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Abstract: A first-generation, low-cost Cherny-Turner spectrometer has been tested. Dimensions for this 

spectrometer were developed using industry-leading optical design software, engineering drawings, and 

Dimensions for Telescopes and Spectrometers (Zemax). The spectrometer's focal length (150mm) was 

determined. Using two (2) concave mirrors, the first mirror is for collecting the light radiation from the source 

and the second mirror for focusing the rays to a (Charge-Coupled-Device) (CCD) camera. The manufactured 

spectrophotometer can analyze wavelengths between (1000-300) nanometers. Calibration of the axes of the 

spectrometer using major light sources of generally known lengths, before taking measurements the horizontal 

axis is calibrated from the pixel system to the wave length, and the vertical axis is reversed from count (cont) to 

intensity. This spectrometer has an accuracy (full width at half maximum) (FWHM) is (0.7) nanometers. 

Spectrophotometric methods were used in the power range (15, 22, 38, 40, 44, 47, 50, 57, 58, 61 W) and 

constant pressure (6.5 Tor). Spectrophotometers are typically used in laboratories to test plasma parameters 

using the optical emission method and perform calculations using the slope (line ratio) method. The objective in 

this research is to use optical emission spectroscopy to calculate the plasma electron temperature (Te) of an 

argon gas plasma. 
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1- INTRODUCTION 
Argon plasma is one of the most important types of plasma that has been studied recently, and through 

electron temperature (Te), which is the most important parameter of low pressure and high density plasma used 

in terms of controlling the rates of ionization, dissociation and excitation in the plasma (Moss, G. D., et al. 2006 

). Probes are the diagnostic tools for studying plasma parameters and these probes are widely used to estimate 

the electron temperature of the plasma despite the complexity of interpreting the results. The efficiency of 

processes occurring in plasmas and their reaction rates in general depend on the density and energies of charged 

particles. There are two common methods for determining plasma parameters: (a) optical emission spectroscopy 

(b) Lancmore probe measurements (Qayyum, A.et al. 2003). Optical emission spectroscopy (OES) is the most 

common method for examining the glow properties of plasmas, as this type is simple and does not produce any 

disturbance in the plasma. The excitation temperature can be equivalent to the electron temperature. Electron 

density can be determined from measuring the relative intensities of the atomic and ionic lines. The Lancamore 

probe is another simple but valuable technique used to infer and calculate plasma parameters. A thin wire is 

inserted into the plasma and the current is measured as a function of the voltage applied to the wires. This 

method was used to obtain the density of positive ions and electrons, and the electron energy is verifiable 

(Donnelly, V. M.2004). To determine the density and temperature of an electron through the energy distribution 

function of the electron (Maxwell Boltzmann). This method is based on the relative emission intensities of four 

lines of the argon spectrum that arise from argon levels (Mariotti, D., et al. 2006) 4p. The electron temperature, 

electron density and atom density of inductively generated radio waves (rf) plasmas can be calculated using 

Thomson and Rayleigh scattering of laser radiation (Chen, S. Y., et al. 1998). Measurements are in argon 

discharge for pressures from (1 to 20 (mTorr) and input RF power from 100 to 500 (W). It is observed that 

electron temperature depends on pressure but only weakly on energy. Density vanishes significantly in the 

plasma center and is attributed This is heating of the elements by the collision of charged particles and these 

results were compared with a simple model of the generated plasma (Hori, T., Bowden, et al. 1996).The floating 

probe was compared with the Lancamore probe and it was found that the floating probe is in great agreement 

with the single probe in different Powers and pressures of radio frequencies Ion density and electron 

temperature were measured by the probe floating with a film on the tip of the probe covered with (CF4) plasma. 

As it is found that the ion density and electron temperature by the float-type probe were nearly the same 

regardless of the coating on the probe tip while the Lankmore probe does not work because the floating probe is 
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not much affected by deposition on the probe tip, it is expected to be applied to plasma diagnostics for plasma 

treatment such as deposition or etching (Lee, M. H., et al. 2007). The study of the voltage-biased electron 

temperature control mechanism is experimentally relevant in inductively coupled Ar discharge. To obtain the 

electron density and electron temperature, the electron energy distribution function (EEDF) functions that are 

measured with the Lancomor probe, the effective electron temperature is controlled by the change of the 

potential difference from (2.0 to 0.6 eV) (Qais T. Algwari.2007). Measuring the average kinetic energy of an 

electron by determining the electron temperature and excitation temperature obtained by optical emission 

spectroscopy is theoretically two-temperature of argon plasma at atmospheric pressure using a (32)-level 

collision radiation model. In it both the influence of the electron and the collision of inelastic argon are taken 

into account. (Yanguas-Gil, et al. 2006). To detect unbalanced plasmas, an Optical Emission Spectroscopic 

Spectroscopic (OES) is used to measure electron density and temperatures. Methods for interpreting the relative 

line densities of neutral argon atoms can be evaluated based on a radiative collision model including atomic 

collisions. The conversion of the specific excitation temperature from the relative line strength is assuming a 

Boltzmann distribution function for the thermal electron temperature in the range (4-1) eV (Akatsuka, H.2019). 

The determination of the electron density and temperature by the relative emission line strengths calculated from 

the model Collision Radiation Model (CRM) to experimental models The model describes the kinetics of the 

first (40) states of neutral argon and takes into account the following processes: electron excitation, spontaneous 

light emission, radiation confinement, electron effect ionization, and wall diffusion cooling Then, the ion 

density was determined from the relative density of the emission line (488 nm) + Ar and the excitation was 

calculated from (CRM) from the ground states of the argon atom (Ar) and the argon ion (+Ar (Evdokimov, K. 

E., et al. 2017). In the new plasma diagnostics, an alternating current bias voltage (kHz) was applied through a 

DC capacitor between the floating probe and the signal generator to create a self-biasing effect (Hutchinson, I. 

H. 2002), since the electron temperature and ion density are in good agreement with that of the existing ones. in 

sensor Lankmore, since the amplitude of the AC bias voltage is very low 3V, the local ionizations affected by 

the high bias voltage can be neglected (Hwang, K. T., et al. 2010). When comparing the physical properties of a 

low pressure inductively coupled argon-oxygen (Ar-O2) plasma using optical emission spectroscopy (OES) 

combined with a Lancolour RF measurement probe measurement in each electrical discharge For gas, the 

electron density and electron temperature can be obtained using the Lancamore sensor and the electron 

temperature can also be obtained by optical emission models (OES) and compared with those measured by the 

Lancamore sensor. The result is that the electron temperature decreases with increasing force and pressure, and 

it was also noted that it decreases with increasing power and pressure, and it was also noted that it decreases 

with increasing content of argon gas (Ar). (Chung, T. H., et al. 2012). To perform temperature and concentration 

measurements in atmospheric pressure plasma under conditions ranging from thermal and chemical equilibrium 

to thermochemical disequilibrium. Atmospheric pressure air plasma is often thought to be in local equilibrium 

due to rapid mutual collisions. Optical diagnosis leads to gradients in high electron temperatures caused by 

electrical discharge to large deviations from chemical and thermal equilibrium. To determine the electron 

temperature (Te) and density (Ne) in argon plasma by a spectroscopic method based on a radiation collision 

model. Where the electron temperature and density in the argon plasma were measured by the developed 

method, the comparison between the results with those found using the Lancmore probe. The results of (Te and 

Ne) obtained by the spectroscopic method are almost in agreement with the results of the probe (Kano, K., et al. 

2001). Under stable plasma conditions, the production processes for excited species include electron-effect 

excitation from the ground state and from unstable states and radioactive decay from higher excited states, all of 

which are determined by the line-ratio methods used to determine the values of Te and (ne) for argon-containing 

or argon-containing plasmas. Nitrogen(Zhu, X. M., et al. 2010). To determine the relationship between the 

observed emission spectra and the thermodynamic properties of the plasma, we need to obtain the population 

distribution at the atomic level as a function of the thermodynamic properties of the plasma, such as the 

radiative properties of the plasma, such as spectral emission and absorption(Chung, H. K., et al.2021). The 

optical emission spectrometry (OES) method was used in conducting these results in order to facilitate the use of 

the spectro and to monitor the wavelengths resulting from the generation of argon plasma in the laboratory using 

a high-voltage power equipment with obtaining the best ionization process for the plasma and control. With the 

capabilities and calculating the electron temperature from the argon gas spectrum at various projected capacities 

with drawing the relationship between temperature and power. 

 

2- LABORATORY SETUP 
Figure (1) shows the detailed diagram of the plasma system used in the research. This system consists of a glass 

tube made of quartz material to withstand high temperatures. This tube has a length of (70 mm) and an equal 

diameter on both ends (30 mm), and the tube contains two ports for gas inlet and outlet. Two well-polished 

aluminum electrodes are used from the inside. The electrodes are 6 mm in diameter from the outside and 4 mm 
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in diameter from the inside, as the distance between the electrodes is 5 mm. The contact point of the electrodes 

with the glass tube is insulated from both ends. With a rubber material (O-ring) in order to prevent any gas leaks 

out of the system The system is equipped with gas from one port by a special argon gas cylinder, and the gas is 

discharged from the other end by a vacuum pump A fluke type probe (80K-6) was used to measure A high 

voltage with a switching factor of (1.901) applied to the cell and connected in parallel with an ovometer with an 

input impedance (10) mega ohms. A constant voltage source of (6000) volts was used. The properties of the 

plasma generated by the optical optical emission technology (OES) will be studied. ) in the glass tube and a 

constant pressure (6.5 tor).The light is transmitted from the plasma to the spectrometer designed by an optical 

fiber and the light is analyzed into wavelengths generated by the plasma.Solis software version (4.32.30000.0) is 

used to control the camera system iXon ultra/ ultra-life spectrophotometer Andor Corporation. Andor Basic 

provides macro language control for data acquisition, manipulation, display, and export. 

 
Figure 1 is an outline of the plasma system 

 

3- EXPERIMENTAL SETUP AND INSTRUMENTATION 
Figure 2 shows the spectral patterns that are produced by the continuous discharge of argon gas into the 

vacuum cell when a specified amount of energy is supplied. These patterns can be used to identify the lines of 

the argon spectrum which can then be compared with the global spectra in order to perform the calculations. In 

the wavelength range from 600 to 1000 nm several gas molecular peaks (Ar) can be detected because the energy 

of the electrons is increased by interaction with the electric field and the intensity of the peak increases in 

proportion to the applied voltage. 

More atoms (or molecules) were excited than before as a direct result of the increased excitation cross-

section, which mostly depends on the electron's energy. A method known as optical emission plasma spectra is 

applied in order to ascertain the temperature of the electrons as a direct result of the amount of electrical energy 

supplied to the electrodes. The amount of electrical energy used ranges from (15 to 61) watts. The 

photoemission method provides accurate results because it is a direct method for determining the temperature of 

electrons. However, some results showed a great deal of inconsistency with respect to certain wavelengths and 

intensities, both of which are determined by the level of activity in the argon energy levels. The use of argon gas 

for the spectroscopic verification shown in Figure 3 in plasma to provide useful diagnostics such as electron 

temperature and saturation process led to different data and change the estimate of electron temperature 

(Mariotti, D., et al. 2006). The data you need were extracted from the NIST Atomic Spectra Database Lines 

Spreadsheet (Ralchenko, Y.2005). 
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Figure 2 The multiple energy levels possessed by an argon atom 

 

 
Figure 3 Argon gas spectrum lines taken by a spectrometer 

 

One of the methods for calculating the electron temperature by energy distribution is the Boltzmann 

distributionزThe potential energy states of the Maxwell-Boltzmann distribution are given by the equation (Lao, 

C., et al. 2000). 

𝑛 𝑞 =  
𝑔𝑞  𝑁𝑜 exp ( −𝐸/𝐾𝑇)

𝑍(𝑇)
               (1) 

n(q) is the number density in the quantum state q, No is the total number density, gq is the decay of the emission 

state, Eq is the excitation energy of the q state, k is the Boltzmann constant, T is the absolute temperature (T) is 

the hash function at temperature T For a given line, the absolute emission intensity (I) is directly proportional to 

the number density (n (q)) in that quantum case. 

   I α n(q) A (2)   

 

A is the probability of spontaneous emission. The experimentally measured signal is also a function of the 

spectral response of the detection system. That is, the correction factor f (λ) depends on the optical response of 

the detection system. 

I α Imeasured x f(λ)           (3) 
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It results from inserting expressions (1) and (3) into expression (2) (Lao, C., et al. 2000) 
 Imeasured x f(λ)  

gq x A
α exp  −

E

KT
      (4) 

 

The Saha equation provides the ratio of the distribution in plasma between single-charged and neutral 

ions under LTE conditions and is given by equation (5) ni, nn is the ions and the neutral density in cm-3, T is the 

temperature in K, Ui is the first initial potential, which means the formation of an ion It carries one positive 

charge and is measured in electron volts (Lao, C., et al. 2000). 

ni
2
/nn =2.4 x 10

15
 T 

3/2
 exp [- Ui/KT](5)    

 

Larger than 1. 4x 10
22

 cm-3 to ensure LTE conditions (Cristoforetti, G., et al. 2010). 

The expression z is the nuclear charge and Eh = 13.6 eV. For example, for a 1 eV barium plasma, where 

z = 56 and n = 6. 

The correlations between the intensity of the spectral lines and the intensity of the atomic state in a state 

of equilibrium and using the intensity of the spectral line as shown in Figure (5), as the first power through 

which the plasma generation of (15w) was obtained was chosen and then the power to the next (22w) was 

chosen and to compare the change Among the diagrams, the farthest power (50W) is included. It is possible to 

estimate the plasma temperature quickly and accurately. When attempting to determine the temperature of an 

electronic plasma using the relative intensities of two spectral lines, the plasma must be considered in local 

thermodynamic equilibrium (LTE). Where this equilibrium (LTE) states that only the interaction of the electron 

with the surface can initiate any excitation or ionization process and the density and temperature of the electron 

plasma must meet this requirement to be correct for the values of ne ≥ 10
14

 m-3 and Te < 1 eV at respectively 

(Cristoforetti, G., et al. 2010). Where these capabilities were relied on on the basis of starting the generation of 

plasma inside the glass tube for plasma. 

  
 

 
Figure 4 Emission line intensities measured from different energy levels 

 

The fluctuation of the intensity of the spectral lines of the argon ion at different pressures and the applied 

voltage is (750.38 nm) in the research study issued in (2015) (Ismael, M. E. 2015). When the applied voltage 

increases, the intensity of the spectral lines increases, and when the pressure is stabilized, the intensity of these 

lines increases. Where we choose the wavelengths (706,794,811,840,912 nm) that have the most probability of 

appearing according to the wavelengths values used in the calculations. Finally, a linear relationship is drawn 

between the electron temperature and the capabilities obtained from shedding the voltage and current in 

generating the plasma as shown in Figure 5. As the plasma temperature was calculated in the convection region 

away from the poles of the glass tube where the excited ions are concentrated and the electron temperature is 

less than one because the electron temperature is high compared to the temperature of the glass tube and this 
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was calculated mathematically (1 eV = 11604.525 kelvin) and this is what was done Its proof is that the 

temperature increases with the increase in the applied voltage (Miller, S. T. et al. 2022,).Figure 5 Electron. 

 

4- CONCLUSION 
The temperature of the electrons was calculated using wavelength and intensity spectra. After performing 

the calculations and extracting the information from the website (NIST Atomic Spectra Database Lines 

Spreadsheet) for wavelengths information, the method of line ratio between energy and electron temperature 

was used for argon gas only without mixing more than one gas to achieve a relationship between electron 

temperature and energy level. The fundamental wavelengths (706,794,811,840,912 nm) were selected for the 

argon gas plasma. 
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