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Abstract

Key words

The effect of molecules intersystem crossing (Kisc) on characteristics Laser,

(energy and duration) of a Passive Q- switched Laser Pulse has been Passive Q-switching,
studied by mathematical description (rate equations model) for Intersystem crossing.
temporal performance of which was used as a saturable absorber

material (passive switch) with laser. The study shows that the energy

and duration pulse are decreasing while the molecules intersystem

crossing into saturable absorber energy levels is increasing.
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Introduction

Pulsed solid-state laser widely used in
scientific, medical, industrial and military
systems, the efficiency and the cost are very
important in these applications. For this, the
passive Q-switching has been widely used
to get pulsed laser [1,2]. The saturable
absorber material (S.A.M.) (passive Q-
switch) performance depends on its
characteristics such as the energy and
lifetime of levels, chemical stability, surface
tension, absorption cross section, and
optical quality[2-4], then several S.A.M.
have been developed to replace the dyes as
passive Q- switchs, the most used is
undoubtedly Cr* :YAG crystal (Chromium

g 5all il ) gl 3 ) ae Aail) a5 48l

doped Ytterium Aluminum Garnet), it is an
excellent crystal for passive Q-switching in
the wavelength range from 800 nm to 1200
nm, because of its good ratio between its
ground and excited levels cross-sections,
moreover, its optically well known and has
benefits for excellent optical quality and
thermal conductivity [2,5].

The energy levels diagram of
Cr™ :YAG is shown in Fig. (1) [5,6], the
levels®A,, °T,,and °T,; are all spin triplets,

whereas'E, and* A are spin singlet levels.

In brief, the transition from the ground
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level*A, to the first excited level°T,  is

solely responsible for the linear, and the
optical bleaching at higher fluence which
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Fig.(1): The energy levels diagram of Cr** : YAG

At®T, , the excitation to the second excited

29
level 3Tlg also occurs by photons absorption
by thestg. The decay goes back to the
ground state3Azgor makes a (forbidden)

transition to thelE@I state by intersystem

crossing mechanism. The effect of
molecules intersystem crossing (K. ) on
characteristics (energy and duration) of a
Passive Q- switched Laser Pulse has been
investigated theoretically in this work for
Cr** :YAG which was used as a saturable
absorber material (passive switch ) with
Nd : GdVO, laser.

Theory

The performance of Cr**:YAG as a
passive  Q-switch  with  Nd:Gdvo,
(Neodymium doped Gadolinium
Orthovanadate) laser has been described by
the following set of rate equations [7].

dn

T (20’g LgNg —2LS (UAZNAZ +0'.|.2N.|.2

n
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occurs when there is an appreciable
population in the first excited level °T, [5].

dN
th2 =712Npy = (20 Ls [ 73)N N + 7, N
(1-¢)
dN

- =(20,Ls I 7g)N ;N —y7,Np, —

(20 ,Ls T )N N+ Ny =K Ny, (1-d)

dNEg
dt = KigeNry + 7Ny _7EgNEg -
(ZGEg L /rR)NEgn (1-e)
dN.,
=(207,Ls ITg)Nron =y Ny (1-1)
dN

d—tAlz(ZO'EgLs [7e)NggN = 7Ny (1-9)

The parameters used are defined as
follows: n is the photons number in the laser
cavity. Ng is the population inversion
density of the laser medium , oy is the laser
emission cross section, L, is the length of

the laser gain medium, Lg is the length of

the S.A.M. crystal, 7, is the cavity round-
trip transit, o s the absorption cross

section of the Ievel‘°’Azg ( ground —state) of
saturable absorber. o, and og, are the
absorption cross section of the levels’T,,
and 1Egrespectively, N ,,is the population
of the level *A,,.
the excited level °T,, . Ny, is the population
of the excited level *E, N is the

N, is the population of

population of the excited level 3'I'lg N

the population of excited level *A, . Ryis

the pumping rate. yq = 1/14, IS the decay rate
of the upper laser level, tq4 is the upper laser
level lifetime. yp is the population reduction
factor ( bottlenecking parameter), v, equal 1
for a four level and 2 for three level laser
active  medium, y;, =1/7, is  the
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spontaneous decay rate of the excited level

&rzg of saturable absorber, z,, is the

lifetime of the excited level °T, of

saturable absorber.
Yey =1/ 7g,is the spontaneous decay

rate of the excited level 1Eg of saturable
absorber, 7 is the lifetime of the excited
level 'E,. y;, =1/7;, is the spontaneous
decay rate of the excited level °T, , 7,is

the lifetime of the excited level®T,,

¥an =1/7, is the spontaneous decay rate of
the excited level *A | 7, is the lifetime of

the excited level ‘A, . Kgis the

ISC
intersystem crossing from excited level
°T,, into excited level 'E, .

29

The build-up time of Q-switched
laser pulse is very short compared to
pumping rate R, and the relaxation time of

gain mediumz, then it is reasonable to

neglect pumping and spontaneous decay of
the laser population inversion during pulse
generation [ 8] (the first and the second
terms in Eqg.(1-b) are neglected). The
lifetimesz,, and 7, are much longer than

the timescale considered, whilez;, and 7,

are much shorter than the timescale
considered [5] (the first and the third terms
in Eq.(1-c), the second, third, and the
fourth terms in Eq.(1-d), and the second,
third, and the fourth terms in Eq.(1-e) are
all neglected) . Also the contribution of
Egs.(1-f,1-g) in simulation is neglected.

According to the previous physical
conditions, the set of rate Eqg.(1) can be
written as the following

dn

e (204 LN =2L5 (04N, +07,Nrp +0gy Ny )

~(In(t/R)+T)) -~ (2-)
g

dN

=20, L, /7)7,Nyn - (2-b)
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dl(\thAz =—(20,,Ls I 73)N ,Nn (2-¢)
dl:% = (20 p,Ls I 7g)N ;N —KscNp,  (2-d)
dN

TEQ = KiscNTZ (2_e)

At the onset of Q-switching, most population

of the saturable absorber material can be
considered in  the  ground state

(°A,) (N, =N, )where N, is the total

number of molecules in saturabele absorber
material, also the time variation of the
photons density is approximate to zero

(% ~ 0.0). Corresponding to these physical

and mathematical approximations, the initial
population inversion of active medium can
be determined by equation (1-a) as the
following

Ny, = (204 LsN,, +INL/R)+T) /25, L, (3)

With the continuing pumping and
decreasing of absorption of saturabele
absorber material, the photons density within
the cavity increases rapidly to generate laser
giant pulse. Then in the peak of giant pulse,

(;_r: is approximately zero, then the threshold

value of population inversion (N,)is
approximate to the following

Ny, = (207,Ls N, + 20 LsNg, +

IN(W/R)+T)/ 20, L, (4)
where,

NT2 = Nao - KiscNao (5)
NEg = KiscNao (6)

By dividing Eq. (2-a) on the Eq. (2-b), we
get
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dn
dN

n; go

From Eq.(7), the photon number
reaches a  peck  valuen when

population inversion N, is equivalent to

N,, also  N,,approaches zero

(N,, = 0.0) then

np Nlh Nlh
=—1 — aNy

jdn_ yp(deg Ntthg)

n; Ngo Ngo

but Ny >>N;  then

N, =—7-(Ny —Ngo =Ny In(NN_;) (8)

p 7p
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 using the
following equation

Ngo—Ng y s Ngo—N
B =) —ho (9)
where ho is the laser radiation energy.

Numerical Simulation

Calculations

A computer program has been
prepared in this study to solve the set of
rate equations (2) numerically by Rung-
Kutta —Fehelberg method to study the
effect of molecules intersystem

crossing (K...) on the characteristics of

a Passive Q- switched Laser Pulse.
Cr**:YAG was used as a saturable
absorber material (passive switch) with
Nd : GdVO, laser. The published
values of input data have been used are
shown in Table (I).

Ny
Jdn=—2(( [ dNg) = (@Ls(Ga:Np, +01,Np, + 0N _ ) +IN(L/R) +T)/ 25,
N
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= (20,L,N, =264, Ls N, —207,L Ny, —20¢ LNy, —In(1/R) + ) (~20,L,7,N,)

Ly) T"'\‘L;) (7)

Results and Discussion
The study shows the increasing of
molecules intersystem crossing into
saturable absorber energy levels leads
to decreasing the energy and the

Parameter Value Reference
O 5.4x10*%cm? [5]
o 4x107°Cm? [5]
Kise 2-3x10°Sec™ [5]

A 1064 nm [6]
. 60 mm [6]

Laserrod | 35x3.5x4mm’ [6]

dimensions
o, 7.6x10 *°cm? [6]

T 90 [6]

SAM 5x5x1.74mm? [6]
Dimension

N, 2.7x10"cm™ [6]
T 0.2 [6]
R 0.75 [6]
O 3x10 **cm? [56]
, 1 [2.5.6].

duration of Q- switched laser pulse as
shown in Figs.(2 and 3) respectively.
Concerning Fig.(2) ; the study relates
this result to the increasing of photons
loss which occurs due to the increase
of absorption activity of saturable
absorber while molecules intersystem
crossing is increasing as shown in
Figs.(4 and 5), Fig.(4) shows the
temporal behavior of photons loss, it is




Pulse Energy (mJ)

Duration Time( nsec)
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clear that the increasing of photons loss
with molecules intersystem crossing is

51.20 —
50.80 —

50.40 —

50.00 —

49.60 ‘ ‘ |

0.20 0.24 0.28 0.32
Intersystem Crossing (1/nsec)

Fig.(2): The variation of pulse energy
with intersystem crossing

increasing, Fig.(5) enhances the
conclusion of Fig.(4), it shows the
increasing of the final values of photons
loss via molecules intersystem crossing
increasing which is reduces the photons
oscillation in the cavity to diminish the
photons stimulated emission to cause
accumulation in  the  population
inversion which appears in Fig. (6),
which shows the increasing of final
values of population inversion versus
increasing of molecules intersystem
crossing increasing, that mean a little
amount of energy remains conserved in
the active medium instead of released
as a laser pulse photons (shown in
(Fig.(7)).

10.00 —

9.95 —
9.90 —

9.85 —

9.80 —

9.75 ‘ ‘ |

0.20 0.24 0.28 0.32

Intersystem Crossing (1/nsec)

Fig.(3): The variation of pulse duration
with intersystem crossing
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Fig.(4): The profile of photons loss as a
function of time
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Fig.(5): The final values of photons loss
as a function of intersystem crossing
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Fig.(6): The final values of population
inversion as a function of intersystem
crossing
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Fig.(7) shows the profile of photon
number of passive Q-switching pulse,
there is a little decrease which occur while
molecules  intersystem  crossing s
increasing

(1.96703x10"atK .= 0.2nsec™)

and (1.952452x10"°atK .. =0.3nsec™).

Concerning the reduction of pulse
duration versus increase of molecules
intersystem crossing increasing( shown in
Fig.(3)), the study gives an interpretation,
because of the amount of energy remains
conserved in active medium instead of
utilization in passive Q-switching pulse
built-up, this status leads to faster falling
time of pulse to occasional reduction in
pulse duration as shown in Fig. (8).

2.00E+16 —

K isc =0.3(1/nsec)

.................. Kisc =0.2 (1/nsec)

1.60E+16 —

1.20E+16 —

8.00E+15 —

4.00E+15 —

0.00E+0 : - N ‘

0.00 40.00 80.00 120.00 160.00
Time (nsec)

Fig.(7): The profile of photons number
as a function of time

Conclusions

The duration and the energy of passive Q-
switching pulse are decreasing with the
increase of intersystem crossing of
saturable absorber material molecules.

Falling Time (nsec)
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5.20

4.80 —

4.40 —
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Fig.(8): The falling time as a function of
intersystem crossing
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