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Rezumat.in aceast lucrare sunt descrise cateva sistemeAbstract. This paper presents number of measurement
de misurare si metode experimentale pentru studiul systems and experimental methods for the invegirgaf
comportirii unor nanomateriale  in campul nanomaterials behavior inside electromagnetic {iEMF).
electromagnetic. Determirile experimentale vizedz Measurements were aimed at determining the atienuat
studiul atendrii campului electromagnetic deatee of electromagnetic field in nanomaterials. Nanomeaite
diverse tipuri de nanomateriale. Nanomaterialelat su are new materials obtained by specific industriatpsses
materiale noi otinute prin tehnologii de amesteg of mixing and combining different types of matesial
compozitare a diferitelor categorii de materii peim Knowing the characteristics and the behavior of
Cunogterea caracteristicilor de materiala comporirii nanomaterials inside different media creates wide
in diferite medii face posilil utilizarea materialelor noi  opportunities for a variety of industrial applicats. The

in diverse domenii de activitate. Sistemglmetodele de  measurements systems and methods presented in this
masurare prezentate permit cug@gea cOmMpo#rii paper were developed in order to investigate natesiats
nanomaterialelor in campul electromagnetic genedtate behavior relative to the influence of electromagnflds
diverse sursgi cu frecvene plasate intr-un spectru larg of different frequencies within a wide spectrum giag

de la zeci de MHz la zeci / sute GHz. Acédstrare a  from several tens of MHz up to tens / hundreds &z G
fost elaborat in cadrul proiectului CNCSIS 429/2006 This paper was written in the framework of the 2096
~Studiul proprieitilor de ecranare a materialelortivlute = CNCSIS project “Study of the shielding properties o
prin nanotehnologii nanoprocesare in vederea integr ~ materials obtained by nanotechnologies and nanegsiog

in sistemele electricg electronice pentru Tmbdtatirea  in order to ensure their integration in electriaald elec-
calitatii mediului”. tronic systems aimed at improving environment tyiali

Cuvinte cheie:studiul nanomaterialelor, atenuare, sistemKey words: nanomaterials study, attenuation, microwave

de microunde systems
1. Introducere 1. Introduction
Prezem perturbatoare a campurilor The presence of perturbing electromagnetic

electromagnetice in mediul existen noastre fields in homes and workplaces is the cause of
constituie cauza numeroaselor disfumealitati in many equipment malfunctions with negative
functionarea unor echipamente care agiquecizia  consequences on operating accuracy and safety of
si securitate proceselor din diverse domenii deelectronic circuits. At present most of the
activitate. Tn  prezent, ponderea campurilorelectromagnetic field (EMF) is generated in the
electromagnetice se plas@azin domeniul microwave range, which corresponds to the
microundelor, domeniu in care o mare diversitate deperating frequency range of many radio
echipamente radioelectronice ftiomeaz prin  communication systems. The regulations and
emisiasi recepia de radide electromagnetic standards established by international organization
Prevederile organismelor inteti@ale [1, 2] [1, 2] include measures reducing the perturbing
impun luarea de a&suri pentru reducerea influgm influence of electromagnetic fields generated k¥ th
perturbatoare a campurilor electromagneticegreat variety of equipments so as to comply with
generate de marea diversitate de echipamestele electromagnetic compatibility requirements. The
incadrarea acestora in ceeile de compatibilitate regulations include both electromagnetic radiation
electromagnetic  Normativele vizeaz atdt sources as well as equipments, systems that can be
echipamentele generatoare de radia affected by the energy of radiating or leakage
electromagnetic cat si echipamentele / sistemele electromagnetic fields.
care pot fi afectate de energia campurilor
electromagnetice radiate sau dgpsci.
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Stiinta modera dezvolti o nou categorie de Modern science has developed a new class of
materiale — nanomaterialele — ca rezultat almaterials — nanomaterials — resulting from a
amestecului de particule materiale cu proptiet mixture of material particles with different electd
electrotehnice diferite. Nanomaterialeleitati de  properties. Nanomaterials, along with materials
materialele cu proprigti determinate cum sunt having determined properties such, as conductors
materialele conductoargi materialele izolatoare, and insulators, are offering new solutions in a
cunosc interes din partea spegidbr pentru variety of applications are therefore of greatriese
diversitatea de apli¢ciain care pot fi utilizate. Prin for scientists and industry researchers. By their
structura lor, nanomaterialele preziparticularititi structure, the properties of nanomaterials can be
comportamentale care le pot situa in zonele extremeharacterized by extreme values of electrical
ale conductiviitii si permitivitatii electrice prin  conductivity and permittivity which can be
controlul structurisi compoziiei interne. determined by controlling their internal compogitio

in contextul dezvofirii sistemelor With the rapid development of radio-electronic
radioelectronice care lucreéaz in domeniul systems operating on the 10 MHz to 100 GHz
frecvenelor de la 10 MHz la 100 GHz se impune frequency range, the electromagnetic field energy
cunogterea caracteristicilor de atenuage de  attenuation and absorption characteristics of
absorbie a energiei cAmpurilor electromagnetice deinsulating materials and especially of nanomatgrial
catre materialele electroizolatoagg in special a should be measured and determined with accuracy.
nanomaterialelor.

2. Determinéri experimentale 2. Measurement methods

In practica determirilor experimentale au fost During the experimental investigation, several
verificate mai multe metode pentru evaluareamethods were verified for determining the
atendrii campului de microunde de atte  microwave field attenuation produced by the tested
materialele supuse experimentului. Au fostmaterial samples. Following methods were verified:

verificate urnitoarele metode: e the method of microwave field power
* metoda rasurrii puterii cAmpului de microunde  measurement, using a thermistor bridge;
folosind puntea cu termistor; * the radiofrequency substitution method,
* metoda substitiei de radiofrecvetd; * the RF detection method of microwave field
* metoda rasufirii puterii cAmpului de microunde  power measurement;
prin detede de radiofrecve; * the microwave radiation method, using a horn
* metoda radigei de microunde cu antgimorn; antenna;
* metoda rasurdrii puterii cAmpului de microunde e the microwave field power measurement method
cu analizorul de spectru; using the spectrum analyzer;
* metoda determémilor folosind incinte TEM. * the measurement method using the TEM — cell.
Compararea rezultatelor asurrilor efectuate By comparing the measurement results from

pe aceleg esantioane de materiale prin diferite identical material samples using various technigues
metode permite stabilirea metodei optime pentrihe most appropriate method of determining
domeniul de frecvea si determinarea ce se material effects on electromagnetic field
efectueaZ asupra materialelor. Astfel, pentru transmission could be selected. Thus, the method
stabilirea atenirii cdmpului electromagnetic din known as “Measurement of microwave field power
domeniul microundelor a unor nanomateriale estdy radiofrequency detection” is considered to ke th
recomandat a se folosi ,metodaisufrii puterii most appropriate technique for determining the
campului de microunde prin detec de attenuation of electromagnetic microwave field
radiofrecvem”. Metoda trebuie corelat cu  produced in nanomaterials. The above-mentioned
parametrul determinagi domeniul de frecves si method should be adopted in correlation with both
trebuie 4 asigure un grad ridicat de precizie althe investigated microwave signal parameter and
determiririi sa elimine influena campurilor the considered frequency range so as to ensure high
perturbatoaresi pierderile din energia genefiat measuring accuracy while eliminating both the
pentru procesul de dmurare. De asemenea, influence of perturbing electromagnetic fields and
rezultatele determimilor prin metoda aleassi se the errors produced by the power consumption
coreleze cel mai bine cu rezultateletiobte prin  inherent to the measuring process. Also, the result
alte metode chirsi cu metodele de simulare pe obtained by using the selected measurement method
calculator. should be in concordance with the results obtained
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Metoda nmisurrii  puterii  campului  de by employing alternative measurement methods and
microunde prin deteie de radiofrecvai  even with computer simulations.
presupune modularea generatorului de  The measurement of microwave field power by
radiofrecvera cu impulsuri dreptunghiulare cu radiofrequency detection involves amplitude
frecvena de 10 kHz. Acest proces va asiguramodulation of the microwave signal using a 10 kHz
obtinerea unor semnale de radiofreqdemodulate  rectangular wave signal. This will result in
in amplitudine cu semnale dreptunghiulare cuamplitude - modulated rectangular radiofrequency
coeficient de umplere de 50%. Detectorul cu #liod signal with a 50% duty cycle. A point-contact diode
va realiza demodularea energiei de radiofregivgn  detector ensures radiofrequency energy detection
va furnizeaZ indicatorului de putere o tensiune and applies a voltage signal to the power meter
rezultat al procesului de detecpotrivit relgiei [4]: given by [4]:

U =P[R (1)

in careU - tensiunea la girea detectorului; where:U is the detector output voltage;
P - puterea semnalului detectat; P - the power of the detected signal;
R; - rezistema de sarciha detectorului. Rs - the detector load resistance.

Indicatorul de putere poate indica puterea  The utilized power meter displays the input
semnalului aplicat la intrare in dB-m, potrivit signal power in dB-m, according to the relation:
relaiei: [ ]

PmwW,
P [dB ] =101y L )

Din punct de vedere metodologic procedura de  Considering the methodology employed in the
masurare presupune determinarea in primaaetap measuring procedure, the first step includes the
puterii P, a campului de radiofrecven fara ~ measurement of microwave field powey, in the
introducerea @ntionului de nmasurare. Dup  absence of the studied nanomaterial sample. Next,
introducerea @ntionului de material in ghidul de the examined nanomaterial sample is placed in the
undi se determifn puterea P, din sistemul de cross — sectional area of the waveguide and the
masurare. Difereta puterilor misurate P, si P,  power P, of the attenuated microwave signal is
reprezing atenuarea introdasde materialul studiat measured. The difference of powels and P,
si care se poate exprima in dB-m sau in dB in raporepresents the attenuation introduced by sample
de modul de citire a indigbor aparatului de under test and can be expressed as dB-m or dB
MASUL. according to the instrument scale (see figure 1).

Pentru determirile experimentale s-au utiliza Different types and categories of materials
esantioane din toate categoriilgi tipurile de  were used during the experimental investigations.
materiale. Eantioanele pot avea grosimi diferite sau These samples were of different thickness and
pot fi formate din do#i sau mai multe straturi din formed of two or more layers of identical or
acelagi material sau din materiale diferite. different types of materials.

3. Sisteme pentru determitiri experimentale 3. The analyzed measurement systems

Pentru domeniul de frecven relativ mare, For the relatively broad frequency band,
cuprins Tntre 10 MHzi 100 GHz, domeniul undelor ranging between 10 MHz and 100 GHz, which
metrice, decimetrice si centimetrice impune includes metric, decimetric and centimetric
utilizarea unor sisteme de asurare echipate cu wavelengths, it was necessary to develop
generatoare de radiofrecygnde subdomenii de measurement setups including radiofrequency
frecvena, linii de legitura si conecti@ adecval  generators, transmission lines with adequate
frecvenelor de lucru, dispozitive pentru plasareaconnectors, appropriate sample stands, instruments
esantioanelor de #&sul@, aparate pentru for measuring the power in accordance with the
determinarea puterii, adecvate metodei deurare.  selected method.

Tn prezentul material se vor prezenta sisteme d&his paper investigates the performances of two
masurare organizate pe dodlomenii de frecvat  different measurement systems each operating in a
de misuri: sistem de @sBuiE in domeniul de distinct frequency range, namely between 10 MHz
frecvena de 10 MHz la 1 GHz, sistem deisura in and 1 GHz and between 1 GHz and 100 GHz
domeniul de frecvel de 1 GHz la 100 GHz. respectively.
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3.1. Masurari Tn banda de frecventa 10 MHz la1l 3. 1 Measurements in the 10 MHz to 1 GHz

GHz frequency band
In baza reldei de conversie frecven — Based on the frequency — wavelength
lungime de unat conversion:
)\[ = 300 3)
™ g
Banda lungimilor de urid corespunitoare The wavelength interval corresponding with the

domeniului de rsurm exprimat in funte de measurement frequency range is determined
frecvena intre limitele 30 m + 0,3 m. Bsui@rile in ~ between 30 m and 0.3 m (30 cm). For this case, the
acest caz se incadréapreponderent in banda measurements are performed especially on the
metrici. Aceasi situgie permite utilizarea metric band. This allows for the use of TEM-cells,

incintelor TEM pentru introducereasantioanelor where the test samples are placed and of coaxial
de misui si liniile de conexiune de tip cablu cable to interconnect the elements of the
coaxial dintre echipamentele sistemului desarare  measurement system (figure 1).

(figura 1).

Figura 1. Structura sistemului déisnra pentru Figure 1. Measurement setup for the
intervalul de frecverd 10 MHz + 1000 MHz 10 MHz + 1000 MHz frequency interval
Sistemul de fisurd in domeniul de frecveide The measuring system for the 10 MHz + 1 GHz
10 MHz la 1 GHz poate fi echipat cu uitmarele frequency band includes the following equipments:
elemente componente: * RF signal generator, in the 10 MHz + 1000 MHz
* generator de semnale de RF in banda 10 MHz band,;
1000 MHz; e spectrum analyzer in the 10 MHz + 1100 MHz
e analizor de spectru in banda 100 Hz + 1100 MHz; band,;
e incintd de surs TEM; e TEM-cell;
* osciloscop digital; » digital storage oscilloscope (DSO);

* elemente de coneclicpentru gama metricsi * connecting elements for the metric and decimetric
decimetri@ (cabluri coaxiale, distribuitor de band (coaxial cables, signal distributor,
semnale, mufe de conectare). connectors).

Metodologia de @surare a aterwii introduse The measurement methodology of the
de fiecare tip de nanomaterial la diferite freqeen attenuation levels produced by each nanomaterials
din banda 10 MHz =+ 1000 MHz presupune sample at different frequencies on the 10 MHz =+

parcurgerea uritoarelor etape: 1000 MHz range includes the following steps:

* se calibreaz aparatelesi se interconectedz e instrument calibration and interconnecting of the
potrivit reprezeririi din figura 1; system components in accordance with figure 1;

- se regleaz frecvena generatorului de RF succesiv ¢ successive adjustment of the selected frequencies
pe frecverele stabilite; using the RF generator;

- pentru fiecare frecveh alead se efectueadzdoua » for each selected frequency value, two values of
masufari ale puterii campului electromagnetiy electromagnetic field power, P1 - are determined in

fara a se introducesantionul de material introdus  the absence of the material sample inside the TEM-
in incinta TEM si P, dup introducerea cell and another two valu&s — are determined with

esantionului de material in incinta TEM; the material sample placed inside the TEM-cell;
* se calculeazatenuarea pentru fiecare freciesi e the attenuation for each frequency value and
tip de material cu refa: sample type is calculated using the relation
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P
3ag] =10E[bgi @)

* se trasedi caracteristica atenuare — freciein * the attenuation versus frequency characteristic is
banda 10 MHz + 1000 MHz pentru fiecare tip de drawn for each material type, between 10 MHz
material. and 1000 MHz.

Materialul de prob se introduce in incinta The test sample is placed inside the TEM-cell
TEM intre conductoarele centrale, perpendicular pdetween the central conductors, perpendicularly to
acestea, astfel 1incat a s inchidi segiunea these, so as to completely cover cross-sectioeal ar
transversale a incintei [3]. of the cell [3].

3.2. Determiniri experimentale in domeniul de  3.2. Measurements in the 1 GHz to 100 GHz

frecventa 1 GHz la 100 GHz frequency band

Domeniul de frecvefi 1 GHz + 100 GHz In accordance with the conversion relation (1)
corespunde potrivit refeei de conversie (1), the 1 GHz to 100 GHz band corresponds to the
lungimilor de und cuprinse intre 30 cm + 3 cm. In wavelengths from 30 cm to 3 cm, which places the
acest caz #suririle se 1incadredz in banda measurements in the centimeter band.
centimetri@. Sistemul de #&suri trebuie § poat The measurement setup must be capable of
genera si transfera camp electromagnetic din generating and transmitting electro-magnetic energy
domeniul microundelor. Pentru scopurile propuseby means of a microwave field. For the proposed
este de preferat un sistem la caraitleg dintre measurements the microwave denerator is
generatorul de microundéelementele de &surare connected with the measuring equipment via
sa se fad prin ghiduri de un@l Un astfel de sistem waveguides. The composing elements of a such
experimental este prezentat in figurgiZoate fi  experimental setup are presented in figure 2:

echipat cu urritoare elemente: * microwave generator;
* generator de microunde; * adjustable power supply;
* surg de alimentare reglahil * waveguide line;
* traseu ghid de unde; * calibrated variable attenuator;
e atenuator variabil calibrat; * power meter;
* indicator de putere; « digital oscilloscope;
* osciloscop; * field detector with high- frequency diode.

* detector de camp cu didde inali frecvena.

Figura 2. Structura sistemului deisora pentru Figure 2. Measurement setup for the 1 GHz + 100 GHz
intervalul de frecvera 1 GHz + 100 GHz frequency interval
In funaie de metoda adoptat pentru Depending on the method applied in measuring

determinarea energiei campului de microundethe microwave field power, the high — frequency
detectorul de camp cu diddde Tnali frecvena  diode can be replaced with a thermistor in a
poate fi inlocuit cu termistor Tn punte echilidgrain ~ balanced Wheatstone bridge. In this case the
acest caz afareasi citirea puterii cdmpului de measured microwave field power is determined
microunde se face cu un indicator de putereusing an adequate power meter. The presented
adecvat. Sistemul prezentat poate avea la baz system can be arranged around a waveguide and a
sistem de risura in ghid de undl cu generator de LABVOLT microwave generator with Gunn
microunde realizat cu didd Gunn de tip oscillator.

LABVOLT.
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Metodologia pentru determinarea at@mu
campului
banda de frecven 1 GHz + 100 GHz con&tin
parcurgerea etapelor:

* se calibreaz aparatelesi se interconecteéz
potrivit reprezeririi din figura 2;

* atenuatorul variabil se regleamitial pe atenuare

maximi;

pentru frecvetele din banad se efectuedzcate

dowi determirdri ale puterii nisurate in dB

folosind indicatorul de putere. Prima determinare

P, se efectuedzfara a introduce gantionul de

nanomaterial in sistemul deasuid. A doua

determinareP, se face plasandsantionul de

material Tn ghidul de urd perpendicular pe

diregia de propagare a undelor.

* se calculeazatenuarea introdasde nanomaterial
cu relaia:

a[gg] = P> [aB] ~ P [a8]

se trasedr caracteristica atenuare — freciein
banda 1 GHz + 100 GHz pentru fiecare tip de
material.

Metodologia descris permite determinarea

Measurement of the attenuation levels of the

electromagnetic de nanomateriale Trelectromagnetic field produced by nanomaterials on

the 1 GHz + 100 GHz range includes the following
steps:
* instrument calibration and interconnecting of the
system components in accordance with figure 2;
the variable attenuator is set at maximum
attenuation;
at the selected frequency values, two dB
measurements are performed using the
LABVOLT power meter. Firstly, the microwave
field power P, is measured in the absence of the
test sample. Then, after having inserted the
sample in the waveguide perpendicularly to the
propagation directiorR, is measured,;
* the attenuation produced to the microwave field
by the nanomaterial sample is calculated as the
relation:

(5)

* the attenuation versus frequency characteristic is
plotted for each material type, between 1 GHz and
100 GHz.

The above-described methodology allows for

atenuirii prin masurarea puterii direct in dB ca the direct measurement of the microwave field
urmare a folosirii detectorului cu diddsi a  power in dBm by employing a diode detector device
indicatorului de putere in decibeli. n cazul imeca and a LABVOLT microwave power meter
pentru determinarea energiei campului deoperating on its dB scale. The power can be
microunde se utilizeazun circuit cu termistor in determined from the waveform of the peak-to-peak
punte echilibrat se folosgte osciloscopul. Cu voltageV,, displayed on the oscilloscope screen. In
osciloscopul se deternsiramplitudinea varf la varf this case, the measured microwave field power is
a semnalului de modula V,, si se determiéa  dissipated by the thermistor according to the
puterea medie disipatle termistor cu reta: relation:
V.2
p="YX
8R
in care R = 8Q este rezistga termistorului din
puntea de @suri, valoare specifit echipamentului
de tip LABVOLT.
In figurile 3 si 4 sunt prezentate imagini ale
sistemelor de #sur@ descrise in acest paragraf.

(6)

whereR =8 Q is the resistance of the thermistor as
specified for the LABVOLT equipment.

Figures 3 and 4 illustrate the measurement
setups described in this section.

Figura 4. Sistem de #sura in banda cm
Figure 4. Measurement setup for the cm band

Figura 3. Sistem de dsura in banda ngi dm
Figure 3. Measurement setup for the m and dm band
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4. Concluzii asupra rezultatelor studiului 4. Conclusions about study results

Pentru stabilirea prin #surari experimentale a Experimental investigations for determining the
unor caracteristici ale materialelor noiamge in new material characteristics require the use of
practi@ se impune a se folosi acele sistegie systems providing the highest accuracy. The
metodologii de rissurare careasofere maximul de described systems were verified by carrying ouit tes
precizie. Sistemele descrise au fost testate primeasurements on known material sample for which
masurari de verificare pe materiale cu parametrii the results have confirmed the validity and accyrac
cunoscti si rezultatele au confirmat exactitatea of the measurements. The employed techniques and
determirarilor. Metodologia aplicat este strans procedures are closely related with the technical
legat de specificgile tehnice ale aparatelosi specification of the measuring instruments and
echipamentelor utilizatgi de particulariitle de  equipments included in the experimental setups and
propagare ale campului electromagnetic prinalso with the characteristics of the electromagneti

diferite mediisi linii de transmisie. field propagation in different media and
transmission lines.
In domeniul microundelor, sistemul deisnri In the microwave region, the most accurate

bazat pe generatoare, elemente de propagarmeasurement results were obtained by using a
detectoare cu diode de radiofrect#egi indicator de  measurement setup which includes RF signal
putere dedicat este sistemul cu rezultategenerators, microwave transmission equipments,
experimentale cele mai bune. abidrile de  radiofrequency diode detectors and a dedicated
verificare a sistemulugi a metodei efectuate pe power meter. Measurement system and method
esantioane cu parametrii cunosc@u demonstrat verifications were carried out on material samples
precizia ridicai a acestuia. with  known parameter values and have
demonstrated that these are capable to perform the
measurement of the desired parameters with a good
accuracy.

Studiile experimentale se impun a fi efectuate = Experimental investigations should be carried
intr-o multitudine de congi determinate de out for a variety of the cases and situations
varietatea domeniilor de aplicabilitate, ceea cedepending on the specific application areas, which
impune frgirea paletei de metodologii tehnici de calls for a broader spectrum of measuring
Mmasurari experimentale. procedures and techniques.
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