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1 have managed to fill the pages of this issue. At the last minute I was contacted by
Mike Scirocco and the article on his Parabola calculator was the result. It seemed a
good chance to fill the remaining gap with a reprinted article about a dish feed.
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read the discussion document on page 66 and send me your thoughts. Because the
increases took effect on 30th April 2012 I will be subsidising the postage for the rest
of 2012 but the increase is so large that I cannot continue in the same way for 2013.
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Royal Mail Price Increases

On April 30th 2012 the Royal Mail postal prices rose dramatically. This will affect
the future of VHF Communications Magazine because all magazines are posted to
subscribers. I need feedback from subscribers to help me decide the future of the
magazine. Please send your comments by email, post or via the special form on the
web site. I will reports the outcome in issue 3/2012

The postal increases were:

Desination Old price New price  Annual  Actual annual
per issue per issue increase price

UK second class post £0.36 £0.50 £0.56 £2.00

Surface mail £1.12 £2.20 £4.32 £8.80

Airmail to Europe £1.49 £2.70 £4.84 £10.80

Airmail outside Europe £2.07 £3.30 £4.92 £13.20

The worst affected will be surface mail, which is the largest proportion of the current
subscribers. As a result of these price increases I think there are three possible
outcomes:

1) The magazine could continue as a printed magazine posted to subscribers but the
postal prices would have to increase to cover the true postal cost. This would mean a
rise in the basic subscription from £21.60 to £22.20 to include the UK postage. This
means that £2.00 of the subscription price covers postal costs. The additional prices
for overseas postage would have to be:

o Surface mail £6.80

e Airmail to Europe £8.80

e Airmail outside Europe £11.20

I think these postal prices are very high and would result is a significant drop in the
circulation that is already at a very low level.

2) The magazine could become electronically delivered only. This would cut out the
postal costs and printing costs but I would still have to pay for:
e Royalties to UKW Berichte
Translation of German articles
Sourcing non UKW Berichte articles
Production of the magazine
Running the web site
Bank Charges
Credit card charges

To cover these costs the subscription price for an all electronically delivered
magazine would have to be £14.00.

I think that electronic delivery only would prevent quite a few subscribers from being
able to receive the magazine, which is a great shame. I have based the above price on
an expected loss of about 25% of the current subscribers if this change took place.

3) I could stop publishing the magazine. I would try to find someone to take over the
magazine in some form but this would not be an easy task and may not result in the
magazine continuing.

Please send me your feedback to help me make this fundamental change to the
magazine.
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Wolfgang Schneider, DJSES

LPRO-101 Rubidium frequency
standard with output driver for
different frequencies

Rubidium frequency standards from
the GSM systems have been available
on the surplus market for quite some
time, suitable for amateur radio appli-
cations, at extremely interesting prices.
This highly precise frequency standard
can be used for such things as: syn-
chronising frequency counters, signal
generators and transverters for the
UHF/SHF range. These components
usually supply a sinusoidal output sig-
nal with a level between SmW and
10mW on the standard frequency of
10MHz. For universal use an addition-
ally driver circuit with several outputs
on different frequencies is needed.

1.

Introduction

For many radio amateurs it has been a
serious problem to produce really accu-
rate frequencies for measuring purposes
or as local oscillators for transverters in
the GHz range. For a long time OCXOs
(Oven control crystal oscillators) have
been used for these applications. How-
ever all crystal oscillators have a funda-
mental deficiency; they age and the fre-
quency varies from the nominal fre-
quency, this increases more and more
with time. Regular calibration of the

output frequency is the only solution.
Synchronising to highly precise (and
available) reference frequency can over-
come this effect. There are many articles
in amateur radio literature about fre-
quency synchronisation to DCF77 or
GPS.

2.

The Efratom LPRO-101
rubidium frequency standard

The Efratom LPRO-101 Rubidium fre-
quency standard (Fig 1) is a very precise
frequency standard used in GSM sys-
tems. The main technical characteristics
are:

e 10MHz sine wave output

e Output level 0.55Vrms
(approximately SmW into 50€2)

e Frequencyaccuracy;<1x10e'°(1Hz
at 10GHz)

e Ageing rate; <5x 10e!'/month

e Operating voltage 24V DC, toler-
ance range 19 to 32V

e Power requirement approximately
10W (after heating)

67



VHF COMMUNICATIONS 2/2012

Fig 1: The LPRO-101 Rubidium Frequency Standard module.

e Signal output with Lock display

e Dimensions: 138mm x 95mm x

38mm
o Weight 0.47 kg

Rubidium Frequency Standard LPRO-101

2 10
1 9

Signal Name
Rf Out

GND

GND

GND

Lamp Volt
BITE Out
Ext. C-Field
+24V RTN
Crystal Volt Monitor
+24 V Power

3
5

SORNOODWN

-

Fig 2: Pin connections for the 10 way
connector on the LPRO-101.
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This handy module can be built into
finished devices or as described in this
article it can be used in a universal
frequency standard with a power supply
and driver circuits for different frequen-
cies from 10MHz down to 1Hz. The
rubidium frequency standard requires an
operating voltage of 24V. According to
data sheet a supply voltage ranging from
19V to a maximum of 32V DC volts can
be used. The power requirement is about
10W after the warming up phase. This
corresponds to a current of approxi-
mately 0.4A. Following switching on the
maximum is 1.5A falling slowly as the
temperature rises. Depending on the am-
bient temperature this can last between 3
and 5 minutes until the oscillator locks at
its nominal frequency of 10MHz. The
BITE (Build in test equipment) output
indicates the status with a High/Low
signal. The rubidium frequency standard
module uses a 10 way connector; the
connections are shown in Fig 2. The
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frequency accuracy is better than 1x 10e
19 of the nominal frequency, or if used to
synchronise a 10GHz transverter it’s out-
put frequency will be accurate to within
1Hz. For those who would like look more
deeply into this subject, the publication
[1] covers the subject in more detail. The
two authors describe the basic function of
a rubidium frequency standard in great
detail. They deal with the topic of fre-
quency accuracy and relevant measuring
methods.

3.

Output driver for different
frequencies

The input gate of IC2 (74HCO00) works
like a schmitt trigger. It changes the
approximately SmW 10MHz sine wave
signal to TTL levels. The input pin is
connected to the resistor R1 (22 kQ) to
give over half a TTL level. The output of
the gate is a clean TTL signal available
for the further processing. Three further
gates from IC2 serve as drivers. One
supplies a TTL level the other two feed 7
pole low pass filters to produce 10MHz
sine wave signals at approximately
10mW (+10dBm) to feed external cir-
cuits for synchronisation of devices like
oscillators, frequency counters or synthe-
sisers. IC3 to IC6 (74HC390 decade
counters) produce further frequencies of
SMHz, 1MHz, etc. down to 1Hz from the
10MHz TTL signal. These counters are
internally constructed from a divide by 2
counter and a divide by 5 counter and by
appropriate interconnection they produce
the desired output frequencies. All output
frequencies are fed to 2 pin connectors
for connection to output sockets using
ribbon cable or thin coax cable to BNC
sockets. The circuit diagram for the out-
put driver module is shown in Fig 3. It
should be operated with a voltage from 9
to 14 V. The voltage regulator IC1
(78L05) converts this to the 5V required.

70

Note: With higher input voltages, e.g.
24V and depending on the power input of
the module the maximum power dissipa-
tion of the voltage regulator could be
exceeded.

3.1. Parts list for DJSES 082:

IC1 78L05, TO-92, 5V regulator
IC2 74HCO00, DIL14, nand gate
IC3 - IC6 74HC390, DIL16, counter

R1 22k, SMD 1206

L1-L6 1pH, SMD inductance, 1806

C11 10pF, SMD electrolytic,
1806

C12 1uF, SMD electrolytic,1806

Ceramic capacitors, SMD, 1206:

4 x 330pF

4 x 820pF

2x 10nF

5x 100nF

I x DIJSES 082 double sided
PCB, 60mm x 100mm

8 x Imm solder in pins

9x 2-pin in line connectors

3.2. Construction

The output driver for different frequen-
cies (DJSES 082) is built on a 60mm x
100mm double sided PCB (Fig 4). The
lower surface of the PCB (Fig 5) serves
as ground surface, the few tracks feed the
supply to the TTL ICs (Nand gates and
decade counters). It is plated through in
various places. All components are sol-
dered on the top side of the PCB accord-
ing to the component layout shown in Fig
6. All capacitors, resistors and inductors
are SMD types, the remaining compo-
nents are wired. The SMD components
should be soldered on first followed by
the connections and plug connectors and
last the ICs.
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Fig 4: Top side PCB layout for the Fig 5: Bottom side PCB layout for the
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Fig 6: Component layout for the driver module.
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Fig 7: Circuit

24V .

" diagram for a
Frequency Lock
display from

10 KA70EIL
Rubidium Frequency Standard
Rf Out Output Driver
LPRO-101
DJBES 082
21—
9 6

I

BITE Out

Crystal control voltage

+24V

4.

Connection and testing

The output driver for different frequen-
cies (DJ8ES 082) is connected directly to
the RF output of the LPRO-101 rubidium
frequency standard. With a supply volt-
age of 12V the current input to approxi-
mately 70mA. The individual outputs of
the module can be measured with a
frequency counter or oscilloscope. The
accuracy is defined by frequency stand-
ard. The rubidium frequency standard
requires a supply voltage of 24V but the
technical data permits a certain tolerance.
After the heating phase, that is dependant
on the ambient temperature, of between 3
and 5 minutes the current input is ap-
proximately 0.4A. Directly after switch
on this is a maximum of 1.5A. The
control voltage for the internal crystal

72

oscillator is fed out for control purposes
on pin 9 of the module. During the warm
up phase this varies in a saw tooth
waveform between 0 and 12V that can be
monitored with a suitable meter. During
the second phase the oscillator locks onto
it’s exact frequency of 10.0MHz. This
lock status is indicated by the BITE
output (pin 6, TTL levels). A high level
corresponds to the Unlock state and a
low level to the Locked state. Fig 7
shows a simple but interesting circuit by
Clint Turner, KA7OEI, that operates an
LED to display the Locked state. A
description of this circuit is shown on the
Internet in [2].

5.
Proposed addition

It is useful to have multiple 10MHz
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Fig 8: Circuit diagram of the additional module for multiple 10MHz outputs.

outputs particularly for synchronising
measuring instruments or transverters at
the same time. A circuit with six 10MHz
outputs of approximately +10dBm is
shown in Fig 8. Unlike the previous
circuit for different frequencies a
74HCO0 driver replaces the decade
counters. Each output has its own 7 pole
low-pass filter to suppress the higher
harmonics. It is important that unused
outputs are terminated with 50€2; this
prevents a signal reflection and distortion
at the active outputs. This module is built

on a 100mm x 60mm PCB. Fig 9 shows
the layout for the top side of the PCB.
Fig 10 shows the layout for the bottom
side of the PCB. Fig 11 shows the
component layout for the six 10MHz
output PCB. No detailed description is
required to set up this module since it is
similar to the previous module.

Fig 12 shows a photograph of the proto-
type. The prototype was built before the
six 10MHz output PCB was designed.
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Fig 9: The layout for the top side of

the six 10MHz output PCB.
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Fig 10: The layout for the bottom side
of the six 10MHz output PCB.
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Fig 11: The component layout for the six 10MHz output PCB.

74




VHF COMMUNICATIONS 2/2012
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Fig 12: Photograph
of the completed
frequency
reference.

6.
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André Jamet, FOHX

The harmful effects of image
frequency in microwave

transverters

1.

Introduction

For the most common microwave bands
such as 5.7, 10, 24 and 47GHz, the
equipment used includes a transverter
SHF/VHF or UHF, followed by a 144 or
432MHz transceiver.

Transverters, especially for the highest
bands, may have their performance de-
graded as a result of the adverse effects
of the image frequency in the conversion
that they perform.

1.1 Reminder of the fundamentals

Any device adds its own input signal
noise and degrades the signal/noise ratio.
A noise factor F is defined as:

_ (S/N)inpuz
C(S/N),

utput

(expressed in a linear manner, and not in
dB)

Where: S/N are, respectively, the signal-
to-noise ratio at the input and the ratio at
the output device.

For an active device, we have:

76

Where: G is the device gain.

The noise figure is routinely used that is
the expression of noise factor in decibels:

NF = 10 log,, (F)
1.2 The mixer

An SHF transverter uses a mixer to
operate at a higher frequency than the
associated VHF/UHF transceiver. A
mixer produces two frequencies equal to
the sum and the difference between a
local oscillator (LO) and one wanted
frequency.

In a whisper:

A radio mixer might be more accurately
called “frequency mixer” to distinguish
it from devices such as a console for
audio signal mixing. It is the passage of
two signals in a non-linear circuit that
performs a mathematical operation more
complex than a simple addition. It multi-
plies the amplitudes together to produce
the sum and difference of input frequen-
cies.

The mixed frequency (called intermedi-
ate frequency) is:

fif: fhiflo = fl+flo
with :
f.. = intermediate frequency

f, = high input frequency
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10 368 MHz 144MHz

10 080 MHz

10 224 MHz

10 368 MHz
144 MHz
10 080 MHz

10224 MHz

Fig 1: 3cm band receiver.

Fig 2: 3cm band transmitter.

f, = low input frequency
f,, = local oscillator frequency

From these two (upper and lower) input
frequencies, one is useful and the other is
undesirable and called image frequency.
Fig 1 shows an example for a 3 cm band
receiver.

Conversely, for transmitting, a given in-
termediate frequency produces two fre-
quencies in the mixer where one is
undesirable. Fig 2 gives an example of a
3 cm band transmitter.

In fact, there are many other frequencies
due to the imperfections of the mixer and
harmonics of the LO. If no provision is
made, any unwanted frequency will
cause defects, both for reception and
transmission.

Fig 3 shows an example of an SBLI1
mixer output spectrum: input frequency

14MHz, LO 10MHz, desired frequency
4MHz, 24MHz image. There is also the
LO, input and combinations due to the
LO harmonics.

2.

Mixers

In the panoply of the many types of
mixers two large families can be distin-
guished, passive diode mixers that intro-
duce a conversion loss, and active mixers
that can bring gain.

In the first category, there are simple
mixers and balanced mixers giving
cleaner signals, such as the popular
SBL1. They are ideal up to 1GHz with
interesting medium performance. For mi-
crowaves mixers diodes can be inserted
on microstrips.

Fig 3: Sample of a

d Bc“ mixer output.
0 — 7 Y 7 Y
— -
-30 — ¥
-60 T ¥
-90 1 1 >
0 4 10 14 24 MHz
desired output LO input image
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'_
Input b N possible stages

Fig 4: Amplifying system.

The second category, with a substantial
conversion gain, includes dual gate FET
transistors such as the BF998 that are
usable at VHF/UHF and GaAsFET for
microwaves. Gilbert cells are a symmet-
ric variant providing the same benefits as
balanced diode mixers.

2.1 Transmitter defects

The mixer can produce unwanted fre-
quencies. In addition to the frequency
image and those due to the above imper-
fections, parasitic coupling between the
ports of the mixer can let the LO fre-
quency pass.

The emissions on frequencies not allo-
cated to the amateur are prohibited. This
can remain hidden if there is no interfer-
ence to users; but its power is subtracted
from that produced by the PA and it is
lost.

Fortunately a transmitter usually includes
signal amplifiers so selective circuits
filter the signal. The LO and image
frequencies attenuation is often suffi-
cient. However, the addition of filters
may be necessary to eliminate any dis-
crete frequency that remain. Indeed, our
regulations specify the relative level of
spurious permissable.

2.2 Defects at the receiver
First of all, a principle to keep in mind:
Principle N°1:

a receiving system noise factor is deter-
mined solely by one amplifier (LNA)
input and the preceding antenna and
coaxial cable, if it’s gain is sufficient to
hide the noise of the stages that follow.

Fig 4 shows a system with a very low
noise preamplifier, followed of a low
noise amplifier stage and, finally, a
mixer.

The formula for obtaining this system
noise factor is as follows:

F,-1 F-1 F, -1
system = F; + 2 + . + . +
G GG, GGG,
Fem = SYstem noise factor
F,,3, = noise factor of each stage
G, ,,, = gain of each stage

All these noise and gain values are linear,
not in decibels. They include potential
losses between stages.

Table 1 shows an example of two
10GHz/144MHz transverters. They in-
volve a two stage preamplifier (LNA), an
amplifier and an active transistors GaAs-
FET mixer.

From the calculations the noise factor of
the system used since 2007 the preampli-
fier noise factor is not degraded.

But, is it true? We will see ...

Table 1: Example of a 10GHz/144MHz transverter.

10GHz preamp
In operation NF., G,
1997 2dB  10dB
2007 0.76dB 23.7dB
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10GHz/144MHz Performance at
transverter 10GHz

NF3 G3 NFcascade

2dB  10dB ~4.3dB

2dB 23dB ~0.76dB
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Fig 5: Noise and selectivity.

Principle N°2: system.

change in frequency by a mixer fails to,
by itself, make a difference between the
signal at the useful frequency and any
signal that can produce a signal at the
intermediate frequency at the output of
the mixer.

Any unwanted frequency at the mixer
input is taken into account to produce the
intermediate frequency, such as the use-
ful frequency, if no circuit attenuation
occurs. Because the noise before the
mixer is almost constant in the range of
frequencies including signal and image,
if there is no selectivity at the mixer
input, the noise power is therefore "used
twice" as shown in Fig 5. We can see:

(a) noise before the mixer
(b) image frequency noise
(c) signal frequency noise

(d) proper selectivity curve at mixer
input

(e) insufficient selectivity curve

This is why this feature is particularly
"vicious" because the input selectivity of
the system before the mixer will affect
the system noise. Only the selectivity at
the mixer input can attenuate the noise
produced at the image frequency of the

To avoid this increase in noise due to the
image frequency it must be prevented
from reaching the mixer or it must be
neutralised. A narrow filter before the
mixer meets the first requirement. An
image frequency suppression mixer is the
second. The latter requires an LO with
two IQ outputs. The best solution will be
chosen depending on the operating fre-
quency.

This failure is very common if the gap
between the signal frequency and the
image frequency is low. Microwave
transverters do not always use an inter-
mediate frequency high enough and the
image frequency is too close to the
signal. Filtering is essential to obtain the
minimum noise.

An important note: this frequency image
filter should not make a signal loss.
Otherwise, this loss would obviously
correspond to an equivalent increase in
noise.

If you stop there, it seems that without
the image frequency noise attenuation
applied to the mixer, the noise will be
doubled at the output, therefore the factor
is increased by 3dB. But this is not as
simple as we shall see.
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Fig 6: True SSB
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eliminated the measurement is exact.
3. This is the case for the PANFI (Precision

DSB and SSB noise factors

In amplitude modulation, AM, the signal
includes a carrier and two sidebands. It is
common to use the term DSB, Double
Side Band, for this mode and SSB for
single sideband mode.

Similarly, using a mixer, we can distin-
guish two factors of noise, DSB that
takes into account the signal frequency
and the image frequency and SSB that
only takes into account the signal fre-
quency.

SSB and DSB were used in the radar
range equation calculations. A mixer
receives the signal after amplification.
When measuring the output of the mixer
there is a power that is proportional to the
signal associated with its noise, but in
addition, the same noise of the image
frequency. The result is that it is optimis-
tic because the noise of the image made
us believe that the noise of the signal was
half of the real noise! Therefore, the rule
was to add 3dB to the measured noise for
the true signal/noise ratio at the input.

Fortunately if the image frequency is
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Automatic Noise Figure Indicator) with a
YIG filter or a mixer able to eliminate
image frequency.

This method of calculation is found in
almost all the majority of the articles and
old books on the image frequency influ-
ence on the signal/noise ratio. The IEEE
(Institute of Electrical and Electronics
Engineers) provides definitions that are
sufficiently obscure so that prominent
experts make completely opposite inter-
pretations.

At the outset, it is easy to refute this -
Actual +3dB - by considering the case of
a signal without noise attacking a mixer
without noise. It is clear that there is no
noise at the output and a 3dB noise factor
cannot be imposed to input while it is
zero by hypothesis!

Wedermann [3] gave a solution, con-
firmed by other publications [4,5,6] that
shows the increase depends on the initial
noise factor. The increase is gradually
asymptotically from 0 to 3dB when the
initial noise factor is stronger.

Here is the demonstration of this for-
mula. First of all, recall the relative to the
active device formula and develop it:
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Table 2: Increase in overall noise by the image frequency factor.

Performance at 10GHz

In operation system system + 3dB system + Windermann
1997 ~4.3dB ~7.3dB ~6.4dB
2007 ~0.76dB ~3.76dB ~1.41dB
In this case, the increase in the noise
F = Now =1 Now =GN, =1+ K factor is defined by a reciprocal formula
G-N, G-N,, from that established by Windermann.

K is the fractional increase in output
noise relative to input noise.

As the image frequency response makes
a noise that can be considered equal to
that of the signal, the increase is therefore
2 K.

Then:

Fog=1+K Fos =1+2K
These two noise factors are related by:
FSSB = ZFDSB -1

and

Expressed in decibels:

NF, = 10 log [(2x10NPS#1)-1]
This formula is reproduced by Fig 6.
3.1 Our case study

We do not seek to calculate SSB noise
knowing a DSB noise. We know what
noise is issued by the system amplifying
that applied to the mixer. We want to
know the output noise, given the image
frequency action.

With the assumption of +3dB, it would
be impossible to obtain less than 3dB
noise figure! But, If we consider that the
most sensitive receivers, for example for
radio astronomy, using cryogenic LNA
(nitrogen or liquid helium at -269°C),
reaching a factor of 0.07dB noise figure
at 10GHz, you can be certain that effec-
tive noise factor is not increased by 3dB
at the output of the mixer of these
receivers which show actually a sensitiv-
ity that the calculation of noise factor has
provided.

Not to be penalised by the ambiguous
terms SSB and DSB, we will talk about
mixer input noise factor and mixer output
noise factor. As already shown above, if
the gain between the LNA input and the
input mixer is 30dB, the mixer noise
factor does not make a difference

It was then:
F,=1+K

Thus: K=F, -1
F =1+K+K=1+2K
Fout = 2Fin - 1

Expressed in decibels:

NF,_, =10 log [(2x10 N"1%)-1]

Taking the above example with the dis-
play of performance calculated showing
the increase in the overall noise by the
image frequency factor according to the
two studied methods is shown in Table 2.

3.2 And if the image frequency is
reduced?

In practice, the image frequency attenua-
tion can be total. It is therefore interest-
ing to know the output noise versus the
image frequency attenuation. For a long
time the curve shown in Fig 7 has been
proposed. It is wrong because it corre-

sponds to the application of the principle
+3dB excluded above.

From the Windermann formula, we have:
F, ,=1+K+Ka
with: K=F, -1
Then:
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Fig 7: Erroneous
curve.
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—1+(F -1)+(F /o=
+ [a (F,, -1)+(F D)/ a
then:

R A
a
With:

F the signal noise factor from the

Oﬁutpultlt of the mixer and F, _ that of the

system.
In decibels:
Om‘lOlog [(a/a —+ 1) X IONFm 1/10 ]) + 1]

The curves shown in Fig 8 give the
output noise obtained for various image

output noise (also see similar data curves
for noise increase instead of out noise

[4]).

It is interesting to note that an attenuation
of 10dB is enough so that the effect of
the image frequency can be neglected for
lowest noise.

Table 3 shows the same two examples
and perform calculations show the influ-
ence of the image frequency attenuation.

4.

Measurements on a bench

frequency attenuations and the system Noise measurement benches, such as
8 N -
Fig 8: NF_, Vs
7 NF, \, for various
newna  |image frequency
° attenuations.
- 5dB
[) S
; 4d8
4
g’ 3dB
3 3
2dB
2
1dB

image frequency attenuation (dB)
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Table 3: The examples showing the effect of image frequency attenuation.

Performance at 10GHz

In operation Total o= 10dB o= 3dB attenuation = 0
attenuation attenuation  attenuation
1977 ~4.3dB ~4.5dB ~5.5dB ~6.4dB
2007 ~0.76dB ~0.83dB ~1.1dB ~1.41dB

PANFI, have a mixer producing a signal
at about 30MHz, regardless the operating
frequency of the device in test (DUT).
This mixer introduced a systematic error
if it is sensitive to the image frequency
and if it is present in the noise created by
the DUT. Some have a correction to get
the SSB noise taking account of the level
of measured DSB noise and their internal
frequency image attenuation.

S.

Conclusion

Reading of this article, some might think
that worrying about tenths of decibels is
pointless. However those working on
microwave bands are well aware that the
success of a link depends closely on the
chain of elements in the system. Each
gain or loss is significant: see [10].

It is clear that the image frequency can
degrade the transverter performance.
This is especially true for microwaves
because the frequency change is often
done with an intermediate frequency too
low to obtain sufficient attenuation of the
image frequency. A number of stations at
24 and 47GHz, and of course beyond,
may be affected by this defect that
penalises the real sensitivity at the re-
ceiver.
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An Interesting Program:
Development of a Circularly
Polarised Patch Antenna for
2.45GHz with Sonnet Lite

This article is the revised and extended
version of a lecture to the 2011 VHF
conference in Bensheim. The article is
an “Interesting Program” dealing with
the basics of Patch antennas and then
the production of an antenna for circu-
larly polarised waves.

The free software “Sonnet Lite” was
used to develop the antenna. To verify
the characteristics of the antenna a
prototype was produced to compare it
with the simulation.

1.
The project

The 2.45GHz band is familiar not only
for the WLAN allocation but also for
other uses for approved low power trans-
mission. A friend who is an enthusiastic
model flier complained about the uncer-
tain and varying 2.45GHz connection to
his aeroplane. An examination of the
expensive remote control transmitter
showed that it is fitted with an SMA
connector but only a simple small tilting
blade antenna. The blade antenna could
be tilted and pointed at the aeroplane.
Those of us who know about antennas
realise that unfortunately the minimum
radiation occurs exactly where the an-
tenna is pointed, which is absurd for this
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application. Thus the idea was born to
develop a circularly polarised patch an-
tenna with an SMA connection for the
frequency range from 2420 to 2480MHz.
It can be connected to the remote control
transmitter using a short piece of semi
rigid cable so that the main radiation
direction can be pointed exactly toward
the aeroplane. Thus a stable radio link
should be possible.

2.
The Basics

A patch antenna consists of a piece
printed circuit board material (PCB) cov-
ered on both sides with copper. The
lower surface forms a continuous ground
surface and on the top side there is a
simple square or rectangle made from
copper making the “patch”. Obviously
the PCB must be larger than the patch for
correct operation (approximately 3 to 5
times - and more is better).

The patch is designed in such a way to
exhibit an electrical length of A/2. A
better choice:

Antenna length = 0.49 x (L)

It can be regarded as an open circuit
microstrip line. Feeding this line at the
input with a signal at a frequency corre-
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Fig 1: A patch antenna showing the
current and voltage distribution along
a A/2 open circuit microstrip line.

sponding to the resonant frequency pro-
duces the current and voltage distribution
shown in Fig 1 (the feed point is on the
symmetry axis of the patch).

The voltage at the ends of the line is
equal and in anti phase (A/2 means 180
degrees of phase shift) but at the centre
of the patch the voltage is zero. For a
lossless line the current is zero at the
ends and a maximum in the centre. This
is shown in Fig 1.

There is a high radiation resistance at the
beginning and end of the line represent-
ing the radiation. In the diagram a typical
total resistance of 200Q is shown; thus
there is 400Q at the patch edge because
the two load resistances can be thought
of as being in parallel.

The voltage goes through zero at the
centre of the patch and thus the input
impedance equals zero. Thus there is a
point somewhere between the centre and

the edge of the patch where the input
impedance will be 50Q2 - that is marked
as the feed point.

The patch width (line width) only affects
the self-resonant frequency slightly with
this construction method. In practice the
square patch is always used. If the width
is increased (the patch made wider than it
is long), the bandwidth increases and the
radiation resistance becomes smaller.

Software is always used to design such
antennas nowadays. For a long time the
DOS program “patchl6.zip” was used
that was developed in form of a recipe
for rectangular and square patch antennas
(it can be found on the Internet). Modern
designs use one of the “EM simulators
for surface structures” and the most
popular is Sonnet. For the private user
there is an extremely efficient and free
LITE version of this program enjoying
worldwide popularity on the Internet. A
Sonnet Tutorial in English or German
can be downloaded from [1]. This has a
complete practical design of a patch
antenna for 5.8GHz described in detail.

A question remains to be answered:

Why and how does such piece of copper
radiate at all?

For this, take a look at Fig 2. Taking a
careful look there is an electrical scatter-
ing field at the outer edges of the patch
(fringe fields) and this gives the solution!
At the left and right edge the voltage is in
anti phase (see Fig 1), interestingly the
lines of flux at the edges both point in the
same direction and are in phase! Thus
these two patch edges with their scatter-
ing fields work as two parallel connected
“slot antennas” (a slot antenna is similar
to a dipole antenna supported on a mast.
That consists of a wire and has air as an
environment. The slot antenna has that,
but exchanged: the mast antenna is re-
placed by air and in place of surrounding
air, now there is a copper surface. Thus
the directions of the electrical and mag-
netic fields exchange themselves).

Thus the question of the polarisation of
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Source: Orban Microwave

the radiated electrical field is answered
because this corresponds to the two ar-
rows at the top of Fig 2. If the metallisa-
tion of the PCB lower surface projects
sufficient far past the patch, it works as a
screen and prevents the backward radia-
tion (in Fig 2 the antenna will only
radiate upwards). The radiation pattern of
a simple dipole antenna is the familiar
figure eight. The ideal patch antenna is
missing one half of this eight, giving a
simple circle without backward radiation.

3.

Circularly polarised patch
antenna

3.1. Circular polarisation

The principle of circular polarisation is to
work with two antennas:

e Radiating individual fields at 90
degrees to each other.

e Additionally the two antennas are
fed with signals that have a 90
degrees phase difference.

That has astonishing consequences,
viewed from in front of the antenna; the
polarisation of the radiated field rotates
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nonstop in the circle like a propeller.
Since the fields move away with the
speed of light the radiation vector de-
scribes a spiral (more descriptively; a
corkscrew).

A linear polarised antenna can be used
for reception because no matter how it is
aligned it always receives this propeller
movement of the radiation vector giving
the same antenna voltage. Twice per
revolution this vector is aligned with the
linear polarised receiving antenna and
results in maximum antenna voltage
(with opposite sign). Likewise the vector
is perpendicular to the antenna twice per
revolution and produces no antenna sig-
nal. The drawback is that only one of the
two radiated EM field components is
received and therefore 3dB less signal
than a circularly polarised antenna (with
the correct direction of rotation).

3.2. Production of the circularly
polarised patch antenna

This is not difficult at all because both
antennas at 90 degrees to each other are
already available by the length and width
of the patches. As soon as they are fed
with two signals at 90 degrees to each
other (a 90 degree shift is produced using
a power splitter with an additional quar-
ter wave line), the problem is solved, see
Fig 3.
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Fig 3: The two possibilities to produce circular polarisation with a square

patch antenna.

There is another much simpler, but
highly interesting way:

By using different dimensions for the
patch length and patch width the resonant
frequencies for the two antennas are
easily shifted. In an equivalent circuit
each antenna can be represented by a
tank circuit producing an interesting ef-
fect when fed at the centre frequency.

The shorter antenna (e.g. formed by the

Feed point

/

Fig 4: First possibility: Length and
width of the patch are different, the
feed point lies on the diagonal. See
text

patch length) is operated below its reso-
nant frequency and behaves like an in-
ductance. The current lags the voltage.
The other longer antenna (in this case the
patch width) is operated above its reso-
nant frequency and behaves like a capaci-
tor with leading current.

When the same voltage feeds both anten-
nas within, for instance, 1 to 3% of the
resonant frequency it gives the desired
90-degree phase difference between the
two antennas (responsible for the radia-
tion).

Naturally the feed point must be selected
correctly so that both radiation directions
become excited. Usually moving diago-
nally across the patch face finds the feed
point.

The voltage is always zero at the patch
centre (with maximum current) giving an
impedance of zero. At the patch edges
the radiation resistance measures more
than 100Q. Therefore between them a
feed point of 50Q input impedance can
be found. In practice there are one of
these three possibilities:

e In Fig 4 length and width have
different dimensions, the feed point
lies on the diagonal. This version is
unfortunately very sensitive to tol-
erances. Differences of a hundredth
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Feed point

TMO1 TM10

Feed point

Fig 5: Second possibility: the patch is
square with the corners punched out,
the feed point is on the centre line.

Fig 6: Third and most popular
possibility: the corners are cut at 45
degrees, otherwise the same as Fig 5.

of a millimetre in the length or
width greatly affect the feed point.

e Fig 5 shows a square patch with
punched out corners. The feed
point is on the centre line. The size
of the punched out corners deter-
mines the difference of the two
resonant frequencies (and works
like different coupling with a
double-tuned bandpass filter). Now
the patch diagonals are different
lengths and form the two antennas.
This version is easy to design.

e The most frequently used variant is
shown in Fig 6. It is a square patch
with corners tapered at 45 degrees.
This gives diagonals of different
lengths (as with B) to ensure circu-
lar polarisation. It develops a
TMO1 and a TM10 mode with the
individual waves. It gives the same
behaviour as B), it is more good-
natured and error tolerant. Such an
antenna is to be described now.
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4.

Antenna design with Sonnet
Lite

(Preface: The design process to produce
the final version that can be converted
into a PCB antenna naturally takes innu-
merable simulations to arrive at the opti-
mum. These will be skipped over here
but are assumed to have taken place.)

First a few words about Sonnet (for those
who have no experience):

Sonnet is a marvellous thing, an EM
simulator (using the moment method) for
all conceivable planar structures. These
are mainly Microstrip, Stripline or Copla-
nar circuits including; couplers over
transformation lines, filters, Gaps and
Stubs can be examined and patch anten-
nas etc. For those coming from SPICE
simulation or S parameter simulation
there are some introductory problems
because an EM simulator contains every-
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M Units-aich_03.son

Unit Definitions

Lengt -

Frequency v

[~ Remember settings

Applying new units will:

aintain Physical [example: 10mm length converts to 1 cm]

" Maintain Yalue [example: 10 mm length converts to 10 cm]

Cancel

OK

Resistance IOhms

Inductance I"H

Capacitance [pF

Help

Fig 7: The basic parameters to be set when starting Sonnet.

thing but everything is different. First the
structure to be examined must be divided
into small cells that are valid for consid-
eration. The characteristic of each indi-
vidual cell is examined, computed, stored
and then the program combines them by
integration into the total effect. Each item
under test by Sonnet must be placed in a
cubical metal box where several basic
adjustments to are made.

The walls of the box are always made of
loss-free metal therefore they work as
mirrors. The cover or the ground looks
different; if e.g. an antenna is simulated
the energy must escape from the box
somewhere (in this case via the cover).

Therefore there are different options, i.e.
loss-free, WG load, free space and natu-
rally a metal that can be selected, e.g.
copper.

The field behaviour in such a box is well-
known and calculably, producing simula-
tions with quite high accuracy. It depends
on, the cell size selected normally some-

where between 1% and 4% (the smaller,
the more exact, however more computing
time is required) and attention to the
rules, particularly with the restrictions of
the Lite version. Sometimes the resonant
frequency is simulated a little too high
particularly with resonant objects (e.g.
patch antennas) - that must be known and
manually adjusted.

4.1. Setting attributes

When the program is started the Sonnet
task bar appears. Start your own project
from “Project/new Geometry”.

Open the “units” window from the “Cir-
cuit” menu and set the values: mm, GHz,
ohms, nH, and pF as shown in Fig 7.

Open the “Metal Types” window from
the “Circuits” menu and set the values as
shown in Fig 8. If only “Lossless” is in
the list, click on “ADD” and then on
“Select metal from Library” and choose
copper. Click OK to open the Property
menu of the copper layer; this should
then look like Fig 8. The thickness of the
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B Metal Editor-untitled 3l Fig 8: This is
important: The
PCB is 0.035mm
thick and coated
with copper.

Select metal from library... |

Name |Cnpper

Pattern a
b4

Type INormaI LI
Conductivity 58000000.0 ~| Sim
Thickness mﬁ) ~| mm
Current Ratio |0. j

* Thickness is only used to calculate loss. See Help.

Cancel

Help

copper layer is set to 35pum = 0.035mm
and confirmed by pressing OK. The
overview menu ensures that everything
drawn later is realised in copper (Fig 9).

& Fig 9: Do not
forget this:

All objects in
j |the structure
will be made
from copper.

Metal for New
Polygons

This can be identified easily in the drawn
structures because copper surfaces appear
in green and lossless surfaces in red.

Now select the “Dielectric Layers” op-
tion from the “Circuits” menu and select
the “Edit” option on the upper level for
the air cushion in the box to be simulated
by Sonnet (Fig 10). This air cushion
(according to Sonnet manual) should be
about half a wavelength thick for a patch
antenna - that would be about 60mm. To
improve the overview add “Air” to the
names.

This is confirmed with OK then final
select the “Edit” option for the lower
level. The PCB will be made from
Rogers RO4003 material with a thickness
of 32MIL (0.813mm) with a dielectric
constant of ¢ = 3.38 and a dissipation

Select dielectric from library... |

IMat. Name |Air I
Thicknes. |@| v| (mm])

[~ Anisotropic
Erel Dielectric Diel Cond Mrel Mag Loss Tan
Loss Tan (Sim)
[1.0 ~| |0.0 ~| |00 ~| o ~| |00 |

text

Fig 10: The area above the PCB in the box is filled with a thick air layer. See
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M Dielectric Editor-untitled

Select dielectric from library... |

Mat. Name |[RO4003

Thickness [0.813 v| (mm)

[~ Anisotropic

Erel Dielectric Diel Cond Mrel Mag Loss Tan
Los3Jan [Sim)
@ ~} |0.002| ~| Jo.0 ~| 1o ~| Jo.0 =

Fig 11: The characteristics of the PCB material (Rogers RO4003) must be

registered accurately. See text.

factor - “loss tangent” = 0.002 at
2.5GHz. This data is entered in sequence
in accordance with Fig 11.

Now the most important thing, i.e. the
“Box” that Sonnet will use for the simu-
lation is shown in Fig 12. The dimen-
sions of the “cells” that Sonnet will use
to divide the structure must be specified.
A good approximation is 1% of the
wavelength, this would a bit more than
Imm x Imm in this case. But: smaller

I Box Settings-aich_03.son

cells give higher simulation accuracy,
however in the Sonnet Lite version 12.53
the memory is limited to 16Mb. There-
fore 0.5mm x 0.5mm was selected.

Sonnet recommends that the structure to
be simulated should be kept away from
the box wall by between one and three
wavelengths. For the patch antenna the
maximum should be used if possible if
the Lite version does not terminate with
an error message. The cover of the box

Sizes Covers
X Top Metal
Cell Size 0.5) Free Space  ~|
N
Box Size 11270,
Num. Cells |54[] l54l] ™ Lock |Cupper j
Set Box Size with Mouse |

Cell Size Calculator

| [~ Symmetry

Current Units: mm

o l A 1

Estimate Memory

Fig 12: Very important: the entries for the cell size and the box dimensions as
well as “free space” for the cover. See text.

91



@

VHF COMMUNICATIONS 2/2012

= xgeom 12,53 Lite - [aich_03ison]

9 File Edt View Tools Modfy Crout Anslysis Project Window Help

Right angle
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Rectangle

30mm X 3mm

[«

triangle with 7
3mm sides
Rectangle
/ 33mm x 27mm
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Add Port point below the
dielectric |
X Right angle
Add Via Rectangle triangle with

30mm x 3mm

3mm sides

1 L

| Glick or drag to select abjects, drag to move them

58 |Bize 330x270mm | Pointer

in the box.

Fig 13: After some work: The complete antenna structure is centred provided

may not consist of metal. That must be
replaced with “Free space” because we
want it to radiate. Copper is used for the
ground of the box.

The box size should be:

2 x wavelength + 1 x Patch edge length,
therefore approximately:

2 x 12cm + 3cm = 27cm.

That fits into the approved 16Mb of main
memory for the Sonnet Lite version.

The preparations are complete and it time
to draw the antenna structure. It consists
of a square with 33mm long edges with
the corners shortened by around 3mm
each. This can be constructed from three
rectangles and two triangles (Polygons)
see Fig 13. There are some useful tools

5N Modify  Circut  Analysis Project  Window Help

¥ v Painter Shift+Esc
&

Reshape

I
Add Metalization »
———

1 Add Port 2
Add Via
Add Component

Donut
Add Dimension Parameter

Add Dimension

Es 56 - EED
Draw Rectangle&-ﬂlﬂ'rhe triangles

»  Draw Polygon

» Rectangle

Rectangular Spiral
N-Sided Soiral

are drawn with
3 this option

Fig 14: The tools to draw the rectangles and triangles.
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Fig 15: The feed
port can only be
seen if you switch
to "ground" on
the menu.

for drawing the structure that make draw-
ing the three rectangles as well as the two
triangles child’s play. Select the path:

“Tools/Metalization/Rectangle
and
“Draw Polygon” (see Fig 14).

After the puzzle has been joined together
and positioned in the centre of the box a
plated through hole (via) with a diameter
of 1.27mm must be inserted at:

Position X = 16.5mm Y = 9mm

(relative to the lower left corner of the
antenna)

Before adding the “via” set the zero point

(origin) on lower left corner of the patch.
This can be done easily, right click on the
patch to open the menu and select “Place
origin”. The “via” diameter (1.27mm)
corresponds to the pin of the SMA socket
used, this can be adjusted in the menu.
Another port is required that is attached
automatically after the placement on the
“via” by the program on the lower sur-
face of the dielectric. This port can only
be seen if the “Ground” level is selected
(Fig 15), it presents itself as a simple
rectangle with the number “1” inside.
Double clicking on this number opens the
Properties menu to correct the attributes
(type = Standard/Resistance = 5002).
Now the simulation can be started.

4.2. Simulation

First go to “Analysis” on the main menu
and complete the Setup as shown in Fig
16. Set: Start, 2.4GHz; Stop, 2.5GHz and
“Adaptive Band Sweep ABS” that results
in shorter computing time, the current

I Memory Save

Onpti
v Compute Current Density

Speed/Memory... |

Advanced... |

[Adaptive Sweep [ABS)

Start

o

oK

Stop

(GHz) (GHz)

o

Cancel

Help |

sweeps.

Fig 16: The last job before starting the simulation is to programme the
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Fig 17: As is the
case for most
modern programs,

nothing is
displayed after a

l View Response

Yiew Far Field
Open Task Bar

successful
simulation. The
output results must
be programmed.

density on the patch can also be calcu-
lated.

Start the computation by pressing the
“EM” button on the right above in the
menu border. If it ends successfully the
results shown in Fig 18 can be selected as
shown in Fig 17. The resonant frequen-

EICIENEI

cies of both single antennas can be
recognised and the desired operating fre-
quency should lie in the centre. The
resolution of Sonnet Lite is limited but
we must be content with the result. Click
the “Graph/Type/Smith” option in the
menu on the border to display the Smith

5=]E3

Cartesian Plot
Z0 =50.0
0
Left Axis
aich_03 (e] -5
DB[S11] -0 M
-10
Right Axis a
fempty] g -15
r..l -20
|
t -25
u
-30
d
e -35
(dB) -40
-45
-50
Sonnet Software Inc.

24 241242 243 244 245 246 247 248 248 25 251

Frequency (GHz)

] 2.457GHz, DB[S11]:-22.4935 (dB)

| Pointer

Fig 18: The results are pleasing and show that the design is correct.

94




VHF COMMUNICATIONS 2/2012

>

ECTRNEER

=B

Smith Plot

Impedance
Z0 =50.0

aich_03 o
[s11]

Centre freque

2.457 GHz

Sonnet Software Inc

[ 2.457GHz [S11]: Mag=0.075046 Phase=176.3959

| Pointer

Fig 19: The Smith chart can be produced for the specialists after providing

substantial additional information.

chart shown in Fig 19 after some compu-
tation.

Having reached this point simulations
were stopped and a prototype PCB was
made and measured. A centre frequency
of 2393MHz was measured
(approximately 2.5% lower than desired).

In relation to the required value of
2.45GHz it was too low by the factor
(2393/2450) = 0.9767346. The patch
measurements were made smaller by this
amount and a new PCB made.

The external dimensions of the patch
were therefore:

0.9767346 x 33mm = 32.23mm
and the corners:
0.9767346 x 3mm = 2.93mm

Now the new feed point is (measured

from the left lower corner):

X =10.97673 x 16.5mm = 16.12mm
and

Y =0.97673 x 9mm = 8.79mm.

The results were most interesting and can
be seen in Fig 20.

The centre frequency was approximately
8MHz too high in the last simulation and
then it was too low when measured.
When the new PCB was measured it was
approximately 10MHz too low and the
two resonant frequencies of the antennas
were somewhat further from each other.
That means that the corners would have
to be filed to cut off the corners because
these are responsible for the frequency
difference of the antenna resonances (this
is reminiscent of the coupling of a
double-tuned band-pass filter). But this
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Xl h_03.son

VRN [

Cartesian Plot
Z0 = 50.0
0
Left Axis
aich_03 (o] -5
DB[S11] =M
-10
Right Axis a
[empty] g -15
I'_'I -20
I
t -25
u
-30
d
e -35
( dB) -40
-45
-50
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Sonnet Software Inc. Frequency (GHz)
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Fig 20: That is the difference between theory and practice! The result is
10MHz below the required centre frequency of 2.45GHz.

Fig 21: The
emvu 12.53 Lite - [aich_03,son (JXY Magnitude at 2.4695 GHz)] % ﬂ < current
~|distribution
at the
required
centre
frequency is
fascinating.
It is easy to
see the two
active
antennas,
even in
black and
white. It
looks much
better in
colour -
Andy.

0.00
| Click or drap mouse to readout data values: 7.2x | Pointer
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Coax relay
Directiona 0-12GHz
Coupler Attenuator ] 1.2m
10dE | Spectrum analyser

HP8690 sweeper -0 dE
with 2.4GHz
module operated Porwer Mater
in CW mode

Frequency counter
0-3GHz

Fig 22: This is the measurement setup (here for 2.45GHz) that has been used
successfully several times to perform gain measurements on antennas in the far

field. See text.

could be continued eternally...
4.3. The current density

In the menu on the border when the patch
is drawn there is an option “View Cur-
rent” under “Project”. Selecting the fre-
quency f = 2450MHz in this option
shows visual confirmation of the theory
and simulation. It is very beautiful (much
better in colour - Andy) showing the two
radiating diagonals because the current is
zero at the four corners and maximum at
the patch centre (Fig 21).

S.

Radiation pattern and gain

The measurement setup shown in Fig 22
was used with the first two identical
linear polarised patch antennas that were
perfectly adjusted (input impedance ac-
curately = 50Q2). The left antenna is fed
with exactly ImW (zero dBm). A fre-
quency counter supplies information over
the measuring frequency. The gain meas-
urement takes place according to the
method shown in full in [1]. Here is an
edited version:

The distance between the two antennas
was 120cm and this corresponds to ap-

Receiverlevel = Senderlevel + 2 - antennagain + 20 - log(

A

proximately 10 wavelengths at 2.45GHz.
Thus one is in the far field giving a
receive level so that the famous “Friis
formula” is valid:

2
P P G G 7/1
receiver — L sender "™ senderantenna " " receiverantenna *
4z -d

If this is converted into logarithmic rep-
resentation and remembering that both
antennas are identical, the formula takes
the following form for “dB” representa-

tion:
A j
4r-d

With a transmit level of 0dBm, an an-
tenna distance of 120cm, a wavelength of
12.24cm and the two antennas with iden-
tical behaviour a receive level of
—29dBm results. Changing the above
formula round for the antenna gain the
result is:

12.24cm
47-120cm ) _129dBm +41.8dB

Re ceiverlevel —20 - log(

2 2

A condition for a correct result is that the
measurement is in the genuine far field.
Increasing the antenna distance the an-
tenna gain determined according to this
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Kul arpak

Fig 23: The final result, the prototype
antenna, measured and given to the
model flier.

formula and method remains constant.
For antennas with very high gain and too
small distance to the transmitter an error
can occur and the computed gain can
suddenly become negative. The gain pro-
duced can be interpreted in such a way
that it is produced between the transmit-
ting and receiving antennas or that the
transmitting power of the generator was
raised. In each case these antennas form
the near field (Fresnel zone) or the zone
up to the far field, called the Fraunhofer-
Region.

Therefore the default must be that the
distance between the two antennas is
greater rather than too small (the receive
level should still be determined correctly
and with changes in distance the gain
determined should remain constant). This
information and considerations originate
from the publication [3] that can be
found on the Internet.

Back to the current project. The control
antenna connected to the analyser input
was replaced by the new circularly polar-
ised version. It was then turned in steps
of approximately 30 degrees in a circle
and at each angle the change the level
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from the spectrum analyser was read.

Ideally (according to the theory) a con-
stant level decreased by 3dB would be to
be expected in relation to linear polarisa-
tion with the radiation pattern that should
be a circle (logically with circular polari-
sation the transmitting power is split in
two equal components shifted by 90
degrees not only spatially but also in the
phase. The linear polarised receiving
antenna can only receive one component
- thus one antenna receives only half the
maximum power possible and that is the
3dB mentioned). The fact is that every-
thing is not so simple as it sounds as
shown in the appendix of the article
written for the specialists. In the litera-
ture [2] it was suggested that the ideal
case is rarely reached in practice and an
ellipse instead of the circle is usually
observed. But less gain in the two
minima by up to 3dB can normally be
tolerated. Unfortunately there was be-
tween 4 and 5dB!? Fortunately this effect
was not as strong in practice as feared
and the model flier was overjoyed
(original quotation from his mails: “I
tested the antenna in the model airfield
and determined at ground level a range
increase of 30 - 50%”). Fig 23 shows the
prototype supplied including an SMA
semi rigid cable fitted that has been given
an acid test in the field.

P.S.: The best message last - in the time
between giving the lecture and the publi-
cation of this article the maximum usable
main memory for the newest Sonnet Lite
version 13.51 has increased from 16 to
32Mb. Therefore after the update the
above simulations were immediately re-
peated with a cell size of only 0.lmm x
0.lmm and afterwards even 0.05mm x
0.05mm (0.5mm x 0.5mm in the article).
The result reads: only minimum and
insignificant deviations and therefore all
simulations, results, corrections, meas-
urements and statements are valid. Thank
God....
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transforming
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resistance

Match line
transforming
200 ohm

to 100 o
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receiver
input

7

200 ohm to 100 ohm

phase shift

Fig 24: The equivalent circuit produced from the antenna on the left makes it
possible to understand the behaviour of the antenna. See text.

6.

Literature:

[1] An interesting program: Simulation
and construction of a Helix antenna for
2.45GHz using 4NEC2, Gunthard Kraus,
DG8GB: VHF Communications Maga-
zine, 2.2011 pp 89 101;
(www.elektronikschule.de/~krausg)

[2] Orban Microwave Application note:
The Basics of Patch Antennas, Updated.
To found on the Internet

[3] Paul Shuch, N6TX: Far Field Fallacy.
Appeared in QEX December 1987, find
page 10 on the Internet.

7.
Appendix

The level decrease of approximately 3dB
when receiving a circularly polarised
signal with a linear polarised antenna was
justified logically and the simulation con-
firmed the considerations. This stimu-

lated a discussion among friends and an
easy confusion about the procedures with
different possible antenna combinations.
A list of possibilities is shown below
(those that occur in practice) with the
signal conditions that can be observed.

A) We begin with the simplest case:
Transmitting with a linear polarised
patch antenna and using the same
linear polarised model for reception.
Both antennas are optimally aligned
and thus accurately form the case
from chapter 5 where the measuring
position is calibrated with propaga-
tion in the far field. The received
level of the antenna can be deter-
mined according to the Friis formula
and simply named “P1”.

B) Both linear polarised antennas
replaced by two identical circular
polarised antennas (see chapter 3.2,
Fig 3). The power supplying the
transmitting antenna is divided into
two portions out of phase by 90
degrees and then supplied to the two
individual antennas at 90 degrees to
each other. The two radiated signals
are then only half transmitting power.
On the receive side two individual
antennas at 90 degrees to each other
pick up the signals, that is half the
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size of P1, to produce a received
level. These two halves are phased
together; the phase difference is cor-
rectly compensated by 90 degrees
with the phase shifter in one arm of
the circular polarised antenna. That
results in the level P1 at the receiver
input. But be careful: “phased” means
that the receiving antenna must ex-
hibit exactly the opposite circular
polarisation to the transmitting an-
tenna...

C) The transmitting antenna is circu-
lar polarised and the receiving an-
tenna is linear polarised. Thus only
one of the two radiated components is
used and the linear polarised receiv-
ing antenna supplies only half of the
level P1. That results in the famous
3dB less gain in relation to case A),
but the advantage is that the receiving
antenna can be rotated at will.

D) This is getting exciting with the
possibility of a linear polarised trans-
mitting antenna and a circular polar-
ised receiving antenna. The linear
polarised transmitting antenna radi-
ates the full power only in one polari-
sation plane. If the circular polarised
receiving antenna is aligned accu-
rately to the transmitting antenna, the
same receiving level P1 is developed
as in case A). The path of this energy
in the phasing circuit is shown in Fig

The received signal (e.g. supplied from
the lower right antenna) goes through
only a A/4 matching line to bring the
radiation resistance of the patches from
200Q2 to 100Q2. The equivalent circuit on
the right can be used; this antenna is
represented by 100Q including the
matching line as a supply with an internal
resistance. This supply now sees a load at
point “A” consisting of a parallel connec-
tion of the receiver input (50Q2) and the
second antenna including its matching
line and its phasing line - thus again a
resistance of 100€2. The total resistance
of this parallel connection is approxi-

100

mately 33.33Q. If level P1, coming from
the antenna is considered as a incident
wave the reflection factor that the supply
terminal sees can be calculated:

e 33.33Q-100Q2  —66.66Q2 05
33.33Q+100Q2  133.33Q

Thus the reflected level becomes a por-
tion of:

P

 eea =1 - P1=[-0.5F - P1=0.25-P1
This level is reflected to the feeding
antenna and radiated again.

The remaining part is three quarters of P1
and it is feeding two load resistances. But
the receiver input of 50Q absorbs twice
of the part which enters the 100Q trans-
mission line leading to the second an-
tenna.

The result is: The receiver input “swal-
lows” two quarters, thus half of P1 (the
familiar 3dB reduction). The remaining
quarter of P1 goes to the other transmis-
sion line and feeds to the other patch
antenna after a 90-degree phase shift.

Summary:

Only one antenna in the circular polar-
ised receiving antenna supplies the level
P1 in this example. Half is supplied to
the receiver and results in the familiar
level difference of —3dB in the case of a
circular polarised antenna receiving a
linear polarised signal. A quarter of P1 is
reflected back to the receiving antenna.
The missing last quarter is radiated from
the other antenna with a 90-degree phase
shift giving a “circular polarised reflec-
tion radiation”.

What an effort - it cost a lot of sweat to
come up with the details of the proce-
dure. But honestly: The effort was worth-
while?!
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André Jamet FOHX

Become familiar with SMD
resistors for good use from DC

to microwaves.

An application : A homemade 10GHz 50Q load

1.

Introduction

Components for surface mount, SMD,
have very specific characteristics that
should be known for a good job. The
subject of an article for ceramic capaci-
tors [1] has already done. Now here is
information on SMD resistors.

2.
SMD resistor technology

(Cermet) or glass (glaze), containing a
metal or oxide.

Some have a thin layer whose thickness
may be thousand times smaller than that
of a thick layer. It is a film of a metal or
oxide deposited under vacuum.

In both cases, thin or thick layer, the
precision of the manufacturing process
does not produce resistors with values in
the desired tolerance range. A trimming
process is then carried out using me-
chanical abrasion or a laser.

Finally the resistive layer is covered with
a colourful protective layer with the
marking.

A conductive layer is placed on a ce-
ramic support. At the ends of the ceramic
support two metal connections are taken
out.

The most popular SMD resistors usually
have a thick resistive layer. These are
made by printing a ceramic material base

3.
SMD resistor packages

Fig 1:
Magnified
photograph of
a Chip SMD
resistor.

There are two standards for SMD pack-
ages, parallel sided packages (chip) that
are the most common and the cylindrical
package (MELF = Metal Electrode Lead-
less Face).

3.1 Chip

These resistors can be made thick or thin,
see Fig 1. Table 1 gives the characteris-
tics of chips for the most common mod-
els. Standardisation is much broader as
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Table 1: Chip resistor dimensions and ratings.

Type of Dimensions L x W x D Rated Maximum
package dissipation voltage
SMD inches mm mW @ 70°C V AC/DC

1206 0.126x 0.063 3.00x 1.60x 0.60 125 200

0805 0.08 x 0.05 2.00x 1.30x0.06 100 150

0603 0.063x0.031 1.50x0.08x045 63 50

0402 0.04 x 0.02 1.00 x 0.54 31 to 63

the packages range from is 1005 to 2512.
The thickness is given for information
only as it only comes from a single
manufacturer. The maximum power is
still given for information only and de-
pends on the mounting position of the
resistor.

For marking, three systems can be found
with 3 or 4 digits, and the EIA marking.
The first, the most common, is that used
for standard tolerance resistors. The first
two digits are significant and the third,
the multiplier.

Examples:
220 — 220
221 — 2209
223 -  22kQ

For values less than 10Q, R is used to
indicate the position of the delimiting
comma.

Examples:
ORI — 0.1Q
2R2 —» 220

The four-digit system is used for tight
tolerance resistors. The first three have
significant values and the fourth, the
multiplier.

Examples:
1000 — 100
4702 — 47kQ

For values less than 100Q, an R is used

to replace the comma.

Example:
OR56 — 0.56Q

Marking according to EIA96 is used for
1% tolerance resistors. This code requires
a development that is too long for this
article (see [3]).

In practice, it is advisable to measure the
resistor if there is the slightest doubt on
its value.

3.2 MELF

These resistors are made thin-layer.
There are three different cylindrical
packages (Fig 2). The marking is consist-
ent with the colour code used for conven-
tional resistors.

Footprints for the soldering of the micro-
melf and minimelf on a printed circuit
are the same as those for chip types 0805
and 1206.

4.

Tolerances

Fig 2:
Magnified
photograph of
a MELF
resistor.

Even for thick layer resistors, it is possi-
ble to obtain tolerances to £1% and the
E96 series is available for the non-
professional users for a cost very little
more than = 5% tolerance resistors. Thin
layer can achieve much tighter toler-
ances, up to 0.1%.
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Table 2: MELF resistor dimensions and ratings.

Type of Dimensions L x W x D Rated Maximum
package dissipation voltage
Cylidrical inches mm mW @ 70°C 'V AC/DC
Micromelf 0.045 x 0.09 1.1x22 200 100
Minimelf 0.06 x 0.14 1.4x3.6 250 200
Melf 0.09 x 0.23 22x5.8 1000 500/350

S.

Influence of temperature

The temperature coefficient of thick is
much higher than that of thin films. With
a coefficient of £250 x 10%/°C, a varia-
tion in temperature of 40°C causes a
Var6iation by 1%. Thin-layer can be +25 x
10°/°C.

6.

Overload

Overload may be due to voltage or power
exceeding the limits given in the Table 2.

Voltage overload is possible without ex-
ceeding the power for high ohmic values.
On the contrary, it is easier to exceed the
maximum power without exceeding volt-
age for low ohmic values.

Voltage overload may be due to an
external cause such as electrostatic dis-
charge (ESD) or the device using the
resistor. ESD susceptibility is good
enough to be neglected in general.
Planned voltage surges can be obtained
in pulse operation. Fig 3 shows an exam-
ple of maximum permissible peak pulse
voltage for a 1206 SMD.

As with any electronic component a
resistor can be overloaded, accidentally
or intentionally. In the first case, it is
difficult to determine all the possible
causes and prevent their effects. On the
contrary, certain overloads are planned
and their effects can be calculated.

A very common case is overload when a
device is powered on. One or more
components may be subject to a much
higher than normal current. This is the
case of a resistor supplying a high-value
capacitor.

The use of resistors in pulsed operation
can give a planned overload.

Fig 3: Example of
W ::; CMS 1206 maximum
280 permissible peak
340 pulse voltage as a
320 function of its
300 duration.
280
260
240
220
200
10 100 1000 10000
Overvoltage duration (us)
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Single pulse

Repetitive pulse ratio 1/1000

2 \

1206 SMD

Fig 4: Example of
maximum
permissible power
overload vs.
duration.

0
1 10 100 1000 10000
pulse duration (ps)
In the case of planned overloads, it is
essential to ensure that resistor chosen 7.

will be able to withstand it without
damage. In view of the small dimensions
of the SMD, it is wise to be cautious and
know their acceptable limits.

Contrary to what one might think, thick
film devices withstand fewer overloads
and pulses of power than thin layers.

In the case of overload at power on, it is
recommended to provide a limited
number (approximately 1500 - switching
a TV set on/off/on/off twice a day for 2
years is 365 x 4 = 1460) and a higher
one-hour rest period [2] between two
overloads. This seems harsh, but non-
compliance is probably the cause of
many failures of consumer electronics.

The curves in Fig 4 show the permissible
values for a 1206 SMD for a single and
repetitive overload pulse. The overloads
will also cause accelerated ageing, so
some variation of ohmic value must be
expected.
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The noise level

The noise of thermal agitation caused by
a resistor is normally given by:
E,=(4x13810% x Rx T x Af)*®

with:

T = temperature in K (T.. +273)
R = resistance in Q

Af = bandwidth in Hz

For example a 100kQ) resistor causes
2uV,,s noise in 2.7kHz bandwidth at
17°C.

This is true for metal resistors. But, as for
semiconductors, the noise is higher than
when the conductive material is not a
pure metal or alloy. The excess noise
spectral distribution follows a 1/f law and
depends on the voltage applied to the
resistance. This is specified in pV of
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Fig 5: Excess noise
WV 7 0603 |of SMD thin layer
/ reistor.
0805
SMD thin layer // /
1 4 1206
/' y.an
/ /
A
01 uf il /
' /
{ i
0,01
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resistance value (Q)

noise by voltage applied to the resistor frequency.
for a decade of frequency: uV/V/decade.
This value is often expressed in decibels.
For a resistor with an index equal to 0dB,
the excess noise will be 1uV,, ¢ for each
volt applied to it, in each decade of

The thick layer resistors are 10 to 100
times noisier than thin metallic film
resistors. The noise decreases with the
size of the resistor and increases as the

WV Fig 6: Excess noise
100 of SMD thick layer
resistor.
‘
|
\
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10 | ATA 0
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|
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resistance value ()
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9.
Reliability

Fig 7: High frequency equivalent
circuit of a resistor.

applied voltage.

For example, a thick layer of 100kQ,
0805 package resistor, may cause a
15uV,, noise if it is subject to a 5V, .

This noise can be very harmful if the
resistor is intended to feed a varicap
diode associated with the oscillator in a
PLL. Phase noise will be greatly in-
creased.

It is recommended to choose a resistor
with a low ohmic value and the largest
size possible. Fig 5 and 6 give an
example for thick and thin film resistors.

8.

Non-linearity

General, the reliability of these resistors
is good if they are well used. This is
particularly true for SMD components,
when soldering it is important to prevent
their deterioration by heating or, on the
contrary, to obtain a good solder joint.

The quality of manufacturing can guaran-
tee the absence of corrosion or ageing of
components. Good manufacturer can
give a good MTBF (Mean Time Between
Failures).

The Arrhenius law provides a reduction
of a component life by half when its
temperature increases by 10°C. Its appli-
cation is questionable in the case of
resistors but however gives the trend.
The drift of the ohmic value and lethal
defects are directly related to the operat-
ing temperature.

A lethal defect results in an open circuit.
Using two resistors in parallel, or better
four resistors in series/parallel, to obviate
such an eventuality, if the variation of the
ohmic value on failure is acceptable.

SMD resistors have some non-linearity
that results in distortion of the signal
showing essentially the third harmonic.
For high ohmic values, this term can
reach —40dB for thick film and remains
below —80dB for thin films. It must be
taken into account in Hi-Fi and some
measurement devices.
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10.

Behaviour at high frequencies

It is imperative to know the high fre-
quency behaviour of resistors. Indeed,
like all component resistors, SMD or not,
comprises parasitic elements that have
significant affects with frequency that are
not negligible or be can ignored. This is
the case for any frequency above the
hundred of kilohertz and must be taken
into account in the design of loads and
attenuators.

The equivalent circuit of a resistor is
shown in Fig 7. It shows the inductance
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Table 3: SMD approximate parameters.

Package L (nH)
402 0.2
603 0.4
805 1

1206 2
1210 3
Micromelf 2
Minimelf 3
Melf 4

of the resistor and its connections, and
the capacity between the resistor ends
and ground. In reality, the parasitic reac-
tances are distributed along the resistor
body. Calculations carried out if they
were lumped constants remains valid up
to several gigahertz in view of the small
dimensions in use. Beyond that they are
more trivial because they are too large a
fraction of the wavelength. Reference [4]
gives all formulae for the equivalent
circuit. To avoid any repetition which
would lengthen this article, it will be
accepted that an approximate formula is:

0.5
1+(X,/R)
2
1+(R]
XC

This formula shows that:

e When f — 0, X, — 0 therefore:
|Z] — R that is that as the frequency

|Z|~ R

C (fF) (L/C)*5Q
30 80
50 110
50 180
50 200
50 250
43 220
50 245
60 260

decreases, the resistor impedance
tends to a pure resistance.

e When R — 0, |Z] » X, that is that a
low value resistor tends towards its
parasitic inductance therefore the im-
pedance increases with frequency.

e When R — , [R| » X_ that is that
high value resistor tends to its para-
sitic capacity so the impedance de-
creases with frequency.

Another important note:

e When R % (L/C)** |R|~ R, that is, the
behaviour is neutral, non-reactive,
whatever the frequency. This is valid
only up to a few gigahertz for the
SMD resistors in view of their size.
Above, the behaviour is more com-
plex.

Parasitic inductance and capacity values
are given for information only in Table 3
for the low ohmic value resistors. It is
clear that these values should match only
the resistor. In reality, it is difficult to

1ZIR|

Fig 8: Example of
SMD thin layer

1.2
| 10a  |0805 behaviour vs.
1.0 100 Q
S — gy frequency.
T~ 1000 Q
0.8
0.6
805 \
0.4 \
\\
™~ 10000 Q

0,2

2 10 100 500 MHz
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RZUR  2q 7 T Fig 9: Example of
i SMD thick layer
10 1208 ] 1206 behaviour vs.
e -y frequency.
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escape additional parasitics introduced by
the measurement bench. This is the rea-
son why the values given by manufactur-
ers for the same package are widely
dispersed.

It is expected the same is true when
mounting SMD resistor on a printed
circuit board.

More easily and more effectively, manu-
facturers publish curves giving the im-
pedance and phase shift of their resistors
vs. frequency. See examples in Fig 8 and

As stated earlier resistors are trimmed
during manufacture to adjust the value.
But, by extending the active effective
length by a cut for chips or a spiral for
the cylindrical, this also increases the
inductance (Fig 10 and 11). There are
chip and MELF resistors specifically
designed for microwaves (<20GHz) with
well-specified and reduced parasitic ele-
ments [7,8]. They are available from
distributors for non-professionals for 10,
50, 100, 500Q2 and 1kQ values in 0402
packages. Their cost is of the order of 3
to €5 each! The cylindrical MELF resis-

tors can be housed in a coaxial structure
that may result in very good behaviour
(50Q2 load).

Another effect tends to increase the resis-
tor value with the frequency: the skin
effect. This especially penalises thick
film and reaches 20um, less for thin
films of the order of a um. This means
that the increase in value is negligible to
5GHz only thin film layers.

Fig 12 gives the curve of a special 0402
resistor usable to 20GHz.

11.

Application: A homemade 50€
10GHz load

Thanks to FI1EER, here is a valuable
homemade load for our 10GHz band. It is
made with a standard 18GHz bulkhead
SMA and two 0805 SMD 100Q thick
layer resistors (Fig 13). "Stubs" are
placed carefully for best results. The

inductance :

almost unchanged increased

inductance :

almost unchanged increased

Fig 10: Chip resistor trimming.

Fig 11: Trimming of cylindrical
resistor by sanding or laser.
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Fig 12: Frequency
7R behaviour of a
IR special 20GHz
1.4 / son [SMD.
1.2 Y
o 75Q
1.0 :5\1‘(
0.8 H ~ N \
0.6 |- 0402 220 GHz N
0.4 N NN
LY 1500
0.2 N N o
10000 ] %
0.0 | N
0,1 1 10 GHz
ROS is 1.15 to 10GHz. Tests with a 12
single 50Q or three 1502 in parallel have :
given worse results. Conclusion

Fig 14 curves have been drawn with an R
& S Vector Network Analyser ZVA67
67GHz, cables and calibration in SMA
2.9 kit.

For comparison, an unidentified profes-
sional SMA load is shown in Fig 15. In
both cases, permanent maximum power
is 0.5 Watts and can reach 1W for a few
minutes.

Fig 13: Homemade 50Q load.

In electronics devices, a resistor is a
component that seems very banal but can
give problems if used without knowing
the rules.

In practice, as radio amateur, I use 1%
chips without worrying whether it is
thick or thin layer. SMD recovery is not
to advise given their very low prices and
the risk of weakening.

In the professional field, a more cautious
approach must be taken, study the manu-
facturer data for certified equipment
choose the appropriate type of resistor.

13.
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Parabola Calculator

During April Mike Scirocco contacted
me to see if I could help him locate Jiri
Otypka, who wrote an article called
“Calculating the Focal Point of an
Offset Dish Antenna” that was pub-
lished in issue 1/1995 of VHF Commu-
nications Magazine. Unfortunately
that was well before I took over the
publication of the magazine so I gave
him another contact to try. While
having an email exchange with Mike
he told me about the programs that he
had already written and they sounded
useful to anyone investigating the con-
struction of a parabolic dish. I asked
Mike if he would write an article for
the magazine but he has left it up to
me to try my best to present his
programs, so here goes.

1.

Introduction

There are two programs:

e The first program is Parabola Calcu-
lator version 2.0 [1]. This is a Free-
ware program written to help with the
design solar collectors or Wi-Fi
projects using parabolic reflectors.
Whether you're improving the signal
strength of a Wi-Fi antenna, or de-
signing a satellite antenna or solar

trough, this program calculates the
focal length and (X, y) coordinates for
a parabola of any diameter and depth.
It can help you determine what size
and shape to make your parabola
very quickly. Version 2 includes Wi-
Fi calculations for centred or offset
feedhorn dishes. If you would like
modifications to the program to make
it more useful Mike is willing to take
suggestions [2]. This may be particu-
larly useful for any readers interested
in modifications to help add facilities
that would be more useful to radio
amateurs.

e The second program is Parabolic
Leaf Calculator. This is a Freeware
program that Mike has allowed me to
put on the VHF Communications
web site [3]. It calculates the dimen-
sions of leaves that can be fitted
together to form a parabolic reflector.
This reminded me of some of the
“fold up” dishes that I have seen used
by amateurs on EME Dxpeditions, so
I thought it would be a useful addi-
tion to the downloads from the site.

2.
Parabola Calculator 2.0

The program is easy to install on a
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File Options Wifi Calcuations ot About

** Parabola Calculator 2.0 |

Enter the Parabola
Dimensions

Both dimensions must use the
same units (integers only).

Diameter || i |
Depth: /|
En ~ath l— "

Diameter ¥ y ¥ y v

—
T |

Focal
Point

| Caloulete

Exit

Depth

| Kra [ —

Fig 1: The opening screen of Parabola Calculator version 2.0.

Windows PC, just download the Win-
dows installer from the web site [1],
unzip the files and run the setup program.
When you load the program the window
shown in Fig 1 appears.

The default mode is to specify the diam-
eter and depth of the dish. It is probably
more useful to radio amateurs to use the
alternative of diameter and f/D ratio. To

switch to this mode click on “Options” in
the menu bar and choose the “Select
Inputs” option followed by the “Diameter
and f/D” option.

The window shown in Fig 2 will now be
displayed. After entering the Diameter
required and the f/D ratio, press the
calculate button to display the parabola.
The Diameter and the f/D ratio can be

"* Parabola Calculator 2.0

File Options Wifi Calcuations Print  About

Enter the Parabola ;‘:“9“ Diau. i;‘;; !
= = iameter -
Dimensions e E 51
Both dimensions must use the Focal Length 30.00
same units [integers only). Volume §113.27
FLength/Dian 00.60
Diameter |50 o[ ] Area 1963.50
D 0.6 30.00 & o500 & cint
L x -21.88 y 3.99
Focal Length 30,00 x -18.75 v 2.93
Linear Diameter 51.41 x -15.63 y z.02
x -12.50 y 1.30
x  -9.38 ¥ 0.73
Segments < ] 18 x -6.25 v 0.33
x  -3.13 y 0.08
—— H 0.00 ¥y 0.00
| Calculate x 3.13 vy 0.08
x 6.25 vy 0.33 L
Save to Text File ‘\ﬁ_‘/ x 5.3y 0.73
- x  12.50 y 1.30
Ezit x 15.63 y  2.03 7

Fig 2: Parabola Calculator version 2.0 in f/D calculation mode.
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' Wifi Calculations for Parabolic Dish with Centered Feedhorn

jpeus | [0 =060

Enter Frequency 110368 MHz
Enter Diameter 500 i
Enter (/D 06 Py

SelectUnits & mm. " in. destess

{ Calculate

Save |

Focal Length = 300.00 mm.

lllumination angle for feed = 90.5 degrees

Space attenuation = 1.29 dB

Desired taper = 8.61 db for 10 dB edge illumination

4 simple feed hom would have a diameter of 1.24 wavelengths for a 3 dB beamwidth of 53.41

| |Gain at 50% efficiency = 31.69 dBi

Enter the Parabola ii““: DEen 2;-3$ L
= x lametexr -
Dimensions Degen or B
Both dimensions must use the Focal Length 30.00
same units (integers only). Volume 5§113.27
Flength/Dianm 00.60
Diameter |50 o ] Area 1963.50
Groped
D 0.6 30.00 v -z5.00 ¥ 2.5
L ] x -21.88 ¥ 3.99
Focal Length 3000 x -18.75 ¥ 2 93
Linear Diameter 51.41 x -15.63 vy z2.03
x -12.50 ¥ 1.20
x  -9.3%8 y 0.73
Segments « [ [ »|[ 16 x -6.26 y  0.33
| x  -3.13 ¥ 0.08
x 0.00 ¥ 0.00
| Calculate X 3.13 v 0.03
b 6.25 v 0.33 LAl
Save to Text File ’\\_4__// x s.38 y 0.73
= x  12.50 ¥ 1.30
Exit % 15.63 y  2.03 3

Fig 3: Parabola Calculator version 2.0 with one of the Wi-Fi calculator window

open.

incremented or decremented using the
arrow buttons next to the data, the image
of the parabola changes at the same time.

The number of segment used to draw the
parabola can also be changed to increase
or decrease the accuracy of the image.
The coordinates of the parabola are dis-
played on the right had side of the
window. These can be saved as a text file
or an input file that can be used by a
graphics or CAD program.

If you want to know the calculated gain
of the dish select the “Wifi Calculations”
option from the menu bar and then the
“Centred Feedhorn: Calculate Gain, f/D”
option. This will display a new window
with the diameter and {/D ratio selected
previously as defaults and a box to enter
the frequency. Enter the frequency and
select the appropriate dimensions and the

program will calculate the gain etc. as
shown in Fig 3.

There is a second option on the “Wifi
Calculations” menu. That is “Offset
Feedhorn: Calculate Gain, f/D”. Select-
ing this option opens a new window with
a stand-alone program that does calcula-
tions for an oval-shaped offset-fed para-
bolic reflector. This routine uses a curve-
fitting algorithm to find the focal point
and tilt angle for aiming the dish. The
input data required are the frequency to
use, the dimensions of the large and
small axis of the oval and the depth and
location of the deepest point in the
reflector measured along a straight edge
placed across the rim on the large axis.
The WiFi calculations and output text are
copied directly from the source code of
the hdl ant program written by Paul
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[10368  MHz
l?on— mm
[&SD— mm
FS%— mm
W mm

" inches (" mm

Enter Frequency
Diameter of large ais of dish
Diameter of small axis of dish

Depth of dish at deepest pt

Distance of deepest pt from
bottom edge along large axis

Units (all entries)

Calculate j

SavetoFile

Exit

21.7 degrees

The Focal Length is 409.20 mm.

of the reflector.

that the large axis is 68.33 degrees above horizontal.

0.82.

This offset reflector is a section of a full parabola with a diameter of 1301.03 mm whose vertex is at the bottom
edge of the offset reflector. The full parabola has an (/D =
The focal point of the dish is 409.20 mm from the bottom edge of the reflector and 667.73 mm from the top edge

For operation with the main beam on the horizon with the feed at the bottom, the dish must be tilted forward so

lllumination angle for feed = 76.96 degrees on the large axis and 66.87 degrees on the small axis. 4 feedhom
with a 3 dB beamwidth of 38.09 degrees is needed, equivalent to the feed for a conventional dish with f/D =

Gain at 50% efficiency = 32.67 dBi.lf you do really well, you might get 607 efficiency for a gain = 33.47 dBi.

0.31, which determines criticality of focal length.

window.

Fig 4: Parabola Calculator version 2.0 showing the offset dish calculator

Wade [4]. The result is shown graphi-
cally on the right hand side of the
window as shown in Fig 4. The values
that I entered were taken from my Free-
sat dish.

3.

Parabolic Leaf Calculator

The program is easy to install on a

114

Windows PC, just download the zip file
from the web site [3], unzip the files and
run the setup program. When you load
the program the window shown in Fig 5
appears.

The diagram on the right hand side of the
window show exactly what the program
does. It calculates the dimensions of the
triangular leaves that are needed to
manufacture a parabola shaped reflector.
The number of leaves to be used is one of
the parameters that can be set when the
calculation is performed.
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“* Calculate Parabolic Leaf Coordinates
File View the Math About

Parabolic Leaf
Calculator

Parabolic reflectors can be assembled
using leaves of flexible material.

This program calculates the
dimensions of a curved leaf as shown
in the second parabola on the right.

A leaf is one of the eight sections that
make up the parabola, itis trianglular
shaped, with two curved sides.

Continue

True Curved
Parabolic
Collector

Approximation
by triangular
pieces of
cylinders
called Leaves

Exit |

Fig 5: The opening screen of Parabola Leaf Calculator.

To show the calculation screen (Fig 6)
from the initial window, click on “Con-
tinue”. Enter the focal length, radius and
select the number of segments. Press
“Calculate” to show the result graphi-
cally and as data on the right hand side of
the window. The data can be saved as a

alculate Parabolic Leaf Coordinates

text file or an input file that can be used
by a graphics or CAD program.

File View the Math About

Enter Dimensions

Both Length and Radius
must use the same units.

[0
Radius [ 50
Mo. of Leaves <[ [ » ] 'T
No. of Coord's _« [ [ »] 'T

Focal Length

Calculate

Save Datato Text File

Done

Focal Length 60.00 N
Depth
Radius
No of Leaves 13

Left Side of Leaf

00.000000,00.000000
-02.991446,12.160015
-05.952892,24.458537
-05.974337,37.029513
-11.965783,49.998475

Right Side of Leaf
00.000000,00.000000
02.991446,12.160015
05.982892,24.458537
05.974337,37.029513
11.965783,49.998475

Top of Leaf Vs

Fig 6: Parabola Leaf calculator results screen.
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4.

Conclusion

The two programs that Mike Scirocco
has produced are easy to use and perform
valuable calculations for anyone design-
ing a parabolic dish. The programs were
written in response to a requirement for
those interested in designing Wi-Fi
dishes or Solar Troughs. If Mike can get
some feedback from amateur radio users
of the program he is happy to make
modifications or enhancements to pro-
vide facilities that are of use in the design
of dishes for use on the amateur radio
bands.

S.
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H.J. Griem, DJISL

Tubular radiator for parabolic
antennas on the 13cm band

(reprint from issue 4/1976)

1.
Application

2.

Radiation Geometrics

A parabolic reflector is to be illuminated
with the aid of a round waveguide. A
coaxial waveguide interface is required if
this round waveguide is to be energised
with the aid of a coaxial cable. In
studying American literature [1 to 6], it
was found that such arrangements had
been constructed and used but that no
general design details were provided.

For this reason, a basic research was
carried out to find out the basic radiation
geometrics of parabolic antennas and to
find suitable feed systems. This was
followed by designing, an actual tubular
radiator for 13cm to fit an available
parabolic reflector of 120cm dia. with a
focal point / diameter (F/D) = 0.375.

The result of these measurements and
experiments allow design details to be
calculated for all other parabolic anten-
nas, and microwave amateur bands. This
means that it is possible with a minimum
of mechanical work to illuminate para-
bolic reflectors for amateur radio applica-
tions.

2.1. Parabolic reflectors

The beamwidth or focal angle of a
parabolic reflector is mainly dependent
on the ratio F/D. This relationship is
shown in Figure 1 where F is the focal
point of the parabolic, and D is the
diameter of its aperture. The focal angle
is 2, since ¢ is measured from the
centre point to one side. If the focal point
F is not known, it can be calculated from
the diameter D and the depth d according
to the following formula 1:

DZ
= (1)

16d
The actual positions where these values

can be measured are shown in the draw-
ing given in Figure 1.

From the dimensions of the given para-
bolic reflector, it will be seen that the
focal angle amounts to 135°. This angle
should be illuminated as completely as
possible by the primary antenna. The
10dB beamwidth (not the 3dB
beamwidth as is usually used) of the
primary (or exciter) antenna should
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amount to just 135° in the case of our
example. If the beamwidth is less than
this, the parabolic reflector will not be
completely illuminated, and the effi-
ciency and antenna gain will be less than
the maximum available. If, on the other
hand, the beamwidth of the primary
radiator is greater, radiation will be made
past the edge of the parabolic reflector,
which will deteriorate the front-to-back
ratio, and also decrease the antenna gain.
A favourable compromise is found be-
tween antenna gain and clean polar dia-
gram when the 10dB beamwidth of the
primary radiator responds to the focal
angle 2¢ of the reflector. If these prereq-
uisites are fulfilled, the gain formulas
given for parabolic antennas will nor-
mally be valid.

A dipole with reflector is often found as
primary antenna for parabolic reflectors.
It is not easy when using such an ar-
rangement to obtain the required match-
ing of the 10dB beamwidth to the para-
bolic reflector to be illuminated as when
using radiating surfaces such as given in
[8]. For this reason, waveguide radiators
such as horn antennas should be used,
since the beamwidth can be easily deter-
mined with the aid of the, dimensions of
the aperture.

2.2. Horn radiators

Figure 2 gives the 10dB beamwidth of a
so-called horn radiator as a function of its
aperture. It will be seen that the
beamwidth decreases on increasing the
aperture. This diagram, which is also
given in [7], is valid both for round (A =
diameter) and square (A = side length)
cross-sections. In the case of a parabolic
antenna with a focal angle of 135° a
horn radiator also having a beamwidth of
135° will be required; this corresponds to
a horn radiator having A/A corresponding
to 0.63. The differing values for the H
and the E-planes which were mentioned
in [8] are not of interest here. With A =
130mm, "A" will correspond to: 0.63 x
130 = 82mm.

3.

Tubular radiator

Due to its ease of construction, and since
tubes are easier to obtain than rectangular
profiles, a round waveguide a so-called
tubular radiator is to be used. Brass tubes
are usually available in diameters with
steps of Smm. It has been seen in the
previous section that a diameter of ap-
prox. 82mm is required. The dimensions
of the round waveguide are now to be
established.

3.1. Diameter of a round waveguide

Without going too deeply into the theo-
retical relationships in waveguides, the
permissible diameters of a round
waveguide are to be given which is to be
operated in a single-mode range. This
range is between the limit wavelengths of
the H,, and the E;, wave. The diameter
range for this is given in equation: 2, and
the first number of the nominator is valid
for the H,,-wave and the second number
for the E ,-wave:

A

P —— 2
1.71t01.31 @

It will be seen that the diameter in which

only the H -wave is possible, is in the

range of 76 to 99mm for L = 130mm (f -

2.31GHz).

Due to the increasing loss in the vicinity
of the wavelength limit, the diameter of
the waveguide should be as large as
possible, without going into the range of
the next higher oscillation mode, in our
case the E -wave. For this reason, a
diameter of 88mm (outer diameter
90mm, wall thickness 1mm) was selected
for the, 13cm band. The H,,-wavelength
limit then amounts to 151mm corre-
sponding to 1.99GHz.

3.2. Waveguide wavelength

The wavelength of a waveguide is not
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Fig 3: Dimensions of a tubular radiator for the 13cm band.

identical to the wavelength of a RF signal
in free space. The waveguide wavelength
Ay 1s greater than in free space. The
re“fationship between these two values is
given in equation 3:

3)

Where A, is the limit wavelength of the
type of wave under consideration.

A value of 151lmm was obtained from
equation 2 as the limit wavelength for the
H, -wave. In the case of the selected
diameter of 88mm for the tube, the
calculated wavelength of the waveguide
amounts to 258mm (free-space wave-
length. 130mm). This value is required
later for calculating the length of the
tubular radiator.

3.3 Construction of the tubular
radiator

It was mentioned in section 2.2. that the
horn radiator should have an aperture of
82mm. According to section 3.1., a
waveguide diameter of 88mm would be
favourable. A diameter of 88mm is
within the permissible range between 76
and 99mm, and a horn shaped aperture of

120

the radiator will not he required. For this
reason, the radiator has been called:
tubular radiator.

The question was now which length
should be selected for the radiator since
various conflicting information was to be
found in the various sources. The various
lengths varied from 2, down to consid-
erably lower values, which meant that the
most favourable length had to be estab-
lished with the aid of measurements. A
length of 2, was chosen for the start of
the measurements which corresponded to
a length of 260mm. As will be seen in
section 4, the measurements showed that
the optimum length is A/2, when referred
to the waveguide wavelength . This
results in a mechanical length of 129mm
for the 13cm band.

Figure 3 gives the dimensions of the final
tubular radiator. The interface between
the coaxial cable (N-connector) and the
waveguide mode is clearly shown. This
can be classed as a type of vertical
antenna (ground plane), however, its
length is far shorter than A/4. The spacing
of this radiating element to the rear panel
of the tubular radiator, and the length of
the actual element are adjustable. The
given dimensions have been found to be
most favourable for the 13cm band in the
following measurements.
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4. in its axis, and giving the loss as a
function of the various angles.
Measurements

The following measurements were made
to establish the two most important char-
acteristics of the tubular radiator: the
radiation diagram and the matching to the
coaxial cable. The radiation diagram
should fulfil the demand of illuminating
the parabolic reflector so that 10dB
power reduction is present at the edge of
the reflector.

These measurements were carried out
using an amplitude reflection measuring
system HP8755 having an impedance of
50Q. This measuring system allowed
both the insertion loss and the return loss
to be measured simultaneously. The re-
turn loss could be read off directly,
whereas the insertion loss was measured
by measuring the attenuation from the
tubular radiator to an auxiliary dipole
placed several meters away. If the spac-
ing between these two antennas is kept
constant, the radiation diagram can be
obtained by rotating the tubular radiator

4.1. Matching

Figure 4 gives the diagram of the return
loss over the frequency range of 2GHz to
2.5GHz. The amateur band is from 2.3 to
2.35GHz. The measuring range for the
return loss amounted to 0 to 40dB which
corresponds to the VSWR values given
on the right side of the diagram. The
reference impedance is 50Q.

The “vertical antenna” was shifted with
respect to the rear panel of the tubular
radiator and the length of the element
varied with the aid of a screw in order to
obtain the lowest VSWR within the
amateur band. It was interesting to find
that a high return loss could be obtained
at 2.3GHz that could be shifted in fre-
quency somewhat using the described
means; however, a peak in the return loss
was also found at 2.08GHz that could not
be affected by these adjustments. By
calculation, it was found that this reso-
nance was caused by the length of the
tubular radiator; since the length of
260mm corresponds to a waveguide
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Fig 5: Radiation
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wavelength of A/2 at a frequency of
2.08MHz. This dimension indicated a
natural matching of the tubular radiator
to space, and further experiments were
made to establish further details.

In order to do this, the length of the
tubular radiator was calculated so that it
corresponded to exactly A/2 of the
waveguide wavelength in the 2.3GHz
amateur band. This resulted in a me-
chanical length of 129mm. The measure-
ments made on this radiator, and the
results were as expected. A resonance
condition existed at 2.3GHz which was
not affected by alignment of the energis-
ing element, whereas a second resonance
point could be varied. By combining
these two matching points, it was possi-
ble to obtain a bandpass characteristic
which allowed matched conditions to be
obtained over a far wider frequency
range than was the case with the 260mm
long tube. The return loss amounted to
approximately 32dB over the whole ama-
teur band, which corresponds to a VSWR
of 1.05 (Figure 4). This is a very good
value when one considers that the toler-
ance in the impedance of coaxial cables
amounts to 5%, and thus is in the same
order of magnitude.

The described experiments were made in
a large room where the radiator was
either able to radiate freely through a
window, or against the ceiling (2m). In
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order to establish what effect the para-
bolic reflector would have on the match-
ing, a metal plate of approximately one
square meter was moved towards the
radiator. It was found that a slight fluc-
tuation of the return loss was indicated,
which increased the nearer the plate came
to the aperture of the tubular radiator.
These fluctuations remained in the order
of 30dB (min. 25dB) up to a spacing of
approximately 40cm. This corresponds to
a VSWR of approximately 1.1, which is
still an excellent value that would not be
measurable with amateur means. For
those readers that have access to such a
measuring system, it is possible for the
complete antenna including parabolic re-
flector to be measured and the optimum
matching obtained by varying the coaxial
element.

4.2. Radiation diagram

The second task was to measure the
radiation diagram of the tubular radiator,
which of course could not be carried out
indoors due to reflections which were
found to considerably distort the radia-
tion diagram. On the other hand, a small
spacing between the tubular radiator and
the auxiliary dipole could cause adjacent
effects. For this reason, the measure-
ments were made out-of-doors.

The measuring dipole was mounted 4 to
5 meters away from the tubular radiator
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Fig 6: 1.2 meter parabolic with tubular radiator for the 13cm band (G

approx. 24 - 25dB).

dipol

and the loss between the tubular radiator
and auxiliary dipole was measured with
the measuring system. The tubular radia-
tor was rotated in its vertical axis. A
second series of measurements was made
after the tubular radiator had been rotated
by 90°. The vertical plane diagram was
obtained finally by rotating the tubular
antenna by 360°.

The result of these measurements is
given in Figure 5. It will be seen that the
signal drop of 10dB with respect to the
maximum value is obtained at an angle
of approximately 80°. This corresponds
to a total beamwidth of 160° which is
somewhat more than the ideal value
required for the parabolic reflector of
135°. At 135°, this value amounts to 9dB
which is tolerable. It should also be taken
into consideration that this measurement
of the radiation diagram was not made at
highest precision since the measuring
arrangement was too simple for this. Due
to a lack of time, it was not possible to

repeat these measurements under labora-
tory conditions.

It was found during these measurements
that considerably more time would have
been required without sweep generator in
order to obtain the same results. For
instance, if the measurements were only
made within the amateur band, the reso-
nance position at 2.08GHz would not be
discovered, and thus the cause of any
matching difficulties.

5.
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articles, six-metre equipment reviews, DXpedition news and technical articles.

Why not join the UKSMG and give us a try? For more information contact the
secretary: Dave Toombs, G8FXM, 1 Chalgrove, Halifax Way, Welwyn Garden

City AL7 2QJ, UK or visit the website.

The UK Six Metre Group
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Gunthard Kraus, DGSGB

Internet Treasure Trove

Bama

Many people have already heard of or
use this archives, if you are looking for
manuals on older measuring instruments
and equipment. The address is shown
again because the author has forgotten it
several times already and then had to
laboriously search with others enquiries.
There are new manuals all the time so it
is worthwhile looking occasionally. By
the way: if you can contribute a manual
from your archives you will be most
welcome.

Address:
http://bama.edebris.com/manuals/

PM-SDR

For those interested in the modern tech-
nology of “Software Defined Radio” this
homepage should be exactly whet you
need. Italian amateurs developed and
make an interesting, low-priced kit with
extensive documents as well as some
accessories. The pdf manual is worth
studying - did always want to know how
a “QSD mixer” works? Its exact function
is described e.g. including the remaining
hardware in the manual.

Address:
http://www.iw3aut.altervista.org/
index.htm

DDS-60 kit

Here is another modern piece of technol-
ogy for playing and experimenting, e.g. a
kit for a DDS-VCO including extensive
documents. The heading of the homepage
reads: ,,A 1-60MHz coverage VFO with
built in amplifier and variable outputs
level from 0 to 4V p-p. Would that be
something for you?

Address:
http://midnightdesignsolutions.com/
dds60/index.html

Sonnet

This name is very familiar because this
concerns one of the best EM-simulators
for planar structures (e.g. Patch antennas,
Microstrip couplers, filter etc.). They
always had a heart for people with little
money (pupils, students and private de-
velopers) and produce a free “Lite” ver-
sion for a time that is available “free” on
the Internet. Here is the most pleasing
message: in the Lite version so far (after
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registration) there has been a 16 mega-
byte limit on the main memories now
that has been increased to 32 megabyte
making it possible to perform substan-
tially more exact simulations. In addition
there are again some improvements and
advancements, which are also available
in the Lite version.

Address: http://www.sonnetusa.com

Texas Instruments

A large name and a large manufacturer -
and the following Application Notes
shows that they are always very active
with innovations in all areas. The title
reads: “Smart Selection of ADC/DAC
Enables Better Design of Software De-
fined Radio”. It also gives a very in-
formative introduction to the topic
“SDR”.

Address:
http://www.ti.com/lit/an/slaa407/
slaa407.pdf

Baudline

Baudline is a time-frequency browser
designed for scientific visualisation of
the spectral domain. Signal analysis is
performed by Fourier, correlation, and
raster transforms that create colourful
spectrograms with vibrant detail. If that
is what you are looking for then here it is.

Address:
http://www.baudline.com/
what _is_baudline.html

Guided Wave Technology

For people who deal with high frequen-
cies at high powers and therefore are
dependent on waveguides, here is a set of
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useful on-line calculators.

Address:
http://www.guidedwavetech.com/
wgchoose.htm

Tonne of software

The heading of this homepage is very
descriptive: “A site for the technically
inclined, offering to the fraternity a col-
lection of original engineering software".
Browse, choose, and download. These
possibilities for downloading interesting
programs should not be missed.

Address: http://tonnesoftware.com/

Sites for radio amateur

Something from France: a listing of
interesting topics for radio amateurs.
Studying the list is worthwhile in itself!

Address:
http://radioham.free.fr/sites/radio2.htm

Note: Owing to the fact that Internet
content changes very fast, it is not always
possible to list the most recent develop-
ments. We therefore apologise for any
inconvenience if Internet addresses are
no longer accessible or have recently
been altered by the operators in question.

We wish to point out that neither the
compiler nor the publisher has any liabil-
ity for the correctness of any details
listed or for the contents of the sites
referred to!
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ba tc - __ jz-;_r:"'f“'l.ive demo/ATV group
BACM I '/ demonstrations

T Specialist Trader selling
S RF and video components

Members table top
sales

A test and fix it area

Basingstoke 6th and 7th of October

http://'www.batc.org.uk/club_stuff/convention/index.html

Amateur Television Quarterly

E_I’,',r" articles on 2 poK't miss another issue.

BALLOONING Subscribe Today!
ATV PROJECTS

Antenna Design for ATV
55TV

ATV ACTIVITIES

Digital ATV

ATV On The internet
WorldWide ATV Coverage

USA $20.00 year
Canada $22.00 year
DX §29.00 year (US §)

Write or check webpage TODAY for more information!
Mike Collis, P.O. Box 1594, Crestline, CA 92325

http://atvquarterly.com
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