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Abstract. In this research, the fabrication of silver nanoparticles and experimental nonlinear response (NLO). 

The fabrication of the silver nanoparticles has been done using E-Beam evaporation on a glass substrate (Ag-

NPs) and investigation of their nonlinear optical response (NLO). The silver nanoparticles was evaluated by 

optical spectrum (UV-Vis) that shows localized surface Plasmon band at 375 nm. The experiment shows the 

nonlinear absorption and nonlinear refraction effect of silver nanoparticles, the silver nanoparticles is analysed 

by Z-Scan technique using a femtoseconds laser with 800 nm wavelength. The result shows the nonlinear 

absorption (NLA) is at 4.87x10-4cmW-1, while (NLR) is at 7.94x10-9cm2W-1.  

 

Keywords— : Silver coating and silver nanoparticles; 

1. Introduction 

The nonlinear optical defined as the branch of optics that study behaviour of the light in nonlinear 

medium which  include the propagation of intense light beams in solids, liquids, and gases and their 

interaction with matter. The response of nanomaterial nonlinearity is used in many applications such 
as biosensors, photonic devices, and optical limiters. numerous studies have suggested that the surface 
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of nanoparticles (NPs) plays a crucial role in determining linear and nonlinear optical properties. The 

structure of nanoparticles (NPs) shows interesting features in optical properties materials. The noble 

materials such as gold, silver and copper nanoparticle shows comprehensive absorption spectra in the 

visible light. The nonlinearity of Ag nanoparticle films have been investigated using Z-Scan technique 
[1], Au NPs colloids [2] and composite films of Ag fabricated using various methods [3] have been 

studied. The surface plasmon resonance of noble nanoparticles (NPs) show absorption peak in visible 

range with sharp peak. The nanoparticle with different distributions of various types, shapes, and 
substrates  can be creating by several methods, thermal evaporation, sputtering technique laser 

ablation and E-beam lithography [1]. This research paper study randomly Ag nanoparticles (NPs) 

deposited on the soda-lime glass. In order to determine optical characteristics to a substantial degree 

Surface Plasmon Resonance (SPR) is determined. The effect of SPR peak is used to ultimately choose 
the best nanoparticles material. Furthermore, the chosen material affect the optical application and the 

overall performance for example light-switch, optical limiting, and surface-enhanced Raman scattering 

[4-8]. The nonlinear optical properties of Ag-NPs investigated using Z-Scan technique with 
femtosecond laser at 800 nm. 

 

2. Setup of the Experiment 

2.1. Preparation of the Sample  

The sample preparation involve Ag metal being deposition on soda-lime glass substrate using E-Beam 

Evaporation. The thin and smooth layer of silver materials was first spread clean the substrate via this 

process. The thickness of the materials depend on deposition duration.  The annealing temperature is 
set at 250

o
C and annealing duration of 2 hours. The annealing temperature for silver nanoparticle is 

much lower compared to other materials melting temperature of silver relative [1, 9-12]. The UV-Vis 

spectroscopy take place to identify the peak Absorption of silver nanoparticles. field-effect scanning 
electron microscope (FESEM) images is used to determine a 375nm absorption of Ag nanoparticles. 

Z-Scan under 800 nm excitation through femtosecond laser is used to investigate the optical nonlinear 

characteristics of the nanomaterial prepared. 

2.2. Using of Z-Scan Technique in the experiment setup 
Using Z-Scan in our experiment is important to determine the index of nonlinear refraction (NLR) and 

two-photon absorption (TPA) coefficient [13]. A femtosecond laser with 800 nm wavelength, at 

duration of 100 fs and a 82MHz repetition rate. An average power of 33mW and 0.15 nJ of energy 
used to study the nonlinear effect. The lens focuses used in the setup was at length of 75 mm with 

irradiated beam of 2.5 mm[14]. The linear phase shift focus used to express by the power series 

ΔΦ0(t)[15] see also [16, 17]. 
 

3. Results and discussions 

3.1. UV-Vis Absorption  

The nonlinear optics characteristics of Ag-NPs are shown localizes surface plasmon resonance (LSPR) 
effect in 375 nm. The UV-Vis spectra (recorded using Perkin Elmer) absorption of Ag-NPs shows in 

Figure 1.  
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Figure 1. Absorption spectra of Ag-NPs  

 

3.2. FESEM Images  

FESEM analysis is used to determine the metallic nanoparticles morphology, size distribution and 
particle density. This analysis is important because of the particle size and density possibly determines 

the plasmonics behaviour of the nanoparticle layers. Observation obtained from SEM showed in 

Figure 2 that Ag films had different sizes of granular structures formed on top of the wafer from the 
annealing. The annealing temperature is set at 250

o
C and annealing duration of 2 hours enough to 

create nanoparticles. In this experiment, 250
o
C is the suitable temperature for Ag film because high 

temperature can cause the significant silver evaporation. At temperature of 250
o
C, agglomeration 

occurs where the Ag islands start to experience mass transfer between themselves. For film thickness 
of the deposition (~20 nm) the islands are well-separated and in round or oval shape. [9-11, 18]. 

 

 
 

 

 

Figure 2. Image of Silver nanoparticles Ag-NPs 

samples have attributed to size distributions of 
metal nanoparticles. 
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3.3. Optical Properties  

The magnitude of β (magnitude of nonlinear absorption) and the nonlinear refraction index (n2). Both 

parameters affect the response of Ag-NPs films in terms of open and close aperture. In order to 

measure the aperture a transmission and normalization is performed. As shown in Figure 3. 
 

 

A 

 

B 

Figure 3. Schematic diagram of open &close aperture Z-Scan technique. 
 

The linear absorption of silver nanoparticle invoke a comparison between the linear absorption for 
samples containing particles and the substrate without nanoparticles. Furthermore, a percentage of 

power transmitted through the particles containing sample (p), and percentage of transmitted power 

within the substrate material (p0), the relation equation for linear absorption (α) is represented and 
calculated as shown in Equation. (1) 
The Equation for linear absorption, α 

0

1
ln( )

p

L p



  (1) 

     

where 𝑟𝑎 is the radius of the aperture and 𝑤𝑎 is the beam radius at the aperture. 

where p is the power transmitted through a sample containing nanoparticle layer, and p0 is the power 
transmitted through the substrate material without the nanoparticle layer. The sample thickness, L is 

determined by measuring the nanoparticle height using a surface profiler (DEKTAK D150). The linear 

absorption for the silver nanoparticles samples is tabulated in Table 1. 
Another important parameter in the calculation of NLA and NLR coefficient is the effective thickness 

of the sample, Leff. Leff can be calculated from the linear absorption coefficient as shown in Equation 

(2). [19]:   

1 L

eff

e
l






  (2) 

           

For measurement of nonlinear optical interaction, the sample is translated along the laser beam 
propagation direction (Z-axis) where the laser focal point is set as Z = 0. In the open-aperture Z-Scan 

setup in Figure 3(a), the measured transmittance of the nanoparticle samples will be reduced as the 

sample is translated through the laser focal point due to NLA by the sample. The transmittance 
profiles of silver nanoparticle layers are shown in Figure 3(a). It can be seen that the open aperture 

transmittance is symmetric in relation to the focal point Z = 0. The NLA coefficient (β) can then be 

determined by measuring the peak-valley value, ΔT(z) of the transmittance profile.  
The NLA coefficient (β) is calculated using Equation (3):  
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o eff

T z
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    (3) 

 

The close-aperture Z-Scan setup in Figure 3(b). An aperture is inserted near the detector to cut out a 
portion of transmitted light incident upon the detector. For close-aperture Z-Scan setup, both NLA and 

NLR effects will be measured. The close-aperture Z-Scan transmittance profile is then analysed 

together with open-aperture Z-Scan transmittance profile to determine the NLR coefficient. In this 
case a second parameter in introduced which is the S parameter. It is the normalized transmittance 

parameter and is represented by Equation 4:  
2

2

2
1 exp( )a

a

r
S

w


   (4) 

 

Where 𝑟𝑎 is the radius of the aperture and 𝑤𝑎 is the beam radius at the aperture. 

For open aperture Z-Scan measurement, S is equal to unity (S=1) since all transmitted light is 

measured by the detector. Whereas for close-aperture Z-Scan measurement, S parameter varies from 

0.4 due to the requirement for S value to be between 0 ≤S ≤ 0.5.                                    
The different peak-valley values ΔT(p –v) indicates different degree of NLR of the samples studied. The 

phase distortion ΔΦ
o
 can be calculated from the differences between the normalized transmittance 

peak and valley, ΔTp−v as shown in Equation (5): [1].  
0.27 0 0

( ) 0.406(1 ) (2)p vT s for         (5) 

 
The nonlinear refractive index, n2, can then be obtained from Equations (6) [20] :  

0 2 02 effL n I


   (6) 

 

The evaluation of nonlinear absorption of Ag-NPs depend on open aperture measurement performed 

and normalized transmittances are shows trend in Figure 4(a). The nonlinear absorption coefficients of 
the of Ag-NPs are determined by valleys at focal point ΔT(z). The nonlinear absorption coefficients 

show 4.87x10
-4

cm W
-1

. For the evaluation of the refractive index (n2) of samples Ag-NPs thin films 

are depends on the closed-aperture measurements and normalized transmittances are performed, as 

shown in Figure 4(b). The close-aperture Z-Scan shows transmission peaks followed by valleys near 
the focal point, which are asymmetric in trend. The Ag-NPs films reveal post focal peak and valley, 

which is a clear indication of negative lens effect of n2. The Ag-NPs show refractive index of n2 is -

7.94x10
-9 

cm
2
W

-1
[1, 12, 21].  
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A 
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Figure 4. Open- aperture (A) and Closed-aperture (B) of Z-Scan curve for samples Ag-NPs. 
 

Table 1. Nonlinear Refractive Index and Nonlinear Absorption Coefficient for sample Ag-NPs Sample. 

Samples PI(mW)  (nm) w° (µm) I0 (MWcm-2) α (cm-1) ΔΦ0 n2 (cm2W-1) β (cmW-1) 

Ag-NPs 33 800 15.28 548.462 17.3 x 104 0.61 -7.94x10-9 4.87x10-4 
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4. Conclusion 

 

The metal of Ag NPs deposited using an e-beam evaporation system are reported, the UV-VIs take 

place to identify peak absorption, the nonlinear optical properties are measured by the Z-Scan method 
with a femtosecond laser. The Ag-NPs fabricate with randomly nanoparticles distributed which show  

absorption and predominantly contribute to large nonlinear absorption. Ag-NPs size appeared to affect 

nonlinear optics properties as well nonlinear absorption and nonlinear refraction. This research work 
has detailed simple and fast method to determine the nonlinearity of nanoparticles, and the results 

show Ag-NPs films could be a promising candidate as a nonlinear optical material. 

 

Acknowledgment 
The authors would like to express their gratitude to the support provided by the Islamic University in 

Annajaf, under the grant number (iunajaf-2019). Their support was essential for this work to see the 

light. 

 
References 

 
[1] M. Mezher, A. Nady, R. Penny, W. Chong, and R. Zakaria, 2015, Applied optics, "Z-scan 

studies of the nonlinear optical properties of gold nanoparticles prepared by electron beam 

deposition," vol. 54, pp. 9703-9708. 

[2] T. Jia, T. He, P. Li, Y. Mo, and Y. Cui, 2008, Optics & Laser Technology, "A study of the 
thermal-induced nonlinearity of Au and Ag colloids prepared by the chemical reaction 

method," vol. 40, pp. 936-940. 

[3] S. Ding, X. Wang, D. Chen, and Q. Wang, 2006, Optics Express, "Optical percolation and 
nonlinearity of sputtered Ag island films," vol. 14, pp. 1541-1546. 

[4] V. Singh and P. Aghamkar, 2012, Applied optics, "Studies of third-order optical nonlinearities 

and optical limiting of 2, 3-butanedione dihydrazone," vol. 51, pp. 2288-2297. 
[5] C. E. Talley, J. B. Jackson, C. Oubre, N. K. Grady, C. W. Hollars, S. M. Lane, et al., 2005, 

Nano letters, "Surface-enhanced Raman scattering from individual Au nanoparticles and 

nanoparticle dimer substrates," vol. 5, pp. 1569-1574. 

[6] S. F. A. Z. Yusoff, M. Mezher, I. S. Amiri, N. Ayyanar, D. Vigneswaran, H. Ahmad, et al., 
2018, Optical Fiber Technology, "Detection of moisture content in transformer oil using 

platinum coated on D-shaped optical fiber," vol. 45, pp. 115-121. 

[7] S. Karthikeyan, M. H. Mezher, F. Ibrahim, D. Vigneswaran, I. Amiri, and R. Zakaria, 2019, 
Photonics and Nanostructures-Fundamentals and Applications, "Graphene oxide-based 

optical waveguide for moisture sensing in transformer oil," vol. 36, p. 100727. 

[8] M. Mezher, W. Chong, and R. Zakaria, 2016, RSC Advances, "Nonlinear optical response of 
platinum nanostructures and application for water detection in transformer oil," vol. 6, pp. 

104624-104631. 

[9] F. Hajakbari and M. Ensandoust, 2016, Acta Physica Polonica A, "Study of Thermal 

Annealing Effect on the Properties of Silver Thin Films Prepared by DC Magnetron 
Sputtering," vol. 129, pp. 680-682. 

[10] K. A. Dao, T. T. Nguyen, T. M. H. Nguyen, and D. T. Nguyen, 2015, Advances in Natural 

Sciences: Nanoscience and Nanotechnology, "Comparison of some morphological and 
absorption properties of the nanoparticles Au/TiO2 embedded films prepared by different 

technologies on the substrates for application in the plasmonic solar cell," vol. 6, p. 015018. 

[11] S.-W. Lee, S.-H. Chang, Y.-S. Lai, C.-C. Lin, C.-M. Tsai, Y.-C. Lee, et al., 2014, Materials, 

"Effect of temperature on the growth of silver nanoparticles using plasmon-mediated method 
under the irradiation of green LEDs," vol. 7, pp. 7781-7798. 



The First International Conference of Pure and Engineering Sciences (ICPES2020)

IOP Conf. Series: Materials Science and Engineering 871 (2020) 012065

IOP Publishing

doi:10.1088/1757-899X/871/1/012065

8

 

 
 

 

 

 

[12] M. Mezher, W. Chong, and R. Zakaria, 2016, Laser Physics, "Third-order optical nonlinearity 

studies of bilayer Au/Ag metallic films," vol. 26, p. 055401. 

[13] M. Sheik-Bahae, A. A. Said, and E. W. Van Stryland, 1989, Optics letters, "High-sensitivity, 

single-beam n 2 measurements," vol. 14, pp. 955-957. 
[14] R. Del Coso and J. Solis, 2004, JOSA B, "Relation between nonlinear refractive index and 

third-order susceptibility in absorbing media," vol. 21, pp. 640-644. 

[15] D. D. Smith, Y. Yoon, R. W. Boyd, J. K. Campbell, L. A. Baker, R. M. Crooks, et al.,  1999, 
Journal of applied physics, "Z-scan measurement of the nonlinear absorption of a thin gold 

film," vol. 86, pp. 6200-6205. 

[16] F. Guang-Hua, Q. Shi-Liang, G. Zhong-Yi, W. Qiang, and L. Zhong-Guo, 2012, Chinese 

Physics B, "Size-dependent nonlinear absorption and refraction of Ag nanoparticles excited by 
femtosecond lasers," vol. 21, p. 047804. 

[17] S. Qu, Y. Zhang, H. Li, J. Qiu, and C. Zhu, 2006, Optical Materials, "Nanosecond nonlinear 

absorption in Au and Ag nanoparticles precipitated glasses induced by a femtosecond laser," 
vol. 28, pp. 259-265. 

[18] D. Gaspar, A. Pimentel, T. Mateus, J. Leitao, J. Soares, B. Falcao, et al., 2013, Scientific 

reports, "Influence of the layer thickness in plasmonic gold nanoparticles produced by thermal 
evaporation," vol. 3. 

[19] M. M. Ara, Z. Dehghani, and S. S. Iranizad, 2008, International Journal of Modern Physics B, 

"Synthesis, characterization and single-beam Z-scan measurement of the third-order optical 

nonlinearities of ZnO nano-particles," vol. 22, pp. 3165-3171. 
[20] Y. Hamanaka, N. Hayashi, A. Nakamura, and S. Omi, 2000, Journal of Luminescence, 

"Dispersion of third-order nonlinear optical susceptibility of silver nanocrystal-glass 

composites," vol. 87, pp. 859-861. 
[21] F. Z. Henari, 2001, Journal of Optics A: Pure and Applied Optics, "Optical switching in 

organometallic phthalocyanine," vol. 3, p. 188. 

 


	Investigation the nonlinear optical properties of silver nanoparticles using femtosecond laser
	Authors

	Open Access proceedings Journal of Physics: Conference series

