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Semiconductor devices
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Micro-scaled thermoelectric generators
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Thermoelectricity

Å In 1822, Seebeck effect : ɻ ϳÄ6Ä4

ᴼ  ÃÏÎÖÅÒÓÉÏÎ ÏÆ ÈÅÁÔ ÉÎÔÏ ÅÌÅÃÔÒÉÃÉÔÙ

Direct conversion between thermal and electrical energy

◕╥
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Thermoelectricity

Å In 1834, Peltier effect : ʌ ϳ1)
ᴼ ÃÏÏÌÉÎÇ ÅÆÆÅÃÔof electrical current 

Direct conversion between thermal and electrical energy

Å In 1855, Thomson (Lord Kelvin) effect : Ὠὗ ‍ὍὨὝ

and Kelvin relationships: ʌ ɻὝȟ ‍ Ὕ

ᴼ  ÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ 3ÅÅÂÅÃË ÁÎÄ 0ÅÌÔÉÅÒ ÅÆÆÅÃÔ

Å In 1822, Seebeck effect : ɻ ϳÄ6Ä4
ᴼ ÃÏÎÖÅÒÓÉÏÎ ÏÆ ÈÅÁÔ ÉÎÔÏ ÅÌÅÃÔÒÉÃÉÔÙ
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Modules

1950s - 1960s  First devices

1960s  Commercial modules
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Heat flow

Metal 
connections
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Modules

Bulk n-"É4Åand p-3Â4Ådevices

4 mm

40 mm

http://www.europeanthermodynamics.com/
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ЎὝ ρυπЈὅ Ὕ ςππЈὅȟὝ υπЈὅ
ὠ χὠ
Ὑ τɱ
ὖ σὡ
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Modules

Wafer

p-type legs

n-type legs

Wafer

Electrical pads

Microfabricated  "É4Åtechnology

http://www.micropelt.com/
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ЎὝ ςπЈὅ
ὠ ρȢυὠ
Ὑ ρψπɱ
ὖ ςȢυάὡ
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Why use thermoelectrics?

-ÁÎÙ ÓÙÓÔÅÍÓ ÏÆÆÅÒ ȰÓÔÁÔÉÃȱ ÓÏÕÒÃÅÓ ÏÆ ×ÁÓÔÅ ÈÅÁÔ ÔÈÁÔ ÃÏÕÌÄ ÂÅ harvested

Thermoelectric devices provide:

Å.Ï ÍÏÖÉÎÇ ÐÁÒÔÓ  ᴼ  No maintenance

Å Noise free operation

Å Solid-state long-term stability

Å Technology scalable from bulk to nanoscale
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Applications

NASA Radioisotope thermoelectric generator

ὖό
fuel pellet

9



Aalborg,  18th August 2016               ICT- Energy Science Conference 2016 1/40

Applications

Peltier coolers for telecoms lasers and 
microprocessors

ȣÁÎÄ ÆÏÒ ÃÏÎÉÃÁÌ ÂÅÅÒ ÆÅÒÍÅÎÔÅÒ 
and electronic ice buckets !!!
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Applications

Automotive industryAutonomous sensors

Thermal photovoltaic
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