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Abstract

Langmuir probes have been widely used on rocket and satellite platforms, yet their
accuracy is limited by assumptions about sensor geometry. Theory for planar or

Data Observations
Per unit area, the large plate consistently collects less current than the smaller plates

Planar Probes
Planar probes were made from PCBs with exposed copper surface, based off of the LITTED

design [3]. Dimensions of the exposed areas are in table 1. Exposed surfaces were plated with
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for better heating (>200°C), but arrived too late for testing
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Langmuir probes are among the simplest of plasma diagnostic instruments to build, and are Figure 10: lon Saturation regions for each pressure, each plate type overlaid

therefore used on nearly all in-situ plasma measurement platforms.
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IV curves were fitted to OML theory to calculate Te and Ni; the results are located in tables 3 and 4 below.
Derived 3 values were not all realistic. A large source of error here iIs that fits were made for pure argon
plasma; but at these low pressures, at least 1.5uTorr of pressure was a result of air in the chamber, so at most
90% purity at lowest pressure. Thus, the ion current OML fitting will be a more involved procedure.

Theory of Operation:

An electrode is exposed to a plasma and draws current from it based on the electrode’s
potential relative to that of the plasma. The current is collected by analog circuitry similar
to figure 2 and then digitized [1].

The magnitude of the current is correlated with the plasma’s ion and electron density and
temperature, as well as electrode bias and probe geometry. A sweeping Langmuir probe
(SLP) measures this current at many locations along a voltage range, from which a current-

Table 4: Derived densities and temperatures
from the medium plate

Table 3: Derived densities and temperatures

Figure 5: From top to bottom, the from the Large plate

Large, Medium, and Small plates

Figure 6: A set of new square plates with guard thicknesses from 1.7cm to 2mm

voltage (IV) curve can be constructed, as in figure 1.

Langmuir

SAIL Large Plasma Chamber Conditions

SAIL Large Plasma Chamber (LPC) iIs a 1m diameter, 2m length
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Pressure (1e-5 Torr)

2. Some weird, probably magnetic field, effects are definitely present: dI/dV should have a single peak at Vp around 3V. The
steeper slope in the above 90° trials are also suspected to be a result of some magnetization.

dl/dV for each pressure Trial

Pressure (1e-5 Torr)

flatness) would ease the analysis of future planar positive ion probes by letting collected

current scale purely with plasma density, not bias voltage nor spacecraft charging. Figure 11: Pseudo-Beta plots for different comparison voltages

Takeaways & Future work

Wide-Sweeping Langmuir Probe (WSLP) . P =1.4e-5 P = 2e-5 P = 3e-5 P = 4e-5 _ |
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s * Unity Gain channel: —11pA - +185uA, g 4 6 N\ . 7N 8 S
+0.2pA = 5 4 4 \ E \}\ References
* High Gain channel: —1pA - +1pA, £2nA 2 / 2 2 \ L A. Barjatya, “Langmuir Probe Measurements in the Ionosphere,” Ph.D. dissertation, Utah State Univ., Logan, 2007.
* 12.5Hz Sweep rate 5 0 0= 0 0 2F. Chen, “Introduction,” Plasma Physics and Controlled Fusion, 2" ed. New York, NY, USA; Plenum Press, 1983, ch.1
0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30 3 L. Gunter, “Planar Ion Probe for Low-Latitude lonosphere/Thermosphere Enhancements in Density Cubesat Mission,”
Figure 4: WSLP circuit board Vb Vb Vb Vb M.S. Thesis, Embry-Riddle Aeronautical Univ., Daytona Beach, FL, 2019.

Figure 9: First derivatives of large plate IV curves, all upsweeps shown
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