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Abstract

The speed of serial link I/O and optical communication systems went beyond 10 Gb/s

recently and will continue to increasing. While the advance of silicon technology provides the

feasibility of building very-high-speed electronics, communication channel becomes the

barrier on the way to further improve the data rate because of its imperfections. One of the

most important limitations is due to inter-symbol interference (ISI) which is caused by the

fact that the channel response are generally like a low-pass filter, instead of an all-pass filter

ideally. To reduce ISI, various equalizers have been devised, and the majority of them are

digital or discrete-time implementations. Despite of the existence of vast amount of DSP

algorithms to achieve optimum ISI reduction, digital/discrete-time equalizers work at low data

rate and consume a lot of power. Conventional continuous-time equalizers utilize active

circuitries to obtain gain boosting in high frequencies, thus compensate the channel loss.

However, the power consumption is significant, especially as the frequency of operation

becomes higher than 10 GHz. This thesis proposes a low-power, 20-Gb/s continuous-time

adaptive passive equalizer relying on on-chip lumped RLC filter to reduce the power

consumption and improve the attainable data rate. A modified continuous-time adaptation

servo loop is integrated into the system to automatically adjust the frequency response of the

passive equalizer for the optimal gain compensation. The servo generates the control voltage

by estimating the power spectrum or the output data from the equalization filter, which is

different from the conventional conti~ ~,t~s-time adaptation technique, for which a slicer has

to be used. Simulations verify th,: :,,

channels. Implemented in a 0.13-.~ ~:

up to 20-dB channel loss at 1(~ ( 

operation of the designed equalizer on different

’4 BiCMOS process, the equalizer can compensate

~ile the power consumption is merely 11.5 mW

excluding the output driver. The.. ’.: ~assive equalization filter was fabricated and the

measurement data agree with the. :. : . ~ results.

ii



Acknowledgments

First of all, I would like t~ thank my advisor Professor Patrick Yue. It was his vision that

led to the idea of an adaptive passive equalizer. The countless insightful and useful

discussions with him always inspire me to learn and explore in this filed. I am grateful to

Professor Rick Carley for taking out time from his busy schedule to read my thesis. Just

bearing his name on this thesis is already an honor. I am very grateful to Dr, Frank O’Mahony

at Intel Circuit Research Lab for his valuable guidance and enlightened suggestions. I thank

Mr. Gerry Talbot at Advanced Mirco Devices (AMD) for providing the measured channel

characteristics to support our simulation. I also thank Professor Tamal Mukherjee for

providing the opportunity to tape-out part of the chip, and for his help in setting up the

process and CAD flows.

I feel very lucky to work in a research group with many talented students: Jaejin Park,

Dong Hun Shin, Kihwa Choi, Jen-Lung Liu, and Shadi Ghouchani Saberi. I want to thank

them all for help, encouragement and collaboration.

I would also like to thank Lynn Philibin and Elaine Lawrence in the ECE Department and

Roxann Martin in the Center for Silicon and System Implementation (CSSI) for their

generous help on various administrative issues.

Finally, I want to express my sincere gratitude to my entire family: my parents, my sister

and my wife for their constant love and support over years.

This work was lim, l~::j by the Semiconductor Research Corporation (SRC) and the

Industrial Technologs ~,. .,,_ arch Institute (ITRI) in Taiwan.

iii



Table of Contents

Abstract ................................................................................................... ii

Acknowledgments ....................................................................................... iii

Table of Contents ....................................................................................... iv

List of Tables .............................................................................................. v

List of Figures ............................................................................................. vi

Chapter 1 Introduction ................................................................................. 1

1.1 Equalization for High Speed Data Communication ........................................ 1

1.2 Adaptive Equalization Techniques ............................................................. 4

1.3 Organization ..................................................................................... 5

Chapter 2 System Architecture Design and Analysis ............................................ 7

2.1 Analysis of an Tunable RLC Passive Filter ................................................. 7

2.2 A Modified Continuous-Time Adaptation Technique .................................... 11

2.3 Summary ....................................................................................... 13

Chapter 3 Design of Equalizer Components ..................................................... 15

3.1 Passive Equalization Filter .................................................................... 15

3.2 Output Stage ..................................................................................... 17

3.3 Adaptive Control Loop ........................................................................ 22

3.4 Summary ....................................................................................... 30

Chapter 4 Results and Discussion .................................................................. 32

4.1 Data Generation and Cham~el Modeling ................................................... 32

4.2 Simulation Results ............................................................................. 35

4.3 Measurement Results ......................................................................... 41

4.4 Summary ...................................................................................... 48

Chapter 5 Conclusion ................................................................................. 50

5.1 Conclusion ..................................................................................

5.2 Directions of the Future Works ..........................................................

Appendices ...........................................................................................

Bibliography ...........................................................................................

iv



List of Tables

Table 3.1: Design parameters of the output stage ................................................... 18

Table 3.2: Design parameters of the output biasing circuit ........................................ 21

Table 3.3: Possible design specifications for the low-pass filter .................................. 23

Table 3.4: Design parameters of the low-pass filter ................................................ 23

Table 3.5: Design parameters of the power detector. .............................................. 25

Table 3.6: Design parameters of the error amplifier ................................................ 26

Table 3.7: Design parameters of the circuit shown in Figure 3.19 ............................... 29

Table 3.8: Summary of the performance of equalizer components ............................... 31

Table 4.1 : Design parameters of the fabricated tunable passive filter ............................ 42

Table 4.2: Performance comparison of recently published high-speed equalizers ............. 49


