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Practical Project: A patch
antenna for 5.8GHz

This issue's contribution to the “Practical Projects” series describes the successful development of a patch antenna for the ISM band at 5.8GHz. It
can replace the stalk antenna of the
standard ISM module in commercial
use.

1.
Scope of the project
A patch antenna for the ISM band at
5.8GHz was developed for monitoring
videos 2 storeys away in the new Tettnanger Electronic Museum. Since no
holes could be bored and no slots could
be cut out for cables in the historic
museum building, we simply used the
wall of the house opposite as the reflector for the 5.8GHz signal, the patch
antenna was aligned with it. To give the
result away in advance, it functioned as
well as we had hoped.

2.
Parameters for the antenna
Look for the frequency diagram for the
5.8GHz ISM band (Industrial Scientific
Medicine Band) on the Internet, and you
will find the following information:
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The 5.8GHz ISM band contains 16 channels at 9MHz intervals. Channel 1 has a
centre frequency of 5732MHz, and channel 16 has a frequency of 5867MHz.
The antenna thus has to display a self
resonant frequency of 5800MHz and a
bandwidth of approximately 140MHz
(2.4%). Let the input resistance be 50Ω,
with a semi-rigid cable having a soldered
SMA plug. The circuit board should be
made from Rogers R04003, which is a
very stable material from the mechanical
point of view and is easy to machine. It
should have the following data:
• εr = 3.38
• Printed circuit board thickness = 32
MIL = 0.813mm
• Dieleectric loss factor = 0.001
• Copper coating = 35 micrometres
A λ/4 line transforms the antenna radiation resistance to the required 50Ω.The
circuit board size should be 50mm x
50mm and so we also need a short 50Ω
microstrip from the transformation line to
the cable connection on the circuit board.
The finished product can be seen in Fig.
1 and makes the practical format selected
clear.
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relative bandwidth of 2.4%. So we did a
little experimenting with the “Patch16”
program from the Internet, and produced
an initial design with the following characteristics:
The centre frequency is exactly
5800MHz, while the bandwidth has deliberately been somewhat increased and
established at 2.9%.
All pre-set or calculated characteristics of
the antenna can be seen in Figs. 2 and 3.
The values that are required for the
subsequent work using PUFF must first
be converted from inches into millimetres:
• Patch width = 20.32mm
• Patch length = 13.39mm
• Total radiation resistance = 142.4Ω,
which gives 284.8Ω on each patch
edge.

Fig 1: The finished patch antenna for
5.8GHz.

3.
Development process
3.1. Design procedure
The basic principles for the procedure
can be found in an article on the subject
from VHF Communications [1], [2]. But
first, using the Internet, you should
download the parameters of the 5.8GHz
ISM band:

Now we can use a text editor to open the
setup file of PUFF2.1, to enter the
R04003 material and circuit board data.
Then PUFF is started up (work with the
protected mode version by loading puffp.exe) and the patch is modelled as a
large width, lossy transmission line. The
two radiation resistances positioned on
the two patch edges and the centre
frequency is set at 5.8GHz.
And this is what we do next:
• First the exclamation mark is omitted
after the entry “Tl” in field F3, and
we experiment with the characteristic
impedance of the line until (once the

16 channels at intervals of 9MHz. Channel 1 has a centre frequency of
5732MHz, Channel 16 has a centre frequency of 5867MHz.
The antenna should thus have a natural
frequency of 5800MHz and a bandwidth
of approximately 140MHz. This gives a

Fig 2: The input parameters for
"Patch 16".
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Fig 3: The simulation results for the patch antenna.
equals sign has been entered) a width
of w = 20.32mm is set.

The process is clarified in Fig. 4, which
immediately supplies the required data:

• Now the exclamation mark is
replaced, and we vary the electrical
length of the line until the
configuration is as near as possible to
resonance. This situation can easily
be recognised, since then the phase
angle of S11 is exactly zero degrees.
But please select a swept frequency
range as small as possible, and also
try to obtain the highest possible
resolution regarding the amplitude
range for |S11|.

For a patch width of 20.32mm, we need a
microstrip line with a characteristic impedance of 7.43Ω at low frequencies. A
mechanical length of 14.36mm then
gives exactly λ/2 as the electrical length
at 5.8GHz.
Note:
If you're surprised by the big difference
between this length value of 14.36mm
and the “Patch16” suggestion of L =
13.39mm, let me clear up the mystery.
Fig 4:Simulation of
the patch antenna
using PUFF.
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Fig 5: Using a λ/4
transmission line
the input
resistance is
matched to 50Ω
Ω.

First the patch has to be shortened by the
open-end extension on both sides. Well
come back to this subject later, but we
can give the result in advance: it is
0.41mm on each side. So now we have
only 14.36mm - 2 x 0.41mm = 13.53mm.
And if we then pay heed to a proposition
discovered by chance in the specialist
literature: ”....the difference between the
patch resonance and the electrical length
for the corresponding λ/2 microstrip is
about 1%...”, then we get 0.99 x
13.53mm = 13.40mm.

3.2. The first circuit board

Now, with the help of a λ/4 transformation line, we have to bring the input
resistance of the configuration to precisely 50Ω. In Fig. 5, this has already
happened, and the required line data are:

Since the transformation line displays the
highest characteristic impedance and thus
the smallest width, it must be extended
by the following amounts at both ends
(the correction formulae can be found on
the same page in the PUFF manual):

• Line length = 8.18mm
• Line width = 0.765mm
If we now also provide the configuration
with a 50Ω feed (required length about
11mm. up to edge of board), then we
have Fig. 6. From this, we can determine
the width of the feed (once again, after
removing the exclamation mark after
“Tl” and pressing the equals sign....) at w
= 1.89mm.

First, we must determine the open-end
extensions for the microstrip line. The
quickest way is still to use the appropriate diagram from the PUFF manual. Fig.
7 shows the necessary procedure and also
supplies the raw data required:
For a patch with Z = 7.4Ω, we need 51%
of the board thickness of 0.813mm =
0.42mm
For the 50Ω feed, we need 45% of the
board thickness of 0.813mm = 0.37mm

• For the patch side, we obtain:
0.77 
 w2 

∆L =  1 −
 ⋅ 0.42 = 1 −
 ⋅ 0.42 = 0.41mm
w1 

 20.32 

• For the feed side, we obtain:
 w2 
 0.77 
∆L = 1 −
 ⋅ 0.37 = 0.22mm
 ⋅ 0.37 = 1 −
 w1 
 1.89 

So for the transformation line, we finally
need a length of 8.18mm + 0.41mm +
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Fig 6: Matching to
50Ω
Ω.

0.22mm = 8.81mm, and its width is
0.77mm.
The best way to work on the patch is to
use the length supplied by the “Patch16”
program, i.e. 13.39mm, with a patch
width of 20.32mm.
In the printed circuit board CAD program, the patch is now centred on the
selected circuit board, with the dimensions 50mm x 50mm, the transformation

line is added, and finally the feed line is
connected, with a width of 1.89mm, up
to the board edge. Please look at Fig. 1
again. Everything can be recognised very
easily there.
Now the semi-rigid cable, with an SMA
plug, must be connected to the circuit
board with the minimum of electrical
irregularities. The necessary information
for solving this problem can be found in
Fig. 8:
Fig 7: Determining
the open end
extension using the
graph published in
the PUFF manual.
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Fig 8: Details showing how to fit the semi rigid feeder.
• First, the cable is sawn off and the
end is carefully filed flat at an angle.
Naturally, you must not forget to trim
it.
• Using a fine saw (e. g. a jig saw),
make a cut parallel to the cable,
precisely following the inner
conductor and a few millimetres
long.
• By means of a second, careful cut
perpendicular to the cable, we now
expose the inner conductor
completely and remove the internal
Teflon insulation.
• The circuit board is pushed into this

cut and the inner conductor is
soldered to the 50Ω microstrip feed
line. Carefully solder the remainder
of the cable sheathing to the
underside.
3.3. Evaluation of test results and new
design
An investigation of the antenna using an
HP8410 network analyser, HP5245L microwave counter and an HP5257 transfer
oscillator, gave the resonance at
5690MHz, with a value of |S11| = -16dB.
A more precise examination, using a
polar display, showed that the input
resistance here exceeds the system resistance of 50Ω and consequently the radia25
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Fig 9: PUFF
simulation showing
the patch edge
resistance of
407.5Ω
Ω and |S11| of
-16dB.

tion resistance must have a higher value.
These findings were immediately converted into a PUFF simulation, and it
became clear that in reality a resistance
of 407.5Ω should be assumed on each
patch edge (Fig. 9).
We should have the patch length required
for this frequency of 5890MHz displayed
immediately in the F3 parts list it
amounts to L = 14.65mm. Now in field
F4 we simply change the design fre-

quency to the required 5800MHz and
thus once again simulate the patch resonance at this frequency. We can see from
Fig. 10 that for this the length must be
reduced to 14.36mm consequently, shortened by 0.29mm! Thus, in the printed
circuit board CAD system, the length
used for the initial design of 13.39mm is
reduced to
13.39mm 0.29mm = 13.1mm
Fig 10: Changing
the design
frequency to
5800MHz gives a
length of 14.36mm.
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Fig 11: Correcting
the matching
transformer.

The patch width, naturally, remains at
20.32mm.

4.
What do modern EM
All that remains is the final change
correcting the λ/4 transformation line to simulators say about this?
obtain better values for the matching of
the measured - 16dB. This is also a very
easy matter for PUFF, and the result can
be seen in Fig. 11. The new values
required are:
Length = 8.29mm and width = 0.52mm.
Naturally, the required open-end extension for each side must be added to this.
For the patch connection, the value of
0.41mm used before is still valid, however something is altered on the feed
side:

Two free EM simulation programs are
available, “Mstrip40” and “Sonnet Lite”,
that have already been presented and/or
used in projects in VHF Communications. Since SONNET is currently running an intensive publicity campaign

 0.52 
∆L =  1 −
 ⋅ 0.37 = 0.27 mm
 1.89 

The transformation line therefore has a
width of 0.52mm and a length of 8.29mm
+ 0.41mm + 0.27mm = 8.97mm.
3.4. Test readings on second prototype
See Fig. 12 there is nothing more to say,
and nothing more was done.
Fig 12: A good test result with theis
antenna.
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Fig 13: Using the Sonnet-Lite simulator for the patch antenna.
concerning the improvements in its newest version, it was used on the radiating
patch, in order both to re-check the
resonance frequency and to investigate
the matter of the much higher radiation
resistance. Using an online menu made it
much easier to use this new version of
the program, and indeed it was childs
play provided you pay heed to the rules
of the game as regards simulating such
antenna structures in the SONNET
manual. You can check up on them in the
corresponding article [3]. In addition,
you also need the additional license
(obtainable free of charge) for extending
the maximum usable PC working
memory to 16 megabytes, in order to
carry out the simulation successfully.
In Fig. 13, we see the SONNET editor
screen with the selected box and cell
dimensions, together with the new
“Quick Start Guide”. Owing to the restrictions on the Lite version, the transformation line is simply omitted and
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replaced by a 50Ω power feed taken right
up to the box wall. The actual radiation
resistance of the antenna can then be
determined easily and directly from the
reflection factor determined in this way.
This is how to do it:
The simulation result can be seen in Fig.
14, with a resonance of 6.03GHz and
|S11| = -4.4dB. This gives a reflection
factor of
− 4.4dB
= 0.60
20dB
Because we are using a 50Ω feed, we
now have to “cut back the circuit length”
in our minds in the Smith diagram until
we arrive at resistances exceeding 50Ω
on the real axis. Then, in accordance
with the following relationship, we have
the total resistance on the patch edge:
r = 10

R=

1+ r
1 + 0.6
⋅Z =
⋅ 50Ω = 200Ω
1− r
1 − 0. 6

VHF COMMUNICATIONS 1/2004
Fig 14: Simulation
results from
Sonnet-Lite.

Consequently, each radiating edge is affected by a radiation resistance of 400Ω.
Compared with the measured value of
407.5Ω, this is an extremely satisfactory
result, and thus confirms the validity of
the measurement. The resonance frequency was simply predicted too high,
with an error of
6030 MHz − 5800MHz
⋅100% = 3.96%
5800MHz
Well yes, thats the way with all EM
simulators, to be sure (for a comparison
simulation with the cell data used for
SONNET used in the “mstrip40” program gives precisely this resonance frequency, but with rather larger discrepancies of approximately 10 to 15% in the
radiation resistance).

5.
Final observations

more time and to work their brains a bit
harder (and to use measuring the latest
generation instruments, or the generation
before), can also create developments
yielding data which need not fear comparison with professional products. The
author hopes to have made some small
contribution towards this with this article
and to have encouraged people to be
brave enough to carry out some critical
experiments.

6.
Literature references
[1]: Modern patch antenna design, Part 1;
Gunthard Kraus, DG8GB; VHF Communications 1/2001, Pages 49 - 63
[2]: Modern patch antenna design, Part 2;
Gunthard Kraus, DG8GB; VHF Communications 2/2001, Pages 66 - 86
[3]: Section 4.3 on Page 155

Nowadays, the most modern design aids
are available, even to private developers
without an expensive industrial scale test
rig, and they will scarcely strain their
budgets. Those willing to spend a little
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