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ASK Amplitude Shift Keying

ASK-PPM Amplitude Shift Keying Pulse Position Modulation
ASK-PWM Amplitude Shift Keying Pulse Width Modulation
BER Bit Error Rate

COTS Commercial-off-the-Shelf

CWM Carrier Width Modulation

DPSK Differential Phase Shift Keying

DR Data Rate

DRCF Data Rate to Carrier Frequency

FSK Frequency Shift Keying

FEM Finite Element Method

FoM Figure of Merite

IED Infinite Element Domain

LDO Low Dropout

LSK Load Shift Keying

OOK on-off Keying

PCE Power Conversion Efficiency

PDL Power Delivered to Load

PDMS Polydimethylsiloxane

PGA Programmable Gain Amplifier

PHM Pulse Harmonic Modulation

PPM Pulse Position Modulation

PSK Phase Shift Keying

PTE Power Transmission Efficiency

PVT Process Voltage Temperature

QCWM Quad Level Carrier Width Modulation
QPSK Quadrature Phase Shift Keying

SRF Self Resonant Frequency

SAR Specific Absorption Rate

SCM Suspended Carrier Modulation

SITF Signal to Interference Transfer Function
SNR Signal to Noise Ratio

THD Total Harmonic Distortion

VCR Voltage Conversion Ratio

VNA Vector Network Analyzer

WPT Wireless Power Transmission

ZVDS Zero Voltage Derivative Switching
Z\V'S Zero Voltage Switching
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Cross Coupled

Skin Effect

Total Harmonic Distortion
Ultrasonic

Stimulation Electrod
Aliasing

Transimpedance

Wireless Power Transmission
Unbalanced Sizing

Mutual Inductance
Modulation Index

Frequency Splitting
Unbalanced Biasing

Beef Ribs

Substrate

Cochlear Implant

Retinal Prosthesis

Stacked

Charge Pump

Signal to Interference Transfer Function
Annealed

Interference

Inductive Coupling
Capacitive Coupling
Programmable Gain Amplifier
Charge Amplifier

Class-E Power Amplifier
Error Amplifier

Power Delivered to Load
Lateral Displacement

Coaxial Displacement
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Out-of-Plane Current
Displacement Current
In-Plane Current
Leakage Current
Conduction Current
Power Carrier

Data Carrier

Demodulator

Two-Dimensional Axisymmetric

Junction Diode

Saturable Reactor

Power Transmission Efficiency

Power Conversion Efficiency

Conductivity

Finite Element Method

Biocompatible

Hair Cell

Solenoid

Adaptive System
Magnet Wire
Magnetic Flux
Pseudorandom
Pacemaker

Coupling Coefficient
Quality Factor
Misalignment

Skin Depth
Proximity Factor
Iterative Process
Resonant Frequency
Operating Frequency

Effective Diameter
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PCB Coil

Pancake Coil

Relative Permitivity
Coating Layer

Inductive Link
Dual-Band Inductive Link
Analog to Digital Converter
Piezoelectric Transducer
Perpendicular

Dynamic Range
Modulator

Modulation

Artificial Boundary
Meshing

Comparator

Bit Error Rate

Data Rate

Voltage Conversion Ratio
Signal to Noise Ratio
Data Rate to Carrier Frequency Ratio
Relative Permeability
Overdrive Voltage
Unregulated Voltage
Ferrite Core

Cross-Talk

Rectifier
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ABSTRACT

In this thesis, a transmitter is proposed for simultaneous transmission of power and data
with FSK modulation for cochlear implants with only one inductive link. This transmitter
includes class-E power amplifier, dual-band inductive link, modulator, and demodulator.
The combination of PCB coils and solenoids in this link results in two resonant frequencies
and the required power is transmitted to the load with high efficiency in both FSK carriers.
Selection of 5 MHz and 10 MHz as FSK carriers makes the tissue thermal losse negligible,
and also, for the data rate of 2.5 Mbps, the DRCF ratio will be 33.3%. The proposed
transmitter is implemented using COTS components and a ribs portion of beef with thickness
of 4 mm in a polyethylene bag is used to emulate the scalp tissue. Also, biocompatible
silicone with 1 mm thickness is used as the hermetic insulation of PCB coils against body
tissue and fluids. The permitivity of silicon is very low and minimizes the parasitic effects
of beef ribs. For a transmission of pseudorandom bit stream with 2.5 Mbps data rate, the
measured PDL and PTE are 48.2 mW and 38.8%, respectively. Also, the measured BER is
less than 107°. In the next step, a voltage rectifier is added in the receiver side and both the
modulator and receiver are implemented in TSMC CMOS 180 nm using cadence. Spice
models of COTS components has also been used for the power amplifier. Considering the
rectifier, for a transmission of pseudorandom bit stream with 2.5 Mbps data rate and
separation of 6 mm between the coils, the simulated PDL and PTE in TT corner and 27 °C
are 34.97 mw and 33.55%, respectively. The BER is also less than 10°°.

In design of inductive links for biomedical prosthesis, it is necessary to use an iterative
process to achieve the desired goals such as PTE and PDL. FEM based simulations in
extraction of the electromagnetic parameters is one of the main reasons slowing this process.
In this thesis, a two-dimensional axisymmetric modeling is proposed for PCB coils and
solenoids in COMSOL Multiphysics that its capability in converting the three-dimensional
geometric volume into two-dimensional regions speeds up the FEM based simulations. In
order to investigate the accuracy of the proposed model, a PCB coil and a solenoid with
suitable geometric parameters for implanting in body has been fabricated. The measurement
results and the two-dimensional modeling based simulation results are in good agreement
and confirm each other. As a result, while the proposed model reduces the required time in
design process of inductive link and FEM based simulations by about 90%, it also has a good
accuracy in extracting the electromagnetic parameters of coils such as coupling coefficient,
series AC resistance, inductance, parallel parasitic capacitance, and quality factor.

Keywords: Cochlear Implant, Dual-Band Inductive Link, Simultaneus Transmission of

Power and Data, FSK Modulation, Power Transmission Efficiency, Two-Dimentional
Axisymmetric Modeling.
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