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Abstract. The spatial resolved emission spectrum of Ni atom in laser induced Ni plasma
is measured in the wavelength region from 350 nm to 600 nm. The spatial evolution of
the relative intensities and the Stark broadening of the 385.83 nm emission spectrum
lines are also obtained. It is shown that Stark broadening and intensity of the spec-
trum lines increases firstly to its maximum and then decreases along the direction of
laser beam when the distance from the target surface is in the range from 0 to 2.5 mm.
The maximum value of Stark broadening and relative intensity of the spectrum lines
appear at 1.5 mm from the target surface.
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1 Introduction

In the many researching means, the diagnosis technology of plasma emission spectra is
widely used with its simply operation and without interference characters for the plasma.
People have given a lot of information about the plasma with this technology, such as the
mechanism of plasma generation(including the process of breakdown, the laser indig-
nation combustion and detonation) and its thermodynamic characters(electronic density,
the stimulate temperature and the macro expansion and so on)[1,2]. It can obtain the dif-
ferent compositions and the evolution features of the state in the plasma with the mea-
sured time and spatial resolved spectra, can help the people to understand the formation
and expanding rule of plasma plume and reflect the state change of the excited atom and
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ions. It is especially important for us to understand the physical and chemical characters
of the ablation process, also is the most concerned content in the material vapor deposi-
tion. Although there have many reports about the research of the laser induced plasma
emission spectra in the literatures [3-19], is basically based on the study of the time evo-
lution emission spectra and is less for the spatial evolution emission spectral. Ma et al.
studied the interaction of the aluminum plasma plume and argon through the research
of the time and spatial resolved emission spectra, the results show that in the plasma
center there have plenty of argon and aluminum plasma plume mixed [20]. Zorba et al.
analyzed the spatial resolved emission spectra using femtosecond laser-induced break-
down spectroscopy and realized the high spatial resolution chemical analysis [21]. We
measure the spatial resolved emission spectra of Ni atom in the plasma ablated by the
laser, the relative intensity of the emission spectra and the change character of the Stark
broadening with the radial distance using the 532nm laser to ablate Ni target.
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Figure 1: Diagram of the experimental setup.

2 Experimental

A schematic diagram of the experimental set-up is shown in Fig. 1, the laser sources for
ablation is 532 nm output of YAG laser(Spectra-Physics, LAB170-10), repetition frequency
10HZ, pulse width 7ns, beam diameter 6 mm, Mono-pulse laser energy (532 nm) in the
range of 2-300m] can be adjusted. The pulse laser beam is focused to the surface of the
Ni target using a quartz lens with 100 mm nominal focal length, the focus in the samples
from the sample surface is about 2 mm, so you can get the best plasma emission spectra
signal. In order to ensure that each laser pulse rips into the different target position, with
slow rotation motor (1R/min) controlling samples for low speed rotation. Samples are
in the atmospheric environment. In the vertical direction with the laser beam and the
parallel direction with samples, the laser plasma emission spectra signal was coupled to
the entrance slit of monochromator (ACTON, SP-2750) with the 70 mm focal length lens
combination the two times imaging amplification. The imaging lens was placed on one
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dimensional adjustable frame with precision adjustment, in the vertical direction with the
ablation laser beam the adjustable precision is 10 m, the resolution rate of the monochro-
mator is 0.023 nm, the entrance slit width is 80 m, the spectroscopy signal after through
the monochromator is detected, collected and processed by the photomultiplier tubes
(R376), Boxcar average implement and computer. The output signal from photomulti-
plier tubes is monitored through digital storage oscilloscopes (TEK460A), BOXCAR and
oscilloscope are triggered by synchronization output pulse of YAG laser Q switch. By ad-
justing the delay time of BOXCAR sampling gate, it can determine the emission spectra
signal in different time at the process of the laser plasma formation. In experiment, the
sampling gate width 60 ns, sampling time 30, sensitivity 50mV. The standard Ni samples
used in the experiments is provided by the Alfa Aesar company, in which the content of
Ni was 99.5%.
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Figure 2: The emission spectra from 365 to 395nm of Ni atom in the plasma.

3 Results and discussion

3.1 Measurement and adscription of emission spectrum for Ni atom

In the dynamic research about the laser induced nickel plasma emission spectra, Kodama
team studied the relationship between the nickel atomic emission spectra with the laser
energy [22], when the laser energy was about 5eV the spectrum intensity of the nickel
atom grew dramatically. Kazuaki et al. studied the spectrum character of nickel ion in
different buffer gas (argon and krypton gas) [23], the experimental results show that the
nickel ion spectrum is different in two buffer gas. We focus on the emission spectrum of
nickel atom in the range of 365-395 nm in the plasma with the laser ablation Ni target, get
and ascribe the six spectral lines.

Our previous experimental results showed that the laser induced nickel plasma spec-
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Table 1: The energy levels of the transitions of Ni atom measured in the experiment.

Experimental spectral lines The corresponding transition energy level

Ni I377.56 nm 3d°(*D)4s-3d° CD)4p
Ni1378.35 nm 3d°(2D)4s-34° *D)4p
NiI380.71 nm 3d°(2D)4s-34° *D)4p
Nil383.29 nm 348 (3F)4s? -3d8 CF)4sdp(CP*)
NiI385.83 nm 3d°(2D)4s-34° *D)4p
Ni I388.59 nm 348(3F)4s-348 (3F)4s

tral relative intensity reached the maximum when the delay time in detection was 300
ns, so in this experiment, we use single pulse laser energy with 24m], the detection delay
time 300 ns, in the range of 365-395 nm, in the place of 1.5 mm from the target surface, the
measured plasma spectrum is shown as in Fig. 2. In this spectrum range, we observe six
nickel atomic spectrum lines, corresponding wavelength is 377.56 nm, 378.35 nm, 380.71
nm, 383.29 nm, 385.83 nm and 388.59 nm, the transition energy level corresponding these
spectral lines is shown in Table 1.

3.2 Measurement of the spatial resolved emission spectrum

It can obtain the rich dynamic information about the formation process of the laser plasma
from the spatial resolved spectrum measured in the experiment and help people to rec-
ognize the rule of the plasma plume formation and inflation. Mitchel firstly reported the
emission spectra of Al target ablated by CO; laser in vacuum and atmospheric condi-
tions respectively [24]. Knudtson researched the time and spatial resolved spectrum of
Al plasma with the dye laser pumped by the flash lamp [25]. Su et al. carried on the
research of the emission spectrum of Cu plasma ablated by the laser in the air [26]. In our
investigated literatures it has not been seen the study of the Ni plasma spatial resolved
spectra in the range of 365-395 nm. So we make research on the spatial resolved character
of the Ni plasma emission spectra in the range of 384.5 nm - 386.5 nm and 379.5 nm-381.5
nm using the laser with the wavelength 532 nm.

In Fig. 3, the Ni atomic emission spectrum of the plasma in the different radial dis-
tance are obtained in the range of 384.5 nm - 386.5 nm and 379.5 nm - 381.5 nm, with the
single pulse laser energy 24m], the detection delay time 300 ns.

It can be seen from Fig. 3 that there are mainly the continuous spectrum near the
target, also with the weak atomic spectrum. In the range of 2.5 mm from the target sur-
face, there are very strong continuous spectrum distribution, on the which are the dis-
crete atomic spectral lines, besides, it is shown that the continuous spectrum intensity
increases firstly and then decreases with the distance from the target surface increasing,
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Figure 3: Spatial-evolution of Ni spectral line at 385.83nm (a) and 380.71nm (b) respectively .

we think it is the result of the complex radiation interaction with the bremsstrahlung.
The continuous spectrum is generated owing to the electrons bremsstrahlung and the
composite process of ions and electrons. Along with the increase of distance from the
target surface, it make the atoms ionization further strengthen with the energy transfer
and conversion caused by the laser energy absorption and electrons colliding. The con-
tinuous radiation gradually strengthen due to the recombination of ions strengthening
gradually with the ion density increasing in the plasma. At the same time, the enhance-
ment of the electron bremsstrahlung cause the continuous spectrum intensity observed
in experiment to augment with the distance from the target surface increasing, but with
the distance from the target surface further increasing, due to the expansion movement
of the plasma in the space and make the ion density in the plasma decrease, it lead to
reduce for the property of the electron and ions composite and cause bremsstrahlung
lower. Simultaneously, with the mean free path of the electron increasing, it induce the
probability of collision to decline, bremsstrahlung also get weak. The common function
lead to the result in the experiment, the continuous spectrum intensity increases firstly
and then decreases with the distance from the target surface increasing when the distance
from target surface increase to the certain value.

We can get that discrete spectrum intensity changing with the distance has similar
with continuous spectrum in Fig. 3, it is decided by the dynamic character of the excited
atom in the laser plasma. With the distance from the target surface increasing near target
surface, the ionization atom is more strengthen for the energy transfer and conversion
due to the laser energy absorbing and the electron colliding. When the electron density
in the plasma build up, the probability of the atom locating in the excited state increase for
inelastic collision between the electron with the neutral atoms. With the distance further
increasing, for the plasma spreading, the atom density decrease in no time, it causes the
atom spectrum intensity decrease with the distance increasing. In addition we can see
the line diameter of the plasma in the experiment is about 2.5 mm from the Fig. 3.
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Figure 4: The spatial evolution of the relative intensity and the STARK broadening of 385.83nm spectra line.

3.3 The spatial evolution character of the spectrum relatively intensity and
Stark broadening

By the description of the spectrum broadening, it is known that in this experimental con-
dition the laser plasma emission spectrum lines broadening depend on the Stark broaden-
ing, other broadening can be ignored. Through the previous experimental results showed
that in the long delay time the width of the laser induce plasma emission spectra have
no change basically with the delay time increasing, at same time, the time for the plasma
emission spectra existing change shorter with the pressure of buffer gas increasing [27].
Thus the laser induced plasma emission spectra exit very short in the atmospheric envi-
ronment as expected, in this experiment the time of the laser plasma emission spectrum
existing is about 1us and far less than the time of the laser plasma emission spectrum
existing in vacuum (10us).So we can get the numerical value for Stark broadening in this
delay time through measuring the difference of the width between in a certain delay time
with the delay time 1.1us. The single pulse laser energy is 24m], the detection delay time
300 ns, the spectral relative intensity for Ni atom at 385.83 nm and Stark broadening, the
variation character with the radial distance is shown in Fig. 4.

It is shown from Fig. 4 that Stark broadening and intensity of the spectral lines in-
creases firstly to its maximum and then decreases along the direction of laser beam when
the distance from the target surface increase. The maximum value of Stark broadening
and relative intensity of the spectral lines appear at 1.5 mm from the target surface, it il-
luminate that in this area the electron density is maximum, this lead to get the maximum
excited probability for the inelastic collision between atom with electron, thus, make the
atom spectrum intensity to reach the maximum value. At the same time, the variation
character of the atom spectrum intensity with the distance is similar with the continuous
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spectrum, it also confirm that the conclusion is consistent by different methods. Our later
measurement results for the plasma electron density also confirm this conclusion.

4 Conclusion

The laser induced Ni plasma emission spectra at 532 nm is obtained in the experiment,
in Ni plasma spectrum in the range of 365 nm - 395 nm , the six Ni atom spectrum lines
are observed, the corresponding wavelength is 377.56 nm, 378.35 nm, 380.71 nm, 383.29
nm, 385.83 nm and 388.59 nm. The single pulse laser energy is 24m], the detection delay
time 300 ns, the spatial evolvement spectrum for Ni atom at 385.83 nm is measured,
the results show that the continuous spectrum relative intensity and discrete spectrum
relative intensity increases firstly and then decreases with the distance from the target
surface increasing, it is the result of interaction of the electron, ion and atom in the plasma
in the process of the plasma formation. Stark broadening of the Ni atom at the 385.83
nm is measured experimentally, the variation character for Stark broadening with the
radial distance is received. Stark broadening and the relative intensity of the spectrum
lines increases firstly to its maximum and then decreases along the direction of laser
beam when the distance from the target surface increase. The maximum value of Stark
broadening and relative intensity of the spectrum lines appear at 1.5 mm from the target
surface.
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