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Abstract: A simple and efficient diode-pumped Nd :

YAG master-oscillator power-amplifier

(MOPA) system is introduced. The master oscillator provides a pulse energy of 1. 13 ] at a

repetition rate of 100 Hz. The maximum pulse energy of the MOPA system is 2. 35 J, and the

corresponding total optical-to-optical efficiency is 39%. The experimental results are well agreed

to the theoretical calculation.
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0 Introduction

Diode-pumped solid-state laser operation with
a high energy. a high power and a good beam
quality is broadly applied in the fields of industry
and military due to its high efficiency, reliability,
compactness and long operation lifetime""™*!. For a
diode-pumped solid-state laser, the mainly limiting
factor for obtaining the laser operation with good
beam quality and high output power from a
oscillator is the thermal-optics-effect, which is
caused by the temperature gradients on the active
medium that can make the laser beam quality

[¥5) In addition, the high intracavity

degenerate
power intensity often damages the intracavity
optics. The master-oscillator power-amplifier
(MOPA ) laser

disadvantages, so it is a common method to obtain

system can avoid the two

laser operation with a high energy, a high average
output power and a good beam quality®®. A
MOPA laser system with 8. 75 J per pulse (1. 064
pm) at a repetition rate of 100 Hz was presented
and its total optical-to-optical efficiency was not

L However, costly active medium of Nd :

given
YAG slab geometry in complicated multi-pass
amplifier arrangement was used in the system,
which makes the laser inconvenient in the
application. A MOPA laser system in the rod
geometry was reported that delivered 1. 25 ] per

pulse at a repetition rate of 20 Hz in double-pass
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amplifier arrangement with a total optical-to-
optical efficiency 28 %,

In this paper, a compact, simple and efficient
diode-pumped Nd : YAG MOPA laser system that
consists of one total reflector, one coupling output
mirror, two 90° quartz rotators and four side-
pumped rod geometry pump modules is reported.
The master oscillator outputs 1. 13 ] per pulse with
a pulse duration of 236 s and a beam quality of M?
~20 at 100 Hz. After the amplification system,
pulse energy of 2. 35 ] is obtained, and the
corresponding total optical-to-optical efficiency is
39%. The experimental results have a well

agreement with the theoretical calculation.

1 Experiment setup

The schematic of the simple MOPA laser
system is shown in Fig. 1. The master oscillator is
a symmetrically flat-flat resonator, which is
composed of two side-pumped rod geometry pump
modules, a flat total reflector, a flat output couple
mirror with a reflectivity of 50% and one 90°
rotators , and the laser cavity length is 400 mm.
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Fig. 1 Schematics of the MOPA system
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The 90° rotators placed between the two rods can
effectively compensate for the thermally induced
birefringence by changing the polarization states
(radial and tangential ones)!®., The power-
amplifier includes two side-pumped rod geometry
pump modules placed in a linear arrangement and
one 90° rotators arranged between the two pump
modules. All the end surface of Nd : YAG rods are
coated with antireflecting film to lower the reflection
loss on the end surfaces of Nd : YAG rod.

Fig. 2 illustrates the schematic of the pump
module. Five two-dimensional (2D) laser-diode (I.D)
arrays symmetrically surround the Nd : YAG rod
(7 mm in diameter, 88 mm in length, with 0. 7%
Nd** doping concentration). Each 2D LD array
comprises four rows, each row containing five 1 cm
long linear quasi-cw LD bars arranged along the
slow axes of the bar. The slow axes of the bar is
arranged parallel to the axes of Nd : YAG rod, and
the light from the bars is directly coupled into the
Nd : YAG rod without the aid of the intervening
lens. At a repetition rate of 100 Hz, each pump
module is capable of outputting 1.5 J in a 250 us pulse
at 100 Hz. To increase the absorption efficiency, five
polished brass reflectors coated with gold also surround
symmetrically the Nd YAG rod to reflect
unabsorbed pump light into the Nd : YAG rod
again. The distance between the LD bars and the
side surface of the Nd : YAG rod is optimized by
use of our ray-tracing code, so that a uniform gain
distribution at the cross-section of the Nd : YAG
rod and a high absorption efficiency can be
Fig. 3 shows the
simulated gain distribution at the cross-section of a
Nd : YAG rod with 4. 5 mm distance between the
LD bars and the side surface of the Nd : YAG rod.

The temperature of cooling water for each pump

obtained at the same time.

module is experimentally optimized to realize

optimum spectral match between the central
emission wavelength of the pump module and

absorption band of Nd YAG crystal for 1.5 ]
Heat sink
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Fig. 2 Schematics of the diode-pumped pump module
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Fig. 3 Calculated pump light distribution in the cross
section of a 7 mm-diameter Nd ¢ YAG rod
pump pulse energy at 100 Hz. The small-signal

gain G, is measured to be 29.

2 Results and discussions

The output pulse energy after the master
oscillator at a repetition rate of 100 Hz is measured, as
the Fig. 4 shown. The maximum output pulse
energy at 1 064 nm is 1. 13 J with a beam quality of
M?~20 and a pulse duration of 236 us for a total
pump pulse energy of 3 J. The slop efficiency is
49. 5%. The diameter of laser beam from the
master oscillator is about 6. 3 mm. The output
pulse energy after the master oscillator, the
Amplifier 1 and the Amplifier 2 at different
repetition rates is measured for 1.5 ] pump pulse
energy on each pump module, as the Fig. 5 shown.
The maximum output pulse energy for the MOPA
system is 2. 35 ] with a beam quality of M?*=25 at
100 Hz, corresponding to a total optical-to-optical
efficiency of 39%. It can be observed from the
Fig. 5 that the output pulse energy increases with
the repetition rate, which is because the central
emission wave of each pump module is more
approaching to the absorption band of Nd : YAG
crystal at 808. 5 nm as the pump repetition rate
increases, since the cooling temperature of each
pump module is set at a constant value that is
optimum for a pump pulse energy of 1.5 ] at a
repetition rate of 100 Hz. As mentioned in the
paragraph 4, the temperature of the cooling water
for each pump module is optimized for 1.5 ] pump
pulse energy at 100 Hz, so the central emission
wavelength of the pump module is under 808. 5 nm
for a pump pulse repetition rate of under 100 Hz.
While the pump pulse repetition rate increasing
from 10 Hz to 100 Hz, the temperature of LD bar
in the pump module increase also, which will
result in the central emission wavelength of the

pump module more approaching to 808. 5 nm and the



8 11 YANG Xiao-dong, et al: A Simple and Efficient Diode-pumped Nd : YAG Master-oscillator
Power-amplifier Laser System with 2. 35 J/100 Hz Output 1375

absorption efficiency of pump module increasing.
When the repetition rate increases to 100 Hz, the
optimum match between the central emission
wavelength of the pump module and the absorption
band of Nd : YAG crystal is realized, hence the
maximum output pulse energy at 1 064 nm for the

MOPA system also can be achieved.
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Fig. 4 Output pulse energy from the master oscillator
dependence on the pump energy
To fully characterize the output to input signal
energy for the amplification system, we calculate
the output pulse energy from Amplifier 1 and
Amplifier 2. Because the duration of laser pulse is
approximately equal to the lifetime of Nd : YAG
(230 ps), the pulse energy from one amplifier

stage is approximately expressed as™!
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In the above expression, I,, is the output laser
intensity of the amplifier; I, is the input laser
intensity; ¢ is the laser pulse duration; s is the area
of laser beam; G is the energy gain for a light pass
through a amplifier and I, (2. 89 kW/em®) is
saturation intensity of Nd : YAG. By the equation
1 ~ 3, the output energy from Amplifier 1 and
Amplifier 2 at different repetition rate are calculated,
which are shown in Fig. 5, respectively. As the Fig. 5

24 F T T

/* x -.
20 / 4
) — ]
5 16F -
5 / ]
3
g 12} /. |
3 e
© e Ampl Amplc ]
—=— Ample —e— Amplc
08F /‘/ —aA— Amp2e —v— Amp2c
N . —4—0sc
0 20 40 60 80 100
Repetition rate/Hz

Fig.5 The output energy at the different repetition rate

shows, Osc: measured pulse energy from the master-
oscillator; Ample, measured output pulse energy
from the Amplifier 1; Amplc, calculated pulse
energy from Amplifier 1; AmpZ2e, measured pulse
energy from Amplifier 2; Amp2c, calculated pulse
energy from Amplifier 2. The calculated results
have a well agreement with the experimental
results. The energy stored in the upper laser level
of active medium in one pulse and the extraction
efficiency are given by
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where ¢z, is the duration of pump pulse; A is Plank’s
constant; v, is the frequency of laser beam; E;, is the
input pulse energy; o, ( 2. 8 X 107" ecm®) is the
effective stimulated-emission cross section of Nd :
YAG crystal; g, is the small signal gain coefficient; L
is the length of active medium (5. 8 em); V is the total
volume of active medium (4. 46 em®), E, is the
By the

extraction efficiency for the

energy stored in the upper laser level.
equation 4 ~ 6,
amplification system is calculated to be 86%.

To evaluate the application of this MOPA
system on drilling or cutting, the laser beam is
focused on a 1 mm-thickness steel plate by use of a
lens with a 200 mm focal length. A ¢1.4 mm hole

is penetrated in one second.

3 Conclusions

In summary, a simple and efficient MOPA
laser system consisting of four Nd ¢ YAG pump
modules, two flat mirrors and two 90° quartz
rotators is demonstrated. The MOPA system
outputs 2. 35 J per pulse with a pulse duration of
236 ps at 100 Hz, and the corresponding optical-
to-optical efficiency is 39%. There is a well
agreement between the theoretical calculation and
experiment data. In one second, the laser beam
from the MOPA system is able to penetrate a 1 mm
thicks steel coupon.

Reference

[1] WANG H L, HUANG W L, ZHOU Z Y.et al. Experimental
study of a high power and high efficiency CW diode-side-
pumped Nd ¢ YAG laser[J]. Optics & Laser Technology -

2004, 36(1); 69-73.

[2] SUN Yu-ming, HOU Xue-yuan, LI Yu-fei,et al. LD-pumped

A-O Q-switched Nd : GdVO, laser with high repetition rates

[1]. Acta Photonica Sinica » 2004, 33(6) ; 643-647.

[3] HIRANO Y, KOYATA Y, YAMAMOTO S, et al. 208 W

TEM,, operation of a diode-pumped Nd : YAG rod laser[ J].



1376 kT o 36 %

Optics Letters, 1999, 24(10) . 679-681. [8] TEIK, KATO M, MATSUOKA F,etal. High-repetition rate
[4] ZHENG Jia-an., ZHAO Sheng-zhi, WANG Qing-pu, et al. 1 J green laser system[]J]. Applied Optics, 1999, 38(21):

Thermal effect study on LLD end pumped Nd : YAG laser[]]. 4548-4551.

Acta Photonica Sinica, 2000, 29(12):1121-1126. [9] RANDALL J, PIERRE St, DAVID W, et al. Diode array
[5] YANG Yong-ming, WEN Jian-guo, WANG Shi-yu,etal. The pumped kilowatt laser [ ] ]. IEEE Jowrnal of Quantum

thermal lens focus of the end-pumped Nd : YAG laser[J]. Acta Electronics, 1997, 3(1): 53-58.

Photonica Sinica, 2005, 34(12): 1769-1772. [10] HIRANO Y, PAVEL N, YAMAMOTO S,etal. 100 W class
[6] JEFFREY J K, HUGHES W, DON D, et al. One joule diode-pumped Nd : YAG MOPA system with a double-stage

output from a diode-array-pumped Nd : YAG laser with side- relay-optics scheme[ J]. Optics Communications, 1999, 170

pumped rod geometry [ ] ]. IEEE Journal of Quantum (6): 275-280.

Electronics, 1992, 28(4) . 977-985. [11] KOECHNER W. Solid-state lasers engineering[ M. Beijing:
[7] SIEGMAN A E. Lasers{M]. Mill valley, CA: univ, Science Publishing Company of Science, 2002: 155-157.

Books, 1986: 264-330.

.y

SR T S 100 Hz 3.5 ] Nd : YAG MOPA 064

BB A I ER LR LR LVRER B E kB ERE ., FAF!
(1 PRBE Yy BB ST BT AL BE RSB E K S0 = L b3 100080 )
(2 N 2=l WA ) AR Mg 514015)
WA B 29 :2006- 04— 05

W OE AN TEARE HRAEREMEREND: YAGMOPAB L B . kG B ok b s 1.13],
FHIMAE A 100 HZ. MOPA Z gedir th R K B hkoP ab 2 2.35 J.ob- k&8st 4 390, SR A Rfmibit F
e84 .

FEEA N : YAG #;MOPA & % ; stk — %50 & R4

YANG Xiao-dong was born in Xinjiang Uygur Autonomous Region Province, in 1968. He

received the B. S. degree from Xinjiang Normal University in 1992 and M. Sc. degree from
the Hebei University in 2003. He is presently pursuing the Ph. D at Institute of Physics,

CAS, and his research focuses on high-power diode-pumped solid-state lasers.



