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LD Pumped Nd:GdVO, /KTP Intracavity-frequency-doubling Laser
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Abstract

Based on the measuring of thermal focal length and 1 . 0 6 pum fundamental property of

Nd:GdVO,, the intracavity-frequency-doubling property of LD pumped Nd:GdVO,/KTP laser has been
studied with a three-mirror folded cavity. When pumped by low power LD laser outputted from a single-

fiber with the diameter of 200um, the green laser has a threshold of 26 mW and an optical-to-optical

efficiency of 17. 3% . When pumped by high power LD laser outputted from a multi-fiber with the

diameter of 1.55 mm, the green laser has a threshold of 200 mW and an optical-to-optical efficiency of

19.35%.
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0 Introduction

Because green laser, locating in the sensitive
wavelength range of eye, has short wavelength, high-
energy photon and high transmission in water, it is
extensively used in information storage, under-water
communication, laser spectroscopy, holography, laser
navigation, oceanic prospecting and laser medicine. Its
high brightness and homochromatism make it also a
good choice of green light source in color printing and
color display.

Nd: YVO,, for its high absorption coefficient at
8 09 nm , large stimulated emission cross - section at
1.06 pm and higher allowance of Nd-doped level than
Nd: YAG without concentration quenching'"?’, has
been one of the popular materials which can be
pumped by 808 nm LD. But it has some disadvantages
such as low thermal conductivity and complete
cleavage. Compared with Nd:YVO,, Nd:GdVO, has
not only high absorption coefficient at 809 nm and large
stimulated emission cross-section at 1. 06 pm(7.6 x
107" em’) but also high thermal conductivity. The
thermal conductivity along its C axis is 11. 7W/(m *
K)", which is comparable to that of Nd: YAG and
much larger than that of Nd:YVO, (5.4 W/(m -
K)™). Therefore, Nd:GdVO, is more suitable to be
DPSL ( laser-diode-pumped
laser). We use a plane-plane cavity to measure the
thermal focal lengths of Nd:GdVO, and Nd:YVO, with
the same size. The ratio of their thermal focal length is
about 1:0. 6. 10. 52W CW laser at 1. 06 pm is

obtained by using a plane-concave cavity. The optical-

applied to solid-state

to-optical conversion efficiency is 50% . 1.81 W green

laser is realized by intracavity-frequency-doubling in
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three-mirror folded cavity. The optical-to-optical

conversion efficiency is 19.35% .

1 Experiment and result

1. 1 Thermal focal length and fundamental-
frequency operation

The schematic diagram of our experimental setup
for measuring the thermal focal length is shown in Fig. 1.
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Fig.1 Schematic diagram of measuring thermal focal lengths
of crystals
M, is a plane mirror with one surface HR-coated at
1064 nm and HT-coated at 808 nm. M, is a plane
mirror with 15% transmission at 1064 nm and serves as
output coupler. The crystals employed in our
experiment are Nd : GAVO, ( 3 x 3 x 5 mm’ ) and
Nd: YVO, (3 x3 x5 mm’) with the same Nd’*
concentration of about 1%. According to the g
parameter conditions for which the resonator is stable
with the thermal focal length f;,one can easily obtain
0<g,g, <1 (1)
0<(l =-L/f =Ly/f) <1 (2)
When the magnitude of L, is small enough, the
condition 0 <1 — L,/f; <1 can always be met within
the interest of the thermal focal length f;. As a result,
the condition L, < f;, must be met to get a stable
resonator. When L, > f;, the resonator is unstable;
when L, = f;, the laser oscillating begins to become
unstable. In experiment, the laser crystal is set very
close to mirror M;,. When the laser has been made
operating at one fixed magnitude L,, increase the pump
power, the output laser power will finally become zero
at some pump level. The thermal focal length f,
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corresponding to this pump power is equal to the value

of L,. The results are shown in Fig.2.

71 = Nd:YVO,
* Nd:Gdvo, * *
6
“E 5 - .
S . :
3 -
2 = "e®

476 8 10 1214 16 1820 22
Incident pump power/W
Fig.2 Thermal focal lengths of Nd:GdVO, and Nd:YVO,
( Transmission of output mirror T=15% )
The thermal focal length f, is expressed by the
following equation[”
ﬂKCwIZ, 1
S :Pph( dn/dTH L1 —exp ¢ —al)

From above equation, we know the ratio of f; is

(3

determined mainly by thermal conductivity K. The
ratio of f; of Nd:GdVO, and Nd:YVO, obtained in
experiment is about 1:0. 6, which is approximately in
accord with estimated theoretical calculation. That is to
say, the thermal lensing effect of Nd:GdVO, is much
weaker than that of Nd:YVO,. So Nd:GdVO, is more
suitable than Nd:YVO, to be applied in high power
DPSL.

1.06 pm CW laser is obtained by using a 60 mm
plane-concave cavity. The concave mirror with a radius
of 200 mm is AR-coated at 809 nm and HR-coated at
1.06 wm on the inside surface. The transmission of the
output mirror is 5% , 15% or 30% . The Nd:GdVO, (1
at% ) specimen with the dimension of 4 x4 x6 mm’ is
AR-coated at 1.06 pm and 809 nm on the pump face
and AR-coated at 1. 06 pm on the other face. The
varieties of the output 1. 06 pwm laser power vs pump
power are plotted in fig. 3. In fig. 3, We notice that
the optimal transmission of the output mirror is 15%.
Under this condition, the system has high slope
efficiency, and the output power is still not saturated.
When the pump power is 21 W, the output power is
10. 52 W,

conversion efficiency of 50% .

corresponding to an optical-to-optical
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Fig.3 Variation of 1.06 pwm laser power with pump power

1. 2
mirror folded cavity

Intracavity-frequency-doubling in three-

According to the theory of transmission matrix and
the
experiment, we design a three-mirror folded cavity,
which is showed in Fig. 4. In this Fig., M, and M,
are concave mirrors with a radius of 150 mm and 100
mm respectively. M, is AR-coated at 809 nm and HR-
coated at 1.06 um, and M, is AR-coated at 0.53 pum
and HR-coated at 1.06 pm. M, is a plane mirror with
high reflection at 0.53 pm and 1. 06 pm. The folded
angle of the cavity is 15°. Nd:GdVO, specimen, which

thermal focal length measured in former

has a dimension of 4 x4 x6 mm’, is placed near M,.
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Fig.4 Sketch of three-mirror folded cavity

The two laser-transmission faces of Nd:GdVO, crystal
are AR-coated at 1. 06 pm and its pump face is AR-
coated at 809 nm. KTP crystals in the experiment has
a dimension of 4 x4 x 6 mm’ and is cut at type I
phase matching. It is placed near M, and AR-coated at
1. 06 pum on two laser - transmission faces . Both the
Nd:GdVO, and KTP crystal are respectively wrapped in
two indium foils and held in two copper blocks, and
then cooled by two semiconductor coolers. We use two
LDs, LDCa) and LD(b), as pump sources. LD(a)
has an output single-fiber with the diameter of 200 pm.
LD C b ) has an output multi - fiber with the diameter of
1.55 mm. EPM-1000 power meter is used to measure the
output power . The results are plotted in Fig. 5 and Fig. 6.
Fig . 5 shows that , when the pump power of LD ( a ) is
1.18 W, the frequency-doubling laser output is 205. 1 mW,
and the corresponding optical-to-optical conversion
efficiency is 17. 3% . Fig. 6 shows that, when the
pump power of LD(b) is 10. 03 W, the frequency-
doubling laser output is 1. 92 W, and the corresponding

optical-to-optical conversion efficiency is 19.2% .
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Fig.5 Variation of 1.06 pwm laser power with pump power
for LDCa)



13 Hou Xueyuan, et al. LD Pumped Nd:GdVO,/KTP Intracavity-frequency-doubling Laser 13

= 2.0r -
= L5 .
Gt
=} -
§ 1.0 "
8. L]
= 05¢ . "
& . "
= [
S of =
0 2 4 6 & 10
Pump power/W

Fig.6 Variation of 1. 06 um laser with pump power for LD(b)

Comparing Fig. 5 with Fig. 6, we can see that,
under the same condition, the threshold of laser system
pumped by LD (a) is 26 mW, which is much lower
than that of laser system pumped by LD(bh), 200 mW.
The reason is that, after being coupled to Nd:GdVO,
crystal by Focusing Optics, light spot in the crystal
pumped by the LD (a) has much smaller dimension
than that in the crystal pumped by the LD(b). (The
dimension of the former spot is 50 wm, and that of the
later spot is 0. 25 mm. ) That is to say, the pump
power density of LD ( a ) is much larger than that of
LD(b). Because the second harmonic power is in
direct proportion to the square of the fundamental-
frequency power, higher pump power density leads to
lower threshold.

But, in Fig. 5, when the pump power is high,
the slope efficiency begins to decline. This is because
the pump power density is too high. Besides leading
fundamental-frequency power density to increase,
higher pump power density also causes the temperature

of the

increasing not only aggravates the thermal lensing effect

crystal center to increase. Temperature

but also lowers the absorption of crystal to pump
light"*'.

frequency power density in cavity decrease. Therefore,

These two factors make the fundamental-

when the pump power intensity is higher than a certain
value, the decrease effect exceeds the increase effect.
At this time, the increase of the power intensity will

decrease the slope efficiency.

2 Conclusion

Using a LD with 200 pm-diameter single-fiber and
a LD with 1. 55 mm-diameter multi-fiber as pump
sources, we study the laser property of Nd:GdVO,
crystal, a new type of laser crystal suitable for pumping
with LD . The ratio of the thermal focal lengths of
Nd:GdVO, and Nd:YVO, is 1:0. 6. When the pump
power is 21 W, the output fundamental- frequency laser
at 1.06 pum is 10.52 W, and the corresponding optical-
When the
pump power is 9.3 W, 1. 8 W frequency-doubling
obtained by

three-mirror

to-optical conversion efficiency is 50%.

green laser is intracavity-frequency-
folded

corresponding optical-to-optical conversion efficiency is
19.35% . The experiment results demonstrate that Nd

doubling in a cavity, the

:GdVO, crystal, for its high conductivity, is more

suitable to be pumped by high power LD. We believe

that Nd:GdVO, crystal, along with the improvement of

its quality, will become a more promising material than

Nd:YVO, in high power DPSL.
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