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Preface

Fault diagnosis of electrome aircwts has been one of the most challenpmng

topics for researchers and test engmeers. Gaven the arcuit topology and
nommal crewt parameter values, fault diagnosis 15 to obtam the exact
miormation about the faulty arcwt based on the analysis of the hnuted
measured cirawt responses, Fault diagnosis of electrome circwmts 15 essential
tor analog and muxed-signal systems testing and mamtenance both dunng the
design process and the manufactunng process of VLS ASICs. With recent
sharp development of electrome x;imggu automation tools and widespread
apphicaton of analog VLSI clups and muxed signal systems m the area of
wireless commumeation, networking, neural network and real ume control,
the nterests mn analog test and fault diagnosis revives. System-on-chip
solutions tavored by modem electronwes pose new challenges m thas topic
such as mcereased complexaty and reduced die size and accessibility. As
discussed earlier, the conventional method for muluple fault diagnosis can be
divided mto three steps: fault detecuon, fault locaton determmation, and
finchng the fanlty elements values. This convennonal method 15 reacily
dﬁ%‘ﬂw{i to be a numencal method by 1ts very own nature but 1t 1s pwwx;wd
here as it provides basic msight to the §3mb¥{*m and the hmitations facing all .
numencal methods. While process engineers have traditionally coped %ﬁh
die-to-che flucmations, the today m%}mx «ie vanatons are more subtle smce
they z:z:nph* that citferent areas of the same die extubit different values ot the
vanous parameters,

Electronse Circunt Analysis §u0vx&w state of the art complete coverage of
electnical cirewts and to t?w held of energy conversion technologies, &smiwa
and design. A number of methods of @zsm}@gnw power i‘*if"{”ﬁ?}}iii cirewts are
g’%smmﬁvd and dlustrated. Chapters are contributed by worldwide authors and
speaiahsts to equp readers with necessary background matenal m such topies
as devices, switching ciremt analysis techmques, converter -types, and
methods of conversion.

Designed for semor undergraduate and graduate electnical engneenng
students, this book provides students with the ability to analyze and design
power electrome circuts used m vanous industnal applicanons.




Chapter 1

Analysis of Electronic Circuits with
the Signal Flow Graph Methad

Feun Ridvan Rasun, Sebastian M. S atii

Frieduch- Alexander-Unive ity Erlangen-Nuremberg, Chair of Reliable Cirewnts and
Systems Paul-Gordan, Erlangen, Germany

Abstract

In thus work a method called “signal flow graph (SFG)” 15 presented. A
sigmal-tlow graph descnbes a system by tts signal flow by directed and
weghted graph: the signals are applied to nodes and functions on edges.
The edges ot the signal flow graph are small processng unmits, through
which the mconung signals are processed i a certam form. In this case,
the result 15 sent to the outgomg node. The SFG allows a good visual
mspection mte complex feedback problems. Furthermore such a
presentation allows for a clear and unambiguous descnption of a
generatng system, for @X*’tﬁ%i?}i% a netview. A Signal Flow Graph (SFG)
allows a fast and practical network analysis based on a clear data
presentation m graphic format of the mathematcal lmear equations of
the cirewst. Duning creation of a SFG the Direct Current Case (DC-Case)
was observed simce the correct current and voltage directions was drawn
from zero frequency. In addinon, the mathematical axioms, which are
based on field algebra, are declared. In this work we show you m
addition: How we check our SFG whether it is a consistent system o
not. A signal How graph can be venfied by generating the idenuty of the
«aim‘sfzi ﬂc"}w graph wtsell, llustrated by the mverse signal flow sf’i*‘éip%}

ff;: ;. Two signal low graphs are always penerated tfrom one circuut,
50 zmi the «@swml tlow diagram already presented m previous sections
corresponds to only halt of the solution. The other iwli of the solunon s
the so-called 1?‘1&’“23&% which represents the (SFG ). If these two graphs
are superposed with one another, so called 1. vﬁwf« are created at the
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node pomts. In Boolean algebra, these 1-e “dges are given the value 1,
whereas this value can be :dmiﬁwﬁ with a zero in the field algebra.

Keywords: Analog, Feedback, Network Eiwuu Symbolic Analysis,
Signal Flow Graph, Ixmz«dmiunﬂmn ‘

1. Introduction

There are vanous methods m the arcut technology to calculate transfer
funcuons of electnical circwts such as Firchhoft's Lm two-port network
theory, nodal analysis method [1] and tune constaut method {2]. These
methods are genenally time-consuming and computatonally mntensive.
Moreover, 1t 15 always usetul to develop a common graplucal model, with
usmg this model to make a connecton between the state vanables
(parameters) and the transter functon as well as to obtam a Dbetter
understanding of the complex functionality of a network. Usmg mesh rules,
node rules and Ohm’s equations a signal flow graph can be build. Targeted
munpmzation ot subgraphs, allows the calculanon of a tmnsfer function
easter. In this paper we repeat the mathemancal methodology for the
svmbolic analysis of real electronic circwts on the basis of a gven real
arcuitry. It 1s based on graph theory, the so called SFG method, iiw signal
tlow graph [SFG) 12 a vivadly me thod to present the mternal structure of a
systemn or the mteraction of several systems. Tlis presentation allows a better

mzdwat@ﬁaixzw of the function as well as the nterrelations of one or more
systems. :@sg;ml low graphs are formally defined graphs [3]. Such a mappmng
enables a one-to-one (local-byective) and understandable descnpuion of a
generating system. It serves to merease clanty as well as contnbute to an
smfim\umimg of the circwst. The SFG allows a further comprehensible and
sumple visual consideration of the ;}rfzi}imn It shows us all the hanctions of
every part in the cirewt and the connections between them. It 1s also a good
method to help us to detine the states m the cirewt. It helps us o madwrwmmi
the circutt deeply and systemaucally. In additon, physical connections of the
circutt become more mu;gzzmgiiﬁf:ﬁ. For the understanding of the cuwewt, the
signal low graph 15 a swtable method for the representation. To present the
application we use a Common-X circut as a use case. First, the Common-X
crcwt 15 spht mnto s subcrewts and for each subreirewt thewr assocted
SFGs are established. Then by the superposiion of the SFGs of the
subcircuts the total SFG for the Common-X arcut results,
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Organization of the paper: First, the theoretcal foundations are bretly
explaned m Chapter 2. They are regarded as basic knowledge . order 1o
understand this work. Subsequently, the implementation 15 desenbed n detaid
i Chapter 3 and visuahized by sketches and signal tflow graphs. In the end,
the results and the core outlme ot the work are summanzed agan and an
outlook 1s grven. | |

2. Theoretical Foundations

Signal flow graph: A signal How graph describes a w»%ff‘;zt by sts sigmal tlows
by directed and stg@?;{mi graph M {4] {“’5} Sumlardy, an SFG provides a
graphical representation of a set of hnear relanonshups [3] [6] [7]. For thss
reason, a signal tlow graph can be constructed between the matenals usmg
the Kirchhoft's laws, the current and voltage relatonship. The directed and
undirected graphs, the signals are apphed to nodes and functons on edges:
the direction 15 given by an arrow on the edge. The edges of the sipnal flow
graphs are small processng umts, through which the mcommng signals are
processed m a certam form. In this case, the result 15 sent to the outgong
node [3]. In network theory are often used ohnuc resistors, capacitors and
mductors. When mmu%mzzw these elements, the direction of the directed
and wephted signal tlow m&si}if cant 1ot iw mterchanged easily. Pror to
changing the direction of the arrow direction, the function on the miw has to
be inverted. The matesal equation 15 given as an example. The m@zmi flow
graph with the respective function on the edge 1s shown mn Figure 1 [8].

sl

Figure 1. SFG of an inductance.
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2.1. Elements of a Signal Flow Graph

A signal How graph exists next to edges and nodes of paths, loops, mput
node and output node. A node 15 2 pomt or a arcle, which reproduces a
signal or a vanable. In order o dlusirate these mdwxdml elements; the
I*zgum 215 to be investugated m more detad.

Figure 2. Example of a signal flow graph (SFG).

This signal flow graph has six nodes *xmi seven edges. A node 15 a pomt or a
circle that represents a signal or a vanable. In the (?33:?1;13%&. the vanables x., x
etc. represent a node. There are different types of nodes. A {:iﬁpmz;iﬁmt node
las one or more iwi;m? meommng edges and any number of leading outgomg
edges. Input node (x ), also known as source node, has only outgomyp §"}"‘a{fh
and represent zzaﬁv;mu&*sai vanables. An output node (x.), also I-a;g:xm as amnk
node, has only mcomung paths and 15 m contrast to the mpm: node a
dependent vamable. A pgt}z 15 a connected sequence of edges m one
cdirection, the connection of x; to x, by edges be via node x. rtegzu,wmm a
path. The path gam 1s the product of the functions on the edges along a path.
In thas :Wimpie the path gan 15 b A reverse path 15 a path that leads
towards the entrance node. As with the forward path, the nodes can only be
passed once. The connection vaa the edges b and g buld a feedback kmp
the mitial loop 15 & thus case. A iw%&mik loop 1s present when the start
and end nodes are flw same. “&?Wﬁ the edges beand g pass through, we reach
the ongmal node aox e R Ezmg;% are equal onented wiﬁgﬁw tormmg
a n%f‘ow{i path and will %mzdz no node multply. A :sfz*fimﬁiewmigi loop 1s
exactly present when a pgﬂ‘z tlows from one node m the same node without
crossng other nodes [9].
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Y ¥ o a* . ‘ ’ )

2.2. Modifications of Signal Flow Graph

By associative law (Figure 3 sequential edges can be summanzed. As soon
as three nodes which are interconnected via a path so present, that there are
the x ~x—x connected, the central node x 15 elimmated from the graph:

Xpca= XL X b s > caqh =y

Figure 3. Summary of sequential edges-associative law.,

Parallel runnmg edges wath the same mput node x and ontput node . can

be combmed with the distributive law (Figure 4). The resulung graph 1s

muninuzed to an edge. For &xmzzgﬂ%. two edges trom node x tlow mto the
node . Algebracally, the node . be expressed as:

Xya+ X b=x-{a+b)=x,

Figure 4. Summary of parallel edges-distnbutive law.
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Dissolving a feedback loop (Figure 5): In order to elimunate the node x|, be
first the functions muluplied on the edges along the torward path. Next,
tormung the product of the mdmvidual i{@g}p gamns. This s the :qg;ﬁ;}% tlow
graph of two edges a-b and ¢-b, m which ¢-b 15 a self-referential loop.
Thus, the node x 15 removed from the graph and the teedback has been
summarized m a reflexive edge:

Xy a= XX b=x, = 5, ca-bix,-c0b=x,

a-b
’ N e ;}»

Figure 5 Dissolving a feedback loop.

A reflexave edpe (self-reterental loop) can be elimunated, in which one by one

divides the ;:rfmhm of the functions on the edges toward the reflecuve edge
munus the product of the functions on the reflexive edges. For more reflexive
edges one can use the same procedure. In Figure 6, the reflexive edge
resolved 15 shown with the corresponding wesghts [4] [6]. |
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Example:

L aks !

o  Source node x
o Smknode x,

o Target: Sunphification of the SFG consists only of start and end
nodes

o Transter Funchon &

1} The node x. 15 to be elununated: Resolving a feedback loop.

»

i



]

Electronic Circuit Analysis

_ab _d 3"

T—cb < g
o) N ,.,V ,,( 74
N \_,,/ x,

31 On the basis of the assocatve law, the nodes x and x, are taken
from the graph:

_ab_

-~ a-b-d-f

X, (!w{:"l?)iiwi’ }“ g)
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3. Analysis of Common X-Circuit

In thes secnon, we will show you an example: How to set up the SFG, then
by usmg SFG modificanon rules how to sumphty the SFG to calenlate the
transter funcuon, and addinonally how we check our SFG whether 1t 15 a
consistent system or not?

The Common X arcwt (Figure 7) 15 chosen as an example of the
determmation of the spnal flow @m;}k iy the course of work. Theretore, at
this pomt the members of the small-signal model are explamed: 17 1s the
mput voltage, 17 1s the output voltage, K. 15 a lead resistance or the mtemal
resistance ol the voltage source, 7 the baseband resistance of a BJT, ¢ 1s the
transconductance or the steepness of the CX cwewt wath g = 2 /17 To
apply now the method SFG, the cirenit 15 divided mto p«wimi cireuts | I;;gum
8. The mtention m the division 1s to reduce the complexity of the analysis
and to win by the substeps a better and clearer view of the funcuonng of the
structure. The small-signal equavalent cirewt diagram of the CX et can be
divided mto two parts following arcuts: In order to sunphty the etfort of
calenlation, m the first step the cireuit is broken. This results m two
subcircuts,

Figure 8. Small signal eqquvalent circuit of the CX-cirauit in separate form.




10 Electronic Circuit Analysis
3.1. Analysis of First Subcircuit

The first subcircuat 15 a su p&ﬂ voltage divider. Based on the above
consideratons (Figure 8) can now be derived for the first subcirewt of the
signal flow graph (Figure 10). Before the signal flow graph 15 denved from
the first subcireuit, the first subcircuit 1s to be sumplitied by a further step. If
the resistor Ko 1s taken out of the circwt, then a circunt with an ideal voltage
source and a resistor 15 7 obtaned, Figure 9. In the ideal case, the total
voltage 17 drops across the resistance 7. The voltage source supphes the
current ¢ as a function of the resistance 7. LA voltage source should never be
confused with a power source. The voltage source provides a current
dependent on the load. On the other hand, the current source provides a
constant current mndependent of the load. The mesh rules and the matenal

equation yield the equations:

v, M*V Wlﬂ§¥ "V}—{»

i::gme 9. Fisst subcireuit {lett) of the CX-ciremt 13 m}}plﬁwd by P and SFG (nght)
of the cirant

Thus, the signal flow graph can be reproduced for this sumple structure. The
dashed edge completes the idenuty of the signal flow graph. Therefore, the
signal flow representation represents only a halt ot the solution. For each
matenal equation, we can go back, Figure 9. On the basis of the previous
considerations, the signal How graph tor the first sub ciromt can now be
denved much more t“%*qf’i, It 15 desirable that the total x*m%mg:z? [ of the
voltage source dm;n across the resistor 7. In reality, however, a small part of
the vwimw at the much smaller £i“‘xt%¥;}§3i{* E. ai£§3§ The di?&iﬁ%d voltage at
the resistor 7 can thus be adjusted with the resistance K. Thus, the mesh
equation for the first sub-circrut can be established:

Foe W
V=V, ~Vyy

2



Analysis of Flectronic Circuits with the Signal Flow Graph M&*&Gfi 11

Dependimg on the resistance » 13 gsﬁiwmﬁ%{’i by the voltage 17 of the current
/.. The matemal equation 1s:

The current ¢ timﬁn@ through the resistor R and generates the voltage 17 .
Thus, the ~1mmf flow gvmph of the first ;mﬂmi circwt may be formed 3}?
expansion ol the signal flow graph ol the ideal case without R.. Tlis a:«n%:s;
needs around the edge (2, 17 of the cirewt 1o be supplemented. The
dashed edges complement the axmomatie wdentity of the signal tlow graph
Figure 10 |

Viy
‘i T g
% I * .

=
|
?

Vs
ey

i‘\y ) Ji %
E I
L

g,
»\ 3

[V
*;xx Mﬂf""} .
N— . ““w,&u

ARy 1

Figure 10. First subeirewnt {above) of the CX-circunt and SFG (below! of the first
partial cirewt.

3.2. Analysis of Second Subcircuit

When dividhng the common X-cirewt, the second subcircuut between the
nodes X and Z forms in Figure 12 a current divider. Analogously to the first
subcircwt, the current divider 15 untially to be considered for the sake of
sumplicity without the resistor #, Figure 11 In the ideal case, the source
current 7 should flow completely through the load resistor R and generate
the voltage 1 there. A current source should not be contused with a voltage
source. The current source 7 supphes a current which 15 mdependent of the
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load resistor R. By these statements the equations ot the currents and the
matenal equatons can be defined for this sumple case,

i e,

X # , %
; - ¥y 1 1 o % i:
P 4 o iR ;
. Mﬁ"’%u. ,,,w’ijt 4

Figure 11. Second subaircuit {left) of the CX-ciremt ss sumphified by ¢ and SFG
{nght) of the circut.

From the defimtions, the signal flow graph for the cirewt of Figure 11 left)
can be constructed. The dashed edges descube the idennty of the signal tlow
graph, With the help of the arawmt-from Figure 11, the signal flow graph of
the second subciremt can be determmned much more easily. In reality,
however, the total current 1 ol the source does not tlow through the load
resistor R . In order for the entire current 7 to tflow through the load resistor
R, the resistance » would have to be mtmiite. But since the resistance r s
not mimte, a small fraction of the source current flows through 1. The
current 7. through the load resistor R, can be adjsted by a sutable chowce
ol the res ,,.im; 7. Tlus allows the node rule 0 be set up.

The current 4, generates the voltage 17 at the load resstor R | which 15
equal to the mwzzmx{lv of the mitéw fallmg to » . This mmwmkazg can be
understood by means of the mesh rule. The voltage across the resistor 7,
produces the current 7 which acts on the current 4, through a negauve
teedback. In summary, the node, mesh rule ﬁﬁd the mateial equatons for

the second subcircwtt can now be set up.

L
tR; a f :;f“ %”ﬁ W % "w«
I,
FARPUTE T VR 7 RN
Vi =V V=i Ry

[t the signal tlow graph of the sumple circwt 15 extended by the nodes 17 and
7. usmg the above equations, the signal flow graph of the second subcircut

H




Analysis of Electronic Circuits with the Signal Flow Graph Method 13

will result, Figure 12. The matenal equations can be mverted. In reahty, not
all of the current 7 of the source tlows through the load resistor K : Thus, if
the total current 7 tlows through the load resistor R.| the resistance » would
be mtinite. But the resistance » beng not mbmtely large, a small porion of
the source current tlows through 1t. The current #. through the load resistor
R, can be adjusted by the appropoate chowce of resistance 7 or reduced by
this resistance. Thus, the nodes usually can be hiﬁwd The current 2.,
generates at the load resistor R the ‘W}}L&’g’f‘ 17 which 1s equal to the voltage
dmg} across ». With the mesh analysis, this i‘{*%«%lsé?iiﬂhiib can be traced. The
voltage across resistor 7 generates the current ¢ which acts back w the
current /. through a nepatve teedback. In summary, the node, mesh and the
materal ﬁ*i}imhﬁbﬁ*ﬁ tor the second subcircust can now be set n;*r Extending
the signal low graph of the simple curcut around the edge (17,2 ), yields the
«zm;;s% flow graph of the second subercut. The mate tial mgmtmm can be
inverted.

Figure 12. {Above) Second subeiremut of CX-araut and (below) SFG of the second
subciraut,

3.3. Signal Flow Graph of Total CX-Circuit

To make the signal flow graph of the CX-circwst, the mdivnidual subgr:
must be combimed mto a Q!f;}fﬁ} (Figure 13). The current source 715 a voltage
controlled current source. It 15 controlled by the voltage 17, the current 1s
determmed by + = g <17, f*w%imvma? the relationshp iwﬁwm the current
source 7 and the voltage 17 the two signal tlow graphs can now be
mterconnected, 7 as source, 2. as smk 7 and 17 as states.
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Figure 13. Signal flow graph of the total CXeairewt for 1, —=> @ and R, <7,
3.4. Transfer Function of CX-Circuit
3.4.1. Verification of the transfer function

‘**«zmgztim‘m{z the signal tlow graph mn Figure 13 usmg the SFG method. In
order to find the transter functon, the signal flow %“fi.kijh from Figure 1315 10
be sumphified step by step so that the zaz&ﬁ*’nﬁm im:;g}x and paths leadmg to

the solution are ¢ ‘imfh visible,

o Elmmaton of the nodes 7., 5., 4 I and 7

Nodes (7., [ .4 U7 7 ) are ehmmated by the associanve law.

e  Elmmation of the node 2,

'ﬂw node 7 15 removed from the graph usmg the assocnatve sze* The node
L1 controlled by the rule for resolving !fﬁimﬁmﬁ*k loops trom the graph.
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*ﬁ} i ™ i;%!‘xf f 1)2

W\M««ww,w\{ lv’;b X;

5

mwmﬂ»hmﬁw*\« 1 i

o Flinmunaton of the reflexive edges and the node |

There 15 only one torward path from 7 0 T

3.4.2. Proof of Method

How we check our SFG whether 1t 15 a consistent system or notr The
mathemancal axioms of our SFG are based on tield alpebra. 11 we look at all
meomng and outgomng edges of a node, a super edge appears and thisss a 1
edge. With 1-edges, we can check wheather this s a consistent system or not
and the formula s graphically checked. Proot of the SFG method using the
mverse signal low graph (SFG ) A fundamental step at the end of each
analysis process 15 to check whether the signal flow graph and the other
representation analysis methods of a cireunt {ist%lx:s;}td theretrom have been
correctly caleulated. On the basis of this proot, 1t 15 determined whether the
respective signal tlow graph m:wag:«mada to a consistent system. A signal
raph can be ventied by generating the identity of the symal tlow sﬁmph
dlustrated by the mverse ""immi tlow gfmph {%@%hﬂii I-edge). Two signal flow
graphs are .ﬁww«s é’i“ﬁﬁ"iaﬂi"ﬁ from one circuit, so that the signal tlow ﬁmiﬁ
already i)it?':»tmm{i m previous sections corresponds 1o ml%} halt of the
soluton. The other halt of the solution, the so-called rdentty, whaeh s
rfzrpwwzztmi by a dashed edge, represents the mverse signal tflow graph
(SFG ). If these two graphs are superposed with one another, so- i’,‘“‘%nt*{"i 1
wig{w are created at the node pomts. In Boolean algebra, tus 1-edge 15 giv
Eﬁlw value 1, whereas tlus value can be zdezmixmi with a zero i the
alpeba.

tza*é&%
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Example: We want to check the 1 edge of the node V.

Now we look at all mcommg and outgomng edges of this node of Figure 13,
all other nodes and edges can be elunmated as well as dashed edges wath
matenal equations. Because matenal equations give us 1edges, we do not use

this to check. First we simplitied Figure 13 as follows,

Then we look tor mconung and outgomng edges within the loops. There are 2
loops.Vy i, —»iy > Viy =V, and Vi, -»i, >V, >V, they are

marked with diferent ines.

7, ; P

- e e W i% ‘; F

" . o ‘
#

& #
e ﬂ?{r

........

*8

The nodes (7, 2,17 are ehmmated by the associatve law. This gives the
tollowing signal tlow graph.
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Further simphtication of SFG: Elmunanon of reflexive edges of 17 and then
elmmation of the reflexive edges of 17, It gives us the 1 edge of the node

.

&0

And ﬁzmﬂy our SFG 15 checked. S‘maiﬁgmwig we can use this proot method
tor all nodes,

Conclusion

The SFG analysis can offer a faster and more effectve alternative to complex
structures "mﬂa the nght approach and seluton patterns. However, the signal
flow graph represents only a projecnon of the solution of the network
equations. Together (supenmposed) to the mverted solunon of the system 1s
then obtamed as a result all the states of the structure with self-imposed and
unweighted loops. For the analysis of a network the SFG-method provides
an important altemative, since you are saving m complex systems not only
long caleulus, but alse get a most smtable overview i the mteraction of the
system components md spare parts. The method 1s rarely used. and the
a*xnimgf iterature on the subject 1s hittle. One can ﬁimw encounter vanous
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problems i the analysis of a arcuit that can now be easily understood with
the knowledge of this method and ventied. The kev of understanding a
crreut 15 always 1ts real structure (physies). The SFG 15 the structure fanthiul
model which bangs together real physics and underlying  theory. For
understanding  the ccwt, the signal tlow praph 15 the most swtable
representation. Thus the method can describe a generating system intelligbly
and unambyguously. In this respect, the physical connections of a cueewt are
also more recogmzable. Such a graph determines how a circmt works and
shows what needs to be seen, which can not be fultilled by the arcut
diagram. It also makes a cireunt reproducible and traceable. The fact that an
‘%E“L} belongs to a model representation proves itsell to be more compact and
clearer. In ad::ixtmﬂ mathematical connections are dlustrated more clearly due
to the visualization, and certam g{;mgmmmmi steps are explaned mn a more
comprehensible manner. As far as tme 15 concemned, a very small
eump&xmimn ume can be aclueved with the aid of the SFG usmg the smallest
memones. The SFG ofters further great advantages. Smee an SFG s
*mn;:«wﬁﬁﬁ“ﬁﬁ only a small amount of m*m"‘::mi 15 requured, so that the cost
factor can be munimized. In addition, the method shows the highest quality
*@ii}f‘{‘ tiw “:Fif? iﬁ e:’iéfw%“f«(i fmf% exhubits due o the Udﬁgw and the :zzzi:*éii%fy of

't%}*ii {%w;“u:f i:;% w»&m%z ”E'hn need relates, Ammmz m%m ti‘m‘;g:w to the
e:shwmdfw and difficulties that may anse when programmmung the gr :zp}m s,
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Chapter 2

A Method for Finding Multiple DC
Operating Points of Short Channel

CMOS Circuits
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Abstract

This paper 1s devoted to the mxiﬁyiig of CMOS ‘tansistor ciecuts,
fabncated . nanometer technology, having muluple DC operating
pomtts, The MOS mansistors are charactensed by the mtrcate P3P
103.1.1 model elected by the CMC as a standard. To find the operating
pomts an approach 1s proposed based on a mathemancal concept called a
detlanon. According to this conc ept the equations desenbing the circwt
are deformed 1o sz% the solutions eatlier determined and retain the
remammg solutions. A new ethicient deflaton techmque 15 developed and
mm%“ﬁned wﬁh ﬁw‘* hmmm&p’g me timd Jz;}{i tﬁiw {%ﬁ{*ww é‘ifﬁ}ii f*qmveﬁmt

out for imiimg ;uuit;piﬁ Eﬁ)ﬂ, {Jsp@mimg g&z;mia g}i ilw.Zx{Q}i:s cIrcits
encountered pracueal applhications. To dlustrate  the proposed
;%f}}i}m:mh three numencal ﬁ‘:’(ﬁﬁ‘}i}i@% are given.

Keywords: CMOS circwts, DC analysis, Deflation techmque, Muluple
operating pomnts.






