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Thesis Title Study of Structure Tuning of Planar Antenna for Wireless

Communication Application
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Academic Year 2011
ABSTRACT

This thesis studied structure tuning of planar antenna in two prototypes i.e. T-shaped slot
in rectangular antenna and stepped etching slot with half-circle stub on ground plane monopole
antenna. Since in previous the planar antennas are not response to the required standard and some
cases its structure is bulky.

This research was conducted to overcome mentioned challenges. Two prototype antennas
were studied and designed for this purposed i.e. T-shaped slot in rectangular antenna and stepped
etching slot with half-circle stub on ground plane monopole antenna by using shape tuning on
structure and etching slot technique. For analysis method, the empirical method was used together
with the simulation by using CST program to find out the optimized parameters of antennas and to
match the impedance to cover the required standard. T-shaped slot in rectangular antenna was
fabricated on dimension of 40 x 40 mm’ with bandwidth of 4.94 GHz (1.42-6.36 GHz) and stepped
etching slot with half-circle stub on ground plane monopole antenna, dimension of 30 x 30 mm’
with bandwidth of 7.54 GHz (3.10-10.64 GHz).

The measurement results of both antennas found that the T-shaped slot in rectangular
antenna can response the bandwidth at 126.99%. The average antenna gain is 3.32 dBi. The stepped
etching slot with half-circle stub on ground plane monopole antenna can response the bandwidth at

109.75%. The average antenna gain is 4.93 dBi.

Keywords: Ultra wideband frequency range, Rectangular slot antenna, Etching slot monopole

antenna
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90 0°

MW 3.49 MITEPWVVFUMIUANGINIUNANYD 3 GHz 58U E-Plane

@O E-Cross

— E-Co

0°

M 3.50 MITIDWVVFUMIUANGINUAANND 7 GHz 58U E-Plane
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1IN 3.49-3.54 Tduaasunugdmsurndsauluszuin 2 4@ 91nmssiaoanuy
9 a A o o ’q ¥ ' Yy A A A
YOI IMAAUUVUYTAN 2 A1HTVUT2gNA 1FUEIUUAVNTINTINA1IND 3 GHz 7 GHz Lag
& A A o I a I A
10 GHz ¥94N5%1U1U  E-Plane ¥anvazluuuussunan1a luss v x-z szl ussuiunyuuy
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a [ [ I a
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A a I A 1 o @
anllunans z vag -z luszunu yz sziduszinunduougdmsuindsnuludnyuzyuen
(Elevation) 41A2111139 (Gain) gagavesdyam Tuian19veyy 130 0971 130 0981 Haz 140
031 lua Vo HNAINUIINNMITIaowVD lusEuI 3 A 191188 3 GHz 7 GHz 1ag 10
<3 = [l o sldd' £
GHz aziuninunglmsudnaaan Iaafiyn 90 o9 0 99 nazyy 0 93991 Uvona
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Type Farfield
Approximation  enabied (kR 33 1)
Manitor Farficld (F-3.5) [1]
Canpanent it

Output Gain

Frequency a.5

Man. eFFie.  -u.sariy ae

Tot. effic.  ~0.2200 d0

fain @487 dn

(M). AWD 3 GHz

1.1
2.5%
1.08
101
LR
B.203
-3.35
-~
“14.8
~23.5
o -38.7
34,9

Type Farkield
Approxination enabled (kR 33 1)
Homitor tarfield ci=ry (1]
Eompanent s

Butput Gain

Frequency T

Rad. eFfie. -B.BUAZE All

Tot. effic. “0.09Te0 an

Rain 2113 dft

(V) 7UD 7 GHz
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MW 3.55 1DDFUMILRNAINNIINMI DI DVeIA 18 IMAALLLUTTARN 2 1AWD
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A7749 3 GHz
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(n) NANINTLLLEA (V) ANUHUIUUATELE
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A1 7 GHz

i

DNt e — g N

(n) NANNIZUE (V) ANUHUMUUNTLE
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4.1.1 HamsnadoumMsgatdegounay (S,,)
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mMinaavuliesduvedIMsgydoios91nnsfounay (Return Loss <-10 dB) U9

Y a A v da I 1 o 73 &
AYOIMAAULVVFUAN 1 WUNAWVUAIANUAUNINY 126.99 11/o519Ud (1.42 - 6.36 GHz) tag
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-50 L . . . .
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Frequency (GHz)

[

M 4.2 nfsuiisunamsiaswuuiunansineswesnimygardedoundu (S,)

M3 4.1 1lieuneuguauiananssaowuUAUNaNT A5

My /. (GHz) BW (GHz) BW (%)
HaN1591094 3.78 4,55 (1.51 - 6.06) 120.37
RRERGRER 3.89 4.94 (1.42 - 6.36) 126.99

4.1.2 HAMINAFBVUTIAUDATIFIUAAULI (VSWR)
UIIFUDATIHIUATULIVDIAODINAAUUVUFHAN 1 FINNTUIANGINIT 2 dBi 3
1 A aq’,’ [ [ a A 9 d' Y A v W o
AMVUAIANAILA 1.42 - 6.36 GHz LazHan15IATIuuu) [y lnameenununan1snasay

LAAIAININD 4.3
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Simulation

8 - T B precessd C e Moacurement

VSWR
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MNA 4.3 58UNeUNITNaINanUNTIATIV0IAITIAUTATIFIUAAUIL (VSWR)
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a9 1NA BW (GHz) BW (GHz) BW (%) YUIA (mm)
U298 3 1.14 1.66 - 2.80 51.12 72 x50
U 4 4.95 1.80 - 6.75 116 60 x 50

NUIY 5 4.70 1.65-6.35 117 59 x 58
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RERRGELG BW (GHz) BW (GHz) BW (%) YU1A (mm)
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80 INAA UL
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a199101¢ BW (GHz) BW (GHz) BW (%) YU1A (mm)
- 1.01 2.32-3.33 35.75
UG 8 69.3 x 68.2
1.38 4.96 - 6.34 24.42
0.37 2.27-2.64 15.07
11398 9 0.60 3.30 - 3.90 10.00 58 x 66
0.95 4.95-5.90 17.51
U298 10 12.62 2.28-14.90 147 40 x 40
WY 11 9.84 2.21-12.05 138 40 x 30
U8 12 12.3 2.70-15.0 132.41 32.5x33.6
e IMAA UL
o 6.87 7.54 (3.10 -10.64) 109.75 30 x 30
FUaAN 2




95

I 4

1A NN 52 nsulSeufeuaaduiduesaieeiniadunnuyian 2 Ay
WaIUITEN [8-12] WMWY 1ATIa3 198180 1N AES 199390 VU AINIINAUITEN [8-12]
1 1A 4 /A g 1 awv {
IV IADURUAUFULUAIANTANNNAINIINIUITEN [8-9]
ludruvesvinameoinmareuilaglTmasududumzseegari drargeiniedl
Y v
PN 40 x 40 13 Ndadwas wazaeomaluTuTnamnzsostutiula Tasmyadugl
£ A Y 091} Y A Y o :1’ = | Y a A
A39219NaUNTZUNVATUNNITIUN TAWAUIIY TUNAmIND 30 x 30 AT NTANAT
5.1.2 1uU3UMILHNAINULAZEATINTVHIENAINUVDIA 18D INA
9
NHANITINADILUVUALHANITIAVTIVOIAIIOIMAGUUVUNT 2 Fiia WU
] = A A A 9 [ v A A1 v A [] A 9
agormareslagil@masuiuduazseaglain Nardasiveramasaaond1unud leau
A v " W . 1 ug: @ A o 2
AW NWNAY 3.32 dBi tazense1ma Ty TuTnamnzsosvuiiu la Tasmuaduglasvienan

v Y v v
NILNVAUNNITDINU TAPAT e asnaoad1UA1ND 1591111 4.93 dBi

5.2 FarauauuzIazIIMIIUM AN
Tumsiteamesermalulemade i Searsivzeonuungisnvesaeenaliiag

o 9 [ o 9 =1 a o =\ A o 9y (% 1 I ¥
mum@u”lunmuﬂ I@]EJG]’ENNWﬁﬁJm’E]‘i"llfJ\iﬁ1ﬁlf]1ﬂ1ﬁLWEN‘WE)‘V] %$ﬂ11ﬁ61h1iﬂﬂiﬂlmdﬁlﬂqﬂ

a A Q'

1 ] Y
AuanvuzhdiaguesmseImanuiaosmsiaz lupngluuvenimsdiuniomusudiu

v v Y
Aa K

] 9 Y
animsoreutlad ) luargerma el ldnudnyuzyssaeoimanassiuly netidos

J

= ' Y Y v Y o 5 a
Juegnudagiszasn lumsesnuuuldnunaziidesmsaduasoimaniilsz@nsamganis
A Yo A o Y a
donldiaagiusesiining auiumsadeese
k4 3
nnauddeiiaunsaiannludiuveimsdsumudasvesvesdisoina Tasdauna
Aa [ o ] { 1 Y ] <]
INAANNUDINTZUATINAUANUAUIMUUUBINT T NUHAADMTUANAINUVOITU AN
v £ ]

T Tael935msdsugisnuesadniszuinad i nesaesdus WA NIsw1z3509147
a1 Nt

1A =

a v y [ ' [ A 4 Ia 4
MNUITeHaIToNa I Iud NI ITUSUINUAIB U NLAUFUUUAIAN VD
Ya [ 1 Y d' 9 3 Y 1 [ [ d'q./
GREGRING Tﬂfﬂ%’?‘ﬁﬂ"lﬁ‘]J'i‘]J'g:‘]J'iN“'IJBQﬁ’@‘]_l1/]'53Ll"l‘]_lﬁiNNTVNﬁﬂ\iﬂ”ll!iﬁlﬂﬂﬂﬂ"lil,"]f"lgi’f)ﬂ‘ﬂ@n
GRERRIN
a o dy 1Y ] Ja [
ﬁ]1ﬂ01u’)i]EJu’ﬁ'llI'l’iﬂ‘WWu11uﬁ’)u“ll@ﬂﬂ1‘iﬁﬂﬂ]u1@“ll@ﬁ?ﬂflfﬂfﬂﬁ Tae1$35751sSV

v 9 v
U590 IIA DN T UAS NN TIRUT A UM NZ ToINAIA 1801



96

E4
ﬁ]1ﬂ\‘11“3%8ﬁﬁ1h15ﬂﬁ@1u11uﬁ’3uﬂl’ENETJLHJ‘]Jﬂ1§'LLW‘iﬂ§$%18WﬁQ\ﬂu"U®\1

[ < 9 1 ] @ A 19 Y o a a a
avmmman I ludumsdeaz Suvesdyananie luld dyarauiansAanaiauining

JA o

INUNNAINUAVOINIATTIU Federal Communications Commission (FCC) Tasldninanig
A [ 1 d' 9 d' Y a' Y [ 1 @ d'
MUBUAUAADAGIUANNDUDUNIWAZ AN UNINES TaglsIn1siugis1avesadun

9 v
SEUNVAUNITDIAUIT AU TIH1Z T DINA T80 1NA



51811391999

[1] IEEE 802.11, Wireless Access Method and Physical Layer Specifications, New York, NY,
USA, September 1994.

[2] B. O. Hara and A. Petrick, The IEEE 802.11 Handbook: A Designer’s Companion, IEEE Press,
New York, NY, USA, 1999.

[3] Sarawut Chaimool, Sithiporn Kerdsumang, Prayoot Akkrarakthailin and Vech Vivek, “A
Broadband CPW-FED Square Slot Antenna Using Loading Metallic Strips and A
Widened Tuning Stub,” TENCON 2004, Vol. 3, 21-24 Nov. 2004. pp. 539-542.

[4] W. Kueathaweekun P. Jearapraditkul, N. Anantrasirichail, O. Sangaroonl, and T. Wakabayashi.
Wide-band CPW-fed Slot Antenna with Tuning Stub and 7T-Strip for WLAN/WiMAX
Application . 2008 International Symposium on Intelligent Signal Processing and
Communication Systems (ISPACS2008) Swissotel Le Concorde,Bangkok,Thailand.

[5] P. Jearapraditkul, W. Kueathaweekun, N. Anantrasirichai, 0. Sangaroon and T. Wakabayashit.
Bandwidth Enhancement of CPW-Fed Slot Antenna with Inset Tuning Stub. International
Symposium on Communications and Information Technologies 2008 (ISCIT 2008) ,Don
Chan Palace, Vientiane , Lao PDR.

[6] Ms. N. Gunavathl, Ms.R.Pandeeswari and Mr. S. Raghavan, “A CPW-Fed Octagon - Shaped
Aperture Antenna For Lower Band UWB Applications,” An IEEE India Council
Conference (INDICON) 2009, 18 — 20 December 2009, Gujarat India. pp. 1-4.

[7] Jeerasak Chuangchai and Prakasit Tunti-A-Longkarn. Dual-band CPW-fed Slot Antennas
Using Coupling Slots. 313813331715 N3LI0UNAINTLUATHTID 7 20 91707 1 0.0, -
11.8. 2553.pp. 10-16.

[8] W.- C. Liu and C.- M. Wu “Broadband dual - frequency CPW-fed planar monopole antenna
with rectangular notch,” IEEE Proc.-Electronics Letters, Vol. 40 Issue:11, May, 2004.
pp. 642-643.

[9] W.- C. Liu “Design of a CPW - fed notched planar monopole antenna for multiband operations
using a genetic Algorithm”, IEEE Proc.- Microw. Antennas Propag, Vol. 152, No. 4,

August, 2005. pp. 273-277.



98

[10] J. Y. Jan, J. C. Kao, Y. T. Cheng, W. S. Chen and H. M. Chen “CPW-Fed Wideband Printed
Planar Monopole Antenna for Ultra-Wideband Operation,” Antennas and Propagation
Society International Symposium 2006, IEEE, 9-14 July, 2006. pp. 1697-1700.

[11] S. J. Kim, J. W. Baik and Y. S. Kim “A CPW-Fed UWB Monopole Antenna with Switchable
Notch-band,” Antennas and Propagation Society International Symposium, 2007
IEEE, 9-15 June, 2007. pp. 4671-4644.

[12] Y. C. Lee and J. S. Sun “A Tapered Monopole Antenna with Band Notch Function for Ultra -
Wideband Communication”, The 2nd International Conference on Wireless
Broadband and Ultra Wideband Communications (AusWireless 2007), 27-30 Aug.
2007 pp. 69-69.

[13] Joon Il Kim and Yong Jee “Design of Ultra wideband Coplanar Waveguide-Fed LI-Shape
Planar Monopole Antennas” IEEE ANTENNAS AND WIRELESS PROPAGATION
LETTERS, VOL. 6, 2007. pp.383 - 387

[14] Y. Ranga, K.P. Esselle and A. R. Weily “A simple thin antenna with an enhanced gain for MB-
OFDM UWRB systems” Signal Processing and Communication Systems (ICSPCS),
2010 4th International Conference on, 13-15 Dec. 2010. pp. 1-4.

[15] S. Nikolaou, A. Amadjikpe, J. Papapolymerou, and M. M. Tentzeris, “Compact Ultra
Wideband (UWB) Elliptical Monopole with Potentially Reconfigurable Band Rejection
Characteristic” Proceedings of Asia-Pacific Microwave Conference 2007 11-14 Dec.
2007 On page: 1 - 4

[16] tonWA 819gULAzIIYIITIY A3 guiiiy, eeemalulasansvesilaadugeulnundg,
USyainusiminssumansiudia a1913513fI0355u81annIelnduay
Tnsauuay augdmnssumansiazanilaonssumans uvininedomaluladsy
INDD AU, 2552.

[17] 599A1@A319138 A5, Uszgns snstenanan, mseenuuulsaslulasnl. ngunw: Tames

n91/1l, 2550.



99

(% =

4
[18] iy yjaamﬁax, NT Wie2 Yseme taznIdna UNE UYL, AEOIMANVUMAUIZUIY

D -

o (Y] 3 a a I o a
fwmFumsszgaaldnueunnuanisdsena, USyaninusimnisumansiiadie
a a a g a a
fﬁleT’JGHT’J?T’Jﬂiill@Lﬁﬂﬂﬁﬂuﬂﬁllﬁ%Tﬂi‘ﬂNU”lﬂﬂJ ﬂﬂl%?ﬂ?ﬂiﬁﬂﬂ?ﬁ@gllax
o 4 a @ = =
?fﬂ'lﬂﬁﬂﬂiill?ﬁfff@]‘i 1]14']’3‘1/]ﬂWﬁﬂlﬂﬂIuIaﬂiW%NﬂﬂaﬂﬁWﬂ, 2552.
4 o w o U % Y
[19] w5 B WUN 829N03 Hag I5gns Mdad, meamaresdlanvuaduguiddpnilouaiy
o \ o U YV ] q’ Y Q' a a 4
Eﬂﬂ‘lﬂﬁﬂ]uig1ﬂ!§$1!1ﬂ‘§33~lﬁ1?ﬁﬂﬂ5$qﬂﬂﬂ‘lﬁ\‘ﬂi&ﬂ11&ﬂ?13~lﬂﬂ'ﬂﬁﬂﬁﬂ?ﬂ, ﬂiﬂ]uilJUT‘L!WH‘ﬁ
a @ a a a a g a
AAINTTUAITATUUNA ﬁTGlI"ITJGIﬂ’Jﬁ’JﬂiSII@Laﬂﬂi@uﬂﬁalmziﬂiﬂiﬂuiﬂﬂ A
a 4 [y J a [
Arnssundaiuazamilaenisumans Y1INeaumNa Iulags1yuInad ey, 2553.
[20] B. Kaewchan W. Naktongl and A. Ruengwaree “T - shape slot in rectangular slot antenna to
enlarge bandwidth for broadband communication” International Symposium on
Antennas Propagation (ISAP2010), macao, China, 23 - 26 Nov. 2010 pp. 17-20.
[21] Balanis, C. A., Antenna Theory, 2" Edition, NewYork, John Wiley & Son, Inc., 1982.
a J o ] a 1
[22] 811150 TAAIWIHYE Ay $1178 1589215, “engoimAnuuseulaloatleuals Inseadig

o o 1

mehdyaeszunuiwnliuguarsaduglasndmsumsdedisdunnuiuny

9 a

N1989,” msﬂimgumﬁmmsﬂNeamnisu"lwﬂm%aﬁ 32 (EECON-32), UATH180N,
2552.

[23] Randy C. Bancroft. P., “Microstrip and Printed Antenna Design, United States of America,”
Noble Publishing, Inc., 2004.

[24] Anantrasirichai, N., Rakluea, P. and Wakabayashi, T., “Slot Antenna Coupled by Misrostrip
Line for Dual Frequency,” NOLTA, October, 2002.

[25] Rakluea, P., Anantrasirichai, N., Janchitrapongvej, K. and Wakabayashi, T., “Analysis of Right
Angle Microstrip Slot Antenna,” TENCON, November, 2005. On page(s): 1 - 5

[26] Rakluea, P., Pirajnanchai, V., Anantrasirichai, N., Janchitrapongvej, K. and Wakabayashi, T.,
“Characteristics of Right Angle Microstrip Slot Antenna for Dual Frequency,” ISPACS,
December, 2005. Page(s): 705 - 708

[27] Rakluea, P., Nakasuwan, J., Anantrasirichai, N., Janchitrapongvej, K. and Wakabayashi, T., “A

Right Angle Microstrip slot Antenna for X-Band,” ECTI-CON, May, 2006



100

A

J o a d (Y] a a
[28] lwwsd sninde, mydnnzvigadnvazvesmeemanuululasaasduvuresilalaeds
FDTD, IMe1inusIaInssuenaasunitiaie @113 3anisuasuaumeniadie
a o a [ = Y F o
INY1Y ww’mmaﬂmﬂuTaawszmmmmﬂmmmimﬂﬂszm, 2546.
[29] B. Kaewchan and A. Ruengwaree “Stepped Grooving with Half-Circle Stub onGround Plane
Monopole Antenna for UWB Application” International Symposium on Antennas

Propagation (ISAP2011), Jeju, Korea. 25-28 Dec. 2011






NMANHIN N

ﬂmﬁmﬁamm SMA Connector



Components’

103

JOI—INSON SMA - 50 Ohm Connectors

INCHES (MILLIMETERS)
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

Panel Mount

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

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

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

DO OO ROENNDONNDEDROOOORDOONNREDLDEA

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

o Components’
SpeCIﬁcatlons INCHES (MILLIMETERS)
CUSTOMER DRAVNGS AVAILABLE UPON REQUEST
ELECTRICAL RATINGS
Impedance: 50 ohms Insertion Loss: (dB maximum)
Frequency Range: Straight flexible cable connectors ST
Dummy loads .. 5 and adapters ..................... 006 " f(GHz), tested at 6 GHz
Flexible cable connectors ... Right angle flexible cable \/—
Uncabled receptacles, RA semi-rigid and adapiers connectors .. ...0.15 " f(GHz), tested at 6 GHz
Straight semi-rigid cable connectors and Straight semi- rlgld cable \/_
field replaceable connectors.. = s issasassanas D200 GHZ connectors with contact ..... 0.03 ¥ f(GHz), tested at 10 GHz
VSWR: (f = GHz) Stralght Right Angle Right angle semi-rigid cable \/—
Cabled Connectors  Cabled Connectors connectors ......................... 0.05 ~ f(GHz), tested at 10 GHz
RG-178 cable ciiiviniiisnnimniin 1.20 + .025f 1.20 + .03f Straight semi-rigid cable \/—
RG-316, LMR-100 cab!e 1.15 +.02f 1.15 +.03f connectors w/o contact ...... 0.03 " f(GHz), tested at 16 GHz
RG-58, LMR-195 cable 1.15 + .01f 1.15+ .02f Straight low loss flexible N
RG-142 cable .. 1.15 + .01f 1.15 + .02f cable connectors ................ 0.06 "f(GHz), tested at 1 GHz
LMR-200, LMR- 240 cahle 1.10 + .03f 1.10 + .06f Right Angle low loss flexible \/7
086 semi-rigid ..... . 1.07 + .008f 1.18 + .015f cable connectors................. 015 Y f(GHz), tested at 1 GHz
141 semi-rigid (w/c . 1.05 + .008f 1.15 +.015f Uncabled receptacles, field replaceable, dummy loads .................... N/A
141 semi-rigid (w/o contact) ..... 1.035 + .005f Insulation Resistance: 5000 megohms minimum
Jack-bulkhead jack adapter and plug-plug adapter ................. 1.05+ 01f  Contact Resistance: (millohms maximum) Initial ~ After Environmental
Jack-jack adapter and plug-jack adapter ................... ... 1.05 + .005f Center contact (straight cabled connectors
Uncabled receptacles, dummy 10ads ...........ccocevionvviicivenciine. NIA and uncabled receptacles) ....................... 3.0* 4.0
Field replaceable (see page 59) ..........ccvvmiveneenirccsrncnneinneceens NI Center contact (right angle cabled
Working Veltage: (Vrms maximum)’ connectors and adapters) ............. : 6.0
Connectors for Cable Type Sea Level 70K Feet Field replaceable connectors .6.0 8.0
RG-178 .. 170 45 Outer contact (all connectors) ....... .20 N/A
RG-316; L ... 250 65 Braid to body (gold plated connect: N/A
RG-58, RG- 142 LMR- 240 086 semi- rigid, Braid to body (nickel plated connectors) .......... NIA
uncabled receptacles, .141 semi-rigid w/o contact... 335 85 *N/A where the cable center conductor is used as a contact
141 semi-rigid with contact and adapters ................ 500 125 RF Leakage: (dB minimum, tested at 2.5 GHz)
Dummy loads .. . NIA Flexible cable connectors, adapters and .141 semi-rigid

Dielectric WIthstandlng Vollage (VRIVIS mlnlmum at sea tevel)
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 receptacles .......................
Connectors for .141 semi-rigid with contact and adapters
Connectors for .141 semi-rigid wfo contact, dummy loads.....
Corona Level: (Volts minimum at 70,000 feet)'
Connectors for RG-178 ..
Connectors for RG-316; LMR 100 195 200

connectors w/o contact

Field replaceable w/o EMI gasket ....

086 semi-rigid connectors and .141 semi-rigid connectors

with contact, and field replaceable with EMI Gasket

Two-way adapters

Uncabled receptacles dummy Ioads

RF High Potential Withstanding Voltage (Vrms minimum, tested at 4

and 7 MHz)'
Connectors for RG-178

Connectors for RG-316; LMR-100, 195, 200 ..

... 335
... 500

Connectors for RG-58, RG-142, LMR 240 086 seml-ngld_ Connectors for RG-58, RG-142, LMR-240, .086 semi-rigid,
uncabled receptacles, .141 semi~rigid Wiocentadl. . « 2%, N 250 141 semi-rigid cable w/o contact, uncabled receptacles .............. 670
Connectors for .141 semi-rigid with contact and adapters .............. 375 Connectors for .141 semi-rigid with contact and adapters ........... 1000
Dummy j0ads ..........oerneremeseennebformesgy oo bk oo SRTOR .27 N/A 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 Cable Retention: Axial Force Ibs) Torque (in-0z)

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)

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

Connectors for RG-178 ..
Connectors for RG-316, LMR 100
Connectors for LMR-195, 200 ..
Connectors for RG-58, LMR-240 5
Connectors for RG-142 .........
Connectors for .086 semi-rigid ..
Connectors for .141 semi-rigid ...

N/A

......... 20 NIA

.. 30 N/A

.40 NIA

.45 N/A
.30 16
..60 55

*Or cable breaking strength whlchever is Iess.

Durability: 500 cycles minimum

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

ENV'RON MENTAL RAT'NGS (Meets or exceed the applicable paragraph of MIL-C-39012)

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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SMA - 50 Ohm Connectors

Specifications

MATERIAL SPECIFICATIONS

Bodies: Brass per QQ-B-626, gold plated* per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290
Contacts: Male - brass per QQ-B-626, gold plated per MIL-G-45204 .00003" min.
Female - beryllium copper per QQ-C-530, gold plated per MIL-G-45204 .00003" min.
Nut Retention Spring: Beryllium copper per QQ-C-533. Unplated
Insulators: PTFE fluorocarbon per ASTM D 1710 and ASTM D 1457 or Tefzel per ASTM D 3159

Expansion Caps: Brass per QQ-B-613, gold plated per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290

Crimp Sleeves: Copper per WW-T-799 or brass per QQ-B-613, gold plated per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290
Mounting Hardware: Brass per QQ-B-626 or QQ-B-613, gold plated per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290

Seal Rings: Silicone rubber per ZZ-R-765
EMI Gaskets: Conductive silicone rubber per MIL-G-83528, Type M

0BBH.005 (2.2440.13) —=|

.000-.010 (0.00-0.25}

000 MIN

HEX .312 (7.92)
I

1/4-36 UN3-2B

PLUG

A30 (3.300 MIN
135

.030+.015 (0.76%0.38) ———

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

Mating Engagement for SMA Series per MIL-C-39012

i)

REFERENCE PLANE:

@.181 (4 .B0) MIN—

@.212+.004—
(5.3820.10)

SEE DETALL

(3.43) MAX ——=

s

L—@ .250 (6.35) MAX
L@ 1808 (4.592) MAX

REFERENCE PLANE

080 (1.27) MN
100 (2.54) MIN
015 <0.38) MIN

_LL

TSR
@ .DEE\E—.DS?J

(0.902-0.940}

NOTES

©.015 (0.38) MAX FLAT i

J09 (2.77)

.

[e— .0761+.002 (1.93X0.05)
—~f—.000-.070 (0.06-0.25}

—wi|f—.000-.C10 (0.00-0.25)

1/4-36 UNS-2A

SEE NOTE 1

£30+.0158 (.0784).38)

PLUG

F— 005 (D.13) MAX X 45°

Jo|
REFERENCE
PLANE

B

JACK

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

Johnson Components® « P.O. Box 1732 + Waseca, MN 56093-0832 + 1-800-247-8266 + Fax: 507-835-6287 + www.johnsoncomp.com

JACK

i
Uﬁ 218 (5.54}) MIN
70 (4.32) MIN FULL THREAD

— 076 {1.93)
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SMA - 50 Ohm Connectors JOI—INSON

Components’
Panel Mount INCHES (MILLIMETERS)

CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

2-Hole Flange Mount Jack Receptacle - Flush Dielectric

2X ©.102 (2.59) == 325 (9.52)—
/ 065 (1.65)—— l-~

my @.050 (127
. A @.625 (15.88) Gi 480 (12.22) }_,£ :mm
4%» @.036 (0.91) HOLE —
VSWR & FREQ. RANGE GOLD PLATED | NICKEL PLATED .223 (5.66) 200 (5.08)

VSWR: N/A  0-18 GHz 142-0701-621 142-0701-626

4-Hole Flange Mount Jack Receptacle - Flush Dielectric

—1.375 (9.52)

/ 0.500 (12‘7o>_‘_—-‘ 065 169~ =
Mo @.036 (0.9 G—@ 2.050 (1.27)
' HOL

. — 1F @ L
) ] A :
Q . 4X ©.102 (2.59) r|:'

00.340 (8.64) .200 (5.08)
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JOI—INSON SMA - 50 Ohm Connectors

Components’

INCHES (MILLIMETERS) Panel Mount
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST
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Panel Mount INCHES (MILLIMETERS)
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SMA - 50 Ohm Connectors JOI—INSON

Components’

Panel Mount INCHES (MILLIMETERS)
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An ESCO Technologies Company

FEATURES:

B Ultra Broadband: 1 GHz - 18 GHz
m Maintains Single Lobe Radiation

Pattern Over Frequency
H 300 W Power Input Capacity
= Optimized High Frequency Gain

H Low VSWR

m Flexible Mounting Systems

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

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

Double-Ridged

Waveguide

3-D Patterns
Available at

www.ets-lindgren.com/3117

Horn

Model 3117

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

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

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

FEATURES

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

range. This characteristic 1s
essential for even distribution of
¢lectromagnetic energy on a target
surface, and accurate measurement
of gain and vector information.
The Model 3117 unique design
suppresses the propagation of
high order modes. The result is
an antenna with a well-defined
single lobe radiation pattern that
oulperforms other antennas in its
class.

Ultra Broadband

The Model 3117 sweeps from

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




SVETS-LINDGREN

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 watis 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
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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 ENMCO elassic mount and a
rear “stinger” mount,

Medel 3117

STANDARD CONFIGURATION
B Antenna Assembly

B Mounting bracket drilled to
accept ETS-Lindgren or
other tripod mounts with 1/4 in
% 20 threads

B Rear “stinger™ Mount

B [ndividually calibrated at 1 m
per SAE ARP 9358 at our
AL A 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 VEWR MANTRALM PEAK IMPEDANCE CONNECTORS
BANGE RATIO CONTINUOUS PCWER (NOMINAL)
[AVG) POWER
1T 1 GHe - 18 BHz 353 max 0N 400w ] Type N
<2:vabove 1.5 GHZ
Physical Specifications
MODEL WIDTH DEFTH HEGHT WEIGHT
anir 175 cm 175 em + 155 cm mount 155cm 113 kg
G2 in B2 in + &7 inmount B.1in 25 b
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Model 3117

EMC Antennas

Double-Ridged
Waveguide Horn

An ESCO Technologies Company

METS-LINDGREN

Model 3117 (1 GHz - 4 GHz)
Model 3117 (5 GHz - 8 GHz)
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EMC Antennas

Double-Ridged
Waveguide Horn

An ESCO Technologies Company

NETS-LINDGREN

Model 3117

Model 3117 (9 GHz - 12 GHz)

Model 3117 (13 GHz - 16 GHz)
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T-shape slot in rectangular slot antenna to enlarge
bandwidth for broadband communication

. Boonchai Kaewchan*', Watcharaphon Naktong*l, Amnoiy Rue:ngwau'f.ae"’3
"-23Department of Elecironics and Telecommunication Engineering, Faculty of Engineering, Rajamangala University
of Technology Thanyaburi, Thanyaburi, Pathumthani, Thailand 12110
‘kaewchan 9@hotmail.com
“0oachi525@gmail.com
*amnciy. r@hotmail.com

Abstract— This article presents the study of feed line stub model
in  T-shape tuning CPW-fed Rectangular Slot antenna.
The structure of the antenna consists of T-shape tuning
rectangular stub antenna on the same alignment with the ground
plane. This is to apply with the Wide Band Antenna such as
IEEE 802.11b/g that has two frequencies which are 2.4 GHz (2.40
-2.48 GHz) IEEE 802.16e 3.5 GHz (3.4 - 3.69 GHz), IEEE802.11j
(4.90 - 5.091 GHz), Public Safety Frequency (4.94 - 4.99 GHz),
IEEE802.16a 5.2 GHz (5.13 - 5.35 GHz). And at the frequency
5.8 GHz (5.7 - 5.9 GHz) by using Print Circuit Board (PCB) with
the FR4 substrate. The antenna design to study the expanding
of bandwidth of the antenna employed the experiences method
together with CST program to adjust the size of T-shape tuning
CPW-fed Rectangular Slot that added in the Rectangular stub
of the antenna until gaining the wider value of bandwidth and
lowest return lost trough all the frequencies used. From the
result of the study, it was found that after adjusted the structure
of both points of antenna that made the bandwidth value equal
to 145.68 % (1.42 - 6.36 GHz).

Keywords: Coplanar waveguide,
frequency, Bandwidth enlargement

T-shape slot, Broadband

I. INTRODUCTION

The wireless communication of Thailand in the present and
future has been improved the system to be able to apply in
more utilization such as the standard IEEE 802.11b/g (2.40 -
2.48 GHz) IEEE 802.16e (3.4 - 3.69 GHz) IEEE802.11j (4.90
- 5.091 GHz) Public Safety Frequency (4.94 - 4.99 GHz)
IEEE802.16a (5.13 - 5.35 GHz) and at the frequency of 5.8
GHz (5.7 - 5.9 GHz) [1] the mentioned system has been
applied to increase the effectiveness for the tools of mobile
devices, sattlelize communication and radio communication.
Beside, it is also brought to use in education, medical and
military. The element of wireless communication system has
so many elements, the most significant that cannot be lacked
of is the antenna which is one of the important element in
wireless communication. In general, the antenna will be
designed to support the limited frequency therefore, the
researchers have attempted to develop the antenna to response
to several frequencies or broadband antenna such as CPW-fed
dual stubs for dual broadband and feed line stub model tuning
CPW-fed. [2-7] But from the study, it was found that the
antenna is big [2-3] and the responding result of impedance
banwidth still be narrowed[2-7] which is the reason that there
are many researchers to develop the new type of antenna that
can use to cover in wider boardband. Thus so, this research is
interested to present the study on T-shape slot in rectangular
slot antenna to enlarge bandwidth for broadband

978-1-4244-6908-6/10/$26.00 ©2010 IEEE

communication by using the T-shape tuning stub [8].together
with the restructuring of CPW-fed structure to add more
impedance bandwitdh value to cover the boardband use as
needed. In the part of antenna modeling, to analyze the return
loss value of the impedance bandwidth result and the wave
distribution of the antenna. The researcher has chosen CST
program to help in finding the proper parameter of the antenna
and to get the best effective antenna.

II. THE DESIGN AND MODEL OF ANTENNA

A. Antenna Structure

The structure of the study of feed line stub model in T-
shape tuning CPW-fed Rectangular Slot antenna for the
boardband by using in T-shape tuning stub [8] as shown in
figure 1. The antenna was created and designed on Print
Circuit Board with FR4 base with the constant dielectric value
at (g,) 4.5 and the thickness (4) at 1.6 mm. by the original
antenna size os 40 x 40 mm. and the feeding signal to antenna
will feed to the middle of the antenna bottom way.

* 40 ¥
P — 30 ——% !
— 0 —

e

Fig. 1 antenna structure

B. The Result of Model Analysis

The antenna structure from the design and adjusting the
proper size of parameter has shown in figure 1. By the
analysis and study to find appropriate size has employed
Emperical method together with CST (Computer Simulation
Technology). From the study, analysis and restructuring the
structure of antenna, it resulted on better effectiveness of
antenna bandwidth. The size adjusting of the antenna structure
in this research has been divided in to 3 parts. By the first part
has tuned the T-shape slot by starting with the width
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parameter of #; which test the size adjusting from 2, 3, 4 and
5 mm. and adjust the length of L, from 2, 8, 10 and 12 mm. It
was found that the appropriate value for #; is 5 mm. and L, is
12 mm. which made the lower loss-return at point a and b
nearly reach to -10 dB at the most as shown in figure 2.

Return Loss -10dB

= L b W= 00w = L1 S e, W = 02 e

1 2 3 4 5 B T

Frequency (GHz)

Fig. 2 the return loss (5,,)When adjusting L, and W,

The second part conducted T-shape slot tuning on the upper
part )which is the variable W and L; (to has the proper size
and found that the adjustment resulted on return loss at point ¢
lower than -10 dB line and at point d, the return loss is lower
less than point b. The adjustment in this part is the width of
W; and the length of L; by selecting to adjust from 2, 3, 4 and
5 mm. It found that the proper value is ¥, at 2 mm. andZ; at 2
mm. as shown in figure 3.

Return Loss -10dB

—— W1 =S mm

L] T

Frequency (GHz)

Fig. 3 the retrun loss from the reverse (S;,) When adjusting L;and W

In part three, adjusting the parameter L; to be longer to
make the return loss from reverse in point e and f lower than
line -10 dB throughout the using frequency needed. When
adjusting the length of L; by selected to adjust from 2, 3, 4
and 5 mm. it was found that the proper value is L; at 5 mm.
which the bandwidth value is about 239.45% (1.51 - 6.06
GHz) as shown in figure 4.
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Return Loss -10dB

Frequency (GHz)
Fig. 4 the return loss (S;;) when adjusting L;

III. CREATTING AND RESULT OF THE
MEASUREEMENT

From the analysis through antenna structure modeling in
different shapes of slot, we have got the proper antenna
parameters as shown in figure 5.Then, measuring the return
loss from the reflection and antenna bandwidth by the
Network Analyzer E8363B as in figure 6. After that, bringing
the value from the modeling and measuring to compare and
study the aspects of behaviors of the antenna. The result of
comparison showed that both parameters tend to conpattern to
each other as shown in figure 7.

= o
the test of measurement by Network analyzer

Fig. 6

Next, modeling the reverse effect of the frequency used in
the pattern of Voltage Standing Wave Ratio: VSWR) as
shown in figure 7 which found that VSWR is lower than 2
between the frequency 1. 5GHz to 6 GHz
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Fig. 7 the modeling of VSWR
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Fig. 8 the enlargement ratio of antenna model

Figure 8 presents the comparison of enlargement
ratio of the model and the measuring result of the real antenna
by starting with frequency 2 GHz with the enlargement ratio
3.12 dBi until the frequency 6 GHz with the enlargement
ration 3.32 dBi

Then, testing to study the direction to use the antenna
by modeling and measuring to find the Radiation Pattern of
the antenna. The result of the model and the real antenna that
was created at different frequencies are shown in figure 9 - 12
and it found that the antenna has the radiation pattern as
Bidirectional.

Fig. 9 the model of radiation pattern at the frequency of 2.45 GHz
5.80 GHz Coplanar x-z

and
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Fig. 10 the measuring of radiation pattern at the frequency of 2.45 GHz and
5.80 GHz on Coplanar y-z
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Fig. 11 the model of radiation pattern at the frequency of 2.45 GHz
5.80 GHz Coplanar y-z
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Fig. 12 the measuring of radiation pattern at the frequency of 2.45 GHz and
5.80 GHz Coplanar y-z

IV. CONCLUSIONS

The enlargement of the antenna bandwidth with T-shape
slot in rectangular slot antenna by adding T-shape slot in the
re-pattern of antenna to make the return loss of reverse less
that (S;,) -10 dB throughout the frequencies. The study found
that the restructuring of antenna made it be able to support the
application to use with standard system [EEE 802.11b/g (2.40
- 2.48 GHz) IEEE 802.16e (3.4 - 3.69 GHz), IEEE802.11j
(4.90 - 5.091 GHz), Public Safety Frequency (4.94 - 4.99
GHz), IEEE802.16a (5.13 - 5.35 GHz) and at the frequency of



5.8 GHz (5.7 - 5.9 GHz). And this also found that the smaller
size adjusting from [7] is about 44.44% smaller and has wider
impedance from [7] about 88.53%
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This paper prasents a steppad grooving with half-circle stub on groundplane monopole antenna using common plane waveguide
antenna qualified according o FOC with frequancy range of 3.1-10.6 GHz. The antenna analysis uses structurs simulation with
CET software and adjusting its parameter for optimization by considering the return loss. From measurement found that bandwidth
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This paper presents a rectangular grotwving with comb-shaped tuning stub antenna. This antenna was fabricated by grooving
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its thickness (h} = 0.764 mm for dualbands application i.e. first band was 2.37-2.57 GHz with kow resonance frequency of 2.45
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Abstract

This paper presents a stepped grooving with half-circle stub on ground plane monopole antenna
using common plane waveguide antenna qualified according to FCC with frequency band of 3.1-10.6
(Hz. The antenna structure simulation was conducted with CST software and adjusting its parameter for
optimization by considering the return loss. From measurement found that bandwidth impedance was

132.41% (3.05-13.81 GHz) and it is a bidirectional antenna.

Keywords: Step grooving Double half-cirele shape Common plane waveguide Ultra wideband

frequency

1. Introduction

Ultra=wide band (UWB]) frequency has been established in IEEE #02.15.3a [1] with frequency
band defined by FCC between 3.1-10.6 GHz [2-3] and this is the frequency band same as a frequency of
satellite communication. This frequency band will protect any interference of radio frequency and other
land-earth communication currently. This technology also supports a Personal Area Network (PAN) [4-5]
which technology helping to manage various wireless devices. So antenna for UWB application was
developed and fabricated and this paper present the stepped grooving with half-circle stub on ground
plane monopole antenna used for UWB application. The frequency band of this antenna was 3.1-10.6 GHz
with common plane waveguide leeding technique and step grooving, and adding a T-ground tuning line
for matching bandwidth impedance as required. This antenna was designed and developed with CST

software for adjusting parameters for optimization.

2, Design and Simulation Result
2.1 Antenna Structure
The stepped grooving with half-circle stub on ground plane monopole antenna was design using

experimental method together with CST software until obtaining a prototype antenna as illustrated in
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Fig. 1. The prototype antenna was fabricated on a 30 mm x 30 mm FR4 printed circuit board (PCB).
This PCB has a dielectric constant () = 4.3 and substrate thickness (h) = 0.764 mm. The optimized
dimension with parameters that enhances an efficiency of return loss and better bandwidthare L, L,, L,

and radius (r) as illustrated in Fig. 1.
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f... 1 3.8 . .'I! C Frequency [GHz)
Fig. 1 prototype antenna structure Fig. 2 Retun loss (S;) when adjusting L, Ly, and L;
values

2.1 Simulation Results

The antenna simulation was conducted with CST software to study frequency response, return
loss, radiation, and bandwidth and these parameters were used to adjust the antenna structure, The stepped
grooving with half=circle stub on ground plane monopole antenna 15 the invented design that can obtain an
optimized frequency response with two contributions. The first contribution is step grooving which can
reduce the return loss by maintain a constant width i.e. layer | = 6 mm, layer 2 = § mm, and layer 3 = [0
mm as shown in Fig. I and L , L, and L, was adjusted from (2,2,2), (2,3,3), and (2,3.4) and we found that
the optimized values were L, =2 mm, L, =3 mm, and L, = 4 mm as illustrated in Fig. 2.

The second contribution is half-circle stub on ground plane that can reduce the return loss and
bandwidth loss when adjusting radius (r) of half-circle to 2, 3, and 4 mm and we found that the optimized

valug is r = 4 mm that can response the frequency of 127.58% (3.05-13.81 GHz) as shown in Fig. 3
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Freeuaney (Glz)
Fig. 3 Return loss ($,,) when acjusting r Fig. 4 prototype antenna

3. Fabrication and Measurement Result

From the analysis of the stepped grooving with half-circle stub on ground plane monopole
antenna by mentioned technique, the pretotype antenna was designed and fabricated as shown in Fig. 4.
The return loss measurement found that both outputs are possible consistent as shown in Fig 3 ie. its
bandwidth can respense the frecuency band of 1.71=14.28 GHz. The ouput from the simuaton and

megasurement were compaced to study their properties.
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Fig 5 Measurement and simulation outpu: Fig. 6 Gein from simulating arteana comparing
of retum loss (5,,) of protetype antenna witk physical antenna

Fig. 6 presents gain from simulating antenna comparing with physical anterna starting at 3 GHz
with gain of .91 dBi through 11 GHz with 3.07 dBi.

The evaluation of applicable direction of antenna by simulation and measurement for obtaining
the radiation patiem was conducted. The comparative result between simulation and measurement are

shown in Fig. 7-10 found that this apperatus is bidirectional antenra,
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Fig. 7 Radiation pattern at 4 GHz
and 10 GHz on E-plane

Fig. 9 Radiation pattern at 4 GHz
and 10 GHz on E-plane

4. Conclusion

Fig. 8 Radiation pattern at 4 GHz
and 10 GHz on H-plane
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Fig. 10 Radiation pattern at 4 GHz
and 10 GHz on H-plane
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This paper presents the stepped grooving with half-circle stub on ground plane monopole antenna

for UWB application in GPR system and IEEE 802.15.3a wireless communication with frequency band of

3.1-10.6 GHz. The result from simulation and measurement are consistent over applicable frequency band

of 3.1-10.6 GHz with VSWR less than 2 and frequency percentage of 132.41% (2.71-14.28 GHz). For

radiation pattern, it is the bidirectional antenna and average gain over applicable frequency is 3 dBi.
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Abstract

This paper presents a rectangular grooving with comb-shaped tuning stub antenna. This antenna
was fabricated by grooving technique and be analyzed by CST software. The proposed antenna was
designed to 30 x 30 mm’ using FR4 PCB with £ = 4.3 and its thickness (h) = 0.764 mm for dual bands
application i.e. first band was 2,37-2.57 GHz with low resonance frequency of 2,45 GHz and second band
was 5.01-6.34 GHz with high resonance frequency of 5.79 GHz. These frequency bands entirely cover
IEEE 802.11b/g 2.4 GHz (2.40 - 2.4835 GHz), IEEE 802.16a 5.2 GHz (5.13-5.35 GHz) and 5.8.GHz (5.7-
5.9 GHz) as required.

L. Introduction

Nowadays, most of communication system in Thailand and other couniries have use wireless
communication to facilitate short and long distance (ransmission. Nevertheless, huge volume in
communication system may affect to slower traffic and the related provider needs to increase more
communication channels for faster response and more selective frequency band. So the IEEE has extend
the existing IEEE standard i.e. first band IEEE.802.11b/g 2,45 GHz (2.4-2.4835 GHz) and shifting to
higher frequency band TEEE.802.16a 5.2 GHz (5.13-5.35 GHz) and 5.8 GHz (5.7-3.9 GHz) from WAN
wireless communication system. However, the necessary element need to be developed 1s the antennae
which can response mentioned frequency bands and it is require some research [1-3] reparding the
antenna responding dual frequency bands but those antenna still was bully size [1-4] and some smaller
size antenna has a bandwidth impedance that cannot response over the required frequency band [3]. The
simulation of prototype antenna used the teeth and groove tuning [6-7] to find out the optimized

parameters for obtaining the optimized antenna by experimental method and CST software,
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2. Antenna Design and Simulation
2.1 Antenna Structure

Microstrip antenna is a rectangular grooving on PCB with comb-shaped tuning stub as shown in
Fig. 1. This antenna was designed on single-sided circuit board and FR4 substrate with diclectric constant
(&) =4.3 and thickness (h) = 0.764 mm and its dimension was 30 x 30 mm . The signal was fed at the

bottom of prototype antenna and its parameters are shown as Table 1.

2.2 Simulation Results

The proposed antenna was simulated with CST software for studying the frequency responding,
for example, return loss, radiation, and bandwidth to optimize the antenna structure covering wireless
communication according to I[EEE 802.11 b/g and [EEE 802.16a/d. The result showed that when adjusting
both width and length of prototype antenna by cutting as scalene-triangle to reduce the return loss (8, , for
low frequency and high frequency. To obtain the optimized parameters with required frequency band, four
steps was conducted. Firstly, to groove the antenna using tuning technigue with comb-shaped stub [6-8] to
obtain parameter W, by adding lines W, as 2, 3, 4, and 5 lines and found that 5 lines is an optimized value.
The simulation output showed that this modified antenna can responses dual frequency bands i.e. point a
with the return loss at low frequency of 2.61 GHz is -17.76 dB and point b with return loss at high

frequency is -18-27 GHz. So now this antenna can responses dual frequency bands as required.
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Fig. 2 return loss (S;,) when adding W, Fig. 3 return loss (5;;) when adjusting W,

The second steps was to adjust the line width (W) to the optimized value and found that when
adjusting, the return loss is lower point a and point b for low frequency and high frequency bands. W,
value was adjusted from 0.5, 1.0, 1.5, and 2.0 mm and found that the optimized value is 2 mm. This value
will result in point ¢ with return loss 15 -25.49 dB at low {requency of 2.62 GHz and point d with return

loss is 26.56 dB at high frequency of 5.69 dB as shown in Fig. 3.
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The third step was to adjust the line length (L,) to optimized value and found that when adjusting,
the return loss is lower by adjusting from 6, 7. 8, and 9 mm. The optimized value of L, is 9 mm, at point
the return loss is -30.40 dB at low frequency of 2.55 GHz and point f with return loss of -28.32 dB at high
frequency of 5.49 GHz. We found that at these points the return loss is lower point ¢ and d as shown in

Fig. 2 but it cannot cover low and high frequency band as required, illustrated m Fig, 4.
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Fig. 4 return loss (S,,) when adjusting L; Fig. 5 return loss (S,;) when adjusting L,

The final step was to groove between comb-shaped stub and upper signal feeder to obtain the
resonance frequency of low and high band as standard required. This groove induces the length parameter
of strip (L) as shown in Fig. 5. The L, value was adjusted to obtain the optimized value for reducing the
return loss. The adjustable values are 3,4, 5, and 6 mm and {ound that the optimized value is 6 mm. at
point g the return loss is -28.17 with low frequency of 2.45 GHz an and poini h with refurn loss of -36.63
dB at high frequency of 5.79 GHz. We found that at these points the return loss (S, ) can cover IEEE
802.11 b/g 2.4 GHz (2.40 - 2.4835 GHz), IEEE 802.16a 5.2 GHz (5.15 - 5.35 GHz), and 5.8 GHz (5.7 -
5.9 GHz) as shown in Fig. 4.

3. Fabrication and Measurement

From the simulation result we obtain the optimized parameter of antenna and it was fabricated to
prototype antenna. The interesting parameter were return value, bandwidth, and gain of antenna was
measured by ER363B network analyzer. The measurement and simulation values were compared and

obtaining the return loss and gain we found that both values are consistent as shown in Fig. 7 and Table 2.
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(5)1) for prototype antenna

In addition, simulated and physical antennas were compared the radiation parameters and found
that at 2.48 GHz and 5.81 GHz the radiation is bidirectional on x-z plane as shown in Fig 8-9 and y-z

plane as shown in Fig, 9-10,
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Fig. 8 radiation simulation at resonance Fig. 9 radiation simulation at resonance frequency
frequency of 2.45 GHz and 5.79 GHz on x-z plane of 2.45 GHz and 5.79 GHz on y-z plane
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Fig. 10 radiation simulation at resonance Fig. 11 radiation simulation at resonance frequency

frequency of 2.45 GHz and 5.79 GHz on x-y plane of 2.45 GHz and 5.79 GHz on y-z plane



4. Conclusion

The rectangular grooving with comb-shaped tuning stub antenna was fabricated and measured
found that length tuning of groove was to add more line to 5 lines and reducing its length W, = 1.0 mm, to
increase its length L, = 9mm, and final step was to create grooves between comb-shaped stub and upper
signal feeder with length L, = 6 mm together with rectangular groove tuning and cutting the antenna as
scalene-triangle of both sides. The bandwidth of low frequency range is 0.45 GHz (2.35-2.80 GHz) and
high frequency range is 1.91 GHz (4.61-6.52 GHz) covering IEEE 802.11b/g and IEEE 802.16a/d as well.

The gain of prototype antenna are 4.76 and 5.21 dBi for low and high frequency ranges, respectively.
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