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Duis magna nibh, aliquam vel cursus non, volutpat eu purus. 

Nullam et efficitur orci, vel pellentesque quam. Donec vulputate diam in leo 

aliquam, sit amet consectetur orci dignissim. Suspendisse gravida dolor sit 

amet ullamcorper dictum. Aliquam blandit tempus tellus, eleifend tempor purus 

convallis non Proin porta felis velit, dignissim sagittis enim imperdiet at. Nulla 

facilisi. Nulla mollis viverra lectus, facilisis dignissim eros. Ut sit amet 

consequat nunc. Suspendisse potenti. Vestibulum ultrices accumsan porttitor. 

Fusce nulla dui, laoreet et eros vel, molestie porttitor elit. Nunc ihaber 

ullamcorper in tellus ut molestie. Nulla interdum mole nona. Donec metus 

massa, euismod sed sapien sit amet, tempor porta libero. Sed dapibus 

euismod lacus nec iaculis. Suspendisse luctus velit erat, quis consequat ex 

laoreet in. Phasellus feugiat in arcu at imperdiet. Praesent ut rutrum urna, vel 

lobortis purus. Vivamus congue cursus ante a euismod. Mauris dapibus ligula 

nec mi elementum, ac luctus neque commodo. 
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Problem: Tethered implants exhibit scar 

tissue growth, reducing control over the 

spatial pattern of neural excitation
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Wireless Neural Stimulators

• Solution: Untethered stimulators show less scar tissue growth

• Problem: Wireless energy transfer is difficult for sub-millimeter implants

Microwave Powered 

RF BION Mid-Field Powering

(Ho et al., 2014; Loeb et al., 2001; Towe et al., 2012; Freedman et al., 2014)  

FLAMES Stimulator
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A Transistor-less Neural Stimulator
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Estimating the Load Impedance

𝑅𝑒 =
1

𝜎𝑑

• Total load for electrodes of 300 - 500μm and a conductivity of 0.5 S/m = 10kΩ

• To reach a threshold current of 25µA, we need 250mV across the load  

Computational Estimates

COMSOL

Analytical Estimates
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• Optimal Load: Make load as small 

as possible to maximize current

• Optimal Frequency: Slight 

improvement at lower frequencies

Coil Diameter Coil Diameter
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Effect of the Ferrite Core

# 61 Nickel Zinc Ferrite

Loss

• FEM Model suggests a ferrite core is 

critical to achieve desired current

• Problem: Manufacturers do not make 

ferrite cores of < 0.5mm diameter

• Solution: We shaved down the cores to 

0.2mm with a diamond-tipped grinder
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• Rectification achieved with an RF 

Schottky diode

• A shunt capacitor is used to facilitate 

rectification by compensating for 

parasitic capacitance (Cpar)
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Process Flow for Assembly

Ferrite rod 

(200 um x 1mm) 

Capacitor (250 um 

x 200 um x 250 um) 

Skyworks diode (250 um x 

200 um x 250 um) 

Roughened Pt electrode

(300 um x 18 um) 

Wind the Coil
Connect resonant 

cap to electrode

Connect diode, shunt 

cap, and Pt electrode 

Connect coil to two 

assembled pieces
Encapsulate in silicone

Components

Assembly

1 2 3
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Built Prototypes

Coil and Ferrite (100-turns)
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Prototype with 0201 Caps

Prototype with 0402 Caps

0.6mm

2.6mm
• Prototypes assembled by hand

• Solder past and 1-mil gold wires used 

for interconnects

• Volume achieved: 0.5 mm3
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• Coil of 25µH tuned with 7pF capacitor, 

resulting in a quality factor of 12

• Approximately ten individually 

addressable stimulators over 1 – 20MHz
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At maximum allowed magnetic field, the stimulator delivers >40µA to a 10kΩ load
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lobortis purus. Vivamus congue cursus ante a euismod. Mauris dapibus ligula 

nec mi elementum, ac luctus neque commodo. 

00

Going Forward

• Integration of capacitors into disc electrodes will reduce length to 1.6mm

• Exploring a magnetically actuated MEMS switch to increase Q
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