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We present the formation of the nano-particles on 30nm Ag thin film on substrate of SiO2 by using fs pulses laser ablation. 
Nano-particles size distribution is influenced by different laser pulse energy and the number of laser pulses. The mechanism 
of the formation of nano-particles is discussed through Three Temperature Model (TTM). 
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1. Introduction 
 
The unique electronic, optical, and catalytic properties 

of noble-metal nano-particles (NP) and nano-structures 
(NS) have attracted increasing interest in recent years. NP 
and NS can be fabricated by a large range of different 
techniques including directly laser ablation [1], laser 
induced forward transfer [2], laser induced backward 
transfer [3], laser-induced self-assembly [4] and chemical 
reduction. [5] Of these methods, directly laser ablation is a 
highly efficient method for fabricating NS and NP. 
Moreover, a femtosecond pulsed laser has a temporally 
short pulse that does not cause the significant heat 
conduction during ablating the metallic material. At the 
same time it can be controlled easily by changing the 
number of pulse and the energy of the laser beams to 
fabricate diverse dimensional nanostructures on various 
materials. 

In this paper we investigate the physical mechanisms 
behind the femtosecond pulse laser ablation on Ag thin 
film and take the laser ablating technology to produce 
metal NPs. NP size distribution was influenced by 
different laser pulse energy. The mechanism of the NP 
formation is discussed through TTM [6-8]. 

 
 
2. Experimentals 
 
In our experiment, we used a commercial Ti: sapphire 

laser system that generated 120 fs laser pulses with the 
maximum pulse energy of 2.8J and 1 kHz repetition rate 
and with a central wavelength 800 nm. The horizontally 
polarized laser beam was focused onto a vertically 
standing sample in air at a normal incidence. The samples 
were mounted on an XYZ translation stage. The laser 

beam had a Gaussian profile with a diameter of 6 mm. The 
laser beam was focused onto the sample through the 20 
objective lens. The laser spot size on the sample was 
approximately 2µm. A linearly polarized fs laser beam 
was weakly focused onto the sample surface at normal 
incident. Each time, a train of laser pulses was used to 
irradiate the sample and the number of the pulses was 
controlled by an electromechanical shutter. The 
experiment setup was shown in Fig. 1. The surface 
morphology of the processed samples was investigated 
with canning electron microscope (SEM). 

 

 
Fig. 1 the experiment setup of fs laser ablation. 

 
 
3. Results and discussion 
 
The ablation results on 30nm Ag thin film with single 

applied laser pulses are shown in Fig. 2. The diameter of 
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ablation is about 83.73 um. The particles in the center of 
the ablated area is dense and the image is shown in figure 
2 (b). The distribution of the particles is shown in Fig. 3 
(a), the mean diameter is about 248 nm. The particles on 
the edge of the ablated area are shown in figure 2 (c), the 
number of particles becomes few and few and the mean 
diameter is about 163nm in Fig. 3 (b). When the film gets 
some energy, the thin film is subjected to melting and 
re-solidifying because of the surface tension, then forming 
the initial droplets that have a diameter of a few hundreds 
of nanometers on the surface.  

The diameter of silver nanoparticles becomes larger 
and larger with the laser increasing energy, the silver film 
melts and splits into small nanoparticles based on the 
ablation regime. The morphologies of metal surface are 

shown in Fig. 4 (a). When the laser energy is 60nJ, the 
mean diameter of particles in the ablated area is about 
236nm. The main reason is that low thermal conductivity 
of the glass blocked the thermal diffusion and results in a 
greater evaporation of metallic material in the ablated area. 
When the laser energy reaches 80nJ, nanoparticles become 
less and less and are shown in Fig. 4 (b), the mean 
diameter of particles in the ablated area is about 242nm. 
The particles diameter becomes larger with the increasing 
laser energy. When the laser energy reaches 110nJ, 
nanoparticles are shown in figure 4 (c) and they become 
less and less, the mean diameter of particles in the ablated 
area is about 362nm. When the laser energy exceeds the 
threshold energy, the Ag film removed completely, the 
image was shown in Fig. 4 (d). 

 

Fig. 2 SEM images of Sample surface before and after irradiation. Nano-particles are present in the central area 
with energy of 6nJ and single laser pulses. (a) the diameter of ablation is about 83.73um. (b) the diameter of the 
particles is about 248nm in the center of the ablated area (c) the diameter of the particles is about 163nm on the  
                                   edge of the ablated area. 

 

Fig. 3. the distribution of the nanoparticles diameter: (a) the center of the ablated area, (b) the edge of the ablated area. 
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Fig. 4 SEM images of Ag film with different energy: (a) 60nJ, (b) 80nJ (c) 110nJ (d) 200nJ. 

 

The machine of the interaction between fs-laser and 
material is investigated on two-temperature heat diffusion 
equation. After establishing a thermal electronic system, 
the hot electrons cool down by sharing their energy with 
the lattice by electron-phonon coupling, thereby heating up 
the NP. The heat gains by the lattice can be calculated 
from the heat lost by the electrons using the 
two-temperature model where the heat flow between two 
subsystems (electron and lattice) is defined by two coupled 
heat equations, which are expressed as: 
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Where ec and lc are the electronic and lattice heat 

capacity respectively, ek is the electron thermal 
conductivity, eT and lT  are the temperature of the 
electronic and lattice respectively, g is the electron–lattice 
coupling constant, ( , )S x t  in the first equation is a 
source term of Gaussian shape describing the absorbed 
laser-pulse energy.  

During the interaction of ultra-short pulse laser 
radiation with metal targets the laser energy is absorbed by 
free electrons. The absorption process is followed by the 
thermalization within the electron subsystem, energy 

transfer from the electrons to the lattice and heat transport 
into the target due to the electron thermal diffusion. The 
time evolution of electron and lattice temperatures for Ag 
film before thermal equilibrium was mostly governed by 
the g parameter, electrons transfer energy locally to the 
adjacent lattice, and the lattice near the surface will tend to 
reach a high temperature before hot electrons diffuse into 
the sample from the surface. This has been confirmed by 
some of our previous numerical simulations for the three 
noble metals [9]. The electron–lattice coupling g factor 
leads to localized energy absorption from strong energy 
deposition and helps local heat accumulation to reach 
melting threshold, resulting in a greater number of local 
melts [10,11]. Once the lattice get enough energy, the thin 
film was molten, instability driven breakup into droplets 
may be expected if the liquid phase poorly wets the 
substrate. This is similar to the island formation observed 
during the thermal annealing of thin metal film. As the 
energy increases, the thermal energy conduction is blocked 
by the glass substrate, which has a lower thermal 
conductivity than the metal. It is assumed that conduction 
to the glass substrate is governed by the conventional heat 
transfer equation [12] expressed as 
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The low thermal conductivity of the glass blocks the 
thermal diffusion and result in a greater evaporation of 
material in the 30-nm-thick film as the energy of the laser 
increases. Consequently, there is much less NP on the 
surface of film compared to the low energy level in the 
irradiated area. At high levels of energy laser exceeds 
material threshold, it can ablate both Ag film and glass.  

 
4. Conclusion 
 
In this paper we have investigated the formation of 

NP processes by interaction of intense fs laser pulses with 
30-nm-thick Ag film on the glass and use the three 
temperature model to explain the machine of NPs 
formation. The femtosecond laser can directly fabricate the 
different NPs by adjusting the energy of laser. It can 
provide a valid and convenient method that fabricates the 
nanoparticles.  
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