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Hobert E. Lentz, DLIWR

PUFF - A CAD Program for
Microwave Stripline Circuits.

Back at the beginning of 1990 the authors
Richard Compton (Cornell University),
Scott W. Wedge (Hughes Aircraft Com-
pany) and David Rutledge (California
University of technology) brought out
version 1.5 of a remarkable versatile
software package. Named after Puff, the
magic dragon in the Peter, Paul and Mary
song, the software was conceived espe-
cially for educational use. It was first used
on microwave engineering courses at Cal-
tech and at Los Angeles university; later it
spread to many other universities and
colleges and was also put to practical use
by engineers and scientists. More than
6,000 copies were sent out worldwide of
the first version alone.

PUFF represents an interactive circuit design
environment for producing stripline and
microstripline circuitry. Written in Turbo-
PASCAL, it is fast, easy to learn and simple to
use. Components are placed on the screen
with cursor-key movements, followed by
analyses in the time or frequency domain at
the touch of a key. The results of the
simulation can be seen as a plot, in a Smith
diagram or in tabular form. Fig.1 shows the
PUFF working screen with a simple example:

Top left is a square circuit board with four
connections, At port 1 we have a an angled
piece of 50-ohm stripline, next a quarter-
wavelength piece with Z=87 ohms, and finally
a 4mm-long 150-ohm resistor, connected to
ground at the far end.

Below this we have (in this case) letters a to f
representing components at our disposal (tline
= transmission line; device = a FET on this
occasion; clines = couples lines). The design
impedance is indicated (50 ohms here) and the
design frequency (SGHz this time),
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Fig.1 Screen shot of the Program in use

At top centre we have the commands at our
immediate disposal. These vary according to
whether we are working on a layout (f1),
carrying out a simulation (f2) or arranging
components (f3).

Top right we see the plotted results of the
simulation -frequency response, impulse
results or behaviour over time. Below is the
Smith diagram for the S parameters selected.

Right in the middle is the time taken for the
last calculation, below this the legend for
scaling the Smith diagram, the design fre-
quency and the measured value at the design
frequency (which is not readable on the plot in
the example).

After playing with the examples supplied and
mastering the method of operation, you are
ready to enter some values of your own. The
printed circuit board can be altered according
to material (thickness and Er) , dimensions,
number and location of ports; the resulting
solution can be re-worked to suit components
already to hand or a particular frequency
required. PUFF calculates all dimensions and
avoids crossings of tracks or drawing outside
the edge of the board.

Striplines or microstriplines (they should not
be confused!) can be characterised by im-
pedance and electrical length.

Concentrated components are SMD-resistors,
-capacitors or -inductors. They are entered
with their value and mechanical length, PUFF
understands four units for impedance or
admittance: ohms, Siemens, Z and Y. Reac-
tance values require a *'j'" prefix or suffix,
with the unit for an impedance following; for
example 25johms and 0.5;Z specify a reac-
tance of 25 ohms at the design frequency fd.

Devices are components with several ports,
defined by S parameters. In the example we
have an FSC10 FET from Fujitsu, with S
parameters from 0 to 12GHz,

If you are happy with the results of your
simulation, you can print out the enlarged
layout, photograph and print it to the right
scale and produce the PCB by photo-chemical
methods,

At Caltech students have a two-hour practice
session where they use PUFF to produce the
following: solutions to a design exercise,
producing film and PCBs, checking PCB
track widths with a microscope, introducing
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concentrated components and ‘‘devices’’,
checking circuitry on a test station, and finally
comparing simulation and actual results,
which usually tumn out very good.

The exercises are: a coupler, a low-pass filter,
a band-pass filter, a low-noise FET amplifier
and a FET oscillator. Fig.2 shows the com-
parison of a low-pass filter calculated by
PUFF (solid and pecked lines) and the values

measured (dots and crosses).
0 R
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Fig.2 Comparison of calculated and
actually measured values

PUFF does not contain an automatic optimisa-
tion procedure. The authors have, however,
devoted a lot of effort into making it as fast as
possible for users to check their circuits
manually,

All measurements are given in mm, frequen-
cies in GHz, and characteristics in the form of
S parameters. <CTRL>-P is the command for
printing a layout, enlarged to a (selectable)
scale **p"’, on an IBM Proprinter. Naturally
only the tlines and clines are printed, and
bends are automatically chamfered (compen-
sated).

Hardware requirements are IBM PC, XT, AT
or compatible with EGA graphics. Slow
computers should have a maths co-processor

fitted, while on faster models the emulation
built into the software works fast enough.

The finer details of the program are too varied
to mention all of them here: with the 5.25"
360k floppy you get a neatly printed hand-
book with 36 pages and many illustrations,
Fig's.l and 2 in this article came from this
handbook. The handbook is remarkably
clearly written and easy to understand. Study-
ing it is just as much a pleasure as working
with PUFF is. The manual also contains a
short tutorial with formulas and diagrams on
dimensioning striplines, together with com-
prehensive references and keyword index. It is
clear that extremely experienced college
tutors have worked on PUFF and its manual!

Even if PUFF is no substitute for advanced
(and expensive) microwave design programs,
it is no plaything either and clearly more than
“‘just’* educational software. In the USA the
software and manual cost just $10! Ordering
information (mention size of disk required)
from:

PUFF Distribution, Electrical Engineering
M/S 116-81, California Institute of Techno-
logy, Pasadena, CA 91125, USA.,

1 would like to offer sincere thanks to Carl G,
Lodstroem, SM6MOM/W6. Carl aroused my
appetite for this software, obtained it for me
and also supplied a disk full of *‘devices’" - a
whole host of transistors by HP and Motorola!

VHFE COMMUNICA TIONS has placed a trial
order of the PUFF software packages, prices
et to be announced. For further information
on avarlability and prices please contact KM
Publications direct at the address shown on
the inside front cover of this magazine.
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Peter Vogl, DLIRQ

A 6cm Transverter using Stripline
Technology.

Part-2 (conclucion)
As presented at the 1990 VHF-UHF conference in Munich

6. At the input of the final stage module (Fig.6.1)

FINAL STAGE DLIRQ 661 we find a further stripline filter, which

suppresses all unwanted frequencies to below

the 60dB level. My own preparatory tests

6.1. Description indicate the filter's attenuation in through-
pass mode to be approx. 2.5dB,

22 Bnw 22 1.5

oo 4o 1

O -

— 10po 5760MH2

(=1 &
5760MHz

FSX52WF FLC103WG

Fig.6.1 Circuit of the final amplifier DLIRQ 661
3]
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Fig.6.2 PCB layout of final amplifier DL1RQ 661
108 x 3dmm ; material: RT-Duroid D-5870; 0.439mm
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Fig.6.3 Component Layout DLIRQ 661

DLIRQ 661

. -u-.‘:“_"':-::_‘ ..

L4

Fig.6.4 Completed module DLIRQ 661 in tinplate enclosure.

Lid measurements 37 x 111 x 13mm

c 295 105 7
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w

@ It 2| #9607

.

Fig.6.5 End plate and Connector details DLIRQ 661
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Fig.6.6 Frequency respons e of the final amplifier DLIRQ 661
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Fig.6.7 Output Spectrum of the final amplifier DLIRQ 661

71



VHF COMMUNICATIONS 2/91

@
Following the filter is a two-stage power
amplifier. The medium power GaAsFET
FSX52WF by Fujitsu is used for the driver
stage. The final stage is Fujitsu's power
GaAsFET FLC103WG.

The module achieves 17.5dB gain, filter

attenuation included. Achievable output
power is a maximum of 1.6 Watts.

6.2. Constructional information

When mounting the power transistors on the
PCB (Fig's.6.2 and 6.3) two points should be
noted in particular:

a) as ideal as possible RF transfer from the

groundplane of the PCB to the source flange
of the transistors;

b) as ideal as possible conduction path for the
heat produced.

The author found the following construction
convenient. The PCB is soldered with its
groundplane onto a 0.5 or Imm thick piece of
copper. Good tinning in advance and plenty of
pressure during the soldering operation are
necessary to avoid air bubbles,

After soldering together a 2.5mm milling bit is
359 I

dBm
30. e
P

out

251

used to mill out two oval slots for the
transistors in the Teflon material. The milling
must cease at the depth when the copper of the
heatsink is visible. After the PCB treated in
this way has been soldered *‘water-tight'" in
the enclosure all components up to the
transistors are put in place. The last-men-
tioned are finally fastened in the slots with
appropriate screws, The transistors were sol-
dered in by the author with a low-temperature
iron (140 degrees) under closely controlled
temperature conditions,

If the copper surface is vertical this should
suffice in operation for cooling. If, however,
the module is fixed flat onto a chassis, the gap
between it and a matching copper plate must
be filled with heatsink compound to make up
the difference. In no circumstances should the
heatsink plate touch against a cover,

6.3 Alignment information and test
results

The quiescent currents of the transistors
should be set as follows:

Driver stage FSX52WF: approx. 70mA, cor-
responding to 105mV on the 1.5 ohm drain

T

204

L o / |
i -

|
|
i

|
|
L

-5 0 5

10
--8-~ Pjn[ 5760 MHz)

20 25¢Bm
—o— Pin[435MHz]

Fig.6.8 Linearity behaviour of the final amplifiet module DLIRQ 661 (pecked line)
and the complete transverter from 435MHz to 5760MHz (solid line)
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Final stage FLC103WG: approx. 240mA,
corresponding to 360mV on the 1.5 ohm drain
resistor.

Fig's.6.6, 6.7 and 6.8 are measurement charts
of test prototypes.

7.

LITERATURE AND SOURCES OF
SUPPLY

(1) Isel side profile 1 no. 190835 (from
Isert-Electronics, W-6419 Eiterfeld 1, Ger-
many).
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Conference notes, pp 58ff. South Bavaria
District of DARC.

(3) 10GHz Transverter using Stripline Tech-
nology. Peter Vogl DL1IRQ. DUBUS 2/86, pp
115 ff.

(4) Giga-Tech Karl Himmler, Postfach 1160,
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Bernad Neublg, DKTAG

A Modern, Professional look at the
Design of Stable, Crystal Oscillators
Working at High Frequencies

Part-2 (conclusion)

2.

CRYSTAL OSCILLATOR CIRCUITS
FOR VHF AND UHF (CONT.)

2.5 Huth-Kuehn/LC-Colpitts Special
circuit

A circuit not to be recommended, which
despite its problems shows no signs of dying
out, is shown in figure 9. It was criticised
already in 1979 on account of its unreliable
operation. At this stage I can only recommend
reading the article in VHF Communications
(2) again.

2.6 VHF/UHF crystal oscillators with
MMICs

Monolithic microwave ICs (MMICs) are the
simple equivalent of universal OpAmps for
higher frequencies with just four connections
(input, output, volts and ground): they are also
very attractively priced now (Mini Circuits,

- A

Avantek, Q-Bit et al.). For low phase noise the
amplifiers should not be driven to self-
limiting, since their 1/f noise starts to increase
a lot close to the (1dB) compression point (8),
whereby the carrier-near noise (30dB per
decade) of the oscillator becomes very bad.
An example circuit for around 80MHz is
indicated in Fig.10.

Q J-UJ

Fig.9 Overtone oscillator circuit
(not recommended)
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Fig.10 MMIC oscillator circuit according to (8)

The crystal operates with CO compensation in
series resonance as a longitudinal element in a
resistor-PI element made up of R2 and R3,
The (very high) output power is coupled
through a zero-degree power splitter (Ul). At
the output of the amplifier (in this case Q-Bit
QBH-150 or QBH-374) lies the resonant
circuit L4, C2 for selecting the overtone. With
L3 and L5 the not ideal phase shift of the
MMIC can be corrected by a total of 360
degrees. Resistors R1 and R4 serve for correct
termination of the power splitter and MMIC,
Amplitude limitation is definably pre-set with
the anti-parallel diodes.

BT

. SR 1
" T
L] Cif) Cemesra] v Tivml

Fig.11 Phase noise of the circuit in
Fig.10

The originator of this circuit reports on the
excellent values of phase noise achieved
(Fig.11), a satisfying finale and high point for
his experiments!

3

SOME IMPORTANT VIEWPOINTS
ON CONSTRUCTING STABLE AND
LOW-NOISE CRYSTAL
OSCILLATORS

3.1 Handling sub-resonance

Since the crystal’s sub-resonances lie close to
the main resonant frequency, false operation
of the oscillator cannot be prevented by
additional coil circuits. If you are contending
with only moderately suppressed subsidiary
oscillation - particularly with frequencies
above 100MHz - then take note that;

@ the amplification in reserve is as little as

possible. This means that feedback is strong
enough only to ensure satisfactory oscillation.

® the optimal point of operation of the
resonant circuit is when the oscillator works at
the nominal frequency with the crystal by-
passed. The circuit should be detuned from
this position only very slightly. If this is not
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enough to move the crystal onto the desired
frequency, then correction should be made by
a little inductance or capacitance in series with
the combination of crystal and parallel coil.

@ the parallel coil serves only as CO compen-
sation. It should not be (mis-)used to bring
things onto frequency but left at its optimal
value.

@ the crystal loading, that is power lost in the
crystal, should not be too great, Upper limit: a
few hundred microwatts, at maximum ImW
(about 2mA to 6mA). The crystal loading is
lowered for example by reducing the collec-
tor-emitter voltage or by reducing the feed-
back; the latter, however, only when there is
sufficient reserve! For determining the crystal
loading see section 3.3.

@ for checking whether the oscillator is
““budgeproof™’, you should test it best by
switching the power on and off several times

3.2 Amplitude regulation and limiting

For good long-term stability the crystal should
be driven with a loading of approx. 1 to 20
microwatts (oscillator current of approx.
0.5mA). This cannot be set dependably with a
self-limiting oscillator, For this you need RF
amplitude regulation, which involves control-
ling the DC operating point of the transistor
by rectifying the output signal of the oscilla-
tor, A circuit example is given in Fig.12,

This method is not without problems all the
same, since on the one hand it is not easy to
keep the regulation **gentle’’ and on the other,
it is possible for additional phase noise to
appear from the regulation,

The simplest alternative is to employ ampli-
tude limitation with anti-parallel Schottky
diodes, which (with capacitive coupling) are
connected direct to the resonant circuit or a
tap-off. You can also use one diode alone and
bias this with a variable DC voltage, thereby
achieving good control over the desired RF
level. A suitable circuit is given in Fig.13.

2uU
Punk+
& in INS712
Bid 40 i
—
=1,F
"0 S an2222 5K
POT
ALC
ADJ
+15V0C
Fig.13 Adjustable amplitude limitation
witha Schottky diode

3.3 Measuring the crystal loading.

The power dissipated in the crystal or the
current flowing in it can be determined

relatively simply in most cir-
8 cuits.

The easiest way is to measure
*jf——  the crystal current with a cur-
rent probe (e.g. Tektronix CT-
10), which is placed directly on
one leg of the crystal to allow
reading off the RF amplitude on
i an oscilloscope (typical scale

factor ImV/mA). This method

i is naturally only feasible in a

Fig.12 Amplitude regulation in a Colpitts oscillator

7R

well-equipped RF laboratory.
You could make a current
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probe out of a circular core and coupling coil,
but then you would have the problem of
calibration.

Measurement of the crystal loading can also
be accomplished with an RF millivoltmeter or
with an oscilloscope of adequate upper fre-
quency limits. Dependent on the particular
oscillator circuit there are a number of
methods available (3):

a) Colpitts and Clapp-Guriet oscillator

The only precondition is that the resonant
resistor R1 of the crystal is known. Using a
probe of the lowest possible capacity, measure
the RF voltage UBMeff between base and
ground, Using an oscilloscope, the effective
value is derived from the peak-to-peak value:

UBMeff = UBMpp/(2 * v2)
= UBMpp/2.82 [16]
From this the voltage UW is calculated thus:
UW =
UBM*cos(arctan((Ca+Cb)/(00*R1*Ca*Cb))
(17]
from which the crystal loading PQ is derived:
PQ = UW2/RI (18]
Correspondingly the crystal current is:
1Q = UW/R1 [19]

In the Clapp-Guriet (overtone) circuit Cb
should be replaced by Cbeff according to
equation [8].

b) Clapp (grounded base) oscillator and LC
Colpitts circuit

In this situation the two connections to the
crystal are **hot’' from an RF viewpoint, so
the measurement of the crystal loading must
follow a different course. The precise resonant
frequency fs (fr), as well as the resonant
resistance R1 (or Rr) must be known. The LC
circuit is adjusted so that the circuit is
oscillating exactly on the resonant frequency.
Then the crystal should be replaced with an
ohmic resistance of exactly the same value as

R1; if the CO compensation coil Lp is
provided, it must be removed. The oscillator
must then oscillate in the region of the crystal
frequency (plus or minus a few per cent). With
a low-capacity probe the voltage UR is now
measured across the substitute resistor Rers.
Even better is to measure the voltage to
ground of the two ends of the resistor and
form the difference (best-wise using the
built-in difference function of the oscillos-
cope). During the measurement the effect of
the probe should be evened out by gentle
adjustment,

The crystal loading is

PQ = UR2/Rers [20]
and the crystal current is once more
1Q = UR/Rers [21]

34 Low-noise crystal oscillators

This theme has already been treated by me
extensively in VHF COMMUNICATIONS
(see (2) and (6)). Supplementing these still
current designs | should like to add the
following. The more the oscillator frequency
is multiplied, or the more the final frequency
is divided back in a PLL to a reference crystal,
50 the higher are the demands imposed on the
phase noise close to the carrier of the crystal
oscillator signal. Phase noise close to the
carrier is determined in the first instance by:

@ the operating quality of the crystal in the
circuit, Reference (6) has already gone into
this thoroughly.

® the 1/f phase noise of the active stage
(transistor, MMIC) which without feedback
increases by 10dB per decade and with
feedback makes itself felt in the oscillator
phase noise with 30dB per decade.

@ the influence of noise carried on the power
supply. Here you are cautioned about the
modern three-leg CMOS voltage regulators,
which contribute significantly to phase noise.

-



VHF COMMUNICATIONS 2/91

-U'JdrﬂerH:

1o —|— regulated voltage noise filtering
hi:“ TCXO 100 MHz
.
- -
" !
130 My
with" |
.
150
50 500 5K fm MHz

Fig.14 Influence of the voltage regulator noise on the phase noise of an oscillator

@® the dependence of the oscillator frequency
on the operating voltage, which can modulate
extenal noise from the power supply and
other sources. The voltage-sensitivity can be
reduced by the use of a more robust crystal,
for instance with a higher overtone. Capaci-
tive diodes for drawing off or modulating
should be dimensioned for minimal draw
sensitivity.

Next to the careful selection of suitable
components and a low-noise regulator (e.g.
type REF-01 from PMI or equivalent types
from Linear Technology), good use should be
made of devices for blocking low frequencies
before and behind the regulator together with
additional filtering elements. The influence of
filtering is indicated in Fig.14 (taken from
9.

=110 Oscillator (80 MH2)

‘.‘#_-_“_..:'

| PP

Fraquancy (g
Fig.15 Difference in phase noise for
crystals with AT and SC cuts

20

Crystal loading, which should be fairly high
(several hundred microwatts, that is 2 to 5SmA
current for AT-cut), generally makes itself felt
on the noise floor 10kHz and more from the
carrier. Here the much praised but very
expensive SC-cut offers definite advantages
(Fig.15), which for most applications are
offset by the much higher price and additional
circuitry required,

3.5 Temperature stabilisation (crystal
oven, 0CX0)

For the highest stability it is necessary to

provide a thermostat for the crystal or better,

for all frequency-determining components. If

possible the crystal should be operated exactly

at its inversion point: for the AT-cut this is the
minimum of the frequency-temperature
curve, which should lie at least SK and
better 10K above the highest expected
environmental temperature. A still higher
inversion point temperature will raise
current consumption unnecessarily
through heating. Standard tolerance of the
inversion point in crystal manufacture is
plus or minus 5K,

A suitable circuit for thermal regulation is
proposed by C. H. Schuebbe DJ6JJ in (7).
To achieve a stable oven temperature
which is in practice better than 0.1K it is
also necessary to keep the temperature of
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the OpAmp in the heat regulation circuit at as
constant a temperature as possible. Otherwise
the temperature drift of the offset voltage
falsifies the regulation. Additionally you
should place as close as possible together the
temperature sensor, the heat source (power
transistor) and the crystal. Ideally the crystal
should not lie on the heat path between the
heat source and sink. A particular danger
occurs with small heatsinks when the thermal
regulator can oscillate, noticed by *‘pump-
ing'* of the heating current.

When placing the crystal in circuit bear in
mind that the connection wires of the crystal
form a direct thermal path to the quanz disc.
The electrical connection to the *'cold’" world
outside should not be too shont (opposite of
RF requirements!) and should be have poor
thermal conductivity (use thin wire),

With crystal ovens you should also observe

that when switching on after a power disrup-
tion that the oscillator frequency may not
return to the previous value even after some
time (the so-called retrace effect).

4.
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Uinear Power Amplifiers
This is a new range of products from 1091, and the range
pr d will d 10 cover | new as they

are developed and proved. The range starts with a 150W
amplifier for 2m band, and this will be followed by a 300W
HF band amplifier. These amplifiers are based on power
MOS FET technology, representing the most efficient
method of obtaining linear high power amplifiers that are
robust and simple to use. These amplifiers will be designed
1o operale with the muTek range of transverters, giving ALC
and SWR protection facilities.

LAVE 144/150

This is the first in the range of high power linear amplifiers
from muTek. It has a gain of 13dB and excellent
Iintermodulation performance. It has been designed 1o work
with the TVVF 144a, but can be driven from any transcei-
ver with an output power ol up to BW pep. The unit |s
similar in size 1o the range of transverters, but is about
2.78°, The amplifier is tan cooled with a silem running fan
when the unit is cool. The linear amplitier is internally
sequenced and an output |s avallable to drive the muTek
masthead amplifiers.

Power output  150W

Frequency 144.1 Hz
Price €276+ £10p&p Gain 1348 typ

Power supply 50V dc @ BA

Ui

12V dc @ 0.6A

L

R.F. Technology

LAHF_230/300

This will be a 300W broad band amplifier designed 1o boost
the 10W pep output of the TVHF 230c 1o an impressive
300W pep. The amplifier will operate from 1.6 10 30MH2
and will be fully SWHR protecetd,

Power output  300W
Frequency 1810 mm
Galn 1.3d8 typ
P.OA,
Power supply 50V do @ 12A
12Vde @ 0.5A
Power Supplies

A range of power supplies will be available 1o power the
ranges of transverters and linear amplifiers. These will be
styled to match the linear amplifiers. More details are
available on request

Packet Data

Tijs Is a complete VHF transcelver designed specifically for
FSK packet operation. The unit has an oulput power of
10W and operates from a 12V supply, There are up 1o 18
frequencies available, and the unit has internal noise
squeich. Details on request.
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o ([ -
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Dr. Ing. Jochen Jirmann, DBINYV

Enhancements to the Spectrum Analyser

Three years have passed between first
publication of the spectrum analyser
design DBINV 006-009 and now, and a
few problem areas have shown up. At the
same time further developments on the
modules side has made possible some new
variants on the circuit.

In particular the second overlay oscillator
showed up as being relatively un-repro-
ducible: the nominal frequency could
often be obtained only after several
changes of components since the
tolerances of small capacitors are often
quite significant. So we now present an
interesting alternative using a ceramic
resonator.

In addition the initial alignment of the first
IF at 460MHz often seemed to cause
problems on account of scattering in the
helical filters, making it difficult to line up
the centre frequency with the pass curve. A
solution is to employ surface acoustic
wave (SAW) filters from car telephones.
The unevenness in the pass region is
certainly not comparable with an opti-
mally aligned helical filter but it is repro-
ducible almost without need for alignment.

By

Also, the often-uttered wish for a digital
framestore has not gone unheard, but
because of the broad range of the descrip-
tion it is given in a separate article. The
screen shots presented here were produced
with this frame store and a graphics plotter
using coloured inks.

Is

SECOND OSCILLATOR USING
CERAMIC RESONATORS

When coaxial ceramic resonators became of
interest to radio amateurs around 1988 there
was initially only one type with a relative
dielectric figure of 38 available, which set the
lower frequency limit at around 900MHz
(with sensible dimensions). In the meantime
ceramics with a dielectric figure of 80 have
become available, allowing the manufacture
of 450MHz resonators, The primary applica-
tion area is oscillators and antenna couplers in
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Koaxresonator
455MHz

DBINV

Fig.1

The second oscillator with Ceramic Resonator

L1 = 4.5 turns, 0.63mm vamished copper, 3mm inner diameter

mobile telephones (Netz C and NMT 450), yet
their frequency characteristics also allow
them to be used at 70cm and for the second
oscillator of the frequency analyser,

Since the principles of constructing an oscilla-
tor with coaxial ceramic resonators has been
described in issue 2/1989 (German edition),
Fig.1 should suffice for illustrating the func-
tions, As one sees, the collector circuit of the

X

o e e .

/{» ﬁ..._ T — 0 F

i | DBINY
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Fig.2 Alignment characteristic curves

of the oscillator

Triangle = charcteristic curve at
oscillator input

Circle = characteristic curve at
equaliser input (test
pt. 21) of DBINV 009

oscillator transistor BF 970 is substituted by a
resonator (Siemens B69500-T5723-F455,
nominal frequency 455MHz). The feedback
path leads via a capacitive divider 1pF/6.8pF
to the emitter, so it's a case once more of a
Colpitts oscillator,

Coupling from the mixer is done inductively
(in order to suppress harmonics) via L1 (5
tums 0.7mm vamished copper, 3mm inside
diameter). An attenuating element improves
decoupling between mixer and oscillator,

For fine tuning a tuner diode BBIOS is
connected through 3.3pF, First tests indicated
a centre frequency of a bit more than 450MHz
and a tuning range of more than SMHz. The
oscillator power at the mixer input is ideal at
SmW. Unfortunately the characteristic curve
is decidedly crooked, as Fig.2 shows: the
tuning gradient alters over the tuning range by
a factor of 3. Linearisation of the alignment
characteristic curve is therefore necessary.,

The clearest solution, providing the second
oscillator with a frequency control loop,
would demand too much effort, So two other
techniques were tried out and found to
produce the desired results without too much
effort. One can either pre-distort the tuning
voltage with a diode-resistor network or else

R1
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Fig.3 Equalising Network in module DBINV 009

make the coupling of the tuning diode so
frequency-dependent that it produces a linear
frequency track.

The first variant calls for flow control
(DBINV 009). Looking at Fig.3, the circuitry
of the operational amplifier 12 is changed at
pins 1, 2 and 3 so that it produces amplitude-
dependent negative feedback. With rising
output voltage from the opamp the diode
circuit reduces the negative feedback in two
stages and thus increases the amplification for
higher tuning voltages. The small number of
components enables this circuit to be added
easily to the PCB; it holds the gradient of
characteristic curve constant within plus or
minus 10 per cent, which is adequate for the
present application,

A more elaborate lineariser can certainly
reduce the error but the additional effort is not
worth it. The result of linearising is seen as the
second curve in Fig.2, which plots frequency
against the tuning voltage at test point 21 of
DBINYV 009 (input fine tuning).

The second method of linearising, frequency-
dependent coupling for the capacitor-diode, is
certainly more tricky but uses the minimum of
components, One possibility is to add induc-
tance to the capacitor-diode and make it a

an

DBINV

resonant circuit, coupled to the oscillator.

Normally this kind of circuit is wishful
thinking for oscillator constructors as it ends
to develop feedback or to stop oscillating, for
example because of the self-inductance of RF
chokes. All the same, with careful construc-
tion it is possible to achieve an almost linear
tuning curve over restricted frequency ranges.
The attraction of this technique harks back to
the valve days when strictly-linear tuning
VFOs were called for (one need only think of
the Collins receivers with mechanical digital
displays). There was also often an additional
demand for electronic tuning to a few kHz,
e.g. for sideband tweaking or for achieving
RIT independent of the main tuning,

Anyone interested can refer to (1). Reading
almost forgotten circuit principles may also be
worthwhile.

With a capacitor-diode the barrier layer
capacity drops with the root of the tuning
voltage, in other words the frequency gain
becomes ever flatter with rising tuning vol-
tage. For an oscillator with a linear charac-
teristic curve we need diode coupling that
becomes more pronounced with falling capa-
city and rising frequency: Figd4 shows a
possibility coupling a diode (shown symboli-
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Fig.4 Substitute circuit for alignment
with a pull-in circuit

cally as variable capacitor C2) via a high-pass
circuit L1/C1 (the ceramic resonator).

The functional method of this network can be
illustrated with Smith diagrams but most
readers will find a more descriptive explana-
tion serves them better. With diode capacity
C2 large and oscillator frequency low, the
impedance of the parallel circuit C2/L2 is
capacitive and small in comparison with the
reactive impedance of C3. The voltage on the
diode is small and the influence of the diode
on the resonant circuit slight.

If C2 is now reduced, L2 begins to compen-
sate a growing part of C2, which means the
effective capacity of the parallel circuit L2/C2
drops more than proportionately. Then the
voltage division is reduced with C3 and the

diode is ever more closely coupled to the
resonant circuit L1/C1. In the extreme case the
effective capacity in the parallel resonance is
zero and the diode is completely in the
resonant circuit.

In practice this situation normally leads 10
wild characteristic curves and is therefore to
be avoided; the author has in his experiments
set the resonant frequency of L2/C2 well
below that of the main resonant circuit L1/C1.

The circuit of the oscillator is shown in Fig.5;
as one sees, the ceramic resonator forms the
resonant circuit L1/C1 and L2 serves as feed
for the diode bias voltage.

The result of the experiments is to be seen in
Fig.6: with correct alignment of L2 (second
curve) a ruler-straight tuning curve is
achieved over about SMHz, which is fully
adequate for the IF section.

In the valve era even more clever circuits were
evolved: if this is your pleasure the circuit on
page 34 of (1) would be worth looking at.

Using an inductively tuned VFO (Clapp
circuit) the auxiliary circuit is led to the
cathode line and serves simultaneously as
feedback route. Current flow controls the
detuning of the auxiliary circuit with a
germanium diode and thus achieves constant

470 n2

1E-500 |

Lo

DAt YN
88105 L L2

Abstimm.

3p3 spannung

Koaxresonator
WS5MHz

DBINV

Fig.5 The linearised oscillator
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Fig.6 Alignment characteristic curves

for various values of L2

Circle = L2 to infinity

Triangle = L2 4.5 turns, 3mm
diameter

Square = L2 3.4 turns,
diameter

frequency movement over the tuning range of
the VFO.

The primary purpose of altering the oscillator
was to improve reproducibility. During tests it
was found that both new variants improved
the phase noise characteristics of the analyser.

—

J

The improvement is not exactly large because
the noise content is mainly determined by the
(poor) first oscillator but it can become
relevant if development of a low-noise and
low-cost synthesiser for the first oscillator
bears fruit.

The result is to be seen in Fig.7 which shows
the 60MHz calibration oscillator with 10kHz/
div and 70dB dynamic range. Here the
spectrum analyser was driven with an external
low-noise oscillator (HP 8640).

With the old oscillator circuit noise sidebands
were still visible, but with the new circuit
(variant 1) they are gone. The horizontal scale
is incidentally not exactly equal, which should
be considered during evaluation.

The illustrations were turned into hardcopy
with an HP Thinkjet from the digital frames-
tore mentioned.

A method of arranging the second oscillator
using the ceramic resonator on PCB DBINV
006 is shown in Fig.8.

Fig.7a (left)

Noise sidebands of the original second oscillator

Fig.7b(right) Reduced noise sidebands with Ceramic Resonator

"~ a4
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Fig.8 The new second oscillator on PCB DB11INV 006

2.
FIRST IF WITH SAW FILTERS

In the first article on the subject of spectrum
analysers already indicated that SAW filters
would in principle have application as a
means of improving selectivity in the first IF.
At that time the only filters readily available
were for satellite TV tuners. Their bandwidth
of 27MHz at 479.5MHz and through-pass
attenuation of around 20dB for selectivity of
40dB held no attraction for use in the analyser.

Meanwhile, however, new types of filter have
appeared on the market which suit our
requirements almost perfectly., Centre fre-
quency lies at 455MHz with 4,5MHz band-
width, the attenuation is less than 4dB and the
wide-range selectivity is around 40dB. Input
and output are fixed at 50 ohms. Their primary
application is transmit filters in mobile tele-

phones, for instance in Netz C and NMT 450,
Whereas the transmitter and receiver in car
telephones were previously separate, each
with their own synthesiser, space and current
considerations have now brought about the
return of the transceiver concept (as on Netz A
phones such as the Tekade B95, still widely
used in amateur circles. Between the transmit
mixer and the final amplifier SAW filters are
used for adequate suppression of harmonics.

Since adjusting helical filters in the IF has
required a *‘magic screwdriver'' and a lot of
patience (centre frequency and filer curve
both had to be spot on), the use of virtually
fixed-tuned filters has seemed most desirable,
especially for the less skilled constructor,

As basis of the experiments the Siemens filter
type B4510 was selected, as it is obtainable
and compares favourably with the price of
helical filters used up to now. A glance at the
data sheet (2) reveals the negative side: in the

RR
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Fig.9 The partial circuit of the module DBINV 006 with three cascaded SAW
filters

Fig.10 The UHF section of the module DBINV 006 with the three SAW filters and
the matching coils
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normal case the filter has a ripple of more than
5dB, which can be reduced to less than 2dB
using auxiliary matching coils on the input
and output. Unfortunately this matching
reduces the wide and narrow range selectivity
to around 10dB, the largest resonance peaks
reach -30dB, The deeply serrated response of
the filter curve is incidentally typical of SAW
filters, as can be found out from (3).

For adequate selectivity of 80dB at the image
frequency of 433.6MHz (second IF of
10.7MHz) three cascaded filters were introdu-
ced to be safe and sure, although a single filter
demonstrates a selectivity of 45dB. It would
be interesting to find out if secondary
resonances vary much due to manufacturing
tolerances, If there is no danger of the strong
subsidiary resonance at 440MHz straying into
the image area, then two filters would be
adequate,

Fig.11 Conductor track side of DBIINV 006 with the hand-made 50ohm striplines

The prototype was built on PCB DBINV 006
and had also the IF preamplifier from (Ger-
man) issue 4/1989. As the partial circuit in
Fig.9 shows, the IF preamp has been made
with Avantek transistors AT41485 this time.
Avantek recommends this transistor as an
improved replacement for the BFQ69; the
smaller, lower inductance Micro-X outline
with 2.5mm diameter and higher transit
frequency of at least 7GHz allow use up to
above 23cm. The price of around DM4 makes
this type interesting for other UHF applica-
tions as well,

Following the preamplifier the first SAW
filter is inductively matched with L1. The
second amplifier uses a BFR90 as previously
since an AT41485 would raise the amplifica-
tion to an “‘unhealthy'" 30dB. Two further
SAW filters lie between the second amplifier
and the second mixer (IE-500). Here the coils

R7
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L2, L3 and L4 serve as matching elements, All
matching coils are made with 0.5mm wire on
a 2.5mm former (shank of twist drill). L1 and
L2 have 1.5 tums, L3 and L4 2.5 turns. These
coils are soldered as close as possible above
the PCB surface and placed to minimise
feedback.

The completed UHF section of DBINV 006 is
visible in Fig.10; with a little skill the rebuild
can be fitted on a standard PCB and the only
extra work is to mill some 3mm wide 50-ohm
lines (Fig.11).

The prototype construction achieved an IF
bandwidth of 4MHz at 455MHz centre fre-
quency, the ripple in the pass region was 3dB,
albeit with the chaotic attenuation curve
typical of SAW filters. Stray reception in the
dynamic range of the analyser could not be
detected.

All in all, it can be stated that the implemen-
tation of the SAW filters described produces a
practically zero-alignment first IF amplifier,
which ought to make construction easier
particularly for less skilled builders. This is
bought at the cost of less accurate measure-
ment due to the greater ripple of the filters.

3
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Gerhara Schmiti, DJSAP

Improved Air Cooling For
2C39 Power Amplifiers

Many people constructing power ampli-
fiers for the amateur bands starting
144MHz and up still go for the 2C39 tube
and its equivalents. While air cooling of
the 2C39 types presents no problems on 2
metres and 70cm, the operating conditions
become more critical at 23cm and the
problem of ensuring adequate ventilation
more difficult. Here, then, is a suggestion
for a new method of cooling,.

1.
THE PROBLEM

The valve data indicates an anode dissipation
of 100 watts with maximum ventilation, This
limiting value is exceeded by most users in the
amateur field, sometimes considerably. Vari-
ous authors have sought salvation: reference
(1) describes oil cooling and (2) uses distilled
water, In (3) DJ3EP demonstrates an impro-
ved system using aluminium heatsinks.

The disadvantage of the schemes mentioned,
apart from the technical demands of (1) and
(2), lies (in the author’s opinion) in the
difficulty of changing tubes. Using the cool-
ing system of (3), the additional heatsink must
be linked mechanically rigid to the PA unit,
otherwise it can occur during installation after
transportation that the tubes break in two.

2.
MY SOLUTION

The modification proposed here for the
cooling surface of the 2C39 is (in the author's
opinion) a good compromise between effort
involved and the noise level of improved
cooling.
Consideration of 2C39 and YDI270 tubes
shows that they differ only in their heat sinks
(Fig.1). The YD1270 offers an anode dissipa-
tion of 200 watts according to the data and its
dissipating surface is correspondingly larger.
Ra
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Fig.1

For comparison: left a 2C39BA, right a YD1270

Fig.2 A 2C39BA with the coupler (author's photo)

So we can remove the normal heatsink of a
2C39 and substitute the significantly larger
one froma YD1270 - only it doesn’t fit! Since
the inner thread of a 2C39 heatsink has a
smaller thread than the YDI1270, a corres-
ponding coupling piece or adapter must be
made up.

This coupler, which for best heat conductivity
should be made from copper, must be tumed
on a lathe (Fig.3). If no YD1270 parts are
available but the necessary mechanical facili-
ties are, a complete single-assembly heatsink

a0

with 12 x 1 inner thread can be made from
scratch from copper or aluminium. This can
either match or exceed the size of that of the
YDI1270!

The heatsink of the YDI1270 normally
removes quite easily but the 2C39 may
present more difficulty, according to its age
and condition.

Before attacking and possibly ruining a good
2C39, it is worth practising on a defective or
well-used one. Under no circumstances
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Fig.3a Coupler for improved cooling
of 2C39 amplifiers with the
fins from a YD1270 tube

should the tube be placed in a vice and have its
heatsink removed with greater or lesser force:
instead use two pipe wrenches and strips of
leather, one gripping the flange of the anode
and the other heatsink. Then carefully ease the
heatsink off.

The Telefunken version of the 2C39 has no
screw thread but instead a stud of 8mm
diameter onto which the heatsink is pressed
with two set screws, These screws must be
released first before the heatsink can be
removed.

It is worth smearing the thread with white
heatsink compound prior to screwing on the
coupler.

from below

Outer thread 18 x 1; 20mm long

Tapped M3
Drilied 8mm, 22 deop
S8 0.8 1o tmm; 15mm deep

Fig.3b Adapter for the Telefunken
version of the 2C39.
Material: Copper, hard or
half-hard, failing that
Aluminium

3.
CLOSING CONSIDERATIONS

The described modification enables the heat
dissipating surface of a 2C39 to be enlarged
more than fourfold (Fig.4). For half-humane
operation of the tube a relatively small blower
will suffice; to reduce the noise during receive
periods a resistor can be connected across it.

A reader inclined towards this scheme of
things should nonetheless be clear of one
thing: regardless of the heatsinking methods

Fig4 A 13cm PA with a modified 2C39BA

ne
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employed, a PA will detune itself if certain
DC inputs andfor RF drive limits are
exceeded, The cause of this detuning between
the changeover from transmitting to receiving
has less to do with over-heating of the anode
and more with the relative movement of the
electrodes within the tube (cathode to grid,
grid to anode). In this manner the cathode
circuit and to a greater extent, the anode
circuit are capacitively detuned. This effect
has also been described by other authors and it
seems that the amateur must live with it. A
degree of improvement can be achieved by
not letting the tube cool down completely
during receive periods,

4.
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CarlG. Lodstroem, SMEMOM/WE

Measurement Arrangements for

Complex Impedances

This article proposes and describes a
scheme for measuring reflection coeffi-
cients of any load. They are indicated
directly as a point on a Smith diagram.
In principle one could take the values
given by the measurement system and
draw them directly on a Smith diagram
using an X-Y plotter.

The measured voltages could also be taken
to the X and Y inputs (equal sensitivity) of
an oscilloscope and represent the locations
of the reflection coefficients in real time.
Additionally one could fix a transparent
Smith diagram (or an enlarged section of
one) over the ‘scope’s CRT.

I have said locations in the plural as it is
possible to sweep the frequency - or vary
the load - so that a line is drawn instead of
just a point. This is an extremely capable
tool for aligning circuitry. Fig.1 shows
the overall scheme, which is composed in
principle of an RF line with four detectors
fixed at ecighth-wavelength distances,
Fig.2 shows a typical measurement result.
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Fig.1 With two pairs of forwards-current
diodes on an RF line, two
amplifiers and an RF generator
(approx. ImW) complex reflection
coefficients can be represented and
measured. Because of the
necessary 8th-wavelength
distances, the frequency range of
this arrangement is restricted:
about one octave for antenna
alignment: about +/- 510 10%
around the design frequency for
most measurements. Precision
measurements can be carried out

only at the design frequency.
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Fig.2 An HB9CV antenna, swept from
136 to 150MHz. Resonance lies at
146MHz (white spot at centre of
screen and centre of Smith
diagram). The marker on the outer
right indicates 140MHz: the
antenna is not good at this point,

I
PRE-HISTORY

Much has already been written about the
Smith chart but the fundamental work is - not
surprisingly - by Mr Philip H, Smith (1). The
measurement instrument used here was cali-
brated by me in 1986 at a Design Contest and
published in (2).

Later at the Foothill fleamarket in San Mateo,
California 1 found a UHF admittance meter
made by General Radio: with a receiver as
detector it functions superbly. Doubtless there
must be literature which I have not found yet
for this device.

Finally there was the “‘Z-g Diagraph'’ from
Rohde & Schwarz which showed some
similarity and its description (3) can be read
profitably in this connection,

In previous issues of VHF COMMUNICA-
TIONS the function and construction of
directional couplers (4, 5) and diode detectors
(6) have been described (references are to the
German edition); these publications give a lot
of practical information.

For some decades now the Smith diagram has

M

been the means by which RF engineers
illustrated complex resistances and achieved
graphical solutions of matching problems, in
other words an enhancement for the slide rule.
These days the same problems (with many
figures behind the decimal point) are more
easily calculated with a computer and it can
also represent the results on the screen in the
form of a Smith diagram, which completes the
circle,

Yet the computer is of little help with an
*“*actual"* problem! There on the bench sits a
filter which needs aligning, there is an antenna
that needs matching, how good is this
attenuator or that load? If oue could see their
reflection coefficients on a Smith chart then
one could tell how good or bad they were and
what needed doing!

That is the application for this innovation.

Ideas for this came from my excellent tutor
Ingvar Svensson at the Engineering Academy
in Goeteborg; he treated this theme (like all
the others) as a figment of fantasy, as did
Magnus Koch, an engineer with whom I was
happy to collaborate several years ago. He is a
measurement specialist and once said **If you
can measure it with a bridge, do so.”"! I have
merely combined the thoughts of these two
men!

2,
FUNCTIONAL METHOD

An RF generator G is connected to one end of
an RF line and a load Z to the other, the length
of the line being at least one wavelength
(Fig.1). If the load is equal to the surge
impedance of the line Z0 there is no reflection
at the load; all power is absorbed in the load
and converted to heat. At every position along
the line one can measure the same RF voltage,
assuming (as we do here) that losses in the
measurement line are overlooked.
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Fig.3 The UHF Admittance meter by
General Radio

If the load is not equal to Z0 part of the power
is reflected at the load. If the generator is also
not properly matched then part of the reflected
power is reflected again by the generator and
the relationships become quite complicated.
We shall assume that the generator is correctly
matched.

The so-called mismatch can arise simply from
a 50 ohm line being terminated in a 40 ohm
resistor, Equally the termination might have
too high a value or combine resistance with
some inductance or capacity, either in series
or in parallel, There are countless possibilities
with mismatches.

Some forms of mismatch produce total reflec-
tion, certainly all those which have no
resistive component: short circuit, open cir-
cuit, capacity, inductance and combinations of
these.

If the load is not equal to the impedance of the
line, the voltage will not be the same
everywhere: instead it will vary periodically,
giving us a *'standing wave'". Its form repeats
itself every half wavelength along the line.

With a shont circuit (or a load smaller than Z0)
a voltage minimum and current maximum
appears that the load end of the line. With an
open circuit the opposite applies. Capacitive
and inductive components lie in between.

Voltage or
current

N

Position along line

Fig.4 Voltage or current function along a
line with a badly matched load

When the reflection is pronounced - close to
total reflection -the minima are sharp and drop
nearly to zero volts, In significant cases of
mismatching - as with a standing wave ratio
(SWR) of 2 - the voltage variation along the
line looks almost like a sine wave (Fig.4).
With a perfect match there are, as mentioned,
no periodic variations and at most a drop in
potential if the measurement line has suffi-
cient attenuation,

If one now measures the voltage on the RF
line at four points each spaced an eighth-
wavelength (45 degrees) apart, the four
voltages should relate to one another in a
sine/cosine fashion if there is a standing wave
present. The four voltages are summed in
pairs -without amplification to a resistor or at
the output of a differential amplifier - and
taken to the X and Y inputs of a plotter or
oscilloscope.

If you now consider some extreme cases of
terminations and work through the voliage
relations resulting from them (Fig.1), you will
quickly understand the arrangement and how
you can use it,

We shall take a resonant circuit which at
resonance gives rise to total reflection (Fig.5).
The coil should be small and the (variable)
capacitor screened, so that little radiation

95
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Fig.5 How calibration is carried out
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Fig.6 Three different terminations: A, B,
C and the resulting indications -
here for a measured frequency of
145MHz

occurs and as much power as possible is
reflected. A (variable) attenuator ahead of the
resonant circuit delivers calibration values.

A perfectly matched load (50 ohm instrumen-
tation termination or attenuator of at least
30dB) gives the same voltage on each of the
four diodes, everything is symmetrical and on
the display we get a point in the centre of the
Smith diagram.

With a resonant circuit at resonance used as
load we get maximum asymmetry of the
voltages of each pair and the point indicated
moves out to the right (parallel circuit,
infinity) or out to the left (series circuit, short
gi;cui:)‘

If we tune the resonance (variable capacitor),
the measurement point will wander around the
periphery of the Smith diagram. The area
around the short circuit (outer left) will remain
clear with a parallel circuit as will the area
around infinity (outer right) for a series
circuit,

In reality we have not a circle but a square
with rounded comers standing on one of these
corners, This is because the voltages which
determine the measured points do not have a
sine wave form but pronounced minima.
However, the better the match, the closer the
shape is to a circle because the voltage
response is nearer a sine wave (Fig.6).

If we now place a 3dB attenuator in front of
the resonant circuit and tune it once more, the
measured point now shows as a concentric,
nearly round circle for 6dB return loss. With a
6dB attenuator we get a circle for 12dB retum
loss attenuation and with a 10dB one we have
the circle for 20dB,

With an attenuator of, say, 10dB permanently
on the output of the RF line the detector
arrangement ‘‘sees’’ a return loss of at least
20dB, regardless of whatever is connected
afterwards to be measured. This detracts from
the appearance of sharp voltage minima and
the diagram produced in this way will always
be nice and round. If absolute sensitivity is
required for specific measurements the
attenuator should be taken out and you will
have a 20dB enhanced measurement range. If
the item being measured has a good match the
diagram produced will be round in any case.

2.1 Operation

When we described the function of the
detector arrangement previously we already
mentioned the importance of calibration with
the help of resonant circuits and attenuators,
Practical use for the measurement of unknown
impedances is not far removed from this.

First there must be a generator and measure-
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ment set-up for the frequency in question. The
actual measurement involves comparing the
display created by the item under examination
with those given by the resonant circuit and
altenuators.

The measurement arrangement is extremely
sensitive so that even very long RF cables
with measurable attenuation (which would
otherwise have to be avoided) can be used
without problem. Let us take for example a 30
metre length of RG-58 and measure it at
145MHz. The cable is 14.5 wavelengths long
- that is 29 half-wavelengths. By varying the
frequency by half of 1/2%th of 145MHz (plus
or minus 2.5MHz) we find out that the
measurement points indicated describe a
complete circle on the Smith diagram!

In this way it is possible to measure a remote
object, for instance an antenna on the roof,
This is the way it is done:

The antenna cable is first separated from the
feed-point of the antenna and left open-circuit.
Then we add lengths bit by bit at the
accessible end of the cable until the display on
the oscilloscope is out to the right, as for a
parallel circuit in resonance. Instead of leng-
thening the cable one can also practise a small
amount of frequency variation, as described in
a previous section. Now we climb on the roof
once more and connect up the antenna to be
measured. Back downstairs we can see the
complex reflection coefficients of the antenna
and reflect on what is to be done (if anything
at all is 10 be done). Or we can just sit and
watch the ‘scope display, noting when vul-
tures come in and land on the antenna ..

In order to determine the amount of mis-
matching we use the arrangement in Fig.5.
The value of the attenuator is varied until the
amount (that is, the distance indicated from
the centre of the display) is as great as that
caused by the antenna. Then we double the
value of attenuation engraved on the attenua-
tor and that is the return loss of our antenna!

Given the opportunity we can also measure
the attenuation of the feeder cable. If the roof
end of the cable is open, total reflection
occurs. Connecting the RF line we now have a
signal travelling the length of the antenna
cable twice and then being displayed (slightly)
smaller as a total reflection. By adjusting the
calibration according to Fig5 to give the same
indication we leam the attenuation of the
cable. This is directly equivalent to the
attenuation read off, as in this case the wave
also travels twice through the calibration
set-up.

3.
CONSTRUCTION

The measurement apparatus is made up
fundamentally from a piece of RF line, four
detectors and an indicating unit. My standard
circuit is shown in Fig.7. According to
frequency range and materials available,
many widely-differing versions can be envisa-
ged. Construction must follow good RF
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Fig.7 Circuit of the measurement bridge
(second amplifier not drawn); in
the arrangement shown the upper
amplifier delivers the measured
voltage of the actual component,
the lower that of the imaginary
component. Compare with Fig.1
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Fig.8 One of my first designs for the 2 metre band: diodes
electrically connected and connected in anti-phase. On the
right-hand side 8th-wave length pieces of semi-rigid cable

next to one another

practice appropriate for the band in question
of course and, in order to obtain repeatable
measurements, it must be mechanically stable.

For each of the elements mentioned 1 will
provide some information.

3.1 RF Line.

The RF line can be coaxial or take the form of
stripline or micro-stripline, it can be parallel
lines or waveguide. It only has to suit the use
envisaged for it and be mechanically stable.

In most cases constructors will go for coaxial
cable, and for the VHF, UHF and SHF bands a
semi-rigid copper-sheathed cable represents a
very good choice. The technique is not
restricted to 50 ohms: for television we can
take 75 ohm cable and for specialised mea-
surement systems with an impedance of 25,
16.6 or 12.5 ohms for example we can use
two, three or four lengths of 50 ohm cable in
parallel, The detectors are then connected to
only one of the cables.

For frequencies below 30MHz RG-58 or
RG-8 is fine: for TMHz an eighth-wavelength

is 3.5 metres long, which is still more or less
manageable,

The pieces of cable can be laid beside one
another as in Fig8. For 145MHz as an
example the eighth-wavelength pieces are 170
to 224mm long, according to the cable
dielectric. Two of the detectors are each above
and below: the small bumps caused by them
are cancelled out because they affect the four
quadrants of the Smith diagram to an equal
extent. | always choose the blocking capaci-
tors so that they are in series resonance at the

frequency measured: for example at two
metres 1 50pF with 15 to 20mm lead length.

A more elegant method is to coil (semi-rigid)
cable, as shown in Fig.9. Each tum is an
eighth-wavelength long, so that V:F7 all four
diodes lie alongside one another. While the
diodes cannot be made out in the picture, you
can see the black blocking capacitors. The
measured voltages are led to a DIN connector,
In a separate case there are two multi-tum
trimpots for balancing and summing; their
wipers are connected to two op-amps of the
type LM351,
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Fig.9(left) A subsequent version (for 145MHz) with coiled copper-sheathed cable,
8th-wavelenth per turn, all four diodes on one side. A soup tin
completes the arrangement mechanically

Fig.10(right) A version for antenna measurements in the 915MHz region; at higher
powers used without amplifier. Each of the two turns is a quarter-
wavelength
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Capacilive Inductive Direct

Fig.11 Three ways of coupling the detector diode to the RF line
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Fig.10 shows a version for 915MHz. An
cighth-wavelength here is only half a tum, so
the diodes have to be mounted on opposite
sides facing each other. The second tum and
the two other diodes are out of sight below the
screen panel (sheet brass or printed circuit
board material), which makes a good ground
plane. As an RF connector the SMA is
particularly suitable; the measured voltages
are once more measured in two multi-tum
pots and summed, then taken via screened
cable and a DIN connector to the separate
amplifier box.

Naturally you can also use stripline or
micro-stripline. In this form it is particularly
easy to tailor the surge impedance to the
application. In particular if you leave off the
connectors and integrate the measurement
set-up into one unit, you have some interesting
possibilities. At lower frequencies the lengths
involved could present difficulties.

3.2 Detectors

Either the electrical field can be coupled off
the line with a capacitor or the magnetic field
via a coupling loop; as Fig.11 indicates, at
very low levels one can also make a direct
electrical connection to the line. On the other
hand, at very high RF power levels it is only
necessary to place the diodes in the vicinity of
the RF line.

In my first research set-ups | soldered the
diodes direct to the centre conductor of the
line, but this was not a good idea. For the
rectified current there must always be a DC
return path somewhere, and with the 1C-202 1
had problems with the direct current on the
antenna input. It is better to connect the diodes
to ground on one side and connect the other
end loosely to the line via a capacitor, as
shown in Fig.7.

Fig.7 also shows how to provide conventional
Schottky diodes (e.g. HP2800) with bias
current for achieving maximum sensitivity. At

1N

the same time you can balance the diode pairs.
In this way I have achieved good results up to
1300 MHz: above this the HP2800 appears to
fall off rapidly.

For the short-wave and VHF bands ger-
manium diodes (e.g. AA118, IN34) - without
bias - are no bad choice. For the middle and
upper microwave regions, one the other hand,
one must resort to the expensive and in all
respects sensitive low-barrier Schottky
diodes, which also require no biassing. The
old silicon point-contact diodes of the IN21
and IN23 etc. series are also quite good, but
they must be handled like MOS devices. For
matching them beforehand, they should be
first short-circuited, then clamped to the
measuring line, then the short-circuit remo-
ved. Detailed information on detector diodes
will be found in (6).

Initially I had the diodes in pairs connected
head-to-tail, to read the differential voltage
direct. At medium and high RF power levels it
is then easy to connect them direct to the X
and Y inputs of a plotter or oscilloscope or
even to meters. But then the arrangement
shown in Fig.7 tumed out to be easy to copy
and sensitive as well,

Fundamentally it is a good idea to pair the
diodes. You can use a conventional digital
multimeter: in the 200k-ohms range there is
generally 10uA flowing; one reads the voltage
drop in the direction of current flow and
selects the diodes which are most similar,

3.3 Indication of measured values

For displaying the test results there is again a
range of possibilities, One can use two test
instruments having a centre zero position; one
shows the real component, the other the
imaginary component of the reflection coeffi-
cient.

One can also take an instrument with two
movements and crossed-needles display, in
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which case the cross-over point will indicate -
somewhat coarsely of course - the location of
the reflection coefficient on the Smith chart,
One could bring into use a mirror galvan-
ometer or servo motors with a mirror to cast a
bright spot onto a large Smith chart on the
wall (perhaps with HeNe laser for classroom
use?). And finally you have the XY plotter or
oscilloscope in XY mode already mentioned
several times. Both can be very sensitive and
offer adequate adjustment range for calibrat-
ing the display field.

3.4 Concluding remarks

For a broad range of applications and fre-
quency bands it will be necessary to construct
a series of measuring set-ups of various
dimensions. It is not necessary, however, to
equip each one with amplifiers and display
components.

The user will do well to equip each detector
unit with a four-core screened cable for
connection to the amplifier module. For this |
use normal audio plugs and sockets. All
diodes can then be connected individually to
one of the four pins; one resistor each of a few
Kohms together with the capacity of the cable
acts as a low-pass filter to stop RF inter-
ference from reaching the amplifier. The bias
resistors and trimmer potentiometers are
found in the amplifier unit. The full sensiti-
vity will probably be seldom required -
possibly for matching measurements at the
inputs of receivers or when one wants to
employ the motion detector scheme described.

For matching sensitivity to the measurement
task you have at your disposal not only the
output level of the generator but also the
extent to which the diodes are coupled and the
gain of the operational amplifiers. Expensive
instrumentation amplifiers (e.g. AD524) can
easily be pre-set to gain values of 1, 10, 100 or
1000.

[Text adapted by Robert E, Lentz, DL3IWR.]
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Jim Toon, GOFINH

10GHz ATV The Easy Way

Part-2

Continuing along from part-1 in the last
issue of VHF Communications | will now
describe the receive section of the system.

2.
THE RECEIVER

The circuit diagram of the receiver is shown in
Fig.4, with the PCB layout in Fig.5 and the
component overlay in Fig.6. Once the PCB
has been loaded, checked for short circuits and
mis-placed components, the Gunn diode bias
supply is checked as explained earlier for the
transmit modulator PCB. After confirming
that the voltage swing available is correct
reset the 10-tumn potentiometer to give a bias
of approximately 7 volts. The Solfan head
should be course adjusted to 10.250GHz as
explained earlier for the transmit head unit,

The PCB should again be mounted inside a
small die-cast box mounted directly onto the
Gunn diode head

As stated earlier 1 prefer to use a head unit

- -

without an in-line mixer diode. The Gunn
diode head (the local oscillator) is mounted
onto one port of a cross-coupler, with the
opposite port terminated with a small wave-
guide load. The dish or hom aerial is fitted 10
one of the ports of the cross-coupled arm and a
diode detector fitted to the opposite port.

Cross-couplers are not difficult to manufac-
ture and several designs are featured in the
RSGB VHF/UHF Manual 4th edition. Alter-
natively they can often be obtained at rallies
for around £2 to £4 each. Similarly, diode-
detectors are easily obtained at rallies. Once
again do not forget to add the 470-ohm
resistor and the 0.01uF capacitor across the
Gunn diode, and on the diode-detector add a
10K resistor across the diode (see Fig.11).

2.1 IF Preamplifier

Now we come to the pre-amplifier, the circuit
of which is shown in Fig.7, the PCB layout in
Fig.8 and the component overlay in Fig9.
This unit must be constructed using double-
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Fig's.7, 8 & 9  Receiver IF Preamplifier, PCB layout and component overlay
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Fig.10 Modifications to the BATC FM-Demodulator

sided PCB material and fitted inside a small
die-cast box. The unit should then be mounted
as close as possible to the mixer diode in the
diode-detector. The IF output from the pre-
amp is taken via a coaxial lead to the BATC
FM ATV demodulator PCB. The demodulator
PCB is built according to the instructions
supplied with if from BATC Member's
Services, and then modified as shown in
Fig.10.

Setting up the receiver is accomplished as
follows: after ensuring that the local oscillator
head is running at around 10.250GHz switch
off the AFC and tune in the best possible
picture from the transmitter by adjusting the
brass tuning screw on top of the Solfan head.

NOTE: Ensure that the transmitter is some
distance away from the receiver otherwise the
receiver will be swamped and incorrect tuning

GUNN SuPPLy
(Vl‘ ‘04‘) GuNnN DioDE

TO PRE-AMP
(SwomTesr oAbl
POsIIBLE)

Mix DiODE

Fig.11 Connections to the Gunn diodes

1ine

may occur, Also, it may be necessary to
readjust the video deviation on the transmitter
to achieve good results. Once the best
possible picture has been tuned in using the
brass tuning screws fine tuning is achieved by
adjusting the 10-tum potentiometer on the
receiver Gunn diode bias supply. Now switch
the AFC on and select High or Low as
appropriate and that's it! With a little practice
you soon get the hang of tuning signals in,
Audio can be added to the system, but this has
been covered many times in other 3CM
projects, and there are many ideas around
showing how this can be accomplished (see
CQ-TV 136/137/141 or the BATC ATV
Compendium for further information), Fig.12
shows how I mounted the transmit and receive
units into their respective die-cast boxes,

That completes this simple, but effective,
10GHz ATV station, Very soon Solfan Heads,
cross-couplers, waveguide, plumbing etc will
probably be old hat - but I enjoy it! See you
on the band.

3.
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Werner Brueckner, DLE MDA

RF Sweeping with the PC

a luxury limousine on an analyser if all you

domghsweephgnmpmanp m
following discusses this topic
impartially and comes up with a substitute
for a spectrum analyser with an 80dB

dynamic range.

1.
CONCEPT

For checking the amplitude frequency res-
ponse of passive or active circuits properly a
spectrum analyser is really indispensable. A
description of one, by DBINV, has appeared
in VHF COMMUNICATIONS. The demands
are considerable, though, and certainly con-
fined to a small number of amateurs,

The concept proposed here goes down a
different route (Fig.1).The core is a straight-

forward-to-make PC plug-in card containing a
D-to-A and A-to-D converter. The card is
therefore very simple, as it is mainly digital
and needs virtually no alignment.

All the same, it does need an external
oscillator. You can either use a ready-made
module, perhaps one you already have, or a
circuit published previously in VHF COM-
MUNICATIONS or else the universal oscilla-
tor using an MC1648 to be described now.

I would like to point out that the idea for this
article came from the article **Diode detectors
in 50-ohm broadband technique'' by Carsten
Vieland (1).
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Fig.1

Overview of sweep set-up
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Why do we need a computer as well now?
Mainly because most people already have
them. With a computer you can exploit several
of its important properties:

@ Keyboard: this makes potentiometers, vari-
able capacitors, etc, superfluous;

® Screen: this makes readouts, ‘scope dis-
plays, etc. unnecessary,

@ Printer: substitute for screen shots

1.1 Which computer to use?

The description that follows is based around
an [BM-compatible XT or AT fitted with a
CGA colour graphics card (640 x 200 point
resolution), All EGA and VGA cards can
emulate this CGA mode. People using
Hercules cards can use a CGA-simulator,

The big advantage of using this graphic mode
is the built-in function in DOS to produce a
screen dump by pressing <SHIFT> and
<PRINT SCREEN> together (assuming a
dot-matrix printer is connected). The only
other requirement is to load the DOS GRA-
PHICS.COM program before using the sweep
program (unfortunately not possible with
Hercules graphics).  All the curves reprodu-
ced here were printed out in this manner,

1.2 Which programming language to
use?

The program presented
here was written in Turbo-
PASCAL 4. Even died-in-
the-wool hardware fans
will overcome their objec-
tion to software when they
see how elegantly they can
depict, say, the frequency
response of their two metre
preamp.

The program can easily be
re-written in BASIC.,

Fig.2
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2.
THE SWEEP OSCILLATOR

When measuring the frequency-amplitude
response of a filter or amplifier you first need
a variable frequency generator with an im-
pedance of 50 ohms, It is possible to set the
frequency manually and by diode rectifica-
tion, note the voltage value. This can also be
done more elegantly and much quicker with
the help of a PC and the plug-in card
described. Most frequency generators possess
an input which enables us to control the output
frequency, in other words the voltage-control-
led oscillator input (VCO input). An example
is the Function Generator 3310B by Hewlett
Packard, variable from 0 to SMHz.

Most amateurs have higher aspirations (in
frequency). Up to 200MHz the circuit using
the Motorola IC MCI1648 is very suitable
(Fig.2). It is extremely easy to hook up and
very affordable. Data for this IC is collated in
Table 1 (overleaf).

By simply altering the inductance the oscilla-
tor can be matched to the frequency band
required. The RF circuitry is best made in an
RF-tight enclosure, silver plated, and pro-
vided with a BNC connector for the RF
output. Unfortunately the effective output of
the oscillator is just 100mV or so into 50
ohms, but it does have a very linear amplitude
response. This is the most significant criterion

iy
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with sweep generators for measurement pur-
poses,

If you intend handling higher frequencies in
broadband fashion the oscillators in (2) are
recommended. DBINV describes oscillators
upto 1.5GHz there.

TABLE 1: Technical data for MC1648

Case: Dual-in-line, 14 pins
Input capacity: typically 6pF
Dissipation: 150mW at +5V
Max. output freq.:  225MHz

Coil inductance required:

for 1-10MHz 100uH

for 10-60MHz 2.3uH

for 60-100MHz 0.15uH

for >100MHz <0.15uH,

2.1 Component list for the VHF YCO

1 Motorola MC1648

1 voltage regulator 7805
1 Varicap BB105

1 trimmer capacitor 30pF
2 InF

1 100nF

1 10kohm

1 IMohm

1 47R

1 BNC connector

1 coil, 2 turns on 10mm former

22
Calibration

2.2.1 Calibrating the frequency axis

A problem arises from the use of a varicap
diode as the frequency determining element of
the VCO. The non-linear characteristic curve
of this component must either be taken care of
in software or else the frequency response of
the oscillator must be measured with a

frequency counter in advance and made to
correspond with the screen-display value. The
author chose the second method.

So we produced the frequency-voltage
characteristic curve manually (see Table 2).
With the VCO used here 20 measurement
points in IMHz steps were adequate,

If we are using only 600 points of the ones
available along the abscissa, the X value of the
Line command of the computer can be
calculated simply with the line (round (Volt) *
60). Of course this will have to be repeated 21
times to reach the 20 divisions.

The block repeat commands available in
Turbo-PASCAL are very handy for this,

TABLE 2: Frequency-voltage
characteristic curve of the VCO using

MC1648 and varicap BB105
Frequency  Tuning voltage
MHz Volts
130 0.06
131 0.30
132 0.50
133 0.77
134 1.05
135 1.39
136 1.71
137 2.08
138 248
139 291
140 343
141 393
142 4,52
143 5.14
144 579
145 6.47
146 7.14
147 7.81
148 8.48
149 9.14
150 9.83

100
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Fig.3 The diode measurement head
Fig.4 Measured voltage over frequency

for: 1) AAZ1S; 2) OA90; 3) OAS
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digitaler 170
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Fig.5 The A-D/D-A card

Bit0 ———1Bit 0 --- Direction from Port C (lower); 1=in, O=out

Bit 1 it 1 --- Direction from Port B; 1=in, O=out

Bit2 it 2 --- Select mode of operation O or 1

Bit 3 ———1Bit 3 --- Direction from Port C (higher); 1=in, O=out

Bit4 ————Bit 4 --- Direction from Port A; 1 «in, O=out

Bit 5 it 5 --- Select mode of operation:
Bit6 | ith=ee = -
Bit7 | it 7 - Operating mode identifier: 1=active

Fig.7Controlling the port module 8255
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Fig.6 The Circuit Diagram of the A-D/D-A card
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2.2.2 Calibrating the amplitude axis

It is recommended you establish the charac-
teristic curve of the measurement diode OA90
(AA112) manually. To do this we need a
switchable attenuator to 30dB following an
RF generator of at least 1 volt effective output,
If any aberrations are established, you can
easily change these in the procedure sequence
Line (X1, Y1, X2, Y2) in the program listing,

2.3 Selection of measurement diodes

Since the author is only concemed with
frequencies below 200MHz, a simple measur-
ing head (Fig.3) with germanium diodes is
used.

If you are interested in higher frequencies you
should definitely look at DJ4GC's article (1).
According to this the limit of reliability of a
normal germanium point-diode is reached at
around -50dBm. It can be used up to
measurements of 500MHz or so. A sensitivity
check can be made by connecting the oscilla-
tor output direct without sample object to the
measurement head input. A comparison of
several diodes of the same type gave astonish-
ingly small difference in amplitude charac-
teristic, mainly less than 1dB. On the other
hand, with different types variations were
noticed throughout. Thus with the OAS there
was around 3dB more voltage than with the
diodes AAZ15 and OA90 (Fig.4). The popular
SHF diode IN21 gave values similar to the
0A90.

3.
THE A-D/D-A PLUG-IN CARD

Fig.5 shows the block diagram of the
A-D/D-A card, and Fig.6 the complete circuit.

The kemel of the half-length card for the IBM
PC/AT is the affordable and easily sourced

adnm

A-D converter CA3162E. It offers a display
range of -99 to +999 millivolts, with overflow
indication, and has a high temperature-stabi-
lity for its internal voltage reference,

The measurement output for the three digits is
produced in multiplex fashion with 96 mea-
surements per second. Since a three-digit
measurement output covers a range of 2710 =
1024, we can justifiably call it a 10 bit
converter. It has a dynamic range of
20*log(1024) = 60.2dB.

On the other hand, the reverse direction, the
D-A conversion using the ZN426E, is set out
only for 8 bits wide. Consequently it is
unequally faster. Conversion speeds of 2
microseconds, corresponding to 500kHz, are
theoretically possible although the computer
is scarcely capable of producing these. In any
case, the D-A converter does not need to be
faster than the A-D converter, at least not in
our application,

Via Port B the frequency can be determined
by the computer. By way of the object to be
measured, which must be terminated accord-
ing to its impedance, the measured voltage is
rectified and passed to the A-D converter at
Port A. Fig.7 demonstrates how the operating
modes of the port module 8255 are controlled.

Graphical representation and the results on the
printer are now purely for the software to
determine,

I must make clear here that the VCO is driven
by an analogue signal which has been
quantised into 8 bits, in other words in 256
steps. This means that over very large sweep
ranges, e.g. 100MHz in this example, the
measured frequency is not entirely continuous
and there will be gaps (at 100MHz/256 =
0.39MHz steps).

For some applications this will be too great. A
“*slurring"" of the steps and thus a continuous
signal can be obtained with an R-C element on
the D-A output. Fig's.8 and 9 show finally the
component layout of the card and a prototype
construction,
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3.1 Component list for the A-D/D-A
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card DL6MDA 001

CA3162E
74LS138

T4LS00

74LS08

741802

741

N246E

8255

Tkohm

3k9ohm

100R

IMohm

lkohm

3300hm

0.27uF

6.8nF

100nF

100uF electrolytic
25kohm, 10 turn pot.
10kohm, 10 turn pot.
100kohm pot.
DIP switch, 8-pole

D-sub connector, 15 pins

—

Fig.8 Component layout for the A-D/D-A card DL6MDA 001

4.
DESCRIPTION OF THE SOFTWARE

The program listing in Fig.10, written in
Turbo-PASCAL 4.0, is intended only as an
example and shows the principle of measure-
ment, First of all the graphics are initialised, in
this case to produce the CGA mode with 640 x
200 pixels.

After that a meusurement scale is drawn,
corresponding (0 the frequency generator in
use, In this case the abscissa is for the
logarithmic characteristic curve of the varicap
BB105.

Following this comes the most important part
of the program, the ‘‘reading in'" procedure.
First the control word is loaded into the
control register of the Port Module 8255. The
purpose of this is to determine the data flow
direction of the three ports PA, PB and PC.
These ports can only be addressed one after
another.
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{ )
{w Wobbelprogranmn 130-150 MHz mit ")
(= AD-DA-Karte in Turbo-Pascal 4/5 ")
(= fur UKU-UCO mit HMC 1648 ")
{= unter Uerwendung der CGA-Grafik =}
(= (c) U. Brickner DLGMDA )
(mwm= L T - .- )

progran wobbler 3
uses crt graphs

var treiber ,modus wert: integer:
x,v: longints

procsdure prafiky (—eesrssucssnssemeemnamen b

begin
treiber:= cgas
modus = ggahi; (6490%350 Punkte )
initgraph{treiber ,mnodus, *"):

ends

procedure raster;y (--—=====ccccccccccnncun=)

begin
rectangle<0,0,600,199);
setlinestyle <1,0,1)s

line (round(D,06+60> 0, round(0.06=60>,6199);
line <(round(0.3=60) 0, round<0.3%60> ,199);:

line (roundCD.5=60),0,round<0.5=60>,199);

line <round(0.?7%60) 0 round{(0.77=60) 199);
line <round{1.05=60) 0, ,round{1,.05=60> _199);
line Cround<1.39«60) 0, round{1.39=60> _199):
line (round<1.71=60) 0, ,round{1.?1=60> 199):
line (round<(2.08«60) 0, ,round{(2.08=60_,199):
line (round(2.48=60) 0, round{2.48=60) 199>
line (round(2.91»60> .0 round<Z.91=60> _,199);
line (round(3.43%60) ,0,round<3.43=60) ,199);
line Cround(3.93%60) ,0,round(3.93=60) ,199);
line Cround(4.52%60),0,round(4.52%60),199);
line C(round(5.14%60) 0, ,round{(5.14=60) 199>;
line (round(5,79%60) 0, round(S.79%60>,199):
line (round{6.47=60) 0, round{6.47=60> _199);
line (round(7.14=60) 0, ,round(7.14%60> _199):
Iine (round<7.81%60) 0, round(7.81%60),199)3
line <round(B.48=60) 0, round{B.48=60) 199);
line (round<(9.149«60) 0, round<9.14=60) ,199)%
line (round(9.83=60) 0 round(9.83=60) _199);

line <0, 40,600, 400

line <0, 90,600, 90>
line (0,166 ,600,166);

line (350,198,420 ,198)% {Z2Rn-Linte)
settextatyled2 0,4)%

Fig.9 Program listing (continued overleaf)
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outtextxy (610 35, "-10">;
outtextxy(610, B85, "-20")¢
outtextxy(610,160,"-30">
outtextxp(610, 1, * 0 *>;
outtextxy<610,190,° db*):
outtextxy (100,186, "Trequenz(MHz)>"* )3
outtextxy(360 185, *2N-Band"® )1

settextstyled2, 1 ,4);
outtextxy (610, 100, Anplttude® >
outtextxy<l 167 ,%130° )
outtextxp<(200,167,%140%);
outtextxy <S80 167 ,°150" )

ends
procudurs sinlesent (rerrmrrmersesensssseseccnnssseeesens }
var
ein ausgabe = longints
a,b,c ¢ longints
valt, messwert : reals
adresse @ integer:
begin

adresse:~ 784; (768,772,776 ,7800 784,788,792 oder 796)
portladresse+3]1:=144; {Kontrollregister)
setlinestyle<0,0,1);

voltt= 0; x:=0; nesswerts= 03
rnovetodD 199);
repeat

repeat {Hunder ter)
ein:= portladressel;
until Cein and $70 = $40);
ein:= portladressel;
a:= (ein and SOf>=100;

repeat {Einer)
eini= portladressel;

until C(ein and $70 = $10)>;

ein:= portladressels;

cz= Cein and S0f);

repeat {(Zehner )
ein:= portladressel;

until <(ein and 870 = $20);

ein:= portladressels

b:= (ein and $0f)=10;

nesswert:= (atbrod;

if messwert 999 then nesswert:= D3

if messuerlt ( 0 then messwert:= 03

mnesswerti= 66,6666 CIn(0, 000001 rnesswert) Zlndci0) ) :

yi= round(messuert);
lineto (x,200~y)3

volt:i= x=265/600%
Fig.9 Program listing continued (continued overleaf)
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ausgabe: = rounduol L,z

portuladresses 11z~ ausgabes
por tuladresse+21: = ausgabes

ineix)s
until

* = LOOsz

begin (rn=m

graftiks

{ auf Port W)
€ auf Port C)

selvisuport (0% 639,399 trued;

rectangled 0,600,200
rasters

repeal

einluesens

write <N?)s:

until readkey = 8273

closegraphs

Fig.9 Program listing, continued

With the control word used 144d (d stands for
decimal), Port A is switched to input (A-D
converter), Port B to output (D-A converter)
and Port C again as an output. Port C is not
used again here, Now the measured value is
read in. To aid understanding it should be
mentioned that the A-D converter CA3162
has its own built-in timing generator, which
cannot be influenced by the PC,

This timing generator now sets out the three
digits of the test result in order of hundreds,
units and tens, BCD-coded on four output
lines. The values must be fetched by the
computer one after the other and then com-
bined. Since the speed of this is determined by
the timing generator of the CA3162, a fast AT
is of no greater value than the slowest
477MHz PC. The maximum conversion
speed of 96 measurements a second is thus a
kind of unbreakable sound barrier. To tell the
PC which of the three digits is being presented
the three SELECT lines of the CA3162 are
passed to the Port A line. By means of a
logical concurrence, the measured value and
digit count can be separated again.

The complete result is combined in the

variable **‘Messwert'' (measured value) and is
then ready to be represented graphically as

TP

Churzer Tond

(worten auf ESC-Tasted

long as the limiting values 0 and 999mV are
not exceeded either way.,

The powerful capabilities of the CA3162 to
measure small negative voltages as well are
also prevented from being taken into account,

Following this, the D-A converter is
addressed. Its output value is raised in such a
way that its highest value of 255 is achieved
when the graph has traversed 640 pixels on
the abscissa. The 741 op-amp following the
D-A converter is aligned so that it then
delivers 10 volts output. This same value is
what the oscillator connected needs as maxi-
mum sweep voltage.

If the abscissa has not yet drawn 640 pixels,
then the measurement process is repeated,
otherwise the measurements are halted and
paused until a key (any key) is pressed.

The whole measurement process takes 640
measurements/96 measurements per second =
6.6 seconds, a thoroughly acceptable result.
Sweeping should not be carried out too fast,
otherwise the integrating capacitor following
the OA90 diode may not be fully charged
(particularly at low test frequencies). Sweep-
ing too slowly should also be avoided for fear
of getting ripple in the test results,



VHF COMMUNICATIONS 2/91

*

s,

ADDRESSING THE A-D/D-A CARD,
WITH PROTOTYPE ADDRESSES
FOR THE PC

To make possible the addressing of additional
card, the PC is provided with 32 positions in
the address range 768 to 998 (decimal). The
8255 i.c. on the A-D/D-A card itself requires
four address positions, following consecu-
tively. Here the lowest address is used to
address Port A, the next higher for Port B,
then the next for Port C and the fourth address
is for receiving the control word. This should
be output first from the PC to the A-D/D-A
card, so as to prepare the three ports as inputs
or outputs, as described,

An 8-pole DIP switch is provided on the card,
enabling any choice of start address to be
selected in a block of fours, In the example
program the lowest address is 768 decimal.
Table-3 below makes the connection clear.

Any block can be chosen, best of all the first
one. It may be that other cards are already
occupying this address, and if so one should
study the handbook to select another. Finally
set the corresponding DIP switch to ON, the
rest OFF.

The computer can now have access to the four
addresses of this block, that is to the three

input/output ports and to the control word
register, With us this control word register is
always set to the value 144 (decimal),
allocating Port A to input and Ports B and C as
outputs (Fig.7).

6.
ALIGNMENT

The A-D/D-A card is programmed to address
768. After inserting the card we load Turbo-
PASCAL 4.0 and type in the program in Fig.9.
At the output of the card (pin 13 of the Sub-D
connector) a sawtooth should appear, with a
maximum amplitude of 10V, This is adjusted
with potentiometer P1 (Fig.6).

For setting up the analogue/digital part of the
card we apply alternately voltages of 1V and
OV to the input (pin 5 of the Sub-D
connector). With OV on the input potenti-
ometer P2 (zero adjust) is used to align the
resulting measurement line with the -35dB
mark on the diagram. With 1V on the input
potentiometer P3 (gain) is used to set the
resulting measurement line to match the 0dB
mark on the diagram. Each measurement run
is started anew by pressing any key. You can
break out of the program by hitting
<ESCAPE>,

corresponding to Port A, B, C and the Control word
corresponding to Port A, B, C and the Control word
corresponding to Port A, B, C and the Control word
corresponding to Port A, B, C and the Control word
corresponding to Port A, B, C and the Control word
corresponding to Port A, B, Cand the Control word
corresponding to Port A, B, C and theControl word

TABLE 3: Programmable block addresses (decimal)
Istblock: 768 (769,770,771)
2ndblock:  772(773,774,775)
rdblock:  776(777,778,779)
dthblock:  780(781,782,783)
Sthblock: 784 (785,786, 787)
6thblock: 788 (789,790, 791)
Tthblock: 792 (793,794, 795)
8thblock: 796 (797,798, 799)

corresponding to Port A, B, C and theControl word
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Fig.10 (top) Mecasurement curve of a simple LC circuit
Fig.11 (middle) Alignment of a 2 metre preamplifier
Fig.12 (bottom) Successful alignment of the preamplifier
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EXAMPLES OF MEASUREMENTS

Fig.10 shows the curve obtained with a simple
LC circuit, It is easy to see the approx, 3 to
4dB through attenuation and the relative flat
fall-off of the flanks.

Fig.11 shows the lining up process of a two
metre preamplifier with four stages. The
ability to draw as many curves as desired over
each other makes alignment simple.

Fig.12 shows the aligned preamplifier. Do not
forget to produce a reference line by removing
the test object and substituting a BNC coupler,
Then it is possible to read off the amplifica-
tion direct in dB, here about 15dB.

-,
@*
Special thanks are due to Mr F. Breuninger,
DBIMZ, who contributed to this article in
countless discussions.
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John Barker

A Home Built Satellite Dish

Steering System

Rather than fork out £600 plus for a
multi-satellite system, John Barker built
his own motorised polar mount from a few
bits and pieces.

1.
INTRODUCTION

Although multi-satellite systems cost £600
and more, they are little more than Astra
systems with a motorised dish and
controlling positioner, With this in
mind the temptation was strong for me
to convert my existing Astra system to
track the Clarke belt of satellites
myself,

It took some work, but for an outlay of
only £50, I now have a steerable dish,
controlled from the armchair,

I wanted the motor controllable from
indoors, and rather than attempt to build
a control system myself, | made use of

an aerial rotator. These are readily
120

available devices designed to tum TV or radio
aerials. They cost about £40-£50 complete
with the controller box,. from the likes of
Tandy or MAPLIN ELECTRONICS.

The rotator motor unit is meant to drive a
vertical mounting pole. This meant adapting
the system to drive a satellite polar mount -
not as simple as it first appeared. The secret, |
soon found out, is to mount the rotator upside
down and reverse the bracket on the back of

the dish.
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Fig.1 Construction details

Virtually any dish can be converted if it
clamps onto a pole, although it may need
altering so the elevation will go lower. In most
cases, this will involve drilling a new pivot
hole. If the back bracket can be reversed then
so much the better,,

Amstrad owners can obtain a converting
bracket to enable their dish to clamp to a pole.

A 60cm dish will not give good results - you
will find other satellites, but they will be
“sparklie’".

1 chose an 80cm offset dish, which is
relatively cheap, easily available, and had the
elevation adjusted by a screw thread, which
suited my purpose for experimenting,

The LNB is a 1.7dB unit with a ferrite
polariser, This dish comes with a selection of
clamps to take virtually any LNB, including
the popular Marconi. The fact that the rear
bracket could be tumed upside down was just
plain luck, and in hindsight makes it the
perfect choice.

@

- The results were surpris-

g ] ingly good, achieving

virtually *‘sparklie-

free’’ pictures on RA/

Uno, CNN, Super Chan-

nel and Discovery,

which was the one chan-

nel I really thought I was
missing out on.

s Most other channels,

although suffering from

“‘sparklies™, are quite

watchable. All the Astra

channels are of course

perfect.

——— The accuracy of the rota-
tor is also surprisingly
quite good.

2.
CONSTRUCTION

Construction speaks for itself, but where |
used welding a nut and bolt would have done
just as well. The diagram in Fig.1 shows how
mark two would look, which is more simple
and better than the experimental model.

The whole thing needs to clamp onto a
vertical pole, which can be a pole attached to
base, a pole clamped to a good wail bracks, or
just a pole sunk into the lawn. In fact, the
particular dish 1 used comes with a wall
bracket which would do the job perfectly.

Setting up requires a little patience and some
understanding of what the object of a polar
mount is. If you intend to wall-mount it, |
suggest you have a practice on the ground
first.

First, set your satellite receiver up with a
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portable TV in the garden next to the dish and

refer to channel information - frequencies and
so on, A signal meter will not be required.

By turning the rotator controller, set the dish
exactly central to the rotator (measure each
side from the edge of the dish to the hinge).
Now adjust angle A by adjustment of nuts A,

Adjust angle B using the elevation adjustment
on the dish, Swing the whole assembly about
the mounting pole to find a channel on 1
degree West, If it cannot be found, adjust
angle B, When you have found 1 degree West
tighten the clamps to the mounting pole, Do
not loosen or move this again

Now tune your receiver for a channel on each
satellite along its arc. Tum the rotator
controller to find if the arc is correct. When a
new satellite is found manually, push the dish
up or down 1o see if the signal improves, and
therefore whether your arc fits the arc of the
satellite. Fine tune the adjustments accord-
ingly.

3.
CONCLUSIONS

One very useful piece of information which I
wish I had had the first time
is a '‘marker’ for each
satellite. That is, one chan-
nel on each satellite which
is a strong signal, in PAL,
not scrambled, and in the
normal frequency band,
with on-screen identity and
broadcast 24 hours, or
showing a test card when
off. Table 1 gives six chan-
nels 1 have found suitable
for this purpose which can
be used to set up this (or
any other) polar mount.

The end result is, of course,
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not in the same league as a proper multi-
satellite system when it comes to con-
venience. You have to tune the receiver and
then adjust the dish position with a dial, rather
than the single push button most commercial
systems offer,

However, this is a small price to pay
compared to the savings made, and the rotator
system, at the very least, gives you the
opportunity to try out a multi-satellite system
for very little cost before plumping for the real
thing.

Pos'n Channel Freq. Polaris’n

235 E 3SAT 11.598 Vertical

19.0 E SCREENSPORT 11.214 Horizontal
130 E SUPER CH'NL
100 E RAI DUE

1.0 W TV NORGE
27.5 W DISCOVERY

11,674 Vertical

11.640 Horizontal
11.016 Horizontal
11.175 Horizontal
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READERS FORUM

RADIO ASTRONOMY

Hans Schlueter, MD, DJ7GK

The idea of detecting a transit of the moon
with my satellite TV set-up arose from a
conversation with DKS8CI, the author of
“First Results of the Garchinger Radio
Astronomy Observatory'* (VHF COMMUNI-
CATIONS 4/1990).

In the IF of my satellite TV receiver I checked
for a stage which definitely had no limiting
and fed out the noise voltage. E four-digit
digital voltmeter indicated the voltage after
rectification and filtering with C=1uF.

My parabolic dish has a diameter of 1.2
metres and the LNC according to the data
contains a HEMT with F=0.84dB. On a
starlight clear night with full moon | directed
the antenna so that the shadow of the LNC fell

on the centre of the dish (with offset feeds this
idza cbviously won't work - editor).

The indicated voltage climbed reproducibly
from 140.0 to 140.8mV. A calculation by
DKS8CI proves that the rise in noise level
comes very close to the value calculated
theoretically.

Moral: even with very simple set-ups
extremely interesting tests can be carried out.
It is possible that amateur EME sigrals can
also be detected in this fashion.

FM DEMODULATION FOR
METEOSAT

Hans Schlueter, MD, DJ7GK.

In VHF COMMUNICATIONS 2/1990
DFIDA published details of a **Compact FM
Receiver for Weather Satellites'”. The coinci-
dence demodulator used in this has pros and

123



@

VHF COMMUNICATIONS 2/91

cons: its advantage is the very high audio
signal-to-noise ratio with good RF S$/N values.
On the other hand, in the lower signal strength
regions the PLL demodulator - as in the
DC3NT 003 WEFAX receiver - has definitely
gotadvantages.

A just 60cm long loop yagi with a PLL
demodulator still gives good METEOSAT
pictures whereas the signal with a coincidencé
demodulator (here a CA3189) has already
sunk well into the noise!

This old receiver from the 1970s is not yet
scrap metal then, even if the PLL i.c. (4046)
could only be made thermally stable with
special cooling.

READER FEDDBACK ON
“UNCONDITIONALLY STABLE
LOW-NOISE GaAsFET
PREAMPLIFIER"' BY YUIAW IN
VHF COMMUNICATIONS 3/90

Detlef Burchard, Box 14426, Nairobi,
Kenya,

This contribution is noteworthy as it provides
a simple solution for an acute problem. There
are still some nonsenses in it, on which I
would like to make some observations.

® 1. When an amplifying circuit is potentially
unstable, then there must be some feedback
from output to input,

® 2. With GaAs triodes this feedback cannot

be ignored, even if a 50 ohm network analyser

cannot measure it as 512 below 1GHz. There
are other RF measurement methods (e.g
bridge circuits) which can do it. One discovers
with a CFY 19 (operating point 3.5V/10mA) a
reaction capacity of 0.15pF!

@ 3, We have all at one time or another
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damped down selective amplifiers with ohmic
resistance until they become stable. At that
stage of course the gain drops through the
floor into the basement below. Here it
amounts between gate and drain to 2! The fact
that this is nevertheless a useful, indeed
superior amplifier relates more to its combina-
tion of other favourable characteristics.

@ 4, The still remaining reaction causes the
transmission characteristic to be asymmetri-
cal, even if this has no significant effect on
gain and noise,

® 5. The gain comes almost exclusively from
transformation in the input circuit.

® 6. There are GaAs tetrodes with signifi-
cantly lower reaction (0.025pF). It would be
interesting to leam if the author can make the
CF300 condemned in UKW BERICHTE 3/87
into an excellent input transistor,

® 7. A resistive transformation of 200:50
ohms with ferrite transformers with a VSWR
<1.5 at frequencies up to higher than 500MHz
is state-of-the-art electronics.

[Who rattled his cage, then?!7)

CIRCUIT DIAGRAM ERROR
"A SHORT WAVE RECEIVER PLL"
VHF COMMUNICATIONS 4/90

The 6k8 resistor connected to pin-RA of the
HEF4750 should in fact be a 68k .
H‘lﬂ el Wwh

T o

I |

Y]

Wy

(N
Burchard

P2E22E3"2TwoaB
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MuTECH ELECTRONICS LTD

A recently introduced product in our range, the RPA-7006 1.6GHz narrowband masthead
Antenna Preamplifier is proving ideal for reception of Inmarsat satellite signals. The full
specification of the unit is given below. A power supply module (P-9028) is also available for
providing the necessary DC supply for the preamplifier via the feeder cable.

g, 1'I|e RPA-7006 antenna preamplifier is
”“;I:—%% specifically designed for optimum performance

mmhln“ RS mF 0 e

just below the 1.6GHz frequency, thereby
matching the receive requirements from the

MARKEA 3

b o IMMARSAT satellite.
- The RPA-7006 is also specifically designed to
h provide an extremely low input V.S.W.R., less
] F \ than 1.2:1 over a 20MHz bandwidth and 1.5:1
e f over a 60MHz bandwidth, coupled together with
cor L_},‘./f \ alow input noise figure,
= A \ The amplifier has a gain of 30dB and is
- u unconditionally stable with any input or output
L | load conditions.
STAAT 800,000 000 e - AToF B 800.000 200 wa
Bl By L UPR & BO.TO8 & PR A
Gain versus Frequency -
FREQUENCY RANGE 14TO1.6GHz
GAIN 30dB
3dB BANDWIDTH 200MHz
NOISE FIGURE 2dB
INPUTVS.WR. <1.20:1 nom frq
OUTPUTV.SWR. <1.50:1
THIRD ORDER INTERCEPT +14dBm
SUPPLY (VIA COAX) 1210 14VDC
CURRENT 80mA
SIZE * 76 x29 X 38mm
WEIGHT 200gms
INPUT CONNECTOR N plug
OU.TPUT CONN’ECroR chm WTAMY 4 480.000 000 Wi . BTER | 870,000 800 MMa
FIXING SYSTEM - BASEPLATE 4 HOLES Input Match Smith Chart

* N connectors extend length from 76mm to 120mm. The fixing baseplate is within this length
(97mm). THE AMPLIFIER IS NOT WATERPROOF IN THIS PACKAGING,

Also available are preamplifiers for more general microwave use, a range of High Quality
Microwave Television Transmitters, matching Microwave Power Amplifiers to 20 Watts,
Microwave Television Receivers and a variety of specialist equipment for Microwave surveillance
television and secure television links.

For prices and further information please contact:
MuTECH, 95 LONDON ROAD, HORNDEAN, HAMPSHIRE, PO8 OBP, UK.
TEL: 0705 593043 (International + 44 705 593043). FAX: 0705 598721
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TIMESTEP

HRPT System

al HRPT transmissions from NOAA, with a ground resol
cities and even sm

t 1. 1km, allow
il towns can be

MNolse-free dic

images to be recelved in incredible clarity. Rivers, lakes, mountains
n good days. Fishermen will appreciate the increased resolution ol sea surlace lemperatures

ed with Tull
WS S2a suriace

ocessing, Including v

§ s the best possi r J
1 : and land details to stand out in high contrast. Any number ¢ i palettes can be saved
d and displaved

mouse-driven soltware allows all live bands 10 be saw

iure use. The sophisticated

on nearly all VGA and SVGA cards right up to 1024 pixels, 768 lines and 256 colours

Zoom to greater than pixel level is available from both a mouse-driven zoom box or using a roaming
zoom that allows real time dynamic panning

Sections of the Image may be saved and converted to GIF images for easy exchange

de and longitude gridding combined with a mouse pointer readout of temperaly

late in 1991

Jal tracking
and expected by the end of 1991
contained in an e

Tracking the satellite is easy and fun! Mar
ng. A trac

is under developme
nded. The Timestep Receiver Is se
Ieatures muiti- yperation and a movir il S meter for precise signal

tracking. The data card is a Timestep design made under licence from John DuBois and Ed Mura

g Sys

write lor a colour brochure

Complete systems are available, ¢ all or

al. P O Box 1084, Concord, Massachusetts 01742

TIMESTEP WEATHER SYSTEMS
Wickhambrook Newmarket CBS BQA England Tel: (0440) 820040 Fax: (0440) 820281
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VGASAT IV & MegaNOAA APT Systems
1024 x 768 x 256 Resolution and 3D

The Timestep Satellite System can receive images from Meteosat, GOES, GMS, NOAA, Meteor, Okean
and Feng Yun, Using an IBM PC-compatible computer enables the display of up to 1024 pixels, 768
lines and 256 simultaneous colours or grey shades depending on the graphic card fitted. We actively
support nearly all known VGA and SVGA cards, Extensive image processing includes realistic 3D
projection

100 Frame Automatic Animation
Animation of up to 100 full screen frames from GOES and Meteosat is bullt in. We call this ‘stand alone
animation’ as it automatically receives images, stores them and continuously displays them. Old images
are automatically deleted and updated with new images. The smooth animated images are completely
flicker-free. Once set in operation with a single mouse click, the program will always show the latest
animation sequence without any further operator action

NOAA Gridding and Temperature Calibration
The Innovative MeqaNOAA program will take the whole pass of an orbiting satellite and store the
complete data. Automatic gridding and a ‘vou are here’ function help image-interpretation on cloudy
winter days. Spectacular colour is built in for sunny summer days, Self L‘||l11r.1hl'lf_] lemperature readout
enables the mouse pointer to show longitude, latitude and temperature simultaneously

Equipment
Meteosat/Goes
M 1 0OM dish antenna (UK only) 0 Yagl antenna
A Preamplifier 0 20M microwave cable
1 Meteosat/GOES receiver
0 VGASAT IV capture card
7 Capture card/receiver cable
2 Dish leed (coffee tin type)

Polar/NOAA

3 Crossed dipole antenna

71 Quadrifilar Helix antenna (late 1991) 0 Preampilifier
7 2 channel NOAA receiver 0 PROscan receiver

7 Capture card/receiver cable

Call or write for further information
LISA Education Dealer. Fisher Scientilic. Educational Materials
Division. 4901 W. LeMoyne Street, Chicago. Il 60651

Tel 1-800-621-4769

LISA Amateur Dealey. Spectrum International. P.O. Box 1084
Concord. Massachusetts 01742, Tel: 508 263 2145

TIMESTEP WEATHER SYSTEMS
Wickhambrook Newmarket CBS 8QA England Tel: (0440) 820040 Fax: (0440) 820281
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MATERIAL PRICE LIST OF EQUIPMENT

described in VHF COMMUNICATIONS

DJBES FM ATV Receiver for the 23cm Band Art.No. Ed.1/1991
Converter

PCB DIJSES 001  double-sided 6347 DM 22.00
Components DIJSES 001 6348 DM 179.00
Kit DJSES 001 complete 6349 DM 194.00
Digital Frequency Indicator

PCB DISES 002  double-sided 6350 DM 19.80
Components DIJSES 002 6351 DM 94.00
Kit DJSES 002 complete 6352 DM 110.00
IF Amplifier

PCB DJSES 003  double-sided 6353 DM 15.00
Components DJSES 003 6354 DM 105.00
Kit DIJSES 003  complete 6355 DM 115.00
Demodulator

PCB DJSES 004  double-sided 6356 DM 19.00
Components DIJBES 004 6357 DM 136.00
Kit DJBES 004 complete 6362 DM 150.00
DL6MDA  AD/DA Card ArtNo. Ed. 2/1991
PCB DL6MDA 001  though-cont. single 6366 DM 38.00
Kit DL6MDA 001  complete 6367 DM 110.00
Floppy disk with .EXE programme on 3.5" floppy 6368 DM 20.00

PUFF - A CAD-software for Microwave Stripline Circuits Art.No. Ed. 2/1991

PUFF incl. Handbook 1 floppy (360kB) 3407 DM 28.00
S-Parameter MOTOROLA 2 floppies (360kB) 3408 DM 20.00
S-Parameter SIEMENS 1 floppy (1.2MB) 3409 DM 15.00
S-Parameter PHILIPS 23.5" floppy 3411 DM  30.00

Post and packing minimum charges DM 6.50

The above items are all supplied by, and obtained from, UKW-Berichte in Germany.

To obtain supplies please contact your country representative for details of local prices and
availability. Altematively, you may order direct from UKW-Berichte or via KM Publications,
whose addresses may be found on the inside front cover of this magazine.
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Plastic Binders for
VHF COMMUNICATIONS

® Attractive plastic covered in VHF blue

@ Accepts up to 12 editions (three volumes)
@ Allows any required copy to be found easily
@ Keeps the XYL happy and contented

® Will be sent anywhere in the world for
DMB.00 + post and packing

Please order your binder via the national
representative or directly from UKW-BERICHTE,
Terry Bittan OHG (see below)

The following editions of VHF COMMUNICATIONS
are still obtainable for reduced prices from the
publishers of UKW-Berichte.

Subscription Volume Individual copy

VHF COMMUNICATIONS 1991
VHF COMMUNICATIONS 1990
VHF COMMUNICATIONS 1988 to 1989
VHF COMMUNICATIONS 1986 to 1987
VHF COMMUNICATIONS 1985
VHF COMMUNICATIONS 1980 to 1984

(Edition 3/1982 no longer available)

each DM35.00
each DM27.00
each DM25.00
each DM24,00
each DM20.00
each DM16.00

each DM10.00
each DM 7.50
each DM 7.50
each DM 7.00
each DM 6.00
each DM 4,50

Individual copies out of elder, incomplete volumes, as long as stock lasts:

2/1971 * 1,2,4/1972 * 2, 4/1973 * 1, 3/1974 * 1, 2, 3, 4/1975

2,3,4/1976 * 1, 2, 4/1977 * 1, 2/1978 * 1, 2, 3/1979

Plastic binder for 3 volumes

When ordering 3 complete volumes, a free binder is included!

Post and packing minimum charges

each DM 2.00
each DM 2.00
each DM 8.00

DM 6.50

‘k Lxwiberichte 1. gittan OHG - Jahnstr. 14 . Postfach 80 : D-8523 Baiersdort
Tel: 09133-47-0 * Telefax 09133-4747 * Postgiro Niimburg 30455-858 code 760 100 85




EASY-PC, SCHEMATIC and PCB CAD

Over 7500 Installations
in 50 Countries Worldwide!

eRuns on:- PC/XT/AT/
286/ 386/486
Herc, CGA, EGA, VGA,

e Design:-Single sided,
Double sided and
Multilayer boards.

eProvides Surface
Mount support.

sStandard output
Includes Dot Matrix /
Laser / Inkjet Printer,
Pen Plotter,
Photo-plotter and N.C.
Drill,

eSuperbly easy to use.
eNot copy protected.

Options:

1000 piece Symbol Library £38, Gerber Import facility £98

DIGITAL SIMULATION
PULSAR £195

SMITH CHART CAD
Z-MATCH Il  £195
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s Al last! A full featured Digital Circuit Simulator for
less than £1000!

e Pulsar aliows you 10 test your designs without the
: need for expensive test equipment,
- | eCatch glitches down 1o a pico second per week!
|| #Superbly easy to learn and use,
| e Runs on PC/XT/AT/286/386/4868 with EGA or VGA.

«Z-MATCH Il simplifies RF malching and Includes
many more features than the standard Smith Chart.

eHandles transmission line transformers, stubs,
discrete components, S Parameters etc.elc.,

eSupplied with many worked examples.

eSuperbly easy to learn and use.

«Runs on IBM PC/XT/AT/386/486, CGA EGA VGA,

For full information, Write, Phone or Fax:-

Number One Systems Ltd. 1

| Telephone: 0480 61778 (7 lines) Fax: 0480 494042

The CAD Specialists

REF: VHF, HARDING WAY, ST.IVES, HUNTINGDON, CAMBS, ENGLAND, PE17 4WR.
S ) International: +44 -480-61778, I'Fax: +44-480-494042 ACCESS, AMEX, MASTERCARD, VISA Welcome.
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