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Abstract

Solutions of dyes Rhodamine 6G (Rh6G) and Coumarin480(C480) were
prepared at five concentrations (1x107, 5x10, 1x10™, 5x10™ and1x10)
mol/l, the mixing was stirred to obtain on a homogenous solution, the(poly
methyl-methacrylate) (PMMA) was solved by chloroform solvent with
certain ratio, afterward (PMMA+Rh6G) and (PMMA+C480) thin films
were prepared by casting method on glass block which has substrate with
dimensions (7.5 x2.5)cm?, the prepared samples were left in dark place at
room temperature for 24 hours to obtain uniform and homogenous thin
films. UV-VIS absorption spectra, transmission spectra and fluorescence
spectra were done to measure linear refractive index and linear absorption
coefficient. The nonlinear optical properties of the prepared thin films
were measured by z-scan technique. Two cases were measured: the first
case is the closed-aperture z-scan to measure the nonlinear refractive index
and the second case is open-aperture z-scan to measure the nonlinear
absorption coefficient. The two cases were performed at two wavelengths
532 nm and 1064 nm and at two input fluences. For thin film (PMMA+
C480) the results show that the nonlinear absorption coefficient is directly
proportional with the input fluence and directly proportional with
increasing a concentration of the dye, while for thin film (PMMA+Rh6G)
the nonlinear absorption coefficient inversely proportional with the input
fluence and directly proportional with increasing a concentration of the
dye. For thin films (PMMA+C480) and (PMMA+Rh6G) the nonlinear
refractive index is inversely proportional to the input fluence. For both
thin films the nonlinear absorption coefficient is more affected at
wavelength 1064 nm and the nonlinear refractive index is more affected at
wavelength 532nm.
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Introduction

In a solid-state dye laser the organic dye absorption coefficient. The technique has
molecules are uniformly distributed in a been widely employed for characterizing the
highly homogenous polymer matrix. An optical nonlinearity of thin films. The
example of such polymer is a highly pure simplicity of both the experimental setup
form of poly (methyl-methacrylate) and the data analysis has allowed the z-scan
(PMMA). Solid state dye lasers that span method to become widely used by many
from the ultraviolet to the near infrared research groups [5, 6]. The Z-scan technique
regions  have  been  successfully is a simple and popular experimental
demonstrated, photo stability of laser dyes in technique to measure intensity dependent
solid matrices remains an issue for nonlinearSusceptibilities of materials. In this
continuous study [1]. An important feature method, the material sample is moved in the
of the dye laser is easily tunable over a wide z-direction along the axis of a focused
range of wavelengths. Fluorescent dyes play Gaussian beam, and the far field intensity
an important role for staining and sensoring versus sample position Z-scan curve,
in analytical chemistry, environmental predicated on a local response, gives the real
science, biology and medicine [2]. Some and imaginary part of third order
fluorescent dyes are used in dye lasers as susceptibility. In this technique the optical
active media [3]. To understand the effects can be measured by translating a
nonlinear properties of fabricated laser dye- sample in and out of the focal region of the
doped p0|ymer thin films, there are several incident laser beam. Consequently increases
techniques have been used to measure and decreases in the maximum intensity
nonlinear refractive index and nonlinear incident on the sample produces wave front
absorption coefficient including, z-scan, distortions created by nonlinear optical
four-wave m|x|ng[4] The z-scan method effects in the sample along a well-defined,
provides a simple and straightforward focused laser beam, and thereby varying the
method for the determination of the light intensity in the sample, by varying the
nonlinear refractive index and the nonlinear aperture in the front of the detector, one
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makes the Z-scan transmittance more or less
sensitive to either the real or imaginary part
of the nonlinear response of the material,
i.e., nonlinear refractive index and nonlinear
absorption, respectively. The Z-scan method
is an experimental way to obtain data
regarding the nonlinear refractive index and
nonlinear absorption properties of materials.
Here nonlinearity means the intensity
dependent response of the material, which
can be use to obtain an optical limiting
device, either by nonlinear refraction or
absorption [7, 8].

Nonlinear Absorption and Nonlinear
Refraction

The basic optical properties involved in the
light-matter interaction are absorption,
which is defined by the absorption
coefficient «, and refraction, which is
defined by the index of refraction n. When
the material is irradiated, the energy of the
absorbed photons makes it possible for the
transition from the ground state to the
excited state. This process is called linear
absorption. The further excitation may be
possible due to the abundance of incoming
photons; this process is called nonlinear
absorption. The absorption of the material —
a- 1S intensity dependant given by [9, 10]

a=aotpI Q)
where, | : is the light intensity (or power
density) , p: the nonlinear absorption

coefficient related to the intensity,a, : linear
absorption coefficient.

There is also a change in the refractive index
when a material is placed in a strong electric
field. In fact, the index of refraction
becomes dependant on the intensity of the

electric field. At high intensity, the
refractive index is given by [9, 10]:-
n=ny+n,l 2
where, n,: the nonlinear refractive

coefficient related to the fluence,
N, : linear refractive index.
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A- Z-Scan Technique
There are two parts in z-scan process, the
closed-aperture and open-aperture.

Al- Closed-Aperture z-Scan: A closed-
aperture z-Scan measures the change in the
intensity of a beam, focused by lens L as in
Fig.1, as the sample passes through the focal
plane. Photo-detector PD collects the light
that passes through an axially centered
aperture A in the far field. The focused beam
has greatest intensity at the centre and will
create a change in index of refraction
forming a lens in a nonlinear sample as
shown in Fig.1 [11].

A S *47

D

( A
L 1
s
— 1
From laser |
——— 1
1

Translation stage

Fig. (1) Closed-aperture Z-Scan

The relative on-axis transmittance of the
sample measured (at the small aperture of
the far-field detector) is given by [7]:-

4ADo 7170 -
[(22120%)+9][(Z%120%)+1]

where, T is the transmittance through the
aperture, which is a function of the sample
position Z and nonlinear phase shift Ado,
Z, = the diffraction length, the nonlinear
refractive index is calculated from the peak
to valley difference of the normalized
transmittance by the following formula [7]:-
Ny, = Ado/ |0 Leff k (4)
where, A®o : nonlinear phase shift, k =2n/A,
A : is the wavelength of the beam. I, is the
intensity at the focal spot. L : the effective

T(Z,Ad)o: -
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length of the sample, can be determined
from the following formula [7]:
Leri=(1-e%)/ 0o (5)
where, L : the sample length,
The intensity at the focal spot is given by
[7]:

10=2Ppeak/ T, (6)
where, ®,. the beam radius at the focal
point, Ppeax :- the peak power given by [12]:
Ppeak=E/At (7)
where, E : the energy of the pulse, At: the
pulse duration.
A2- Open-Aperture z-Scan

An open-aperture z-Scan measures the

change in the intensity of a beam, focused
by lens L as in Fig.2, in the far field at
detector PD, which captures the entire beam.
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1

Translation stage

Fig. 2: Open-aperture Z-Scan
The coefficients of nonlinear absorption

can be easily calculated from such
transmittance curves [7]: The total
transmittance is given by[ 7]:
|: IBIOLeff )
= | 1+ (Z / Z0)?
(2) mzzo (m+1)%2

where, Z: - is the sample position at the
minimum transmittance, m :- integer. T(z):-
the minimum transmittance. The two terms
in the summation are generally sufficient to
determine  the  nonlinear  absorption
coefficient .
Experimental
A - Solutions preparation

Solutions of concentration 1x10° M for
each Rh6G and C480 in chloroform solvent
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were prepared. The powder is weighting
using an electronic balance type (BL 210 S)
Germany having a sensitivity of four digits.
Different concentrations were prepared
according to the following equation:

My XV xC

W = 9
1000 ®)

where

W  weight of the dissolved dye (gm)

M,, molecular weight of the dye (gm/mol)
V the volume of the solvent (ml)

C the dye concentration (mol/Il)

The prepared solutions were diluted
according to the following equation:-
CiVi=C V, (10)

where

C; primary concentration

C, new concentration

V, the volume before dilution

V, the volume after dilution

Five concentrations were prepared for Rh6G
and C480.The concentrations are 1x107,
5x107, 1x10*,  5x10”and 1x10”° Molary

B - Fabrication of dye —doped polymer
films

Dye doped polymer films were fabricated
by casting block method. The solution of the
polymer is prepared by dissolving the
required amount of polymer (7 g in 100 ml
of solvent). A required amount of dye
solution was added to polymer solution and
stirred at room temperature to get a uniform
mixture. The polymer films were cast by
allowing the mixed polymer solution to dry
on a glass block has substrate with
dimensions (7.5 x2.5) cm?.

Process of solutions mixing and their
ratios were performed for each concentration
of a dye-doped polymer as the following:-
C480 + PMMA
Rh6G + PMMA
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C- Sample Testing
Transmission, Absorption and Thickness
Measurement

The prepared samples were tested using
UV-visible spectrophotometer for measuring
the transmission and absorption. The
thickness of thin film was measured by
Michelson interferometer.
Fluorescence measurements
SL 174 spectrofluorometer from optimize
company (Japan) was used to test the
fluorescence spectra of Rh6G & C480.
Z-scan System

Closed and open aperture z-scan
measurements were. Each part was
employed at 1064 nm and 532 nm. Fig.3
shows the set-up of the z-scan system.

Results and Discussion

Sample Testing

The linear optical properties of polymer
film

Thickness Measurement: Using Michelson
interferometer the film thickness is equal to
Tum.

Z —p 7

#Z S

g

Nd:YAG
Laser

Fig.3: The set-up of Z-Scan system

BS:-beam splitter, L:-Lens, S:-Sample,
D:-Detector, A:-Aperture.

UV-VIS absorption spectra of polymer
films

UV-VIS absorption spectra were
obtained for a PMMA thin film. The
behavior is shown in Fig.4. The absorption
peak of PMMA thin film equals 375nm.
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PMMA in chloroform

UV-VIS absorption spectra for PMMA
after the addition different concentrations
Rh6G dye the absorption peaks for
(PMMA+Rh6G) films are 529, 530, 532,
533 and 535nm respectively,

Alone polymer
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Fig.4: The absorption spectrum of the alone

while  the  absorption  peaks  for
(PMMA+C480) films are 301,345,348,363
and 382nm respectively. The present results
show that the absorption peaks for PMMA
after adding different concentrations of
Rh6G or C480 in chloroform solvent were
shifted toward the longer wavelengths with
increasing concentrations. This shift obtains
due to increasing number of molecules per
volume unit at high concentrations, this in
turn lead to change in energy levels result in
effect of vibration field on molecules.

Transmission spectra of PMMA films
The transmission spectra of the samples’

film were analyzed wusing UV-VIS
spectrophotometer.  Fig.5 shows the
transmission spectrum of PMMA.
Alone polymer (PMMA) Trans.
100
9)
0 8> e
70 I/f
§ 60 i
‘€50 n I
2 40 [ \ A/
F301
20 ’
ol ‘ ‘ ‘
200 400 600 800 1000
Wavelengths nm

Fig.5: The transmission spectrum of the
PMMA in chloroform
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Fig.6: The transmission spectrum of the
PMMA-dye with different concentrations of
Rh6G
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Fig.7: The transmission spectrum of the
PMMA-dye with different concentrations of
C480

The optical transmission of the films
sample is shown a variable behavior of the
transmission as a function of the incident
wavelength. At the wavelength 532 nm the
transmission behavior of PMMA is about
84%. While for PMMA with different
concentration of Rh6G 1*10°,5*10°,1*10,
5%10% and 1*10° m/l the transmission
behavior is 46, 34, 28, 1.6 and 0.5%
respectively. At the wavelength 1064 nm the
transmission behaviors of PMMA are about
90%. While for PMMA with different
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concentrations of Rh6G 1*10°, 5*10°,
1*10*, 5*10* and 1*10-> m/l the
transmission behavior is 90, 88, 80.3, 68.4
and 80.7% respectively. Fig 7 shows the
transmission spectrum of the PMMA-dye
with different concentrations of C480. At the
wavelength 532 nm the transmission
behavior of PMMA with different
concentrations of C480 1*107°, 5*10°,
1*10, 5*10 and 1*10M the transmission
behaviors are (79.4 ,78.8, 76.8, 73 and
68%) respectively. At the wavelength 1064
nm the transmission behavior of PMMA
with different concentrations of C480 1*10°
° 5%10°, 1*10™ 5*10 and 1*10° m/l the
transmission behaviors are 88, 87.5, 87.3,
86.3 and 83% respectively.
Fluorescence spectra of PMMA films
Fig.8 shows fluorescence spectrum of
alone PMMA film and Fig.9-13 show
fluorescence spectra of Rh6G doped PMMA
films at concentrations 1*10°°, 5*10°,1*10,
5¥10%and 1*10>M respectively:

Alone polymer(PMMA)(0.07M) flu.

260 270 280 290 300 310 320 330

15000

10000

Fluorescence

Wavelength nm

Fig.8: Fluorescence spectrum of alone PMMA
film

1*10(-5)FR

10000

8000 A
6000

4000 / \
2000 ‘/

450 500 550 600 650

Wavelength nm

Fluorescence

Fig.9: Fluorescence spectrum of PMMA film
at 1*10° Rh6G
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Fig. 10: Fluorescence spectrum of PMMA film
at 5*10° Rh6G
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Fig.11: Fluorescence spectrum of PMMA film
at 1*10 Rh6G
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Fig. 12: Fluorescence spectrum of PMMA at

1*10(-3)R.P.flu.
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Fig.13: Fluorescence spectrum of PMMA

film at 1*10° Rh6G
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In Figs. 9-13 examination of these spectra
indicated that the emission peaks shift to
longer wavelength (red shift) with increasing
concentration. This shift obtain due to
increasing number of molecules per volume
unit at high concentrations, this in turn lead
to change in energy levels because effect of
vibration field on molecules.

This concentration quenching is due to
formation of dimers or other quenching
complexes  which  have very fast
radiationless deexcitation channels.
Increasing concentration of Rh6G from
1*10°M to 1*10°M lead to broadening of
fluorescence band from 100nm to 150nm.

Figs.14-18 show fluorescence spectra of
C480 doped PMMA films at concentrations
1*10°,5%10 °,1*10 , 5*10 * and 1*10°M
respectively:

5+10(-5)R FLU.

6000
5000
4000

/
3000
2000 / \
1000
4

450 500 550 600 650 700

Fluorescence

Wavelength nm

Fig.14: Fluorescence spectrum of PMMA film
at 5*10° C480

1*10(-5)Cou.P flu.
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Fig.15: Fluorescence spectrum of PMMA film
at 1*10°° C480
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Fig. 16: Fluorescence spectrum of PMMA film
at 1*10™*C480
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Fig.17: Fluorescence spectrum of PMMA film
at 5*10™ C480
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Fig.18: Fluorescence spectrum of PMMA
film at 1*10° C480

In Figs.14-18 examination of these
spectra indicated that the emission peaks
shift to longer wavelength (red shift) with
increasing concentration. The obtained shift
was due to increasing number of molecules
per volume unit at high concentrations, this
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in turn lead to change in energy levels
because effect of vibration field on
molecules. Increasing concentration from
1*10°M to 1*10° M lead to broadening of
fluorescence band from 70nm to 225 nm
corresponding it observed reduction in
intensity due to behavior part of dye
molecules as quenching. Higher intensity
was at concentration 1*10™M of C480[13].

The nonlinear optical properties

The nonlinear refractive index and
nonlinear absorption coefficient of the
PMMA before and after adding different
concentrations of Rh6G  (1*10°, 5*107,
1*10%, 5*10* and 1*10°) m/l were
measured by the z-scan technique. The
measurements were done at 1064 nm and
532 nm.

Nonlinear refractive index

To investigate the nonlinear refractive
index, there are two wavelengths from the
laser were chosen 1064nm and 532nm.Two
energies were used to obtain the nonlinear
refractive index of the PMMA before and
after adding different concentrations of
Rh6G and C480 dyes.

Concentration effect

The nonlinear refractive index of the
dye-doped polymer thin film in different
concentrations (1*10°, 5*10°, 1*10™ 5*10™
and 1*10°%) m/I was measured by the z-scan
technique. The measurements were done at
1064 and 532nm. Figs 19, 20 show a closed-
aperture z-scan at different concentrations of
Rh6G alone and with PMMA at wavelength
532nm, energy 33mJand 53mJ respectively.

Figs.21land 22 show a closed-aperture
z-scan at different concentrations of Rh6G
alone and with PMMA at wavelength
1064nm, energy 33mJ and 53mJ
respectively.

Figs.23 and 24 show a closed-aperture z-

scan at different concentrations of C480
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alone and with PMMA at wavelength

532nm, energy 33mJ and 53mJ respectively.

Effect of concentration on closed-aperture z-Scan at 532nm,33mJ

FY

. v F10M4
g n
c 21" 7
£ o\ — - -510°5
g )
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g \ 046 ... 10
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60 40 20 Zmm 20 €0 60

Fig.19: Effect of different concentrations of
Rh6G and PMMA on closed-aperture z-scan at

532nm, 33mJ
Effect different concentrations of Rh6G on closed-aperture
z-Scan at 532nm,53mJ
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Fig.20: Effect different concentrations of Rh6G
and PMMA on closed- aperture z-scan at 532nm,

53mJ
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Hfect of different concentrations of Rn6Gand PMMA on closed aperture z-Scan at
1064nm 33mJ
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Fig.21: Effect of different concentrations of
Rh6G and PMMA on closed-aperture z-scan at
1064nm, 33mJ

ifect ofdifferent concentrations of Ra6Gand PMMA on closed-aperture z-Scan at
1064nm 53mJ
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Fig.22: Effect different concentrations of
Rh6G and PMMA on closed- aperture z-scan at
1064nm, 53mJ
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Transmittance
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Closed-aperture z-Scan at 532 nm,33mJ,V=80V of thin film (polymer /C480 dye)
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Fig.23: Effect of different concentrations of
C480 and PMMA on closed-aperture z-scan at
532nm, 33mJ
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Fig.24: Effect of different concentrations of
C480 and PMMA on closed- aperture z-scan at
532nm, 53mJ

Figs 25, 26 show a closed-aperture z-scan at
different concentrations of C480 alone and
with PMMA at wavelength 1064nm, energy
33mJ and 53mJ respectively.

Figs 19-26 have same behavior z-scan. The
valley-peak configuration indicates the
positive sign of n, .The scan started from
distance far away from the focus, the beam
irradiance is low. As the sample is brought
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closer to focus, the beam irradiance
increases, leading to self-lensing in the
sample.

Closed-apearture z-Scan at 1064 nm 33mJ,80V of thin film (polymer/C480)
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Fig.25: Effect of different concentrations of
C480 and PMMA closed- aperture z-scan at
1064nm, 33mJ
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Fig.26: Effect of different concentrations of
C480 and PMMA closed- aperture z-scan at
1064nm, 53Mj

The scan started with a linear behavior at
different distances from the far field of the
sample position (-Z) with respect to the focal
plane at Z=0 mm. At the near field the
transmittance begins to decrease until it
reaches the minimum value (Tvaiey) at
approximately Z= -5mm or Z= -10mm.
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Afterward, the transmittance begins to
increase until it reaches the maximum value
(Tpeak) at approximately Z=5mm or
Z=10mm. Again, the transmittance begins to
decrease toward the linear behavior at the far
field of the sample position (+2).

The behavior of z-scan curves was in
good agreement with that obtained by Sheik-
Bahae et al. [7], and N. Venkatram and
Rao[13]. As results, the closed-aperture z-
scan measures the change in transmittance
of a beam, as the sample passes through the
focal plane. The change in on-axis intensity
is caused by self-focus or self-defocus by the
sample as it travels through the beam
waist[7]. This modified refractive index
distribution then acts like a focusing lens.
Hence, when the sample approaches to the
focal plane, it will focus the converging
beam more tightly. In the far field, this
increases beam divergence and is measured
as a decrease in energy through the aperture.
At the focal plane, the divergence of the
beam is unaffected by the sample and the
detector measures no net change in
transmittance. As it leaves the focal plane,
the sample will focus the diverging beam. In
the far field, this decreases beam divergence
and is measured as an increase in power
through the aperture.

A valley followed by a peak is the
hallmark of a positive n,. The peak to valley
profile  displayed in  the  figures,
demonstrates the sample exhibited a self-
focusing effect, i.e, it has a positive
nonlinearity at 1064 nm and at 532 nm. The
external self-focusing arising from the Kerr
effect in Rh6G and C480-doped polymer
thin film which appears in the peak and
valley transmittance of each of z-scan trace.

The nonlinear refractive index is
inversely proportional with increasing
concentrations; the larger phase shift gives
larger nonlinear refractive index. In addition,
the magnitude of n, depends on the
wavelength, but this dependence is not very
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strong at low pulse energy. In addition, the
nonlinear refractive index was found to
exhibit distinct behavior depending on the
excitation pulse length. For short pulse
length, at 532 nm, the magnitude of the
nonlinear refractive index is independent of
the pulse energy (Kerr nonlinearity); this
property is more enhanced at 532 nm with
the same results (but at less effect) at 1064
nm. In addition to this, the sensitivity of the
experiment to refractive nonlinearities is
entirely due to the aperture. The removal of
the aperture will make the z-san sensitive to
absorptive nonlinearities alone.

In all the closed-aperture curves, the
peak to valley difference AT is between
0.022 - 1.4. In addition to this, the maximum
and minimum transmittance occurred at Z
equal to 10mm and -5mm or 10mm and -10
mm.

The closed-aperture z-scan defines
variable transmittance values, which used to
determine the nonlinear phase shift Ad,
using Eq.3 and the nonlinear refractive index
at 532nm and 1064nm.

At first before added Rh6G or C480 to
PMMA the magnitude of n, is larger when
added the Rh6G or C480 to the polymer thin
films is due to the Rh6G and C480 absorb
visible light [14] and the interference
between the polymer and Rh6G or C480 will
cause scatter of the light. All these reasons
will cause the refractive index will decrease
when the addition of Rh6G or C480 to the
PMMA [14].

The magnitude of n, is decreasing with
increasing concentrations of Rh6G or C480.

In thermal effect the energy from the
focused laser is transferred to the sample
through linear absorption and is manifested
in terms of heating the medium leading to a
temperature gradient and there by the
refractive index change across the sample
which then acts as a lens. The phase of the
propagating beam will be distorted due to
the presence of this thermal lens [15].
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Effect of the wavelength on nonlinear
refractive index

To investigate the nonlinear refractive
index, there are two wavelengths were
chosen at 1064nm and 532nm.

The magnitude of n, depends on the
wavelength, but this dependence is not very
strong at low pulse energy. In addition, the
nonlinear refractive index was found to
exhibit distinct behavior depending on the
excitation pulse length. For short pulse
length, at 532 nm, the magnitude of the
nonlinear refractive index is independent of
the pulse energy (Kerr nonlinearity); this
property is more effect at 532 nm with the
same results (but at less effect) at 1064 nm.

Effect of the energy

In different concentrations of Rh6G
and C480, the nonlinear refractive index at
33mJ is larger magnitude than nonlinear
refractive index at 53mJ, where n, depends
magnitude of nonlinearly-induced phase
shift (A®,) which in turn depends change in
normalized transmittance between peak and
valley (ATPV). The magnitude of n, starts
with a small increasing at low input
fluencies, at higher fluencies the value of n;
decreased very strongly, the nonlinear
refractive index is inversely proportional to
the input energy.

The variation of n, is directly
proportional to the input fluence, for low
input fluence, the variation is high and
showed approximately linear behavior,
while at the higher fluencies this showed
lower nonlinear refraction effect. Similar
results were observed for pulse length at
1064 nm and at 532 nm. In contrast, the data
measured at 532 nm and at 1064nm pulses
show that n; increases with decreasing in the
fluence. This variation may arise from such
contributions as self-focusing of a sample.
The nature of the nonlinear response can be
inferred from its dependence on fluence.
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Nonlinear absorption coefficient
To investigate the nonlinear absorption
coefficient, there are two wavelengths were
chosen 1064nm and 532nm. Two energies
used to obtain the nonlinear absorption
coefficient of the PMMA before and after
adding different concentrations of R6G and
C480 dyes.

Effect of the concentration

The addition of Rh6G or C480 to PMMA
will change the nonlinear absorption
coefficient of the polymer.

Figs 27 and 28 show open-aperture z-scan at
different concentrations of Rh6G alone and
with PMMA at 532nm, energy 33mJ and
53mJ respectively.

Concentration effect on O.A z-Scan at 532 nm,33mJ of R6G
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Fig.27: Concentration effect of Rh6G and
PMMA on open-aperture z-scan at 32nm,33mJ
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Fig.28: Concentration effect of Rh6G and
PMMA on open-aperture z-scan at 532nm,
53mJ

Figs 29 and 30 show open-aperture  z-
scan at different concentrations of Rh6G
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alone and with PMMA at 33mJ, 532nm,
1064nm respectively.
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Fig.29: Concentration effect of Rh6G and
PMMA on open-aperture z-scan at 532,33mJ
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Fig.30: Concentration effect of Rh6G and
PMMA on open-aperture z-scan at 1064nm,
33mJ

Fig. 31 shows open-aperture z-scan at
different concentrations of Rh6G alone and
with PMMA at 1064nm, 53mJ and Fig.32
shows open-aperture z-scan at different
concentrations of C480 and with PMMA at
532nm, 33mJ.
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Open-apearture z-Scan at 1064 nm,53mJ,100V of R6G
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Fig.31: Concentration effect of Rh6G and
PMMA on open-aperture z-scan at 1064nm,

53mJ
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Fig. 32: Concentration effect of C480 and
PMMA on open-aperture z-scan at 532nm,
33mJ

Fig.33 shows open-aperture z-scan at
different concentrations of C480 alone and
with PMMA at 532nm, 53mJ.

Figs.27-33 the behavior of transmittance
started linearly at different distances from
the far field of the sample position (-Z). At
the near field the transmittance curve begins
to decrease until it reaches the minimum
value Tnin at the focal point, where Z=0 mm.
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Afterward, the transmittance begins to
increase toward the linear behavior at the far
field of the sample position (+2).
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Fig.33: Concentration effect of C480 and
PMMA on open-aperture z-scan at 532nm,
53mJ

The change of the intensity in this case is
caused by two photon absorption(TPA) in
the sample travels through beam waist ,that
appear at the higher intensity on the
experimental sample [16].

In polymer the change in intensity is
caused by (TPA) while in dye-doped
polymer with 1x10“ M of Rh6G at 532nm,
33mJ the change in intensity is caused by
saturable absorption [16].

In  PMMA, the behavior of
transmittance started linearly at different
distances from the far field of the sample
position (-Z). At the near field the
transmittance curve begins to decrease until
it reaches the minimum value (Tni,) at the
focal point, where Z=0 mm. Afterward, the
transmittance begins to increase toward the
linear behavior at the far field of the sample
position (+Z). The change of the fluence in
this case is caused by two photon absorption
(TPA) in the sample travels through beam
waist [16].

When Rh6G or C480 added to PMMA
at 33mJ, the behavior of transmittance
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started linearly at different distances from
the far field of the sample position (-Z).
When Rh6G at concentration 1x10* M
added to PMMA at 532nm, 33mJ, as shown
in Fig.29 at the near field the transmittance
curve begins to increase until it reaches the
maximum value Tpnax at the focal point,
where  Z=0 mm. Afterward, the
transmittance begins to decrease toward the
linear behavior at the far field of the sample
position (+Z). This behavior of nonlinear
optical absorption response is demonated by
saturable absorption. At high fluence in both
wavelengths 532nm and 1064nm at 53 mJ
the change in fluence is caused by (TPA) so
the behavior of transmittance started linearly
at different distances from the far field of the
sample position (-Z). At the near field the
transmittance curve begins to decrease until
it reaches the minimum value Tn, at the
focal point, where Z=0 mm. Afterward, the
transmittance begins to increase toward the
linear behavior at the far field of the sample
position (+Z).

The transmittance is sensitive to the
nonlinear absorption as a function of input
energy pulses. In PMMA the change in
fluence is caused by (TPA) while in PMMA
with 1x10* M of Rh6G at 532nm, 33mJ the
change in fluence is caused by saturable
absorption and with increase fluence to these
composites at energy 53mJ the sample start
showing two-photon absorption, since the
TPA involves the absorption of two photons
simultaneously the absorption IS
proportional to fluence [17]. In PMMA with
1x10° M and 5x10™ M of Rh6G at 532nm,
33mJ the transmittance is not sensitive to the
nonlinear absorption as a function of input
energy pulses.

In the focal plane where the fluence is
greatest, the largest nonlinear absorption is
observed. At the far field of the Gaussian
beam, where |Z| >> Z,, the beam fluence is
too weak to elicit nonlinear effects.
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The open-aperture z-scan defines variable
transmittance  values, which used to
determine absorption coefficient at 532nm.

Magnitude p starts with a large
magnitude decreasing at low input fluencies,
at higher fluencies the value of B decreased
very strongly in PMMA when added Rh6G
or C480 at 1064nm ,but at 532nm at 33mJ
and 53mJ when added Rh6G the magnitude
of B starts low in lower concentrations then
increasing at high concentrations ,but in
C480 at 532nm at 33mJ and 53mJ the
magnitude of [ starts high at lower
concentrations then decreasing at high
concentrations ,where both them(Rh6G and
C480) absorb the wvisible light but in
different degrees dependence on kind of
material, so these will change the nonlinear
absorption coefficient.

Conclusions
The following remarks are concluded

during the present work:

eFor thin film (PMMA+C480) the
nonlinear absorption coefficient is directly
proportional to the input fluence which
caused by self defocusing of the material
and directly proportional to the increasing
in the concentration of the dye due to the
thermal effect in the film sample.

eFor thin film (PMMA+Rh6G) the
nonlinear  absorption  coefficient s
inversely proportional to the input energy
and directly proportional to the increasing
in concentration of the dye, the nonlinear
absorption coefficient of PMMA is caused
by the effect of two photon absorption, at
532nm Rh6G at 1x10* M added to the
polymer  the  nonlinear  absorption
coefficient at the low fluence is caused by
the saturable absorption.

eFor both thin films (PMMA+C480) and
(PMMA+Rh6G) the nonlinear refractive
index is inversely proportional to the input
energy.
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eThe nonlinear refractive index is more
affected at the wavelength 532 nm than at
1064 nm.

eThe nonlinear absorption coefficient is
more affected at the wavelength 1064 nm
than at 532 nm.

eFor thin film (PMMA+C480) increasing

the wavelength leads to decreasing the
difference in normalized transmittance from
peak to vally phase shift (ATPV).
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