












Calling Sparse 1.4
/*Declaration of cktMatrix */
char * cktMatrix;

/* setup circuit matrix */
cktMatrix = spCreate( NumEqns, 0, &error );
if( error IS spNO_MEMORY ) {

printf( "\n: --- NO MEMORY ---" );
exit( -1 );

}
/* compute DC solution */
/* first Factor the matrix and then Forward/Back solve */
error = spFactor( cktMatrix ); /* LU factorization; Pivoting */
if( foundError( error ) ) {

exit( -1 );
}

spSolve( cktMatrix, Rhs, Sol ); /* Forward/Back Solve */

Res.h

typedef struct resistor{
char *name; /* pointer to character string naming this instance */
int pNode; /* number of positive node of resistor */
int nNode; /* number of negative node of resistor */

double value;  /* resistance */
double conduct;  /* conductance */
double *pn1n1;     /*pointer to sparse-matrix location (pNode, pNode)*/
double *pn1n2;     /*pointer to sparse-matrix location (pNode, nNode)*/
double *pn2n2;     /*pointer to sparse-matrix location (nNode, nNode)*/
double *pn2n1;     /*pointer to sparse-matrix location (nNode, pNode)*/

} resistor ;

Setup
void setupRes(Matrix, Res, numRes)
char *Matrix;
resistor *Res[];
int numRes;
{

int i, n1, n2;
resistor *inst;
for(i = 1; i <= numRes; i++) {

inst = Res[i];
inst->conduct = 1.0/inst->value;
n1 = inst->pNode;
n2 = inst->nNode;
/* setup matrix and pointers */
inst->pn1n1 = spGetElement(Matrix, n1, n1);
inst->pn1n2 = spGetElement(Matrix, n1, n2);
inst->pn2n2 = spGetElement(Matrix, n2, n2);
inst->pn2n1 = spGetElement(Matrix, n2, n1);

}
}

Load
void loadRes(Matrix, Rhs, Res, numRes)
char *Matrix;
double *Rhs;
resistor *Res[];
int numRes;
{

int i;
resistor *inst;
double conduct;
for(i = 1; i <= numRes; i++) {

inst = Res[i];
conduct = inst->conduct;
/* load matrix */
*(inst->pn1n1) += conduct;
*(inst->pn1n2) -= conduct;
*(inst->pn2n2) += conduct;
*(inst->pn2n1) -= conduct;

}
}
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Then Newton’s method converges given a 
sufficiently close initial guess (and 

convergence is quadratic)

Multidimensional Newton Method 
Convergence

Local Convergence Theorem
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The Newton Loop in DC Analysis
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On a per unknown basis
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Solve linear equations 
(spFactor, spSolve)

Practical Considerations

• Device model equations must be continuous 
with continuous derivatives 
– Not all models have this property

• Recent shift to C
 models – correct by 
construction

– Be cautious of designer/user-supplied models
• Check for floating nodes

– If a node is disconnected, then J(x) is singular
• Provide a good initial guess for x(0)

– This is easy for digital circuits but difficult for 
analog circuits



G0 and Id depend on the iteration number k
� G0=G0(k) and Id=Id(k)

Application of NR to Circuit Equations
Companion Network – MNA Stamp
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MOS Level 1 MOSFET Equations 
Body Effect Ignored
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Convergence Depends on a Good Initial Guess

Problems with Newton Method 
Non Convergence
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Must limit the changes in X

Convergence Problems 
Overflow
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Newton Method with Limiting
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Heuristics, No Guarantee of Convergence

Newton Method with Limiting
Limiting Schemes
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General Damping Scheme

Key Idea: Line Search
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Perform a one-dimensional search in 
Newton Direction
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Newton Method with Limiting
Damped Newton Scheme
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