CHAPTER

6

COMPUTER-AIDED ANALY SIS OF LINEAR
CIRCUITS

6.1 Y-MATRIX APPROACH

While S-parameters are the usual parameters used to describe most RF and microwave circuit
measurements, it is particularly convenient for computer-aided linear analysis to use the admittance, Y,
matrix representation for the linear analysis. This chapter will describe a general formalism which is the
foundation of most linear computer-adied-design (CAD) systems. In the discussion to follow circuits will
be described in terms of circuit elements with associated parameter values and a nodal "net list" which
shows how the elements are connected to form the circuit. An example of a generic representation of a net
list is shown in Figure 6.1 together with a schematic of the circuit. For modern CAD systems the circuit
description can usualy be entered in a graphics representation of the schematic. In this case the software
first converts the graphical representation from the schematic circuit into a net list representation of the
circuit. For purposes of this chapter the net list will be considered as the starting point for describing the
circuit.

Netlist Node 1 Node 2 Node 3
[1,0] Resistor 5w Port "A" Port "B"
[1,2] Inductor 1nH I | 1w
[2,0] Capacitor2 pF C> —_—
[2,3] Resistor 1w 5w 2pF 5w
[3,0] Resistor 5w L -

Node 0 = ground

Figure6.1 An example of a net list representation and it equivalent
schematic of acircuit

For the circuit illustrated in Figure 6.1 three nodes are identified. A node is defined as a junction between
two or more elements. Two ports are also identified by the letters "A" and "B." A port signifies a circuit
node that can be connect to the outside world. For example a source might be connected to port "A"
designating node "1" and aload to port "B" designating node "3." In general the node numbers do not have
to be sequential as long as they uniquely represent each junction of the circuit. This means, aso, that the
node list order can be shuffled, i.e., there is no formal preferred order when listing the elements. Of course
the analyst may prefer an order such as listing elements sequentially from left to right. Alternative net list
constructions for the same circuit are shown in figure 6.2
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Figure 6.2

Netlist

MICROWAVE & RF CIRCUITS: Analysis, Design, Fabrication, & Measurement

Netlist

[1,0] Resistor 5w
[1,2] Inductor 1nH
[2,0] Capacitor 2 pH
[2,3] Resistor 1w

[3,0] Resistor 5w

[1,2] Inductor 1nH
[2,3] Resistor 1w
[1,0] Resistor 5w
[3,0] Resistor 5w

[2,0] Capacitor 2 pF

Netlist

[7,0] Resistor 5w
[5,0] Capacitor 2 pH
[5,3] Resistor 1w
[7,5] Inductor 1nH
[3,0] Resistor 5w

Different Net Lists representations of the same circuit

Note that in the example circuit of figure 6.3 node 2 is not designated as a port meaning that it is an internal
node and will not be connected to the outside world. Nodes designated by ports are referred to as external
nodes meaning that they can be connected to the outside world. The first step in analyzing the circuit is to
consider that voltage sources are connected to each node and the resulting currents are measured.

1nH

L Y1 Y2 Ya3| V1 I

Lo| =|Y21 Ya2 Ya3| |V,
T TE

With voltages connected to every node the resulting current is described
by the Y -matrix equation

5| |Ya1 Y32 V33| Vs

Figure6.3

The elements of the Y -matrix are equal to

|

1
Yi2 =5~

V,=V;=0 2

|

_

Yuu =5
1

V,=V5=0

From the circuit y,; isfound by shorting nodes 2 and 3 to ground (making V, =V; = 0), applying a voltage
to node 1 and observing the current into node 1. Thisisillustrated in figure 6.4

1nH

Iy
1
L V. J_ :
= 1 15 i 9 Yy =U5+-
- :l: jw(1x10%) = jw(1x10°)
5w

Vllr —

(b)

Figure 6.3 Determination of y,;; by grounding all other nodes and observing the current to
voltage ratio
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In summary a driving point admittance, y;;, isthe sum of all the element admittances connected to node 1.
Inasimilar manner

. ) 1
Voo = jW(2°102)+—— = +1

z jw(l’ 10°°)
since when nodes 1 and 3 are grounded the inductance, capacitance, and 1 W resistance are in parallel and
the admittance is the sum of their individual element admittance values. Also,

1

Y3 =1+g

is found when nodes 1 and 2 are grounded. This completes the determination of the diagonal terms of the
circuits admittance matrix. The off diagonal terms are also easily found. For example the transfer
admittance term y,, is found by grounding nodes 1 and 3 and applying a voltage at node 2 and observing

the current 1, whichisthe current in the grounded node. Thisisillustrated in figure 6.5

1nH 1w | 1nH

. e

jw(1x107)

Figure 6.5 Illustration of y;, determination with nodes"1' and "3" grounded.

The results
1

is the sum of the admittances connected between nodes 1 and 2 with a negative sign. The negative sign is
due to the assumed direction for currents, i.e., defined as being positive when going into the element. The
transfer admittance term

Y13=0
since there are no elements connecting nodes 1 and 3. The transfer admittance term
Yoz =- 1.

In asimilar manner the three remaining terms can be found to be
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1
Yo = — - Ya=0,and yp =-1.

The Y-matrix for the above circuit is therefore

él 1 1 u
et —— 35 v T 0y
é5 jw(1l” 10™%) jw(” 10™%) i
y=6. = — jw@ 10¥)+——— 1 ~+1 -14
g jw(@ 10°%) jw(@ 10°%) 3
é 0 -1 1+ }L:J
e S|

These terms could be written immediately by observing that all of the elements in the circuit are reciprocal
and thus the Y -matrix is a symmetric matrix with off-diagonal terms being pairwise equal. Computation of
the Y-matrix elements can be immediately written down by applying the following two rules:

The Diagonal Terms ( y;; ) is the sum of element admittances connected to the node "i"

The Off-Diagonal Terms ( y; ) is the negative sum of element admittances connected between node "i" and
node"j."

Assuming an operating frequency of 1 GHz permits one to determine the numerical values for the Y matrix,
i.e
€2-).0398 j0398 Ou
=¢ j0398 1-j.0105 -1g
0 -1 1.24

:

@D D

This characterizes the circuit assuming that sources and load combinations could be connected to any of the
nodes. The circuit can be more specifically characterized since it is known that one node,"2," is an internal
node and will have no current entering from the outside, 1, © 0. Knowing that the ports are connected to
node 1 and node 3 it should be possible to characterize the circuit in terms of the port voltages and currents
since that is the only interaction that the circuit will have with it environment. The achievement of this
begins by expressing the nodal admittance matrix in terms of internal and external voltages and currents and
imposing the requirement that internal nodes have an assoicated zero current. In the specific example this
means that the current and voltage relationship using the Y matrix woud be

6,0 62-j.0398 j.0398 O U&V,0
gqu_8& . ], U
B:H & O -1 1288/

Next the rows of the equations are rearranged so that the internal node current is at the bottom of the current
column vector, Y matrix, and the internal voltage is at the bottom of the voltage column vector, i.e.,

élu é2-j.0398 0  j.0398 1¥V;u

é u_é u

g0H § j0398 -1 1-j.01058/,H

From the third equation (third row) one sees that
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j.0398V, - V, +(1- j.0105)\V, =0
or,
_ (- 1.0398v; +V,)
27 (1- j.0105)
and
V, = (.0004- j.0398), +(.9999 + j.0105\,

which can be substituted into the top two equations,

I, =(.2-j..0398)V, + |.0398](.0004- j.0398); + (9999 + j.0105), V,
I, =1.2V, - [(0004- j.0398); +(.9999+ j.0105),]

I, = (.2016- j.0398)v, + (0004 + j.0398)V,
I, =(.0004+ }.0398)v; +(.2001- |.0105)V,

v _ 2e2016-j.0398 0004+ j.0398%
reduced §.0004+ j.0398 .2001- j.0105 3

2.8304+).0299 .0036- j.0309

S = :
reduced % .0036-j.0309 -.8243- j.0090

which agrees with the results in example 3.3.1 and example 3.4.1. In summary the technique involved the
following steps: (1.) Form the nodal admittance matrix, Y, where driving point terms, y; is found by
adding the admittances of all elements connected to the node, i, and where the transfer terms y;; is found by

the negative sum of the admittances of the elements connecting the node, i and j. (2.) the rows and columns
of the Y matrix are rearranged so that internal nodes are located at the lower right of the matrix, (3.) theY
matrix is reduced by substituting the internal equations to reduce the Y matrix so that it includes only the
external nodes, i.e., ports.

One additional genralization can be seen by considering the Y matrix for the inductor element.
The element Y matrix isillustrated in figure 6.6.

L
| |
1 2
1 B 1 %0—’6666\—06
jwlL jwlL < > /|\ /|\
Yinductor = 1 1 S 7 V1 V2
jwi  jwi L L

Figure 6.6 The matrix for an inductor.

Noting that the negative sign is part of the off diagonal term for the inductor admittance matrix means that
the formation of the nodal Y matrix uses the element matrix components appropriate to the nodal matrix
entry, i.e., when computing a driving point value then the driving point value from the element matrix is
used and when computing a transfer value for the nodal matrix then the transfer component from the
element matrix is used. The negative sign observed before is automatically taken care of. Therefore, the
nodal Y matrix can be formed by successively adding the components of the element matrix to the
appropriate node numbers. |If an elements with its own matrix is connected between nodes i and j and has
not yet been accounted for then it is added to the existing nodal matrix with y;; of the element being added

to Y;; of the nodal matrix, and y;, of the element being added to Y;; of the nodal matrix, and so forth.
Thisis summarized as follows.
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X Yjityy X Yjtyy

8)( X X X

P x x x »
¢ =

Cau Yo _(;x Yityn * Yty ’i
Yelement _g = b YnodaJ = Gx X X x x_
Ya Yog %

5

Recognition of this facilitates a straight forward computer implimentation of a linear circuit smulator. A
library of elements produces the element admittance elements. One accumulates these values in a nodal
matrix according to above proceedure. Finally the nodal matrix is reduced to include only the nodes which
are assoicated with ports.

— ngee Yei@/egz
l_gha gYie Yiigvia Y

&egzyee Yei@eg
gog gYie Yii %Vig

Ie = YeeVe +YeiVi
0=YieVe + Y5V,

Vi =-Y; lYieVe

Ie = (Yee - Yei Yii lYie)\/e

Yreduced = Yee - Yei Yii lYie

6.2 LINEAR CAD EXAMPLE

To reinforce the principles of the previous section arelatively generic linear simulator isillustrated
using the matrix based language MATLAB. The approach will consist of using a text file, called a design
file, to enter net-list information about the circuit. Circuit elements are represented by key words or their
abreviations in the design file. As each line of the netlist is read the elements activate a function to up date
a node Y matrix which will accumulate admittance values. In the net list the analyst can use arbitrary
integers to designate nodes not necessarily in sequential order. Node "0" is the required designator for
ground. An example of adeisgn file structure is shown in Figure 6.7 .
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Circuit Documentation

Script file name (*.m) ) \ Initialize Computation

Verbal background for analysis Initialize GLOBAL Y matrix - -

Schematic representation of circuit Initialize System Node numbers \ Units, Variablesetc.
GHz=1€9, nH=1e-9
pF=1e-12, etc.
Relate element parameters

Specify Frequency Plan
For Loop with specified
K Fstart, Fstop, Fdelta
Net-List P
Element Name
[Node numbers]

Frequency variable (eg f)
Parameters (numerical or variable) \
Reduce Y Matrix

Uses port identification \

Convert to SMatrix

Usesy2s.m
Plot or Tabulate Results
Figure 6.7 Script File Steps
YRESCKT1. M
%Name: M L. Edwar ds
%°ur pose: Illustrate MATLAB Linear Sinulation with Resistive Network
%
Woe e RE11 --------- - -
% I I
% I I
% Port A>-- 3 ---- RFRs --- (-2) ---- RFRs --- 1 ---< Port B
% I I
% R=7.7 R=4.9 R=6. 6
% I I I
% Gnd Gnd Gnd
% (0) (0) (0)
%% [ Rs=5. 2]
%********************************
Initlize %l ears all variables from previous anayl sis
Wari abl es
Rs=5. 2;
i ts
GHz=1e9;
%-r equency Sweep
Fstart=1*GHz; Fstop=5*GHz; Fdelta=1*G
for f=Fstart : Fdelta : Fstop
9Net | i st
Res([3,0],7.7); %Node order irrevalent for reciprocal 2-port elenents
Res([3,-2],Rs); %egative integers ok & val uable for paraneter
Res([3,1],11);
Res([0,-2],4.9); %ground" 0" can be first node
Res([1,-2],Rs);
Res([1,0],6.6);
Yout =Reduce([ 3, 1] ); %educes Y matrix to two port with A=3 & B=1
%and clear dobal Y and NodeNum matrices
Sout =Y2S( Yout , 1/ 50) ; % reates Scattering Matrix of S-paraneters

Yt abl e=nkt abl e( Ytabl e, f/GHz, Yout);
St abl e=nkt abl e( Stabl e, f/GHz, Sout);

end %epeat Analysis for next frequency
%rint\Plot results

Ytable Y%rints table since no ";" at end of line

St abl e

Figure 6.8 An example script file for analyzing a linear circuit described by a net-list
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The functions called in the script file in figure 6.9 are described next.

wscript file initlize.m
%l ears | ocal and gl obal variables
clear; clear global; clear all

function Y=Res(Nodes, Resi st)

%-unction to update global Y matrix with a resistor

%

Nodechk( Nodes, 2,1); %rror Check, Nodechk(Array of Nodes, # of nodes, zerosok=1)
Yres=[1,-1;-1, 1]/ Resi st; %El enent Model : Y matrix for resistor

gl obal YGLOBAL; %Jpdat ed obal Ymatri x

Sysnodes=Nodenum( Nodes) ; % Convert to SysNodes

YGLOBAL=Updat eY( Yr es, YGLOBAL, Sysnodes) ; %End of function

function Y=Nodechk(N, k,zerosok)
%ile to check node nunmber entries: nodechk.m
% Nodechk( Nodes, nunmber of nodes, zerosok) where zerosok=1 if true

if N==[], error('***Nodes mi ssing***'),end
if length(N ~= k, error(['***Nunber nodes should equal ', nun2str(k)],' ***'), end

if zerosok,

if find(N~=0)==[], error('***No non-zero nodes***'), end
el se

if nnz(N)~=length(N), error('***Gnhd, "0," not allowed as node nunber***'), end
end;

nonzer o=N(fi nd(N~=0));
T=(nonzero' *ones(1, | ength(nonzero))==ones(I| engt h(nonzero), 1)*nonzero);
if any(sun(T)>1), error('***Repeated non-zero nodes not allowed***'), end,

function sysnodes=Nodenumn(n)

gl obal GLOBALNODES; G\N=GLOBALNCDES;

0h - - = = = - = = 4 . 4 e e e e e e e e e e e e -
%d=Transfer matrix between n and G\==>n repeated col ums

%onpared with GN repeated as rows. No available natch causes T to
% ave a zero row determ ning GNnew which is added to update GN
%ransfer nmatrix recal culated with update GN to get sysnodes

%

if GN==[]; GNen(find(n~=0)); end ; %( 1)
T=n'*ones(1, | ength(Q\) +1) ==ones(l ength(n),1)*[0, G\]; % 2)
GNE[GN, n(al | (T'==0))] %( 3)
T=n'*ones(1, | engt h(Q\) +1) ==ones(l ength(n), 1)*[0, GN] ; % 4)
sysnodes=[0: l engt h(GN) ] *T" ; %( 5)
GLOBALNCDES=QGN, % end of function % 6)
0,

%-oot not es:

% 1) At first call of function G obal node is enpty

% Therefore, Non zero input nodes start off |ist

%

%Next several notes illustrated by exanple

% assune n=[2 0 4] and G\=[1 4 3 5] at start of function

% 2) n'*ones(1,!ength(GN) +1)
2

% (2 2 2 2 2)

% (0)*11111 =(0 0 0 0 0)

% ( 4) (4 4 4 4 4)

%

% ones(length(n),1)*[0, G\

% (1) (0 1 4 3 5)

% (1)*(0 14 35) =(0 1 4 3 5)

% (1) (0 1 4 3 5)

%

% function sysnodes=Nodenun{n) Cont'd
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% (0O 0O 0 0 0) <==detects that 2 not in |list
% T=(1 0 0 0 0)

% (O 01 0 0

%

% 3)

% all (T'==0) => [1 0 0]
% n(all (T'==0)) n( [100]) =2

% [G\,n(all (T"==0))] =>[[1435],[2]] =[14352]
%

% 4)

% 2 2 2 2 2 2 (0 1 4 3 5 2
% (0 O O O O 0 ==(0 1 4 3 5 2
% (4 4 4 4 4 4 (0 1 4 3 5 2
%

% (0O 0O 0O 0O 0 1) <==2 detected in update GN |ist
% T=(1 0 0 0 0 0)

% (O 01 0 0 0

%5) sysnodes = [0 1 2 3 4 5]*transpose(T)
%6) GLOBALNODES = [1 4 3 5 2]

[50 2

function Ynew=Updat eY( Yel em Yol d, Nodes)

%% Ynew=Updat eY( Yel em Yol d, Nodes)

% unction to update global Y matrix, Yold, with val ues

%romthe elenent Y matrix--works for any size(Yel em

% Note: Ienght(Nodes) = si ze(YeI em

% - - - - - - - - - - - - - - - - e - - -

Ynew=Yol d; % Ilnitialize Ynew for updat e

% ncrease size of Yold if new nodes bei ng added

i f max(Nodes) >max(si ze(Yold)); Yol d=Add( Yol d, zer os(max(Nodes))); end
NonZer o=Nodes( Nodes~=0) ;

El emNode=f i nd( Nodes~=0) ;

Ynew( NonZer o, NonZer 0) =Yol d( NonZer o, NonZer o) +Yel en( El enNode, El enNode) ;

function Yreduce=reduce(nodes)
9 check nodes for errors
gl obal GLOBALNODES; GN=GLOBALNCDES;
if GN==[]; error('*** No elenent nodes in circuit ***'), end ;
if nodes==[]; error('*** No ports in reduce statement ***')  end ;
T=nodes' *ones(1, | engt h(G\) +1) ==ones(| engt h(nodes), 1) *[ 0, G\] ;
if any(T(:,1)); error(['*** Gd, "0," not allowed as ',...
"port in "reduce" statement ***']), end
if ~all(any(T')); error(['*** Node number(s) " ',...
nun2str (nodes(find(~any(T)))),
' not in circuit netlist***']), end
,1)=[]1; Duplicate=(sun(T)>1);
|f any(Dulecate) error(['*** Militple node nunbers "',.
nun2str(G\N(Duplicate)),'" in "reduce" statenent ***']) end

0,
N=Nodenun{ nodes); %\=system nodes

% unction to reduce global Y-matrix to an N-port Y-matrix where N<=nunber of nodes
%Need to nove rows and col ums so that external nodes at upper |eft and internal nodes
% ower ri ght At corrpl etion clears Aobal Y matrix and G obal Node Counter

% - - - - - - - e e e e e e e e e e e e e e e -

%Exanpl e Y Reduce([z 3])

%ot e:

% (yll y12 y13) (y22 y23 y21)

% (y21 y22 y23) => (y32 y33 y31)

% (y31l y32 y33) (yl12 y13 y11)

% [ad] Newj

% Shuffle Function Shifts row and column so internal node |ower |eft
%4 hen

% (y22 y23)

% Yee= (y32 y33) and Yii=(yll)

%

% (y21)

% Yi e=(y12 y13) and Yei =(y31)

%

% Yreduce=Yee- Yei *inv(Yii)*Yie

% function Yreduce=reduce(nodes) Cont'd
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72 e
gl obal YGLOBAL

Ynew=schuf fl e( YGLOBAL, N); % routine shuffle matrix

% unport s=I engt h(N)

sz=size( YGLOBAL) ;

Yee=Ynew( 1: | engt h(N), 1: 1 ength(N));

Yii =Ynew(| engt h(N) +1: sz, | engt h(N) +1: sz);

Yei =Ynew( 1: l engt h(N), I engt h(N) +1: sz) ;

Yi e=Ynew( | engt h(N) +1: sz, 1: I engt h(N) ) ;

Yreduce=add( Yee, - Yei *inv(Yii)*Yie); %sing add( , ) takes care of Yii=[] case
YGLOBAL=[]; % ear YGLOBAL for additional circuit calul ations
GLOBALNODES=[]; % ears node counter(rel ates user nodes to program nodes)

function Yout=schuff(Yin, N
% unctions schuffles rows and columms of Matrix Yin so that rows and col unms cont ai ned
% n vector N are noved to upper |eft

Seq=[1:size(Yin)] ; % Seg=sequence & Nconp=del eted Sequence [ Seq=N + Nconp]
Ncomp=Seq(all ( [N, 0]"' *ones(1,|ength(Seq)) ~= ones(length(N)+1,1)*Seq));

% 0" added so that "all" logic will also work for length(N) =1 case

Yout ( Seq, Seq) =Yi n([ N, Nconp], [N, Nconp] ) ; %end function

function S=Y25(Y, Yo)
%onverts Y natrix to Scattering Matrix

%- - -ldentity matrix with dinmension of Y - - -
I =eye(size(Y));
S=(Yo*1-Y)/(Yo*I +Y); 9%atrix division==mult by inverse

function NewTabl e=MkTabl e(d dTabl e, F, NewDat a)

% This function adds a row to the bottom of the O dTable.
% The new row consists of the frequency F as the first element,
% and the elenents in NewData taken row by row.

% Make N the transpose of the new matrix NewData
N=NewDat a' ; % Thi s transpose conjugate all conpl ex nunbers.

% Take the transpose of the colum formof N
O=N(:)"; % Thi s second transpose conjugate back all conpl ex nunbers.

% Add variable F to the begi nning of new row of data
New i ne=[F, Q;

% Add new row to the ol dtabl e
NewTabl e=[ O dTabl e; New i ne];

6.3 CIRCUIT SCRIPT FILESAND RESULTS

All Rights Reserved -- M. L. Edwards, 7 September, 2001 Chap_06r.doc




COMPUTER-AIDED ANALYSISOF LINEAR-CIRCUITS 6-11

YRLCCKT3. M

%Nane: M L. Edwar ds

%°ur pose: |llustrate MATLAB Linear Sinulation for RLC Networkin Chap 5.3
%

%

% Port A>-- 1 --- L=1 ---- 2 ---- L=1 --- 3 ---< Port B
% I

% I

% c=2

% I

% I

% Gnd

% (0)

%* * % * % * * *x *x *x *x *x % * * * * *x *x *x *x *x * * * * * * *x *x * *

Initlize %clears all variables fromprevious anayl sis
%/ari abl es (Optional)

%nits
GHz=1e9;
nH=1e- 9;
pF=1le- 12,

ustimul ation (single frequency or sweep)
fstart=.01*GHz; fdelta=.5*GHz; fstop=18*CGHz;
for f=fstart:fdelta:fstop

Net | i st

IND([1,2],1*nH, f);
IND([2,3],1*nH, f);
CAP([ 2, 0], 2*pF, f):

Yout =Reduce([ 1, 3]); %educes Y matrix to two port with A=1 & B=3
Sout =Y2S( Yout , 1/ 50) ; % reates Scattering Matrix of S-paraneters
Yt abl e=nkt abl e(Ytabl e, f/GHz, Yout);

St abl e=nkt abl e(Stabl e, f/GHz, Sout);

end

%t abl e;
%St abl e;

plot(Stable(:,1),abs(Stable(:,2)),'r',Stable(:,1),abs(Stable(:,4)),'g")
x| abel (' Frequency (GHz)"');

yl abel (' mag(S11) & nmag(S21)');

title('S-parameter for LPFCKT1.m)

S-parameter for LPFCKT1.m

T mag(Sll) &
0.8¢

0.61
0.41
mag(S21)

0.2f

Frequency (GHz)

Chap_06r.doc All Rights Reserved -- M. L. Edwards, 7 September, 2001




6-12 MICROWAVE & RF CIRCUITS: Analysis, Design, Fabrication, & Measurement

9NV | kckt . M

%Nane: M L. Edwar ds

%°ur pose: |llustrate MATLAB Linear Simulation with WIkenson Coupl er
%

% Z=70.7

% E=90deg,

% f=4GH

%  aaaaa-

% --] Thin |---(2)----- < Port B
% | - I

% | I

% Port A >--(1) R=100

% I I

% (I I

% --] Thin |---(3)----- < PortC
%  eaaaa-

% Z=70.7,

% E=90deg,

% f=4GH

%
%********************************
Initlize %l ears all variables from previous anayl sis

%Wari abl es (Optional)

Wnits

GHz=1e9; Deg=pi / 180;

Fstart=.25; Fstop=8; Fdelta=.25;
%-requency Sweep
for f=Fstart : Fdelta : Fstop,

9Net | i st
Tlin([1,2],70.7,90%Deg, 4* GHz, f * GHz) ;
Tlin([1,3],70.7, 90*Deg, 4* GHz, f *GHz) ;
RES([ 2, 3], 100) ;

Yout =Reduce([ 1, 2, 3]); %Reduces Y matrix to two port with A=3 & B=2
Sout =Y2S( Yout , 1/ 50) ; % reates Scattering Matrix of S-paraneters

Yt abl e=nkt abl e(Ytable, f, Yout);
St abl e=nkt abl e(Stable, f, Sout);
end

plot(Stable(:,1),abs(Stable(:,2)),'r',Stable(:,1),abs(Stable(:,4)),'g")
hol d on

plot(Stable(:,1),abs(Stable(:,7)),'nl)

x| abel (' Frequency (GHz)');yl abel (' mag(S11, S21, S32)');

title('S parameter for WLKCKT1.ni)

Warning: Matrix iscloseto singular or badly scaled.
Results may be inaccurate. RCOND = 4.328983e-017

[Dueto 8 GHz sincelines | /2. Can eliminate by making fdleta=dightly different than .25, say 24
S-parameter for WILKCKT1.m

0.8
0.71
0.6
0.5
0.4r1
0.37
0.2
0.17

0 " "
0 2 4 6 8
Frequency (GHz)

All Rights Reserved -- M. L. Edwards, 7 September, 2001 Chap_06r.doc




COMPUTER-AIDED ANALY SIS OF LINEAR-CIRCUITS 6-13

o8l i nckt 1. M

%Name: M L. Edwar ds

%°ur pose: |llustrate MATLAB Linear Simulation with Branchline Coupler
% Z=35. 35

% E=90deg,

% f=4GHz

%  aaaa--

% (4) --] Tin |--(3)----- < Port B

% (S I

% Z=50

% E=90 @4GHz |Tlin| | Tlin] Z=50,E=90 @4 GH
% [ [

% | --o--- I

% Port A >-(1)--|] Tlin |---(2)----- < PortC

%  aaaa--

% Z=35. 35,

% E=90deg,

% f=4GHz
%********************************
Initlize %l ears all variables from previous anayl sis
%Wari abl es (Optional)

%nits

GHz=1e9;

Deg=pi / 180;

Fstart=.25; Fstop=8; Fdelta=. 24,

%-requency Sweep
for f=Fstart : Fdelta : Fstop,

9Net | i st

Tlin([1,2],35.35, 90* Deg, 4* GHz, f * GHz) ;
Tlin([2,3], 50, 90*Deg, 4* GHz, f *GHz) ;
Tlin([3, 4], 35.35, 90*Deg, 4*GHz, f *GHz) ;
Tlin([1,4],50, 90*Deg, 4*GHz, f *GHz) ;

Yout =Reduce([ 1, 2, 3,4]); YReduces Y matrix to two port with A=3 & B=2
Sout =Y2S( Yout , 1/ 50) ; % reates Scattering Matrix of S-paraneters

Yt abl e=nkt abl e(Ytable, f, Yout);
St abl e=nkt abl e(Stable, f, Sout);

end

plot(Stable(:,1),abs(Stable(:,2)),'r',Stable(:,1),abs(Stable(:,3)),'g")
hol d on
plot(Stable(:,1),abs(Stable(:,4)),'m,Stable(:,1),abs(Stable(:,5)),"'b")
x| abel (' Frequency (GH)"');

yl abel (' mag(S11, S21, S31, $41) ') ;

title('S-paranmeter for Blincktl.nm)

S-parameter for Blincktl.m
0.8 ‘ ‘ ‘

07! P N
0.6} '

0.5¢

0.4 < b

0.3} mag(S11) ——
0.2} mag(S21) —
mag(S31) —
0.1
mag($41) —
0 " " "
0 2 4 6 8

Frequency (GHZz)
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6.4 APPENDIX: ELEMENT LIBRARY

function Y=Cap(Nodes, C, f)

%-unction to update global Y matrix with

%n capacitor

%

% - -Error Check, Bell, and Message Routine Here-

Nodechk( Nodes, 2, 1); % Nodechk(Array of Nodes, # of nodes, zerosok=1)
%

%- - - - - - EHenment Mdel - - - - - - - - - - -

Ycap=[1,-1;-1,1]*(i*2*pi *f*C); % matrix for inductor
%ross terns neg because of
%urrent direction

%

%- - - - - - Convert to SysNodes - - - - - - - -

%- - - -Updated obal Ymatrix- - - - - - - - - - -
gl obal YGLOBAL;

Sysnodes=Nodenun( Nodes) ;

YGLOBAL=Updat eY( Ycap, YGLOBAL, Sysnodes);

function Y=Ind(Nodes, L, f)

%-unction to update global Y matrix with

%n inductor

%

% - -Error Check, Bell, and Message Routine Here-

Nodechk( Nodes, 2, 1); % Nodechk(Array of Nodes, # of nodes, zerosok=1)
%

%- - - - - - Elenent Mdel - - - - - - - - - - -

Yind=[1,-1;-1,1]/(2*pi *f*L*i); % matrix for inductor
%ross terns neg because of
%urrent direction

%

%- - - - - - Convert to SysNodes - - - - - - - -

%- - - -Updated obal Ymatrix- - - - - - - - - - -
gl obal YGLOBAL;

Sysnodes=Nodenun( Nodes) ;

YGLOBAL=Updat eY(Yi nd, YGLOBAL, Sysnodes) ;

function Y=PRLC(Nodes, R L, C, f)

%-unction to update global Y matrix with

% parallel resistor, inductor, and capacitor

%

% - -Error Check, Bell, and Message Routine Here-

Nodechk( Nodes, 2, 1); % Nodechk(Array of Nodes, # of nodes, zerosok=1)
%

%- - - - - - EHenment Mdel - - - - - - - - - - -

Ypric=[1,-1;-1,1]*(1/ R+1/ (i *2*pi *f*L)+i *2*pi *f*C);
%- - - - - - Convert to SysNodes - - - - - - - -

Sysnodes=Nodenun( Nodes) ;

%- - - - Updated obal Ymatrix- - - - - - - - - - -

gl obal YGLOBAL;
YG.OBAL=Updat eY( Ypr| c, YGLOBAL, Sysnodes) ;
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function Y=Res(Nodes, Resi st)

%-unction to update global Y matrix with

% resistor

%

% - -Error Check, Bell, and Message Routine Here-

Nodechk( Nodes, 2, 1); % Nodechk(Array of Nodes, # of nodes, zerosok=1)
%

%- - - - - - Elerent Model - - - - - - - - - - -

Yres=[1,-1;-1,1]/Resist; % matrix for resistor
%ross terns neg because of
%urrent direction

%

%- - - - - - Convert to SysNodes - - - - - - - -

%- - - -Updated obal Ymatrix- - - - - - - - - - -
gl obal YGLOBAL;

Sysnodes=Nodenumn( Nodes) ;

YG.OBAL=Updat eY( Yres, YGLOBAL, Sysnodes) ;

function Y=SRLC(Nodes, R L, C, f)

%-unction to update global Y matrix with

% series resistor, inductor, and capacitor

%

% - -Error Check, Bell, and Message Routine Here-

Nodechk( Nodes, 2, 1); % Nodechk(Array of Nodes, # of nodes, zerosok=1)
%

%- - - - - - Elerent Model - - - - - - - - - - -

Z=R+i *2*pi *f *L+1/ (i *2*pi *f*C) ;
Ysrlc=[1,-1;-1,1]/Z

%- - - - - - Convert to SysNodes - - - - - - - -
Sysnodes=Nodenun{ Nodes) ;

%- - - - Updated obal Ymatrix- - - - - - - - - - -
gl obal YGLOBAL;
YG.OBAL=Updat eY( Ysrl c, YGLOBAL, Sysnodes) ;

function Y=TIin(Nodes, Char Z, El ecLengt h, Ref Freq, f)
%-unction Tlin(Nodes, CharZ, El ecLengt h, Ref Freq, f)

% o update global Y nmatrix with

%n ideal transmssion |line

%

% - -Error Check, Bell, and Message Routine - - -

Nodechk( Nodes, 2, 1); % Nodechk(Array of Nodes, # of nodes, zerosok=1)
%

%- - - - - - EHenment Mdel - - - - - - - - - - -

%

% Freq dependent El ec Length

Thet a=(f/ Ref Freq) *El ecLengt h;

%

% Y matrix for Tlin

Ytlin=i*[-cos(Theta), +1; +1, -cos(Theta)]/ (CharZ*si n(Theta));

%

%

%- - - - - - Convert to SysNodes - - - - - - - -
Sysnodes=Nodenun{ Nodes) ;

%- - - -Updated obal Ymatrix- - - - - - - - - - -
gl obal YGLOBAL;
YG.OBAL=Updat eY( Yt | i n, YGLOBAL, Sysnodes) ;
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function Y=TI oc(Nodes, Char Z, El ecLengt h, Ref Freq, f)
%-unction Tl oc(Nodes, Char Z, El ecLengt h, Ref Freq, f)
% o update global Y nmatrix with
%n ideal open circuited transm ssion line
%
% - -Error Check, Bell, and Message Routine - - -
Nodechk( Nodes, 2, 1); % Nodechk(Array of Nodes, # of nodes, zerosok=1)
%
%- - - - - - EHenment Mdel - - - - - - - - - - -
%
% Freq dependent El ec Length
Thet a=(f/ Ref Freq) *El ecLengt h;
%
% Y matrix for Tlin
if tan(Theta)>lel2,
Ytloc=i*[1,-1;-1,1]*1lel2;

el se,
Ytloc=i*[1,-1;-1,1]*tan(Theta)/ Char Z;
end;
%
%
%- - - - - - Convert to SysNodes - - - - - - - -

Sysnodes=Nodenun( Nodes) ;

%- - - -Updated obal Ymatrix- - - - - - - - - - -
gl obal YGLOBAL;
YG.OBAL=Updat eY( Yt | oc, YGLOBAL, Sysnodes) ;

function Y=TI sc(Nodes, Char Z, El ecLength, RefFreq, f)
%-unction Tl sc(Nodes, Char Z, El ecLengt h, Ref Freq, )

% o update global Y matrix with

%n ideal short circuited transm ssion |line

%

% - -Error Check, Bell, and Message Routine - - -

Nodechk( Nodes, 2, 1); % Nodechk(Array of Nodes, # of nodes, zerosok=1)
%

%- - - - - - Elerent Model - - - - - - - - - - -

%

% Freq dependent El ec Length

Thet a=(f/ Ref Freq) *El ecLengt h;

%

%- - --- - Ymtrix for Tlin- - - - - - - - -

if O<=tan(Theta) & tan(Theta)<le-12,
Ytlsc=[1,-1;-1,1]/(i*1le-12*Char2);

elseif -le-12<tan(Theta) & tan(Theta)<=0,
Ytlsc=-[1,-1;-1,1]/(i*1le-12*Char2);

el se
Ytlsc=[1,-1;-1,1]/(i*tan(Theta)*CharZz);
end
%- - - - - - Convert to SysNodes - - - - - - - -

Sysnodes=Nodenun( Nodes) ;

%- - - -Updated obal Ymatrix- - - - - - - - - - -
gl obal YGLOBAL;
YG.OBAL=Updat eY( Yt | sc, YGLOBAL, Sysnodes) ;
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