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Theory — First Principles
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Collector Current, nA

Theory — First Principles
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Collector Current, nA
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Velocity Resolution

2
MVyyien
Ay = (; . dy + d3 + (111 + H:{)(Lf + Ld)/Lc
/eB Where G is dependent G = -
Av _ MVyien C on probe dimensions Li + 2L4L¢

Vwien ZeB



Velocity Resolution
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Velocity Resolution
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Collimator:

* Entrance orifice size to Debye length
ratio: /A4 <<1

* Collimator OD to orifice ratio for flat
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Collector:
* Secondary electron emission mitigation with

/ cone-in-cylinder design, low SEE material,
(e.g., Mo, W), SEE suppression electrode
> * SEE correction with known SEE yield
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Implementation and Operation

Electrical:
* Grounded probe body - exterior surfaces

in contact with plasma are grounded = -+
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Implementation and Operation

Physical Setup:
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Data Analysis

Peak Height Analysis:
e Recommended for:

Narrow monoenergetic ion beams (all ions

same V,

analysis

ccel)
Relatively wide velocity resolution probe

Clearly separated species mass spectrum
* Typicalin GIT current ratio and species ratio
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Data Analysis g 1 | Xe
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Data Analysis g 1 | Xe
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Data Analysis

Simplified Integration:
* Recommended for:
* Broader energy ion beams
* |dentifiable, but overlapping species mass
spectrum
* Directly fit an assumed IVDF shape to the
measured IV curve from the probe
* |Ignores velocity resolution scaling with Wien
velocity, Ij (Vplates) = Kl Iy VpBlatesfj (KZVplates)
 HET current ratio and species ratio analysis
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Data Analysis

Simplified Integration:
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Data Analysis

Simplified Integration:
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Data Analysis

Charge Exchange Correction:

* Recommended that ExB data always be
corrected for CEX

* Current density at the probe is
lower/attenuated due to CEX collisions with
background gas

* Attenuation is different for different species

(1/]o)1 = exp( —ny0,2), o, =[87.3—13.6log(V;)] X 107%"m?
(J/10)2 = exp( — ngo,z), 0, =[45.7 —891log(2V,)] X 1072%m?
(J/10)s = exp( — ngo3z), 03 =[16.9 —3.0log(3V5)] X 1072m?
1-1
CEX Corrected ﬂf_jz /Q'][(]X]U)]

Current Fractio

n ] _ -1
Current Fraction from Peak @‘i’ﬂf [(]X G)f]

Height or Simplified Integration




Conclusion

Recommendations Include:
* Sizing the probe velocity resolution for the application with resolution 10x smaller than IVDF

width
Probe component scaling and material considerations are recommended:
* Collimator OD and orifice size
* Collector SEE effects mitigation and correction
ExB measurements should be accompanied by Langmuir probe or emissive probe
measurements to correct for sheath ion acceleration by plasma potential
An ExB plate bias voltage range and resolution is recommended.
Data analysis:
* Peak Height data analysis is recommended for ion sources with narrow IVDF (e.g., GIT)
 Simplified Integration analysis is recommended for broader energy ion sources (e.g., HET)
* When used in this way, other sources of uncertainty dominate over the analysis
* Data must be corrected for charge-exchange attenuation
Additional recommendations regarding probe Transmittancy and IVDF reconstruction are
provided in the paper
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