
ME490B : Lecture 3 

•  Announcements 
– Meeting schedule for today 
– Beginning evaluations 
– Organizing anybody who has issues with 

their projects 
•  Case study – energy harvesting 
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Wired Charger 

•  Conventional direct ohmic contact between 
power source and the car 

•  High Efficiency: only small ohmic loss 

  Challenge: Charging 
time 

   Attempted solution 
 1. Capacitor Storage 
 2. DC Fast Charging 
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Capacitor Storage 
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•  Advantage: Fast charge/discharge rate 
•  Ex. Shanghai Capacitor Bus 

One charge 
- Charging time 30-80 sec 
- Running distance 3-6 kms 
- Charging System DC 320-600V 



Wireless Transmitting Method 
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•  Microwave Transmission 

•  Magnetic Induction 

•  Magnetic Resonance Coupling 

•  Capacitive Coupling 



Guided microwave power beam 
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•  Advantage: transmission beam can be steered 
electrically with no moving parts 

•  Potentially transfer up to 400kW with distance 
1km  



Magnetic Induction 

•  Transferring electrical power from the 
source to the load magnetically, inducing 
current/voltage in receiver coil 
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OLEV by KAIST 
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•  On-Line Electric Vehicle since 2009 
•  Efficiency severely subject to misalignment,  

-> use position control module for accuracy within 
3mm 



Regarding Human Health 
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•  Nagano Japan Radio 13.56MHz, 1kW 
•  Efficiency > 80% (for 10~30 cm gap) 
•  Aluminum plate to shield magnetic field 





Total Implantable Multichannel 
Electronics” (TIME) spinal cord stimulator 
shown in this picture went into clinical 
trials around 1988	
This device was one of the first to feature 
four stimulation channels, and was paired 
with Neuromed’s tetrapolar stimulation 
lead described in US Patent Number 
4,379,462	
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Output 
Power  



Energy-Harvesting System


•  In today’s high-tech world 
–  microelectronic portable devices  
–  impose increasingly severe power requirements 
–  because of the volume constraints of portable 
–  electronics, available, stored energy is limited 
–  resulting in short operation life 

•  Self-renewable energy reservoir that can 
continually self-replenish energy consumed 
–  finds a niche in a wide variety of portable 

applications.






Motion and Vibration 



Electromagnetic Energy Harvesting 
Methods


•  No voltage 
source 
required 

•  Rectification 
and power 
conditioning 

•  Difficult 
integration of 
magnet 

•  Very low 
output 
voltage 

•  Moving parts






Piezoelectric Energy 
Harvesting Methods


•  No voltage source 
required  

•  Rectification and power 
conditioning  

•  Difficult integration of 
piezoelectric material 

•  Higher output power 
and voltage  

•  Moving parts  
•  Decreased coupling and 

brittleness of thin films


piezoelectric effect  
(sensor application) 

converse piezoelectric effect: Materials 
showing this phenomenon also conversely 
have a geometric strain proportional to an 
applied electric field.




measuring equipment used for the resonant frequency and output 
voltage of the cantilever array  



Energy harvesting  

flow 

  Examples of Energy harvesting using piezoelectric effect 



Piezo el  
by Robert Nowak (DARPA), Tom Curtin (ONR), 2000 

0.6 W at flow rate of 1m/s from a 60cm2 structure  

MIT shoe 
by Joe Paradiso at MIT media Lab,1998 

1mW with 25cm2 piezoelectric element  

Mechanical  

vibration 
Energy harvesting by Pi
ezoelectric effect 

Output processing  

- Power storage 

- Wireless 

- Remote sensing 

- Personal mobile 

  Energy harvesting


Electrical ener
gy 





MEMS Energy Harvester   

Signal conditioning 
block: 

 ratifying and storage 

OR    Functional circuit  

Micro cantilever array  

Adjustable frequency 

Efficient rectifying 
circuit 

Stacked  

piezo-elements 

  Modulized self-generating power source: 
 Targeting dimension: 1 × 1 × 0.3 cm3 

  Small functional unit – 
 Implantable or disposable functional unit for remote sensing, tracking location, 
personal GPS and battery alternative for mobile devices    

     

or 

Self-power module 

OR independent functional 
unit 

100um 





Thermoelectric 
Energy Harvesting 

Methods


•  No moving parts, 
reliable  

•  Very low conversion 
efficiency  

•  Low temperature 
gradients 

•  Scalable  
•  Low output voltage 
•  Durable








Electrostatic (capacitive) 
Energy Harvesting Methods


•  Scalable  
•  Energy investment requirement  
•  Mechanical stability 
•  Compatible with current technology  
•  Synchronization with vibrations 
•  Moving parts 
•  High voltages charge constrained




Electrostatic (capacitive) Energy 
Harvesting Methods





