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Le grappillage d’énergieLe grappillage d’énergie  

 What? 

 Collecting small amounts of energy from the environment 

 How? 

 Using special transducers  

 Different sources: organic, solar, vibration, thermal, electrostatic, near-

field electromagnetic, farfar--field electromagnetic (Radiofield electromagnetic (Radio--Frequency)Frequency), etc. 

 Why? 

 Provide energy for low power autonomous circuits 

 Typical application: Wireless sensor network (WSN) 

• Healthcare 

• Smart buildings 

• Logistics 

• Etc. 
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RectennaRectenna  
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 Rectenna: Rectifying Antenna 

  RF/DC Conversion 

 Diode-Based Rectifier : Schottky diode 
 Low threshold voltage (150 mV) 

 Low junction capacitor (0.150 pF) 

 RF signal frequency: 2.45 GHz 

 

 

 

 

 

 

 

 Low-power Rectenna  Series-mounted diode rectifier 
 Best compromise between output voltage level and conversion efficiency 

HF Filter 
•

 

•

HF Filter 
• Impedance matching 

between antenna and 

rectifier for work freq. 

• Blocks rectifier 

harmonics 

Diode-based Rectifier 
•

•

•

•

•

Diode-based Rectifier 
• Series 

• Shunt 

• Series-shunt 

• Voltage doubler 

• Bridge 

LF Filter 
•

•

LF Filter 
• Cut HF harmonics 

• Impedance matching 

for a nominal power 

level 
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Rectenna DC model and MPPTRectenna DC model and MPPT  
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Rectenna Characterization Rectenna Characterization 

Rrect 

Vrect 

Rectenna DC Model R load 

 Maximum Power Point Tracking (MPPT) : Impedance matching between the source and 

the load  

 Extract the maximum available power for the source 
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ObjectifObjectif  : circuit : circuit d’interfaçaged’interfaçage  entre la rectenna et la entre la rectenna et la 

chargecharge  
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Fluctuations 

de la charge 

Fluctuations 

de PRF 

 Elévation de la tension 

 Adaptation d’impédance 
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DifficultésDifficultés  et et problèmesproblèmes  
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 Issues with EH systems 

 Low available power: <1mW 

 Low voltage: <1V 

 Solutions 

1. Standard DC/DC converter  External start-up assistance : battery, pre-

charged capacitor, mechanical switch, etc. 

2. Resonant DC/DC converter  No external start-up assistance : Self-powered 

 Self-powered systems are more interesting: 

 Non-regulated available energy  bad battery health 

 No maintenance and theoretical infinite life time 

 System sizing optimization 
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PowerPower--Management strategy in selfManagement strategy in self--powered powered eenergy nergy 

harvesting applicationsharvesting applications  

MPPT: Maximum Power Point Tracking 
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StateState--ofof--thethe--

Art of Low Art of Low 

Power and Power and 

Low Voltage Low Voltage 

DC/DC DC/DC 

ConvertersConverters  

Battery-

Powered 

Converters 

Battery-less Converters 

A 

Wide range 

of input 

voltage and 

power 

B 

Special low voltage integrated circuit based on: 

 Sub-threshold CMOS design 

 Silicon-On-Insulator (SOI) technology 

C 
Classical Armstrong-oscillator-based converters 

(ultra-low voltage) 

D 
Novel Armstrong-oscillator-based converter (ultra-low 

power) [this work] 
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Topology and OperationTopology and Operation  
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Self-Rectification 

JFET’s Gate-

Source Diode 

1. Oscillator 

2.

3.

1. Oscillator 

 JFET 

 Resonant cavity 

2. Voltage Stepping-up 

 Transformer 

3. Rectifier 

 Gate-source diode 

F=400kHz 

100mV 

-850mV 

Vin 

Vout 

Vgs 
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Resonant Converter Associated with a Low Power Resonant Converter Associated with a Low Power 

RectennaRectenna  

50Ω 

RF Signal 

Power Source 

F = 2.45 GHz 

Load 

Resistance 

Resonant 

DC/DC 

Converter 

Experimental test  Experimental test 

 Output Voltage 



 Output Voltage 

 Step-up Ratio 

Rectifier 
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ConvertisseurConvertisseur  Flyback en DCMFlyback en DCM  

 DCM : Discontinous Conduction Mode 

 Input Converter impedance is independent of the output load conditions in 

DCM 
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Etude des Etude des pertespertes  dansdans  le le convertisseurconvertisseur  

Commande 

Vstartup Vstartup 
Conduction : Rds(on)  Conduction : Rds(on) 

 Commutation :  

- Coss 

- Chauvauchement 

courant-tension au 

blocage 

Conduction : Tension de  Conduction : Tension de 

seuil + résistance de la 

jonction 

 Commutation : Capacité de 

jonction 

Conduction : Rl1 et Rl2  Conduction : Rl1 et Rl2 

 Fuites : Couplage imparfait 

Consommation de la  Consommation de la 

commande 

Driver : Consommation  Driver : Consommation 

en fonction de Qg 

(Charge du Mos) 
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ExempleExemple  de designde design  

Beaucoup de pertes dans le Beaucoup de pertes dans le 

driver du MOS 

 Nécessité d’une commande résonante afin de limiter les pertes driver 

Les pertes de Les pertes de 

commandes ne sont 

pas pris en compte!! 

Source : Vs =100mV, Rs=2.4kΩ, Psource=1µW 
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Conclusion et perspectivesConclusion et perspectives  

 Structure de startup : Convertisseur résonant 

 Vs > 170mV 

 Pin > 3µW 

 Rendement convertisseur  = 10 à 25% 

 Rendement convertisseur + rectenna  = 8% max (@-2dBm) 

 Applications : démarrage du convertisseur principale 

 Convertisseur principale : Flyback en DCM 

 Vs > 100mV 

 Ps > qq µW 

 Rendement : > 70% 

 Adapatation d’impédance très éfficace basée sur le fonctionnement DCM 

 

 Perspectives 

 Réalisation (en composants discrets) et validation expérimentale du convertisseur 

Flyback 

 Association du circuit de startup et du convertisseur principale 

 Utilisation d’un design kit afin d’optimiser les performances: 

• JFET  adapté pour le convertisseur résonant 

• MOSFET et diode pour le convertisseur Flyback  
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