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Pulsed laser performance of Nd GACOB and Cr: Nd GdCOB crystals
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Abstract: CasGdO( BO3)3 (GdCOB) is a new self frequency doubling( SFD) crystal. Using xenon lamp as pump
sources, we have realized the free run from 1061nm to 530. Snm in SFD Cri Nd: GdCOB( br doped) crystal and Nd
GdCOB(unt doped) crystal. T he threshold energies for unr doped crystal and br doped crystal are 1.0J and 0. 92],

respectively; and the maximum output energies of green laser for two kinds of aystals are 1. 96mJ and 2. 46m],

respectively. By using pulsed dye laser as pump source, we have obtained SFD red laser at 655nm and its fundamental

frequency laser at 1331nm as well as achieved SFD green laser at 530. 5nm from a Nd GdCOB crystal.
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Introduction Y ( )

Blue green region lasers have potential applications in
medicine, high brightness display, undersea applications, high
density data storage and so on  Self frequency doubling
(SFD) crystal can be used to realize the compactness and
miniaturization of this kind of laser. One of the famous SFD
aystals, NYAB, ha large nonlinear wefficient, but its
difficult growth with large size and homogeneity problem
limits its further application and development' " .

Nd: CasGdO(BO3)3(Nd GdCOB) is a new SFD
crystal. It belongs to monoclinic biaxial crystal
system. lts cell parameters are a= 0. 8095(7) nm,
b= 1.60018(6)nm, c= 0.3558(8)nm, B= 101. 26".

The transmission spectrum ( 350nm ~ 2700nm) of
Nd: GdCOB crystal is little narrower than that of
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nonlinear coefficient is about 1. Opm/V, lower than
BBO ( 2pm/ V), higher than LBO (0. 82pm/V) and
equivalent to NYAB. Nd GdCOB crystal has the
advantages of high damage threshold (up to 1GW/
em?®) and easy growth with large size. GACOB crystal
can realize type | phase matching in the spectrum
ranges 720nm ~ 1500nm and 840nm ~ 2000nm,
including red, green, blue frequency doubling band.
Its three primary fluorescence spectrums are: 936nm,
1061nm, 1331 nm, and they can be frequency- doubled
to 468nm ( blue) , 530nm ( green) , 665. Snm ( red),
respectively! 36,

Using xenon lamp as pump source, w e realize the
free run from 106lnm to 530. 5nm in SFD
Nd: GdCOB crystal and Cr: Nd: GdCOB crystal,
respectively. T he experimental result shows that the
output energy of Cr:Nd: GdCOB crystal is 25%
higher than that of Nd: GdCOB crystal. Moreover,
Q-switched pulsed dye laser to

using pump
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Nd: GdCOB crystal, we obtained not only SFD green
530. S5nm and its
frequency laser output at 106Inm but also observed

laser output at fundamental
SED red laser output at 665. 5nm and its fundamental
frequency laser output at 1331nm. This paper reports
the pulsed laser characteristics of Nd: GdCOB crystal
and Ct Nd GdCOB crystal.

1 Laser performance of Nd© Gd(COB crystal
and Cr: Nd' GdCOB crystal under xenon
lamp pumping

1.1 Manufacture of crystal and transmission

spectrum
@PBO0mm X 40mm Nd: GACOB( 7% Nd) and Cr:

Nd: GdCOB ( 1% Cr, 7% Nd)

developed by highrfrequency heating Czochralski

crystals have been

method. The crystals have excellent optical quality
with no bubble.
obtain the phase matching curve of GACOB and then

By using computer analogue, we

know that GACOB crystal can only realize type I
phase matching at 106lnm and the optimal phase
matching angles are 0= 66. &, ¢= 47. £17-%! Both
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Fig. 1 The transmission spectra of C Nd GdCOB and Nd GdCOB

a- C¥ Nd GdCOB b- Nd GdCOB
Nd: GdCOB and Cr: Nd: GdCOB crystal samples are
cut at type I phase matching and have a dimension of
3mm X 3mm X 7mm. They are not AR-coated at
1061nm and 530. Snm. T he transmission spectrums
of two crystals measured with HITACHI U-3500
spectrometer at room temperature are shown in
Fig. 1. Due to the sensitization of Cr™", when the
wavelength is shorter than 500nm, the absorption of
Ct. Nd: GACOB crystal is apparently greater than that
of Nd GdCOB crystal. Between 300nm and 1000nm,
the ratio of the normalized absorption areas of two
crystals is 1. 5 1, which shows that Cr: Nd: GdCOB
crystal can absorb more xenorr lamp- pumped light and

is more appropriately pumped by a xenon lamp.

Meanwhile, Fig. 1 shows that the doping of Cr’ ion
haven’ t increased the absorption of Cr: Nd: GdCOB

crystal for SFD light at 530. Snm.
1. 2 Experiment

In this experiment, the length of resonator is
130mm and the dimension of xenon lamp is Hmm x
40mm. T he pump light is focused by a 40mnrlong,
single silver-coated elliptical cylinder reflector. Both
the plane concave cavity and plane plane cavity are
used in the experiment. The output mirror M > has
high reflection (99. 9%) at 106lnm and high
transmission (92%) at 530. Snm. For plane concave
cavity, the concave mirror M |, which has a curvature
radius of 250mm, has high reflection at 1061nm
(99.8%) and 530. 5nm(99.2%), and the crystal is
placed near M>. For plane plane cavity, the plane
mirror M| has high reflection at 1061nm( 99. 8%)
and 530. 5nm( 99. 4%), and the crystal is placed in
the middle of cavity.

The experimental results show that the conversion
efficiency of SFD laser in the plane plane cavity is only
50% of that in the plane wncave cavity. This is because
plane concave cavity can increase the energy density of the
oscillating fundamental frequency laser. In the experiment,
the scientedr 362 energy meter is used to measure the
energy of output laser, and a split prism is used to separate
the fundamental frequency laser from SDF laser.

1. 3 Experimental results and discussion
Fig. 2 gives the variation of output green laser

energy versus pump energy for Cr: Nd: GdCOB
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Fig. 2 Comparative green laser output performances of C Nd GdCOB
and Nd GdCOB crystal under xenon lam p pumping

crystal and Nd: GdCOB crystal. For Cr: Nd: GdCOB
crystal, when the pump energy is 10J, the output

energy of green laser is 2. 46mJ, which corresponds to
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an increase of 25% in comparison to that of Nd:
GdCOB crystal. The figure shows that the output
energies of two crystals have less difference when the
pump energy is lower. But with increasing pump
energy, the difference of the output energies of two
crystals increases gradually. The reason may be that
the pulsed xenon lamp mainly emits the continuous
spectrum under a high electric current density. With
increasing the electric current density, the increase
rate of short wavelength is faster than that of long
wavelength. The Cr’* of Cr: Nd: GdCOB crystal
mainly absorbs the light of short-wavelength, and
quickly transfers the absorbed energy to the excited
Nd™ ion. For the SFD green laser at 530. Snm, the
pump threshold energies of Crl Nd: GdCOB and Nd'
GdCOB are 0. 92] and 1. 00J, respectively.

2 Laser characteristics of Nd: Gd(COB
crystal pumped by dye laser

From Fig. 1b, we know that there are two strong
absorption peaks at 595nm and 81lnm, which are
suitable for dye laser and LD pump, respectively.

2.1 Experiment

In this experiment, a Nd: GdCOB rod (7%
Nd* ,3mm X 3mm X 10mm) cut at type [ phase
matching is placed in the middle of a 30mm-long
plane-plane cavity. Neither of two faces of the crystal
has been AR-coated at 1061lnm and 530. Snm. The
mirror M has high reflection at 106 1nm ( 99. 8%)
and at 530. 5Snm(99.4% ), and the output mirror M2
has high reflection (99. 8% ) at 1061nm and high
transmission (92%) at 530. 5Snm. The pump light
from Datachrom-5000 (-switch pulsed dye laser
(595. Onm, pulse width 10ns and repetition rate
10Hz) is focused by a cylindrical lens ( focal length
50mm) to the Nd GACOB crystal. T he dimension of
light spot at the crystal is about 1mm X 7mm. The
pump threshold energy is 1.2mJ, and the pulse width
of the doubling frequency output laser is 9ns. A split
prism is required to separate the fundamental
frequency light when the doubling frequency output is
measured.

2.2 Results and discussion

Fig. 3 shows the variation of output SFD laser

energy versus pumping energy when the pumping
wavelength A, is 595. Onm. When the pumping
energy is 17.5m], the SFD output energy is 1. 35m],
corresponding to a conversion efficiency of 7. 7%.
Because the faces of crystal are not AR-coated and the
output energy of our dye laser is low, the maximum
SEFD output energy is 1.35m] in the experiment. We
can expect that if the faces of crystal are coated AR
film and the pump energy is increased, a higher
could be obtained. The
threshold energy is about 1. 2m]J and is lower in
comparison with NYAB ( 2m]) .
Nd: GACOB crystal has good optical quality and its
self absorption at 530. Snm is only 50% of NYAB
crystal’ s.
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Fig.3 The output SFD laser energy versus pumping energy
(A= 595nm)

The variety of the output 530. Snm laser energy
versus pumping wavelength A, ( 591.5nm ~
601.0nm) is plotted in Fig. 4. From Fig. 4, we can
see that there is a narrow peak at 595. Onm and afew

small peaks which are well in agreement with the

absorption spectrum.
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Fig. 4 Varntion of the output energy with the pump wavelength

3 1331nm laser performances of Nd GdCOB
crystal pumped by dye laser

3.1 Experiment
GdCOB is a monoclinic biaxial crystal with
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significant polarized absorption property. According
to the polarized spectrum  of
Nd' GdCOB, we know that the absorption efficiencies
different  at

transmission

are  obviously three polarization
directions. We have processed two crystal samples
with the same dimension of 3mm X 3mm X 8mm. The
oscillating laser travels through one sample along
x-axis (called x-axis sample) and the other along
y-axis (called y-axis sample). The angles between
the crystallophysic axes and the corresponding
crystallographic axes are: (x, ¢)= 12°,(z, a)= 23°,
(y, b) =-180". Because of the linear polarization of
the pump dye laser, we can obtain three pump modes
(E Il x, EI y, E Il z) by changing the angle
between the polarization direction of the pump laser
and the crystallophysic axes of the crystal.

In the experiment, Nd: GACOB ecrystal is placed
in the middle of a 40mnrlong plane plane cavity
which is composed of reflective mirrors M1 and Mo.
The Mi has a high reflectivity of 99. 8% at
1331.0nm, and the transmittance of the output
mirror M, is variable. The 1331. Onm output energy
is the highest when the wavelength of dye laser is

595. 5nm.

2.0

3.2 Experimental results and discussion

By respectively using three output mirrors which
have transmittances at 1331nm of 71(20.4%), T2
(24. 5%) , T3(30.3%) respectively, we have make
the experiment on the x-axis sample and the y-axis
sample. The results are shown in Fig. Sa~ Fig. 5S¢,
respectively. K, stands for the polarization direction
of pumping laser.

From Fig. 5, we know that the output energy of
1331. Onm fundamental frequency laser is highest at
E, Il z and lowest at E, Il vy, which is well matched
T he
highest output energy at 1331. Onm is obtained when

with the polarized transmission spectrum.
the transmissivity is T1. For the pump energy of
14m], the output energies are 3. 39mJ at Ep Il 2z,
2.95mJ at E, Il x and 1. 8m]J at E, Il y. The
highest slope conversion efficiency is 24.2% . For the
three output mirrors, under three pumping modes Ep
II'x, E,ll y and E, I z,the highest and low est pump
threshold is 10. 5SmJ and 4. 4m]J, respectively. Due to
the limited pumping energy, we haven’ t found the
saturated absorption phenomenon in the FEou-FEin

curve. T he measured pulse width is 9. 2ns.
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Fig.5 Variation of the fundamental frequency output energy at 1331. Onm with pump energy

a— E,,// ¥y  b- E,,// x - E,,// z

The SFD red laser output has been observed for
both and y-axis The
wavelength of red laser measured by WDG5000-1

Grating monochromator is 665. Snm. Because the y-

x-axis sample sample.

axis is more close to the phase matching direction,

higher output of SFD red laser can be observed.
4 Conclusion

Nd © GdCOB

absorption bands which are suitable for the xenon

crystal has five quite wide

: o 3
lamp pumping. Due to the sensitization of Cr

1- T,=20.41%

2— To=24.92% 3- T3= 30.33%

Cr: Nd GdCOB crystal is more suitable for the xenon
lamp pumping and the pump efficiency is increased by
25%. Moreover, Nd: GACOB crystal is suitable for
dye laser and LD pumping. In addition, Nd: GACOB
crystal has 3 strong fluorescence spectrums, therefore,
red, green and blue laser can be obtained by SFD.
This experiment is in progress in our laboratory.
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