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Diode-Pumped Passive Q-Switched 946-nm Nd:YAG Laser with 2.1-W Average

Output Power �

ZHANG Ling(Æ�)��, LI Chun-Yong(��
), FENG Bao-Hua(���), WEI Zhi-Yi(���),

LI De-Hua(���), FU Pan-Ming(�
	), ZHANG Zhi-Guo(Æ��)

Laboratory of Optical Physics, Institute of Physics, Chinese Academy of Sciences, PO Box 603, Beijing 100080

(Received 2 February 2005)

We demonstrate a diode-pumped passive Q-switched 946 nm Nd:YAG laser with a di�usion-bonded composite

laser rod and a co-doped Nd,Cr:YAG as saturable absorber. The average output power of 2.1W is generated at

an incident pump power of 14.3W. The peak power of the Q-switched pulse is 643W with 80 kHz repetition rate

and 40.8 ns pulse width. The slope eÆciency and optical conversion eÆciency are 17.6% and 14.7%, respectively.

PACS: 42. 55. Xi, 42. 60.Gd, 42. 55. Rz

Diode-pumped passive Q-switched lasers have
been widely used in laser communication, remote sens-
ing and nonlinear optics. Cr4+:YAG crystal is a per-
fect saturable absorber owing to its excellent opti-
cal, thermal and mechanical properties. Co-doped
Nd,Cr:YAG crystal is another widely used saturable
absorber. Many studies about passive Q-switched
1064-nm lasers have been reported.[1�4] Passive Q-
switched 946-nm lasers have attracted great atten-
tion because of their potential to generate high-power
and high-repetition-rate blue lasers through frequency
doubling.[5�8] However, it is more diÆcult to realize
the passive Q-switched 946 nm lasers owing to the re-
absorption loss of the quasi-three level system and the
small stimulated emission cross-section compared with
that of the 1064 nm lasers. In order to obtain suf-
�cient intracavity intensity to realize the 946-nm Q-
switched operation, high pump power must be cast to
the laser crystal. As a result, the laser crystal will
be loaded with enormous heat. Accordingly, the reab-
sorption loss becomes more serious. In order to mini-
mize the heat e�ect e�ectively, we employ a di�usion-
bonded composite laser rod instead of the conven-
tional crystal. The composite laser rod is reliable for
heat transfer from both the facets of the Nd:YAG crys-
tal through two undoped YAG caps when the Nd:YAG
crystal is operating at high pump power. In our ex-
periment, we select a co-doped Nd,Cr:YAG as sat-
urable absorber because this crystal has lower satu-
ration intensity according to Refs. [9,10]. We demon-
strate experimentally high-average-output-power Q-
switched operation (to 2.1W) of 946 nm transition
with a compact linear cavity. This is, to the best of our
knowledge, the highest average output power for pas-
sive Q-switched 946-nm laser. At an incident pump
power of 14.3W, 80-kHz repetition rate and 40.8-ns
pulse width of the Q-switched pulse have also been

achieved.

The experimental setup is shown in Fig. 1. We use
a simple and compact linear cavity in length of 4 cm.
The pump source is a 200-�m �bre-coupled diode laser
with a numerical aperture of 0.22. The 808-nm pump
light from a �bre is coupled into a di�usion-bonded
Nd:YAG (3-mm YAG, 3-mm 1.0 at.% Nd:YAG, and
3-mm YAG). The pump facet of the laser rod is
coated for high transmission (HT) at 808 nm, high re-

ection (HR) at 946 nm, while HT at 1064 nm and
1320 nm is speci�ed to suppress parasitic oscillation
at these transitions. The other side of the rod is
coated with antire
ection (AR) at 946 nm, 1064 nm
and 1320 nm. The saturable absorber is a 1mm-long
co-doped Nd,Cr:YAG crystal with an initial transmis-
sion of 91%. In order to reduce the loss of the laser
cavity, both the sides of the crystal were AR coated for
946 nm. The laser rod and the saturable absorber were
both cooled directly with 
owing water (T = 14:6ÆC).
The output coupler was a concave mirror which had
5% transmission at 946 nm with a curvature radius of
50mm.

Fig. 1. Schematic of the passive Q-switched 946 nm
Nd:YAG laser.

From analysis of the coupled rate equation, the
criterion for good passive Q-switching is given by[11]

ln(1=T 2
0 )

ln(1=T 2
0 ) + ln(1=R) + L

�gs
�

A
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�



1� �
; (1)

where T0 is the initial transmission of the saturable
absorber, R is the re
ectivity of the output mirror, L
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is the nonsaturable intracavity round-trip dissipative
optical loss, �gs is the ground-state absorption cross
section of the saturable absorber, � is the stimulated-
emission cross section of the gain medium, A=As is
the ratio of the e�ective area in the gain medium and
in the saturable absorber, 
 is the inversion reduc-
tion factor (
=1 and 
=2 correspond to four-level
and three-level systems), and � is the ratio of the
excited-state absorption cross section to that of the
ground-state absorption in the saturable absorber.
The basic parameters used in our experiment are
T0 = 91%, R = 95%, L = 0:05, �gs = 4 � 10�18 cm2,
� = 4 � 10�20 cm2, A=As = 0:97, 
 = 2, � = 0:275.
According to the parameters, the left and right sides
of the equation are calculated to be 63.1 and 2.76,
respectively, which meets the criterion for good pas-
sive Q-switching. The threshold of the Q-switched
pulse is 2.39W owing to the eÆcient mode match be-
tween the pump light and the oscillating light. Figure
2 presents the average output power as a function of
the incident pump power. At 14.3-W incident pump
power, the maximum average output power is 2.1W
with a slope eÆciency of 17.6% and an optical con-
version eÆciency of 14.7%. The far-�eld beam spatial
pro�le of the Q-switched 946 nm laser at the average
output power of 1.5W is measured using a small pin-
hole scanning across the laser beam. The result is
shown in Fig. 3. A nearly Gaussian beam intensity
pro�le is obtained. The Q-switched pulse temporal
behaviour was recorded by a digital oscilloscope (Tek-
tronix 500MHz bandwidth and 500MS/s) and a fast
photodiode with a rising time of less than 1 ns. Fig-
ure 4 shows a typical Q-switched laser pulse with dura-
tion of 46 ns, which was obtained at the incident pump
power of 8W. Figure 5 presents an oscilloscope trace of
946 nm Q-switched pulses at the incident pump power
of 4.6W. The Q-switched pulses train is very stable
with a pulse amplitude and repetition rate jitter of
less than 1%. The pulse amplitude and repetition rate
jitter increase with the incident pump power. The rep-
etition rate and pulse width of the Q-switched pulse
as a function of the incident pump power are shown
in Fig. 6. It is obvious that the repetition rate of the
Q-switched pulse increases almost linearly with the
incident pump power, whereas the pulse width de-
creases with the incident pump power. With an inci-
dent pump power of 14.3W, the Q-switched pulse rep-
etition rate is 80 kHz with pulse width of 40.8 ns. The
peak power of 643W and the pulse energy of 26.3�J
were also obtained. With the further increase of the
incident pump power, we observed the similar phe-
nomena reported in Ref. [7], the output of the pulse
repetition rate consists of a repetitive pulse set, in
which a large pulse is followed by one or more smaller
pulses.

Fig. 2. The average output power as a function of the
incident pump power.

Fig. 3. The far-�eld beam spatial pro�le of the Q-
switched 946 nm laser at the average output power of
1.5W.

Fig. 4. Pulse shape of the passive Q-switched 946 nm laser
emission.



1422 ZHANG Ling et al. Vol. 22

Fig. 5. An oscilloscope trace of 946 nm Q-switched pulses.

Fig. 6. The repetition rate and pulse width of the Q-
switched pulse as a function of the incident pump power.

In conclusion, we have demonstrated a diode-

pumped passive Q-switched 946 nm Nd:YAG laser
with a composite laser rod and a saturable absorber
of Nd,Cr:YAG crystal. At an incident pump power
of 14.3W, the average output power of 2.1W with a
slope eÆciency of 17.6% is obtained. The result is the
highest average output power for passive Q-switched
946 nm laser reported before. The pulse repetition
rate of 80 kHz with pulse width of 40.8 ns and the Q-
switched pulse energy of 26.3�J are also achieved at
the same incident pump power.
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