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ABSTRACT

Transparent Y,Os ceramics singly-doped with either Eu®** or Tm>* were fabricated by means of
sequential consolidation steps at high pressure and temperature. These ceramics were characterized for
their luminescence and thermal lensing behaviors, and the results compared to data on single crystals
reported in literature. Thermal diffusivity, D, and conductivity, K, values of D=26 x 103 crn2/s and
K=5.8 W/mK, respectively, for 1.0 mol% Eu** and 0.5 mol% Tm>* singly-doped Y,O; transparent
ceramics were obtained. These values are about half of those for single crystal analogs. A small
temperature coefficient of the optical path length change, ds/dT=3 x 10~ K~!, was determined, making
these materials suitable for applications requiring nearly athermal response. Selected spectroscopic
properties were obtained by means of Judd-Ofelt analysis and together with thermal lens results
provided absolute values for the fluorescence quantum efficiency of several levels, particularly 62% for
the °Dg level of Eu®>* and 84% for the 3F, level of Tm3*.

Fluorescence quantum efficiency

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Rare earths (REs) are widely used as luminescence activators in
photonic and optoelectronic materials because their electronic
transitions can generate intense emissions of light. The lumines-
cence of triply ionized RE ions commonly presents sharp and
intense emission lines. These emissions are almost independent of
the chemical environment due to shielding of the 4f electrons by
the outer filled 5s and 5p shells, though crystal field splitting
effects can be observed. A major exception occurs for the 5d-4f
transition of Ce>* that finds application in scintillators where
strong electron-host coupling makes this radiative transition span
from ultra-violet to red, depending on the host [1].

REs have been incorporated in all types of optical materials,
particularly in transparent ceramics [2-5]. The field of transparent
ceramics started in the 1960s with the development of translucent
Al,05 for lighting applications [6-8], and slowly expanded into
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other areas, including transparent armor [9], infrared windows [9],
lasers [10,11], and scintillators [12]. In the mid-1980s, the first
transparent ceramic scintillators, RE-doped (YGd),Os3 [13] and
Gd,0,S [14,15], were introduced. These scintillators found enor-
mous commercial success as radiation sensors in computed
tomography (CT) scanners [16,17]. As a gain medium for lasers,
beyond initial successes in the 1960s and 1970s, transparent
ceramic-based lasers achieved broader visibility in mid-1990s
with the development of highly transparent Y3Als0.:Nd (YAG:
Nd) [18-20].

Sesquioxides such as yttria can be easily doped with REs and
in general have higher thermal conductivity than that of YAG,
making them attractive for high-power laser systems. Since their
elevated melting temperature hinders the conventional melt-
growth of single crystals, considerable effort has been recently
devoted to the development of RE-doped sesquioxide transparent
ceramics, particularly RE-doped Y,05 [21-29]. Y503 is an attrac-
tive host for REs due to its 5.6 eV band gap, its high refractive
index in the visible region of the spectrum, and low phonon
energy of only 430 cm~! that is considerably lower than that of
YAG (700 cm ). Recently, Y>05:RE has also attracted the atten-
tion as a scintillator and others [30-35]. Regarding the nano-
grained yttria ceramic (d < 100 nm), in principle it should show
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much better mechanical properties in comparison with micro-
sized analogs and it should also present better optical transpar-
ency due to negligible weak light scattering on randomly
oriented nanograins and pores of negligible sizes when compared
to the visible light wavelength. When the particle size reduces to
nanometer level, their bonding characteristics deviate from those
of bulk materials, opening opportunities to manipulate the
surface-to-volume ratio. In addition, different morphologies such
as rods, wires, thin films, and fibers at the nanoscale have been
exploited. However, obtaining pore-free transparent ceramics is
not an easy task and this fact is likely the reason for only few
works describing obtaining of dense Y,03 nanostructured cera-
mics [29,34,35]. In this work, the thermo-optical properties of
singly Eu>* and Tm3* doped Y,0; transparent ceramics are
investigated and compared with single crystal analogs reported
in the literature.

2. Experimental procedures

The fabrication of the Y,03:RE transparent ceramics reported
herein was achieved through multiple consolidation steps at high
pressure and/or temperature of starting nanopowders as described
briefly below [27]. The starting nanopowders were prepared by a
coprecipitation method using ammonium hydroxide as the pre-
cipitant. The yttrium nitrate solution was prepared by dissolving
yttrium nitrate hexahydrate (99.9%, Acros Organics) and the RE
nitrate hydrate (0.5 mol% for Tm, and 1.0 mol% for Eu; both 99.9%,
Acros Organics) in ultrapure water. A 5 mol% solution of ammo-
nium sulfate (99.99%, Sigma Aldrich) was added to the nitrate
solution and a 2 M ammonium hydroxide (Certified A.C.S. Plus,
Fisher Scientific) solution was added drop-wise in order to pre-
cipitate an RE-doped yttrium nitrate precursor. The precipitated
precursor was maintained for 3 h at room temperature and then
washed twice with ultrapure water and ethanol. The precipitate
was dried at 60 °C overnight in vacuum, and calcined at 1050 °C
for 4 h under oxygen flowing at 3 1/min to yield RE-doped Y,03
nanopowders. The calcined nanopowders were uniaxially pressed
into pellets at approximately 15 MPa without any binder, followed
by cold isostatically pressing at 206 MPa. These pellets were
sintered in vacuum using a two-step sintering method [36] that
consisted of heating to 1500 °C with a heating rate of 10 °C/min
and immediately cooling down to 1400 °C, where the samples
were kept for 20 h. In order to obtain transparent ceramics, pellets
were subsequently hot isostatically pressed at 1300 °C under an
argon pressure of 206 MPa for 3 h. After polishing to optical grade,
the thicknesses of the 1cm diameter Y,0s:Eu and Y,0s3:Tm
transparent ceramics were 0.7 mm and 0.5 mm, respectively
(cf. Refs. [26,27] for photographs).

Luminescence measurements were performed using an Ar laser
tuned to a wavelength of 465 nm, with the emission being colle-
cted by an optical fiber connected to a McPherson monochromator
model 207. The signal was detected using a silicon photodiode
model S-010-TE2-H (Electro-Optical Systems) and amplified with a
lock-in amplifier SR530 (Stanford Research Systems). Spectro-
scopic lifetime values were obtained from the analysis of the
decay curves using single exponential fitting and linear fitting of
log-log plots, and for the nonlinear cases a double exponential
adjustment was employed. The detectors used in the lifetime
measurements have rise time of <5 ps (silicon detector), compar-
able to the cut-off time of the modulation. Absorption spectra
were obtained using a PerkinElmer spectrophotometer model
Lambda 1050.

The thermal lens (TL) measurements were carried out in the
dual beam mode-mismatched configuration using an Ar™ laser as
the excitation and a He-Ne laser tuned at 632.8 nm as the probe

beam. For Y,03:Eu the excitation was tuned at 457 nm while for
Y,03:Tm it was at 476 nm.

3. Theoretical background

The optical absorption spectra of RE3* ions serve as a basis for
understanding their spectroscopic properties. Intensities of the
absorption bands are usually expressed in terms of oscillator
strengths (f) which are statistically weighted to account for the
degeneracy of the initial state. Classically, the oscillator strength
represents the number of electric dipole oscillators stimulated by
the incoming radiation. It is a measure of the strength of a
transition and corresponds to the ratio of the actual intensity to
the intensity radiated by one electron oscillating harmonically
in three dimensions. Experimentally, the oscillator strength of
an absorption transition (fexy) is directly proportional to the
area under the absorption curve and is given by [37] f., =
(mc/ze?N) [ a(v)dv, where a(v) is the linear absorption coefficient,
v is the frequency, and N is the RE ion concentration. The majority
of the 4f" intraconfigurational transitions corresponds to induced
electric dipole (ED) transitions, though some contain both induced
ED and magnetic dipole (MD) contributions. In this case, the
experimental oscillator strength is calculated by summing the
oscillator strength of both types of transitions [38].

According to the Judd-Ofelt (JO) theory [39,40], the oscillator
strength for an induced ED transition from the ground state, ¥J, to
an excited state, ¥J, assuming that all the crystal-field levels of
the ground state are equally populated, is given by

Fo= 872mcy (712-1-2)2S
= 3pe22j+ 1) 9n ¢

where Seq = €252, 5 462:(#JIIU*|¥]')? is the ED line strength, n is
the linear refractive index of the medium, J is the total angular
momentum quantum number of the ground state with (2]+1)
degeneracy, 2, (1=2, 4 and 6) are the JO intensity parameters, and
IIU?|12 are the doubly reduced matrix elements evaluated in the
intermediate coupling approximation for the transition ¥J— ¥/
The @, parameters are obtained through a least squares fitting
approach that gives the best fit between experimental and
calculated oscillator strengths. The other constants have their
usual meaning. Similarly, the MD oscillator strength is given by

(M

foo= 8x2mcy
md = 3he2(2]+ 1)

where S, = ((€2h%)/(1622m2c2))(¥J|IL+2S||¥))* is the MD line
strength. The non-zero matrix elements will be those diagonal in
the quantum numbers J, S, and L. Several important spectroscopic
parameters can be obtained after the determination of ©,, includ-
ing the radiative probability rate of a given transition, A,
a=App+Aup, Where App=(647">(3h(2]+1)))(n(n*+2)*)/9)Seq,
and Ayp=(647">/(3h(2J+1)))n3Smq. The radiative lifetime of a
level is given by tgr=1/Ar, where Ar is the total radiative transition
probability for an excited state that is given by the summation of
the A,qq terms over all the terminal states, and the branching ratio
of each transition, fr=Aua/Ar-

As described elsewhere [41,42], the TL spectroscopy is based on
a simple pump-probe setup. The TL effect is based on the heat
deposition by nonradiative processes following optical energy
absorption of a laser beam that produces heat. In this situation, a
transverse temperature gradient is established and owing to the
temperature dependence of the optical path length change, ds/dT
(for solid samples), a lens-like optical element is created. The
propagation of a probe laser beam through this pump-induced TL
results in a variation of its on-axis intensity with respect to the
non-pumped sample. If the pump is suddenly switched on, then

nsmd, (2)
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the on-axis intensity of the probe beam varies with time until it
reaches a steady value. For this transient regime of the probe
beam, an analytical expression for its on-axis intensity in the far-
field was presented by Shen et al. [41], which is given by Eq. (2) in
Ref. [42]. The fitting of the experimental transient with this
analytical expression yields two parameters: the thermal diffusiv-
ity, D, by means of the TL characteristic signal response time
(te =w2,/4D, where w,y is the radius of the excitation beam into
the sample), and ¢ that is approximately the TL phase shift.
divided by the absorbed pump power, Py, is given by

0 _1ds
P KipdT”

3

in which 4, is the probe beam wavelength, K=pc,D is the thermal
conductivity, p is the mass density, ¢, is the specific heat, and ¢ is
the fraction of absorbed energy converted into heat. This last
parameter includes all information about luminescence and
energy transfer and its equation is specific for each case (dopant
ion, excitation, etc.). Therefore, through the knowledge of ¢, it is
possible to obtain the fluorescence quantum efficiency of emission
levels. The term C=(K2,)~ 'ds/dT is in principle independent of the
type of the dopant ion, i.e., it is a feature of the host.

4. Results and discussion
4.1. Y203:Eu3+ transparent ceramic

Fig. 1(a) shows the optical absorption spectrum of Y,0s3:Eu
transparent ceramic in the range of 300-700 nm along with the

assignment of the bands. The absorption bands correspond to the
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Fig. 1. (a) Linear absorption and (b) emission spectra of the 1.0 mol% Eu** doped
Y,05 ceramic.
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Fig. 2. Simplified energy levels diagram of 1.0 mol% Eu®** doped Y,03 ceramic. The
solid lines indicate the allowed electric dipole (ED) transitions, the dash lines the
allowed magnetic dipole (MD) transitions, and the dotted lines are prohibited ED
and MD transitions.

Table 1
Transition wavelength, electro-dipole radiative rate, and branching ratio, as well as
radiative and experimental lifetimes for Y,03:Eu®*.

°Do— 4 (nm) Araa (571) B (%) Traa (MS) Texp (MS)
"Fo 580 0 0 1.65 1.02

F, 593 87.12 14.35

’F, 611 488.67 80.47

7F3 651 0 0

7Fy 710 29.12 4.79

Fs 743 0 0

"Fs 801 2.39 0.39

4f-4f optical excitations from the ground ’F, and thermally
populated “F; levels to the excited states of the Eu®>* ion.
Absorption peaks at around 366, 382, 387, 394 and 467 nm
correspond to the transitions from ground state “Fy to the excited
states °Dy, °Gy, °Go, °Lg, and °D, respectively. The overlap of these
transitions as well as the MD contribution makes the JO analysis
inconclusive. An alternative way to obtain the @2, (1=2, 4, and 6)
parameters is from the analysis of the >Dy— ’F; (J=0-6) transitions
in the emission spectrum (Figs. 1(b) and 2) [43,44]. Among these
transitions, the °Dg—’F; transition is MD allowed and thus
independent of the host matrix. The transitions *Do—’F; (J=0, 3,
and 5) are prohibited both by ED and MD, whereas °Do— ’F; (J=2,
4, and 6) are induced ED allowed and are affected by the host
matrix. The °Dy level is non-radiatively populated from the
465 nm Ar laser-populated °D, level, and generates all the emis-
sions. 2, can be calculated from the ratio of the intensity of the
°Dy—"F; (J=2, 4, and 6) transitions by means of the following
equation [43-45]:

[hdo A € in(nz—i-Z)2
fI] dl)_Al _SMDJ l/? 9In3

@, (I Iy )

where Syp;=9.6 x 107*2 esu? cm? is the MD line strength of the
°Dy—F; transition of the Eu** ions [45] with frequency v, A; are
radiative transition rate calculated using the Agp expression above,
n=182 is the refractive index, v; (J=2, 4, and 6) are the *Dy—'F,
transition frequencies, and U? are the reduced matrix element of the
Eu* jon. Using the Uf values for LaFs [46], the values for the @,
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parameters were obtained: 2,=6.89 x 10~2°, 2,=0.83 x 10~ 2°, and
025=0.07 x 1072° cm?, in agreement with the literature [47]. Further,
the theoretical probability rate, branching ratio, and radiative lifetime
are presented in Table 1.

The fluorescence decay of the °Dg level (°Dy— ’F, transition) of
Eu™ ions under excitation at 465 nm is shown in Fig. 3, together
with the results of the best-fit analysis. A single exponential
function was employed and a lifetime of z..,=1.02 ms obtained,
in excellent agreement with results from single crystals [47]. The
fluorescence quantum efficiency, », of this level was obtained by
calculating the ratio #=rexp/7rqa=0.62. For systems with only one
emitting state, the fraction of absorbed energy converted into heat
is given by ¢=1—nlex/(Aemy=0.53, in which 1. =457 nm and
(demy =613 nm are respectively the excitation and average emis-
sion wavelengths.

Fig. 4(a) presents the TL signal obtained with 457 nm excitation
wavelength with 295 mW incident power. From the best-fit of the
experimental data (continuous line) using the TL equation from
Ref. [42], the values of t. and # were obtained, further yielding
D=26 x 103 cm?/s, which is an average value obtained from
several transients (Fig. 4(b)). This value is about half of the value
reported for a 1mol% Nd-doped Y,Os; single crystal, 59 x
1073 cm?/s [48,49].

Fig. 4(c) shows a linear behavior of 9 versus the excitation power,
with 6/P.y=0.044 W~. Since the linear absorption coefficient at the

1 & N T T T T

exp

5Dynormalized intensity (a.u.)
[=]

(@ o«

1 2 3 4 5
Time (ms)

0.01
0

Fig. 3. Luminescence decay of the level °Dy for 1.0 mol% Eu>* doped Y,05 ceramic
under excitation at 465 nm.

excitation wavelength of 457 nm is 1437 cm™!, it is possible to

calculate the photo-thermal parameter ©=0.43 W~ that together
with ¢ provides the constant C=0.82 W~ . Using the known values
of the density (p=5.03 g/cm® [49]) and specific heat (c,=0.44 ]/g K
[49]) of Y503, the thermal conductivity of the transparent ceramic
K=5.8 W/m K was obtained. This value is lower than those reported
in the literature for 1.0 mol% Nd-doped and 3.0 mol% Yb-doped Y,03
single crystals that are around 13 W/m K [48-50]. The thermo-optical
coefficient was determined to be ds/dT=2.98 x 10"6K~!, that is a
promisingly low value when compared to other ceramics, crystals,
and glasses [42,51]. This low ds/dT value, which is comparable only to
those of phosphate glasses, makes this host an excellent nearly
athermal material with potential for high power laser systems or to
devices that require minimum optical distortion [52]. Another inter-
esting characteristic is the near null value of the C constant. Since C=
(Kap)~'ds/dT, it is desirable for ds/dT to be near zero and K to be as
large as possible in “athermal” systems, i.e., that C is close to zero. In
this respect, the Y,05 host presents better thermal properties than
those of YAG ceramic and crystal, vanadate crystals, and fluorozirco-
nate ZBLAN and aluminosilicate LSCAS glasses [42,53].

42. Y,03:Tm>+ transparent ceramic

The absorption spectrum of the Y,0s3:Tm transparent ceramic
in the range of 320-2200 nm is shown in Fig. 5(a). The absorption
peaks around 358, 463, 658, 684, 796, 1203, and 1635 nm corre-
spond to the transitions from the ground state >Hg to the excited
states 'D-,'Gy, 3Fs, 3F,, 3Ha, 3Hs, and F,, respectively. Using the
Judd-Ofelt theory, the following JO parameters were obtained:
25,=247 x1072°, 2,=0.59 x 1072°, and 25=0.29 x 10~2° cm?,
which are in agreement with the literature [54]. The emission
spectrum under excitation at 465 nm is shown in Fig. 5(b) together
with the assignment of the corresponding electronic transitions.
Lifetimes were experimentally determined analyzing the emis-
sions at around 665 and 800 nm under excitation at 476 nm. The
emission decay from the 3H, level at around 800 nm (®H4;—>Hg
transition; Fig. 6) is described by a single exponential function with
a lifetime of 310 ps, as shown in Fig. 7(a). On the other hand, the
emission decay around 665 nm (in principle from the 'G4—>F,
transition) incorporates a distribution of relaxation times (Fig. 7(b))
and could not be fitted with a single exponential function. Analysis
with a double exponential function yielded lifetimes of 75 ps and
116 ps. The origin of this non-exponential character is explained in
the simplified energy level diagram shown in Fig. 6, where two
possible emission channels around 665 nm, namely transitions
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Fig. 4. (a) Normalized thermal lens signal, (b) thermal diffusivity, and (c) thermal lens phase shift versus the excitation power, for 1 mol% Eu>* doped Y,05 ceramic, under

excitation at 457 nm.
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1G4—3F, and 3F;—3Hg, are indicated. The shorter lifetime was
attributed to the decay from the 3F; level due to the smaller energy
gap between it and the next low level than in the case of the
1G4 level.

Three prominent mechanisms of energy transfer involving the
ground state and the levels 'G4 and 3H,, namely 'G4—3F4:Hg—>F,
1G4—>F>:>Hg — 3F4, and 3Hs— 3F4:*Hg— 3F,, are shown in Fig. 6, where
the small wavy arrows represent multiphonon decay. The existence of
more than one emitting electronic state requires the expression for the
fraction of absorbed energy converted into heat (Eq. of ¢) to be
rewritten to take into account fluorescence quantum efficiencies of
the emitting levels, the several excitation and emission wavelengths,

Normalized intensity at 800 nm (a.u.)

Normalized intensity at 650 nm (a.u.)

0.01 1 1 1 1 1 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Time (ms)

Fig. 7. Luminescence decays of the emissions at 650 and 800 nm for 0.5 mol%
Tm>* doped Y,05 ceramic, under excitation at 476 nm.

Table 2
Transition wavelength, electro-dipole radiative rate, branching ratio, radiative lifetime,
experimental lifetime, and fluorescence quantum efficiency for Y,05:Tm>*.

Transition A (nm) A (s™') (%) Trad (MS)  Texp (MS)
1G4—>Hg 488  720.824 55.57  0.771 0.116 0.151
3F, 653 75.888 5.78

3Hs 788  329.223 2538

3Hy 1159  142.591 10.99

3Fs 1500 22176 1.71

3F, 1640 6.444 0.57

3F,—>Hg 666  221.318 2458 1111 - -
3F, 1060  572.069 63.53

3Hs 1470 94.620 10.51

3Hy 3920 12.418 1.38

3Fy 17,300 0.009 0

3F;—3Hg 673  879.627 7542  0.857 0.075 0.088
3Fy 1130 23170 1.99

3Hs 1606  261.202 22.39

3Hy 5070 2.350 0.20

3H,—Hs 812 745182 90.07  1.209 0310 0.256
3Fy 1460 70.293 8.49

*Hs 2350 11.896 1.44

3F,—3Hg 1800  179.095 5.584 - -

and the energy transfer rates. The heat generated per unit of time and
volume, Q, considering these transitions is

Q = Ryl (Eex—Eog ) + Wng (Egro — Eeo)
+WEEng(Ees — Eor)+ W ng(Eet — Eos)
+ Wik ns(Eso — Eao) + W id na(Eao — E3o)
+WEIns(Esy —Eor)+WhPnaEay + WiPn  Eqg, (5)
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Fig. 8. Normalized thermal lens signal and thermal lens phase shift versus the excitation power, for 0.5 mol% Tm>* doped Y053 ceramic, under excitation at 476 nm.

where Ej is the energy difference between levels i and j, R, is the
pumping rate, WET is the energy transfer rate from level i, Wg.’p is the
multiphonon decay rate from level i to level j, and n; is the population
of the ith level. The population dynamics of the Tm>* levels are
described, considering the labeling in Fig. 6, by the following system of
rate equations:

dng
T Rpng—Wekng (6.a)
dn

=t = Weehe — /7 (6.b)
dn

o= (WE +WE)ns—wiFns 6.0
d——mens—n4/T4 (Gd)
dt '
%= WT3PTI47TI3/T3 (66)
%?=W$%K4Nﬁm ©6.6)
dﬂ—ZWETn WE - WED ng + WiPn Wr ng—n 6
dt — 31 3+< 61 65) 6+ Wy o+ 6— 1/71 (6.g)

with n;-ng representing the population of electronic levels >F,, Hs,
3H,, 3F,, 3F5, and Gy, in order, and W{jﬂd the radiative transition from
level i to j, and A; is the total radiative rate of the level i. In addition,
the following relations are considered: 75! =Ag+WE', ;1=
Ayt WIE, o5 = Aot WET, As = Wil Wil L Wi Wl = W+
WEI, WETTG =ngf=1—ng=1- (7'6/76 B, Wikta=gs= 1-ny,
Wites =nlf =1 -3 =1—(e3/709), WPz, = 1 —y,. From the steady
state solutions of the rate equations and using the definitions above,
the following equation for Q was found:

Q= anOEex{l ’76E ’74(1 WG)EEX

Eso E
—n3(1=n6) (1=na) o —2m (1 - %MLWUU*%Eg
+ 6WradEZI (1*711)76Wg%d@ ) (7)
Eex Eex

The equation for the thermal load can be obtained from Eq. (7)
through ¢=Q/R,noE.y, resuting in

/‘LEX

Aex Aex
p=1- '167*'74(1*'76)7*'73(1 n6) (1— '74)/10

=211 (1—n6) (1—n4) (1~ ﬂs)je;

Jex
o ®)

+’762%+’760(] —m)5 -
where g, =W and g =sWi! are the radiative quantum
efficiencies of the transitions 6—2 and 6—0, respectively. Using
the JO theory and the measured luminescence decays, the fluores-
cence quantum efficiencies of levels 3F; and 3H, of Tm** were
obtained. Table 2 shows the radiative lifetime for the transitions,
branching ratio, experimental lifetimes, and the quantum efficiencies
of several energy levels as 75=0.151, #3=0.256, 17,=0.088, 15, =0.038
and 7o=0.084. Since all other parameters are known, except the
fluorescence quantum efficiency of the level 3F, emitting at
~1800 nm (771), Eq. (8) becomes ¢=0.716—0.325;, that can be used
to obtain #; if ¢ is known. It should be noted that this equation is
valid only for the investigated Tm concentration.

Fig. 8(a) presents a normalized TL signal for the Y,05:Tm sample
under excitation at 476 nm and for an excitation power of 400 mW.
The TL phase shift versus the pumping power is shown in Fig. 8(b),
where a linear behavior was observed with a linear fitting
0/P.x=0.0097 W1, The linear absorption coefficient of the Y,05:Tm
sample at 476 nm is 0.532 cm~!, and so the parameter O, =
0.365 W~! was evaluated. Using C=0.816 W~! obtained pre-
viously from the Y,0s:Eu sample, we calculated the thermal load
¢@=0.447 for this Tm-doped sample. With this value, the fluorescence
quantum efficiency of the level emitting at 1800 nm was estimated to
be 7;=0.84 that is relatively high for a level with possible energy
migration as is the case of °F,.

5. Conclusions

The optical characterization of Y,05 transparent ceramics singly-
doped with Eu>* and Tm3* was carried out. Traditional spectro-
scopic analysis and the use of the Judd-Ofelt theory were combined
with thermal lens results to yield a number of optical and thermal
properties of these ceramics. These measurements made if possible
to obtain the thermal properties of the Y,Os; ceramic matrix in
terms of thermal diffusivity D =26 x 10~2 cm?/s, thermal con-
ductivity K=5.8 W/m K, and temperature coefficient of the optical
path change ds/dT =3.0 x 10"® K=, The thermal conductivity of
the Y,03:Eu ceramic was determined to be about half of the value of
similar single-crystals, and the small temperature coefficient of the
optical path length change suggests that these ceramics suitable for
applications requiring nearly athermal response. Fluorescence
quantum efficiencies of several levels, particularly 62% for the °Dg
level of Eu>* and 84% for the 3F, level of Tm>*, were determined.
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