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Latest  Advancements in Energy Harvest ing Transducers 
Int roduct ion 

Energy-
Transducer Rectifier

DC/DC
MPPT

Charger/Limiter/
Protection Storage DC/DC

Storage
Application/

Load

Ambient 
Energy

 Photovolta ic 

 Elect ro-Mechanica l 

 Piezo-Elect ric 

 Thermo-Elect ric 

 Radio  Frequency 

 Energy Conversion  

 Manage  Energy 
Storage  

 Powers 
Applica t ion  

 Thin  Film Bat te ry 

 Capacitor 

 Tradit ional Ba t te ry 

 Etc. 

 Wire less Sensor 

 Powered Card  

 Implantable  
Medica l 

 Many, many 
more… 
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Latest  Advancements in Energy Harvest ing Transducers 
Int roduct ion 

Energy Source Challenge 
Typical  

Impedance 
Typical  
Voltage 

Typical Power 
Output Cost 

Light Conform to small 
surface area; 

wide input 
voltage range 

Varies with light 
input 

Low kΩ to 10s of 
kΩ 

DC:  0.5V to 5V 
[Depends on 

number of cells 
in array] 

10µW-15mW 
(Outdoors: 0.15mW-

15mW) 
(Indoors: <500µW) 

$0.50 
to 

$10.00 

Vibrational Variability of 
vibrational 
frequency 

Constant 
impedance 
10s of kΩ to 

100kΩ 

AC:  10s of volts 1µW-20mW $2.50 
to 

$50.00 

Thermal Small thermal 
gradients; 

efficient heat 
sinking 

Constant 
impedance 

1Ω  to 100s of Ω  

DC: 10s of mV 
to 10V 

0.5mW-10mW 
(20°C gradient) 

$1.00 
to 

$30.00 

RF & Inductive Coupling & 
rectification 

Constant 
impedance  
Low kΩs 

AC: Varies with 
distance and 

power 
0.5V to 5V 

Wide range $0.50 
to 

$25.00 
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Latest  Advancements in Energy Harvest ing Transducers 
Light  

 Sol Chip  

 Selectab le  ou tpu t  vo ltages 

 Full dayligh t : 3,3mW 

 Office  ligh t : ~20µW 

 Automat ic assembly 
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Latest  Advancements in Energy Harvest ing Transducers 
Light  

 Sphelar 

 One: 0,6mW 

 Array: 13,5mW 

 Dome: 230mW 

 

 Spherica l ligh t  rece iving  surface  

 Advantages in  unfavorab le  ligh t ing  
situa t ions like  

 Cloudy days 

 Low ligh t  
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Latest  Advancements in Energy Harvest ing Transducers 
Light  

 Alta  Devices 

 GaAs-based  

 Conversion  efficiency a t  28,8%  
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Latest  Advancements in Energy Harvest ing Transducers 
Vibrat ions 

 Piezoelect r ic 

 Hundreds o f kΩ 

 Rela t ive ly high  Voltages 

 M idé 

 Up to  10mW 

 m icroGen  BOLT 

 25 – 100µW 

 PI Ceram ic 

 DuraAct  

 Robust  and  f lex ib le 
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Latest  Advancements in Energy Harvest ing Transducers 
Vibrat ions 

 Elect rodynam ic 

 Hundreds o f Ω 

 M edium  Voltage  range  

 

 Perpe tuum 

 10mW @ 100mg 

 Ferro  So lu t ions 

 5mW @ 100mg 

 PMDM 

 0,8mW @ 100mg 
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Latest  Advancements in Energy Harvest ing Transducers 
Vibrat ions 

 Hybr id  Genera tor 

 

 Can ach ieve  h igher pow er  densi t y  
than  sing le  t ransducer [4] 

 

 Easy t o  add co il and  magnet  to  
p iezoelect ric genera tor 

 

 

 

Source : [1] Nat iona l University of Singapore   

Source : [2]  Fraunhofer IIS 
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Latest  Advancements in Energy Harvest ing Transducers 
Vibrat ions 

 Elect rost at ic Genera tors 

 

 Size  reduct ion  th rough  M EM S 
fabrica t ion  

 

 Possib ly low  cost  genera tors 

 

 Here : 50Hz, 90µm amplitude : 

 ~1,1m W harvested  power 

 

Source : [5] High  Damping Elect rosta t ic System For  
                   Vibra t ion  Energy Scavenging    
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Latest  Advancements in Energy Harvest ing Transducers 
Vibrat ions 

 Switches 

 

 EnOcean  

 Force  2,7 – 3,9N 

 Energy: 0,12 – 0,21m Ws afte r 
DC/DC 

 

 Cherry 

 Force  ~3N 

 Energy: 0,33m Ws 

 

 

 

 

 

Source : [7] EnOcean, Cherry 
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Latest  Advancements in Energy Harvest ing Transducers 
Vibrat ions 

 Newnagy Tr iboelect r ic Genera tor 

 

 Triboelect ric Effect : 

 Materia ls become elect r ical ly  
charged  a fte r con tact  with  d iffe ren t  
materia l th rough  f r ict ion 

 PET donat es e lect rons 

 PDMS accept s e lect rons 

 Can be  near ly  t ransparent  

 18 V * 130nA = 2,3 µW per cm² 

 

 

 

 

 

Source : [6] Georgia  Tech, Newnagy  
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Latest  Advancements in Energy Harvest ing Transducers 
Vibrat ions 

 Rotary Tr iboelect r ic Genera tor 

 

 Area  power density 19m W/cm ² 

 

 Conversion  efficiency 24% 

 

 Produced  1,5W a t  3000rpm 

 

 

 

[10] Chinese  Academy of Sciences, Georgia  Inst itu te  of Technology 
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Latest  Advancements in Energy Harvest ing Transducers 
Temperature 

 M icropel t  

 hundreds o f Ω, ~100mV/K 

 “Classic”  TEGs 

 t ens o f Ω, ~30mV/K 

 

 

Source : Thermalforce  
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Latest  Advancements in Energy Harvest ing Transducers 
Temperature 

 Solar Therm ophot ovol t aic (STPV) 

 Turn  sunl ight  in to  heat  first  

 Then  use  PV opt imized  for 
in f rared rad iat ion 

 Classic So lar: Shockley-Queisser 
l im i t  a t  33,7%  (sing le  p -n  junct ion  
layer) 

 Ef f iciency  o f TPV could  be  
sign ifican t ly higher  

 

 

 

Source : [9] Stanford  
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Latest  Advancements in Energy Harvest ing Transducers 
Something new  

 M icro Windm i l ls, UT Arlington 

 

 About  1,8m m  wide  

 

 M ass-producable on  sing le  wafer 

 

Source : [3] UT Arlington  
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Latest  Advancements in Energy Harvest ing Transducers 
Something new  

 Wat er  vapor  genera tor, MIT 

 Materia l changes shape  afte r absorb ing 
evaporat ed w at er  

 Genera te  e lect ricity by 

 Humidity g rad ien t  cause  po lymer to  
cyclica lly 

 Rol l  up  

 Fl ip  over 

 Rol l  in  o ther d irect ion  

 Were ab le  to  genera te  5,6 nW 

Source : [8] MIT 
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Latest  Advancements in Energy Harvest ing Transducers 
Summary 

 Dif f erent  kinds o f generat ors fo r 
di f f erent  kinds o f ambien t  energy : 

 Light , Vibra t ions, Tempera ture  and  
Wind  

 Ongoing research fo r a ll genera tors 

 M at er ial  deve lopment  

 St ruct ural  deve lopment  

 Higher pow er  densi t ies 

 Reduct ion  of product ion cost s 
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Thank you for listening!  
 
Any quest ions…..? 
 

 Contact : Henrik Zessin  
Fraunhofer-Inst itu te  fo r In tegra ted  Circu it s 
Nordostpark 93 
90411 Nuremberg  
Tel. 0911 / 58061 6425 
henrik.zessin@iis.fraunhofer.de  

 

 www.iis.fraunhofer.de /ec/power 

 www.smart -power.fraunhofer.de  
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