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This paper is the first of a series on numerical simulation of solid state lasers operated in passive optical Q-switching regime
and their applications in various fields. The main purpose of this series is to present the results obtained using numerical
analysis as a tool for properly designing solid state lasers, function of application for which these are dedicated since the
passive optical Q-switching regime is a large scale used technique. In this paper the numerical simulation results obtained
for a passive optical Q-switched Nd:YAG laser of a smaller volume dedicated to ~ 5ns FWHM time duration and over 200
mJ energy pulse generation. The main purpose of the performed theoretical analysis consists of a better understanding of
Nd:YAG laser g-switching process itself and of its possible applications in range finding, guiding, materials micro processing

and nonlinear optics.
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1. Introduction

This paper is the first of a series pointing to reach an
improved design methodology of solid state lasers operat-
ed in passive optical Q-switching regime and dedicated for
various civilian and military applications. The main pur-
pose of this first paper is to report the numerical simula-
tion and experimental results obtained in investigating
high brightness Nd:YAG lasers operated in passive optical
Q-switching regime using LiF:F, crystals [3]-[5]. The
numerical simulation results are obtained using the cou-
pled rate equations approach, which, even if it is used for a
long time, it is still useful in order to gather information
necessary for an improved design [1-7,18,19,21,22]. In
performing the numerical analysis of the specified laser
case, both threshold conditions for attaining Q-switching
process are analyzed [1-7]. The numerical simulation re-
sults are compared with experimental ones, in order to
certify the developed computing procedures, being ob-
served a fairly good agreement between these two catego-
ries of results.

2. Theory

A set of three coupled rate equations was proposed by
Siegman to model a solid-state laser passively Q-switched
by a saturable absorber [1]. This set of coupled differential
equations is pointing to investigate a laser oscillator based
on an active medium coupled with a saturable absorber,
such as the one schematically presented in Fig.1. In Fig. 1
the active medium can be observed, with electronic energy
levels denoted as am0 - ground level, am1- pump band,
am2 - the upper laser level, am3 - the lower laser level and

the saturable absorber, of which functional cycle can be
described using the electronic energy levels sal - ground
level, sa2 - the upper saturable absorber level, sa3 — the
saturable absorber lower excited state, sa4 - the saturable
absorber upper excited state. In Fig. 1 the well-known “4 —
levels” scheme describing the active medium operation
can be observed. The improvement introduced by Siegman
and others [1,6-10] consisted into considering possible
non-saturable parasitic absorption of the Q-switch cell at
laser wavelength, this electronic transition being repre-
sented by the sa3 — sa4 absorption.
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Fig.1. The schematic of a solid state laser operated in
passive optical Q-switched regime. Active medium - lev-
els: am0 - ground level; am1- pumping level; am2 - up-
per laser level;am3 - lower laser level; Saturable ab-
sorber - sal - ground level; sa2 - upper saturable ab-
sorber level; sa3 - saturable absorber lower excited level;
sa4 —
saturable absorber upper excited level.

The considered set of these rate equations, with an
improvement which consists of the fact that they are modi-
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fiation herein to be also included and the population reduc-
tion factor of the laser are defined as [1], [6]-[15]:
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In Equations (1), (2) and (3), the considered laser oscilla-

tor parameters are defined as:

n-  the photon number in the laser cavity;

Ng - the population inversion of the laser active medium,
defining the gain of the laser oscillator;

N, - the ground-state population of the saturable absorb-
er;

Nao - the initial value of N, being virtually the concentra-
tion of saturable absorption centers.

In Equations (1), (2) and (3), the following parameters are

introduced:

K, - coupling coefficient for laser photons and active

centres of the laser active medium;

K, - coupling coefficient for laser photons and passive
saturable absorber centers of the passive optical Q-
switch;

R, - the pumping rate of the active medium;

7. - the effective laser cavity decay rate;
7, - the effective decay rate of the upper laser level;

y - a coefficient depending on active medium energy-

level diagram (2 for three energy-level case, 1 in the
four level case);
v, - the coefficient of saturable - absorber relaxation

rate;
B - theratio of excited state absorption cross section to

ground state absorption cross section.
The coupling coefficients introduced in Equations (1),
(2) and (3) depend on active medium and passive optical
Q-switch cell spectroscopic and geometrical characteris-
tics. For the active medium, the coupling coefficient is
defined as:
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where gy is the laser emission cross section, 7 is the cavity
round-trip transit time and Ay is the effective laser beam
area on the laser gain medium. In the case of saturable
absorber, the coupling coefficient is defined as:
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where o, is the saturable absorber’s ground-state absorp-
tion cross section at the laser wavelength and A, is the
effective laser beam area on the saturable absorber. In

K ®)

Equations (4) and (5), the cavity round-trip transit time, 7
is defined as:

Tr = — (6)

where 1, is the laser resonator length and c is the speed of
light.
In equations (1), (2) and (3), j denotes the laser cavi-
ty decay rate, defined as:
1

Ye=— )
Tc

where z is the cavity lifetime of the laser photons, being a
measure of the existing losses. y is the effective decay rate
of the upper laser level, being defined as:

7925 (8)

where 7y is the laser’s emission lifetime, the upper laser
level fluorescence lifetime. y, is the saturable absorber’s
spontaneous relaxation rate, being defined as:

Ya=— %)

Ta

where 7, is the saturable absorber’s fluorescence emission
lifetime. S is defined as:

p= e (10)

Oa

where ogsp is the excited-state absorption cross section of
the saturable absorber.

The analysis of a passive optical Q-switched solid
state laser can be simply performed by numerical integra-
tion of coupled differential equations system (1), (2) and
(3). Important characteristics of a saturable absorber Q-
switched laser system can be found by analyzing these
three coupled-rate equations. Following the method of
Siegman [1] and considering the hypothesis of passive Q
switching with a slow-relaxing saturable absorber, from
Eq. (1), after some algebraic manipulation, the following
relation is obtained:
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In Eq. (11), ypo represents “an initial gain” coefficient of
the laser oscillator before the start of Q-switching process
and is defined as:

VgO:KgNgO_KaNaO_Vc (12)

In the equations (11) and (12), N is the laser popula-
tion inversion required for laser action, the Ny initial value
when considering the “start” of laser oscillation in free-
running regime, defined as:
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Two important observations have to be made when
analyzing equation (11), regarding the Q-switching pro-
cess, namely that there are two threshold conditions to be
fulfilled:

- Initially, before starting the Q-switching, the photon
number is small and the photon number’s growth rate is
dominated by the first term on the right hand side of ex-
pression (11); i.e. ypo. Thus, before the absorber satura-
tion, in atto or picoseconds timing, the photon number
inside the laser resonator increases at an initial growth
rate %,o.

- When the photon number is large, the second term starts
to take control. Therefore, for the passive Q switching to
really occur, both these terms have to be positive. As
necessary, it is introduced a second threshold condition
for Q-switching. The threshold population inversion af-
ter the saturation of the Q switch, Ny, is defined as:

NgthEﬁKaNaO'H/c (]_4)
Kg
To compare the population inversion of the laser with
the loss of the overall laser system when interpreting the
numerical simulation results, it is convenient to define a
normalized loss parameter, Loss, from Eq. (1) as:

KaNg +BKa(Ngg —Ng) +7¢ (15)
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An important feature of the performed numerical
analysis consists in investigating the LiF:F, passive opti-
cal Q-switches functional cycle. The saturable absorption
centers of the investigated passive optical Q-switches, the
LiF:F, crystals, are the F, color centers defined as double
adjacent anionic vacancies, which captured three electrons.
It can be compared with a single ionized hydrogen mole-
cule with diffuse nuclei.

Ee‘

q

Fig. 2. The functional cycle of F2- color centers. q - gen-

eralised coordinate; E, - electronic energy level; G - the

ground electronic state; S—the first excited electronic
state.

The F, color center functional cycle can be defined
into a Franck - Condon diagram, describing the electronic
energy levels and optical transitions of the F," color cen-
ters, as schematically presented in Fig. 2.

1 — 2 - electric dipole electronic - vibrational absorptive
transition. It corresponds to an absorption band
centered at Ay =0.96 um with a half amplitude
bandwidth 0,5 of 1400+1700 cm™ (at room

temperature, T=300K)

2 — 3 - vibrational relaxation to the minimum of the S
potential energy curve. It is accompanied by a
mutual rearrangement of the neighboring ions or
by phonon emission. It has a characteristic life-
time of 10™+10™s.

3 — 4 - emissive electron-vibrational transition with a
characteristic lifetime z, of 60 +100 ns.It corre-
sponds to a large fluorescence band situated in
the spectral range 1.14 + 1.28 pum.

4 — 1 - vibrational relaxation to the minimum of the G
potential energy curve. It is accompanied by a
mutual rearrangement of the neighboring ions or
by phonon emission. It has a characteristic life-
time of 10™2-10™ s.

According to these information, obtained from litera-
ture and by direct spectroscopic measurements, the LiF:F,
passive optical Q-switches show no non-saturable parasitic
absorption at operating laser wavelength (1,=1.064 um).

4. Numerical simulation results

Using the developed numerical simulation programs,
for all three investigated LiF:F,” Q-switch samples, denot-
ed as C41, C75 and C102, for both experiment lines an,
similar procedures are followed. These procedures are
performed in three steps:

- Evaluation of the parameters entering in Egs. (1), (2)
and (3) by using equations (4) — (9).

- Numerical solving the differential coupled equations (1),
(2) and (3) on pursuit of obtaining a laser pulse time
shape, active medium population inversion and loss var-
iation.

- Basic analysis and validation of the performed numeri-
cal simulation results by comparison with experimental
ones.

The geometrical and spectroscopic characteristics of
the investigated LiF:F,” Q-switch samples are presented in
Table 3. Their chemical characteristics, more precisely, the
impurity content concentrations and the irradiation pro-
cessing techniques used for obtaining F, color centers are
described in Tables 1 and 2.

In the following the results of numerical simulation
performed for the “best” and the “worst” experimentally
observed results are presented. The “best” are considered
the experimental results obtained at CONTINUUM Laser
Laboratory by using C102 sample. The “worst” is consid-
ered the case of C75 sample used in a previous experiment.

For both “best” and “worst” cases, several parameters
introduced in equations. (1), (2) and (3) have similar val-
ues:
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- The active media used in the experiment lines have the
same @ 6mm diameter. This means that Ay, the effective
laser beam area on the laser gain medium, has the same
value, A, = 0.283 cm*

- No focalization on the passive optical Q-switches was
necessary in both line of experiments, as a consequence,
A, the effective laser beam area on the saturable absorb-
er is considered as equal to Ag.

- The LiF:F, crystals absorption cross section at laser
wavelength is defined as o, = 1.56x10™"" cm?[16], .

- The F, color centers upper level fluorescence lifetime is
defined as 7, = 75 ns [16], [20].

- The laser emission cross section, oy is defined as
0,=6.5x10™° cm?® [2],[3].

The length of the laser resonators are a little different,
I, = 0.400 m in the case of C102 sample and I, = 0.435 m
in the case of C75 sample. The round-trip transit time, z is
considered as the same for both lines of experiments,
7;=2.669 ns in the first case and 7=3.302 ns in the second
one.

In the “best” case, using C102, the coupling coeffi-
cients are defined as K, = 1.723x10° and K, = 4.135x10°°.
In the “worst” case, when using C75, the considered cou-
pling coefficients are practically the same, having insignif-
icant differences: Ky = 1.723x10™ and K, = 4.135x10™.

The initial value of population inversion is evaluated
using a relation derived from Eq. (13):

_~In(Ry) —In(R3) - 2In(Tyn)
Gg|MA

where Ty, is the small signal (initial) value of Q-switch
crystal transmittance at laser wavelength, R; and R, are the
back mirror and output coupler reflectivities and Iy, is the
pumped length of the active medium. In the “best” care of
sample C102, Iy, =10 cm and Ng = 1.192x10". For the
“worst” case of sample C75, the similar values are: lys =6
cm and Ngg = 2.060x10".

The parameters related to passive optical Q-switch
crystal are evaluated by a formula using the results ob-
tained by spectroscopic and absorption laser saturation

experiments [21]:
_ |n( TLin ]
_ TLﬁn (17)

where T g, is the large, saturation signal (final - saturated)
value of Q-switch crystal transmittance at laser wave-
length and |, is the length of the Q-switch crystal. For
C102 these values are: I, = 3.0 cm and N,y = 5.767x10%.
For C75, the similar values are |, = 4.7 cm and
Nao = 3.621x10%.

The system of coupled rate equations (1), (2) and (3)
is solved using a Runge-Kutta-Felhberg algorithm (RKF
45). The coefficient depending on active medium energy-
level diagram is considered as unitary, y = 1. The observed
numerical simulation results for both the “best” and the
“worst” cases, using the previously defined parameters
introduced in equations. (1), (2) and (3), are presented in

Ngo (16)

Fig. 3, 4, 5, 6. R, = 1.5x10% for the “best” case of Sample
C102, being approximated using observed experimental
results obtained for free-running regime. R, = 1.7x10%
using the same procedure.

For both the “best” and the “worst” cases, the parame-
ter S is considered as extremely low, practically zero by
applying a first comparison criterion of laser pulse full-
width half measure time width observed experimentally
and by numerical simulation. The second criterion consists
in comparison of experimentally observed value of laser
single pulse output energy in Q-switching regime with the
total value of emitted laser photons obtained by numerical
integration of the photon density curves presented in Figs.
3 and 5. The observed differences between these two kinds
of results is less than 10% for both investigated “best” and
“worst” cases. The observed value of £ is in agreement
with spectroscopic measurements performed experimental-
ly and reported in literature [17], [20]. According to these
information, the LiF:F2- crystals exhibit no parasitic non-
saturable absorption at laser wavelength from an excited
level sa3, as in Fig.1.
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Fig. 3. The numerical simulation results observed in the
“best” case of Sample C102. The photon density and
population inversion density curves.
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Fig. 4. The numerical simulation results observed in the
“best” case of Sample C102. The LOSS curve.
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Fig. 5. The numerical simulation results observed in the
“worst” case of Sample C75. The photon density and
population inversion density curves.
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Fig. 6. The numerical simulation results observed in the
“worst” case of Sample C75. The LOSS curve.

In the “best” case of Sample C102 the full-width half
measured (FWHM) laser single pulse time duration is es-
timated as 5.5 ns. For the “worst” C75 case the full-width
half measured (FWHM) laser single pulse time duration is
estimated as 6.0 ns.

For both the “best” and the “worst” cases the parame-
ter, the initial photon density value n(0) is approximated as
10™. It is a rough approximation of the fluorescence emis-
sion of Nd:YAG laser active medium and laser resonator
geometries almost identical for both lines of experiments.

Regarding the numerical simulation results presented
in Figs. 4 and 6, the LOSS curves for the “best” C102 and
“worst” C75 cases, several observations can be made:

- The presented numerically obtained curves are, in both
cases, with a scale factor, identical with the N,(t) ones,
as expected for #=0.

- The initial increase of N,(t) is considered to be due to
the passive Q-switching mechanism, being explained by
the different moments of attaining the two first and the
second thresholds for proper Q-switching operation.

5. Experimental setup

The numerical simulation results are compared with
the experimental ones obtained with two lines of experi-
ments, which were performed for the Sample C75 (the
schematic of the developed experimental setup is present-
ed in Fig. 7) and for the Sample C102 (the schematic of
the developed experimental setup is presented in Fig. 8).

Both experimental setups are developed on the basic
idea to construct a passively Q-switched Nd:YAG laser
oscillator emitting light pulses with few nanoseconds
FWHM time duration and as large output energy as possi-
ble by using a short laser resonator and large contrast
LiF:F, passive optical Q-switches.

The experimental setup developed for the Sample C75
consists of a plane-plane 43.5 cm length resonator with
high reflectivity (HR in Fig. 7) of 0.99 reflection coeffi-
cient and output coupler (OC in Fig. 7) manufactured of a
quartz plate of 0.08 reflection coefficient. Into the laser
resonator, in order to improve the stability laser output
stability, a polarizer is inserted made of a 1 mm thick
quartz plate placed at Brewster angle versus optical axis.
The cylindrical LiF:F,” passive optical Q-switch cell is
mounted approximately at one third of the laser resonator.
The LiF:F, has no dielectric AR coatings on the optical
plane parallel (less than 30” error) end faces. The pumping
system consists of a QUANTRON 104 B reflector made of
a cylindrical Quartz block with external and the two inter-
nal holes for flash lamp and active medium optical quality
polished surfaces. QUANTRON 104 B reflector is made
of a colloidal silver layer chemically deposited on the ex-
ternal surface Quartz block surface and protected from
oxidation by an electrochemically deposited Ni-Cu layer.
An INP 5/60 Al flash lamp mounted on a power source
which injected discharge current of ~ 200 ps duration is
used. The adjustable repetition frequency of flash lamp
pumping pulses is set at 12.5 pps (Hz). The active medium
is a @ 6x80 mm Nd:YAG laser rod with both ends having
AR coatings. The active medium is pumped on 60 mm of
its length. The QUANTRON 104 B reflector, flash lamp
and laser rod are cooled with flowing de-ionized water.

The laser output is measured with a system composed
of:

- laser energy measurement - a thermoelectric GENTEC
ED2S energy meter used as the “calibration unit” and a
silicon photodiode ROL 021 operated in an inverse po-
larization mode as a service laser energy monitor;

- laser pulse time shape measurement - an ITT F4014
vacuum photodiode (~ 10 ps response time) coupled to a
Tektronix 519 oscilloscope (1GHz bandwidth). The re-
sponse time of this measuring system was estimated as ~
1ns.
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Fig. 7. Schematic representation of the investigated high

brightness Nd:YAG laser setup developed for Sample

C75. HR - High Reflectivity back mirror; P - Polarizer;

QSW — LiF:F, ~ passive optical Q-switch cell; AM — ac
tive medium; OC — output coupler

The experimental setup developed for Sample C102
consists of a 40 cm long resonator, using a high reflectivi-
ty concave (+ 4 m) mirror and an output coupler made of a
variable reflectivity mirror (VRM) with Gaussian distribu-
tion with 0.12 peak reflectivity and a spot of 1.2 mm. As
pumping chamber, it was used a double flash lamp CON-
TINUUM 711-06 laser head. A 1.1% concentration

@ 6x115 mm Nd:YAG rod was used as the active medium.

The flash lamps and the active medium are cooled with
flowing de-ionized water. The pumped length of the active
medium is considered as 100 mm. Inside resonator, for the
same reasons of improving laser output stability, a dielec-
tric polarizer is inserted. The cylindrical LiF:F, passive
optical Q-switch cell is mounted approximately at one
third of the laser resonator. The developed passively Q-
switched Nd:YAG laser oscillator is operated at a repeti-
tion frequency of 10 pps (Hz).

Hq—\.—pmq—p NAdYAG |+ |[—+
HE F QW &b oc

Fig. 8. Schematic representation of the investigated high

brightness Nd:YAG laser setup developed for Sample

C102. HR - High Reflectivity back mirror; P - Polarizer;

QSW — LiF:F, ~ passive optical Q-switch cell; AM — ac
tive medium; OC — output coupler

The experiments were performed on three cylindrical
LiF:F,” samples, denoted as C41, C75 and C102 with di-
mensions of of @ 9mm and a length, I,, of 30 and 47 mm.
Two types of raw LiF crystals with different impurities
concentrations content were processed using Co® y and
7MeV high energy electrons (denoted as “hee”) irradiation
procedures in order to obtain F,” color centers inside them.
In Table 1, the impurity content concentrations measured
using Active Analysis method are presented. In Table 2,
the irradiation procedures used for formation of F,” color
centers are presented.

Table 1. The impurity content concentration of investigated
LiF:F, passive optical Q-switch samples.

Table 2. The irradiation procedures for f,” color center
formation used for investigated lif:f,” passive optical g-
switch samples.

Sam Stage 1 Stage 2 Additional
ple [MRad] [MRad] [MRad]
C41 150 Co®y 200 Co® y 8*48 Co® y
C75 100 “hee” 200 “hee” 6+48 Co® y
C102 200 “hee” 200 “hee” 10*48 Co® y

The end facets of the investigated LiF crystals were
optically polished. Optical transmittance measurements
were performed on the investigated LiF samples, before
F," color centers formation by irradiation procedures using
a SPECORD 61 NIR (Carl Zeiss Jena) spectrophotometer.
The optical transmittance of clean LiF samples was meas-
ured to be of ~0.90 - 0.92. In Table 3, the results of the
spectroscopic measurements are summarized.

Table 3. The Spectroscopic Characteristics Of Investi-
gated Lif:F, Passive Optical Q-Switch Samples.

Sample | Type | l[mm] Tiin Tiin | Teo
c41 | N1 30 0.045 | 0.880 | 0.899
C75 | N2 47 0.040 | 0.853 | 0.865
C102 | 112 30 0.040 | 0.899 | 0.901

Impurity [ppm]

Type | Na | Cl | K [ Ca| Fe [ Co| Sc | Zn | La Pb

1.1 15 (0811 |15| 4 |14]107]07]01] 01

1.2 | 250 | 15 | 17 | 27 | 185 | 55|29 | 25| 16 2.5

6. Experimental results

For both lines of experiments, three kinds of meas-
urements are performed:

- Laser output energy (E.[mJ]) versus pumping energy
(Ep[J]in free-running regime.

- Laser output energy (E.[mJ]) versus pumping energy
(Ep[J])in passive optical Q-switching regime for single
pulse (N=1) and double pulse (N=2) generation.

- Single pulse generation time shape, with a FWHM time
duration estimation.

In the plots of Fig. 9 and 10, the experimentally ob-
served variations of laser output energy in free-running
(denoted as E.g) and Q-switched (denoted as E, ) re-
gimes versus pumping energy (denoted as Ep) are present-
ed.

In the case of free-running regime, the experimentally
measured values are linearly interpolated using the least
square method such as:

E . [mJ] = AxEp[J]-B (18)

From this equation of experimental data interpolation, the
threshold value of pumping energy for free-running laser
oscillation was deduced as:

B
Epn =4 (19)

In equation (7) are indicated the measure units of laser
output energy (E.5) and pump energy (Ep).

It is considered as an information of interest the “ex-
traction coefficient”, K., defined as the ratio of laser out-
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put energy in Q-switched and free-running regimes for a
given value of pumping energy:

E
Ke=—2% (20)

ELfr

During the performed investigation on the LiF:F,
samples, K. is defined for the Q-switching threshold value
of pumping energy.

In Fig. 8 the experimentally observed laser output en-
ergy values for free-running and Q-switched during the
experiments performed at Laser Department of INFLPR
are presented. The free-running interpolation curve is de-
fined as

E,_[mJ] = 29.410x E[J] - 315.301 (1)

with threshold pumping energy estimated as:
Epy  =10.7J

In the performed investigations, the dynamic slope of
equation (10) was of interest in the sense of performance
prediction. The observed value of A was considered as
acceptable,

800 T
Free running interpolation curve
= e o o Free running experimental points
A= < €75
P gool— - C41
S ——C102 /
z ¥ N=2
.—"/: T i, il ol bl
‘<\ 400) /
E / N=1
% A
10 15 20 25
PUMPING ENERGY [J]

Fig. 9. The experimentally observed laser output energy
values for free-running and Q-switched regimes, using
the setup for Sample C75.

In Fig. 10 the experimentally observed laser output
energy values for free-running and Q-switched during the
experiments performed at CONTINUUM Laser Laborato-
ries are presented. The free-running interpolation curve is
defined as

E, [mJ] =40.151x E[J]—290.054 (22)
with threshold pumping energy estimated as:

Epg g =7-2

In the performed investigations, the dynamic slope of
Eq. (11) was of interest in the sense of performance pre-
diction. The observed value of A was considered more

than acceptable in comparison with the value observed at
INFLPR Laser Department, being with ~30% greater,

T T
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Fig. 10. The experimentally observed laser output energy
values for free-running and Q-switched, using the setup
for Sample C102.

In TABLE 4 the experimentally results observed dur-
ing the experiments using the setup for Sample C75 are
summarized.

Table 4. The experimentally observed results using the
setup for sample c75.

Sample Ey[J] N E[mJ] Ke to[ns]

C41 21-27 1 215 0.71 ~4
27-35 2 300

C75 20-27 1 175 0.64 ~4
27-36 2 280

C102 20-26 1 235 0.86 ~4
26-36 2 310

In Table 5 the experimentally results using the setup
for Sample C102 are summarized.

Table 5.The experimentally observed results using the
setup for Sample C102.

Sample E,[J] N | E [m]] Ke to[ns]

C41 15.2-20 1 |235 0.73 ~4
20-25 2 | 450

C75 13.7-20 1 | 185 0.71 ~4
20-25 2 | 400

C102 13.8-19 1 | 250 0.95 ~4
19-25 2 | 475

In Fig. 11, the experimentally measured for the
“worst” case of C75 Q-switch sample laser single pulse
time shape is presented. The observed FWHM single
laser pulse time duration is estimated at ~ 5 ns. The
peak power of single laser pulse is estimated as 37 MW.
The similar value for the “best” case of C102 Q-switch
sample is estimated to be ~50 MW.
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Fig. 11. The experimentally measured laser single pulse
time shape for Sample C75 is presented. Horizontal time
division is 2ns.

7. Conclusions

The presented experimental and numerical simulation
results, which are in good agreement, less than 10% rela-
tive differences can be considered as a validation of devel-
oped low cost non-sophisticated computer programs dedi-
cated to the proposed target. The developed laser numeri-
cal simulation computer programs are suitable for further
improvements. As a first step in development of a laser
simulation software package, the presented experimental
and numerical simulation can be used for an improved
design of high brightness passively optically Q-switched
laser oscillators.
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