%4 o U o 4’
ﬂ1§ﬁﬂ’§3ﬂﬂﬂu%1ﬁﬂlf’)ﬁﬁ1ﬂﬂ1ﬂ1ﬁ!!ﬂ’Ja1ﬂ‘]J!%Q!‘V‘lﬁ!!‘ﬂ‘uﬁ'f’)\‘i‘uu‘i’iﬂu1ﬂﬂuiﬂﬂ

Tolassadamiialnsaaznsougnifnsesan

weana #N¥am

a a Jd 2 & (Y] a w a
InentinusHiluaiuvtisvesmsfnmmunangasiFyanInanssumansuradia
) )
191331380350 NIANUIAN
a U =S =
unIngnagnaluladgsins

Umsanu 2560



SIDE LOBES LEVEL REDUCTION FOR SLOTTED
PHASED ARRAY ANTENNA BY USING CAVITY-

WALLS AND WEDGE CORRUGATE FRAME

Sapol Narachotika

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Telecommunication Engineering
Suranaree University of Technology

Academic Year 2017



¥ Y oW A ] Y o d' Y
ﬂ1saﬂ§zﬂuw“m1amaaa1ﬂa1mﬂummﬂmmzﬂmmmmuu‘namﬂauiﬂsﬂﬂv

TnssaSmilalnsaaznsaugnyfniedan

a

a [ v o ¢ o A J 5
wanedemaluladgsuid eyald Itinineinusmiuidudiunilevesmsing

q

amunangasIgauniadia

QQ;uuP/

@, 3. dun wiluds)

a a a o I
59903MsuArheImmMsuazNaaNuluaina

a a 4
AUSNITUNTADUINYIUNUTD
el

da o
(3F1. AT.UUANNYN Q"V]Tiﬁf}ﬁ)

1J5L51UNTTUMS

(591, A5.590558 WATITTA)

I a a <
NITUNIT (@']miﬂ‘lﬂﬂgﬂ‘}ﬂ’lﬂﬂ'm ‘W‘L!Ti)

4 Jd a a
(3e1. 3. 7PN WQﬁL"l]iﬂJW']ﬂ!“]fﬂ)

AITUNIT

Yo S/

o o A o,
(5. 5.9. A5.AUATT seeme)

v oA

AaUAdNInITIAINTSUEAS



awa us11¥AM : MInAsTAUYINVBIEIMALD ISR LT AN AU BIUUTINN
anuTngld Tassadamis Tnsauagnsougnyniesdy (SIDE LOBES LEVEL
REDUCTION FOR SLOTTED PHASED ARRAY ANTENNA BY USING CAVITY-
WALLS AND WEDGE CORRUGATE FRAME) 810156711/3n11 :

¢ v ¢ ¢ ¢
TONFMITN T8 AT.33I0T9A WATTIA, 154 ﬂﬁ}'l

Tuifiafumsesnuuuasermanuuiiianield 1adas1vey (gain) Ngaiinagsild

'
' [ o 9

P~ a 9 . a Y v Y
180 1MAN0ONUUDTAUUTINDN (side lobe) NGBy uazi Il umsaiedyae
A o Y a a o Y o 7 v Y . )
sunau niem ldifannudanatalunisiinuld dsiuszauydis (side lobe level) ¥
o < ' A 4 a A 4 o
anudagdlued1ate iesnndse@niamlussuusais (radar system) a1u15090 14 Tag
anuutudr lumsaaarndvine dedhruesgdwnisnydialinnuussvesdgyn 1w
4 [ o 4 o 1 {a Aa

WIANTYHED (main lobe) azannsavhldisariseydwrisveuihvinshdeawianainla
[ g’l 9 A [ ] &' A 9 9 o i
dofumsaaanuusayie laoinnuussvesynan luasauiesseziamnsa ldau ladum
a 1 A Aa A o a o - o
Auudasainlszaniamvesszuaas laaultell Idinduenmsesnuunuazadig
aemeuuuesuueihaauuas ldhawemeuuusssuuneihaduwihmsdauniday
a 4 A o I o 4 a
@alar (phased array) o udavee I nIuE i i szuusaiawisedaaudmne1a

Q’ 3 g’l o U o 5 a 1 i o ¥ l 4
Tnatstiu MmiuvhasaaszauydevesasematassauEwlauuusesuuiethnfuden
tuungdmsuniidsuuiifienis Taen1sldInssad1awia Tng (cavity wall) tagnsougnin

27 d'

0903 (wedge corrugate frame) (o 1% IatwugUmsuniidsndesns lao ludsvvunavessesuy

a 1 ) A o [ Jq 9 S A A a A Aa
Aaenau dnsulsggnd g luszuusans emivdszdnsnmlunisaaninuazszy

v
=

o ' Y . o 5 A a ] 2 A
m!,muwmrﬂmuw%uuuﬂmmmuiﬂam%zmﬂummﬂmmﬂmma"luaﬂm FINAINUD

1d1uegn 10 GHz

MU13I3An3 54 InsauuIawy Ao YUNANEN R

.
4 S
msfinm 2560 Moiero01IINUT NI W/




SAPOL NARACHOTIKA : SIDE LOBES LEVEL REDUCTION FOR
SLOTTED PHASED ARRAY ANTENNA BY USING CAVITY-WALLS
AND WEDGE CORRUGATE FRAME. THESIS ADVISOR :

ASSOC. PROF. RANGSAN WONGSAN, D.Eng., 154 PP.

SIDE LOBES LEVEL/SLOTTED WAVEGUIDE ANTENNA/CAVITY WALLS

The side lobe level is very important because performance of radar application
measurable by accuracy of tracking target, when target is in position of side lobe while
it has power over main lobe, thus the radar specify mistaken for target possibly, so the
side lobe reduction but main lobe is not decreased for the radar is not reduce operating
distance, thus The performance of radar application is enhanced. This thesis presents
technique for gain enhancement by using phased array waveguide and adjusting side
lobes level for slotted phased array by using cavity walls and wedge corrugate frame
covered on waveguide slots. which the radar should to tracking longer distance target,
and then adjust side lobes level slotted phased array antenna by using cavity walls and
wedge corrugate frame to adapt for required radiation pattern without dimension
modification of slot for supporting the radar application for enhanced performance of

accuracy of tracking and specify target. It designed for operating frequency at 10 GHz.
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Type Farfield
Approximation  enabled (kR »> 1)
Monitor farfield (=10) (1]
Component  Abs

Output Realized Gain
Frequency 10

Rad. effic. -0.1057 dB

Tot effic. -2.037 dB
rizd.Gain 5.253d8
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Type Farfield
Approximation  enabled (kR >> 1)
Monitor farfield (=10) [1]
Component s

Output Realized Gain
Frequency 10

Rad. effic. -0.1057 dB

Tot. effic. -2.037 dB
rizd.Gain 5.253 dB
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S-Parameters [Magritude in dB]
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Farfield Realized Gain Abs (Phi=90)

0 — farfield (f=10) [1]

/120

Frequency = 10

Main lobe magntude =  9.19 dB
Main lobe direction = 1.0 deg.
Angular width (3 dB) = 80.4 deg.
Theta / Degree vs. dB Side lobe level = -15.5 dB
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Type Farfield
Approximation  enabled (kR >> 1)

Monitor farfield (=10) [1]
Component Abs

Output Realized Gain
Frequency 10

Rad. effic. -0.1191 d8

Tot. effic. -0.5287 dB
rizd.Gain 9.187 dB
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Farfield Realzed Gain Abs (Phi=0)

0 —— farfield (f=10) [1]
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Mann lobe magntude =  9.19 dB

180 Main lobe drection = 0.0 deg.
Angular width (3 dB) = 37.6 deg.
Theta / Degree vs. dB Side lobe level = -15.5 dB
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S-Parameters [Magnitude in dB]
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Farfield Realized Gain Abs (Phi=90) Farfield Realized Gain Abs (Phi=0)

0 —— farfield (f=10) [1] 0 —— farfield (f=10) [1]
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Frequency = 10
Main lobe magntude =  9.19 dB
Main lobe direction = 1.0 deg.

Frequency = 10
Main lobe magnitude =  9.19 dB
Main lobe direction = 0.0 deg.

Angular width (3 dB) = 80.4 deg. Angular width (3 dB) = 37.6 deg.
Theta / Degree vs. dB Side lobe level = -15.5 dB Theta / Degree vs. dB Side lobe level = -15.5 dB
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Type Farfield
Approximation enabled (kR >> 1) Y
Monitor farfield (=10) [1]
Component  Abs
Output Realized Gain
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rizd.Gain 9.187 dB
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S-Parameters [Magritude in dB]
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Farfield Realized Gain Abs (Phi=90)

—— farfield (f=10) [1]
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Farfield Realized Gain Abs (Phi=0)

38

—— farfield (f=10) [1]

Frequency = 10

Main lobe magnitude =  9.19 dB
Main lobe direction = 1.0 deg.
Angular width (3 dB) = 80.4 deg.
Theta / Degree vs. dB Side lobe level = -15.5 dB
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Type Farfield
Approximation  enabled (kR >> 1)
Monitor farfield (=10) [1]
Component Abs

Output Realized Gain
Frequency 10

Rad. effic. -0.1191dB

Tot. effic. -0.5287 dB
rizd.Gain 9.187 dB

Theta / Degree vs. dB
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Angular width (3 dB) = 37.6 deg.
Side lobe level = -15.5 dB

[l a3
(V) UV UINLUKAN

319 3.43 npugIMsuHmaveIEIsIMIALLUI 0 UUNOIIAAY

(19528 N NTENINTOUNIND 20 Haales

31 3.44 W5 1HiwESVEIEIBOINIADVTEIUUNDIIAAUTIUIY 2 509



39

o a o ~ ' A S YA
NN IRIWAMLWIT RS Naad g 3.44 wua arwds Taud lane
v 1 'd
9.97 118z 10,53 GHz TaeN anuds Tsusm i1 997 GHz Haduilszans msasiound umny -12.35
] ] Pl ]
dBuazianudauleie 10 GHz imduilszans msdzdounduminiy -1046 dB awanslugali 345
1T o U d'

2 1 o a £ 9 wd‘ﬂ)?xl/wdld' a A A Y v
C]Nf"l"IﬂﬂJ‘]Ji%ﬁ‘Vl‘ﬁﬂﬁﬁ%‘i/l’f)uﬂaﬂﬂnlﬂuuﬂQﬂJﬂWI qqmu”lﬂ l,ﬂJE’JWi]Tim"ILL‘]JTJETJﬂﬁLLNﬂWENVI qﬂﬂ\i

{ 1 Q) a o 1w
Llﬁﬂ\ﬂ‘ug ']Jﬁ 346 N1 WUz ﬁmmmzﬁomwmﬂm 1M1 9.19dB

S-Parameters [Magnitude in dB]

70 IAVaSE RN — 2
\
\

-10 \/

-15
20 1+ T B s V -----------
¢

9 [10]

Frequency / GHz

[

g i1
345 3J']J5$ﬁ‘VI‘ﬁﬂ”Iiﬁ$ﬁﬂuﬂﬂﬂﬂl’ﬂﬂﬁTﬂ@Wﬂ'lﬁu‘U‘Ui@ﬂ1J1!1/]6131?151!511!1]1! N

=).

71

Farfield Realzed Gain Abs (Phi=90) Farfield Realzed Gain Abs (Phi=0)
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Type Farfield
Approximation  enabled (kR >> 1)
Monitor farfield (=10) [1]
Component Abs

Output Realized Gain
Frequency

Rad. effic. -0.1191d8

Tot. effic. -0.5287 dB
rizd.Gain 9187 dB
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Farfield Realized Gain Abs (Phi=90) Farfield Realized Gain Abs (Phi=0)
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Monitor
Component
Output
Frequency
Rad. effic.
Tot. effic.
rizd.Gain
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Farfield

enabled (kR >> 1) b4

farfield (=10) [1]
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Realized Gain
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Type Farfield
Approximation enabled (kR >> 1)
Monitor farfield (=10) [1)
Component Abs

Output Realized Gain
Frequency 10

Rad. effic. -0.09646 dB

Tot effic -0.1813dB
rizd.Gain 11.29dB
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Type Farfield
Approximation enabled (kR >> 1)
Monitor farfield (=10) [1)
Component  Abs

Output Realized Gain
Frequency 10

Rad. effic. -0.09646 dB

Tot. effic. -0.1813dB
rizd.Gain 11.29.dB
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Approximation
Monitor
Component
Output
Frequency
Rad. effic.

Tot. effic.
rizd.Gain

Farfield

enabled (kR »> 1)
farfield (=10 [1]
s

Realized Gain
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Type Farfield
Approximation  enabled (kR »> 1)
Monitor farfield (=10) [1]
Component Abs

Output Realized Gain
Frequency 0

Rad. effic. -0.09554 dB

Tot. effic. -0.1778dB
rizd.Gain 11.29d8
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Type Farfield
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Type Farfield
Approximation  enabled (kR >> 1)
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Type Farfield
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S-Parameters [Magnitude in dB]
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S-Parameters [Magnitude in dB]
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S-Parameters [Magntude in dB]
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S-Parameters [Magnttude in dB]
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Farfield Realzed Gain Abs (Phi=90) Farfield Realzed Gain Abs (Phi=0)
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Farfield Realzed Gain Abs (Phi=90) Farfield Realzed Gain Abs (Phi=0)
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Farfield Realzed Gain Abs (Phi=90) Farfield Realized Gain Abs (Phi=0)
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Farfield Realzed Gain Abs (Phi=90) Farfield Realzed Gain Abs (Phi=0)
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P. (dB) = P, (dB) + G, (dB) + G, (dB) — L (dB)
Tavfinsrilinenndaegluniiae dB

G, (dB) = P. (B)- P, (dB) - G; (dB) + L (dB)

P, (dB) = 0dB, P. (dB) = -26.77dB, L (dB) = 54.72 dB , G4(dB) = 16.7 dB,
L, (dB) = 8.5dB

G, (dB) =-26.77dB—0dB—16.7 dB + 54.72 dB + 8.5 dB
G, (dB) = 19.65 dB

Taaisremnsoagiaaie 1dTuansed 4.3



140

m31eh 43 manfeuifsugudnyazvesameemeamIsAuFulmwDiewuo A uA UL

A Tasead s Inssmmnenagnseugnilnsesan

HAINN1TT1A0 HAINNTIANAT DU
mdulszans msaeReundURAMA 10 GHz -28.18 dB -29.92 dB
ﬂ'smﬂ'fﬁmmummﬁGluﬁ'u—??uqﬂ fi-10dB 9.969—10.03 GHz | 9.945— 10.059 GHz
arunauoy i -10 dB 61 MHz 114 MHz
GIEPRRTERL 19.6 dB 19.65 dB
sauyteszuauw i -19.8 dB -19.13 dB
seuNTeTINUAUIIIKAD -20.5 dB -20.18 dB
ANVUTINHANNEUYHA 29.79 dB 30.42 dB
annagnauszanuau Wi 19.4 degree 20 degree
mwmi’nﬁmﬁmzumaummjmﬁﬂ 17.2 degree 15 degree

< 1w ° 1w
1M343 i la118a519818Ue 1180 1MANINIDDTIABIZININBATIVEUDS
Y

A8 IMARUUVDIINGY 0.5 dB tagszaundszinuau lihvesmeoimedunnmiugs
1 o 1w 1 @ o @ I
ANEEEIMANNUULT a0 N 0.67 dB uaravnmsianadeunduiluliawiaglszadn
Y ¥ o 1o o ) o @ A Y
iwesmsnniszms nimihuuugdmsudidawnleuieuny dwaaslugii 4.14 uds

= 1 J Y v d‘
Wansaagdmann laaaluasm 4.4

6 = 0degree

———— SW

sseme STW--CW

m——  SWH+CW,WF

—-135 135
Y

180 X

1 <3
(M szunvauy T (V) FLUNVTUILIAN

57 4.14 nisvdsunugimawiawesssoimaomaudnuFaaT oo AU
AUILIL (SW) eneemAeeMaLaId wFwlauUus osuunehnauA LU
Tnsead19mnis Ings (SW+CW) Lageneen e oo 1mAun s W uiFalamusosuune

] A 9 o 9 @ 1 A
Wnauanuuuny lnseds NWH\‘ITW‘Nﬂ‘i@‘UQ ﬂ‘lﬁ\!ﬂ‘i 230l (SWHCW,WF)



141

MIA 44 MaSeuiounuanyuzueITee NI INAL IS A LT UdLLUTosUUN 01 nA Y
ALY SeomAaeeIMALDIE LTI osuuethaauAUIUN Y Tnseds 19
MiaTnss nazaeeImedIso I Id A IF ulauuus eeuunoIAA UAUILN Y

TnseademisInsansougnyniosaw

SW SWHCW SW+CW,WF
mdulszans msazfoundui -22.35 dB -24.79 dB -29.92 dB
AR 10 GHz
AN aauANLARudY- 9.951 —10.073 9.937—10.057 | 9.945—10.059
??uz;fﬂ #i-10 dB GHz GHz GHz
arunauan §i -10 dB 122 MHz 120 MHz 114 MHz
DATIVEY 19.19 dB 20.23 dB 19.65 dB
szauytszuaun Iih -11.76 dB -13.79 dB -19.13 dB
seauyTTEIUENIIMAnD -30.6 dB -24.48 dB -20.18 dB
ANUUIINHANNGUNHA 24.56 dB 26.2 dB 30.42 dB
mmn’i’né’mﬁmzmu 16 degree 13 degree 20 degree
a1l
mmn’ﬁ'né’mﬁmzmu 21 degree 13 degree 15 degree
AMNuman

< 1w o v A J 1
NNANTN 4.4 %gl‘ﬂul‘lﬁ}'g199‘]51611EJ”IEJGIJ@\TfﬁEJﬂ'Iﬂ”IﬁﬁRJ@Tﬂ"IﬁLLﬂ’Ja"Iﬂ‘ULGINW\IﬁLL']Jlﬁ@Q'Uuw@
o A 9 a ¥ @ Y A X Y 9 9|
UTﬂQHWULLUUGIng@ﬂ@QWUQIW§\3 DATIVIYNNUU 1.04 dB meizﬂDm%1ﬂi$u1uﬁu1uleW1
] 9
A3 2.03 dB lLagﬁ’lﬂﬂ’lﬂ']ﬁﬁ’lﬂﬂ’lﬂ']ﬁ!lﬂ'Jﬁ']ﬂﬂlclf\uwa!!ﬁ_l‘ﬂi@\Tllu‘ﬂ@ﬁ']ﬂau@gl}ullﬂﬂu'lﬁﬂﬂqwuq

] v Y
Tnsaaznseugny309aL oA WeNBINNIY 0.46 dB tazszauyd wszinuam lwihasas 737 dB

45 ay

[}

1A Y [ a oA 1A k) o 3’1 A A Y A [
m‘w”lﬂmﬂms’m1umaﬂg'umgazﬂ”mllﬂi]wmmumamuummiﬂamm DATIVYY
9

v aany a

{ < o s
ng53ﬂ']ﬂclflﬂﬂﬁhlﬁllﬂullﬂWTN?ﬁi!ﬂﬁgﬁﬂﬂ E‘ﬁll15@15191}\111!1%@5\19]1%?1’311137]@]9\1?“5 RERNI
Y

A Y A o a A g ’o‘ o A o Y
ﬂmﬂmaau'lﬂw 1999 INYa1eY98 91N GU‘L!WWILE]ﬂLLﬂ%u”I‘WLlﬂEU’EN“]51!\111!1/]111’1%?17]1%

@ A ' A a 4o Y A a £ o Y
Eﬂﬂ‘luﬂ”liﬂi%ﬂ@'ﬂllaz'}]ﬂtﬂﬂﬁﬂﬂ ‘ViﬁﬂﬁjuﬂixﬂﬂULWwaﬂﬂT‘WUTﬂﬂﬂﬁﬂ%u@”lu@ﬁ]ﬂ”l‘lﬁ

'
v A

upuzUmsurmai lanaanaon i




UNN 5

U

HHINIMSIDBND

o a

ADIAMUUNIND

(44

a v
5.1  ajlwamsdvy
a a s o AYYo a ' 9 9
Inentinusatiuil TdiuauemsIng e sonuuLIazad NAWOINMARUILILVBIT B0 IMA
o v A ' 1o A ) Y o v A A A
uardauaauuuIesuunenau el lassaimisinsauaznsougnyniesaumeriny
Aa a o 4 I 1
Uszansmmeneomst TaelsTisunsudidagd csT e mdlul Idvesasormawuses
1] v k4 '
vunenay TaesunnmsanyngufidesdudioemaAuuns osuun e N uYNIANIATIIY

@ 9

Y a J To o A % 1 1 <] {
nnmzRuUUgUmsuei 1 eenuiu Wl szauyi Tussinuanumaniige 99

U

o = as o To o A o Y ] 1< =
MmsAny Tl ungmsudmdaneanszauy e lussnumumanas #4910

MANEIMUIINSUTUTZez T2 s BanURINa N easaT s Tumsaasza Uy 19ves
J ' o A Y y = o [ < o v A A A o
oMU esuunenan ld ainiusnindenutluuaduFardamiveinonsvene
d a P4 1o o ] A o A 2 ] ~ A o 9
NAUUIATIEHLDD MRy Nagemel e wenamiuu L ualanwuneszAuN I Iy

(%

9| A = o = an To o A @ 9
sewwau lWihngann Seihmsnsmmi s vy Umsudiidaioanszauydelu

Iy o

9 Yo A = av A [ [ 9
seunuau Tihas PIveldduiumsfneagisensnumsansza Uy auesdeeInIaLn
o v A ' o A Y 9 o v AR ' o
avuFalauunsesuneinaulaeld TaseademiaInswaznseugnynieaay Fanuszauy
9 Y A Y a A o ] e A Y A = 9
luszuuau iihnguivAennmaiesdos wmenenszansesuumenaudufes 3914
Y ' 1] ]
mseenuuutazAnas Inssas e Insaaznseugninsesdy oaamsiFounes waleuen
Taodunamsieuaos wnnanusuaum lwih dwan Idildaunsoanszauydaluszumn

a8 Taenoasvensn'la liaaas

Y Ay
52 vamueuuzlumsIve

NNMIUUAUBNMTAATZA VYTV IMALDITIADIU DI DIUUN 01 IR U Tag 1
Tnsead wmivInsaaznsougnynsesan §Isorisiunnaa 35 MsAN100nIUY SINDINANING
o a a 4 o dy I 4 Aa Y lg}d‘
mamuaxwamﬂmimammm‘nmuWuﬁﬂ‘uuu%Lﬂuﬂiﬂwuuammmwﬂcl,mm@‘nfdu“lﬂ
=y 9 9 ~ @ A A A a 4 1 1 o d' A
ANBIAZAUAILNINUNATAN SIS IUMSNNYTEANTMNE O IMAIUUT DIV UN O INA UKD

meomeszanduaae i



518N1391994

v 1
v A

§ad35A 1AAIIA (2555). 30538 @ME0IMA (WuKinTaN 3), guduianssuuazinalulad
MIANYI, WnINaoma TuTaggsuis.

Zhong Ming Tan and Kirk T. McDonald (2012). Babinet’s Principle for Electromagnetic Fields.
Princeton University, Princeton, NJ 08544.

Fang Qingyuan and Song Lizhong, Jin Ming, GSMM. (2012). Design and Simulation of a Waveguide
Slot Antenna. 5th Global Symposium on Millimeter Waves.

Amer Tawfeeq Abed, (2014). Study of radiation properties in Taylor distribution uniform spaced
backfire antenna arrays. American Journal of Electromagnetics and Applications, 2(3): 23-26.

Hilal M. El Misilmani, Mohammed Al-Husseini and Karim Y. Kabalan, (2015). Design of Slotted
Waveguide Antennas with Low Sidelobes for High Power Microwave Applications. Progress
In Electromagnetics Research C, Vol. 56, 15-28.

Serioja Ovidiu Tatu, Senior Member, (2013). Recombinant Waveguide Power Divider. IEEE
Transactions on Antennas and Propagation, Vol. 61, No. 11.

Jiro Hirokawa, Takehito Suzuki, Makoto Ando, (2008). Non-Iterative Design of a 2-D Array of
Waveguide Slots with Cavities to give Active Admittance equal to an Isolated Slot. Technical

Report of IEICE, AP2008-128, pp.97-102.



MANHIN N.

a d' Vo A A d |l v =
UNAMIFIMIN IS UM IANNTINeNI U2 NANEN



145

d' a d' Yo a A 4 \l v =
‘512]%9‘]]1’]?1’31%3‘[11mTn"lﬂi‘iJmiﬂWNW!Wﬂ!!WﬂHiZT‘i’JNﬂﬂB]

Sapol Narachotika and Rangsan Wongsan “Side Lobes Level Adjustment for Slotted Phased array
Antenna by Using Cavity-Walls Structure”, The 39" Electrical Engineering Conference
(EECON-39), Communication, November 2016, Phetchaburi, Thailand.

Sapol Narachotika and Rangsan Wongsan “Side Lobes Level Reduction for Slotted Phased array
Antenna by Using Cavity-Walls Structure and Metallic Rods”, 2017 Thailand-Japan

Microwave (TIMW2017), Communication Systems, June 2017, Bangkok, Thailand.



madfusdsszauynaudnihwesmenmanaduBarlauvuieslaalflnssereniialngs

Side Lobes Level Adjustment for Slotted Phased array Antenna by Using Cavity-Walls Structure

a o 4 L4 4
awa U 1¥Am uay S9assA NAATIA

dnindnimnssumans awidnimnssuInsaumnay unInndumaluladqsuis

111 0. 38y a.g5u73 0.1di8a uAT31¥EU1 30000
Email : moss_sapol@hotmail.com , rangsan@sut.ac.th

o
unaaee
I Z 3 4
unmuiiiguensaaszaummusmnaududadie
W - . !
Houmnnaunanvesmnoeimeindd wuFarauuuseaurie
<< A . <
vimauTlaoldmiaTnsa avity wall) neuumommeniusoa lu
aAnn IdihmssiaenadioTusunsudii ag1 CST Micowave

studio TaomsuSuuwnvessialnse tive v Iduwug Unisus

o 4y

" e 7 o
Masiiaesmslaghilivvnavesseauudamierinau wasn
v A
nAmntiszdhulse Tomidmiudoonuuumisins a e
4 2 7 % v 4
amlaoun/asvesdindu uaznamsanszauyaaududiaile
o A o "
ounuyaaumanldedumnz e
Abtract
This paper presents a technique for adjusting side lobes
level for slotted phased array antenna by using cavity-walls structure on
waveguide slots covered. The simulated results will be calculated by
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the appropriated cavity walls for slotted phased array to study
characteristic of the antenna beam in future
Keyword : Slot Phase amay Antenna, Cavity-Walls Structure, side
lobes level
1.umi
I Ve A -
moomauyiesuininauiumoe M
a Buas a4 5
firmaaiionsvnonaziiyaaudmdregs lumsesnuyy
. e Ay & ra 4.
mwenuyseuuethnd udud A YA en1sFens
; y
NWUBNVBINWBINA MIAILAUMSHBUADIINVBIONIABTIAL
" 4 o~ Peomsiars 3
mldunidiesnndwmisvess sseglndnuun nsesnuuy
. ' §
Moo ML Ui eauuinhad uNaIMines amnsndmua
b 4
v ldnnaueaiinuaudvesmoeims Tuumamuiiiuaue
% 4 4 v ave
mseenuuumisIns ey saaynaaudmthaliiuaoema
i a4 2
nseumethaau ¥ wniaTnswzdnan onuendauATYea
. P . S T
MWL UTBUUIAAY FaiNan UMIFouADI WA

Tavit hisuiludean/dounlasiavesrweime

2. vidnmslumseenuuumeeImea
lﬁaaammumummmmus'anmvi aﬁmﬁu Faimua

msiineiae Aumasluzifi 1

T W G s
717 1 mnilmesvesmumeusesuvieThAa
Tumsdnnumsiinedang anwddjiansily
' A 5
finsanie 10 GHzuazlfimhadunnmnasg WR90 Feezii

Wennsornnum /'{g'ln"ﬁ'vuﬁunﬁﬁ o

m

ynaumsi (2) uaz 3) wlFlumssnuvinanny
010D IVUNBINIAAUIAZAIIN I NYBIT BIMNENY
SL=05X% A @
0.0625
SW=ax—— 3)
. . 09 .
Tavhszozvinsznnaiehnauausam ldnnaumsi @)
A
SG=-2 @)
2
¥ . N o o wen T s con vk
Taohszozvinszninisnuumainaunuinavemeinau
fnlvneuns ()
OFFSET =2 x \[sin"1(7) ®
4 s ; ! o
dieNTRNIMIANNUTEHNTENINI BuUN YA Y
o & Do W v ' a 4 )
funnmaehnamiugusomIdnns uealiauaudueio

hnau Aweaalugilin 2

A —

() (v)
307 2 @) soauviohnau () nendauaud




147

&

vz uealauausvesrwmmamnsom i nnaumsii (6)

1
Y= 7 ©
Nxz.o‘?x-’-'ﬁxgx[cos(o.464n%)—cos(0.4641r)]

- A 4
NNAUMSH (6) BN INMIAILAUYAA VBTN
e = g
Yuegiuameniiauandvesmwema Saimsiususrin
i o o od e o ¢ 4
senindewuiehnauiufnarmeimaulaoFaumsms
3 g7 i 4
A15E9LAIV0N Taylor R3zAUAMIISIYAANAIIT I 35 dB (2], [3]
i B , . .4
wuugUmsuRiiaei IRssninuuuieauunednau
4 o
FITHANAZAOIMAIYT B LUTOIAA UTigneBNIULAIY
UMV Taylor Aeasluzalii 3

g
Cil
© °

18 0

(D)
6 (degree)

) 0
=
k| —
]

B

31 3 nfoufouglnsuitdssinmoen
uuuesure AR AU DIY
nernduiioonuuudaodun1sves Taylor
(m Tuszmvany i () Tuszuny
Aumiman

vngIlit 3 szdtuda el dnssnnums sozing
sy et Nt ad U omumsves Taylor sl
Fudrevesmueininanasetiann i eiusasvoosni
meemeuys oswurethadunmeiluoadduue [4]
Faudaslugafil 4

1 4 moommmdEuE i usesuuiownay
nseonuumiTies e ldiannnmla s
5] o muuivesEeMAmE NN uvInAveaHTa Ty
el IRz msusmdsnuiidoans
3. wamsdassaneeIna
nnmssaeauzUmsuiideTusunsud® o)

& o 2
CST Microwave Studio tiieyinseenuuurmiainsahunnawd

3 3. . i e
dnmuumeemmnId WuFuraUUI sauUMeINaY A

usaslugilit s

" ’ "
U 5 () dnuazvewnisinsshesnuuuluuuns
¢
@) mivIwsshunnaaume ey
" . —
Fadmusennmeinau
B e ¥ Y
nmi oA (wi) vesrmisIns shunnaa uds

whsuiounuugnsuiids duaaslugili 6

0 (degree)

Gain (dB)

M)

0 (degree)

Gain (dB)

)
o vo wnd o
76 nfouisunuuglmsusfdadiodiuamm

mvesria s aTuunna (n) Tuszanuy
v @) Tussummmuniman
gt 6 situ IdTudoaanmumn (w1) veamis
Tnsa i liyadudndgaiuasduiuanuganaiui
s liydududian I uiuhutemesszun
Wurmndi (w2 vewrniaTnsshunnaudanf vudioy
Fumadhugifi 7

0 (degree)

Gain (dB)

(W]




148

0 (degree)
1

Gain (dB)

)
o T TR
31U 7 nfoufouugdmsuksd wiledsuanundi

"
voarmiaTnsahuna 0) Tuszunumaih
@) luszsnummuiman
4 e 5
nngulii 7 dieimsdiuanunii (w2) vewnialns
2o 5 :
Tunniu anuusaynaud e lussinaun i 18l
‘e e I T SN ST
uananmnin ualussumnusimandiolfuanuninees
. L X a eav 4oy » A
misinsshumnaannyuiiailiypaud it g wudao
:
aenimiwinsfuanuna (w3) veamiainsalu
5 : .
wnadnfoudivunai 18 duaadluzii 8

Gain (@B)

0 (degree)

Gain (dB)

)

; e wd o
7U0 8 nffsuiownugnsurmdaiieduanuem

:
vourniaTnsahuniand (n) Tussumem i
@ Wuszsummnuuindn
PO R Sy =
nng Ui 8 vuwudulelsuanuevesmiainselu
B el S 5 ol 2
uaaez hideraneynauamdhasaesszinuias S 1dvhns
aaugUiuuns iy Insshunnueu dwaaslugli oudh
3 $a 23
mdaewaTIONAT Mile

(W]

4 > o -
7UM 9 () anvuzvewnis Inssioonuuylunueu (v)

misInsalunnuewuumeemaund wudaa
’ g oo 74
uyuseuNeinau
4 9 v, o
GuaulFuanumin (w1) vesrniaTnse e
4 p
udmfFouivunaveaynauddi dwaaluziii 10

Gain (dB)

()}
; i
71U 10 Wfsuiouuzdmsudiduiiediuaa
nuwesria Insalunuaueu () Tuszuw
il () Tuszumeumauniman
‘.
nngii 10 dehimaiuvioaamumun (W1) vesrnia
4 5
Twsalueunnauinlyl s liyaaudmdugauly
' v 4 A 4
sz s lussinummunimd n dfedumwgaves
" " 4
mialnsalunnueussiszdunnuussynaudmdnanag
v o o4 & 3 2ay
anedwiuiioannugevesisnsshunueugeeiliy
Ay v 2
AauAMI gy
P
yminfuanmndi w2) vesisnsslunnueu uda

da X o

i oui ouramasvesyn AL ITIiAYY Awaaluzli 1

Gain (dB)

Gain (dB)

: 4
U 1 nfoudounuugmsudiduiiodfuamunte
vosndaTnsaluuuaueu (n) luszuin
avn bl @luszinumimusiman
4 A 4
nnjii 11 et eaannugaveamisTnslu
4 K
uwnueumnnawiul sxviliyaaudmdreganluszuy
3 ‘g d 4
mnih Feienlussuwamnimaniinuus ayaau
¥ ' a A 4 a o
andulifanansznuileiimieaannunivesniansa

Tunnueu




149

aommins urmuoTveEnia nsaumm (W3) Aaeain
o4 PooatS :
vierhmauhunnuewdnfouiiourad nas mils damadugii 12

0 (degree)
180 — e

wes

Gain (dB)

0 (degree)

180~

Gain (dB)

(v)
3 1o v A 1o
10 12 nuisuuuugnsudiduiiodiunnuen

vosrniaInsahuninueu () TusznumnyInth
@hszummuniman
& .1 A o A a
nngUii 12 i uduiien My saannuom
(w3) veamia Insaluuwauemnnauinll soiliynaau
¥ X Il - .4
dmdngavluszummm i ud lussuuaumainimén die
ynsmuanuevesmiaTns shauesuihldanun g
4 i 2
fauveRAUMAUAVAazA IS IYAA uA Idheana LAY
2 7 P z 4
dfeimsaammwonvesniansaluuueuaw:ihi yaau
4 -
wanhiffugimsuasinmusaadudmdiaigau
gamoszdlumsiiasanf sudisuuuuzUnsud
o e : . S
MawzninmoeImaunIanudulauuuseswuninay
P " 4 ; A
uuui hlfumeeimeaumidwudaauuysessuriethaau

i :
TactimiaTnsalunnn s dwanaslugifi 13

o g (degree)
2 orgnast

w

e SL VG vtk
ertial Caty

Gain (dB)

0 (degree)

Gain (dB)

i @
31U 13 nhsuiounuugdmsuimasszninaneemmad iy

- g & g 7k g v

ey seameinauwuna hiumoeeimemna
o . i A i g ?
anuFartrius sauviorinauTaotimiaInsalunona
® Tszummum i @ hussummmisivin
gt 13 szdtu 1@ sz haeimeum

o o A . o g ol o o ¥ Yo
dAuFadmuuyseuiainaulaimisTns i

A 3 ' 3 '

muspaudntesmuasidarnehgan e
- A <& '

unadauFaeus sswwierimauumall vaz ludmves
sumumuimanmoenmns wudemuienumeri

4 x a vy oo 2
aauTaoimisInsalunnaniuezi anuisagaaudiudn

g 4 :

mmhmemammIdRuFurUT snmainawm 2l

2 Tiali
iy U uHA s EnINmseIme

o w  a : B cidk & o
upadnuidurauuuseswuieinauuuuna fumoerms
o v : RS »
upadwudaauuus eauvioniwau TaolimisInsalunn 43

uraehugifit 14

0 (degree)

w
ey oty

(0]
3UM 14 nfioudvunuuzumsuimasssnd navema

umduFaauni ssurieihndununialy

fumoeimeunInauFuauuuIsauuiod

aauTaoiimiaTnsaluuuaweu (n) Tuszun

oIy @) luszinumimasiman

nngii 14 szt @ Tussnuma i moenw
umdw UG owrievindu TaoiimisTiss Tuoueu
&uﬂmmuﬂunﬂuﬁﬁuu"ﬁﬁﬁaunimn’i’m’mwmuﬁ&mh
muemAmdwuSaramys sanmehnawwua ) T
i uvosssumimunuuing nv i anuus e udmidiannn
Moo RS atawusenehrdummiahl
4. agwa

nramasansoudioylaoldTsunsusiaeewa csT
Microwave Studio WU WwoIMIADITWLFT ueuusowUTie
vivaudieldmisTnsalunnda s hshnuouiiAi 1.193dB
unzynaudmdIaa0e 1656 B TSR uRMITIYAGY
gnithaiiom summaaundnaany 2849 dB uaziiloniaouinn
vosiia Insanuuenaaeaneinauldifuunueu sl
SaTowanns 0.15 dB nazyaauATITII0ARe 2410 dB YA
sraummusayaaudnidaiofoutmadundnmaii 226 a8
Fofulums@enfinsanlFnudeanfi sufoudedon deid

sz Towiier Wudhumdn




150

1eNa381989

&)

[2]

B3]

[4]

(5]

|

M. Mondal and A. Chakrabarty, “RESONANT LENGTH
CALCULATION AND RADIATION PATTERN SYNTHESIS
OF LONGITUDINAL SLOT ANTENNA IN RECTANGULAR
‘WAVEGUIDE”, Progress In Electromagnetics Research Letters,
Vol. 3, 187-195, 2008

Taylor, T. T., “One parameter family of line-sources
producing modified sin(7Tu)/7u patterns,” Hughes Aircraft
Co. Tech., Mem. 324, Culver City, Calif., Contract AF
19(604)-262-F-14, September 4, 1953.

Hilal M. El Misilmani, Mohammed Al-Husseini and Karim Y.
Kabalan, “Design of Slotted Waveguide Anternas with Low
Sidelobes for High Power Microwave Applications”, Progress In
Electromagnetics Research C, Vol. 56, 15-28, 2015

K. Sakakibara, Y. Kimura, A. Akiyama, J. Hirokawa, M.
Ando, and N. Goto, “Alternating-phase fed waveguide slot
arrays with a singlelayer multiple-way power divider,” Proc.
Inst. Elect. Eng. Microwave Antennas Propag., vol. 144, pp.
425-430, Dec. 1997.

Jiro Hirokawa, Takehito Suzuki, Makoto Ando, “Non-
Iterative Design of a 2-D Array of Waveguide Slots with
Cavities to give Active Admittance equal to an Isolated
Slot”

awa unlwdn swnsAnuIszAY
Yigans amwismanssuInsaunny
nnumInoaomaTuTadqsuis weil
net.2559 Magiiumadsfinuaeszdy
Wigan In evidrmnssy Insmnnmuay
- B W -
Aouames wimedomaluTadgsus
v < < '
30,03, T9a39A A asIA
msfnyszaulS yanes awidnanssy
ad a ¢ o -
dianmsetind aoniuma Tuladswusna
4

i Snonvamind szaulFyanInuazion
¢

muniranss i aoniuma TuTadnse

5 seuindinszunasiviie uay @1vn

Feanssu I Gronssu Tnsmnnaw) saniuma Tulagwszsen

ind1gunmsaiansziia Tagiuiusesmanswisdilszd

asra . st
miinanssu Insaunnay winodomaTuladqau s




2017 Thailand-Japan MicroWave (TIMW2017)

SLL Reduction Technique for Slotted Phased Array Antenna by Using

Cavity-Walls and Metallic Rods
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Abstract This paper presents a technique for adjusting side lobes level (SLL) for slotted phased array by using cavity walls
and metallic rods covered on waveguide slots. The simulated results are calculated by using CST Microwave studio with varied
position of metallic rods to adjust the external mutual coupling of slots to adapt for the required radiation pattern without
dimension modification of slots on waveguide. Finally, this paper has also proposed the design metallic rods for slotted phased

array to study characteristic of the antenna beam in future.
Keyword Antennas, slotted waveguide, side lobe level.

1. Reduction Technique for Slotted Phased Array Antenna
1.1. Introduction

The slotted phased array antennas provide the high gain
whereas it also yields the side lobes from the external
mutual coupling since slots on waveguide very close and
difficult to control such coupling.

Almost the equations for dimension calculation of
slotted waveguide were investigated from Babinet’s
principle [1].The design method for slots was proposed by
Robert S. Elliott formula [2]. The important of design
slots on waveguide is its admittance which affects to the
side lobes, for control active admittance able to done by
design distances of slots offset form the centerline of
waveguide [3]. In phased array slotted waveguide, the
mutual coupling of slots array appear both in the internal
and external of structure [4]. The internal mutual
coupling is able to control with a distance between slots
on the same waveguide but external mutual coupling
coupled between slots of adjacent waveguides which
difficults to control. The cavity walls are used to decease
external and internal mutual coupling with proper
distance between slots increment [5].

This paper proposes SLL reduction technique for
slotted phased array antenna by using modified cavity
walls to enhance distance between adjacent slots at beside
waveguide, it affects to decreases external mutual
coupling and using metallic rods which it is easies
structure for decrease position of high strength coupling

for suppressing side lobes level.

1.2. Antenna design

The single slotted waveguide antenna has a number of
radiated longitudinal slots are 6, which each slot is
0.492, of length and 0.048X, of width, the longitudinal
distance between both of the slots are 0.5, while the
internal mutual coupling reduction, the slots offsetted
from the centerline of waveguide obtained from Taylor
distribution [6], [7].The simulated results of single
slotted waveguide antenna simulated by CST Microwave
studio. The radiation pattern is asymmetric shape, the
forward gain is around 13.2 dB and side lobes level is
-32.56 dB in H plane which the side lobe level is better.

The phased array slotted waveguide by using power
divider [8] consists of four rectangular waveguides. The
results shown forward gain is 19.5 dB and side lobes
level are -12.1 dB, -23.5 dB in the E plane and H plane,
respectively.Such the phased array slotted waveguide
increases gain from single slotted waveguide by 6.3 dB,
and the side lobes in E plane is rather high.

Fig. 1. The model of phased array slotted waveguide
antenna with longitudinal cavity walls.
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Fig. 2. Comparison of the simulated aperture electric
fields at y-z plane (a) without cavity walls, (b) with
cavity walls.

For space increment between slots, the modified
longitudinal cavity walls are shown in Fig. 1, the
longitudinal cavity walls is to only increase distance
between slots at other waveguide. The model of phased
array slotted waveguide antenna with longitudinal cavity
walls was simulated, thus the resulted shown the
forward gain is 20.9 dB and side lobes level are -14.4
dB, -22.6 dB in the E plane and H plane, respectively.
The longitudinal cavity walls are able to increase
forward gain by 1.4 dB and decrease side lobe level
around 2.3 dB. The aperture electric field of phased
array slotted waveguide without cavity walls can be
observed from Fig. 2(a) that the coupling slots at other
waveguide are coupled on the surface of waveguide and
in Fig. 2(b) the phased array slotted waveguide with
cavity wall can be observed that the cavity walls forced
slots to coupling on cavity walls therefore the external
mutual coupling is decreased by increasing distance
between slots.

The side lobes level in E plane of phased array slotted
waveguide is too high. For side lobes level reduction,
the metallic rods are used. It is rectangular rods
structure and small size, for mounting the metallic rods,
the metallic frame is used it is shown in Fig. 3. The
metallic frame has a 0.8, height and outer frame bigger
than inner frame about0.1X,, and placed on the surface
of cavity walls.

Fig. 4. The model of phased array slotted waveguide
antenna with longitudinal cavity walls and metallic frame.

(a) (b)
Fig. 5. The simulated aperture electric fields of phased
array slotted waveguide antenna with longitudinal cavity
walls and metallic frame in (a) x-y plane and (b) y-z plane.

The phased array slotted waveguide with longitudinal
cavity walls and metallic frame is simulated with CST
software. It can be observed the position of highest
coupling strength by using aperture electric fields in Fig.
5(a), the elliptical line is high aperture electric fields
across the waveguides, It can be observed that area has
high external mutual coupling.

a

Fig. 6. The model of phased array slotted waveguide
antenna with longitudinal cavity walls and metallic rods.
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Fig. 7. The simulated aperture electric fields of phased
array slotted waveguide antenna with longitudinal cavity walls
and metallic frame in (a) x-y plane and (b) y-z plane.

The metallic rods are placed at high coupling position
and parallel with vector of electric field and while the
model of phased array slotted waveguide antenna with
longitudinal cavity walls and metallic rods are shown in
Fig. 6. The metallic rods are 0.2, of length. The
simulated results, the aperture electric fields at high
coupling area is decreased which shown in Fig. 7(a). For
useful metallic rods should not be placed too high or too
low, it can be observed from aperture electric fields as
shown in Fig 7(b), in circular line of the electric fields are
suppressed down and become to spherical wave before
travel out of antenna
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Fig. 8. Comparison of the simulated radiation pattern

between phased array slotted waveguide antenna with
and without metallic rods. (a) E plane. (b) H plane.

The comparison of simulated radiation pattern of
slotted phased array antenna with and without metallic
rods can be observed in Fig. 8. The side lobes in E plane
is decreased while in the H plane is increased in the new
minor lobes, but it has low power. The results of
simulated radiation pattern of slotted phased array
antenna with metallic rods, we found that the forward
gain is 20.14 dB and side lobes level are -18.4 dB, -22.0
dB in the E plane and H plane, respectively.

1.3. Conclusion

Form simulated result by using CST Microwave
Studio, slotted waveguide phased array antenna with
cavity walls and metallic rods, we found that the side lobe
level is decreased around 6.3 dB and forward gain is
increased around 0.64 dB at electric plane because cavity
walls the distance between slots is increased at beside
waveguides in E plane, while the external mutual
coupling is decreased and metallic rods placed parallel
with vector of electric fields while decreased high
strength aperture electric fields therefore the important of
considering using should compare with advantage and
disadvantage.
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