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Thermal to Electrical vacuum & Solid State Devices
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Vacuum Thermionic devices
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Challenges to operate below 600°C

» Effective cooling of anode
* Work function limitations (~1eV)
* Space charge effect
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Solid State Thermionic . No Vacuim! 4

e Lower barrier heights
e No Space charge

* Mahan et al. view point
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2D Layered materials
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Solid State Thermionic devices

* Shakouri et al. view point
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Thermionic devices
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Nonlinear Solid State Thermionic

* Due to large Joule heating, only efficient when e-ph interaction
is very weak (low temperatures; low carrier concentrations)
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Thermoelectric Materials

* Diffusive transport as opposed to ballistic
* Bulk property independent of contacts

Thermoelectric Devices

* Device efficiency
e Materials (ZT)
» Contact electrical and thermal resistance
* Impedance matching
» Efficient heating/cooling of the device
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Materials Design

Orders of magnitude
o~ 10°S/m

S ~ 100 uV/K

K~ 1 W/mK

cS2~ 103 W/mK?
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a) p-type thermoelectric materials b)2 ] n-type thermoelectric materials
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Thermal conductivity Reduction
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Thermal conductivity

70 5
CsBi,Te, @ ,’ megcc’dSbu /7
60 - /T -
’Q"‘ Bbo 0gldoosYbo. 04«(3045[312
501 Bi,Te,@/~ ® 47
aS ok
40- ,o;? /X
.’, f///'\:b

e

/
K PET‘91-><S/%’

S? o(uW cm™ K™)
wl
i

/ 7
Y .’/Ba’Ni Ga,Gese-y-; _ -
SnSe S
. / 80863186%0

/
o _
;,,, .-“1r'mf\/1r15bH

0 | | | |
0] 1 2 3 4 =

k(W mTK™
Beekman, Morelli, Nolas, Nature Materials 2016

N
o
I

5*‘-"0 e

o
|

U /ERSITY

-A'-

Hiilie T SCHOOL o ENGINEERING & APPLIED SCIENCE

5 T T T T
i Ii ]
T, _
single crystal ¢ 3
'Tx 1 _— —_
'E - g
2 L ]
2 | |
=
E JII."‘rniﬂ —
= TV e —— I
© . &
C - A
8 T '
E TT 5 ‘f * irrad 24 nm
2 it
o1l 1 I
-343nm 7 }D 2 é 2]
[252°
= A E i i . ;e -
24 ”'“_'* . i 62nm |
?
DUQ e 1 1
50 100 500

Temperature (K)

Cabhill Science 2007 ™



Power Factor times T
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Confinement
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Solid Solution Phase diagram of Bismuth
Zhang et al antimony Surface states
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Unconventional Doping

» Nanoparticles with aligned bands with host

* Resonant Doping

* Surface doping (Modulation
* Cloaking
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Summary

* Vacuum Thermionic Challenges
e Suffer from presence of vacuum; Space Charge; large work function

e Solid State Thermionic Challenges

e Thermal resistance; need investigation of Nonlinear Transport

* Thermoelectric Materials
* Need high average ZT materials at room temperature
* Need to focus on device aspects
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