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Helical/helix antenna cookbook recipe for 2.4 GHz wavelans and/or
WiFi applications

by

Dr. Remco den Besten, PASFYM (mail: helix at remco.tk)

Bookmark/refer to this page a#ip://helix.remco.tkl innocently made this cookbook recipe and plated my local
ADSL-connected machine, never expecting that soyrodgou want to have this information.
This (co-located) bandwidth is kindly donatedds@a.nl

If you have IPv6 connectivity, lodkere(co-located alSP Services.l

If you want to listen to MP3 audio streams usingdl@s transport layer lodiere( <- accessible with 1Pv4).

Abstract

The helix antenna, invented in the late fourtiedblyn Kraus (W8JK), can be considered as the genibimate
simplicity as far as antenna design is concernegeé&ially for frequencies in the range 2 - 5 GHg tiesign is very
easy, practical, and, non critical. This contribatdescribes how to produce a helix antenna fouiacies around 2.4
GHz which can be used for e.g. high speed packéat (85-PSK, 1.288 Mbit/s), 2.4 GHz wavelans, andateur
satellite (AO40). Developments in wavelan equipmestlt in easy possibilities for high speed wisslenternet
access using the 802.11b (aka WiFi) standard.

Theory in a birds eye view

The helix antenna can be considered as a spritgNititirns with a reflector. The circumferend® Ef a turn is
approximately one wavelength,(and, the distancel) between the turns is approx. 025 he size of the reflector
(R) is equal taC orl, and can be a circle or a square. The designsy@tdular polarization (CP), which can be either
'right hand' or 'left hand' (RHCP or LHCP respeddity, depending upon how the helix is wound. Toenmaximum
transfer of energy, both ends of the link mustthgesame polarization, unless you use a (pass¥lertor in the radio
path.

The gain G) of the antenna, relative to an isotrope (dBij ba estimated by:

G=11.8 + 10 * log {(C1)"2 * N* d} dBi (1)

According toDr. Darrel EmersoiAA7FV) of the National Radio Astronomy Observatahe results from [1], also
known as the 'Kraus formula’, are 4 - 5 dB todmjstic. Dr. Ray Cros§WKO0O) inserted the results from Emerson in
an antenna analysis program called 'ASAP"'.

The characteristic impedancé) (of the resulting ‘transmission line' empiricadlgems to be:

Z =140 * (C/1) Chm (2)

Practical design for 2.43 GHz (aka S-band, ISM band, 13 cm amateur band)
| = (0.3/2.43) = 0.1234567 m ;-)(12.34 cm (3)
The dianeter (D) of one turn = (I/pi) = 39.3 mMm (4)

Standard PVC sewer pipe with an outer diametefah#h is perfect for the job and can be obtainedye@ least in
The Netherlands ;-) from a 'do it yourself' sho@giumber. The helix will be wound with standardeanused to
interconnect 220V AC outlets in (Dutch ;-) housédsoThis wire has a colourized PVC isolation aridsamm thick
copper core. Winding it around the PVC pipe willukt inD = ca. 42 mm, due to the thickness of the isolation
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Wth D=42 mm C = 42*pi = 132 mm (which is 1.07 |) (5)
Now d = 0.25C = 0.25*132 = 33 mm (6)
For distances ranging from 100 m - 2.5 \mth line of sight, 12 turns Nl = 12) are sufficient. The length of the PVC

pipe therefore will be 40 cm (3.2% Turn the wire around the PVC pipe and glue thviVC glue or any other glue
containing tetrahydrofurane (THF). The result Wil a very solid helix wound along the pipe, seeréigl below.

R=14cm,D=42 mm, d=33mm N=12" photo: PASFYM
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Figure 1. Overview of some of the materials used and dinoarssi

The impedance of the antenna, which is:

Z =140 * (C/1) = 140%{(42*pi)/123.4} = 150 Ohm (7)

requires a matching network on order to apply steech®0 Ohm UHF/SHF coax and connectors.
The use of a 1/4-wave matching stub with an impeée##s) of :

Zs = sqrt(Z1*z2) = sqrt(50*150) = 87 Chm (8)

is very common. Due to the helix design, this egua turn. However, from a mechanical point ofwibearing
water proof aspects in mind when using the antenndoors- there are more preferred methods to ntagchelix to
50 Ohm. My first thoughts were to empirically deased for the first and second turn and match the hading the
‘trial and error'-method, while measuring the reswiith a directional coupler, and signal generaBoowsing the
internet for while | found helices matchtds way but surprisingly | bumped into the pageJaton HeckeHereally
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used an elegant way to match his helix by usingpgper vane, referring to the ARRL Handbook. Sd,dtédits go to
the ARRL and Jason, and | used his dimensiondfovane. To be honest, this page seems to be iatepdf his

page, except that our helices are wound the othgraround!! Yes, and | am left handed, so, is@hi®incidence? It
is funny anyway :-)) For details, see figure 2 ¢vél.

'‘N"type-
chassis .
connector: ™

5 pin of
¢ it A i 'N' connector
i Qﬁ"@ .ﬂ.i '~ ._.-'. J

B LT

Figures2aand 2b. The idea, the dimensions, and, mounting the
wire.

§thb.hypotenusa of the stub should follow the

Now with some luck and skills solder the stub te ielix, glue it, and prepare the contrapsion tinberted into
the cap, see figure 3.

reflector

tuppér’ -
matching - & £ pin of 'N' type
: connector__—

Figure 3. Almost finished helix antenna.

And.... ready! (figure 4)
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2.4 GHz helix

- g

vane soldered fo pin of
‘W' type connector

77 photo: PASFYM.

Figure4. Finished 12 turn 2.4 GHz helix anten@as 17.5 dBi or 13.4 dBi (Kraus or Emerson respetjiy

The antenna was sweeped an measured. The resugiivan below (figures 5a and 5b)
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Figure 5a Return loss (dB) from 2300 - 2500 MHz Figure 5b Smith chart 2300 - 2500 MHz
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Figure 6a Measurement setup

And... finally.... the helix 'in action'....

Figure 7a Beaming to my LAP (Local Access Point ;-)

Figure7b 'bottom view'

who made
his helices using this page:

It is really nice to receive feedback from peopleovare inspired by this page. Here a contributtomfRob Jaspers
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