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ABSTRACT

This thesis proposes a design of novel Thin-Film Broadband right angle array slot
antenna for Wireless Local Area Network (WLAN), and Worldwide Interoperability for Microwave
Access (WIMAX). This antenna is fabricated on Mylar Polyester Film substrate with size of
12.75%15 mmz, thickness of 0.4 mm and dielectric constant of 3.2.

The proposed antenna is designed using IE3D simulation software. The antenna is
simple using four right angle slot. For appropriate size and position, achieve wide bandwidth can
control the desirable resonant frequency. The length of slot is approximately a half-wavelength at
the desirable center frequency in WLAN and WiMAX.

From the simulated and measured results of the proposed antenna, it has bandwidth
1.02 GHz of frequency range 2.02 - 3.04 GHz. The gain of the proposed antenna in operating
frequency is more than 2 dBi. From the experiment result, it can conclude that the mylar film

antenna suitable for various portable tablet applications.

Keywords : right-angle slot array antenna, broadband, mylar film
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FEATURES

INTERNATIOMAL STANDARD RECOGNITION

» Good dimansional stability.

« Soldering raliabiity has beaan batiarad

« Good electncal proparties

» High dansity automatic mounting can be carnad
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APPLICATIONS

Compuier, Instrumantation, VCR, Television,
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Designation DS-7405
ANS| Grade FR-4
Property Data
Tast ltem Unit Treatment Conditian
Standard Value  [Guaranteed Value
Tg DEC 135 aave 130
T ThiA 13 oo 130
OiktA 168 oo 180
CTE x-mis 1 = Than 20
y-axis e Arrlzard o Tg s T 15
pig- A 55 | Bhan 60
Flammability e -0 -0
Insulation Resistance chin C-aa308s 1510 -1 1)@ above §x
CFRE2085:0-2100 1% 10®-1% 10" above | £10°
Vaolume Resistivity alvvam C-38/20485 1a 10" -1 10" abgve 11100
O AESC-0084080 5107 -85 10 alova 5310
Surface chim (382085 53107 - 5x 0¥ above 11 10¢
Riesigtance -0 AE S+ -00840.80 18 107-1% 10" albova 1210
Arc Resigtance i sannds 110 alive @8
Dialactric Constant -9 2085 45-48 Ess Tan 5.5
(1 MHI] C-aa20E 5 D-28A0 48-52 ess Tan 5.4
Dissipation Factor C-ae2085 0015 -0020 ez s han 0.035
(1 MHI] C-aa20E5: D-21m0 0.8 -0023 |55 Bian .045
Comparative Tracking
Indent waolt 15 Mhaind -
Solder FH:I-EII-:.E'.'I"C] EH A sve 18] oo 120
Pael Cufoilloz
Etrength -:':I.'.'ﬂErr'l‘n] bl A 18-22 Hval 4l
Flexural Strength kg A 40-5 awell2T
Waterﬁ.bmrpﬁ-nn % E24A0-2423 010-015 s ham 025
Spacimen Thickness |1 Gmm
FORMATION
IS — — -
« Copoer foll ; 0.5 0290018 mm), 1 czMH0.085 mm), 2 cz/ft5(0.070 mm) avalabls,
« Thicknass ; 0.4mm to 3.2mm
Standard Size Tokrance| mm)
1,080 X 1. 220mm [JF X487 915 X 1.220mm (35" X487 +d
1,070 X 1.220mm @2 X487 70 X 1.220mm (3T X487 -{
1,020 X 1,020mm JIF X407

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




50 ohm 0-18 GHz

SMA connectors are semi-precision, subminiature devices that provide repeatable electrical performance from DC to
12.4 GHz with flexible cable. Semi-rigid cabling extends the frequency range of the device to 18 GHz. These devices offer
broadband performance with low reflection and constant 50 ohm impedance. These properties, along with minimum
attenuation andlow VSWR have made the SMA extremely popular in the microwave community.

The SMA design has been broadened to accomodate many inferconnect requirements and is available in pressure crimp,
clamp and solder terminal attachments. SMA design parameters have incorporated the considarations of balancing cost,
size, weight and performanca to yield the best value in your microwave system. Among typical applications are components,
such as dividers, mixers, amplifiers, trimmers and attenuators. SMA connectors are also used to provide interconnections
from printed circuit board striplines to coaxial cable.

Interface Dimensions:

i) g 1' - '.
< i r T r
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i :
| | {
R VAP
A I
|
| -
= 2N\
- |
|
_‘»"f W)k | i - o iR
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Milimeters (Inches) . Millimeters (Inches)
Letter - Minimum Maximum
Minimum Maximum
A 480 (.1810) 4.67 (.1837)
g A 0.00(.000) D38 (.015) B 528 (208) 5.49(218)
B 0.90(.03585) 0.94{.03T_} c 0.00 (.000) 0.18 (.007)
C N 4.59 [ 1808) D 0.00 (.000) 0,25 (.010)
D 6.35(250) 7 E 202 (115) =
i 1.88 (.074) 1,98 (,078)
E 0.00(.000) 0.18.(.007}
G 038 (.015) 1,14 (.045)
00 : 010
F 000(000) | 025 (010 o T =
G = | 2540100 | 554 (218) -
H - | 343(135) J 124 (.049) 130(.081)




SNETS-LINDGREN

A1 ESG0 Techaologies

Features:

* Maintains Single Lobe Radiation
Pattern Over Frequency

* Uttra Broadband: 1GHz - 18 GHz
* 300 W Power Input Capaczity
* Optimized High Frequency Gain

* Low VSWR

The Model 3117 Double-Ridged
Waveguide is a the latest addition toa
family of double-ridged waveguide
horn antennas for microwave and
EMC measurement from ETS-
Lindgren. Users of this antenna
benefit from uniform Hlumination of
target surfaces and accurate gain
measurement. [n addition, the
Model 3117 exhibits high gatn and
low WEWR across its frequency band,
accepting moderate power Input of
300 watts.

The electrical characteristics of this
antenna were designed and modeled
using powerful workstations running
electromagnetic stmulation software.
Equally important, experienced RF

90

EMC Antepnas

W\aveguide

Model 3117

ET5-Lincgrai iode’ 7177 Dout's- A g Gveuice Hom
PAIENT PERTIANG

engineers worked with our
manufacturing team to produce a
practical and affordable
realization of the modeling
process. On completion, the
antenna was tested and calibrated
at our A2LA accredited lab Facility.
All production units are individually
calibrated at this facility.

Features

Single Lobe Radiation Pattern
The Model 3117 maintains a single
main lobe pattern in the direction
af the horn axis aver 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
unigue 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.

Uitra Broadband

The Model 3117 sweeps from 1 GHz
to 18 GHz without stopping for band
breaks. making it ideal for
automated testing. It has the widest
usable frequency range of any
antenna in its class, with no
performance degradation from high
order modes.



SNETS-LINDGREN

A1 ESG0 Techmologics

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.
Theantenna's high gain and low
VEWR over its operating frequency
translates into efficient amplifier
use and high field strengths.

Uniform Gain, Low USWR

The Model 3117 has a mare
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.

Construction

An antenna constructed to
maximize structural integrity is
better able to maintain its
electrical properties. The benefits
are better measurement
repeatability, lower uncertainty
values and longer calibration
validity. The Model 2117 is
constructed to be a rugged
antenna that thrives in an
environment of constant use. This
antenna includes both tripod and
rear “stinger” mounts. The stinger
mount permits on-axis rotation,
polarization.

EMC Antepnas

W\aveguide

Model 3117

Standard Contiguration
¥ Antenna Assembly

¥ Mounting bracket drilled to aceept
ETS-Lindgrenor other tripod mounts
with 1/ 4in x 20 threads

*  Rear “stnger” for use with on-axis mount
pesltioners

¥ Individually calibrated at 1 m per
SAEARP 058 at our AZLA accredited lab.
3 m calibration per ANSICG3.5 avallable
at additionalecst. Actual antenna factors
and a signed Certificate of Calibration
Canformance included with manual

Options
*  AntennaMast

* Antorna Tripod

Applications
FCC-16 FOC-1B IECYCISPRVEN SAE J1112 SAE JEE1 MIL-ETO-481E MIL-ETT 286 MACEIM
RE RE RE, Rl RE, AI AE A1 RE, Rl TE, AX RE
Electrical Specifications
MODEL FREDLIEKRCY YEWR MAK MU PEAK IMPELANCE CONNECTDRS
RANGE PATIO CONTINUOUS POWER [NOMERAL)
(W) POMWER
anr 1 GHzZ - 16 GHz 2.6:1 max W 400 ' 500 TWEN
31 abwe 15 GHT
Physical Specifications
MOOEL WIOTH DEPTH HEIGHT WEIGHT
T 17.1 tm 17.3 tm + 101 cm mount 155cm 1.13 kp
E.0in &8 in + 40 in moum &1in 25 Ib
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EMC Antennas
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Model 3117 (1 GHz - 4 GHz)

Model 3117 (5 GHz - 8 GHz)




Model mz (9 GHz-12 G_I'Il]

EMC Antennas

94



MANUHIN A

HATUANNIIHELNG



[1]

(2]

96

HANUATNTNVINEINS

Anucha Malajai, Wanchalerm Chanwattanapong, and Paitoon Rakluea. “A Novel Thin-Film
Wideband Right Angle Slot Antenna.”, International Conference on Electrical
Engineering/Electronics, Computer, Telecommunications and Information Technology (ECTI-
CON 2012), King Mongkut’s University of Technology., Thonburi., Thailand, May 16-18,
2012.
@ a ?,’,, 1% 4 d @ A a o

RIS 3JT€13{1§], AURAY FUINUNIA LI 11‘1/‘!"[/‘]58 INYiao. “Eﬂﬂ®1ﬂ1ﬁ"lu€!’ﬂ§ﬁﬂ§ﬂ!!€nﬁ1ﬂﬂ
spuvesdaynandimSuanuduaunde”, MIUszguInIng UL wazHauuE

Us2gna AS9N 4 (ECTI - CARD 201), AQIZIAINIsueans uviimendoma luTagsiyuena

E]

=) a

9., 21 - 22 UQUIYU 2555, 214-219

2°



97

2012 9™ International Conference on Electrical Engineering/Electronics,
Computer, Telecommunications and Information Technology.

16-18 MAY 2012
PHETCHABURI,THAILAND

Content

ISBN: 978-1-4673-2024-5
IEEE Catalog Number: CFP1206E-CDR




Eleclic Machines
Power Elecironics

Pattern Analysis and Graphics
Computer Networks
Knowledge and IT

MEMS and nanolechnology

Moderm Anlennas & RF Technology
Antennas & Propagalion

Frinted Anlennas

Microwave Devices

1133

A Dual Wideband CPW-Fed Planar Monopole Antenna with Single Band

Notched

1167

1215
1223
1234

1321

Miniaturized Triple-band USB Dongle Antenna Using Loaded-Fractal Loop
Monopole with Shorted Loop and Fractal Loop Resonator

Miniaturized Microstrip Patch Antenna Printed on Magneto-Dielectic
A Novel Thin-Film Wideband Right Angle Slot Antenna

A Wideband Circular Polarization Antenna with Tuning Rectangular Slot
fed by CPW

A Highly Directive Antenna using EBG Materials as Superstrate

98




™
u{_;/ ECTI-CON 2012

May 16-18, Hua Hin Thailand

Main Menu

Home

Call For Paper

Committees

Impodant Dates

.F‘agar Submission
.St:hadula

Renistration

Keynote Spagkers

Venua and Accommadation

Confact Us

Travel

Confarenca Tours

Trenel Infomation

Committee

Advisory Committes
Manai Krairksh
Booncharoen Sinnaovakul
KosinChamnongthai
Anzwach Sangswang

Pakom Keswtrakulpong

General Chair
Prabhas Chaongstitatana (CU)
Monai Krairksh [KMITL)

General Co-Chair

Tiranea Achalakul (KMUTT)

Genaral Sacrafary
Muttanart Facundes [KMUTT)
Marong Phadoongsidhi (KMUTT)

Local Arrangement Chairs
Jumpol Polvichai (KMUTT)

Jaturon Hamsomburana (KMUTT)

Paerapon Sirpongwutikom (KMUTT)
Songnt Maneswongwatans (KMUTT)
Rujipan Sampanna (BU)
Pairin Kzewknay (ECTI)

Publicity Chairs
Suthep Madarssmi (KMUTT)

Publication Chairs
Matesha Dajdumrang [KMUTT)
MNarueman Wattenapongsakom (KMUTT)

Steering G .
Banlue Srisuchimwang (12) (SIT)
Prayoot Akkarsskihalin (12) (KMUTNE)
Jitkesama Mgarmnil (12) (MUT)

99

ECTI 9IEEE [\
S Auocistion  THAILAND SECTION UTr

§ Khao Daeng

Technical Program Commitess
Prayoot Akkareekthalin (KMUTNE) : TPC Chair
Kiosin Chamnaongthai (KMUTT) : TPC Co-chair

Arss: Circwits snd Systems

Apinunt Thanachayanont (KMITL) : Area Chair
Sangphal Kanjanachuchai (CU)

Fasin |sarasana (NECTEC)

Jirayuth Mahattanakul (MUT)

Arsa: Computers and Information Technoliogy
Anan Phonphoam (KU) : Area Chair
Sansanee Ausphanwiryakul (CAMLU)

Chotipat Pomavalai (KMITL)

Chalemek Intanaganwiwet (CU)

Arsa Communication Systsms

Chuwong Phongeharmenpanich (KMITL) - Area Chair
Kamol Ksamanngsi (WNECTEG)

Titipong Lartwiriyaprapa (KMUTHE)

Phumin Kirawanich (MU}

Arsg: Confrois

David Banjerdpongehai (CU) : Area Chair
Diew Koalpiruck (KMUTT)

Kasemsak Uthaichana (CMU)

ftthissk Nilkhamhang (S1T)

5: Elecinpa! :
lesarachai Ngamma (KMITL) : Area Chair
Komsan Hongesombut (KU}

Surapang Suwankawin (CL)
Panida Jirutitijaroen (MUS)

g Signai
Matthew Dailey (AIT) : Area Chair
Sanparith Marukatat (NECTEC)
Wuttipong Kumwilaisak (KMUTT)

Webhsite & Information System Chair
Rajchawit Sarochawikasit (KMUTT)



Vam Vamithys (12) (KMUTNB)
\utipong Areekul [12) (KU)

‘Wanlop Surskampontom (12) (KMITL)
Tuptim Angkasw (13) (CL)

Chaiwut Chat-uthai (13) (KMITL)

Manai Krairiksh [13) (KMITL)

Tiranea Achalzkul (13) (KMUTT}

Mipon Thaera-Umpan (13) [CMU}
Sansanes Auvaphanwiryskul {13} (CMU)
Anan Phonphoem [13) (K1)

Putchong Uthayopas (13) (KU}
‘Werachet Khan-ngen (13} (KMITL)
Thumrongrat Amaormrsksa [13) (KMUTT)
Fands Runapongsasaikeew (14) (KKU)

Laal Updatas on Tuesday, D7 May 202 10:18

100



101

A Novel Thin-Film Wideband Right Angle Slot
Antenna

Anucha Malajai, Wanchalerm Chanwattanapong, Paitoon Rakluea
Department of Electronics and Telecommunication Engineering, Faculty of Engineering,
Rajamangala University of Technology Thanyaburi, Pathumthani, Thailand

E-mail: anucha_aong(@hotmail.com

Abstract— This paper presents a novel Thin-Film wideband right
angle slot antenna for WLAN, WIMAX and 3G applications.
This antenna is printed on Mylar® Polvester Film substrate with
size of 12.78%15 mm?, and thickness of 0.4 mm, and dielectric
constant of 3.2. The proposed antenna is designed by using IE3D
simulation software. This antenna is simple to design using four
right angle slot size at appropriate position to achieve wideband
which can control the desirable resonant frequency. The length
of slot is approximately a half-wavelength at the desirable center
frequency. The antéenna operated in the frequency range 1.02 —
3.04 GHz with impedance bandwidth are 1.02 GHz (Return loss
< =10 dB) working in the 3G (2.1 GlHz), WLAN (2.4-2.5 Gllz),
WiIMAX (2.3-2.7 GHz).

Keywords— wideband, slot antenna, thin-Film, right angle

I. INTRODUCTION

Wideband technology has undergone many significant
developments in recent years. However, there still remain
many challenges in making this technology alive up to its full
potential. Which have received increasing attention in
Wideband application since they exhibit very attractive merits
such as wide impedance bandwidth, simple structure, and
radiation pattern. The microstrip or printed antennas have
become popular because of small size, light weight, and ease
of manufacture. Most of the research will design wideband
antenna [1]-[5].

In this paper, we propose a study of wideband pattern nght
angle slot antenna for WLAN, WiMAX and 3G applications.
This antenna is simple to design using four right angle slot
size at appropriate position to achieve wideband which can
control the desirable resonant frequency. The proposed
antenna was analyzed by using IE3D software. The proposed
antenna 1s achieved cover in the frequency range 2.02 - 3.04
(Hz with impedance bandwidth (Returnloss < 10dB) with
first frequency at 2.1 GHz (3G), the second at 2.4-2.5 GHz
(WLAN band), and the third at 2.3-2.7GHz (WiMAX band).
This antenna is printed on a Mylar® Polyester Film substrate
with size of 12.75=15 cm:._ and thickness 0.4 mm. The
antenna was developed to be used for WLAN, WiMAX such
as 303, which are applied in many devices, such as in-building
tablet. These are cbviously becoming the most important
factors for the applications of antennas in both contemporary
and future communication systems.

II. ANTENNA DESIGN

Fig.l. shows the geometry of the proposed antenna. The
antenna consists of four right angle slots s sizes at various
appropriate positions on the ground plane of the microstrip
line. The MylarE Polyester Film substrate has a dielectric
constant = 3.2 and a thickness & = 0.4 mm. For efficient
excitation of the slots, the microstrip line terminates in an
open circuit. The proposed antenna was determined using
design equation, and IE3D simulation software. Which
lengths of the slot are approximately a half-wavelength at the
desirable center frequency. Based on the operating frequency,
the overall effective inner slot length (4+8) is designed by (1).
Lengths 4 and B are equalized.

Fig.1. (eometry of the proposed anienna
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Where &5 15 the effective dielectric constant and ¢ 1s the
speed of light.
The wideband is designed {({A/+B/) and (A24B2)},
{(A3+83) and (A4-84)} n the frequency range 2.02 — 3.04
GHz with impedance bandwidth are 1.02 GHz.

I11. RESULTS AND Discussion

The analysis and performance of the proposed antenna is
explored by using IE3D for the better impedance matching.
The analysis of the antenna carried out by tuning parameter is
studied and keeping other parameters constant. The optimal
parameter values of the antenna. The simulated of the
propaosed antenna is shown in Fig. 2, which clearly indicates
that the impedance bandwidth of the antenna from 2.02 GHz -
3.04 GHz for Return loss less than -10 dB. Proper geometrical
selection of the antenna parameters result in variation of field
distribution, which in turn affects the charactenistics of the
proposed antenna.

Retrunloss (dB)

10 15 20 25 30 35 40
Ferquency (GHz)

Fig.2 Simulated Return loss of the proposed antenna

Fig. 2 shows the simulated return loss for the propose
antenna with low return loss in the frequency range 2.02 —
304 GHz with impedance bandwidth are [.02 GHz
(Returnloss < -10 dB) if the value of the signal return loss
less the better.
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Fig 4 Effect of length (L/Z) on the Retumn loss of the proposed antenna
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Fig 5 Effect of length (L/3) on the Return loss of the proposed antenna



Fiz 3, Fig 4 and Fig 5 show the effect of the various strip
lengths on the Return loss versus freguency. It 1s clearly seen
that the length of UJ, L2and U3 are significant effect on the
impedance bandwidth of the antenna from 2.03 GHz -3.03
GHz. Fig6. illustrates the simulated current distributions of
the proposed antenna at 2.1 GHz, 2.3 GHz, 2.45 GHz and 2.6
GHz, respectively. It can be seen that current flow at slot
length 44=B4 which operate first resonant frequency 2.1 GHz.
The next sequence a slot length {(43=E73) and (A4-84)} have
current flow which operate second resonant frequency 2.3
GHz. Also, The slot length {(43+=83) and (A4-84)} have
current flow which operate Third resonant frequency 2.45
GHz. And the slot length A2+82 have current flow which
operate fourth resonant frequency 2.6 GHz

L 2 =
Trrrecemed PR ¥
L = =
(2) 2.1 GHz (b} 2.3 GiHz
= -
cE b e e ) reerrerrr o~ |

L
|

{c) 2.45 GHz

{d) 2.6 GHz

Fig.6. Current distnbutions of the anienna
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Fig.7. Measured radiation patterns of wideband thin-film antenna () 2.1 GHz
{b) 23 GHz (c) 2.45GHz (d) 2.6 GHz



The above Figures shows the Measured radiation patterns
with elevation and azimuth at different. The Measured
radiation patterns of antenna proposed in the E-plane (XZ-
plane) and H-plane (YZ-plane) for four different center
frequencies 2.1 GHz, 2.3 GHz, 2.45GHz, 2.6 GHz are shown
in fig. 7. (a), (b), (c), {d) respectively.

Fig.9. photograph of the fabricated antenna prototype

Fig.9 shows photos of a fabricated wideband right angle
slot antenna. The ground plane size (Wg = Lg)is 12.75 cm =
I5cm. The measured results of the resonant frequencies
correlate well with the simulated results. The measured
impedance bandwidths are 0.96 GHz (2.07 GHz to 3.03 GHz),
which cover the WLAN, WiMAX and 3G applications.

P
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= d
E 5 i
€T 3
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04 1 k =
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40 T T T T T 1
10 15 20 25 10 35 a0
Ferguency (GHz)

Fig.10. Comparison berween simulated end measured return |oss for the
proposed entenna
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Fig. 10 shows comparison between simulated and
measured return loss for the proposed antenna. The simulated
and measured show that the proposed antenna achieved
wideband antenna are the frequency range 2.02 — 3.04 GHz
with impedance bandwidth cover WLAN, WiMAX and 3G
application.

I'V. CoNcLUSION

We proposed Wideband antenna using independent
controllable bandwidth characteristics design for promising
Wide-band for WLAN, WiMAX and 3G applications. The
parametric studying are showed that the slot length can
control the bandwidth of the Wide-bands. The length of the
slots are about a half guide wavelength corresponding to the
resonant frequency. The thin-film wideband antenna are
successfully designed, simulated, and measured, which shown
good impedance bandwidth covered between 2.02 to 3.04
GHz in simulated and 2.07 to 3.03 GHz in measured GHz
with impedance bandwidth cover WLAN, WIMAX 3G
application. The antenna 15 determined using design equation,
and IE3D electromagnetic simulation software and is verified
experimentally.
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