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Transparent Yb doped YAG, YSAG and Yal.aO3 ceramics are fabricated by using the co-precipitation method.

The spectral properties and thermal parameters of these Yb doped cubic phase transparent ceramics are compared, and

their different and potential applications are also analysed. The absorption cross-section and the emission cross-section

of these ceramics are measured and calculated. The essential properties of these materials especially for the rep-rated

pulsed high-energy diode-pumped solid-state lasers are investigated. The results show that Yb doped YAG, YSAG and

YaLaOg3 are all suitable materials used for diode-pumped solid-state lasers.
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1. Introduction

Yb3T ion spectroscopy has received considerable
attention over the past years for it is related to an at-
tractive high power and high efficiency diode-pumped
solid-state laser.!=3] This kind of laser has a high
quantum efficiency of over 90% (Figs.1 and 2),[ less
heat generation in the laser material and a longer
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Fig.1. Energy level diagram of Yb:YAG crystal.

spectral properties, Yb:YAG, Yb:YLaOg, transparent ceramics

upper-state lifetime of ~1 ms. Moreover, it has no un-
desirable loss processes such as excited-state absorp-
tion, up-conversion, and concentration quenching due
to its simple electric structure. As a result, Yb:YAG
has several advantages compared with Nd:YAG for
diode laser pumping.®~7 In addition, the wide emis-
sion bandwidth of the Yb3t-doped material, around

1 i, allows high power tunable ultra-fast lasers. =10l
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Fig.2. Calculated absorption and emission cross sections
of Yb:YAG crystal.
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The aim of this paper is to report the spectral
and thermal properties of Yb doped Y3Al5012(YAG),
Y3Sc,Als_,012(YSAG) and Ys_,La,05(YLaO3)
transparent ceramics. Emphasis is laid on results
obtained for their application to rep-rated pulsed
high-energy diode-pumped solid-state lasers.

2. Experiment

The preparation of Yb:YAG powders were car-
ried out by using the co-precipitation method that
is shown in Fig.3. The Yb:YSAG and YLaOgs pow-
ders were also prepared by using the co-precipitation
method, just with the start aqueous solution changed.

After being sintered in vacuum, the Yb doped
transparent ceramics were annealed at 1450°C for 20 h
in air. This process made the Yb?* ions turn into
Yb3+ ions. Both surfaces of the sample were polished
and used to measure the optical transmittance and
the absorbed spectrum by using a Model U-2800 Spec-
trophotometer (Hitachi, Japan) and the fluorescence
spectra by using a Triax 550 spectrophotometer with
an InGaAs laser diode as a pump source (excited at
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Fig.3. Schematic diagram for the procedure of Yb:YAG
powder synthesis in the co-precipitation method.

3. Results and discussion

The absorptions of Yb3t doped YAG, YSAG and
YLaOj3 ceramics occur in a wavelength range of 850—
1050 nm, as illustrated in Fig.4. From Fig.4 we can
see there are four main absorption bands in these Yb
doped ceramics. The absorption centres are listed in
Table 1.
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Fig.4. Absorption and transition spectra of 5at% Yb doped YLaO3, YAG and YSAG ceramics.

Table 1. Absorption centres of Yb3+ doped YAG, YSAG and YLaO3 ceramics.

absorption centres

re-absorption centres

YAG ceramics 912.8 nm 929.0 nm
YSAG ceramics 912.0 nm 932.8 nm
YLaOj3 ceramics 908 nm 938 nm

939.6 nm 967.4 nm 1028.2 nm
942.4 nm 968.3 nm 1029.4 nm
952 nm 977 nm 1030 nm

The biggest absorption coefficients of 5at% Yb3+
doped YAG, YSAG and YLaOjs ceramics are 5.67,
4.34, and 9.4cm™! centred at 939.6, 942.4 and 977 nm
respectively. The absorption coefficient of Yb:YLaOg

ceramics is almost double of those of the other two
ceramics. So we can achieve the same absorption ma-
terials with a small doping level, and this will lead
to a higher thermal conductivity (at a high doping
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This
is very useful for making high-energy diode-pumped

level, the thermal conductivity turns lower).

solid-state lasers.

The line-widths (FWHM) of absorption band of
Yb:YAG ceramics at 939.6 nm and 967.4nm are about
12 and 3nm, respectively, while those of Yb:YSAG
ceramics at 942.4nm and 968.3nm are about 16 and
4nm, and the absorption bands of Yb:YLaQO3 ceramics
at 952nm and 977 nm are about 16 and 7 nm, respec-
tively. A wide full width at half maximum (FWHM)
means that the laser crystal can accommodate some
thermal shift of the pump light wavelength, and the
power output of the laser remains stable. Therefore,
the FWHM of absorption band at pump wavelength
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is one of important parameters for a laser crystal.
We can see that Yb:YLaO3 ceramics have the widest
FWHM, so it has the most tolerant thermal shift of
the pump light wavelength.

The absorption spectra in Fig.5 are 5at%, 10at%
and 20at% Yb doped YAG and YSAG ceramics. From
them we can see that with a higher Yb doping level,
the FWHM becomes wider and the absorption centres
around 941 and 970 nm shift toward blue, and also the
re-absorption coefficient turns larger. So with a higher
Yb doping level, the laser thresholds of these ceramics
turn higher, which an adverse factor influencing their

performance.

Fig.5. Absorption spectra of YAG and Yb:YSAG ceramics with different Yb doped levels.

The phosphorescence spectra of 5at% Yb:YAG,
Yb:YSAG and YLaOg3 ceramics at room temperature
are shown in Fig.6. It was acquired by using a TRIAX
550 spectrophotometer with InGaAs LD used as a
pump source (excited at 940nm). The decay times
of 1.2, 1.4 and 1.1ms for 5at% Yb:YAG, Yh:YSAG
and YLaOjz ceramics were measured by a using a
computer-controlled transient digitizer. The strongest
emission peaks of Yb:YAG and Yb:YSAG ceramics are
located at wavelengths of 1030 and 1029.2nm. From
the absorption spectra and the phosphorescence spec-
tra of the three Yb doped ceramics we can see that
Yh:YLaO3 has the weakest Stokes shift, which leads

|

The absorption cross-section and the emission
cross-section in the rare earth doped transparent ce-
ramics produced by solid-state synthesis are similar to
those measured in the corresponding single crystals for
all the systems where data on single crystals are avail-
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Fig.6. Fluorescence spectra of Yb:YAG, Yb:YSAG and
Yb:YLaO3 ceramics.

able. Thus, in the case of the Yb-doped YAG YSAG
and YLaOgs ceramics, the relative intensities of the
absorption line and the emission line and their peak
cross-sections are quite similar to those measured from

Czochralski single crystals. The absorption of Yb can
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be estimated according to the following expression:!**!

' 2.3031g(1/1o)
= 0

where 1g(Iy/I) is the common logarithm of optical

abs

density ratio, ¢ is the concentration of active ions in
unit volume and d is the thickness of the sample. The
emission cross sections can be determined by using ei-
ther the method of the reciprocity, or the Filichtbauer—
Ladenburg (F-L) formula. And the emission cross-
sections can be evaluated by using the method of
reciprocity (RM) (expression 2) and the Fiichtbauer—
Ladenburg formula (expression 3) as follows:!]
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where Z), Z,, k and E, represent the partition func-
tions for lower and upper levels, Boltzmann’s constant
and zero-line energy that is defined as the energy sep-
aration between the lowest components of upper and
lower states, respectively, and ¢®(v) is the normalized
line shape function for polarization in units of photons
per second.

The absorption cross-section and the emission
cross-sections of Yb doped YAG, YSAG and YLaOs
ceramics, calculated Egs.(1) and (2), are shown in
Fig.7. From Fig.7 we can see that the peak ab-
sorption cross-sections of Yb doped YAG, YSAG
and YLaOjs ceramics at 939.6, 942.4and 977nm
are 0.76x1072%, 0.58x1072° and 0.63x1072% cm? re-
spectively, while their peak emission cross-sections
at 1028.6, 1029.4 and 1030nm are 1.89x10720,
1.45%1072% and 1.25x1072" cm?.
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Fig.7. Absorption and emission cross-sections of Yb doped YLaO3s, YAG and YSAG ceramics.

4. Thermal conductivity proper-
ties

The thermal conductivity of solids has become a
key parameter in electronics and optics, which leads
to a present tendency to increase the energy density
in functional materials.

The thermal conductivity  of solids is a function
of several physical parameters, such as the material
density p, the sound velocity v , the Gruneisen anhar-
monicity parameter -y, and the Debye frequency wp,
and it is expressed as!!213]

1 pu?

(4)

K= T %p”

The ~ parameter measures the deviation from a pure
harmonic behaviour of chemical bonds. A deeper anal-

ysis yields

B lA'TI?ﬁ/pQPWBMl/g
T 7253711/3“3/2

K

(5)

or 3o
T3/2 ,2/3 ) p1/3

K o W. (6)
In these expressions, Ty,p is the melting point of crys-
talline solid, M and n are, respectively, the molar mass
and the number of atoms per formula unit. The re-
duced mass i is the harmonic average of all ion masses
of the formula unit. In order to obtain a large value of
k, the following requirements must be fulfilled: large
molar mass M; high melting-point T},,p; high-strength
atomic bonds; compact crystal structures (which will
lead to small values of n and p); covalent character
of the host. As we can see, the structures of YSAG,
YAG and YLaOgs become compact and the value of
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Tmp turns higher according to the order, the values
of thermal conductivity k of YSAG, YAG and YLaOg
become larger according to this order.

5. Conclusion

Transparent Yb doped YAG, YSAG and YaLaOg
ceramics are fabricated by using the co-precipitation
method. The spectral properties and the thermal
parameters of these Yb doped cubic phase trans-
parent ceramics are compared, and their different
and potential applications are also analysed. The
absorption cross-sections of Yb doped YAG, YSAG
and YLaOgs ceramics at 939.6, 942.4 and 977 nm are

0.76x10729, 0.58x1072° and 0.63x1072° cm? respec-
tively. Their peak emission cross-section at 1028.6,
1029.4 and 1030 nm are 1.89x1072°, 1.45x1072% and
1.25x1072% cm? respectively. According to the ex-
pression of thermal conductivity x, YLaOgs has the
largest thermal conductivity. These results show that
Yb doped YAG, YSAG and YaLaOj ceramics are all
suitable materials used for diode-pumped solid-state
lasers.
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