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DEVICE SPECIFICATION 

MODULE 
ASSEMBLY 

DESIGN THEORY 

TE MATERIALS 

THERMOELEMENT 

SUBSTRATE 

 PATTERN 
GENERATION 

BARRIER LAYER BRACING 
MATERIAL 

 Performances 

EVALUATION 
Reliability 

-  Materials selection 
-  Geometry design 
-  Contact resistances 

Thermoelectric Device Fabrication Processes 
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From Materials to Device – Contact problem 
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Electric contacts Thermal contacts 

Gao Min, CRC Handbook of Thermoelectrics, (2005), Chapter 11 
A.F. Ioffe, Semiconductor Thermoelements 

and Thermoelectric Cooling (1957). 
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Thermoelement length (mm)
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Module Design – Determine l for Pmax or Фmax 

Gao Min, CRC Handbook of Thermoelectrics, 1996, 11-1 Gao Min and D M Rowe, 2000, Energy Conversion & Management , (41) 163-171 

Optimal length for Pmax 

Preferred length for φmax 
Reduce contact resistance helps 
to improve performance of short 
length 

l
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Module Design for Waste Heat Recovery 

Increasing the power output 
will lead to reduce the cost 
of power per module

The power output can be 
increased by reducing the 
length of thermoelements.

Suitable for waste heat 
recovery

 Gao Min and Rowe, 2002, Energy Conversion & Management , (43) 221-228 

32-element module 
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Module Design Theory for Given Thermal Input 
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 Gao Min, “TE Module Design Under a Given Thermal Input:Theory and Example,” J.Electr. Mater. (2013), 42(7), 2239-2242.
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Geometry Optimisation for Given Thermal Input 

Module  N A [mm2] 

62 0.64 

62 1.44 

62 1.96 

62 2.56 

100 2.56 

150 2.56 

200 2.56 

250 2.56 Solar absorber area: 4cm x 4cm 

Solar irradiation: 1000W/m2 

Material Consumption:  

Module  Power (mW) Volume (cm3) 

I 5.2 0.23 

VIII 7.0 57.6 
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Techniques for Evaluation of Contact Resistance  

R(x) = VS (x)
Vref

⋅Rref
ρ = dR(x) / dx

P-type N-type Cu 

ρc = ΔR ⋅A

ΔR

ΔR

Δx

x

R(x)

perfect contact 

- contact ΔR  
- no alloy   

- contact ΔR  
- alloy region Δx  

Spa$al	
  resolu$on:	
  5 µm	
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Skutterudite with barrier layer 

Copper block 
1.3- 1.5 mm 

Solder/braze 
120-200 mm 

Contact Resistance of Skutterudite interfaces  

2 x 10-5 Ω/cm2 

7 x 10-5 Ω/cm2 

1.5 x 10-4 Ω/cm2 
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Investigate Thermal Contact Effect Using Infrared Microscope 

•  Spatial resolution: 4 µm 
•  Temperature sensitivity: 0.1 K 
•  Temperature range: 300-600K 

Specifications: 

Thermoelement Temperature Profile
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Fabrication of High Temperature Skutterudite Module 

J Garcia-Canadas, A Powell, A Kaltzoglou, P Voqueiro and Gao Min, “Fabrication and Evaluation of a Skutterudite-Based Thermoelectric Module 
for High-Temperature Applications,” Journal of Electronic Materials, (2013), 42(7), 1369-137
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Loughborough-­‐Reading-­‐Cardiff	
  Collabora$on	
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Ring-structured Thermoelectric Module 

Hot 
Fluid

Cold 
Fluid

Hot-pressing

Copper

Insulator

N-type 
thermoelement

Copper

Insulator

P-type 
thermoelement

Insulator
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Ring-Structured Thermoelectric Tube 

 Gao Min and Rowe, 2007, Semicond. Sci. Technol., (27) 21-28
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Micro/Nano Converters for Integrated Circuits 

Insulating layer/silicon substrate

Membrane

Cold junction

Hot junction

IR focal plane

Metalization

P-type 

N-type

Bonding pads

IR focal plane
Insulating layer
(membrane)Substrate

Horizontal structure 

Ref: G Min and D Rowe, Electronics Letter, 1998, 34(2), 222-223 

L.M. Goncalves. P. Alpuim, G. Min, D. M. Rowe, C. Couto, and J. H. Correia, “Optimization of Bi2Te3 and Sb2Te3 thin 
films deposited by co-evaporation on polyimide for thermoelectric applications”, Vacuum,  82 (12), (2008), 1499-1502 
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The use of AUTOLAB eliminates 
requirements for sophisticated 
temperature control system.   

Evaluation of TE Generators by I-V Curves 
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Thermoelectric Parameters Obtainable from I-V Curves 

Generator performances  

Device parameters 
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Thermoelectric Impedance Spectroscope 

TE 
module

J. Garcia-Cañadas and G. Min, “Impedance Spectroscopy Models for the Complete Characterization of Thermoelectric Materials” Journal of 
Applied Physics 116 (17), 174510 (2014).
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Silicon'Paste'' Graphite'sheet'

Pmax%=1.75%W,%at%ΔT=90%K% Pmax%=1.63%W,%at%ΔT=90%K%

K%=%2.9%W/mK% K%=%10%W/mK%

Tricky%applica>on% Easy%applica>on%

Does%not%require%huge%
pressure%

Requires%huge%amount%
of%pressure%

May%degrade%over%>me% Degrada>on%not%known%

Influence of Thermal Contact Materials 
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