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1 The Parser

Parser is C++ program[1] which generates the set of equations and Jacobi-
ans required by the Matlab code to employ the homotopy method. The
Matlab script then calculates all operating points using iterative tech-
niques. The advantage of using homotopy methods is that the output con-
tains all possible operating points as compared to the SPICE output that

returns only one result depending on the initial point provided.
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Figure 1: Algorithmic flow for DC operating point calculation.

Implementation of the homotopy methods requires that the set of equa-
tions. For some circuits, these equations can be written by hand. However,
this is not possible for more complicated circuits. The parser takes the
SPICE netlist as the input that describes the elements of the circuit and
how they are connected. It then provides the circuit equations for either
nodal or modified nodal analysis and their Jacobians.

2 Code Flow Map of Parser

The parser originally developed developed by Edward Chan [2] improved
by Andrea Dyess, and then recently further improved by Joao Eric Melo
[5] and Jatin Vikram Singh basically has following code structure.

@ main

@ specialPrint @ printlac @ printSuperNode
@ printSuperNodal @ printNodal

@ print

3 The Extra Equation (Nodal Analysis)

The current parser was able to generate the correct equations for
Schmitt trigger circuits and Chua’s circuits.

However, it was needed to test the code on a lot more varieties of the
circuits. In this attempt we choose some simple dc circuits with and with-
out transistors respectively.



The code[4] generated all the equations and Jacobians for modified nodal
analysis correctly, but in nodal analysis we encountered one extra equa-
tion, which had no meaning. The extra equations in nodal analysis have
been shown in the following pictures.

In both these circuits we have only 3 nodes. So for nodal analysis, we
would require only 3 nodal equations but we got fourth equation i.e. evi-
dent from the following figures.

3.1 Simple DC circuit analysis
Circuit diagram[3]:

Output having one extra equation(F(4)):
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%ZParser V1.8

#HInput Spice Deck: CiywUsersisudhirk\DesktophNetlist_1.txt
#ZEquation Type: NODAL

%Datum Mode: 2

X o X R X X X X X X R X X X N T T I I T AT TR LT T T XTI

2% Component Values:
rl = 43
r2 = 53
F3 o= 123
r4 = 18;
rs = &3

R R AR A R A A A A A A A A A A A A A A A A A A AR A AR A A AR R AR AR A AR AR RARRRRARRRKAR

2% Circuit Equations:
F{1) = (X(2))/r1 + (X(2)-X(1))/r3 + (X(2)-X(3))/r5 ;
F(2) = (X(3))/r2 + (X(3)-X(1))/r4 + (X(3)-X(2))/r5 ;

Fi3) = (X(1)) -12;
F(a)

C(X(1)=-x(2))/r3  (X(1)-X(3))/ra ) + ( (=X(2))/r1 (-X(3))/r2 };
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% Jacobians:
JAC(1, 2) = 1/rl + 1/r3 + 1/r5 ;
JAC(1, 3) = ® + @ + (-1/r5) ;
JAC(1, 1) = @ + (-1/r3) + @ ;
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2-transister circuit analysis

Circuit diagram:




Output having one extra equation:

1 PﬁF‘arser Vi.e

2  %Input Spice Deck: Ci\Users)\sudhirk\Desktop\twoTtwoRsameside.txt

3  %Equation Type: NODAL

4 %Datum Node: 2

6 %

T % Component Values:

& qlIS = 1le-016;

9 qlBF = 1@0;

10 qlBR = 1;

11 qglN = -1.25262e-858;

12 q2IS5 = 1e-816;

12 q2BF = 188;

14 q2BR = 1;

15 g2N = -1.25262e-858;

16 rl = 1;

17 r2 = 3;

18
21 % Circuit Equations:
22 F(1) = (gq1IS }#(exp(-glN=(-X(3))) -1) + (-q1IS /qlBR )*(1+qlBR )=(exp(-qiN=(X(2)-X(3))) -1) + (q2IS )=(e
24
25 F(2) = (-qi1IS )=(exp(-qiN#(-X(3))) -1} + (glIS /qlBR )*(1+qlBR )=(exp(-qiN=(X(2)-X(3))) -1) + (qlI5 /fqiB
27 F(3) = (X(1)) -12;
28
23 F(4) = ( (q2IS fg2BF )=(1+q2BF )= (exp(g2N=(X{1)-X(2))) -1) - ( q2IS )=(exp(@2N=(X(3)-X(2))) -1) + (X(1)-X
30
31 %
33 % Jacobians:
34
ac aAr At - Fa1TS & AN A10DY 21 L AalDDV el mwnl - TNV iy - ¥WP23330% 4 7 2 AaTC 2 A el mvn (a2

4 Output (Nodal Analysis) After Improving the

Parser
In the function to print super node equations, the code takes compPtr
incorrectly, and hence its value is not NULL even after covering all the

nodes once. So the code was modified accordingly so that we could get
right no of equations in Nodal analysis.

Output of simple de¢ circuit Now:




1 FﬂParser Vi.e

2  #%Input Spice Deck: C:\Users)\sudhirk\Dropbox\Intern\Intern_2816%ckt_inout\Netlist_1.txt
2  %Equation Type: NODAL

4 %Datum Node: 2

5

& %

T % Component Values:
8 rl = 4;

5 r2 = 9;

18 r3 = 12;

11 r4 = 18;

12 r5 = 6

13

14 %

15

16 % Circuit Equations:
17

18 F(1) = (X(2))/r1 + (X(2)-X(1))/r3 + (X(2)-X(3))/r5 ;
19

28 F(2) = (X(3))/r2 + (X(3)-X(1))/r4 + (X(3)-X(2))/r5 ;
21

22 F(3) = (X(1)) -12;

23

24 %

25

26 % Jacobians:

27

28 JAC(1, 2) = 1/rl + 1/r3 + 1/r5 ;

29

28 JAC(1, 3) = @ + 8 + (-1/r5) ;

31

22 JAC(L, 1) = @ + (-1/r3) + 0 ;

2

QOutput of 2-transistor circuit Now:

P T T

2 ZInput Spice Deck: Ci\Users)\sudhirk\Desktop\twoTtwoRsameside.txt
3  #%Equation Type: NODAL

4 %Datum Node: 2

]

5 %

T % Component Values:

& glI5 = 1e-816;

9 qlBF = 180;

10 qlBR = 1;

11 qglN = -1.25262e-058;
12 q2IS = 1e-016;

12 q2BF = 100;

14 q2BR = 1;

15 g2N = -1.25262e-058;
16 r1 = 1;

17 r2 = 2;

18

19 3

28

21 % Circuit Equations:

23 F(1) = (q1IS )=(exp(-gqlN%(-X(3))) -1) + (-qlIS /qlBR }=(1+glBR )=(exp(-qilN=(X(2)-X(3))) -1) + (g2I5 }=(exp(q
24

25 F(2) = (-qlIS )#(exp(-qlN#(-X(3))) -1) + (glIS /fqlBR )=(1+qlBR )*(exp(-qlN#(X(2)-X(3))) -1) + (gqlIS /qlBF )=
26

27 F(3) = (X(1}) -12;

28

29 2

3o

31 % Jacobians:

32

232 JAC(1, 2) = (qlIS » glN / qlBR)#(1 + glBR)#(exp( - qIN=(X(2) - X(2)))) + ( - g2IS = g2N)=(exp(g2N+(X(1) - X(

,u
B

5 Netlist Format Requirement



Input to the parser requires the circuit in netlist format. The required

netlist can be generated by a lot of softwares present. But the format in

which our parser accepts the input has some specifications which are as

follows:

There must be one-line gap after the very first line i.e. *descrip-
tion

3t line should look like “.model nbjt NPN IS=le-16
BF=100 BR=1". this format must be followed in every netlist file
even if the circuit contains bjt or not.

If the circuit have npn and pnp both transistors; then the 3" and

4™ line should look like:
.model nbjt NPN IS=le-16 BF=100 BR=1
.model pbjt PNP IS=le-16 BF=100 BR=1

In the circuit description of npn and pnp; nbjt and pbjt must be

written after the connections like:
gl 2 3 0 nbjt
g2 32 1 pbit

At the end of the netlist file we must have these two lines:
.nodeset v (0)=0

.op

A specimen netlist file has been attached as follows
* twoTtwoR=sameside.asc

.model nbjt NPN IS=le-1& BF=100 BR=1
.model pbit BENP IS=le-1& BF=100 BR=1

gl 2 2 0 nbit
g2 3 21 pbjt
Il 1 0 12
rl 2 11
r2 0 2 2
r3 2 3 3

TDodeset



6 Conclusion and future work

Till now parser is giving correct equations for the circuits having one
voltage or current source.

While working in the last week of my project after rectifying the extra
equation problem and implementing new homotopy I found out that parser
still is needed to be checked on various circuits containing the floating
voltage sources. One insight in this regard is to now check correctly the se-
quence of “compPtr” in the component list so that we can get the equa-
tions for floating sources as well without affecting the nodal analysis of the
circuit equations.

And then if time permits extra features of MOSFETSs can be added to
the code appropriately.
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