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Abstract 

This technical note describes a microwave circuit simulator 
implemented in the technical computing language, MATLAB. The 
simulator takes an input circuit with a known admittance matrix, 
performs a node swap that puts the external nodes (ports) at the 
upper left hand of an equivalent admittance matrix, then reduces the 
matrix (regardless of size) to include only the external nodes using 
Householder's method. The resulting 2x2 admittance matrix 
provides all the information to uniquely define the circuit from its 
external ports and facilitates straightforward calculation of 
Z-parameters, S-parameters, etc. (In our case, the reduced matrix is 2 
x 2; however, the method applies to multiple port devices as well.) 
Although it can be used by itself, the simulator is designed with a 
bent toward empirical (circuit based) transistor models and may be 
incorporated into small and large signal transistor models. 
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1.   Introduction 

This technical note describes a microwave circuit simulator implemented 
in the technical computing language, MATLAB. The simulator takes an in- 
put circuit with a known admittance matrix, performs a node swap that 
puts the external nodes (ports) at the upper left hand of an equivalent ad- 
mittance matrix, then reduces the matrix (regardless of size) to include only 
the external nodes using Householder's method. The resulting 2x2 admit- 
tance matrix provides all the information to uniquely define the circuit from 
its external ports and facilitates straightforward calculation of Z-parameters, 
S-parameters, etc. (In our case, the reduced matrix is 2 x 2; however, the 
method applies to multiple port devices as well.) Although it can be used 
by itself, the simulator is designed with a bent toward empirical (circuit 
based) transistor models and may be incorporated into small and large signal 
transistor models. 



2.   Algorithms 

2.1   Simulator 

1. Design input (circuit) 

2. Assign node numbers 

3. Determine self admittances (diagonals of [Y]) 

4. Determine trans admittances (off-diagonal elements of [Y]) 

5. Frequency plan 

6. Calculate [Y(f)] for each frequency point 

7. Apply node switch algorithm 

8. Apply Householder's theorem to obtain reduced admittance matrix 
[Yred] 

9. Calculate other parameters e.g. [S], [Z], etc. from [Yred] 

10. Repeat for every frequency point 

2.2   Node Switch Algorithm 

It is desirable to reduce, when possible, the amount of data involved in 
performing a circuit simulation. One approach is to reduce the admittance 
matrices so that only the external nodes (ports) are described. Before this 
can be accomplished, however, it is necessary to reconfigure the matrix, 
placing the external nodes in the upper left corner: 

1. Assume that K and L are the nodes to be switched. 

2. Start loop for rows. 

3. Start loop for columns. 

4. If row K (K or L) AND column K (K or L), then Y'row,col = Yrowcol. 

5. If row K (K or L) AND column = K then Y'rowcol = Y'rowL. 

6. If row K (K or L) AND column = L, then Y'rowcol = Y'roW/K. 

7. If row = K AND column = L, then Y'row col = YL/K. 

8. If row = K AND column = K, then Y'rowcol = Y'L/L- 

9. If row = K AND column K (K or L), then Y'rowcol = Y'L,coi- 

10. If row = LAND column K (K or L), then Y'roW/Col = Y'K/Col. 

11. If row = L AND column = K, then Y'     col = Y' K,L- 



12. If row = L AND column = L, then Y'rowcol = Y'KK. 

13. Repeat for every frequency point. 

Example 

becomes 

h 
^11 ^12 ^13 
Y2\ Y22 Y23 

^31 ^32 ^33 

^11^13^12 

^31 ^33 ^32 

^21 ^23 ^22 

^3 

V3 

2.3   Application of Householder's Method 

Assuming that a node swap has been performed in order to place the exter- 
nal nodes at the upper left corner of the total admittance matrix, Ytotal, we 
can now reduce this matrix, regardless of initial size, to a considerably smaller 
one that entails only the external nodes (1 and 2 in this example for a two- 
port circuit.) This is achieved by virtue of Householder's method so that a 
matrix can be broken into submatrices as follows [3]: 

ITtotaJj - 

^11 ^12^13^14^15 
Y2i Y22 Y23 Y24 Y25 

^31^32^33^34^35 

^41 ^42 ^43 ^44 ^45 

^51^52^53^54^55 

^11 ^12 
Y21 Y22 

^31 ^32 

^41^42 

^51 ^52 

^13^14^15 

^23 ^24 ^25 

^33 ^34 ^35 

^43 ^44 ^45 

^53 ^54 ^55 

Y     Y  • x ee 1 ex 
y. v.. 1 ie x n 

where subscripts "e" and "i" denote external and internal, respectively. 

Likewise, Ohm's Law in the matrix form can be reduced. 

I- 
Y Y ■ 1 ee *■ ei 

Y ■ Y ■■ * ie * n 



We recall that an individual element of the admittance matrix, YKL can be 
calculated by shorting all nodes * K or L and applying an internal current 
voltage, Vir and by observing the current /,-. However, assuming a passive 
device, all the internal currents are zero and 

I = Y  V  +Y-V- 
0 = Y  V  +Y-V- 

V■=- Y~lY■ V v , Mi Mr j 

:.I =[Y   -Y  Y~lY  )v 1 e     ^ 1 ee     J te1 ic 1 u' y c 

Y = V    — Y   Y~^Y 1 reduced     1 ee     1 ic 1 ii i ic 



3.   Results and Comparison to ANSOFT Serenade 

Figure 1. Calculated 
S2i Ansoft (circles) and 
MATLAB (solid). 
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Figure 2. Calculated 
Su Ansoft (circles) and 0042 

MATLAB (solid). 
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Figure 3. Calculated 
S22 Ansoft (circles) and 
MATLAB (solid). 
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Figure 4. Locations of 
[S] on unit Smith 
Chart. 
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Listing of Code 

■;1%|$ap OMpdes k;i^gf:k:%;;N5     f:;^'■ V .-'::}"' 

ä*«|3^03ä8 ]OT9*%* 0398::;y«a J«:S; oil "i .2]; ■ 
(R^jfcW);Rd*0;LgsOjisÄ; I.d=Ö;£::r: ,te: 

w=2*rii»Ie9*FR; %m=l/w-, 
ww(FR)=w; 
ymad(l,l,FR)=,2+{14w*i*lc-9)); 
ytnod(2,l,FR)=-I ,/j*w*le-9; 
ymad(3,l.FRH>; 

end 

yirux}(U,FR)=-l,(}*w» le-9; 
ymod(2,2Ä)=u*w*2c-i2>H-*<iyi*K*le-9): ; 
>Tnod(3,2,FR)=-l; 

ymod(l,3,FRH>;   : 
ymod{2.3,FR)="-l; 
ymod(3J,FR)=1.2i 

forrow^l:o 
:':;:Ä;:|q!urntl^1VnV:f^ :yMl> 

forFR-tipts 
switeb TRUE 

case (((row-=tt&iiow-»=U) & <(coIuim]~=k)&{cotajn~=U)),   ymodP(row,oolumn,FR>>>TOodhTO-.colutnii,FR); 
.M:.n iir,-,i'    ki.Mft.iw<<-L».&icli:mri 
case (((tow—kWWrow—L)) & column» 
case (row~4c & column—£), 
case (row=k & coJumt>=kj, 
case (row=k & ((column—k)&(colurfln~ 
case (row=i & t\coiurnn~=k)&(colurflti~ 
case(rcrw   •L&column  -k), 
case(tow L&cohimn~- L), 

-k). 

*1P 
-l))). 

\m&% 

yirKxtPtrow,<»tairi30=>'mod(fQW.L>FR); 
ymodP(tow,colamii(FR>=yitt<Kl(rciw,k,FR); 

ymodI'([0W,celunmJ=R)=ymod{L4c!l
,R); 

yniodl'(row)K>l«nn4'*R|=4mod(LJ..FR); 
ymodP(row)colutnn,FR)-yiBod(L,«>tomn,FR); 
ymodP{row,cotemn,FR')=ymod(k,cot»nm,FR); 

ymodP(fow,colunin,FR)-ymod{k,L,FR); 
yinoaP(to»f,co1<tmii^:R)-yi»od(kJc.FR); 

end 
end 

for FR l:pts 
if % reduce Y-maWx to just die external nodes (ports) using Householder"s Theorem 

nn=2; mm=2; 
yee(:.;,FR)-ymodP(l»n,l:n)Bl>FR); 
yej(;.:IFR)=ymodP(l.-nnImti)ti;B>,FR); 
yfc(;,;,FRJ=y!nodP(»n+I:n, l;nwn,FR); 
yii(:,:,FR)=ymodP(l«i+(si,inni+lOT,FR); 
yted(;,;,FR)-y<;e(:,;,FR)-(yei(:,:,FR)*mv(yii(:,;>FR))«jie(;,;,FR)); 

%%%%%%%%%%%% convert to intrinsic, /-parameters of model "A%W,%%%% 
d«jy(FR)=yred(l ,l,FR).*yred(Z2 JFR) - yred(l ,2 fR).*yred(2,l ,FR>; 
zmotä(U,TO = yred(2,2Ä)./det_y{FR); zrood(U,FR) = -yred0AFR)./d«_y(FR); 
ürnod(24,FR)=-yredff,l,FRVdcu<FR); zmod(2,2JER)=>red(l,1,FRydeU'(FR); \ 



Listing of Code (cont'd) 

%%%%%%%%%%%%%%%%%%%%%%WA%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%%%%%%%%% 7. Calculate extriroicZ, parameters by adding parasitic» back to zrnod %%%%%%%%%% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%V»%«/i%%%%%%»/i%%%%%%%%%%%%%%%%% 

Zmtid(1,l,FR> zmod(l,l,FR) l (RgtRs) i j.*ww(FR).*(l.g l I.s): 
Zmod(l,2.FR)=zmod(1.2,FR) +   Rs  -j,»w(FR).»Ls; 
Zmod(2,I,FR)-zmod(2,l,FR)+   Rs -*j.*ww(FR),*Ls: 
Zmod(2,2,FR)=zmod(2.2,FR) + (Rd+Rs) + j.»ww(FR).*(Ld + Ls); 

ZmodP(1,l,FRyZmod(I,l,FR)./Zo; ZmodP(l,2,FR}»Zmod(I,2,FRi./Zo; 
ZmodP(2,1,FR)-Zmod(2,14:R)./Zu: ZmodP(2,2,FR)-Zmod(2.2JR)./Zo; 

%%%%%%%%%%%%yo%%%%%%%w^%w^%%%%%%%v.%%%%•^%%%%%%•^%%%%%%%%%%%%%•^%•^%%%%%% 
%%%%%%%%%%%%%% 8. Convert Zmod to S_mod %%%%%%%%%%% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%»^%%o/0%%%%%%%%%o^«/0ü^ 

de!tHFRKZmodP(l,l,FR)+l).»(ZmodP(2a,FR)+l)- <ZmodP(l,2,FR).«ZmodPf2,I.FR»; 
SmcKl(lJ,FR>((ZrnodP(l,l,FR)-]).*fZraodP(2,2,FR)tl)-(ZmodP(1.2,KR).*Ziri<KlP(2,),FR)))./deltHFR); 
Smod(l ^,FRH.*ZmodP( 1,2.FR)y<fcltl (FR); 
SmtMi(2,l,FR)-2.*ZmodP(2,l,FR)7dclt!(FR>; 

Smod(2,2,FRH{ZrawlP(I,l,FRM).*{Zin«iP(2,2,FR)-l)-(ZmodP(U,FR)).«(ZnjudP(2>l,FR)))7ddtl(FR); 

Smodll(FR)=Smod(l,l,FR);  Smodl2(FR> Smod(I,2,FR);   Smod21(FR)«Smod(2,l,KR);   Smod22(FR) Stnod(2.2,FR); 



Conclusion/Recommendations 

Improvements that could be made include a text-based input interface simi- 
lar to a SPICE net list or even a graphical user input. As implemented, it can 
easily be modified to be included in larger MATLAB programs, e.g., to simu- 
late an empirical (circuit based) model of a transistor in order to compare it 
with measured data. 
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