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Battery

Applicat ionEnergy Harvester Energy Management

 Photovoltaic
 Electro-M echanical
 Thermo-Electric
 Radio Frequency

A mbient Energy 
Harvester

Power
M anagement

 Energy Conversion
 M anage Energy 

Storage
 Powers Application

 Thin Film Battery
 Capacitor
 Traditional Battery
 Etc.

W SN

 W ireless Sensor
 Powered Card
 Implantable M edical
 M any, many more…

Energy Storage
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Int roduct ion

µP Standby

Real Time Clock (RTC)

W atch/Calculator

RFID Tag

Sensor/Remotes

Hearing A id/W ireless Sensor

Bluetooth Transceiver

GPS

GSM  Cell Phone
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Power Tools
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(~60mW Peak)
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 High eff iciency designs

 M inimize losses (on-resistance, coil resistance, ESR, leakage, …)

 M inimize st andby pow er

 M aximize harvest ed pow er
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 W hat is the M axim um  M ow er  Point ?
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 W hat is M aximum Power Point Track ing?
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High ef f iciency designs for energy conversion, energy 
storage and pow er management
Int roduct ion

 M PPT algorithms

 Incremental conductance (ΔP/ΔV )

 P& O

 Fractional OCV

 Fractional OCV

 M PP voltage has a f ixed rat io  to open circuit voltage (0.7 – 0.8)

 But: Ratio not  const ant  and di f f erent for every generator

 P& O

 Gener ic algorithm

 Osci l lat es around M PP

Hi l l  cl im bing 
algorithms
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Circuit  design

 M PPT works for al l  converter types

 This case study: Boost converter for low  vo l t age sources

 Input

 Thermogenerator

 Solar cell

 Fuel cell
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 Coupled induct or  DC/DC converter

 20m V startup voltage

 M inim al thermal gradient or illumination
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 DC/DC conver t er  controlled 
by microcontroller

 Start up circuit starts at 70m V

 Dig i t al ly  cont ro l led 
maximum power point tracker

 Integrate your own 
appl icat ion

 A lgorithm is por t ab le

 Regulation of  input or out put
power
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 St ar t up circuitry

 Synchronous rectif ication

 µC shut s dow n self -oscillating 
circuit when in regulation
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Oscillator startup Startup of  µC and M PPT
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Sof tw are and regulat ion loop

 M PPT

 Simple and suf f icient ly  precise tracking

 Relatively slow

 Requires m ore energy than FOCV

 FOCV

 Sim pl i f ies measurement

 Energy loss due to sampling of  open circuit voltage

 Choosing the sam pl ing per iod

 V oltage constant var ies around 0.7 and 0.8

 µC enables dynam ical ly choosing best algorithm
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 Clock source dependent on dut y  cycle

 Use hardw are modules

 PWM vs. PFM

 Complete shut dow n
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Energy storage
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Higher Energy Density &  Lower Leakage 

SSB  = Best of  Both 

 High Drive Current

 High Energy Density

 50 X SuperCap

 Lowest Leakage

 4,000 X  < SuperCap

 Rechargeable / Long Life

 Superior Lifetime Energy –
never replace a battery

Battery
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Summary

 M ost power available if  load 
m at ches source

 Pow er  m anagem ent  ensures 
maximum power output

 Energy st orage always required

 Transducers can be shrunken due 
to more eff icient power 
management

 System costs sign i f icant ly  low er  
when transducers are smaller
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Thank you for listening!

Any quest ions…..?

 Contact: Henrik Zessin
Fraunhofer-Institute for Integrated Circuits
Nordostpark 93
90411 Nuremberg
Tel. 0911 / 58061 6425
henrik.zessin@iis.f raunhofer.de

 www.iis.f raunhofer.de/ec/power

 www.smart-power.fraunhofer.de
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