:YAG laser
cient up-conversion mechanisms in RE doped materialgpulse width 10 ns, repetition rate 10 Hwas used as the
Huanget al.  reported upconversion in LgFTm®* excited  light source for PLD. The laser beam, with peak power
at 647.1 nm by ESA. Codoping of ¥b as a sensitizer has of 10°W, was focused onto the target (Zlos
yielded a substantial improvement in the up-conversion effiPly sLig 09g¥ Bo.1TMo 0o 2.35491ass prepared by solid-state re-
ciency in Tn¥*, PP", Ho*", and EF" doped systems due action at an incidence angle of about 45° in air. The sub-
to the efficient ET between the sensitizer and the pair or triagtrate (SiQ glass was held 10—-20 mm in front of the target
of RE ions’~? In Yb3*-sensitized RE doped materials, effi- at room temperature. The duration of exposure of the target
cient infrared-to-UV up-conversion emissions at room tem-
perature have rarely been investigat®d Studies of new
approaches to obtain efficient UV luminescence are very T T y T
necessary and valuable due to the need for developing short-
wavelength solid-state lasers.

By controlling the excited-state dynamics with a judi-
ciously selected local environment, one can obtain efficient
upconversion. Thus processing of materials to control the
local environment of interion interactions and local phonon
densities of state plays an important role in producing RE
doped materials with highly efficient upconversirPulsed
laser depositior(PLD), as a high temperature and pressure . . . ) .
laboratory for new metastable materials, has been investi- 200 300 400 500 600 700
gated widely since the first ruby laser was invented. Com- Wavelength (nm)

pounds of deep earth, colossal magnetoresistant, supercon-

FIG. 1. Up-conversion emission spectra of 4Alq.8Phy 3ligoos
Ybg 1 Tmg goF > 354: (8) the film; (b) the starting bulk materialat the same
¥Electronic mail: gsqin@yahoo.com pump power of 600 mW

Intensity(a. u.)
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~10000 } /
=
= 474nm 2.95 1. 81/

1000}* 451nm 3.61 2.1
4+ 36lnm 3.56 1.96
v 348mm 4.51 2.51/
¢ 291nm 4.46 2.39 | light and the integen is the number of photons absorbed per
up-converted photon emittéd Intensity dependences of the
up-converted emissions are shown in Fidtt film): at low
_ pump powern=4.46 for emission at 291 nnm=4.51 for
FIG. 2._In;en3|t|y depenﬁenc\e{sf t_lr_le up-convef_rlted fluorescence on the pun@mission at 348 nmn=3.56 for emission at 361 nm
PoWe In ZRAlo2 Bk l00sf o Ty oo 2354 M. =3.61 for emission at 451 nm, and=2.95 for
emission at 474 nm. At high pump power,
for the formation of the film is about 15 min. Transmission n=2.39, 2.51, 1.96, 2.1, and 1.81, for the emissions at 291,
electron microscop&lEM-2010 analysis shows that the film 348, 361, 451, and 474 nm, respectively.
is amorphous. X-ray photoelectron spectroscOgRS) data In Yb3* —Tm3* codoped systems, different processes
show that the components of the film are the same as thoseay result in upconversion. Figure 3 shows energy level
of the target. The film was excited with a 978 nm laser diodediagrams of Tf" and YB'*. The pump light excites only
and the up-conversion emission spectra were measured withe YB** ions, and three successive energy transfers from
a fluorescence spectrophotometiditachi F-4500. Yb®" to Tm*" populate®Hs, (°F, °F,), and'G,. * Al-
Figure Xa) is a room temperature up-conversion emis-though the T"—Tm3" interaction is weak in the sample
sion spectrum of the filnithe pump power 600 mWEmis-  with low Tm3" concentration, due to the large energy

TABLE I. Reduced matrix elements of the Pifrom the'D, level to the
F, and®H states.

RN

Transition of Tn™* (U@)y2 (UM)2 (U®)2
p,—3%F, 0.5689 0.0961 0.0215
1D,—3%Hg 0.0 0.3131 0.0958

Intensity (a

100
100

1
Log (pump power (mW)) 000

sions in the UV and visible regions comes from the follow- mismatch (3516 cm'!) in  transfer,  2Fg,

ing transitions: —2F;,(Yb3*"):1G,— 1D, (Tm®"),  process °F,—3%Hg
1 .3 (o .3 (- X (Tm®*):3H,—1D, (Tm*") may alternatively play the
le="He (~291nM, "g—"F4(~348nm), most important role in populatinD,. ° Thereafter, state
D, —3Hg (~361nm), D,—3F,(~451nm, 1¢ can be populated by 2Fg,—2F7,(Yb®"):1D,

— g (Tm3*).
1G,—°%Hg(~474nm, and *G,—°3F,(645nm 3+
4 6 ' 4 4 : In BaYYbg goT Mg g1Fg @and CsYBClg:Tm>", room tem-

Figure Xb) shows the up-conversion emission spectrum ofperature UV up-conversion fluorescence was attributed to
the target(the pump power 600 myV The UV emission high Yb** and Tn?* concentrations and low phonon energy
intensity of the film is greatly enhanced in comparison with(~300cni *).*** Our film has much lower Yb" and
that of the target. Tm** concentrations and the phonon energy (620 tris

For unsaturated up-conversion, emission intensityjs  larger. To understand why intense UV up-conversion fluores-
proportional tol", wherel is the intensity of the excitation cence can be observed in the film, but cannot in the target,
we should consider the effects of PLD.

During PLD, a high fluence, pulsed laser beam strikes

40 X10°cm’! P the material, evaporating some of the matter and forming a
PP plasma plume. Then this plume interacts with the substrate,
35 *Po,'Is and condenses into a thin film. In this process, the initial
temperatures within the still localized plasma can be in ex-
30 cess of 10 000 K and the initial plasma pressure is up to
10° Pal® With such high temperature and pressure, a new
25 metastable structure will form. XPS data showed that the RE
concentration was not changed during PLD. Therefore, the
20 most possible mechanism responsible for the enhancement of
the UV emission is the change of structure coupled with RE
15 ions during PLD.
10 )
5 % Fs )
A 4 TABLE II. Reduced matrix elements of the Pmfrom the®F, level to the
5 R %Hg , °F, , and®Hg states.
ol YYY V¥ SH, Fop Transition of Tni* (U@)2 (U2 (u®)2
Tm* Yb** 3F,—3H, 0.0 0.0012 0.0182
3F,—3F, 0.3026 0.0562 0.0440
FIG. 3. Schematic diagram of Yb-sensitized Trii" upconversion in 3F,—3H, 0.0 0.0 0.2550

Zng Al g o5Pky 3L g.098Y Do 1TMg 0oF 2 354 filM under 978 nm excitation.

Downloaded 10 Sep 2012 to 159.226.165.151. Redistribution subject to AIP license or copyright; see http://jap.aip.org/about/rights_and_permissions



4330 J. Appl. Phys., Vol. 93, No. 7, 1 April 2003

The transition rate between stateandJ’ can be written
as’l_6—18

647y 3e? 1
3hc?

n(n?+2)2

A " —
o 23'+1 9

D

whereQ, (A=2, 4, 6) are the Judd—Ofelt parameters, and

Ugﬁ) are the reduced matrix elements of the rankunit
tensor betweed andJ’. The data oﬂJSﬁ’, of Tm3* for J
=1p, andJ’=%F,, and>Hg are listed in Table I. For the
Tm3* ion, since the||U?)||)2 of the'D,— °F, transition is
large, the branching ratio of the blue 451 nm emissf@y;,
would be largely enhanced by the increased valulef
which reflects the asymmetry of the ligand fiéfdin addi-
tion, B4s1t Basr~1, WhereBsg, is the branching ratio of the
'D,—3H, transition’® The fluorescence intensity rati@
=1451 n (1 361 nnit 1 451 nm) = Bas1 Will be influenced by the
change of structure. From Fig. 1, we obtairfee 0.955 for
the target andR=0.50 for the film. The decrease Bfshows
that (), becomes smaller during PLD.

Considering the
Tm3":3F, level (shown in Table I)*® and formula(1), the
transition rate frontF, to 3F, will be precluded by a de-
crease of Judd—Ofelt paramet@r, (the branching ratio of
the 3F,—3F, transition is about 30%%° and this will en-
hance the ET process and populate fiiz, level: 3F,
—3Hg (Tm"):3H,—1D, (Tm3"). An increase of the
population of the D, level will make ET 2Fg,
—2F 4, (YB31): 1D, — g (TM®") efficient and therefore
the UV up-conversion emission lg—3F,, 3Hg, 1D,
—3Hg) enhanced.

Qin et al.

cate that the Judd—Ofelt paramef®s becomes smaller dur-
ing PLD, which precludes the transition rate fréf, to °F,
and enhances the ET process and populatesdhdevel:
3F,—3Hg (Tm*"):3H,—1D, (Tm3"). Therefore intense
UV up-conversion luminescence was obtained in
Zng Al g 2Py 3L 0,098 Bo.1TMo.00F2.354 @aMorphous film.
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