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4-1 sensor measuring gas, 
pressure, temperature, humidity



Key Feature

• High performance gas, pressure, temperature and humidity sensors

• Very low power consumption

• Very small 3.0 x 3.0 mm² footprint, height 1.0 mm

• Wide power supply range: 1.71 V - 3.6 V

• Flexible digital interface to connect to host over I2C or SPI



Physics

• Temperature – by the voltage change of a silicon diode

• Pressure – by the resistance change due to the elongation of a thin 
membrane 

• Humidity – by the relative permittivity change of a polymer-based 
capacitor 

• Gas – by the conductivity change of a metal oxide due chemisorption 
of gas species



Temperature

•Operational Range: -40 to 85°C

•Accuracy: 0-60 °C, ±1°C

•Voltage change of a silicon diode 

V=f(T)+ kT/q ln(Ic/Ic0 )

•T=temperature, q=charge of an electron

Ic=current, Ic0=reference current

•Two junctions at same temperature but different current:

∆V= kT/q ln(Ic1/Ic2 ) → T=q/k ∆V ln[Ic2/Ic1 ]

Diagram for a silicon diode
https://en.wikipedia.org/wiki/Diode#/media/File:Diode-closeup.jpg

https://en.wikipedia.org/wiki/Diode


Piezoresistive pressure sensors

• Piezoresistive effect 
• The electrical resistivity 𝜌 of a semi-

conductor or metal can change when 
mechanical strain is applied.

Δ𝜌

𝜌
= 𝜌𝜎𝜀

• Wheatstone bridge
• used to amplify and measure the 

resistance change

Wheatstone bridge

Δ𝜌 - change in resistivity
𝜌 - original resistivity
𝜌𝜎 - piezoresistive coefficient
𝜀- strain

Diagram for a typical piezoresistive pressure sensor, 
http://www.microsystems.metu.edu.tr/piezops/piezops.html
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Humidity

• Humidity affects the electric permittivity of the dielectric 𝜀.

• Capacitance proportional to electric permittivity.

• 𝐶 =
𝜀𝐴

𝑑
for parallel-plate capacitors.

• 𝐶 =
2𝜋𝜀𝑙

ln(𝑅2/𝑅1)
for concentric-cylinder capacitors.

Diagrams of different capacitors.
https://en.wikipedia.org/wiki/Capacitance#/media/File:Plate_CapacitorII.svg
https://upload.wikimedia.org/wikipedia/commons/b/b8/Cylindrical_CapacitorII.svg

https://en.wikipedia.org/wiki/Capacitance
https://upload.wikimedia.org/wikipedia/commons/b/b8/Cylindrical_CapacitorII.svg


Humidity Specification

• Oparating range: -40°C (-40°F) to 85°C (185°F), 0% r.H. to 100% r.H.

• Full accuracy range: 0°C (32°F) to 65°C (149°F), 10% r.H. to 90% r.H.

• Absolute accuracy: ±3% r.H. within 20-80% r.H. at 25°C (77°F) 

• Resolution: 0.008 % r.H.

• Noise in humidity (RMS): 0.01 % r.H.

• Long-term stability 0.5 % r.H./year within 10-90% r.H. at 25°C (77°F) 





Figure from Ref. [1]
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