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Lecture 6 Thermionic Engines 

• Review  
• Richardson formula 
• Thermionic engines 
• Schottky barrier and diode 
• pn junction and diode 
• discussion  
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Review: Fermi-Dirac Distribution 
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Review: Electron Density 
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Work Function and Affinity 
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Electrons Just Outside the Metal 
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Electron Flux Out of Surface 
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Electrical Current Density 
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Contact Potential 
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Courtesy of Jesús del Alamo. Used with permission.
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Vacuum Diode 
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Thermionic Generator 
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Thermionic Generator 
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Under Operation 
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Heat Transfer: Electron Heat Flux 
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Net Heat Input 
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condradaqcqh QQJJQ ++−= ,, 

Qrad --- Radiation heat 
transfer between cathode 
and anode 

Qcond---Conduction heat 
loss through leads, and 
gas in between 



––WARREN M. ROHSENOW HEAT AND MASS TRANSFER LABORATORY, MITWARREN M. ROHSENOW HEAT AND MASS TRANSFER LABORATORY, MIT

2.997 Copyrig
ht ©

 Gang Che

olar/T
hermal to

 

y C
onversio

n 

θ = 0

θ = 0.2

θ = 0.4

θ = 0.6

θ = 0.8

eVa
kTa

βa = βc

βa =

80

60

40

20

12 15 18 21 24

Th
er

m
al

 e
ffi

ci
en

cy
 - 

η t
 p

er
ce

nt

IT 

For 2.997 Direc

Electri
cal Ener

Efficiency 

hQ
Power 

=η

When radiation is neglected 

eVa=Wa 

S.W. Angrist, 
Direct Energy Conversion, 
Allyn and Bacon, Boston, 1965 Figure by MIT OpenCourseWare.
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Experimental Demonstration 

Hatsopoulos and Kaye, JAP, 1958. 

Image removed due to copyright restrictions. 
Please see Fig. 3 in Hatsopoulos, George N., and 
Joseph Kaye. "Measured Thermal Efficiencies of 
a Diode Configuration of a Thermo Electron Engine." 
Journal of Applied Physics 29 (1958): 1124-1125. 
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Real Device Issues 

Cathode Tc Anode Ta 

Ja 

Jc 

Tc > Ta 

Wc 

Wa 

μa 

μc eVo 

Due to Space Charge 

Additional δ 

• Large work function, high temperature 
• Cesium to reduce space charge, but reliability problem 
• Vacuum operation or plasma operation (filled with gas) 
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Recent Trends 

Negative Electron Affinity Materials 
(Diamond) 

Smith et al., Diamond and related 
materials, 15, 2082 (2006) 

• Negative electron 
affinity materials 

• Small gap devices 
• Solid-state 

thermionics 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.

http://www.sciencedirect.com
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P-type Schottky Barrier 

http://w3.ualg.pt/~pjotr/Images/Schottky.png 

Courtesy of Peter Stalllinga. Used with permission.
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Schottky Diode 
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pn Junction Basics: Built-in Potential 
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pn Junction Basics: Space Charge Region 
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Saturation Current 

ah---hole diffusivity (m2/s) 
ae---electron diffusivity 
τh---hole recombination time 
τe---electron recombination time 
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Compare Schottky diode and pn diode 
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