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ABSTRACT

This thesis presented the development of planar monopole antenna to support the dual band
frequencies for a better performance of wireless communication according to IEEE802.111b/g 2.45
GHz (2.4-2.48 GHz) and IEEE802.16¢ 3.5 GHz (3.4-3.69 GHz) standard by using probe tuning
technique and increasing gain by adding horn structure.

The prototype antenna was designed for a simulation by using CST program together with
an experiential methodology to find out the most appropriate parameter. The prototype antenna
consisted of two parts: 1) circular probe with horizontal I-shaped stubs was constructed on the PCB
(FR4) with a dielectric constant (£,) of 4.3 and a substrate thickness (4) of 0.0764 mm., a
conductor material thickness (¢) of 0.017 mm., and 2) annular waveguide connecting to conical
horn antenna was constructed by a copper sheet with a thickness of 0.35 mm. and a conductivity
(o) of 5.8x10"S/m.

The findings of the simulation and the measurement of the planar monopole antenna with
probe tuning techniques and horn structure showed that the new design of antenna had frequency
response with low frequency resonance at 2.47 GHz., covered the applications frequency range of
2.36-2.49 GHz and the high frequency resonance at 3.49 GHz. It also covered the applications
frequency range of 3.13-4.18 GHz while the bi-directional radiation patterns gained 8.34 dBi and
10.08 dBi, respectively. The new design could be fabricated and brought about by practical

application.

Keywords: bandwidth enhancement, gain enhancement, probe tuning, horn antenna
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DS-1409A

FEATURES INTERNATIONAL STANDARD RECOGNITION
« High C.T.lI Value(above 400V) - BSI 6741
+ Good dimensional stability, soldering reliability has « VDE : VDE-Reg-Nr. 4945
been bettered <UL :E103670
+ Good electrical properties
« High density automatic mounting can be carried out
APPLICATIONS
Computer & peripherals, Instrumentation, VCR,
Television, Electronic Toy, etc.,
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COPPER
CLAD

LAMINATES

GENERAL PROPERTIES Designation DS-7405A
ANSI Grade FR-4
. . Property Data
Test ltem nit Treatment Condition
. 5 ScRAAitio Standard Value Guaranteed Value
Tg DSsC 135 above 130
T TMA 135 above 130
DMA 165 above 160
CTE x-axis 18 less than 20
y-axis ppmiC Ambient to Ty 13 less than 15
z-axis 55 less than 60
Flammability - UL-94 V-0 V-0
Insulation Resistance ohim C-96/20/65 1x10%-1x10% above 5x 10"
C-96/20/65+D-2/100 1x10%-1x10" above 1 x 10°
Volume Resistivity ohm-cm C-96/20/65 1%10%-1x10% above 1x 10
C-96/20/65+C-96/40/90 5%10%-5x10" above 5 x 10"
Surface ohm C-96/20/65 5x10%-5x10" above 1 x 102
Resistance C-96/20/65+C-96/40/90 1x10%-1x10" above 1 x 10"
Arc Resistance min.seconds 110 above 60
Dielectric Constant _ C-96/20/85 45-48 less than 5.5
(1 MHz) C-96/20/65+D-48/50 46-52 less than 5.8
Dissipation Factor . C-96/20/65 0.015- 0.020 less than 0.035
(1 MHz) C-986/20/65+D-48/50 0.018 - 0.023 less than 0.045
E‘Z':f"""‘“"e Tracking volt IEC Method above 400 above 400
Solder Float(260°C) sec A above 180 above 120
Peel Cu.foil 1oz >
Strength | (0.035mm) kgfiom A 15-18 above 1.43
Flexural Strength kgfimm? A 40 - 50 above 32.7
Water Absorption % E-24/50+D-24/23 0.10-0.15 less than 0.25

Specimen Thickness : 1.6mm

PURCHASING INFORMATION

« Copper foil : 0.5 0z/ft(0.018 mm), 1 0z/ft*(0.035 mm), 2 0z/ft*(0.070 mm) available.
= Thickness : 0.4mm to 3.2mm

Standard Size

Tolerance(mm)

1,020 X 1,220mm (40" X 48"}
1,070 X 1,220mm (42" X 48")
1,020 X 1,020mm (40" X 40"}

915 X 1,220mm (36" X 48")
970 X 1,220mm (38" X 48")

+3
-0

% Other sheet size and thickness could be available upon regquest.
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JOI‘INSON SMA - 50 Ohm Connectors

Components’

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

OO MO XANODONNERDOOOORDOOAN~NE DRI

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

ohnson

Components’

INCHES (MILLIMETERS)

CUSTOMER DRAVWINGS AVAILABLE UPCN REQUEST

ELECTRICAL RATINGS

Specifications
Impedance: 50 ohms
Frequency Range:

Dummy loads ..

Flexible cable connectors ... .0-12.4 GHz

Uncabled receptacles, RA sem\-rlgld and adapters ........... 0-18.0 GHz

Straight semi-rigid cable connectors and

field replaceable connectors . . ceisnermresnssnsnnese: 020.5 GHA
VSWR: (f = GHz) Stralght Right Angle

Cabled Connectors ~ Cabled Connectors

RG-178 cable ... 1.20 + 025f 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 .. v 115+ 01 1.15 + 02f
LMR-200, LMR- 240 cable 1.10 + .03f 1.10 + .06f
.086 semi-rigid ... 1.07 +.008f 1.18 + .015f
141 semi-rigid (wicontact) .......... 1.05 + .008f 115+ 015f
141 semi-rigid (w/o contact) ...... 1.035 + .005f

Jack-bulkhead jack adapter and plug-plug adapter ........... . 105+ 01
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 ... ... 170 45
RG-318; LMR- 100 195 200 . .. 250 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 125

Dummy loads .. .
Dielectric Wlthstandlng Voltage (VRMS minimum at sea level)'
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 w/o contact, dummy loads
Corona Level: (Volts minimum at 70,000 feet)’
Connectors for RG-178
Connectors for RG-316; LMR-100, 195, 200 ...
Connectors for RG-58, RG-142, LMR-240, 086 semi-
uncabled receptacles, .141 semi-rigid w/o contact
Connectors for .141 semi- r|g|d with contact and adapters
Dummy loads ...

Insertion Loss: (dB maximum)
Straight flexible cable connectors

2|

and adapters ................... 006 " f(GHz), tested at 6 GHz
F;E:rt]:crlglresﬂemb\e ca.ble ...0.15 m), tested at 6 GHz
iﬁiﬂﬂﬁfglﬂggﬁiﬁﬁ 1003 Vi(GHz), tested at 10 GHz
Rlargesoiigh e - st 0t
Sé:iﬁ:éti?;n ;;::glc?ofwtagl)clte...... 0.03 m), tested at 16 GHz
Sétar?lllghct;melgl?rg able ....006 V1(GHy), tested at 1 GHz
igt;te’?)?::elggrlg%ﬂex‘ble 0.15 m) tested at 1 GHz

Uncabled receptacles, field replaceable, dummy loads ....................NfA
Insulation Resistance: 5000 megohms minimum
Contact Resistance: (milliohms maximum) Initial

Center contact (straight cabled connectors

After Environmental

and uncabled receptacles) ................c......... 3.0 4.0
Center contact (right angle cabled

connectors and adapters) ... 4l 6.0

Field replaceable connectors ...................... 6. 80
Outer contact (all connectors) ............... N/A
Braid to body (gold plated connectors) ..... N/A
Braid to body (nickel plated connectors) ........... 5. N/A

*N/A where the cable center conductor is used as a contact
RF Leakage: (dB minimum, tested at 2.5 GHz)
Flexible cable connectors, adapters and .141 semi-rigid
connectors w/o contact
Field replaceable w/o EMI gasket ..
086 semi-rigid connectors and .141 seml rlgld connectors
with contact, and field replaceable with EMI Gasket ..
Two-way adapters
Uncabled receptacles, dummy loads ......
RF High Potential Withstanding Voltage: (Vrms minimum, tested at 4
and 7 MHz)'
Connectors for RG-178 ..
Connectors for RG-316; LMR 100 195 200
Connectors for RG-58, RG-142, LMR-240, 086 seml-rlgld,
141 semi-rigid cable w/o contact, uncabled receptacles
Connectors for .141 semi-rigid with contact and adapters
Power Rating (Dummy Load): 0.5 watt @ + 25°C, derated to 0. 25 watt @
+125°C

MECHANICAL RATINGS

Engagement Design: MIL-C-38012, Series SMA
Engagement/Disengagement Force: 2 inch-pounds maximum
Mating Torque: 7 to 10 inch-pounds
Bulkhead Mounting Nut Torque: 15 inch-pounds minimum
Coupling Proof Torque: 15 inch-pounds minimum
Coupling Nut Retention: 60 pounds minimum
Contact Retention:

6 Ibs. minimum axial force (captivated contacts)

4 inch-ounce minimum torque (uncabled receptacles)

Cable Retention: Axial Force {Ibs) Torque (in-0z)

Connectors for RG-178 ................. N/A
Connectors for RG-316, LMR-1DD 2D N/A
Connectors for LMR-195, 200....... .. 30 N/A
Connectors for RG-58, LMR-240 .. ... 40 N/A
Connectors for RG-142 ......... .45 N/A
Connectors for .086 semi-rigid .. <30 16
Connectors for .141 semi-rigid .60 55

*Or cable breaking strength whichever is less
Durability: 500 cycles minimum
100 cycles minimum for 141 semi-rigid connectors w/o contact

ENVIRONMENTAL RATINGS (Meets or exceed the applicable paragraph of MIL-C-39012)

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

Shock: MIL-STD-202, Method 213, Condition |
Vibration: MIL-STD-202, Method 204, Condition D
Moisture Resistance: MIL-STD-202, Method 106

tAvoid user injury due to misapplication. See safety advisory definitions on page 2.
Johnson Components® * P.O. Box 1732 + Waseca, MN 56093-0832 + 1-800-247-8256 + Fax: 507-835-6287 + www.johnsoncomp.com
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Components’

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

JOI'lNSON SMA - 50 Ohm Connectors

MATERIAL SPECIFICATIONS

Bodies: Brass per QQ-B-626, gold plated* per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290
Contacts: Male - brass per QQ-B-626, gold plated per MIL-G-45204 .00003" min.
Female - beryllium copper per QQ-C-530, gold plated per MIL-G-45204 .00003" min.
Nut Retention Spring: Beryllium copper per QQ-C-533. Unplated
Insulators: PTFE fluorocarbon per ASTM D 1710 and ASTM D 1457 or Tefzel per ASTM D 3159
Expansion Caps: Brass per QQ-B-613, gold plated per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290
Crimp Sleeves: Copper per WW-T-799 or brass per QQ-B-613, gold plated per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290
Mounting Hardware: Brass per QQ-B-626 or QQ-B-613, gold plated per MIL-G-45204 .00001" min. or nickel plated per QQ-N-290
Seal Rings: Silicone rubber per ZZ-R-765
EMI Gaskets: Conductive silicone rubber per MIL-G-83528, Type M

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

Mating Engagement for SMA Series per MIL-C-39012

REFERENGE PLANE
0881005 {2.2410.,3) —= 1+ -l 076£002 (1.93%0.05)
000-.010 (0.00-0.95) —afle @BAB1 (460 MN— | —~f=—.000-.010 (0.00-0.25)
@.212+.004— L000-.010 (0.00-0.25)
000 MIN (5.3840,10)
HEX .312 (7.92)
| SEE-DETAL 1/4-36 UNS-24
i 7.
T A
174-36 UNS-2B /
SEE NOTE 1
JACK
AT gy — |
PLUG Ay :
i L
— .250 (B.35) MAX -~ 218 (5.54) MIN
130 {3,300 MIN - L0 B0R (4.592) MAX - %0 .35 MIN FULL THREAD
A58 L3430 M ™ ol 030+.015 (076+0.38)
0304015 (0.7640.38) ——+f b+
——le— 005 (0.13) MAX X 45°

JCI
REFERENCE PLANE REFERENCE

050 (1.27} MIN PLANE i

100 (2.54) MIN gg

015 (0.38) MIN :

|

_LL w

T |

@ 015 (0.38) MAX FLAT
@ .D355-.0370 e— 076 (1.93)
(0.902-0.940}
PLUG JACK
NOTES

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 + 1-800-247-8256 « Fax: 507-835-6287 + www.johnsoncomp.com
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SMA - 50 Ohm Connectors

Panel Mount

JOl—INSON

Components’

INCHES (MILLIMETERS)
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

2-Hole Flange Mount Jack Receptacle - Flush Dielectric
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The Bandwidth Expansion of Double-Horn Antenna
with a Squared Probe for Wireless Communication
Applications
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Rajamangala University of Technology Thanyaburi (RMUTT), Pathumthani, Thailand,
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Abstract— This article is presented the bandwidth expansion
of double-horn antenna with a squared probe for wireless
communication applications by using the basic structure of a
monopole antenna with a double-horn waveguide to increase the
gain and spread the applied frequency in the desired spectrum.
The entire structure of the antenna was fabricated on a metal
sheet with a thickness of t = 0.2 mm. It was designed with the
CST program to improve impedance bandwidth to support
wireless communication devices and Wili system. The results of
measurement found that the antenna had an impedance
bandwidth of 70.99% (1.59 — 3.34 GHz), which conformed to
support wireless communication standard.

Keywords— bandwidth enhancement; horn — shaped; gain;
wireless communication

I. INTRODUCTION

The antenna for wireless communication is designed for
indoor installation in meeting rooms, class rooms, etc. The
most used energy distribution antenna is a directional pattern,
which is a microstrip or waveguide antenna. The bi-directional
pattern antenna is a microstrip antenna with a rectangular hole
and rounded antenna. The omi-directional pattern antenna is
property of a monopole antenna with ground plane. The
antennas mentioned are used generally with a frequency
standard to support GSM (0.9 GHz). DCS (1.72 - 1.88 GHz),
PCS (1.85 - 1.99 GHz), IMT- 2000 (1.92 - 2.17 GHz), WLAN
IEEE 802. 11a/b/g 2.4 GHz (2.4 - 2.48 GHz), IEEE 802.16¢
3.5 GHz (3.4 - 3.6 GHz), IEEE802.11j (4.90 - 5.091 GHz), and
Public Safety Frequency (4.94 - 4.99 GHz [1-2]). The antenna
in Thai commerce still has a high price and is difficult to
maintain. However, some are available at high cost, which
leads to the buying of a new one. Some antennas with lower
prices do not cover the whole required frequency range and
have a narrow bandwidth. Therefore, This research has been
developed a new structure for an antenna by using low cost
materials and easily to found in Thailand. It was designed as a
basic monopole antenna [2-6] with double-horn waveguide to
increase the bandwidth. The CST program is used to find the
most appropriate parameters [7-12].

978-1-5090-4666-9/17/$31.00 ©2017 IEEE
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II. DESIGN AND SIMULATION

A. Antenna Structure

Metal sheet was selected for using in the design. The
thickness of the metal sheet is t = 0.2 mm. The length of the
squared probe is A/4[2-6] and the length of the ground plane
is gl, g2 =0.984, as shown in (1) and Fig 1(a). respectively .
The monopole antenna with ground plane was combined with
double horn waveguide [7-12] which is design from (2) and
(3) as shown in Fig.1(b) and Fig.1(¢c). The step 3 as shown in
Fig.3 was designed the size of rectangular aperture with a
width and length of 0.33%. The prototype antenna was adjusted
for maximum efficiency, as shown in Fig.2, and other
parameter values, as shown in Table L.

A_0158 _ 3x10% a
¥y 4 1.85x107

L2= f52ﬂﬂ-"2 (2)
AN ) ”*2\2

R4=1g +kﬁ‘ 3)

When 2. is the wave length, R is the oblique length of horn
aperture, W2 is the width of the lower horn aperture, 12 is the
length of the lower horn aperture and gl is the length of
ground plane.

14 ]
SIEQW AN g

(b} Step 2

(a) Step 1 (c) Step 3

Fig.1. The process of fabncated prototype antenna.
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Fig.2. The parameters of the prototype antenna.

TABLE L THE PARAMETERS OF THE PROTOTYPE ANTENNA

Width () Length (L)
Variations | Size(em.) Variations | Size{em.)
W, 2 L; 2
Wy 10 L; 29
Wy 5 L 15
&i 15 I 0.02
&2 15 7] 450

B. The Result of Simulation and Analysis

There are two parts of the structure for tuning of the double
horn antenna with square probe. Part 1: Adjusting of the
feeding structure as [-shaped probe was designed with height
of A/4 as shown in Fig.2(b). Then, the dimension of I-shaped
probe as I#; and L; were adjusted from 1. 1.5, 2, 2.5, and 3 cm.
From the adjustments, the most appropriate values are ##;=2
cm. and £,=2 c¢m. As the simulation results, the antenna
responds to 2 ranges of resonance frequency, which are the low
frequency of 38.39% (1.81 — 2.67 GHz) and high frequency of
6.96% (2.91 — 3.12 GHz), as shown in Fig.3.

T Wi= Ll=10cm
= "Wl= Ll=15cm
T Wi=1L1=20cm
oW =L1 .5

=% Wi=L1=30cm

Return Loss (dB)

=30

-40

20 25 3.0 3.5 4.0

Frequency (GHz)

Fig.3. The simulation result of retum loss of antenna when adjusting 1/,
and ;.
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Part 2: The step 2 in Fig.1(b) is the design of lower horn
aperture part. The design was achieved by using (2) and (3) .
The dimensions are 7> of 10 ¢cm. and L- of 29 ¢cm. Then, the
square horn aperture as shown in Fig.1(c) was designed. The
width L;1s selected as 15 mm. The length #; is adjusted from
1. 3,5, 7 and 9 cm. The result of adjustment shows that the
most appropriate values are I3 =5cm. and Lz =15 cm. The
frequency response of the prototype antenna is 57.50% (1.71-
3.09 GHz). as shown in Fig.4. The bandwidth was increased by
47%, gain of 8.11 dBi. The conclusion results of the antenna
structure were tuning in all 3 steps as shown in Fig.5.

TTW3slem, L3I=15cm
= 'Wi=3om, L3=15cm
T Wi-S5com, L3=15cm

“W3=7cm, L3=15cm
=" W3=9cam,L3=15cm

Return Loss (dB)

20

25 3.0 35

Frequency (GHz)

. The sinulation results of return loss of antenna when adjusting W3 and

Return Loss (dB)

7 Antenna 1

R 4 amn = s

50

-60

|
1
20 25 30 35 10

Frequency (GHz)

Fig.5. The simulation results of the ant. return loss with 3 step tuning.

III. FABRICATION AND MEATUREMENT

The tuning of the antenna structure for more efficacy was
achieved in II section. In this section, the prototype antenna
had been fabricated as shown in Fig.6(a) and the measurement
with network analyzer as shown in Fig.6(b). The simulation
and measurement results in term of return loss can be
compared, as seen in Fig.7. The both results tended in the same
direction. In Fig.8, the VSWR of actual antenna are lower than
2 from 1,59-3.34 GHz. This experimental results had found
that the antenna bandwidth is 70.99% with average gain of
7.59 dBi as shown in Fig.9. The comparison of radiation
pattern in the E-plane (see Fig. 9) and H-plane (see Fig.10)
show the results of the experiment at 1.8 GHz, 2.45 GHz and
3 GHz. and found that both planes had tended in same
direction.
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(a) The fabricated antenna

(b) The measurement with network analyzer.

Fig 6. The prototype antenna and measurement step.

Return Loss (dB)

= Simulated

= " Measured

1.0 1.5 2.0 25 3.0 35 4.0
Frequency (GHz)

Fig.7. The comparison of simulated and measured results for return loss.
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VSWR

Frequency (GHz)

Fig.8. The comparison of Simulated and measured result for VSWR.

Gain (dBi)

— Simulated " Measured

1.0 1.4 1.8 22 2.6 3.0 3.4 3.8

Frequency (GHz)

Fig.9. The comparison gain of simulated and measured results

— 180GHE

(a) simulated

(b) measured
Fig.10. Simulated and measured result of radiation pattern in E-plane.

—— 180 GHz
I 245 OHE

(‘h‘ n_ 300 GHz
sy
Ry
R

(a) simulated

(b) measured

Fig.11. The simulated and measured result of radiation pattern in H-plane.
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TV. CONCLUSION

This research had been designed and fabricated the double-
horn antenna with a squared probe. The purpose was to
increase the bandwidth for supporting DCS, PCS, IMT- 2000,
WLAN and WiIMAX applications. In designing the horn,
reflective metal sheet was used to increase the gain of 27.11%
and the average gain of 7.59 dBi. By adjusting the size of the
rectangular probe /4 to make it larger and adding a rectangular
waveguide, it was found that a larger range of frequencies at
84% was possible. The bandwidth is 70.99% (1.59 — 3.34
GHz), as required.
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Abstract—This paper is presented a designed on the bi-
directional circular horn antenna structure with probe tuning.
The circular stubs and horizontal i-shaped tuning lines were
added. The probe with the size of i/4 was used to increase the
frequency for the prototype in order to support the dual
application frequencies of IEEE 802.11b/g 2.45 GHz (2.4-2.48
GHz) standards and IEEE 802.16e 3.5 GHz (3.4-3.69 GHz). For
the circular horn was use to increasing the gain. From the results
of measurement, it was found that the antenna responded to the
resonance frequency in 2 notch. In the first notch, the low
frequency was equal to 2.43 GHz, while the high frequency
(second notch) was equal to 3.42 GHz. The radiation pattern in
the bi-directional with a gain of 8.34 dBi and 10.08 dBi,
respectively.

Keywords—bi-directional; circular horn antenna: circular-
stub; I-shaped

I. INTRODUCTION

With the modern applications, WLAN IEEE 802.11a/b/g
and IEEE 802.16a/d Wi-MAX are the techniques that are
more main essential in wireless communications, Antenna is
one of the necessary devices because of its performance needs
such as compact size, high gain, provide range and various
services. The functional property of the antenna has not only
one frequency and specific wave propagation, but also suitable
uses on specific arca for point-to-point horizontal
transmission. Normally most of antennas are planar structures
so as to casy for fabricating. Their feed-lines frequently are
created as microstrip line and CPW. Their features are
presented to support requirements, but their performances are
deficiency of gain[1-7]. Horn antenna is commonly used for
point-to-point transmission with high gain. Its structure is
several shapes such as rectangular, circular, oval, and
triangular that can be various fabricated on many materials to
offer high performances [8].

As mentioned previously. this rescarcher has developed a
new model for a circular antenna structure with bi-directional
functions for specific wave propagation with a circular horn to
increase antenna gain. The result presents a circular horn
antenna requires a probe that increases circular stubs to
support WLAN IEEE 802.11a/b/g and IEEE 802.16a/d Wi-
MAX, obtaining the needed frequency covering the frequency

978-1-5386-0640-7/17$31.00 ©2017 IEEE
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Fig. 2. The prototype antenna structure:(a) Front view (b) Side view.

standard of IEEE 802.16¢ of 3.5GHz through the use of the
CST program to find the most suitable parameters.

II. DESIGN AND SIMULATION

A. Antenna Structure Step Designing

Bi-directional circular horn antenna consist 2 kinds of
material are a microstrip patch created on PCB and a horn
antenna made form copper. Fig.1(a) shows the first step of
antenna structure designing which is made from the copper
ring with the material conductivity(o) of 5.8x107 $/m
covering around the circular PCB patched. The basic of
circular ring is followed as (1) that is respond for the
fundamental frequency of 2.45 GHz. It is become that the
circular ring radius (r;) is 33.8 mm. The circular patch was
connected the I-shaped probe which had the total length of



A/4 and fabricated on the PCB (FR-4) that its diclectric
constant (&) is 4.3. The substrate (h) and the copper (1)
thickness of FR-4 are 0.764 mm and 0.017 mm, respectively.
Then, the dual horn antennas (in yellow part) were designed
following as (2) which is positioned on both sides (the front
and back size) of the antenna patch as shown in Fig. 1(b). So
the bi-directional circular horn antenna is obtained through the
radius of r> = 107.6 mm. After that. a circular stub on the top
of I-shaped probe was added as shown in Fig.1(c) for wave
propagation performances which was based on the first
desired frequency of 2.45 GHz So that the radius(r) was
computed from (3). 9.75mm. Finally.the horizontal I-shaped
stub was added over the I-shaped probe as displayed in Fig.
1(d).

C S\ L (1
iz ¥
rn=2r @
! 3)
Cam

ry:the circular ring radius(mm. ),

r>: the horn antenna radius (mm.).

ra:the circular stub radius(mm.),

/e » wavelength of circular horn antenna (mm.),
Ay :wavelength frequency (mm.).

f» the fundamental frequency (2.45 GHz)(mm.).

B. Simulation and Analysis

Referring to the prototype antenna structure inFig. 2. there
were three parameters which were analyzed. First, the length
of circular stub radius(rs) was tuned for the most appropriate
value. It wasad justd from 9.25, 9.5, 9.75.10,and10.25 mm. It
was found that the most appropriate value is r3 = 9.5 mm
because the resonant frequency is 2.45 GHz with the return
loss of -2.97dB as shown in Fig. 3. It found that its bandwidth
is not covered the frequency range requirement.

For the second parameter, the adjustment of the width of
horizontal I-shaped stub(J¥;)was to discover for the most
suitable value by using the cmpirical method. The constant
value of L;was fixed at 2 1.5 mm. So that, the length ofi’;is
changed from 1. 1.5, 2.2 .5and3 mm and found that L, of 21.5
mm and /7 of 2 mm were the optimized value because the
first and second mnotch frequency were around 2.48
and3 .53 GHz with the return loss of -18.19 and -21.77 dB.
respectively. The frequency response were almost closed to
the desired frequencies but still not satisfied. as shown in
Fig.4, in order to not support IEEE 802.11b/g.2.45 GHz (- 2.4
2.48 GHz) and IEEE 802.16¢,3.5 GHz (3.69 -3 .4 GHz)
standards.

Finally. the length of horizontal I-shaped stub(l;) was
varied. In this case, the widht #,was fixed at 2 mm, but the
lengthZ could be adjusted from 18, 19, 20,21 and2 2 mm.
Observing the simulation results as shown in Fig. 5, it was
found that when the value of [ is increased. the lower notch
frequency was shifted on the left hand side. On the other hand,
the higher notch frequency was shifted to the right while the
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value of L, is decreased. It was noticed that the appropriated
value of L; was equal to19 mm. The return losses are about
-16. and 03 -23.0 1dB at 2.47 and 3.53 GHz, individually.
Also from CST software programming, the impedances of the
first and second notch frequency were 50.16 - j19.04 Q and
55.27 +j6.42 Q. that closer to 50 £ standard.

As the critical parameters tuning described above, it can be
concluded that the circular patch radius had more directly
influenced to the fundamental frequency because of the main
radiation resonator. Since the requirement of dual frequencies
and varied bandwidth, the horizontal [-shaped stub was
inserted between the feed-line and the main circular patch.
Their specifications were exposed in table I. The optimized
parameters of the proposed antenna are shown Table II.

g
2
S
E
g ! / / . g
® 304 —r3=925mm —r3=950mm |[---1 | Tl's )
= =13 =9.75 mm == r3=10 mm 4
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2.0 2.5 3.0 3.5 4.0
Frequency (GHz)
Fig.3. The simulation results of return loss by funing r3.
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Fig.4 The simulation results of return loss of antenna when adjusting W,
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Fig.5. The simulation results of return loss of antenna when adjusting 2;.



TABLE I. COMPARISCN OF SIMULATICN RESULTS CF 3 PAR AMETER.S TUNING.

The steps of antenna & K "
tuning (GHz) Bandwidth(GHz) | BW(%)
The cutlular stub 2.45 T —
radius.z;
The horizontal I- 248 2.332.-60 10.88
shape stub, ) 3.53 3.08-3.62 15.29
The horizontal - 247 2.37-2.54 6.88
shape stub, L, 3.50 3.6-3.105 15.57

TABLE II. THE PARAMETERS OF THE PROTOTYPE ANTENNA

Width Length
Param eters Size (mm.) Parameters Size (mm.)
W, % I 19
w2 2 L2 38
w3 0.017 L3 9
W4 0.764 - -
WS 60 - -
We 70 - -

III. FABRICATION AND MEATUREMENT

The bi-directional circular horn antenna with circular
probe tuning had been fabricated as shown in Fig. 6. The
comparigons of return losses and VSWR are shown in Fig.7-8.
It is noticed that both results are agreed wery well. At the
lower noteh frequency, the measurement return loss is around
2.43 GHz while the measurement result at the high notch
frequency equals 3.42 GHz that are slightly different from
simulation. Referring to the comparison of VSWR, it is
acquired that the averaged VWSR measurement result is
around 2 and can be accepted. Cause of the difference may
due to the mismatch of fabrication process. It also got that the
value of the impedance can be recognized to the standard
value and the measurement gaing of both notch frequencies
had been presented in Table III.

The comparisons of radiation pattern in the E-plane (see
Fig. 9) and H-plane (see Fig. 10) are shown the results of the
experiment at 2.45 GHz, 3.5 GHzgpread the wave in bi-
directional pattern.

Fig. 6. The fabricated prototype antenna
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Fig. 7. The simulated and measured results of return loss.
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TABLE III. THE PARAMETERS OF MEASUREMENT RESULTS

The simulated and measured results of VSWR.

Result S{GHz) BW(%) Z{Q) Gain{dBi)
st
N baqd 247 6.93 50.16 - j19.04 9.31
simulation
E
Bl 243 740 55.21-j4.95 8.34
measurement
d
4 bm.'d 3.50 16.32 5527 +j6.42 943
simulation
2l
&N 342 2514 48.38 -j5.34 10.08
measurement
s 4
gon B goger — 236 Ok g g — 2B 0z

e 380 GHz

o 30 GHZ

(a) simulated

(b) measured

Fig. 9. The simulated and measured results of radiation pattern in E-plane.
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ga 0 T ot — 2450z
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Fig. 10. The simulated and measured results of radiation pattern in H-plane.
IV. CONCLUSION

This study examined the bi-directional circular horn
antenna structure to increase gain and resonant frequency with
adding the circular stub probes and horizontal i-shaped stub to
support not only the WLAN/WiMAX system, but can be also
applied for pedestrians or those are walking on the street
where wifi is available or the high-speed detection on
highway. From the measurement results of the antenna
structure, it was found that the antenna had dual band of
application frequency, which were at the low frequency of
243 GHz (2.34 — 2.52 GHz) and the high frequency of
3.42GHz (3.12-4.00 GHz) with impedance bandwidth at
1:1.48 and 1:1.26, and gain of 8.34 dBi and 10,08 dBi,
respectively. Finally, the radiation patterns are bi-directions.
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The Design of Bi - Directional Horn Antenna Structure with Adding the Stub at the End of Feeding

Probe for WLAN Application
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Abstract

I'his paper presents the design of bi - directional homn
antenna structure with adding the stub at the end of feeding probe which
is designed and simulated by using CST program. The purpose of this
paper is designed to support dual band frequency of IEEE 802.11 b/g
245 GHz (2.4 - 248 GHz) and 1EEE B.02 l.6e 3.5 GHz (34 - 3.69
GHz). The simulation results show that the lower resonance frequency
of proposed antenna at 2.47 GHz have the impedance of 50.16 - j19.04
Ohm while the higher resonance frequency at 3.49 GHz have the
impedance of 5527 + j6.42 Ohm. The gains at low and high resonance

frequency of antenna are 9.3 | dBi and 9.43 dBi, respectively.

Keywords: Bi-directional, Probe, Horn antenna
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