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Abstract
The absorption cross section of saturable absorber influence on passive Q-switching laser pulse behavior has been
studied by numerical solution of rate equations mathematical model. We report the passive Q-switching of the

Cr™* : BeAl,O, (alexandrite) laser with the yttrium silicate Cr** :Y,SiO, (Cr :YSO) solid state saturable absorber.

The study shows that the behavior pulse energy, initial value of population inversion, and the laser photon number is
scaling up when the ground state absorption cross section of saturable absorber increasing, while the behavior of pulse
duration is scaling down.

Keywords: Laser, high power pulse, passive Q-switching.

Jalad ) Jagatll 3 Adai ailad o ¢ Luidl ALY Lualal) 5alall ualuaiad) apll adiall yili

-

4 pdl)
e Qs Al 2 e 530 pSl 2
e LeSl and — Fuigl) 4 el and — alal) A<
B 3 Aadla

Ladal)

Ge gl Jalal bl Jugail) 30 s lilu e p LU ALEH Galdl 3lall V1 ggianall paaliaiad) oumpal) il G s
+4 .

) e 750nm ase dots (O 7 BEALOL) oy 30 el LSt 1 daedl & Yol 0 ol sl ol Jadl plaaily
+4 . H
3 g i ey Sl il (R RS Lol Al A8l o) Aubyl iy D AL sl sabes (O F V29105

Aml) el o U5 L g Lt AL Zealal) 52l a1 (ginnall (amlictiaV) o pall pdaiall 50l e Lgadh 2o

1. Introduction large number of applications in many civilian and

Short laser pulses are generated by solid state lasers military applications such as laser remote sensing, laser
using various active media types crystals, glasses or satellite  networking, laser communication, many
ceramic) operated in Q-switching techniques have a nonlinear optics experiments, material processing (
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nanomaterials) formation by using ablation technique,
projectile guidance over long distances and range
finding applications [1-7]. Passive Q-switching is more
economical, simple, and practical. Basically, Q-
switching operation relies on a fast switching of laser
resonator quality factor Q from a low value
(corresponding to large optical losses) to a high one
(representing low radiation losses). Alexandrite which
is biaxial with emitted light polarized parallel to the b
(axis), can act either as a three-level laser system or as a
four-level  vibronic laser system [8]. Since

Cr** : BeAl,O,has a broad absorption band in the

visible spectral range, it can be efficiently pumped with
flash lamps [9].On the other hand, a compact

Cr** : BeAl O, laser system may be pumped by the

laser diode [9]. TheCr:YSOis a pure tetravalent
chromium system. It is a blue in color and is a biaxial
solid-state crystal [10]. Some of its important material
parameters are as follow: It has a melting point as high
as (2070 °C), Cr atoms/mole % as (9.7x1019
atom/cm3), density as (4.6 gm/cm3), refractive index as
(1.8), and the damage threshold as high as (30 J /cm2)
[9,11] . Spectroscopic studies of the Cr :YSO, and the
observation of laser action from (77) up to (257°K) was
reported by Deka et al. in 1992 [5]. Room-temperature
laser operation of the Cr:YSOwas reported
subsequently by Koetke et al. [5] . It has four absorption
bands peaked near (390nm), (595nm), (695nm), and
(750nm) [11] as shown in figure 1. It's absorption
spectrum covers the visible, and near infrared spectral
region, it can be used as a saturable absorber Q-Switch
for the ruby, alexandrite, Cr:LiCAF, and Cr:LiSAF
lasers [10-13] . See figure 1. Cr :YSO absorption
spectrum[11] , this Q-Switch crystal has an emission
life time of (0.7 psec) at room temperature [11] which
is long compared to the duration of the Q-Switched
laser pulses. Therefore, Cr : YSO can be classified as a
slow-relaxing saturable absorber [11]. The Cr:YSO
crystal has many absorption cross-sections at a few
different wave lengths for several Solid state lasers.

In this study, the influence of absorption cross section
for the ground states of saturable absorber on passive
Q- switching performance of the Alexandrite

Cr**:BeAlLO, laser (four-level system) with

Cr:YSOsolid state saturable absorber is studied by
numerical solving of four coupled rate equations model
by Runge —Kutta-Fehlberge method.
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Figure 1: Cr : YSO absorption spectrum [10]
2. Theory
The ground level absorption cross section of the

saturable absorber (O-ag) influence on passive Q-
switching laser pulse behavior has been studied by the

rate equations [14] as the following :
dn

D= (KN, =K Ny = KN =70 N
%:R‘,_YENE ~V K Nen (2)
% =7, Ny —K Nyn N
ﬁ =Ka‘\-'a§n—?'a‘vae (4)

dt

Where; n is the photon number in the laser cavity. Ng is
the population inversion of the laser medium. Kg
=2o0g/tr Ag, is a coupling coefficient between photons
and the active medium, where og is the laser emission
cross section, tr is the cavity round-trip transit, Ag is
effective laser beam area on the laser gain medium. Nag
is the ground-state population of saturable absorber. Ka
= 2cag/trAa is a coupling coefficient between photons
and the saturable absorber molecules, where cag is the
saturable absorber ground -state absorption cross
section, Aa is the effective laser beam area on the

B =04/ 0y is the ratio of the

excited-state absorption cross section ocae to the
ground-state absorption cross section ocag of the
saturable absorber. Nae is the population of the excited

v. =17,

saturable absorber.

state of saturable absorber;
=11y

is the cavity

decay rate, where

y =20yl —Innr, is the total loss, where a0 is

is the cavity lifetime,

where
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the absorption coefficient per unit length, l, is the

length of the laser rod, and rl,r2 are the reflectivity’s s
of cavity mirrors. Rp is the pumping rate. yg = 1/1g is
the decay rate of the upper laser level, 1g is the upper
laser level lifetime. yp is the population reduction factor
( bottlenecking parameter), yp =1, 2 for a four —level
and three level laser active medium, respectively. ya
=1/7a is the spontaneous relaxation rate of the saturable
absorber, where ta is the saturable absorber first
excited state lifetime.

At initial time, the most population of saturable
absorber molecules is in the ground state (Nag ) ,that
mean at initial time the absorption activity of saturable

absorber is very high, then we regard Nog = Nao1

dn
N — ~0.0
N, =0.0 and dt

Where Nao is the total number of saturabel
absorber molecules, according to these approximations
we get a good estimate for the initial value of

population inversion for laser medium (Ngo) . Then
from equation (1)

N, =(KN, +7)/K, (5)

After very short time (depending of the life time of
saturable excited state) the most of saturable absorber

molecules are in the excited state (Nae ), then we can

N. =N N =00 an o
regard ' ae = a0 ag =" and dt . By

utilizing this approximation in equation (1) we can

predict the threshold population inversion (Nth) as

following;

RN,
Ny= QK&: c (6)

In general, the build-up time of Q-switched laser pulse
is very short compared to pumping rate (Rp) and the

relaxation time of active medium (Tg), then it is
possible to neglect pumping rate and spontaneous decay

of laser population inversion during pulse
generation[15], then from equation (1) and equation (2)
,we get

n N, Ny r

i I . . AN

| dn=-—( [ ) KN+ BN, 47) K} | -] (7)
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w

From equation (7) the photon number reaches a peck

n . . . .
value ( P) when population inversion (Ng) is

. N
equivalent to N also a9 gpproaches  zero
N. ~0.0
( ag ) , then we have
", N Ni o
| dn =—%[ [ v, -N, [51 . but n,>>n then
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After the release of the Q-switched laser pulse, the

population inversion is reduced to the final value N ,
this value can be utilized to calculate the output energy
of Q-switched pulse by using the following equation:-
N, -N. N_-N_.
E = (D

our -
b N
i P N Eo

Yho

©)

ho is the laser radiation energy. The peak power of the
Q-switched laser output can approximately calculated
by using eq.(9) a s:

nyhv Ng, — N,
R 10
R La (10)
hv N, —-N,
Pp = (N, —N,, - Nyl(—=——=)
Yele - N,

The pulse duration of the Q-switched laser pulse can be
calculated approximately by the following formula:-

£ e Lo (11)

puise
Pr

3. Calculations, Results, and Discussion

The set of equations (1) to (4) have been
numerically solved by Rung —-Rung -Fehelberge
method by computer program to study the influence of
the ground level absorption cross section of saturable
absorber on laser passive Q-switching pulse
characteristics. In this study, we report the passive Q-

+4 .

switching of the Cr 1 BeAl,O, (alexandrite) laser
+4 . i +4 .

with the Cr:Y;S10;  (Cr™:YsS0) solid state

saturable absorber operated near 750 nm, the published

parameters values for alexandrite with the Cr: YSO [5]
have been used as follows;
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K, =2.23x10"sec™ 7, =3.85x10%sec™ L

3

£=033  y,=143x10°sec™  y, =1x10°
_ 22 o1 _ 15
Rp =10x10%sec™, N,, =1.0x10 molecules,
A =750nm,

Length of laser cavity =30 Cm ,
o, =7x107%'Cm*, o, =7.2x10"°Cm*,R =028,

7 =1 effective beam diameter=2 mm.
The exited level absorption cross section of the

saturable absorber (0%) is calculated as a input data to

get the values of p according of the ground level
absorption cross section of the saturable absorber values

(O-ag) which are feed to program with validation of
criterion condition for saturable absorber Q switching

o,/ o) % (A, A)>1]

Figure (2) shows the behavior of the pulse energy
as function of the ground state absorption cross section
of saturable absorber, it is indicate that the pulse energy
increases when the ground state absorption cross
section increases, the study explain that related to
increasing of absorption activity of saturable absorber,
thet mean low feedback can be obtained, then; the
energy is still accumulated in the active medium by
increasing of initial value of population inversion
which is shown in figure (3). When the saturabele
absorber is bleaching, The fast released of energy can
be obtained and the population inversion is reaches low
final value after short time as shown in figure (3) and
(4) causes increasing of pulse energy and fast build-up
time of Q-switching pulse. The fast build-up time of the
pulse decreases the duration time of laser pulse as
shown in figure (5) which is describes the behavior of
the pulse duration as function of the ground state
absorption cross section of saturable absorber. Figure
(6) shows the profile of passive Q-swiching pulse as
function of the ground state absorption cross section of
saturable absorber, the number of photons is increasing
while the absorption cross section increasing, the study
explain that also related to the increasing of population
inversion which is obtained due the low number of
photons feedback in laser cavity at earlier time of
saturable absorber performance (before optical
bleaching) .bsorption ac to active medium

4. Conclusions

The behavior of passive Q-switch pulse energy,
initial value of population inversion, and the laser

photon number is scaling up if the ground state
absorption cross section of saturable absorber
increasing, while the behavior of pulse duration is

scaling down.
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Fig.(2): The behavior of pulse energy as function of the
ground state absorption cross section of saturable
absorber
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Fig.(3): The behavior of population inversion as
function of the ground state absorption cross section
of saturable absorber
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