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Jitter and the minimal pulse repetition rate
of a diode-pumped passively Q-switched solid-state laser

M.I. Belovolov, A.F. Shatalov

Abstract. The jitter of radiation pulses from diode-pumped
passively QO-switched Nd*' :Y;Al;0,, (Nd:YAG) and
Nd**: Ca3;Ga,Gez;0yp; (Nd: CGGG) crystal lasers is
studied. It is found that the jitter j depends on the laser
pulse repetition rate f as j= A/f". It is shown that the
minimal pulse repetition rate f; of the laser is determined by
the jitter parameters 4 and y and is equal to A4 Yo=1, For the
Nd : YAG and Nd : CGGG lasers, f; was 14 Hz and 5 Hz,
respectively.
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1. Introduction

The application of diode-pumped pulsed solid-state lasers
(SSLs) in various fields of science and technology is
promising due to their reliability as well as the simplicity
of the device and maintenance. At present, compact diode-
pumped pulsed passively Q-switched SSLs are being
actively developed [1-3]. In these SSLs both the well-
known Nd*" : Y;Al;0,, (Nd:YAG) [1, 3] crystal and a
calcium — gallium — germanium garnet
Nd** : Ca3Ga,Ge;0;, (Nd : CGGG) [2], which is relatively
new for these applications, are used as laser elements.

Along with other operation parameters of pulsed SSLs,
the stability and the minimal laser pulse repetition rate f are
of interest. These parameters are determined by the jitter of
SSL pulses.

In this paper, we studied the jitter of radiation pulses
from diode-pumped passively Q-switched Nd : YAG and
Nd : CGGG lasers and determined the lowest pulse repe-
tition rate f; of these lasers.

2. Experimental

The scheme of the experimental setup for studying the jitter
of SSL pulses is presented in Fig. 1. Laser diode (/) with
fibre output (2) (numerical aperture NA = 0.22, the core
diameter d, = 100 um) was used for pumping. The pump
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wavelength 4, was 805 nm and the laser linewidth A4 was
~ 2 nm. Microlens (3) focused radiation from the output
end-face of fibre (2) into a 90-um spot on laser element
(LE) (4) fixed on a copper heatsink with a thermal paste.
The front LE face (blackened in Fig. 1) served as the input
mirror, while spherical mirror (6) (radius 5 cm, trans-
mission coefficient 0.01) was the output mirror of the laser
resonator. 1-mm-thick Cr** : YAG saturable absorber (5)
which had an AR coating at 1.06 um and the transmission
coefficient 0.9 at low radiation intensities incident on it was
placed in the laser resonator. The concentration of Nd**
ions in the Nd : YAG laser crystal was 0.8 x 10 ¢cm ™ and
its thickness was 4.1 mm and 70 % of pump radiation was
absorbed per transit in this LE. The Nd*" concentration in
the Nd:CGGG crystal was 2.0 x 10 cm™, the LE
thickness was 1.5 and 70% of pump radiation was
absorbed per transit.
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Figure 1. Scheme of the experimental setup for studying the jitter of
radiation pulses from a diode-pumped passively Q-switched SSL: (/)
laser diode; (2) optical fibre; (3) microlens; (4) laser element; (5)
saturable absorber; (6) output spherical mirror.

3. Results and discussion

The typical shape of the SSL pulse is shown in Fig. 2a. The
Nd : YAG laser emitted 15-ns, 2.1-pJ pulses. The pulse
repetition rate f of the Nd: YAG laser varied from 4 to
35 kHz, when the absorbed pump power was changed from
0.35 to 1 W. The Nd : CGGG laser emitted 11-ns, 3.5-pJ
pulses. The pulse repetition rate f varied from 3 to 13 kHz
when the absorbed pump power was changed from 0.45 to
1 W. The wavelength of these lasers was 1.06 um.

The jitter of the SSL pulses was manifested as random
variations in the SSL repetition rate or pulse repetition
period, i.e. time intervals between the peaks of adjacent laser
pulses. The random scatter in the SSL pulse repetition
periods was visualised on the oscilloscope screen (Fig. 2b).
The oscilloscope operated in the storage regime, when each
subsequent pulse was recorded on the screen with respect to
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Figure 2. Typical shape of a SSL pulse, the scan rate is 10 ns div™' (a)
and the random scatter in the pulse repetition periods, the scan rate is
10 ps div! (b).

the previous one serving as the scan onset. The jitter j of SSL
pulses was set equal to 1/4 of the pulse scatter on the
oscilloscope screen and was determined as a standard
deviation of the pulse repetition period from its average
(expected) value T. The pulse repetition rate f was also
assumed equal to its average value for f=1/T.

Figure 3 presents the dependences of the jitter j of SSL
pulses on the pulse repetition rate f of both lasers. The
analysis of the obtained results shows that the value of the
jitter j is well approximated by the function j = 4/f”, where
the jitter parameters y and A4 are 1.4 and 180 ps kHz'* for
the Nd: YAG laser and 1.3 and 200 ps kHz'* for the
Nd : CGGG laser, respectively.

The jitter is the most considerable at the lowest pulse
repetition rate f of the generation range of Nd : YAG and
Nd : CGGG lasers, when the absorbed power P insignifi-
cantly exceeds the SSL threshold. When f increases, j
decreases and becomes less than 10 % at the maximal pulse
repetition rate of laser pulses.

If the jitter j becomes equal to the pulse repetition period

T = 1/f of the SSL, the concept of the pulse repetition rate f

and period 7 makes no sense. Therefore, we determined the
minimal pulse repetition rate of the SSL from the condition
j=1/fy = A/f{. In this case, the pulse repetition rate f; is
expressed in terms of the jitter parameters 4 and y as
fi =AY07V_ Then, the value of the minimal pulse repe-
tition rate f; will be 14 Hz and 5 Hz for the Nd : YAG and
Nd : CGGG lasers, respectively.
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Figure 3. Experimental dependences of the jitter j of SSL pulses on the
pulse repetition rate f for the Nd : YAG and Nd : CGGG lasers (points).
The solid curve shows the function j = A/f7.

4. Conclusions

The jitter j of pulses from diode-pumped passively Q-
switched Nd: YAG and Nd:CGGG SSLs has been
studied. The wavelength of both lasers was 1.06 pm, the
pulse duration and energy were 15 ns and 2.1 pJ, respec-
tively, for the Nd:YAG laser and 11 ns and 3.5 pJ,
respectively, for the Nd:CGGG laser, and when the
absorbed pump power was changed, the pulse repetition
rate f was in the range from 4 to 35 kHz and from 3 to
13 kHz, respectively.

It has been found that the jitter j is depends on the pulse
repetition rate f as j= A/f”. It has been shown that the
minimal laser pulse repetition rate f; is determined by the
jitter parameters 7 and A and is equal 407V, The
parameters y, A and the pulse repetition rate f; for the
Nd : YAG and Nd: CGGG lasers are 1.4, 180 ps kHzl'4,
14 Hz and 1.3, 200 pus kHz'?, 5 Hz, respectively.
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