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Abstract. A comprehensive approach to the design of alstepfor EMC testing is given in this paper. Signal
conductors between two ground planes (i.e., strgptransmission lines) serve as the means for gafien high-speed
digital and analog signals on printed wiring boar@@WB'’s), and multichip modules (MCM'’s). For mamnyportant
applications (e.g., wireless and other high spemthmologies), the need for minituarization requiteat these high-
speed electrical interconnections be provided datieely dense PWB's and MCM's. This leads to desigcertainties
concerning characteristic impedance and S-paransetdihe stripline device possesses a strong eleatyosatic
interaction with the dielectric in all his spacesttibution. In this sense it is a fort candidatetire characterization of
films. The difficulty in characterizing fine films the low electromagnetic sensibility of the sampbrt and a
mathematical model need that relates the variatidrthe S-parameters of the structure with the wtaora of the
permeability and complex permissiveness for mdtemath losses. The author’s attention has beemded on the
design items that are most crucial by achievemésatsfactory value of S-parameters and the impedanatching at
the feeding ports in the extended frequency rangma 820 MHz to 10 GHz with the relative electriampissiveness
varying of the values 1, 3, 5, 7, 9. A rigorous Igsis of the resonant characteristics for a broahtd waveguide by
using the finite difference time domain method rsspnted. The use of FDTD method for the descriptib the
electromagnetic behavior of the cell discontingitia the analysis of the S- parameters, input anighut impedance
and potency at the feeding ports, permits in th@ 8Bz — 10 GHz frequency band the achievemengoba precision

for the results on materials with low eIectromag’;tmeharacteristic{é‘r < 10).
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1. INTRODUCTION

Numerical methods, such as finite difference (F@undary element (BE) or finite element (FE), dfficiently
used to computed near scattering fields: by cormparwith other analytical methods, advantageshaescattering by
any geometrical shape may be computed, and theigahysature of the scatterer may be complex (perééectric
conductor coated with an inhomogeneous dielectricekample). The modeling of stripline structuresmulti-layer
dielectric media has been thoroughly investigatethé past and several methods have already beestigated. The
research has been based on various methods s&atitasElements (FE), Finite Difference Time Dom@iiDTD) and
Method of Moments (MoM) (Itoh 1989 and Harringto®86). The later is the most widely employed for thedeling
of planar geometries, mainly due to the fact thedbes not require the meshing of the whole voloffrthe structure.

Development of simple and robust numerical methodsvideband extraction of frequency characterist€ planar
sheet materials for various electromagnetic apfitina is an important present day problem. In patdir,
characterization of dielectric substrates for gthtircuit boards (PCBs) is vital to achieve thstfpass success in
modern high-speed digital system designs. To khidfull-wave model for a given signal path, théadled structures
are known, but the well-represented dielectric meltgoroperties of the corresponding substratesuaenown. In
general, the dielectric properties (relative petiniiy and loss tangent) used in the full-wave mockeme from PCB
vendor with only one or two frequency points. Hogewielectric representations with either oneveo frequency
points for a PCB substrate are not sufficient focusate full-wave simulations, since complex petiifyy of a PCB
substrate may vary substantially over the wideUdesgry range. Besides, dielectric representatioh @iy one or two
points may result in causality issues in full-wawedeling, which causes the divergence problem rire tdomain
simulations.

The dielectric constants at microwave range is itgo not only in scientific but also in industregbplications like
in microwave heating, in the study of biologicaleets and in high-speed and microwave circuits wherpedance,
attenuation and phase velocity depend on the conadtectric constant.

The stripline is the most convenient planar anaibthe coaxial transmission line and only at theyvedges of the



stripline an enhanced current density is encoudtefbe current distributions can aid in determinthg amount of
coupling between adjacent traces fabricated betweertommon ground planes, which is important gnal-integrity
analysis (Johnson 1993, Catt et al. 1@&gatin 2004, Hall et al. 2000 and Paul 1992).

The finite-difference time-domain (FDTD) method €/4966) has been proven to be an effective meaats th
provides accurate predictions of field behaviorsvarieties of electromagnetic interaction problems

2. THEORY

The complex relative permittivity and permeabikire given bellow:
£ =€ - & ()
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The stripline has a characteristic impedanceZg{free space region) which when loaded with the sammterial
becomed , where:
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In the unloaded regions, the propagation cons&k‘g F w\/ UyE, , while in the loaded region, the propagation
constant is generally complex and is designateld byhere:

K =Ko/, &, (4)

At the plane boundaries there are complex reflaatiefficientsR and— R, respectively, where:
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Solving equations (3), (4) and (5), simultaneouilynay yield the desired parameters.
A simple method to measure S-parameters using FR@a®developed and presented. The new method il rase
exciting the stripline circuit with a voltage soarthat has an internal source resistance integrati@érDTD code.

The incident(q) and reflected(h) normalized voltages at each port of an N-port netwean be expressed in

terms of the total voltagé\/i) and total curren(l i) recorded at port as:
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where Ry; is the reference resistance for which S-parametersietermined. The S-parameters can be computed as
S =— (8)
a,=0k#]j
3. NUMERICAL SOLUTION

FDTD is used to solve Maxwell's equations for adriy model spaces. Indeed, FDTD allows us to soleelels
that would be difficult or impossible with analygicmethods. FDTD is a direct time-domain solutioMaxwell’s curl



equations (Jackson 1999). The continuous-time sges of Maxwell's equations for linear, isotrgpion-dispersive
materials which will be discretized in XFDTD are:
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Where {4 represents the magnetic permeabifityg represents the magnetic conductivity.
The two curl equations (9 and 10) can be discrétipeobtain a total field FDTD technique. Alterrgtéhe fields
can be expressed as:

E - Etotal = Eincident + Escattered (11)

H = H total = H incident + H scattered (12)

The scattered fields, emanating from a scatterimgnteraction object, can be more readily absortieah a total
field by an outer radiation boundary condition éggblat the problem space extremities or faces. Ehisspecially
important in situation where FDTD simulation anahteg conductor was excited for a source of radégdiency of 1
Volt operating in scale from 320 MHz to 10 GHz. Thbjective of this work is analyzing the electromatic
sensibility, input in which the scattered fields desired and are of much lower amplitude thanatzé fields.

The scattered wave arises on and within the intier@object in response to the incident field saasatisfy the

appropriate boundary conditions on or within théeiaction object. These boundary conditions are Ntaxwell

equations themselves, which in the limit of a perfeonductor requireE "¢ = —E "M i the scatterer. For

anything other than a perfect conductor the saadtéields depend on the constitutive parametetbeinaterial. The

scattered fields are subject to the Maxwell equatifor this media when in the media, while outdige media they
satisfy the free space Maxwell equations. The mwidfield always propagates in free space (evennwiessing

through the interaction object or scatterer maljesiad is defined as the field that would be preégethe absence of the
scatterer.

The characteristic impedance of the stripline $estion should be smoothly matched with the feetitarminations
points in order to minimize the standing waves (PE®92). Thereby, the most critical parameters tthia¢ctly
determine the physical design of the striplineiemeedance matching at the feed port (S11 paramaterfransmission
between two ports (S21 parameter). All simulatipresented in this paper are made using FDTD.

An analysis can be performed for the stripline @urftion as depicted above. The width of the sisiplenoted

byW, the length of the stripline byand the distance between the metal ground planés. IFor simulations was
chosen the aspect ra% =13.

The critical dimensions for the stripline samplddeo are as follows: the housing is perfect eleatrimetal with

inside dimensions ((ﬂ.ZOOX 1000x 0.64) mm, the width of the conductor perfect cente26 mm. For each
simulation the relative permittivity varied froﬁn 1.0,3.0,5.0,7.0,9.0). The sample holder showed in Figure 1 was

meshed with cells, each of which a(’@.lx 0.1x O.l) mmin size for the impedance, determining the largestk

area.

Measuring the permittivity of lossy materials, diitc boards, thin films, and substrates nondestvabti is
frequently of interest (Baker-Jarvis and Kabos 200%hese materials may be thin and may be cladjper, making
measurements with closed transmission lines diffidithe figure 1 shows the cross section of a cedestripline, the
line loss for a stripline consists of componentsrfrboth the strip and its ground planes.



Figure 1. Holder sample simulation

4. RESULTS

To accomplish a simulation three criteria are inpoir First, the sample port was designed for aatheristic of
impedance of 50 Ohms for the sample port emptirss.second criterion is to accomplish one analysticulous in
the modules of the electromagnetic field to detaeras much the maximum intensity of the electroratigriield as
the positioning where will have the largest unifdgmthe result of those it analysis will be thetefenination of the
positioning of the film and the guarantee of anréase of electromagnetic sensibility. We have bs&tedying the
influence of the driver's width in function of tlieickness of the dielectric in function of that siility Lutif et al.
(2010). The third criterion is to simulate a finknf and to analyze it, holding of the electromagmetnsibility (Kim
2000). We considered the work area in the simulatie being the largest transmission parameter,eaé% of the
transmitted wave and parameter of smaller reflaatiosame to -30dB in function of the width of fhequency band.

Relative complex permittivity of the dielectric reatal affects the bandwidth (necessary for highedpsignal
transmission) and circuit density. High speed digrensmission and low signal attenuation are éesin many
applications. The relationship of relative comppexmittivity to signal transmission speed is shdefow:

V=c/\e (13)

This equation shows that low permittivity and love$ are required to achieve high operating fregaen€&or this
reason, PC boards and substrate material have lperenittivity (typically 2 to 10) compared with ath dielectric
materials.

Figure 2 presents the behavior of the magnitude &l4 function of applied frequency and Fig. ()veh the
behavior of magnitude S21 as a function of appfrequency. The figure 4 describes the behaviorhef éffective
complex impedance as a function of frequency, witto magnetic sample and changes in the relatimigsveness.
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Figure 2. Magnitude S11 as a function of frequency.

We can see in the Figure 2 that the work area a@wmndot with different magnetic materials. Thecgtemagnetic
sensibility is related with low reflection smalliyan -20 dB and transmission near than 08B =1 showed the largest
work area of 320 MHz until 6.5 GHz and better ef@ttagnetic sensibility and with the ratio of thendactor width

with thickness of the dielectric h% = 1.3, according Fig. 1 and Fig. 2. Figure 3 shows thelysis of the input

impedance as a function of frequency. On the dihed £, = 7 has the work area between 5.3 GHz and 5.5 GHz, and
£, = 9has three picks of transmission from 4.9 GHz U@l GHz, 5.5 GHz until 7.2 GHz and 9 GHz until &Hz.
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Figure 3. Magnitude S21 as a function of frequency.
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Figure 4. Input Impedance as a function of freqyenc
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Figure 5. Output Impedance as a function of frequen

In the Figure 5, it presents the behavior of thpedance and executes the complex of the port @nictibn of the
frequency. The sample port with those dimensiossiras a perfect matching with 50 Ohms of the fraqueof 300
MHz up to 4 GHz. That frequency it is the greaai®do the electromagnetic characterization @ fitms.
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Figure 6. Power for port 1 in function of the freqay.

The Figures 6 and 7 describes power for ports 12aad a function of frequency, in these figurescar see the
energy dissipation due to dielectric loss for eaetmittivity.
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Figure 7. Power for port 2 in function of the freqay.

5. TABLES

The values of S-parameters are in decibels (dB) fasction of frequency (GHz). The conversions e€ibels in
percentages are showed in the table 1 accorditmtiaét Eq. (11).

A(%) = (1-10"%*°) 00 (11)
Table 1. Values of S parameters in dB convertqeeicentages (Lee 1991).
S-parameters (dB) S-parameters (%)

0

-3 50

-10 90

-20 99

-30 99,9

-40 99,99




6. CONCLUSIONS

That computational analysis went decisive to descsome effects involved in the electromagneticaittarization
of fine films. The positioning of the film is exmrely relevant for the sensibility and it is relateith the length of the
sample.

The sample holder witsi, =land ratio % =13 it showed to be a good option to do characteopatf

nanoscale films due to excellent electromagnetisibdity in the scale from 320 MHz to 6.5 GHz. Thienulations
also show sensibility with changes in the magrgtaperties of the conductor.
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