LORA / LORAWAN TUTORIAL 41

Dipole Antenna




INTRO

* In this tutorial | will explain what a dipole antenna is.



Al TENTION

* The antennas built in this tutorial are intended for test and
educational purpose and should be used indoors.

* The antennas are constructed in such a way so it can be easily
disassembled and its parts can be re-used in other antenna
projects.

* The antennas are not properly constructed and the antenna
performance can be improved by using better materials, parts or
another way of construction.



DIPOLE ANTENNA

» A dipole antenna is the simplest and most widely
used class of antenna.

» A dipole antenna consists of two identical
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DIPOLE ANTENNA

* [ he construction of a dipole antenna is as follows (simplistic explanation):
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DIPOLE CURRENT DISTRIBUTION
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DIPOLE CURRENT DISTRIBUTION

L=\

This i1s called a /2 wave dipole.
Current flows the same direction.
This 1s a good antenna.

~ - Radiation pattern
‘O’ (simplified)




DIPOLE CURRENT DISTRIBUTION

L=A

This 1s called a one wave dipole.

Current flows the same direction. o ane
Radiation pattern is flattened ' ?a}Cla_ll]gmdpattem
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s larger. [his antenna is not optimal.



DIPOLE CURRENT DISTRIBUTION
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DIPOLE CURRENT DISTRIBUTION
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DIPOLE CURRENT DISTRIBUTION

* A nice animation where you can see the radiation pattern vs current distribution when

you Increase the dipole length:
https://youtu.be/edyFGAT_8/0



https://youtu.be/edyFGAT_87o

DIPOLE ANTENNA LENGITH

* [ he equation to calculate the wavelength:
c=AXxf
c = speed of light = 299792458 m/s

A = wavelength in m
f = frequency in Hz

* If antenna f = 868 MHz
A=c/f=299792458 / 868000000 = 0.34538 m = 345.38 mm



DIPOLE ANTENNA LENGITH

* As explained earlier a 2\ dipole is a good antenna.

L=0.5\

_I I_
1=0.25A 1=0.25A

B e | [ ——————— >

* This means both elements of the antenna are 0.25 A in length.

e If f = 868 MHz and A = 345.38 mm, L= 0.5 x 345.38 = 172.69 mm

* Do not forget the velocity factor.
f the dipole 1s made of stainless steel (VF=0.9):1 = 0.9 x 1/2.69 = |55 mm




[/2 WAVE DIPOLE ANTENNA GAIN

* A /2 dipole antenna has a power gain of 1.64 (or 2.15 dBi) over an isotropic antenna
(see tutorial 39).

* At its feed point 2 dipole antenna has an impedance consisting of 73 Q resistance
(R) and a reactance of 42.5 Q (X).




DIPOLE ANTENNA

Ihis 1s a dipole antenna.

When using this antenna make
sure It 1s vertically oriented.
Most gateway antenna’s are
vertical polarised.

This Is a sleeve adipole antenna.
Wil be discussed in detall In
tutorial 43.




[/2 WAVE DIPOLE ANTENNA

* Here is one way to build a /2 dipole antenna but without a balun.
n many practical situations it i1s possible to operate a dipole satisfactorily without the

use of a balun, but there may be a slight increased risk of interference It one Is not
used. | only use this dipole antenna for education / test purpose.

* Bill of materials:

* Iype N female chassis mount 4-hole connector
B Yy x 2o cm /1 x |”

—Hole diameter: 3.5 mm / 0.1 3/"

mpedance: 5002

Material: Metal alloy
Cost: € 0.96




[/2 WAVE DIPOLE ANTENNA

* [he two antenna wires are from an umbrella.
nese wires are made from stainless steel (called ribs).




[/2 WAVE DIPOLE ANTENNA

* Instead of umbrella wires you can use electrical wires, but | prefer stainless steel
wires because It does not bend easily compared to copper wires:

.8 mm

» Outdoor cable XMVK 3x2.5 mm? grey. X

he copper wire has a diameter of .8 mm. \ -
Only | meter Is needed.
e /> per meter

* [ he electrical insulator can be easily
removed using a Stanley knife.

* | he copper wire can be stretched out.
The stretched out wire will be stiffer, more straight,
but the wire diameter will decrease.




[/2 WAVE DIPOLE ANTENNA

e lerminal str
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[/2 WAVE DIPOLE ANTENNA

Cut the screws In half, so they
will not stick out too much.




[/2 WAVE DIPOLE ANTENNA
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[/2 WAVE DIPOLE ANTENNA
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Use a punch to enlarge the hole of a terminal.




[/2 WAVE DIPOLE ANTENNA

* Bolt: M4x |0
Nut: M4

Metal washer /.8 x 4.4 x 0.5 mm (outer diameter,; inner diameter; thickness)
Cost: unknown

e O




[/2 WAVE DIPOLE ANTENNA

f you use an M4 bolt, enlarge the hole diameter
from 3.5 mm to 4.5 mm.




[/2 WAVE DIPOLE ANTENNA

* RF coaxial cable RG316, length 20 cm with type N male plug right angle to SMA
male connector.

mpedance: 50€)

Coax: RG316
st 3.39




[/2 WAVE DIPOLE ANTENNA

* [ype N male to RP-SMA male plug adapter coaxial cable connector.

Impedance: 5002
oSt c |44




[/2 WAVE DIPOLE ANTENNA

/3 mm /3 mm

25 mm

Wires: Stainless steel
Wire diameter = [.8 mm




[/2 WAVE DIPOLE ANTENNA




[/2 WAVE DIPOLE ANTENNA
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[/2 WAVE DIPOLE ANTENNA




[/2 WAVE DIPOLE ANTENNA

Dipole and antenna analyser
connected by a coax cable.

VSWR = |42

[ _1Z[(Q) | ESL(nH) |

26.95] C. 288




[/2 WAVE DIPOLE ANTENNA
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[/2 WAVE DIPOLE ANTENNA

[t Is recommended to connect the antenna directly to the antenna analyser without
using a coax cable. A cable may influence the measurements.




MEASURED ANTENNA PARAME TERS

* In MY situation | got the following results:

VSWR = |3 e Good. It is < 2
7 =~ 520 g  (Co0d. Should be approx. 500
S| = -17 dB

I ) N ) B
H9.0621- 4. 19

-’ET--E‘H][@-

1. 344]-1D6.B6S

Dipole and antenna analyser connected to each other without using a coax cable.




MEASURED ANTENNA PARAME TERS
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ANTENNA MODELLING 4NEC2

Z
* Antenna parameters:
f = 868 MHz
wire material = stainless steel
wire diameter = [.8 mm o
wire radius = 0.9 mm = 0.0009 m
Weig"’t = 1Im ength = YA\ feedpoint
ength = 0.155 m

oround type: real ground
(City industrial area)

* Length = 0.155 m, VOWR=1.6/

« Antenna model optimised:
Length = 0.160 m,VSWR = .43

Coordinates in meters



ANTENNA MODELLING 4NEC2

* 4NEC2 card deck:
https://www.mobilefish.com/download/lora/dipole_vertical 868mhz_4nec2.nec.txt

* Note: Initially the length was set to 0.155 m then | used the 4NEC2 optimising
functionality to improve the design. The optimised length = 0.160 m.



https://www.mobilefish.com/download/lora/dipole_vertical_868mhz_4nec2.nec.txt

ANTENNA MODELLING 4NEC2

* [he 4NEC2 model element length = |60 mm.

* The real 2\ dipole antenna length = [46 mm
(= 2% /3 mm).

used the N 201 5A Vector Impedance Analyser

to tune the antenna.

* Why this discrepancy!
The real antenna is not 100% accurately
odelled in the 4NECZ program.
nink of the gap between the elements, terminal
th screws, the type N female chassis.
| these influences the antenna behaviour.

~ 3

b il2



ANTENNA MODELLING 4NEC2

=10] x| Iength = 0.160 m

File Edit Settings Calculate Window Show Run  Help

Filename I dipole_vertical 868mhz_4nec2.out Frequency 262 thz

Wavelenagth 0.345 mitr
Voltage | 845+ 0V Current | 1.18+|0.08 4
Impedance 71.1-4.51 Series comp. 5.e-4 uH
Parallel form 71.3/4/-11125 Parallel comp. 0.206 uH
SWwW.R.50 143 Input power 100 W
Efficiency 98 94 4 Structure loss 1 064 W
R adiat-eff. R5 21 % MNetwork loss 0 LW
RDF [dB] a 76 R adiat-power 98 94 W
Environment [ Loads | Polar

FINITE GROUND. SOMMERFELD SOLUTION

RELATIVE DIELECTRIC CONST.= 3.000
CONDUCTIVITY=1.000E-04 MHOS/METER

COMPLEX DIELECTRIC CONSTANT= 3.00000E+00-2.07037E-03




ANTENNA MODELLING 4NEC2

T [ e (59 EIET

Show Far field Mear field Compare Transfer FFtab Plot Show Far field MNearfield Compare Transfer FFtab Plot
Tot-gain [dBi] 0z Vertical plane Tot-gain [dBi] 9y Horizontal plane

—
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dipole_vertical_868mhz_4necZ.out  -165 165 -993 < dBi < 6.23 dipole_vertical_868mhz_4necZ.out 255 285 6.23<dBi<B6.23
Phi= 0 180 Max gain The:85 Theta= 85 20 Max gain Phi:0




ANTENNA MODELLING 4NEC2

JRT=TER | [Eipattern ) Ioix
Show Wiew Validate Currents Far-field MNear-field Wire Plot Show Far field WNear field Compare Transfer FFtab Plot
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Theta : 63 Axis - 5 mtr Phi : 222 Phi= 0 ‘180 Max gain The:85




ANTENNA MODELLING 4NEC2
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ANTENNA TEST SETUP

* The %2\ dipole antenna performance is compared with a sleeve dipole antenna.
More information about sleeve dipole antennas, see tutorial 43.

* For this test | am using the end node and antenna C as demonstrated in tutorial 33.

* More information about this end node, see:
nttps:// www.mobllefish.com/developer/lorawan/
orawan_quicksuide_build_lora_node_rfm95_arduino_pro_mini.html

* [he end node uses the MCC| LoRaWAN LMIC Library:
https://github.com/mcci-catena/arduino-Imic

* [he end node uses the following sketch:
https://www.mobilefish.com/download/lora/ttn-otaa-pro-mini-sensors.ino.txt



https://www.mobilefish.com/developer/lorawan/lorawan_quickguide_build_lora_node_rfm95_arduino_pro_mini.html
https://www.mobilefish.com/developer/lorawan/lorawan_quickguide_build_lora_node_rfm95_arduino_pro_mini.html
https://github.com/mcci-catena/arduino-lmic
https://www.mobilefish.com/download/lora/ttn-otaa-pro-mini-sensors.ino.txt

ANTENNA TEST SETUP

2\ dipole and end node Sleeve dipole and end node
connected by a coax cable



ANTENNA TEST SETUP
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The building
circumference.

The end node Is placed
inside the bullding in front
of a window.

Iwo end node locations:

Location A, facing East and
South. Altitude = ~ | Im

_ocation B, facing West and
North. Altitude = ~ | Im




ANTENNA TEST SETUP

* | have NOT modified the end node transmission power when using the 2 dipole
antenna.

* In my area there are several gateways and | know that these gateways, which are
connected to The Things Network, can receive my transmitted data.

* The Y2\ dipole antenna is attached to an end node at location A and transmitted
data and | have done the same with a sleeve dipole antenna. In both cases two
messages per minute were transmitted.

* [he logged data can be found at:
https://www.mobllefish.com/download/lora/dipole_test results.txt



https://www.mobilefish.com/download/lora/dipole_test_results.txt

ANTENNA TEST RESULITS

* Several nearby gateways were
able to receive my transmitted
sensor data, see:
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https://drive.google.com/open?id=18SKbHVEIFHU6YjzYpgZL98vuHcmV4OPQ&usp=sharing
https://drive.google.com/open?id=18SKbHVEIFHU6YjzYpgZL98vuHcmV4OPQ&usp=sharing
https://drive.google.com/open?id=18SKbHVEIFHU6YjzYpgZL98vuHcmV4OPQ&usp=sharing

ANTENNA TEST RESULITS

* End node tx power = [4 dBm
Data from: dipole test results.txt

Distance
from end @ Altritude
device
[km]

2N dipole | 2N\ dipole | Sleeve dipole  Sleeve dipole
Average RSSI| Average SNR  Average RSSI Average SNR
[dBm] -] [dBm] -]

Gateway

eul-aab55a00000880 | 3

eul-0000024b08030cof

eul-000080029c 1 0dc24 3 45

eul-000080029¢ 1 0db9b 415ie 30 - -120 *

* Only one or few measurements. | will ignore these results.



ANTENNA TEST RESULITS

* If you only look at the eui-aa555a00000880 | 3 gateway results you may notice there
s no significant difference In the average RSSI and SNR values.

Y
W

nen using t

NE

MINU

* [he Ardul

» But If you look at the time it took to transmit |5 messages there Is a difference.

ne Y2 dipole antenna it took |8 minutes to transmit |5 messages.

N using t
es to transmit |5 messages.

ne sleeve dipole antenna, which is my reference antenna, it took |0

no sketch Is configured to transmit 2 messages per minute. In a perfect
situation 1t should take /7.5 to 8 minutes to transmit these |5 messages.
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| have conducted another test

whereby the /2 dipole antenna is
directly connected to the end device.

No coax cable Is used.
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ANTENNA TEST RESULTS




ANTENNA TEST RESULITS

* Again the same tests were conducted using the same /2 A dipole antenna and sleeve
dipole antenna at location A.

* Iwo messages per minute were transmitted and both logged data can be found at:
https://www.mobilefish.com/download/lora/dipole_test results2.txt

* Note: [ he tests were conducted approximately |.5 months later.


https://www.mobilefish.com/download/lora/dipole_test_results2.txt

ANTENNA TEST RESULITS

* End node tx power = [4 dBm
Data from: dipole test results2.txt

Distance
from end | Altritude

2N dipole 2N dipole = Sleeve dipole = Sleeve dipole
Average RSSI Average SNR =~ Average RSSI Average SNR
[dBm] -] [dBm] -]

Gateway device

k]

eul-aa>55a00000880 | 3 .57 42 -7 * -8.8 * - :
eul-000080029c10db%b 4.36 30 -1 21 * -8 * s 5
eul-0ba000000000000 | SV 20 -119.2 -5.46 -119.4 -6.9

eul-60c5a8fffe /60e60 4.15 30 il (R 2sens =5 e S{RIEEORS 542 *
eul-dcab632fffe43df3e 0.458 1O -104.8 4.81 -104.9 4.37
eul-b82 /ebfffedcc//d 0816 / -1 14 * s - 2

* Only one or few measurements. | will ignore these results.



ANTENNA TEST RESULITS

* If yo
resu

values.

U only look at the eul-Oba000000000000 | and eul-dca632fffe43di3e gateway
ts you may notice there i1s no significant difference in the average RSS| and SNR

» Also If you look at the time 1t took to transmit |5 messages there is no large
difference.

* W
W

nen using t

ne Y2 dipole antenna it took | 1.5 minutes to tra

nen using t

SIS

ne sleeve dipole antenna, it took | 2.5 minutes to -

ransmal

messages.

D messages.



ANTENNA TEST RESULITS

* [he RF coaxial cable with type
N male plug right angle to
SMA male connector Is
probably not working
correctly.

* | have replaced it with another
setup.

* Now 't. took 9 minutes to Type N male B eable with
transmit 15> messages. to RP SMA male RP SMA maleto |
plug adapter RP SMA female /-;

connector



ANTENNA TEST RESULITS

* Looking at the results | car

the same as the purchasec

conclude tr

sleeve dIpo

at my self build /2 dipole antenna performs
e antenna.



[/2 WAVE DIPOLE ANTENNAWITH LESS PARTS

* The simplest way to build an 2 dipole antenna:

Copper wire,d = 1.8 mm

Solder antenna elements
€to connector
Remove legs



