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ABSTRACT

High-speed and low-energy data movement are vital in modern High-Performance

Computing (HPC) systems. The bandwidth (BW) for transferring data among different

processing components in an HPC system directly affects the overall performance of such

systems. The requirement for high-speed data transfer has further increased due to the

advent of data-driven fields where low latency is an absolute necessity, such as Machine

Learning, Artificial Intelligence, and Autonomous Driving. Advanced serial data communi-

cation systems and architectures have been proposed to address the growing demand for

data transfer BW at lower energy consumption. The thesis introduces a signaling strategy

aimed at addressing the inherent trade-off between achieving high data throughput and

implementing an energy-efficient receiver system. Furthermore, it investigates the necessity

of a low-jitter, high-bandwidth Phase-Locked Loop (PLL) for serial link systems. Two PLL

prototypes with distinct architectures are presented to achieve sub-100fs root mean square

(rms) jitter performance, a crucial requirement for precise clocking in wireline communica-

tion systems. In addition to providing a theoretical explanation of the bandwidth extension

technique, the thesis presents measurement results of the fabricated PLL chips, demonstrat-

ing close alignment with simulation results and validating the claimed bandwidth extension

technique. The report also delves into a systematic design approach for analyzing the noise

performance of an oscillator, a fundamental component of the PLL and essential for clean

clock design. Finally, the report showcases the application of the PLL in solving power flow

issues in a grid network through the development of an analog emulator. The main goal of

this work is to develop proper signaling schemes, circuit topologies, and architecture with

a focus on the receiver side targeting high throughput chip-to-chip communication.



I dedicate this thesis to the woman whose unwavering love and encouragement have

been my guiding lights—my mother.
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