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Abstract the first board made by the manufactuaard if itdoes
not pass the tests, repesgain all the manufacturing

Because it costs to solve ElectroMagnetic Compatibility ProcessesAnd thismay delaghe product'sompletion
(EMC) problemsate in the development process, new datg and increase the undst qfthe producbecause the_
methods have to predict radiated electromagnetic designer has not as many options available for correcting
emissions at the design stage. In the case of complex@? EMC problem late in thelevelopment process. A
Printed Circuit Boards(PCBs) containing embedded solution to avoidhis possibleiteration is to predict the
microstrips and a large number of nets, a tradeoff EM Field at the design stage, thanks ta@amputer-
between accuracy and simulation time must be found for Oriented analysis of EM radiated Interferences (EMI).
this evaluation. In this paper the basic algorithm used This proposal seems to be quiteard to solve
within a new emissionspredictive analysis tool: because ofthe number ofactors that influence the
ElectroMagnetic Interferences Radiated (EMIR) is radiated EM field. But among these factors the
presented. It is able to take accurately into account the MICrostrip structurethat composethe netsplay a major
actual crossection between the metal plane and the air '0le especially irthefrequency bands dhe norms. The
for each PCB trace. It is compared to theoretical PUrPose othis article is toshow how aralgorithmused

formulas for validation. The effects of superstrate Within a new  emissions predictive analysis tool:
(cover) on a dipole radiation are described. ElectroMagnetic  Interferences Radiated (EMIR)

integrated in a powerful post-layout simulation
) environment is able to computee EM field radiated by
1. Introduction PCB traces.Thealgorithm that wewill discuss is
especially well suited to PCBhaving a complex
The problemthat designers of electronic circuits ~ Crossectionand many nets. Various approaches can be
face today isiot just to make surbatproducts work by ~ used forthis problem. Using the Hertzian Radiating
themselves but they must also make stiat their Dipoles Method the radiating conductors are divided into
products fit into a large community of electronic systems. Segmentshat can beonsidered as elementary Hertzian
The issue is Electromagnetic Compatibility (EMC). In radiatingdipoles. Providethat the length oéach dipole
particular, norms that limit the radiation ecdmmercial is a fraction of the concerned wavelength, the current for
equipments have been in use for many years in various®ach segment of the conductoray be assumed as
nations (e.g. FCC, CISPR, VDE 0871-B) and in1996 constant. The current's valmeay betaken to equal the
the European Norms will be in operation. In maages current at the center of the segment. In these conditions
Circuit Boards (PCBs), so PCB's manufacturers will fields associated with ahertziandipole placed at the
have properly tdimit the radiation of theboards they ~ ©rigin. This method is quite quickut it assumethat
produce. Currently, the most common method of €ach dipole is in thair with or without a ground plane.
handling ElectroMagnetic (EM) emissions is through [N reality there is one (or several) dielectric layer(s)

compliance testing of the firsprototype, already Petweenthe conductaand the ground plane and there
implemented. could be also dielectric coveabovethe conductorThis

In the case of a PCB it would be necessary to have Method suffers for a lack of accuracy for PCBs which
have a complex crossection (embedded microstrips),



because it doasot take into account for each microstrip
structure the actual medium existibgtweenthe metal
plane and the air.

- r is the coordinate of the point where the elediéltl
is computed (e.g. the measuring antenna position)
- r'is the coordinate of a point situated on the rectilinear

Full wave approaches such as the Method Of trace.

Moments (M.O.M), or the Finite Elementethod
(F.E.M) can be utilized tprovide near-exact numerical
results. Theiraccuracy is essentially limitezhly by the
computation power available. Thegan beused to

simulate the radiation of generic structures including

effects of box,enclosuresHowever,these methods are

computationally too expensive if we consider complex

PCBs with a large number of nets. A methbdtgives a
good approximation of reality without takingpo much
time is needed. In fadhe algorithm has to repeat the
calculation of the fieldor all the critical radiatingraces
that can be a considerable number.

To predict the EM field radiated B3CBshaving a
complex crossectiomnd a large number of nets it is
necessary to find a tradeoffetween accuracy and
simulation time.

2.Electromagnetic formulation

The present method [1] utilizes tligadic Green's
function of the actuaPCB mediunthataccurately takes
into account the description of the PCB crossection.

The key point is the determination of the actual
current distribution along each trace. The metost
needs the&knowledge ofthe voltageand the current on
one of thetwo extremities of each rectilinear trace. This
information is given in Time Domain by PRESTO [2]
[3] [4] (Post-layout Rapid Exhaustive Simulation and
Test of Operation) environment. A Fast Fourier
Transform (FFT) is performed to obtain these
information in Frequency DomairThen the current
waveform at any abscissa x the trace is determined by
means of the Transmission Lifideory (TLT) assuming
thatonly the quasi-Transverse Electric Magnetic (TEM)
mode is present alorthe trace. Then, the radiated EM
field can be calculated using dyadic Green’s functions.

Because ofhe lack of spaceanly the key points of
the theorythat determines the radiated EM field will be

presented here. The electric and magnetic fields radiated

from a surfacecurrent distribution are obtained by
means of the GreeByadic é(P, P’) which can be
interpreted as a transfer functidmetweenthe surface
current distributionj’€ and theelectric field as shown
in the following:

EP) = jou, [P O @)

and
t(F) = I wG(P.P).S PyaP)

where:

In generaI,G(P,P’) and DXG(P, P’) do not
admit to aclose form expressior-owever, with the
assumption of being in far field conditions, the Green
Dyadic can be substantially simplifie&pecific
measurements [5] made on PCBs protieat the far
field conditioncan beused for frequencieabove 30
MHz also for field calculation at 3 meters of distance,
which justify the use of far field Green’s functions.

Because it is difficult to calculate directly the
electric field due to the curremtensity of a segment
buried in dielectric layers, the far field method applies
the same currergource orthe observation point where
the EM field has to be calculatasidexploits thetheory
of reciprocity [6].

It assumesthat the ield arriving at the
air/dielectric interface is a plarnwave which can be
divided into two components, the transverse electric
(TE) and transverse magnetic (TM) modes. then
applies the Transmission Lin€heory (TLT) to the
propagation of thesdwo modes irthe embedded
microstrip structure@nd produces twdransfer functions
for the real mediunbetweenthe metal plane and the
air. Thefollowing expression ofhe Electric field in far
field conditions is obtained for any rectilineadiating
trace as shown in the Figure 1.

fB=-i.~ e gag gao’s mok

where:

Z, = fb = wave impedance in the air
80

2m .

K, = —= propagation constant
A0

A, = wave length in the air

h = distance betweethe metal plane and the

conductor.
P.(0,¢) , P(0,0) and P(0,0) areessentially

plane-wave transfer functions dfie dielectridayered

medium [1], that combine TEand TMplane-wave

modes. They depend on:

» the spherical coordinates of the measu@mgenna
position in the local reference system of the trace.

» the spatial Fourier Transform of the currelensity
on the trace.

The Figurel(b) shows a crossectiavith two dielectric

layers butthe theorycan take into account an arbitrary

number of layers.
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Figure 1(a): Representation of a rectilinear

radiating trace, L: net length, R: "antenna”

position where the EM field is computed
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Figure 1(b): Crossection view, D: metal plane
length, trace width

3. EMIR: a tool integrated into a post-layout
framework

This formulation takes into accouritr each PCB
trace, the presence of dielectric layeesweerthe metal
plane and the air. And doesnot need a discretisation
of each trace. This algorithm hagen integrated into
the PRESTO environment. It is &igh performance
post-layout quality check softwareéhat performs
accurate electrical simulations of entggstems (PCBs,
MultichipModules  (MCM), interconnections) to
evaluate Signal Integrity (Sl), agell as EMC problems
like crosstalk, powerand groundlistribution noise,
susceptibility to conducted noise due itdernal or
external sources.This integration allows to take
advantage of the potential dBPRINT [7] (Simulation
Program ofResponse ditegrated NetworK ransients)
simulator enginembedded in PRESTO. In faait nets

can be analysed in one single run so that all the parasitic Known,

Reflectometry (TDR) measurements to obtaiary
accurate electrical models for both passivel active
componentsThis is avery important issuesspecially
for high speed systemigke Telecomapparatus [8] and
for EMC predictive analysis like conducted noise
propagation.
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Figure 2: EMIR integrated into a framework

First of all, EMIR takes the geometrical and
topological data of each rectilinear segmerhat
composeghe nets frofPRESTO environment (Figure
2). PRESTOexecutes &ignal Integrity simulation of
all the board and produces the actual current
distributions on the nets, in the time domain. A Fast
Fourier Transform (FFT) is performed in order to obtain
voltage and current waveforms in tllequencydomain.
Finally EMIR calculateghe radiated EM fieldor each
segmentand sumsall these contributions in order to
find the total radiated EM field. According to the user
configuration (antenna positiothosen norm)EMIR
displays thefrequency spectrum afadiated emissions
per single nets, groups of user-selected nets or for the
entire board versuthe FCC, VDECISPR, VCCI or
user-specified limits at user specified distances.

4. Numerical validations and results

Although thedyadic Green’s methodan beused
for an arbitrary set of traces on a multilayers PCB, we
will employ EMIR for the analysis dfwo simple
structures for whichthe radiation patterns aveell
in order to validate the approaeimd the

effects(reflections, crosstalk, mismatches, package and implementation.

board ground bounce, actual VCC/GN#ffects) are
simultaneously taken into account.
capabilities available in PREST€anuse Time Domain

Modelling

As a first example the radiation analysis of a short
rectilinear traceabove ametal plane will be discussed.
We will compare EMIR results witlthe theoretical



ones for an Hertzian dipole, in order $ee how the
Green-Dyadic basedlgorithm follows a variation of
the distancdetweerthe metal plane and the radiating
dipole. Thecrossection ofthe structure is shown in
Figure 3. The “antenna position” is as shown in the
Figure 1(a).
I
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Figure 3: Hertzian dipole above a metal plane
We took:
- | (dipole width) = 1mm
- L (dipole length) = 0.4 m
-f=75MHz=>A=4m
- | (current intensity) = constant = 1 A
- R (*antenna position”) = 10 m
Notice that | << L and L <«. The results can kested

against the classical approach [9] of an array of two
identical vertical Hertzian dipoles.
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Figure 4(a): H-plane pattern for an Hertzian
dipole above a metal plane (h = 1m)

The patterns of Figure dhow the comparison of
the two methods for the H-plan@ from 0 to 90 degrees
and ¢ = 90 degrees) in two cases: h =1an and
h =1 cm (b). We cagee a good conformity between
EMIR and theused classical formulaThe dyadic
Green’'s method approximates the theoretical results
with a precision of 1 E -3. The more the radiating dipole
is closed tahe metal plane, thiess it radiate®ecause
of the influence of the image dipole. When the
observation point is placed othe metal plane, |E|

becomes equal to zero respecting the interface condition.
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Figure 4(b): H-plane pattern for an Hertzian
dipole above a metal plane (h =1 cm)
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Figure 5. Radiating loop antenna made of 16
electrically small dipoles connected together in
the xy plane.

Additionally, the radiation from a loogntenna can
be compared to the classical [9] resulfigr an
elementary magnetic dipole

The structure is shown in Figure 5. Sixteen short
segments areonnected together in order to make a
loop with an equivalent radius b = 0.01 m, with an
operating frequency of 50 Mhz.

The H-plane pattern of Figure 6&hows the
comparision of thetwo  modelswvith R (Antenna
position) = 10 meters, | (current intensity) = 1A. We
observe an excellenbgreement between the two
methods. Thalyadic Green’s method approximates the
theoretical results with a precision of 1 E-3.

Finally, the radiation of arembedded microstrip
will be analysed in order tsee the effects of the
dielectric cover on the radiation.
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Figure 6: H-plane pattern for the loop antenna
The crossection ofthe structuréhat hasbeen
studied is shown in Figures 7. The “antenna” position is

always represented in the Figure 1(a).
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Figure 7: embedded microstrip

It is an Hertzian dipolembeddednto a substrate.
We will discussthe influence of the presence of a
superstrate (cover) orthe dipole radiation. The
superstrate layer (cover) may prove beneficial or
detrimental to the dipole radiation characteristics,
depending on the thickness of the substeate cover,
as well as relative dielectricand permeability
constants. We chode case in whichthe dielectric
constant in the cover is superior to that of the substrate.

The results obtained witliEMIR are compared
with those using Sommerfeld’s method [10] [1This
last onewas used in [12] to calculate exactly the
radiation of the Hertzian dipolembeddedinto a
substrate in order to understand superstefferts on
Printed Circuit Antennas (PCA). The same geometrical
data as [12] are taken:
- H-plane @ from 0 to 90 degrees ajpd= 90 degrees):

- h (substrate thickness) = 0.188 0.552 m with

A=4m (f =75 Mhz)
- d (cover thickness) = 0.0X1= 0.044

- | (dipole width) = 1mm
—¢erd (dielectric constant in the substrate) = 2.1
(Teflon)
- erc (dielectric constant in the cover) = 12.5
(GaAs)
- L (dipole length) = 0.4 m
- R ("Antenna’position) = 10 m
- E-plane @ from 0 to 90 degrees aigd= 0 degrees):
only one parameter changes: d = 0.08250.37 m
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Figure 8(a): H-plane pattern for the
(embedded) microstrip
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Figure 8(b): E-plane pattern for the (embedded)
microstrip

The need of a comparison with anothteeory
made the authorshoose physicaand geometrical data
for the embedded microstrifar from those one can find
in common PCBs. Bute effect ofthe cover on typical
PCB traceradiation haseen also observed the same
way. The H-patternand E-pattern dfigure 8(a) and
8(b) showthe comparison of thevo models. We
observe a good conformity of EMIResults with
Sommerfeld’s method. In fact in absence of dielectrics
the total field is generated by the interferebetween



the actualsource(in free spacepnd its imagewhich
results in a nulfield along6 = 90 degrees. In presence
of dielectrics this interference isdestroyed, with a
resulting more omnidirectional radiation pattern;
alternatively this can b&iewed asthe effect of the
presence ofvavesthat arepartially guidedbetween the
metal plane and thair/dielectric interfaceBecause of
the potential difference introduced byhe dielectric
cover,the importance of a simulatidgool that correctly
incorporates multilayer structures is evident.

An example is given on an actual digital PCB
which contains 340 nets, 368 componears 8layers.

Radiation spectrum of 100 nets at 10 meters obtained This work

with EMIR is given in Figure 9.
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Figure 9: Radiation spectrum of 100 nets at 10
meters.

This radiation spectrurmeets the requirements as
specified in EN550220rm [13]for class A equipement
(commercial equipement in protected are@ming
results on a HP 750 workstation are the following:

- PRESTO simulation on all nets: 10 minutes
- FFT on 100 nets: 4 minutes
- EMIR on 100 nets: 1 minute

Radiation spectrurand Slresults can bebtained
on such a PCB in 1lhinutes. Experimental validation
of simple casesand more complex benchmarks are
under way.

5. Conclusions

In order to accurately pinpoirgnd quantify EMI
problems on complex PCB®ntaining a large number
of nets, a tradeoff between accuracyl simulatiortime
must be found. The algorithnused within EMIR
enables the prediction of the EM field radiated by PCB
traces, taking into accouatcuratelythe description of
the PCB crossection byeans of appropriate transfer
functions based orthe dyadic Green's function. It
considerseffects ofsubstrateand superstrate (cover) of

the traces,effects that canhave a great impact on
radiation patterns. Timing results makeailable to
simulate the radiation spectrum of all the nets of a
complex PCB.The presented algorithm dpened to
future developments (prediction of radiations due to
common modecurrent, striplines, VCC/GND planes).
Linked to the PRESTO environment, EMIRecomes
fully integrated in a frameworkhat checks quickly
layouts from the point of view of EMC/SI.
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