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Green luminescence of Er 3% in stoichiometric KYb (WQ,), single crystals
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We grew good-optical-quality KYtWO,), single crystals doped with erbium ions by the top seeded
solution growth slow cooling method. Optical absorption of erbium was performed at room
temperaturéRT) and at 6 K. Green photoluminescence of erbium was achieved atdR8 Krafter
selective excitation of ytterbium ions at 940 nm (10 638 ¢n The splitting of all found excited
energy levels and the ground energy level of erbium in K¥B,), is presented derived from the
accurate absorption and emission measurements, respectively. The lifetime of the Stokes and the
anti-Stokes green emissions of erbium were measured after excitation at 488 nm (2049Guach

940 nm(10 638 cm?), respectively. We propose applying the up-conversion model to the observed
green emission. €002 American Institute of Physic§DOI: 10.1063/1.1486477

Solid-state green light sources are desirable for severdb the green emission. Optical absorption was performed at
applications, including high-density optical storage, colorroom temperature and at low temperat(6e&K). Green emis-
displays, and optoelectronics. Many authors have studied th&ion was also studied at room temperature and at 6 K. We
conversion of infrared radiation into visible radiation in crys- propose a simplified diagram of up-conversion. We measured
tals and glasses doped with lanthanide ibrisErbium al-  the decay time of the green Stokes and the anti-Stokes emis-
lows this conversion via an up-conversion process, but itsion of erbium.
low absorption cross section in the 900-1100 nm range, Monoclinic potassium ytterbium tungstate has @@/c
where erbium excitation by diode lasers is possible, limitsspace group. The unit cell parameters are10.590(4) A,
the pump efficiency. Conversion may be improved by excith=10.290(6) A, ¢=7.478(2) A, B=130.7q2)°."*
ing erbium indirectly with a sensitizer ion. Ytterbium is ideal KYb,_,Er,(WO,), single crystals, whose atomic erbium
for this, not only because of its high absorption cross sectiogoncentration is 3:210%° 7.1x10%, 2.3x10°%° 3.9
in the abovementioned energy range, but also because of i$610?° at/cn?, were grown by the top seeded solution
broad absorption ban@vhich allows excitation in the 900— growth (TSSG slow cooling method with KW,0, as sol-
1000 nm rangk and the large energy overlap between ytter-yent. The concentration level of £r in the crystals was
bium emission and erbium absorption, which, as in manymeasured by electron probe microanaly&®MA), with a
matrices,® allows resonant energy transfer from%bto  Cameca SX 50 equipment. These values lead to an average
EF. distribution coefficient of roughly 1.1 for the erbium ion in

Monoclinic potassium rare-earth wolframate matricesthe KYbW host, that ensures the control of the dopant con-
have remarkable optical properties that make them promisingentration in the crystals.

hosts for lanthanide-doped optical solid-state las&r&f The three principal optical directions of monoclinic
these, stoichiometric ytterbium tungstate, KW0,), (here-  kypw are located along the crystal, as follows. The princi-
after KYbW), is :il)so a promising crystalline material for 5| gptical axisNg, with maximum refractive index, can be
solid-state I"]‘.S?'%- KYbW doped with erbium may there- found by a 19° with respect to thecrystallographic axis in
fore work efficiently in converting infrared into visible light, e clock-wise rotation, with thb positive axis pointing to-
due to the facility of erbium incorporation substituting ytter- ,,.ards the observer. The principal optical axis with interme-
bium ions in the structure and due to the necessary higRiate refractive indexN.,,,, is 59.7° with respect to tha
energetic overlap between these two ions that KYbW dOpe‘érystallographic axis, beingly, and Ny, in the a—c plane.

with erbium offers. _ Finally, the N,, principal axis is parallel to thé crystallo-
Up to now, the most used crystalline host to the generag,anhic axisit

tion of | diatiérb f th transfer o 0P
Ion of green laser radiatioroy means or the energy transier For the spectroscopic characterization we used a crystal-
between erbium and ytterbium ions is YLiFIn this work,

e i X ; A X " line prism of KYbW with an erbium concentration of 3.9
stoichiometric ytterbium tungstate is studied with the aim of 10'° at./cn?. Its faces were perpendicular to the three prin-

optimizing the energy transfer between the two ions, due Q5| axes. The thickness was 3.16 mm for the measurements

the high quantity of ytterbium. of the onfi . . .
- 7 . ptical absorption along thé;,, and Ny optical direc-
With this in mind, we made a systematic study of KYbW tions, and 3.86 mm for thl,.

. ‘o .
doped with Ef " ions. We grew KYbW single crystals doped 5\ i/ optical absorption was performed at room tem-
with erbium and studied the spectroscopic properties relateﬂerature and at 6 K with polarized light parallel to tN

Np,, andN, optical directions using a VARIAN CARY-5E-

dauthor to whom correspondence should be addressed; electronic maipV'V|S'N|R. 500Scan SpeCtrOPhOtometer and a Glan—
massons@quimica.urv.es Taylor polarizer. Cryogenic temperatures were obtained by a
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TABLE |. Splitting of the excited energy levels of £r in KYbW single P -

crystal obtained at 6 K. . 18505 el @
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Leybold RDK 6-320 cycle helium cryostat. Table | shows the™'C: 1. Low-temperature green emissidSs,— I 15, transition of EF) in
ber of absorption peaks, that are clearly consistent witf} KYbW single crystal by pumping resonantly to ¥bat 940 nm
hum . . P P L y (10638 cm'). Schematic green emission channels and energy sublevels
the splitting into the maximum number of Kramers levels positions of E#* in a KYbW single crystal.
(2J+1)/2 expected by the crystalline field, due to the odd

number of electrons of Bf, and due to the low symmetry 4 4 N
site in which E?* is located C,) in KYbW host!! For the the *Sg,— "l 15, transition. The number of energy sublevels

43,, energy level, two lines are located at 18308 andf the ground energy level expected by the crystalline field
18376 cmit (AE=68 cmi ). These correspond to the INto the maximum number of Kramers levels is eight, that
1 16:40)—S5(0") and*l 16:{0)—*Sy(1') transitions, re-  clearly appear in Fig. 1. The energy values of these eight
spectively. This was obtained by polarized optical absorptiorsignals are 17996, 18 010, 18 068, 18170, 18200, 18 244,
performed at 6 K. The polarized optical absorption of 18280, and 18 305 cit, and these are labeled according to
KYbW:Er at room temperature and at 6 K show that thethe scheme in the inset to Fig. 1. The spectrum also shows
absorption coefficient depends strongly on the polarization of0me minor peaks. These may be related to the transition
light, and that the absorption of light along thg, optical  from the upper sublevel of thS; (1) to the ground level.
direction is the most intense and the absorption of light along hese peaks are displaced in accordance with the difference
the Ny is the least intense. in energy between the two sublevels of the excited
We compared the energy position of the gravity center of Sy2( AE=68 cn *). From the energy positions of tH&,,
each multiplet of E¥' in KGd(WO,),, (KGW), and KYbw  sublevels, and by substracting the abovementioned energy
hosts. It is found that the differences between these gravityalues of emission signals, we found the energy position of
centers are smaller in KYbW. Parallel to this, the splitting ofthe energy sublevels of the ground state. The values were
each energy level into its sublevels is slightly bigger in309, 295, 237, 135, 105, 61, 25, and 0cimwhich were
KYbW crystals than in KGW(10 cmi * on average for all Vvery close to those published in other tungstate matrices such
energy levels These two observations allow us to concludeas KGW, KYW, and KErW:> From the low-temperature ab-
that the crystal field of KYbW is stronger than in KGW. That sorption measurements, tHé;s(0)—“S;,(0") transition
is in good agreement with the smaller interatomic distancetakes the value of 18 308 ¢, and from the emission spec-
presented in KYbW than in KGW!2 Additionally, the  trum the value is 18 305 cit. This is due to the Stokes shift
Judd—Ofelt parameters of erbium in KYB¥and those of by means of the electron-phonon coupling. We consider
KGW* also demonstrate this crystal field influence. Thethese values absolutely the same, and, to calculate the energy
Judd—Ofelt parameters of erbium in KYbW are bigger thanposition of the sublevels of the ground state, we used the
those of KGW. On average the values for KYbW are twicevalue provided by the emission spectrum.
the values for KGW. In Er-Yb systems, the green emission obtained after in-
Our equipment for the photoluminescence experimentfrared pump can be attributed to a step up-conversion energy
consisted of a BMI OPO pumped by the third harmonic of atransfer process of erbium sensitized by ytterbium involving
seeded BMI SAGA yttrium—aluminum—garned Nd laser.two or three photons. These absorption-emission mecha-
Pulses of 15 m{7 ns in duration, 10 Hz repetition ratwere  nisms associated with the step up-conversion energy transfer
achieved with a Gaussian beam profile. Fluorescence wasocess depend strongly not only on the pumping wave-
dispersed through a HR460 Jobin Yvon-Spex monochrolength and pumping power but also on the crystalline matrix.
mator (focal length 460 mm, /5.3, spectral resolution 0.05The green emission can also be linked to a cooperative sen-
nm) and detected by a R928 Hamamatsu photomultipliersitization, in which the simultaneous interaction of two ex-
The signal was analyzed by an EG&G 7265DSP lock-in am<ited YB** ions produces the excitation of Er. Because of
plifier. Figure 1 shows the high resolution of the low- the energy overlap between erbium and ytterbium, the most
temperature unpolarized green photoluminescence &f Er probable route in KYbW is resonant energy transfer via two-
performed on the same sample as the optical absorption mesiep cross transfet€Fs,—2F7; 411551119 and (3Fsg,
surements by selectively exciting ytterbium at 940 nm—2F,; *l11,—*F75). This mechanism is schematized by

(10638 cm't). The signals in the spectrum correspond tothe model of Fig. 2. A selective ¥B excitation at 940 nm
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FIG. 2. Simplified energy-level diagram to represent the up-conversion pro-
cess. Logarithmic representation Iqfis vs |z at room temperature by re-

cording the green emissiofSy,—“11cry). FIG. 3. Temporal evolution of the Stokes and anti-Stokes green lumines-

cence of the'S,), energy level of Ef* in KYbW single crystal after pump
excitation at 488 nm (20 490 c¢m) and 940 nm (10 638 cnt), respec-
_ . . tively.

(10638 cmt), where no absorption of erbium takes place, Y

excites electrons from the ground energy level of ytterbium ) )
to the 2Fs, excited energy level. After excitation, the elec- the TSSG-slow cooling method. From low-temperature opti-
trons decay radiatively to the ground state or transfer part of@l absorption and emission measurementsgwe determined
their energy to the'l;;, energy level of erbium by cross the splitting of the excited energy levels gf Erand the
relaxation due to the energetic overlap between these tw@round level {1151, respectively. Conversion from IR to
levels. Once erbium is excited, a second energy transfer fron{!S radiation took place and the green luminescence is ex-
Yb3* to ER* provokes excitation to th&F-,, energy level plained by a step up-conversion energy transfer process in-

of erbium. In accordance with the small energy gap betweeM°!Ving two photons.
4 ~-1
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