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Summary

This thesis aims to study and design charge-steering (CS) circuits for
different applications. The thesis is divided into two main parts design of CS
circuits for high-speed wireline transceivers and the study of energy-delay
curves for different types of flip-flops (FFs). The thesis consists of five
chapters including lists of contents, tables and figures as well as list of
references.

Chapter 1

Chapter 1 gives a brief introduction to the motivation, objectives, major
contributions and organization of the thesis.

Chapter 2

Chapter 2 presents a literature survey for wireline transceivers and discuss the
prior art for low-swing FFs. The analysis and design of low-swing FF are
discussed thoroughly in this chapter.

Chapter 3

Chapter 3 shows the proposed CS circuits to enhance the power efficiency of
the high-speed wireline receiver. Two newly proposed CS FFs along with a
CS based DFE are presented and discussed thoroughly.

Chapter 4

The analysis and comparison of different FFs types are discussed in this
chapter. The design variables are separated for each FF into dependent and
independent design variables. The optimization using energy-delay curves
using a unified methodology is introduced for both low-swing FFs and rail-to-
rail FFs.

Chapter 5:

The conclusions for this work are given. Suggested future work including
optimization or extra features are also shown.



Keywords: Charge-Steering, Flip-Flop, High Speed Serial Links, Wireline
Transceivers, Current-Mode-Logic.
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Abstract

This thesis aims to study the design of charge-steering (CS) circuits for
different applications. The thesis is divided into two main parts; design of CS
circuits for high-speed wireline transceivers and the study of energy-delay
curves for different types of flip-flops (FFs).

CS circuits are known for their superior performance over current-
mode-logic (CML) counterparts. However, different CS circuits suffer from
several disadvantages. CS circuits suffer from at least one of the three
following disadvantages; inter-symbol interference (ISI), output not being
valid for the entire cycle requiring a special clocking system, or no enough
gain. Thus, the usage of CS circuits is somehow limited due to cascading
issues. In this thesis two newly CS FFs are introduced, the proposed CS FFs
overcome the above-mentioned disadvantages. Implemented in a 65-nm
CMOS technology, the 1% proposed CS FF consumes 660 uW at a data rate of
30 Gb/s from a 1-V supply, meanwhile the 2™ proposed CS FF consumes 520
uW at a data rate of 25 Gb/s from a 1-V supply. Meanwhile the 2" proposed
CS FF is utilized in a CS DFE, the total power consumption of the CS DFE is
0.68 mW resulting in a power efficiency of 0.034 pJ/bit which is better than
any other DFE published before.

The thesis includes a comparison between different types of FFs. FFs
can be divided into two types; low-swing FFs and rail-to-rail FFs. The
comparison is done through using energy-delay curves. Finding the optimum
sizing for an FF using energy-delay curves was limited before to rail-to-rail
FFs only. Low-swing FFs were optimized as a purely analog/Radio-Frequency
(RF) circuits. The thesis proposes to extend the analysis and the comparison
to low-swing FFs as well. Low-swing FFs can be divided into two main
branches; CML and CS. A unified methodology is used to define the
dependent and independent design variables for each FF, afterwards an
optimization is carried over to define the optimum sizing for different energy
and delay weighting.
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