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Module 2: Method of Moments

Electrostatic Formulation: Capacitance matrix extraction
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Basis Function

* Piecewise Constant Basis Function




Matrix Equation

e 7x=Db

- Z: Method of Moments matrix

- X: Charge density
- b: Voltage or potential
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B XXXXXXXXXX

A XXXXXXXXXX
gxxxxxxxxxx
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BXxXxxxxxxx xx
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Matrix Entry

Z(, i) =<fi,jG(r,r')fj(r')ds>

Integration Rules (Also see Appendix)
Gaussian Quadrature Integration:

- 1 point integration
- 7 point integration

Analytic Integration:




Integration Rules

le-3 Error Contour for Different Triangles

Courtesy: Arkaprovo Das




Direct Solver: LU decomposition

fork=1ton—-1
fori=kL+1ton
Eik = ag.[age
end
forj=k+1ton
fori=k+1ton
@i = 5 — Ly Ogj
end
end
end

http://www.cse.uiuc.edu/courses/cs554/notes/06 lu.pdf
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http://www.cse.uiuc.edu/courses/cs554/notes/06_lu.pdf

Iterative Solver

[GMRES algorithm]

Input: choose &y, compute rg = b — Axy and vy = rpf||rpll
QOutput: solution of linear system Ax = b.
Iterate j = 1,2, --- K,

compute h;; = (Avj o) fori=1,2,---,j,
i1 = Avj — 371 hijus,
hjtrg = 81l

vir1 = U1 /hjs .
End:
Form the solution:
e = rg + Viyk, where y minimizes J(y) in (8).

http://www.math.ntu.edu.tw/~wwang/mtxcomp2010/download/s04e GMRES.pdf
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http://www.math.ntu.edu.tw/~wwang/mtxcomp2010/download/s04e_GMRES.pdf

Time and Memory Complexity

Scheme Setup Solve

Direct Solver O(N?) O(N3)+rO(N?)

Iterative Solver O(N?) rpO(N?)

N= Matrix size = Number of basis = Number of triangles
r = Number of RHS vectors
p = Number of iterations for convergence
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Matrix Solution

* Charge Density
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Capacitance Extraction
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Mesh Convergence
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Appendix: Integration

* Analytic Integration:

Potential integrals for uniform and linear source distributions on polygonal and polyhedral domains
Wilton, D.; Rao, S.; Glisson, A.; Schaubert, D.; Al-Bundak, O.; Butler, C.

Antennas and Propagation, IEEE Transactions on

Volume: 32, Issue: 3 Publication Year: 1984 , Page(s): 276 - 281

e 7 point Gaussian Quadrature Integration:

weight=[0.225 0.13239415278851 0.13239415278851 0.13239415278851 0.12593918054483 0.12593918054483 0.12593918054483];

xsi=[0.3333333 0.0597158 0.470142 0.470142 0.7974269 0.1012865 0.1012865];
eta=[0.3333333 0.470142 0.0597158 0.470142 0.1012865 0.7974269 0.1012865];
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http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=1143304&contentType=Journals+&+Magazines&matchBoolean=true&searchField=Search_All&queryText=((p_Title:potential+integrals)+AND+p_Authors:Wilton)
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=1143304&contentType=Journals+&+Magazines&matchBoolean=true&searchField=Search_All&queryText=((p_Title:potential+integrals)+AND+p_Authors:Wilton)
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=1143304&contentType=Journals+&+Magazines&matchBoolean=true&searchField=Search_All&queryText=((p_Title:potential+integrals)+AND+p_Authors:Wilton)
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=1143304&contentType=Journals+&+Magazines&matchBoolean=true&searchField=Search_All&queryText=((p_Title:potential+integrals)+AND+p_Authors:Wilton)
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=1143304&contentType=Journals+&+Magazines&matchBoolean=true&searchField=Search_All&queryText=((p_Title:potential+integrals)+AND+p_Authors:Wilton)
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=8
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=8
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=25643
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=25643

