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Modeling of the Influence of Parasitic Coupling
Between a Component and Its Feeding Line
on Scattering Parameters

Bart L. A. Van Thielen and Guy A. E. Vandenbosch, Member, IEEE

Abstract—In thispaper, amethod isdiscussed that allowsamore
precise modeling of the S-parameters of a component by taking
into account the way it is connected. The coupling between the
feeding line and the component changes the S-parameters of the
component by more than just a mere shift in the reference plane.
This coupling is approximated by assuming that the feeding line
only carries a travelling wave and by using elementary dipoles to
model the radiation of the component.

Index Terms—Computer-aided design (CAD), electromagnetic
compatibility (EMC), mutual coupling.

I. INTRODUCTION

SMODERN circuits become smaller and the frequencies

that they work at become higher, inevitably, parasitic cou-
pling within the circuits will start to influence the behavior of
the circuit more and more. Therefore, it is necessary to include
the influence of mutual coupling in the circuit simulators that
are used to design the circuit.

One way in which the behavior of the circuit is altered by
parasitic coupling is by the influence of the coupling between
a component and its feeding line. Many regular circuit simula-
tors (A.D.S,, M.D.S.) use a black-box S-parameter description
[1], [2] of the component and a simple-ideal transmission-line
model for the feeding line. The result isthat the reference plane
of the component is simply shifted over the length of the trans-
mission line, increasing the phase of the S-parameters by the
electrical length of the feeding line, while the amplitudes re-
main constant. In this paper, we will show that, due to parasitic
coupling between the feeding line and the component, the am-
plitude and phase of the S-parameterswill differ from the S-pa-
rameters that result from the above-mentioned reference plane
shift method. This effect isaso illustrated in [3] and [4].

In [5]-7], methods are described that can include this par-
asitic coupling in circuit ssimulations in a much faster, though
approximate, way than the classically used methods (method of
moments (MoM) [8], finite difference time domain [9]). The
work in [6] describes a method that approximates the field that
isemitted by a discontinuity (component) by using properly ex-
cited dipoles. More of these dipoles are needed if the disconti-
nuity’ s size increases or its radiation pattern has to be modeled
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at smaller distances (components closer together). The work
of [7] describes a method that approximates the radiation be-
havior of aline by using the specific physical relations (trav-
eling waves) that apply to transmission lines. Both [6] and [7]
only modél first-order coupling: currentsthat areinduced by in-
duced currents are ignored. This approximation is only valid in
cases where the couplings are not too tight.

In the case that is discussed here, the coupling will be very
tight because the distance between the component and its
feeding lineis by definition zero. Therefore, we will consider a
small region of the transmission line next to the discontinuity:
the region of tight coupling. This tight coupling region is not
described in the same way but is taken into account using the
classical circuit connection. This region should be made large
enough to allow the higher order modes to die out. In this case,
only the fundamental mode needs to be taken into account
beyond this region.

Il. MIXING THE S-PARAMETER AND FIELD DESCRIPTION
OF A STRUCTURE

If we want to use the above-mentioned modules ([6] and [7])
to include the parasitic coupling between the component and
feeding line in a circuit simulation, then the tight coupling in
the connected region causes major problems. In this section, it
is shown how this problem can be solved.

Normally, power transfer is considered to occur in two pos-
sible ways: by waves passing along through ports (if they are
connected) and by fields that go through the air and substrate.
In the case of a component that is connected to a transmission
line, aproblem arises. In this particular case, the field and wave
power transfer will be the same because they are two exchange-
able ways of describing the same phenomenon: The connection
between the component and the line. The result is that, in this
connected case, the power is transferred twice. A simple solu-
tion to thisproblemisto ignore thefield contribution in the cou-
pling between the line and the component and to take only the
wave passing through the port into account. The disadvantage of
thisis that information about the parasitic coupling islost. An-
other solution could be to take only the field contribution into
account and ignore the waves on the port. Thiswould be correct
if thefield contributions are cal culated rigorously (asisthe case
in the MoM). But the modules discussed in [6] and [7] are hot
good at predicting tight (close) coupling.

This problem is solved in this paper by using a mixed ap-
proach. A transfer section isintroduced. It is a small section of
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Fig. 1. Genera component fed by line.

thelinethat islocated right next to the component (L, inFig. 1).
Coupling with this piece of line is taken into account only by
transferring the outgoing wave at the beginning and end of the
transfer section to the component and line and vice versa. This
transfer section can also be seen as a buffer zone between the
component and the line that allows the higher order modes that
exist on the line near the component and are caused by the tight
coupling to the component, to die out. The length of the transfer
section L, must be chosen in such away that there are no higher
order modes present at the end, thereby allowing the use of an
S-parameter description with the reference plane positioned at
this end.

The coupling between the remainder of theline (L,.) and the
component is low enough to be calculated using [6] and [7].

The effect of the approximation that the field on the transfer
section is not considered at all can by shown by solving the
structure using a full integral equation model and splitting the
field contributions. The following equation shows the integral
equation for a planar structure:

/ / T (@) G (g ) o dyf = —Bie.y) (1)
x, y/

where (G is the appropriate Green's dyadic, =’ and v/ are the
source coordinates, and - and i are the observation coordinates.
By applying the moment method and assuming that only the
lineisexcited by itsfundamental mode, we obtain thefollowing
matrix equation:
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where ¢ indicates the component, ¢ is the transfer section, and
7 is the remainder of the feeding line. The line current can be
solved from

=212 de — Z 1B, — 2, 200, (3)

Equation (3) shows us that the current on the remaining line
section is caused by three field contributions:

1) the field caused by the currents on the component—this
can be modeled as component-line coupling;
2) the excitation field caused by an incident wave at the
line's port;
3) afield caused by the coupling between transfer and re-
maining section.
It isthis last contribution that will cause problems if we want
to use the modules of [6] and [7] to model the component-line
coupling.
This last contribution can be approximated using a traveling
wave (S-parameter) description, instead of the correct field
description. This exchanging of the field description for an

S-parameter description is only rigorous in the case where
the component would be a half-infinite section of line. In this
case, the fields that the traveling waves on the haf-infinite line
cause on the connected line can be correctly exchanged by an
S-parameter description of the connection between both lines.
This S-parameter description simply states that the outgoing
wave of one line is equal to the incident wave of the other
and vice versa. This principle is used in [10] to feed the lines
of a structure in the MoM. In this paper, the error that results
from the use of a noninfinite line is shown as a function of
the length actually used.

If we now define the reflection coefficient at the beginning
of the transfer section as the ratio between the incident and re-
flected wave at that position

Sy = 4

then the current on the line can now be approximated by swap-
ping the field description for terms 2 and 3 in (3) with an S-pa-
rameter (travelling wave) description) in

']7* = ']Spar - Zr_rl Zrc']c (5)

where Jg;,,, isthe current on the remainder of the line, without
parasitic coupling, calculated solely based on the component’s
reflection coefficient and the excitation

Tspu() = 7% — SyyetG=2E=Lo)), ®)

The current in (6) is the sum of the incident, feeding, left trav-
eling wave (phase 0 at = = 0), and the reflected right traveling
wave. The result is an approximation because the transfer sec-
tion is not infinitely long. In the numerical result section it is
shown, for the example of aline-fed patch, that (even for small
L;) theline current (and thusthe reflection coefficient at the end
of theline) calculated using (5) isavery good approximation for
the rigorously calculated current [using (2)].

We assume that the transfer section is long enough to en-
surethat the current profile on the discontinuity does not change
much asafunction of thetotal length of theline. Thismeansthat
thereflection at the end of thetransfer section (S, ) becomesin-
dependent of the length of the remaining line and can be stored
inamodel filefor the component, along with the excitation data
for the dipoles, which model the radiation of the current on the
component (see [6]).

I1l. PRACTICAL IMPLEMENTATION

In this section, we will show how the modules from [6] and
[7] can be used to include parasitic coupling between the com-
ponents and their feeding lines.

These modulesare used in alibrary-based approach: the com-
ponents that are used in the circuit that has to be analyzed first
have to be smulated by themselves using a plain MoM simu-
lation. During this library-building simulation, the S-parame-
ters and the proper excitation to the dipoles (so they generate
the same field pattern as the original component) of the model
are determined (see [6]). During this library-building simula-
tion, the component is fed by lines of length L. Thisis shown
for the one-port case in Fig. 2.
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Fig. 2. One-port fed by line and equivalent circuit.

The result of this simulation is the reflection coefficient Sex
at the feed end of the line (port 3 of the circuit equivalent at
the bottom of Fig. 2). The length (L) of the feeding lines that
are used during the library-building simulation must be large
enough to allow proper deembedding of thereflection parameter
(Sex). This means that the lines must be at least a quarter of a
wavelength if [10] is used for deembedding.

The model of the component must include the transfer sec-
tion between the component itself and the reference plane. This
section is shown as L, in the figure. This section is needed for
two reasons:

1) to keep the coupling between the component and the re-
maining line low enough to use the modules described in
[5] and [6];
2) to dlow higher order modes to die out so a monomode
S-parameter description can be used at the reference
plane (at the right end of L;).
Thelength of thisincluded line section (L) should be as small
aspossibleto allow flexible use of the component’ smodel when
itisused to build circuits. To satisfy 1) and 2), however, idedlly,
it must be as long as possible. It is shown in Section IV that
even for afairly short L, section 1) and 2) can by sufficiently
satisfied.

The S-parameter datathat should be stored inthemodel (S1;)
has its reference plane at the end of L,. The S-parameters that
were calculated during the library-building simulation (Sex),
however, have their reference plane at the end of the line (at
length L). The obvious way to calculate S1; from S, isto use
a plain reference plane shift (increasing the phase of S, with
26L). By doing this, however, we ignore the coupling between
the component and its feeding line.

A better approach is to use the equivalent circuit in Fig. 2
and try to eliminate the feeding line from the circuit. It must
be stressed here that, due to the parasitic coupling between the
component and the line, both must be regarded together as a
three-port and not as a cascade of a one- and a two-port. This
means that the operation is no longer just a simple reference
plane shift because (S12 # 0 and S13 # 0).

If S11 isknown, than the reflection at port 3 (Se = v3 /v3)
can be cal culated from the following set of equationswith v =

1 (reciprocity is used already):
vy
v |- (7)
Uz

511512513 Uf—
S12522523 U;— =

S13523533 Uf»,l—

Because we assume that the higher order modes have died out
a port 1, this matrix is a simple monomode matrix. For the
transmission line between ports 2 and 3, the S-parameters are;
Soo = 0, S3z = 0, and Soz = C_T‘/(L_L’). The 512 and S1i3
coupling parameters are cal culated using the modul es described
in [6] and [7]. To solve the reverse problem (S isknown, Sy;
is wanted), we can derive the following egquation from (7):

Si1=((1 = 8512)B — S13)C™*
with
B = (14 S5'S13(1 — S12)71S20)
X S35 (Sew — S13(1 — S12) 71523 — Ss3)
and
C=(1+(1- S12) 159225953 S13) 11 — S12) 1
X (52252_31(563: — S33) + Sa3). (8)

Equation (8) isalso valid for n-ports. In this case, the S-param-
eters will become matrices instead of scalars.

The calculated S1; matrix is stored in the model file along
with the dipole excitation data. During acircuit calculation with
thismodel file, (7) will be used to attach the feeding line (which
may now have a different length) to the model and calculate
the reflection parameters for the entire structure (components+
lines). It is straightforward to see that, in the special case where
the line that is attached in this phase has the same length as the
one that was used in the library-building calculation, the result
will be exact, because (7) and (8) are then inverse operations.

IV. NUMERICAL RESULTS

In this section we will test the proposed method on aline-fed
patch. We will show the influence of the length of the feeding
line on the behavior of the patch, which is neglected in normal
S-parameter calculations. We will show how the proposed
method results in an improvement of the prediction of the
structure’s behavior while needing only a small calculation
time.

First wewill show the validity of (5) by comparing it with the
rigorous result calculated using (2). The component in this case
isa 14.3 x 14.3 mm big patch, fed at the edge by a 1.3-mm-
wide, 70-mm-long line on top of a 1.575-mm-high substrate
with arelative permitivity of 2.2. Fig. 3 showstheright traveling
(outgoing) component of the current on the remaining part of the
line at 6.86 GHz (x = 0tox = L — L,, for both the rigorous
solution and the approximation using (5). The current can be
splitin to left- and right-traveling wavesusing [ 7, eg. (10)]. The
length of the transfer sectionis 7.6 mmin Fig. 3(a) and 1.8 mm
in Fig. 3(b).

From Fig. 3, we can conclude that there is only a small error
that becomes larger closer to the component. The accuracy of
the current approximation is only important at the fed end of
the line, where the approximation is most accurate, becauseitis
used there to calculate the S-parameters for the entire structure.

The next example illustrates the use of (7) and (8) together
with the modules of [6] and [7] to calculate the S-parameters of
a patch-bent structure on a substrate with a height of 1.575 mm
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Fig. 3. Right-traveling component of the current on the remaining linethat is
feeding the patch. Shown are the rigorous (MoM) result, the proposed method,
and the (constant) current calculated using a classical S-parameter (using the
reflection coefficient at the end of the transfer section) circuit smulator. The X
axisindicatesthedistancefromtheend of thetransfer section. (8) L, = 7.6 mm.
(b) L, = 1.8 mm.

and £, = 2.2. We begin by investigating the correlation be-
tween the S-parameters, at 7.2 GHz (the resonant frequency),
calculated rigorously (MoM) and with the proposed method for
the patch-line structure in Fig. 4(a), as a function of the length
of the feeding line (which has three segments acrossits length).
The length of the transfer section is 5 mm.

The graph in Fig. 4(b) shows the result for MoM and the
new method. The reflection at the transition (S1; in Fig. 2) for
the patch was calculated with a line length of 25 mm, and the
error therefore becomes zero at this length, proving that (8) is
the exact inverse of (7). The increasing error for small feeding
lengths could be due to the deembedding procedure of MoM,
which becomesinaccurate for small feeding line lengths. It can
also be explained by theinaccuracy for smaller line lengths that
was demonstrated in the previous example (Fig. 3) and by the
model that is used to calculate line coupling [7], which is theo-
retically only exact for infinitely long lines.

A 90° bent isnow inserted in the feeding line at a distance of
6.43 mm from the patch (Fig. 5). The bent model is calculated
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Fig. 4. (&) Edge-fed patch fed by aline with length L. (b) Reflection at fed

port calculated with MoM (continuous line) and the proposed method (dashed
line) as a function of the feeding line length.
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Fig. 5. Analyzed edge-fed patch fed by line with a bent.

in the same way as the path model. The length of the transfer
section for the bent is 4 mm for both lines. The bent itself is
made up of six square segments.

Fig. 6 shows acomparison of thereflection for the total struc-
ture as a function of frequency (6.8-7.6 GHz.). The proposed
method is clearly more accurate than the plain S-parameter sim-
ulation. For thisplain S-parameter simulation, the S-parameters
of the components (blackbox description for patch and bent) are
obtained by simulating it with along line (40 mm) and thetrans-
mission lines that connect the components are ideal lines that
do not take the parasitic coupling in the circuit into account.
The MoM needs 35 sfor one frequency point and the proposed
method only needs 0.26 s (both) on an HP J-6000 (550-MHz
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Fig. 6. Reflection at feed for the structure in Fig. 5. Comparison between
regular MoM, proposed methodm and simple S-parameter circuit simulator.
(a) Thisfigure is amagnification of (b).

processor) machine. (This does not include the calculation time
for the Green's functions.)

V. CONCLUSION

A new technique to include the parasitic coupling between
a component and its feeding lines into the circuit calculations
has been demonstrated. The results have been compared to the
MoM and are in good agreement. A large increase of accuracy
is observed compared to aplain S-parameter circuit simulation.
The method is much faster than MoM and needs only afraction
of the computer memory.
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