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In this study, a metasurface is proposed to reduce the radar cross-section
bandwidth using polarization conversion and scattering cancelation. The
polarization conversion is performed based on the cruciform square ring
unit cell. In this structure, a Y1-cell subarray based on the cruciform square
ring cell and its rotation are used as supercell units to construct a
metasurface with a checkerboard structure. The proposed structure can
reduce the radar cross-section for all angles of the radiation wave. Finally,
the introduced metasurface has been fabricated and measured. The results
of simulation and measurement show that the proposed structure can
achieve a ) +dB radar cross-section reduction in the bandwidth of A.4 to Y¥
GHz.

Cite this article: Mighani, M.° (Y:Y¢). Wideband RCS Reduction Metasurface based on Polarization
Conversion. Journal of Applied Electromagnetics. Y+ Yo; V¥ (1):1Y4-1Y¢,
DOI: https://dor.isc.ac/dor/Y+.V »+). V. Y1¢00 oV N £+ ¢ NV YNV A

© Author(s) retain the copyright and full publishing rights

(X0l

Publisher: Imam Hossein Comprehensive University. DOPEN .} ACCESS


https://dor.isc.ac/dor/20.1001.1.26455153.1404.13.1.11.6
https://orcid.org/0000-0002-0460-8799
https://orcid.org/0000-0002-0460-8799
https://orcid.org/0000-0002-0460-8799
https://orcid.org/0000-0002-0460-8799
https://orcid.org/0000-0002-0460-8799
https://orcid.org/0000-0002-0460-8799
https://orcid.org/0000-0002-0460-8799
https://orcid.org/0000-0002-0460-8799
https://orcid.org/0000-0002-0460-8799
https://orcid.org/0000-0002-0460-8799
https://orcid.org/0000-0002-0460-8799

WAITE o 0 FF el s oy o) o )lad epdd s Jlo

S0 9,5 uabolizog S

-4;:-,.;'.«:;&-,:'-’---, YEEO-0VOY sl LLs YAVAYYA Y 1 Sig S0l LLs

dad B (Slao 33 Wb e (55101 adado Thaw oWl Tdaw 149

) g .
(mojtaba.mighani@gmail.com : Jstus saiess) ol eyl s )l dnpds 2lsd G958 g pole olKals (Lot

Al wlaxiw (60us ylge Joliwl) oS>

allin Az U L oo, aie s b (g 0L (sl (b o0l L 0w iy oo 50

hagh sole Alis g ikl Lo el oassall)  SwiSTy i g ilad haus s, 5l eslinl
VECE/Y/T sl )] s SOl sl ol 0s8 e bl el onye dils oy Jsbo Ll
VELE/ 8V E L %5 S slrasly leiea ol aidl 25 o g colo oaye dils Jsho 5 e UV
VEVE/O/Y e s, ol satosliziul e amiio sl U glaw 13 5 il gl Joko
VEVE/T/ ) 0T ) et sl m 1) bl o il ot (o), abaite el &) Wl o ol LSl
SSeail 5 4l oas 8 pme w13 gl 3 s lS o2 5o bl

° 53 lg e 00l sl s oo plid lu g (g5luand gl canl 0as 5

loojlgarls oled i |, ABY + iy (5,0l aladie o zalS GHZYY-AQ wib sl

ol 15
&l ghaie gl
el Joos

SAVPE )V O FF) 00, lS erbliiog oSl i ld o slcsys il g 6)15], adaite gelas oaials gebans 15 oo o lige 10 Liiu!
Ava
https://dor.isc.ac/dor/y..y - 1) ¥1gesrer v e s 1 ¥ 0

o e Ligiee 395 sl 1, el WIS g 5 525 5 (ot © I@ Ol |

(O plal ol oSl : plos OPEN {77} ACCESS



https://dor.isc.ac/dor/20.1001.1.26455153.1404.13.1.11.6

AR

Sl iome t cad ol gl Wb ooty (6,101 adio gl owialS whaw 1,3

Oyt mhas (s oyl s ) 5 0 ole (i
2l ol goe el cloali ) g 0 yolie b (ol
T s 6 5lwdcd gl ol oays 8 &l [N] b ol e
gl gl GralS o wlgi oo gl 18 (ol 45 a0 o ol
zdaw 18 ol 5l slaigas il Cuws g (oilS )3 Al o (g5l
o i gilwan i mlis b gesa 5,80l mls 5 sadiaisle
50 lg g 00 oo lib a4 S ans oo L g ol caiillas
AR-YYGHz oSl o 1) (g loly atnio mlaw (alS /AT Wb sl

Lles Base V.MM Coolsly

=l -y

e Sl S ses e i | aly axly ol LSl ) IS
s (S S (20,35 oo LFRY Y 105 S5 (59, » oo
el 00l S5 (638 ey S g F.F

6992 To— S Jhae oy coadiools (lis a7 5o len
BV U Sl Olaiue jaome g0 s g oo |y ool dad
Ol 2 Sgets i 1) (6998 (S S s cnlply 0900
3903

E; = Ej,e/®% + E;, e 9% M)
sadge aials i3 @ iy = Epy o o2l zgo agly @ o] 0 a8
sy siue U g U gl ysme dlaitel 45 cupdolineg 2SIl o
o M U g U sliygmme 3 ly sl o n oS 4 T 5 U

25 Ol ) Sogon Bl ety s SB3L (S Sl lase

E, = 1,E,el @ 007 + 1, E,, e/ @05 (Y)
¥y
4L—1>
X 1Y
, | 4—’
W, ﬁb W w,
v {
(=) |

(VU s 5 oo i () (sl sy srly oo 200) JSC
S jbodads S

Pk, 8@, 5P, 5ol sy ciia ol p oS
oy Jobw sl a5 ool aiwa v gu slagme sl
asazgi Lol ogg Ly 90 (o JBONS G sl 0 SKiluanl
I 5ty o b loliton 55 rgm ke s (1) loles

Lol szl @A = VA-0 g1, =1, F1 09 o bos U yome &

doddo —

ag Lagha o )8 @i ams ,o [V] wigh oo il zoe Jsb
eoietad L8 el ailgl oo 1y 9 ,S o 095 | pglae
L01-IYT ams i 1) aolising 20 oo ozl sl
o lanlespnS oplS 4y e doglaw 1,8 Clis slac LB
Sl e, lass (5y9ld  Jlslgicas o o lizes (sloaieg
16T 0 g Sl ) (S S lgn (5 o9 e 5

5 S M) 9 ptes E5-S50 S 5 ) aade gl ol
bl U mdaa 13 V] s Jlioglgieas V-] el 650 ks
Al e )by alate maw ialS Wl go 45 Wl Bie Seglie
O slaghans 18 odr p odle ST e (2 zoe 32 L,
sebliseg iSUl oo (slasls eti Ly w0 (yeizren S
6, aaie o 2aLS & wly Joho 2 Langs oot aSiate
ol e b L 5le ol 5 mbaw 13 G AL jo oy cas
Al o asl sl g ), alaie plaw alS Bass (sl
L Solai oo o il pate 90 3 JSiite prbaw 1,8 S5 [V -
Cel aslg o aS 0l (Byre ax 0 VAL 2ol UL B
iz d 31 09 6], alaie o 2alS 5 B3k zge La]
=k o o)l (ol 1) ol e slaglans 18 (52
dolxio iolad 4y 00l WSaie oo QT)QAS.AJQ; olgiioy
o9y ol DY gty o Bis K0 Ss Lawgs g oads s
‘_e‘)la )_Ja.l &Lﬁb){)ls » s6)|o|) &la.a.o C.‘a.u u,.@ls).a OBB'LC
LVAT 503 05015 il oy Jlons (onilSinsl ol (sl

ol o o 13 o (iaad oS bg, 5l eslid L [VA] s
945 e blen el saiadl | YAY-YO.¥GHz 4 \O.X-Y$GHz
o gy 5l dass T j0 aS T s 4 ol sl 1B allie 0yl
95 Dzl (6,0, adate mhaw (malS coul sadoslainl jilad
S ysn 5 4 1 s IS Vgono Jos 0 45l 0B 350>
O ey Dl (o3l 500 (89, b ialad hass (bs) oS S
Bio gy Ly e s Y] el 5l e gy 5o Sl
VodB 5l i AY-YV.YGHZ Wil sligy ;0 5 sniieeS 5 (SwuSTy
039l 2alS Jolae (658 s 4y s (g0l alnio o
18 S5 o SauSTy Bdo g iadad Lous pléol b o iagh ol o
000p3,F Sy 2k gy 59 el s ilS sl
Cl sl oo il S oo b 0oy Joho Sl o
s |y il e i s 6 fsice o i 2 b oS
ot 90l e o 3iss gl sl ol sle el b ol
Lo B slaal,T e s malsl Sb 56 Lol b .l ouiaing,
sl ol azil s> sl g e ool i la o
W@z 0 VA oad uSaie LA L Lol jaie 9o b onys )5



1P+ F lwal g 5l ) o lods AY 0590 IF+F Jlo (68 32,15 Luabliog wSII" code 4yl

Yy

AD- 51V dB I a8 Ll oo tudad WSl ol o (e
oo ailgs o i3l ) aST cxe ol 4 el Caws 4 YYGHZ
e 2l | bl je iodad (g ol abaiie s 350

PP il sLlss ey Jobo 2l 536 slo 59 FUSE 0
el 00508 (6 5ldnds dolxie g Ll jo iodad g0

pals T
N -
.
i \ & ¢
$ N - NS
? f / —
- | o
-~ J
3 )
13 J
£ / —Co Pol - 205 tng
& 100} CoPuol -4S deg
s CoPu 0deg
2 Cross Pl <0 deg
& o Cross Pol - 48 ceg ]
Crons Pol - 205 oug|
]

' 0 u “ 1L} " b n
Fregquency {GHz)

Ll g olsio (gl ytodad (gl o ol ol BT H(F) S8

pradad LS5k ol s e S adools lis aF e les
FO9YYD ol @D 0 AD-YYGHZ 5l ax 0 VALYV (o b o
50 deleie yiudad QUL ol po B (o pae o sl a0
B ool s 8l slaaygl; plas (sl 4z 0 VA- 250
T sl gl i &l ol b VY] (g plisl 3L
5 Sl g i had Jawe SO a8 @ o 3ga> 0 P
s 12 95 2l Gl sl O slilyen il SU3L o2
@0 F0 350> 0 P glym 0 o delate tudad 4 il
Bi> o ay i maw |3 5 Ll e iodad Q5L ol o
)_»‘ 90 Ja_..uas cd_wwiu_a Lf“‘“',aL"""SJ‘SJ‘ C‘s.o‘ O ‘;A.»S‘)J
wWoloaz 3 VACEYY s SLLS, 5L § als a5 ¢ Jglu
e plol |y (FasSTy, Bds o, Sles ot g iodad o o2
o g9 ¢ dgd> o ¢ L.‘;‘)'.’ U] L&AAJ‘)M g)“‘“’]aé ul))l) w).a ‘u.:‘).)Lu
Dy Alg> oS Az o

S rSojll b -Y

CBLFRY Y505 S0 9, (bl Jile b mhaw )3 aeldl o
Jslows sl Gilizes 95 95 3l o s sl $F s ke
oo oy sl X dlasl T S a8 sus LSS
ojlasslay oyl oo sous 2 digas 9+ Jobw pl loxeas V S gllas
Ot 3l (2lod 0SS o eV sk il (lsiea @ = ol

Lol 0aZiools isles (6,8 ojlail Giia g daw FxA
U1 S ;3 V-YYGHZ 5 asges bl jpa (iokad CU3L o 22

0T &Sl ZVAYY aSis [F Lulos S Lasgs ¢ ]

(g eS8 0l o Gl o (09] cs ol
Lty 5 s (b, sliindy a5y Jsbo Jola (ol
az > VATV Lo Jolo Zuly B! a5 glodgasme (Jay Al
BRYS] PSR SN Y U SV LA P VI gy WP COV R Wi
FRY ¥ 5 9y = sl ool onns 574l Jgor

Gl odbdiSl 5 (g kw1 MM Caalsl

AMM > ) Joloo dwain bl :(V) Jgua

Le | Ly [ Ly | Wy | W, | W,
q IR

Y I Y

zo— plod J8la s bawgs JLSlo (nl (pblineg xSl 5o Zly
T sloBY JSi jo .al (gjlwans Ansys Electronic suite
p.a_..u).a L},MJU)B > p VU g U 6l_®)9.’>u Slaal 5 03D ub)b

| oo ;

s
s
8
s . -
. -
2 .
& . " .

- v

—
. v
00 —N
| 0 " " " N a

Froquency (GHr)
Y 5U g il 5o Jsbo | i e 36 () S

AB-YYGHZ jlaz o VA-£YY 5Ll oS il yo ols o0
aols g0 12 a5 olo lid el g jlwdnd @l (Jb pen jo .ol
AS-YYGHZ 5l ) a S0V g U sl jgmms slaial jo sl
2 odle il 3ase AD-YYGHZ I /AY 3| o1 (PCR) jiulad

ol ol 3 ¥ S 0 a5 00y0 5 (g3l

PCR

Reflection Coefficient (dB)

&
=

2 4 18 2
Frequency (GHz)

5 Lol yon yiodad Qb5k (i o3lail g iodad by &5 (V) S

Suleie



Sl iome t cad ol gl Wb ooty (6,101 adio gl owialS whaw 1,3

Wy
ol anlie (V) Jgua
) W) smlf).e RYRCOY
o9 b sl GH) &P

Sl Bas vy 1Y.V-0.4 ]
Shbad oS YY YOF-YAY [val

FaiS1,, Bi>
s f V- Al
iebad oS+

FaiS1,, Bi>
ks YA IR [v-]
ialad o+

oSty i
S AR YY-AR e o)
ks oS+

SrSazi-f

1) 0l g 0], e elans oailS pebas 13 Sy ko oyl 4o
o Seale axly Jolo Sl eolatul b e (ol sl 00y 8
wilas ST 0 F aleall ns o el adl s 5 ko
Sk Wl so pean 13 .l oadaizle oo had dis O ygod
S GhalS (2l g (B by pled sl |, L jom 2olad
gel A (oo oS 5 1) (S Bl i g Gl o |
@l b g pSojlail g ale angy (o sl el b daw 18
sy g e S o> Bl Ol sileand 5 xS o3l
alaio e AR-YYGHZ sl (sligy 1o Wlyioo e 3 o ol

A2 Juals VedB jlade 4y JBlas 1y g Moy

&l -0

['1 M Mighani, G Dadashzadeh, “Broadband RCS
reduction using a novel double layer chessboard AMC
surface,” IET Electronics Letters, Vol.°Y, Issue’¢,
July Y+)1, pp.yYer-yYoeo,

DOI Y+ Y+ £9/el.Y V1YY ¢

[Y1 M Mighani, G Dadashzadeh, “Analytical Study and
Experimental Verification of the Refraction Angle as
a Function of Frequency Due to Surface Waves
Incident onto a Tensor Impedance Sheet,” IEEE
Transactions on Antennas and Propagation, Vol.1Y,
Issue: vV, July Y14, pp. €1€Y-£1£4,
DOI: Y+ VY« 4/TAP.Y+ 14, Y4 0vV4

[¥] S. Yu, L. Li, G. Shi, C. Zhu, X. Zhou, and Y. Shi,
“Design, fabrication, and measurement of reflective
metasurface for orbital angular momentum vortex
wave in radio frequency domain,” Applied Physics
Letters, vol.) «A, p. Y YAV Y AT,

DOIL: Y« Y oY/) 696£6VAS

[¢] L. Liu, X. Zhang, M. Kenney, X. Su, N. Xu, C.
Ouyang, and S. Zhang, “Broadband metasurfaces with
simultaneous control of phase and amplitude,”
Advanced materials, vol.Y1, pp.o+¥Y-0. Y1 ¥\ ¢,
DOI: Y+ YeeY/adma.Y Y e Y EAS

@ Gkl lwan b 5 (28 gl 7SS Bllae
ol e 1,5 niosls i o pobilan 05055
ool e oo (2alS AQ-YYGHZ 51V -dB |, (g,lol) alade plass
ANk ot Sl o ) v Gl ()0l ghaille g rals
S sy sl s 5 1o, ke o nialS (slagelan 13
Bed g0 Jolis [y Ku g X il (g ol slaasbel 51 5 y5 oo
oadaslyl Ko oYl 5l >0 b ol lawsd =l Y g o
oadplxl IS 598 oo cunlive a5 4568 ylen Ll 00l alie
(SoSly Bis o e Oliasy 4y Cons dlas opl yo
2,00 (6 i 3l by 99 » S S i 9 il oS

#1 #0 #1 #0 #1 #0 #1 #0

#0 #1 #0 #1 #0 #1 #0 #1

#1 #0 #1 #0 #1 #0 #1 #0

#0 #1 #0 #1 #0 #1 #0 #1

#1 #0 #1 #0 #1 #0 #1 #0

#0 #1 #0 #1 #0 #1 #0 #1

()

oz Sl @l (@) a8 55 b Jobo ol pir () 2(0) S5
~6)¢f°}“—\3|

Refection Coetficiem (dR)

Frequency (GH1)
s 58 olSil 5 (6 Sl 5 (st s 5) S
Lislyen iodad )5 solpiiy



1P+ F lwal g 5l ) o lods AY 0590 IF+F Jlo (68 32,15 Luabliog wSII" code 4yl

AR

Objects,” Applied Electromagnetic, Vol.A, Issue ),
Y+Y+ (In Persian).
DOR: Y+ Vo) ) Y1g0010Y YT A £ ¢

[Y°]A. Sharifi, J. Khalilpour, “Patch Antenna Gain
Enhancement with Meta-Material Spilt Ring
Resonator Radome,” Applied Electromagnetic, Vol.¥,
Issue ¥, Y+)o, (In Persian).

DOR: Y+.)++).) Y1€00)0¥ \¥a¢ ¥ ¥ o ¢

[ MF. Mohajeri, M. E. Shariat, “Analysis and Simulation
of Diffraction from Metamaterials Structures by
Using of Surface Integral Equations and Multi-Level
Fast Multipole Method (MLFMM) and Comparison
with Moment Method,” Applied Electromagnetic,
Vol.Y, Issue. Yo, Y+YY (In Persian).

DOR: Y+ Yes) ) ¥YRg00)0Y VE:) V0 Y ¥ A

[YVIR. Zaker, T. Paifeshordeh, “Wideband Reduction of
Radar Cross Section in Compact Coupled Antenna
Array by Loading an Array of Sequential Slots,”
Applied Electromagnetic, Vol.), Issue. YA, Y+Y¢ (In
Persian).

DOR: Y+ Yes) ) ¥Y1g00)0Y V£ ¥ YV V0

[YA]J. Tian, S. Li, C. He and etc., “Ultrabroadband and
Multipolarized Electrically Reconfigurable
Reflectarray  Antennas,” IEEE Transactions on
Antennas and Propagation, Vol. VY, Issue. Y, Feb.
YiYo ppYYY-VYY,

DOI; Y+ VY +4/TAP. Y YE YEAT V€

[W]R. M. Goud, P. Paul; K Krishnamoorthy; B.
Majumder and etc., “Dual-Functional Reflective-
Metastructure Array for Polarization Conversion and
Stealth Application,” Y:Y¢ |EEE International
Symposium on Phased Array Systems and
Technology, Oct. Y+ Y¢, Boston, MA, USA.

DOI: Y+ VY + 3 /ARRAYOATY « Yo Y& Yo AA £,

[Y*]H. Chen; Q. Zhen; J. Chen and etc. “X-Band and
Low-RCS Flexible Wideband Antenna Array Based
on Metasurface,” IEEE Antennas and Wireless
Propagation Letters, Vol. Y¢, Issue. ¥, March Y-Ye,
pp.ev-ovy,

DOI: Y+ )Y« 4/LAWP. Y+ Y£ Youviya

[YVID. Sievenpiper, L. Zhang, R. F. J. Broas and etc.,
“High-impedance electromagnetic surfaces with a
forbidden frequency band,” IEEE Transactions on
Microwave Theory and Techniques, Vol. £V, Issue.
VY, Nov. Y444, pp,\‘wi-V-Vi_

DOI: Y+ VY +4/YY YaAL o)

[°] C.P. Feiffer, and A. Grbic, “Bianisotropic
metasurfaces for optimal polarization control:
Analysis and synthesis,” Physical Review Applied,
Vo|,Y’p.~2i~H,T-ﬁ2_

DOI: Y+ V) «Y/PhysRevApplied.Y.« €€+

[*] E. F. Knott, I. F. Shaeffer, and M. T. Tuley, “Radar
cross section,” SciTech Publishing, Inc. ¥+« £.

[V] F. Costa, A. Monorchio, and G. Manara, “Analysis
and design of ultra thin electromagnetic absorbers
comprising resistively loaded high impedance
surfaces,” IEEE Transaction on Antennas and
Propagation, vol.eA, pp.YeeY-1ooA Y.y,

DOL: Y+ VY4 /TAP. Y+ ) ¢ Yo £6YYA

[M Y. Li,J. Zhang, S. Qu, J. Wang, H. Chen, Z. Xu, and
A. Zhang, “Wideband radar cross section reduction
using two-dimensional phase gradient metasurfaces,”
Applied Physics Letters, vol. VeE(YY),
AASRARREAFS
DOI: Y +.) +1Y¥/) _£AAYAYS

[%] P. Su, Y. Zhao, S. Jia, W. Shi, and H. Wang, “An
ultra-wideband and polarization-independent
metasurface for RCS reduction,” Scientific Reports,
vol.7, pp.Y YAV, YA,

DOIL: Y .Y+ YA/srepY « YAV

[} *1X. Liu, J. Gao, L. Xu, X. Cao, Y. Zhao, and S. Li, “A
coding diffuse metasurface for RCS reduction,” IEEE
Antennas and wireless propagation letters, vol.\ 7T,
pp.YYE-YYV YV,

DOI: Y .0 ) +4/LAWP.Y 1 1.YT 41 ) 0 A

[YYIM. Long, W. Jiang, and S. Gong, “Wideband RCS
reduction using polarization conversion metasurface
and partially reflecting surface,” IEEE Antennas and
Wireless Propagation Letters, vol.)1, pp.YoYé-Yovyy,
YOy,

DOI: Y+ MY+ 9/LAWP.Y VY YY¥YATY

[YY]Y. L. Shu, Y. H. Zhang, G. Q. Zhu, S. Y. He, H. C.
Yin, and H. Y “Wideband RCS reduction based on
polarization conversion unit cell” (in Chinese),
Journal of radio science, vol.Y¢, pp. ) YI-VYY Y14,
DOI: ~~\YYT°/j'cjorle +YYeYQ

R “]H. H. Hsiao, C. H. Chu, and D.P. Tsai, “Fundamentals

and Applications of Metasurfaces, ” Small Methods,
VoL, p AT e e s e X aY,

DOL: Yo Ve o Y/smtd. Y« Y Te e g

[) ¢]JA. malakzadeh, M. Rezayatfam, “A New Light and
Broadband Metamaterial Absorber with Y.¢ mm
Thickness for Reducing Radar Cross Section of



