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Abstract: Laser performance of Yb:YAG ceramics and single-
crystals doped with different Yb concentrations was investigated
using two-pass pumping miniature laser configuration. Highly
efficient laser performance was obtained for both Yb:YAG ce-
ramics and single-crystals. For the low doping concentration, the
laser performance of ceramics is lower than those of their single-
crystal counterpart. However, better laser performance was ob-
served for heavy-doped Yb:YAG ceramic than single-crystal
(Cyp =20 at.%). The maximum optical-to-optical efficiency de-
creases with Yb doping concentration for both Yb:YAG ceram-
ics and crystals. However, the decrease of maximum optical-
to-optical efficiency is faster for Yb:YAG crystals than that for
Yb:YAG ceramics with Yb doping concentration. The effects of
YD concentration and the transmission of the output couplers on
the laser performance and output laser wavelength of Yb:YAG
ceramics and crystals were addressed by taking account into the
intracavity laser intensity and reabsorption.
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1. Introduction

Ytterbium doped laser materials have been intensely in-
vestigated for developing high power laser-diode pumped
solid-state lasers around 1 pum [1]. Yb:YAG as crystals
and polycrystalline ceramics are one of the dominant laser
gain medium used for solid-state lasers [2—6] owing to
the excellent optical, thermal, chemical, and mechanical
properties [7]. Owing to the small radius difference be-
tween yttrium ions and ytterbium ions [8], Yb: YAG single-
crystal doped with different Yb concentrations can be
grown by different crystal growth methods and efficient

laser performance has been achieved [3,9,10]. By intro-
ducing Cr ions into Yb:AG crystal, self-Q-switched laser
crystal was grown successfully and efficient laser oper-
ation was achieved in Cr,Yb:YAG self-Q-switched laser
crystal pumped by laser-diode [11]. Multi-mode compe-
tition and spatial-hole burning effects induced switch-
able pulse generation was also observed in passively Q-
switched Yb:YAG/Cr:YAG microchip lasers [12].
Transparent laser ceramics [6,13—16] fabricated by the
vacuum sintering technique and nanocrystalline technol-
ogy [17] have been proven to be potential replacements
for counterpart single crystals because they have several
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remarkable advantages compared with single-crystal laser
materials, such as high concentration and easy fabrica-
tion of large-size ceramics samples, multilayer and mul-
tifunctional ceramics laser materials [18,19]. Rare earths
ions doped LusOs, ScoOs, and Y203 oxides ceramics
have been developed and their mechanical and optical
properties are reported recently [20-23]. New nonlinear
laser effects and Raman induced Stokes and anti-Stokes
lasing effects were observed in these ceramics with ex-
cellent optical properties. The polarization properties of
laser-diode pumped Nd:YAG ceramic was also investi-
gated [24] and found that the linearly polarized laser can
be achieved by adjusting the cavity symmetry even with
random distribution of Nd:YAG gains in ceramic host.
Passively Q-switched Yb:YAG/Cr:YAG all-ceramics mi-
crochip lasers have been reported with high peak power
and sub-nanosecond pulse width [25-27]. Highly efficient
laser operation was also obtained in these microchip pas-
sively Q-switched lasers. Efficient and high power laser
operation in Nd3*- and Yb3T-ions doped YAG ceram-
ics has been demonstrated [6,15]. Yb:YAG has been a
promising candidate for high-power laser diode pumped
solid-state lasers with rod [28], slab [29], and thin disk
[30,31] configurations. The quasi-three-level laser system
of Yb:YAG requires high pumping intensity to overcome
transparency threshold and achieve efficient laser opera-
tion at room temperature [32]. The thin disk laser has
been demonstrated to be a good way to generate high
power with good beam quality owing to the efficiently
cooling of gain medium and good overlap of the pump
beam and laser beam [30]. However, in the thin disk case,
the pump beam must be folded many times into thin laser
gain medium disk with mirrors in order to absorb suf-
ficient pump power, which makes the laser system ex-
tremely complicated. Some applications require that the
lasers should be compact and economic; therefore, the
cooling system is eliminated in compact and easily main-
tainable laser system. Therefore, laser-diode end-pumped
microchip lasers are a better choice to achieve highly ef-
ficient laser operation under high pump power intensity.
The thinner the gain medium, the better the cooling effect,
therefore, heavy doped Yb:YAG gain media are the bet-
ter choice for such lasers. The development of Yb:YAG
ceramics doped with 1 at.% Yb3* ions have been re-
ported [16], but the efficiency of such Yb:YAG ceramic
laser is low owing to the deficient activator concentration.
In principle, there is no concentration quenching effect in
Yb:YAG, however, the unwanted impurities (such as Er3t,
Tm?3*t, Ho3t, and so on) from raw materials will be dele-
terious to the laser performance owing to the high acti-
vator doping. Concentration dependent optical properties
and laser performance of Yb:YAG crystals have been re-
ported [33-36]. The concentration quenching of Yb:YAG
crystals has been investigated and it was found that flu-
orescence lifetime decreases when the Yb concentration
is greater than 15 at.% and lifetime decreases up to 15%
when the Yb concentration reaches to 25 at.% [34,37].
The fluorescence lifetime of Yb?+ doped materials is usu-

ally affected by the radiative trapping and concentration
quenching effects [38]. Radiative trapping and concentra-
tion quenching effects become stronger with Yb concen-
tration and there is a concentration region (from 15 to
25 at.% for Yb:YAG crystal), two trends compete each
other and consequently compensate each other, leading to
a constant value of measured fluorescence lifetime. There-
fore special technologies have been taken to eliminate the
radiative trapping effect when the fluorescence lifetime is
measured for Yb doped materials. Optical-thin samples or
powder sandwiched between two undoped YAG crystals
were used to measure the radiative lifetime of Yb:YAG
crystals [10,37]. The radiative lifetime of Yb:YAG crys-
tal was found to decrease with Yb concentration. Optical
spectra of Yb:YAG ceramics doped with different Yb3+-
lasant concentration (Cy, =9.8, 12, and 20 at.%) and effi-
cient 9.8 at.% Yb:YAG ceramic microchip lasers [6] have
been reported recently. The comparison of laser perfor-
mance of Yb:YAG ceramic and single-crystal doped with
20 at.% Yb has been reported [39]. However, there is no
systematic comparison studies of microchip laser perfor-
mance of Yb:YAG ceramics and single-crystal doped with
different Yb concentrations.

Here, we report on the systematical comparison of the
performance of miniature Yb:YAG (Cy, = 9.8, 12, and
20 at.%) ceramic and Yb:YAG single-crystals (Cyy, =10,
15, and 20 at.%) lasers at 1030 nm with two-pass pump-
ing scheme. The laser performance of Yb:YAG ceramics is
nearly comparable to or better than their counterpart single
crystals depending on the Yb doping concentration. The
effect of Yb concentration on the optical-to-optical effi-
ciency and laser emitting spectra was also addressed.

2. Experimental setup

To compare the laser performance of Yb:YAG ceramics
and single-crystals, double-pass pumped miniature lasers
were used in the experiments. To absorb sufficient pump
power, high doping concentration was needed for thin gain
medium. Therefore, high doping concentration Yb:YAG
single-crystals and ceramics were used in the laser exper-
iments. Three Yb:YAG ceramics samples (Cyp, =9.8, 12,
and 20 at.%) were used in the laser experiments. Compa-
rable Yb:YAG single-crystals (C'yp, = 10, 15, and 20 at.%)
were used to compare the laser characteristics with those
of Yb:YAG ceramics. The size of the samples is 10 mm in
diameter and 1 mm in thickness. Fig. 1 shows a schematic
diagram of the experimental setup for laser-diode pumped
Yb:YAG miniature laser. One surface of the sample was
coated for antireflection both at 940 nm and 1.03 pm.
The other surface was coated for total reflection at both
940 nm and 1.03 pm, acting as one cavity mirror and re-
flecting the pump power for increasing the absorption of
the pump power. Plane-parallel fused silica output cou-
plers with transmission (7,.) of 5 and 10% were mechan-
ically attached to the gain medium tightly. A 35-W high-
power fiber-coupled 940 nm laser diode (Apollo, F35-940-
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Figure 1 (online color at www.Iphys.org) Schematic diagram of
laser-diode pumped Yb:YAG ceramics and single-crystals minia-
ture lasers. DBS — dichroic beam splitter; OC — output coupler;
M1 - focus lenses with focal length of 8 mm; M2 — focus lenses
with focal length of 15 mm

1) with a core diameter of 100 ym and numerical aperture
of 0.22 was used as the pump source. Optical coupling sys-
tem with two lenses M1 (8-mm focal length) and M2 (15-
mm focal length) was used to focus the pump beam on the
ceramic rear surface and to produce a pump light footprint
on the Yb:YAG of about 170 pum in diameter. The laser
spectrum was analyzed by using an optical spectrum ana-
lyzer (ANDO AQ6137) with resolution of 0.01 nm. Output
beam profile of these lasers was monitored by using a CCD
camera, and beam quality factor, M2, was determined by
measuring the beam diameters at different positions along
the laser propagation direction.

3. Results and discussion

Fig. 2 shows the output power of miniature Yb:YAG ce-
ramics and single-crystal lasers as a function of the ab-
sorbed pump power for different Yb concentrations and
Toc. The absorbed pump power for reaching laser thresh-
olds of Yb:YAG ceramics (Cy,=9.8, 12, and 20 at.%)
were 0.3, 0.33, and 0.64 W for T,.=5% and 0.33, 0.5,
0.68 W for T,.=10%. The pump power threshold in-
creases with 7,. and Yb concentration for Yb:YAG ce-
ramic lasers. This was caused by the increase of the losses
introduced by the large T}, and the increasing reabsorp-
tion of Yb3* at lasing wavelength with Yb concentrations.
For Yb:YAG ceramics doped with different Yb concentra-
tions, the output power increases linearly with absorbed
pump power for T,.=5 and 10%. The slope efficiencies
respected to the absorbed pump power for Yb:YAG ce-
ramics (Cy;, =9.8, 12, and 20 at.%) were measured to be
50, 55, and 45% for T,.=5% and 52, 44, and 38% for
Ty =10%. Slope efficiency increases with T, for 9.8 at.%
Yb:YAG ceramic, however, the slope efficiencies decrease
with T}, for Yb:YAG ceramics doped with 12 and 20 at.%
Yb3* ions. Maximum output power of 2.54 W was mea-
sured for T,.=5% by using 12 at.% Yb:YAG ceramic as
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Figure 2 (online color at www.lphys.org) Output power of (a)
Yb:YAG ceramic and (b) Yb: YAG single crystal miniature lasers
as a function of absorbed pump power for different Yb concen-
trations and transmissions of the output couplings

gain medium when the absorbed pump power was 5.3 W.
The corresponding optical-to-optical efficiency was about
48%.

The absorbed pump power for reaching laser thresh-
olds of Yb:YAG single-crystal (C'yp, = 10, 15, and 20 at.%)
were 0.3, 0.51, and 0.76 W for T,,.=5% and 0.35, 0.55,
and 0.84 W for T,.=10%. The absorbed pump power
threshold increases with the T,. and Yb concentrations,
the same tendency as that for Yb:YAG ceramics. How-
ever, the absorbed pump power thresholds of Yb:YAG sin-
gle crystals were higher than those of Yb:YAG ceram-
ics. This may be caused by the pump configuration used
in the laser experiments and low pump power intensity
with pump beam diameter of 170 pym. Because the inci-
dent pump beam from laser-diode is several degrees away
from the normal direction of the laser beam, there is a
mismatch between the pump beam and laser beam. From
Fig. 2b, we can see at low pump power just above absorbed
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pump power threshold, the laser performance is lower
than that high pump power levels, this is normal for the
quasi-three-level system; efficient laser performance can
be achieved at high pump power density [32]. However,
for Yb: YAG ceramics, owing to the random distribution of
Yb:YAG crystalline particles, the absorbed pump power
threshold can be achieved more easily. Output power in-
creases linearly with absorbed pump power for Yb:YAG
single-crystals doped with 10 and 15 at.% Yb. The slope
efficiencies of miniature lasers based on Yb:YAG single-
crystals doped with 10 and 15 at.% Yb were measured to
be 69, 62% for T,.=5% and 67, 55% for T,.=10%. The
slope efficiencies of Yb:YAG crystals doped with 10 and
15 at.% Yb3*t were higher than those for Yb:YAG ceram-
ics although the pump power thresholds were higher than
those of Yb:YAG ceramics. At higher pump power den-
sity, the inversion population excited by the pump beam is
well-over the threshold, and the modes matched very well,
therefore, the laser oscillates at high slope efficiency, espe-
cially for Yb:YAG crystal doped with 10 and 15 at.% Yb.
The better laser performance of these crystals compared to
their counterpart ceramic suggests that the intracavity loss
for Yb:YAG crystal lower than that of Yb: YAG ceramics.
For Yb:YAG single-crystal doped with 20 at.% Yb, the
output power increases with the absorbed pump power,
and tends to increase slowly when the absorbed pump
power is higher than a certain value (e.g. 3 W for T,. =5%
and 2.3 W for T,. = 10%), as shown in Fig. 2b. However,
besides the higher absorbed pump power threshold com-
pared to its counterpart Yb:YAG ceramic, the slope effi-
ciencies (45% for T,.=5% and 32 at.% for T,.=10%)
of 20 at.% Yb:YAG single crystal were lower than those
@47% for T,.=5% and 38 at.% for T,.=10%) for its
counterpart Yb:YAG ceramic. The laser results show that
heavy doped Yb:YAG ceramic is better than its single crys-
tal counterpart. The strong segregation of the impurities
in Yb:YAG crystal with increase of the Yb concentration
during crystal growth is the main reason for the worse
laser performance. The other reasons for the less efficient
laser operation may be the impurities increases with dop-
ing concentration [33], the impurities induced concentra-
tion quenching effect limit the laser performance of highly
doped Yb:YAG crystals. The green emission was observed
in the Yb:YAG crystals and ceramics when they were
pumped with laser diodes, and visible intensity increases
with Yb concentration up to 15 at.% and then decreases
with Yb concentration [40]. Energy transfer from Yb3*
ions to Er*t, and Tm3*t impurities and cooperative en-
ergy transfer between Yb3T ions are the causes of these
visible luminescence. These are deleterious to the infrared
laser operation. However, the distance between Yb3t ions
and impurities or other quenching centers is decreased
with Yb concentration, the cooperative luminescence in-
tensity decreases because the excited ions are more easily
quenched by reaching a neighboring defect site. There-
fore, the effect of cooperative energy transfer is not a
main factor to limit the laser performance of highly doped
Yb:YAG crystals. Fig. 3 shows the optical-to-optical effi-
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Figure 3 (online color at www.Iphys.org) Optical efficiencies of
(a) Yb:YAG ceramic and (b) Yb:YAG single crystal miniature
laser as a function of absorbed pump power for different Yb con-
centrations and transmissions of the output coupler

ciencies of Yb:YAG lasers as a function of absorbed pump
power. Under present laser experimental conditions, there
is no saturation effect of Yb: YAG lasers with different out-
put couplings for Yb concentration equal to or less than
15 at.% although the optical efficiency increases slowly
with the absorbed pump power. However, for 20 at.%
Yb:YAG, there is saturation effect for ceramic lasers with
Toc=5% and for single-crystal lasers with different out-
put couplings. Maximum optical efficiency of 48% was
achieved for Yb:YAG ceramic doped with 12 at.% Yb
at the absorbed pump power of 5.3 W. For single crys-
tal doped with 20 at.% YD lasants, there is a maximum
optical efficiency for all output couplings (as shown in
Fig. 3b). The optical-to-optical efficiency decreases with
further increase of the pump power. For Yb:YAG ceram-
ics, except the comparable laser performance of 9.8 at.%
Yb:YAG with T,,.=5 and 10%, the optical-to-optical ef-
ficiency decreases with 7,. and Yb concentration. How-
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Figure 4 (online color at www.lphys.org) Comparison of the
maximum optical-to-optical efficiency of Yb:YAG miniature
lasers as a function of Yb concentration. The solid lines were
used for illustration

ever, for Yb: YAG single-crystals, the optical-to-optical ef-
ficiency decreases with the 7). and Yb concentration un-
der different pump power levels. Optical-tooptical effi-
ciency of Yb:YAG crystal doped with less than 15 at.%
Yb is higher than that forYb:YAG ceramics under certain
pump power levels. For 20 at.% Yb:YAG, Yb:YAG ce-
ramic has higher optical-to-optical efficiency than that of
crystal under different pump power levels. The decrease
of the optical-to-optical efficiency of Yb:YAG lasers with
Yb concentration was attributed to the thick samples used
for highly doped Yb:YAG samples. The better laser per-
formance can be further improved through optimizing the
thicknesses for Yb:YAG samples with different Yb con-
centrations. The highly efficient microchip lasers has been
demonstrated by using the same crystals [36] as those here
used.

Fig. 4 shows the maximum optical-to-optical effi-
ciency under available pump power of Yb:YAG ceram-
ics and single-crystals lasers as a function of Yb concen-
trations for different output couplings. For Yb:YAG sin-
gle crystals, the maximum optical-to-optical efficiency de-
creases with Yb concentrations, there are 45% and 56%
dropping for T,.=5 and 10% when Yb concentration in-
creases from 10 to 20 at.%. However, for Yb:YAG ceram-
ics, the maximum optical-to-optical efficiency decreases
with Yb concentration, the decrease is smaller for Yb: YAG
ceramics compared to that for Yb:YAG single crystal.
There are 15 and 32% dropping for T,.=5 and 10%
when Yb concentration increases from 10 to 20 at.% for
Yb:YAG ceramics. Because small different optical prop-
erties were observed in Yb:YAG ceramics and single-
crystals doped with different Yb concentrations[6,41],
the different laser performance of Yb:YAG ceramics and
single-crystals may be caused by the Yb®*-ions distribu-
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—————— crystal
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Figure 5 (online color at www.lphys.org) Laser emitting spectra
of 9.8 at.% Yb:YAG ceramic and 10 at.% Yb:YAG crystal minia-
ture lasers under different pump power levels; (a) — 1o =5%,
(b) — Toe = 10%. The resolution of the optical spectral analyzer is
0.01 nm

tion in YAG host and optical quality of Yb:YAG samples.
Although the distribution coefficient of Yb in Yb:YAG is
close to unit, there is still concentration gradient observed
in Yb:YAG single crystals along the growth axis and radius
of the crystal boule [42]. The Yb3*-ion distribution inho-
mogeneity in Yb:YAG single-crystal becomes server with
Yb concentration. The impurities such as Ho?*, Er®* in-
crease with Yb concentration in Yb:YAG crystals because
the strong segregation of rare-earth ions in YAG crystal
was observed. This was observed in the reduced radiative
lifetime in highly doped Yb:YAG crystals [10,33,37]. This
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concentration quenching effect limits the efficient laser
performance of highly doped Yb:YAG crystals. For ce-
ramics, the distribution of Yb ions in the grains and grain
boundary is a main factor to determine the optical proper-
ties. The gain boundary of YAG ceramics was measured
to be less than 0.5 nm [43], and sintering temperature is
about 200°C lower than the melt point of Yb:YAG crys-
tal, the segregation of Yb in grain boundary can only be
achieved by diffusion or migration, therefore the distribu-
tion of Yb in gain and boundary should be close to homo-
geneous. When Yb ions were doped in YAG ceramics, the
segregation of ytterbium ions in the grain boundary, ac-
companied by a reduction of the acoustic mismatch, leads
to increased phonon transmission [44]. This will be fur-
ther enhanced by introducing more ytterbium ions. This
may be one of the main reasons for the better laser perfor-
mance of heavy doped Yb:YAG ceramics compared to that
of single-crystal with same doping levels.

Fig. 5 shows the comparison of the laser emitting spec-
tra of 9.8 at.% Yb:YAG ceramic and 10 at.% Yb:YAG
single-crystal miniature lasers under different absorbed
pump power for T,.=5, and 10%. Lasers operated at
multi-longitudinal modes under different pump levels. The
number of longitudinal modes increases with the absorbed
pump power because the inversion population provided
with pump power can overcome the threshold for low
gain away from the highest emission peak of Yb:YAG
gain medium. The longitudinal mode oscillation for these
miniature Yb:YAG lasers was mainly caused by the etalon
effect of plane-parallel Yb:YAG thin plate. The separa-
tion of longitudinal modes was measured to be 0.29 nm,
which is in good agreement with the free spectral range
(0.292 nm) of 1-mm-long cavity filled with gain medium
predicted by [45] A\, = A2/2L,, where L. is the optical
length of the resonator and A is the laser wavelength. And
the center wavelength of the lasers shifts to longer wave-
length with the pump power which is caused by the tem-
perature dependent emission spectra of Yb:YAG crystal
[41].

For T,. = 5%, both Yb:YAG ceramic and crystal lasers
are oscillating at longer wavelength comparing to those
for T;,. = 10%. The cause of the wavelength shift to longer
wavelength for T, =5% is relating to the change of the
intracavity laser intensity [46] because only the intracavity
laser intensity is different for both cases. Intracavity laser
intensity for T,.=5% is about two times higher than that
for T,.=10%, therefore, more longitudinal modes will
also be excited for T,. =5%. Because the better laser per-
formance for 10 at.% Yb:YAG lasers compared to 9.8 at.%
Yb:YAG ceramics lasers, the intracavity intensity is higher
for crystal laser, therefore Yb:YAG crystal lasers oscil-
late at longer wavelength than those for Yb:YAG ceramics
lasers, especially for T,. =5%. Strong mode competition
and mode hopping in these Yb:YAG ceramic lasers were
also observed. When the laser oscillates, the excited Yb3+
ions jump back to the lower laser level, they always re-
lax to other even-lower energy levels or ground level, this
process is rapid compare to the lifetime of Yb>* ion in
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Figure 6 (online color at www.lphys.org) Laser emitting spectra
of 20 at.% Yb:YAG ceramic and crystal miniature lasers under
different pump power levels; (a) — Toc=5%, (b) — The=10%.
The resolution of the optical spectral analyzer is 0.01 nm

YAG crystal or ceramics. The relaxation of Yb3T ions to
the lower energy or ground levels causes the lower-level
population to increase with the lasing intensity, this in-
creases the reabsorption. This enhanced reabsorption pro-
vide a negative feedback process for the lasing modes and
effective gain profile of Yb:YAG medium. This negative
feedback process accompanied with the effects of strong
mode competition makes some stronger laser modes even-
tually faded or quenched. When the intracavity light in-
tensity is high enough, the population distribution at lower
energy levels is changed dramatically. At the same time,
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the effective gain curve of Yb:YAG under lasing condition
was altered by the strong reabsorption and temperature rise
induced by the absorption pump power. Some initially sup-
pressed modes at longer wavelength governed by the emis-
sion spectra can oscillate under changed gain curve, there-
fore the laser wavelength shifts to longer wavelength and
mode hopping was observed. Fig. 6 shows the laser emit-
ting spectra of 20 at% Yb:YAG ceramic and single-crystal
miniature lasers under different pump power levels and
output couplings. The lasers oscillate at multi-longitudinal
modes. The number of the longitudinal modes increases
with the pump power. The laser oscillates at longer wave-
length for 20 at.% Yb:YAG lasers compared to that for
10 at.% Yb:YAG lasers for both transmissions of the out-
put couplers (as shown in Fig. 5 and Fig. 6). The red-shift
of laser wavelength for T,.=10% with Yb concentration
is smaller than that for T,,. = 5% because of the lower intra-
cavity laser intensity Yb:YAG lasers with T, =10%. The
number of longitudinal modes is larger for T;,. =5% than
that for 7T,. = 10%. This may be related to the gain curve
change due to the strong reabsorption under strong intra-
cavity intensity.

The output beam transverse intensity profiles were also
monitored in all the pump power range. One example of
the beam intensity profile at output power of 2.5 W for
12 at.% Yb:YAG ceramics with T,.=5% was shown in
Fig. 7, as well as a horizontal slice through the center. The
output beam profile is close to TEMyy mode. The mea-
sured spatial profile can be fitted with Gaussian function
very well, as shown in Fig. 7b. Near-diffraction-limited
beam quality with M? of less than 1.1 was achieved in
these miniature lasers with Yb:YAG ceramics and single-
crystals as gain media in the available pump power range.

4. Conclusions

In conclusion, systematic comparison of laser performance
was done for Yb: YAG ceramics and single-crystals doped
with different concentrations. Although the pump power
thresholds of Yb:YAG crystals were higher than their ce-
ramics counterparts due to the pump configuration, the ef-
ficient laser operation was obtained by using both Yb: YAG
ceramics and single-crystals. The laser performance of 1-
mm-thick Yb:YAG ceramics and crystals becomes worse
with Yb concentration under present miniature laser con-
figuration. However, the laser performance of Yb:YAG
crystals is more sensitive to the Yb concentrations, while
the laser performance of Yb:YAG ceramics is less sensi-
tive to the Yb concentrations. The laser performance of
low doping Yb:YAG ceramics is worse than those obtain-
ing from Yb:YAG singly crystals. The laser performance
of 20 at.% Yb:YAG ceramics is better than its counterpart
single crystal. Both Yb:YAG ceramics and crystals minia-
ture lasers oscillate at multi-longitudinal modes, the num-
ber of longitudinal-mode increases with absorbed pump
power. Strong mode competition and mode hopping were
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Figure 7 (online color at www.Iphys.org) (a) — output laser beam
profile of Yb:YAG ceramic miniature lasers when output power
is 2.5 W for 12 at.% Yb:YAG ceramics with T, =5%; (b) — hor-
izontal slice through center of beam profile with Gaussian fit

observed in these Yb:YAG lasers. The strong reabsorp-
tion and gain curve change under high intracavity laser
intensity play important roles on the red-shift of the out-
put laser wavelength. High beam quality lasers with M2
less than 1.1 were achieved by adopting Yb:YAG ceram-
ics and crystals as gain media. Heavy-doped Yb:YAG ce-
ramic will be a potential candidate for microchip lasers by
optimizing the thickness and Yb3™ concentration.
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