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Moxon Antenna
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INTRO

* In this tutorial | will explain what a Moxon antenna Is and how to build one.



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.



MOXON ANTENNA

* [he Moxon antenna is a simple and mechanically robust
two-element parasitic array antenna created by amateur
radio operator Les Moxon.

* This di

Yagl-U

rectional antenna Is eq
da antenna. It has a ref

but no directors.

Jivalent to a two element

ector and a driven element

* [ he two elements are mechanically connected by two
insulators.

* [ he antenna has a large beam width and a very gooad

Front- [o-

Back ratio (tutorial 39).

Driven Reflector

Feed point

Insulator



MOXON CALCULATOR

» o find the Moxon antenna dimensions you can use the following calculators:

* Online calculator:
http://tippete.net/cgi-bin/moxgen.pl

* Windows program:
https://ac6la.com/moxgen | .html

* | have tried both calculators and in MY situation, they both generate the same
results.


http://tippete.net/cgi-bin/moxgen.pl
https://ac6la.com/moxgen1.html

MOXON CALCULATOR

Moxon Calculator

Dimension|| Wavelengths Feet Inches Meters Millimeters
Frequency
1.0 1.133133 13.597592 0.345383 345.383065
868 MHz
Diameter 0.005212 0.005905 0.070865 0.0018 1.8
1.8 mm
A 0.340642 0.385993 4.631911 0.117652 117.651989
B 0.050184 0.056865 0.68238 0.017333 17.332662
C 0.009953 0.011278 0.135335 0.003438 3.437559
D 0.071703 0.081249 0.97499 0.024765 24.765036
E 0.13184 0.149392 1.792705 0.045535 45.535257
I— : -‘
Feedpoint B
Driven Element _LL
C
D
Reflector

Generated by:

WIindows

Drogram:

https://acé

a.com/moxgen | .html


https://ac6la.com/moxgen1.html

MOXON ANTENNA
I — Frequency = 868 MHz

Driven Wire diameter (d) = .8 mm

Reflector
Parameter = Length (mm)

A Feed point A 17 6
SAb
343
| 24.76
nsulator
A 4553
Signal direction 4_,3 HC" D |

i Note:
—— Keep the feed point gap as small as possible.




MOXON ANTENNA

* | have used the 4NECZ antenna modelling software to verity the design.

« 4NEC?2 card deck:
https://www.mobilefish.com/download/lora/moxon_868mhz_4nec2.nec.txt



https://www.mobilefish.com/download/lora/moxon_868mhz_4nec2.nec.txt

ANTENNA MODELLING NEC-2

 Moxon antenna

f =868 MHz .
wire diameter = |.8 mm
wire material: stainless steel R e
neight = | m ;
SFawing nottoscale . 0000 LL..&. e
, Y.
Parameter  Length (mm) okl
A [ 17.65
[AER <
C D
. S
24.76 '
4553




ANTENNA MODELLING NEC-2

4 Signal direction

i

Created in 4ANEC2



ANTENNA MODELLING NEC-2

File Edit Settings Calculate Window Show Run  Help

I moxon_868mhz_4nec. out

Filename

Voltage | 0.3+ |0V
Impedance | N\ £1.3+)14

Parallel form 64.5 /7282
SWwW.R.50 1.38

Efficiency 97 1R %
R adiat-eff. 97 B %
RDF [dBE] 11.9

E nvironment

GROUND PLANE SPECIFIED.

Frequency age Mhz
Wavelength 0.345 mtr
Current | 1.25-10.28 4

Senes comp. 131 pF
Parallel comp. 0 ER pF
Input power 100 W
Structure loss 2 0R4 W
MNetwork loss 0 LW
Radiat-power 97 14 W

[ Loads | Polar

WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLANE

PERFECT GROUND

Ground: Perfect ground (= perfectly conducting ground). Height: |m above ground.

VSWR=1.38



ANTENNA MODELLING NEC-2

» Ground: Perfect ground (= perfectly conducting ground)

Tot-gain [dBi] . Tot-gain [dBi]

Height: Im

668 MHz - | - 668 MHz
above ground

Max gain:
11.8 dBi
@ O0=90°

| | 150 0
moxon_868mhz_4nec2.out B55<dBi<11.8 moxon_868mhz_4necZ. out 7<dBi<11.8
Phi= 180 ' : Max gain The:90 Theta= 90 Max gain Phi:180




ANTENNA MODELLING NEC-2

» Ground: Perfect ground (= perfectly conducting gsround)

5 Yiewer (F9) [ moxon_868mhz_4nec2.out ]

=10l x|

[ 868  Mhz

Axis| 05 mir
Theta Phi
|80 |280
LI zoom LI

Ident| Hes|
Flotc| COI|

[~ True rad.

@

v dxis
vV Ground
IV Surfaces

Structure ¥

Multi-colo ¥

1o

Tot-gain ¥

v ARRL style

|

Magnituc ¥

— Quality

E

FPS  Tr's

[26 [ #4130

=10l x|

| 869 Mhz
Axisl 0.5 mtr

Theta Phi

[0 [288
ilzoomil

Ident| Hes|
Hotc| Col|

™ True rad.

E

IV Auis
v Ground
IV Surfaces

Structure ¥

Multi-colo 'I
Tot-gain ¥ I

v ARRL style

I Magnituc ¥ |

— Quality —

E

FPS Tri's

[26 [4130

Height: Im
above ground



ANTENNA MODELLING NEC-2

i Main [¥5.8.16] (F2) - |0 x|

File Edit Settings Calculate Window Show Run  Help

Filename | moxon_868mhz_4nec2. out Frequency 2682 thz

Wavelength 0.345 mitr

Voltage 80.3+j0V Current 1.25-j0.28 & VSWR=1.38
Impedance | "\ 61.3+(13.9 Serfies comp. 13.22 pF
Parallel form 64.4 /7285 Parallel comp. 0 644 pF
SWwW.R.50 138 Input power 100 W
Efficiency 97 15 % Structure loss 2 849 W
R adiat-eff. RE 45 7% MNetwork loss 0 LW
RDF [dB] 128 R adiat-power 97 1R W

| Change grounc
Environment [ Loads | Polar

GROUND PLANE SPECIFIED.
WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLANE
FINITE GROUND. SOMMERFELD SOLUTION

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

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

Ground: Real ground Ground type: City industrial area Height: lm above ground



ANTENNA MODELLING NEC-2

» Ground: Real ground

Tot-gain [dBi]

668 MHz

TR0
moxon_368mhz_4nec.out
Phi= 180

-165

Ground type: City industrial area

0
999 < dBi< 10.3
Max gain The:85

Tot-gain [dBi]

668 MHz

moxon_868mhz_4nec. out
Theta= 85

-8.6 < dBi< 10.3
Max gain Phi:180

Height: Im
above ground

Max gain:
10.3 dBi
@ O=85°



ANTENNA MODELLING NEC-2

» Ground: Real ground

=10| x|

[ 868  Mhz

Axis| 05 mir
Theta Phi
|80 |280
ﬁ Zoom L'

Ident| Hes|
Hotc' Col'

[~ True rad.

D

IV Auis
v Ground
V¥ Surfaces

Structure ¥ I

Multi-colo ¥ I
Tot-gan ¥ I

v ARRL style

| Magnituc ¥ I

— Quality ——

E

FPS Tr's

[26 [ 4130

Ground type: City industrial area

20 viewer (F9) [ moxon_868mhz_4nec2.out ]

=101 x|

I 868  Mhz
Axis| 05 mitr

Theta Phi

[0 282

™ Truerad.

D

v Axis
v Ground
IV Surfaces

Structure ¥ I

Multi-colo » l
Tot-gan ¥ l

v ARRL style

I Magnituc ¥ I

— Quality

E

FPS  Tri's

[27 [ 4130

Height: Im
above ground



ANTENNA MODELLING NEC-2

i Main [¥5.8.16] (F2) - O] x
File Edit Settings Calculate Window Show Run  Help
Filename | moxon_868mhz_4nec2. out Frequency 862 thz
Wavelength 0.345 mitr
Yoltage | 80.2 +j0Y Current | 1.25-]0.28 A VSWR= I -38
Impedance | N\ 61.3+(13.8 Series comp. 13.27 pF
Parallel form B64.4 /7285 Parallel comp. 0.642 pF
S WwW.R.50 138 Input power 100 W
Efficiency 97 15 % Structure loss 2 846 W
R adiat-eff. 33 RR % MNetwork loss 0 LW
RDF [dB] 10 Radiat-power 97 15 W Change he|ght
Environment [ Loads | Polar

GROUND PLANE SPECIFIED.

WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLANE
FINITE GROUND. SOMMERFELD SOLUTION

RELATIVE D
CONDUCTIY
COMPLEX D

ELECTRIC CONST.= 3.000

Ground: Real ground

T¥=1.000E-04 MHOS/METER
ELECTRIC CONSTANT= 3.00000E+00-2.07037E-03

Ground type: City industrial area

Height: 10m above ground



ANTENNA MODELLING NEC-2

» Ground: Real ground Ground type: City industrial area

Tot-gain [dBi] . Tot-gain [dBi]
068 MHz - \ : 068 MHz ' - : | Helght: I om
above ground

Max gain:
5.26 dBi
@ O=65°

150
moxon_268mhz_4necZ.out 188 < dBi1< 5.26

300
moxon_868mhz_4necZ.out 14 < dBi< 5.26
Phi= 180 - Max gain The:65 Theta= 65 Max gain Phi:180



ANTENNA MO

DELLING NEC-2

i Main [v¥5.8.16] (F2) - 0] x
File Edit Settings Calculate Window Show Run Help
Filename I moxon_868mhz_dnecZ.out Frequency 268 thz
Wavelength 0.345 mitr
Yoltage | 80.2 +0V Current | 1.25-10.28 &4 VSWR= I 038
Impedance | N\ 61.3+{13.8 Series comp. 13.28 pF
Parallel form 64.4 /7286 Parallel comp. 0.642 pF
S WwW.R.50 138 Input power 100 W
Efficiency 97 15 % Structure loss 2 846 W
R adiat-eff. 47 /7 % MNetwork loss 0 LW
RDF [dB] 95 Radiat-power 97 15 W Change helght
Environment [~ Loads | Polar

GROUND PLANE SPECIFIED.

WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLANE
FINITE GROUND. SOMMERFELD SOLUTION

RELATIVE DIELECTRIC CONST.= 3.000

CONDUCTIVITY=1.000E-04 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 3.00000E+00-2.07037E-03

Ground: Real ground

Ground type: City industrial area

Height: 40m above ground



ANTENNA MODELLING NEC-2

» Ground: Real ground Ground type: City industrial area

Tot-gain [dBi] . Tot-gain [dBi]

Height: 40m
above ground

368 MHz 30 - - ' 363 MHz

75f
Max gain:

40 5.79 dBi
@ O=80°

15N 0 | 24 ' 300
moxon_868mhz_dnec2.out 165 165 176 < dBi1< 5.73 moxon_868mhz_4necZ.out 13 < dBi< 5.73

Phi= 180 -180 Max gain The:80 Theta= 80 gain Phi:180




BUILD A MOXON AN TENNA

» Based on the 4NEC2Z antenna design | have builld the Moxon antenna.




BUILD A MOXON AN TENNA

* Bill of materials

» [ype N female chassis mount 4-hole connector
XW:25x25aem /1" x |”

—Hole diameter: 3.5 mm / 0.13/"

mpedance: 50€)

Material: Metal alloy
Cost: € 0.96




BUILD A MOXON AN TENNA

» Outdoor cable XMVK 3x2.5 mm? grey.
The copper wire has a diameter of [.8 mm.
Only | meter is needed.
EOSET | /> per meter A

.8 mm

* | he electrical insulator can be easily \ )
removed using a Stanley knife. ‘

* Instead of copper wires | used umbrella wires SN
(stainless steel) which also have a diameter of .8 mm.

* With these umbrella wires | made the reflector
and driven element.




BUILD A MOXON AN TENNA

e lerminal str

p block |.5-4

O be used
Cost: € 1.98

‘or wires witr

(2 strips, eac

O mm?2

a diameter of .38 m

N strip has |2 termina

M- 2.26 mm

The terminals and screws are tiny.




BUILD A MOXON AN TENNA

Cut the screws In half, so they
will not stick out too much.
-xplained In tutorial 44.




BUILD A MOXON AN TENNA

Terminal does not fit.

Enlarge the hole of a
Y terminal.

-~y

14 i

dlained In tutorial 44.




BUILD A MOXON AN TENNA

* 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




BUILD A MOXON AN TENNA

* Screw M3 x 8 mm (outer diameter; length)
Cost: unknown

» Metal washer 5.8 x 3.3 x 0.5 mm (outer diameter; inner diameter, thickness)
Cost: unknown

 Nut M3
Cost: unknown

=0 O

screw washer nut




BUILD A MOXON AN TENNA

» Plastic pen ink reservolr. 30 mm

Outer diameter = 3 mm, inner diameter = 1.9 mm r—’|
Cut 2 pieces, each has a length of 30 mm. E } [——

Cost: unknown =

The plastic tube (insulator) will be used to mechanically connect the
reflector element with the driven element.



BUILD A MOXON AN TENNA

Type N female chassis
mount 4-hole connector

screw washer terminal

=) o =




BUILD A MOXON AN TENNA

Bend the wires
using pliers.

:
o

{ -~ -

driven element

reflector




BUILD A MOXON AN TENNA

Units in mm

| driven element
AN

m--!-‘ B=17.33

A=117.65

D=24.76

reflector




BUILD A MOXON ANTENNA




BUILD A MOXON AN TENNA

Attach both elements to type N connector
feed point gap = | mm




BUILD A MOXON AN TENNA

Units in mm

Do not make the
height too large.




BUILD A MOXON AN TENNA

o

Make sure the
screw does not
touch the ground.

ground



BUILD A MOXON AN TENNA

insulator r'_—"""\

1 driven
element

reflector

Attach reflector to driven

,“ insulator ' element using insulators.



BUILD A MOXON AN TENNA

driven

reflector
element

When using the antenna analyser
the VSWR = |.I

Use glue to attach insulator to
reflector and driven element.

Units in mm
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BUILD A MOXON AN TENNA

i

~
c -
-ee "

e —

-~ Glue stick

COLLE « CONTACT « Lun

UNIVERSAL

Bison Kit
Universal contact glue.
But this is not a good glue! AR

It does not glue to metal, for better attachment use a glue gun.



BUILD A MOXON AN TENNA




BUILD A MOXON AN TENNA




BUILD A MOXON AN TENNA




MOXON ANTENNA

(T
" | The antenna analyser with
the Moxon antenna.

Measuring antenna parameters



MEASURED ANTENNA PARAME TERS

* Based on the Moxon design:

VSWR = || e  Good. It s < 2

7 =~ 470 @  (o0d. Should be approx. 50Q
5. e S ielR

S>-Frq Call

- 40

o L 1| L

séﬁrti 237.500MHz stop: 1237.560MHz § start: 237.500MHz stop:  1237.560MHz




MEASURED ANTENNA PARAME TERS

- |Z]]|%0.5 CAL1 Mk 868.000MHz 47.802

o LT
- | L.
o WEAVAY

o/ 0L A
' | |\ | LB

start: 237.500MHz stop: 1237.560MHz




ANTENNA PERFORMANCE TESTS

* How well does my self bulld Moxon antenna performs?! o answer this question, two
performance tests will be conducted.

- Performance test A
he Moxon antenna Is attached to an end node, which Is located inside a building,

and transmit messages which will be received by nearby gateways iIn my area.
In this test | am only interested which gateways were able to receive the transmitted

sensor data. [ he test will be repeated using a sleeve dipole antenna.

* Performance test B.
The Moxon antenna Is attached to an end node and transmit messages which will be

recelived by a dedicated gateway 6 meters away. Both devices are indoors.
The average RS5I is calculated.
The test will be repeated using a 2 dipole antenna.




ANTENNA PERFORMANCE TESTS

» Performance test A and B are simple tests and will give me a ROUGH
INDICATION how well my antenna performs compared to the dipole antenna.

signals thus Influencing the measurements.
Therefore take the results with a grain of salt!

* A much better method to tell

OW YO

ur antenna actually

_oRa Iracker/Anten

» Both tests are conducted indoors which means the walls reflects the transmitted

berforms In the real world,

na lesting

see this procedure: https://github.com/


https://github.com/LoRaTracker/AntennaTesting

PERFORMANCE TEST A

* [he Moxon antenna performance I1s 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.mobilefish.com/developer/lorawan/
orawan_quickguide bulld lora node rfm%5>_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

PERFORMANCE TEST A

Moxon antenna + end node Sleeve dipole + end node



PERFORMANCE TEST A

t the Moxon

Use a compass to po

tions.

IrecC

antenna to different d




ANTENNA TEST SETUP

. (. NZ44
330 o 45° urmerend
N235 N247
NS17
N197
) [ : ' m
275° o eui-000080029¢1 0dc24 ’
(o]
N202 N247
N23S NS18
208 103

Ik A10

11 -~

1 9 eui-\ba0000000000001
| . g o eui-000480029¢10dMb3
% 225 N
- v d S A9 L3 3=

o ) N0 ] 80° — a116]
Ll 5100 (5100)
N205 nN232 TN
NZO1 AmstRrdam
N206 (3106) (s114) e,
lo ENN
o ¢Ui-0000024b08030c5f
N8 AL Diemen
N2OY =3 \ .3 2
N205 \ | SN Gn2)
N206 \ v ',.,1;|'|:I|- ' I My Isoo
N232
N208 7 | T NS23

N

N702

N

NZ36

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 = ~ 1| Im

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




PERFORMANCE TEST A

* | have NOT modified the end node transmission power when using the Moxon
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.

* [he Moxon antenna Is attached to the end node at location A and transmits data.

have done the same with the sleeve dipole antenna.
n both cases two messages per minute were transmitted.

» Both logged data can be found at:
nttps://www.mobilefish.com/download/lora/moxon_test results.txt



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

ANTENNA TEST RESULITS

Kerkbuurt e S o zeezigﬁt@ €22 ”ljiiSSI
KW/Q aan pendam
* One or more gateways were able de 223 =L oeria
. . End Node (Mobilefish) Den lIp
to receive my transmitted sensor HSomseVel
: NzZ46 — |
da'ta, See: S NEE Zuideinde 98('Sﬁ'ilezas‘55a000008801BJO,_;tzaan Watergang ’\
. Poelenburg e
T .
https://drive.google.com/open! o e
d= |1 8SKbHVEIFHU6Y[zYpgZL 98
j@l= _ LB A e Y embrug T e |
B i : eui-000080029¢10db9b -
uHcmMV40OPOQ&usp=sharing B, <o o
' Ruigoord o 9 eui-0ba0000000000001 o t:Nopeind
AVENGEBIED Zunderdo
@ cui000080029¢10cbb3 » oD
g DA > | N SAMSTERDAM-NOORD
A5 | {OUTHAVENS Noord
—" i R 5100 » |
Schellingwout
wanenburg - BOS JEN| Schellingwou
L
DEWALLEN
&
’@}Q e Amsterdam ZEEBURG
eliede o 5106 S100 A10
AMSITERDAM
Lijnden N- NIEUW-WEST DE'PIJP
€ AKET WATERGRAAFSMEER
R Seuw Soter 9 :ui-0024b0803005f
N232 5112

A4 | ZUINAS Diemen


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

PERFORMANCE TEST A

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

The Moxon antenna was
pointed to different directions.

Distance
from end | Altitude
device
[km]

eul-/2/6tf000b03 | ebb 078
eul- 7276ffOOOb03|d87 S

Gateway Sleeve dipole

Green = Gateway has received
the transmitted sensor data.

0458
47
503
57
436
415




PERFORMANCE TEST B

» Make sure you keep everythi

g

Moxon antenna to the ¥2A dipole antenna.

* A slight change can impact your measurements.

* - Do not
- Do not
- Use the exact same end node and gateway.

C
@

nange

nange

the

lHAlsHS

N your setup the same when switching from the

eight of the end node and the height of the gateway.
between end node and the gateway.

istance

- Use the same coax cables and connectors.

- During the mr
- [ he distance

More iInformation about near and far field, see tutoria

easurements | did not stay in the same room.

between transmitter and receiver should be > 4A (Far field region)

o



PERFORMANCE TEST B
gateway using

end Moxon antenna ;
T G antenna C (see tutorial 33)
6 m (far field region)

Gateway |




PERFORMANCE TEST B

| . gateway using
end ;A dipole ‘ antenna C (see tutorial 33)

node
-_! 6 m (far field region) \

o 5, e
' ‘ %
LR

Gateway

7 |

- 12\ dipole

Gateway |




PERFORMANCE TEST B

» This /2 dipole antenna is used in this setup, see tutorial 41.

VSWR = ||
/ =~ 54Q0)
Sl = -27 d




PERFORMANCE TEST B

* [he logged data can be found at:
https://www.mobilefish.com/download/lora/moxon_antenna gain.txt

* In both cases one message per minute were transmitted.

nen using the 2 dipole antenna: -26.5 dBm
nen using the Moxon antenna: -22.2 dBm

* [he average RSS
The average RSS

\A%
\A%



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

CONCLUSION

_t

L DTT
ne Moxo

&

IR hileRRals'a ¢

rection.

'he sleeve dipo

irectl

» Based on the average R5SI| test results and the results fromnr
Moxon antenna performs better compared to the sleeve ¢

< el

‘enna Is an omnic

DE
PO

formance test A, the

e antenna.

onal antenna, you need to point It to the correct

rectional antenna.



