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ABSTRACT: A fast frequency analysis of lossy substrate-integrated
waveguides based on the asymptotic waveform evaluation (AWE) and
Pade approximant technique in conjunction with the dyadic Green’s
function technique, is presented. The derivatives needed to evaluate
moments in the AWE method are computed in a simple way thanks to an
efficient method that reduces their computational cost. Numerical results
demonstrate the efficiency and the accuracy of the proposed approach.
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1. INTRODUCTION

During the years, the number of papers on scientific and techni-
cal journals having the design of devices based on the substrate-
integrated waveguide (SIW) technology as a subject, is notice-
ably increased (see [1-3] and references within) clearly showing
that SIW is to be considered a well-consolidated technology.
Even if for design purposes commercial codes based on finite
difference time-domain method (FDTD) or finite element
method (FEM) are used, there is a growing interest in the devel-
opment of more effective methods that can significantly shorten
the design and optimization process of these devices. Recently,
in a series of papers [4-9], the authors have presented effective
methods to analyze SIW structures, based on the dyadic Green’s
function of the parallel plates waveguide. With respect to com-
mercial codes, the proposed method significantly reduced both
CPU time and memory storage [4]. It has been successfully
applied to analyze array of slots [5] and resonators [6], and
later, it has been extended to handle lossy SIW structures [7,8].
To further reduce the computational time, in [9], a fast fre-
quency sweep technique based on asymptotic waveform evalua-
tion (AWE) and Padeé approximant has been applied to the
analysis of lossless SIW structures [9]. In this letter, the method
presented in [9] has been tailored to treat the case of lossy
SIWs. Since the presence of losses hugely complicates the
expressions of the elements of the matrix relevant to the scatter-
ing from vias, making unpractical the analytical approach
adopted in [9] for evaluating the derivatives needed to imple-
ment the fast frequency sweep, in this letter, the derivatives are
efficiently computed exploiting the approach proposed in [10].
In what follows, after a brief presentation of the theoretical
framework of the Green’s function technique as applied to SIW
lossy structures, the proposed AWE-Pade fast frequency sweep
method will be discussed. Numerical results will show that a

significant reduction of CPU time is achieved by the method
without reducing the overall accuracy.

2. THE LOSSY PARALLEL PLATES WAVEGUIDE

The detailed derivation of the dyadic Green’s function of the
lossy parallel plates waveguide Gppw (r,7’) has been presented
in [8]. Thanks to its knowledge, the total magnetic field H(r)
inside a lossy SIW structure can be written as

H(r) = —joec Jdﬂléppw (r, r,>JM (r’) +H,cy(r) (1)

where Jy(r) is the magnetic current source and H,cy(r) is the
scattering contribution from metallic vias. As demonstrated in
[4,8] Hycy(r) can be written as series of outgoing TM and TE
cylindrical vector wave functions M, (kym,kzm, po~, z,Az) and
Ny (koms koms po, 2, Az) (in what follows the apex M and M are
used for TE and TM modes, respectively), having coefficients
A, A} ., [8] which can be evaluated by solving the following
linear matrix system

LM,NAM,N — l—*M,N (2)

arising from the discretization via method of moments of the
relevant scattering operator [8]. Once that the terms AY AN
in (2) are computed, the admittance Y\""”7) between ports p; and

p; of the SIW structure at hand can be evaluated as

s, b () )

Y(”"”J) =
v[?

3

where S, is the surface of port p;, V is the voltage between the
inner and the outer conductor of the coaxial port, H” (r) is the
total magnetic field due to the magnetic current density Jb(r)
on port p; and density J};(r) is the magnetic current density
impressed on port p; [8].

3. FAST FREQUENCY SWEEP

AWE is a well-established technique to implement the fast fre-
quency sweep analysis of electromagnetic problems [9,11]. The
method synthesizes a model of reduced order that gives a good
approximation of the frequency response of the system under
analysis. Customarily, the AWE technique is used to find the
Pade approximation of the frequency response by directly oper-
ating on the output parameters, like Z or S matrix. However, as
demonstrated in [9], when applied to SIW devices this imple-
mentation does not produce a significant speed up. Following
the approach exploited in [9], AWE is applied expanding the
term A(w)M’N in (2) a Taylor series around wq as

A" = i U™ (0—ap)" “
n=0

where the moments UnM N are recursively calculated as

UMY = M () ! {rM "(o0) _ g <<1_5,,0)LM, ~<wo><">vff~,.'v>}

n! — r!

&)

Next, the expansion (4) is used to find a rational Pade expan-
sion of A(w)" "
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Figure 1 Scattering parameters of a single cavity circular filter, as in
[13], n=0.380 mm, w=3.8 mm, w;, = 1.683 mm, a =0.2 mm, r =24
mm p =0.7 mm, £ =9.9, tand = 0.001, c = 5.8%107 S/m.
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where the unknown coefficients a”/*¥, b are obtained equat-
ing between them expansions (4) and (6). In [9], where lossless
circuits were considered, moments Uﬁl" N were determined using
the analytical expressions of derivatives of the elements /M of
L"N Here the expressions of these coefficients are complicated
by the presence of losses (in particular, the )/, defined in [8],
includes both Bessel functions and their first derivatives) and
the analytical approach results very cumbersome to apply. To
avoid to recur to numerical differentiation, which would result
to be very inefficient, the approach proposed in [10] has been
exploited. It allows to approximate the derivative needed to
compute the moments U ¥ around wy of the terms MV in a
simple recursive way at a very small computational cost. The
point of departure is the following approximation for 27 [10].
l%rllv( o) = [G,SO) +CO¢ w_wo)]cj(Hm”-%—D,,,,,(w—wu)) (7

m nm

where

d Znm (@
GO — |z ()] c0) — M ®)

nm nm dw

Hnm = arg (an((l)())) Dmn = diw (arg (an(wo))) (9)

Exploiting the above relations, derivatives of order n are
well approximated by
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Figure 2 Scattering parameters of a dual-cavity filter as in [I(,,
h=0.5 mm, w; =4.08 mm, w, =3.93 mm, w3 =5.50 mm, ¢« =0.2 mm,
p=0.851 mm, /;=3.404 mm, R=4.83 mm, ¢=2.55 mm, X=22,
tand = 0.001, c = 5.8%107 S/m.

TABLE 1 MAE and CPU Time for the Post Filter [14]

Method Np MAE of s, CPU Time (s)
Discrete simulations 112 0 134.2
Proposed method 4 0.0181 12.8

d" ; -

() = [G% +C,<,f’,2(a1*wo)} /HmtDm(@=0) (10
with

G — C’(;Znﬂ)_;_anmG(ﬂfl) c)

mn nm nm

JDanCY (11)

Once the Uﬁ“’ are known, the Pade¢ rational expansion com-
bined with the Complex Frequency Hopping (CFH) technique
[12] is applied to compute the port admittance (3) and the scat-
tering parameters of the SIW device at hand.

4. NUMERICAL RESULTS

To test the effectiveness and the speed up of the proposed
method, a single SIW circular cavity filter [13] and a SIW post
filter [14] have been simulated using a MATLAB code imple-
menting the fast frequency sweep method above described.
Being characterized by increasing number of poles, these struc-
tures have been allowed to validate the method at an increasing
level of complexity. All simulation have been carried out on a
machine mounting an AMD Athlon 1IX2 250 3.00 GHz CPU
and equipped with 4 GB RAM. As it can be seen from computa-
tional results reported in Figures 1 and 2, there is a very good
agreement between fast sweep and discrete (or point-to-point)
simulations. In particular, when only a single resonance is con-
sidered, as in the first case, the discrete and fast sweep results
are very close each other. Conversely, when the presence of mul-
tiple resonances is considered, as in the second case, approxima-
tion obtained is less accurate but still satisfactory. In Table 1 is
reported both the mean absolute error (MAE) of s, defined as

Np

MAE = Nipz [s120— 120 (12)
and the CPU time comparison between discrete and the fast
sweep simulations for the case of the SIW post filter. In (12),
S12., and §1,, are the values of s1, computed by the discrete and
by fast frequency sweep simulation, respectively, and N, is the
number of calculation points. It can be noticed an error limit of
e = 0.2 at midpoint gives a very accurate result for §,,, pro-
viding a reduction in time of an order of magnitude if compared
with the discrete simulation.

5. CONCLUSION

In this letter, a method for the analysis of lossy SIW structures
based on the method of moments and the fast frequency sweep has
been presented. The fast sweep is based on a combined AWE—
Pade technique with CFH technique. The derivatives needed to the
moments’ expansions have been determined using the analytical
approximation proposed in [10], which allows the recursive calcu-
lation for higher order without recurring to numerical differentia-
tion. Numerical results show a considerable reduction of the CPU

ne without compromising the overall accuracy of the method.
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