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Abstract 
 

Sheaths are non-neutral zones that develop around surfaces exposed to a plasma as a result of 

a large difference in ion and electron mobility. Its effects can be seen in many situations when 

plasma and a surface come into contact. Typical instances include plasma processing of 

substrates, plasma-wall interaction in tokamaks, laboratory dust particle charging, and orbiting 

satellites in space. The sheath problem also arises in electric probe diagnostics. In essence, the 

sheaths control the collection of ions and electrons on the probe surfaces. The properties of 

sheaths are inextricably linked to the plasma through the charge particle flux at the boundary 

separating the sheath from the quasi-neutral plasma. 

 

This thesis aims to investigate the impact of the sheath that forms around the cylindrical limbs 

of a hairpin probe on the detection of negative ions. In particular, when using analytical models 

combined with the experimentally obtained resonance frequency characteristic of a hairpin 

probe, certain pertinent characteristics emerge. These characteristics include the sheath 

correction factor for an ion-collecting probe and the precise value of the electric field at the 

sheath boundary. This enables an accurate determination of the saturation current ratio, sheath 

width, and sheath potential profile. This is especially important for estimating the negative ion 

density and the thermal electron effect on the sheath dielectric constant. This thesis also briefly 

presents an experimental investigation of a pulsed-bias hairpin probe to determine negative ion 

density. It is found that the signature of negative ions becomes clouded during the recovery of 

depleted plasma density. To mitigate this overshadowing of negative ion density and recovery, 

an optimal bias voltages are thus introduced. 
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