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Abstract 

    In this work, the optical emission spectrum technique was used to analyze the 

spectrum resulting from the CdO:Sn plasma produced by laser Nd:YAG with a 

wavelength of (1064) nm, duration of (9) ns, and a focal length of (10) cm in the 

range of energy of 500-800 mJ. The electron temperature (Te) was calculated using 

the in ratio line intensities method, while the electron density (ne) was calculated 

using Saha-Boltzmann equation. Also, other plasma parameters were calculated, 

such as plasma (fp), Debye length (λD) and Debye number (ND). At mixing ratios of 

X=0.1, 0.3 and 0.5, the CdO1-X :SnX plasma spectrum was recorded for different 

energies. The changes in electron temperature and the densities were studied as a 

function of the laser energies. Outcome measure value of the electron temperature at 

the ratio of  X = 0.1 was (1.079-1.054) eV, while at  X=0.3 the Te range was (0.952- 

0.921) eV and at X=0.5 it was (0.928-0.906) eV. 

 

Keywords: Laser Induced Plasma Spectroscopic (LIPS), Optical Emission 

Spectroscopic (OES), Cadmium oxide (CdO), Tin (Sn). 

 

Ʉ˹ǂ˰Ɨ  Ǐƻ ˝ ƑǄïǘ ǁ˕˹˲ḨĀä ýˤ˹ǄìƑḥǁä ƕȿˤ˳˶ǁä  ˗ǐ˕˴ƾǁƑȸƕ˞ƨäʕ Ɠ ƕ˯˭˷˶ǁä î˘˹ǁ Nd:YAG 
 

 ˕˶Ɵä ˣǐ˕ǄɂǂƢ*1˕˶Ɵä ˣ˲˰Ǆ Þä˕˹Ɠ Û1ýìƑƳ ˕Ɵäˤǁä˕ˬƳ ˢ˟ƑḨ Û2 
1Ɨ ǄḪ ÜßƓɂ̊ ˻ƽǃå ˤ˴ƿ ƗƶǆƓ˱ǃå Üþ˦Ǆƶǃå Ɨɂ̇ ˶˹˯˴˸ǃåûå̇ ƶǃå Üíå˗ƺȺ Ü 

2Ɨ ǄḪ ÜßƓɂ̊ ˻ƽǃå ˤ˴ƿ Üþ˦Ǆƶǃå ƗƶǆƓƞ íå˗ƺȺûå̇ ƶǃå Üíå˗ƺȺ Ü 
 

ƕƬǘ˱ǁä 
      Ü ˖˲ ǃå å˘ǋ ǑƼ ˤƙǆ˥ ƝƙƓ˹ǃå ˃ ǃɣå Ɇ˻Ǆ˲˯ǃ ɏ̇˶ǃå éƓƶǈǙå ˃  ˟Ɨ˹ǀƙ þ̠˳ ƪ˯å ƓǆðǚȺ CdO: Sn 

ï˚˻ǃ Ɨˠƪå˦ƕ Ɨ˱˯˹˸ǃå   Nd:YAG ) Ǒƞ˦˸ǃå ý˦ˠǃå āî1064) Ɨ ˹ǆ̊ ǃå ç˗ǆā Ü ˙˯ǆ˦ǈƓǈ (10 Ü Ɨ ǈƓƛ˦ǈƓǈ (
) ùǃ ɏï˓ƕ ý˦ ā˟10) íí̇ ƙ Ɠ˸˹˻ƕ Ü˙˯˻˸ ˯˹ƪ (6) ƗƿƓˠǃå ûƓˠǈ ǑƼ ˚ƙ̇ ǋ (800-500 æƓ˴ơ ˤƙ .ý˦ƞ ǑǄǆ (

) ÿā̇˯ḧǃǗå çïå̇ơ ƗƞïíTe) ÿā̇˯ḧǃǗå ƗƼƓ˰Ḫ æƓ˴ơ ʕƙ Ɠ˸˹ƕ˻ Ü ˥˻˻ƽ˟ ˥˻ɣƤ Ɨ˴ǈ ç̠Ƭ Ɨǀɂ̇˟ ǑƼ (ne (
 þå˗˳˯ƪƓȺƓǋƓƪ Ɨǃ˗ƶǆ-  ̊ ˯ǃ˦ƕ) Ɠǆðǚǃå íí̇ƙ Ɇ˰ǆ Ɏ̇ƤǕå Ɠǆðǚǃå èƓ˸Ǆƶǆ æƓ˴ơ Ǐǃã ƗƼƓưǗƓȺ Ü ÿƓǆfp Ü(
ý˦˟ā  ˗ƶȺ) ɏƓ ǒí(λD ) ɏƓ ǒí ç̇ Ḫ ǑƼ èƓ˸ ˴˱ǃå í˗ƵāNDå ˃ ˠǃå Ɇ˻˱˴ƙ ˤƙ .(˹ǃ ˤ ʾ ƴǆ Ɠǆðǚ ǃå ˥ǆ ƝƙƓ

 Ü ƗƿƓˠǃå ˥ǆ ƗƽǄ˯˳ǆ þ˦ùù˻ǆíƓḧǃå ˗˻˴Ḫāå ˔ùḪ̇ ˸ǃ(CdO)  æ˦˵˸ǃå˙ǒ˗˶ǀǃƓȺ (Sn)  ǑƼ˔˴ǈ  ƗƽǄ˯˳ǆ Ɨɂ˦˭ǆ 
)0.5 X = 0.1, 0.3,  ā çïå̇ ơ Ɨƞïí ǑƼ ˙˻ƺ˯ǃå Ɨƪåïí ˤƙ .( ðƓƹǈā˙˯ḧǃǗåèƓ  èƓƿƓˠǃ Ɨǃå˗Ḫ èƓƼƓ˰ḧǃåā

 çïå̇ ơ Ɨƞï˗ǃ ƝƑƓ˯˹ǃå ˛ ǒƓǀǆ .ï˚˻Ǆǃå ðƓƹǈā˙˯ḧǃǗåèƓ  Ɨ ˴ǈ ˗˹ƵX = 0.1 Ǒǋ )1.079-1.054(  ÿā̇˯ḧǃå
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˕ǃ˦Ƽ  Ɠ˸˹˻ƕ ÜX = 0.3  (0.952 -  0.921) ǃ˦Ƽ ÿā̇˯ḧǃå ̞ ā˗˹Ƶ X = 0.5  ˦ǋ        )0.928-
0.906 (ǃ̞˦Ƽ ÿā̇˯ḧǃå. 

Introduction  

     Laser-induced plasma spectroscopy (LIPS) is considered to be an established analytical technique 

used for the rapid determination of the elemental composition of samples. LIPS also can be defined as 

a type of analytical technique of atomic emission spectroscopy with which any type of matter, whether 

in liquid, solid or gaseous state can be analyzed [1]. In LIPS, a plasma is generated on the surface of a 

target by focusing a laser beam which excites and ionizes the target material. The plasma is emitted 

from the surface of the target material immediately after the laser beams photons reach that surface. 

Optical detection of certain atomic and molecular species is obtained by analyzing their emission 

spectra from laser induced plasma. The chosen experimental conditions strongly affect the analytical 

performance of LIPS. Parameters such as wavelength of laser light, laser pulse energy, pulse duration, 

observation time duration, ambient gas pressure, type and properties of the target, and the geometric 

setup of the optical instruments strongly influence the performance of LIPS [2]. Atomic components 

emit distinctive light that is received from optical fibers and transferred to the spectrometer for 

analysis [3]. Optical emission spectroscopy (OES) has  recently gained a great deal of consideration 

for portrayal dependent on the LIPS. The ratio method is one of the most common techniques for the 

optical emission spectrum. It is used in calculating the electron temperature, while the Boltzmann plot 

method is one of the best methods for calculating the electron density [4]. In this experiment, the ratio 

method is used as a common method for calculating the electron temperature at which the intensity of 

a two of atomic or ion spectral lines at the same ionization stage can be calculated. In the local 

thermodynamic equilibrium (LTE), the plasma temperature is calculated by the following equation 

[5]: 

Ὕ  
 

λ

λ

                                                                                     ………………………… (1) 

where I1 and I2 refer to the intensity, g is the statistical weight, A is the transition probability, λ is the 

wavelength,  E1 and E2 are the energy values of the excited state in eV, and k is the Boltzmann 

constant. Electron density describes the number of free electrons per unit volume. Saha-Boltzmann 

equation utilizes spectral lines of the same element and successive ionization stages. The Saha- 

Boltzmann equation is given as [6] 

 Î ᶻφȢπτρπ 4
ȾÅ

 

                                                    ………………………… (2) 

where:  

)ᶻ
λ

                                                     ………………………… (3) 

     Xz is the ionization energy in eV, g2 is the statistical weight of transition from level (2) to level (1), 

2 is the corresponding wavelength of transition from level (2) to level (1), and A2 is a transition 

probability of transition from level (2) to level (1).While the plasma frequency is calculated from the 

equation [7]: 

Æ  
 

 
                                                     ………………………… (4) 

     This frequency depends only on the plasma density. The plasma frequency is one of the most 

important plasma parameters [7].  The Debye length is the fundamental characteristic of the behavior 

of plasma, as it represents the distance in which the individual particle affects another charged particle 

that carries a reverse charge inside the medium of the plasma. Debye length D) is directly 

proportional to the square root of the electron temperature and inversely to the electron density, 

according to [8]: 

   λD  
 o  e

e 
 
e

 ḙ χτσπz
Ⱦ
                        ………………………… (5) 

    where  ne is the density of the electron , Te is the electron temperature and e is the electron charge. 

The number of particles in the Debye sphere (ND) is dependent on the electron density and electron 

temperature and it represents a ssecond condition for plasma existence ND>>>1 as follows [9]: 

.D  “ λD
 
 Îe                                                        …………………………(6) 
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Experimental part  

     In this experiment, plasma was  generated using pulsed laser on solid target CdO:Sn. The 

experimental arrangement of laser induced plasma spectroscopy (LIPS) is shown in Figure-1. 

 

 
Figure 1-Schematic diagram of the experimental LIBS set-up 

 

     The plasma was generated by a Q-switched pulsed laser Nd:YAG with a wavelength of (1604) nm 

and frequency of (6) Hz. The pulse laser energy was shifted utilizing streak light Q-switch delay 

through the laser controller and was estimated by energy meter. The laser beam was focused on the 

target, making an angle of 45° with it. The laser beam evaporates and ionizes the target material, 

creating a plasma plume above the target surface. Optical emission spectroscopy (OES) technique was 

used for the determination of electron temperatures, densities, and plasma frequency. The length of 

Debye and Debye number were determined mathematically. The spectrometer that is used must be fast 

with the same response time in every shot. Thus, Surwit (S3000-UV-NIR)  spectrometer was used in 

the setup to determine emission wavelengths and has  high efficiency goals, relying upon grinding 

utilized in it and reacting to a wavelength of 200-900 nm. The spectrum of plasma with different value 

of energies was prepared by mixing CdO with Sn at different percentages (X=0.1, 0.3, 0.5), while the 

laser pulse energy varied from 500 to 800 mJ. Each spectrum was obtained over a wavelength range of 

(300-700) nm. The results were discussed and compared with the National Institute of Standards and 

Technology data (NIST database). The plasma parameters were then evaluated [10]. 

Results and Discussion 

   The plasma resulting from the interaction of laser beams with the surface of the target material 

contains electrons and ions in an excited state, in addition to neutral atoms and radiation. The process 

of plasma analysis was performed by measuring the parameters of the electron temperature (Te) and 

the electron density (ne). The knowledge of the plasma temperature and density of the plasma species 

is important for understanding the atomic ionization and excitation processes occurring inside the 

plasma. The optical emission spectra of CdO:Sn plasma was recorded using an optical emission 

spectroscopy technique with 1064 nm Nd-YAG laser. Figures-(2, 3 and 4), respectively, show the 

spectroscopic patterns for laser induced on the CdO:Sn component  at  X=0.1, 0.3 and 0.5 percentages 

of target plasma, confined in the air in the spectral range of (300-700) nm with E=(500 - 800) mJ. 

These results agree with those of an earlier work [11]. 
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Figure 2-Emission spectra induced by 1064 nm laser, with different laser energies for CdO:Sn at 

X=0.1 target in the air. 

 

 
Figure 3-Emission spectra induced by 1064 nm laser, with different laser energies for CdO:Sn at 

X=0.3 target in the air. 
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Figure 4-Emission spectra induced by 1064 nm laser, with different laser energies for CdO:Sn at 

X=0.5 target in the air. 

 

     Tables-(1, 2 and 3) show electron temperature (Te), electron density (ne), Debye length (λD), 

plasma frequency (fp) and Debye number (ND) for CdO:Sn at X=0.1, 0.3 and 0.5, respectively. Targets 

at different laser pulse energies by the ratio method can be calculated through the intensity ratio of a 

pair of spectral lines of atom or ion of same ionization stage. Criteria for the plasma were achieved 

through the results of the plasma parameters (λD, fp and ND). It was shown that fp is decreased with 

laser energy because it is proportional with ne, while λD and ND increase with it. 

  

Table 1-Plasma parameters for CdO: Sn at X=0.1 with different laser energies. 

Laser energy (mJ) Te (eV) ne (cm
-3
) fp (Hz) λD (cm) ND 

800 1.079 3.97E+17 5.7E+12 1.1E-04 2.4E+06 

700 1.070 3.70E+17 5.5E+12 1.2E-04 2.5E+06 

600 1.067 3.63E+17 5.4E+12 1.2E-04 2.5E+06 

500 1.054 3.25E+17 5.1E+12 1.2E-04 2.6E+06 

Table 2-Plasma parameters for CdO: Sn at X=0.3 with different laser energies. 

Laser energy (mJ) Te (eV) ne (cm
-3
) fp (Hz) λD (cm) ND 

800 0.952 1.44E+16 1.1E+12 5.6E-04 1.1E+07 

700 0.941 1.29E+16 1.0E+12 5.9E-04 1.1E+07 

600 0.923 1.08E+16 9.3E+11 6.4E-04 1.2E+07 

500 0.921 1.05E+16 9.2E+11 6.5E-04 1.2E+07 

Table 3-Plasma parameters for CdO: Sn at X=0.5 with different laser energies. 

Laser energy (mJ) Te (eV) ne (cm
-3
) fp (Hz) λD (cm) ND 

800 0.928 1.13E+16 9.6E+11 6.2E-04 1.2E+07 

700 0.924 1.08E+16 9.3E+11 6.4E-04 1.2E+07 

600 0.921 1.05E+16 9.2E+11 6.5E-04 1.2E+07 

500 0.906 9.85E+15 8.9E+11 6.7E-04 1.3E+07 
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      The variances of (Te) and (ne) as determined by the Ratio Method using two lines of cadmium (Cd 

I in this part) for CdO:Sn at X=0.1, 0.3 and 0.5 are shown in Figure-6 (a, b and c, respectively) for diff 

erent laser energies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6 (a,b,c)-The electron temperature (Te) and electron density (ne) change as a function of laser 

energy for CdO:Sn at different ratios. 
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      The values of Te were obtained from the Ratio method as shown in Figure-6(a,b,c), via the 

analysis of the recorded Cd I peaks for plasma induced on CdO:Sn component in the air. A 1064 nm 

laser was used with different laser energies of 500, 600, 700 and 800 mJ. From the results, it can be 

noted that the electron density and the electron temperature were increased with the increase in laser 

energy. The reason for these increases is that the laser peak energy has a strong and important effect 

on the emission lines intensities, where the intensities of the spectral lines increase with increasing the 

laser peak energy because the mass ablation rate of the target also increases. The increase in laser 

energy will also increase its absorption in the plasma, resulting in more ablation, which leads to 

increasing the number of excited atoms and hence the peaks of spectral line intensities of plasma 

emission. This results agrees with that previously reported [12]. 

Conclusions 

     Plasma CdO:Sn was produced using a Q-switched Nd:YAG laser at a wavelength of (1064 nm) 

with different energies of 500 - 800 mJ. Optical emission spectroscopic studies were performed to 

determine the dependencies of plasma parameters, such as electron density and electron temperature. 

The plasma parameters were estimated in terms of their dependence on the laser energy. The results 

indicated that the values of     Te, ne and fp were increased with the increase of laser energy in the 

atmosphere, while the values of ND and λD were decreased. We note that, when doping increases (i.e. 

CdO decreases and Sn increases) in the mixture, the intensity emission lines of both Sn and CdO were 

clearly increased as well as the peaks became sharper. All plasma parameters satisfied plasma 

conditions.  
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