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Gunthard Kraus, DGSGB

Design and Realisation of
Microwave Circuits

Part-6

9.
MICROSTRIP DEEP PASSES

9.1. Output Deep Pass after Mixer

Following the extensive band pass chap-
ter, we now have to develop the two
deep pass filters in the circuit

a) The intermediate frequency - i.e. the
difference frequency between the input
signal and the oscillator signal - should
be screened out after the mixer. Thus
the total frequency - the oscillator
frequency including its second and third
harmonics, as well as the total range of
reception coming from the amplifier -
must be suppressed. For this purpose, a
deep pass is inserted here, with a
limiting frequency of approximately |
GHz.

b) To reduce the interference spectrum
arising in the mixer, among other har-
monics from the oscillator, there is a
further deep pass between the oscillator
and the mixer, with a limiting frequency
of 1.7 GHz.

194

Both deep passes should be executed
using stripline technology, with short
sections of line with lengths of less than
10% of the wavelength as a replacement
for discrete capacitors and coils as their
extremely tiny values would lead to
problems at higher frequencies with
their natural resonances, or with precisc
calibration in series production. Stripline
deep passes, however, have considerably
greater dimensions to make up for this.

The following points apply here:

a) Wide, short sections of line with low
impedance levels have high capacities,
the inductances of which can still be
neglected for short line lengths.

b) Short sections of line, as narrow as
possible, with high impedance levels
display a very small, even more insig-
nificant capacity, and are therefore used
as inductances here.

Of course, anyone using a board mate-
rial with a dielectric constant which is
too high - e.g. 10 - will have a nasty
surprise here. Realising the inductances
creates very big difficulties, since the
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conductor widths can not be narrowed
down indefinitely, and therefore the
self-capacitance is always too high. It is
best to stay below &, = 5,

It should also be pointed out that
capacitors can be made effective in
stripline technology with fewer problems
than inductances. For this reason, we
use the “low-coil” model of the already
well-known Tschebyschefl standard
deep pass, with n = 5, and a maximum
reflection factor of 10%.

The filter coefficients were:

a; = 0.97322
a, = 137226
a; = 1.80324

By using these standardised values, we
can, once again, implement any limiting
frequency whatever wvery rapidly, and
then easily specify the required compo-
nent values.

If we initially start from the limiting
frequency I'L, = 1 GHz, we need only
repeat the calculation from the previous
chapter:

These component values should now be
087322 -

L

=274,-Cy=

097322
500
_ 097322 o
2x-1000MHz-500
= C=3,097pF

:ﬁ-C1

X5 =1377226-50 0>
= 21:-1q Ly =1377226-50Q =
1377226500

B 2x-1000MHz
=L, =1092nH

=>L2

Y. . 180324
27 Tson
= 2 7-1000 MHz- C, — 180324
500
=C3 = 19000 =

2n- 1000 MHz-50 Q2
= C5 = 5738 pF

replaced by the sections of line. The
relative length, 1., of a short, wide line
section, which is to act as a capacitance,
is determined according to the following
formula:

L_sec.
2=t-CZ

where “f” is the operating frequency and
Zc the impedance level of the (wide)
line used. We normally use values of
between 10 and 20 for this impedance
level.

A value as low as possible should be
selected as this gives shorter line
lengths, since the shorter the section of
line is, the further the unavoidable
“scatter resonances”, with their attenua-
tion interruptions in the filter attenuation
band, slide away from the intended
limiting frequency. True, this increases
the conductor width, but its absolute
limit is extended only by the width of
the board or the screening housing.

Hence the experiment here with
Z = 10€2. For capacitor C1 this gives:
'L;Ll =1000MHz- 3,097 pF-100Q =
= ‘1 -0,03087
To work with Puff, we need this
electrical length in degrees. To do this,

we merely need to multiply the value
just obtained by 360, and thus obtain:

Iy = 0.03097.360° = 11.15°
195
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The same procedure is applied to the
capacitor C3:

bf— =1000MHz-5,739pF-10Q =

S lii = 0,05739

lcs = 0,05739 - 360 °=20,66 °

Now we need "coils" again. In the
narrow, high-impedance sections of line
for the relative line lengths for produc-
ing an inductance. we have:

L_fL

r Tz
7y represents the impedance level of the
selected circuit for realising inductances,
Here the conductor width should be
selected to be as narrow as possible, and
should go up to the practically realisable
limit of 0.1 to 0.2mm.

Only in this way do we obtain the
highest inductance values for the short-
est circuit lengths, with the advantage of
scatter resonances which are further
away and higher filter attenuation.

Naturally, these extremely narrow paths
increasc the transmission loss in the pass
band somewhat, but this is not important
except for filters, which are used in
transmitier high-level stages. Here there
can certainly be problems - eg. with
heating up of the paths.

An impedance level of 135Q is there-
fore selected here, which gives us:

ha . 1000MHz-10,92nH
A 1350

= kiz--().Bﬂli'B

In degrees:

I, = 0.08088.360° = 29.12°
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The design procedure just discussed is
summarised once again in Fig.48.

Standard Deep Pass, n =35
137226 137226

il Rl
I I 1

0,97322 1,80324 0,87322

Non-standard deep pass / Z = 50
Limiting Frequency = 1 GHz

10,52nH 10,92nH

I I=T
I T 1

3,087pF 5,739pF 3,087pf

als llines 10 Dhm / N,15 bzw. 20,66 Brad :
3,087pF 5,739F 3,087TpF

Microslrip +—I+ Wicroatrlp
2 = 50 Ohm \/ 2 = 50 Ohm

je 10,92nH als lline 135 Ohm / 28,12 Brad

Fig.48: The Path from the Standard
Deep Pass to the Microstrip
Cireuit
Als = As, Grad = Degree,

Je = Every
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Fig.49: First Simulation of 1-GHz Deep Pass in Microstrip Technology

(ideal circuit)

And now for the simulation using Puff.
We enter the strip lines in field T3,
prepare the layout in F1 and call up a
plotting procedure. The inputs required
arc: frequency range 0 to 5 GHz. value
range for |Si1] and ]SEI| from 0 to -
50dB. The result is shown in Fig.49,
which naturally requires some explana-
tion:

The values of the minimum input reflec-
tion attenuation |S11/| are not equal, as
between the poles, so that the procedure
looks somewhat inclegant. This is sim-
ply due to the fact that we can unfortu-
nately already observe the capacitive
fraction in the “coils” - ie. the wafer-
thin lines - and we have to do something
to counter this.

The solution is quite simple. We care-
fully reduce the length of the central line
gection “¢” (which represents capacitor
C3) in the component list '3 until the
“unevennesses” have been eliminated.
Check after each change by calling up a
new plot.

If the minimum reflection altenuation is
still rather too poor, we must also
reduce to some extent the line sections
“a” at the beginning and end of the
filter, which form capacitors C1 and CS5.
A final correction at C3 then gives
approximately the 20dB minimum re-
flection attenuation required.

If we continue, working with advanced
modeling - i.e. with lossy sections of
line, placing exclamation marks behind
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Fig.50: GHz Deep Pass with Losses following fine correction

the “tline” values again, and correcting
the ecarth until the values are
displayed again, we obtain Fig.50.

ideal

Here the limiting frequency has just
been decreased a little further to obtain
at least 20dB filter band attenuation at
the oscillator frequency of 1,600 MHz.
We have also made sure that the third
harmonic of the oscillator frequency
(4,800 Mllz) was algo sufficiently sup-
pressed. This is ensured if app. 20dB of
attenuation is present there as well,

Now it's the well-known procedure
again: the open-end shortening of the
wide line sections is determined again,
the narrow lines are lengthened by these
abbreviations, feed lines are connected
with Z = 300, and the layout is
designed. The diagram in the Puff
manual (page 37) already mentioned
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gives us a shortening of 0.47 x board
thickness for 102 and g, = 4.32. For a
thickness of 1.5mm, this gives, fairly
accurately, 0.7mm.

The necessary CAD table is then as
described by Table 1.

The 50Q feed requires an additional
width of 2.86mm.

Note:

Different open-end corrections are nec-
essary for line section “a” (for Cl and
(3), for it is connected with the “induct-
ance” on one side only. The tiny width
of 0.22mm at “b" need not be taken into
account, as against 23.68mm, so on this
side the complete shortening applies of
0.47 x h =047 x 1.5mm = 0.7mm.

But the width of the 500 line connected



VHF COMMUNICATIONS 4/98
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Scction Zz CAD-Width PUFF-Length open-end CAD-Length
Correction
a 10Q 23.68 mm 4.98 mm sce special see special
note note
b 1250 0.22 mm 16.16 mm _ +2 x 0.7 mm 17.56 mm
- | - =_il.4mm
C 10£2 23.68 mm 9.02 mm 2 x047x h 7.62 mm
-2 x 0.7 mm
Table 1

to the other side is 2.86mm. So here we
need correct only by:

W1
Al=07mm:(1- —)=
e W2)

286  _
=0,7mm-(1 23,33) 0,62 mm
Thus, for both the first and last sections
of line, we obtain a length of 4.98mm -
0.7mm - 0.62mm = 3.66mm, with a
width of 23.68mm. Fig.51 shows the
layout thus created.

As a comparison, we also investigated
the influence of the foamed material
glued to the underside of the housing
cover to suppress the wave guide effects
and cavity resonances.

Fig.52 shows the transmission loss simu-
lation and measurement result for the
frequency range from 0 to | GHz.

To sum up, we can say the following;

a) The limiting frequency measured,
which was rather lower than the theo-
retical value, and the rather high degree
of ripple for the attenuation in the
transmission band can be traced back,
for the most part, to the fact that the
diclectric constants in the FR4 circuit
board material arc dependent on the
frequency, which means the component

values obtained are not precisely what
they should be.

This made an immediate impression. Al
low frequencies, £, was still 4.8, and had
fallen to 4.3 at 1.7 GHz, If we call PufT
up again and check through which

95

Fig.51: Layout of 1 GHz Deep Pass
199
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Gemessen = Measured
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Fig.54: Simulation of 1.7 GHz Deep Pass with Losses following Displacement of

Design Frequency

dielectric constants are well matched to
the curve path measured, then we come
to 4.7 at 900 MIlz.

Those who want to work it out for
themselves should do as follows. In
component list F3, replace all length
specifications in degrees by specifica-
tions in mm, which have already been
entered in the tables above for CAD
work. Then change the value for er in
field F4, without changing the reference
frequency, and continue to plot the new
values until the simulated path and the
measured result coincide.

b) The conducting foamed material on
the underside of the cover certainly
attenuates the cavity resonances. Unfor-
tunately, it also increases the fransmis-

sion loss, which is approximately 0.3 -
0.4dB at 900 MHz, with a distance of
app. 3mm between the foamed material
and the board surface. The smaller the
distance between the board and the
attenuation material and the higher the
frequency, the greater the additional
attenuation.

Finally, repeat the measurements for

S21 1 in the frequency range from 0 to
10 GHz (Fig.53). Here again it can
clearly be recognised that the compo-
nent measurements - probably because
er has been given as 4.3 instead of 4.7 -
are too high, and so the increase in the
attenuation from the transmission limit
begins too early.

201
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2

Section Z CAD-Width PUFF-Length open-end CAD-Length
_ ’ Carrection_ B

a 102 23.68 mm 2,70 mm -(0.7 +0.62) 1.38 mm
|- _ =-1.32 mm )

b 125Q2 0.22 mm 8.82 mm +2 x 0.7mm | 10.22 mm

= +1.4 mm -

c 1002 23.68 mm 4.92 mm 2x047xh | 352 mm

Table 2

9.2. Oscillator Deep Pass

This assembly follows the oscillator
circuit, and should still allow the oscilla-
tor frequency of 1.6 GHz to be well
atlenuated. But it should prevent the
harmonics (3.2 GHz, 4.8 GHz, etc.)
from getting into the subsequent mixer
circuit and leading to undesirable mixed
products there.

l'o do this, we call up the Puff file from
the previous circuit, alter the reference
frequency in field F4 to 1.65 GHz, and
obtain Fig.54.

Using component list F3, after briefly
deleting the exclamation mark, and
entering the equals sign, we return to the
electrical dimensions of the stripline
sections. In addition, at this frequency -
about 1.7 GHz - we can reckon on er
4.32 again in fact.

If we then carry through the open-end
correction again, with the values 0.7mm

and / or 0.62mm, we already have the
data to design the board (Table 2).

The 50€ line again requires a width of
2.86mm.

If we examine the list carefully, we see
that the CAD outputs become so exoti-
cally brief - due to the low impedance

202

levels of 10Q selected and a resulting
width of 23.68mm for the “capacitors™ -
that the open-end shortening is already
of the order of the residual length.

This is naturally a very tricky arca, due
to the dispersion of the board material
data, and because of the risk of under-
etching the track edges while preparing
the board.

Fig.55 shows the board design, which is
already displaving a rather unusual look,

m
| /o o\u

i

osztpl

0
i %

Fig.55: Layout of 1.7 GHz Microstrip
Deep Pass, First Version

o)
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Fig.56: Transmission Loss | S21 | in Frequency Range 0 to 2 GHz for First
Version of Deep Pass
Gemessen = Measured
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Fig.57: | S21 | for Range 0 to 10 GHz in 1.7 GHz Deep Pass, First Version
Gemessen = Measured

for the whole thing almost looks like a  loss measured corresponds very pre-
Yagi antenna. cisely to the calculated value (see
Fig.56), the transition from the transmis-

The measurement results look just as . :
sion band to the filter attenuation band

unpleasant, for whilst the transmission
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Fig.58: Puff Simulation of 1.7 GIz Microstrip Deep Pass, Second Version

sets in markedly too carly. Anyone
looking more closely at the diagram can
see that there is a deviation of about 250
to 300 MHz, as against the theory - ie.
about 15 to 20% - decidedly too much!

Measurement up to 10 GHz (TFig.57)
confirms even more clearly that the
transition is far too early, to which are
also added, from app. 5 GHz. the usual
effects, such as cavity resonance, wave
guide behaviour, re-radiation from the
track edges, etc., which can not be
detected by the simple Puff simulation
model being used here.

But the markedly steeper increase in the
filter band attenuation from the trans-

mission limit onwards must be evaluated
ag genuinely positive.
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Unfortunately, the attenuation collapses
completely from 5 GHz -
probably not much filter attenuation to
speak of here.

there s

One way out which offers itself is an
increase in the impedance levels in the
“capacitor striplines”, for this reduces
the track widths and thus the lines must
be extended.

The impedance levels at C1 and C2 are
experimentally doubled from 10 to 209,
while the impedance level at the middle
capacitor is increased only from 10 to
150, Its capacity is in fact twice as high
as that of C1 and CS5, and the conductor

length should be kept as short as
possible, to keep the “scatter reso-

nances” within bounds.
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~,  When boards are produced with such
(-] {« ] long, wafer-thin lines.

The filter calculation and layout, includ-
ing the fine correction, is once again
carried out exactly as in the method
described above. The results and / or the
component values for the “ideal” deep
pass are shown in Fig.58. As expected,
- the attenuation rapidly falls back above
5 GHz, because the scatter resonances
are favoured by the greater conductor
lengths. In contrast, the layout shown in
Fig.59 works out to be somewhat more
balanced. The diagrams in Iigs. 60 and
6] include the losses, and the values
| \0 L+ ] 5. measured on the board are also entered.
|
Fig.59: Layout of 1.7 GHz Deep Pass,
Second Version

50

oszip2

The result now looks a little better, for
the deviations from the simulation lie at
around 10%, if we deduct the rather
higher basic attenuation due to the
mounting of the board in the housing,
including the junction between each
SMA jack and the board.

Even the thin lines for the “inductances”
are widened, in that the impedance level
is lowered to 125Q. This makes it easier

to handle the problems arising

. 0ds

00 PUFF

........................................................................ Sl 0n
w _ ...... rsz1rge.. m _. ........ -4
as | i bbb PN

........................................................................................ -45

........................................... S S, Y. (e [ |
~2.50

0000 oy 06 0OF pGHz 12 19 16 2.00
Fig.60: Measured Path of Transmission Loss in Range 0 to 2 GHz of 1.7 GHz
Deep Pass, Second Version
Gemessen = Measured
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Gemessen = Measured

Here too. we can make a quick end of
matters, using the following method:

We estimate how many MHz too early
the rise to the filter attenuation band
begins. In the deep pass board just
examined, this is approximately 170
MIz.

We simply increase the limit frequency
in field F4 by this amount - so we enter
1,820 MHz there.

Then we use the component list F3 and
the equzls sign to obtain the new
asgsociated mechanical dimensions of the
three striplines a to ¢. After open-end
“shortening of the wide lines, plus the
extension of the “inductances™, a new
corrected layout is prepared and a board
produced.

The measured results obtained in this
way are shown in Figs. 62 and 63.
There is now a very serviccable match,
but of course, once again, only up to
about 5 GHz.

206

Y £6Hz 6 * &
$21/ in Range 0 to 10 GHz of 1.7 GHz Deep Pass, Second Version

106.0

9.3.  Summary of Experiences and
Design Rules for Micro-Strip

Deep Passes

1. Start with the standard deep pass.
re-dimension il to the desired opera-
tional values and calculate the values for
the required colls or capacitors.

2. Capacities are realised through very
wide striplines (initial value: Z app.
20€2), inductances by means of very
narrow lines (guideline: 7 to exceed
100Q2 by as much as possible).

3. The line lengths here should not
exceed 10% of the wavelengths (corre-
sponding to an electrical length of 36°).

4. In the first Puff simulation, we almost
always observe a marked deviation from
the ideal path for the S parameter, which
is due to the capacitive fraction of the
“inductance lines”. By carefully reduc-
ing the line lengths on the “capacities”
under continuous “Puff monitoring”, this
defect can be eliminated.
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Fig.62: 821 for 1.7 GHz Deep Pass, Third Version, but with Design
Frequency increased by 170 MHz
Gemessen = Measured
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Fig.63: As Fig.62, Range from 0 to 10 GHz
Gemessen = Measured

-50.0

5. We should try and make the line  unavoidable interruptions in the filter
lengths for the “capacitors™ as short as  attenuation band (and thus the scatter
possible, for only in this way can the  resonances) be pushed very high up.
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Fig.64: Expanded 23cm Deep Pass with Improved Filter Attenuation

Dezember = December

However, it is not just the board or
housing dimensions which set the limits
for expanding the line widths of micros-
trips. As the line lengths increase and
the widths grow, structures actually arise
which can no longer be correctly repre-
sented by simulations using Puff. The
difference between theory and practice
rises to more than 20%. Morcover, in
certain circumstances, the attenuation
collapses to zero in the filter attenuation
band.

So from experience we can recommend
that in the “capacitor lines” the ratio
between the track width and the final
track length on the board should be
selected to be under 8 to 10.

6. When the completed filter is meas-
ured, we always detect a displacement
of the actual limiting frequency towards
lower values. The frequency deviation
should then be determined, and the
simulation should be repeated, with a
design frequency in field F4, increased
by the amount of the error.

When the new dimensions have been
determined, carry out the correct proce-
dure for an open end correction and
re-jig the layout and board, and you will
usually be on target.
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7. Should there be interference from the
interruptions in the filter attenuation
band (= the scatlter resonances), we can
combine the desired deep pass, individu-
ally, on the left-hand and right-hand

.sides, with a further additional deep

pass. These additional filters have limit-
ing frequencies which are so high that
their filter band attenuation comes in
useful where the desired pass is already
displaying its interruptions.

Fig.64, a deep pass for the 23cm band,
shows how such a solution might leok 'in
practice.

8. The following rules generally apply in
the selection of boards and materials in
the micro-wave band:

— The higher the design and operational
frequencies are, the thinner the board
material must be selected to be, so as
not to favour the re-radiating of energy
at the track edges,

— Material with a thickness exceeding
Imm is normally used only in the range
under 2 GHz. Even FR4 material should
be used only up to this limit. Up to this
frequency, it also makes sense to select
a copper coating with a thickness of
35um. For higher frequencies, the skin
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effect means the copper laver can be
selected to be thinner without any
reservations.

— Boards made from pure Teflon mate-
rial are appallingly impractical to deal
with. The advantages of the extremely
low losses up to and bevond 10 GHz
have to be paid for by inadequate
mechanical properties. Not only does it
take a lot of skill to drill the holes
(because the drill does not meet any
kind of resistance). There is also the fact
that the board bends even under its own
weight.

— Mounting within the housing can be
done only by soldering to the continu-
ous-carthed underside, or by using very
expensive epoxy conducting adhesive,
which contains a lot of silver. There are
just as many problems in connection

£
@
with the through-plating of the earth
connections, since first you have to do a
little etching with hydrofluoric acid.

— The later developments (c.g. Teflon
or ceramic powder with glass cloth) are
rather more good-natured, and mechani-
cally more stable. There are a few recent
developments, e.g. from Rogers. the
“RT-Duroid inventors”, which point to
really tremendous progress.

We can now use strongly cross-linked
hydrocarbons as mechanical stabilisers
in the carricr material and, with the
same or better quality, as against RT-
Duroid, we obtain such high strength
that such boards can be sawn, drilled.
through-plated and screwed exactly like
FR4 material (i.e. epoxy glass cloth).

To be continued
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Wideband & Low-Noise

Microwave VCO

| 8
OSCILLATORS FOR
SPECTRUM ANALYSERS

An impoertant piece ol radio-frequency
or microwave test equipment is certainly
the RTF spectrum analyser. Spectrum
analysers can roughly be divided in two
groups: professional and low-cost. Al-
though there are many differences be-
tween these two groups of instruments,
the most important difference is in the
type of (sweep) oscillator used for the
first frequency conversion.

Professional spectrum analysers use Y1G
(Yttrium-lron Garnet) oscillators. YIG
resonators can be tuned over wide
frequency ranges {more than an octave
in the microwave frequency range) with
an external DC magnetic field. YIG
resonators also have a high Q) allowing a
low phase noise when used in an
oscillator. Finally, the tuning character-
istic of a YIG oscillator is linear, since
the frequency is directly proportional to
the applied DC magnetic field.

210

Low-cost spectrum analysers use varac-
tor (varicap) tuned oscillators. The Q of
varactor diodes is rather low and is
inversely proportional to the operating
frequency. Silicon varactors usually
have the Q less than 30 at | GHz. GaAs
varactors are somewhat beticr, but they
are not casily available and are much
more expensive. The [requency cover-
age of low-cost spectrum analysers is
therefore limited

below 1GHz and the phase-noise per-
formance is usually 20-30dB worse than
that of YIG oscillators.

A spectrum analyser can also be built by
a skilled radio amateur. While most
circuits of professional spectrum analys-
ers can be reproduced in amateur condi-
tions, the major problem is building a
wideband, low-noise VCQ for the first
(swept) conversion. YIG oscillators
probably can not be built in amateur
conditions. The price of a new commer-
cially available YIG oscillator is compa-
rable to the price of a surplus profes-
sional spectrum analyser.
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Fig.1: Oscillator Block Diagram

A varactor-tuned VCO covering the
frequency band 2-4GIlz will be pre-
sented in this article. Such a VCO
allows the design of a spectrum analyser
with the first [F in the 2GHz range,
similar to professional instruments. The
phase noise of the described VCO is
reasonably low, within 20dB of a free-
running  YIG  oscillator.  Finally, the
VCO design is fully reproducible using
standard SMD parls mounted on a
conventional FR4 (0.8mm thick) print-
ed-circuit board.

2
SOME OSCILLATOR
FUNDAMENTALS

The design of an amateur RF spectrum
analyser therefore depends strictly on
the type of VCO that is available for the

y————— QUTPUT

Conditions for oscillation,
@ Ao 21 (emu.gh gqin)
@ G+ = M- AT (phasﬂ

first conversion. In order to explain the
design of a wideband varactor-tuned
VCO, some oscillator basics have to be
discussed first. Any oscillator must
contain an active device (gain) and a
feedback network, as shown in Fig.l.
There are two conditions for oscillation:
enough gain (including feedback loss)
and correct phase of the feedback.

The frequency of oscillation is deter-
mined by both conditions as shown in
Fig.2. However, close to the actual
oscillation frequency, the gain curve has
a broad and flat peak. Thercfore, the
exact frequency, the stability of the
oscillator and the phase noise are all
determined by the phase response. The
steeper the phase slope, the better the
stability of the oscillator and the lower
the phase noise.

Low-frequency oscillators are usually
designed for operation at a total phase
shift of 2*PI radians. PI radians are
usually provided by the active device
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Fig.2: Frequency of Oscillation

(transistor) itselt, while the remaining PI
radians are provided by the feedback
network. A steep phase slope is obtained
by a high-Q LC tuned circuit or quartz-
crystal resonator,

At frequencies above 1 GHz the phase
shift of all known active devices is much
larger than PI radians due to chip and
package parasitics. If an oscillator is
designed for a total phase shift of 2*PI
radians, then only a small fraction is left
to the feedback nctwork. The phase
slope of the latter is certainly not very
steep resulting in poor stability and high
phase noise,

In the case of a wvariable-frequency
oscillator, the frequency coverage is

rather restricted since the influence of

the feedback network is small compared
to the active device itself. Conventional
oscillator designs (with an LC circuit or
transmission-line equivalent coupled to a
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negative-resistance aclive device) will
only provide a restricted frequency cov-
erage and poor stability. Most micro-
wave oscillators are designed in this
way, since a negative resislance can
casily be obtained from most microwave
transistors when considering chip and
package parasitics.

Replacing a negative-resistance device
with a true two-pott, unidirectional am-
plifier provides the oscillator designer
with some more degree of freedom. In
particular, the feedback network can be
tailored for the desired amplitude and
phase response. The feedback network
should both match the impedances and
compensate the phase shift of the active
device as well as introduce its own
frequency-dependent amplitude and
phase response.
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Fig.3: Wideband Microwave VCO

A successful wideband microwave VCO
design is shown in Fig.3, covering more
than an octave with conventional silicon
varactors. Although | developed this
circuit for my first spectrum analyser
built in 1985, | published the circuit
diagram one year later as part of a
satellite-TV receiver indoor unit [1], [2].
Many other amateurs used this circuit in
their own spectrum analysers and other
RF test equipment, but only few ac-
knowledge the original source [3].

The major drawback of the VCO design
from Fig3 is that its operation is still
based on lumped components: capaci-
tors (varactors) and inductors. Its upper
frequency limit is therefore defined by
the parasitic inductance of available
(packaged!) varactors to about 2-2.5
GHz. The phase noise can be reduced
by a carefully designed bias regulator, to

stabilise the current through the bipolar
transistor, so that the impedances and
phase shifts do not change.

3.
INTERDIGITAL-FILTER
MICROSTRIP OSCILLATOR

Active-device phase shifts become much
larger at higher frequencies. For exam-
ple, the phase shift inside a helium-neon
laser tube may reach one million radi-
ans, although its theory of operation is
the same as for other electrical oscilla-
tors. The total amplifier plus feedback
phase shift still has to be an integer
multiple “m™ of 2*Pl radians, however
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Fig.4: Interdigital Filter Oscillator

“m” is not restricted to unity and may
become very large at lightwave [requen-
cies.

Lumped-component oscillator  designs
become uscless at microwave frequen-
since all available components
behave as sections of transmissionlines.
On the other hand, additional phase
shifts can be readily implemented as
sections of transmission lines. The total
phase shift of a microwave oscillator
may be an integer multiple “m™ of 2*PI
radians. “m” may be larger than unity,
but still relatively small at microwave
frequencies.

cies,

Most microwave circuits are built in
microstrip technology, since the latter is
compatible with inexpensive manufac-
turing techniques like printed-circuit
boards and surface-mount components.
An example of a microstrip oscillator is
shown in Fig.4. An interdigital band-
pass filter is used as part of the feedback
network, In order to bring the total

phase shift to an integer multiple of

2*PI radians, additional delay lines may
be required to obtain the correct feed-
back phase.
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Although the oscillator described here
may look complicated, it includes some
advantages when compared to conven-
tional low-frequency designs. Although
the Q ofemicrostrip resonators is not
very high (in the range of 50-100). the
phase slope may be made high thanks to
the large total phase shift (increasing the
multiple of 2*PI radians). On the other
hand, oscillation at unwanted multiples
of 2*PI radians can be suppressed by
tailoring the amplitude response’ of the
feedback network.

A fixed-frequency oscillator can be
modified into a VCO by tuning the
band-pass filter. For narrowband opera-
tion it is sufficient to tune one of the
quarter-wavelength fingers of the inter-
digital filter. A varactor is therefore
inserted in the central finger, since the
latter has the highest loaded Q and
provides the highest tuning sensitivity.

The varactor should be inserted either in
parallel with a voltage maximum or in
serigs in a current maximum along the
length of a resonator. Since the capaci-
tance of most varactors is quite high for
microwave frequencies, varactors are
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usually installed in series in current
maxima. In the case of a quarter-
waveleneth resonator, the “cold end™ of
the latter is grounded through a varactor
diode.

The circuit diagram of a narrowband
low-noise VCO is shown in Fig.5. The
circuit diagram includes an output buffer
(INA10386) to isolate the oscillator
from load variations. Some supply volt-
age and tuning voltage filtering is
included for the same purpose, as well
as an output coupler for an auxiliary
output.

The tuning range of an interdigital
oscillator with one single varactor is
limited to about 10-20% of the central
frequency. The frequency range of the
oscillator in Fig.5 is about 1850-2200
MHz. Outside this frequency range
oscillation is not possible, since the gain
maximum does not match the correct
phase of the feedback.

A narrowband low-noise VCO has many
applications in frequency synthesisers.
The phase noise is sufficient for both
analogue (SSB) communications [4], [5]
as well as digital (coherent PSK) com-
munications [8], [9], [10]. Used in a fast
PLL it even allows the correct demodu-
lation of complex radionavigation sig-
nals [6], [7].

The tuning range can be increased by
increasing the coupling in the interdig-
ital filter. This decreases the loaded Q
of the resonators, degrading the phase-
noise performance. Further, such an
oscillator may also oscillate at higher-
order resonances of the interdigital fil-
ter. This effect can be observed as
“kinks” in the voltage/frequency curve,
which is no longer monotonic.
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4.
WIDEBAND LOW-NOISE
MICROSTRIP VCO

To obtain a true wideband microstrip
VCO, all fingers of the interdigital filter
have to be tuned. For example, inserting
one BB833 varactor in each of the three
fingers of the interdigital band-pass
allows a tuning range up to 50% of the
central frequency. For example, a VCO
with three BB833 and a BFPI83 (ft-
=8GHz) as the active device operates
reliably in the frequency range 2.0-3.2
GHz. Using a better transistor like the

BFP420 (ft=25GHz) allows the fre-
quency range to be shifted up to
2.6-3.8GHz,

A VCO with a contiguous frequency
coverage of 1200MHz may look as the
upper limit for BB833 varactors (mini-
mum capacitance 0.75pl, series resist-
ance 1.8Q2). Once again, even better
results can only be obtained by changing
our way ol thinking. Varactors are
usually considered as discrete Jumped
components while our oscillator is built
with microwave transmission lines with
distributed parameters.

In order to shift the frequency of a
microstrip filter, one should preferably
change the phase velocity on the micros-
trip transmission lines. The phase veloc-
ity of a microstrip line can be made
variable if the line is periodically loaded
with discrete variable reactances (varac-
tors). Therefore, several varactors have
to be distributed along the transmission
lines to obtain the widest possible
frequency coverage of a microstrip
VCO. Since silicon varactors are inex-
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T | FVCORA | LCoke | fuco#d
BRRII4ICBHY | RRRIZ4 P2 | BREST+PCR#
v [hu] [tz ] [ I
0 2042 2044 2388
1 2403 2440 250%
2 2482 2244 2648
3 2184 2356 21132
4 2444 2506 2848
S 25138 2642 2982
6 2660 2835 3424
k] 2138 304% 3256
3 2350 3460 3338
3 30% 3250 3485
10 3140 3326 3588
4 3298 3442 3683
A2 3349 3418 3312
13 3445 3538 2844
14 3474 3534 3319
1S 3526 1645 4044
46 254§ 3694 408sS
A1 3648 243% 445S
18 3654 3138 4149
A9 3634 3846 4214
20 3420 31853 4328
24 3141 388% 4364
22 3960 3349 4404
13 3%%s 1348 4443
24 3986 3943 4416
25 398 3994 4506
26 3 80s 4044 . 45130
29 3849 4024 4554
13 384138 4098 4568
28 3924 4043 4581
30 23129 40s0 4593
Fig.7: YCO Tuning Characteristics

218

pensive, 6 or even 9 diodes
can be used in a single VCO
circuit.

The circuit diagram of a
wideband, low-noise VCO is
shown in Fig.6. Each micros-
trip resonator is tuned by two
BB&833 varactors, installed in
different positions along the
same resonator. This circuit
configuration allows a very
wide tuning range of about 2
GHz around a centre fre-
quency of about 3 GHz In
other words, the tuning range
of the described wvaractor
VCO matches the tuning
range of YIG VCOs.

On the other hand, a large
number of varactors also in-
creases the feedback losses.
Further losses are introduced
by the complicated varactor
bias network (nine 22 kQ
resistors).  All these losses
must be recovered with the
gain of the active device. A
high ft transistor like the
BFP420 is required for such
an oscillator. Mavbe the de-
scribed oscillator could also
be modified for other active
devices, like GaAs FETs,
HEMTSs, HBTs or MMICs.

Just like its narrowband
counterpart the circuit in
Fig.6 includes an output

buffer (another BFP420 and
an ATF35176 HEMT) to iso-
late the oscillator from load
variations. The buffer fre-
quency response is selected
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to partially compensate the output level
variation across the octave frequency
band. Some supply voltage and tuning
voltage filtering is also included. An
output coupler provides an auxiliary
output, for example to feed a PLL
prescaler, a frequency counter or a
tracking gencrator for the spectrum
analyser.

The measured tuning characteristics of
three wideband VCOs are shown in
Fig.7 and Fig.8. The main difference
between VCO#1 and VCO#2 is in the
printed-circuit board. VCO#2 uses lower
impedance lines and the coupling be-
tween resonators is weaker. There are
also differences in the BB833 varactors
used: VCOHT has rather old BB833s
providing a coverage of only 1.8 GHz
while VCO#2 has new BB833s provid-
ing a coverage of 2 GHz. Finally,
VCO#3 s built on the same microstrip
board as VCO#!, but uses the new
BB857 wvaractors resulting in a fre-
quency coverage of 2.2 GHz.

The-tuning curves of all three VCOs are
monotonic without kinks or jumps. The
curves are quite non-linear as shown in
Fig.8. All three curves are the steepest
at band centre around 3 GHz (or at
tuning voltages in the 5-10V range).
Both below and above the tuning slope
decreases, falling at the upper end (30V)
down to less than 1/10 of the maximum
slope. The frequency coverage of all
three VCOs can be extended on the
lower end by about 50MIIz by applying
a small negative voltage {about -0.7V)
to the varactors.

The phase noise was accurately meas-
ured for VCO#1 and VCO#2 and the
averaged results are shown in Fig.9. The
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phase noise is about 5dB worse at band
centre than at band edges. The phase
noise peak coincides with the maximum
tuning slope, indicating that at least part
of this noise is caused by the varactors
used and in particular by the 22 k€2 bias
resistors.

In order to decrease the phase noise, the
22 k€ bias resistors should be replaced
by suitable RF chokes, Unfortunatcly
suitable chokes are not easy to find. The
resistor values can not be decreased
much without introducing additional in-
sertion loss in the feedback network.
Finally, a more sophisticated bias regu-
lator for the BI'P420 oscillator transistor
should alse bring seme improvement in
the phase noise.

3
PRACTICAL MICROSTRIP
VCO CONSTRUCTION

Both the narrowband and the wideband
VCOs are built as microstrip circuils on
conventional, double-sided, (.8mm thick
glassfibre-epoxy FR4 laminate. The up-
per sides are shown in Fig.10 while the
bottom sides are not etched so as to act
as groundplanes. Although the FR4 is
quite lossy at microwave frequencics,
the losses in the BB833 or BBS857
varactors are even higher, so using
inexpensive and easy-to-handle FR4
laminate is not a drawback.

The dielectric constant and losses of
0.8mm thick FR4 laminate were found

quite similar even for materials obtained
from different suppliers. One should
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Narrowband PCB
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Fig.10: PCB Layouts; Scale = 1:1

only be careful about the thickness,
since the same microstrip VCO circuit
may not oscillate at all on 0.7mm thick
laminate (too weak coupling between
microstrip lines) or cover a restricted
frequency band on 0.9mm thick laminate
(coupling too strong). An additional
problem is the large temperature coeffi-
cient of the FR4 laminate, shifting the
frequency of the VCO downwards with
increasing temperature,

All three printed-circuit boards have the
same dimensions: 20mm (width) X

80mm (length). The whole surface of

the groundplane may be tinned, while
one should try to avoid tin-plating the
microstrip lines on the upper surface
except for the areas where SMD compo-

Wideband PCB #1

Wideband PCB #2

nents are installed. The boards do not
have plated-through holes. All ground
connections are made through 2.5mm
diameter holes. The latter are first
covered on the ground-plane side with
thin (0.1mm) tinned copper foil and then
filled with solder. The advantages of
this grounding method are a low induct-
ance to ground and

easy removal of installed components,
without damaging the board nor the
component to be removed,

Supply and tuning voltages go through
several feedthrough capacitors. Some
feedthrough capacitors (3 or 4) are
installed in the printed-circuit board
itself in 3.2mm diameter holes drilled at
the marked positions.
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Wire-leaded 1/8W resistors are used to
connect the feedthrough capacitors to
the microstrip circuit. Electrolytic ca-
pacitors, 220pH chokes and other filter-
ing components are installed on the
groundplene side and are supported
directly by the feedthrough capacitors.

Finally, two feedthrough capacitors are
also installed in the 0.5mm thick brass
walls of the box housing the VCO. The
box should be 30mm high, extending
20mm above the board surface and
some 9mm below the board bottom.

If the printed-circuit board is well
soldered on all four sides to the brass
frame, then no additional shielding is
required on the bottom side with supply
filtering components. On the upper side
a shielding cover is required and some
microwave absorber is recommended.

In the frequency range of interest only
Teflon-insulated coax cables should be
used. Both flexible and semirigid Teflon
cables can be used. The cable end
should be first prepared by tinning both
the inner conductor and the shield. Then
the inner conductor should reach the
microstrip board through a 3.2mm diam-
eter hole in the brass walls, while the
shicld is soldered all around the perim-
eter of the hole.

The microstrip boards should be
checked before installation in the shield-
ing enclosure. Both narrowband and
wideband VCOs should be checked for
frequency coverage and output power
level. In particular the PCB#2 for the
wideband VCO may require some trim-
ming of the central resonator length if
the power drops or the oscillator stops
at low tuning voltages.
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The output power of the buffer amplifier
should not drop below +10dBm in any
of the oscillators shown.

6.

APPLICATIONS OF
MICROWAVE VARACTOR-
TUNED VCOS

Microwave VCOs have many applica-
tions. Narrowband VCOs are suitable
for many frequency-synthesiser projects,
Wideband VCOs are mainly intended
for instrumentation, like CW and sweep
generators, spectrum analysers and cor-
responding tracking generators. In the
following paragraph a simple spectrum
analyser using both described VCOs will
be presented, although for space reasons
the description will be limited to the
block diagram as shown in Fig.11.

The design of a spectrum analyser is
based mainly on the available wideband
VCO. Considering the frequency cover-
age of the described VCOs and the
amateur microwave allocations (1.3
GHz and 2.3 GHz) and satellite fre-
quency bands (GPS at 1.575 GHz,
weather satellites at 1.7GHz) it makes
sense to select the first IF at 2.1 GHz.
This is far enough from 2.3 GHz and
allows a simple input lowpass filter for
the band from 0 to 1750 MHz. On the
other hand, the last IF is set down to 10
MHz (10.7 MHz) due to the design
restrictions of LLC and crystal filters and
the logarithmic detector. To simplify
image and spurious filtering, the first IF
at 2.1 GHz is first converted to a second
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- IF of 70 MHz and the latter is after-
wards converted to the final third IF of
10 MHz

The IF filters offer six different band-
widths: 4 MHz, 700 kHz, 150 kHz, 50
kHz, 20 kHz and 10 kHz. The 4 MHz
bandwidth is required for full-band
sweeps, considering the limited resolu-
tion of the CRT display.

On the other side, the resolution of the
spectrum analyser is limited to 10 kHz
bandwidth and 350 kHz/div display.
Narrower IF filters would require addi-
tional stabilisation circuits for all oscil-
lators.

Since narrow [F filters also require very
slow scanning, they are practically sel-
dom used and were omitted in this
project.

The logarithmic detector is built with
discrete components, since available in-
tegrated circuits will not handle a dy-
namic range of over 90dB (achieved
already with the 150 kliz IF filter) and
many different IF bandwidths at the
same time.

The video amplifier provides a 20dB/V
output to drive the vertical deflection of
the CRT display as well as an AF
{earphone) output. Of course the latter is
only useful at zero span.

On the other hand, the horizontal deflec-
tion signal (5Vpp) is provided by the
built-in sawtooth oscillator. The latter
may sweep the frequency of the first
local oscillator (wideband VCO) or the
frequency of the second local oscillator
(narrowband VCO for 500 kHz/div or
less).
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Due to the nonlinear voltage/frequency
response, the wideband VCO requires a
rather complex linearisation circuit.

The spectrum analyser is designed to
use a standard XY oscilloscope display.
If an external X deflection is not
available, the spectrum-analyser elec-
tronics also provides trigger pulses for
the time base of the oscilloscope dis-
play.

Z-axis or display blanking has two
functions in a spectrum analyser: retrace
blanking and out-of-band blanking. 1f a
Z-axis (intensity) input is not available
on the CRT display, then the blanking
output (open collector) may be wired in
parallel with the Y output to deflect the
trace outside of the visible screen when
the blanking is active.
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Dipi.-Ing. Detlef Burchard, Nairobi, Kenya

The ASH Receiver -
Principles, Trials and

Observations

The letters “A-S-H” stand for a
sequence of words which are not
particularly easy to pronounce, even
in English - “amplifier-sequenced hy-
brid”. If the name of the inventor had
not been Darrell L. Ash, “hybrid
sequenced amplifier” would have
been a better choice. That, at least,
represents something that can be
imagined. Amplifiers linked in se-
quence, which are based on two
technologies, are nothing new in prin-
ciple - one example would be a relay
behind a tube.

So if US patent 5357206 was awarded
for the ASH principle in October,
1994, there must be more to this than
meets the eve. :

1.
THE PRINCIPLE

Fig.1, adapted from Ash [1], shows the
most important components of the ASH
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receiver: a pulse generator, which
switches in two HF amplifiers alter-
nately, an input selection, a delay con-
figuration and a rectifier.

The pulse generator switches at a fre-
quency which is matched to the delay.
A sample signal, cut out by the first
amplifier, is intended to find the second
amplifier open just as the delay expires.

The hybrid technology thus consists of
the sequential layout of amplifiers and
delays wired up. The amplifier wired up
first has more the function of a sampling
gate. It can be followed by one ASH
hybrid stage, or indeed by several such
stages.

The idea behind amplifiers wired up in
this way is that there are no stability
problems, even with a very high total
level of amplification. There can be no
feedback between the output and the
input, because the amplifiers are not all
amplifying at the same time. Stability is
needed only for each individual ampli-
fier. The stages can be positioned close
together, even on the same chip, without
reciprocal screening.
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Verstdarker 1

Verstarker 2
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AR ot —»— = NF
Selektion Verzdgerung Demodulator
Q|0
Burchard Pulsgenerator

Fig.1:

Basic Wiring Diagram of ASH Receiver

Selektion = Selection, Verstirher = Amplifier, Verzigerung = Delay,
Pulsgenerator = Pulse generator, NF = Low-frequency

The temporal offset also obliterates
crosstalk between the delay input and
output. Since any crosstalk occurs with a
delay, it finds the next amplifier inhib-
ited.

With the superhet principle, feedback
between the output and the input is
prevented by frequency
which means mixer stages are required.
These create secondary reception points.
No frequency conversion takes place
with the ASH receiver. It thus forms a
tuned fixed-frequency receiver with
sampling characteristics, and free from
secondary reception. It can process CW,
AM and ASK signals, the highest
modulation frequency ol which is only a
fraction of the pulse generator fre-
quency.

conversion 5

As a side effect, the current demand is
reduced, since we are certainly always
going to arrange things so that an
amplifier which is tumed off does not
receive any current. The reduction is
particularly impressive if several ASH
stages are used.

As always with tuned radio-frequency
receivers, there is a problem, in that the
necessary selection has to be made with
regard to external signals and the band
width matched to the modulation.

Depending on the quality of the means
of selection used, the quotient of the
mean frequency and the band width lies
between 30 and 50.000. The first
number can be obtained using filters
with concentrated 1./C components, and
the second using crystal filters. Ceramic,
mechanical and acoustic filters lie in
between. The rule for all filters is that
selection can not be generated without
transit time, and delay can not be
generated without selection.

So, in the ASH receiver all the filters
contribute to the total selection. The
input selection must be broad enough
for side bands with the highest modula-
tion frequency. However, the delays
should have a wider transmission band,
so that the pulse is not deformed more
and more as it is relayed.
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Fig.2:

SAW Resonator as
Quadripole, measured
in a 50Q System (as
per Burchard [2])
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filters, the principle allows for formats
with an especially long transit time,
which can not be attained with other
filters with the same band width and the
same number of stages. As a manufac-
turer of surface acoustic wave compo-
nents, Ash [1] probably had such filters
in mind.

Both the selection filter and the delay
filter can be created using SAW technol-
ogy, and can be fitted, together with the
amplifiers, the pulse generator and the
rectifier, into a single SMD housing
with dimensions of 14 x 10 x 2.5 mm.: a
real little ash can.,

It can be used in the manufacture of
remote-control receivers for garage
doors and garden gates, car alarms and
central locking systems, etc., which
receive only about 1 mA from a 3-Volt
battery. The frequency used could be,
for example, 433.92 MHz. The receiver
described in [1] is also designed for this
frequency. Using a coded priority output
system gives us several channels in a
single frequency band.
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2.
AN EXPERIMENTAL SET-UP

The desire to try out the new principle
as quickly as possible inspired a scarch
operation for appropriate components. |
sought out spiral filters suitable for
433.92 MHz (Neosid 00519651), SAW
resonators (Siemens R2554) and gain-
blocks (Signetics NE 5205).

The spiral band filter has a band width
of 2 MHz. Measurements have already
been carried out using SAW resonators
at an earlier date [2], and a band width
of 90 kHz was found (Fig.2).

As is shown later in this article, it can
be demonstrated that at least a two-stage
filter is needed for the delay. So the
spiral filter could be used, or one made
from two SAW resonators.

In the first case, this leads to switching
frequencies of a few MHz and in the
second they are about 10 kHz. The
second case is better suited to a 1 kHz
modulation of the signal generator, and
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Fig.3: Wiring Diagram of Experimental Set-Up
Helixfilter = Spiral filter, Uber = Through, NF = Low-frequency

so the set-up shown in Fig3

selected.

was

Naturally, it would be desirable - as
indeed with any other reception princi-
ple - to have the lowest band width
immediately at the input. But, as in most
cases, this would be impractical here
too, for the SAW band filter would have
a considerably higher degree of trans-
mission band attenuation. This is an-
other way in which the spiral filter at the
input contributes to the distant selection.

The pulse generator was designed to be
just 10-phase, so as to be suitable for
any possible extension of the amplifier.

The gainblocks also function stably if
two arc operated in line. This was
known from other applications. Thus,
amplifiers 1 and 2 each consist of two
NE 5205%, and each provide about
40dB of amplification. Since no strobe
input is available, they are both simply

switched on by feeding in the operating
voltage. Fig.4 shows that this procedure
is permissible. This is a mixed-sweep
plot, in which the horizontal spot veloc-
ity alters after 3.6 screen divisions from
50 to 2us. S division. The top line

Fig.4: Transient Effect of HF Amp
Y1: NE5202 Output 2V
Y2: CMOS4017 Output 10V/div
X: Mixed Sweep S0us / div to
3.6 div, then 2ps / div
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Fig.5:
Y1: Low-Frequency 200mV/ div
Y2: CMOS4017 Output 10V/div
X: Mixed Sweep S0ps/div to
3.6 div, then 2pus/div

represents  the gainblock’s  output
voltage. Il can be seen that the operating
point has been set in less than 100ns.
When the equipment is switched off, the
voltage rapidly falls to less than half.
Then another micro-second passes be-
fore the output voltage is at zero.

The bottom line is the logic voltage
from the 4017 counter component. The
pulse width here is Sus, and the repeti-
tion rate 90ps.. Tor other illustrations
appearing later, the pulse width was set
to a level 10us.

The rectifier behind the second amplifier
receives a surge through the coupling
capacitor each time the equipment is
switched on or off, as can be seen in
Fig.5.

To ensure that this interference decays
rapidly, the capacitor has been selected
to be small, and the rectifier receives a
Townsend current. This gives it a lower
impedance, and its discharge time con-
stant is reduced.

230
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Fig.6: Signal behind HW Filter at
-48dBm at HF Input

Y1: Rectified Signal SmV/div
Y2: CMOS4017 Output 10V/div
X: Sps/div

The coupling of the two SAW resona-
tors was being tried out to obtain a
sufficient delay with a low level of
overall attenuation. Here, this optimisa-
tion results in a displacement of the
mean frequency to 433.88 MHz, around
25 kHz above the resonance of the
individual resonators (Fig.2), with a
50€2 adapted load on each side.

The transit time in the SAW filter can
be seen in Fig.6, which was plotted with
the help of the rectifier, which here was
connected to the output of the second
SAW resonator. The signal generator is
100% modulated at 1 kHz, so that an
iHuminated area is obtained, which com-
prises all signal amplitudes between 0
and 200% of the mean carrier ampli-
tude.

As expected, when the first amplifier is
switched on, no signal is present at first.
The signal builds up with the visible rise
time, and reaches a final value after
10us. The first amplifier is then
switched off and the second switched
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Signal at Low-Frequency
QOutput at -90dBm at HF Input
Y1: Rectifier Qutput SmV/div
Y2: CMOS4017 output 10V/div
X: Sus/div

Fig.7:

on. The high frequency now appears at
the second amplifier’s output, and the
low-frequency output looks like Fig.7.
The second amplifier clearly does not
add a supplementary delay. On the
contrary, a rather longer transit time in
the SAW filter would be desirable, so
that the signal was better positioned in
the time window. Reducing the switchin-
g-on time of the first amplifier is not a
solution, for then the final vollage value
would not be attained.

The low-frequency signal as per Fig.7
can now be processed further - ¢.g. with
filters or sample and hold devices.
However, the oscilloscope is perfectly
capable of demonstrating the operability
of the ASH principle. The lowest low-
frequency signal which can still be
evaluated by means of the oscilloscope
is 1 mV. This is associated with an input
voltage of approximately 2uV (-
100dBm) and a total amplification be-
tween the input of the spiral filter and
the output of the second amplifier of
68dB. It is made up of -3dB in the

spiral filter, 38dB in the first amplifier,
-11dB in the SAW filter and - since the
system is not operating under load -
44dB in the second amplifier. The
experimental set-up selection was in
accordance with Fig.8.

The current consumption is only 1mA.
[f the four gainblocks were permanently
switched on, the reading would be over
100mA.

IMPROVEMENT OPTIONS

Requirements of a new kind are im-
posed on the filters here. They must
ensure adequate selection, carry out
pulse formation, and have an appropri-
ate transit time. All filters contribute to
selection.

The pulse formation takes place in the
filter behind the first amplifier con-
nected. and all the others should, as far
as possible, have a transit time which
only alters the envelope curve, but
nothing else.

Selection filters are all-pass free chains,
made up of concentrated L and C
components or their mechanical equiva-
lents. They arc usually named after the
mathematician who devised the calcula-
tion formulae (Cauer, Gauss, etc.). The
results arc given in the form of tables -
e.g. filter catalogues as per Glowatzki
[5, 6].

Pulse-forming filters are a mixture, with
Chebyshev characteristics in the filter
attenuation band and Bessel characteris-
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Fig.8:
Experimental Set-Up
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tics in the transmission band, or else
they also have all-passes for improving
the pulse formation. Such filters can be
calculated, for example, as per Feistel
and Unbehauen [4], Jess and Schiibler
[ 7] or Jess [8]. Active filters with pulsed
properties are also possible, as Fliege
[3] has demonstrated.

All filters have a transit time and a final
rise time for the envelope. Without
going into the reasons or the details, we
should just establish here that the ap-
proximate transit time (measured at half
the height of the pulse) is equal to the
reciprocal value of the band width,
multiplied by the number of filter stages,
whilst the approximate rise time (meas-
ured between 10% and 90% of the rise)
is simply the reciprocal value of the
band width.
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For this reason, at least two filter stages
arc needed for pulse formation,

All-passes are created using concen-
trated components as Bessel filters. If
they have to demonstrate a uniform
transit time over the useful band width,
their effective band width must be much
greater than the area occupied by the
signal with its side bands. Thus they
must also have more stages than selec-
tion filters with the same transit time.
This avoids any further distortion of the
envelope curve.

Thus those who wish to dimension their
filters themselves should take this advice
into consideration. For the basic facts on
filters - including SAW filters as well -
see Meinke and Gundlach [9].
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Fig.9:

Signal at Low-Frequency
Output with De-tuning
occuring at +80 kHz and
-80Bm at HF Input, otherwise
in accordance with Fig.7

Filters with flat tops certainly do not
have a flat transit time gradient. This
can be seen from Fig.9, which was
produced in the same way as Fig.7,
except that the signal generator was
de-tuned by + 80 kHz. The transit time
of the SAW filter has considerably
increased, and is even better positioned
in the time window. However, this is not
an operating condition to be striven for.
as the transmission aftenuation has in-
creased by 10dB.

SAW filters can not be home-made.
Reasonable prices can be obtained only
through mass production. Pertinent tran-
sit times are possible with them, irre-
spective of the band width. In addition
to Meinke and Gundlach, it is also
worth reading Smith [10], Weller and
Lewis [11] and the brochures from the
manufacturers - e.g. Siemens [12].

The R2554 resonators consist of a
piezo-electric crystal, on the surface of
which an acoustic wave runs to and fro
between reflectors. The electrical input

and output are connected to this through
inter-digital converters. The electrical
behaviour is very similar to that of a
quartz, and an equivalent circuit diagram
correspending 1o the quartz can also be
indicated. The distant selection of such a
resonator scarcely exceeds 25dB (Fig.2),
and flters assembled using it have
markedly higher levels of transmission
attenuation than quartz filters.

SAW transit time filters arc also based
on the propagation of an acoustic wave
over the surface of a piezo-electric
crystal. However, the latter is not carry-
ing reflectors at its ends bul acoustic
absorbers. The coupling and de-cou-
pling, once again, are through inter-
digital converters. Il no further measures
are taken, they have a (sinx/x)2 fre-
quency response - i.e. a round top, a flat
transit time gradient, and elimination of
the auxiliary maximum as low as
26.5dB. The transit time is proportional
to the path between the converters. The
power loss in the absorbers and along
the transit time path creates a rather high
level of transmission attenuation - 20dB
is a typical value. SAW filters operating
on the same principle, but with shorter
lengths, are used for pulse formation.

Ash [1] uses his “ashcan™ at the input of
an SAW resonator, and uses an SAW
transit time line for pulse formation and
delay. Thus. without an additional LC
filter, he obtains a distant selection of
60dB at =+ 6 MHz and 80dB at + 14
MHz. The ASH receiver described has a
band width of 300 klHz with a mean
frequency of 434 Mz,

Ash [1] gives no information on the tvpe
of amplifier used. If you wish to avoid
the inrush current, differential amplifiers
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should be fitted. A symmetrical source
and load - which an inter-digital con-
verter more or less represents - would
make completely crackle-free switching
possible.

In emergency, HF transformers could be
used for circuit balancing. Integrated
differential amplifiers can be found in
first and second generation 1C’s.

S.
LITERATURE

4.
CONCLUSION OR
SUMMARY

Following the presentation of the princi-
ple, an experimental set-up was dis-
cussed and dimensioned. Reductions in
the remaining defects were then dis-
cussed. With these specifications, it
should be possible to design ASIH
receivers for other frequencies and
tasks.

The principle is naturally not restricted
to miniature formats, two-part amplifiers
and remote control applications. It pro-
vides for high straight amplification
without high-quality screens, and this
applies, not only to partial amplifiers,
but also to transit time flters.

Since all amplifiers are switched on for
only part of the time, the current
requirement is greatly reduced, as
against other concepts.
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Henk Medenblik, B.Sc., PE1JOK

A State-of-the-Art 13¢cm
Amateur Television Transmitter

Part-3 (Conclusion)

In this final article of the 13cm ATV
transmitier project, a microcontroller
unit and 1.5 Watt power amplifier
will be deseribed. The microcontroller
board takes care of the many features
which are possible including a text
inserter.

The 1.5 Watt power amplifier de-
scribed here is different from regular
design because of its simplicity and
used low cost PCB material.

L.
THE MICRO CONTROLLER
UNIT

The main part of the micro controller

unit is formed by a modern deriviate of

the 8051 micro family; the AT89C52
from Atmel. This micro is fully compat-
ible with the well known 8051 and
carries 8kbytes of flash memory. This
has the advantage that it is possible to
236

reprogram the micro many times, which
is very useful during the software devel-
opment stage. Another advantage is the
fact that no external EPROM is needed
for the program itself.

The micro has also 256 bytes RAM and
needs in fact only an external crystal
and 5V power supply. The design of the
micro board is therefore rather straight
forward. Fig.l shows a prototype of the
micro board, the schematic is given in
Fig.2, Fig's.3a and b show the double
sided PCB and Fig's.4a and b show the
component overlay.

The design consists of a 89C52 and a
SAAS5254 Teletext decoder chip. The
latter is being used as a text inserter
instead of a TT decoder. The micro
controller just sends the necessary char-
acter information downwards to the
Teletext chip whercupon this character
information is inserted in the incoming
video signal. There are four different
text lines possible which are being held
inside an EEPROM.
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Fig2: Circuit Diagram of the Micro Board
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Fig.1:
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Fig.3a: Micro Board PCB Top Layout; actual size 215mm x 61mm
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Fig.3b: Micro Board PCB Bottom Layout; actual size 215mm x 61mm

The incoming video signal is forwarded
to the SAAS5254 and a LMI1881 sync
regenerator. The generated burst clamp
signal coming from the LM 1881 is used
to maintain the correct black level after
the insertion of character information
from the SAA5254. The SAA5252
generates the character information on
pin-23 and also a special blanking signal
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at pin-19 which makes it possible to
display a black background behind the
white characters. Multiplexing of the
signals occurs with a 4053 analogue
multiplexer 1C. The white level of the
characters can be adjusted with potenti-
ometer R14, Finally the composite video
is bulfered by Ql.
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Fig.4b: Micro Board PCB Bottom Layout

The micro controller controls the several
power supply lines. This is accom-
plished with two switching FIETs Q2 and
Q3. Q2 swilches the back-light of the
LCD and Q3 controls the power line to
the SAAS5254 and the rest of the
clectronics. Finally a special pin called
TX Enable is available on header J1 to
control a external power supply to the
transmitter.

A 2x16 character LCD is used for
interaction with the user. 1 used a
Optrex LCD type DMCI6202NYLYB,
but other types could be useful too,
because most LCDs use the same chip-
sets from Hitachi. This LCD is control-
led with 4 bit mode to preserve [O pins
on the micro. Within 4 bit mode only
lines D4-D7 of the LCD are used as

; actual size 215mm x 61mm

databus. The Anode of the back-light is
connected to pin-15 of J2 and the
cathode is connected to pin-16 of header
J2. Finally 4 simple push-buttons are
used for the controlling functions.

A low signal on the corresponding input
at the micro activates a function. There-
fore the push buttons are connected with
one side to ground and the other side to
the appropriate input of the micro. They
are named as POWER, MENU UP and
DOWN.

A special header is used for the pro-
gramming interface with the VCO/PLL
module. This is header J3. Header J1 is
a special connector which carries the
controlling lines to the power supply,
audio PLL and video polarity selector
on the video/audio board. For all inter-
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connections there is a major rule; keep
lines as short as possible. 1 used short
flat cables. A 12C bus interface is also
available on this header together with
some other 10 pins from the micro.
They could be used for future interface
extensiors.

Finally the power supply is connected to
pin-17 (+5V) and pin-19 (GND) on
header J1. These lines are re-routed to
pins-18 and 20.

1.1  Software

When power is applied for the first time,
the micro will scan to see il the
SAAS254 is available. It this one doesnt
correctly function than a error message
is generated. Also, the EEPROM will be
checked to see if it holds any data. At
that first time 4 predefined text lines
will be loaded into the EEPROM. This
is only done the first time when power
is applied. The text lines can be changed
from a special menu function. When
power s disconnected, text info is

preserved in the EEPROM.

g

PEVJOK LEIDERDOR? QR

Fig.5: An Example of a Menu Display.
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After this initialisation all controlling
voltages will be disabled, whereupon the
micro will enter idle mode. This means
that all functions of the micro go down
except the interrupt system. The micro

just needs a very low current during idle

mode, so +5 V could be applied during
the rest of your hobby lifetime. LCD
and transmitter are also down during
this mode.

The micro can only be awakened by a
short pressing of the POWER button,
The power supply will be switched on
and the unit will awaken except for the
transmitter itself. The supply for the
transmitter is controlled by the TX EN-
ABLE signal which will be kept low.
The LCD displays the currently adjusted
frequency and Transmitter off. The
transmitter can be enabled by another
short pressing of the POWER button.
Repeatedly short pressing the POWER
button will toggle the transmitter opera-
tion mode between on and off. A long
pressing of the POWER button will
enable power down mode again. So the
POWER button has more functionality
than only power on
and power off.

During the main
menu function (which
is automatically en-
tered when powering
up) the frequency can
also be adjusted with

the UP and DOWN
buttons.
The MENU  button
just makes entering
other menu  modes
possible.
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The first menu after the main menu is
the video polarity control menu. Just
pressing UP or DOWN toggles the
video polarity. Another pressing of the
MENU bulton enters the first audio
carrier menu which makes it possible to
adjust the frequency of the first audio
carrier between 5.5 and 8 MHz with 10
kHz steps. Another pressing of the
MENU button enters the second audio
carrier frequency adjustment menu.

The next menu displays the currently
selected text line to be inserted through
the video. UP and DOWN keys make
different selections of this line possible.
The next menu controls the text inserter
mode; text inserter enabled, text inserter
disabled or page switching enabled. The
latter repeatedly selects the next text line
with an interval of a second.

The next menu enters text edit mode
which makes it possible to adjust your
favourite text. The current selectled text
is being displayed on the LCD. The
POWER button
during this mode; it selects the currently
edited character which is underlined. UP
and DOWN scrolls the alphabet. The
next menu is makes selection of a black
background possible with UP and
DOWN keys.

has another function

The last menu displays the current line
position  where your favourite text
should be positioned. There are 12
vertical different _positions possible.
During menu functions where the
POWER button does not have a special
function a long pressing of this button
will enter power down mode which will
be visible with closing down....

Fig.5 shows an example of a menu
display.

.
1.2 Construction

There are no special considerations to
be tlaken during construction of the
micro board. For EMC purposes il is
recommended to shield this unit. On the
PCB, which can be obtained from
SPECTRA BV, a special solder-mask is
available, which gives locations of the
shielding at upper and lower side.

The height of the shielding at the upper
side is 1.5cm and 0.5cm for the bottom
side of the PCB. The sizes of the PCBs
are specially designed for construction
into a BOPLA housing which can be
obtained from Conrad Electronics.

2.
THE POWER AMPLIFIER

A special PA has been developed for
this project. One main goal during
development was the implementation on
ordinary FR-4 PCB material and a
power output of approximately 1.5 Wait.
It resulted in a low cost, straight-
forward, small design.

Because of component tolerances and
the need to get the maximum out of the
design, three variable capacitors are
nceded. These adjustments are accom-
plished by small SMD trimmers from
the TZCO3 series from Murata. The
well-known SKY trimmers do not work
in this design because of the parasitics
(they arc also a lot bigger than the
Murata types).

After adjustment prototype versions
showed that typically 1.5 Watt could be
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Fig.7a: PA PCB Layout Top Side;
cach PCB actual size 54mm x 22mm
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Fig.8: PA PCB's Component Overlay;
cach PCB actual size 54mm x 22Zmm

obtained at the output. In one case even
1.8 Watt was measured. The output
maintained within 0.6 dB constant over
the frequency range of 2320-2450 MHz

RF OQuiput

X

and needs a drive
level of approx.
~6dBm.

2:1
Construction

In Fig.6 the sche-
matic of the PA is
given. Fig.7 shows
both PCB's, with
the component
overlays in Fig.8.

The first PCB car-
ries the microwave
circuit, The rear-
side if fully cop-
per. The second
PCB carries the bi-
asing components
and is also fully
coppered on the
rear-side. Both
PCBs can be
mounted back to
back inside one
shielded housing.

Fig.9 gives a view
of an assembled
prototype. The
ground pins of the
ERA amplifier
have to be as short
as possible; di-
rectly to ground on
the rear-side. The
CLY GaAsFETs
from Siemens are

very electrostatic sensitive. Use only
grounded soldering irons and workplace.
Gate voltages exceeding 6 Volt will
permanently destroy these devices. The
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Fig.9: Prototype of the 1.5 Watt PA

big drain connection is soldered close to
the shiclding side to get rid of a lot of
heat. At the outside of the shielding a
heat sink is needed. 1 used a little
heat-sink together with an air blower
which is activated with the same con-
trolling signal which enables the trans-
mitter supply (TX ENABLE).

3.
FINAL NOTES

With this article comes an end with the
description of the 13cm ATV transmit-
ter. Although the original unit also uses
a special power supply board which is

being controlled by the micro board, I
thought that it would not be interesting
enough to give a full description of that.
The only thing I can say about that is

that I used low Ron MOSFETs for
switching purposes, whose gates are
controlled by the TX ENABLE signal
for the microboard. For the microboard
itself 1 use a simple switcher from
National, the LM2594-5. to keep power
dissipation low. Supplies to the transmit-
ter itself should be regulated by a linear
regulator to avoid EMC problems,

If you have any questions then you can
reach me through internet email at: .
Kits and PCBs are available from
Spectra BV, Marga Klompehoeve 99,
2743 HW, Waddinxveen , Holland.
Phone:+31-182640228.

Fax: +31-182640345.
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D.Eckart Schmitzer, DJ4BG

Designing Chebyshev Filters for
Practical Operation

Part 1

Various processes exist for LC filter
calculations. But since the complete
calculation process for Chebyshev fil-
ters is very detailed, people like to use
so-called filter catalogues. The use of
data from such a filter catalogue is
explained here, with the help of
examples,

1.
GENERAL

The filter catalogue I have, the book
from Pfitzenmeier [1]. contains the data
for deep-passes, in standardised form,
for all possible graph curves, from the
simplest right up to very extensive
patterns. As a result, the book is over
500 pages thick. and is really impenetra-
ble for someone not used to using such
sources. So now we have to learn how
to handle the data from this book.,

Through a relatively simple adaptation
of the computing method, high-passes,
band passes and band elimination filters

can also be dimensioned using the same
tables.

Using them can be made considerably
easier by means of three simplifications
clarified below.

Various filters are then examined, once
the material has been made rather more
accessible, so that anyone should be in a
position to lay out filters of this kind for
his or her own applications.

2.
THE SIMPLIFICATIONS

Basically, there are two different types
of filter: symmetrical and asymmetrical.

Symmetrical filters have the same im-
pedance at the input and output (e.g.
30Q ). whereas the asymmetrical for-
mats transform to a greater or smaller
degree - i, the input and output
impedances are ditferent.

Modern equipment design involves a
series of stages which all have the same
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input and output impedances (e.g. 50Q2).
But this applies only to filter circuits
which also have the same input and
output impedances. For this reason, we
shall not go any further into asymmetri-
cal tvpes of filter here. Transformation
circuits are a different area. So that
alrecady halves the amount of data in
question,

The data listed in Pfitzenmeier [1] go
right up to fifteenth-grade filters - ie.
those containing a total of 15 structural
elements. But firstly, the filter curves
which they can produce are hardly ever
needed in practical amateur applications,
and secondly, they are far too complex
to adjust without expensive measuring
equipment.

Let us therefore restrict the complexity
of filters for practical use to the seventh
degree.

The book of tables referred to comprises
filter data for transmission curves with a
ripple of from (about) 1.25dB, with a
reflection factor of 50%, right up to a
ripple of 0.000004dB and 0.1% reflec-
tion factor. Whilst the one extreme is
probably too *“coarsc-grained” for most
applications, the other extreme brings no
additional advantages with regard to
steeper curves in comparison to a layout
without ripple (Butterworth curve).

Thus, for practical purposes, only a
certain part of the information available
will be required, and so here we arc
restricting discussion to filters with a
ripple of approximately 0.1dB, 0.2dB
and 0.5dB, and to Butterworth filiers.
Thus the entire book can be simplified
down to a few easily accessible tables.
Since the ripple tends to be rather
greater in practice, due to unavoidable
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slight tolerances, we always go to the
next lowest table when taking the avail-
able data from the book of tables, For
the applications here, that means
0.0875dB, 0.1674dB and 0.4376dB.
Since the tables are laid out for smooth
return loss wvalues, correspondingly
skewed numbers are obtained for the
individual ripple values. For the ripple
values referred to above, the associated
return loss values are 17dB, 14dB and
10dB, and the reflection factors are
14.12%, 19.95% and 31.62%. For the
sake of completeness, the coefficients
are also given for the Butterworth cycle
- i.e. for filters with a flat-line graph in
the transmission range.

3.
PRINCIPLES

In contrast to filters with as constant an
attenuation course as possible over the
entire ftransmission range, Chebyshev
filters allow a certain ripple in the
transmission range (usually relatively
slight). As a result, the transition into
the attenuation range becomes steeper.

Thus in a deep-pass, above the limiting
frequency a required minimum attenua-
tion is obtained more rapidly than if the
equipment is designed to give the
maximum flat transmission range. An-
other consequence of this is that a
simpler circuit with fewer structural
elements can already attain the required
attenuation value. Fig.1 should make the
difference clearer. It shows the curves
for a seventh-grade filter, with a Butter-
worth gradient, and a filter with a
Chebyshev gradient with 0.5dB ripple.
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Date/Time run: 10/17/96 16:15:13 Temperature: 27 0

0-— g — e, gy T e e ey

& o s — 5 A\ :

| \ |

| b i

-2+ \ L] !

| e

-4 . :

64 \ ;

1 :

-8 ‘: : . . :

i Vergleich des Kurvenver|autes ] |

i beim Tschebyscheff-Tiefpass (a) | i

]

! und beim Butlervorth-Tiefpass (b) T % :

_101 e S A R e e L e S s e £ G e D e R R S A S S L '

1 OrHz 3 0MHz 10HH 15MHz
a|Vdo (98) o Vdb(99) = ST

: Frequency 10 002H, —463 215m

Fig. 1: Gradients of two Seventh-Grade Filters:

e
2 =
di f=

a) Chebyshev Deep Pass
b) Butterworth Deep Pass

10 002H, -463 215m
0,000 0,000

Vergleich des Kurvenverlaufes beim Tschebyscheff-Tiefpass (a) und
beim Butterworth-Tiefpass (b) =Comparison of gradient in Chebyshev
deep pass and Butterworth deep pass

All these data refer only to deep-pass
equipment. The high-pass filters will be
considered a little later on.

It will be noted that the Butterworth
gradient is completely flat in the trans-
mission range, but that an increasc in
the attenuation becomes apparent quite
some way before the limiting frequency
is reached (- 3dB at 10 MHz!). The
Chebychev filler certainly also displays
a certain attenuation at individual points
(app. 0.5dB), but in contrast continues
to maintain this value right up to the
limiting frequency, and then the attenua-
tion grows steeper. The two curves
intersect at an attenuation level of about

4.8dB. From this point onwards, the
Chebychev filter displays a higher at-
tenuation level as the frequency rises.
(The two cursors in the PSPICE simula-
tion were both set to the limiting
frequency of 10,000 MHz.)

To provide greater help for the practical
users, rather than for theorists, these
filters were not standardised to | Hz as
usual, but were laid out for an applica-
tion which was practically possible -
namely, with a limiting frequency of 10
MHz. From this basis, conversions can
be made to other limiting (requencies,
using the standard units for the struc-
tural elements.
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Return Loss 10dB (Riple app. 0.5dB)

Degrees Coefficients
al a2 a3 M & i ar
3 1552904 [ 1105608 | 1,552804 - -
5 1662454 | 1,243589 | 2405603 | 1243589 | 1662454 . -
7 1694043 | 1273336 | 2593997 | 1,362738 | 2,093%97 | 1273338 | 1,604043

Return Loss 14dB (Riple app. 0.2dB)
Degrees Coefficients
al a2 a 2} & ] a
3 1187978 | 1,154234 1,187978 - = - ”
i 1300426 | LO4DB77 | 202107 | L34GHFT | 1300426 4 %
7 1,333498 | 1388901 | 2,238741 | 1515988 | 2238741 | 1386901 | 1333498

Return Loss 17dB (Riple app. 0.1dB)

Degrees Coefficients
al 2 a3 a4 & a6 ar
3 0999435 | 1142764 | 0999435 - . 2 g
5 1115397 | 1373987 | 1944023 | 1373967 | 1115397
7 1,150092 | 1427636 | 2068219 | 1583769 | 2068219 | 1427636 | 1,150092

Butterworth Gradient (Riple 0dB)
Degrees Coefficients
al a2 a3 a ] & ar
3 1000000 | 2000000 | 1,000000 - g - -
5 0618033 | 1618033 | 2000000 | 1618033 | 0618033 2 —
7 0445041 | 1246979 | 1801937 | 2,000000 | 1801937 | 1.246879 | 0445041

Table 1: Standardised Component Coefficients
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Figs.2a-2t:

Wiring Diagrams for Low-Coil Deep-Pass and High-Pass

Third-Grade to Seventh-Grade Filters (Notice the Component

Numbering!)

Tiefpisse = Deep passes, Hochpisse

It should be pointed out once again that
a rise in attenuation to 3dB is usually
defined as the limiting frequency flor
Butterworth filters, whereas the limiting
frequency for the Chebychev filters is
defined as the point at which the
permitted ripple value is exceeded!

4.
CALCULATION
PROCEDURE

Table | shows the selected original
values from [1]. They allow us to
determine the components for a corre-
sponding Chebychev deep pass.

First we need two simple calculations -
namely, the one for “reference induct-

High passes, Grades = Stages

ance” and the one for “reference capaci-
tance”. We use the following formulae:

__Re
214,

m
1

e
Ry 2-m-%

Here, the impedance (Rb) is given in
Ohms and the limiting frequency (fb) in
Hertz, the inductance being in Henrys
and the capacitance in Farads. These
then have to be converted into more
practical values, such as microHenrys
and picoFarads. If we also fix an
operating impedance of 500}, we arrive
at these simple formulae:

Lb=795775/1b (2)
with Lb in uH, fb in MHz and Z = 50Q
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Cb=3183.1/1b
with Cb in pF, [b in MHz and Z = 50Q

Starting from these two values, we can
now calculate the components for the
circuit. The wiring diagrams in Fig's.2a
to 2f can be used for this.

Three important things can be seen

straight away:

a) Chebychev deep-passes are made up
only of series inductances and shunt
capacitances. The Pi-network is gen-
erally preferred, as it needs fewer
coils.

b) Chebychev deep passes are made up
only of series capacitances and shunt
inductances. The T-network is gener-
ally preferred. as it needs fewer coils.

¢) The components are numbered from |
through to n, these numbers already

being identical with the numbers of
the associated filter coefficients of
Table 1! This is true irrespective of

whether we are dealing with a deep-
pass or a high-pass filter!

4.1. Calculation Process for a
Deep-Pass Filter

For a deep-pass filter, the reference
values - reference inductance and refer-
ence capacitance - are to be multiplied
by the associated coefficients.

In the low-coil Pi-network, component 1
is a capacitance. Its wvalue can be
defined as the reference capacitance,
multiplied by coefficient al. Likewise,
for component 2 we multiply with
coetficient a2, and so on.

Deep-pass: component n = reference

value . an
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4.2. Calculation Process for a
High-Pass Filter

For a high-pass filter, the reference
values (reference inductance and refer-
ence capacitance) are to be divided by
the associated coeflicients. For the low-
coil T-network, component 1 is also a
capacitance. Its value can be defined as
the reference capacitance divided by the
coefficient al. Likewise, for component
divide by coefficient a2.
High-pass: component n = reference
value / a,

2 we

4.3. Calculation for Band-Passes
and Band-Elimination Filters

In a similar process to that used to
calculate deep-pass and high-pass filters,
band-pass and band-climination equip-
ment can be calculated by conversion
from the deep-pass components. Since
in the practical application involved
these are of less significance, we shall
not attempt to clarify them here. These
applications are explained in sufficient
detail in the literature source referred to,
so additional information can be ob-
tained there if required.

5.
LITERATURE

[1]  G.Plitzenmeier:
Deep-Pass Book of Tables
(1971)Siemens Fachbiicher,
Siemens AG

[2] D.Eckart Schmitzer, DJ4BG:
Danger - Parasites!
VHF Communications 2/1997,
pp. 97-102
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available at £2.50 each
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THE G8OZP RANGE OF
MICROWAVE KITS FOR

AMATEUR TELEVISION

ASSEMBLED GUNNMOD2 3em ATV TRANSMITTER PCB & KIT

Gunnmod2 PCB forms the heart of a compact, fully featured FM. Gunn diode PAL, SECAM. or NTSC
Amatcur Television Transmitter with 5.5, 6.0 or 6.5 MHz intercarrier sound. The PCB is suitable f[or
most types of 3em and other frequency Gunn oscillators up to 25mW (up o 300mW Gunn oscillators
may be used with the addition of one extra transistor). The single 3 by 2 inch quality PCB incorporates a
stable, adjustable Gunn diode modulator with video pre-emphasis and adjustable deviation, together with
a stable intercarrier sound generator with selectable pre-emphasis, audio limiting, input level control and
output filtering, The PCB requires a single 10 - 15V DC unregulated supply and consumes only 20mA,
excluding the Gunn diode. This makes it ideal for portable or mast head use.

PCB with lull instructions - you supply components, Gunn Osc, case, connectors, cte...... £ 7.50
Kit with full instructions - you supply Gunn Ose, case, connectors, ete (Note 1)....neeeeeee. £ 25.00
Kit with Gunn oscillator - you supply case, connectors, ete. (Notes 1 & 2) cvvinvcsinnninnn. £ 35.00

Note 1: Plcase state 5.5 Mz, 6.0 MHz or 6.5 MHz audio sub carrier frequency. (6 MHz standard) Note
2: At present Gunn oscillators are good tested surplus units. Gunn oscillators are WG 16 square flange
mounting, 8 - 12mW output and pre-tuned 1o 10,340 GHz. other frequencies at request, 8 - 12mW
oscillators, when equipped with a suitable antenna and a low noise RX are capable of providing
line-of-site transmissions well in excess of 100Km. With minor modifications this TX may be used to
transmit data.

3em LNB’s

Low Noise Block receive converters have been the main contributive factor that has opened up the 3cm
band to ATV and other modes. With the low receive noise figures now available, transmissions are no
longer restricted 1o clear line-of-sight paths. Test transmissions have conclusively shown that over the
horizon transmissions by various propagation modes are now possible. None line-of-sight transmission by
means of scatter from rain clouds has also been achieved. Equipped with suitable antenna systems, etc.,
operation well in excess of 100km is readily achievable. Integral feed horn types will fit directly on to
standard offset satellite dishes with a 38 - 40mm mount,

Brand new with integral feed horn 0.7dB noise figure £ 50.00
Brand new with integral feed horn 1.0, - 1L.2dB noise figure £ 45.00
Brand new with integral 20dB antenna 0.8db noise fig. £ 60.00
Brand new 22Zmm circular input 0.7db noise figure £ 55.00
Brand new 22mm circular input 1.0db - 1.2db noise figure £ 50.00

All LNB's. are fully tested with the local oscillator at 9.0GHz +0.01% (this is often better than original).
Other local oscillator frequencies available by request. Horizontal or vertical polarisation is selecied by
applying cither approximately 13 or 1BV DC.
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ASSEMBLED DOVE ATV TUNEABLE IF / RECEIVER KIT

The Dove ATV Tuneable IF/RX forms the ideal heart of an ATV recciving system for ¢ither 24em (sce
note) or the higher bands when used in conjunction with a suitable Low-Noise-Block Converter. It is
designed as a compact easy to construct unil that requires no adjustment, setting up. or alignment. The kit
contains all board mounted components and full instructions. The only other requirements are a case,
power and output connectors, four potentiometer controls (all 10k lin) and a switch (SPST), The unit has
been designed on a flexible modular concept. Plug-in modules are being developed which include: a fully
tuneable sound demodulator, plus single and multichannel synthesisers, Unprocessed DC-coupled
baseband output is provided for expansion into data reception or multiple subcarrier demodulation. An
AGC output is provided for signal strength, etc. A divided by 256 local oscillator signal is also available.

Size: 105mm wide x 97mm deep x SOmm high
Power: 11 - 14v DC @ 400mA

Frequency Range: 925 - 1800 MHz

Sensitivity: -57dBm (300pV)

Audio Subcarrier: 6 MHz

Video Bandwidth: 25 Hz to 3-5.5 MHz Variablc

Video Outputs: 1V P-P Composite Unprocessed Baseband
Audio Oulpul: 1.5 W into 402 minimum

Controls: Main Tuning, Volume, Video Gain, Video Bandwidth, LNI3 Power ON/OFI
LNB / Preamp Powe: 12V DC Switched

Connections: RF Input F-type, all others 01" pitch (supplicd)
Mounting: Fixing pilot hole in cach comner

NOTE: When used as a 24 ¢m Receiver unless the signal is a strong local one a preamp will be
required.

DOVE RECEIVER KIT £ 57.00

24em HEMT GaAsFET ATV PREAMP

Satellite receivers are basically tuneable IF units which require, for satisfactory operation, input signal
levels of many millivolts, In a satellite installation most of the RI gain is provided by the dish mounted
LNB. This means that if used on the 24cm band. unless they are used only for local working. they will
require a high-gain pre-amp at the front end to compensate for the gain normally provided by the LNB.
This 24¢m low-noise. high-gain pre-amp is designed specifically for ATV use. but may be used on any
maodes il required. Micro striplines plus Helical band pass filter make alignment very simple and greatly
reduces the possibility of interference from out of band signals.

1dB noise figure HEMT GaAsFET front end, 40db gain.
12 - 20V DC supply via coax. (from satellite RX cte.) or separate feed if required. Sturdy tin plate
enclosure. High quality BNC connectors, Very simple to align.

Note: This kit contains some surface mount components. TX/RX switching is not included

Complete Kit £77.50
Fully assembled, aligned & tested £ 90,00
Shipping charges at cost Credit Card orders +5%.
KM Publications, 5 Ware Orchard, Barby, Nr.Rugby, CV23 8UF, U.K.
Tel: (0)1788 890365 Fax: (0)1788 891883

E-mail: vhisales@vhfcomm.co.uk
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Technical Side
of Television?

iBjA-T.‘C.'

Qver four decades of Television Service

)
NP

For details, contact the BATC at
Grenehurst, Pinewood Road,
High Wycombe, Bucks,
HP12 4DD, England

Internet http:!fwww.batc.org:uk
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easy to build circuits for the
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KIT
DGARBF-003
DG4RBI-004
DG4RBF-005
DGARBF-006
HF-WOBRB
KOMBI
DC8UG-007
DIBES-019
DISES-019mod
DISES-020
DISES-021
DISES-022
DJBLES-023
DISLS-03 1mod
HE-MESS
OE2TLZ 001
YT3MV

PCB
DGARBE-003
DGARBE-004
DGARBLE-005
DG4ARBF-006
DCSUG-PA
DCRUG-NT
[MRES-019
DISES-020
DISES-021
DIBES-022
DISES-023
DIBES-027
DJBES-028
DIBES-029
DIBES-030
DIBES-03 Imod
DISES-032
DISES-033
DISES-034
HE-MESS
OE2TZL-001

COMPLETE KITS & PCB's

DESCRIPTION
HF Synthesiser 5 to 1450 MHz, TCXO

HF Synthesiser 5 to 1450 MHz. Processor
HF Synthesiser 5 to 1450 MHz, Bus Driver
HF Synthesiser 5 to 1430 MHz, Regulator for VCO

Software for PC: [TF-WOBRB

EPROM HE-SYNTH + Software HF-WOBDB

5W PA for 13em

Transverter 144/28 Mz
Transverter 50/28 MHz

Hybrid Amplifier for 144 MHz
13cm FM ATV Exciter

28/432 MLz Transverter Oscillator
28/432 MUz Transverter Converter
Mixer / LO

PC Software for the DISES projects
PreMixer for 23 and 13cm

Low Noise L-Band Aerial Amplilier

DESCRIPTION
HF Synthesiser 5 to 1450 MHz, TCXO

HF Synthesiser S to 1430 MHz, Processor
HF Synthesiser 5 to 1450 MHz, Bus Driver
HF Synthesiser 3 to 1450 Milz, Regulator for VCO

SW PA for 13cm

Power Supply for the PA
Transverter 144/28 MHz

Hybrid Amplitier 144 MHz

13em FM ATV Exciter

28/432 MHz Transverter Oscillator
28/432 MHz Transverter Converter
Milliwait Meter for the PC

0.9 - 1.5 Gllz Synthesiser for the PC
Interface Card

VCO with PLL

Mixer / 1O

Pin Diode Controller

A/D Converter with Detector

Direct Mixer with Logarithmic Display
Software for the DISES PC projects
PreMixer for 23 and 13cm

ISSUE
2&3/98
28:3/98
28&3/98
2&3/98
2&3/98
28&3/98
3/94
4/93
2195
1/94
2/94
2/95
2/95
2198
TBA
1197
2/92

ISSUE
2&3/98
2&3/98
2&3/98
2&3/98
3/
3/94
4193
1/94
2/94
2095
2195
4196
1197
397
3/97
2/98
397
4197
4/97
TBA
1/97

*

PRICE
£135.00
£125.00

£
£
£
£

12.00
12.00
55.00
85.00

£286.00
£143.00
£143.00
£179.00

£
£

67.00
59.00

£114.00

L
L

52,50

32.50

L115.00

£

29.80

PRICE

3
£
£
£
£

o T T T T

Lac B o]

LT T

£

18.00
17.00

5.00

5.00
19.25

1.75
17.75
17.25
18.50
16.50
16.50
13.50
13.50
15.00
15.00
15.00
15.00
15.00
15.00

£ 32,50

£

15.00

Minimum Shipping charge £6.75 * Credit Card orders +5% * Address data at bottom of Contents page
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AFFORDABLE SOFTWARE FOR PRO AND AMATEUR

winLINE

Transmission line impedance calculations for all
sorts of lines: coaxial, stripline, microstrip, plus rec-
tangular lines, eccentric lines, trough lines, wire-
above-ground plane, and many others. Computes
impedance, loss, inductance, capacitance and other
parameters. Uses data from Microwave
Transmission Line impedance Data. For Windows.
Order NP-11  $195.00

Microwave Transmission Line Impedance Data
by M.A.R. Gunston Order NP-10  $54.00

| winSMITH

4 The best electronic Smith Chart around! “Build” a
ladder network of up to nine elements (L, C, R,
transmission line or transformer) and use the chart
to tune values until the match is perfect. Written for
stand-alone operation, but makes a perfect addi-
tion to the book Electronic Applications of the
Smith Chart. For Windows.

Order NP-5 $79.00

Electronic Applications of the Smith Chart
by Phifip Smith Order NP-4  $59.00

| matching, and more. Has a notepad and calendar, plus

EEpal
The “Electrical Engineer’s Pal” is loaded with useful data | =k _
and utilities for the active designer. Includes units and |} BV 1280 0rp
conversions, materials and component data, scientific |} fu‘-u*?;'r:xzm 9
calculator with higher math functions, pads, fiiters, e

Serisl Number,

a phone list with an autodialer. Al this is topped off with
a list 1800 EE suppliers! Runs in DOS or 2 DOS window.
Order NP-20 $195.00

i b

Order by telephone, fax, mail or our Web site!
We accept payment by VISA, MasterGard and American Express or check drawn on a U.S bank. Shipping
charges are — U.S.: 55.00 for the first item, $1.00 for each additional item; Canada: $10.00 first item,
$2.00 each additional item; Other countries (Air express): $32.00 first item, $10.00 each additional item.

o o CRESTONE TECHNICAL BOOKS
Div. of Noble Publishing Corporation
v 2245 Dillard Street * Tucker, GA 30084 * USA
STONE Tel: (770) 908-2320 * Fax: (770) 939-0157
N A ks www.noblepub.com




DENMARK  Microwave Wattmeter

( Measures power easily, quickly and ‘\’\( Dynamic range could be extended
precisely. using external attenuators or
directional couplers.

e 9-12 VDC supply.
¢ PROBETYPE PRO-15G IS
WCLUDED,

\,( Extremely broadbanded.
+,¢ Dynamic range: 70 dB. -
L ’f( Hypersensitive —
measures down to

minus 50 dBm
(10 nanowatts).

¢ Range: minus 50 dBm r )

— plus 20 dBm. (10 :

“nanowatts to 100 milliwatts).

\,( Frequency range: 100 kHz to

18 GHz with standard probe

PRO-18G and up to 50 GIlz
with optional probe.

< ( Applicable for most diode
.« probe types.

MICROWAVEL

- ( Several applications mthln MCW 2000 WATTMETER
power measurements. =~ i 2ERD i

3 ( High accuracy: < = 1 dB- wuth PR} ® s
PRO-18G standard probe , - ST i
(minus 40 dBm — plus 20 . OUTPUT PROCOR INFUT
dBm) [HP 33330B, C, D or. .
E;:ﬁgﬁtp:;z?li:gar D /1048 T e proee ool

- ( Owutput for sweep -~ e —

meaburemenl 4§l V!'lO dB)

We ship world\mde .
We accept VISA-, MASTER and EUHOCARD

Eberhard L. Smolka

P.0.Box 80 - D-91081 Baiersdorf
k U KW Be ri ChtG» ; Phone: xx49 9133 7798-0

Telachriiorabars Fax.: xx49 9133 7798-33
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