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1 INTRODUCTION

The State-of-Art methods keen to modular approactelectromagnetic
compatibility (EMC) compliance evaluation in whithe entire systems is
split into separate modules and the EMC compliascevaluated on the
level of modules [15], [24]. However, the final diiaation measurements
and tests are still required to be performed onehgre system. Radio
disturbance characteristics — Limits and methodsneasurement — fall
under the scope of International Special CommitieeRadio Interference
(CISPR) which is a subject matter group of Intdoval Electrotechnical
Commission (IEC) [14]. Conclusions made below refainly to CISPR 22
recommendations [2], [3], [10]-[13].

Fig. 1.  Submodule-on-motherboard structure
with grounding posts.

The subject to the investigations is a small hariabsubmodule-on-
motherboard (SB/MB) structure, see Fig. 1. A preeasment method
which would allow to predict potential EMC issues wertical SB/MB
structures has been published in [21], [25] and],[B®wever, the field
simulation is still needed for the determination tbé antenna transfer
function [17] ,[19], [20]. This doctoral thesis cemwith a novel Radiation
Model which allows to predict the magnitude of etdd electric field at the
resonance of a small horizontal submodule and doesequire any field
simulation for the antenna transfer function. Imeorto further leverage
from the fast prediction method, the computatioereise with Radiation
Model can be combined with a measurement methadshielded box.



2 GOALS & OBJECTIVES

Apart from a majority of design advantages, thensodiules introduce
serious challenges into the system, seen from EMspective. A
submodule is an efficient radiator of the elecfiedtd.

The intention of this thesis is to

0] describe the horizontal SB/MB structure in ientire
complexity with a simple-to-solve Lumped-Element
Equivalent Circuit;

(i)  derive a Radiation Model which allows to contgu the
electric field strength radiated from the structbse simply
means of a circuit-analysis tool (e.g. PSPICE [3@{hout a
necessity of time consuming field simulations;

(i) define some general rules to the design ofeiiboard
connector that leads to minimal risk of EMC non-pliance
through an effective suppression of radiated edetaignetic
interferences (EMI).

In addition, a novel method of practical evaluasiaof the radiated
electric field in a shielded box is introduced th&bgether with the
Radiation Model, demonstrates strong engineeringentials of the
combined approach when comes to a pre-compliansessment with
respect to CISPR 22 requirements.

The principal goal is to provide with a method whiallows the
identification of potential design weaknesses ofsiall horizontal
submodule already in the early design phase wherpragtical EMC
measurements are possible.

3 RADIATION OF HORIZONTAL SUBMODULES

Although the SM/MB structure is a very popular destoncept, it has been
observed that it behaves as an unintentional @diaft electromagnetic
fields [26] ,[24], [40]. Due to the non-negligibimpedance of the signal-
return path in the interboard connector, a smatémpial difference arises
between the boards [8], driving the submodule ezfee plane against the
motherboard ground as a very short monopole anteinaagnitude of

radiated fields may reach relatively high levelsewtharmonics of a high-
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speed signal routed through the connector are ctos¢he structure
resonance frequency [40], [24], [28]. This featesn lead to significant
issues with respect to the compliance to regulatonits on EMI. A
redesign of the electric equipment due to the ramfarmance to EMC
standards is very costly especially because ofymtodesign freeze during
the qualification process prior the start of sepedduction. That is where
the major motivation for engineers to deal with Ei48ues originates from
already in the early design phase of the electjigmment.

4  FIELD SIMULATION

The author comes with a novel method of estimatibrthe maximum

electric field emitted by a horizontal submoduleisbhis based on the
numerical field simulation through the Method-of-Ments technique
(MoM) [9], [29] while using a simplified model ohé SB/MB structure.
The numerical field simulations were performed wihfull-wave field

solver G®NCEPTII [6].

4.1 Simulation Model

Submodules and motherboards are usually populatéd mumerous
integrated circuits (ICs) and other components.aAgood approximation,
the motherboard and the subboard PCBs can be simgplaced by
conductive surfaces [23].

grounding

posts
\ S
T 1 ubboardil

motherboard

ground
pin

/ signal pin

Fig. 2.  Simplified model of SB/MB structure with
grounding posts [34].

The schematic diagram in Fig. 2 simplifies the latym order to indicate
those entities and parameters used in mathemadiqalessions later in
following chapters.
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Let us consider PCB dimensions as given in Tabelévin The connector
pins are represented by round wires of the hdighith the radiusp. The
connector pitch iss. Similarly, grounding postare replaced by round
conductors with the radiys and heighh.

Tab. 1  Geometrical parameters of the SB/MB stru
for the computational examples.

DIMENSIONS SUBMODULE-ON-MOTHERBOARD STRUCTURE

Motherboard c=23cm,d=22cm
Subboard a=5cm,b=7cm
Connector h=15mm, s=2.5mm, p=0.4mm
Grounding posts h=15mm, p’=1.5mm

The representation of the interboard connector witfiform pin
distances corresponds to the typical connector configuratias shown in
Fig. 3. The signal source is modelled by the Th#verguivalent with
source voltag®/s and internal impedandg.

ground pins signal pin
subboard
e
l / motherboard

voltage source

Fig. 3.  Thévenin equivalent of the interboard cwtar.

To provide results of sufficient accuracy, the Moddjuires a suitable
discretization of the structure surface under awsition. This process is
often called meshing. The final meshing of the conductive surfacesakhi
correspond to submodule and motherboard PCBs vethnpeters as per
Tab. 1 is shown in Fig. 4. The accuracy of the &tions results can be
extended through more advanced meshing of thetstausurface with
higher density of celling in the areas where thestmourrent flow is
expected.



Fig. 4. Method-of-Moments (MoM).
Meshing of the SB/MB structure.

In order to reduce the computation time, the nundfeunknowns can be
minimized by replacing the finite motherboard grdysiate (GP) with an
infinite GP, based on Image Theory [1]. The cotaponal example in
Fig. 5 demonstrates the consequence of finite afidite ground plane on
the full-wave field simulation. The 6 dB correctidactor represents the
worst-case over-estimation while the simulations earried out with an
infinite reference plane.
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Fig. 5. Maximum radiated electric field at

the distance of 3 meters from the structure.
Interboard connector with only one signal
and no ground pins (Vs =1 Volt, Ri £

Below the first resonance, the radiation patterveis/ similar to the one of
a Hertzian dipole [27], [5], see Fig. 6a. The sigpin is located in the
geometrical centre of the subboard.
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Fig. 6. E-field radiation pattern of the SB/MBstture
in the far-field zone: a) in the low-frequency mwi
(+40dB/decade), b) at the first cavity resonance §M

The second resonance in Fig. 5 occurs at approgiyn®.7 GHz. The
second resonance is identified as a cavity-modeneage of the subboard
with radiation pattern as per Fig. 6b. Due to thetal position of the signal
pin, the first possible cavity resonance mode ésTi, , mode which refers
to the cavity resonator model in [16].

The frequency response ..« changes when a return-current
conductor (ground pin) is introduced in the intexttbconnector layout. By
at least one ground pin in the connector,Ehg decays with 60 dB/decade
towards lower frequencies as shown in Fig. 7.
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Fig. 7.  Maximum radiated field for various
connector and grouning posts layouts at the disté&hc
of 3 meters. Y= 1 Volt, R = 0 Q (signal pin only),
R; =50Q (signal and ground pins).



The maximum magnitude of the electric fiddg,, has been computed for
several connector pin alignments using full-waadfisolver @NCEPTII.
Frequency responses Bf,,, are summarized in Fig. 7. The simulations
have been performed for the structure dimensionpesisTab. 1 and the
parameter values of connector Thévenin equivalembliows: ;= 1 Volt,

R, = 0Q (for the case of signal pin only); R 50Q (for the case of signal
and ground pins). The magnitude Bf,x considerably decreases with
increasing number of the ground pins. Most effectyy the radiated
emission suppression are the neighbour groundtpitise signal pin. The
distance between the pins is critical, too. Thidesmonstrated in Fig. 8 for
various pin distances. This doctoral thesis shows that the more ground
pins are available and the closer the ground piaspasitioned mutually
and towards the signal pin the tighter the curteops are and, hereby, the
lower strengths of radiated electric field occur.

60
—= (1)Gs
55 | === (2)GSG
—= (3)GGSG
—=— (4) GGSGG @
50
£
2 45
o
= 3)
3 40
£
w 2
35
4
30 @

25

s [mm]

Fig. 8. Magnitude of g for various
distances s between two neighbour pins in the
free space and the observation distance R of 3
meters at the frequency of 100 MHz

5 RADIATION MODEL

In contrast to the numerical field simulations with improved model, the
Radiation Model is a novel approach to the radidiedd estimation which
is based on an analytical solution of Lumped-Eletnigguivalent Circuit of
the interboard connector from [33], [22], and [3&ktended with an
Antenna Model. The Lumped-Element Equivalent Cireund the Antenna
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Model represent integral parts of the Radiation Modek @hving antenna
voltage V, can be computed through a fast frequency analykithe
equivalent circuit and used for the field compuasi through the antenna
representation. The main advantage of this apprascthat only the
commonly used circuit-analysis tools such as PSHIH are needed to
evaluate the EMI instead of more time consuming ellod) concept with
sophisticated field simulators.

The lumped-element circuit contains following parts

. equivalent circuit of the interboard connector and,

o antenna model of a small horizontal submodule.

The physical characteristics of each part are destby means of lumped
elements. The connector equivalent circuit is iathd in Fig. 9 and
comprises self and mutual inductanceNadinsLyy and My, resp., a signal
sourceVs and a total signal impedangewhile the antenna structure Fiy.

9 is represented by the electrical parame®ysandC,.

In order to assign the correct lumped element th ed the physical
characteristics of the SB/MB structure further apmations are
necessary.

Connector Equivalent Circuit Antenna Model

r— - - - 77 - T E

1 laip
§ Rrad

o

| I !
| I I !
I I I !
| N :
| I | I
! : | ==Can :
N DA I
|« — N Ty |
. Ground Pins Signal Pins | |<_°- |

e e e — == | l.—. —. —

Fig. 9. The Lumped-Element Equivalent Circuit ofadl
horizontal submodules [36]. Radiation Model.
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The motherboard and the subboard are considerpéréectly conducting
planes [23]. The connector pins may be simply rggmeed by short wires
[21], [35]. The wire lengthh corresponds to the height of the interboard
connectorAccording to the concept of partial inductances],[27segment
of a conductor embodies an external inductance wbém be expressed by
means of a self-partial inductance. The self-plaitiductancel, of a pin
with circular cross section can be computed frodj [2

Ho 2h  [12h\? p 2%
Lp=£h|:ln<7+ (7) +1 +ﬁ_ (ﬁ) + 1], (1)

by known physical dimensions: the pin radiuand the connector height
Each pin is coupled with all neighbouring pins bynautual partial

inductanceM,, [21], [27]

2h 2h\? n-s n - S\2

Bl = T2 (22 2
n(n-s+ (ns) +1>+2h (Zh) 1 @
wheren =1, 2, 3 ...Nis an integer index arglis the uniform pin separation
as given by the connector pitch.

\
05 |\ -

\
KL 04"\ B
K2

k3 03
K4 ¥
02 L ~ 4

o1 T T B

Fig. 10. Coupling factoK over the ration s/h.

The mutual coupling can be alternatively expressethe coupling factor

K, =—2. ©)
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The mutual couplingM, between two identical pins decreases
exponentially with increasing multiple distanoes between the pins as
shown in Fig. 10.

With the reference to th&'2 rule [16] and in order to account for the
fringing fields and by application of the imagenmiple, the parametet,,
can be expressed by the formula

(a+2h)(b + 2h) (4)

Cant ) h §

wherea andb are the dimensions of the subboard. The strucad®tion
resistanceR.,q iS given by one half of the radiation resistanta dlertzian
dipole [27], according to the image principle [22],

h 2
=40(= (5)
Rrqq = 40 (CO w) .
For a worst-case estimation, only the maximum atefield strengthE .«
in the far field is considered. Accounting for tigeound plane on the
motherboard by the factor of two (image principlE),.x of a Hertzian
dipole [27] is

Howh

Emax =2 'm'ldip;

(6)

with the free space permeability, and the observation distande
Expressing the dipole curremf, by the antenna voltag¥,, and the
capacitanc&,,,, i.e.

WCantVant

I, = = WCqantVant (7)
dip '—(wCantRant)Z 11 antVant
we alternatively obtain
2
Wow?Canech
Emax = T;nt *Vant- (8)

The idea to separate the driving antenna voliageof the interboard
connector from the antenna structure was mentiong@1] for the very
first time. However, the field simulations are Istieeded for the antenna
transfer function in [21]. This doctoral thesis @snwith an idea to
approximate the antenna transfer function by tlextet far field of a
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Hertzian dipole [27], [1], [5]. The magnitude &f,; determines the radiated
electric field levelE,., according to the expressiqf). The resonance
frequency defines the peak in the frequency respofh&.. The antenna
voltageV,, from the equivalent circuit of the SB/MB structyrg. 9 can
be computed with a customary circuit-simulationltsach as PSPICE.
However, the value of the parameRyy must be found first. This requires
an estimation of the resonance frequengy. The relationship between the
driving antenna voltag¥,,; and the signal sourd& is

Vant _ 2 jwAL _ o
g, [1 -(2) ] + 2jwAL [1 -(3) ]

1 )]

wherew, and m, are described with following formulas
1

\/ Lp Cant‘

1
Wy = ——
2L, M (11)
2 Cant

wp =

(10)

The expression (10) and (11) identify the two lingt values for the
resonance frequenay.s of the transfer functio®). The actual location of
res lies within the interval 4. @,). The situation is demonstrated in Fig. 11
for the parametets,, M andC,,, computed from the expressiofi}, (2) and
(4) and geometrical parameters of Tab. 1. An usahle ofZ; =50Q has
been considered for the total signal impedafic&®esonance frequeney
can also be expressed in terms of the couplingrf&cas follows

2 1 (12)

Wy = .,  T—_—
1+K [L,Cone

Hence, the width of the resonance intervas given by the relation

Az P2 |2 (13)

w4 1+K

The interval widthA is strictly given by the coupling factd¢ which has
values within the open interval (0; 1). Thus, is the lower and, is the
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upper limit resonance frequency. For the paramesdwes in Tab. 1 the
interval widthA = 1.13 and it is again indicated in Fig. 11.

w

— o/, |[= = o/ o,
1 2
> 2 2/0 :
S o
Z 1+ 9’_ > B
> 8
. . . . . .
86 07 o8 oo 1 11 12 13 14 15

()

Fig. 11. The lower and the upper limits for thearance
frequencyw,es[32].

Should the resonance frequenays occur close to the middle f, the
maximum uncertaintyX with which the resonance frequency can be
predicted is

A—-1 ((J)Z — (1.)1)/2

= = 14
X > o (14)

5.1 Resonance frequency

The expressiong10) and (11) differ only by the inductance value,
corresponding to the two limiting cases of the ltqtim inductancely,
depending on the value &f

1
W = —, (15)
V thvo_t1 Cant
1
Wy = —— (16)

2 )
[IN
LtotCant

whereN is the number of all pins. Expressions (15) arg) ¢re applied for
an arbitrary number of all connector pins with deling approximations, in
order to enable the derivation of a simple closauafexpression:

. All connector pins have the same self-partial indocel,
(the same geometry)

. Only the contributiorM; from the closest neighbour pin (by
the outer pin) or pins (by the inner pin) is coesall as
shown in Fig. 12.
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The actual occurrence of the resonance within tiierval (@. @) is
strongly given by the relationship betwg@&nandw - (L, + M). However,
the resonance frequenay.s appears close to the middle of the interval
(en. @) for the common values df;, L, and M. For the modelling
approach introduced in this doctoral thesis, thilmetic mean value of,
and a,, as per expressio(l8), is an acceptable approximation fors
Thereby, the resonance of the lumped-element neadtebe described with
an approximate formula

1
Wres X —————, (17)
W,Ltotcant
where
1ov-1, N (18)
Lioy = E(Ltot +Lioe)-

The total pin inductancd, in the case of the simplest connector
configuration with one signal and only one grouimdif; = 1 is

1/ 1+K
Lot ~ L,,E<1 +— 1). (19)

The total pin inductance for the interboard conoescivith more than one
ground pin Ng > 1) comes out as the complex solution of a systém
equations and is different for each integer valul®

O
M, M, M, M,
. §. §. §. §.
Lp Ly Ly Ly [ Liot
outer inner ou‘ter
pin pins pin
O

Fig. 12. Simplified coupling model of the
connector, [33].

The author suggests an approximation with followforgnula [33]
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1+K, 1 1

+ . (20
T\ D0 T, (e - DATED
2(1 + 2K,) 2(1 + 2K,)

Lot = Lp

6 COMPUTATIONAL EXAMPLES

The simplest interboard connector configurationludes one signal and
one ground pins.

v
Lp2 C 12nH

L4
Lpt ( 12nH Cant - 472p

K] K1
K_Linear
COUPLING=0562 2> %0 Rrad < 20
Lp1
Lp2
s Vs

Fig. 13. PSPICE model of the SB/MB structure
with a connector containing one signal and one
ground pins.
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a) b)

Fig. 14. Maximum electric field strength in the fegld scaled to the 1 meter

distance for a connector with a) one signal andgmend pins and b) one signal
and four ground pins
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The corresponding PSPICE [28] circuit of the stuuetis shown in Fig. 13,
with parameters calculated from the expressi@)sto (4), considering
SB/MB parameters as per Tab. Hig. 14 a) and b) show the resulting
frequency response ., Scaled to the distande of 1 meter from the
structure. As a reference, the results of a fulrevlield simulation through
MoM were included. A very good correspondence effiresented model is
observed.

7 EXPERIMANTAL EVALUATION

To the purpose of experimental validation a testrbavas designed which
includes one submodule, see Fig. 15. The submddutennected to the
motherboard through an interboard connector ofstrae pitch as the one
used for the computational examples in the prevemgsion. All the design
parameters of the test board are listed in Tab. 1.

a) b)
Fig. 15. Test-board for the experimental validatiof the Radiation Model:
a) construction with non-conductive posts [32]; Bhe detailed view of the
interboard connector [36].

7.1 Measurement setup

For purpose of the measurement presented in bedotioas the ground was
covered with pyramidal absorbers so that only diveave contributed to
the electric field magnitudes measured on the vec&intenna. From these
reasons, the measurement has been consideredngspaeformed in the
Free Space (FS) environment similar to anechoienblea. The translation
of measurement results into the Open Area Test &itéssion levels
(OATYS) is done by accounting for a FS-to-OATS cctimn factor of 5dB
[4], [8], [18], [37]. The test setup is shown irgFiL6. In the simulations and
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well as for the practical measurement, the signgbldaude of the voltage
generatoiVs was set to 22.3 mV.

Antenna height
(1-4) meters

Receiver antenna

EuT Direct path

Wooden
table

I7777777777787777777777777777777777747777777777.

Distance 3 meters

EMI Transceiver PC

Controller

Fig. 16. Measurement setup.

7.2 Measurements results

Fig. 17 shows the comparison of the measuremeunttsesolid line) with

the results of the modelling approach (dotted lized the field simulation
(dash-dot line).

100
80r — measured i
- — —model N
— field simulation

30 10° 10°
Frequency [MHZ]

Fig. 17. Experimental validation of the suggested
modelling approach [33].

Below 300 MHz, the small radiation level is ovepapd by the system
noise. Considering an usual emission measuremeagrtamty of around
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1.5 dB as well as parameter tolerances of the Heatd, an acceptable
overall correspondence is obtained.

8 COMBINED METHODS

A shielded box is used for a measurement of radli@missions from a
small submodule. The space within the box is lichitespecially, while
absorbers are used to minimize the reflections fiteermetallic walls.

0 /‘u/
TV

g
H
2
:
= g
g E
s H
5 i /‘\
" VAN
:
vV
40| /\[ €
o
30 10 10 100 200 3_6_0 450 500 600 7_?.? 800 900 1000
Frequency [MHz] Frequency [MHz]
a) b)

Fig. 18. Planar spiral antenna: a) Gainas measured in the shielded box [36]
b) Magnitude of the reflection coefficien{;S

Fo

Fig. 19. Experimental validation in the shieldexk (i33].

Wideband planar spiral antenna [26], [30] was uded the EMI
measurement in order to further leverage the adgas of measurement in
a shielded box. The gain,@s well as the magnitude of receiver antenna
reflection coefficient § were measured in the box by the method of two
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identical antennas. See Fig. 18 for the values ofa@d ;. The
measurement setup is in Fig. 19.

8.1 Measurement results

The measurement results for the electric field ritage Ey.x [dBV/m],
scaled to OATS levels in 3 meters distance is pitesein Fig. 20 (dash-
dotted line). The expression fBf,.is as follows

Emax [dBV/m] = Vant [dBV] + AFr[dB/m] - Ltotal [dB]: (21)
whereL,q, includes various losses as follows
Ltotqi[dB] = L[dB] + L, [dB] — Lgs_to—oars[dB] . (22)
The computational results using the Radiation Modeld the field
measurements in the shielded box are comparedtigtimeasurements in
the anechoic chamber translated to OATS values.cbhgarison scaled to

3 meters distance and signal sourg@h22.3mV is shown in Fig. 20.

100

N S
Measured in SAC

wnneeers Model

80 [ =w=eme Measured in shielded box

90

701
601
501

40t

Emax [dBuV/m]

30t /
202

10k

%0 BT A 10°
Frequency [MHz]

Fig. 20. Magnitude of radiated electric field imligtance
of 3 meters [36].

Apparently, the planar spiral antenna does notoperfsufficiently on the
frequencies below 200 MHz. The first self resonaoté¢he shielded box
occurs at 261 MHz. There is roundly 6 dB add-ontlea E,. in the

frequency range of 250 - 580 MHz which is caused Itwy operation
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effectiveness of th&/4 pyramidal absorbers of the height of 12 centieset
(higher absorber effectiveness is expected firgimfrfrequency of
625 MHz).

The overall maximum field strength at 670 MHz hasm identified by
both the approaches the measurement in a shieloledid the radiation
model. The combined approach is recommended irr todgrevent against
situations in which the critical EMC events appeatside the frequency
range applicable for the planar spiral antenna.

9 CONCLUSIONS
9.1 Achievements

With respect to Goals & Obijectives set upfronthis tdoctoral thesis, the
author comes with novel suggestions and conclusisrisllow:

0] The subomule-on-motherboard structure can bscri®ed
with Lumped-Element Circuit which includes the aglénts
of the interboard connector and the Antenna Modethe
SB/MB structure. The Antenna Model and the Lumped-
Element Circuit build Radiation Model. The interbda
connector has an inductive character which origsan the
system of self-partial inductances of all pins whihe
antenna nature of the SB/MB structure is mainlyacijve
due to the capacitance between the boards. Ttess#riotal
pin inductance and the antenna capacitance givese do a
series resonance which is subject to EMI invedtigat

(i)  The magnitude of the radiated electric fielshde computed
from the antenna voltage which comes out as atre$ihe
Lumped-Element Equivalent Circuit analysis. Thesenb
need of field simulation which is the main diffetietor of
the modelling approach through Radiation Model.

(i) The design of the interboard connector iscial in EMI
suppression. Both the Radiation Model and the Field
Simulations shows that the more ground pins ardladla
and the closer they are to the signal pin in tesfronnector
pitch the less the electric field is effectivelydiated by the
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structure. Grounding posts will further preventiagacavity
resonances.

(iv) The Radiation Model enables a prediction ia ffhase when
no samples are available yet. However, once somplea
are available, it may be worth to perform some ficat
measurements in order to check the EMI profile. sThi
doctoral thesis introduces a method which is amqui
combination on the modelling approach and practical
measurements in a shielded box while planar sairenna is
in use. The planar spiral antenna is wideband #siéhto the
box, however prior a check with Radiation Model is
necessary in order not to miss the resonance oSBI¥B
structure in the frequency range where the plamarals
antenna does not perform efficiently, typically fomguencies
of tens of megahertz.

9.2 Potentials for Further Investigations

As it was confirmed by the field simulations, thillEof submodules can be
effectively suppressed by introduction of groundpusts into the design.
Further development of the Lumped-Element Equival@ircuit of
the SB/MB structure shall include equivalents fayunding posts.

The expression (67) for the total pin inductangg tonsiders the
mutual coupling K for level 1, i.e. n = 1, which practically meahsitt only
neighbour pins are accounted. In the next stepartiadytical expression for
L shall be extended for the case of n > 1. The coatipn of L,,; may also
be automated so that the results with higher acgu@e available
immediately.
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SUMMARY

This doctoral thesis addresses pre-assessment & Edmpliance with
respect to radiated EMI from small horizontal sulduoies. It has been
observed that the horizontal SB/MB structures atiators of electric field
due to the existing voltage potential,vbetween the submodule and the
motherboard reference planes.

Traditional modelling approach is using field siatioks to evaluated
the maximum magnitude of the radiated electricdfi¢glowever, the field
simulators require a model of the SB/MB structurbis doctoral thesis
introduces a novel simplified model which allowsstmulate 3D pattern of
the radiated electric field in reduced computatitme through the
replacement of the motherboard reference planentigfaite plane. Based
on the field simulations for various layouts of theerboard connector pins,
following rule has been articulated: The more gpins are available and
the closer the ground pins are positioned mutuatlgt towards the signal
pin the tighter the current loops are and, heréi®yJower strengths of total
radiated electric field occur.

In contrast to the latest modelling approachesatktbor comes with a
novel Radiation Model which determines the antemawasfer function from
the Lumped-Element Equivalent circuit of the SB/MfBructure. The
transfer function can be determined from an aradliyi solution of the
equivalent circuit (e.g. with PSPICE) and the ramtieelectric field strength
is determined through the Antenna Model which isdobon the Hertzian
dipole. The same conclusions as achieved througlirtie consuming field
simulations can be done by solving the Radiatiord®&dn several minutes.

In order to further leverage from the fast predictithe computation
exercise with Radiation Model can be combined wathmeasurement
method in a shielded box. This doctoral thesiihtces a novel concept of
practical evaluation in a shielded box while as tkeeiver antenna a
wideband planar spiral antenna is used which allmyserform a valuable
pre-compliance assessment with the only means oélumeasurement
equipment. All novel modelling concepts in thigdls have been proved
through the comparison with CISPR 22 EMI measurénrean anechoic
chamber. Uncertainty of the estimation is suffitidor the EMC pre-
compliance assessments.
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RESUME

Prednttem této dizerténi prace je fedi¥zné posouzeni Urogn
elektrického pole vyz@ného malym horizontalnim modulem vzhledem k
pozadavikm na EMC. Pozorovanim bylo zj$to, Zze horizontalni SB/MB
struktura je zAcem elektrického pole, figemz pmivodcem je nafrovy
potencial mezi nulovou Urovni na desce modulu ai renmotherboardu.

Tradiéni  piistup  k posouzeni maximalni  dra@vn vyz&eného
elektrického pole pomoci modelovani vyuziva simardaipole. Simulatory
pole vSak vyzaduji model struktury SB/MB. Tato diaéni prace
piedstavuje novy zjednoduseny model, ktery uingZ simulaci 3D obrazu
elektrického pole vredukovaném vyeonim case, kterého je dosazeno
nahrazenim motherboardu nek®émeu referetini rovinou. Na zakla#
vysledki simulaci pole provedenych protzna uspédani piid
mezideskového konektoru bylo vysloveno nasledpjiavidlo: Cim v&tsi je
potet zemnicich piin v konektoru aéim blize jsou posazeny k sbb
navzajem a vzhledem k signal pinu, tim uzsi jscaug@ové smyky a tim
niZsi je urové celkového vyz&eného elektrického pole.

Na rozdil od nejna§jSich gistupi k modelovani elektromagnetického
pole, autor fichazi snovym vyzsvacim modelem, ktery &uje
pienosovou funkci analytickyn¥eSenim nahradniho obvodu struktury
SB/MB, nag. V programu PSPICE. Vyréné elektrické pole Ize it
pomoci anténniho modelu vychéazejiciho z Hertzoyaldi Ke stejnym
zawram, kterych Ize dosahnouttaso¥ nar@nymi numerickymi
simulacemi pole, Ize do§ppomociteSeni vyz#ovaciho modelu v &kolika
minutach.

Za elem pokrgilejSiho wvyuziti rychlé predikce, IzeteSeni
vyzaovaciho modelu zkombinovat s praktickyméienim ve stitiném
boxu. Tato dizertni prace pedstavuje unikatni koncept praktického
meéreni ve stidném boxu, ficemz anténu ifijimace tvai Sirokopasmova
planarni spirdlova anténa, ktera uigz shodnoceni EMC bilance
béznymi meficimi  prostedky. Platnost vysledk vSech koncefit
modelovani elektrického polefgristavenych v této dizettd praci byla
ovéfena srovnanim s refer@rim msienim v bezodrazové anténni kaf®o
podle pozadauk CISPR 22. Nejistota odhadu je ddstgci pro &ely
predk¥zného ohodnoceni shody s EMC normami.
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