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Novel development for pH measurement at Fraunhofer IPMS

Innovation in sensor technology: development of a new
pH sensing layer successfully integrated into an ISFET

Fraunhofer Institute for Photonic Microsystems IPMS announces a significant
advance in chemical and biochemical analysis. The team led by Dr. Olaf R. Hild,
Head of the Chemical Sensor Technology Business Unit, has successfully
developed a pioneering sensing layer for chip-based pH measurement has and
successfully integrated it into an ion-sensitive field-effect transistor (ISFET).

The pH of a solution is the most important parameter in chemical and biochemical
analysis. An ISFET with a novel sensor layer developed by Fraunhofer IPMS, in
combination with a conventional reference electrode, enables highly precise pH
measurement in the range from pH 1 to pH 13. The compact, unbreakable sensor chip
with dimensions of 5 x 5 mm?2 is characterized by a minimal drift of < 20 pV/h as well
as low hysteresis while being easy to integrate. A significant improvement has also
been achieved in the reduction of light sensitivity.

The dry storage capability of the sensor is one of its primary advantages. Moreover, the
electrical operating point of the sensor can be flexibly adjusted via the design and the

operating parameters, whereby an operating voltage (Vps) of below 1V is possible.

Dr. Hild, head of the research team, expressed his enthusiasm for the measurement
data achieved by the mechanically robust sensor: "With these properties, the new ISFET
is particularly suitable for on-site environmental analysis." Dr. Hild went on to
emphasize that the next important research goal is to develop a sensor layer that
enables a purely chip-based pH measurement that eliminates the need for conventional
reference electrodes. This breakthrough technology would then have the potential to
continuously collect environmental data over long time periods without the need for
intervention by operating personnel.

Physical principles of the ISFET from Fraunhofer IPMS

The novel ISFET from Fraunhofer IPMS is based on metal-oxide-semiconductor (MOS)
field-effect transistor technology, whereby the sensor area in contact with the medium
consists of an amphoteric metal oxide layer. Hydronium or hydroxide ions from the
medium are reversibly adsorbed on this sensing layer, allowing for the pH of the
medium to be measured. The gate-to-source voltage (Vgs) response versus a reference
electrode (Ag/AgClin 3 M KCl) is then used as the measurement signal.
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Department of Materials Science, which was co-financed from tax funds on the basis of
the budget approved by the Saxon state parliament.

The developments of Fraunhofer IPMS contribute significantly to the further
development of environmental analysis and open up new possibilities for more precise
and more efficient data acquisition in the field of chemical analysis.

About Fraunhofer IPMS

Fraunhofer IPMS is one of the leading international research and development service
providers for electronic and photonic microsystems in the application fields of intelligent
industrial solutions and manufacturing, medical technology and health, and mobility. In
two state-of-the-art clean rooms and with a total of four development sites in Dresden,
Cottbus and Erfurt, the institute develops innovative MEMS components and
microelectronic devices on 200 mm and 300 mm wafers. Services range from consulting
and process development to pilot production.

The Fraunhofer-Gesellschaft, based in Germany, is the world's leading applied research organization. By prioritizing key technologies for the
future and commercializing its findings in business and industry, it plays a major role in the innovation process. A trailblazer and trendsetter in
innovative developments and research excellence, it is helping shape our society and our future. Founded in 1949, the Fraunhofer-Gesellschaft
currently operates 76 institutes and research units throughout Germany. Around 30,800 employees, predominantly scientists and engineers, work
with an annual research budget of roughly €3.0 billion, €2.6 billion of which is designated as contract research.
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Sensor Technology at Fraunhofer IPMS
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ISFET sensor chip from Fraunhofer IPMS
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Simplified illustration of an ISFET with
an Ag / AgCl reference electrode
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