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from the chamkf by a nylon sheet. The probe we used to collect our data was a small sphere 
mounted on a conbcfing md. % rud was shielded from the plasma by a glass tube surrounding 
it. The probe was cai~&ted to its controller via an elmtricd feed- through in the side of the 
chamber. The p p b . w ~ ~ & p  muted on a motorized slide so that plasma characteristics can be 

r was placed between the source and the probe in order to 
t the plasma toward the source. A hahemtic drawing of 
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Figure 2: A schematic drawing of the experimental set up. The probe and the ground 
washer are isolated from each other and on1 y the probe is movable. 

Once all, of the components w m  in place the chamber was d e d  and pumped down to vacuum. 
We then adjusted the argon flow 'using a needle valve until there was enough gas in the chamber 
to generate a plasma. A picture of the source in operation is shown below. 



Abstract 
The objective of this research project was to investigate the properties of a prototype plasma 
source similar in nature to an ion thruster. We were able to operate this new source and 
successfuIly generate a plasma. We built two new plasma probes to study the properties of this 
plasma, such as size, density, and temperature. We also updated and enhanced the equipment 
available in lab to encourage more active undergraduate research at,Eastern Michigan 
Vniversi ty . 

LAU .a 

source is 1 1.4 cm 
diameter of 6.4 cm at the 
-inlet with an inner 
all hole (0.8 mm in 
for our experiment. 

All of our expeximents were conducted under vacuum. The gas line connected to the back of the 
source was grounded to the chamber while the h n t  of the source was kept at a negative bias 
which we controUed from an adjustable voltage source outside the chamber. The source itself 
was placed on a movable stand so its height could be adjusted as needed. The stand was isolated 



Figure 3: A picture of the plasma source in operation, taken though a side window of 
the vacuum chamber. Notice the narrow pink jet of plasma extending horn the very 
center of the source. 

Results 
The data from our plasma source was taken in the form IV tram using the probe shown above. 
In this procedure the potential on the probe was swept from 40 volts to +40 volts in 0.25 v~Zt 
steps. The current being collected was recorded at each point and the final result is a1 IV trace 
like the one shown hlow. This particular trace was taken with a 650 volt potential difference 
across the source. 



Figure Q: A typical IS7 trace up@o awlp,glasma characteristics. The most important 
points are the initial and fWl @&ii;th$ @* in the v e q  steep region of me graph, and 
the '"knee" in the uppwd@t; '%$&~ae:the.sharp change of slope thar occm around +5 
volts. All of our trmS b d , , & $ Q ~ : s ~ :  Mes, but this is not a phenomenon we 
expected to see. 

From an IV trace we can get information about ion and electron densities, the floating potential 
and plasma potentid, and the electron temperature. The fust important point on an IV trace is 
the initial current+ The cment collected when the probe is at -40 volts is the ion current. From 
this data point we can get information about the ion density in the plasma. The next important 
point in the trace is where it crosses the x-axis. This is rhe floating potential of the plasma, the 
potential where the probe collects the same number of ions as electrons. Just after the floaring 
potential the graph slopes up sharply before leveling out again. This region of sharply increasing 
s lop is calIed the transition region. The probe potential at the infiec tion point, where the graph 
changes from concave up to concave down, gives us information about the electron temperature. 
The probe potential at the end of the transition regioa, where the graph has its maximum positive 
slope, tells us the plasma potential. The final point on the IV m e ,  when the probe is at i t 0  
volts, is the elecimn current. From the electron cumn t we get information about the electron 
density in the plasma. 

Since the potential difference across our source is what pulls neutral gas atoms apart into ions 
and electrons, we would expect the ion cwrent and electron cment to increase as we increased 
the potential difference across the source. Since the arnoun t of ions increases at the same time 
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the floating potential t9 remain 
at differentsour& biases, we 
e iopcurp-ut, eletmn current 



E h b n  C u e  and Sourea Birrs (Prob. Voltage40 V) 

Figure 6: A plot of the elecmn current as a function of source bias. Notice there is a 
strong correlation here as well but that many more eIectrans are collected than ions; the 
current is measured in mA. Electrons are much lighter then ions and so they are much 
mare mobile, resulting in more of them reaching the probe. 
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Figure 7: A plot of floating pte c ~ ~ ~ g g & ~ ,  . ,  . , , ,  -1 there is 
only a difference of 0.75 volk between the highest and lowest point This s u p r t s  our 
prediction hat the floatlfig;pqm,fi$ of the p h p a  does not d e p d  on t4e s o w  bias. 

The data we have collected shows a strong correlation between the source potential and plasma 
properties such as ion and electron current, as we expected. Also as expected, the floating 
potential of the plasma is relatively constant in spite of changes in source bias. Furher analysis 
of the data is needed in order to characterize ion and electron density, as well as electron 
temperature and plasma potential in terms of source bias. Given the current trends, we expect 
that both ion and electron density will increase with source bias while electron temperature and 
plasma potential will remain constant. An interesting observation is that although the shape of 
the IV traces are consis tent, the traces themselves are not as smooth as we expected them to be in 
the transition region. In all of the IV traces a sudden change in the slope is observed around 
when the probe bias reaches 5 volts. T h i s  change could be due to the large size of the probe 
disturbing the plasma. We hope that IV traces taken with the smaller probe under similar 
conditions will have smoother transition regions. 
Another aspect of the project that needs to be addressed is tRe size of the plasma. While the 
probe was successfully mounted on a motorized slide to move axialty in relation to the source, 
reliable spatial data has not been collected. A future research project would be to study how the 
plasma characteristics change as distance from the source increases. This would give us an idea 
of how far from the source the piasma extends and how ion and electron density, as well as 
electron temperature, depend on distance from the source. 



Once these measurement$ have been made anddata has been analyzed, the apparatus could be 
modified to take data radially. This would give uso more information about the size of the plasma 
and how its characteristics depend on ::::::adid *stance from the center of the source. We have 
just scratched the surface of this expment; there are many dimensions that still need to be 
explored in d W,mJe picture. All of these dimensions provide on-campus 
mearch op pmsen&i~d future undergraduates in our department. 
In conclusion, %e w@&,@e'r.b meet our goals for this project. We successfully operated the 
plasma sou- and & ~ P & & s  of data. We were able to analyze this data to get information 
about the plasm&i,dmibg potential, ion and electron current, and how these characteristics 
change with c h g e s  in the s o m  potentid. Further analysis of our data will give us 
information about the plasma potential and the electron temperature. Although we have some 
information abut thdplasma generated by our source, there are many questions stiU to be 
answered. 

Accounting of Funds 
The original funding q u e s t  included funds for valves, power supplies, and vacuum fittings. 
Half way through the project it became obvious that the power supplies would be the important 
aspect of controlling the device. As our power supplies biecme cummt-limited, the voltage 
across the device would drop, and the plasma would m#-&f. The funds were then used to 
purchase 2 power supplies to drive the plasma Tkk@@&&lmt of Physics and Astronomy 
matched the SPS Research grant funds 2; 1, ~ ~ ~ p ~ :  

Matsusada Precision High V d W  Powesm~upply 
Model : S/N 039&02, :@Om kV, 15 znA) $2810 

Matsusada Prwision High Vdtage Power supply 
Model : S/N 039598L (1 kV, 600 mA) 

Total: 
Funding: 

SPS Grant 
Dept. Match: 

Total: 

$2980 

$5790 + shipping 

$1 970 
$3820 -t- shipping 

$5790 + shipping 

These power supplies will be used by future students and have greatly increased the capabilities 
of the laboratory. This semester (Fall 20061, a sophomore SPS member will be applying for a 
Michigan Space Grant Undergraduate Fellowship to use the device and equipment d a t e d  to this 
project. This application would not be possible without this research grant. 


