
Thermal Sensors

• Thermo-Mechanical Sensors
• Thermoresistive Sensors
• Thermocouples
• Junction-Based Thermal Sensors



Thermo-Mechanical Sensors

Operating principle of thermal bimorph switch 
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Coefficient of thermal expansion



Thermoresistive Sensors
Thermoresistive temperature transducers are based on the fact that the 
resistance (or resistivity) of most materials changes with temperature.
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Temperature Coefficient of Resistance

Thermistor
a form of resistive device that possesses a large 
temperature coefficient of resistance over an 
extended temperature range.
Typical: 40000-60000ppm/K for NTC thermistor

Classification:
• negative temperature coefficient (NTC) thermistor
• positive  temperature coefficient (PTC) thermistor

Resistivity and TCR of some metals 



Material: 
Sintered mixture of metal oxides of Mn, Ni, Co, Cu, Fe...

Electrical Characteristics:
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NTC Thermistor





Vanadium Oxide



Material: Single crystal silicon or polysilicon

Electron Concentration - Temperature relationship

PTC Thermistor

1. Freeze-out Region

(Depending on compensation conditions)

2. Extrinsic Region
(Saturation Region)

3. Intrinsic Region
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Resistivity of Single Crystal Silicon
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( for lightly doped silicon)

Fermi level as a function of temperature 
and impurity concentration.



Resistivity of Silicon (Nd=1015cm-3)

TCR for single-crystal 
silicon with usual 
doping levels: in the 
order of 0.5%K-1



TCR of amorphous silicon
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Practical circuit configuration:
to measure the voltage across the
diode when operated at fixed ID

Neglect temperature 
dependence of D/L

Junction-Based Thermal Sensors



Thermocouples

The Seebeck effect: an emf ∆V is generated due 
to a temperature difference ∆T

TV ∆=∆ α

α: Seebeck coefficient

Thermoelectric Effect



Thermocouples
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Blackbody Radiation

Stefan-Boltzmann Law

Planck Law:
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Spectral radiancy (emitted power density) of a 
black body at given temperature. The diagonal 

line shows Wien’s displacement law



Infrared Detectors

• 2 Categories: Photon detectors, and thermal 
detectors

• Photon detectors: semiconductors with 
small bandgap to generate e/h pairs.
– Photodiodes: InGaAs for near-infrared, 

HgCdTe, InSb for far-infrared needs to be 
cooled

– Photoconductors: PbS, PbSe for near-infrared





Bolometers:Uncooled IR Detector
• An absorptive, temperature sensitive element is thermally linked to a temperature 

reference. As infrared radiation is absorbed, the temperature of the element increases. 
Measuring the temperature changes gives the incident power. 



Thermal Analysis
Thermal equivalents to electrical quantities 

 

Electrical Unit Thermal Unit 
Potential Volt Temperature Kelvin 
Charge Coulomb Energy Joule 
Current Amp Power Joule.Second-1 
Current Density Amp.cm-2 Energy Flux Joule.Second-1-cm-2 
Resistance Ohm Thermal 

Resistance 
Kelvin.Watt 

Capacitance Farad Thermal 
Capacitance 

Joule.Kelvin-1 
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Figure of Merit for bolometers: NE∆T, Noise-
Equivalent Temperature Difference, i.e. the 
temperature difference on the infrared source that 
leads to a voltage equivalent to the noise voltage.

Responsivity

Electrical Readout
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Honeywell Infrared Camera

39mKNE∆T (f/1)

30HzFrame Rate"

20µVDetector Noise

3.2*105Responsivity (V.W-1)

20kΩPixel Resistance

2.3TCR (%K-1)

VOxSensing Material

80%Absorptance

15msThermal Time Constant

2*10-7Thermal Conductance (W.K-1)

3*10-9Thermal Capacitance (J.K-1)

2µm *50µmBeam Lateral Dimensions

2Beams: 0.8um Nitride + metalBeam

0.8um NitrideSupport material

70%Fill Factor

50µmPitch

Honeywell


