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o ABSTRACT O

In recent years, there has been great interest in research related to ways to
improve the parameters of the printed antennas, especially with regard to antenna
radiation energy, in order to keep pace with the rapid development in wireless
communication technologies (WiFi, WLAN, ISM....).

This work presents a new structure to improve the radiation energy of a printed
fractal antenna in the (4-6) GHz frequency range, using fractal negative refractive
index structures (Metamaterials-Mms) in the substrate of the proposed antenna, so that
we get a printed antenna which achieves high efficiency for wireless communication
applications.

The proposed antenna was designed and analyzed using HFSS simulator,
Matlab program was also used to compare the antenna efficiency before and after
adding the metamaterial structures.
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Printed Antenna.

*Professor in the Department of Communication Engineering - College of Mechanical and Electrical
Engineering - Tishreen University .

sAssistant Professor in the Department of Communication Engineering - College of Mechanical and Electrical
Engineering - Tishreen University.

ee» Postgraduate student (PhD) - Department of Communication Engineering - College of Mechanical and
Electrical Engineering - Tishreen University .

36




Tartous University Journal.eng. Sciences Series 2022 (6)232]l (6) dlaall &gl o glall @ (s b jla Zaala Ao

daaial) -1

e Ll ASLOU) Y L) Cliaead 8 ands JSG (Printed Antennas) de sdadll cililsell axaind
VL) @l & i) skl ASledd a5 Y claal) sda o V) o[1] daidie Al Alage Ak (e 4
Cliglail Laslio Agle 3eUS (3ia3 Clflsn araad allaii Al ilagledl) ity i) calus Lals 4L
+ sy Cgaall

sl 3o LS s apanal 3yl daad ) ASLOU W Lay) Jlae 4 ) ) aoiil) 3 o
cndas Al sl L) AU Loy Bley L dualds cde saladl)

& et Bpaall dgakaill clualyll o558 aaf e (Fractal Geometry) dgyaill dusigll e
Agiyy ol bl dpaliy Coaly owin J<G 4l il awall Cayed [2,3] desaall clilsel) aanas
(oSasiipus Balanes HslS dayd A A piladl) Lol el (b Aeadinall il S aal (e cograily
[4]

o8 mitiy co Lalall oLl (Metamaterials Mms) Jdluslelisall oSl duvdaling g oSl (ailiadl) cuda
i Satll DA (e L St (S cJmbalival) €15 4y g oasslalins 3680 Jiall Jelii e (ailiasl
5] Sl o3 alay

Opmenty e Lall Q6 8 5 ool gt S (Ao gadaall lilsel) iy 3 Il o3a aladind o
sal gial) 4lalls Apala 1 7 15aY) (pe 2Ty & sadaall lsed) g la) Jlaay pSaill (DS (g @llds e lat) 4l
6]

Gaal) e —2

Jtlalinall (ol digsanll dunigl) aladiuly o sadaall Jlsell o ledY) d8la (s A4S 3 A (4aS5
Gl e Sae 230 Jil5 LU NV Lai¥) il dpulia 50 S Juindl Bing galan gt e Jans Cany
v gyl

adlaafy ) daai-3

Dbl )l A ) ASLO e L) et b bl Daate e gdad) cililsell el
L Ly il lgans 4 leally dpalal) ilodal) 43aaY s el sel oda 50 S a3 il
Aghally de lually dpadall cV L 8

Y Laty) clinlail Lulie lle 3.US Sing podae Jjad Alsed 3aaa A aeal ¢ Sl Caoa
~Jllaliall Q15 dpail) dxigll alasinly 4L

37



G ¢ e e mlla g she (i ad S plad] Al (s

Gyl 3ihhg ga —4

gobaall lsgl) 1-4

g sabaal) lsgd) A 1-1-4

(1) ISl b peage o LS () LeiSlaw (W, L) laoladd Zives Gad) (e poadaall Jlsell ¢S
Agh it aagy ¢ h Leeli)y g ible cub (Dielectric Substrate) djle (ulul dikh e degulaa
S e S Al AaB) S35 ((Ground Plane) oa)¥) gsise Ge e Apaee ke (L)
1,77 @ls o Qeliase

e

goshaall (sl 4 (1) Js

Esahaall Hlsgd £ el A3la 2-1-4

Anilaall (3l 8ales aoniall ) sell (pe Ausaiall A8 Lty g gulaall Slsell g Lan) 3la Mo
Return) sasall sylea o (ulSady) Jalae dad dulyny g L) AU dljo 2 A ¢ Sl gelly Apdanll alas (pu
Jasd) wlasys AV (Voltage Standing Wave Ratio) VSWR syl z156Y) 3 dad;5 (LOSS
(1]

) sell (po AuSanall AUl Asasi e (Sp1) siahlll 138 e Bagall Slaad sl ulsai¥) Jalas
dagillyy and) ) lsel) e Ananal) AN (laay ny (ulSa) Jalre Gl of ol cansias 4l
- [1]acled) 48l 300

@l sl alaig g sadaall Slsedl G dxsladdl Gill aaed (sl VSWR g ies :VSWR
Siabll 138 A culS WIS Ml ¢ e ) Jill ad e jaemal e G 8 8 US g2al (il
) Jaae Om e S G ses el o Bl ad e saady (el Gl e oS LIS el
112 e s T e ST VSWR dad 0585 o amg sell sus Allae i Jal (g ¢ sl

A Al )l Alabeddly Sy GulSadY) Jolee AV VSWR aad e ey

Vinax 1+ 1514l

VSWR = = (1)
Vmin 1- |511|

38



Tartous University Journal.eng. Sciences Series 2022 (6)222l (6) sl drurigh o glall @ sk yha dadls A

(Fractal Geometry) 4l duwaigll 2—-4

Agliie ohal ) (lsed) Aa) eigind o i e galaall Cildlsel) manal (8 Aiatll dusigll aasid
g ads dal (e ladl) JlshY 202k Giiat 4y e Jaanll ellds cdpulul) dad)ll alie owdia JSoj
[3,4] s el dgianll Al 8 Aladl) JIshaY) e ddlisa )

el Aapn ud (D) (Al sl (S)eeindl) Aaps Laa Gl cplelaey il pual) Coasd
1[3] Waledll alasinly Sujaill asd) Cusadg canall e g3a3 Jalye 220 (e

D = In(N)/In(1/,) @)

laye S (b IR s e (X) R o Bam P = 2 ecindl S sl Jeles i3

sl auall d5asagall adadll ae :N

Alanialy Loulul) 28l dglies dgilinie ad) apl (A (W, L) Lolasl Jlsa dsd) egiai (2) JSall cpu
[21p = = = 1/3 psuii Jalaay S=1 ecgiad Ao (L5818 uS5) Lol Al

Y

bl
W
W

SIS i alakialy (logd dnd 5 g5 2(2) sl

P =5 = 1/9 s Seleas Rt gl (30 ey US egind o (S72) A8l e il Ay 3
P = = 1/27 paud Jaloas Al b)) S sgint o (S=3) W (ol Unya 3

8] dnlo) Aall Agliay Aesliia Syscm e ial ) el Ak e giad o 1S,

39



G ¢ Glo ¢ mlla g sthae o iad b plad) Al (s

(Metamaterials- MmSs) sy Jalaa dudlu cus)all 3-4

138 2asiys Balall ae pehaline oSl Jiall Jeli e 43l alshll e LS syalls jiiad
Jaall Je s o) g o(M Lpnplalina) 43y £ A8l el Apmlandl) salall CDlalaay usalis s yo S Je L)
Ay Alledl) 4l 5eS) Apaland) AN aie jaedy HLaSV) Jalea Gy (3l salal) pe asilalita s Sl
[5]:4ecaliyl) Alabadls dladll dnilalisal)

N ()

diall Jeléi ge daslll LSV salls oY L) Jalae dulle STl Sl oda o
Lulalinag s oSl dasall S Cum dpndall alsall 8 LSV 5jall (e Caliad L aa ulalina s <)
leS Apalans i Sl 038 g oaslaline s S Jiad) Jelis of (g ¢ xplall auagll (puSlae olaily
Ailesll daland) Al sl cand GlIN (A dpoayi CVlaw die Al dualaling 43505 Als
9] dnakaliaall il

leailiad (e 52lNL el clilsed) 3eUS a8 Joilelinll (uSlp aadnd
([10,15] 2t asudl (885 Leiy an ounlalina s oSl Jaadl Jelis (o Aaslll dpulalina s <)

& Al Q\aaﬂ\w%\ Claa Al (he 3508 A gana Al 5 .
LAl Gilaa sl

gy gl olaily Sl Pla (e Jlsedl daaladl (auas °
< oa gy Jlae (A 3l sl A8l

2)5e¥) alasin) DA e gsahaall sel) & bed] mase Jlaa 32l .
Sl gl dalalls dala)

cblay) sl sale) b sl Jsell s g bl ddla (s .
LBaalAall

coclalally GDLYIS dalide JIals Lpuladl) jualiall (e €Il o3a i
[6] de sl cililsel) Jlae 8 Aeaiiiusall Jlilalisall (1S5 QKT (amy (3) JSEN

2] [

dogalaal) cilyilsgd) Jlaa (b Aadiiional) Jhusialivall Cus)s QK& Gany (3) JSall

40



Tartous University Journal.eng. Sciences Series 2022 (6)23=!l (6) alaall duxigll o slall @ (gl yha Zadls Alaa

AR sl legd -5
sl i) Jsed) slads A (4) IS Gy

o) et Lilsed :(a-d) Je
‘ | a 1 | ‘

padioial) Jhaptlalisal) Cug i 405 :(D-4) Jeid)
fohs et IS A s il el Slsell ol (4) JSa e LDl
(W, L) Waaladl Jlsell dad) ¢ g5 —1
A3 ey s shal dagpl ) Slsell dad) e g3a3 &5 (S=1) (A eginill dlaye b

41



G ¢ Glo ¢ mlla g sthae o iad b plad) Al (s

/9 ey sy s hal dag)l ) Aia dady JS s giad & (S=2) Lnll) e il Alaje A
sy sel) alad yaaty i Cun MM 523 &5l At Jlsell dlad (1) Jsaall o
tHFSS Slall alasinly

MM aalss 78l sl gl slagl :(1) Jsand)

ol Jail) s R ERR] )5l
ail) Jas ylall 45, sl 4,
(*) phal Js& ’
X1 Y1 W1 L1 er| Subh Suby | Subx w L
14.1 11.8 4.85 38.075 " 1.57 123.4 83.6 41.36m | 49.41
mm mm mm mm ' mm mm mm m mm

el Jlsell /) G (1) B IS Apalas dagyd s =2

(X2=X1/3, Y2=Y1/3) dae dll Ay 3l alads (X1, Y1) Gyl dagyll) sla

o) sinnn o N1 Ul el (bl A (e Jisad U8 sl (S5 a5 -3
QSIS aagiy i gail) Gudi e ille ol g Ble sell (bl dila i) (Kay 4l g
Lol R Gl o et IS8 Dl

S 1 g s e el dxdy Sn b apasell Jilelisa (S sl (2) Jsadl o
/3 ke yran diia sl Aayl ) ias ISy

MM 5aalss asiioal) Jhontlabivall cus 5 alagf :(2) Jgaadl

. . g § Aanall | e Al elas )
T al) sl e u?j\ o | i@\ = s -
O Oalal S @ 5 ol
al a2 b d g hl Jhaptilalipall
PREGROA|
14.1 11.8 0.88 1.2 0.9 0.62

LaBlially mililll -6

AV VSWR a5 (REtUrn LOSS) (ulSay) Jalaa dad iyt Slsel) ¢ bt 48l il Lk
ey 53 HFSS Slaall djialial) dniiall e = siaal) i) Slsell sy o Gum cJanll cila i
sel) el gen il ey eadl S35 a0 e (S5 bl Tpoie

rg ARl ) () ggd) 05 AN Spp Galsady) Jalas ad Aula 1-6

s llabinall )53 A8l dayg i Aol Jae 2353 Ay GulSadY) Jalas ad (5) JS& G

42



Tartous University Journal.eng. Sciences Series 2022 (6)232]l (6) dlaall &gl o glall @ (s b jla Zaala Ao

0 e
\u\‘“ ."f-
-10 “\ 7/
\ '.’ — S11 with metamaterial
vy =-= S11 without metamaterial
-20 1
[N
—_ 1
m
=230
—
—
%)
-40
-50
-60
4 4.2 4.4 4.6 4.8 5 5.2 5.4 5.6 5.8 6

Frequency [ GHz ]
Jhupbaliaal) usS) 5 Alia) sy g 8 23 1) Ay (ulSay) Jalaa dad 3(5) Jeil

ddlz) U8 S11=-24 B LulSad) Jalre Gty 4.88GHZz 23l vie Jasmy 5l Jlsell ol Laadls

S11=-54 (ulSa) Jalrs daity 4.91GHZ 233 repay Jwilalisall (1155 Ala) ey Ll cJloilaliaall (18053

Jaal 2355 vie el oo duSaiall Al (s 5f 30 B laiay ulSai¥) Jolee A (a3 o5 4l (1 dB
el Al Jlsell g lad) Al Gava daiilly

Jhoilabinall (€55 Aila) amy Hell L8 5yal) a0 oy 2050 Aad 8 s il e Jaadlig

3 sl aladl ity L) lldg ogllaal) Gadail) i Jaadl 235 5 AlSaly Lpualad) s3a e 5alELN) (S

43



G ¢ Glo ¢ mlla g sthae o iad b plad) Al (s

;g ARl A Jatl) ) ggd) 225 AN VSWR ad dfys 2-6
Jladll G Jplalisall (1€)5 dila) anyy Jd 2250 AN VSWR a8 (a-6) J<all o
:[4-6]GHz (52251

45

N~ e VSWR without metamaterial
A0y, — P i
™\ VSWR with metamaterial

30 .\\
o 25

15 ) LT
“‘_ /?\J
10 . i
5
0
4 4.2 4.4 4.6 5.4 5.6 5.8 6

Frequency [ GHz]
[4-6]GHZ a9l Jlaall (panda Shoilalivall cus)s AL} aayg Ji& VSWR add :(a-6) Jsid)
sdlyilalinall (i€l ddlia) anyg J8 Jaad) cilaagi aie VSWR 4 (b-6) JSall s
sl o815 dsla) Jd (fy = 4.88GHz, VSWR = 1.2)
Jslelisall (s 3 48l 2 (fy = 4.91 GHz, VSWR = 1)
g b Al Cppeen Aagillys Jlailalisall ) 5 A8La) 220 0.2 laie; VSWR e (e
el Hselly Al sy Aailaall Aislae 5345 o Silsel

¢ 2.

35 . \ : .
0\ | VSWR without metamaterial

— VSWR with metamaterial

25 <

\\

.,

,
.,
.,

",

.,

S

.

.,
.,
.,
.,
.,
..
.,
.
..
.,
15 *
.

B
o
0
R
B
K
R
K
o) K
0 8
5
‘.
0 .
0 o
eyt

VSWR
N

4.7 4.75 4.8 4.85 4.9 4.95 5
Frequency [ GHz ]

Juilalivall qus) i Al g 38 ) gd) Jas cila i die VSWR asd 1(b-6) Jsid)
Al Al Al o lad) hbial) 3-6
e el Sl o Bl G sl il sl e ledV) labaddl) (7) JSA) G
olai¥) 3 g lelY) (e ALB Lo Spas pe i)Y (ssie (B8 dpmsall eliadll Chai b clalad)
Al

44



Tartous University Journal.eng. Sciences Series 2022 (6)232]l (6) dlaall &gl o glall @ (s b jla Zaala Ao

Radiation Pattern 1 Patch_Antenna ADKVL &,
Curve Info

—— dB(rETotal)
Setupl : Sweepl
Freq='4.914572864GHz’' Phi='0deg’

P
-180

AR el leell o led) haladal) :(7) Jedd)

bosaliaal) (s} Adla) myg 0 el iadl ilsg) bty A3ta 4-6
lebisdll (a1 Ailn) myy 08 il el el ey A5jlie (3) o) o

Jhuilatizall cus) ABlda) a9 I gl (lsgd) cliahly 4djlha :(3) Jgand)

VSWR BW St Jaall 23 53 sl iyl
1.2 106 MHz -24 dB 4.88 GHz Jsilalisall (i€l 48] (8
1 113.4MHz -54 dB 4.91 GHz Jilalisall i€l ddlia) day

a8 el obad Ak (e st O Jlilalisall 15 dalia) aes 4l (3) Jsoadl (pe
3eliS Giny pashae st e Jpeanll dagillyy 0.2 laias VSWR ey 30 dB lsiay (€] Jalae das
S Jalae Al Sl et igl) Hladials RELOU VL) clinkl Luliag Al

45



G ¢ Glo ¢ mlla g sthae o iad b plad) Al (s

Gluasilly clalisiuy -7

ikl il (S72) s(giat Aasn gashae (Aat (Hlsa Cliahl dulaty ppanatt Siall 1 A
il (g saliia) & Cam o iligdail) o3gl ) slaill Apling s 52 lS (3iays AL VL)
S iy by ez el Slsell 6 S Cppuanil Jlaptlaliall )5 dpuslaling s 3¢S (ailiaddly 450l
el elad Aila Ganm et JS8 Jlaslelinal

Lol cdbpailalinall (o) il J8 VSWR=1.2 4wy S11=-24 dB (elSa¥) Jalase e cilS
& ail T VSWR=1 4a5S11=-54 dB Lulay) Jalrs Ao cinal Jlilalivall (1S)55 ddlia) any
glad) Al (s Aagillys 0.2 ltias VSWR ey 30 dB iy (ulSadl) Jalae G (pasns
O Ailad) Ailas Cpany (poial) ) Hsel (po Auaiall A8l 33 5all 5)led dad (sl Capnsy S)sell
el selly Ayl sy

by by Jge z i) Aslasy Lualy godae et Sl Lalill Glad) 8 75
HFSS 51Slaall zaliyy il o aialpll Jod gl il 43)lias cppancaill 8 Aoy iladla

46



Tartous University Journal.eng. Sciences Series 2022 (6)232]l (6) dlaall &gl o glall @ (s b jla Zaala Ao

bl -8

[1] BALANIS, A, C. 2005, Antenna Theory: Analysis and Design. John Wiley, New
Jersry, London, 1074.
[2] KRZYSZTOFIK, W, J. 2013, Fractal geometry in electromagnetics applications

from antenna to metamaterials. Microwave Review, 3-14.

[3] KATTIMANI, B; PATIL, R, R. 2021, Bandwidth enhancement of microstrip
antenna using fractal geometry for S - band applications. SN Computer Science Journal,
Vol.2, NO.282, 1-8.

[4] KAVITHAL, k.; GANAPATHY, R, P; IBRAHIM, S, M; AAKASH, V, I. 2020,
Design of microstrip fractal antenna for vehicle-to-vehicle communication. Journal of
Xidian University, Vol.14, NO.8, 1127-1137.

[5] GANGWAR, K; GANGWAR, R, S. 2014, Metamaterials: Characteristics,
process and applications. Advance in Electronic and Electric Engineering, VVol.4, NO.1, 97-
106.

[6] JOONKYO, J; PARK, H; PARK, J. 2020, Broadband metamaterials and
metasurfaces: a review from the perspectives of materials and devices. De Gruyter
International License, VVol.9, NO.10, 3165-3196.

[7] KANAUJIA, B, k; GUPTA, S, k; KISHOR, J; GANGWAR, D. 2021, Printed
Antennas: Theory and Design. CRC Press, New York, 1-52.

250-235 2 22211 43 alaad

[9] SINGH, G; MARWAHA, A. 2015, A review of metamaterials and its

applications. International Journal of Engineering Trends and Technology, VVol.19, NO.6,
305-310.
[10] ANNOU, A; BERHAB, S; CHEBBARA, F. 2020, Metamaterial-fractal-defected
ground structure concepts combining for highly miniaturized triple-band antenna design.
Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol.19, NO.4,
522-541.
[11] RAMALAKSHMI, G; RAO, R, P. 2021, A novel metamaterial inspired iteration
Koch fractal antenna for WiFi, WLAN, C band and X band wireless communications.
Journal of Physics: Conference Series, 1-14.
[12] RAO, P, R; MADHAYV, B, T; DEEPTHI, CH. 2019, Design and analysis of multi-
band metamaterial antenna for wireless and ITO applications. International Journal of
Recent Technology and Engineering, VVol.8, NO.1, 334-340.
[13] DWIVEDI, S, K; MITHILESH, K; THARANI, L. 2020, A metamaterial loaded
hybrid fractal hepta-band antenna for wireless applications with reconfigurability
characteristics. Progress in Electromagnetics Research C, Vol.100, 187-203.
[14] REDDY, V, V. 2021, Metamaterial loaded circularly polarized fractal antenna
for 2.4 GHz frequency applications. IETE Journal of Research, 1-10.
[15] KUMAR, CH, M; MUVVALA, K, N. 2019, A compact ultra-wide band rhombus
shaped fractal antenna with metamaterial in the ground plane. International Journal of
Engineering and Advanced Technology (IJEAT), Vol.8, NO.6, 1349-1354.

47



