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Thermionic Emission Sources



The emitting current density 𝐽 𝐴/𝑚2 is related by the temperature 𝑇
by:

1901: 𝐽 = 𝐴𝐺𝑇
2𝑒−

Φ

𝑘𝑇

1911-1930:

1930- : 𝜆𝑅 = 𝜆𝐵(1 − 𝑟)

Richardson’s Law

𝜆𝑅 ∼ 0.5

𝜆𝑅 vary with different materials and different crystal surfaces of the same material



Work Function: the minimum thermodynamic
work needed to remove an electron from a solid to a 
point in the vacuum immediately outside the solid 
surface. 

1) Here "immediately" means that the final 
electron position is far from the surface on the 
atomic scale, but still too close to the solid to 
be influenced by ambient electric fields in the 
vacuum. 

2) The work function is not a characteristic of a 
bulk material, but rather a property of the 
surface of the material (depending on crystal 
face and contamination)



A simple semi-classical derivation of Richardson’s Law

1, Free electron gas

2, Fermi-Dirac distributionΦ

Φ = U − 𝐸𝐹



Free electron gas

= 𝑣 𝑣𝑖 =
2𝜋ℏ𝑛𝑖
𝑚𝐿

, 𝑖 = 𝑥, 𝑦, 𝑧

𝑑𝑣𝑖 =
2𝜋ℏ𝑑𝑛𝑖
𝑚𝐿

, 𝑖 = 𝑥, 𝑦, 𝑧

𝑑𝑣𝑥𝑑𝑣𝑦𝑑𝑣𝑧 = 2𝜋ℏ/𝑚𝐿 3 𝑑𝑛𝑥 𝑑𝑛𝑦 𝑑𝑛𝑧

𝑑𝑛𝑥 𝑑𝑛𝑦 𝑑𝑛𝑧/𝐿
3 = 2𝜋ℏ/𝑚 −3 𝑑𝑣𝑥𝑑𝑣𝑦𝑑𝑣𝑧



In order for an electron to escape during 
some time ∆t, it must 1) have 𝒗𝒙
sufficient to overcome the image-charge 
barrier 𝑼 ; 2) it must be sufficiently close 
to the wall. 

𝑣𝑥 > 2𝑈/𝑚

Total electron number that can escape:
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Saturation Condition

High temperature heating give higher J but shorten the source life
through evaporation/ oxidation

Less than saturation decreases the intensity of the signals 
Higher than saturation decreases the life of filament

𝐽 = 𝐴𝐺𝑇
2𝑒−

Φ
𝑘𝑇

𝐽



Optimize the Beam Current

SEM, small probe, no Wehnelt bias 
TEM, brighter image, Wehnelt bias control needed



Characteristics of Electron Beam



Characteristics of Electron Beam







Our System


