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Abstract Key words 
     In this work, an experimental research on a low voltage DC 

magnetron plasma sputtering (0-650) volt is used for coating gold on 

a glass substrate at a constant pressure of argon gas 0.2 mbar and 

deposition time of 30 seconds. We focused on the effects of 

operating conditions for the system such as, electrode separation and 

sputtering current on coated samples under the influence of magnetic 

flux. Electron temperature and electrons and ions densities are 

determined by a cylindrical single Langmuir probe. The results show 

the sensitivity of electrode separation lead to change the plasma 

parameters. Furthermore, the surface morphology of gold coated 

samples at different electrode separation and sputtering current were 

studied by atomic force microscopy (AFM). The AFM analysis 

showed that the variation of average grain diameter and average 

grain height is nonlinear with a minimum value of average grain 

diameter 90 nm at electrode separation of 4 cm and 30 mA sputtering 

current.  
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في التسذير الثلاشمي المغناطيسي المستمس على حجم حثيثات الرهة تأثيس المسافة تيه الاقطاب 

 المطلية على النماذج

 خالد عثاس يحيى و تان فيصل زشيد

  , ثغذاد, انؼشاقخبيؼخ انُهشيٍ ,كهيخ انؼهىو ,قسى انفيضيبء

 الخلاصة

نطلاء حجيجبد  (650v-0)ثحث ػًهي في يدبل دساسخ انزشريز انجلاصيي انًسزًش رو انفىنزيبد انىاطئخ      

رشكض  .sec 30صيٍ طلاء  و mbar 0.2انزهت ػهى ًَبرج يٍ يبدح انضخبج ورحذ ضغط ثبثذ نغبص الاسكىٌ 

انجحث ػهى دساسخ رأثيش انظشوف انزشغيهيخ نهًُظىيخ ػهى اثؼبد الاقطبة وريبس انزشريز رحذ رأثيش انًدبل 

بد وكثبفخ الايىَبد والانكزشوَبد ثطشيقخ رشخيص انجلاصيب انًغُبطيسي. رى رحذيذ قيى دسخبد حشاسح الانكزشوَ

أظهشد انُزبئح رأثيش رغييش انًسبفخ ثيٍ الاقطبة ػهى اػهىيبد  ثبسزحذاو يدس لاَكًىس اسطىاَي يفشد.

انجلاصيب. اضبفخ انى رنك فقذ رًذ دساسخ خصبئص اشكبل انًُبرج انًطهيخ ثبنزهت يغ رغييش انًسبفخ ثيٍ الاقطبة 

ثيُذ رأثيشاد انًسبفخ ثيٍ الاقطبة ػهى  (AFM) اٌ َزبئح رحهيلاد .(AFM)و يدهش انقىح انزسيخ ثبسزخذا

يؼذل قطش واسرفبع حجيجبد انزهت انًطهيخ واٌ هزِ انزغيشاد ثؼلاقخ نيسذ خطيخ, واٌ اقم قيًخ نًؼذل قطش 

 .mA 30رشريز  ريبس و cm 4ػُذيب كبَذ انًسبفخ ثيٍ الاقطبة  nm 90انحجيجخ 

 

Introduction 

     Glow  discharge sputtering 

technologies are used in different 

applications such as, in industrial and 

medicine for deposition thin film and 

surface treatment [1-7]. There are 

different processes  in physical vapor 

deposition (PVD) techniques such as, 

laser ablation, evaporation and 

sputtering used  for coating sample  [1, 

8, 9]. Plasma magnetron sputtering is 

the most popular techniques             

used for nanotechnologies and coating 

samples. In this system, denser 
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confinement plasma for a noble gas is 

generated by a magnetic placed behind 

the cathode electrode. This magnetic 

field is caused for trapping and forced 

the free electrons with drift motion so 

that, it leads a higher rate of sputtering 

[10-12]. 

     For sputtering of semiconductor or 

insulating and conducting targets, the 

rf and dc magnetron sputtering sources 

are used respectively [11-13]. 

     In this work, a dc planar magnetron 

sputtering source with different 

electrode separations were investigated 

to determine the variations on 

electrical operation discharge, plasma 

diagnostics and the morphology of 

gold coater with a glass substrate at a 

constant argon gas pressure.   

 

Experimental setup 

     Fig.1 shows a schematic diagram of 

the experimental setup. The details of 

the system are mentioned in the 

reference [14]. The cathode of gold 

with a diameter of 57 mm and 0.1 mm 

thickness as a target according to the 

sputtering purposes. At the center of 

the cathode electrode a cylindrical 

permanent magnet is placed to produce 

a magnetic field. The discharge 

chamber is evacuated to a base 

pressure of 1x10-2 mbar by using tow-

stage rotary pump. The argon working 

pressure, P, is fixed at 0.2 mbar.  For 

discharging the argon gas a DC power 

supply ((0-800) volt and (0-100) mA) 

is used. 

 A single cylindrical Langmuir probe 

made of tungsten wire of 0.5 mm 

diameter, and 5 mm length is 

positioned near the cathode (target) at 

a distance of 18 mm to characterize the 

plasma parameters. A DC power 

supply ((0-100) volt and (0-150) mA) 

is used in the probe circuit. 

Fig.1: Experimental setup. 

 

Result and discussion   

1.  Mapping   of the magnetic field 

strengths   

     In Fig. 2, radial (edge to edge of a 

cathode) and axial distributions of the 

magnetic flux B for permanent magnet 

are mapped by using the Hall probe. 

The magnetic flux has maximum value 

of (3350 gauss) in the center cathode 

region. 
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2.  I-V Characteristics DC argon gas 

discharge  

     The I-V characteristics of the 

discharge at fixed argon gas pressure 

of 0.2 mbar for different electrode 

separation, d, of (3, 4, 4.5, 5 and 6) cm 

are measured as shown in   Fig. 3. It is 

noticed that as the discharge current 

(sputtering current), Id, increased the 

cathode voltage, Vc, increased with 

variation of the electrode separation. 

 

 
                           (a)                                                                               (b)  

 
Fig. 2:  Mapping of magnetic flux for a- radial distribution. b-axial distribution. 

 

 
Fig.3: Cathode voltage as a function of sputtering current for different electrode          

separations at P=0.2 mbar. 
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3.   Plasma parameters    

     Plasma parameters such as, electron 

temperature, Te, density of electrons, 

ne, and density of ions, ni, are very 

important to describe the behavior of 

the dc magnetron coater [15, 16]. Also, 

these parameters are affected by the 

positive ion flux towards the surface 

and the morphology of the growing 

films. In this work, a cylindrical 

Langmuir probe is used to determine 

electron temperature and electron and 

ion densities (see    Fig. 1). 

     Representative probe I-V 

characteristics are measured for 

different separations of electrodes at 

fixed argon gas pressure in the present 

study.   

To avoid the influence of magnetic 

field on the probe characteristics, one 

should ensure that [17].  
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where   rP  is the probe radius,  rL  is 

the Larmor radius for electron, me is 

the mass of electron, kB is 

Boltzmann’s constant, Te is the 

temperature of electron, e is the charge 

of electron and  B is the magnetic flux. 

The probe is located at a distance of  

18 mm from the cathode surface 

during experimental studies. As can be 

seen in Fig. 2 b, the magnetic flux 

magnitude at this point is equal to    

200 Gauss. So, the estimate show it 

can be neglected the influence of the 

magnetic on the probe characteristics.    

     In Fig. 4, the probe I-V curve at       

d = 3 cm shows that when the probe is 

negatively biased all electrons are 

repelled and the ions are accelerated to 

the probe, with a nearly constant 

current, called the ion saturation 

current. As the applied voltage is 

increased, most high energy electrons 

are able to travel down the potential 

gradient to be collected by the probe 

which acts as electron retarding 

regime. The temperature of electron, 

Te, is calculated from the inverse slope 

of the logarithmic plot of the electron 

retarding regime using the equation 

[18]. 
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where IP is the probe current  and  VP 

is the probe voltage. 

 

 

 
Fig.4: Langmuir probe voltage-current at d= 3 cm, Id =30 mA and P=0.2 mbar. 
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     In the same way, the temperatures 

of electrons for different electrode 

separation are calculated as shown in 

Fig. 5. It is clear that as the electrode 

separation increases, more collisions 

occur and the kinetic energy loss 

through electron inelastic collisions 

with atoms increases, thus the electron 

temperature decreases. 

 

 

Fig.5: Electron temperature versus electrode separations at Id=30 mA. 

 

     Another plasma parameter which is 

the electron density, ne, can be 

deduced from I-V probe characteristic 

curve by using the equation [19] 

   3
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where (Ie)sat is the electron saturation 

current  and  AP is the area of the 

probe. The electron densities for 

different electrode separations are 

calculated in Fig.6. It is noticed that 

the electron densities are increased as 

the distance d increases. This behavior 

is due to high energy electrons which 

are emitted by the cathode and 

oscillating between repelling potential 

of the sheaths and the effects of 

magnetic field, which cause an 

increase in the ionization of gas atoms 

by electron confinement electrons 

leading to a high sputtering rate of 

target atoms. The ion densities, ni, for 

different electrode separation can be 

calculated based on the orbital motion 

limit theory (OML) using the equation 

[17]. 
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where Ii is the ion current, and mi is 

the ionic mass (mass of Ar+ in this 

study).  By calculating the slope of the 

linear relationship between the square 

of ion current as a function of probe 

voltage in the ion saturation region, the 

ion density is obtained. In Fig.7 the ion 

density as a function electrode 

separation is plotted. It is observed that 

the ion density increased as the 

electrode separation increases, this due 

to increase the collisions probability. 
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Fig. 6: Electron density versus electrode separation at Id =30 mA. 

 

Fig.7: Ion density versus electrode separation at Id =30 mA. 

 

4. Analysis of gold grain size  

     In a glass substrate, a series of gold 

sputtering particles were prepared for 

different electrode separations, d, at a 

deposition time of 30 sec. The 

morphologies for particle's deposition 

are analyzed by using Atomic Force 

Microscope (AFM). 3D images from 

AFM results for different electrode 

separation at Id=30 mA are shown in 

Fig. 8.  

     The average Au grain diameter, Gd, 

and average grain height, Gh, as a 

function of electrode separation for 

different discharge currents obtained 

from the analysis of AFM images is 

presented in Fig. 9. It is shown that, the 

increase of electrode separation caused 

increase and decreases in the values of 

grain diameter and height respectively 

for different sputtering currents. 
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Fig.8: 3D images from AFM results for depositing gold on glass substrate P=0.2 mbar and 

t = 30 sec for different electrode separations. 
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(a) 

 

 
(b) 

 
Fig.9: Effects of variation of sputtering current with electrode separations on a- average 

gold grain diameter b- average gold grain height. 

 

     The average values of maximum 

and minimum gold grain diameter, Gd, 

and grain height, Gh, and the values of 

electron temperatures and ion densities 

are shown in Table. It is observed that 

the variation of separation leads to 

effect on plasma parameters leading to 

different values for grain diameter and 

grain height. 
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Table: Maximum and minimum values for gold average grain diameter, grain height, 

electron temperatures and ion densities at Id = 30 mA. 

d (cm) Gd (nm) Gh(nm) Te (eV) ni(m
-3

) 

4 90 6 4.132 3.8527x10
16

 
5 220 15 3.74 4.1512x10

16

 

 

Conclusions   

     The results from the present work, 

established that the inter-electrode gap 

and the operational conditions for the 

system are important parameters, 

which has a significant impact on the 

spatial morphology of thin gold 

coating obtained by sputtering in the 

magnetron glow discharge. The 

variation of electrode separation has 

been found effective for the values of 

electron and ion temperatures, and 

electrons densities are sensitive to this 

separation leads to a change in the 

surface morphology of samples. 

Furthermore, the effect of sputtering 

current is clear from the values of gold 

grain diameter and grain height. 

Finally, it is found that the average 

grain height and grain diameter t with 

different electrode separations is found 

to be nonlinear behavior. 
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