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ABSTRACT

This thesis was presented the bandwidth increment and size reduction of a planar
monopole antenna by slot etching technique at the ground plane. It is a useful technique since in
most recent papers about planar antennas showed that their structures had bulky sizes with narrow
impedance bandwidths. When the mentioned antenna above had been applied to wireless
communication systems, they could not be able to cover overall required frequency ranges.

The developed prototype antenna is a planar monopole structure with a coplanar
waveguide (CPW) feed. The antenna was analyzed by using structure simulations and empirical
methods for various shapes of slots, to obtain smaller antenna size and wider impedance bandwidth.

From simulation and experimental results, comparing with the structure without slots, the
proposed antenna size was reduced about 14.5% while the bandwidth was increased about 22.86%
in the ultra-wideband (UWB) frequency range. The radiation patterns were bidirection. Therefore,
the slot etching technique at the ground plane can be utilized to develop antennas with reduced sizes

and wider impedance bandwidths.

Keywords: Monopole antenna, bandwidth increment, size reduction, slot etching and ultra

wideband
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f(GHz) G, (dB) P (dBm) L, (dB) G, (dB)
3 6.5 -44.92 48.01 3.06
4 8.2 -45.87 51.51 3.91
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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
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INCHES (MILLIMETERS)
CUSTOMER DRAVINGS AVAILABLE UPGN REQUEST

ELECTRICAL RATINGS

Impedance: 50 chms
Frequency Range:
Dummy loads
Flexible cable connectors ...
Uncabled receptacles, RA semi-rigid and adapters
Straight semi-rigid cable connectors and
field replaceable connectors .............cccoevcieecccieiceee 0-26.5 GHz

VSWR: (f = GHz) Straight Right Angle
Cabled Connectors ~ Cabled Connectors
RG-178 cable .. conasianae 120 40260 1.20 + 03f
RG-316, LMR- 100 cable . 1.15 +.02f 1.15 + .03f
RG-58, LMR-195 cable 115+ .01f 1.15 + .02f
RG-142 cable .. 115 + .01f 1.15 + .02f
LMR-200, LMR- 240 Cable S— 1.10 + .06f
086 semi-rigid ........c.ccovrerern . 1.07 +.008f 1.18 + .015f
141 semi-rigid (w/contact) .......... 1.05 + .008f 1.15 + .015f
141 semi-rigid (w/o contact) ...... 1.035 + .005f
Jack-bulkhead jack adapter and plug-plug adapter ... v 105+ .01F

... 1.05 + .005f
. NIA
N/A

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

Connectors for Cable Type

Sea Level 70K Feet

RG-178 .. saavie 100 45
RG-316; LMR-100, 195, 200 ..... ... 260 65
RG-58, RG-142, LMR 240 086 semi-rigid,

uncabled receptacles, 141 semi-rigid w/o contact... 335 85
141 semi-rigid with contact and adapters. R .. . ) 126
Dummy loads .. .. NIA

Dielectric Wlthstandlng Voltage (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- ngad
field replaceable, uncabled receptacles ’
Connectors for 141 semi-rigid with contacl 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-rigid,
uncabled receptacles, .141 semi-rigid wfo contact.......................
Connectors for .141 semi-rigid with contact and adapters ...
DUMMY 0AAS ... e e

Insertion Loss: (dB maximum)
Straight flexible cable connectors

and adapters ..................... 0.08 " f(GHz), tested at 6 GHz
Right angle flexible cable —

connectors .. . ...015 " f(GHz), tested at 6 GHz
Straight semi- rlgld cable —

connectors with contact ..... 0.03 Y f(GHz), tested at 10 GHz
Right angle semi-rigid cable —

connectors .. ..0.05 " f(GHz), tested at 10 GHz
Straight semi- rlgld ‘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 ................ 015 ¥ f(GHz), tested at 1 GHz
Uncabled receptacles, field replaceable, dummy loads ................... N/A

Insulation Resistance: 5000 megohms minimum

Contact Resistance: (milliohms maximum) Initial

After Environmental

Center contact (straight cabled connectors

and uncabled receptacles) ...

Center contact (right angle cabled
connectors and adapters)..........
Field replaceable connectors

QOuter contact (all connectors)

Braid to body (gold plated connectors) ...
Braid to body (nickel plated connectors)

3.0 4.0

6.0
80
N/A
N/A
NIA

*N/A where the cable center conductor is used as a contact
RF Leakage: (dB minimum, tested at 2.5 GHz)
Flexible cable connectors, adapters and .141 semi-rigid

connectors w/o contact ..

Field replaceable w/o EMI gééket .

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

with contact, and field replaceable with EMI Gasket

Two-way adapters ...

Uncabled receptacles dummy loads

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

and 7 MHz)'
Connectors for RG-178 .. -
Connectors for RG-316; LMR 100 195 200 DRSO 0.0
Connectors for RG-58, RG-142, LMR 240, 086 semi-rigid,
141 semi-rigid cable w/o contact, uncabled receptacles ... .. 670
Connectors for .141 semi-rigid with contact and adapters .. 1000

Power Rating {Durmy Load): 0.5 watt @ + 25°C, derated to b éé watt @

+125°C

MECHANICAL RATINGS

Engagement Design: MIL-C-39012, Series SMA
Engagementi/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

Cable Retention:
Connectors for RG-178 ...
Connectors for RG-316, LIVIR 100
Connectors for LMR-195, 200
Connectors for RG-58, LMR~24O .
Connectors for RG-142 .............
Connectors for .086 semi-rigid ..
Connectors for .141 semi-rigid ...

Axial Force (Ibs) Torque (in-0z)
NIA

s 20 N/A
... 30 N/A
.40 N/A
.45 N/A
—y 16
60 55

*Or cable breaking strength whichever is less.

Durability: 500 cycles minimum

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

ENV'RONMENTAL 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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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

0BBE.005 (2.2410.13) —= =

.000-.010 (0.00-0.25}

000 MIN

HEX .312 (7.92)
1

i

REFERENGE PLANE:

@181 4.60) MN—

@.212+.004—
(5.3840.10)

SEE DETAL

1/4-36 UNS-2B

PLUG ;

A30 {3.300 MIN [
135 (3.43) MAX ——= [+
.030£.015 (0.7630.382 =+

REFERENCE PLANE
L0580 (1.27} MIN

100 (2.54) MIN
D15 (0.38) MIN

_LL

L T Lgl‘» 015 (0.38) MAX FLAT

(0.902-0.940}

NOTES

—@ .250 (B.35) MAX

L 1808 (4.592) MAX

09 2.7

PLUG

JCI
REFERENCE
PLANE

e— .076X.002 (1.9310.03)
—={f=—.000-.010 (0.00-0.25}
—|F— .C00-.010 (0Q.00-0.25)

1/4-36 UNS-2A

SEE NOTE 1
JACK

i
U, 218 (5.54) MIN
70 (4.32) MIN FULL THREAD

0302015 (L076140.38)

F=— 005 (D.13) MAX X 45°

B

J +—.076 {1.93)

JACK

1. 1D OF CONTACT TO MEET VSWR, CONTACT RESISTANCE AND INSERTION WITHDRAWAL FORCES
WHEN MATED WITH DIA .0355-.0370 MALE PIN.
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2-Hole Flange Mount Jack Receptacle - Flush Dielectric

-H‘.

@.625 (15.88)

f

2X .102 (2.59)
/ .065

} 480 (12.22)

VSWR & FREQ. RANGE

GOLD PLATED

NICKEL PLATED

VSWR: N/A  0-18 GHz

142-0701-621

142-0701-626

@.050 (1.27)

b

] JW[
@.036 (0.91) HOLE —
223 (5.866) .200 (5.08)

—

(1.65) —

375 (9.52)

I——

f—

4-Hole Flange Mount Jack Receptacle - Flush Dielectric

—={.375 (9.52)
/ 0.500 (12.70)—r——‘ 085 (185)—=] =
A .036 (0.91) @—G} £.050 (1273
i - HOLE
% 4 » 14X @.102 (2.59) \@, rI:'
)
0.340 (8.64) 200 (5.08)
VSWR & FREQ. RANGE | GOLD PLATED | NICKEL PLATED
VSWR: /A 0-18 GHz 142-0701-631 142-0701-636
2-Hole Flange Mount Jack Receptacle - Extended Dielectric
A 375 (9.52)
—2X 3.102 (2.59) ng
By
J t
@625 (15.88) Ga 480 (12.22) —
63 @162 (411
@.050 (1.27)
L———,zzs (5.66) 065 (165)— -
VSWR & PRODUCT GOLD NICKEL
FREQ. RANGE SERIES PLATED PLATED "A" "B"
VSWR: 115+ 021(GHa)| g 142-1701-131 | 142-1701-136 | 705(17.91) | 590 (14.99)
oy - rass
L0k 142-1701-031 | 142-1701-036 | 240 (6.10) | 180 (4.57)
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4-Hole Flange Mount Jack Receptacle -
Extended Dielectric

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

©.050 (1.27]—\?) 6} |

2.162 (4.1

) .065 (1.651——] L

4X 2.102 (2.59)

VSWR & PRODUCT GOLD NICKEL
FREQ. RANGE SERIES PLATED PLATED A" g
VSWR: 1154 021(GHz) | graee | 1921701121 | 1421701126 | 705(17.91) | 590 (14.99)
G186k 1421701041 | 142-1701-046 | 190 (4.83) | 095 (2.41)

4-Hole Flange Mount Jack Receptacle -
Extended Dielectric

/ 0.250 (6.55)——’———1 =—.590 (14.99)—=

!
‘ i @.050 (127 —& }
¥ " @ —
4

0.375 (9.53) ‘ | 705 (17.91)—=.375 (952)[—

4% ©.087 (1.70) @.162 (4.1
065 (1.65) L
VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR: 115+ 02f(GHz) 0-18GHz | 142-1701-011 142-1701-016
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Components’

INCHES (MILLIMETERS)
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

Panel Mount
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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
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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
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NETS-LINDGREN

An ESCO Technologies Company

FEATURES:

m Ultra Broadhand: 1 GHz - 18 GHz

B Maintains Single Lobe Radiation

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

H 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-Ridg

ed

Waveguide Horn

3-D Patterns
Available at

www.ets-lindgren.com/3117

Model 3117

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

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

process. All production units are
individually calibrated at our A21LA
aceredited lab.

FEATURES

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

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

Ultra Broadband

The Model 3117 sweeps from

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




NETS-LINDGREN

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 ficld
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 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 aceredited 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 RATIO CONTINUOUS POWER (NOMINAL)
(AVG) POWER
anz 1GHz - 18 GHz 3.5:1 max 300 W 400 W 500 Type N
<2:1above 1,5 GHz
Physical Specifications
MODEL WIDTH DEFTH HEIGHT WEIGHT
3117 17.5 cm 175 cm + 15.5 cm mount 16.5¢m 1.13 kg
6.9 in 68 in + 6.1 inmount 8.1in 25 b




107

ﬁ\\ETS i L’NDGREN EMC Ant enfas
ACECE— Double-Ridged

Waveguide Horn

Model 3117
Model 3117 Antenna Factor Model 3117 Half Power Beamwidth
Py =—— E-Plane — H-Plane
E ‘ ‘ 180 3
kA 150
] 140 \Y
= 130 |\
4 120
" ’_,-/-N . \
" g T 100
/ a0 \
/ 8o \ AN
30 T 70 \
J o YN
50
24 ! 40 e
FREQ GHz :g FREQ GHz
0 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
Model 3117 Gain Model 3117 Forward Power @ 1 m
18 —Vim —— 0% AM ——3Vim — 80%AM ——10VWm B0% AM
10 —
] A IS
12 -.r""\f‘/\ ) — <
8 /J 01
. N i e —— S —
4 /\ 0.01 : =
o 7 0.001 —
- LRSS GHe 0.0001 LEREQ GHz [ DERIVED FROM GAIN |
0 2 4 [} 8 10 12 14 16 18 Q 2 4 6 8 10 12 14 16 18

Model 3117 VSWR

16

14

12

10

4

2

OFRE'QGI'B
12 3 4 5 6 7 8 8 10 1 12 13 14 15 16 17 18

e ——




108

EMC Antennas

SNVETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (1 GHz - 4 GHz)
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EMC Antennas

SNVETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (9 GHz - 12 GHz)




110

EMC Antennas

NETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (17 GHz - 18 GHz)
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— Watcharaphon Naktong, Boonchai Kaewchan, Apirada Namsang, and Amnoiy
Ruengwaree, “Bidirectional Antenna on Flambeau-Shape,” INTERNATIONAL SYMPOSIUM
ON ANTENNAS PROPAGATION (ISAP 2010), macao, China, 2553 November 23-26.

— Watcharaphon Naktong and Amnoiy Ruengwaree, “Increasing bandwidth of
Flambeau- Shape monopole antenna for UWB Application,” 8" International Conference on
Electrical Engineering/Electronics, Computer, Telecommunications and Information

Technology (ECTI-CON 2011), Khon Kaen, Thailand, 2011 May 17 - 19.
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A CPW-Fed Rectangular Slot Antenna with Tuning-Fork-Shaped Tuning Stub for

Broadband Applications
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Abstract

This paper presents the CPW-Fed Rectangular Slot
Antenna with Tuning-Fork-Shaped Tuning Stub for broadband that
applies to DCS, PCS, UMTS, WLAN IEEE 302.11 aib/g, Bluetooth and
IEEE 802.16a/d WiMAX. The design and analysis of the prototype
antenna has been simulated by CST (Computer Simulation Technology)
program to determine the suitable dimensions. The simulation shows
the impedance bandwidth about 118.658% (1.656 - 6.49 GHz) that
supports the broadband applications as reguired. and agreed well with

the experimental results.
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Abstract

This paper is presented a flambeau shaped monopole antenna
for ultra wideband applications even in the wide system GPR (Ground
Penetrating Radar). The size of prototype antenna is 40 mm. x 50 mm.
and fabricated on PCB tvpe FR-4. An antenna is excited by CPW-fed
with of input impedance 50 ohm for UWB applications as Federal
Communications Commission (FCC) standard. The simulations were
resulted by Computer Simulation Technology (CST) program, The
measured input impedance bandwidth (return loss < -10 dB) of the

prototype antenna is 132.41% (2.45 - 12.05 GHz). The radiation

patterns are bidirectional,

Kevwaords: Ultra-wideband, CPW-Fed. monapole antenna
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1. Introduction

Presently, GPR system has brought to apply widely in several types of work. Mostly, it is
used to investigate with no damage cause such as objects exploring, underground gas pipes,
underground tank, tree root, electric cable and waste water pipe which those objects may be
destroyed if there is the digging operation in that area surface without prior investigation. The
antenna used in GPR system according to FCC standard has set the antenna into 2 lengths which are
the low antenna lower than 960 MHz and the high length will set at antenna 3.1 - 10.6 GHz [1-2].
Besides as stated, UWB (Ultra-wideband) was also brought to apply in wireless communication by
technology standard IEEE 802.15.3a [3], which is the new technology of communication that
becomes very popular because of its wide bandwidth [4], so that the transmitting of large amount of
information is enhanced with high speed. For GPR system and wireless communication according
to IEEE 802.15.3a standard, the important equipment that makes both systems work effectively is
the antenna that response to the 3.1 - 10.6 GHz frequency range and another part that help to
support an antenna for good transmitting. The input signal that feeds to CPW-fed can be done in
several ways. But one way that popular applied is Coplanar Waveguide (CPW) technique that is
found low loss in the form of wave distribution and no via-hole for linking to ground in order to a
ground antenna is on the same side[5]. Another good point of CPW-fed is the matching impedance
can be done easily so, there was the research and application of CPW-fed technique with a

monopole antenna to reduce the size of antenna [6-8]. This research presents the new form of a
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monopole antenna with CPW feed-line as the idea in [9-12] to apply the new structure of a
Flambeau-shape antenna. The CST program is used for optimized the proposed parameters to have

the most effectiveness.

2. Antenna design

The design of Flambeau-shape monopole antenna structure begins from bringing the U-
shape antenna to adjust the size by optimization on the CST program as shown in figure 1. The
structure of the proposed antenna is created on the material FR4 which its relative dielectric
constant (O) and a thickness (%) are 4.3 and 0.764 mm, respectively. The return loss, the radiation
patterns and bandwidth of the proposed antenna are produced by adjusting structure of the antenna.
It is found that the varying of width and length of the proposed antenna cause the response in the
required frequency range.

First, the stub of the Flambeau-shape antenna at point (X) is varied by adjusting the length
W.. It is found that when the W is 2.6 mm, the frequency response is produced the wide bandwidth
of 126.86% (2.95 - 11.45 GHz) as shown in figure 2(a). The length from the antenna to ground
plane has a stable value, L, of 0.3 mm.

Then the space between the Flambeau-shape stub, #, which on the top end of the proposed
antenna as point Y is adjusted. It is found when W7, is around 13 mm; the bandwidth is increased of
127.58% (2.80 - 12.05 GHz) and made the return loss reduced in both high and low frequency
edges. The increasing of the bandwidth is 0.72% more than the adjusting of 7 as shown in figure

2(b).
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Figure 2: The frequency response (S,,) when (a) W, (b) W, is varied.

Its optimized dimension has been determined. The antenna parameters were obtained in the
followings: L, =282 mm, L,=21.8 mm,L,=3.7mm, L, =59 mm, L, = 7.8 mm, L, = 2.8 mm, L,
=0.85mm, L, =03 mm, W, =13 mm, W, =10mm, W, =3 mm, W, =9.2 mm, W, = 2.6 mm, W,

=3.8mm, W, =17.5 mm and W, = 0.6 mm. Nevertheless, the feed-line is exactly equal to 50 ohm.

The total dimension is equal to 50 x 40 mm’.



141

3. Creation and result of measurement

Base on the discussion above the physical antenna prototype is then fabricated as shown in
figure 1. Then, the Flambeau-shape antenna is fabricated as shown in figure 3. In the part of the
measurement result of the return loss and bandwidth of the antenna, it is found that both results
from the model and real measurement are in the same direction which is be able to support the use
of the frequencies range from 2.7 GHz to 12.05 GHz as shown in figure 4(a). By the responding
result to the frequencies in the using range is in the fraction form of Voltage Standing Wave Ratio:
VSWR) from the outcome of VSWR value. Figure 4(b) shows the comparison of simulated and
measured gain in the frequency range of 3 to 11 GHz. It found that the expanding gain is around
2.91to 3. 07dBi.

To confirm that the proposed antenna is generated the bidirectional pattern so that figure 5
and 6 show the radiation patterns in E- and H- plane at 3.5, 7.1 and 11.2 GHz. It can be noticed that

all the responses are activated as a monopole antenna with the bidirectional pattern.

= Simulation

10 | ~ " Measurement

Gain (dBi)

AN
2 .
./Q N TN o S S T e

2 3 4 5 6 7 8 9 10 1 12

Frequency (GHz) Frequency (GHz)
(a) (b)

Figure 4: Comparison of simulation and measurement of the proposed antenna (a) VSWR (b) Gain
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Figure 5: The radiation pattern at the frequencies of 3.5 GHz, 7.1 GHz and 11.20 GHz on E-plane
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Figure 6: The radiation pattern at the frequencies of 3.5 GHz, 7.1 GHz and 11.20 GHz on H-plane

(a) Simulation (b) Measurement.

5. Conclusion

This paper propose the Flambeau-shape monopole antenna to apply in the UWB in GPR
system and wireless communication system IEEE 802.15.3a in the frequencies range of 3.1 -10.6

GHz. The result of the simulation and measurement are agreed very well. The proposed dimension
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is 40 x 50 mm’ and fabricated on FR-4 PCB substrate, which its VSWR is less than 2 and the

percentage of bandwidth is 132.41%. For the radiation pattern, it is the Bidirectional with the gain

of 3 dBi all the frequency range.
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Abstract - This article presents the increasing bandwidh of a
flambean-shaped  monepole  antenna for UWB  application,  The
profotype antenna has small size of about 28 x 45 mm’ and fabricated
on a simple FR-4 PCB with a CPW-fed structure. This antenng 15
supported UWE (Ulira-wideband) applications as required by the
Federal Communications Commission (FCC) wath the frequency range
of about 3.1-1006 GHz, covering of IEEE 802.153a and also JEEE
#02.16a standards. The structural simulation technigue was used to
analyze the antenna charactenistics, utilizing the commersial software
Computer  Simulation  Techaology (CST) The messured  input
impedance bandwidth (return loss < -100 dB) of the protofype antenna
wis 162.52% for the frequency range of about 249 - 24,00 GHz. The
radiation patterns were bidirectional along the propesed frequency
band.

Keywords: Increasing bandwidth, Flambeau-shaped, CPW-Fed. and
UWB

L INTRODUCTION
Presently, FOU standard required 3.1 = 10,6 GHz (Ulra-
wideband: UWE) [1-3], a short distance form of communication that
became popular. 1t possessed the wide bandwidth for the wireless

communication on [EEE 802

5.3a and IEEE R02.16a standard [4-5].
Consequently, for those who used the UWB standard system had
brought 1t 1o develop the devices that eould be employed to various
applications such as Ground Penetrating Radar (GPR), Mear ficld
detection, and Microwave radar system ete. The GPR was investigated
objects under ground serface without damages, Systems enhanced the
large amount of information transmitting and were also potential
applications with high speed. The important part of the mentioned

systems were their effectiveness in wideband operation that is antenna.

The 8th Electrical Engineering’ Electronics, Computer,
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That antenna had added more potential o use the systems, There fore,
the antenna was designed to response o UWEB. The antenna structure
was designed with two-sided PCB. Previously, researcher [4-7] had
antennas more tuning shapes and more complex structures with two-
sided PCB design in order w match with the required impedance
bandwidth. Therefore, it was designed by using Coplanar Waveguide:
CPW technique. For the good peint, there was no need to make the hole
to cofmect the ground since the signal lead wire, The groumd plane was
on the same side and the matching of impedance could be done more
easily. However, the previous antenna sizes were bulky with very thick
structure [B-11] that was difficult to compose with the small devices,
For this reason, in this paper, we had developed slots on the antenna
structure 1o reduce the size and increase the bandwidth. In this work, we
presented the flambeau-shaped monopole antenna by using the ground
slotting technigque [11]. The slotting technique increases the bandwidth
to create over than 50 chm of impedance sending through UBW, The
antenma simulation by wsing CST program. Had been employed to

adjust parameters for the best characteristic,

1L Structure and designing principles

A, Anienna Stracture

The design of antenna structure [11] had been adapted 1o
develop o new flambeau-shaped monopole antenna. It began with
shot making technique [12-15] on both points of ground plane, The
experimental method had employed CST program until getting the
protolype of antenna as shown in figure 1. The antenna prototype was
bhuilt on PCB type FR~4 with the length (L) at 45 mmm, and width () 38
mm. The PCB had a constant diclectric value (&) = 4.3 and the basc
material thickness (F) = 0.764 mm, Then, adjusting the size unil getting

the highest efficiency of antenna as shown m Table 1.
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Figure 1 Prototype antenna structure,

Table 1 The parameters of profotype antenna.

Width (1) Length (L}
variations size (mim, ) vanations size (mm,)
L a3 W 3
L I w, 12
L, L6 W, i
H 0,764 5 0

B. The resnle of simulation

The simulation technique by CST program was used o
study important characteristics of the antenna such as return loss,
radiation pattern and bandwidth. Then, the results of simulation would
be examined w adjust the parameters of antenma. It was found that
adjusting two pans of the antenna were gained best returmn loss
responses. Firstly, the asymmetric ground slot both left and right at
point (AY, by adjusting WI at the constant valee of J.|,= 1l mm, to
reduce the return loss and wider bandwidih the lengths of ¥, of 3.6, 9
and 12 mm as shown in figure 2. Tt was found that the apprapriate value
was W, = 12 mm which responded 0 the frequency from 2.98 - 17.41
GiHz (141.53%).

Return Less (dB)

T =3, WA
— "Wl =9mm. —— Wi=[Zmm.

i
|
1 5 3 13 Lid 1] 35
Frequency (GHz)

Figure 2 The return loss (S) when adjusting the size of B,
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Second part was to make the slot of rectangular ground
plane both on the left and right side at point (B). The changes of this
result in retumn boss value and the bandwidth as shown in Figure 3. By
adjusting the length of the strpe and get the best value of W, = 0.4 mm.
Then, adjust the width of L, from 004, 0.8, 1.2 and 1.6 mm and found
that the fitting value was L, = 1.6 mm. This yiclds the corresponding
bandwidith of 155.90% (2.9% - 23,52 GHz) thai made the return loss
value reduce both in high and low frequency edges. The results in more
bandwidth from the first adjustment (Figure 2) was about 29.74% as

shown in Figure 3,

L]
-
=)
2 ant--Hif-----
£
= -
2
0
el ¥V V S = L2 =4 mm,
= i2-limm. = Li-lEmm.
€0
1 § L] 13 17 Eal 5
Frequancy (GHz)

Figure 3 The return loss (5 ) when adjusting L

111. Fabrication and measurement

The appropriate antenna parameters from simulation were
shown in Figure 1 and table 1. After that, the outcomes were brought 1o
creaie the real antenna as shown in Figure 4. For the part of return loss
value and antenna’s bandwidth measured results, it was found that both
the simulation and measurement results tended to he in the same way
which can be used with the frequency range from 2.4% CGiHz to 24.00
GHz as shown in Figure 5. The responding result of frequency range
used in the form of Voliage Standing Wave Ratio (VSWR) was also

presented.
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Frogquency [GHz)
Figure 5 The comparison results of madel simulation and

measurement of the VEWR.

Gain (dBi}

Frequancy (GHz|

Figure 6 Gain comparison of the simulated results compared to

the measured resulis,

Figure 6 shows the companson of gain of antenna prototype
from simulation and measurement. Starting with 3 GHz frequency of
wain 3.26 dBi to the frequency of 24 GHz with gain of about 2.41 dBi.

The antenna directions were tested by using the methods of
simulation and measurement to find the radiation pattern of the antenna.
The comparison of the simulation and the measurement results at any
range of frequencies were shown in figure 7-10, It was found that the

antenna radiation pattern was bidirectional.
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Figure 7 The simulation results of the radiation pattern at the

frequencies of 3 GHz, 10 GHz and 24 GHz on E-plane.

a

PRI = (PRI
v et

i

Figure & The measurement results of radiation pattern at the frequencies

of 3 GHz, 10 GHz and 24 GHz on E-plane.

Figure 9 Radiation pattern simulations results at the frequencies of

3 GHz, 10 GHz and 24 GGHz on H-plane.

— i@
B8 MG

[
e
by o
— s g

Figure 10 Radiation patiern measurements results at the frequencies of

3 (iHz, 10 GHz and 24 GHz on H-planc.
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IV, CONCLUSION

This article was presented the increasing of bandwidth in
flambeau-shaped monopole antenna with the slot making on two points
of ground plane. This was aimed to increase the UWB that can be used
with the wireless communication on [EEE 802,15, 3a, IEEE 802, 16a and
fuwre development standards. The results of antenna simulation and
measurement  in responding  to the frequencies were  constanthy
conformed to the frequency used in 3.1 « 10.6 GHz and having VSWR
less than 2. In addition, it was found to have 162.52% of bandwidth
(2,49 - 24.09 GHz), The results gained from the average measurement
through the operating band of 3.54 dBi was found as be able to reduce
the size of former antenna. In the rescarch [11]. the antenna of size
40 x 50 mm’ was reduced to 38 x 43 mm’ and the antenna from this
research had reduced in size about 14.5% with more bandwidth than the

previous research about 55.55%.
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