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AAN 401      Introduction to CO2-D1 - solid state sensor for CO2

The CO2-D1 is a new type of gas sensor, developed by Alphasense, with advantages of low cost,
no power requirement and dynamic range from 5000ppm to 90% CO2.

How does it work?

The CO2-D1 is a solid state potentiometric gas sensor, using silver salts. There are no heaters or
liquids: it is a simple two-electrode sensor, operating similarly to an Ion Selective Electrode (ISE), of
which a pH electrode is the best known example.

The sensor generates mV output, and the sensor’s response to gas concentration is approximately
linear with respect to log concentration, as defined by Nernst’s equation:
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where:

Eeq = measured voltage (mV)
E0 = offset voltage (mV)
2.303*R*T/2*F= Nernstian slope (mV/decade concentration)
log p[CO2] = concentration (log10)

This solid state gas sensor does not exactly follow the Nernst equation because of competing
chemical reactions (See Figure 1, the “master curve”), so the sensitivity is not constant, but
depends on the CO2 concentration.

Figure 1 – The Master Curve

-20

-15

-10

-5

0

5

10

15

20

2 2.5 3 3.5 4 4.5 5 5.5 6

log [C O 2]

m
V

10C

20C

40C

1000 ppm 10% 100%1%



                Alphasense  Application Note                       AAN  401

©   Alphasense Ltd                                                                                                       January 2013
Sensor Technology House, 300 Avenue West, Skyline 120, Great Notley. Essex.CM77 7AA. UK

Tel: +44 (0) 1376 556700    -   Fax: +44 (0) 1376 335899
Email: sensors@alphasense.com    -   Web: www.alphasense.com

The temperature dependence of the sensitivity is negligible from 10º C to 40º C but a small
correction to E0, linear with temperature, is the preferred temperature correction.

Figure 2 – Temperature Dependence

Connecting the sensor

Figure 3 – Pin Connections and Dimensions

The sensor has a three-pin housing but only two pins are used.

Unlike pH electrodes and Ion Selective Electrodes, this sensor does not have a high internal
impedance (ISE’s can have an impedance >100Mohm). However, for best sensor life, a high
impedance op-amp is required since any current drawn from the sensor can lead to an imbalance of
the various chemicals within the sensor.
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Use a high impedance op-amp such as 3140 or TLC272. Try to keep track lengths short and
possibly guard in order to reduce noise. The sensor only produces 7 to 10mV/decade of gas
concentration (at 5000ppm to 5% CO2).  Resolution will depend on noise; accuracy will depend on
sensor stability and noise.

Converting mV into CO2 concentration

The first measurement on switch-on should be a reference measurement and should be in the
range you will be measuring:
Ambient air: 450 to 500ppm CO2 (if you are measuring indoor or urban air)
2000 or 5000ppm CO2 (if you are using as an industrial safety sensor)
10% CO2 (if you are measuring combustion)

Measure mV in this reference atmosphere and determine what mV you should be getting on your
master-curve. Also, measure the temperature so you will be able to add/subtract a temperature
compensating voltage when the temperature changes.

Apply, digitally, this offset mV so the resultant corrected concentration matches the expected
concentration.   For example, if you are reading  –10mV at 1% CO2, then add +3mV to bring the
reading to –7mV, which is the voltage on the master-curve.    This correcting voltage must be
applied to all subsequent readings before the temperature correction.

Measure the temperature when measuring mV in the reference gas so you will be able to add or
subtract a temperature compensating voltage when the temperature changes from the calibration
temperature.

To measure CO2 concentration.
Measure mV and temperature.
Apply the mV offset that is specific to each sensor, determined in using the reference measurement
above.
Determine the temperature difference between the reference measurement and the current
measurement.
Subtract an offset according to the formula below (the exact correction is not linear, but a linear
approximation is very close):

mV  = mV - (Tref-T)*0.5

For example a 10º C drop in temperature requires a correction of –5mV.

The next step is conversion from mV to concentration.  The master-curve (Fig 2) on our CO2-D1
data sheet should be used to approximate sensor response. However, written on each sensor is its
actual sensitivity required to change mV into CO2 concentration.

NOTE:
At 10ºC, the sensor shows an extra 2mV shift above 1% gas concentration
At low concentrations (below 2000ppm), the sensors become less repeatable.

Either spline-fit the master-curve then perform an anti-log through Excel or, if the linearisation is in
embedded software, quadratic formulae can be used.
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Points to note:

The sensor is slower at 0º C and below.

The sensor shows a reversible shift when used at temperatures above 40º C. A shift in the mV
output will occur but a reference calibration will let you go back to using in the range from 10º C to
40º C.

At concentrations below 5000ppm, the sensitivity and sensor repeatability may be unsuitable for
certain applications.

For more information, please contact Alphasense at sensors@alphasense.com.


