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Introduction 

1.1 Miniaturized self-powered systems 
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1.2 Micro-storage options: why electrochemical capacitors 
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1.3 Functions of electrochemical capacitors beyond main energy storage 
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1.4 Challenges facing electrochemical capacitors 
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1.4.1 Device performance challenges 
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1.4.2 Device encapsulation and integration challenges 



1.5 Scope of the thesis 

 
 

¶ Improving energy density while keeping high power density and long cycling stability 

¶ Increasing the maximum operating voltage limit 

¶ Achieving high power density at extreme low-temperature, and high stability at extreme 
high-temperature 

¶ Strengthening efficiency in pulse charging and discharging  

¶ Minimizing the self-discharge and leakage current 

¶ Enhancing frequency response properties with a high capacitance density 

¶ Developing new encapsulation and integration concepts allowing for surface mounting 
with a low profile and compatibility with a wide choice of materials 

¶ Enhancing the tolerance to high-temperature exposure that is required for reflow 
soldering and/or other encapsulation and integration method. 
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Fundamentals of electrochemical capacitors 

2.1 Charge storage mechanisms 

2.1.1 Electrical double layer  
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2.1.2 Pseudocapacitive storage 












































































































































































