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ADC: Analog to Digital Converter
CAMP: Clocked Amplifier

CIFF: Cascaded Integrators Feed-forward
CMFB: Common-Mode FeedBack

CS: Capacitor Stacking

DA: Dynamic Amplifier

DAMP: Dynamic Amplifier

DAC: Digital to Analog Converter
DWA: Data-Weighted Averaging

D-FF: Data-FlipFlop

EF: Error- Feedback

ENOB: Effective Number Of Bit

FFT: Fast-Fourier Transform spectrum
FIDA: Floating-Inverter Dynamic Amplifier
FIR:  Finite Impulse Response

FOM: Figure of merit

lIR: Infinite Impulse Response

IOT: Internet of Things

LSB: Least Significant Bit

MES: Mismatch Error Shaping

MIC:  Multi-Input-Comparator

MIM: Metal-Insulator-Metal

MOS: Metal Oxide Semiconductor

NS:  Noise Shaping

NTF: Noise Transfer Function

OSR: Over-Sampling Ratio

OTA: Operational Trans-conductance Amplifiers
PSD: Power spectral density

PVT: Process, Voltage, and Temperature
RA: Ring Amplifier

SAR: Successive Approximation Register
SC: Switch- Cap

SD: Sigma-Delta

SFDR: Spurious-Free-Dynamic-Range
SNDR: Signal to Noise and Distortion Ratio
SNR: Signal-to-Noise Ratio

SQNR: Signal to Quantization Noise Ratio
SR-D-FF: Set-Reset D-FlipFlop

STF: Signal transfer function

TDC: Time to digital converter

THD: Total-Harmonic-Distortion

VCO: Voltage-Controlled Oscillator
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Dynamic latch
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Layout

Linear region

Linearization
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Low Pass (LP)
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OverSampling Ratio (OSR)
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Abstract

In this Thesis, a third-order noise-shaping successive approximation register (NS-SAR)
analog-to-digital converter (ADC) is proposed which is simple and fully dynamic. A
passive integrator is utilized in the feed-forward (FF) path of a second-order NS-SAR
ADC with 2nd-order error-feedback (EF) filter to reduce the effect of inband quantization
and comparator noise. The integrator implements a passive gain of 4x to make up its loss
arising from the charge sharing between the integrator and digital-to-analog converter
capacitors at the integration phase. Another advantage of the proposed structure is
employing a simple low noise and low power one-input pair comparator unlike many
published NS-SAR ADCs which use a comparator with multi-input pairs leading to
enhanced comparator input-referred noise and power consumption. In this work, the zeros
of the noise transfer function are optimized to enhance inband noise suppression. The
proposed ADC is designed at circuit level using 0.18 um TSMC CMOQOS technology with
Cadence Virtuoso tool. The oversampling ratio, sampling frequency, and bandwidth are 8,
2.5 MS/s, and 156.25 kHz, respectively. According to the detailed post-layout simulation
results, the achieved signal-to-noise and distortion ratio of the simulated ADC is 83.1 dB
with 70.3 uW power consumption from a 1.1 V supply for 10T sensor applications.

Furethermore, in this work, a simple, low power, and low noise method is proposed to
stabilize Floating Inverter Dynamic Amplifier (FIDA) gain over Process Voltage
Temperature (PVT) variations, which is used in the proposed NS SAR ADC structure. The
proposed method controls the amplification time window of the FIDA to be proportional
to its time constant. Based on the FIDA gain formula, this technique stabilizes the gain
over PVT changes. The proposed PVT-robust FIDA is designed at the circuit level using
0.18 um TSMC CMOS. According to the post-layout simulation results of a sample
design, the gain of the amplifier is 29.4 with 51.3 yW power consumption from a 1.2 V
supply voltage. The maximum gain variation over PVT changes is reduced from 49.6% to
9.8% using the proposed gain calibration technique.

At the end, the overall proposed structure is implemented also, using BCDlite-GEN2
CMOS 180nm technology to send for tape out. The Final chip floor plan, layout and test
plan has been presented in the thesis.

Key Words: Noise-shaping successive approximation register analog-to-digital
converters (NS SAR ADCs), noise transfer function (NTF) zeros optimization, Error-
feedback (EF), Feed-forward structure, passive integrator, Switched-capacitor (SC)
circuits, Floating inverter dynamic amplifier (FIDA), PVT robustness, time constant.
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