




TIMECODE
INTERFACE
FOR SLIDE
CONTROL
PART 1: SYSTEM
OUTLINE

Noticing that the projector
is running out of step with
the audio programme is
pretty embarrassing when
your friends and relatives
have gathered to watch
your carefully prepared
slide presentation. The
circuit described here
ensures perfect synchronization between the slide controller and a music or voice
programme recorded on tape. This is achieved by recording an accurate time code on a
tape track and playing it back later, sending commands to a slide projector contro!.

A. Rigby

QVER the past few years we have pub-
lished a number of circuits related to

electronic slide control systems. Many
photography enthusiasts and photo-
graphers' clubs are now using two or more
projectors to bring life to otherwise rather
dull slide presentations. At some stage, it
will be required to add sound to the presen-
tation, and be able to have some special ef-
fects such as fading one slide into another.
These functions invariably require an elec-
tronic slide projector control, a lamp dim-
rner, and a system to synchronize the audio
track on a tape recorder to the projector con-
trcl.
The circuit described here records time

signals on a tape track. This is done at fixed
intervals, allowing projector control COID-

mands to be accurately timed and pracessed
by, for instance, a computer. Similar systems
are also available commercially (at a much
higher cost than the circuit described here),
and are generally identified as being based
on timecode synchranization.
Ta be able to make optimum use 01 the

circuit, you will need the following equtp-
ment: a slide projector contral (Ref. 1), a
multitrack recorder, slide prajectors and a
computer. The computer can be a pe or a
microprocessor-controlled stand-alone sys-

tem. Such a system, based on a Z80 micro-
processOT, is currently being developed and
will be published in a future article.
The complete system is capable of con-

trolling the slide projeetor and the timecode
interface. The practical use is basically as fol-
lows. The computer is used to program a
slide presentation with all the possible ef-
fects such as 'fades', 'twinkles' and lamp in-
tensity changes. Next, the presentation is
coupled to a music/voice programme on
tape via the timecode interface. The time in-
formation used to ccntrol the slide projector
is recorded on track 3 or 4 of the tape, and
allows the user to define the exact instants
when a slide contral command occurs. This
provides perfeet synchronization between
the tape and the slide projector. A change in
the timing in the series only requires a differ-
ent timing code to be recorded. This can be
done at an accuracy of 10 ms, which is quite
a luxury eompared to hand-timing the
pulses, which hardly a!lows contral signals
to be moved baek and forth if a correction is
required.
As already mentioned, timecode systems

are available commercially. These systems
are pretty expensive, though, and olten do
not include the neeessary lamp contral cir-
cuits, or 'faders'. The system proposed here
is much eheaper. has a performance which is
at least equal to commercial systems, and is
suitable for 4 to 16 projectors.

The principle
The time code is recorded on tape as aserial
signal with a bit rate of about 1,000 per sec-
ond. The system is suitable for reel and eas-
sette tapc recorders. The logie ones and
zeroes that form the digital controlsignal are
eonverted into bursts of 5,000 Hz and
2,500 Hz respectively. Each byte (8 bits) re-
quires about 10 ms. A complete digital ward
consists of one startbit, etght databits, one
parity bit and two stop bits.
One nibble (4 bits) allows a decimal num-

ber to be stored. When 5 nibbles are uscd, we
can put a time code on tapethat sets a contral
action which is to occur 99 minutes and 59.9
seconds later (or, slightly unusually,
9999,9 seconds). This means that the ti-
mecode has sufficient capacity for use with
long-play reel recorder tapes.
Since 5 nibbles correspond to 21;2bytes,

one rubble remains for a an integrity check
on the data recorded on tape. One complete
timecode, including the checksum, takes
about 30 ms.
Since the timecode and the music pro-

gramme are recorded on the same tape, the
two are inseparable. This means that the syn-
chronization is not upset by tape stretch and
other irregu!arities during recording or play-
back.
When the tirnecode is read back from the

tape, the resolution can be increased by hav-
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Fig. 1. Block diagram of the time code interface.

ing the computer ca1culate times in between
recorded time codes. Note, however, that
this implies that the computer dock must be
capable of working on its own, without (0-

pying any incorrectlydecoded time informa-
tion. When the timer is used in manual
mode, the lugher resolution intervals are not
applicable. since we have enough trouble as
it is detecting codes in 0.1-5 steps and re-
sponding to them with the appropriate ac-
tion. For manual use, the timecode interface
can be equipped with a LED read-out that
shows the current time. This read-out is
modular and based on LED units used in the
Elektor Electronics Digital Train System
(EEDTS, see Ref. 2). When the tape is played
back, the Interface can be disconnected from
the computer and used as a digital tape
counter.
The timecode interface is perfeet for use

with the projector contral system described
in Ref. 1.We have no reservations about call-
ing the resulting slide presentations profes-
stonal and timed to perfection.
Those of you who have already looked at

the photagraph of the prototype may won-
der why it has four line signal sockets, where
only two are expected for a two-way re-
corder connection (one input and one out-
put). The two extra sockets allow a new data
format to be generated that contains all the
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information about a certain slide presenta-
tion. This enables a presentation with a
sound programme to be started at any point
in the slide sequence. More importantIy,
however, the extra format makes the use of
floppy discs optional while still ensuring
that the Information about the sequence re-
mains coupled to the sound programme.
During the development of the slide presen-
tatiou, time codes are generated on a pe and
sent to a stand-alorte controller. Next, the
new da ta format is recorded on another tape
track. By virtue of the information on this
track, the actual presentation can then be run
without a PC

A look af fhe hardware
The hardware for the timecode interface is
designed to allow a minimum amount of
software to control both the timecode system
and the (optional) read-cut. In principle, it is
possible to record and retrieve the serial code
direct to and from the magnetic medium.
This is usually done with the aid of a serial-
tc-parallel converter. Such a system, how-
ever, requires continuous read and write
operauons on the tape, which can be proble-
matic if a reliable RS232 connection is not
available on the computer.
Here, the hardware is capable of gather-

E
T•

i.ng all bytes that form a code. and storing
them until the next code is available. lf
necessary, the computer can call up a certain
code. Note, however, that the code can be
read out only once to prevent the system
reading incorrect codes. The data can be read
by the computer at high speed in parallel
form. Likewise, the writing of data to the ti-
mecode Interface. and from there to the tape.
Is a simple process that requires little time.
The block diagram in Fig. 1 illustrates the

operation of the system. The most important
part is the bidirectional senal-te-parallel
converter. Data is recorded on the tape and
played back as aserial signal, In the circuit,
however, a11information is processed as par-
allel data.
The format converter is capable of trans-

mitting and receiving independently. The
clock oscillator determines the speed of the
serial signal, which, incidentally, may be set
differently for transmission and reception.

Transmit operation
The parallel data applied to the unit by the
computer is converted into aserial data-
stream that consists of logic ones and zeroes.
Next, these digital levels are converted into
tone bursts of 2,500 Hz üogic 0) and 5,000 Hz
(Iogic l ). The dock frequencies used for this
conversion are derived from the convetter
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clock. Before the bursts are sent to the tape
recorder, their level is adapted, and the
bandwidth is limited.

Receive operation
The data retrieved from the tape is amplified
and subsequently digitized by a Schmitt-
trigger. A frequency detector recognizes the
two burst frequencies, and converts them
into logic 1s and Os which are apphed to the
serial-to-parallel converter. When the data is
valid, the 'data available' (DA v) signal is ac-
tuated, and the data appears on the parallel
outputs of the converter.

Data processing
A time code consists of three bytes which are
held together as a unit by a byte shifter and
a code detector. When the converter detects
the start of a new dataword, the previously
loaded ward is shifted one location in the
byte shifter. In this way, the system can hold
up to four bytes at a time. The 'oldest' byte is
lost when the next ward appears.
To enable the system to recognize a com-

plete code in the datastream, the codes are
separated by short pauses. This results in the
DAV signal being active langer during a
pause than in between bytes that form a
code. This is detected by the 'code detect'
block, which also serves to feed the received
code to the display. When the codes are not
used, the display will strnply show them one
by one as they are retrieved from the tape.

Computer action
The synchronization function of the circuit
requires that the time Information can be
read, recognized and processed. This is
achieved via an Interface that allows the
computer to detect the presence of a ti-
mecode. The code detector outpuL is Iatched
in the computer interface with the aid of the
CLK (clock) !ine. A buffer, wh ich also serves
to read other signals, allows the computer to
test for the presence of a code. Ta prevent
new databytes being loaded, the shift input
is also switched to the computer interface
when a code is present.

The computer interface allows the code to
be read and processed on a byte-by-byte
basis. When the read operanon is finished,
the latch requires areset stgnal before it can
accept the next code.

Timing of the datastream
It will be clear that the bytes that make up the
time code must be sent in quick succession to
enable the system to detect them as a coher-
ent block. We must take intc account how-
ever the code detection time as well as the
time required to convert a byte to serial for-
mat and record it on the tape. Since the par-
allel-to-serial converter can not handle
further data just after receiving a byte. and
has only roorn for two bytes. there is a re-
quirement for the system to signal that the
next databyte can be offered. This is
achieved by using the TBMT (Transmitter
Buffer eMpTyl signal supplied by the con-
verter. A new da ta byte can be applied as
lang as TMBT is active, indicating that the
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Fig. 2. Circuit diagram of the timecode interface.
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transmit buffer is empty after sending a byte
to the internal shift register.

The write speed of the system is ensured
by sending the bytes that form a code at the
time the buffer is empty. Due care should be
taken, however, to leave sufficient time be-
tween codes to enable them to be detected as
coherent blocks during reception.

The above system works on the assump-
tion that the TBMT outpur of the converter is
continuously monitored. Another possibility
is to send the next byte just before the end of
the previous one, under interrupt contro!.
This allows the system to handle other tasks
in the mean time, without being fully 'tied
up' with the interface.

The interface is based on two possible
speeds, 10 ms/byte and 5 ms/byte. These
speeds allow interrupt cycles to be used of
20 ms and 10 ms respectively (two bytes can
be sent during an interrupr). Ta make sure
that the code can also be read back under in-
terrupt control, a minimum pause of one in-
terrupt period is required.

Computer interface
The interface between the timecode control-
ler and the computer is relatively simple,
and consists of a few lCs only. The PC and
the timecode Interface communicate via the
universal T/O interface for IBM pes (Ref. 3).
As already meutioned, we have in the pi-
peline a stand-alone Z80-based control card
designed to assume the function of the PC
This card also has an interface for the slide
controller, and offers pe control and manual
contral 3S options.

Circuit description
The practical realization of the above func-
tions Js shown in the circuit diagram in
Ptg. 2. The heart of the circuit is formed by
the parallel-to-series format converter, a
UART (universal asynchronous re-
ceiver/transmitter) Type AY3·1015D, JC4.
This le is capable of converting data from
serial to parallel and parallel to serial. These
operations are independent and may run at
different speeds.
First, the parallel-to-series conversion is

described, i.e., the writing of data to tape .
The timing diagrams in Fig. 3 through 6 il-
lustrate how the conversion works. The
numbers that identify the signals in the tim-
ing diagrams correspond to those found at
various points in the cirruit dia gram.

Perallel-to-series conversion
Figure 3 illustrates how a parallel ccde is
converted i.nto aserial signal that is recorded
on to tape. The signal direction is basically
via IC" and a pulse at the DS (data strobel
input 01 10 (signal 1). The tape signal is
shown as signal 6. First, the code is con-
verted from parallel into serial format. The
serial output signal, 4, available at the SO
(serial output) pin 01 JC<, is fed to JC12.

A clock oscillator based on a 4060, IC3,
determines the bit rate of the serial signal.
The electronic switches in lC12 seIect be-
tween two clock speeds, which rnay be set in-
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dependently for transmission and reception.
The clock oscillator also determines which
frequencies are fed to gates rC12a and ICI2b.
lCll forms a frequency selector controlIed by
the level of the so output of JC4. ICl divides
the output signal of K'rzc by etght. Assuming
that the lower bit rate is used. this results in
fourperiods for a logic 1,and two periods for
a legte 0, corresponding to frequencies of
about 5 kHz and 2.5 kHz respectively. At the
lügher bit rate, the nurnber of penods is
halved (but the frequencies remain the
same).

You may wonder why we have gone to
all this trouble when the outputs of the 4060
already supply the required burst frequen-
cies. The reason is that the signals at the
divider outputs are not synchronaus with
the UART output signal (remember, the
UART derives the timing of so from its clock
signal). lf the bursts are not genera ted syn-
chroously with the SO signal. frequency
changes could occur in one pertod. resulting
in signal peaks, tape saturation and other un-
wanted effects that cause trouble when the
data is read back from the tape. In the pres-
ent circuit, the synchronism Is actually
achieved by C8 and R13, which reset IC2 (sig-
nal 5) on every legte 0 (which occurs at the
start of a serial word). This ensures that
cvery dataword starts with a well-defined
'low' period.
Components R14, RlS and C9 form a level

conversion circuit as weIl as a lew-pass filter.
The output signal is Iimited to about 1 Vpp.
Electronic switches lC20a and IC20b determi-
neo to which output the recording signal is
fed.

Serial-to-parallel conversion
At the tape input of the interface. switches
IC20d and Kaocdetermtne wbicb signal is fed
to amplifier lC1. The gain of JCl is made ad-
justable with preset Pt to allow the sensitiv-
ity of the circuit to be matched to the
playback level of the tape recorder used. ICl
is set to amplify the sinusoidal input signals
with respect to halfthe supply voltage. Next.
the signal is converted into a pulse train from
which the logtc ls and Os can be extracted.
This is achieved in a reliable mannerby mak-
ing use of a specific characteristic of HCMOS
integrated circuits, in which the digital level
(0 or 1) is related to half the supply voltage.
This means that a gate in the 74HC132 pack-
age forms an ideal zero-crossing detector if a
little hysteresis is added. Mind you: IC1S
must be a HC type, not a HCT type.

Assuming that the data recovery circuit
works, pin 8 of lC1S supplies a copy of the
signal sent to the tape recorder (signal 6). To
eliminate the 1800 phase shift introduced be-
tween the input and the output of some tape
recorders, switch S1 alJows the digital datas-
tream to be inverted.

As shown in the timing diagrams, signal
7 consists of two frequencies that must be
converted into legte Os and ls (see also
Pig. 4). The falling signal edges (signal 7)
statt a one-shot, IC13, whose output pulse
width is set to about 75% of the period of the
highest burst frequency. When the Q output
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Table 1. Address assignment in the timecode interface.

(signal 8) returns to legte high, the level of
the input signal is latched in TC14i'1.As illus-
trated in Fig. 5, a logic 1 is latched at a high
frequency, and a logic low at a low fre-
quency. The decoded signal (9) is fed to the
serial input of the UART via electronic
switch rC21a. The result of the serial-to-paral-
lel conversion is available on pins 5 through
12 of 1C4. The DAV output of the converter
(signal 10) indicates that a new byte has been
read.

The byte shifter discussed earlier is
formed by ICs, 1C6 and IC7. A rising edge at
the CLK input of TC? (signal 13) causes the
byte to be transferred from the input to the
output. At the same time, MMV (monostable
multivibrator) lC14b is started. A little later,
IC14b starts another MMV, IC13b. The setting
of TC13b clocks rC6 (signal 14), while the re-
setting docks ICs (signal 15). This results in
all bytes available via Ks, K6 and K7 being
shifted one position.

Disregarding the computer interface for
the rnoment, signal 13 is the result of the DAV

(data available) signal (10). At the end of the
DAV signal, a new byte enters the byte shifter.
DA v is reset by the start bit of the next byte
received.

Besides controlling the byte shifter, signal
10 starts the code detector formed by ICl7b
and IC18b. If signal10 is still at legte 1 when
the Q pulse is finished (this occurs when a
code is received), a legte 1 is latched in IC18b
(signal 17). A start bit of the next byte in a
subsequent code (signal 9) resets this infor-
mation again via ICI7a. The received code
can be visualized by connecting 2'12 'EEDTS'
address display moduJes to K5, K6 and K7.
The code dtsplayed remains stable until a
new valid code is received.

When input B is used, the display is
switched off because it would show a differ-
ent data format that makes no sense to vis-
ualize.

Communication with the computer
Connector .K9 may be connected to the
universal 1/0 interface (Ref. 3) or to any
other equipment that provides a similar con-
trol bus. The PC 1/0 interface keeps the ad-
dress decodtng in the timecode circuit
simple. The address selection signals are
available at the outputs of 109, (read) and
IC'9b (write). Table 1lists the functions of the
selection lines. The RDAV signal allows us to
check the status of the code detector (signal

17). When a code is ready for readtng. this
condition is stored in 1C18a (slgnal 20). This
bistable blocks signal 10, which prevents the
code being changed in the mean time. The
TEST signal (19) is used to read the informa-
tion held by buffer lC9. TEST indicates that a
code has been detected.lf it is active, the da-
tabytes can be read or shifted with the aid of
RDDAT A (2]) and SHIFT (12) - see Fig. 6.
The code detector is restarted by signal

22, RDAV. The Q output of ICI8s resets the
code detectorvia IC17a. The UART is written
to with the aid of tbe WRDATA stgnal.
The WRTAPE signal enables input A or B to

be selected via IClO, a monitor position to be
switched (SO, signal 4, is fed direct to SI, sig-
nal S), and the transmitter and the receiver to
be switched to the high bit rate via THICH and
RHICH.
The remaining inputs and outputs of rC9

and IClO are brought together on connector
KlO, which is intended for options related to
recorder control.

Status signalling and power supply
LEDs are used at a number of positions i.n the
circuit to indicate the configuration selected.

A voltage regulator, lC23, Is provided on
the board to enable the circuit to be powered
by a mains adaptor when used in stand-
alone applications without a computer link
(tape playback only). Components R3s to
R40, 01 and C22 ensure that the interface can
read tape stgnals recorded at the low bit rate.
Switch S2provtdes a selection between com-
puter supply or adaptor supply. 0

Ccntinued in tne September 1991 ieeue.
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INTERMEDIATE PROJECT
Aseries of proJeets for the not-so-experleneed construetor. Although eaeh artiele
will deserlbe In detail the operation, use, eonstruetlon and, where relevant, the
underlylng theory of the projeet, eonstruetors will, none the less, requlre an

elementary knowledge of electronle engineering. Eaeh projeet In the serles will be
based on Inexpenslve and eommonly available parts.

MODERN LEDCLOCK

Clocks, as most of you will be aware, can take many shapes and
sizes. Here is one with a fairly unusual read-out, intended as an eye

catcher on your desk.

As shown in Fig. 1, the 29 LEDs on the
front panel of the dock are arranged in

four groups: 12 for the hours indication, 6 for
the lO-minutes indicaticn, 10 for the
minutes, and 1 for the seconds indication.
The read-out works as follows: suppose it is
3.54 (a.m. or p.rn.). This time is indicated as
follows: in the top bar, the third LED from
the left lights (3 hours): in the centre bar, the
LED at the extreme right (50 rrunutes): and in

J. Ruffell

the lower bar, the fifth LED from the left
(4 minutes). The time indication is, therefore,
obtained by adding the va lues indicated by
the three bars.

The circuit
The clock consists of three main parts: a
counter, an adjustment circuit, and a read-
out. These functions are easily located in the

••••••••••••1 a 3 4 5 6 7 B S ~ n u
Itour.

••••••O~ao304050••••••••••o 1 234 5 B 7 B S•
mlnut ••

Itour.

circuit diagram, Fig. 2. The mains frequency,
50 Hz, is applied to the dock input of
counter TCl, which divides the clock input
signal by 50. Its Q2B output supplies the sec-
onds pulses. If the mains frequency is 60 Hz,
pin 11 of lC1 should be tied to ground in-
stead of to the positive supply line.
The second counter, IC4, is wired to

divide by 60, and supplies the minutes
pulses, i.e., a rectangular output signal with
a period of 1 minute. Via an XOR gate, NI,
the minutes pulses are fed to the clock input
of a 4017 decade counter, Lu. The ten LEDs
at the outputs of the counter, 01-010, form
the minutes read-out. When IC3 reaches out-
put state 10, it supplies a high level at its
carry-out (CO) pin. This pulse clccks a sec-
ond 4017, JCs, via XOR gate N2. The second
decade counter counts to 6 and drives the 10-
minutes indicators, 011-016.
Every time Q6 of lC6 goes high, the

counter resets itself via 032. This happens
when 6 periods of ten minutes, or 1 hour,
have elapsed. The hours pulse is fed to a
third 4017 counter, le?, via XOR gate N3 and
bistables Fltt and FF2. Since we require an in-
dication of 12 uruts (12 hours), the hours
pulse can not be fed direct to the 4017, which
can only count to 10. The first bistable
divides the hours pulses by two, so that the
counter is advanced every two hours rather
than every hour .

A 12-hour indication is obtained by reset-
ting the counter when value 6 is reached (Q6-
RST ccnnection), and using the Q and Q
signal of bistable FFI to control two driver
transistors that, in turn, control two groups
of six LEOs connected to the outputs of lC7.
This works as follo ws. The first dock pulse
sets FF1, so that the Q output goes high, and
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the Qmitput low. Thisswitches on T2,so that
one of the LEDs D23-D28Iights. The Ofo-t
transition at the Q outpur of FFI sets the sec-
ond bistable, FF2,which actuates its Q out-
put and thus clocks IC7, while Tl Is switched
off (because Q is low). The two bistables
toggle on the next dock pulse supplied by
N3. As a result, Tl starts to conduct. so that
olle of the LEDs 017-D22lights. The other
group of LEDs, 023-028, is switched off via
T2.The counter, IC7, does not receive a dock
pulse, and remains at the previous state until
the third dock pulse occurs.
You may wonder at this stage w~ the

second bistable, FF2,is used when the Q out-
put of fFl could control Tl direct. We found
it a pity not to use the second bistable when
it is available anyway in the 40131C. Its pur-
pose here is to allow you to start the clock at
0.00 h exactly. By making sure that FF2is set,
and FFl is reset, when the clock is switched

MODERN LED CLOCK

000000000000
123 4 567 8 9 W ff U

000000
o W20304050

hours

10minutes

0000000000
o 1 2 3 4 567 8 9

o second

minutes

set
10min. min.hours

I

Fig. 1. Suggested front panel layout of the lED clock.
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Fig. 2. Circuit diagram of te lED clock. Note that the circuit is powered by a mains adaptor with an output of 12 Va.c.
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T INTERMEDIATE PROJECT

00

~

Fig. 3. Track layout (mirror image) and component mounting plan.

011, the tWQ transistors are switched off dur-
ing the first hour, allowing you to start the
clock at 0.00 h exactly. Without the bistable,
this would have the be done at 1.00 h. which
we found less usual.
Note that although IC7 is advanced every

two hours, a different LED lights every hour.
The clock is synchronized by appIying

the t-Hz signal to the inputs of the minutes,
10-mi~utes and hours counters. This is
achieved with the aid of three push-buttons,
51,52 and 53, and three associated XOR gates,
Ni. N2 and N3. The push-buttons are con-
nected to R-C debouncing networks to en-
sure reliable response of the dock setting to
the actions on the keys.
Without a proper reset pulse, the decade

counters, res and IC7, could start at a value
higher than 6 when the dock is switched on.
Since in that case none of the LEDs lights, it
would appear as if the dock is not functional
when it is switched on. To avoid this, gate N4
supplies a well-defined reset pulse, which is
also used to start the dock at 0.00 h.
The power supply is conventional, and

based on a three-pin fixed voltage regulator
Type 7810 (lCs). The input voltage to the
board is supphed by the secondary winding
of a 12-V transformer.

eEPS.B96139

COMPONENTS LIST

Resistors: 220!1F 25V C6
2 18kll Rl ;R18 100 p.F 16V ca
3 lMO R2;R5;R6 10jJ.F16V C9
5 3900 R3;R4;R8;RI4;

R15 Semlconductors:
2 l00kll R7;R13 29 LEO 01-029
1 12kll R9 5 lN4001 030;035-038
1 8kll2 Rl0 4 lN4148 031-034
1 471<!l All 2 8C547 Tl;T2
1 l20kll AI2 2 4866 IC1,I04
2 27kD R16;R17 1 4070 IC2

3 4017 IC3;IC5;IC7
Capacitors: '[ 4013 IC6
1 47nF Cl 1 7810 tos
7 1QOnF C2;C3;C4;C7;

C,O,C,,;CI2 Miscellaneous:
2nF2 C5 3 Digitastpush-button S1;S2;S3

Construction
Since the dock is a relatively complex de-
sign. it is best to build it on the printed-cir-
cuit board shown in Hg. 3 rather than on
protoryping board. The construction itself is
straightforward once you have produced a
good quality PCB from the track layout

given. All LEDs and the three switches are
accommodated on the peB, so that the wir-
ing is limited to the two a.c. supply connec-
tions.
The dock is housed in a black ABS endo-

sure with a front panel to the design in Fig. I.
Once you have rested and adjusted it, put it
on your desk! •
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Fig. 3. Track layout (mirror image) and component mounting plan.

on, the two transistors are switched off dur-
ing the first hour, allowing you to start the
clock at 0.00 h exactly. Without the bistable,
this would have the be done at 1.00 h, which
we found less usual.
Note that although rC7 is advanced every

two hours, a different LED lights every hour.
The clock is synchronized by applying

the I-Hz signal to the inputs of the minutes,
lO-mihutes and hours counters. This is
achieved with the aid of three push-buttons,
51,52 and 53,and three associated XORgates,
NI, N2 and N3. The push-buttons are con-
nected to R-C debouncing networks to en-
sure reliable response of the clock setting to
the actions on the keys. .
Without a proper reset pulse, the decade

counters, rcs and IC7, could start at a value
higher than 6 when the clock is switched on.
Since in that case none of the LEDs lights, it
would appear as if the clock is not functional
when it is switched on. To avoid this, gate N4
supplies a well-defined reset pulse, wh ich is
also used to start the clock at 0.00 h.
The power supply is conventional, and

based on a three-pin fixed volta ge regulator
Type 7810 (lCs). The input volta ge to the
board is supplied by the secondary winding
of a 12-V transformer.

Construction given. All LEDs and the three switches are
accommodated on the rCB, so that the wir-
ing is limited to the two a.c. supply connec-
tions.
The clock is housed in a black AB5 enclo-

sure with a front panel to the design in Fig. l.
Once you have tested and adjusted it, put it
on your desk! •

Since the clock is a relatively complex de-
sign, it is best to build it on the printed-cir-
cuit board shown in Fig. 3 rather than on
prototyping board. The construction itself is
straightforward once you have produced a
good quality rCB from the track layout
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MULTIFUNCTION 1/0 CARD FOR
PCs

\

This insertion card for IBM PCs and compatibles is the gateway to
PC-based control of almost any type of equipment. Based on the
familiar 8255 PPI from Intel, the card offers no fewer than 16 relay
outputs, 8 electrically isolated digital inputs, and 24 programmable

I/Olines.

MOST industrial control systems used
these days are based on PLCs (pro-

grammable logie controllers). wh ich provide
a smaU amount of 'intelligence' to handle
automated processes at various points along
a production or assembly line. Usually. the
function of a PLC boils down to errar detec-
tion and correction. For example, in a paper
works, the sheets of paper produced by a
machine will need to be packaged. This is
usually done by rolling the sheets on large
spools, Since the paper leaves the machine at
a constant speed. and the effective diameter
of the spool increases as more paper is rolled
on to H, the rotational speed of a spool will
need to be controlled to prevent the thin
sheet of paper being tom. Such a task can, in
principle, be handled bya PC equipped with
the I/O card described here.

The circuit
The present 1/0 card is a relatively simple
design because the hardware is geared fully
to switching and control applications. The
circuit diagram in Fig. ] shows the general

ELEKTOR ELECTRONICS JULY/AUGUST 1991
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structure of the interface. The data and ad-
dress stgnals for the I/O card are supplied
by the pe via a bus extensicn connector. The
databus is buffered by a 74HCT245 octa I
bidirectional drivet, IC9. The address lines
are buffered with unidirectional drivers, a
74HCT24D nc,» and a 74HCT244 (JCn).
Sincethe I/Ocard uses only 10address lines,
the remaining drivers in ICn are used to
buffer contral signals IOWR, lORD, RESET
and AEN.
The address buffer ICs are followed by an

address decoder, which takes the form of a
PAL (programmable logic array), lCl2. This
IC, which is available ready-programmed,
performs certain combinatorial logic func-
tione that would otherwise have required a
fair number of integrated circuits. The PAL
selects two address blocks in which the two
PPIs (programmable peripheral interface)
Type 8255 are accessed. The 8255 is used
here because it is inexpensive, widely avail-
able, and simple to program.

The l/O ports of lC14 are wired direct to
connector Kt. The outputs of the other 8255,
leI3, are connected to the on-board relays

MAIN SPECIFICATIONS

Un!vetsalllO card lor Pes end
compatible.

16 relays wlth ehangao"",
contacts

8 optoeoupler inputs for lUIl
eJectrical iso1ation

24 digital input/output IInes

• Buffers lor .11 PC signals
Inexpensive and compact
Based on PPI 8255; simple to
program in BASIC or Pascal

and optocouplers. Port A is connected to op-
tocouplers ICl-IC8, while port lines PBD-PB7
and PCD-PC7 are buffered by two ULN28D3
driver ICs that control the relays. The drivers
ensure minimum loading of the 8255 out-
puts. and their built-in output diode sup-
presses back-e.rn.f pulses when a relay coil is
switched off. PPI port Bswitches relays Ret-
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MULTIFUNCTlON 110 CARD FOR pes

Res, ana port ~ relays R~R~l~.
Sirtee tlte relays are types wirh a ehange=

cver contact, YQU have the choice between a
riormally open (NO) and a nonl\allLelö~eol
(N~) contact to sWt Y01:l:tappUC'1ti9p· The re-
lays used here are Siemens Type v2S04ö-
A0001·!l201. These are quite sturdy,
a!th9ugn they w~gh only 6 g The gold-
plated, rhodium-eoated, ~9I1tp.~~~~ made
of palladium-niekel, Aeeording to the manu,
f~GWl'er, t,i)e c;;Qnt~~sare ri.it~g i.it a maxj-
mum current_öf 2 A at a voltage of 150 V G.C.
or 125 V ä.c, The pnnteet"tirruit board. bow-
ever, fcrms a limitmg factor here, because
tn~ copper tracks connected lo tlie relay con..
tacts rnay not carry more than 1. A. Also !1öt~
that the tracks are not suitable for high volts
ages.
. Digit8j Input ~igM.M;~re m~R§lAIectvja
optcccuplers Ihat eüsufe elecrricäl isolätion
berween the pe and thc p~ripheHll equip-
ment· Because of tne !nv~rting runenon of an
optocoupler, a 199i~ N8P inP\;t [eve] 18fe<19
as a logie 0 by the pe. The optocoupler iN
P1Jt~are fitteQ w~th 1lli..rr~nthmiting [eSlst;ors,
[f necessary, U1~valti~ ot thes~ resistors is
aclapfedl to suit the apFlieG völtäge level. LI;.
Thc resistors value. R, is simple to calculctc
froni

R" Ui/I

where lli~~ between 5 mA and 10 mA. rh~
LEDs in rhe optocouplers are fitted With par,
~ll~l diedes that protect them agatrist too
high rev~r$~völtages

Building tl'le ccrd
The constrüctiön of the 1/0 card i~simple,
arid inerHs Itttle eömment. The rraek layöuts
and component overlay ef the deuble-sided
through-plated pnnted drcutt Board ere
shown in Fig. .4. Ready-made boards sup-
plied through our Readers Services are pro,
vided with· gol@-wlatect pee bus eontaet
nngers. All componerus. Jncluding the re=
laY$, äre fitted ön the böard. The telay eÖIE
tacts are brought out to connectcrs I6., :K3, .K4
and K~,[nptifsjgnal~ are applied to lhe card
via connecror K6, while th€ programmabje
1/0 Iines of PPIIG:14 are available on connec-
torKl.
Th~flM~~l?l~sCQnnet;;t~9tQ the IIQ ~Q.r9

will häve tö enter the pe enelösure nt n suit,
able locanon. in view of tt.e universal eharae;
ter er the preseiu 1/0 card, there i(? no Qth~r
way, In sötpe cäses, the p~Will have to "ge
left open dunng Initial tests. Later, when the
eaed and ecntrel software have passed the
Nst pl1M~~i~more permärient solutien will
heve tö be found to deal with the flatcables.
The only eörtn~cto~;dtrectly ~t~~§$ibi~i~t

tht; ft;M Qf th~ compurer is a 25-way 0 ty~e
th~J C9M~~t~PPI I<~'j4tö the rt;~tlwo·rlg. nut'
eonneetor prorrudes frofil an a!Un'tiniuift fix-
ing plate used to 5€'CUi'e the IiO cärd to rhe
metal frarne at the rear cf the Fe;.
The card [nust be given Hs approprtare

address betöre it Is fitten intö a free bus ex~
tension slot. Two jumpers are used for the
address setting in the 1/0 rang~ 9~tw~~n
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o REH controlling mUlti-!/O-card for IBM-pe in BASIC
10 CLS
20 ibmio int.erface lest.
30 )(00 addn:.ss 0: &H300-&H307 1: Ii.H308-30F 2: &H310 &H317 3: &H318-31F
40 )('&H30Q+X"&H8
so
601\1·)(+0: 81')('1: Cl=X'2: CTRLI X.3:
701\.2=)(>4: 82-)('5: Cl )('6: CTRL2 X'7
80 OUT CTRLI ,&H9B:
90 OUT CTRL2.Ii.H90:
100
11 0 CLS
120 LOCATE ]3,l:PRINT "Testing 1/0"
1]0 LOCATE 10,1
140 FOR ]'0 TC 7
1500UTB2,2!
160 GOSUB 240
170 NEXT I
180 FOR 1.0 Ta 7
190 OUT Cl,2']
200 GOSUB 240
210 NEXT 1
220 PRINT HEXS(INP(A2»,INP{All,INP{BlJ,INP(ClJ
230 GOTD 120
240 FOR J.Q Ta lOO:NEXT
250 RETURN

... eddr-e s se s
1/0 ..ddr-e s se s

Al, BI en Cl input
A input B "nd C output.

lest. of 1/0 ports

91002!1-12

Fig. 2. Sampie test program for the 1/0 card.
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CONTROL

880038 - 14

COMPONENTS LIST

Resistors:
16 lkn Rl-R16

Capacitors:
6 100nF Cl-C6

Semiconductors:
8 CNY17-2
j 74HCT245
1 74HCT240
1 74HCT244
1 PAL l6L8 (ESS 5991)
2. 8255·2
2 ULN2803
8 lN4l48

iCHC8
ICg
IC10
ICtt
IC12
IC13;IC14
IC15;IC16
Dl-08

Miscellaneous:
16 PeB-mounl change-

over rslay, SV, e.q. Siemens
V23040·A0001·B210
25-way male sub-D
connector w11h angled
solder pins

5 26·way male box header
1 prlnted-circuit board

Ral-Rale

Kl

K2.-K6
910029

300H and 31FI-Lin which the card occupies a
block of 8 adresses. The jumpers set the fol-
lowing base addresses:

300
A3
A4

310
A3
A4

318
A3
A4

308
A3
A4

In most cases, one of these base addresses
will be free to accommodate the 1/0 card. If
a11four of them are available, you may even
insta11four 1/0 cards.

Control software
The heart of the circuit is formed by the two
8255 PPls, which need to be programmed
depending on the control function of the 1/0
card. The internal structure of the 8255 is
given in Fig. 3. The three 8-bit 1/0 ports con-
tained in the IC are arranged into two groups
of one and a half port each. This unusual di-
vision is the result of the hand shake facilities
offered by the PPI, which can be used in one
of three basic modes:

Mode ü:
Model:
Mode 2:

basic input/output
strobed Input/output
bidirectional bus

The mode selection is effected by sending a
control word to the 8255. As shown in Fig. 3,
Port C is the odd man out because it consists
of two 4-bit ports that can be used for 1/0 as
well for handshaking and interrupt. Each of
the two 'half' ports is connected to the other
two, 8-bit, ports.
The special internal structure of the 8255,

which Is really an I/Odevice with two 12-bit
ports, is also reflected in the contral of the lC.
The organization of the control ward, and
the function of the individual bits may be
found in the datasheels of Ihe8255. Note thaI
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Fig. 4a. Component mounting plan and component side track layout (mirror image) 01 the double-sided, through-plated pes.
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lesoorel

Fig. 4b. Solder side track layout (mirror image).

the port lines can not be set to input output
individually - this is only possible for the
entire port. Bit 7 is always '1' when selecting
a mode.
The simplest setting is Mode 0, in which

the processor only has to perform read or
write operations on certain registers. A port
programmed to function as an output can be
read back at any time. The use ofMode 1and
Mode 2, and the programming of bit 7 in the
control ward are not covered here, since the
PPl is always used in Mode 0 on this card.
Further details on the 8255 can be found in
the datasheets supplied by Intel, as weil as in
Data sheet book 2, an Elektor Electronics publi-
cation.
The PPI outputs arecapable of supplying

a maximum current of 1 mA at an output
voltage of 1.5 V. This allows an output port
line to be connected to a darlington transistor
or an integrated darlington driver. The cur-
rent sink capability of the output lines is
about 2.5 mA.
The Jisting in Hg. 2 is a small BASIC pro-

gram intended to help you on the way to de-
veloping your own software for the 1/0
card. The program shows how the PPIs are
initialized, and how the relays and the opto-
couplers can be tested. The relays are en-
ergized in succession, and the logic levels at
the optocoupler inputs are continuously
read. The port lines of PPI Kte ere defined as
Inputs, and their logic level is shown on the
screen. •
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Fig. 4a. Component mounting plan and component side track layout (mirror image) of the double-sided, through-plated PCB.
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Fig. 4b. Solder side track layout (mirror image).
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the port lines can not be set to input output
individually - this is only possible for the
entire port. Bit 7 is always '1' when selecting
amode.
The simplest setting is Mode 0, in which

the pracessor only has to perform read or
write operations on certain registers. A port
programmed to function as an output can be
read back at any time. The use of Mode 1and
Mode 2, and the programming of bit 7 in the
contral word are not covered here, since the
PPI is always used in Mode 0 on this card.
Further details on the 8255 can be found in
the datasheets supplied by Intel, as well as in
Data sheetbook 2, an Elektor Electronics publi-
cation.
The PPI outputs are capable of supplying

a maximum current of 1 mA at an output
volta ge of 1.5 V. This allows an output port
line to be connected to a darlington transistor
or an integrated darlington driver. The cur-
rent sink capability of the output lines is
about 2.5 mA.
The listing in Fig. 2 is a small BASIC pro-

gram intended to help you on the way to de-
veloping your own software for the I/O
card. The program shows how the PPIs are
initialized, and how the relays and the opto-
couplers can be tested. The relays are en-
ergized in succession, and the logic levels at
the optocoupler inputs are continuously
read. The port lines of PPI IC14are defined as
inputs, and their logic level is shown on the
screen. •
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BLACK-AND-
WHITE
VIDEO
DIGITIZER
Most of you will know that
processing video images
on a computer requires a
video digitizer.
Unfortunately, these units
do not come cheap. The
circuit described here is a
low-cost, yet quite
advanced, video digitizer
with excellent
performance. Designed for
use with the Acorn
Archimedes computer, and
complete with a powerful
software package, it allows
video images to be
captured, loaded into
documents, and converted
to different graphics
formats for exporting to
other computer systems.

J. Kortink

IN recent vears, the use of software and
hardware tools to mtcgratc Images, sound

and text on a computer has been boosted by
the rise of the graphics user Interface (GUI),
which allows the user to have a good indica-
ti on of the printed result simply by looking
at the screen. This seems logreal. but used to
be impossible on computer systems based on
text only.
The RiscOS (reduced instruction set com-

puter operating system) irnplemented on
Acorn's Arehirnedes computer is among the
most advanced of GUls, offering a host of in-
terface options and support software.
The digitizer described here converts

video signals supplied by a TV set, a cam-
cerder. a video recorder, or Cl video camera
with a still-pietute facility, into digital data
that can be processed by the Arehirnedes.
The support softwate for this project offers
all the routines required to edit the captured
pictures until the user is satisfied with the re-
sult. Special filters have been implemented

ELEKTOR ELECTRONICS JULY/AUGUST 1991

in the software that enable errors in the im-
ages to be corrected, and the contrast to be
opttrruzed.

The da ta formats used for thepicture files
enable these to beexchanged between differ-
ent applications. Furthermore. the files can
be converted to standardized Formats such
as GIF and TIFF. This a\lows any MS-DOS
pe, Commodore Amiga, end even a UNIX
workstation to use the digitized pictures.
AlM, the picture processing program de-

veloped by the Departrnent of Applied
Physics of the Technical University of Delft,
Holland, is capable of importing the picture
files produced by the digitizer. This means
that the hardware described here is suitable
for educational purposes as weIl as ad-
vanced studies into picture analysis, compo-
sition and processing.

The circuit
Video signals are much more difficult to con-
vert than audio signals, mainly because the
process of digitizing the analogue input le-
vels must run at a fairly high speed, and syn-

MAIN SPECIFjCAilONS

Vertical rssofutlen:512,~5~y,j28
dots . "

• H9rf:Z<?,nta1 t~sollJ,VC?!l:- ~40,3200r
.160 dets

• Ma'X. number cf gray values: 256

• Qcc.upies one podule ~qt

Mal(<<c,onvl!rs~pn time: ?5.~
ACC'epi~ cvss slgnals

• GIF and TIFF file converston and
expprt

Cemplete with '1ll!!ti-tasking
software 0 ce Wt

FQ!"all Archimede,s systems: A3xO,
A4xO.A5x~

Inexpenslve,,,,nd simple 10build

chronously with the video information ap-
plied to the A-D (anatogue-to-digital) con-
verter. The latter requirement can be met by
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making use of the synchronization (sync)
signals contained in the input signal.
Although the above functions appear

pretty dauntmg. we have managed to keep
the digitizer simple, resulting in a compact
circuit built on a single Eurocard-size
(10x16 cm) printed circuit board. The ad-
vantages of the digitizer over competitive
designs are rnainly the lower cost and the
simpler construction. On the down side, it
should be noted that the A-D conversion can
not be run in real time, which results in
slightly more time required to capture the
pieture. In practice, this should not be a
problem since most of the previously men-
tioned video sources are capable of sup-

plying a still pieture for about 2.5 seconds.
The circuit diagram of the video digitizer

is shown in Fig. 1a. Basically a so-called
simple podule, the cireuit is add ressed in one
of four 16-KByle address blocks reserved by
the IOC. The podule operates in fast mode.

Podule ident
The jumpers around ICl transmit the podule
identifieation to the operating system. The
function of the identification bits is given in
Table 1. Bits 1, 2 and 7 are fixed; the others
can be set to 0 or 1 as required by placing the
appropriate jumpers. Bits 3 through 6 set the
identification nibble to $E (hexadecimal), en-
abling the RiscOS to recognize the podule,

and loeate it in the memory. where it is ac-
cessed with the aid of fixed subroutines.
The podule is selected by the PS signal at

pin C22 of connector Kt. The selected ad-
dress is then available on address lines LA2-
LA15 (pins A2-AI5), while the data appears
on lines BDO-BD15(pins AI6-A31). Since the
Archimedes works with words (01 32 bits)
rather than bytes. the two lower address
lines, LAO and LA1, are not used.
As indicated by the two schematic draw-

ings, the digitizer consists of an A-D conver-
ter (Fig. la) and an optional circuit (Fig. lb)
that may be used as an extra I/O port on the
Archimedes.
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Sync separator
As shown in Fig. 1a, the video signal applied
to the digitizer follows two paths - one
leads to the AOC chip (an ADC0820) via a
buffer and a clamping circuit, and the other
to an LM1881 via a coupling capacitor. The
LM1881 is a synchronization separator that
extracts the horizontal sync (HSYNC, pin 5)
and the vertical sync (VSYNC, pin 3) from
the composite input signal. In addition, it
suppltes an odd/even field indication signal
on pin 7 (for interlaced video signals), and a
composite synchronization signal (CSYNC,
pin 1). Here, the HSYNC signal supplied by
the LM1881 is used mainly by the hardware,
while the VSYNC and odd/even stgnals are

processed by the software. The latter two are
fed to thecomputer via IC3,an octal bus buff-
er Type 74HCT245. IC12, a 4066 bilateral
CMOS switch, res tores the black level of the
video signal after every HSYNC pulse. The
drive to the ADe is set with apreset, P1.

Analogue to digital conversion
A black-and-white video signal can be con-
verted from analogue to digital by taking
sampIes of the luminance (brightness) com-
ponent. This is achieved with an ADC, ICID.
When the start condition occurs (pins 8 and
13 are braught low simultaneously with
pin 7 held low permanently), a sampie is
taken of the video signal, and stcred inter-
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Fig. lb. Cireuit diagram of the automatie brightness extension and the 18-bit 1/0 port.
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nally. After about 1.2 us, the conversion is
complete. and the digital value of the sample
is available. Next, the ADC signals to the
computer that the conversion is finished by
actuating the !NT (interrupt) line. At the
same time, the digital value is stored in ICH,
an 8-bit register. Next, the INT line is c1eared.
Since the interrupt signal is fed to a binary
counter (lCs, a 74HCT4024), it is a simple
matter to count the number of conversions
since the last HSYNC pulse. The lower four
bits supplied by the counter are read by the
software via JC3,a 74HCT245. The counter is
reset by the CSYNC pulse, so that its output
value is nought at the start of every picture
line.
A complete picture Iine. inc1uding the

HSYNC pulse, has a length of 64 us (PAL B,
G and I systems, line frequency 15,625 Hz,
raster frequency 50 Hz). Realizing that the
distance between successive sampies is
about 0.1 us at the maximum resolution of
640 picture elements, it will be clear that the
ADC is too slow at a conversion time of
1.2 us. Since we da not want to use the latest
of (very expensive) video ADCs, we are
more or less forced to run multiple sarnpling
operations on a single picture line.
Apart from the hardware, the software

and the data transmission to the computer
memory are hmiting factors in this respect.
In practice, each picture Une is sampled
64 times before it is completely digitized.
This sets the time between successive
samples to 6.4 us. A disadvantageof this sol-
ution is that the picture has to be stable for at
least Y2sx64=2.56s.
Since every picture line has to be sampled

so often, the sampling times must be fixed
accurately. This is achieved by dividing the
6.4-Jls Interval into sixty-four 0.1-J.15slots.
The sarnpling Instant rnust rnove by exactly
one slot on completion of each successive
sampling operation.
After the complete picture line has been

digitized, the software fetches the data from
the memory, and puts the 640 sarnples in the
right order.

Counters
The exact starting instant of a sampling se-
quence is determined by IC4, ICs and IC13.
The first two are 74HCT163s that form an 8-
bit counter clocked by the 24-MHz system
clock supplied by the Arehirnedes rnother-
board. On the motherboard, this clock signal
is sent to the VIDC (video processor) via a
jumper, where it is 'tapped' and fed to the di-
gitizer. This sirnplesolution saves you the in-
vestment in aseparate 24-MHz oscillator.
When the counter runs free, its outputs

QA to QD supply signals with period times
of 1.33 us, 2.67 us. 5.33 us and 10.67 ps re-
spectively. Of these, the 5.33-Jls Signal is
used to contral the ADe. Note that this is not
the 'ideal' dock of 6.4 us. Fortunately, we
need not sampie the sync signals at the start
and the end of the picture Iine - the avail-
able 53.3 JlS then cover most of the video con-
tents of the picture line.
During the HSYNC pulse, the 8-bit

counter is loaded with the content of lC13,a
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Fig. 2. Prototypes of the digitizer, with (Iett) and without (right) the optional extensions.

74HCT574. The value determines the time
between the HSYNC pulse and the first time
output QC of ICs goes low. After that, QC
will go high, toggling with 5.33-~s 'low'
pauses. and enabling the ADe during the
'high' periods. After shifting the sampling
starttng instant 64 tim es, the content of the
entire picture line has been sampled.

A built-in option of the circuit is that the
load pulse of IC4 and lCs can be blocked via
bistable [0, and AND gate IC6d. This allows
the software to control the behaviour of the
QC output of the counter via buffer le3 and
dataline 8011.

The four address selection signals are
derived from the LA2, LA3 and LA4 address

Table 1. Podule identification word

Bit 0: 0 ~ podule gene rates IRQ
"'1 = podule does not generate

IRQ
Bit 1: '0 ~ podule present

1 = podule not present
Bit 2: 0 = podule generates FIRQ

""1= podule does not generate
FIRQ

Bit 3~6: pcdule Identiticatlonnibble
(0 ~ extended PI)

B1I7: 0 ~ Acorn
*1 = other manufacturer

..Option used in thls dlqltlzer

bits on the podule connector with the aid of
a 74HCT138, JC,. Thisdecoder is actuated by
the PS signalsupplied by the computer via
pin 4 of the podule connector. Since IC13 is a
write-only device, its selection signal is
ANDed with PWE (podule write enable).
Similarly, the selection signal for the read-
only devices, TCl, lC3 and IC14, is ANDed
with the PRE tpodule read enable) signal.

As shown in the circuit diagram, the da-
tabus is 16-bits wide, and used fully to read
back address 4. This allows the computer to
load an 8-bit sample and the other relevant
information in a single read operation.

Extra features
The circuit diagram of the (optional) extra
I/Oport implemented on thepresentpodule
is shown in Fig. 1b. The port consists of four
ICs: three PCF8574s and one PCF8591. The
PCF8574s together form an 18-bit 1/0 port.
and the PCF8591 a stngle-clup ADC/DAC.
All four ICs are controUed via the 12C bus
provided on the Arehirnedes. This bus. de-
signed by Philips (Ref. 1) allows integrated
eircuits to communicate by making use of a
simple three-wire connection and a com-
munication protocol. The Iz'O lines are
brought out to a 40-pin PCB header.

When fitred. the PCF8591 ADC/DAC is
recognized by the digitizer software. The
analogue output of the ADC/DAC may be
connected to the reference input of the main
video ADe, ICw, to implement an automatie
brightness contro\. If this option is used, omit
Pt, and connect pin 12 of ICw to pin 15 of

IC1S. Furthermore. the analogue ground of
Kta (pin 13) is connected to the circuit
ground (pin 8 or 12). Prom there on. the soft-
ware does all the werk, end automatically
presents a 'sensitivity' contral option in the
menu.

Construction and test
The digitizer is built on a single printed cir-
cuit board that is readily fitted into the
Arehirnedes. This peB is double-sided and
through-plated (see Fig. 3). lt occupies one
podule siot. One side has a 64-way DIN (a-c
row) eonnector, the other an aluminium fix-
ing plate whieh is secured to the computer
endosure with the aid of two screws. The fix-
ing plate offers sufficient space for the BNC
eonnector, which is connected to pe1 and
PC3, and the sensitivity potentiometer, P,.

Since the extra 1/0 channels are optional,
the relevant lCs need not be htted as yet. The
same goes for connector K2, the three resistor
arrays R9, R16 and R17, resistors RIO-R15 and
preset P2.
The construction of the PCB is straight-

forward if you follow the indications on the
overlay. and thecomponents list. Thesupply
decoupling capacitors may be fitted at the
sold er side of the peB, or, if IC sockets are
used, underneath the ICs. The fixing plate is
secured to the PCB with the aid of two small
aluminiuni brackets.

The terminal marked '1' on the digüizer
board is connected to a short wire fitted with
a jumper. On the Arehirnedes rnotherboard.
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Fig. 3a. Component side (above) and solder side (below) track layout of the printed-circuit board.
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Fig. 3b. Componentmounting plan.

COMPONENTS LISTthis jumper is fitted on pins 1 and 2 pf plug 3
(Model 300), or plug4 (Model 400). The jum-
per already fitted is removed.
Users of a video enhancer should note

that this unit works with a dock of 36 MHz
on pin 2 of plug 3 or plug 4. This means that
the digitizer clock lead must be connected to
pin 1 only. which carries the 24-"M1-Izclock
signal.
After fitting the video digitizer in a fTee

podule slot. and connecting the clock lead to
the motherboardyset the jumpers to hexade-
cimal value 'E'. This is done by fitting jum-
pers in positions I A' and 'B' only. Jumpers
'G' and 'H' may be used to change the base
address of the Ks on the rc bus. These [um-
pers are normally not fitted, enabling the rc
devices to be accessed at their default base
address. Lastly. jurnper 'F' is fitted only
when the video source requires to be termi-
nated in 75 Q. This will be the case for most
video equipment. When the source is not
properly terminated, several errors may
occur, even inc1uding a 'no video signal'
prompt on the screen. lf a11 is well so far,
elose the computer, and concentrate on the
software.
Switch on the computer, and type 'po-

dules' to get an overview of active podules.
The video digitizer should report as 'simple
podule $E'. If this is so, it is recognized by the
systcm. and likely to be functional.
The best setting of the brightness (sensi-

Resistors:
4 B-way 4kQ7 array
2 2200
1 22k!l
1 27k!l
1 750
1 680k!l
7 4k!l7
1 1kfl pctenticmeter
1 5k!l preset H

Rl ;R9';R16';R17'
R2;A3
R4
R5
R6
R7
R8;Rl0-.R15
Pl'
P2'

Miseellaneous:
1 64-way a-c row male Kl

bus ccnnectcr (DJN)
40-way PCB heaoer, K2
angled, with eject handles

1 BNC socket
1 jumperblack
9 jumper
1 aluminium fixing pfate 25x129mm
2 angled bracket
1 prtnted-circuit board 910053
1 software on utsk: order code ESS 1591

Capacitors:
2 47~F 16Vradial
21 100nF

Cl;C14
C2-C13;C15-C18;
C19-C23' ~required tor opttonal l/O ports and autcmat-

ie brightness centrot
Semlconductors:
2 74HCT245
1 74HCT138
2 74HCT163
f 74HCT32
1 74HCT74
1 74HCT4024
1 74HCT14
1 ADCOB20
1 LM1881
1 74HCT4066
2 74HCT574
3 PCF8574'
1 PCF859l'

lCl;IC3
IC2
1C4;ICS
IC6
IC7
1C8
IC9
IC10
ICll
IC12
lC13;IC14
lC15;lC16;IC17
lC18
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tivitv) potentiometer on thedigitizer must be
detemuned empirically. The grey scale in
the standard TV test chart may come in
handy here, and will result in a good calibra-
non. When the automatie brightness control
is used (with the PCF8591), theadjustment is
made with P2 rather than Pt (which is then
not used). After adjusting P2, the software is
used as a 'fine' control to set the optimum
brightness.

The control software:
powerful and flexible
Thecontrol softwäre for the video digitizer is
supplied on an Arehimedes-format 31;2-inch
diskette, which contains a number of utilities
that support the Interface.
To begm with, we have !VideoDigi, a

complex piece of multi-tasking softwäre that
arranges the digitizing of the video signals
and their subsequent processing and storing

Table 2. Podule address functlons

Address 0: read only
bits 0-7: podul .. Ident

Address 4; read only
bits 0-7: di,gitlzed video
information
bits 8-15: status bits 01 IC3
blt 8: HSYNC
bit 9; lISYNC
blt 10' Odd/even
blt 11; 5.33-~s signal
bits 12-15: sample counter

Address 8; write only
blta 0-7: start value of
8..bit counter IC13

Address 12;" write cnlv
btt 0: bistable IC7a
(enable/disabl e free
counting)

1/0 components accessed via tne inter-
nal I'e bus:

PCF8S74-based 1/0 port:
ICIS = 0100 - xOO'
ICI6 = 0100 - x01'
ICI?" 0100 - x10'
x = 1 wnen [umpar H is not fitted

x "" 0 when [umpar H is titted

PCF8591 ADC/DAC:
ICte = 1pO-1x00'
x = 1 when jurnper G is not fltted
x = 0 wnen jumper Gis litted

The Ievet of Ihe LSB. ", depends cn
whether a read er a wnte operation fol-
IOWs: -l = 1 indicates a read operation,
,. = 0 a wrtte operatlon.

Jumpers G and H may be litted 10avoid
contlicts wtth other hardware extensions.
Jumper G must not be fitted when the
automatte brightness contro! is used.
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BLACK-AND-WHlTE VIDEO DIGITIZER

Fig. 4. The powertut RiscOS software allows the digitizer 10 operate in a multi-tasking
environment. A number of routines are available 10enhance the 'frezen' sampies.

ifll)histogralfl C
ifl\} Threshilld
itll> MiniflltJM ('2~.l
itü Maxio'ltll'l L2%J
itü Mean
irü uar iance
i",)naxil'lul'I c,d
ifll}Error: Operation on inconpatibi",}sI'IaxiMlfll c.b.d l'1.i _
i/ll)

[[jj]j3 ~J lItiI!!IIIliiiiiil e. i~~Iß 116:43221 V~,..~HardPisli: 18 RAH Te Pat'alhl • ,..,~'" ßrlll3 .... ;1 ,

Fig. 5. Linked to !AIM, the digitizer podule and the associated software turn the
Archimedes into a near-protesstonat image processing system.

in memory. lt should be noted that the pro-
gram !VideoDigi works only with the di-
gitizer podule fitted in the computer. The
moduleealled !Videodigi.VideoDigi used by
this applieation mayaiso be used in your
own programs, whence the extensive do-
cumentation file included on the diskette. In
this doc file you not only find details on the
operation of the program, but also a dis-
cussion of rhe built-in SWI modules.

The programs !AnimDigi and DigiAnim

enable the digitized pictures to be used for
video animations as used in, for instance, an
eJectronic photoshow .

File standard conversion, file com-
pression. and file exporting, are achieved
with the routines !MakeGif, !MakeTiff and
FulltoAIM. •

Reference:
1. Inter-re communications", Elektor Elec-
tronics September 1990.



BLACK-AND-WHITE VIDEO DIGITIZER I

o 0
o

o 0 0
o

000

010o 0
o

o 0
o 0
000
o 0

§ ~a
.. m
.. m
.. m
.. m
.. m
.. m
.. m
.. m
.. m
.. m
.. m

IIE200l'ei

o

~1~ : 01
~;~I
o~~o

o ;\; 00

~O; ~~

:·~I~!
~ • 1111;·

o 0
o
000
o

o 0 0 0 0 0.:: . -I

Fig. 3a. Component side (above) and solder side (below) track layout of the printed-circuit board.
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WOULO YOU BEAN INVENTOR?

MOST of us have misconceprions abour
other people's jobs, particularly ifthose

jobs, such as those 01' the scientist, the SUf-
geon, the detective, the inventar, have a cer-
tain amount of (generally false) 'glamour' at-
tached 10 thern in the popular eye.

I am an inventor, It is not für me to say
thar my job is more misunderstood rhan
most, butI oftengetthat impression. The gen-
eral public has a lot of'erroneous ideas in pop-
ular circulation about invenrors and inven-
tions.

How and why did I become an inventor?
Theansweris simple: I wasjust built that way.
Born with the insatiable curiosity of a mon-
key, I simply hadto know how a rhing worked
and, having found out, worried and worried
as to how it could be made to werk better.
That is the nature arid background of practi-
cally all inventors.

You rnay be surprised if I say that I do
not think that there is anybody in the world
today who enjoys fame or fortune solely by
reason of being an inventor, or who rnakes a
good living out of it. J am writing, of course,
about real inventors and, in order to under-
stand what a real inventor is, one must first
understand what is rneanr by a real inven-
tion.
A real invention is quite strictly defined

by the Law and is the subject of a 'Patent
Specification' in one 01' rnore of the world's
Patent Offices. Unless this is so, the device,
whatever it may be, has no status as an in-
vention, and consequently the inventor 01'

his representative can obtain no redress for
'infringement' .
Patent Law lays down without ambigu-

ity what rnay or may not constitute an in-
vention, defined Jegally as a 'patent'. For
all practical purposes, the terms 'patent' and
"Invention' are synonymous.
You may not patent a device which is ob-

viously intended 10 be used for an improper
(illegal) purpose.
There are peculiar restrictions relating to

the patenring of devices that may be used
for war purposes.
You may not patent a 'fundamental prin-

ci ple ' . Tbis is very irnportant and requires
some explanation. The fact is not so stated
in patent law, but is inherent in its opera-
tion. Thus, if you have invented, say, a new
cooking vessel, you may not describe your
invention (in the patent specification) as a
'vessel for containing and cooking foodstuffs',
since this would make every saucepan and
casserolein the worldan infringementofyour
patent! You would be patenting a funda-
mental principle-that of a hoUow container.

You may not, of course, patent a device
that has been 'covered' by a previous patent
specification or wh ich has been published
previously elsewhere.
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So much for the 'rnustn'rs'. Now for the
'rnusts' .
YOlLfinvention must be novel. That is to

say that your device must eontain some rel-
evant feature which has not been described
elsewhere. Thus, your new cooking vessel
may be described as 'a vessel for containing
and cooking foodstuffs with an automatic self-
raising cover (or lid)'. The novel part of
your invenrion (wh ich also absolves you
from the charge of seeking to patent a fun-
damental principle) is the 'automatic self-
raising lid'.
Your invention musr be practical. You must

describe exactly how your device is to bemade
01' constructed, and how it is intended 10

work. Ir must be made clear to the exarniuer
at the patent office that your device can be
made and will work as YOLl have described
ir, otherwise he may refuse ro gram the patent.
This is obviously necessary for two reasons.
Firstly, a patent to a certain extent consti-
tutes an official guarantee, and it is undesir-
able that impractical patents should be foisted
upon the public. Secondly, if these rules
were not enforced, the world's patent offi-
eies would soon be cluttered up with use-
less patents.
Patent laws were originally devised 'for

the encouragement of invention and the fur-
therance of trade'. The idea was that an in-
ventor would be protected, ar least for a
time, agains those who might steal his ideas
and rob hirn of credit and reward for his
work. This was the intention at the incep-
tion of Patent Law.
The real inventor then is the originator of

a patent or patents. This does not necessar-
ily mean that he has a knowledge of patent
law, though most experienced inventors do
require such knowledge. Modem conditions
make it alm ost essential for hirn to employ
a Patent Agent, a sort of cross between a lawyer
and a scienrisr (mostly lawyer), who is corn-
petent to draft patent specifications and con-
duct business with the Patent Office. This
relieves the inventor of a mass of essential
but routine work that need not concern him
in detail. Patent agents' fees may be a seri-
ous embarrassment to an amateur or 'free-
lance' inventor,
No invenuon is ever entirely novel in its

conception (before you invented your new
cooking vessel, YOLl were obviously famil-
iar with such devices, so me of which prob-
ably came very elose to your own idea). The
inventor then endeavours to obtain what in
patent law jargon is known as 'knowledge
ofprior art'. This means an extensive search
and reading of the literature and previously
published patent specifications (the services
of the Patent Agent are invaluable here) re-
lating to the the device in which he is inter-
ested.

lt may be rhat (so far as you are aware)
the device wh ich you have 'invented' is so
far unknown and of a highly specialized na-
ture. When you (or your patent agent) start
digging into 'prior an ', you will be astonished
to find how many previous arrernpts, rnore
or lesssuccessful, have been made to produce
a similar device. That is to say, if you are
new 10 the garne. If you succeed where the
others failed, it will probably be because
you have the advantage of more up-to-date
materials and techniques, Thus, the German
Nipkow was the real inventor (in the year
l880) of our present system of television.
He understood clearly the principles involved,
and produced theessential device(the 'Nipkow
disc'), but we had to wait for the 'electronic'
techniques of the 20th century before the
system as a whole could become a practical
proposition. That led in irs turn to the out-
moding of the 'Nipkow disc'.
Having made himselffamiliar wirh 'prior

art' and thereby (let us hope) assured hirn-
self that his invention has novel features,
the inventor must make a 'model' or 'proto-
type' t.o prove thar in practice the thing does
really work jusr as he intended, and so thar
hecan describe accurately in his patent spec-
ification exacrly how it is made and how it
does succeed in doing what he claims that it
will do.
With the size and complication of mod-

ern devices, all of this naturally costs a lot
of money. The successful birth of even a
simple invention may set the inventor back
flOO or so. If he is a 'free-Iance ' inventor,
and he wishes to get credit and money for
his invention, this is the point where his
troubles statt, after the successful issue of
his patent!
Let us ass urne that he has or has acquired

manufacturing facilities for his invention. lf
it i5 a commercial success, there will be im-
itators, almost certainly infringing his patent,
so me of them unknowingly perhaps, others
deliberately. The onus is upon him to fight
them in the courts. TI,;s can be a frightfully
expensive business. Big business organiza-
tions have been known to infringe patents
owned by smaller Iirms or individuals de-
liberately and without compunction, secure
in the knowledge of their ability to ruin the
patent-owner with the cost of an action for in-
fringement, and so forcing hirn 10 abandon
the action. The private 01' smaIl-time inven-
tor is always and completely at the mercy of
these people. Remember, the onus lies upon
him both to discover (not always easy) and
to fight the infringemenl.
Consequently, we seldom hear of a suc-

cessful small-time or free-lance inventor
nowadays.
The inventor of roday is generally the

ernployee of a business organization. For
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the free-Iance inveruor, the risks are too
greai and the rewards (I f collected) are too
small. Yet, invention still goes on, albeit
mainly in the laborataries of the big indus-
trial organizations.
Does the employee-inventor fare any bet-

ter? Let us look inro this.
Though there are many successful inven-

tars in industry, there are 110 'inventors' in
industry. Thar is to say, nobody (as rar as I
am aware) is employed in industry as an 'in-
venior ' .
The extent and sophistication of modern

products and production processes offer an
astronomically extensive field for inven-
tion. Employees who are brought into elose
contaet with these products and processes
may frequently see the need for improve-
rnents. It may be the need and possibility of
a new product 01' process, or a small but im-
portaru change in an ex isting product or
process, It will depend on the skill, knowl-
edgeandenterpriseof an individual who may
thereby become an inventor, If he does so,
what will be his prospects, and what may hap-
pen to his invention?
Ir he is an employee, and certainly if he

is an employee of an organization of any
considerable size, there is a certain answer
to borh these questions. If he is a scientist,
technician or any person holding a position
that enables hirn 10 exercise judgement in
his employment, he will have been required
as a condition of hls employmetu to sign a
legally valid document binding him to as-
sign an)' invenrion that he may make whilst
in that employment, to his employer. and to
H/aive CI/! rights to benefit from the inven-
tion or inventions. He will be required to do
all the work that is necessary (apart from
the routine work of the patent agent) to se-
curevalid 'Letters Patent' .apart From his nor-
mal routine. Furthermore. when he leaves that
emplyrneru. he may be called upon to make
an assignment ofhis' patent to associate.corn-
panies (usually abroad) of his former em-
ployers. This may be months, or even years,
after leaving that employment, and he can
claim no recornpense for the trouble and in-
convenience, except in sorne cases for out-
of-pocket expenses.
ltwould seem that this practice starred with

government organizations concerned with
patents in relation to armaments, where it was
deemed necessary in the interest of national
security to have the maximum possible hold
on the inventor, after which it spread to in-
dustry in general.
Some ernployers do not trouble to make

the employee sign the document T have men-
tioned. Can the employee then claim bene-
fit from his invention. Not at all. Unless his
employer is unusually generous and has
madesome legal provision to thatend, he(the
inventor) will be compelled (if he is foolish
and ignorant enough tc do so) to go to law
to claim whar he considers to be his 'rights'.
He will be involved in expense wh ich he
can not afford, and will lose his case-and
his reputation among ernployers who might
have use of his services. He will lose his
case because the Court will be bound to de-
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eide that (if it decides to hearthe case at all)
ir is an established principle that employees'
invent.ions belong to the employer.
Is there any other possible benefit to the

inventor?
There is. The employer may, out of grat-

irude or the expectation of further inventions,
give hirn an increase in salary, or prorno-
tion, but rhis is unusual. Owing to pressure
over many years by organizations seeking
to act in the inrerests of the invenrcr. a slight
extra benefit has been gained for him. Ir was
unril a few years ago the practice of ern-
ployers to have the narne of the inventor
ornitted frorn the Patent Specification, so that
he did not even receive the benefit (for what
it might be worth) of official acknowledg-
ment ofhis invention. This has been amended,
and the inventor's name must now appear in
the specification. This may sometimes im-
prove his prospects of further employmenl.
There is another somewhat unsavoury

practice among employers that may affect the
inventor. Patent law requires that 'the name
of the first and true inventor ' should appear
in the prologue of the patent specification.
Since the specification is drawn up on be-
half the employer, and the inventor is under
his contro! as an employee, what is to pre-
vent hirn putting a name other than that of
the [irst and true inventor in the specifica-
tion? The answer is usually that, owing to
his intimateand detailed knowledge ofhis in-
vention. the inventor's co-operation is nec-
essary in developing the invention and draw-
ing up the specification. However, if the in-
vention is of any great importance, the em-
ployer will often include in the specifica-
ti on the names (as 'co-inventors') of other
people who have had little or nothing to do
with the invenrion. These are usually the names
of the inventor's superiors in the firm' hier-
archy, which appear on the specification in
precedence to his OWIl. When I look at a
patent specificaiion containing a list of co-
inventors, I assume(unless 1happen 10 know
the people concemed) that the last name to
appear on the list is rhar of the 'true and first
inventor'. Of course, co-inventars do exist.
and sorne specifications are honest in this
respect.
So much for the prognosis as far as the

inventor is eoncerned. Whar about his in-
vention? I have indicared what may ensue
as far as the private inventor (who is not an
employee) is concerned. Ler's see how the
employed inventor gets on with 'his' inven-
tion. Unless the firm that employs him has a
rnernber of the technical staff specifically
assigned 10 this task, he will have to draw
up a 'provisional specification', minutely de-
scribing his invention. In any ca se, he will
have to assist in this task. Thar's where his
co-operation is essential.
The work involved in drawing up the' pro-

visional specification' will be in addition to
his other duties for his employer. Tf his ern-
ployer is one of the less scrupulous kind, he
may be pur under pressure to allow sornebody
else's name to appear as a 'co-inventor',
even thought the person in question (gener-
ally the head ofthe department in which the

WüULD YOU BE AN INVENTOR?

inventor is employed) may have had little
or nothing 10 do with the invention. To be
fair to employers in general, 1 don'r think
that outright substitution of the inventor's
nameoccurs veryoften, buttheaddingof'co-
inventars' is quite a common practice->-
though as I have said earlier, genuine co-in-
ventors do sornetimes exist.
Ifthe real inventor is faced with this prob-

lern, there is nothing he can do about ir, other
than to resign his job, and even that doesn't
get him off the hook if rhe invention is of
any great irnportance. lf his erstwhile em-
ployer thinks that ir is economically worth-
while, he can without much trouble or ex-
pense compel his forrner employee by law
to complete the job. There is a somewhat
Gilbertian situation here when there is a lack
of trust between the parties. The real inven-
tor may so arrange things that essential in-
formation is withheld, or even false infor-
mation substituted, and then having resigned
his post go abroad, so that the employer has
to 'starr frorn scratch', perhaps hampered
byfalse information. ifhe wants topursue the
invention. Since ir is not a criminol offence
Oll the part of the inventor. and false infor-
mation can be passed off as 'rni stakes' ,there
is 110 extradition. But it musr be rare for an
inventor to be prepared or able to go to such
lengths, though such cases are known.
Having drawn up his 'provisional spec-

ificatiori' (according to strict rules laid down
by the Patent Office), the inventor sends it
to his ernployer's patent agent (who might
be another employee or private agent under
contract) who then searches Patent Office files
for any infonnation that may be relevant to
the proposed patent. The result may often
be that there is a crop of 'citarions' , rhat is,
formet paients and extracts from such paterus
ihat rnay seem to cast doubt on the validity
of the proposed patent. It may so happen
that somebody else has al ready fiied a spec-
ification or published an article or 'paper '
in a technical journal , covering the idea,
(though this is unlikely if the inventor knows
hisjob), in whichease the Invention will have
to be abandoned.
The patent agent will have been cornpe-

tent 10 deal with many ofthe 'citations, but
so me may be referred back to the invenror,
who will then have LO show that they are not
really relevant, or, if they are relevant, he
will have to modify his specification in order
to 'dodge' their irnplications. Meanwhile,
time will be passing, and somebody else
(perhaps in some other part of the world) may
also be working on the idea. Everything then
depends on the date when the inventor fi-
nally satisfies the patent office that his in-
vention is valid and the final specification is
accepted. It may still happen that somebody
else (generally abroad) has filed a sirnilar
specification in which case there will be an
expensive brawl between lawyers to decide
which specification was Iiled first, and thus
ousts the other. The inventor as an ernployee
will not be involved in this, nor in any sub-
sequent actions for 'mfringement'. But the
only reward that he can expect for his work
is 10 see his name on the final specification,
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GENERALINTEREST

Having filed the final specification, the in-
ventar will often be required to make 'as-
signments' on behalf of his employer, if the
invention is at all important. There is a big
'trade' in these inventions, finns selling or
'swapping' specifications with other firms,
usually associates or subsidiaries abroad.
Patent Law has laid down that in such cases
the 'assent' ofthe inventor must be obtained
by signature on an "assignment' form to
carry out the transaction. Only in the case of
assignrnents to the USA does the inventor
receive a 'fee' for his signature: one dollar!
There has been some grumbling amongst

ernployers about this. 11not infrequently
happens that the inventor has left his ern-
ployment, and has to be found to make the
assignment, which has to be made before a
Notary Public under oath. In sorne other
countries-notabl y the USA-the employer
can dodge this difficulty. [ sometimes won-
derhow many assignments have been forged.
One firm 1 worked for chased me für as
signments up to two years after I had left
theiremployment! My relations with thatfirm
were such that Iwould have dearly loved to
have refused-but thar is impossible under
current law.

Such is the life of an inventar. As a pri-
vate inventor he is at the mercy of anybody
with more money. As an employee-inven-
tor, he cxists only in name, whatever the im-
portance of his inventions. The employer is
under no legal obligation to make other than
ex gratia payments, and only ifthese are writ-
ten into the inventor's contract of employ-
ment. Organizations claimed to be acting on
behalf of invenrors have struggled for years
10 obtain a betrer deal, but so far without
success. Almost invariably, the inventor's only
reward is the strictly private sense of achieve-
ment, which is unsubstantiaI.
To Karl Marx is attributed the aphorism

(profoundly true) that 'nothing is und er-
standable apart from its history' . Long aga
in pre-patenr days, the ease with which an
inventor could be robbed of all benefit and
credit for his invention(s) gave rise to the
(illusory) fearthat inventors, realizing the sit-
uation, would become an extinct breed. Some
sort of protection seemed to be called for.
Hence the Patent Laws (in the UK). Perhaps
in early days these laws did give same mea-
sureof protection to the inventar, but that soon
came to be illusory. Patent laws give protec-
tion only to the owner ofthe patent, who nowa-
days is seldom the inventar.
Taking the ethical point of view, it would

seem that the private inventor is entitled to
the full fruits of his invention(s). There seems
10 be no valid argument 10 the contrary. It is
when the inventor is an employee that the
issues become controversial. The employer
points out (quite rightly) that he has facili-
tated his employee's invention, and is there-
fore entitled to at least a share of the bene-
fit--..,.but 99.9%? Those who areadvocates for
the inventor point out that the invention
could not have come about but for the ern-
ployee's insight. It is this insight that is the
real stock-in-trade of the inventor, and is an
essentially personal attribute. To which the
employer replies that it is merely an exer-
eise of initiative-for which the employee
is paid,
The issueis furthercomplicated by the fact

that the employee may also be (and not in-
frequently is) a private inventor, The spe-
cific issue that arises here is whether in view
of his contract of employment (actual or im-
plied) he can function as a private inventor.
It would seem that he can do so only in a
specific case, where his employer has no in-
terest in the invention, and has given weil
anested permission. for hirn to proceed. If
the invention is of any commercial vaJue, such

permission is not likely to be given. The
employee might argue that the invention
was not developed in his employers' time or
with the use of any of his employers' facili-
ties and was not in any way technicaUy re-
lated to his employers' business.
There are two possible attitudes wh ich

the law might take in this case. Itmight take
the view that all inventions of the ernployee,
irrespective of circumstances, are the prop-
erty oftheemployer. Orit rnight takethe view
that ifthe circumstances were such as the em-
ployee claims, that he was entitled to proceed,
but he woulcl have to prove such circum-
stauces to the satisfaction of the court. This
could be a lengthy, harrowing and expen-
sive business. In the mean time, the em-
ployee, in view of his dispute in the matter
with his ernployer, would have lost his em-
ployment!
Suppose now that, being unemployed, you

decide to become 'self-employed' as a free-
lance inventor. Your best chances of suc-
cess will be to make use ofthe experience you
have obtained du ring the course of your em-
ployment. That would seem to be obvious.
So you present your patent agent with a pro-
visional specification (a preliminary draft)
which you have drawn up. He will naturally
want to know wh at qualifications you have
in that particular line, and you tell him that
in the course of your previous employment
you became familiar with the subject. He will
then warn you that if any of the subject mat-
ter or 'claims' in the specification bear any
relation to the business of your former em-
ployer, he rnay involve you in (probably
successful) litigation to obtain ownership of
the patent.
Heads 1 lose, tails you win! But inven-

tion, like same other forms of occuparion
can be intellectually attractive and some
find that reward suffieient. (910085)

LONG-PERIOD MAINS TIMERS

Siemens Type 5AB0529 Je may be pro-
grammed for periods from 1 second to

31 hours 30 minutes. lt may be used for
switching staircase lights, battery chargers,
and many others.
The chip is programmed via pins EI

with the aid of switehes 5,-54' When 5, is
closed, the Je is enabled for aperiod of
1 h; 52: 4 h; 53: 10 h; and 54: 16 h. All sorts
of combination are also possible: for in-
stanee, if both 52 and 53 are closed, and
the other two switehes are open, the chip
is enabled for aperiod of 14 h.
The Je controls a 4-A triac, which can

switch fairly largeloads. The timer is started
with 55; inan emergency, it may be stopped
prematurely with 56'
Creat care should be given to the con-

struction, since dangerous mains voltage
is present at severaJ points in the circuit.

(R. Kambach 914062)

ELEKTOR ELECTRONICS USA JULY/AUGUST 1991

Fl JA 56 .----------------,

E9 EI •

456718

FUABCUs 5

IC' SAB0529

"''"
220"
icv

o

914062-11

ELEKTOR ELECTRONICS JULY!AUGUST 1991



GENERALINTEREST

Having filed the final specification, the in-
ventar will often be required to make 'as-
signments' on behalf of his employer, if the
invention is at all important. There is a big
'trade' in these inventions, finns selling or
'swapping' specifications with other firms,
usually associates or subsidiaries abroad.
Patent Law has laid down that in such cases
the 'assent' ofthe inventor must be obtained
by signature on an "assignment' form to
carry out the transaction. Only in the case of
assignrnents to the USA does the inventor
receive a 'fee' for his signature: one dollar!
There has been some grumbling amongst

ernployers about this. 11not infrequently
happens that the inventor has left his ern-
ployment, and has to be found to make the
assignment, which has to be made before a
Notary Public under oath. In sorne other
countries-notabl y the USA-the employer
can dodge this difficulty. [ sometimes won-
derhow many assignments have been forged.
One firm 1 worked for chased me für as
signments up to two years after I had left
theiremployment! My relations with thatfirm
were such that Iwould have dearly loved to
have refused-but thar is impossible under
current law.

Such is the life of an inventar. As a pri-
vate inventor he is at the mercy of anybody
with more money. As an employee-inven-
tor, he cxists only in name, whatever the im-
portance of his inventions. The employer is
under no legal obligation to make other than
ex gratia payments, and only ifthese are writ-
ten into the inventor's contract of employ-
ment. Organizations claimed to be acting on
behalf of invenrors have struggled for years
10 obtain a betrer deal, but so far without
success. Almost invariably, the inventor's only
reward is the strictly private sense of achieve-
ment, which is unsubstantiaI.
To Karl Marx is attributed the aphorism

(profoundly true) that 'nothing is und er-
standable apart from its history' . Long aga
in pre-patenr days, the ease with which an
inventor could be robbed of all benefit and
credit for his invention(s) gave rise to the
(illusory) fearthat inventors, realizing the sit-
uation, would become an extinct breed. Some
sort of protection seemed to be called for.
Hence the Patent Laws (in the UK). Perhaps
in early days these laws did give same mea-
sureof protection to the inventar, but that soon
came to be illusory. Patent laws give protec-
tion only to the owner ofthe patent, who nowa-
days is seldom the inventar.
Taking the ethical point of view, it would

seem that the private inventor is entitled to
the full fruits of his invention(s). There seems
10 be no valid argument 10 the contrary. It is
when the inventor is an employee that the
issues become controversial. The employer
points out (quite rightly) that he has facili-
tated his employee's invention, and is there-
fore entitled to at least a share of the bene-
fit--..,.but 99.9%? Those who areadvocates for
the inventor point out that the invention
could not have come about but for the ern-
ployee's insight. It is this insight that is the
real stock-in-trade of the inventor, and is an
essentially personal attribute. To which the
employer replies that it is merely an exer-
eise of initiative-for which the employee
is paid,
The issueis furthercomplicated by the fact

that the employee may also be (and not in-
frequently is) a private inventor, The spe-
cific issue that arises here is whether in view
of his contract of employment (actual or im-
plied) he can function as a private inventor.
It would seem that he can do so only in a
specific case, where his employer has no in-
terest in the invention, and has given weil
anested permission. for hirn to proceed. If
the invention is of any commercial vaJue, such

permission is not likely to be given. The
employee might argue that the invention
was not developed in his employers' time or
with the use of any of his employers' facili-
ties and was not in any way technicaUy re-
lated to his employers' business.
There are two possible attitudes wh ich

the law might take in this case. Itmight take
the view that all inventions of the ernployee,
irrespective of circumstances, are the prop-
erty oftheemployer. Orit rnight takethe view
that ifthe circumstances were such as the em-
ployee claims, that he was entitled to proceed,
but he woulcl have to prove such circum-
stauces to the satisfaction of the court. This
could be a lengthy, harrowing and expen-
sive business. In the mean time, the em-
ployee, in view of his dispute in the matter
with his ernployer, would have lost his em-
ployment!
Suppose now that, being unemployed, you

decide to become 'self-employed' as a free-
lance inventor. Your best chances of suc-
cess will be to make use ofthe experience you
have obtained du ring the course of your em-
ployment. That would seem to be obvious.
So you present your patent agent with a pro-
visional specification (a preliminary draft)
which you have drawn up. He will naturally
want to know wh at qualifications you have
in that particular line, and you tell him that
in the course of your previous employment
you became familiar with the subject. He will
then warn you that if any of the subject mat-
ter or 'claims' in the specification bear any
relation to the business of your former em-
ployer, he rnay involve you in (probably
successful) litigation to obtain ownership of
the patent.
Heads 1 lose, tails you win! But inven-

tion, like same other forms of occuparion
can be intellectually attractive and some
find that reward suffieient. (910085)

LONG-PERIOD MAINS TIMERS

Siemens Type 5AB0529 Je may be pro-
grammed for periods from 1 second to

31 hours 30 minutes. lt may be used for
switching staircase lights, battery chargers,
and many others.
The chip is programmed via pins EI

with the aid of switehes 5,-54' When 5, is
closed, the Je is enabled for aperiod of
1 h; 52: 4 h; 53: 10 h; and 54: 16 h. All sorts
of combination are also possible: for in-
stanee, if both 52 and 53 are closed, and
the other two switehes are open, the chip
is enabled for aperiod of 14 h.
The Je controls a 4-A triac, which can

switch fairly largeloads. The timer is started
with 55; inan emergency, it may be stopped
prematurely with 56'
Creat care should be given to the con-

struction, since dangerous mains voltage
is present at severaJ points in the circuit.

(R. Kambach 914062)
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I
REMOTE TEMPERATURE MODULE FOR DIGITAL MULTIMETERS

NATIONALSemiconductor's
LM334Z is a temperature-

dependent adjustable current
source supplied in a plastic TO-
92 package. In Fig. 1, a 226 Q
resistor, R1, is used to set a cur-
rent gradient of 1 !JA K-l.
Theremote temperature sen-

sor is formed by IC
"
R, and C,.

Since its outpu t is a tempera-
ture-dependent current, a sim-
ple two-wire connection may be
used between the sensor and the
DVM interface. Constant cur-
reut driveas applied here elim-
inates problems with voltage
drop and expensive low-Ioss
wiring associated with voltage
drive. Also, remember that the
voltage drop across a relatively
lang cable is temperature de-
pendent, which calls for a fairly
complex compensation circuit.
By contrast, when the sensor is
a constant current SQUICe,the
length and the total resistance
of the wire between it and the
interface at the DVM side has
virtually no effeet on theoutput
signal. This obviates a eom-
pensation circuit, and allows you
to fit the sensor at quite so me
distance (up to 25 m = 80 ft)
from the DVM using inexpen-
sive wiring.

Capacitors:
C1 = 100 nF SMA'
C2 = 47 !JF, 16 V, radial
C3= 10 nF
C4 = 22 !JF, 16 V, radial
C5 = 100 nF
• SMA = surface mount
assembly

Semiconductors:
lC1 = LM334Z
lC2 = REF-02

Resistors:
(1% types; E96 series)
R1 = 226 Q
R2 = 4.75 kQ
R3 = 10.5 kQ
R4 = 12.7 kQ
R5=22kQ

Miscellaneous:
S1, S2 = on/off switch
S3 = DPDT switch
9-V battery with clip

+ 9V ,..... __ -,

,----+---1' r> IC2 .""-.-,
REF-02

3 TEMP TRlM 5...

LM334Z

+~-
R

+ 100n

T- R1••.R4 = 1%
lL;----'
ICl
LM334Z

P1,P2 =mLiltitLim

914011-11
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Components P1 and R2 con-
vert the current supplied by the
sensor into a voltagewithagra-
dientoflO mV x-i,Capacitor C,
suppresses high-frequency in-
terference which may bepicked
up on the cable.
To prevent problems with

ground levels, thecurrentsouree
must be powered by aseparate
9-V battery as shown in the di-
agram. Ta allow temperature
readings in degrees Celsius (OC),
an adjustable high-stability volt-
ageregulatorTypeREF-02from
Precision Monoli thies Inc. is used
to subtraet a fixed arnount of
2731.5 mV frorn the eonverter
output voltage. This is achieved
by 'lifting' theeonverter ground
by 2731.5 mV (the REF-02 out-
put voltage) when switeh 52 is
opened. When 52 is closed, the
eonverter produees a tempera-
ture reading in kelvin.
The circuit is switehed on

and off by 5" A quick ba ttery
condition check is available by
switching S3a to position "a",
and S3b to position 'd'. Replace
the battery if the DVM indi-
cates less than 7.1 V.
Calibration of the eonverter

is fairly simple. First, adjust mul-
titurn preset P2 until a voltage
of 2731.5 mV is obtained across
R4 (open 52)' Next, adjust the
temperature gradient (preset
P,) bycomparingthe DVM read-
ing to that produced by a cali-
brated thermometer. Set the DVM
to the 2 V range for degrees cel-
sius readings. An indication of,
say, 0.217 V (on a 31/2 digit in-
strument) then eorresponds to
a measured temperature of
21.7 "C. Properly adjusted, the
temperature sensor achieves a
resolution ofO.1 kelvin. Finally,
the eurrent drain is about2 mA.

[j. Ruffell 914011]



I
REMOTE TEMPERATURE MODULE FOR DIGITAL MULTIMETERS

NATIONALSemiconductor's
LM334Z is a temperature-

dependent adjustable current
source supplied in a plastic TO-
92 package. In Fig. 1, a 226 n
resistor, Rl, is used to set a cur-
rent gradient of 1 I1AKrI.
The remote tempera ture sen-

soris formed by IC1, Rl and Cl.
5ince its output is a tempera-
ture-dependent current, a sim-
ple two-wire connection may be
usedbetweenthesensorandthe
DVM interface. Constant cur-
rent drive as applied here elim-
inates problems with volta ge
drop and expensive low-loss
wiring associated with voltage
drive. Also, remember that the
voltage drop across a relatively
long cable is temperature de-
pendent, which calls for a fairly
complex compensation circuit.
By contrast, when the sensor is
a constant current source, the
length and the total resistance
of the wire between it and the
interface at the DVM side has
virtually no effect on the output
signal. This obviates a com-
pensation circuit, and allows you
to fit the sensor at quite some
distance (up to 25 m = 80 ft)
from the DVM using inexpen-
sive wiring.

PARTS LIST
Reslstors:
(1GP/o t)lpes; E96 ser:ie$~
Rl = 2260
R2::: ~.751kQtF
R~ =,1,O.5.$kQp;
R4 = 12.7 kO
R5='22 kQ
~~lr:dl;-; ..~tl
Cäpacitors:
Oi~:::·4,OOinFSMA,"
02 = 47 11F.16 V, radial
da ='Orli= "[. M'

0,4 =.22 I1F.16 V,.,radiF\1
05 = 100nF
*SMA::: surfäce mOUht
basl?em!;>ly

5emicol1ductorst
101 =LM334Z
102 ;'REF-02

Miscellal1eous:
$'1, $2 :::on/off switch
$3 = .DPDT switcb
9:V battery with Clip
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3 TEMP TRlM 5.....

LM334Z
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PI'p2 = multltu,n
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Components PI and R2con-
vert the current supplied by the
sensor into a voltage with a gra-
dientof lürnv K't.Capacitor Cj
suppresses high-frequency in-
terference which may be picked
up on the cable.
To prevent problems with

ground levels, the current source
must be powered by aseparate
9-V battery as shown in the di-
agram. To allow temperature
readings in degrees Celsius (0C),
an adjustable high-stability volt-
age regulator Type REF-02 from
PrecisionMonolithics Ine. isused
to subtract a fixed amount of
2731.5 mV from the converter
output voltage. This is achieved
by 'lifting' the converter ground
by 2731.5 mV (the REF-02 out-
put voltage) when switch 52 is
opened. When 52 is closed, the
converter produces a tempera-
ture reading in kelvin.
The circuit is switched on

and off by 51. A quick battery
condition check is available by
switching 53a to position 'a'.
and 53b to position' d'. Replace
the battery if the DVM indi-
cates less than 7.1 V.
Ca libration of the converter

J.sfairly simple. First, adjust mul-
titurn preset P2 until a voltage
of 2731.5 mV is obtained across
R4 (open 52). Next, adjust the
temperature gradient (preset
PI) by comparing the DVM read-
ing to that produced by a cali-
brated thermometer. Setthe DVM
to the 2 V range for degrees cel-
sius readings. An indication of,
say, 0.217 V (on a 31/2 digit in-
strument) then corresponds to
a measured temperature of
21.7 "C. Properly adjusted, the
temperature sensor achieves a
resolution of 0.1 kelvin. Finally,
the current drain is about 2 mA.

[J. Ruffell 914011]



SOLlD-STATE LIGHT-SENSITIVE SWITCH

THIS electronic switch is de-
signed to be connected di-

reet to the mains, which obvi-
ates a low-voltage supply and
so keeps the cost and space re-
quirement to a minirnum. The
circuit switches a lamp on when
it gets dark, and off again when
it gets light. The switehing is
done without a relay, avoiding
problems with sparks andmains
pollution caused by the con-
tacts and the coil inductance.
The switeh is powered by

the mains via RIOl C4, D31 D2
and C3.A voltagereferenee, 01,
supplies 8.2 V to a light mea-
suring network, R,-P1. As the
light intensity drops, the resis-
tanee of the LDR (light-depen-
dentresistor), R2.<increases. Conse-
quently, the volta ge aeross P1
drops, so that the gate-source
voltage of FET T1 drops also.
When switch 51 is closed, time
constant R3-C2 causes the gate
voltage of Tl to change more
slowly than the resistance oflc-.
This is necessary to prevent the
circuit responding to quick
changes in the ambient light in-
tensity.
Components T1, T2, R" Rs, R6,
and RB form a Sehmitt trigger.
Normally, T1 conduets so that
T2 is off. When the gate volt-
age of the FET drops below a
certain level, T2 is switched on.
Consequently, T3 starts to con-

TIC226M
BS250

I
G

Al G

A2

LOR

F1

-.
-e-

5A

02

.7
Lf,5iii,o.o,;], +__/--_'UG .,

0'

'V2

500mW

adjustment. Resistor R9 serves
to diseharge C4 after the eireuit
has been diseanneeted fror» the
mains,

470n
25011'"
(63011)

C5

1N4001 L"

duct, and supplies the gatecur-
rent neeessary to trigger triae
Tri-. The load,lamp La1, isthen
swi tehed on. When the light in-
tensity inereases above the level
set with P1' Tl is switched on,
so that the load is switched off.
Switeh S1 is included to dis-

able the time constant during

r;:RNING.Sincetheeircuitear-
~i~s"dangerousvoltages ata nWTI-
ber of points, it is essential that

TIC226M Tril
A2

C3 03

15V
'W

proper eledrical insulation is
applied. Never work on the dr-
cuitwhen thernainsisconnected
to it. Make sure that no part 0
thecireuiteanbetouehed when
it is being set, adjusted or Llsed.

(L. Rikard 914010)

l-MBIT ADAPTER FOR EPROM PROGRAMMER

THE ADAPTER allows you
to program the 27C1001

EPROM whichhas acapacity of
1 bit organised as 128 Kbyte x8.
Ta be able to use the present
adapter, your EPROM pro-
grammer must be capable of
programming512KbitEPROMs
such as the 27512 or 27C512
(64 Kbytex8). The adapter pro-
grams the 27C1001 in two steps
of 64 Kbyte each, and is simply
plugged into the 28-way (or40-
way) ZlF socket on YOUT EPROM
programmer. 11,e 64Kbyte block
selection is effeded manually
with the aid of a switch.
The circuit of the adapter has
few surprises. Socket 1connects
the adapter to the EPROM pro-
gramlner, while socket 2accepts
the 27ClOO1. The PGM input

leeoJlorel

------------
~~~
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PARTS LIST
Resislors:
Rt~ LOf2
R2 ~ 10M2
R3~1000
R4~ I kO
R5~ 100kO

Callacitors:
GI, CZ'= 100 nF
C3~1~1F

Semkondnctors:
El) ~ zener, 5.G V, 400 mW
D2~BAT85
D3~IN4148
El4 ~ zeaer, 8.2 V, 400 mw
D5=LED, 3 mm
[Cl ~ 74HCTOO

Miscellaueous:
SI ~ self-locking push-bunen
with integral J:.,EEl,ITWTm:
61-2Q3040J

2 off 14-waystrips ofFCB pins
(lang pins at Qn\}.iäe)

31.way 0.40-way ZIF socket

of the 27C1001 is aetuated (i.e.,
made logic low) when the pro-
gramming voltage. Vpp, on
socket 1 exceeds the zener volt-
agc of 04, and es on socket 1
is held low by the programmer.
The zen er diode also enable the
programmijjg, vol tage, 12.5_V,
to pull the OE terminal of the
27CIOOl high, which allows the
device to be programmed. The
Vpp inputofthe27C100l is held
either at +5 V (during read op-
erations) oratabout +12V (dur-
ing prograrnming). Ta ensure
that the 27CIOOl is supplied
with a sufficiently high operat-

ing voltage (nominally 5 V), a
Schottky diode type BAT85 is
used in position 02. This diode
is marked by a fotward. drop
of 0.2 V only.
Switch S1 takes the highest ad-
dress input, A16, of the 27(1 001
low or high to effect the selec-
tion between the lower and higher

~".r [f
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~~"JJ~ ~
~ S11
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64 Kbyte block in the device
(AI6" low, and A16" high, re-
spectively). Diode Dslights when
the lower block is addressed.
The construction of the adapter
is apparent from the PC:B lay-
out. Start by fitting the single
wire link onthe board. Socket 1
is fitted at the track side of the

-®
9140:35-11

board, and consists of two 14-
pin PCB pin headers. Switch S1
is a self-locking push-button
from ITW with a built-in LED
indicator. The PCB accommo-
dates both 28-way and 40-way
zrp sockets.

(G. Rubel 914035)

BATTERYCHARGER

THE BAITERYchargershown
_ in the diagram may be 1,1sE;'d
to charge a battery or batteries
with a total nominal voltage of
12 V (that is, ten NiCd batter-
ies or six 2=V lead=acid batter-
ies, ItissmaJl enaugh to be built
into a mains adapter case. Misuse
is virtually impossible: batter-
ics connected with wrang po-
larity, a short-circuit of the out=
put terminals, or a rnains failure
havenoeffectoneithertheeharger
or the batteries.
Power is deri ved from the

mains via a transformer wi th an
18~V secondary, The output of
the trans former is rectified by

diedes 01-04 and smoothed by
Cl, whereupon a direct voltage
of 22 V is available arross Cl.
Completely discharged bat-

teries are first charged by a CUT-
rent of some 6 TI1A via R2-D§
and R.-R6-D8. Once the battery
to be charged has an e.m.f. of
0.39J.5 V, the base-emitter volt-
age of Tj becomes high enough
to switch the tt-ansistor on.
Charging indicator 1'>0then lights
and T2 is also switched on. A
charging current of some 60 rnA
then flows via Rß=Rt;.This means
that 500 rnAh NiCd batteries
will be charged in about twelve
h01,.lI~.



I
SOLID-STATE LIGHT-SENSITIVE SWITCH

TH1S electronic switch is de-
signed to be connected di-

rect to the mains, which obvi-
ates a low-voltage supply and
so keeps the cost and space re-
quirement to aminimum. The
circuit switches a lamp on when
it gets dark, and off again when
it gets light. The switching is
done without a relay, avoiding
problems with sparks and mains
pollution caused by the con-
tacts and the coil inductance.
The switch is powered by

the mains via R10, C4, 03, O2
and C3. A voltagereference, 01,
supplies 8.2 V to a light mea-
suring network, RrPl. As the
light intensity drops, the resis-
tance of the LOR (light-depen-
dent resistor),Rv increases. Conse-
quently, the voltage across PI
drops, so that the gate-source
voltage of FET Tl drops also.
When switch 51 is closed. time
constant R3-C2 causes the gate
voltage of Tl to change more
slowlythan the resistance of Re.
This is necessary to prevent the
circuit responding to quick
changes in the ambient light in-
tensity.
Components Tl, T2,~, Rs, R6,
and Rs form a Schmitt trigger.
Norrnally, Tl conducts so that
T2 is off. When the gate volt-
age of the FET drops below a
certain level, T2 is switched on.
Consequently, T3 starts to con-

02

es

TIC226M
85250

.1
G

A1 G
A2

LOR

TlC226M Tri1
A2

t+__ +_....:G:.J A1

100n
630V

03

~~~--~---~---~~----~~-~---~--+---{~
914010 - 11

duct, and supplies the gate cur-
rent necessary to trigger triac
Tri]. The load, lamp LaI, is then
switched on. When the light in-
tensity increases above the level
set with PI, Tl is switched on,
so that the load is switched off.
Switch 51 is included to dis-

able the time constant during

I~op.!r el!ct~ica! in~ulatiol}.isl
l.aP.'.plied.Neverworkon fhecrr-I
cuitwhenthemains isconnected

I
to,.it. ~."a~e. slfre ~.h...at .....n.•.o.p..' a..r.t.ofl.·the circuit canbe touchedwhenl
lit is being~et,iadjusted or'~S€d'1

adjustment. Resistor R9 serves
to discharge C4 after the circuit
has been disconnected from the
mains.

,l.wARNlN.·..... G. SinCeJ.he.c.~t;a.· ..,~
!riesdangerous voltages at a num~1
I?e~_ofpoints, it is~essimtial th~j (L. Rikard 914010)

l-MBIT ADAPTER FOR EPROM PROGRAMMER

THE ADAPTER allows you
to program the 27C1001

EPROM which has a capacity of
1 bit organised as 128 Kbyte x8.
To be able to use the present
adapter, your EPROM pro-
grammer must be capable of
programming 512Kbit EPROMs
such as the 27512 or 27C512
(64 Kbytex8). The adapter pro-
grams the 27C1 001 in two steps
of 64 Kbyte each, and is simply
plugged into the 28-way (or 40-
way) ZIF socket on your EPROM
programmer. The 64Kbyte block
selection is effected manually
with the aid of a switch.
The circuit of the adapter has
few surprises. Socket 1connects
the adapter to the EPROM pro-
grammer, whilesocket2accepts
the 27C1001. The PGM input

lae:o...rel

------------------------------------
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PARTS LIST
Resislors:
Rt~ LOf2
R2 ~ 10M2
R3~1000
R4~ I kO
R5~ 100kO

Callacitors:
GI, CZ'= 100 nF
C3~1~1F

Semkondnctors:
El) ~ zener, 5.G V, 400 mW
D2~BAT85
D3~IN4148
El4 ~ zeaer, 8.2 V, 400 mw
D5=LED, 3 mm
[Cl ~ 74HCTOO

Miscellaueous:
SI ~ self-locking push-bunen
with integral J:.,EEl,ITWTm:
61-2Q3040J

2 off 14-waystrips ofFCB pins
(lang pins at Qn\}.iäe)

31.way 0.40-way ZIF socket

of the 27C1001 is aetuated (i.e.,
made logic low) when the pro-
gramming voltage. Vpp, on
socket 1 exceeds the zener volt-
agc of 04, and es on socket 1
is held low by the programmer.
The zen er diode also enable the
programmijjg, vol tage, 12.5_V,
to pull the OE terminal of the
27CIOOl high, which allows the
device to be programmed. The
Vpp inputofthe27C100l is held
either at +5 V (during read op-
erations) oratabout +12V (dur-
ing prograrnming). Ta ensure
that the 27CIOOl is supplied
with a sufficiently high operat-

ing voltage (nominally 5 V), a
Schottky diode type BAT85 is
used in position 02. This diode
is marked by a fotward. drop
of 0.2 V only.
Switch S1 takes the highest ad-
dress input, A16, of the 27(1 001
low or high to effect the selec-
tion between the lower and higher
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64 Kbyte block in the device
(AI6" low, and A16" high, re-
spectively). Diode Dslights when
the lower block is addressed.
The construction of the adapter
is apparent from the PC:B lay-
out. Start by fitting the single
wire link onthe board. Socket 1
is fitted at the track side of the

-®
9140:35-11

board, and consists of two 14-
pin PCB pin headers. Switch S1
is a self-locking push-button
from ITW with a built-in LED
indicator. The PCB accommo-
dates both 28-way and 40-way
zrp sockets.

(G. Rubel 914035)

BATTERYCHARGER

THE BAITERYchargershown
_ in the diagram may be 1,1sE;'d
to charge a battery or batteries
with a total nominal voltage of
12 V (that is, ten NiCd batter-
ies or six 2=V lead=acid batter-
ies, ItissmaJl enaugh to be built
into a mains adapter case. Misuse
is virtually impossible: batter-
ics connected with wrang po-
larity, a short-circuit of the out=
put terminals, or a rnains failure
havenoeffectoneithertheeharger
or the batteries.
Power is deri ved from the

mains via a transformer wi th an
18~V secondary, The output of
the trans former is rectified by

diedes 01-04 and smoothed by
Cl, whereupon a direct voltage
of 22 V is available arross Cl.
Completely discharged bat-

teries are first charged by a CUT-
rent of some 6 TI1A via R2-D§
and R.-R6-D8. Once the battery
to be charged has an e.m.f. of
0.39J.5 V, the base-emitter volt-
age of Tj becomes high enough
to switch the tt-ansistor on.
Charging indicator 1'>0then lights
and T2 is also switched on. A
charging current of some 60 rnA
then flows via Rß=Rt;.This means
that 500 rnAh NiCd batteries
will be charged in about twelve
h01,.lI~.



If the battery is connected
with wrong polarityor the charg-
ing termirrals are short-circuited,

power transistor T2 remains off
and thechargingcurrentcannot
become higher than 6-12 mA.

The current drawn by the
circuit in full operation is about
80 mA.

(H. Döpfner 914004)

rentconsurnptionofaboutl mA.
For a11practical purposes, the
gain of the opamp is 2Rl/R2,
where Rl=R3 and R2=R4.With
the va lues shown, the gain is
nearly equal to 1.1107, wh ich
is the r.m.s. (root-mean-square)
shape factar for sinusoidal wave-
forms. Capacitors Cl and C2
are optional. They improve the
response and stability of the
rectifier at high frequencies.
Any d.c. component at the

input. as well as the off-set volt-
age of IC1, appears as a com-
mon-mode volta ge across C3
and C4, and is therefore rejected.
The low-frequency response of
the rectifier is determined by the
time constant R2C3 (or R4C4)'
With the component values
shown, the 1%-accuracy band-
width extends from 25 Hz to
about 20 kHz.

PRECISION RECTIFIER FOR DIGITAL VOLTMETERS

THE DlAGRAM shows how
theinexpensiveand widely

available 4066 quad bilateral
analogue switch can be used to
build a pulse generator with
adjustable 'high' and 10w' times
of the output waveform.
Assuming thatswitch IC1a is

open, the control Input of IClb
is logic high, and this switch is
therefore closed. This results
in low levels at the control in-
puts oflClcand ICId- Capacitor
C2 is allowed to charge via pre-
set Pj.and Cjvia preset l'j.When
the voltage across C2 reaches a
certain Ievel, IC 1a is closed so
that the control input of IClb is
pu lied low. The outputs of the
eircui t, OUT! and OUT2, are
then logichigh. OUTI has a swing
of 5 V, and OUT2 a swing vir-
tually equal to the supply volt-
age (max. 15 V). Meanwhile,
switch IC1, is closed, so that C2
is discharged. Switch IC la is
opened, and C3 is charged via
P2' When the voltage across C3
has reached a certain level, ICIb

THIS SIMPLE circuit, based
on a single opamp in non-

inverting mode, is a precision
rectifier extension for digital
voltmeters. The circuit can be
connected to a high-irnpedance
voltagedivider without the need
of an additional buffer stage
thatincreases thecost and, more
importantly, the power con-
sumption. Another advantage
of this circuit is that the accu-
racy is not affected by the off-
set volta ge of the opamp. The
output of the rectifier is differ-
ential to allow readyconnection
to the IN-LO and IN-HI inputs
of DVM ICs like the familiar
7106 and similar types.
Circuit Kj isa LinCMOSop-

erational amplifier opera ting in
the high-bias mode. TheTLC271
used here achieves a good high
frequency response at a low cur-

,
01, na =-1N4148

Rl ,,, ........Il
150k R3 ,,, ... \....J COM

t_.cj!' ~t---I--lJ'~"~'}--;Qrc~"''00 •R2 1"
150k

ca t------[mil----+---{),o
,"0

*MKT 914060-1 I

The circuit is powered by
the9-Vbatteryused for the DVM
module. The ground of the rec-
tifier is connected to the COM
terminal of the module, which

is at a potential of about 2.8 V
below the positive supply. The
DVM should be set to a full-
seale input voltage of 200 mV

(R. Shankar 914060)

PULSEGENERATOR WITH ONE 4066

78L05 IC2 8 ... 15V/8mA
.---------~--~~--~4. 0 +

'JlrPI ----
lOOk lin. P2
_____ . 100kUn.

P1; 136 .. .3750115

IC1d
ta

C,

IC1a

100n

~~----------------~----------~o
914029-11

is closed, and theoutputs of the
circuit change to logic low.
The'lcw' and 'high' times of

,o,,---1r1'

IC1 =4066

t-------{~ •

the output waveform are ad-
justed with P1 and P2 respec-
tively. With the given compo-

nent values, the 'low' time can
besetbetween 136~sand3.75ms,
arid the 'high' timebetween 15~s
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with wrong polarityor the charg-
ing termirrals are short-circuited,

power transistor T2 remains off
and thechargingcurrentcannot
become higher than 6-12 mA.

The current drawn by the
circuit in full operation is about
80 mA.
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age of IC1, appears as a com-
mon-mode volta ge across C3
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The low-frequency response of
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time constant R2C3 (or R4C4)'
With the component values
shown, the 1%-accuracy band-
width extends from 25 Hz to
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of the output waveform.
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open, the control Input of IClb
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therefore closed. This results
in low levels at the control in-
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C2 is allowed to charge via pre-
set Pj.and Cjvia preset l'j.When
the voltage across C2 reaches a
certain Ievel, IC 1a is closed so
that the control input of IClb is
pu lied low. The outputs of the
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then logichigh. OUTI has a swing
of 5 V, and OUT2 a swing vir-
tually equal to the supply volt-
age (max. 15 V). Meanwhile,
switch IC1, is closed, so that C2
is discharged. Switch IC la is
opened, and C3 is charged via
P2' When the voltage across C3
has reached a certain level, ICIb

THIS SIMPLE circuit, based
on a single opamp in non-

inverting mode, is a precision
rectifier extension for digital
voltmeters. The circuit can be
connected to a high-irnpedance
voltagedivider without the need
of an additional buffer stage
thatincreases thecost and, more
importantly, the power con-
sumption. Another advantage
of this circuit is that the accu-
racy is not affected by the off-
set volta ge of the opamp. The
output of the rectifier is differ-
ential to allow readyconnection
to the IN-LO and IN-HI inputs
of DVM ICs like the familiar
7106 and similar types.
Circuit Kj isa LinCMOSop-

erational amplifier opera ting in
the high-bias mode. TheTLC271
used here achieves a good high
frequency response at a low cur-
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The circuit is powered by
the9-Vbatteryused for the DVM
module. The ground of the rec-
tifier is connected to the COM
terminal of the module, which

is at a potential of about 2.8 V
below the positive supply. The
DVM should be set to a full-
seale input voltage of 200 mV

(R. Shankar 914060)

PULSEGENERATOR WITH ONE 4066

78L05 IC2 8 ... 15V/8mA
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'JlrPI ----
lOOk lin. P2
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P1; 136 .. .3750115

IC1d
ta

C,

IC1a

100n

~~----------------~----------~o
914029-11

is closed, and theoutputs of the
circuit change to logic low.
The'lcw' and 'high' times of
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the output waveform are ad-
justed with P1 and P2 respec-
tively. With the given compo-

nent values, the 'low' time can
besetbetween 136~sand3.75ms,
arid the 'high' timebetween 15~s
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and 330 us. Other on and off
times can be created by chang-
ing C2 and C3.

The circuit draws a current
of about 8 mA at a supply volt-
age of 10 V. Note that otrn

produces a less than perfectwave-
form, and has a low fan-out.
The other output, OUT2, is

buffered and should be used
for most applications.

(P. Sicherman 914029)

SEMICONDUCTOR TESTER

C2 Batl,-r
IC1 :

'O~~

00
iöiil--4

1
">-'-I----.---~

4093

IC1 = 4093

914081-11

THE TESTER in the diagram
can be used to test virtually

any kind of semiconductor de-
vice, ranging from switching
diodes to power transistors. In
addition, it provides a rough
gain indication of bipolar tran-
sistors, and, more generally, can
be a useful aid in finding func-
banal, short-circuited and in-

ternally open devices in semi-
conductor batches.
The tester is based on a sin-

gle CMOS JC and a bi-colour
LED as a visual indication. Gate
IC1a forms an R-C oscillator.
The oscillator signal is buffered
and made available in true and
in verted form by the three re-
maining gates in the Je.

The bi-colour (red/green) LED
indicates the direction of the
current that is allowed to pass
through the test probes or the
device under test. Resistor Rl
functions as a current limiter.
The signals at the input and

the output of gate Ietc are ap-
plied to a pair of test probes. a
two-terrninal test socket for

diodes, and a three-terminal tran-
sistor socket. The base current
far the transistorunder test mm
can be set with preset PI. The
preset may be calibrated with
the aid of known, functional
transistors to give an epproxi-
mate gain scale.
Only one LED lights when

a semiconductor is functiona1.
The LED colour then indicates
the polarity (n-p-n or p-n-p, or
cathode/anode). When thecom-
ponent is internally open, no
LED lights. A semiconductor
with an internal short-circuit is
easily recognized by the green
and red LEDs lighting simulta-
neously atabout equal intensity.
Transistors must be connected
with the base, collector and ernit-
ter pins to the indicated socket
terminals, so check the pinout
before running the test!
The circuit mai also be used

as a simple continuity tester. It
draws acurrentof about Süüu A
withouta DUT orTUTconnected,
a.ndabout7.5 mA with theprobes
short-circuitedr-r--r-.
(Amrit Bi Tirwana 914081)

ofa programmablecontroller. As
so often, this versatility has a
draw-back: since the controller
usesa fixedclockof24 MHz, the
frame frequency decreases the
more pixels areused in the screen
image. As a result, high-resolu-
tion screen modes have a ten-
dency to cause fucker.Fortunately,

VIDEO ENHANCEMENT FOR ACORN ARCHIMEDES

THE ACORN Arehirndes.
well-known far its speed and

good graphics facilities, has a

video interface that allows pro-
grammers to design a variety
of screen modes with the aid

" 1/41C1
Ose.1 .'""'--'
36MHz

5V

ICl = 74HCTOO

4

3
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this drawback 111aybe eliminated
or nearly so by increasing the
dock to 36MHz: this has alread y
been incorporated in the new
A540 computers.
All that is necessary to in-

crease the clock is an integrated
crystal oscillator and a Type 7400
Je. To ensure that the circuit in
the diagram is at a11times com-
patible with the existing soft-
ware, it may be arranged to be
switched on (by software) only
when the screen mode requires
a higher dock.
The design allows the cir-

cuit to be fitted simply to the
existing connectors in the com-
puter. The TTL oscillator and
two small connectors are fitted
at Olle side of the board (not
available ready-made), while
the other side houses a surface-
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sistor socket. The base current
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The LED colour then indicates
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this drawback 111aybe eliminated
or nearly so by increasing the
dock to 36MHz: this has alread y
been incorporated in the new
A540 computers.
All that is necessary to in-

crease the clock is an integrated
crystal oscillator and a Type 7400
Je. To ensure that the circuit in
the diagram is at a11times com-
patible with the existing soft-
ware, it may be arranged to be
switched on (by software) only
when the screen mode requires
a higher dock.
The design allows the cir-

cuit to be fitted simply to the
existing connectors in the com-
puter. The TTL oscillator and
two small connectors are fitted
at Olle side of the board (not
available ready-made), while
the other side houses a surface-



mount version of the74HCTOO.
The board itselfis fitted to the

four pins of PL3 in A300 com-
puters or PL4 in A400 comput-
ers.

The connection with the I/O
Une that arranges the switch-
ing between the two dock fre-
quencies is made with a short
length of circuit wire soldered

to pin 3 of PLIOon the mother
board.
The supply for the board is

obtained by soldering twoshort
Iengths of circuit wire to the

supply lines on the back plane
(thecard with theextension con-
nectors),

(H.Stenhouse 914051)

VOLTAGE-CONTROLLED CURRENT SOURCE

THESOURCE,basedoncaType
TL084 quadruple opamp,

is intended to convert an input
signal of 0-5 V into a current
of G-20 mA This type of circuit
is used. for instance, to tmns-
fer measurands (quantities being
measured) over 1011g leads. Since
the resistance of the leads is
part of the current loop. it is of
no consequence and ean not af-
feet the measurement.

Opamp Je
"
is a straightfor-

ward input amplifier. Opamp
JC,b adjusts the direct voltage
componentoftheamplified input
signal: theoperating pointmay
be shifted with P2' lt is, for ex-
ample. possible to arrange an
output current of 4 lnA for an
input voltage of 0 V. The out-
put currentrange is then 4-20 mA
Oparnp Tele and Tl convert

the output OfIC,b to a signal of

15 V. This makes it possible far
TCld and T2 to functionasa volt-
age-to-current converter. The
outputcurrent fIows to earth via
load resistance RL.
Varying the values of R2and

P, allows the amplification to
be altered as required.
The circuit may also be used

as a temperature-to-currentcon-
verter by making the potential
divider at the input consist of

a fixed resistance and one with
a negative temperature coeffi-
cient.
When the requirements are

exacting, the two zen er diodes
should be temperature com-
pensa ted.e~unz 914013)

R4 15V
r-~~L·~·~'J---------------------------~-------------------------.-{+

ORe
~----~~----------+--h~--J-------------------4-----------------~~o

IC1 = TLOB4

,e,
" 15V

914013-11

ELECTRONIC REVERSING CIRCUIT FOR MODEL TRAINS

MANY model train enthu-
siasts find the mechani-

cal reversing system for trains
in the HO series from Märklin
and other manufacturers prim-
itive and unreliable. The system
is basedon a.c,motorsand ame-
chanical reversing assembl y op-
erated by a small electromag-
net. The motor speed is deter-
mined by thetrack voltage, which
can lie between 4 V and about
16 V. When the knob on the

speed controller is turned fully
anti-clockwise. the a.c. voltage
on the track is briefly increased
to 24 V. Ideally, this causes the
electrornagnet in the loeo to be
aetuated and overcome the COW1-
terforce of a sm a11 spring. In
practice, this way of changing
the direction of a model train
is fraughtwith difficulties as the
tension of the spring is a very
eritical factor. In not a few cases,
the voltage pulse fails to actu-
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and 330 us. Other on and off
times can be created by chang-
ing C2 and C3.

The circuit draws a current
of about 8 mA at a supply volt-
age of 10 V. Note that ouri

produces a less than perfectwave-
form, and has a low fan-out.
The other output, OUT2, is

buffered and should be used
for most applications.

(P. Sicherman 914029)
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SEMICONDUCTOR TESTER

THE TESTER in the diagram
can be used to test virtually

any kind of semiconductor de-
vice, ranging from switching
diodes to power transistors. In
addition, it provides a rough
gain indication of bipolar tran-
sistors, and, more generally, can
be a useful aid in finding func-
tional, short-circuited and in-

ternally open devices in semi-
conductor batches.
The tester is based on a sin-

gle CMOS IC and a bi-colour
LED as a visual indication. Gate
ICIa forms an R-C oscillator.
The oscillator signal is buffered
and made available in true and
inverted form by the three re-
maining gates in the Ie

The bi-colour (red/ green) LED
indicates the direction of the
current that is allowed to pass
through the test probes or the
device under test. Resistor RI
functions as a current limiter.
The signals at the input and

the output of gate ICIe are ap-
plied to a pair of test probes, a
two-terminal test socket for

diodes, and a three-terminal tran-
sistor socket. The base current
for the transistor under test (TUT)
can be set with preset PI. The
preset may be calibrated with
the aid of known, functional
transistors to give an approxi-
mate gain scale.
Only one LED lights when

a semiconductor is functional.
The LED colour then indicates
the polarity (n-p-n or p-n-p, or
cathode/ anode). When thecom-
ponent is internally open, no
LED lights. A semiconductor
with an internal short-circuit is
easily recognized by the green
and red LEDs lighting simulta-
neously at about equal intensity.
Transistors must be connected
with the base, collector and emit-
ter pins to the indicated socket
terminals, so check the pinout
before running the test!
The circuit ma j also be used

as a simple continuity tester. It
draws a current of about 300 /J-A
without aDUT orTUT connected,
and about7.5 mA with theprobes
short-circui~
(Amrit Bi,~914081)

VIDEO ENHANCEMENT FOR ACORN ARCHIMEDES

THE ACORN Archimdes,
well-knownforitsspeedand

good graphics facilities, has a

video interface that allows pro-
grammers to design a variety
of screen modes with the aid

sv
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of a programmable controller. As
so often, this versatility has a
draw-back: since the controller
uses a fixed dock of 24 MHz, the
frame frequency decreases the
more pixels are used inthe screen
image. As a result, high-resolu-
tion screen modes have a ten-
dency to cause flicker.Fortunately,

this drawback may beeliminated
or nearly so by increasing the
dock to 36MHz: this has already
been incorporated in the new
A540 computers.
All that is necessary to in-

crease the clock is an integrated
crystal oscillator and a Type 7400
K'. To ensure that the circuit in
the diagram is at all times com-
patible with the existing soft-
ware, it may be arranged to be
switched on (by software) only
when the screen mode requires
a higher dock.
The design allows the cir-

cuit to be fitted simply to the
existing connectors in the com-
puter. The TTL oscillator and
two small connectors are fitted
at one side of the board (not
available ready-made), while
the other side houses a surface-



mount version of the74HCTOO.
The board itselfis fitted to the

four pins of PL3 in A300 com-
puters or PL4 in A400 comput-
ers.

The connection with the I/O
Une that arranges the switch-
ing between the two dock fre-
quencies is made with a short
length of circuit wire soldered

to pin 3 of PLIOon the mother
board.
The supply for the board is

obtained by soldering twoshort
Iengths of circuit wire to the

supply lines on the back plane
(thecard with theextension con-
nectors),

(H.Stenhouse 914051)

VOLTAGE-CONTROLLED CURRENT SOURCE

THESOURCE,basedoncaType
TL084 quadruple opamp,

is intended to convert an input
signal of 0-5 V into a current
of G-20 mA This type of circuit
is used. for instance, to tmns-
fer measurands (quantities being
measured) over 1011g leads. Since
the resistance of the leads is
part of the current loop. it is of
no consequence and ean not af-
feet the measurement.

Opamp Je
"
is a straightfor-

ward input amplifier. Opamp
JC,b adjusts the direct voltage
componentoftheamplified input
signal: theoperating pointmay
be shifted with P2' lt is, for ex-
ample. possible to arrange an
output current of 4 lnA for an
input voltage of 0 V. The out-
put currentrange is then 4-20 mA
Oparnp Tele and Tl convert

the output OfIC,b to a signal of

15 V. This makes it possible far
TCld and T2 to functionasa volt-
age-to-current converter. The
outputcurrent fIows to earth via
load resistance RL.
Varying the values of R2and

P, allows the amplification to
be altered as required.
The circuit may also be used

as a temperature-to-currentcon-
verter by making the potential
divider at the input consist of

a fixed resistance and one with
a negative temperature coeffi-
cient.
When the requirements are

exacting, the two zen er diodes
should be temperature com-
pensa ted.e~unz 914013)

R4 15V
r-~~L·~·~'J---------------------------~-------------------------.-{+

ORe
~----~~----------+--h~--J-------------------4-----------------~~o

IC1 = TLOB4

,e,
" 15V

914013-11

ELECTRONIC REVERSING CIRCUIT FOR MODEL TRAINS

MANY model train enthu-
siasts find the mechani-

cal reversing system for trains
in the HO series from Märklin
and other manufacturers prim-
itive and unreliable. The system
is basedon a.c,motorsand ame-
chanical reversing assembl y op-
erated by a small electromag-
net. The motor speed is deter-
mined by thetrack voltage, which
can lie between 4 V and about
16 V. When the knob on the

speed controller is turned fully
anti-clockwise. the a.c. voltage
on the track is briefly increased
to 24 V. Ideally, this causes the
electrornagnet in the loeo to be
aetuated and overcome the COW1-
terforce of a sm a11 spring. In
practice, this way of changing
the direction of a model train
is fraughtwith difficulties as the
tension of the spring is a very
eritical factor. In not a few cases,
the voltage pulse fails to actu-
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Resistors (all SMAt):
RI, R9, RIO; 2.2 kQ
R2, R3 ;470 Q
R4;4.7kQ
R5; I kQ
R6; 10kQ
R7,R8; I MQ

Capacitors:
CI ;4.7~, 16Y
C2; 10nP, tantalum
C3 ; 100 nF, ceramic
C4; lOO~, 6.3 Y, tantalum

Semiconductors:
TCI; 4013 (SMA)
IC2 ; 4049 (SMA)
Tl, T2 ; BC846B (SMA)
T3, T4 =BD679
DI-D4 = IN4001
D5; zener, 24 V, 400 mW
D6 = lN4l48
D7 ;BAT41
D8; zener, 3.9 V. 400 mW

Miscellaneous:
PCB 904098
(for 5 reversing eireuits)

ate the reversing mechanism,
and instead causethe Ioco to hurI
itself at a turnout where it is
derailed. When the spring is
too loose, it may happen that a
loco, running at full speed, re-
verses suddenly with 'disas-
trous' results.

Same ten years aga Märklin
recognized the disadvantages
of the voltage-operated revers-
ing system, and came up with
an electronic alternative in the
form of a zener diode and two
transistors. Unfortunately, this
upgrade proved expensive and
difficult to fit in existing IOC05,
which rnany modellers would
be loathe to give up.
lnall-electronicreversing sys-

tems developed a few years ago,
the direction of the loco is 'stored'
in a small button celLThis is nec-
essary to prevent the informa-
tion being lost as there is no
supply voltage when the loco-
stands still. The present circuit
uses a 100 ~F tantalum capaci-
tor to keep the control circuit
poweredforup t08 hours. The
capacitor, in the author's opin-
ion, is more elegant and envi-
rorunentally safer than the bat-
tery.Thecircuitdescribed below
is based partlyon SMA (surface-
mount assembly) components,
and is designed to be as eco-
nomical as possible as regards
power consumption.
When the circuit is not nctu-
ated, transistors TJ and T2 are
off,and the inputsofCj.a bistable
Type 4013, are effectively not
connected. The last direction
ofthe locoisstored in thebistable.
When the loco runs, 0, blocks
and keeps TI off. The4049 (JC2)
is supplied with abou t 3.5 V
via Rg, so that the motor driver



transistors, Tgand T4,can be con-
trolled. Transistor T2 conducts
and supplies JCl. with a clock
pulse. When the track voltage
rises to 24 V, Tl is turned on
and removes the supply voltage
from JC,. T, is switched off and
supplies the bistable with an-
other clock pulse via 06 and
R7. The active transistor, T3 or

T4, is changed, and the motor
changes direction in a reliable
manner. Since the loco motor
is powered with d.c. after in-
stalling the circuit, you may avai!
yourself of the opportunity to
isolate the loco lights from the
chassis and fit diodes to cou-
pIe the lighting to the direction
control.

The construction of the circuit
isillustrated in thephotographs.
The dimensions of the circuit
board are such that it can take
the place of the relay, which is
carefuUy removed from the loco.
No partof the circuit may touch
the meta! chassis.
The points marked 'B' and 'C'
on the PCB are connected to the

field terminals ofthe motor, and
point' A' to the terminal previ-
ouslyconnected to the slide con-
tact. The slide contact and the
loeo chassis are conneeted to
the bridge rectifier inputs. Finally,
note that the printed-circuit board
allows you to build five revers-
ing circuits.

CC Wolff 904098)

ANGLED BUS EXTENSION FOR pes
THISB-bit bus extension card

for IBM PCs and cornpati-
bles allows you to eonnect and
test insertion cards without hav-
ing to open the computer. The
printed-circuit board shown here
is angled, and has a 62-way slot
connector to aceept extern al
boards.
The pins of the bus connec-

tor are soldered straight to the
copper tracks at the edge of the
board.
Since the tracks on the ex-

tension card pass through the
meta! frame a t the rear of the PC,
it is recomrnended to insulate
them locally with PVC tape.
Also, for mechanical stability

PARTS LIST

Kl = 62-way IBM bus slot
connector

PCB 914030

the extension card must be se-
cured to the frame with the aid
of a support bracket.
Finally, take care to fit inser-

tion cards the right way Mound
in the slot connector of the ex-
tension card. If necessary, put
the PC on a couple of books 10
create room at the underside.

CA. Rigby 914030)
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101.1/6V3
Tant.C4

l00~16V3r
14

o

C2

10n 100n IC1 = 4013
IC2 = 4049

t9rs (all SMAt):
Q, RIO = 2.2 kO
'3 =4700
4.7kO

R5=lkO
R6= Will
R7,R8= 1 MO

Capacitors:
Cl =4.7~, 16 V
Cl = 10 nF, tantal um
= WO nF, ceramic= 100~, 6.3 V, tantalum

t<:90ductors:
':::4013 (SMA)
4049 (SMA)

T2 =BC846B (SMA)
T3, T4 = BD679
DI-D4 = IN4001
D5 = zener, 24 V, 400 mW
D6 = IN4148
D7 = BAT41
D8 = zener, 3.9 V, 400 mW

Miseellalleous:
904098
5.teversing circuits)

ate the reversing mechanism,
and instead cause the loco to hurI
itself at a turnout where it is
derailed. When the spring is
too loose, it may happen that a
loco, running at full speed, re-
verses suddenly with 'disas-
trous' results.

Some ten years ago Märklin
recognized the disadvantages
of the volta ge-opera ted revers-
ing system, and came up with
an electronic alternative in the
form of a zener diode and two
transistors. Unfortunately, this
upgrade proved expensive and
difficult to fit in existing locos,
which many modellers would
be loathe to give up.
In all-electronic reversing sys-

tems developed a few years ago,
the direction of the loco is 'stored'
in a small button cell. This is nec-
essary to prevent the informa-
tion being lost as there is no
supply voltage when the loco-
stands still. The present circuit
uses a 100 J..lF tantalum capaci-
tor to keep the control circuit
powered for up to S hours. The
capacitor, in the author's opin-
ion, is more elegant and envi-
ronmentally safer than the bat-
tery. The circui t described below
is based partlyon SMA (surface-
mount assembly) components,
and is designed to be as eco-
nomical as possible as regards
power consumption.
When the circuit is not actu-
ated, transistors Tl and T2 are
off,and theinputsof Kj,« bistable
Type 4013, are effectively not
connected. The last direction
ofthe loco is stored in the bistable.
When the loco runs, Os blocks
and keeps Tl off. The4049 (IC2)
is supplied with about 3.5 V
via Rs, so that the motor driver
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101.1/6V3
Tant.C4

l00~16V3r
14

o

C2

10n 100n IC1 = 4013
IC2 = 4049

t9rs (all SMAt):
Q, RIO = 2.2 kO
'3 =4700
4.7kO

R5=lkO
R6= Will
R7,R8= 1 MO

Capacitors:
Cl =4.7~, 16 V
Cl = 10 nF, tantal um
= WO nF, ceramic= 100~, 6.3 V, tantalum

t<:90ductors:
':::4013 (SMA)
4049 (SMA)

T2 =BC846B (SMA)
T3, T4 = BD679
DI-D4 = IN4001
D5 = zener, 24 V, 400 mW
D6 = IN4148
D7 = BAT41
D8 = zener, 3.9 V, 400 mW

Miseellalleous:
904098
5.teversing circuits)

ate the reversing mechanism,
and instead cause the loco to hurI
itself at a turnout where it is
derailed. When the spring is
too loose, it may happen that a
loco, running at full speed, re-
verses suddenly with 'disas-
trous' results.

Some ten years ago Märklin
recognized the disadvantages
of the volta ge-opera ted revers-
ing system, and came up with
an electronic alternative in the
form of a zener diode and two
transistors. Unfortunately, this
upgrade proved expensive and
difficult to fit in existing locos,
which many modellers would
be loathe to give up.
In all-electronic reversing sys-

tems developed a few years ago,
the direction of the loco is 'stored'
in a small button cell. This is nec-
essary to prevent the informa-
tion being lost as there is no
supply voltage when the loco-
stands still. The present circuit
uses a 100 J..lF tantalum capaci-
tor to keep the control circuit
powered for up to S hours. The
capacitor, in the author's opin-
ion, is more elegant and envi-
ronmentally safer than the bat-
tery. The circui t described below
is based partlyon SMA (surface-
mount assembly) components,
and is designed to be as eco-
nomical as possible as regards
power consumption.
When the circuit is not actu-
ated, transistors Tl and T2 are
off,and theinputsof Kj,« bistable
Type 4013, are effectively not
connected. The last direction
ofthe loco is stored in the bistable.
When the loco runs, Os blocks
and keeps Tl off. The4049 (IC2)
is supplied with about 3.5 V
via Rs, so that the motor driver



transistors, Tgand T4,can be con-
trolled. Transistor T2 conducts
and supplies JCl. with a clock
pulse. When the track voltage
rises to 24 V, Tl is turned on
and removes the supply voltage
from JC,. T, is switched off and
supplies the bistable with an-
other clock pulse via 06 and
R7. The active transistor, T3 or

T4, is changed, and the motor
changes direction in a reliable
manner. Since the loco motor
is powered with d.c. after in-
stalling the circuit, you may avai!
yourself of the opportunity to
isolate the loco lights from the
chassis and fit diodes to cou-
pIe the lighting to the direction
control.

The construction of the circuit
isillustrated in thephotographs.
The dimensions of the circuit
board are such that it can take
the place of the relay, which is
carefuUy removed from the loco.
No partof the circuit may touch
the meta! chassis.
The points marked 'B' and 'C'
on the PCB are connected to the

field terminals ofthe motor, and
point' A' to the terminal previ-
ouslyconnected to the slide con-
tact. The slide contact and the
loeo chassis are conneeted to
the bridge rectifier inputs. Finally,
note that the printed-circuit board
allows you to build five revers-
ing circuits.

CC Wolff 904098)

ANGLED BUS EXTENSION FOR pes
THISB-bit bus extension card

for IBM PCs and cornpati-
bles allows you to eonnect and
test insertion cards without hav-
ing to open the computer. The
printed-circuit board shown here
is angled, and has a 62-way slot
connector to aceept extern al
boards.
The pins of the bus connec-

tor are soldered straight to the
copper tracks at the edge of the
board.
Since the tracks on the ex-

tension card pass through the
meta! frame a t the rear of the PC,
it is recomrnended to insulate
them locally with PVC tape.
Also, for mechanical stability

PARTS LIST

Kl = 62-way IBM bus slot
connector

PCB 914030

the extension card must be se-
cured to the frame with the aid
of a support bracket.
Finally, take care to fit inser-

tion cards the right way Mound
in the slot connector of the ex-
tension card. If necessary, put
the PC on a couple of books 10
create room at the underside.

CA. Rigby 914030)
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transistors, T3 and T4, can be con-
trolled. Transistor T2 conducts
and supplies IC1a with a dock
pulse. When the track voltage
rises to 24 V, Tl is turned on
and removes the supply voltage
from IC2. T2is switched off and
supplies the bistable with an-
other dock pulse via 06 and
R7. The active transistor, T3 or

T4, is changed, and the motor
changes direction in a reliable
manner. Since the loco motor
is powered with d.c. after in-
stalling thecircuit, you may avail
yourself of the opportunity to
isolate the loco lights from the
chassis and fit diodes to cou-
pie the lighting to the direction
contro!.

The construction of the circuit
is illustrated in the photographs.
The dimensions of the circuit
board are such that it can take
the place of the relay, which is
carefully removed from the loco.
No part of the circuit may touch
the metal chassis.
The points marked 'B' and 'C'
on the PCB are connected to the

field terminals of the motor, and
point 'N to the terminal previ-
ously connected to the slide con-
tact. The slide contact and the
loco chassis are connected to
the bridge rectifier inputs. Finally,
note that the printed-circuit board
allows you to build five revers-
ing circuits.

(C.Wolff 904098)

ANGLED BUS EXTENSION FOR pes
THIS 8-bit bus extension card

for IBM PCs and compati-
bles allows you to connect and
test insertion cards without hav-
ing to open the computer. The
printed-circuit board shown here
is angled, and has a 62-way slot
connector to accept extern al
boards.
The pins of the bus connec-

tor are soldered straight to the
copper tracks at the edge of the
board.
Since the tracks on the ex-

tension card pass through the
metal frame at the rear of the PC,
it is recommended to insulate
them locally with PVC tape.
Also, for mechanical stability

the extension card must be se-
cured to the frame with the aid
of a support bracket.
Finally, take care to fit inser-

tion cards the right way around
in the slot connector of the ex-
tension card. If necessary, put
the PC on a couple of books to
create room at the underside.

(A. Rigby 914030)
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FAULTSIGNALLING CIRCUIT

oe

"'220kr-11I I
I N.C. I
I I
I I
L___ .J

"

r~I
I
I
I
I '"
I ".
I ". IC2f '" 029 ~~

" "
~

22Dk ,.
LEO

TI, TZ = BC328
ICI, ICZ '" 4049
01 ...03= lN4148

THE present circuit was de-
veloped to make it possible

for different sensors to be added
ro an existing alarm installe-
tion. These sensors may be gas
orsmokedetectors,doorswitches,
infra-red detectors, and others.
In quiescent operation, the

level at a11inputs must be zero.
When the relevant sensor is ac-
tuated, pin 3 of JCIa is made
high via Rs. Since this opamp
inverts, its output, and thus the
cathode of 09, is at 0 V. Since
the anode of 09 is at +12 V, the
diode lights to indicatean alarm
condition.
Across both 02 and 03 a po-

tential drop of about 1.2 V then
occurs and this results in TIbeing
switched on and T2 being
switched off. Relay Re] is then
deenergized and opens the COI1-
tact via which the alarm instal-
lation is controlled. Since that
contactis closed in quiescentop-
eration, a supply failure is also
signalIed.
When the cause of the alarm

has been removed and the in-
stallation has been reset, a11in-
puts return to zero volts, TI is
switched off, T2 is switched on,
and the relay is re-energized.
This condition is indicated by
the lighting of 05. Since 05 and
R4 are in series with the relay
coil, the load on the relay is then
slightly less, so that the relay
drawsa smallercurrent.Capacitor
Cl ensures that at switch-on R4
and Ds are short-circuited, guar-
anteeing that the relay is ener-
gized.
Where the current must be

kept low, the standard LEOs
may be replaced by low-cur-
rent types. The value of the rel-
evant bias resistors (R7'RIO,Rw)

mustthen beincreased to8.2kr.!.
Networks C3-RS,C4-R8, and

C14-R38, form lew-pass filters
that prevent noise voltages ac-
tuating the alarm. That is im-
portant, because the cables be-
tween sensors and Inputs may
be very long.
Thecircuit isprotected against

voltage peaks by zener diodes
06, 08 and 028. This makes it
possible for the control voltage
to be higher than 12 V,although
regulations prohibit the use of
voltages above 42 V.
Diode D} protects the circuit

against polarity reversal.
Capacitor C] decouples the

supply voltage.
The current drawn, depen-

dent on the relay, isabout200 mA.
Type 4050 JCs may be used

in the JC1 and IC2 positions, but
it should be noted that these
are non-inverring devices, so
that part of the circuit action is
then reversed.

(M. Haas 914017)

DIGITAL LED VOLTMETER

INTHJS somewhat unusual
digital voltmeter, the mea-

surand (voltage to be measured)
is digitized in an analogue-to-
digital (A-O) converter and then
displayed in three decimal dig-
its. The display is not the usual
seven-segment type, but con-
sists ofthree groups of ten LEOs.
Although this type of display
isa little unusual, themeasured

valuecan beread withoutprob-
lem after only a short familiar-
ization period: even voltage
changes can be readily interpreted.
Note that the meter can only
be used for measuring direct
voltages.
The A-O converter is based

ona CA3162, whichcan process
direct voltage up .) 999 mV
(1 VfuJl-scaledefiection-f.s.d.).

ELEKTOR ELECTRONICS JULYIAUGUST 1991

The f.s.d. is extended to 10 V
with theaid of potential divider
RrR2-R3·Other ranges are pos-
sible by altering the values of
the resistors.
The measured value is read

from three bars of LEOs: the
first oneof these, Dt-DIo, shows
units; the second, 0n-020 tens;
and thethird, 02'-030,hundreds.-
The circuit is nulled with PI

when the input is open circuit.
Zero here means that diodes
0],011, and O2], light. Diedes
010, 02o, and 03°' represen t the
figure 9.
Next, a known voltage Is ap-

plied to the input and P2 ad-
jus ted till the LEOs read the
correct value.
Somepeoplemayfindithelp-

ful to use a different colour for



each ofthe threegroups ofLEDs.
When the input voltage is

too high, the display goes out.
When the input is negative, the

'unit LEDs' do not light.
Note that variations in the

supply voltage affeet the 111ea-
surement adversely; it is, there-

fore, ad visable to use a regulated
source, for instance, a 9-V PP3
battery end a Type 7805 regu-
lator. Since only three LEDs can

light at any one time, the cur-
rent drawn by the circuit does
not exeeed abou t 30 mA.

(A. Matthiesen 914005)
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0... 914005·11

PARTS LIST

Resistors:
RI, R2 = 180 kQ
R3= 10kQ
R4, R5, R6 = 220 Q
PI = 50 kQ preset
P2 = 10 kQ preser

Capacitors:
CI = I nF
C2 = 330 nF
C3= lOiJF, 10V

Semiconductors:
ICI = CA3162E
IC2 = 74LSI45
DI-D1O = LED. red
Dll-D20 = LED, yellow
D21-D30 = LED, green

Miscellaneous:
Enclosure 70x125x48 mm

!aJc;fooel
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each of the three groups of LEDs.
When the input voltage is

too high, the display goes out.
When the input is negative, the

'unit LEDs' do not light.
Note that variations in the

supply voltage affect the mea-
surement adversely; it is, there-

fore.advisableto use aregulated
source, for instance, a 9-V PP3
batteryand a Type 7805 regu-
lator. Since only three LEDs can

light at any one time, the CUf-

rent drawn by the circuit does
not exceed about 30 mA.

(A. Matthiesen 914005)
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Resistors:
Rl, R2 = 180 kQ
R3::;lOkQ
R4j']R.5,R6 =220 Q
PI = 50 kQ preset
P2 = 10 kQ preset

Cap~citors: .
Cl = 1 nF
C2=330nF
C3 ::::;1O~, IQ,V

Semiconductors:
ICI = CA3162E
IC2= 74LS 145
DI~DlO = LED, red
011-020 = LED, yellow
D2I-D30 = LED, green

Miscellaneous:
Enclosure 70><125x48 mm

laJ<fooel
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01,03,04 = 1N4001
IC1 = 4098 = 4528

a

91402()-11
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m
AUTOMATIC CYClE lIGHTS

To PREVENT the dynamo-
driven lights of YOUf bicyle

going out when you stop in the
dark for, say, traffie lights, the
simplecircuit here may offer help.
The circuit uses four NiCd bat-

teries with a capacity of between
0.25 Ah and 1.25 Ah, which are
constantly charged when the d y-
namo is driven via R1 and D1.
Since the battery voltage is rather
less than the dynamo ontput, the
lights are dimrned to a small ex-
tent when thecycle is stopped, but
in practice that is hardly notice-
able.
Monostable lC1tlJ wh ich has a

mono time of 1 5 CRs-C2), is used
to detect whether the dynamo
generates a voltage with the aid
of D3, R3 and ~. As long is there
i5 a voltage, the monostable holds
IC1b, also a monostable, in the
reset state. The relay is not ener-
gized and the lights are powered

BOUNCE-FREE SWITCH

SWJTCHES with change-over
contacts with traditional de-

bouncing circuits are not always
usableoreconomical. Keyboard
switches, for instance, seldom
have change-over eontacts.
Furthermore. ehange-over
switches have one extra eon-
nection, whieh can not always

be accommodated in the con-
struction.
The small circuit here oper-

ates with one make contact or
one break contaet. Which one
does not matter in practice, be-
cause the Q or Q output may
be chosen to invert the switch
action.

The logic level at the input
of the circuit 1Sdetermined by
pull-up resistor R. and the po-
sition of 51. The input signal
goes straight to the data input
01 bistable (US: Flip-flop) JCl"
where it iaclocked as 500n as the
contact bounce has disappeared
(alter 0.5-10 ms).

Q~ tit ~:, , i-------------®
r---1J;r------10

1"\1 11 10 e>
L{~ IC1IC2

--ir--1 ri r- 0 0 Ci'
CLK~ ~

•=iJ:=L ICl = 74LS74
IC2 = 74LS86

+

IC1a

2(121 0
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by the dynamo.
When the dynamo voltage

drops. JCla is no langer tnggered
so that its outputs change level.
This causes the reset state of IC1b
to be removed, whereupon its T
input is actuated and remains so
for two minutes. during which
timetherelayisenergizedand the
cyc!e Itghts are powered by the
batteries.
Srrtcüy speaki ng,lC 1b is not es-

sential, but it does ensure that
the lights ere switched and that
the battery ean not be discharged
completely.
Therelayshould bea type that

operates fau.ltlessly when itssup-
ply voltage reaches 4.8 V
lt is advisable to build the cir-

cuit in a watertight, or at least
waterproof, enc\osure.

(U. Kunz 914020)

11,e dock is genera ted by lC2a,
anXOR gate. Every time its input
level alters, this gate generates
a pulse, whose width is deter-
mined by R2 and C r That pulse
is, however; not devoid of con-
tact bounce, which is. therefore,
filtered out by C2 and the out-
put resistance of IC2a.. The po-
tential acTOSSC2 is smoothed and
inverted by JC2b before the pulse
is applied to the clock input 01
the bistable. The result 01 all
this is tha t the ou tpu t signal is
clean, albeit delayed by a lew
milliseconds.
Since the bounce filter uses

theoutputresistanceof Kg., this
circuit can not be replaced by
just any other type. When t'e-
placing is unavoidable, thevalue
01 C2 must be adapted to the
newcircumstances,ora resistor
connected in series with theout-
put 01 JC2,.
The eurrent drain of the cir-

cuit is 3 mA.

(5. [eukendrup 914022).



CORRECTIONS & TIPS

Low-frequency counter
(January 1992, p. 44)

The parts list on p. 44 erroneously states
that capacitors eil and C12 are tantalum
types. Sincethe polarityofthe voltageaeross
these capacitors may be inverted, the capac-
itors should be bipolar aluminium types.
Under 'Construction' on p.4S, it is stated

in the penultimate paragraphh that 'the con-
nection between theinputsocketand ClOITIust
be single screened cable'. In fact, the con-
nection is so short that screened cable is not

necessary.

Measurement amplifier
(February 1992)

Owing to a misunderstanding, the track
side ofthe printed cireuit board (p.23) was
not incJuded with the article in Dur February
1992 issue. Our apologies for this oversight,
The rnissing drawing is shown below.

ELEKTOR ELECTRONICS MARCH 1992

Automatie cycle lights
(July/August 1991, p. 49)

Sir-In the construction of 'Automatie
cycle lights", r have encountered three
problems.
1. Triggering of reib at input - T (pin 11)
and R (pin 13). A trailing edge at - T trig-
gers the IC if R is high. It is, however, pos-
sible that R is still low or is just changing
state, A (not very elegaot) solution to this
is to connect the line from Q (pin 7) 10 R lO
junction R2-D1 (+ battery) via al kQ
resistor.
2. A short pulse caused by the switching
on of the battery triggered input +T of IC I b
(pin 4), which switched the battery off
again. This was cured by connecting a
470 nF capaeitor between +T and earth.
3. Triggering at +T of leib was so sensi-
tive that even a tiny movernent of the bicy-
cle causes the battery to be switched off. In
other words, if you don't hold the bicyc1e
absolutely still, its lights will flash on and
off. The sensitivity can be made variable
by replacing resistor R4 by a 100 kQ preset

Helge Bergmann, Hannover

Mini square-wave generator
(February 1992, p. 60)

Sir-On page 61 of 'Mini square-wave
generator', you refer to the 7805 regulator
as a "low-drop regulator, wh ich ensures
low power dissipation". I would disagree
with that description: in my books that reg-
ulator is definitely not a low-drop type.

P. Thompson, Bristol

Yauare right: we apotogiie for that errat:
Editor

Build a compact-disc player
(January 1992, p. 36)

Sir-J think that your contributor,
T. Giffard, in his article 'Build a
compact-disc player'must be a lot more
wealthy than I arn if he eonsiders f249 "an
affordable price" (available from only one
advertiser in YOUf January issuel).
Especially as Philips' own personal com-
pact disc player cornplete and ready made
costs only [149 (from Argos).

J. Easton, Watchet, Somerset

The price mentioned in the advertisement
is HFL (Dutch guilders) 249 (equivalent to
about [80.00). Editor



CHANGE-OVER SWITCH FOR C64 CONTROL PORT

MANY PEOPLE still use the
old C64 computer to play

games on, but get frequently
annoyed by the constant need
of changing over the joystick
connectors. Tlus is because nor-
mally only one joystick is avail-
able, whilesome games are con-
trolled via port 1 and others via
port 2.
The cause of the rumoyance

n1ay be removed by the circuit
shown here, which uses eight
analogue switches packaged in
two Type 4066 ICs. Switch S1
enables pins JOYO-JOY3 to be
connected to either port 1 or
port 2.
The +5 V supply is derived

from the C64.

(A. Rigby 914012)
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value of R1 or C2 is increased.
The frequency is altered when

the value of both capacitors or
ofbothresistors is changed. That
makes it possible to vary the
frequency by using a dual-gang
potentiometer in placeof the two
resistors. Since the two resis-
tances are then always iden ti-
cal, the ratio Up/Uowill be 1:12
when C2=10C1. To ensure sul-
ficient positive feedback for the
oscillator to start, the amplifi-
cation of the opamp must be
>12. With values as shown in
Fig. 1, the amplification is

from which it follows that the A=1+(Rs+P1)/R3=13.8.
factor becomes sm aller if the

cA
::r'010on~
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::r'0,"o"~

IC1,IC2 = 4066
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WIEN BRIDGE WITH ASYMMETRICAL POWER SUPPLY

NORMALLY, a Wien bridge
oscillator contains two iden-

tical capacitors and two iden ti-
cal (variable) resistors. That being
the case, the transfer factor of
the bridge in Fig. 1 is 1:3. Forex-
ample. when a potential of 1 V
is applied to the non-inverting
input of the opamp, the output
voltage of the amplifier will be
3Y.
Inmany cases, a smaller trans-

fer facter is required. With ref-
erence to Fig. 2,



9... 12V

R'
''0

~--~~----+---~.

Dl,D2:::.1N4148

•
914007·11

2

11
1

Stability of the output volt-
age is ensured in the traditional
manner by twoanti-parallel con-
nected diedes in the feedback
loop.Preset P, is adjusted sothat
the stnusoidal output voltage
is just not chpped by the sup-
ply voltage.
The Irequency of the output

signal may be set between 150Hz
and 1500 Hz with P2; higher
frequencies may be obtained
by altering the values of CI and
C2'
I The supply voltage, which
must be regulated, may lie be-
tween 9 V and 12 V. When the
oscillator is not loaded, itdraws
a current of about 6 lIlA.

(J. Ruffell 914007)

PARTS LIST

Resistors:
Rl,R2= IkO
R3=4.7kO
R4= 100
R5=lOkO
R6 =47 0
PI = 47 kQ preset
P2 = 10 kQ, dual-gang
linear preser.

Capacitors:
CI = 33 nF
Cl = 330 nF
C3. CS = 47 ~, 16 V, radial
C4 = 1O~, 16 V, radial
C6=47 nF
C7 = 100 ~, 16 V, radial

Semiconductors:
Dl,D2= IN4148
lCI = LM386N-4

TIME DELAYWITH ONE 555
+

B

4 R 0
le, a 3 •5 cv 555

" ... THR
2 e
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MANY electronic circuits fre-
quently require the brief

delay of a pulse. Such a delay,
herebetweenl00 us and IOö 5,

is easily provided by a simple
circuit based on the popular
555. That is more than adequate
for most applications.
The outpul 01 the 555 can go

high only if the potential at pin
2 drops below a third 01 the
levelofthesupplyvoltage, pro-
vided that the level at pin 4 is
high. In quiescent operation.
the level at pin 4 is low and CI

is charged via T11 so that the
output is low.
When the input goeshigh. T,

is switched off and Cl is dis-
charged via R1. In that condi-
tion, the reset state is cancelled,
and after a time delay that de-
pends on the state of discharge
of C, the output ofthe 555 goes
high. The time delay in seconds
is calculated from T= 0.69RICI,
where Rl must be greater than
or egual to 10 kQ.

(S. Bolt 914024)
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Stability of the output volt-
age is ensured in the traditional
manner by two anti-parallel con-
nected diodes in the feedback
loop.Preset Pj isadjustedso that
the sinusoidal output voltage
is just not clipped by the sup-
ply voltage.
The frequency of the output

signal may be set between 150Hz
and 1500 Hz with P2; higher
frequencies may be obtained
by altering the values of Cl and
C2·
( The supply voltage, which

·must be regulated, may He be-
tween 9 V and 12 V.When the
oscillator is not loaded, it draws
a current of about 6 mA.

(]. Ruffell 914007)

PARTS LIST

Res
Rl, 1 kQ
R3= kQ
R4= IOQ
R5=lOkQ
R6=Q
pi' . prese
P2 = ill, dual:'gang
linear preset

Ca
Cl
C2- nF
C3, C5 = 47 J.lF, 16 V, radial
C4 =.10 J.lF, 16 V, radial
C6= nF
C7 J.lF, 16· al

Semiconductors:
Dl, D2 = IN4148
ICt 386N-4.··.·

TIME DELAYWITH ONE 555
MANYelectronic circuits fre-

quently require the brief
delay of a pulse. Such a delay,
here between 100 usand 100 s,
is easily provided by a simple
circuit based on the popular
555. That is more than adequate
for most applications.
The output of the 555 can go

high only if the potential at pin
2 drops below a third of the
level of the supply vol tage, pro-
vided that the level at pin 4 is
high. In quiescent operation,
the level at pin 4 is low and Cl

ELEKTOR ELECTRONICS JULY/AUGUST 1991

is charged via Tl, so that the
output is low. .
When the inputgoes high, Tl

is switched off and Cl is dis-
charged via RI. In that condi-
tion, the reset state is cancelled,
and after a time delay that de-
pends on the state of discharge
of Cl the output of the 555 goes
high. The time delay in seconds
is calculated from t = 0.69RICI,
where RI must be greater than
or equal to 10 kQ.

(5. Bolt 914024)
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Stability of the output volt-
age is ensured in the traditional
manner by twoanti-parallel con-
nected diedes in the feedback
loop.Preset P, is adjusted sothat
the stnusoidal output voltage
is just not chpped by the sup-
ply voltage.
The Irequency of the output

signal may be set between 150Hz
and 1500 Hz with P2; higher
frequencies may be obtained
by altering the values of CI and
C2'
I The supply voltage, which
must be regulated, may lie be-
tween 9 V and 12 V. When the
oscillator is not loaded, itdraws
a current of about 6 lIlA.

(J. Ruffell 914007)

PARTS LIST

Resistors:
Rl,R2= IkO
R3=4.7kO
R4= 100
R5=lOkO
R6 =47 0
PI = 47 kQ preset
P2 = 10 kQ, dual-gang
linear preser.

Capacitors:
CI = 33 nF
Cl = 330 nF
C3. CS = 47 ~, 16 V, radial
C4 = 1O~, 16 V, radial
C6=47 nF
C7 = 100 ~, 16 V, radial

Semiconductors:
Dl,D2= IN4148
lCI = LM386N-4

TIME DELAYWITH ONE 555
+

B

4 R 0
le, a 3 •5 cv 555

" ... THR
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MANY electronic circuits fre-
quently require the brief

delay of a pulse. Such a delay,
herebetweenl00 us and IOö 5,

is easily provided by a simple
circuit based on the popular
555. That is more than adequate
for most applications.
The outpul 01 the 555 can go

high only if the potential at pin
2 drops below a third 01 the
levelofthesupplyvoltage, pro-
vided that the level at pin 4 is
high. In quiescent operation.
the level at pin 4 is low and CI

is charged via T11 so that the
output is low.
When the input goeshigh. T,

is switched off and Cl is dis-
charged via R1. In that condi-
tion, the reset state is cancelled,
and after a time delay that de-
pends on the state of discharge
of C, the output ofthe 555 goes
high. The time delay in seconds
is calculated from T= 0.69RICI,
where Rl must be greater than
or egual to 10 kQ.

(S. Bolt 914024)



SWITCH FOR CENTRAL-HEATING PUMP

THE PUMP in sorne eentral-
heating systems has two or

even three speeds. At the low-
est speed, not much hot water
1Spumped around the circuit
and this may result in the boiler
overheating. The switch circuit
proposed here prevents tha thap-
pening.
The electries of the pump are

as shown in the dia gram. The
main windingisnormally175Q
and the auxiliary windings 135Q:
these values may, however, be
different in certain pumps and
this should.orcourse, bechecked,
The capacitor in series with the
windings provides the neces-
sary phase shi!t that enables
the motor of the pump to ro-
tate. In positions a and b, the
impedance is increased and this
results in a weaker field so that
themotorrunsmoreslowlyand
the pump displaces less water.
A simple circuit enables the

automatic switching between
a and b or between band c. Its
24-V input is parallel with the

drive of the gas valve of the
main burner, When that valve
closes, the speed ofthe pump in-
creases and the boiler can not
overheat.
lf the installation uses a 240 V

drive for the gas valve, a small
transformer may be used to ob-
tain the 24 V.
On a safety note, bear in mind

U13tthe24Vsupply, whichreaches
the thermostats in various rooms,
is insula ted from the mains onIy
by the relay. Therefore, thatrelay
should be a heavy-duty type
that provides adequate insula-
tion

1750

1350

1350 1750
1350

1350 1350
1350

a b c

[K. Walters 914023]
1N4D01

1350

1350

d 914023-11

KEYBOARD CHANGE-OVER SWITCH

IFYOUhavea non-qwerty key-
board and would like to use

this with YOUT computer with-
out having to reIearn where the
deviating keys are, this simple
circuit will help.lt receives two
keyboards on K2 and K3 re-
spectiveIy and connects these
via switch 51 and connector K1
to thecomputer. Check the key-
board connections atyour corn-
puter, because some pe corn-
patibles have a slightly differ-
ent pin layout. The connection
between the circuit and the com-
puter is via a standard 5-way
DIN cable; you can, of course,
make your own cable as shown
at the bottom 01 the diagram
(K, and K5)·
SwitclrS, isafour-polechange-

over type, either rotary or tog-
gle. Sinee the supply line is
switched also, the additional
keyboard does not increase the
load. The additional LEDs that
indicate which keyboard is in
circuit increase the current drain
by about 10 mA.
So much for the hardware;

now for the software. Whatever

keyboard you connect, thecodes
it gene rates do not change.
Advising the computer that a

different keyboard layoutis used
is the taskof the keyboard driver.
In MSDOS versions up to 3.2,

Unsdriver iscalled KEYB??COM,
where in place of the question
marks an abbreviation for the

51

"""
""" 01

~::<>---+-+--,
" Q

*Ip_lE&\

914016-11
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relevant country is given.
Normally, thecorrectversionof
this program is executed inAU-
TOEXEC.BAT,after the change-
over you have to start the pro-

gram manually. From version
3.3 onwards, there is the file
KEYBOARD.5YS (and in some
old versions), KEYB??.5YS),and
then you have no choice but to

restart (alt-ctrl-del) the com-
puter every time the keyboard
has been changed with a system
disk in drive A on which you
have stored the relevant data

in CONFIG.SYS and pass these
to KEYBOARD.5YS. Alterna-
tively, you can install the correct
KEYB??.5YS.

(J RuHell- 914016)

PRESETTABLESHUNT REGULATOR

DEPENDINGon its location,
linear voltage regulators

are arranged traditionally into
two sub-groups: series and shunt
(or parallel) regulators.
In practical circuits, series

regulators, particularly the pop-

ularintegrated types in the 78xx
famil y, are normally used, since
these give good regulation and
allowa reasonable output cur-
rent.
Nevertheless, good shuntreg-

ulators are also becoming avail-

11... 18V ., 5V/15mA

+ 3300 +
OWS .,

3

Q
er ca ca •D'
lOOIl 100n , 100n .0,
25V .3 >SV

"
0 0

'~3

01 = TL431CLP

, 914018-11

THERE ARE nawadays so
many different standards

for buses and networks that it
was thought useful to present
an overview of the most current
types. Note thateach bus needs
suitable software to transmit
data.Forinstance,thewell-known
Ethernet network operates with
Novell and Lantastic.
Ethernet and Thin- Ethernet

buses are intended for use as a
LAN (Local Area Network) be-
tween computers and comput-
ers or between computers and
peripheral equipmen t like print-
ers and plotters.
The Integra ted Service

Terminal (IST) bus is used in
LANs for offices. It complies
with the ISDN norm. It is in-
tended forcommunication with
telephones, view phones, com-
puters, and alarm systems.
The Domestic Digital Bus

(D2B) bus is intended for inter-

SOME TECHNICAL DATA

able. for example, Texas
Instruments' Type TL431. The
commercial version of this. the
TL431C, offers excellent tem-
perature stability and very low
dynarme impedance (see table).
Although shunt regulators usu-
ally function in the same way
as a zener diode, the TL431C
offers a facility that 110 zener
diode does: the zener voltage
may be set anywhere between
2.5 V and 36 V with the aid of
tWQ fixed resistors. To function

Cathode voltage, Umt
Cathode current, [C.1t
Power dissipation (at 25 'Cl
Dynamic impedance
Temperature coefficient

COMMUNICATION BUSES
connecting audio and video
equipment. It is found on most
up-to-date radio tuners and tele-
vision receivers.
TheController Area Network

(CAN) bus is intended primar-

ily for use in control system in
a noisy environment (H is, for
instance, standard in the new
Mercedes-Benz S-class of cars).
It needs only two wires für the
distribution of power and in-

properly, thedeviceneedsa cath-
odecurrentofnot lessthan 1mA.
The volta ge across the Ie is
thenUcat ~ 2.5(l+R2/R3). If the
values of R2 and R3 are not too
high, the current through this
reference network is negligible
«4 IlA).
A possibleapplication ofthe

deviceisthecompact5 Vpower
supply shown in the diagram.

[J. Ruffell 914018]

2.5 V-36 V
150 mA (] mA nun)

775mW
0.5 n (typical 0.2 Q)

30 ppm K-l

formation.
The Future bus is a new stan-

dard for parallel processing of
data within a computer. Path
wid ths vary from 32 bits to 256
bits. A number of processors
can exchange data at very high
clock speeds along these paths.
The Inter IC Sound (I2S)bus

is designed for the exchange
over short distances only of dig-
ital audio (16-bit stereo) between
ICs in a digital audio system.
The data are transmitted seri-
aIly.
The Inter IC ()2C) bus is also

designed for communication
between ICs. It handles not only
data, but also commands. In
contrast to the 12Sbus, the 12C
bus is fairly slow and not suit-
able for the rapid transmission
of large quantities of data.

name of max.length kind af data type of
network in metres informatio format connection

Ethernet 2500 data serial 1coax cable

Thin I! 925 data serial 1coax cable

IST 300 data serial 2 wires

D2B 150 controI serial 3 wires

CAN 100 contral serial 2 wires

Future systemIevel data parallel

12S boards data serial

FC boards data/ serial 2 wires

contro1
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relevant country is given.
Normally, thecorrectversionof
this program is executed inAU-
TOEXEC.BAT,after the change-
over you have to start the pro-

gram manually. From version
3.3 onwards, there is the file
KEYBOARD.5YS (and in some
old versions), KEYB??.5YS),and
then you have no choice but to

restart (alt-ctrl-del) the com-
puter every time the keyboard
has been changed with a system
disk in drive A on which you
have stored the relevant data

in CONFIG.SYS and pass these
to KEYBOARD.5YS. Alterna-
tively, you can install the correct
KEYB??.5YS.

(J RuHell- 914016)

PRESETTABLESHUNT REGULATOR

DEPENDINGon its location,
linear voltage regulators

are arranged traditionally into
two sub-groups: series and shunt
(or parallel) regulators.
In practical circuits, series

regulators, particularly the pop-

ularintegrated types in the 78xx
famil y, are normally used, since
these give good regulation and
allowa reasonable output cur-
rent.
Nevertheless, good shuntreg-

ulators are also becoming avail-
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THERE ARE nawadays so
many different standards

for buses and networks that it
was thought useful to present
an overview of the most current
types. Note thateach bus needs
suitable software to transmit
data.Forinstance,thewell-known
Ethernet network operates with
Novell and Lantastic.
Ethernet and Thin- Ethernet

buses are intended for use as a
LAN (Local Area Network) be-
tween computers and comput-
ers or between computers and
peripheral equipmen t like print-
ers and plotters.
The Integra ted Service

Terminal (IST) bus is used in
LANs for offices. It complies
with the ISDN norm. It is in-
tended forcommunication with
telephones, view phones, com-
puters, and alarm systems.
The Domestic Digital Bus

(D2B) bus is intended for inter-

SOME TECHNICAL DATA

able. for example, Texas
Instruments' Type TL431. The
commercial version of this. the
TL431C, offers excellent tem-
perature stability and very low
dynarme impedance (see table).
Although shunt regulators usu-
ally function in the same way
as a zener diode, the TL431C
offers a facility that 110 zener
diode does: the zener voltage
may be set anywhere between
2.5 V and 36 V with the aid of
tWQ fixed resistors. To function

Cathode voltage, Umt
Cathode current, [C.1t
Power dissipation (at 25 'Cl
Dynamic impedance
Temperature coefficient

COMMUNICATION BUSES
connecting audio and video
equipment. It is found on most
up-to-date radio tuners and tele-
vision receivers.
TheController Area Network

(CAN) bus is intended primar-

ily for use in control system in
a noisy environment (H is, for
instance, standard in the new
Mercedes-Benz S-class of cars).
It needs only two wires für the
distribution of power and in-

properly, thedeviceneedsa cath-
odecurrentofnot lessthan 1mA.
The volta ge across the Ie is
thenUcat ~ 2.5(l+R2/R3). If the
values of R2 and R3 are not too
high, the current through this
reference network is negligible
«4 IlA).
A possibleapplication ofthe

deviceisthecompact5 Vpower
supply shown in the diagram.

[J. Ruffell 914018]

2.5 V-36 V
150 mA (] mA nun)

775mW
0.5 n (typical 0.2 Q)

30 ppm K-l

formation.
The Future bus is a new stan-

dard for parallel processing of
data within a computer. Path
wid ths vary from 32 bits to 256
bits. A number of processors
can exchange data at very high
clock speeds along these paths.
The Inter IC Sound (I2S)bus

is designed for the exchange
over short distances only of dig-
ital audio (16-bit stereo) between
ICs in a digital audio system.
The data are transmitted seri-
aIly.
The Inter IC ()2C) bus is also

designed for communication
between ICs. It handles not only
data, but also commands. In
contrast to the 12Sbus, the 12C
bus is fairly slow and not suit-
able for the rapid transmission
of large quantities of data.

name of max.length kind af data type of
network in metres informatio format connection

Ethernet 2500 data serial 1coax cable

Thin I! 925 data serial 1coax cable

IST 300 data serial 2 wires

D2B 150 controI serial 3 wires

CAN 100 contral serial 2 wires

Future systemIevel data parallel

12S boards data serial

FC boards data/ serial 2 wires

contro1
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MEASURING ELECTROLYTIC CAPACITORS

MOST capacitance meters
have no facility for mea-

suring large electrolytic capac-
itors. The circuit described here
makes it possible for such ca-
pacitors to be measured with
same degree of accurac)" in spite
of the large tolerances these com-
ponents normally have.
Opamp IC la is arranged as

anastable. Capadtor Cj ischarged
via R2; as 500n as the potential
across it reaches the level of
that at the non-inverting input
ofIC I" which is determined by
volta ge divider RI-R3-R4, the
opamp toggles and C2 is dis-
charged till the voltage across
it reaches the new level at the
+ input of ICla.
The measuring circuit con-

sists ofswitched resistors R6-R91
and SI, RlO, PI and P2. The ca-
pacitor on test is charged via
T2 and discharged rapidly via
TI·
Comparator IC1b compares

the level (0.65 V) at its non-in-
verting input with that at its
inverting input. When the ca-
padtor on test is connected across
the input terminals, P2 is ad-
jus ted till the LED just lights.
The potentiometer must be given
a scale to enable the value of
the electrolytic capacitor to be
read directly. The scale can be
calibrated with the aid of a ca-
pacitor of known value for each
range (1-4.7 !lF; 4.7-47 !lF;
47--470 !lF; and 470--4700 !lF).
Basically, it is linear, but itmay
be necessary to make a scale
for range 1 empirically.

To ensure the best possible
accuracy, it is advisable to use
a regulated power supply. The
circuit draws a current of about
20 mA (almost all of it through
the LED).

(~\
CP. Essek 914015)

"
1~ 4pT
4~7 47~
47~•••470~
47()~...4700~

'"'"
"lOOk

I
I

QC$
I
I

o

oa
1N4148

914015-11

TELEPHONES are now read-
ily and cheaply available:

two identical ones and a hand-
ful of components enable a sim-
ple housetelephone to be setup.
Since the two telephones are

connected in series as shown
in the diagram. half the supply
voItage exists across either of
th~m. Neither buzzer will sound,
since the potential across zener
diodes D] and D3 is below their
breakdown voltage.
If, say, the handset 01 tele-

phone 2 Is lifted, a virtual short
circuit ensues across this tele-
phone. The potentialacross tele-
phone 1 then rises to almost the
supply voltage. Breakdown then
occurs in D1, which causes a
sharp increase in the reverse
rurrent through the diode. The
buzzer will then sound and the
LED light. If then the handset
of telephone 1 is lifted, the sup-
ply voltageis againdivided sy.m-
metrically across the two tele-
phones. which is sufficient for
carrying out a conversation.
The buzzers may be contin-

uous-tonc or intermittent-tone
types to personal preference.
Similarly, the LEDs may bestan-

HOUSE TELEPHONE
dard or flashing types.
The power supply may be a

standard 12-V mains adapter.
When the supply voltage is too
high, the buzzers will sound
even when both hand sets are
lifted. If dissimilar telephones
areused, one orbothzenerdiodes
need to be replaced by differ-
ent types to ensure that during
quiescent operanon the volt-
age drops across the telephones
are identical.

CA.[ödicke 914028)

,~
~

.3

2~
~

t-----------------~o
914028·11
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THECIRCUlTpresentedhere
enables theautomatic switch-

ing on of ou tside lighting when
its gets dark and, what's more,
it does so for a predetermined
period. A new period can be
begun only when it has been
light again.
The switch is a solid-state

relay. From the instant that T4

DARKNESS-SENSITIVE SWITCH
and T5 are on, the LED in the
relay lightsand lamp L, is pow-
ered. As soon as one of the tran-
sistors switches off, the lamp
will go out.
Whether T5 is on depends

on photo transistor T3' lf light
falls on to this, it is switched
on and removes the base current
frorn T5. In other words, T5 can

be on only when it is dark.
The base-emitter junction of

transistor T2 is also connected
in parallel with T3 and it, too,
will therefore be off when it is
light. This causes a constant reset
on JC

"
all of whose counter out-

puts are then low.
As soon as it gets dark, base

current for T2 is provided by

ICl

4060

R2

Q'3~3L---.--+----+----4-4r;22;',l-4---~~r

5202052,I
~.-~snf'~2---+--+----+----4-------~

IC2

1.=1;;"-==1;;:;'" 5202052

D5
5V'

SOOmW

914031-11

R7 and the transistor switches
on. The counter can then count
the pulses of its internal oscil-
lator, while the lamp remains
on. When, after a short time,
output Q13 goes high, transis-
tor T4 switches off. This causes
the LED in the solid-state relay
to quench and the lamp goes out.
Since at the same time the 05-
cillator is stopped via T1, Q13
remains high. This stateis main-
tained until it gets light again
and Je1 is reset, whereupon a
new eyeIe can be started.
The period the lamp is on

may be set to between 1 and 5
hours with P1'
No special transformer is

needed for the power supply,
which may be derived direct
from the mains. Diodes 01-0S
rectify themains voltageand the
result is smoothed by C4·
Capaeiter Cs operates as a re-
slstancc, and it should, there-
fore. have a working voltage
rating of not less than 400 V,
although 630 V is preferred.
Note that mains voltage ex-

ists at several points in the cir-
cuit: great care should be taken
to insulate the switch unit ade-
quately

(A Rigby 914031)

SWITCH-OFF DELAY FOR BATTERYSUPPLY

5 ... 15V

ct

rr :TI"'*I "e
,,,

L"

10 v-

ICl +
LM322N

"'l'"
" Batt.1:

330n ' t " 6V'
BC337 -'-

BC557B
BC337

e Re llGCGND
z e

B

91403&11

AFREQUENT annoyance
withbattery-operated equip-

men t is tha t just after you switch
it on you notice that the battery

is lIat. Quite probably, the last
user (you?) has forgotten to switch
itoff. Thecircuitdescribed here
makes sure that this will never
happen again. A touch on the
button, 51, is sufficient to let
the equipment work for a pre-
determined period only.
An interesting feature of the

circuit is that its quiescent cur-
rent is 0.00 mA, because Tl
switches the timeroffcompletely
at the end of the cycle. 5witching
on is effected by theenergy con-
tained in the power-on pulse.
When 5, is pressed, the supply
voltage is available immed iately
across C2. Because of the d if-
ferentiating action of R2-C2, the
supply voltage is briefly con-
nected to the V+ inputofIC 1via
Dj. This energy is sufficient to
enable the JCand start the timer,
whereupon Tl is switched 011.

This transistor provides energy
to the IC for the remainder of

ELEKTOR ELECTRONICS JULY!AUGUST 1991

thecycle. At the end of the cycle,
Tl is switched off and provides
no more energy.
The on-time, t,is d eterrnined

by:

The maximum current
switched by T2 must not ex-
ceed 350 mA.
The supply voltage may !ie

between 5 V and 15 V.
The minimum trigger arn-

plitude is 5 V.
The switch-off time with com-

ponent va lues shown in the di-
agram is 1-100 seconds.
The current drawn by the

circuit during the switching in-
terval is about 4 mA when the
supply volta ge is 6 V.

(j. Ruffell 914036)



AUTOMATIC BATTERYCHARGER

THE CHARGER deseribed
switehes off the eharging

voltage when the battery reaches
its full nominal voltage and
switches it on agam when the
battery voltage drops below a
predeterrruned level.
Part of the battery volta ge

is taken from across potential
divider RrR2-R3-R4 and COI11-

pared with a reference voltage
in IC'b' As lang as the battery
voltage isO V,only asmall volt-
age drop is caused across Rs by
the input currcnt of the opamp,
so that IC" toggles at 0 V. The

relay therefore rernains de-en-
ergized. At the same time, the
output of IC'b is high, but this
has 110 effectwhatsoeverowing
to ANO gate °4-05.
When a battery is connected,

its small remaining voItage en-
sures that IC" toggles, diodes
D4 and Ds are reverse-biased,
a reference voltage is applied
to the non-inverting Input oE
IC'd' and the relay is energized.
The ba ttery is then eharged un til
its vol tage has reached the nom-
inal level. Because of potential
divider R1-R2-Rr~, there is a

voltage of more than 3.45 Vat
the inverhng inputofIC'b, which
causes this opamp to toggle so
that its outpur becomes low (0),
the relay is de-energized, and
the charging voltage is removed
from the battery.
The (referenee) voltage a t the

output of IC" is set to 3.45 V.
Potential divider 03-R6-R7-P,
provides a certain hysteresis to
comparator IC2b.When the bat-
tery voltage drops below the
level set with P" IC'b toggles
again and the eherging voltage
will be reapplied to the battery.

Calibration is earried out with
a voltmeter connected to the
output of IC2" after which P2
should be adjusted for a read-
ing of 3.45 V. Next, turn P, to
full resistanee. Replace the bat-
tery by a regulated, variable
powersupplyand setitsoutput
to 6.2-6.4 V (5, in position 6 V)
or 12.4-12.8 V (5, in position
12V), that is, the voltage atwhich
charging should conunence.
Adjust P, till the relay is ener-
gized.

(K. Walters 914019)

914019-11

~~----------------------------------------------4rfc~~----~+01. ,,
IC'

9... 15V 7805
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01...05,07 = 1N4148
IC2 = LM324

Rl 01
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"

C2

AUTOPOWER OFF FOR AUDIO EQUIPMENT

THIS UTTLE eireuit switehes
off the equipment in your

audio rack when this has not
produced sound for some time.
The cin:uit is actuated bypress-

ing 51, which eauses capacitor
Cl to be eharged. Next, the out-
put of opamp IC,B goes high,
and theaudioequipment ispow-
ered from the mains via solid-
sta te rela y 15°1.
The UNE OUT signal from

the audio power amplifier is
fed to the input of the eireuit
via connector Kj .Opamp IelA
is set up to funetion as a signal
detector with a trigger thresh-
old of about 50 mV Note that
the ground potential oftheauclio
amplifier is raised toabout +4.5V
in the auto-power off cireuit by
means of R,-R,-R3'
When theaudiosignal isgreater
than50 mV(j.e.,4.05 Vwithre-

speet to the circuit ground), the
output of IC1A goes high, and
transistor Tl starts to conduct.
Consequently, C, is eharged
rapidly, so that 1501 continues
toconductand power the equip-
ment.
In the absence of an audio

input signal, Cl is diseharged
slowly via Rs and R6. Opamp
IClB toggles, and the equipment
is switehed off via IS01 when

theeapacitorvoltagedrops beIow
the voltage set wi th P, at the
inverting input. It should be
noted that the solid-state relay
speeified here has a maximum
eurrent rating of 1.5 A. When
heavier loads are tobeswitched,
it is recommended to use a e011-
ventional relay.
Sinee the relay outputs and

the transfonner primary arecon-
neeted to the mains, great eare
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should be taken to ensure the re-
quired electrical insulation. For
reasons of safety, the circuit is
best fitted in a mains adapter en-
closure with a moulded mains
plug. The two mains connec-
tions in the enclosure must be
made with properly rated and

PARTS LIST

Resistors:
Rl=220Q
R2= 120kQ
R3= 100 kQ
R4=3.3 kQ
R5= !OkQ

Capacitors:
CI=100nF
C2= 19~.63 V
C3= 10llF
C4=100~,25V

Semiconductors:
Dl,02, D3 = IN4148
Tl = BC550C
T2= BC560C
T3 = BDl40

Miscellaneous:
Re l = 12 V relay for PCB
mounting, Z>90 Q, conracr
rating >10 A

secured screw terminal blocks.
The ou tpu t is connected to a
mains cable with a 4- or 5-way
distribution board.
The delay belore the equip-

ment is switched off will de-
pe nd on the time needed to
rewind a tape, change a com-

pact disc or record, etc. To ad-
justthedelay,connecta 100 kQ
resistor across Rs. This reduces
the actual delay by a factor 01
about 10. Turn Pl fully in the
direction ofR7' press the START
button, and wait for the desired
delay (divided by 10) to elapse,

whereupon Pj must be adjusted
until the output of IC1B go es
high. Then remove the 100 kQ
resistor, press START again and
time the actual delay. If neces-
sary, re-edjust the preset.

(T.P. Thomas 914063)

7808

Q IC1 = TLC272 IC1

.~QS2
K1 ...

BC550C

C~E
a

BV
-e er 'v

T,' I E~ --H-+~
>~ 'v

B80C1500

'v

Q
'v 914063-11

WINDSCREEN WASH-WIPE CIRCUIT

INMANYoldercars the wind-
screen wash purnp is not cou-

pled to the windscreen wipe

function. This circuit switches
on the wiper motor for a pre-
determined time each time the

pump is actuated. The wipers
start to work when the pump
switch is pressed, and keep on
workinga whileafter theswitch
is released.
The anode of diode D1 is nor-

mally taken to ground via the
wash pump motor. When the
pump is powered. C 1 charges
rapidly via D1 and R,.
Consequently, T

"
Tj and Tj are

switched on, and relay Re- is en-
ergized. Cl ischarged aslongas
thepumpmotorand thewipers
operate. When thepumpswitch
is released, the washing stops,
but the wiping conhnues for a
timedetennined by RrC2. Diode
D, prevents C, beingdischarged
via the pump motor. Diodes D2
and Dj protect the circuitegainst
back e.m.f. from the relay coil.
Installing the circuit in a car

should beeasy as there are only
three connecting points (apart
from thesupply voltage). Note,
though, that the circuit is de-
signed to work with a pump
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should be taken to ensure the re-
quired electrical insulation. For
reasons of safety, the circuit is
best fitted in a mains adapter en-
closure with a moulded mains
plug. The two mains connec-
tions in the enclosure must be
made with properly rated and

PARTS LIST

Resistors:
Rl=220Q
R2= 120kQ
R3= 100 kQ
R4=3.3 kQ
R5= !OkQ

Capacitors:
CI=100nF
C2= 19~.63 V
C3= 10llF
C4=100~,25V

Semiconductors:
Dl,02, D3 = IN4148
Tl = BC550C
T2= BC560C
T3 = BDl40

Miscellaneous:
Re l = 12 V relay for PCB
mounting, Z>90 Q, conracr
rating >10 A

secured screw terminal blocks.
The ou tpu t is connected to a
mains cable with a 4- or 5-way
distribution board.
The delay belore the equip-

ment is switched off will de-
pe nd on the time needed to
rewind a tape, change a com-

pact disc or record, etc. To ad-
justthedelay,connecta 100 kQ
resistor across Rs. This reduces
the actual delay by a factor 01
about 10. Turn Pl fully in the
direction ofR7' press the START
button, and wait for the desired
delay (divided by 10) to elapse,

whereupon Pj must be adjusted
until the output of IC1B go es
high. Then remove the 100 kQ
resistor, press START again and
time the actual delay. If neces-
sary, re-edjust the preset.

(T.P. Thomas 914063)
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WINDSCREEN WASH-WIPE CIRCUIT

INMANYoldercars the wind-
screen wash purnp is not cou-

pled to the windscreen wipe

function. This circuit switches
on the wiper motor for a pre-
determined time each time the

pump is actuated. The wipers
start to work when the pump
switch is pressed, and keep on
workinga whileafter theswitch
is released.
The anode of diode D1 is nor-

mally taken to ground via the
wash pump motor. When the
pump is powered. C 1 charges
rapidly via D1 and R,.
Consequently, T

"
Tj and Tj are

switched on, and relay Re- is en-
ergized. Cl ischarged aslongas
thepumpmotorand thewipers
operate. When thepumpswitch
is released, the washing stops,
but the wiping conhnues for a
timedetennined by RrC2. Diode
D, prevents C, beingdischarged
via the pump motor. Diodes D2
and Dj protect the circuitegainst
back e.m.f. from the relay coil.
Installing the circuit in a car

should beeasy as there are only
three connecting points (apart
from thesupply voltage). Note,
though, that the circuit is de-
signed to work with a pump
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motor that has a fixed contact
to ground, while its positive
eontact islaken to the wash switch.
The relay on the board is ea-

pable of switehing 10-20 A. Its
contacts are connected across
the wiper switch via terminals
'p( and 'B' by means of heavy-
duty wiring. Theconnections to
the board are made via spade
terminals and mating sockets as
used in car electrical systems.
The spade terminals are screwed
directto the board.and soldered
to minimize the contact resis-
tanee. Finally, the relay may be
an Omron Type G2L-113P-4S-
SVora Boseh Type0332 016101.
The omron type fits on thePCB,
the Boseh type does not.

CL.Rikard 914009)

€PI
'2V +rtr-------------------~----------~--~~--,

D3 C4

914(){)9 - 11

TELEPHONE EXTENSION

'::00'80140 1N414J.:5V

,---------.,.-{+

Cl Rl

'"470n
100V

" ,__ ~ J
lN4001

"

INMANY countries, unlike
most of the UK, it is still not

possible to parallel two or more
telephoneseasily. Theeireuitde-
scribed here may either be con-
nected in parallel to an exist-
ing telephone or be used as a
stand-alone unit, when it will
energize a relay on receipt of
anincomingeall. Therelaymay
be used to opera te an optical
or an aural indicator, or cause
a trigger pulse to be generated
thatactuatesan interface, which
in turn operates a suitable tele-
phone.
The incoming a.c. signal 15

applied to terminalsa andb and
frorn there fed to optocoupler
IC, via C, and R,. The negative
half-waves are returned via D1,

while the positive half-waves
are returned via the LED in the
optocoupler. The resultingpul-
sating d.c. output of the photo-
transistor in the optocoupler is
applied to inverter IC2a- This
(call) signal is srnoothed by O2,
R., C2 and Rg, and this results
in a direct voltage at the input
of IC2, during the pulse spae-
ing. The consequent low-Ievel,
short-duration pulses atpin6 of
Te2 are passed to inverters
IC2d-IC2f that serve as relay
drivers.and whichenergizethe
relay Cpreferably a high-resis-
tanee type). Diode 08 indieates
the state of the relay. The eir-
cuit thus functions as a monos-

o

IC2= 40106

914039-11
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should be taken to ensure the re-
quired electrical insulation. For
reasons of safety, the circuit is
best fitted in a mains adapter en-
closure with a moulded mains
plug. The two mains connec-
tions in the enclosure must be
made with properly rated and

secured screw terminal blocks.
The output is connected to a
mains cable with a 4- or 5-way
distribution board.
The delay before the equip-

ment is switched off will de-
pend on the time needed to
rewind a tape, change a com-

pact disc or record, etc. To ad-
justthedelay,connecta 100 kQ
resistor across Rs. This reduces
the actual delay by a factor of
about 10. Turn P1 fully in the
direction of Re,press the START
button, and wait for the desired
delay (divided by 10) to elapse,

7808

1IC1 =TLC272 IC1

~

whereupon Pj must beadjusted
until the output of IC1B goes
high. Then remove the 100 kQ
resistor, press START again and
time the actual delay. If neces-
sary, re-adjust the preset.

(T.P. Thomas 914063)
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PARTS LIST

Resistors:
Rl =220Q
R2 = 120kQ
R3:::: 100kQ
R4 = 3.3 kQ
R5 = IOkQ

Capacitors:
Cl « 100nF
"'C2= 19 pF, 63 V
C3:::: IOnF
C4 = 100 pF, 25 V

Semiconductors:
DI, D2, D3 = IN4148
Tl =BC550C
T2=BC560C
T3 = BD140

Miscellaneous:
Re) = 12V relay for PCB
mounting, Z>90 Q, contact
rating >10 A

WINDSCREEN WASH-WIPE CIRCUIT

INMANYoldercars thewind-
screen wash pump is not cou-

pled to the windscreen wipe

function. This circuit switches
on the wiper motor for a pre-
determined time each time the

pump is actuated. The wipers
start to work when the pump
switch is pressed, and keep on
working a while after the switch
is released.
The anode of diode D, is nor-

mally taken to ground via the
wash pump motor. When the
pump is powered, Cl charges
rapidly via D, and R1.
Consequently, Tl, T2 and T3 are
switched on, and relay Rel is en-
ergized. Cl is charged as long as
the pump motor and the wipers
operate. When the pump switch
is released, the washing stops,
but the wiping continues for a
time determined by R2-C2. Diode
Dl prevents C2 being discharged
via the pump motor. Diodes D2
and D3 protect the circuit against
back e.m.f. from the relay coil.
Installing the circuit in a car

should be easy as there are only
three connecting points (apart
from the supplyvoltage). Note,
though, that the circuit is de-
signed to work with a pump



motor that has a fixed contact
to ground, while its positive
eontact islaken to the wash switch.
The relay on the board is ea-

pable of switehing 10-20 A. Its
contacts are connected across
the wiper switch via terminals
'p( and 'B' by means of heavy-
duty wiring. Theconnections to
the board are made via spade
terminals and mating sockets as
used in car electrical systems.
The spade terminals are screwed
directto the board.and soldered
to minimize the contact resis-
tanee. Finally, the relay may be
an Omron Type G2L-113P-4S-
SVora Boseh Type0332 016101.
The omron type fits on thePCB,
the Boseh type does not.

CL.Rikard 914009)
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INMANY countries, unlike
most of the UK, it is still not

possible to parallel two or more
telephoneseasily. Theeireuitde-
scribed here may either be con-
nected in parallel to an exist-
ing telephone or be used as a
stand-alone unit, when it will
energize a relay on receipt of
anincomingeall. Therelaymay
be used to opera te an optical
or an aural indicator, or cause
a trigger pulse to be generated
thatactuatesan interface, which
in turn operates a suitable tele-
phone.
The incoming a.c. signal 15

applied to terminalsa andb and
frorn there fed to optocoupler
IC, via C, and R,. The negative
half-waves are returned via D1,

while the positive half-waves
are returned via the LED in the
optocoupler. The resultingpul-
sating d.c. output of the photo-
transistor in the optocoupler is
applied to inverter IC2a- This
(call) signal is srnoothed by O2,
R., C2 and Rg, and this results
in a direct voltage at the input
of IC2, during the pulse spae-
ing. The consequent low-Ievel,
short-duration pulses atpin6 of
Te2 are passed to inverters
IC2d-IC2f that serve as relay
drivers.and whichenergizethe
relay Cpreferably a high-resis-
tanee type). Diode 08 indieates
the state of the relay. The eir-
cuit thus functions as a monos-

o

IC2= 40106

914039-11
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table whose time constant is
formed by R7-C3.
When bathS:, and S,areclosed,

C3 does not produce a pulse
frorn the ditect voltage output
of ICk The low-Ievel potential
then remains at the inputs of the
relay drivers to ensure that the

relay stays energized in this con-
dition.
When Sl is closed instead of

S2, the relay is energized d uring
the pulse widths and de-ener-
gized during the pulse spac-
ing. This mode of operation is
best for optical call indicators.

The power supply may be a
simple 12-Vmainsadapter. Diode
06 protects the circuit against
incorrect polarity. Higher sup-
ply voltages make a 12-V regu-
lator (JC3) and an additional
electrolytic capacitor (C6) nec-
essary. Thecurrentdrawn by the

circuit is only a few mA.
lt is advisable to check with

your telecommunications au-
thorities whether the circuit is
allowed in your locality before
building it.

(M. Haas 914039)

TEMPERATURE-COMPENSATED CURRENT SOURCE

NATIONALSemiconductors'
LM334Z is a three-pin pre-

settable current source, whose
outpur may be set to between 1
M-Aand 10 mA. It may be also
be used Floating.
In principle, [ust one resistor is

needed for setting the current.
However, the current is then
strongly dependent on tempere-
ture: about +0.33%"C-1.(This would
enable the device to be used as a
temperature sensor). Therefore,
to obtain a stable current source,
anadditional resistor and a diode
are needed.
For good stability, the diode

must be coupled thermally to the
TC (the self-heating of the source

914032·11

is then compensated). This is best
done by sgueezing the Je and
the diode, separated by heat paste,
into a piece of insulating sleev-

914032-12

accurate between 10 ~A and 1
mA.
The current provided by the

source may ca1culated from
I,~2/15R,
Resistor Rj should havea value

of 10R,.
Setasdescribedand withgood

thermal coupling between D1 and
Ie1, the prototype showed CI tem-
perature drift of not greater than
0.02%"C-' with I,<1mA.The !argest
drift measured. 0.08%OC-l, QC-

curred at Is = 5 mA. All mea-
surements were carried out with
a supply voltage of 9 V.ing shown in Fig. 2.

Although the current source
may be set between 1 ~A and 10
mA with the aid of Rs, it is most

(j. Ruffell 914032)

S-METER FOR SHORT -WAVE RECEIVERS

SOMEradio amateurs arevery
keen on accurn te RST reports,

others (mostly the VHF/UHF
fratemity) never look at the 5-
meter on the receiver, and are
satisfied as long as they can hear
the other station. This circuit is

for the first group.
Traditionally,oneS-pointcor-

responds to a 6-dB increase in
signal strength, while '59' is de-
fined as 50 11V into 50 Q.
Unfortuna tely,very few receivers
these days have a ca!ibrated 5-
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meter, hence the confusionamong
radio amateurs about the in-
terpretation of the signal strength
reports theyexchangeand write
on QSL cards.

111e logarithmic-to-linearcon-
verter contained in the NE604
from Valvo (Philips Components)
is used here to build an accurate
5- (signal strength) meter for
short-wave receivers. The am-
p!ifier in the NE604 is tuned to

the intermedia te frequency (IF)
of the receiver with theaid of Ll
and C2. Here, the circuit is di-
mensioned for an IF of 455_kHz,
which is applied to input ca-
pacitor Cl.
The output of the field strength

detector in the NE604 supplies
a current of 0 to 50 IlA at pin 5.
This current is converted into
a voItage of 0-5 V by a 100 kQ
resistance, R2+R3. Note that two

"



table whose time constant is
formed by R7-C3.
When bathS:, and S,areclosed,

C3 does not produce a pulse
frorn the ditect voltage output
of ICk The low-Ievel potential
then remains at the inputs of the
relay drivers to ensure that the

relay stays energized in this con-
dition.
When Sl is closed instead of

S2, the relay is energized d uring
the pulse widths and de-ener-
gized during the pulse spac-
ing. This mode of operation is
best for optical call indicators.

The power supply may be a
simple 12-Vmainsadapter. Diode
06 protects the circuit against
incorrect polarity. Higher sup-
ply voltages make a 12-V regu-
lator (JC3) and an additional
electrolytic capacitor (C6) nec-
essary. Thecurrentdrawn by the

circuit is only a few mA.
lt is advisable to check with

your telecommunications au-
thorities whether the circuit is
allowed in your locality before
building it.

(M. Haas 914039)

TEMPERATURE-COMPENSATED CURRENT SOURCE

NATIONALSemiconductors'
LM334Z is a three-pin pre-

settable current source, whose
outpur may be set to between 1
M-Aand 10 mA. It may be also
be used Floating.
In principle, [ust one resistor is

needed for setting the current.
However, the current is then
strongly dependent on tempere-
ture: about +0.33%"C-1.(This would
enable the device to be used as a
temperature sensor). Therefore,
to obtain a stable current source,
anadditional resistor and a diode
are needed.
For good stability, the diode

must be coupled thermally to the
TC (the self-heating of the source

914032·11

is then compensated). This is best
done by sgueezing the Je and
the diode, separated by heat paste,
into a piece of insulating sleev-

914032-12

accurate between 10 ~A and 1
mA.
The current provided by the

source may ca1culated from
I,~2/15R,
Resistor Rj should havea value

of 10R,.
Setasdescribedand withgood

thermal coupling between D1 and
Ie1, the prototype showed CI tem-
perature drift of not greater than
0.02%"C-' with I,<1mA.The !argest
drift measured. 0.08%OC-l, QC-

curred at Is = 5 mA. All mea-
surements were carried out with
a supply voltage of 9 V.ing shown in Fig. 2.

Although the current source
may be set between 1 ~A and 10
mA with the aid of Rs, it is most

(j. Ruffell 914032)

S-METER FOR SHORT -WAVE RECEIVERS

SOMEradio amateurs arevery
keen on accurn te RST reports,

others (mostly the VHF/UHF
fratemity) never look at the 5-
meter on the receiver, and are
satisfied as long as they can hear
the other station. This circuit is

for the first group.
Traditionally,oneS-pointcor-

responds to a 6-dB increase in
signal strength, while '59' is de-
fined as 50 11V into 50 Q.
Unfortuna tely,very few receivers
these days have a ca!ibrated 5-
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meter, hence the confusionamong
radio amateurs about the in-
terpretation of the signal strength
reports theyexchangeand write
on QSL cards.

111e logarithmic-to-linearcon-
verter contained in the NE604
from Valvo (Philips Components)
is used here to build an accurate
5- (signal strength) meter for
short-wave receivers. The am-
p!ifier in the NE604 is tuned to

the intermedia te frequency (IF)
of the receiver with theaid of Ll
and C2. Here, the circuit is di-
mensioned for an IF of 455_kHz,
which is applied to input ca-
pacitor Cl.
The output of the field strength

detector in the NE604 supplies
a current of 0 to 50 IlA at pin 5.
This current is converted into
a voItage of 0-5 V by a 100 kQ
resistance, R2+R3. Note that two

"



E96-series 1% resistors are used
here, plus a diode, 0

"
instead

01 a single 100 kQ resistor, This
is done to compensate temper-
a ture effects w hich would cause
derating 01 the linear output
voltage. If the specified E96 re-
sistors can not be obtained, R2
may be replaced by a parallel
combination 01 two 120 kQ 1%
resistors, and R3 by a parallel
combination of a 39 k.Q 1% re-
sistor, and a 1 k.Q 1% resistor. It
should be noted that the usable
range of the log -to-lin converter
in the NE604 is roughly from
5 IlA to about 40 IlA 01 output
current, corresponding about
70 dB, or 0.5 V to 4_V at pin 6
ofIC2. The lower leveliscaused
by background noise 01 the IF
arnplifier in the NE604, and the
upper level by limiting and sat-
uration effects. Fortunately, the
effective range of the converter
is large enough for the present
applications, bearing in mind
that5-meter readings lower than
S3 are rare and of little mean-
ing in the short-wave bands.
Components R., C9 and C1Q

suppress rippleand noise. Opamp
lC2 is set to provide unity gain,
i.e., its output voltage is 0 to
5 V. The moving-coil meter is
connected between two presets.
P, is adjusted until the meter
reaches full deflection at a volt-
age 01 4.5 V measured at pin 6

of lC2. Next, adjust it for an in-
dication ol~ with an RF test sig-
nal 01 50 11V applied to the re-
ceiver input.
As usual with S-meters, the

meter is supplied with a com-

PARTS LIST
Resistors:
RI=5.6kQ
R2 = 60.4 kQ (E96 - see text)
R3 = 40.2 kQ (E96, see text)
R4,R5= I MQ
R6 = 2.2kQ
PI = 10 kQ preset H
P2 = 500 Q preset H

Capaci!ors:
Cl = 10 nF
C2 = 12 nF
C3, C4--{;7, C9, Cl3, CI4 =
=100 nF

C8 = 47 1lF, 16 V, radial
CI0=4.7nF
CII, CI2 = I nF

Semicondudors:
Dl = IN4148
Jel = NE604A
IC2 = CA3 UOE

Miscellaneous:
SI = on-off push-button
L J = 10 llH choke, axial
MI = MC meter, 1 mA

pensa tion current tha t preven ts
any needle activity below S3or
so. Here, this compensation CUT-

rent is set with preset P2. The
buffer opamp, JC2, is not used
far this purpose to keep the cir-

cuit as simple as possible. On-
off push-button S, is optional
and intended to save battery
power in portable receivers.

(A Heinrich 914050)
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SYNCHRONIZATION SEPARATOR

Trus circuit forms the missing
link between various video

sources and, say, a multisync
monitor, Based on discrete parts
onJy, it extracts the composite
synchronization (i.e., a mix of
the horizonal and the vertical
component) and theverhcal syn-
chronization from a composite
video signal with an arnplitude
of about 1 Vpp. The output sync
signals are available in true as
well as inverted form to suit
YOUT monitor.
The positive composite video

signal is filtered by R,-C2 and
c1amped by a Schottky diode,
01, to extract the sync compo-
ncnts. The CSYNC signal is led
to XOR gate N2 which fu nc-
tions as an inverter when Sl is
closed.
The CSYNC signal is also

fed to a two-stage L-C filter which
suppresses the line sync com-

IC' = TLC272
IC2 = 4030BE

C3

l~r~~
16V~

I 47mH

'L1,

914077·11
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table whose time constant is
formed by R7-C3.
When bothSz and 5.3 are closed,

C3 does not produce a pulse
from the direct voltage output
of IC2c' The low-level potential
then remains at the inputs of the
relay drivers to ensure that the

relay stays energized in this con-
dition.
When 51 is closed instead of

52, the relay is energized during
the pulse widths and de-ener-
gized during the pulse spac-
ing. This mode of operation is
best for optical call indicators.

The power supply may be a
simple 12-Vmains adapter. Diode
D6 protects the circuit against
incorrect polarity. Higher sup-
ply voltages make a 12-V regu-
lator OC3) and an additional
electrolytic capacitor (C6) nec-
essary. The current drawn by the

I
circuit is only a few mA.
lt is advisable to check with

your telecommunications au-
thorities whether the circuit is
allowed in your locality before
building it.

(M. Haas 914039)

TEMPERATURE-COMPENSATED CURRENT SOURCE

NATIONAL5emiconductors'
LM334Z is a three-pin pre-

settable current source, whose
output may be set to between 1
IlA and 10 mA. It may be also
be used floating.
In principle, just one resistor is

needed for setting the current.
However, the current is then
strongly dependent on tempera-
ture: about +0.33%°Cl. (This would
enable the device to be used as a
temperature sensor). Therefore,
to obtain a stable current source,
an additional resistor and a diode
are needed.
For good stability, the diode

must be coupled thermally to the
IC (the self-heating of the source

914032·11

is then compensated). This is best
done by squeezing the IC and
the diode, separated by heat paste,
into a piece of insulating sleev-

914032-12

ing shown in Fig. 2.
Although the current source

may be set between 1 IlA and 10
mA with the aid of Rs' it is most

accurate between 10 IlA and 1
mA.
The current provided by the

source may calculated from
15= 2/15Rs
Resistor Rkshould have a value

of 10Rs'
Set as described and with good

thermal coupling between 01 and
ICl, the prototype showed a tem-
perature drift of not greater than
0.02%OClwith l,<1mA. Thelargest
drift measured, 0.08%OC-l, oc-
curred at 15 = 5 mA. All mea-
surements were carried out with
a supply volta ge of 9 V.

(]. Ruffell 914032)

S-METER FOR SHORT-WAVE RECEIVERS

SaME radio amateurs are very
keen on accurate RST reports,

others (mostly the VHF /UHF
fraternity) never look at the 5-
meter on the receiver, and are
sa tisfied as long as they can hear
the other station. This circuit is

for the first group.
Traditionally, one 5-point cor-

responds to a 6-dB increase in
signal strength, while '59' is de-
fined as 50 IlV into 50 Q.
Unfortunately, very few receivers
these days have a calibrated 5-

meter, hence theconfusionamong
radio amateurs about the in-
terpretation of the signal strength
reports they exchange and write
on Q5L cards.
Thelogarithmic-to-linearcon-

verter contained in the NE604
from Valvo(PhilipsComponents)
is used here to build an accura te
5- (signal strength) meter for
short-wave receivers. The am-
plifier in the NE604 is tuned to

the intermediate frequency (IP)
of the receiver with the aid of LI
and C2. Here, the circuit is di-
mensioned for an IF of 455_kHz,
which is applied to input ca-
pacitor Cl.
The output of the field strength

detector in the NE604 supplies
a current of 0 to 50 IJ.Aat pin 5.
This current is converted into
a voltage of 0-5 V by a 100 kQ
resistance.Ry+Rj.Note that two

ELEKTOR ELECTRONICS JULY!AUGUST 1991



E96-series 1% resistors are used
here, plus a diode, 0

"
instead

01 a single 100 kQ resistor, This
is done to compensate temper-
a ture effects w hich would cause
derating 01 the linear output
voltage. If the specified E96 re-
sistors can not be obtained, R2
may be replaced by a parallel
combination 01 two 120 kQ 1%
resistors, and R3 by a parallel
combination of a 39 k.Q 1% re-
sistor, and a 1 k.Q 1% resistor. It
should be noted that the usable
range of the log -to-lin converter
in the NE604 is roughly from
5 IlA to about 40 IlA 01 output
current, corresponding about
70 dB, or 0.5 V to 4_V at pin 6
ofIC2. The lower leveliscaused
by background noise 01 the IF
arnplifier in the NE604, and the
upper level by limiting and sat-
uration effects. Fortunately, the
effective range of the converter
is large enough for the present
applications, bearing in mind
that5-meter readings lower than
S3 are rare and of little mean-
ing in the short-wave bands.
Components R., C9 and C1Q

suppress rippleand noise. Opamp
lC2 is set to provide unity gain,
i.e., its output voltage is 0 to
5 V. The moving-coil meter is
connected between two presets.
P, is adjusted until the meter
reaches full deflection at a volt-
age 01 4.5 V measured at pin 6

of lC2. Next, adjust it for an in-
dication ol~ with an RF test sig-
nal 01 50 11V applied to the re-
ceiver input.
As usual with S-meters, the

meter is supplied with a com-

PARTS LIST
Resistors:
RI=5.6kQ
R2 = 60.4 kQ (E96 - see text)
R3 = 40.2 kQ (E96, see text)
R4,R5= I MQ
R6 = 2.2kQ
PI = 10 kQ preset H
P2 = 500 Q preset H

Capaci!ors:
Cl = 10 nF
C2 = 12 nF
C3, C4--{;7, C9, Cl3, CI4 =
=100 nF

C8 = 47 1lF, 16 V, radial
CI0=4.7nF
CII, CI2 = I nF

Semicondudors:
Dl = IN4148
Jel = NE604A
IC2 = CA3 UOE

Miscellaneous:
SI = on-off push-button
L J = 10 llH choke, axial
MI = MC meter, 1 mA

pensa tion current tha t preven ts
any needle activity below S3or
so. Here, this compensation CUT-

rent is set with preset P2. The
buffer opamp, JC2, is not used
far this purpose to keep the cir-

cuit as simple as possible. On-
off push-button S, is optional
and intended to save battery
power in portable receivers.

(A Heinrich 914050)
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SYNCHRONIZATION SEPARATOR

Trus circuit forms the missing
link between various video

sources and, say, a multisync
monitor, Based on discrete parts
onJy, it extracts the composite
synchronization (i.e., a mix of
the horizonal and the vertical
component) and theverhcal syn-
chronization from a composite
video signal with an arnplitude
of about 1 Vpp. The output sync
signals are available in true as
well as inverted form to suit
YOUT monitor.
The positive composite video

signal is filtered by R,-C2 and
c1amped by a Schottky diode,
01, to extract the sync compo-
ncnts. The CSYNC signal is led
to XOR gate N2 which fu nc-
tions as an inverter when Sl is
closed.
The CSYNC signal is also

fed to a two-stage L-C filter which
suppresses the line sync com-

IC' = TLC272
IC2 = 4030BE

C3

l~r~~
16V~

I 47mH

'L1,

914077·11
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PARTS LIST
Resistors:
Rl,R6~ I kQ
R2~IMQ
R3, R5, R8 ~ 22kQ
R4 ~ 220 kQ
R7~ IOkQ

Capacitors:
CI ~ 15 nF
C2 ~ 330 pF
C3 ~ 10 ~, 16 V, radial
C4 ~ 47 ~, 16 V, radial
C5 ~ 33 nF
C6 ~ 2,2 nF
C7~68nF
CS ~ 1.5 nF
C9 ~ 33 nF

Semiconcudtocrs:
Dl ~ BAT85
ICl ~TLC272
fC2 ~ 4030BE

Miscellaneous:
LI, L2 ~ 47 mH choke. radial
K I, K2, K3 ~ phono socket for
rcs mounting

SI, S2 ~ miniature on-off
PCB Type 914077

ponent and leaves the raster
sync, VSYNC, at the inputs 01
opamp ICl b. Like CSYNC,
VSYNC is available in true Cf
inverted form.
The circuit draws about

200_I1A at a supply voltage of
5_V.TheoutputsignalsareTTL
compatible.

SEQUENTIAL CONTROL

*see textT"

T"

914045-11
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(J. Bareford 914077)

Sequential controls are used
wherecontinuousremotecon-

trol of mechanical installations,
such as rotating antennas or
valves, is required. That shown
in the diagram offers a setting
aecuraeyoI2.5%, although it has
only a few componcnts.
The control motor is in se-

ries with a bridge rectifier across
the secondary of mains trans-
former Tr2' The rating of the
transformer must accord with
that of the motor. The other two
mains transformers are light-
duty, 12-V types from across
whose secondary a small alter-
nating vortage may be taken by
means of I'i and P2.
The wiper of P1 is connected

to the gate of Tl via resistive
network R3-Rs. The wiper 01 P2
is connected to the source of
Tl' The source-gate junction of
the transistor serves as a null-
point detector. When the cir-
cuit is balanced, the potential
differencebetween thetwowipers
iszero,so that Tj is switched off.
No current can flow through
the motor since the current loop

through the rectifier bridge is
broken loreaeh halleyc1e. When
one of the potentiometers is ad-
jusred. the circuit is 110 langer
balanced and Tl is switched on
during either the positive or
the negative half cycles, de-
pending on whieh 01 the po-
tentiometers was adjusted.
Current then flows through the
motor, 04, T, and 0" or through
themator, 03,T, and 02' In other
words, the motor can rotate in
either direction. lf the motor is
coupled meehanieally with P2,
P1 may be used for remote con-
trol 01 the motor.
The circuit as shown is in-

tended fcr 12 V motors; if dif-
ferent motors are to be used,
bear in mi nd that they are op-
erated from half-wave rectified
voltages, which means that the
transformer must be rated at
1.52 times the motor voltage.

(G. Peltz 914045)



Resistors:
Rl,R6= 1 kQ
R2= 1MQ
R3, R5, R8 = 22 kQ
R4=220kQ
R7 = lOkQ

Capacitors:
Cl = 15 nF
C2 = 330pF
C3 = 1OjlF, 16 V, radial
C4 = 47jlF, 16 V, radial
C5:: 33 nF
C6=2.2 nF
C7 =68nF
C8 = 1.5 nF
C9 = 33 nF
·Semiconcudtocrs:
-m =BAT85
ICt :: TLC~72
IC2 =4030BE

·Miscellaneous: .
·LI ,'L2 ;;::41niH, choke, radil!!
K 1,.K2, K3= phono socket for .
PCB mounting

SI, S2 ;" ininiatllfe ön-off"
BCB Type 9140'77·· .

ponent and leaves the raster
sync, VSYNC at the inputs of
opamp IClb. Like CSYNC,
VSYNC is available in true or
inverted form.
The circuit draws about

200_flA at a supply voltage of
5_V.The output signals areTIL
compatible.

(]. Bareford 914077)

SEQUENTIAL CONTROL

914045-11
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*see text
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Sequential controls are used
wherecontinuousremotecon-

trol of mechanical installations,
such as rotating antennas or
valves, is required. That shown
in the diagram offers a setting
accuracy of2.5%, although it has
only a few components.
The control motor is in se-

ries with a bridge rectifier across
the secondary of mains trans-
former Tr2. The rating of the
transformer must accord with
that ofthe motor. The other two
mains transformers are light-
duty, 12-V types from across
whose secondary a small alter-
nating voltage may be taken by
means of PI and P2.
The wiper of PI is connected

to the gate of Tl via resistive
network R3-Rs. The wiper of P2
is connected to the source of
Tl. The source-gate junction of
the transistor serves as a null-
point detector. When the cir-
cuit is balanced, the potential
difference between the two wipers
is zero, so thatT 1is switched off.
No current can flow through
the motor since the current loop

through the rectifier bridge.is
brokenfor each half cyeIe.When
one of the potentiometers is ad-
justed, the circuit is no longer
balanced and Tl is switched on
during either the positive or
the negative half cycles, de-
pending on which of the po-
tentiometers was adjusted.
Current then flows through the
motor, 04, Tl and 01, or through
the motor, 03, Tl and D2.In other
words, the motor can rota te in
either direction. If the motor is
coupled mechanically with P2,
PI may be used for remote con-
trol of the motor.
The circuit as shown is in-

tended for 12 V motors; if dif-
ferent motors are to be used,
bear in mind that they are op-
erated from half-wave rectified
voltages, which means that the
transformer must be ra ted at
1.52 times the motor voltage.

(G. Peltz 914045)



PARTS LIST
Resistors:
Rl,R6~ I kQ
R2~IMQ
R3, R5, R8 ~ 22kQ
R4 ~ 220 kQ
R7~ IOkQ

Capacitors:
CI ~ 15 nF
C2 ~ 330 pF
C3 ~ 10 ~, 16 V, radial
C4 ~ 47 ~, 16 V, radial
C5 ~ 33 nF
C6 ~ 2,2 nF
C7~68nF
CS ~ 1.5 nF
C9 ~ 33 nF

Semiconcudtocrs:
Dl ~ BAT85
ICl ~TLC272
fC2 ~ 4030BE

Miscellaneous:
LI, L2 ~ 47 mH choke. radial
K I, K2, K3 ~ phono socket for
rcs mounting

SI, S2 ~ miniature on-off
PCB Type 914077

ponent and leaves the raster
sync, VSYNC, at the inputs 01
opamp ICl b. Like CSYNC,
VSYNC is available in true Cf
inverted form.
The circuit draws about

200_I1A at a supply voltage of
5_V.TheoutputsignalsareTTL
compatible.

SEQUENTIAL CONTROL

*see textT"

T"
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(J. Bareford 914077)

Sequential controls are used
wherecontinuousremotecon-

trol of mechanical installations,
such as rotating antennas or
valves, is required. That shown
in the diagram offers a setting
aecuraeyoI2.5%, although it has
only a few componcnts.
The control motor is in se-

ries with a bridge rectifier across
the secondary of mains trans-
former Tr2' The rating of the
transformer must accord with
that of the motor. The other two
mains transformers are light-
duty, 12-V types from across
whose secondary a small alter-
nating vortage may be taken by
means of I'i and P2.
The wiper of P1 is connected

to the gate of Tl via resistive
network R3-Rs. The wiper 01 P2
is connected to the source of
Tl' The source-gate junction of
the transistor serves as a null-
point detector. When the cir-
cuit is balanced, the potential
differencebetween thetwowipers
iszero,so that Tj is switched off.
No current can flow through
the motor since the current loop

through the rectifier bridge is
broken loreaeh halleyc1e. When
one of the potentiometers is ad-
jusred. the circuit is 110 langer
balanced and Tl is switched on
during either the positive or
the negative half cycles, de-
pending on whieh 01 the po-
tentiometers was adjusted.
Current then flows through the
motor, 04, T, and 0" or through
themator, 03,T, and 02' In other
words, the motor can rotate in
either direction. lf the motor is
coupled meehanieally with P2,
P1 may be used for remote con-
trol 01 the motor.
The circuit as shown is in-

tended fcr 12 V motors; if dif-
ferent motors are to be used,
bear in mi nd that they are op-
erated from half-wave rectified
voltages, which means that the
transformer must be rated at
1.52 times the motor voltage.

(G. Peltz 914045)
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Fig. 10. Effects of dispersion on digital
signal bandwidth: a) original data signal; b)
light pulse in putto fiber system; c) dispersed
light pulses overlapped.
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Fig. 11. Gradedindexfiber.

müdes and eventually the cable becomes mono-
modal; If the eore gets down to 3 10 5 microns,
then only the HEll mode becomes available. The
crirical diameter required for monomodal oper-
ation is:

D _ 2.4A.
CTIl- 1t [NA]

Because the monomodal cable potentially re-
duces the number of available müdes, it also re-
duces intermodal dispersion. Thus, the
monomcde fiber is capable of exrremely high
dara rates Of analogue bandwidths.

Next month ...
in the second and final instalrnent of this article
we will take a look at losses in fiber optic sys-
tems, fiber optic communications and some of the
basic driver and receiver circuits needed to make
fiber optics work. 0

Reference:
I. "Optical-fibre communication" Elektor Etec-
tronics February 1991.

CORRECTIONS
Wattmeter
April 1991, p. 32-35
With reference the circuit diagram, Fig. I, 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 Oll page
35, the references to presets P4 and Ps have been
transposed. Ccnrrary to what is stated, P4 sets
rhe VY offset, and Ps the vx offset. The functions
of the presets are shown correctly in the circuir
diagram. Fig. I.

To improve the accuracy of the insrrument,
connect Rs direct ro the circuir ground instead of
junction R6-R7. Finally, all circuit board tracks
carrying mains current must be strengthened
with 2.5-mm2 cross-sectional area solid copper
wire if currents higher than about 5 Aare
measured.

80C32j8052 Single-board
computer
May 1991, p.17-23
When a CPU type 8031 or 80S2AH-BAS1C is
used, ICI, IC2, JC3, and ICs-ICt2 must be
74HCT rypes. Jumper Bis erroneously reffered
to as Brz in the text under "On-board EPROM
programmer" . Contrary 10 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 thatjurnper
B may only be Fitted when the programming
LED is out.

Sequential control
Ju1y/AugusI1991, p. 61
Motor M should be a d.c. type, not an a.c. type
as shown in the circuit diagram.

[ 15]

Digital phase meter
June 1991, p. 32-39
In Fig. 5, the switch between Input 'A' and ICI
should be identified 'S 1', and that between input
'B' and IC2 'S2'. Switch S4 is an on/offrype, not
a push-button as shown in the diagram. Capaci-
tors C3 and C6 are shown with the wrang po-
larity. The component overlay of the relevant
primed-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 = 2200~F 25V

When difficult to obtain, the BYW29/100 (D5)
may be replaced by the BY229, which is rated
at6A.

The text under the heading 'CaIibration'

address data
OOBC ES
00C7 80
00C8 CB
00C9 FS
OOCA 7B
OOCB 12
OOCC 00
OOCD D2
OOCE C2
OOCF 02
OODO 80
OODI C2

should be replaced by:
4. Connect a multimeter between points G

and H on the board, and adjust P4 until the
rneasured voltage is I V lower than the voltage
on the battery terrninals.

MIDI program changer
April 1991, p.14-17
The contenrs of the EPROM should be modified
as follows:

Readers who have obrained the EPROM ready-
programmed through the Readers Services may
return it 10 obtain an update.

Electronic exposure timer
March 1991, p. 31-35
Ptease add to the parts list on page 32:
C16=33pF

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

910058-14
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ALTHOUGH thereareanurn-
ber of JCs on the market

with which it is quite simple to
construct an LED VU meter, there
is shll interest in building such
a meter from discrete compo-
nents.
The meter shown in the di-

agram is based oneightopamps,
contained in two Type LM324
chips, that function as corn-
parators.
The inverting input of each

of the opamps is provided with
a reference voltage derived frorn
potential divider RrR1o. The
values of these resistors are cho-
sen to give a 5 dB step between
adjacent resistors. Resistars Rl
and R12 ensure that the refer-
ence voltages are higher than
half the supply voltage.
The non-inverfing input of

eachopamp is supplied with the
rectified input signal (01 and
D2),whichisalsosuperimposed
on to half the supply voltage.
When the volta ge level at

the positive Input of an opalnp
rises above that at the invert-
ing input, the output of that
opamp goes high and the asso-
ciated LEO lights. The lügher

LED VU METER
the input signal, the more LEDs
will light. If 03 and D4 are red,
the circuit may be used as a sim-
pIe peak indicator, showingwhen
the input signal exceeds a cer-
tain value.
The supply may be between

10 Vand15 VThecurrentdrawn
from it depends largely on the
number of LEOs that light; it is
not more than 160 mA at 10 V
and 110 mA at 15 V.

(M.Stehouwer 914076)

te1a
+

IClb "'" ,
5600

es
'" ,
"'0

oe

" '" '"5600

",n ,
'''0

oe
+ '" ,

5600

IC2c osin + '" '""'0
IC2d '"" + '" '"" 5600ia

IC1,IC2::: LM324

914076-11

THE charge-discharge-idle
(C-D-Dmonitor described

here is suitable for all vehicles
with a 12-V or 24-V battery of
which the negative terminal is
connected to the chassis (point
B in the drawing)
Thecurrentdrawn from the

battery is measured by moni-
toring the voltage drop across
the heavy cable between the
nega tive terminal of the battery,
and the chassis. Usually, this
cable is extended to the engine
(point C). The positive terminal
is usually connected to two ca-
bles, asolid one to the starter
motor (point A) and a thinner
one to the ignition switch.
Two LEDs fitted in the car

interior indicate whether the
battery is charged or discharged
with a significant current. pro-
viding a reassuring check on
the generator function. A third
LED is provided to indicate a

CAR BATTERY MONITOR

1N4002

914014·11c
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kind olneutra! area in which the
battery is only lightly charged
or discharged.
The circuit is essentially a

window comparator based on
opamps. The voltage drop that
exists across the chassis cable
01 the battery is led to resistor
R
"
which lorms part 01 a mea-

suring bridge consisting 01R,-
RrR3-R4-P,. The small voltage

unbalances the bridge, and is
amplified 100 times by opamp
IC2a which is wired as a non-
inverting amplifier. In practice,
input voltages as small as +2.5mV
or -2.5 mV are detected reli-
ably by the balanced bridge.
The output voltage 01 TC2a

controls a window comparator
built around TC2band TC2e.The
LEOs at the opamp outputs in-

I.p.to.p.rel~

dicate wh ether the battery is
charged (Da Iights), discharged
(06 lights), or is in a 'neutral'
state (Dj lights).
The two positive leedback

networks associated with IC2b
and !C2e are decoupled at the
output 01 IC2a by R,; and R7 to
ensure that the hysteresis 01the
window comparator does not
aIIect the relerence voltages sup-
plied by R8-R9-R10. If necessary,
R9may be made smaller to make

the "idle' (neutral) rangesmaller.
The fixed resistors in the bridge

must be elose tolerance types
mounted such that they are in
thermal contact with each other.
The circuit has an internal

powersupply based on theubiq-
uitous 7805 thnee-terminal volt-
age regulator. The regulator re-
quires aheat-sinkonlywhen the
circuit is installed in a vehicle
with a battery voltage higher
than 12 V.
Adjustingthecircuitisstraight-

lorward. Start the engine and let
itidle. Setpreset P2 to mid-travel.
Next, adjust P, until the 'idle'
LEO, 05, lights. Carefully read-
just P2 until IC2a supplies an
output voltage 012.5 V. Rev up
and check that the 'charge' LEO,
04,lights.
With the component va lues

shown here, the circuit will in-
dica te acharge or discharge cur-
rent greater than about 1.5 A,
wh ich corresponds to 18 W at
a ba ttery voltage 01 12 V.
Suggested colours lor the LEOs
are green for 04 (charge). red lor
06 (discharge) and yellow lor
05 (iclle).Altematively, the charge
and discharge LEOsmay be tri-
angular types which can be lit-
ted to point up and down re-
spectively The 'idle'LEO is then
a reetangular type fitted in be-
tween. Finally, the circuit draws
about 30 mA when connected
to a 12-V system.

PARTS LIST
Resistors:
RI-R4, R6, R7 = 1.2 kQ
R5 = 270 kQ
R8, RIO = 2.2 kQ
R9 = 680 Q
RII, RI2 = 120 kQ
R13= 120Q
R14= 10Q
R15=68Q
RI6 = 470 kQ
PI = 250 Q preset H
P2 = 47 kQ preser H

Capacitors:
CI=100~,40V
C2= 10~, 10 V
C3 = I~, 10 V
C4= 100nF

Semiconductors:
ICI = 7805
IC2 = LM324
01 = IN4002
02,03 = IN4148
04 = LEO, green
05 = LEO, yellow
06 = LED, red

(L. Rikard 914014)
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VARIEGATED LED
WHEN the control voltage

at the Input of the circuit
is va ried frorn 0 V to +12 V,
the LEO willlirst light up green
and then gradually, via orange
and yelJow, turn to red.
The tWQ seetions of the bi-

colour (red and green) LED are
driven separately: the green one
by [C" via R7, and the red one
by TC,b via R8.
Opamp [C,b has an ampli-

fication of x2, which results in
the red LEO lighting lrom input
voltagesolaboutO.5 V. Thissec-
tion lights atmaxirnum bright-
ness when Uin>Ub/2.
Opamp IC1a is an inverting

amplifier wi th an amplification

of><2.Moreover,its non-inverting
inputisata levelof Ub/2. When
the inputvoltage <Ub/2, its out-
put is high. When the inputrises
above Ub/2, the green section
01 the LEO will gradually be-
come less bright until it goesout
completely when Uin=Ub.
The supply voltage should

not exceed 30 V:when it is higher
than 12 V, the value 01 resis-
tors R7 and R8 should be al-
tered accordingly.
The current drawn by the

circuit depends mainly on the
LED: with a 34 mcd type and a
supplyvoltageol12 V,itisabout
35 mA. R~(Ö 914056)



kind of neutral area in which the
battery is only lightly charged
or discharged.
The circuit is essentially a

window comparator based on
opamps. The volta ge drop that
exists across the chassis cable
of the battery is fed to resistor
RI, which forms part of a mea-
suring bridge consisting of Rj-
RrR3-Rt-PI. The small voltage

unbalances the bridge, and is
amplified 100 times by opamp
IC2a which is wired as a non-
inverting amplifier. In practice,
inputvoltages as small as +2.5mV
or -2.5 mV are detected reli-
ably by the balanced bridge.
The output voltage of IC2a

controls a window comparator
built around IC2b and IC2c- The
LEOs at the opamp outputs in-

dicate whether the battery is
charged (Dz lights), discharged
(06 lights), or is in a 'neutral'
state (05 lights).
The two positive feedback

networks associated with IC2b
and IC2c are decoupled at the
output of IC2a by ~ and R7 to
ensure that the hysteresis of the
window comparator does not
affect the reference voltages sup-
plied by Rs-R9-RlO. Ifnecessary,
R9may be made smaller to make

I
the 'idle' (neutral) range smaller.
The fixed resistors in the bridge

must be elose tolerance types
mounted such that they are in
thermal contact with each other.
The circuit has an internal

power supply based on theubiq-
uitous 7805 three-terminal volt-
age regulator. The regulator re-
quires a heat-sink only when the
circuit is installed in a vehiele
with a battery voltage higher
than 12 V.
Adjustingthecircuitisstraight-

forward. Start the engine and let
itidle. Set preset P2to mid-travel.
Next, adjust PI until the 'idle'
LEO, Dg.Iights. Carefully read-
just P2 until IC2a supplies an
output voltage of 2.5 V. Rev up
and check thatthe 'charge' LEO,
°4,lights.
With the component va lues

shown here, the circuit will in-
dica te acharge or discharge cur-
rent greater than about 1.5 A,
which corresponds to 18 W at
a battery volta ge of 12 V.
Suggested colours for the LEOs
are green for 04 (charge), red for
06 (discharge) and yellow for
05 (idle).Alternatively, thecharge
and discharge LEOs may be tri-
angular types which can be fit-
ted to point up and down re-
spectively. The 'idle'LEO is then
a rectangular type fitted in be-
tween. Finally, the circuit draws
about 30 mA when connected
to a 12-V system.

Resistors:
RI-R4, R6, R7 = 1.2 kQ
R5 = 270 kQ
R8, RIO = 2.2 kQ
R9 = 680 Q
Rll, R12 = 120 kQ
Rl3 = 120 Q
R14 = 10 Q
R15 =68 Q
R16=470 kQ
PI = 250 Q preset H
P2 = 47 kQ preset H

Capacitors:
Cl = 100!JF, 40 V
C2 = 10 /lF, 10 V ~
C3 = 1 /lF, 10 V
C4 = 100 nF

Semiconductors:
ICI = 7805
IC2 = LM324
01 = IN4002
02,03 = IN4148
04 = LEO, green
05 = LEO, yellow
06 = LEO, red

(L. Rikard 914014)
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VARIEGATED LED
WHEN the control volta ge

at the input of the circuit
is varied from 0 V to +12 V,
the LEO will first light up green
and then gradually, via orange
and yellow, turn to red.
The two sections of the bi-

colour (red and green) LEO are
driven separately: the green one
by ICIa via R7, and the red one
by ICIb via Rs.
Opamp ICIb has an ampli-

fication of x2, which results in
the red LEO lighting from input
voltagesofaboutO.5 V. Thissec-
tion lights at maximum bright-
ness when Uin>Ub/2.
Opamp ICIa is an inverting

amplifier with an amplification

of x2.Moreover, its non-inverting
input is ata levelof ljj./Z,When
the inputvoltage ctjg/z.tts out-
putishigh. When theinputrises
above Ub/2, the green section
of the LEO will gradually be-
come less brightuntil it goes out
completely when Uin=Ub.
The supply voltage should

not exceed 30 V:when it is higher
than 12 V, the value of resis-
tors R7 and Rs should be al-
tered accordingly.
The current drawn by the

circuit depends mainly on the
LEO: with a 34 mcd type and a
supplyvoltageof12 Y,itisabout
35mA. ~(Ü 914056)



kind olneutra! area in which the
battery is only lightly charged
or discharged.
The circuit is essentially a

window comparator based on
opamps. The voltage drop that
exists across the chassis cable
01 the battery is led to resistor
R
"
which lorms part 01 a mea-

suring bridge consisting 01R,-
RrR3-R4-P,. The small voltage

unbalances the bridge, and is
amplified 100 times by opamp
IC2a which is wired as a non-
inverting amplifier. In practice,
input voltages as small as +2.5mV
or -2.5 mV are detected reli-
ably by the balanced bridge.
The output voltage 01 TC2a

controls a window comparator
built around TC2band TC2e.The
LEOs at the opamp outputs in-

I.p.to.p.rel~

dicate wh ether the battery is
charged (Da Iights), discharged
(06 lights), or is in a 'neutral'
state (Dj lights).
The two positive leedback

networks associated with IC2b
and !C2e are decoupled at the
output 01 IC2a by R,; and R7 to
ensure that the hysteresis 01the
window comparator does not
aIIect the relerence voltages sup-
plied by R8-R9-R10. If necessary,
R9may be made smaller to make

the "idle' (neutral) rangesmaller.
The fixed resistors in the bridge

must be elose tolerance types
mounted such that they are in
thermal contact with each other.
The circuit has an internal

powersupply based on theubiq-
uitous 7805 thnee-terminal volt-
age regulator. The regulator re-
quires aheat-sinkonlywhen the
circuit is installed in a vehicle
with a battery voltage higher
than 12 V.
Adjustingthecircuitisstraight-

lorward. Start the engine and let
itidle. Setpreset P2 to mid-travel.
Next, adjust P, until the 'idle'
LEO, 05, lights. Carefully read-
just P2 until IC2a supplies an
output voltage 012.5 V. Rev up
and check that the 'charge' LEO,
04,lights.
With the component va lues

shown here, the circuit will in-
dica te acharge or discharge cur-
rent greater than about 1.5 A,
wh ich corresponds to 18 W at
a ba ttery voltage 01 12 V.
Suggested colours lor the LEOs
are green for 04 (charge). red lor
06 (discharge) and yellow lor
05 (iclle).Altematively, the charge
and discharge LEOsmay be tri-
angular types which can be lit-
ted to point up and down re-
spectively The 'idle'LEO is then
a reetangular type fitted in be-
tween. Finally, the circuit draws
about 30 mA when connected
to a 12-V system.

PARTS LIST
Resistors:
RI-R4, R6, R7 = 1.2 kQ
R5 = 270 kQ
R8, RIO = 2.2 kQ
R9 = 680 Q
RII, RI2 = 120 kQ
R13= 120Q
R14= 10Q
R15=68Q
RI6 = 470 kQ
PI = 250 Q preset H
P2 = 47 kQ preser H

Capacitors:
CI=100~,40V
C2= 10~, 10 V
C3 = I~, 10 V
C4= 100nF

Semiconductors:
ICI = 7805
IC2 = LM324
01 = IN4002
02,03 = IN4148
04 = LEO, green
05 = LEO, yellow
06 = LED, red

(L. Rikard 914014)
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VARIEGATED LED
WHEN the control voltage

at the Input of the circuit
is va ried frorn 0 V to +12 V,
the LEO willlirst light up green
and then gradually, via orange
and yelJow, turn to red.
The tWQ seetions of the bi-

colour (red and green) LED are
driven separately: the green one
by [C" via R7, and the red one
by TC,b via R8.
Opamp [C,b has an ampli-

fication of x2, which results in
the red LEO lighting lrom input
voltagesolaboutO.5 V. Thissec-
tion lights atmaxirnum bright-
ness when Uin>Ub/2.
Opamp IC1a is an inverting

amplifier wi th an amplification

of><2.Moreover,its non-inverting
inputisata levelof Ub/2. When
the inputvoltage <Ub/2, its out-
put is high. When the inputrises
above Ub/2, the green section
01 the LEO will gradually be-
come less bright until it goesout
completely when Uin=Ub.
The supply voltage should

not exceed 30 V:when it is higher
than 12 V, the value 01 resis-
tors R7 and R8 should be al-
tered accordingly.
The current drawn by the

circuit depends mainly on the
LED: with a 34 mcd type and a
supplyvoltageol12 V,itisabout
35 mA. R~(Ö 914056)



MICROPROCESSOR SUPPLY REGULATOR

MOTOROLA'S TCA5600 is
a versatile supply chip for

battery-operated microproces-
sors: its internal circuit diagram
is given in Fig. 1.
Diodes 0, and 0, protect

the circuit against reverse po-
larity 01 the supply voltage end
voltage peaks respectively.
The 2.5 V reference is pow-

ered independently to enable
it remaining switched on while
the remainder of the circuit is on
stand-by.
The d.c.---d.c. converter and

presettable voltage regulator,
A2, form one entity. The COI1-

vertcr arranges for the input
voltageol A2 to beofa level that
ensures colrrect and stable op-
era tion of the regulator. The level
depends on the level 01 the sig-
nalsatINHl andINH2 thatcon-
trol the regulator. Six modes
are possible as shown in the
table. Potential Vout2is used, for
instance, as the prograrnming
voltage lor an (E)EPROM and
is set wi th the aid of resistors

~ and Rs- Since the converter
is on until the level at pin9 reaches
33 V, it is possible, for exam-
ple, prior to programming an
(E)EPROM, to set the input po-
tential to A2 to the required level
in advance of theprogramming
pulse, so that theswitching lrom
5 V to the required level is not
subject to any delays. This may
also be seen from the timing di-
agram in Fig. 2.

The 5-V regulator is 01 con-
ventional design. A differen-
tial amplifier, Al, compares the
outpur level via a voltage di-
vider with the reference; the
difference drives an external
power transistor, Tl.
Current limiting is provided

by a series resistor in the emit-
ter circuit of the output tran-
sistor.
The output 01 the 5-V regu-

latr is also applied to a Schmitt
trigger that functions as an under-
voltage detector. If the output
drops below 5 V, the delay cir-
cuit is actuated to make the reset

TRUTHTABLE

Mode INHI INH2 Vout2 d.c./d.c.

1 0 0 off int
2 0 high Z Vont2 on
3 0 1 Vout2 int
4 1 0 off int
5 I highZ 5.0V on
6 1 I 5.0V int

int: intennittent operation of the converter means
that the converter operates only if
VcC2<Vout2+2.5 V.

on: the con verter loads the storage capacitor to its
full charge (V g=33 V), allowing fast response
time of the regulator Vout2 when addressed by
the control software.

off: high impedance (internal 10 kQ resistor to
ground).

1
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output 01 the IC low. This is in-
tended to prevent spurious op-
eration oE the rnicroprocessor at
too low a supply voltage. Such
operation is also monitored by
the watehdog. By prograrnming
the processor to emanate regu-

lar pulses and provide these to
the WDI (watehdog inhibit) pin,
the watchdog can monitor
whether the program is run-
ning normally, Assoonasa pulse
is delayed, the watehdog aetu-
ates the delay circuit, which in

2 3

r v, max
VCC2

v,
Vg in!

Voul1VCC2 - VF

I

,,'
v"

VOUI21
Pmg"mmiog I """Voltage vcc

5.0 V I ,
I~~.~I I b vC5

"0" I
, I WD'

INH21 I High'·r I !bI
-i- ,=\ r---1 REm"0" I

914040-12

turn resets the processor. The
watchdog function may be
5witched on and off via the logic
level at pin 18 (WD5); if this
level is Iow, the watchdog is en-
abled.
The delay eireuit also pro-

I
vides a power-on reset, so that
the processor will always start
at the correct point in the pro-
gram at power-on.

(L. Lernon 914040)
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THE rnost popular currcnt
indicator in electronics is

alm ost certainly the Iight-emit-
ting diode (LED) whieh is avail-
ablein a numberofcolours (red,
green, blue, yellow, as well as
dual colours) and variations
(round, square, flashing).
Unfortunately, these virtually
indestructib le d evices are often
abused: terrainals cut too short,
eurrent too high, burnt by a sol-
dering iron, and many others.
Most of these abu ses may be
prevented by thecircuitdescribed
here: it enables the LED indi-
cation to be adapted to the cir-
cuit you are working on (flash-
ing or not flashing, red, gree, and
so on).
The heart of the indicator is

duaJ-eolourdiode D2. Theman-
nerin which this will light when
the Input of the indicator is ac-
tuated depends on the settings
of 5,-1-3. 5witeh 5,-4 enables
the settingofa high or low level
to which the input reacts.
Components R9, Dj and 04 pro-
tect the input from damage should
the input voltage become too
high.
An oscillator lormed by IC1a

and IC'b provides a flash fre-
queney that is set by P,.



MICROPROCESSOR SUPPLY REGULATOR

MOTOROLA'S TCA5600 is
a versatile supply chip for

battery-operated microproces-
sors: its internal circuit diagram
is given in Fig. 1.
Diodes 0, and 0, protect

the circuit against reverse po-
larity 01 the supply voltage end
voltage peaks respectively.
The 2.5 V reference is pow-

ered independently to enable
it remaining switched on while
the remainder of the circuit is on
stand-by.
The d.c.---d.c. converter and

presettable voltage regulator,
A2, form one entity. The COI1-

vertcr arranges for the input
voltageol A2 to beofa level that
ensures colrrect and stable op-
era tion of the regulator. The level
depends on the level 01 the sig-
nalsatINHl andINH2 thatcon-
trol the regulator. Six modes
are possible as shown in the
table. Potential Vout2is used, for
instance, as the prograrnming
voltage lor an (E)EPROM and
is set wi th the aid of resistors

~ and Rs- Since the converter
is on until the level at pin9 reaches
33 V, it is possible, for exam-
ple, prior to programming an
(E)EPROM, to set the input po-
tential to A2 to the required level
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pulse, so that theswitching lrom
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also be seen from the timing di-
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output 01 the IC low. This is in-
tended to prevent spurious op-
eration oE the rnicroprocessor at
too low a supply voltage. Such
operation is also monitored by
the watehdog. By prograrnming
the processor to emanate regu-

lar pulses and provide these to
the WDI (watehdog inhibit) pin,
the watchdog can monitor
whether the program is run-
ning normally, Assoonasa pulse
is delayed, the watehdog aetu-
ates the delay circuit, which in

2 3

r v, max
VCC2

v,
Vg in!

Voul1VCC2 - VF

I

,,'
v"

VOUI21
Pmg"mmiog I """Voltage vcc

5.0 V I ,
I~~.~I I b vC5

"0" I
, I WD'

INH21 I High'·r I !bI
-i- ,=\ r---1 REm"0" I

914040-12

turn resets the processor. The
watchdog function may be
5witched on and off via the logic
level at pin 18 (WD5); if this
level is Iow, the watchdog is en-
abled.
The delay eireuit also pro-

I
vides a power-on reset, so that
the processor will always start
at the correct point in the pro-
gram at power-on.

(L. Lernon 914040)
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THE rnost popular currcnt
indicator in electronics is

alm ost certainly the Iight-emit-
ting diode (LED) whieh is avail-
ablein a numberofcolours (red,
green, blue, yellow, as well as
dual colours) and variations
(round, square, flashing).
Unfortunately, these virtually
indestructib le d evices are often
abused: terrainals cut too short,
eurrent too high, burnt by a sol-
dering iron, and many others.
Most of these abu ses may be
prevented by thecircuitdescribed
here: it enables the LED indi-
cation to be adapted to the cir-
cuit you are working on (flash-
ing or not flashing, red, gree, and
so on).
The heart of the indicator is

duaJ-eolourdiode D2. Theman-
nerin which this will light when
the Input of the indicator is ac-
tuated depends on the settings
of 5,-1-3. 5witeh 5,-4 enables
the settingofa high or low level
to which the input reacts.
Components R9, Dj and 04 pro-
tect the input from damage should
the input voltage become too
high.
An oscillator lormed by IC1a

and IC'b provides a flash fre-
queney that is set by P,.
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Depending on the setting of
switehes 5,-1-3, the oscillator
signal is applied in a certain
manner to the dual-eolour LED

via multiplexer IC2. For conve-
nience's sake, the positions of
switches Sr 1-3 and the conse-
quent actions of the LED are

summarized inTable 1and those
of Sj-q and thestatusof the LED
in Table 2.
The indicator needs a supply

of 8-25 V. The eurrent drawn
from a supply of 25 V in nor-
mal operation is 30 mA.

Q. Ruffell 914046)

TABLE 1

St-1 St-2 St-3 LED action

on on on flashing red/green
on on off red/green
on off on flashing green
on off off green
off on on flashing red
off on off red
off off on off
off off off off

TABLE2

St-4 CTRL input LED status

off L disable
off H enable
on L enable
on H disable

TRIGGERED SAWTOOTH GENERATOR

THE sawtooth generator
shown in the diagram may

be used with an oscilloscope.
lt is linear, retriggerable, and is
enabled automatically in the

absence of a trigger signal.
When a positive pulse is ap-

plied to its input B, monstable
IC3a generatesasawtooth, which.
owing to the 'standard' RC net-

work, is not linear. If, however,
the resistorin that network is re-
placed by a current source, here
T,,~, P2, linearity returns. The
period 01 the sawtooth depends

on the settings 01 5, and P2·
Thesawtoothsignalisbuffered

by T2 to prevent itsquality being
affeeted adversely. The voltage
level at the gate of Tj is 0-3.5 V,

5V

ts
ICl IC2 IC3

~

U,--------------0',,,,,

a s
1 Ä 01"'----"'1
~, ~----'

IC1b
IC1a

~O~~~}W----~' ~ff 'LI 4k7
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IC1 = 74HCT132
IC2 = 74HCT123
IC3 = 74HCT221

Bf245A

G o
5

12V
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that at the source is slightly lower,
The rectangular signal at the

Q output ofIC3a is used to sup-
press the electron beam during
the flyback.
The trigger signal is provided

by Schmitt trigger IC
"
, which

has the small drawback that the
input signal must be at least
1 V r.m.s. Preset P1 provides
compensation for the d.c. level
at the input. Same experimen-
tation with the values of Rj and
R2 is advisable since these re-
sistors determine the operat-
ing range of P,.
As lang as trigger signals are

input. IC3a generates sawtooth

signals. Since IC2a receives the
same trigger signals, it is en-
abled continuously. There is,
however, a fundamental differ-
ence between the two circuits:
the 74HCT123 is retriggerable,
whereas the 74HCT221 is not;
it is enabled only after the CUf-
ren t period has been processed;
all intermediate trigger pulses
are ignored.
In practice, the Q output of

IC2a is high as long as trigger
pulses are input. When these
pulses cease, the Q output goes
low, whieh results in 1C3b being
started via the Q output. After
its mono time has elapsed, IC3b

enables 1C3a and this in its turn
reactuates IC3b, so that, even
in the absence of Input trigger
signals, the sawtooth genera-
tor continues to opcratc.
The flyback is suppressed

by IC3,; network R,,-CBprovides
a slight delay to ensure that the
beam is suppressed at the right
moment. Since these cornpo-
nents havea fixed value, it rnay
happen at very low frequen-
cies that small portions of the
sawtooth are not suppressed.
This may be obvia ted byswitch-
ing capacitors of different val-
ues in the Cs position via a sec-
ond wafer on 51.

The range of the generator
may be refined by adding ea-
pacitors in the time base whose
ratio is 1:2:5; the capacitors in
the d iagrarn, C2-C6, have a ratio
of 1:10. With values as shown,
the period of the sawtooth iu the
upper position of the switch
can be set between 1 us and
6 us: periods below 1 us ean
not be obtained.
The circuit as shown draws

acurrentofabout7.5 mAfrom
the 5-V supply The negative
supply is not critical and may
be between 5 V and 12 V.

\\\ (G.). Knop er 914066) )

~

THE COMPACT test probe
is made from five transis-

UNIVERSAL TESTPROBE
tors, three LEDs, a zener diode,
and three resistors. It enables

01 = YI!11ow02" red

BC5478

or. "~~----~~~~-U

914071·11

03" grel!n

rapid 'measurement' of volt-
age levels at digital gates, fuses,
diodes, batteries, and others. Of
course, it does not provide ab-
solutevalues, but rather a good
indication of correct operation
or otherwise.
Measurernents are carried

out with pins A and B. Jf the
potential difference between A
(the reference pin) and B 1S
1.9-2.0V, O2 willlight. If the volt-
age at B is $1.4 V higher than
that at A, 03 will light. Finally,
if the potential at B is al l V
with respect to that at A, 0,
will light.
Transistor T 5 is used as a zener

diode, whieh keeps the total
curren tdrawn down (since tran-

sistors 'break down' in a stable
manner at a lower current than
zener diodes),
The probe a IIOW5 measure-

ment of alternating voltage.
The maximum input volt-

age is highly dependent on the
dissipation allowed in R1. For
exam pie, when this resistor is
a 0.5 W type, the input voltage
may be as high as 200 V r.m.s.
The current drawn by the

circuit depends on the number
of lighting LEOs: it is not more
than 10 mA at a supply volt-
age of 3 V. In quiescent opera-
tion, thecurrent is so low (about
5 ~A) that an on/off switeh is
not necessary.

(T. Giffard 914071)

9V

914lJ57-\1
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SLAVE FLASH TRIGGER
THE circuit in the diagram

is intended forsynchronous,
wireless triggering of one or
more slave flash units when the
mether flash is triggered, so as
to obtain better lighting of the
photographie object.
PhototransistorT 1isswitched

on upon the reeeipt of the light
of the mother flash unit. The
potential at the inverting input
of comparator IC1a rises, the
comparator toggles and for a
brief instant, determined by the
value of C" the voltage level at
the inverting input of IC1b is
lower than that at the non-in-
verting input. This causes IC1b
to toggle momentarily, whieh

results in the thyristor being
triggered and the flash cantacts
to be closed.
The circuit may be used in

dark as weil as in brightly lit
places. The cperating range de-
pends on the mother flash and
willnormally be5-15 m (15-50 ft).
Thesensitiviry depends primarily
on the base resistance of the
phototransistor and this may be
modified according to circum-
stances. Any tendency to insta-
bility may becured by shunting
R, with a 100 pF eapacitor.
Power is supplied by a 9-V

(PP3) battery.

(H. Döpfner 914057)
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BINARY LOGARITHMIC LADDER NETWORK
THE network providesan at-

tenuation between 0 dB and
78.75 dB that is presettable in
64 stepswith the aid of a 6-bit
code.
Six independent, relay

switched attenuator sections
lnay be connected in series in ac-
cordance with the input code.
Since the seetions have Iden ti-
cal 1 kQ impedances, they do
not affect each other and can,
therefore, be interchanged wi th-

out any problern. The only re-
quirement is that the network 1S
terminated correctly, here by
R20. The fairly low characteris-
tic resistance of 1 kQ was cho-
sen to keep the noise genera ted
by the attenuator low,
Buffering of the a ttenua tor is

effected by a Type NE5532, an
IC thatoperates effortlessly with
alk input impedance.
The use of relays in the vari-

ous seetions ensures that there

are no linearity problems with
switching elements. Furthermore,
relays make it possible for the
control circuits and the attenu-
ator to be electrically isolated.
The relays are driven by a

transistor/so that the control in-
puts require relatively little en-
ergy: even a simple logic cir-
cuit (TTL or CMOS) can switch
the relays in this manner.
The signal-to-ncise ratio of

theattenuator, withcomponent

valuesas shown in the dia gram,
is 92 dB (A-weighted even
107 dß), provided the inputsig-
nal is not smaller than 1 V r.rn.s.
The maximum input voltage is
7 V r.m.s. Total harmonic dis-
tortionat frequencies up to 20kHz
is not greater than 0.003%. The
current drawn by the circuit
depends prim arily on the re-
lays: in the prototype it was
about 120 mA.

(1. Giffard 914075)
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THE timer is intended to ac-
tuatean apparatus for apre-

determined period of time, fOT

instance, an ultra-viölet expo-
sure unit or a photographic en-
larger. Periods may be set be-
tween 0.1 s and 999.9 s.
The periods are set with the

aid of thumb wheel switches
andstoredinfourType74HCTI90
counters, IC4-IC7. Setting is fa-
cilitated by the set times being

UNIVERSAL TIMER
displayed instantlyon the LED
display. After the start button
has been pressed, the inputs of
the counters are disabled and
the count down starts. At the
same time, relay Re- is ener-
gized.
In quiescent operation, the

contacts of K2 are linked to those
of K1. Since K1 is connected to
the mains, the load connected
across Kj is supplied withmains

voltage; there is no voltage sup-
plied to the load connected across
K3. When Re1 is energized, that
is, during the switch-on period.
the mains voltage is switched
from K, to K3.At the end of the
switch-on period, a buzzer in
the collector circuit ofT 1sounds.
In an emergency, the switch-on
period may be prematurely ter-
minated with theaid of thestop
button.

When the switch-on period
is over, oscillator IC2 is disabled
and the relay is de-energized.
The preset period is then shown
on the LED display again.
Power for the clock may be

provided by a simple 300 mA
mains adapter combined with
a Type 7805 regulator.

(A. Rigby 914042)
---7
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MOlDROLA'STypeTLC2201
low-noise precision opamp

is probably not the best-known
amplifier made in LinCMOS
technology, but it is certainly a
very interesting and useful de-
vice. Apart frorn a noise figure
of 18 nV "Hz-I, which is low
for opamps, the chip also has
very good d.c, characteristics.
The JFET inputs have an off-
set of only 100 ~V, while the
temperature coefficient is
0.5 ~V K-I. Until not so long
ago, such specifications were
possible only in amplifiers with
bipolar inputs.
The combination of low noise,

good statie characteristics and
a common-mode range that ex-
tends to the negative supply
voltage, make the TLC2201 very

50 HZ BAND-STOP FILTER
suitable for applications where
signal conditioning with a high
source impedance is a prime
requirement.
An exarnple of this is the 50Hz

band -stop fil ter shown in the di-
agram, which provides an at-
tenuationofsome40 dB. Because
ofthe high input impedance, the
filter can use rela tively small ca-
pacitances and large resistances.
Owing toitsexcellentd.c. prop-
crties. the circuit is also suit-
able as a buffer for d.c. or Iow-
frequency signals.
The circuits requires a ±5 V

supply, from wh.ich it draws
abou t 1.5 mA.

(J. Ruffell 914086)
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THE UNIT discussed here in-
dicates, by means of achain

of LEDs, in logarithmic ratios
the strength of an electric field

PARTS LIST
Resistors:
RJ, R2 =470 kQ
R3=22Mn
R4= 10Mn
RS, R6, RJO = 100 kn
R7 = ISOkQ
R8, R9 = 1 kn
PI =470kn (or500 kn) multi-
turn preset .

Capacitors:
CI, C2 = 1 JJF
C3 = I nF ceramie
C4= 100nF
CS = 4.7 JJF, 25 V, radial
C6 = 10 JJF, 40 V, radial

Semiconductors:
01 = IN4148
02-04 = LEO, 3 nun, green
05 = LEO, 3 nun, yellow
06-010 = LEO, 3 mm, red
lCI, IC2 = TLC27 I
IC3 = LM3915

Miscellaneous:
SI = SPST switeh
9 V battery

surrounding theun.it. The input
signal across theconducting discs
is applied to the non-inverting
input of IC,. The amplification

of ICI, A=R./P,. In the proto-
type.Pj was setatabout210 kQ
to give an amplification of about
x50.

Opamp 1C2 functions as a
rectifier: du ring the negative
halves of the input signal, its out-
put goes high and 0, conducts.

1
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During the positive halves, the
signal is applied direct to the
outpur via Rs and R6. Diode 0,
is then reverse biased and IC2
does not function.
The level of the output volt-

age across Cs is monitored by
diodechain 0,-010 via lC3. The

capacitor is discharged slowly
via R7when the signal ceases.
The conducting discs are

formed by tWQround, double-
sided PCBs as shown in Fig. 2.
The components are mounted
at the track side of one of the
boards. Carefully bend the ter-

minals of the components about
2 mm from their ends to make
better contact and strengthen
the solder joints. Note that C6,
S, and the LEDs must be fitted
lying down, all the others up-
right.
The two boards are fixed to-

getherwith theaid ofnon-metal-
Hescrews and 20 mm spacers.
The indicator is calibrated by

turningP, until the LED asso-
ciated with a field strength of
10 V m-! just lights.

(Dip!. Ing. H. Moser 914041)

THE program and the circuit
presented here are an intro-

duction into practical interrupt
handling in IBM PCs and com-
patibles, a subject fraught with
pitfalls to the average PC user.
The program (shown in the list-
ing) is a memory-resident util-
ity that monitors one of the PC's
interrupt request lines, IRQ2
through IRQ7. Itproduces a short
beep on the PC's loudspeaker
when arequestoccurs.lntenupt
requests may originate from in-
sertion cards, and serve to in-
form the PC that a particular
event hasoccurred thatrequires
the action of a servicing rou-
tine, which interrupts the CUT-

ren tly running program .
Interrupts may be used to sig-
nal the activity of for example,
a telephone ringing circuit, a
temperature monitor, a voltage
level monitor, or awatchdog. To
help you und erstand the use
and basic operation of inter-
rupts, a simple circuit is given
that generates an interruptwhen
a push-button is pressed. Taking
good care to avoid conflicts with
cardsalreadyinstalled in the PC,
sct the push-button interrupf
Iine with the aid of a jumper,
JP, throughJP 6. In the program,
this interrupt line should be de-
fined accordingly by assigning
thecorrect value to the constant
'IRQ' (see the listing).
When the push-button is

pressed the TLC555 supplies a
lOO-ms long interrupt request
pulse, which is transferred to the
8259 interrupt controller in the
PC via an extension bus slot.
Components R1 and C2 form a
switch debouncing network. The
circuit is readily built on the
prototyping board forcomputer
extensions described in Ref. 1.
At the end of the Iisting are

twocomment lines that serve to
prevent the uninstall routine
being called. lf you intend to
make changes to the program,
we recommend that you do not
attempt tomake it resident straight

pe INTERRUPT HANDLER

R4 •

~

r-~--~----------~--~~~~--~----{+
sv

,C,
TLC555

R3R1

IBM -510t,- --,
B031 +5V

8291 +5V

8211 Cl IRQ7

8221 tRQ6

8231 IRQ5

8241 Cl IRQ4

• J~L __ ...!Bg2-,!51:--=r- Cl IAQ3
8041

IAQ2

ONO

ONO
ONO

L_...J

8011

B101

914102·12

(* SYSTEM CLOCK TICK *)
(* KEYBOARD INTERRUPT *)
(* RESERVED *)
(* SECOND SERIAL PORT COM2 *)
(* FIRST SERIAL PORT COM1 *)
(* HARDDISK INTERRUPT *)
(* FLOPPYDISK INTERRUPT *)
(* PRINTER INTERRUPT *)

PROCEDURE UNINSTALL INTERRUPTHANDLER;
(***********************************)

(* Restore original mask and vector *)

BEGIN
PORT [Controller+l] :~OriginalMask;
CLI;
SETINTVEC(IntNumber,OriginalVector);
STIi

END;

BEGIN (* MAIN *)
CASE IRQ OF
0: IntNumber:~ $08;
1: IntNumber:~ $09;
2: IntNumber:~ $OA;
3: IntNumber:~ $OB;
4: IntNumber:~ $OC;
5: IntNumber:~ $OD;
6: IntNumber:- $OE;
7: IntNumber:~ $OF;
END;
End Of Int:~SpecificEOI+IRQ;
INSTALL INTERRUPTHANDLER;

REPEAT UNTIL KEYPRESSED;
UNINSTALL_INTERRUPTHANDLER;

KEEP(O);
END. (* MAIN *) 914102·11
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signal is applied direct to the
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does not function.
The level of the output volt-
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right.
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The indicator is calibrated by

turningP, until the LED asso-
ciated with a field strength of
10 V m-! just lights.

(Dip!. Ing. H. Moser 914041)

THE program and the circuit
presented here are an intro-

duction into practical interrupt
handling in IBM PCs and com-
patibles, a subject fraught with
pitfalls to the average PC user.
The program (shown in the list-
ing) is a memory-resident util-
ity that monitors one of the PC's
interrupt request lines, IRQ2
through IRQ7. Itproduces a short
beep on the PC's loudspeaker
when arequestoccurs.lntenupt
requests may originate from in-
sertion cards, and serve to in-
form the PC that a particular
event hasoccurred thatrequires
the action of a servicing rou-
tine, which interrupts the CUT-

ren tly running program .
Interrupts may be used to sig-
nal the activity of for example,
a telephone ringing circuit, a
temperature monitor, a voltage
level monitor, or awatchdog. To
help you und erstand the use
and basic operation of inter-
rupts, a simple circuit is given
that generates an interruptwhen
a push-button is pressed. Taking
good care to avoid conflicts with
cardsalreadyinstalled in the PC,
sct the push-button interrupf
Iine with the aid of a jumper,
JP, throughJP 6. In the program,
this interrupt line should be de-
fined accordingly by assigning
thecorrect value to the constant
'IRQ' (see the listing).
When the push-button is

pressed the TLC555 supplies a
lOO-ms long interrupt request
pulse, which is transferred to the
8259 interrupt controller in the
PC via an extension bus slot.
Components R1 and C2 form a
switch debouncing network. The
circuit is readily built on the
prototyping board forcomputer
extensions described in Ref. 1.
At the end of the Iisting are

twocomment lines that serve to
prevent the uninstall routine
being called. lf you intend to
make changes to the program,
we recommend that you do not
attempt tomake it resident straight

pe INTERRUPT HANDLER
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(* SYSTEM CLOCK TICK *)
(* KEYBOARD INTERRUPT *)
(* RESERVED *)
(* SECOND SERIAL PORT COM2 *)
(* FIRST SERIAL PORT COM1 *)
(* HARDDISK INTERRUPT *)
(* FLOPPYDISK INTERRUPT *)
(* PRINTER INTERRUPT *)

PROCEDURE UNINSTALL INTERRUPTHANDLER;
(***********************************)

(* Restore original mask and vector *)

BEGIN
PORT [Controller+l] :~OriginalMask;
CLI;
SETINTVEC(IntNumber,OriginalVector);
STIi

END;

BEGIN (* MAIN *)
CASE IRQ OF
0: IntNumber:~ $08;
1: IntNumber:~ $09;
2: IntNumber:~ $OA;
3: IntNumber:~ $OB;
4: IntNumber:~ $OC;
5: IntNumber:~ $OD;
6: IntNumber:- $OE;
7: IntNumber:~ $OF;
END;
End Of Int:~SpecificEOI+IRQ;
INSTALL INTERRUPTHANDLER;

REPEAT UNTIL KEYPRESSED;
UNINSTALL_INTERRUPTHANDLER;

KEEP(O);
END. (* MAIN *) 914102·11

ELEKTOR ELECTRONICS JULY/AUGUST \99\



PROGRAM PcAlarm;
(** ** ** *** *****)

(* Elektor Vl.O/JR *)

($M 2000,0,0)

{$R-,S-,I-,F-,O-,A-,V+,B-,N-,E+,D-,L-}

USES CRT, DOS:

CONST IRQ~3:
Controller ~$20:
SpecificEOI~$60:

(* Select hardware interrupt (0...7) *)
(* Base address of 8259 interrupt controller *)

VAR End Of Int
Original Vector
OriginalMask
IntNumber

:BYTE: (* End Of Interrupt command 8259 *)
:POINTER:
:BYTE:
:$08 ..$OF:

PROCEDURE STI:
(************)

(* Set processor interrupt enable flag *)

BEGIN:
INLINE ($FB):

END:

PROCEDURE CLI:
(************)

(* Clear processor interrupt enable flag *)

BEGIN
INLINE ($FA):

END:

{$F+}
PROCEDURE INTERRUPTHANDLER: INTERRUPT:
(************************************)

BEGIN
SOUND(800): DELAY(200): SOUND(1200): DELAY(300): NOSOUND:
PORT [Controller} :~End_Of_Int:

END;
($F-)

PROCEDURE INSTALL INTERRUPTHANDLER;
(*********************************)

VAR EnablePattern: BYTE:

BEGIN
(* Save original vector *)
GETINTVEC(IntNumber,OriginalVector);

(* Install new vector *)
CLI:
SETINTVEC{IntNumber,@INTERRUPTHANDLER):
STI:

(* SAVE ORIGINAL MASK *)
OriginalMask:~PORT[Controller+ll:

(* Enable IRQ *)
EnablePattern:~$Ol:
EnablePattern:~EnablePattern SHL IRQ:
EnablePattern:~NOT(EnablePattern):
PORT[Controller+ll :~(OriginalMask AND EnablePattern):

END;
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away since the utility can then
be removed from memory only
by rebooting the computer.
Therefore place the KEEP in-
struction in between braces, and

temporarily add REPEAT t.JNTa
KEYPRESSED and UNIN-
STALL INTERRUPfHANDLER.
This will save you a lot of time
and trouble debugging YOUT own

application. Reterence:
1. Prototyping board for com-
putcr extensions". Elektor
Electronics )uly IAugust 1988,
supplement p. 4.

(). Ruffell 914102)

•
AVOLTAGE regulator with

proper ti es like low volt-
age drop, 1A current, protected
against reversal and voltagepeaks
up to 60 V, inexpensive, and
simple to design in, is indeed a
super device. It concerns here
National Semiconductor's
LM2941C, whichisanintegrated
devicewith fivepins. Threepins
are for the usual connections;
thefourth (GND) is required for
the low volta ge drop; and the
fifth provides an additional on-
off switching function.
In the diagram. C, is required

only if the distance to the smooth-
ing capacitor is fairly long. Its
value needs to be somewhat
larger than is usual with 78xx
regulators. This is also the case
with C2. It is advisable to place
tha t capacltor as elose to the
regulator as possible.
Although it is normal for the

quiescent currcnt through low-
drop regulators to berather larger
than required by traditional reg-
ulators, the LM2941 C needs this
onIy at voltagedifferencesofbe-

SUPER VOLTAGE REGULATOR
tween 0.5 V and 5 V.
Theoutputofthecircuitshown

is designed to be set between 5V
and 20 V. Since the internal ref-
erenee voltage is1.275 V. itshould
in practice be possible to set it
below 5 V. Note, however, that
the makers do not guarantee
satisfactory operation at such
low levels.
Thevalueofresistor R1 rnust

not be smaller than 1 kQ. The
value of R2 may be calculated

from
R2 = R

'
(Uout/1.2751-1) Q

where Uout is the required out-
put voltage.
Although many three-pin reg-

ulators require an electrolytic
capacitor at the AD) output to
improve stability, that is not
permitted with the LM2941C: in
fact, it might lead to oscilIa-
hons.
A voltage difference of only

0.5 V is sufficient for an out-

put current of 1 A. This differ-
ence may be even smaller if the
current is smaller.
The input must be actuated

bya positive voltage and then
requ.ires a currentof about 300~A.
Sinee the JC toggles with a

control voItage as low as 2 V,
it may be switched with either
CMOS or TTL logic.

(NS application 914026)

SVS•••30V

sequently energized for an in-
stant. In thatway a trigger pulse
is generated for electrically iso-
lated equipment without the
need of an additional power
supply.
In the diagram.Cj.R, and R2

ensure a stable switching op-
eration.
The solar cells used in the

prototype gave an effective range
of 2-3 m (7-10 ft).
The circuit is intended as a

momentary action push but-
ton, not as aloeking switch. The
latter function may beobtained
by adding. forexample,a lateh-
ing relay

(Carin Mieslinger 914061)

2941 (C)R3

Cl

914026-11 ADJ on ..I. [) •

MOMENTARY ACTION PUSH BUTTON

THE circuit described here
is a kind of remote control

for all sorts of equipment that
must be started or switched on
with the aid of a trigger pulse.
The authoress actuates it with
a flashofthe headlights to switch
on the garage lights
When light falls on to the six

series-connected solar cells, T1
is switched on, which results
in T2 beingswitched off.Capacitor
C2 is then charged.
When the light is removed

from the solar ceIls, T, isswitched
off and T2 is switched on.
Capacitor C2 will then be dis-
charged through the LED of the
electronic relay, which is C011-

~ R1

•."6V
R2

'Ok

T1, T2 = BC547

914061·11
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AUTOMATIC BATTERYCHARGER

KEEPING your car battery
constantly charged when

the car is not in use apprecia-
bly increases the life 01 the bat-
tery. Charging is, of course, 110[-
mally only possible in your
garage. The charger described
here provides a constant charg-
ing current that may, fOT exam-
ple, be fed to the battery via the
cigarette Iighter.

The charger consists of amains
transformer, Tr1, bridge rectifier
81 and smoothing capacitor C 1.
The charging current through
the regulator, [C" and the

switched series resistors is 107mA
(47 Q);230 mA(22 Q);500 mA
(10 Q); or 1 A (5 Q).
Diodes 0, 04 indicate the po-

sition of the switch. Transistor
Tl, R} and o, ensure constant
brightness 01 the diodes.
When the battery is not COI1-

nected, the relay is not ener-
gized and the mains is switched
off.
When the battery is connected,

C3 gets charged, T4 is switched
on and the relay is energized.
The mains is then switched on
and the battery is charged via

0". The conscqucnt voltage drop
across 07 causes T3 and T2 to
be switched on, so that the relay
remains energized although.
since its collector is at +12 V,
transistor T4 is switched off.
Resistor RS ensures that Cl is
kept charged so that T4 remains
off.
Ta ensure that the charger

works with flat bartenes, the
relay contact may be bypassed
by S. which enables the charger
to be switched on manually.
Note that during constant

charging of lead-acid batteries

there is the risk that the water
dissolves into hydrogen and
oxygen and this will reduce the
liquid in the battery. Since sealed
batteries can not be topped up,
the present charger is not suit-
able lor these types 01 battery.
Also, da not use a current

higher than necessary; in most
cases 100nlA isample. The larger
currents are intended forcharg-
ing large NiCd batteries.

(R. Kambach 914044)
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EVERYONE should clean bis
teeth a t least a couple of times

a dny. Dental research shows
that cleaning one' s teeth for three
minutes at a time is best: longer
periods may damage the gums,

TEETH-CLEANING TIMER

whereas the gUlns may not be
massaged sufficiently, nor the
plaque removed adequately, if
the period is shorter. Some man-
ufacturers have therefore started
to build in timers in their elec-

tric toothbrushes that give a
signal after three minutes.
If you do not (yet) have an

electric toothbrush, the timer
presented here may help. When
push-buttonswitch S, is pressed.

..... Cl IC1b

""1~_~_v ~ __

IC1 = 4093

Dl1N4148
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'6V

IC1d
11 R4

'"

the potential at the inputs of
IC la goes low. After 51has been
released, Cl is charged slowly
via P, and R

"
so that the volt-

age at the inputs of ICla rises
again. When the potential across
Cl has reached a certain level,
the output of Kj , togglesfrom
a high to a low Ievel. The con-
scqucnt leading edge of the neg-
ative pulse briefly actuates the
oscillator based on IC,d. For a
time determined primarily by
thetimeconstant Rj-Cs thebuzzer
thensounds to indicatethatbrush-
ing time is over. The time may
be set at exactly three minutes
with Pj.
Sinee the currcnt drawn by

the circuit is minute, an on/ off
switch has not been provided.

(j. Ruffell 914065)
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ONE-SHOT SOLID-STATE RELAY TIMER

by Dr K.A. Nigim

The solid-state relay timer described in this article is weil suited
to the on/off switching, at predetermined times, of a.c. loads rated
at up to 5 kW. The electronic circuitry is optically isolated from
the a.c. mains and incorporates a zero-crossing voltage-

switching technique.

THE advantages of a solid-stete relay aveT
the conventional mechanical types are:

• it has no mechnical er moving parts that
wear out;

• it gives 110 audible noise:
• it ts resistant to shock and vibration:
• it exhibits no contact bounce
• it responds fast which reduces electro-
magnetic interference (EM1).

The block diagram of the timer is shown
in Fig.L Theoutputofthetimerchangesstate
(from low to high potential) a very short time
after the start button is pressed. The time in-
terval is determined by the time constant, 't,
of the series combination preset-C,
The output signal of the timer is applied

to a solid-state bidirectional switch, a triac.
The a.c. load is connected to the mains via
the triac. When the preset time elapses, the
output of the timer drops to a low level and
the triac is switched off thereby disconnect-
ing the load.

Circuit description tain a high potential at pin 2 of leI. The ca-
pacitor discharges through R,when 53 is re-
leased. The timer may be reset at any instant
by pressing push button 52.
The output signal at pin 3 of ICI is high

after 53 has been pressed. which causes D}
to light, indicating that an active time pe-
riod has begun.

The complete circuit is shown in Fig. 2. The
timer secfion is based on the well-known
555 in the leI position. The timing penod is
initiated by pressing briefly push button 53.
U, however; this switch is kept depressed,
restarting does not occur since C3 will main-

FUSE

MAINS
SOLID
STATE
SWITCH

BUFFER
&

DRIVER

TIME
DELAY

910056-11L _

Fig. 1. Block diagram of the limer.

"

a

IC' "''--r_
N E555 IC2 = MOC3061•

6

r

.,0
3300

910056-12

Fig. 2. Cireuit diagram of the solid-stete relay timer.
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The period. in seconds, during which the
outpur at pin 3 is held high is determined by
the time constant,

where Rj and P1are in kfz and Cj in pE With
the eomponent values indicated, time pert-
ods from 10 to 20 seeonds may be obtained.
That range ean be extended by replaeing C,
bya switeh that ean select between two ca-
paeitors, Cl' and Cn When the range Is in
mtnutcs, botb R1 and PI must be at least
100 kQ.
The timer circuit and the triae driver are

powered by a simple +12 V d.c. source, for
which a suitable circuit is shown in Fig. 3.

-*+ 0 IC3 •18V 7812

es c, ~

2200~ ,,"
asv

AC supply isolation
Ta isolate the timercireuit from the high volt-
age of the mains, an opto-isolater triac, IC2,
with zero-erossing level trigger drives the
main power triac.Trij.
The eurrent flowing into pin 1ofIC2 is lim-

ited by potential divider R6-RrRs to 15 mA
in aeeordance with the manufacturer's rele-
vant data sheet (Ref. 1).
Surge eurrentsat the output. pin 6,are lim-

ited by R9.The miniraum value of .. .is resis-
tor for 240 Vmains is given by:

R9(minJ = Uin(peakJ / 1.2 = 330.0.

The a.c. loed is connected to the mains
via Tri t- The type of triac used depends on
the r.m.s.load eurrent rating plus a 50%safety

design factor. The triae must be
mounted on a suitable heat sink,
particularly with large loads. For
large inductive loads, such as uni-
versal motors, a snubber network
consisting of Rs and es is con-
nected aeross the triac to mini-
mize the rate of rising volta ge
(commutating du / dr). Good prac-
tical values of these components
are: R, ~30Q,3Wand C,~O.l ~F,
1000 V.
The circuit performance with

high dv / dt is improved consid-
erably when the triec is replaced
by two rhynstors eonnected in
anti-parallel: this modification
also reduces the power dtssipa-

tion. The modified section of the eireuit is
shown in Fig. 4.

9t0058-14

Fig. 3. Circuit of a suitable d.c. power source for the timer.

PARTS LIST

. Resistors:
Al ~ 68 kQ
A2, A3, A5, A14 = 2.2 kQ
A4=10kQ
A6, A7 = 1 k.Q
A8,A9, Al0, All,A12, A13=330Q
As=30Q,3W
Pl = 47 kQ

Capacitors:
Cl,C12= 100~lF, l6V
Cll=10j.lF,16V
C2, C6, C7 = 22 nF, ceramic
C3=1~F,16V
Cs = 0.1 j.lF, 400 V, polypropylene
C5 = 2200 j.lF, 25 V
C4 = 10 ~lF,35 V, tantalum

Semiconductors:
ICl = NIE555 P
IC2 = MOC 3061
IC3 = 7812
B1 = W04M rectifier
01 = LEO, red
02, 03 = 1N4007
04 = LEO, green
Tril = specified by load
. Thyl . Thy2 = specified by load
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Construction
Since part of the circuit is eonnected to the
mains, great care must be taken in handling
the triac and the load. It is strongly advised
to assembJe and position the triac on its heat
sink away from the timer eireuit during in-
tial testing.
The timer is constructed on a prototyp-

ing or vero board. Start by mounting the TC
sockets and timer cornponents.
The minimum and maximurrt time peri-

ods can be ascertained with the aid of e stop-
watch or good wrist-watch with seeond-hand

ONE·SHOT SOLII)·STATE RELAY TIM ER

and setting P1 to its maximum and mini-
mum values. A number of settings may be
marked in terms of seeonds or minutes as
required.
Diode D1 should light every time 53 is

pressed and stay on until the specified time
has elapsed.
After the timer circuit has been tested,

02 1N4007

'"330n

'"330n

tN4007 910056-13

Fig. 4. When the timer is used with large indue-
tive loads, it is advantageaus to replace the triae
by two thyristors connected in anti-parallel.

assemble the triac d river cireuit. Connect
terminal A2 of Trij with suitably rated wire
to the a.c. mains and the load. Start by load-
ing the triac with a 40-60 W light bulb. If the
results nre satisfactory, connect the actual Icad.

Applications
The circuit may replaceany meehanieal timer
relay. Two examples for use in the horne are
the hot-water tank and an electricoven. In the
workshcp. iteould beapplied to impulse seal-
ers, as on/off control of electric motors, and
in spot welding eontrol. •

Reierences
Motorola Thyristor Data Book, 2nd print-
ing. 1988.
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8088 SINGLE BOARD COMPUTER
A low-cost computer system is described that forms the perfect
introduction into programming Intel's 8088 CPU. The system is
complete with aserial interface and a smalI, PROM-resident,

operating system that enables the SBC to download 1-Kbyte large
chunks of object code sent by a PC running a communication

program.

THE first IBM PCs were based on the 8088
microprocessor, which has a Ifi-bit inter-

nal architeeture and an external 8-bit data
bus. Today, IBM PCs praliferate the world
with more powerful microprocessors - the
8086,80286,80386 and 80486. Their ability to
keep going is mainly due to upward corn-
patibility (the original instruction set for the
8088 has been maintained and enhanced).
Hence, machine code software originally
written for the 8088 continues to function on
the more enhanced processors.
This design. based on the Intel 8088, con-

nects to the RS232 port of any IBM PC con-
figured for 9600 baud, 8 data bits, 1 stop bit,
and 110 parity. Jt provides tWD eight-bit user
ports, five auxiliary control lines and two in-
terrupt lines. 111€ single-board computer is
externally powered, thus offering consider-
able protection to your eostly pe, which
funetions as terminal.

Concurrent programming
The simuJtaneous exeeution of two or more
programs by a single processor is now
aehievable in the domains of real-time elec-
tronics. This is achieved by time division

R. Grodzik

multiplexing (TDM) and providing the
neeessary communication and synchroniza-
tion primitives. However, where a sequence
of program statements must appear to be ex-
ecuted indivisibly, critical sections are
formed, and need to be protected. This is
achieved with the aid of 'busy' functions im-
plemented by wait loops and f1ags. Further
measures have to be taken to prevent dead-
lock and guarantee Iiveness. i.e., the pro-
gram must not crash under any
circumstances. The fulfillment of this last re-
quirement is a formidable feat of software
engineering.

The problem is solved by utilizing a
multi-processor environment, in which each
individual processor executes its own pro-
gram, and asynchronously communieates
with the other proeessor via aserial link.
This principle is adopted here, and has taken
the practical shape of an BOB8 single-board
computer. Simply upload program data
from the PC to the 8088 SBC (] Kbyte max.),
and YOll have your PC free to run any other
program. The use of the second processor
(the one on the SBC) brtngs coneurrent pro-
gramming within easy reach.

Oneof the features of this project is an at-
tempt to investigate virtual memory. By
using virtual memory techniques, whereby
program code is down loaded in packets of
1 KBytes each, the seemingly small on-board
memory of the SBC does not prohibit the ex-
ecution of a substarmal program which is

resident in the host.
The 8088 SBC is equally at horne in an

educational environment, aUowing the user
to control external devices from a PC Of
course, a11programs for the card have to be
written in assembler. lf the program has a
bug, try again - it only takes a second to re-
load the new version to the board. No emu-
lators or EPROM burning are needed here.

Operation and system
architecture

The present circuit (Fig. 2) uses a multi-
plex/ demultiplex system. The 8088CPU has
a multiplexed Jow-order data/address bus
which needs to be demultiplexed to access
the RAM and PROM in the system. Circuit
Ie?, a 74HC373 octal latch, pravides this
function. The 8155 PIO (10) has internal de-
multiplexing, and is connected directly to
the 8088's lower data / address bus, with the
ALE pin controlling the flow of data or ad-
dress information. In addition, IC4a and IC4b
provide a qualifying signal from the DEN
pin of the 8088 to prevent bus contention
when RAM or PROM is enabled.
Circuit ICI, a 8284, is a dock generator

and driver for the 8088 rnicroprocessor, pro-
vidtng aU the souree clocks needed by the
system. The 11.0592 MI-Iz master oscillator
frequency is divided by three by the clock
generator to give a 33% duty factor 3.6864-
MHz signal to theCLK input of Kz. This fre-
queney is further divided by two to present
a frequency 01 1.8432 MHz to 10 pin 3, a
rIO with internal timer, where it is again
divided down by three to output a
614.4 KHz square wave signal at pin 6. This
signal feeds IC6, a 8251 UART. An internal
divider in the UART (divisor 64) finally pro-
duces the baud rate of 9,600 required for
asynchronous communieations with the
hast rc,

The operating system
The control software required to boot up the
system resides in abipolar PROM, lC1O,
which is mapped into the system memory as

ELEKTOR ELECTRONICS JULY/AUGUST 199\



FFFFF

FFFFO RESET VECTOR- = FFEOOH

OPERATING PROM
SYSTEM 512 Bytes

FFEOO
~

<,
.....

02800 - I-- UART COMMAND -

.....
r-..

00800 UARTDATA -

.......
007FF - -- ---[STACK TOP

RAM 1024 Bytes

00400 ~

.....
.......... TIMER HIGH 0005

TIMER LOW 0004

PORTe 0003

OOOFF PORT B 0002

PIO RAM
~ PORT A 0001

256,BYtes
COMMAND/STATUS 0000

00000

MEMORY 1/0 910075" 12

Fig. 1. Memory structure of the 8088 smgle-boardf computer.

shown in Fig. 1. The code burned in the
PROM perfonns the following functions:

provide the reset vector address
(FFEO:OOOO)- FFEOOHPROM start a d-
dress;
initialize data, steck and extra segments
to zero;
initialize the stack pointer to RAM top
(O07FFH);
initialize ports A, B, and C to outputs;
configure the on-board timer of 10;
initialize the UART (9600 baud, 1 stop
bit,8 data bits. no parity):
load binary data received from the hast
PC to the RAM (00400-007FF).

ically from address (0000:0400) - 00400H
(RAM start; see Fig. 1).

For those of you with access to a PROM pro-
grammer, the contents of the system PROM,
a 745472, are given in Fig. 3.

Construction and
connecting up

Once the SBC has received 1 KBytes of data,
execution of the program starts automat-

This should be relatively straightforward
using the ready-made double-sided and
through-plated board, and the component
mounting plan, supplted by the author. Just
use a hot iron, ensuring at all times that the
bit is clean and tinned. Dry solder jotnts
should really be a thing 01 the past. Watch
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8088 SINGLE BOARD COMPUTER

COMPONENTS LIST

Resistors:
(all O.25W 5%)
5 7kn5
12 2200

Rl,R2,R3,R5,R6
R4,R7.R14,RJ7,
A18,R19
R15,R20
A16,R18

2 4l<il7
2 47ktl

CapacilOrs:
I 10pF
2 1O~F tantaIum bead
12 10nF

CI
C2,C3
decouplinq C

Semiconductors:
2 BC548
1 1N4148
1 lN4002
3 LEO
1 8284
I 8088
1 8155
1 74HC32
1 74HCl38
1 8251
1 74HC373
2 2114
i 1 PROM'
1 74HC640

Tl,T2
01
02
D4;05:D6
IC,
IC2
ICS
IC4
ICS
ICB
IC7
1C8,IC9
ICID
ICII

MlseeU.neous:
1 n.opress swltch SI
1 11,OS92MHzquartz cryslal XI
I 26,way pln header KI

• Pre-programmad PROMs and prin1e(l-cir-
cutt boards 10r this vl'Diect are available from
tne author:
R. Grodzlk, 53 Chelm&tord Road, Bradtord
BOS 8ON, ENGLANQ, The pric& of the
PROM ls f15.00 including P&P,

out for solder bridges and missed connec-
tions.
All port Iines and data connections are

brought out on connector K" a single-in-line
26-way pin header. The 5-V supply is con-
nected to aseparate 2-way header. On the
host computer, connect a dual screened lead
to the OV, RxD and TxD pins of the serial
port. Also tie the RTS and CTS pins together
(see the insert in the main schernatic diag-
ram).

Programming
The MSDOS operating system for any IBM
pe contains a machine code debuggmg fa-
cility named DEBUG.COM, in which assem-
bly code can be written, assembled, and
saved to disk. To start DEBUG, simply type
the following:

DEBUG FILENAME.BIN <CR>

Adjust the maximum number of bytes to be
saved to disc (1 K). Type

Rex <CR>

and then
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Fig. 2. Circuit diagram 01 the SBC.
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8088 SINGLE BOARD COMPUTER 11
National Semi DM74S472

00000: BB 00 00 8E D8 8E DO 8E CO BC FF 07 FA BA 00 00
,................ ,

00010: BO OF EE BA 01 00 BO 00 BE BA 02 00 BO 00 EE BA
,................ ,

00020: 05 00 BO 40 EE BA 04 00 Ba 03 EE BA 00 00 BO CF
,
••• @ ••••••••••••

,
00030: BE BD 00 04 BF 00 00 B4 00 BO 4F A2 00 28 BO 06 ' .......... 0 •. ( .. I

00040: A2 00 28 90 90 90 90 90 AO 00 28 24 02 3C 02 75 ' .. ( ....... ($.<.u'
00050: F7 AO 00 08 90 90 90 90 90 90 90 90 88 03 47 81

,.............. G. ,
00060: FF FF 03 75 D9 EA 00 04 00 00 00 00 00 00 00 00 r .•• ll .•.......•..

,
00070: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
00080: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

, ................ ,
00090: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
OOOAO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
OOOBO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
OOOCO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
00000: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
OOOEO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
OOOFD: EA 00 00 EO FF 00 00 00 00 00 00 00 00 00 00 00

,................ ,
OOlOO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
00110: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

, ................ ,
00120: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,·............... ,
00130: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
00140: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

, ·............... ,
00150: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 r ................ ,
00160: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
00170: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
00180: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 r ................ ,
00190: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,· ............... ,
DOlAO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
001BO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
001CO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 r ................ ,
00100: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ,................ ,
001EO: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

,................ ,
001FO: EA 00 00 EO FF 00 00 00 00 00 00 00 00 00 00 00

,................ ,

Flg. 3. Contents of the system PROM, a 256-byte large 745472.

400 <CR>

Next, invoke the resident assembler by typ-
ing

A 100

followed by the Iines of assembly code. e.g.:

<eR>

MOV DX,OOOO ;(all ports output)
MOVAL,OF
OUT DX,AL
MOV DX,OOOl ;(send 55H to port A)
MOVAL,55
OUT DX,AL

Press the carriage return key twice to exit the

;(wait)

Table"1. 8155 port programmlng

Port C

output
outpur
eutput
outl!Ü!

'"Plli
Input
Input
input

PoitS Poft A .x

outout
output

'''l'ut
,'iIlpDt
QUllliJ!
oulPut
Input:
Input

eutput OF
j"pu(OE
oU4?"! o~
lhpu!' Oe
qutl)!jt O?
inpul 02
outout GI
Input 00

assembler. Next, type

W <CR>

1Kbytes are written to disk as 'filename.bin'.
Next. Enter

Q <CR>

to leave DEBUG. The binary file contents of
'filename.bin' can now be sent to the 8088
SBC via the RS232 port using any communi-
cations software utility.
Three ports are available on the 8155: ports A
and Bare 8-bit wide, and port C 6 bits. The
direction of data flow is controlled by the
command regtster of the 8155 (ar address
00000), and is programmed as follows:

MOVDX,OOOO
MOVAL,X
OUT DX,AL

where X is the value to configure the ports,
taken from Table 1.
Onee the command regtster is pro-

grammed. it is a simple matter to send or re-
ceive data to or from port A (address 0001),
port B (address 0002), or port C (address
0003). For example:

MOVDX,OOOO
MOVAL,02

;port command register
.port C input, port B
output, port A input

OUT DX,AL
MOVAL,A5 ;data
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MOVDX,0002
OUT DX,AL
MOV DX,0003
IN AL,DX
MOV DX,OOOl
fN AH,DX

;port Baddress
;A5 sent to port B
.port C address
.read port C
;port A address
.read port A

Ta provide a virtual Illemory faciltty.
whereby the 8088 board may request a fur-
ther 1 KBytes of program or data from the
host PC, the following routine is used:

MOVDI,OO
MOV BP,0400
JMP FFEO:0045

;(RAM statt)
.topereting system
routine)

Running this three-line program will eIear
the RAM, preparing it for another 1 KBytes
ofprogram. •

Note:
Various publications are available from
Intel, detailing the programrning of the 8088:

8086/8088 Assembler Langllage PI'O-
gmmming. by L.A. Leventhal. RSCom-
ponents order code 904-851.
8086/808816 bit Microprocessor Primer,
by Morgen & Waite. RSComponents
order code 904-845.
Data sheets on the 8088 available from
Intel at: Intel Corporation (UK) Ltd.,
Pipers Way, Swindon, Wilts. SN31RJ.
Telephone: (0793) 696000.



LASER
PART 3: OPERATION
AND
CONSTRUCTION

In this third and last
instalment on the show
laser we tackle the
construction and practical
use of the LSI7000 control
unit.

Conrinued trol/'l tue [une 1991 issue

The electronic switches in the user interface
of the laser control unit are controlled by
small push-buttons fitted on a printed-cir-
cuit board. Figure 13 shows the circuit diag-
ram of the control interface and the power
supply. which consists of two lO-V fixed
voltage regulators. Regulator IC306 powers
the coil drivers, and must be Fitted with a
heat-sink. The rest of the circuit is powered
by IC305. Diode D307 protects the circuit
against reverse input voltages supplied by
the mains adaptor (here, a 12-15 V d.c. type
is used).

Depending on their function, the swit-
ches take rhe form ofbistables built front two
inverters (for electronic switches with two
posirions). or counters (for electronic swit-
ches with 3 or 4 positions).

The counters are typcs with an internal
binary coded decimal (BCD) to decimal
decoder of which one output is active at a
time, controlling an electronic switch. Each
of the counters is incremented by a clock
pulse supplied by an R-C debouncing net-
work associated with a particular switch. lf
the counter is at the last state we want to use,
it will still advance to the next high er (non-
used) state on receiving a clock pulse. An R-
e network, however, translates the decoded
output state into areset pulse, which returns
the switch to its first function. The same R-C
network also resets the switch to the first
function when the laser control unit 15
switched on.

The switches with two positions consist
of two inverters with a feedback arrange-
ment that results in a changeof the Jogic out-
put level any time the push-button at the
input is pressed. This creates a simple toggle
function. The remairring Inverters are used
as buffers to drive the LEDs that indicate the
position of the electronic switches.

Controls on the front panel
The front panel of the laser control unit
(Fig. 14) has a fair number of switches and
push-buttons. Describing the function of
these controls. we feel, is more useful than
analyzing in detail the position of each indi-
vidual electronicswitch on selection of a par-
ticuJar function.

At the left of the front panel we find the
on/ off switch and the associated LED. The
internal microphone of the control unit is
fitted behind a small hole in the front panel,
straight above the on/off LED. The larger
part of the front panel is divided into two
identical, horizontal, seetions. The upper
section is for the left channel, the lower sec-
tion for the right channel. The area to the
right of the on/off switch contains the 'ex-
change' switch that allows you to swap the
drive signals for the hortzonal and vertical
output amplifier. The next area on the front
panel is marked 'picture dimensions'. When
the laser ccntrol unit is switched on, it is
automatically set to manual control, with the
size of the laser pattern determined by the
position of the "level' control. When the
push-button is pressed, the switch is set to
the 'Une' position. This enables the audio stg-
na! app!ied to the UNE or LSinput to contro!
the size of the laser pattern. The maximurrt
size of the pattern, however, is set with the
'level' control. This also applies when the
next switch fuuction, microphone input, is
selected.

The front panel area marked 'scanning
frequencies' is used for the control of the fre-
quency components that determine the
shape of the laser pattern. On power-up, the
two source selections are set to manual. In
this. and the automatic, mode, one or both
generators are switched on. The manual
mode allows the generator output frequency
to be set by the front panel controls, whose

activity is indicated by the LEDs fitted above
them. For example, the LED above the 'chan-
nel2' (generator 2) knob is off when the gen-
erator has been switched off with the
push-button to the rtght of the knob. In
'automatic' mode, both controls are dis-
abled, and the associated LEDs are off. You
may switch on the second generator, how-
ever, by pressing the on/off switch for chan-
nel2.
That condudes the description of the P'"

sition and the basic function of the controls
on the front panel of the LS17000. To get
starred with the system, however, you will
need to know the order in which the knobs
and switches are controlled, as weIl as the
best position of the laser exciter.

The size of the laser pattern increases at
about 30 C!TI per meter of d istance between
the exciter and the projection surface. This
means that a distance of 3.3 metres (10 ft. 9
in.) gives you a maximum pattern size of
about 1 metre (3 ft. 3 in.). At distances
greater than 10 m (34 ft.) or so the projected
image will lose sharpness owing to beam
divergence. To increase the sharpness over
larger distances, you may want to fit a lens
between the beam aperture Oll the exciter
and the mirrors. However. even without a
lens the laser is capable of covering distances
of 20-30 rnetres (65-98 ft.).

lnitially, it Is best to position the exciter
such that the beam hits the centre of the pro-
jection surface at right angles when the mir-
rors are not driven. On ce you have acguired
more experience in setting up the system,
you may want toseewhat happens when the
beam Is not at rlght angles with the projec-
tion surface, or when a projection surface is
used that is not flat.
The simplest setrings of the control unit

are 'manual' for the picture dimensions, and
'auto' for the scanning frequencies. These
settings still allow you to switch channel2 on
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Fig. 13. Circuit diagram of the control interface in the LS17000.

or off. The size of the projected pattern is set
with the "level' controls.
With 'scanning frequencies' set 10 'ma-

nual' on the left and nght channel, have a
first go at projecting a decent pattern. Switch
off both 'channel 2' generators. Turn Olle of
the 'channel 'l ' controls 10 about :V4 of the
maximum frequency. Next, operate the
other contral until a suitable pattern is pro-
duced. The best setttng is that where a pat-
tern is not repeated for a second or so. Faster
changes will result in an unsready image,
which makes further adjustments difficult.
Once a stable pattern is obtained. switch on
one additional generator (channel 2), and
stabilize the pattern again by turning the as-
sociated control. Tf this works. switch on the
fourth generator, or set one of the other con-
trols to a different function. The thing to re-
member about the initial settings is that you
must work from one stable pattern to an-

ELEKTOR ELECTRONICS JULYIAUGUST 1991



GENERAL INTEREST

~
o

Fig. 14. Component overlay of the controls board.

other by operating one control at a time. lf
you da not follow this procedure, the pattern
will become so unsteady that the effect of
operating a control is hard to trace.

Having acquired the feel of the statie con-
trol of the laser beam, YOli are ready to
examine the possibilities of the audio inter-
faces and the internal microphone. While ex-
perimenting, bear in mind the potential
hazard of the laser beam. Always make sure
that the laser spot is moving (a straight line
is all right as a kind of minimurrt pattern).
Therefore, in the interest of your audience's
safety, make sure there is always at least olle
modulation signal far the laser. Never seleet
audio drive of the picture size on both chan-
nels - when one signal falls, the stationary
laser beam creates a possibly hazardous situ-
ation.

Construction
As already noted, the laser control unit is a
coruplex project that will keep you busy sol-
dering for several hours. The layouts of the
two double-sided through-plated printed-
circuit boards used to build the LSl7000are
shown in Figs. 15 and 16. The smaller PCS
(Fig.16)containing a11controls and the LEDs
is fitted vertically belund the front panel.
Take your time to assemble the two

boards. Look cerefully at the component
overlay, and make sure you do not insert a
component wire in a hole that serves as a
through-contact between the tracks at the
component side and the solder side.
Start the construction by fitting the 100-

ko. resistors. followed by those of 10 ko. and
1 MO..This clears the bulk of the resistors.
The remaining resistors are best fitted in
order of ascending value, according to the
components list.
Proceed with the diodes, the solid capao-

tors, the electrolytic cepacitors (those on the
controls board are fitted horizontally), the
transistors, switches and connectors. Since
transistor T301is fitted directly under the
on/off switch. it must be pushed as far as
possible towards the peB before it is 501-
dered.
Before soldering the connectors, make

sure they align with the rear panel of the en-
closure. The same goes for the presets on the
controls board, which must be positioned
such that they are straight behind the holes
provided in the front panel. The plastic
shafts are cut to a length of 20 mm (exdud-
ing the clamps) before they are press-fitted
into the presets.
The integrated circuits are fitted on the

board last. Start with 1C306,and fit it to the
heat-sink supplied with the kit. Check and
double-check the orientation of each Ie on
the boards.
Themicrophone element is inserted from

the solder side, so that its front side is at
about 8 mm (:VB") above the component side
of the board. The connecting pins for the
nucrophone. ST1, ST2 end ST3, are fitted at
the solder side. The microphone housing
connection (a small copper track) is soldered
to the centre rCB pin, 5T3.The wire marked
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COMPONENTS LIST

Content 01 kit supptied by ELV

Resistors:
18 IMQ

4 33kQ
40 10kQ

72 100kQ

1 470kQ
1 4kQ7
4 2kQ2
8 47kQ
20 IkQ

2 68kQ
15 22kQ

2 1OkQ preset H
5 220kQ
2 390Q
2 220Q
2 4Q7
1 1Q
6 15kQ
3 470Q
3 5kQ6
2 120kQ
7 330kQ
2 150kQ
2 8kQ2
3 270kQ
5 390kQ
4 100kQ preset H
4 820kQ
8 100kQ

4 3kQ3
4 680kQ

Capacitors:
10 47nF

3 47~F 16V
24 10pF 16V

RI ;R4;RI04;RI05;RI08;RI49;RI51;
RI75;R204;R205;R208;R249;R251 ;
R275;R304;R305;R308;R315
R2;R5;RI58;R258
R3;R6;R7;R8;RI4;RI5;RI6;R24;R25;
R28;R29;R30;R38;R39;R42;R43;R46;
R47;R65;R67;RI 09;RII 0;RI59;RI60;
RI64;RI65;RI78;RI81 ;RI83;R209;
R210-R259;R260;R264;R265;R278;R281;
R283;R309;R310
R9;Rl0;RI1 ;R21 ;R35;R50-R53;R64;R66;
R68;R89;RI 01 ;RI 03;R 106;RI 07;RI14;
RI15;RI16;RI20;RI23;RI25;RI26;RI32;
R136;RI37;RI38;R 143;RI44;R 154;R 156;
RI57;RI69-RI72;RI76;RI79;RI82;R201 ;
R203;R206;R207;R214;R215;R216;R220;
R223;R225;R226;R232;R236;R237;R238;
R243;R244;R254;R256;R257;R269-R272;
R276;R279;R282;R301 ;R303;R306;R307;
R314
R12
R13
R17;R31 ;RI35;R235
RI8;RI9;R32;R33;RI21 ;RI74;R221 ;R274
R20;R34;R48;R49;RIII ;RI77;RI80;RI84;
RI85;RI86;R211 ;R277;R280;R284;R285;
R286;R311 ;R316;R317;R318
R22;R36
R23;R27;R37;R41 ;RI12;RI28;RI30;RI39;
RI45;R212;R228;R230 ;R239;R245;R312
R40;R26
R44;R45;RI33;R233;R246
R54;R58
R55;R59
R56;R60
R57;R61
R62;R63;RI19;RI73;R219;R273
RI02;R202;R302
RI13;R213;R313
R124;R224
R127;RI42;R 148;R227;R240;R242;R248
R129;R229
R131 ;R231
RI34;RI46;R234
RI40;RI53;R 155;R253;R255
R141 ;RI47;R241 ;R247
RI50;RI52;R250;R252
R161 ;RI62;RI66;RI67;R261 ;R262;R266;
R267
RI63;RI68;R263;R268
RI87;RI88;R287;R288

CI ;C2;CI16;CI17;CI18;C216;C217;C218;
C31O;C311
C3;CI,;CI6
C4 ;C5;C6;C12;C 17 ;C22;C29;C 105;C 107;
C108;Cl11 ;CI12;CI14;CI23;C205;C207;

DI-D4;DI01 ;DI02;Dl15;DI16;DI17;D201;
D202;D15;D216;D217;D301 ;D302
Dl 03;Dl 04;D203;D204
Dl05;Dl07-D114;D118;D205;D207-D214;
D218;D303-D306;D308
D307
TI-T4;TI02;T202
TI 01 ;T201 ;T301
ICI ;IC2;IC107;IC207
IC4
IC5;IC6
ICI 01-ICI 04;IC201-IC204;IC301
ICI 05;ICI 06;IC205;IC206
ICI08;IC110;ICI13;IC213;IC302
ICI09;IC112;IC209;IC212
IC111 ;ICI14;ICI15;IC211 ;IC214;IC215;
IC303;IC304

2 7810 IC305;IC306
~changed W.r.t. circuit diagram.

Miscellaneous:
7 PCB mount press TA101 ;TAI02;TAI03;TA201 ;TA202;

key TA203;TA301
2 DINtype LS socket BUI ;BU3
2 PCB mount RCA socket BU2;BU4
1 r'ca mount 3.5mm jack socket
1 Pca mount 3.5mm jack socket, stereo
1 miniature on/off switch
1 eleetret microphone
1 heat-sink for fC306
1 printed circult board (main clrcuit)
1 printed clrcult board (controls circuit)
1 ASS enclosure

Note: owing to space restrictlons the track layouts of tne two double-
sided printed clrcult boards are not included here. Readers wishing 10
make their own PCBs for this projeet may obtain the necessary artwork
fram our editorial offices, quoting 'ELV laser control LSI7000'.

2 180nF
2 220nF
2 15nF
7 100~F 16V
12 I~F 16V

20 100nF

2 470~F 16V
2 4700flF 16V
5 2nF2
2 470nF
4 1~lFsolid
7 10nF
1 1000flF 40V

Semiconductors:
16 lN4148

4 DX400·
25 LED red 3mm

1 1N4001
6 BC548
3 BF245B
5 LM358
1 TDA1074A
2 TDA2003
9 LM324
4 XR2206
5 4049
4 4017
8 4053

with a small '+' sign is connected to ST1,and
the wire marked with a '-' sign to ST2. Al-
though not smctly necessary, you want to se-
eure the mierophone element with a drop of
glue.
Perform a thorough visual check on the

completed rCBs. With over 500components
handled during the construction, small mis-
takes occur easily. and can force you to
spend hours of precious time faultfinding.

For example, on our own prototype, we for-
got tc solder two of the eight pins of an TC
Fortunately, this error was detected durtng e
careful visual inspection.
The lower half of the enclosure serves as

a kind of template for the fitting of the main
board. The front side is the side with the air
slots. Remove the small protruding parts at
the inside of the slot in the rear side. These
parts normally serve to keep the rear panel
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BU301
BU5

C208;C211 ;C212;C214;C223;C305;C309;
C312
C8;C13
C9;C14
C10;C15
CI8;C24;C31 ;CI19;CI20;C219;C220
C19;C21 ;Cl 04;Cl06;CI22;CI25;C204;C206;
C222;C225;C304;C306
C20;C25;C26;C28;C32;C34;C36;CI 01 ;Cl 03;
CI27;CI29;C131 ;C201 ;C203;C227;C229;
C231 ;C301 ;C303;C307
C23;C30
C27;C35
CI02;CI13;C202;C213;C302
C110;C210
C121 ;CI24;C221 ;C224
C126;CI28;C 130;C226;C228 ;C230;C313
C308

in place, and must be removed here because
the rCB reaches up to the rear panel. SUde
the main board into the enc1osure,and place
the controls board and the front panel in
front of it. Adjust the position of the main
board such that the conneeting copper pads
on it and the controls board align. Make sure
that the controls board is at right angles with
the main board. First, join the connections at
the far stdes of the boards with a small



GENERAL INTEREST

A complete kit of parts for the laser
control unit (LSI7000) ls available
from the designers' exclusive world-
wide distributors:

ELV France
B.P.40
F-57480 Sierck-Ies-Bains
FRANCE

Telephone: +33 82837213
Facsimile: +3382838180

amount of solder. If necessary adjust the po-
sition of the boards before joining the COI1-

necting pads with sold er.
Remove the reB essembly from the en-

closure, and fit the remaining connections
between the main board and the controls
board. Finally, connect the lower tWD termi-
nals of the on/off switch to peB terminals
ST30l and 302.

The circuit is electrically functional at this
point, and ready for testing. Ta preventshort
circuits caused by straycomponent wires left
on the workbench, fit the reB assembly in
the lower half of the enclosure. 00 not COI1-

nect the mirror galvanometers as yet, and in-
sert an ammeter in the input supply Une.
Switch off immediately and investigate for
construction errors if the unit draws more
than 300mA.

The following LEDs should be on after
then unit is switched on: 0107, 0112, Dl13,
0118, 0207, 0212, 0213, 0218, 0303, 0304 and
0308. Check the selection functions by press-
ing the push-buttons. Each action must
cause the next LED to light. If this does not
work, investigate the relevant part of the cir-
cuit.
lf the above tests check out, the laser ex-

eiter may be connected to the contral unit. If
you do not want to use the exciter at this
stage, connect an oscilloscope set to X-Y
mode to the mirror coil outputs.

The final assembly of the laser unit is
fairly simple: place the PCB assembly,
together with the front and rear panel, in the
lower enclosure half. Next, insert the four
bolts from the underside, and fit a washer
and a Pr.B pillar on each of them. Place the
top half of the encJosure on the lower half. If
necessary, use a small screwdriver to align
the pes pillars until the end of the bolt
passes through the hole in the mounting
boss in the top half of the enclosure. Next, fit
the nut in the mounting boss. and tighten the
bolt. Finally, fit the feet on the lower half of
the cabinet, and the cover caps on the top
cover. •

Fig. 15. Component overlay 01the double-
sided, through-plated, main board in the
LS17000.

I
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STEPPER MOTOR BOARD

PART 2: THE POWER
DRIVER BOARD

In this second and final
instalment of the article we
discuss the power driver
board that sits between the
PC interface described last
month, and the stepper
motors. Although
designed to work with the
PC interface, the power
driver card can be
connected to any other
type of computer that
provides a 16-bit wide 1/0 port.

H. Kolter

Ccntinued [nnn the [nne 1991 issue.

Tables 1 and 2, which could not be included
in part 1 of this artic1e, are given here.

TTL-to-current converter
The function of the power driver board is
quite simple: it converts 16TTL-Ievel stgnals
into an equal nurnber of outputs with a drive
capability of 2 A each. Provided aseparate
transformer is used, the same board can be
used to power loads up to 3 A at 23 V.

An application example of the stepper
motor control was discussed last month: a
CNC -controlled fraise machine weighing no
less than 250 kg. If you da not have such a
weighty application in mind, rest assured
that the ccntrol described is suitable for any
other project where up to fourunipolar step-
per motors are to be driven.

The circuit
The operation of thecircuit shown in Fig. 5 is
identical for a1116 channels. At the Input we
find a double-row pin header, K2. This con-
nector forms the only point where the
ground of the pe interface card or any other
ITL-cornpatible port is connected to the
power driver card. Each 1TL input signal
controls a LED in an optocoupler (lC2-IC17)
via aseries resistor. Note that thecathodes of
the LEDs are taken to a common Input
ground connection. The series resistors are
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------_ ..--
contained in two DIL (dual-in-line) arrays of
8 resistors each. The arrays are fitted in lC
sockets, which enables the resistor value to
be changed as required when optocouplers
other than the CNY17-2 are used. The emit-
ters of the transistors in the optocouplers are
also commoned and taken to the ground
connection of the board. Each collector is
connected to a pull-up resistor to the +5-V
supply line. Like the LED series resistors. the
pull-up resistors are contained in 8-way ar-
rays (AR3; AR4). Note, however. that these
are SIL (single-in-Jine) arrays rather than
DIL arrays. Each optocoupler transistor is
followed by an inverter (lC!8; lC19), which
passes the signal to a driver contained in a
74LS245 ([C2l; lC22). This LS-TTL lC is ca-
pable of supplying the necessary base cur-
rent for the power transistors, T1- T16.

The loglc level applied to the DIR input
(pin J) 01 the 74LS245 delines the data direc-
tion. Since DIR is tied permanently to +5 V,
the bit pattern supplied by the inverters is
fed direct to the power transistors and the
two LED arrays, LEDl and LED2. The active-
low ENABLE (e) inputs of the bus drivers
are taken Jogic high by pull-up resistors, but
can be made low by fitfing a jumper (lt: )2).
When J1 or J2 is removed, the relevant
74LS245 is switched to its high-impedance
outpur mode (three-state), so that all eight
power transistors driven by it are switched
off. When required, the jumpers may be re-
placed by a double on/ off switch that acts as
an emergency stop contraL

The base currents of the 16 TIP3055s are
limited by lOO-.Q resistors contained in ar-
rays ARs and AR6. When a transistor is

MAIN SPECIFICATIONS

• Power driver board for 4 unipolar
stepper motors
Handles loads up 10 24 V .13 A

May be used lor any 1-16 ehannet
driver apptleatlon

EleclrieaUy Isolated TTL-comaptible
inputs
Fnctlonal indieation based on LEO
bars
On-board power supply

Optional external power supply

switched on, the associated LED in array
LEDl or LED2 lights. Each LED in these ar-
rays is driven by a 74LS245 output via a l-k.Q
series resistor. The LED arrays are intended
mainly to assist you while running an initial
test on the stepper motor control. The LED
bars show the status of a11 16 motors at a
glance. and will be found much more handy
than a ITL probe, a multimeter or an oscil-
losccpe.

Each collector-emitter junction of the
power transistors is shunted by a diode Type
1N4007, which suppress back-e.m.f. pulses
genera ted when inductive loads are
switched. The collectors of the power tran-
sistors are taken to a connector pin in groups
of four. The connectors used are 9-way sub-
D types (K:3-K6). Besides the collector volt-
age, each connector carries the unregulated
motor supply voltage, and ground.
The supply circuit of the power driver

board is conventional. The 12-V secondary
windlngs of the mains transformer, Trt, are
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connected in parallel. The rectified and
smoothed voltage is fed to connectors K3-K6,
and to the input of voltage regulator Iel,
whose 5-V output voltage is used for the
74LS ICs on the board only.

Construction
The printed-circuit board used to build the
power driver is shown in Fig. 6. It is recom-
mended to use of sockets to fit the Ks, opto-
couplers. resistor arrays and LED arrays.
The latter may taken from their sockets on
the board and mounted on the front panel of
the enclosure. This requires two lengths of
flatcable and a handful of mC-style plugs
and sockers.

The four rectifier diedes. 01-D4, may run
fairly hot and must be fitted at a distance of
1-2 mm above rhe board. The volta ge regula-

Table 2. Overvlew 01 port IInes and
contra I lunclions.

Port A: bit 0 . 3 = Motor 1 (X)
bit 4 - 7 ~ Molar 2 (Y)

Port B: bit 0·3 = Motor 3 (Z)
bit 4 - 7 = Motor 4 (reserved)

Port C: co = Tlrner 0
Cl = Timer 1
C2 = Tlrner 2
C3 '=0 emergency switch
C4 = output

Input port (IC4):
Bil 0: end switch XO

Bit 1: end switch X1
Bit 2: end switcn YO
Bit 3: end sWiteh Yl
Bit 4: end switeh ZO
Bit 5: end switeh Zl
Bit 6: end swltcn WO
su 7: end switch W1

Table 1. Register addresses.

Base addreas: ODEOH

PPI 8255 (IC1)
Port A: base + 0
Port B: base + 1
Port C: base e z
Status: base + 3

PIT 8253 (ICS):

Timer 0: base + 4
Timer 1; base + 5
Timer 2: base + 6
Timer 3: base + 7

Input port (IC4):
Read at: base + 8
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Fig. 5. Circuit diagram of the 16-channel booster tor stepper motors. The circuit accepts TTL-
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level input signals, and is capable of powering loads up to 3A when an external power supply is used. The on-board supply is good for 2 A.
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Fig. 6a. Component overlay of the stepper motor interface board.

COMPONENTS LIST

Resistors:
2 1k:Q
4 8-way 1k:Q OlL

1 10~F16Vradial C2 3 74lS04
2 74LS245Rl:R2

AR1;AR2;AR7:
AR8
AR3;AR4
AR5;AR6

Semiconductors:
4 lN5418 Dl-04
16 lN4007 D5-020
16 TIP3055 T1-T16
2 RGS1000 (Siemens) LEOI ;lED2
1 7805 ICI
16 CNY17-2(Telefunken) IC2-ICI7

Miscellaneous:
1 2-wayPCSterminalblock Kl
1 26-way PCS rnount box K2

header
4 9-way PCSmoum sub-D K3-K6

socket with angled pins

2 8-way I k:Q SIL
2 8-way 1000 OlL

Capacitors:
1 4700flF 25V CI

ICI8;ICI9;IC20
IC21;IC22
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Fig. 6b. Component side track layout (mirror image).

are types with angled sold er pins. This en-
ables them to be fitted horizontally and pro-
trude from the endosure rear panel.
Ta ensure proper eartbtng. the enclosure

for the power driver board is preferably a
metal type. TI1eearth Iine is then connecred
to the bottom as well as to the front plate.

315mA ~Iowfuse Wlth Sil
PCS-mevnt holder
4A slow tuse with pes- 512
mount holder
12V130VArnains nans- TrI
torrner, e.g. M9nacorlM,.onarch
type FTR 2812

1 TO-220 style heatslnk tor ICi
2- 2-way pin header plus jumpers
1 printed-circuit board 910054-2

tor and the power transistors da not require
heat-sinks when the indicated 12-V transfor-
mer is used. However, if YOll use a higher
motor supply voltage (which Is possible by
using an external transformer), the TIP3055s
will requireadditional coobng. The layout of
the PCB allows ready use of a common heat-
sink for groups of four transistors. Note that
the transistors must be electrically isolated
from another by means of mica washers and
plastic bushes.
The 9-way sub-D connectors on the rCB

A simple test program
The source code of a small Turbo-Pascal pro-
gram given in Listing 1 allows you to run a
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Fig. Be. Solder side track layout (mirror image).

quick test on the complete stepper motor
control system.
When the two reBs (pe insertion card

and power driver card) are complete, con-
nect thern with a length of flatcable via K2at
the pe side, and K2 at side of the power
driver board. The flatcable simply connects
a11pins with the same nurnbers at either side.
Connect a unipolar stepper motor to K3.

Unipolar motors usually have four windings
(phases). but only six connecting wires si.nce
pairs of two windings each are intercon-
nected in the motor. This means that you will
have to find the common connection first

with the aid of an ohmmeter, and then con-
neet it to the +Ub pins on the 9-way connec-
tor (see the pinning of K3). The four
rernaining wires belang with two windings.
ldentify the windmgs with an ohmmeter,
and connect the associated wires to two ad-
jaeent transistors on the power driver board.
For instance, winding 1 is connected to Tl-
T2, and winding 2 to T3-T4.
After connecting the stepper motor, load

the test program, cornpile it and start it. The
software slowly increases the speed of the
motor to the maximum, and then reduces the
speed. The programming steps responsible

for this speed control are readily traced in
the listing. You may find the ramp-based
deJay routine in the test program useful for
your own applications.lf so, simply copy the
relevant routine, adapt it (if necessary). and
insert it in your own software. After chang-
ing the port addresses the same program
may be used to test the other three motor
channels.

Tuning
In many cases, the stepper motors used will
be too slow. Also, the maximum step fre-
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~dtsl"!'~nd.'"
T~n"M~!iO',.e'
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~1 w SO<>MI Port .d<h~~~ 00 cud !pp, '25S! )
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5' 2:C _ .;
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~ß _ l;
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CO _ 12,
DA w ~,
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"- n,
G - 6~:
"_ 12a:• , _ oa;
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. integer:
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procedore ,n,",
",,~in
p"" [SOöel)'-'li,
.ound ['O~OI:
del.y 1,01;
"<>."und,
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p,ocedu"e n<Z,
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pO"'(;~OUI'- '6, 1101< rU"BrHKlDE I
fo< 1 ._ 1 ta JOO do I X-bi> 300 > 9 st.p~ tc left I
baq,n

port [.. I _ ~ , I full ".l.y I
po.t [ni ,_ ~8; [ ,"oto' <Un. ,,'od.~l,~ I
p~,t [,,,) ,- a :
po<' [~~) ,- B-t;; v"n;
po<t [5~1 - C :
p~rt [~xl ,_ CO,
pD<t. ["xl·· 0 ,
port )3XJ ,_ <>~.

end:
PQ<t )3>1 ,_0,
...1 ,_ a~~,
fQ< i ._ I ,0 lDa do
begin

I ,""eh of! ph.oe. I

poc< [3X] ,- DA, I full d.loy 1
po" [~~J _ 0 . I ,"O~Q' fUn •• n~i_<loekwi.e I
po« I~~J "C~:
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port [~~J _ ac, ve.. ,
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.~tfill.tyl~ll,OI, I .etee~ in" I
""~ 'O,O,1H,l.al:
.«tCilhtyle IC,~,:
... toolo, 101,
•• tBKCol~.{ 11,
HA~ !2,2D3,46i,.141>:

Listing 1. This Turbo-Pascal program con-
trols the X-axix motor with the aid of a
startlstop ramp, which is one of the most
important functions required for smooth
operation of a steppr motor.

quency is often difficult to ascertain from the
motor's data sheets. In practtce, the value
stated must be divided by the number of
phases (wind.ings) of the motor. This leaves
you with a much Iower rrequency, which is,
however, a more realistic indication of the
maximum speed of the motor. So, da not sus-
pect the hardware or the software when
your motor fails to run as fast as promlsed in
the datasheet - you may well have achieved
the real maximum already.
The author has implemented a 'turbo'

mode for the control of the CNC fraise ma-
chine mentioned in part 1 of this article. In
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CONTROL SEQUENCES
FOR UNIPOLAR

STEPPER MOTORS

Four-phase unipofar stepper motorS are
controlled by swltchinq windings (phases]
on and off as snown below. The control
ward sequences given result in clock-wise
rotation of the motor spindte. The motor
reverses when the order of the sequencee
is reversed.

Full-.tep mode

Slep Tl T2 T3 T4
1 1 0 1 0
2 1 0 0 1

3 0 1 0 1
4 0 1 1 0
1 1 0 1 0

Half-slep mode

Slep 'T1 T2 T3 T4
1 1 0 1 0
2 1 0 0 0
3 1 0 0 1

4 0 0 0 1

5 0 1 0 1
6 0 1 0 0
7 0 1 1 0
8 0 0 1 0
1 1 0 1 0

1 ""tranststor on
o = tranelstcr off

Note that although the minirnum step dfs-
tance of a mechanlcat dev'rce operated by a
stepper motor ls halved by using the motor
in half-step rnoce, this results 15a reduction
of the maximum rotationa! torque and maxi-
mum step rate. The causs of thls degraded
performance in halt-step mode is that only
one motor winding is actuatsd during the
tntermeorate stsps (2, 4, 6 and 8). Sy con-
trast, In full-step mode tWQ phases are al-
ways actuatsd.

<:

STEPPER MOTOR BOARD - 2

this mode. the stepper motors are opera ted
at two times their nominal supply voltage of
12 V, which, according to the datasheets sup-
plied by Oriental Motors, does not exceed
their specifications, stnce the maximum step
rate is achieved at 24 V, The software de-
veloped by the author programs motor
channel 4 (K6) such that it supports the
'turbo' function. Transistor Tl3 is connected
to a relay that switches the supply voltage of
the stepper motors between 12 V and 24 V .
111e 'turbo' mode results in much lugher
motor speeds, wh ich can be quite useful in a
number of applications. Interesttngly, the
motors used da not run hot even when run-
ning at the maximurrt speed für longperiods.
It should be noted, though, that doubling
the supply voltage is not possible on all step-
per motors. To find out whether a particular
type is suitable for the 'turbo' mcde, consult
the datasheets, or simply try it out. •
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Fig. 6b. Component side track layout (mirror image).

tor and the power transistors do not require
heat-sinks when the indicated 12-V transfor-
mer is used. However, if you use a higher
motor supply volta ge (which is possible by
using an external transforrner), the TIP3055s
will require additional cooling. The layout of
the PCB allows ready use of a common heat-
sink for groups of four transistors. Note that
the transistors must be electrically isolated
from another by means of mica washers and
plastic bushes.
The 9-way sub-D connectors on the PCB
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are types with angled sold er pins. This en-
ables them to be fitted horizontally and pro-
trude from the enclosure rear panel.
To ensure proper earthing, the enclosure

for the power driver board is preferably a
metal type. The earth line is then connected
to the bottom as well as to the front plate.

A simple test program
The source code of a small Turbo-Pascal pro-
gram given in Listing 1 allows you to run a
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with the aid of an ohrnmeter, and then con-
nect it to the +Ub pins on the 9-way connec-
tor (see the pinning of K3). The four
remaining wires belong with two windings.
Identify the windings with an ohmmeter,
and connect the associated wires to two ad-
jacent transistors on the power driver board.
For instance, winding 1 is connected to Tl-
T2, and winding 2 to T3-T4.
After connecting the stepper motor, load

the test program, compile it and start it. The
software slowly increases the speed of the
motor to the maximum, and then reduces the
speed. The programming steps responsible

for this speed control are readily traced in
the listing. You may find the ramp-based
delay routine in the test program useful for
your own applications. If so, simply copy the
relevant routine, adapt it (if necessary), and
insert it in yom own software. After chang-
ing the port addresses the same program
may be used to test the other three motor
channels.

quick test on the complete stepper motor
control system.
When the two PCBs (PC insertion card

and power driver card) are complete, con-
nect them with a length of flatcable via K2at
the PC side, and K2 at side of the power
driver board. The flatcable simply connects
all pins with the same numbers at either side.
Connect a unipolar stepper motor to K3.

Unipolar motors usually have four windings
(phases), but only six connecting wires since
pairs of two windings each are intercon-
nected in the motor. This means that you will
have to find the common connection first

Tuning
In many cases, the stepper motors used will
be too slow. Also, the maximum step fre-
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MEASUREMENT TECHNIQUES - PART 6

Faultfinding in analogue circuits

Voltage analysis
If a circuit ceases to function and it shows
no visible damage, a voltage analysis should
be the first step in locating the fault. Voltages
can normally be measured without the need
of breaking connections or the removal of
components. The level and polarity ofa volt-
age are two aspects that indicate the state of
a cornponent or cireuit. Because of that,
many circuit and wiring diagrams give the
voltage level and polarity at important junc-
tions. Such indicationsare agreat help in fault-
finding, but even without thern, the voltage
at many points in a circuit is known. For in-
stance, the potential across a P-Il junction of
a diode Cf the base-emitter junction of a
transisrorshould beO.2-D.4 V (germanium)
or 0.6-D.8 V (silicon).
Polarity, tao, may be an indication whether

a single semiconductor is defect Cf not. For
example, in the ca se of an n-p-n transistor
with correctJy set operating point, the base
is always positive with respect to the ernit-
ter and negative with respect to the collec-
tor-see Fig. 51.lftheemitlervoltage is taken
as reference, the base potential should be
+0.20.6 V, while the collector should have
a much larger positive potential-see Fig. 52.
These polarities are reversed in p-n-p tran-

51 52

/' .')
:~ ~d",::~-

90011W~11 90011:J.VIo12

sistors.
If the measurements do not accord with

what has been said, either the transistor it-
self or a component dererrnining its operat-
ing point may be defect. Note, however, that
there are applications in which, for instance,
the base of an n-p-n transistor is purposely
negative with respect to the ernitter,
Usually, the collector current decreases

when the base-emirrer volt.age is reduced,
while the collccror-emitrer voltage rises. A
simple test is, therefore, measuring the col-
lecttor-emitter voltage and, while the equip-
ment is on, short-circuiting the base-emirrer
junction.
If there is a resistor in the emitter circuir,

the voltage across that may be measured-

by F.P. Zantis

see Fig. 53-while the base is short-cir-
cuited to ground; the collector current will
then drop to zero. Consequently, the voltmeter
will show a large reduction in the potential

53
,----.---{+

900113·\11-13

54

56

drop across the emitter resistor.
Similar measurements rnayalso be carried

out on field-effecttransistors-FETs-but in
these the correct interpretation of the vari-
aus voltage ratios is rathermoredifficult owing
to the large number of different types (al-
though there are only six basic types). The
most frequeruly encountered type is the n-
channel, insulated-gate FET, shown in a typ-

55

ical circuit in Fig. 54. Taking the source (S)
terminal as reference, there should be a small
negative voltage ai the gate (G) and a large
positive voltage at the drain (D). If the cir-
cuit ground is taken as reference, there should
be no voltage at the gate, since no current
tlows through gate resistor R l' If the circuit
of Fig. 54 is in actual operation, it should
be borne in mind that the measurements

1

time _

900113·VI·16
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MEASUREMENT TECHNIQUES - PART 6

greally reduce the input impedance of the
circuit and thus affect the circuit,
For voltage measurements in a valve cir-

cuit as shown in Fig. 55, ground is taken as
the reference. The full supply voltage, de-
coupled by R2 and C2, should exist at the
screen grid. Owing to the drop across the
d.c. resistance of the output transformer, the
voltage at the anode will be slightly smaller
than that at the screen. The usual voltage at
the cathode is 3-8 Y. There should be no
discernible voltage atthe signal grid; ifthere,
is, either the valve or capacitor C7 is defect.

ing connections, involving time and effort,
and are, therefore, normally only carried out
when voltage analysis has failed to come up
with an answer. There are, of course, cir-
cuits that facilitate current rneasurements
by the incorporation of special wire bridges
that are easily removed, or even of the plug-
in type. Battery connections are often easily
broken at the battery. Fuses also provide an
easy means of measuring current.
Figure 56 shows the results of some cur-

rent measurements in an audio amplifier. If
the current rises sharply immediately the
amplifier is switched on-e-curve I-the cause
is almost certainly a short-circuited output
transistor. Curve 2 possibly indieates incor-
reet stabilization of the operating point or a

defect regulator in the mains supply. If the
eurrent remains at a steady low level, the fault
is nonnally an open connection (often in the
output transistor circuit=-curve 3. The eor-
reet eurrent is indieated by curve 4: initially
it rises sharply but soon tails off to its nor-
mal level.

Bias setting
Examples of both voltage and current anal-
ysis will be given on the basis of setting the
bias voltage in an audio output stage with
feedback-seeFig. 57. The potential at point
P,with respect to earth, must be half the sup-
ply voltage, Ub, and this is set accuratelywith
the aid of PI. The quiescent direct current is
set with P2.
The quiescent current is measured by re-

placing fuse F by an ammeter or by rneasur-
ing the voltage across R[ or R2. In the first
ease, the eurrent may be read directly on the
ammeter, while in the second case ir is cal-
culated accordingtoOhm's law, In direct cur-
rent measurements, the internal resistance
of the ammeter will affect the readingt. The
meter resistance in voltage measurements
may be ignored, since it is much smaller
than the vaJue of either R [ or R2. The volt-
age is fairly small: 100-300mY.Itis ad-
visable, before starting the rneasurement, to
calculate the approximate voltage level, then
measure it on the correct meter range, and
finally adjust the potentiorneter. If, for in-
stance, both R! and R2 are 0.82 Q, and the
requiredquiescem currem is 50 mA, the volr-
age across either resistor should be 41 mY.
The voltmeter should thus be set to the 100
rnV range.

Current analysis
Curreru measurements nonnallymean break-

57
,--------------~---1+ Un

Resistance analysis
Resistance analysis is used in faultfinding
when the fault has already been isolated by
voltage or current analysis. It is, of course,
also useful iftheequipment can not be switched
on during faultfinding.
In valved equipment, whole sections may

be examined for short circuits, open circuits
or leakage. This is norrnally not possible in
solid-state circuits, since the internal resis-
tance of semiconductors is invariably low
and, moreover, its value varies according ro
the polarity of the meter. Before the power
to a section of a circuit is switched on, it is

58
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TEST & MEASUREMENT

strongjy advisable toeheck with an ohmmeter
that there are no short circuits in either the
componenrs ortheconnecting wires or tracks
in case of a PCB.

Signal tracing
A fault in a multi-srage audio amplifier is
rapidly tracked to a particular stage with the
aid of a signal applied to each stage individ-
ually or to the input and traced through the
amplifier.

In the first case, a signal from an a.f. sig-
nal generator, or from a circuit as shown in
Fig. 58, is applied first to the output stage
and the output measured. If that is all right,
the signal is applied to the driver stage(s)
and the output checked. In this way, the sig-
nal is applied to the various stages back-
wards from the output, until the faulty stage
is found,
The signal mayaiso be applied to the

input of the amplifier and then traced from

60

IOSciliatorl r amptltler tnctcarcr I
signalIracer

<> circuit .-under
1est

900113-V~;1.O

of course, be used for the stages preceding
the audio secnon=-see Fig. 59.
As before, signal tracing is carriedoutfrom

the input onwards, The input may be the
first srage of an a. f. arnpl ifier or the antenna
input of a radio or television receiver. The
output of each successive stage must then
be inspected; this may be done with the aid
ofheadphones in an audio amplifier. A sud-
den disappearance, distortion or attenuation
of the signal at the output stage will indicate
a faulty stage. If faultfinding is carried out
frequently, it is advisable to obtain a signal
tracer, which replaces a fairly expensive a.f.
or r.f. generator and mill ivoltmeter. The prin-
cipleofsuch an instrument is shown in Fig. 60---
see also Ref. I. (900113-VI)

the input onwards to the output. That stage
which does not process the signal correctly,
or not at all, is the faulty one.
All further faultfinding can now be con-

centrated on the faulty stage.
These methods of faultfinding mayaiso

be used in r.f. and i.f. amplifiers, bur an ap-
propriare r.f. or i.f. signal generatormust then,

References

"LF/HF Signal Tracer", Elektor Electronics,
December 1989, pp. 20-23.

A REVIEW OF BOARDMAKER

NEW to the European market, but firmly
established in the United Kingdom are

the range of integrated software packages
for PCB and schematic drawing that are pro-
duced by Tsien in the English countryside
elose to the universiry town of Cambridge.
There are three packages in the range

from the introductory version BoardMaker-1 ,
which is for the occasional use professional
and amateur markets, up to BoardRouter,
which is a full autorouteing design package
to rival many costing ten times as rnuch.
Since the more comprehensive packages are
based on the facilities of BoardMaker-l, it
is proposed to starr at this point and work up
noting the siginificant differences in the
range,

BoardMaker-l
Any PCB designer familiar with the use of
pre-drawn symbols, pads and tapes will find
little difficulty in using the software equiva-
lentofhisorhermanual method. Boardlvlaker-I
is exactly that, an introductory package
that allows the designer to produceas a com-
puter file the basic data necessary 10 pro-
duce an output on a ploter or laser printer
that can be converted into an actual circuit-
board either in-house or by an outside agency.
Readers who have already seen EasyPC

from Number One Systems will find that
BoardMaker-1 is very similar but has added
to it a number of features that enhance its
ease ofuse to a large extent. Loading of soft-
ware is carried out by typing INSTALL from the
A: prompt and following thr rest of the on-

by David J. Silvester

screen instrucrions, On starting the program.
there is an Initial menu screen that offers the
choice of PCBN drawing, schernatic draw-
ing or entry to the Iibrary building options.
If it sounds like EasyPC, that is not too sur-
prising. With shades of Silicon Valley in the
Engl ish countryside, Tsien was formed by a
break-away group from Number One, who
could not see the full potential that the Tsien
guys could see for ther product.
There is little point in trying to give all

the basic details of BoardMaker-1 's capabil-
ities in a review such as this, since it would
be impossible to cover everything and the
job is done much better by the demonstra-
tion package that Tsien supply free. TYhe
dernonsrration pack comes with an excel-
lent 68-page manual. Having spent the time
to go through it thoroughly, you will be left
in no doubt as how to operate the software
and its full capabilities.
Atf95, BoardMaker-1 must becompared

direetly with EasyPC atf98. All BoardMakers
run on any PC or compatibvle from the XT
to the latest 386machines and ifworking away
from the office on portable rnachines.
BoardMaker is designed principally to work
with EGA or VGA monitors and with these
there are six colour options to display lay-
ers, witrh whitereserved as a seventh for iterns
on alllayers such as IC pads. All BoardMakers
can make use of eight trackable layers with
two others for the upper and lowersilk screens.
All of the ten possible layers are held in
memory and can be shown by selecting a
colour far the layer although on,y six can be
shown at any one time. In the ease of CGA

monitors, rhe colours are limited to red, blue
and white. With the CGA or Hercules graph-
ics in a portable PC, there is no colour but
the software is still fully operational although
the author would tend to limit its use to sehe-
matic drawing where the layers of a PCB
are disabled and colours insignificant. In
fact, in such a way BoardMaker would make
an ideal service engineer's toll where all the
latest schematics coul.d be held on file and
examined in detail without the reproduction
problems of other methods.
Outputs are available as HPGL, Gerber

and NC Drill files so that the output can be
used in-house or sent away for PCB manu-
facture.
BoardMaker-l offers a number of advan-

tages that any occasional PCB designer will
find extremely helpfu!. Thecolour advantage
prevents BoadMaker-1 frOITI being a toy and
puts it into the occasional usage professional,
educational and amateur markets, where
manual routeing and low cost are expected.
Symbol design is included in the package as
each designer will have his own require-
mentand it is a waste ofspaceandcostto have
a vast range of symbols most of which will
never be used. However, a good starter pack
is included for PCB layouts, less so for sehe-
matic symbols.
lf, from the initial menu we take the route

into the PCB drawing, we are presented with
a windows type menu with seven across the
top and a band across the bottom with de-
tails about the currenr status. In the centre is
a box representing the full 17x 17 inch draw-
ing area and a smaller cursor cross in the
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TEST & MEASUREMENT

strongjy advisable toeheck with an ohmmeter
that there are no short circuits in either the
componenrs ortheconnecting wires or tracks
in case of a PCB.

Signal tracing
A fault in a multi-srage audio amplifier is
rapidly tracked to a particular stage with the
aid of a signal applied to each stage individ-
ually or to the input and traced through the
amplifier.

In the first case, a signal from an a.f. sig-
nal generator, or from a circuit as shown in
Fig. 58, is applied first to the output stage
and the output measured. If that is all right,
the signal is applied to the driver stage(s)
and the output checked. In this way, the sig-
nal is applied to the various stages back-
wards from the output, until the faulty stage
is found,
The signal mayaiso be applied to the

input of the amplifier and then traced from

60

IOSciliatorl r amptltler tnctcarcr I
signalIracer

<> circuit .-under
1est

900113-V~;1.O

of course, be used for the stages preceding
the audio secnon=-see Fig. 59.
As before, signal tracing is carriedoutfrom

the input onwards, The input may be the
first srage of an a. f. arnpl ifier or the antenna
input of a radio or television receiver. The
output of each successive stage must then
be inspected; this may be done with the aid
ofheadphones in an audio amplifier. A sud-
den disappearance, distortion or attenuation
of the signal at the output stage will indicate
a faulty stage. If faultfinding is carried out
frequently, it is advisable to obtain a signal
tracer, which replaces a fairly expensive a.f.
or r.f. generator and mill ivoltmeter. The prin-
cipleofsuch an instrument is shown in Fig. 60---
see also Ref. I. (900113-VI)

the input onwards to the output. That stage
which does not process the signal correctly,
or not at all, is the faulty one.
All further faultfinding can now be con-

centrated on the faulty stage.
These methods of faultfinding mayaiso

be used in r.f. and i.f. amplifiers, bur an ap-
propriare r.f. or i.f. signal generatormust then,
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A REVIEW OF BOARDMAKER

NEW to the European market, but firmly
established in the United Kingdom are

the range of integrated software packages
for PCB and schematic drawing that are pro-
duced by Tsien in the English countryside
elose to the universiry town of Cambridge.
There are three packages in the range

from the introductory version BoardMaker-1 ,
which is for the occasional use professional
and amateur markets, up to BoardRouter,
which is a full autorouteing design package
to rival many costing ten times as rnuch.
Since the more comprehensive packages are
based on the facilities of BoardMaker-l, it
is proposed to starr at this point and work up
noting the siginificant differences in the
range,

BoardMaker-l
Any PCB designer familiar with the use of
pre-drawn symbols, pads and tapes will find
little difficulty in using the software equiva-
lentofhisorhermanual method. Boardlvlaker-I
is exactly that, an introductory package
that allows the designer to produceas a com-
puter file the basic data necessary 10 pro-
duce an output on a ploter or laser printer
that can be converted into an actual circuit-
board either in-house or by an outside agency.
Readers who have already seen EasyPC

from Number One Systems will find that
BoardMaker-1 is very similar but has added
to it a number of features that enhance its
ease ofuse to a large extent. Loading of soft-
ware is carried out by typing INSTALL from the
A: prompt and following thr rest of the on-
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screen instrucrions, On starting the program.
there is an Initial menu screen that offers the
choice of PCBN drawing, schernatic draw-
ing or entry to the Iibrary building options.
If it sounds like EasyPC, that is not too sur-
prising. With shades of Silicon Valley in the
Engl ish countryside, Tsien was formed by a
break-away group from Number One, who
could not see the full potential that the Tsien
guys could see for ther product.
There is little point in trying to give all

the basic details of BoardMaker-1 's capabil-
ities in a review such as this, since it would
be impossible to cover everything and the
job is done much better by the demonstra-
tion package that Tsien supply free. TYhe
dernonsrration pack comes with an excel-
lent 68-page manual. Having spent the time
to go through it thoroughly, you will be left
in no doubt as how to operate the software
and its full capabilities.
Atf95, BoardMaker-1 must becompared

direetly with EasyPC atf98. All BoardMakers
run on any PC or compatibvle from the XT
to the latest 386machines and ifworking away
from the office on portable rnachines.
BoardMaker is designed principally to work
with EGA or VGA monitors and with these
there are six colour options to display lay-
ers, witrh whitereserved as a seventh for iterns
on alllayers such as IC pads. All BoardMakers
can make use of eight trackable layers with
two others for the upper and lowersilk screens.
All of the ten possible layers are held in
memory and can be shown by selecting a
colour far the layer although on,y six can be
shown at any one time. In the ease of CGA

monitors, rhe colours are limited to red, blue
and white. With the CGA or Hercules graph-
ics in a portable PC, there is no colour but
the software is still fully operational although
the author would tend to limit its use to sehe-
matic drawing where the layers of a PCB
are disabled and colours insignificant. In
fact, in such a way BoardMaker would make
an ideal service engineer's toll where all the
latest schematics coul.d be held on file and
examined in detail without the reproduction
problems of other methods.
Outputs are available as HPGL, Gerber

and NC Drill files so that the output can be
used in-house or sent away for PCB manu-
facture.
BoardMaker-l offers a number of advan-

tages that any occasional PCB designer will
find extremely helpfu!. Thecolour advantage
prevents BoadMaker-1 frOITI being a toy and
puts it into the occasional usage professional,
educational and amateur markets, where
manual routeing and low cost are expected.
Symbol design is included in the package as
each designer will have his own require-
mentand it is a waste ofspaceandcostto have
a vast range of symbols most of which will
never be used. However, a good starter pack
is included for PCB layouts, less so for sehe-
matic symbols.
lf, from the initial menu we take the route

into the PCB drawing, we are presented with
a windows type menu with seven across the
top and a band across the bottom with de-
tails about the currenr status. In the centre is
a box representing the full 17x 17 inch draw-
ing area and a smaller cursor cross in the
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centre. The menus are best described in the
dem onstation manual, but the most important
part is that from intial entry the whole of the
software is menu, and therefore mouse-dri ven,
Initial investigations should be made in the

configuration menu to set up the mouse speed
and type, although a quick look around in
this menu reveals some of the vast range of
capabilities. Pressing 'escape' or the right-
hand mouse key pul!s you back up the menus
to the intital screen.
To load a drawing, you simply piace the

cursor on the 'load' menu and press the left-
hand mouse key.This changes the bottom line
to ask the file name. Nop need to worry of
you can't remember the name ofthe file you
want: a second press of the left -hand mouse
key pul!s down the window with al! of the
file names and the one needed can be dragged
on tothedrawing screen with themouse. This
is not to say that the keyboard can not be
used as al! of the pul!-down menus have
quickaccess routes through thekeyboard and
as the user becomes more familiar with the
software he will tend to work with one hand
on the mouse and the other on the keyboard.
Adding to this a highlighter to check track

connections and a design rule checker for pad-
pad, pad-track and track-trackclearances gives
the occasional user a high-quality package
that can be expanded at a later date. For
boards where a ground-plane is needed, there
isa flood fill facilitythatwillmake BoardMaker-1
ideal for the RF designer when other facili-
fies found in more expensive packages may
be unnecessary.

BoardMaker-2
Adding [200 to the cost ofBoardMaker -I and
with theaddition of netlistingand ratsnest cre-
ates Boardmaker-2. Thus, BoardMaker-2
forms the heart of a comprehensi ve
PCB/Schematic design package. At present,
no integrated schematic package is avail-
able, but this is on the way. In the mean time,
netIists can be imported from practically any
schematic capture package via translators gen-
erated as an ASCII file and imported or cre-
ated through the ratsnest facility on the PCB
drawing screen.
Addingnetlistingadds vastly to the check-

ing capabilities of BoardMaker-2, ensuring
a COITectPCB at first try, and adds aneighth
menu option at the top ofthe screen. This extra
menu relates to the netlisting facilities.
For those unfamiliar with the concept, a

netlist is the ASCII file that describes in
great detail the connections in a schematic
diagram, their relationship to the components
on a PCB via the pin numbers and to the
board layout itself. Their visualization on
the PCB drawing is a set of crossing lines
that indicate al1of the connections that must
be made on the final PCB. Once seen, the
reason for their cornrnon name of rats nest is
obvious.
The reason that ratsnests are so irnpor-

tant is that the original information frornes
from a circuit diagram and is thus more likely
to be correct tha any attempts at designing
a board without rhe schernatic drawing stage.
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When pul!ed into the PCB drawing, the rat-
snest lines al!ow the designer to place each
component in the best position for theb tracks
to be placed. As an example, a PCB drawn
by hand and admittedly ratherwell spaced oc-
cupied a 6x4 inch board. After rewarking with
a netlist and rats nest this was reduced to a
4x2 inch board, an area reduction of x3 and
therefore a board cost of a third of the orig-
inal.
Back annotation files can be created for al-

tering the schematics after the PCB is renum-
bered. BoardMaker-2 is for the professional
design office, where manual routeing is not
a problem, but auto checking of the design
is desired, and where it forms a parallel
workhorse to an expensive design system. An
improvement of 15-2000 in efficiency over
BoardMaker-l is achieved owing to the check-
ing facilties, but the symbols that are used
for BoardMaker-2 are much more compli-
cated than those for simple packages with-
out netlisting, since they must contain dc-
tails of their pin con necuons.

BoardRouter
Top of the range and adding noo to the cost
of BoardMaker-2 is BoardRouter, which is
the integrated package of BoardMaker-2
plus a channel-routeing autorouter. Being a
channel router, it works weil with both with
pinned devices on a 0.1 inch or 0.05 inch
matrix or surface mount and D-type C-OI1-

nectors with a metric matrix. The speed of
routeing is dependent on the operating speed
of the PC itself, but stil! works on anything
from an XT to a 386.
The additions of the autoreurer adds a

single menu opricn in the netlisting facili-
ties, but this takes the user into the autorouteing
option. Aurorouteing is aimed at profes-
sional PCB designers although that is not to
say that many other uisers ofBoardMaker-2
will not want 10upgrade to the autorouteing
package. Once you have got the PCB layout
with ratsnest, told the the net information of
any special rules or track widths (say for
power tracks), you can leave the software to
sort out therouteing. That operation may take
some time, many hours in same cases, but less
than the designer would need to do the job
himself. Once a track is laid, it can not be
ripped up by the softwäre and re-laid, so
there will always be some tracks to be com-
pleted by hand and some tyding up to do.
This is of little significance compared to the
time that a board would take to be tracked
by the designer alon e and, of course, it is
possible to do other work while autoroute-
ing is in progress. During the autoroutering,
the software can automaticvallly save the
results it has obtained after a tikme interval
set by the user so that shoud the power failr
all the work is not lost. However, auroroute-
ing is rteal!y applicable only to double-sided
boards or multi-layer boards so that one layer
can have vertical tracks while the other car-
ries horizontal tracks. Thus it is not suirable
for simple boards, RF circuits or for layouts
where the board can be single-sided with a
few zero ohms links on the components side
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to jump tracks. For designers of logic and
complicated analogue bnoards, where at least
two layers are needed, autorouters can save
an awfullot of work by the designer.

Problems
There are only a few minor criticisms that J
have about the software as it stands at the
present. The package allows a n umber of
back-up copies of PCB drawings to be held
on disc memory in case of a problem that
results in the loss of the last working copy.
In this case, there is no way that I have found
whilst in BoardMaker to get at one of these
back-ups, The only way appears to be to
leave BoardMaker and use DOS to rename
a file or use something like Xtree.
A similar problems exists with File orga-

nization ordeletion orto makecopies on floppy
fopr archiving without a lot of work in the
configuration menu.
The lack of schernatic capture for

BoardMaker-2 is being address and this wil!
ease the problem of having to look outside
Tsien for the necessary software. I shal!look
forward to revieiwing the schematic pack-
age when it becomes available.

Finally
With its BoardMakerand Boardkouterrange,
Tsien provides a comprehensive selection
of PCB design packages for use by all per-
sons interested in Pt.B design, from the am-
ateurto the dedicated professional user. A pol-
icy of penalty-free upgrade means that it is
possible lObuy BoardMaker-l as a rrial and
upgrade at a later time wirheut incurring any
extra expense over having bought the more
sophisticated package in the beginning.
At their price, the capabilitiers of any of

the packages leaves little extra to be desired.
Donotbedeceived by the low cost ofthe soft-
ware packages. Experience has shown that
many electronic designers are abandonming
their in-hause design offices to use BoardMaker
or BoardRouter running on a PC in their
own department. Tsien with their easy-to-
use PCB-CAD packages have put PCB de-
sign back where it belangs: in ther hands of
electronics engineers.

I should like to end by saying that, although
impressed by the BoardMaker range of soft-
ware, I have no commercial connection with
Tsien, My thansk 10Tsien who provided the
copy of BoardRouter and the demonstration
software foe this review,

For further details contact
Tsien (UK) Ud
Cambridge Research Laboratories
181.ACambridge Road
Cambridge CB3 ODJ
Telephone (0223) 277 777
Fax (0223) 277 747
who wil! be pleased to supply the dernon-
station software. One ofthe full packages may
be ordered directly using any of the rnajor
creditcards. Boardmaker-l =>:95;BoardMaker-2
= i295; BoardRouter = >:495. (910069)



LOGIC ANALYSER - PARTS

ALTHOUGH the software described in this
final part of the article was developed for

the AtariST and TI series, it has been adapted
for use on all personal computers using an
MS-DOS. The respective floppy disks are
available through our Readers' services. The
software for the Atari consists of the com piled
program only whereas thatforother MS-DOS
computers embraces the program proper
and the SQUICe code in Turbo C.
Note that the description in this artic1e is

based on the Atari program. However, both
programs are so accessible as to make de-
tailed user instructions superfluous. All mat-
tcrs that are concerned directly with the mea-
surements are shown 011 the screeu. All sup-
ported functions, such as reading, storing of
data, and printing, are accessible via pop-up
menus (Atari) or certain keys on the key-
board.

Display
Distinction is made between physical and
logic channels. The former, of which there
are up to 64, are Inputs of the analyser stored
on the RAM cardfs), whereas the latter are
outputs of theanalyser, ofwhich therearealso
up to 64. Since the space on the screen is lim-
ited, only 1610gic channels are shown at any
one time.
When the program is started, the physi-

cal and logic channels are linked directly,
that is, input 1 of card 1 corresponds to legte
channell, and so on. However, the software
makes it possible to link the channels in any
way the user wants. It is even possible to
link one physicel channel. for example, the
one connected to the clock, to several logic
channels. The clock will then appear at sev-
eral locations in the timing diagram on the
screen. The relation between that signal and
associated stgnals is then very evident.
So as not to lose track of the various sig-

nals, the column alongside the timing dia-
gram-see Fig. 5-shows wh ich channel be-
longs to which trace and vice versa. What is
shown in this column depends on the selec-
tions made via the options menu. A choice
may be made, for instance, between text or
the number of the physical channel. When the
program is started, the numbers of the logic
channels are shown in the column. A dick
with the mouse in the relevant channel box
will produce a box on the screen, in which
may be indicated which physical channel is
required to beassociated with thechosen logic
channel,and which textbelongstoit. Thistext
may contain up to six characters. If a physi-
cal channel is linked to a second (or third) logtc
channel, the text associated with that chan-
nel is copied automatically. Furthermore, al-
terations in the text, irrespective of in which
logic channel these are effected, are copied
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automatically to any other legte channels
that may be associated with the particular
physical channe!.

the timing diagram on the screen. By click-
ing with the mouse on an appropriate bit,
the trigger bit may be set to 1,0, or X (don't
care). In the 100 MHz mode, the second trig-
ger word is set in a similar mannet,
Other aspects of the triggering are shawn

in the window at the bottom left-hand side
of the screen. The number in the srnall rect-
angle indicates which trigger words have been
chosen; note that during measurements up
to four trigger words may be used. Clicking
with the mouse suffices to select another

Triggering
The trigger ward is linked to physical chan-
nels. If a physical channel is associated with
more than one legte channel. the software
ensures that alteraticns in the triggering are
copied to all the associated legte channels.
The trigger ward is shown at the Jeft of

Desk file Printer Mode Options

x X CH:
2 'D X CH:

1 X CH: 3~
X ~ CH: ( ,
1 , CH: ·5 ,
1 X CH: 6 i

X CH' 7 ~~~~~~u~V~~~~~~~u
X X CH: B~8 X CH:
X CH: 10
1 X CH: 20
1 X CH: 20
X X CH: 13 n I
X X CH: 14
X X CH' 15 i
X X CH: 16 ~ n n n n n !L-

Itlst trigger Nord> 100 ns Be: xzx 1 resolution : I 1 I 2 I ( .;.
2nd trigger ""rd > lBO ns= ~

1 state : 5f 9f
11
search

1
[IJ trigger NindoN < 400 :x=xns I dista_n<e : 0 ns < I >1

m m 1 11

Channel : SAMPlE
1 1 1 11-16 « < > »~(~ ~ 1 ~

6 4 C H A H HEL LOG 1 C AHA L V S E R

11/01: *lfCH01** 1 01LJ1IU1IWUUUWWWln~~~~~~~~~~~';':r~~
1/02: 1HICH02_ OX ~'r
1/03: *lfCH03** 00 ~"-'"-"
1/04: --<:H04** 1 1
2/01: ttMCH17** X 0 I
2/02: fHlCH10** 0 X I
2/03: **CH19** 01 I
2/04: --<:H20_ x x
3/01: **CH33** X X
3/02: **CH34** X X
3/03: tHtCHJ~** X X
3/04: **CHJ6** XX
4/01: **CH49** X X
4/02: ..cH~0_ x X
4/03: ..cH~1_ XX
4/04: -cH52** XX .

1/02: *fICH02** 0 X .
1/03: 1HICH03** 00 ~
1/04: **CH04_ 11

CLOCK:l00tlHz
HAGHIFIER: 4
DISTAHCE:0 n5

TRIG: 100 ns
AfU1: 100 ns
WINDO...: 1000 n5

CURSOR: 11::::==r:==:::J
HEX: affe
ACTlUITV:

CC) 1991 by H.J. Schulz A K. Hischalke, Juelidher Str.43, 51 Aachen, Tel. :0241/154992

ELEKTOR ELECTRONICS JULY/AUGUST 1991



word , Also shown are the times that indi-
cate the required width of the trigger pulses.
Clickon the number tochoosethecorrect time.
The computer will select the nearest vaIue that
rnay be set on the analyser.
When the pulse width of trigger ward 2

is set, the program ensures that the trigger
window is always wider than the trigger
pulse to prevent a situation in which the
analyser can not be triggered. That situation
may, of course, arise also if the trigger con-
dition is not contained in the measurand
(quantity to be measured). In that case, the
analyser should be stopped by pressing any
key on the keyboard. The analyser is started
agam by c1icking on SAMPLE.

Screen functions
It is not possible to placeall recorded data leg-
Ibly and simultaneously on to the screen;
therefore, only 16 channels are shown at any
one time. The remainder of the channels may,
of course, be scrolled into view, one or four
channels at Cl time. The seroIl function is
shown at the bottom lefthand side of the
screen. Number and direction are selected
by c1icking with the mouse.
In the same window is shown which logic

channels are shown in the timing dia gram.
These may be shifted by moving the dia-
gram horizontally with the cursor shift (c-c,

<, >, », at the bottom right-hand side of the
screen: the mouse is potnted. clicked (and
held) at the blank box in the shaded bar, after
which the box can be moved as required.
There is also a search facility, for wh ich

the first trigger ward serves as the search
pattern. Click the mouse on the desired di-
rection and the search is started. The cursor
then staps at the sought sampie, which is to
the rtght of the cursor. In the status window
is shown hexadecimally wha t data are shown
at the cursor postnon.
The d istauce window enables the dis-

tance between two points to be rneasured.
Point the mouse at the starting point and
click on the Ieft-hand button, hold this, and
point at the st~p position; when the button
is released, the window will show thedistance
in nanoseconds.
Clicking on the nurnbers following "reso-

lution" rnakes theeomputer portray the sam-
ple in 1, 2, 4, or 8, pixels.

Menus
A number of functions that are not related
directly to the measurernents and their dis-
play are enabled via a number of menus.
File/SAVE enables the recorded data to

be stored in a file on disk. These da ta may
be used at a later stage for eomparison with
newly recorded data. The data so stored may
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be read again via File/LOAD. The program
is termina ted by dicking File/ EXIT.
Hard copy may be obtained in two ways:

Printer /SCREEN allows the printing of only
those data that are displayed on the screen,
while Printer / ALL allows the pnnttng of all
recorded data.
The dock is set via Mode. lf an externaJ

dock is used, the qualifier inputs rnay be set
via CLOCK SET.
With Options/TEXT selected, a text is

shown togetherwith the channels: thedefault
text is the number of the logic channel.
WithOptions/NUMBER selected, thenum-

berofthe physical channel ts shown (card plus
input).
With Options/SAVE TEXT selected, the

set links between the physical and logicchan-
nels are stored, together with the associated
textand triggerwords. Thedatasostored may
be selected again with Options/ LOAD TEXT.
With Options/COLOR selected, the back-

ground colour of the image is selected. TE
that is black, the colour ehanges to white
aud vice versa. (900094-VI)

Correction
It is regretted that in Part 4, undcrOvcrvicw",
it was stated erroneously that a'10 kQ resis-
tor must be soldered between pins 11 and 16
of IC29' on the RAM eard; the value of the
resistor should have read 330 Q.

SCIENCE & TECHNOLOGY

Radio Data Systems:
a few facts and figures

The concept
Most of us are familiar with the teletext ser-
vices offered by the BBC and the IBA in the
UK and television stations in most other
co umries. These services enable us to keep
up-to-date with news, finance, sport, weather
and traffic conditions by means of informa-
tion that is transmirred as part of the normal
sound and picture, but which is not apparent
during normal viewing.
Radio Data System operates in a broadly

similar way on transrnissions in the VHF radio
band by using that part of a transmitted sig-
nal that lies outside the audio bandwidth.
This concept has been used for many

years as the one that enables stereo signals
to be transmitted and received without the
need of tuning to two transmitters at the
same time.

Driving with RDS
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RDS is more than stereo transmission meth-
ods and more ihan the Teletext idea. Ir forms
the basis of an information and entertain-
ment centre for dri vers when comfort and
safety ensure that the all-important aspect
of concentration on the raad is rnaintained.
For instance, your radio will make sure

that you do not need to keep re-tuning, be-
cause it keeps track ofthe rnost powerful trans-
mitterandautomatically and inaudibly changes
frequency for you. It switches between two
sound levels, one for speech and one for
music, and it will automatically read aloud
traffic announcements in your language,
wherever you may be in Europe. In fact, a
radio equipped with RDS will make these
announcements even ifthe cassette player is
operating, or when the radio is on stand-by,
So, you will never be cut off from important
road traffic information.
Ta further enhance driver confidence, a

built-in paging service informs you to call

home, office or one of several other desig-
nated numbers.
Thus, RDS provides the ultimate in in-

car entertainment with a complete informa-
tion service built in. Technically, RDS is a
system for the simultaneous transmission of
digital data and the normal stereo broadcast.
The digital data itself consists of two parts:
the sratic data, such as the idenrity of the
station concerned; and the dynamic, or vari-
able, data that changes constantly,
The transmitter combines the digital data

with the broadcast without decreasing the sig-
nal quality. The receiver decodes the signal
and routes the data to the display and the
programme to the loudspeakers.

Some technical details
The system is limited to the VHF bands
owing to the wide bandwidth assigned to each
station. The sub-carrier frequency chosen



word , Also shown are the times that indi-
cate the required width of the trigger pulses.
Clickon the number tochoosethecorrect time.
The computer will select the nearest vaIue that
rnay be set on the analyser.
When the pulse width of trigger ward 2

is set, the program ensures that the trigger
window is always wider than the trigger
pulse to prevent a situation in which the
analyser can not be triggered. That situation
may, of course, arise also if the trigger con-
dition is not contained in the measurand
(quantity to be measured). In that case, the
analyser should be stopped by pressing any
key on the keyboard. The analyser is started
agam by c1icking on SAMPLE.

Screen functions
It is not possible to placeall recorded data leg-
Ibly and simultaneously on to the screen;
therefore, only 16 channels are shown at any
one time. The remainder of the channels may,
of course, be scrolled into view, one or four
channels at Cl time. The seroIl function is
shown at the bottom lefthand side of the
screen. Number and direction are selected
by c1icking with the mouse.
In the same window is shown which logic

channels are shown in the timing dia gram.
These may be shifted by moving the dia-
gram horizontally with the cursor shift (c-c,

<, >, », at the bottom right-hand side of the
screen: the mouse is potnted. clicked (and
held) at the blank box in the shaded bar, after
which the box can be moved as required.
There is also a search facility, for wh ich

the first trigger ward serves as the search
pattern. Click the mouse on the desired di-
rection and the search is started. The cursor
then staps at the sought sampie, which is to
the rtght of the cursor. In the status window
is shown hexadecimally wha t data are shown
at the cursor postnon.
The d istauce window enables the dis-

tance between two points to be rneasured.
Point the mouse at the starting point and
click on the Ieft-hand button, hold this, and
point at the st~p position; when the button
is released, the window will show thedistance
in nanoseconds.
Clicking on the nurnbers following "reso-

lution" rnakes theeomputer portray the sam-
ple in 1, 2, 4, or 8, pixels.

Menus
A number of functions that are not related
directly to the measurernents and their dis-
play are enabled via a number of menus.
File/SAVE enables the recorded data to

be stored in a file on disk. These da ta may
be used at a later stage for eomparison with
newly recorded data. The data so stored may
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be read again via File/LOAD. The program
is termina ted by dicking File/ EXIT.
Hard copy may be obtained in two ways:

Printer /SCREEN allows the printing of only
those data that are displayed on the screen,
while Printer / ALL allows the pnnttng of all
recorded data.
The dock is set via Mode. lf an externaJ

dock is used, the qualifier inputs rnay be set
via CLOCK SET.
With Options/TEXT selected, a text is

shown togetherwith the channels: thedefault
text is the number of the logic channel.
WithOptions/NUMBER selected, thenum-

berofthe physical channel ts shown (card plus
input).
With Options/SAVE TEXT selected, the

set links between the physical and logicchan-
nels are stored, together with the associated
textand triggerwords. Thedatasostored may
be selected again with Options/ LOAD TEXT.
With Options/COLOR selected, the back-

ground colour of the image is selected. TE
that is black, the colour ehanges to white
aud vice versa. (900094-VI)

Correction
It is regretted that in Part 4, undcrOvcrvicw",
it was stated erroneously that a'10 kQ resis-
tor must be soldered between pins 11 and 16
of IC29' on the RAM eard; the value of the
resistor should have read 330 Q.
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Radio Data Systems:
a few facts and figures

The concept
Most of us are familiar with the teletext ser-
vices offered by the BBC and the IBA in the
UK and television stations in most other
co umries. These services enable us to keep
up-to-date with news, finance, sport, weather
and traffic conditions by means of informa-
tion that is transmirred as part of the normal
sound and picture, but which is not apparent
during normal viewing.
Radio Data System operates in a broadly

similar way on transrnissions in the VHF radio
band by using that part of a transmitted sig-
nal that lies outside the audio bandwidth.
This concept has been used for many

years as the one that enables stereo signals
to be transmitted and received without the
need of tuning to two transmitters at the
same time.

Driving with RDS
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RDS is more than stereo transmission meth-
ods and more ihan the Teletext idea. Ir forms
the basis of an information and entertain-
ment centre for dri vers when comfort and
safety ensure that the all-important aspect
of concentration on the raad is rnaintained.
For instance, your radio will make sure

that you do not need to keep re-tuning, be-
cause it keeps track ofthe rnost powerful trans-
mitterandautomatically and inaudibly changes
frequency for you. It switches between two
sound levels, one for speech and one for
music, and it will automatically read aloud
traffic announcements in your language,
wherever you may be in Europe. In fact, a
radio equipped with RDS will make these
announcements even ifthe cassette player is
operating, or when the radio is on stand-by,
So, you will never be cut off from important
road traffic information.
Ta further enhance driver confidence, a

built-in paging service informs you to call

home, office or one of several other desig-
nated numbers.
Thus, RDS provides the ultimate in in-

car entertainment with a complete informa-
tion service built in. Technically, RDS is a
system for the simultaneous transmission of
digital data and the normal stereo broadcast.
The digital data itself consists of two parts:
the sratic data, such as the idenrity of the
station concerned; and the dynamic, or vari-
able, data that changes constantly,
The transmitter combines the digital data

with the broadcast without decreasing the sig-
nal quality. The receiver decodes the signal
and routes the data to the display and the
programme to the loudspeakers.

Some technical details
The system is limited to the VHF bands
owing to the wide bandwidth assigned to each
station. The sub-carrier frequency chosen
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for the system is 57 kHz, which is three
rirnes the pilot tone used far the stereo fre-
quency response threshold. Ta prevent in-
terference, the RDS sub-carrier is phase-
locked to the stereo pilot tone. The diagram
shows agraphie representation of a stereo
multiplex base band with RDS. Tbe signal is
amplitude modulated by coded infonnation
representing the Osand IS ofthe data stream.
The transmission rate of this stream is 730
bps, which enables a fast update of inforrna-
tion that is itself transmitred in groups of
four 26-bit blocks.
Services provided by the RDS include

Programme Identification (PI), which includes
a location and a programme reference num-
ber; Programme Service Name (PN), wh ich
displays the station identity on the radio dis-
play; Alternative Frequencies (AF), which
provides information on other frequencies
transmitting the same programme; Traffic
Programme Identification (YTP) and Traffic
Announcements (TA), which combine to in-
dicate whether the station earries traffie news
and the content of that news.
Other services provide Clock Time (CT)

and Paging (PG), while a sophisticated test
feature, used by broadcasters, is also avail-
able as an ln-house application (IH).

RE53 I Coder is programmed with the static
and dynamic data. The most appropriate
means of programming the Coder is a COITI-
puteror a network interface. Once the Coder
has been programmed with the static dat.a,that
informarion will beretained pennanently. The
dynamic data is updated as required.

Development of RDS equipment contin-
ues, however, and since 1984 new features
have been added and, no doubt, others will
be added in the future.
While it is importantthat equipment be de-

signed to conform to EBU standards, it is
equally vital that approval by the national
broadcasting authorities be granted. The RE
Instruments range of RDS products have
full approval frorn the German ARD and
FfZ authoriries.

Monitoring and re-broadcast
To ensure that the transmitted data is error-
free, a suitable decoder, such as the RE331,
is required. The task of this unit is to moni-
tor the transmission and confinn the RDS sig-
nals involved. The unit may perform two func-
tions: (a) checking the data and raising alarms
if the data fails to conform to programmed
parameters, and (b) routeing thedynamic sig-
nals transmitted by one station to another
that is broadcasting the same programme.

RE Instruments Ltd
Finchhampstead
Berkshire
England.

Testing RDSreceivers
The Type RE530 RDS Generator is an in-
strument designed to allow eornprehensive
testing of RDS receivers. An RDS genera-
tor has to emulate an RDS transmitter on the
test bench to enable a full analysis of the
RDS receiver to be carried out. The Type
RE201 Dual Channel Audio Test System
may be combined with the RE530 to pro-
vide a full and comprehensive autornatic
system to test all RDS radios.

RDSequipment
Just as a stereo broadeast is impossible with-
out the properequipment, RDS can not work
withoutappropriatehardware. Suitable equip-
ment is manufactured by RE Instruments,
whose products have been approved by the
German broadeasting authorities. The three
mains products required are and RDS Generator,
and RDS Encoder, and an RDS Decoder.

Approvals and Standards
Radio Data Systems have been established
in Europe for some time. During 1982, five
different systems were tested by theEuropean
Broadcasting Union (BBU), whodecided that
the Swedish PI system was the best and
would form the basis for future develop-
ment. Field trials held in Germany led the
EBU to issue and agreed standard: EBU
Doc. Tech. 3244, March, 1984. All RDS
equipment in western Europe must be man-
ufactured in accordanee with that standard.

Encoding the data for RDS
An RDS encoder is perhaps the most impor-
tant item needed to transnmit a digital data
stream. Accepting the 19IcHzpilot stereo tone
to create the 57 kHz sub-carrier, the Type
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