SYNTHESIS OF TRANSISTOR- CHAINING ALGORITHM
FOR CMOS CELL LAYOUT USING

BIPARTITE GRAPH

Thesis presented in partial fulfillment for the award of the
Bachelor of Electrical Engineering (Hons.) of
Mara Institute of Technology



file:///lani

CONTENTS

List of Figure
List of Table
Acknowlegdement

Abstract

CHAPTER ONE

1.0 Introduction

CHAPTER TWO
2.0  MOS Transistor
2.1 CMOS Logic
2.2.1 The Inverter
222 The NAND Gate
2.2.3 The NOR Gate

2.3 The Layout problem'

CHAPTER THREE
3.0 Bipartite Graph Model

3.1 Definition and Theorem

3.2 A Lower Bound on Number of Chaining

3.3 A Chaining Algorithm

page

ii
iii

iv

10

13

16
18
20

22



CONTENTS

CHAPTER FOUR

4,0  Implementation and Experiment

CHAPTER FIVE

5.0 - Result

CHAPTER SIX

6.0 Discussion

CHAPTER SEVEN

7.0 Conclusion

CHAPTER EIGHT

8.0 Fﬁture Work

Appendix A : PROJCT's manual

Appendix B : PROIJCT program - Source code (Turbo C++)

References

page

28

29

31

36

37



Abstract

This project implement a algorithm for the optimal transistor chaining problem in CMOS
functional cell layout based on Uehara and vanCleemput's layout style [1] which assumed
that the height of each logic module layout is cons;tant and pérformed the optimisation by
decomposing the graph module into a minimum number of sub graph having a dual Euler
(d-Euier) trail.. The algorithm takes a transistor level circuit schematic and the outputs a
minimum set of chains. Searching for possible abutment between the transistor pairs are
modelled as a bipartite graph. A depth - first search algorithm is used to search for
optimal chaining. Theorems on number of branches needed to be explored at each node
of search tree are derived . A theoretical lower bound on the size of the chain set is
derived. This bound enables us to prune the search tree efficiently. The algorithm will be
impiemented and tested ip this project using C language. The result wiil be compared
with euler's path algorithm using heuristic search and a pseudo input to find the minimum

interlace.

keywords - CMOS cell layout, optimal chaining, depth-first search.
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Introduction

1.0 Introduction

As the CMOS VLSI technology [2] and the cell based layout methodology [3][4] get
popular, the automatic layout generation of a CMOS function cell becomes very important

and attracts attentions from many VLSI/ CAD researches.

In this report, it is proposed that a fast algorithm for the problem of chaining the transistor
pairs u§ihg ﬁlinhnum number of chains. Input to the algorithm is a CMOS sChemétic circuit
which has equal number of P-type and N-type transistor at transistor level. Output from the
algorithm is a minimum set of chain can be realised using only one P-type diffusion strip and

N-type diffusion strip once.

By grouping the transistors into pairs with each pair consisting a type and N-type transistor
and then model the possible abutments between the pairs using a bipartite graph. On the
graph, a depth-first search algorithm is used to find a maximum set of edges which
correspond to a maximum number of realisable abutments. A tight upper bound on the
number of realisable abutments, hence, the lower bound on the number of chains needed, for

an optimal solution is derived.



