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Continuous-wave and passively Q-switched microchip laser performance of Yb:YAG ceramics and single-
crystals was investigated. Highly efficient continuous-wave Yb:YAG laser performance was observed at
1030 nm and 1049 nm for both Yb:YAG ceramics and crystals with different transmissions of output cou-
plers. The laser performance of Yb:YAG ceramic is comparable to that of Yb:YAG single crystal. Mean-
while, the laser performance of laser-diode pumped Yb:YAG/Cr4+:YAG all-ceramics- and all-crystals-
combination passively Q-switched microchip lasers were investigated. Sub-nanosecond laser pulses with
peak power over 150 kW were obtained with different Yb:YAG/Cr4+:YAG combinations. Linearly polar-
ized laser was observed in Yb:YAG/Cr4+:YAG all-crystals combination and circular polarized laser was
obtained in Yb:YAG/Cr4+:YAG all-ceramics combination. The best laser performance was obtained with
Yb:YAG/Cr4+:YAG all-crystals combination.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction Yb3+-ions doped YAG ceramics has been demonstrated [7,8].
Ytterbium doped laser materials have been intensely investi-
gated for developing high power laser-diode pumped solid-state
lasers around 1 lm [1]. Yb:YAG as crystals and polycrystalline
ceramics are one of the dominant laser gain media used for
solid-state lasers [2–6] owing to the excellent optical, thermal,
chemical and mechanical properties [2]. Owing to the small radius
difference between yttrium ions and ytterbium ions [3], Yb:YAG
single-crystal doped with different Yb concentrations can be grown
by different crystal growth methods and efficient laser perfor-
mance has been achieved [4–6]. By introducing Cr ions into
Yb:YAG crystal, Cr, Yb:YAG self-Q-switched laser crystal was
grown successfully and efficient laser operation was achieved in
Cr, Yb:YAG self-Q-switched laser crystal pumped by laser-diode
[4]. Transparent laser ceramics [5–9] fabricated by the vacuum sin-
tering technique and nanocrystalline technology [10] have been
proven to be potential replacements for their counterpart single
crystals because they have several remarkable advantages such
as high concentration and easy fabrication of large-size ceramics,
fabrication of multilayer and multifunctional ceramics laser mate-
rials [11,12]. Efficient and high power laser operation in Nd3+- and
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Passively Q-switched Yb:YAG/Cr4+:YAG all-ceramics microchip la-
sers with high peak power and sub-nanosecond pulse width have
been reported [13–15]. Yb:YAG laser materials have become prom-
ising candidates for high-power laser-diode pumped solid-state la-
sers with rod [16], slab [17], and thin disk [18,19] configurations.
The quasi-three-level laser system of Yb:YAG requires high pump-
ing intensity to overcome transparency threshold and to achieve
efficient laser operation at room temperature [20]. The thin disk la-
ser 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
[18]. However, in the thin disk case, the pump beam must be
folded many times into thin laser gain medium with mirrors in or-
der to absorb sufficient pump power, which makes the laser sys-
tem extremely complicated. Some applications require that the
lasers should be compact and economic; the cooling system should
be eliminated in compact and easily maintainable laser system.
Therefore, laser-diode end-pumped microchip lasers are a better
choice to achieve highly efficient laser operation under high pump
power intensity. The thinner the gain medium, the better the cool-
ing effect, therefore, heavy doped Yb:YAG gain media are the better
choice for such lasers. The development of Yb:YAG ceramics doped
with 1 at.% Yb3+ ions has been reported [9], but the efficiency of
such Yb:YAG ceramic laser is low owing to the deficient activator
concentration. In principle, there is no concentration quenching
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Fig. 1. Schematic diagram of laser-diode pumped Yb:YAG ceramics and crystals
microchip lasers. OC, output coupler; M1, focus lens with focal length of 8 mm; M2,
focus lenses with different focal lengths. Dotted frame shows the experimental
setup for passively Q-switched Yb:YAG/Cr4+:YAG microchip laser.
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effect in Yb:YAG, however, the unwanted impurities (such as Er3+,
Tm3+, Ho3+, and so on) from raw materials will be deleterious to the
laser performance owing to the high activator doping. Concentra-
tion dependent optical properties and laser performance of Yb:YAG
crystals have been reported [21–24]. The concentration quenching
of Yb:YAG crystals has been investigated and it was found that
fluorescence lifetime decreases when the Yb concentration is high-
er than 15 at.% and lifetime decreases up to 15% when the Yb con-
centration reaches to 25 at.% [22,25]. Optical spectra of Yb:YAG
ceramics doped with different Yb3+-lasant concentration
(CYb = 9.8, 12, and 20 at.%) and efficient 9.8 at.% Yb:YAG ceramic
microchip lasers [8] have been reported recently. The comparison
of laser performance of Yb:YAG ceramic and single-crystals doped
with 20 at.% Yb has been reported [26]. And systematic comparison
studies of miniature laser performance of Yb:YAG ceramics and
single-crystals doped with different Yb concentrations were re-
ported recently [27].

In this paper, we present our recent investigations of continu-
ous-wave (cw) and passively Q-switched microchip laser perfor-
mance of Yb:YAG crystals and ceramics doped with 10 at.% Yb.
The comparison of the continuous-wave laser performance of
microchip Yb:YAG ceramic and crystal lasers at 1030 nm and
1049 nm was conducted with different output couplings. Efficient
laser at 1030 nm and 1049 nm with different output couplings
was achieved with Yb:YAG crystals and ceramics. Multi-longitudi-
nal-mode oscillations were observed in these Yb:YAG microchip la-
sers. Yb:YAG ceramics show comparable laser performance to their
crystal counterparts. Efficient, sub-nanosecond pulse width and
high peak power passively Q-switched laser pulses were generated
in Yb:YAG/Cr4+:YAG all-crystals and all-ceramics combinations.
Linearly polarized laser output was observed in Yb:YAG/Cr4+:YAG
all-crystals combination, while circularly polarized laser output
was achieved in Yb:YAG/Cr4+:YAG all-ceramics combination.
2. Experimental

Yb:YAG and Cr4+:YAG ceramics used in experiments were fabri-
cated by the vacuum sintering technique and nanocrystalline tech-
nology, and Yb concentration is 9.8 at.%. Counterpart Yb:YAG and
Cr4+:YAG crystals used in experiments were grown by Czochralski
(CZ) method along the [1 1 1] direction, and Yb ions doping con-
centration is 10 at.%. The thickness of Yb:YAG and Cr4+:YAG sam-
ples was set to be 1 mm for comparing the laser performance.
Initial transmission of Cr4+:YAG samples was measured to be 80%
for comparing the performance of passively Q-switched Yb:YAG/
Cr4+:YAG microchip lasers.

To compare the continuous-wave and Q-switched laser perfor-
mance of Yb:YAG ceramics and single-crystals, microchip lasers
were used in the experiments. Fig. 1 shows a schematic diagram
of the experimental setup for laser-diode pumped Yb:YAG micro-
chip laser and passively Q-switched Yb:YAG/Cr4+:YAG microchip
laser. One surface of the Yb:YAG samples was coated for antireflec-
tion at 940 nm and high reflection at 1.03 lm to act as the rear cav-
ity mirror, the other surface was coated for antireflection at
1.03 lm to reduce the intracavity loss. Plane-parallel fused silica
output couplers with transmission (Toc) of 5%, 10%, 15%, and 20%
were mechanically attached to the gain medium tightly. For com-
parison of the laser performance of passively Q-switched Yb:YAG/
Cr4+:YAG microchip laser, saturable absorber Cr4+:YAG samples
were sandwiched between Yb:YAG sample and output coupler act-
ing as Q-switch. Plane-parallel fused silica output coupler with 50%
transmission was used in the experiments. Total cavity length was
2 mm.

A high-power fiber-coupled 940 nm laser diode with a core
diameter of 100 lm and numerical aperture of 0.22 was used as
the pump source. One lens with 8 mm focal length was used to col-
limate pump laser, and other lens with different focal lengths
(12 mm focal length for continuous-wave laser, and 8 mm focal
length for Q-switched laser) were used to focus the pump beam
on the Yb:YAG rear surface. After the coupling optics, there is about
95% pump power incident on the Yb:YAG samples and the pump
light spot in Yb:YAG sample is about 120 lm in diameter for
continuous-wave operation and 100 lm in diameter for
Q-switched laser operation. The laser was operated at room tem-
perature. The Q-switched pulse profiles were recorded by using a
fiber-coupled InGaAs photodiode with a bandwidth of 16 GHz,
and a 7 GHz Tektronix TDS7704B digital phosphor oscilloscope.
The laser spectrum was analyzed by using an optical spectrum
analyzer. The laser output beam profile was monitored using a
CCD camera both in the near-field and the far-field of the output
coupler. The polarization states of these microchip lasers were
determined by using a Glan-Thomson prism and a power meter.
3. Results and discussion

Fig. 2 shows the cw output power of Yb:YAG ceramics and sin-
gle-crystals microchip lasers as a function of the absorbed pump
power for different Toc. The absorbed pump power threshold for
Yb:YAG ceramic increases from 200 mW to 350 mW with Toc,
which are higher than those for Yb:YAG crystal (0.14, 0.26, 0.3,
and 0.32 W for Toc = 5%, 10%, 15% and 20% respectively). The output
power increases linearly with the absorbed pump power for
Yb:YAG ceramic sample when the absorbed pump power is well
above the pump power threshold, which is the nature of quasi-
three-level system of Yb:YAG; the high efficiency can be achieved
by using high pump power intensity at room temperature [28]. For
Toc = 5%, the laser operates at 1030 nm when the absorbed pump
power is above the pump power threshold and is kept below
0.65 W for Yb:YAG ceramic; the laser operates at 1030 nm and
1049 nm simultaneously when the absorbed pump power is kept
between 0.65 W and 0.9 W, as shown in Fig. 2a. The output power
increases rapidly with absorbed pump power due to oscillation of
1049 nm during dual-wavelength operation as shown in the inset
of Fig. 2a. The laser operates at 1049 nm when the absorbed pump
power is higher than 0.9 W. The same situation was also observed
in Yb:YAG single-crystal microchip laser with Toc = 5%, the
difference is that the threshold for 1030 nm oscillation is lower
and dual-wavelength oscillation is in the absorbed pump power
range of 0.55 and 0.75 W. The slope efficiency for 1049 nm is
64% for Yb:YAG ceramic and 81% for Yb:YAG crystal. Maximum
output power at 1049 nm is 3.8 W for Yb:YAG ceramic and 4.3 W
for Yb:YAG crystal at absorbed pump power of 6.5 W; the
corresponding optical-to-optical efficiencies are 59% and 66% for
Yb:YAG ceramic and crystal, respectively. There is a tendency of
saturation for Yb:YAG crystal at high pump power level, and there



0 1 2 3 4 5 6 7
0

1

2

3

4

5

0.0 0.3 0.6 0.9 1.2 1.5
0.0

0.2

0.4

0.6

Yb:YAG ceramic, ηs = 64%
Yb:YAG crystal, ηs = 81%

I II III

  I: 1030 nm
 II: 1030 nm + 1049 nm
III: 1049 nm

IIIIII

(a)
O

ut
pu

t p
ow

er
 (W

)

Absorbed pump power (W)

O
ut

pu
t p

ow
er

 (W
) 

Absorbed pump power (W) 

0 1 2 3 4 5 6 7
0

1

2

3

4

5

  Crystal:
Toc = 10%, ηs = 85%
Toc = 15%, ηs = 64%
Toc = 20%, ηs = 65%

Ceramic:
Toc = 10%, ηs = 69%
Toc = 15%, ηs = 64%
Toc = 20%, ηs = 60%

(b)

O
ut

pu
t p

ow
er

 (W
)

Absorbed pump power (W)

Fig. 2. Output power for (a) Toc = 5%, and (b) Toc = 10%, 15%, and 20% for Yb:YAG
ceramic and crystal microchip lasers as a function of absorbed pump power. Insert
in Fig. 2a shows the absorbed pump power range for different wavelength
oscillations for Yb:YAG ceramics.
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Fig. 3. Laser emitting spectra of Yb:YAG ceramic (a) and crystal (b) microchip lasers
for Toc = 5% under different pump power levels. The resolution of the optical spectral
analyzer is 0.01 nm.
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is no saturation effect for Yb:YAG ceramic and high power can be
further scaled by increasing the pump power.

For Toc is 10% or higher, the laser of Yb:YAG ceramic and crystal
operates only around 1030 nm. The best laser performance was ob-
tained with Toc = 10% for both Yb:YAG ceramic and crystal. The
slope efficiencies of Yb:YAG ceramic lasers are 69%, 64%, and 60%
for Toc = 10%, 15% and 20%, respectively. The slope efficiencies of
Yb:YAG crystal lasers are 85%, 64%, and 65% for Toc = 10%, 15%
and 20%, respectively. Maximum output power of 4 W at
1030 nm for Yb:YAG ceramic is obtained with Toc = 10% when the
absorbed pump power is 6.5 W; the corresponding optical-to-opti-
cal efficiency is 62%. And maximum output power of 4.6 W at
1030 nm for Yb:YAG crystal is obtained with Toc = 10% when the
absorbed pump power is 6.5 W; the corresponding optical-to-
optical efficiency is 74%. For Yb:YAG ceramic, although the laser
performance is not good as that of Yb:YAG crystal for different
transmissions of output coupler, the output power is not saturated
for different transmissions of output coupler, which can be further
scaled by increasing pump power. For Yb:YAG crystal, except for
Toc = 10%, there is a saturation effect with pump power at high
pump power level. These prove that the thermal effect of Yb:YAG
ceramic is better than that of Yb:YAG crystal. The inferior perfor-
mance of Yb:YAG ceramic is maybe caused by the poor optical
quality of Yb:YAG ceramic comparing to that of Yb:YAG crystal,
the optical quality of Yb:YAG ceramics can be further improved
by adjusting the ceramic sintering process.

The laser spectra of these lasers indicate several longitudinal
modes oscillate simultaneously (around 1049 nm for Toc = 5% when
absorbed pump power is higher than 0.9 W for Yb:YAG ceramic
and 0.75 W for Yb:YAG crystal; and around 1030 nm for both
Yb:YAG crystal and ceramic for Toc = 10%, 15% and 20%, respec-
tively). Fig. 3 shows the laser emitting spectra of Yb:YAG ceramic
and crystal microchip lasers under different absorbed pump power
for Toc = 5%. For Toc = 5%, multi- longitudinal modes oscillate at
1030 nm when the pump power is just over threshold, while num-
ber of the longitudinal modes increases with further increase of the
pump power when absorbed pump power is kept lower than
0.65 W for Yb:YAG ceramic (as shown in Fig. 3a) and 0.55 W for
Yb:YAG crystal (as shown in Fig. 3b). Dual-wavelength oscillation
was observed when the absorbed pump power was kept between
0.65 W and 0.9 W for Yb:YAG ceramic, and between 0.55 and
0.75 W for Yb:YAG crystal. The intensity and number of longitudi-
nal modes around 1030 nm decrease and the intensity and number
of longitudinal modes around 1049 nm increase with the absorbed
pump power when the laser oscillates in the dual-wavelength re-
gion. The laser spectra show that Yb:YAG laser oscillates around
1049 nm when the absorbed pump power is above 0.9 W for
Yb:YAG ceramic, and above 0.75 W for Yb:YAG crystal. The number
of longitudinal modes around 1049 nm increases with absorbed
pump power (as shown in Fig. 3). The separation of two close lon-
gitudinal modes is measured to be 0.3 nm, which is in good agree-
ment with the free spectral range (0.292 nm) of 1 mm long cavity
filled with gain medium predicted by [29] Dkc = k2/2Lc, where Lc is
the optical length of the resonator and k is the laser wavelength.
And the center wavelength of the lasers shifts to longer wavelength
with the pump power which is caused by the temperature depen-
dent emission spectra of Yb:YAG crystal [30]. The cause of switch-
ing of laser wavelength and dual-wavelength operation for Yb:YAG
ceramic and crystal laser with Toc = 5% is attributed to the quasi-
three level nature of Yb:YAG material and the local temperature
rise due to the heat generated at high pump power. The local tem-
perature rise inside Yb:YAG gain medium has a great effect on the
thermal population distribution of terminated laser level for
1030 nm, the reabsorption around the strong emission peak of
1030 nm increases, the threshold for 1030 nm oscillation increases.
However, the local temperature rise has little effect on the reab-
sorption loss around the weak emission peak of 1049 nm for
Yb:YAG gain medium, there is a tradeoff between 1030 nm and
1049 nm oscillations. With further increase of the local tempera-
ture, the reabsorption loss at 1030 nm increases, the laser prefers
to oscillate at 1049 nm than at 1030 nm with Toc = 5%.

For Toc = 10%, 15%, and 20%, the lasers oscillate only around
1030 nm, and the number of oscillating longitudinal modes was
found to increase from three, just above threshold, to eight at
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lasers as a function of the absorbed pump power. The solid lines show the linear fits
of the experimental data.
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higher pump power. Fig. 4 shows the laser emitting spectra of
Yb:YAG ceramic and crystal microchip lasers for Toc = 10% under
different absorbed pump power. The separation of each longitudi-
nal mode under different pump power was about 0.29 nm. The
linewidth of each mode was measured to be less than 5.7 GHz,
i.e. the resolution limit of the instrument.

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 longitudi-
nal mode oscillation for these microchip Yb:YAG lasers was mainly
caused by the etalon effect of plane-parallel Yb:YAG thin plate. For
Toc = 5%, both Yb:YAG ceramic and crystal lasers are oscillating at
longer wavelength comparing to those for Toc = 10%. The cause of
the wavelength shift to longer wavelength for Toc = 5% is related
to the change of the intracavity laser intensity [31] because only
the intracavity laser intensity is different for both cases. Intracavity
laser intensity for Toc = 5% is about two times higher than that for
Toc = 10%, therefore, more longitudinal modes will also be excited
for Toc = 5%. Because the better laser performance for Yb:YAG crys-
tal lasers was obtained comparing with that of Yb:YAG ceramics la-
sers, the intracavity intensity is higher for crystal laser, therefore
Yb:YAG crystal lasers oscillate at longer wavelength than those
for Yb:YAG ceramics lasers, especially for Toc = 5%. Strong mode
competition and mode hopping in these Yb:YAG microchip lasers
were also observed. When the laser oscillates, the excited Yb3+ ions
jump back to the lower laser level, they always relax to other even-
lower energy levels or ground level, this process is rapid compare
to the lifetime of Yb3+ ion in YAG crystal or ceramics. The relaxa-
tion of Yb3+ ions to the lower energy or ground levels causes the
lower-level population to increase with the lasing intensity, which
increases the reabsorption. This enhanced reabsorption provides a
negative feedback process for the lasing modes and effective gain
profile of Yb:YAG medium. This negative feedback process accom-
panied with the effects of strong mode competition makes some
stronger laser modes eventually faded or quenched. When the
intracavity light intensity is high enough, the population distribu-
tion at lower energy levels is changed dramatically. At the same
time, the effective gain curve of Yb:YAG under lasing condition
was altered by the strong reabsorption and temperature rise in-
duced by the absorbed pump power. Some initially suppressed
modes at longer wavelength governed by the emission spectra
can oscillate under changed gain curve, therefore the laser wave-
length shifts to longer wavelength and mode hopping was
observed.
Comparison of the laser performance of Yb:YAG/Cr4+:YAG
microchip lasers was done by inserting a 1 mm thick Cr4+:YAG be-
tween Yb:YAG and output coupler. Average output power Yb:YAG/
Cr4+:YAG microchip lasers as a function of absorbed pump power
was shown in Fig. 5. The absorbed pump power thresholds were
about 0.53 and 0.66 W for Yb:YAG/Cr4+:YAG all-crystals combina-
tion and all-ceramics combination, respectively. The higher pump
power threshold of these passively Q-switched lasers was due to
the low initial transmission of Cr4+:YAG and high transmission of
the output coupler used in the experiments. Average output power
increases linearly with absorbed pump power for these microchip
lasers, the slope efficiencies with respect to the absorbed pump
power were estimated to be about 39%, 36%, for Yb:YAG/Cr4+:YAG
all-crystals combination and all-ceramics combination, respec-
tively. The best laser performance (low threshold and high slope
efficiency) of passively Q-switched Yb:YAG/Cr4+:YAG microchip la-
sers was obtained with Yb:YAG/Cr4+:YAG all-crystals combination
because of the enhancement of linearly polarized laser operation
due to the combination of nonlinear saturation absorption effects
of Cr4+:YAG crystal under high intracavity laser intensity [32] and
the crystalline-orientation selected linearly polarized states of
Yb:YAG crystal [33]. Maximum average output power of 310 mW
and 248 mW was obtained with Yb:YAG/Cr4+:YAG all-crystals and
all-ceramics combinations respectively when the absorbed pump
power was 1.34 W, corresponding to optical-to-optical efficiency
of 23%, and 18.5%. There is no coating damage occurrence with fur-
ther increase of the pump power owing to decrease of the intracav-
ity energy fluence by using high transmission output coupler.

Fig. 6 shows the typical pulse profile of passively Q-switched
Yb:YAG/Cr4+:YAG microchip lasers with Yb:YAG/Cr4+:YAG all-crys-
tals and all-ceramics combinations when the absorbed pump
power of 1.34 W was applied. The pulse profile of all-crystals com-
bination is symmetry while the pulse profile of all-ceramics com-
bination is not symmetry, the pulse rise time is shorter than
pulse fall time. The shortest pulse width of 282 ps was achieved
with Yb:YAG/Cr4+:YAG all-crystals combination and 337 ps was
achieved with Yb:YAG/Cr4+:YAG all-ceramics combination when
the absorbed pump power of 1.34 W was applied. The correspond-
ing peak power of 215 kW and 150 kW was obtained for Yb:YAG/
Cr4+:YAG all-crystals and all-ceramics combinations, respectively.
Fig. 7 shows the pulse characteristics (pulse repetition rate, pulse
width, pulse energy and pulse peak power) of passively Q-switched
Yb:YAG/Cr4+:YAG microchip lasers as a function of absorbed pump
power. For both Yb:YAG/Cr4+:YAG all-ceramics and all-crystals
combinations, the repetition rate of passively Q-switched lasers
increases linearly with the absorbed pump power. Pulse width
(FWHM) of passively Q-switched Yb:YAG/Cr4+:YAG microchip
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lasers decreases with absorbed pump power at low pump power
levels and tends to keep constant at high pump power levels. Pulse
energy increases with absorbed pump power and tends to keep
constant at high pump power levels. The highest pulse energy of
61 lJ and 50 lJ was achieved with Yb:YAG/Cr4+:YAG all-crystal
combination and all-ceramics combination, respectively. Peak
power of passively Q-switched Yb:YAG/Cr4+:YAG microchip lasers
exhibits the same tendency as those of pulse energy. The overall
best laser performance (highest peak power) in passively Q-
switched Yb:YAG/Cr4+:YAG microchip lasers achieved by using
Yb:YAG/Cr4+:YAG all-crystals combination.

The polarization states of passively Q-switched Yb:YAG/
Cr4+:YAG microchip lasers with all-crystal and all-ceramic combi-
nations were investigated by measuring the output power after
polarizer. By rotating the Yb:YAG/Cr4+:YAG combination, the polar-
ization states of these lasers do not change, only the polarization
directions are changed by arranging Yb:YAG or Cr4+:YAG. Rotating
any one of sample does not affect the polarization states and no
stronger influence on the polarization was observed. Fig. 8 shows
the typical polarization states of Yb:YAG/Cr4+:YAG microchip lasers
with all-crystals and all-ceramics combinations. Yb:YAG/Cr4+:YAG
all-crystals combination exhibits linearly polarized state with
extinction ratio of greater than 300:1. While Yb:YAG/Cr4+:YAG
all-ceramics combination exhibits circular polarized state. The
extinction ratios of linearly polarized laser for Yb:YAG/Cr4+:YAG
all-crystals combination decrease a little with increase of the pump
power, no significant decrease of the extinction ratio was observed
at the maximum pump power used here, which shows that the
thermal effect under current available pump power is not strong
enough to induce sufficient birefringence and depolarization for
Yb:YAG crystals. However, we did observe the thermal effect under
high pump power level for cw Yb:YAG microchip lasers [33], there-
fore, the thermal effect induced birefringence and depolarization
should be considered in high power pumped passively Q-switched
Yb:YAG/Cr4+:YAG microchip lasers.

The output beam transverse intensity profiles were also moni-
tored in all the pump power range for continuous-wave and Q-
switched lasers. The output beam profile is close to TEM00 mode.
Near-diffraction-limited beam quality with M2 of less than 1.1
was achieved in these microchip lasers with Yb:YAG ceramics or
crystals as gain media in the available pump power range.

4. Conclusions

In conclusion, investigations of continuous-wave and Q-
switched microchip laser performance were done for Yb:YAG
ceramics and crystals doped with 10 at.% Yb. Efficient continu-
ous-wave and Q-switched laser performance was obtained for both
Yb:YAG crystal and ceramic. For different transmissions of output
couplers, Yb:YAG ceramics give the same continuous-wave laser
characteristics as that of Yb:YAG crystal, except the higher pump
power threshold. The laser performance of Yb:YAG crystal is better
than that of Yb:YAG ceramic. The lasers oscillate at multi-longitu-
dinal-mode owing to the broad emission spectra of Yb:YAG. The
strong reabsorption and gain curve change under high intracavity
laser intensity play important roles on the red-shift of the output
laser wavelength. Efficient passively Q-switched Yb:YAG/Cr4+:YAG
microchip lasers with sub-nanosecond pulse width and peak
power of over 150 kW have been achieved. Linearly polarized la-
sers were obtained in Yb:YAG/Cr4+:YAG all-crystals combination,
while circularly polarized lasers were achieved in Yb:YAG/
Cr4+:YAG all-ceramics combination.
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