ESU Engineering Fault-tolerant Design of Passive Biomedical Implants

Project Team: Joshua Ravelo, Julian Gervassi-Saga, Jack O'Connor, Rachel Hayes, Diwi Rahjmohan

Arizona State University Project Mentor: Dr. Sule Ozev, Dr. Blain Christen
Problem Statement Fault Injection Analysis & Parallel Redundancy RC Switching
Battery-powered biomedical implants like « A better solution to the fault tolerance of the RC timing circuit consists of a switching mechanism.

pacemakers are effective but limited by eventual ) The_ original circuit was divided |n’,co functional sections and analyzed independently to assess how « While many switching capabilities exist, a SPDT analog switch was found to perform best since it
various faults affect the harvester’s output.

battery depletion and need for surgical replacement. . For reliable operation of the implantable stimulator. the outout must maintain a minimum of 3V DC could minimize leakage by shorting the load circuit output to its own input.
Recent advancements have focused on wireless, P P ’ P « AVdd node was created by rectifying off the voltage multiplier, smoothing the ripple with a

battery-less systems. Dr. Jennifer Blaine Christen's * The most critical fault, open circuit defects (OCD), occur when a component contact disconnects from capacitor, then clamping the max voltage with a Zener diode
Y y o the PCB footprint, these are prominent due to the use of a flexible PCB substrate P ’ PINg J

group previously developed a flexible implant on a . Replacing sinale critical components with parallel redundant components sianificantly imoroves the « The switches were then mastered by a demultiplexer to ensure only one is active at a time
PDMS substrate that uses RF energy to stimulate btacing sing P P P 9 yimp

heart cells. fault tolerance of the system

However, this system is susceptible to faults due to Bypass Capa_cfl_tgr_s _________ s " 7771 Tl
its flexible substrate and small component sizes, ol i Y et O norae | |.' Parallel Capacior Redundancy ad . - L
which could lead to voltage loss and eventual failure _ = IR g e RS = |
of the stimulator mechanism. | —icoms 4t 4o e T 25 No Fauts
g 83l = - ——100CD
The goal of this project is to develop a highly fault S =Pl : _*': 84 _Egég
tolerant RF energy harvester that receives and 174 | “ﬂiﬁf:“q ] Defects L
rectifies the RF signal powering the circuit. Through 0 - : : : N — N : 0 . : - .
extensive simulations and integrating fault tolerant 0 ?I'(i)me (32) ©0 b 2T(i)me (Sg) ©0 : : h ZT?me (SS) 00 : A .
solutions, the design has been refined to meet the a) b) '1_) ___________ | d) Figure 6: Storage (blue), Vdd Figure 7: SPDT configuration Figure 8|' Active gw!tcﬂ gurrent
requirements for providing reliable power to the Figure 2. (a) Simulated storage capacitor voltage with closed-circuit-defected (CCD) bypass capacitors. (b) | (red), Cyan (inactive switch), (green), Inactive Switch Current
medical device. Simulated output with open-circuit-defected (OCD) bypass capacitors. (c) Dickson voltage multiplier magenta (active switch) (grey)
schematic showing the defective configurations. (d) Simulated output with parallel capacitor redundancy.
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along with the | L voltage a) ° ° " ime (us). “ = D) Time (i)
MOSFET, voltage ||¢2 D4 ER‘S [] Regulation C it Bank Figure 9: Pulse (green), least-significant Figure 10: Switching between RC circuits
regulator, and ‘1 oE P Lapacitor ban bit (blue), amplified control signal (red), Vdd using analog pulses (from state 10 to state
electrodes. D4, 9 ﬁsMOSFET Figure 4. Simulating the I Storage Capacitr - Party Redesign Storage Gapactor -Party Redesig (Cyan) 01)
C6.. Storage effects of (a) open-circuit ) : _
Capacitor defects and 20%_ degradation % f / « An asynchronous counter driven by analog pulses is used to map a one-bit input (analog pulse)
———————————————————————————— . T on the C7 capacitor, and (b) ~ ** o into a N-bit output (control signals for the demultiplexers)
| l open-circuit defects and (c) ‘i us e snm s ‘e s m e s e om0 T T T - The 1-bit input is debounced, and each sequential state is triggered at the rising edge of this input.
C5 ﬂ R1 20% degradation on the parity a) ot o — e b} st — s C) ) » This allows for the use of a sensor that can sense either a magnetic field or light coming from an
Gate Timer %~ | R2 redesign with parallel external source
capacitor redundancy. Gate Ti 49 Qutput of Energy Harvester with Simulated  The switching mechanism enables external selection between RC circuits when a device
ate limer :'2‘1::[‘!“5 Faults in R1 malfunction is detected, allowing continued operation despite faults
« An attenuated AC signal from the RF antenna 39 | _4Faults
is received and converted to a useable DC S o - - o i O Fouls
voltage by the Dickson voltage multiplier. * oInce the maintenance of the gate umers 29 | _10Faults -
e The SC fojrrent Charges thegstorage%apacitor time constant is CrUCiaI, the CapaCitanCe of > s ConCIUSIOnS
n te time. C5 was split among 10 capacitors in 19 5
. ?)(()ng?ngdulaetion during the off pulses causes parallel, a%d the re%istancg value was split 3 The f_ocus.of this project was on the redesigq of the energy haryesting circuit to pg ablle to
the gate timer to drive the MOSFET, while the among 10 resistors in series. oo function with faults apd component degrgda’gon. Throggh the simulation of fault-lnjectllon and
storage capacitor maintains the energy to drive » This ensures that even if multiple OC faults component degradation modelling, the CIFCU.It was fortlfleq to be more reS|I|er.1t. Thg simulated
the output stimulus occur, the RC time constant will stay in o work.done and the PCB of the redeS|.gned circuit has a_chleved ’Fhe goal of this project and
range for circuit functionality. RS s contributes to the development of reliable battery-less implant circuit technology.

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