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Abstract: Inthiswork aNd:YV O, thin disc laser setup is designed and fabricated. The disk laser system
is designed to be compact. The laser crystal was pumped by a 808 nm diode laser. The effect of input
current and pulse frequency on the output energy at pulse operation mode, and the effect of the input
current on the output power at CW mode operation are tested. At the pulsed mode, the output energy
increased linearly with the input current and decreased with pulse frequency. The threshold current
increased with increasing pulse frequency increasing. The maximum output energy from the thin disc
laser was 0.98 pJ at 1.3 kHz frequency, with 0.49A. A minimum threshold current for CW mode of

operation. The maximum output power from the disc laser was 22 mW.

I ntroduction

A thin disc laser head is a very successful
concept suitable for diffraction limited laser
operation at high average output power [1]. The
thin disc gain material, in many designs, is
mounted with one end face onto a heat sink. The
cooled face of the disc is coated for high
reflectivity (HR) a the laser and pump
wavdength, while the other side has an
antireflection (AR) coating for both wave
lengths [2].

As the diameter of the pump beam is large
compared to the thickness of the disc, the heat
flux is nearly one-dimensiond and directed
aong the optical axis of the laser [3]. This leads
to a nearly homogenous temperature profile
within the pumped regionin radia direction and
thus to only wesak therma lensing and low
stress-induced birefringence. Aberrations due to
the thermal lens are confined to the border
region of the pumped volume [4]. The
NdYVO4 crystal is used because of a very
good spectroscopic, thermomechanica and
thermoptica properties of this crystal [5].

Experimental details

A schematic setup of the thin disc laser
systemin present work is shown in Figure (1).

The disk

CryStd  Diode laser with optical fibre

N

Reflected muror

ﬁ Beam Focusing Lens
Splatter £=20 cm

Y Cratput couple
Fig. (1): Thin disc laser setup

The setup consists of a power supply to
provide different voltages to the setup, a diode
laser (808) nm used as pumping source, a
focusing lens to focus the pumping beam, a
beam splitter with an anti-reflecting face to the
pumping beam (808) nm and atotally reflecting
face to (1064) nm. The thin disc crystal is made
from Nd:YVO,. The host maeia YVO, is
doped with 3% a Nd. The crysta dimensions
are 4x5 mm with 1 mm thickness placed on
Indium material of thickness 0.1 mm and in
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front of Al disc plate with 4 mm in diameter
drcular hole making a crystd as a disc. This
hole is used to enter the pumping power to the
crystal and to exit the laser beam. The Indium
materid is placed on a Cu plate. The Cu plateis
used as a heat sink. All these parts are fixed on a
homemade holder made from Al with 44x50x15
mm in dimensions and fixed to the base. The
output coupler has reflectivity of 90% a 1064
nm, alowing 10% to pass as alaser outpuit.

Results and discussion

In the pulse operation mode, the reation
between the input current of the diode laser with
output energy of the thin disc laser at different
pulse frequencies (1.3, 1.4, 1.6, 1.8, 1.9) kHz is
shown in Figure (2) It is obvious that the output
energy is increasing with input current. The
increase a low frequency was higher than at
high frequency. This happens because at high
pulse frequency the duty cycle is very short so
the time is not enough for the disc material to
absorb the pumping power by the thin disc
crystal.
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Fig. (3): Relation between pumping pulse Frequency
and maximum output energy of the thin disc

Figure (4) shows the rdation between the pulse
frequency of the diode laser and the threshold
current of the thin disc crystal. The rdation is
almost linear
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Fig. (4): The effect of increasing pulse frequency on
thin disc laser threshold current

Figure (5) represents the relation between the
input and the output energy of the thin disc laser
a 1.3 kHz pulse frequency. The totd efficiency
of the systemis about 2%.

Fig. (2): The relation between input current of the
diode laser with output energy of the thin disc laser
a different frequencies.

Figure (3) represents the relati on between the
output energy and the pulse frequency. It is
cdear that the output energy is decreasing with
the of pulse frequency.

The maximum pul se frequency needed to get
output energy from the thin disc is equal to 1.9
kHz, above that there is no output energy from
the thin disc.
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Fig. (5): The relation between input energy and
output energy of the thin disc laser a& 1.3 kHz pulse
frequency.
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The results of the thin disc laser in pulse
mode operation are summarized in Table (1):

Table (1) Summary of thin disc laser system in
pulse mode operation condition

N
A
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output power (mW)

o

o

1 12 14 16 18 2

current (A)

Frequency Diode Thindisc  Diode Thin
(kH2) | aser threshold laser disc
Threshold current Output laser

current(A) (A) energy  Output

(micro energy

joule) (micro

joule)
13 0.49 0.75 61.1 0.99
14 0.51 0.9 411 0.67
16 0.52 0.94 33 0.47
18 0.53 1.08 26 0.37
19 0.56 11 21 0.34

2 0.58 X 18 X

For CW mode of operation, Figure (6)
represents the relation between the input current
of the pumping laser, and the output power of
the thin disc laser. The threshold current of the
diode laser is enough to excite the active
medium of the thin disc crysta. The output
power of the thin disc laser is increasing with
the input current of the diode laser. Maximum
output power of the thin disc laser system is 22
mw.

Fig. (7): Relation between output power of the diode
laser (808 nm) "pumping power” and output power
of thethin disc laser (1064 nm)

Table (2) shows the effect of the input
current of the diode laser on the output power of
the diode and the thin disc laser. It is found that
between (0-0.45 A) of input current of the diode
laser, there is no output power. Also between
(0.46-0.9 A) of input current of the diode laser
there is an output power from the diode laser
"pumping laser” but there is no output power
from the disc laser "output laser” .Also from (1-
2A) of input current of the diode laser there
exists an output power from the pumping laser
and thethin disc laser.

Table (2): The effect of increasing the input current
of diode laser on output power for diode laser and
thin disc laser
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Fig. (6): Relation between the input current of
pumping laser "diode laser" and output power "thin
disc laser" (1064 nm)

Figure (7) shows the reation between the
output power of the diode laser (808 nm)
"pumping power” and the output power of the
thin disc laser.

Input Output Output Power
Current of  Power from from Thin
Diode Diode |aser Disc laser
laser (A) (mw) (mw)
0 0 0
0.2 0 0
0.4 0 0
0.46 90 0
0.6 190 0
0.8 300 0
0.9 380 0
1 460 17
1.2 600 175
14 710 18
1.6 820 20
1.8 920 21

2 990 22



Yousif H.A. et al., Iraqgi J. Laser A9, 1, 7-10 (2010)

Conclusions

In pulsed mode operation the threshold
current becomes lower with lower pulse
frequency. In pulsed mode operation the output
energy increases as the pulse frequency
decrease. Also in pulsed mode operation at
pulse frequency higher than 1.9 kHz thereis no
output energy from thin disc laser.

Best pulse frequency is 1.3 kHz. In CW
mode the threshold current to get output power
from thin disc laser is 1A and maximum output
power from thin disc laser is 22 m W with
conversion efficiency of 2.5% power from thin
disc laser is 22 m W with conversion efficiency
of 2.5%

Also in pulsed mode operation a pulse
frequency higher than 1.9 kHz thereis no output
energy fromthin disc | aser.

Best pulse frequency is 1.3 kHz. In CW
mode the threshold current to get output power
from thin disc laser is 1A and maximum output

power from thin disc laser is 22 m W with
conversion efficiency of 2.5%.
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