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Motivation..
Applications
- DC plasma sources operating in helium at atm. 
pressure - used for optical emission detection 
and localized micromachining of silicon 
- Microhollow cathodes - used as sources of UV light 
- Dielectric barrier discharges - gas analysis
- RF discharges, CCP&ICP
- Fast material processing
- Large surface area sources - arrays
- Biophysics: patterned surface modification

Physics Issues
- Scaling
- What physics is needed as dimensions 
decrease
- Ignition, reliability, lifetime, stability, 
sources of instability
- Discharge structure

0.25 0.5 0.75 1 2.5 5 7.5 10

200

400

600

800

1000

10
0 

Td

20
0 

Td

50
0 

Td10
00

 T
d

20
00

 T
d

 

 
V

b  [
V

]

pd  [Torr·cm]

E/
N =

 5
00

0 
Td



 

Laboratory for Gaseous Electronics, Institute of Physics Belgrade, Serbia

The issue of scaling

One of the key issues in transferring our standard 
knowledge for low pressure non-equilibrium discharges 
to micro discharges is that of scaling;

Standard scaling parameters:
E/N - electric field to gas number density ratio - proportional to 
the energy gain from the field between two collisions;
pd (Nd) - pressure times the characteristic distance between two 
electrodes - proportional to the number of collisions;
jd2 (j/p2) - current density normalized by the geometric 
dimension to the square- describing the space charge effects;
ω/N - frequency normalized by gas number density for rf
discharges.
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What is expected for micro discharges

pd, E/N and jd2 scaling??
Failure of the scaling can indicate new physics:

Heating of the gas
Fast neutrals
Nonlinear processes (atomic collisions leading to ionization, 
stepwise excitation, radiation trapping etc.
Field emission
Quantum effects: tunneling
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Breakdown mechanisms

BREAKDOWN
MECHANISM GAP

Townsend Avalanche > 5 μm

Field Emission of electrons 2 nm to 5 μm

Tunneling of electrons < 2  nm

- Important not to ignore field emission or tunneling 
currents for micro- and nanodevices !
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Breakdown voltage in argon discharges
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Scaling of standard size discharges –
Volt-Ampere characteristics
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Measurements for micro gaps

500-20 μm
pressure x gap =  0.05 - 5 Torr cm
diameter = 2mm

Paschen curves
V-I characteristics
oscillations
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Paschen curves
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Paschen curves
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Volt-Ampere characteristics
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 d = 1.1 cm;   Ub = 236 V
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  UU 0.5 mm data
 Simulation results (Old SEEC model)
 Simulation results (New SEEC model)
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Volt-Ampere characteristics - smaller gaps
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Constricted regime of discharge
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Volt-Ampere characteristics
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Oscillations

0.02 0.1 1
250

300

350

400

450
d = 100 μm, p = 33Torr, pd = 0.33 Torrcm

 

 

V
 [V

]

i [mA]

 steady state measurements 
 time resolved measurements

oscillations-0.4 -0.2 0.0 0.2 0.4
200

250

300

350

400

450

0.0

0.1

0.2

0.3

0.4

U
 [V

]

t [ms]

f = 2.9 kHz

 

 

i [
m

A]

-0.4 -0.2 0.0 0.2 0.4
200

250

300

350

400

450

0.0

0.1

0.2

0.3

0.4

U
 [V

]

t [ms]

f = 8.3 kHz

 

 
i [

m
A]



 

Laboratory for Gaseous Electronics, Institute of Physics Belgrade, Serbia

Oscillations
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The Story so far..

We were not able to operate in the Townsend regime, which may be
optimal for some applications
pd scaling  is not applicable at gap spacing of less then 5 micrometers; 
For micron and sub-micron gaps modified Paschen curve should be 
used;
The incorporation of field emissions leads to deviations from the well-
known Paschen curve in small gaps;
It appears that  j/p2 scaling is maintained if we assume that the width 
of the conducting channel is limited by diffusion;
In other words the discharges seem to be constricted or limited by 
geometry and it is essential to record the spatial profiles of emission for 
such discharges
Paschen curve may show features to the left of the minimum that 
appear like those due to field emission but those are due to the long 
path breakdown .
Several modes of oscillations occur for different current densities.
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