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Context

 Development in WPT applications:
• RFIC
• WSNs

 Several fields of applications:
• Agriculture
• Industry
• Healthcare

 RF energy harvesting :
• Available anytime an everywhere
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 Minimize the maintenance & production costs

 Ambient power harvesting, as a replacement for 
battery

 Power scavenging            self-sustained 
connected devices. 
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Context

 Antenna to scavenge the RF signal

 Rectifier to convert AC signal into DC

 Battery or capacitor to store DC voltage

Wireless Power Receiver Topology
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Context

 Comparison between antenna topologies

 Operating frequencies: 900MHz/2,4GHz

 Best Sensitivity

 Best Power Efficiency (PCE)

 Best trade-off between Sensitivity and PCE

Wireless Power Receiver Topology
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Rectifier Architectures
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Voltage Multiplier Circuit – n-stage Traditional Multiplier

 Addition of n stages in parallel
 Increasing n :

• Better Vout
• Power efficiency decrease
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Proposed Voltage Multiplier Circuit – n-stage Bulk-biased
Rectifier Architectures
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 Bulk biasing to dynamically reduce VSB

 𝑉𝑉𝑇𝑇𝑇 = 𝑉𝑉𝑇𝑇𝑇0 + 𝛾𝛾 2 𝜑𝜑𝑆𝑆 + 𝑉𝑉𝑆𝑆𝑆𝑆 − 2 𝜑𝜑𝑆𝑆
 Reduce Impact of VTh

 Increasing n :
• Better Vout
• Power efficiency decrease



13 Th2D-2

Proposed Voltage Multiplier Circuit – Cross coupled
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Rectifier Architectures

 One-stage cross-coupled rectifier
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Proposed Voltage Multiplier Circuit – Cross coupled
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 During negative alternance:
• M1/M4 on and M2/M3 off
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Rectifier Architectures
Proposed Voltage Multiplier Circuit – n-stage Cross coupled Rectifier
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 Addition of stages in parallel 
 Increasing n :

• Increase Vout
• Decrease Power Efficiency
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PLS Results

 1.2V reached for:
• -22.4dBm (cross-coupled)
• -21dBm (bulk-biased)
• -20.4dBm (traditional)

Sensitivity
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PLS Results

 Maximum power efficiency achieved at:
• -20dBm(cross-coupled)
• -5dBm (bulk-biased)
• -5dBm(traditional)

Power Conversion Efficiency
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PLS Results

 Maximum power efficiency achieved at:
• -20dBm(cross-coupled)
• -5dBm (bulk-biased)
• -5dBm(traditional)

Power Conversion Efficiency

Cross-Coupled more adapted to low power
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PLS Results

 Maximum power efficiency achieved at:
• -20dBm(cross-coupled)
• -5dBm (bulk-biased)
• -5dBm(traditional)

Power Conversion Efficiency

 Power efficiency achieved @ -20dBm :
• 63%(cross-coupled)
• 44% (bulk-biased)
• 41%(traditional)

Cross-Coupled suited for low power
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PLS Results

 Maximum power efficiency achieved at:
• -20dBm(cross-coupled)
• -5dBm (bulk-biased)
• -5dBm(traditional)

Power Conversion Efficiency

 Power efficiency achieved @ -20dBm :
• 63%(cross-coupled)
• 44% (bulk-biased)
• 41%(traditional)

Cross-Coupled suited for low power

Cross-Coupled has 20% more efficiency
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Impedance Matching
Wireless Power Receivers

 MN at the rectifier’s input
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Impedance Matching
Wireless Power Receivers

 MN at the rectifier’s input
 Rectifier impedance = R-C parallel
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Impedance Matching
Wireless Power Receivers

 MN at the rectifier’s input
 Rectifier impedance = R-C parallel
 Co-integration antenna/MN
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Impedance Matching
Wireless Power Receivers

 MN at the rectifier’s input
 Rectifier impedance = R-C parallel
 Co-integration antenna/MN
 Inductive antenna design 
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Impedance Matching
Wireless Power Receivers
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 MN at the rectifier’s input
 Rectifier impedance = R-C parallel
 Co-integration antenna/MN
 Inductive antenna design 
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Impedance Matching
Wireless Power Receivers

LT

WT Wd
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Ld2

Win
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Lmd

Wmd

Output DC tracks

900 MHz Measures [mm]
Circuit to match WT LT Wd Ld1 Ld2 Ld3 Win Lin Wmd Lmd
5s Bulk-biased 55 32 3 4 6 8.5 15.25 7 0.25 1.25

5s Cross-coupled 50 51 2 3.5 4.8 8.2 15.25 7 0.25 1.25
2.45 GHz Measures [mm]

Circuit to match WT LT Wd Ld1 Ld2 Ld3 Win Lin Wmd Lmd
5s Bulk-biased 30 18 2 1.3 0.95 2.8 3.25 2.25 0.25 0.75

5s Cross-coupled 35 17 2 1.3 0.9 2.4 4.75 2.25 0.25 0.75

 MN at the rectifier’s input
 Rectifier impedance = R-C parallel
 Co-integration antenna/MN
 Inductive antenna design 
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Impedance Matching
Wireless Power Receivers
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 MN at the rectifier’s input
 Rectifier impedance = R-C parallel
 Co-integration antenna/MN
 Inductive antenna design 
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Measurements
Circuit Manufacturing

 WPR manufactured on 1,6mm FR4 
 Co-integration antenna/MN
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Measurements
Circuit Manufacturing

 WPR manufactured on 1,6mm FR4
 Co-integration antenna/MN 
 Custom wire bounding 
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Measurements
Circuit Manufacturing

3s Traditional

5s Cross-Coupled 5s Bulk-Biased

 WPR manufactured on 1,6mm FR4
 Co-integration antenna/MN 
 Custom wire bounding
 Possibility to connect each rectifier 
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Measurements
900MHz

 Max Power Efficiency:
• 72%(cross-coupled)
• 52% (bulk-biased)

 1,2V Output voltage:
• -22.3dBm (cross-coupled)
• -20dBm (bulk-biased)

Bulk 900 MHz

Cross 900 MHz
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Measurements
2,4GHz

 Max Power Efficiency:
• 82%(cross-coupled)
• 49% (bulk-biased)

 1,2V Output voltage:
• -23,2dBm (cross-coupled)
• -20dBm (bulk-biased)

Bulk 2.45 GHz

Cross 2.45 GHz
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[1] [2] [3] [4] [5] [6] This 
work(1)

This work(2)

Freq [GHz] 0.953 0.915 0.013 0.9 5.75 0.9 2 0.9 0.9 2.4

Sensitivity [dBm] -20.6 -17.8 3 -19.2 -10 -19.3 -
19

-20 -22.3 -23.2

Vout [V] 1 0.4-2.2 2.2 1 2.5 1.1 1.2 1.2

Current [µA] 194 - - - - 1.15 3 3

η [%] 47.87 34.4 82 83.7 52 14 12 35 60 75

Operating distance 
[m ]

- 1.78@10dBm - - 3@21dB
m

3@18.9
dBm

1,2@ 
18.7dB

m

Technology 65nm 180nm 350nm 130nm 65nm 130nm 130nm 130nm

Results

• (1) Bulk-biased 
• (2) Cross-coupled
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Conclusion

Design comparison of rectifiers for WSNs

Limit losses between antenna and rectifier

• Co-integration antenna/matching

-23.2dBm sensitivity @2,4GHz

75% Efficiency

Can be powered at distance up to 3m
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Th2D-2

Thank you for your attention!
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Conclusion

43

•Bulk-biased  ≈35% @-20dBm @900MHz
• Measured at 3m from a PS of 21dBm

•Cross-coupled  ≈60% @-22.3dBm @ 900MHz
• Measured at 3m from a PS of 18,9dBm

•Cross-coupled  ≈75% @-23.2dBm @ 2,4GHz
• Measured at 1,2m from a PS of 18,7dBm
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