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Project Manager = X |& [z, Coordinate Systems
= ) Project21” % 4@ Planes “

[64] HFSS sStaall geali s gl 5 1(2-2 ) ISl

Solution Methods Jadl (ask 2-4-2

.

ol 4 o ) yal A 5 Baaaal) palial) 48y sl aily Co el Auad ) 485 HFSSTM el p3diu
Gl sl 5 aliall Baase Halic e )5 el e a6 a1 (e paall ) A
(Mesh)aseall el )l o3a (o ALalSH de sanall candiy coga sl el ) & HFSS Leaiig
CiYlaall 038 Jay iy ¢ aalinll o3 (o aie S Jaka A unaling 5 5eSH YLl da ola) oy
da e Jsmanll ay el jualiall (2 gad) ey Sl ¥ olae GinS Cumy (anll Lgmny
da il 2y ¢ dall 138 () da sl 3 sma s JalSIL AL W) Al 8 VL) apaad Jal
HFSS asi daal )l alill o (Generalized S-Matrix Solution) esedl sl 48 i aa
Lagaall g all o pla gl Y 5l e d el (1) Aabaad) alasiady Sl oS Jlaall Jay

:[65]

Vx(iVxE)—Kozer=O

2
e = £ 2 — )2 =2
,ur—ﬂo , er—go ,Ko—a)eo,uo—cz

13Ul Aabaal) aldiulH  ewbliaall Jaall Clusy HFESS o5& us
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H= LVxE
UW

DA e Gl 5 Apmdalianall 5 460 5eSI) ¥l JNA (e Jamy HFSS o (7 svm 0 i G o
Laaa HFSS (8 slSlaall Jaiin () Tam agall (pad ccllady il 5 agall e 3l ) sl
Jaiii e sale, A wudalinall g 400 jeSll @¥laall Jad 3505 e (5 sisy(volumetric domain)
zabig s (Dl sally Janall col sgll Gl 3 Lay A jle o) g SIS g AL g0 3 50 alaaY) o2
Al o 2l dall g 5 Ll s gy lalin 5 ¢Sl zalaill Jad ddlias (3, 036 HFSS
prasaill (8 dime OV e il aaian Jslall oda (e g 53 IS BlSaall (e (i jall Gkl
Aia ) Alaiu¥) A G gl de ) Alle Jra 54805 5l o g o Jant i€ o) g o il
. [65]<lalail

(Driven Modal Solution) Aaeill Jalt 1-2-4-2

(o de gana sl Game 23 53 vie 73 gaill Alat ) Julad 4y 5 Lasie aadi i Jslall (e g il 12
Gy A ey cdiliall yue i o Sy ) dlalin 5 Sl Ialai¥) Cla e adiay cilaa i
Gla 5 jall areal (il sell Jala die a0a% y (S- Parameters) izl 48 4 aa s o3y
it )l vie Aals e pud S ga HLAl 138 aab Jil dashad 5 38U 38 53 Al 3 (Filters)
. [66]1e plail duna il Gaibadl) Al o

(Driven Terminal Solution) (2 k!l Jall 2-2-4-2

ol kY el gl g Al e 854kl (aall dall pSaa ) e sl a4y
6 sind Al paieal) S Sl Jolat) AaeDla ST Aleny 138 A sall LLai¥) (0 Yay(Terminals)
Aoyl Alle O aa il Jilat 8 dsladt o5 Al calinl) Jall da shad e cJa s e ST e
oy pllail) & Ll i agall e dads by ) Aalal) vie (High-Speed Interconnects)
Yl 8 dadl 1 alasiul Juady (Differential Signaling).dalail)l ol JLEY) Claaas
[66]abad) sslalins 5 eSI Jlaall e Yy all 3L 56 eaY) e S 5 Al

(Transient Solution) a3 Juaadl Ja 3-2-4-2

S5 e Vay sV s Jslall e g sl 138 Gl a3 pue AU oy oS A8 yra L i 13)
dan ol dry pe da ge Jie Al Ay )3 )Ld) s A canl aUail) dla ) Jidas Q1 cclaa i) e
i) b Al ol Gl Sasy) Julail g ooV e dgia 3l ol puaill 53l agdl andig 5zl
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e g s 1 (Broadband Pulses) el dal 5 cilianll pUaill dacial 4l ol SIS 5 4. )

[66]42 o B uxiie <l HLi) pa Jalaill vie Al 1 i) gall apanad s dda Jlad)
Excittation Methods 85 3k 3-4-2

(o e 9 2 g ¢ omndalina 9 )eST 4ad gail Anuliall 3 JEY) & 0 HUIEA) a0dtudll HFSS gl 0 iy
L [67]YS (o 5 zealiall 138 8 daadiinuall 3 5Y)

(Wave Ports) 4 s« 38lia 1-3-4-2

aiall il sedl s A sall AT Jie Apandalin g S il gall L s 3l Aadast) Qo) aadi o
M) e g ill 13a el s HFSS. zeli s 8 lasiul 3 )31 &) il ST 58 (Wave Port) o sall
Lass daial) 138 (33l o)f agall (10 ST (Coaxial Waveguides) Jie Jiill Lo shaa 5 )5 a as 1ade

671350 ) o ol 23 saill Jala daiay iy Y 45l (ol daa jladl o ga ) aaf e

(Lumped Ports) dsaaall 3Ll 2-3-4-2
Jie) Aa8all b oSl 51 3 jpaadll Jail) Jo ghad e driia sall CWLai¥) cld dadaidl 4 i
2 3 BY) (e c_‘al_jd\ AYI g sl & (Lumped Ports) daanal) 2ilial) | (léiSa S il glia
£ 53l 5 Y L dalasiul (Says ¢ oadass U jaae 3L e g sl 138 4nsy HFSS, zeali
b sl agall i sad s ) 8 pala IS G Bahe RS MLiall 2ad LeS Jail) T ghad e dadl
Jala lall (e g sl 138 Gk oy () agall (s Gulin o sall 2uall g ()5S Y 3l L)
[67]3 il lsall e Gl 5 datd 73 gl

&t =S (Wave Ports) 4 sall 38all 5 (Lumped Ports) dxasall 3Uall (s (i 1 G
Aaiall W CJ}A.\“{.);J\AS\ opjj\ujc.iasﬂéﬂn;ui&_\u‘saﬂ\ a4l CJ}‘Q_J\ dA\JL@A;\-\HuLSA
Aol ) e ol (3 saill Jals Jadh andindd SISl

(Boundary Conditions) 43 gaall kg yal) 4-4-2

S elan ) 7 siia unlaling s S g3 sad elLEY Lo) st ) ed 258]) HFSSali_n padiay
L aa 53 ¢ HFSSzeali g (o8 . omanbaline 5 S 23 gaill wudigll o aualine 5 3¢S0 el Jay sl
L) e dpnglaling 5 56 J gial) Jeld i paad 2o (Boundaries) 253l (e & 53 e
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Al A Al uad aa il e ol ol A0 xdauf e Ll asaadl s ikl slSkaall iy Jala
:[68]2 &) 5!

& —= @Y aall ga g:(Perfect Electric Conductor PEC) (s 2L ¢S J—a e |1
(e 73 5ad ¢ L) 5 JalSIL BlSLaall 3 503 32 Y a235) (HFSS

ZOBY N Sl sall SLESL e - si8e 73 gai cLAY 2235 (Radiation) gledy) 2

z3sai elisy Lingf axaiuf :(Perfect Matched Layer PML) 3Gl diad) dikll 3
) sl BlSlal JuadY) Hlall axd g o siia

dalia gay Baa) 5 Aiday OMa sall Aadail a233u5: (Finite Conductivity) 53 siae 4la s 4

sl i) Baseie O a sall dadail aaai i (Layered Impedance) diukl) dxledll 5
a0 AL 5l o sall

ce S0 YL sl dailaall @l o sall Aadail sass W (Impedance) dxilad! .6

(Ohm/square).
da sliall Jie ddlie 400 HeS il sSa JIab mand; (Lumped RLC) axeasll RLC &l s&a 7
. .:.S n} B S‘}

Zsaill ana g BlSlaall ey Jlial laill & gan il aadinds (Symmetry) Jilaill 8

Lo (A 8 Sall ild siaqll slSal (Slave) c__atil\ aal) & ea:.ufa (Master) w:u)l\ all 9
Ay

A5l Zalaill (& (o jall Gl o N sl aw padind: (Slave) @l a1 10

Sl il i clalall siSlal axsiud; (Screening Impedance) caaall dxiles 11
Jsiall aas

Lo Glle g ¢ mndalina Jila (5 sinia a8l aadd i (Perfect H) —wabinal)l G aal) 12
) sl o 3lai 8 aadind)

Circular Patch Antenna Design ¢ silall (Jas ydl ) ggd) asanal 5-2
L (5G ) sl Janl S il b addiii (g il Ty S b ey o sk i) 1 b

a5 58 5 S g lad] Jaai s Jle anSy Sadiy 550 (S s8 ushl b avenadll 138 (e aslial) Cangl)
o) Il 4,000 45y Hla aladil oy 3558 Laga 5.8 058 (i 23 58 die Jead ) sell apead
Aaglie Aiitae (383 ) A3l aum ge o DA (e JA0Y] Aailes Aijlae Japet 8 Laly) al |5k

Ll A sedl 38 3l W) 5 o stlaall (gaa il Glaill (a ye e Jsmanll (5 55yt dagaia
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(U s il 88 5 Ll o3 gan 83 58l lals e Jaliall o5 ¢ e (52355 3l (i je (el
Al Ltiale s a3 58S FRA-EPOXY 53 a3l 3(0.003%0 < h < 0.05%0 )
O (8 Ay glall dadall & (ghaall Loy, Gl dad g 428 )]l aia s a8 sl A (8 (1) Aadaidll
A ) i i) apenal) Ganaly, JauY) (A oa )Y (6 siaall aly g o dan gl Agdall 5 3,8 JS3
Madl 4.4 i g s Lpalenss I FR-4 33k 30835 (358 ala 7.2 (s sk Dl Caual 4 il
Aad )l Cacal Ol o3 oy y 81 dadll 20l i ae 3ake 27%27%1.6 & FR-4 355,
TMyy Laaill (18-2) 283Mall (e Jidl

- T
3 >

G g p3l) sl dlayl 1(3-2)JSa)
(laslall 32 53 alag¥) mren) & yiall A sl Sasd:2-2 s0a

Parameter Value Parameter Value
W, 27 Ls 27
A 7.2 Wi 0.5
L¢ 9.2 Wins 0.5
Lins 1 H 1.6

Al (g pilall oy ) ) gl BlSlaa geildi 1-5-2
FR-83le (508 318 ) (358 ale 7.2 (5 sl e Caad il 4 ila dad ) i - il vesail) analy

LIl A S o Sale 27%27X1.6 ob FR-4 5365, il 4.4 416 g, darost Lala s 34
(3-2) J-al) Jiay TMyg baaill (18-2) A83all (o Jadl) 223 )11 Hhad o a3 Sy 531
Z\.JJ:_"J\J:;HA_\A}’?S _&M\Lﬂ\b\ﬁ @"Meig}ugmﬁeiggﬂ\ 3 Al 95)3\33\ ‘;‘a\)@\
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50 La a8 Jla) 4 slie (3aail ol 50 L a8 5 jrae daglin o Lliall aa cale 0.5 iy (2
zoase b LS ale 0.5 4 o 5 ale 1 Lagie JS Jish gl dad )l Jala ol cpd JA) a3 ol
il = el Al gl BlSlas o) ja) axy (Jsaall A la S0 &3 Al alay V) s 5 (3-2) JSA
Aasall i g ¢(Sypq) S el Jie ddagiwaal) gilial) (g 230 and o3 S HFSS gl

. (Zin) 53 dxilaa s ¢ (VSWR)Axa) )l

daa) 1 5 i) 1-1-5-2
e Jpanl) o3 385 (4-2) JSI & e 58 LS ¢ SpyulSai¥) Jalaa (b Lelilat o dais J
G &y G 63 Sl Bl 5583 sl slaaiuls (Band width) g il Guaill e

daglloda 5 -10 AB (1 i Sy e ()5S Lavie @lld g ¢5.8 GHZ (s Sl 2358l J 521,27 GHZ
(R Aadtie AuSaiall 5,080 () (5f) Aadlaal) 8 2 aildas ) 50

43

Return Loss (dB)

0.00
71 Name X Y
m1 | 58300 -24 3644
7 m2 | 5.4661|-10.0000
-5.00 — m3 | 6.8184]-10.0000 Curve Info
— — dB(S(1,1))
Setup1 : Sweep
-10.00 —
@ .
=
o
-15.00 —
20.00 —
B | Name | Delta(X) | Delta(Y) | Slope(Y) | InvSlope(Y) |
N |dm2,m3)| 13823 | 00000 | 00000 | 3354305946 |
-25.00 I ; . . 8 I
450 5.00 5.50 6.50 7.00 750 8.00

T
6.00
Frequency [GHz]

2 jall (5l 5 sell aa il Qi eyl 5 ludll 1(4-2)J<al
A58 oY) da gall g 2-1-5-2

@Y ) saal) Jiey (VSWR) Aaal 1 s sl s 5 (GHZ) 221 ¢y 483l (5-2) JSill (s ey
S sel Al Bl e (Ao S50 A5 ¢ VSWRAS (53 5and) ) gaall s ety ¢aa 5
s shd VSWR 4as il (5,6281 GHz 235l wie aas Al syl ) 8 JIA (e Aol o
VSWR - 4 Jil 2235 2.1595, I VSWR 4ad i ) 6,997 GHz 22 5l xie 51,7823,
sa0ne ol Lgal ae ) iniall JS 5 (g aihiadle (Say e 585« GHZS.8 23l (e o ily el
Gl e 15850 1.5 (1.0 e i@ 3 VSWR e yiiad cale S au )l 8 goae 4
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1.78 Al Ll jauadll () (5 5818 s (uSaiy Ai) (0 T Ji o xS S Anilaall (3 Sliae
Cun (po Ll AU AN (8 ) 43S0 ) s 80l Jamy (5l Of () s Bm DV 55 Y (e

VSWR 2
6.00
Name X Y Curve Info
—— abs(VSWR(1))
mi__|5.4583|2.0000 Setup1: Sweep
m2 | 6.8664 | 2.0000
m3 56300 1.1288
4.00 —
x
= .
u
2
m2
2.00 —
m3
Name | Delta(X) | Delta(Y) | Slope(Y) | InvSlope(¥)
d(m1,m2)| 14082 0.0000 0.0000 379159818
0.00 T T
500 550 6.00 6.50 7.00 7%0 8.00
Fregency [GHz]

(VSWR) 48 51l & sall 1(5-2) Sl
JANY) dadlas 3-1-5-2

233 Jiay Y1 gaall ) sell (Z) A laddl s (GHZ) 22 (g A8l (6-2) ISl iy
s oall Jiad jea¥) iniall cud ) Cpuinie au sl elad 48 glaall Ao (53 5anll ) gaall Jiay Lain

Im dsilad) (e Jal ¢ jall Jid adaiiall jeal) Jaiall Ll Re(Zg7) Amilad) (10 sl
A Adad (A5 s 545 (o dly dailedll il ¢ 5ol of Las 51 5.8 GHZ 22 il xie (Zyy).
e ) el Aphail) lad 5 A sed) (o Amilaal) 8 s (3 0 g 5 i L ¢(asl 50) ddliall dagdll (pe
@l e i Al B el o e Jule st casl 4.5 s din ) sa (IS dailaall Ll

(asrnd) sl Adally 28Ul sy 53 s sSall a1 aadl ae e il 13 Alle 30y Jary 4

£1aY) (3R 4l 5 coa i) 18 die aa IS Ja e ae O sed) Of o G815 die i) ol gLl 13a
O B ] Gaiad g GalSasV) QS s age el 58 g cdmilaall (3iUat 5 3 LaSH Cua (e o slladll
JLEiY) gl g lady)
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Zin(

XY Plot 2 HFSSDesign1 4

100.00
=1 Curve Info
] - im(Z(1,1))
] Setup? - Sweep
75.00 — — re(Z(1,1))
- Sefup1 : Sweep
5000 —
25.00
000 — 1
. d N //
- / \ //
7 7/ N -
5 ] / S e ——— - -
,AS.W—d // ““--.._‘__ --—-"”
] - -
1 -~
- e
50.00 —| -
4 -
. rd
] s
7 g
7500 —| 17
10000 ! I T T
400 450 500 550 6.00 650 7.00 750 800
Frequency [GHz]
MX1:5.63

Ssell & JAN) dailas 1(6-2) JSa

gl Jsa 4-1-5-2

&= gf gj\.uﬁ.a u-u,ﬂ &\aﬁ:}“ u\ Lf‘r‘ d.J.J Laa céJﬁ\J Pr deJ\ O\ s (8_2) P (7_2) ...!S Al ‘ﬁ
IS5 Al an 5 S sell O G s Laa (18 ad) LObES 2535 Dedad lady) Jaai lalasY)

5 bl ol b Jumie

-90

-180

2 yiall L'.;JS\JS\ @\}gﬂ ‘;c\.uf'u\)” Jl (7-2) I

Curve Info max

~—— dB(RealizedGainTotal)
Setup1 : Sweep

Freq="6.63GHZ Phi='0deg"

——— dB(RealizedGainTotal)
Setup1 : Sweep 1.7
Freq="5.63GHZ Phi="90deg"
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dB{RealizedGain

2,.2310e+00
1.5%201 e +000
6,892%:-001
-2.9157e-001

~1,9124e+000
-1.8233c+00
. ~2,6341e+000
L -3, 4450c 000
-4.2558¢+009
=5,0667c+200)
-5.8775e+000
~6. 689% e +000
=7.4932e+000
=8, 3101 c 020
-9.1210e+009
=9, 9318¢c+000
-1.8743e+001

AVl 5 e lad¥) JSuell (8-2) il
dolenl) iliit)2-5-2

Gty a5l (s L ol S g o shall 5055 (8 alad) Cndl R B o3 gl i 3
(9-2)Jsall & LS Vector Star Analyzer VNA aai¥) ol sall Jlase jles 3488 1) dx gl

VNA lea 1(9-2)Jsall
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I

@

S

P

el 3 jaall 5 il 3l sl 1(10-2) Sl
) ) Apaa il dpdaaill n aend deaiie Jila Aaie Jiay Anritsu VectorStar VNA Sles
paall RF <l sSa s il sl elal paai s Jalad 83 508 435 305 ¢ ulaill Ao i llall 4801
SBN Gay GHZ 220¢145¢125¢110¢70 s 570 kHz (re 1 4paa 55 s Jass ALl
S-Parameters (b8 & aul 5 3lai e VectorStar 48 (e VINA pafiey 488 jall S gall
s culis(VSWR) ¢ (Return Loss) Juw ¥ aelS 5 il sell g aasil ( Sy 5 Sy )Jia
e luall G LAY s HESS Jie saasie JWSET g dlle o jiy cill sed) Jalal

daa) ) 3 Ludl) 1-2-5-2

IS Aylaie HFSS 3USkaall el 30 alaaialy o jiall (g ilall ) sed) apanaty dualal) il of Jaadls
&S all 22 1) 3 AL Aa ) llia Gl Baadly 5 eall 23 saill (g Lgale J saanll &5 3 il ae s
A 240 slSlaall zali y Gana daanaall il JLEAY) O @lld (5 3ay 5 g 5l dajall G je i

Al shlia Hlae V) Hhi 3aU Y 5 JSS apaaill 41
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Qoo
AR R Al A Lw~ s.00 520 540 560 5.80 600 620 6.90 660 6580 7.00 7.20 7.40 760 780 800
-

Retumn Loss (dB)
8

-20.00

-30 00

(—— ) ol 5 bl (= = =) Aaal s bl o(11-2) Jsal

“ L

A58 gl) A gal) g 2-2-5-2

3480 511 A pall Al Alaal) il 5 (BSLaall) A i) il (s & lie (12-2) JSE
A pall s o) Gt S 5 5.5-6.5 GHZ (s2all e ddiaia 2:1 dunil) o)) LDy s VSWR il sill

VSWR

4 42 44 46 48 5 52 54 56 58 S 6.2 64 6.6 68 7 72 74 76 78 8

gl (----) Akl il (—— ) £ el (Gl sell VEWR A8 501 As sall i 1(12-2) JS2
ileal)

e LS Baua i€ Al dad clilin ) (S V) Aalid) i gl 5l AL () oS5 Aaiall
Al il 5 Aulaall ol (o daa GLE s A (6-2) Ja A il
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Multi Input Multi Output MIMO J1 4:5&  6-2

dadial) 1-6-2

(sle 30N ASL L) YL Sl e (MIMO)23w3all ) Ja Y1 2aaiall JUaaY) 4 aad
JE ey (ga 48y phall oda ) ad 3anl 5 23 5 8UE (paain il L) B2ad Gl el JUEE Y] 5 Jsa Y
Y1 Ak 8l sa 3ac aladiiud DA (e 5 LAY 83 ga Guend 5 A0S A goas 5 i)

: [69] sk e MIMO 4 230 8 al (1 o) gou 2n e JLsinl 5

. (data streams)<biby <l saed (el Jial) JLia) 5 call A el iy Sl ars ]

el 2aeie 5D il A1 JE e saamiall Ll sl K5 3 3 HLEY) B3 s a2
BLEY) 0 935

Laa ¢l jlusall axxie Jalaill 5 41 e anlil) 5 LaY) s QiS5 e il Jshal dhass sae 3
ASLAU LB (530300 ) () (a5

(Ol e OS5 3 a5 (prendiiaall (e 5STaae daad e 3508l Juady 4030 das 8300 ) 4

1 saadl (g (e a3 L V) ¢ MIMOA3ES Lgeas ) dasial) L) 3al) (ga a2 Jl1 e

il ged) pe ST ane Y Aalall YA (e KL GO L cai) dadail ) 1iat cay al ]
Lo ST i) g apenail) Jeag Los 3aina 3L dallee cilyidi e slaie Y1

Adla) lana s 8 el ) Letialad |50 WUl e 4la) Call<s Al o34 Cauai D

gl Gl i e Jant (AT ALY 3 jeal o i) Jalaill A jaa 6853

¢« MIMO&L g8 S g ladY) yualie o (mutual coupling) dabsedl o 8Y) e Sas 4
ULl J85 Jara (el g3 LAY a5 Hsai ) g3l 58
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MIMO J) «Malza2-6-2
(Envelope Correlation Coefficient -ECC) «ilial) Jalsi ¥ Jalaa 1-2-6-2

Jale 48 e (Envelope Correlation Coefficient -ECC) «alaall Jalii ) Jalra juns
Jalaall 138 G (5 AUl oy lall 8 sl )—alic 2ae 5 (isolation factor) Jo=d)
L70] AS) s i sed ALl as 5 by Jalaal) 138 058y ) Dhia (5 sl

5115124531522/

ECC =
(1-1S111%2=152112) (1= [S2212=1S121?)

(2-22)

O S

1 3l g GASasY) Jalae Jici Sy

1 52 ndaiall G Jabial) o) Y Jalaw Jiad Sy
2 51 Cpddiall G Jaliall O y8Y) Jalee Jiad Sy

(Total Active Reflection Coefficient -(AS! Jadill (ulsai¥) Jalaa 2-2-6-2
TARC)

4l Jiay « (Total Active Reflection Coefficient -TARC) AU bSill a5y Jalas
Ad gt adll yalic oy dabadl o) EY) ey s 134 Al ) 3 el A Seiall 508 Jasl
8 (e ol 138 cnind s MIMO— Aanadiall i) sll (315 i 585 (o Juails

. [71](dB)dumsl) 32 gy e yiad 5 (S-parameters) <idlebae aladinly Jlidll

(S11+S12)2+(S21+522)2

_J
TARC = v

(2-23)

(Channel Capacity Loss -CCL)3U&l dxw 388 3-2-6-2

Ll ) (S e slaall (40 43S il Jiad (Channel Capacity Loss -CCL) sbil) da . xa
Jdad saill Lagill (5S35 (MIMO dakail oy 3Ll 3 (jaddie 38 Jale pa CV il Al iag je
[72] 3 a/485/ 20 0.4 o« BICCL
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CCL = —log,(}) (2-24)

v=lon @l (2:25)
@11 = 1= (IS11]* +15121%)? (2-26a)
P22 = 1= (IS52|* + 15211%)? (2-26b)
P12 = S11S12 + 21512 (2-26¢)
P21 = 522521 + 512521 (2-26d)

(Diversity Gain -DG) g.sill quus  4-2-6-2

@ MIMO i) 58 ) shaie 33 53 a2l axaiug Jalae s (Diversity Gain -DG) g sl S
i) 8 Ll sl ool anil dagall ) pudigall (e Geliall 138 e clld) ASLO VLAY Lokl
(multipath interference).saiall il ) Jalss i (fading) soL3Y) (536 e (Hlad A
Jsiall g2 51l Gaill e (AB) — Juead]0 (Nss — i je (DG) sl oS 58 of oy
Jalase dasd ilS LK (S-parameters ) 4l (Says JEBlebae o Llall ay siill (u S adiag
[73]J=8 (DG) sl S S «Ji (ECC) dlal) Lol )

DG = 10y/1 — [0.99ECC|? (2-27)

aill 5091 aal ae Led k3l iaall daiia it ae 5 abacall ] Ladla (1-2) Jsaadl Jiass
) lls e dalivind (S Le g il
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4Lhadll MIMO 48 siias O kadl adle 1322 Jsaa

Axificg La | Adlial) dagll) | A5l el | a (I WA {
(—a A e udi (Envelope
QL&) | ECC<0.5 ol L] Correlation
Lo cllitone | Jumdy i o 1 | Coefficient) ECC
s=12x| 0.1>ECC | 7 }J\) ﬁw\ G BLEY) el
Aall 5o liS & ~ il e
Lo Jay Sia (&
aldaill 4llad O 8 3aga 4 o—waill | (Diversity  Gain) DG
d—d—‘\—'.. a5 ‘:—5- 10dB o B L5Y) g sl s
J_SCCL e B sl iy amlass) (Channel  Capacity
< 0.5 A | Loss) CCL
bl Ja| Aldal Juad e v
S g bit/s/Hz A 5ial) dadl) a2
SRR (Total Active
f S i 3:L4< e yixy | Reflection
I di’"‘ = ‘1’6 g | i oS Y| Coefficient) TARC
Caeh - MUl JS 435 | Ll SN Jalaall
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Abstract

Antennas represent essential components in modern wireless communication
systems, acting as an interface between electronic circuits and the surrounding
electromagnetic environment. They are responsible for converting electrical
signals into electromagnetic waves for transmission and receiving
electromagnetic waves that are subsequently converted back into electrical
signals. Continuous advancements in communication technologies have driven
significant progress in antenna design, resulting in improved efficiency, wider
bandwidth, higher gain, and reduced physical size. With the rapid evolution of
fifth-generation (5G) communication systems, the development of advanced
antenna structures has become increasingly important to meet the demanding
requirements of high data rates, low latency, and support for a massive number of

connected devices.

Fifth-generation wireless networks operate over multiple frequency bands,
including sub-6 GHz and millimeter-wave ranges, which necessitates the design
of antennas capable of efficient operation across these bands. Antenna systems
play a crucial role in enabling advanced 5G technologies such as Multiple-Input
Multiple-Output (MIMO), which enhance spectral efficiency, increase channel
capacity, and reduce interference. Consequently, the design of compact, high-
efficiency antennas with low mutual coupling is of significant importance for
modern wireless applications including smart devices, base stations, and

intelligent communication systems.

This research presents the analysis, design, and implementation of a compact
high-efficiency antenna operating at 5.8 GHz. A single circular strip antenna was
designed and simulated using HFSS electromagnetic simulation software,
yielding satisfactory theoretical results. The antenna achieved an impedance
bandwidth of approximately 1.27 GHz centered at 5.8 GHz, with a reflection

coefficient (S;;) below —10 dB across the operating band. The radiation




characteristics indicated that the antenna radiates predominantly in the broadside

direction.

The proposed antenna structure was fabricated at the Scientific Research
Authority of the Ministry of Science and Technology, and experimental
measurements demonstrated good agreement with the simulated results. In order
to enhance the antenna gain, a three-element linear MIMO (Multiple Input
Multiple Output) array based on circular strip antennas was developed. Both
simulated and measured results confirmed improved gain and directivity, with all

ports operating efficiently at 5.8 GHz.

The comparison between theoretical and experimental results demonstrated good
consistency and showed symmetrical performance between ports 1 and 3,
indicating very low mutual coupling between these elements. However, the
reflection coefficient at port 2 exhibited reduced depth at certain frequencies,
suggesting relatively higher coupling due to the central element being influenced
by adjacent elements on both sides. Nevertheless, the overall mutual coupling

remained within acceptable limits.

To further reduce mutual coupling between array elements, two identical
Frequency Selective Surface (Frequency Selective Surface FSS) cells with
identical geometrical parameters were designed and integrated into the linear
array structure. A comparison between simulated and measured MIMO
parameters before and after incorporating the FSS cells demonstrated a noticeable

Improvement in isolation. The results showed strong agreement between

theoretical and experimental measurements, confirming that the proposed design

effectively reduces mutual coupling and provides satisfactory isolation between

antenna elements, making it suitable for 5G wireless communication applications.
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