Copyright
By
Sangwoo Kim
1999



Multiconductor Transmission Line Analysis Using Surface Ribbon

M ethod

Approved by
Dissertation Committee;




Multiconductor Transmission Line Analysis Using Surface Ribbon

M ethod

by

Sangwoo Kim, M.S.

Dissertation
Presented to the Faculty of the Graduate School of
The University of Texasat Austin
in Partial Fulfillment
of the Requirements
for the Degree of
Doctor of Philosophy

The University of Texasat Austin
August 1999



Acknowledgements

Finishing a Ph.D. dissertation demands a lot of help from a lot of people both
emotionally and financially.

First, I would like to thank my parents for their support throughout my studies. |
am thankful for their constant concerns about my health, financial difficulties, and all the
other things that | am lack of. | also want to thank my siblings, Jinkyung, Jakyung, and
Jangwoo, for their support.

I would like to thank my advisor, Professor Dean Neikirk, for his teaching and
advice. | am grateful for his helpful suggestions and vauable opinions on my
dissertation. Working as a research assistant for him was not only a great experience but
also aprivilege. | am aso thankful for numerous spelling and grammar corrections that
he made on this dissertation.

This dissertation could not have been achieved without outstanding works done
by two ex-Club Med members. | would like to thank Dr. Emre Tuncer who initiated
studies on the surface ribbon technique. He is aso responsible for the distribution of our
parameter extraction program, SIMIAN. | also like to thank Dr. Beom-Taek Lee for his
excellent works on the surface ribbon technique. The chapter 2 on this dissertation is
based on his works and | am grateful for his electromagnetic insights that made possible
for me to write chapter 2. | aso want to thank al the Team Neikirk members that |
acquainted with throughout my studies for their help.

| want to thank Dr. Chi Shi Chang for giving me an opportunity to work at
SEMATECH. Heis aways willing to give up his time to help me and | am grateful for
that. His insight on transmission line theory made possible for me to understand time
domain analysis. A year at SEMATECH was a great experience and | want to thank
everyone at SEMATECH.

Finaly, | want to thank my dissertation readers, Professor Driga, Professor

Demkowicz, Professor Ling, Professor Xu, and Professor Neikirk.



Multiconductor Transmission Line Analysis Using Surface Ribbon

M ethod

Publication No.

Sangwoo Kim, Ph.D.
The University of Texas at Austin, 1999

Supervisor: Dean P. Neikirk

The theoretical background of the new and efficient series impedance technique,
surface ribbon method (SRM), is presented. This new technique uses a new impedance
boundary condition. The localized characteristics of this new impedance boundary
condition, effective internal impedance (Ell), are found for the circular conductors and
the rectangular conductors. The EIl can be approximated easily using transverse
resonance technique or plane wave model. Therefore, the SRM can efficiently extract
frequency dependent series impedance without solving complex impedance boundary
conditions. Also, the SRM has been applied to the arbitrary cross-sectional conductors.

An equivaent circuit modeling for the interconnect using resistor, inductor, and
capacitor is useful to predict the behavior of a complex system. The inductance is
becoming an important factor in determining the overall delays or signa integrity
analysis even for the on-chip interconnect. At the package level, the frequency
dependent effects such as skin effect and proximity effect have to be included in the
model to accurately predict the characteristics of the package. However, the number of
the elements in the model has to be reduced to achieve an efficient simulation. A
compact equivalent circuit model based on the SRM is introduced to capture al the

frequency dependent effects in time domain ssimulation. In this equivalent circuit, a



simple RL ladder that can be modeled instantly for a given geometry is used to model the
skin effect while coupled inductors are used to model the proximity effect. To accelerate
the simulation of this equivalent circuit, moment based circuit ssmulators can be used. In
this dissertation, the method of characteristics and the finite difference method have been

applied to speed up the simulation.
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