Circuit design is a ecreative activity that requires
not only experience and skill but intuition and luck
as well " Gray,P.E. and Searie, C.L. in ' Eleetronic

Principles - Physics, Models, and Circuits !

1T must create -~ system or be enslaved by another msn'st

Blake

ﬁThe reasonable man adapts himself to the world; the
unreasonable one persists in trying to adapt the world
to. himgelf, Therefore all progress depends on the |
unreasonable man "

Shaw
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PREFACE

The subject of this thesis is to design a
genernl purpose D, mole network analysis program to
rerform the D.C. initial condition analysis of discrete
component semicundictor circuits with specinl referamce
to bipolar transistors, anl review various mantrix methods

of achieving the same.

The maxima tree branch per node algorithm is an
original formulation.
The program, written in Fortran, is truly conversational
interactive, and the cunny way this is achieved ig
original and has nmot been seen used in any published
Fortran program - viz; the interactive nature is
maintained nc matter which output medium the program

results are toc be as3signed.

The program aims at achieving the goals laid out

by Kuo(11’12)

» a8 the fundamental criteria for any ideal
computer aiced circuit lesign program, viz;

(i) automatic parameter modification feature to enable
on line breadboarding;

(ii) error check ruutine to enable the user asges the

reliability of the output;



(1ii) a convenient and simple language to be used
to describe circuit topology S0 that even those
with no engineering or cven programming experience

could be able to feed-in circuit information from
2 given circuit schematic;

(iv) it should be possible for the program to
accomodate a wide class of models without drastic
change in the main program construct,

It is appreciated after Magnus and Wnlsh&z')
that 2"n.n-linear prograi require more programming
experience than a linear vrosram', and that " under
certain conditions, a compiler will zenerate
incorrect coding for the Fortran program".

The program has been tested over a very wide range
of circuits, and have given correct solution for

circ.its for which the iteration would converge.

For a:st non-linear D.C. condition networks,

a solution is arrived »t within nine iteration
steps, if atall a solution would be arrived at,
an indication of the very fast convergence of the
scheme ns compared to ordinary Newt n-Raphson

schemes.

October 1981.
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CHAPTER ONE

SURVEY OF MATRIX MELHODY FOR ELECTRICAL NETWORK _ ...°°
SR ANALYSIS

INIRODUCTION

_ . Electrical netwarks may be decémpdsed into t?o'
classes;- linear networks and nonlincar netwoprks. - - . « -
The analysis of such networks way be broken down
.into two parts:- _ :

;(i) equation formulation'

{ii) numerical solution.

The formulation of circuit eguation for computér
solution, except in trivial ones, employ various
matrix wmethods, The formulation af circuit matrices
“is” further enhanced through an understanding of the
topological properties of the network via network

grapt.

The most common matrix techniqués toward.ne£WOrk
golution are examined, and reasons for the choice
of tne nodal matrix analysis technique in this
thesis is given., - - , L

1.1 DEFINITIONS

(a) A tree is a set of all branch connections of a

network graph such that no loops are contained therein.



(b) A loop is any closed path in a network graph.

(¢) A link is any branch of a networkvgraph that

does not form part of a specified tree for the
network.

(d) A standard oranch is a connection of at least

one of tne folluwing elements between a specified

pair of nudes :- (i) current source (ii) woltage source
(iii) admittance oy impedance,

For a grapadical illustration of the above definitjioms,
the graph of Figl.1.1 is considered.

A network tree for the graph of Fig.1.1.1 is given

in Fig.1.1.2. Fig.1.1.3 illustrates -the formation

of loops for thne network graph; The links for the

tree of Fig.1.1.2 is given in Fig.1.1.4,

1.2 THE STANDARD srangs( 1)

The requiremente of the analytical methods to
be described in this thesis can be met via a
mathematical formulation of the standard branch.
Let:-

r = rth branch of a circuit

Yrr = gelf admittance of the rth branch

Ir = T1X~d current smares aeross the rth hwanch,

Tnen the standard branch has as its elements, Z_ ,Y
ey,

I, and V.. For link current(tieset) analysis, the
’

fixed current source is assumed to be between
terminals(nodes) that define the branch, while for

tree branch(cutset) analysis, the fixed voltage source
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Fig.1.112 .Tree formation for the network of Fig.tl.1.1

Fig.1.1+3. Loop form:tion for the gragrh of Fig.1.1.1

(loops represented by ~rrowed dashes).

£

Fig.1.1.4. Link(dashed) form:tion for the graph ol
Fig.1.1.1.




is placed in series with impedance,zrr, of the rth
branch,

Fig.1.2 is a standard branch illustration.

For the rth branch representation, we have,

Vrﬂzrrq’r A R R Y (Oh:m’ls laW)

For all branches simultanecusly,

Y mZW eeeennnnnnnnnnna(i)

NL)W,

Simple substitution yields
(E

E~-21)+8=Z2 4 cievvvanneas(iil)
(I -YE )+i=Ye€ coceennanareliv)

Now,

A1 =0

—1

where the superscipt, t, represents

transpose, (Kirchoff's current law)
where A is the reduced incidence matrix,
Assume a transformation

A ' =8 siswermnssaweaeil¥)

then

A I-YE)=aA Yae ieeririnnan(vi)
Hence,

ot & A" & VMU A I ~IB)) soiesslwit)

with tne ncmenclature ( )"1 implying the inverse
of the expression in angular brackets, where
e = A g' = branch voltages
i=Yeg=-(1-XYE ) =branch currents

v=¢g+E = element voltages.
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1.3 NEIWORK TREE GhuLit:LION

Most analytical methods uscd in circuit
enumeration depends un the generation of a specific
tree for tne network councerned and so are the design
of printed circuit boards, rovad netw.rks, optimal
time slot assignments, system design, to mention

but a few,

1.3.1 TdE M.XIM, Trbt BrRANCH PER NODE [ LGORITHN

The maxima tree branch per node algorithn has
possible applicaticns in areas where there is priority

ordering of paths and/or nodes,

If we define a terminal nnde as a node that has
been used to fuorm a branch of a tree subgraph, and
a starting node as the node from which new tree

branches are being generated; and make similar

definitions for the starting branca, the maxima tree

branch per node algorithn may be formulated as follws:=-

Form tue incidence watrix,
(i) Use ncde 1 a8 the starting node. Scan withrespect
to node 1 all branches, If a 1 or -1 is found in the
incidence matrix at say, branch B, put the pir node=-

branch (1,B8) into the louk-up table, For each branch

so found, gegn the nodes attached tn the branch until
a1 or -1 is found at say, node n, Enter into the

look-up table, the pair (n,B).



Print out B as a successful tree branch., Continue

until all branches connected to node 1 are exhausted.
Use noude 2 as the next starting node.

(1i) Scan withrespect to the starting node, n, all
branches attached to n until a 1 or -1 is found at
branch,B, say. Check the lovk-up table for the presence
of B, If B's presence is encountered in the look=-up
table, discard branch B as an unsuitable candidate for

the branch of the tree subgraph. If B is not a terminal
branch, scan withrespect to branch B all nodes until

a 1 ur -1 is found ot node nt. Ciheck if node nt1 is
in the look-up table. Print cut B as a successful

branch of the tree subgraph.

Continue for all branches attached to the starting

node, Continue for all nodes,

A state diagram for the maxima tree branch per nnde

algorithn is presented in Fig 1.3,

Consider the algorithn applied to graph of Figl.4.
A branch - node matrix representing the incidence mtrix

is constructed by representing the ( fro-node, branch)
element by +1, and the (to-node, branch) element by

-1, Tals gives tue incidence matrix representation of
the graph of Fig.1.4 as in Table 1.1.
Proceeding to apply the algorithn yields :-
Maxima of tree branches at node 1 e Branch 1,Branch?2
Maxima of tree branches at node2 = Branch8,Branch9,
Branch 10
Maxima of tree branches at node 3 = no Branch

Maxima of tree¢ brancnes at node 4 = Branch 4,
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ST= starting node
NTB = non-terminal branch
Nn = total number of circuit n.,
LK = louk=up table
TB = terminal branch
n,B = node and branch added to the look-up table
Xx= number of tree branches nlready gener-ted
NTN = non-terminal node
TN = terminal node.

Fig.1.3. A state diagram for thne maximaitree~branch
per node algorithn.



BRANCH 1

NODE 1I 2 |3 4* | ‘ |
L3 50 .61 71 8 9 . 10! 11
g 1] 1 Lol o oi o o o% olo | o
2 -1{ojojo of o o 1! 1]-1 | o0
3 o| 0 |-1 lo| 0l og of-1{ o} o | 1
' 4 0of=1 {1 i= 1£ r)i 0 ol olo | O
5 ol olo!l ol! 1, =1} 00 0} O 0
|6 o‘o'-oEo o| og1-o!-1 o | -1
-9 ol oloiol <1/ -11 ol ol 0l 1 1] ol

TABLE 1.1 Incidence matrix of graph of Figl.4

For the case of graph of Fig 1.4, the number of
possible tree brancnes stop at six.
The procedure of application of the algorithmn to the
grapn of Fip 1.4 proceeds as follows:i-
(1) Starting at node 1, branches 1 and 2 are taken as
trec brancues. The node-brancn pairs(1,2) and (1,4)
are stored in the look-up table.
Scan goes to node 2, Branches 8, 9,and 10 are taken

a8 tree branches, Branch 1 cannut be taken again as

forming a new tree branch because node2 is 2 terminal
node already stored in the look-up table, For branch8,
a downward vertical scan yields a -1 at node 3,

Node 3% had nut previously been recorded as terminal
noae in tue look-up tavle, srancn 8 is therefore
recorded as a branch of the look-up table. L similar

procedure records branches 9 and 10 as tree branches,
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and node branch pairs(2,8),(6,9),(2,10),and (7,10)
into the look-up table.

With node 3 as the starting node, a horizontal scan
of the incidence matrix along node 3 yields a -1

at each of the branches 3, and 8, and 2 1 at branch

11, Branches 3,8, and 10 are terminal branches, and
are therefore discarded as new candidates for the tree
subgraph branch generation,

Branch 11 had nust, till this stage, becn recorded

in tne look-up table, 28 a terminal branch, A vertical
gean of the incidence matrix along branch 11 is
therefore needed. The vertiecal soﬁn yields a =1 at
nodeb. Node 6 is however a terminal node, branch 11

is therefore discarded as a tree branch candidate.
Witn node 4 as a starting ncde and proceeding as

for the two preceeding starting nodes, yields branch
4 as the branch candidate,

Starting nude scan stops at node 4 for the example
Ziven,

The algoritan thus yiclds the tree of thc network
as in Fig.1.5

The formation of the tree indicates the priority
ordering of nodes and brancnes, the lower numbered
nodes and branches being given the higher priority

during the furmation of the network tree,
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Fig.1.4. Network <rarh used to illustrate
applications of the !
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maxina tree branch ner node*
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Fig.1.5, Network tm»ee ior the oraph of i .1.4.
via the maxima tree-branch per node algorithm
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1.4 _\ SURVEY OF SOME MAURIX METHODS OF NETWQRK

;.JN leYb .[S

The must common matrix methods for network
analysis arc :-

(i) cutset analysis

(ii) tiesect analysis

(iii) nodal analysis

(iv) mesh analysis

1-4;1 CU'J.‘;:;J:.;T l'L-;IIiI}L BAS:MJ s‘\.NﬂLYSIS(1 )

By deflinition, a cutset is a set of basic cuts,
cne of which cuts each tree branch, while 2 cut is
understuod to wmean a closcd surface dividing a network
intv twu purts, Cunsiuer a netwurk witi graiph as
shown in Fig, 1.6 (the continous lines represent
tree branches, the dots reprevscnt the links, and
the dashes represent the basic cuts).

Kirchoff's current law applicd to esch cut in the
cutset will yield, in general,

'L =0
where i 1s the branch current vector,

D is the reduced cutset matrix,
If the link voltages is expressed in terms of tree
branch veoltages via the standard branch expression,
we have:=-

(L-Xp+ri=Xcg

where 1,i,Y,e,2andE takc values as in the standard

branch derivation



V

Fig.1.6. Choice of basic cuts for the graph of fig,1.1.1



- 15 -

Multiplying by Qt yields
LM -y + % = 2%k
from which we may deduce
D%(Z -¥e)= D'¥De,
thus the link voltages g = D &¢» Where g arc the

tree branch voltages,

1:4.2 _PLaskT(u00k) iy PRIX BASED AnaLYSIS (1)

Another method uscd for analysing the abstracted
electricél networks is based on the tieset or loop
analysis technique,

By definition, a loop is any closed path in a network,
while a tieset is a set of basic loops one of which
tranverses a link. Fig. 1.7 illustrates the formation
of loops., (Tne continous lines represent the tree
branches,the duts represent the links, and the dashes
represent the fundamental loops,)

Basically,
nwuber of lcops = number of links.

The tiesct (loop) analysis technique, expresses branch
currents in terms of link currents, viz the tieset
analysis technigue is the dual of the cutset analysis
technique., On the basis of this we mey write,

g‘ll =1
where 1 is the branch current vector, i, is the

1ink current vector, G, the reduccd loop matrix,
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Fig.1.7. Choice of loops(dashed-arrowed) for the gr=ph
of FPig.1.7.1
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From the standard branch relation,
(E-21)+eg=241
Multipying by C° gives
e e-21)+c%e-0%zs
Applying Kirchoff's vultage law gives
¢ (E-21) =¢E-2D

for which we ¢et link currents, i, = (CZ C

1.4.3 MeSH WATRIX BussD .nanysis(®

Mesh analysis is applicable in the general,
only to planar nelworks,
Fig.1.8 illustrates the formatisn of meshes;-
Basically,

number of mesh loops = number of branches — number
of nodes +1

AS an example of the special case of the general
non-applicability of mesh analysis to non-planar
networks, consider the network with zZraph as in
Pig.1.9.

Planes could be cnoscn such that a node is not
traversed by a mesh. (From the general rule, with
the eight branches and 5 nodes, 4 meshes would

have sufficed).

The example of Fig.1.9 _ives 4 chosen meshes indicated
by dasncd lines,

With nodel not traverscd, solution to the node
voltages could thus hut be obtained from the chosen

mesnes,



o B e

i

4Y

Fig.1.8. Formation of mesnes(dashed-arrowed) for

network of Fig.1.1.1,
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Fig.1.9. Non-planar network to illustrate the non-applica-
bility of mesh matrix method,in the general
tc non-planar networks-node 1 not traversed.
(Chosen meshes are dashed-arrowed.)



Application of xirchofi's voltage law to the general
planar case gives
ut =0
where tine superscript, t, indicntes the transpose
of the reduced.mesn watrix M
If i' is taken a8 the coluan vector of mesh currents,
then
Mi' = i ;
wiherc i is tne branch current vector,
dence,
it = ( u'zn T E - 21)

1.4.4 NODAL ¥IRIX BisiD ANALYSIS TECHNIQUE(1)

Tais is the method used for the D.C, mode
computer aided desipgn program developcd in this
thesis.

The nodal analysis technique is similar to the
cutset analysis tcchnique with the difference thet
the reduced incidgnce matrix is replaced by the -
cutset matrix.

Considering the graph of Fig 1.10 with current
Jirections as indicated, we may write, using
Kirchoff's current law for the (eneral case,

A*i=0
where i is the reduced incidence matrix.

If e¢' represents tae set of voltage s for each node

referred to tae reference node, then



\

v

Fig.1.10. Choice of current directions (dashed-arrowed)
for nodal analysis withrespect to Fig.1.1.1
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A2 ™R

where ¢ is the branch voltag. vector.,

From the standard branch relation,

(g-21)+e=24

Multiplying by 4° gives
N RIRIY ¥

Now,

Hence, "
A 1-1B) =i L&
Solving for node voltages yields,
et = (A% x W) AN L -LE)

- REASONS FOR CdOICL

Phe following reasons are advanced for the
choice of network analysis via the nodal matrix
formulation :-

(i) One of the most popular nctwork analysis program
, the I3M ECAF program, is formulated on nodal
matrix basis and 8¢ is the Ohio University "LINGADY
prugram by Cornctet and Battocletti.

(ii) It would be difficult for the computer to
identify meshes in the case of an analysis via

mesh matrix method.

{iii) Node potentials arec often what is of

interc<st to the circuit analyst.
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More-over = siample transformation in the nodal
analysis case yields the branch voltages as well,
(iY)The fact that ideal voltage sources cannot
directly be incorporatcd into the . rozraa in the
analysis viz the nodal matrix method is not a

ma jor disadvantage, since most¢ physical voltage
sources have finite characteristic internal
impedances

(v) &n analysis vii cutset or tiecsct matrix methods
requires the generaticn of apeéiric trees which
“may in several cases not be a trivial assumption
anu except in specific casas, does not serve the
teaching requirements which should also include

mininisation of time wasted and scarce computer

r¢sources,
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I6p NEWION-RAFASON I1LE.ALIVD APPRO‘CH TO SOLUTION

OF NuN-LINBAR CIRCUIY FROBLEMS - A SURVEY .

INPRODUCTION

The Newton-Raphson Technique uscd for the
circuit analysis progrom in this thesls, is the

generally accepted "modified Newton-Raphson approach“(“ig)'

The unuodified Newton-Rapason technique requires,
for n vimultneous eyu-.tions in n unknowns, the
evaluation of n2 prrtial derivatives, from which
we must then solve for increaents by solving n
simultanesus equotions in n unknowns.

The modrfied Newton-Rapnson iterative procedure

is derived from thne single variable Newton-Raphson
tecnnique. Laus, for n non-linear s.multaneous
equations in n unknowns, the single variable lNewtm
Rapason 18 applied n clues; once for eacn vari . ole
witn tne assunption that the olther wvarianbles arc

fixed.

esowerful 28 the Newton-Raghson techni ue is,
it is not gu~rrrantced to converge or it m~y converge

to an undesired solution.
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For non-linear circuits to be encountered, using
"RESTRICTICE METHOL3" presented, the method has
becn found to converge to the desired solution

for all standard circuits with un-ambigous soluticn

testedls

Bach two terminal non-=linear element to be
considered may be ru{resantcu by voltae-current
relations of the fofﬁ

y=g(i)ori=g(y)

where g is a continous single-valued function of the
independent variable. The non-linear device
characterizti¢ thus determine tune ty.e of mathematical
relations required in equation fermulation for the
computer program,

The bulk circuits to be analysed are assumed to be
individually single-valued in botn current and voltage
and is memoryless. The technigue ,resented is
therefore not suitable for analysis of circuits

with bistavle benaviour or circuits with hysterisis
behaviour, since even if tue iterstion converged,

there would be no guarrantee that it is to the

desired point in such cases,

2.1 THE MODIFIED NEWTON=-RAPHSON PROCEDUAS 4FPLIED
70 NODAL CIRCUIT aNaLYsIs(1®)

Consider the Taylor expansion of an n-variable



function with independent variables

X = [x1, X5 x3,.........,xn]t
then
P X +MX) = L (&) + BOX + lrgc_t_ry..i
waere
H = tne Hessian of f(x)
g = the gradient vector
1f the grad.ent terus higner than two are neglected,

we arrive .t the modified Newton-Raphson procedure,viz:i-

f.]( X+ AX) = i‘1(x) + g A X

£,(x+n x) = £,(x) + g, X

fn(xmx) = f (x) + Gn® X

The generalised nodified Newton-Raphson relations
taen necome
Gex =-L.
In circuit analysig X corcesponds to ncde voltages ge'.
Making use of the standard branch relation gives #
£f(g) = &t Y(e')(A &' + E) - Qtl I~ L |
Now,

f=

+I=Y(e+E)=X(ae +E)

< k-
j—

me+E=jpge' +E

o

Substituting into 2.1 2nd differentiating gives
t
¢ =a'&(Iwa =4aLa

where Y is the linearised admittance matrix.



2.2 CONVERGENCE PROBLEMS OF THE NEWTON-RAPHSON

T1eis TIVE FRUCKDURE AND METAODS USED IN T E

THESIS TO OVERCOME Tqgm (18)

For case of prescniation, assume a single
non-linear component, a diode, with voltage-currert
characteristics and load line as shown in Fig.2.1.

(An n-component characteristic would have 2 representation
in n+1 dimensional EBuclidean space).

starting at point (io,vo) and proceeding in the
direction indicated _ives an "oscillating convergence" -
2 typical case with diode non-linearities,

With the sawme characteristic, but starting at a pant
close to the true solution point as indicaced in

Fig. 2.2 results in an oscillating divergence

such that the true operating point of the diode

is never found.(18)The starting point of an iteration

as well as its direction, is crucial at obtaining

converyence.,

A casc in which an upper and lower bound is
placed on the possible iterative voltage values
is shown in Fig. 2.3. The characteristic as well as
the starting point of Fiy, 2.2, is recained.
1t may be visualised tuat placing bounds on the
voltage values results in "oscillating convergence”(1a)’

INSIG:HT : To enhanceé convergence, place upper and

lower bounds on tne diode junction voltages.



i=f(v)

characteristics=

. .~ 1load line

l-

=0— v

Fig.2.1. Illustration of “oscillatory convergence"
with direction(dashed-arrowed) of iteration,
though starting point close to true
solution point,

{
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i o= £(v) J

N\\ characturistic

b
\_ :t‘lu;-\.:.l 1line

--——}

-
A\

v
Fig.2.2 Illustration of "oscillstory divergzencen

with direction (dashed-arrowed) of
iteration, though starting point

close to true sglution point.



i=f(v)

characteristic —

?xxéi:loadiﬁne

.
V'

e A

™

L/

i« upper voltage

;g.lawer voltage
v bound ”  bound

4 §

il -
SIS, S .

v

The use of bounding to ensure convergence

in an otherwise divergent iteration -an

upper bound for forward biased junctions

and 2 lower bound for reverse biased junctions.



A close look at the derivation of Newton-Rapheon
iteration via Taylor's series, viz:-

f(e;,q) = f(eg) + ( £'(ey) 3£/ 2 e) e=e (05, 1-04)

suggest we use tue mean value theorem to discover
the bounds that would result in conver_ence of the
Newton-Raphson iteration. From thce statement of the
mean value theorem, if a function, f(e) and its
derivative, f'(e) are both continous in the interval
ageeb, there exists at least one asyed

such that,

f'(w) = f(b) - f(a)
D=g

viz, f£f(b)=f(a) = £'(\)(b-a).

A grapiaical interpretation withrespect to diode

characteristic is presented in Fig. 2.4.
If we apply the mean value theorem to our iteration
guess,
o T T f(ei)'
Letting a = €4 19 b = ey
then
£ley) - £(eg_) = £1(W) (e e, )

where 4! lies between €y and €51

Now,

Hence we may write

Ogigy ™G3 WGy =By
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_ characteristic | .}“_
inf(v) 4
- 1 /
e

|
|
:

WV

v

Fig.2.4 Application of mean value theorem to diocde
characteristic in the derivation of

convergence criterion.




rpplying tae me~n valuc theorem to ench i*erative

segquence gives

©
no
)
®
b
0

£ ) 1ley = egl|

£y 2) i(ez - 91)q

e

| €5417%1;

]
=
~
S
—
(47
[N
1
o
(e
—
o

Now we had placed a bound on all of €y Assuming
also a bounded uctual root g, 2nd 2 bound.d f'(e)
then we may write for any i and some upper bound M

fr(w;)en

Aence

FECIE R B B B A U B R R R

1eg,q g & M&legmey o)

1’

Substituting the first relation into the second
and the result into the next e.t.c. yields

jegmey &M ;(93-82)

c‘:M.MZ. (eq=e)!

NOW 40& CunVis el

i ., =%, =0
lim x:L+1 i -
X

The above condition aay be forced to exist by mak Ing

M~ 1 or M‘L’?O asg i o

Hence the iteration mast converge if ML 1.
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tnus if #'(e){,’_.ﬂx’.‘] for all x, we have a sufficient
tliough not necessary condition for the iteration
convergence,

If f£'(e) is near zero in the entire region, the
iteration converges quickly, while if it is neax 1

in maggnitude, it converges slowly,

If we now go back to the Newton-Raphson iteration
formula e; 4 = €; = (£(e)/ N£/de) le=e. we immediately
notice that the zcecond term on tne R.H{S. represent
the incremental element2l conductance in circuit analysis.
From the above derivation, the iteration converges if

be(en)l &1
and converges very fast if
fee ()4 o

viz if the elemental conductance approaches infinity.
INSIGHT 2 : For fast convergence of the iteration,

scale or damp the iteration such that tho iterative
conductance i3 proportionately very large for each

e¢lemental value, The iteration damping factor should be
. less than unity. The ezasiest way to achicve this is to
scale the impedance value by say 10'3, thus resistance
values are best expressed in kilo-ohmns,

In order to retain actual circuit voltages, all circuit

currents including voltage controlled current sources

(vccs) must be divided by impedance scale factor,

consider the diode characteristices with load
line as shown in Fiz. 2.5.
Consider the iterative point(i1,v1) on the characteristic

such that vy lies positive of Vo the load voltage.



1~ J}(i1iv1)
current(i) charactecristifc

vertical
projection

N

I
Isfape at \\

f41th iteration \ I
' r
N

“horizontalroJection™ .

\

\

- O ¥ valtage(v) o

~

Fig.2.5 Choice of iterative valtage values to enhance
convergence
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It is easily visualised that if a new updated

iterative voltage is .alculated to be greater than
previcus value, we take 2 vertical projectiuvn from
the iterative solution point and let the new iteraive
voltage equal the old cne, the iteration is forced

tu ennverge.

INSIGHT3: For changes in voltases that are positive,

use tne old voltage value, the new conductance

value being tae slope of the i-v characteristic

at the old voltage value.



-3 -

CHAPTER THREE

ITERATIVE DEVICE MODELLING FOR SOME NON-LINEAR

AESISTIJ/E DEVICES

JINTRODUCTION

The iterative models for the non-linear devices
~r2 meant for the wodified Newton~-Raphson iterative
procedure, Iterative models are presented for practical

aiodes, transistors, and MOSFETs, It is shown that

any three terminal device with dependent controlled source,
nay be modelled in a way similar to the Ebers-Moll
transistor model.

Consider a non-lincar device, with current-voltage
relation given by i=f(v), where i is single valued in v,

A Paylor's series expansion as used for the Newton-
Raphson gives a linearised iterative form (2’1):-

i

m+l ” vm)

mel im * hf!'hv‘v-vm(v

Now i = f(v)

i =i+ ( Nilhv)m(v

m+1 “¥

m+1 m)
But( di/ ®v), represents the conductance at the
mth iteration. Hence we may write :=-

1m+1 = im+ Gm( vm+1 - vm) L 3.1

Expression 3.1 gives an electrical analog as presented

in Fig. 3.1



cathode

|
i

e ———

Fig.3.1. Hon-linear device characterisation.
(reverse binsed).



- 39 -

%.1 THE ITERZTIVE DIODE mopzL(2)

The diode current-voltage characteristics may
be expressed thus ;=
i=1,, exp(qv/kt)

where q = ¢la2etron charge = 1.602 x 10"19

-23

coulomb
k = Boltzman constant = 1.38x 1077J/%K
DiiYerentiating gives ;

aifav = 1, 3/ K% (q/xt)
Letting q/kt =N
cives di/dv JlIeSGXQ($~v).................. 3.2
Substituting 5.2 into 5.1 gives

i

= im +lIesex;dlv)(v -vm)........ 3.3

m+1 m41

The iterative diode conductance Gm is given
by Gy =WI o exp(Nv))
Expression 3.3 gives the iterative equivalcent of the

diode as in Fig.3.2.

3.2 THE EBERS-MOLL INTRINSIC BIPOLAR TRANSISTOR MODEL(2+%912)

The EberseMoll intrinsic transistor model is
chosen because of its suitability to computer applications.
A form of the model that is applicable to arbitrary

junction voltages is given in Pig.3.3.
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‘y cnthode

Fig.3.2. The iterative diode model.
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For an n.p.n transistor we may write

I, = -Ieg(eXQ(-qveb/kt)-1)+.frlcs(exp(-qvcb/kﬁp1)

=i Iop +lop
I, =-{fles(exp(-qveb/kt)—1)-Ics(exp(-qvcb/kt)-1)
where
Ies = static saturation current with B-8 junction
shorted.

If we now replace each diode with its iterative
equivalent model given in Fig.3.4; for an n.p.n
transistor we have

1= lcs(exp(-qveb/kt)-1)

Ip = Tog(exp(=qv_,/kt)=1).
If we deiine =q/kt, then from Fig.3.4

G1n = Mlgq = Tea)i Gpp = Migy = Iog)

Im = v‘tmG1m = leni dop Vom%2m ~Lem

m
A similar derivation holds for p.n.p bipolar

transistors with proper polarity considerations.

3.3 THE ITERATIVE DEPLETION MODE TRANGISTOR MopEL 34+

The current-voltage relationship for a MOSFET
transistor may be expressed as

iy = K(f(vg,vs)—f(vg,vdJ)
where

vg = gate voltage, v, = source voltage

v * drain voltage



: i
o] 4} s
Q0] 1 )
é—a‘:i‘r".‘"" 'Df;'i‘f—')
T
B’

Fig.3,3, Static form of the Ebers-Moll n.p.n
transistor model.
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& - - = V, = - =3 - — Vv, - - o - 3
Tm+1 2m+1

Figd.4. The iterative mrdel for the n.p.n. transistor.
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| F_.___@,__
==V = = =

Fig.5.5. An equivalent sbers-Moll model for the

MOSFET.

35

e @0
1m+1 -1 i b ..,,i 23"‘1
im ~“2m i E2m 1m
b S o 1
— A _—y
AB2nV 2me 1 G1m¥ 1me 1

« - Vi1 — -

G}G—- - Vomyi — - -

Fig.3.6. The iterative equivalent for the enhancement

MOSFET



This is explicitly expressed by the equation

i; = K( Lo = Wy v5)2 -(v

2
where

g

vp = the pinch off voltage

K = constant

For an enhancement MOSFEY , if v

2,1)
to vgs’ ’

s _
Ip = K(vgsvds - W /2 ) for Vieé Vent vgs),o

ds is comparable

It Vag> ¥ the static drain characteristics become

gs’
2 -

I, =2 K( ¥an /2)}; Yas ® Tggr Vg P 0

For depletion mode MOSFETs' the above relationships

are adagted by replacing vuS by Vgs - vp,

Hence
. 2
- i“ygs - vpjvds = Vis /2}

for vdsflvgs - vp,

I, = & K((vg = v )/2)°
for v > Vgs " VP)O

where the + sign reters To n-channel devices and

the - sign refers to p-channel davices,

This gives a MOSFET model similar to Lipolar model
where the Ip and Ir are "dicde" currents analogous

to the bipular casc, the polarities being dependent
on the type of d-vice, Thus for iterative analysis,
the bipolar diodes in the bipolar model, are replaced

by MOSFET "diodes" in an cquivalent model. This

js illustrated in Figd.5. Fig.3.¢ gives the iterative
model.
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CHAPTER FOUR
CON3TRUCTZION AND PORMULATION OF THE GRIEr:T 4.C,

MODE ELECTRONIC NETWORK ANALYSIS TROGRAM

4.1 INTRODUCTION

The Computer Alled Design of Electronic Notworks
wogented in this thesis is a genergl purpose D.C.
noce registive network analysis program that allows
1 wiae range of circuits to be analysed - whether

linear or non=linuar.

Tools incorporated into the program allow ease
of simulated br.adboarding. Individual component
values mey be modified, or c¢ven removed with the
program running. Circuit performance could Lhuc be
studied, as is donc with prototype bruadboarding
in the development laboratory. The program is written
to be general and with future expansion in mind,
Dedicated methods, such s sparse matrix techniques
are purposcly avoided., Complete program overlays
are used for 211 but twe subroutines, thus making
for a very cfficient program withrespect to mewory
storage requircments,
Efforts haive becn geared towards ease of circuit data
input and error checking.

The interactive nature of the program allaows



thc user to use the program without having to memorise
procedures or format types as is the case with most

cleauntary prugrams.

-2 ATTRIBUTES OF THE PROGRAM

(i) The program is written to be on-line interactive.
This means that the program communicates with the user
dircetly on inputs, ccumands and cutputs.

(ii) Injputs arc constructed tou be format free. This
allows rapid turn-arround of large data feeds, since the
user need not worry about spaces cor length of individual
inputs,

(1ii) Program construct is such that program data may

be saved, (if the user so wishes), with the program

running . Data so saved are as permanent files which may

then be recalled at a later period, saving the user
the nced %o type in such datz when a program based on

such data is tc be analysed,

(iv) User commands and responses ta which the program
resvonds imelude, "replace”,"remove! ,"yest ,anitno", and
alsofchange® .%yes or "na" are desired user responses to

interactive program requests such as

(a) "Is operating temperaturc room temperature?®

(b)"New analysis 7"

(c) "want to change value cf or remove 2 branch 2"

"Change" is an interactive user command %o the program
ta rceplace a component impedance value and source voltage

with new values typed at thae
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cuisputer prompyt. PRemove® command by the user causes
the prugram to null tnceffect on the circuit of the
c..apoenent so indicated. In this way the effect of

a2 8ingle component variation on circuit operation may
be studicd,

fv' Circuit data, as usc¢l by the program are
automatically reproduced on the sereen or as hard eoypy
bifure output of results of analysis. This allows
rapil turn-around of circuit data input error detection.
It may be appreciated that data input errors which are
fed in with the programuming running, may alsc be

corrected with the program running by the use of the

Wechange" ar " remove®™ commands inbuilt into the
programe.

(vi) Isalated node checking facility is incorporated
intc the program which autputs the warning"NODE,X,IS

DANGLING FROM CIRCUIT", where X is the node number;
ondetection of an isulated node. This inbuilt

procedure also enhances data imput error checking.,
The warning could be ignored if such isolated nodes
are¢ introduced deliberantcly by the user, since the
program will execute if the eircuit has unabigous sclution.
(vii)Alphanumerics, which are reproduced on the assigned
output device as part of the circuit are used to identify
component types; e, "RES" to indicate that the component

type¢ whose identity are to be input is a resistor.

Similarly, "DIO" is used for diodes, and "TE" for transistors.
"NPN" is used to indicate that the type of bipolar transistor

is the npn type.
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the user to use the program without having to mcmorise
procedurcs or format types as is the casc¢ with most
elementary prosrams,

4.2.1 THE i1 PROCGRLM

The basic flow-chart for the main program is shown in
Pig.4.1s The listirg of the D.C, inode computer aided
design of clectronic netwerks program is given in
Lppendix IV, A description of the main program functions
are also given in Appendix 1V,
Contained in the main program construct are generation
of the network incidence matrix, iterative primitive
admittance matrix for diodes, bipolar transistors and
FETs, as well as the associated nodal currcnt ~nd voltage
vectors.,
4.2.2 THE DIODE MODELLING ROUTINE
Suppose the element of the jth branch is n
diode. Prom the model of Fig.3.2, the iterative

procedure flowchart is presented in Fig.4.2.

4.2.3 [THE TRANSISIOR MODELLING ROUTINE
Assume the B-~-L Jjunction represents the jth
branch, and the C-B junction the (j+1)th branch,
The iterative procedure flowchart for the B-E junction
is given in Fig.4.l>.wherc v6(j) is the old B-E voltage,
vd is the current B-E junction voltage.
A similar procedure holds for the B-C junction.

A similar line of reasoning holds for FEYL .
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Fig.4.1. Program flow-chart for the General D.C. mode

Electronic Circuit Analysis Program.
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]
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e
i
i
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|
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Fig.4.2: Flow chart for tne diode modelling
routine



From B-E junction routine
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Fig.4.3. Flow chart for the transistor mudelling
routine.
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%4244 THE CHANGE ELEMENT VLLUZ ROUTINE

This routine identifics the elemcnt Lo twear

the nodes required for element valye Ciangc, ang
makes necessary changes to the impedance ard voltage
sourcec value,

The iterative flowchart for the routine ig shown

in Flg.-‘i.‘r -

re2s5 _PHE DiNGLIKG NODE C.isCK ROUTINE

This is tac Sudroutinc "OK® in tne program,
It is used tg identifty isolated nodes, For zach
branen, all the nodes ar< checked for non-zeroes,
If the number of Non=-zeroes is less than two, the
mesgsage indicating the dangling nodeg is8 printed,
The flowehart for the routine js Presented in

Fig.4.5.

4.2.6 THE ITE TIVE VOLTAG

This is the subroutine "LIMIT" in the program ,

ARY ROUPINE

A8 indicated in Chapter two, placing bounds on
possible forward bias diode voltage c¢nhances
convergence, As could be scen with the éXamples
Presented in Chapter five, viry fast cunvergence,
of the iteration is achicved,

The flowechart for the routine is prescnted in

Flg-‘l' 06a
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.

- il —— - -
| Take a new branch |
2, Y -
o

R [T S e S s S
| Xheck&0 _ o

i

i  —' Scan nodes attached to branch -i

.

- —

i, i

.
. -

Yes

=1 or =1 at node? -

e Xheck €—Xheck+1 :
’ . kiek P —"
|
!

!

R A TR
~ . .__/
iYes
|
e s s G :

Fig.4.4.

routine

Flow chart for tne dingling node check
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I Put nudes of branch to be rem.ved as G1,62,
new voltage source value as X3, and new
i impedance value as V3

f

- — -

‘ Read circuit identity with nodes,G,U, impedance.m

X volt1ge source value,V

o ke e GINELGY or ULNE.UTY

- ——— e

v "
T ]

d
e
/ ———
3\ bsonmine FEQ VG2 40T u2? U EQ U2 -

- \"“‘\.‘_ N or G2 /

R

—

| Tnszé——hnwlﬂbi1st cycle)
; WAITh(2)0 «—=G1,U €Ut

i |

} ThYhZ €—
) l:PE2(-ﬂﬁuD r,U

Y

7

-

Fig.4.5. Flow-chart for the Change element value routine

——
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STARY ™

¥

———— = ——— — —— —— — S—
- e .- —

. pruvi-:'usml?rnnch voltage € Vo ™

_current branch voltage « Vd

+ update increment by
jrestriction

— —_— ———

———

Vd-Vo.g$:0.01: Vd ¢ Vd-0.01

———— e — e e

; restrict mximun and
minimun forward voltage

o

e — o

Vd.gt.0.7: Va €& 0.7
Vd.le.-0.7:Vd & =0.7

Vdéd.le,.1.0: Va & 0.1

Vd.ge.-1.0:Vd & 0.1

Fig.4.6.Flowchart for the Iterative voltage

boundary routine.

g
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44  SEQUENTIAL ANALYSIS OF T4E INTERACTIVE NATURE

QF TdE PROGHA : \

(i) At log in the user calls the program by its
stored name on disc., He may then assign either the
vrinter or tue terminal as h.s output mediunm, I
On running the program, the program will cutput on
the terminaml, the source code ® INTERACTIVE COMPUTER
AIDED LESIGN/ RUMALA, PART, MSC THLSIS 1981. AHMADU
BEL3Q UNIVERSITY ". For a first run, it is best to
use thq ﬁer@inal as the output mediunm, %i

(ii) The prompt message, "DESIGN TITLE" comes‘néxt.

The title of the analysis work is expected, oﬁ |

(iii) Next will come the prompt message, "IS OPERATING

a carriage return otherwise,

TEMPERATURE RCOM TEMPERATURE 2" o
If the input response is "YES", the program's next
interactive stey will be (v). L
(iv) & response to (iii) othor than "YES" makes the
program issue the prompt command * INPUE OPERATING
LTEMPERATURE ", The expeCth response to the command

is to input the operating temperature in degrees

Kelvin.

(v) The next prompt command is Y"NEW ANALYSIS 2", to
whicht the user is to input a "YES" or "NOU reply,
(vi) The next cowmmand issued by the program is y
"DAME FACTOR, D¥L SOURCL #, TOTAL BRANCH #, TOTAL

 LINEAR BRANCH #, # OF NODES %, _ - \
, - . . )
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The expected response i8 to input the desired
iteration damping factor, number of lincar dependent
sources, total number of branches in the circuit
(transistors are counted as having two branches),
numocr of linear resistive branches in the circuit,
and tae nuwber of circuit nodes in that order.
(vii) Tae next program message is " CIRCUIT DAT!™.
The expected response is to input all particulars
for each clement and for all the elements of the
circuit, If the element is a resistive element
(linear), the expected input is i~

RRES® | yowvooss s weonaonkii
then

NODET1, NOLEZ, LIMFEDANCL, VOLILAwE SOuxCe VALUE,

CURARENT SCUURCE VALUL ...... svsass énvesUR
1f thne element type is a diode, the expected input
is:=-

UDIOF cesocamuoesnnsns Ol

NODE 1, NCDE2 , VOLT*G¥ RATING ..s000.000.CR

Zero value is input as the voltage rating for common
diodes other than zeners,

If the clement type is a transistor, the expected
responsc is -

BPBM iian s suvnainpe venilER
followeu Dby

COLLLCLOR NODE, BiSk NODL, EMMITTER NODE,
PORWARD VOLYLUE TRAJoFER nr.110, REVERSE CURRENT
PRANSFER RAPIO,; Ie8, ICB cevssvsivnaecsssossedlCR



The transistor type is input next, s2y n.p.n.
"NPN" eoeosssoenssCR
WNPN® is replaced by "PNP" 1f the transistor is  f
the "PNP" typce.
If the elcmert type is a FET,
HEETY v e 0 s viavnssOR
is input,followed by
DRAIN WODE, GATE NCDE, SOURCE HODE, PINC!H-OFF
VOLTAGE, TR NSCONDUCTANCE/VOLT KATIC sesesseesesCR
followeda by the FET type, NFET for am FEP gpcrating in
- . the enhancement mod:z,-and FFET for depletior mode operation,
NFETeeessseseassCR
The symbol CR indicates a carriage return at the cnd
of the input.
(viii) apAfter completion of the input data, tii. interactive
prompt"wWANT T0 CHANGE VALUE OR REMOVE » BRANCH?® is displayed,
"NO" is input if no element value nced changing,
"CHANGE" or "REMOVE® is input if an element value necds
changing, or an element nceds be removed completely from
present analysis. In this case, the interactive message
"NEW DATA VALUEs", followed by "WODE1,NOCDE2,VCLTAGE,IMPEDANCE"
would be displayed.
The expected response is to input the node connections of the
element, and the new voltage source and impedanecs values
respectively.
The flow-chart for the over-all procedurc is presented

in Fig.4.1.
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(The FET routine, though developed to zome degree in the
thesis = due to similarity in mwedel formulavion with
bipolar transistors, no cxamples arc treated for two
reasons ¢ (a) it is not tac major concern of this

thesis (b) wide sprec.d discrepancics exist in FETD

parameters) .

The computer print-out allows the uscr to know at s glance
which nodes in his circuit he assigned to which component
type and make necessary modifications if desircd.

(viii) Current flowing through c¢ach component. the
voltage across it, as wecll as power dissipated in the
device are printed as outputs apart from nod2l voltages.
This helps the designer/analyst note the power rating

of each linear device.,

Junction currents and power output in active non-linear
devices arc to be ignored., For linear voltage sources
however, the power and current output at itcration
convergence represent the short circuit power and
current respectively.

(ix) Program construct allows modification of any one
linaer device impedance apd voltage source value,

such modifications arc storcd as loecal filia; except

a 8ave command to make snieh roecorda nepmanent is
given. The nature of the program construct uankes the



- 61 -

effective only when the main program is still active.
(x) Program construc% allows the user to input circuit
elements in any order he feels cunvenient, i.e. the
user may input resistors with thier associated values,
foliowed by dioues transistors or rFels , vr in any
nix he feels convenient.

(xi) Program construct 21lows the user to give his
circuit job for analysis a title, €.8. " COLOUR TV
POWEK SukkuY DESIGN, 9/10/81% which is then printed
as output header , next to the source cnde.

(xii) The standard input device is used as 2 meAns
of interactive communication from the user to the
computer, and from the computer to the user,

(under normal Progran constructs, a "write on the
standard input device erroxr” would occur, This error
message 1s however supprcssed due to thc nature of
tue proglau construct), Lais enables interactive
commands such nsS IS OPEfLTING TEMPER:ATURE ROOH
TEAPERLTURE?" 1O appear only on the teriminal,

even if a printer or any other output device is
agsigned a8 the output medium. This makes for 2
clenn real time interaction since it would be
unweidly to have comuunication me~nt only for

the user at a gpecified time slot appear in the

hard copy printout of results, The prograi

construct thus allows real time interaction at

all times irrespective of assignment of output
medium. Phis is desirablic as the langunge in usc

is in its compiled f.rm rather than interpretive.
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4.5 _FILu 455 IGNMENDS

Apart from tae standard input/output file,
three other files are used by the program,
Tney are DATA1, D.TA2 2and DiT!8. The first two files
arc slored in binary tapes 1 and 2 respectively,
wnile the shird uses BCD tape 8,
The assignments cof data to individual files is done
automitically due to the interactive nature of the
program construct,

Permanent, saved data are brought to use by the
program if "NO" is input to the prompt message

" NEW LNALYSIS 7%,

New data, which can only be input if "yYgs" is
input to the prompt message "NEW  NALYSIS 7™

may be saved to replace old data immediately
after the end of the program exccution, when

the muin progeam is still active, by the use of
"REPLACE DATA1, DATA8 " commrend in the case of
Cyber 72 with Minncsotta LevellV Fortran compiler.
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CHAPTER FIVE
LPPLICATIONS OF THE sLECTRONIC CIRCUIT ANALYSIS
PROGRAM -~ D.C. MODE ELECTRONIC CIRCUITS

INTRODUCTION

Typical applications of the D.C, modc computer
nided design of eleetronic ncetworks is prescented.
A study is mnde of variation of itcraticon conversgence
in a particular case of a single transistor amplifier
with negative feedback as the feedback resistor is

varied in order to test for stability of convergence.

For circuits containing bipolar networks having
cxponential voltage~current characteristics, the

precision of the computer used is very impertant,

shier(1980)(17) had indicated that the computing
environment( hardware, operating system, and the type of
compiler used) influences the result expected in even
the simplest of computations. This may be noticesbly
so far iterative calculations involving exponential
functions, where a small change in any iterative element
value could propagate as large changes in other components

iterative values.

Taking into consideration the degree of floating
point precision of the computer used, the two major
computational problems nre:e-

(1) round off e¢rrors - Gaussian #limination is

especially prone to this;



(ii) quantising errors.

For exponential nonlinearities, the above two
errors are suificient to mar the effect of truncation

error used to test for convergenceg 9]

A computer with eignt digit floating point
precision 18 certainly of little use in computations
of this nature, and if a neccessity arises for using
such machine, the program must be run in double
precision mode. Circuits with active elements in the
feedback loop may require more iteration steps for

convergence to be realised.

All=-in-all, tne property of the network is an
important determinant as tu ease of convergence,
Convergence had been obtained for all networks tested
so “ar.

It is suggested however, that large netwirks be broken
down into smaller ones for analysis; this apart from
the other precautions such as iteration damping or

current source value and resistance value scaling.

Tne program as written runs on Cyber72 computer,
Fortran version 5.0, with the N0OS Operating system.
The program derives its interactive feasibility by

the use of a write on the standacd input medium. .

s Il e

R

-
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The result is a truly interactive program that maintains
its interactive nature irrespective of the assignment

of tne output medium. (Tne feasibility of this may

have tu ve canecked for some otner s,stems,)

Due to the expcnential current-voltage relations
of bipolar devices, tue Newton iteration nas a smell

region of local cunvergence{w’13 ),

In this thesis,

1t nad been snown in chupter two that vounding forward
exponential voltage cia-nges to within (0.0 to 0.7)volts
enhances conversence withnout restricting the range of
the true feasible solution,

Moreover, tae user nag control over tnc degree of
o=mping he desives 1n order to enhqnce convergence.

A lot of trials nas impressed the fact that for all
circuits tested, a damping factor of between o.1 and

no damping a4t all would suifice. Moreover, the
restriction scheusae ensures convergence for most bipolar

networ:s , witnout the need of 1te:g§ion damping.

Too .suca dauping may result in a prohibitively slow
convergence or branch veltage chsnges not within

tne range of true solution,

Use is made of the —Toperty of exponential and
gquadractic functions to place a bound. Such bounding
was found not to limit tue range of true teasible

solution - base-emmitter junction voltages less than



zeru for a cut-off transistor , between zeroc and C.5
for 2 cutin transistor, 1nd between 0.6 and 1,0 for

an active silicon transistor, and greater than 1,0 for

a saturated base-emmitter junction of a silicon

transistor could still be obtained,
Ihe program construct allows the feed-~in of transistor

parameters,l g, Icﬁ"'r"*f‘ This is very useful in
critical designe, wiere specific laboratory measurements
nave to be maQe 1or suCa paramelers Iforindividual

transistors.

5.1 QYPICAL INF2a0-CTiVE INPUT SLQUENCT. = 4JALYSIS OF

A _VOLTaGs sbuui,TOL .

A typical input sequence of the prograa as per
Cyver72 is GEP,Dhslud (or Gu® DESIGN, DATA1, DATA8 -
for re-executing an old saved g¢ircuit data )

ASSIGN, fw = OUlkUuy (way be left out for terminal

as toe output medium)

MiF, I = DhsluN, L = O
Al tue end ox tuae cougilation, tue progran outputs

INPERACT IVL oUMlULed AJUED DESIGY / RUMATA, IART,
M.oC, debIs 1981, Advavd BelLLO UNIVLISITY
(Fhe data input that follows is for the simple voltage
regulator of Fig 5.1.

The s1gn SD 1mplies interactive program screen display,
and Cn implies the user carriage returns. )

The interactive seyuence follows with typical resyponses.
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Pig.5.1. Simple series voltaige regulator -circuit
incorporating zener diovde
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DEAI\}NIl‘IT;JL LB SR BB B B N L L B I O I O I I T T S S T S SD

oimple voltage regulator design analysis....... CR
I OPrit TING TeMPeralUnt ROOM TeMPERATUXE?.....SD
No.lclolllll...I...llll"'....llIIOIIO... llllll CR

INPUT OPERATING YoMrerhlURE, oo ey wvrcnnn,s. . +SD

Ye8ieiivausns T I, T +sss«CR
(NO is input for re-executing old analysis)

UAWP FACYL R, DL o0UCh %, [UIAL BAANCHF,

POTAL LANIAK BRANCA #, # OF GO0DES..veeeeessesssSD
0:5,0,8,3,8c00nsinsssrsssniscaminoenisresrsesscsnsOR
CIRCUIT DABA . cvvvireensstn venennanons srssnea 3D
ROB s oiovoensiss s s erssersss e rsvsssssssessessesOR
129903, 0: 0 vanssenunswssimines sssmavies swadOR
REBsvevossrsencesns CEHARN & EENERT S BT Caes FEdeE CR
3,4,3¢02,0050: eevecnes 5% B S B R A Hewon SRR B .CR

i{es TR I I I B B " 8 0 s 8" 8 e " e e =8 U I ) CR

npn & & B A % 8 B 8w B E s s s s EE s L L I I T T I CR

Zeners are input with cz:chode node firsc followed
by 2node node connection. Ordin+ry di des are input

i
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with anode node first, followed by cathode node connection,

(The zener model used takes the zener =y -~ dicde with

appropriate voltage sourcc in Surics(z)p;

The program will displsy the daty on the teewinal op
8 hard copy, at this point, depending on the assignment
of the output mcdium,

PNT 0 CHANGE VALUE OF CR RUMCVE A BRANCH? eecsssseSD

Chnllfie eossivsnanins-veln
(CHDIO mny be input if zencr voltage is to be changed)

NEW DATL VALUZS eeeesccusnsecossseedD
NODE1, NODE2, VOLTAGE, IMPEDANCE sseevoncasss b

(At this point the program will display the new data
values on the terninal if the terminal is chosen as

the output medium),

The program will iterate from this point until iteration

convergence is established.
[IRO wewssswssnnssvosSD

Replace, datnleeessedasseaenss O
Réplace, dataB ssecesccscsesane CR

T el iR Brmcmmcnince bR
(2ssuming printer had been assigned pricr to program
compilation as the output medium,)

Tae computer printout for the result of analysis of

circuit of Fig.5.1 is given in Fig.po1,Appendix III.
N2de volta.us 2t iteration convergence is given in

Table 5.1.
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NSDL VOulaGe (V) i
1 8.995 _}
2 6.2762 ;
3 ' 5.4464
4 FROUAD

TABLE 5.1 Table of node voltages tfor tne simple

voltage regulator of Fig.5.1

5.2 LISsAR KESISPIVE wuiaOuK DEPEADSHT SOURCES =

D e

0 = P TRANSISIOx COmBINATION wiAMPLE

Unly voltage controlled current sources are
accepted directly by tuae program for linear resistive
networks., Other linear type of dependent sources may
be converted to voltage controlled current source
equivglent by use of cowbination of Thevenin's theorem
and Chmn's law, The sign of the transconductance is
taken as positive in lue prograw constract if tic
current of the controlled generator is of the same
polarity with respect to tne nusbering of the nodes

as thne controlling voltage, and negative otherwise.

Paraneters of the controlled sources are requested
only if non-zerc value is input for t e number of
dependent sources; whereby the prompt command

" LINLAR DePEdDedl S0URCro, TO BienNCH, FRO BRANCH,



DAUSRER RATIC! will appear on the terminal. Tac
' branch?! reicrs to tue oranch number oi the
ansrolling source, and tihe 'to brancht to the branch

cwater of tne cuntrolled gencrator.

A good exsmple ©f » model illustrating a veltage
controlled current svuice is the operational amplifier
wiich may be modelled a shown in Fig.5.2.

An exmaple of a circuit incorporating 2 voltage controlled
current source is given in Fig.5.3.

The eircuit has a double=ended supply of 9Vv; the input
voltage to the OP.AMP. is 10mV and the OP.AMP. input
impedance is 10Mega-Ohmns, whilst its open lcop gnin
is 100,000.

The result of the analysis of the circuit is shown
in Fig. A2, Appendix III.

The computed node voltages at iteration convergence is

given in Table 5.2.

KODE VOLTAGE ;

3.000
-8,899
=& .890
=0,750
-8 ,909 |

3.000
GROUND

=~ "N = D -

T/ BLE 5,2 Node voltages for the lincar dependent source -
transistor combination exwunple,
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Fig.5.3. OP.AMP. transistor combination - circui
or

incorporating lincar dependent source,

-
. e e e ~umAww WMWY W UTS alLUupdilliEu

by its internal impedance.

Ideal voltage sources wust be approximated by the
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5.3 MULTI - SPagk ClaCullr LISIS : idh SOURCE

HUBILITY PROBLEM

From our derivation of nodal circuit analysis
14 vuapter one, vi. tae standaerd brencn confiurztion,
and noting the standard branch corresponds to a tree
brunch in a nectwork graph, we note for a given node
pair, only one independent current source and one
voltage source in serics with an impedance is 21lowed,
A few rules are manisiested from above :-
(i) Parallel resistive components should be reduced
to tneir sin_le value equivalent before inputting to
the program, lhis 18 not a serious restricuion for
most purely linear resistive networks, and the rule
may be flouted in such cases and the correct solution
may still ve obtained.
(ii,) volta.e sources specified fur a node pair must
be in series with each of the parallel conbination
of the resistive components in order to enhance
source mobility. If this rule is flouted for a nonlinear
network, iteration conver_.ence mnay never occur, or
a wrong soultion may be obtained.
(1ii) pure current sources are allowed between a
pair of nudes, but pure voltage sources are not
allowea, ana eacu vollage source wust oe accoupanied
by its internal impedance,

Ideal voltage sources wust be approximated by the



source value in series «#ith a small impedance to

satisfy the standard branch configuration outlinecu

in Chapter one,

As an example of the above application, consider the

circuit of Fig. 5.4«

Application of tne above rules will result in the

circuit of Fig5.%.

Tue result of the analysis of the circuit of Fig5.5%

using the program results In gutint of U143, 0 wendixIII,

The cosmputed node voltages at ite.ation convergence

18 uresented

It

in Yable 5.3.

e —

NODE __| VOLTh gL
1 . 5.000
2 ; 0.766
3 0.016 h
4 | 3.325
5 3.725 |
6 2.575 I
7 5,000 '
8 l GRQUKD

PABLE 5.3 Node voltages for the circuit of Fi.5 5.

used for “he illustration of source mobility.
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Fig.5.4. Two stage amplifier -source mobility
illustration.
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Fig.5.5, Source mobility consideration withrespect

to circuit of Fig.5.4.
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VARIATION OF ITERATION CONVEXGENCE WITHRESFECT TO
MAGUITUDE OF FEEDBACK FOR /, SINGLE TRANSISTOR AMPLIFIER

In order to study the stability of converzence
withrespect to transistor bias values, the fecaback
resistor for a single stage amplifier was varied in

1K, 20K, =2nd 50K steps.

The circuit connection is as shown in Fig.5.6.

The fecdback resistour connected between nodes 4 and 2
was varicd with the program running through the use

of the inbuilt "change" coumand, Typical result of .the
iterations 18 presented in Fig, A4, Appendix III.

It “is. nated_that for all degrees of feedback,
and consequently bias values, the iteration converges

at six steps. Hence it may be concluded that for the
iterative schnewc presented in this thesis, the convergence
is highly stahle with respect to circuit bias values for

a given network - for a node to node fuedback,

THE CIRCUIT TEMPERATURE VARI/TION ROUTINE

The program has incorporated into it the circuit
ambient operating temperature routine, This is considered
a very uszful tocl since the effect of tcmperature
variaticn on n circuit is very important to the circuit
designer, Tie inbuilt routine allows the simulation of

the awbient wurking temperature.of any circuit so that
study of effects such as thermal run-away could be

effected.
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Fig.5.'6, Circuit with linear resistive

feed-bnck-
demonstration of iter~tion convergence

with magnitude of fo cec o
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