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1.7. STATE-OF-THE-ART ON ISFETS IN WEARABLE PROTOTYPES 
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2 OBJECTIVES 

 



 

 Development of potentiometric sensors for pH, Na+, K+ and Cl- that 

could jointly be implemented on flexible substrates.

2. Validation of the sensors for the measurement of the selected 

biomarkers in sweat  

3. Development of a solid-state reference electrode, required to be 

integrated together with the sensors for robust potentiometric 

measurements.  

 Design of the wearable platform architecture and connection to a 

tailor-made readout electronics.

5. Integration of a fluidic component in the wearable platform 



 

6. Validation of the wearable prototype on-body and study of the 

correlation of the biomarker concentration profiles recorded 

during exercise with the user physical status.  



 



 

3 MATERIALS AND METHODS 

3.1. REAGENTS AND SOLUTIONS  
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3.4.4. Potentionstat-galvanostat 



 

3.4.5. Custom-made multi-channel readout electronics  

 

Figure 3.4.



 

3.4.6. Other materials and equipment 

- 

- 

- 

- 

- 
- 

-  

- 
- 
- 



 

- 

- 
- 
- 
- 



 



 

4 DEVELOPMENT AND CHARACTERIZATION OF PH, 

NA+, K+ AND CL- ISFETS  

 
 
Figure 4.1. 

4.1. INTRODUCTION 

4.1.1. ISFET’s selectivity modification 



 

 [69]



 

4.2. EXPERIMENTAL SECTION 
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4.3. RESULTS AND DISCUSSION 

4.3.1. Na+, K+ and Cl- ISFET sensor development 

4.3.1.1. ISFET gate activation 
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4.3.2. Characterization of pH, Na+, K+ and Cl- ISFETs in standard aqueous 

solutions 
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5.2.2. Sweat sample collection for ISFETs validation 
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5.2.3.  Sweat sample analysis 
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6.1.1. Solid-state reference electrode 
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6.2.1. Formulations of the hydrogels for the development of a REFET 
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6.2.4. Evaluation of the patch performance  



 

 

Figure 6.5.

6.2.4.1. Characterization of the REFET 

6.2.4.2. Characterization of the Ag/AgCl/PVB reference electrode 



 

─

─



 

 

6.2.4.3. Selection of a coating for the sensors’ encapsulation in the 
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6.3.2. Development of an integrated reference electrode 
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6.3.3. Evaluation of the sensors encapsulated in the wearable patch 
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6.3.5. Optimization of fluidic structure design 
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7.2. EXPERIMENTAL SECTION 

 
7.2.1. Sweat sample collection and on-body tests 

Swiss Olympic Medical Center
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7.3. RESULTS AND DISCUSSION 

7.3.1. Factors affecting an athlete’s sweat composition 
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  Fcalc Fcrit Significant? Fcalc Fcrit Significant? 

One-way ANOVA using sessions as replicates: 

20.24 29.69 
One-way ANOVA using effort phases as replicates: 

23.11 25.42 
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Table 7.3.

 
  Fcalc Fcrit Significant? Fcalc Fcrit Significant? 

Two-way ANOVA using parts of the body as replicates after removing torso and 
arms data: 

9.60 14.25 

3.10 23.12 
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  Fcalc Fcrit Significant? Fcalc Fcrit Significant? 

Two-way ANOVA using sessions and symmetric parts of the body as replicates after 
removing torso and arms data: 

5.13 3.92 

3.08 9.57 
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7.3.1. On-body evaluation of the wearable patch-like device 

- Sweat in the ZIF connection (Figure 7.6c)



 

- Loosening of the USB C-type connector due to movement (Figure 7.6d)

- Electronic interference from other devices (Figure 7.6e)

- Saturation of the sink pad with sweat (Figure 7.6f)
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8.2. EXPERIMENTAL SECTION 

8.2.1. ISFET bio-functionalization 



 



 

 

Figure 8.3.

8.2.2. Aptasensor characterization 

8.2.2.1. Surface silanization evaluation 
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8.3. RESULTS AND DISCUSSION 

8.3.1. Evaluation of the aptamer immobilization process 
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8.3.2. Aptamer immobilization on ISFET surface 
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8.3.3. Debye-screening effect 
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9 CONCLUSIONS AND PERSPECTIVES 

9.1. CONCLUSIONS 

1. Development of (bio)chemical sensors 



 

2. Validation of the sensors for the real-time monitoring of 

biomarkers in sweat  

3. Development of a solid-state reference electrode 



 

4. Integration of ISFET sensors into wearable platforms 

5. Integration of a fluidic component and final design of the 

wearable prototype.  



 

 

6. Validation of the wearable prototype on-body and 

correlation of biomarkers changes with athlete’s conditions 

Future work 

 Sweat monitoring of Na+ and K+. 

o 



 

o 

 Cortisol sensor:

 On-body tests:
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