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COMPUTER-CONTROLLED

WEATHER STATION

PART 1: INDOOR/OUTDOOR

THERMOMETER

This is the first in a short series of articles on applications
of the multifunction measurement card for PCs, described
in the previous two issues of this magazine. The
applications we have in mind should have a wide appeal,
since they form the building blocks of a versatile weather
station with advanced features for the amateur

meteorologist.

J. Ruffell

LTHOUGH we know that a state-of-

the-art weather station is likely to score
high on the list of popular electronic projects,
it has taken us a while to come up with one
mainly for want of a suitable central control
unit. Fortunately, that has become available
recently in the form of a PC insertion card of-
fering a high resolution voltmeter and a fre-
quency/pulse meter. This card, the
multifunction measurement card for PCs,
was described in two instalments in the pre-
vious two issues of this magazine (Ref. 1).

Provided that it is connected to the right
types of interface and associated sensor, the
measurement card forms the ideal starting
point for a host of applications that require
accurate processing and recording of anal-
ogue values. The PC used allows us to store
measured values, such as temperature, in
memory or on disk for analysis at a later
stage. Few PC users will need to be informed
that the results of such an analysis are perfect
as input data for a graphics presentation
package.

The interfaces we have in mind for the
measurement card turn an IBM PC or com-
patible into an autonomous weather station,
with sensors for temperature, relative hu-
midity, air pressure, wind direction and
wind speed. The first module, a dual in-
door/outdoor thermometer, is described
here.

Dedicated or in the
background

The multifunction measurement card and
the associated control programs allow the
PC-controlled weather station to function in
one of two ways. In the first mode, a meas-
urement is performed when the PC is
switched on just to do that. During the meas-
urement, the PC collects the measured

values produced by all sensors, and converts
the data such that they may be stored on
disk. Thus, a complete meteorological read-
ing may be performed without going out of
doors — you may remain seated in front of
your PC and comfortably look at the
measured results presented graphically on
the monitor.

In the second mode of operation, the PC
collects the meteorological data with the aid
of a background (memory-resident) pro-
gram, which allows a foreground task, such
as word processing, to be carried out with-
out the operator noticing that the PC is per-
forming a second task. The background
program automatically scans all sensors, and
reads the measured values. Provision is
made for the user to determine (within
limits) the sampling interval. All readings
and the times they were taken are collected
in a file and subsequently stored on a floppy
disk or a hard disk for use by a statistics or
graphics/statistics program later. The soft-
ware routines supplied with the main con-
trol program for the weather station allow

Fig. 1. This ready-made ABS enclosure
contains the electronic thermometer that
measures the outside temperature.

the trend of values measured over 24 hours
to be presented in the form of a graph, while
the current values are also shown graphi-
cally on the screen.

In this first article we describe the sensors
used for measuring the temperature indoors
and outside. For this purpose, most meteor-
ologists use mercury thermometers with a
mechanical minimum/maximum tempera-
ture indication. By contrast, the electronic
version presented here uses a single sensor
and software to record the minimum and
maximum temperatures. If desired, these
two parameters may be shown continuously
on the PC screen.

Temperature measurement

Temperature measurement can be tricky if
the position of the sensor is not taken into ac-
count. It is not difficult to have two identical
thermometers indicate different tempera-
tures by placing them in positions that are
only marginally different. Meteorologists
are aware of this and are forced, for obvious
reasons, to comply with certain conventions
as regards their daily measurements. For in-
stance, temperature is measured at a height
of 1.5 m above a grass lawn. To prevent di-
rect sunlight causing additional heating, the
thermometer cabin is painted white, and has
a door facing north. To prevent precipitation
affecting the temperature readings, the cabin
usually has a sloping side facing south.
Inside a meteorology cabin you will typi-
cally find a number of mercury thermome-
ters that indicate the maximum, minimum
and current temperature. In most cases, a
mechanical recorder is used to produce a
temperature graph over a period of 24 hours.
Since a fully equipped cabin is probably
unaffordable for most amateur meteorolog-
ists, a less expensive, but reliable, alternative
is described here. The photograph in Fig. 1
above shows the white, plastic enclosure
used for the prototype of the thermometer.

ELEKTOR ELECTRONICS MARCH 1991



COMPUTER-CONTROLLED WEATHER STATION (1)

900124 -1 - 11

Fig. 2.

Circuit diagram of the double electronic thermometer. The circuit is connected to

the voltmeter input of the multifunction measurement card for PCs.

The construction of the enclosure prevents
precipitation and direct sunlight reaching
the temperature sensor, which is inserted
through a hole at the underside, and fitted
centrally in the enclosure. The ventilation

slots in the enclosure enable allow a free air-
flow around the sensor. Since the enclosure
shown can be bought ready-made, it fairly
easy to make a number of identical ther-
mometer boxes.

o0
E-pSrooe

Fig. 3. Track layouts and component mounting plans of the two printed circuit boards

needed for the indoor/outdoor thermometers.
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If are you not so fortunate as to have a
garden with alawn, we recommend that you
fit the thermometer enclosure to the north-
side wall or facade of your house. Since the
north facing wall is heated less by sunlight
than the south facing wall, this positionis the
best compromise.

The circuit

With the description of the electronics most
of you will feel that you are returning to fam-
iliar ground. Figure 2 shows the circuit diag-
ram of the interface for the two temperature
sensors. Remember, this interface is con-
nected to the multifunction measurement
card for PCs.

The dual temperature sensor measures
the inside (indoor) and the outside (outdoor)
temperatures simultaneously. The inside
temperature is measured with an REF-02,
the outside temperature with an LM334Z.

The REF-02 (IC3) has two functions in the
circuit. First, it provides a reference voltage
of 5 V. This voltage, which is available on
pin 6 of the stabilizer, is used for opamps IC2
and IC4. Pin 3 (TEMP), of the REF-02 supplies
a temperature-dependent direct voltage.
Since the REF-02 is fitted on a PCB that re-
mains indoors, the TEMP output may be used
for the indoor thermometer. The voltage at
the TEMP output is 0.574 V at 0 °C, and rises
at a rate of exactly 2.1 mV per Kelvin. Unfor-
tunately, the TEMP voltage can not be applied
direct to the ADC on the measurement card.

COMPONENTS LIST




m GENERAL INTEREST

The PCB with the LM334Z on it must
be cut to size to fit into the plastic tube.

Fig. 4.

This problem is solved by a simple level con-
verter in the form of an opamp, 1C4. The con-
vertor is designed such that the output
voltage of IC4 has a range of +2.5Vto-2.5V
for the desired temperature range, while the
output voltage is 0.5 V at a temperature of
0 °C. The gradient of the output voltage is set
to 40 mV/°C, so that an effective tempera-
ture range of =50 °C to +75 °Cis achieved (al-
though we know that the projects carried in
this magazine are built and used around the
globe, this seems a reasonably large tem-
perature range...).

The electronic temperature measurement
has a guaranteed resolution of 0.1 °C, which
equals the resolution of mercury thermome-
ters used by professional meteorologists.

The outside temperature is measured
with the aid of an LM334Z, a temperature-
dependent current source. As usual with this
type of measurement ‘in he field’, the sensor
is a current source rather than a voltage
source. The current drive eliminates the ef-
fects of length, diameter and temperature of
the cable between the sensor and the input
amplifier. If voltage drive were applied,
these parameters would cause a voltage
drop that requires a complex type of com-
pensation.

The sensor output current gradient is set
to 1 pA /K. Since the current flows through a
2.1 kQ resistor, R2, a voltage gradient of
2.1 mV/Kis created, which equals that of the
indoor temperature sensor, IC3. Opamp IC2,
like IC4, converts the temperature-depend-
ent voltage into a value within the range be-
tween —2.5 V and +2.5 V, required for the
ADC on the measurement card.

One thing that you will probably like
about the interface circuit is the total absence
of adjustment points or complex compensa-
tion circuits. This is by virtue of the control
software, which provides routines that take
care of the tracking and individual calibra-
tion of the two temperature sensors.

Construction

The two printed-circuit boards shown in
Fig. 3 (one for the interface and one for the
outdoor sensor) must be separated before
they are populated. Start the construction
with the wire links on the interface board.
Next, fit all the components — a job that is

unlikely to present any difficulty.

The outdoor sensor PCB is cut and filed
until it can be fitted into a small plastic tube
of the type used for storing SMA compo-
nents (see Fig. 4). The PCB area that has no
components on it is first filed to a size to fit
the tube. In view of the size of the plastic
tube, the output wires are best soldered di-
rect to the respective copper pads on the
PCB.

After inserting the completed PCB into
the tube, the wires are passed through small
holes in the cap. Next, the cap is hermetically
sealed with a few drops of epoxy resin or
potting compound. The fitting of the tube at
a suitable position in the centre of the ther-
mometer enclosure is straightforward.

The PC connection

The outputs of the complete interface circuit
are connected to analogue inputs 16 and 17 of
the multifunction measurement card, while
ground is connected to the analogue ground
(on connector K3) of the measurement card.
Note the following components at the anal-
ogue multiplexer input (refer to the circuit
diagram of the measurement card):

- Resistor Re: 10 kQ

- Resistor R7: not fitted

- Resistor Rs: 10 kQ2

- Resistor Ro: not fitted

- Capacitor C33: 100 nF

- Capacitor C34: 100 nF

These values ensure the correct measure-
ment ranges.

The interface is powered by a simple
symmetrical supply with an output voltage
between +8 V and +15 V. Since the current
consumption of the circuit is quite low (a few
milliamperes only), a pair of fixed voltage
regulators, such as the 7910 and 7810, may be
used with the usual decoupling capacitors.

Control software

As with the multifunction measurement
card, the hardware is not complete without
appropriate software. The control program
written for the thermometer is supplied on a
5V4-inch floppy disk, and runs on any PC XT
or AT fitted with a Hercules, EGA or VGA
card (unfortunately, the program does not
support CGA cards). The disk contains three
programs: TADJUST.EXE for calibrating the
sensors, TLOGGER.EXE for data logging as
a background program, and TEMP.EXE, for
the graphics presentation of the measured
values,

The first thing to do is run TAD-
JUST.EXE. This program requires two tem-
perature measurements. The calibration of
the outdoor thermometer is simple: immerse
the sensor in melting ice, leave it there for a
couple of minutes, and enter the value 0 °C
in the relevant window on the screen. Next,
place the sensor in free air. In the relevant
window on the screen, enter the temperature
read from a mercury thermometer fitted at
the same position as the sensor.

Since the indoor temperature is
measured with an IC fitted on the interface
board, this sensor can not be calibrated with
the aid of melting ice. Thus, a comparative
calibration is required against a good quality
mercury thermometer. As with the outdoor
thermometer, two temperatures are re-

Fig. 5.
in a computer-controlled weather station.

Completed and ready for use: the indoor/outdoor thermometer is the first module
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Fig. 6.
VGA video card.

quired, which must be entered in the respec-
tive windows on the screen. The higher the
temperature difference, the better. Since in
most modern homes the daytime indoor

temperature will typically be about 5 °C
higher than the nighttime temperature, this
difference may be used to calibrate the ther-

Fig. 7. Definitely a collector’s item, this
mechanical temperature recorder puts mod-
ern electronics in an interesting perspective.
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mometer. A better, though slightly cumber-
some, way of creating a larger temperature
difference is to take the interface circuit out
of doors for a short while.

This completes the calibration. The par-
ameters used are automatically stored in a
file called TADJUST.CFG.

Constructors who wish to use two remote
sensors may build these on two separate
PCBs. These sensors can share the 5-V refer-
ence voltage at terminal Ur, produced by a
single REF-02.

The program TLOGGER.EXE is a back-
ground utility to collect measured data pro-
duced by the sensors. The program is made
memory-resident by typing command

TLOGGER /I

(install), and removed from memory (unin-
stalled) by typing command

TLOGGER /U

The interval between the instants at which
data is to be collected on hard disk or floppy
disk is set in the configuration file, TLOG-
GER.CFG. The default is 60 minutes. The last
update of the log file is always made at mid-

Screendump produced by the thermometer program, TEMP.EXE, which can run on any PC XT or AT fitted with a Hercules, EGA or

night. Since the program creates one log file
every 24 hours, the file of the previous day is
closed after midnight. From then, the
measured results are available for further
processing. After it is closed, every log file is
automatically stored under a name that indi-
cates the measurement period, i.e.
Tyymmdd.LOG — until, of course, the disk
is full. You may want to use your own pro-
grams to handle the collected data, and feed
them into a statistics calculation or analysis
program at this stage to produce a nice look-
ing presentation. Initially, however, you
may want to use TEMP.EXE on the distribu-
tion disk for this purpose. The program
shows a graph with the temperatures
measured from midnight onwards, as well
as the current indoor and outdoor tempera-
ture. To ensure optimum resolution under
all circumstances, the vertical axis of the tem-
perature graph is autoranging. The horizon-
tal axis shows the 24 hour marks. a

Reference:
1. “Multifunction measurement card for
PCs". Elektor Electronics January and Fe-
bruary 1991.

Next time: a relative humidity sensor.
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Resistors:

" COMPONENTS LIST

Miscellaneous:
1 ABS enclosure; size approx.

1 226Q1% R1

1 2kQ1 1% A2

1 10kQ R3

2 12kQ R4;R8

2 27kQ4 1% R5;R10

2 1kQ74 1% R6;R9

1 1kQ5 R7

(1% resistors from E96 series)

Capacitors:

1 100nF SMA C1

6 100nF C2,C4,C5,C8;
C9;,C10

1 22pF 18V axial C3

2 47uF 25V radial Cs;C7

Semiconductors:

1 LM334Z IC1

2 0P77 IC2;IC4

1 REF-02 IC3

100x50x26 mm (e.g. Bopla EG410)

printed circuit board

900124-3

Note: The sensor enclosure shown in the
photograph in Fig. 1 was obtained from

Fig. 3. Track layouts and component mounting plans of the two printed circuit boards

needed for the indoor/outdoor thermometers. ,
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THE COMPLETE PREAMPLIFIER (2)

ollowing the circuit description in our

January 1991 issue, we will now focus
our attention on the practical construction
of the preamplifier. The busboard is shown
in Fig. 5 and 6 and the motherboard in Fig. 7
and 8.

The busboard contains all the components
shown in Fig. 2 and the SOURCE SELECT and
RECORD SELECT switches. These switches are
fitted with extension spindles to enable them
to be controlled from the front panel.

The motherboard contains the compo-
nents shown in Fig. 3 with the exception of
the controls, which are fitted on the front
panel. By virtue ofits double-sided and through-
plated design, this board will be fairly easy
to populate.

Most of the work lies in preparing the en-
closure and connecting the controls to the
motherboard.

Choice of components

The quality of any preamplifier depends to
a large degree on the opamps used and the
type of capacitors in the signal paths,

In the present design, there is only one
capacitor in the signal path: at the output.
The board has space for two large parallel-
connected types (C25~Cosand Cs4-Csp).-These
should preferably be MKP types, but at these
values they are fairly expensive. Second choice
is MKT types.

There are also some capacitors at the out-
put of the dynamic pick-up section, but their
values are fairly small so that MKP types
here are not too dear.

Finally, the tone control circuit also con-
tains a couple of capacitors which is virtu-
ally unavoidable. Since this circuit in any
case degrades the quality to some degree,
the quality of the capacitors used in it is
hardly of any consequence.

There is a wide choice of suitable opamps.
The quality of the preamplifier is, however,
not necessarily indirect proportion to the price
of the opamps chosen. It is rather a matter of
choosing the opamps on their merits and to
individual requirements. We shall look at
each of them in turn.

IC;. In this position a low-noise type with
small offset voltageis preferred. The Signetics
5532 is a good and economical choice. A
slightly faster version is the 5535, while the
SM2132is even faster. National Semiconductor's
LMB833 is, as far as its specification is con-
cerned, almost identical to the 5532. More
expensive, but fast, is Analog Devices' AD712
(which has the added advantage of FET in-
puts). Then there is the OP270 (a double OF27)
or the OP249, which has a high slew rate and
FET inputs. In the Burr-Brown family there
are the OPA2107 and OPA2604, both with FET

by T. Giffard

Fig. 4. General view of the preamplifier.

Fig. 5. Populated busboard.
TECHNICAL DATA

PARTS LIST
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Fig. 8. Populated motherboard.

PARTS LIST
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THE COMPLETE PREAMPLIFIER (2]

inputs. An inexpensive but good choice is
the TL0O72, which has FET inputs buta rather-
higher noise figure.

IC2. The same considerations as for IC1
apply, but in this position it is even more im-
portant to have a type with a low offset volt-
age, becauseall deviations betweeninputand
output are amplified. In view of the switch-
ing clicks and level changes that occur when
a different input channel is selected, opamps
with FET inputs are preferred. Both condi-
tions are met by the AD712, OP249, OPA2107
and OPA2604. The least expensive choice is
the TLO72 (but remember its noise figure).

IC3. In this, the mono count, position a
low-noise opampis essential: the OP27,5534A
and SSM2134 are suitable. The last two types
are not unity-gain stable, however, which
makes it necessary to fit a 22 pF capacitor
between pins 5 and 8 at the underside of the
motherboard. FET inputs are not necessary.
Again, a TL072 may be used where econ-
omy is a must.

IC4 and IC5. The same considerations as
for IC3 apply: remember the 22 pF capaci-
tors if a 5534A or SSm2134 is used.

IC6and IC7. Because very low noisein the
dynamic pick-up circuitisimperative,a Linear
Technology Type LT1028 would be ideally
suitable in these positions, were it not for a
tendency to become unstable (for reasons
we have not been able to ascertain) and,
therefore, the same manufacturers' Type LT 1115
is preferred. This type has virtually the same
specification as the 1028, but does notbecome
unstable. A less expensive choiceis the OP27,
while the 5534A and SSM2134 would also
be suitable. These last two types require,
apart from the 22 pF capacitor mentioned ear-
lier, a change of value to 100 k£ for presets
P5 and Pé.

IC8. In this, the headphone amplifier, po-
sition, very low noise is a prime require-
ment, and this is met by the Signetics Type
5532 or 5535, an SSM2132, an LM833 or an
OP27. If the preamplifier will be required to
deliver regularly fairly large output volt-
ages, i.e, larger than the nominal 1 V rm.s,,
a type with FET inputs should be used in
this position. The inputs of the 5532, for in-
stance, are provided with protection diodes
that may cause small d.c. voltages at the line
output if the amplifier is overdriven.

IC11and IC12. The prime reason for using
a 5534 in this position is its facility to pro-
vide sufficient current to low impedances
(<600 ), but the SSM2134 is also suitable.
Mostopamps with FET inputs do not perform
well with such low impedances. If the load
on the preamplifier is never likely to be below
2 k€, an AD711 or TLO71 may also be used.

Construction

It is better not to use IC sockets: we believe
that each extra point of contact, and this ap-
plies particularly to IC sockets, degrades the
quality of any audio circuit. Our preference
is to solder ICs on to the board, although we
admit that sockets enable the quick and easy
exchanging of ICs to compare their perfor-
mance.
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THE COMPLETE PREAMPLIFIER [2]

Fig. 10. Front panel foil (available through our Readers' services).

Fig. 11. Tone control characteristics.

Populating the boards should not give
any difficulties. Fitsolder pinsatallinputand
output points: this will make the wiring later
on that much easier. On the motherboard
solder a wire bridge between | and K and
between L and M if you do not intend to use
the dynamic pick-up amplifier. Wire bridges
are also required between A and B and be-
tween E and F.

Note that both voltage regulators need
an individual heat sink.

Oncetheboards have been completed, they
can be fitted in the enclosure when this has
been prepared. As shown in the wiring dia-
gram in Fig.9, the motherboard fits into the
left-hand side of the enclosure to enable the
extension spindles of the rotary switches to
just clear the heat sinks of the voltage regu-
lators. At the right-hand side there is space
for the mains transformers.

Thelayout of the front panel—see Fig. 10—
determines the location of the busboard at the
back of the enclosure. Depending on the di-
mensions of the enclosure, a mains input
plug with integral fuse holder or a mains
cable entry with strain relief may be used. In
the last case, a fuse holder must be fitted
within the enclosure, preferably near the
transformer.

Photocopies of the front panel foil (shown
in Fig. 10 at a scale of 3:4) and of the bus-
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board (Fig. 6) may be used as templates for
drilling the required holes in the front and
rear panels respectively.

Oncethe enclosureisready, the boardsand
the various controls can be fitted. If Bourns
potentiometers are used, make sure that these
have 6.3 mm spindles and not the usual 6mm
ones.

Finally, the inter-wiring can be carried
out. Take good care to insulate all mains-
voltage carrying parts. All signal wires should
bescreened, but their diameter should notex-
ceed 5 mm to prevent difficulties in solder-
ing them to the motherboard where they are
very close together.

The wiring between bus- and mother-
board should be carried out first, followed
by that between the boards and the controls
on the front panel and finally the power lines.

Although the screen of each and every
signal line is connected to a separate solder
pin, only those at the volume and balance con-
trols are actually connected to the earth line:
those of all other screened cables are left un-
connected. The enclosure earth is connected
to the mains earth and this is the only real
earth connection of the preamplifier.

The output socket of the headphone am-
plifier must be well insulated from the en-
closure to avoid earth loops L]

B90169F
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MEASUREMENT TECHNIQUES (5)

by F.P. Zantis w\

Audio-frequency technology is of particular interest to many
electronics enthusiasts since it seems to surround us in our
everyday life in the shape of television and broadcast receivers,
audio amplifiers, equalizers, and so on. To keep such apparatus
in tip-top condition, it is important to be able to test and

he first question that arises when audio-

frequency (AF)equipment s to be checked
or tested is what test gear is suitable. For
example, a multimeter is only suitable if it
is designed to work at frequencies between
30 Hz and 16,000 Hz. Such instruments are
pretty expensive: aless expensive alternative
is an audio-frequency millivoltmeter. Often,
such an instrument is not readily available,
but an oscilloscope is, and this is perfectly
suitable for audio-frequency measurements.
Even the simplest oscilloscope has an oper-
ating range extending from DC to about
10 MHz. It should be noted, however, that
an oscilloscope measures peak values, while
a multimeter or AF millivoltmeter measures
root-mean-square (r.m.s.) values.
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check it with suitable equipment.

Apart from an oscilloscope or AF milli-
voltmeter, a function generator is required
to provides sinusoidal and rectangular volt-
ages in the audio frequency range.

The input resistance of most AF milli-
voltmeters and oscilloscopes is of the order
of 1 MQ. The resistors of the input voltage
dividers in all test equipment intended for
AF measurements are shunted by small ca-
pacitors of 1-500 pF. The reason for these be-
comes clear from Fig. 32. Here, the lower
resistor of the 1:10 divider is shunted by the
parasitic capacitance, estimated at 100 pF,
contained in the wiring and circuit. At a fre-
quency of 16 kHz, this capacitance has a
reactance of some 100 k€, which reduces
the lower branch of the divider to 50 k£2.

Clearly, this will cause a serious error in the
measurement. To obviate this, a compensat-
ing capacitor is connected in parallel with
the upper resistor of the divider. This solu-
tion has a disadvantage, however, in that the
load presented by the measuring instrument
to the measurand depends on the frequency,
which is the reason for the limited frequency
range of most instruments. The value of the
input (i.e., compensating) capacitance is
therefore always clearly stated on all instru-
ments intended for operation at audio or
high frequencies. The smaller it is, the bet-
ter (and more expensive) is the instrument.
But here again, when the cause of the error
is known, its effect can be estimated fairly ac-
curately. Also, it should be remembered that
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error-free measurements are not possible.
The capacitance of the screened cable of
a probe as shown in Fig. 33 also affects the
measurement and it has therefore to be com-
pensated in a similar manner. For this, a
variable trimmer as shown in Fig. 34 is nor-
mally used. The probe is calibrated with the
aid of a rectangular voltage. Such a signal
consists of a large number of sinusoidal volt-
ages superimposed on each other. If one or
more of these sinusoidal voltages is attenu-
ated, the rectangular signal becomes rounded.
Most oscilloscopes have an integral 1 kHz
rectangular-signal generator for this pur-
pose as shown in Fig. 35 (CAL). The fre-
quency of this signal is often not very precise,
although its level is stabilized and stated in
the technical specification, forinstance, 0.2 V

peak-to-peak £1%. The compensating ca-
pacitor is adjusted until the waveform on
the screen of the oscilloscope is truly rect-
angular as shown at the centre of Fig. 36.

Measuring input and output

resistance

The input resistance, R;, of an audio circuit
may be measured with a set-up as shown in
Fig. 37 if it is appreciably larger than the in-
ternal resistance, Ry, of the signal generator.
The output frequency of the generator is
1 kHz. A variable resistor, R,, needs to be
inserted between the generator and the am-
plifier input. To keep the error introduced
by the load presented by the measuring in-
strument small, the output voltage rather

MEASURING TECHNIQUES [5]

than the input voltage of the amplifier is
measured. If R, = R;, the input voltage of
the amplifier is halved, and so, of course, is
its output signal. To be exact, R, should be
added to R,. If the input resistance of the
amplifier is very low, the test set-up shown
in Fig. 38 should be used.

The output resistance of an amplifier may
be ascertained with the set-up showninFig. 39.
The unit under test, i.e., the amplifier, is
driven, but not over-driven, by a tone gen-
erator. First, the open-circuit output volt-
age, U, is measured and then the output
voltage, U,, across R . From the values of
these voltages the output resistance, R,,, may
be calculated as follows

Ro=Ry{[U-U1]/U,}.
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E TEST & MEASUREMENT

Some older amplifiers may have a ten-
dency to become unstable under open-cir-
cuit conditions and then generate large spu-
rious signals that not only invalidate the
measurement, but may also damage the am-
plifier and the measuring instrument. It is
therefore advisable to monitor the wave-
form at the output with an oscilloscope. This
will also indicate if the amplifier is overdriven,
which would also invalidate the test results.

Measuring output power

The specification of the output power of an
amplifier is of practical use only if it in-
cludes the distortion, which is an indication
of the non-linearity of the amplifier. The
distortion increases rapidly when the ampli-
fieris over-driven as shownin Fig. 40. Normally,

the output power is specified at a distortion
of 1%. If therefore the output power needs
to be measured exactly, a distortion meter
must be used as shown in Fig. 41. The am-
plifier, terminated into its nominal load Ry,
is then driven till a distortion of 1% is indi-
cated. The output power, Po, is then

P,=U,/Ry.

The decibel scale

The behaviour of audio components is often
betterobserved on alogarithmic scale, which
is calibrated in bel, B, or a tenth of this, the
decibel, dB. These are dimensionless units
expressing the ratio of two powers, currents,
voltages, or sound intensities. The decibel
is ten times the common logarithm of the

power ratio or twenty times the common
logarithm of the voltage or current ratio.
Thus, if two powers P and P differ by n deci-
bels,

n=10logo[P,/P]

and, if two voltages or currents differ by n
decibels,

n=20log,o[U,/U>]
or
”:201031{][““2]

Low-frequency millivoltmeters and some
good-quality multimeters have a decibel
scale (see Fig. 43-lowestscale) thatenables
the ratio to be read directly. If, for instance,
the gain of an amplifier is to be measured,

a1 42
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the amplifier is driven by a 1 kHz signal at
a level at which it just is not over-driven.
An AF millivoltmeter is connected across
its input and the decibel scale read and noted.
Then, the millivoltmeter is connected across
its output and the decibel scale again read and
noted. If the output is greater than the input,
the difference between the tworeadings is the
gain in dB; if the input is greater than the
output, the difference is the attenuation in dB.

Measuring frequency

response

The circuit diagram of a small audio ampli-
fier is shown in Fig. 45. Its frequency re-
sponse may be determined in a manner sim-
ilar to that used for measuring its gain: the
test set-up is shown in Fig. 42. Witha 1 kHz
signal input, the level is set to give an out-
put of 0 dB. The decibel readings are noted
when the frequency is changed to, say, 10 Hz,
30Hz, 100 Hz,300 Hz,3000 Hz, 10,000 Hz,
and 30,000 Hz. The more frequencies are
used, the more exact the test result will be.
A voltmeter is used in parallel with the sig-
nal generator to make sure that the input
level to the amplifier remains the same. From

the results, tabulated in Fig. 44, a frequency
response curve as shown in Fig. 46 (relat-
ing to the amplifierin Fig. 45)may be drawn.
The frequency range of the amplifier is that
between the two —3 dB points.

This method of determining the frequency
response requires no special or expensive
instruments, but it is very time-consuming.
Far more convenient is the use of a wobbu-
lator, whose output is varied automatically
over a predetermined range of frequencies.
In the example discussed above, the fre-
quencies would be varied between 10 Hzand
30,000 Hz.Moreover, its scanning rate may
be synchronized with the horizontal deflec-
tion of the oscilloscope to give a stable trace
on the screen. Some wobbulators give an
additional sawtooth output to facilitate the
synchronization with the oscilloscope's hor-
izontal time base. This sawtooth may also
be used in X-Y operation to deflect the hor-
izontal trace. Figure 47 shows the screen image
during measurements on a cable in this man-
ner. The test set-up for this is shownin Fig. 48:
the frequency was varied from 10 Hz to
510 kHz; the horizontal scale was 50 kHz
per division. The falling level of the signal
at higher frequencies is quite evident.

MEASUREMENT TECHNIQUES [5]

The use of a wobbulator gives an appre-
ciable saving in test time and the oscilloscope
always shows a complete signal period, pro-
vided the wobbulator is adjusted properly.
The peak-to-peak value of the signal is eas-
ily read from the screen.

The test becomes even more straightfor-
ward if the signal at the output of the unit
under test is applied to the oscilloscope via
a peak detector. The frequency response of
the unit under test is then shown on the
screenof thge oscilloscope as acurve. Again,
the screen shows the peak values of the sig-
nal, but these may be converted to r.m.s.
values with the aid of a voltage divider. The
testset-upisshownin Fig. 49, whileFig. 50
shows the result when a band-pass filter is
measured in this. |
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8-CHANNEL AUDIO/VIDEO SWITCH
(PHILIPS COMPONENTS)

General description

The TDA8440 from Philips Components is
a versatile video/audio switch, intended to
be used in colour TV receivers equipped
with an auxiliary video/audio (SCART)
input.

J. Vinckier ()

The IC provides two 3-state switches for
audio channels, and one 3-state switch for
the video channel and a video amplifier with
selectable gain (unity gain or 2 times).

The TDA8440 can be used in conjunc-
tion with a microcontroller from the
MAB8400 family, and is then controlled via

TDA 8440
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Block diagram of the TDA8440 audio/video switch IC (illustration reproduced by
courtesy of Philips Components).

a bidirectional I>C bus. Sufficient sub-ad-
dressing is provided for the I°C bus mode.
The IC can also be controlled directly by d.c.
switching signals. This option is worked out
in the present application note.

Functional description

The block diagram of the TDA8440 is given
in Fig. 1. The IC incorporates three 3-state
switches with the following functions:

- one video switch with selectable gain
(unity gain or 2 times) for switching be-
tween an internal video signal (from the
TV’s IC amplifier/demodulator) and an
AUXILIARY input signal;

- two electronic audio switches for two
sound channels (stereo or dual lan-
guage), for switching between internal
audio sources and signals from the AU-
XILIARY VIDEO/AUDIO connector.

Each switch on board the TDA8440 allows
a selection to be made between two input
signals and a high-impedance ‘off’ state.
The ‘off’ state is necessary if more than one
TDAR8440 is used.
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TDA8440 AUDIO/VIDEO SWITCH

The SDA and SCL pins can be connected - sources 1 are selected if SDA=12V (ex- - video amplifier gain is 2 times if SCL =
to the I°C bus, or to d.c. switching voltages. ternal source); 12 V (external source);
Inputs SO (pin 11), S1 (pin 13) and S2 - sources 2 are selected if SDA=0V (TV - video amplifier gain is unity if SCL =
(pin 6) are used for selection of sub-address- mode); 0V (TV mode).

ing or switching to the non-12C bus mode.
The non-I’C bus mode is selected by
making SO, S1 and S2 permanently logic
high (+12 V). In this mode, the sources (in-
ternal and external), and the gain of the | i3
video amplifier can be selected via the SDA ! :
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Fig. 2. Circuit diagram of the basic Fig. 3. Four modules as shown in Fig. 2 and a BCD thumbwheel switch interface together
audio/video switching module . make a versatile eight-way electronic audio/video switch.
|
switch | BCD CD4028 decoder outputs | SDA‘ OFF OFF OFF OFF
posi- ‘ Selection
tion 3 2 1 0 1 2 3 4 5 6 7 8 ‘ 1 2 3 4
¢ | o ® BlE © B B & @ & g|lew|d @ 1 4 |
1 0 0 0 1 1 0 0 0 0 0 0 0 1 0 1 1 1 | source 1
2 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 1 1 source 2
3 0 0 1 1 0 0 1 0 0 0 0 0 | 1 0 1 1 source 3
- 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 1 source 4
5 0 1 0 1 0 0 0 0 1 0 0 0 1 1 1 0 1 source 5
6 0 1 1 0 0 0 0 0 0 1 0 0 0 1 1 0 1 | source 6
7 0 1 1 1 0 0o o0 0 0 0 1 0 Tt | 4 1 1 0 |source?
B | 1 B 0. 9.4/ & & ¢ D 0 1 8 | 4 1 1 0 |source 8
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DESIGN IDEAS
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Fig. 4.

If more than one TDA8440 device is used in

the non-I°C bus system, the OFF pin (pin 2)

can be used to switch off the desired de-

vices. This can be done via the 12-V switch-

ing voltage of the AUXILIARY VIDEO/AUDIO

connector:

- all switches are in the high-Z (off) posi-
tion if OFF = 12 V;

- all switches are in the position selected
with SDA if OFF =0 V.

Application circuits

The circuit shown in Fig. 2 is one of four
identical switching modules based on the
TDAB440. The two video inputs, A and D,
are terminated with 75-Q resistors, while the
two stereo audio inputs (pairs B-C and E-F)
are terminated with 10-k€Q resistors. The
audio signals are filtered with R-C networks
to suppress noise. The amplification of the
video switch is set to 2 times here by the per-
manently high level at the SCL input. The
voltage at the SDA input determines the
source selection as discussed above.

The final 8-way audio/video switcher
(Fig. 3) contains four modules of the type
shown in Fig. 2. A thumbwheel switch with
BCD-coded outputs is used to select one of
eight AV channels. The LSB (least-signifi-
cant bit) of the BCD switch is connected to
the SDA inputs of the four modules.

The four ‘module select’ lines are cre-
ated with a CD4028 BCD-to-decimal
decoder. The eight decoded outputs of this
IC are connected in pairs. Each of the four
signals so obtained is inverted by a CD4069

A possible substitute for the BCD thumbwheel switch in the circuit of Fig. 3.

gate to ensure the correct control of the OFF
input of the relevant AV switching module.
The channel selection of the 8-way switch-
ing unit is shown in the Table below Fig. 3.
All channels are switched off by setting the
thumbwheel switch to 0.

The audio and video outputs of the four
modules are connected in parallel and buf-

fered with the aid of emitter follower stages
that provide the appropriate source imped-
ance (75 € for the video output and about
600 € for the audio outputs). The gain of the
video channel is set to two times here to
compensate the 6 dB voltage attenuation in-
troduced by the series resistor at the video
output and the input resistance of the load.

Connectors for the inputs and outputs are
not specified here since they depend on the
practical use of the switching unit. BNC soc-
kets, phono sockets or SCART sockets may
be used as required. Likewise, the switcher
can be built to handle fewer or more than
eight AV channels as proposed here. A
simple AV switcher for two video and two
audio channels, for instance, requires only
one module controlled by a much simpler
selection circuit than the BCD switch plus
the 4028.

One application of the AV switching unit
is the connection of a video recorder, a home
computer and a CD player to the SCART
input of the TV set, eliminating the need of
changing lots of cables any time a different
source is selected.

Finally, a ‘discrete’ replacement for the
(expensive) BCD switch is given in Fig. 4.
The channel selection is effected by press-
ing the U (up) and D (down) keys. The num-
ber of the selected channel appears on a
7-segment LED display. ]

Reference:
TDA8440 Development Data. Philips Com-
ponents.

Fig. 5. Prototype of the eight-way audio/video switch built on a small piece of Vero
stripboard. In this version, the unit has the up/down keys and the 7-segment LED display
shown in Fig. 4 to set and visualize the selected AV channel.
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ELECTRONIC EXPOSURE TIMER

by A. Ladwi@(‘

Many amateur photographers spend a disproportionate amount of
their time in the dark-room. The exposure timer presented here
can cut down that time because the exposure is controlled
entirely electronically. That results not only in perfect prints
every time, but also in a reduction in paper and chemicals used
and that is good for the environment and for your wallet.

he traditional way to determine the ex-

posure time for a photographic print is
to use a test strip and expose the negative
for a number of different periods. The strip
is then developed and a judgment taken
which exposure time is the most nearly per-
fectoneand thattimeis taken to print the neg-
ative(s). Clearly, this technique wastes time,
paper and chemicals. With the timer* de-
scribed here, this technique becomes a thing
of the past. It also ensures that the setting of
the diaphragm in the enlarger does not af-
fect the exposure meter.

The procedure with the timer is simplic-
ity itself: the negative or slide is placed in
the enlarger, the wanted size of the print is
determined, the enlarger is focused, the pho-
tographic paperis placed on the easel and cov-
ered with a sheet of glass, and the start but-
ton on the timer is pressed. The electronics
in the timer will ensure perfect exposure.

Principle of operation

Two methods are commonly in use to assess
the correct exposure time for prints. The spot
measurement is used for determining the
exposure for a certain part of the photograph.
This is of particular interest if the photo has
sharp contrasts, such as somebody standing
intheshadeagainsta very brightbackground.

The second method is the integrated mea-
surement in which the entire photograph is
used to determine the correct exposure time.
This is done by diffusing the light falling on
to the paper with the aid of some frosted
glass and measuring the light intensity.

The twomethods may be combined by con-
centrating theintegrated measurement on the
light falling on the centre of the photograph,
and this is the one used in the present timer.
The light is measured at twelve different
points spread across the paper. The diffuser
is the paper on which the print will appear.
This method of measurement is made possi-
ble by placing the light-sensitive cells of the
exposure meter not above the paper as is
usual, but underneath it. The only proviso
of the method is, therefore, that the paper is
translucent, which it normally is.
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Fig. 1. The timer in use in a typical dark-room.

The design

The twelve light-sensitive cells are contained
in a man-made fibre paper easel as shown in
Fig. 2. Each of the cells consists of a photo-
transistor Type BPW40. The easel consists of
asheet of transparent perspex (US: lucite) into
which 12 holes are drilled. The cells must
not protrude through the sheet (since the
paper would then not lie flat and cause the
photo to be distorted). The diameter of the
holes should preferably be larger at the paper
side than at the underside.

Since experience shows that most photos
are printed in 130x180 mm (5x7 in.) format,
the prototype easel has been made in that
format, too, but you may, of course, decide
on other dimensions.

Tests with the prototype to verify that the
principleissound resulted in output voltages
at five of the cells (P}-Ps) as shown in Table 1.
The tests were made with the negative in the
enlarger first notilluminated for 1 second and
then exposed to maximum illumination for
32 seconds. The diaphragm of the enlarger
was stopped down by two f-numbers. The
voltages were measured with a digital volt-

l
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Fig. 2. Layout of the perspex (lucite) easel that
houses the twelve photocells.



GENERAL INTEREST

meter with R;=10 MQ.

It is clear that the cell at the centre of the
easel (Ps) receives more light than those at
the edges. Furthermore, the tolerances of the
phototransistors proved to be small enough
to be of no consequence to the operation.

Theblock diagram in Fig. 3 shows how the
output voltages of the phototransistors are
processed. First, they are summed and the
total voltage, LI}, is fed to a time-voltage in-
tegrator. The output of the integrator, Ujy,
is proportional to the luminous flux radi-
ated on to the easel. The output is then com-
pared with a reference voltage, U,: when
these two potentials are equal, the exposure
is correct. Since the sensitivity of different
printing paper varies, the integrator is pro-
vided with a control with which the integra-
tion constant can be altered. This enables the
timer to be calibrated according to the pho-
tographic paper used.

At the moment Ujp=U,, the lamp of the
enlarger is switched off and the photo is
ready for chemical processing. Arrangements
may be made toswitch on the dark-room light-
ing at the same time; this is, however, not
advisable when colour photographs are being
processed as thatshould take place in the dark.

During exposure, thelight in the dark-room
must be switched off, since diffused light
will adversely affect the exposure measure-
ment and, consequently, the quality of the
print. As stated earlier (see also Table 1), the
photocells provide a maximum output of
490-750 mV at an exposure time of 1 s and a
minimum potential of 16~19 mV at an expo-
sure time of 32 s. The output voltage, Ujp, of
the integrator at which the print is exposed
optimally is calculated from:

!
il

U (1= _FI, U,di
0

where t1—f(=1exp,, the exposure time. From
this, it follows that
1
Uim(f) = —?E(Ui f! _Ult())
1
“RC Uilex
At the longest exposure time, the aver-
age output voltage of the photocellsis 19 mV.
The output of the integrator is then
32x12x19x10-3=7.3 V.
At the shortest exposure time used in the
design stages, the average output of the pho-
tocells is 620 mV. At 1 s, the shortest period
possible on the timer, the output of the inte-
grator is

"7
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1

U,

1
Ut1-Ur12
I

Integrator

comparator

control

I
I
'
'
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i

stop/start

enlarger
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Fig. 3. Block diagram of the exposure timer.

12x620x10-3=7.44 V.
From these results, it would appear that the
reference voltage for the timer should be
about 7.4 V. To make calibration possible,
the level chosen in the prototype is 9 V.

The circuit

The circuit diagram of the timer is given in
Fig. 4. The twelve phototransistors are con-
nected as emitter followers whose emitters
are connected to the summing circuit via
10 MQ resistors. The phototransistors are
shown in groups of four to coincide with the
way they are to be fitted on three separate
PCBs (see Fig. 5). This enables the construc-
tor to experiment at an early stage with the
mechanical layout of the exposure timer.

Opamp IC; sums the output voltages of
phototransistors Ty-Tj; and inverts the result.
This inversion is necessary because integra-
tor IC, , which follows IC;, also inverts its
input.

Integration constant RC is obtained from
Rpg, P1, and Cg. Preset Py enables the con-
stant to be varied so that calibration to allow
for the various types of paper is possible. If
the range of the preset is not sufficient for a
certain type of paper, the value of C4 may
be altered accordingly. When the exposure
time is too long, halving the value of Cg re-
sults in one stop down; when it is too short,
doubling the value of Cg results in one stop
up.
The integrator is followed by IC5 which
compares the output of the integrator with a
reference voltage, U,, derived from poten-
tial divider R3p—R3;. As soon as the integra-
tor voltage becomes larger than the refer-
ence voltage, the level at the output of IC3 goes
high and bistable (flip-flop) IC4, is reset. This
causes output Q to go high, which results in
transistor T;3 being switched on. The inte-
grating capacitor, Cg, is then completely dis-
charged and the timer is ready for use. At
thesame time, output Q of ICy, goeslow, which
causes transistor T, 4 toswitch off, so that relay
Rejisdeenergized. The timer is then switched
off and the light in the dark-room comes on
again (if wanted).

Since the enlarger is required to be on
permanently during focusing and some other
operations, switch S, has been added to by-
pass the electronics.

Start switch S; passes a clock pulse to

ELEKTOR ELECTRONICS MARCH 1991
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ELECTRONIC EXPOSURE TIMER

bistable (flip-flop) IC4,, which starts the en-  when§S; is pressed. Theintegratorcommences  clock pulse although the D input is then still
tire measuring cycle. Since the D input of operation and the enlarger is switched on. low (because the time constant on that input
the bistable is connected permanently to the ~When the supply is switched on, network ismuchlonger). Thisensures that after power-
positive supply line, the Q output goes high  R33-Cq ensures that the bistable receives a  on the enlarger is switched off and the dark-
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Fig. 4. Circuit diagram of the electronic exposure timer.
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m GENERAL INTEREST

room lights are on.

From Fig. 4 it is seen that the circuit con-
sists of two sections that are interconnected
by a length of 4-way cable and two five-pin
DIN plugs. This arrangement makes it pos-
sible for some of the components, such as
the mains transformer, relay, mains entry to
be fitted away from the working area, which
then only needs to house the control box of
the timer. An additional advantage is that
mains-carrying parts are well away from the

chemicals to lessen the likelihood of any
mishaps.

The power supply for the timer is fairly
simple. The alternating voltage at the sec-
ondary winding of the mains transformer is
rectified (full wave) by D3~Dg and smoothed
by Cy4and Cy5. A negativeand a positive volt-
age are then supplied via a length of 4-way
cable to the voltage regulators, IC5 and 1Cs,
in the control box. These regulators provide
supply voltages of +12 V and -12 V. The

mains supply for the dark-room lights and
the enlarger may be taken from the 3-way
terminal blocks.

Construction

The five printed-circuit boards for the entire
timer are shown in Fig,. 5. Since these are de-
livered as one, they need to be separated
with a fret saw (US: jig saw) before being
populated.
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Fig. 5. The printed-circuit board for the electronic exposure timer consists of five parts.
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Fig. 6. Construction of the perspex (lucite) easel. It is important that the upper surface is smooth to

ensure that the paper lies perfectly flat.

The three prints housing the phototran-
sistors must be mounted on to the perspex
(US: lucite) easel as shown in Fig. 6. The per-
spex sheet must be thick enough to take in
the bodies of the phototransistors. After the
three PCBs have been interconnected, they
are linked to the motherboard by a length of

3-way cable.

It is advisable to start by placing the re-
quired wire bridges on the motherboard and
then mount the other components. The reg-
ulators do not need a heat sink and may
therefore be fitted directly on to the board.
Potentiometer P; and switches S; and S; are

ELECTRONIC EXPOSURE TIMER

mounted on the front panel of the enclosure
that contains the motherboard.

It also possible to fit the motherboard un-
derneath the easel. Two different types of DIN
connector must then be used for connecting
the board to the power supply and to the
switches and potentiometer which are then
housed in a small, separate box.

If at all possible, fit the power supply
board in a man-made fibre enclosure with
moulded mains plug. If wanted, the dark-
room light(s) can be switched from this unit
via a separate cable. The enclosure should
be fitted with a hole through which the DIN
plug for the power lines can be passed.

Once the boards have been completed
and fitted in the enclosures, P; must be ad-
justed with the aid of a number of test expo-
sures. The setting so found needs to be altered
only if photographic paper with a different
sensitivity is used in the future. |






CORRECTIONS

Wattmeter

April 1991, p. 32-35

With reference the circuit diagram, Fig. 1, the
right-hand terminal of the lower section of
switch S2 should be connected to the circuit
ground. This point is indicated by a dot.

In the adjustment procedure given on page
35, the references to presets P4 and Ps have been
transposed. Contrary to what is stated, P4 sets
the vy offset, and Ps the vX offset. The functions
of the presets are shown correctly in the circuit
diagram, Fig. 1.

To improve the accuracy of the instrument,
connect Rs direct to the circuit ground instead of
junction Re-R7. Finally, all circuit board tracks
carrying mains current must be strengthened
with 2.5-mm’ cross-sectional area solid copper
wire if currents higher than about 5 A are
measured.

80C32/8052 Single-board
computer

May 1991, p. 17-23

When a CPU type 8031 or 8052AH-BASIC is
used, IC1, IC2, IC3, and ICs8-ICi12 must be
74HCT types. Jumper B is erroneously reffered
to as Br2 in the text under "On-board EPROM
programmer”’. Contrary to what is stated, this
jumper must be fitted only when an EPROM is
to be programmed — for all other use of the
SBC, it must be removed. Also note that jumper
B may only be fitted when the programming
LED is out.

Sequential control

July/August 1991, p. 61
Motor M should be a d.c. type, not an a.c. type
as shown in the circuit diagram.

Digital phase meter

June 1991, p. 32-39

In Fig. 5, the switch between input *A” and IC1
should be identified *S1°, and that between input
‘B’ and IC2 *S2’. Switch S4 is an on/off type, not
a push-button as shown in the diagram. Capaci-
tors C3 and Cs are shown with the wrong po-
larity. The component overlay of the relevant
printed-circuit board (Fig. 8) is all right.

Universal NiCd battery
charger

June 1991, p. 14-19
The parts list on page 19 should be corrected to
read
C7 = 2200uF 25V

When difficult to obtain, the BYW29/100 (Ds)
may be replaced by the BY229, which is rated
at6 A.

The text under the heading “Calibration’

should be replaced by:

4. Connect a multimeter between points G
and H on the board, and adjust P4 until the
measured voltage is 1 V lower than the voltage
on the battery terminals.

MIDI program changer

April 1991, p. 14-17
The contents of the EPROM should be modified
as follows:

address data
OO0BC E5
00C7 80
00C8 CB
00C9 F5
00CA 7B
00CB 12
00CC 00
00CD D2
00CE C2
00CF 02
00D0 80
00D1 C2

Readers who have obtained the EPROM ready-
programmed through the Readers Services may
return it to obtain an update.

Electronic exposure timer

March 1991, p. 31-35
Please add to the parts list on page 32:
Cl16 =33 pF

Augmented A-matrices

May 1991, p. 42-43
The drawing below was erroneously omitted in
the left-hand bottom corner of page 43.

2

T: I1Il| :T

O O

910058-14

ELEKTOR ELECTRONICS SEPTEMBER 1991




MIDI-TO-CV INTERFACE

Ithough the MIDI-to-CV interface was

described fully in our February 1991
issue, it was though that some additional notes
might prove useful to a number of readers.

MIDI connections

The MIDI-IN socket, K¢ (next to the mains
input plug) must be connected via a suitable
MIDI cable to the MIDI output of your MIDI
keyboard, synthesizer, or other equipment.
The MIDI input signal appears unchanged
atthe MIDI OUT socket (MIDI through func-
tion). The name of that socket may seem some-
what confusing (‘through® function at ‘out”),
but that is because the interface isprinci-
pally intended to output the data in changed
format (e.g., filtered). Other equipment may
be connected to the MIDI OUT socket, but
this must be controlled by the same data as
the present interface.

Connection to CV/gate

The connection to a monophonic synthe-
sizeris via the two 6.3 mm connectors marked
“CV OUT” and “GATE OUT”. The | V/oc-
tave tone control voltage is available at the
CV socket. The 0 V reference point (i.e., the
MIDI code for 0 V control voltage) is nor-
mally 36, which is equivalent to low C on a
standard five-octave keyboard.

The 0-5 V gate voltage is available at
the gate socket. Depending on the type of syn-
thesizer, this is a positive gate signal, i.e, +5
V when a key is depressed and 0 V when
the key is released, or a negative gate sig-
nal, i.e.,, 0 V when a key is depressed and
+5 V when the key is released. Consult your
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Some additional notes

synthesizer handbook to ascertain which of
these signals you need.

The gate LED lights when a correct gate
signal is applied. This diode can also be used
to check whether the interface is function-
ing correctly, even when this is not (yet)
connected to a synthesizer.

Setting the MIDI channels

The MIDI channels are set with the aid of
the 4-pole DIP switches, SW;—SWy, on the
interface board. The settings and associated
channels are shown in Fig. 3. The settings
should be carried out before the equipment
is switched on (if they are made while the
equipment is switched on, the channel will
not change).

Faultfinding check list

If the interface does not work (correctly) check

the following.

» Is the power supply correct? The LED
should light briefly on power on and then
go out again. Are the power lines re-
versed?

* Are the connections to the MIDI trans-
mitter and synthesizer in order? These
include the earth connections!

+ Hasthecorrect MIDI channel be set on the
interface? Does the gate LED light when
the controlling MIDI equipment sends data
on the set MIDI channel? Does the MIDI
sender transmit on the correct channel?
For security's sake, check the MIDI cable
and whether the MIDI sender operates cor-
rectly.

» Do the sent tones lie in the correct range,

i.e., normally between 36 and 97 or five
octaves from low C. -

Does the gate LED light correctly, but
the connected equipment does not func-
tion? This is almost certainly a failure of
the cable connecting the interface to the
synthesizer.

If the scale of the interface does not cor-
respond exactly with that of the synthe-
sizer, shown by the increasing detuning
away from the reference point, a correc-
tion can be made with potentiometer P;.

BK-41




6.0 MHz TV SOUND DEMODULATOR

Although local low-power
repeaters make it possible to
receive British TV
programmes in some areas
on the European Continent,
the sound channel is missing
when a locally purchased TV
set is used. The reason is the
difference in the sound
subcarrier frequency, which
is 6.0 MHz in the UK (PAL
system I) and 5.5 MHz (PAL
system B) in most Continental
countries. Aimed at the
many expatriates among our
readers, the simple circuit
proposed here is used to
upgrade existing PAL
System-B TV sets with a

6.0 MHz sound channel.

A. Franze

ANY of the British communities clus-

tered around NATO and related mili-
tary bases on the European Continent enjoy
their own local radio and TV services, the
best known of which are provided by the
SSVC and the BFBS (British Forces Broad-
casting Services). The radio programmes are
transmitted in the VHF FM band, the TV
programmes in the UHF band. To enable the
expatriates to use a TV set and an antenna
brought over from the UK, the TV signals are
transmitted to the PAL-I system with the FM
sound subcarrier at 6.0 MHz, and with verti-
cal polarisation.

A classic FM demodulator

The circuit shown in Fig. 1 is based on an old
faithful, the now nearly twenty-years-old
TBA120 quadrature FM demodulator from
Siemens. Here, the T-suffix version of the IC
is used since this is designed for use with ce-
ramic filters and discriminators. The internal
diagram of the TBA120T is given in Fig. 2.

The demodulator is capable of operating
both at 5.5 MHz and 6.0 MHz by virtue of
two ceramic filters, FL1 and FL2, and two ce-
ramic discriminators, CD1 and CD2. The fil-
ters and discriminators used are ceramic
types manufactured by Murata.

Since a simple parallel connection of the
discriminators, CD1 and CD2, is not per-
missible because of the risk of mutual load-
ing and detuning, the 6.0 MHz discriminator
is connected to the quadrature outputs of the

12v

#* see text
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Fig. 1.

TBA120T via an inductor, which functions as
a decoupling device. The inductor, L1, con-
sists of 46 turns of 0.2 mm diameter ena-
melled copper wire on a T50-6 ferrite ring
core from Amidon or MicroMetals. Note that
the 6.0 MHz input filter and the 6.0 MHz dis-
criminator parts are screened to prevent in-
terference. Network R2-C3 at the AF output
of the TBA120T forms a simple de-emphasis.
Since the AF signal is superimposed on a di-
rect voltage, you may need a coupling capa-
citor to connect it to the input of the AF
amplifier in the TV set.

Initially, the circuit is best built with the
5.5 MHz discriminator only. Check that it

Circuit diagram of the sound demodulator: a standard application of the TBA120T.

works, and measure the direct voltage at the
AF output of the TBA120T, pin 12. This
should be at roughly half the supply voltage.
Next, add the 6.0 MHz discriminator parts. If
necessary, increase or reduce the number of
turns on L1 to ensure that the previously
noted voltage is still measured while a
5.5 MHz subcarrier is received. Next, tune to
a PAL-I transmission to check that the sound
channel at 6.0 MHz is received properly.
Finally, a word of warning;: the chassis of
many TV sets is connected direct to the
mains. Be sure to use a mains isolating trans-
former while installing and testing the
sound demodulator. |
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Fig. 2.
Siemens Components).

Internal schematic of the demodulator IC Type TBA120T (illustration courtesy
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2-METRE BAND CONVERTER

This month we tackle a high-frequency project by venturing out into
the exciting world of VHF radio amateur communication. Build this
converter if you have a general coverage SW receiver and would like
to listen to licensed radio amateurs working in the popular 2-metre

OST multimode SW receivers have a

frequency range of about 150 kHz to
30 MHz, and are capable of receiving CW,
SSB, AM and FM signals. The 10-metre radio
amateur band between 28 MHz and about
29.6 MHz is located just above the CB band
(27 MHz) towards the top of the receiver’s
frequency range (the actual frequency as-
signment of the 10-m band may differ de-
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VHF band (144-146 MHz).

J. Bareford

pending on the country you live in). The
present 2-metre converter allows you to
listen to radio amateurs working with SSB
(single-sideband) and CW (morse) in the
lower part of the 2-m band, as well as to
‘local’ FM (frequency modulation) traffic
and repeater stations in the frequency range
between 145.0 and 146.0 MHz. The 2-metre
band is very popular among radio amateurs

because of the ready availability of transcei-
vers, the small antenna size, and the low
power required to cover considerable distan-
ces, even when going ‘mobile’. All in all, if
you are a beginning electronics enthusiast,
listening to local radio amateurs might well
prove useful to learn a lot about electronics,
as most radio amateurs are keen and helpful
experimenters. In and around large cities
you can expect a lot of trafficin the 2-m band,
with dominant repeater activity in the upper
section of the band between 145.600 MHz
and 145.875 MHz. At the low side of the
band, just above 144 MHz, there is long-dis-
tance (DX) traffic in CW and SSB. Here, it
pays to have a directional aerial to pick up
signals from distances up to 300 km and
more under favourable propagation condi-
tions.

The basics

What we want to do is convert the frequency
range from 144 MHz to 146 MHz down to
28 MHz to 30 MHz (see Fig. 1). Once this has
been achieved, a general coverage receiver
tuned to the 10-m band can be used to re-
ceive all signals of all types of modulation
used (CW, SSB, FM and possibly AM).

The frequency conversion of the 2-MHz
wide band is effected with the aid of a local
oscillator operating at 116 MHz, as shown in
the block diagram in Fig. 2. The arithmetic
behind this conversion is simple: the output
frequency of the converter equals the dif-
ference between the input frequency and the
local oscillator frequency. Thus, for the low
end of the band:
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144 MHz - 116 MHz = 28 MHz
while for the high end of the band: receiver 28...30MHz

146 MHz - 116 MHz = 30 MHz

Note that in principle the required output converter

frequency may also be obtained with a local 144..146MHz
oscillator operating at 172 MHz. A fre- e

quency of 116 MHz is used here, however,
since this can be generated with a standard

quartz crystal. 6002-16
As shown in Fig. 2, the antenna signal is o

amplified before it is applied to a band-pass
filter. Next, it is mixed (‘heterodyned’) with  Fig. 1. The converter described here sits between a 2-metre antenna and the input of a
the 116 MHz local oscillator signal. The multimode SW receiver tuned to the 10-m band
mixer consists of a transistor, T2. The output
signal of the mixer is the intermediate fre-
quency, 28 MHz - 30 MHz, obtained from
subtractive mixing. A band-pass filter
formed by Lé couples the output signal of the
converter to the input of the general cover- T1 L3L4 T2 L6
age receiver. -
The band-pass filter ahead of the mixer is

needed to suppress signals at the so-called D._ D
image frequency. In the present converter, 144 146MHz | 28..30MHz
these signals occur between 86 MHz and
88 MHz, since these two frequencies result T3
in intermediate frequencies of 30 MHz and
28 MHz respectively when mixed with —l[ll—
116 MHz. Since part of the image frequency 116MHz
band falls in the VHF broadcast band, a filter 906002-11
is a must to prevent signals in the 2-m band
being blocked out by a local radio station!

000

b———e

e
L

Practical circuit

The circuit diagram in Fig. 2 shows a num-
ber of dashed lines, which indicate RF
screening plates that serve to keep inter-
ference between the sub-sections of the cir-
cuit to a minimum. As shown, these
screening plates are connected to ground.

The antenna signal is coupled to the con-
verter via a low-impedance tap on inductor
L1. Tuned circuit Ci-L1 forms a bandfilter
tuned to the 2-m band. At the same time, the
L-C tuned circuit provides the necessary im-
pedance conversion between the low imped-
ance of the aerial cable (50-75 Q) and the
high impedance (several mega-ohms) of the
gate-1 (G1) terminal of dual-gate MOSFET
T1. This conversion is usually called imped-
ance transforming or matching.

To reduce the risk of oscillation, the out-
putsignal of the amplifier based on T1is con-
nected capacitively to a low-impedance tap
oninductor L3. The bandpass filter needed to
suppress the image band is formed by L3, Cs,
L4 and Ce. As you can see from the circuit di-
agram, the coupling between amplifier T1
and mixer T2 is inductive (no, we have not
forgotten a coupling capacitor between L3
and L4). Both L3 and L4 are tuned to about
145 MHz by trimmer capacitors.

The mixer is formed by a second dual-
gate MOSFET, T2. Conventionally, the RF
signal is applied to gate 1, and the local oscil- Sob02 2
lator signal to gate 2. The difference fre-
quency is filtered out at the drain of T2 by
transformer Lé. The output winding of Le  Fig. 3. Circuit diagram of the 2-metre converter. Note that only three transistors are used.

Fig. 2. Block diagram of the 2-metre converter.
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Fig. 4.
circuit board for the converter.

has a relatively low impedance to enable the
input of the SW receiver to be matched cor-
rectly. The output of the converter is con-
nected to the input of the SW receiver via a

cut out this
black area

906002 - 18

Track layouts (mirror images) and component overlay of the double-sided printed

short length of 50-Q coax cable fitted with
suitable RF plugs.

The local oscillator based on T3 is quartz-
controlled with a 116-MHz crystal, X1, oper-

2-METRE BAND CONVERTER

COMPONENTS LIST

ating at fifth overtone, i.e., the fundamental
frequency of X1 is 23.2 MHz. Circuit L5-Cio s
tuned to 116 MHz and serves to suppress
any spurious output signals produced by the
oscillator.

Fig. 5. Cut a small slot in the PCB to en-
able the coffin-type capacitor to be seated.
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Fig. 6. The RF parts used in this project. The coffin-type leadless ceramic capacitor, C2,

is the second device on the left in the top row.
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906002-12

Fig. 7. [lllustrating the mounting of dual-
gate MOSFET T1 and capacitor C2.

Building the converter

The circuit is best built on the double-sided
printed-circuit board shown in Fig. 4. This
board is available ready-made and helps you
to go round the pitfalls of RF circuit con-
struction. Before you fit any component on
the board, cut the slot for capacitor C2 as
shown in Fig. 5. C2 is a so-called coffin-type
leadless ceramic capacitor (quite a mouthful
for a basically simple and small component).
The slot is carefully cut and filed until the
‘shoulders’ of the capacitor rest on the com-
ponent side of the PCB. One side of the capa-

Fig. 8. A 6-mm dia. drill bit is used to wind to the three 145-MHz inductors in the converter.

Fig. 9. These photographs illustrate the construction of the 2-m converter. Note the screening plates on the PCB.
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Fig. 10. Construction of the 145-MHz in-
ductors in the circuit.

citor is soldered to the same track as the G2
terminal of T1 (at the track side of the board;
see Fig. 7), and the other side to ground
formed by the copper surface at the compo-
nent side of the board. Be careful not to break
or overheat the coffin capacitor, as it is a rela-
tively brittle component.

Next, cut the screening plates to size, not-
ing their length from the dashed lines on the
PCB overlay. The height of the screens is
about 15 mm. Position the screens vertically
on to the board, and solder them over the full
length with a medium-power iron. Do not go
for the easy way out by fixing the screens at
a few positions only — to be effective, they
must be soldered over the full length.

The next step in the construction is the fit-
ting of the resistors. Note that two of these,
R1 and R2, are mounted vertically, and that
one terminal of R1 must be soldered at both
sides of the PCB to effect a through-contact.

Proceed with the capacitors. With the ex-
ception of C4 and C12, all capacitors have one
terminal soldered at both sides of the PCB.
Miniature ceramic capacitors must be used
where appropriate. In all cases, the capaci-
tors must be fitted as close as possible to the
PCB.

Except for L5, the inductors in this project
are home-made. Start with L1, L3 and L4,
which consist of eight turns of 1-mm dia. sil-
ver-plated wire. A drill bit is used to give
these inductors an internal diameter of 6 mm
(see Fig. 8). The taps on L1 and L3 are made
as shown in Fig. 10.

Inductor L2 is the simplest to make, since
it consists of four turns of 0.2 mm dia. ena-
melled copper wire through a ferrite bead.
The construction is illustrated in Fig. 11.

Fig. 11. Construction of choke L2.
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Fig. 12. Construction and assembly of the
IF output transformer, L6.

The construction of the IF output trans-
former, Ls, is slightly more complex as it re-
quires an inductor assembly Type 7K1S from
Neosid. Constructional details are however
apparent from the drawing in Fig. 12. Al-
though it is shown in the drawing, the small
rim that divides the former into two equal
lengths must be cut off carefully with the aid
of a sharp hobby knife. Inspect the windings
and check the continuity at the base pins of
the inductor. Next, carefully fit the cup core
and the screening can before you fit the in-
ductor on to the PCB and subsequently
solder the five base pins and the two pins at
the sides of the screening can.

One terminal of the quartz crystal must
be soldered to ground, while the device must
be fitted as close as possible to the PCB sur-
face. Unless you have a solder bit small
enough to insert between the crystal body
and the PCB, you will have to bend one ter-
minal close to the crystal body, and solder it
flat on to the ground plane of the PCB.

The last parts fitted on to the PCB are the
semiconductors. Transistor T3is fitted firstin
the normal manner. The MOSFETs, T1 and
T2, require special attention. The PCB has 5-
mm holes to accept these 4-pin transistors,
whose terminals are soldered direct to the
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copper tracks. The drawing in Fig. 7 illus-
trates the way in which Ti is fitted. Note that
the source terminal is bent down before the
transistor is inserted in the PCB hole. Next,
the terminal is pushed flat on the ground
plane at the component side of the board.
Also note that the type number of Ti is
legible from the component side of the
board. The other FET, T2, is simpler to fit as
all four terminals are soldered at the track
side of the PCB. Note however that the de-
vice is turned such that its type number is
legible from the track side of the PCB. The
photographs in Fig. 9 further illustrate the
construction of the converter.

Adjustment

To begin with, the tuned circuit in the local
oscillator must be set to 116 MHz to force the
crystal to operate at its fifth overtone. To per-
form this adjustment without the help of
specialist test gear, place a simple portable
FM radio near the converter board, and tune
the radio to 94.6 MHz. In most cases, this will
mean that the local oscillator in the FM radio
operates at 94.6+10.7=105.3 MHz. If necess-
ary, check this with a second receiver. The
image frequency of the FM radio is
105.3+10.7=116 MHz. Provided its image re-
jection is bad enough, the radio will happily
receive a sufficiently strong signal at
116 MHz. Solder a short length of thin, solid
wire to the drain of T2, and wind this around
the whip antenna of the FM radio. Switch the
converter on, and adjust trimmer C10 until
the FM receiver is silenced by the 116 MHz
signal. Peak Ci10 for minimum noise (if
necessary make the coupling at the antenna
a little looser). Next, remove the wire from
the drain of T2.

Connect a 50-cm long wire to the input of
the converter, and the SW receiver to the out-
put. Tune the receiver to 29.0 MHz, and
check that its output noise in SSB mode in-
creases when the converter is switched on.
Next, peak Ls, then Cé, C5 and C1 for maxi-
mum noise. If you are lucky, the wire at the
converter input will be sufficient to pick up
local 2-m signals, and you may start to listen
to radio amateurs by tuning the SW receiver
between 28 MHz and 30 MHz. For serious
DXing however you will soon find that a di-
rectional antenna is a must. u



2-METRE BAND CONVERTER

COMPONENTS LIST

Resistors:
(.> () <) 1 33kQ R1
&. 1 68kiy : R2
00 .. o 2 4700 R3;R6
@0 o : ijﬂm 23
() ”: o0 1 1000 R7,
o~ N
~ N~y Capacitors:
3 7pF trimmer C1,C5,Co
1 1aF coffin capacitor C2
3 10nfF ceramic C3;,C7,C9
1 82pF Cc4
1 12pF c8
1 20pF trimmer Ci0
1 8pF2 cH1
1 12pF c12
1 220nF ceramic C13
inductors:
1 0pH22 axial choke L5

The other inductors are home made; see

r-aooooe.eaq3®

text. Required materials:

1-mm dia. silver-plated wire
0.2-mm dia. enamelled copper wire
:%@l 1
O
o Semiconductors:

7K18S inductor assembly (Neosid)
2 BF981 T1;T2

1 BF494 T3

Miscelianeous:
° @I 1 quartz erystal 116MHz X1

5th overtone
tin-plated metal sheet
1 printed cireuit board 900006-1

Fig. 4.
circuit board for the converter.

has a relatively low impedance to enable the
input of the SW receiver to be matched cor-
rectly. The output of the converter is con-
nected to the input of the SW receiver via a

Track layouts (mirror images) and component overlay of the double-sided printed

cut out this
black area

906002 - 18

ating at fifth overtone, i.e., the fundamental
frequency of X1 is 23.2 MHz. Circuit Ls-C101is
tuned to 116 MHz and serves to suppress
any spurious output signals produced by the
oscillator.

short length of 50-Q coax cable fitted with
suitable RF plugs.

The local oscillator based on T3 is quartz-
controlled with a 116-MHz crystal, X1, oper-

Fig. 5.

Cut a small slot in the PCB to en-

able the coffin-type capacitor to be seated.
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Fig. 6. The RF parts used in this project. The coffin-type leadless ceramic capacitor, C2,
is the second device on the left in the top row.
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PC-CONTROLLED
SEMICONDUCTOR TESTER PC-TT 90

PART 1: INTRODUCTION AND BASIC FEATURES

This versatile, PC-controlled, test instrument, designed and
marketed as a kit by ELV, puts you in a position to view, on your PC
monitor, the curves that describe the main electrical characteristics

of transistors, LEDs, zener diodes, triacs and thyristors. These
curves, like no other test on these devices, provide a definitive
good/faulty indication and in addition can help you decide whether
or not a discrete semiconductor is suitable for a particular

ISCRETE semiconductors, and in par-

ticular transistors, form an important
component group in today’s electronics
scene. The PC-TT90 was developed by ELV
to test discrete semiconductors with the aid
of an IBM PC-XT/AT or compatible com-
puter. The design of the tester follows the
lines of the IC tester (Ref. 1), of which large
numbers have been built.

Apart from bipolar n-p-n and p-n-p
transistors, the tester is also simple to use
with FETs, diodes, LEDs, zener diodes, triacs
and thyristors. A complete test run takes less
than a second to complete, and produces a
plotted characteristic composed of up to ten
individual curves.

The complete circuit of the PC-TT90 is
built on a single card, which is inserted in a
free slot in the PC. The three coloured wires
that leave the card at the rear are connected
to the device to be tested. The actual connec-
tion is made by three crocodile clips.

The easy-to-use control software for the
tester allows comprehensive tests to be per-
formed on all previously mentioned types of
discrete semiconductor. The results of the
tests are pretty conclusive. In the case of
transistors, for instance, the so-called output
characteristic is measured and presented on
the screen as ten individually plotted curves.
The test procedure is completely automatic.
All you have to do is connect the transistor,
select n-p-n or p-n-p, set the maximum col-
lector current, and start the test. After a se-
cond or so, the output characteristic and the
co-ordinate system appear on the screen. All
further settings, such as the selection of the
optimum measurement range, the required
base currents, the scale factors in the co-ordi-
nate system, etc., are performed automat-
ically, ensuring that the device under test can
not be damaged by overloading or in any
other manner.

With transistors, for instance, the collec-
tor current, Icg (on the Y axis) is plotted as a

application.

Fig. 1.
PC-TT90.

function of the collector-emitter voltage, Ucg
(on the X axis), with 10 values of the base
current, Iz, as parameters. The resultant
screen is shown in Fig. 1.

Before discussing the operation of the
PC-TT90, an understanding is required of
the basic electrical properties and behaviour
of thecomponents we want to test. Hence the
following sections cover some fundamentals
of discrete semiconductors.

The group

Discrete semiconductors come in many
shapes and sizes, and with a plethora of
functions. Field-effect transistors (FETs), for
instance, now form an important and widely

Screen photograph of a transistor characteristic measured and plotted by the

used sub-group of the larger class of transis-
tors. Disregarding a possible sub-classifica-
tion according to power, the group of FETs
may be divided into no fewer than six basic
types. Similarly with diodes: here, we only
mention a few special types such as capacit-
ance diodes, Schottky diodes, switching
diodes, PIN diodes, tunnel diodes, field-ef-
fect diodes, four-layer diodes, and fast re-
covery diodes. Adding the photoelectric and
wave devices we may mention the photo-
diode, the laser diode and the light-emitting
diode. Also in common use these days, and
testable with the PC-TT90, are the large
classes of thyristors and triacs.
Unfortunately, it is beyond the scope of
this article to discuss the basic characteristics
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Basic d.c. conditions of a diode.
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Fig. 2.
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Fig. 3. Voltage-current characteristic of a
typical small-signal diode.

of all currently available discrete semicon-
ductors. Therefore, we will concentrate only
on the most frequently used types.

Diodes

Diodes are devices that pass a current flow-
ing in one direction without significant
losses, and block current that flows in the
reverse direction. As you are probably
aware, this property allows a diode, in con-
junction with a reservoir capacitor, to turnan
alternating voltage into a direct voltage.

The diagram in Fig. 2 shows the two basic
direct-voltage operating conditions of a dio-
de. The left-hand drawing, Fig. 2a, shows the
diode in its conductive state, i.e., passing a
forward current. This current causes a for-
ward voltage drop, Up, across the device.
Typically, at about one tenth of the maxi-
mum permissible forward current, Up lies
between 0.2 V and 0.4 V with germanium
diodes, and 0.5 V to 0.8 V with silicon dio-
des.

The right-hand part of Fig. 2, marked 'b’,
shows the same diode, connected to a rever-
se voltage. In the permissible voltage range,
the reverse, or leakage, current of small-sig-
nal diodes lies in the p A range with germani-
um types, and in the nA range with silicon
types. When the permissible reverse voltage
is exceeded, the resultant leakage current
can rise to values of the order of the forward
current. For most diodes, this leads to de-
struction of the device. The curve in Fig. 3
shows the relation between the voltage and
the current of a typical small-signal diode.

The PC-TT90 uses only the emitter and
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the collector lead to test diodes. The yellow
(base) lead is not used in this case. The diode
is connected in the conductive direction (red
clip to the anode, and blue clip to the catho-
de). Next, the maximum current is set, and
the measurement started. The computer
plots the characteristic of the diode, taking
into account the set maximum forward cur-
rent.

Zener diodes

The so-called avalanche effect causes the
reverse current to rise rapidly when the
maximum reverse voltage is exceeded. This
property of almost any semiconductor ele-
ment is exploited in the zener diode, with the
aid of a current limiting resistor. To avoid ex-
cessive local heating and subsequent de-
struction of the device, the reverse current is
distributed equally on the semiconductor
crystal. In general, a zener diode is operated
in its safe electrical area as long as the power
dissipation caused by the reverse current
does not exceed the maximum permissible
‘forward” power dissipation. The reverse
voltage at which the current rises suddenly
is called the zener voltage, Llz.

Circuit section ‘a’ in Fig. 4 shows a zener
diode connected in forward, i.e., conductive,
direction. The electrical behaviour of a zener
diode in this configuration is almost identi-
cal to that of a normal diode. The reverse
connection, illustrated in the circuit ‘b’ in
Fig. 4, is the more common for a zener diode.
When the voltage applied via series resistor
Rq is sufficiently high, the zener voltage can
be measured across the diode. The typical U-
vs-1 characteristic of a zener diode is shown
in Fig. 5. In the forward direction, zener dio-
des can be tested just as ordinary diodes, as
described earlier.

The zener voltage, LIz, may be determi-
ned by connecting the zener diode in the re-
verse direction, i.e., just as they are normally
used. It should be noted, however, that the
maximum reverse current may be much
smaller than the maximum forward current.

Up Uz

909518 - 13
Basic d.c. conditions of a zener
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diode.
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Fig. 5. Voltage-current characteristic of a
zener diode.

Hence, this setting may have to be changed
(on the computer) before connecting the ze-
ner diode. As a rule of thumb, the maximum
permissible reverse current is roughly the
maximum permissible power dissipation di-
vided by the zener voltage. After starting the
measurement cycle, the stabilization curve
of the zener diode is plotted and displayed
on the screen.

The PC-TT90 does not require a resistor

Ig i
(mA)
50+ Ig =100uA
451 Ig= 90uA
a0+ Ig = BOUA
3B+ Ig= 70uA
30+ Ig = 60uA
25+ Ig= 50uA
20+ Ig = 40uA
15+ Ig = 30uA
10+ Ig= 20uA
5 Ig= 10uA
e
0 5 10 15 20 Uge V)
909518 - 15

Fig. 6. Typical transistor characteristic. The graph shows the colllector current, Ic, as a
function the collector-emitter voltage, Uce, with the base current, Ig, as a parameter.



AB

D -

909518 - 16

Fig. 7.

to be connected in series with the zener dio-
de. In fact, such a resistor would cause an un-
wanted off-set in the stabilization curve.
Thus, the zener diode to be tested is connec-
ted direct between the red and the blue test
lead.

Transistors

When we speak of a transistor, we usually
have a bipolar type in mind. In most cases,
special types such as the FET are referred to
by their group name, i.e., not by the term
transistor.

Transistors are semiconductors with
three terminals. They are used mainly to
switch and amplify electrical signals. Silicon
transistors have now almost completely su-
perseded germanium types that marked the
beginning of the semiconductor era. Both si-
licon and germanium transistors are availa-
ble in n-p-n and p-n-p versions.

The outstanding feature of the bipolar
transistor is its ability to act as a current am-
plifier. A base current, I, is internally mul-
tiplied by the amplification factor, and gives
rise to a collector current, Ic. The current
gain, e, is thus defined as the ratio of the
collector current to the base current (see also
Ref. 2).

As an example, Fig. 6 shows the output
characteristic of a typical small-signal n-p-n
transistor. The collector-emitter voltage, Uck,
is given on the horizontal axis in the range
between 0V and 20 V. The vertical axis indi-
cates the collector current, Ic.

The ten curves describe the relation be-
tween these two voltages, with 10 base cur-
rents, I, as parameters. The first curve (I =
10 pA) shows that a collector current of 5 mA
flows when Ucg increases from about 2.5 V
to 20 V. It is seen that the collector current
drops rapidly to virtually nought when Ucs
is made smaller than about 1 V.

The magnitude of the collector current ri-
ses with the base current. In fact, the collector
current appears to settle at a certain multiple
of the base current. Hence, a constant base
current causes a collector current that re-
mains virtually constant within a fairly large
range of Uce (roughly between 5 V and
20 V). The collector current drops to small

Basic test circuits of n-p-n transistors (left) and p-n-p transistors (right).

values only with small voltages.

The basic circuits of the n-p-n and the p-
n-p transistor are given in Fig. 7. The left-
hand circuit shows an n-p-n transistor in
common-emitter configuration. Series resis-
tor Rg sends a constant current into the base.
The resultant collector current, which flows
through Rc, is the product of the base current
and the current gain factor, hgg, of the trans-
istor. The collector and base current are ad-
ded when they leave the transistor via the
emitter terminal.

Typical current gain factors of small-sig-
nal transistors lie in the range between 100
and 1,000, and those of power transistors be-
tween 10 and 50. Hence, the base current is
usually small with respect to the collector
current, and may be neglected. So, for all
practical purposes, the collector current
equals the emitter current.

The curves in Fig. 6 are obtained by sen-
ding a constant current into the base of the
transistor under test, and increasing the col-
lector-emitter voltage from 0 V to the maxi-
mum value (here, 20 V) within a certain
period (here, 100 ms). As the voltage is in-
creased, the collector current is measured to
enable the PC to compute the first curve.
Next, the base current is set to the next hig-

her value (here, 20 pA), and the process is re-
peated to produce the second curve. After
having computed all ten curves, the compu-
ter plots them in a graph as shown in Figs. 1
and 6. One advantage of the use of a compu-
ter here is that each curve needs to be measu-
red only once. Hence, the process is
completed fairly quickly, and thus prevents
damage to the transistor, which inevitably
heats up as a result of its own dissipation. In
practice, even power transistors do not need
a heat-sink when connected to the PC-TT90.

Field-effect transistors

A FET is a type of transistor that can be
driven, virtually without power, via an elec-
tric field. In this respect, FETs behave very
much like thermionic valves, and the simi-
larity of these two component types is fre-
quently noted in electronics textbooks.

The category of FETs falls into six basic
types, whose circuit symbols are brought to-
gether in Fig. 8. The gate, G, is the input elec-
trode that allows the current flow between
the drain and the source to be controlled. The
gate voltage, Ucs, exists between the gate
and the source. The input resistance of a FET
is typically very high, with values between
10"Q and 10"Q for junction FETs, and 10"°Q
and 10"Q for MOSFETs.

Analogous to the division into n-p-n and
p-n-p classes of transistor, FETs come in n-
channel and p-channel versions. Figure 9
shows the basic operation of an n-channel
FET (left-hand circuit) and that of a p-chan-
nel FET (right-hand drawing). Both types of
FET conduct at Ugs = 0 V, and are therefore
called depletion devices.

The circuit with the n-channel FET shown
in Fig. 9 is taken as an example here to ex-
plain the basic operation. A typical example
of an n-channel depletion FET is the well-
known BF245. Similar to a bipolar transistor,
the drain current (the ‘FET’ equivalent of the
collector current) is virtually constant for va-
lues of the drain-source voltage, Ups, be-
tween 5V and the maximum value. Since the
gate forms a very high resistance, it is volt-

FET
Junction FET MOSFET
n-channel | p - channel
Enhancement
D D Depletion
MOSFET sl

n- channellp - channelin - channellp - channell

e o
D D D D l_]’ D J D
o o o o
0 lg 1% " lg | ™ " Llel™ " el el ® ’:i s
Enhancement
Depletion FETs FETs
909518 - 17

Fig. 8. Overview of field-effect transistors.
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Fig. 9. Basic d.c. circuits of an n-channel
FET (left) and a p-channel FET (right).

age-driven rather than current-driven like
the base of a bipolar transistor. Hence, the
voltage applied to the gate determines the
drain current. A gate voltage of 0 V causes
full conduction in a depletion FET. The drain
current may be reduced by making the gate
negative with respect to the source, as illus-
trated by the transfer characteristics in
Fig. 10.

P-channel FETs are driven by a positive
gate voltage. As shown in Fig. 9, the source
is connected to the positive supply voltage,
and the drain is, therefore, negative with res-
pect to the source.

MOSFETs are also available as depletion
types. In general, their extremely high input
resistance is achieved by a thin isolation lay-
er of 5i0s, which separates the gate from the
drain-source channel. The electrical charac-
teristics of depletion MOSFETs are largely si-
milar to those of normal depletion FETs,
discussed above. Depletion MOSFETSs are ty-
pically used for high-frequency and digital
circuits.

Enhancement-mode MOSFETs, or en-
hancement MOSFETs, require a voltage to be
applied to the gate before conduction can oc-
cur, i.e., they are off when Ucs =0 V. The n-
channel enhancement MOSFET does not
draw drain current until Ucs exceeds a cer-
tain threshold, when the drain is positive
with respect to the source. This characteristic
is reversed with p-channel types, ie., the
drain must be negative with respect to the
source, while a negative gate-source voltage
must be applied for the FET to conduct.

It should be noted that there are also FETs
which seem to fall between the depletion
and enhancement-mode classes. These devi-
ces are marked by a drain current of about
half the maximum value when Ugs =0V, al-
lowing the gate voltage to be made positive
or negative with respect to the source.

Some MOSFETs have a fourth terminal,
which is connected to the substrate. In most
cases, the electrical function of this electrode
is similar to that of the gate, although it must
be noted that the substrate connection has
only one isolation layer between it and the
drain-source channel. The connection is usu-
ally indicated by the letter S (for substrate) or
B (bulk).

The power MOSFET is a semiconductor
from the class of enhancement-mode devices
that will be discussed in detail below. Like
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Fig. 10.

some types of bipolar transistor, power
MOSFETs are capable of switching high vol-
tages at high currents. Their drive charac-
teristics, however, are fundamentally
different and correspond to those of enhan-
cement MOSFETs. N-channel power MOS-
FETs are driven by a positive gate voltage,
when the drain is positive with respect to the
source. Depending on the mode of opera-
tion, the gate voltage lies between 0 V and
20 V. The relevant transfer characteristics are
shown in Fig. 11.

The number of n-channel FETs is greater
than p-channel FETs, the reason being that
electrons (in an n-channel) have a greater
mobility than holes (in a p-channel). This gi-
ves n-channel FETs a higher gain than p-
channel FETs. Also, in the case of power
MOSFETs with an identical chip area and re-
verse voltage specification, the ‘on’ resistan-
ce of the drain-source channel in a p-channel
type is roughly two times that of an n-chan-
nel type. Furthermore, the p-channel versi-
ons require a more complex production
process, which shifts the price-performance
ratio in favour of the n-channel types.

Returning to the transistor tester, the test-
ing of any FET is started by selecting the re-

Current-voltage transfer of a typical n-channel junction FET.

depletion FET/depletion MOSFET’, follo-
wed by the maximum drain-source current.
The screen then indicates how the three wi-
res of the tester are to be connected to the
FET (red = drain; blue = source; yellow =
gate). All further settings are provided auto-
matically by the PC-TT90, which takes into
account that FETs are driven with a control
voltage, not a control current.

If you do not know which type of FET
you are testing, select menu option 7, ‘un-
known FET". After you have entered the
maximum permissible drain-source current,
the screen again indicates the connection of
the test leads to the FET terminals. The yel-
low lead is connected to the gate. When the
drain and the source are identified, the red
wire goes to the drain, and the blue wire to
the source. The connections of the drain and
the source are reversed in the case of p-chan-
nel FETs. If you do not know the n- or p-
channel classification, or the drain and
source pinning, simply connect the drain
and source in either way. The gate, however,
must be connected correctly atall times.

When the test cycle is started, the PC-
TT90 limits the drain current to the smallest
value of 10 mA, and attempts to find a cohe-

levant menu option, e.g., ‘n-channel rent transfer characteristic by varying the
Ipk
A
T 15 ov— / /
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Fig. 11. Current-voltage transfer characteristic of a typical n-channel power MOSFET.
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Fig. 12. Basic connection of a thyristor.
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Fig. 13. Transistor-based equivalent of a
thyristor.

IgT=0.5mA
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Fig. 14. Typical voltage-current charac-
teristic of a thyristor.

control voltage between +5 V and -5 V. As
soon as a clear indication is available about
the operation of the device under test, the
complete transfer characteristic is computed
and subsequently displayed on the screen,
along with the type classification of the FET.
When this is not successful, the PC prompts
you to swap the drain and source connec-
tion, and start a new test.

The trial-and-error test performed by the

PP-TT90 allows unknown FET types to be
tested and classified. After the first test run,
the complete transfer characteristic is mea-
sured, up to the maximum drain current spe-
cified by the user.

Thyristors

Figure 12 shows the circuit symbol of a thyr-
istor. Thyristor is the original name of the
solid-state equivalent of the thyratron valve,
but is now more commonly called silicon-
controlled rectifier (SCR). A version of the
SCR for switching a.c. is the triac, which is
discussed further on.

The anode-cathode (A-K) junction of a
thyristor is normally blocked, so that series
resistor Rs does not pass current (see Fig. 12).
When a positive voltage, Uck, of about 1 V is
applied to the gate terminal (G), the gate-cat-
hode junction becomes conductive, and pas-
ses a current. This gate current is usually
denoted by the term triggering current, Icr,
and is notdependent on the anode voltage or
the anode currents. When Igr exceeds a cer-
tain value (the trigger threshold) the thyris-
tor is triggered (‘fired’), and the
anode-cathode junction conducts. Current
will keep flowing through this junction even
when the gate current is removed. The cur-
rent is interrupted, however, when it drops
below a certain level, the holding current, ;.

The equivalent circuit of a thyristor, ba-
sed on transistors, is shown in Fig. 13. In
principle, a reverse-biased thyristor blocks
current just as a diode.

Apart from the maximum reverse volt-
age, which is usually fairly high and therefo-
re notachievable with the PC-TT90, the main
specifications of a thyristor are the Ia-Uak
characteristic (Fig. 14) and the triggering
current, IgT.

The red test terminal of the PC-TT90 is
connected to the anode of the thyristor, the
yellow lead to the gate, and the blue lead to
the cathode. The instrument automatically
and gradually raises Uak to the maximum
value before going back to nought and in-
creasing the triggering current by one step.
When the thyristor triggers, the relevant
characteristic is computed, and the trigge-
ring current indicated on the screen. Since
this current represents the minimum value
of Igt, the indication should be increased for
practical purposes to ensure reliable trigge-
ring under all ‘real” working conditions of
the device. In most cases, it is best to use a va-
lue of 2 to 5 times the minimum, as long as
the maximum permissible triggering current
is not exceeded.

Triacs

A triac consists basically of two thyristors
connected in anti-parallel, sharing a com-
mon control input. The circuit symbol is
shown in Fig. 15.

When a small voltage is applied between
the anode (+) and the cathode (-), the triac,
like the thyristor, can be triggered with a po-
sitive gate current. A further similarity is that
the triggering voltage exists between the
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Fig. 15. Circuit symbol and basic connec-
tions of a triac.
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Fig. 16. Typical transfer characteristic ofa
triac.

gate and the cathode. Contrary to a thyristor,
however, a triac can also be triggered with a
negative gate voltage, both when the anode
is positive with respect to the cathode, and
vice versa. This characteristic allows a thyris-
tor to be used as a switch for alternating cur-
rent, controlled by triggering pulses that
may occur in all four quadrants.

Most triacs require a relatively small trig-
gering current when the anode and the gate
voltage have the same polarity with respect
to the cathode. More triggering current is ge-
nerally needed when the gate voltage is po-
sitive, and the anode voltage negative. Thus,
when direct-voltage triggering pulses are
used with a triac in an alternating voltage
circuit, the triggering voltage must be nega-
tive with respect to the cathode to enable the
triac to be fired with a relatively small cur-
rent.

The main characteristics of a triac are its
transfer characteristic, i.e., the current-volt-
age response of the anode-cathode channel,
and the gate current at which the device is
triggered. Figure 16 shows a typical transfer
characteristic.

The red test lead is connected to the ano-
de, the yellow test lead to the gate, and the
blue test lead to the cathode of the triac. The
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PC-TT90 raises the supply voltage slowly
while increasing the gate current in small
steps. When the triac triggers, the Is-Uak
characteristic is measured, and the required
triggering current indicated. Next, the test
procedure is repeated with reversed polarity
of the triggering current. The Is-Uak charac-
teristic is not measured, however, since it
does not depend on the polarity of the trig-
gering current. Once the triac is triggered,
the required (reverse) triggering current is
measured and indicated.

The characteristics of a triac may be test-
ed as explained with reversed anode and cat-
hode polarity also, simply by swapping the
red and the blue test leads. In all cases, the
monitor of the PC shows the main charac-
teristics of the device under test. The main
electrical properties measured allow you to
classify the device, if it is an unknown type,
or, if it is a known type, to check whether it
is functional or not.

Working with the PC-TT90

As already mentioned, the PC-TT90 is
simple to use because the component tests
are performed virtually automatically,
under the control of a computer program.
Before we can use the PC-TT90, however, the
instrument must be installed on the PC.

Hardware installation
The complete instrument is accommodated
on a single printed-circuit board that is in-
serted in a free bus extension slot in your PC.
The PC-TT90 may be used in PC-XT as well
as PC-AT computers, and compatibles. It
will be clear that an AT-type computer with
a hard disk has certain advantages here.
The three test leads, each of a length of
about 1 m, are fed out of the rear of the PC,
and the small crocodile clips at the ends are
located such that they are easily connected to
the devices to be tested.

Software installation

The user software consists of a number of
files, and is supplied on a 5V4-inch, 360-
KByte diskette. The programs on this disk
automatically identify the video adapter in
the PC, and are suitable for Hercules, EGA,
and VGA systems.

The control software for the PC-TT90
may be run under the control of a shell called
ELV-DOSBATCH. This shell, or user-interfa-
ce, offers menus and single-letter commands
that take you off the DOS level, affording a
less cumbersome way to work with the PC.

The software installation is straightfor-
ward. To begin with, insert the diskette
supplied with the kit into drive A:. Make A:
the current drive. If you do not have a hard
disk, or do not want to use it for the PC-TT90,

type
DOSBATCH

followed by a carriage return (CR). The shell
is loaded, and the main menu appears on the
screen after a few seconds. The transistor tes-
ter is loaded from this menu by typing ‘1’
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and a CR. The program loads and is ready
for use after a few seconds. The screen shows
a menu bar that allows you to enter certain
maximum values for the device to be tested.
These values will be reverted to in the de-
scription of the test procedure.

The installation on a hard disk is equally

simple. Type
INSTALL <CR>

from the A: prompt, and answer the ques-
tions regarding the language and the name
of the subdirectory on the hard disk. If you
are satisfied with the defaults offered by the
installation program, a subdirectory called
‘ELV’ is created on the hard disk, and sub-
sequently used to hold DOSBATCH and all
other ELV programs. When the installation
is complete, DOSBATCH appears on the
screen. As described above, the transistor
tester is run by typing ‘1" and a carriage re-
turn.

Practical use

The actual use of the program is straightfor-
ward, and is largely self-explanatory. Fig-
ure 17 shows the main menu. Items and
options presented on the screen are selected
in the usual way by pressing the arrow keys
and the return key, or, if applicable, by typ-
ing the selection number. The maximum de-
vice current (for transistors, 10, 20, 50, 100,
200, 500 or 1000 mA) is selected in this way.
The lower half of the screen indicates the
function of the three test leads. For an n-p-n
transistor, for instance, the leads are con-
nected as follows:

blue: emitter
yellow:  base
red: collector

In most cases, the red lead is positive with re-
spect to the blue lead, while the yellow lead
carries a control voltage, and can be at posi-
tive or negative potentials depending on the
reference.

After connecting the device to be tested,
start the actual test by pressing the space bar.
The previously discussed transfer charac-
teristics are computed and plotted in a co-or-
dinate system with automatically adapted
scale factors. In the case of transistors, the ap-
propriate base currents are also set automat-
ically, depending on the maximum collector
current. The maximum base current is set at
10% of the maximum collector current, while
the maximum collector-emitter voltage is li-
mited to 20 V. If smaller values are required
for these parameters, call up a submenu by
pressing the <CR> key instead of the space
bar. Next, enter the values you require, and
run the test by pressing the space bar.

In the case of transistors, the transfer
characteristic consists of a maximum of
10 curves. Depending on the electrical beha-
viour of the transistor under test (TUT), fe-
wer curves may appear. For instance, only
six curves appear when the smallest mea-
ningful collector current is caused by a base
current of 1 mA, and the TUT draws its

maximum collector current at a base current

of 6 mA.

In principle, the following maximum va-
lues of the base current are available, each
with a subdivision factor of 10:

10, 20, 50, 100, 200, 500 pA

1,2,5, 10, 20, 50, 100 mA.
this means that the smallest current range of-
fers the values 1 uA, 2 pA, 3 uA, and so on,
up to and including 10 pA. Similarly, the
next higher range starts at 2 pA, and ends at
20 pA.

The plotted characteristic is static, i.e., it
remains on the screen until the space bar is
pressed again to run a new test on the same
or another component. A minimum interval
of 4 s must be allowed between subsequent
tests, while care should be taken to avoid
overheating of power semiconductors. If ne-
cessary, allow a longer pause, say, 10 s, be-
tween tests on these devices.

When another semiconductor type is to
be tested, or when different parameters are
required, press the ESC (escape) key to re-
turn to the main menu. Finally, on-line help
is available and may be called up by pressing
function key F1. To exit the transistor tester
program, simply press ESC twice.

Storing measured characteristics

Hard copy of the computed characteristics
may be obtained on a matrix printer set to
‘Epson’ mode. Press the F2 key to use this
feature.

The curves and the associated co-ordina-
te system may also be written to a file. To use
this option, press F3, enter the file name, fol-
lowed by a <CR>. Files stored in this way
may be retrieved later by pressing F4 and en-
tering the file name.

1/0 base address

The default [/O address setting of the PC-
TT90 card is 300u. If you require a different
address, load the program with the com-
mand

TRTEST [address] <CR>

where |address]| is a hexadecimal number.
This address must match that set in hard-
ware on the card. More information on this
setting is available in the 'README’ do-
cumentation file. a

Continued next month



HEADPHONE AMPLIFIER

WITH DIGITAL VOLUME CONTROL

from an idea by U. Habschied (

It is often socially not acceptable to turn up the volume of your
amplifier, receiver or television set. In such cases a pair of
headphones is the perfect medium for listening to your favourite
record, tape or television programme. Also, headphones have a
decided advantage over loudspeakers: their quality/price ratio is

Norma!ly. headphone amplifiers consist
of a simple purpose-designed output
stage. The one presented here is rather more
sophisticated: it is not just a good-quality
miniature stereo amplifier, but also offers a
volume control that uses digital switches. Just
two push-button switches enable the loud-
ness to be set in 16 discrete steps. It also has
two switch-selectable inputs. The design is
based partly on that of the “All solid-state
preamplifier” we published just over a year
ago*. It is therefore particularly suitable for
use with that unit, but may also be used in
conjunction with other preamplifiers or in-
tegrated amplifiers without any problem. It
may also be constructed in a stand-alone
box with its own power supply.

The circuit

The circuit diagram shows the input selec-
tors, step attenuators and amplifier stages
for both stereo channels. The other compo-
nents serve to control the input stages and
the step attenuators.

At the top left are the four input sockets,
K|—K4. A logic level provided by electronic
switches 1C;,—IC;, enables switching be-
tween the tape and line inputs: a sort of tape
monitor switch as it were.

The switching signal is provided by push-
button switches S; and S, via an R-S bistable
(flip-flop), IC2,—1C»;,. This stage retains the
last selected position and at the same time
prevents chaos if S; and S, were pressed si-
multaneously. Network R;-C, ensures that
it is always set to position “line™ when the
supply is switched on.

The input signal is also applied to a po-
tential divider connected across the inputs
of a 16-channel multiplexer. The divider for
the left-hand channel consists of resistors
R4—R»g, and that for the right-hand chan-
nel of R3g—Rs3. The junctions of the succes-
sive resistors are connected to the 16 inputs
of ICs (1Cg). The common output of the mul-
tiplexeris connected to the non-inverting input
of opamp 1C5 (ICg).

Since the FET switches on board the 4067

at least five times better

are in series with the fairly high input resis-
tance of the opamp, they introduce virtually
no distortion.

The logic combination at inputs A-D of
the multiplexer determines which of its in-
puts is connected its output (pin 1).

The output stage consists of an opamp with
two separate output transistors, Tz and Ty
for the left-hand channel. These transistors
are driven by the output of IC7 via quies-
cent-current diodes D;—D3. The quiescent-
current circuit also contains current sources
T1—R3; and T>-Ras3. These sources provide
sufficient current for the output transistors
even in high-drive conditions, so that the
distortion is kept low right up to the maxi-
mum drive level.

The output stage is a class A type operat-
ing withaquiescent current of 50 mA. Negative
feedback takes place via Ry and R3;. The
stage uses no capacitors so thatno loss of qual-
ity is caused by such components.

The output stage operates from a higher
supply, =15 V, toensure a good dynamic range
even if fairly insensitive headphones are

used. This arrangement ensures that an out-
put voltage of up to 8.5 V r.m.s. is available
with a distortion of not greater than 0.01%.
The bandwidth is 400 kHz.

Any offset compensation for the opamp
has been omitted purposely. The offset volt-
age at the output varies by a couple of mil-
livolts, which is caused by the relatively
high bias current of the 5534 that flows
through the feedback resistors. Compensation
would, therefore, be largely ineffectual.

The output of the amplifier is protected
by two parallel-connected resistors of 120 Q
to give an output resistance of 60 Q. This
value has been chosen to ensure that the
power delivered to the headphones remains
about the same, irrespective of whether a low-
or high-impedance type is used. If it is felt
that this arrangement does not provide opti-
mum sound quality, the value of the resis-
tors may be altered to personal taste. Bear
in mind, however, that the values depend to
a large extent on the impedance characteris-
tic of the headphones.

The control stage for the multiplexers
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Fig. 1. Circuit diagram of the headphone amplifier.
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consists of the circuit based on IC3, IC,4, and
(partly) 1C,. This section also contains two
push-button switches, S3 and Sy, to provide,
respectively, an increase or a reduction in
the volume. Each of the switches operates
an oscillator, IC3, and ICjj respectively.
‘When either of these switches is kept pressed,
the volume is increased or reduced in pre-
defined steps (see Table 1).

The oscillators are followed by an R-S
bistable (flip-flop), IC5. and IC34, that ar-
ranges for counter IC4 to count up or down
depending on which of the switches is pressed.

The signal generated by IC3, or ICy;, is
also applied via gates IC,. and IC»4 to the
clock input (pin 5) of IC4. Circuit ICy4 en-
sures that when the highest or lowest vol-
ume is reached the counter is disabled.

The counter may also be preset to a given
position with the aid of the DIP switches
contained in Sg. Whenever the amplifier is
switched on afterwards, the counter auto-
matically assumes the preset position. The
position is read via Rg and Cg. Push-button
switch S5 enables the preset position to be
selected during operation.

The power supply has been kept simple,
since normally the present unit will be inte-
grated into an existing amplifier, which al-
most certainly has a regulated 15 V supply
available. All that is necessary to obtain a
+8 V and —8 V supply for the circuit other
than the output stages, therefore, is the ad-
dition of regulators ICg and IC .

Some practical points

No printed circuit has been designed for the
amplifier, but its construction on a proto-
type board should not present undue diffi-
culties.

The electronic input switches cause very
slightdistortion. If the switching between line
and tape is not required, it is therefore ad-
visable to omit IC, and its associated con-
trol circuitry to reduce the distortion. This
may also be achieved by using Texas Instruments
TypeTLC4066 LinCMOS input switches in-
stead of the standard 4066 types. Note that
the TLC4066 ICs require 6 V instead of 8 V
voltage regulators.

The values of the resistors in the voltage
dividers as shown in the circuit diagram re-
sultin 2.5 dB steps in volume. This gives an
overall volume range of 40 dB. If steps of
different magnitude are required, the values
of the resistors must be altered as shown in
the examples in Table 1.

Although the BD139 and BD 140 output
transistors get pretty warm during normal op-
eration, they do not need a heat sink. If, nev-
ertheless, you are worried by their tempera-
ture, there is, of course, no harm in using a
heat sink.

Circuit IC; may be a Type NE5534 or a
Type OP37. Of these two, the OP37 is the
slightly better, but it is also much dearer. B

* Elektor Electronics, December 1989 and
January 1990.

I
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|
" CENTRAL HEATING CONTROLLER

PART 2: CONTROL SOFTWARE, CONSTRUCTION AND
PROGRAMMING

. K, Browne

| Table 3
" continued from the February 1991 issue
| Codes written to the LCD instruction register

Control software

Table 4 shows how the available RAM mem-
ory has been allocated in the control system.

The first 64 bytes are allocated to system ]
variables such?s the current time, theydate, g 0 9 9 . CAGAL G SpiY ShG TI0EN eitgr
etc., and the state of the system. 0 0 0 0 0 0 1 * | Home cursor and return shift
The largest slice of RAM memory is allo- 0 0 0 0 0 i Entry mode set
cated to the user program store. This is ’
where the instmctiolfls ygou input, e.g., ‘heat- J g g o L 4 = py an/ol
ing ON Monday at 10.30" is stored. There is 0 |0 0 1 0 | d ' * | Shift cursor position
sufficient storage capacity for up to 255 pro- 0 0 0 1 1 d . * | Shift entire display
gram steps. ) =
The final 64 bytes of the RAM memory ol & | A g | 4 g | & ‘ ::;T;g?n sot (Usedonee 1o iy
are used for the Z80 stack.
The flowchart shown in Fig. 7 provides 0 1 & 4 i & a a Set the user defined character
an overall view of how the program works. | AAM area
The first section deals with initializing the 1 a a " a a a a a | Set the display RAM address
system from a cold start, i.e., the first time the -
CH controller is powered up. Since the sys- Notes

tem has a battery backup, the initialization "

would only take place again if the battery

were removed and the system powered

down. After initialization, the program en-
ters the main program loop. b
A separate section of the flowchart shows c
the timekeeping interrupt sequence. The d
i

m

s

z

Bit has no effect

a Address in character generator (range 00 to 3F hex)
Address in display RAM (range 00 to 4F hex)
Cursor character flashes (0 = no flash; 1 = flash)
Cursor (0 = off; 1 = on)

direction (0 = left; 1 = right)

Increase or decrease address (0 = decrease; 1 =
Display mode (0 = off; 1 = on)

Shift display on entry (0 = no shift; 1 = shift)

Set number of data bits (0 = 4 bits; 1 = 8 bits)

CPU s diverted from the main program loop
to the interrupt subroutine every 20 millisec-
onds by the 50 Hz synchronizing signal. As
already noted in part 1 of this article, this sig-
nal is derived from the mains supply fre-
quency. After completing the interrupt
subroutine, the CPU returns to where it left
off in the main program loop.

Each box in the flowchart represents at
least one small subroutine in the timeswitch
program. Note, however, that the flowchart

increase)

Codes read from the LCD instruction register

is by no means complete, as there are over 80 f a a a a a a | a |Read busy flag and address
separate subroutines in the heating control-
ler program. Notes

current address in either character generator or display RAM, depending on
previously set instruction

busy flag (1 = busy; 0 = ready)

Unfortunately, it is beyond the scope of a
this article to give a full insight into the pro-
gramming techniques of the Z80 micropro- f
cessor. Much has been written on this
subject, however, and two useful references
are given at the end of this article. Moreover,
the Z80 has been with us for many years

now, and has been used in many projects 3000 - 303F 64 System variables
carried in this magazine. »

To illustrate the basic steps in programm- 3040 - 363F 1536 User program store (256 items)
ing the present unit, three examples are 3640 — 37BF 384 spare
giVEI‘l of subroutines used in the heaﬁng con- 37C0 - 37FF 64 stack (32 items)

troller program. All subroutines below are

written in assembler format.
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Example 1: zero RAM routine

This routine is used as part of the initializa-
tion of the system, to set all 2,048 bytes of
RAM memory to zero.

LD HL, #3000 load the HL regis-
ter pair with the
first RAM address
(see Table 1)

load the BC regis-
ter pair with 2048
(count value)

load A register with
Zero

load the RAM ad-
dress pointed to by
HL with the contents
of A (zero)

increase the HL
register pair by one
decrease the BC
register pair

load A register with
contents of B

‘OR’ the contents of
A register with C
and leave resultin A
(i.e., check if both B
and C are zero)
jump if the result of
the check is not zero,
to a point called
‘loop’ (i.e., test Zero
Flag)

finish subroutine
and return

LD BC, #0800

loop: LD A, #0

LD (HL), A

INC HL
DEC BC
LD A,B

ORC

IR NZ, loop

RET

Example 2: display a character

This routine is used extensively in the con-
troller program to display a character pat-
tern on the LC display. On entry to this
routine, the A register contains a valid dis-
play code.

CALL busy  call the ‘busy’ sub-
routine (see below)
load the LCD data
register with con-
tents of A register
(see Table 2)
finish subroutine
and return

LD (#9001),A

RET

Example 3: the busy subroutine

This routine checks that the LC display is
ready to receive an instruction. The program
will wait until the display module is ready.

start here with
saving AF registers
on the stack

load ‘A’ with con-
tents of LCD in-
struction register

busy: PUSH AF

wait: LD A,(#9002)

(see Tables 2 and 3b)
BIT7,A test bit 7 of the A

register (the busy bit)
JRNZ, wait  jump back to ‘wait’

if bit 7 was not zero
(i.e., wait until the
LC display is ready
for data

TEST SYSTEM
+

Initialize system
4
Initialize
Display
r

Display (C)

ANY KEY
PRESSED 1o

YES

START OF MAIN
PROGRAM LOOP

ANY KEY YES Aclion on

PRESSED

Type of Key
Pressed
r Y
NO

F 3

Change
Day A 4

Increase
Date
=300r317

r'y

Check Program
Store for any
Malching Time

t

4
<

Update
Display

y

<
+

Return to
Main Program

910022 -0 - 17

Fig. 7. Flowchart of the control program. The interrupt servicing routine is shown separ-

ately to the right.

POP AF restore the AF
registers
RET finish subroutine

and return to the
character display
routine

The mnemonic listing for the timeswitch
program runs to over 15,000 characters in
1,400 lines of assembler text. The final object
code produced by the assembler has just
over 2,900 bytes of Z80 instructions and data.
is given in Fig. 8. Details on ordering a copy
of the hexdump listing of the control pro-
gram are given at the end of this article.

Construction and adjustment

Main PCB assembly

The assembly of the main PCB is fairly
straightforward. First, fit the 14 wire links as
shown on the component overlay. It is essen-
tial that these links are fitted first, and
checked, because some of them go beneath
ICs, and it would be difficult to make
changes later. The components can then be
fitted on to the PCB, starting with the smaller
ones such as the resistors and diodes. IC soc-
kets should be used for all the integrated cir-
cuits, but at this stage, do not fit the ICs into
the sockets. Lengths of stranded wire should

ELEKTOR ELECTRONICS MARCH 1991



COMPONENTS LIST

be soldered to the various connection points
as shown.

At this stage it is advisable to do a num-
ber of preliminary checks. First, carefully
check the PCB for short-circuits and dry
joints, as any faults, particularly on the ad-
dress and data lines of the CPU are difficult
to trace, and could prove fatal to the CPU.
Connect up the transformer, or an AC bench
supply, to the circuit. Check the5 Vand 12V
supplies. Also check that a 5-V supply is
present at all the IC sockets. Refer to the cir-
cuit diagrams to locate the supply terminals.

Disconnect the power, then insert IC1,
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Fig. 8.

IC3, ICs and IC9 into their respective sockets.

Reconnect the power and check for the fol-

lowing pulses using either a logic probe or

an oscilloscope.

- Pin 6 of IC4 socket: a 2-MHz clock pulse;

- Pin 17 of IC4 socket: 50 Hz very short
duration pulses.

The next step is to disconnect the AC power
supply and connect instead a 9-V DC supply
to the points 3 and 4 on the main PCB (+Ve
to point 3). Next, check the presence of 50 Hz
very short duration pulses to pin 17 of the
socket for IC4.

Author's design of the main controller printed circuit board.

Display PCB assembly
Fit all the components, except the LEDs, to
the display PCB as shown in Fig. 9. Start
with the resistors, diodes and transistors.
Next, fit the key switches, complete with the
caps, ensuring the correct orientation. The
pins of the switches should be pushed
through the PCB only far enough to enable
them to be soldered. You may find it easier
to solder only two diagonally opposite pins
at first. Once the switch alignment is satisfac-
tory, the remaining pins may be soldered.
Mount the LCD display unit to the PCB
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COMPONENTS LIST

with four small nuts and bolts, using &-in
spacers between the module and the PCB.
Connect the LCD module to the PCB with
the aid of short lengths of tinned copper
wire, Note that the LCD module is a CMOS
device, and precautions should be taken to
prevent damage caused by static electricity.
Before handling the LCD module, discharge
yourself to an earth point, and use an ear-
thed soldering iron bit. Once the display is
wired to the PCB, treat the whole PCB with
the same care.

Finally, wire the display PCB to the main
PCB with stranded wire as shown in Fig. 11.
Then check the wiring and soldering very
carefully.

Testing and adjustment

At this stage in the assembly, further testing
is advisable. In order to do this, the remain-
ing ICs should be inserted into their respec-
tive sockets on the main PCB.
Fig. 9. Author's design of the display printed circuit board. Connect up the power, and check the
LCD module for the display message:
e . ___ 15%mm : : —

—(C) 1990 ;..x

If the display remains blank, or shows blank
squares, adjust the contrast with P20 until the
displayed message is clear. The usual setting
for P20 is close to the minimum. Should,
however, the display show random patterns,
or remain totally blank, regardless of the
contrast adjustment, switch off and check
both PCBs for short circuits, dry joints, etc.
The data and address lines are particularly
suspect at this point.

1 MAIN PCB
2 ALUMINIUM STRIP 2mm
APROX. 20mm WIDE
3 CONNECTION STRIP
4 CASE (LOWER HALF)

|
I 1 ". . ‘:3
Waly Standby timing adjustment
If all is well so far, the standby timing circuit
may be adjusted. The heating control system
software helps you at this point by providing
a calibration routine.

Connect a 9-V supply to points 3and 4 on

—

[Hlelollololololclolo] @]

S —— ]

-
: i
— = i

= —_—— e the main PCB (+Ve to point 3). Ensure that
‘ the copyright message is scrolling across the
- display. Next, press the HEATING switch,
Fig. 10. Internal construction of the central heating controller. SW24. The the display will change to
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Main PCB
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Fig. 11.

Interconnection diagram for the two printed-circuit boards.

1 12 V AC supply 17 Data D5

2 12V A}C supply 18 Data D1

3 Battery + 19 Data D4

4 Battery — 20 Data D2

- Relay1 2 Eala_DS

6 Hot water control 22 Ground

7 23 KEY (key enable)

8 Relay 2 24 E (display enable)

9 Heating control 25 LED20

10 26 LED21

11 | +5V supply B n 27 _LEDET

12 Address A1 - 28 +12V supply

13 Data D?_ 29_ B Mains (Live)

14 Address AOQ o 30 _Fl\flains (neutral)
| 15 Data D6 31 Mains (earth)

16 Data DO 32

Calibrate - 000
Adjust preset P13 until the digits show as
near as possible a constant zero. The arrows
next to the number indicate if an increase or
decrease in resistance is required. Allow the
circuit to settle for a few seconds between
each adjustment.

Once you are satisfied with the adjust-
ment of P13, disconnect the power. The cali-
bration of the timing circuit is now complete.

Standby battery circuit

A suitable standby battery should be se-
lected for the control unit. The type selected
must be able to supply 50 mA whilst main-
taining at least 7 V. The author used an 8.4 V
PP3 style nickel-cadmium battery (Maplin
HW?31]), which gave a standby capacity of
2 hours.

In order to find the correct value of resis-
tor Re for the type of battery chosen, connect
a 10 k€ preset or potentiometer and an am-
meter in place of Re on the circuit board.
Connect the power and adjust the preset
until the recommended trickle charge cur-
rent flows. Replace the preset with a stand-
ard resistor of approximately the set value.

Final assembly

The box suggested for the project is a low-
cost aluminium type (size approx. 150 x 100
% 50 mm) from Maplin (order code LF14Q).
The top of the box should be removed and
cut as shown in Fig. 13. The base of the box
should also be drilled to mount the main
PCB and the transformer. Check the assem-
bly of all parts of the box, then disassemble it
before painting. The author used four or five
coats of white cellulose spray paint of the
type used to touch up cars. Allow the paint
to dry for at least 24 hours before applying
the ‘Letraset’ panel markings as shown. En-
sure the letters are well rubbed down, then
apply two coats of clear cellulose lacquer as
used on ‘metallic paint’ cars. Allow these last
two coats to dry for a further 24 hours.

Complete the inter-PCB wiring as shown
in Fig. 11. Fit the transformer and the main
PCB in the case, and secure them with small
nuts and bolts as shown. It is recommended
to use Y4-inch spacers to support the PCB.
The mains cable should enter the case
through a small hole in the rear panel, and be
fitted with a rubber grommet.

A length of 2-mm thick aluminium strip
should be bent as shown in Fig. 10. Mount
this just above the main circuit board to sup-
port a 12-way strip of connectors.

Next, fit the four LED clips to the top
panel, and push the LEDs into place, ensur-
ing that the leads align with the relevant PCB
holes. Do not, however, fit the securing col-
lars. Glue a thin piece of perspex sheet to the
inside of the panel to form a protective win-
dow for the LC display.

Position the PCB behind the top panel,
feeding the LED leads through the appropri-
ate holes in the PCB at the same time. Secure
the PCB with the aid of four small nuts and
bolts with the appropriate spacers as re-
quired, so that the display module is pressed
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Fig. 12. Construction details of the front panel.
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Fig. 13. Typical central heating system.
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CENTRAL HEATING CONTROLLER (2)

against the perspex window. Finally, solder
the four LEDs into position, to complete the
assembly.

Typical central heating
system

A typical central heating system is shown in
Fig. 13. Individual control of the hot water
and heating system is only possible if a suit-
able motorized valve is fitted in the system.
Where such a valve is not fitted however, it
is still possible to use the heating controller
described here. The separate hot water con-
trol function is then ignored. |

References:
The following reference material has been
used in the preparation of this project:

1. Data sheets: Epson EA-D LCD modules
(Epson UK Ltd., 081 902 8892); Z80 CPU
(Maplin Electronics, 0702 552911).

2. Z80 programming: Machine language pro-
gramming made simple for your Sinclair (Mel-
bourne House Publishers).

Note:

photocopies of the control program hex-
dump listing may be obtained free of charge
from our London office.

Readers in the UK should send a self-ad-
dressed, stamped envelope. Overseas
readers should send a self-addressed en-
velope and two International Reply Cou-
pons (IRCs), which may be obtained from
the post office.



COMPONENTS LIST

MAIN CONTROLLER PCB
Resistors:

1 1kQ Ri

4 47kQ H2;R5;R8;R11
1 27kQ R3

2 10kQ R4;R14

1 seetext R6

1 22kQ R7

2 1kQ2 R9;R12
1 300Q R10

1 270kQ R13

2 4kQ7 R15;R16
1 47kQ preset H P13

Semiconductors:

6 1N4001 D1-D4;D12;,D13
7 1N914 D5;07-D11,D14
1 BZY88C9Vi D6

1 TiL1 IC1

1 78M05 IC2

1 74HC14 IC3

1 ZB84CO0A IC4

1 27C64 IC5

1 6116 IC6

1 74HC373 IC7

1 4011 IC8

1 7555 IC9

3 BC108 T1;T2;T3
Capacitors:

1 10nF ceramic Cc1

1 220uF 25V radial c2

3 100nF ceramic C3;,C7,C8
1 1nF ceramic C4

1 22uF 25V radial C5

1 270pF ceramic C6
Miscellaneous:

1 2 MHz quartz crystal X1
1 250mA 20-mm fuse F1
2 fuse clip

1 40-way IC socket

1 28-way IC socket

1 24-way IC socket

1 20-way IC socket

2 14-way IC socket

1 8-way IC socket

1 case type AB13, (Maplin LF14Q)

1 mains transformer 12V @ 250 mA
2 miniature mains relay (Maplin YX97F)
1 12-way 2A connection strip

1 battery (see text)
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be soldered to the various connection points
as shown.

At this stage it is advisable to do a num-
ber of preliminary checks. First, carefully
check the PCB for short-circuits and dry
joints, as any faults, particularly on the ad-
dress and data lines of the CPU are difficult
to trace, and could prove fatal to the CPU.
Connect up the transformer, or an AC bench
supply, to the circuit. Check the5 Vand 12V
supplies. Also check that a 5-V supply is
present at all the IC sockets. Refer to the cir-
cuit diagrams to locate the supply terminals.

Disconnect the power, then insert IC1,
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Fig. 8.

IC3, IC8 and IC9 into their respective sockets.
Reconnect the power and check for the fol-
lowing pulses using either a logic probe or
an oscilloscope.
- Pin 6 of IC4 socket: a 2-MHz clock pulse;
- Pin 17 of IC4 socket: 50 Hz very short
duration pulses.

The next step is to disconnect the AC power
supply and connect instead a 9-V DC supply
to the points 3 and 4 on the main PCB (+Ve
to point 3). Next, check the presence of 50 Hz
very short duration pulses to pin 17 of the
socket for IC4.

Author’s design of the main controller printed circuit board.

Display PCB assembly
Fit all the components, except the LEDs, to
the display PCB as shown in Fig. 9. Start
with the resistors, diodes and transistors.
Next, fit the key switches, complete with the
caps, ensuring the correct orientation. The
pins of the switches should be pushed
through the PCB only far enough to enable
them to be soldered. You may find it easier
to solder only two diagonally opposite pins
at first. Once the switch alignment is satisfac-
tory, the remaining pins may be soldered.
Mount the LCD display unit to the PCB
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Fig. 9. Author’s design of the display printed circuit board.
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Fig. 10. Internal construction of the central heating controller.
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CENTRAL HEATING CONTROLLER (2) a

COMPONENTS LIST

DISPLAY PCB

Resistors:

3 22kQ R20;R21;R22
4 1kQ2 R23-R26

1 10k preset H P20
Semiconductors:

6 1N914 D20-D25

3 BC108 T20;721;T22
2 yellow LED 5mm D20;D21

1 red LED 5 mm D22

1 green LED 5mm D23

Miscellaneous:

1 EA-D16015AR LCD module (Epson UK;
STC part no. 029662B)
click-effect push-button

black key cap (Maplin FF88V)
white key cap (Maplin FF49C)
LED clip 5 mm

$20-525

N\ IR )

with four small nuts and bolts, using Vs-in
spacers between the module and the PCB.
Connect the LCD module to the PCB with
the aid of short lengths of tinned copper
wire. Note that the LCD module is a CMOS -
device, and precautions should be taken to
prevent damage caused by static electricity.
Before handling the LCD module, discharge
yourself to an earth point, and use an ear-
thed soldering iron bit. Once the display is -
wired to the PCB, treat the whole PCB with
the same care.

Finally, wire the display PCB to the main
PCB with stranded wire as shown in Fig. 11.
Then check the wiring and soldering very
carefully.

Testing and adjustment

At this stage in the assembly, further testing
is advisable. In order to do this, the remain-
ing ICs should be inserted into their respec-
tive sockets on the main PCB. .

Connect up the power, and check the
LCD module for the display message:

-(C) 1990 ....
If the display remains blank, or shows blank
squares, adjust the contrast with P20 until the
displayed message is clear. The usual setting
for P20 is close to the minimum. Should,
however, the display show random patterns,
or remain totally blank, regardless of the
contrast adjustment, switch off and check
both PCBs for short circuits, dry joints, etc.
The data and address lines are particularly
suspect at this point.

Standby timing adjustment

If all is well so far, the standby timing circuit
may be adjusted. The heating control system
software helps you at this point by providing
a calibration routine.

Connect a 9-V supply to points 3and 4 on
the main PCB (+Ve to point 3). Ensure that
the copyright message is scrolling across the
display. Next, press the HEATING switch,
SW24. The the display will change to



RADAR DETECTOR

Radar signals are used in nautical navigation systems for vessel
positioning and distance readings where visibility is restricted.
Unfortunately, radar equipment is pretty expensive, so that many
owners of small yachts have to make do without an ‘electronic eye’.
With the aid of the detector presented here these ship owners can,
however, implement a basic warning and positioning system by
making use of radar signals from other ships.

ADAR installations make it possible to

survey large areas with the aid of elec-
tromagnetic waves. Not surprisingly, most
radar equipment is produced for the avio-
nics, military and nautical industries. Since a
radar system includes a transmitter, its activ-
ity can always be detected. Most radars emit
a pulsating RF signal at a frequency between
2 GHz and 12 GHz, and receive their own
signals, which are reflected by objects within
the covered area. The relative strength and
the delay of the reflections are measured and
used to determine the distance and the size
of the object. This system allows the area
around the radar installation to be mapped
and surveyed.

For non-professional applications, such
as pleasure craft, radar is often too expens-
ive. Consequently, most pleasure craft can
not sail when there is heavy rain or fog.

The radar detector presented here is a
low-cost way of using the radar signals of
professional craft to prevent collisions, and
provide a basic way of ship positioning
where visibility is restricted. A LED indica-
tor starts to flash, and an audible warning is
given, when a radar system is detected with-
in the receive range of the detector. To the
navigator, these signals are a sign that an-
other ship is approaching. The detector is di-
rectional, that is, it can be aimed at the radar
source for an approximate distance and po-
sition reading,.

Frequency bands

Since the peak pulse power emitted by a
radar transmitter is of the order of kilowatts,
a relatively simple receiver can be used to
detect the pulsating RF signals. Parts of the
frequency bands listed in Table 1 have been
reserved for radar systems. It should be
noted that certain frequencies may be shared
with other services, such as radio and TV
microwave links, satellites, mobile services
and radio amateurs. The primary or second-
ary services in a particular band are deter-
mined at a local (often national) level by the
relevant telecommunication authorities. For
example, although radio amateurs are

M.R. Ebbell \|

Fig. 1.

allowed to use certain sections of the 23 cm
and 24 cm bands (L-band), they are forced to
share them, on a secondary basis, with
powerful radar transmitters used for auto-
matic aircraft identification systems in-
stalled near military airports. Since the radio
amateur service has a secondary status in
these sections of the band, the interference
caused by such radar stations has to be put
up with.

Radar systems for nautical applications
usually work in the X band or the S band.
More precisely, in the X band the section
from 8.5 GHz to 10.68 GHz is assigned to
radar, while in the S band two sections are
used: 2.3 GHz to 2.5 GHz, and 2.7 GHz to
3.7 GHz.

Although designed to detect X band sig-
nals, the present circuit will also work with S
band radar systems, so that it is suitable for
all conventional nautical radars.

Prototype of the radar detector, seen from the solder side of the PCB.

The effective range of a nautical radar de-
pends on the transmit power and the height
of the antenna. Table 2 lists the most import-
ant characteristics of currently used radar
systems. It should be noted that the transmit
powers are peak pulse values, not continu-
ous levels. The radar transmitter is pulsed to
enable distances to be measured (when the
transmitter is off, the receiver is on to detect
the reflected signal). The transmitter pulse
rate determines the maximum distance that
can be measured. The longer the pulse spac-
ing, the longer the signal will have to travel
to cause a reflection that can be measured re-
liably. Because of the pulsating operation,
the continuous power rating of most radars
is only a fraction of the peak pulse power.

In practice, the range of a radar system
depends on a number of factors, including
the transmit power, the directivity of the an-
tenna, the propagation characteristics of the
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band used, and atmospheric conditions. The
frequencies used for radar are so high that
the propagation of the signals is largely simi-
lar to that of light. This means that a micro-
wave radar can not, in principle, see objects
over the horizon. In practice, however, dif-
fraction, scattering and partial reflection in
some atmospheric layers give a radar system
a range that extends just over the horizon.

Circuit description

The circuit diagram of the radar detector is
given in Fig. 2. Although the circuit is de-
signed to receive very high frequencies, it is
relatively simple. The only RF parts in the
circuit are a detector diode Type 1IN23 and a
rudimentary type of antenna which is con-
structed with the aid of the diode fitting. To
achieve maximum sensitivity, a small for-
ward current is sent through the 1N23. This
current is supplied by transistor T1. The
diode current rises considerably when an RF
pulse is received on the antenna. The resul-
tant current pulse causes T1 to conduct har-
der and supply a voltage pulse at its
collector. In this way, the pulsating SHF
radar signal is converted into a pulse train
that can be processed by low-frequency cir-
cuitry. The pulse rate and duration depend
on the radar system received by the detector.
In general, the pulse rate will lie between
400 Hz and 4 kHz.

The large changes in the collector current
of T1 cause the voltage at the +input of
opamp ICic to drop considerably. The volt-
age at the inverting input remains stable
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Circuit diagram of the radar detector.

much longer because of capacitor C5. The
output of the opamp goes low when a radar
signal is received. Components Ro and D4
limit the output signal of ICic to a value of
33V.

A further opamp, IC1d, is used to convert
the short pulses into a signal with a fixed
pulse length of 1 ms. The output of this
monostable multivibrator is applied to two
sub-circuits. Opamp IC1b amplifies the pul-
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ses supplied by ICid, and drives a small
loudspeaker. The output signal of ICid is
also fed to a single-phase rectifier that con-
sists of R14, R15, C10 and D7. Capacitor Ci10 is
charged via R14 and D7 as long as the output
of IC1d supplies positive pulses. The capaci-
tor can only be discharged via Ri5. Since R15
has a much higher value than R14, C2 can not
be discharged completely until the pulse
train from IC1d has ceased. When C2 is kept
charged, the inverting input of IC1a is at a
higher voltage than the non-inverting input.
Consequently, the LED in optocoupler 1C2
lights, and causes an oscillator based on the
transistor in IC2 to operate. The generated
AF signal is fed to the loudspeaker via resis-
tor R17. At the same time, LED D1o lights.
Switch 51 allows the loudspeaker to pro-
duce either the detected pulses or the con-
tinuous warning signal. The same switch is
also used to switch the detector on and off.
The battery voltage is filtered with the aid
of R20 and Ci11. Diode D9 limits the circuit
supply voltage to about 13 V and prevents
the circuit being damaged by overvoltage.

The supply voltage of the detection diode is
reduced to about 8 V by D2 and R21, with ca-
pacitors C11 and C3 providing additional fil-
tering, and C4 and Cé ensuring the required
RF decoupling of the power supply.

Construction

As shown in the photograph of the proto-
type, the detection diode is mounted cen-
trally at the track side of a round
printed-circuit board. The crucial part in the
circuit, the 1N23, is a point-contact diode
with an extremely low stray inductance. The
device, which is probably familiar to those of
you who have ‘microwave’ experience, has a
white ceramic body and gold-plated termi-
nals. Since the device is easily damaged by
overheating, it must never be soldered. Al-
ways secure the diode with the appropriate
fixing sockets, which can be salvaged from
surplus SHF military equipment such as the
famous APX-6 transponder (a visit to an
electronics surplus shop will probably se-
cure the 1N23 and the associated fixing soc-

Fig. 3.

Component side view of the radar detector PCB. A six-way terminal block is used
to connect the supply, switch S1, the LED and the loudspeaker.

kets as spare items). It should be noted that
there exist a number of equivalent or near-
equivalent types of the 1N23, all of which
can be expected to work in the circuit. One
near equivalent, the DC1504 from NEC, is
shown in the photograph of the prototype,
Fig. 1.

The antenna of the radar detector consists
of a 15-mm dia. plate soldered to the anode
connector as shown in Fig. 2. A short piece of
wire connects the antenna to Ci-R2 on the
printed-circuit board. Although a purpose-
designed PCB is shown in Figs. 2 and 3, the
circuit should also work without problems
when constructed on a piece of veroboard or
stripboard.

The completed circuit board and the at-
tached detector diode must be fitted in a met-
al enclosure with a small hole drilled in the
front cover. The hole is drilled at a position
facing the antenna fixed to the detector
diode. The hole gives the radar detector a di-
rectivity of about 25°.

Depending on the mode selected with S1,
the loudspeaker produces either the rattle of
the received radar, or an intermittent alarm
sound with pauses of about 1.5s. As already
noted, the frequency of the received radar
pulses depends on the system used. In prac-
tice, you can expect almost any frequency be-
tween 400 Hz and 4 kHz. The sound is
probably produced as short bursts because
radar antenna rotates. Usually, the antenna
has a speed of 22 rotations per minute, which
results is bursts with a repeat rate of 3 sec-
onds. You can tell the presence of more than
one ship equipped with radar when the de-
tector produces bursts with a repeat rate
shorter than 3 seconds. To determine the ap-
proximate position of a radar source, hold
the detector in your hand and slowly turn it
horizontally, sweeping the horizon. &
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