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Introduction
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The biomedical implants world: a lot of needs
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Requirements
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- Size of the implants: maximum 1-2 cm

- Working distance: up to 5 cm

- Power received: from ~10 µW to ~10 mW

- Low SAR for respecting health standard: high efficiency

to limit the emitted power needed 2 W/kg



How to meet the requirements: Impedance matching (1)
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Zargham, IEEE Trans. Biomed. 
Circuits Syst. 2015

Goal :

To reduce the reactive

power of the system



How to meet the requirements: Ferrite core (2)
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Theilmann, IEEE Trans. Biomed. 
Circuits Syst. 2009

Goal :

To improve the coupling factor 

between the two coils



How to meet the requirements: Phase-locked loop (3)
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Kiani, IEEE Trans. Circuits Syst. II. 
2010

Goal :

To track the frequency that allows the higher power 

transmission



SoA : Wireless power transfer
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Description of our high-efficiency

wireless power transfer
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Tiny-coil around NiZn ferrite core
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Ferrite core : 
- 7.5 mm long
- 1 mm diameter
- µr = 35 

Wire :
- 100 µm diameter
- 31 turns (hand-made)

Coil :
- 3.65 µH inductance
- 200 mΩ DC – 8.45 Ω

at 14MHz



Power transmission circuit
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Resonant impedance matching

𝐶𝑠𝑠. 𝐿𝑠 ≈ 𝐶𝑝𝑙 + 𝐶𝑠𝑙 . 𝐿𝑙

𝑘 =
𝑉𝐿𝑠
𝑉𝐿𝑙

𝐿𝑙
𝐿𝑠



Power transmission circuit
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To have the highest power transfer efficiency (η), and a low

input voltage for a given power needed by the load

To be optimized:

- Capacitors values

- Primary coil

- Working frequency
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Power transmission circuit
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To be optimized:

- Capacitors values

- Primary coil

- Working frequency

- 5 degrees of freedom

To have the highest power transfer efficiency (η), and a low

input voltage for a given power needed by the load



Optimization: Genetic algorithm
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Initialization

Selection

Best evaluation

Cross-over

Mutation

(Css, Cpl, Csl , 

Ls, Rls, f ) ?

200 samples

i=0

i=i+1
i=100

(Vs, η) = F(Css, Cpl, Csl , Ls, Rls, f )

In 120 seconds



Optimization: Genetic algorithm
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Measurements
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Coupling factor measurement
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k1= 10 x k0 !
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Power transfer efficiency measurement results
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- Efficiencies around

21%

- Power transmissions 

from 250 µW to 1 mW 

with 1 cm of distance 

between the two coils

at 1MHz

- Negligible attenuations

in tissues



Conclusion

- Demonstration of an high-efficiency mm-size wireless power transfer:

- Hand-made tiny-coil with a inductance of 3.65 µH and a optimized 

resonant impedance matching system

- Maximum efficiency of 21% at 1 cm: the best of litterature for the size 

of the implant

- Delevering 1 mW to a 560 Ω load at 1MHz 

- Negligible attenuations in tissues
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