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First observation of drift waves in the lab

Q-1 Device “Q-Machine” (Princeton)



The QUIPS (QUIescent Plasma 
Source) machine: UCLA

Nonlinear effects at the critical layer. The 
radiation pressure creates a density cavity 
which produces energetic electrons and ions



Plasma physicists have invented many 
schemes for producing cold plasma at 
atmospheric pressure
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• For electron energy > 3 eV, energy 
transfer  through inelastic collisions is 
very efficient. 

• Transfer of energy from electrons to 
neutrals can be switched off by 
switching off the electric field after the 
plasma is formed. 

• A repetitive train of pulses will create 
fresh bursts of short-lived plasma, 
with energetic electrons and cold 
neutrals.



Series Resonance at 
wr = wp [Ls/Ls+Lp]1/2

Series resonant discharge

RF plasmoids: Wood 
Phys. Rev. 1930

Ne scales as w3

Electron bunching and beam 
formation. Cool bulk electrons

Plasma impedance approaches 
pure resistance

Internal electric field enhanced 
at resonance

Phase of E-field reverses in 
bulk

Problem: Low Degree of Ionization in Non-equilibrium plasmas





Nanowire 
Synthesis & 
Shape Control



PLASMA-LIQUID INTERPHASE



Conventional plasma processing

Active control of processing 
plasmas

Electron/ion density

Electron temperature 
(EEDF)

Radical density/flux

Ion flux

Ion energy

Internal parameters



The role of electron temperature in 
plasma processing

Threshold energy for chemistry

Increased breeding of SiH3 
precursor

Enhanced CF2/F ratio increases 
SiO2 etching selectivity

More CH3 in methane plasma 
improves diamond film

Low electron 
temperature is good!



Active control by 
pulsing

Ni reaches many times 
steady value. 

Ions trapped in off period 
due to low Bohm speed

N* and Te increase at initiation 
and drop sharply at off period





Plasma Reactor

AC - electric  
power 
source

Plasma gas: 
H2

CH
4

Laurent Fulcheri
Mines ParisTech, France



• Reform fossil fuels 
to enhance 
Hydrogen content

• Convert CO2 into 
Fuel

Can We Make 
Fossil Fuels 

Carbon Free?



Vision: CO2 neutral energy infrastructure

This vision includes CO2 capture and  re-use by 
means of direct air capture  (DAC) or capture at 

point sources



CO2 assymetric vibrational excitation

▪ Vibration excitation of  asymmetric 
stretch mode  reaches maximum at 
electron  energy 0.4 eV

▪ Steady electron drift  
establishes vD~ E/n

▪ E/nσ=Eλ equals potential drop  an 
electron experiences in  between 
collisions

▪ result E/n = 1.4 10-16Vcm2



Plasma- Catalyst Synergism



Large gas throughput required to stabilize the arc results in 
product gas dilution and reduction in energy efficiency

pyrolysis product gas is extracted 
and used for the arc stabilization, 
improving heat transfer without 
diluting the pyrolysis gases

35 % increase in  pyrolysis 
efficiency

improves the heat 
distribution in the primary 
chamber

increases electrode life by 
reducing the electrode 
erosion rate.Endogenous Gas Fed Plasma Torch



PLASMATECH Inc.

A knowledge-based commercial entity spun off 
from IPR can overcome its present limitations 
and concentrate on commercial exploitation of 
technologies selected from the large pool of its 
knowledge-base on the basis of profitability. 
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