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ABSTRACT: In this paper, the I-V characteristic of a dc glow discharge are studied with 

the aim of determine the performance a good parameters for stable operation of the plasma. 

Nitrogen plasma produced by dc glow discharge is the investigated with a many purpose of 

studying plasma phenomena, the discharge system consists of two electrodes, the cathode 

forms various geometrical shapes and anode as a disc- shaped with diameter (8.8cm). The 

electrodes are enclosed in a large cylindrical glass chamber of pyrex filled with nitrogen gas. 

Two important physical parameters affecting the condition of the discharge are the gas 

pressure and constant inter-electrode distance. The discharge current-voltage (I-V) 

characteristic curves of the discharge were measured at variable pressure and the inter-

electrode spacing, Current-voltage characteristics visualization of the discharge indicate that 

the discharge is take place in the normal glow region. The( I-V) characteristics of nitrogen gas 

discharge were deduced as a plasma system operated in normal glow discharge nitrogen, 

which is very important parameter in the sputtering and deposition. Also the discharge current 

is increased for nitrogen plasma discharge with the increasing of the working pressure lead to 

increase the deposition rate. 
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 فً انزٍبس انًسزًش نُزشوخٍٍا( نزفشٌغ رىهح I-Vعهى خصبئض) انشكم انهُذسً نهكبثىددساسخ رأثٍش   

افضم ثهذف رحذٌذ  DCرًذ دساسخ انخىاص انكهشثبئٍخ لأنىاذ رفشٌغ انزٍبس انًزىهح  انجحث، هزا : فًالخلاصة

 ( لأغشاضDC)اندٍذح نهزشغٍم انًسزقش نهجلاصيب. ٌزى فحض انجلاصيب انٍُزشوخٍٍُخ انُبردخ عٍ رفشٌغ انىهح  عهًبدانً

كثٍش نذساسخ ظبهشح انجلاصيب ، ٌزكىٌ َظبو انزفشٌغ يٍ قطجٍٍ ، ٌشكم انكبثىد أشكبل هُذسٍخ يخزهفخ والأَىد ٌكىٌ عهى 

يهٍئخ ثغبص  انجبسكسالأقطبة انكهشثبئٍخ فً غشفخ صخبخٍخ أسطىاٍَخ كجٍشح يٍ  . ٌزى وضع (8.8cmشكم قشص قطشِ )

ثش عهى حبنخ انزفشٌغ هً ضغط انغبص وانًسبفخ ثٍٍ الاقطبة. رى قٍبس انزً رؤ انًهًخ انًعهًبداثٍٍُ يٍ . انٍُزشوخٍٍ

 انكهشثبئٍخ،( نهزفشٌغ عُذ ضغط رشغٍم يزغٍش ورجبعذ ثبثذ ثٍٍ الأقطبة I-Vيُحٍُبد رٍبس انزفشٌغ نهدهذ انكهشثبئً )

 I-Vاسزُزبج خصبئض فىنذ( إنى أٌ انزفشٌغ ٌعًم فً يُطقخ انزىهح انطجٍعٍخ. رى  -ٌشٍش رصىس خصبئض انزفشٌغ )رٍبس

ت. ٍزشسان ،انزشرٌزوانزي هى يعهًخ يهًخ خذا فً  انطجٍعً،انىهح  رفشٌغغبص انٍُزشوخٍٍ كُظبو ثلاصيب ٌعًم فً  نزفشٌغ

 صٌبدح يعذل انزشسٍت.نزفشٌغ ثلاصيب انُزشوخٍٍ يع صٌبدح ضغط انزشغٍم ٌؤدي انى رٍبس انزفشٌغ  اٌ صٌبدح كًب 

 ، ضغط انغبص، رٍبس انزفشٌغ:انزفشٌغ انًزىهح، انكبثىد انًدىف، يعهًبد انجلاصيب الكلمات المفتاحية

1. INTRODUCTION

The research into the conditions of the dc 

glow discharge is of large interest, where 

DC glow discharges are applied more 

general for depositing thin films, plasma 

polymerization, etching, oxidation, and 

pumping gas discharge lasers, etc. [1] 

The low pressure glow discharge plasma is 

generating by applying a potential 

difference between two electrodes. Since 

there is a continuous in the loss of 

electrons in the discharge, there must be an 

equal degree of simultaneous ionization to 

maintain a stable discharge. Other 
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electrons are produced by secondary 

emission from the cathode surface [2] 

The basic characteristics of plasma 

discharge like the breakdown voltage and  

the voltage – current characteristics  

depends on the geometry of the electrodes, 

pressure in the chamber , the container, 

electrodes material, type of gas used and 

the external circuit.[3] 

The radiation is the result of ion or electron 

interaction with others particles in the 

plasma. Because of their velocity, electron 

interaction tend to controlled the elastic 

and inelastic collision excitation and 

ionization processes [4] 

Radiation intensity is dependent on the 

current intensity on the cathode surface as 

well on the value of the electron current 

supplying the anode [5] 

Cold cathode gas discharges need low- 

pressure for a glow to be permanent. In 

recent years, low pressure DC glow 

discharges were draw attention in polymer 

surface modification primarily for 

stripping photoresists [6] 

Actually, different studies took advantage 

of various DC glow discharge strategies 

and configurations for plasma treatment of 

polymer surfaces for different applications 

Hino et al [7] made use of a dc glow 

discharge that make use of a biased 

cylindrical hollow copper anode for the 

treatment of silicone rubber deposited on 

an alumina substrate using a mixture of H2, 

Ar and O2 gases. The study was done to 

demonstrate the applicability of micro 

fabrication techniques used for silicon 

etching in make biomaterials. Pandirayaj et 

al [8] made use of a typical low-pressure 

glow discharge tube with air plasma to 

increase the Polyethylene terephthalate 

(PET) films’ adhesion to metallic coatings. 

Air plasma was induced on the polymer 

surfaces that were facing perpendicular to 

the discharge axis between two aluminum 

parallel electrodes.  

The present work aims to study the effects 

of both pressure and cathode geometry 

(diameter and depth of hollow cathode) , 

on the glow shape, characteristics I-V , as 

well as on the luminous intensity emitted 

from the positive column of nitrogen glow 

discharge plasma (NGDP)  

 

2. Experimental Equipment 

The DC glow discharge system is made 

home consists of two parallel electrodes 

One of them is movable (represent 

cathode) and the other fixed electrode on 

disc form (represent Anode) ,with 

Diameter (8.8)cm, .The cathode is used in 

three geometric forms(cylindrical with 

height (8cm) and inner diameter(6cm) 

,conical with height (8cm) , inner diameter 

(6cm) and the bottom diameter(2cm) ,and 

disc with diameter(6cm) enclosed in a 

cylinder chamber of glass Pyrex with 

length 30 cm and 10cm diameter. A 

schematic diagram of the device used in 

this investigation shown in Figure (1). The 

discharge was operated in DC mode at 

pressures from 0.085 to 0.7 mbar for 

nitrogen gas, the external resistance(R). 

and digital multi-meters were connected to 

measure the discharge current and the 

voltage. Basically, he discharge chamber 

was evacuated using rotary pump 

(TRIVAC-D16E of 16 m3/h), and the gas 

pressure was monitored by perani type 

(Edward's). The applied voltage was 

controlled by a DC power supply which 

can produce voltage up to 2 KV. 
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Figure1 (a) represents discharge unloading system dc     (b) illustrates the scheme for electric circuit 

 

3.  Results and discussion 

The electrical characteristics of discharge 

plasma, like dependency of discharge current 

on the applied voltage and gas pressure inside 

the vacuum, are of importance to introduce the 

homogeneity of the generated plasma. In the 

following, these characteristics are presented in 

the following forms 2(a, b, c) the discharge 

current is measured as a function of discharge 

voltage at different operating pressure (0.085, 

0.1, 0.25, 0.4 and 0.7 mbar) for constant inter-

electrode distance (d=4cm). The current 

changes by changing the dc power supply 

voltage. Electric field accelerates the electrons 

and particles which collide with gas molecules 

leading to increase the discharge current and 

gas temperature. In this mode lead rise of the 

current due to rise of the current density on the 

cathode surface, hence, to an increment of the 

voltage. 

 

 

 

 

 

 

 

 

 

 

Figure 2 (a) I-V Curve of glow discharge of cylindrical hollow cathode 

 

0

50

100

150

200

250

300

350

400

450

500

300 325 350 375 400 425 450 475 500 525 550

I(
m

A
) 

V(Volt) 

p=0.085 mbar

p=0.1 mbar

p=0.25 mbar

p=0.4 mbar

p=0.7 mbar



5 
 

 

(b) I-V Curve of glow discharge of conical hollow cathode,   (c) I-V Curve of glow discharge for cathode disc 

 

The results show that the relationship between 

current and voltage of a glow discharge is non-

linear. As that current rises due to an 

increasing in the cathode fall. Therefore, the 

voltage over the electrodes rises pointedly. 

From fig (2.a), it has been found that the 

increase in the discharge voltage is 

accompanied by an increase of the discharge 

current, where discharge characteristic are 

characterized by normal glow. Here, the 

discharge current is proportional to applied 

drop voltage seems to fit quite well with 

experimental data of previous studies [9]. The 

discharge current was increased for nitrogen 

plasma discharge with the increasing operating 

pressure; this can be explained as following 

statement: The mean free path of a molecule in 

gas is the average distance between the 

collisions of molecules. This is inversely 

proportional to gas pressure. Where the 

accelerated electron will acquire enough 

energy to ionize an nitrogen atoms. This 

electron will in turn be accelerated, lead to 

another collision. A chain reaction then causes 

breakdown voltage and a glow discharge takes 

place from the cascade of released electrons. 

At low working pressure, the electrons mean 

free path can become long compared to the gap 

between the electrodes. [10]. Examinations at 

various pressures emphasizes, that although the 

ion currents are usually interpreted in terms of 

gas pressure, it is more accurate to consider the 

gas density. If the gas pressure is increased the 

gas density increased leads to increase the ion 

current. This is indicated that the ions may 

undergo several collisions during their paths 

through the dark space region .It is important 

to realize that several processes operate 

simultaneously within the plasma ,also 

excitation, fragmentation and ionization may 

occur [11] . 

Figure (2.b) and (2.c) shows both the behavior 

of the electrical discharge at pressures and 

voltages are variable. Figure 3.a show the 

regions of the I-V curve are observable of 

pressures than (8.5X10
-2

 - 7X10
-1

) mbar. At 

pressures breakdown rapidly followed by a 

transition to the normal glow discharge mode 

where the discharge voltage is relatively 

constant. When the pressure is increased, the 

average discharge voltage is found to decrease 

from approximately 650 volt at (8.5X10
-2

) 

mbar to 425 volt at (1x10
-1

) mbar at inter- 

electrode spacing of 4 cm. Evidently as the 

pressure is raised the discharge becomes more 

conductive. The dependence to nonlinear at 

short gap distance (electrodes spacing)or when 

decrease pressure, but becomes linear at larger 

gaps or increase pressure. This is 

representative of an increase in the length of 

the positive column in the discharge where the 

electric field remained constant or increase in 

the electric field by increasing the pressure at 

electrodes spacing constant,[12]  The slope and 

vertical displacement of the current increases 

at higher pressure, reaching its saturation at 

pressure ranging at( 0.25 – 0.7) mbar. 

Maximum increase in the current was observed 

at 0.7 mbar.  

At figure (2.c)showed that the (I-V) 

characteristic were different When using the 

cathode in a disk format, the average discharge 

voltage is found to decrease from 

approximately 725 volt of (8.5X10
-2

) mbar to 

450 volt at (1x10
-1

) mbar at inter- electrode 

spacing of 4 cm. Evidently as the pressure is 
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raised the discharge becomes more conductive.  

It was observed that the increase in current was 

nonlinear by increasing the pressure of 

nitrogen gas, The discharge current was 

increased for nitrogen plasma discharge with 

the increasing operating pressure, The increase 

in pressure leads to an increase in current and 

the reason for this: To increase the ionization 

cross-section of N2 [13]. 

 

4. CONCLUSIONS 

In this work, we can conclude the 

following. First, the I-V characteristics of 

gas discharges indicate that the plasma 

system operated in abnormal glow 

discharge region, which is important 

parameter in microelectronic manufacture. 

Second, gas pressure, the cathode 

geometry and cathode potential it has a 

great effect on the glow discharge current, 

and satisfied a good agreement with Child 

–Langmiur equation. Finley, the present 

investigations show that an increase of the 

discharge voltage was lead to an increase 

of the discharge current; this dc-glow 

discharge system can be used for 

sputtering. 
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