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ABSTRACT

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

puting (HPC) systems. The bandwidth (BW) for transferring data among different process-

ing 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 communication

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

transfer BW at lower energy consumption. More complex equalization schemes, such

as high-order decision-feedback and feed-forward equalizers (DFE and FFEs), combined

with analog-to-digital (ADC) based receivers are proposed to maximize the benefit from

technology scaling and enhance the throughput of the chip-to-chip links. The main goal of

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

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

A hybrid PAM and time domain multi-tone signaling scheme has been proposed and

investigated with targeting high throughput and efficiency. The scheme combines multiple

aspects of a signal including Pulse Amplitude Modulation (PAM), orthogonal multi-tone,

and spatial modulation to achieve this. Focusing on the transmitter, the signaling has been

realized, designed at the transistor level, and compared to contemporary schemes showing

up to 3x improvement in efficiency, consuming 273 fJ/b transmitting at 120 Gb/s/pair of

channels. Towards implementing it in a full SerDes system, low noise high-frequency

clock generation has been identified as the key blocker. Therefore, significant design and

fabrication efforts have been diverted to the design of an ultra-low phase noise Phase

Locked Loop (PLL). Through 2 generations of development, a 26 fs-rms PLL has been

fabricated and tested.
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