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ABSTRACT

This thesis presented the two prototypes of the coplanar waveguide (CPW)
antenna: CPW-fed rectangular slot antenna with antler-shape stub tuning for UWB
application and Fish-tail shape monopole antenna for broadband applications. In previous
works, the planar antenna structures were of bulky sizes and narrow impedance bandwidth.
For that reason, the antennas were not suitable for wireless communications applications that
require wideband frequency.

The two prototype antennas use the same coplanar waveguide feeding. The slots
etching and stub tuning technique were applied to radiation and ground plane for tuning
impedance to response application frequency range. The prototype antenna structure analysis
for optimization slots etching and stub increasing geometric shapes were done through
simulation using Computer Simulation Technology (CST) program and empirical method.

The simulation and measurement results showed that CPW-fed rectangular slot
antenna with antler-shape stub tuning for UWB application has frequency between
1.43 - 13.01 GHz, bi-directional radiation pattern and antenna gain was 3.45 dBi. The Fish-
tail shape monopole antenna has frequency between 2.31 - 7.79 GHz and omni-directional

radiation pattern. The average antenna gain was 3.28 dBi.

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

wideband
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A Delta

A Wavelength

g, Dielectric constant

&, Effective Dielectric Constant
BW Band Width

C Capacitor

CPW Coplanar Waveguide

CST Computer Simulation Technology
D Directivity
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e, Total efficiency

e, Reflection(mismatch) efficiency
e, Conduction efficiency

e, Dielectric efficiency

e, Antenna radiation efficiency
EFIE Electric Field Integral Equation
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f Frequency
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f Lower Frequency
1 Upper Frequency
o Frequency maximum
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G, Maximum gain
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MOM Method of Moment

mm Millimeter

P Power density

Input power

PCS Global System for Mobile Communication
Q Quality Factor

R Radiating

R, Radiation resistance of the antenna

R, Loss resistance of the antenna

S, Return Loss

™ Transverse Mode

TEM Transverse Electric-Magnetic

U Radiation intensity

U, Radiation intensity of isotropic source

Maximum radiation intensity

UWB Ultra-wideband

VSWR Standing Wave Ratio
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WiIMAX Worldwide Interoperability for Microwave Access
Z, Load impedance

Z, Characteristic Impedance
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_ sinh(7/2h)
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(2.45)

AAMUAIUNIULAZAIANNITINITUNT NTZI18AAY (Radiation Resistance and  Conductance)
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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.jchnsoncomp.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
2-Hole Flange Mount Jack Receptacle - Extended Dielectric 4, 6
2-Hole Flange Mount Jack Receptacle - Flush Dielectric 4

2-Hole Flange Mount Plug Receptacle - Extended Dielectric 6
2-Hole RA Flange Mount Jack Receptacle - Extended Dielectric 8
2-Hole RA Flange Mount Jack Receptacle -Extended Dielectric 8
2-Hole RA Flange Mount Jack Receptacle -Extended Dielectric 8
4-Hole Flange Mount Jack Receptacle - Extended Dielectric 5
4-Hole Flange Mount Jack Receptacle - Flush Dielectric 4

4-Hole Flange Mount Jack Receptacle -Extended Dielectric 7
4-Hole Flange Mount Plug Receptacle - Extended Dielectric 6
4-Hole RA Flange Mount Jack Receptacle - Extended Dielectric 7
4-Hole Right Angle Flange Mount Jack Receptacle 7
Specifications 2, 3
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ELECTRICAL RATINGS

Impedance: 50 ohms
Frequency Range:
Dummy loads ........................
Flexible cable connectors ....
Uncabled receptacles, RA semi-rigid and adapters ..........
Straight semi-rigid cable connectors and
field replaceable connectors ...

0-18.0 GHz

.0-26.5 GHz

VSWR: (f = GHz) raig Right Angle
Cabled Connectors  Cabled Connectors
RG-178 cable ... . 1.20 + 025f 1.20 + 03f
RG-316, LMR-100 cable .. . 1.16 + 02f 1.15 + .03f
RG-58, LMR-195 cable 1.15 + .01f 1.15 + .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 .... .. 105+ .01f

1.05 + .005f
N/A
NIA

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

Sea Level 70K Feet

RG-178 .. 170 45
RG-316; LMR- 100 195 200 . SR— 1] 65
RG-58, RG-142, LMR- 240 086 seml ngld

uncabled receptacles, .141 semi-rigid w/o contact... 335 85

141 semi-rigid with contact and adapters ................. 500 125
Dummy loads ... e NIA
Dielectric Withstanding
Connectors for RG-178
Connectors for RG-316; LMR-100, 185, 200 ...
Connectors for RG-58, RG-142, LMR-240, .086 semi-rigid
field replaceable, uncabled receptacles ...
Connectors for .141 semi-rigid with contaci 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 wio contact
Connectors for .141 semi- r|g|d with contact and adapters
Dummy loads .. IRUVRION | SUVRSRROY » § R OOee .

... 500

Insertion Loss: (dB maximum)
Straight flexible cable connectors N S—

and adapters ................ 0.06 " f(GHz), tested at 6 GHz
Right angle flexible cable —
connectors .. ...0.15 7 (GHz), tested at 6 GHz

Straight semi- rlgld cable

connectors with contact .

Right angle semi-rigid cable
connectors ... 0.05 7 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

.0.03 Yf(GHz), tested at 10 GHz

cable connectors .. ....0.06 "f(GHz), tested at 1 GHz
Right Angle low Ioss ﬂe)ﬂble —
cable connectors .. . 015 "f(GHz), tested at 1 GHz

Uncabled receplacles, ﬁeld replaceable, dummy loads .. . NIA
Insulation Resistance: 5000 megohms minimum
Contact Resistance: (milliohms maximum) Initial
Center contact (straight cabled connectors

and uncabled receptacles)

Center contact (right angle cable

After Environmental

.. 3.0 4.0*

connectors and adapters) ......... 6.0
Field replaceable connectors . 8.0
Outer contact (all connectors) N/A
Braid to body (gold plated connectors) .. N/A
Braid to body (nickel plated connectors) N/A

*NJA 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 wio EMI gasket
086 semi-rigid connectors and . 141 seml—rlgld connectors
with contact, and field replaceable with EMI Gasket ................ -90dB
Two-way adapters .
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. 5watt @
+125°C

MECHANICAL RATINGS

Engagement Design: MIL-C-39012, 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-oz)
Connectors for RG-178 . . N/A

Connectors for RG-318, LMR100 ... 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 .. 55

*Or cable breaking strength whichever is less.
Durability: 500 cycles minimum

100 cycles minimum for .141 semi-rigid connectors wio contact

ENV'RON MENTAL RAT'NGS (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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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

[=— .000-.070 (0.0C-0.
f— .00G-.010 (2.00-C.

REFERENCE PLANE
088005 (2.2440.13) —w| e
.000-.010 (0.00-0.25) —=l— CBE 7 gy
@.212£004—
000 MIN —=[l=— (5,380,100
HEX .312 (7.92)
! SEE DETAL
N
174-36 UNS-2B
PLUG §
I
L@ 250 (8.35) MAX
30 (3.30) MIN - L 1808 (4.592) MAX
35 (3.43) MAXY ——] [
.030+.015 (0.7640.38) -

REFERENCE PLANE
L050 (1.27) MIN

100 (2.54) MIN

.015 <0.38) MIN

D—LL

7] .DJSE-.DEJC]

(0.902-0.940}

NOTES

% .015 (0.

38) MAX FLAT :
09 2.7

PLUG

L 218 (5.54) M

.030+.015 (.076+0.38)

70 (4.32) MIN

— 005 (D.13) MAX X 45°

JCI
REFERENCE
PLANE

JACK

je— .0761.002 (1.9310.

03]
23}
25)

1/4-36 UNS-Z4

SEE NOTE 1

JACK

IN
FULL THREAD

X

|

t+—.076 {1.93)

1. |D OF CONTACT TO MEET VSWR, CONTACT RESISTANCE AND INSERTION WITHDRAWAL FORCES
VWHEN 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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£

2X @102 (2.59) — . 375 (9.52)}—
/ 065 (1.65)— I——
"'-’f")/ |
' e ®.825 (15.88) 3 H 480 (12.22)
| ) T

@.036 (0.91) HOLE —
VSWR & FREQ. RANGE GOLD PLATED | NICKEL PLATED 223 (5.66) 200 (5.08)

2-Hole Flange Mount Jack Receptacle - Flush Dielectric
©.050 (1.27)
VSWR: N/A  0-18 GHz 142-0701-621 142-0701-626

4-Hole Flange Mount Jack Receptacle - Flush Dielectric

—1.375 (9.52)

/ a.500 (12‘70)7——-‘ 065 (1.85)—=] I——
ot 3.036 (Osnv\(*) 6)

©.050 (1.27)
B~ - Hetg L
Q ] 4X ©.102 (2.59)—| T.i
R—0
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

TAN 375 (9.52)
~—2X @.102 (2.59) ug
b
2.625 (15.88) GD“ 480 (12.22) [
E} @.162 (411
@.050 (1.27)
fe———.223 (5.66) .065 (1‘65)——1 L—
VSWR & PRODUCT GOLD NICKEL
FREQ. RANGE SERIES PLATED PLATED "A" "B"

VSWR: 1.15 + .02 f (GHz) B 142-1701-131 | 142-1701-136 | .705 (17.91) 590 (14.99)

s : rass

0-18 GHz 142-1701-031 | 142-1701-036 | .240 (6.10) 180 (4.57)

Johnson Compaonents® + 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 2.7 I "A" 375 (9.52)
0.340 (8.64) "B"

2.050 (1.27]%,,\{_‘3 E} *

@.162 (4.1

.065 (165]—-] |——

4X @.102 (2.59)

VSWR & PRODUCT GOLD NICKEL
FREQ. RANGE SERIES PLATED PLATED A" “B"
VSWR: 1.15 + 02 f (GHz) Brass 142-1701-121 | 142-1701-126 | .705(17.91) .590 (14.99)
0-18 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)

i} 705 (17.91)—.375 (9.52)
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Panel Mount
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SMA - 50 Ohm Connectors

Panel Mount

2-Hole RA Flange Mount Jack Receptacle -
Extended Dielectric 90° Orientation
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EMC Antemzas
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 Broadband: 1 GHz - 18 GHz

® Maintains Single Lobe Radiation

Pattern Over Frequency
m 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

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’ 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
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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
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EMC Antennas

Double-Ridged
Waveguide Horn

Uniform Gain, Low VSWR

The Model 3117 has a more
uniform gain and antenna factor
because of the better behavior of
its radiation pattern. Since the
pattern is stable over frequency,
the gain and the AF also remain
stable. Similar antennas of this
class exhibit large variations of the
gain and the AF as the frequency
increases.

Flexible Mounting System

The Model 3117 antenna includes
both an EMCO classic mount and a
rear “stinger’” mount.

Model 3117

STANDARD CONFIGURATION
B Antenna Assembly

B Mounting bracket drilled to
accept ETS-Lindgren or
other tripod mounts with 1/4 in
x 20 threads

B Individually calibrated at 1 m
per SAE ARP 958 at our
A2LA accredited lab. 3 m
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 8.5:1 max 300W 400 W 50Q Type N
<2:1:above 1.5 GHz
Physical Specifications
MODEL WIDTH DEPTH HEIGHT WEIGHT
3117 175 cm 175 cm + 155 cm mount 15.5¢cm 1.13 kg
69 in 69 in + 6.1 inmount 6.1in 25 b
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An ESCO Technologies Company

Model 3117 Antenna Factor
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EMC Antennas

Double-Ridged
Waveguide Horn

Model 3117

Model 3117 Half Power Beamwidth
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EMC Antennas

SNETS-LINDGREN Double-Ridged
Waveguide I-hlﬁgdem

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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Model 3117 (17 GHz - 18 GHz)

EMC Antennas

Double-Ridged
Waveguide Horn
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CTW-fed Rectangular slot antenna with antler-shape stub tuning for UWB application
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Abstract

This research presents the Rectangular slot antenna with CTW-
fed antler-shape stub tuning for UWB application. By using additional
horizontal I-shape slot making and adding rectangular stub with Computer
Simulation Technolog: CST program to adjust the impedance bandwidth to
cover all the using of Ultra-wideband: UWB according 1o the requirement
of the Federal Communications Commission: FCC with the frequencies
range between 3.1 - 10.6 GHz By using in the antenna prototype design to
caleulate for the proper size of antler-shape stub. The simulation result
when comparing with the real measurement tends to be in the same
direction and the impedance bandwidth value covered

the UWBI161.37% (1.38 - 12.91GHz.}
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Abstract

This paper is presented The mono-pole anterma with a V-
shaped tuning ground plane scalene triangle by using FR4. The design
of the antenna by methed and process parameters with the simulation
model to find the best results. The V-shaped tuning stub and a
minimum return loss. As well as taking into account the characteristics
of the bandwidth and radiation pattem of energy. From simulation
results showed that the prototype antenna is radiating energy pattern is
characterized by a bi-directional and the average gain 3 dBi. That can
be applied in the frequency range used in the WLAN and WiMax is
IEEE 802.11h'g (240 - 248 GHz), [EEE 802.16e (34 - 3.69 GHz),
IEEE 802.11j (4.90 - 5.091 GHz), Public Safety Frequency (4.94 - 490
GHz) uaz IEEE 802, 16a (5.13 - 5.35 GHz)
Keywords: Mono-pole antenna, Ultra-wideband,

Tuning ground plane, Return loss
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