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Figure 2. (a) Simulated storage capacitor voltage with closed-circuit-defected (CCD) bypass capacitors. (b) 
Simulated output with open-circuit-defected (OCD) bypass capacitors. (c) Dickson voltage multiplier 
schematic showing the defective configurations. (d) Simulated output with parallel capacitor redundancy.

Figure 3. (a) Output 
voltage with 
increasing open-
circuit defective 
diodes. (b) Output 
voltage with parallel 
diode redundancy to 
mitigate OCD effects.

Bypass Capacitors

• The original circuit was divided into functional sections and analyzed independently to assess how 
various faults affect the harvester’s output.

• For reliable operation of the implantable stimulator, the output must maintain a minimum of 3V DC
• The most critical fault, open circuit defects (OCD), occur when a component contact disconnects from 

the PCB footprint, these are prominent due to the use of a flexible PCB substrate
• Replacing single critical components with parallel redundant components significantly improves the 

fault tolerance of the system

Diodes

• An attenuated AC signal from the RF antenna 
is received and converted to a useable DC 
voltage by the Dickson voltage multiplier.

• The DC current charges the storage capacitor 
and gate time.

• OOK modulation during the off pulses causes 
the gate timer to drive the MOSFET, while the 
storage capacitor maintains the energy to drive 
the output stimulus

Figure 5. Simulated output voltage of the energy harvester 
with increasing number of open-circuit resistor defects. 

• A better solution to the fault tolerance of the RC timing circuit consists of a switching mechanism.
• While many switching capabilities exist, a SPDT analog switch was found to perform best since it 

could minimize leakage by shorting the load circuit output to its own input.
• A Vdd node was created by rectifying off the voltage multiplier, smoothing the ripple with a 

capacitor, then clamping the max voltage with a Zener diode
• The switches were then mastered by a demultiplexer to ensure only one is active at a time 

Battery-powered biomedical implants like 
pacemakers are effective but limited by eventual 
battery depletion and need for surgical replacement. 
Recent advancements have focused on wireless, 
battery-less systems. Dr. Jennifer Blaine Christen's 
group previously developed a flexible implant on a 
PDMS substrate that uses RF energy to stimulate 
heart cells.

However, this system is susceptible to faults due to 
its flexible substrate and small component sizes, 
which could lead to voltage loss and eventual failure 
of the stimulator mechanism.

The goal of this project is to develop a highly fault 
tolerant RF energy harvester that receives and 
rectifies the RF signal powering the circuit. Through 
extensive simulations and integrating fault tolerant 
solutions, the design has been refined to meet the 
requirements for providing reliable power to the 
medical device.

a) b) c) d)

• Since the maintenance of the gate timer's 
time constant is crucial, the capacitance of 
C5 was split among 10 capacitors in 
parallel, and the resistance value was split 
among 10 resistors in series. 

• This ensures that even if multiple OC faults 
occur, the RC time constant will stay in 
range for circuit functionality. 

The focus of this project was on the redesign of the energy harvesting circuit to be able to 
function with faults and component degradation. Through the simulation of fault-injection and 
component degradation modelling, the circuit was fortified to be more resilient. The simulated 
work done and the PCB of the redesigned circuit has achieved the goal of this project and 
contributes to the development of reliable battery-less implant circuit technology.

Capacitor Bank
Figure 4. Simulating the 
effects of (a) open-circuit 
defects and 20% degradation 
on the C7 capacitor, and (b) 
open-circuit defects and (c) 
20% degradation on the parity 
redesign with parallel 
capacitor redundancy.

Figure 1. Original 
wireless implant 
circuit schematic 
consisting of the 
energy harvester 
as outlined in red 
along with the 
MOSFET, voltage 
regulator, and 
electrodes.
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RC Switching

Figure 6: Storage (blue), Vdd 
(red), Cyan (inactive switch), 
magenta (active switch)

Figure 8: Active Switch Current 
(green), Inactive Switch Current 
(grey)

Figure 7: SPDT configuration

• An asynchronous counter driven by analog pulses is used to map a one-bit input (analog pulse) 
into a N-bit output (control signals for the demultiplexers)

• The 1-bit input is debounced, and each sequential state is triggered at the rising edge of this input.
• This allows for the use of a sensor that can sense either a magnetic field or light coming from an 

external source
• The switching mechanism enables external selection between RC circuits when a device 

malfunction is detected, allowing continued operation despite faults

Figure 9: Pulse (green), least-significant 
bit (blue), amplified control signal (red), Vdd 
(Cyan)

Figure 10: Switching between RC circuits 
using analog pulses (from state 10 to state 
01)
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