
WHY DO YOU CALIBRATE A CCR WITH PURE OXYGEN? 

We frequently get asked the question as to why we use O2 as a calibration source for oxygen 
sensors in closed circuit rebreathers (CCR).  A CCR diver often has multiple gasses available, 
any of which could in theory be used for calibrating the O2 sensors in the CCR.  The simple 
answer is that pure O2 is the best gas for a calibration source and so Shearwater computers are 
designed with that in mind.  As to why O2 is the best gas, read on and we will make that more 
clear. 
 
The use of a Nitrox or other mixed gas is a poor choice for O2 calibration since the actual O2 
concentration may not be known accurately enough.  If the mixed gas is checked with a gas 
analyzer, that analyzer is typically calibrated from air; hence the calibration chain would be air to 
analyzer to mixed gas to CCR O2 sensor.  Each step in the calibration involves errors, so it can 
be seen why mixed gas is not suitable for CCR O2 sensor calibration.  Pure O2 can be used 
directly as a calibration source without extra steps introducing errors. 
 
There are some rebreather electronics that allow the use of air for calibration of O2 sensors, 
and in fact this is required in the case of semi-closed rebreather systems without a pure O2 
source.  Shearwater computers do support the use of air as a calibration source, but only when 
in semi-closed mode. 
 
Shearwater computers use O2 as a CCR oxygen sensor calibration source for the following 
reasons: 
 

● A calibration in air at 21% partial pressure O2 (PPO2 of 0.21) is significantly different 
from the normal breathing loop set point of 1.3 PPO2.  Calibration in nearly pure (PPO2 
0.98) O2 provides an advantage in that this is much closer to the typical operating range 
and less reliance is placed on strict linearity of the O2 sensor. 
 

● Calibration in air at 21% O2 involves an electrical signal from the O2 sensor of about 10 
millivolt (mV) as compared to a 47mV signal in pure O2.  The lower signal is much more 
susceptible to analog noise and offset voltages in the amplifier circuits, so there is an 
advantage to calibrate with the larger signal given by pure O2. 
 

● The process of analog to digital conversion in the rebreather electronics has a limited 
resolution, and these quantization errors are almost 5 times as significant in air as 
compared to pure O2. 
 

● In cases where the ‘pure’ O2 calibration source may not have a precisely known O2 
concentration, however, a 2% error in O2 level at around 98% nominal is equivalent to 
only a 0.4% error in concentration at 21%.  In other words, sensitivity to absolute errors 
in O2 concentration is less for a (nearly) pure O2 source as compared to air. 
 



It is worth expanding upon the mention of O2 sensor linearity in the above discussion.  O2 
sensors are only linear for lower concentrations of oxygen, and become non-linear at high 
concentrations.  The usable linear range of an O2 sensor decreases with age, and when this 
linear region becomes lower than a PPO2 of 1.6 the sensor is no longer safe to use in a 
rebreather.  Even though a linearity test to PPO2 of 1.6 is not easily performed when calibrating 
at the surface, checking the linearity from a calibration with pure O2 to air (reading in air should 
show 0.21) is a prudent sanity check.  An additional linearity check of O2 sensors at a PPO2 of 
1.6 underwater is also critical, but beyond the scope of this discussion. 
 
We will also mention that the reason we use a PPO2 factor of 0.98 for calibration of an O2 
source expected to be 99.9% pure is to account for some humidity in the CCR loop.  Residual 
humidity is expected due to the diver breathing in to it to perform loop checks prior to calibration, 
and this humidity reduces the measured PPO2. 
 
We hope this explanation has helped clear up most questions regarding the use of pure oxygen 
as an O2 sensor calibration source. 
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