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Week 11: sensors-6
Atmospheric Sensors:
BME680: this precision sensor from Bosch can 
measure 
• humidity with ±3% accuracy, 
• barometric pressure with ±1 hPa absolute 

accuracy, and 
• temperature with ±1.0°C accuracy. 
• Contains a small MOX sensor. The heated 

metal oxide changes resistance based on 
the volatile organic compounds (VOC) in the 
air, so it can be used to detect gasses & 
alcohols such as Ethanol, Alcohol and 
Carbon Monoxide and perform air quality 
measurements. 

• Note it will give you one resistance value, 
with overall VOC content, it cannot 
differentiate gasses or alcohols.



BME680 – the atmospheric Swiss army knife
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Pressure and temperature: Porous Silicon 
Membrane

• Sensor is a porous membrane in an internal 
cavity

• Porous silicon is piezoresistive – resistivity 
changes with strain

• 2 different sources of strain: temperature 
variation (differences in thermal expansion 
of different materials) and pressure change.

• Device converts change in resistivity to 
change in temperature and pressure
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Relative humidity – you guessed it, porous 
silicon!
• Same membrane technology can be used to measure relative 

humidity

• Water adsorption onto a specially-designed surface changes the 
capacitance/resistivity of the device

• Measuring that gives the % relative humidity.
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Something slightly different – VOCs & Metal-
Oxide gas sensors
• VOC – volatile organic compound, harmful for air quality (ex: solvent 

fumes)

• Metal oxide adsorbs oxygen molecules to its surface when heated, 
reducing electron mobility -> increasing resistivity

• Reducing/oxidizing gases change surface oxygen level

• Change in resistivity thus gives gas concentration.

6

Metal oxide

O2

Heater

O2 Reducing 
gas

O2 O2

Oxidizing 
gas



Datasheet info:

• https://www.bosch-
sensortec.com/media/boschsensortec/downloads/datasheets/bst-
bme680-ds001.pdf 
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Exercise: VOC sensor
Connect your BME680 to either MEGA or Adalogger. 

• Using the example code, test that the BME680 is working and recording all four measurements 
• Make sure you can turn the VOC/gas sensor on and off in the code.
• Make sure that you can modify the oversampling for the other sensors.

1. Ethanol:
• Get some ethanol and a fan. Place your two sensors on the table and measure the distance 

between them. With proper PPE, take a small amount of ethanol and pipette it onto a tray to 
evaporate. Measure the output of the VOC sensor under different airflow conditions as a 
function of distance from the sensor and amount of ethanol evaporated. 

2. Humidity & VOC in human breath: 
• The exhaled air from our lungs is often warmer, more humid, and has a higher VOC 

concentration than normal room air. With your partner, investigate the effects of human breath 
on the humidity & VOC measurements from the BME680 

• Suggested things to measure: 
• i. Measure the change in humidity & VOCs as a function of distance from your partner. 
• ii. Measure the effects of different kinds of breathing (talking, blowing, regular breathing, etc.) 
• iii. Come up with a way to estimate the number of people in a room based on your results.
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