[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

£

Lé.‘\-—%

\Ya¥ ‘_gb)‘)ST ) o)u AY 092 U///}K » ,/0/ Mt.hl.n‘ga

9999300 Z1g0! Ll 40 WU (uwmblide g wSI g (5951 S (39
ol soluy Wb 40

> o £ v . Yoo Yo,
o)l}b\y))\ﬁn‘@Mwm‘dﬁpdwwl‘dw)ﬁ)ﬁbw‘wlpul.c‘du9\))|,\i9

AP/ VIV 2 by o) A/ FLY 1l s )b QYT sl gl

onS>

ol U aalge 5l (o pSiin o 5y JyuS ) Kaly dolis ) oolitul 39 pulels coMs dy el el Slg5 o zlgal ) b dgalge JpuS pae 315 00
Do bl zlgel ) ]S Cas (shde uiblizeg il (S 9l 15y 9 SISt @lyd Ul ealatel b b dalllas ol 53 .Cusl 599,500
03wl o j5pelS il Cilo g yio o 5 o ¥ oY slaclbius 1 (55 opd V) UK a1 3536 5 S sl oy 3l S onl 53 ey 9 (9
5 o3lil L Lacs jorelS 6l ablas  —isu bl polbe g s @l 65 oS 5 S Slasuin FESEM § XRD cloolSiws I osliwl b .ab
A5 650516l Vector Network AnalyzersSi.s

FAY FO/AA Jolso o5 595 o wd O/YD o B/+Q ¢ Y/EA Cus 5 & s 3590 (slacwlbus (sl laco jonlS gl ablis  iso il 1olie (uSile :aidL
Solw )d g (5 yto Jus & Cu55alS'9l Lawgs (duopd AVIYR Jole o cwd AAF) uSSl (gdolun S5b > ials” jlade uSTis bl o yials doys V/AY,
el ial33l ey semelS gl blis  iso Sl pSSle ¢ caalis iol33l b el cunds 35,0155 A/DY

IS Gl Gl 2908 000l X goluy 3L 299,S0ko lgel S35 car uslio Blis lsisay s adlo slocajonsls il ol oo 15 o5 ol
5 =8 Pls d dngr Ly Lol 390 odlai] (05500895l g (canS'gal (g0 oo & yauo j1 35,0155 MDY 5 A/DY aislo (slofg (slaoliy 1> 5199, le s
53290 (ile Mo & 4255 b Casl (AVV/D GHZ) uSUl ol 3k s299,500 lsel S35 Car osllas yous (550 e ¥ ool il ool
Dgad uLzul I) w\.w w.«.‘ola.an9).ﬁ‘ o ‘uf..\,«.mlf u,u);ln )] oalaiwl Lv u]}:& ‘d.)Laaé‘ 6.9).0 %

23552 oS 2] (JS5 3aST o0 jralS 55U 599,55 Lo ¢ yubolineg Sl puuw W0 519 MS’

35,0LKS A-VY/0 1) 0390 e oyl (IEEE) 5, AodRo

alos 5l oo slad 8 o [F] cunl 03505 iy yx5
dud){)g LF“’LW"‘}Q’ duo&m)‘ chs'L{).) d)g9b
S5y 3= B Sl 5l (o 3 [F]0)1 gl 3
4.@15» bl 5\9_p| L as (502D by ¥e0AY
il a8 sel Jas dn )y g Guios il
9 Supgiod 38 53 Glbpw 4 Ml > e
oS Ll 3 1) s 5 S po e Sl ol

el liseg yiSl gloel 51 (i 9299 S0Ls gl

GHzY++ UMHz ¥+ + zg0 Jsb (sl a5 sz
o 9 Sl ploee (S ol @l 55 g A
sl b cpl o [V V)b oo slad S
Cwadl jIV=Yer GHZ (gaoluw 03505 by (5],
A (gl 1L VY Al g i Hbye3 0 (slodg
smm W .V Ka K KuX.LCS L slapl
0390w (5l)s X' gaoluwy Ml (b o pasnds M
i (9035l 9 [Y] 0391 35,0155 A-WY (gutolony

Ol il e pte Sy oSl o Sy 2SI ¢ glad > cuiligg 09,5« glad > gy (cwdine (655 (goomiily —)

khavanin@modares.ac.ir .|yl ()5 wyte Cuys olSuiily ¢ Sz 0180l ¢ glad > cubliny it 09,5 Ll (Jgtume 0diums95) =
) 5 eyt o3 oKy Sy 01Kl e(glab > cudligy puoige 09,5 Sl -

) e el Sy pole olEily ccudling 0uSutily oy Cudliy wine 09,5 il —F

<Ol (RG e pde S oSS (pord (poiten 028N oy (iaen 09,5 pouky (cwdie (553 (sl —O

Ol el (ol Canio g ple ol ¢ Fgals’ g 55 0aSN (B dine 09,5 ¢ guditee )| ol (gl —#


https://ioh.iums.ac.ir/article-1-1399-en.html

OhSen 5 Slaglyj 1y \

i s yorly SmyjpelS 3] o3lial ol [¥Y]
(Ol Cuesd S (g ke (aljlitel oyidly >
5 S5 =l > Csgliie (39— 0jlates i
sl g9yl gloel S cue canlio i
Y] el 4Bl by gl oyl il > cblis
3 (lgld 3,8 48 oL yaly 51 S [15
Doles il s ay S gl il S
iommlio (SopSUl polt (e plend 5 (Silsee
Sy il ol ¢ Bl sles 3 cou bl
Sl (Sauss g Gl (oSt s el
aS cewl s jo )l a8 )3 148 an g7 550
XY Al el olo s cpl men s (slodle S
weoma &S Sladss gl o plpls (YA
S gl 5l 0 plonil uebolineg pSUl (sl ypuo L
JEY=F Y Y ¢ A] sl o1 ool o),
o joels 9 il oolinul ((5)5kidgil 50l b o el
O I (6 Sl g Badloe Y (g,
3190 i) &8 el (g 5,Sag) mebolitos S
P aS ¥ S eculas s 8 o Kiagh 42
03l L plo lgiedr Sl 1 gl 51 syl
Jl 5 Ly JEY-¥2 Y Y O A cl o
el yogad y Gilie Slidios 45 Yoo
Fodd g9y (j9pelS b uablineg il (gl o
5 o)lgd S5 oS slaalglyils asle akisea dlge
—0V] S [De—FF XY F XY -] oleys din
[OY-0F X8] i, LI 5 S o5l 4 OV
Cp—rad el 0 o3kl ToniS p 0‘93:—43
5 sils gl 5l as as el Sl oldlas
etoliiog ySUl (gloys c8lis o o] LS5
Jlos 15 LS an g Ohlan isg 03, odlitul
9 Gairola {0A] o, )8 @l gl )5 Ve oA
Yang (0] Ko o Ve Jlo o oo
Jlw o hKea g Jung ¥+ -V Jlo oL Ken o

(3,5 (ol 4> YB) U1 slod 53 (6ol Jos s

5 edlass samd ) Lis wlgi o yimgi oyl b
ooliol [0] 15U gloel ol L dgzlyn 3y90 el
5 Al golio )3 bliing S el 51 01938155
ool 5105 alas 51 Lyl 51 Jmols WS
Crhl an 5l 5 caliiee linad L publiseg xSl
&l ol 51 g LmolSiad (ol liselol
5l eala ] Eg—o90 L5 ol 90 Ql_m.}l CoMs
oty rabliing gSUl (glatslin sl
— ol g (oD SIELIYF ] 5sd JLis (g 55se8
B bslen V] (G5 Sl VO] By e
3 slasges NAW] terdgs SIS [W] (Bgye—
5L L dgelye J,iS i i (15)lg<
ol Gl an yomie g o )by (g0l
S sl [V ] (Semj ol a5l dlisee
glyol b azlye cov loye 590k 1R 5 p el
o 3y pyed DNA 4l ol [Y1] 13,
VYN ol glsSI VY] B glgal b agalse
Zlool L as sla s 3 520 oyl sSle [YO
Loyglnl o [VF] wlansly (i apalye 529950
Ol an Ml V0] Sledgs )bl zlal b apalge 5> a8
5 [VA] by (slaJoho 38y S0 25 [VV] )9 50
9 [+ YA glnns] o il
Sl @lal ol =l 53 A8 e Bl l b
UaalS palae dlailinl dgas coley .l (55 5
Lo by, ddes 5l Llis 5l oolizul o dgalse loj
&lo—sl o=l i 3 38l e Blis coge (S8
P S Bl blis skl o [V] wsl o
bl oo 99l glgel b dxalye Sl gyt
03 S ©ygmody (5315 (slagia g aigd I S
N s o o3kl uudolines Sl (gl ylgicay
e e d 38 ooy dfu.,buU Lol [¥Y ¥Y
S0P ln > Coglie (BB g S (459 wilo
Lwd cewlio u“l—’ S solu L;l)g S g .\S)b

', Electromagnetic interference shielding (EMI)

4 Filler 2, Shield

YYAF (65 53T @ oyleds VY o ga| Uyl asliale 55

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]


https://ioh.iums.ac.ir/article-1-1399-en.html

Y

07
V '
A\

\

e 9299)5ke glgel (Al )3 b cunblise 98l (6 oS (A ()9

W

] 4 )_.45 Lol [V¥ vy 3905 o, Ll o g u.u)f
il 00l dn g Luubolineg piSUl s co b cq
AL Loya}bo Srge s & dagi b ol
Uasg LU Ad e adllas ol 0 X (gl
9 blowjdos 5 9 (S apl (29— Syl
ool S S5 S 331 et
L (i apalye (v J58 2,509 b o>
(A=YY/0 GHZ) 1uS5) (gtolun b 5399,S5ke g0l

Do a3l

32 OR9)

Oh9) 4 &S GBS l ) by jenels gl ol
El- )log L b (oSl ) 5145 ploxl (028
P b oy olar) el 5 el (o iy ol 5 403
319_9 S s Y g uae LS)—“’) HA-14 ¢,
> 9o g pmple ploisdn (e (i
S Glsieany Jogls YO (gojlul 3 JSias]
g 595 S 4 JSouwsT alyd gl .o oolazuwl
Us- Nanomaterial ¢, 5 51 /38 o415
by jeels b colw | 8 .. aws Research
Coo g Goplyd il 5 plsl Sl 5)90 dlge 595
Jols bl aslawl 5 )50 (slaolKiwd 5Slos
wd,S
g o byl 505, b poslS 5 S|
A oald Hly 8 gl el plas j3 il Fe e
o 5ol Blsie L (M Jole S5l s
ool 00 S i lyisdy | M S sl g5

Xiaodong 4[5+ 0] oya5 lyd gls , 5 V0
Olse ol )2 809 00,8 dalllas [FV] poslis—pss )b
M L Gl ol dngi g8 (6318 claasT o
Olgsa Fe304 )'1 45 a5 el Oladlas )'1 (§d94e
Ju_wg] ..&_,.)9{ o.))_f odla_wl U’“?«))"A u‘}._czb [\CY]
5 0392 [F] bl s g (S cllo 5o IS5
235 G Sgd e (purblite (e (Jia Coghs
I il iz ) slosle razome S5
ST IV ] cwl an g 0B Lol Cons uublize
5 blize ols s o 4y 55 (NIO) S-S5
a1y (ol (ele sla gy Bl Sy S
blwydos S (NIO) S5 s sl 03,8
a4 JS 2uST 36l Tl VY Y] casd P-gs
295 (smebline 9 (S99 50U Lolos >
L p)l8 Lol adl o (5 5L s 53 S5 3]
2 Wiy s plgSue L s ile (S0
(S S g0 9 (g ile lize (lajls
cJLé.'(.w‘ 663)9}[—&4’5 Cxio ).) k_iiwu) C)Ltb.é Q}l.w
el ()5 Gl Caio )3 K5) 5 G lgiea,
sldgdsl ol yor 4 56 lgicdy odlatwl « Sl jun

adllas 3)90 (slac j9ealS U Sl 53 03lisl 3,50 dlge (S59 (29 —) Jgi

(yoskeo oo 1) aslllas 390 (5o j9r0lS $U Caoliess

P ¥
(PSS s ) (a0 e ()i
Vs . F/ars
< IVA JIYES
V- AA -IVY0
RN o[+Y0

o3l 590 dlge
v
YI$EA =Sol
DAY IS st el 3gl
e sl
o[\Y M Jole

\*a¥ L;AJJSTGQ e)Lm...: AY 09> U/UK

w 4slale 92

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]


https://ioh.iums.ac.ir/article-1-1399-en.html

OhSen 5 Slaglyj 1y \

i

pob adllas ;s o ail (glappus pygead —) S5

FESEM I oolisil by (sl g5 350 blis =V JS5

oS ©laseio "FESEM 5 'XRD (slaolSis
ST S oLl (VO) i e alyd b
X Jso o) dndl ol olKs 5 onlizl b S
1 plol il s 8 45 sl Pert MPD

ekl (SuSly az )y (S oy Sl
9 s olatwl 59yl 5 ()95 S gSuwg See
9= J) (85 s )=l 4l 3 [VF]
bl slacjonls U (jls)ge (slosnlie
09 =S Sy Seo pgload il edlaiwl Ly oa s
Y pglial ol ded Sl 03 (s (g,
GeSmgySue jl g plosl Ladsses (g9) Al Sl
e (FESEM) ihage Jisl (g, 0,550
yotaied s .0 55,5 edlawl HITACHI S-4160
g 2 Lalajonls gL (9 (Sen I Gl
Fosliwl Ly Lacyjomls ol jl Syl dais
(Y JS5) 5 (61512505 FESEM

Pl bl iso il lde (g Sojlal
o Sllos oS ) eoliiwl b ey japels
A goyi jl 8 4 S Agilent 8510C Ja»
bl g abogrpe (Wl g g5 0l

39 bgle 4 (Sl (nj) dm oy ) [F-] 0
Sl So 3o 5 ool L, 5 abl_
Voo 05k aads ¥ one o (IKA@RW 20 Jus)
LD S 5 a0 b adds ) e

e 5 6121 (HA-14) 05, € Jole o
29 Ve £ LB Y Ode 4 5lai 590 byl
Sae 2y ol 3l d g oS (S (jem o 4k
A5 00l 1,8 gl el plas j> adds A

SsSeks b (9,3 15ha bl Coleg
#0915 JolS @a 5 (55l politods 5 ik
ol 5 Lo T 5 21 00l 3 S gl o
M8 BUTled )3 9 515 g Blo (odaw 3 5 )
ladsges Db J eSS csy Sldes B ai ool
gy JolS plSocial &y jg) i I ey 0wt
B35 gl i )

2 9 45903 dw CujenelSgil a5l sl S5 LS
5 0y 5ilse 1 455 g & gymacne
oY ¥ slacwkbus posd didln slacyjaels
29 09 oS VIY o ¥AFY YIFY iy & o Lo
$U 5l S o cale cue olitul 350 350 S5
o ALY ojladd Joax )3 4lai )90 (glacy jorels
5 3590 slacujonels B cunl 5 & piY
il caales ¥ 3 (g5 V) clal g5 Sy
yio Gl YO X Y0 slul 3 g (g0 Jeo & o ¥ F)
D A

281 S350 56 2 pglatods adllas (] 5
Laceyjousls $5 slis o isopl - LS
ol c3lus gy iid b "aald chdiges
P &S Soly pl Loy iy 5wl b able diges
i ool !l S wST alyd gl i ladiges oyl
2 RS b g (S gl ol iged Sy g
sl 005 )V S

1 ool asl Uy 2 S senS1 30l ol duaseto

7. X- Ray Diffraction
¥ Field Emission scanning electron microscope
? Network Analyzer Vector (V.N.A)

Do 0 03y pb Sl 09)5 lgie 4 allie asbl e

\Y4¥ 65 )ST O oyl Y oy 9|1V | aslale g5

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]


https://ioh.iums.ac.ir/article-1-1399-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

IS

(V) doleo
A.V (%) = (1- (Py/Py)) x100
(839)9 Hlos iy 4 AV 9P Py el o
s (S8l Ao 5 (295 oy
Jlw » ol}LSen 9 Bonaldi a5 gla_slas )
9 SEo, & yqods  Saals aojs slosly plosl VoY
2 (YA) sl 00 duwle 1D & yquody

(¥) dolso
SE(+dB) = 10log 7 — Sy, =
(1 - <%>) x 100
1010
aidl

5 oSl axdl iy ) oslizel b aiges 3T gl
S Y 3V sl IS6 ;0 FESEM (gl pgad 35
|y s 28T 3636 3939 XRD geylis.cian o
56 FESEM | Lol yyglas o (¥ JS3) ol o)l
s 3 ST @l gl el  SaSTy
(F JS5) amoipe ol ]y (S 5

o g piSlas (0o p3lie ¥oojled Joo )
S5l 9 CjornlS ol 093 93 3 (bl (il
ol &l,) oy adlu Cuolus dw > S g LY
Lol

93 2 > 3 Ui oo ol )3 gy gl
Wl Gialidl L wojorslSoil 9 (S gl 09,5
sl a3l )53l on SE yolie

2 SE palis " Sl Laces japels Lo
FEN sy an yio L5 o ¥ F lacwbus
i b)) S sl |y 3 OIYD 5 /-4
A o slis |y bls  isu il g cwlbus

92 72 > SE e piSlas (Jgsa cpl (ol
ol 039350 13 el sl 5 (uSal) 09,5
Y S el sod Cuwl 039 5,085 ADY = A0
Sl 5l KE WY el 0 a5 gy Juo

ool 88 (655 o)1l s g 4 uSlie olie oles

-
@l‘ e 9299)5ke glgel (Al )3 b cunblise 98l (6 oS (A ()9

cS il eslawl Ly Agilent eS8y Joallygi s
0, dLS 85052B Juo (6o uo Y/O el plS
AWYVI0) X (sdols 30k 99,5l zlgol c03,5
_ W48 Mg (3595

X+ /A 3lal j3 M8 &S onds didlo (slo yas youww
W09y 04 03> by (o ge Sl Billao) gl /¥
WR-90 Jas 5 lubunl y>g0 90 o 10 SS&5 4
WA 00l )8

s oo J) a3 3590 529950l lgel yous L
adbgrye (ST slajiehl g0 93 55 39290
Sit iy 4 & zse ype 9 (Sl 53l Hhde
el (g0 > digd e 040l S12(S21) 5
o3litil b o 15 (S 0jl] 5 ,0188 A-VY/D
Gl o JS cbles oyl e ¥ g ) Y oleo
Fo]asd)S acwbre onds adle sl 51 Sy
s 2 Sl g8 de g pSejlal cul S5 Lls [VY
WW03)5 LSO lus ol oS wl plol )b dw

T = [S3]* = |S12/? (V) abslxe

Jade dn baye SuSly slayialyl :Sip 9Sy
z9 s 55

Sz e oly T

" blis a5 3l laie $SE
Jacde 4 La gyl sblis isw sl polie wonl 039
5 s T Saals as )

9 (Sl (o V1) 53959 Olo e & d2gi L
Olos ylade (Y dblee) S ablis  iso 5l dolee
L (Sl o) polie s Ad dpslone (295
ol Cowds i Jgeyd 5l ool

(555150 BISVD olsh 5 GleS i3 oo ¢ fais 50 03510053
W (658 03l ¢ doluy Av ) )d £g00me j0 g

" Shielding Effectiveness (SE)

2. Attenuation value percentage: A.V (%)

WAF (65 5 53T 0 oyl VY 0,53 |yt W | aolials 53



https://ioh.iums.ac.ir/article-1-1399-en.html

OhSen 5 Slaglyj 1y \

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

3 izl 3 Ablis il il g Sl il ol =Y e

J
|

a | |

adllas 3,90 slo S 3
e Jalas e yiSTas il Sl aslllas 3590y
sl i)l s Bl
bl » bl o
B cas Jowd cwes (3wl o)
(dolus) (dolus)
I A (+/D¥)V /A - Sel
(a/a-) (yv/ey) yioso ¥
y/ay £IF (+/AF ) ¥I¥0 F- S sl
(a/a5) (M) yoskeo
Y/o¥ Y/EA (VYY) £/EA —Ssl
(yv/yy) (Moav) yiosleo £
AR v/A¥ (+18%) YISA — g jorelS il
(a/A5) (Mod) yioskeo Y
Y/¥a v/o5 (+/3A) o -2 — CojealS il
(V3/-y) (AMov) yoskeo ¥
\TAR AR AT — o jorelS 31
(yw/r¥) (May) (V/¥0) yiodho £

oln) o 45 Lo CujopalS gl aiges 5 XRD Giso ¥ IS
(U 281 3536

V X3.008K 18.9sm

0d b bl CoanelS gl diges 5| FESEM yy g5 —¥Y JS5
(S 2008 1,338 (5)

ey Blas  isu il polde Olypss ) loges
oo X (gdolus 3L Job 3 1) osds adlu  wSgl
Y

il 039050 10 SE yi0lie ¢jlges oyl (bl y
ol 0L ol slaciend plo I s Xk
2 A2 e s jhbead ol e ored Lol
5 &_r"’“fy‘ 50 SE )J.)L_QA X b dl_\u‘ (803940
L) el Lacwbos pluw jl i (550 Juo
izl e wm an 35,8LKS Ve 08 Soluy
5 Cwbes b yie e ¥ ciolus o ibles
Db oo yiag s

L5 ,al&3 Ve o0 B A Soluw 51 )05 oyle a
Lol b oo Liulidl oo SE y0lae cculsus il 38l
sizu Bl polde 5, al S VYO B V+/+0F doluw
D)l paie bl cules isliél b dblas
5 Cwlbs ol aiil (alS SE polds cdolus
dolws 1 L8 U ables  isu il 6Sle o oo
YIEE o) 5l dm g Joewd /Y5 L plpy Ve/-08

ol Al 1, iy

95 S pl) 09)5 93 )2 > SE polie pSlas
2 &S 39yt s lun B sl > e jonaS 5
R VIFA 5 & CojorlS gl g Syl 09,5
Joluw j3) s gwd AAF 5 (55,2155 MDY solus 1)
bl (55,0155 A0

dd VIPA 55 4 CojoralS gl 5 (')
Soluws j3) b swd AAF 5 (55,2155 MDY solu 1)
ldolus cul S5 Ll wib o (35,0155 AN
A8l FRS Gus p Jgia ol )3 0l &)

0 dinlw oy ol o K0 o)le 4
Cjgrel gl g (Sl 09,5 1 yraidee & Cualius
5,0l S MDY 5 MAY slasoluws sly lolaidl
Slasls 1y b 3l o ki

Jlas (Joas ol 0z slaodly bl y
YA 5 8- elasal s o Bl s sk il
a bype oy a4 S oael oy 3,0l S8
rieitie V= joralS 6 g pto io V=S g

bl o

@

\Y4¥ 65 )ST O oyl Y oy 9|1V | aslale g5



https://ioh.iums.ac.ir/article-1-1399-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

=
\‘5/ '
N
\

e 9299)5ke glgel (Al )3 b cunblise 98l (6 oS (A ()9

RAATA S
RN A S A /\/‘j
3 S VR Ve

’{. '{r—ik '{,r: ?r

EPIEPIE T R
L e R R TRy R e R Ay

P T S P P P T

[ PRI By e Ny

X gdoluy S5 )3 00 didlo S ol sl pous 1 S yo blas  isy 1 polie lyss =) jloges

— b Y gl

— e ¥ Cojgdsyls

....... adua 5 c,_.‘;wayL.

10
9
8 f‘\.. 0
7 :, .
— 6 I N\"/ \u_. A
% s N s % TNy
= AT R WDV
o
3 i
2 \
1
0
'f_‘ 4)" ‘f_‘} 1'?} E}} ?:g} ? },' !kﬁ f}} }{.’,‘_ J!% f{“k /’,& .’_;,g

X gdoluy 8L )3 0ud aidls 055alS 3 (glo o 51 Sy blis  iSu 3l pslie s =Y lages

s sy (o ¥ iy jarolS'sil can 4 35,085
—W/O ol (god90 5w 53 ¢, > &)lue &

ol b abls vl polie 5,88 Ve /FA
ol 1 J8 B (bolis iz 1 (x0be (6t e
J_gu_w.) AL )l dx g J"u‘“"} 1A% L)ﬂ); Ve/EA
u‘)b 9)[_: UJ‘—“’ sl l_: Jxmup ULM\) )l.)’w L)"

Ol X gaalwy b Jo-bo o 1y adlllan 550
=) 3 SE polds jbbgoi ol wlwl pdad o
Pl 3l i X a0l slaul edgase 10 da
3 oy C)?.‘ 2wl gdolus L O:’.‘ sl yiso
Syo o £ Cuolbus 1anl 1 ¢ S5l (sl ypw AiSlo
VelEA sl 1 Ll conl aily 1) (g by (b il

\*a¥ 6.)_3)3T ) eJL«..: AY 09> U/UK

1}4 aslale 92



https://ioh.iums.ac.ir/article-1-1399-en.html

aelllan 3)90 slojps (SainlS 25> 5 (ke plie V" Jouo

(Fosee o ) laceolses
5 ¥ Y

Sl 1oy 5:50ke adllas 5)50 (slaog,S
S¥IY0 XY Yo/ Sl
Y+/AV £/ FO/AA CujoralS gl

Saals as )y wShis
AY/AD Y/ IAY2 S9!
(A/ay) (Aav) (yv/¥y) *(solus)
INZARY AY/¥0 oa/s+ CojgsalS il
(Moay) (AMov) (Mad) (3oluun)

Al (oo 35088 cuns a3 390 Aol

oSl B Sy sl ol gl

2mm 4mm 6mm

(b (03 o 32) (500el U gl (Bl (c2S3l 1 ) ol 9 5hd o =Y Jlages

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

Ol Dy s Mol 93 1 s 48 05 dpusloxe
ST 39 (0 039381 b s o LS Jgi
P Llagl (Sl o) (Sike Syl 4 S
g FYINON /¥ 5l yso o & g V¥ slaciebis
2) do > Y/AY 5 2414 FO/AA & 2o > £F/YD
e el cnl 8l GRalidl (e jorels” 93U
Sy oad adle slacyjaelS gl o Saals
.Y P ul_uu) J?'\? Q—l‘ Lol u‘*‘s9" L;Lmt\.’sya.i
)13 (§3gm0 Xy, 09,5 93 3 (Al 55X

2 =Sl 5 S5 2SOl 9 ore 1 yl3505
SLncyjosels $ 5o JS lilis s sl
J—ol& 5l polae ool aad o lis |y onds aslu
SN SIS N
el Condy CojoralS gl g S gl (cladiges

¥ Cwbos pSE (5 (S gl 0 SO s
dolan 4 yio Lo & Cuolis 4y Cund yio o
2 4S8 (glaseSd dg i e 0dniS X Wk o 5YL
3l SE AV /PN sael s g0d90 e
Bl (iso il (gl (gyie e £ CujopelS sl
Ol o il X0 Culus 90 4 Cond (g b

S dliie Coolorsd &) Cand CujoelS gl opl 300
..\_>l; )] Lf)—’é*—“’ﬁ 0394 Sto yd 5L5_u53)‘ °9)j 9
0l (¢ yiddiy Sblas dso 5l gl X gdeluy
Ll
dlb)»_.w L;"Jost- LS'*”‘?O)J‘ )J.)l.mo u;‘ 52 09MS-
5:\.»..:.»[.7@)_‘».’;._\».&:\5..\.@)) u»L.u'fo..\.w aslw
YoV sadoleo 3 y o jloolawl b Saals so )

\Y4¥ 65 )ST O oyl Y oy 9|1V | aslale g5



https://ioh.iums.ac.ir/article-1-1399-en.html

Y

s
V '
A\

\

e 9299)5ke glgel (Al )3 b cunblise 98l (6 oS (A ()9

[¥e] il o blas
VIV 5y an o Jwiml g o poainagl] JE
Cwl (65505 Cudgd e LcaJ O 1y ol el
LYY 5l 0459 Lablas go oyl 5l odlatwl jo &S
sl Lolie Sl (S0 29— (19 S
Jle sl il adlllae 3)90 (05900l S 3L
wblo gpiodee ¥ (joelS 9l o 039 (nSbie
e b posineg] é)ﬁ_}' o3l b colbes puons )5
4t e 0 (o] JBe 4 ey ) ad oo
L adllas ool dgr oo (FeuSiw plpn MR) )5 YY
Cpgs e b lireg ySUl o w cdluw Bun
L X (gtolons 8L s299)50le glgel il ) cblis
A plal S 0T alydgl 5 (S el 1 ool
ST S350 51 eolawl by L adllas pl gols
o Sl 4 oo Algie (Sl it >SS
e &S GSgFay 32,5 5558 punboliing oS
5|y odd adle o sl b Suals
olie duglie (Y 51 Jhir) conl Syl (gl pios
9 S 90l (el 4D odcal oty SaalS ao )
A3 o ol ol Bl Y Jods )0 a5 CujenelS'sil
Caud o jawls ol bl iso il polds
FIOY 9 OIVY N /OA iy a4 S gl sladiged 4
Olose y Jodn ool ol asdl (iuli8l as s
Hlade ¢y plo ol el Sl ywiile
5 LywS B Sy 90 b oS cuwl ons &3l Swials
9 Solamo polio Cud i 4y oS o o0y LS atw
Iy Saall o bl 4eS g do O+ 1 i
lrog, § Sl nopd (1Sl pd o lis
u)‘..)‘}: L I ul_awv J9J_> L))‘ 2 axlllao d)y90
Syt 7 9 ¥ (jgelipl g (Sl (sl y
s Jlio gl il 0uiiS p Y S5l i

blas s gl 1S5 asT alydgl phew

9 IVF VA Csy a gie Lo P LY slacwlus

sdaliio 45 jo b len .l 039 Jo owd +/AA
Lloss L;«.lol.o»

_ (5 5 oS 9 Sy
buso yolobj (Soib Jelse <jo mggSale glsel
Jold 3,25 (o0 ©jgmo Langi Sl s ol S
e S g Al ) oolil) (gwige S
Aol sl wgalsge yloj Lials e s cule))
5 (Bl glapld) (63,8 cblis blog g
VA 25l o (g ag) eloKaS) Sy loss
dlS aS oy sl S glgl S [A
Sdolws 0394 e (¢l 1y dpalas e 1o OSHA
= Olg e Ve el XS Ve U el e ).
gyt b el /) Gde 4 xope yio Sl
K ‘)J/@KS Vauiey LSJ\ALM) 03g9i>w0 4 9;99).§JL°
agelye addd 7 (o @pe ol p Ol (o
)_o| L)-" Cml b= [VR] Camnol 0 g—oJ ‘DM_C]
S slal e o) alise lacudgie
S o3l cyglyl 5 cpanl ol &S o yoss
D ) Dl i sla 35S gy bl
3558 e sk b J S 0,5 o0 gl
g Wi (293 gloal 9 9299010 sl (et
ladas Mo LB jlase 4y Wil o blas 3l oolazwl
e [VA] oy il S L Bl s 1y agalse
g oo odlital ()18 (slalasms ;5 45 labilis
IV Y] asl e 3B o lish o aisysi o Ladd g

odliiul il g powinegll ¢ o j gidn g [VA XY
ool ol Lablis g5 ol Lol V3] 355

4 Panels

WAF (65 5 53T 0 oyl VY 0,53 |yt W | aolials 53

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]


https://ioh.iums.ac.ir/article-1-1399-en.html

OhSen 5 Slaglyj 1y \

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

Bl (il lade (1 SSle laljBl 2 Sl
Cuoles walllas pl ) g oo oplpll bl anisly
P eblis Coge iy Culis (o9 ) yia oo ¥
D90 (Byme X ak 9299)S0le glgal iy

P S polie Oldlas Wlis pl 0,55 oy b
S 55 laa st Lo Ly S sl ol
S gl yiman 53 g 039 (b liial)ly g bluwjdas
Sl ol 1L 53 blis o cilo ol
(63940 dliay Lais .auld cdly ALl 038 eolatuwl
4 S -Fes04 5l oolawl L a5 0 sl a o
i 3= el bl ttngyd 4l 5 Bloyias
s oy st oy 2le by (el
b LMy ST e Jte by ol (oS 55
uebliog 7Sl (el cdlw gl g oy
Fe304 wlypdgls (Sasly 150 ¢ g 00,8 odlaiul
Y5V ¥V ] 09 03905 (awyp (oS 5l yiww y3 1y
JAY AY SA-55

ol @l g8 de scadgize 4 d2gi b plpli
Eono jd D990 slbg)s | odlaiwl b adllas
355 (wy b lineg iUl (gl yos

Bl ol e wolbes Lial3al b ogyets i |
(& adslae) 29 o yiiir gug9ySule > I (5L
Sl ez ge g gome ) Llgi e oS [AT Y]
D9 J§ blis iz ]

055 3 b JolS s on cadlis ol gl U
Al 05000l gl (gl pw &S (gligS ey anily
o=l 3l 3,8 A=Y JEA gdoliy 6dga5ts > 0l
6255 ol e dm any ol ) g 03503 59, o988
Aol i 3olo

(B) dslso

SE, = 20log e/

blas Cules Ciyp 4 SEp 96 d byl o
il (il bles (dsu gl g ey Ges
gaw | gldbols S9i5 Bos b (wgy Bos Ml
L, (1/€) 45 glsol (g5, o Lol 3 &S sl Lolio
JAD ] sy 0 395 (sadgl jlade 2TV

‘f.‘i

FPlgia jobas aily (takn £ i jgnelS b
&lo—el (535l adgl Jlade jlaop Vel e
adlae pl o amd ol ) dsdlles 550 4195,
48 o Sl el (lpiedy oS o Y
Am e il adgl e G & |, gubinds e
Ol 4oy ol eoren D9-d e i pud
o3kl b (V)2 pU 50 0058 pus Cuoluss ¢jlgicay
A3 Gl 2590 ol e g puyile () ]
g 5l |y LS Lo (gl cabio sl
3l e LS lame Sy 53 ST e Jleplgica,
oo J a8l sl s 5l piin do ) Ve 59,0
olaiwl Lo )d Yo oyl ialS cas lei oo oy
9315 290 (sl sladie (8,5 Jla5 )3 by Ll dges
Y= 5ol by 3l odlawl ¢ golaidl a8, o
s ) 5 it 33 5n 4 S in s
s (50394 5t 43 codd ddlw (gla Dby LS
35 el oyl g Wlawsls 1y ot 31 o i X il
sasls 3 ,IES ADV-ADD (cdaluy (go3gime
Gy )y e Juo & Cuolius oS glaigSay el
elbsaluy gl i ailo L5jeelS sl o Sy
Cryimbe g 039 Jloal 5,al K5 ABY 5 Moy
AVIYA g AYIAD jolyy cdyi am oS |y (s ]
s—iow il g asla sl ca bl e (Sals as)
) et 553 (glatal 53 U () ol
uLW 4 las O—i‘ @Lu Lol 048 o LY S
b ojornlS ol g (uS gl 09,5 93 2 )3 &S aa3 oo
i 50l ks Sl s il
sl ¥ Ao ¥l cules s b oo Sl
d9dsn bli> (pidu il )3 pSeda Gl cage
o=l yme Ao £ 4 Yl Culs s o &S Jb o
(Vo) Jglz)eusl jl3)08 0 6208 43 5l 9
(G20 (2] 53 39290 Lulpd 55 S o0 Hlai 4,
il Sl Cwlbus IS e o dus ¥ culbus

U o b glacwbos a8 e ool &

\

YYAF (65 53T @ oyleds VY o ga| Uyl asliale 55



https://ioh.iums.ac.ir/article-1-1399-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

v
N

e
9,

\

e 9299)5ke glgel (Al )3 b cunblise 98l (6 oS (A ()9

el Ol s ) ol olSd] 2l 4S5y
S 98 Uy g (oo (S pSUl (bl O L] >
rols Gimgh als [AY FY] sl aas amaboline
sbles  dsu il polie welug (iol38l b ol lis
Cowl ddly ials ond adle slacyjamels gl 4o
g mbliial s 55 50 Jloin] Y Jlogn)
$U o=l 2 (S8 ST (39 bl jdoys 4l
e Gl il olSail ) b ) iy joels
FL 3 dwy e pl5 e pl b a3l 09
Hlaie doluwg iul3 8l L o aidlo slacy 5ol
a8l hals cuad ay el sl blaswwl
i3l i (1 SSlee il 4 i S (6)5ba,
azdl el o X uslb slal (godgaze jo S
Bl jobay ¢ ST slastmgdy 3 93,5 0 g
0338 (es U 295 (w30 oSl 9 > <l e
i Ol (i y 3 il 9590 (1
A Sl pgd 080 il iy ol 6l dblas
FL5 SFadgge 45 25— o)l g5—290 (1
450l Olyesi 6% sl Jale b jorls
S9a «Cul a3 3)90 (udlS B (o390 )3 (ol
bloy 4S8 sbml 3 5 Jelge I (So (ST
5 ablinog pSUl (sl juo oo cdoel )3
Sl o el o] sbolis i il polia il
4l 5 pte g9—90 S wogdlae (Su STy
P S A oS sl flioee (> 501G
[AV] a8 o 5L 1) )Ss9d sl pwr 4 Sl
s w3l SasSy sege Ly Yiazsl
23lie Sllug il ogde g 05 1) (ST5l58)90
39 goluy (so3930te Job )3 (bli> (i
ol Gialidl 3 |y S abblis itk e s
ol ] 3 (Sl aalllan o) glmaiily ¢l 5 0gMle
P Sl i adlllae (pl )3 39290 Laulyh )3 oS
lac oS G IS Lablis il sl
el 039 S 81 S35 5] i 005 4L

' Dispersion

A dogi b aS dgad o)Ll A Cpl 4y b el o
ol o Gty & dblao gy es ke aSL)
Jade & 50 SYolae plesl b e o cplpls
Sl Slge (sl Iy @l 1 iU bl (i il
Dygl Gy 5V galal,

(7) doleo

1
Vrfuo
SRAdshs [ Ium oo yy uilS )5 ol )
Ho -l Hoptr Lo j—lp 48 cl (ublise
4nx107 L ol a8 el lon 3las ¢ pisdeis

G 2 (S S (2lls) Ol (20 2 (550)
JAF AY XY XY ] Canl oy uies)

polio ol s adllae o) ol piomen
o390y Lo jouals gl (blis i
ol o] gl godgamme I yieS X wib ol
=0 3l palae el il b s &jle o
oaalS coad adle slacyjeels b dblas
1 il S > e (Y sbgad) ol el
bl isu il polde o (ool Gllug ¢ gdolus
90 5l e e 1y Olyass o] cle 30 0 0000
25U 4 bgye Jol ol5ams 505 () o>
s> o5 5 Lncyjosels g (S g0 cslo sl
Olyis 2 o jgrals’ 56 (599190 15L& by
$yo5 s 5l gl o jo Ll bles iz il
ol b blaswl Hlade el Lisls8l L
b Blasewl jlade Lol (Y dolee) iy 529950l
YF] (A Wblee) 29 0 0SS Zlgel il ]

(V) aoleo
SE, =8.7d\/nfuc
(A) doleo

SEg = 39.5 + IOIOg%ﬂl

WAF (65 5 53T 0 oyl VY 0,53 |yt W | aolials 53



https://ioh.iums.ac.ir/article-1-1399-en.html

OhSen 5 Slaglyj 1y \

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

&l

1. Kubacki R, editor. Biological interaction of
pulse-modulated  electromagnetic  fields and
protection of humans from exposure to fields
emitted from radars; 2008. IEEE.

2. Cember H, Johnson TE. Introduction to Health
Physics. FOURTH ed.; 2009.

3. http//:en.wikipedia.org/wiki/X band. X band.
[cited]; Available from.

4. Kitchen R. RF and Microwave Radiation Safety
Handbook. Second ed; 2001:11.

5. Groves FD, Page WF, Gridley G, Lisimaque L,
Stewart PA, Tarone RE, et al. Cancer in Korean war
navy technicians: mortality survey after 40 years.
American  journal of epidemiology. 2002;
155(9):810-8.

6. Dhawan SK, Ohlan A, Singh K. Designing
of Nano Composites of Conducting Polymers for
EMI Shielding. Advances in Nanocomposites-
Synthesis, InTech, Characterization and Industrial
Applications, Rijeka (Croatia); 2011. p. 429-82.

7. Koji Miura MM, Masahiro I, Takashi H, Ken-
ichi M. Microwave absorption properties of the
nano-composite powders recovered from Nd-Fe—B
bonded magnet scraps. Journal of Alloys and
Compounds. 2006:1391-5.

8 Huo J, Wang L, Yu H. Polymeric
nanocomposites  for  electromagnetic =~ wave
absorption. Journal of materials science. 2009;
44(15):3917-27.

9. Moilanen P, Luukkainen M, Jekkonen 1J,
Kangas V, editors. EMI shielding effects of carbon
nanotube cellulose nanocomposite; 2010. IEEE.

10. Nam IW, Lee HK, Jang JH. Electromagnetic
interference shielding/absorbing characteristics of
CNT-embedded epoxy composites. Composites Part
A: Applied Science and Manufacturing. 2011;42
1110-8.

11. Koledintseva MY, Drewniak JL, DuBroff RE,
Rozanov KN, Archambeault B. Modeling of
shielding composite materials and structures for
microwave frequencies. Progress In
Electromagnetics Research B. 2009;15:197-215.

12. Bellucci S, Coderoni L, Micciulla F ,Sacco I,
Rinaldi G, Kuzhir P, et al. Epoxy - nano-carbon
shielding coating for super-high-frequency range.
IEEE Transactions on Magnetics. 2011:57-60.

L 5T slapingsy )3 93,5 o0 dvogs (¥ )lagel)
i o ] sl @l dgls Susly p adllas
2 by ool 3)8ee 55 g (o (Bl (Sl
20,5 adllas ()8 slalasre
5 S0 ST lydgil 5l eolawl b adllas ol 5o
Coter S 9 i (5ol S gl e (Sl
caolio blos loicdy ond aid b slacy ;o008 b
P X ol 35b 9299, ol S8 cax
5 55008 9l Dgad edliiwl (o) lala e
(LS g3 OV |y (il ot (5 e
Jolxe Jlade ol g 050 dbul |y cbles oy i
Zlosl adol (55,0 Jlads jl ialsS uo)d Ve/AY
gl pas dn da g L Lal 1l oo grg9,S0Le
55 slacujoals ol (Sunls e o pSesie
¥ ol gl l 0gd o Aol (g pio uo ¥
\V A ., . . .
5 8 ) celio jw plgisa (gyte e
Zlool L i dpgalan [, i8S cps (ol
d)l_f L;Lm.‘a.:_’x,o 30 X L;Jusl_mg .\_:l; %99)§\iLA
R J)_Mf d‘)_g 019_:64 COprad L Dgud oslaiwl
5l Ot 2 lgs o aSlya 3500 olaiinl 55 jeselS il
ly 8 3y zlool chads adgl jlade 5l as > A
e & dagi b lgi o opl pogMe imdy ials
)] ool l_} ‘dal_@.el 45).&0 9 )L.:.))yo L;:‘)No

P g
olBily )3 (38 Al jlad )T ol gl
&S Slise oled jl g ipdy g 039 oyde Copyd
Wdges 6yl imgia ol ey ped w1y L

oS Gl g canlio Sinls jlade "

YYAF (65 53T @ oyleds VY o ga| Uyl asliale 55



https://ioh.iums.ac.ir/article-1-1399-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

v
N

e
O,
\

e 9299)5ke glgel (Al )3 b cunblise 98l (6 oS (A ()9

Cancer. 2009;124(4):945-51.

25. Richter ED, Berman T, Ben-Michael E, Laster
R, Westin JB. Cancer in radar technicians exposed
to radiofrequency/microwave radiation: sentinel
episodes. International journal of occupational and
environmental health. 2000;6(3):187-93.

26. Cherry N. Evidence of brain cancer from
occupational exposure to pulsed microwaves from a
police radar. In: Department HS, editor. Lincoln
Lincoln University; 2001.

27. Cleary S, Pasternack B Beebe G. Cataract
incidence in radar workers. Archives of
environmental health. 1965;11(2):179.

28. Yakymenko I, Sidorik E, Kyrylenko S,
Chekhun V. Long-term exposure to microwave
radiation provokes cancer growth: evidences from
radars and mobile communication systems.
Experimental Oncology. 2011;33(2):62-70.

29. Garaj-Vrhovac V, Gajski G, Pazanin S,
Sarolic A, Domijan AM, Flajs D, et al. Assessment
of cytogenetic damage and oxidative stress in
personnel occupationally exposed to the pulsed
microwave radiation of marine radar equipment.
International Journal of Hygiene and Environmental
Health. 2011;214(1):59-65.

30. Singh S, Mani KV, Kapoor N. Effect of
occupational EMF exposure from radar at two
different frequency bands on plasma melatonin and
serotonin levels. International Journal of Radiation
Biology. 2015;91(5):426-34.

31. Geetha S, Satheesh Kumar K, Rao CRK,
Vijayan M, Trivedi D. EMI shielding: Methods and
materials—A review. Journal of applied polymer
science. 2009;112(4):2073-86.

32. Chung DDL .Electromagnetic interference
shielding effectiveness of carbon materials. Carbon.
2001;39(2): 279-85.

33. Zhang CS, Ni QQ, Fu SY, Kurashiki K.
Electromagnetic interference shielding effect of
nanocomposites with carbon nanotube and shape
memory polymer. Composites Science and
Technology. 2007;67(14):2973-80.

34. Al-Saleh MH, Sundararaj U. Electromagnetic
interference shielding mechanisms of CNT/polymer
composites. CARBON. 2009;47:1738-46.

35. Khastgira NC, Dasa D, Chakia TK,
Chakrabortyb A. Electromagnetic interference
shielding effectiveness of carbon black and carbon
fibre filled EVA and NR based composites.
Composites: Part A 2000; 31:1069-81.

36. Micheli D, Pastore R, Apollo C, Marchetti M,
Gradoni G, Moglie F, et al. Carbon Based
Nanomaterial Composites in RAM and Microwave

13. Cherry NJ. Evidence that Electromagnetic
Radiation is Genotoxic: The implications for the
epidemiology of cancer and cardiac, neurological
and reproductive effects. 2002.

14. Dehghan N, Taeb S. Adverse health effects of
occupational exposure to radiofrequency radiation
in airport surveillance radar operators. Indian
Journal of Occupational and Environmental
Medicine. 2013;17(1):7.

16. Anders A, Adele G, Leeka K, David S,
Anthony S. Epidemiology of Health Effects of
Radiofrequency Exposure. Environ Health Perspect.
2004;112(17):1741-54.

16. Trosic I, Busljeta I, Pavicic 1. Blood-forming
system in rats after whole-body microwave
exposure; reference to the lymphocytes. Toxicology
letters. 2004;154(1):125-32.

17. Dindi¢ N, Jovanovi J, VeliCkovi¢ V,
Damnjanovi I, Pindi¢ B, Radovi¢ .
Radiofrequency and microwave radiation health
effects and occupational exposure. Acta Medica
Medianae. 2011;50(4):74-8.

18. Jensen TK, Bonde JP, Joffe M. The influence
of occupational exposure on male reproductive
function. Occupational Medicine. 2006;56(8):544-
53.

19. Anders A, Adele G, Leeka K, David S,
Anthony S. Epidemiology of Health Effects of
Radiofrequency Exposure. Environmental Health
Perspectives. 2004;112(17):1741-54.

20. Ahlbom A, Green A, Kheifets L, Savitz D,
Swerdlow A. Epidemiology of health effects of
radiofrequency exposure. Environmental Health
Perspectives. 2004:1741-54.

21. Mollerlokken OJ. Is fertility reduced among
men exposed to radiofrequency fields in the
Norwegian Navy? Bioelectromagnetics. 2008;29(5):
345-52.

22. Mailankot M, Kunnath AP, Jayalekshmi H,
Koduru B, Valsalan R. Radio frequency
electromagnetic radiation (RF-EMR) from GSM
(0.9/1.8 GHz) mobile phones induces oxidative
stress and reduces sperm motility in rats. Clinics.
2009;64(6):561-5.

23. Burchfiel CM, Charles LE, Andrew ME,
Violanti JM, Gu JK. Cancer incidence among police
officers in a US northeast region: 1976-2006.
International journal of emergency mental health.
2011;13(4):279-89.

24. Degrave E, Meeusen B, Grivegnee AR,
Boniol M, Autier P. Causes of death among Belgian
professional military radar operators: a 37-year
retrospective cohort study. International Journal of

WAF (65 5 53T 0 oyl VY 0,53 |yt W | aolials 53



https://ioh.iums.ac.ir/article-1-1399-en.html

OhSen 5 Slaglyj 1y \

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

structure on the electromagnetic interference
shielding efficiency of its epoxy composites.
Carbon. 2007;45(8):1614-21.

48. Fan Z, Luo G, Zhang Z, Zhou L, Wei F.
Electromagnetic =~ and microwave  absorbing
properties of multi-walled carbon nanotubes/
polymer composites. Materials Science and
Engineering :B. 2006;132(1-2):85-9.

49. Jou WS, Cheng HZ, Hsu CF. A carbon
nanotube polymer-based composite with high
electromagnetic shielding. Journal of electronic
materials. 2006;35(3):462-70.

50. Saib A, Bednarz L, Daussin R, Bailly C, Lou
X, Thomassin JM, et al.Carbon nanotube
composites for broadband microwave absorbing
materials. Microwave Theory and Techniques,
IEEE Transactions on. 2006;54(6):2745-54.

51. Huang Y, Xu Z, Shen J, Tang T, Huang R.
Dispersion of magnetic metals on expanded
graphite for the shielding of electromagnetic
radiations.  Applied physics letters. 2007;
90(13):133117--3.

52. Al-Ghamdi A, El-Tantawy F. New
electromagnetic wave shielding effectiveness at
microwave frequency of polyvinyl chloride
reinforced graphite/copper nanoparticles.
Composites - Part A: Applied Science and
Manufacturing. 2010;41(11):1693-701.

53. Yang L, He H, Liu HB, Zou YH, Chen H,
Zhou RQ. Preparation and microwave absorption
properties of FeNi/graphite nanocomposites.
Transactions of the Nonferrous Metals Society of
China. 2007;17.

54. Das N, Khastgir D, Chaki T, Chakraborty A.
Electromagnetic interference shielding effectiveness
of carbon black and carbon fibre filled EVA and
NR based composites. Composites Part A: applied
science and manufacturing. 2000;31(10):106.A-4

55. A. Cotgreave 1. Biological stress responses to
radio frequency electromagnetic radiation: are
mobile phones really (heat) shocking? Archives of
Biochemistry and Biophysics. 2005;435(1):227-40.

56. Das N, Chaki T, Khastgir D, Chakraborty A.
Electromagnetic interference shielding effectiveness
of conductive carbon black and carbon fiber-filled
composites based on rubber and rubber blends.
Advances in polymer technology. 2001;20(3):226-
36.

57. Rea S, Linton D, Orr E, McConnell J.
Electromagnetic shielding properties of carbon fibre
composites in avionic systems. Mikrotalasna revija.
2005;11(1):29-32.

58. Ohlan A, Singh K, Chandra A, Dhawan SK.

Shielding Applications. 9th IEEE Conference on
Nanotechnology; 2009. 2009. p. 226-35.

37. Kuzhir P, Paddubskaya A, Bychanok D,
Nemilentsau A, Shuba M, Plusch A, et al
Microwave probing of nanocarbon based epoxy
resin composite films: Toward electromagnetic
shielding. Thin Solid Films. 2011;519 4114-8.

38. Pitt CF, Barth BP, Godardf BE. Electrical
Properties of Epoxy Resins. IRE Transactions on
Component Parts. 1957;4(4):110-3.

39. Micheli D, Pastore R, Apollo C, Marchetti M,
Gradoni G, Primiani VM, et al. Broadband
Electromagnetic =~ Absorbers  Using  Carbon
Nanostructure-Based Composites. Transactions on
Microwave Theory and Techniques. 2011;
59(10):2633-43.

40. Jalali M, Dauterstedt S, Michaud A,
Wauthrich R. Electromagnetic shielding of polymer—
matrix composites with metallic nanoparticles.
Composites Part A: Applied Science and
Manufacturing. 2011;42:1420-6.

41. Allaouia A, Baia b, S., Chengb HM, Baia JB.
Mechanical and electrical properties of a
MWNT/epoxy composite. Composites Science and
Technology. 2002;62:1993-8.

42. Ramajo LA, Cristobal AA, Botta PM, Porto
Lopez JM, Reboredo MM, Castro MS. Dielectric
and magnetic response of Fe304/epoxy composites.
Composites Part A: Applied Science and
Manufacturing. 2009;40(4):388-93.

43. Hou C, Li T, Zhao T, Zhang W, Cheng Y.
Electromagnetic wave absorbing properties of
carbon nanotubes doped rare metal/pure carbon
nanotubes double-layer polymer composites.
Materials and Design. 2011(10):1016-22.

44. Yang S, Lozano K, Lomeli A, Foltz HD ,Jones
R.  Electromagnetic  interference  shielding
effectiveness of carbon nanofiber/LCP composites.
Composites Part A: Applied Science and
Manufacturing. 2005;36(5):691-7.

45. Yang Y, Gupta MC, Dudley KL. Studies on
electromagnetic interference shielding
characteristics of metal nanoparticle-and carbon
nanostructure-filled polymer composites in the Ku-
band frequency. Micro & Nano Letters, IET.
2007;2(4):85-9.

46. Mazov 1, Kuznetsov V, Moseenkov S,
Usoltseva A, Romanenko A, Anikeeva O, et al.
Electromagnetic shielding properties of
MWCNT/PMMA composites in Ka-band. physica
status solidi (b). 2009;246(11-12):2662-6.

47.Huang Y,LiN,Ma Y,DuF, Li F, He X, et al.
The influence of single-walled carbon nanotube

YYAF (65 53T @ oyleds VY o ga| Uyl asliale 55



https://ioh.iums.ac.ir/article-1-1399-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

v
N

e
9,
\

e 9299)5ke glgel (Al )3 b cunblise 98l (6 oS (A ()9

investigation of structure and magnetic properties.
Iranian physics conference; 2009; Industrial Isfahan
University [Persian.|

70. Sabbagh zadeh Ghomi L, Kashani Motlagh
MM, Youzbashi AA, editors .Preparation and
identification of nano nickel oxide by incorporation
of microwave and liquid oxidation national
conference of nanotechnology application in pure
and applied sciences; 2009 Islamic Azad
University-Kermanshah branch [Persian].

71. en.wikipedia.org/wiki/Paramagnetism.
Paramagnetism. [cited]; Available from.

72. Sabohi N. production of two dimension of
nickel oxide nanostructure on nickel sheet and
investigation of its photocatalist properties Tehran:
Islamic azad university-central tehran branch; 2012
[Persian.|

73. Mohammadyani D, Hosseini SA, Sadrnezhaad
SK. Characterization of Nickel Oxide Nanoparticles
Synthesized Via Rapid Microwave-Assisted Route.
International  Journal of Modern Physics:
Conference Series. 2012;5:270-6.

74. Sharanabasava V G, Ravishankar B,
Raghunandan D, Venkataraman A. Synthesis and
characterization of nickel oxide nanoparticles by
self-propagating low temperature combustion
method. Recent Research in Science and
Technology. 2012;4(4):50-3.

75. Simchi A. acquaintance to nano particles
(properties, production and application). Tehran:
Sharif industry university; 2008 [Persian]

76. Al-Saleh MH, Sundararaj U. A review of
vapor grown carbon nanofiber/polymer conductive
composites. Carbon. 2009;47(1): 2-22.

77. Schulz RB, Plantz VC, Brush DR. Shielding
theory and practice. Electromagnetic Compatibility,
IEEE Transactions on. 1988;30(3):187-201.

78. Bonaldi RR, Siores E, Shah T.
Characterization of electromagnetic shielding
fabrics obtained from carbon nanotube composite
coatings. Synthetic Metals. 2014;187:1- 8.

79. RF & Microwave Safety Program. cornell
university; 2009.

80. Radiofrequency and Microwave Radiation in
the Workplace. Radiation Protection Service of the
Occupational Health and Safety Branch, Ministry of
Labour; 2009.

81. fa.wikipedia.org. [cited]; Available from.

82. Phang SW, Kuramoto N. Microwave
absorption property of polyaniline nanocomposites
containing TiO2 and Fe304 nanoparticles after
FeCI36H20 treatment. Polymer Composites.
2010;31(3):516-23.

Microwave absorption properties of conducting
polymer  composite  with  barium  ferrite
nanoparticles in 12-18 GHz. Applied physics
letters. 2008(93):053114-1--3.

59. Gairola SP, Vermaa V, Kumarb L, Abdullah
Dara M, Annapoornib S, Kotnala RK. Enhanced
microwave absorption properties in polyaniline and
nanoferrite composite in Xband. Synthetic Metals.
2010;160:2318-15.

60. Jung W, Ahn S, Won M. Comparison of
electromagnetic-wave shielding effect in glass fiber
reinforced nano composites. Journal-Korean
Society of Precision Engineering. 2005;22(10):121.

61. Xiaodong Chen G, Yuping Duan and Shunhua
Liu. Microwave absorption properties of barium
titanate/epoxide resin composites. Journal of
Physics D: Applied Physics. 2007(40):1827-30.

62. Saboktakin MR, Maharramov A, Ramazanov
MA.  Synthesis and  characterization  of
Polyaniline/Poly (p-hydroxyaniline)/ Fe304
magnetic nanocomposite. Journal of Non-Oxide
Glasses. 2009;1(3):211-5.

63. Kavas H, Gnay M, Baykal A, Toprak MS,
Sozeri H, Akta B. Negative Permittivity of
Polyaniline/Fe304 Nanocomposite. Journal of
Inorganic and Organometallic Polymers and
Materials. 2013;23(2):306-14.

64. Luo YL, Fan LH, Gao GL, Chen YS, Shao
XH. Fe304/PANI/P (MAA-co-NVP) Multilayer
Composite  Microspheres with  Electric and
Magnetic Features: Assembly and Characterization.
Journal of nanoscience and nanotechnology.
2009;9(11):6439-52.

65. Liu J, Xu J, Che R, Chen H, Liu M, Liu Z.
Hierarchical Fe304@ TiO02 Yolk-Shell
Microspheres ~ with ~ Enhanced = Microwave-
Absorption Properties. Chemistry-A  European
Journal. 2013;19(21):6746-52.

66. Phang SW, Tadokoro M, Watanabe 1J,
Kuramoto N. Effect of Fe304 and TiO2 addition on
the microwave absorption property of polyaniline
micro/nanocomposites. Polymers for Advanced
TechnologieS. 2009;20(6):550-7.

67. Qiu G, Wang Q, Nie M. Polypyrrole-Fe304
Magnetic Nanocomposite Prepared by Ultrasonic
Irradiation. ~ Macromolecular ~ Materials  and
Engineering. 2006;291(1):68-74.

68. Yang C, Du J, Peng Q, Qiao R, Chen W, Xu
C, et al. Polyaniline/Fe304 nanoparticle composite:
synthesis and reaction mechanism. J Phys Chem B.
2009;113(15):5052-8.

69. Arabi H, Arasteh N, editors. production of
nano nickel oxide by Sol-Jel method and

WAF (65 5 53T 0 oyl VY 0,53 |yt W | aolials 53



https://ioh.iums.ac.ir/article-1-1399-en.html

OhSen 5 Slaglyj 1y \

[ Downloaded from ioh.iums.ac.ir on 2026-05-16 ]

86. Wang Y, Jing X. Intrinsically conducting
polymers for electromagnetic interference shielding.
Polymers for Advanced Technologies. 2005;
16(4):344-51.

87. Al-Saleh MH, Al-Anid HK, Hussain YA.
CNT/ABS nanocomposites by solution processing:
Proper dispersion and selective localization for low
percolation threshold. Composites: Part A. 2013;46
53-9.

83. Park JO, KY R, SJ P. Silane treatment of
Fe304 and its effect on the magnetic and wear
properties of Fe304/epoxy nanocomposites.
Applied Surface Science. 2010;256 6945-50.

84. Chung DDL. Materials for Electromagnetic
Interference  Shielding. Journal of Materials
Engineering and Performance. 2000;9(3):350-4.

85. Al-Saleh MH, Sundararaj U. X-band EMI
shielding mechanisms and shielding effectiveness
of high structure carbon black/polypropylene
composites. Journal of Physics D: Applied Physics.
2013;46:1-7.

YYAF (65 53T @ oyleds VY o ga| Uyl asliale 55



https://ioh.iums.ac.ir/article-1-1399-en.html

e

17
Abstract \ V

The Role of a New Electromagnetic Shielding in Reducing the Microwave
Radiation for the X-Band Frequencies

Vida Zaroushani', Ali Khavanin®, Seyed Bagher Mortazavi’, Ahmad Jnonidi*
Mohammad Hassan Moieni’, Milad Javadzadeh®

Received: 2015/04/12 Revised: 2015/08/25 Accepted: 2015/09/29

Abstract

Background and aims: X-band microwave with 8-12.5 frequency range has various
applications such as air control traffic, navy communication etc. Uncontrolled exposure with
microwave can lead to adverse effect on workers. Application of the shielding is superior
control for prevention of microwave exposure. The aim of this study is production a new
electromagnetic shielding for exposure control of X-band frequency by nano nickel oxide and
epoxy resin.

Methods: Nanocomposites prepared by epoxy resin and nano nickel oxide (7 wt%) with 2, 4
and 6 mm thicknesses. Nanoparticles characterized by XRD and FESEM. Shielding
effectiveness measured with vector network analyzer.

Results: The Average of shielding effectiveness for three thicknesses were 2.68, 5.09 and 5.35
dB respectively that were equivalent to 45.98, 69.01 and 70.87 attenuation percentage.
Maximum attenuation (8.96 dB or 87.29 attenuation percentage) obtained by the nanocomposite
with 6mm thickness at 8.51 GHz frequency. The Average of shielding effectiveness increased
with increasing the thickness.

Conclusion: these nanocomposites could be used as appropriate shielding for exposure control
of X-band frequency in workplace .Both Epoxy and nanocomposite with 6mm thicknesses are
useful in specific frequency such as 8.52 and 8.51 GHz. However, According to economical and
technical issues, nanocomposite with 4mm thickness is appropriate shield in this study. In
according to required attenuation and economical benefit, attenuation matrix can be used for
selecting the appropriate electromagnetic shield.

Keywords: Electromagnetic shielding, Microwave, Nanocomposite, Nickel oxide, Epoxy,
Radiation.
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