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At the boundaries of high-frequency analog & RF ICs: Speed, energy and uncertainty 

 

Abstract: In integrated circuits, the analog domain represents the interface between the physical world and the 

modern digital age.  Because of this, many of the boundaries of performance, such as speed, energy, 

efficiency, linearity, etc., are a direct result of physical limitations, such as noise, power, size and fundamental 

device operation.  In this talk I will discuss our approach to address several of the important limitations in 

modern analog and RF ICs through the development of novel circuits and new passive and active devices.  I 

will illustrate our work through two specific research projects.  The first aims to significantly increase the speed, 

power output and efficiency of RF power amplifiers (PA). Current state-of-the-art Si PAs above 20 GHz suffer 

from low power-added-efficiency (PAE) and output power, typically < 20% and < 0.5W. I will present our work 

on developing high PAE (30% - 50%), high power PAs (> 1W) above 45 GHz using SiGe and 45 nm CMOS, 

optimized topologies, active cascodes and novel power combiners.  The second project aims to realize high 

effective number of bits (ENOB) ADCs. At very high sampling rates (40 GS/s) and high resolutions (> 10 bits), 

clock degradation and jitter represents some of the fundamental roadblocks to achieving high ENOB for 

frequencies close to Nyquist. In this research I am examining clock skew, clock slope and distribution, and 

clock jitter and their impact on high-speed, interleaved ADCs. I will discuss our efforts to understand these 

fundamental limitations and some ideas on how to overcome them to achieve ADCs with ENOB > 5 bits at 

speeds of 40 GS/s and ENOB > 10 bits at 1GS/s.  In addition to our work on high-speed analog and RF, I will 

briefly discuss some of the other research we are pursuing at the interface of physical world and circuits: 

microrobotics, nanoelectronic devices, and magnetoquasistatic wireless power and position tracking. 
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