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Matjaz Vidmar, S33MV

13cm PSK Transceiver for
1.2Mbit/s Packet Radio

Part-1

The choice of a transceiver design for
high-speed packet radio is not simple.
Is it better to use an apparently
simpler FM transceiver or to go for a
more sophisticated PSK transceiver?
Both choices have their advantages
and disadvantages and at this time it
is difficult to predict which one will
become more practical. However, in-
creasing the transmission speed both
the signal bandwidth and the radio
range need to be considered.

1.
INTRODUCTION

[ncreasing the data speed beyond about
[00kbit/s, the resulting signal bandwidth
is only acceptable at microwave fre-
quencics. The transmitter power avail-
able at microwave [requencies is small
and expensive. Therefore the radio
range becomes a limitation even for
line-of-sight terrestrial packet-radio
links. A PSK transceiver with a coherent
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detector offers a radio range that is
between 5dB and 15dB larger and a
signal bandwidth that is less than half
when compared with a I'M transceiver,

In packet radio the main problem of a
PSK transceiver is the initial RX signal
acquisition. The latter is a function of
the carrier frequency uncertainty. In a
simple biphase PSK (BPSK}) system
with (0/180° modulation, the initial sig-
nal acquisition requires a complicated
scarching loop. if the frequency error
exceeds 10% of the bit rate. Quad-
riphase PSK (QPSK) allows a further
halving of the signal bandwidth at the
expense of a much more sophisticated
demodulator design and an even more
critical initial signal acquisition.

Therefore PSK becomes simple at high
data rates. On the other hand, the signal
acquisition of low-Harth orbit amateur
packet-radio satellites transmitting at
only 1200bit's PSK is very difficult.
This unfortunate PSK design made radio
amateurs believe that PSK is not suit-
able for packet radio, being just an
unnccessary complication at low data
rates like 1200bit's.
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In this article a successful 13cm BPSK
transceiver design will be described. In
the 13cm amateur band, the sum of the
frequency uncertainties of both receiver
and transmitter is at least 10 kHz using
top quality temperature-compensated
crystal oscillators. A real-world figure is
100 kHz frequency uncertainty that
requires a MINIMUM bit rate of about
1 Mbit/s!

With the above restriction, a convenient
choice is to use 1.2288Mbit’s for packet
radio. This figure can easily be obtained
with standard baud-rate crystals, being
the 32nd multiple of 38.4kbit/s or the
1024th multiple of 1200bit/s. Of course
the described transceiver can also be
used for other digital data transmissions
that require megabit rates, like com-
pressed digital television transmission.

2.
13em PSK TRANSCEIVER
DESIGN

Since the above mentioned PSK modu-
lation is relatively unknown to most
radio amateurs, the 13cm PSK trans-
ceiver block diagram will be discussed
first. The same form of PSK modula-
tion. namely 0/180° BPSK, allows many
different transceiver concepts.

For example, a PSK signal may be
generated at an IF frequency and then
upconverted to the final transmitter
frequency. A PSK signal can also be
generated directly at the final frequency
and even after the transmitter power
amplifier. Finally, a PSK signal can also
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be fed through frequency multiplier
stages, but here one should not forget
that the PSK modulation phase angles
are multiplied by exactly the same
factors as the carrier frequency.

A PSK demodulator may be coherent or
non-coherent, A coherent PSK demodu-
lator offers a larger radio range, but
requires a local carrier regeneration, A
PSK signal is demodulated coherently
by multiplication with the regenerated
carrier in a balanced mixer. Carrier
regeneration requires a non-linear
processing ol the PSK signal (in the
case of BPSK this may be a frequency
doubler) and a parrow bandpass filter
(usually in the form of a phase-locked
loop).

A PSK signal may be demodulated at a
convenient IF frequency or directly at
the receiver input frequency. A PSK
receiver can be designed as a direct-
conversion receiver just like a SSB
receiver. Carrier regeneration may  be
performed by a squaring loop (lre-
quency doubler) or by a Costas loop.
Just like SSB, all PSK demodulators are
very sensitive to small carrier frequency
inaccuracies.

The block diagram of the described
13cm PSK transceiver is shown in Fig.1.
The transmitter includes a crystal oscil-
lator followed by a multiplier chain. The
PSK  modulator - - balanced mixer
operates at the final transmitter fre-
quency and generates the desired signal
directly. Modern semiconductor devices
provide high gains per stage.

The mixer is followed by just two
amplifier stages at 2.36 GHz to obfain
about (.3W of microwave power.,
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Fig.3: TX Exciter PCB (single-sided 0.8mm glass-fibre-epoxy).

The receiver includes a double down-
conversion with the corresponding inter-
mediate frequencies of 75 MHz and
10 MHz. The 10 Mllz coherent PSK
demodulator is a squaring loop PLL.

Although the receiver and the transmit-
ter circuits are almost completely inde-
pendent, the 13cm PSK transceiver is
intended for standard CSMA (carrier-
sense multiple access) simplex operation
as uwsual for packet radio. Therefore the
transceiver includes a PIN antenna
switch and all of the remaining RX/TX
switching is completely electronic as
well.

The RX/TX switching delay is in the
range of 2ms and is mainly caused by

3.
TX EXCITER
590 MHz / +10dBm

The circuit diagram of the transmitter

exciter is shown in Fig.2. The exciter
includes a crystal oscillator operating

around 18.4 MHz, followed by a multi-
plier chain. The exciter includes multi-
plier stages up to 590 MHz. These are
followed by additional multipliers lo-
cated in the following module, the PSK
modulator, mainly because of the differ-
ent construction technology. A PLL
synthesiser is not recommended in the
exciter, since it was found difficult to
isolate the PSK modulator from pulling

the turn-on delay of the (transmitter o
; ; x the VCO frequency.
crystal oscillator. x
—+ "‘“4»:0.» ditee gpugs Ail0p 4110p lmr 14 dop
590y
[{10 L:‘{- T @ ‘#’ '\EF 3{@ dﬁ ‘é{ 'E? {ﬁ}_ — 1
' 1 1p1 1 1
158, i f} Li L 4 +40d By
L.'. i & 6 Atk L 11
H!Or ._l}..”[h >’\ 4 KL IT
+ AL A | PP
ag? @ /L At l B +A2yTX
JE .L il YT,
K Anf B el e i T i
Bexsy BB 00 D dw Rw 4" i

Fig.4: TX Exciter Component Overlay
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The oscillator uses a fundamental reso-
nance crystal, since fundamental reso-
nances have a lower () than overtone
resonances. The turn-on delay of the
transmitter crystal oscillator can be
reduced in this way. The transmitter
crystal oscillator is turned off when
receiving, since ils fourth harmonic
could disturb the first IF at 75 MHz. For
operation at 2360 MHz, a “computer”
crystal for 18.432 MHz can be tuned to
the desired frequency with a series
capacitive trimmer. Using different crys-
tals for other frequencies, a series
inducior .1 may be required in place of
the capacitive trimmer.

The oscillator transistor is also used as
the first multiplier, since the output
circuit (L2 and L3) is tuned to the fourth
harmonic of the oscillator frequency.
Three additional frequency-doubler
stages are required to obtain about
10mW at 590 MHy. The first doubler
stage self=supporting
coils L4 and 1.5, while the remaining
two doubler stages use “printed” induc-
tors Lo, L7, L& and L9. The supply
voltage for the oscillator and the [irst
doubler stage is stabilised by a 8V2
Zever diode.

uses  air-wound,

The transmitter exciter is built on a
single-sided PCB with the dimensions of
40mm x 120mm, as shown in Fig.3. The
PCB is made of 0.8mm thick glass-
fibre-epoxy laminate to shorten the wire
leads of the components and in this way
reduce the parasitic inductances. The
component location of the transmitter
exciter is shown in Fig.4.

L2 and L3 have about 150nH each or
4 turns each of 0.25mm thick copper-
enamelled wire. They are wound on

@
36 MHz (TV IF) coil formers with a
central adjustable ferrite screw, plastic
cap and 10mm x 10mm square shield.
L4 and L3 are self-supporting coils with
4 turns each of Imm thick copper-
enamelled wire, wound on an internal
diameter of 4mm. Finally, L6, L7, L&
and 1.9 arc etched on the PCB.

The transmitter exciter is simply tuned
for the maximum output power. The
individual stages are tuned to obtain the
maximum drop of the DC voltage on the
basc of the next-stage transistor.
Of course, the base voltage has to be
measured through a RF choke. The base
voltage may become negative, but
should not exceed -1V. Finally, the
crystal oscillator is tuned to the desired
(requency with the corresponding
capacitive trimmer (or L.1).

4.
2360 MHz PSK MODULATOR

The circuit diagram of the 2360 MHz
PSK modulator is shown in Fig5.
Except for the modulator (balanced
mixer) itself, the module includes the
last frequency-doubler stage, bandpass
filters for 590 Mliz, 1180 MHz and
2360 MHz and an output amplifier stage
to boost the signal level to about [5mW.
All of the filters and other frequency-
sclective components are made as
micro-strip resonators on a 1.6mm thick
glass-fibre-cpoxy laminate FR4.

The input resonator (L.1) functions as an
open circuit for the input frequency
(590 MHz) and as a short circuit for the
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il

Fig.6:

PSK Modulator PCB (double-sided 1.6mm glass-fibre-epoxy, micro-

strip circuit with a continuous groundplane).

output frequency (1180 MHz) of the
frequency doubler. In this way the
operation of the doubler is less sensitive
to the exact cable length and output
impedance of the exciter. The output
bandpass (I3, L4, L5 and L6) should
not only suppress the input frequency
(590 MH2z) but also its fourth harmonic

(2360 MHz) that could disturb the
svmmetry of balanced mixer resulting in
an unsymmetrical, distorted PSK.

A harmonic mixer with antiparallel
diodes is used as the PSK modulator,
since this circuit provides a reasonable
unwanted carrier suppression (25dB)
without any special tuning and without
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access o expensive  Lest
(spectrum analyser). The harmonic
mixer uses a quad Schottky diode
BAT14-099R. since four diodes provide
a higher output signal level than just two
antiparallel diodes.

equipment

The mixer is followed by a bandpass
filter for 2360 MHz (L11, L12, L13 and
[.14) to remove the [180 MHz driving
signal and other unwanted mixing prod-
ucts far away from the 13cm frequency
band. The generated PSK  signal at
2360 MHz does not require any filtering
itself. Since the 2360 MHz signal level
is low, about 03mW, a GaAsFET
amplifier stage (CI'Y30) is used to raise
the signal level to about 15mW.

The PSK modulator is built on a
double-sided PCB with the dimensions
of 40mm x 120mm. Only the upper side
is shown in Fig.6, since the lower side
functions as the micro-strip groundplane

and is not ctched. The PCB is made of

I.6mm thick glass-fibre-epoxy laminate
FR4, although this material has substan-
tial RI losses at 2.36 Gllz. The compo-
nent location of the PSK modulator is
shown in Fig.7 for both sides of the
PCB.

Although most of the transmission lines
are etched on the PCB, L2. 1.9 and .15
are  air-wound quarter-wavelength
chokes. L2 is a quarter-wavelength
choke for 1180 MHz, L15 is a quarter-
wavclength choke for 2360 MHz while
L9 should be a quarter-wavelength
somewhere in  the middle (around
1700 MHz), since it has to be effective
for both frequencics.

The described PSK modulaior can sim-
ply be tuned for the maximum output
signal level. Besides the 390 MHz

138

exciter signal, a digital modulating sig-
nal is required as well. The latter may
be a square wave of the appropriate
frequency or better the real digital
packet-radio signal. Without any align-
ment, the PSK modulator will already
provide an output of a few milliwatts,
After any alignment of the micro-strip
resonators one has to check the modula-
tion signal level to find the best operat-
ing condition of the harmonic mixer.

-
2360 MHz RF FRONT-END

The cireuit diagram of the 2360 MHz
RF front-end is shown in Fig.8. The RF
front-end includes the transmitter power
amplifier, the receiver low-noise pream-
plifier and the PIN antenna switch. The
RF front-end is the only module includ-
ing micro-strip circuits, that is built on a
low-loss, 0.8mm thick glass-fibre-Teflon
laminate with a dielectric constant of
215,

The circuit of the RF front-end is
simplified by using modern SMD semi-
conductor devices, originally developed
for cellular telephones. The transmitter
power amplifier uses a single GaAs
transistor  CLY2 that provides both
15dB gain and more than 500mW of
output power at the same time. Just a
few wvears ago, an equivalent circuit
would require three or four silicon
bipolar transistors. The CLY2 is a
low-voltage power GaAsFET that oper-
ales at a drain voltage of just 4.5V.
while generating its own negative gate
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The BAR63-03W is built
in a standard microwave
SMD diode package with
a low parasitic capaci-
tance and is used as a
series switch, On the
other hand, the BARSOD
diode is built in a low
parasitic inductance

Fig.9:

continuous groundplanc).

bias voltage by rectifying the input RF
signal,

The antenna switch includes two differ-
ent PIN diodes: BAR63-03W  and
BARBO. The semiconductor chips of
these two diodes are similar, but there is
an important difference the packages.

RF front-end PCB (double-sided 0.8mm
glass-fibre-Teflon, micro-strip circuit with a

package and is used as a
shunt switch. Both diodes
are turned on while trans-
mitting. The quarter-
wavelength line L7 trans-
forms the BARSO short circuit into an
open circuit for the transmitier.

The RF front-end also includes a low-
noise receiving preamplifier to improve
the sensitivity and image rejection of the
receiver. The low-noise preamp uses a
CFY35 transistor, followed by a band-

1560MH,
-l -
£x
13oMHe ANT
+ATibm 2 360MH
UJ!P i
NT
2360HHe . w 310 |
4 AU B RV : AR 4y, 224 0MH
120
120 > de L —,
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e
X — —
2 i = +AVR
o 400 oy X

Fig.10: RF Front-End Component Overlay
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pass filter. The preamplifier provides a
gain of about |1dB including the an-
tenna switch and output filter losses.
The bandpass filter is required to attenu-
ate the image response
2210 MHz.

The RF front-end is built on a double-
sided Teflon PCB with the dimensions
of 40mm x 80mm. Only the upper side
is shown in Fig.9, since the lower side
functions as the micro-strip groundplane
and is not etched. The PCB is made of
0.8mm thick glass-tibre-Teflon laminate
with a dielectric constant of 2.5. The
component location of the RF [ront-end
is shown in Fig. 10 for both sides of the
PCB. Except the printed micro-strip
lines, there are three air-wound quarter-
wavelength chokes for 2360 MHz: L3,
.5 and L8.

Assembling the RF front-end, the most
critical item is the correct grounding of
the microwave semiconductors CLY2,
BARBO and CTY35. The CLY2 and the
BARS0O are grounded through drops of
solder, deposited in 2mm diameter holes
at the marked positions in the Teflon
laminate. On the groundplane side these
holes are covered with small pieces of
copper sheet that also act as heat sinks
for these semiconductors. The CFY35 is
grounded through two leadless ceramic
disk capacitors installed in 5.5mm diam-
eter holes at the marked positions. The
capacitors are connccled to the ground-
plane with small picces of copper sheet
on the other side. Fimally, L6 is
grounded with a 2.3mm wide strip of
copper foil inserted in a slot in the
Teflon laminate.

The transmitter power amplifier is sim-
ply tuned for the maximum output

around

@
power by adding capacity (small pieces
of copper foil) to I.1. Small sheets of
copper foil can also be added in other
parts of the circuit. but their influence is
usually small when compared 1o L1. If
the specified output power can not be
obtained. the cable length between the
PSK modulator and RF front-end needs
to be changed.

The receiving preamplifier is alse tuned
for the maximum gain, but here it is
more important to bring the bandpass
filter to the correct frequency. The latter
is adjusted with L1I, while LI0 only
affects the CFY35 output impedance
matching. Before making any RF adjust-
ments, the DC operating point of the
CFY35 has to be set by selecting
appropriate source bias resistors for a
Vds of 3-4V.

6.
RX CONVERTER WITH
PLL LO

To avoid several multiplier stages the
receiving converter includes a micro-
wave PLL frequency synthesiser. The
converter is built as two separate mod-
ules to prevent the digital part from
disturbing the low-level analogue cir-
cuits. Of course each module is shielded
on its own. The described RX converter
is derived from a 2400 MHz SSB
converter published in [1].

The circuit diagram of the analogue
section of the RX converter is shown in
Fig.11. The analogue section includes
the sccond RF amplifier stage, the
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Fig.12: RX converter, analogue scction PCB (double-sided 1.6mm glass-
fibre-epoxy, micro-strip circuit with a continuous groundplane).

sub-harmonic mixer. the VCO including
a buffer stage and the first 75 MHz IIY
amplificr. The analogue circuits are built
as micro-strip circuits on a 1.6mm thick
glass-libre-cpoxy laminate,

The main function of the second RF

amplifier is to cover the noise ligure ol

the harmonic mixer. The second RF

amplifier is followed by another band-
pass filter (L3, L4. L5 and L6). but
unfortunately due to the high substrate
losses this filter is unable (o provide any
significant rejection of the image fre-
quency at 2210 MHz. Its main purpose
is to reject far-away interferences like
sub-harmonics or even signals at the IF
frequency.
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Fig.13: RX Converter - Analogue Section Component Overlay
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The harmonic mixer uses two antiparal-
lel Schottky diodes and is very similar
to the PSK modulator. Such a mixer
requires a local oscillator at half of the
required conversion frequency thus sim-
plifving the design of the PLL synthe-
siser. The resulting IF signal is ampli-
fied immediately to avoid any further
degradation of the already poor noise
figure.

The VCO uses a micro-strip bandpass
filter (1.13, LI14 and L15) in the feed-
back network to obtain low phase noise.
The tuning range of this VCO is thus
restricted (o a few percent of the central
frequency. The VCO is followed by a
buffer stage and part of the buffered
VCO signal is coupled by L10, L11 to
feed the digital section of the PLL.

The analogue section of the recciving
converter is built on a double sided PCB
with the dimensions of 40mm x 120mm.
Only the upper side is shown in Fig.12,
since the lower side functions as the
micro-strip  groundplane and is not
etched. The PCB is made of 1.6mm
thick glass-fibre-epoxy laminate FR4,
although this material has substantial
losses at 2.36 GHz. The component
location of the analogue section of the
RX converter is shown in Fig.13 for
both sides of the PCB.

Although most of the transmission lines
are etched on the PCB. there are two
discrete inductors in this module. 1.2 is a
wire loop with a 2mm internal diameter
made of 0.6mm thick silver-plated cop-
per wire. L2 mav need adjusiments
during the alignment of the complete
transceiver. 1.8 is a quarter-wavelength
choke around 1700 MHz to be effective
for both the RF and LO frequencies.

144

Most of the RF active devices (BFR90,
BFR91 and BBI105) are installed in
6mm diameter holes in the PCB. These
holes are afterwards covered on the
groundplane side by soldering small
pieces of copper foil. The same installa-
tion procedure also applies to the two
470pF source bypass capacitors for the
CFY30 transistor. The corresponding
source bias resistors are adjusted for a
Vds of 3-4V.,

The alignment of the analogue section
should start with bringing the VCO to
the desired frequency range by adjusting
1.14, This is done easily if the PLL is
already operating. L14 usually needs to
be made slightly longer to obtain a 2.5V
PLL conirol voltage in the locked
condition. Then L7 is adjusted for the
maximum mixer conversion gain and
finally 1.4 and L5 may need some small
adjustments. L1 and [.2 should be
adjusted to match the RI" front-end. If
the second RF stage (CFY30) is self-
oscillating, the L2 wire loop has to be
made shorter.

An alternative solution is to replace the
CFY30 GaAsFET with the silicon
MMIC INA-03184. The latter has a
higher noise figure but offers more gain
and does not sell’ oscillate. When using
the INA-03184, L2 has to be replaced
with a 6.8pF capacitor, the output bias
resistor has to be increased from 4700
up to 680Q and the source bypass
capacitors and bias resistors are no
longer required, since the two INA-0318
4 common pins can be grounded in a
straightforward way.

The circuit diagram of PLL scction of
the RX converter is shown in Fig.14.
The PLL includes the /64 prescaler
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Fig.15: RX converter, PLL PCB (single-sided
0.8mm glass-fibre-epoxy)

(U664), the reference crystal oscillator
al about 8.9 MHz, two additional divid-
ers (HC393) and the frequency/phase
comparator (HC74 and HC00). The PLL
module has its own 3V supply voltage
regulator 7805.

The above mentioned PLL is intended
to replace a chain of frequency multipli-
ers. Therefore it does not contain vari-
able modulo dividers. The multiplication
ratio is fixed to 128 (256 when consid-
ering the harmonic mixer) and the
crystal frequency has to be selected
according to the desired RI' channel. In
the frequency range around 8.9 MHz, a
“CB" crystal can usually be used on its

fundamental
Due to the wide tolerances
of CB crystals cither a
capacitive trimmer or a
series inductor L1 may be
required to bring the crys-
tal to the desired fre-
quency. For operation at
2360 MHz, the best choice

resonance.,

is a crystal for
26.770 MHz (CB channel
22 RX).

The frequency/phase comparator drives
a charge-pump output network., The
correct operation of such comparators is
limited to low frequencies. Therefore
both the VCO and reference signals
have to be divided down to about
2.2 MHz when using 74HC logic in the
frequency/phase  comparator. Fasi
(Schottky) diodes BAT47 arc required
in the charge-pump network to avoid
backlash problems that seriously deterio-
rate the phasc noise of the frequency
synthesiser.

The PLL is built on a single-sided PCB

with the dimensions of 40mm x 80mm.
as shown in Fig.15. The PCB is made of

AW
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Fig.16 : RX Converter, PLL Component Overlay
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0.8mm thick glass-fibre-epoxy laminate.
The corresponding component location
is shown in Fig.16. The only component
installed below the PCB is the TuH
choke on the output.

The only adjustment of the PLL is to
bring the crystal oscillator to the re-

quired frequency. The PLL lock test
point is not brought out of the shielding
enclosure since it is only required during
the adjustment of the PLI..

To be continued
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Denys Roussel, FOIWE

An Ultra Low-Cost HF SSB/CW
Transceiver with 20W Output,
an AGC Meter, S-Meter and

Audio Filters
Part-2

6.7 CW Unit and RX/TX Switching
6.7.1 CW unit:

On modern sets, the ftransceiver auto-
matically switches to transmit when the
key is down. On this small transceiver,
this function and wave generation must
be realised at lowest cost.

A solution is to use trigger gates. A
CMOS 4093 will provide four oscilla-
tors or monostables. One of two gated
monostables is used for the CW delay,
set by P1001. The other monostable (1C
1001B) acts at power ON to prevent
unwanted TX switching.

1IC 1001C gives the CW AF wave. The
frequency must be adjusted exactly to
the centre of the receive filter by P1002
{better deviation on the S-Meter/Power
indicator level). P1003 sets the CW
power level.

148

6.7.2 RX/TX switching:

The most simple method would have
been to use the PU inverter switch with
a 4-wire microphone cord, as is used on
low cost CB equipment. It is possible,
but gives no sound when the mike is
disconnected.

| preferred to add two transistors T1101
and T1102 to generate +1X and IRX
supplies. L.1101 is an interferences can-
celling inductor. Its role is to block the
local oscillator from leaking onto the
AC lines, causing common mode RF
hum.

6.8 Filter and Power Amplifier

6.8.1 Band Pass Filter:

The band pass filter protects the mixer
from unwanted signals. On 40 meters it
is very difficult to protect the mixer
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because of the proximity of broadcast
stations. The best approach should be of
course a filter which starts at 7.00 MHz
and stops at 7.10!

This component almost exists. For direct
subcarrier demodulation in satellite re-
ceivers. MURATA desizned a ccramic
filter at 7.02 MHz. This filter is not
convenient alone, but when it is framed
by two 100pF capacitors, the bandwidth
achieves 7.1 Mllz.

Losses are a little bit higher but the

efficiency on broadcast signal rejection
is without equivalent.

A test on five sample filters showed a
stop frequency between 7.090 MHz to
7.113 MHz (-2dB @ 7.1 MHz) and
insertion losses between 4.5 to 7 dB.
These losses are still compatible with
use on the lower HF bands. In compari-
son with a two-cell coil BPF this filter
exhibits a rejection of more 22dB at 7.2
MHz against only 1dB for the standard
one, moreover there is no tuning,

Frequency Response of
the 7.02 MHz Ceramic
Filter framed by 100pF
Capacitors.

Marker = 7.2 MHz

Frequency Response of a
standard Two Cells Coil
Filter

Marker = 7.2 MHz
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6.8.2 The Power Amplifier

A power of 20W s alrcady quite
expensive. To achieve it two 10W
transistors are required which cost of the
order of app. £7.00 each. This price is
not compatible with the target price of
the transceiver.

After several weekends of experimenting
with power FET swilches, 1 reverted to
bipolar transistors. Power switching
MOS devices are not very stable in
push-pull configurations and require 24
volts to provide a good power output.

I wsed a principle described by Mr
EJAMET (FIBAE) 10 years ago. The
design uses several low cost transistors
wired in parallel. The cost decreases
below £3.00!

The input power is about 0.5 to ImW.
For a 20W output. the necessary gain is
nearly 46dB. BD135 devices are capa-
ble of 10 to 12dB and the pre-driver
should amplify by 23 to 26dB. To
achieve this gain a 2N5109 is used in
the PA input as the pre-driver. This
transistor is expensive, but has a impor-
tant gain at HF and is very linear. L601,
€602, R601 and C603 compensate for
the slope of the driver and PA stages.

All stages are polarised by a 5V
regulator to prevent bias change with
supply voltage. There is a separate
remote circuit to apply bias in TX
operation,

The driver stage is a BD135 push pull
to reduce harmonics. The power at
TR602 output .is about 3 to 4W. The
antenna relay is a standard one rated for
2A switching.

The PA is made up from ten BDI35
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devices in push-pull. The RF power
level was measured at 32W on 80M,
26W on 40 and 21W on 20M with a
13V supply. The efficiency is about
50% and the linearity is good.

6.8.3 Low-Pass Filter and ALC

To keep harmonics to an acceptable
level a two-cell low pass filter is
necessary. To save money, cores are
replaced by a section of PVC plumbing
PVC pipe.

The ALC detection is very simple but
seems sufficient. P701
output power to 20 W,

is set to limit

T
PROTOTYPE PERFORM-
ANCE

7.1  Receiver Performance

— Unwanted side band rejection: The
side band rejection at 1 kHz on 70350
kHz was measured at 52dB afier
optimisation of the AF frequency. On
the entire 7 MHz band and from 300
to 3000 Hz, the unwanted side band
rejection was better than 45dB.

— AM sensitivity:: The AM sensitivity
is about 10mV with preamp OFF.

— Intermodulation performance: Not
measured. According to mixer test-
ing, the third order input intercept
point should be near 30dBm of input
(22dBm with 3dB loss in splitter and
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Photograph of the 40/80 m Prototype

6dB loss in the band pass filter). | 1700 Hz at -6dB; CW : 540 to 770
know that it is very high. but it scems Hz at -6dB.

to be the case. . L
— AF output: 2W into 8 Ohmsat 13 V

— Noise figure: The noise figure was power supply.
measured at 27dB without the RF
preamp and 16dB with preamp (3
kHz BW). It is not good but suffi- power supply.
cient on the lower HF bands. On 14
MHz a low loss band pass filter

— Consumption: <200mA at 13V

7.2 Transmitter performances:
— (1.5dB) should be used to reduce the

o — Carrier suppression: about 35dB at
Noise Figure to a usable level. PP

20W output

—AGE elclency: Th.c AG(‘, AN _ Unwanted side band rejection: 30 to
starts to work on a signal of 87 and

’ - . 32dB at 20W output (the optimum
kecp-tha., audio level at ~6dB to near phase setting is different from in
S9+50 dB, .
receive mode)
— Selectivity: SSB Wide : 350 to 2800

— IM3: Better than 30dB at 20W out-
Hz at -6dB; SSB Narrow : 350 to etter than J a o

put
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— llarmonic suppression: Better than
40dB at 20W output

— Output power: =20W at 13V power
supply.

— Consumption; =<35A at I3V power
supply.

7.3 Impressions in use

In use this transceiver behaves like a
filter one. Practically, opposite side-
band stations are completely eliminated
by the phasing process. In fact, with
45dB of rejection, opposite side bands
are present on very strong stations but
covered by QRM or band noise.

The most impressive feature of this
receiver is that it is completely free of
noise when the antenna is disconnected.
There is no transmodulation, even with a
normal antenna (dipole) on 40 meters in
the evening.

The AGC on AF reminds me of the
ATLAS 210. It is impossible when
listening to detect that the gain control
acts on the AF level. In case of QRM
the narrow position is efficient.

In CW, the phasing principle starts to
cancel the unwanted side band at “0Hz".
With a transceiver only cquipped with a
SSB filter, the opposite CW side band is
not eliminated. Thanks to the CW filter,
stations are selected very easily. The
transmit frequency is exactly the same
as the received one., it is just necessary
to push the key down to establish
contacts.

In transmitting, the modulation is judged
good on the air as well as the CW note.
The side band- rejection is not really
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quite low enough, but at 20W output,
the level is only 10mW, which is not
detectable under normal conditions.
There is no SWR detection to protect
the PA, but I did not meet any problem
on this side vet.

I have been using a dual band (80/40)
version of this transceiver for the past 5
month now. and | have made about 500
QSOs (43 DXCC) mostly on 40m, using
a 3 meter whip on a balcony.

8.
PRICE CALCULATIONS

Dual Mixer

12 x Ferrite Bead, 2 MKT Capacitor, 2
x LCC Capacitor, 16 x IN4148. 2 x
25V Capacitor, 3 x 0.25W Resistor:
Total 11.65 F.

RF Bidirectional Preamp

9 x Ferrite Bead, 12 x Ceramic Disc
Capacitor, 1 x BIFR9I, 5 x BA244. 7 x
0.25W Resistor: Total 17.75 I,

AF Preamp:

2 x BC549C, 6 x BC238B, 1 x Pot, 2 x
IN4148, 8 x 25V Capacitor, 17 x
0.25W Resistor: 12.75 F.

VFO & RF Phase Shifter

3 x Ferrite Bead, 4 x NPO Capacitor. |
x 1310, 1 x BC238B, 1 x 25V Capaci-
tor, 9 x 0.23W Resistor. 1 x Tantalum
Capacitor, 1 x Variable Capacitor, 3 x
LCC Capacitor, 1 x Ceramic Capacitor,
1 x VFO Coil, 1 x 74F00, 1 x 74F74:
Total 38.15 T



VHF COMMUNICATIONS 3/96

@

AF Phase Shifter

2 x CD4053, 2 x TLO74, | x Pot, 4 25V
Capacitor, 8 x 0.25W Resistor, 6 x LCC
Capacitor, 6 MKH Capacitor, 18 1%
Metal Film Resistor: Total 32.80 F.

AF Section

1 x CD4066, 1 x TLO74. 2 x Trimmer
Pot, 12 x 25V Capacitor, 12 x LCC
Capacitor, | x MKT Capacitor. 5 x
Ceramic Capacitor, 43 x 0.25W Resis-
tor, I x Pot, | x S-Meter, 6 x I1N4148, 2
X Switch, 7 x BC238B. | x BC549C, 1
x BCSSSB, | x TBAR20M, | x IW
Loud Speaker, | x Zener Diode: Total
9445 F.

CW Oscillator

2 x LCC Capacitor, 2 x BC238B, 3 x
Trimmer Pot, | x IN4148, 4 x 25V
Capacitor, 6 x 0.25W Resistor, 1 x
Ceramic Capacitor, 1 x CD4093, 1 x
CDA4011: Total 13.90 F,

RX/TX Switching

I x LCC Capacitor, 1 x BCS58B, 1 x
BD136, | x IN4148, | x ferrite Core, 3
x 0.25W Resistor, 1 x Ceramic Disc
Capacitor, | x ON/OFI Switch: Total
1245 F.

RF Band-Pass Filter

-

3 x Ferrite Bead, 4 x Ceramic Disc
Capacitor, 2 x BA244, 5 x 0.25W
Resistor, 1 x Switch, 1 x 7.02 MHz
Ceramic Filter: Total 12.45 F.

Low-Pass Filter and ALC

~

2 x PVC Pipe Sections, 3 x Ceramic
Capacitor, 2 x Ceramic Disc Capacitor,
2 x IN4148, 2 x 0.25W Resistor, 1 x
25V Capacitor, 1 Trimmer Pot: Total
7.10 F.

20W Power Amplifier

10 x Ferrite Bead, 8§ x Ceramic Disc
Capacitor, § x LCC Capacitor, 2 x 25V
Capacitor, 1 x 16V Capacitor. 1 x 40V
Capacitor, | x IN4147, 2 x IN4007, 27
x 0.25W Resistor, 2 x 2W resistor, 1 x
BC238B. 1 x BC558B, 1 x 2N5109, 12
x BD135, 1 x Trimmer Pot, 1 x 7805, |
X 4C65 8xl4x8 Twin Bead, 2 x
25x8x14 Ierrite Tube, 1 12Vi2A Relay:
Total 82.35 F.

9.
CONCLUSION AND
ACKNOWLEDGEMENTS

A prototype is now working and the
price of DM 100 was not so crazy. The
total component price reached 335.80
FRF or about DM 96 (app. £45). The
remaining 4 DM for the PCB and
aluminium plate for the box. It is just a
first prototype wired up in a tin plate
box and important work is still neces-
sary to deseribe the construction of this
sel.

Development must be managed now
with reproducibility the aim, a multi-
band feature and improvement of trans-
mit performance and noise figure.

This design was registered and pro-
tected, commercial use of parts or
totality is subject to international rights.

I would like to thanks Messers Rohde,
Jamet, Oppelt, Campbell, Jirmann, Ham-
ilton, DeMaw, and many others for their
fine articles, Mr Poirrier from SAGEM
for 7.02 MHz filter samples, Rene,
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FIXR for ferrites, and my friends FOPT,
FOAWN and T6CIQ for their help.
on-air transceiver lesting and patience.
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Detlef Burchard, Dipl.-Ing., Box 14426, Nairobi, Kenya

Active Reception Antennas -
Observations, Calculations and

Experiments

Part-2 (Conclusion)

9.
MEASUREMENTS UNDER
OPERATING CONDITIONS

On the workbench, it could already be
established that numerous stations could
be heard on all short-wave bands. For
comparison with the groundplane an-
tenna recommended in [2], however, the
capacitive broad-band active antenna
had to be on the roof. There was already

100* i =
TER i

500* =

16mm 16mm?

R B B R R

t—— —— 8000 — —
P

7 Burchard

a mast al an appropriate place on the
roof of the house (Fig.18). at which a
discone antenna had been mounted up
till then. The height of the two antenna
heads was then the same - 7m above the
ground. The expected improvement in
reception did not materialise. The short-
wave range was crammed with inter-
modulation products.

When an oscilloscope was connected
using a 50Q2 through coupler. this soon
made it clear that medium-wave trans-

Fig.18:

Configuration of Active Antenna
AA on the House Roof at the same
Height as Ground Plane Antenna
GP, which is otherwise used for
Short-Wave Reception
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Fig.19:

Reception of two nearby
Medium-Wave Transmitters led
initially to Saturation. The
Image was obtained following
Remedial Measures which are
described in the text:

lefty  Original Photo from

Oscillograph Screen

below) Hardcopy drawn from
Negative

Y: 0.2 Vidiv; X: 1 ps/div

mitters were causing saturation. This
could only be the two 100kW stations in
Nairebi, which are 11 and 17k respec-
tively from the reception point and
working at 612 and 747 kHz. The total
voltage gencrated by them was much
higher than the maximum swing of the
active antenna output. It was cstimated
that they delivered a licld strength of
approximately 500mV/m.

What 1 have done now to remedy the
situation is to reduce the input resistance
of the amplifier. 10k fixed resistance,
together with an antenna capacitance of
SpF, gives high-pass behaviour, with a
limiting frequency of 3.2 MHz. The
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interfering  medium-wave transmitters
are damped by more than 12dB, whilst
there is scarcely any impairment in the
shorl-wave range. The oscillogram in
Fig.19 shows that this was the right
thing to do. The curved trace, now
unlimited, looks like a beat effect,
because the two transmitters are re-
ceived at about the same field strength.
Short-wave ftransmitters produce the
small ripples on the curve. The reason
they are so small, although two 250kW
stations are operating 39km away, is
because their ground waves suffer con-
siderably more attenuation than those of
the medium-wave transmitters.
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The quality ol the screen photo leaves
something to be desired, This is duce to
the fact that once again | was up against
the limits of my capabilities. A writing
speed of 20 - 30km/s is the best that can
be obtained with the oscilloscope
(f = 50 MHz, UB = 10kV). the film
used (400ASA), and the maximum focal
aperture of the camera (2.8). 50kmis is
what was nceded here. The hard copy
drawn in the dark room. based on the
enlarged negative. may be easier to read
but does not reproduce all the details
faithfully.

Experiments could now be carried out to
determine the degree ol influence ex-
erted by the top capacity and the ground
plate. The result can be seen in Fig.20.
A calibration staircase for the rectified
voltage in equivalent input power can be
seen on the right, to give some idea of
the strength of reception. Except for the
start and saturation periods, the gradient
is 1.8 dB/div. Remember that the dBm
reading refers to the power received by
the 51Q resistance in Fig.15. It would
be more correct, in physical terms, to
have a pV scale or, even better, a pV/m
scale. Both can be obtained through
simple conversion, but this is not some-
thing we are concerned with here.

On the basis of transmissions being
received from three transmitters in dif-
ferent frequency bands, at different
distances and in different directions, it is
unambiguously clear that neither the top
capacity nor the ground plate have any
measurable influence on the reception
voltage. The Voice of Germany trans-
mitter from which transmissions were
received in the 19m band is in Sri
Lanka, 5700km East of here. Radio

Moscow, broadeasting in the 13m band,
is 7200km to the North. Finally, the
Kenya Broadcasting Corporation’s trans-
mitter, from which transmissions were
received in the 4m band, is one of those
250kW transmitters already mentioned
which are 39km away. This station
certainly has the best reception quality,
because the ground wave arrives without
any sclective fading, but it has the
greatest fading depth of 43dB. The
stress on the AGC is considerable, and
the use of logarithmic demodulation in
the following receiver, which is here
wired up downstream, gives an audible
advantage (simply because nothing can
be heard of the 45dB signal fluctua-
tion!).

At the time of the day in question. the
other two transmitters can be received
rather well (The Voice of Germany) and
rather badly (Radio Moscow). The fad-
ing depth for each of them was only
about 30dB.

A few hours later, a comparison was
made between the ground plane and the
active antenna. The result can be seen in
Fig.21. The Voice of Germany is now
being received rather more strongly. but
inter-modulations can be heard in the
ficld strength froughs. The ground plane
certainly supplies 16.5dB volts less on
average, so that noise can be heard in
the field strength troughs, but no inter-
modulation products of any kind can be
heard. They may be covered by noise.

The reception of Radio Moscow at this
time is poor with both antennae. Fre-
quent disappearance in noise when the
ground plane is used can be compared
with frequent disappearance in chirping
and external modulations with the active
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Fig.20: Recording of Rectified Voltage for Reception of Stations with Top

Capacity and Ground Plate (1), Ground Plate only (2), Neither (3)
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Deutsche Welle Radio Moskau Radio Usanda
F : b d : g : i.
A, 2. 4. Z. 1 g
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Fig.21: Recording of Rectified Voltage for Reception of Various Transmitters
with Ground Planc (1) and Active Antenna (2) using a Configuration as

per Fig.18
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antenna. The mean level difference is
only 10.5dB, and it can be assumed that
at the top end of the short-wave range,
where the ground plane comes into
resonance, the level difference will be
rather small.

Since in the meanwhile the Kenva
Broadcasting Corporation had switched
over to the midday siesta. Radio Uganda
(550km West-North-West of here) was
now received in the same band. Recep-
tion with the active antenna was reason-
ably good and with the ground plance it
was rather poor. The level dilference
had increased to 18.5dB. In none of the
three cases was the gain in reception
quality as great as the level dilference
between the ground plane and the active
antenna would lead us to expect. There
is little external noise, at this time of
day at least. It was thus clear that it is
not the internal noise which determines
the lowest level of reception, but the
dregs from all possible inter-modula-
tions. At night, when the external inter-
ference is considerably greater, there are
even situations in which the ground
plane is superior.

10.
SUMMARY

Experience with the medium-wave trans-
mitters shows that the requirement for a
compatibility of 1V/m field strength is
in no way exaggerated. In Central
Europe, it will possibly be necessary to
lay down even higher values. But even
the IV/m means that the amplifier
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output must be capable of delivering up
to 10Vpp into 50, which corresponds
o 25mW (+24dBm). The current con-
sumption would go up considerably. o
an estimated 150mA.

The IM suppression would have to be
increased to 120dB. If work is being
carried out with a band width smaller
than 7 - 10 kHz, then the demands are
even greater! The active antenna de-
scribed here is still 33dB short of
120dB. Naturally, the characteristics of
the subscquent receiver would also have
to be better, which might scarcely be
possible using broad-band concepts, We
know from spectrum analysers that there
seems to be a sound barrier at *100dB
on the screen™, even if it is only a matter
of cost. So once again we must think
about pre-selection, or at least sub-
octave band-pass filters. The further
forward they are mounted in the signal
path, the better they will work. And for
this reason a reduced input resistance of
the active antenna is better than a really
great filter after it.

These problems can be diminished by
using a shorter antenna rod. The signal
voltage is then reduced and the internal
noise is increased. because the Zq.Ir
noise increases.

The rod can also be given a capacitive
load. This also reduces the signal volt-
age and the internal noise too, because
the Zq decreases, even if not to the same
extent as the signal. Capacitive loading
is equivalent to the omission of the Ce
compensation. We can no longer talk of
the “harmful” input capacitance. A de-
sign without compensation, such as [5].
must not be disadvantageous in opera-
tion.
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Finally, it appears from the external
noise behaviour shown in Fig.5 that for
shorter rod antennas are sufficient at low
frequencies. Instead of shortening, we
can impose an Ohmic load on a suffi-
ciently long rod for the short-wave
range (0.5m). If the external noise is
greater than 5000V at 20 kHz, but the
internal noise is less than 2uV, then a
load may be imposed such that the input
voltage falls to 1/250. The rod could be
given a 6kE} load, which is very near to
the 10k which I used to reduce the
voltage of the medium-wave transmitter,

What comes out of this in the end is that
the amplifier input need not be capaci-
tance-free or particularly high-Ohmic for
the purposes of reception. But both
conditions must be fulfilled if the aim is
to measure field strengths, for which a
constant conversion factor is required,
irrespective of the frequency. The circuit
given in [3] fulfils its purpose, since the
input capacitance there is very low and
the frequency range of the amplitier is
very wide.

The top capacity and the ground plate
have no influence on the reception
voltage, and only a slight influence on
the internal noise. due 1o the fact that
they increase the capacity. It is beiter to
lcave them aside completely.

Apart from a small glow lamp with an
ignition voltage of 70V, no measures
were taken here in the amplifier to drain
any over-voltage on the antenna conduc-
tor. True, when operations commenced
it was not at all clear whether a
serviceable active antenna would even
be obtained. And even now 1 am not at
all surc that [ want to have one. To my
knowledge only such antenna of this

@
type are secure against a direct lightning
strike that have directly earthed antenna
conductors. Such constructions are used
in passive antennae. And then, [ live in
an area which has considerably fewer
thunderstorms than my previous home in
Germany. 1 would have to wait a very
long time for some lightning, or set up a
high-voltage laboratory. There is a light-
ning research institute on San Salvatore
near Lake Lugano in Switzerland. Per-
haps a radio ham [rom Switzerland can
get some information from them on how
io “harden”™ amplifiers with a FET
input?

Perhaps to end with 1 should again refer
to something which has been known for
a very long time, i.e. that antennae with
restricted band widths also have their
advantages. They keep out signals from
outside the band, and thus reduce the
possibilities of inter-modulation quite
considerably.
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Wolfgang Schneider, DJ 8 ES

VHF, UHF and SHF Measuring
Methods Using a PC

Part 1: Essentials of Control
Using the PC’s Centronics Port

Developing VHF, UHF and SHF
measuring methods is an ambitious
goal. Radio amateurs can simply not
do without measuring methods now,
in connection with building their own
equipment or even operating their
own radio systems. Obiaining the
apparatus required for this is not
always simple, and is certainly not
always inexpensive.

B8
INTRODUCTION

There are particularly interesting possi-
bilities for DIY work in the area of
measuring methods. Numerous different
publications in the relevant amateur
radio literature support this opinion.
Whether it’s a test transmitter, a milli-
watt metre or even a spectrum analyser -
as Robert Lentz, DL3WR, once wrote in
VHF Communications - “state of the art

technology comes to DIY assembly™.

All these devices have one thing in
common, they should be usable over as
wide a range as possible. But it is not
sufficient for the milliwatt metre to
function well at 23c¢m alone. It must
give readings which are just as precise
in the short-wave range, at 2m or 70cm.

And it’s precisely here, when we come
to deal with wide-band linear operation,
that the problems really begin. The
computer can help us here to a really
miraculous extent. Linearisation of tun-
ing characteristics in the test transmitter,
automatic calibration of the wattmeter,
zero offset compensation, ete.. The list
of possibilities is virtually endless.

Specifically, this series of articles will
deal with the themes of input and output
units for Centronics interfaces, mW
meters, frequency synthesisers, and a
computer-controlled measuring position,
with additional options for a wobbler
and a spectrum analyser.
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2.
POSSIBLE LINKS TO A PC

However, before this universal measur-
ing position comes into being, the
principles must be set out first. This
applics, in particular, to the digital
world of the personal computer. Com-
puters can now be found in the shacks
of the majority of radio amateurs. To
start with, we used the C64 or ZX81 for
applications which were still “relatively
Tlimited”.

Now you can find virtually everything in
the PC line which is available on the
market,

£ N
STROBE ki W
0o
LT
D2
D3
D4 =]
os 3
Ds g
07 o
ACKNLG
BUSY
PE
SLCT RESET
FF ERROR
QROUND
SILCTIN
“——=DJBES
Fig.1: Pin-Assignment for a

36-pin-Centronic Connector
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If the computer is to take over control
functions, it must be able to communi-
cate with the outside world. That's what
interfaces are for.

2.1. Parallel Interfaces

Any commercially available PC has at
least one parallel interface as per the
Centronics norm as a standard feature,
to which the printer is connected - but
this interface can do much more!

The data traffic between the PC and the
printer is carried on through a minimum
of 8 data circuits and 4 control circuits.

When data are transmitted, the transmit-
ter sends the data item on circuits DO to
D7 and checks whether the subscriber is
ready to receive data (BUSY).

As soon as the BUSY circuit accepts a
logic 0. the transmitter generates a
STROBE signal (briefly, a logic 1) and
enters the information into the periph-
eral.

The printer acknowledges using the
ACKNLG signal (ACKNOWLEDGE).

The PE circuit (PAPER EMPTY) sig-
nals that the printer has run out of
paper.

These four control circuits are all that is
needed for data transmission.

Many printers have additional' control
options. 1 shall not be going into these
additional options in greater detail here
and now. But they are included in Fig.1,
for the sake of completeness.
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Driver Circuit for Driving
Switching Stages

Fig.2:

2.2.  Control using the Centronics
Interface

The circuits referred to above can be
used as follows in control technology:

D0 to D7 as exit
STROBE as handover signal
ACKNLG, BUSY, PE as entry

All circuits on the Centronics interface
operate at transistor transistor logic
level. Switching stages, transducers, etc.
can be connected up directly here. Due
to the fact that the switchable power is
only “low™, drivers (c.g. 7418244 or
L5245) should be looped in. They
provide multiple amplification for the
switching current.

@
To wire up lamps, motors, etc., relays
must sometimes be inserted into the
circuits. Optoelectronic  couplers  are
used here too, for de-coupling, and so
are electronic load relays.

De-coupling an be recommended, espe-
cially for applications using supply
voltage (or at higher voltages). Iig.2
shows simple driver circuits for driving
switching stages.

2.3. Adapter Cards for Experiments

A simple and easily monitorable adapter
card is useful for the first practical tests.

The circuit is shown in Fig.3. [t includes
the bus driver for the output circuits DO
to D7 and, as an updated status display
for all circuits, LED's of various col-
OUFS,

With this adapter card, we can “see”
what’s going on in front of us (Fig.4).
Fig.5 shows the components plan for the
double-sided printed circuit board.

Fig.3:

The Centronics
Adapter Card
Fully Assembled
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Fig.4: Centronics Adapter Card Circuit: Schnirstelle = Interface
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Fig.5:
Components Plan of
Adapter Card

GND

Gelb = Yellow;

Griin = Green;

Rot = Red:

Anschiufi = Connection
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Fig.6: Allocation of Control Signals
to corresponding Register

3.
ACTUATING THE INTER-
FACE

The PC must be appropriately pro-
grammed so that it can communicate
with the outside world.

tT23 45678

DL Lt

! 74 LS 374 r L74 LS 374 } L74 LS 374 h ' 7418 374§’~

The logic address(es) of the built-in
Centronics interface in the computer
isfare important in this context. This
is/these are dependent on the hardwarc
configuration:

278h - 27ah
378h - 37Ah or
3BCh - 3BEh

In each case, the first address - 278h,
378h or 3BCh (**h” signifies “option” in
hexadecimal) - actuates the data register
of the paralle] interface. Data can be
entered into this 8-bit register by the
computer, to be output to the external
equipment.

DO - Pin-2

D1 - Pin-3
up to

D7 - Pin-9

The second address in each case - 279h,
37%h or 3BDh - actuates the so-called
status register of the interface. Special
replies from the printer are deposited in
this register, when ACKNOWLEDGE is

az

L
S5 0

BTHTHN)

=T

FETT | 5

T I

- | | i

Do - I .

L |

=1|
=

!
” ——

| -

DJ 8 ES

RESET

Fig.7:

11—

Register as Qutput for 4 Data Items, each 8 Bits long
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Fig.8: Output Unit organised as 16 x 4 Bits

there on bit 6 (pin-10), BUSY on bit 7
(pin-11) and PAPLER END on bit 3
(pin-12). The third address in each case
- 27Ah, 37Ah or 3BEh - actuates the
control register of the interface. Here we
find the STROBE signal on bit 0
(pin-1).

N.B.: The STROBE signal is output in
inverted form. For example, if it is
desired to output a “1” on the STROBE
circuit, a “0” must be entered in bit 0!
Various other circuits are also inverted!
The signals are correspondingly identi-
fied.

123 ... 16

DJ 8 ES

b

| 74 150

L

r BER

PE —4&

Fig.6 shows the allocation of all control
signals to the various registers. lor
cxample, here we have the contents for
the addresses 378h, 379h and 37Ah. The
boxes show the relevant pins of the
36-pin-Centronics connector,

3.1. Test Program in BASIC

A simple Basic program checks the
functioning of the adapter card. As a
first step, a running light is programmed
for the output circuits, so that the
STROBE flashes. The three input cir-

17 18 19 ... 32

1=
-
[ -

Dz - L

Do =

Fig.9: Circuit Proposal for 32-bit Input into Time Multiplex
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Fig.10: 32-bit Input Unit
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@
cuits already named can then be tested.
The updated status is always shown on
the corresponding output bit. N.B.:
BUSY is inverted!

100 REM function test
110 Set REM port “07
120 REM adr 378h = 888d
130 OUT 888.0

140 OUT 890.1

150 REM running light
160 FORI=0TO7
1701=12

180 OUT 888.1

190 FOR J =0 TO 100
200 NEXT J

210 OUT 890.0

220 FOR J =0 TO 100
230 NEXT ]

240 OUT 890.1

250 NEXT 1

260 OUT 888.0

270 REM input test
280 A = INP (889)
290 A = A AND 224
300 OUT 888.A

310 GOTO 270

320 END

3.2. Output functions

Merely observing flashing LED's is also
not satisfactory in the long run.

Fig.11:
Experimental
Setup for 32-bit
Input Unit
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It certainly looks nice, but my PC is
supposed to be controlling something!
For the PC to be able to take over this
control function, it has to “talk” to the
world bevond itself. This leads us
directly to one of the most important
aspects of the interface, namely the
inputting and outputting of data.

The simplest case (8-bit output) can be
covered by the Centronics interface
immediately and without any expansion
of any kind. If applicable. STROBE can
be used, in addition to the 8 bits 10 to
D7, as an interchange signal for periph-
erals.

100 REM output

110 REM data

120 OUT 888. DATA

130 REM STROBE signal
140 OUT 890,0

150 OUT 890.1

A further interesting output option can
be implemented in an ecasily monitorable
way using 4 x 8 bits. In addition to
STROBE, the circuit shown in Fig.7
also uses the other output signals RE-
SET, SELECT-INPUT and AUTO-
FEED (FF) as interchanges, with the
data being entered in output latches in
8-bit blocks.

3.3. Data output in time multiplex

It is also possible to output data by
means of the time multiplex process.
This method considerably increases the
number of ports which can be differenti-
ated. Here Fig.8 shows a path for a
maximum of 16 x 4 bits. The individual
data items for each 4 bits are transmitted
sequentially in this system.
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100 REM output time multiplex

110 REM data + address

120 FOR ADDRESS =0 TO 15

130 OUT 888. DATA ~ ADDRESS*16
140 REM STROBE signal

150 OUT 890.0

160 OUT 890.1

170 NEXT ADDRESS

3.4. Input function

At first glance, it looks as it even more
effort is required for input. And vyet
there are only 5 input bits there in all.
As a rule, this is too few. Only a time
multiplex process can be considered for
inputting entire data items (1 byte or
more).

Fig.9 proposes a circuit for inputting 32
bits. The individual bits are sequentially
scanned and read in through the PAPER
EMPTY (PE) circuit. For this purpose,
the data circuits DO to D4 select the
individual input channels. The desired
data formats (c.g. 4 x 8 bits) are then set
up internally through software.

100 REM input time multiplex
110 FOR ADDRESS = 0 TO 31
120 OUT 888, ADDRESS

130 INPUT = INP (889) AND 32
140 INPUT = INPUT/32

150 PRINT ADDRESS, INPUT
160 NEXT ADDRESS

Fig.10 shows one side of the printed
circuit board for the 32-bit input unit,
which is coated on both sides. The
prototype for this experimental printed
circuit board can be seen in Fig.11.

And now all the best for your first
experiments.

To be continued
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Bernd Kaa, DG4RBF

Expansion of the Software for
the DBINV Spectrum Analyser
Digital Image Store

The digital image storage unit for
spectrum analysis as per DBINV is a
very useful assembly, which can, how-
ever, be designed to be more conven-
ient. | describe some improvements
and additions below which result in
the 2.06 software version.

1.
INNOVATIONS

The aim was to be able to call up the
additional options in the new software
simply by using the number of operating
keys already available.

1.1. The Innovations of Version 2.06

— The reference curve can now be
printed out as well, shown as a
dotted line.

~ The reference curve can be switched
on and off.

— A title block has been inserted, so
that the object measured can be
named.

— A dB scale is also printed our; both
grids, 8 x 10 and 10 x 10, are taken
into account here.

— Switching from 10 dB/div. to 5 dB/

div. is possible using a diode; the
pre-setting is 10 dB/div. with diode
from P1.3 to P3.2. Change to 5
dB/div. = P13 -1« P3.2

— Print-out of text clements (-) meas-
urement curve and (-) reference (if
available!).

= Incorporation of two additional mean

values: the digital mean value is
provided by the image storage unit,
in which digital technology can dis-
play its advantages properly for the
first time.

Thus we can recognise very clearly
in Figs. | to 4 that mean value 2 and
mean value 3 again involve a marked
reduction in noise. Especially in
somewhat unstable conditions - con-
tributed to, for example, by an
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Messobjekt: PLL - PMB 2306

[
-10/ Carstellbreite: 20 KHz/Div
~a0 Mittenfreguenz: 417 M-z
-30 Aufloesung: 1 Kkz (IF)
% -40 Videgtilter 1 Khz

Referenzpagel:

Speicnermadus: (Aus)

-70 Datum 1 12,1994

a0

Messung DG4RBF

—— Messkurve

Fig.1: Diagram of Measurement Curve without Mean Value

Messobjekt = Subject of measurement; Messkurve = Measurement
curve; Messung = Measurcment: Darstellbreite = Image width;
Mittenfrequenz = Mean frequency; Auflésung = Resolution: Referen
gpegel = Reference level; Speichermodus = Storage mode; Aus = Out;
Datum = Date)

Messobjekt: PLL - PM8 2306

Oarstellbreste: 20 KHz/Dav

Mittenfreguenr: 417 WH2

R R Auf loesung: 1 KHz (IF)
L - T— Videafilter: 1 Kz
Referenzpegel: -

Speichermodus (Mittelung 1)

Datum 112 1994

Messung: DGARBF

= MESSKUrvE

Fig.2: Diagram of Measurement Curve with Mcan Value |

imperfect power supply - the stronger ~ — Storage mode print-out: off. mean
mean values 2 and 3 make a very value 1, mean value 2, mean value 3,
positive impression. standardisation.
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Messobjekt: PLL - PMB 2306

)
-0 Darstellbreite: 20 KHz/Div
o o s s R TR e DR e Mittenfreguenz: 417 MHz
e ) LT YR I T VRP P NN ORIV, /PPN W TS Sty R S TPy P Fo gy hut loesung: 1 KHz (IF)
D el B SO Yidectilter: 1 KHz
=80 Referenzpegel: -
-E0 Speichermodus: (Mittelung 2)
=70 Uatum:  1.12.189G4
-B0

—— Messkurve

Messung, CG4REF

Fig.3: Diagram of Measurement Curve with Mean Value 2

Messcbjekt: PLL - PMB 2306
0 -
=-10]- Darstellbreite; 20 KHz/Oiv
ag il Mittenfreguenz: 417 MHz
—30] Aut loesung: 1 KHz (IF]
0 gl Vigeofilter: i Khz
-50 Referenzpegel: -
-B0 Speichermodus: [Mittelung 3)
-70 COatum: 1.12.1334
~B0

— Musskurve

Messung: OGARRF

Fig.4: Diagram of Measurement Curve with Mean Value 3

The table (Fig.5) gives a summary of
the possible settings, broken down by
diode.

1.2.  Operation of New Functions:
Switching reference curve on and off:
# REFERENCE key (store ON/OTT)

# Long pressure (app. | sec.) =
store

2 Short pressure = ON/OFF for
stored curve

Switching on and switching between

digital mean values is done as follows:

= STANDARDISATION/MEAN
VALUE key:

<= Long pressure = standardisation
on

#" Short pressure = switch over be-
tween mean values 1 and 2
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Basic setting Basic setting from Port to Port
without Diode with Diode
Grid 8x10 Grid 10x10 PL.O P3.2
(Pin-1) (Pin-12)
Matrix Printer HPGL-Plot Pl1.1 P3.2
(Pin-2) (Pin-12)
Epsom Mode HP-Thinkjet-Mode P1.2 P3.2
(Pin-3) (Pin-12)
10dB/div 5dB/div P13 P3.2
(Pin-4) (Pin-12)
HPGL-Plot COM-Port P1.4 P3.2
(Pin-5) (Pin-12)
Transmission Rate Transmission rate P1.5 P32
19200 Baud 9600 Baud (Pin-6) (pin-12)
dB-Scale dB-Scale No PI1.6 P32
(Pin-7) (Pin-12)

Fig.5: Table of Basic Settings for Version 2.06

@ Display: 1 x flash, mean value 1
@ 2 x {lash, mean value 2

@ RESET + NORM, mean value 3
% Mean value 3 is the strong mean
value from the old version, but
without residual bars at the be-
ginning and without a reference
curve.
All additional print-out options have
been introduced for HPGL plot only,
since only here does the graph show to
such good advantage. In any case, | am
of the opinion that the future belongs to
the laser printers, since these have
recently become available for around
DM 1,000. The quality of the print-out
and the options on offer are worlds
better here.
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2.
SERIAL INTERFACES FOR
IMAGE STORAGE

One interesting new option makes it
possible to transfer data from the image
storage unit into the PC and submit
them to further processing there. This
can be done by means of the serial
interfaces described below, using the
PC-PLOT programs specially written for
the purpose.

It thus becomes possible for those radio
hams who themselves do not possess a
printer with HPGL capacity but who can
obtain printing facilities in the club
headquarters or from someone they
know to obtain an appropriate HPGL
print-out using a laser printer or a
plotter.
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The PC-PLOT program can actually be
used to store up to nine plots, which can
then be printed out, independently of the
spectrum analyser, using a PC connected
to a suitable printer.

Beautiful print-outs can also be obtained
from PCL printers and matrix printers if
the GRAPHICS program has been
loaded in advance. GRAPHICS is a
constituent part of MS-DOS and sup-
ports a large number of printers, so that
there should be something suitable in it
for any printer.

Moreover, the print-out can also be
professionally formatted:

— Set up to three markers (often of
assistance for documentation)

Insert your own call sign (e.g. Meas-
urement; DL1IXYZ)

Print out all subject data. The data is
sent from the serial interface to the
PC over a simple two-core cable -
e.g. telephone or coaxial cable. Even
an unscreened two-core cord caused

me no problems in the test phase.
///"
#
/
/
|l|r
|
(25Pol, -Pin 3) J'
ol —Fin i
Copol Pinz RXDi<— DO
RS232 \
am PC \\
(25Pol. -PIn 7) ~
Copol.-pin5) GND <\ GND

The transmission rate here is 19,200
Baud or 9,600 Baud. Even with
various 0815 input-output cards.
there were no problems at the COM
port at 19,200 Baud.

Switching over to the serial output is
done as follows:

— Switch HPGL plot over to COM port
by means of diode, using a switch,
from P1.4 to P3.2

— P14 —« P3.2 = data to COM port
(only 2 x flashes on RESET)

With a diode between P1.5 and P3.2,
the transmission rate is set to 9,600
Baud - no diode = 19,200 Baud

3.
SHORT DESCRIPTION OF
PC-PLOT

PC-PLOT is a support program which
takes data from the image storage unit

through a serial interface, and can
T
+15V\
o
Q
o
©
Fa.d
Pin 17|
-\"""--\_._‘_\___'_'_‘—»'
DGARBF

Fig.6: Serial Interface for Image Storage; Am = 0On
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Messobjekt:

Trafos im Gehause des SA

BDarstellbreite: 10 KHz/Ouv

Mittenfreguenz: 0O MHz

Auflaesung: 1 KHz (IF}

Yideafilter: 1 KHz

Aeferenzpegel: -

Speichermodus: {Aus)

Datum OB, 11,1994

-80 : : : - =

—— MEessKurve

Messobjekt:

Measung: OGARBF

keine Trafos im Gehause des SA

Darstelloreite: 10 KHz/Div

Mittenfrequenz: O MHz
Aufloesung: 1 KHz [1F]
Videofilter: 1 KHz
Referenzpegel: -

Speichermodus: (Aus)

Datum: 0B.141, 1994

—— Messkurve

Messung: 06 4RBF

Figs. 7a & b: Two Sample Print-Outs using PC-PLOT

submit them to further processing in the
PC.
Running the program is particularly

easy, as the individual initial letters of a
command or a process are used.

PC-Plot can store up to nine plots and
print them out later, independently of
the spectrum analyser.

It is also possible to te-format the
print-out:
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— Set up to 3 markers {often of assist-
ance for documentation)

— Print out your own name or call sign

— Input and output subject data (subject
of measurement, display width, aver-
age frequency, resolution, etc.)

Print out graph as PGHL file

This opens up new possibilities for
printing out the measurement curves in
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Fig.8: Sample Print-Out from Matrix Printer using PC-Plot

various sizes or inserting them into
descriptions or documentation. HPGL
files can be read in and submitted to
further processing by graphics programs
or by good text programs such as, for
example, Coral Draw or Microsoft
WORD.

3.1. Running PC-PLOT version
1.01
The data is automatically read in if the
Plot key is pressed on the spectrum
analyser
— Press the S for SAVE key to store
the read-in curve in PC-PLOT.DAT.

— Press the R for RESTORE key to
call up and display the stored curve,

— Press the K for KURVE (CURVE)
key to call up the next stored curve.

— Press the ALT-K key combination to
call up the previous curve from the
memaory,

— Press the N for NEW key to draw
the curves new or over the old curve.
This is dependent on the position of
the Curve NEW switch. N.B.: mark-
ers can be set only using Curve
NEW.

— Press the O for OBJEKT (SUB-
JECT) key to open an input window
into which the data regarding the
subject can be entered.

— Press the H for HPGL key to print
out the curve displayed on an HPGL
printer.

— Press the P for PLOT key to print
out the curve displayed on other
printers. GRAPHICS must have been
loaded first: for example, for matrix
printer |GRAPHICS] or for PCL
printer [GRAPHICS DESKIET/,
ele.]; see also GRAPHICS.PRO.

— Press F for FILE to switch the HPGL
output to the file (data in file).
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Call sign DLIXYZ

LPT port/file (LPT 1-2) or FILE LPT 1

COM port (COM 1-4) COM 3
Transmission rate (9600/19200) 19200

Output unit (for HPGL) (PLOTTER) or (LASER) PLOTTER
[Switch off pause program or set time! WORM = 2000]

— Press L for LPT to switch the HPGL
output to the LPT port.

— Press F1 to display the settings. The
file name can be changed when the
curve is stored, so that there can be
several memory files.

— Press the lefi-hand mouse key to set
a marker.

— Press the right-hand mouse key to
delete the marker indicated by the
mouse armrow.

— Press the ESC key to leave the pro-
gram.

— The PC-PLOT.CFG file holds data
which PC-PLOT calls up when it
starts to run (see top of page)

The time before the pause program is
switched on can be set in the sixth line.
(WORM = 1500) is the basic setting,
corresponding to app. 1.5 minutes. Any-
one who doesn’t like the pause program
can switch it off by writing WORM
OFF in the sixth line.

If you write FILE in line 2 instead of
the LPT port, HPGL-PLOT will send
the data into a file instead of to the
printer.

The entries can be changed using a text
editor. To do this, all entries must be
referred to in capitals!

The option of selecting PLOTTER or
LASER for the HPGL output was
incorporated so that even plotters with
180

considerably slower drawing speeds
(with different data transmission) can
operate without problems.

3.2.  Necessary modifications

To be able to work with PC-PLOT, the
following modifications to the image
storage unit must be carried out.

a Replace crystal previously used with
standard 18.432 MHz crvstal; this
makes it possible to obtain a Baud
rate of precisely 9,600 / 19.200
Baud.

b Incorporate a simple serial interface
for data transmission, with a two-
wire circuit to the PC. Fig.6 shows
how easily and cheaply this can be
done.

¢ Incorporate a default diode with a
switch to select whether the data
should go to the HPGL printer or to
the serial interface.

d Insert new EPROM with version
2.06 of image storage software from
DG4RBF.

¢ Switch on image storage unit and
test.

3.3. System pre-requisites

PC-PLOT requires a simple VGA
graphics card with 640 x 480 resolution
and at least one AT-286 PC.
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Richard A. Formato, Ph.D., KIPOO

More on the Off-Centre-Fed

Dipole

In a the last issue of VHF Communi-
cations [1], I suggested that the con-
ventional 1/3-feed used for the off-
centre-fed dipole (OCFD) is not the
best choice.

This article provides additional per-
formance data for the antenna, and
discusses comments made at the end
of the previous article.

It is useful to examine first in more
detail the SWR data which are the basis
of my earlier article. Fig.1 plots comput-

3.65 m 6.98 m (1/3-feed)
Freq SWR Freq SWR
6.95 1.27 7.05 2.03
14.15 1.70 14.05 1.62
21.20 1.91 =
28.25 1.18 28.30 1.30
Table 1: SWR MINIMA

3.65m 6.98 m (1/3-feed)
Freg SWR Freg SWR
1040 4576 . 11.05 19.65
18.00 15.71
2545 1112 2275 22.12
Table 2: SWR MAXIMA

er-modelled free space SWR for the
prototype 21.03-meter long, 0.0253-cm-
diameter OCFD. SWR for a 200 feed
system impedance was calculated at the
antenna input terminals every 50 kHz
for RF source frequencies from 5 to 30
MHz. Three feed point locations were
modelled. 3.65, 6.98 (1/3 feed), and
8.65 meters from the end of the antenna,
and the curves are labelled accordingly.

The most important features of the SWR
curves are the locations of minima and
maxima, and the corresponding SWR.

8.65m
Freq SWR Band Fe
7.05 2.49 40m 7.15
14.00 l.61 20 m 14.20
2115 1.14 15m 21.20
28.25 1.41 10 m 28.85
8.65 m
Freg SWR
11.60 18.50
17.80 18.03
24.80 14.06
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Fig.1: SWR 5 to 30 MHz

Table 1 lists minimum SWRs and the
frequencies (MHz) of the minima for the
three feed points. For reference, the
right hand columns list the correspond-
ing amateur band and its approximate
centre frequency. Table 2 provides simi-
lar data for the SWR maxima.

The major point of the original article
was that the 3.65 and 8.65 meter feeds
might permit four-band operation with-
out a matching network, because these
feed points each result in four SWR
minima between 3 and 30 MHz (sce
Fig.1). By contrast, the 6.98 meter SWR
curve has only three minima in that
range. Thus, the 1/3-feed antenna cannot
possibly operate on more than three
bands without some sort of matching,
which is why the GOFAH design [2]
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requires two baluns and a specific
transmission line length for |5 meters.

How feasible four-band operation is
depends only on where the minimum
SWRs occur relative to the amateur
radio bands, and how low the SWR is
across the bands. Table 1 shows that the
prototype OCFD has SWR minima very
close to the 40, 20, 15 and 10 meter
bands. With appropriate on-site adjust-
ment, it is reasonable to expect that this
antenna, fed either 3.65 or 8.65 meters
from the end, could provide good SWR
across all four amateur bands without a
matching network.,

It should also be noted that the proto-
type OCFD dimensions were chosen
because they correspond to the GOFAH
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Fig.2: SWR 40 Meter

design, thus permitting direct compari-
son with that antenna, not because they
are optimised in any way. In fact, the
prototype dimensions are not optimum
for a four-band OCFD. In free space,
the frequencies at which SWR minima
occur, and the depth of the minima, are
determined by three parameters: (1)
radiating element length and (2) diam-
eter, and (3) feed point location. Chang-
ing any onc of these changes both the
frequencies of the SWR minima and the
minimum SWR  values. Optimising a
four-band, free space OCFD comes
down to determining a set of antenna
parameters that produces an acceptably
low SWR (typically less than 2) across
each of the 40, 20, 15, and 10 meter
bands. While T have not determined

optimum parameter values, the predicted
performance of the prototype antenna,
which is quite good, suggests that still
better performance is almost certainly
achievable.

Turning next to the comments appearing
at the end of the original tech note
(readers may wish to consult the refer-
ence for details), they are addressed as
follows:

Variation of SWR across a band: In
terms of SWR behaviour, the OCFD is
much different from an ordinary centre-
fed dipole (CFD). The CFD is intention-
ally cut (tuned) to place minimum SWR
within the band, which is why SWR
increases toward the ends of the band
(moving away from the minimum). An
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OCFD may or may not exhibit this
behaviour, depending on where its SWR
minima occur. To illustrate, Fig.2 plots
the prototype OCFDs SWR from 100
kHz below to 100 kHz above the 40
meter band in'5 kHz steps. The SWR
does rot increase toward each end of the
band. If the SWR minimum is either
outside or at one end of the band, as it
is in Fig.2, the SWR will increase in one
direction (up or down band), but de-
creasc in the other, quile unlike an
ordinary CFD. The OCFDs SWR will
increase at both band edges only when
its SWR minimum is inside the band,
which generally is not the case.

Azimuth pattern: The OCFD does in-
deed have an asymmetrical azimuth
pattern, because the radiating element is
not symmetrical about the feed point.
But feeding the OCFD 8.65 meters from

the end provides a higher degree ol

symmetry than the conventional 1/3-
feed. Locating the feed 8.65-m from one
end should result in a more symmetrical
azimuth pattern than the conventional
feed, not less. Of course, feeding the
OCFD 3.65-m from the end increases its
asymmetry compared to the 1/3-feed, so
that the pattern for this implementation
would be expected to be less symmetri-
cal. Even so, pattern asymmetry is not
necessarily undesirable. Many operators
may wish to take advantage of the
OCFDs pattern by orienting the antenna
to radiate in a preferred direction. This
consideration applies to any antenna,
even to the single-band CFD, which is
an extremely poor radiator in the direc-
tion of the antenna axis at low to
moderate take-oft angles.
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Operating the OCFD out-of-band: Re-
gardless of where the feed is placed, or
how it is implemented, certainly no
attempt should be made to operate a
40-20-15-10 meter OCFD on any other
band. High SWR conditions may very
well result in balun damage. Of course,
this is good advice for any antenna. For
example, the free space SWR relative to
50 of a typical 40-meter band CFD
(20.4-meters long, 0.2-cm diameter) is
1.44 at 7.15 MHz.. But on 20-meters. at
14.2 MHz, the 40-meter antenna has a
SWR of 101, which is surc to stress the
balun!

The data presented here provide addi-
tional insight into the advantages of
feeding the OCFD at points other than
113 of its length from the end. With
computer-models for wire antennas
widely available, it should be possible to
optimise the OCFD in free space and
over typical ground so that four or
possibly even five band operation is
achievable without a matching network.
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Dr. Ing. Jochen Jirmann, DBINV

A High-Precision Logarithmic
Intermediate-Frequency

Amplifier

A logarithmic intermediate-frequency
amplifier was proposed years ago for
the spectrum analyser for 10.7 MHz,
with a dynamic range of approxi-
mately 70 dB. The circuit’s cost was
considerable. A better result can now
be achieved, for a lower cost, using an
integrated module from Analog De-
vices.

1.
INTRODUCTION

About 7 years ago, when the author’s
spectrum analyser project was entering
its final construction phase, it was worth
finding the simplest possible logarithmic
intermediate-frequency amplifier. The
limiting conditions were: 70dB dynamic
range, band width at least 200 kHz. The
existing solutions at that time were the
expensive logarithmic intermediate-fre-
quency amplifier from DL8XY and a log
amplifier using a Plessey integrated
circuit, SL521 or SL323. The latter
variant can be found in relatively simple

radar equipment for marine navigation,
and requires four SL.523’s. The interme-
diate-frequency amplifier from DL8XZ
was eliminated, in gpite of the high
precision of measurement and the dy-
namics, due to the space required and
the cost of smoothing.

The author next worked oul a variant of
the DL8XZ amplifier with differential
stages and high-frequency side summa-
tion, which was presented in issue
2/1987. It was certainly almost free of
smoothing, but the cost of 18 transistors
for 70dB dynamics was considerable.

In the second version, therefore, the
author used an FM intermediate-fie-
quency circuit with a logarithmic field
strength measurement  output. The
choice fell on the TDAI576 from
Philips.

Very little expense is imvolved and the
logarithmic precision is fully sufficient
for radio equipment (owners of Japanese
radio equipment can only dream of such
S-meter precision), but the short waves
still stand out in an unpleasant way on a
gauge.
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FUNCTIONAL BLOCK DIAGRAM

COuM PRAUP YPOE FR1 FiL2

N A i M 3 O 1 B £

FEATURES

Logarithmic Amplifier Performance
-75dBm to +5dBm Dynamic Range
=1.5nVAIz Input Noise
Usable to =50 MHz
37.5mV/dB Voltage Cutput
On-Chip Low-Pass Ouiput Filter

Limter Performance
+1dB O/P Flatness over 80dB Range
+3% Phase Stability at 10.7 MHz over 80dB
Range
Adjustable Output Amplitude

.ow Power

+3V Single Supply Operation

65mW Typical Power Consumption

CMOS Compatible Power-Town to 325uW typ.
Sps Enable/Disable Time

APPLICATIONS

Ultrasound and Sonar Processing Phase-Stable
Limiling Amplifier to 100 MHz Received Signal
Strength Indicator (RSS1) Wide Range Signal and
Power Measurement

2
NEW MODULE

Anyone who would now like to improve
the precision of level measurement of
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o]  [+]
Fig.1:
AD 606 Block Diagram
@ and Brief Data

his or her spectrum analyser, or who is
planning to build a measurement re-
ceiver, can now switch to an integrated
logarithmic amplifier from Analog De-
vices, the AD606. The module is avail-
able in a DIL-16 housing or in an SO16
surface-mounted housing. According to
information from Sasco, the individual
unit costs approximately DM 115 plus
VAT.

Fig.1 shows some brief data and a block
diagram

Apart from the 80dB dynamics logarith-
mic amplifier, the AD606 also contains
a power-down control using a logic
signal (not of any interest here}, an
integrated low-pass filter, the limiting
frequency of which can be adjusted
using external capacitors, and an output
for the restricted intermediate-frequency
signal. The data sheet gives the logarith-
mic precision at +1.5dB max. over the
entire level range from -75dBn to
+5dBm, with a typical error of £0.4dB.

As it happens, the output voltage range
from 0.5 to 3.5V is perfectly suited to
the output level of the TDA1576.
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B
SPECIMEN CIRCUIT

As shown in Fig.2, the cost of the
external wiring is extremely low. Apart
from a few blocking capacitors. only a
5V voltage regulator is used. Anyone
who invests in two resistances and two
trimming potentiometers can make both
the offset and the log characteristic line
gradient adjustable.

The small number of components can be
assembled on one experimental printed
circuit board measuring approximately
30 mm x 40 mm. The assembly can then
be fitted, through the TDA1576, into the
high-frequency / intermediate-frequency
section of the spectrum analyser.

Alternatively, the TDA1576 can also be
unsoldered, and the AD606 can be
directly hand-wired in, when the old
tracks have been removed. In no case
may 12 to 15V be fed directly to the

display unit or
£B0 image store

Logarithmic Intermediate-Frequency Amplifier with AD 606

AD606. The maximum supply voltage
for it is 9V. The input signal for the
ADG606 is measured off at pin-15 of the
TDA1576.

4.
MEASUREMENT
ASSEMBLY

To compare the two logarithmic amplifi-
ers, the spectrum analyser was set to
100 MHz and 200 kHz band width, the
high-frequency signal being generated
by an HP8640A with a downstream
precision reference circuit (DPU from R
& S). Fig.3 shows the assembly.

A switch installed as an aid makes it
possible to connect both video cutputs
to the display section of the analyser. To
plot the characteristics, the analyser
worked in measurement receiver mode
(zero span), the output voltage from
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Fluke
8800 DVM
i B =200kHz AD606
HP8640 g
100 MHz oPU S8,
Zera Span DBINV
/ TDA1576

Fig.3: Measurement Assembly for Comparison of two Logarithmic Amplifiers

both log amplifiers being measured by a
digital voltmeter (Fluke 8800A).

The improvement in the precision of
measurement could be recognised sim-
ply by looking at the flanks of the
spectrum line: for the AD606, the flanks
are smooth, and the slight waves well-
known from the TDAIS76 are com-
pletely absent. A total dynamic range of
at least 70 dB can be used with a filter
band width of 200 kHz.

Plotting the logarithmic characteristics
in Fig4 confirmed the visual impres-
sion. The characteristic of the AD606 is
almost a straight line, and does not have
the inherent waviness and the non-
linearity at high levels of the TDA1576.

5.
SUMMARY

Anyone wishing to improve the preci-
sion with which levels are measured by
the spectrum analyser from DBINV can
obtain almost professional accuracy of
measurement by using the AD606. The
maximum expenditure involved here is
DM 150 - plus a few hours’ work.

The AD606 is also interesting with
regard to the modernisation of elderly
spectrum analysers or measurement re-
ceivers, since it is suitable for intermedi-
ate frequencies from a few kilohertz up
to 50 MHz. It could itself be used as a
substitute for the problematic hvbrid log
amplifier in the 8735 HP scalar ana-
lyser, because it can process the 27 kHz
intermediate frequency directly.

TDAISTE
um 20dB versetzt

Fig.4:
Measurement Curves
of Logarithmic Unit;

Um 20dB versetzt =

~110 -100 -90 -80 -70 -60 -50 —40
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THE EUROPEAN COMMUNICATION
MAGAZINE

Shockwave is dedicated to communication in Europe. It deals mostly
with Telephone communication, Computer communication and Radio
Communication. Our aim is to keep you informed of the newest
technologies dedicated to the various forms of communication.

Shockwave is to be published in 3 languages every 2 months.
Presently. our magazine is available under subscription only. but will
soon be made available from bookstands. etc.

The subscription rate is:
I Year: US $35.00 (app. £23)
2 Years: US $60.00 (app. £40)

Our first issue will be available in September and a free copy of it will
be available for download from our WWW site.

Telephone Comms * Computer Comms * Radio Comms

Articles and complete investigations on the latest systems. Clearly
written in a non-expert language. A magazine widely open to outside
writers and other magazines.

SHOCK WAVE
"THE” EUROPEAN COMMUNICATION MAGAZINE
Philippe Cadic - Publication Manager
PO Box 2867
41028 BLOIS CEDEX, FRANCE
TEL: (+33) 54 56 08 76 FAX: (+33) 47 67 03 54
http://www.spiraweb.com/shockwave
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COMPLETE KITS

for projects featured in VHF Communications

KIT DESCRIPTION ISSUE ART No PRICE
DBINV-006 Spectrum Analyser IF Amplifier 2/89 06370  £142.00
DBINV-007 Spectrum Analyser Lo-PLL 2/89 06371 £ 62.00
DBINV-008  Spectrum Analyser Crystal Filter 3/89 06372  £108.00
DBINV-009 Spectrum Analyser Sweep Gen 3/89 06373 £ 48.00
DBINV-010  Spectrum Analyser Digital Store 3&4/91 06378  £132.00
DBINV-011  Spectrum Analyser Tracking Gen 2/92 06474  £143.00
DBINV-012  Spectrum Analyser VCO 1450 MHiz 4/92 06483 £ 39.00
DBINV-013  Spectrum Analyser VCO 1900 MHz  4/92 06484 £ 41.00
DB6NT-001  Measuring Amp up to 2.5 Gllz 4/93 06382 £ 60.00
DBONT-002  Frequency Divider to 5.5 Gliz 4/93 06383  £100.00
DJBES-001 23cm FM ATV Converter 1791 06347 £ 93.00
DIBLS-002  Digital Frequency Indicator 1/91 06352 £ 53.00
DIJSES-003  IF Amplifier 1/91 06355 £ 55.00
DISES-004  Demodulator 1/91 06362 £ 72.00
DJBES-019  Transverter 14428 MHz 4/93 06385  £143.00
2JBES-019mod Transverter 50/28 MHz 2195 06392 £143.00
DISES-020  Hybrid Amplifier for 144 MHz 1794 06387  £179.00
DISES-021 13cm 'M ATV Exciter 2/94 06388 £ 67.00

DIBLES-022 28/432 MHz Transverter Oscillator  2/95 06393 £ 59.00
DJBES-023  28/432 MHz Transverter Converter  2/95 06396  £114.00

DC8UG-007 5W PA for 13cm 3/94 06938  £286.00

Minimum postage and packing charge is £6.75.  Credit Card orders +5%,
KM Publications, 5 Ware Orchard, Barby, Nr.Rugby, CV23 8UF, U.K.
Tel: (0)1788 890365 Fax: (0)1788 891883
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PRINTED CIRCUIT BOARDS
for projects featured in VHF Communications
DBINV  Spectrum Analyser Art No.
PCB DBINV-006 [F Amplifier Ed2/89 06997 £ 17.25
PCB DBINV-007 Lo-PLL Ed.2/89 06995 £ 17.25
PCB DBINV-008  Crystal Filter Ed.3/89 06998 £ 17.25
PCB DBINV-009  Sweep Generator Ed.3/89 06996 £ 17.25
PCB DBINV-010 Digital Store Ed.3&4/91 06477 £ 21.15
PCB DBINV-0L1  Tracking Generator Ed2/92 06479 £ 15.50
PCB DBINV-012  VCO 1450 MHz Ed4/92 06480 £ 16.35
PCB DBINV-013  VCO 1900 Mz Ed4/92 06481 L 16.35
DB6NT  Measuring Aids for UHF Amateurs Art No. ED. 4/93
PCB DBONT-001  Measuring Amp up to 2.5 GHz 06379 £ 17.75
PCB DBONT-002  Irequency Divider to 5.5 GHz 06381 £ 17.75
DJSES 23cm FM-ATYV Receiver Art No. ED. 1/91
PCB DISES-001 Converter 06347 £ 10.75
PCB DISES-002 Digital Frequency Indicator 06350 £ 9.65
PCB DISES-003  IF Amplifier 06353 £ 795
PCB DISES-004  Demodulator 06356 £ 10.30
DJSES 28/144 MHz Transverter Art No. ED. 4/93
PCB DISES-019  Transverter 144/28 MHz 06384 £ 17.75
PCB DJSES-020  Hybrid Amplifier 144 MHz 06386 £ 17.25
DF9PL  High Stability Low Noise PSU Art No. ED. 1/93
PCB DF9PL-001 30 Volt PSU 06378 £ 9.80
PCB DF9PL-002  Pre-Stabiliser 06376 £ 10.20
PCB DFYOPL-003  Precision Stabiliser 06377 £ 11.20
F6IWF 10 GHz FM ATV Transmitter Art No. ED. 2/92
PCB FOIWF-001  DRO Oscillator - PTFE 06485 £ 16.20
PCB FOIWEF-002  Modulator and Stabiliser 06486 £ 12.00
DCSUG  13cm GaAsFET PA Art No. ED. 3/94
PCB DC8UG-PA  5W PA for 13cm 06936 £ 19.25
PCB DC8UG-NT  Power Supply for the PA 06937 £ 17.75

Minimum postage and packing charge is £6.75.
KM Publications, 5 Ware Orchard, Barby, Nr.Rugby, CV23 8UF, U.K.

Tel: (0)1788 890365

Credit Card orders +5%.

Fax: (0)1788 891883
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$79

$59

Electronic Applications of the Smith Chartis
~ anupdated edition of Phillip H. Smith’s
original book. This detailed reference is the
authoritative work on the SmithChart.

$99

This video is all the instruction you need to
start using the Smith Chart to solve all types
of matching and transmission line problems.

ORDER BY PHONE, FAX OR MAIL

fE'MlTH D'HART
TDDLSET

The winSMITH program which runs on IBM/compatible
PCs modernizes the Smith Chart by easily tuning
elements and readout of precise values.

3 ONLY $199
ALl SAVE $38

Narne

Company ___

Address

City State

zp _____ Counhy

Phone _  FAX

Card #

Sighature

Please send the following products
o Toolset {includes all three) $199
o Smith Chart book $59

a  winSMITH software §79

o Smith Chart video 597

Shipping & Handling
US $8, Canada $20, Intl. Air 340

Payment Method

o VISA or MasterCard

u  EuroCheck

o Bank Check (Must heve the
name of a US bank on the check}

N®BLE PUBLISHIN

TEL [770)908-2320 FAX (770/939-0157
2245 Dillard St., Tucker, GA 30084, USA
editor@noblepub.com www.noblepub.com




EASY-PC Professional XM
Schematic and PCB CAD

From Super Schematics < Runs on:- PC/ 386/ 486 with
VGA display

« Links to PULSAR (logic),
ANALYSER Il {analogue)

& LAYAN {electromagnetic)
simulators.

= Design:- Single sided,
Double sided and
Multi-layer boards.

* Provides full Surface Mount
support.

« Standard output includes
Dot Matrix / Laser / Ink-jet
Printer, Pen Plotter, Photo-

= s plotter and N.C. Drill.

See us al- = « Opticnal, powerful, 32 bit

Wembley mAININ 1L i O Multi-pass, Shape based,
E xhibition b e (T gl W T e e fmds mArs ron Shove Aside, Rip-up and

8-10 L ;
October TO perfect pC B’S Re-try Autorouter

2}.&6} 509155359—@‘
i

Simulation can even include the parasitic
effects introduced by the Board Layout

LAYAN - Electro-magnetic Affordable Electronics CAD
&rj ulation ON LY £495 EASY-PC Professional: Schematic From 5246 £ﬁ

Capture and PCB CAD. Links directly to

ANALYSER Ill, LAY AN and PULSAR

MulliRouter: 32bit Multi-pass Autorouter 5476 | €295 |

LAYAN: Electro-Magnetic PCB Layout | §950 £485

= | Simulator. Include the board parasitics in |

your Analogue simulations. Links with

and reguires EASY-PC Prafessional XM

#nd AMALYSER [l Professional :

PUL SAR: Digital Cirguit Simulator | From $175

ANALYSER lil: Analogue Linear Crcut | From $178

Simutators

FILTECH: Active and Fassive Filter From $245

Design program

| |STOCKIT: New comprehensive Stock $245
cantrol program for the small or medium

sized business B

| |EASY-PC: Entry level PCB and $135

Schematic CAD o 1

Z-MATCH : Windows based Smith-Chart | From $246

pragram for RF Fungineers. -

We aperate a no penalty upgrade policy.
4 USS§ pricos include Pos! and Packing
10 7GHr Paraliel Coupled Strgine F = . Starling Prices exclude PAP and VAT

For full information and demao disk, please write, phane, fax or email. + TECHNICAL SUPPORT FREE FOR LIFE
+ PROGRAMS NOT COPY PROTECTED.

Number One Systems « SPECIAL PRICES FOR EDUCATION.

UK/EEC: Ref WHFCOM, Harding Way. St Ives, Cambridgeshire, ENGLAND, PE17 4WR e-mail: sales@@numberone.com
Telephone UK 01480 461778 (7 knes) Fax: 01480 434042 International *44 1480 461778

LISA Ref. VHFCOM, 126 Smith Creek Dnve, Los Galtos, CA 85030 [ ]
Telephone/Fax. [415) 968-0306
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