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Abstract: Temporal and spatial characteristics of evolution of laser ablated copper 
plasma expanding in different ambient gases (He and Ar) and in non uniform 
magnetic field are reported. A comparative study to understand the effect of 
background gases on the plume dynamics and oscillations of the copper plasma 
plume in presence of non uniform magnetic field is discussed. It has been observed 
that plume expansion in heavier background gas results more confinement of the 
ablated vapor plume. At 1.2×10-2 mbar background gas pressure appearance of Cu2 
band in presence of magnetic field is observed. The observed change in emission 
characteristics is attributed to the recombination of electrons due to the curvature 
gradient drift in the magnetic field. Photoluminescence of the material deposited back 
on the copper target shows the strong photoluminescence emission peak at 417.1 nm 
for 266 nm excitation wavelength. The SEM image of the material deposited back on 
the copper target shows formation of Cu2 nano-clusters due to condensation of 
ablated species.  

Introduction: Laser ablation is recognized as a powerful tool for nano-particle production, 
micromachining surgery as well as for various chemical analyses, and numerous other 
applications. When the laser ablated plasma expands in the background gas, condensation of 
plasma species occurs. Plasma plume in the background gas gradually cool down upon 
expansion, leading to the condensation of the vapor atoms, which results the formation of 
nano-particles.  The knowledge of the conditions under which condensation takes place in the 
plume is of paramount importance for optimization of the process.   Nano-cluster formation in 
the background gas can be enhanced by the application of external magnetic field. 1 We have 
earlier reported 2 the optical emission from the laser ablated carbon plasma in different 
regions of a curved magnetic field. We are particularly interested in the enhancement of 
formation of Cu2 and Cu3 or even higher nano-clusters and the backward deposited material 
on the copper target in presence of magnetic field.  Backward deposited material on the target 
shows photoluminescence emission peak at 417.1 nm for 266 nm excitation wavelength and 
scanning electron microscope (SEM) images of the morphologies of the samples synthesized 
by back ward plume deposition (BPD) shows the presence of nanoclusters formed by 
agglomeration of smaller Cu nanoparticles.  
Experimental Setup: A schematic layout of the experimental setup is shown figure (1). A 
fourth harmonic of the Nd: YAG pulsed laser (Lab 190-10 series from Spectra Physics) which 
provides maximum energy 110 mJ/pulse at wavelength 266 nm with pulse width 4 ns [full 
width at half maximum (FWHM)] and a repetition rate 10 Hz is used to create copper plasma. 
We have used helium and argon gases at 1.2 x10-2 mbar for our work. The laser irradiance 
was kept at 1.5 × 1010 W/cm2 for all measurements. The optical plasma emission was 
collected by using a lens of focal length 10 cm and an array of optical fiber coupled to the 
entrance slit of monochromator (Shamrock SR 303i, ANDOR Technology, USA) with gated 
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Figure 1. Schematic of the experimental setup. 
Figure 2 (a) Schematic of the magnetic 
trap used (b) variation of magnetic field 

along x and z directions. 
 
ICCD and interfaced with the computer. The schematic of magnetic trap used in the 
experiment is given in fig. 2 (a) and variation of magnetic field along x- and z- directions is 
shown in fig. 2(b).  
Results and discussion: Expansion of copper plasma plume in ambient gases (He and Ar) is 
studied with and without magnetic field. Plume expansion in the magnetic field and ambient 
gases shows alternate contraction and expansion, 3 whereas in the absence of magnetic field 
the plume expansion follows a linear behavior; plume front position R varies linearly with 
time, t shown in fig. 3. Similar behavior has been observed in presence of Ar ambient. Spatial 
dependence of the electron temperature (shown in fig 4) shows that in the presence of the 
magnetic field the electron temperature was lower than that of the field free case. The 
decrease in the electron temperature is attributed mainly to the magnetic confinement. The 
increase in electron temperature away from the target surface relative to the field free case 
may be due to resistive joule heating due to the current flow in the plasma plume.4 
In presence of magnetic field and in helium ambient Cu2 (A-X) and Cu3 bands are observed at 
6.5 mm from the target surface shown in figure (5). The axial position of the band depends on 
curvature and gradient of the magnetic field. The emission of bands can be explained by 

considering the drift 
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Figure 3.Temporal variation of plume front with  
and without magnetic field for  helium 

Figure 4.  Spatial variation of 
electron temperature. 

species due to curvature and gradient of magnetic field. 2 Where Rv  and Bv∇  is the drift due 
to the curvature and gradient of the magnetic field , IIv  and ⊥v  denotes the velocity parallel 
and perpendicular to the magnetic field lines of force, cR  is the radius of curvature and B is 
the magnetic field. Since the mass of the electron is smaller than that of the ions, the 
movement of ions due to the electromagnetic force can be neglected compared to that of the 
electrons. Similarly, the drift for the electrons can be neglected compared to that of 

ions ( )mvd ∝ . Thus the electrons and ions moves hand in hand and favors the 
recombination of ions and electrons which may be the cause of band emission. 
 
 
 
 
 

 

Figure 5.  Emission spectra of copper plume 
recorded at 6.5 mm from the target surface in He 
ambient (a) without magnetic field (b) with 
magnetic field at target positions (i) x = -1.0 cm (ii) 
x = 1.0 cm (iii) x = 2.5 cm . P1, represents Cu3 band 
at 335.0 nm,   P2,P3 and P4  represents Cu2  bands at, 
355.0, 390.0 and 426.0 nm respectively. 
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Observation of Cu2 and Cu3 bands confirms the formation of nanoparticle clusters of copper.  
Similar behavior in Ar ambient is seen only the emission intensities are enhanced in the case 
of Ar because of the much lower velocity of the plume leading to enhanced recombination.  
Figure 6 shows the SEM images of the morphologies of the copper target synthesized by BPD 
in absence and presence of magnetic field and ambient gases. In presence of He ambient and 
without magnetic field very less BPD occurs and with magnetic field BPD is enhanced. 
Whereas in presence of Ar ambient and with and without magnetic field BPD is much 
enhanced comparative to the He ambient. This is because of BPD process relies essentially on 
the plume expansion rate and lateral expansion.5 Since the plume expansion rate is slow in Ar 
ambient because it offers much hindrance during the expansion due to its heavier mass. This 
is why plume stays longer time in front of the target and hence comparatively greater 
backward plume deposition in presence of Ar. Since lateral expansion of the plume in 
presence of the magnetic field is more compared to without magnetic field.4 Thus in presence  
of magnetic field and in Ar ambient lateral expansion as well as the longer stay of the plume 
near the target surface may enhance the BPD. Figure 7 shows the Photoluminescence (PL) 
spectra of the fresh copper target and deposited target with excitation wavelength 266 nm. PL 
peak at 323.5 and 417.1 nm shows the formation of Cu3

 and Cu2 clusters on the target surface.   
 
Conclusion: Expanding plasma in the magnetic field shows the oscillatory behaviour 
according to the theoretical predictions. Observed images of the plasma plume expansion with 
and without magnetic field reveals the important dynamics of the laser produced plasma for 
controlling the plasma parameters. Backward plume deposition in presence of magnetic field 
is greatly enhanced. SEM images shows the significant influence of ambient gases and 
magnetic field. PL spectra reveals the formation of nanoclusters on the target surface. Thus 
the  curvature and gradient of the magnetic field can be used as an effective switch to control 
the plasma parameters. 
 
References: 
 [1] R. J. Jordan, D. Cole, and J.G. Lunney,  Appl. Surf. Sci. 110, 403 (1997) 

 [2] A. Neogi, V. Narayanan, and R. K. Thareja, Phys. Lett. A 258, 135 (1999) 

 [3] D. K. Bhadra, Phys. Fluids 11, 234 (1968). 

 [4] A Neogi and R K Thareja, Phys. Of Plasmas 6, 365 (1999).  

 [5] J J Lin, S Mahamood, T L Tan, S V Springham, P Lee and R S Rawat, Nanotechnology 18 115617 

(2007) 

 

  
Figure 6. SEM images of Cu 
nanoclusters by BPD (a) and 
(b) without magnetic field and 
in He and Ar respectively (c) 
and (d) with magnetic field in   
He and Ar respectively 

Figure 7. PL spectra of (a) fresh 
copper target (b) deposited 
copper target 
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