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3. Characterisation of µTEG performance
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2. IEMN µTEG  design & process
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Example of planar µTEG: with NM = 5 membranes

(noted 5m-µG) with a modulated-width type thermopile
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Zoom on the 

Modulated-Width 
Thermopile
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1/ Introduction

The µTEG module thermal resistance: 

in a conservative evaluation, it is given 

by the slope of the ∆T(Φ) experimental 

curve:          rTH ~   �TTC/Φ

Flow chart of 1 type
of ���G fabrication process
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Typical µTEG experimental behaviour : at RT, the heat to harvest is varied from low to very high (Φ : 0�8W) 

Open circuit voltage is measured � it gives Seebeck voltage generated VS-EXP and the difference of temperature ∆T is deduced using   �TTC = VS / (N. αTE/Au) 

Here is given : characterization of µTEG integrating optimum n or p type polySi as the TE layer.

Experimental findings

2m-µG  :   rTH ~  70-113 K/W

(module for situation needing high thermal adaptJ)

5m-µG  : rTH ~ 30-71 K/W

(best module in terms of PMAX)

10m-µG  : rTH ~ 11-27 K/W

(for fixed Φ has lower ∆T so module is less damaged with time)

Large values are consistent with our geometry using very long TC.
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Best output power generated for 1W heat to harvest

2m-µG  : PMAX ~  28 - 62 µW/cm²

(expected 46 – 66)

5m-µG  : PMAX ~  45 - 165 µW/cm²

(expected 124 – 192)

10m-µG  : PMAX ~  16 - 86 µW/cm²
(expected 67 – 135)

µTEGs with codoped pSi :  not taken into account

� For a fixed amount of heat to harvest, 5-membranes µTEGs are confirmed to perform the best

� However, in any case, these values are low because of large internal electrical resistance RINT of the thermopiles pSi/Au.

αTE/Au = (αAu − αTE) / (1+ ρTE/�TE .�Au/ρAu)
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4. Thermal Modelling - Reducing heat losses & considering superior TE layer properties 

5 - Conclusions
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Geometry of half µTEG (here 5 membranes)             Mesh

µTEG cross section –
SEM image

monolithic µTEG with the concentrator held onto 
thermopile by gravity

��TTC = VS / (N. αTE/Au )

Thermal heat flux Φ
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Layer Power Factor  is given :       PF = α²/ρ
The Efficiency Factor is experimental: F = PMAX/∆T²   

(but F is ‘weak’ parameter to evaluate performance ….)
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� maximum output power on adapted load : PMAX = VS² / 4. RINT 

Best output power for polySi with best PF

(exception: codoped pSi � need explanation)

The experimental thermopile internal electrical resistance 

RINT often contains a non negligible contribution from 

contact resistance (between thermoelements)

Evaluation of Temperature distribution 
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�PMAX = VS² / 4. RINT 

PF and λ impact are directly visible

� VS= N. αCn/Au �T
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Backside view of 
monolithic planar µTEG
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