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The swelling of the hydrogel was found to take about 4 
minutes at 25°C, 3 minutes for 37°C and 2 minutes for 45°C. 
The deswelling is approximately one minute faster than the 
swelling in all the cases.  
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Figure 4: Effect of temperature on the response times of 
the sensor array for all the diaphragm sizes (n=10) 

C. Sensitivity  
The sensitivity (S) was calculated using equation 2 [20]. 

   ����������� � �����������������������   (2) 
 The range of sensitivities was identified to be different for 
almost every sensor. It was found that small variations in 
filling levels of hydrogel in the sensor cavities caused the 
variations in the sensitivity ranges. For cavities with a 
smaller amount of hydrogel the diaphragm does not deflect 
as much and therefore the sensitivity range is smaller. 
However, the effect of the temperature on the sensitivity of 
the sensor could still be determined. Figure 5 shows the 
sensitivity change over temperature for the swelling cycle 
when the ionic concentration changes from 165 to100mM.
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Figure 5: Variations in the sensitivity of the sensor with 
varying temperature for the swelling step when the 
concentration changes from 165 to100mM 
 The sensitivity goes up with temperature  by 
approximately 2 mV/M.   The sensor arrays with and 
without hydrogel was tested in 165 mM PBS while cycling 

the temperature from 25 to 45°C to investigate the effect of 
temperature on the hydrogel and the sensor array 
independently.  It was found, that the variation in the output 
voltage with and without hydrogel in the sensor cavities is 
negligible compared to the sensor output. This can be seen in 
figure 6. The output voltage drops about 0.3mV with rising 
temperature. Small drops in the output voltage can be 
attributed to unsteady cooling or heating.  
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Figure 6: Effect of temperature on the sensor with and 
without hydrogel at 165mM PBS for a temperature 
range of 25-45°C with sensor of diaphragm size 1x1mm2 

D. Stability 
The stability of the sensors is the time they function 

desirably without failure [19]. For each sensor array, three 
concentration cycles at each temperature were carried out. 
After 1 week of testing, the sensors were either put into 
165mM PBS solution at 37°C or reused with fresh 
hydrogels. After the completion of all temperature cycles, 
one concentration cycle was performed every week to ensure 
proper performance of the sensor. Figure 7 shows the sensor 
performances over a period of 33 days. 
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Figure 7: Long-term stability and baseline drift of the 
three sensor sizes on one sensor array over 30 day at 
about 36.5.°C 

A minor drift in the baseline was detected for all the tested 

1857



  

sensors. The output voltage decreased by an average of 
about 0.2mV over a period of 33 days. 

IV. DISCUSSION 
The temperature tests show that the response time for the 

swelling as well as deswelling cycle is reduced by 50% 
when shifted from 25°C to 45°C. Due to faster diffusion at 
high temperatures the solutes can diffuse in and out of the 
hydrogel at a higher rate which results in a faster volume 
change and deflection of the sensor diaphragm. 

The swelling of the hydrogel was found to be slower than 
the deswelling by approximately one minute. This could be a 
result of the additional pressure exerted by the diaphragm on 
the hydrogel during the deswelling cycle which tends to 
equilibrate faster than during the swelling cycle. The kinetics 
of the swelling/ deswelling as well as the thickness of the 
hydrogel are important factors that are still limiting the 
response time [11]. 

It was determined that the effect of temperature on the 
sensor is a combination of the hydrogel shrinking as well as 
expansion of the sensor materials. It is believed that due to 
the expansion of the silicon sensor with temperature the 
diaphragm is relatively flattened leading to a decreasing 
output voltage. Simultaneously, the hydrogel shrinks with 
temperature resulting in a less deflected diaphragm. Small 
process variations due manual polymerization in the cavities 
of the sensors also tend to lead to different sensitivity ranges.  
 The baseline drift is minimal over time but needs to be 
better controlled or calculated accurately in order to ensure 
proper functioning of the sensor over time. 

V. CONCLUSION 
The performance of the ionic strength sensors was 

successfully tested in a temperature range of 25-45°C. These 
sensors were found to have faster response and higher 
sensitivity at higher temperatures within the tested range. 
However, the effect of temperature on the sensitivity and the 
baseline current of the sensor is very small compared to the 
sensor output. The sensor assembly processes, such as the 
hydrogel filling level in the cavities, were found to have an 
effect on the sensor performance besides temperature 
changes. The effect of temperature change on output voltage 
in the tested range is smaller compared to sensor output due 
to analyte concentration change. Therefore the temperature 
tests show that the sensors can be used at body temperature. 
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