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ABSTRACT

This thesis presented the design and analysis of a MIMO circular shaped microstrip
antenna for application to an ultra-wideband system (UWB). The proposed antenna was fabricated
on a FR4 substrate with a dielectric constant (&,) of 4.3. All designs and simulations were
completed using the Computer Simulation Technology Microwave Studio commercial electronics
simulation software to achieve a frequency of 3.1-10.6 GHz.

The antenna designs were divided into two models. The first model used a circular
groove in the middle of a large circle and added seven small circles to achieve an UWB system. It
also used techniques for reducing mutual coupling. The dimension of proposed antenna was 38x80
mm’. In contrast, the second antenna consisted of a circular patch and etching on a ground plane to
increase the bandwidth of the antenna. The dimension of the proposed antenna was 40X77 mm’.

For the measurement results, the first antenna achieved a bandwidth of 9.28 GHz (2.52-
11.88 GHz) with a ratio bandwidth of 4.71:1 and an average expansive gain of 2.14 dBi. In the same
way, the second one obtained a bandwidth of 17.7 GHz (2.3-20 GHz) with a ratio bandwidth of
8.7:1 and an average expansive gain of 2.07 dBi. Moreover, both antennas attained a group delay of
less than 2 ns and a correlation coefficient below 0.5 throughout the frequency range of ultra-
wideband. In addition, far field radiation patterns in the resonant frequencies of the two antennas
were omni-directional and bidirectional in the XZ and YZ planes, respectively. Finally, it was found

that many features of these antennas can be applied for effective ultra-wideband systems.

Keywords: MIMO circular shaped microstrip antenna, ultra-wideband system, mutual coupling reduction
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c Wave velocity

C Capacitor

cm Centimeter

D Distance

dB Decibel

dBi Decibel Isotropic
dBm Decibel mill watt

E Electric field

f Frequency

f, Frequency center

f, High Frequency

f Low Frequency

GHz Giga Hertz

h Thickness of substrate
H Magnetic field

kbsp Kilobit Per Second
kv Kilovolt

L Long

m Metter

Mbps Mega Bit Per Second
MHz Mega Hertz

mm Millimeter

mp3 MPEG Audio Layer3
mW Mill watt

Q Quality Factor

R Radiating

r Radius
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Rx Receiver

Si1> Sy, Reflection coefficient
S84, Transmission coefticient
SNR Signal to Noise Ratio

SVD Singular Value Decomposition
t Thickness of microstrip

Tx Transceiver

uW Microwatt

Vp Phase Velocity

W Wide

E Electric field vector

H Magnetic field vector

v, Phase velocity

A Characteristic impedance
Z, Input impedance

a, Metallic attenuation constant
a, Dielectric loss

B Radiation characteristic

4 Propagation constant

c Absolute permittivity

£, Relative dielectric constant
Eop Effective dielectric constant
n Intrinsic impedance

Ao Wavelength of free space
/1g Wavelength of material

o Electric conductivity

Angular frequency
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ADC Analog to Digital Converter

ADSL Asynchronous Digital Subscriber Line

BPSK Binary Phase Shift Keying

BW Bandwidth

CCK Complementary Code Keying

CDMA Code Division Multiple Access

CST Computer Simulation Technology

DCS Digital Cellular System

DSS Direct-sequence Spread Spectrum

DVD Digital Versatile Disc

EDGE Enhanced Data rates for Global Evolution
EIRP Equivalent Isotropically Radiated Power

ETSI European Telecommunications Standards Institute
EV-DO Evolution-Data Optimized

FAA Federal Aviation Administration

FCC Federal Communication Commission

FNBW First null beamwidth

GMSK Gaussian Minimum Shift Keying

GPS Global Positioning System

GSM Global System for Mobile

HPBW Half-power beamwidth

HSPDA High Speed Downlink Packet Access

IE3D Intergral Equation Three Dimensional

IEEE Institute of Electrical and Electronics Engineers
IMT2000 International Mobile Telecommunications for the year 2000
ISM Industrial Scientific and Medical

ITU International Telecommunication Union
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MAC Media Access Control

MIMO Multiple-Input Multiple-Output

NLOS Non-Line-of-Sight

NOI Notice of inquiry

OFDM Orthogonal Frequency Division Multiplexing
PAN Personal area network

PDC Personal Digital Communication

PHS Personal Handset System

PPM Pulse Position Modulation

QAM Quadrature amplitude modulation

QoS Quality of Service

QPSK Quadrature Phase Shift Keying

Radar Radio detection and ranging

RF Radio Frequency

SNR Signal to Noise Ratio

SVD Singular Value Decompostion

TEM Transverse Electric-Magnetic

™ Transverse Mode

UMTS Universal Mobile Telecommunications System
UNII Unlicensed National Information Infrastructure
UWB Ultra-Wideband

VSWR Standing Wave Ratio Voltage

WiFi Wireless Fidelity

WiMAX Worldwide Interoperability for Microwave Access
WLAN Wireless Local Area Network

WPAN Wireless Personal Area Network

(18)



[ o U
1.1 anuilunuazanudnyvesifyi
Y] 4 o ) 3 1 < g [
TapiumaTuladmsdeasuuu ¥ ldsumsiauiuediesiagi uazilulive
&2 AA 1 1 o o A AAa I~ [ 4
HninunImMedannae Ml zmatazMsduliurInaNuuedveauybd Tagmme
a 1 4 1 { ¥ o r( 4 1
msaaaedoas luduanud lulasni Falalimainnlszgndldauluszuumsdearsedis
' o J A ~ A ' ~ a A
VN 15U s2UD InsAniiadoun szuumsdosni lnakiua1uiion szUVINgAodIs
14 o IG Y k) = F) o o a
FZUVIAT aaondaunsilszgndlglumunsny) Aumsd15NINeININNEITUNA
a 4 a 1 4 g’; o [ [
AUFIND MUMTUNNG AUNTNHIT MIAaaedods luszozdumeludninaunazihuin
v & Y Ry Y o & Y Y = A YA < o
orotludu Fedrundrsuiudeldinaluladnisdears ¥ndanuirganinlunisiuds
9 A &R Ao o Yo SA =~ A o 4 4
doya Taoma TuTaguilaniaslasuanuaulannaemalulad vieszuuoansi hauuua
(Ultra-Wideband: UWB) ¥30gn101d0oi 11 uavuoinngnisusnsmsdoasuieanigomsm
. . . . A 9 A A v A A o
(Federal Communication Commission: FCC) ‘Vl"lﬂa@ﬂﬂixmﬁmamauqumwuﬁ 1/ 2002 AN
A v o s s Aq v ¥ ~ da &
msaeasluszez1ng lasszuudanst aunuaianualFanuaans 3.1-10.6 GHz Huuuaias
[ Y 3| A aAan o [ 4
IMIAY 7.5 GHz VUNIAI§IY IEEES02.15.3a 11luima Tu Tagniasmssvasdyaia lugivoawad
1 Ja s 9 @ 19 FY = 2{ 9
uADY FuMUAIAN AN Mazasasudsdeya la lulsuaun Tasmwizszouiildany
nuwumasusulnasyluseaudiunies -41.3 dBm/MHz [1-3]
A 9 g’; A A n Yyl A o ] 4 v A
Tuszpumsdeans enetuasnvia lulanasdianeeinme sauilueenilsznouvani
o { 1 4 [ < 4 o g}; 1
Wi lunisuninszareaauwiman lliheen i lueina e 1vglnsalfenindeuay
@ a 1A o Y= o L= Ao AW Yo =
mMasuaiusafadedsa1snuld 391 IRt uddevinienlarinsanyiuazesnuuy
v 1 Y Y H
aeomaldaiuisasessumslynuivanaleningy nalugiuanuduauuay (Narrow
! = ) . ' A o % %
band) 1UANVAUDVUNIIY (Wideband) [4-7] uaz Tueruanuadansi hauuua [8-13] Taamnie
o o o a <3
aeormanmad lasuniuiisuunn naeaee1niauuy 1u Ty (Multiple Input Multiple Output:
= d A 9 4 ) 1 W g’: [
MIMO) Builussuuniinms lsmeeinmatuuralsenlsznoulunmsiuaadyaranslumads
[ v A a A 9 ~ 9 =) (B I ~ [ A A
nazn1nsy uanaaaama lu ladiaun ldaegeimeiioaduae Tzt unaiadansen
o A < o 19 v 1 Aq Y A
a5y Tasmeormaunuy luTuaansamuanuEa lumssudedoyanogiuanud 15 i
¥OININ1T A0S (Multichannel) Lﬁumm@mm%’ay’a (Capacity) uazmmmuﬁ’ﬂmumﬁmﬁe

[ 9

= 1 . . Y < 1A = a A A
NAYINANNC (Non-Line-of-Sight : NLOS) Vlﬂlﬂu@ﬂ']\‘]ﬂ [14-16] NNITANHINIUIVYNLNYIVD



(% o o 9 A o < J 1 =
ﬂ‘]Jﬂ'li’t’]’f]ﬂLL'U‘]J’ﬁ'IEJ’E’]1ﬂ'lﬁvl,llillﬁTVi5°UG!G]NTu‘luig‘]J“lJﬂ’NiJﬂ'E]a@5113@L!UUQWU'J'I'§T'IEJE]'Iﬂ1ﬁiJ

= v

1 Yo ~ 9 1 1 [ A Y
mumiwmu 1T3ﬁﬂﬂﬁ11@81ﬂ mwmgmazﬂﬂmanﬁuamamummamlmmi [17-22]

e

P
LY v A K

a o a 4 a
muuslmma gu ﬂ\?ul?gljﬂ'lﬂ']'iﬁlﬂi'lﬁ1’?L!a$@@ﬂLLUUﬁ’lﬁl@Wﬂ’lﬁlliJIﬂﬁﬁﬁﬁﬂgﬂ'J\iﬂaN
o W 29 Yo o s 7 ' { o
pu'luTudwmsvlszgndldnuszuudansi laauuua lugrunaud 3.1-10.6 GHz Taoldide
< a A & y g ya ° 9
ﬂWHi@QLﬂu!LUUUlﬂJIﬂiﬁﬂﬁ“lJG]ﬂ!ﬂ FR4 G]Niuﬂ13f]@ﬂll'll‘ll?ﬂfJfJ’lﬂ’lﬁu’IJUlﬂiJﬂWiﬂWﬁ@QIﬂﬁ\?ﬁﬁ%‘]
) . . . . ' 3
aeldsunsudise 3 1/ Computer Simulation Technology Microwave Studio (CST) § WMy 19
A o A ' a ts da o
L“I/Iﬂl.lﬂﬂ']'iaﬂﬂﬁ']ﬂ;]ﬂ15ﬂ!£%f]3J3'33J (Mutual coupling) [23-28] Llﬁ$ﬂ?iﬂ]ﬂWﬂ@ﬂJﬁlLﬂuﬁmlﬂuﬂﬂﬂﬂ
y v X A4y g v Yt s ¥ o )
Glﬁﬂ'J'NsUu [29-33] LW@ﬁﬁTQLﬂu’ﬁ’]ﬂ@’]ﬂ’]ﬁﬂu!LUUGL‘H?J YHUIALAN UIHUNLUT 9NV UUASTINN
A A Ia o 1

$1e 5101 lugaunin uadsldseansamlumsurnasnuind Supudisainseunguaaoasi

Ao J J A o . v ' o o Y
ﬂ’nuﬂ@ﬁ@iquljﬂl!ﬂﬂﬂllaguﬂﬁﬁ']sllﬂ']ﬂ (Gain) 61]@\1?”8@ﬁlﬂ']ﬁfl\iﬂgslu!ﬂmcﬂmﬂﬂuﬁﬂllﬂ

(Y] J
1.2 Jngiszasn
a d a ) v
1.2.1 AnsizruazesnuuudenimelulasaaslglenavnunlyTudmsums
o (Y
Uszgndlrnuluszuusaniilhauuug
a 4 [ d‘ = d‘ a J
122 Basizvquansazneldduiielinsnlasuvansiinesvesaigenie
TulasaasdyihenausuyluTndmSuszuudans lauuua
1.2.3 Uszgna ldmadiaaieg lumsimudse@nsnmvesaoemalulasaasiyl
) v v J d
anauuu I Tudwmsuszuusanst haunud
124 @¥aazianadouguauiianien vesaeoinda lulasansdgirenauuuy

T Tudwmsuszuudanstlduuug

1.3 Y2UIAUBINIITIVY

1.3.1 meo1md luTasansdyirenanmuy T Tuadrauuiaagiusosiia FR4

132 eonuuutayaiaeemaiiv 2 jluuude meemalulasanidziaenay
wuulu Tugduwnii 1 wazeneemeluTasassdgdrsnauuy lu Tugduuni 2

133 dweimenadesgluuinuusianevauesdeszunsanslduuudaimg
3.1-10.6 GHz fimduds s @ns msdariudindt -15 dB mrduilss @nFeanduitug (Correlation
coefficient) #1731 0.5 A11/3239nqW (Group delay) #1191 2 ns 1AZEATIVIIVBIABEINIA (Gain)

l1¢na1 2 dBi

20



g’J = W
1.4 YUADUNITIVY
= = A A Y [ a
1.4.1 Anpmguiuaznuniuissunssuinerdesnumenime lulnsaasilgiae
) (% [} 4 4
nauuuy lu Tudmsuszuusanir lauuua
= an o . . A o
1.4.2 fnu1smslFlsunsuduSagi CST Microwave Studio teINIRONMU DAY
a 4 a Lo d’ d' Y [ a o [
MIAATIZHNTRBIA199 MerdesnuaeomalulasaasdgirenavouyluTudms
(% 4 4
szuudang1 lauuua
a 4 a
143 ponuunLazni1zd laseaseaieoinmia lulasdasdgdrenauuuy lu Ty
o [ [ o 4 Y . .
dvsuszuudans lauuud lasldT151nsu CST Microwave Studio
%] a ] a Jd A o @ J a 4
1.4.4 592189 1MAGI93 909U UUHUIDTAUNYIA FR4 1aZ311015 TIN5 110005
1 = Y] a o [ @ 4 s A
a199 theanudreeimaluIasaasdydaenanunyluTudmiuszuudansi launudiie
= % o
WSeuMeuAUHNaNITI1a04
145 darunanudmsuinauonanmsIdouas daanuw

a o v o v C4
1.4.6 ﬁ?ﬂNiNTL!’J%ﬂllﬁ%%ﬂﬂ?iWﬂﬁ?UﬂﬂUﬁNﬂ“im

¢ ' v
1.5 dszlarninmainez iy
awermia lulasaasUgrenasuuyluluvmanseiasadiuan 2 suny dunse
L ] { J (% o @
Uszgna liludunnuisanst hduuuaaeandesiumasgIuves FCC 1azdid1unsngoesy

AUNIATFIUNTTOET 13 a10919) 15U IEEE802.11a IEEES02.15.3a 1Az IEEE802.16 11udu

21



)
N

un

U

A Av AaA
FFIUNITINHIOINHIVEYNINEIVDI

g J { Y o o

TUUNUIZAAIDINMITNUNIUITTUNTTUN WU UTUBHANNT AT OBNUUUT YN

d' 70 ¥ [] d‘ [ 4 d g}/ dd’ d‘ 9 1 [
TuTwiedszgndldaulugiuanuddaas lduuua srunanguiiinertosnrse wu

~ o 7 s ~ a o &

maTuTladuesdani1auuua maluladvesszun luTy wisilmes NugIuvesd1o91n#

A A 9 1 =R A 2
dreomauuyluInsaasduazanasgiuvesnisdoats 3 enouuua19g ¥elis10aziden

Y
aaao 111l

2.1 NUNIHITIUNIIN

a I A A 9 v [l 1 ]
aeomalulasaasditluaesinmanienldnusgraunivals Tagmnwiz lugiu

a3 o <

= A ~ wa 1A Yy Yy o
ﬂ’NﬂJﬂhlllIﬂﬁL"W‘l LuﬂﬂﬂWﬂMﬂﬂ!ﬁNUmﬂuﬂ@ HUIUNLUN "’lJlﬂﬂLﬁﬂ!Lﬁ%i%ﬁunuiuﬂWiﬁﬁN@n

v
a‘dowd

< a g‘/ 4
Falumseonuvumeeinie lulasaasiudiidingaoniseenuun Inssadaunnsves
~ ' da & Ay &L A A Yo ' Y o
180 1MANAINT0ADUAUDIABLUUAIANAWNABINT FeNHINTIderaten I Idiudue
9 = = ' o ' 9 ~
mseonuubIaseas nawemaazivuiaiuanasnueen lhau Tassadegdaumdon
{ { <3| < ]
Tassadnglamasunag lassadeglenamiudu 3snmsanimuilassadieglenau
I % { 1 A 1 4 o Ao {
Wulaseadranilanasuauesludiuanudnniieninlassadieou aaluauidsen (814
o = o [ [ 4 s Y
hmsAnewenuuumeeIna i luInaginandmsuszuuoans havuuanlgldsunsy
o a 4 I @
CST Microwave Studio Tumssiasauuunagingigsd Insead wuesdigeimeniugirenauny
o Ia 4 o H 1 A Jd a
msiuuagouitaugueImeidyaIMn 50 Q @10 IMAYNAS WUUIHUITHNNYHA FR4
=\ 1T W 2 @ [ = @ adg a
HUUIAMINY 42x50 mm’ ANUHUIVOITAATIUTOUNINY 1.5 mm Un1agaa ladiannsn (&, )
T W Ay ¥ 1 ~ 1 Aawv A Y
MY 4.7 @189 101AN 1A 1115090 UAUBIABAIIND 2.78-9.78 GHz a1 Tua1uddeq [9] 14
° o o o ' o s s
inauemeo1malulu Tnagihawudmsulszgnaldludiuanuisansi hanuua Taely
Tlsunsuy Integral Equation Three Dimensional (IE3D) ll1“])"38114ﬂ1iﬁ)ﬂﬂllﬂﬁﬁ1861ﬂ1ﬁﬂu’3}ﬁ@]‘
I a A Y a g a " W =\ Ja A 4 o
g1usouiluriia FR4 Nla1neda ladiannin (g,) 19100 4.4 Imsuuagouiinaugyosaon
Ay 50 Q ANUHUIVOITARFIUTOUMNNY 1.59 mm USAUAIUUON (Outer radius) (N
10.5 mm tazsana1u 1y (Inner radius) (MIAU 4 mm I1AMIANYINVIINITHIIWUHIUEINITD

' o < J 1 1 a
611’38]1/1']611(9{@@61]1'!']@%6\1ﬁ1flfﬂﬂ'lﬁclﬁj!,ﬁﬂﬁﬂllﬁjllagﬂlu1ﬂmﬂﬁi$u'lﬂﬂi'l’)ﬂ%%ﬁ\iNﬁ@]f]ﬂ’ﬂiJﬂ"ll@\?

o J IR s 1w 29qQ.Y 1 9
52UU6aAT1 NALDUATIVUIATBITLUIUNT AN AN 11x34 mm” 1HA1 VSWR 1iog



1712 AABATIANND 3.1-10.6 GHz waz luau3sen [10] Idinauemsesnuuudisoinsgil

[ 9

1 1% 9 a o 3’/ { @ o [ 9 LY 4 4
1nausnums ldmaiamsmsundrmsiduanadvsuleauluszuudansilauuua

g 9

Ay Ya 2 [ 1w S @ a g a2
1991MAN 1aNYUIA 30x35 mm” VUIAVDISAY (R) IMIAU 7.5 mm UA1AIa2 ladtannsnuod
[ Y Y] [ Y o
AAFIUIDY (&,) NN 3.38 ANUHUIVBIIAAFIUTOI (h) (MND 0.83 mm TZUIVNTIIANVUIA

2 o 9 = 2 o ya A o'd'
30 x 15.6 mm” Haz @i dyIv0 a0 INAAUIULIYLIA 1.8 X 8 mm” M IAUHUUAIANT
A1NITDADVAUDINDAND 3.47-31.94 GHz (BW = 28.47 GHz)
[ o o o a <

Tuvuzi@ernuaigernmanmadlasuanuienuin naeatgermauuyluTulae

' o v A~ ' & o A A < o 1 g '
MAgazMATUaINTa lgage AN NHIdNaMuANE lumsSudiveyane
1 Aaa 9 A 1 A A £ = A A A 9
UANVANTHU INNFDINNMTTOAT AUANNIVOITOYAUATAINITONANATIAINANII

[ Y I 1 = 1 g’; A [
a199 Iailuedned ualunmsesnuuudieeina luTuiuazlseauiymisosdaanaunsndon

=

1% J J [ =2 A aw Y o 9y a
AUTEHINAINYDINIANULDI WWUIUIYN [17] "lﬂmmuamﬂmmmmu”luh Tﬂﬂﬂl%mﬂuﬂ

v A

A o A ? o o 9 o % s
ﬂ”lilWllﬁﬁ‘].lg']J@]’JVl (T) NTZUIVUNTIIA ﬁﬁ’iﬁ‘]_lchf\‘l11411453“]_]1]@@@]51'13@&1“1!@ ﬁ”lfli’)?ﬂ?ﬂ@‘ﬂ

' '
a A o

I 4 o A o Aadg a [
ponuuuiluglamasusiuauaesanesaneuiaggiusesniaing lasiannin (&, ) Wy
] s 1w 1 A o @ 1
2.65 AMNUIAUAANNFYTY (tand) (1IAD 0.001 VINMITANBINDNMIANAAVFUAD T N5z
d o 1 s A U . :
nimnawhldyisanlsingmsalieniay (Mutual coupling) vosmea1maunyluTu'laa Feay
<3 [ a £ [ [ 1 :-, 1 1 {
Wi ldnnmduseansmsaeaniu (S, S,,) HA1nI1 -18 dB AaeA%I9A1WA 3.3-10.4 GHz Tu
a o d' 9Y o = [ d’ Ad'
uaved (18] IdinauemsesnuuuuazAnyinuanyuzvesaieo 1 lu Tuwensdoas lu
' Ao P s R ] ° s A Y 9 o
#1UAVDDaNT 1 IANUUA 39 TAD0ALUVEIEDINIATIUIUADINDS ANTNITHAUIT A8 U
' =~ = o a 1o 2 A 1 (J ad B
FEUAINAGDINMALVUTMAIUAULVVIINAY VUUIAMNINY 30x85 mm’ UAIAI 1adannsn
(£,) (MDY 4.4 1A2ANVHUIVOITAQFIUTOUNIND 1.6 mm 3INNITANBINDI NMTAAVUIA
' ' @ 4 ° Y S A ' = A 2 =< o ]
FLILHI (d) 3enIAIdIEeIMANIaei lva1lsingmisairous uimMsiuIY 33 I
Uszansamvesmsoiniaanadlidrenayszezianvuizauae d (m1ny 20 mm i 19
1 H ] " W a Q( [ YR-¢ 1
AYINATINITADUAUBIRDAND 1UY9 3.1-10 GHz tazaduilszansanduriuiianios
1 =2 d a o Y 1 I a 1 [ Av A
7171 0.025 Fuiluwadaoaieeimeuuu i Tuaunsoiau ldedraiudaszasdu luadsen
° ' . ) o L 1
[24] lAinauemsoenuDUA1891NIATEUIUS I (Dual-polarized slot) A5 uszgna 19 lug
A o s s v v ' A & a
ANDBANTT IIALVUA 1A8E1801A 1A 1ADB ALV ULALES 19 UUIHLIITNYN VA Rogers
1 @ a d a [ (% " W
RO4350B 3A1A382 108180030 (&,) M1AU 3.48 AUNUIVOITARFIUTOUNINY 0.762 mm

YUIAYBIAWOIMAIIAY 56 x 56 mm” 1NNITANEINDIIMTINNAAVATINANOYTZHIN

g o ' ¢ A 1 & I o A
ﬁWfJf’ﬂﬂWﬁTNﬁ’EN@’J‘ﬂ%ﬂ)")fﬂlW1§ﬁﬂﬂi"lﬂ§]ﬂﬁﬂll%ﬂﬂi'lllel]@ﬂﬁ?ﬂf’ﬂﬂ?ﬂlllmnllliﬂ FIaz1uaIN

23



v Y
o Y A v

4
‘1/]1141”ﬂﬂuﬂ1i]lﬁﬁﬂlﬁlﬁﬂigllﬁhl1/\lﬁ1ﬂ181uﬁ18€]1ﬂ1mma$ﬁ3 ﬁ11ﬁ}ﬂ1ﬁilﬂ§8ﬁﬂﬁﬂ15ﬁﬂw1u

v
= 1 o 1

(S,,, S,,) AN -20 dB sz anEanuesaiso1nie laid1nin 62% aasarien1un laau

Y H
(4 ! [

HazoNITIVENAA 2.76-5.96 dBi taz luaudsen [27] Idinausaeoimauuy Ty Tuviuna
v o o o ’q Y (% 4 4 9 o I =]
niziasadimsulszgnalyaluszunsanst hduuua Taoldiaagiusouiluuuy FrR4 fia
@ ad a [ Y @ T W 1
A9 1ABIANNTN (£, ) MU 4.4 ANMUNUIVOITAAFIUTOUMINY 1.5 mm VINMFANHIND NS
A Y 1 gz o ] o 4 1
INEADATINANTZHINTI0IMANITDIRIE T 0Fanls1ngmsalyeus 14D -26 dB T
[ a Q‘{ Y] 4 1 Aa A 3’, 1
mdulszansandunusiiosni 0.03 azlilszanInImveImepIMAR L 91-97%
Yy A4 A A A yad Ao A ' '
uenNTHoNI AN N MYeImeo IMA I HAV LTI IdUoIMATIANA18DE1 3T Y
A v Ao o 1 s ' 1 s A A
MINUAAUNAINNSG ¥T0NTLUIUNT AV IMALALNTIHIZTOINTLUIUNT 1IALNDINY
I 79 ¥ Y dy @ Av A Y o A o [
puugIan linHeun asluauddei 28] IainauenisesnuvudiveniaglaGdmsums
o ' { o o P A 1 s A 4
Uszgnaldludiuanunsanst hauuus TasldimatanisanzNszuiuninaoannisdou
[ 1 o Jd v J ] v A 4
$9% (Coupling) TTHINAINNFAVILUIVAT1IA a8 eneormaldsudufiuaus
oa o4 g X Ay Y "o 2 Y o A =
uuuAIANNNIIY Mee1mai Idlunaming 35x20 mm’ a5 190U IA9gIUT09%tiA FR4 I
[ @ a a a T W [ T W
A9 1ABIANNG N (£,) 1NINY 4.4 ANURUIVOITTAFIUTO (h) 117D 0.8 mm YUIAVD
Jd 1w 2 a o d‘ YR v @
FEUINTIAMINGY 15x20 mm’ @auu3deh [29] IaAnyieaeeimsgienasamanzinia
o w1 { o ¢ 7 o a .
dmfudruanundanst lanuuauuia 15x15 mm’ 19378Ag1u509%1a Taconic CER-10 T
Y] 1 a d a LY 1 4 ] @
AMUAUUWINNY 1.5 mm A1 1ABIANNT NN 10 HAazAMNILAUAANNFYTY (tand) 11101
1 1 4 H 1 [}
0.0035 DINATANHINUIT MTLEFIZIDITZUIUNTIIANAINGTT (2) (MDD 2 mm HazANUAT
(Y o Yy 1 Ia 4 1 A o 4 4
(b) 117U 3.5 mm M IR UHAABUVUAIANAADATIUANVDOANT IIALUUA 3.4-12.8 GHz [30]
Aa o { o [ 1 4 I'4 4
nazaIven [31] TddnyimsesnuuudigeimalyIuTnadimsulsluduanudgules e
7 . 4 < \ 4 P
HUUA (Super wide band) Taedi Insead1eiugruiugzienauuazinsziosiszuiunsg
A a9 Y Y 2 X A P o AN Yo o 1A
INBVENBLUUAIAN 11N I19UY FIW15 1019056199 Yeda181INAnaI1nh 1arinslsuman
Y . . o Y = [ 2
wwzay 1ael¥1as5unsy CST Microwave Studio 111 19 @10010ANYUIANINDY 42x45 mm’ 1AL
1 { 4 [} 1 o o
AMTIFIZTOINTZUIUATIIATINITOBIGAAATIUDNUAUFUDIA 1601017 b 11 I a1 118

Y
v (% 1

?Hllﬁﬂﬁﬂﬂﬁuf]\i@i@ﬂ’ﬂmaulﬁlﬂ’?ﬁﬂ1ﬂ 2-100 GHz 1tazions1veneaa 1.8 dBi 04 6.2 dBi

24



Y] d d
2.2 malulagoans1 AUUHA (Ultra-Wideband Technology)
Tutlareaasssin 20 MIANEIN UM TToA3 INTANUIANTANUNIMIT108193)

[

Y] £ A o A = 1 o Y [ Yo
wedn Fansnedufiavesszuuma lulad Insavuiauluii ¥ sz oy Insdwi 185003
{ @ 1 < o 1 i a @ o
nasuninmssudedoyanuy Insma ldidlumssoasdeldnauingunuuag 1a5umswann
1 J A = J 1 Y 9 g‘z a 3 1 Y
pdnaatiosFudunmsaeuauesnonudemsued lFnunslumdinnuEinsneToudoya

= 9 Aa o Y Y a J o A
pazilsnaveavoyanusiuivun TagmmnzanuiimenieaiuIneimans lutagaiun
ya Ry oy o v X ~ & =

e 1iunsleensinis Tounedeyanganinluszeznialnag saluvsuntimalulas
o s s < % A v ¥ sl Q {
oans1 hauuua (UWB) Wuma TuTagnianiildnuaswsnluszunsas nezdlumaTuTadn

9

d' d’ [ Sldy
L“l’ilﬂ%ﬁil‘ﬂEjﬂéllfNﬂ1ﬁﬁﬂﬁ13135181u6u1ﬂ@E]lﬂﬂﬁu [34]
A A = a A 1 @ a Y
LNBIABUNNNINUD ‘]J f.7. 2002 AMENITUITNITIMIADFITUWITHITDININ (FCO) klﬂ
o a a o @ o 1Y d o 4 4 ] o o
mwu@mmsgmwﬁmﬂuﬂuaz%mﬂﬂmmuqﬂﬂsmaamﬂammuﬂ Tﬂﬂllﬂ\‘]@]TiJﬁﬂfJﬂTW“ﬁﬂ']
a 1 @ a 14
Glﬁllﬂﬂﬂﬁ!!miﬂﬁ@ﬂﬁﬂﬂu 3 Gﬁuﬂﬂﬁgﬂﬁ]ﬂlflﬂﬁjﬂﬂ izﬂ‘ﬂﬂﬁﬁ%}NﬂﬁN JEUUITNTIUNTIN USRS
A o 9 ¥ 9 o s s Y =
TJEUUNMTADATLULASNITIA TﬂEJﬂ”Iﬁ‘iJiZQﬂﬂisﬁQTui%UUﬂTﬁﬁiNﬂ1W@ﬁﬁi"luhﬂl!,ﬂuﬂ llﬂi’nJiN
4 ¥ o
szumamwzqﬁu (Ground Penetrating Radar: GPR) iZUUﬂWﬁﬁ%TQfITW‘VI%QﬂHLWQ I¢UY
v W 4 A [ 14 I 3 A A
FLUIATSNAYUAL TS UUNNMNITUNNY [3] L‘Ll’ﬂx‘ﬁl'lﬂ§$TJ1J’E]fW]iThl'JﬂLL‘U‘L!ﬂ!“]JL!i%TJ']Jﬂ"Iiﬁi’Jﬁﬁ‘VIll
A s Y = [ [y Y [ d' Y v 1 Ly 1 A 1
LHJ‘L!ﬂ'Jﬂ‘V]ﬂ'ﬂ\ﬁﬂﬂLl,ﬁ%llﬁlﬂﬂ@iﬂqﬂﬂﬂmﬂuﬂﬂizﬂﬂ‘ﬂi%ﬂuﬂﬁfluﬂi}i].‘]JLlLG]le JeUUNTDVY
g A 9 \ @ g’./ =2 Y o Jq 9
Wu‘ﬂﬁ”suuﬂﬂalliﬁ”lﬂ (Wireless Personal Area Network: WPAN) @dU U FCC valamviualaly
anunuiumdudeanasulszaunawnn 130my -41.3 dBBm/MHz asudaalugli 2.1

Yo Ia 9 Y 1 1 A A @ 29 ¥ Aa
Lmz"lﬂﬂmuﬂLL‘Uumﬂﬂwagiumdmmawmuwﬁuﬂumiﬂizqﬂ@ﬂmm%ﬂ

1)
, 86838 =
2 Bluetooth, 802.11a,
2 802.11b, HiperLAN
= DECT,
o T microwave
5= OVENE: Unintentional
§ GEJ radiation limit
52 (-41.3 dBm.MHz-")
S é
D_ — - - .
1 ] | | >
09152024 3.1 10.6
1.8 Frequency (GHz)

i 2.1 mafeuiieuanlnasuveannlulagsans1 auuudiuszuusy [35]

25



a [ 4 14

2.2.1 umwmizuuaamﬂammuﬂ
a A ] [ a 9Yq Ya [ 4
ﬂm%ﬂiiiJ1‘ﬁﬂ1§ﬂ1i’ﬁﬂ’ﬁ15!L‘VNﬁﬁiﬁ@LMiﬂWqﬂ‘lWUEJ'HJGUE]\‘Iig‘]J‘]J?JﬁG]5113ﬂ

J I [ Aa Ia I a 1 1 A T W A A Ia 4 1 A
HUUA uluﬁtymmwmmummflwamymummmiammu 0.2 HIDULUUAIANUINNITITO

9

Yy 9
v A

LY (% 4 d o
10U 500 MHz nanvnfssunesuma TuTadoanst auvuuaduma TuTaduouuauuaag

1 A o 4 = a A A 1 =) g’/ Y <
wuaunalulagoans1 hauvuatidsz@nsnmmiloniuna TuTadunuuaunssiuanusalu
o 1y Y o A o = o 1y Y v ad
mssudetoya M3 lgnasauiar sawdsnnuaniolumsivasdoya ldaniuna Tuladous

o s s < adq 9 a v A a
szuumalulagoansi havuua HuwmaTulasn lsmatansdenauinglu

a A Al A A 1 1 A a a o .
NITAANDTDTT TﬂﬂNﬂf@Lﬁﬂﬂﬂ!LﬂﬂﬁWﬂ@ﬂﬂqﬂl%u AaUINYLVUDNNAT (Impulse radio)

a [

4 4 4 { i a
AAUWINLLULE (Carrier-free radio) AAUINGT QY IULOVAINDF U (Baseband radio) AAUING

Q g q

I ' . s <o
10 T uIa1 (Time domain radio) AauINguuy Tt uaau lani (Non-sinusoid radio) Wandu
a i a { Ia J
INgYYUNIN (Orthogonal function radio) HATAAY mqﬁﬁgmumwﬂiﬁq (Large relative bandwidth

N v o & Ia o v A
radio) G]Nﬂ'J"IﬂJE‘TiJW‘l!‘D’“’Ui’Nl,HJuﬂ’Jﬂ‘Vlﬁ”lﬂJ"IiﬂW"lhlﬂﬁnﬂﬁllﬂ15‘1/] (2.1) [35]

il
By =2 5 2.1

{ { o o % o =
Iﬂﬂ fh ﬁ@mmﬁqqqmmzﬁ ﬁemmﬁmqﬂmmizuuaamﬂammuﬂ C?\‘]

[

' = o A8y ya o 1 ° < ' a
ﬂ']ﬂ’JWNQQQ@@LLﬁ%@%}'ﬂﬂJ@QLLﬂUﬂ’NNE‘IullﬂWﬂWimWﬂTﬂ@IHH’THQigﬂU@HQQW -3.dB aiou 1ud

= o

v LEV/E, da o A X ’ da oA X
f.¢/1. 2002 FCC ‘1@mmmﬂmwummumwmwmn 20% ANV UAN U UILUUAIANINIU Y

2

o w s 7 da o o , /a o o % ¢
Bf,lOdB mmumimzﬂaimummumwuaz'e)m‘1mmmum@ﬂuizuuaamflammm

ausaanna ldannanmsi (2.2) uag (2.3) [35] Mudiauadil

BW:MXIOO% (2.2)
£
/i
BW =21 (2.3)
/

a o 4 4

2.2.2 ﬂﬂ!ﬁllﬂﬂﬁll’f)\ﬁgﬂ‘]_l’f)ﬁ@]ﬁfl"]ml‘ﬂuﬂ
S A o J AN Y 1 9) 9 < Y
INAUTHUAAN summﬂiuiaﬂaamﬂammuw%ﬂanmmu ‘ﬂ%ﬂ’iullﬂ’)'l

= ) [ o Jq 9 o [} 49; A F
uann/ianzchuﬁmi‘iJmanﬂixqﬂﬁglsmmcluaﬂyiu:::GuﬂﬂﬂNﬂnﬂwumﬁauuﬂﬂmmu%m&

26



a 1 4 1 g [ 1 9 a v A 1 P
(WPAN) Msanapdoasszranglnsasiaie lumssudedoyayiataaiimentvualvgja

4

Y < 1 a oA 1 A a 4 A a F) as Y
G]ﬂ\‘lﬂ'liﬂ’J'lil!i’J%j\il%u NITAANDEDFITTICUINNLATOIADUNIUNDT IATOINWUN ﬂﬁ@\i’)ﬂi@ N
1 | s Y R N o 7 I wa A 1y Y
iﬂ&lgﬂ Lﬂi’é)\'iﬁuﬂum@‘ilﬂuﬁu G]NL‘ﬂﬂIuTﬁﬂ@ﬁﬁifl’)mmuﬂuﬂmﬁnu%ﬂ'ﬁ’ﬂﬂi‘]Jﬂ’ﬂiJﬁfNﬂﬁ
Y ' Y A = < o 1y A =
ﬂ\‘lﬂﬁTJUlﬂ Lu@\‘l%'lﬂllﬂ’)']iJLi?GluﬂTiﬁUﬁﬂﬂlﬂyﬁﬂq\m\‘] 480 Mb/s Glu'§$ﬂ$‘1/l']\1 2 miag 110 Mb/s
% 1 [ [ o Jd o 4
Tuszeznie 10 m Famsnlseuiouanuyuessesdynaluszuudanii hauuuanuszuuou
) A a o s s a Y
muﬁ@ﬂugﬂ‘n 2.2 LL’dﬁJuWQﬂNNﬂﬂJﬂ\‘lmﬂIuIﬁﬂlmﬂfJﬁﬁiWul’JﬂLL‘iJuﬂﬁWNTiﬂWﬂ'liﬂ‘l']ulﬂ%h‘]

NOBYUDY Hartley-Shannon [35] A9auM59 (2.4)
C. = BWlog, (1+ SNR) (2.4)

Tag C, APANUIVOITDITYYINGIGA (bit/s)

C

A Ia o 1 o
BW  ALUUAIANYDITIITYY I (Hz)

SNR flodaiidaudyanumasuaodyImsuniu

9 [ 1 A o 4 14 =)
dounna1aszrirana lulagoaniir lauvuauazma luladuounauanisn
1 I~ [
ujaladlu 2 Yonane Ao
) s o " o A g v
1) malulagdansiauuud lsmsdaiadnianuniaauuin Tagh 1yl
D e

i @ { 9 U] { @ 4 1
MIVBYPAANNANNDVOIF YU NABINITAINUFYYIVUWIN AatunTeesuIazinToIdaly

v J J ] o o
szuumaluTlagoans haunuud 39 lilinnvesmsuegandyanamieunuszuumalulad

[T

[

[ Y A o 14 =) a o 1 =
memumwacl,wmﬂiuTaﬂaamﬂammuﬂmunﬂumiwammﬂmmﬂIuiammmmnmﬂ

o

o J o I -4 J
2) maluladoanst havvud lagnimualdiuuudian ( £,) ¥nnimioe

u

M 500 MHz [34] Tagannsam ldanaunian (2.5)

S =11, (2.5)

27



Mobility

vehicid /)

4G
Cellular

3G

f G
PH i
Pedestfia |
f
- IMTZ2000

\Bluetooth

Indoor | _-I 2.4GHz WLAN

M 10M S0M 100Mbps >
Speed

~ ~ < o 1y , o s yy A
519 2.2 fﬂil‘]_r%ﬂ‘]_lWlfJ‘Uﬂ'JT?J!5'Jﬂ']ii‘]Jﬁ'\i"U?J3;1‘ﬁi%ﬁ??ﬁi%ﬂﬂ@ﬁﬁi?q’muﬂuﬂﬂ‘]J'ig‘U‘]J’f)u [35]

U

m3an 2.1 manfSeumeugaauiiaveana luTasnuueaiee [35]

%

L anuiwes (; sy
malulad ) 129000 PN MAIFIU
VoA (EIRP)

dans1laAuue > 100 Mbps  3.1-10.6 GHz ~ -43.3 dBm/MHz PPM, OFDM,  IEEE 802.15.3a
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I\

500 kbps  3.1-10.6 GHz -43.3 dBm/MHz PPM, OFDM, IEEE 802.15.3a

CDMA...
Bluetooth < 700 kbps ISM 2.4 GHz typel:20 dBm  GMSK IEEE 802.15.1
type2:0 dBm
Wifi < 54 Mbps 5 GHz 0.2-1 W BPSK, 16-QAM, IEEE 802.11a
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< 11 Mbps ISM 2.4 GHz 01.-2W CCK, BPSQ, IEEE802.11b
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< 54Mbps ISM 2.4G Hz 0.1-1 W BPSK, 16-QAM, IEEE 802.11g
QPSK, 64-QAM,
OFDM
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mm?; (MHz) Melue1m3 (dBm) MEUND1A13 (dBm)
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310010600 -41.3 -41.3
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29



Y o o s o 2 o 1 Y o
domruaveeszuudans1 haunus luglsduuilagiulaseivesdoivuea

[ 4 4 1 ] 9 a d' d' [ [ a d‘d 9 o
szuudans hanuudedlugiesedoyamunataineinuransznunuszuuaniildnued
Y
TasueaiuvestoiuarzianunIImansgomsnunsizneaiug lsduuludiuves
= () Y I3 1 1 Y A LA = v A Aa 1
wmaTuladluidewaadldimundwansznudoonio hidwaidenmeasszuuauniiog Tag
Y ]
Y310 ANITUNTNTLIEMFIN UM UM IFunaneluazaeusneinisnmvualag
a3
International Telecommunication Union (ITU) n3o1ilu European Telecommunications Standards
Institute (ETSI) A9 1ua15199 2.3 nazlugii 2.3 [36] lduaastanmsufSouiisunisiivua

o { o 7 7 ! Z
ﬁLﬂﬂ@ﬁﬂJﬂ‘Uﬂ'J']llaGl%\‘l"luGU’ENﬁ8UU@§@§113@LLUH@§$W?1Q FCC uag ETSI mmﬂﬂluuaz

NYUDNDIAITAINA AU
40 - : —41.3 dBm
FCC handheld 1 \
_45 _;' \
€ ; \
v
% 507 | - ," \
= ETSlindoor \
> 1 \
@ [}
c 55| \" \
o ! \
7 ! \
2 / |
E _60 1.99 ," —61.3 dBm \
' | . —
o P> NS O AT 7R ) \
i 3.1 3 10.6% \
w | . \
o 65 ETSI handheld X \
\
70} Asbana 1 ¥ Ny
! J _1.66 GHz 20GHz i
v .-W/ 75 dBm 75dBm v\
_ g :
0.96 161 : ~ e \
100 101

Freguency (GHz)

d' = o [ a o J J '
‘E‘IJTI 2.3 ﬂﬁL‘IEEJ“]JL‘VIEJ‘]JﬂTiﬂ?‘ﬁuﬂﬁ!fﬂﬂﬁii]ﬂ‘Uﬂ’NiJﬂﬂluiz‘]J‘UflaﬁﬁvhmmuﬂiZﬁ’JN FCC

U

Y
iaz ETSI naneluuasnieusnesinals [37]

1 1 o w v 4 J
M99 2.3 ﬂTiLL‘Wiﬂi%ﬂTﬂﬂ"la\‘l\‘l1“1u53ﬂﬂ@ﬁ@5113ﬂuﬂuﬂﬂl@ﬂ ITU

AN (GHz) mMalue1ms (dBm) MeUdNd1M35(dBm)
f<3.1 —51.3+87log(f/3.1) —61.3+87log(f/3.1)

3.1< £ <10.6 -41.3 -41.3
f>10.6 —51.3+87log(10.6/ 1) —61.3+8710g(10.6/ 1)

30



79 Y 9 4 4

2.2.4 msilszgnaldszuusans hauuua
FY va o Ay Y o 4 I < A A
ﬂﬁﬁlﬂmﬁi\lﬂ@ﬂ\iﬂqﬂﬂa'nll'l !ﬂﬂiuIﬁEJ'OZW]?']hl')ﬂ!Lﬂuﬂ"llﬂﬂﬁ'lﬂl‘l]u‘l/'l'limﬁlﬂ‘ﬂ

A oo Y, A ' @ s 4 4 Y o
l“r‘iiﬂ%ﬁﬂ@ﬂ'l\‘lEl\iﬁ'l’ﬁi‘UGlG]fcluﬂTi!ﬂff]1]@]EJQﬂﬂ‘iﬂ!'ﬂi3!,5]1/]TEmt'f)umf]'ilﬂuﬂ!lluﬂﬂ']flcluﬂ1u1"|ﬂ
[ [ A = A v U o Y v d
D17y muﬁmﬁlugﬂﬂ 2.4 “]Nclu@u'lﬂ@]ﬂ'lﬁ/ﬂ“l/li‘l’lﬁuﬁ'lll'liﬂﬁ\ﬁ']flﬂWiﬂJJEl\‘]ﬂuWﬂﬂTﬂi‘l’lﬂu
A A 9 v 12 o A 1 A 1

LATONDU LI,‘]J‘Uhliﬁ'IEJhlﬂﬂhll]iJﬂﬂluW']ﬂ'lﬁﬂﬁ%ﬂﬂﬂlﬂ\iﬁﬂluﬂlu'lﬂ!ﬂ'lw ﬂTiL‘K@N@]@LWﬂﬂTﬂI@uﬂTW%Wﬂ
Y Aa 9 a 4 9 < Y o w @ 7
ﬂa@\nﬂiﬂl’lﬂfNﬂ’fJilW'JWI?J'J'LL‘U“]Jhl‘i’ﬁ'IEJl!ﬁ&’ﬂ'lﬂ!.‘ﬂuﬂ'licl‘BQWHﬂ'lfJGluﬁ'luﬂQTLl i'Z‘U‘UfJﬁGIiWubﬂ

I3 9 1 [ a g’z a 1 Y I ]
LL“]JH@ﬂ%zlﬂﬂﬂﬂ‘ﬁ')ﬂﬁﬂﬂ’ﬂuqqfﬂﬂﬁluﬂ'l‘iﬁﬂ@]\‘lﬁ'lﬂ!ﬂmaﬂ']ﬂc] ulﬂlﬂu@ﬂNiﬂﬂ [34]

%

H 4 1 o Y o { o
517 2.4 maveuaeglnsaimeluthunneideniendninan [34]

Y

¥ o ¢ o ° 79 ¥ & ) o
uenMNUUTEUanI1 hdnuuagiamsoi liilszgnaldenmsauniiing
[ A = Y 1 ) v a ' = Hq ¥ 1o A
alugia 2.5 dalvanuuiudluszauauamas ganiumalulas GPS Nlnanuunud e

1 1 1 g’/ dy o Y 2 4 ya A =
uAMUIgATIMINY venvntdiasaldiumieousarsasivaeuldriau saulds
1Y o A o < J o ~Aq Y
Anuasa lumstuamnzgiunenenzihwuiluginsaivesdisianlalumsasisae

1 Y o Y Y
ﬂ@uﬁ]'ﬁ]ﬂf}llﬂui'lﬁlhlﬂ [36]

31



\ r

sensor node | fusion center W
. ) LIWE b
|sensnr—{ ADC Hransmw&r}j | processing unit ’_transmh.'ar_ "
data acquisition "] fusion

| data processing ::nmmunu::atiun )L ! center

" physical field /
sensor node array

‘ljﬁ 2.5 ﬂ']i“]J‘iwﬂﬂﬁi%iuﬂﬂﬁ]ﬁﬁﬁ'lbhﬂLL‘]J‘LlﬂGll‘!ﬂ']’iﬂ']@l'lllﬁuﬂsllf]ﬂ’lﬁﬂ [35]

=
2.3. maluladlauly (MIMO Technology)
=) A I~ d'a d' v d‘
maTuTad nieszuuvesluly Wunlenmnngaludagiiuiiesnnanuaunsalu
A ] [ = ] A A A 9 A 9
MSAUAMNVeITIdyaInuaziaudu¥Fene lunisdedrs ISaedsisinnis 14
[ a A a I A 9 o
nswensanudmuay Tasszuu luTuduszuunimslFameemeauuuvaisesndsznelu
1 1 [ g’; U ] 1 Aa A 9 A 9
mssudsdyaranslunindwazninsuazuanatsanmaluladiaui 1 lussundoars 13
A 9 v 1 Y = '
#191/521ANA 801NN ARAIA (Smart antenna system) Nz 1FagoImIAraIedULAsIA LR 3]
1 I ~ 1 A A o A dy = gﬂ v Aa 4
Magilunmadarsenaiasy Tasnszuy luluiiauisafennuaiuisonimsvadimand
. . A Y] % 9 G’Qdy . 4 dy [l [

(Multiplexing) #3oWAILIAUANEUZAI8 1ANDTTA (Diversity) Tuszulidieoimadazsy

] A @ Ja ¥ v Aa 4 [ ~ [
Frelumaiiusasivers lanesaa msanmangazaudiuludiulnssad19dasvensvod
1 o = =1 I a [ = a A = S
rosdya e Feazlanuiusdss luudaznaniamsaunan Taeszuurzlaruuegnsaln

o 9 A [

@ I 1 [} 4 1 o 1 @
‘VI”I‘Vi‘LlTVILL‘]JQﬁ'ﬂ]uﬂlﬂillﬁﬁ}ﬂy’a@ﬂﬂ!ﬂuﬁ’J‘LlEJ’f)fJ“] Lﬁ@ﬁﬂqﬂﬂﬁigﬂﬂﬁﬁl?ﬂﬂTﬁﬂTﬂﬁ\ﬁ/‘l%}’ﬂll“] DU

[
U =

9
dyaaidilutaazareemaaziusesdyana 13meldsaoenaniasy siniudewin
wielszuranadeyaiousndyarudoyaudazya lasunnaieeInAnInTDuAaza "
o 9 A Y o = = ~ Yo ) &

mmssudeyai Idndueenundatenedaznseudiou ldnumsuisdeyasemilunaies

idumandaas lnSew i [38]

32



R ——— >
€,
\ 4 S % _
X M e »
1 s, L S
e ey
.
w7 T S
~ ~ "
-
X Ry 72
- P
# s,
PN N
s,
. '. - .\- - .
. : ':,-- -,“ o
................ >

517 2.6 nszvaumsTudetoyaluszuylyly

U

2.3.1 manengosdyanauuuuuluszunluTy

A

maﬁii’m:]uawammdmazmammﬁ%”‘ummdw 162 msmauluanyusil

De

~ 1 v Aa d o = 1 ] Y I3 T ~ Y =
LTYNIMNITUAAINANTOAT IV mmmimmﬂ%mmumum"Mﬂummmmuma R Iﬂﬂﬂ%u

I a 1 o x 4 1 [ 1 @ o
anuiludaszvostoyatazsosdya Fuiielingldmeoimeadumzsunnnil 1 42 g

vy A

o < ] A { 1o <
Idoasnnudi lumsdedoyamuiu Taenasanszun lulund B dusesdana M, iiu

U

° ' < ° @ < o v & 1 o % J
IUIUTWYDINATI M, WuhwauawomasuLay Ry Lﬂuamwvmlawmﬁmumu1m %Q%gﬁﬂ'l

9 1 U q.; U 9 H o 1 7
Uoen1msonuaAlosNgaveIsIuIUA I INMATILAL 101N 1A [ R, <min(M,,M,)]

[

1 a 0 @
[38] Iﬂﬂﬁnﬂ‘imlt’lﬂ‘]ﬁ]ﬂﬁﬂgﬂﬁﬂ! H ‘lﬂﬂﬂﬁ’llﬂiwﬁﬂ?mWW@l’Jﬁﬂ

2SN, (2.6)

a Jd a )

Tag U Aowmsndgiunsuua M, x M,

Rl

a o

V. AommIndgiunsvuia M, x M,

G

a A { a a0 A
Y AoAINTRAeY (Diagonal Matrix) Nen¥n lulamaeauvuie M, x M

t

H Asmsniud Inansuging
aunsh (2.6) zﬂu%‘%mwama‘%ﬁ (Singular Value Decomposition: SVD) LYY

A A <3| 7 9 ' a J 2 J
1UBY diag(A) L’]JuL’Jﬂl@]i’)i‘VITJS$ﬂ’f)‘iJﬂ’JEJﬂﬂuLLﬂuV]LLENHiJ"U?NLNTIiﬂ‘?lf A ullasa A4,4,,....,4,

fian1loinu (Eigen values) 921891 3= diag (4, 4,,....4,,0,....,0)

33



3 y
X x .}’: - Y
o—— - > » -1 —
. |x=Vx | y=Hxy+mnm v=U"1 :
: L L :

s 2.7 mahsiainadues dyaaiyld

d' a Y
%1ﬂ§ﬂ°l/l 2.7 ﬁ?iJﬁE]W’i]']ﬁilﬂulﬂ’J']

y=U"(Hx+n)
(UX P x+n)

—U¥ (UZIf’HVJP+n)

=UUS VEVE+U"n

SIS AATH 2.7)

1 % Adl a g (% dyd ! 1 v
%@Qﬁ@WWmﬂlﬂﬂﬂJuiuaﬂngul a1 MIlszuranares tymu”lmiﬂmuum

a

arauluszunluly (Array domain processing)

Tx antenna
array # Rx antenna

array

Rx antenna 1 o

i 2.8 madumMevesnauluudafienavosszuy luly

34



§ 9 a 4 1 a 4 [
1ng1i 2.8 lauaasdagiuuumsi@unevesnaulunaazianie welinsuj

1 [ A o A a X 1 a Y 1 Y
ADIUSFOITYY I Iﬂﬂll'f]@]fl"lﬂ']ia@ﬂ@uﬂlﬂﬂﬂ]uiull@]ag‘Vlﬁci/]'l\u!,‘ﬂu@')f] a, JUAAUNUAIY

4
#,(Q, =cosg,) UASHUTVUNUAIY ¢, (Q, = cosg, ) AaHUFOITY Y IMUH A9 IN

H= Zaf’e, (Q”.)el (Q” )H (2.8)

Ty a’ =a. MM, exp{%ﬂli] (2.9

e

1

—j(27A Q.
e,(Q,,-)=ML o ](; ) (2.10)
exp[—j(Ml —1)(27ZA,Q”. )}
1
—ji(2m,Q,
e,(Q,z,-)=ML 9 J(;” o 2.11)

exp| -/ (M, —.1)(27rAer. )]

Tao d foszozniseniemaae Wdmasuluunaz Aamsaunievesnau
A Iq 9 % a
e (Q,) MRl lsuMumMInszedd luiian Q,

A 79 Y o a
e (Q,) MoAMRTlFuNUMInIzNEd luian Q,

4 ri

A f9ANE1IAAUUDIANNDNAN
A ] ] =\ 4 a’d’ [
A ABIZEZHNIZVINAWIMANNITUDALNA lagNaIAaa

A 1 ' ~ s o o
A ﬂ'a5zﬂzwN5zw’mmﬂa1mﬁumsuamma"lacmmmu

232 anuguesrosdyanm luszunluTy

anuguosresdyaa luszuyluTy (MIMO channel capacity) Tagldnguives

= Y v v 9 Y1 [ A [l < a
Shannon “ﬁﬂﬂgﬁlﬁﬂﬁ§1ﬂ1§ﬁﬂm'ﬂy’ﬂqxiqﬂ maim%mﬁﬂulfgwmvmmmmimﬂuclumimﬂmm

[ =~

A ' o A = a o 3 1
Wﬂwmﬂﬁjﬂﬂ ﬂ’ﬂiﬁ}%’f}\‘l’dﬂlﬂﬂmmEJ°1Jfmﬂa‘iiﬂmﬂqmmﬂ’ﬂﬁ‘]ﬂﬂiﬂﬂﬂﬁini’Jﬂﬁﬁ\‘islsljﬂuua llﬁji]’lﬂ

99

o ] o 2~ [l I a a (] 4 ' [
mydruresdyaasaianuinziulumsneanuranaia idugud anuyvesdyanm

35



' Y v 9 ' 3 [ 1 o 2 1 @ ' g
pgn1eldmssuIanugyesdynia IwdoaTIvneYeTyaMNINIAdIazn ATy Tudiuil
QU d'

a d' (% 1 = d‘ Y 1 a
fl]%’t’]‘ﬁ’ﬂ1ﬂl,ﬂEJ’Jﬂ‘]Jﬂ’JHJi]G]iﬂ\‘IﬁﬂlilﬂmTluliJiJﬂ1ilﬂﬁfJ‘L!LL‘]Jﬁ\‘lﬂWEJGl,G]ﬂ’JHJLLGIﬂGﬂ\ﬂuﬂ1§ﬁ3J3J§51

' [ Ao Yy Y
Foednaunsug e [38]

= 1

1) vosdaaran bifinnlasunias (Static channel) AUy o sday 181 Ty

q 9 9

szuuluTumwsanszneldangasvessesdyana luszuuilimeoimadaazSuninaz 1
o = ° Yy o Y 1 o = o @ Ay 1A
a7 9naumsn (2.12) fvualdinsiuianugsesdygruinagy sesdgyaiui lilinis

H Y v
wasuuastiawnsasuldnszez Indg meldmsauuannuyresdyaiulumenveosdoya

v
S 1 1

Y
FamnusEHINTIdyaRdInmage lldin1asy [39] il

_ )= ()
C—r;lgigl(X,Y)—%%i(gp(x,y)log[p(x)p(y)} (2.12)
C=max(X:Y)= rg(?gg[H(Y)—H(Y 1 X)] (2.13)

9 o ' ! <3| o

dmSu H(Y) 1ag HY|X) agn1eld y Taoh HY|X ) = H(n) (Hudanmsuniu
A a 49! o = I a Aa A 9
ey Taedygimsuniu n Innuiludaszandunaiduiu
fmuaanuduiutveauning R aguudunannaes x uag R, aguue1ana

J Y
nnwes y 3z la
R, =E[p" |=HRH" +1,, (2.14)

Tag I(X:Y)=Blog, det[ 1, +HRH" | (2.15)

Y
LY [

Wiuanuresdnaur laninmsunu (2.15) aslu 2.13) 1218

g 9

C= max Blog, det[IM +HRYHH] (2.16)
, , ,

R.T,(R,)=

Y (3

Tag T, (R,) aumnusandiudyanansyldrednyanasuniu

36



v Y 1 [ ~ 1 as I a o
(n). ﬂﬁi‘Ugﬁ’ﬂ1u$GUE]Q"MNﬁﬂJtmi‘VlﬂWﬂﬁ’ﬂﬂﬂ’g‘ﬁ’mm’a‘iW’miﬂ (Channel
. . A 1 = ' o = v 9 '
known at transmitter: Water filling) LiJ’O]llliJﬂﬁL‘]Jaﬂullﬂaﬂﬁ]ﬂ@\‘lﬁmﬂlﬂmMﬂ1iiﬂ§ﬁﬂ1u3%6\‘l°}f’0\1
Y
AUV IUNNATULASNIAT Tﬂma‘wwmmﬂqéum*vmﬁmuﬂﬁmﬁmmmum‘ammuimmax

FosdnIMuNUaNMIn (2.6) aalu (2.16) 1z lan

RII

C= max ZBlog2(1+0i2pi) (2.17)

Py PP

o J U RER J { <
Tag R, Avswauaamizadn lilsgud vas luaums 2.17) naasldii

Tumewvesmidaass P, Tuuaazvosdynia 1218

S o’ P S o7,
C:R:r%a};ip;Blogz[l+ = :Hm%?iP;Blogz =2 (2.18)

2 ) A [ 1 [} d’w Y [ d‘ a da!
Tag vy, =0 Plo ﬂ@fJ@]31’&‘(’]1&?[‘&110‘&111’51!ﬂﬁﬂulﬂﬁﬂﬁmumﬂmﬁﬂﬂ?uﬂmﬂﬂlu

g

[

1 ' < 1 4 1 1 o {0 <]
Tuusazvesdyanaudasldimiug e 5, Jagen anuyvesdyaunivlanszgalidqe

g 9

A

1 [} d' 9 % = (3 = dd’ A d'
ﬂ??ﬂﬂ“ﬁﬁ]ﬂﬁﬂJﬂﬂiMiHﬁNﬂWﬁﬂ (2.18) AAYNUNTUUDITYUIUIIULIYY YIDNTUNLADNAIIND

g g

A

9 o ) oy a o ]
NITINNY Lllﬂclsb'fﬂiﬁ]ﬂﬁiﬁﬂ’)ﬂ?‘ﬁﬂﬁ?ﬂ!ﬂ@ﬁﬂ?ﬁﬁﬂi]zulﬂ

Nk
\-~nee(( 2 V27,
;: e\ OGNS : (2.19)
0 Vi <7o
HAZANNYTRIT YR IDL
C= 3 Blog, (lj (2.20)
=727 Yo

@) M3 hifanuzvesrosdygruiniadaazmsiaassmainainaue

=

(Channel unknown at transmitter: uniform power allocation) Tk ijﬁﬂ ML FIT YYIUNNIA Fuua

37



R A~

] a J
”lu§ AN euauawmﬂﬁw zlugmisodaasideya’ld Tagldanuduiusiluunsng

1 (%

R.(p/ M), meflmmifmmiwﬁaumulm@uwwﬂaumﬂﬂmwmﬂwqw vz ladoyasuniu Ao

X Y

I(X;Y)=Blog, det[[Mr +MLHH”} (2.21)

t

Tae1#imadia SVD Tulilunsy MATLAB vivesdayanas H vz 1ddeyaniiu
Ry }/
1(X;Y)=>Blog, [1 + Vj (2.22)
i=1 .

Taof , =0’ p=0’P/o® TeyanlFuiuvesszuylyly Tavauns

o o 9) J @ ] [
(2.22) agneldum3indvesdayau H c]fﬂumqﬂ aaz laauamzdd o luyesdygranuy
d 1 U 1 d d

1Y ﬂ'lﬂ’ﬁ\‘l?HSJ13i‘l’ﬁx‘lﬂ’JEJf)@i1L‘§’J‘ﬂl‘Vﬂﬂ1]ﬂ1mﬁEJ ’f')isllﬁ‘ﬂ Glgfji"HJ ”uuazﬁmmaﬂﬁ'mﬁ’w e

1 @ U l [ [ o 19 o
(’]f’f]\‘lﬁﬂluq‘l’lmﬂ\iﬁﬂ']ﬂﬁ\‘]hluﬁ'lu’liﬂi‘iJiﬁﬂ’lug(’]f@\iamiy’lmua ]lllqi, ﬁi']ﬂ’liﬁ\i"llaua 1/”1“?]’]

U g

=S

[ @ H ] @ [ v o I
anuyresdyanui luaunsaduld p,, doslinnudmiusiusasusimsdaiu R Tﬂﬂmayam
I¥3ruiudeatianiosnii R a2 1an

0

Pia p{H:Blogz de‘{]Mr +ﬁHH”} <RJ (2.23)

t

ddu/

S1ETAHINITNTEAIOATINVOIAUMTNNANBUIRNIZV0d HH 115

Y
=<

Y v
niz1eA1taz 193558 SVD mﬂmqwaﬁ’mi’mfmmﬂmmﬁﬁmmmmﬂmimmzmﬂmﬁ

o Y 1 @ A 2 9y < ) a Y
WﬁﬂWiﬁﬂ?TNﬂﬂfﬁ]ﬂﬁiUu‘ﬂ:‘ﬂmLW3J"’IJ‘LlG]'INllﬂﬂﬂﬁllﬂullﬂﬂi]"luﬁul"lf\uﬁu

o

2) FoIFYAIUNLINITI19N10 (Fading channel) FUNA1HOATI1V81090 950

S 1

dyanalannresdyyrusiuFeuunudie A, GLuﬂmmmﬁmmmﬂmmumm AU

g

&
[

Y
YOI aunmi]ze'ﬁuag umﬁ%’ugﬁmuz%mﬁq;ﬂpmmmmmazmﬂm muwsmauugmuuu
v

9

[

1nd ldnuresdygnamnuamasyesdyanunieldamssadsshasgaga [39]
v 9 1 o A ' as s a o
(M. MITVFADULVITOITYYIUNNIAGI 187519103 WITIA (Channel

known at transmitter: water filling) N353 a0z FosdgyunnIndesziinmsdeiiuluuaaz

38



l =}

Y
Tﬂﬂﬁﬂlﬂﬂmiﬂﬂﬂ1ﬂ1§1\1ﬁﬂﬁﬂuﬁ ﬂ?!ﬁlﬁﬂﬂ’)'lll ’ﬁﬂul meﬁl gnI1 AITNYBDON

loosnesaniaundemdni luuaaznesaunudae P vz 18 ANUYFDITYYINUA

RT,(R,)=p

C:EH[ max  Blog, det| 1, +HRH”H

Py,
~E,| max 3 Blog, {1+%’j (2.24)

B:) R<P

Tag y.,=0'Plo’

19

4 o s da
(V) Lﬁﬂulﬂ'i%@ﬁﬁﬂlﬂl'lmﬂﬂWﬂﬁﬁ ﬂ??uﬂﬂfﬂﬁﬁﬂgﬂg’]ﬂ!!Lﬂﬂlﬂﬂiﬂﬂﬁﬂﬂllﬁ$

U

mmﬁgcﬁ GG UUIULUVVVIAYY (Channel unknown at transmitter: Ergodic capacity and capacity
. a @ 1 [ = 1 Y [ A a d’@‘ = v Y
with outage) W‘D"Iﬁilﬂ!,’m%!”l_lﬁWuﬁn]“lf@\iﬁﬂluﬂlﬂﬂ‘! Tﬂfmmsqmﬂlwmﬁﬂmmmﬂmu UNIIIUY

9y A o 1 1Y J 1 o Y
ﬁamzmayjammmmm”lugWmﬂm HINNUIYOITY I ulﬂmﬂ

C= max E, [Blog2 det[ 1, +HRH" ﬂ (2.25)

RT(R,)=p

Tasnnu¥eIda 109y Ay ase ARt Uoegauos

MATINIONATY M =min(M,,M,)

(2

(n) LiJi’Jlllli E’Nﬁifllilﬂm‘lﬂﬂ”lﬂﬁ’ﬁﬁifﬂﬂWﬂi‘]_l (No CSI at transmitter or

1 2]
Y
<

receiver) AT Fy Az vt vt uaududusudfude s udaa s soada o
1 Y ] ] A Y 1 ] 1 < 1 ] A Y g (Y
uavz Iianugresdygaitesndi uassie lsinuanuysosdygurznInuIeesyusgny

] o d' d‘ Lé 1 [ 1 ad AHAad d' ! v
sosdyaain)doull Fsmsmvesdyana lunaagisazinsmsiuanasnueen

3) amvesdyanuiinaninnsdszuiana lamuualdiay e lulinssu

U

9 = U 1 @ Aq ¥ o w
AOIUSVDYANNINN ﬂ'JﬁJi]l"]f@\iﬁiUui!‘JTmcluigiJiJlllth‘Vliﬂfﬂ']iﬂi%iJ’JﬂNﬁLL’O’J@W@‘U [39] serda

Y
Tanail

b
C =log, de‘{IMr + 7

n t

HH" } (2.26)

39



Tag C ﬁammﬂmﬁmmm (bit/s.Hz )
a 4 (Y 4

AN NHONANHAL YUIA MxM,

H  A0wosdyain uia M, x M,

H

a o 1 [
H ﬁ@ﬂ1‘5‘1/]51‘1&?(11/‘!’(?(?]ﬂu@tﬂ@%ﬂﬂ!ﬂﬂiﬂ%%ﬂﬂﬁmmWN

g

o 1 o { o IR [
P /P, Aeoandudyyunivlarodygiusuniu

¢ A U
233 ﬂimgmimwamm
4 4 1 a 3 o I [ 4
ﬂﬁ?ﬂ{]ﬂWimL%ﬂﬂJﬁﬁu (Mutual coupling) LﬂﬂéﬁuémﬂﬂWiﬂigﬂ']i'JﬂJﬂuell@\iﬂau
v < 1 4 ~ ] a Y A [ o Y1 '
L!JJWiaﬂqw1ﬁ15$ﬁ31ﬁ@ﬂﬂﬂ3$ﬂﬂﬂﬂlﬂ\‘lf;ﬂﬂ'ﬂWﬂWWIfJQGluUﬁ!'JmGlﬂﬁLﬂENﬂu ﬁ]gﬂ'lﬁlﬁﬁ\iﬂaﬁ@
% 1 U a Qe’ 1 1
UszAnsnmszuvaeoinalyTy dseuisag laonmidulse@nsn1s a9k U (Transmission
. & ¢ A [ S Y A1 9 1 =< 3| VA 1
coefficient) "If\?ﬂ"l‘].]'i?ﬂg]ﬂTﬁm!ﬂfﬂNiﬂNuu%gﬁ@QNﬂWH'@fJﬂ’J"I -14 dB ﬁ]\‘lﬂ&ﬂﬂﬂ?ﬂﬁ'm"liﬂﬂﬂmﬁﬂ
v ' 7 & ' LS oy ¥ ' !
ulﬂ ﬂ']ﬁﬁﬂﬂﬁ_]ﬁTﬂJ;]ﬂTiil!!GIf'E]Ni?ﬂﬂﬂﬁ?ﬂ?ﬁﬂﬂ?qﬂjﬂfani’E)’t‘]ﬂLL']JUﬁ%ﬂgﬁNﬁTﬁJ@TﬂTﬁlliJINLm
v q Y ' o A
agﬁ'ﬂﬁlﬁzEJ$?iTQ@ﬂﬂfﬂTﬂﬂuquﬁ&’ﬂgﬂLWNTgﬁN [18, 20]
1 % a Q‘{ Q/ U
2.3.4 mdudszansanduiug
Y I A ad o 9y = [ v 7
1“ﬂ31ﬂﬁﬂ1ﬂﬁﬁ1ﬂﬂ]@ﬂi$ﬂ'ﬂ‘Ll‘lll;ﬂﬂlﬁ@\?ﬂﬂﬁﬂﬁm@1m@ﬂﬂﬂﬂiTNﬁMWUﬁ
g 1% @ v o 1 J I A o o
NOIN WIS ﬁ)’JEJLWS{]‘aﬂ153ﬂ5$ﬂ‘]Jﬂ')’lllﬁﬂJWH‘TJ§$‘H’JN’E]Qﬂﬂ53ﬂf’)‘]J"Ui’)\iﬁ”lEli’)Tﬂ”lﬁLﬂ‘L!ﬁ\iﬁ”lﬂil]uclu
mstsziivanuaunsatazanuvainvatsvesnnudiay luszuuaeeimauuylu Ty Tag

annsamuia ldnnaumsn (2.27) [19, 40]

* * 2
S8, + 8,8
) U ZER2I 22| 2.27)

(1< (isF +lsa )~ (is-F )15

4

24 ‘I/‘ITi]ﬁ!ﬂﬂ%ﬁu§1uﬂlﬂﬂﬁ1ﬂ®1ﬂ1ﬂ

a9
J

a < A o & a [ a A
W'lﬁWiJL@]fJﬁsllfJ\‘]ﬁW‘(’J@Wﬂ"IﬂHJu'G’N‘ﬂ"IL[]JUGlHﬂ']ﬁ@ﬁﬂ?ﬂﬂﬂ!ﬁﬂ‘ﬂﬂ!gﬁﬁuﬁﬂﬂﬁzﬁ‘ﬂﬁﬂ'ﬁ"l

[

Yyoad1891MAziamasnulunsdanseainsguidonazuuugUnITHHNEIUY0

A3

v A

v & a ¢ o & A D) A P )
GRERRIEG muumiami13‘Hﬁwmmﬁmtﬂumzmﬂ%wwmmmmmmu [41, 42] a9U
2.4.1 upUFUMIuANGIY
LLUTJE‘iJﬂTSLLW'Wﬁ/Qﬂu (Radiation pattern) w%!,mugﬂmmawmmﬁ (Antenna

A A H ' P A v & 7’ o A s A Aq v
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A 1 @ % I T Aaw ] 1 1
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Y o VA s a wAa
wldninmsdunmazudasmnauinszes Inalugdvesiensuiianeguaniave sy
v o 9 ] v do w . 9
JUMIuAnau UsgnoualennuruuiuyeIlansiiae (Power flux density) AIMITNNIT
A GERRRT (Radiation intensity) 13144 IIUDIF UY (Field strength) ANINLVIZVINANIG
4 @ § A o {1
(Directivity) te #5013 Iwa1 154 (Phase or polarization) A9 1uga 2.9 naasszuuinanLven
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NAUTNLAVDINMIUNINIZOAaU Taenitnnuaainislasuulasvesauiuniman 1o
awwliihluiieneanes Alsatiam SveiFoniuuugdmsunaui (Field pattern) 1oz d1451
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M3 lduiendasmasnuiaisomasy laaniaininaed SveiFoniuuugdmsuniia

NU (Power pattern) YDIT1YDINA
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Azimuth plane

51 2.9 szuulneedmmdmsumsTnsziaieeIns [41]

1) WUBUDFUMIUNINTZIIBAAY WUBINITUNTNIZIWATY (Radiation lobe)

I 1 = 4 1 A A a I a A 9 1 Aa
WUFIUHHIVDILNNNDT UNISUNTATZ AU NN WU IY Iﬂﬂﬂ?iﬂﬂﬁﬂﬂ"uﬂﬁﬁ’luﬂu
. y b ' ¢ ¢ sa
ﬂ’)"liJLﬁﬁjiJ"’lJ@\‘lﬂTiLLWiﬂiziﬂﬂﬂau@”l g‘ﬂ‘ﬁ 2.10 LLﬁﬂQIWﬁ"IiLLW‘VIm@iLl (Polar pattern) UV TNUN

= (] 1 [ dy
“])’QLL‘]NL“]JHK‘IJ@]N“] ANU
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o d ' A 1 f
(1) WHan (Major lobe H3® Main lobe) IJUNYDINITUNTNTZVIWATUTI0Y
Tunameanlimsunsnseganeaauusaga 310 2.1 Uynanegluinanig 0=0 dimsvameeims

VNFHA 9 WLWHANUINNIINI

[

() W0y (Minor lobe) lAunwdUS uenmile lvinynan

[

J . < T ! 1a @ ' a
(M) W13 laay (Side lobe) 1lundosogananuynanuazoglunianig

(%

d[ IR =) U
VUATINNANGUAYINUVWKAN

[ I 1 § ' k [ [ a
(3) Wnas (Back lobe) 1lundosnodluniersnauassinununnan laodna

' v P v
udrdesazinaanmsuninszoenauluianiei ludesns auiumeeinmanaszdessinay

U

4 1
= =

maiiIfleehge

™

Major lobe
First null beamwidth A A~ ! o
(FNBW) N

Half=power beamwidth
(HPBW) A

Y
b

Minor lobes

H 1 a o 1
gﬂﬁ 2.10 WAN9 uaz‘ﬁmwmamuug1Jmmwansgmﬂmmmﬂmmﬁ [41]
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- Major lobe

+ |+
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sifi 2.1 wwugdmsuwinsznelunuudadu [41]
2) BUVFUMIUNINTLDIBUUVNANANIINALTDUAT (Isotropic, Directional, and
Omnidirectional patterns) Lm‘ug1Jmmwﬁﬂizmmmunﬂﬁﬁmq (Isotropic radiator) Aoago1ma
1 9 i1 Y
ngnauyAvu Taliguaniaveansuninszaeaaumniulunnianie d19e1n1AsAAN1
. . < =2~ va oA oA I P
(Directional antenna) 11 ud1e01madlinuautiauesnsdaniosunauutman I laalu
1 Y [l 1
MWIZAAN AR UANILY A108 19 HYeIE s IMANlnuaIIaaINa1fo @100 1AL
Y 1
59UA7 (Omni-directional antenna) AMANIAYBIAFDIMAUDVUNAUAAIAIFIUN 2.12
3) HUU3UNMTUNTNIZBMAN (Principal patterns) Taodulnaudninazesute
AUMANTAVOIT 18010 IA T UINO YOI VUFUNITUNINTLI18NAN (Principal pattern) VD
] <3 o [ a A Ja @ .
auu Wil B vazawiuwiman @ druSuarsermiaatiiosa Inatrlsiwdu (Linearly
.. ' 3 A s a
polarization) tuugUmsunsnszaeluszu E giluszuunussynnaesaww luduaz s
[ 4 A ~ 1 1 I A
NNMILNINTZNIBAAUNNTINGA drunvuUmsuninszateluseuy H azidluszinuinugsg
1 <3 a U 4 A o 1
AR UL ANLAZRANIINITUNTATEIIBAAULTINGA A10619NITHAAUDTUNS
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Antenna

Radiation
pattern

H-Field
aperture distribution

=\

bt
E-field
H-field
H-field
E-field £l
et aperture distribution

‘IJﬁ 2.13 Ll‘]J‘]Ji‘lJﬂ'lillWiﬂ’iui]”IEJWﬁﬂslu'iwu"l‘U E tiag H vosdieo1malinuas [41]



4) U3NAUA VOITUINNE189INA (Field regions) Iaena linazutiausnm
A 3 ' A ~ ~ [ .
deudrgo1naiu 3 iU AeauINTuonNNszez1na (Reactive near-field) #UINNTL1Y

520214 (Radiating near-field) 1z @1 W 5202 Ina (Far-field) 1anensgili 2.14

Far-field (Fraunhofer)
region

Radiating near-field (Fresnel) region

Reactive
near-field region

— R,=0.62\D/x

R, Ry=2D%

i
It

3fi 2.4 MsnisSnaTUINYEIAED N [41]

msiaewwuuduinihvesdrseinmienianyuz gluuuiianisues
o ' < ' ' <
g Tihuumesinmalasnaldudsoen Iy 3 szezigu s2osuInABIZEE AUINUUIKADN
a I a { [ v 1 H
TS uanin (Reactive field) 1Wunsnuiegsous aeeimazaiin laninaunisi (2.28) lu

o

Y 1
srozilda lulimsunsnsyarevesnaunlu 3 auilszneuvesiinansinay (R,6,4)
0<R<— (2.28)

2w

Tag 1 Aonnuennau szogh 2 Aousnaumrnaanuauinszez 1nd (Radiating

near-field) #avan ldanaunisn (2.29)

—<R<— 2.29
<R<= (2.29)
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Tag D AvviadurigudnalInsinay 2 Navesdigeimaauiniengauas
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Y A a 1 [ .. =& Y A
izazqﬂ‘wwﬂau5nmuwwawmﬁmmzaz”lﬂa (Far-field Radiation) #4111 189 neumsf (2.30)

2D?
A

R>

(2.30)

Y

sraziianisvesany IlihTmmne 2 auseneuvesiinansena (6, ¢) Tu

a 4 [ ~ a 1 < a A
myansgrveuwavesaun Iihawaaslugli 2.14 vinaawuwiman ldhuanimde
0 <R <R, guw ldihuinaurndsnuauiuszez Indde R, <R <R, uazgameauinlii

a 1 ] a 4 I o
VInauAndsnuauszey lnafe R, < R msmszezuinaauy Iiuieduyse Temnily
MIMUUFUMITUINEINUYDIA 1 INMAN BN
2.42 ANUHUMUUVDINAINUNUNTNTZY
4 1 < { 1 1 ] % o

iesnnauiudman lddnlFlunsdsinasiiudinatsgnimualdd

o v Jo @ o w o v Jo 1 9 U 4 Ja
ANuFNWUS fundsnuuazmasnu i Tesanuduiusaanan ldun nnmesvosnesing

v o

1 v 9
Y19 (Instantaneous Poynting vector) FNaUMTUAAIANUTUNUTAIHAD
W=ExH (2.31)

P Sa %
Tag W AonnmesveaNeednIvaIzvis (W / m> )
v Y
E  aeanumuauy lihdrvaznaniu (v /m )

1 3 o ?
H ﬁamwmsﬁ'uﬁmmmmaﬂmmmznmuu (4/m)

4 4 Ja ~ ] o w
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Tag P ADMAINUTIVULIIN (W)
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A ADAMOTHUIHUIINAIRINA DA
a A 42 4 da
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2.4.3 ANWINVDINITUNINTEIIAAY

o o w o 1 9 ' A a A o YA

ATINAAITUUDIAIIINANUUVNUDINITUNINTSIYAAU 1uﬂﬁﬂ1ﬂﬂﬂ1ﬁu@1ﬂﬂ@
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WAINNITYNNIITOIUDITSYS NI ﬁufﬁﬂ!;ﬁﬂu&ﬂu’ﬁuﬂ1§llﬂﬂ\1u‘ﬁ’f]

U=rw (2.33)
Y 1 4 ' @
Tag U feanuduusInsunsnizaienay (W/ riigyuau)
A ' ' A 5
W, ADANUHUMUUYBINTUNTATEOAAU (W/m” )

9
[ Y

o e Y a a o 9 1 4
N1 \1\11U1/]\1?T1J@ﬁ1’i1h1ﬂiﬂﬂﬂﬁf]uﬂﬂ‘iaﬂ’JHJLGUZJGUENﬂ1iLLWiﬂiginﬂﬂﬁu AU
9

Ad' % v é 9
AUNIIN (2.32) ADDAYNAU 4TT NINUATHI 19

2w

Prad = {prdQ= [ [Usin6dody (2.34)
(9] 00
2.4.4 @MWRIZIINANI
ANNIIZIINAN (Directivity) ABOATIFIUVBIANNTLVBINTUANAINU T
9 [
AArmaiunIneeINIAReA NUTLYEIMTUANAIWR A TUNNRANIE AT TURNE I
A A " o o w 1 g’; J ] I 1 a
MAUAUMAUMAINTUNT NTZNINIHUANITAY 4T 129199 W UAITAINDIZIINANIIVD
9 o =Y d‘ ] 1 a\ = . a0 LY [ 1 9
dusiiaaeermed 1ulele Tsnsotln (Non-isotropic) 3¢ HAWMALEATIFIUVBIANUANUD
Y )

MIuANEIU TuRaN19T1Y dea NN NYRIMTUANSINVVBIHaIeuUY Te Tensollnda

[

= = Yo A
mmsmm&mﬂuﬁumi"lﬂmu

. _U _4aru (2.35)
U, Prad
Dmax = DO = Umax = 47[Umax (236)
U Prad

lag D, fAeammizesiani (luliniae)
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D, feamwazasnangege (luliviog)

U ADANUANUBIMIUANEIY (W/rHo3udu)

U, AoMANUIAINZIgAvU0IMITUANGIY (W/HHIe1udu)

U, floanuumsuAnasnuvesuvasae lo Tansetln (Wvaoyuau)
P

= o w A ' 3‘,
ADNIANNIUNLNINTSYNIHUA (W)

rad

2.4.5 Uszansmnueaa1ee1n

=

a A . v A o
U2 ANTNINYDIA18D1NA (Antenna efficiency:e, ) i]zélﬁmﬁflﬂ1ﬁﬁﬁimigﬂlmﬂ

13

' v 9y 9 9
AN ‘ﬁ"ll')!,!,agﬂ'lﬂGlUTﬂi\‘lﬁi1\‘lﬂl@\1ﬁ18ﬂ’lﬂ’lﬁﬂ'§ﬂ
e =eee, (2.37)

AolszanTmwueImIgINA
e, fodszaniammaazsiou (gude) = (1-7)
s aolszanimmusianuiin
A Aa A Aaad a
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= a A Y Y a
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: 9 H
47T ﬂmﬂﬁiWﬁ’)uﬂlﬂﬂﬂﬁWNﬂTﬂJﬂWﬁLLW‘iﬂ§$%Wﬂﬂauiuﬂﬁﬂ%‘luu@]ﬂﬂ'lﬁ\i\‘l'luqﬂ‘ﬁﬂﬁ'lﬂfﬂﬂ'lﬁ‘iﬂ
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Gain = 47[M (2.38)
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P, AoMasnunIImuBUNA

n
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2.4.7 Uszanimnueadinau
a = % o A EY v A 1 =\ [ A
Wswesonanianag 15 lunsdaduiaieonallgUuunvesnsdane
Sunauafioalaniy 18unlss ansamvesdinan (Beam efficiency: BE) d M5 Ua 10010111

Y
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U 9 qﬁ sin@dfd ¢

I A a gl of A o I Ao o A [ Jd =
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2139 (GHz)

HWan13591004 (dBi)

Nan153a (dBi)

3.0 4.2 4.03
35 3.72 1.67
4.0 4.69 2.92
45 439 1.46
5.0 4.49 3.33
55 5.61 2.58
6.0 5.41 2.44
6.5 5.16 4.76
7.0 4.52 3.02
7.5 431 4.55
8.0 4.52 3.94
8.5 4.47 2.74
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11.0 5.39 -3.59
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20-230

£ x100%

£,=158.74 %

o 1 o 1 a 4 . .
NIATUIUNIADATIHIULUUIAN (Bandwidth ratio)

BW=£:1 (4.10)

=8.70:1
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P=P-L L
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+G +G, (4.13)

G =P-P+L,+L,, —G, (4.14)

Tag P AoMasunied e (dBm)
P ApMAIIUNIAIUTY (dBm)
A o w A a v ' Y o
L, fAemasnuigadeniaiudauasdiusy
A o d‘ = 1 (% 47Z.d
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M3199 4.4 1WSeUNPVDATIVEIIINNANITINADAULAZHANITIADI

AN (GHz) Wan1391a94 (dBi) Nan153a (dBi)
3.0 4.08 3.20
3.5 3.68 1.50
4.0 4.43 2.44
4.5 4.68 1.55
5.0 4.10 2.05
5.5 4.65 3.51
6.0 4.80 2.32
6.5 4.56 3.37
7.0 3.51 2.94
7.5 4.07 5.42
8.0 3.91 3.69
8.5 3.78 -0.74
9.0 4.59 0.30
9.5 5.48 -4.41
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DS-7405A

FEATURES

INTERNATIONAL STANDARD RECOGNITION

« High C.T.I Value(above 400V)
« Good dimensional stability, soldering reliability has
been bettered

» Good electrical properties
« High density automatic mounting can be carried out

APPLICATIONS

Computer & peripherals, Instrumentation, VCR,
Television, Electronic Toy, etc.,
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COPPER
CLAD

LAMINATES

GENERAL PROPERTIES Designation DS-7405A
ANSI Grade FR-4
: (0. Property Data
Test ltem nit Treatment Condition
u SRaAo Standard Value Guaranteed Value
Tg DSC 135 above 130
B TMA 135 above 130
DMA 165 above 160
CTE x-axis 18 less than 20
y-axis ppmiC Ambient to Tg 13 less than 15
z-axis 55 less than 60
Flammability E UL-94 V-0 V-0
Insulation Resistance ohin C-96/20/65 1x10%-1x10" above 5 x 10"
C-96/20/65+D-2/100 1x10%-1x10" above 1 x 10¢
Volume Resistivity SR C-96/20/85 1x10"-1x10" above 1x 10"
C-96/20/65+C-96/40/90 5%10%-5x10" above 5 x 10*
Surface St C-96/20/65 5x10%-5x10" above 1x 10"
Resistance C-96/20/65+C-96/40/90 1x10%-1x10" above 1x 10"
Arc Resistance min.seconds 110 above 60
Dielectric Constant B 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-96/20/85 0.015- 0.020 less than 0.035
(1 MHz) C-986/20/65+D-48/50 0.018 - 0.023 less than 0.045
f“"j':)f"""'“"e Tracking volt IEC Method above 400 above 400
Solder Float(260°C) sec A above 180 above 120
Peel Cu.foil 10z -
Strength | (0.035mm) kgf/em A 15-18 above 1.43
Flexural Strength kgfmm? 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") 0
1,020 X 1,020mm (40" X 40"

# Other sheet size and thickness could be available upon request.
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NETS-LINDGREN

An ESCO Technologies Company

FEATURES:

m Ultra Broadband: 1 GHz - 18 GHz

® Maintains Single Lobe Radiation

Pattern Over Frequency
m 300 W Power Input Capacity
m Optimized High Frequency Gain
H Low VSWR

® 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 measurcment. 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. Tqually important.
experienced RF engineers worked
with our manufacturing team io
produce a practical and afTordable
realization of the modeling

process. All production units are
mdividually 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 is
essential for even distribution of
clectromagnetic 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 1s
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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NETS-LINDGREN

An ESCO 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.

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. 3m
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 MAXIMUM PEAK IMPEDANCE CONNECTORS
RANGE RATID CONTINUQUS POWER (NOMINAL)
[AVG) POWER
e R 1 GHz - 18 GHz 3.54 max 300W 400 W 50Q Type N
<2:1above 1.5 GHz
Physical Specifications
MODEL WIDTH DEPTH HEIGHT WEIGHT
3117 17.5 em 175 em + 155 cm mount 15.5¢m 113 kg
8.9 in 89 in + 61 inmount B1in 25 b
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EMC Antennas

SNETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (1 GHz - 4 GHz)
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EMC Antennas

NETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (9 GHz - 12 GHz)
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EMC Antennas

NETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117

Model 3117 (17 GHz - 18 GHz)
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240 300

270 270

=

154



MANHIN A

AMUANAUBIHI SMA Connector

155



JOl—INSON

Components’

INCHES (MILLIMETERS)

CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

SMA - 50 Ohm Connectors

Panel Mount

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

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
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SMA - 50 Ohm Connectors

Specifications

Components’

INCHES (MILLIMETERS)
CUSTOMER DRAVNGS AVAILABLE UPON REQUEST

JOl—INSON

ELECTRICAL RATINGS

Impedance: 50 ohms
Frequency Range:
Dummy loads .
Flexible cable connectors .
Uncabled receplacles RAsem\-rlgld and adapiers
Straight semi-rigid cable connectors and
field replaceable connectors...

.....0-18.0 GHz

0-26.5 GHz

VSWR: (f = GHz) raig Right Angle
Cabled Connectors  Cabled Connectors
RG-178 cable .. ceveees 1.20 4 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 + .02f
RG-142 cable............... 1.15+ 01f 1.15 + .02f
LMR-200, LMR-240 cable .. . 1.10 + .03f 1.10 + .06f
.086 semi-rigid .. rema— oo 60 1.18 + .015f
141 semi-rigid (wlcontact) ......... 1.05 + .008f 1.15 +.015f
141 semi-rigid (w/o contact) ...... 1.035 + .00&f
Jack-bulkhead jack adapter and plug-plug adapter ................. 1.05 +.01f

Jack-jack adapter and plug-jack adapter ............ .1.05 + .005f
Uncabled receptacles, dummy loads
Field replaceable (see page 59)
Working Voltage: (Vrms maximum)’

Connectors for Cable Type

Sea Level 70K Feet

RG-178 .. SI—— - - | 45
RG-316; LMR- 100 195 200 . s scansingets IR 65
RG-58, RG-142, LMR-240, 086 seml-ngld

uncabled receptacles, 141 semi-rigid w/o contact... 335 85
.141 semi-rigid with contact and adaplers ................ 500 125
Dummy loads ......... . N/A

Dielectric Wlthstandlng Voliage ('VRMS minimum at sea ievel)
Connectors for RG-178 ..
Connectors for RG-316; LMR- 100 195 200 ..
Connectors for RG-58, RG-142, LMR-240, .086 semi-rigid,
field replaceable, uncabled receplacles
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
Connectors for .141 semi-rigid with contact and adapters
Dummy loads

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

and adapters .................. 0.06 " f(GHz), tested at 6 GHz
Right angle flexible cable —
connectors .. ...0.15 " {(GHz), tested at 6 GHz

Straight semi- r|g|d cable

connectors with contact .

Right angle semi-rigid cable —

connectors .. ..005 " f(GHz), tested at 10 GHz

Straight semi- r|g|d cable N

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 ................ 0.16 ¥ f (GHz), tested at 1 GHz

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

and uncabled receptacles) .............ccooinne
Center contact (right angle cabled

.0.03 “f(GHz), tested at 10 GHz

After Environmental

3.0t 40

connectors and adapters) 6.0
Field replaceable connectors 8.0
Quter contact (all connectors) N/A
Braid to body (gold plated connectors) ... N/A
Braid to body (nickel plated connectors) 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 wfo contact
Field replaceable w/o EMI gasket
.086 semi-rigid connectors and .141 semi-rigid connectors
with contact, and field replaceable with EMI Gasket ............... -90 dB
Two-way adapters ... .
Uncabled receptacles dummy Ioads
RF High Potential Withstanding Voltage
and 7 MHz)'
Connectors for RG-178 ..
Connectors for RG-316; L
Connectors for RG-58, RG-142, LIVIR 240 086 seml-ngld‘
141 semi-rigid cable w/o contact, uncabled receptacles ...
Connectors for .141 semi-rigid with contact and adapters ...
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 minimum torque (uncabled receptacles)

Cable Retention: Axial Force {lbs) Torque (in-o0z)
Connectors for RG-178 ..............ccovvvvnnee N/A
Connectors for RG-316, LMR-100 ........... 20 N/A

Connectors for LMR-195, 200 ...... N/A
Connectors for RG-58, LMR-240 . .40 N/A
Connectors for RG-142 ......... .45 N/A
Connectors for .086 semi-rigid .. .30 16
Connectors for .141 semi-rigid ... .60 55

*Or cable breaking slrength 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 + Fax: 507-835-6287 + www.johnsoncomp.com
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JOI'lNSON SMA - 50 Ohm Connectors

Components’
INCHES (MILLIMETERS) Speciﬁcations

CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

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

REFERENGE PLANE
08810058 {2.24340.13) — [=— - e— 0761002 (1.5330.05)
(8000 (O.06-0.555 —eilem @181 (4,600 MIN— —~fle— .000-.010 (0.00-0.25)
@.212+£004— —|[=— .00C-.010 (0.00-0.25)
000 MIN - —f|f=— (5.3820.10)
HEX .312 (7.92)
| 1/4-36 UNS-ZA
SEE DETAILL
ij b |
T
1/4-36 UNS-2B
SEE NOTE 1
JACK
PLUG N :
—@ 260 (B.35) MAX — L 218 (5.54) MIN
J30 (3.30) MIN [+ —@ 1808 (4.592)} MAX ol 4170 (4.32) MIN FULL THREAD
135 3,433 MAX 71 — 030+.015 (L07640.38)
D30E015 (0.7620,38) e
——f— 005 (D.13) MAX X 45°

REFERENCE PLANE
.080 1.27} MIN

1000 (2.54) MIN
015 <D.38) MIN

i
T gL
©.015 (0.38) MAX FLAT
@ .0355-.0370

{0.902-0.940}

JCI
REFERENCE
PLANE

S

J le—.078 (1.93)

PLUG JACK

VB9 (2.77)

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

JOl—INSON

Components’

INCHES (MILLIMETERS)
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

2-Hole Flange Mount Jack Receptacle - Flush Dielectric

S

r

2% 2.102 (2.59) —.375 (9.52)}=—
.065 (1.65) —— I——

§

@.625 (15.88) (6%, 480 (12.22) _f_

g

@.050 (1.27)

JW

VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED

VSWR: NJA  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 (12.70)7———‘ 065 (1.85)—= |—v

@.036 (0.91)

4% ©.102 (2 59)—\

I

+
el
+

+
P—X

2.050 (1.27)

b

}_£

0.340 (8.64)

VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED

VSWR: N/A  0-18 GHz 142-0701-631 142-0701-636

.200 (5.08)

2-Hole Flange Mount Jack Receptacle - Extended Dielectric

/—2)( @.102 (2.59) "B

"AY 375 (9.52)

iy E
@.625 (15.88} JGD 480 (12.22) Ll:
E} @162 (411
@.050 (1.27)
_’223 (5.66) 065 (LGE)——I L—
VSWR & PRODUCT GOLD NICKEL
FREQ. RANGE SERIES PLATED PLATED A "g"
VEWR: 115+ 021(GHD)|  groce 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 «
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JOI—INSON_ SMA - 50 Ohm Connectors

Components’
INCHES (MILLIMETERS) Panel Mount

CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

4-Hole Flange Mount Jack Receptacle -
Extended Dielectric

0.500 (12.70) I "A" 375 (9.52)
0.340 (8.64) "B"

©.050 (1.27)—\_§E 6} |
. Q|| =
- : H @162 (4.11)
065 O 651——] L—
4X @102 (2.59)

VSWR & PRODUCT GOLD NICKEL

FREQ. RANGE SERIES PLATED PLATED A" g
VSWR 115+ 021(GHz)|  praee | 1921701121 | 142:1701-128 | 705(17.91) | 50 (14.99)
13 Bk 142-1701-041 | 142-1701-046 | 190 (4.83) | .095 (2.41)

4-Hole Flange Mount Jack Receptacle -
Extended Dielectric

0.375 (9.63) | f——.705 (17.91—~{.375 (9.52)
0.250 (6.35)— ~— 590 (14.99) —~
- =)
‘ y @.050 (1.27)—& |
J‘Wﬂ‘, @ =
J
.
4% @.067 t1.70) @.162 (4.1
065 (1.65) L
VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR: 115+ .02 f(GHz) 0-18 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 johnsoncomp.com
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SMA - 50 Ohm Connectors Jgol;lgggtl\i

CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

2-Hole Flange Mount Plug Receptacle -
Extended Dielectric ARG MB48) 499 (1267

223 (5.66) 330 (8.38)

f
j 481 (12.22) L:

@.050 (1.27)

&.162 (411

065 E1.65)——| I-—

312 (7.92) HEX

2X @.102 (2.59)

VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR: 115+ .02 f(GHz) 0-18 GHz 142-1801-041 142-1801-046

4-Hole Flange Mount Plug Receptacle -

Extended Dielectric 490 (12451 499 (12671
0.500 (12.70) 330 (8.38)

0.340 (8.64)

J‘ 2.050 c1.27)~§£9—€”}' ! i

&:{ A —
VR -
g @162 (41D [
4% @.102 (2.59) 065 (1.65)—= |=—
; 312 (7.82) HEX
VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR: 1.15 + .02 f (GHz) 0-18 GHz 142-1801-031 142-1801-036

2-Hole Flange Mount Jack Receptacle -

Extended Dielectric 75 (4.44) 375 (9.52)f—
2X @102 (2.59) 125 (3.18)
@.010 (0.25) M
v [
@ .625 .481(12.22) }7=|
A‘MA-
k 2084 (213 H
GOLD PLATED NICKEL PLATED 293 (5.66) 065 (1.65)——1 L_
142-1701-201 142-1701-206

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

INCHES (MILLIMETERS) Panel Mount
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

4-Hole Flange Mount Jack Receptacle -
Extended Dielectric

0.500 (12.70) 175 (4.44) 375 (9.52)
0.340 (8.64)——I——~T 125 (3.18) }
QI @.010 (0.25)
t‘%
S }—=|:
%] 084 (2.13)

.065 (1‘65)4—1 L—

GOLD PLATED NICKEL PLATED Dy Fal2 G205

142-1701-191 142-1701-196

4-Hole Right Angle Flange Mount Jack Receptacle

180 (4.57) 505 (12.83)
0.500 (12.70) — 380 (9.65) p=—
0.340 (8.64) 085 (1.65)—— |—
N @62 @an - /_%ETF;E?E
E ©.036 (0.91—| N >
- % | Sm—
L - ‘ & | 595 (15.11)
- - 460 (11.68)
=" B.050 (1.27)
065 (165)— |-

VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR: N/A  0-18 GHz 142-0701-701 142-0701-706

4-Hole RA Flange Mount Jack Receptacle -
Extended Dielectric

705 (17.91 505 (12.83)
0.50¢ (12.70)— 590 (14.99)—= .380 (9.65) |—
AR S S =
QNE_PIECE
— CONTACT
R @.050 (1.27)— } 1 z
iy | %‘f’: '
v
. \—rf:# X 595 (1510
G162 4.1 A4BO (11.68)
GOLD PLATED | NICKEL PLATED 4% G102 (259 o (1‘65,__1 L_
1424711-001 | 142-1711-006

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 RA Flange Mount Jack Receptacle -
Extended Dielectric 90° Orientation

—& 625 (15.88) .705 (17.91) .505 (12.83)
:‘ [—.481 (12.22)—‘“ l-.590 (14,99)—= 380 <9.BS}|-— 8BETF.;\ICE?E
—_ 5 } I -
‘ 223 {(5.667 -l_ ,C\'l/
' 4{ —I— X 595 (15.11)
2X ©.102 (2.59)  ©.162 (4.1 L 460 (11.68)
90 2.050 (1.27) 065 (1.65)—
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 (12.83)
-~ .590 (14.99)—=.380 (9.69) —
2.625 (15.88) 223 (5.66)
ONE PIECE
481 012.22) F :ly CONTACT
,_l l
\c) 595 (15.11}
2% B.102 (2.59) . ’ ’
@162 (411 480 (163
@.050 (1.27)
) N %
GOLD PLATED | NICKEL PLATED
142-1711-021 142-1711-026
2-Hole RA Flange Mount Jack Receptacle -
Extended Dielectric -45° Orientation
705 (17.91) 505 (12.8%)
580 (14.99)—={.380 (9.B5} =
.223 (5.68) .625 (15.68)
ONE PIECE
. /\ ( CONTACT
. ?»-r;kmf ﬁl—'—]_ '
7 - g E— | S
- T 595 (15.11)
@.162 4.1 j‘ 480 (11.68)
@.050 (1.27» 22X @.102 (2.59)
065 E1.65)—-—| |—-—

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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L1 MIMO (Maltiple Tnput Multiple Output) 2 wosa dmsuldamlu
tuaMuduaun$ats (Ultra-Wide Band: UWB) iinseaiums 1o
guAMud 3.1 GHz B4 106 GHz @woimagneoniunain i
~ AV Y md A ' a sy @
715097HA FR4 Tim lad@anein () vfy 4.3 @890 1A IAuy
W _ 3 v = £l a
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Agilent PNA Network Analyzers 37U BS363B 43 ldunuaiaiindne
5984 GHz (2.5 GHz-109 GHz) Aadludasadmuuudiaiviiy
~ ' & ~
125.37% Hfienumauninszaeniulunouaesion uaziimas

msveteludanud I ousid 2 dei
fdday: Fea ML MIMO, 11un1uBuauniNG: (UWB)

Abstract

This article propesed the analyzing and designing of MIMO
anterma for two ports, using in Ultra-Wide Band (LWB) system with
the frequency resonant between 3.1 GHz to 10 GHz. This antenna was
fabricatcd on FR4 substrate with diclectric (E') 4.3 and the compact size
of 80 x 38 mm’ dimensions. The result of his study measured by
Agilent PNA Network Analyzers for E8363B scrics, with 8.4 Gllz (2.5
GHz-10.9 GHz) or 12537% of bandwidth. The electric field

propagation is bi-directions and 2 dBi gain in frequency resonant.
Keywords: MIMO antenna, Ultra-Wide Band (UWB)
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Maximum Likelihood Estimator of SNR for QAM Signals in AWGN Channel
Nida Ishtiag and Shahzad Sheikh (NUST College of E&ME, Pakistan)
The signal-to-noise ratio (SNR) is unknown to the receiver in most wireless communication
applications, and its estimation is often required. This paper deals with the estimation of SNR
in a wireless communication system employing quadrature amplitude modulation (QAM)
signals in complex additive white Gaussian noise (AWGN) channel. The estimator has been
designed using the maximum likelihood approach for data-aided scenario. The Cramer-Rao
lower bound (CRLB) has also been derived for the estimator. The results have been observed
for different square and cross QAM constellations, and for different packet lengths. The
obtained results confirm the efficacy of the ML estimator with respect to CRLB.

Development ef Circular Ring Antenna for Mobile Broadband Systems
Peuv Poch and Paitoon Rakluea (Rajamangala University of Technology Thanyaburi,
Thailand)
This paper presents a development of circular ring antenna for mobile broadband systems. The
antenna is fed by a 50 ohm with two-port micro-strip line elements. The dimension size of
antenna is 38 mm x 80 mm with low-cost FR4 substrate. The simulated and experimental
result achieves the average gain about 3 dBi that covers the frequency range 3. 1GHz-10.6GHz.
The antenna has correlation coefficient average less than 0.1. For far field radiation patterns is
omnidirectional in XZ-plane and bi-directional in YZ-plane. The experimental results are in
the same trend with the simulated ones. This antenna is suitable for Multiple-Input Multiple-
Output (MIMO) covering a UWB applications.

Step Track Algorithm Using in Free Space Optics
Nuttapon Nakarach (King Monglut’s Institute of Technology Ladkrabang, Thailand); Panarat
Cherntanomwong (King Monglut’s Institute of Technology Ladkrabang, Thailand)
Free Space Optics (FSQ) are going to be popular in the communications system, including
commercial, military, and also in deep space communications, due to the higher bandwidth and
data rate compared with the microwave communication. There are many factors to make the

FSO system more efficiency. One of them is the alignment of the transponders. In this paper,
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Development of Circular Ring Antennas for
Mobile Broadband Systems

Paitoon Rakluea and Peuv Poch
Department of Electronics and Telecommunication Engineering,
Faculty of Engineering. Rajamangala University of Technology Thanyaburi,
39 Mool, Rangsit-Nakhonnayok Rd., Klong6, Thanyaburi, Pathumthani, 12110

Abstract—This paper presents a development of
circular ring antennas for mobile broadband systems. The
antennas is fed by a S0ohm with two-port micro-strip line
elements. The dimension size of antennas is 38x80mm’
with low-cost FR4 substrate. The simulation and
experimental result achieve the average gain about 3dBi
covering the UWB frequency range 3.1GHz-10.6GHz. The
antennas has correlation coefficient average less than 0.1.
For far field radiation patterns is omnidirectional in XZ-
plane and bi-directional in YZ-plane. The experimental
results are in the same trend with the simulation ones. This
antennas is suitable for Multiple Input Multiple Output
(MIMO) fulfilling in UWB applications.

Keywords—circular ring antennas; mobile broadband
system; correlation coefficient; MIMO,; UWB

L
MNowadays micro-strip antenna 1s widely used specifically
in the high frequency wireless communications. In addition, it
has some more features such as small size. light weight and
low cost. Due to these specifications many researches and
micro-seript  antennas  were  developed  continuously.
Meanwhile, the data communication evolution technology has
also developed rapidly. The Federal Communications Comm-
ission (FCC) in the United States has essentially regulated the
standard applying for Ultra Wide Band (UWEB) in the frequ-
ency range from 3.1GHz to 10.6GHz, with an effective isotro-
pic radiated power (EIRP) spectral density of 41.3dBm/MHz
for communication applications. By using this standard, the
users are able to transfer large amount of data i.¢. high speed.
short range wireless communications, remote sensing, imaging
radar, and localization applications. Moreover, [1] in order to
enhance the communications stability it 1s developed the
MIMO antennas (Multiple Input Multiple Output) by using
multiple antennas in both receiver and transmitter to increase
the speed of data on the resonant [requency as well as enhance
the capacity of the channels.

INTRODUCTION

There are many different structures have been proposed to
meet the requirement of the impedance bandwidth for the
UWE systems. The circular dise, rectangular and octagonal
antenna are reported in [2]-[4] respectively. However to
achieve the MIMO antennas operated over a wide impedance
bandwidth ranging in UWE and the techmque to enhance the
efficiencies of the antennas are discussed in [5]-[7].

This paper proposed a study of a compact antennas using
micm—:;lrig feed line in two-port with dimension size is
38x80mm” on FR4 substrate [7]. This antenna systems also

978-1-4673-7863-5/15/$31.00 ©2015 |EEE
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have very low correlations and mutual coupling, so they can
provide good diversity performance. Moreover, this MIMO
antennas has successful for high bandwidth operated in the
range of UWB communications with the dimension size is
smaller than [7]. This proposed antennas are simulated and
measured on the important parameters such as reflection coeffi-
cient (Syy, Sy, correlation coefficient, mutual coupling (S;;,
S12). gain, current density, and radiation patterns.

II. ANTENNAS DESIGN

The structure of the antennas elements have been fabricated
on the FR4 substrate with a thickness of 1.6 mm. dielectric
permittivity (er) of 4.3, tangent loss (tand) of 0.02, copper
thickness of 0.035 mm, and lead of conductor material (copper)
of 5.8x107 5/ m.

The design started with a prototype antennas where the

length of feed line which can be found by relation of Ag/4

by using the frequency of 3.1GHz [8]. and
(?‘-g”*ln/{_cerr) y using the frequency [8]

the width of feed line found by characteristic of input
impedance (Zg) of 50 ochm as shown in the equation (1).
120m

7‘ pa)

0 Wt (w
e | 11.393+0.667In| — +1.444
efl| 4 h

When the radius cireular (1) can be found 1n eqguation (2)
and (3) as follow:

M

1
2h F 2 -
r—F-[l+ In{n +1.7726 ‘ 2 @
1 ks 2 |
F:s_?mxlu‘)
rrJ; 3

Then, the antennas structure was further development in
order to get a specific prototype antenna which consisted of
four steps as bellow:

1. Adjusting the radius (1) of circle to enhance the reflection
coefficient (S;;=-10 dB).

2. Adding small circles with bridges connected functioning
as a filter of antennas [7].
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3. Expanding size of the Printed Circuit Board (PCB) in
order to add one more port to make two antennas ports.

4. Adding the core between the both ground planes to
minimum mutual coupling and to reduce reflection coeflicient
[8-10].

Then, adjusting the optimization parameters of the antennas
to obtain a reasonable feature as shown in figure 1.

y@—=¥

Fig. 1 The structure and geometry of the proposed antennas,

III. RESULTS AND DISCUSSION

From the proposed antennas parameters, it was simulated
with CST Microwave Studio and measured by using Agilent
Network Analyzer for E8363B series.

In figure 2 shows the fabricated of proposed antennas with
the compact dimension size of 38x80mm’on the low-cost
substrate type FR4. Tigure 3 depicts the reflection coetficient
(811, S2<-10dB) comparison between the sunulation and the
measurement of the fabricated antennas. The result shown that
the measurement of the [fabricated antennas achieved a
bandwidth of 8.4GHz (2.54GHz-10.9GHz), thus fulfilling in
the FCC requirements for UWB system (3.1GHz-10.6GHz).
‘While the mutual coupling can be observed by S;; and S,
parameters is less than -15dB as shown in figure 4 with a
bandwidth that close proximity to both simulation and
measurement antennas of 1GHz-12GHz.

=TT

Fig. 2 The fabricated of proposed antennas.
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Fig. 3 'The comparison of reflection coefficient {8y, S;;) between simulation
and measurement antennas.
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Fig. 4 The comparison of mutual coupling (S;,, S;2) between simulation
and measurement antennas.

The diversity of antennas system can measure by the
correlation between the two elements. It is important (o
cvaluate the diversity capabilities for MIMO antennas.
Generally, [10] assumed that the correlation of antennas with

& less than 0.5 are able providing significant diversity

performance. However, the correlation coefficient can be
caleulated from S-parameters by using equation (4). As shown
in [gure 5 the correlation coelficient of simulated and
measured of proposed antennas. The measured value shown
that the average correlation coefficient is less than 0.1
throughout the resonant frequency.
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07 A/m"2 (log)

08 —s— Simmulated|
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Correlation Coefficinent

2 4 a 8 0 12

Fig. 5 Correlation Coefficient.

Figure 6 shows the surface current distribution at the
frequency of 4GIlz, 5.8GIHz, 6.5GIz, 7GHz, 9GIz and
10GHz respectively. It can be seen that the current density is
mainly distributed in the feed line and around the circulars of
both ports. But all frequencies show that less current has been
attracted to the adjacent element, eventually reduced the mutual
coupling effect and increased the radiation efficiency as well as
operated the appropriate gain in MIMO antennas for UWB.

it

Fig 6 Simulated current density distribution at (a) 4GHz
(b) 5.8GHz (¢) 6.5GHz, (d) 7GHz, (¢) 9GHz and (f) 10GHz, respectively.

Figure 7 presented the radiation pattern of the proposed
antennas in 3D at the [requency ol 4GHz, 58GHz, 6.5GIz,
TGz, 9GHz and 10GHz respectively. Tt is seen that the
radiation patterns are bi-directional. The antenna achieves the
average gain around 3dBi covering the frequency range of
3.1GHz-10.6GHz.

front view side view

©) (a)

532
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: . . front view side view
front view side view

Fig. 7 Simulated radiation patterns in 31 at (a) 4GHz, (b) 5.8GHz,
(¢)6.5GHz (d) 7GHz, (e) 9GHz and (f) 10GHzZ respectively.

IV. CONCLUSION

This paper proposed a two-probe excited circular ring
anlennas for MIMO-UWDB applications. The analysis is
conducted by using transmission line model. The design
process 1s 1o choose a suitable radius of the ring for a two-
probe antennas. The operational characteristics of the prototype
anlennas at the frequency between 3.1GHz-10.6GHz are
measured and compared with simulation results. The antennas
achieved mutual coupling 8;;, S;2<-15dB. It is evident that
front view side view these results are in good agreement. This antennas is suitable

(c) for mobile broadband systems.
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Abstract

This paper proposed a compact two-port circular ring antenna for
MIMO-UWB applications. The antennais fed by a 50 ohm with two port
tnicrostrip line elements. The dimension size of antenna is 38 mm x 80
mm with low-cost, fabricated on FR4 substrats. The sirnulated and
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