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Week 9: sensors-3
Temperature 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 (metal oxide) sensor. The 

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

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



TMP36: an IC sensor
A solid-state technique to determine the 
temperature:  as temperature increases, the 
voltage across a diode increases at a known rate. 
In practice, it’s the voltage drop between the base 
and emitter (Vbe) of a transistor. 

Amplifying the voltage change, it is easy to 
generate an analog signal that is directly 
proportional to temperature. There have been 
some improvements on the technique but, 
essentially that is how temperature is measured.
• The good news is all that complex calculation is done inside the 

chip - it just spits out the temperature, ready for you to use!
• Temperature range: -40°C to 150°C / -40°F to 302°F
• Output range: 0.1 V (-40°C) to 2.0 V (150°C) but accuracy 
decreases above 125°C
• Power supply: 2.7 V to 5.5 V only, 0.05 mA current drawn
• The analog voltage is independent of the power supply.

https://learn.adafruit.co
m/tmp36-temperature-
sensor/overview



TMP36

Read the voltage from the middle pin.

Temperature conversion:



Other common temperature sensors
Barometric sensor: mercury thermometer
Thermocouple: bimetallic stripes, used in HVAC systems, heaters and boilers, kilns, etc. 
Thermistor: temperature sensitive resistors.

https://www.digikey.com/en/articles/how-to-accurately-sense-temperature-using-thermistors



IR thermometer
For non-contact measurements, there’s the IR 
MLX90614, an I2C device that’s also good to about 
half a degree. (In your toolbox.)

• Factory calibrated
• -40°C to +85°C for sensor temperature
• -70°C to +380°C for object temperature
• ±0.5°C accuracy around room temperatures
• High accuracy of 0.5°C over wide temperature
• 90° Field of view
• 4.5 to 5.5V power
• I2C interface, 0x5A is the fixed 7-bit address

Note that there are two different kinds, meant to be powered by 3V or 5V. I believe you have the 5V 
version in your parts kit. (If you feed 5V to the 3V version you’re probably going to fry it, so be 
careful.)



Thermoelectric effect
• At the atomic scale, a temperature gradient causes charge 

carriers in the material to diffuse from the hot side to the 
cold side. This is due to charge carrier particles having 
higher mean velocities (and thus kinetic energy) at higher 
temperatures, leading them to migrate on average towards 
the colder side, in the process carrying heat across the 
material.

• Depending on the material properties and nature of the 
charge carriers (whether they are positive holes in a bulk 
material or electrons of negative charge), heat can be 
carried in either direction with respect to 
voltage. Semiconductors of n-type and p-type are often 
combined in series as they have opposite directions for 
heat transport, as specified by the sign of their Seebeck 
coefficients.

• The Seebeck effect is the electromotive force 
(emf) that develops across two points of an electrically 
conducting material when there is a temperature 
difference between them. The emf is called the 
Seebeck emf (or thermo/thermal/thermoelectric emf).

https://en.wikipedia.org/wiki/Gradient
https://en.wikipedia.org/wiki/Charge_carrier
https://en.wikipedia.org/wiki/Charge_carrier
https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/N-type_semiconductor
https://en.wikipedia.org/wiki/N-type_semiconductor
https://en.wikipedia.org/wiki/N-type_semiconductor
https://en.wikipedia.org/wiki/P-type_semiconductor
https://en.wikipedia.org/wiki/P-type_semiconductor
https://en.wikipedia.org/wiki/P-type_semiconductor
https://en.wikipedia.org/wiki/Seebeck_coefficient
https://en.wikipedia.org/wiki/Seebeck_coefficient
https://en.wikipedia.org/wiki/Electromotive_force
https://en.wikipedia.org/wiki/Electromotive_force


Thermocouple

• One difficulty in using thermocouple 
sensors is that the voltage to be measured 
is very small, with changes of about 50 µV 
per °C. While it is possible to read these 
voltages using a clean power supply and 
nice op-amps.

• There are other complications such as a 
non-linear response (it’s not always 
50µV/°C) and cold temperature 
compensation (the effect measured is only a 
differential and there must be a reference, 
just as ground is a reference for voltage). 



RTD, thermocouple, thermistor

Single metal (Pt)                 Two dissimilar metal      Metal oxide
                                              (Seebeck effect)         

-260 °C  to 850 °C



RTD, thermocouple, thermistor

Selection criteria:
• Range
• Accuracy
• Cost
• Speed of response
• Sensitivity
• Sensing material



In-class exercise
1. Wire up two BME680s to an Adalogger: have one use SPI and the other I2C. Be sure to place 

bypass capacitors between power and ground for each BME680. 
2. Code up a loop that will, each pass through the loop, read the temperature from both devices 

(using the usual default parameters for the temperature sensors) and store the values obtained 
in an array. Add whatever delay() is necessary to make the loop take about 10 seconds to 
record 1,000 values from each sensor. 

1. Write the temperature values to a microSD memory card, either as plain text or as comma-
separated value files, making sure to include something that will let you distinguish among 
various data sets that you’ll store on your laptops, either when opening an SD file or else when 
transferring the data to a laptop. 

2. Have your Adalogger calculate the following for each run of 1,000 recordings: average 
temperature (through I2C and SPI readings) and the RMS deviations from the means of TI2C, 
TSPI, and TI2C - TSPI. Write these to the end of each file of data.

3. Write a python program that will read a data file and generate graphs of the values of T_I2C, 
T_SPI, and T_I2C – T_SPI as functions of sample number. Also have your program generate 
histograms of the values of these three quantities for the data file. Do this for several different 
files you’ve stored

Homework (due 11/4)



Adalogger pinout diagram
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