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Thesis Title Study on Radiation Pattern of Right Angle Thin - Film Slot Array
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Name - Surname Mr. Kittisak Thongda
Program Electrical Engineering
Thesis Advisor Mr. Paitoon Rakluea, D.Eng.
Academic Year 2012
ABSTRACT

This thesis is to study on radiation pattern of right angle thin - film slot array antenna.
The antenna on mylar polyester film substrate that directric constant of 3.2 and thickness of 0.4 mm.
The antenna is designed using IE3D (Zeland) simulation software. The antenna designed was for
small lightweight and easy fabricated. Which the return loss is lower than - 10 dB.

The antenna is designed in frequencies at 2.45 GHz include right angle thin - film 1 slot
array antenna, right angle thin - film 2 slot array antenna, and right angle thin - film 4 slot array
antenna. The return loss of - 36 dB, - 39 dB, and - 41 dB gain 1.95 dBi, 2.89 dBi, and 4.47 dBi
VSWR 1.01 : 1, 1.1 : 1, and 1.11 : 1 and bandwidth 195 MHz (2.35 - 2.545 GHz), 105 MHz
(2.395 - 2.5 GHz), and 100 MHz (2.4 - 2.5 GHz). The comparison results between the antenna
ground infinite nearby with antenna ground fixed is similar.

The measurement of right angle thin - film slot array antenna at frequencies of 2.45 GHz,
shows the return loss of — 33 dB, gain 3.3 dBi, VSWR 1.2 : 1 and bandwidth 120 MHz
(2.395 - 2.515 GHz). The return loss of flexibility antenna is — 29 dB. The test results of antenna is

similar with the simulation results.

Keywords: radiation pattern, right angle thin - film slot array antenna, mylar film
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m, = %(0.619 log% - 0.3853j (2.24)
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V= f;[—? (2.41)
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[B]=[4]p] (2.48)
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o w 4 . . . . % o [
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(M) Co (V) Cross
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FEATURES

INTERMATIONAL STANDARD RECOGNITION

+ Good dimansional stability.

» Sokdenng reliablity has baen batiarad

» Good elactncal proparties

» High density automatic mounting can be carnad
out

APPLICATIONS

Compuier, Instrumantation, VCR, Telavision,
Elafranic Toy, ez,

i Water absorption at pressure cooker

<UL :E103870
«CSA ; LS-93237
«BSl :6TH

«VDE : VDE-Rag-Nr. 4245

Insulation residance at pressure cooker

20 10
_18 e
12 By —
: ;
03 10
o4 1w
| | | | | | | | 1 1
0 2 4 B B 10 0 5 10 15 20 25
Condtion Smaly)| Condifon Smar)
1 Dimenglonal stability 5 Dimensional dability
POR process |5 203800031 Omim s pand 10X Bmm) Teat mathod| BC. TMES0Z 4 38
& (it i
. b vk + lulnes
o o
z0 e
o | SR |
o z v rt
i ' i :
Exhed  E-0S1S0  D-Gees23) Etchad E-4105 E-2150
# Tharmal expangon of Z-diraction (Tagt by Thid) 1 Diglaciric constant
’é ‘
. . S 7 VS
e 2 . - a
B, 0
E ] ] ] ] a0 | | | | |
0 50 m 15 2 2 1 5 10 ERRLE

(R 2% MHz
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Designation DS-7405
ANSI Grade FR-4
Property Data
Test ltem Unit Treatment Condition
Standard Value  [Guaranteed Value
Tg DSC 115 nove 130
[ ThAA 135 anave 130
DA 16 anave 160
CTE x-auis 18 less fan 20
y-axis £ i Arritterd 1o Ty 13 e fan 15
2 55 s M 60
Flammability - UL W W
Insulation Resistance chin 983085 15107 - 1% 10° above §x 10"
C-R82085:0-2100 18 10" -1 510" above 1 x10*
Volume Resistivity oy 3065 150" - 15 10" above 1 2107
C-982085+C-984080 5510 - 5% 10" above 510"
Surface ahim C-E2085 5x 107 - 55 0¥ above 1 10"
Ragistance C-98/2085+C-984030 1810% - 15107 above 1w 10"
Arc Resistance Frin see0nds 110 alboe &
Diglactric Constant . C-86/20/85 45-48 Bss tan 58
{1 MHz) C-R82085+:0-450 48-52 Bas Pan 5.8
Dissipation Factor - C-86/20/85 0.5-0020 e han 0.035
{1 MHz) C-86208 5+ D-450 0Ma-0023 e T 0045
Comparative Tracking
Inden: woll IEC Method - -
Solder Float{ 2607 Eis A Ave 180 ave 120
Peel Cufoil 1oz
om A 18-22 anvel A3
Strength | (085em) | 9
Flexural Sirength gl A 40-5) HweddT
Water Absorption % E-24/5040-2423 010-015 lazs han 025

Specmen Thickness |1 &mm

NFORMATION

« Copper foll : 0.5 0240018 mm), 1 czf¥0.035 mm), 2 cz/f¥(0.070 mm) avalabla.
« Thicknass : 0.4mm to 3. 2mm

Standard Skze Tokerance| mm)
1,020 ¥ 1220w (27 X437 915 X 1,220 (38" X487 +
1,070 ¥ 12200 (2 X487 570 X 12207 (38" X487 4
1,020 ¥ 1,020mm @7 X407

# Other sheaet size and thickness could be available upon request,
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Panel Mount Receptacle (Solder Pot Contact)

Square Flange Plug Receptacle (Solder Pot Contact)
PART NO:19-12-1.TGG

* Finish: gold plated center contact & body | see Notes 1)
+ Insulation; Teflan

Square Flange Jack Receptacle (Solder Pot Contact)
PART NO:19-13-1-TGG

* Finish: gold plated center contact & body { see Notes 1|
+ Insulation: Tefilon

2 Hole Flange Plug Receptacle (Solder Pot Contact)

* Finesh: gold plated center contact & body | see Nales1 |
» Insulation: Teflon T3

2 Hole Flange Jack Receptacle (Solder Pot Contact)
PART NO:19-17-2-TGG Y.

* Finish: gold plated center contact & bady ( see Notes 1)
+ Insulation: Teflon

4108050 sy
I

PART NO:19-14-1-TGG

|

L

<

4y

Notes: 1 Nickel plated body available, change the part g, suffisfrom TG ta TGN ;
Passivated for stainless steel body available, change the part no. suffix from TGG ta TGK
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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 and low VSWR have made the SMA extremely popular in the microwave community.,

The SMA design has been broadened to accomodate many inferconnect requirements and is availabls in pressure crimp,
clamp and solder terminal attachments. SMA design parameters have incorporated the considerations of balancing cost,
size, weight and performance 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:

Millimetars (Inches) . Millimeters.(Inches)
Letter . "\ - Minimum Maximum
Minimum Maximum
A 460 (.1810) 4,67 (1837)
- - g i B 528(208) /| S543(216)
B 0.90(.0355) 0,84(.037) C 000 (000)/ | 018 (007)
c = 4.59 (.1808) D 000(0aD) | 0.25(010)
D 6.35(.250) &« E 282 (.115) =
F 1.88 (.074) 1.98 (.078)
E 0.00(.000) 0.18(.007)
1 G 0.38 (.015) 1,14 (.045)
i | 025 (010
F 0.00(.000) 0.25 (.010) m T -
6 - || 210 || ss4(29) -
H - | 3,43 (.135) J 1.24 (049) 130 (.051)




SNETS.-LINDGREN

Features:

* Maintains Single Lobe Radiation
Pattern Over Frequency

* Ultra Broadband: 1GHz - 18 GHz
¢ 300 W Power Input Capacity

* Optimized High Frequency Gain
* Low VSWR

The Model 3117 Double-Ridgad
Wavequide is a the latest addition to a
family of double-ridged waveguide
horn antennas for microwave and
EMC measurement from ETS-
Lindgren. Users of this antenna
benefit from uniform illumination of
target surfaces and accurate gain
measurement. In addition. the
Model 3117 exhibits igh gain and
Low VSWR 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

\anvegride
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EMC Antepnas

-

Model 3117

TS Lincigran’ Modal 7117 Douie- i ged Wiveguitks Hom
PATENTPENTING

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 AZLA accredited lab facility.
All production units are Individually
calibrated at this facility.

Features

Single Lobe Radiation Pattern
The Model 2117 maintains a single
main lobe pattern in the direction
aof the horn 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 deslgn 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 2117 sweeps from 1 GHz
to 18 GHz without stopping for band
breaks, making it ideal for
antomated testing. It has the widest
usable frequency range of any
antenna in its class, with no
performance degradation from high
order modes.
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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
VEWR over its operating frequency
translates Into efficient amplifier
use and high fleld strengths.

Uniform Gain, Low YSWR

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.

Construction

An antenna constructed to
maximize structural integrity is
better able to maintain its
electrical properties. The benefits
are hetter measurement
repeatabllity, lower uncertainty
values and longer calibration
validity. The Model 3117 s
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.

117

EMC Antepnas

\anvegride

Model 3117

Standard Configuration

Antenna Assembly

Mounting bracket drilled o accept
ET5 Lindgren orother tripod mounis
with 1/4in x 20 threads

Rear “stinger” for use with on-axis mount
posltianers

Individually calibrated at 1 m per
SAEARP 058 at our AZLA accredited lab.
3 m calibration per ANSI CG3.5 available
at additlonal cost. Actualantenna factars
and a signed Certficate of Calibraton
Conformance Included with manual

Options

* AntennaMast

*  Antorna Tripod

Applications
FGE-16 FGG-1B IEC/CISPRVER BAENITA BAE J6&1 MIL-STO-4E1E MIL-5TD 286 MALCSIM
RE RE RE, Rl AE, A RE Al RE, Rl ™, A RE
Electrical Specifications
MODEL FREDUENCY YEWR MARY, (ML PEAK IMPEOANCE CONNECTORS
RANGE RATIO GONTINUOUS PONER [NOBIERAL]
(AE) POWER
anr 1 GHz - 1B GH2 2.5:1 ma Jo0w 0w san TN
21 aboie 156H
Physical Specifications
MODEL WiOTH DEPTH HEIBHT WEIGHT
T 7.1 tm 17.2 em + 103 cmmount 15.5cm 1.13 kp
g.0in &8 in + 4.0 in moum &1in 25 b
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Model 3117 Antenna Factor
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Maodel 2117 Half Power Beamwidth

Model 3117
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SNETS-LINDGREN

Model 2117 (1 GHz - 4 GHz)

Model 3117 (5 GHz - 8 GHz)
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EMC Antennas
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9 o A o yy A =
mslFauiuaievieasaoiuuyy 5aennuiil 2.45GHz Gaag
ATOUAQUUIATFINYEN IEEES02.11b/g (2.4-2.4835GHz) Tag 1dms
gudeiiioaninnisdounaun -33dB 8A51M1TVe18V0IA 10810 1A
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Abstract

This paper presents analysis angle microstrip slot antenna. The pattern

antenna bidirectional of simulation procedure is confirmed by

comparing IE3D sofiware. An antenna for wireless sensor network
(WSN) at frequency 2.45GHz Comprehensive standard IEEE 802.11b/g
(2.4-2.4835GHz) of the return losses -33dB gain antenna 3.28dBi and
Impedance bandwidth (2.395-2.515GHz) 180MHz. The results of the
experiment microstrip antenna nearby results of the analysis.
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A Novel Thin-film Slot Antenna for Wireless Sensor Network IEEE 802.11b/g

Kittisak THONGDA  Virote PIRAJNANCHAI and Paitoon RAKLUEA

Department of Electronic and Telecommunication Engineering, Faculty of Engineering
Rajamangala University of Thoology Thanyaburi, Pratumthani, 12110, Thailand
E-mail: Kittiss@hotmail.com

Abstract This paper presents reovel Thin-Filmof microstrip slot antenna the radiation bidirectional pattern of simulation
procedure is confirmeldy comparing IE3D software. An antenna for wireless sensor network (WSN) at frequency 2.45GHz
Comprehensive standard IEEE 802.11b/g (2.4-2.4835GHz) of the return losses -33dB for gain antenna 3.28 dBi and Impedan
bandwidth ( 2.5152.395 GHz) 180MHz. The results of the experiment microstrip slot antenna nearby simulation of the analysis

Keyword Thin-Film , microstrip slot antenna, bidirectional, wireless sensor network

1. INTRODUCTION

Today this evolution in communication technology
developed to continuedyrowth quickly the same
antenna.Microstrip antenna[l] is a popular device
used in the presensince there great features are e X =R
many as small are weighight the shapes are simple

designed and built more easi affordableCan be
applied in wireless LANof communication systems
are good as wireless sensor network (WSN) [2].

The concept of creating microstrip slot antenna
[3]-[4] the radiation bidirectional pattern. The need
to be developed microstrip slot antenna with only the
in radiated omnidirectional pattern be able to have
some form of other radiation pattern such as radiated
bidirectional patternln order to be adopted in the
analysis of microstriglot antenna where the antenna
radiation pattern to the other.

This paper presents analysis microstrip slot
antenna the radiated bidirectional pattern. An
antenna for wireless sensor netwo(WSN) that
frequency 2.45GHz Comprehensive standard IEEE
802.11b/g (2.4-2.4835GHz) of the return losses
-33dB for gain antenna 3.28dBi and Impedance
bandwidth (2.395-2.515GHz) 180 MHz.

2. DESING AND CONSTRUCTION

Microstrip slot antena the Mylar® Polyester
Film substrate has a dielectric constaspt = 3.2 and
a thicknessh = 0.4 mm.Where A andB are equal in
the lengthof a Microstrip slot antenngA + B) at
adjustmentof A, B ,and U which effect to resonah
frequency ofantenna. Figre 1 shows the geometry
of the proposed antennavhich consists of a
horizontal (A) and vertical (B) The lenght of slotA
and B = 0.251, length of migostrip slot antenna
A+B = 0.51; or 25.8 mm and slot width is 1.5 mm,
that same all slot. The a microstrip fed line is
designed for impedance 50 ohm that width 1 mm. For
a distance between another slotl, U2, and U3,
there are 3, 13, and 13 mm., respectively.

Retumloss(dB)

A2

-

-X

82
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B W1
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Fig.1. The proposed antenna geometry.
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3. RESULTSAND DISCUSSION

Figure 2 shows the efé¢ of the various slot
lengths on a return loss when change a length of slot
A and slot B. the simulated results is clearly seen that
the length ofA=B are mostly effect on the impedance
matching of the antennat a resonant frequency.

For the simulation result, it can be predicted
responsible. When a slot length is changed 24.8 mm.,
25.8 mm. ,and 26.8 mm., it affect on a resonant
frequency of antenna that center frequency at 2.3
GHz, 2.45 GHz and 2.55 GHz, respectively. For the
prototype antenna is fabricated slot length 25.8 mm.
that resonant frequency of all slot at 2.45 GHz. The
ground plane sizeWg x Lg) is 112 mm. x 134 mm.
The measured results of the resonant frequency
correlate well with the simulated results. The
measured impedance bandwidths are (2.395- 2.515)
180MHz at a center frequency 2.45 GHz which a
minimum S; is -33 dB and -41 dB for simulation as
shown in Fig.3. In adidion, VSWR have about 1.11:1
in simulation and 1.20:1 for measurement results.

For Figure 4, a measured radiation patterns at
frequency 2.45 GHz in x-z plane and y-z plane which
confirm the measured radiation pattern result has
bidirectional. Furthermore, a gain of the prototype
antenna is 4.47 dBi and 3.28 dBi for simulated and
measured results, respectively. An input impedance
of the thin film slot antenna is about 53.4+ j7.22 ohm

4. CONCLUSION

The prototype microstpi slot antenna at frequency
2.45 GHz.
has bidirectional radiation pattern. The
wideband antenna are successfully
simulated, and measured.
suitable for applications in the wireless LAN of

thin-film
designed,

We can observe that proposed antenna

It is has been designed
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[2] T. Jangjing, P. Rakluea, W.Chanwattanapng
and S. Chaimool, A Novel Dual Band and Dual
Pattern Right Angle Slot Antenna” Thailand-Japan
MicroWave (TJMW2011), King Mongkut's
Institute of Technology, Ladkrabang, Thailand
August 10-12, 2011

[3] M. Tangitjetsada, B. Kumkhet , P. Rakluea ,
and C. BenjangkaprasertA“Novel Thin-Film
UWB Antennas with Single or Dual
Band-Notched Performances.,” International
Symposium of Antenna and Propagation
(ISAP2011),Lotte Hotel Jgu, Korea, 2011.

[4] P. Thongyoy, P. Rakluea ,and T. Nopavong
na Ayudthaya, Compact Thin-Film UWB
Antenna with Round Corner Rectangular Slot

and Partial Circular Patch.”, ECTI-CON, Hua
Hin, Prachuap Khiri Kha, Thailand May 16-18,
2012

0

20~

Retumloss (dB)

-30

40 | 1
Measured

=+ = Simulated

-50

1.0 1.5 20 25 3.0 35 4.0

Freguency (GHz)

Fig.3. Simulated andneasured results of Return

communication systems are good as wireless sensoloss

network (WSN). Because the device has a thickness
of 0.4mm and its size is not too much more than a
conventional antenna. The measurement results of
the prototype slot antenna has the return loss-33dB
at 2.45 GHz, antenna gain is 3.28 dBi and

impedance bandwidth (2.395-2.45GHz) 180MHz.
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Fig.4. Radiation pattern measurement at 2.45 GHz
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