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Thesis Title Compact Moon Shaped Thin-film MIMO Antenna for Ultra-wideband

and Super-wideband Applications

Name —Surname Mr.Teerachai Ranadkaew
Program Electronics and Telecommunication Engineering
Thesis Advisor Assistant Professor Paitoon Rakluea, D.Eng.
Academic Year 2018

ABSTRACT

This thesis presents the design and analysis of a compact moon shaped thin- film MIMO
antenna for ultra-wideband and super-wideband applications. This antenna was printed on a Mylar®
Polyester Film substrate with a dielectric constant value of (&, ) 3.2 and a thickness of 0.4 mm. All designs
and simulations were completed using the Computer Simulation Technology Microwave Studio
commercial electronics simulation software. And various features which were analyzed including reverse
loss value (S,,), the enhanced gain rate of the antenna, group delays, correlation coefficient, and remote
power radiation patterns, respectively.

The antenna was designed to a size of 45x74 mm’. The antenna structure was further developed
in order to create a prototype MIMO antenna which consisted of two elements. And the ground planes
were added to minimize mutual coupling and to reduce a mutual coupling phenomenon. The main
parameters of the prototype were set at the ground plane and circle components of the antenna patch. This
was the main factor causing the antenna to have a wide bandwidth and cover the use of the ultra-wideband
and super wideband systems.

Regarding the testing results, the designed antenna was applicable at the bandwidth of 3.0-40.0
GHz. The incurred loss from reversing was less than -10 dB. The enhanced gain rate of the antenna was
2.2-5.5 dBi, the group delay values were lower than the 2ns, and the correlation coefficient was lower than
0.5 throughout the ultra-wideband and super-wideband frequency bandwidth. These patterns show that the
antenna has a nearly omnidirectional radiation pattern in the E-plane (X-Z plane) and a bi-directional

radiation pattern in H-plane (Y-Z plane) at the lower frequencies.

Keywords: thin-film MIMO, two elements antenna, ground joint plane, antenna patch, mutual

coupling phenomenon
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f, High Frequency

f Low Frequency

GHz Giga Hertz

h Thickness of substrate
H Magnetic field

kbsp Kilobit Per Second
kV Kilovolt

L Long

M Metter

Mbps Mega Bit Per Second
MHz Mega Hertz

mm Millimeter

mp3 MPEG Audio Layer3
mWwW Mill watt

Q Quality Factor

R Radiating

r Radius

(13)



o (YY) 4 o
MeBLadaANHAAzA D (¢10)

Rx Receiver

S, S, Reflection coefficient

S, Sy, Transmission coefficient

SNR Signal to Noise Ratio

SVD Singular Value Decomposition

t Thickness of microstrip

Tx Transceiver

uW Microwatt

Vp Phase Velocity

W Wide

E Electric field vector

H Magnetic field vector

Vp Phase velocity

A Characteristic impedance

Z, Input impedance

a, Metallic attenuation constant

ay Dielectric loss
Radiation characteristic
Propagation constant
Absolute permittivity

&, Relative dielectric constant

Egtt Effective dielectric constant

n Intrinsic impedance

Ao Wavelength of free space

A Wavelength of material
Electric conductivity

0] Angular frequency

(14)



o (YY) 4 o
MeBLadaANHAAzA D (¢10)

ADC Analog to Digital Converter

ADSL Asynchronous Digital Subscriber Line

BPSK Binary Phase Shift Keying

BW Bandwidth

CCK Complementary Code Keying

CDMA Code Division Multiple Access

CST Computer Simulation Technology

DCS Digital Cellular System

DSS Direct-sequence Spread Spectrum

DVD Digital Versatile Disc

EDGE Enhanced Data rates for Global Evolution
EIRP Equivalent Isotropically Radiated Power

ETSI European Telecommunications Standards Institute
EV-DO Evolution-Data Optimized

FAA Federal Aviation Administration

FCC Federal Communication Commission

FNBW First null beamwidth

GMSK Gaussian Minimum Shift Keying

GPS Global Positioning System

GSM Global System for Mobile

HPBW Half-power beamwidth

HSPDA High Speed Downlink Packet Access

IE3D Intergral Equation Three Dimensional

IEEE Institute of Electrical and Electronics Engineers
IMT2000 International Mobile Telecommunications for the year 2000
ISM Industrial Scientific and Medical

ITU International Telecommunication Union

(15)
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MAC Media Access Control

MIMO Multiple-Input Multiple-Output

NLOS Non-Line-of-Sight

NOI Notice of inquiry

OFDM Orthogonal Frequency Division Multiplexing
PAN Personal area network

PDC Personal Digital Communication

PHS Personal Handset System

PPM Pulse Position Modulation

QAM Quadrature amplitude modulation

QoS Quality of Service

QPSK Quadrature Phase Shift Keying

Radar Radio detection and ranging

RF Radio Frequency

SNR Signal to Noise Ratio

SVD Singular Value Decompostion

TEM Transverse Electric-Magnetic

™ Transverse Mode

UMTS Universal Mobile Telecommunications System
UNII Unlicensed National Information Infrastructure
UWB Ultra-Wideband

VSWR Standing Wave Ratio Voltage

WiFi Wireless Fidelity

WiMAX Worldwide Interoperability for Microwave Access
WLAN Wireless Local Area Network

WPAN Wireless Personal Area Network

(16)
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Linear Circular Elliptical
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2.8 malulagoans11auuua (Ultra-Wideband Technology)
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EMC Antenr_zas
Double-Ridged
Waveguide Horn

Model 3117

NETS-LINDGREN

An ESCO Technologies Company

3-D Patterns
Available at
www.ets-lindgren.com/3117

FEATURES:
m Ultra Broadbhand: 1 GHz - 18 GHz

® Maintains Single Lobe Radiation

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

m Flexible Mounting Systems

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

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

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

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

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

FEATURES

Single Lobe Radiation Pattern

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

113

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

An 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 field
strengths.

Electrical Specifications

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 CONTINUQUS POWER {NOMINAL)
[AVG) POWER
3117 1 GHz - 18 GHz 3.5:1 max 300W 400 W 500 Type N
<2:1 above 1.5 GHz
Physical Specifications
MODEL WIDTH DEPTH HEIGHT WEIGHT
a7 175 cm 175 em + 155 cm mount 16.5¢cm 113 kg
8.9 in 89 in + 6.1 inmount B.1in 25 b
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Waveguide Horn

Model 3117
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EMC Antennas

NETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (1 GHz - 4 GHz)
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EMC Antennas

NETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (9 GHz - 12 GHz)
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EMC Antennas

NETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117 (17 GHz - 18 GHz)

270 270
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INCHES (MILLIMETERS)

CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

SMA - 50 Ohm Connectors

Panel Mount

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

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 6

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 OONNOONNBEDNT RO NNDDADN
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SMA - 50 Ohm Connectors

Components’

JO'—INSON

Specifications INCHES (MILLIMETERS)
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST
ELECTRICAL RATINGS
Impedance: 50 ohms Insertion Loss: (dB maximum)
Frequency Range: Straight flexible cable connectors N T
Dummy loads and adapters ............ouee 0.06 " f(GHz), tested at 6 GHz
Flexible cable connectors ... 0-12.4 GHz Right angle flexible cable N e
Uncabled receptacles, RA semi-rigid and adapters ... CONNBICIOLS: v oovesempssmensnesss 0.15 " f(GHz), tested at 6 GHz

Straight semi-rigid cable connectors and
field replaceable connectors..............ccooooiiiiiciciiiices 0-26.5 GHz

VSWR: (f = GHz) Straight Right Angle
Cabled Connectors  Cabled Connectors
RG-178 cable . 1.20 + .025f 1.20 + .03f
RG-316, LMR-100 cable . 1.15 +.02f 1.156 + .03f
RG-58, LMR-195 cable 1.15+.01f 1.156 + .02f
RG-142 cable .............. 115+ .01f 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 (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 ................. 1.05 +.01f

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

.1.05 + .005f

45
65
gid,
uncabled receptacles, .141 semi-rigid w/o contact... 335 85
141 semi-rigid with contact and adapters................. 500 125
[BV141171) 4 [o7= o =5 N—_—————————————————. 1.~ .1 N/A

Dielectric Withstanding 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-rigid,
uncabled receptacles, .141 semi-rigid w/o contact.................cc......
Connectors for .141 semi-rigid with contact and adapters
Dummy loads

Straight semi-rigid cable —
connectors with contact ..... 0.03 Y f(GHz), tested at 10 GHz
Right angle semi-rigid cable
CONNBRIONS st 0.05 ~f(GHz), tested at 10 GHz
Straight semi-rigid cable
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................. 0.16 " f(GHz), tested at 1 GHz
Uncabled receptacles, field replaceable, dummy loads ..................... N/A
Insulation Resistance: 5000 megohms minimum
Contact Resistance: (milliohms maximum) Initial
Center contact (straight cabled connectors
and uncabled receptacles) ....
Center contact (right angle cable:

1HH

After Environmental

.. 3.0 4.0

connectors and adapters) 6.0
Field replaceable connectors 8.0
Outer contact (all connectors) ot N/A
Braid to body (gold plated connectors) ............. 05 N/A
Braid to body (nickel plated connectors) ........... 5.0 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 semi-rigid connectors
with contact, and field replaceable with EMI Gasket ................ -90 dB
Two-way adapters ............ccovevnenns
Uncabled receptacles, dummy loads ...
RF High Potential Withstanding Voltage: (Vrms minimum, tested at 4
and 7 MHz)*

Connectors for RG-178 ... 335
Connectors for RG-316; LMR-100, 195, 200 . ... 500
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 (Dummy Load): 0.5 watt @ + 25°C, derated to 0.25 watt @
+125°C

MECHANICAL RATINGS

Engagement Design: MIL-C-39012, Series SMA
Engag nt/Disengag t 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:
Connectors for RG-178
Connectors for RG-316, LMR-100 ...

2520 N/A

Connectors for LMR-195, 200........ N/A
Connectors for RG-58, LMR-240 . N/A
Connectors for RG-142 ............. N/A
Connectors for .086 semi-rigid .. : 16
Connectors for .141 semi-rigid ...... oo B0 55

*Or cable breaking strength whichever i;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

121



JOI'lNSON SMA - 50 Ohm Connectors

Components’

INCHES (MILLIMETERS) - .
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST Spe cifications

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-280
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

REFERENCE PLANE

(0BBE.005 (2.243013) —= = - 076002 (1.9330.05)

B0-0% €0.04-0.95) - 181 (4,600 MIN— —f— .000-.010 (0.00-0.25}

@.212+.004— 000-.010 (0.00-0.25)

000 MIN (5,3810.10)
HEX .312 (7.92)
‘ 1/4-36 UNS-2A
SEE DETAL ,‘(g
N 1
I b T
1/4-36 UNS-2B /i
F==——— SEE NOTE 1
JACK
A
PLUG | y mi
: L
L@ .250 (6.35) MAX — 218 (5.54) MIN
A30 (3,300 MIN e @ BOB (4,592 MAX v\ . #1555 i FULL FHRELD
135 03,427 MAX K\ — — 030+.015 (.078+0.38)
.030+.015 (0.76+0.38) o
——t=— 005 (D.13) MAX X 45°

REFERENCE PLANE JCI
REFERENCE

050 {1.27F MIN PLANE i
00 (2.54) M Al
015 €0.38) MIN :
i
T o
I
Lsﬁ 015 (0.38) MAX FLAT !
@ .0355-.0370 JACe (2,77 le— 076 ¢1.93)
(0.902-0.940)
PLUG JACK

NOTES
1. ID 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
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Components’

INCHES (MILLIMETERS)
CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

2-Hole Flange Mount Jack Receptacle - Flush Dielectric

"’V

S

@.625

)

480 (12.22)

VSWR & FREQ. RANGE

GOLD PLATED

NICKEL PLATED

VSWR: N/A  0-18 GHz

142-0701-621

142-0701-626

\—9 .036 (0.9 HOLE

223 (5.66)

2X ©2.102 (2.59)

—]

375 (9.52)

s
9.050&7)

=
T
L»zoo (5.08)

085 (1.65) —=

4-Hole Flange Mount Jack Receptacle - Flush Dielectric
0.500 “2‘70)7.—W

©.036 <o.9nﬁ{*}—(*}

HOLE
4X ©.102 (2.59)—\

—0

—]

085 {(1.85)—~

375 (9.52)

-

2.050 (1.27)

b

}7':

0.340 (8.64) .200 (5.08)
VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR: N/A  0-18 GHz 142-0701-631 142-0701-636
2-Hole Flange Mount Jack Receptacle - Extended Dielectric
"A" 375 (9.52)
—2X @.102 (2,59 "B"
ay
+
@.625 (15.88) 9»> 480 (12.22) —]
€} @162 (4.1
@.050 (1.27)
\__1_223 (5.66) .065 f1,65)—‘-| L‘—
VSWR & PRODUCT GOLD NICKEL
FREQ. RANGE SERIES PLATED PLATED A" "B"
VSWR: 1.15 + .02  (GH2) B 142-1701-131 | 142-1701-136 | .705(17.91) | .590 (14.99)
-y E rass
0-18 GHz 142-1701-031 | 142-1701-036 | 240 (6.10) 180 (4.57)

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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4-Hole Flange Mount Jack Receptacle -
Extended Dielectric

0.500 (12.70) | AN 375 (9.52)
0.340 (8.64) "B

£—>
@.050 (1.27)—] N }

- H H @162 (4.11)

' 065 (1.65)—] |-

4X 2.102 (2.59)

VSWR & PRODUCT GOLD NICKEL

FREQ. RANGE SERIES PLATED PLATED A g
VSWR: 115+ 021(GHz) | prae | 1421701121 | 1421701126 | 705(17.91) | 590 (149)
18 GHz 142-1701-041 | 142-1701-046 | 190 (4.83) 095 (2.41)

4-Hole Flange Mount Jack Receptacle -
Extended Dielectric

0.375 (9.53) 1 705 (7.9 —=.375 (952)’—

0.250 (6.35)— =—11590 (14.99) —
/-" ‘
‘ i ©.050 (1.27)— }
i
J

4X 2.067 (1.70) @.162 (4.1
.065 (1.65}) L

VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR: 1.15 + .02 f (GHz) 0-18 GHz 142-1701-011 142-1701-016

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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CUSTOMER DRAWINGS AVAILABLE UPON REQUEST

2-Hole Flange Mount Plug Receptacle -
Extended Dielectric 490 (12.45) 499 (12.67)~

223 (5.66) .330 (8.38)

= - }
vl @.625 (15.88) [ ] 481(12.22) L:
’ f,@ | T
/ @.050 (1.27)
- &.162 (4.11)

.085 (1.65)—-| |-—

312 (7.92) HEX

2X @.102 (2.59)

VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR: 1.15 +.02f (GHz) 0-18 GHz 142-1801-041 142-1801-046
4-Hole Flange Mount Plug Receptacle -
Extended Dielectric 490 (12.45)— 499 (12.67)+]
0.500 (12.70) 330 (8.38)
0.340 (8.64)

J‘ 2.050 u‘zn—\‘éQ—{*}' i

e - =
B £+ -
2 2.162 41D
4% @.102 (2.59) 0B5 (1.65)— |
312 (7.92) HEX
VSWR & FREQ. RANGE GOLD PLATED | NICKEL PLATED

VSBWR: 115+ .02f(GHz) 0-18 GHz 142-1801-031 142-1801-036

2-Hole Flange Mount Jack Receptacle -

Extended Dielectric 175 (4.44) 375 (9.52) =
2X @102 (2.59) 125 (3.18) |
@.010 (0.25) =
v i
@ 625 481 (12.22) }—=|
,..
.:”
A @.084 (2.13) H
GOLD PLATED NICKEL PLATED 993 (5.66) 085 (1.65}4 L
142-1701-201 142-1701-206

Johnson Components® « P.O. Box 1732 + Waseca, MN 56093-0832 + 1-800-247-8256 + Fax: 507-835-6287 + www.jchnsoncomp.com
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4-Hole Flange Mount Jack Receptacle -
Extended Dielectric

0.500 (12.70) 175 (4.44) 375 (9.52)
0.340 (8.64) 125 (3.18) }
.010 (0.25)
?‘x,,% € 7 1l
v, (o))
@
Ly I, }—{

+ +
&, 084 (2.13)
4X ©.102 (2.59) 065 (. SS)J L

4-Hole Right Angle Flange Mount Jack Receptacle

GOLD PLATED NICKEL PLATED
142-1701-191 142-1701-196

180 (4.57) 505 (12.83)
0.500 (12.70) —{ 380 (9.65) =
0.340 (8.64) 085 (1.65) [—
@.162 (4.1 - e PlESE
@.036 (091 — [ -
HOLE —
4
I 1 U 595 (1511
I = 460 (11.68)
( DA02 (2.59) 2.050 (1.27)
065 (165)—»f ==

VSWR & FREQ. RANGE GOLD PLATED NICKEL PLATED
VSWR: N/A 0-18 GHz 142-0701-701 142-0701-706

4-Hole RA Flange Mount Jack Receptacle -
Extended Dielectric

705 (17.91) 505 (12.83)

0.50C (12.70) — 590 (14.99) —=.380 (9.65) |~
0.340 (8;64)——I——-|
= — ONE PIECE
- CONTACT

@050 (1.27)—
’~ ¥ 595 (1511
@162 (4.1 460 (11.68)

.085 (165)——] L—

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

GOLD PLATED | NICKEL PLATED
142-1711-001 142-1711-006

4X ©@.102 (2.59)
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2-Hole RA Flange Mount Jack Receptacle -
Extended Dielectric 90° Orientation

625 (15.88) 705 a7.9n 505 (12.83)
451 (12.22) 530 (14,99)—= 380 (3.65) ONE PIECE
r [~ CONTACT

223 (5 661 f [ —l_ ﬁkl/
—L Y 595 (15,11
GOLD PLATED | NICKEL PLATED
1424711011 | 1421711016

2X @102 (259) @.182 &1 L -460 (11.68)

@.050 (1.27) 065 (1.65) =~

2-Hole RA Flange Mount Jack Receptacle -
Extended Dielectric +45° Orientation

9.162 (411}
2.0530 (.27)
.065 (1.65)—-]

.705 (17.91) 505 (12.83)
= 590 (14.99)—{ 380 (9.65)—
2.625 (15.88) 223 (5.66)
QNE PIECE
(481 (12,22} CONTACT
595 (15.11}
2% @.102 (2.59)

LY
! AB0 (11.68)

GOLD PLATED | NICKEL PLATED
142-1711-021 142-1711-026

2-Hole RA Flange Mount Jack Receptacle -
Extended Dielectric -45° Orientation

705 (17.91) .505 (12.83)
590 (14.99)—={ 380 (9.65)f=—
.223 (5.66) . o
/ ONE _PIECE
/\ CONTACT
= ’4}54 l_'_l_
.
F i % z
R _|_|_ Y 598 (1511
&.162 411

2¥ @.102 (2.59)
.065 (155)——]

! ! 480 (11.68)
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Rajamangala University of Technology Lanna
ChiangMai, Thailand

Welcome to ECTI-CON 2016
On behalf of Rajamangala University of Technology Lanna (RMUTL) and ECTI Association, we

are delighted to welcome all delegates and all the distinguished guests to Chiang Mai for the 13th
International Conference taking place in the downtown of Chiang Mai, northern Thailand in June 28th -
July 1st, 2016. This is Chiang Mai’s largest annual event devoted to the science and practice of Electrical
Engineering/Electronics, Computer, Telecommunications and Information Technology and it will give
participants a platform to exchange ideas, discover novel opportunities, reacquaint with colleagues,
meet new friends and broaden their knowledge.

About ECTI-CON 2016
ECTI-CON 2016 is the thirteenth annual international conference organized by Electrical

Engineering/Electronics, Computer, Telecommunications and Information Technology (ECTI) Association,
Thailand. The conference aims to be an international forum for presentation of technological advances
and research results in the field of electrical engineering, electronics, computer, telecommunications, and
information technology. Accepted papers will be published in the Proceedings of ECTI-CON 2016 and
will be submitted for inclusion into IEEE Xplore. Acceptance will be based on quality, relevance, and

originality.
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A Compact Moon Shaped Super-Wideband
Thin-Film Antenna

Teerachai Ranadkaew

Department of Electronic and Telecommunication
Engineering, Faculty of Engineering
Rajamangala University of Technology Thanyaburi
Pratumthani, Thailand
E-Mail: teerachai-ete(@mail rmutt.ac.th

Abstract— A novel thin film super-wideband (SWB) antenna
is presented. The proposed antenna consists of a moon shaped
monopole and a square ground plane. The dimensions of the
proposed antenna are 45 x 34 x 0.3 mm®. The antenna operates
over an impedance bandwidth of 171% (3.0-40.0 GHz), and ratio
bandwidth 13:1 with return loss of 10 dB or more. The
perfor! of the anti in freq y domain is investigated,
and a good agreement is achieved between the simulation and
experimental results. This antenna can be used in ultra-wideband
(UWB) or super-wideband (SWB) applications.

Keywords—moon shaped monopole, thin film, Super-wideband
(SWB)

I INTRODUCTION

Nowadays, the planar structure monopole antenna are most
widely used and extensively studied for Ultra-wideband
(UWB) communication because of their useful features, such
as low profile, less weight, easily fabricated, integration with
other MMIC devices, and omni-directional radiation
characteristics. In the year 2002, the Federal Communications
Commission (FCC) of United Stated was assigned frequency
band from 3.1-10.6 GHz with a ratio bandwidth of 3.4:1. The
UWB technology has gained a lot of popularity among
researchers [1]. Although UWB communications have a vast
potential in the near future, the increasing application of
wireless personal area networks (WPANs) are demanding a
super-wideband (SWB) technology to cover both short range
and long range communication. The SWB technology is
becoming an essential part of modern wireless communications
due to extremely broad bandwidth and provided very high
data-rate service. For modern wireless systems and devices, the
presence of compact and wideband antennas are essential
because of space limitation in this systems and devices [2].

The SWB antenna with a ratio bandwidth equal or greater
than to 10:1 is generally called a SWB antenna in the antenna
literature. The SWB antenna was successfully developed [4]-
[6]. Many studies have been done with different methods to
achieve for SWB printed antennas [7]-[9]. Some of are
changing the size of the antenna, varying the radiator, adding
additional parts such as multi layers or gaps, using slot,

978-1-4799-7961-5/15/$31.00 ©2015 IEEE

Paitoon Rakluea

Department of Electronic and Telecommunication
Engineering, Faculty of Engineering
Rajamangala University of Technology Thanyaburi
Pratumthani, Thailand
E-Mail: paitoon_r{@rmutt.ac.th

shorting wall, folded shorting wall, and using circular arc
shaped slot on thick substrate [10]-[12]. The printed SWB
monopole antenna with smaller size is presented in this paper.
The results show the proposed SWB antenna can achieve a
reflection coefficients greater than 10 dB from bandwidth of
171% (3.0-40.0 GHz). It is achieved with ratio bandwidth 13:1.
The antenna structure is flat, and its design is simple and can be
easily constructed with a very low cost. This antenna is capable
of supporting UWB (3.1-10.6 GHz) and SWB radios. The
proposed antenna displays good impedance matching with
an acceptable radiation pattern. Simulation results have been
carried out with the Finite Integral Method (FIM) based
Computer Simulation Technology (CST) microwave studio
commercial software. A detailed analysis of the proposed
monopole antenna is described along with the simulation and
experimental results.

The rest of this paper is arranged as follows: Section II
describes the proposed antenna configuration. In Section III,
parametric studies and antenna results are discussed, while
conclusions are given in Section I'V.

II.  ANTENNA CONFIGURATION

W3\ ares 2 -
—
| : RI

Y /A

. Vas
w2 RZ ‘
w 3 Ll//olz‘.l - . 4

. if
wi

[ ==
Conductor

' 1
i )
Dielectric

Fig. 1 Antenna Configuration.

132



The geometry of the proposed antenna is shown in Fig. 1.
The antenna is supported by a Mylar® Polyester Film
substrate with a thickness of 0.3 mm, dielectric constant of
3.2, a loss tangent (tand) of 0.009, and a copper thickness of
0.1 mm. The antenna is fed by a 50 ohms by a coplanar
waveguide. The shape of the antenna radiator is a moon patch.
The proposed antenna model is simulated through the CST
microwave studio simulator in order to evaluate its overall
performance. Overall size of the antenna is W x L which is
45x34 mm?. The width of symmetrical ground L1=15.15 mm,
and its length W1= 18 mm. The size of feeding line is R1 and
R2 = 10 mm and 13 mm. The gap between the feeding line
and the ground is L2 = 0.45 mm. The proposed antenna has
lower edge-frequency, we will show them in the following
sections.

III.  RESULTS AND DISCUSSIONS

The parametric study is important because it provides some
understanding of the antenna characteristics to the antenna
designer since this is a new design of this antenna. The
parameters of this proposed antenna are studied by changing
one parameter at a time and fixing the others. Since the gap
between the feeding line and the ground and e dimensions of
the circular ring of the antenna have important role in the
bandwidth, the gap ground L2 and the outer circular radius R1
and the inner circular radius R2

A. Parametric Study of super-wideband(SWB) Antenna
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Fig. 2 shows the simulated reflection coefficient of the
antenna as a function of frequency for different values of L2.

The analysis of the proposed antenna is founded on the
effect of parameters that introduced. The procedure analysis is
adjusting the effective parameters one by one. The analysis of
the antenna for different and the current parameter values has
been conducted by altering one of the parameters others. Due
to eke out fractal iterations on the fractal patch, it is
contemplated that the antenna will face with improvement in
bandwidth. The fractal patch has the distance gap 0.28 mm
to the semi-circle ground plane. The gap between the feeding

line and the ground it has change affects the bandwidth
significantly with increasing distance. At the Effect of gap
between the feeding line and the ground is L2 Fig. 2 shows
the simulated reflection coefficient of the antenna as a
function of frequency for different values of L2.
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Fig 3 Reflection coefficients for different values of R1.

a1 |

R2 = 12.00 mm
——R2=12.40 mm
-45 ——R2= 1270 mm
——R2=13.00 mm
-50 " 1 Il T

5 10 15 20 25 30 35 40

Frequency(GHz)

Fig. 4 Reflection coefficients for different values of R2.

Fig. 3 shows the simulated reflection coefficient of the
antenna as a function of frequency for different values of R1.
The radius of the greater circle have an obvious effect on the
reflection coefficient curve, but when it is chosen as to be
10.00 mm can ameliorate the reflection coefticient good for the
frequencies full bandwidth at -10 dB.

The simulated reflection coefficient curves with various R2
are shown in Fig. 4. And the radius of circles (R2) has an
important effect on the impedance bandwidth. The simulated
results are achieved by fixing other parameters. It can be seen
that the radius has a crucial effect on the reflection coefficient
for the frequency span of 3.0 GHz to 40.0 GHz. Actually, when
the optimized value of 13.00 mm. is chosen for this parameter.
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For arranging an intelligent comparison, thoughtful of the other
parameters and with using two extremely wideband antennas
(particularly SWB antenna), the authors of the presented paper,
have used an index term that has been used rarely. This index
term will permit the antenna specialists to consider their
compact radiator element design that how much their design is
compact in size and wide in bandwidth [14].

7 T T T T T i T

Gain (dBi)

1 T T T T T T T
5 10 15 20 25 30 35 40

Frequency (GHz)
Fig. 5 Gain vs Frequency for Moon Shaped SWB antenna.

The simulated peak gain within the operating band has been
plotted in Fig. 5. It demonstrates the gain of antenna is about
2.1 to 6.6 dBi at most frequencies of operation.

Fig 6. Photograph of the fabricated prototype Moon Shaped
Super-Wideband Thin-Film Antenna.

The Moon Shaped Super-Wideband Thin-Film Antenna is
shown in Fig. 6. It has been fabricated as a prototype monopole
antenna with using customary Mylar® Polyester Film with a
thickness of 0.4 mm substrate techniques.

The comparison curves of Si1 parameter for the simulated
and measured results of the proposed antenna is presented in
Fig. 8. The proposed antenna is simulated by CST microwave
studio commercial software. Simulation results confirm the
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super-wideband (SWB) characteristic of the proposed antenna.
Fig. 8 shows the reflection coefficient (Si1) of the antenna.
The reflection coefficient is under the -10 dB is bandwidth of
171% (3.0-40.0 GHz) is achieved with ratio bandwidth 13:1
and BDR = 1118 making sure of the SWB. There is some
discrepancy between the predicted and experimental results at
the lower and higher frequency extremes due to fabrication
tolerances and SMA connector effects. In general, the
predicted and measured results agree well over the frequency
band. Although the antenna satisfies the SWB property
without the larger circular part of the patch (with radius R1), it
is helpful to use this part to decrease the S11 level for the
frequencies around resulting in a better reflection coefficient
and a remarkable wider bandwidth.

Fig.7 Measurement set up in Reflection coefficient and pattern

Measured radiation patterns of the antenna in both the
E-plane (YZ plane) and H-planed (XZ plane), at 3.6 GHz, 5.8
GHz, 10 GHz 20 GHz, and 30 GHz, are shown in Fig. 9.
These pattern shows that the antenna has a nearly omni-
directional radiation pattern in the H-plane and bi-directional in
E-planed at lower frequencies (from 3.1-10.6 GHz.). For higher
frequency band can be seen that the radiation pattemns to be
multiple beams. Overall, the proposed antenna behaves
similarly to the typical planar monopole antenna. The peak
gain of measured antenna is about 2 to 6 dBi at most
frequencies of operation. It can be found that the proposed
antenna has much better radiation performance.

0 T \q T T T
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—-— Simulated
T T

5 10 15 20 25 30 35 40
Frequency(GHz)

Fig. 8 Reflection coefficient for Moon Shaped SWB antenna.
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Fig 9. Measured H-plane and the E-plane radiation patterns of
proposed moon shaped antenna at 3.6 GHz, 5.8 GHz, 10 GHz,
20 GHz, and 30 GHz.
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IV. CONCLUSION

A compact moon shaped super-wideband thin-film antenna
has been proposed and investigated. A CPW is used for feeding
the moon shaped patch. The antenna gives a -10 dB impedance
bandwidth of 171% (3.0-40.0 GHz), and ratio bandwidth 13:1.
The antenna structure is flat, and its design is simple and can be
casily constructed with a very low cost. The pattern shows that
the antenna has a nearly omni-directional radiation pattern in
the H-plane and bi-directional in E-planed at lower frequencies
(from 3.1-10.6 GHz.). For higher frequency band can be seen
that the radiation patterns to be multiple beams. This antenna is
capable of supporting Ultra-wideband (UWB) and super-
wideband (SWB) radios.
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Welcome to ICEIC 2017

International Conference on Electronics, Information and Communication

‘Welcome to Phuket for the 16th meeting of the ICEIC 2017 conference! We hope you enjoy
your time here and the ambience of the city. This year’s International Conference on
Electronics, Information, and Communication (ICEIC 2017) will be held at Phuket, Thailand
from January 11th to 14th, 2017. The conference is organized by IEIE (The Institute of
Electronics and Information Engineers) jointly with the ECTI Association Thailand and
IEEE Consumer Electronics Society.

On behalf of the Organizing Committees, we give our hearty welcome to all participants of
ICEIC 2017. We appreciate all the voluntary efforts from the committee members. We also
want to express a big thank to the committee members from Thailand and ECTI for
discussion, advice, and contributions.

Recently, electronics, information, and communication technologies are converged with
rapid advance, and their markets are growing everyday especially in the Asia-Pacific region.
‘We hope that the ICEIC 2017 conference can provide a great opportunity to exchange and
discuss new ideas on new technologies, for all worldwide participants from academia and
industry.

As you enjoy the conference, if you meet any of the organizers, please take a moment to
thank them for their volunteer efforts. Have a great time at this conference and enjoy the
fantastic city, Phuket!

Thank you very much.

General Chair
Daesik Hong

Yonsei University, Korea

General Co-chair

Sharon Peng
President, IEEE Consumer Electronics Society

Somsak Choomchuay
King Mongkut's Institute of Technology, Thailand

Organizing Committee Chair

Chungyong Lee
Yonsei University, Korea
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Technical Program Overview

It is a great pleasure to introduce the program of ICEIC 2017, the 16th annual International
Conference on Electronics, Information, and Communication. First of all, we truly appreciate
the volunteer contributions from the program committee members and anonymous reviewers.
In addition, we would like to thank the ICEIC steering committee for inviting us to chair the
program.

The final ICEIC 2017 program includes a strong selection of papers. We received more than
300 submission from 24 different countries all over the world. After the review process, 158
qualified papers have been selected to be presented in the 27 regular sessions including 7
special sessions. In addition to the oral presentations, 132 research work will be presented in
the 5 poster sessions.

The program also includes plenary talks and tutorials. We are happy to present an opening
plenary talk by Professor Hai Jin from Huazhong University of Science and Technology and a
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Abstract

This paper proposed A Compact Moon Shaped
Thin-Film MIMO Antenna for Ultra-Wideband and
Super-Wideband Applications. The antenna is fed by
a 50Q with two port (Coplanar Waveguide (CPW))
elements. This antenna is printed on Mylar®
Polyester Film substrate with size of 74x45 mm’ and
thickness of 0.4 mm with dielectric constant of 3.2.
Measurement vesults show that the impedance
banawidth for | s, | < 10 is bandwidth of 171% (3.0-

40.0 GHz) is achieved with ratio bandwidth 13.3:1
and BDR = 1118. With the simple design, the moon
shaped textile antenna offers super-wideband which
is suitable for many applications.

Keywords: Thin-Film, Mylar®Polyester, Antenna
Two-Port for MIMO- Ultra-Wideband and Super-
Wideband

1. Introduction

Since multiple-input-multiple-output  (MIMO)
technology increases the capacity and quality of the
communication channel and provided very high
data-rate service. MIMO antenna aims to produce a
high isolation among the multi-antenna elements in a
limited space and increase the channel capacity of
the communication system without increasing
bandwidth. So wireless communication systems that
use MIMO technology have attracted much attention
in recent years. In MIMO communication systems,
multiple antennas are installed at the receiver and
transmitter ends to enhance the available data rate in
a multipath environment. Although MIMO
communications have a vast potential, the increasing
application of wireless. And to optimize the speed of
data transmission has plenty and ease of use. Has
developed an antenna MIMO Antenna for Ultra-
Wideband and Super-Wideband Applications to
cover both short range and long range
communication [1]. The MIMO SWB technology is
becoming an essential part of modern wireless
communications due to extremely broad bandwidth

and provided very high data-rate service. For modern
wireless systems and devices, the presence of
compact. The SWB antenna with a ratio bandwidth
equal or greater than to 10:1 is generally called a
SWB antenna in the antenna literature. The design of
compact MIMO antennas with good isolation is
difficult to achieve. Designs that can come close to
these limits are therefore of interest and in previous
work on MIMO antenna design there have been a
large variety of approaches. In this work, we propose
a two-port MIMO antenna as a basic element that
can be concatenated together to form compact
printed MIMO antennas. Easy to use and require a
flexible antenna. The design on the material Mylar®
Polyester Film substrate technique [2]. Here, the
occupied frequency range of proposed antenna is
3.0-40.0 GHz which shows a ratio bandwidth of
13:1. Hence, this antenna may be considered as a
Super Wide Band (SWB) MIMO antenna. The
antenna structure 1s flat, and its design is simple and
can be easily constructed with a very low cost [3].

In this paper, a simple and compact planar
Super-Wideband printed patch antenna with a moon
shaped. All the design and simulation have been
done with CST Microwave Studio Suite Software.
The principle of the proposed isolation technique
and designs including a parametric study of our new
two-port antenna are introduced in Section II. In
Section III, parametric studies and antenna results
are discussed. Finally, a conclusion is provided in
Section VI.

2. ANTENNA CONFIGURATION

The geometry of the proposed antenna is shown
in Fig.1. The SWB MIMO antenna is designed on the

planar structure monopole antenna. The antenna is

supported by a Mylar® Polyester Film substrate with
a thickness of 0.4 mm [4], dielectric constant of 3.2,

a loss tangent (tand) of 0.009, and a copper thickness
of 0.1 mm, and lead of conductor material (copper) of
5.8x10'S/Af . The antenna is fed by a 50Q by a
coplanar waveguide.
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Fig.1 Antenna Configuration.

The design started with a prototype antenna
where the length of feed line and the width of feed

line found by characteristic of input impedance (Z,

of 50%2 as shown in the equation (1.

P2 ()

N 0)

When the radius circular (r) can be found in
equation (2) and (3) [5-6] as follow:

(€3]

F (2)
P T
2h nF 2
{1+ 2 |:In [E}— 1.7726:”
879140 @)

A

In design the SWB MIMO antenna for the
transmission induced by the Co-Planar Waveguide
(CPW) is important to determine the width and
length (W), (L) can be found in equation (4) and (5)
as follow:

G 2

_c (4)
214 \s +1

(&)

From the above equation is W x L which is 74x45
mm’. The size of feeding line is R1 and R2 = 10 mm
and 13 mm.

Then, the antennas structure was further
development in order to get prototype MIMO
antenna which consisted of two steps as bellow:

1. Expanding size of the Printed Circuit Board
(PCB) in order to add one more port to make two
antennas ports.

2. Adding the core between the both ground
planes to minimum mutual coupling and to reduce
reflection coefficient [6].

The other dimensions of the SWB-MIMO antenna
are marked on Fig.1. The proposed antenna model is
simulated through the CST microwave studio
simulator in order to evaluate its overall
performance.

3. PERFORMANCE ANALYSIS

Fig.2 The fabricated of proposed antenna.

In Fig.2 shows the fabricated of proposed
antennas with the compact dimension size of
74x45mm” on the low-cost substrate type thin-film.
Fig.3 depicts the reflection coefficient (S11 5 Sn)

< -10dB the measurement of the fabricated antennas.
The result shown that the measurement of the
fabricated antennas achieved a bandwidth of 37GHz
(3.0-40.0 GHz), thus fulfilling in the UWB and SWB
system. While the mutual coupling can be observed
by g, and s, parameters is less than -15dB as
shown in Fig.3 with a bandwidth that measurement
antennas of 1.0-40.0 GHz
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Fig.3 The measured reflection coefficient (g, §,,)

and the transmission coefficient (§, , 5, )-

From The measurement results the measurement
results with high bandwidth in a wide range of ultra-
wideband and super-wideband shown in Fig.3. In
Fig.3 it will be seen that the percentage of the
bandwidth of the antenna is bandwidth of 171%
(3.0-40.0 GHz) is achieved with ratio bandwidth
13.3:1 and BDR = 1118. VSWR voltage standing
wave ratio of 3.0-40.0 GHz frequency is lower than
throughout the two.
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Fig.4 The measurement of the voltage standing wave
ratio VSWR.

In order to evaluate MIMO performance of the
designed antenna array, the envelope correlation
coefficient among two antennas is calculated by the
use of scattering parameters at each antenna port.
Fig.6 shows the frequency response of envelope
correlation coefficients that are evaluated by
substituting simulated scattering parameters into the
above expression (6). As suggested in, a good
diversity effect can be obtained when the envelope
correlation value is less than 0.5 [7].

s ©
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{1"511‘ 15| Ml’)szz‘ Pl ]

As can be seen from Fig.6, the envelope
correlation values remain under 0.1 within the

. P2
_ +521S22’

frequency band of 3.0-40.0 GHz This leads us to
the

expect good performance of
configuration in terms of diversity.

proposed

Fig.5 Measurement set up in Reflection coefficient
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Fig.6 Frequency response of envelope correlation
coefficients

Radiation patterns for the case where one of ports
is excited and the other ports are terminated with
50Q: loads have been evaluated at the frequencies of
3.6GHz, 10GHz, 30GHz.

Fig.8 shows the radiation patterns for the case
when port 1 and port 2 are independently excited,
respectively. These pattern shows that the antenna
has a nearly omni-directional radiation pattern in the
H-plane and bi-directional in E-planed at lower
frequencies (from 3.1-10.6 GHz.). For higher
frequency band can be seen that the radiation
patterns to be multiple beams. It can be found that
the proposed antenna has much better radiation
performance.
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In wideband technology, however, group delay is
a more precise and useful measure of phase linearity
of the phase response [8].

Group delay (ns)

Frequency(GHz)

Fig.7 The measurement of the group delays.

A group delay of the antenna is less than +2 ns in
time-domain, which represents the proposed antenna
is able to be wused in the wireless pulse
communication.

cbisBOERERS

seddbURBUEEIL,

H - plan E - plan

Fig.8 Measured H-plane and the E-plane radiation
patterns of proposed moon shaped antenna at 3.6
GHz, 10 GHz and 30 GHz.

4. CONCLUSIONS

A Compact Moon Shaped Thin-Film MIMO
Antenna for Ultra-Wideband and Super-Wideband
Applications has been presented in this paper. In the
designed antenna that operates over the frequency
range from 3.0-40.0 GHz, a CPW is used for feeding
the moon shaped patch. The antenna gives a -10 dB
impedance bandwidth of 171% (3.0-40.0 GHz), ratio
bandwidth 13:1 and VSWR voltage standing wave
ratio is lower than throughout the two. The antenna
port envelope correlation coefficients are observed to
be less than 0.1, which are substantially smaller than
the value of 0.5 being suggested for realizing the
good diversity effect. The antenna structure is flat,
and its design is simple and can be easily constructed
with a very low cost. This antenna is capable of
supporting Ultra-wideband (UWB) and super-
wideband (SWB) radios.
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