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Rezumat. Tn lucrare sunt prezentate
experimentale referitoare la  atenuarea
electromagnetic dedtre materiale care au in compii
lor microparticole de fier, grafit sau negru de fuPentru
cunoaterea efectului de ecranare efécéisupra campului
electromagnetic de itre materialele cu proprigi
absorbant electromagnetic este propus un sistéguiin
cu incinb TEM. Cu acest sistem deidgsuid au fost
efectuate determimi referitoare la proprigtile de
ecranare electromagnetia materialelor in domeniul de
frecventa cuprins intre 1 MHzi 1000 MHz. Lucrarea
prezint metodasi metodologia de #asurare adoptat

rezutate Abstract. This paper presents the results of experimental
campuludeterminations

concerning  electromagnetic  field
attenuation in materials containing micro-partictdsron,
graphite or carbon black in their structure. In erdo
determine the shielding effectiveness of electramedig
absorbents to electromagnetic field, a measurirgjesy
based on the TEM cell was proposed and tested. This
measurement system was used to determine the
electromagnetic shielding properties of materials a
frequencies ranging between 1MHz and 1000 MHz. The
paper presents both the measuring method and the
methodology adopted in order to obtain maxmum

pentru oltinerea unor rezultate cu erori minime. Studiul measurement accuracy. The experimental investigatio

experimental a fost degfirat in cadrul proiectului
CNCSIS 429/2006 Studiul propriefifilor de ecranare a
materialelor  obinute prin nanotehnologii i
nanoprocesare Tn vederea intégr in sistemele electrice
si electronice pentru Tmbuititsirea calitarii mediulur'.

Cuvinte cheie:ecranare efectiiy sistemde &sufi a
atenduirii, materiale de ecranare, nanomateriale

1. Introducere

Prezem perturbatoare a campurilor
electromagnetice in mediul existen noastre
constituie cauza numeroaselor disfumcalititi n
functionarea unor echipamente care agiguecizia

were conducted in the frame of the CNCSIS project N
429/2006 ‘Study of shielding properties of materials
obtained by nano-technologies and nano-processiily w
application in electrical and electronic equipmenits
order to improve the quality of the environnient

Key words: shielding effectiveness, attenuation measu-
rement system, shielding materials, nano-materials

1. Introduction

The perturbing influence of electromagnetic
fields on our technology-dependent environment is
the source of a multitude of malfunctionalities
occurring in the equipments which ensure the

si securitate proceselor din diverse domenii deprecision and safety of processes that are speeific

activitate. Tn prezent, ponderea
electromagnetice se plas@éda domeniul zecilogi

campurilora wide variety of activities. At present, the most

perturbing effects of electromagnetic fields ociour

sutelor de MHz, domeniu in care o mare diversitatehe frequency intervals between some tens of MHz

de echipamente radioelectronice flimweaz prin
emisiasi recepia de radigie electromagnetic
Prevederile organismelor intetimale [1, 2]
impun luarea de &suri pentru reducerea influemn
perturbatoare a campurilor
generate de marea diversitate de echipamgnte
incadrarea acestora in cezie de compatibilitate

electromagnetic  Normativele vizeaz atat
echipamentele generatoare de naelia
electromagnetic, catsi echipamentelgi sistemele
care pot fi

electromagnetice radiate sau d#p&ci.

and hundreds of MHz, an interval characteristic to
many receiving and transmitting equipments.

The directives and regulations issued by
international organizations [1, 2] provide specific

electromagneticemeasures that must be taken in order to minimize

the influence of the perturbing electromagnetic
fields generated by a wide variety of equipments
which are accordingly classed to harmonize with
the requirements of electromagnetic compatibility.
The norms refer to both electromagnetic radiation

afectate de energia campurilorgenerating equipment as well as such equipments

and systems that can be functionally affected ey th
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Stiinta modera a dezvoltat o naucategorie de energy of RF fields or by leakage fields.
materiale — nanomaterialele — rezultat al amestecul Recent advances in science and technology
de particule materiale cu proptgtelectrotehnice have led to the development of a new class of
diferite. Nanomaterialele, &uri de materialele cu materials — nano-materials, obtained by combining
propriefiti determinate, cum sunt materialele material particles having different electrical and
conductoarai materialele izolatoare, cunosc interesmagnetic properties. Nana materials, along with
din partea speciglilor pentru diversitatea de materials with determined electrical propertieshsu
aplicaii in care pot fi utilizate. Prin structura lor, as conductors and insulators, are of great interest
nanomaterialele prezintparticularititi comporta- due to their wide area of industrial applicability.
mentale care le pot situa In zonele extreme al®ue to their structure, nano-materials present
conductiviitii electrice si permitivitaitii magnetice  physical properties conferring them extreme values
prin controlul structurigi compoziiei interne [5]. of electrical conductivty and  magnetic
permeability, which can be attained by controlling
Fenomenul ateruii undelor electromagnetice their internal structure and composition [5].
de ctre materiale folosite ca bariere de ecranare Attenuation of electromagnetic waves in
este caracterizat prin trei componente: atenuagea dnaterials used as shielding barriers is charaetkriz
absorle - A, atenuarea prin reflexie extéranRsi by three components: absorption losa, -external
atenuarea prin reflexiei internaB-[3]. Fenomenul reflection loss -R and internal reflection loss B
de ecranare efeciiveste reprezentat in figura 1 prin [3]. The shielding effectiveness phenomenon is
intermediul undei electromagnetice incident illustrated in figure 1 by means of the incident,

reflectad si atenuai. reflected and attenuated electromagnetic wave.
Unda Internal
reflectati reflected
intern wave

Unda External
reflectata reflected /
extern wave
Unda atenuata Attenuated wave
Unda moidar‘é Incident Wﬂ:e\
Esantion Material
de material sample

*\J —KJ

Figura 1. Fenomenul de ecranare al undelor eleatyoatice Figure 1. Electromagnetic wave shielding phenomenon
Suma celor trei componente ale ataiu The sum of the three attenuation components
reprezini ecranarea efectiva materialului de represents the shielding effectiveness of the drarri
bariefi si se poate exprima prin rei: material and can be calculated as:
SEag) = Ade] + Rdge] + Biap] - (1)
Potrivit studiilor in domeniu [3], in cazul According to the studies conducted in this field

undelor electromagnetice plane, sitiaspecifiéc  [3] in the case of electromagnetic plane waves;kwhi
incintei TEM, ecranarea efectiva materialelor is specific to the TEM cell, the shielding
poate fi calculat separat pe cele trei componente deeffectiveness of materials can be calculated fohea

atenuare cu rele : of the three components separately using theaedati
- Atenuarea de absaib- A - Absorption loss A
Adp) =131430 0L/ f U [y ; 2
- Atenuarea de reflexie ext@araR - External reflection lossR
M, Of
Rap) =1081-10 Elbgm[ ; J; (3)
r

- Atenuarea de reflexie intetn B - Internal reflection loss B
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k
= 200bgyo| — |- (4)
Biag] 910 G;
Or
In relaile de mai sus se definesc parametrii: Following parameters are defined in the
t — grosimea materialului de ecranare, [cm] relations above:
f — frecventa undei electromagnetice, [MHZ]; t — thickness of shielding material, [cm];
Kk — permeabilitatea relaliva materialului de f— frequency of the electromagnetic wawdHZ;
ecranare; I — relative permeability of the shielding material;
o, — conductivitatea electtic a materialului de o, — electrical conductivity of the shielding matéria
ecranare; k — parameter specific to reflection on the internal
k — parametru specific reflexiei pe suprefanterra surface of the material equal to unity for plane
a materialului cu valoare unitarin cazul waves [3].
undelor plane [3]. In order to determine the attenuation and the

In prezenta lucrare, pentru determinareashielding effectiveness in several materials, this
atendrii si a ecradgrii efective a unor materiale de paper proposes the use of a TEM cell, where the
ecranare, se propune utilizarea incintei TEM Tirecar electromagnetic field is produced in form of a glan
unda electromagneticeste o undl plari. Generarea wave. The waves inside the TEM cell are produced
undelor in interiorul incintei se face folosind un by a RF generator connected to the cell. The power
generator de radiofrecvi@n conectat la incinta of the electromagnetic field inside the cell is
TEM. Puterea campului electromagnetic din incint measured successively, firstly in the absence @f th
este misurat atat in absenmaterialului de ecranare shielding material probeP; and next in the
P,, catsi in prezerta acestuid®,. Ecranarea efectiv. presence of the shielding material proBg, The
introdusi de materialul de ecranare va fi rezultatul effective shielding introduced will result as tlaio

raportului puterilor risurate [3, 6, 8]: of the measured powers [3, 6, 8]:
SEgg =100bgyy 2 5
Eap) J10 : 5)
P
in baza relgilor de calculsi a reprezeditilor Based on the calculation formulas and gra

grafice din cofinutul lucrari Electromagnetic included in the contents of the monograph
Shielding Materials and Properties[3] sunt Electromagnetic Shielding Materials and Properties
prezentate in tabelul i figura 2 detali comparate [3], in table 1 and figure 2 are presented
referitoare la comportarea ecranelor din cupru dvancomparative data obtained with 10 nm copper
grosimea de 10 nm din punct de vedere akhielding in terms of attenuation components and
componentelor de atenuatieal ecrairii efectiveSE  shielding efficiency SE It can be observed that the
Se poate observa o oarecare difgreliintre valorile  calculated values of the shielding efficiency diffe
ecradrii efective determinate prin calcyli cele  slightly from those obtained from reference graphs.
extrase din reprezemile grafice. Astfel de diferga  Such differences appear also for other shielding
exist si pentru alte materiale de ecranare prezentatmaterials as presented in the mentioned reference
in lucrarea [3] luat ca referimi. Diferenele sunt work [3]. These differences are caused by the
determinate de condle in care sunt efectuate experimental techniques employed regarding
determiririle practice din punct de vedere al electromagnetic field strength and the distance
intensiitii cAmpului electromagnetig al distanelor  between the RF source and the shielding matetial. |
dintre sursa de camg materialul de ecranare. Se can be noticed that there are similarities reggrdin
poate observaicexist aseminiriin ceea ce privge  the evolution of the shielding effectiveness
evoluia caracteristici de atenuare efedtiva characteristic for the 10 nm copper sample. The
esantionului de Cu gros de 10 nm. Caracteristiceanalytically determined curve shows the same
rezultaf din calcul analiticsi caracteristica rezultat evolution as the one determined from graphs which
din reprezerrile grafice aflate n lucrarea de is presented in the reference work. Such
referita prezinh aceeai evoluie. Astfel de comparative studies were performed for several
compardi au fost efectuatgi pentru alte gantioane copper and aluminum samples of different
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din cuprusi aluminiu de grosimi diferitgi plasate la  thickness, placed at different distances from the
distane diferite fai de sursa de camp electromagnetic source of electromagnetic field.

Tabelul 1. Rezultate ale atetrii si ecraririi efective ohinute prin calcuki din reprezenriri grafice de referita
pentru folia de cupru avand grosimea de 10nm
Table 1. Attenuation values and shielding effeatess obtained by calculation and from referencphyjcal
representations for 10 nm copper foil

F [MHZz] 10 30 50 100 200 300 400, 500 60D 700 800 9p0
R[dB]’ 98.1 93.3 91.1| 88.1 85.1 83.3| 82.1 81.1 80.3 79.6( 79.1 78.6
A[dB] 4.16 7.20 9.29|] 13.1 18.6 22.8| 26.3 294 32.2 348| 37.2| 394
B [dB] -10.0| -14.8( -17.0| -20.0| -23.0| -24.8| -26.0| -27.0( -27.8| -28.5| -29.0] -29.5
SE[dB] 92.3 85.8 83.4| 81.2 80.7 81.3| 823 83.5 84.7 86.0| 87.2| 88.4
SE[dB] " 56.0 52.0 44.0) 42.0 40.0 38.8] 38.3 38.3 38.4 38.6] 389| 393

" rezultate otinute prin calcul cu refile (1) + (4) / calculated results using relatiohs+( (4)
™ rezultate otinute din reprezettile grafice din luciri de referina [3] /  results obtained from graphical regentations
presented in reference works [3]

Componentele ateiitii calculatesi extrase din repre zeit grafice pentru Cu 10 nm
Attenuation components calculated and determin@ich fyraphical representations for 10 nm Cu
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Figura 2. Grafice de vaiie ale componentelor ateimi calculateR, A, B, SE pentru ecranul de cupsgigraficul
eficientei ecra#rii extras din repreze#ti grafice de referita pentru Cu de 10 nm
Figure 2. Variation of calculated attenuation compiotsR, A, B, SEfor copper shielding and shielding effectiveness
determined from reference graphs for 10 nm Cu

2. Sistem de riisurare si metoda de niisura 2. The proposed measurement system and
propusa method
Studiul proprieitilor de atenuare a diverselor The study of the attenuation characteristics of

materiale de natiielectrotehnig si a materialelor cu various electrical materials and composites was
structuri compozite a fost efectuat folosind sistem conducted by employing adequate RF equipments.
adecvate domeniului de radiofrecyerin lucrare se The paper proposes a measurement sSystem
propune un sistem de asurare in domeniul de conceived to operate in the frequency range
frecvera cuprins intre 10 MHzi 1000 MHz bazat between 10 MHz and 1000 MHz which was
pe o incink TEM. In interiorul incintei TEM campul arranged around a TEM cell. Inside the TEM cell,
de radiofrecvetd prezink componente de camp the electromagnetic field is produced in form of
electric si magnetic de natarplari. Un astfel de plane waves of magnetic and electrical components.
sistem asigur eliminarea influetelor perturbatoare Such a system ensures that most of the perturbing
ale campurilor electromagnetice externe asuprafluences of the external RF fields that coulceaff
rezultatelor rasutirilor. the measurement results are eliminated.

Testele i verificarile recomandate de The tests and verifications recommended by the
producitor si efectuate asupra incintei TEM au manufacturer which were conducted with the TEM
confirmat faptul & aceasta asigir ecranarea cel, proved that the latter provides adequate
mediului din interiorul incintei f&@ de mediul internal space shielding against external
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exterior acesteia ceea ce asigwefectuarea de electromagnetic fields. With no or little influence
masuiari fara influenta campurilor electromagnetice from perturbing external fields measurement results

perturbatoare. are expected to be sensibly more accurate.
2.1. Sistemul de rasura in banda de frecve ita 2.1. The 10 MHz + 1 GHz frequency band
10MHz +1 GHz measurementsystem
Banda Ilungimilor de urid corespunzoare The wavelength band corresponding with the

domeniului de frecvad 10 MHz + 1 GHz este 10 MHz + 1 GHz frequency range is in the
cupring intre limitele 30 m + 0,3 m. Tn acest caz, 30 m = 0.3 m interval.

masuiarile se ncadredzin banda metrig ceea ce Therefore, the measurements are performed in
permite  utilizarea incintelor TEM pentru the meter band, which allows for the use of TEM
introducerea g@ntioanelor de &sui@ si a cablului  cells as enclosures for the material samples along
coaxial intre echipamentele sistemului dasom  with coaxial cable connections between the
(figura 3). elements of the measurement system (Figure 3).

Spectrum
analyzer with
> RF generator

Spectrum
analyzer

PC

RS232
software

Figura 3. Sistemde dsuii cu inciné TEM

Y a Figure 3. Measurement system with TEM cell

Sistemul de surare propus este afait din The proposed measurement system includes the
urmatoarele elemente componente: following elements:
+Analizor de spectru, GSP-810, cu generator de RFSpectrum analyzer GSP-810, with integrated RF
incorporat pentru domeniul 150 kHz la 1 GHz. generator in the 150 kHz to 1 GHz range. The
Analizorul poate fi conectat la PC prin analyzer can be connected to a PC via RS232

intermediul interfeei RS232 pentru achiie de interface for data acquisition using the standard
date folosind programul software standard software “GSP810 try”;
“GSP810 try”;

*Mini incinta TEM de tipul TC-5010B pentru ¢TEM mini-cell TC-5010B operating in the
lucrul in domeniul frecveelor DC + 1,5 GHz cu frequency range DC + 1.5 GHz, attenuation

0 atenuare efectivde (70 + 80) dB; (70 + 80) dB;
+ Adaptor de rsura cu sond electric; +Measuring adapter with electrical probe;
+Calculator, avand configuia specificat in  *PC, configured as recommended in the spectrum
documentga analizorului de spectru; analyzer GSP-810 specifications;

+Analizor de spectru, Hameg 1050, in banda*Spectrum analyzer HAMEG1050, operating in the
100 Hz + 1100 MHz, utilizat pentru controlul 100 Hz + 1100 MHz frequency band, used for
masuarilor; measurement control;

*Elemente de coneclicpentru gama metéicsi  ¢Connecting elements for the meter and decameter
decimetri@ (cabluri coaxiale, distribuitor de  bands (coaxial cables, signal distributor, sockets)
semnale, mufe de conectare).

Detalii asupra echipamentului de studiua Figure 4 presents a general view with details of
materialelor utilizate sunt prezentate in figura 4. measurement setup and its elements.

Metodologia de surare adoptatse bazeazpe The adopted measuring methodology is based
particularitatea construcéiva incintei TEM care are on a constructional detail of the TEM cell — a

din construge o mufa BNC tip mathimani dispusg  female-to female — BNC connector element on the
la peretele lateral. La mufa BNC se poate conecta side wall. This allows for an antenna or an eleatri
interiorul incintei o anteh sau o sond electrici.  probe to be plugged in at the inside of the cell
Sonda electric este astfel plasatin interiorul  Thus, the electrical probe will be placed within a
incintei intr-un camp electric uniform de unde plan uniform electrical field of plane waves.
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= -
- Figura 4. Detaliu asupra sistemului désmia cu incinta

TEM
. VR __ Figure 4. General view of the measuring system with
: F:; ' <3 TEM cell
Prin intermediul mufei BNC externe se asigur The BNC connector provides the connection of

conectarea sondei la intrarea analizorului spettral the probe to the input of the spectrum analyzer
vederea efectni masudrilor si pentru salvarea enabling measurement data to be saved in the
datelor in calculator. computer.

Pentru efectuarea deteriiior asupra Measurements on different studied materials
diferitelor materiale de studiu acestea au foswere performed by placing the material samples
dispuse in jurul probei de asu@ in interiorul around the measuring probe inside the TEM cell.
incintei TEM.

Metodologia de ®@surare a constat in The measurement methodology consists in
masurarea puterii cdmpului de radiofrect#ecaptat measuring the RF field powd?; detected by the
de sonda electiic in abseta eantioanelor de electrical probe in the absence of the materiapt&am
materiale de ecranaR siin prezem acestor®,. and next the powd?, in the presence of the sample.

Pe baza #sudrilor efectuate se poate The measurement results allow the determi-
determina puterea campului electromagnetimation of the power of the absorbed electromagnetic
absorbit, ecranarea efedtivelgia (5),si atenuarea field, the shielding effectiveness, relation (5hda

campului electromagnetic [6, 8]: electromagnetic field attenuation [6, 8]:
2o =10 Dbglo[%j- ©
1
Multitudinea de rasuriri experimentale au fost Several sets of measurement results were

efectuate in regim de generare pe fregvéra, in  obtained using fixed frequency signal, frequency
regim de baleiere pe tot domeniul désurare sau pe scanning over the whole range or sub-range
subdomenii de frecvgn Rezultatele comparate au frequency scanning. The obtained results were
permis verificarea rezultatelor wiute cu valorile  verified by comparing them with known values of

cunoscute ale ateimi unor categorii de materiale de the attenuation produced by a series of shielding

ecranare prezentate in literatura de specialitate. materials presented in literature.

Validarea metodei de dsurare, rezultatele Validation of the measurement method,
experimentalesi concluzile in partea a ll-a din experimental results and conclusions in tfgPart
numirul urmator al revistei. of the next processing number.
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