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Thermoelectricity:
From Atoms to Systems

Week 4: Thermoelectric Systems
Lecture 4.5: Ballistic thermionic coolers and non-linear Peltier

By Ali Shakouri

Professor of Electrical and Computer Engineering
Birck Nanotechnology Center

Purdue University
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A. Shakouri, et al.; Microscale Thermophysical Engineering, 2(1), January-March 1998, pp. 37-47.
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Energy Deposited (kV/cm)
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Electric Field Dependence of Energy Relaxation Length (%efs-t\l

Ag: Energy relaxation length
for electrons in GaAs
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®
Fraction of Joule heating going back to the Cathode (%E/S-t\l

A. Shakouri, E. Y. Lee, D. L. Smith, V. Narayanamurti, and J. E. Bowers; Microscale
Thermophysical Engineering, 2(1), January-March 1998, pp. 37-47.
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INnGaAs
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5; 10% Cm-35X1016 3 Peltier coefficient

can increase
significantly with
bias, especially at
low temperatures.

Peltier (mV)

Doping =10%8 cm- 3
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Current (10° A/cm?)

M. Zebarjadi K. Esfarjani & A. Shakouri , Appl. Phys. Lett., 91, 122104 (2007)
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Thermal Current — Local Seebeck coefficien (%egt\
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M. Zebarjadi, K. Esfarjani & A. Shakouri , PRB (2007)
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Potential enhancement of cooling f%efs-t\l

Nonlinearity of the Peltier coefficient
can enhance the cooling power
specially at cryogenic temperatures, if
there is perfect heat sink.

Optimum doping (Linear)
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M. Zebarjadi, et al., Appl. Phys. Lett., 91, 122104 (2007)
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Nonlinear Seebeck Coefficien

M. Zebarjadi, PhD Thesis, UC Santa Cruz
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Minority-Carrier Thermoelectric Effects (C\L/er\l
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K. P. Pipe, R. J. Ram, and A. Shakouri,
Phys. Rev. B 66, 125316 (2002)
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Injection Current Internally Cooled Light Emitter (%E/S-t\l
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Kevin Pipe, Rajeev Ram and Ali Shakouri,
Photonic Techn. Lett., Apr. 2002
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TE Pumped LED with above Unity Efficiency <%e/8-t\|
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Week 4: Lecture 5 Summary

e System considerations of thin
film/thermionic coolers (ballistic transport)

e Nonlinear Peltier effect
e Bipolar Peltier effect

 Internal cooling, thermoelectric energy
conversion in optoelectronic devices
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