
Plasma Experiment: Part 1
AP 4018

Columbia University

1



Objective

• Learn how to operate a low-temperature, partially-ionized plasma 
source

• Characterize the discharge dynamics and time-scales
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How Does the Plasma Source Work?
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How Does the Plasma Source Work?
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How Does the Plasma Source Work?
• Note: the chamber is covered with 

permanent magnets to provide partial 
“cusp” confinement.

• This source and chamber has not been 
studied well in the teaching lab for several 
years. You will be conducting new 
investigations.

• Finally, know that electrons will be more 
strongly magnetized and influenced by 
the wall cusp magnetic field than will be 
the ions.  
 
What does this imply?

TheMach probe is used to determine the radial profile of the axial plasmaflow. Both disks are biased to negative
potential tomeasure ion saturation current whichwill be further used to calculate theMach number (un). The
plasmaflow (Vd) can be calculated usingMach number (un) and ion-acoustic velocity ( /�C KT ms e i )
measured by Langmuir probe, �V u C .d n s InMach probe, area of the collectors should be same. For reliability
and authenticity of the results, the probe is rotated by 180 degrees and ion saturation current ismeasured. The
ratio of ion saturation current for both cases, the previous arrangement and after the 180 degree rotation is
compared and found to be the samewhich implies the equal probe area.While the radial variation of plasma
parameters along the non-cusp region of SPSMusing the radial port, themeasurement along the non-cusp
region of TPSM is not possible. Hence a linear Langmuir probe array is constructed tomeasure the azimuthal
variation of ion saturation current which covers the cusp as well as non-cusp regions of both TPSMand SPSM.
This array consists of 5 probes placed atfive radial locationswith an interval of 4 cm i.e., at R=2, 6, 10, 14, and
18 cm, as shown infigure 5(b). This array ismounted on a rotatable axial shaft and the shaft itself isfitted to the
endplate of the vacuum chamber such that the shaft is at the center of the device at R=0. This arrangement

Figure 4. (a) and (c) shows the arrangement of electromagnets over the chamber, diagnostic ports, Langmuir probe for diagnostic and
magnetic field lines simulated using FEMM in SPSMandTPSMconfiguration respectively. Arrow in figures shows the current
direction in electromagnets. Figure (b) and (d) shows the pictures of plasma confined in SPSMandTPSMobserved through the
viewport fromone end of the device, the center region of bright glow offilaments has been shadowed to capture the feeble light from
wings or the cusp regions.

Figure 5. Schematic of (a)Mach probe, (b)five radial probe array integratedwith a rotatable axial shaft, (c) 2-dmeasurement in R�r
plane.
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Ionization by Electron-Impact
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Ionization cross sections for Xe, Kr, A, Ne and He by electron impact.
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Plasma Production and Loss

Plasma Production = Plasma Loss

(beam density x beam velocity x (σ ngas) x efficiency) = (plasma density x Cs/L){
∝ Emission Current

{

Ambipolar 

Loss Rate

Gas Fill

Pressure

{
Cs = Ion Sound Speed ≈ 106 √(Te/Mamu) cm/sec
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Plasma Production and Loss
• Key measurements:

• Filament Emission 
Current

• Filament Voltage

• Plasma Ion Saturation 
Current (from Probe)

• Gas neutral pressure

• Atomic Mass (4 or 40)
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Sweeping the Filament Voltage
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Sweeping the Filament Voltage

Scope
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More: What are the production rates and times?
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More: What are the production rates and times?
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Summary: Plasma Part 1

• Learn how to operate a low-temperature, partially-ionized plasma 
source

• Measure the how the plasma density varies with filament bias 
voltage, gas pressure, and atomic mass

• Examine the plasma build-up and loss rates
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