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Abstract

Rate equations model was solved numerically by Runge-Kutta-Fehlberg method using computer software program
prepared to simulate the effect of the active medium emission cross section on passive Q-switching pulse
characteristics. We reported the passive Q-switching of Nd: YVO4 laser with the Cr+4: Y SO. The study shows the
duration, energy, power, maximum photons density, initial and final inversion of population are decrement as a
function of active medium emission cross section.
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Introduction

A wide variety of methods are available for
generating short pulses duration in range of
nanoseconds, picoseconds and femtoseconds. The
short duration make the pulses very important for
many purposes, like telecommunications, ultra-
precise measurements, many industrial, nonlinear
optics field and medical applications. Q-switching is
a technique mainly applied for generation
of nanosecond pulse duration by modulating the
intracavity losses and thus the Q factor of the laser
resonator.

There are mainly two different methods active and
passive of Q-switching. For passive Q switching, the
losses are automatically modulated with a
saturable absorber (S.A.). In this method, the pulse
is formed as soon as high energy stored in the
active medium (A.M.) [1-5].

Initially, the S.A. causes a high optical loss because
the high absorption activity. When the gain reaches
this level of loss and the pulse begins to build up in

AM. by accumulates of inversion population
density, In the case of the S.A. becomes saturated
(bleached), the laser photons pass through the S.A.
to make round-trip in laser cavity caused
stimulated emission release short pulse duration
[1,6].

Nd:YVO, (Neodymium  yttrium vanadate or
orthovanadate) used as active medium, usually
diode-pumped or lamp-pumped, with much higher
pump absorption and gain due to very high
absorption and laser cross-sections, wider gain
spectrum, shorter upper-level lifetime (including
100 ps for not too high neodymium levels), higher
refractive index, lower thermal conductivity and
birefringence [7,8].

Theory

Simulation of active medium emission cross section
has been performed by used coupled rate equations
model [10, 11] as the following:
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The parameters used in this model are defined as
follows: n is the density number of photons in the
laser cavity. Ng is Laser medium's inversion of
population density. K; =204/(t- Ay ) is the coupling
coefficient between the photons and A.M., o4 is a
A.M. emission cross-section, t-is a round-trip cavity
transit time, 4, is the area of effective laser beam in
gain medium. Ny is the population density of S.A. in
the ground- level. K, = 2044/(7-A4) is the coupling
coefficient between photons and S.A. molecules,

Pag is the ground -level absorption cross section of
S.A.,, A, is the effective area of laser beam on S.A..

B=05104 is the ratio of the excited-level
absorption cross section o. to the ground-level

absorption cross section of S.A. Ngis the
population density of excited level in S.A.
ve =z,

is the rate of decay in the cavity,

=11y the

Ay

is lifetime of
—Innr,

cavity,
v =2a,l

r is the total loss, is the

coefficient of absorption per unit length, I- is the
resonator length, r;and rzare the reflectivityof
cavity mirrors. Rpis the rate of pumping . y, = 1/, is
decay rate of upper laser level, 7, is lifetime of the
upper laser level. y, is a factor in population
reduction (bottlenecking parameter), y, equals 1
for 4 levels and 2 for 3 stage laser active medium. y,
=1/1,, is the spontaneous relaxation rate of S.A., 7,
is the lifetime of the first excited level of S.A.

Eq.(1) is the time variation of photon number.
Eq.(2) represents the time variation of the
inversion of population. Eq.(3) is the time variation
of the population of molecules in ground level of
S.A. While eq.(4) is the time variation of the
population in the first excited level of S.A.

At the initial time can be regards the photon
density inside resonator is small, so most molecules

of S.A. are Nag ~ Nao

N, =00

and ae ), where Ng, is the total number of
molecules of S.A, at this time the absorption

in the ground level (

@ ~0.0
activity of S.A. is very high (i.e. dt ) and the

(Ngo)

initial population inversion density can be

predicted from eq.(1)
NgO = (KaNag +7/c)/ Kg (5)

When the photons density inside resonator
approach to high value, the population of first
excited level of S.A. approach to total number of

Nae = Nao, Nag =00

molecules ( ). Then the
absorption activity of the S.A. is very low at this

dn
& 0.0

time, then , The threshold inversion of

population density (Nth) can also be predicted
from eq.(1) as following :

ﬂKa N ae + 7/C
Nth = -
K (6)
The Q-switched laser pulse build -up time is
generally very short compared to the lifetime of the

AM. (Tg ), then can be neglect the spontaneous
decay of the A.M. during pulse generation, as well

as the pumping rate ( RP) [12], then from eq. (2):
dN, =—y K ,N,n
dt p g g (7)
From eq. (1) & eq.(2) , we get:
N,

Jen- ;[(NJ;O N,) (KN + AN 7 K[

g 9

The photon density reaches peck value ( My ) When

reversing population (Ng) is equivalent to N, ,also
Nag ~ O'O, then:
Np 1 N deN
fdn=——=[]dN,-N, [F]
9
M VP Ny Ngo , but
P>> n “then
1 N
np = __(Nth - Ngo - Nth In( = )
P go (8)

After release of the Q-switched laser pulse, the
population inversion density reaches to the final

value Nf. The energy output of the Q-switched
pulse can be calculating by the following equation

[8]:
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N, —N;
Eout = (go—)ﬂc hv
Ve (9)
(N go N F )
TN,
Where go
efficiency [13], ho is the energy of laser radiation.
The pulse power can be calculated by [ 8 ]:
nsho

is the output coupling

P = e
fe (10)
(N go N F )
TN,
oo (11)
By using egs. (8 ) and (11) in eq. (10), then:
ho N, —N
P~- (Ny, — Ngo — Ny, In(g—m)
7elc go (12)
E
Tpulse = out
The pulse width can be calculated by R .

Results and Discussion

The set of equations (1) to (4) were numerically
solved using the Runge-Kutta-Fehlberg. Computer
software program was prepared to simulate the
influence of the active medium emission cross
section on the characteristics of passive Q-
switching pulses. In this study we report the laser's
passive Q-switching Cr+:Y SO with Nd:YVO, active
medium. The published parameters values has
been used as input data of S.A. as the following [14]
B=0.33, 7,=1.43x106 Sec, K,=3.15x108 Secl,
Nao=1x1016 Cm?-3, also for active medium used the
values yg=0.11x105 Sec?, K;=1.5x10 Sec! , y,=1
,A=1.064 pm, I'=0.2, L.=6 Cm [15].

Fig. (1) represents the pulse duration activity as a
function of the active medium's emission cross
section. It is appear the duration decreasing when
the emission cross section increasing. The study
related that due to fast pulse build-up as shown in
the fig.(2) lead to small raising time of pulse, for
illustration, the pulse raising time approach
10.66ns, 9.38ns, and 9.05nsat values of emission
cross section equal to

6.2x10™°Cm?,6.7x10*°Cm?,and7.1x10*°Cm?

respectively.

Fig. (2) show the profiles of passive Q-switched
laser pulses where realized from different emission
cross section of A.M., it shows the decreasing in
pulse width at half maximum (duration time).

Fig. (3) shows the variation of pulse energy as a
function of emission cross section. It is to be or

become distinct the inverse relation between the
pulse energy and emission cross section. The study
explains this relation behavior due initial and final
values of inversion of population, the calculations
verify decrement in initial and final inversion of
population values, also more important reason
which is the decrement of the variance (difference)
between the initial and final values of inversion of
population dependence on emission cross section
of active medium as shown in Fig.(4).

Fig.(4) shows the emission cross section effect on
behavior of initial, final, and the variance inversion
of population. The study interpretation that
behavior to increment in coupling coefficient K,
which induce to decreasing in inversion of
population.

Fig.(5) also shows the decrease in the pulse power
whit the increase of emission cross section, that is
to be attributable decrement in pulse energy as
shown in fig.(3),it is worth mentioning despite the
decrease in pulse duration as shown in Fig.(1), it is
stile the decrease in energy is dominator in pulse
power value.

Fig. (6) declare the step-down in maximum photons
number of pulse release as a function of emission

cross section, that deportment is suitable with that g4

shown in figs. (3,4,5).
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Fig. 3. The Pulse Energy as a Function of Active Medium Emission
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