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Abstract—The Method of Moments matrix equation, lowest level to planar microwave circuits. We will illus-
resulting from the electromagnetic simulation of a high trate the theoretical framework of our approach using a mi-
frequency planar circuit can take much memory and crostrip transmission line (Fig. 1a) with two exterior ports
time to solve, typically O(n?) resp. O(n?). This paper P, andP,. First the circuit is divided inte subcircuits
proposes a new solution strategy combining a Multilevel  (here S = 4) by inserting the artificial ports\P;, AP,
Moments Method scheme with a Modified Diakoptics  and AP, (Fig. 1b). Each subcircuit is then simulated sep-
techn!que and a_BIock Gauss-Se_ldeI iterative technique, arately using a Method of Moments by exciting the lower-
effectively reducing the solution time. level portsLPy; the eight current density profiles resulting

from these lowerlevel MM'’s are shown in Fig. 1c. They
|. INTRODUCTION can be thought of as “generalized half rooftop” functions

o . at the lowerlevel ports. By demanding current continuity at
Electromagnetic simulations based on the Method of \he nortsides of the artificial portsP;, these profiles are

Moments [1] are highly accurate and applicable for the de- ¢ompined into five “generalized (full) rooftop” functions
sign of microwave planar circuits [2]. However, the re- BF over the lowerlevel port§.P, (Fig. 1d). These are
sulting matrix equation can take much memory and time ;o as a set of basis functions for the upperleveMv

to solve, typicallyO(n?) resp. O(n?). In the past several The amplitudesi. of these basis functioi8F, under

techniques have been proposed for rendering the solutionyg excitation of exterior poit, are found with the upper-
proces more .eff|C|ent: .multllevel .techmques [3],. diakoptics |avel MoM. This results in the system:
[4] and iterative techniques. This paper combines several up 4 " ysup

. . . . . . . Zlcl Ale Vke
of these techniqgues in an innovative way. First the circuit is JeLp
divided intos subcircuits, which are solved separately us- LP is the set of the lowerlevel ports aid’” the excita-
ing a MoM technique. The resulting current profiles are tion term due to the exterior poR.. The upperlevel Z-
then combined and refined based on Modified Diakoptics matrix elementsZ,;” describe the coupling between two
[5] using the efficient Block Gauss-Seidel iterative tech- basis function8Fy andBF; and catr)lfbe cablfculated as:

. . . . u

nique [6]. After convergence these diakoptic profiles are Zp =3 Y Izl
used in a second-level ®M simulation. It can be proven e _i€BF (k) jEBF(1) )
that the results obtained with this technique match the exactVith Z;; the amplitude of the lowerlevel rooftop function
results after convergence. over the side in the upperlevel basis functidiF.

As we work with block matrices, the largest amount of The quantities we are finally interested in, are the overall
memory needed for this technique is the amount needed folcurrent densitieg* (Fig. 1e) due to the excitation of exte-
the largest block matrix involved?d((n/s)?) with s being rior portP.. These current densities can be found as the lin-
the number of divisions. During the (linear) iteration phase €& combination of thff profile of each “generalized rooftop
these matrices do not change. A numerical example will Pasis functiorBFy (Z;), multiplied by its amplitudedy.

show that even for a small number of unknowns= 825) calculated during t?e Eppe”e‘;gf'a”':
this technique reduces the solution time with a factor of 4 ie = Z ik ke
for an accuracy of-80 dB on the S-parameters. keLb

I1l. I TERATIVE REFINEMENT
Il. MULTILEVEL MOMENTS METHOD During the simulation of the lower level in the Multilevel
In our approach we apply a two-level Multilevel Mo- Moments Method, the presence of metallizations other than

of inaccuracy and errors in the final result. In order to re-

This work was supported by the Belgian National Fund for Sci- duce the errors an iterative technique converging to the ex-
entific Research\(.F.w.0.). act solution, can be put forward.
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In our approach we iteratively refine the upperlevel ba- resulting in Block Gauss-SeideB&s) [6]. The iteration
sis functionBFy to a set of diakoptic basis functions. The formula then becomes:

k-th diakoptic basis function can be found by exciting the I5,(n) = —(Z5,)L.

k-th lowerlevel porfLPy while leaving the other lowerlevel s—1 s

portsLP; open (unexcited). It can be proven that the over- [Zss,fl}jk + Z Z5I5,(n) + Z ZSStItSk(nfl)]
all solution based on these basis functions will match the t=1 t=s+1

full solution —i.e. the solution from one direct ®M— ex-
actly (apart from numerical inaccuracies). Therefore we it-
eratively construct the profiles resulting from exciting each ~ We applied our technique to the simulation of a lowpass
of the lowerlevel ports separately. Thus the original sub- filter (Fig. 3) consisting of an input section with a folded
sectional upperlevel “rooftop” basis functions are extended matching stub, a step in width, a central section with three
into full-domain diakoptic basis functions. spiral inductors and two patch capacitors, another step in
Our iterative method is based on Modified Diakoptics Width and finally an output section with a folded matching
(MD) [5] and has a physical interpretation (Fig. 2). During Stub.
the lowerlevel MoM simulation no metallization other than ~ This circuit was gridded without and with an edge mesh
that of the subcircuits connected to the considered artificial yielding resp. 349 and 825 unknown variables, divided into
port is taken into account (Fig. 2a). The currents on each of9, 12 and 19 (Fig. 3) parts, and simulated from 1 GHz to
these subcircuits will excite currents on all the other subcir- 4 GHz. The reference situation was obtained by simulating
cuits by (1st order) field coupling (Fig. 2b). During the first the complete circuit as a wholef{ll”).
iteration these 1st order coupling currents are calculated. The convergence of th, -parameter over the complete
These currents will, in turn, excite (2nd order) coupling frequency range foBGs (n = 349) is illustrated in Fig. 4.
currents on all the other subcircuits (Fig. 2c). These are Similar results are obtained f6fi> (:S21) andSa.
calculated in the second iteration. These currents will again  Our iterative technique reduces the solution time to 65%
excite currents on all the other subcircuits and so forth. Thefor n = 349 and 25% forn = 825 for an accuracy of
actual current is the sum of the lowerleveloM current ~ —80 dB in the S-parameters. The solution time will de-
and the currents from the different iterations (Fig. 2d). crease more substantially as the number of unknowns fur-
In order to simplify the notation we combine the sides tNer increases.
in the complete circuit into blocks of sides: all the sides Ve tested our approach to other examples such as trans-
belonging to the same subcircuitexcluding the portsides ~ MiSsion _Imes, double stub filters and b_andpass filters with
of the connected lowerlevel ports) are combined into one VETY Similar results as for the lowpass filter.
block for each subcircuit(, ); all the portsides belonging
to the same lowerlevel poHP; are also combined into one
block for each lowerlevel portlf;). The coupling between
these blocks of sides are combined into the Z-matritgs 2

IV. NUMERICAL EXAMPLE.
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Fig. 1. Two-level Moments Method.
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Fig. 2. Modified Diakoptics.
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Fig. 3. Lowpass filter with 19 divisions.
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Fig. 4. Convergence of the reflection S-parameter) of the lowpass filter.
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