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ACC: Accuracy

ADC: Analog-to-Digital Converter
ADM: Adaptive Delta Modulator
AHA: American Heart Association
BW: Band-Width

CD: Conduction Disturbance
DAC: Digital-to-Analog Converter

DER: Detection Error Rate

D-FF: D-Flip-Flop

DM: Delta Modulator

DPCM: Differential Pulse-Code Modulation
ECG: Electrocardiogram

ENOB: Effective Number of Bit

ESD: Electrostatic Discharge

FN: False Negative beat

FP: False Positive beat

FPGA: Field-Programmable Gate Array
FoM: Figure of Merit

FS: Full Scale

FSK: Frequency Shift Keying

HT: Hamilton and Tompkins

HYP: Hypertrophy

IR-PWM: Impulse Radio-Pulse Width Modulation
LC ADC: Level Crossing ADC

LSB: Least Significant Bit

MI: Myocardial Infarction

MSB: Most Significant Bit

NORM: Normal ECG

NSR: Normal Sinus Rhythm

NST: Noise Stress Test Dataset
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OOK: On-Off Keying

OSR: Over Sampling Ratio

PSK: Phase Shift Keying

PT: Pan and Tompkins

PP: Positive Prediction Rate

PVT: Process, Voltage, and Temperature
PWM: Pulse Width Modulated

SAR: Successive Approximation Register
SE: Sensitivity

SNR: Signal-to-Noise Ratio

SNDR: Signal to Noise and Distortion Ratio
SP: Specificity

SFDR: Spurious Free Dynamic Range
STTC: ST/T Change

TDC: Time-to-Digital Converter

THD: Total Harmonic Distortion

TN: True Negative beat

TP: True Positive beat

VCO: Voltage Controlled Oscillator
VTC: Voltage-to-Time Converter
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Differential Pulse-Code Modulation
Digital-to-Analog Converter
Diode-Connected
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Dynamic Range
Electrocardiogram

Electrostatic Discharge (ESD)
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Figure of Merit (FoM)
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Passive
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Positive Prediction Rate (PP)
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Pulse Width Adjusting Circuit
Pulse Width Modulated (PWM)
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Real-Time
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Successive Approximation Register ADC

Switched Bias

Tape

Thermal Noise

Thermometer

Time-to-Digital Converter TDC
Transient Noise

Tricuspid

Up-Counter

Upward Sampler

Voltage Controlled Oscillator (VCO)
Voltage-to-Time Converter
Wavelet transform

Wearable Wireless ECG Sensor
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Abstract

In wearable ECG sensors for continuous monitoring of the heart operation, a vast volume
of information is generated, saved, and analyzed. This volume of generated data is not
suitable for wearable sensors which are battery-powered. So, designing an analog-to-digital
converter with low power consumption, low generated data rate, and adaptive operation
becomes a major design challenge.

In recent years, delta modulator based converters have been frequently used for
biomedical applications. In this thesis, first, the structure of the delta modulator circuit and
its main design challenges has been investigated and a new structure based on the delta
modulator circuit is presented. In the presented work, a voltage-to-time converter is used as
the residue quantizer in the delta modulator structure. The use of the voltage-to-time
converter, because of its multi-level quantization, reduces the limitations on the sampling
frequency, significantly. Also, this structure produces one-bit data, which leads to an
effective reduction in the generated data rate and the transmitter power consumption. The
proposed ADC is designed in TSMC 0.18 um CMOS technology with a supply voltage of
0.8 V and a sampling frequency of 4 kHz. The post-layout simulation results exhibit the
maximum 10.9 effective number of bits (ENOB) with a total power consumption of 68.12
nW.

Considering that the QRS complex is one of the most important ECG signal features, the
QRS complex detection techniques have received much attention from the last decades. In
this thesis, as the second work, the first-order derivative-based QRS detection technique
with some improvements to improve its performance has been implemented in the time
domain. The implementation of the differentiator circuit and the threshold comparing
circuit in the time domain leads to accurate performance, low power consumption, and
simple structure. The proposed QRS detection circuit is designed in the 180 nm TSMC
CMOS process and the post-layout simulation results have been reported. The power
consumption of the proposed circuit is about 39.8 nW from a 0.8 V supply voltage. The
system-level simulation results yield the sensitivity and positive prediction rates of 99.26%
and 99.25%, respectively.

Finally, by combining the proposed QRS complex detection circuit with the proposed
delta modulator circuit, the structure of the delta modulator circuit is optimized for
adaptive performance. This leads to a significant reduction in power consumption and
generated data rate. Due to the possibility of manufacturing in 180BCDlite-GEN2
technology, the layout of the proposed adaptive sampling delta modulator circuit is drawn
in this technology and has been sent to the factory for manufacturing. The proposed
adaptive delta modulator circuit works with two different sampling frequencies of 4 kHz
and 500 Hz, and the chip-occupied die area without considering the pads is equal to 0.047
mm?. Also, based on the simulation results the power consumption of the adaptive delta
modulator circuit is about 109 nW from a 1 V supply voltage.

Key words: Cardiovascular disease, ECG sensors, Analog-to-Digital Converter
(ADC), Delta modulator, QRS complex detection, Time-domain implementation, Adaptive
operation, Power consumption reduction, Bit-rate reduction.
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