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ABSTRACT

This thesis presents experimental design of microstrip antenna with trapezoidal, triangular
and rhombus tuning stubs. The proposed structure is simulated using IE3D program. The antenna is
excited with 50 Ohm microstrip line and designed for dual band frequency.

First experiment, using trapezoidal tuning stub, the dual band frequencies are 2.237-2.838
GHz and 5.138-6.045 GHz. The bandwidth at lower resonance frequency is 0.601 GHz, while upper
resonance frequency is 0.907 GHz. Second experiment, using triangular tuning stub, the dual band
frequencies are 2.297-2.952 GHz and 5.138-6.051 GHz. The bandwidth at lower resonance
frequency is 0.655 GHz, while upper resonance frequency is 0.913 GHz. Finally experiment, using
rhombus tuning stub, the dual band frequencies are 2.351-3.138 GHz and 5.138-6.021 GHz. The
bandwidth at lower resonance frequency is 0.787 GHz, while upper resonance frequency is 0.883
GHz.

Microstrip antennas with trapezoidal, triangular and rhombus tuning stubs can support
WLAN communications covering IEEE 802.11b/g (2.4-2.4835 GHz), IEEE 802.16a (5.15-5.35
GHz) and IEEE 802.16d (5.7-5.9 GHz). The IE3D simulation results show that the resonance

frequency, bandwidth and radiation pattern are agreed with the measurement results.

Keyword: Microstrip Antenna, Dual Band, WLAN, Tuning Stub
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C Capacitor

CPW Coplanar Waveguide

D Distance

dB Decibel
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Y A

9 ~ v amA A A 1 = o 1 dy 9
gnavatlosaMeunUIsou 1y 3 35N9zna1nd Tasmsirasauuvaigaaunui [11] 1gluns
a 4 & o 1 [ A1 a A 4
NnszRvouane Tuvesaeemaguiludiuvesdiedidyyia Taslaouiuaus (Z,)
HAzAIAINNITUNTNTZ1Y () FIIZYNAIHUARIGUUIALAZFUTIATNUYOIAIT 100101
a A = A 9 Y] A A 9 @
WITNVUIATIDIMALD DTN ABUAURT LxW naaiaagin 2.2 Tasauseugiuesdr

=5 Id v o A 9 A A kY 031’ A ]
801N AVENAN B UL UHIINWWITNUN L (x = 0) uazh W (y = 0) AMUNITUDIAIa 199108
[ 9 A ] o 9 ~ (= 1 o o a 9
vranusoutiiudu R suAndauazd 1L luimsuandaau vanmsnasanse ldvew
A 9 o o v Y o
YoIa1891MANTUAIUANVE1ITHTU THua TM,, Y9aniiaa1uaNe1d Tudrage1na
I { (] @ 4 (] 1
L (x = 0) wifudrudiimsusnasanwdosnnauin Iiihed lugduuuamuuannuenn diu

v ] 1 Y] & [ [ a 4
piaduANNNAe W (v = 0) 32 TUTMIENE 1Y FamsurndanuvedInaaueainuausuea
misduanuen lussemaio Y, =G, + jB, Tagh G, Apdnhimhaimsusngaaiuein

o = [ 4 [ Aa a o . . d' (=
YUV INA B, Avddiasluaugussnasiuazayluauiunsudan (Fringing) 71 1l
1 o ~ o A A v Y 9 £ I o
M3uAnaIuesn lUNveuvesdIaee1nIan y = 0 taz 7 AsniaaIuAuN sl ud)
o 1 < [ §
MruaauanouauALi (B) uammgﬂﬁ 2.3 (n)
HUDFUMIHANGINUVDIA D INMANADINNIITTAFTEINGINUIINFOIUA 2 FO
1 [] LY Y T Aa a 4 {
Tasl 3282 NUBIFOUMAUANVIIVBIAIN WD INA AIDUNALOANAUAUTUYDIA 18D INIANYA
] 1 [ @ $ { I [
Houdygrauuvnmsnremoanveumisvesgailoudyniudniniasgli 23 (n) 1fuds

aunsg

"+ Yo tan(AL) Y.+ Y, tan(AL,)

A . A U a 4 1 o ~ A 1
woe y = JF uar Y, aonuealauauguaImgmiauyiun x=L, uaz X, aom

ANuAUMIUYeIIedId R [12, 13]
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JUN 2.2 LUVMILANGINUVBIAEBINIA [10]
"W A a
(M) LUUMITUNNAINUT T IO

=

e P A ;
() HUUMIERWAINUATROANUYN T

]

1 I ) ' 1 Y] o a a o
f’ﬂﬂ’Nll!,‘ﬂu@1’31!Tﬁ311’3']\1sllEJ‘U‘llfNﬂ']'i!LNWﬁN']uﬁ'lll']'iﬂﬂ']u’lﬂ!hlﬁ%Wﬂﬂﬁ@uﬂﬂ‘iﬁ

' 1 1% 1 =} oaal 1 [ Y
i%ﬁ’JNLL‘U‘UE‘ﬂﬂTﬁLLNW’QNWUGUENﬂﬁ$L!ﬁlmmaﬂ‘VNﬁﬂﬂﬂlﬂ\iﬁ1ﬂ@1ﬂ1ﬁ1’i1ﬂ1hlfgljﬂ\1ﬁ [13]

17 W = .
G, = 50,7 !sm {kogcose}tan @sin&d,(k,Lsing)dég (2.5)

4 1
aatiu Y, =G, -G, + jB, uay AL +L,)~7 Hldmanudumudunass

aumMsi 2.6) [13]

2 2
R, =%{cosz(ﬁg)+%sin2(ﬁg)—$—;sin(zﬁg)} 2.6)
R, ~icosz(ﬂL1) Ham G, B, <<, 2.7)

mNZG

e G=G, -G, uay cos?(AL,) fearnnudiumuduyaidounilag &
) o ' o A o Yy Ia A 4 1 o
awsnhumduwnislunmstloudygraiim ldinsuuedouiivaudgsenindraeeina

nuyatloudygiula
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1 { 1 1 Y 1 1 1 a 4 Y 09/’
Ao aNNNIA0IINANTLHINVO VAR MBATALALS (Y, ) Augalarenidos
1 & o 1w a d A =
Yo was Femsteoudyaravinaedsdyana lulasanidlatinie TanemBoa awnso
uaaslaggdunuvesunastienszuanyatoudyarad ldawaodesdyn o vaveeens
[ k4 [
ilounandldaagli 2.3 (v) TagTassaddananamsoudilymanuuanaansaei
J @ o { ] o a a 4 ) @ a -4
uanaiuvewsundiuyatloudyanauazdunaduiivaud (Z,,) dmsunoaiiauaud
1 9 [ 1 v A 1 ] 4 a 4 &£ 9
FavazlszneualounastienszudusIaudasTaIRIsaduoalauaus (Y,) ¥99z 14
{ J a 4 a J o @
Taseadesaiouangiln 23 (A) Tasawuaasnduoaiauauddminlaseasnes

A Y v
wipuuaad ldaeaunms

Y, +Y, coth(jL1) -Y, —Y, csch(jL1)
Y = -Y, Y, +Y, coth()L2) —Y, csch(jL2) (2.8)
—-Y, csch(yL1) -Y,csch(yL2) Y, (coth()L1) + coth(1-2))

A - 2L o 1 @ ' 1 I 1
o y=a+ Jﬂ FUTUAIAIAIVBINITUNTNTZBVBIFITULAL o 1DUAINIS
= ac a v o ) o o ~ A
f;(iy,Lﬁﬂﬂlullﬂi’]Lﬁﬂ@]iﬂllﬁgﬁﬂuWﬂl@QﬁTﬂ@TﬂTﬁ ﬁ?ﬂiﬂﬂ?ﬁﬁ@ﬂﬁﬂ]ﬂﬂflmﬂﬂﬂﬂ 3 uazﬁm‘ﬂau

1A a P o ~ A Y v
nzua 1, MBUNALDANAUAUTNULTAIAITUNITN (2.8), (o l, =1, =0) dzuana lasgaauns

Y =-2%
V3
oy Y7 +YZ =Y.2+2Y,Y, coth(sL) — (2Y,Y,, csch(jL) 29)
% YE =YZ +Y2)esc(L) + (YL Y2 +Y.2)esch(sL) cosh(2)A) + 2Y,Y, |
il
A=[Li2-L|=]L,-L/2 (2.10)
iile L, uag L, ﬁﬁ)ﬂ'wﬁﬁmummgﬂﬁ 2.3
A 1 1A a 4 9
uazwe I, =1, =0 mauwmmﬁmLmumwﬂmmﬁumﬁ
v - Y7 +Y7Z =Y. +2Y,Y, coth(L) - 2Y,Y, csch(jL) @11
" Y, +Y, coth(;L) '
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2.3.2 35msdraeauuuInsa (Cavity Model) [10]
=& = 9 42’ 1 Aax o Y 9 =K o d'dd? 1
F39:UNNUYNABIWINTUNINITUI NHaz T I Taded Nz NInen WA LA
as dyd v Y ' & a I A
WHNaNuFUFounNuUULIn Faaeemauuy lulasaasiifuaigermaninisaovaued
AAq ¥ Ia 4 = o Y = = . @ :JI
anvdnliuuuadanuaugaansai ved lugd Insalimsgaude (Lossy cavity) Aaruns
o . a d v o
$1a0auD TIN5 9 (Cavity Model) ¥19100153tAT12H A e8I Al usiaee Ins e lasinig
v
W90 [14, 15, 16] luuvunmssiassiimeluaseimeansvevwavea Tnsa Tagaianumna
. 1 1 1 v o [] <3 . 1 1
T (Blectric wall) 0gA1uuuaza1 @aumiasunautman (Magnetic wall) 9g521319
9y A [ =
tdusou Iasnanurvessumasnlanlssuna (h << 4,)
auumMsunsnszneludrmesmaauisoutia ld 2 aruasauumeluuazaun
Mouon N915aNa NN 1uINNTI100UD THIIFIAAIA N 2.4 FIA1ANURUIVEY
ad a [ [ { 1 a @
ladiana3nimdesauiumsunsnszaneiegnisluamnsoeiuielagerds TM - z Tnua Tag
{ v o o A s B v o
W1 a8/0, =0 duiunadnsildezll 3 oedsznoulAud E, ,H, uaz H, dsiueauulih
—i 3 @ Y
Mely E aztluaeid

VxVxE —k*E =—jau,d (2.12)

VZE, —K’E, = jou, 2.9 2.13)

o k? = 0’ uye,¢,
J Ae anudutuveanszua lihmeuen

s
B INABIHUAVLUUINU Z

o))

A
z

\Y%

=)

A9 AINTLMAWLUINY Z

= a a -t
ANTUNITN (2.12) HUDUUANITNIITUIANY

A —i % 1 1 v )
nxE =0 Fegmuuuiazduanvennii (2.14)

A _I A —e
nxE =nxE 4 o o

%Q@QUHWHQT\WLLWQE’THWN (2.15)
—i

A A —e
nxH =nxH
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HEAN
Tas# n ﬁ@ WUYUDIHUINWWITUINNBUDN

e —e A
E uaz H A9 vaUuadUIuNIgUDN

v o { @ 1 a 4

WuQﬂHLWQﬁuTilﬂ'lﬂﬁilﬂ"liﬁ (2.15) WUYTHUMUAINIT NN DS &, lag h we4g

[ 2 < v o 1 72 A o [
“H‘UﬁmTI/IGINﬁ]$L‘]J"LWI'Jﬂ']ﬁuﬂ?“llﬁ']\illﬁwll‘Ll'lﬂsllﬂxﬁglﬂ‘ﬂﬂﬁ']’lﬂ‘]ﬁfl)gfJ']ﬂiJ']ﬂVlﬂ$ﬂ']W1«!ﬂ§“]Ji'N
@ ana 1 % 1 <} 1
HASUYUIRUDIAITIIDINIA TUYAIINN gﬂimmzmmﬂsummmfm1mﬁ%ﬁﬁmmmmaﬂﬂg

@ { ] < . ' @ <
I9U9 L&}uiﬂﬂﬁlﬁ‘ﬂﬂﬂﬁflﬁTﬂi’ﬂﬂTﬁ TﬂflﬁﬁuTNLLNLﬁaﬂﬁﬁigﬂgﬁTQ"l]Tﬂ"]J@‘]JﬂJi’N@’I'JﬁTEJ'ENﬂWﬁL’]JH
srozmadl A Faaaemugli 2.4 szeziaadl A Nvereesn ez ldifanisazauves

[ A a o & 1 1 [ |
wasnu luauiunsuaen ‘§\1ﬂWLﬂagﬁﬁillﬁﬂﬁ"lllgllﬁ]”lﬂﬂTﬂ’J"lﬂJﬂuﬁ]ﬂﬂ‘]fﬂﬁmiﬂlm%gﬂiﬁﬂ]ﬂﬂ

Y
v A

@ £ nm vy
AIABOIMATININANMS (2.15) vzuaad v Idaail
n .y ' v o ' <
N xH =0 8gUUNUINUNILNHAN (2.16)

o o |} <
UBULUANUINTULNILWIH AN

m

\/—\Lﬁ’-\s

—
X

Y

%

nduamin (&)

an)

ladidna

A o ) ] < a
gﬂ‘ﬂ 2.4 LL‘]J‘]Jﬁ]'Iﬁ@QW‘LlQﬂ'ILL‘W\1LLlIL‘I"iaﬂ‘U’E]Qﬁ'lﬂﬁl'lﬂ'lﬁl!‘]J‘]JhlilIﬂiﬁﬁiﬂ [10]
£ o P o v ] < A Y 1
e e lumsmiamaivesduiuniely ﬂEJ'lihliﬂG]'lllﬁuﬁJ‘ﬂQﬂG]’EN"l]&E]QGl,‘L!

~ 1 Qa: A % o o =
aums (2.15) miu iesnnawimneuen bilagmimnsmuaauiunielu Taoieu Wil

= Y [ dy
annsavenlieglugivesaumsdail

E,(6Y) =D At (X,Y) (2.17)
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e A fe miduilszansuesvuaaun i
(Vi+ kW =0 (2.18)

a Ll ] )
Wm _g aguumuwmmwﬁﬂ (2.19)

n

Wanmsn 2.17) unuluaumsi 2.13) a2 ldmduilszansvesvinaauy il

ja)ﬂojj‘le//;nds
"= N (2.20)
k _kmnij/mnWmnds
satumany Tifhuaadlddsaums
. 1 J W mds
Ez = leuozz 2 2 J.J- * Ymn (2.21)
m n k _kmﬂ I.[l//mnl//mnds
nag
H=——7xVE, (2.22)
Jou,
11003 UTafHU (Green function) 9zsi1 1A E, 1fludail
E, = [[G(s]s)J,ds (2.23)

o 1A a 4 5
awwmelugnsosimua ldnnmdunaduiiuaudvesaeemagazyi lain

Z =-n (2.24)

A A o A o £ ° Y
3V)3} Vinﬂa mLL‘Nﬂu‘ﬂi}ﬂ‘ﬂﬂu ﬂﬁ})ﬂﬂ!“mﬁmn‘ﬂmuﬂmﬁﬂﬂmﬂ
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V, =-E, nyatloudyonm (2.25)
uazAmnszuanyadoudynaudas ldaeauns
1, =[] 3,ds (2.26)

o 1 ' a aa a
TumssraesunyInsezlimmsgadoratsgasumsgyidsnnlaianain
msgaidenindadimaznsgardennmsudndsny Fevzgnivuasiuliedlugives

4 = Ao o Yo dy
HNULRUANTIYLAY (Loss tangent) Iﬂ‘(’J“Vlﬂ'lﬁ')‘]J'i3ﬂ@ﬂ@l3ﬂi$ﬂ1§l!kﬁﬂ\1‘1@ﬂﬂu [14, 15]

S =1/Q (2.27)
Tavfian Q m'1dn1n
Q= %frTVCVLR (2.28)
S
PR % (2.29)

= v

A A 1 o adg a
53] Pd o ﬂ1ﬂ15€:‘fﬂll’€fﬂﬂ1 Qﬂl’f]\iblﬂmaﬂﬂiﬂ

g

A o w @

P, fio mimsgaudeiiaavesdiihiaee nia

o

P flo MMsgadot1aaueImsuHna e

o

1 [ A { 4
WT ﬁf] MNAIUAZAUVOIT YD INMANANINDLT T Uy

1 = 4
, ﬁﬂ ANV T UUEVOIF 19 1NA

v 9
amasnuazayludrmeeimagnimuasgnieldaumied ludiaioneainy

W, =W, +2W, :%Hﬂ E, [Pdv (2.30)
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amsgadeluladidnainamuisasiuaan Idnnauin i iogaisludy

a1y01nf
p, = L2E B0 [ME P av = 0-tans-W, (2.31)
2

A A 1 J S ad a
e tano Av ﬂnmulﬂuﬁﬂﬁqmulﬁﬁl"ll@ﬂllﬂﬂlﬂﬂﬁiﬂ

J o o o ] < § 1 @ o
ﬂ']ﬂ’liijjﬂ]uLaﬂ‘ll’éN?5]'J‘L!']ﬁ']iJ']'iflﬂWH'JﬂlulﬁlﬂWﬂﬁu'liJlliJ!ﬁaﬂﬁﬂgiuﬂ?u’]ﬁﬁlﬂﬂ"lﬂ']ﬁ

%
HagIsHIUNIIINA

oW

hyfu,o

P, = Z%HI H, [* ds = (2.32)

4' A 1 9 d‘dy a g )
¥\)3] RS A9 AINIUATIUNIUNNUHNIVDIAIUIT1YDINA

JAu,o waz o Ao manuihwesdnideena

AMIEINTUANGINIUIINAITIE0INIANA TN UA TABTUINNAINUTDUY 69

a1y INA

1 2772

P =—j j(|E¢9|2 +|Ed[*)r?sinaded g (2.33)
2175 5 %

4 o P @ [
o E, uag E, Aefladusnianududouves 60, ¢ uazduaasn

§ a Y o [ 09: 1w
Taoh &, awsneduieglannaumsvesdilsznoguninaaiumalsznou

ad a = v dy
ﬂmﬂ1W"llE]\1]lﬂE]mﬂ@5ﬂi]$3Jﬁ3Jﬂ'liﬂ\ﬁ!

=1/tand (2.34)
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2
MlsznougunIMYBIANIE e INAIZIANNTALL

= hydu,o
=h/A (2.35)

9
MA1IZNOUAUNINYDINTUHNAINUILLANNITAQ

Q =— (2.36)

9
v o 1w

E4
WUMANTENDUAMNINIIILTANNITALL

1 P +P+P 1

1 1
— +—+— (2.37)
QT a)rWT Qd Qc Qr

o 1w

hmdlszneununIwaINauNsN (2.34) - (2.36) unuluaunsi (2.29) szl

4

I (%
Oy UM

i (2.38)
@, W;

r

A
04 =tano+—+

e

v A

haunsn 2.38) unuluaumsn 2.24) az1da k? Tnudail

k?=kie,(1-jo4) (2.39)

4
T A

Fergih 1w laan E, Tmidail

1 [J9.w5ads

2.40
jé‘eﬁ ) - krfm l//mnl//:'m ds Vi ( )

Ez = Ja)ﬂO;; k02€ (1_
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71U 2.5 1up1009 THTIMIURNGINUUYBIA1801NA [1]

9103UN 2.5 HEAAIVUIIABIFBINITUANAINIUVDIA 18D INIA TABLOINTT
v v
uHNAIUIIaellszezvia L nnuveuduuurany ldihiegluauudumasnuazinedin
Y § 1 1 ] 4 . .
yoauuuduieglueimainasenny liauysaivesInun Transverse Electric-Magnetic (TEM)
< = ' = 1 @ o A A o A
anusudanszezaen azlinnuuandriueen liisiegluomeaziegluduaiasn ile
k4 9
i ! S o1 v ad a
ey lu Tnuauguvesnsuns n3z910a28 14ua Quasi-TEM nziiuminda ladianain

Aa a o A o (% Aa a o . .
Uszansna (co ) fnzéfmﬂm’meﬂﬁmﬁﬂmmgﬂéfmmmnﬁumwiumﬂ (Fringing) L8N

= Y

A Y 1 q’/’ Y 9 o @ ad a [
ﬂi$%1ﬂﬂﬁuﬁlulﬁuﬁu1ilul1/\m1 A geff ‘VlﬂﬂﬁTE]\TL!‘L!"113G]i’N‘L!?)ﬂﬂ31ﬂ1ﬂ\‘]¢]’J'lﬂﬂlaﬂﬂiﬂﬂlﬂﬁﬁﬁﬂ

U

4 a a J @ ]
U309 (2, ) toannAUIWHTUTINTOUY 1dUTOVIVBIR T B INMAY TiTvoua lunuiu

[ 4
FUAATNUATUNINTZ10 U0 I1NIA TABNAT 20 [8] LLAAIAIT

1

= gr+1+gr—1[1+12h}2 241)

2 2 W

A Aa a o o ~ Y 3 9 Y v dy
Llli’]ﬁ‘lﬂll‘V‘I'iLlﬁNﬂﬁ']ﬂJ!L‘]J‘]J"l]']ﬂi]\i1/]"Uﬂ‘U@I'J’s’f']fJ'E)"IﬂTﬁ“I/NﬁﬂQﬂ']uuﬁﬂﬂllﬂﬂﬂu [17]

. +0.3){V:+0.264}
AL = 0.412h

W (2.42)
(e —0.258){h +0.8}
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e

Taginnuesz@ning ( Ly ) vosdraeeimenianad laaail

C
L, = ——— (2.43)
. 2 fr \[ 8eff
L = L+2AL (2.44)

o

{ { { 4 o [
fdeomauuuglamasuiudizinnuds Teuuud () dmsuinue ™™,

9y

[18] uaAAIRaTl

N

fo_C (mjz +(1JZ (2.45)
' 2 /gefﬁ L w '

4 <3| o w
Lﬁﬂ m Q< n Lﬂuiﬁuﬂmmzﬂmummmma ) u,azmmﬂﬁ}n (W) auaaU

o (% tﬂa}
ATV THUANUT I (m=1,n=0)

C
ol (o eer— (2.46)
(TMy) [ :
! 2 ‘9efff Leff
AAMUNINVOIAIAIDIMALL LA AUHUAN [9] taAdail
C
WA SA ) V) (2.47)

2fr (gl' +1)
| 2

A1NNATIUNIULAZAIAIVEINITUNINTL18AAY (Radiation Resistance and

4

Conductance) L4l A ladail

2,
R, = 90(3\/—0] o W < 4 (2.48)
Ao A
Ry :120W o W > 4 (2.49)
1
uag G, == (2.50)
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1 @ Yo o 4 9 o Y o
drutloudaaalddudavermagldmsiloudyaudroarodedaygyia

a d' Y Ia =1 o’d’ 4 Y 1 LY
TuTasansneonuunldmsuuagduiinaugi 50 Tovuvuannunievessodidyy i

E4
v A

TuTnsaasal (w,) drunalden [2] uaas ladail

W,_2 |3_1—|n(2|3—1)+‘9r_1[|n(B—1)]+0.39—E (2.51)
h =« 2¢, &g
o B = 007

25

r

[

Tagf W, fio Anundvesyesanedsdaanauuylulnsansy

g 9

1 (%

adg a @
&, ﬁﬂ ﬂ'lﬂ\?ﬂ’lulﬂ@Laﬂﬂiﬂ%ﬂﬂﬂﬁﬂﬂTUS’Oﬂ

)Y

[

h fo ANUUUIITAFIUTON

)Y

1T a A

Z, o mduditaud (50 Toww)

[ 4 @ @ 4 [ Y
AMANUIAAUTUANT (Ay) eraa laaatl 2]

g =— (2.52)

fr o Eett

4 1 < 1
Tagi ¢ Ao AaNuswasmlszana 3x10% m/s

o <

2.3.3 3Emsdraeauufinginau (Full Wave Model) [1]
B I ax Aq Y Y A 13 A v 9 IV aaaAy ¥ '
<=1Ni]8Lﬂua‘ﬁmiﬂwmmgﬂ@]mummjmmmemGﬁucﬁauummn‘ﬁﬂvlﬂﬂan
ogj a 5 Aa 4 o I 4 )
WAINIT09ITHINITIATIZHNITT 100U VIANFUATY (Full Wave Model) 92151111411
o a 4 §
Tisunsudraeauuv 1E3D Tagaz 1435903 Taiuud (Method of Moment: MOM) #aa13159 14
a s A ' < Y Ao v Aaa v 1 o
’Jmiwwﬂauammmmaﬂ"lWﬂmuIﬂNﬁiN%G]m%ﬂuglugﬂtmUﬁ”luuﬁmmgﬂmuuumﬂﬂ°m
Y o Y dy ddy I ) A Aa o
Glﬂﬁ']ll"liﬂ‘ﬂTfnﬁﬂﬂﬂllllll?f']fJ@']ﬂ']ﬁ'lﬂQTstlJu ‘VIqygwuj;ml,ﬂumiﬂmammﬁumi’eumﬂia
. 1 Y A J o . o
(Integral Equation) AU %03 uilanau (Green function) waglulsunsudraeauu IE3D v
o 1 [} < % ] 1
mmmmu’smmmﬂizLLﬁ‘M‘ﬂmazﬂizLl,mmmaﬂcdﬁmﬁmﬁﬂmiﬂ‘szmﬂf’mmuu%mmwm
% ax c’dyd ad AN Yo a I 1 a 4
AIF1YD1NA Iﬂfl?‘ﬁ"ll@\‘lIﬂlmuﬁulﬂuﬂﬁﬂ'liﬂllﬂiﬂﬂﬂ'lmu&llllﬂu@fl’]\ill’lﬂ(luﬂ’liﬂlﬂﬁ’]grﬂﬁﬂ\lﬂ'ﬁ

a Y o o a 4 o ax J 09: 9y A
Fadudmsumsiasiziaigenmalaena lUisve s Tuwudiuez Idmsasugluuanms

a a J

dunnsaauw vlih (Electric Field Integral Equation: EFIE) AuaumMIuasngr3ossuDaUM3

4

a a 4 o y o 1w a a as
ll‘lJ‘lJL“]i\‘lLtgflumﬂ’L’fﬂJﬂTiLllGliﬂ“]f?ﬂllﬁﬂu1h1llﬁﬂﬂgﬂ11ﬁ@u1h1ﬁ1ﬂ1ﬁiﬂﬂigﬁﬂ‘ﬁﬂlﬁiﬂ‘igllﬁiﬂﬂﬁ‘ﬁ
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1 a 4 . R . A an =\ a a Y . =
HINTIULNN TN (Gaussian Elimination) B39 I5NTWHAUFUATY (Linear Algebra) ugﬂu‘umm

2
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dy A o Yo an J Y o
ﬁumiwugmwumnmﬂmmiﬂmﬁmaﬂmuummm‘lﬂmu
Lu)= f (2.53)

! IS v o A a . < Y { o ] '
Taed L udiduidumsmaFady (Linear Operator), U iHuilandundalunsiua
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u= > a,u, (2.54)
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2.4 Inssaemeasdyanamuvnilitlala
1w v (A < o A o A
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2.4.1 mmih@mesvedlriuaguazlviuan
' a s a 3 Qa: ' { @ ~
amanhdmeiguiavunilulnuag (C,) wazTvuaa (C,) dag1lil 2.7 szeninsa

= o 9 v dy
l"llﬂu&ﬂu’ﬁllﬂ'ﬁllﬂﬂqu

C.= C,+C, +C, (2.64)
C,=C,+C; +C +C (2.65)
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v
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ﬁ%uWUﬂﬁWﬁﬁ' J
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3 9) a ~ " Aa [ a [l IR A1 g
s luninui liinamsallasedeauysaivadiauiy

A, Sy Ve L (2.67)

(2.68)

(27—
" 1+ A(h/s)tanh(8s/h)
Taof A= exp[-0.1exp(2.33 — 2.53w/ h)]
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Lin 21+*/k_, ..0<k?<05
' 7 1-vk
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1019 gexp(-9)

4 2 3
a, = 1+iln v 4+(V/52) + L In 1+(L)
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0 9 0.053
b, = 0.564{8';}
& +3

r
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gre
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0747,
°  0.15+¢,
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10 +190g>
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Q, = exp[-6.5—-0.95In(g) — (g/0.15)° ]

Q, = In(Q,).(Q; +1/16.5)
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——1 U165, f=2.45(GHz), E-theta, phi=0 (deg), PG=.52.8283 dB, AG=-56.0006 1B
—=—1 165, f=2.45(GHz), E-phi, phi=0 (deg), PG=2.45114 dB, AG=1.51239 dB
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—s— " u165, 1=2.45(GHz), E-theta, phi=20 (deg), PG=1.92527 (B, AG=-1.20755 (B
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—— [ U165, f=5.8(GHz}, E-theta, phi=00 {deg), PG=0.831344 dB, AG=-2.56934 dB
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b ax E-Current = 13,506 [&./m]
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Max E-Current = 7.493 [4/m]

57 4.26 AnmmuIMiUNsZUAINMS AR DUYE e IMALLY Ty TasaasUniing
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—e—" uT8-test.7, f=2.45(GHz), E-theta, phi=0 (deg), PG=-51.3798 dB, AG=-54.5344 dB
—=a— u78-test.7, f=2.45(GHz), E-phi, phi=0 (deg), PG=2.39108 dB, AG=1.5779 dB
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—<— [ u784est.7, f=2.45(GHz), E-theta, phi=00 (deg), PG=1.94938 dB, AG=-1.17102 dB
—=— u78est.7, f=2.45(GHz), E-phi, phi=90 {deg), PG=-19.3478 dB, AG=-22.4346 (B
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—— u78-test.7, f=5.8(GHz), Etheta, phi=0 (deq), P6=-49.9913 dB, AG=54.6784 B
—=— u78-test-7, f=5.8(GHz), E-phi, phi=0 (deg), PG=1.05686 dB, AG=-0.764259 dB
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—&—{ u7B-test-7, f=5.8(GHz), E-theta, phi=90 (dey), PG=0.58248 B, AG=-2.82473 B
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tax E-Current = 16.428 [4/m]
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A v = d da  d
wanla NN BUUUY (GHZ) nuuAIaN (GHz) S11 (dB)
] 2.453 0.601 (2.237-2.838) -23.69
21NMINADINVY
5.793 0.907 (5.138-6.045) -18.04
5 2.444 0.470 (2.172-2.642) -25.85
2110M3 A
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JOl-INSON

Components’

INCHES (MILLIMETERS)

CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

SMA - 50 Ohm Connectors

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 6

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 NNDOONNERONOOORROO~N~NEDMDRD
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SMA - 50 Ohm Connectors

JO'—INSON

Components’

INCHES (MILLIMETERS)
CUSTOMER DRAVANGS AVAILABLE UPON REQUEST

ELECTRICAL RATINGS

Specifications

Impedance: 50 chms

Frequency Range:
Dummy loads ............ 0-2 GHz
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 CONNECLONS ...t 0-26.5 GHz

VSWR: (f = GHz) Straight Right Angle
Cabled Connectors Cabled Connectors
RG-178 cable ...........cocoovveinen 1.20 + .025f 1.20 + .03f
RG-316, LMR-100 cable . 1.15 + 02f 1.15 + 03f
RG-58, LMR-185 cable o115+ 01f 1.15+ 02f
RG-142 cable ... . 1.15 + .01 1.15 + .02f
LMR-200, LMR- 240 cabls . 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 ...........
Uncabled receptacles, dummy loads
Field replaceable (see page 59) ............cccccc.e.
Working Voltage: (Vrms maximum)'

Connectors for Cable Type Sea Level 70K Feet
RG-178 ... .. 170 45
RG-316; LMR 100 195 200 ... 250 €5
RG-58, RG-142, LMR-240, 086 semi-rigid,
uncabled receptacles, .141 semi-rigid wio contact ... 335 85
141 semi-rigid with contact and adapters ................ 500 125
Dummy loads ............ . NIA

Dielectric Withstanding Voltage: (VRMS minimum at sea Ievel)
Connectors for RG-178 ...
Connectors for RG-316; LMR-100, 195, 200 ..
Caonnectors 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 ..o 180
Connectors for RG-58, RG-142, LMR-240, 086 semi-rigid,

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

Inser_tiorl l.oe_ss: (dB maximumy)
Straight flexible cable connectors v’—

and adapters .................. 0.06 " f(GHz), tested at 6 GHz
Right angle flexible cable —
connectors . ....015 7 f(GHz), tested at 6 GHz

Straight semi-rig
connectors with contact .....
Right angle semi-rigid cable

003 Vf(GHz), tested at 10 GHz

connectors ....................0.05 ~ f(GHz), tested at 10 GHz
Straight semi-rigid cable N

connectors wio 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 ............... 015 Y f(GHz), tested at 1 GHz

Uncabled receptacles, field replaceable, dummy loads .. NIA
Insulation Resistance: 5000 megohms minimum
Contact Resistance: (milliohms maximum) Initial After Environmental
Center contact (straight cabled connectors

and uncabled receptacles) ... 3.0 4.0

Center contact (right angle cabled

connectors and adapters).... 6.0
Field replaceable connectors 80
Outer contact (all connectors) ..... NIA
Braid to body (gold plated connectors) MNIA
Braid to body (nickel plated connectors) . N/A

*NIA 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 wio EMI gasket ...
1086 semi-rigid connectors and .141 semi-rigid connectors
with contact, and field replaceable with EMI Gasket
Two-way adapters ...
Uncabled receptacles, dummy loads ..
RF High Potential Withstanding Voltage: (\Vrms minimum, tested at 4

and 7 MHz)'
Connectors for RG-178 ... 335
Connectors for RG-316; LMR-100, 195, 200 .. ceeenens S00

Connectors for RG-58, RG-142, LMR-240, 086 serm ngld
141 semi-rigid cable w/o contact, uncabled receptacles ...

Connectors for .141 semi-rigid with contact and adapters 375 Connectors for .141 semi-rigid with contact and adapters
Dummy loads ... NI& Power Rating (Dummy Load): 0.5 watt @ + 25°C, derated to 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 minimurm torque {uncabled receptacles)

Cable Retention: Axial Force (Ibs) Torque (in-0z)
Connectors for RG-178 ... NIA

Connectors for RG-316, LMR-100 .. NIA
Connectors for LMR-195, 200..... NIA
Connectors for RG-58, LMR-240 NIA
Connectors for RG-142 ........... NIA
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-38012)

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 +
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Jgohlglggg SMA - 50 Ohm Connectors

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

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-38012

[e—— REFERENCE PLANE

J0BB+.005 (2.2430,13) — [ == — 0761002 (1.9320.05)
000-.010 (0.00-0.25) —e]la— B.181 (4.60) MIN— =w=f—000-.010 (0.00-0.25}
@.2124.004— —=|f~— .000-.01C0 (0.00-0.25)

000 MIN = (5.38+0.10

HEX .312 (7.92)
1/4-36 UNS-24

SEE DETAL
]
7 ] —n

1/4-36 UNS-2B
F==——— SEE NOTE 1 o
PLUG i
L .250 (6.35) MAX - L,21a (5.54) MIN
30 (3.30) MIN — L@ 1808 (4.592) Max . ) P393 kN BULL THRERD
<135 (3:43) MAX " —lle— 030+.015 (.076+0.38)
.030+.015 (0.76+0.38) ea—
——— 005 (0.13) MAX X 45°
R P JCI
REFERENCE PLANE . REF L
050 (1.27) MIN i PLANE |
100 (2.54) MIN Al
015 (0.38) MIN :
L4 ' >3
j::b:lL i
| @ 015 (0.38) MAX FLAT d L
@ .0355-.0370 108 (2.77)—w —.076 (1.93)
(0.902-0.940}
PLUG JACK

NOTES
1. ID 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

JO'—INSON

Components’

INCHES (MILLIMETERS)
CUSTOMER DRAVANGS AVAILABLE UPON REQUEST

2-Hole Flange Mount Jack Receptacle - Flush Dielectric

@.625 (15.88)

2X ©.102 (2.59)
/ 085 (1.65)—

—]

375 (9.52)

[-—

Y

480 (12.22)

©2.050 (1.27)

b

= |

i

&)

VSWR & FREQ. RANGE

GOLD PLATED

NICKEL PLATED

VSWR: N/A  0-18 GHz

142-0701-621

142-0701-626

\—9.036 (0.91) HOLE =
223 (5.66) 200 (5.08)

.

4-Hole Flange Mount Jack Receptacle - Flush Dielectric

—={.375 (9.52)
/.. 0.500 t12.?0>~r—- 065 (1.65)—= l—-—
a8 @.036 (0.9 { '} £+ @.050 (1.27)
, 1 HOLE
‘ ! 4% ©.102 (2.59) \‘@ .*_|£
0.340 (8.64) .200 (5.08)
VSWR & FREQ. RANGE | GOLD PLATED | NICKEL PLATED
VSWR: N/A  0-18 GHz 142-0701-631 142-0701-636

2-Hole Flange Mount Jack Receptacle - Extended Dielectric

YA 375 (9.52)
—2% @.102 (2.59) "
o~
?.525 (15.88) 69 480 (12.22) —
EB @162 (4.1
@.050 (1.27)
223 (5.66) 065 (1.65!—-] |-—
VSWR & PRODUCT GOLD NICKEL
FREQ. RANGE SERIES PLATED PLATED A" "B"
VSWR: 115+ 021(GHa)| g 142-1701-131 | 142-1701-136 | 705(17.91) | .590 (14.99)
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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JOI-INSON SMA - 50 Ohm Connectors

Components’

R LR o ABLE UPON REQUEST Pangl Mounk
4-Hole Flange Mount Jack Receptacle -
Extended Dielectric
0.500 (12.70) I AN 375 (9.52)
0.340 (8.64) 'g"
h @.050 m,:z?l—azg') 6} {
/ & || =

- H H @.162 (4.11)
. 085 (1.65)— |-

4X @.102 (2.59)

VSWR & PRODUCT GOLD NICKEL

FREQ. RANGE SERIES PLATED PLATED A “g"
VSWR: 1.15 + .02 f (GHz) Brass 142-1701-121 | 142-1701-126 705 (17.91) 590 (14.99)
0-18 GHz 142-1701-041 | 142-1701-046 | .190 (4.83) 095 (2.41)

4-Hole Flange Mount Jack Receptacle -
Extended Dielectric

0.375 (9.53) i |—.705 (17.90—={.375 (9.52)
0.250 (6.35)———f —— 590 (14.99)—
P ‘ [i
ﬁ' " 2.050 (1.27)—] }
2

4¥ @.087 (.70}

@.162 (4.10
.065 {I.SS)A—I L

VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR: 115+ .02 f(GHz) 018 GHz 142-1701-011 142-1701-016

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

Panel Mount INCHES (MILLIMETERS)
CUSTOMER DRAVANGS AVAILABLE UPON REQUEST

2-Hole Flange Mount Plug Receptacle -

Extended Dielectric 480 (12.45) =499 (12.67)
.223 (5.66) 330 (8.38)

] 481 (12.22) L:
™

* @.625 (15.88)
#

©.050 (1.27)
@.162 (4.1 L]
2% @.102 (2.50} 065 (165)—= b
312 (7.92) HEX
VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR:1.15+ .02f(GHz) 0-18 GHz 142-1801-041 142-1801-046
4-Hole Flange Mount Plug Receptacle -
Extended Dielectric 490 (12.45)— 499 (12.67)~
0.500 (12.70) 330 (8.38)

0.340 (8.64)

J @.050 (1.2?)—@&9—6}' ! i

;e - vill=

Ed .
@162 (4.1 =
4% @.102 (2.59) 065 (1.85)—— =—
VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED S12(7.92) HEX
VSWR: 115+ 02f(GHz) 0-18 GHz 142-1801-031 142-1801-036

2-Hole Flange Mount Jack Receptacle -

Extended Dielectric 175 (4.44) 375 (9.52)f=—
2% @102 (2.59) 125 (3.18) !
@.010 (0.25) —
4 I Ll
@625 (15.88) 481 (12.22)
‘ :MM
3 T
3.084 (2.13)

065 (1.65) L—

GOLD PLATED NICKEL PLATED 293 (5.66)

142-1701-201 142-1701-208

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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JOl—INSON

Components’

SMA - 50 Ohm Connectors

T — Panel Mount
4-Hole Flange Mount Jack Receptacle -
Extended Dielectric
0.500 02.70) 75 (4.44) 375 (9.52)
0.340 (8.64) | 125 (3.18) '
) @.010 (0.25)
: L
Sy =t
&.084 (213
4X ©@.102 (2.59) 065 (1.65}4—] L

GOLD PLATED
142-1701-191

NICKEL PLATED
142-1701-196

4-Hole Right Angle Flange Mount Jack Receptacle

180 (4.57) 505 (12.83)
0.500 (12.70) —{.380 (9.65) |
00.340 (8.64) 065 (1.65) —
' ONE PIECE
N @162 4 ] CONTACT
.036 (O QLL_i—xé}—{} | .
+ :ﬁr R
[
' I U 595 (15.11)
- 460 (11.68)
¢ ©.102 (259 8:050: 11.27)
065 (1.65)— =
VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR: NFA  0-18 GHz 142-0701-701 142-0701-706
4-Hole RA Flange Mount Jack Receptacle -
Extended Dielectric
705 (17.91 505 (12.83)
0.500 12,70y — 590 (14.99)—= 380 (9.65) =
0.340 (8.64)—
QNE PIECE
-~ CONTACT
¥ @.050 (1.27)—| :I—
LN — &
.'~ :l— [y 595 (15.10
2.162 (4.1 460 (11.68)
GOLD PLATED | NICKEL PLATED X 3102 (2.59) 5 ms,_] L
142-1711-001 | 142-1711-006

Johnson Components® « P.O. Box 1732 + Waseca, MN 56093-0832
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SMA - 50 Ohm Connectors JOI—INSON

Components’

Panel Mount INCHES (MILLIMETERS)
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

2-Hole RA Flange Mount Jack Receptacle -
Extended Dielectric 90° Orientation

—@.625 (15.88) 705 ¢47.90) 505 (12.83)
;‘ I-.451(12,22!—l" — 500 (14.99) —.380 {955,[__ gﬂmgﬂgg?g

— F

m ! ! | y

223 ft5 §6) L
' "'L Ly 595 (15.11
: 2X ©.102 (259 @162 (4.1 L 460 (1168)
gn-\-l £.050 (1.27) 065 (1651 —

GOLD PLATED | NICKEL PLATED
142-1711-011 142-1711-016

2-Hole RA Flange Mount Jack Receptacle -
Extended Dielectric +45° Orientation

705 (17.91) 505 (12.80)
590 (14.99)—=.380 (9.65)|—
223 (5.66)
4 ONE _PIECE
CONTACT
nd
L

2595 (18.11)

2% @.102 (2 59) .
@62 (411 460 (11.68)
@.050 (1.27)

065 (LGSI—-I L—

@.625 (15.88)

€y

GOLD PLATED | NICKEL PLATED

142-1711-021 142-1711-026

2-Hole RA Flange Mount Jack Receptacle -
Extended Dielectric -45° Orientation

@162

2X @.102 (2.59)
065 E1.55!—-l

@.080 (1.27»

705 (17.91) 505 (12.83)
590 (14.99)—|.380 (3,65}
.223 (5.68) 2 -
/ ONE_PECE
. /\\ CONTACT
"l ﬁ\’; — ’
- _‘_’_ \'D 595 (1511

! 480 (11.68)

GOLD PLATED | NICKEL PLATED

142-1711-031 142-1711-036

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:
® Ultra Broadband: 1 GHz - 18 GHz

B Maintains Single Lobe Radiation
Pattern Over Frequency

m 300 W Power Input Capacity
B Optimized High Frequency Gain
m Low VSWR

m 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

3-D Patterns
Available at

www.ets-lindgren.com/3117

Horn

Model 3117

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

The electrical charactenstics 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 A2LLA
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 1s
essential for even distribution of
electromagnetic energy on a target
surface, and accurate measurement
of gain and vector information.
The Model 3117’ 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
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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 mto 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.

Flexible 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 VSWR AKX MUR PEAK IMPEDANCE CONNECTORS
RANGE RATIO CONTINUQUS POWER (NOMINAL)
(AVG) POWER
3117 1 GHz - 18 GHz 3.51 max 300w 400w 80Q Type N
<2:1above 1.5 GHz
Physical Specifications
MODEL WIDTH DEPTH HEIGHT WEIGHT
n7 175 em 175 ecm + 155 cm mount 15.5cm 1.13 kg
69 in 62 in + €1 inmount B.1in 25 b
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SNETS-LINDGREN Double-Ridged
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Model 3117 (1 GHz - 4 GHz)
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Model 3117 (9 GHz - 12 GHz)
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Model 3117 (17 GHz - 18 GHz)
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Abstract

I'his paper presents the microstrip antenna with trapezoidal
tuning stub which designed and simulated by using 1E3D program. This
anterna is designed for 50 Ohms impedance microstrip line for dual
band frequency, 2.237-2.838 GiHz and 5.138-6.045 GGHz which supports
WLAN communications coverage |EEE R02.11b/g (2.4-24835 GHz),
IEEE 802.16a (5.15-5.35 GHz) and IEEE 802.16d (5.7-5.9 GHz). The
handwidth at lower resonance frequency of this antenna is 0.601 GHz,
while upper resonance frequency is 0.907 GHz. The simulation results
show that the lower and upper resonance frequencies are agreed with

the measurement results.

Kevword: microstrip antenna, trapezoidal tuning stub, dual band,
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Abstract- This paper presents the microstrip antenna with
triangular tuning stub which designed and simulated by using
IE3D program. This antenna is designed for 50 Ohms impedance
microstrip line for dual band frequency, 2.297-2.952 GHz and
5.138-6.051 GHz which supports WLAN communications
coverage IEEE 802.11h/g (2.4-2.4835 GHz), IEEE 802.16a (3.15-
5.33 GHz) and IEEE 802.16d (5.7-5.9 GHz). The bandwidth at
lower resonance frequency of this antenna is 0.655 GHz, while
upper resonance frequency is 0.913 GHz. The simulation results
show that the lower and upper resonance frequencies are agreed
with the measurement results.

I. INTRODUCTION

Microstrip antennas are communication devices which
designed for supports WLAN communications because the
microstrip antennas are small size, lightweight and high
efficiency [1]. However, microstrip antenna inherently has
narrow bandwidth. Previously, the study of coplanar antenna
(CPA) using slit and stub insertion in antenna has been
designed for communication systems with improved
bandwidth and size reduction [2], [3].

These, in this paper, the microstrip antenna with triangular
tning stub and using a pair of bent-slits loaded fed by
microstrip line is presented. The design of microstrip antenna
prototype has been developed from [3] which is the wideband
microstrip antenna of 1.85-6.93 GHz using in WLAN
communications coverage [EEE 802.11b/g (2.4-2.4835 GHz),
IEEE 802.16a (5.15-5.35 GHz) and IEEE 802.16d (5.7-3.9
GHz). In the past, investigation of the microstrip antenna
designs for WLAN communications have been done [4]-[6],
but in this work the microstrip antenna prototype with
triangular tuning stub and using a pair of bent-slits loaded is
the new design to reduce size. The prototype antenna supports
WLAN communications and controlled the dual band
frequency with matching resonance frequency. In simulation
of the retun loss, gain and radiation pattern using software
IE3D program.

II. STRUCTURE OF ANTENIA

The structure of microstrip antenna with triangular tuning
stub and using a pair of bent-slits loaded are consists of 4
importance parts as shown in Fig 1. The first part of this
microstrip antenna is patch antenna with design for width (W)
and length (L) which can be calculated by [7]-[9]. In this case
W= 42 mm and L=33 mm and after tuned the antenna by
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adding triangular stub, the dimension of this microstrip
antenna has been reduced to W=38 mm and L=17.6 mm.
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Fig. 1 structure of micrestrip antenna with triangular tuning stub

The second part is the microstrip line which designed for
matching impedance using the characteristic impedance of
transmission line is 50 Ohms [4]. The calculation of
microstrip line can be done by following:
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and 2, is characteristic impedance.

The third part is a pair of bent-slits loaded as shown in left
and right side of the microstrip antenna. The fimction of this
part is used to uning bandwidth of upper resonance frequency.
The dimensions of a pair of bent-slits loaded have 6
parameters: L3, L4, W2, W3, W4 and W5 can be defined by
using empirical method [5].
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The final part is triangular tuning stub with designed for
adjustment resonance frequency of microstrip antenna for
WLAN communications coverage TEEE 802.11b/g (2.4-
24835 GHz), IEEE 802.16a (5.15-535 GHz) and IEEE
802.16d (5.7-5.9 GHz).

The microstrip antenna prototype was designed and
fabricated on GML 1032 with 1.524 mm of thickness (%),
and 3.2 of dielectric constant ( & ). All parameters and

dimensions of microstrip antenna are shown in Fig. 1 and
TableI.

IV. FABRICATION AND MEASUREMENTS

The fabrication prototype antenna has been done as
sirmulation, shown in Fig. 4. The antenna is fabrication on
GML 1032 with thickness of 1.524 mm and dielectric constant
of 3.2.

Then the measurement S11 and radiation pattern of
prototype antenna has been setup by using Agilent E8363B
network analyzer and ADVANTEST U3751 spectrum
analyzer.

TABLEIT -0 4
THE DIMENSICN OF ANTENNA s
K = 20
Widths Lengths g |l
Paratneter Size (mrm) Pararneter Bize (rm) ﬁ .30
W 38 L 17.6 5
-40
Wi 114 1 27
45
w2 1.5 L2 30 i | | {
w3 e T g 1 1.5 2 25 a5 4 4.5 5 55 65
- Freguency (GHz)
W 5 4 45
WS 1 5 1 Fig 2 Characteristics of return loss (311) when vary LS
We 3.6
W7 2 TABLEIL
e 1 THE EESULTS OF RETURN LOSS (511} WHEN VARY L5
L5 Resonance Bandwidth S11
Ty Freg. (GHz GHz dB
TIT. SMULATION AND RESULTS L g O (G 5
; : ; : 9 2604 0.661 (2.423-3.084 -22.61
In this paper, using simulation software by IE3D program, ¢ )
which adjustment of all parameters for the optimization result. S50 0.546 5.631-6177) S2LA
The dimension of a pair of bent-slits loaded and triangular 10 2514 0.679 (2.363-3.042) -27.03
IJJ_ning stub are showr_l in _Table I. The parameter L5 of the sg71 0.576 (5.541-6.117) 1773
triangular tuning stub is using the control the lower and upper
: x : 11 2435 0.655 (2.297-2.952) 4319
resonance frequencies. The simulation results of retum loss
(S11) when the dimension of L5 is changed as shown in Fig. 2. 2.805 0.913 (5.138-6.051) -13.08
In Fig. 2 the results shown that when increasing the length 12 2.375 0.355 (2. 267-2.622) -28 1§
of trmngplar t!mmg stub (LS)_, the lower and upper resonance 5757 0.547 (5.108-5.955) 4250
frequencies will be decrease, in another way, if decreasing the
: . 13 2315 0.282 (2.213-2.495) -21.89
length of triangular tuning stub (L5), the lower and upper
resonance frequencies have been increased as shown in Table 3715 0817 (5.078-5.595) 1139

I. The optimization result of L5 is 11 mmn, which has the
result of return loss (S11) is -43.19 dB and bandwidth of
0.655 GHz (2.297-2.952 GHz) at lower resonance frequency
(2,435 GHz). At the upper resonance frequency (5.805 GHz),
the simulation result of S11 is -15.08 dB and bandwidth is
0.913 Gz (5.138-6.051 GIz) as shown in Fig 3.

The precent bandwidth of prototype antenna at lower
resonance frequency is 26.9 % and at upper resonance
frequency is 15.7 %.

35 4 4.5 5 5.5

Frequency (GHz)
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Fig 3 Characteristics of retum loss (3113 at L5 =11 mm

146

547

7



The comparisons of (S11) of simulation and measurement
results are shown in Fig. 5 and Table III.

In Fig. 5, the dual resonance frequency and bandwidth of
the antennas from simulation are agreed with the measurement
results.

Fig. 4 A photograph of microstip antenna
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Fig. 5 The comparizon of the return loss simulation result and
measurement result
TABLEIII
THE SIMULATION AND MEASUREMENT RESULTS OF RETURN LOSS (S11) AND
BANDWIDTH
Resonance Freq. Bandwidth s11
Realin (GH2) (GHz) (B)
simulation 2.435 0.655 (2.297-2.952) | -43.19
5.805 0.913 (5.138-6.051) | -15.08
2415 0.548 (2.232-2.780) | -23.04
Measurement
5.651 0.959 (5.067-6.026) | -27.49

The simulation and measurement result of gain and
radiation pattern at lower resonance frequency (2.435 Glz)
and upper resonance frequency (5.805 GHz) in x-z plane and
v-z plane are presented in Fig. 6-9. The simulation and
measurement results of radiation pattern in lower and upper
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resonance frequencies are radiation in bi-directional at 0
degree and 180 degree.
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and simulation results of radiation pattern in x-z
plane at 2.435 GHz
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Fig. 7 Measurement and simulation results of radiation pattemn in y-z

plane at 2.435 GHz
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Fig @ Measurement and sirmlation results of radiation pattermn in y-z
plane at 5,805 GHz

V. CONCLURIONS

The microstrip antenna with triangular tuning stub and
using a pair of bent-slits loaded is designed which supports
WLAN communications for dual band frequency. The
bandwidth is 0.655 GHz (2.297-2.952 GHz) at lower
resonance frequency (2435 GHz) and bandwidth is 0.913
GHz (5.138-6.051 GHz) at upper resonance frequency (5.805
GHz). The percent bandwidth of lower resonance frequency is
26.9 % and upper resonance frequency is 15.7 %, which the
optimization for parameter L5 of triangular tuning stub is 11
mm. If the parameter L5 is more than 11 mm, the lower and
upper resonance frequencies will be decrease, in another way,

if the parameter L5 is less than 11 mm, the lower and upper
resonance frequencies will be increase.
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