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Thermoelectric Device 
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• Thermoelectric effect is direct conversion of temperature 

difference to electric voltage and vice versa 

 

• Thermoelectric device creates voltage with temperature 

difference between the two plates. 

Heat Energy 

Electrical Energy 

Conversion 



Thermoelectric Effect 

 = Seebeck Effect + Peltier Effect 

Key Factor is thermoelectric figure of merit as follows  

Thermoelectric figure of merit 

Seebeck Coefficient 

Electrical Conductivity 

Thermal Conductivity 

Power Factor 
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Research Points 

 

1. How to increase figure of merit from 1 

2. How to increase electrical conductivity or power factor 

3. How to reduce thermal conductivity 

 

* Problem is that power factor is in proportion to thermal conductivity 
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Figure of Merit Trend 

Bulk material has below figure of merit1 

Nanostructed material and compounds has higher than figure of merit 1  

By reducing thermal conductivity 

Higher than 1.5 is affordable to use it. Over 3 can be expected. 



Seebeck Effect 
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Temperature gap create electromotive force  

After settling, voltage can be monitored 

Measurement temperature by reading 

voltage(thermocouple) 

Electrical energy generation by temperature 

(Energy harvest) 
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Peltier Effect 
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BA  , Peltier Coefficient of 

conductor A,B 

Current from A to B 

Peltier coefficient represent how much heat is carried per unit charge. 

Charge current flow over junction with heat flow. 

If there is difference in two coefficients, current flow will develop a 

discontinuity of heat flow 

Cooled side looses heat, hot side gain heat 



TE Device Applications 

BMW 5 Series 

 

By TE device, heat from 

engine is converted to 

electrical energy. 

Re-use it to heat seat 

TDDI in Japan 

 

Thermoelectric refrigerator 

is selling 



TE Device Applications more 

KERI 

 

Compound thermoelectric 

module to covert heat into 

electric energy directly 

ACE TEC 

 

Wine cooler using 

thermoelectric device  



TE Device Applications more 

KAIST 

 

Wearable generator 

Power generation from human body 



TE Device Test Setup 

Hot Cold Specimen 

Power 

Control 

Power 

Control 

TH (Reference) TC (Reference) 

TH TC 

Peltier Peltier 
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Step 1. Apply current to peltier device with one or two current sources 

to heat or cool the plate 

Step 2. Measure voltage or current in the TE device 

Step 3. As temperature goes on, measure voltage, plot Seebeck. 

* Measurement of electrical conductivity on device 



TE Device Measurement Parameters 

Measurement 

 

- Voc : Open Circuit Voltage Measurement as maximum voltage 

from the device 

- Isc : Short Circuit Current Measurement as maximum current from 

the device 

- Temperature Measurement, plot Seebeck graph 

- Electrical conductivity measurement by Van Der Pauw. 

Source 

 

- Very accurate current source to control temperature 

 



TE Device Measurement Instruments 
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2182A Nano Voltmeter 

 

Low level voltage measurement for Voc 

Electrical Conductivity Measurement 
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TE Device Measurement Instruments 

New DMM 7410  

 

Measurement for Voc.  

Precisely analyze current and voltage waveforms and transients with 

1MS/sec, 18-bit digitizer  

Large reading memory (27.5 million) to capture more of your signal  

  



TE Device Measurement Instruments 
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6485 Picoammeter 

 

Low level current measurement for Isc 

Low level to 400fA accuracy 

 



TE Device Measurement Instruments 
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2460 Source Meter 

 

Current Source for temperature 

control 

Generate high current up to 7A. 

Touch screen instruments 

 



TE Device Measurement Software Example 
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Typical TE Device Measurement Software provided by channel SnM 

Temperature, Power, Seebeck plot 



TE Device Measurement Software Example 
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TE Figure of Merit Evaluation Software provided by channel SnM 

Electrical conductivity, Seebeck, Figure of merit plot 



TE Device Measurement Software Example 
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Conclusion 

4 May 2015 20 

- Thermoelectric Device is technology to convert heat into electrical 

energy and vice versa 

 

- Keithley provide perfect test solution for TE device in instruments 

Nano voltmeter, DMM, Picoammeter, and SourceMeter. 

 

- Keithley also provide total software to measure Seebeck, and 

Figure of merit.  
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