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Rezumat. In lucrare sunt prezentate rezultate Abstract. This paper presents the results of experimental
experimentale referitoare la atenuarea ca&mpuluideterminations concerning electromagnetic  field
electromagnetic deatre materiale care au in compgezi  attenuation in materials containing micro-particle

lor microparticule de fier, grafit sau negru de fuPentru  iron, graphite or carbon black in their structureorder
cunoaterea efectului de ecranare efestivasupra to determine the shielding effectiveness  of
campului electromagnetic de dtee materialele cu electromagnetic absorbents to electromagnetic ,fiald
proprieiti absorbant electromagnetic este propus unmeasuring system based on the TEM cell was proposed
sistem msul cu incinta TEM. Cu acest sistem de and tested. This measurement system was used to
masurare au fost efectuate deteriminreferitoare la  determine the electromagnetic shielding properiids
proprietitile de ecranare electromagnétia materialelor materials at frequencies ranging between 1MHz and
in domeniul de frecvgd cuprins intre 1 MHzi 1000 1000 MHz. The experimental investigations were
MHz. Studiul experimental a fost deégdrat in cadrul conducted in the frame of the CNCSIS project No
proiectului CNCSIS 429/2006Studiul propriefirilor de 429/2006 Study of shielding properties of materials
ecranare a materialelor gmute prin nanotehnologisi obtained by nano-technologies and nano-processiittg w
nanoprocesare in vederea intégr in sistemele electrice application in electrical and electronic equipmerits

si electronice pentru Tmbuititirea calitarii mediulur'. order to improve the quality of the environnient
Cuvinte cheie:ecranare efectiy sistemde #surare a Key words: shielding effectiveness, attenuation meas-
atendirii, materiale de ecranare, nanomateriale urement system, shielding materials, nano-materials
1. Introducere 1. Introduction
(extras din numarul anterior) (extract from the previous number)

Ponderea campurilor electromagnetice se  The most perturbing effects of electromagnetic
plaseaz in domeniul zecilorsi sutelor de MHz, fields occur in the frequency intervals between
domeniu in care o mare diversitate de echipamenteome tens of MHz and hundreds of MHz, an
radioelectronice fun@neaz prin emisiasi recepia  interval characteristic to many receiving and
de radigie electromagnetic transmitting equipments.

Prevederile organismelor intetimale [1, 2] The directives and regulations issued by
impun luarea de &suri pentru reducerea influen  international organizations [1, 2] provide specific
perturbatoare a campurilor electromagneticemeasures that must be taken in order to minimize
generate de marea diversitate de echipamesitele the influence of the perturbing electromagnetic
incadrarea acestora in cezle de compatibiltate fields generated by a wide variety of equipments
electromagnetic. which are accordingly classed to harmonize with

Stiinta modera a dezvoltat o nducategorie de the requirements of electromagnetic compatibility.
materiale — nanomateriale — ca rezultat al amdstecu Recent advances in science and technology
de particule materiale cu proptigtelectrotehnice have led to the development of a new class of
diferite. materials — nano-materials, obtained by combining

Prin structura lor, nanomaterialele prezint material particles having different electrical and
particularititi comportamentale care le pot situa inmagnetic properties. Due to their structure, nano-
zonele extreme ale conductitii electrice si  materials present physical properties conferring
permitivitatii magnetice prin controlul structurgi ~ them extreme values of electrical conductivity and
compoziiei interne [5]. magnetic permeability, which can be attained by

controlling their internal structure and compositio
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2. Sistem de riisurare si metoda de misurare 2. The proposed measurement system and
propus (extras din nurdirul anterior) method (extract from the previous number)

In lucrare se propune un sistem dasorare in The paper proposes a measurement system
domeniul de frecvel cuprins intre 10 MHzi 1000 conceived to operate in the frequency range
MHz bazat pe o incinta TEM, figura 1. In interiorul between 10 MHz and 1000 MHz which was
incintei TEM campul de radiofrecvggn prezink  arranged around a TEM cel, figure 1. Inside the
componente de camp electsicmagnetic de natar TEM cell, the electromagnetic field is produced in
plara. Un astfel de sistem asigureliminarea form of plane waves of magnetic and electrical
influentelor perturbatoare ale  campurilor components. Such a system ensures that most of the
electromagnetice externe asupra rezultateloperturbing influences of the external RF fieldsttha
masuarilor. could affect the measurement results are eliminated

Detalii asupra echipamentului de studiua Figure 2 presents a general view with details of
materialelor utilizate sunt prezentate in figura 2. measurement setup and its elements.
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Figura 1. Sistem de #su cu inciné TEM Figura 2. Detaliu asupra sistemului désmi cu incinta TEM
Figure 1. Measurement systemwith TEM cell| Figure 2. General view of the measuring system WM cell

Pentru efectuarea deterfiior asupra Measurements on different studied materials
diferitelor materiale de studiu acestea au fostvere performed by placing the material samples
dispuse in jurul probei de asu@ in interiorul around the measuring probe inside the TEM cell. The
incintei TEM. Metodologia de #surare a constat in measurement methodology consists in measuring the
masurarea puterii cAmpului de radiofrecfecaptat RF field powerP; detected by the electrical probe in
de sonda electidc in abseta eantioanelor de the absence of the material sample and next the
materiale de ecranaR siin prezema acestor&,. powerP, in the presence of the sample.

Pe baza #sudrior efectuate se poate The measurement results allow the determina-
determina puterea campului electromagnetidion of the power of the absorbed electromagnetic
absorbit, ecranarea efeétivelgia (1),si atenuarea field, the shielding effectiveness, formula (1)dan

campului electromagnetic, [6, 8]: electromagnetic field attenuation, [6, 8]:
SEgg =100bg L Q)
Bag 910
P2
adg = 10[']0910(&J (2
R
3. Validarea experime ntai a metodei de 3. Experime ntal validation of the
masurare measurement method
Metoda de risurare a ecrani efective a The measurement method used for determining

materiale lor compozite pe biade microparticule de the shielding effectiveness of composite materials
fier, grafit sau negru de fum a fost supusiui ciclu  containing micro/particles of iron, graphite or

de masudri efectuate pe materiale cu proptiet carbon black was employed over a series of
cunoscute sau determinatg prin alte metode. experimental determinations conducted on materials
Pentru edificare se prezinurmatoarele metode de with known properties or determined through other
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validare a metodei deasurare propus methods. To exemplify this, below are presented the
> rezultate ale #sudrior efectuate pe un following:
esantion de cupru, comparate cu valori ale>» Measurement results obtained using a copper

ecrarrii efective prezentate in lucrarea [3]; sample, compared to the shielding
> rezultate ale atefui determinate pe materiale effectiveness, presented in [3];
avand in compogé microparticule, comparate » Attenuation measurements for material samples
cu marimi prezentate in lucrarea [5]. containing micro-particles compared to results
presented in [5].
in prima etap de verificare a metodei de During the first stage of verification of the

masurare propus sunt prezentate, in tabelulsi  proposed method, in table 1 and figure 3 are
figura 3, date referitoare la ecranarea efeqientru  presented measured values of the shielding
folii de cupru avand grosimi de 10 nm, 7,62 im effectiveness for 10 nm, 7.62 nm and 25.4 nm thick
25,4 nm. Valorile ecramii efectivesi reprezentarea copper foils. The values for the shielding

grafica pentru ecranul de cupru avand grosimea deffectiveness and the graphical representation for
7,62 nmsi 254 nm sunt extrase din lucrarea dethe copper foil measured the 7.62 nm and 25.4 nm
referina [3]. Datelesi reprezentarea graficpentru  are taken from [3]. The data and the graphical
folia de cupru avand grosimea de 10 nm suntepresentation for the 10 nm copper foil are
oktinute prin nasurari efectuate cu incinta TEM. obtained through measurements using the TEM cell.

Tabelul 1. Ecranarea efeciipentru ecrane din cupru avand grosimi diferite
Table 1. Shielding effectiveness for copper shigdif different thicknesses

fMHz] 10 30 50 100 200 304 400 500 6Q0 700 800 900
Cu7.62 nm 74 64 58 53 48 44 42 40 39 38 38 38
Cu 254 nm 82 74 72 62 56 54 52 50 50 49 49 49
Cu10.0 nm 76.0/ 68.0 62.0] 54.0| 49.0] 45.0] 43.0] 42.0] 415 42.0| 425 435

* rezultate din reprezedr de referind; /  results obtained from reference;
** rezultate oltinute prin misuri cu incinta TEM; /  results obtained franeasurement with TEM cell.
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Figura 3. Ecranarea efecti&E pentru ecrane din cupru de 7,62¢1 25,4 nm extras din repre zeritri de referina si
ecranarea efectivobtinuta prin misuri cu incinta TEM pentru ecranul din cupru de 10 nm
Figure 3. Shielding effectiveness for 7.62 nm abdi2xm copper shielding obtained from referencelgsa
and shielding effectiveness obtained by measuremintT EM cell for 10 nm copper

in banda de frecvencupring intre 10 MH zsi In the frequency band between 10 MHz and
900 MHz rezultatele amute pentru ecranul de 900 MHz, the results obtained with the 10 nm
cupru de 10 nm confirinvalabilitatea metodei de copper shielding are confirming the validity of the
efectuarea a asutirilor cu ajutorul incintei TEM. measurement method using a TEM cell.

Curba de varge a ecrairii efective (figura 3) The plot of the shielding effectiveness (figure
pentru folia de cupru de 10 nm supusisuiriicu  3) for the 10 nm copper foil measured by means of
incinti TEM se incadreazcorect intre curbele de a TEM-cell lays correctly between the similar plots
varigie ale atendrii unor folii de cupru avand drawn for 7.62 nm and 25.4 nm copper, which are
grosimi de 7,62 nmai 25,4 nm, curbe prezentate in presented in reference works [3].
lucrari de referina [3].
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A doua metodl de validare a metodei de The second stage of validating the proposed
masurare propusare la bax cunoaterea atenirii measurement method is based on the knowledge of
unor materiale cu proprigt absorbant the attenuation values of electromagnetic
electromagnetic, produse Tmarda la Institutul absorbents, developed by the advanced research
National de Cercéti Dezvoltare pentru Inginerie division at the ICPE National Research Laboratory.
Electrica - ICPE-Cercetare AvangaPentru aceast For this class of composite materials which contain
categorie de materiale compozite care tinon particles of graphite, carbon black or iron aresgiv
particule de grafit, negru de fum sau fier suntonly the attenuation values at frequencies between
cunoscute ategiule numai pentru frecvee 800 MHz and 2 GHz.
cuprinse intre 800 MHg 2 GHz. In table 2 and figure 4 are presented the

In tabelul 2si figura 4 sunt prezentate valorile attenuation values at three frequencies 800 MHz,
atendrii la trei frecverre, 800 MHz, 900 MHzi 900 MHz and 1000 MHz that are considered
1000 MHz, care sunt luate ca referidin lucrarea reference values in [5]. These values are then
[5]. Aceste valori sunt comparate cu valorile compared with the measurement results obtained by
okxinute prin msurri efectuate utilizand sistemul using the proposed system. By analyzing the
propus. Analiza datelor experimentalgi a  experimental data and examining the graphs for two
graficelor pentru dautipuri de materiale, GR150  types of materials, GR150 and FT150 with known
FT150 avand grosimi cunoscute, demonstreazthickness, the correctness of the proposed method
corectitudinea metodei propuse. was demonstrated.

Metodasi sistemul de risurare a atedmui si Consequently, both the method and the
ecrardri efective pot fi utilizate n practica measuring system of the attenuation and shielding
determiirilor pe materiale care au in comp@i effectveness can be wused in experimental
microparticule cu propriéti conductive din fier, determinations on materials containing conductive
grafit, negru de fum. micro-particles of iron, graphite and carbon black.

Tabelul 2. Atenuarea, in dB, pentru materiale geatisorbant electromagnetic
Table 2. Attenuation, in dB, for materials electamnetic absorbent properties

fI[MHz] 800 900 1000 Data source
Material
GR150, thickness 3.6 mm -1.76 -1.83 -1.90 Provided by ICPE-CA
GR150, thickness 2.8 mm -1.48 -1.58 -1.70 Measwitdd TEM cell
FT150, thickness 2.3 mm -0.95 0.81 0.75 Provided by ICPE-CA
FT150, thickness 3.0 mm 1.18 1.12 1.08 M easured TEM cell
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Figura 4. Grafice de compaiaa valorilor atenérii masurate cu incinta TEM pentru dadtipuri de materiale
Figure 4. Comparative graphs of attenuation vafneasured with TEM cell for two type materials

4. Rezultate experimentale 4. Experime ntal results

Materialele supuse studiului sunt produse la  The studied materials were developed by the
Institutul Naional de Cercetare ICPE-CA pot fi  National Research Laboratory ICPE-CA and are
utilizate 1n diverse aplea din domeniul part of multiple applications in the field of elacal
electrotehnicii, telecomunicidor si al materialelor and electronic engineering telecommunications and
de construte. constructions.
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Atenuarea intengitii cAmpului e lectromagnetic One of the most useful applications of these
de radiofrecvetdi este una din proprigile  materials containing in their structure electncall
materiale lor care au in compgeimicroparticule cu conductive micro-particles is made possible due to
proprietiti conductive din punct de vedere electric. their property to attenuate RF fields. Depending on
Astfel de materiale pot fi utilizate, in fugie de  the attenuation level of RF fields in a specific
marimea atenari cAmpului de radiofrecvef si  frequency range, these materials can be used in
domeniul de frecvah, ca materiale de ecranare form of shielding elements for various equipments
pentru diverse aparate instalaii. In acest capitol and systems. In this section are presented the
sunt prezentate rezultatele experimentale privindexperimental results obtained by measuring the
masurarea ecrdini efectve a unor materiale shielding effectiveness of several types of
compozite produse ifard si pentru care nu sunt composite materials of indigenous production, with
cunoscute particulagile de atenuare electromag- known electromagnetic  field attenuation
netici In domeniul frecvepelor cuprinse fintre characteristics, in the frequency range between
10 MHzsi 1000 MHz. 10 MHz and 1000 MHz.

In baza algoritmului metodei deasuraresi a Using the algorithm of the measuring method
sistemului de @surare propus precugna relgiilor along with the proposed measurement system and
de calcul (1)si (2) au fost determinate valorile the calculation formulas (1) and (2), were
ecranrii efectve SE in domeniul frecvegelor  determined the values of the shielding effectivenes
10 MHz + 1000 MHz. Msuririle au fost efectuate SEin the 10 MHz + 1000 MHz frequency domain.
pentru gantioane de materiale avand in compazi The measurements were conducted with material
acestora microparticule de fier (FE300), grafiisamples containing conductive micro-particles of
(GR150 si GR300), negru de fum (TN15@i iron (FE300), graphite (GR150 and GR300), carbon
TN300)si ferita (FT150). black (TN150 and TN300) and ferite (FT150).

Esantioanele de materiale cu microparticule The used micro-particles material samples had
conductive utilizate au avut grosimi diferite, different thickness, as indicated in table 3. Tlodsp
specificate in tabelul 3. Pe baza datelor din tdl®] of the shielding effectiveness in figures 5 and 6
au fost trasate curbele de vaéigaale ecrafiri  were constructed from the data presented in table 3
efective n figura 5ifigura 6.

Edificator este faptul & reprezeritrie grafice Thus, it becomes obvious that these graphical
constituie o continuare a caurbelor de u@iale representations are a continuation of the attemwati
atendrii in domeniul 800 MHz la 10 MHz pentru curves between 800 MHz and 10 MHz offered by
reprezeritrile oferite de é&tre Institutul National de the National Research Laboratory ICPE-CA.
Cercetare ICPE-CA.

5. Concluziiasupra metodei de risurare 5. Conclusions about theproposed
propusa measurement method
Pe baza rezultate lor whute se poate aprecia c Based on the obtained results it can be

metoda propuseste util experimeririlor practice  appreciated that the proposed method can
pentru aflarea ateati unor materiale care pot fi successfully be employed for experimental
utilizate ca ecrane electromagnetice. Metoda esiavestigations in order to determine the attenuatio
relative simpl, dar impune a fi efectuate mai multe characteristics of materials used for electromagnet
cicluri de nmasuiari pentru a elimina erorile datorate shielding. The method is relatively simple and
manipuérii componentei de sistem adaptor cu straightforward but it requires to be employed over
sondi de nisum. several measurement cycles in order to eliminate
Metoda de risurare este adecwatpentru possible errors due to handling procedures required
campuri de radiofrecvgéh de unde metricesi by the system adapter and measuring probe.
decimetrice 1h care sunt [&gri de The measurement method is adequate for RF
radiocomunicai pentru servicii cu utilitate local fields in the meter and decimeter bands, utilizgd b
pe arii restransegi care pot afecta buna fummare most local telecommunications services which can
a unor echipamente sitmare sau mobile care affect the normal functioning of stationary or

lucreaz cu nivele mici de putere. mobile electric and electronic equipments which
Sistemul de msu@ propus a fost adaptai  operate at low power levels.
pentru studiul propriétilor de ecranare a unor The proposed measurement system was also
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materiale utilizate in domeniul consttilor, fapt  adapted for the study of shielding properties af ne
de loc neglijabil in actualele sisteme de comiand construction materials which are extensively used
protegie si securizare a sedilor unor instiiu combination with the control and safety systems for
publicesi a locuintelor inteligente. public buildings and intelligent homes.

Tabelul 3. Valori ale ecrainii efective SEmisurati ih dBpentru materiale cu proprigiabsorbant electromagnetic
Table 3. Shielding effectiveneSEmeasured iniBfor electromagnetic absorbent materials

f[MHz] 10 40 70 100 200 400 600 800 90p 10p0 1100
Tip material
Typ of material
FT150- 3.0 mm -0.68 -0.7( -0.8p -089 -1.02 -1.51.21 | -1.18| -1.12| -1.04 -0.9?
FE300- 2.3 mm -0.64 -0.87% -0.92  -0.98 -1.17 -1.801.36 | -1.44| -1.84| -2.37 -3.64
GR150-2.8 mm| -0.68 -0.78 098 -094 -1.02 -1.p21.33 | -1.48| -158 -1.70 -1.86
GR300-2.6 mm| -0.73 -1.07 -1.2p -1.27 -1.39 -1p0G1.60 | -1.80| -1.87[ -1.99 -2.13
TN150 - 3.0 mm -0.06f -0.04 -009 -0.10 -0.33 -0.150.19 | -0.25| -0.28 -0.37 -0.39
TN300 - 2.8 mm -0.09f -0.2q -0.12 -0.15 -0.18 -0.190.21 | -0.31| -0.35| -0.39 -0.46
Eficienta ecranarsE Shielding effectiveness SE
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Figura5. Graficul de varige al eficienei ecraririi SE Figura 6. Graficul de variee al eficienei ecratirii ES
pentru materialele TN150 de 3,0 ghifN300 de 2,8 mm  pentru materiale de tipul FT150de 3,0 mm, FE3®0 d
Figure 5. Variation of shielding effectiveneS&for 2,3 mm, GR150de 2,8 mg GR300 de 2,6 mm
TN150 3.0 mm and TN300 2.8 mm samples Figure 6. Variation of shielding effectiveneS&for
FT150 3.0 mm, FE300 2.3 mm, GR150 2.8 mm and
GR300 2.6 mm samples
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