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INTRODUCTION
CO2 incubators are designed to mimic a cell’s natural environment and ensure conditions are
constant. Although there are different types of incubator, most are designed to control CO2, relative
humidity, temperature and pH at constant levels. New high-speed CO2 sensors are now available
that allow designers to respond and manage gas levels with unprecedented fidelity.
WHAT IS AN INCUBATOR?
Micro-organism incubators are essentially ovens that are temperature-controlled, to work
within a strict biological range and are mainly used for cultivating and storing microbial
culture. These incubators can be found in laboratories across the world and are an
essential piece of equipment. Both medical and biological labs use incubators to provide
the correct controlled environment for successfully growing cultures.

Key Pad
LCD
DISPLAY

Pressure
Test

CO2

Control

Temp
Control

RH
Control

Controller

Controller Sub-System
Incubator Body
CO2 (0-20%)

FAN

Manifold

N2/
O2

Gas Sensing Solutions Ltd.
Page | 3

For regular updates, sign up at https://gassensing.co.uk

RH
Sensor

HEATER

VALVE

CO2

T
Sensor

CELL CULTURES

EXHAUST

Revision 2.0, 9 October 2020
Copyright © 2021 Gas Sensing Solutions Ltd.

WHITE PAPER
WHY CO2 NEEDS TO BE MEASURED?
Cultures grown within incubators require very specific environmental conditions. Typically,
incubators allow the user to monitor and adjust different factors such as temperature, relative
humidity and carbon dioxide levels to control pH of growth medium to ensure optimal growing or
storage conditions are maintained.
Cell growth is managed by controlling the pH value, which is typically in the range from 7.0 to 7.7.
Chemical reactions within the medium can alter the pH. In order to counter these reactions, levels of
CO₂ are controlled, helping to maintain a steady pH equilibrium in the growth medium.
If there is not enough CO₂ in the atmosphere, CO₂ will outgas from the culture media, and the
substance will become too alkaline; excessive CO₂ concentration in the atmosphere will cause more
CO₂ gas to be absorbed by the mixture, leading to high acidity levels. Providing a controlled CO₂
atmosphere helps maintain the required concentration of CO₂ in the growth medium, stabilising the
resultant pH.

WHAT ARE THE REQUIREMENTS FOR THE CO₂ SENSOR?
A CO₂ sensor used in a cell incubator should be responsive, accurate and stable over time.
Undesired changes within the incubator are likely to have a negative impact on the culture, and it is
therefore vital to know when CO₂ levels have changed, as well as the extent of the variation and to
be able to respond accordingly. Due to the high humidity environment, action also needs to be
taken to mitigate the effects of high humidity levels particularly during the sterilisation process.
Condensation on the sensor will cause the sensor to report inaccurate results.
Having a fast CO₂ sensor that can detect a change in CO₂ gas levels enables adjustments to be made
in near real-time, reducing the opportunity for the incubator environment to drift far from nominal.

NDIR CO2 SENSORS
Gas Sensing Solutions’ CO2 sensors use a solid state, LED light source. This type of light source has
numerous advantages, particularly for applications that need high response times. The CO2 gas is
strongly absorbed by mid-IR 4.25um light. GSS manufactures its own LEDs, which have been
specifically designed to emit a narrowband of light centred at 4.25um.
GSS has designed a family of high speed, high response rate CO₂ sensors specifically targeted at
applications that require near real-time CO₂ measurement capability.
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INTRODUCING THE SPRINTIR-6S AND EXPLORIR-W
The SprintIR-6S and ExplorIR-W series of sensors are a range of high accuracy carbon dioxide (CO2)
sensors designed to meet the needs of customers who require fast measurement of CO2 levels. The
sensors are designed to take a reading 20 times a second for the SprintIR-6S and 2 times a second
for the ExplorIR-W. The optical cavity has been designed along with a flow port adaptor to enable
gas to flow through the sensor at high speed, enabling the user to make use of the very high
measurement rate capability.
The flow port adaptor has been designed to allow CO2 gas to be exchanged inside the gas
measurement chamber.

Both series of sensors are available with CO₂ concentration ranges from 0-5%, up to 0-100%. They
feature a typical measurement accuracy of 70ppm and have built in auto-zeroing, ensuring excellent
long-term accuracy.
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In most applications, with a measurement rate of up to 20Hz, the ability of the sensor to provide
real-time readings will be limited by the flow rate through the sensor. The most important factor is
the gas exchange rate. This is the amount of time it takes for the gas to enter the CO2 measurement
chamber, get measured and then replaced. The sensor has a gas measurement chamber volume of
approximately 2.8ml. As a rule, to properly exchange the gas in the chamber, there needs to be a x5
volume of gas passed through the sensor. Therefore, approximately 14ml of gas needs to flow
through the sensor for each reading to be effective.

𝑴𝑴𝑴𝑴𝑴𝑴 𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 (𝒍𝒍/𝒎𝒎𝒎𝒎𝒎𝒎) =

𝟐𝟐𝟐𝟐 𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓/𝒔𝒔 ∗ 𝟔𝟔𝟔𝟔𝟔𝟔 ∗ 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏
𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏

The maximum flow rate supported by the SprintIR-6S is approximately 19ltr/minute CO₂ before the
sensor is unable to track the gas flow.
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CONCLUSION
The SprintIR-6S and ExplorIR-W CO₂ sensors from GSS have been specifically designed to address
applications where high measurement rate, responsiveness and long-term accuracy are paramount.
Suitable for CO2 incubators and a variety of other life science applications, they come with several
options that allow the sensor to be optimised for the installation.
To learn more about how the SprintIR-6S or ExplorIR-W, visit our website
https://www.gassensing.co.uk/products/
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IMPORTANT NOTICE
Gas Sensing Solutions Ltd. (GSS) products and services are sold subject to GSS’s terms and conditions of sale,
delivery and payment supplied at the time of order acknowledgement. GSS warrants performance of its
products to the specifications in effect at the date of shipment. GSS reserves the right to make changes to its
products and specifications or to discontinue any product or service without notice.
Customers should therefore obtain the latest version of relevant information from GSS to verify that the
information is current. Testing and other quality control techniques are utilised to the extent GSS deems
necessary to support its warranty. Specific testing of all parameters of each device is not necessarily
performed unless required by law or regulation. In order to minimise risks associated with customer
applications, the customer must use adequate design and operating safeguards to minimise inherent or
procedural hazards. GSS is not liable for applications assistance or customer product design. The customer is
solely responsible for its selection and use of GSS products. GSS is not liable for such selection or use nor for
use of any circuitry other than circuitry entirely embodied in a GSS product.
GSS products are not intended for use in life support systems, appliances, nuclear systems or systems where
malfunction can reasonably be expected to result in personal injury, death or severe property or
environmental damage. Any use of products by the customer for such purposes is at the customer’s own risk.
GSS does not grant any licence (express or implied) under any patent right, copyright, mask work right or other
intellectual property right of GSS covering or relating to any combination, machine, or process in which its
products or services might be or are used. Any provision or publication of any third party’s products or
services does not constitute GSS’s approval, licence, warranty or endorsement thereof. Any third party trademarks contained in this document belong to the respective third-party owner.
Reproduction of information from GSS datasheets is permissible only if reproduction is without alteration and
is accompanied by all associated copyright, proprietary and other notices (including this notice) and
conditions. GSS is not liable for any unauthorised alteration of such information or for any reliance placed
thereon.
Any representations made, warranties given, and/or liabilities accepted by any person which differ from those
contained in this datasheet or in GSS’s standard terms and conditions of sale, delivery and payment are made,
given and/or accepted at that person’s own risk. GSS is not liable for any such representations, warranties or
liabilities or for any reliance placed thereon by any person.

ADDRESS
Gas Sensing Solutions Ltd.
Grayshill Road
Cumbernauld
G68 9HQ
United Kingdom
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