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ABSTRACT

The pulsed diode end-pumped passively Q-switched solid-state Nd:YAG lasers are investigated
experimentally. A high power laser diode (pulse repetition rate adjustable from 1 Hz to 10 kHz,
pulse duration of 600 ps) is used as a pumping laser. The obtained results show that the pulsed
diode end-pumped passively Q-switched solid state Nd- doped lasers have the advantages in
controlling pulse repetition rate, improving nanosecond solid-state laser pulse power and stability
(low jitter) in comparison with the use of CW diode end-pumping.
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INTRODUCTION

High energy laser pulses of short durations
may be obtained by Q-switching techniques
of laser cavity. Compared with active Q-
switching, passive Q-switching is more
economical and practical because of the
modest requirement of optical elements inside
the laser cavity. Therefore, these techniques
have  attracted much  research  and
development both in experiment and theory
[1-17]. In the passively Q-switched Nd**
doped solid-state lasers, Cr'": YAG crystal is
widely used. It has been allowed to create all-
solid-state compact, simple, and pulsed lasers,
providing laser pulses ranging from several to
tens of nanoseconds. Pulse repetition rate of
solid-state laser can reach a few hundred kHz
[5-7], however, a fix characteristic of CW
pumped passively Q-switched solid-state laser
is low time stability (high jitter). Thus, it has
prevented many applications of these lasers.

In this paper, we report the experimental
results in research and development of
pulsed-diode end-pumped Nd**: YAG laser at
1064 nm in passive Q-switching laser
operations using two-mirror folded resonator
configurations of different output couplers.
The obtained results show that the pulsed
diode end-pumped passively Q-switched solid
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state Nd*"-doped lasers have the advantage in
controlling pulse repetition rate, improving
nanosecond solid-state laser pulse power and
time stability (low jitter) in comparison with
the use of CW diode end-pumping.
EXPERIMENTAL

We consider a stable two-mirror cavity
configuration (Fig. 1) consisting of a flat
mirror M, (output coupler) and a concave
mirror M;. As previously discussed [5, 6], it
is a semi-concentric laser resonator; its intra-
cavity beam waist is nearly located on the
output mirror plane (M;) and its beam
diameter is smallest and approximately some
tens micrometer.

Laser Nd**: YAG M,
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Fig. 1. Experimental setup for the two-mirror
cavity passively Q-switched Nd’": YAG laser
Laser diode (ATC-Semiconductor Devices)
emitted at the wavelength of around 808 nm
with a maximal CW laser power of 2 W. Its
active cooling and temperature stabilization at
a suitable temperature were provided by a
built-in  Peltier cooling device (LDD-10,
ATC-Semiconductor Devices) maintaining its
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output laser diode wavelength matched to the
absorption peak of the Nd°:YAG laser
crystal. The polarization of the laser diode
emission is horizontal. The diode has a built-
in cylindrical micro-lens for its fast axis
collimation. This allows us to use simple
pump optics as a single lens of 25 mm focus
length to couple and focus the laser diode
light into the laser crystal. The two-mirror
laser folded resonator consisted of the
concave mirror M; with high reflection
coating at 1064 nm and anti-reflection coating
at 808 nm at both sides, its focal length is 20
mm and the output flat mirror M, of 6 %
transmission. The laser crystal were used to
be a 1% doped Nd**:YAG crystal (3 mm -
diameter, 3 mm - long) that were AR coated
on both sides at 1064 nm and mounted on
suitable passive copper heat sinks. The Nd**:
YAG laser crystal was oriented for the
maximum absorption at 808 nm. All optical
component and crystal were provided from
Casix [19].

A longitudinal and end-pumping
configuration was used, as shown in Fig. 1.
The pump source is a diode laser (ATC-
Semiconductor Devices) emitted at the
wavelength of around 808 nm with a
maximum CW power of 2 W. The diode laser
is supplied by the LDD-10 driver (ATC-SD)
designed for the diode laser operation in
continuous wave and pulse modes with
stabilized and controlled current. In the mode
pulse, .the adjustable range of diode laser
duration is from 0.1 ms to 0.998 s, the
adjustable range of diode laser pulse
repetition rate is from | Hz to 10 kHz. This
driver stabilizes and controls the laser diode
temperature [18]. Nd:YAG laser crystal
cooling and temperature stabilization at 25 °C
is provided by a built-in Peltier cooling
device (LDD-10) in order to maintain its
output laser wavelength exactly matched the
absorption peak of Nd: YAG crystal.

Laser wavelength and spectra were measured
with a grating spectrometer (DFS-8, 3 A/mm,
Russia) equipped with a linear diode array
(BP-2048. USA). A fast photodiode (rise time
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< 0.3 ns) connected with a digital
oscilloscope (TD 7154B; 1.5 GHz, Tektronix,
USA) was used to record the duration of laser
pulses. The laser energy was measured by the
Joule meter (13 PME 001, Melles Griot,
USA).

The Cr*': YAG crystal (Casix) having the
initial small-signal transmissions of 80 % at
1064 nm was used as an intra-cavity saturable
absorber. We used the stable two-mirror
resonator configuration (Fig. 1), as previously
discussed, it is a semi concentric laser
resonator, Its beam waist is nearly located on
the output mirror plane (M;) and therefore,
the Cr*": YAG crystal used as an intra-cavity
saturable absorber is put as adjacent as
possible to the output mirror plane M,.

RESULTS AND DISCUSSION

Figures 2 and 3 shows the pulse peak power
of passively Q-switched Nd’": YAG laser
operations (with the Cr*": YAG of T, = 80%)
versus pump power where Fig. 2 corresponds
to the laser pulse pump (600 us, 20 Hz) and
Fig. 3 corresponds to the continuously wave
(CW) pump by diode laser. The results
showed that the pumping by the stability
diode laser pulse has the capacity to achieve
higher pulse peak power (nearly 2 times)
compared with CW pump method using laser
diode (Fig. 3). This is achieved due to two
reasons: reduced the thermal effects of solid-
state gain medium due to pump by diode
pulses with low pulse repetitive rate and
pulse-width of Q-switched solid-state laser is

shorter.
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Fig. 2. Pulse peak power versus pump power of
pulsed diode pumped Nd: YAG laser.
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Fig. 3. Pulse peak power versus pump power
of CW diode pumped Nd: YAG laser

Fig. 4. Pulse width of 7.5 ns passively Q-
switched Nd: YAG laser pumped by pulses of
600 ps and pulse repetition rate of 20 Hz with
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Fig. 5. Pulse width of 11 ns and pulse repetition
rate of 4.83 kHz of CW diode pumped passively
Q-switched Nd: YAG laser with output
coupling of 6 %

Figure 4 shows the pulse width of diode end-
pumped passively Q-switched solid state
Nd**:YAG laser. The result also showed that,
pulse width of pulsed-diode  end-pumped
passively Q-switched solid state Nd*": YAG
laser achieve shorter when it is pumped by the
diode laser pulse (~ 7.5 ns) compared to when
it is CW pumped by diode laser (~ 11 ns) as
shown in figure 5.

Figure 6 shows the time stability of diode
pumped Nd: YAG laser passively Q-switched

with a Cr*": YAG crystal. The results also
showed that, for time stability (jitter) of
pulsed-diode pumped Nd: YAG laser is 4
times better than when it was pumped by CW
diode laser (Fig. 7 - at the same scale). This is
achieved also by two reasons: greatly reduced
the thermal effects of solid-state gain medium
due to pumped by diode pulses with low pulse
repetition rate and very high stability of the
intensity and duration of the pump pulse of
laser diode.

Fig. 6. Jitter on time of pulsed diode pumped
Nd: YAG laser passively Q-switched by a Cr*":
YAG crystal with output coupling of 6 %
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Fig. 7. Jitter on time of CW diode end-pumped
Nd: YAG laser passively Q-switched by a
Cr*":YAG crystal with output coupling of 6 %

CONCLUSION

We have investigated the output laser
characteristics at 1064 nm of pulsed diode -
pumped Nd**: YAG laser in passively Q-
switched operations with the Cr'": YAG
crystal as a saturable absorber intra cavity.
This study is based on the comparison of
operational characteristics in two pulse and
CW pumping regimes. Thank to avoid
thermal effects for solid-state laser medium,
pulsed diode - pumped passively Q-switched
solid-state Nd**: YAG laser not only has
advantages in controlling the pulse repetition
rate, but also to improve its capacity pulse
peak power (pulse peak power can be
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achieved S kW - higher than 1.7 times
compare to CW pumping method), shorter
pulse-width (~ 7.5 ns - 1.4 times shorter
compared to CW  pumping method),
concurrently having a better time stability
(jitter less than 4 times). Therefore, pulsed-
diode end-pumped passively Q-switched
solid-state Nd**; YAG crystal laser may be a
coherent light source capable of using widely
available.
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LASER RAN Nd*': YAG BIEN PIEU THU PONG PUGC BOM DQC

BANG CAC XUNG LASER DIODE

Nguyén Vin Hao'', Nguyén Thi Xiém', Nguyén Thj Nhu Hai', Nguyén Trong Nghia’

"Truong Pai hoc Khoa hoc - DH Thdi Nguyén

2 Trung 1dm Dién i hoc Luong tir, Vién Vét Iy, Vien KH va CN Viét Nam

Cac laser ran Nd: YAG dugc bom doc bing cac xung laser diode va duoc bién diéu thu dong do
pham chat budng cong huéng da duge nghién ciru thuc nghiém. Mot laser diode cong sudt cao (tan
56 xung ¢6 thé diéu khlen tir 1 Hz dén 10 kHz, do rong xung 600 ps & bude song 808 nm) da dugc
st dung nhu mét nguén bom quang hoc cho laser ran Cac két qua thu dugc da chung t6 cac laser
ran ndy c6 nhitng uu diém trong viéc diéu khién tan sé xung, cai thi¢n cong sudt dinh xung va on
dinh thoi gian (jitter thdp hon) so véi khi duge bom lién tuc bing laser diode.

Tu khéa: Tinh thé Nd:YAG, laser bom bc?ng laser diode, bién diéu do phcfm chat thy dong, diéu

khién tan s 1ap lai.
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