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The results of the postal price survey show that a printed magazine is still wanted by

the majority, see page 130 for the full details.

One of the overseas agents since the magazine started in 1969, Julio Prieto the
Spanish and Portuguese agent, has been unwell and has decided to stand down.

Thank you to Julio for his work for the magazine over the years.

There is a correction to the the SMD resistor article in issue 2/2012 on page 154.

73s - Andy

-
\% K M Publications, 503 Northdown Road, Margate, Kent, CT9 3HD, UK
g

Telephone / Fax +44 (0)1843 220080, email : andy@vhfcomm.co.uk

web : http://www.vhfcomm.co.uk
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Results of Postal Price Survey

I put a flyer with each copy of VHF Communications issue 2/2012 and I have
received replies from 114 subscribers at the time of writing this article. That is about
a 25% response rate so it may not be representative. The results were:

¢ Continue with a printed magazine with the increased postal prices - 70%
e Change to an electronic delivery only magazine - 28%
e Closed down the magazine - 2%

So the majority want the magazine to continue in printed form and say they will pay
the increase postal prices.

During the survey several people suggested alternative postal services. If you are
reading this article your magazine was delivered via one of those services and the
good news is that the postal costs are somewhat cheaper than Royal Mail. If this
mailing is a success it means that the prices for next year can be:

e 2013 subscription - £22.80

e Additional price for surface mail - £3.00

e Additional price for airmail to Europe - £5.00

e Additional price for airmail outside Europe - £8.00

That is significantly better than using Royal Mail and I hope it will mean that even
more subscribers will be convinced to re-subscribe for 2013.

I have decided to publish details of the magazine circulation so that you can see how
difficult it is to maintain this magazine with such a small number of subscribers. The
circulation has fallen slowly over the past 10 years from about 1200 copies to its low
level of 463 copies by mid 2012.
There may be a few more subscrib-
ers in the second half of the year but
it will not reach 500 copies. This
low number means that there is very
little money to spend on encourag-
ing new authors to write articles. In
turn the lack of articles means the
magazine is less attractive to new
subscribers. I hope that I will be able
to keep the magazine going in
printed form with the revised postal
prices. If by the time that the first
issue for 2013 is ready to be posted I
will review the number of subscrip-
tions and if it is critically low I will
have to think again.

VHF Communications Magazine circulation June 2012; 463 copies

USA. Australia

If you can encourage any of your
friends or colleagues to subscribe that will help the situation. If you can write an
article for the magazine that will be very much appreciated and there is a small
payment for such articles but do not expect to retire on the proceeds.

73s - Andy
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Gunthard Kraus, DGSGB

An Interesting Project: A low-
loss 10.7MHz bandpass filter
with attenuation up to SOOMHz

The complete development of this filter
is described including the design strat-
egy and simulation. The problems as-
sociated with component selection and
interpreting the measurement results
of the finished product are addressed.

1.

Introduction and specifications

The 10.7MHz frequency is mostly used
in FM receivers as an intermediate fre-
quency. There are many finished compo-
nents to buy (ceramic filters, Crystal
filters, etc.) and the use of modern tech-
niques such as digital signal processing is
very great. Development and experi-
ments in this field require the correct
sources and matching filters. It is often
necessary to heavily attenuate unwanted
signals far outside the 10.7MHz band.

At the beginning of a new development,
there are always a number of considera-
tions. This leads to a list of the necessary
requirements for the concept and finally
the specifications. And so the specifica-
tions for this project are:

System impedance: Z = 50Q2

Filter type: Chebyshev
with a maximum
ripple of 0.3dB
Centre frequency: 10.7MHz

500kHz

not more than
6dB

Stopband
attenuation, at 9
and 12MHz at
least 70dB
Wideband attenuation: Trying for
70dB up to
500MHz

The filter should be housed in a ma-
chined aluminium case with screwed on
shielding cover. The associated board
should be 30 x 50mm or alternatively
30mm x 130 mm. Four screws (M2.5),
3mm from the edge of the board fix it
into the housing.

Ripple bandwidth:
Pass band loss:

Slope:

SMA connectors are used for the input
and output with their inner conductor
directly soldered to the appropriate
microstrip lines on the board. The famil-
iar Rogers "RO4003" material is used
for the board material with a thickness of
32mil = 0.813mm and double-sided cop-
per laminate (thickness = 35um). The
copper base forms the continuous ground
plane, necessary vias from the top to the
ground plane are made using silver plated
hollow rivets with a diameter of 0.8mm.
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Passband Topalogy

Appraximation

Technology
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W
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Advanced Specs
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Please open
| Mext »> | Cancel |

Fig 1: You will be welcomed by the filter designer and then select the filter
required.

2. From previous projects produced it was
known that the "coupled resonator band-
pass filter type" (narrow bandpass) suits

Development strategy
this task well. In this filter all inductors

have same value and matching to the
The following questions need to be clari- source and load impedance is done using
fied first: capacitive transformation. Therefore, a
e What type of filters meets these 1St simulation assesses what filter level
requirements? must be selected to achieve the required
e What filter level is required? bandwidth and stop band attenuation. At
. . ) the same time the Q of the coils needed

e What coil quality is at least necessary

! . to give the required maximum ripple in
lfggsghe required maximum pass band ,o"a5shand was checked. The realisa-

. . ) ) tion of coils of this quality is covered in
What coil design meets this require-  the pext chapter. Finally a prototype was
ment and fits in the housing at the made, first a low filtering level was
same time? chosen (for example, filter with n = 3
What efforts are required to achieve only requires three coils - less work in
the high and broadband stop band design and construction) because it will
attenuation? give the best reproducibility and reliabil-
ity. Only when all these problems are
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Fig 2: Do not forget to input the coil
quality. In addition the other
components values can be specified.

resolved satisfactorily can the full ver-
sion and the optimisation of the stop
band attenuation be addressed.

Filter, Design Wizard - Specifications

Specifications

0.000001 <= fp1

<=1000

Analysis

3.

Filter circuit and coil quality

The indispensable development tool is
the free RF CAD software "Ansoft De-
signer SV" that contains an excellent
filter calculator. As mentioned in earlier
publications, Ansoft has unfortunately
taken this Designer SV off of the Inter-
net. But the author has been permitted to
keep a download [2].

When the program is started there is an
option under "Project" for "insert filter
design". The corresponding menu entries
(Bandpass / Coupled resonator / Cheby-
shev / Ideal / Capacitively coupled) as
shown in Fig 1 control the performance.
The diagram produced shows that you
have done done everything correctly and
you can click on "Q factors" to set the
quality of the coils. The left half of the
menu shown in Fig 2 ensures the correct
entries (Inductance/Q(f) = Q_ * f/f / Q =
150/f, [GHz] = 0.01) and Q, uses a
quality = 150 at 10MHz that varies
linearly with frequency. In the right half
of the menu you will find a useful option
that can be used to test the reactance and

3| Fig 3: Enter the
filter details very
carefully (see text
for the order) and

Orcler 3
Ins.Loss[dB] Ret.Laoss[dB]
Rippls [4E] 03
fp1 [GHz] 0.01045
20
fp2 [GHz] 0.01095
fo [GHz] 0.0107
40
EW [GHz] 0.0005
Source. Rs 50 &0
Load, Ro 50
Resonator L [nH{ 1000 e
z oo
z 0.00% 0.01 0.011 0.012
Frag [GH
Please enter as | ki
2 . Narrowband Wideband
described in the text | -t==]

Please open

open "'settings"'.

10
20
30

40

50
0.013

Settings...

<¢ Back Hest »> Cancel
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Analysis Settings EJ
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v Auto analyze when a specification iz changed
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Fig 4: The frequency range is

Cancel |

specified and the coil quality included.

loss resistance as a series connection or
parallel connection! A 1000nH inductor
should have a Q = 150 at 10MHz.

After clicking on "Next" to get the actual

settings menu of the filter (Fig 3), note
the order of input. The two first entries
(Filter order = 3 and maximum ripple =
0.3dB) are harmless. Then the frequency
must be specified first with f = 10.7MHz
= 0.0107GHz followed by the desired
bandwidth BW = 500kHz = 0.0005GHz.
Then click the value box for the lower or
the upper cutoff frequency f, or f,
ranges so that they are the correct values.

Both the source and the load resistance
are 50Q and inductors used are 1puH =
1000nH. You can already see the filter
curve but the frequency axis needs to be
improved. Click on "Settings" and enter a
sensible frequency range of 9 to 13MHz
in the popup menu (Fig 4), this gives a
better fit for the axis. To take the quality
of the coils into account tick the check
box as shown and make the calculations
with "OK", the result can be seen in Fig
5. This shows not only all the component
values but also the values of S11 and S22

48.58pF

.

50.00H
1000.0nH
165.6pF

8.479pF 8.4709pF 48.58pF

—>

50.00H

1000.0nH
165.6pF

1000.0nH
204.4pF

Ins Loss[dB] Ret.Loss[dB]
0 0

S$21=-2.5dB
at10.7 MHz

20

40

S21=-37dB
at 12 MHz

&0

' $21 = -58dB
at 9 MHz

100 25
0,009 0.0095 0.01 00105 0.011 0.0115 0.012 0,0125 0,013
Freq [GHz]

filter level must be increased.

Fig S: This display provides all important filter properties and shows that the
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Fig 6: The results for the filter with n = 5 and it fits the reqmrements

in dB are shown graphically. It is good to
know that with a filter level n = 3 the
attenuation at 9 and 12MHz is 58dB and
38dB respectively and not the required
attenuation of 70dB. The passband loss at
10.7MHz is, however, a pleasing 2.5dB.

A new design process will start immedi-
ately, this time with the filter level n = 5.

Because the input procedure is the same
for the new filter level the new design
offers no problems and it produces the
simulation result shown in Fig 6. Now
the attenuation at 12MHz is the required
70dB (at 9MHz there is more than
100dB) and the attenuation in the pass-
band reaches just 5dB (6dB would be
allowed).

Thus the goal is clearly defined. The only
real problem is the required minimum
coil quality of Q = 150 because firstly
that level is quite high and secondly the

coils need to be small so that they can be
fitted without mutual interference on the
board and in the chosen shielding hous-
ing. Unfortunately both requirements
contradict each other.

4.
The fight with coils

The answer is in the technique: "no trade
shows no knowledge". Identification of
high quality coils at high frequencies
(here: at 10MHz and 100MHz) would be
interesting and requires an expensive
piece of measuring equipment rarely
available as on the used market. It is
good if you have had many years at the
electronic flea markets and could not
resist some purchase that has paid off
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now. In the hidden store I have a
"Boonton RX meter" from 1960. It is an
impedance measuring bridge for the fre-
quency range 10MHz to 300MHz
(principle: modified Schering bridge test
oscillator with a simple superheterodyne
receiver to measure the bridge voltage -
everything in valve technology). The

Fig 8: Widely used and proven: the
shielded coils from Neosid with a
matching core and a size of 7.5 x
7.5mm. Unfortunately a Q no greater
than 100 was achieved.
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Fig 7: A return to
my professional
g past: The Boonton
RX Meter waiting
[ for the first
) measurements.
‘ Never forget what
i |the yellow sticker
Blsays (Sticker on the
top left of the
instrument says
"Attention 110V").

historic equipment works after refurbish-
ment as shown in Fig 7.

A bridge is a fine and accurate device in
spite of some strange operation and the
necessary brain power to make and
evaluate the results with the calculator.
The bridge determines inductance as
"negative capacitance" and the adjustable
range is limited to 100pF. Therefore to
measure L = 1pH the measurement fre-
quency was increased to 16MHz to keep
the "negative equivalent capacitance" be-
low 100pF. The yellow sticker on the top
of the unit (attention: 110V voltage)
requires attention as well as an additional
external variable transformer otherwise it
is goodbye valves...

First of all the familiar and often used
Neosid coils with adjustable core (base
size: 7.5 x 7.5mm) were examined (Fig.
8). A series of tests with different core
materials, designs and wire gauges al-
ways gave the same result: it was not
possible to create a coil with a Q of more
than 100 for a 10MHz filter.

Fixed core kits as an alternative are
significantly larger and relatively expen-
sive. Air core coils are a non starter for a
1uH coil with a high quality of 150 at
10MHz and therefore only the familiar
Amidon torroidal cores remained as an
alternative. They are readily available
and inexpensive and quality information
is available from the Internet that gives
hope. Also they promise very low cou-
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Fig 9: The three
Amidon torroids
tested.

pling due to the closed field lines that is
why additional shielding of individual
circuits is not required. It only remains to
choose between ferrite and fine iron
powder as a magnetic material in the
core. Very high permeability ferrite (this
means high AL value and low windings!)
give very pleasing quality values. There
is another problem, a closed core causes
early saturation and non-linearity with
increasing current leading to signal dis-
tortions. Pure iron powder with its micro-
scopically fine iron particles contains
enough plastic binder between the single
grains to give an air gap with the effect
of a much higher saturation. So the eddy
currents in the the tiny grains are mini-
mal. Therefore the priority was given to
iron powder cores and a small range were
ordered for experiments. The types cho-
sen were T20-2, T37-2 and T44-2. The

designation system is easy, the first
number indicates the diameter in 0.01
inch while the number "2" after the dash
says: "Optimum frequency range = 1 to
30MHz". The torroids also have a colour
range, red and brown for this frequency
range.

These three cores were wound with
enamelled copper wire to give an induct-
ance in the order of 1uH with turns
distributed around the entire circumfer-
ence (Fig 9 shows a size comparison with
a Euro coin). The inductance values were
measured with an old "LARU" from
Rohde & Schwarz. The measurements
with the Boonton RX-meter went further.
As mentioned earlier, 16MHz had to be
used as a measurement frequency to stay
in the range of the maximum "-100pF".
This resulted in the interesting Table 1.

T20-2  5.08 19 CuL 0.2
T37-2  9.53 15 CuL 0.3
T20-2  5.08 19 CuL 0.2

097uH  12.9kQ 132
1.02uH  18.8kQ 183
099uH  15.9kQ 159

137



VHF COMMUNICATIONS 3/2012

@
P

Fig 10: Three test
coils with different
windings and
winding patterns.

3
*

The results show that the T37-2 core
gives the highest quality of Q = 183 in
this design, therefore it was chosen for
the filter. To round things off another coil
was wound on this type of core (number
2 in Fig 10) with 15 turns but this time
the coils close together. This resulted in
increased inductance to approximately
1.45uH. A third core (number 3 in Fig
10) was also closely wound but with only
12 turns to get back to 1pH. The quality
comparison of the three T37-2 versions
measured with the Boonton-RX-meter is
interesting and shown in Table 2.

You can see that amazingly the quality of
three cases is practically the same. This
means that almost the entire magnetic
field always runs in the core thus deter-
mining the quality with its losses. Only
when the windings are slided together
(until they touch) the coil quality is
decreasing probably due to the mutually

induced currents in the adjacent wind-
ings. Also the self capacity is increased
causing the natural resonance frequency
to go down. So the first version with
windings spread around the entire perim-
eter was used for the project.

There is still the problem of the correct
method to mount the cores on the board
to ensure that:
e Absolute mechanical stability and re-
producibility is guaranteed
e The high quality of the coil is not
reduced too much

After several experiments and some pon-
dering the following solution was found
(Fig 11):

A small disc is cut out from a piece of
1.52mm thick single sided FR4 board
(glass fabric + epoxy) using a jigsaw.
The 1pH coils are glued onto the non
copper side of this disc using UHU-plus

1 Turns distributed 15
round the core

2 Turns close 15
wound

3 Turns close 12
wound
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1.006uH  18.2kQ 180
1434pH  26kQ 180
1.0015uH  19kQ 184
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Fig 11: A version of the coil glued
onto a piece of PCB material.

(epoxy) glue. The windings are also fixed
on the top of the core with glue. (The coil
is set to 1puH while gluing by connecting
the coil of the inductance meter and
moving the windings around the core
until the exactly inductance required is
reaches). This method produces a compo-
nent that cannot change its value and is
always kept at a distance of 1.5mm from
the copper surface. This means that nei-
ther the stray capacitance or the quality
of the coil can vary during handling and
fitting (the tiniest changes of the induc-
tors in the order of parts per million can
change the response curve of the narrow

bandpass filter). The trick with the cop-
per layer on the bottom means that the
coils can be soldered onto the board with
the other components and all this does
not influence the coil data.

The only anxious question was would the
coil quality be significantly reduced by
the glue or because it is close to the
copper layer at the bottom of the FR4
disc. The inductance and quality of the
first three coils made for the filter were
measured using the Boonton RX meter.
Here the result:

The inductances were as follows:
L=1.013, 1.01 and 1.0015pH
The Q values were:
Q=162, 167 and 164

So the coil problems are regarded to be
solved.

S.
The first filter prototype with
N=3

Fig 12 shows the first attempt to transfer
the circuit provided by the filter design
into a practical version. The different

IDEAL

8,45pF

B

EN B B

165,6pF

165,6pF 2044pF
All coils 1uH
(Q =150 at 10.7MHz
represented by 0.45 ohm
series resistance)

1
TH

290F +27pF

S0pF +
ifumer (5...30pF)

REAL

S6pF+27pF  5,6pF+27pF

DI0F +27pF

A

i 1 1

T I 1
180pF +10pF+ 150pF +
Triimer (6...300F) Tritnmer (5..300F)

All coils 1uH

(Q =150 at 10.7MHz
represented by 0.45 ohm
series resistance)

Fig 12: A very important and essential step: The theoretical design is

transferred the real circuit.
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Fig 13: The PCB layout using Rogers
RO4003 material 32mil thick. The
microstrips line has Z = 50Q with
gaps for the coupling capacitors.

coupling capacitors have been replaced
by standard value SMD components with
values as close as possible to the required
value (with not more than 3% deviation).
The shunt inductors have a trimmer
capacitor added across the coils. Thus the
required total capacitance value can be

v Yiew gmolste Iools Window Help

A= @7 £

Fig 14: The finished prototype

QoAR RUBERYE +R2E#H A8 L3023 YDV D Ciciidey

convenient set and also the
"manufacturing tolerance" of the three
torroidal coils can be corrected.

The prototype of the filter circuit was
built on a 30 x 50mm board (Fig 13). The
different ground islands for the three

[BEEE
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S21

9.5MHz 10.0MHz 10.5MHz 11.0MHz 11.5MHz

Fig 15: Theory
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Fig 16: The result is as expected.

circuits can be seen as well as the
required vias. The assembled board is
shown in Fig 14. One thing we must be
highlighted: the rotors of all variable
capacitors must be connected to ground
otherwise the filter curve will be changed
by the adjusting tool touching the trim-
mers when adjusting the matching. SMD
variable capacitors usually have a tiny
marker denoting the rotor.

This circuit was examined in an LTspice
simulation with the coil quality simulated
in the form of series loss resistance of
0.45Q. The result together with the S21
measurement at 10.7MHz after success-
ful adjustment of the curve to maximum
can be seen in Fig 15. The in-band
attenuation is about 2.2dB that is con-
firmed nicely by the simulation. The
remaining results between 9 and 12MHz
are also in accordance with the simula-
tion.

Now it was interesting to examine the
stopband behaviour to see if it can
achieve 70dB up to SO0OMHz. Secondly,
it is interesting to see how the circuit
behaves up to 1GHz. The answer is
shown in Fig 16 and we can be very
satisfied. Above 500MHz the natural
resonances of the components cause trou-
ble but that was to be expected. These
effects are limited and a maximum of
about 30dB is reached at 720MHz.

The measurements were made with a
good precision signal generator (HP
8640B) as the signal source to power the
filter. The signal was measured with a
RACAL DANA 9301A 50Q input im-
pedance true RMS millivoltmeter. With
an output level of +10dBm and the
lowest measuring range of the millivolt-
meters of -50dBm gave a measurement
range of 50 + 10dB = 60dB. The -10dB
level is clearly marked on the scale of the
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Ideal

All inductors 1uH
Good Q=150 at 10.7MHz
with series resistance 0.45 ohm

48,69pF 7,634pF

168,2pF  2076pF  209,1pF 207 6pF 168,2pF

\

5 7 0
PCB Version
56+22pF 47+1 5pF 47+1 5pF 56+22pF 47pF
H H H H
150pF 180+10pF  180+10pF  180+10pF  150pF

Each coil has a 7.5 - 30pf trimmer added
All coils are IuH

6115pF  6,115pF 7,634pF  46,69pF

Fig 17:

millivoltmeter so -60dB can be seen and
a final measurement range of 10 + 50 +
10 = 70dB is shown in Fig 15. The whole
thing was verified with a modern vector
analyser (ZVRE from Rohde & Schwarz)
in the laboratory of the University of
Cooperative Education - this turned out
to be unnecessary because the results
were completely identical to those of
"do-it-yourself" measurements.

The results of measurements over a wide

frequency range with the combination of
a signal generator and a broadband milli-
voltmeter should be treated with caution.
The signal generator output has harmon-
ics generated in the power amplifier, the
strongest being at odd harmonics num-
bers. As it happened in our example the
third harmonic of the frequency f =
240MHz falls in to the maximum shown
in Fig 16 at f = 720MHz.

The perfect remedy is of course an
additional harmonic filter at the signal
generator output or a Spectrum Analyser
as a voltmeter - the same as using a
Vector Network Analyser. A solution is
still possible for wide band measurement:
you choose the next higher output volt-
age range (here +20dBm) and then turn
down the output level to +10dBm. By
decreasing the control of the final stage
by 10dB the amplitudes of the third order
harmonics will decrease by -30dB. Thus
the results of wide-band measurements
again agrees with the measurements from
the Vector Network Analyser.

6.

The final objective: Five Pole
version

The calculations required were shown in
Fig 6 but again the result must be
implemented in a practical circuit with
SMD capacitors and torroidal coils. The

130mm

30mm

Fig 18: The PCB is now quite long.
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Fig 19: The result is not far from the simulation, a good result after all the

work.

result can be seen in Fig 17, Fig 18
shows the circuit board used (material as
always: Rogers RO4003 with a thickness
of 32MIL = 0.813mm). The concept can
be seen with the separate ground islands
and many vias with a 50Q microstrip line
running down the centre from the input
to the output interrupted by a small air
gap for the coupling capacitors. This line
gives something of a conflict for the
simulation, should these lines be included
in the simulation? Below S00MHz they
only constitute additional capacitors and
that can be balanced in every tuned
circuit by the existing trimmer capacitor.
If anything, the transformation effects of
line is only apparent above of 1GHz. Fig
19 shows a comparison between the S21
simulation and measurements.

The wide frequency range up to 1GHz is
of interest, it can be seen in Fig 20 and
probably leaves no wish unfulfilled. It

was measured with an HP 8410 Network
Analyser and this result was confirmed
with the Rohde & Schwarz ZVRE
analyser.

The finished circuit in the housing is
shown in Fig 21 and is an improvement
compared with the first three-pole filter
version. The torroidal coils were not
stable enough when fitted because the
smallest changes (such as slight bending
of a connection wire when soldering)
changed the response curve significantly.
So a 2.5mm wide, 0.4mm thick, 15mm
long strip of copper plate was soldered to
the bottom of the circular FR4 substrate.
The torroidal coil is now like an SMD
component and can now be repositioned
if required (Fig 22). Now it is immovable
with absolutely rigid wires on the circuit
board. This fact is confirmed by Fig 23
showing one of the five circuits with all
associated parts.
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Fig 20: The wide band results fit the requirement.

Fig 19 shows that these experiments with
the coil quality have not harmed the S21
characteristic in the passband. The simu-
lation with a Q of 150 showed that a
value of S21 = -4.6dB at the centre
frequency f = 10.7MHz and it was
measured as -4dB. That means that the Q
is higher than 150 and was measured as

Q = 164 from the previous chapter for
the "SMD version" of the torroidal coils.

Fig 23 shows the "piggy-back versions"
of the coupling capacitors. It is harder
than it looks to get this construction
technique correct therefore something on
the subject of "Soldering of SMD com-

itk

Fig 21: The five pole filter is an impressive sight.
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Fig 22: The finished coil is converted
into an "SMD component".

ponents" should be noted. Bernd Kaa has
already put together all the information in
his excellent guide article [1]. There is a
problem with the recommended SMD
soldering paste. It is not the success or
handling - on the contrary it is excellent
and the default method in industrial
production with convincing results. But,
for the small consumers it is quite expen-
sive (my experience) and tends to age so
it should be used quickly.

Since it was not always possible to use
fresh 0.5mm SMD solder I use cheap
solder paste. I have used the same tube
for several years without problems sol-
dering SMD components. It came from a
company called Biirklin Electronics,
please try it some time because you will
marvel at how well it works! But I can
only confirm every word in Bernd Kaa’s
article — do work this way with SMD
soldering, non-compliance with the rec-
ommendations can cause extensive dam-
age.

‘Fi 23: A close-up of the finished
component that would withstand a
professional vibration test.

7.

Summary

Everything has worked out but it was not
easy so you have to persevere to get the
result. The high Q coils, the small pass-
band losses obtained and the anticipated
steep filter edges are fascinating.

Another three-pole version was examined
but with the coils reduced from 15 to 14
turns giving an inductance of 850nH and
increased in the Q from 183 to nearly
190. The new filter design and imple-
mentation on a test board were carried
out as described in Chapter 5. The result
were a little surprising:

The attenuation was increased by a few
dB between 550 and 600MHz and dete-
riorated above 700MHz from just over
30dB to 25dB. Otherwise the results
were all identical to the results in Chapter
5. So you can safely stop here.

You need the appropriate simulation pro-
grams, sufficient experience and knowl-
edge, and a good memory for past and
errors to undertake such developments.

A creative imagination and patience help
(think about the nearly 150 holes and
vias fitted with silver plated hollow rivets

145



@ VHF COMMUNICATIONS 3/2012

on the large PCB, each individual rivet g

must be trimmed with the file to 3mm

long). High quality measuring instru- L jterature
ments are need for a successful develop-
ment (beware of old instruments or valve

designs!). All that combined with thejoy [1] Soldering advice for 0.5mm pitCh

to develop - this gives full success. SMD ICs. Bernd Kaa. DG4RBF. VHF
Communications Magazine 4/2011, pp
232 - 236

[2] www.gunthard-kraus.de
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André Jamet FOHX

The use of electrolytic capacitors
in DC power supplies

1.

Introduction

DC power supplies are a very important
part of most electronic equipment. And
yet, they are considered with a certain
disdain. The result is that the Achilles’
heel of measurements on much sophisti-
cated equipment from very well known
brands is located in their DC power
circuits. Poorly designed and poorly
made, they are the causes of many
failures. For installations of high reliabil-
ity, power supplies are the subject of
studies and very careful manufacture
(aviation, nuclear, medical). The choice
and mounting of components, such as
electrolytic capacitors, are important
points of design and implementation.

Today, the Solid State Power Amplifier
(SSPA) can deliver power up to a kilo-
watt. They require linear or switched-
mode power supplies with electrolytic
capacitors. The migration from valves to
transistors in power circuits was not the
object of updates to the rules on the use
of electrolytic capacitors. However, the
conditions are sufficiently different to
warrant a review. Indeed, the voltages
that can reach thousands of volts had
required safety precautions such as dis-
charge resistors, and features such as
series capacitors with splitting resistors.
On the contrary, the use of low voltage

with high currents requires different im-
plementations.

This study is intended to advise the
designers of 230V AC input power sup-
plies with DC output voltages of 50V
that can supply currents up to several
tens of amperes.

It also concerns boost and buck convert-
ers whose purpose is to generate lower or
higher voltages for large currents from a
12V battery. Two examples of these: A
13.8V 10A booster to get this voltage
even when the battery voltage drops to
10V [1] and a good efficiency buck
converter delivering 9V at 20A from a
12V battery [2].

2.

Capacitors

It should be noted that the capacity of a
capacitor is given by the formula:

C=¢.¢,.S/e
where:
C = capacity (F)
g, = permittivity of vacuum (1/36.10)°

g, = permittivity of the dielectric
(dielectric constant, specific inducing
power)
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S =

Fig 1: Equivalent
circuit of a
capacitor.

ESR

S = surface of electrodes in contact (m)?
e = distance between the electrodes (m)

The permittivity can be very high for
some ceramics that can reach values up
to 10uF at a few volts working voltage
(3]

Beyond that, one must use electrolytic
capacitors that use the principle of ob-
taining very high capacity using an ex-
tremely small distance between elec-
trodes.

Another family, recently introduced, is
the super capacitors. These can realise
values reaching hundreds of farads. The
voltage is limited to approximately 3V
requiring series connection that can be
very disadvantageous. Their use is very
promising for energy storage and the
possibility to supply very useful currents

during their discharge [4].

3.

Electrolytic capacitors

Electrolytic capacitors are constructed
from two metallic foils, one is coated
with an insulating oxide layer, and a
paper spacer soaked in liquid or gel
electrolyte. A formation process pro-
duces the oxide layer.

The oxide ¢ _is not very high; it is the
thinness of the dielectric layer that en-
sures very high capacity, the impregnated
paper only playing the role of a conduc-
tor during the formation process. The
oxide must survive during the life of the

S

S

Fig 2: Examples of
electrolytic
capacitors.
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capacitor to keep the initial capacity.

These capacitors are known as polarised
because they are sensitive to the polarity
of the voltage applied to them. This
voltage must not exceed a value limit
defined by the nature and the thickness of
the oxide.

Two families are used routinely; one uses
metal aluminium electrodes, the other
tantalum.

3.1 Tantalum capacitors

Tantalum capacitors are confined to val-
ues not exceeding tens of microfarads.
Their use is usually reserved for by-pass,
inter-stages and timers applications. They
are therefore not discussed further in this
article, but they require a very good
knowledge of their characteristics to use
them and avoid the setbacks often en-
countered.

3.2 The aluminium electrolytic
capacitor

These are the ones that are used to filter
the rectified DC in linear power supplies.
In switched mode power supplies they
are used for filtering but also as switched
reservoirs (Fig 2).

It is necessary to know the various
parameters of such capacitors. Fig 1
shows the equivalent circuit of a capaci-
tor with parasitic elements. These can be
defined as:

e Ideal capacitor C

e Equivalent series resistance R
(resistance of the connections and the
gel or liquid)

e Equivalent parallel resistance
(leakage of the dielectric and the
package) R|

e Loss due to dielectric (tg & of the
material) R

e Equivalent series inductance
(inductance of connections) L_

The parasitic inductance does not have an
effect given the frequencies involved,
except for switching circuits reaching the

megahertz.

For applications relating to this article, it
is customary to define the equivalent
resistance ESR that represents the set of
losses.

The ESR is very influential. It reduces
the efficiency of a ripple voltage filter. In
a switched mode power supply, it results
in losses that cause a decrease in the
conversion efficiency.

The power lost in the capacitor is:
P=(ESR).1_°

S

where:

I 7 =RMS current drawn by the capaci-
tor

It causes capacitor heating. The permissi-
ble maximum current is given in the data
published by the manufacturers.

3.3 Choosing an electrolytic capacitor.

Catalogues from suppliers and especially
those from manufacturers have all the
characteristics of the proposed products.
The design of a DC power supply gives
the specifications of the re