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4-1 sensor measuring gas,

pressure, temperature, humidity
System architecture
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System-In-Package (SIP) with 3 x 3
mm? footprint for pressure,
temperature, humidity and air
quality measurement.
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* Source: Bosch BMEGSO Environmental Sensor, MEMS report by A. Lahrach, System Plus Consulting, July 2017



Key Feature

* High performance gas, pressure, temperature and humidity sensors
* Very low power consumption

 Very small 3.0 x 3.0 mm? footprint, height 1.0 mm

* Wide power supply range: 1.71V -3.6 V

* Flexible digital interface to connect to host over 12C 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

eOperational Range: -40 to 85°C
eAccuracy: 0-60 °C, £1°C

e\/oltage change of a silicon diode k
V=f(T)+ kT/q In(Ic/IcO ) Diagram for a silicon diode

https://en.wikipedia.org/wiki/Diode#/media/File:Diode-closeup.jpg
eT=temperature, g=charge of an electron

lc=current, IcO=reference current
eTwo junctions at same temperature but different current:
AV=kT/q In(lcl/Ic2 ) - T=qg/k AV In[Ilc2/Icl ]


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

Piezoresistive pressure sensors

* Piezoresistive effect
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 Wheatstone bridge

* used to amplify and measure the
resistance change

Wheatstone bridge

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



Humidity d| A4

Humidity affects the electric permittivity of the dielectric &. &

Capacitance proportional to electric permittivity.

A :
C = % for parallel-plate capacitors.

. 2mel
In(R,/R1)

C for concentric-cylinder capacitors.

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



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

Humidity Specification

e 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)



Organic Gas Sensor

Electrode

MOS sensing layer

 Metal oxide semiconductor (MQOS)
sensor utilizes the property of metal

oxides that their conductivity

changes as chemical vapor is

absorbed MEMS Substrate

* The interaction between active Figure from Ref. [1]
an elevated temperature lead to
. . . Temperature -40°C 85°C
modulations in the energy barriers
for free charge carriers, thus leading IAQ range 0 500
to a change in the conductivity of

the sensing material Supply current 15 [mA] 18[mA]



Indoor Air Quality (IAQ)
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Figure from Ref. [1]



Conclusion

* The BMEG68O is a digital 4-in-1 sensor with gas, humidity, pressure and
temperature measurement based on proven sensing principles.

* |ts small dimensions and its low power consumption enable the
integration in battery-powered or frequency-coupled devices, such as

handsets or wearables.

* Potential applications in internet of things, indoor/outdoor
navigation, weather forecast, and smart home control.
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