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The Introduction of Surface Resistance in
the Three-Dimensional Finite-Differeénce
Method in Frequeicy Domain

Detlev Hollmann, Stefferi Haffa,
Friedhelm Rostan, and Wemer Wiesbeck

Abstract—A full-wave treatment of lossy three-dimensional structures
using the finite-difference method in frequency domain is presented. This
accounts for both, dielectric and conductor losses. By introduction of a
surface resistance the effect of conductor losses and surface rougliness can
be modeled very éfficiently. The modifications of the finite-difference fre-
quency domain (FDFD) algorithm are presented. Comparisons between
the conventional approach using elemeiitary cells with finite conductivity
and this new discretization method with surface current ceils are given,
and the advantages and limitations of the surface current model are
shown.

I. INTRODUCTION

The FDFD method supports an exact description of the discretized
electromagnetic field of three-dimensional structures [1]-[3]. There-
fore, the method is capable of modeling all phenomena causing
attenuation, if elementary cells with a complex permittivity are used.
The validity of this method has been shown for the calculation of
the complex propagation constant of transmission lines and three-
dimensional discontinuity problems [3]. For good conductors with
a small skin depth, however, it is necessary to use a very fine
discretization at the conductor surfaces in order to achieve the desired
accuracy. This increases the computational effort drastically.

To avoid the fine discretization, the paper proposes an infinitely
thin current at the conductor surface, which accounts for the physical
field penetration. By the use of this technique, a large reduction of the
required number of cells needed to model the conductor is achieved.

II. CONVENTIONAL MODELING OF 1.0SSY STRUCTURES

The finite difference algorithm has been described for lossless
structures [2] and for lossy structures [1] in detail, so only the new
developments are presented in this paper.

Assuming a harmonic time dependence Maxwell’s equations in
integral form (usual definitions) for source free structures are:
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Fig. 1. Elementary cell k and allocation of its associated electric and
magnetic field components. The shaded areas indicate integration planes for
discretization of Maxwell’s equation.
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Up to now polarization losses (tan §) and the finite conductivity
have been included in the frequency deperident part of the complex
permittivity:

(1b)
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Maxwell’s equations are discretized ot a Yee-grid [4]. Fig. 1 shows
the elementary cell % and the allocation of the electric and magnetic
field components. The shaded aréas Hetiote the integration planes for
the E.x component ((1a)) and the By component ((1b)).

The discretization is performed by a lowest order integration
formula. Setting up the associated equations for all E-field and B-field
components of the elementary eelis for the whole structure leads to a
linear system of equations, which defirtes a boundary value problem
for the unknown electric field.

Conductor losses are treated sufficiently when the conductor is
discretized with at least three discretization steps per skin depth. Due
to the large number of necessary discretizations required inside the
conductor the system matrix gets large, and the great differences in
the grid spacing influences the convergency behavior of the equation
solver negatively. To overcome these drawbacks elementary cells
with a surface resistance are introduced.

IIl. THE IMPROVED METHOD OF ANALYSIS

With the new surface resistance approach a non ideal conductor
is modeled by its surface resistance. The interior of the condiictor
is set free of fields and the actual conduction current is. represented
by an infinitely thin current on the surface of the cells. For that
reason the fine discretization inside the conductor becomes no longer
necessary. The losses are introduced by a surface resistance Rg,
which is inversely proportional to the skin depth é of the modeled
conductor at the radian frequency w:
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Considering the effect of surface roughness oo by the correction
formula given in [5], [6], leads to an effective surface resistance:
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with Bs = @)
Ko
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Fig.2. View of the integration plane for the &~ component at the surface of
a lossy conductor (shaded) showing the allocation of the electric and magnetic
field components and the geometrical and material parameters.

with 0. the root mean square of the conductor surface roughness
function o(z).

The introduction of a surface resistarice Rs is valid for conductor
thicknesses ¢ much greater than the skin depth 6. The approximation
becomes more accurate as the skin depth decreasés with frequency,
or for higher conductivity.

By introducing the surface admittance vector of the cell k

I—{' = I{xkﬁz + K’ykﬁy + K—zkﬁz
with

1
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the first Maxwell equation is modified at conductors to:

1. ds—/]weE dA+/(E><K) i ®
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where the complex dielectric constant £ now accounts for dielectric
losses only. The second integral on the right hand side of (6)
represents the current on the conductor surface at the edge of the
conductor cells, with the integration path along the surface, whereas
the first integral accounts for the dielectric displacement current in
the neighbouring conventional cells.

Fig. 2 shows the integration plane for the E.j-component at the
surface of a lossy conductor. The actual cell & and the neighbouring
cell f in front of it are assumed to be conventional cells with relative
permittivities e and ;. However the shaded cells are denoted to be
a lossy conductor characterized by the surface admittances K, and
K. The ihtegration in (6) for the E,; -component, Fig. 2, yields:
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The second of Maxwell’s equations is unchanged. Using the
discretization scheme described in [1] only the parts resulting from
the conductor integral of (6) are added to the discretisized equations,
hence the algorithm remains unchanged.

IV. VERIFICATION AND RESULTS

The improved conductor approach, which utilizes the new surface
resistance model, has been implemented in the three-dimensional
finite difference method, allowing an accurate treatment of conductor
losses and consideration of surface roughness. In order to validate
this new technique, the propagation constants of a shielded 50

. T T
K3
o0 K
- 0.1} e
8 X ,x/ 1
c | P J
2 s A :
s | X ]
c
1] /
= r P 1
A
0.01 ]
0.1 1 10 30
frequency / GHz
(@)
= 37 T
2 A " ]
w‘- o E
£ 357 ’
2 L ]
@ E
2 L E
8 33 .
2 =~ X
8 3.1F e ]
S A
k1 - o
2 209
z [ A
£ ! ]
® 27
0.1 1 10 30
frequency / GHz
(b)

Fig. 3. Compaﬁson of attenuation « (a) and effective relative dielectric
constant £, . (b) of a shielded 50 € microstrip line calculated by a
conventional approach [1] (- — -), surface resistance approach (_) and
mode matching technique [7] (X ). Dimensions of substrate and microstrip:
w = 320 ym, h_ZOOumt—i’)Bum k =58 10°[Qm] !, and &, = 5.
Metallic shielding: 635 x 900 pm?2.

2 microstrip line were calculated with the new surface resistance
approach and compared to the results obtained by the conventional
approach [1] arid the mode matching method [7]. Fig. 3 shows the
excellent agteement of all three methods. The propagation constants
computed by the surface resistance approach converge with the results
obtained by the other two methods as the frequency increases. This
means that a low frequency limit for this approach exists as is also
evident. For good accuracy the smallest conductor thickness should
approximately be greater than ten times the skin depth at the lowest
frequency.

The new method has the advantage of being considerably faster
than are conventional methods (8 discretizations in the conductor
in contrast to 90 discretizations) and using a frequency independent
grid. This is in contrast to the conventional method, which required
a variation of grid spacing for differént frequencies.

For two problems results are presented. The introduction of a
surface resistance in the finite difference method allows the investi-
gation of the effects of surface roughness on the line attenuation. The
influence of the roughness at the interfacés between both stripline and
substrate and ground metallization and substrate on the attenuation
constant is given in Fig. 4. The results agree with the values estimated
by the inctemental inductance rule.

As an example of a three-dimensional structure, the scattering
parameters of a microstrip parallel resonator have been calculated.
Fig. 5 shows the S12 of the resonator in the case of an ideal conductor
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Fig. 4. Total attenuation of a shielded 75 £} microstrip line versus fre-
quency with surface roughness parameter of ooz at the interfaces be-
tween conductor and substrate. Dimensions of substrate and microstrip:
w=130pm,h = 200 pm,t = 35 ym,x = 58 - 106[Qm]_1, and &, = 5.
Metallic shielding: 1235 x 1640 pm?.
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Fig. 5. Configuration (a), and magnitude of the transmission coefficient Sy
(b), for a microstrip parallel resonator (one wavelength long at resonance),
showing the influence of copper metallization and conductor roughness.
w = 150 pm,k = 150 gm, ¢t = 30 pm,s = 75 um, x = 58 - 108[Qm] 1
and e, =129, -+ enennn copper oo = 0.25 pm. ____ ideal conductor.

compared to a real copper conductor with a finite surface roughness.
The resonator quality factor is lowered as expected by the conductor
losses.

V. CONCLUSIONS

An extension of the finite difference method in frequency domain
for accurate and effective treatment of conductor losses and surface

roughness was presented. The results confirm that the approach is
applicable as long as the conditions for the skin depth are fulfilled.
The introduction of discretization cells with a surface resistance
reduces the total number of required cells by use of a frequency
independent coarse grid. The method has the advantage of giving only
a small decrease of convergence stability compared to the lossless
calculation. '
The proposed method is well suited for CAD.
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TM-Scattering from a Slit in a
Thick Conducting Screen: Revisited

Soo H. Kang, Hyo J. Eom, and Tah J. Park

Abstract—TM plane-wave scattering from a slit in a thick conducting
screen is reexamined. A Fourier transform technique is employed to
express the scattered field in the spectral domain, and the boundary con-
ditions are enforced to obtain simultaneous equations for the transmitted
field inside the thick conducting screen., The simultaneous-equations are
solved to represent the transmitted and scattered fields in series forms.
Approximate series solutions for scattering and transmission are obtained
in closed-forms which are valid for high-frequency scattering regime.
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