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Fig.1. Axial profiles of the output intensity of luminosity for 
longitudinal combined discharges with Urf = 153 V and several

 

fixed Udc values , p = 0.5 Torr. 
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The longitudinal combined (RF/DC) discharge is presently rather popular in the 
microelectronics industry for etching, sputtering, and deposition of thin films [1]. Recently a large 
number of experimental and theoretical papers have appeared which are devoted to the study of 
combined discharges. However, there are still missing papers describing different modes of burning of 
such discharges related to different values of RF voltage. In the previous paper that the combined 
discharge was shown to exist in one of three possible modes. At small DC voltages the first mode is 
observed, i.e., the RF discharge perturbed by the DC voltage. The second mode, i.e., the combined 
discharge, exists in the presence of intense ionization in the cathode layer, when the DC voltage 
exceeds some critical value. The third mode (DC discharge perturbed with RF field) is observed when 
a small RF voltage is applied to a burning DC discharge [2]. In this work the axial intensity profiles of 
luminosity were registered for three modes of low pressure discharges in nitrogen. It is shown that two 
glowing layers near the anode exist in the second mode of the combined discharge. 

We studied the longitudinal combined (RF/DC) discharge experimentally. Experiments were 
performed at the nitrogen 
pressure of p = 0.5 Torr with  
the fixed RF voltage Urf = 
153 V within the range of DC 

voltages Udc 

 

510 V and the RF 
field frequency of 
f = 13.56 MHz. The distance 
between plane-parallel stainless-
steel electrodes was L = 30 mm. 
The RF potential was applied to 
one of the electrodes, whereas 
another one was grounded. The 
RF electrode served as a 
cathode at the same time, 

because a negative DC potential 
was also applied to it. 

We made the photos of 
undisturbed RF discharge and 
for three modes of the 
longitudinal combined 
discharge and then digitized them. Fig.1 shows axial profiles of the average output intensity of 
luminosity for the RF discharge and longitudinal combined (RF/DC) discharges at fixed RF voltage 
and different values of the DC voltage. At Fig.1 z = 0 mm corresponds to the cathode

 

surface and z 
= 30 mm to the "anode" one, respectively. 



Let us ignite the RF discharge in the weak-current -regime. We can observe a symmetric axial 

profile of the RF discharge luminosity (see Fig.1). And now let us apply a small DC voltage across the 
electrodes (Udc = 137 V) additionally to the symmetric RF discharge. The thickness of the sheath near 
the cathode increases [2]. In this case we observe the first mode of the longitudinal combined 
discharge 

 
RF discharge perturbed by the DC electric field. In Fig. 1 we can observe it by the near- 

cathode peak of luminosity, which changed its location in the axial profile and moved closer to the 
centre of the discharge chamber (z = 13 mm). And the peak of luminosity near the "anode" has almost 
the same position (z = 25 mm), as in the symmetric RF discharge. 

With the higher DC voltage (Udc = 249 V) applied to the RF discharge we observe the second 
mode 

 

combined discharge. It is characterized by the existence of electron avalanches and high 
ionization rate in the "cathode" sheath. Accordingly, in Fig. 1 a high peak of luminosity is near the 
"cathode" (z = 6 mm). Two glowing layers near the "anode" are of special interest in the combined 
discharge, which we can easily recognize in two peaks of luminosity near anode (z = 25 mm, z = 27 
mm). One of them (at z = 25 mm) corresponds to the luminosity near the sheath boundary of the RF 
discharge which we can see during the half period of the discharge burning, and the second one (z = 
27 mm) corresponds to the "anode" glow of the DC discharge.  

The anode in a glow discharge serves as a collector of electrons equaling the electron current 
in the external circuit to the total discharge current. The value of the anode voltage drop strongly 
depends on the anode position in the discharge. The anode glow sets in when there is a necessity in the 
additional ionization in the anode layer to make equal the electron current in the external current and 
the total discharge current. The anode voltage drop is comparable with the ionization potential of gas 
molecules via electron impact. When the anode is located in the vicinity of the anode end of the dark 
Faraday space, the diffusional flow of electrons in this part of the DC discharge is not large. A large 
part of the flow of fast electrons leaving the cathode layer just cannot get to this part of the discharge 
having time to lose their energy due to inelastic and elastic collisions with gas molecules and to 
thermalize.  

When not high RF voltages are applied to the DC discharge (Udc = 510 V) we observe the third 
mode 

 

non self-sustained DC discharge perturbed by the RF electric field. The axial profile of the 
discharge glow luminosity decreases uniformly in the central part of the chamber from the "cathode" 
to the "anode". But there are some peculiarities of glow in the sheaths. In the "cathode" sheath we 
observe two peaks of luminosity with different intensities. One of them (z = 6 mm) is caused by the 
high-energy electrons in the "cathode" sheath (similar to the second mode of the combined discharge), 
and the second one (z = 1 mm) corresponds to the "cathode" glow. And in the "anode" sheath we 
observe the weak glow of the DC discharge, which corresponds to the axial luminosity at z = 27 mm. 
On growing Udc the boundary of the negative glow and the dark Faraday space is shifted to the anode 
side. At sufficiently large Udc values the anode happens to be located in the negative glow, and the 
anode glow disappears. Then a large diffusion current flows to it together with the flow of fast 
electrons. The anode glow actually disappears because large anode voltage drops are not required to 
drive these two electron flows to the anode surface. 

So, we studied the modes of the longitudinal combined RF (13.56 MHz) /DC discharges via the 
axial intensity profiles of the discharge glow luminosity in nitrogen. It is shown that two glowing 
layers near the anode exist in the second mode of the combined discharge.  
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