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ABSTRACT

This thesis presented the development of. dual rectangular monopole antenna with arrow-
shaped slot etching technique and reduction<ef-mutual coupling for MIMO system applications.
Since the former researches designéd. the antenna’withimany frequencies and different components
of structure, this made the design complicated.) When; the array antenna was placed in order, it
caused mutual coupling. Consequently; antenna’s efficiency decreased because of unsuitable array
antenna design.

The prototype antenna has’been designed to Solve this/problem by the study and design of
an array rectangular monopele antenna. This antenna.was placed-in-tworelement array with angular
variation technique to|reduce| the <mutual’‘coupling. .The- antenna was then analyzed by using
simulation structure with the empitical method to find.out the’'most suitable parameter of the 4 types
of array antenna, reduce mutual coupling and cover-the ultra wideband frequency.

The simulation and meéasurement-results of the-4 types:of/array antenna revealed that over
0.77 7\,g distance of array antenna and) placement| of two-element array with angular variation
technique reduced mutual coupling and also covered the ultra wide band frequency range from 3.1
GHz to 10.6 GHz for MIMO system applications while the radiation patterns were bi-direction

style.

Keywords: multiple input multiple output antenna, mutual coupling, correlation coefficient,

ultra wide band antenna and arrow shaped
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Effective dielectric constant
Relative dielectric constant
Wavelength
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Angular frequency
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Band width
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High Frequency
Lower Frequency
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Federal Communication Commission
Width of gap
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Transceiver of gain
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Radiation intensity

Maximum radiation intensity
Ultra Wide Band
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Width of ground

Wireless Local Area Network
Worldwide Interoperability for Microwave Access
Wireless Personal Area Network
Input Impedance

Load Impedance

Characteristic Impedance
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H=Z,(Z, +Z) 2 Z2: (2.65)
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wudanuduiusvesmadwazaIniuitmualas z, AsiuanuresdygIuignoiuig
Taoou lunmsuninszarenduinguesszuuvesdyann lu Tuanvuzuazmsasiauuuiiaos
o @ Y A 1 v =R I o w v &
vousz Uyl Tudmivanmuaradeniinanarsnuiududgmidriayasiugluvuves
1 o = Y A = a A a a o’dy
Fodd AT LANNYNADUNOndAID sz aANTaINvesuL TaeIneiinusi Tag H
a 1 o o 2 ... oA
annsannsan laoldyesdyaaunumualue(Deterministic channel) 1ABIHANTITAIN
a é’ 3’; a Y P 1 Y o A 1 1 o A
mavunnuaszinanelanginusinuiueuias 1ainsdvuanaifuiveu Taevosdygiun

a 4 (L 9
NNTUIMITFONADTINAZUNUAIY B 1a0

H.=2Z (2, +ZRR)'1 HZRRZ{# (2.66)
Zn Z1z Zl3
758 ZLN%);

ZRRZTT ol c12 L2 p (2.67)
Zla Z23 233

a A [ ]
2.13 E]N‘W!!ﬂ‘l-!“lﬁi]3»1531"3'313%1’1891’[11?”9\17‘!@ [30]
a a o’dy =2 A o A 1 1 J A [
Elu’)VlﬂWuWHﬁuﬂ%ﬁﬂ‘Huﬂﬂ’Jﬂﬂﬂ15l%@ﬂ§]’t’)i’3ﬂ‘i$1’i’]1\1ﬁ']ﬂ'é]1ﬂ1ﬁ NI1ILYDUABDIIN
[ a dal = Ada o Y = ) ya 1T a A Al
FEHINAWINIAISINAYUNADINOIALTEN U TGRS AR 10 uNLAUE TN (Mutual
. a ag Y o Ya Al A & I a0 J Y .. .
impedance) mmmmfmﬂwauw@]aummu«mmmﬂmmmﬂuanwsmumﬁw (Driving-point
. = Y ol A 7 o - o a o a I
impedance) 9152 NOUAGDUN AN TA IO (Self impedance) gazduiausswlumsinsiev

= 4

W auyANd 2 03f1sznoUNdAIRAIATOUIE 2 MU 1001

v, [Z] V.

51N 2.19 w0918 2 WosA

U

53



314 2.20 1930910 3 MosA

v,

Zy-Zy

Zy-Zy,

Vv,

54

(2.68)

) ﬂ%'lﬂﬂﬁ%t!ﬁﬁ‘l’l'l\‘llslsﬁ 1

(2.69)



=

ﬁmi"mqmﬂhamazs’f@uﬂﬁu (Reciprocal network) Z,, = Z, iefiesdsznenduazih

[

Tsufiuaugasnlaon ) g muamuwwmmaimm Siilao
1) ¥UaVDIE 191N A
2) MUNUINITIAINVBIF 1D INIALADZ A
3) anpazmstleunszualriunmeoimeausaz i

= ~ Y & A
1T VYUTUNITN 2.69 llﬂf)ﬂgﬂ‘l’iuﬂﬂf)

V, |
Z,=(A=Zy+Z, (_2]

I1 I1

V |
Zyy =5 = 2 ¥ (—1] (2.70)

I,

4 3 a s o o w ]
Lﬁ’ﬂ Zld LUag Z2d Lﬂuamﬁu,mumqﬂwmmmﬂmmﬁ 1 aga1981nN1f 2 ATUAAVISIHU
11 a

Y1 a 4 @ ] o v ,§ [ [ 1 4
hl@]'ﬂﬁ]‘hﬁL!,ﬂu“lfi]ﬂﬁllll"ll’ﬂﬂfﬂ‘(’JE]Tﬂ1?(&&{5\@3{5]’3518ﬁﬂ'l“lluagﬂ“].l’i]@]i1ﬁ"3u"l]®\1ﬂ§$uﬁ' A auﬁgmum
2

1 a Jd o g’/ 4 1 v 1
i'JiJl,!,ﬁ$E]llﬁLlﬂuclfﬁ'llﬂ\‘lﬂ]@ﬂﬁ'lﬂﬂ'lﬂ']ﬁuuc] Lﬁ@ﬂﬁgﬁ]'lf)(l‘LlfﬂﬁﬁﬂN'lu@'lﬂ'lﬁ'J'N (Free space)

Z4

et

[
g

it 221 gilmwermalaTnaiilddnmanlsngmsaliseusiosau [30]

1,/2

v21:|‘_' I. Ezu(Z)1,(2")dz’ (2.71)
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A I 1 9 A 1 R AAa
o £, Wudiulsznevvesauinlihiuninszarevesaeeinia 1 Faliianig

PUNUE e INA 2 TasRaiie lulideeomea 2 7 ") Tag

s kR, kR, —jkr
E,=dM e 8 oo ﬂ]e (2.72)
ar | R R 2)r

Favzvou vy ldsu

. — jkR, — jkR, —Jkr
Va = Zinklm jlz,z sin| k I—2*|Z| ¢ % _2cos Ke (2.73)
47z|2i —lp12 2 R1 R2 2 r

[

a A J A a a < 2
HASDUNLAUBIINNDAANTEUADUNN 1, UBIAIYDINIA 1 wiuaail

2, = Va :MIW sin k(|—2—|z|)
|yl |2

=JKRy — JkRs - jkr
){eRi +eR —2C0$(%je }dz (2.74)
r
2

Ri'= x2+y2+(z—I/2)2=\jy2+(z-|/2)2

r:\/x2+y2+22 =\/y2+22

R2=\/x2+y2+(z+I/2)2=\/P2+(z-ll2)2 (2.75)

Y
£%

L!G]I’L% r=d UQg =11 L/ U3 [ ), A4 ﬁ]%LL‘VIuﬂ§$Llﬁq%:f@Llﬁ$ﬂi$uﬁﬁﬂl’)§uw1ﬂ“uﬂﬁ

1 "2 “2m 1i] V¥

TINA 1 LA 189 1NIA 2 N1l
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I—d—.

Y b d— N ¥ Y 4 4 L 4

Side by side Collinear Parallel in echelon

d' o pai = 7 (A o a A Al
E‘IJ‘VI 2.22 ﬂﬁi]ﬂ’JN’fﬂEJ’01ﬂ1ﬁhlﬂI‘Wﬂ°V]L1’i3JE]uﬂ‘L!ﬁ’ENG]’JLWE]ﬂWH’JmE]NWLMUGBTHJ [30]

T a oA J A o Y A < A A3 9
ﬂ'l’ﬂlI‘WL!ﬂu‘;]ﬁ'gllWﬂ?ﬂ’lmulﬂiﬂﬂﬁﬂﬂ1i‘1/| 2:75 L“]JUﬂTVH]'lﬂﬂﬁ%!Lﬁ'I/]"U’)ell'llsll'lsll@\‘l

g).l 1 Qe d’ =T 9 ) [ v Jd dal
aeeIMany tazvzaie lon dmmnse@iinigega ldlasoidoanudunugae 1

¥,
ZZlm = ZZli %
Im*2m
A
N30
=jnllm ez I e W/ g% kl e
V21=14J.2 sinpki==7 « —2c0s| — (2.76)
47l k2 2 R R; 2 r
=\ 4 (%3 1 Q nA— =1 H 1 U
TunsaifengemMAMloERY (laasaana 1= — . n=123.) DEATPR IR INIRRETER
9
uaaaa 11

2.13.1 M3vaea1ea1MaluszuIud1999919 (side by side configuration )
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ulzk( /di§+|2—|), 2.77)
2.13.2 MSIAINA8IMAIUTZUIVTINUUI (Collinear configuration)
n
Re,, = gcos(vo)[—zci (2%)—Ci (v)—=Ci(v,)—In(v3)]
n .
+gsm(v0)[—25i (2)=5i{w) - S (v.) ]
n
Im,,, = gcos(vO =251 (2% ) =S, (v7) - S (v,) ]
n .
+§S|n(vo)[—20i (V)= C (v, )= C/(v5) - In(v3)]
W =k(\/d2 T —h)
v, =2k (h+))
v, = 2k(h 1)

v, = (h* <17 7h? (2.78)
2.13.3 MSIAINEWDINIALDUVUIY (Parallel in echelon configuration)
n
Re,,, = gcos(w0 )[—ZCi (2w ) —2C; (W, ) +C; (W, )+ C; (W, )+ C; (W, ) +C; (W, )]

—% cos (W, )[28i (2w ) —2S; (W, )+ S; (W, ) +S; (W, )+ S (wy ) + S, (W, )]
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Im,,, = %cos(w0 )[—ZSi (2w, ) —2S; (W, )+ S; (W, ) +S; (W, ) +S; (W5 )+ S; (W, )]

+Lﬂsin (WO)|:—2Ci (2w, ) —2C; (W, ) +C; (W, )+ C; (W, )+ C; (W, )+ C; (W3.):|

w, =kh
w1=k(\/m+h)
w, =k (@ +h? -h)
w, =k| @+ (0P =1+ (h-1) |

m&=k&k2+m2—0—m—b}
mg:kﬁk2+m2+nz+m+n]

w?=k[¢dﬁ+m2+nz—(h+n} (2.79)

2
Tuaul RTINS AT TIAIHITRTZUU19D9919 (side by side)

U Z. g unny

w:k(ﬁ§+ﬁ+q,
w:k(@§+ﬁ—q (2.80)

4 1o a a o~ 7 o LI
Lﬁ’f] Re(Z’.,) ﬁ@ mmu’;ui]ﬂ"llfoJiJWmeﬂumme 1

T o a a A o o oo,
[m(Zi,.) ﬁ’é] mmu’;u%uwmwmmanwgmuﬂuﬁnmm 1
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A = a A L 1
7 AD AGYTIUDIDUNLAUSE 11D INIATI
A9 52ELH19IENINEe01MA TUA LY ij
! A9 ANVIIA1GDINA

A A
k D HU1YLaINaU

v Y
msmswusves laiuas Tnlariaun lduaasluannisae 1

C, (u):f:%(x)dx : (2.81)
S, (u)=j: sin)fx) dx : (2.82)

o C (u) flo susveelaland

s, (u) Ao Ususveslal

4 A a A LAY s . A a A J 1 1
1o z, AeduuAUTAIPY YaveIAsTNeY i oy Z, ABDNNLAUFTIMNTEH I
J . J " = a o’dy ag Y A Y < =
pafllsznew i tazeddtszney j luInentnusuauyald z; awiiy z, duldmungugiun
9 v . . ] a o Y a -4 Ia A 4
ANdoUNGY (Reciprocity theorem) F§azasnisluradano 11 Taomwas ndnsunagouiinaud

(Matching-impedance matrix) G =2 ILAAWMAVAUNTS 2.83

Ao

N
L & (2.83)

=2

AY Y Ayy v 2 6 s Y A a 7
nnngeHiedui Idna v s lddszgnaldinessnuuuazinsiz v

d' ~ A 9 a a o o dy 9 o
meo1me Ty Tu Tnaglamdeuiui luineiinusatuilld Tasszaunsamiuiamauaniy
nhaazanunvesimenIne la muiamvuennunivesameihdgyana lulasaaiy

9 o o o ' a S 9 = 1 = ]
U],ﬂl,l,a3EJ\‘]ffﬂllﬁi]‘LJﬂjjﬂ11!’)%1!141?]11/\!1511]!,@@5@]1\15] "Uf]\iﬁﬁl’éﬂﬂ?ﬁulﬂ G]Ni]&ﬂﬁTJﬂ\islu‘]Jﬂﬂﬂll‘]J
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UNN 3

N1INUVVAIEDINIF

3.1 unin
da/ 1 = a 4 v
Tuunlinandamsesnuuutazlinsizviqaanyuzvetaiee1na lylunagy
~ ~ A Y 19 a 4 ¢ A 1 U A
AmasuHuADDgAlamalanszIetglgnasuazanilsingmisaliyeunesININe
/9 9 & 9 Ay v ' a >
UszgndldamTuszunluly niomdeyan ladnyiwisieslunmseonununazinsiz
Tnseadravesareo1ma aasasunsiiaesama Ty TunagUamasuiudwuuguitanalu
o 1A o Ay v 0 Y %
sz e hnah lannmssaswunesnuuylassadwvesasermalasld lsunsy
a Jd o a P o @ 4 [ a £
Ao ImesTaowu Wisilnesn IdvimndsuTassadeaeoimea e 1w Idmduilszans

MIaLRoU (S,, S,,) A1 -10 dB uazmdutlsza@nimsdariu S, S,) AN -14 dB uay

11° 122

[

AuaNYUL U, vosaeeImaneui la51anss

3.2 MI9NUULMAZTUHUINIMITNANN A INA

1 { Y "9 a 1
mseenuuvmeeIntely Iy Iagiamasuinduuugaiomalianisiaizsesgll

P v 1 A <0 9/ a a c{dyd )
gnasuazaalsingmyaiyeuaesauieuszgnalinailusenyluly Tuinetnusivah

Y

a o AN o o o I { 2 1 A 1
uwaAauaznanmMInEdTIlsTgad IR Y ANLRNO YN TeBaliseaudawe
3.1 GHz - 10.6 GHz @MNMINTTIUVBLECC (Federal.Communication Commission) [33] Tagm
m3nann Tnseadavesanso e lu Ty biajdamvasunudagomainns 14 Insead

Y] 1 4 A o -y 4 [} ~ A
YoIM3UTuguIa Mir Tz o UNpveGHILAInA A s UN1aTed 1 uaNDoUn e la
Tassadnmeomagdnyitol Toswnnatiamn QuaTenaMyT [3-5] dnwanidigenis

9 ldalld U =) 40 = 1 KX o 1 dy
TaseadwenvemazUuuuTuiilin i Nmesae saznanneaiae i
o 2 A Ay
3.2.1 YupeumsesnuBa e mall In Twagtamasuiuri
Y aa A 9 A A
1) 29nUUVYUIAIATIAI A IMAMUNgERNNeITe luINN 2 NNANY

o ) L 1 {

wingaunumsi llszgndldaugiuanuduounia

= 4

2) eonuuulassaduaieidyaiuszuIusIn (CPW-Fed) 1dldufinaud

o

Audnyuzmny 50 Q Tasl¥ldsunsu AppCAD for windows lumiseenuuvuasidyanu

q g9

9y o = A = 2 y
uaﬂ%mimmmmﬂmygﬂuumw 2 NTLII%EJ”]JL‘VIfJ‘]JNaﬂﬁ’fJi‘JﬂmJ'}J@ﬂﬂN

o ] 9 A A Aa a A a a 4
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A 4 9 a [ 1 J
uuusian Taemsldnataliuguiezanzseaszuiuns g
o [ 1A A J 9 1 ~
4) Mm3hEeeIMAITADUgNN a0l NeURIeTT oY HITIIIZ Ay
o395 uN s lnuluszuy Ty
Y
NAIDINNITIIADAULUNTTINUMVTUADUTWAULA AT Tae 504
9 Qy a 9y o I 1 @ 1 ]
areerma ladnruauaswdnilinageuianiquanyazaieg aely n1sesnuuy
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a1wo1na uTuTwa nuuszunudmsumsdszgnd 1FaueuanudLouniIgee NI LY

1 Y
v A

1 a P a v o
TAT9ar3UoaHU TR Taqg1us09vTin FR4 Rllquantiaaail

1 o adg a Fad

AAIA7 lavranasn ' =43
ANUNUIVDITARFIUT O h = 0.764 1.
AANVINVBITAYANI (NDIWAY) o = 5.8x107 S/m.
AMANUNUIVBIIAAANN t = 0.017 3.

v adg a J

A ladianasnaodun g tand = 0.015

Y T A rr’dy
Tumiseanuuulas @i lmesnugIuvedaigeInia luTulnagll

A:; d' A 9 A o ] a g o w [ d'
TIUAYUAUFNT LTUINNITAIUIVWTAIATNN T 1IHABDIAN ) AN 19U ﬂﬂgﬂﬂ 3.1

p! 12 g
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E
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5
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S E—
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322 fﬂiﬂﬂﬂmJ1Jﬂ’J'lllﬂ’il'NLLﬁzﬂ’J'liJfJ'l’J"lJE]\WT’Jﬁ'IEJ’E]'Iﬂ'Iﬁ

MIBBALVUVFUAUIIAMIAIANNAT () 1azANNE1) (L) YDIAIAIDINAA

517 3.2 TasvuauesaeormalyTu Inatuussuuiiumvuannanuan s lunsesnuu

U

X

19 3.1 GHz
w g
/5
d' Y %
311 3.2 anunNaazaNueIveIdId
1 1] O 1]
AMUIUMIAIANNIIAAUANVD 3. IWUMVAUNITN 2.40
O, O,

HNUM .

AN &
) Q
%% >
(}7 A r\‘é
UNUA W = ?Tuzﬁﬂ@ ~20.72 Wy

9
[ Y

quuﬂ'mamni’wwaw‘f’;mamﬂm W =29.72 Ju.

° ' @ ad a a A 1
Annummada ladianasndsz@ning (£,) Mnaunsi 2.47

&y +1
Coff ~

(1+0.3n)
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HNUAT =43+1(

E ot 1+0.3(0.764x107)) = 2.65

9
v v ' @ ad a a Aa
Quuﬂ'lﬂ\W]'Jllﬂﬂlaﬂﬁﬁﬂﬂﬁgﬁﬂ‘ﬁWﬁ Eoff =2.65

A o o = ~q Y =
ANVINIAAUTUNNTAIUD 3.1 GHz ‘V]Gl,"]fiuﬂ"li’ﬂﬁlﬂu‘]_l‘i_anﬁilﬂﬁV] 2.42

A
/1g =
geff
G
A = ol =59.44 .

<«

-%l‘
(2}
O

1 & 9} 9} N
WWﬂ'Iﬂ’HlIfJ'I'Jfﬂiﬂ‘igiﬂﬁlﬂﬁ‘ui‘uuuﬁlﬁ‘iﬂﬁu'mhlw%h AL INAUNITN 2.48

(8eﬁ + 0.3) (V:]/ ¥ O.264j

W
(geff = 0.258) (h + O.SJ

AL =0.412h

UNUA

(2650322720264
0.764

):Osumu

— (0.412%0.764)
29.72
(2.65-0,258) +0.8

0.764

Y
[ Y J

ﬂ\iuuﬂ”lﬂ’J”I‘JJEJ”l’Jﬂ”liﬂ'§$’1]18?]51!114&14’3!1%{1!@'1!1”17\'%1 AL=0.314 W,

MUIUNINMANNG) 05) VOIFIA THONMAVINALNTIN 250

A
2\/er

L = —2AL

9677

244.3

UNUA L —2(0.314) = 22.77 Wy,
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eff 1D ANANA IADIANAINUIETANTNA
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r

A d'd' 9 a0 [ Y
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Parameter Value
Operating Bandwidth 3.1-10.6 GHz/(+ 100 MHz acceptable)
Gain variation Not'more'than-4 dBi
Radiation efficiency High (770%) and variation not more than 25%
Group delay Not-more than 2 ns
Isolation Not less than 14 dB
Envelope correlation coefficient Not more than 0.5
Correlation coefficient Not more than — 15 dB

Total Active Reflection Coefficient (TARC) Not more than — 10 dB

Design profile Compact, printed and easy to fabricate
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DS-7400A

FEATURES INTERNATIONAL STANDARD RECOGNITION
« High C.T.I Value(above 400V) -BSI 6741
+ Good dimensional stability, soldering reliability has « VDE : VDE-Reg-Nr. 4945
been bettered <UL :E103670
+ Good electrical properties
« High density automatic mounting can be carried out
APPLICATIONS
Computer & peripherals, Instrumentation, VCR,
Television, Electronic Toy, etc.,
1 Water absorption at pressure cooker u Insulation resistance at pressure cooker
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COPPER
CLAD

LAMINATES

GENERAL PROPERTIES Designation DS-7405A
ANSI Grade FR-4
. . Property Data
Test ltem nit Treatment Condition
. 5 e Standard Value Guaranteed Value
Tg DsC 135 above 130
T TMA 135 above 130
DMA 165 above 160
CTE x-axis 18 less than 20
y-axis ppmiC Ambient to Ty 13 less than 15
z-axis 55 less than 60
Flammability - UL-94 V-0 V-0
Insulation Resistance ohim C-96/20/65 1x10%-1x10% above 5x 10"
C-96/20/65+D-2/100 1x10%-1x10" above 1 x 10°
Volume Resistivity ohm-cm C-96/20/65 1X10%-1x10% above 1x 10
C-96/20/65+C-96/40/90 5%10%-5x10" above 5 x 10"
Surface ohm C-96/20/65 5x10%-5x10" above 1 x 102
Resistance C-96/20/65+C-96/40/90 1x10%-1x10" above 1 x 10"
Arc Resistance min.seconds 110 above 60
Dielectric Constant _ C-96/20/85 45-48 less than 5.5
(1 MHz) C-96/20/65+D-48/50 46-52 less than 5.8
Dissipation Factor _ C-96/20/65 0.015- 0.020 less than 0.035
(1 MHz) C-96/20/65+D-48/50 0.018-0.023 less than 0.045
a%’:;"""'“"e Tracking Vot IEG Method above 400 above 400
Solder Float(260°C) sec A above 180 above 120
Peel Cu.foil 10z R
Strength | (0.035mm) kgfiom A 15-18 above 1.43
Flexural Strength kgf/mm? A 40 - 50 above 32.7
Water Absorption % E-24/50+D-24/23 0.10-0.15 less than 0.25

Specimen Thickness : 1.6mm

PURCHASING INFORMATION

« Copper foil : 0.5 0z/ft*(0.018 mm), 1 0z/ft*(0.035 mm), 2 0z/ft*(0.070 mm) available.
= Thickness : 0.4mm to 3.2mm

Standard Size Tolerance(mm)
1,020 X 1,220mm (40" X 48") 915 X 1,220mm (36" X 48") +3
1,070 X 1,220mm (42" X 48") 970 X 1,220mm (38" X 48") K]
1,020 X 1,020mm (40" X 40"}

% Other sheet size and thickness could be available upon request.
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JOI‘INSON SMA - 50 Ohm Connectors

Components’

INCHES (MILLIMETERS)
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

Panel Mount

142-0701-621
142-0701-626
142-0701-631
142-0701-636
142-0701-701
142-0701-706
142-1701-011
142-1701-016
142-1701-031
142-1701-036
142-1701-041
142-1701-046
142-1701-121
142-1701-126
142-1701-131
142-1701-136
142-1701-191
142-1701-196
142-1701-201
142-1701-206
142-1711-001
142-1711-006
142-1711-011
142-1711-016
142-1711-021
142-1711-026
142-1711-031
142-1711-036
142-1801-031
142-1801-036
142-1801-041
142-1801-046
2-Hole Flange Mount Jack Receptacle - Extended Dielectric 4, 6
2-Hole Flange Mount Jack Receptacle - Flush Dielectric 4

2-Hole Flange Mount Plug Receptacle - Extended Dielectric 6
2-Hole RA Flange Mount Jack Receptacle - Extended Dielectric 8
2-Hole RA Flange Mount Jack Receptacle -Extended Dielectric 8
2-Hole RA Flange Mount Jack Receptacle -Extended Dielectric 8
4-Hole Flange Mount Jack Receptacle - Extended Dielectric 5
4-Hole Flange Mount Jack Receptacle - Flush Dielectric 4

4-Hole Flange Mount Jack Receptacle -Extended Dielectric 7
4-Hole Flange Mount Plug Receptacle - Extended Dielectric 6
4-Hole RA Flange Mount Jack Receptacle - Extended Dielectric 7
4-Hole Right Angle Flange Mount Jack Receptacle 7
Specifications 2, 3

OO MO XANODONNDEDRDOOOORDR,OON~NE DRI

Johnson Components® » P.0. Box 1732 » Waseca, MN 56093-0832 + 1-800-247-8256 + Fax: 507-835-6287 * www.johnsencemp.com
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SMA - 50 Ohm Connectors

Specifications

JOl—INSON

Components’

INCHES (MILLIMETERS)
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

ELECTRICAL RATINGS

Impedance: 50 ohms
Frequency Range:
Dummy loads

Flexible cable connectors ..... ..0-12.4 GHz

Uncabled receptacles, RA semi-rigid and adapters ........... 0-18.0 GHz

Straight semi-rigid cable connectors and

field replaceable connectors.............cccovvvciiccieicccniens 0-26.5 GHz
VSWR: (f = GHz) Straight Right Angle

Cabled Connectors ~ Cabled Connectors

RG-178 cable ... 1.20 + .025f 1.20 +.03f
RG-316, LMR-100 cable . . 1.15 + .02f 1.15 +.03f
RG-58, LMR-195 cable 1.15 + 01f 1.15 + .02
RG-142 cable .......cc.ccooooovrrvmrrcnnne 115+ .01f 1.15 + .02
LMR-200, LMR-240 cable . 1.10 +.03f 1.10 +.06f
.086 semi-rigid .................... 1.07 +.008f 1.18 + .015f
141 semi-rigid (w/contact) .......... 1.05 + .008f 1.15 + .015f

141 semi-rigid (w/o contact) ...... 1.035 + .005f
Jack-bulkhead jack adapter and plug-plug adapter ................. 1.05 + .01f
Jack-jack adapter and plug-jack adapter ... ..1.05 + .005f
Uncabled receptacles, dummy 0@dS ...........cccoooiriniiiiiriiniiiin
Field replaceable (see page 59)
Working Voltage: (Vrms maximum)'
Connectors for Cable Type

Sea Level 70K Feet
170 45
RG-316; LMR-100, 195, 200.........c.cccumiemuusseiuunsinniss 250 65
RG-58, RG-142, LMR-240, .086 semi-rigid,

uncabled receptacles, .141 semi-rigid w/o contact ... 335 85

.141 semi-rigid with contact and adapters ...
Dummy loads
Dielectric Withstanding Voltage: (VRMS minimum at sea level)'
connectors IorRGM8 - e e s 500
Connectors for RG-316; LMR-100, 195, 200
Connectors for RG-58, RG-142, LMR-240, .086 semi-rigid,
field replaceable, uncabled receptacles ...
Connectors for .141 semi-rigid with contact and adapters ............
Connectors for .141 semi-rigid w/o contact, dummy loads...............
Corona Level: (Volts minimum at 70,000 feet)’
Connectors for RG-178
Connectors for RG-316; LMR-100, 195, 200 ...
Connectors for RG-58, RG-142, LMR-240, 086 semi-
uncabled receptacles, .141 semi-rigid w/o contact................c.cc.....
Connectors for .141 semi-rigid with contact and adapters ...

Insertion Loss: (dB maximum)
Straight flexible cable connectors o

and adapters .............c...... 0.06 " f(GHz), tested at 6 GHz
Right angle flexible cable —
CONNECOrS .......cvvvrrrrnee 0.15 " f(GHz), tested at 6 GHz

Straight semi-rigid cable —
connectors with contact ..... 0.03 ¥ f(GHz), tested at 10 GHz
Right angle semi-rigid cable
COnNBElars i 0.05 " f(GHz), tested at 10 GHz
Straight semi-rigid cable

connectors w/o contact ...... 0.03 " f(GHz), tested at 16 GHz

Straight low loss flexible —

cable connectors ................ 0.06 "f(GHz), tested at 1 GHz

Right Angle low loss flexible —

cable connectors................. 0.15 Y f(GHz), tested at 1 GHz
Uncabled receptacles, field replaceable, dummy loads ..................... N/A

Insulation Resistance: 5000 megohms minimum
Contact Resistance: (milliohms maximum) Initial ~ After Environmental
Center contact (straight cabled connectors

and uncabled receptacles) ..., 3.0 40
Center contact (right angle cabled

connectors and adapters)................c.ccccecnne. 40 6.0

Field replaceable connectors ...............c........ 6.0 80
Outer contact (all connectors) ........... 20 N/A
Braid to body (gold plated connectors) . 05 N/A

Braid to body (nickel plated connectors)........... 50 N/A
*N/A where the cable center conductor is used as a contact
RF Leakage: (dB minimum, tested at 2.5 GHz)
Flexible cable connectors, adapters and .141 semi-rigid
connectors w/o contact
Field replaceable w/o EMI gasket
.086 semi-rigid connectors and .141 semi-rigid connectors
with contact, and field replaceable with EMI Gasket ...
Two-way adapters ...........cccoovvvecreiiinrrisrnis
Uncabled receptacles, dummy loads N/A
RF High Potential Withstanding Voltage: (Vrms minimum, tested at 4
and 7 MHz)'
Connectors for RG-178
Connectors for RG-316; LMR-100, 195, 200 ....
Connectors for RG-58, RG-142, LMR-240, .086 semi-rigid,
.141 semi-rigid cable w/o contact, uncabled receptacles
Connectors for .141 semi-rigid with contact and adapters

DUIMMY I0BES .o N/A  Power Rating (Dummy Load): 0.5 watt @ + 25°C, derated o 0.25 watt @
+125°C
MECHANICAL RATINGS

Engagement Design: MIL-C-39012, Series SMA
Engagement/Disengagement Force: 2 inch-pounds maximum
Mating Torque: 7 to 10 inch-pounds
Bulkhead Mounting Nut Torque: 15 inch-pounds minimum
Coupling Proof Torque: 15 inch-pounds minimum
Coupling Nut Retention: 60 pounds minimum
Contact Retention:

6 Ibs. minimum axial force (captivated contacts)

4 inch-ounce minimum torque (uncabled receptacles)

Cable Retention: Axial Force*(lbs) Torque (in-0z)
Connectors for RG-178 .........cccoovvvvvrrnnne 10 N/A

Connectors for RG-316, LMR-100 i N/A
Connectors for LMR-195, 200....... .. 30 N/A
Connectors for RG-58, LMR-240 .. ... 40 N/A
Connectors for RG-142.......... .45 N/A
Connectors for .086 semi-rigid .. 16
Connectors for .141 semi-rigid 55
*Or cable breaking strength whichever is less.
Durability: 500 cycles minimum

100 cycles minimum for .141 semi-rigid connectors w/o contact

ENVIRONMENTAL RATINGS (Meets or exceed the applicable paragraph of MIL-C-39012)

Temperature Range: - 65°C to + 165°C
Thermal Shock: MIL-STD-202, Method 107, Condition B
Corrosion: MIL-STD-202, Method 101, Condition B

Shock: MIL-STD-202, Method 213, Condition |
Vibration: MIL-STD-202, Method 204, Condition D
Moisture Resistance: MIL-STD-202, Method 106

TAvoid user injury due to misapplication. See safety advisory definitions on page 2.
Johnson Components® « P.O. Box 1732 « Waseca, MN 56093-0832 + 1-800-247-8256 * Fax: 507-835-6287 + www.johnsoncomp.com
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Components’

INCHES (MILLIMETERS) . .
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST Specifications

JOI'lNSON SMA - 50 Ohm Connectors

MATERIAL SPECIFICATIONS

Bodies: Brass per QQ-B-626, gold plated* per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290
Contacts: Male - brass per QQ-B-626, gold plated per MIL-G-45204 .00003" min.
Female - beryllium copper per QQ-C-530, gold plated per MIL-G-45204 .00003" min.
Nut Retention Spring: Beryllium copper per QQ-C-533. Unplated
Insulators: PTFE fluorocarbon per ASTM D 1710 and ASTM D 1457 or Tefzel per ASTM D 3159
Expansion Caps: Brass per QQ-B-613, gold plated per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290
Crimp Sleeves: Copper per WW-T-799 or brass per QQ-B-613, gold plated per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290
Mounting Hardware: Brass per QQ-B-626 or QQ-B-613, gold plated per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290
Seal Rings: Silicone rubber per ZZ-R-765
EMI Gaskets: Conductive silicone rubber per MIL-G-83528, Type M

* All gold plated parts include a .00005" min. nickel underplate barrier layer.

Mating Engagement for SMA Series per MIL-C-39012

REFERENCE PLANE
0881005 (2.2410.13) —= |+ - [ 0761002 (1L93X0.05)
B~ (60,95 —s5— @BI81(4.60) MN— | —~f=— .000-.010 (0.00-0.25}
@.2124.004— —[P— .000-.010 (0.00-0.25)
000 MIN (5,380,100
HEX .312 (7.92)
, —— 1/4-36 UNS-24
"/ Ll
T A
1/4-36 UNS-2B /;
SEE NOTE 1
JACK
AT R
PLUG Ay i
| L
L—gf 250 (6.35) MAX — 218 (5.54) MIN
30 {3.300 MIN e~ —@ 1808 (4.592} MAX o 70 (£32) MIN FULL THREAD
55 (5:43) WA "_ e 0304015 (076+0.38)
0304015 (0.7630.38) ——+ =
—— 005 (0.13) MAX X 45°

Jl
REFERENGE PLANE R
050 (1.27} MIN PLANE ‘
00 (2.54) MIN X\g‘
015 (0.38) MIN :
|
L ¢ ot
T |
@ 015 (0.38) MAX FLAT
@ .0355-.0370 l— 076 (1.93)
(0.902-0.940)
PLUG JACK
NOTES

1. 1D OF CONTACT TO MEET VSWR, CONTACT RESISTANCE AND INSERTION WITHDRAWAL FORCES
WHEN MATED WITH DIA .0355-.0370 MALE PIN.

Johnson Components® « P.O. Box 1732 + Waseca, MN 56093-0832 + 1-800-247-8256 « Fax: 507-835-6287 + www.johnsoncomp.com
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SMA - 50 Ohm Connectors

Panel Mount

JOl—INSON

Components’

INCHES (MILLIMETERS)
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

2-Hole Flange Mount Jack Receptacle - Flush Dielectric

’W;,)/
TS

@.625

VSWR & FREQ. RANGE

GOLD PLATED

NICKEL PLATED

VSWR: N/A  0-18 GHz

142-0701-621

142-0701-626

2X ©2.102 (2.59)
.065 (1.65)—

—

375 (9.52) =

I——
@.050&7)

480 (12.22) = :mm

\—@.036 (0.91) HOLE —
223 (5.66) 200 (5.08)

4-Hole Flange Mount Jack Receptacle - Flush Dielectric

VSWR & FREQ. RANGE

GOLD PLATED

—1.375 (9.52) |~
0.500 (12.70)7——‘ 0B5 (1.65)—=| I__
@036 (0.9 '(*'}—(*')' @.050 (1.27)
HOLE
4X ©.102 (2.58) @ rl’:'
=
0.340 (8.64) .200 (5.08)
NICKEL PLATED

VSWR: N/A  0-18 GHz

142-0701-631

142-0701-636

2-Hole Flange Mount Jack Receptacle - Extended Dielectric

A 375 (9.52)p—
F?.x @.102 (2.59) "B
by, € =
@.625 (15.88) Ga 480 (12.22) — :MM
63 @182 (4.1
— @.050 (1.27) =
'———l—>223 (5.66) .065 (I>65)—J L-—
VSWR & PRODUCT GOLD NICKEL
FREQ. RANGE SERIES PLATED PLATED "A" "B"
VSWR: 115+ 021 (GHa)| g | 1421701131 | 1421701136 | 705(1781) | 590(1499)
0-18 GHz 142-1701-031 | 142-1701-036 | 240 (6.10) 180 (4.57)

Johnson Components® + P.O. Box 1732 + Waseca, MN 56093-0832 » 1-800-247-8256 + Fax: 507-835-6287 + www.johnsoncomp.com
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NETS-LINDGREN

An ESCO Technologies Company

FEATURES.

B Ultra Broadband: 1 GHz - 18 GHz

B Maintains Single Lobe Radiation

Pattern Over Frequency
B 300 W Power Input Capacity
B Optimized High Frequency Gain

H Low VSWR

B Flexible Mounting Systems

The Model 3117 Double Ridged
Waveguide is a the latest addition
to a family of double ridge
waveguides for microwave and
EMC measurement from
ETS-Lindgren. This model
corrects the lower gain at the
upper end of the frequency

range, commonly found in ridged
waveguide antennas. Users of
this antenna benefit from uniform
illumination of target surfaces and
accurate gain measurement. In
addition, the Model 3117 exhibits
high gain and low VSWR across
its operational frequency band,
accepting moderate power input of
300 watts.

EMC Antennas

Double-Ridged
Waveguide Horn

3-D Patterns
Available at

www.ets-lindgren.com/3117

Model 3117

ETS-Lindgren’s Model 3117 Double-Ridged Waveguide Horn
PATENT # 6,995,728

The electrical characteristics of this
antenna were designed and modeled
using powerful workstations
running electromagnetic simulation
software. Equally important,
experienced RF engineers worked
with our manufacturing team to
produce a practical and affordable
realization of the modeling

process. All production units are
individually calibrated at our A2LA
accredited lab.

FEATURES

Single Lobe Radiation Pattern

The Model 3117 maintains a single
main lobe pattern in the direction
of the horn axis over its frequency

range. This characteristic is
essential for even distribution of
clectromagnetic energy on a target
surface, and accurate measurement
of gain and vector information.
The Model 3117’s unique design
suppresses the propagation of
high order modes. The result is
an antenna with a well-defined
single lobe radiation pattern that
outperforms other antennas in its
class.

Ultra Broadband

The Model 3117 sweeps from

1 GHz to 18 GHz without stopping
for band breaks, making it ideal

127



NETS-LINDGREN

An ESGO Technologies Company

for automated testing. It has the
widest usable frequency range of
any antenna in its class, with no
performance degradation from high
order modes.

Power Input

The Model 3117 uses a Type N
connector and accepts up to

300 watts of continuing input
power with up to 400 watts of peak
power. The antenna’s high gain
and low VSWR over its operating
frequency translates into efficient
amplifier use and high field
strengths.

Electrical Specifications

EMC Antennas

Double-Ridged
Waveguide Horn

Uniform Gain, Low VSWR

The Model 3117 has a more
uniform gain and antenna factor
because of the better behavior of
its radiation pattern. Since the
pattern is stable over frequency.
the gain and the AF also remain
stable. Similar antennas of this
class exhibit large variations of the
gain and the AF as the frequency
increases.

Flexihle Mounting System

The Model 3117 antenna includes
both an EMCO classic mount and a
rear “stinger” mount.

Model 3117

STANDARD CONFIGURATION
B Antenna Assembly

B Mounting bracket drilled to
accept ETS-Lindgren or

other tripod mounts with 1/4 in
x 20 threads

B Rear “stinger” Mount

B Individually calibrated at 1 m
per SAE ARP 958 at our
A2LA accredited lab. 3 m
calibration per ANSI C63.5
available at additional cost.
Actual antenna factors and a
signed Certificate of Calibration
Conformance included with
manual.

OPTIONS
B Antenna Mast

B Antenna Tripod

MODEL FREQUENCY VEWR MAXIMUM PEAK IMPEDANCE CONNECTORS
RANGE RATIO CONTINUOUS POWER (NOMINAL)
(AVE) POWER
3117 1 GHz - 18 GHz 3.5:1 max 300W 400W 500 Type N
<2:1ahove 1.5 GHz
Physical Specifications
MODEL WIDTH DEPTH HEIGHT WEIGHT
7 175 cm 175 cm + 155 cm mount 15.5¢m 113 kg
89 in B8 in + 61 inmount B.1in 25 b
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‘%\\ETS 4 &QG&EN t EMC Ant en:uls
S Double-Ridged

Waveguide Horn

Model 3117
Model 3117 Antenna Factor Model 3117 Half Power Beamwidth
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24 40 \
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Model 3117 Gain Model 3117 Forward Power @ 1 m
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l\/l ‘%\ —— —\-a-—"; —
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Model 3117 VSWR
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EMC Antennas

NETS-LINDGREN Double-Ridged
Waveguide "!A?deﬂﬂ

Model 3117 (1 GHz - 4 GHz)
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EMC Antennas

WETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (9 GHz - 12 GHz)
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P.Thongbor, A.Ruengwaree, V.Pirajnanchai, W.Naktong and N.Fhathiem “Rectangular
Monopole Antenna with Arrow-Shaped Slot Etching for UWB-MIMO Application,”
International Conference on Electrical Engineering/Electronics, Computer,
Telecommunications and Information=Technology ECTI-CON 2016 June 28th - July 1st,

2016 at Chiang Mai, Thailand
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Abstract

This paper presents the tuning of rectangular array monopole
antenna with arrow-shapad slot etching by using stub adding and slot
eteching technique at ground plane for MIMO wircless cormrmuni cati on
systam  application. The prototyps antenna structure have been
developed on the FRA PCB model with the dielectic constant () =
4.3 and substrate height (h) = 0.764 mm. The antsnna design are

lincarly placed wray 2 elements with spacing of U4 al frequeney 2.5

Gllz with the arrow-shaped slot etching on radiaton patch, [-shaped
slot cteching and T-shaped swh inereasing wning technique on e
ground plane for the optimal parameters of the prototype anterma, The
measurament results indicate that response 2 band include at antenna
port 1, the first low frequency range is 1.54-3.01 GHz, the second
medium  frequency rangs is 4.32- 541 GHz and the third high
frequency range is 6.18 - 7.00 GHz, at antenna port 2 the first low
frequency range is 1.24 - 298 GHe, the second medium frequency
range is .35 -5.52 GIIz and the third high fraquency range is 6.23 -
7.00 GHz, the prototype antenna average gain more than 3 dBi.

Keywords: MIMO Antenna, I-shaped Stub, Amow Slot, bandwidth
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Rectangular Monopole Antenna with Arrow-Shaped Slot
Etching for UWB-MIMO Application

P.Thongbor, A Ruengwaree” and V.Pirajnanchai
Department of Electronics and Telecommunication
Engineering, Faculty of Engineenng,
Rajamangala University of Technology Thanyaburi
(RMUTT), Pathumthani, Thailand

amnoly.r@en.rmutt.ac, panuwit.th@mail rmutt.ac.th

Abstrace—This paper proposes the rectangular monopole
antenna with arrow-shaped slot etching for multiple-input
multiple-output (MIMO) application. The presented antenna
system works efficiently in the frequency range of 3.1-10.6 GHz
for ultra-wideband (UWB) communications which are defined by
the Federal Communications Commission (I'CC) band. The
proposed antennas were fabricated on FR4 substrate with
dimensions 34x80 mm?, dielectric constant (er) of 4.3 and
substrate thickness (h) of 0.764 mm. The antenna structures were
placed in four different positions. The measured resulls have
been found that the alignment of antenna element in the
orthogonal position which has low mutual coupling of less than
-22.5 dB and obtains the best envelope correlation coefficient of
less than 0.001. The radiation patterns are omnidirectional style.

Keywords—Multiple-input nultiple-output (MIMO) antenna,
Muatual coupling, envelope correlation  coefficient, Ultra-
Wideband (UWB) antenna, Arrow-Shaped,

L INTRODUCTION

Presently, wireless communication systems are expected to
provide high data rate and a befter quality of wireless signal.
The elements of wireless communication consist has so many
parts, the most significant that can’t be lacked is antenna. The
wireless communication systems face the challenges of signal
fading, multi-path, increasing interference and limited
spectrum. Thus, it is important to find out the solution to solve
those problems. MIMO antenna system is one of the best
solutions to improve above problem. Whereas, the design of
MIMO antenna consisting of at least two elements is concern
about the placement of nearby antenna elements and the effect
of mutual coupling between each element. There are many
techniques found to reduce mutual coupling such as using
inserting stub [2], Defected Ground Structure {DGS) [3],
spatial and angular variations [4] and homogeneous element
[5-8]. However, the frequency for wireless communication
systems consist of many ranges, some antennas wete propose
dual band [2], [5] or multi band [6] for design MIMO antenna.
To overcome this problem, many researches have interest of
associating UWB-MIMO antennas cover all of frequency range
3.1-10.6 GHz for UWB communications [1].

This paper was proposed the rectangular monopole antenna
with Amrow-shaped slot etching for UWB-MIMO application.

978-1-4673-9749-0/16/831.00 ©2016 IEEE
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The homogeneous elements and angular variations techniques
were applied to reduce mutual coupling. The arrangement of
UWB-MIMO antenna has been designed in different positions.
At the same time, the element effect of antenna’s efficiency
performance such as muftual coupling and envelope correlation
coefficient. In the placement of array antenna position, the
results are good mutual coupling less than -14 dB and low
envelope cormrelation coefficients less than 0.5 (covering the
UWB-MIMO frequency band). All the design of antennas
strucfures (in different element position feature) were similar
because the proposed antenna is heterogeneous element [9].
The designs can be possibly complexity. The measurement
results have been camed out by LE8363B PNA Nelwork
Analyzer.

II.  DESIGN AND STRUCTURE OF ANTTENNAS

A Antenna Structure

e
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Fig.1 The prototype of single patch antenna structure.

The proposed UWB-MIMO antenna has been developed
from the rectangular array monopole antenna [2], [10] with
using stepped etching on ground plane [11] for bandwidth
enhancement in the frequency range of 3.1-10.6 GHz The



feed line of prototype of single patch antenna was achieved
with impedance matching of 50Q. After oplimization, the
single patch rectangular monopole antenna with arrow-shaped
slot etching on radiator and step shaped etching on ground
plane was obtained. The dimensions of patch antenna
structures from this layout are: W = 34 mm, W1 = 21 mm,
W2 =33 mm, W3 = 15 mm, W4 = 6 mm, W5 = 5 mm,
Wo=41mm W7=3mm, W8=7mm, L =34mm, L1 =16
mm, L2 =14 mm, L3 = 13 mm, L4 = 3 mm, L5 = 2 mm,
L6=9mm,L7 =4 mmand L8 = 8 mm as shown in Fig.1.

In arrangement process of antenna patch, the homogeneous
elements and angular vanation technique were applied fo
reduce mutual coupling. The UWB-MIMO antenna has been
designed by placing the patch antenna with four difference
angular position as shown in Fig.2. All of anfenna structures
have been fixed dimension of 34x80 mm? The first feature of
patch antenna arrangement was placed the antenna elements
with side by side as shown in Fig.2 (a). In the second feature,
the antenna element at port 2 was rotated with 90° from the
antenna element at port 1 as shown in Fig.2 (b). In third
[eature, the antenna element at port 2 was shifted of 180° from
the patch antenna at port 1 as shown in Fig.2 (c). Finally, the
both antenna elements (at port 1 and 2) were located as front to
front position as show in Fig.2 (d).

Portl Port2 Portl Port2
(a) Side by side position (b) Orthogonal Position

Port2

Portl Portl

Port2

{c) Parallel position
Fig.2 Four different position of UWB-MIMO antennas alignment.

(d) Front fo front position

III.  RESULTS AND DISCUSSIONS

A. Mutual coupling

The mutual coupling of the elements in array antenna is an
important parameter and related fo anfenna efficiency for
MIMO system. The higher value of mutual coupling degrades
the antenna efficiency. The mutual coupling could be observed
from 8 parameter; S;2and ;). The researches choose only 85
to present in this paper. The rectangular monopole antenna
with Arrow-shaped slot etching for UWB-MIMO applications
have been successfully achieved the low measured of mufual
coupling from the measurement. The mutual coupling of
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antennas element with side by side, parallel, orthogonal and
front to front position feature are -16 dB, -17.5 dB, -22.5 dB
and -17 dB, respectively, as shown in Fig.3.
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Fig.3 The mutval coupling of antenna elements: (a) side by
side and parallel position feature and (b) orthogonal and [ront
to front position feature.

B. Envelope correlation coefficient
The envelope correlation coefficient can be caleulated from
the S-parameters [6] using the following Equation (1).

_ 151151 4512555
(21811121521 12) (1=1522 12~ 1S1212)]

Pe O

The measurement results of the envelope correlation
coefficient of array antenna with side by side and parallel
position feature are less than 0.0025 as shown in Fig.4 (a). In
case of the orthogonal and front fo front posifion feature, the
envelope comelation coefficient were measured as shown in
Fig.4 (b). The results of the orthogonal is less than 0.001. From
above, the envelope comrelation coefficient all of propose
antennas are well below the reference value of 0.5 for specific

of UWB-MIMO antennas.
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Iig.4 The envelope correlation coefficient: (a) side by side and
parallel position feature and (b) Orthogonal and Front to front
position feature.

C. Radiation Patterns

The radiation patterns of the proposed antenna system were
investigated in the operating frequency range of 3.1-10.6 GITz.
The comparisons of the antenna pattern have been observed in
the electric field (E-plane) and the magnetic field (H-plane),
with three frequencies: 3.1 GHz 7 GHz and 10 GHz as shown
m Fg5-9 It was found that the results are nearly
omnidirectional at 3.1 GHz 7 GHz and more directional at 10
GHz

(a) The simmlation result of port] (b)The measurement result of port 1

{¢) The simulation result of port 2 (d) The mesurement result of port 2
Fig 5 The E-plane patterns of side by side position feature.

(¢) The stmulation resull of port 2 (d) The mesurement resull of port 2

Fig.6 The H-plane patterns of side by side posifion feature.
The radiation paftern on port 1 of all antennas position

features are correspondent. Therefore, in the next part, We

have been presented only the radiation pattern of port 2 in all
position feature.

(a) The simulation result of E-plane (b) The measurement
result of E-plane
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{c) The simulation result of H-plane {d) The measurement
result of H-plane.

Fig.7 The E-plane and H-plane of parallel position feature at
port 2.

{a) The simulation result of E-plane (b) The measurement
result of E-plane.

{c) The simulation result of H-plane {d) The measurement
result of H-plane.

Fig.8 The E-plane and H-plane of orthogonal position feature
at port 2.

{a) The simulation
result of E-plane.

{c) The simulation result of H-plane. (d) The measurement
result of H-plane.

Fig.9 The E-plane and H-plane of front to front position feature
at port 2.
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IV, CONCLUSION

The rectangular monopole antennas with arrow-shaped slot
etching in four different position alignments for UWB-MIMO
application have been presented. All of the proposed antennas
can be operated with the frequency range of 3.1-10.6 GHz as
low mutual coupling less than -14 dB and very low envelope
correlation coefficient of less than 0.3 in the specific of UWB-
MIMO antenna. In additional, the proposed antenna in the
orthogonal position feature {the best of four positions feature)
had the low mutual coupling less than -22.5 dB and was
obtained the best envelope correlation coefficient of less than
0.001. The radiation pattems are nearly omnidirectional style.
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