
O2-FET: Measurement of changes in dissolved oxygen and pH 
with a single sensor 
Dipl.-Ing. J. Wiest, Dr. M. Brischwein, Dr. H. Grothe, Prof. Dr. B. Wolf,  
Heinz Nixdorf – Lehrstuhl für Medizinische Elektronik der Technischen Universität München, Munich, Germany 

Abstract 

For analysis of cellular respiration and extracellular acidification a “O2-FET” can be used which measures the 
dissolved oxygen concentration and the pH value in parallel at the same microspot. The principle function of the 
sensor is shown and a diffusion based finite elements software simulation of a measurement process is described 
and evaluated. The simulation results support the theory that diffusion is the determinant factor during oxygen 
and pH measurements with the O2-FET. 
 

1 Introduction 

To perform an effective therapy toward cancer the 
chemosensitivity of cancer cells onto different drugs 
would be of great interest. Chemosensitivity can be 
tested with animal experiments (but there are efforts 
made to reduce the amount of animal experiments). 
An alternative would be the use of biohybrid sys-
tems[1]. Such systems are a combination of microsen-
sors and cells or tissue[2]. An in – vitro experiment can 
be performed and the reaction of cells toward different 
drugs can be monitored. Important factors reflecting 
cell viability are the cellular oxygen consumption and 
the extracellular acidification. Both parameters can be 
investigated simultaneously and at a single microspot 
with the O2-FET[3]. This silicon based biohybrid mi-
crosensor is a combination of Clark – type dissolved 
oxygen (DO) sensor and an ion sensitive field effect 
transistor (ISFET)[4] for pH measurement. The work-
ing principle of the O2-FET is shown in figure 1. 

Figure 1: The operating point of an O2-FET is de-
fined by constant IDS and UDS values. UNME vs. the pO2 
reference electrode forms an electrochemical cell for 
the oxygen reaction. UGS and INME are measured. 

To improve the measuring capabilities of the sensor 
and for investigation of chemical processes at the 
electrodes a simple diffusion based model for the 
changes in the concentrations of dissolved oxygen and 
hydroxide was implemented in a finite elements mod-
elling software. 

2 Methods 

To simulate the processes at the electrodes of an O2-
FET a two dimensional geometry was implemented in 
a finite elements modelling laboratory software (FEM-
Lab). A diffusion based model was used. I.e. mass 
transport is only caused by a concentration gradient 
which can be formulated by Fick’s second law[5] (for-
mula 1): 

 
With the concentration ci and the diffusion constant 
Di. The electrochemical reaction which takes place at 
the noble metal electrodes (NME) is[6] (formula 2): 

 
In the current version of the simulation only hydroxide 
is implemented with DOH = 5,273E-5 cm²/s[7] and a 
cOH at t=0 of 1E-7 mol/l. The production rate of hy-
droxide was determined to be NOH = 6,346E-5 
mol/m2s according to experimental data. This flux i.e. 
the chemical reaction of formula 2 is only active if a 
voltage of –700 mV is applied to the NME (figure 2). 
If the voltage is applied the sensor is in the DO meas-
urement mode. While zero volt is applied the sensor is 
in the pH measurement mode. 
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Figure 2: Voltage cycle at the NME electrode. If 0 V 
is applied, the extracellular acidification is measured. 
If –700 mV is applied, (additionally) the cellular res-
piration is measured. 

3 Results 

Modelled (figure 3) and experimental data (figure 4) 
are compared. The pH value at the gate electrode is 
plotted vs. time. 

Figure 3: Simulated changes in pH – value at the gate 
electrode due to an oscillating voltage (figure 2) at the 
NME electrode. 

Figure 4: Real changes in pH – value at the gate elec-
trode during an experiment with cell culture media.  

The ordinate values of figure 4 can only be inter-
preted in terms of relative changes in pH, because the 
sensor was not calibrated prior to the experiment. 

4 Discussion 

The slope of the pH value correlates qualitatively with 
experimental data. This shows that diffusion is the de-
terminant for mass transport processes at the O2-FET. 
According to Bard et al.[5] the model also shows that 
the influence of ion migration is minor which supports 
the assumption that the potential of the bulk of the so-
lution is nearly constant. Further investigation are 
necessary to improve the accuracy of the simulation 
parameter. DOH is for pure water and has to be adapted 
to cell culture media. Furthermore additional ions or 
compounds have to be integrated into the simulation. 
The real flux NOH is assumed to be smaller than the 
one used because there are other chemical reactions to 
be considered apart from formula 2. Additional more 
complex simulation models are planned, including 
fluid flow, electrical field and the presence of living 
cells. 
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