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2 Photographs of Apparatus

Figure 1: Photograph of the simple langmuir probe experiment. PS1 is used to ignite and sustain the
discharge, while PS2 applies a variable voltage to the langmuir probe in the OA4G tube. The inset shows
the interior of the box that holds the OA4G tube.

Figure 2: Photograph of interior of the OA4G tube.
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3 Equipment List

This experiment is built around an older vacuum triode, OA4G, and is based off of an article in the American
Journal of Physics1.

• OA4G Tube (2)

– This item is no longer manufactured, but it can be found on e-Bay for (typically) under $20 per
tube. You will want to get one of the earlier versions of this tube where you see the inside of
the tube (manufactured by either RCA and Sylvania), not the ones that are enclosed in a black
metal case. The new version (in the black metal case) has a slightly different internal geometry
that does make them well suited for this experiment.

– Different manufacturers used different sized wires for the trigger anode, which is used as a Lang-
muir Probe . As such, you may want to buy two tubes, one for the experiment and one to
break open to measure the size of the probe. In the workshop, we used the RCA tube with
φ = 0.76 ± 0.02 mm and l = 2.54 ± 0.02 mm.

– You will need a collection of wires to connect everything. To make things simpler, we constructed
a small project box with three banana plugs to connect to the three pins on the OA4G tube. This
is not necessary but it does make things easier.

• Power Supply to generate a discharge (1)

– Any power supply will work, but you will want it to be current limited and will need ∼100V to
ignite the plasma. In the immersion, we used an Agilent DC Power supply (Model # E3612A),
which can provide 0 - 120V at 0 - 250 mA. If your power supply is not current limited, a high
power resistor (∼75 - 100 kΩ) in series with your power supply will limit the discharge current.
The discharge current should be limited to under 120 mA to extend the life of the tube.

• To measure a Langmuir trace, you will need to vary the voltage applied to the probe and then measure
the current collected by the probe. For the OA4G tube, you will need to vary the voltage over a
range of ∼ ±15V. Three potential methods for accomplishing this are described below and depicted in
Figure 3.

1. In the simplest (both conceptually and in practice) approach, Fig. 3(a), involves a variable power
supply is used to vary the probe bias voltage and the probe current is measured using a multime-
ter.2 This was the method employed in the workshop. For the power supply, we used a regulated,
linear power supply from International Power (Model#IHAD15-0.4), which provides an output of
± 15V. This output voltage was connected across a 10 turn potentiometer to provide a variable
voltage.

2. A more complex version involves applying a variable voltage (i.e. the triangle/ramp output of a
function generator) to the probe tip, Fig. 3(b). The current is again measured across a resistor to
ground. This circuit can be a simple as a 555 wired to generate a triangle wave and an op-amp
wired as a voltage follower or as complex as the circuit seen at the end of this section.3

3. The final approach, Fig. 3(c), involves using a source meter. This is perhaps the most flexible
(and expensive) approach to measuring a Langmuir trace.

1I. Alexeff, J. T. Pytlinski and N. L. Oleson, Am. J. Phys. 45, 860 (1977).
2The probe current can be measured directly using some multimeters or by measuring the voltage drop across a resistor

(typically, 10 - 1000 Ω).
3This circuit comes from Ruzic, D. N., Electric Probes for Low-Temperature Plasmas, (AVS Monograph Series, New York,

1994).
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Figure 3: Schematic of three circuits of increasing complexity to measure a Langmuir trace . The probe bias
voltage, Vp, is measured using a multimeter and the current collected by the probe is found by measuring
the voltage drop across a resistor, Vr.



















4 Analysis Procedure

4.1 Langmuir Probes

The Langmuir probe is a common diagnostic technique in low temperature plasmas (e.g. plasmas with
Te ∼ a few eV 4) and is used to measure the plasma density, electron temperature, and the plasma potential.
Typically,a Langmuir probe consists of a bare wire (or metal disk/sphere) that is inserted into a plasma.
When a bias is applied to the probe, the probe will collect electrons and ions from the plasma in the area
surrounding the probe. At negative (positive) biases, protons (electrons) and only the electrons (protons)
with sufficient energy to overcome the potential barrier of the probe are collected. As the probe bias is
varied, the fraction of the electron and ion distributions that are collected varies. The resulting I-V trace
will resemble what is seen in Fig. 4.
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Figure 4: A representative Langmuir probe trace with different regions of interest indicated.

Each of the regions indicated in Fig. 4 corresponds to unique populations being measured. At large
negative biases (region A), only ions are collected by the probe. This is known as the ion saturation current,
Iis. In region B, the ion saturation current plus a small amount of the electron distribution is measured.
The voltage when the net current collected is zero is known as the floating potential, Vf . In region C, an
increasing fraction of the electron distribution is measured. At the knee of the curve, known as the plasma
potential (Vp), you are now measuring the entire electron distribution and some of the ion population is being
repelled (region D). In region E, only electrons are collected by the probe and this is known as the electron
saturation current, Ies. In region F, the probe is beginning to act as a source of electrons. The electron
temperature and density can be found from region C and E respectively, while the plasma potential can be
found from the intersection of these regions. It should be noted that under some experimental conditions,
it is possible to not observe Regions D and E. In this case, you can only find the electron temperature from
the I-V trace obtained with a Langmuir Probe.

4It is common practice in the area of plasma science to report the temperature in the energy unit, eV, where 1 eV is 11,600 K.
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4.2 Analysis Procedure

The I-V trace obtained from a Langmuir probe can be analyzed using the following recipe.5 Details on the
mathematical representation of a Langmuir Probe trace can be found in Merlino, Am. J. Phys, 75 (2007).

1. Perform a linear fit to the ion saturation region to find the ion saturation current and then subtract
the ion current from the total current in the I-V trace to obtain the electron current.

!"# $!%#$

Figure 5: (a) Plot of the I-V trace and fit to the ion saturation current region (b) Plot of the electron current.

2. Take the natural logarithm of the electron current and plot this as a function of the probe voltage.
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3. Perform a linear fit to the electron retardation (Region C, black curve) and electron saturation (Region
E, blue curve) regions. The electron temperature, kTe (in eV, 1eV =11600 K), is found from the inverse
of the slope from the linear fit to the electron retardation region.6
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5The sample data that is used to illustrate each step was taken using an OAG4 vacuum triode with Vdis ∼ 63 V, Idis = 60 mA.
The original data will posted on my lab webpage: http://wupl.wittenberg.edu/curricular/AAPT2014.html.

6see Equation 5 in Merlino, Am. J. Phys, 75 (2007).
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4. The plasma potential and electron saturation currents are found from the intersection of the two
straight-line fits to the electron retardation and electron saturation regions, as seen in the dashed lines
below
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5. The electron density can be found from the electron saturation current and electron temperature using
Eq. 1.7

ne =
Ie,sat

Aprobe

√
kTe

2πme

(1)

The resulting plasma parameters are summarized in the table below.

Table 1: Plasma Parameters

Te 0.45 ± 0.01 eV
Vp -5.1 ± 1.5 V
Ies 0.51 ± 0.02 mA
ne (3.1 ± 0.1) × 109 cm−3

7see Equation 6 in Merlino, Am. J. Phys, 75 (2007).

15



4.3 Another approach

If you have sufficient data, it is also possible to reconstruct the electron energy distribution function (EEDF)
from the measured I-V trace.8
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1. Find the electron current as described in step 1 in Section 4.2 above.

2. The EEDF can then be found from the second derivative of the electron current with respect to the
probe voltage using the Druyvesteyn method.

fe(ε) =
2

Aprobeqe

√
2meε

qe

d2Ie
dV 2

probe

(2)

where Aprobe is the area of the probe, qe is the electron charge, me is the electron mass, ε is the
electron energy (ε = qe (Vp - Vprobe), Vprobe is the probe voltage and Ie is the electron current. The
reconstructed EEDF, fe(ε) is seen below.
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3. The electron density and effective electron temperature can then be found by taking moments of the
distribution function.

ne(ε) =

∫ ∞

0

fe(ε)√
ε

dε (3)

Te(ε) =
2

3ne

∫ ∞

0

ε
3
2 fe(ε)dε (4)

8The sample data that is used to illustrate each step was taken using an OAG4 vacuum triode with
Vdis ∼ 64.8 V, Idis = 120 mA and ∆Vprobe = 0.1 V. The original data will posted on my lab webpage:
http://wupl.wittenberg.edu/curricular/AAPT2014.html.
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The plasma parameters found using the method described in Section 4.2 are summarized in the table below.

Table 2: Plasma Parameters

Te 0.41 ± 0.01 eV
Vp -3.9 ± 0.6 V
Ies 0.75 ± 0.01 mA
ne (6.1 ± 0.2) × 109 cm−3

The values found from the reconstructed distribution function are summarized below.

Table 3: Plasma Parameters

Te 0.49 eV
ne 2.62 ×1010 cm−3

It is noted that the method used in Sections 4.2 and 4.3 are not the only model that can be used to analyze
a Langmuir trace and that the reported error only includes the statistical error. The differences that are seen
between these two methods is comparable to what one might find when using a different model. Additional
information can be found in the references included.
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5 Sample Data

5.1 Typical Results using an (RCA) OA4G tube
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Figure 6: Representative Langmuir trace.
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Figure 7: The plasma parameters appear to be relative independent of the tube used. The electron density
increases with discharge current.
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5.2 Magnetic field Experiment

To examine the effect that a magnetic field has on the measured I-V curve, we used a coil of wires
(Heath Company, Part #40-694, dc resistance = 62.5 Ω, 3400 turns) and a dc power supply.

Any source of magnetic field will work - even permanent magnetic positioned around the discharge
tube (this would allow you to create interesting magnetic topologies)

The calibration for the magnetic coils used was measured using a magnetic field sensor from Vernier
and is given below. We used a slightly older mode of the magnetic field sensorl, which did not provide
optimal access to the measurement volume. This measured value is slightly less than would be predicted
by theory and we anticipate that the measured value of the magnetic field is slightly smaller than the
actual value.
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Coefficient values ± one standard deviation

a =0.015475 ± 0.00624
b =0.035176 ± 3.53e-05

With increasing magnetic field, the electrons begin to orbit the magnetic field lines at the electron
gyroradius, Equation (5). This results in a decrease in the measured electron saturation current, which
results in a decrease in the measured electron density.

re =
mv⊥
|qe|B

= 2.38

√
Te
B

(5)

where Te is the electron temperature in eV, B is applied magnetic field in Gauss and re is the electron
gyroradius in meters.
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Typical results are seen below.
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Figure 8: As the magnetic field increases, a decrease in the electron saturation current is measured.
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Figure 9: While the temperature is independent of the applied magnetic field, the density appears to decrease
due to the smaller electron saturation current that is measured.

6.5x10
9

5.5

4.5

3.5

2.5

n
e
 (

c
m

-3
)

-200 -100 0 100 200

B (Gauss)

50x10
-3

40

30

20

10

0

L
a
rm

o
r R

a
d
iu

s (c
m

)

Figure 10: Plot of the electron density (crosses, left axis) and electron gyroradius (circles, right axis) as a
function of the applied magnetic field. As the electron gyroradius becomes comparable to the probe size
(indicated by the dashed line), the electron saturation current (and measured electron density) decreases.
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6 References

The following references should provide useful background and potential ideas for experiments suitable for
the intermediate and advanced laboratory. When available, we have provided links to where these resources
can be found online.

1. Stephanie A. Wissel, Andrew Zwicker, Jerry Ross and Sophia Gershman, The use of dc glow discharges
as undergraduate educational tools, Am. J. Phys. 81, 663 (2013). - Scitation link, Compadre link

• This article provides a nice overview of several applications on how plasmas can be incorporated
into the undergraduate curriculum using the device that you used during the summer immersion.

2. J. Williams, Andrew Zwicker, Stephanie Wissel, Jerry Ross, Sophia Gershman, Initial work on Exper-
imental Plasma Station for the undergraduate curriculum, 2012 Conference on Laboratory Instruction
Beyond the First Year of College, Philadelphia, PA (July 2012). - Compadre link

• This poster provides a nice overview of several applications on how plasmas can be incorporated
into the intermediate and advanced laboratory.

3. R. L. Merlino, Understanding Langmuir probe current-voltage characteristics, Am. J. Phys. 75 1078
(2007). - Scitation link, Author’s website

• Provides a nice description on why a Langmuir probe trace looks the way that it does. Mat-
Lab/Octave code (based on the MAPLE code that the R. L. Merlino included with the publica-
tion of this article) to generate model Langmuir probe current-voltage (I-V) characteristics can
be downloaded here.9

4. I. Alexeff, J. T. Pytlinski and N. L. Oleson, New elementary experiments in plasma physics, Am. J.
Phys. 45, 860 (1977). - Scitation link

• Describes four plasma experiments that can be done using gas tubes. One of the experiments
described in this paper was the basis for the experiment with the OA4G tube that was done at
the immersion.

5. J. T. Pytlinski, H.J. Donnert and I. Alexeff, Behavior of a single Langmuir probe in a magnetic field,
Am. J. Phys. 46, 1276 (1978). - Scitation link

• A nice experiment showing the effects of magnetic fields on Langmuir traces using the OA4G
tube.

6. O.K. Mawardi, Use of Langmuir Probes for Low-Density Plasma Diagnostics, Am. J. Phys., 34, 112
(1966) - Scitation link

• Provides a nice review on the theory of Langmuir probes and provides a sample calculation.

7. Ruzic, D. N., ”Electric Probes for Low-Temperature Plasmas,” (AVS Monograph Series, New York,
1994).

• A short book that provides a practical level description of electric probe diagnostics.

8. Luis Conde, An introduction to Langmuir probe diagnostics of plasmas, available online.10

9http://wupl.wittenberg.edu/curricular/ALPhA2014/GenerateLPTrace.m
10http://plasmalab.aero.upm.es/ lcl/PlasmaProbes/Probes-2010-2.pdf
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If you are interested in getting into the complexities of probe theory, the following references are an excellent
starting point.

1. F. F. Chen , Electric Probes, in Plasma Diagnostic Techniques, edited by R. H. Huddlestone and S. L.
Leonard (Academic, New York, 1965), Chap. 4.

2. I. H. Hutchinson, Principles of Plasma Diagnostics, 2nd ed. (Cambridge U.P., Cambridge, 2002),
Chap. 3.

3. F.F. Chen provides a concise summary of Langmuir probe techniques Lecture notes on Langmuir probe
diagnostics is available online at http://www.ee.ucla.edu/∼ffchen/Publs/Chen210R.pdf.
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PLASMA PHYSICS 
 
BACKGROUND 
When one typically considers a gas, one thinks of a collection of neutral particles whose 
dynamical behavior is governed by local interactions (i.e. collisions).  This picture, however, is 
not entirely accurate because there is always some degree of dissociation – which is to say there 
are some electrons have been separated from neutral atoms, resulting in some number of free 
electrons and positive ions.  At room temperature, the degree of dissociation (ionization) is so 
low that molecular and atomic properties dominate.  As the temperature increases, the ionization 
increases and at some point, the behavior of the system is governed not only by local interactions 
but also by long-range electromagnetic forces.  Typically, this happens when the thermal energy, 
kBT, approaches the ionization energy, Ei (the energy needed to free the outermost electron).  
When this occurs, one moves into the plasma state. In general, the degree of ionization necessary 
to enter the plasma state can be quite low (~0.1%).  As a result, there is not a sharp boundary that 
denotes the transition into the plasma state. 
 
As with any state of matter, it is important to be able to quantify that state.  In the case of the 
plasma state, the typical parameters that are used include the ion and electron densities, the 
electron temperature and the electron distribution function, that is the distribution of electron 
velocities.  The simplest method to accomplish this involves inserting a small metal electrode 
(Langmuir probe) into the plasma and then measuring the electrons and ions (currents) that are 
collected by the probe as the voltage applied to the probe was varied with respect to the plasma 
space potential1, Vp.  A typical I-V curve can be seen in Figure 1 and is explained in Appendix 1. 
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Figure 1: Typical Langmuir probe trace. 
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  Because there is an imbalance in electron and ion loss rates, the plasma will be at difference in the electric 
potential between the plasma and the wall of the plasma vessel.	
  



EXPERIMENTAL OVERVIEW AND DETAILED PROCEDURES 
To examine the plasma state, you will be using a cold-cathode, gas filled triode, the OA4-G.2  
This tube is filled with argon gas at a pressure of 1 Torr and contains three electrodes: a metal 
disc cathode (pin 2), a wire tip electrode (pin 5) and a trigger anode (pin 7).  You will generate a 
plasma by applying a voltage across the metal disc cathode and wire tip electrode and then 
measure the parameters of the resulting plasma using the trigger anode, which will function as a 
Langmuir probe.  This is seen in the circuit schematic in Figure 2.  To protect the gas tube, a 
resistor is used to limit the current in the discharge. 
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(a)  (b)  
Figure 2: (a) Cartoon depicted the OA4-G discharge tube.  (b) Circuit diagram used in this lab. 

 
Your objective in this experiment is to measure the characteristic I-V curve at different discharge 
currents and to obtain a measure of the plasma parameters for each set of plasma conditions 
examined.  To do this, you will follow the process described below. 

1. Ignite the plasma by turning on the power supply and increasing the voltage until you see 
a purple glow inside the tube. 

2. Adjust the discharge current to the desired value.  You will be measuring the 
characteristic I-V curve for at least 3 discharge currents between 20 and 120 mA. 

3. Vary the voltage applied to the Langmuir Probe (pin 5) using the second power supply, 
which provides voltages from -15V to 15V, and measure the current that is collected by 
the probe.  As you are taking data, be sure to makes sure that you have enough data in the 
areas of interest. 

Once you have worked out the specifics of your experiment, you should present your 
experimental plan to the instructor. 
                                                
2 An open tube is available for you to examine more closely. 



Once you have your data, follow the procedure described below to find the various plasma 
parameters. 
 

1. Find the ion current by performing a linear fit to the ion saturation region of your data.  
Subtract this from the total current to find the electron current. 

2. Plot the natural log of the electron current as a function of probe voltage and fit the 
electron retardation and saturation region to a line.  The slope of the best fit line in 
electron retardation region is the inverse of the electron temperature in eV  (Why is this?  
Hint: Think about what Equation A.4 is telling you), while the intersection of the fits to 
the electron retardation and saturation regions gives you the plasma potential, Vp, and the 
electron saturation current, Ie,sat.  

3. Use these results to find the relevant plasma parameters (with their associated 
uncertainties).  These include 

• the ion and electron saturation currents 

• the floating (Iprobe = 0) and plasma space potential 

• the electron temperature 

• the ion (Equation A.3) and electron (Equation A.4) density (What is the uncertainty 
due to the uncertainty in the area of the probe?). 

• Debye Length3 
 
As you are analyzing your I-V curves, you should consider following questions: 
 
• How do you Langmuir probe traces for different discharge currents compare? 

• Is there a relationship between the parameters you found and the discharge current? 

• How do the ion and electron densities compare?  Is the condition of quasineutrality (ni ≈ ne) 
satisfied?   What is the ionization fraction? 

• How does the electron temperature compare with room temperature?  What is the thermal 
velocity of the electrons?   

                                                
3 When a probe is inserted into the plasma, charges from the surrounding plasma will flow to it, effectively shielding 
the probe from the surrounding plasma.  As a result, there is a characteristic length scale over which the probe will 
have an influence.  This length scale is known as the Debye length and is given by 
 

€ 

λD,e =
ε okBTe
e2ne

	
  



• Over time, the glass tube does get warm.  However, it doesn’t melt.  On the surface, this 
seems somewhat surprising given the electron temperatures that you measured.  Why doesn’t 
the glass melt? 

• How does the Debye length compare to the size of your probe?4  the mean free path of an 
electron? 

  

 
 
 
The following resources may be useful to you: 
 

• Alexeff, J. T. Pytlinski, and N. L. Oleson, Am. J. Phys. 45, 860 (1977). 

• R. L. Merlino, Am. J. Phys. 75 1078 (2007). 

• L. Conde, An introduction to Langmuir probe diagnostics of plasmas, available online at 
http://plasmalab.aero.upm.es/~lcl/PlasmaProbes/Probes-2010-2.pdf 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
4	
  This is actually a fairly important question because one of the key assumptions in probe theory is that 
the probe radius is large compared to the Debye length.  When designing your own probe, this is a critical 
factor in designing a probe if you want it to measure something meaningful.	
  



APPENDIX 1 – A BRIEF INTRODUCTION TO LANGMUIR PROBES 
 

When an electrode (Langmuir probe) is inserted into the plasma and biased relative to plasma 

(space) potential, it will collect charges from the background plasma medium.  The net current 

that is collected by the probe can be found by summing the contributions from each of various 

plasma species, α = ions, electrons (typically). 

 
 

€ 

I = A nαqαvα
α

∑  (A.1) 

 
where A is the total collecting surface area of the electrode and nα, vα, qα are the density, charge 

and average velocity of species α respectively.  When we bias the probe, an electrostatic 

potential is established around the probe and only particles having a sufficiently large thermal 

energy will be able to overcome this electrostatic potential to reach the probe.   

 

Let’s consider what happens to the electrons, q = -qe and m = me, when we apply a negative 

voltage to the probe, Vprobe.  From Physics 218, you know that the potential that the electrons see 

will act like a barrier and only electrons having a kinetic energy greater than qeVprobe will make it 

to the probe and be measured as a current.  In other words, only electrons moving toward the 

probe with a velocity
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v ≥+
2qeVprobe

me

 will be measured in the contribution that the electrons 

make to the total current in Equation (1).  Since the plasma particles are interacting with each 

other through collisions, we know from thermodynamics that the electrons (and ions) will have a 

range of velocities and that the distribution of particle velocities, fα(v), is described by a 

Maxwellian function. 
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where kB is Boltzmann’s constant and mα is the mass of the plasma species α.  As a result, the 

contributions of the electrons to the probe current would be given by 
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Ie = fe v( )dv
vmin

∞

∫ , where 
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vmin =
2qeVprobe

me

 depends on the bias applied to the probe.  This is depicted graphically in the 

figure below. 
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Figure A1: Showing the portion of the electron distribution function that is measured. 

 
As a result, if I initially apply a very negative voltage to my probe, no electrons will reach the 

probe and the electron contribution to the probe current will be zero.  As the voltage applied to 

the probe becomes more positive, more electrons will reach the probe and the contribution of the 

electrons to the measured probe current will increase as we measuring a larger portion of the 

electron distribution function.  Eventually, all of the electrons surrounding the probe are 

measured and the electron contribution to the probe current reaches a maximum value, Ie,sat.  A 

similar argument will apply to all the charged species in the plasma.  As a result, what I measure 

looks like what is seen in the below. 
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Figure 5.3: At its simplest, a Langmuir probe is just a wire stuck into the plasma. Of
course, electrical contact with the plasma is limited by the plasma sheath. An external
power supply allows the probe’s voltage to be adjusted and the resulting current measured.
The characteristics of the plasma can be determined by careful analysis of the resulting IV
relationship.

reproduce itself through the above mechanism. Clearly the cathode fall depends both on
the gas (how easy it is to ionize) and the cathode material (how easy is it to eject secondary
electrons). Luckily we will not need to understand in detail the processes maintaining
the discharge near the cathode. A properly operating Langmuir probe does not utilize
secondary electron emission, that is we limit voltage drop near the probe to much less than
the cathode fall.

Langmuir Probe Theory

As stated above, if a wire is stuck into a plasma, instead of connecting to the plasma
potential (Vp) it instead charges to a negative potential (the floating potential: Vf < Vp)
so as to retard the electron current enough so that it matches the ion current. An equal
flow of electrons and ions—zero net current— is achieved and charging stops. If the wire
is held at potentials above or below Vf , a net current will flow into the plasma (positive I:
plasma electrons attracted to the probe), or out from the plasma (negative I: plasma ions
attracted to the probe). Figure 5.3 displays a Langmuir probe IV curve dividing it up into
four regions (A–D):

A. When the Langmuir probe is well above the plasma potential it begins to collect some
of the discharge current, essentially replacing the anode.

B. When the probe is at the plasma potential (left side of region B), there is no plasma
sheath, and the surface of the probe collects ions and electrons that hit it. The electron
current is much larger than the ion current, so at Vp the current is approximately:

Ip = eA1
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Figure A.2: Representative Langmuir Probe trace. 

 

To understand this plot mathematically, you simply need to calculate the electron and ion 

contributions to the probe current by integrating over the appropriate regions of their distribution 

functions.  To understand this plot physically, it is important to note that there are for distinct 

regions. 

 

• In region D (Vprobe < Vf), known as the ion saturation region, the probe voltage is so negative 

that no electrons have enough energy to reach the probe.  However, all of the positively 

charged ions (with mass mi) do.  As a result, the current that is measured by the probe in this 

region is due only to the ions and it is a measure of the entire ion distribution function.  As a 

result, the current is relatively constant and is known as the ion saturation current, Ii,sat. 
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• In region C, known as the electron retardation region, the probe is collecting all of the ions 

and electrons with sufficient energy to make it to the probe.  In this region, the current that is 

measured by the probe is given by Equation (A.4) 
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• In region B, , known as the electron saturation region, the bias applied to the probe is greater 

than the plasma (space) potential and the probe will collect ions and electrons that hit it.  

Since electrons are so much smaller than the ions, the electron’s contribution to the current is 

much larger that the ion’s contribution.  In this region, the current is known as the electron 

saturation current and is given in Equation (A.5) 
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 (A.5) 

 

For an ideal probe, the current would be constant in this region.  However, in real life, the 

current will continue to increase.  This is because all of the electrons and ions in the region 

immediately around the probe have been collected, which allows the probe to collect charged 

particles further away from it, which effectively increases the area of the probe and the 

current that is measured. 

 

• In region A, the voltage is well above the plasma (space) potential.  In this region, the probe 

begins to collect some of the discharge current, essentially acting like the anode. 
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