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Abstract

A numerical application of the TRL calibration for a
planar discontinuity is proposed to be used in
electromagnetic simulators in order to calculate its
scattering matrix without the need of either deftig the
port characteristic impedance as in the slotted line
numerical simulation or of normalizing with respect to a
specified value of reference impedance as in other known
de-embedding methods. The proposed technique is
applied, in a 21’2D planar electromagnetic simulator
using integral equations technique solved by the moment
method, on a case study of a step in width coplanar
waveguide discontinuity and we have demonstrated how
many numerical problems encountered previously when
using other techniques were eliminated.

Introduction

The way to extract the S-parameters of simulated
planar discontinuities has been the subject of intensive
works during the last twenty years [1]. The utilized
techniques usually reproduce the experimental
measurements. Once, the electric or magnetic current
distributions are determined along the ports that surround
the discontinuity, using a convenient numerical
technique, one of two techniques is adopted for
determiningg the discontinuityS-parameters.

The fwst one [2] is the slotted line method which
makes use of the standing wave in a uniform zone of
each port far enough from the discontinuity and either of
the source or the load. So long ports must be used, which
can stress an already numerically intensive calctiation.
This method fails to determine the S-parameters for
asymmetric discontinuities without using the
characteristic impedances of ports surrounding the
discontinuity. As is known there is a diffkulty in defining
ZOfor lines supporting non-TEM modes.

The second technique [3-5] is a de-embedding
technique that characterises standards to remove port
discontinuity effects. This method gives the S-parameters
normalized in all ports to a reference impedance (e.g. 50
Q).

In this paper, we propose an alternative to the
second method : a numerical application of the TM
calibration [6,7] for a planar discontinuity for
determining its S-parameters without the need of either
defining the port characteristic impedances as in the flkst
method or normalizing with respect to a specitled value.
Furthermore this procedure allows an easy and direct
comparison between simulated and measured results, and
a good comprehension of physical phenomena. Also the
method doesn’t assume any model for port discontinuity
and can be applied to shielded as well as unshielded
circuits.

Outline of the techniaue

A rigorous electromagnetic analysis based on Ihe
use of the integral equations technique solved by a 2D
method of moment is applied on the discontinuity to be
studied and on three standards of each different
transmission line surrounding the discontinuity : a Thru
(non-zerolength of transmission line), a Reflect whichlis
an open end or a short-circuitend, and a Line.

Without loss of generality, applying this technique m

on a coplanar waveguide structure, the obtained integml
equations can be written in a matrix form [8] as given in

equation (l). In this equation, [1P is the matrix of

moment method, [V] is the voltage vector (equivalent to

the equivalent magnetic current), and [J] is the eleclric
current vector.

[Y][v] =[q (1)
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We distinguish in the matrix equation (2) between
the terms related to the unknownsby a u , and the terms
related to the sourcesby a S. The sourcesare impulsional
generators and can be considered as a raw approximate
model of waferprobes.

VS2, VS4 ,

(2)

Figure 1 : Representation of the source models for a
coplanar waveguide transmission line.

The resolution of the integral equations consists in
the computation of the unknown equivalent magnetic
currents (or voltages) Vu, as it is given in equation (3).

[~] = [qy-[q[lq) (3)

Then to calculatethe matrix admittance at the input
port, two states of independent excitations are used. In
the f~st one, the sourcesare at the port 1 and the port 2 is
short-circuited. For the second state, we invert the
sourcesand the short-circuits.The excitationvoltages are
of the same amplitude and of opposite directions in order
to be able to excite the fundamentalquasi-TEMcoplanar
mode.

For each state of excitation,we calculatethe source
currents,& using the relation (4).

[O?J+[ZS][K1=PSI
(4)

The admittancematrix is then obtainedand
convertedfwstlyto 50 Q normalizedscatteringmatrix,
then to the transfer scatteringmatrix.A conventionalTRL
methodologycannow be followedwith numerical data
input instead of experimentalone.

Results

We have applied the TRL technique to the simulation
of a coplanarwaveguidestep in width impedance @g. 2).
The obtained S-parametersnormalised with respect to 50
!2 are presented in figure 3. These S-parameters can be
considered as those obtained with a standard calibration
technique with reference planes at the coaxials or wafer
probes level. We can notice that the transmission
parameters are lower than 15 dB.

Then the S-parameters, after the de-embedding with
the TRL procedure, are compared to those calculated
with the slotted line technique (fig. 4). In this case the de-
embedded S-parameters have dramatically changed from
those before the de-embedding procedure. When using
the slotted line technique, characteristic impedances of
the two ports surrounding the step are determined from a
quasi-static analysis. We can notice a general good
agreement between the results, except for the amplitude
of the transmission parameters S12 and S21. For the
ancient technique, the reciprocity is not veriiled (i.e.

lS121#lS211)and the amplitude of S12 goes up to values
greater than 1.0. While results using our technique do not
suffer from these problems and give stable results that
can be directly compared to those of an experimental
TRL calibration.

Figure 2: Step impedance coplanar waveguide (s,=9.6,
h=O.635 mm, SI=l.5 mm> WI=0.6 mnL S2=0.3
mm, WZ=l.2 mm).

Conclusion

A numerical application of the TRL calibration for a
planar discontinuity is proposed to be used in
electromagnetic simulators in order to calculate its
scattering matrix without the need of either defining the
port characteristic impedance as in the slotted line
numerical simulation or of normalizing with respect to a
specitied value of reference impedance as in other known
de-embedding methods. The proposed technique is
applied, in a 21’2 D planar electromagnetic simulator
using integral equations technique solved by the moment
method, on a case study of a step in width coplanar
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waveguidedisconthmity and we have demonstratedhow 8 R.F. Barrington, “Field Computation by Moment
many numerical problems encounteredpreviously when Methods”,New York, Macmillan, 1968.
using othertechniqueswere eliminated.
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Figure 3:50 ~ normalized S-parameters before the TRL calibration.
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Figure 4 : Variation of the de-embedded S-parameters,
amplitudes and phases of S-parameterswhen
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as a function of the frequency.
using the slotted-linetechnique,

The “a” and “p” refer to the
while the “am”and “ph”refer

to the amplitudesandphases whenusing the TRL de-embeddingtechnique.
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