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Abstract— In this paper, we present a novel approach
for the numerical determination of entire—domain basis
functions for the analysis of shielded microstrip circuits,
composed of arbitrarily shaped metallic patches with
an arbitrary number of ports. This approach is based
on the solution of Helmoitz and Laplace equations in
the metallic areas with proper boundary condition by
the Boundary Integral-Resonant Mode Expansion (Bl
RME) method. Two examples validate the proposed
method.

I. INTRODUCTION

The integral equation technique is a widely used
method for the analysis of boxed multilayered circuits.
When applying this technique in conjunction with the
Method of Moments {MoM), the choice of the basis
functions used to represent the unknown electric cur-
rent density is a key issue for the computational effi-
ciency of the numerical code. Subdomain basis func-
tions (like roof-tops on rectangular or triangular do-
mains) have been widely used, since they are known
analytically and are suitable to any shape of the metal
patches. Nevertheless, a large number of subdomain
functions is tipically required, thus leading to large ma-
trix problems and reduced computation efficiency.
The advantage of using entire~domain basis functions
was demonstrated, in the limited case of patches with
a rectangular shape [1]. Since the electric current den-
sity is tangential to the boundary of the patches and
is perpendicular to the ports, basis functions were cho-
sen as the electric modal vectors of a waveguide with
magnetic-wall condition on the boundary, and electric—
wall condition on the port segments. In the case of rect-
angular shapes, these functions are known analytically.
Recently, the use of entire-domain basis func-
tions was extended to the case of arbitrarily shaped
patches [2], either isolated or connected to one single
port, The Boundary Integral-Resonant Mode Expan-
sion (BI-RME) method (3], [4], [5], originally developed
for the determination of arbitrary waveguide modes,
was used for calculating the basis functions. In fact,
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Fig. 1. Example of a shiclded microstrip circuit, with arbitrarily
shaped metallic areas in a lossy medium.

in the case of isolated patches, the electric modal vec-
tors of a waveguide with magnetic walls coincide with
the magnetic modal vectors of a metallic waveguide. In
the case of patches connected to a single port, symme-
tries can be exploited to determine the basis functions,
as discussed in [3]. Nevertheless, a large number of
real-world components (from a simple thru line to a
directional coupler} are not included in this class.

In this paper, we present a novel approach for the
calculation of basis functions with mixed boundary con-
ditions by using the BI-RME method. These func-
tions are used in conjunction with the spectral domain
method described in [2], for the analysis of boxed mi-
crostrip circuits. An outline of the approach, aleng
with a description of the new features of the BI-RME
method are described, and some numerical results are
reported.

II. NovEL ENTIRE-DOMAIN BaSIs FUNCTIONS

The structure depicted in Fig. 1 represents a generic
microstrip boxed circuit composed by different types of
metallic patches connected or not to ports, with the
ports represented as small gaps between the metalliza-
tions and the walls of the box (delta—gap excitations).
We indicate with S, the area of the p-th patch, with
@S) (i = 1,...,N,) the part of boundary of S, coin-
ciding with the i~th port of the patch, and with 8§,
the remaining part of the boundary.

For the generic patch, the unknown electric current
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density j;, can be represented as the sum of entire—
domain basis functions Er(p ), defined on the entire sur-
face S,. When the patch is not connected to ports, 5®
are the magnetic modal vectors of a waveguide with a
cross-section S, bounded by electric walls on 45, Oth-
erwise, in the case of patches with one or more ports,
it is necessary to consider electric-wall conditions on
95, and magnetic-wall conditions on each port seg-

ment B_Sf;) of the patch.

For isolated and simply connected metallic areas,
functions b+ are subdivided in two classes, solenoidal
(5;“’ )) and irrotational (E,f'(p )), and can be expressed in
terms of scalar potentials

. /(p) .
BIP = i, x E'L;‘_f_f)__
Kt

In (1}, 1/):}3’ ) and 1,.’17’,’(1’ ), together with 57 and ng(p),
are the eigensolutions of the homogeneous Helmholtz
equation in the domain S, with Dirichelet and Neu-
mann boundary condition on 85, respectively.

When considering patches with N, ports, 1/’);(1)) must
also satisfy Neumann boundary condition on ﬁs),

whereas w’r'(p ) must satisfy Dirichelet boundary condi-

tion on B_SS). Furthermore, we must add to the set of
basis functions also N, — 1 harmonic functions of the
type

BOW) — g7, x Vpaptie)

(2)

where wE(F ) satisfies Laplace equation in the domain
Sy with Neumann boundary condition on @S) and
with proper constant values on each separate part of
05,. For instance, in the case of a microstrip thru line
the constant (harmonic) function tangent to 85, and
perpendicular to the ports is needed to represent the
dominant contribution of j;, at low frequency.

More generally, in the case of M,-times connected
surfaces with N, port segments we have to consider
My + Ny — 1 harmonic functions.

III. APPLICATION OF THE BI-RME METHOD

For the determination of 1" and ¥/ we followed
the BI-RME method [3}, [4], [5], which was demon-
strated to be very efficient. This method is a modi-
fied boundary integral approach for the evaluation of
1P and Vgl | obtained as the solution of a linear
eigenvalue problem. Surface Sy (either simply or mul-
tiply connected) is considered as a part of a fictitious
enlarged domain €}, with a rectangular shape. The
eigenfunctions to be determined are defined in €2, and
are assumed to vanish outside Sp.

afpﬂ)

85,

Fig. 2. Arbitrarily shaped metallic arca with threc ports
bounded by a rectangular domain 2.

The eigenfunctions w;(P) and ngy’;f(p ) are expressed
as [3]

SO = &)+ f C(F. ) f(s')ds'
!
vrp'® = g, xVr / G(F,s’)@éf—)ds'

+x1P)2 (vﬁm — | VoVLR(F,$) -1, h{s')ds’)
Cp

where o, is the part of 85, not coincident with 9,
s is a point on o, and f(s), h(s) are scalar unknown
functions representing the discontinuity of 61/);(‘0 )/anp
and 1,9,'3 ® over op, respectively. The above expres-
sions constitute the BI-RME representation of wi(p ) and
Vo ?} and are a combination of different terms. The
integral(s) over the boundary (BI) involve quasi-static
Green’s functions (G and F) for the rectangular do-
main {2,. The remaining terms, ® and VT\'I}, are repre-
sented as resonant mode expansions {RME) involving
the modal eigenfunctions of the rectangular domain re-
gion €1,

The expressions of the Green’s functions G and Fy
and the resonant mode functions, reported in (3], sat-
isfy the electric—wall condition on &5,. As mentioned
above, these functions allow for computing the basis
functions for isolated patches or, by exploiting the sym-
metries {see (3]}, patches with only one port.

To determine the basis functions with more than one
port we need to know the expressions of G, F1 and
the resonant mode eigenfunctions for the rectangular
domain Q, with different boundary conditions on 9,
For instance, for the circuit shown in Fig. 2, with three
ports on different sides of 2, it is required a rectangular
domain {1, with electric-wall condition (black line) on
the bottom side and magnetic-wall (gray lines) on the
other sides.

In this work we determined the Green’s functions for
the domain £, with mixed boundary conditions on ev-
ery side of #Q,. As an example, Tab. I reports the
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TABLEI

Green’s functions for rectangular domain with magnetic—wall condition
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#,y and &', ¢’ are the coordinates of the observation and the source point, respectively
@ and b arc the lengths of the sides of £2. The series converge more rapidly if ¢ > b

Green’s functions determined for the case of magnetic—
wall condition on every side of §2,.

Moreover, we reformulated the BI-RME method in
the case of magnetic-wall condition on all sides of (0, to
take into account the existence of a modal eigenfunction
for the domain §2,, with associated null eigenvalue, for
the correct determination of I_)'T’(P).

The possibility of mixed boundary conditions on each
side of §}, permits also to minimize the extension of the
line o, and the surface of the domain (2,. This reduces
the order of the matrix eigenvalue problem associated
with the determination of 5. and 5", granting the
highest efficiency to the BI-RME method for circuits
with any number of ports. Fig. 3 shows some basis
functions calculated with the approach presented in this
paper.

The new algorithm is completed by the calculation of
5,9(‘['), which is accomplished by solving with the MoM
an integral equation obtained with a conventional BEM
approach and the Green’s function G used in the BI-
RME method.

IV. NUMERICAL AND EXPERIMENTAL RESULTS

For validation purposes, we present the analysis of two
boxed microstrip circuits using the entire-domain basis
functions.

The first circuit is a shielded microstrip single-stub
filter presented in [6] and shown in Fig. 4. Fig. § reports
the results of the BI-RME simulation compared to the
measured data from [6]. A very good agreement is ob-
served. Convergence of the results has been obtained
with 77 basis functions, while in [6] the same results
were obtained with some hundreds of triangular roof-
top basis functions. For this example, the calculation

Fig. 3. Examples of some basis functions for the circuit shown
in Fig. 2 calculated with the BI-RME method.

of the basis functions takes 79 sec on a Pentium4 at
1.7 GHz, and the frequency-by—frequency calculation
of the filter response required 3.14 sec per point.

The second example refers to the analysis of a band-
pass filter composed of square ring resonator with a
line—to-ring coupling structure (Fig. 6), firstly proposed
in [7). In Fig. 7, experimental data given in {7] are com-
pared with results obtained by our code, showing a good
agreement. The results were obtained using a total of
134 basis functions. Qur code took 207 sec for the ini-
tial calculation of the basis functions, and 7 seconds for
each subsequent point in frequency, on a Pentium4 at
1.7 GHz. The high number of basis functions depends
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Fig. 5. Comparison betwcen measured results presented in [6]
and results obtained with the present approach, for the filter
shown in Fig. 4.

on the fact that this structure is challenging due to the
small gap and line width (s and w, in Fig. 6).

V. CONCLUSION

In this paper we have presented a novel approach for
the calculation of basis functions with mixed bound-
ary conditions by using the BI-RME method. This
approach permits to determine.the basis functions for
metallic patches with an arbitrary shape and with an
arbitrary number of ports, resulting in MoM matrices
of small size, even in the case of complex circuits.

The analyzes of circuits of practical interest have
been reported and compared with experimental data,
showing the accuracy and rapidity of this approach.

REFERENCES

[11 A. Alvarez Melcén, J.R. Mosig, M. Guglielmi, “Efficient
CAD of Boxed Microwave Circuits Based on Arbitrary
Rectangular Elements,” IEEE Trans. Microwave & Theory
Tech., Vol. MTT-47, No. 7, pp. 1045-1058, July 1099.

[2] M. Bogzzi, L. Perregrini, A. Alvarez Melcon, M. Guglielmi,
G. Conciauro, “MoM/BI-RME Analysis of Boxed MMICs
with Arbitrarily Shaped Metallizations,” IEEE Trans. Mi-
crowave & Theory Tech., Vol. MTT-49, No. 12, pp. 2227-
2234, Dec. 2001.

L
e ——
W,
-
*s Dimensions in mm:
b i 1 a=24752 I = 12376
i b ¢ e b=40.828 J =65
i)
- i, h= 500 I.= 5456
. K—T—H t=127  I=1207
a w,=1158 s5=02
w,=03
air f h
Y
g ———3 £=10.5

Fig. 6. Bandpass printed microstrip filter composed of square
ring resonator with a line-to-ring coupling structure pre-
sented in [7].

0
—_ =10
@
h-h
g -20 1
k]
I
g
& 40 — s
7 | S21]
-50 a 81| measured
© |S$21| measured
€0 T 1
1.50 2.00 2.50 3.00
frequency [GHz]
Fig. 7. Comparison between measured results presented in [7]

and results obtained with the present approach, for the filter
shown in Fig. 6.

[38] G. Conciauro, M. Guglielmi, and R. Sorrentino, Adwvanced
Modal Analysis, John Wiley and Sons, 2000.

[4] G. Conciauro, P. Arcioni, M. Bressan, L. Perregrini, “Wide-
band Modeling of Arbitrarily Shaped H-Flane Waveguide
Components by the 'Boundary Integral-Resenant Mode
Expansion Method’,” [EEE Trans. Microwave Theory £
Tech., Vol. MTT-44, No. 7, pp- 1057-1066, July 1996.

[3] P. Arcioni, M. Bressan, G. Conciauro, L. Perregrini, “Wide-
band Modeling of Arbitrarily Shaped E-Flane Waveguide
Components by the 'Boundary Integral-Resonant Mode
Expansion Method’” IEEE Trans. Microwave Theory &
Tech., Vol. MTT—44, No. 11, pp. 2083-2092, Nov. 1996,

[6] G.V. Eleftheriades, J.R. Mosig, “On the Network Char-
acterization of Planar Passive Circuits Using the Method
of Moments,” IEEE Trans. Microwave Theory & Tech.,
Vol. MTT—44, No. 3, pp. 438-445, Mar. 1996.

[7] L.H. Hsich, K. Chang, “Slow-Wave Bandpass Filters Us-
ing Ring or Stepped-Impedance Hairpin Resonators,” IEEE
Trans. Microwave Theory & Tech., Vol. MTT-50, No. 7,
pp. 1795-1800, Jul. 2002.

1202



	MTT025
	Return to Contents


