
 

 

https://sid.ir/1790
https://sid.ir/1797
https://sid.ir/1798
https://sid.ir/1799
https://sid.ir/1800
https://sid.ir/1788
https://sid.ir/1703
https://sid.ir/1706
https://sid.ir/1708
https://sid.ir/1707
https://sid.ir/1789


Journal of Theoretical and Applied Physics, 4-2, 21-25 (2010) 

Nonlinear optical response and optical properties modification in crown B270 

glass sample with fs laser pulses 
 

A. Moghaddam saray
1,*

, K. Jamshidi-Ghaleh
2
 

 
1
Department of Physics, Science Faculty, Islamic Azad University, Islamshahr Branch, Islamshahr, Iran 

2
Department of Physics, Science Faculty, Azarbaijan University of Tarbiat Moallem, Tabriz, Iran 

 
Received: 12 June 2010/Accepted: 5 September 2010/ Published: 20 September 2010 

 

Abstract 

 

In this paper, the nonlinear optical responses and the optical properties modification in crown B270 glass are studied 

under irradiations of the CPA Ti: Sapphire laser (𝜏 = 200 𝑓𝑠, 𝜆 = 800 𝑛𝑚 𝑎𝑛𝑑 𝑅 = 1 𝑘𝐻𝑧). The single beam z-

scan method and هInput-output measurement are applied to study the nonlinearity. The nonlinear refraction and ab-

sorption coefficient of the sample are evaluated at three different 4, 5 and 6  10
2
 GW/cm

2
 incident intensities. The 

pairs of {n2 (10
-7

 cm
2
/GW),  (10

-3
 cm/GW)} are measured to be {2.06, 4.33}, {2.33, 5.82} and {2.59, 7.21}, 

respectively. The intensity dependency of the nonlinear refraction and absorption coefficient indicates that the high-

er order nonlinear responses are also encountered. The Optical power limiting threshold of the sample is measured 

to be about 30 µJ. An erasable modification, called color centers, is observed in the sample after irradiation with 800 

nm (IR) femtosecond laser pulses. 

 

PACs: 42.65.Ki; 42.65.An; 78.20.Ci; 32.80.Rm; 74.25.Gz 
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1. Introduction 

 

Since the development of laser technology, the re-

search carried out on materials exhibiting strong non-

linear optical properties has been studied intensively 

because of their potential applications in photonics 

devices such as optical limiter [1-4]. A wide range of 

materials with various nonlinear optical mechanisms 

contributing for the optical limiting and nonlinear ab-

sorption have been investigated. Many publications on 

optical limiting materials were focused on nonlinear 

optical responses of organo-metallic compounds, se-

miconducting materials and most recently, metals and 

semiconductors nanoparticles, because of their large 

nonlinearity and ultra-fast response time. The optical 

limiting behavior can be achieved by one or more of 

the nonlinear optical mechanisms such as excited-state 

absorption, reverse saturable absorption, free-carrier 

absorption, multi-photon absorption, thermal defocus-

ing/scattering, photo-refraction, nonlinear refraction 

and induced scattering [5-10]. Limiters based on non-

linear absorption phenomena have been designed for 

use with high power pulsed laser sources, but limiters 

demonstrated based on thermo optic nonlinearity can 

be used as efficient limiters in the CW regime.  

Optical glasses with different optical parameters 

are widely used in various laser systems. The irradia-

tion resistance of these optical glasses is an important 

property for the laser performances. The high peck 

intensity femtosecond laser pulses are capable to in-

ducing the nonlinearity in most transparent materials 

even in air. On the other hand, ability of the IR-

femtosecond laser pulses in modifying the optical 

properties of glasses, have been demonstrated. The 

interactions of femtosecond laser pulses with glasses 

have shown two different kinds of modifications. The 

first one is permanent changes which based on laser-

induced densification and hence melting and destroy-

ing the glass matrix. This method relies on the use of 

nonlinear multi-photon absorption for coupling the 

laser energy into a glass material and has allowed the 

photo-writing of three-dimensional microstructures 

inside bulk glass. The persistent change in the glass 

needs laser intensities higher than the glass breakdown 

threshold [11]. The second type of modifications that 

occurs at intensities well below the glass damage thre-

shold is called darkening or color centers [12–15]. 

Color centers appear due to the trapping of the free 

electrons or holes in the glass defects and formation of 

the new energy levels between the glass forbidden 

bands. The trapped particles exhibit localized energy 

levels that typically have absorption bands in the 

infrared, visible, and ultraviolet regions, making glass 

colorful. Evidently, laser system must be operated 

below the darkening thresholds of the used optical 

glasses to keep the designed laser performances. 

In our recent publications, the nonlinear optical 

responses and erasable optical properties modifica-

tions, darkening effect, in some silicate glasses inves-

tigated [16-19]. This article, reports the results of the 

optical nonlinearities measurement and the optical 

properties modification studies in crown B270 glass 
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sample in its non-absorbing region using IR pulsed Ti: 

Sapphire laser (800 nm, 200 Fs). Also the optical 

power limiting of the laser beam employing the nonli-

near absorption in the sample is demonstrated. Ac-

cording to Meyer-Arendt, about 95% of all glasses are 

of the "soda-lime" type, containing silicon dioxide 

(silica), Na2O (soda) and CaO (lime). Crown glass is a 

soda-lime-silica composite. Crown glass is a type of 

optical glass used in lenses and other optical compo-

nents. It has low refractive index (≈ 1.52) and low 

dispersion with Abbe numbers around 60. Crown 

B270-Superwite is an universal, economically priced 

quality glass, with a high transparency for visible and 

near infrared light. Figure 1 shows the linear transmis-

sion of 5-mm thick crown B270 glass sample in the 

range of 200-1100 nm with absorption edge placed 

near 380 nm (hv ≈ 3.3 eV) wavelength. The crown 

B270 glass samples in different thickness are prepared 

from Schott. 

 

2. Experimental set-up 

2.1 Laser beam profile characterization  

 

A Ti: Sapphire laser of wavelength 800 nm was used 

as the excitation source for the measurements the ex-

periment part of this work is carried out at Laser and 

Medicine Technology of Berlin (LMTB), Germany. 

First, by using the edge-scan technique and directly 

shaping, the beam profile spot size was determined. 

The results of edge-scan and directly shaping show 

that, the laser beam cross-section is not exactly circle 

but is ellipsoid (Fig. 1). The 𝜔𝑥  and 𝜔𝑦  were meas-

ured 160 (10) m and 200 (10) m, respectively. 

The diffraction length of the beam, 𝑍𝑅, is evaluated 

about 45 mm and the condition, 𝑍𝑅 > 𝑑, where d is 

the sample length, was satisfied so that the sample can 

be considered as a thin lens. 

 

 
Fig. 1. The linear transmission of 5-mm thick crown 

B270 optical glass. 

 

2.2 Z-scan experimental set up 

 

The nonlinear refractive index 𝑛2 and the nonlinear 

absorption coefficient β of the crown B270 glass sam-

ple were evaluated by the closed and open z-scan me-

thods respectively. It is a simple and sensitive method 

whose basis is that the transmittance is a function of 

sample position, which depends on the magnitudes 

and signs of 𝑛2 and β. The laser beam was focused on 

a 5 mm thick sample by a lens of focal length 50 cm 

for increasing the intensity. The open and close aper-

ture measurements were done with a single set-up 

arrangement as depicted in Fig. 2. Two beam splitters 

were used for controlling the incident (Einc), open (Eo) 

and closed aperture energies (Ec). Einc, Eo and Ec were 

measured three photo detectors, fed to the digital pow-

er meter. The aperture was placed in the far field of 

the lens. The experimental set up for demonstration of 

the optical limiting behavior of the sample is similar 

to the z-scan geometry. The input power of the laser 

beam was varied systematically using a variable atte-

nuator and the corresponding output power was de-

tected by open-power meter. For investigation of the 

optical properties modification a shutter was used for 

controlling the shot numbers.  
 

 
Fig. 2. Edge scan results in x and y-direction for deter-

mining the laser beam profile. The inset image shows the 

shape of the beam after inducing darkening in the crown 

B270 glass sample.  

 

 
Fig. 3. Experimental set up for measuring the optical 

nonlinear refraction and nonlinear absorption coefficient 

and investigation of the optical properties modifications 

in 5-mm thick crown B270 glass sample. L is the lens, S 

is the sample, BS1 and BS2 are the beam splitters. Einc, 

Eo and Ec are the measured incident, open aperture and 

closed aperture energies, respectively.  

 

3. Results and discussion  

3.1 Nonlinear responses 

 

Figure 4 shows the closed aperture curves of the 

crown B270 glass at three different incident intensities 

4, 5 and 6  10
2
 GW/cm

2
. A pre-focal valley followed 

by a post-focal peak indicating the nonlinearity of the 

sample to be positive and the lensing effect to be fo-

cusing.   
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Fig. 4. Closed aperture z-scan results at three different 

intensities 

 

The open aperture curve of the sample at three dif-

ferent 4, 5 and 6  10
2
 GW/cm

2
 intensities is presented 

in Fig. 5. It shows a valley, demonstrating multi-

photon absorption nonlinearity.  

 

 
 

Fig. 5. The open aperture z-scan result at three different 

intensities 

 

The nonlinear parameters of the sample under laser 

illumination is evaluated by the well known closed 

and open z-scan set up formulated by Sheik-Bahae et 

al. [20]. The band gap of the used Na-silicate glass is 

about 3.3 eV, therefore, two-photon absorption of 800 

nm  ℎ𝑣 = 1.55 𝑒𝑉   irradiation can be contributed in 

the nonlinear absorption. The difference between the 

normalized peak and valley transmission (ΔTp-v) is 

written in terms of the on axis phase shift  at the 

focus as: 

 

Δ𝑇𝑝−𝑣 = 0.406  1 − 𝑆 0.25 ΔΦ ,                                 (1) 

 

where S is the aperture linear transmittance and is 

calculated using the relation: 

𝑆 = 1 − exp −2𝑟2 𝜔𝑎
2  ,                                                (2) 

                                                                                           

here r is the aperture and 𝜔𝑎  is the beam radius at the 

aperture. The nonlinear refractive index is: 
 

𝑛2 =
𝜆ΔΦ

2𝜋𝐼0𝐿𝑒𝑓𝑓

=
𝜆

2𝜋𝐼0𝐿𝑒𝑓𝑓

ΔP−T

0.406(1 − 𝑆)0.25
, 

(3) 

where 𝐼0 is the laser beam intensity at the focus  

(z = 0), 𝐿𝑒𝑓𝑓  is the effective thickness of the sample 

that is defined as:  𝐿𝑒𝑓𝑓 =  1 − exp −𝛼𝑑  𝛼 ,   is 

the linear absorption coefficient that measured 0.14 

mm
-1

 and d = 5 mm is the sample thickness. 

On the other hand, from the open aperture z-scan re-

sults the nonlinear absorption coefficient  is esti-

mated by 

 

𝛽 =
2 2Δ𝑇𝑣

𝐼0𝐿𝑒𝑓𝑓

,                                                                    (4) 

 

where Δ𝑇𝑣   is the valley value of the open aperture z-

scan curve. In an experiment for a sample, the value of  

 will be negative for saturable absorption and posi-

tive for multi photon absorption. 

The real and imaginary parts of the third order nonli-

near optical susceptibility 𝜒(3) are given: 

 

Re  𝜒 3  =
10−4 𝜀0𝐶

2𝑛0
2𝑛2 

𝜋
  𝑐𝑚2 𝑊  , 

                                                                                (5) 

Im  𝜒 3  =
10−2 𝜀0𝐶

2𝑛0
2𝜆𝛽 

4𝜋2
  𝑐𝑚 𝑊  , 

                                                                 (6) 

where  𝜀0 is the permittivity of vacuum, 𝑛0 = 1.52  is 

the linear refractive index of the sample and C is the 

velocity of  the light in vacuum. From Eqs. 5 and 6, 

the third order nonlinear optical susceptibility is: 

 

𝜒 3 =   Re  𝜒 3   2 +  Im  𝜒 3   2 .                    (7) 

     

In Table 1 the mean values of the nonlinear refrac-

tive indices, nonlinear absorption coefficient and 

third-order susceptibilities of the crown B270 optical 

glass sample are summarized. The used parameters in 

the calculations are: d = 5 mm, S = 0.35 and the value 

of   is measured as 1.4 cm
-1

 from linear transmission 

of the sample (see inset of Fig. 6). 
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   Table 1. Nonlinear optical parameters of crown B270 glass sample. 
 

 (cm-1)
  

𝑛 2 (𝑐𝑚2 𝐺𝑊)   𝛽  (𝑐𝑚 𝐺𝑊)   

Optical susceptibility (10-6

 esu) OL threshold 

Re((3)) Im((3)) (3) 

1.4 2.3310-7 5.7910-3 3. 310-2 5.210-2 6.210-2 30µJ 
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Fig. 6. The optical limiting behavior of the Na-silicate 

glass sample. Inset shows the linear trend of the sample 

at low incident pulse energies. 

 

Figure 6 shows the optical limiting behavior at 800 

nm using the CPA Ti: Sapphire laser, for incident 

pulse energies in range of 0-350 J. The sample was 

placed at the valley position behind the focal point and 

the corresponding characteristic curves were obtained. 

The transmitted pulse energy was found to vary linear-

ly at very low input pulse energies (<20 J), and can 

be used for determining the linear absorption coeffi-

cient (see inset of Fig.5). But starts to deviate for high 

incident energies higher than 30 J. With further in-

crement of the input pulse energy, the transmitted 

energy reaches a plateau and is saturated at a point 

defined as the limiting amplitude: i.e. the maximum 

output energy (~ 55 J), showing obvious limiting 

property. Thus at low incident energies, the output 

varies according to Beers law and beyond about 30 J, 

it becomes nonlinear [21]. Desired values of low thre-

shold in the range of a few J
 
can be obtained by 

proper choice of the material, for a given experimental 

geometry. Considerable decrease (about 70%) was 

observed in transmitted energies at incident energy of 

350 J. This verifies that the sample is a good candi-

date for optical limiting at 800 nm femtosecond laser 

pulses. 

 

 

3.2 Optical properties modifications 

 

After irradiation of the crown B270 glass sample with 

800 nm femtosecond laser pulses, to study the nonli-

near responses, we checked the sites and traces that 

were irradiated by laser light under optical micro-

scope. Same dark spots were observed at the incident 

intensities well lower than the sample breakdown 

threshold  1014𝑊𝑐𝑚−2 , called color centers. It is 

well known that the coloration of the glasses under 

IR-irradiation is due to the trapping of the electrons or 

holes in the defects and formation new energy levels 

between forbidden bands [22]. Thermal annealing of 

the darkened sample about 150 C, bleaches the dar-

kened regions, i.e. erases the induced absorption bands 

and returns the glass to its original transparent state 

without any cracking  

Figure 7 shows the darkening effect in the crown 

B270 glass sample. Fig. 7 (a) shows five 1 × 1 𝑚𝑚2 

darkened areas at different incident intensities. The 

higher intensities make the sample darker. Fig. 7 (b) 

shows some darkened sites at different incident pulse 

energies and shot numbers. When the incident intensi-

ty is raised up to the breakdown threshold intensity, 

the sample is damaged (in Fig. 7 (b) a damaged site 

where the peck intensity was higher is shown). Fig. 7 

(c)  shows the closed view of the damaged region. The 

pulse energy accumulation model well predicts the 

shot number and incident pulse energy dependency of 

the darkened sites (image b). This model has applied 

to investigation of the optical modification in soda 

lime glass sample [18].  

The band gap of the fused silica glass is high up to 

about 10 eV [23], Six- or seven-photon absorption is 

needed to absorb the 800 nm laser photons. So it is 

more difficult for such silica glass to absorb laser 

through multi-photon absorption process. So no dar-

kening appears in the fused silica glass until the laser 

intensity reached the glass damage threshold, which is 

about 10
14

 W/cm
2
 [24]. 

 

 

 

      
 

Fig. 7. Femtosecond laser induced darkening in the crown B270 glass sample with; (a) different intensities, (b) differ-

ent energies, (c) close view of damaged region where the peck intensity raised up threshold breakdown intensity 

damaged site 

a b c 

a b c 

Archive of SID

www.SID.ir

http://www.nitropdf.com/
http://www.sid.ir


Moghaddam saray and Jamshidi-Ghaleh                                 Journal of Theoretical and Applied Physics, 4-2 (2010) 

25 
 

4. Conclusions 

 

The nonlinear optical response and optical properties 

modification of crown B270 glass at 800 nm 200 fem-

tosecond laser pulses are studied. The nonlinearity of 

the sample is investigated by using the z-scan tech-

nique and optical limiting performance based on non-

linear absorption is demonstrated by input-output 

measurement. The self-focusing effect observed in this 

sample was utilized to demonstrate its optical limiting 

action. This material is expected to be a suitable can-

didate for sensor protection in the IR femtosecond 

regime. It is found that the nonlinear refraction and 

absorption coefficient are intensity dependent, indi-

cates that the higher-order nonlinear responses also are 

encountered.  

An erasable modification, called color centers, is 

observed in the sample after irradiation with 800 nm 

(IR) femtosecond laser pulses. 
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