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ABSTRACT

The thesis is concerned with the synthesis of lumped,
single section, accurate and rational two-port circult models

for passive and active distributed parameter networks.

In this dissertation, the passive distributed para-
meter structures considered are the uniformly distributed
RC(TRC) structure, a special class of tapered distributed
structures and the distributed RC(RC) notch filter. The
active distributed paramter structure considered is the Metal

Oxide Semiconductor Field Effect Transistor (MOSFET),

A generalized modeling technique through a new approxi-
mation method for transcendental functions viz. the continued
fraction expansion (CFE) and truncation scheme,is presented.
The utility and applicability of the technique is established

through several illustrative examples.

Modeling of the TRC structure is presented in the first
instance., Rational and precise approximations to the y-para-
meters, which are complex irrational functions of the complex
frequency variable §,are developed through the postulated
technique wherefrom an accurate, two-port model is obtained.
For computer aided design (CAD) purposes, & controlled source
equivalent of the model is also given. The technique is exten-

ded to model a special class of nonuniform distributed lossless
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and RC transmission lines characterized by a similar set of
immittance parameters. Also modeling of distributed RC (RG)
notch filters including the important effect of parasitics is

achieved in the same fashion.

MOSFET modeling in the unsaturated mode is carried
out by regarding its channel as a cascade of four equal length
TRC sections, Also the dynamic response of MOSFET charge control
model is improved considerably by modifying the charge control
equations through inclusion of the intrinsic associated time

delays during channel formation,



(v)

TABLE OF CONTENTS

Page

ABSTRACT (111)
LIST OF ABBREVIATIONS AND SYMBOLS (xi)
CHAPTER 1 INTRODUCTION 1
1.1 Device modeling: need and application 2

1.2 Definition and characterization of 'model!

1,3  lodeling technigues

>
6
1.4t Modeling for computer aided design (CAD) 6
1.5 Model optimization 8

9

1.6  Lumped modeling

1.6.1 Distributed parameter device 9

representation -

1.6.2 Necessity, advantages and uses of 10

lumping
1.7. Scope of the thesis 11
CHAPTER 2 INTRODUCTION TO PASSIVE DISTRIBUTED 15
PARAMETER STRUCTURES
2.1 Introduction 16
2.2  Importance 16
2.3  Complexity involved in dealing with 19

distributed structures

2.4 Review of various modeling approaches 21
(a) TRC structure 21
(b) Tapered distributed lines 25

(e) Distributed RC notch filters 28



CHAPTER 3

3.1
3.2

3.3

CHAPTER W+

%1

L, 2

4.3

Motivation for the present work

MODELILG OF UNIFCRMLY DISTRIBUT
RC (URC) STRUCTURE—A I'EW T “I:\IL,UE

Introduction

A nevw modeling technique

3,2.17 Rationalization of immittance
parimeters

3.2.2 Synthesis of single section, two-
port models

3.2.,3 lecuracy investigation

3.2,k Conclusion

Controlled source eguivelent ol the
developed nodel

MODELING OI' & CLASS OF TWPTRLD LISTRIBU-
TED LCSSLESS AMD RC STRUCTURES

Introcduction

Developrent of rational two-port model

%“.,2,1 Apnlicatior -f the CTE technique

R

Accuracy of the metcl illustrated with
exponential tapering

Conclusion
JIODELING OF DISTRIBUTLD-RC IICHCII TILTERS
Introcuction

5.7.1 The notch confizuration

25
55

25

62

63
€3

N
N

68



De2

5.3

5.1;_

CIAPTER ©

(vii)

Sele2 The technolgics for fabrication:

thin film, thick film and planar
Uniformly distributed-rC notch filters

©.2.17 The notch filter action

5.2.2 Foerformance indices of aotch
filters

5.2.3 The origin of parasitics

5.2, The effect of parasitics on notch
network boheviour

5.2.5 The proposed mofel-its controlled
source nqu1V1lent

2.5 Investigation oi mocel accuricy

247 Summary and Glscussion of 7 :ots
of vorious oorogitics

Tapered Cistritutec D¢ noteh filters
5.3.1 The model fox W00 notel
riitors

5¢3.2 Illustration of modsl accuracy

5.3¢3 Discussion
Conciusion

TTRCDUCTICHT ¢ ACRIVY DISTRIRUTID
PAR.CIETER STRUCTURES

Introduction

I0STRT

Review of earlicr work

(a) Modeling Tor tre [ro-nincholl

region VFit&li'lit U.S_:.n:’; L,f‘q"""p
control theory

L
O

—
-
~J

126

12€

127
135
135
157

(9]

—_ —_
A N
(8]

—
=
O

140



6.4

CHAPTIER 7

CHAPTER 8

8.1

(viii)

(b) Charge control modeling
Motivation Zor the vresent work

HOSFET MODELING IN PRE-PINCHOFF REGION
Introduction

7¢1,1 Significance of the pre-pinchoff
region of omeration

The low-frequency channel charge
distribution

The offective nonuniformly distributed—
RC trnsmission linc analog of HCEFET

Appreximate representation as a cascade
of unifornly distributed RC lines

Rational exprcssions Zor admittance
parameters: extension and supplement to
published vork for saturaticorn razion

The propesed two-port small-signal
intrinsic model

The cxact freauency and transiens

characteristics for unsaturated mode
tiodel sccuracy cemonstration

Discussion

SAODIFILD CHARGE-CONTROL MODELING OF
OSFET

Introduetion

Page

145
146
148
149

149

149



178

!

o

1.
orge zont

1

Cji/
ar

o2

€8]

179

the

2
=<

n

TgT

O

(@)
P~
—

cess of

Pro

.
80

1

\vu.v
9
—
)
I
o
(e}
-~
42
PRI
R
O3
wl
20
[
[etel g}
30
Q4
O A2
s,k
v &t
Sy O
[®]
o)
Sa 0
a5 5
ey
£ e
——
a O
£
¢l
1o
O
4
S O
oo
Gy
@) G
i— Q
—
\Ivl“n
-
co

)
!
s

LY
[

<

2
<3

Wt
PSSR R

1 Troc
SV e

aehd

.

[

o
Ca

$am = 2
ISR CIA SR PN

AT S
[P
J L

[@N

M
o

L0

o
d




APPENDIX C

APPENDIX D

APPENDIX B

APPENDIX F

P
>
S

THE 3aN TIME OF PASSAGE OF CURRELT
CARRITRS THROWGE Thx MOSFET CHAMIEL AT
SATURATION: FREQUENCY LCIMALIZATICH

T CTOR

LOW FREQUENCY CHARGE DISTRIZUTION OF 4
TRC

THE BASIC MOSFET PHYSICAL PARAMAETERS
RELATIONS ELTWBEN T SUBSIDIARY

CONSTANTS FOR PREPINCFCFT REGLOM
y-PARAMETERS O HMOSFET

REFERENCES

201

203

205

206



