




OPTO CARD FOR UNIVERSAL PC
1/0 INTERFACE

Whenever an interface is connected to a circuit with a supply
voltage higher than 5 V, there is the risk that an error during

experimenting, or a faulty component, will cause serious damage to
the computer system. The opto card described here has been
designed to afford complete electrical isolation between the

computer and the (cruel) outside world, wh ich is the only way to
prevent system down time and expensive repairs caused by

incompatible signal levels.

Design by J. Ruiters

INthis article we present the second exten-sion card for the Universal 1/0 Interface
For IBM pes, described in Ref. 1. While the
relay card for this bus (Ref. 2) offers electri-
cally isolated outputs, the present opto card
is designed to process input signals in the sa-
fest possible way. By the way, the multi-pur-
pose Z80 card described elsewhere in this
issue mayaiso be used as a controller for the
universal bus.

Eight optocouplers
The circuit diagram of the opto eard is given
in Fig.l. IfYDU compare it with the cireuit di-
agram of the relay card, you will find quite a
few similarities. That is not surprtsing. be-
cause the functions of the two cards are
closely related, one being a parallel output
device (relay card), the other a parallel Input
deviee (opto eard). The address decoding

logic. far instance, 1Sidentical, consisting of a
number of gates and a bidirectional buffer.
With reference to Hg. L we are talking of
lC9, le10 and IC12. How the card is ad-
dressed, that is, how it complies with the
rules of extension card addressing that apply
in the universal bus system, will be reverted
to below.
The opto card is actuated when bus sig-

nals AO,Al, RD and ENABLE go logic Iow.
Consequently. bus buffer ICw is enabled,
and data is conveyed towards connector Kr.
i.e., towards the PC At the same time, the
oe input of data latch ICn is pulled Jow,
which enabJes the latch outputs. The data on
the databus is clocked into the latches on the
negative (falling) edge of the oe signal. This
means that data applied to the optocoupler
inputs is captured right at the start of a read
cycle of the computer system, which ensures
that data is stable on the bus during the ac-
tual read operation.
The eightfold optocoupler input circuit is

all plain sailing. The only parameters to keep
in mind are a couple of maximum specifica-
tions. To begin with, the Input voltage is
limited to 'low vonage' (in most countries,
this is defined as 42 V a.c., or 60 V d.c.). This
limitation is not caused by the optocouplers,
but rather by the printed circuit board and a
few other components. When designed to
handle the 240 V (110 V) mains voltage at the
input, the PCH would have become much
larger to meet the relevant safety require-
ments. A further point to note is the specifi-
cation of the series resistars with the
optocouplers (R2,R4,R6,RB,Rl0, R12,R14and
R16).The indieated resistors (1 kQ, 0.25 W)
may be used when the input voltage is be-
tween 2 V and 15 V d.c. Each optocoupler is
protected against reverse voltages by a diode
connected in anti-parallel.lf voltages greater
than 15 V d.c. are applied to the inputs, the
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series resistors have to be increased accord-
ingly, or resistors with a higher permissible
dissipation must be used. The latter solution
is not very elegant because of the larger size
and the heat developed. The resistor values
are calculated such that the LED current is a
few milli-amperes at the given input voltage.

The construction of the opto card is en-
tirely straightforward, and therefore not dis-
cussed further .

The bus system
As shown in Fig. 2, the address of any cxtcn-
sion card connected to the universal bus sys-
tem is determined by its position in the chain
of extension cards. Unconventionally, DIP
switches, jumpers and the like are not used.
Apart from the beautifully simple and inex-
pensive hardware, the advantage of this sys-
tem is mainly that you can not make address
setting errors because there is nothing to set:
the card address is determlned by its physl-
cal position in the system. Note, however,
that you rnust not con.fuse the bus-IN and
bus-OUT connectors. Remember, the incom-
ing AG signal is inverted on every extension
card, and swapped with Al on the bus-OUT
conneetor. This is done to enable any exten-
sion eard to be selected when both AG and
Al are Iogic low, although the actual address
to be supplied by the pe to selecr a partieular
eard is determined by the number of eards
eonneeted ahead of that eard.

Those of you who have recaUed from the
earlier articles that the bus system has only
four addresses rnay be surprised to see eight
extension cards in Fig. 2. This is simple to ex-
plain, Any bus address ean be read from, or
written to. In other words, there are fcur
'read' addresses, and four 'write' addresses,
which makes a total of eight. This differenee
is of no consequenee as long as you do not
wish to use more than four cards, which ean
then be ehained via Linking cables without
problems. The differenee between reading
and writing is not in order until you use
more than four cards. Let us assume that you
wish to hook up four relay eards and four
opto eards. Tlus requires the positions with
the same eard number, e.g., 1 and I', to be oc-
cupied by one relay card (write only) and
one opto card (read only). Youcan not fit two
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Fig. 1. Eight optocoupler inputs ensure that input signals can not cause damage to the
computer.

Address +0 Address +1 Address +3 Address +2 Address +0 Address +1 Address +3 Address +2

Card
4'

910040 ·12

Fig. 2. The bus system can always accommodate tour extension cards. However, it is also possibJe to fit up to tour more cards, depending
on their type (read or write function).
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COMPUTERS AND M1CROPROCESSORS
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Fig. 3. Track layouts (mirror images of the component side and the solder side) and component mounting plan of the double-sided pes
for the optc interface.

cards with 'write' functions, or two cards
with 'read' functions. in a position with the
same eard number. lf you still da so, the
computer will forever be unable to 'see' the
eard with the accented (') number. Fortu-
nately such an 'impossible' connection will
not damage the hardware, because the first
card addressed in the chain keeps the EN-
ABLE signal for the rest of the chain logic
high, whereby a11other extension cards are
disabled.
A different kettle of fish are extension

eards with read nnd write functions (we have
not published any of these, but you may
have ideas ... ). Such eards must always be
fitted in olle of the first four positions, but as
far as possible towards the end of the chain.
If a 'read/write' eard is fitted in position '1',
and three relay eards in posttions '2', '3' and
'4', it would appear that you ean not fit an
opto card up to position 2'. That will not
work, however, sinee there is first card I',
but that position is blocked by card 1. The
upshot is that first four posttions must al-
ways be occupied by cards that can only be

read from er written to. Tlus leaves the next
positions available for cards with the double
'read/ write' function.
Summarizing the above:
the address occupied by the card is deter-
mined by its physieal position in the
ehain;
at every address, a distinction is made
between reading and writing;
if an address is used for writing or read-
ing only. the correspondtng accented po-
sition may be occupied by a eard with the
cornplernentary hmction only.

References:
1. "Universal 1/0 interface for IBM ro,-.
Elektor Elecironics May 1991.
2. "Relay card for universal bus". Elektor
Electronics November 1991.

COMPONENTS LIST

•

910040

Resistors:
16 lk!l RI-R16

Capacltors:
2 100nF Cl;C2

Semiconductors:
B IN414B
B CNY17
1 74HCT32
1 74HCT245
1 74HCT574
1 74HCT04

DI-DB
ICl-ICB
IC9
ICI0
ICll
IC12

Miscellaneous:
2 20-way header with side

latches, angJed pes
connections
16-way box header
Transparent plastic
enclosure Type 222 (Heddic)
Printed circuit board

Kl;K3
K2
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COMPUTERS AND MICROPROCESSORS
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Fig. 3. Track layouts (mirror images of the component side and the solder side) and component mounting plan of the double-sided PCB
for the opto interface.

cards with 'write' functions, or two cards
with 'read: functions, in a position with the
same card number. If you still do so, the
computer will forever be unable to 'see' the
card with the accented (') number. Fortu-
nately such an 'impossible' connection will
not damage the hardware. because the first
card addressed in the chain keeps the EN-
ABLE signal for the rest of the chain logic
high, whereby all other extension cards are
disabled.
A different kettle of fish are extension

cards with read and write functions (we have
not published any of these, but you may
have ideas ... ). Such cards must always be
fitted in one of the first four positions, but as
far as possible towards the end of the chain.
If a 'read/write' card is fitted in position '1',
and three relay cards in positions '2', '3' and
'4', it would appear that you can not fit an
opto card up to position 2'. That will not
work, however, since there is first card 1',
but that position is blocked by card 1. The
upshot is that first four positions must al-
ways be occupied by cards that can only be

read from or written to. This leaves the next
positions available for cards with the double
'read/write' function.
Summarizing the above:

- the address occupied by the card is deter-
mined by its physical position in the
chain;

- at every address, a distinction is made
between reading and writing;

- if an address is used for writing or read-
ing only, the corresponding accented po-
sition may be occupied by a card with the
complementary function only.

References:
1. "Universal I/O interface for IBM pes".
Elektor Electranics May 1991.
2. "Relay card for universal bus", Elektor
Electranics November 1991.

COMPONENTS LIST

•

910040

Resistors:
16 1kQ R1-R16

Capacitors:
2 100nF C1;C2

Semiconductors:
8 1N4148
8 CNY17
1 74HCT32
1 74HCT245
1 74HCT574
1 74HCT04

01-08
IC1-IC8
IC9
IC10
IC11
IC12

Miscellaneous:
2 20-way header wilh side

latches, angled PCB
connections
16-way box header
Transparent plastic
enclosure Type 222 (Heddic)
Printed circuit board

K1;K3
K2
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AUDIO-VIDEO PROCESSOR
TYPE AVP300 - PART3

Synchronization circuit

THE signals in a number of circuits of the
processor rnust be matched to the input

signal to prevent a wandering or distorted
pieture. The circuit responsible fOT this is the
sync(hronization) circuit, whose diagram is
shown in Fig. 6.
The sync circuit is based on sync separa-

tor IC6{l1- This circuit is fed with the VBSsig-
nal via T601 and providesthreeoutputsignals:
a sandcastle pulse at pin 7; a square wave at
pin3, whose first transition (leadingedge) de-
termines the onset of the horizontal sync
pulse; arid the vertical sync pulse at pin 10.
The signals at pin 3 and pin 7 are not yet

suitable for further use. The sandcastle pulse
contains as yet no Information on the verti-
cal blanking that is essential for colour de-
modulator ICIDl (Fig. 4). Also, a signal that
merely determines the onset of the horizon-
tal sync pulse is not enough for further pro-
cessing of the video signal. To make it into a

An ELV design

true sync signal, a fly-back pulse is required.
In fact, three pulses are needed: a horizontal
and a vertical blanking pulse (12us and !.9ms
respectively) and a horizontal sync pulse of
4.7 us. These pulses are generated by mono-
stables IC602- IC603. and IC603b respeclively.
The horizontal blanking pulse genera ted

by IC603• (pin 6) is superimposed on to the
sandcastle pulse via ~23' The modified sand-
castle pulse has exactly the right shape to
ensure correct functioning of IC101'
The reason for IC602 being fed directly by

the sync separater; whereas both IC603aand
IC603bare fed via potential dividers. is that
IC602 operates from the 12 V supply line and
the other two from the 5 V line.
Gate IC604bcombines the horizontal and

vertical blanking pulses into a composite
sync signaL Note that the vertical blanking
pulse is applied to the gate via XOR gate
IC604a,because this signal is difficult to load
owing to the impedance R61rRt.18.

Audio frequency circuits
To enable background music or a commen-
tary to be added to the audio signal, the pro-
cessor is equipped with a mixer and tone
control.
The input of the audio circuits shown in

Fig. 7 enables up to three signals to be mixed:
the audio signal associated with the selected
video source (master), a randomly selected
audio signal (line) and a signal from a stereo
rrucrophone.
Selection of the master signal is facilitated

by an input selector switch, consisting of
analogue multiplexer IC404, and two electronic
switches, IC405b and IC405c- The multiplexer
selects four of the five possible audio sig-
nals, while the electronic switches take care
of the fifth. Three audio signals are available
from the SCART connectors in Fig. 3 and
connector BU301 in Ptg. 5. The other two ar-
rive from the 5-VHS connector and the BNC
socket.
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Fig. 6. Diagram of the synchronization circuit.
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The line signal at sockets BU406 and BU407
is connected direct1y to the line contral po-
tentiometers on the mixer.
The level of the microphone signal is well

below that of the Une and master signals and
is, therefore,amplified in 1C401(Ieft-hand) and

IC402 (right-hand).
The mixer consists of three linear stereo

slide potentiometers, whose wipers are con-
nected to the relevant left-hand or rlght-hand
Iine via a surnming resistar. The use of linear
potentiometers may not seem right, but their

wipers are loaded by the summing resistors
in a manner that results in traditionalloga-
rithmic volume control.
Since not many video signals carry stereo

sound, the audio circuit can be switched to
mono by closing electronic switch 1C40SaI
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Fig. 7. Diagram 01the audio circuits.
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which is controlled with switch TA401 and a
bistable, lCW3- The left-hand and right-hand
signals from the mixer are then intercon-
nected; their surn is seen by the remainder
of the circuit as a mono signal.
The signal is then applied to two non-in-

verring opamps; IC410a and lC410b and from
these to control amplifier rc406. The contral
amplifier enables the volume, bass and tre-
ble ,and the balance to be adjusted. The con-
trol range of the bass frequencies can be en-
larged by using R436, R437, C434 and C438
(marked with an asterisk). wirheut these
components, the bass range is the traditionaJ
±20 dß. The output of lC406 is available at
output sockets BUW8 and BU4Q9_
The headphane amplifier enables the sig-

nal before and after the control amplifier to
be listened to, depending on the position of

electronic switches 1C408a and 1C408b. These
switches are controlled by push button TAso2
and the circuit based on 1C407. The signals from
the two seetions of 1C408 are applied to po-
tentiometers R456 and R457; with which the
volume and balance of the signal to the head-
phones can be adjusted. The signal to the
headphone is amplified indual opamp IC4Q9_

Power supply
The circuitof the mains-operated power supply
is shown in Fig. 8. The rectifier may look un-
familiar, but it is a straightforward bndge.
whose negative eonnection is not directly to
earth, but via three diodes. The drop across
these diodes is used as an auxiliary negative
supply (-2.5 V) for electronic switches ICW5
and ICW8-

Transistor Tsot serves as the on/off con-
trol: it is opera ted by push button TA501 and
the circuit based on ICS03- That IC is fed by
the potential across CS01 to ensure that it can
always be powered. That voltage is too high,
however, and it is, therefore,lowered by zener
diode ZD501- The output of ICS03, is addi-
tionally protected against tao high voltages
by zener diode ZDS02.
The circuit following switehing transis-

tor T 501 is tradi tional: two three-terminal reg-
ulators ensure stable output vol tages of 5 V
and 12 V. The capacitors following the regu-
lators are decoupling devices used at mis-
ceUaneous positions in the circuits.

The 11extandfinal instalment,dealing with the
construction und tulibmtion, will appear in Ollr
September teeue (there is 110 August isslle).

ca. 15V +12V

~
,

8 82 § ~
~ ~
0 ~o •51501 51501 05<);

(>@-- C505 :t- CS07 C500 0509 C510 C514 C515 CS\6 C51B

O.BA -, ~R
220V '"

~: ~N I'~T~T~rT~rT~rT~T~1 v ker ker ker xer- ker ker ker ker xer-

" 12VA.

51502 0502 .->0
• ~~

'NO 'NO ONO 'NO ,ND "" 'NO ,ND ,ND ,ND GNO=
"', i!i" ON

sf':l > 0

"
, .~

00~ ~:g 3 ~N0506 0

A
-2.5V

lN4001
8

C04049 C04049 '"
S g "'"8 " '503 ~:g

~
IC503 ~~

7 C517 pceer- C04049 e
s § 7 6~ • "XI< C

~ C512+I~0 :t-R504C50' +,503 e5D4 C5" + C513

'"
~

8 I"~I'" I'~ I'~r~r~3 4QV 16V 'oe 16V ker eer-

GNO GNO 'NO GNO GNO OND 'NO "'J 'NO ONO "" 919506-3·13

Fig. 8. Circuit diagram of the power supply_
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DEALING WITH NOISE AND
INTERFERENCE IN ELECTRONIC
INSTRUMENTATION CIRCUITS

SHIELDING, FILTERINGAND USING LOW NOISE AMPLIFIERS

Many electronic
instrumentation and data
acquisition circuits must
deal with low-Ievel signals
in the presence of strong
interfering signals. If the
signal level is small
enough, even the noise
produced by amplifiers
and passive components
can obscure the desired
siqnal, In this article we
will look at several
strategies for solving
problems with low signal
level amplifier systems.
These techniques include
use of a low noise
amplifier (LNA), filtering,
circuit shielding, input
leads shielding (including
professional guard
shielding techniques) and
isolation of the circuit from
the power mains.

By Joseph J. Carr

Noise, etc.

Noise can be defined as any unwanted
signal, even though a somewhat n3T-

rower definition is sometimes sought in
textbook treatments of the subject. But in
the context of this article, noise can mean
the interaal 'hiss-like' noise generated in
any arnplifier, the atmospheric noise in
radio receivers, SOor 60 Hz hurn picked up
from the power mains, and interference
from nearby sources of electromagnetic
radiation (e.g., radio stations or other RF
devices). Noise signals mix with, and
either distorts or obscures the desired sig-
nals.

920084-11

Fig. 1. Cascade chain 01voltage amplifiers.
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Fig. 2. Generic electronic circuit showing use of shielding and filtering to eliminate noise
interference.

Several different forms of noise signal
can be recognized: white noise, impulse
noise and interference noise.
White noise supposedly contains all

possible frequencies, so gets its name from
analogy to white light, which contains all
colours. Such noise is also called gaussian
noise, although in reality it is neither
'white' nor 'gaussian' unless there are 00
bandwidth limits placed on the system.
True white noise has a bandwidlh from d.c.
to daylight, and beyond: In practical elec-

tronie circuits, however, there are band-
width Iimitations, so the noise is actually
pseudo-gaussian 'pink' or even 'orange'
noise. True gaus sian noise can be. elirni-
nated absolutely by low-pass filtering, be-
cause it by nature integrates to zero, given
sufficienr time. Bandwidth-limited noise,
however, does not integrate to zero, but 10
a low value. The effect of low-pass filter-
ing on pink noise is therefore not total re-
duction.
An analogy to pseudo-gaussian or pink
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DEALING WITH NOlSE AND INTERFERENCE IN ELECTRONIC INSTRUMENTATION CIRCUITS 11
noise is the 'hiss' heard berween stations
on an FM broadcast band receiver. Much
of the noise in instrumentation systems is
due to thermal sources, and has an RMS
value of:

Where:
U« is the noise signal in volts (V);
K is Boltzmann's eonstant (1.38 x 10-23
joules per Kelvin);
T is the temperature in Kelvin (K);
B is the bandwidth in hertz (Hz);
R is the circuit resistance in ohms (Q).

Noise can be generated in a passive corn-
ponent such as a resistor by virtue of its re-
sistanee. Aeeording to Eq. (I), in a eircuit
with a 1,000 Hz bandwidth and a resist-
ance of 100 kQ, there is 0.6 microvolts
(J.lV) of noise ereated by moleeular motion
due to temperature. Although this signal
may appear to have a very low amplitude,
keep in rni nd that many signals found in
practical systems have the same order of
magnitude. Für exarnple, in medieal elec-
tronies, the eleetroeneephalograph (EEG)
machine records minute scalp potentials
generated by the human brairi's electrical
activity, and may have components as low
as 1 to 2 ~ V, with peak arnplirudes in the
10 to 100 J.lV range. In that application,
0.6 JlV represents a significanr artifact, es-
peeially when amplified 5,000 to 10,000
tirnes, as is common practice in EEG ma-
chines.
Part of the solution to this type of prob-

lem is to keep circuit impedances in the
early stages - i.e., ihosc stages that most
of the gain follows - very low so that the
resistance term in Eq. (1) is reduced to a
minimum pracrical value. Additionally,

~:'~.dfn."' Dill.... II.'...... ,..,

SIgIlai

SDuree Equiva\l!n\
Cireult

920084-14b

Fig. 4. a) Typieal eircuit for a differential
input amplifier eireuit showing soure es of
resistance and capacitance in the circuit; b)
equlvalent circuit.
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Fig. 3. Generic instrument using a signal source and differential input amplifier. The
shielding prevents externat interference signat fields trom invading the circuit - or does it?

lew-pass ftltering, band pass filtering or
other methods might be employed to keep
the bandwidth term low.
There are several sources of noise that

are peculiar to solid-state amplifiers: shot
n.oise, 1011l'/.soI1noise, andflicker nolse. In
some amplifiers these noise sources can
add up to a signifieant amplitude. Although
lew-pass filtering offers relief, it is better
to specify a low-noise amplifier for the ear-
liest stages in the system.
Friis' equation uses the noise factors

(i.e. ratio of input to output signal-to-noise
ratio) to show us that low noise amplifiers
in the input stages provide most of the
noise relief Forthe entire system. Ir is for
this reason that satellite communications
orTV earth stations use Low Noise Ampli-
fiers (LNA) as preamplifiers on the dish
antenna. Similarly, analogue instrumenta-
tion and data acquisition amplifiers use a
single LNA in the front-end, and then ordi-
nary amplifiers throughout the rest of the
circuit, The Friis equation for a cascade
chain of amplifiers such as Fig. I is:

NF2-l NF3-1
NFtotal=NFI +~+~ GI +

NFn-1
GI GzG3+G(N-I)

Where:

NFtotal is the noise factor of the entire cas-
cade chain;
NF1, NF2, etc. are the noise faetors of the
individual stages;
G" G2, etc. are the gains of the individual
stages.

Thus, we can use a single, usually premium
low noise amplifier device for the first
stage, and regular amplifiers for all others.
Low noise operational amplifiers are a

good choice, but are sometimes rather ex-
pensive. A low cost alternative for many
uses is the CA3130, CA3140 or CA3160
deviee in the 8-pin metal can package (not

the mini-Dlf'I). Use a flexible heatsink of
the type used for TO-5 metal transistor
packages on the op-arnp paekage, and
operate the device from ±5 V dual polarity
d.e. power supplies. This treatment (heat-
sinks and low power supply voltages) will
mimic low-noise operation.

Other noise problems
Impulse noise is due to local electrical dis-
turbances such as arcs, lightning bolts,
eleetrieal motors and so forth. Part of this
same general type is general electromag-
netie interferenee (EMI) problems. Such
interference is usually caused by nearby
radio transrniuers, or other RF sourees. lt is
not usually possible to force the transmitter
offthe air, even when it is an amateur oper-
ator, beeause they are lieensed by the Gov-
ernment to be there .. while you are not.

(2)
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Fig. 5. a) Simple guard shietd drive circuit
for twin shietds; b) same circuit for single
shietd circuits.
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Fig. 6. Differential instrumentation amplifier, based on operational amplifiers, using an
active guard shield driver (amplifier A4).

From an engineering point of view,
ycur equiprnent might be very expensive
and quite good, and still be very poor from
an EMI point of view. The purpose of any
electronic equipment is twofold: a) it must
respond to proper signals, and b) it tnust
reject improper signals. It is point 'b)'
where most improperly designed equip-
ment fails most significantly,
Shielding and filtering of signallines is

the key to EMI problems. Figure 2 shows a
generic circuit with several of the possible
correction types used. First, note that the
entire instrument is built inside of a
shielded metal box, and the box is
grounded. Points of entry and exit are
passed through feedthrough 'EMI filter'
capacitors, Feedthrough capacitors Cl
through C3 have values of 50 pF to 2 nF
(0.002 ~F), depending on the circuit im-
pedance and which capacitor is specified.
For example, the signal line capacitors CI
and C3 will have smaller values, while
power supply capacitor C, should be larger
than I nF (0.00 I ~F).

Each stage in Fig. 2 is isolated from
other stages by a resistor, and has its own
decoupling capacitor (Cs and C7). The
main power bus is decoupled (C6), and has
aseries radio frequency choke (L2) to pre-
vent RF that gets past C, from interfering
with the operation of the circuit. The inpur
leads are similarly filtered with LI and C4.
The input resistance (Rin) of the amplifier
and capacitor C4 also form a low-pass filter
with a frequency response that rolls off at a
-3 dB/octave rate from the -3 dB point
defined by:

F= I
2 7t Rin C4

Where:
Fis the frequency in hertz (Hz)
C4 is in farads (F)
Rin is in ohms (Q)

Not all of the techniques of Fig. 2 are
needed, or even appropriate, in all circuits.
Their inclusion was meant ro show the

Outer Shield
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"
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,- - --
-'

Inner Shields

Unit Gain Shield

Driver Amplifier

920084-17

Dual shielding combines twin-shield and single shield concepts.

possibilities, rather than form a recornmen-
dation for aJj applications. Select those that
are appropriate, or practical, for your par-
ticular application .

Suppressing local
interfering signals

Local interfering signals are created by
other electrical devices close 10 the circuit
being operated, and by the 50/60 Hz elec-
trical power mains in the building. Con-
sider Fig. 3, where a low-Ievel signal
source is eonnected to an amplifier at the
input of a larger circuit, The signal source
might be a sensor such as a Wheatstone
bridge strain gauge, an electro-optical de-
tector. Alternatively, it may be a biopoten-
tial such as the EEG brain wave signal or
electrocardiograph (EEG) heart signal.
The common factor shared by these signals
is that they produce low level signals, and
often rnust operate in a high interference
environment.
A common solution to these problerns is

to use a differential amplifier at the input of
the circuit. One ofthe properties of the dif-
ferential amplifier is that its common mode
rejection ratio (CMRR) tends to suppress
interfering signals from the environment. It
does thisjob because the inverting (-) and
non-inverting (+) inputs offer equal gain,
but are of opposite polarity. If identical sig-
nals are applied to the two inputs sirnulta-
neously, the net output voltage will be
zero.
When a differential amplifier is used in

a situation where it is connected to an ex-
ternal signal source through wires, those
wires are subjected to strong local signals
such as the 50/60 Hz a.c. fields from
nearby power line wiring, Fortunately, in
the case of the differential amplifier the
field affects both signal equally, so the in-
duced interfering signal is canceled out by
the common mode rejection property ofthe
amplifier.

(3)

Guard shielding
Unfortunately, the cancellation of interfer-
ing signals by the input amplifier CMRR is
not total. Tbere may be, for example, im-
balances in the circuit that tend to deterior-
ate the CMRR of the amplifier. These
imbalances may be either internal or exter-
nal to the amplifier eircuit. Figure 4a
shows a common sensor interface scenario,
similar to Fig. 3: a differential amplifier
connected to shielded leads from the signal
source, Vin. Shielded lead wires offer some
protection from Iocal fields, but there is a
problem with the standard wisdom regard-
ing shields: it is possihle for shielded
cables to monufacture a valid differential,
but erroneous, signal voltage from a com-
mon mode signali
Figure 4b shows an equivalent eircuit

that demonstrates how a shielded cable
pair ean create a differential signal from a
common mode signal. The cable has capa-
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DEALING WITH NOISE AND INTERFERENCE IN ELECTRONIC INSTRUMENTATION CIRCUITS

citance between the centre conductor and
the shield conductor surrounding it. In ad-
dition, input connectors and the arnplifier
equiprnent internal wiring also exhibits ca-
pacitance. These capacitances are lumped
together in the model of Fig. 4b as CI and
C2.
There are also resistances in tbe circuit,

The signal source resistances RSI and RS2
are generally low, but in sorne cases (e.g.,
EEG, ECG, pH electrodes, optoelectronic
sensors, etc.) they may be quite high. ln ad-
dition, there are also input impedances,
both differential and unbalanced to ground
(see Fig. 4a).
As long as the surn circuit resistances

are equal. and the two capacitances are
equal, there is 00 problem with circuit bal-
ance. But inequalities in any of these fac-
tors (which are commonplace) creates an
unbalanced circuit in wh ich cornmon mode
signal Ua« can charge one capacitance
more than the other. As a result, the dif-
ference between the capacitance voltages,
UCS 1 and UCS2, is seen as a valid differen-
tial signal by the amplifier.
A low-cost solution to the problem of

shield-induced artifact signals is shown in
Fig. Sa. In this circuit, a sampie of the two
input signals are fed back to the shield,
which in this situation is not grounded.
This type of shield is called a guard shield
circuit. Either double shields (one on each
input line) as shown in Fig. 5a or a corn-
mon shield for the two inputs as in Fig. Sb,
can be used.
An example of guard shielding for the

standard three op-arnp instrumentation arn-
plifier, a very common differential front-
end for electronic instrument circuits, is
shown in Fig. 6. The instrumentation arn-
plifierconsists of Al, A2 and A3, with asso-
ciated resistors. If R2=R3, R4=R5 and
R6=R7, the voltage gain of the circuit is
given by:

(
40ill )(R6)Av= ---m-+ l 10kQ

(All resistance in kilo-ohms)

In Fig. 6, the gain can be set by selecting
values for RI and R6, which implies also a
value for R7 (which is equal to R6). Vari-
able gain control is provided by making RI
variable. Keep R: away from zero ohms,
however, or the gain will get very high
very quickly.
In the circuit of Fig. 6, a single shield

covers both input signal lines, but it is
possible ro use separate shields. In this cir-
cuit a sampIe of the two input signals is
taken from the junction of resistors RBand
R9, and fed to the input ofa unity gain buff-
er/driver 'guard amplifier' (A4). The out-
put of A4 is used to drive the guard shield.
Perhaps the most common approach to

guard shielding is the arrangement shown
in Fig. 7. Here we see two shields used: the
input cabling is double-shielded insulated
wire. The guard amplifier drives the inner
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Fig. 8. Shielded LC EMI filter for the a.c. power mains (wiring shown common in North
America).

shield, which serves as the guard shield for
the system. The outer shield is grounded at
the input end in the normal manner, and
serves as an electromagnetic interference
suppression shield.

Power line noise

(4)

Another potential source of interference is
noise and EMJ signals arriving on the a.c.
power mains. I can recall digital in-
strumentation and computers in a medical
school building that acted in a schizo-
phrenic manner until it was identified that
the a.c. power mains were the source of the
problem.
A humorous event while this problern

existed came about when the medical
(M.D.) and medical sciences (Ph.D and
D.Sc) students took the standard multiple
choice national examination in human
physiology. They used a 'mark-sense'
answer sheet on whicb they use a pencil to
darken the letter corresponding La the
printed candidate answer they believe is
correct. These papers were then taken to an
optical scanner that input the answers to a
computer. Whi le the scanning was going
on one year, some ac power line switching
equipment started operating, sending high
voltage transients over the mains. The re-
sult was that the entire freshman class of
rnedical and sciences students f1unked the
national exam!
Where sensitive scientific instruments

are used, one might want to consider desig-
ning the ac electrical power mains system
to be eilher isolated from the building sys-
tem, or having a separate system that keeps
aseparated neutral and ground conductor
all the way back to the service entrance of
the building.
Figures 8 and 9 show methods for deal-

ing with severe power mains noise. In
Fig. 8 we see an L-C power!ine filter wired
in the North American standard manner.
These filters are shielded low-pass filters,
and are mounted inside of equipment as
elose as possible to the point where a.c.

enters the cabinet. Some filters are avail-
able molded into the a.c. chassis connector.
Exterior to the filter is a Me/al Oxide Vari-
stor (MOV) device used to suppress a.c.
line transienrs above the normal peak a.c.
voltage (some high voltage transients can
reach 2000 V for 30 us).
The transformer in Fig. 9 performs two

functions. First, it isolates the equipment
electrical system from tbe mains electrical
system. Second, it frequency limits the sys-
tem to preveru high frequency transients
and pulses from passing into the equip-
ment, lt is my opinion, shared by many
other engineers, that no computerized or
other digital equipment- and many types
of analogue equipment - should be oper-
ated in a noisy environrnent without one of
these transformers. lf the equipment is life-
support, or life-saving, as it often is in
medical applications, then it is probably
engineering rnalpractice to design a piece
of equipment without the transformer. _

Fig. 9. Une isolation transformer used
with digital instruments, analogue instru-
ments and computers to eliminate high volt-
age transients, mains volta ge fluctuations
and other problems. This trans former is
manufactured by Topaz in the USA.
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A.F. DIGITAL-TO-ANALOGUE CONVERTER

PART 1

Design by T. Giesberts

Twenty-bit converters, x8 oversampling and high-quality analogue
stages are used to translate the digital output of CDs, DAT
recorders or radio broadcasts into the desired analogue
information as accurately as possible. The converter is a
stand-alone unit that is eminently suitable for use with the

CD player published earlier this year. "'\

DURING the past decade, digital tech-
niques haveassumed an increasingly im-

portant role in audio engineering. Hailed,
somewhat exaggeratedly, as 'perfeet' and
'ideal', quite a few improvements have been
found necessary since those early years in
appliances using these techniques. No doubt,
others will be found indispensable over the
next few years. There is also a growing band
of audio pundits who foresee the end ofboth
the CD and DAT before the year 2000.
Be that as it may, at present, the CD player

is the second most important urut in the audio
chain (world-wide, the compact cassette is
still way ahead as the most popular music
medium). It is weIl known that the output sec-
tions of that unit playa vita.l rale in produc-
ing a near-perfect reproduction of the origi-
nal sound. Unfortunately,a CDplayercannot
be upgraded as eastly as arecord player in
the past. Then, a better quality tone arm or
styles could be added without any trouble.
In a CD player, the only improvements pos-
sible are in the digital or analogue sections
and they are not so easily implemented. There
are, of course, two other possibilities: buy a
new CD player or an add-on digital-to-ana-
logue converter-DAC. Neither of these 1Sa
simple solution, although in the case of the
add-on unit, it should be borne in mind that
it can be used with a number of different ap-
pliances.
Furthermore. there a re not that many

commercially available stand-alone DACs
on the market. probably owing to their high
prlce: at present this can vary from a few hun-
dred to a few thousand pounds. A build-
yourself design was until now not really
feasible owing to the non-availabilityofcer-
tain parts and components. The design pre-
sen ted costs about one third of a cornrner-
cially available unitwith near-identical spec-
ilications: f250-E400.

The design
The digital-input selection in the block sehe-
matic in Fig. 1 accepts four digital signal
sources, which may be conneeted by fibre-
optic orcoaxial cable. The tape seleetstageen-
ables any one of the four signals to be ap-
plied to the digital tape output.

•

•
"111.01'''''
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Fig. 1. Block diagram 01 the digital-to·analogue converter.
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The seIected input signal .is applied to a
special Yamaha IC Type YM3623. The circuit
of this chip is shown in Fig. 2.lts PLL (phese-
Iocked Ioop) produces a clock from the Input
signal for the subsequent stages. The range
of the PLL is wide enough to enable the pro-
cesstng of all current sampling frequencies.In
the absence of an input signal, the K's crys-
tal oscillator generates a stable frequency for
the digital filter and the actual DAC stages.
The most important task of this chip is,

however, the analysis of, and error detection
(Philips-Sony format) in, the audio data of
the incorning signal before this is applied to
the digital filter.
Basically, the data provided by the IC

could be processed directly by the DAC,
but that would create problems in the ana-
logue sec ti on, because the sampling fre-
quency mustbesufficiently suppressed there
without introducing amplitude arid phase
errors in the aud io range. That introduc-
tion is combated by oversampling, which
involves the computation by a digital filter
of intermediate steps that cause the sam-
pling frequency to be shifted upwards arti-
ficially. The more intermediate steps, the
lugher the sampling Irequency, and the eas-
ier the design of the analogue filters.
Thedigitalfilter,a Burr-Brown Type DFI700

dual channel type, provides x8 oversam-
pling, which means that each sampie is con-
verted into eight discrete Jevels. These lev-
els make possible smaller steps than the vari-
ous original levels. The x8 oversamplingcon-
verts the input da ta frequency 01 44.1 kHz
(with CD reproduction) to 352.8 kHz. This
means that a third-order filter can be used in
the analogue section. which reduces filter
phase non-linearities.
The interposition of additional steps and

the computation of the intermediate values
increase the resolving power at the output
of the digital filter compared with that of the
16-bit Input. If a converter with an accuracy
of more than 16 bits is used, the increased
resolving power is retained in the converslon,
so that in the present design. the converter
processes 20 bits. This is, by the way, the
maximum resolution the DF1700 can provide
at its output. The pass-band ripple of the
DF1700 is <0.00005 dB.
Although one-bit converters are currently

in fashion, they do not really give satisfac-
tory results for top-of-the-range equipment.
In the present design. a 20-bit monolithic JC
Type PCM63P from Burr-Brown was cho-
sen. Burr-Brown supplies many manufac-
turers of CD players and currently this chip
is their top multibit converter.
The PCM63P--e;ee Fig. 4--contains two 19-

bit converters: one each for the positive and
negative halves of the signal. This design
has the advantage that it prevents bipolar
zero distortion (traditional DACs usually
switch the most significant bit around the
bipolar zero, which may give rise to glitches
and non-linear distortion). To ensure exact
synchronization of the two converters, they
use the same R-2R ladder network and the
same reference voltage. Because of the 20-bit
conversion, the harmonie distortion is low:
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-96 dB at full drive (K version).
The analogue output section consists of a

very fast current-to-voltage converter fol-
lowing the DAC and a third-order lew-pass
filter in which no opamps are used. Its de-
sign is known as a Gene.ralized Impedance
Converter-GIC. In this, an opamp configu-
ration to ground acts as a second-order fre-
quency-dependent passiveelement.1his has
the advantage that the audio signal does not
have to pass through an oparnp_
Theanaloguesignalisfed to theoutputvia

a buffer stage. Relays short-circuit the out-
put when a high level of noise is present Of

when the de-emphasis circuit is swltched in,
if the input signal makes that necessary.
The design of the power supply ensures

complete separation of the digital and ana-
logue sections, and it, therefore, used two
Iransformers. No fewer than tenregulator ICs
ensure optimum supply quality.

The circuit
The digital signal lrom the CD player, DAT
recorder, or DCC (digital cornpact cassette)
player enters thecircuit inFig.5viaK1.Resistor
R1 ensures correct termination of the coaxial
inputcable toobviatepossiblereflections. The
bi-phase signal is enhanced by two invert-
ers, IC1<1and IC Ib. With the aid of R2and R3,
the former is arranged as a.na.nalogue am-
plifier that raises the 500 mV signal six-fold.
Inverter ICIb produces a pure TTL signal
with improved transitions (edges). The sig-
nal isthenapplied tothe Digital Audiointerface
Receiver-DIR-IC2'
When the digital input selector (to be pub-

lished shortly) is used, the Input signal is
appded from that selector to A-resistors
R1, R2,and R3,capacitor Cl and IC1can then
be omitted.
The YM3623B requires only few external

components. Crystal X1 provides a stable
output frequency in the absence of input
data; the internal PLL is then switched off.
Capacitor C4 and resistor ~ form, the inte-
grator network for the VCO-voltage-con-
trolled oscillator--of the internal PLL. The
values of these components have been cho-
sen to ensure that the 32-48 kHz frequency
range is scanned with the minirnumof phase
jitter.Network RyC3-D6resets the clockswitch-
over circuit in the ICat power-on. The supply
!ine is decoupled by Rs-C,-Cs.
Note that the crystal frequency is usually

chosen to give an oscillator frequency of ex-
actly 44.1 kHz (after scaling). In pracrtce, it
transpired that that created a lot of interfer-
ence in the PLL, since both operatc at about
the same frequency. Therefore, a crystal fre-
quency that is not a multiple of the sampling
frequency was chosen. This does not detract
frorn the operanon of the circuit, because the
oscillator is in any case used only as an emer-
geney frequency source for the internallogic
of the JC and subsequent circuits in the ab-
sence of in put data. The crystal frequency
may be 16-20 MHz.
The YM3623B provides, apart from the

audio data, also additional information con-
tained in the bi-phase signal. For instance,
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outputs 51 and 52carry the current sampling
frequency. That information is made visible
with the aid of IC3a on one of three LEDs:
32 kHz; 44.1 kHz; 48 kHz.
The copy bit contained in the informe-

tion is not made visible, because it is not
used by any manufacturer.
The ERR(or) output indicates when an

error has been detected in the data Input.
The signal available at this pin is lengthened
sufficienUy by pulse stretcher R'S-C9-D7 to
switch on T2switching, so that Dg lights. The
ERR signal is also used to energize relays
Re2 and Re4via T5,whereupon the analogue
outputs are switched off. Transistors T2 and
T5 are MOSFET typcs to keep the switching
currents on the printed-ci.rcuit board low.
The DEFoutput signals thepresenceofpre-

emphasis on the input, whereupon the de-
emphasis network and Tl are switched on
via Re} and Re3. As 500n as Tl conducts, 04
lights.
Subsequently, the audio signal is fed from

pin 17OfIC2to digital filterIC4. ThisICneeds
docks to funetion correctly: one is derived
from the bi-phase signal and is available at
pin 8 of 1C2, while the other Is the timing stg-
nal for writing serial data and is available at
pin 12 of IC2. It also needs a multiplex signal
tha t indica tes whether the current data are for
the left-hand or right-hend channel; this sig-
nal is fed from pin 15 of IC2 to pin 28 of JC4.
The supply lines to the filter aredecoupled

by R14-ClO-Cn.
After the filter has translated each data

ward into eight new values, the DACs can
be driven by these data (DOR=Data Out
Right; DOL=Data Out Left). Again.somecon-
trol signals are needed: bit clock (BCKO) and
ward clock (WCKO).
The Re networks inserted into the lines

from the filter to the DACs filter out any RF
interference and noise signals.
As an aside, assuming that a CD signal

is Input. the system clock frorn 1C2 to 1C4is
16.9344 MHz-the LI R clock is, of course,
44.1 kHz. The clock (BCO) for writing se-
rial data is 2.8224 MHz. The BCKO clock
and WCKO clock between the digital filter
and the DACsare8.4672MHzand 352.8 kHz
respectively. It is clear that these are all RF
signals, and it is imperative to keep thern-
and their harmonics-away from the ana-
logue section.
Presets PI and P2 (P3 and P4) enable the

setting of the MSB-most significant bit-
of each 19-bit converter in rcs and IC13.
Precision test equipment is required for this,
however; if that is not available, the presets
can be omitted. The ICs are available in
three versions indicated by (a) no letter after
the type number (least expensive); (b) a J after
the type number; (c) a K after the type num-
ber (most expensive).
Since the divorce of the analogue and

digitalsectionscomesaboutin the DACs, at-
tention must be paid to the power supply.
As already stated, the supplies for the two
sections are completely separate. All supply
connections are decoupled independently.
Moreover, on the relevant printed-circuit
board, the earth connections for the two
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Fig. 6. Circuit diagram of the power supply for the DAC.
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sections have been kept separate.
The output of the eonverters is applied

to a current-to-voltege eonverter, IC6 and
ICl4, for the left-hand and right-hand chan-
nel respectively. These are needed, beeause
virtually all eonverters provide an ana-
logue output current rather than a voltage.
Undistorted eonversion of the voltage wave-
form (analogue signal with superimposed
steps of the sampling frequency) requires
an le with a very high slew rate. That re-
quirement is met by Analog Deviees' Type
AD844,anopampwithabandwidthof60MHz
and a slew rate of no less than 2000V/Ils.
The output filter is a third-order pseudo

passive design, that is. there are no aetive
components in the signal path. It consists
of R23+R26followed by the GIC configura-
tion of 1C7and ICS, which ts followed in
turn by passive seetion R27-C36.
The de-ernphasis network is entirely pas-

sive and consists ofR23-R24-C31.It is switched
into cireuit by relay Re1 as soon as this is
energized, whereupon Rj, is short-circuited
(left-hand ehannel).
Finally, buffers [C9 (Ieft-hand) and IC17

(right-hand) provide a high load for the
low-pass filter on the one hand, and suffi-
cient eurrent for driving a (pre)amplifier at
the output of the converter,
The impedance of the analogue outputs

is 50 Q (R31and Rso). Resistors R31and Rso
also make it possible for the mute relays,

A.F. D1GlTAL-TO-ANALOGUE CONVERTER - PART 1

Re2and Re4, to short-circuit the outputs to
earth withoutdetriment. Energizing of these
relays is delayed by the circuit based on T6.
This gives the entire circuit time to settle in
after power-on before any relays are ener-
gtzed. In the ease of error indications, the
mute relays are de-actuated off via Ts.
There is a wide choice of opamps for the

low-pess filter and buffer stages. Ten differ-
ent models were tried in the prototypes, but
their performance was more or less uni-
form. The parts list (next instalment) gtves
an NE5534A, which was the least expens-
ive of the ten. Note also, that there are com-
mercial CD players cosrtng over DOOO that
also use the NE5534A.
It will have been observed that the en-

tire analogue secnon is OC coupled and
also that there Is no output eapaeitor. Toen-
sure that the direct voltage at the output is
alwaysexactIy zero,a servocontrol, IC10and
IC16respecttvely, has been added between
the outputof the buffer opamp and the non-
inverting input of the current-to-voltage
converter opamp. Although the off-set cur-
rent of the DACs is virtually zero, this ar-
rangement ensures tha t very-Iow-freq uency
signals, as weil as the off-sets of the various
opamps, are nullified.
The servo control is an integrator that

monitors the output voltage of the buffer,
on the basis ofwhich it adjusts the directvolt-
age of the I-U converter so that the output

voltage remains zero. The control has abso-
lutely no effecton signals in the analogue cir-
cuits above 10Hz. Toensure purity of thesig-
nal in the serva control, which is after all a
sort of high-pass filter with low cut-off fre-
quency, allcapacitors areMKP (metal-plated
polypropylene) types.
The power supply-c-see Fig. &-is cIearly

in two parts. That for the digital secnon de-
livers ±5 V (BI, IC1, and JC,). In that for the
analogue section, rathermorecomponents are
used, because it was thought important togive
the Jeft-hand and nght-hand channel its own
regulation. Bridge rectifier B2 is followed,
therefcre, by two positive and two negative
regulators. A 'star' earthing point obviates
any problems with earth currents.
There is aseparate 12V supply, provided

by D1 and 021 for the mute relays. The value
of capacitor C29has been kept small to en-
sure that the mute relays are de-energized
the instant the power is switched off.
Each of the supplies uses its transformer.

It is, of course, possible to use one with split
secondaries, but that will have to be wound
to order. In the prototypes, toroidal trans-
formerswere used, which keep thestray field
to an absolute minimum. •

The secend arid final part 01 tttie ariicle, de-
scribing tue construction 0/ the conuerter, will
be published in Ollr September iseue (ihere is no
Augllst issue).

PULSEGENERATOR
THJSpulse generator can provide
up to to 12 pulses at its output,

dependingon the setringofhexadecimal
switches S2-S 13·
The (rectangular) pulses are gen-

erated by IC3e; with circuit values
as shown, theirp.r.f. (pulse repetition
frequency) is a few kHz.
The outputofthe generator is taken

to one input of NOR gate IC2e via
buffer jinverter IC3b.
When switchSI isoperated, bistable

IC la receives a clock pulse, where-
upon a legte I is passed to the 0
input (pin 12) of IClb via IC2a. The
other input of IC2a is low because
counter IC3 is disabled via its reset
input. At the next leadtng clock tran-
sition (edge), the bistable is set, so
that IC3and, via IC2b,the pulse out-
put are enabled.
Whentherelevantnumberofpulses

has been output, junction R3-S2goes
high, whereupon the output of IC2a
goes low and ICIb passes a legte 0
from Its 0 inpu t to pin 9 (Q output).
ICla is reset via Cl. so that SI can
be operated agam. and the counter
is reset via pin 8 of IClb (Q output).
Also. pin 8 disables gate IC2b. so
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ELEMENTSOF PASSIVE ELECTRONIC COMPONENTS

THE history ofthe modern capacitor goes
back to antiquity when the Greeks made

a study of electrification of amber by fric-
tion. Afterthat, very littlemoreaboutthesub-
ject ofelectrostatics emerged until the middle
ofthe eighteenth century when, in 1746, the
Dutch physicist Pieter van Musschenbroek
(1692-1761) discovered, by accident, the prin-
ciple of the capacitor in the form of the cel-
ebrated Leyden jar. Having received a pow-
erful electric shock fromhis experiments, aris-
ing from an attempt to electrify water in a bot-
tle, van Musschenbroek confcssed that he
would not take such another shock 'for the
kingdom of France'. Many modem experi-
menters have, no doubt, uttered words to
the same effect when carelessly handling
circuits boards containing charged capacitors.
We have seen in the previous parts ofthis

article that inductance and inductive effects
depend upon the magnetic field; here we
shall see that capacitance and capacitive ef-
fects depend upon the electric field. The ex-
istence of an electric field depends itself on
the presence of electric charges. When the
charges are removed, the field vanishes. The
nature of the field and the direction taken by
the electric flux is a function of the magni-
tude of the charges and their distribution.
The fundamental electriccharge, e,resides

in the electron, which carries a charge of
-1.6x 10-19 coulomb (C). Electrons rnay be
added to a body so as to give that body an
excess of electronics; the body then exhibirs
a negative electrostatic charge. In the same
way, electronics may be removed from a
body, giving it a deficit of negative charges;
the body is then positively charged. In nor-
malcircumstances, bodies have neither an ex-
cess nor a deficit of electrons and are un-
charged, neutral, or at 'earth' potential. So the
general mass of the earth is a permanently
neutral body and materials may carry eharges
in the form of an excess or a deficit of elec-
tronics with respect to earth. There should
be no confusion here with the 'excess' or
'deficit' of charge carriers in semiconductor
materials, where the crystal remains electri-
cally neutral.
As the Greeks established, without being

aware of what they were handling, the re-
moval from, or the addition to, a body of
electrons may be accomplished by purely me-
chanical means, as when a piece of amber is
rubbed with silk, or, more practically for our
purposes today, by applying a potential dif-
ference between conducting materials.
A field of electric force, like a magnetic

field, may be represented in magnitude and
direction by drawing lines offorce in the re-
gion surrounding the charged body or between
charged bodies, the line densities being an

PART3: THE CAPACITOR
by Steve Knight, B.Sc.

indication ofthe field strength. The relationship
between these convenient though imaginary
lines and the field strength E (a vector) is
that the tangent to a line at any point gives
the direction of E at that point and the num-
ber of lines per unit cross-sectional area (that
is, the flux density, D, in C m-2) is propor-
tional tothemagnitudeofE. A numberoftyp-
ical and idealized fields for isolated and ad-
jacent charges is shown in Fig. I. Unlike the
rnagnetic field, electric lines of force do not
form closed loops. but are taken to emanate
from positive charges and terminate on equal
and opposite negative cbarge. When, there-
fore, a charged body is brought into proxim-
ity of an uncharged body, an induced charge
of opposite sign appears on the near surface
of the body, resulting from the line termina-
tion points. Hence, a net attraction is set up
between the bodies because unbalanced forces
act on the induced surface charges as illus-
trated in Fig. 2: a pbenomenon known to the
Greeks when their charged pieces of amber
attracted wisps of straw.
It was believed at one time that a metal-

lic body could not be given acharge by fric-
tional means as could bodies of non-con-
ducring or insulating materials; however, pro-
vided that the metal is supported or held by
an insulating substance, such conductors

, e

•
•••
••
•

Fig.1. Sometypical electrostaticfield con-
figurations using the concept of lines of
force.

can be charged just as well as anything else.
In metals, only the negative charge is free to
rnove; the positive charge is as immobile as
it is in glass or any other insulator.

Primary charge

~ Induced charges~~-e
_._--~+~

92Q05&.3.f2

Fig. 2. A charged body attracts an un-
charged body becauseunbalancedforces
act on the induced charges disposition.

The electric field
To get a proper understanding of the phe-
nomenon of capacitance, we need a proper
appreciation ofthe field concep!. In both mag-
netic and electric systems, energy is stored
in the field, not in the component parts pro-
ducing the field. Before Faraday's time, the
force acting between charged particles was
thought of as a direct and instantaneous in-
teraction between the particles, and Faraday
himself always thought of the field in terms
of lines of force. This concept still provides
us with a convenient way of visualizing field
patterns as we have seen, but it is really nec-
essary to think in terms of charge acting on
a field or of a field acting on acharge, and
not as charge acting upon charge as the ac-
tion-at-a-distanceconcept would have us sup-
pose. Look at Fig. 1c for amoment; suppose
particle A carrying the positive charge sud-
denly moved to the left; how soon after this
would the charge on particle B learn that A
has moved and that the force of attraction it
has so far experienced decreases? If action-
at-a-distance were true, the infonnation would
be transmitted instantaneously to particle B,
but this does not accord with commonplace
experience. Moving charges in the aerial
system of a radio transrnitter, for exarnple, es-
tablish an electromagnetic ficld and so in-
fluence electrons in a distant receiving aenal
system, butonly after afinite time, deterrnined
by thedistance travelled and thespeed of light.
When the flux density,D,changes, the elec-

tric force E changes proportionally and there
is a constant relationship for a field estab-
lished in air: the ratio DIE is designated co'
This is the permiüivity of free space or the
free space constant. Tts value is found ex-
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Fig. 3.The potential between conductors carrying equal charges fallsasthe conductors
approach one another.

perimentally to be 8.85xl0-t2 F(arads) rrr-I.

Capacity
There is a limit to the charge that may be placed
upon a conductor. 1f an atternpt is made to
exceed this limit, a discharge will take place
from the surface of the conductor to some
nearby earthed or neutral point, sometimes
as a spark Of a fme corona or brush discharge
into the surrounding air. Any conducror,
therefore, has a certain ability or 'capacity'
for holding acharge. Can we now obtain a
practical definition of capacity and is it pos-
sible to increase the capacity of a given con-
duc tor so that more charge may be added
before an 'overflow' oecurs?
When a positive charge is added to a con-

ductor, the potential oftheconductoris raised
relative to a neutral plane. This 'rise' in po-
tential is rneasured in a negative sense for a
negatively charged conductor; in both cases,
the potential U is found to be proportional
to the charge q coulombs; hence, q=CU,
where C is a constant of proportionality.
This constant, that is, the capacity of the

Fig. 4. Charging the basic capacitor.

E

920058-3-15

Fig. 5. Forces act on a molecular dipole
and tend to align it with the electric field.
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conductor, is called the capacitance. The
rn.k.s. unit of capacitance is thecoulomb/volt,
more commonly called the/arad (F), narned
inhonourofMichael Faraday. Thus, one farad
= one coulomb/volt; that is, I coulomb of
charge raises the potential ofunitcapacitance
by one voll. The farad is a very large unit,
and in practice the microfarad, ~ (1Q-6 F),
the nanofarad, nF (10-9 F), and the pico-
farad, pF (10-12 F) are used, although rnem-
ory back-up values of several farads are now
commonplace.
How might the capacity of an inductor

be increased? What follows is true for con-
ductors of any shape, but 10 make the expla-
nation easier, it is assumed that a conductor
in the form of an isolated metal plate, A,
carries a positive charge, q; coulomb, giv-
ing it a positive potential. In Fig. 3a, this
potential is represented by the line U·+. The
line marked U represents a neutral plane Of

earth Iine, Suppose a second metal plate, B,
carrying a negative charge, q: coulomb, also
isolated, has a corresponding potential, U'_,
represented by the line U'_. The potential
difference between the plates is c1early
U'=U' +-U'_ and this is proportional to the
charge on either plate.
Let the two plates now approach each

other; the charge on the plates will be unaf-
fected, but what happens to their potentials?
If a positive charge is brought near to an
isolated conductor, the potential of that con-
ductor will be lowered, since a negative
charge will be induced on it; in the same
way, the proximity of a negative charge will
raise the potential. This, the potential of the
positively charged plate A, will be lowered
by the nearby presence of the negatively
charged plate B from U'+ to some lower
value U+. Similarly, the potential of plate B
will be raised from -U' _ to some higher value
-U_.These new potentials are shown in the
figure: the cbanges are indicated by the ver-
tical arrows.
The same effect can be produced if a sin-

gle plate, carrying, say, a positive charge
Q+, is approached by an isolated neutral
plate as shown in Fig. 3b. Lines of force
from the charge on A will terminate on the
inner surface of plate Band an induced neg-
ative charge will be established there. The
inner plate surfaces now carry equal but op-
posite charges. The induced charge on B
produces its own field and, in the same way

as described above, the potential of A conse-
quently falls. Hence, the 'capacity' of A has
been effectively increased by the presence
of plate B. We conclude that the potential
difference between two conductors that carry
constant, equal charges of opposite sign is
reduced as the eonductors are brought eloser
together.
Devices that operate on these prineiples

are capacitors; perhaps theirold name of 'con-
denser' was not so inappropriate when it is
considered that the electric field is concen-
trated by such means and so made capable
of storing additional electrostatic energy.

Theparallel plate capacitor
The parallel plate is the most basic of all ca-
pacitor designs: all other varieties are sim-
ply adaptations of it, Suppose two parallel
plates are connected into a circuit as shown
in Fig. 4. Starting witb plates A and B un-
charged, let a voltage be applied by the clos-
ing of switch S. A positive charge +q then
appears on the left-hand plate and a nega-
tive charge -q on the right-hand one, so that
finally the potential difference between the
plates is equal to the applied voltage, U.The
plates are then charged.
For these charges 10 be established, there

must have been a movement of electrons
around the circuit; that is, a current must
have flowed in the direction A to B for the
timeduring which theequalization ofthe volt-
ages was attained. This displacemeni cur-
rent can be detected on an ammeter wired in
series with theeircuit.lfthe battery is switched
off, tbe charge on the plates persists, as does
the potential U across the plates. Tbus, the ca-
paeitor stores electrical energy. It should be
noticed particularly that q coulombs is the
quantity of charge on eilher plate; it must
not be taken as the net eharge on the capac-
itor, which is zero.
lf the plates are now connected tagether

by a pieceof wire, the capacitorwill discharge;
a momentary displacement current follows
from plate B to plate A to res tore the neutral
condition ofthe plates and reduce the termi-
nal voltage to zero. No current passes tluvugh
the capacitor; there is simply a movement
of electrons away from the positive plate
and towards the negative plate; and these
return in the opposite direction when the
device is discharged.

Effect of a dielectric
When a slab of insulaling material is placed
in the space between the plates of a capaci-
tor, it is found that the eapacitance is in-
creased. This comes about because the mole-
cules of the dielectric, as the insulator is
called, have what are known as electric dipole
moments which may be permanent in some
material and tend to align themselves with
an applied electric field, as illustrated in
Fig. 5. The dipoles have random orienta-
tions in the absence of an external field, but
experience a torque tending to align thern with
the field when this is applied. Complete
alignment does not occur, beeause of ther-
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mal agitation of the molecules, but the align-
ment increases as the field is increased or
the temperature falls. Molecules that do not
have permanent dipole moments will, nev-
ertheless, acquire them when subjected to
an electrie force. The field tends to separate
the negative and positive charges on the
moleeule, so creating an induced dipole that
will tend to alignment only when the field is
present.
When a siab of dielectric is introduced

between the plates of a capacitor, assumed
to carry a fixed charge q, rhe effect of dipole
alignment is to separate the centre of posi-
tive cbarge of the slab slightly from the cen-
freof negativeeharge. Thedieleetrie, a1though
remaining electrically neutral, becomes po-
larized. The overall effect is the appearance
of positive charges on olle surface of the
slab and of negative charges on the other.
These charges must be equal in magnitude;
within the slab itself, there is no displacement
of electrons and 00 transfer of charge over
largedistances. As Fig. 6 shows, the induced
surface charges will always be established
in such a way that the electric field they
themselves ser up.Ej, will oppose theapplied
field. The resultant field in the dielectric,
E2, is then the (vector) sum of E (the ap-
plied field) and EI, and this is always smaller
than E. We conclude that, owing to the pres-
ence of a dielectric in a field, induced SUf-

face charges tend to weaken the original
field. This weakening shows itself as a fall
in the potential between the plates; hence,
rhe capacitance, for a constant q, rnust be
increased,
Faraday first investigated the effect of a

dielectric on the capacitance of a conductor.
In an experiment similar to that shown in
Fig. 7, two capacitors were charged to rhe
same potential, U, by the battery, Unlike the
argument made earlier, in this system U does
not change, so the charge q on the capacitor
with the dielectric must increase above that
on the air-spaced capacitor, which Faraday
found was so. Thus, since q is greater for
the same potential and C=q/U, the capaci-
tance must increase through the introduc-
tion of a dielectric. lf we give the capaci-
tance with dielectric the symbol Cd and that
without adielectric Ca,the ratio Cd/Cais called
the dielectric constant 01', more generally,
therelative permittivity, Er. The dielectriccon-
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Fig. 6. (a) The applied field E separates the centre 01-ve charge from thai of -ve
charge. (b) The surface charges set up a field E, which opposes the applied field E.
The resultant field E2=E-E, is Ihus weaker than E.
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Fig.7. The principle of Faraday's experi-
ment to show that a dielectric increases
the capacitance.

energy, which is dependent on the potential
difference set up across the plates; in an in-
ductor, it is comparable with kinetic energy
associated with the movement of electrons
in a wire, It is easily shown that the energy
stored inacapacitance Cisgiven byC[J2f2jouies.

Time constant
Since current is the rate of change of charge,
i=dq/dt, the charge on a capacitor cannot
change instantaneously, because that would
require an infinite current and hence an in-
finite rate of change of voltage. This does
not accord with experience. In effect, since
the capacitance is constant, the voltage across
acapacitor must mornentarily remain the same
before and after any abrupt change in the

eR o eR

Discharging cycle

E

stant is unity for air spacing (strictly, for a
vacuum), which, as we have noted, has a
free space penni tti vity Eo. The absolute per-
miuivity when a dielectric is used is EoEr.
Hence, the capacitance of any capacitor can
be expressed as C=EoErL,where L depends
on the form of construclion and has the di-
mensions of length. For a parallel plate ca-
pacitor, L is Ald, where A is the plate area
and d the plate separation.

Energy and losses
When a capacitor is charged to potential U,
energy is stored in the electric field estab-
lished between the plates. When the capac-
itor is discharged, the field energy is re-
turned to the external circuit in some way,
often as a spark that generates heat and light.
Fora perfectly efficient capacitor, there would
be 00 energy loss and all the charge put into
the system would be returned by it. In a di-
electric, work is done in turuing the molec-
ular dipoles, and if the capacitor is charged
and diseharged periodically, this process
causes heat to be generated in the dielectric
which represents energy lass; this lass can
be represented as a small resistance in se-
ries (or a large resistance in parallel) with a
loss-free cornponent. lt is usual to express
such a loss in terms of the angle by which
the lead of the current on the voltage falls
short of 90°.
Theenergy stored in a capacitor is potential

u ----- - ------_---,.

0.63 V

1i"'~f----Charging eyde ---~ •.j!....~----

Fig. 8. The meaning 01time constant for the charging and discharging of a capacitor through a resistor.
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circuit conditions. This concept is of great
value in predicting the bebaviour of a cir-
cuit at some particular instant of time, such
as the closing or opening of a switch. We
can use it here in a very brief study of the
capacitor as a timing element, where the
charging cycle is restricted by the use of a
series resistance-see Fig. 8.
The voltage across C cannot rise imme-

diarely to the level of the applied voltage,
U, when switch S gets closed: in fact, it re-
mains at zero. So, the capacitor behaves as
an instantaneous short-circuit andtheapplied
voltage appears across R. This situation can-
not remain, however; C begins to charge
with a consequent eise in its terminal volt-
age and the potential across R falls corre-
spondingly.The chargingcurrentwiU,there-
fore, be reduced from its initial value of
i=UlR 10 i=(U-Ue)/R. That is, as the voltage
across Crises, thecurrentand the rateof charg-
ing falls. Since dq=idt=CdV, i=CdUidl. AI
the onset of charging, the initial current.,
i=UlR; henee, UlR=CdUldl, and the initial
rate of rise of voltage is U/CR V s-I. If this
rate could continue unopposed, the voltage
on C would reach its final value U in a time

ELEMENTS OF PASSIVE ELECTRONIC COMPONENTS - 3

given by I=UI(UlCR)=CR seeonds as shown
in Fig. 8. One important point arises here: if
theehargingcurrentiskept constant,theeharg-
ing curve will be linear. This fact is used in
circuits where a voltage with a linear saw-
tooth waveform is required.
With the existing situation, of course,

the voltage across C continually rises and
opposes the supply voltage, thus making
the charging cycle non-linear. At any par-
ticular instant, the capacitor still has to be
eharged (U-Ve) volts, and ifthis in turnwere
to continue at a constant rate, the time for
the completion of the charge would be
U-Ue/(U-Ve/CR)=CR seconds as before.
Hence, atany point on Lhecharging curve, the
time remaining to compiete the charge at a
linear rate is CR seconds. In theory, then,
the capacitor can ne ver be charged co m-
pletely.
Figure 8 shows the aetual form of tbe

charging curve which is exponential in form,
just as the rise of eurrent in an induetor was
seen to be in the first part of this artic1e.
TheproduetCR hasthedimensionsoftime,

and it is not too diffieult to show that in a
timeequaltoCR seconds,thechargewiUhave

reaehed a level given by Ue=0.63U.
The eurve also shows the discharge eon-

dition, assuming that the charged eapacitor
dischargesthroughthesame resistance.Again,
if the initial rate of fall in the capaeitor volt-
age were to continue at a constant rate, the
eyc1ewouldbeeompleted inCR seconds,and
thiswouldbe true for any point on the curve.
Notice that the level aetuaUyreaehed in CR
seeonds is 0.37 V.
Tbe productCR is known as the time con-

stant of the circuit and is a very important
and fundamentalaspeet of eapacitanee prin-
ciples.Note thatthe timeeonstant isnormaUy
given the symbol 1:, thus 1:=CR.
To surnmarize: tbe electronic age could

not exists without capacitors and inductors.
Both of these passi ve components are used
in conjunction with each other and with
other devices to produce tuned circuits, os-
cillatory systems, smoothingcircuits, thetrans-
mission of signals and to provide time delays,
to name but a few. Perhaps these brief stud-
ies will afford the 'passives' a litLlemore re-
speet than they usually get. •

ACOUSTIC CRYSTAL TESTER
A CRYSTALcannot be tested acous-
r-ltically, unless, that is, its out-
put is scaled down to the audio fre-
quency range by a circuit as shown
in the diagram.
A divider that is particularly suit-

able for this purpose is the Type
4060 CMOS IC. This circuit contains
not only a 14-stage binary scaler,
but also a complete oscillator.
The crystal to be tested is con-

nected across the input terminals and
S2 set as indicated in the table. The
crystal frequency is scaled down in
JC land, depending on the setting of
S2' one of the outputs of the 4060
drives transistor Tj via R2. The tran-
sitar, in turn, drives a smaliloud-
speaker, LSt. The power delivered
to the speaker ts limited by R5 to
prevent damaged eardrums.

It ts, of course, not possible to use
one scale factor for all sorts of crys-
tal , and that is why switch S2 en-
ables selection of one of three differ-
ent factars. For crystals <1 Mhz, the
scale factor is 128; for crystals in
the range 1-10 MHz, the scale fac-
toris 4096; and forcrystals >10 Mhz,
the scale factor is 8192.
Also, crystals operating above 10MHz

oscillate readily at somewhat htgher

voltages than low-frequency ones.
That is why S2a and D2 lower the
supply voltage to 4.7 V when crys-
tals below 10 MHz are tested.
If a mains-operated power supply

is preferred over a 9-V battery, a
12 V/50 mA one is recommended. Inn
that case, D2 must be a 6.8 V type.

[K.H. Lorenz - 9240421

1...10MHz-o """le, <1MHZY::
""CTRt4 7 """5 ""4 "5 ::

!G • "CX • ""14 "7 "RX "er ta "• ""9
15 ""1 "11 "

12
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4060

BC5478

,W,
B

Position of
S2

<I MHz

Crystal Oscillator Tone
Frequency Frequency Frequency

32.768 kHz 32.768 kHz 256Hz
100 kHz 100 kHz 781 Hz

1 MHz 1MHz 244 Hz
4MHz 4MHz 977 Hz
10 MHz 10 MHz 2441 Hz

27.[45 MHz 9.048 MHz 1 105 Hz
48 MHz 16 MHz 1 953 Hz
100 MHz 20 MHz 2441 Hz

1-10 MHz

>10 MHz

>tOMHz
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circuit conditions. This concept is of great
value in predicting the bebaviour of a cir-
cuit at some particular instant of time, such
as the closing or opening of a switch. We
can use it here in a very brief study of the
capacitor as a timing element, where the
charging cycle is restricted by the use of a
series resistance-see Fig. 8.
The voltage across C cannot rise imme-

diarely to the level of the applied voltage,
U, when switch S gets closed: in fact, it re-
mains at zero. So, the capacitor behaves as
an instantaneous short-circuit andtheapplied
voltage appears across R. This situation can-
not remain, however; C begins to charge
with a consequent eise in its terminal volt-
age and the potential across R falls corre-
spondingly.The chargingcurrentwiU,there-
fore, be reduced from its initial value of
i=UlR 10 i=(U-Ue)/R. That is, as the voltage
across Crises, thecurrentand the rateof charg-
ing falls. Since dq=idt=CdV, i=CdUidl. AI
the onset of charging, the initial current.,
i=UlR; henee, UlR=CdUldl, and the initial
rate of rise of voltage is U/CR V s-I. If this
rate could continue unopposed, the voltage
on C would reach its final value U in a time
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given by I=UI(UlCR)=CR seeonds as shown
in Fig. 8. One important point arises here: if
theehargingcurrentiskept constant,theeharg-
ing curve will be linear. This fact is used in
circuits where a voltage with a linear saw-
tooth waveform is required.
With the existing situation, of course,

the voltage across C continually rises and
opposes the supply voltage, thus making
the charging cycle non-linear. At any par-
ticular instant, the capacitor still has to be
eharged (U-Ve) volts, and ifthis in turnwere
to continue at a constant rate, the time for
the completion of the charge would be
U-Ue/(U-Ve/CR)=CR seconds as before.
Hence, atany point on Lhecharging curve, the
time remaining to compiete the charge at a
linear rate is CR seconds. In theory, then,
the capacitor can ne ver be charged co m-
pletely.
Figure 8 shows the aetual form of tbe

charging curve which is exponential in form,
just as the rise of eurrent in an induetor was
seen to be in the first part of this artic1e.
TheproduetCR hasthedimensionsoftime,

and it is not too diffieult to show that in a
timeequaltoCR seconds,thechargewiUhave

reaehed a level given by Ue=0.63U.
The eurve also shows the discharge eon-

dition, assuming that the charged eapacitor
dischargesthroughthesame resistance.Again,
if the initial rate of fall in the capaeitor volt-
age were to continue at a constant rate, the
eyc1ewouldbeeompleted inCR seconds,and
thiswouldbe true for any point on the curve.
Notice that the level aetuaUyreaehed in CR
seeonds is 0.37 V.
Tbe productCR is known as the time con-

stant of the circuit and is a very important
and fundamentalaspeet of eapacitanee prin-
ciples.Note thatthe timeeonstant isnormaUy
given the symbol 1:, thus 1:=CR.
To surnmarize: tbe electronic age could

not exists without capacitors and inductors.
Both of these passi ve components are used
in conjunction with each other and with
other devices to produce tuned circuits, os-
cillatory systems, smoothingcircuits, thetrans-
mission of signals and to provide time delays,
to name but a few. Perhaps these brief stud-
ies will afford the 'passives' a litLlemore re-
speet than they usually get. •

ACOUSTIC CRYSTAL TESTER
A CRYSTALcannot be tested acous-
r-ltically, unless, that is, its out-
put is scaled down to the audio fre-
quency range by a circuit as shown
in the diagram.
A divider that is particularly suit-

able for this purpose is the Type
4060 CMOS IC. This circuit contains
not only a 14-stage binary scaler,
but also a complete oscillator.
The crystal to be tested is con-

nected across the input terminals and
S2 set as indicated in the table. The
crystal frequency is scaled down in
JC land, depending on the setting of
S2' one of the outputs of the 4060
drives transistor Tj via R2. The tran-
sitar, in turn, drives a smaliloud-
speaker, LSt. The power delivered
to the speaker ts limited by R5 to
prevent damaged eardrums.

It ts, of course, not possible to use
one scale factor for all sorts of crys-
tal , and that is why switch S2 en-
ables selection of one of three differ-
ent factars. For crystals <1 Mhz, the
scale factor is 128; for crystals in
the range 1-10 MHz, the scale fac-
toris 4096; and forcrystals >10 Mhz,
the scale factor is 8192.
Also, crystals operating above 10MHz

oscillate readily at somewhat htgher

voltages than low-frequency ones.
That is why S2a and D2 lower the
supply voltage to 4.7 V when crys-
tals below 10 MHz are tested.
If a mains-operated power supply

is preferred over a 9-V battery, a
12 V/50 mA one is recommended. Inn
that case, D2 must be a 6.8 V type.
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11
12 VDC- TO-240 VAC INVERTER

Design by N. Grimm

Many people intending to go on a camping or caravanning
holiday will appreciate this 600 VA converter that provides a
standard 240 V 50 Hz a.c. supply from a 12 V vehicle battery.

In the circuit diagram in Fig. 2, four mod-
ules, each containing four power transistors,
make up the push-pul! power stage of the
inverter. The power transistors in each of the
modules are connected in parallel via Rs-Rs
and RS2-Rss. The low-value resistors in the
emitter circuits provide current feedback, Fig. 1. Block diagram of the inverter.

A perennial problem in thedesignofanin-
verter is the waveform of the output

voItage. A sine wave is, of course, the ideal,
bu t unfortuna tely the lasses in the inverter are
then unacceptably high.lt is far better to de-
sign a rectanguJarwaveform output forwhich
the lasses are much smaUer. That in turn a1-
lows a compact design that can deli ver a
fairly high power. This has, however; the se-
rious disadvantage that virtually a11appli-
ances that are to be powered by the inverter
require a more or less sinusoidal supply
In the present design. a compromise be-

tween these opposites has been reached: the
output voltage has a trapezoidal waveform.
This is near enough to a sine wave to enable
standard domestic appliances to operate from
the inverter and, moreover, it does not ap-
preciably add to the cost or size of the unit.
Repeatability and reliability were two im-
portant aspects of the design. Efficiency and
control action from no-load to full-load con-
ditions in the prototypes are excellent.

Design
The block diagram of the inverter is shown
in Fig. 1. A power stage, connected to the
battery via a polarity protection circuit, con-
verts the battery voltage into a Iow-level al-
ternating voltage, which is applied to the
secondary winding of a mains transformer.
The turns ratio of the transformet is such
that across the primary winding an alternat-
ing voltage at a level of 240 V is genera ted.
A controller stage provides the necessary

eorrecting voltage to the power stage. The con-
troller receives information from a tcmpcra-
ture monitor, an input-current limiting stage,
and a quartz oscillator (dock).
The oscillator provides a stable 100 Hz

signal to which the frequency of the output
voltage is locked.
An optoisolator supplies part of the out-

put voltage to a voltage regulator. lf the op-
toisolator should fail, a small piezo buzzer
warns that the voltage reguleror is inopera-
tive. The output of the regulator is applied
to the controller.

The circuit

which ensures near-equal currents through
the transistors. Modules 1 and 2 form one
braneh of the push-pulj power stage, and
modules 3 and 4 the other. The four sec-
ondary windings of Tr2are connected to the
collector cireuits of the power transistors and

to the positive terminal of the battery via
relay contact Re2_The power transistors al-
ternately connect and disconnect the sec-
ondary windings to and from earth.
The contral voltage for the power stages

Is derived from crystaJ oscillator Tel_ The

51

~
crystal ---t

f----.oscillator ---t power stage
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12 VDC TO 240 VAC INVERTER

crystal has a frequency of3 2678 MHz, which
is scaled down by the chip itself to a rectan-
gular 200 Hz signal. Bistable IC2, scales this
down further to 100 Hz. The resulting 100 Hz
signal is supp1ied to bistable IC2b, which de-
livers two out-of-phase SOHz signals to its
two complementary outputs.

The clock signals are applied to the bases
of Type BD679 darlington transistors, T2 and
T4, via ANDgates IC3,-IC3b and IC3c-IC3d re-
spectively. These transistors provide sufficient
base current for drivers T3 and Ts, each of
which forms a darlington configuration with
the power transistors in modules 1-2 and

3-4 respectively
In this kind of configuration, it is essen-

tial that the drive signals far the two push-
pull branches da not overlap. If that were to
happen, all power transistors would con-
duct simultaneously, albeit for a very short
time. This would, however, cause an unnec-
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Fig, 2. Circuit diagram of the Inverter,
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POWER SUPPLIES & BATTERY CHARGERS

essary drain on the battery, and also be a po-
tential risk to the power transistors. This sit-
uation is obviated by shorterung the dock
pulses to about 0.1 ms by network Rz-CJ.
The ccntrol and protection functions are

provided by opamps JC. and 1Cs.
The 100 Hz output signal 01 JC2a is ap-

plied to the inverting input (pin 2) 01 inte-
grator IC4a- The output of this opamp is a
triangular wavelorm (pin 1).
The triangular waveform is com-

pared by rC4b with the signal at its
non-inverfing input (pin 5). That sig-
nal consists of three components that
are oe-Iinked via D31 D6 and D7-
The output (pin 7) 01the comparator

is a reetangular waveform, whose
dutylactordependson the level 01 the
voltage across R29-C7-
The clock provided by bistable

IC2b is combined with the output of
the cornparator by JC3b and rC3d.
If the width 01 the pulses provided

by rC4b is small, the puah-pull out-
put is switched on only relatively
briefly, whichresultsina lowinverter
output. The greater the width 01 the
pulses, the higher the inverter out-
put will be.
ThecomponentsofthesignaJ atpin

5 of IC4b are provided by tempera-
ture monitor rcs, voltage regulator
IC4c and eurrent limiter rC4d.
The inverting input of res is fed

with the voltage aeross an NTC (neg-
ative temperature eoefficient) resistor
~9, whieh is mounted on one of the
heat sinks for the power transistors.
The non-inverfing input is at a fixed
potential provided by R3Q-R31. When,
owing to a rising tempera ture, the
value Of~9 beeomes low, the output
(pin 6) 01 rcs toggles to near-earth
potential, which is indicated by the
Iighting 01 Dll. Feedback resistor R32
provides a hysteresis of about 10°C,
so that rcs switehes off at about 60°C
and switches on agam at around 50 =C.
Beeause of its low output level,

res pulls the non-inverring input of
IC4b to ground via D3. This results in
a lowering of the duty faetor of the
output signal of rC4b, and this in turn
red uees the mean current through
the power transistors and, therefore,
the output volta ge of the inverter.
Voltage regulator IC4c compares

the referenee voltage at pin 10,which
is held steady by R36-D4,with the po-
tential at its inverting input (pin 9).
That potential is derived from the
inverter output by optoisolator
TI-LarLa2. The light bulbs operate
from a 9 V supply provided by Trj.
The base of phototransistor Tl is

ata temperature-dependentpotentiaI
derived from the 8 V supply via
PTR45-~6. When it receives a large
light flux, the potential across R41
rises above the reference voltage at
pin 10OfIC40theoutputolthatopamp
drops and D12 lights. At the same Fig. 3. The printed control circuit board.

time, the voltage at pin 6 01 JC.b drops. re-
sulting in a lower duty factor and, eonse-
quently, a redueed output voltage. When the
inverter output has dropped to a value that
eauses pin 9 of IC4c to beeorne more nega-
tive than pin 10, the inverter output rises
again. The regulation is set with P2 to obtain
a stable 240 V output.
Piezo buzzer monitors the two light bulbs.

In normal operation. there is no drop aCf?SS

it, but when one of the bulbs burns out, it is
eonnected to the 9 V seeondary of Tl via Rso
or RS1 and sounds an alarm.
The eontrol board is eonneeted to the bat-

tery via aseparate earth line. The current in
that Une is so small that for alt practical pur-
poses the earth potential of the board is the
same as that of the battery. The output stages
and Tr2 are eonnected to the (earthed) bat-
tery terminal via ~8. This is, however, not a

ELEKTOR ELECTRONICS JULY 1992



I12 VDC TO 240 VAC INVERTER

Front panel foil Type 920038FIC2 = 4013
IC3 =4081
IC4= LM324
IC5 = TLC271
IC6 = 7808

Capacitors:
Cl,C2=47pF
C3 = 1.5 nF
C4, C13 = 470 nF
C5= 1 ~F
C6 = 220nF
C7 = 22 ~F, 25 V, uprighl
C8 = 10 ~F, 25 V, uprighl
C9 = 330 nF
CI0 = 6.8 ~F, 25 V, uprighl
Cll = 100 ~F, 25 V, uprighl
C12 = 100 nF, 630 V
C14, C16, C17, C18 = 100 nF
C15 = 470 ~F, 16 V, uprlqht

PARTS LIST

Power clrcuit (for one module)Control clrcuit

Resistors:
R52-R55 = made tram 0.433 ntm

resistance wire (see text)
R5-R8 = 0.1 n, 3 W

Resistors:
Rl = 10 Mn
R2, R23, R24, R33, R38, R45 =
100 kll
R3, R14, R27 = 1 k!l
R4, R13, R50, R51 = 82 o
R25 = 27 k!l
R26=1 MU
R28 = 39 k!l
R29 = 4.7 k!l
R30, R34 = 10 kU
R31 = 6.8 k!l
R32 = 12 k!l
R35, R39, R43 = 560 U
R36 = 1.8 kU
R37 = 33 k!l
R40, R42, R44 = 220 U
R41 = 3.3 k!l
R46 = 10 kU (at 25°C) NTC
R47 = 270 U, 1 W
R48 = see text
R49 = 47 kU NTC
P1 = 1 kQ multiturn preset
P2 = 100 kQ multiturn preset

Miscellaneous:
La1, La2 =. telephone bulb, 12 V,

l00mA
Kl, K2, K3, K4, K5, Kl, K8, K9 =

2-way spring-loaded pes termi
nal board, 5 mm grid

K3 == 3-way spring-loaded pes ter
minal board, 5 mm grid

K6 = 2-way spring-loaded pes ter
minal board, 7.5 mm grid

81 = on/off switch, 2 A
XI = crystal, 3.2768 MHz
Re 1 = 12 V relay, contact rating B A
Re2 = 12 V relay, contact rating 70 A
Bz1 = 5 V o.c. buzzer
Tr1 = secondary 9 V, 1.5 A

(Monacor)
Tr2 = primary 4x9.3 V, SD-60 Hz;

secondary 240 V'
2x neat sink Type 129/37.5 SAt
Enclosure 165x440x350 mm
PCB Type 920039-1

Semiconductors:
T6- T9 = 2N3771

Miscellaneous:
KlO = 3-way flat-cable connector

for peB mounting
Heat sink Type SK85175/SAt
Heat sink Type WP40/30/SAt,

1000 mm lang (see text)
PCB Type 920038-2

Semiconductors:
01,02 = BYW81PI-200

(SGS Thomson)
03,05-07,014 = IN4148
04 = 4.7 V, 400 mW, zener
06-DI0 = 1N4007
011 = 5 mm LEO, red
012 = 5 mm Led, green
013 = 5mm LEO, yellow
TI = BPY6212
T2, T4 = B0679
T3, T5 = TIP3055
ICI = 4060

t Available fram Dau Ud, 70-75,
Barnham Road, Bamham
P022 OES; Phone (0234) 553031

•Available fram Amplimo SV,
Vossenbrinkweg 1; 7491 DA
Derden. The Netherlands; Phone
0540762024; Fax 05407 63132

o

Fig. 4. The printed power circuit board.
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POWER SUPPLIES & BATTERY CHARGERS

resistor, hut represents the resistance of the
connectingcables. The (load-dependent) drop
across this resistance ensures that the poten-
tial at the inverting input (pin 13) 01 IC4d is
positive with respect to earth. The voltage
level at thenon-inverting Input (pin 12) is pre-
set with P1- When the drop across R48 ex-
ceeds the level at pin 12, 1C4d changes state,
whereupon its output (pin 14) pulls pin 5 01
1C4b to ground via 07. That resuJts in a low-
ering of the duty factor and, consequently, a
drop in the inverter output. This situation is

indicated by the lighting 01D,3.
Polarity protection is provided by relays

Re1 and Re2 and diodes 08 and D9. The in-
verter can be swi tched on by SI onlY if the
battery is connected with correct polarity.
Finally, JC6 and C13-C,S provide tradi-

tional regulation of the power supply for the
control board.

the control. monitor and regulation stages-
see Fig. 3, and four for the power stages: one
for each module-see Pig. 4.
Populating the control board is straight-

forward. Driver transistors T3 and Ts must
be fitted on a suitable heat sink as shown in
the parts list, but IC6 does not need one.
Sockets should be used for all JCs.
The optoisolator is constructed from a

length 01 pipe 01 suitable, but not too large,
diameter, into which the phototransistor and
the two 12 V (telephone) light bulbs are fit-

Construction
The inverter is built on five PCBs: one for

+12V GV ov

o

Module I

'rr

... ..::001 '"
K.fI.2

POWER

,- '" sr
K..Q'J

OVERCURRENT

....{Jll '"
K..QU OVERTEMPERATURE

1920039.141

Fig. 5. Wiring diagram of the inverter.
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12 VDC TO 240 VAC INVERTER

Fig. 6. A sell-adhesive loil lor the Iront panel is available through our Readers' services.

ted at either side. When the connecting wires
ofthesecomponents have been takenoutside,
the pipe must be sealed light-bght.
Transformer Tr2 is a special type that may

have to be made to order, although it is avail-
able frorn certain retailers. It is not cheap: of
the order of E75-E80.
Each of the four power boards is designed

for use with an angle-profiled heat sink, for
instance, thatshownin the parts list, thatmust
be sawn to the required length of 16 crn. The
necessary holes are best drilled in it by using
the a photocopy of the board as a template.
The power transistors are mounted on it with
insulating washers, non-metallic screws, nuts
and washers. and a good helping of heat
conducting paste, before the board and heat
sink sink are fastened together.
Power resistors RS2-Rs5 consist of a 50 mrn

(2 in) length of resistance wire, whose ends
must be cleaned with wire wool and bent at
right angles. Solder thern on to the board so
that they are a few millimetres above the
surface.
Boards and power stages are best inter-

connected with the use of bullet plugs and
sockets as used in vehicle wiring.
Wiring to the power transistors should

be flexible and have a cross-sectional area of
not less than 2.5 mmä. The sixteen wires to

theemittersand those to the collectorsshould
preferable have the same length.
The inverter should be connected to the

battery with starter cable of cross-secrional
area not less than 10 mmä. but preferably
16 mrnz.

Testing
The control board is best tested be fore it is
assembled with the remainder of the inverter
with the use of a 12 V battery or laboratory
power supply. Connect the +ve Une to K7B
and the -ve line to Kg. With an oscilloscope
or voltmeter, check the voltages at the out-
put of drivers T3 and Ts (K4 and Ks respect-
ively). After power-on, theduty factorofthis
waveform should change slowly to 1:1.
Next, apply a variable directvoltage across

the secondary of TrI' When the level of that
voltage is raised to about 6-8 V, the effect of
the voltage regulation on the duty factor
should be quite clear.
For the remainder of the tests, it is better

not to use apower supply, but a car battery.
Also, take care with using a multimeter: its
20 A d.c. range may be overloaded ateven low
loading of the Inverter,
Connect a 100 W light bulb to the output

socket of the inverter. A few seconds after

ELEKTOR ELECTRONICS JULY 1992

power-on, this should attain maximum brigh t-
ness. Adjust P2 until it has the same bnght-
ness as when it Is connected to the mains. Jt
is, of course, also possible to carry out this
adjustmentwith the useofa moving-iron volt-
meter. Note thatmoving-coil and digital volt-
meters are not suitable. Recheck the output
voltage after the inverter has been on for
about 10 minutes. If it has risen by more than
3-5 V, replace R.;6 by a 5 k (25 0c) type.
The current limiting must be set after the

inverter has been loaded withsix 100 Wlight
bulbs in parallel. Adjust P1 such that current
limitingjustbegins.If the inverter is tobe used
at high loads regularly, P2 should be re-ad-
[usted accordingly. The inverter can deli ver
up to 800--1000 W for shortperiods, provided
the battery is capable of this. If the inverter
is to be used in high ambient temperatures,
a cooling Fan should be added.
Under no-load conditions and operafing

from a well-charged 12-V battery, the in-
verter draws a current of about 1 A; with a
100 W load, the drain is around 10 A; with a
300 W load, the current is some 30 A; and at
fuliload, the drain is around 80 A-a cur-
rent that most car batteries cannot deliver
for long periods. Apart from the fact that the
battery gets hot, its efficiency drops sharply.
For instance, an 80 Ah battery delivering
40 A has an effecbve capacity 01 only 60% of
its rated capacity.
It is, of course, possible to operate from a

24- V power source (battery or solar cells, for
instance), when a11currents mentioned will
be halved. The changes necessary to do this
are: (a) the pri.mary of Tr2 should be rated at
21 V; (b) the power transistors should be
Type2N3772; and (c) the relaysshould be24- V
types. Furthermore, it would then be pru-
dent to fit IC6 on a small heat sink.

Efficiency
A variety of tests, carried out on the author's
prototypeoperatingfroma 12-Vbattery,showed
that the efficiency varied from 68% to nearly
75% when the battery voltage and load ranged
frorn 11.3 V and 970 W to 12.5 V and 25 W.



essary drain on the battery, and also be a po-
tential risk to the power transistors. This sit-
uation is obviated by shortening the dock
pulses to about 0.1 ms by network R2-C3.
The control and protection functions are

provided by opamps IC4 and ICs.
The 100 Hz output signal of IC2a is ap-

plied to the inverting input (pin 2) of inte-
grator IC4a. The output of this opamp is a
triangular waveform (pin 1).
The triangular waveform is com-

pared by IC4b with the signal at its
non-inverting input (pin 5). That sig-
nal consists of three components that
are ok-Iinked via D3, D6 and D7.
The output (pin 7) of the comparator

is a rectangular waveform, whose
duty factor depends on the level of the
voltage across R29-C7.
The dock provided by bistable

IC2b is combined with the output of
the comparator by IC3band IC3d.
If the width of the pulses provided

by IC4b is small, the push-pull out-
put is switched on only relatively
briefly, whichresultsinalow inverter
output. The greater the width of the
pulses, the higher the inverter out-
put will be.
The components of the signal at pin

5 of IC4b are provided by tempera-
ture monitor ICs, volta ge regulator
IC4cand current limiter IC4d.
The inverting input of ICs is fed

with the voltage across an NTC (neg-
ative temperature coefficient) resistor
~9, which is mounted on one of the
heat sinks for the power transistors.
The non-inverting input is at a fixed
potential provided byR30-R3I.When,
owing to a rising temperature, the
value of ~9 becomes low, the output
(pin 6) of ICs toggles to near-earth .
potential, which is indicated by the
lighting of D11• Feedback resistor R32
provides a hysteresis of about 10 °C,
so that ICs switches off at about 60°C
and switches on again at around 50"C.
Because of its low output level,

ICs pulls the non-inverting input of
IC4b to ground via D3.This results in
a lowering of the duty factor of the
output signal of IC4b,and this in turn
reduces the mean current through
the power transistors and, therefore,
the output voltage of the inverter.
Volta ge regulator IC4c compares

the reference volta ge at pin 10,which
is held steady by R36-D4'with the po-
tential at its inverting input (pin 9).
That potential is derived from the
inverter output by optoisolator
TrLarLa2. The light bulbs operate
from a 9 V supply provided by TrI.
The base of phototransistor TI is

ata temperature-dependentpotential
derived from the 8 V supply via
Pr~s-~6. When it receives a large
light flux, the potential across R4I
rises above the reference voltage at
pin 10ofIC4c'the outputof thatopamp
drops and D12 lights. At the same Fig. 3. The printed control circuit board.

POWER SUPPLIES & BATTERY CHARGERS

time, the voltage at pin 6 of IC4b drops, re-
sulting in a lower duty factor and, conse-
quently, a reduced output voltage. When the
inverter output has dropped to a value that
causes pin 9 of IC4c to become more nega-
tive than pin 10, the inverter output rises
again. The regulation is set with P2 to obtain
a stable 240 V output.
Piezo buzzer monitors the two light bulbs.

In normal operation, there is no drop across

it, but when one of the bulbs bums out, it is
connected to the 9 V secondary of TI via Rso
or RSIand sounds an alarm.
The control board is connected to the bat-

tery via aseparate earth line. The current in
that line is so small that for all practical pur-
poses the earth potential of the board is the
same as that of the battery. The output stages
and Tr2 are connected to the (earthed) bat-
tery terminal via ~8. This is, however, not a
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12 VDC TO 240 VAC INVERTER

PARTS LIST

Control circuit

Resistors:
Rl = 10 MQ
R2, R23, R24, R33, R38, R45 =
100kQ
R3, R14, R27 = 1 kQ
R4, R13, R50, R51 = 82 Q
R25 = 27 kQ
R26=lMQ
R28= 39 kQ
R29 = 4.7 kQ
R30, R34 = 10 kQ
R31 =6.8 kQ
R32= 12 kQ
R35, R39, R43 = 560 Q
R36= 1.8 kQ
R37= 33kQ
R40, R42, R44 = 220 Q
R4l =3.3 kQ
R46 = 10 kQ (at 25°C) NTC
R47 = 270 Q, 1 W
R48 = see text
R49 = 47 kQ NTC
Pl = 1 kQ multiturn preset
P2 = 100 kQ multiturn preset

Capacitors:
Cl, C2 =47 pF
C3 = 1.5 nF
C4, C13 = 470 nF
C5=1~F
C6= 220 nF
C7 = 22 ~F, 25 V, upright
C8 = 10 ~F, 25 V, upright
C9 = 330 nF
Cl0 = 6.8 ~F, 25 V, upright
Cl1 = 100 IlF, 25 V, upright
C12 = 100 nF, 630 V
C14, C16, C17, C18 = 100 nF
C15 = 470 ~F, 16 V, upright

Semiconductors:
01,02 = BYW81Pl-200

(SGS Thomson)
03,05-07,014 = lN4148
04 = 4.7 V, 400 mW, zener
08-010 = lN4007
011 = 5 mm LEO, red
012 = 5 mm Led, green
013 = 5mm LEO, yellow
Tl = BPY6212
T2, T4 = B0679
T3, T5 = TIP3055
ICl = 4060

IC2=4013
IC3= 4081
IC4= LM324
IC5=TLC271
IC6= 7808

Miscellaneous:
lal, la2 = telephone bulb, 12 V,

100mA
Kl, K2, K3, K4, K5, K7, K8, K9 =

2-way spring-loaded PCB termi
nal board, 5 mm grid

K3 = 3-way spring-loaded PCB ter
minal board, 5 mm grid

K6 = 2-way spring-loaded PCB ter
minal board, 7.5 mm grid

Sl = on/off switch, 2 A
Xl = crystal, 3.2768 MHz
Rel = 12 V relay, contact rating 8 A
Re2 = 12 V relay, contact rating 70 A
Bzl = 5 V d.c. buzzer
Trl = secondary 9 V, 1.5 A

(Monacor)
Tr2 = primary 4x9.3 V, 50-60 Hz;

secondary 240 V'
2x heat sin~)Type 129/37.5 SAt
Enclosure 165x440x350 mm
PCB Type 920039-1

Front panel foil Type 920038F

Power circuit (for one module)

Resistors:
R52-R55 = made from 0.433 Q/m

resistance wire (see text)
R5-R8 = 0.1 Q, 3 W

Semiconductors:
T6- T9 = 2N3771

Miscellaneous:
KlO = 3-way flat-cable connector

for PCB mounting
Heat sink Type SK85175/SAt
Heat sink Type WP40/30/SAt,

1000 mm long (see text)
PCB Type 920038-2

t Available from Oau Ud, 70-75,
Barnham Road, Bamham
P022 OES; Phone (0234) 553031

*Available from Amplimo BV,
Vossenbrinkweg 1; 7491 DA
Delden, The Netherlands; Phone
05407 62024; Fax 05407 63132

o
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Fig. 4. The printed power circuit board.



8051/8032 ASSEMBLER COURSE

PART 5: ARITHMETIC INSTRUCTIONS

By Dr. M. Ohsmann

This instalment of the course is devoted ro
arithmetic operations, which are used in
nearly every program, however small. In
addition, some programming techniques
will be discussed to show how simple cal-
culations ean be performed on the basis of
the arithrnetic instructions. Finally, two
example programs are given that take the
theory into practice: a capacitance meter CD
and a noise generator.

Addition
The 8051 family of microcontrollers has
the following instruction 10 add two 8-bil

va~ ~ --,

ADD A.BYTE-OPERAND .add BYTE-OPERAND to accu contents

The result of the above instruction is left in
the accurnulator. The carry bit (CY, some-
times also referred to as C) is sei if there is
a carry out from bit 7, and cleared other-
wise. When adding unsigned integers in
the range 0 to 255, a set carry flag indicates
that an overflow occurred.
The auxiliary carry (AC) f1ag, used for

BCD number adding, is set if there is a
carry out from bit 3, and cleared otherwise.
The AC flag is used by the DA A instruc-
tion discussed further on.
The overflow (OY) f1ag is set if there is

a carry out of bit 6, but not out of bit 7, or
a carry out of bit 7, but not bit 6; otherwise
OY is cleared. This f1ag allows an overflow
to be detected when adding two signed in-
tegers in the range -128 to +127.
The meaning of the flags depends on

whether the bytes involved are unsigned
integers, signed integers, or BCD numbers.
The difference between these three re-
quires a short discussion, given below.

Number notation
1. Unsigned numbers
These are a.1Inumbers that can be written
with the aid of a sequence of weighted bi-
nary values 2", where n is I, 2, 4, 8, 16,
ete.:

128xbit7 + 64xbit6 + ... +4xbit2 + 2xbitl
+ IxbitO
In this way, a byte (eight bit positions) can

be used ro represent all unsigned values be-
tween 0 and 255.

2. BeD numbers
The BCD (binary coded decirnal) number
notation is based on indieating the left and
right 4-bit groups (nibbles) contained in a
byte as binary eoded decimal numbers. The
advantage of this notation is that it is
simple to output. However, it also has a
disadvantage: binary addirion and subtrac-
tion can not be used just like that on BCD
numbers, since additional corrections ('de-
cimal adjustments') are required. The
DA A instruction is capable of performing
these correetions. for which ir uses the AC
f1ag.

3. Signed numbers
The world is, unfortunately, not com-
pletely positive. Many eomputer applica-
tions require the use of negative values,
wh ich forces us to think of ways to add the
minus sign to a number. In computer num-
ber notation, this is usually done as follows
for the range -128 to + 127: if the number
to be represented, x, is positive or nought,
it is simply written as a byte without a sign.
Lfx is negative (and has an absolute value
smaller than or equal to 128), it is repre-
sen ted as (256+x), i.e., the value lies be-
tween 128 and 255. This means that bit 7 is
set to indicate tbat the number is negative.
To be able to output a negative number, the
value has to be formed first, so that the new
(then positive) number can be output with
a minus sign in front of it. Negative num-
bers are also treated separately with multi-
plications and divisions,
Tab1e I shows sorne examples of bit

parterns that represent different numbers.

4. Large numbers
lt often happens that the eight bit positions
of a byte are not sufficient to represent a11
numerical values needed to achieve a eer-
tain accuracy. 16-bit values, for instance,
are represented by two bytes; 32-bit values
by four bytes, and so on. The bytes that
form a lö-bit or 32-bit number are kept
together as a group stored in successive
memory locations. In this course, the 10-
west order byte is always stored at the 10'
west address. The bytes stored in the next
higher locations are either signed, un-
signed or BCD numbers. When two bytes
are used to represent numbers, the follow-
ing 16-bit ranges are available:

Table 1

Binary Hex non-signed signed BCD number
00000000 00 0 0 0
00000001 01 1 1 1
00000010 02 2 2 2
00010001 11 17 17 11
00100101 25 37 37 25
11111111 FF 255 -1 notdefined
10000000 80 128 -128 80
01111111 7F 127 127 notdefined
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Unsigned:
Signed:
BCD:

o to 65535
-32768 to +32767
o to 9999

Table 2 shows a few examples.

Adding with carry

the CY flag is set, signalling that the result
of the previous ADD or ADDC instruction
is greater than 99 after the DA instruction.

Anexam/

8051/8032 ASSEMBLER COURSE - PART 5 11I
Multiplication and division

The 8051 features an auxiliary accumula-
tor, referred to as register B, and located at

/ ;Addition of 99 and 11
lf 16-bit or 32-bil numbers are to be added, MOV A,#llH ;BCD value II to accu 0001000 IB II
it is required that a carry resulting from a ADD A,#99H ;+ BCD value99 gives +10011001B 99
byte position be taken inro account when ;not a BCD value = 10101010B AA
the next byte is added. This is achieved DA A ;gives 000010000B + carry

withlhe~ L_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_~ ;_e_q~U~a~l_s_-,B__C_D I_O_O_O_I_O_O_OOI_I_O__ ~

~- SFR address OFOH. 1t is used for multi pli-
ADDC A,BYTE-OPERAND ;add operand+CY to A cation and division of unsigned 8-bit num-

bers. The relevant instructions are
MUL AB ;multiply A and B
DN AB ;divide A by BThe result of this instruction is left in the

accumulator. The following program
example adds a number NMBR2 to a 16-bit
number NMBR 1, which is contained in
RAM:

MOY A,NMBRI ;fetch LS byte of
NMBRI
;add LS byte of
NMBR2
.store result
;fetch next byte of
NMBRI
;add byte, incl.
previous carry
;store result

ADD A,NMBR2

MOV NMBRI,A
MOY A,NMBRI+I

ADDC A,NMBR2+ 1

MOV NMBRI+I,A

BCDcorrection
To obtain a BCD number as the result of
adding two BCD numbers, the instruction

DA A ;decimal adjust

where DA Astands for decimal adjust ac-
cumulator for addition. DA A is executed
imrnediately after the addition. Six is
added to the accumulator ifthe value ofthe
low-ordcr nibble of A is greater than 9, or
if the AC flag is set. This produces the
proper BCD digit in the low-order nibble.
The CY flag is set if this adjustment pro-
duces a carry out, which propagates
througb all higher-erder bit positions.
Next, we can check if the CY flag is ser, or
if the value of the higher-erder nibble is
greater than 9. lf either of these conditions
is met, six is added 10 the higher-order
nibble. If, again, a carry out is produced,

where A is contents of the accumulator
contents, and B that of register B.
The result ofthe MUL instruction is that

the low-order byte of the 16-bit product is
The MCS-51 instruction ser has only one left in the accumulator, and the high-erder
instruction for subtraction: byte in register B. If the product is greater

~---------------~

After the DA A instruction, the CY flag
again signals a carry, which means that the
BCD value is 100.

Subtraction

SUBB A,BYTE-OPERAND ;subtract OPERAND+CY from A

If the status of the carry (borrow) bit is not
known before starting a subtraction, it
should be eleared by a CLR C instruction.

Comparison
The subtraetion instruction has a further,
important, application in the eomparison of
two values. This involves use of the CY
(borrow) flag, which is set when a value y
is subtraeted from a value .r, where y is
greater than x. So, to check if a number y is
greater than x, program .r-cy, and sub-
sequently test the carry flag:

MOY ;fetch x from
internal RAM
.clear earry
;form x-y
;jump if y>x

A,x

CLR C
SUBB A,y
JC GREATER

In this example, both x and y are taken to
be unsigned integers. A comparison be-
tween two signed integers is a little more
complex.

Table 2

Byte at address hex non-signed signed BCD
(hexadecimal)
m+1 m
00 00 0000 0 0 0

12 34 1234 4660 4660 1234

OA BC OABC 2748 2748 not defined

80 00 8000 32768 -2768 8000

FF FF FFFF 65535 -1 not defined
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than 255, the overflow (OY) flag is set;
otherwise it is cleared.
The result of the D1Y instruction is that

the aceumulator receives the integer part of
the quotient, while the integer part of the
remainder is stored in register B. Both the
carry and the overflow flags are eleared.
Only if B contained 00, the overflow flag is
set to indicate a division by zero.
The power of the MUL and D1V in-

structions offered by MCS-51 devices is
limited by the fact that they do not allow di-
reet 16x 16-bit multiplication, nor division
of a Iö-bit number by an 8-bit number.
Later. enhanced, versions of the 8051 , like
Siemens' 80537, have much more power-
ful multiplication and division instruc-
tions.
Ta cornpensate the 'Iack of arithmetic

power' of the 8051, the course monitor
program, EMON51, offers a number of
subroutines that may be used to perform
16xl6-bit multiplications with 32-bit re-
sults. Sirnply study the relevant seetions of
EMON51.LST to see how this is done. The
monitor is also capable of doing 32-bitlI6-
bit divisions.

Capacitance measurement
using the V24 port

The practieal use of the above arithmetic
instructions will be illustrated by an
example. We have in mind a capacitance
meter that transmits the value of an un-
known capacitor to tbe terminal (display)
via the Y24 serial interface on the 80C32
SBC. Interestingly, the rneasurement prin-
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Fig. 22. Capacitance meter hardware.

ciple adopted allows resistance and time
measurement also.
The hardware (eontained on the SBC

extension board) is shown in Fig. 22. The
operation of the capacitance meter is both
c1assic and simple: first, monostable ICs, is
triggered by the program. Next, the pro-
gram measures the monostable period, i.e.,
the time that elapses between the triggering
instant and the instant the Q output of lCs,
toggles. The measured time is converted
into an equivalent capacitance value, and
subsequently sent to the display. What sort
of program is req uired to realize such an in-
strument?

b"

1. Time measurement
The monostable time is measured by a 16-
bit number, MTIME. With referenee to the
listing in Fig. 24, each measurement starts
with resetting MTIME to 0 (labellp I; lines
20 and 21). Next, the monostable trigger
pulse (positive edge) is output via port line
P1.2. The loop that starts at label Ipp
lengthens the start pulse a little, to allow
some recovery time for the monostable be-
fore a new trigger acrion.
After sending the trigger pulse, the pro-

gram enters the time measurement loop,
marked by the label MLP. The prograrn
checks if the monostable is still triggered
by monitoring bit 3 of RAM address
OCOOH.If so, the variable MTIME is in-
creased by one. lf not, the measurement is
finished, and the program jumps to the
label ENDMEAS. Lines 29 to 34 show
how MTIME is increased, and thus, more
generally, how 16-bit and 32-bit variables
are treated when it comes to using tbem in
calculations, Starting with the lowest-order
byte, the calculations are performed in a
step-by-step manner, taking carry-avers
into account at alJ times, After increasing
MTIME, the program returns to the start of
the loop.

2. Overflow detection
lt may happen that the measured capacit-

Fig. 23. Flow diagram of the capacitance
meter program .

•••••• LI$'l'JNG of EASM51 IXAMPLE081 ••• ,-.
LINE ucc OBJ T SOURCE

1 0000 ••• , ••• r i.z lULMPLEoa
2 0000
] 0000
~ 0000
5 0000
6 0000
7 0000
8 0000
9 0000
10 0000
11 0000
12 0000
13 0050
14 0052
15 0054
16 0056
17 00511
18 ousc
19 cusc
20 4100 15 50 00 [2J lpl
21 H03 75 SI 00 [2)
22 4106 C2 92 [11
23 410B E4 [lJ
24 4109 OS- EO FD [21 Ipp
25 UOC D2 92 (11
26 410E 90 co 00 [21
21 e i i i EW [2] ML?
28 4112 30 E3 15 [2]
294115 ES 50 [I]
30 U17 24 01 r i i
31 4119 f'5 50 [I]
32 411a E5 51 [11
33 nlD 34 00 [I]
34 411f' f'5 51 (li
35 4121 50 EE [2]
36 4123 90 41 74 (2)
37 4126 31 68 [21
39 4129 90 06 [2]
3!1 412A 90 03 E8 [2]
40 4120 8S 82 52 [2]
41 4130 85 83 50] [21
42 4133 79 52 [IJ
n U)5 7<050 [11
44 4137 ,5 30 52 [21
45 41311 12 02 00 [21
46 413D 86 :>6 [21
41 413f' 08 [11
48 4140 86 51 [21
494142 oe (1)
50 41n 86 S8 [2]
SI 4145 08 [lJ
52 4146 86 59 12)
53 4148 90 05 r-z 12)
5~ 414a 85 82 '>4 [21
S,> 414E 85 83 55 [21
56 4151 18 56 n r
57 U5) 19 5~ rn
58 4155 15 30 53 [21
59 U58 12 C2 00 (21
60 H56 86 5A [2]
61 4150 08 [I]
62 415E 86 56 [21
63 4160 90 ~1 ir !21
64 4163 31 SS (2)
65416518 SA [I]
66 4167 15 30 05 [2]
61 416A 12 02 00 [21
68 4160 90 41 82 [2J
69 4170 31 88 [21
10 4172 21 00 [21

MONTOP

MTIME,,
PROD32
cve i

ono

'""'"ce"C,"
DJNZ
SETa

"'"MOVX
'",,"
'00
"0'
'"xnoc
"0''""0'
AC"'LL
SJMP

ENDMEAS MOV

"0'
'"""'",,"~"
"'","C
"0'
'"c
"0'
'"C

'"MO'
"",,"
MO"
MO'

'"LCALL
MO'
nlC
MO'

'"ACALt.
aov
MOV
LCALL

'"ACA1..L
"'JMP

A51 ., .

EOU 09011
EQU (lEOH
EOU 08211
Eau 08311

1000
1522

050H
MONTOP
a
z
z
•,

Sf'R addre",se", ~s usual

'n U74
ta 4174 e» 0'" 4r

-s 65 n
ss 6C er
n oc

" 4:t:7r 43 " oo
" He2 20 ss ..

nc " co
c .. libration constants
counter
denomin~tClr of cal. {~ctor 75 4186

76 4188
77 4188
"Je 4188
"J9 4169
80 4188
81 4lB8
82 USB
S3 HaB 75 30 02 [21
84 e i ae 02 02 00 [2J
85 41SE

OVTXT DB

4100H
l'I1"lME+O, '0
MTIME+1. '0
PI. 2,
"'CC,lpp
?1.2
DPTR, ,OCOOOH
.... @DPTR
ACC. 3, ENDMEAS
"',MnME
"',11
I'ITlME,r.
A.MTIME+l
"', ,a
MTIME+I,A

"ce
DPTR, 'OVTXT
STXT",
DPT", 'pi
p+O,DPL
p~l.DPII
RO, 'p
Rl,IMTIME
COMMAND,lcCMUL
MON
PROD32+0,@RO
M
PRO!)32+1,@RO
ao
PROD32+2,@RO",
PR0032t3,@RQ
OPTR, ''lI
e-u, DPt.
q.l. DPH
RO, fP!lOD32
Rl,fq
Cm"_'i1lND, fCCDIV

"'"C"al+O,@1I0

"Cval+l,@RO
!"lPTR,ITXTl
STXT
RoO,'Cval
COM.'lAND, 'cedllOl6

"'"DPTR,I,XT2
STXT
r er

use assembler for !\AM management
above MONITOR RJI.M

16 bit measured T!ME
p~pl multiplier ( 16 bit val"" I
qaql divisor ( 16 bit value )
prOduct MT!ME'p I 32 bit value I
re""lt gi ...en in nf l 16 bit value I

stau addres", of program
re"et 16 bh ...alue MTIME "l"M60LTABLE 126

0090 Ace
OlES q1
0052 'l
4100 lpp
4114 TXTl
0005 ccMUL
0200 STXT

13,10, "cver r i ev", 0

TXTI Da
TXT2 OB

'C~', 0
, nf'.13,10,0

Tdgger:_O s i

",",
OVTXT

ccdR016

"""

ccSTXT
ccdR016
eeatn,
ccD1V
COMM,O,ND

""'

002H
OO~H
052H
053H
030H
0200H

,co

'",,"
'"'"'CO

monito< commands ~nd ad<hesses

.. ai~ 100p for trigger pul"e
tngger mon09table
~ddre~", fDr mono~~able ou~PUt
read monostable output
BIT 3 - 0 means ~ND
else increment 16 bit value
Le. add I
store ILSEH
fetch MSa
add 0 • " .. ay
"'tore ~sa
c~rry ~> overflow, eL.e continue
3end overflow me"saqe

end of t:ime measurement
p;·pl ( 16 bit ...al"e I

calculate ~TIME'P

"tore to PROD32 (32 bit value )

q:-q1

compUle (MTlME:'pl/'l n6 bit ~alue

MOV COl'.MAllD,IccSTXT
LJMP MON

'""symbolsl
; OOEO
: 05r2
; 0054
: 4109
; 417r
: 0052
: usa

on
MONTDP
PROD32

""TXT2
ccorv

0092
0050
0056
4111
4162
0053

3to~e lO eval

send fHn tel<t

send eval ~n dec.mal

send second <.eX[

oe"
MTIME
cve i

ENDMEAS
ccSTXT

eOMMAND

0083
0050
005 ...
412 ...
0002
0030

Fig. 24. List file produced by assembling the capacitance meter program, XAMPLEOa, on your course diskette.
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RLA

I.
Bit7 BitO

input: 10011100
gives : 00111001

RLCA

~
Bit7 Bito

C: Accumulator

input: 0: 10011101
gives: 1 : 0011010

910109 - V -13

Fig. 25. IIlustrating the operation of the ro-
tate instructions.

anee (i.e., the value of MTIME) exeeeds
the range of a 16-bit number. When this
happens, aMTlME produces an 'over-
tlow', whieh is deteeted in line 35. The
overflow condition is reported on the dis-
play with the aid ofthe serial output routine
ealled up in lines 36 and 37.

3. Number conversion
It, is, of course, required that the capacitor
value be indicated in a usual unit of
measure, say, nanofarads. Ta obtain such
values, the number of iterations of the
measurement loop is first converted into an
equivalent time, which represents the
length of the monostable period. Sinee
eaeh loop iteration takes 12 us, the pulse
length, T, at the end of the loop equals
T=12xMTlME mieroseeonds. Note, how-
ever, this is not quite correct since 6 miero-
seeonds elapse before the loop is entered.
Fortunately, the resulting error 1Sso small
that we need not bother about it.
According to the data sheets of the

74HC 123, the monostable period, T, is
ealculated from

T = 0.45 Rex! Cext

when Cext is greater than 1OnF. The units
are ohm, second and farad. Since
Rext=47 kQ (resistor on the SBC extension
board), we get

Cext = 0.5673 MTIME

where Cext is in microfarads (uf). Since
the 8051 lacks a floating-point arithrnetic
module, we have to resort to equivalent
fractions, a procedure familiar from Fortb
prograrnming. First, therefore, we write
0.5673 as 567311,000. This allows both the
denominator and the nurnerator to be fitted
into 16-bit numbers. In the program, these
appear as variables p l and q I. To multiply
MTfME with 0.5673, we first multiply it

ELEKTOR ELECTRONtCS JULY 1992
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with the denorninator (lines 39 to 52), and
subsequently divide the resulting 32-bit
number (stored as 4 bytes under PROD32)
by the numerator (lines 53 to 63). The re-
sult is a 16-bit number stored under the
variable Cval, which is eonverted into de-
eimal and output to the display by ealling a
routine in tbe EMON51 system monitor
(line 66).

Theory and practice
Unfortunately, the results of the above cal-
eulations must be taken with a pinch of
salt, mainly because of tolerances on the
47-kQ resistor and on the 74HC123. The
latter toleranee is partieularly troublesome
as it is fairly large and temperature-de-
pendent. Tbe program therefore includes
variables to calibrate the capacitance
meter, not by adjusting the resistor, but by
a more clever approach. First, pi and q I
are tumed into eonstants set to 1,000. Next,
the program is started, so that the value of
MTIME is output rather than the capaeitor
value, although a close-toleranee 1.5-J.lF
capacitor is connected. The resulting value
of MTlME, say, 1,540, is noted, and as-
signed to q 1 in the final program. The other
variable, pi, remains at 1,000, so that
MTIME=I,540 when a 1-J.lF eapaeitor is
conneeted. Multiplied by pI (1,000), and
divided by q I (1,540), this gives the eorrect
readout: 1,000 nF. Sinee the monostable
period is virtuaUy proportional to the con-
nected capacitance, the meter can be cali-
brated in this way without problems.
The capacitance measurement program,

simple as it may be, a!ready goes to show
that converting measurement values inro a
meaningful indication requires a thorough

JOIN THE COURSE!

What you need to follow this course:

• a 803218052AH-BASIC sIngle
board computer es described In
Elektor Eleclronlcs Mey 1991.
The preferred CPU is a 8051 or
8OC32.Alternatively, any other
MCS52-based microcontroller
system (but read part 1 of the
course);

• a course diskette (IBM: order
code ESS 1661; Atari: order
code ESS 1681) contalning
programmlng examples, hex file
conversion utillties, and an
assembler;

• a monitor EPROM (order code
ESS 6091);

• an IBM PC or compatible
oparating under MS-DOS, or an
Atari ST with a monochrome
display.

Appeared so !ar:
Part 1: Introduction (February 1992)
Part 2: First 8051 lnstructlons (March

1992)
Part 3: Hardware extensions for

80C32 SBC (April 1992)
Part 4: Flags, bit addressing, PSW,

conditional jumps, logie
operators (June 1992)

HARDWARE: 4)( 8 Bit", 32 Bit shift register

---------------~~~------------~/- ~

~. L----------_SREG3.6--@-ACC.,

SOFTWARE:

SREG .. 3

11;16

SREG .. 1

910'1)9· V· 14

Fig. 26. Hardware (above) and software (below) design of a noise generator.



COMPUTERS AND MICROPROCESSORS

understanding of various programming
steps involving arithmetic instruction se-
quences. Thoseofyou who wish to practise
with these may do so by writing small pro-
grams that make use of the arithmetic rou-
tines built inta tbe system monitor
program, EMON51.

Shift and rotate
Tbe following instructions are available to
shift (or rotate) a bit pattern in the accumu-
lator to the left or to the right:

RL A .rotate accu left
RLC A ;rotate accu Jeft

through carry flag
RR A ;rotate accu right
RRR A ;rotate accu right

through carry flag

The operation of the rotate instructions is
illustrated in Fig. 25. By clearing the C flag
before an RRC or an RLC, a 0 is shifted
into the extreme left hand or extreme right-
hand accu bit position, respectively. The
rotate instructions can be used in shift reg-
ister simulations (see below), or in arith-
metic operations (see, for example, the
realization of the DIV routine In

EMON51).

A noise generator
Reference 3 describes a noise generator of
wbich the central part is formed by a shift
register with feedback as shown in Fig. 26.
As a programming example, we will imple-
ment tbis circuit on the 80C32 SBC and its
extension board. The result is a programrn-
able noise generator. The noise will be out-
put via the loudspeaker, which is driven via
port line P I.I.
The function of the program we are

about to discuss is based on the noise gen-
erator hardware shown in the top drawing
in Fig. 26. The shift register is stored at
four consecutive locations in the internal
RAM; the extreme right-hand bit is con-
tained in the byte at the lowest address.
This storage arrangement corresponds to
the structure of a 32-bit number. This nurn-
ber is shifted 10 the left, where the XOR
gate determines which bit is fed back into
the sequence, at the far right end. The hig-
hest-order bit (bit 31) drives tbe loud-
speaker.
The program listing of the noise gener-

ator is shown in Fig. 27. lt is a straightfor-
ward implementalion of Fig. 26, only the
realization of the XOR gate (lines 15 to 20)
is based on a 'trick'. Essentially, the func-
tion of the XOR gate is translated into soft-
ware by combining bits in the sequence
into a new bit that is added to the rightmost
end of the 32-bit word. This creates feed-
back in tbe shift register, so that the output
is a pseudo-random bit sequence with a
lang repeat time. Ta be precise: one loop
iteration takes 23 us, and tbe shift register
goes through about 2 million states before
a bit pattern is repeated. The pseudo-ran-

•••••• LISTING of EASMSI (XAl'.PLE09) ••••••
LI NE LOC OBJ 'I' SOURCE

10000 "0"" FILE XAMPLE09.A51
2 0000
3 0000
4 0000
5 0000
6 0000
7 0000
8 0050
9 0054
10 0054
11 4100 75 50 00 (2)
12 4103 75 51 00 (2J
13 4106 75 52 00 (2)
14 4109 75 53 00 (2)
15 HOC ES 53 (lI NEW
16 410E .0.2E6 (lI
17 4110 92 EI [21
18 4112 65 52 [1)
19 4114 .0.2 EI [11
20 4116 B3 (I)
21 4117
22 4117 ES 50
23 4119 33
24 411.0. F5 50
25 411C E5 51
26 411E 33
27 411F F5 51
28 4121 ES 52
29 4123 33
30 4124 F5 52
31 4126 E5 53
32 4128 33
33 4129 f'5 53
34 4128 92 91
35 4120 80 00
36 412F'

e.i
ACC

EQU 090H
EQU OEOH

MONTOP 'OU
ORG
OS

050H
MONTOP

•SREG

ORG
MOV
MD'
MOV
MOV
MOV
MOV
MOV
XRC
MOV
CH

HOOH
SREG+O, '0
SREG+l,fO
SREG+2,10
SREG+3,10
A, SREG+3
C,ACC.6
ACC.l,C
A, SREG+2
C,ACC.l
C

[IJ SHIF'T MOV
(1) RLC
(I) MQV
fl] MQV
(1) RLC
[1) MOV
[I] MOV
(1] RLC
[1] MOV
[11 MOV
[1] RLC
[I] MOV
[2] MOV
[2] SJMP

'ND
•• ~ ••••••• SYMBOLTABLE (6 .::symbols)

PI :0090 Ace ;OOtO
NEW :410C SHIFT :4117

A,SREG+O
A
SREG+O,A
.0., SREG+l
A
SREG+l,A
A, SREG+2
A
SREG+2,A
A, SREG+3
A
SREG+3,A
Pl.l,C
NEW

MONTOP : 0050

................................ ,...
SF'R ~ddres.::ses as usual

u se assembler for RAM management
above MONITOR RAM
32 bit shift eeci ecec

start address of program
clear shift register (32 bit)

form XNOR Iogic coreb i nat.Lon
bit 6 of SREG byte 3
to bit 1 ln accu
XOR with po.::s. 1 of SREG+2
~ XOR of bits 17 and 30
C ~ NOT-XOR of bits 17 and 30

32 bit sb i f t ceqd ar e r
shift rightmost by t e
and save
fetch next; byte
bit stored r empc ea r i j y in C

etc.

C now contains new o~tp~t
send to lo~dspeaker
and start again

SREG : 0050

Fig. 27. Listing of the noise generator assembler program.

dom signal thus has a sampIe rate of about
43 kHz, and the first 'duplicate' occurs
after about 13 hours, so pretty random it ist
When used as a noise generator for

audio measurements, the system requires a
low-pass filter to shape the output spec-
trum. However, even without such a filter,
the loudspeaker will produce quite a bit of
real noise (a practically 'white' spectrum is
produced with components up to about
20 k.Hz).

Assignments
Based on what has been discussed so far,
consider the following assignments. Add
ranges to the capacitance meter that aIlow
it to measu.re smaller as weIl as larger ca-
pacitors. You mayaIso try your hand at im-
plementing an autoranging function.
Anotber interesting subjeet eould be the
realization of a 'tolerance window' that
teils the user of the capacitance meter in-
stantly whether or not the value of a ceratin
capacitor is within tbe required range. Pro-
ducing a program to realize this will enable
you to get a thorough grip on the possi-
bilities of the arithmetic instructions.
Finally, how about turning tbe noise

generator into a rhythm generator?

What's in store
This month's instalment nearly completes
the discussion of the 8051 instruction set,
which has been elucidated, where necess-
ary, with examples. This allows us to con-
centrate on more hardware-oriented
aspeets of the 8051 in the following instal-

ments. The subjects to be discussed will be:
timers, LCD connection, serial interface
aod D-NA-D conversion. 0

Reference:
3. The art of electronics, by P. Horowitz
aod W. Hili (Cambridge University Press,
1989).
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DIMMER FOR NEON 1UBES
/\ NEON tube cannot be
r-ldimmed as easily as an in-
candescent lamp because tbe
tube can start only at a volt-
agemuch highertban themains,
after which it will remain lit
at tbe mains voltage. The level
of botb the starting voitage
and tbe working voltage de-
pends on tbe temperature of
the tube.
Normally, tbe high starting

voltage is obtained by inter-
rupting the current through
a choke. This is usually done
by tbe starter, which also en-
sures that a fairly large cur-
rent flows tbrough the fila-
ments oftbe tube. Thls heats tbeends
oftbe tube, which makes starttng eas-
ier.
These tasks oftbe starter are taken

over by tbe circuit show in tbe dia-
gram, which also enables tbe tube
to be dimmed.
Durtng tbe zero voltage crosstngs

of the applied mains voltage, the

L1
~~ JVVV~ --.

very high value, whereupon
the tube starts.
The larger tbe angle of tbe
mains voltage durtng which
tbe trtac conducts, tbe larger
tbe current through tbe tube
filaments, which results in a
lower starting voltage. At tbe
same time, since a larger part
of tbe current tlows through
the tnac, that through tbe tube
will be reduced, so tbat tbe
tube will light more faintly.
Whenthe tube is firstswitched
on, tbe dimmer contro!, PI,
should be set for maximum
brightness of the tube to fa-
cilitate startmg.

The trtac used should have a high
du/dtvalue, otherwtse the steep volt-
age transitions occurnng across tbe
tube, and thus across tbe tnac, dur-
tng tbe zero voltage erossinge would
cause tbe triac to remain on.

C3

"0
1000V

~~----------------------------~

L.1

20W

924041 - 11

triac will instantaneously switch off.
At tbose instants, capacitor C3will be
charged rapidly, which results in tbe
instantaneous voltage, whose phase
has shifted relative to that of the
current, being applied across tbe
tube. Capacitor C3and the choke form
aresonant circuit that raises the
sud den voltage across tbe tube to a

[SGSThomson - 924041[

POWER-ON DELAY FOR A1ARI S1
"'1: THENtbe Atari ST is pro-
VV vided with an external
hard-disk drive, it has to be
reset after about 15 seconds,
as otberwise the drive is not
enabled. The delay circuit pre-
sen ted here obviates tbat in-
convenience by ensurtng tbat
tbe computer is not swilched
on until a (presettableJ period
of time has elapsed. The cir-
cuit may also be used with
the combination of MS-DOS
computer and HP DeskJet
printer, since tbe latter can
be switched on only after the
MS-DOSmachine is powered.
If tbat type of printer is used
witb an Atari ST, tbe printer
must be switched on beforetbe
computer Is. No doubt, tbere
are otber situations where tbis
delay may prove useful.
Operation of tbe circuit is

fairly simple. After tbe mains
has been switched on, capac-
itor C3 is charged via R5 and
Pj. When, after aperiod of
time set with PI, the poten-
tial across C3has reached 12V,zener
diode 01 conducts and switches on
thyristor Th j. That device ensures

R2 02 R3
Z1

47' 47'

1N4007

R'

Z3

~
C2

'"63V

12V

C3

~~'V TIC106M

924017 - 11
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R4

tbat bridge BI provides an a.c. con-
nection between the mains input
and tbe mains output. At the instant

[R. Lucassen - 9240 17J



Im
WIDEBAND ACTIVE TELESCOPIC ANTENNA
MOST VHFjUHF amplifiers for

use with a symmetrtcal antenna
(such as an open or closed dipole)
have a balun at the input. A balun
(short for 'balanced to unbalanced')
is an inductive device that converts
the symmetrtcal (balanced) RF sig-
nal into an asymmetrical (unbal-
anced) signal that can be applied to
the base ofa transistor. Unfortunately,
baluns have an inherent loss of2-3 dB,
while most input transistors (typically
a BFR91 or similar) have noise fig-
ures not better than about 2 dß.Thls
explains the rather poor overall noise
figure of 4-5 dB of this type of input
stage.
Amuch lowernoise figureis achieved

by the circuit shown here, which
does not incorporate a balun, and
uses the BFG65 low-notse transts-
tor as the amplifying device. The
combination of a telescopic rod and
a low-noise wideband RF amplifier
is referred to as an 'active antenna'.
The design shown here has two op-
tions: (1) ifused with an exlsting an-
tenna, it ensures a much better SjN
(stgnal-to-notse) ratlo in the receiver,
or (2) the same SjN ratio can be
achieved usmg a much simpler an-
tenna.
The antenna proper is an open

dipole with a total length of l.6 m,
which works as a 0.5 lambda dipole
frorn 60 MHz to about 187 MHz, or
as a multi-Iarnbda V-dipole up to
about 900 MHz. Unusually, the bal-
anced-to-unbalanced conversion is
done at the output of the amplifier,
with the aid of a length of coax cable
that functions as a kind ofchoke. The
construction of the amplifier on the
peB shown, and its electrical be-
haviour, enables the antenna to 'see'
a balanced load.
The two telescopic rods are con-

nected directly to the solder pads
marked 'ANT.l' and 'ANT.2'.Usually,
telescopic rods have a kind of 'knee'
construction at the base that en-
ables them to be rota ted as weil as
bent up and down. With some dex-
terity, this mechanism may be re-
tained for use with the present am-
plifier.
The output inductor, LI, consists

of 10 turns of2.5 mm dia. 60 Q coax
cable wound on a 10 cm long ferrite
rod with a diameter of 10 mm.
The phantom supply for the amplt-
fier is not contained on the printed
ctrcuit board, but is simple to in-
stall at the input ofthe receiver, since
it consist of a resistor and a capact-
tor only. If the receiver is located
further than about 2 m away from the

active antenna, it may be connected
to KI via a length of ordinary coax
cable like RG58.
Provided the antenna is used in

an area with relatively low local field
strengths, you may lower the noise
figure of the BFG65 by increasing
R3 a little. This should not be done,
however, tr there are strong Signals
around, in which case the result is an
increased risk of cross-modulatton.
With R3=560 Q, the current con-

sumption is about 20 mA. The gatn
ofthe dipole stgnal amounts to about
12 dB, while a noise figure of about
1 dB is achieved. This will ensure
results comparable to those ofa much
larger antenna (yagi), provided signal
reJlections and multipath reception
are not a problem.

(J. Barendrecht - 924102)

PARTS LIST

Resistors:
R1 = 10kQ
R2 = 3900
R3 = 5600 (see text)

Capacltors:
C1 = 1nF ceramic
C2 = 1nF ceramic

Semiconductors:
T1 = BFG65

Inductor:
L1 = see text. Materials: 2.5-mm dia.
60-0 coax eable; 10-mm dia. ferrite rod.

Miscellaneous:
ANT.1 ;ANT.2 = telescopic rod antenna for
PCB eonneetion. Min. length = BOcm.
K1 = BNC socket.
Printed circult board 924102.

I I

I I

~I I

E

I I
l1

I I
924102
924102

~K'+ ~~

telescope antenna I ~ 1.6 m r--·-·-----·,
•

not on peB

I
K2

C2 •

"

ANT.1 ANT.2 u*

924102 - 11
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m
WIDEBAND ACTIVE TELESCOPIC ANTENNA
MOSTVHF jUHF amplifiers for

use with a symmetrical antenna
(such as an open or closed dipole)
have a balun at the input. A balun
(short for 'balanced to unbalanced')
is an inductive device that converts
the symmetrical (balanced) RF sig-
nal into an asymmetrical (unbal-
anced) signal that can be applied to
the base ofa transistor. Unfortunately,
baluns have an inherent loss of2-3 dB,
while most input transistors (typically
a BFR91 or similar) have noise fig-
ures not better than about 2 dB.This
explains the rather poor overall noise
figure of 4-5 dB of this type of input
stage.
.Amuch lowernoise figure is achieved
by the circuit shown here, which
does not incorporate a balun, and
uses the BFG65 low-noise transis-
tor as the amplifying device. The
combination of a telescopic rod and
a low-noise wideband RF amplifier
is referred to as an 'active antenna' .
The destgn shown here has two op-
tions: (1) ifused with an existing an-
tenna, it ensures a much better SjN
[stgnal-to-notsel ratio in the receiver,
or (2) the same SjN ratio can be
achieved using a much simpler an-
tenna.
The antenna proper is an open

dipole with a totallength of 1.6 m,
which works as a 0.5 lambda dipole
from 60 MHz to about 187 MHz, or
as a multi-lambda V-dipole up to
about 900 MHz. Unusually, the bal-
anced-to-unbalanced conversion is
done at the output of the amplifier,
with the aid of a length of coax cable
that functions as a kind of choke. The
construction of the amplifier on the
peB shown, and its electrical be-
haviour, enables the antenna to 'see'
a balanced load.
The two telescopic rods are con-

nected directly to the solder pads
marked 'ANT.1' and 'ANT.2'. Usually,
telescopic rods have a kind of 'knee'
construction at the base that en-
ables them to be rotated as well as
bent up and down. With some dex-
terity, this mechanism may be re-
tained for use with the present am-
plifier.
The output inductor, LI, consists

of 10 turns of2.5 mm dia. 60 Q coax
cable wound on a 10 cm long ferrite
rod with a diameter of 10 mm.
The phantom supply for the ampli-
fier is not contained on the printed
circuit board, but is simple to in-
stall at the input of the receiver, since
it consist of a resistor and a capact-
tor only. If the receiver is located
further than about 2 m away from the

active antenna, itmay be connected
to KI via a length of ordinary coax
cable like RG58.
Provided the antenna is used in

an area with relatively low local field
strengths, you may lower the noise
figure of the BFG65 by increasing
R3 a little. This should not be done,
however, if there are strong stgnals
around, in which case the result is an
increased risk of cross-modulation.
With R3=560 Q, the current con-

sumption is about 20 mA. The gatn
ofthe dipole signal amounts to about
12 dB, while a noise figure of about
1 dB is achieved. This will ensure
results comparable to those ofa much
larger antenna (yagi), provided stgnal
reflections and multipath reception
are not a problem.

(J. Barendrecht - 924102)

PARTS LIST

Reslstors:
R1 = 10kfl
R2=390n
R3 = 560n (see text)

Capacitors:
C1 = 1nF cerarme
C2 = 1nF ceramic

Semiconductors:
T1 = BFG65

Inductor:
L1 = see text. Materials: 2.5-mm dia.
60-n coax cable; 10-mm dia. ferrite rod .

Miscellaneous:
ANT.1 ;ANT.2 ::::telescoPic tod antenna for
PCB connection. Min. length = aOcm.
K1 = BNC socket.
Printed circuit board 924102.

Io')!~ ~ ~
ANT.1 ANT.2

:'1
I I

L1

I II I
924102

!:ot/>!:e 924102

~I I ~ ~K1.

telescope antenna I ~ 1.6 m r------------,
.. not on pes

I
K2

C2 •

'1
ANT.1 ANT.2

l1*

*see text

... _--_._._._ .....
924102 - 11
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READERS' CORNER
CORRECTIONS

Wide-band active telescopic antenna
(page 46)

In centrast ro what is stated in the article
and in the Readers' Services (page 102), a
printed-circuit board for the antenna is avail-
able at f2.75 plus 48p VAT (No. 924102).

CB-to-SW down converter
(page 49)

Drawings of the peB far this unit are omit-
ted from the article: they are shown here.

LETTERS
Dear Editor: Would you please inform me if
Elektor Eiectronics are going to da a project
on the 'Sine wave converter' as was proposed
for March 1990?

L.J. Bums
New Zealand

Unfortunatelv, the designer could not ob-
tain the repeatability ojhis prototype that is
absolutely vitalfor our readers. Furthermore.
the designer has since moved away. Sorry!

[Editor]

Switchboard allows all PRIVATEREADERS
of Ejektor Electronics one FREE advertise-
ment of up to 108 characters, including
spaces, cömrnas, numerals, etc., per month.

Write the advertisement, which MUST
relate 10etectronics, in the coupon on this
page; it MUST INCLUDEa private telephone
number or name and address; post office
boxes are NOT accep!able.

Elektor Electronics (Publishing) can not
accept responsibility for any correspondence
or transacnon as a resutl of a free advertise-
ment or of any inaccuracy in the text of such
an advertisement.

Advertisements will be placed in Ihe order
in which they are received.

Elektor Electronics (Publishing) reserve
the right 10 refuse advertisements withcut
giving reasons er without retuming them.

WANTED: SDK-86 and/or design guides &
books lor 8086/8088 microprocessors. Please
call Simon on (0865) 514744.

FOR SALE: Roger Beep lor transceivers
as a police one (max 10 tones). Price E13
plus E2 lor p&p. Fax Miodrag Trajkovic on
+38 16 50293.

FOR SALE: 1.8 dB Marconi blue cap LNB,
used but working. E15.00 plus p&p. Phone
Mr Vernal on 081 9025447.

ELEKTOR ELECTRONICS JULY 1992

SWITCHBOARD

WANTED:
Audio Annual, any copies. Hi-fi News Annual
'74. Garrard Zero 100SB manual. 60's tone
arm - SME or similar. Write to Pekka Poutiainen,
PL136, SF90101 Oulu, Finland.

FOR SALE: Hameg HM203 oscilloscope, other
test equipment, components and tools. Must
seil. Phone Mrs Stevensnn on 081 6609848.

FOR SALE: Papst fans Type 4850N, 220 V;
ES.50 incl. 2 guards. Digital DEC writer 4
E2S.00, post free. Call Graham after 6 p.m.
on (0495) 774 566.

PRINTED CIRCUIT BOARDS
Mr Badger, 87 Blackberry Lane, Four Oaks,
Sutton Coldlield, Telephone 021 3539326 can
supply PCBs from artwork supplied for pro-
jects lor which the PCB is not available from
Elektor Electronics (Publishing). He already
makes PCBs for the Radio Society of GB
and Amateur Radio Today

WANTED-Elektor Electronics number 8
(December 1975). Will pay E20 plus all your
expenses if in good conditinn! Kari Lyra,
Jukolantie 10, 04200 Kerava, Finland.

WANTED- The Elektor satellite IDU, in work-
ing order if possible. Reasonable price paid.
Phone Sean on (0256) 57517.

Send uus coupon 10
Elektor Electronics (Publishing)

P.O. Box 1414
Derchester OT2 8V"

England

Block capitals please - one character 10each box

ELEKTOR ELECTRONICS 07/92

Name and address MUST be given
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CORlRECTIONS

Wide-band active telescopic antenna
(page 46)

In contrast to what is stated in the artic\e
and in the Readers' Services (page 102), a
printed-circuit board for the antenna is avail-
able at f.2.75 plus 48p VAT (No. ?24102).

CB-to-SW down converter
(page 49)

Drawings of the peB for this unit are omit-
ted from the artic\e: they are shown here.

LETTERS
Dear Editor: Would you please inform me if
Elektor Electronics are going to do a project
on the 'Sine wave converter' as was proposed
for March 1990?

L.J. Bums
New Zealand

UnJortunately, the designer could not ob-
tain the repeatability oJ his prototype that is
absolutely vitalJorour readers. Furthennore,
the designer has since moved away. Sorry!

[Editor]
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Elektor Eleclronics (Publishing) can not
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or transaction as a result of a free advertise-
ment or of any inaccuracy in Ihe text of such
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Advertisements will be placed in the order
in which they are received.

Elektor Electronics (Publishing) reserve
the fight 10 refuse advertisements without
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WANTED: SDK-86 and/or design guides &
books for 8086/8088 microprocessors. Please
call Simon on (0865) 514744.

FOR SALE: Roger Beep for transceivers
as a police one (rnax 10 tones). Price f:13
plus f:2 for p&p. Fax Miodrag Trajkovic on
+38 16 50293.

FOR SALE: 1.8 dB Marconi blue cap LNB,
used but working. f:15.00 plus p&p. Phone
Mr Vernal on 081 902 5447.
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sell, Phone Mrs Stevenson on 081 6609848.

FOR SALE: Papst fans Type 4850N, 220 V;
f:5.50 incl. 2 guards. Digital DEC writer 4
f:25.00, post free. Call Graham after 6 p.m.
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PRINTED CIRCUIT BOARDS
Mr Badger, 87 Blackberry Lane, Four Oaks,
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supply PCBs from artwork supplied for pro-
jects for wh ich the PCB is not available from
Elektor Electronics (Publishing). He al ready
makes PCBs for the Radio Society of GB
and Amateur Radio Today.
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(December 1975). Will pay f:20 plus all your
expenses if in good condition! Kari Lyra,
Jukolantie 10, 04200 Kerava, Finland.
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ing order if possible. Reasonable price paid.
Phone Sean on (0256) 57517.

Send this coupon to
Elektor Electronics (Publishing)
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INFRA-RED HEADPHONE TRANSMITTER

~E proposed transmitter pro- able to use a mains adaptor, be-
.1videsanoptical(infra-redJ. that cause that current is just a little

60mAis, wtreless, connection to a head- toohigh fora PP3battery. Keepthe
phone. The receiver is described in earths of the mains adaptor and
the next articJe. the audio stgnal separated as shown
Three infra-red (IR)LEDs are] in the diagram to prevent feed-

provided with a quiescent current :~~ back of the LED current to the
by TI' The level of that current is input.
set with PI' When an audio stg- The gate-source voltage of a
nal is applied to the gate of Tj , r\ CI BS170 may be up to 15 V. Ifyou
the current through the LEDs is Lf use a stgnal source that delivers
modulated. Consequently, the light a hlgher level, it is advisable to
emitted by the diodes is also (am- incorporateaSimpleprotectioncir-
plitude) modulated. cuit(forinstance, a lO-Vzenerdiode
Topreventoverdrivingofthegate in parallel, or a resistor in series,

causingtoohighacurrentthrough with the input).
the LEDs, a current limiter, con- The optical connection is fairly
sisting of T2 and R3, holds the directional, but this can be im-
current below 100 mA. proved by placing the LEDs at
The maximum dissipation of a varytng angles. Also, the distance

924069· 11BS170 is 830 mW at an ambient of operation can be extended ap-
temperature of 25°C, while the '- -' preciably by fitting rellectors be-
maximum draincurrentis 500 mA. hind the LEDs.
Therefore,evenwhentheFETisover- (whichmustbeadjustedforminimum The optimum input level for an
driven, those limits are not exceeded. distortion). operaurig distance of some metres
The optimum quiescent current The prototype transmitter drew a (4-8 ft) is 100-200 mV.

through the LEDs must be deter- current of about 60 mA at a supply
mined in conjunction with the receiver voltage of 9 V. It ts, therefore, advts- (Amrit Bir Tiwana - 924069)

INFRA-RED HEADPHONE RECEIVER
,------------------------, circuits for minimum (au-

dible)distortion.Thls should
be done without electric
light, because the trans-
mitter does not modulate
the audio signal on to a
carrier, so that light bulbs,
and particularly neon tubes
(whichemit an apprectable
amountofIRlightat 950nm,
modulated with 100 Hz)
can cause quitea hum. Even
normal ambient lightcauses
a deterioration of the sig-
nal-to-noise ratio. However,
with a little ambient light
and a distancebetween trans-
mitter and receiverof3-4 m
(10-13 ft), the distortionwas
1-2%, which is not bad for
such a sparse destgn.

(ArnrttBir
Tiwana - 924070)

"rHIS receiver is meant to
.1complement the trans-
mitter described in the pre-
vious articJe. It's design Is
based onjust one FET.This
has the advantage that con-
struction is simplicity it-
self, and the disadvantage
thatfor a sufficientlylowout-
put im-pedance the value
ofdrain resistor R3has to be
fatrly low.That results with
correct operation ofTI to a
fairly large (certainly for a
battery) current. The value
ofR3was chosen, as a com-
promise, at 560 Q. which
makes driving 600 Q head-
phones possible. The load
seen by TI is then 300 Q.
Both usable types of re-

cetve diode shown in the di-
agram have a daylight fil-
ter and are tuned to the wavelength
ofthe LEDsin the transmitter (950nm
at 25°C). At a couple of metres (5-8
ft) distance, a (no-load) output volt-
ageof200-300 mVis obtained, which
is quite sufficient for most head-
phones. The circuit then draws a
current of 9-10 mA.

9... l0mA
BPW41N
(BP104)

....
01

K1811

+
C1-9V :
47,
16V

924070 11

The setting of Plis fairly critical,
but its control range may be reduced
by addtng a small resistor at either
side of the preset. The preset should
be adjusted for minimum distortion.
This is best done by applying a 1kHz
audio stgnal at a level of 150 mV to
the transmitter and adjusting both

ELEKTOR ELECTRONICS JULY 1992



METAL DETECTOR
~IS detector will help you find
1. fairly large obj ects that consist
ofmaterials with a relatively high per-
meability. Also, it indicates whether
the magnette object inside the de-
tection coil has good or bad conduc-
tive properties. Examples of materi-
als that couple good magnette prop-
erties to a fairly high electrical iso-
lation are ferrttes pressed from metal
oxides. The detector is not suitable
for 'coin digging', for which it is not
sensitive enough. The more fanciful

stuff like bombs and treasures left
by pirates, is, however, reliably 10-
cated.
The metal detector is powered sym-
rnetrically by two 9-Vbatteries, each
ofwhich is loaded wtth about 15 mA.
The detection coil, LI, forms part of
a sine wave oscillator built around
transistor Tl. Normally, the central
frequency of the VCO (voltage-con-
trolled oscillator) in the PLL (phase-
locked loop) contained in ICI equals
the oscillator frequency of Tj, That

Miscellaneous:
Sl ; miniature double-pole change-over
switch.
Btl ;Bt2 ; 9-V battery with connecting
clip.
Ml ; centre-zero ±50~A moving coil
meter.

PARTS LIST

s'"

F·-: 9V,---

o

Bt2

+-: 9V,

Cl e see text

u

*
11 12 13 10 B

QREF

IN Ne v- CVCO

3 14 9 +

A3 R'
C' w

* ~~
tn

Resislors:
Rl ; 6kQB
R2;R3 ;4kQ7
R4; 6BOQ
R5;R6; 5kQ6
Pl ; 10kQ multiturn preset
P2; 470Q linear potentiometer

Capacilors:
Cl;C2; 100~F 16V radial
C3; 6BnF
C4; l5nF
C5;CB; 10nF
C6;C7; lnF

Induclor:
L1 ; details in text

Semiconduclors:
Tl; BC547B
T2;T3; BC557B
ICl ; NE565N

NC NC NC v+ RVCO

4 OVCO ODEM j..!..7...... -1-1
5 IVCOIPC IC1

NE565N20---<>---11""""",-'-1 IN

R2

,

924038 - 11
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changes when a metal object (ferro-
metallic or non-ferrometallic) enters
the field tnduced by LI. When that
happens, the stne-wave oscillator is
detuned, and the voltage difference
between pins 6 and 7 of ICI indi-
cates the difference between the stne
oscillator frequency and tbe VCO
frequency. This difference causes
moving-coiJ meter MI to deflect. The
needIe deflection itself is a measure
ofthe frequency change, whiIe the di-
rection of the needIe depends on the

type of material detected by the coiJ.
The meter used here is a centre-zero
±50 ~A type.
The coil consists of40 turns of enarn-
elled coper wire on a pIastic former
witha diameterofabout 10 cm (4 tn).
The tnductance so obtalned ensures
that the stne-wave oscillatorworks at
a frequency which is roughly equal
to that of tbe VCO in the PLL.
Use an oscilloscope to check that
ptn 2 ofIC 1supplies a sine-wave stg-
nal with a frequency ofabout 75 kHz.

Next, adjust PI such that the edges
of the reetangular stgnal at ptn 4 co-
tneide with the positive peaks of the
sine wave at pin 2. Next, null the
meter by turrung potentiometer P2·
Since the null adjustment will drift
a Iittle as the battery volatge drops,
it will be necessary to redo tbe bal-
ance adjustment every now and then
durtng use.

(K. Kraus - 924038)

CB- TO-SW DOWN CONVERTER
'T'HIS converter enables long-dis-
.1 tance (DX) reception of AM or
SSB stations in the 27-MHz citizens'
band (CB)on a short -waveormedium-
wave radio (note, though, that AM
orSSB modulationtn the 27-MHz CB
band is no langer allowed in a num-
ber of countries).
The converter consists ofaprestage,

TI, and a mixer / oscillator, ICI. The
antenna signal ts coupled induc-
tively to the gate of dual-gate MOS-
FETTI via tuned circuit LI-Cl, which
acts as a 27 MHz input filter. The
operaurig point of the MOSFET is
determtned by resistors RI-R2 con-
nected to the gate- 2 terminal. The
amplified signal is fed to the mixer
amplifiervia a coupltng capacitor and
a second tuned circuit, Ls-C2.The os-
cillator on board the S042P IC (man-
ufacturer: Siemens) works wtth a
quartz crystal, XI. The quartz fre-
quency is selected such that the dif-

ference frequency produced by the
mixer (also on board the S042P) falls
withtn the turung range of the radio
connected to the output of the con-
verter. For tnstance, ifan tnexpensive
26.800 MHz crystal is used, the fre-
quency of the received 27-MHz sta-
tion, iin' is

Jin = 26,800 ±idial
where idial is the frequency read
on the radio's turung scale (in this
case, the received stations will appear
in the medium-wave band). Other
crystal frequencies may be used,
e.g., 10 MHz, to move the CB band
tnto the SW range (17 MHz).
Construction of the converter is
fairly easy on the printed circuit board
shown here. Parts shown with a dashed
outline are fitted at the solder side
ofthe board. Theconverteris shielded
all around to prevent spurious radi-

- ----- -------------- ----------------:------------- ----------- -----------------------------------~

_~_t=G~,CE~DT1 IOp
In.- GI

BF9B2 S'", ~,,,,

924001 -1,:
'--- ----------------------- ----------~------------- ----------------------------- -----------------~

T::t Too,
~

+

5314ge4

220p

o

'" 9V

,u,,,,,
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ation, The antenna and the 1F out-
put are best connected via coax sock-
ets (S0239 or BNC). The two tnduc-
tors tn the converter are simply ad-
justed for best reception.
The converter is powered either by
a regulated 9-V adaptor, or by the
radio is is connected to, if this is ca-
pable of furnishing 9 V at a few tens
ofmA.

(924001 - Dr. U. Kunz)

For drawings of the PCB, see p. 99

PARTS LIST

Resislors:
Rl;R2 = 100kl1
R3 = 39Q
R4;R5;R6 = 33011

Capacilors:
Cl ;C2 = 56pF ceramic
C3 = 2nF2 ceramic
C4 = 1OpF ceramic
CS = 1nF ceramic
C6 = 47~F 16V radial
C7 = 1OOnFceramic
C8;C9 = 10pF ceramic
Cl0 = 27pF ceramic
Cll = 220pF cerarme
C12 = 3nF3 ceramic

Semlconduclors:
Tl = BF982
ICl = S042P

Induclors:
L1;L3 = 113CN2K50989189ADZ (Toko)
L2 = 1mH choke

Miscellaneous:
Kl ;K2 = BNC socket
Xl = see text



METAL DETECTOR
rpHIS detector will help you find
.1 fairly large objects that consist
ofmaterials with a relatively high per-
meability. Also, it indicates whether
the magnetic object inside the de-
tection coil has good or bad conduc-
tive properties. Examples of materi-
als that couple good magnetic prop-
erties to a fairly high electrical iso-
lation are ferrites pressed from metal
oxides. The detector is not suitable
for 'coin dtggmg', for which it is not
sensitive enough. The more fanciful

stuff like bombs and treasures left
by pirates, is, however, reliably 10-
cated.
The metal detector is powered sym-
metrically by two 9-Vbatteries, each
ofwhich is loaded with about 15 mA.
The detection coil, LI, forms part of
a sine wave oscillator bullt around
transistor Tl. Normally, the central
frequency of the VCO (voltage-con-
trolled oscillator) in the PLL (phase-
locked loop) contained in ICI equals
the oscillator frequency of Tl. That

PARts LIST

Resistors:
R1 = 6kQ8
R2;R3=4kQ7
R4=680Q
R5;R6 = 5kQ6
P1 = 10kQ multitum preset
P2 = 470Q linear potentiometer

Capacltors:
C1;C2 = 100J.LF16V radial
C3 = 68nF
C4= 15nF
C5;C8 = 10nF
C6;C7 = 1nF

Inductor:
L1 = details in text

Semiconductors:
T1 = BC547B
T2;T3 = BC557B
IC1 = NE565N

Miscellaneous:
81 = miniature double-polechange-over
switch.'" :{, ,k '" !'"

Bt1 ;Bt2 = 9-V battery with connecting
clip. ,,:
M1 = centre-zero ±50J.LAmoving coil
meter.
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* see text
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5 IVCO/PC

2.----.--tI "_--fIN

R2

6

~ ~~~----~~--------------~~~------~------~
924038·11

ELEKTOR ELECTRONICS JULY 1992



changes when a metal object (ferro-
metallic or non-ferrometallic) enters
the field tnduced by LI. When that
happens, the stne-wave oscillator is
detuned, and the voltage difference
between pins 6 and 7 of ICI indi-
cates the difference between the stne
oscillator frequency and tbe VCO
frequency. This difference causes
moving-coiJ meter MI to deflect. The
needIe deflection itself is a measure
ofthe frequency change, whiIe the di-
rection of the needIe depends on the

type of material detected by the coiJ.
The meter used here is a centre-zero
±50 ~A type.
The coil consists of40 turns of enarn-
elled coper wire on a pIastic former
witha diameterofabout 10 cm (4 tn).
The tnductance so obtalned ensures
that the stne-wave oscillatorworks at
a frequency which is roughly equal
to that of tbe VCO in the PLL.
Use an oscilloscope to check that
ptn 2 ofIC 1supplies a sine-wave stg-
nal with a frequency ofabout 75 kHz.

Next, adjust PI such that the edges
of the reetangular stgnal at ptn 4 co-
tneide with the positive peaks of the
sine wave at pin 2. Next, null the
meter by turrung potentiometer P2·
Since the null adjustment will drift
a Iittle as the battery volatge drops,
it will be necessary to redo tbe bal-
ance adjustment every now and then
durtng use.

(K. Kraus - 924038)

CB- TO-SW DOWN CONVERTER
'T'HIS converter enables long-dis-
.1 tance (DX) reception of AM or
SSB stations in the 27-MHz citizens'
band (CB)on a short -waveormedium-
wave radio (note, though, that AM
orSSB modulationtn the 27-MHz CB
band is no langer allowed in a num-
ber of countries).
The converter consists ofaprestage,

TI, and a mixer / oscillator, ICI. The
antenna signal ts coupled induc-
tively to the gate of dual-gate MOS-
FETTI via tuned circuit LI-Cl, which
acts as a 27 MHz input filter. The
operaurig point of the MOSFET is
determtned by resistors RI-R2 con-
nected to the gate- 2 terminal. The
amplified signal is fed to the mixer
amplifiervia a coupltng capacitor and
a second tuned circuit, Ls-C2.The os-
cillator on board the S042P IC (man-
ufacturer: Siemens) works wtth a
quartz crystal, XI. The quartz fre-
quency is selected such that the dif-

ference frequency produced by the
mixer (also on board the S042P) falls
withtn the turung range of the radio
connected to the output of the con-
verter. For tnstance, ifan tnexpensive
26.800 MHz crystal is used, the fre-
quency of the received 27-MHz sta-
tion, iin' is

Jin = 26,800 ±idial
where idial is the frequency read
on the radio's turung scale (in this
case, the received stations will appear
in the medium-wave band). Other
crystal frequencies may be used,
e.g., 10 MHz, to move the CB band
tnto the SW range (17 MHz).
Construction of the converter is
fairly easy on the printed circuit board
shown here. Parts shown with a dashed
outline are fitted at the solder side
ofthe board. Theconverteris shielded
all around to prevent spurious radi-
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ation, The antenna and the 1F out-
put are best connected via coax sock-
ets (S0239 or BNC). The two tnduc-
tors tn the converter are simply ad-
justed for best reception.
The converter is powered either by
a regulated 9-V adaptor, or by the
radio is is connected to, if this is ca-
pable of furnishing 9 V at a few tens
ofmA.

(924001 - Dr. U. Kunz)

For drawings of the PCB, see p. 99

PARTS LIST

Resislors:
Rl;R2 = 100kl1
R3 = 39Q
R4;R5;R6 = 33011

Capacilors:
Cl ;C2 = 56pF ceramic
C3 = 2nF2 ceramic
C4 = 1OpF ceramic
CS = 1nF ceramic
C6 = 47~F 16V radial
C7 = 1OOnFceramic
C8;C9 = 10pF ceramic
Cl0 = 27pF ceramic
Cll = 220pF cerarme
C12 = 3nF3 ceramic

Semlconduclors:
Tl = BF982
ICl = S042P

Induclors:
L1;L3 = 113CN2K50989189ADZ (Toko)
L2 = 1mH choke

Miscellaneous:
Kl ;K2 = BNC socket
Xl = see text
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READERS' CORNER
CORRECTIONS

Wide-band active telescopic antenna
(page 46)

In centrast ro what is stated in the article
and in the Readers' Services (page 102), a
printed-circuit board for the antenna is avail-
able at f2.75 plus 48p VAT (No. 924102).

CB-to-SW down converter
(page 49)

Drawings of the peB far this unit are omit-
ted from the article: they are shown here.

LETTERS
Dear Editor: Would you please inform me if
Elektor Eiectronics are going to da a project
on the 'Sine wave converter' as was proposed
for March 1990?

L.J. Bums
New Zealand

Unfortunatelv, the designer could not ob-
tain the repeatability ojhis prototype that is
absolutely vitalfor our readers. Furthermore.
the designer has since moved away. Sorry!

[Editor]

Switchboard allows all PRIVATEREADERS
of Ejektor Electronics one FREE advertise-
ment of up to 108 characters, including
spaces, cömrnas, numerals, etc., per month.

Write the advertisement, which MUST
relate 10etectronics, in the coupon on this
page; it MUST INCLUDEa private telephone
number or name and address; post office
boxes are NOT accep!able.

Elektor Electronics (Publishing) can not
accept responsibility for any correspondence
or transacnon as a resutl of a free advertise-
ment or of any inaccuracy in the text of such
an advertisement.

Advertisements will be placed in Ihe order
in which they are received.

Elektor Electronics (Publishing) reserve
the right 10 refuse advertisements withcut
giving reasons er without retuming them.

WANTED: SDK-86 and/or design guides &
books lor 8086/8088 microprocessors. Please
call Simon on (0865) 514744.

FOR SALE: Roger Beep lor transceivers
as a police one (max 10 tones). Price E13
plus E2 lor p&p. Fax Miodrag Trajkovic on
+38 16 50293.

FOR SALE: 1.8 dB Marconi blue cap LNB,
used but working. E15.00 plus p&p. Phone
Mr Vernal on 081 9025447.
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SWITCHBOARD

WANTED:
Audio Annual, any copies. Hi-fi News Annual
'74. Garrard Zero 100SB manual. 60's tone
arm - SME or similar. Write to Pekka Poutiainen,
PL136, SF90101 Oulu, Finland.

FOR SALE: Hameg HM203 oscilloscope, other
test equipment, components and tools. Must
seil. Phone Mrs Stevensnn on 081 6609848.

FOR SALE: Papst fans Type 4850N, 220 V;
ES.50 incl. 2 guards. Digital DEC writer 4
E2S.00, post free. Call Graham after 6 p.m.
on (0495) 774 566.

PRINTED CIRCUIT BOARDS
Mr Badger, 87 Blackberry Lane, Four Oaks,
Sutton Coldlield, Telephone 021 3539326 can
supply PCBs from artwork supplied for pro-
jects lor which the PCB is not available from
Elektor Electronics (Publishing). He already
makes PCBs for the Radio Society of GB
and Amateur Radio Today

WANTED-Elektor Electronics number 8
(December 1975). Will pay E20 plus all your
expenses if in good conditinn! Kari Lyra,
Jukolantie 10, 04200 Kerava, Finland.

WANTED- The Elektor satellite IDU, in work-
ing order if possible. Reasonable price paid.
Phone Sean on (0256) 57517.

Send uus coupon 10
Elektor Electronics (Publishing)

P.O. Box 1414
Derchester OT2 8V"

England

Block capitals please - one character 10each box

ELEKTOR ELECTRONICS 07/92

Name and address MUST be given
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READERS' CORNER

".

CORlRECTIONS

Wide-band active telescopic antenna
(page 46)

In contrast to what is stated in the artic\e
and in the Readers' Services (page 102), a
printed-circuit board for the antenna is avail-
able at f.2.75 plus 48p VAT (No. ?24102).

CB-to-SW down converter
(page 49)

Drawings of the peB for this unit are omit-
ted from the artic\e: they are shown here.

LETTERS
Dear Editor: Would you please inform me if
Elektor Electronics are going to do a project
on the 'Sine wave converter' as was proposed
for March 1990?

L.J. Bums
New Zealand

UnJortunately, the designer could not ob-
tain the repeatability oJ his prototype that is
absolutely vitalJorour readers. Furthennore,
the designer has since moved away. Sorry!

[Editor]

Switchböard allows all PRIVATE READERS
of Elektor Electronics one FREE advertise-
ment of up to 108 eharacters, inciuding
spaees, eommas, numerals, etc., per month.

Write tM advertisement, which MUST
relate to eleetronics, in the coupon on this
page; it MUST INCLUDE a private telephone
number or name and address; post office
boxes are NOT acceptable.

Elektor Eleclronics (Publishing) can not
accept responsibility for any correspondsnce
or transaction as a result of a free advertise-
ment or of any inaccuracy in Ihe text of such
an advertisement.

Advertisements will be placed in the order
in which they are received.

Elektor Electronics (Publishing) reserve
the fight 10 refuse advertisements without
giving reasons or wilhout returning them.

WANTED: SDK-86 and/or design guides &
books for 8086/8088 microprocessors. Please
call Simon on (0865) 514744.

FOR SALE: Roger Beep for transceivers
as a police one (rnax 10 tones). Price f:13
plus f:2 for p&p. Fax Miodrag Trajkovic on
+38 16 50293.

FOR SALE: 1.8 dB Marconi blue cap LNB,
used but working. f:15.00 plus p&p. Phone
Mr Vernal on 081 902 5447.

ELEKTOR ELECTRONICS JULY 1992

SWITCHBOARD

WANTED:
Audio Annual, any copies. Hi-fi News Annual
'74. Garrard Zero 100SB rnanual. 60's tone
arm - SME or similar. Write to Pekka Poutiainen,
PL 136, SF90101 Oulu, Finland.

FOR SALE: Hameg HM203 oscilloscope, other
test equipment, components and tools. Must
sell, Phone Mrs Stevenson on 081 6609848.

FOR SALE: Papst fans Type 4850N, 220 V;
f:5.50 incl. 2 guards. Digital DEC writer 4
f:25.00, post free. Call Graham after 6 p.m.
on (0495) 774 566.

PRINTED CIRCUIT BOARDS
Mr Badger, 87 Blackberry Lane, Four Oaks,
Sutton Coldfield, Telephone 021 3539326 can
supply PCBs from artwork supplied for pro-
jects for wh ich the PCB is not available from
Elektor Electronics (Publishing). He al ready
makes PCBs for the Radio Society of GB
and Amateur Radio Today.

WANTED-Elektor Electronics number 8
(December 1975). Will pay f:20 plus all your
expenses if in good condition! Kari Lyra,
Jukolantie 10, 04200 Kerava, Finland.

WANTED- The Elektorsatellite IDU, in work-
ing order if possible. Reasonable price paid.
Phone Sean on (0256) 57517.

Send this coupon to
Elektor Electronics (Publishing)

P.O. Box 1414
Derchester DT2 SYH

England

Block capilals please - one character 10 each box

ELEKTOR ELECTRONICS 07/92

Name and address MUST be given



LOW-DROP REGULATOR I
NOWADAYSthe only reasons for

not using a voltage regulator in
apower supply are: Ihave not got one;
I need an 'odd' voltage; Iwant to keep
the current drain very low.
The regulator shown in the diagram

is suitable for currents of 5-10 mA.
The two transistors draw only a tiny
current. The drop across the regu-
1atordepends on the load current and
lies between 0.5 V and 1.4 V. The
output voltage may be preset be-
tween 1.8 V and 8 V.
On power-up, there is no voltage

at the source of TI, so that the FIT
conducts. Current amphfler Tj then
draws base current and is switched
on. This arrangement means that the
reference (gate)voltage may be taken
from a high-resistance potentiorne-
ter. The quiescent current depends
on the level ofthe preset output volt-

BF245B BC550C

.W .1
" s

age: at 5 V, it is a mere 1 ~A.

When T2 is swttched on, the out-
put voltage will rise to its preset level.
The base potential of T2, and thus
the source potential of TI, remains
about 0.6 V high er than the output
voltage, so that it rises in step with
the output voltage. The gate ofT I is,
however, connected to the wiper ofPj.
whose voltage rises more slowly than
the output voltage, because the pre-
setis a potential divider.Consequently,
the gate of TI becomes more and
more negative wtth respect to Its
source. An equilibriumis soon reached,
whereby the FET reduces the base
current of T2 to a degree that en-
sures stability of the output voltage.
In normal ctrcumstances, the out-

put voltage vs load current ratio is
of the order of 9 mV/mA.

+

rB.C. Zschocke - 9240161

TELEPHONE MONITOR
MODERNtelephones can easily be

connected in parallel, enabling
a household to have one in the bed-
room, kitchen and hall or study. It
is, however, not always easy to see
(or hear) at one position whether the
phone at one of the other positions
is in use or has taken up the call.
The d.c. level on most telephone

lines drops from 48 V to about 8 V
when one appliance is in use and to
around 5Vwhen two telephones are
in use. Also, its polarity changes
over when a telephone is in use.
Since the polartty changes over, the

circutt is of necessity a bridge type
as shown in Fig. 1. To keep the cur-
rent drain small and relatlvcly con-
stant at varying voltage levels, a cur-
rent source is needed for the
high-efficiency indicator LEDs.
At 50 V across a and b, the 1
circuit is inactive; when that
potential drops to about 8 V,
the current source is on; when
the level has dropped to about
5 V, the 'swttch' across the
upper LEDopens so that both
diodes light. a
The diagram ofthe practical

circuit is shown in Fig. 2. The
bridge rectifier is formed by
diodes D[-D4, while T3 serves
as the LED switch.
When the applied voltage

is greater than 30 V. Tj is on
and switches offcurrent source

o

T2. In this situation, the circutt draws
not more than 0.5 mA. When the ap-
plied voltage drops to 8V,T j is offand
T2 is on. The current source is com-
pleted by D5, D6, R3 and R5: with
values as shown, the current supply
is about 1.5 mA.
In this situation, because of the

values of Rj and R2, T3 is on, and
D7 is short-ctrcuited. As soon
as a second receiver is Itfted, the 2
line voltage drops to some 5 V,
resultmg in T3 being switched
off, so that D7 lights.
The current through the LEDs

is necessarily small and should
in any circumstances not rise
above5mA.With two telephones
that means that R5 must be

,
,
,

5v~·1
,,,
,,
,
,

S:3DV:"---'"

b

924030 . 11

270-330 n, and for three telephones,
390-470 n. As already stated, this
means that high -efficiency LEDs are
essential.

(P.Holmes - 924030)

01 D2

a b

D3 D4

1N4148 1N4148 924030· 12
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CROWBAR PROTECTION

~

UITE a few electronic
components, particu-

lar active ones, cannot with-
stand too high voltages.
Preventing costly circutts
dying apremature death be- Kl
cause the supplyvoltage has "
rtsen too high, an overvolt - y
age protector is no luxury. +
Such a protector must, of
course,acts~y,otherwise
the deed has been done be-
fore it has a chance to act. <25V

Therefore, (slow-acting) re-
lays are not suitable for this
purpose.
The circuit shown here,

a so-called crowbar, con-
tains several fast -acting com-
ponents. It Is intended to
be connected between the
mains and the appliance to
be protected.
The circuit depends, as it were,

on brute force: when the supply volt-
age rtses too high, a thyristor short-
circutts the output. This means that

comes into action is set be-
tween 5 V and 25 V with
PI' This is done as folIows:
1. Set PI to its rnaximum
value.

2. Replace the fuse tem-
porarily by a wire bridge
and connect the crowbar
to a variable power supply.
Set the current limit of
that supply to 1 A and
the output voltage to the
value at which the crow-
bar is desired to act.

3.Turn PI backslowlyuntil
the thyristor comes on,
that ts, when the cur-
rent limiter ofthe power
supply comes into ac-
tion.
The crowbar is now set.

Replace the wire brtdge by
the fuse (max. ratmg 5 A). In quies-
cent operation, the crowbar circuit
draws a current of only abou t 1 mA.

K2•+
o

924022 - 11

the too high voltage is immediately
removed from the connected appli-
ance and also thatfusc F, blows. Brute
force, indeed!
The voltage at which the crowbar

H-SYNC

V·SYNC

Kl
CGA 09

z
,

R'
R 4700

R5
G • 4700

R'
B

5 4700

7

[J. Ruiters - 9240221

CGA- TO-SCART ADAPTOR
rpHE adaptor has the great
.1advantages of not need-
tng a separate power supply
and requiring so few exter-
nal components that these
can easily be accommodated
in the SCART connector.
The signals on the R. G,

and B pins of the CGAcard
are converted from TTLlevel
to SCART level with the aid
of transistors ~, Rs and Rt;
and the input impedance
(75 Q) ofthe SCARTinputs.
The output impedance of
the so created voltage di-
viders is not exact1y 75 Q
as specified for SCARTvideo
inputs, but in practice this
does not appear to make
much difference.
Resistors RI-R3 between

pin 6 of the CGA card and
the R.G,B pins ofthe SCART
connector ensure that the
brtghtness is brought down
to 50% when pin 6 is ac-
tive.
A composite sync(hro-

ntzation) signaland a blank-
tng stgnal for the TV are de-
rived from the horizontal

ELEKTOR ELECTRONICS JULY 1992

K2
SCART

15
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• G
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R8

""0 BLANK

20
SYNC

13
R-GND

8S170
5

B-GND

9
G·GND
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8

9

GND

and vertical sync pulses of
the CGA card with the aid
of R7-Rll and TI.
The 5-V supply fOTTI is

obtained from the CGAcard
via pin 7. Since that pin is
not normally used, itmust
be Iinked to the 5-V line
by a short length of wire.

(S. Pluis - 924018)



LOW-BATTERY INDICATOR
'T'HE reliability of readtngs of bat-
.L tery-operated rneasurtng instru-
ments depends, of course, on the
state of the battery. Even simple in-
struments are , therefore, provided
with a facility (normally a push but-
ton) to check the battery voltage. If,
however, the state ofthe battery must
be monitored constantly, that type
of check is not very reliable. And
then there are instruments thathave
no battery check facility whatsoever.
The indicator shown in Fig. 1solves

all these problems. With jump links
JP1 and JP2 in the positions shown,
O2 serves primarily as onZoff indi-
cator. This low-current LEO lights
constantly as long as the battery
voltage is sufficiently high and the op-
tional alarm input (a)is not actuated.
When the batteryvoltage drops below
a value set by PI, oscillator IC1b is
switched on, whereupon Dj begins to
flash at a frequency of about 0.5 Hz.
A second oscillator, ICLa- is actu-
ated when a high voltage level is ap-
plied to terminal a. The LEO will
then flash at a frequency of 10 Hz.
This additional indicationis often use-
ful to alert the user to an operational
error.

When JP1 and JP2 are in their
other position, there is no onZoffin-
dication; the quiescent current then
drops from about 4 mA to a few ~A.
Ifthis condition is selected, the con-
nections of 02 must be changed over
(as shown in dashed lines).
The circuit uses the NANOgates

ofa Type 74HC132 IC,which is sutt-
able for supplyvoltages, Uj, of2-6 V.
Since the change-over point of the
indicator depends on the supplyvolt-
age, connected to Uj, thismustbereg-
ulated. lt is, of course, possible, even
preferred, to connect U, to the regu-
lated supply ofthe relevant measur-
ing instrument. Here, an independent
supply of 5 V is assumed. Since the
regulator, IC2, is a low-drop type,
the batteryvoltage may drop to about
5.5 V before the stability of the out-
put voltage (at U,) becomes ques-
tionable.
The destgn may be adapted for

use wtth highersupplyvoltages: iflCI
is replaced by a Type 4093, the cir-
cuit becomes suitable for an input
voltage, Uj, of up to 18 V. The series
resistor of O2must, of course, also
be adapted: for instance, 05 should
be 3.9 kQ when U,= 15 V.

The batteryvoltage is applied to the
input of IC1a via potential divider
Rj-P1· Diode Oj protects the gate
agatrist too high a voltage from a
fresh battery.
Although the function of C6 may

notbetmmediatelyevident, itisavital
one: the capacitor ensures that the
upper switching threshold (about
2.5 V) of ICja is exceeded brieflyon
power-on. Oscillator ICjb is then
reset. After about one second, the
potential atjunction R2-R3is a mea-
sure of the state of the battery. If
that potential lies below about 1.5 V
(the lower switching threshold), the
oscillator is actuated. If C6were not
in circuit, the oscillator would not
be reset at low battery voltages, re-
sultmg in an erroneous low-battery
indication.
Preset Pj [maximurn resistance)

is adjusted when a variable power
supply is connected to Us+ and set
to an output level at which the indi-
cator is to become'bperauonal, say,
6 V. Turn PI slowly until 02 begins
to flash.
The alarrn tnput, a, maybeadapted

for use with negative battery volt-
ages by the circuit shown in Fig. 2.

1

icz
LP2950CZ-5.0

....
S1

1
C7~ es

100).1 100n
9V

16V
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.I......._ .... r
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In fact, the twocircuits together moni-
tor a symmetrical battery supply:
the positive line via Us+ and the neg-
ative line via the circuit in Ftg. 2,
connected to terminal a in Fig. 1.
When one of the batteries becomes
low, D2 begins to flash: at a fre-
quency ofO.5 Hz in case ofthe + bat-
tery, and at about 10 Hz in case of
the - battery. When both batteries be-
come lowSimultaneously, D2flashes
with interruptions.
The circuit in Ftg. 2 raises the neg-

ative battery voltage to above earth
level. Note that, because of the load-
ing of its output, Re in Fig. 1 must
be removed. Connect the ++ line to
U, in Ftg. I, the + line to the nega-
tive terminal ofthe symmetrical bat-
tery supply, and 0 to 0 in Fig. 1.

2
Ftg. 1 (assuming two 9-V batteries
in sertes).
Preset PI is adjusted in a man-

ner similar to that described above
for PI in Ftg. I. When the upper
switching threshold of JC Je is ex-
ceeded. the gate oscillates and D2
begins to flash. The power-on reset
(terminal a becomes legte 0) is pro-
vided by capacitor C2. That capaci-
tor is discharged via D, and the
supply lines.
Diode D2 protects ICle against

negative input potentials, while ca-
pacitor CI prevents the circuit betng
triggered by possible brief noise peaks
on the battery voltage.

[J. Ruiters - 9240431
Provided all connections are cor-

rect, the total current drain rises
by only about 10 ~A over that of

VOLTAGE CONVERTER I
THEIimiter is capable of convert-
ing a 70-260 V r.m.s. alternat-

ing voltage into a 180-350 V direct
voltage. Forthat, afull-waverectifier,
contained in an MC34161, is used
as a voltage doubler at low input
voltages and as a standard rectifter
at high input voltages. In this way,
an input voltage variation of x4 is
reflected in an outputvoltage change
of not greater than x2.
The MC34161 has an integral volt-

age reference source that provides a
voltage of 2.54 V at pin 1. The level
of a signal applied to pin 2 is com-
pared internally with a potential of
1.27 V.
Voltagedivider R2-R3ensures that

the internal comparator changes state
when the inpu t voltage rises above
135V:pin 5 then becomes logichigh.
The potential at pin 2 is then lower
than 1.27 V. The triac is switched
off, and this removes the centre link
between the output capacitors, C2
and C3,so that voltage doublmg can-
nottake place. DiodesDI-D4 then op-
erate as a normal bridge rectifler.

Table 1
Input voltage VB output voltage

Va.c. Ud.e.

70 180
85 218
100 260
125 325
160 212
175 233
200 270

ELEKTOR ELECTRONICS JULY 1992

When the input voltage is lower
than 135 V, the potential at pin 2
remains higher than 1.27 V: the in-
ternal transistor at pin 6 is then off.
Because of Ra, pin 3 then carries the
reference voltage of 2.54 V. That in
turn results in the internal transis-
tor at pm 5 being switched on, so
that triacTri Iswitches fromthe block-
ing state to the conducting state.
Diodes D2 and D3, and capacitors
C2 and C3, then function as voltage
doubler.
Zener diode D5, in conjunctton

with RJ and C4, ensures that the lC
is supplied from a stable 12Vsource.
The time taken by the circuit to switch
from standard rectifier to voltage
doubler is determined by ~ -CI.
The working voltage of capacitors

C2 and C3must be ;>250V.

WARNING:the eireuit earries
high vortages and must therefore
be treated with the greatest eure.

(Motorola Application - 924075)

TIC216
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In fact, the twocircuits together moni-
tor a symmetrical battery supply:
the positive line via Us+ and the neg-
ative line via the circuit in Ftg. 2,
connected to terminal a in Fig. 1.
When one of the batteries becomes
low, D2 begins to flash: at a fre-
quency ofO.5 Hz in case ofthe + bat-
tery, and at about 10 Hz in case of
the - battery. When both batteries be-
come lowSimultaneously, D2flashes
with interruptions.
The circuit in Ftg. 2 raises the neg-

ative battery voltage to above earth
level. Note that, because of the load-
ing of its output, Re in Fig. 1 must
be removed. Connect the ++ line to
U, in Ftg. I, the + line to the nega-
tive terminal ofthe symmetrical bat-
tery supply, and 0 to 0 in Fig. 1.

2
Ftg. 1 (assuming two 9-V batteries
in sertes).
Preset PI is adjusted in a man-

ner similar to that described above
for PI in Ftg. I. When the upper
switching threshold of JC Je is ex-
ceeded. the gate oscillates and D2
begins to flash. The power-on reset
(terminal a becomes legte 0) is pro-
vided by capacitor C2. That capaci-
tor is discharged via D, and the
supply lines.
Diode D2 protects ICle against

negative input potentials, while ca-
pacitor CI prevents the circuit betng
triggered by possible brief noise peaks
on the battery voltage.

[J. Ruiters - 9240431
Provided all connections are cor-

rect, the total current drain rises
by only about 10 ~A over that of

VOLTAGE CONVERTER I
THEIimiter is capable of convert-
ing a 70-260 V r.m.s. alternat-

ing voltage into a 180-350 V direct
voltage. Forthat, afull-waverectifier,
contained in an MC34161, is used
as a voltage doubler at low input
voltages and as a standard rectifter
at high input voltages. In this way,
an input voltage variation of x4 is
reflected in an outputvoltage change
of not greater than x2.
The MC34161 has an integral volt-

age reference source that provides a
voltage of 2.54 V at pin 1. The level
of a signal applied to pin 2 is com-
pared internally with a potential of
1.27 V.
Voltagedivider R2-R3ensures that

the internal comparator changes state
when the inpu t voltage rises above
135V:pin 5 then becomes logichigh.
The potential at pin 2 is then lower
than 1.27 V. The triac is switched
off, and this removes the centre link
between the output capacitors, C2
and C3,so that voltage doublmg can-
nottake place. DiodesDI-D4 then op-
erate as a normal bridge rectifler.

Table 1
Input voltage VB output voltage

Va.c. Ud.e.

70 180
85 218
100 260
125 325
160 212
175 233
200 270
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When the input voltage is lower
than 135 V, the potential at pin 2
remains higher than 1.27 V: the in-
ternal transistor at pin 6 is then off.
Because of Ra, pin 3 then carries the
reference voltage of 2.54 V. That in
turn results in the internal transis-
tor at pm 5 being switched on, so
that triacTri Iswitches fromthe block-
ing state to the conducting state.
Diodes D2 and D3, and capacitors
C2 and C3, then function as voltage
doubler.
Zener diode D5, in conjunctton

with RJ and C4, ensures that the lC
is supplied from a stable 12Vsource.
The time taken by the circuit to switch
from standard rectifier to voltage
doubler is determined by ~ -CI.
The working voltage of capacitors

C2 and C3must be ;>250V.

WARNING:the eireuit earries
high vortages and must therefore
be treated with the greatest eure.

(Motorola Application - 924075)
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BATTERY REGULATOR FOR
SOLAR POWER SYSTEM

1\ lthough newer types of solar cell
r-\.have come to the fore recently,
amorphous cells are bound to be
with us for some time to come, mainly
because of their low cost. Most solar
cells based on amorphous technol-
ogy have a relatively high internal
resistance, which results in large
differences between the loaded and
'open-ctrcutt' output voltages. Where
a rechargeable battery is used as an
energy storage device, a voltage reg-
ulator circuit is inorder that charges
the batterywhen the cell output volt-
age is high, and forms a minimum
load on the battery when the cell
output voltage is low.
For relatively small solar power sys-

tems, the parallel (or 'shunt') regu-
lator is a viable alternative. Apart frorn
a single (Schottky) diode, nothing is
inserted between the solar cell and
the battery. Since the supply volt-
age is furnished by the solar panel,
the regulator works always, even if
the battery is fully discharged or not
connected. This ensures the best
possible protection agatrist overvolt-
age of all circuits powered by the
solar cell (or array of cells).
The heart of the shunt regulator

presented here is formed by a Type
TL431LP precision voltage regulator
from National Semiconduetor. When
the solar cell output voltage rises
above the level set with preset Pj , a
current starts to flowthrough Ra-R2-Dj•
When the current has risen to about
5 mA, transistor Tj starts to con-
duct. The transistor used here, a
BD642, may be replaced by almost
any other, sirmlar, power darling-
ton. forexample, theT1P147. Thecol-
leetor of the B0642 ls conveniently
conneeted to ground, which means
that the device can be bolted direct
on to a heat sink.
Since the regulator is capable of

shunting quite high currents, it has
separate sense inputs, 'A' and 'B', to
monitor the batteryvoltage. The solar
cell is conneeted to terminals '++' and
'- -', Resistor ~ limits the current
through 03 in the event of the high-
power series diode, O2, breaking down.
Not shown in the circuit diagram, but
required in the interest of safety, are
fuses in series with the battery and
the load(s). Also, donot forget to con-
neet a surge arrester in parallel with
the solar cell,
The Schottky diode used here, an

SB530 from Conrad, is capable of
passing up to 5 A. For panel output

currents up to 3 A, it may be re-
placed by the more familiar IN5401
(which, unfortunately, has a slightly

higher forward drop voltage) .Talking
of rattngs: the heat sink on to which
the power transistor is bolted must

80642 ++TIP147
D2

+
58530

03 R'A
2k2

1N4148

T1

B C E

+ P1 r@D- 80642
:811 TIP147
---

! Tl431lP

8

Tl431lP

924010·11

PART5LI5T

Resistors:
R1 = 10n
R2 = 470n
R3= 330n
R4= 2kf12
R5 = 180kn
R6 = 33kf1
P1 = 10kfl preset H

Semlconductors:
T1 = TIP147 or B0642
01 = LEO
02 = 5B530
03 = 1N4148
IC1 = TL431 LP

Miscellaneous:
K1 = 6-way PCB terminal block;

pitch = 5mm
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have athermal resistance of 1.5KW-I
or smaller, in which case power dis-
stpation levels up to 40 W can be
handled without problems. For very
high power applications, connect a
number of power darlingtons is par-
allel, and connect their emitters via
0.22-Q current distribution resistors.

Obviously, to cope with the increased
power dissipation, the size of the
heat sink must be increased accord-
ingly.
The component values shown re-

sult in a battery voltage adjustment
range of 13.4-17.6 V. This is on the
high side formost (lead-acid and gel-

type) batteries, which do not fare
very well at charge voltages greater
than 13.8 V.The circuit can be mod-
ified for an output voltage range of
about ll-16Vbyfitting: R5=220kQ;
~=47 kQ; PI=25 kQ. •

(K. Schönhoff - 924010)

LOW-DROP REGULATOR 11
IFa stable 5-V direct voltage is tobe deIivedfroman already lowsupply
voltage, the 4805 fromSGSThomson
is probably the most suitable regu-
lator JC available at present. The
popular 7805 does not work so weil
with supplies lower than about 8 V.
The 4805, on the other hand, needs
an input voltage that is only about
0.5 V higher than its output volt-
age. Its data sheets state that its
output voltage remains stable so
lang as the input voltagedoes not drop
below 5.7 V. That voltage, by the
way, is the worst-case voltage when
the output current is 400 mA. Jn
practice, therefore, theregulatornor-
mally works flne with input voltage
as low as 5.4 V.
What to do if the output current

is more than 400 mA? Weil, in that
case, and for output currents up to
1A, the LM2940T appears to be just
about the best available. This JC
fromNational Semiconductor is avail-
able in three variations: 5 V, 8 V,
and 10V.The 5-V version, in which
we are principally interested here,
is type-coded LM2940T-5. These ICs
are pin-compatible with the 7805
and 4805, which makes it possible
foran extsting low-drop supply based
on one these devices to be upgraded
fatrly simply.
For completeness' sake, the circuit

diagram shows a simple 5-V design.
The only really important parame-
ter here is the capacitance of decou-
pllng capacitor C4. Accordtng to the
relevant data sheets, its value should
be not less than 22 ~F to ensure
correct stability.
Ifthe input voltagedoes not goabove

about 7.5 V, a heat sink is not nec-
essary. If the regulator is required
to operate at a higher output volt-
age and the full output current, a suit-
able heat sink is imperative. A heat
sink rated at 6.5 °CW-I makes the
low-drop circuit suitable for input
voltages up to 15 V at full output
current or up to 25 V at 500 mA.
The worst case input voltage is 5.8 V..
The LM2940T, like the 7805, is

short-circuit-proof. but it does draw
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a rather high quiescent current as
shown in the characteristic curves.

(J. Rulters - 924025J
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BATTERY REGULATOR FOR
SOLAR POWER SYSTEM

1\ lthough newer types of solar cell
flhave come to the fore recently,
amorphous cells are bound to be
with us for some time to come, mainly
because of their low cost. Most solar
cells based on amorphous technol-
ogy have a relatively high internal
resistance, which results in large
differences between the loaded and
'open-circuit' output voltages. Where
a rechargeable battery is used as an
energy storage device, a voltage reg-
ulator circuit is in order that charges
the battery when the cell output volt-
age is high, and forms a minimum
load on the battery when the cell
output voltage Is low.
For relatively small solar power sys-

tems, the parallel (or 'shunt'l regu-
lator is a viable alternative. Apart from
a single (Schottky) diode, nothing is
inserted between the solar cell and
the battery. Since the supply volt-
age is furnished by the solar panel,
the regulator works always, even if
the battery is fully discharged or not
connected. This ensures the best
possible protection agatnst overvolt-
age of all circuits powered by the
solar cell (or array of cells).
The heart of the shunt regulator

presented here is formed by a Type
TIA31LP precision voltage regulator
from National Semiconductor. When
the solar cell output voltage rises
above the level set with preset PI, a
currentstarts toflowthrough R:3-R2-01.
When the current has risen to about
5 mA, transistor Tl starts to con-
duct. The transistor used here, a
B0642, may be replaced byalmost
any other, similar, power darling-
ton, forexample, theTIP147. Thecol-
lector of the B0642 is conveniently
connected to ground, which means
that the device can be bolted direct
on to a heat sink.
Since the regulator is capable of

shunting quite high currents, it has
separate sense inputs, 'A' and 'B', to
monitorthe batteryvoltage. The solar
cell is connected to terminals '++' and
'- -'. Reststor R, limits the current
through 03 in the event of the high-
power series diode, 02, breaking down.
Not shown in thecircuitdiagram, but
required in the interest of safety, are
fuses in series with the battery and
the load(s). Also, do not forget to con-
nect a surge arrester in parallel with
the solar cell.
The Schottky diode used here, an

SB530 from Conrad, is capable of
passing up to 5 A. For panel output

currents up to 3 A, it may be re-
placed by the more familiar IN5401
(which, unfortunately, has a slightly

htgher forward drop voltage) .Talking
of ratings: the heat sink on to which
the power transistor is bolted must

80642
TIP147

B C E

TL431LP

++
02+

A

8

58530
D3

80642
TIP147

924010· 11

PARTS LIST

Reslstors:
R1 = 10n
R2=470n
R3=330n
R4= 2kn2
R5= l80kn
R6= 33kn
Pl = 10kn preset H

Semlconductors:
T1 = TIP147 or B0642
01 = LEO
02 = SB530
03= 1N4148
IC1 = TL431LP

Miscellaneous:
K1 :::6-way PCB terminal block;
pitch = 5mm
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have athermal resistance of 1.5KW-I
or smaller, in which case power dis-
stpation levels up to 40 W can be
handled without problems. For very
high power applications, connect a
number of power darlingtons is par-
allel, and connect their emitters via
0.22-Q current distribution resistors.

Obviously, to cope with the increased
power dissipation, the size of the
heat sink must be increased accord-
ingly.
The component values shown re-

sult in a battery voltage adjustment
range of 13.4-17.6 V. This is on the
high side formost (lead-acid and gel-

type) batteries, which do not fare
very well at charge voltages greater
than 13.8 V.The circuit can be mod-
ified for an output voltage range of
about ll-16Vbyfitting: R5=220kQ;
~=47 kQ; PI=25 kQ. •

(K. Schönhoff - 924010)

LOW-DROP REGULATOR 11
IFa stable 5-V direct voltage is tobe deIivedfroman already lowsupply
voltage, the 4805 fromSGSThomson
is probably the most suitable regu-
lator JC available at present. The
popular 7805 does not work so weil
with supplies lower than about 8 V.
The 4805, on the other hand, needs
an input voltage that is only about
0.5 V higher than its output volt-
age. Its data sheets state that its
output voltage remains stable so
lang as the input voltagedoes not drop
below 5.7 V. That voltage, by the
way, is the worst-case voltage when
the output current is 400 mA. Jn
practice, therefore, theregulatornor-
mally works flne with input voltage
as low as 5.4 V.
What to do if the output current

is more than 400 mA? Weil, in that
case, and for output currents up to
1A, the LM2940T appears to be just
about the best available. This JC
fromNational Semiconductor is avail-
able in three variations: 5 V, 8 V,
and 10V.The 5-V version, in which
we are principally interested here,
is type-coded LM2940T-5. These ICs
are pin-compatible with the 7805
and 4805, which makes it possible
foran extsting low-drop supply based
on one these devices to be upgraded
fatrly simply.
For completeness' sake, the circuit

diagram shows a simple 5-V design.
The only really important parame-
ter here is the capacitance of decou-
pllng capacitor C4. Accordtng to the
relevant data sheets, its value should
be not less than 22 ~F to ensure
correct stability.
Ifthe input voltagedoes not goabove

about 7.5 V, a heat sink is not nec-
essary. If the regulator is required
to operate at a higher output volt-
age and the full output current, a suit-
able heat sink is imperative. A heat
sink rated at 6.5 °CW-I makes the
low-drop circuit suitable for input
voltages up to 15 V at full output
current or up to 25 V at 500 mA.
The worst case input voltage is 5.8 V..
The LM2940T, like the 7805, is

short-circuit-proof. but it does draw
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a rather high quiescent current as
shown in the characteristic curves.

(J. Rulters - 924025J
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WATER PUMP CONTROL FOR
SOLAR POWER SYSTEM

INmost small solar power systemsusing a boiler it is required that
the water circulation pump is not
switched on until the temperature
of the collector (the solar panel) ex-
ceeds that of the water in the vessel.
Here, a two-sensor monitor is pre-
sented that enables this condition
to be met. One sensor is fitted on
the collector, the other on the water
vessel. The control shown here has
two adjustments: one for the temm-
perature difference at which the pump
starts to operate, and one for the tem-
perature difference at which it is
switched off. Although these set-
tings are independent, the swttch-
off level must be lower than the
switch-on level. Calibration in de-
grees Celcius is simple because the
gradient of the voltage at the wiper
ofthe potentiometers (orpresets) that
set the orr/off ternperatures is exactly
0.1 V'C-I.
The two temperature sensors Type

LM334 ar e adjusted to supply a

temperature gradient of luA 'C-I.
Unequal sensor temperatures there-
fore produce a current flow at their
junction. The voltage across RI is
directly proportional to the temper-
ature difference measured. This en-
ables the switching thresholds of
the on /otf control to be set with the
aid of two presets: the 'on' preset
(P4) is adjusted to, say, 3 'C, and
the 'off preset (P3)to 1 'C. The range
of the two presets is about 5 'C.
The sensors used here su pply a

current rather than a voltage. This
eliminates thermocouple effects
caused by temperature changes on
the connecting cables between the
sensors and the circuit. lfvoltage-type
sensors such as PTCs or NTCs were
used, the cir cu it would have be-
come more complex because of the
requtred compensation. The AD590
may be used instead of the LM334.
Note, however, that the AD590 does
not requtre an adjustment preset or
resistor.

Relay Re2 switches the pump on
and off. A second relay, Rej , comes
on after Re2' It is optional, and may
be used to switch the pump briefly
to a higher speed, which is required
in some solar heating systems to in-
crease the intial water flow, or to fill
the system.
The circuit is calibrated by set-

ting equal sensor currents at equal
sensor temperatures. The sensor cur-
rent equals

[273 + TalJ flA,

where Ta is the ambient tempera-
ture in degrees Celsius. Thus, at a
room temperature of 20 'C, presets
PI and P2 are adjusted until the
current flow through each sensor is
293 flA. A few mlcroamps more or less
will not make much difference, as
longas the sensor currents are equal .
It is best to first adjust one sensor
only. Start by connecting a micro-
ammeter between 'A'and ground, and

7805 l2V
f-t<-~,----------.--t---+-I. (Jlt--t---,---+o-+ +

A

D6

*multlturn
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adjust Pj .Next, adjust the other pre-
set un til the val tage across RJ is
nought. It wiIl be elear that these
initial adjustments require that the
two LM334 are at the same temper-
ature.
Current consumption ofthe on/ off

control is about 11 mA plus about
35 mA for each relay.
The dimensions of the printed

circuit board are geared to the size
of the box mentioned in the parts
list.The potentiometers are fittedwith
the spindies at the track side of the
board.

Tl ;T2 = BC547BPARTS LIST

Miscellaneous:
Kl = 2-way PCB terminal block,
pitch 5mm.

K2;K3 = 3-way PCB terminal block,
pitch 7.5mm.

Rel;Re2 = GBR 10.2-11.12 (12V coil,
contact 250V @8A).

Enclosure: about155x61 x90 mm;
e.q., Retex Gibox Type RG3.

PCB Type 924007.

Resistors:
Rl = l00kn
R2;R3=470Q
P3;P4 = 2200 linear potentiometer
R4;R6= 10kn
R5= lMQ
Pl;P2 = 500Cl mutitum preset

Capacltors:
Cl = 11lF MKT
C2 = 1ÜIlF 10V radial
C3 = l00IlF 10V radial
C4 = 470liF 25V radial

(K. Walraven - 924007)

Semlconductors:
01;02 = lN4oo1
03;04= LEO
05;06 = LM334
ICl = 7805
IC2=TLC272
IC3 = 4013

~ ~

(o~,
0,~,
0

lz, ~

~
,0000se

NO

NC

P

NO

NC

P
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924007
K3~
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I
adjust P, .Next, adjust the other pre-
set until the voltage across R1 is
nought. lt will be clear that these
initial adjustments require that the
two LM334 are at the same temper-
ature.
Current consumption of'the on/ off

control is about 11 mA plus about
35 mA for each relay.
The dimensions of the printed

ctrcutt board are geared to the size
of the box mentioned in the parts
list. The potentiometers are fitted with
the spindles at the track side of the
board.

PARTS LIST T1 ;T2 = BC547B

Miscellaneous:
K1 = 2-way PCB terminal block,
pitch 5mm.

K2;K3 = 3-way PCB terminal block,
pitch 7.5mm.

Re1;Re2 = GBR 10.2-11.12 (12V coil,
contact 250V @8A).

Enclosure: about155x61x90 mm;
e.g., Retex Gibox Type RG3.

PCB Type 924007.

Resistors:
R1 = 100kn
R2;R3=470n
P3;P4 = 220n linear potentiometer
R4;R6 = 10kn
R5= 1MQ
P1 ;P2 = 500n mutiturn preset

Capacitors:
C1 = 11-1FMKT
C2 = 10I-1F10V radial
C3 = 10Ü!-1F10V radial
C4 = 470I-1F25V radial

(K.Walraven - 924007)

Semiconductors:
01 ;02 = 1N4001
03;04=LEO
05;06 = LM334
IC1 = 7805
IC2=TLC272
IC3 =4013
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POWER SUPPLY TESTER
rr'HIS Iittle circuit enables you to
.1measure the so-called dynamic
response of a d.c. power supply. A
power MOSFET,T1,is used to switch
the supply load on and off at a user
selectable rate. The response of the
supply to these fast load variations
is displayed on an oscilloscope.
The switchmg rate is selected with

the aid of a rotary switch, S1' which
also serves as the on Zoffswitch. The
available swttchtng frequencies are:
10 Hz, 100 Hz, 1 kHz and 10 kHz.
The well-known 555 timer lC is used
to supply the switching stgnal. Diodes
D3 and D4 cause the astable mul-
tivibrator to supply an output sig-
nal with a duty factor of about 0.5.
The swttchtng transistor, Tj. is pro-
tected agatust too high currents by
a fast IO-Afuse inserted in the drain
line. The tester may be powered by
anyregulated d.c.supplywith an out-
put voltage between 6 Vand 15 V.
However, this must not be the supply
undertest! Given the lowcurrentcon-
sumption ofthe tester (40 mA max.),
a 9-V battery is an excellent power
source.
The tester is extremely simple to

use. First, select the load resistance
of the supply you wish to test; say,

PARTS LIST

Resistors:
Rl ;R2;R3 = 820n
R4 =47n
R5 = 1kn

Capacitors:
C1 = 100liF 16V radial
C2;C3;C7 = 100nF
C4 = 100liF l6V radial
C5 = 10llF 16V radial
C6 = 11lF 16V radial

Semiconductors:
01 = LEO, red, 5mm
02 = lN4007
03;04 = lN4148
Tl = BUZ10
iC1= NE555

Kl
6... 15V

+

Miscellaneous:
K1 ;K2 = 2-way PCB terminal
block; pitch 5mm.
K3 = panel mount BNC
socket.
S 1 = 2-poie 6-way PCB
mount rotary switch.
Fl = 10A fast !use plus PCB
mount holder and cap.
Heat sink 5K1W, e.9.
SK129/38.1mm.

I
12 Q/l5 W for a 12-V, I-A PSU. This
resistor is connected between ou t-
put 'R' of the tester, and the '+' out-
put of the PSU. The '0' output of the
tester goes to the '-' (or '0') terminal
ofthe PSU. Next, connect the scope
input to the PSU outputs, and the
trigger inputto K3ofthe tester. Swttch
on the scope, the PSU and the tester.
The scope will now display the dy-
namic regulation charactertsttc ofthe
PSUat the given output current (I A)

and the selected swttchtng rate (ini-
tially, 10 Hz).
Construction ofthe tester is straight-

forward on the small printed circuit
board shown here. The power MOS-
FET is bolted on to a sm all PCB-
mount heat sink, and will not run very
hot even when the maximum per-
missible drain current (about 10 A)
is approached.

(J. Ruiters - 924015)
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R2
4

F1

K3 •5 6

8

•
'-1~----,7'-l Ci) Rr DIS01.... 04

ICl
OlJT 3

1N4148 6 THRNE555
'---+----42 TR

.... CV51.

C3

Rl

100n

924015 . 11

ELEKTOR ELECTRONICS JULY 1992



POWER SUPPLY TESTER
rrHIS little circuit enables you to
.1measure the so-called dynamic
response of a d.c. power supply. A
power MOSFET, TI, is used to switch
the supply load on and off at a user
selectable rate. The response of the
supply to these fast load variations
is displayed on an oscilloscope.
The swttching rate is selected with

the aid of a rotary switch, SI, which
also serves as the ou] off switch. The
available switching frequencies are:
10 Hz, 100 Hz, 1 kHz and 10 kHz.
The well-known 555 timer IC is used
to supply the swttchlng signal. Diodes
D3 and D4 cause the astable mul-
tivibrator to supply an output sig-
nal wtth a duty factor of about 0.5.
The swttching transistor, TI, is pro-
tected agalnst too high currents by
a fast 10-A fuse inserted in the drain
line. The tester may be powered by
anyregulatedd.c.supplywithanout-
put voltage between 6 V and 15 V.
However, this must not be the supply
under test! Given the lowcurrent con-
sumption ofthe tester (40 mA max.),
a 9-V battery .is an excellent power
source.
The tester is extremely simple to

use. First, select the load resistance
of the supply you wish to test; say,

PARTS LIST

,Resistors:
Rl ;R2;R3 = 8200
'R4 =i: 470" "
;R5:;:; lkQ

12 Q/15 W for a 12-V, 1-APSU. This
resistor is connected between out-
put 'R' of the tester, and the '+' out-
put ofthe PSU. The '0' output ofthe
tester goes to the '-' (or '0') terminal
of the PSU. Next, connect the scope
input to the PSU outputs, and the
trigger input to K3ofthe tester. Switch
on the scope, the PSUand the tester.
The scope will now display the dy-
namic regulation characteristic of the
PSU at the gtven output current (1A)

and the selected switching rate (ini-
tially, 10 Hz).
Construction ofthe tester is straight-

forward on the small printed circuit
board shown here. The power MOS-
FET is bolted on to a small PCB-
mount heat sink, and willnot run very
hot even when the maximum per-
missible drain current (about 10 A)
is approached.

(J. Ruiters - 924015)

Capacitors:
Cl = 1OO~F16V radial
C2;C3;C7 = 100nF
C4 = 100~F 16V radlal
C5 = 10~F 16V radial
C6 = 1~F 16V radial

Semieonductors:
01 = LEO, red, 5mm
02 = lN4007
03;04 = lN4148
Tl = BUZ10
IC1= NE555

K1
6... 15V

+

Miscellaneous:
Kl;K2 = 2-way PCB terminal
block; pitch 5mm.
K3 = panel mount BNC
socket.
81 = 2-pole 6-way PCB
mount rotary switch.
Fl = 10A fast fuse plus PCB
mount holder and cap.
Heat sink 5KJW,e.9.
8K129/38.l mm.

924015 . 11
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PC FAN CONTROL
ITisan unfortunate and well-known
fact that most PCs of the 'IBM and
compatible' type make a lot of noise,
which is both undesirable (as re-
gards noise in the working environ-
ment) and unnecessary (as regards
the actual power consumption, which
is often quite low). Many fans in PC
power supplies are over-rated, noisy,
and run at a constant, high, speed.
Fortunately, the authors found that
such fans can do their protective job
just as well at far lower speeds.
The speed controller presented

here conststs of (1) a temperature
monitor based on a LEO as the sen-
sor device, and (2) an idle speed reg-
ulator. The combination of the tem-
perature monitor and the idle speed
regulator results in a linear relation
between temperature and fan speed.
In other words: the fan will never
run faster than strictly necessary.
Byvirtue ofthe two separate regula-
tor circutts, there is no interaction be-
tween idle speed and temperature reg-
ulation, as with many other (less so-
. phisticated) fan controllers. The re-
sult is low fan speed (low noise) at
low temperatures, as well as good
cooling and a safe start-up at a11
times.
When the temperature inside the

PC rtses, the voltage drop across the
red LEO, 02, decreases byapproxi-
mately -2 mV K-l. This results in a
higher output voltage of opamp ICIA.
Preset PI is used to set the start
level, while P2 determines the slope
of the regulator characteristic. The
adjustment range of the idle-to-full
speed regulation is about 2 "C to
30°C.
The idle speed is set to the desired

value by adjusting P3. Capacitor C2
ensures a 4-second full-speed start
up pertod, while diode 03 re starts the
fan after a short interruption on the
mains.
The outputs of the temperature

monitor and the idle speed regula-
tor are '[otned' by two diodes, 04 and
05, at the base of Tl' The regulator
is stabilized by feeding a small por-
tion of the fan voltage back to the -
inputs of the opamps.
The circuit is bui1ton a small printed

circuit board that can be fitted into
the PC's power supply. The LEOmay
have to be moved off the board, and
connected with wires, to enable it to
be fitted in a position where temper-
ature changes are best noticed.

(L. Svenkerud and A. Kristiansen -
924009)
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IC1 = TLC272

K2

K1

D6

1N4004 924009 - 11
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PARTS LIST

Resistors:
Rl = 47kQ
R2 =5kQ6
R3 =56kQ
R4 = 10kQ
R5 = lMQ
R6;R9 = 100kQ
R7;R8 = 1kQ
R10 = 820Q
P1 ;P3 = 20kQ multitum preset
P2 = 5kQ multitum preset

Capacitors:
Cl = 10l1F 63V radial
C2 = 220l1F 25V radial

Semiconductors:
01 = 6V2 O.4W zener diode
02 = LEO, red, 5mm
03;04;05 = lN4148
06 = lN4004
Tl = BC547B
T2=B0242C
ICl = TLC272

Miscellaneous:
Kl;K2 = 2-way POB terminal
block, pitch 5mm.



HALOGEN LAMP PROTECTOR
HALOGENlamps, particularly high-

wattage ones, tend to draw very
high currents when they are cold, be-
cause they then have a very low re-
sistance: of the order of 0.1 Q or
lower. lf such a light is opera ted from
a 24 V battery, a swttch-on peak
current of over 200 Amay fIow.This
is highly detrimental to the life span
of the light, which after only a few
switch-ons may gtve up the ghost.
That costly situation may be pre-
vented by gradually building up the
power supplied to the lamp. Since op-
eration is from a d.c. source, the
only practical way of so doing is by
pulse-width modulation. With that
technique, the voltage to the lamp is
switched from zero with increasing
pulse width, while the current is
smoothed bya coil, so that its aver-
age levelincreases gradually. Switching
is carried out with two MOSFETs
Type BUZII. This type is character-
ized by an extremely low channel re-
sistance, which is typically 0.03 Q
for a gate-source voltage of 15 V;
moreover, the can handle continuous
currents of up to 30 A and pulsed
ones of up to 120 A. By connecting
the two in parallel, the current is
split two ways: not exactly 50/50, of
course, but near enough to ensure
that on switch -on the devices re-
main within their limits.
The control ctrcurtfor the MOSFETs,

T2 and T3, provides nothing new. A
regulator, JCI, ensures that the supply

to the circuit cannot rise too high: it
is set for about 18.5 V. The battery
voltage cannot be used directly, be-
cause, amongothers, thegate-source
voltage of the MOSFETs must not
be htgher than 20 V.
A sort of triangular waveforrn is

generated by Schmitt trtgger lC2a;
R2and ~ ensure that the operating
point ofthe opamp is haIfthe supply
voltage. Because of the feedback via
Rtl-C5, the output waveform is rect-
angular. However, the voltage across
C5 is an exponential waveform, that
is more or less triangular. That volt-
age is compared by lC2bwith the ter-
minal potential of C6, which, after
swttch-on, rtses gradually.
As long as the voltage across C5

Is lower that at the non-inverting
inputofIC2b, theoutputofthatopamp
will be high. As soon as the invert-
ing input reaches a potential htgher
than that at the +ve input, the out-
put changes state, which is acceler-
ated by the positive feedback via RJO.
The higher the terminal voltage of

C6, the Ionger the output OflC2bwill
remain high. Eventually, it will reach
a value high er than the maximum
voltage across C5:pin 7of!C2bis then
permanently high. The lamp is then
no longer switched on and off, but
rematns on.
The Type CA3240 dual opamp in

the lC2 position has the advantage
that its output can become almost
zero, but the disadvantage thatitcan-

not sink relatively large currents.
Because of that, TI ensures that the
gate capacitances of T2 and T3, to-
gether 2-10 nF, are discharged rapidly.
Those gate capacitances are charged
agatri (that is, T2 and T3 are dIiven
into conduction) by lC2bvia 02' An
additional driver is not needed, be-
cause the CA3240 can source enough
current at high levels.When the FETs
are on, their gate potential is about
16 V.
When the lamp is swttched off, C6

is discharged immediately, so that the
circult is ready at once to swttch it
on agam. To ensure that on switch-
off the induced potential across LI
does not rise above the maximum level
ofthedrain-sourcevoltage(50V), the
coil is shunted by 03' This needs to
be a fast type (25 ns or better) that
can handle currents of up to 30 A.
Reststors Ru and RI2 provide the

lamp with some voltage before the
MOSFETs switch on.
The speed at which the circuit

switches the lamp on is preset with
PI; normally, it will be sufficient to
set this to the centre of its travel.
lt is advisable to mount the FETs

on a heat sink, although their dissi-
pation is of the order of 1.6 W only.
Capacitors CI and C2 must be able

to handle high-frequency pulse cur-
rents of up to 30 A.
lnductor LI must ensure that the

lamp current does not exceed a pre-
determined value: the larger the in-
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ductance, the lower the maxirrium
level of the current. However, the
physical dimensions of the coil must
be acceptable. In the prototype, the
maximum lamp current was set at
30 A. At a switching frequency of
7 kHz, an inductance of 30 ~H is

sufficient. Moreover, to avoid satu-
ration problems, the coil is an air-
cored one.
Jt is made by wtnding 45 turns of

1.5 mm (lh6 in) dia. enamelled cop-
per wire in three layers on a 24 mm
(15/16 in) dia. round former. Ouring

the winding, apply some glue from
time to time to the turns.
The current drawn by the ctrcuit

is primarily that through the lamp:
with a 250 W lamp and a 24 V bat-
tery, the current is some 10 A.

(J.J. Paauwe - 924060)

EXTRA BRAKE LIGHT
THERE are many cars on the road
that could do with an extra brake

light, particularly one high up that
can be seen by the third, fourth or
fifth car behind it. That proposed
here consists of a running-light bar
of LEOs that starts agatri and agam
when all LEOs light. In some coun-
tries, this may not be allowed-check
with your local highway or police de-
partment, but it can be used, any-
way, in model cars.
Power is taken from terminals of

the present brake lights. Because of
bridge rectifier 01-04, the polarity

of that voltage is immaterial. The
voltage is kept steady at 5 V by IC4.
An oscillator, based on ICI, pro-

vides clock pulses to shtft registers
IC2 and IC3 as long as the brake
pedal is pressed. The p.p.r. (pulse rep-
etition rate) is set with PI.
LEOsare connected to the outputs

of the shift regtsters via sertes re-
sistors. Because input pins 1 and 2
of IC2 are connected to the positive
supply Une, each clock pulse gener-
ates a logtc high at successive out-
put pins, so that more and more
LEOs will light. Since the last out-

put OfIC2is linked to input pins 1and
2 of IC3, the outputs of that register
will also be supplied successively
with legte l s when all LEOs con-
nected to IC2 light. When, finally,
the last output of IC3 goes high, TI
is switched on, which results in areset
ofthe shift regtsters and allLEOsgoing
out. Ifthe brake pedal ts still pressed,
the LEOs will light one by one agam.
Network RIg-Cg ensures that the

shift registers are reset and thus the
LEOsgoout the instantT I is switched
on.

(Soumya Mitra - 924059)

* see text

5V
+

~----n-. _
/ IC4

LM7805

•

IC3
74HCT164

»-~~ .~--~~~--~...

tct OUT ~3__ .--+ ...,
555

01 ..04 = 1N4001

IC2
74HCT164

es

924059· 11

ELEKTOR ELECTRONICS JULY 1992

3 4 5 6 10 11 12 13



ductance, the lower the maxirrium
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be acceptable. In the prototype, the
maximum lamp current was set at
30 A. At a switching frequency of
7 kHz, an inductance of 30 ~H is

sufficient. Moreover, to avoid satu-
ration problems, the coil is an air-
cored one.
Jt is made by wtnding 45 turns of

1.5 mm (lh6 in) dia. enamelled cop-
per wire in three layers on a 24 mm
(15/16 in) dia. round former. Ouring

the winding, apply some glue from
time to time to the turns.
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that could do with an extra brake

light, particularly one high up that
can be seen by the third, fourth or
fifth car behind it. That proposed
here consists of a running-light bar
of LEOs that starts agatri and agam
when all LEOs light. In some coun-
tries, this may not be allowed-check
with your local highway or police de-
partment, but it can be used, any-
way, in model cars.
Power is taken from terminals of

the present brake lights. Because of
bridge rectifier 01-04, the polarity

of that voltage is immaterial. The
voltage is kept steady at 5 V by IC4.
An oscillator, based on ICI, pro-

vides clock pulses to shtft registers
IC2 and IC3 as long as the brake
pedal is pressed. The p.p.r. (pulse rep-
etition rate) is set with PI.
LEOsare connected to the outputs

of the shift regtsters via sertes re-
sistors. Because input pins 1 and 2
of IC2 are connected to the positive
supply Une, each clock pulse gener-
ates a logtc high at successive out-
put pins, so that more and more
LEOs will light. Since the last out-

put OfIC2is linked to input pins 1and
2 of IC3, the outputs of that register
will also be supplied successively
with legte l s when all LEOs con-
nected to IC2 light. When, finally,
the last output of IC3 goes high, TI
is switched on, which results in areset
ofthe shift regtsters and allLEOsgoing
out. Ifthe brake pedal ts still pressed,
the LEOs will light one by one agam.
Network RIg-Cg ensures that the

shift registers are reset and thus the
LEOsgoout the instantT I is switched
on.

(Soumya Mitra - 924059)
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DIGITAL VOLUME CONTROL
~O ladder networks and a buffer
.1each form a volume control with
a range of63 dB. Network R3-R17pro-
vides ftne control in steps of I dB,
whereas network R20-R34 provides
coarse control in steps of 8 dB. The
desired attenuation is set with the aid
of multiplexers ICI and IC3, each of
which is controlled via three digital
inputs. The destgn is such that the
binary code on the six-bit wide over-
all control input accords wtth the
set attenuation.
Resistor RI ensures that CI can

discharge, even if KI is open-ctr-
culted. This resistor and network
R3-R17 form an input impedance of
46.3 kQ. The resistor also deter-
mines the maximum permtssible input
voltage. That voltage depends, in the
first instance, on the supply voltage
to lCI and IC3 (±8.2 V). Resistor RI

plus R3-R17attenuate the input stg-
nalx2.4 (7.6dB).1his means that the
maximum input level must not ex-
ceed 20Vpeak' thatis, 14Vr.m.s. That
means also that IC2amust not am-
plify to prevent too high an input to
the second ladder network and buffer.
Theamplificationofthetwoopamps

is determined by RIS-R19and R35-R36
respectively. As stated before, that
of ICla should be untty, in which
case RIs=O Q and R19 is omitted. If
the amplification OfIC2bis also unity,
the overall control range is -7.6 dB
to-70.6dB. Toobtainacontrolrange
of 0-63 dB (when the binary code
on the control inputs accords with
the actual attenuation), IC2bshould
provide an amplification of x2.4.
The current drawn by the circuit

is determined pIimarily by the dual
opamp and amounts to about 10mA.

The overall distortion is <0.003%
over the range 20 Hz to 20 kHz and
an input stgnal of I V.
The control has one, small, draw-

back: when the volume is set, weak
clicks occur (which are typical of all
normal CMOSswitches]. That makes
it less suitable for super-de-luxe ap-
plications, although many listeners
will not even notice the clicks. And,
in any case, the volume is not var-
ied constantly.

(P.C. Hogenkamp - 924061)
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AUDIBLE FLUID LEVEL INDICATOR
1\ 600 Hz signal at a levelof2.4 Vpp•
~enerated by the oscillator on
board an LM1830(NationalSenneon-
ductor) is applied to a probe via C2.
The probe is immersed in the liquid
whose levelis tobemonitored. Because
of C2. there is no direct voltage at
the probe. so that there are no elec-
trolysis problems.
As long as the probe makes no

contact with the (conductive) liquid.
the stgnal level at the input of the
detector is equal to the level of the
oscillator signal. When the liquid
touches the probe. the detector input
is connected to ground (or nearly
so). This causes the level at pin 10
to drop. When it becomes more than
0.6 V lower than the oscillator slg-
nal, the detector switches on the in-

K1

ternal output transistor in the rhythm
of the oscillator frequency. stnce that
is not suppressed by the detector.
The consequent signal at pin 12

is used to drive a simple output stage,
Ti- which drives a smallioudspeaker,
LSj.
The supply for the circuit is best

taken from a 9-VPP3 battery. In qui-
escent operation. the current drain is
3 mA; when the alarm sounds, the
current rtses to about 80 mA.

[L.Lemmens - 914110)

SUPER STARTER FOR CARS
~E super starter makes it posst-
.1ble to start cars with ageing bat-
teries and obsolescent (coil-based) ig-
nition systems. particularly during
cold or damp weather. Durtng start-
ing, the voltage of an ageing (and
possibly cold) battery will be insuffi-
cient for the coil to generate a ten-
sion high enough to create a strong
spark across the spark plugs. The cir-
cutt presented ensures that the coil
is powered by a battery ofNiCdcells;
even in these arduous conditions,
such cells will last up to ten min-
utes. After the enginehas started and
the dynamo voltage has rtsen, the coil
is powered by the car battery agam.
The circuit uses the D+ terminal

of the chargmg current indicator
lamp (Lad to check whether the en-
gme is running, since that terminal
is connected directly to the dynamo.
AB logas the engine does not run, and
the dynamo, therefore, does not gen-
erate a voltage, relay Re1 is ener-
gized via the ignition key (+ connec-
tion) and the low-resistance dynamo
(connection to earth). The NiCd bat-
tery then provides plenty of power
to the coil, irrespective of the state
of the car battery. Once the engtne
has started, a voltage will be gener-
ated by the dynamo. There is then
no potential difference across the
relay coiland its contact changes over,
whereupon the coil is supplied by
the car battery (or the dynamo).
Diode D i prevents two possible
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troubles. First, it prevents the relay
interrupting the current to the coil
when tts contact changes over,which
would result in a spark at a moment
that the engtne does not need one.
Therefore, the coil is powered via the
diode during the change-over pe-
riod. This reduces the voltage across
the coil by about 2 V, but that does
not matter. Secondly, it ensures that
the car can be started when the car
battery is fully charged and the NiCd
cells are flat, or have been removed
for chargmg.
The relay must have a contact

rated at not less than 8 A. Car re-
lays with change-over contacts are
not easily obtainable as a spare part,
bu t can be often be found in car
scrap yards (particularly in Citroen
CXmodels).
The Type FR606 diode may be re-

placed by a Type BYW29-100; both
can handle currents up to 6 A and
their reverse voltage is high enough

10.

924003 - 11

to withstand the inductive peaks
generated by the coil.
The circuit ts best built in behind

the dashboard, although it is advis-
able to place the NiCd cells in a re-
movable holder to enable them to be
charged externally. It is, of course,
possible to charge them from the car
battery via a suitable resistor. The
D+ connection at the chargmg indi-
cator lamp is that which is at earth
potential when the engme is not run-
ning, but the tgnitton is switched
on. At the igrution swttch is a cable
that goes to the coil: that cable must
be connected to the output, 15, of
the circuit. The EBterminal of the
circuit must be connected to the
freed contact at the tgrutton switch.
The -ve line ofthe circuit must be con-
nected to the car chassis.

(J.Vaessen - 924003)



Mains (power line) voltages are not listed
in the articles. It is assumed that our readers
know what voltage is standard in their part
of the world.
Readers in countries that use 60 Hz sup-

plies, should note that our circuits are usu-
ally designed for 50 Hz. This will not nor-
mally cause problems, although if the mains
frequency is used for synchronization, same
modificat.ion may be required.
The international letter symbol' U' is used

for voltage instead of the ambiguous 'V'.
The letter V is reserved for 'volts'.

CORRECTIONS
Plant warmer (June 1992)

Resistor Re was omitted from Fig. 2. The
correet diagram is shown below.

Inductance-capacitance meter (March 1992)
The value of Rt6 and R'7 should be 39 0,
not 30 0 as shown in the parts list.

8751 Emulator (March 1992)
The features list in the first column on page
53 should read:
- download, modify, and upload 8751 pro-
grams without having to erase and pro-
gram an 8751.

- put breakpoints in programs.
- display register and memory contents.

ete.

FM tuner - Part 3 (May 1992)
In the PSU parts list on page 54, R301should
be 1500,1%, not 150 kO, 1%.

Video enhaneer (July 1992)
Preset P2 is best adjusted for a signal level
of2 Vpp at the collector of Tj. Output tran-
sistor T3 may run fairly hot: this is normal.
The third paragraph of the text on page

73 should read: The frequeney characteris-
tie of the signal at the base of T 3 is shaped
by P" R6 and C8, and is, therefore, to a cer-
tain extent under the contral of the user (with
P,).

Mark 2 QTC 80/40 loop antenna (July 1992)
The frequeney '3800 kHz' mentioned twiee
under 2. 40-metre band (page 90) should
have read '7300 kHz'.

Audible fluid level indicator (July 1992)
Owing lO a printing error, the diagram in this
article is incorrect. The right diagram is shown
below.

+
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Switehboardallows all PRIVATEREADERS
of EJektor Electronics one FREE advertise-
ment of up to 108 characters, including
spaces, commas, numerals, etc., per month.

Write the advertisement, which MUST
relate to electronics, in the coupon on this
page; n MUST INCLUDE a private telephone
number or name and address; post office
bcxes are NOT acceptable.

Elektor Electronics (Publishing) can not
accept responsibility for any correspondence
or transaction as a result of a free advertise-
ment cr of any inaccuracy in the text of such
an advertisement.

Advertisements will be placed in the order
in which they are recefved.

Elektor Electronics (PubHshing) reserve
the right to refuse advertisernents without
giving reasons or without returning them.

WANTED: Signeties linear LSI data & appli-
eations manual 1985., or article p.9-198.
Phone Frank Cosgrove on (0202) 432 973.

FOR SALE. Tektronix 465 100 MHz portable
scope, calibrated, manuals and probes. Very
good.t295. Phone (0344)27869.

FOR SALE. Atari 520 STFM computer, 1 M
drive, mouse, joystick, manual. t200. Phone
092684279.

WANTED. Helpwith laserPSU, 150 mW, argon
ion; heater OK; tube current and voltage con-
trol. All expenses paid. Write to Mr W. Owen,
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SWITCHBOARD
59 Scott Crescent. Tayport, Fife, SeoUand.

HELP. Electrohome ECM1311 monitor. Anyone
who hassuecessfully replaced the CRT, please
phone (0543) 491 867.

WANTED. Sindair ZX81 ULA logic chip or
working ZX81. Phone Jon on (0602) 307 140
belween 6 and 7 p.m.

WANTED. Cireuit diagram for TEAC FD-55
disk drive fitted with Apple 2 adapter. Please
write to Stephen Shaw, 21 KanferSt, GreenhilIs
1760, South Afriea.

WANTED. Ouantity of 18-pin RAMs type
numbers5514 HM4334 M58981 6514. Phone
Mark on 081 6938200.

LOAN. Schematic for Ferguson hi-fi system
15 model ML40001 C. Write to R. Barnell, 26
Roseholme Road, Northampton NN1 4TO.

FOR SALE. Intel8-bit embedded controllers
handbook 1991 ed. Contains 8051 data. t15
ono. Phone John on 0920 462 414.

FOR SALE. PC-based disassemblerfor8031/32
produces souree code with labels. t20. Phone
Mark on (0626) 779 987.

FOR SALE. Electronic Components (book)
by D.T. Horn (McGraw-HiIl1992)orexchange
for Elektor Electronics issues 5, 7-8, 10 and
111991 and 11987. WritetoJarkko Laukkanen,
Heleniuksenk 36A 17, SF-05860 Hyvinkaa,
Finland.

Wantto EXPERIMENT with tubes? 20 valves

incl. triodes, pentodes, rectifiers, etc. t15.
Phone (0254) 760 003.

Send this coupon to
Elektor Electrontcs (Publishing)

P.O. Box 1414
Derchester DT2 SV"

England

Block capitals please - one cnaracter 10 each box
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SIMPLE SIGNAL GENERATOR
~IS signal generator provides a
.1440 Hz sine wave output at two
levels. The power supply may lie be-
tween 1.5 V and 16 V, so that even
a single 1.5 V battery ean do.
Oparnp ICla operates as a rectan-

gular-wave generator; the values of
R.t and CI determine the frequeney
at whieh the output of the deviee
toggles. Preset PI enables the out-
put to be set as a square wave [it
may be adjusted by listcntng for min-
imum distortion).
Network R5-Rs-C2reduees the out-

put eric., by 3 dB (50%).afterwhieh
the stgnal is superimposed on halfthe
supply voltage (derived from the av-
erage level of the reetangular stgnal
by C2). That voltage is needed for
settingthe d.e. operatmg potnt ofRr.g.
Opamp IClb forms a third-order

Chebishev filter with a cut-off fre-
queney of 400 Hz.This filter removes
the majority of harmonies from the
reetangular signal, so that the out-
put is a reasonably clean sme wave.
The level of the output stgnal is

seleeted with SI from potential divider
Rg-RJO-Rll, depending on the re-
quirements of the eireuit on test.
With apower supply of 16 V, the

"' C7
le1

Q" es"V
47"

1V5 ... 16V

+

C4

330p

ICl = TLC25M2

output level is 1.5 V r.m.s. or 30 mV
r.m.s.: with a 1.5 V supply, the out-
put levels are 150 mVand 3 mV.The
output frequeney is somewhat de-
pendent on the supply voltage and
varies from about 440 Hz at 16V to

1

;;....-<>-. -~.~-
~
-:- ' Re'
: NiCd L

around 370 Hz at 1.5 V.
Thecircuit draws a eurrent 0[300 ~A

at 16 V and 80 ~A at 1.5 V.

(C. Sanjay - 924026)

STARTERFOR MODEL AIRCRAFT
MODELaireraft tend to be real-

istie reproduetions of the real
thing. That means, arnong others,
that starting the petrol engme must
be done by hand or with an exter-
nal, electrtc starter. Manual start-
ing may be realized in twoways: with
the eircuitin Fig. 1orwith that in Fig.
2.
The cireuit in Fig. 1 places a 3-V

relay between the starter and the
motor. When the starter switch is
closed, no thlng happens. But ifthen
the propeller is turned by hand, the
motor acts as a generator and, onee
it is turned fast enough, the gener-
ated voltage is high enough to ener-
gize the relay, whereupon the motor
starts. An advantage of this Is that
it is a pure mechanical operation,
which is readily ineorporated. A dis-
advantage is that once the relayis en-
ergized, itis operated by a 6-Vsupply:
a slight waste of energy.
The circuit in Fig. 2 is rather more

economical, since ituses a 6-Vrelay.
Again, the motor is used as a gener-

924008 - 11

ator opera ted by turning the pro-
peller. The generated voltage is ap-
plied to the base of TI via R2. When
the base is supplied with suffieient
eurrent. the transistor is switched on,
the relay is energtzed and the motor
starts. The starting point can be pre-
set with PI'

2

924001:I·12

[G. Bartelt - 924008J
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"'1: THEN an appliance ceases
VV to operate, there may be
various causes for this, one of
which is the blowing of the mains
fuse. The morutor proposed here
contains an LEOthat lights when
that is the case. It is suttable for
use with fuses rated from mil-
liamperes to amperes.
As long as the fuse is intact.

the fullmains voltageexists across
C2-R3-03· Capacitor 2and resistor
R2 serve to limit the base cur-
rent ofT I. Diode 03 prevents C2
frombeing charged, which would
cause the base current to quickly
drop to zero.
Capacitor CI and resistor R2

limit the current through 0 I,
while 02 ensures that the volt-
age across the LEOdoes not ex-
ceed 2.7 V.At the same time, 02

FUSEMONITOR

Fl

prevents CI frornbetng charged.
As long as the mains voltage

exists at junction F I-C2, tran-
sistorT 1 conducts and short -cir-
cults Dj and Dj. When Fj blows,
TI ts switched off, whereupon
current Ilows through 0 I and
02: the LEO then Iights.
Resistor RI must conform to

relevant safety regulations.
Furthermore. capacitors that
still carry the mains voltage after
the appliance is switched off,
must become discharged (viaRI)
within a slipulated time .
When the monitor is in use,

remember at all tirnes that cer-
tain of its parts are at, poten-
tially lethal, mains voltage.

[I. Fletz - 924011]

PC COOLING FAN CONTROL

Rl

~

01....

MOSTpcsareprovidedwith
a cooling fan to ensure

that the internal temperature
does not rise unduly.
Unfortunately, in many PCs
the fan noise soon becomes
an irritant. Since for a large
part of the time the fan cools
the PC more than is neces-
sary, it seems sensible tomake
the speed of the fan depen-
dent on the ambient temper-
ature. That is the purpose of
the circuit shown.
The ctrcuit, destgned with

discrete component. is intended
for the control of 12-V fans
that do not draw a current ex-
ceedmg 200 mA.
To ensure that the fan op-

erates satisfactortly in a11cir-
cumstances, the supply to it
must not drop below its start-
ing voltage. That voltage is
equal to the 12-V supply less
the 'zener' voltage ofT3-Rt;-R7.With
values shown in the dtagram, the
supply to the fan will be at least 7 V.
If the fan does not start at 25 "C, re-
place temperature sensor temporar-
i1yby a 1.8 kQ resistor and lower
the value ofRe. Ifthe fan runs too fast,
raise the value of R7'
Transistors TI and T2 compare

the flxed potential at junction R3-~
with the temperature-dependent one
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at junction RI-R2. It may be found
convenient initially to place 25 kQ po-
tentiometer meter in the Rz posi-
tion, adjust this till the fan runs cor-
rectly, measure the resistance and
then replace it by a ftxed resistor of
that value.
Place the temperature sensor in the

warm air flow of the fan. When the
computer is switched on, the speed
of the fan, owing to CI, will be fairly

high, but will soon drop to
a minimum. With a ther-
mometer, measure the tem-
perature of the outf1owing
air eloseto the sensor.When
thetemperaturehasreached
a value of about 35°C, the
control ctrcutt should come
into action, indicated byan
increase in the speed of
the fan or tts supply volt-
age. lf that does not hap-
pen, change thevalue ofRz,
or adjust the potentiome-
ter in its place. When the
temperature rtses, the speed
of the fan will increase.
The maximum speed will
be only slightly lower than
that without the control
circuit. This is thanks to
the factthat T3can be driven
into hard conduction, so
that the drop across it is
only same tenths of a volt.

[KWalraven - 9240281



TELEPHONEGONG
THOSE of you who like the tele-
phone bell louder may find 'this

ctrcutt of Interest: It uses the tele-
phone bell signal to actuate an 08·-
cillator, which In turn drives a relay
that operates a standard door-gong,
The oscillator Is an Re type based

on a 4093 Schrnitt tngger. Both the
chargtng and discharge times of C4
are set with presets. The oscillator
is followed by a kind of buffer that
cnergizes the relay via TI'
The telephone bell slgnal is applied

to terrntnals a and b. Capacitors CI

and C2 In the two lines isolate the
circuit from the telephone network,
at least as far as d.c, is concerned.To
pr:event the circuit respondlng to
speech signals, level thresholds are
provided by zener diodes 0 I and 02.
Network Rj-Dg ltrntts the 120-150Vpp
bell Signal to about 12 V, That sig-
nal is rectlfied by 04 and smoothed
by C3,after which it ts used to switch
JCIa- Capaetter C3is discharged rapldly
via R3 when the bell signal ceases.
Reststor R2 prevents too high a drive
voltage when there is speech on the

input lines.
The relay contact is connected

across the terminals via which the
gong ts operated, The circuit may be
fed by the same transformer used
for the gong, When the relay is ener-
gtzed, the total current drawn ts only
35mA.
The setting of presets PI and P2

depends on Individual taste how long
the on and off pertods of the gong
are desired to be.

(T. Glesberts - 924050)

C1 ~

~ ~~--~~--------~
330n 18VQ 250V- 400mW

C2 0'~~~----~~~~~~
330n 18V
250V- 4QOmW

IC1c IC1dß ElT&~

BOUNCE-FREE CHANGE-OVER SWITCH
A NYpush-button swttch
ncan be used as a bounce-
free, change-over swttch with
the aid of two O-type btsta-
bles contained ina 74HCT74
and some external cornpo-
nents, .
In the ctrcutt dtagram.Iöjj,

provides the change-over func-
tion. The Q output (pin 8)of
this bistable is interconnected
with its Dinput (pin 12).which
results in t1:!,elegte levels at
the Q and Q outputs alter-
nately changing state when
a leadlng transition (edge)
appears at its clock Input
(pin 11),
Circult ICI. serves as puise

generator and debounclng
element. The push-button
switch, SI, Is connected between its
reset input (pin 1)andearth. Normally,
because of R2, there is a high level
at pin 1. When the push-button is
pressed, ICI. is reset.

+ sv
10

~s, • 8
0 IC1 a 0 IC1b •'lT C 11 ff C 9

R
~

R
~13

fore CI is recharged to a
legte high level,
When SI is open, pin 9
(IClb)is low,while pin 8 and
pin 5 (IClal are high, When
the switch ts cIosed, ICI• is
reset immedtately, resulting
in ptn 5 and pin 3 gomg low.
When Sj is released, thereset
is removed, but H takes a
littlewhiIebeforeCI ischarged
to a logic high level. Only
when that level is reached,
and a leadmg transition ap-
pears at pin 3, does pm 5
go high agatn. This results
inJClb being clocked, where-
upon Its Q outputs change
stak

(A Rietjens - 924013)

51

14

IC1

IC1 = 74HCT74

The clock input (pin 3) is also con-
nected to the swttch via RI-CI, When
the switch ts operated, CI discharges
rapidly via 0 I; when the switch is
released, it takes a little while be-
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FREQUENCY PROBE
THEfrequencyprobe enables
you to 'listen in' to the speed

of your computer. It is, how-
ever, also sultable for use with
other digital ctrcuits, because
itmakes high frequencies au-
dible, so that signals can be
conveniently monitored.
A l2-bit counter serves as

'frequency detector', The sig-
nal measured tn acomputer or
digital circuit is dtvtded by
1024 and is output atptn 14.
It is then used to control a
transistor, TI, which in turn
drtves piezo buzzer BzI.
The scale factor has been

chosen to convert MHz into
kHz, so that the clockfrequency
of, say, an XT computer will

be heard as a shrill 8 kHz
tone. If high er frequencies
need to be monitored, scale
factors of2048 and 4096 can
be obtained by connecting
R2toptn Ifior pin 1respectively.
If an HCT circuit is used, the
measunng limit is some tens
ofMl-lz.Forfrequencies<4MHz,
a standard Type 4040 may
be used: that has the advan-
tage that the supply voltage
need not be exactly 5 V.
The supply connections

and the probe are best made
from flexiblewire termtnated
tnto crocodile clips.

[Amrit BirTiwana - 924064)

0
9

CTR12
1
7

+ 2

3

ICI
4

5er
74HC 6

4040 7

8

" 9CT",O

10

"
~---*------------------~~o

924064 - l'

SCANNER FOR PREAMPLIFIER\ ,. .

THEscanner is an extension for the
'AlI-solid-state preamplifier' pub-

lished tn the Oecember 1989/ January
1990 issues of this magaztne. As its
name implies, it scans all inputs of
the preamplifier to ascertatn where
there is an audio signal present.
That input remains selected. After
there has been no slgnal for some
time, scanntng is resumed.
The scanning action ts provided

byrectangular-wavegeneratorIC2c.The
output of this oscillator is applied to
one of the input selector keys via
buffer/inverter lC2d and diode 03'
The diode prevents the key being
disabled when the oscillator is off.
The oscillator is switched on and off
by IC2b,which in turn is controlled

by lClb' That opamp is configured
as a comparator whose voltagethresh-
old is preset with PI'
The tnputs ofthe scanner are ltnked

to the audio inputs on the volume
control board of the preamplifier.
The relevant stgnal is amplified x40
by ICle and lCId. after which sum-
ming amplifier IC1. combines the
left-hand and rtght-hand signals. As
soon as there is music or speech on
thetnputlines, CIwill partlydischarge
rapidly. When the voltage across the
capacitor drops below the level set
by PI, ICIb disables the oscillator
via IC2band the tnput selected at that
instant rematns actuated. As long
as there is a Signal comtng in, part
of the charge on CI will ebb away

via ICIa-Ifthere is no signal for some
time (presettable with P2 between
3 s and 25 s), the capacitor will be
charged almost completelyvia P23,Ra
and 0 I. Once the terminal voltage
of CI rises above the comparator
threshold, the oscillator is enabled
agatri and the scanning action re-
sumes.
A total scan of all inputs is com-

pleted in 3 s (determined by RII-C2),
The input sensitivity can be set

between 10 mV and 4 Vwith PI'
The current drawn by the scan-

ner is not greater than 10 mA.
(L.Soete - 924053)

o Cl Rlo-t H:i!5k;!:' ~1
L 470n
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STEREO PROTECTOR AGAINST D.C.
IFa d.c. coupled output amplifierbreaks down dunng operation, the
loudspeakers, particularly the bass
units, are at risk. The bass particu-
larly so because it is not decoupled
ford.c. bythecapacitorsin the cross-
overnetwork.lf, forinstance, the out-
put transistor has given up theghost,
the bass uruts will get the full d.c.
supply voltage at their terminals.
A suitable circuit to protect the

loudspeakers in such an eventuality,
and at the same time to obviate the
annoytng 'plops' on swttch-on is shown
in the diagram. Interestingly, It op-
erates from an unregulated, non-
symmetrical power supply. Normally,
it may be powered directiy from the
power supply of the output amph-
fier.
The a.c. component of the stgnals

in the output stage is bypassed by
RI and the two anti-sertes connected
capacitors, C2 and C3. The signal at
the junction RrR2 is, therefore, the
d.c. component of the loudspeaker
signal. From there it Is applied to
potential divider R2-R3 and then to
window comparator ICla and lClb.
Since the supply voltage Is fixed at
10 V by RI3-07, the window hetght
is fixed at 2 V by R5. In other words,

U2= 6 V and u3 = 4 V. In the absence
of d.c. at the output of the power
amplifier, UI= 5 V. In this situation,
the outputs of 'OR gates' 01 and O2
ts logic high.
When the d.c. component at the

output ofthe power amplifier is greater
than ±2 V, ul is greater or smaller
than either u2 or u3. The output of
one of the opamps will then be legte
low.
When the poweramplifierisswitched

on in step with the present circuit and
uj lieswithin the window,C4 is charged
via Ra. Afterabout 1.5s, 'Schmitt tng-
ger' ICld changes state and its out-
put becomes logtc high. The relay is
then energized and connects the loud-
speaker to the power amplifier: no
'plop'.
If a defect occurs, or if the direct

voltage at the output ofthe power am-
plifier rtses, C4 is discharged via R7
within 50 ms. The output of lC Id
thengoes low, the relay is decncrgtzed
and the loudspeaker is disconnected
from the output amplifier.
Resistor RI3 and the operating

voltage of the relay must be suitable
for the supply voltage. If that volt-
age is 20-40 V, a good value and rat-
ing for RI3 is 4.7 kQ, 1W; while for

12-20 V, 1 kQ, 1/4 W is rtght, rr the
supply voltage Is, say, 36 V, the op-
erating voltage of the relay should
be 24 V. The difference of 12V should
be dropped across a suitable resistor.
If, forinstance, the relay draws 15mA,
RI6 should have a value and rating
of820 Q, 1/4 W.
lfthere is likely to be a requirement

for switching offthe circuit, SI should
be incorporated. When that switch
is closed, the relay is encrgized.
For a circuit suitable for a stereo

power amplifier, only components
RI-R3, C2, C3, 01, O2, 05, 06, ICla
and lCIb need to be duplicated. The
additional clrcuit is connected in
parallel with SI' Note that the relay
should then have two working con-
tacts or two relays with their contacts
in series should be used.

[T,Schaerer - 924051[
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SUVIPLEPOWER SUPPLY CONCEPT
THE best known alternatives to a

'quick and dirty' power supply
are tbe three-ptn flxed voltage regu-
lator and tbe zener-plus-transistor
combination. While tbese basic cir-
cuits will suit a good many applica-
tions, tbey do have tbeir !imitations,
which can be frustrating at ttmes. For
example, most types of flxed voltage
regulators are limited to an output
current of about 1 A only. Where
more poweris required, a 'current by-
pass' transistoris often added. However.
while this boosts tbe maximum out-
put current, the regulation of the
supply suffers. Fixed voltage regu-
lators with htgher output currents
(say, 5 Al are no alternative because
tbey are notoriously expensive.
The second alternative, tbe zener-

plus-transistor ctrcutt, has limited
use also because of its relatively poor
ripple rejection and insufficient sta-
bility at output load variations.
The PSU presented here suffers

none oftbe disadvantages mentioned
above, and is simple to memorize as
a multi-purpose concept. ltis tbe per-
feet low-cost supply for a host of ap-
plications. At first glance, the cir-
cuit looks very much like tbe famil-
iar zcner-transistor combination.
However, an essential difference is
tbat feedback is implemented, which
results in a 100-Hz ripple suppres-
sion of up to 55 dB-far more tban
can be achieved witb tbe simple zener-
transistor stabilizer.
The voltage reference used here

is0i- aTIA31CfromTexas Instruments,
The internal siructure of tbe TIA31 C
is shown in the diagram. Here, O[
supplies a base current to Tl that
results in 2.5 V across resistor R3'
This allows you to calculate tbe supply
output voltage, Uo, from

The indicated component values
result in an output voltage of 12 V.
For other output voltages, simply
adapt tbe output voltage divider, mak-
ing sure that the current through
Pj , R2 and R3 is at least 1mA. This
is required to ensure that the cur-
rent Ilowing into the reference input
of the TIA31 is negligible (approx.
2 ~Al. The power transistor is a dar-
lington witb aguaranteed current gain
of 1000 or greater at an emitter cur-
rent of 5 A. This means that only
5 mA of base current is required.
Altbough this is not much, it has to
be taken into accountwhen R[ needs
to be given a different value. Also,
D i requires a minimum cathode-
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anode current of 0.5 mA, which re-
sults in a total, minimum, current
of 5.5 mA through R[. This design
infornation, togetber witb tbe lowest
possibleinputvoltage, Uin (measured
across C61.and tbe base-emitter drop
ofT'] (approx. 2 V}, results in a tbeor-
etical value of the current limiting
resistor:

Because the current gam oftbe dar-
lington maybe up totwoorthreetimes
tbe guaranteed value mentioned above,
it is often possible to gtve R[ a higher
value tban calculated. Since a higher
resistor value results in lower dissi-

924024 - 12

pation of R[ and 0[, some experi-
menting is certainly worth while.
The PCB designed for tbe supply

accommodates the complete recti-
fier section, tbat Is, a bridge recti-
fier, a buffer capacitor and a fuse. The
buffer capacitor, Cl, and t.he on-
board heat sink forTl are large enough
for output currents up to 2 A.
As already mentioned, this PSU

is a concept. Those of you who do
not need tbe recttfter section may omit
it, and connect a d.c. voltage of 16 V
to Ki- Note, however. tbat this requires
wire links to be fitted in the posi-
tions indicated with dashed lines
near tbe bridge rectifier.
If you require more output cur-



rent (say, up to 5 Al. simply move
the power transistor off the board,
and fit it on a larger heat sink (see
parts list). Also, increase the buffer
capacitor to 10000 I-LF.Since such
a capacitor (or array of capacitors)

PARTS LIST

Resislors:
Rl = 4700 0.33W (see text)
R2=6kn8
R3 = 2kn2
R4 = lkn
Pl = 2k05 preset H

Capacllors:
Cl = 4700l'F 40V
C2 = lO~F 35V tantalum
C3;C5 = 100nF
C4 = 100~F 40V
C6 = 10~F 40V

Semiconductors:
Dl = TL431C
D2 = LED, green, 3mm
Tl = MJ3001
B1 = B80C5000!3300

Miscellaneous:
Kl;K2 = 2-way PCB terminal block, piteh
5mm.
Fl = 2.5A last lu se (6.3A)' and PCB
mount holder.
Heat sink: SK201 (6KJW)or
SK7ll75mm' (1.25KJW).
Two 'last-on' spade terminals for peB
mounting *,
Printed eireuit board 924024.

• for 5 Aversion only.

willnot fiton the board, itis connected
as an external part via heavy-duty
wires and twospade terminals (marked
'+' and '-' on the component over-
lay). A continuous output current of
5 A also requires the bridge rectifier

tobe cooledalittle. This.isbestachieved
by leavmg it on the PGB, and clamp-
ing it on to a side panel of the metal
enclosure used to house the supply.

(J. Ruiters - 924024)

EXPERIMENTAL FASTNICD CHARGER

THEperpetual difficultyin designing
fast NiCd chargers is determining

when the battery is charged, that is,
when to stop chargmg.
The charger presented here is based

on the latest developments as re-
ported by several manufacturers. It
is not at a11certain whether, and
underwhatconditions, the circuitwill
consistently gtve satisfactory results.
The battery is charged with a cur-

rent (inmAl thatis ten timesits nom-
inal capacity (in rrtAh]. That means
that, for instance, an HP7 (AA;RG)
type battery is charged at 5 A. a cur-
rent 100 times larger than used in
standard charging.

The chargtng is controlled by Type
555 timer IC, here connected as an
astable. If the IC's output is high,
chargtng takes place. There is, how-
ever, a fixed period of time (=~C3)
durtng which there is no charging.
As soon as chargtng stops, Cl is con-
nected across the battery by electronic
switch IC3a. Its terminal voltage is
thencompared bylCla with themax-
imum battery voltage set by PI' The
output of the comparator is inte-
grated by R3 and C2 and then used
to determine the perrod ofthe astable.
If the maximum battery voltage has
not been reached, charging takes
place for about 90% of that time. If

the maximum batteryvoltage has been
reached, charging takes place for
1% of the time (trickle chargtng), 00
not leave the battery connected to the
charger unnecessarily: when the LED
lights, the battery is fully charged.
During chargtng, owtng to a vart-

ety of resistances, primarily in the
supply leads and connections, the
battery e.m.f. is an unreliable yard-
stick for determtntng the state of
charge of the battery.
Therefore, the e.m.f. is taken im-

mediately after a burst charge, be-
cause then the voltage can be mea-
sured exact1y. The important ques-
tion is, of course, to what e.m.f. PI
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rent (say. up to 5 Al. simply move
the power transistor off the board,
and fit it on a larger heat sink (see
parts list). Also. increase the buffer
capacitor to 10000 JlF. Since such
a capacitor (or array of capacitors)

PARTS LIST

Resistors:
R1 = 470Q 0.33W (see text)
R2 = 6kQ8
R3 =2kn2
R4 = 1kn
P1 = 2kQ5 preset H

Capacitors:
C1 = 4700l!F 40V
C2 = 10l!F 35V tantalum
C3;C5 = 100nF
C4 = 1OOf.J.F40V
C6 = 10l!F 40V

Semiconductors:
01 = TL431C
02 = LEO, green, 3mm
T1 = MJ3001
B1 = B80C5000/3300

MiscellaneotJs:
K1 ;K2 = 2-way PCB terminal block, pitch
Smm ...
F1 = 2.5A fastfuse (6.3A)* and PCB
mount holder.
Heat sink: SK201 (6K1W) or
SK71/75mm* (1.25K1W).
Two 'fast-on' spade terminals for PCB
mounting *.
Printed circuit board 924024.

* for 5 Aversion only.

will not fit on the board, it is connected
as an external part via heavy-duty
wires and two spade terminals (marked
'+' and '-' on the component over-
lay). A continuous output current of
5 A also requires the bridge rectifier

to be cooled a little.This,is best achieved
by leavmg it on the päB. and clamp-
ing it on to a side pariel of the metal
enclosure used to house the supply.

(J. Ruiters - 924024)

EXPERIMENTAL FASTNICD CHARGER
rpHE perpetual difficulty indestgnmg
.l. fast NiCd chargers is determining
when the battery is charged, that ts,
when to stop chargtng.
The charger presented here is based

on the latest developments as re-
ported by several manufacturers. It
is not at all certain whether, and
under what conditions. the circuit will
consistently gtve satisfactory results.
The battery is charged with a cur-

rent (in mAl that is ten times its nom-
inal capacity (in mäh). That means
that, for instance, an HP7 (AA;RG)
type battery is charged at 5 A. a cur-
re nt 100 times larger than used in
standard charging.

The chargtng is controlled by Type
555 timer IC. here connected as an
astable. If the IC's output is high.
chargmg takes place. There is, how-
ever, a flxed period of time (=~C3)
during which there Is no charging.
As soon as chargmg stops. Cl is con-
nected across the battery by electronic
switch IC3a' Its terminal voltage is
then compared by IC lawith the max-
imum battery voltage set by PI' The
output of the comparator is inte-
grated by R3 and C2 and then used
to determine the period ofthe astable.
If the maximum battery voltage has
not been reached, chargtng takes
place for about 90% of that time. If

the maximum batteryvoltage has been
reached , chargtng takes place for
1% of the time (trickle charging). 00
not leave the battery connected to the
charger unnecessarily: when the LEO
lights. the battery is fully charged.
Durtng chargmg, owing to a vart-

ety of resistances, primarily in the
supply leads and connections. the
battery e.m.f. is an unreliable yard-
stick for determining the state of
charge of the battery.
Therefore, the e.m.f. is taken im-

mediately after a burst charge, be-
cause then the voltage can be mea-
sured exactly. The important ques-
tion Is, of course, to what e.m.f. PI
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rent (say, up to 5 Al. simply move
the power transistor off the board,
and fit it on a larger heat sink (see
parts list). Also, increase the buffer
capacitor to 10000 I-LF.Since such
a capacitor (or array of capacitors)

PARTS LIST

Resislors:
Rl = 4700 0.33W (see text)
R2=6kn8
R3 = 2kn2
R4 = lkn
Pl = 2k05 preset H

Capacllors:
Cl = 4700l'F 40V
C2 = lO~F 35V tantalum
C3;C5 = 100nF
C4 = 100~F 40V
C6 = 10~F 40V

Semiconductors:
Dl = TL431C
D2 = LED, green, 3mm
Tl = MJ3001
B1 = B80C5000!3300

Miscellaneous:
Kl;K2 = 2-way PCB terminal block, piteh
5mm.
Fl = 2.5A last lu se (6.3A)' and PCB
mount holder.
Heat sink: SK201 (6KJW)or
SK7ll75mm' (1.25KJW).
Two 'last-on' spade terminals for peB
mounting *,
Printed eireuit board 924024.

• for 5 Aversion only.

willnot fiton the board, itis connected
as an external part via heavy-duty
wires and twospade terminals (marked
'+' and '-' on the component over-
lay). A continuous output current of
5 A also requires the bridge rectifier

tobe cooledalittle. This.isbestachieved
by leavmg it on the PGB, and clamp-
ing it on to a side panel of the metal
enclosure used to house the supply.

(J. Ruiters - 924024)

EXPERIMENTAL FASTNICD CHARGER

THEperpetual difficultyin designing
fast NiCd chargers is determining

when the battery is charged, that is,
when to stop chargmg.
The charger presented here is based

on the latest developments as re-
ported by several manufacturers. It
is not at a11certain whether, and
underwhatconditions, the circuitwill
consistently gtve satisfactory results.
The battery is charged with a cur-

rent (inmAl thatis ten timesits nom-
inal capacity (in rrtAh]. That means
that, for instance, an HP7 (AA;RG)
type battery is charged at 5 A. a cur-
rent 100 times larger than used in
standard charging.

The chargtng is controlled by Type
555 timer IC, here connected as an
astable. If the IC's output is high,
chargtng takes place. There is, how-
ever, a fixed period of time (=~C3)
durtng which there is no charging.
As soon as chargtng stops, Cl is con-
nected across the battery by electronic
switch IC3a. Its terminal voltage is
thencompared bylCla with themax-
imum battery voltage set by PI' The
output of the comparator is inte-
grated by R3 and C2 and then used
to determine the perrod ofthe astable.
If the maximum battery voltage has
not been reached, charging takes
place for about 90% of that time. If

the maximum batteryvoltage has been
reached, charging takes place for
1% of the time (trickle chargtng), 00
not leave the battery connected to the
charger unnecessarily: when the LED
lights, the battery is fully charged.
During chargtng, owtng to a vart-

ety of resistances, primarily in the
supply leads and connections, the
battery e.m.f. is an unreliable yard-
stick for determtntng the state of
charge of the battery.
Therefore, the e.m.f. is taken im-

mediately after a burst charge, be-
cause then the voltage can be mea-
sured exact1y. The important ques-
tion is, of course, to what e.m.f. PI
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should be set; in otherwords,
what is the correct battery
e.rn.f.? Optnions vary, but
with our prototype we had
good results with a value of
1.42 V at room ternpera-
ture(21 °C).
The circuitdraws a current

ofonly 10-15 mA, which rnay
be obtalned with a 7805 reg-
ulator.
The proposed charger is in-

tendedforchargingone 1.5V
NiCd battery in 8-10 min-
utes. The charging current for
a 500 mAh battery is about
5 A, which need not be reg-
ulated, since it will be llrn-
ited by RI.
The value of Rj is given by

Ohrn's law. If, for instance,
the chargtng current is drawn
from an 8-V source, and as-
suming that the drop across
the battery and TI is 2 V, the
voltage across the resistor is
6 V. Its value should thus be
6/5=1.2Q. Bearinmind that
the power disstpated in it is
6x5=30W:youwill, therefore,
have to connect a number ofresistors
in parallel.
Ifyou want to charge a number of

batteries in series, ralse the level set
by PI accordtngly (at 1.42 V per bat-
tery). Note, however, that you should

03

C6
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'C3 = 4066 C2 "'J-±.--W
100n
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use only batteries that have already
been sorted for equal capacity by
the manufacturer. Also, the supply
voltage to the charger circuit must al-
ways be 2 V htgher than the level
set with PI'

Finally, after every fivefastcharges,
glve the battery a 'normal' (1/10 mAh
over 14 hours) charge.
(K. Walraven - 924085)

CONTINUITY TESTER
A continuity tester is very useful for
~hecking prtnted-clrcutt boards.
It indicates asound connection by a
squeak from a buzzer; there is, there-
fore, no need to continually watch a
meter,
The voltage across test terminals

TPI and TP2 is only 80 mV. That is
notsufficient to test diodes, butit ob-
viates the risk of damage to elec-
tronic components.
The design consists of a compara-

tor, ICI, and an astable consisting
of TI and T2, whose frequency is
around 1250 Hz for a supply volt-
age of 3 V. The astable is actuated
the moment the output of ICI (pln
6)goes legte high. This happens when
the resistance between TPI and TP2
is low, so that the voltage at pin 2 of
the comparator is lower than that at
pin 3, which depends on the setting
of PI'
The circuit is powered by a 3-Vbat-

tery (two I.5Vcells in series], but may
be maximum 12 V. At such a high
supplyvoltage, it may be that the tone
of the buzzer is tao high; in that case,
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the values of CI and C2 should be
increased,
Ifa TypeTLC271C is used instead

of a TLC251 for ICI, the supply volt-
age must be not lower than 3 V. At

3 V, the ctrcuit draws a current of
about 1.4 mA.

(C. Sanjay - 924002)



should be set; in otherwords,
what is the correct battery
e.rn.f.? Optnions vary, but
with our prototype we had
good results with a value of
1.42 V at room ternpera-
ture(21 °C).
The circuitdraws a current

ofonly 10-15 mA, which rnay
be obtalned with a 7805 reg-
ulator.
The proposed charger is in-

tendedforchargingone 1.5V
NiCd battery in 8-10 min-
utes. The charging current for
a 500 mAh battery is about
5 A, which need not be reg-
ulated, since it will be llrn-
ited by RI.
The value of Rj is given by

Ohrn's law. If, for instance,
the chargtng current is drawn
from an 8-V source, and as-
suming that the drop across
the battery and TI is 2 V, the
voltage across the resistor is
6 V. Its value should thus be
6/5=1.2Q. Bearinmind that
the power disstpated in it is
6x5=30W:youwill, therefore,
have to connect a number ofresistors
in parallel.
Ifyou want to charge a number of

batteries in series, ralse the level set
by PI accordtngly (at 1.42 V per bat-
tery). Note, however, that you should

03
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'C3 = 4066 C2 "'J-±.--W
100n
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use only batteries that have already
been sorted for equal capacity by
the manufacturer. Also, the supply
voltage to the charger circuit must al-
ways be 2 V htgher than the level
set with PI'

Finally, after every fivefastcharges,
glve the battery a 'normal' (1/10 mAh
over 14 hours) charge.
(K. Walraven - 924085)

CONTINUITY TESTER
A continuity tester is very useful for
~hecking prtnted-clrcutt boards.
It indicates asound connection by a
squeak from a buzzer; there is, there-
fore, no need to continually watch a
meter,
The voltage across test terminals

TPI and TP2 is only 80 mV. That is
notsufficient to test diodes, butit ob-
viates the risk of damage to elec-
tronic components.
The design consists of a compara-

tor, ICI, and an astable consisting
of TI and T2, whose frequency is
around 1250 Hz for a supply volt-
age of 3 V. The astable is actuated
the moment the output of ICI (pln
6)goes legte high. This happens when
the resistance between TPI and TP2
is low, so that the voltage at pin 2 of
the comparator is lower than that at
pin 3, which depends on the setting
of PI'
The circuit is powered by a 3-Vbat-

tery (two I.5Vcells in series], but may
be maximum 12 V. At such a high
supplyvoltage, it may be that the tone
of the buzzer is tao high; in that case,
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NOISE GENERATOR
NOISEgenerators are used formea-

suring the self-noise ofamplifiers
and receivers and for same acoustic
measurements. The noise of tradi-
tionallow-frequencynoisegenerators
is based on the stochastic proper-
ties of an ion current resulting from
a gas discharge. A simple noise gen-
erator can, however, be designed
without a special gas discharge tube:
the reverse-biased base-emitter junc-
tion of a bipolar transistors a com-
pact and inexpensive alternative.
In the circuit diagram, the noise

voltage is taken from the emitter of

TI' The base-emitter junction of this
p-n-p transistor begins to behave
like a break -down diode at areverse
bias of about 9 V, bu t it really starts
to generate noise at 10 V.
Ta ensure that the circutt works

satisfactorily with a battery supply
of 9 V, a step-up generator, based
on ICI, is used. This stage provides
a reetangular output voltage at a fre-
quency of araund 2750 Hz.
The diode pump, consisting of CI,

C3, D I, and D2, doubles the battery
voltage, which results in a stable di-
rect voltage of 10 V across D3.

Low-pass filter RIrC6 prevents fre-
quency components of the rectan-
gular-waveform generator appeanng
in the noise spectrum.
Each of the opamps in IC2 raises

the noise voltage in the frequency
range from 01 Hz to 300 kHz ten-
fold. The amplitude of the output
voltage can be preset with PI' The
noise signal can be tested with the
a.c. buzzer by dosing S2'
With a fresh 9-V battery, the cir-

curt draws a current of 5-6 mA.

[J. Ruiters - 9240321
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240 VAC- TO-11 0 VAC CONVERTER
FROMtiroe to tiroe one comes across
appliances in second-hand goods

stores that were designed for opera-
tion from a 110 V a.c. (50/60 Hz)
supply. If such an appliance is a
pure resistive load, such as a radi-
ant Iire, a soldering iron, or a melt-
tng furnace, the circuit shown may
be found useful. Strictly speaking,
it is a dimmer set so that the output
voltage has an r.m.s. value of 110 V.
It is, of course, possible to set it to a
different output voltage if so desired.
Ta obtain an r.m.s. voltageofllOV

across the load, the phase angle at
which the trtac is switched on must
be about 110°. There is no guaran-
tee that this will be met exactly by

the present design: owtng to toler-
ances of the various parts, the phase
angle may be quite different so that
the r.m.s. voltage will be higher or
lower than 110 V. lt is, therefore,
essential, to check the actual volt-
age across the load. Bear in mind
that the circuit canies mains voltage
and i.s thus potentially lethaL Checking
the phase angle with an oscilloscope
cannot be carried out safely without
special precautions. The safest and
most accurate way of rneasurtng the
voltage across the load is with the use
ofa true-r.m.s. voltmeter (which shows
the r.m.s. value also of non-sinu-
soidal valtages) . If the voltage across
the load is not correct, the value of

R2 must be altered.
lf you have no true-r.m.s. meter

to hand, checking may be done in a
slightly more primitive way. Use an
incandescent 5 W, 240 V bulb as the
load and place a thermometer close
to it. Switch on the converter, wait
till the thermometer gives a stable
readtng and note that reading [Ifthe
thermometer goes off its scale, place
it a little further away from the bulb).
Da not change the distance between
the bulb and the thermometer, and
connect a second 5 W, 240 V bulb
in series with the first. Once the first
bulb has cooled down sufficiently,
connect the two in series across the
240 Vmatns supply (when the bulbs

ELEKTOR ELECTRONICS JULY 1992



will each drop 110 V].
Ifthe thermometer after
a while has the same R3

~readtng as before, you 01 ...04 = 1N4007
Thl

can be pretty certain that TIC106D A

the converter provides Fl

an r.m.s. voltageof 110V. G K

The converter may be 2AT

03 D4remotelyswitchedonand TrI' RLl

off via a direct connec- T1C2260 A2

tion between a suitable
240 V swttch to the RE-
MOTE terminals. The '"wire link should then, of
course, be removed. It '"rnay also be switched R8

on and off by a voltage Cl

of3-32 Vas shown. This 15"

optotsolator circuit has
the great advantage of

'G~isolating the circuit from
the mains.
[fa triacType TIC226 TIC106 TIC226

51

is used, the converter BF245

can handle currents of ON/OFF

Iup to 2 A. If the triac is
mounted on a heat sink.
the curren tmay goup to
4A.

0
K G " G

[J. Vanden Berghe- • A2

9240351

ON/OFF 924035 . l'

VIDEO ENHANCER
rrHE enhancer amplifies the high
1. frequencies of a video signal, re-
sulting in a sharper picture. It may
be inserted between, say, the video
recorderoutputand theSCARTinput
of a televtslon receiver.
The simple design is based on only

three transistors. The first, Tl, is a
buffer. Resistor RI ensures that the
input impedance is of the order of
75 Q. The stgnal is then applied to
amplifier T2, whose gain is deter-
mined by the setting of P2.
The frequency characteristic of

the signal at th~ase ofT2 is shaped
by PI, R;;, and and is, therefore,
l\'lJ. certain exten under the control
of the user (by Pli.
Buffer T3 provtdes sufficient cur-

rent for correctly driving most 75 Q
loads.
Preset P2must be set to givean out-

put voltage of I Vpp (terminated out-
put; for an open-ctrcuit output, the
level should be 2 Vpp).
The enhancer draws a currert of

about 50 mA. Note that the 12 V

+---I:!!!!J-I~~"T.
tev

o
924079 . 11

supply should be regulated.
(J. Bodewes - 924079)
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Mains (power line) voltages are not listed
in the articles. It is assumed that our readers
know what voltage is standard in their part
of the world.
Readers in countries that use 60 Hz sup-

plies, should note that our circuits are usu-
ally designed for 50 Hz. This will not nor-
mally cause problems, although if the mains
frequency is used for synchronization, same
modificat.ion may be required.
The international letter symbol' U' is used

for voltage instead of the ambiguous 'V'.
The letter V is reserved for 'volts'.

CORRECTIONS
Plant warmer (June 1992)

Resistor Re was omitted from Fig. 2. The
correet diagram is shown below.

Inductance-capacitance meter (March 1992)
The value of Rt6 and R'7 should be 39 0,
not 30 0 as shown in the parts list.

8751 Emulator (March 1992)
The features list in the first column on page
53 should read:
- download, modify, and upload 8751 pro-
grams without having to erase and pro-
gram an 8751.

- put breakpoints in programs.
- display register and memory contents.

ete.

FM tuner - Part 3 (May 1992)
In the PSU parts list on page 54, R301should
be 1500,1%, not 150 kO, 1%.

Video enhaneer (July 1992)
Preset P2 is best adjusted for a signal level
of2 Vpp at the collector of Tj. Output tran-
sistor T3 may run fairly hot: this is normal.
The third paragraph of the text on page

73 should read: The frequeney characteris-
tie of the signal at the base of T 3 is shaped
by P" R6 and C8, and is, therefore, to a cer-
tain extent under the contral of the user (with
P,).

Mark 2 QTC 80/40 loop antenna (July 1992)
The frequeney '3800 kHz' mentioned twiee
under 2. 40-metre band (page 90) should
have read '7300 kHz'.

Audible fluid level indicator (July 1992)
Owing lO a printing error, the diagram in this
article is incorrect. The right diagram is shown
below.

+
lO ... 16V

S llMING
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Switehboardallows all PRIVATEREADERS
of EJektor Electronics one FREE advertise-
ment of up to 108 characters, including
spaces, commas, numerals, etc., per month.

Write the advertisement, which MUST
relate to electronics, in the coupon on this
page; n MUST INCLUDE a private telephone
number or name and address; post office
bcxes are NOT acceptable.

Elektor Electronics (Publishing) can not
accept responsibility for any correspondence
or transaction as a result of a free advertise-
ment cr of any inaccuracy in the text of such
an advertisement.

Advertisements will be placed in the order
in which they are recefved.

Elektor Electronics (PubHshing) reserve
the right to refuse advertisernents without
giving reasons or without returning them.

WANTED: Signeties linear LSI data & appli-
eations manual 1985., or article p.9-198.
Phone Frank Cosgrove on (0202) 432 973.

FOR SALE. Tektronix 465 100 MHz portable
scope, calibrated, manuals and probes. Very
good.t295. Phone (0344)27869.

FOR SALE. Atari 520 STFM computer, 1 M
drive, mouse, joystick, manual. t200. Phone
092684279.

WANTED. Helpwith laserPSU, 150 mW, argon
ion; heater OK; tube current and voltage con-
trol. All expenses paid. Write to Mr W. Owen,

ELEKTOR ELECTRONICS SEPTEMBER 1992

SWITCHBOARD
59 Scott Crescent. Tayport, Fife, SeoUand.

HELP. Electrohome ECM1311 monitor. Anyone
who hassuecessfully replaced the CRT, please
phone (0543) 491 867.

WANTED. Sindair ZX81 ULA logic chip or
working ZX81. Phone Jon on (0602) 307 140
belween 6 and 7 p.m.

WANTED. Cireuit diagram for TEAC FD-55
disk drive fitted with Apple 2 adapter. Please
write to Stephen Shaw, 21 KanferSt, GreenhilIs
1760, South Afriea.

WANTED. Ouantity of 18-pin RAMs type
numbers5514 HM4334 M58981 6514. Phone
Mark on 081 6938200.

LOAN. Schematic for Ferguson hi-fi system
15 model ML40001 C. Write to R. Barnell, 26
Roseholme Road, Northampton NN1 4TO.

FOR SALE. Intel8-bit embedded controllers
handbook 1991 ed. Contains 8051 data. t15
ono. Phone John on 0920 462 414.

FOR SALE. PC-based disassemblerfor8031/32
produces souree code with labels. t20. Phone
Mark on (0626) 779 987.

FOR SALE. Electronic Components (book)
by D.T. Horn (McGraw-HiIl1992)orexchange
for Elektor Electronics issues 5, 7-8, 10 and
111991 and 11987. WritetoJarkko Laukkanen,
Heleniuksenk 36A 17, SF-05860 Hyvinkaa,
Finland.

Wantto EXPERIMENT with tubes? 20 valves

incl. triodes, pentodes, rectifiers, etc. t15.
Phone (0254) 760 003.

Send this coupon to
Elektor Electrontcs (Publishing)

P.O. Box 1414
Derchester DT2 SV"

England

Block capitals please - one cnaracter 10 each box

ELEKTOR ELECTRONICS 09/92

Name and address MUST be given



VOLTAGE CONVERTER 11
/\ LTHOUGHa9.5-24 Vdirectvolt-
r\.age can be brought down to 5 V
easily by a standard regulator, the
converter described here has the ad-
vantage that, since it is a switch-
mode type, it hardly dissipates any
heat. lts maximum, steady output
current at 5 V is 250 mA, although
itcancopewithpeaks ofup to 750 mA.
The converter is based on a Motorola

Type MC34161 ctrcutt, to which a
power stage,TI has been added. lnductor
LI, Cs and 0I remove any ripple from
the output.
The internal comparator at pin 2

of ICI is connected to the output of
the converter via potential divider
~-Rs to monitor the output voltage.
The second comparator (pin 3) is
used in the oscillator ctrcuit and
connected to pin 6 direct and to pin
5 via R3-C3.
When the supply is switched on,

the output ofthe converter, and thus
the voltage at pin 2, is 0; the oscilla-
tor operates normally. Transistor TI
charges Cs via LI' When TI is off, LI
ensures a supply of energy to Cs via
01, As soon as the terminal voltage
of Cs has risen to a sufficiently high
level, the internal comparator at pin
2 changes state. The oscillator is
then switched off via pin 6, so that
TI is also off.After Cs has discharged
to an extent that its terminal volt-
age drops below the preset level, the
oscillator is re-enabled, and Cs is

,%

•e ,
UREF "ICl

er MC34161
BYV29 ,% cs

a '"' Dur, ·200
410).1,ov

9V5 ...24V
+f}-~--------~----__~~~

80140 SV
250mA

+
"470}!H

2A

o

minal ofCS as shown in the diagram.
The inductor is a standard triac

choke, to which a number of turns
have to be added. lf the inductance
ofthe choke is L~H and its number
of turns is n, the number of turns,
n' required for the present inductor
is given by n'=ml(470/L).

(Motorola Application - 924077)

CURRENT LlMITING FOR LM317 REGULATOR
/\ LTHOUGH the well-known Type
~M31 7voltage regulator is aiready
short-circutt-proof, there are cases
where a lirnit of the heavy short-cir-
cuit current can be desirable. As the
diagram shows, such a current lim-
iUng facility can be provided in a
simple mann er. Use is made of the
fact that the output voltage, UD' is
dependent on the feedback tothe con-
trol input. As long as the current
limiting does not operate, resistors
R2 and R3, as weil as Tl, may be ig-
nored, The output voltage is then:

UO= 1.25(1 +PI/RI)+IadjPI (volts).

Since the maxirnum level of Iadj is
0.1 mA, PI can set UD to 1.25-27 V.
When the current through the reg-

ulatorcauses a drop ofabout 600 mV
across R3, TI will come on. This will

charged agam via TI'
The values of L, and Cs determine

the switching frequency; wtth val-
ues as shown, an input voltage ofl2 V
and a load current of 250 mA, the
frequency is 18 kHz. At higher in-
ductancesandinputvoltages, thefre-
quency drops.
It is essential that all earth con-

nections are taken to the negative ter-

cause a drop in the level at the con-
trol input of the regulator, and thus
in the output voltage. With a value
of R3as shown, the current limiting
will come into operation at a cur-
rent of 0.6/4.7=120 mA.

(National Semiconductor
Application - 924100)

ICl

++ LM317

0 •l;z1 ,,,

•,,,
Q

00 924100-11
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FRONT-TO-REAR WIPER COUPLING
ON some cars, it is eonvenient to

eouple the rear window wiper to
thewindsereen wiper. However,sinee
the rear window does not get nearly
as wet as the windsereen, particu-
larly when the ear is moving, the
rear wiper should operate oniy onee
for every umpteen wipes ofthe wind-
sereen. Note thatyourearmaybeone
ofthe Iortunate ones ofwhieh the rear
window, when the ear is movtng in
the wet, does not get wet at all be-
eause of the car's destgn.
The eoupling shown in Ftg. 2 en-

sures that the rear wiper operates
onee for every four or 16 wipes of
the windsereen, depending on the set-
ting of switeh SI (as shown, once
every four).
The clock for the ctrcuit is taken

frorn the return (terminal 53e -
green/blaek wire on most ears) of
the windsereen wiper motor-see
Ftg. 1.This stgnal, whieh is a square-
wave, is applied to ICI via KI. Its
level is lowered to not more than 5 V

by potential divider RI-R2 to prevent
any damage to ICI. Any noise from
the car's eleetrieal system is bypassed
by CI'
The Q2 output (pin 1) of JCI goes

high every fourth clock input, and the
Q4 output (pin 3) onee every elghth
clock input.
The trailing edge of the signal at

SI is transformed into a trigger pulse
by R5-C3. This pulse. whose length
is determined by RrPI-C6. is ap-
plied to monostable JC2.The length
of the pulse should be set to about
one seeond to gtve the rear wiper
time to get going.
The monostable drtves transistor

Tl. which in turn controls relay Rej
This relay is a motorcar type that
can handle the large swttch-on cur-
rent of a wiper motor: it may be rated
at 25 A or 35 A.
The supply for the circuit is pro-

vided by JC3. which brings down the
car voltage of 12 V to 5 V. This JC
also prevents large peaks on the bat-

teryvoltage from reachingthe ctrcutt.

[I. Ftetz - 924023)

1

924023 - 12
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THREE-PHASE SIMULATOR
MOST domestic consumers

(in the UK)are provided with
a single-phase supply, unless
exceptionally heavy loading is fore-
seen. Itmay, however, occur that
a low-voltage three-phase supply
is required for experimental pur-
poses and in such cases, the
simulator can prove useful.
The source signal forthe phases,

R, S and T is genera ted with a
standard Wien brtdge. The sine-
wave generator is formed by ICJa-
Preset PI enables the frequency
to be set accurately to 50 Hz;
the output level [pin 1) is set
with P2 to 1 V (peak).
Circuit IC2a provides a con-

stant load impedance for ICla,
which is important for the sta-
bility ofthe generated frequency.
It also raises the slgnal level to
5.6 V (peak). The peak value of
the phases is set to 0-12 V with
P3· Series capacitor Cg prevents
the offset voltage ofIC La and IC2a
addtng direct voltage to the out-
puts of IC2b and IC2d.
The R phase results from in-

verting the signal at the wiper of
P3, that is. shtftmg it by 180°.
Owing to low-pass filterR1TCl1,
theToutputiags the stgnal atthe
wiper by 60°, while Rg-CIO pro-
vide a 60° lead at the S output.
There is, therefore, a 120° phase
difference between any pair of
phases.
Presets P4 and P5 need to be

set only once and that in such a
manner that the peak values of L ---1

the three phases are identical.
Low-currentLEOs 05-07 light only

tf there is an alternating voltage pre-
sent at the associated output. An
accidentally short -ctrcuited phase is,

IC1, IC2 = Tl074
05 ...07 '"lS3369EH

",.. Ll (A) •'"C12 220k

:::i RN

"

""

0'

•0

0'

~W, lN4001 ',' lDOn,,,

>SV

switches off.
Aseries network of a sidac and a

load connected to the mains results
in a kind of dimmerwhose, non-vari-
able, phase angle depends on the
starting voltage of the sidac. Sidacs
are available for starurig voltages
between 104 V and 280 V.
A neon tube does not switch on

as easily as an incandescent lamp be-
cause the tubecan startonly ata volt-
age much high er than the mams,
after which it will remain lit at the
mains voltage. The level of both the

supply is used, the quiescent cur-
rent is ±20 mA.

(J. Rutters - 924105)

SIDAC NEON TUBESTARTER
~E sidac from Motorola is best
.1 compared with a triacofwhich the
gate connection ismtssmg. lt switches
on whenever the voltage across it
exceeds a certain level. The polarity
of that potential is immaterial: likle
a triac, the sidac works equally well
with direct and alternating voltages.
Furthermore, when the sidac is on,
it resembles a short -circuit and re-
mains in that state until the level of
the current drops belowa certain value
(the holding current), whereupon it

therefore, detected immediately.
The opamps are short -circuit proof

and can provide a current of about
10 mA. When a symmetrical ±15 V

startmg voltage and the workmgvolt-
age depends on the temperature of
the tube.
Normally, the high startingvoltage

is obtained by interrupting the cur-
rent through a choke. This is usu-
ally done by the starter, which also
ensures that a fairly large current
flows through the filaments of the
tube. This heats the ends ofthe tube,
which makes starting easier.
These tasks of the starter are taken

over by two 135V sidacs (or a Single
270 V one). The starting voltage ts

ELEKTOR ELECTRONICS JULY 1992



thus 270 V,which is below the peak
value of the mains (about 340 V),
but higher than the working voitage
of a 20-40 Wneaon tube.
AB long as the tube has notstarted,

11 1N4007

L"
20 ... 40W

924106 ·11
Dil, Di2 = MK1V135 Sidac'"

almost the whope of the mains volt-
age ts dropped across the starter.
Assurne for a moment that the po-
lartty of the mains causes DIto be
forward biased. When the Instanta-
neous value of the mains voltage
reaches the level of the starting volt-
age of the sidacs, these will short-
circuit the starter, whereupon a fairly
heavy current will Jlow through the
filaments and the cotl. This gtves
rise to a magnetic Held around LI'
When the polartty of the mains volt-
age reverses, the positive current
through LI will decrease gradualiy.
When the level of the current ap-
proaches zero, the sidacs switch off,
whereupon the instantaneous neg-
ative mains voltage is applied across
the tube immediately, because of CI
being charged rapidly. This capacitor
and the starter form aseries resonan t

I
circuit that magnifies the sudden
drop across the tube toway above the
level of the mains voltage.
Durtng the next positive period of

the mains voltage, the sidacs switch
on again, and the sequence repeats
itselfuntil after a few cycies the tube
has warmed up enough to remain
lit. The drop across the lit tube does
not exceed the startmg voltage of the
sidacs, so that the electronic starter
is switched off.
Capacitor Cl not only suppresses

any r.f. interference generated by
the tube, but also makes the load
on the mains supply less tnductive
(so-calied cose improvement).
The capacitor and diodes can prob-

ably be fitted into the man-rnade
flbre enciosure ofthe original starter.

(Motorola Application - 924106)
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THIS handy circuit is in-
tended forbattery-operated

applianees. lt functions as a
touch-operatedsupplyon switch
and delayed supply offswitch.
Ftgure 1 shows the design for
applications that require only
a few milliamperes. Figure 2
is identical but for the added
FET at the output, which en-
ables up to 300 mA to be
swttched.
Theactiveelectronicsisformed

by six Schmitt trtggers con-
tained in a Type 40106. The
touch key consists oftwosmali
conducting plates that can be ;::===================~interconnected by our skin re-
sistance. When the key is not
touched, RI causesa high level
at the input ofiCla. That gate
is followedbya diode, DI,which
ensures that Clean be charged
only if the output of ICIa is
high. When the key ts touched.
Cl is charged rapidly. The ca-
pacitor dtscharges slowly via
R2: the state of its charge is
monitored by N2-N3-R3'
The shunting of gates IClb

and ICIc by resistor R3greatly
increases the hysteresis at the
input OfIClb.That means that
the output of ICIe goes high

"
ICt = 40106
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only when CI is almost fully
charged, and changes state
agatn only when Cl is nearly
discharged.

Gates ICld-f serve as
output buffers.

The appliance con-
nected to the output terrni-
nalswill be providedwithpower
as soon as the touch key is
operated, because CIwill then
be charged rapidly. The dis-
charge time of thts capa citor
(and thus the time that the
appliance is powered) is fair!y
longand depends on thevalue
of R2 and the leakage rests-
tance, and may, therefore,
be extended by grvtng R2 a
high er value. Note that it is
not advisable to tncrease the
value of CI by much, be-
cause that increases the charg-
ing time and, worse, simply
touchtng the key may not be
sufficient any more. When
Cl is nearly discharged, the
supply to the connected ap-
pliance is switched off.

(R. Evans - 924031)
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1

REV COUNTER FOR DIESEL ENGINES
1\ LTHOUGHmost petrol-engtned
1i.cars and lorries have arev counter
as standard, that is by no means
the case in dtcsel-cngmcd motor ve-
hic\es. The reason for this is that,
since a diesel engtne has no contact
breaker, it is not so easy to derive
pulses to drive a rev counter. There
are, none the less, several possibili-
ties of adding a rev counter if so de-
sired.
Firstly, itwould be possible to take

the pulses from terminal W of the
alternator. Unfortunately, that rna-
chine does not run at the same speed
as the engine, so that some arithmetic
unitwould have tobe added. Moreover,
and more seriously, terminal W of
modern alternators is no Ionger ac-
cessible externally.
A second way might be to attach

a small magnet to each of the cranks
on the crankshaft and so induce
magnetic pulses in a flxed coil. The
problem here is to attach these mag-
nets securely.
A third method is an optical one

proposed in this article. In this. the
cranks are divided into sectors that
are painted alternately wh ite and
black. A horne-made light barrier is
then used to evaluate the speed with
which the sectors are rotating. If the
cranks are divided into four sectors,
pulses are generated that are suit-
able for driving commercially avail-
ablerevcounters, irrespectiveofwhether
the diesel engine has Iour, six or
eight cylinders.
Thecircuitin Fig. 1may, therefore,

be considered as an adaptor for the
rev counter.
A small 12-V bulb lights the

crankshaft, whereupon the light re-
flected by the white sectors falls on
to photo transistor TI. This transis-

r---------~------~--------~--~~I_{+12V
C4 1N4001

D'

L,'
24V
40mA •
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3n3

~------~~~-+-----------4----{IO
924044·11a

tor is connected in a darltngton con-
figuration wtth Tz. The type of pho-
totransistor is nottmportant: itis thus
not necessary to use the BP103 shown
in the diagrarn. The output of Tz is
applied via Cz to ICI, where it is
chopped and amplified by about x50
to give a a reetangular output stgnal
of about 10 Vpp. That stgnal is per-
fect for driving a rev counter.
The circuit is best built on a small

piece of prototyptng (vero)board and
then fitted in a tube, whose front is
closed waterttght by a circular piece
ofperspex. Itmay be necessary to sep-
arate the lamp and the phototran-
sistor by a dark screen.
The circutt is connected to the rev

counter by a three-core cable. The
cable connections (+12 V, earth and
pulse signal) to the circuit must be
waterproof.
I[the lamp is found to be too brtght,

it may be connected in series with a
smaiI resistor.
The circult can be tested by rnea-

2

924044 - l1b

surtng the voltage at the collector of
Tz, which should be 1-5 V when a
white sector is being illuminated .
Ifthe sensitivity is too high, replace

R, by the circuit in Ftg. 2, which
keeps the voltage at the collector of
Tz at around 5 V.
The circuit draws a current ofabout

10mA plus the current through the
lamp.

IN. Sauer - 924044)

SMARTEC TEMPERATURE SENSOR
~E Smartec Type SMTl60-30- 18
.1 is a temperature sensor with a dig-
ital output, and housed in a TO-18
case. Pins 1 and 3 are are the suppIy
input pins. With a nominal 5VsuppIy,
the current drain is not more than
200 ~A. At pin 2, a short-circuit-
proof and TTL compatible ou tput, a
rectangularvoItage with a pulse rep-
etition frequency (p.r.f.) of 3 kHz ts
available. The value ofthe frequency
is not all that important, because

the actual temperature data are stored
in the duty factor (that is, the ratio
ofthe pulse width to the pulse spacing).
There is a linear relation between
the temperature, Tand the duty fac-
tor:

duty factor;0.32+0.0047xT.

Thus, at a temperature of -45 'C,
the Iowest at which the sensor can
be used, the duty factor is 0.109.

The maximum temperature at which
the sensor can be used is 130°C.
The sensors are calibrated to an ac-
curacy of±0.25 °Cdurtng production.
In prtnctple, it would be feasible

to apply the reetangular signal to a
movtng coil meter. This would indi-
cate a value that is directly propor-
tional to the average voltage level of
the reetangular signal and thus with
the duty factor and the tempera-
ture.
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program SMARTEC:
(*~*******~*~**)

{ SMARTEC: vl.O/JR.
{ Turbo Pascal 5.5.

{$R-,S-,I-,F-,O-,A-,V+,B-,N~,E+,D-,L-}

uses
crt,dos,~URE;

canst
ErrStrl=' Error: Load sequence ADCF .CFG aborted! ';
ErrStr2=' Error: multifunction PC card not faund! ';
SmartChan=7;

procedure Measure;
(*****Y··********l
ve r

PulseLevel:HighOrLow;
DutyCycle:real;
Time:record

High,Low:Second;
end;
Dummy:Char;

function Temperature (DutyCycle: real) :real;
(.***~,********.~~~.****.***.~*•••***~***)
const

a"O.32;
b=O.0047;

begin (* Temperature ~)
Temperature:=(DutyCycle-al/b;

end; (* Temperature *)

begin (* Measure ..)
with Time da
beq in

High:=O;
Low:=O;

end;
PulseLevel :=Low;
SelectPreqChannel(SmartChan);
StartPulseTimeConversion(PulseLevel) ;
repeat

if PulseTime.Updated
then

begin
if PulseLevel=High

then
beq i.n

Time.High:=PulseTime.value[SmartChan];
PulseLevel:=Low;

end
else

begin
Time.Low;=PulseTime.Value[SmartChanl;
PulseLevel:=High;

end;
with Time da

begin
if (Low>O.lE~6) and (High>O.1E-61

then
begin

DutyCycle:=High/(High+Low);
write( 'Temperature: ',Temperature(DutyCycle) :5:1,' oe ');
writeln(' (',DutyCycle*lOO:4:1,' %) 'I;
gatoxy(l,l) ;

end;
end;

delay (500) ;
StartPulseTimeCanversian(PulseLevel);

end;
until keypressed;
Dunmy : e r-eadkey r

end; (* Measure ..)

begin r- SMARTEC *)
clrscr;
i f ccnr icr i teerrorcooe-c-c

then
begin

writeln(ErrStrl);
Beeps(2);

end
else

if not HardwareFaund
then
begin

writeln(ErrStr2) ;
Beeps (3);

end
else

begin
InstallTimelntHandler;
InstallHardwarelnthandler;
Measure;
UnlnstallHardwarelntHandler;
UnlnstallTimeIntHandler;

end;
end. (* SMARTEC ~) 924110 ~ 12
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In practice, it is, however, much
more sensible to connect the sensor
to a digital input port of a peripheral
interfaceora mtcrocontroller,Sampling
the reetangular signal enables the
computer system to carry out tem-
perature measurements with a min-
imum of external components as
shown in the diagrarn. Asuitable PC
measurement card was published
early lastyear (see Ref. 1).Connector
Kj Is a 26-way box header that is
linked to connector RB of the mea-
surement card via a short length of
flatcable. The 5 V supply is taken
directly from the computer. On the
the prototype, Lj-Cj-C2 proved es-
sential to prevent jitter of the stgnal,
which caused the ftrst dlgtt after the
decimal point to move to and fro.
The program for controlling shown

here Is also available, with other
bastc routines for the measurement
card through our Readers' services
(ESS 1753)

(J. Ruiters - 924110)

Reference
'Multifunction measurement card
forPCs', Elektor Electronics, February
1992, p. 14.



I
FUZZYLOGIC: AN INTRODUCTION

Fuzzy logic is a kind of statistical reasoning, whose foundations
can be said to have been laid in the 18th century by the British
philosopher Thomas Bayes. With this technique, large amounts
of data can be condensed into a much smaller set of variable

rules than with rigid logic. The result is an expert system that can
process information faster, and provide a more flexible, more

human-like response than conventional logic.

THE great German polymath, Genfried
Leibniz (1646-1716), dreamed about

devising a way whereby a couple of philoso-
phers could discuss and seule any human
argument once and for all by pure logic. But
he and many other thinkers after him have
discovered that there are many problems
that cannot be solved by just logic. This re-
alization gave rise to another way of at-
tempting to solve problems: the use of statis-
lies. In statistical reasoning, probabiliues
express the idea of 'perhaps' . One method
of statistical reasoning, whose foundations
can be said to have been laid in the 18th cen-
rury by the British philosopherThomas Bayes,
is called fuzzy logic. In fuzzy logic, there is
notjust 'true' and 'false', Isand Os, 'black'
and 'white', but also all the various grades
of grey in between. Fuzzy logic can COI1-

dense large amounts of data into a much
smalJer set of variable rules than rigid logic.
The result is an expert sysrern that can pro-
cess information faster, and provide a more
flexible, more hurnan-like response tban
conventional logic, For example, a washing
machinecontrolled by fuzzy logic will wash
very dirty clothes very hard; not-so-dirty
clothes get a milder wash, and so on. Fuzzy
logic is already being used in many dornes-
tic appliances, cameras and passenger trains.
Traditional control technology is based on

a rnathematical model that describes the con-
trol process. Although this is perfectly satis-
factory for simple processes, it gets more
difficult as the process becomes more COI11-

plex. In such cases, the solution is derived
from a sirnplified model or from a set of val-
ues that was determined empirically.
An example from everyday life would be

when you are driving along in your ear and
you warn to turn left (or right): without con-
seiaus calculation you determine the moment
when you have to starr turning the steering
wheel. Without precise information of the
width of the roads, the position of your car,
the way the front wheels of YOUf car reaet to
the tuming of the steering wheel, the wheel
base of your car, and so on, you will 110r-
mally aet so that YOLI do not get on the wrang
side of the road or on the pavement. In the
same easy manner, you can steer your ear,
orthatof YOUf neighbours, through completely
different bends. Wh at you are doing is re-
acting in a 'fuzzy-logical' way to the effeet
of an action. You turn the steering wheel a
little, your eyes register the effect of this
and your brain eorrects, if necessary and
without complex analyses and calculations,
the action. Ir we were to have this, to us sim-
ple, operation carried out by a digital con-
trol system, we would have to design a SUf-
prisingly complex system thar would, more-

red tlowers

Ilowers

shop er merket

920049-1-11
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over, requi.re a fairly large computer power.
However, for a control system based on fuzzy
logic, the mies would be based on human prac-
tical experienee. For instance, at home:

if the room temperature is much 100 low,
turn up the thermostat lO nuuimum;

if the room temperature drops slowly ;
turn up the thermostat a liule,

Bur how do we define too low, slowly, and a
little't Fortunately, fuzzy logic can cope with
these terms, as we will see later on.

Collecting data
An important principle of fuzzy logic is set
theory (in mathematies, a set is a collection
of elements chosen for mernbership of the
set because it possesses some required prop-
erty). This may be illustrated by, say, our
desire to go out and buy fragrant red roses.
We may go to a market and find astall that
seils flowers. We rnake our wishes known
to the stall-holder, who subconsciously may
reason: 'i/the flower is a rose, and if it is
red, and ifit is fragrant, then theeustomer will
buya bunch'. In other words, if the flower
is an element of all three coLiections (rose, red,
fragraru), it is the desired one. This is illus-

ao
B

b

A B

B

A\B
920049-1-12

Fig. 1. Venn diagram of choices in a flower shop. Fig. 2. Various basic operations in Set Theory.
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Fig. 7. Fuzzy sub-division 01oulpul signals.
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trated in the Yenn diagram in Fig. 1.
Lnthe logic rule we use to arrive at a final

conclusion, we make use of a number of
basic operations that are illustrated in Fig. 2,
another Yenn diagram. Figure 2a shows the
simplest situation that can occur: from a set
B, a new set A is formed, such that all ele-
ments of A are also elements of B. Such a
set A is called a subset of B. Mathematically,
this is expressed as B :::)A, read as 'A is a
subsei of B'. A more general situation arises
when two sets A and B are involved, each of
which possesses elements that are not com-
mon ro to the other, so that neuher A :J B
nor B::J A is true. The set of elemcnts C that
is common to the two sets is called the in-
tersection of sets A and Band is written
C = A n 8; this is illustrated in Fig. 2b.
Another important set related 10 sets A and
B is the set C eontaining all the elements be-
longing to A, 10 B or to both A and B. This is
called the union of sets A and Band is weit-
ten C =A u B, read as 'A cup B'; it is illus-
trared in Fig, 2c. Fina1.ly,in connection with
sets A and B, there is the complement of B
relative to A, which is written as A\B and
read as 'A minus B'; this is illustrated in
Fig.2d.
All this is still clearly defined, but in the

earlier insiance ofthe red roses, we could ask:
'What is red; wheredoes pink begin?' . In gen-
eral, the colours red and pink will be reeog-
nized as such by most people, but in between
thern there is a range of hues that is not
clearly red or pink. That sort of problem is
solved by the use of fuzzy sets, in which a
elearly red flower is entirely common to the
red set and not ar all ro the pink set. A flower
with a colour in between red and pink is
common to both sets, for instance, 70% red
and 30% pink. This is called the degree of
association, !-L For example, the degree of
association of an element x to a set A is writ-
ten as IlA(X), Thedegreeof association is shown
by the curves in Fig. 3.
The type of characteristic shown in Fig. 3

is an irnportant aid in the application of fuzzy
logie in control engineering, because it en-
abies measured values to be arranged in sets.
The measured values (input signals) are en-
tered on the x-axis, while the degree of as-
sociation curves for a number of sets are
plotted on the y-axis-see Fig. 4. In the de-
sign of control systems, it is usual to take
an odd number of sets and 10 plaee the cen-
tre one in a position where it coincides with
the desired value: here, 50.
Another instance of alloeating likely val-

ues ofarnbient ternperatures to fuzzy sets is
shown inFig. 5. The boundaries beiween areas
are not always clearly defined; in fact, in
this way it may be determined how 'fuzzy'
the boundary between two sets is. It is cus-
tomary, but notobligatory, to alJow the bound-
aries to overlap to such an extenttbatthe com-
bined border areas have a degree of associ-
ation of 100%, that is, ~=I.
It will have been noticed in these exarn-

pies ihat the curves of u are trapezoidal. This
is the rnost customary shape, since it allows
straightforward arithmetic, Other shapes are
possible, as long as they are convex, that is,
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Fig. 8. Examples 01 how not to sub-divide luzzy input and output signals.

their edges should not have transitions as
shown in Fig. 6. It is, however, possible 10

ornit the horizontal top of the trapezium so
that the curves attain a triangular shape. This
is done, für instance, in the ease cf a set that
represents the desired value of a control sys-
tem to obtain a very accurate setting. Ttis al-
ways done when the subdivision of output
signals is fuzzy-see Fig. 7, which shows
the positions of a boiler valve in a heating sys-
tem. It may look srrange Lhat the u-charac-
teristic for 'c1osed' extends to -25% and
thatfor 'open' to+ 125%, butthatis howthese
sets are weighted to the sarnescale as the other
three positions. Onee the output signals have
been brought back 10 concrete values, the
valve can be set exactl y between 0% and 100%,
no more, no less.
Examples of how not to subdivide input

and output signals are shown in Fig. S. The
curves in Fig. Sa do not overlap, which rneans
that there is no defined !l for a number of
vaJues. A well-known example af this is the
inputs of TTL-gates-see Fig. 8b. In these,
a certain range af values belongs to the set
'Iow' and another range to the set 'high'.
Values between these ranges will lead to un-
predictable behaviour. This is, by the way, a
special fuzzy set: a so-called crisp-set. In
Fig. Sc, the edges of the various curves spill
over into various other sets: this will lead to
instability.

Logic combining of fuzzy sets
We have seen how input and output signals
can be divided into fuzzy sets. To use these
to make a practical control system, certain
rules are required to indicate the logic con-
nections between input and output sets, These
rules, which describe and determine the be-
haviour of the system, can be arrived at
through practical experience of the system
or by trial and error,
As an exarnple of how to go about ser-

ting the rules, we will use a system that has
a switch-on behaviour as shown in Fig. 9b.
This is quite a conunon behaviour: for a lit-
tle whiJe after switch-on, the measured value
will swing around the wanted value. It is the
task of the control system to bring the rnea-
sured value to the wanted value quickly and
to keep it there in spite of possible interfer-
ence. To design the system, we set out the
error, that is, thedifference between measured
and wanted values (Fig. 9c) and also the
variations in the measured value (Fig. 9d).
The x-axes of these figures show no con-
crete values, only a O. In practice, the allo-
cating of concrete values together with the

selecting of sensible sets (and the rules rnen-
tioned earlier) will be the key to a success-
ful design.
The fuzzy division of the control signal

is approached in two ways. First, we divide
the magnitude of the signal into seven sets~
see Fig. ge. These sets enable us to give the
system a proportional-control behaviour. To
ensure that the system responds timely ro
the reactions of the process (integrating and
differentiating), we need a number of sers that
indicate by how rnuch the control signal
must be corrected to prevent overshoot, or
to limit it to a wanted minimum value-see
Fig. 9f.
Next, we have to forrnulate the mies nec-

essary to keep the measured valuc equal to
the wanted value. They are summarized in
Table 1. Rules 1-7 must ensure that through
proportional control the measured and wanted

values arekeptequal,ornearly so. Rules 8-14
ensure through integrating control that the
value of the control signal is corrected as
relevant toobtain the wanted value. Overshoot
of the control signal after the wanted value
has beenreached is prevented by rules 15-21,
which, when the error becomes smalJer, slow
down the altering of the measured value.
All the rules together ensure that the system
reaets rapidly without overshoot.
In fuzzy logic, all theseconsiderations can

beevaluated by simple arithmeticand a com-
puter or analogue electronics. There are pro-
cessors and controllers designed specifically
to carry out fuzzy-Iogie cornputations. LLis
interesting to not.e that an algorithm to carry
out these computations would need a 32-bit
rnicroprocessor, whereas in fuzzy logic an
8-bit microcontroller is sufficient.
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Fig. 9. Example 01how to compute a control system.
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FUZZY LOG[C: AN INTRODUCT[ON

produch
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_ change In CClntroi value

very I'>lgl!

-----to conllol value

Fig. 10. Computation of the control signal for the syslem illuslrated in Fig. 9.

Fuzzy logic arithmetic

The funetion !iA(X) enables us to calculate to
what degree an element x is common to set
A. lf we use a microcontroller and an ana-
logue-to-digital (A-D) converter, the caleu-
lation becomes very simple, because the
converter provides concrete values. Für each
ofthese values, the associated ucan be found
in relevant tablos.
Evaluating the logie rules is normaliy

simplicity itself. There are three basic oper-
ations: AND, OR and NOT. In an AND-op-
eration, the smallest u-value of the relevant
sets is allocated 10 the output set. H, for in-
stance, two inputs, x and y, have values of
!iA(x)=0.8 and llB(y)=0.3, it follows from the
logie rule 'A AND B gives C' (A.B=C) that
the smallest l1, that is, 0.3, must be allocated
to C. This is done by adding an element of
value 0.3 to set C. This operation is ealled
minimum-operator (MIN{A,B)) and is one
of the special instructions in fuzzy logic.
The OR-operation aliocates the largest

u-value to the output set. This operation is
called maximum-operator (MAX (A,BJ). With
the values from the previous example, the
logic rule 'A OR B gives C' (A+B=C) gives
an element with a u-value of 0.8.
The NOT operation is just as simple:

deduct the u-value from I:NOT A=I-!iA(X),
Compensating operations yield resu!ts timt

Liesomewhere between AND and OR; they
add a sort of 'bui' to the logic rule. For in-
stance, you want to buy a house. It must be
sound, in a good position, and not too ex-
pensive, but, if it is very nice and weil situ-
ated, it may cost a little more. In pure logic
terms, such a consideration is difficult to re-
alize, but compensatingoperators make il pos-
sible. The most important of these is the
gamma-operator.lfthe valueof y lies between
o and I,this operatorcan be set between AND
and OR. The simplified form 01' the gamma-
operator (for three sets) is

!1r(X)=[!iA(X)!iB(X)].Ic(X)](I-Y) x
x (I-[ 1-!iA(x)][ 1-!iB(X)][ 1-].Ic(x)])Y,

where !1r=llresult and Osy-c).

Fuzzybecomes distinct
After working through the logic rules, wehave
a numberofindications(21 inTable 1) ofwhat
has to happen next. All the results in Table I
refer to a signal that controls the relevant
process. 1n complex processes, more con-
trol signals may be used. For the calculation
of concrete values for these signals, a method

Table 1.
error .1measured value contro1 value

1. much too cold
2. too cold
3. slighüytoo cold
4. nght
5. slightly too hot
6. too hot
7. rnuch too hot
8. rnuch 100 cold
9. too cold
10. slightly too cold
11. rtght
12. sllghtly too not
13. too hot
14. much 100 hot
15. slightly too cold
16. slightly too cold
17. slightly too cold
18. sUghtly too cold
19. slightly tno hot
20. slightly too hot
21. slightly too hot

much higher
higher
slightly lower
lower
tngher
much lugher
much lower

full on
very high
high
medium
low
very low
off
much higher
higher
slightly lugher
light
slightly lower
lower
much lower
off
very low
high
high
off
off
high
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is needed that somehow combines the re-
sults relevant to the signals. There are twc
usual rnethods: min-rnax-rnedian and prod-
uct-sum-rnedian. The fonner is simple, but
not suitable for the example in Table I, be-
cause several logic rules apply to the same
output set. In that case, the product-sum-
median method must be used,
Assume that on evaluation of the logic rules

the following results have been obtained:
0.7 median; 0.2 and 0.3 high; and 0.2 very
high. How the product-sum-median method
works is shown in Fig. 10. Foreach element,
we multiply the height of the triangle indi-
eating the !i of a set with the value of the el-
ements and use the results to draw four new
(smaller) triangles. We then add the areas of
the triangles together and determine the me-
dian position of the resulting figure: the
value on the .r-axis underneath that position
is the value we seek.
AJI this may sound pretty complicated, but

the arithmetic is not too difficult. If we as-
surne that the functions of j.! for the control
signals are isosceles triangles, the calculation
becomes:

q
~)a(x) x So x A]

S = ~X=-.L' -- _
C q

~)a(x)xA]
x=1

where:
Sc is the value of the control signal;
q is the numberoflogic ruJes whose value
is relevant to the magnitude of the
control signal;
a[x] is the result of logie rule number x;
Sa is the value of the control signal
immediately undemeath the apex of the
triangle (set) to which logic rule x refers;
A is the area of the relevant triangle (set)
(A='h x base x height).

This formula is worked out in a computer
in seeonds: Sa and Aare fixed data for all
sets, wh ich, therefore, can be stored in rnem-
ory and need not be computed. If all trian-
gles have identical areas, as in the example,
the calculation becomes even simpler, be-
cause A ean then be ignored both in the nu-
merator and the denominatot. •

Reference
Fuzzy sets, theory and its applications, by
H.J.Zimmermann, ISBN 0 7923 9075 X
Kluwer Academic Publishers



RS-232 QUICK TESTER
No pe interface has attracted more attention in the electronics
press, and caused hotter debates, than the RS-232 interface. It is
unfortunate but true that both hardware and software appear to be
open to different interpretations when it comes to connecting

RS-232 devices like printers, plotters, mice and modems. The tester
described here is a handy tool to help you locate possible hardware
errors, when hooking up a new RS-232 peripheral is not going as

smoothly as you would have hoped.

THE RS-232 interface is an old faithful in
the telecommunications industry, its

protocol and hardware being geared to con-
veying data over long distances. In its most
rudimentary form, the interface could be re-
duced to only tWQ lines: ground and data,
which are used alternatelyby the transmitter
and the receiver. First, data is sent frorn IDea-
tion A to loeation B. Next, the ccntrol soft-
ware changes the direction, and Iocaticn B
starts to transmit to loeation A. This type of
half-duplex communication is nearly extinct
these days. when a three-wire connection
appears to be the minimurrt. Provided soft-
ware is used to deal with the handshaking
function, such a three-wire link could be
used, theoreticaUy I to implement full-duplex
communication. In most cases, the hand-
shaking softwere is realized on the basis of
the Xon/Xoff protocol. In this system, the re-
ceiver sends the Xoff code as soon as it has
received the maximum amount of data it is
able to handle. Transmission of the Xoff code
causes the communication to be interrupted
until the receiver transmits the Xon code.
Communicaticn is resumed on receipt of this

Design by A. Riet jens

code at the transmitter side of the link.
The main advantage of the Xon/Xoff

protocol is that only three wires are required
to set up a bidirectional data link. Also, the
simple electrical connection is a boon be-
cause it prevents hardware problems. How-
ever, true full-duplex communication is not
possible using the Xon/Xoff protocol.

Faster!
The fastest and most versatile version of the
R5-232 interface is its complete implementa-
tion on the basis of hardware handshaking.
In addition to the two data lines, the 'full'
version has a nwnber of handshaking lines
(usually five) to control the data exchange
between connected devices. Unfurtunately,
in particular the connection between trans-
mitter and receiver has given rise to much
confusion. This is mainly caused by poor W1-
derstanding of the terms DTE (data terminal
equipment) and DCE (data communication
equipment) used in handbooks and system
documentation.

A DTE is, for instance, a pe or a terminal,

while a modem or a line printer is usually a
DCE. By virtue of the RS-232 protocol, it ts
possible to interconnect not onJy a DTE and
a DCE (the original aim), but also two DTE
devices. without the need of inserting a
modem. A DTE-DTE connection, however.
requlres some cross-links to be made in the
connecting cable. Figure 1 shows the most
frequently used connection options.

The RS-232 connector
Most of you will recognize the 25-way RS-
232 sub-D connector found on virtually all
PCs these days. The 9-way (AT-style) ver-
sion. which omits some of the less important
handshaking lines. is also used increasingly.
The lines discussed below are available on
both the 25-way and the c-way sub-D con-
nector - see the overview in Table 1.

As already mentioned, eight pins on the
RS-232 connector are essential for a reliable
data link. Pin 2 carries the TxD (transmit
data) signal. This line is used by a DTE d...
vice to send data to a DCE device. Pin 3 is
used for the complementary function. RxD
(receive data), which carries data from the
DCE device to the DTE device. Pin 4 carries
the RTS (reguest to send) signal, which is
sent by the DTE to the DCE to indicate that it
is about to send a dataword. TI1e DCE re-
sponds via pin 5, the CTS (c1ear to send) line.
In addition, there is the DSR line (pin 6). Via
this line, the DCE informs the DTE that it is
'on line' and ready for use. The DCD (data
carri.er detect) pin carries a signal that is used
by the DCE to set up a stable data connection
with another DCE. The last line is DTR (data
terminal ready), via which the DTE teils the
DCE that it is on, and ready to use the DCE
to set up a data link. Figure 1 shows how a
DTE is connected to a DCE: a pretty straight-
forward connection.
In practlce. a cornmunication sequence

via an RS-232 link would look something
like this.lnitially, a PC (DTE) and a modem
(DCE) are swltched on. The PC actuates the
DTR line, and the modem actuates the DSR
line shortly afterwards. Ncxt. the modem
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RS-232 QUICK TESTER

DTE DCE DTE DTE DTE DTE DTE DCE
2 2 2 2 2 2 2 2r,o 0 ~ 0 r,o

~ 4 X ~~

T'O

~ 4 X ~~

T'O 0 ~O

3 3 3 3""0 04 0 ""0 ""0 Al<D 04 0

4 4 4 4 4 4 4 4
RTS 0 ~ 0 RTS

~ 4 X ~~

RTS :J C RTS :J C5 5
CTS 04 0 CTS CTS CTS

6 6 6 6 6 6 6 6
DSR 0 ~ 0 OSR OSR DSR

7 7 7 7 7 7
SG 0 0 SG SG SG

8 8 8 8 8 8
DOD 0 ~O DOD DOD DOD

20 20 20 20 20 20 20 20
DTRO ~ 0 DTR DTR DTR

Standard DTE· DCE connection DTE· DTE connection DTE - DTE' zero modem 'Two-wire DTE - DCE connection

920037· 11

Fig. 1. Familiar, but never easy to remember, these RS-232 connection options!

sets up the link to another modern, and sub-
sequently actuates the DCD line. This is de-
tected by the PC, which decides that
communication can be started, and actuates
the RTS line in order to da so. If the modem
is capable of processing the transmit corn-
mand, it actuates the CTS Une, whereupon
the communication, i.e., data exchange, can
commence. One wonders what could poss-
ibly go wrang if everything appears to be as
simpleas that. WeIl, a Jot!Let uslookassome
possible problems.

First, there is quite some confusion abaut
the signal levels on the RS-232 Interface. Ac-
cording to the RS-232 standard, the control
signal levels may lie between +3 V and +27 V
lor a logic '1', and between -3 V and -27 V
for a Iogtc '0'. This applies to control lines
DTR, DSR, DCD, RTS and CTS.
The opposite applies to the data lines.

RxD and TxD, which use active-Iow levels,
i.e., a logic '0' corresponds to a level between
+3 V and +27 V, whilea legte '1' corresponds
to a level 01 -3 V to -27 V. Evidently, manu-
facturers of equipment that uses only +5 V
and ground for an R5-232 interface violate
the standard by not meeting the required
voltage swing (and polarity).

A second SOUIce of trouble is the connec-
tion of two DTE devices. Although there
should be no problems with such a connec-
tion, cross links are required in practice on
all !ines except DCD.

A third problem arises when the RS-232
interface is not complete at the DTE or DCE
side. In the worst case, this requires some
hard thinking before a link can be set up suc-
cessfully. The best known "trlck' to fool the
handshaking circuits at either side of the link
is the zero-modern, which simuJates signals
normally supplied by the 'other party' (see
Fig. 1). This is also referred to as 'local echo'.

been used, conneetors have been secured,
and matehing data transfer parameters
(number 01 data bits, stop bits, and parity)
have been set at both sides after wading

one's way through hefty manuals, and same
cajoling with DIP switches. Alas, problems
are stilllikely to occur. Time to get out YOUf
RS-232 tester!

RS-232 quick tester

",/',
10-"2 Tx01

"

20 DTR1

8 OCO' ...

10-"
5 CTSl

10-"3 Ib01

"'--0
RTS2 4

10-"
4 flTS1

"-0
CTS2 5

10-"
6 DSR1

10- "r

Hf-o
Tx02 2

"f-oAxD2 3

"-0
OSR2 6

"-0
7

occa •

10-"
Ic:: :,
0-",~"'-0-",~"'-0-",~"

'-0-"
...........
025

r:f

OTA2 20

We alt hope that there will be no problems
when serial equipment is properly eOTI-
neeted. After all, a good quality cable has Fig. 2. Circuit diagram 01 the RS-232 tester: simple and uncluttered.

920037 - 12
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COMPUTERS AND MICROPROCESSORS

0-25 pin 0-9 pin Signal Function OTE OCE

1 CG chassis ground
2 3 TxO transmitted data out in
3 2 RxO received data in out
4 7 RTS request to send out in
5 8 CTS clear to send in out
6 6 OSR data set ready in out
7 5 SG signal ground
8 1 OCO data carrier detect in out
9 positive test voltage
10 negative test voltage
11 not assigned
12 SDCD secondary DCD in out
13 SCTS seeondary CTS in out
14 STxD seeondary TxD out in
15 TxC transmit check (DCE) in out
16 SrxD seeondary RxD in out
17 RxC receive clock in out
18 not assigned
19 SRTS seeondary RTS out in
20 4 OTR data terminal ready out in
21 SO signal quality detect in out
22 9 RI ring indieator in out
23 SEL speed seleetor DTE in out
24 TCK speed seleetor DCE out in
25 BSY data line busv in out

Table 1. RS~232connector pinning overview. Essential signals are in bold print.

920037 reoose ~o
Fig. 3. Track layout (mirror image) and component mounting plan.

As shown in Fig. 2, the circuit consists
merely of a number of connections, a set of
switches, and six LEDs. The tester is inserted
between the DTE output and the cable to the
DCE, or another DTE. Itshould be noted that
switches 52 and 53,and Sa and 55, form pairs,
and must always be opera ted sirnulta-
neously. Two separate switches are used
rather than a fourfold slide switch because
the latter proved difficult to find at a reason-
able price.
LED D1 indicates the level on the TxD

Iine, 02 that on the RxD line, D3 that on the
RTS line, D4 that on the CTS line, D5 that on
the D5R line, and, finally, D6 thaton the DTR
Iine for the DCE. The LEDs are bicolour
(red/green) types, which enables high and
low signal levels to be easily seen. Red
means a positive Une voltage; green a nega-
tive Une voltage.
Figure 4 shows the connections that are

established when the switches are opera ted.
lf all switches are set to position' A', all cross-
links required to connect two DTEs via a
standard R5-232 cable are made. So, if you
want to set up an RS-232 link between two
pes, insert the tester between one of these
and the cable. The LEDs will indicate how
the communication is getting on.
NormalJy, A DTE is connected to a DCE

via a standard RS-232 cable. If the switches
are set to position 'B', the tester may simply
be inserted in the link. Here, too, the LEDs
show what is happening (or not).
5witches 52, 53, 54 and 55 also have a po-

sition 'C', which serves to set up a null-
modem connection. A null-modem causes
local feedback at the peripheral and the ter-
minal. This disallows hardware control over
the data exchange, and may be required
either when the Xon/Xoff protocol is used,
or a peripheral device is connected to a PC,
or any other computer system, that does not
have hardware handshaking. Examples of
equipment that lacks hardware handshak-
ing on the serial port include the 80C32
single-board computer (Ref. 1), and many
types of serial A-to-D converter.

COMPONENTS LIST

Resi.tors:
1 6-way array 1kn R1

Semiconductors:
6 blcolour lED D1-D6

Mlscellaneous:
1 2-pote 2-way sUde switch

(e.g., Spoerte MFP220)
4 2-pole 3-way slide switch

(e.g., Spoerte MFP230)
25-way PCB-mount male
sub-D connector; angled
25-way PCS-mount female
sub-D connector; angled
Printed circuit board

S1

S2

K1

K2
920037
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Construction
The design of the printed circuit board for
the RS-232 quick tester is shown in Fig. 3.
Start the construction by fitting the six wire
links on the board. followed by the resistor
array (note the orientation!) and the five
switches. As already mentioned .. switches
52-Ssare lormed by two double-pole, 3-way
slide switches, because a 4-pole switch with
3 positions proved difficult to get. The eqiu-
valent switch pair will be fine as lang as you
remember always to operate them tagether.
With some dexterity, the switches may also
be coupled by a small piece of plastic glued
in between the levers.
Continue the constructton by fitting the

two connectors Kt (male) and K2 (female),
followed by the LEDs, Dl-D6. Note that all
LEDs should be fitted with the same orienta-
tion. The flat side of a bicolour LED should
be at the side 01 the cathode of the diode
symbol printed on the overlay. Take care to
ensure the correct LED orientations, or YOll
will not be able to tel! the RS-232 signal level
for sure. Ta make it sturdy and easy to
handle, the tester rnay be fitted into a small
plastic enclosure.

The circuit is now ready for use. Set a11
switches to position 'A' for a DTE-DTE link,
or to position 'B' for a DTE-DCE link. 11you
need a null-modem link, set 54 and 55 to po-
sition 'C'. A null-modem may be called for in
a DTE-DTE link as well as in a DTE-DCE
link. WeH, at this stage proper comrnunica-
tion via the RS-232 ports can only be dis-
rupted by software faults, in which case
Murphy's laws apply. •

Reference:
1. 80C32/8052AH-BA5IC single-board com-
puter. Elektor Electronics May 1991.

RS-232 QUICK TESTER
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2 =TxD

3= RxD

4= RlS
5 = ClS
6 = DSR
7 = GND (Common)
8 = DCO
20 = DTR
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Fig. 4. Overview of connections estab-
lished by operating the switches on the tes-
ter. Keep these settings handy with the
tester.

NEW PRODUCTS

LogicWorks logic simulator now
available for DOS.

LogicWorks has been the number-l
package for teaching digital circuit de-
sign on the Macintosh sinee 1985, and is
now available to the wider DOS audi-
ence. LogicWorks brings circuit ideas to
life on the screen with fully interactive
digital simulation. Probes, displays and
switches ean be plaeed right on the cir-
euit diagram, and operatedjust like areal
circuit breadboard. Device delays, clock
rates and signal connections can be
changed with a few mouse clicks, allow-
ing circuit ideas to be tested out in sec-
onds. More info from Capillano
Computing Systems LId., Canada. Tel.
(604) 522-6200, Fax (604) 522-3972.
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COMPUTERS AND MICROPROCESSORS

D-25 pin D-9 pin Signal Function DTE DCE

1 CG chassis ground
2 3 TxD transmitted data out in
3 2 RxD received data in out
4 7 RTS request to send out in
5 8 CTS clear to send in out
6 6 DSR data set ready in out
7 5 SG signal ground
8 1 DCD data carrier detect in out
9 positive test voltage
10 negative test voltage
11 not assigned
12 SDCD secondary DCD in out
13 SCTS secondary CTS in out
14 STxD secondary TxO out in
15 TxC transmit check (DCE) in out
16 SrxD secondary RxD in out
17 RxC receive clock in out
18 not assigned
19 SRTS secondary RTS out in
20 4 DTR data terminal ready out in
21 SO signal quality detect in out
22 9 RI ring indicator in out
23 SEL speed selector DTE in out
24 TCK speed selector DCE out in
25 BSY data line busy in out

Table 1. RS-232connector pinning overview. Essential signals are in bold print.

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

As shown in Fig. 2, the circuit consists
merely of a number of connections, a set of
switches, and six LEDs. The tester is inserted
between the DTE output and the cable to the
DCE, or another DIE. It should be noted that
switches 52and 53,and 54and 55, form pairs,
and must always be opera ted simulta-
neously. Two separate switches are used
rather than a fourfold slide switch because
the latter proved difficult to find at a reason-
able price.
LED Di indicates the level on the IxD

line, D2 that on the RxD line, D3 that on the
RI5 line, D4 that on the CI5 line, D5 that on
the D5R line, and, finally, D6 that on the DIR
line for the DCE. The LEDs are bicolour
(red/ green) types, which enables high and
low signal levels to be easily seen. Red
means a positive line voltage; green a nega-
tive line voltage.
Figure 4 shows the connections that are

established when the switches are opera ted.
If all switches are set to position' A', all cross-
links required to connect two DIEs via a
standard R5-232 cable are made. 50, if you
want to set up an R5-232 link between two
PCs, insert the tester between one of these
and the cable. The LEDs will indicate how
the communication is getting on.
Normally, A DIE is connected to a DCE

via a standard RS-232 cable. If the switches
are set to position 'B', the tester may simply
be inserted in the link. Here, too, the LEDs
show what is happening (or not).
5witches 52, 53, 54 and 55 also have a po-

sition 'C, which serves to set up a null-
modem connection. A null-modem causes
local feedback at the peripheral and the ter-
minal. This disallows hardware control over
the data exchange, and may be required
either when the Xon/Xoff protocol is used,
or a peripheral device is connected to a PC,
or any other computer system, that does not
have hardware handshaking. Examples of
equipment that lacks hardware handshak-
ing on the serial port inc1ude the 80C32
single-board computer (Ref. 1), and many
types of serial A-to-D converter.

COMPONENTS LIST

Resistors:
1 6-way array 1kQ R1

Semiconductors:
6 bicolour LEO 01-06

Miscellaneous:
1 2-pole 2-way slide switch

(e.g., Spoerle MFP220)
4 2-pole 3-way slide switch

(e.g., Spoerle MFP230)
25-way PCB-mount male
sub-O connector; angled
25-way PCB-mount female
sub-D connector; angled
Printed circuit board

S1

S2

K1

K2
920037
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MARK 2 QTC 80/40 LOOP ANTENNA

by Richard Q. Marris, G2BZQ

The original experimental QTC transmitting loop antenna was
built in late 1990, tested immediately, and details were published
in the June 1991 issue of this magazine. The design raised a lot
of interest and a number of fellow amateurs in both the UK and
the USA advised the author that they were apartment dwellers (no
outdoor anten na possible!) and were going to construct it. Others
asked whether a two-band 80/40 metre (3.5-7.0 MHz) version was

feasible. That request is answered in this article.

INresponse to the comments and questions
of a number of readers, particularly in the

UK and the USA, a Mark 2 QTC loop an-
tenna was constructed to cover the 80 m and
the 40 m bands. A similar octagonal config-
uration as for the original was used, but the
tuning! coupling impedance matehing cir-
cuits were redesigned fortwo-band operation
after a number of experiments and tests. The
result is even simpler than the origina1.
The original QTC loop was a 30 in. (75 cm)

diameter octagonal spiral loop, of novel de-
sign, whose general circuit and configura-
tion is shown again in Pig. 1. The loop was
designed for indoor use, set up on a table
a.longside an BO-rn lew-power CW transmit-
ter. Tt was intended as a possible ans wer for
thoseamateur transmittingenthusiasts who,
for one reason or another, cannot erect an
outdoor antenna.
Theoretically, a small, indoor loop using

a maximum of 10W RF power cannot be ex-

es 92!IQ8B.ll
$l007f.ll

SPIRAL LOOP
t.t

••

Fig. 1. The original orc Loop.

The original QTC Loop was intended for op-
eration on the 80-m (3.5MHz) amateur band.
The circui t and general layout are given in
Fig. 1. A spiral 5 '/8 turns loop, 1." and in-
ductance L2were resonated to frequency by Fig. 2. The QTC Mark 2 circuit.

pected to produce a signal comparable with
the conventional100W transmitter/outdoor
dipole set-up. However, in practice, it occa-
sionaUy does; we think for the following rea-
sons.

1. TheQTC loop being directional, and com-
paratively narrow-band. reduces incom-
ing interference (and outgoing, such as
TVl!).

2. Being 'on hand' alongside the operator, the
QTC loop can be peak resonated for ab-
solute maximum performance and direc-
tivity on the spot frequency being used.

3. Some outdoor dipoles (and other types)
are erected to textbook dimensions, with
Iittle or no regard being paid to the height
and surrounding cbjects, resulting in an
off-tune compromise, which, when fed
with, say, 100 watts, produces results that
are accepted without the realization that
these could be greatly improved if the an-
tennas were tuned to optimum frequency
at optimwn height. Ta which should be
added theantenna compass alignment, and
the type, length and condition of the coax-
ial feedune. and so on. The overall result
is that the original 100 W signal is largely
dissipated or attenuated in the system.

Reason 3. became apparent dunng vari-
ous contacts with eontinental European sta-
tions when using the QTC Loop. and later
the Mk. 2 QTC Loop. and discreet questions
were asked about the height, length and sur-
rounds of their antennas.
Nevertheless, it must be stressed that in

most cases the QTC loop signal was some-
whatdown on the outdoor dipole/transmit-
ter set-up. Itwas, however; quite adequa te for
2-way communication, which must be con-
sidered satisfactory when an enthusiastis Ium-
bered with a 'no outdoor antenna' situation,
for whatever reason.

The circuit

bandset and bandspread variable capacitors
C1-C2. There was also an optional tuning
meter.
The Mark Two QTC 80/40 Loop uses an

identical spoke framework-see Fig. 2. The
total number of turns of L1 is five for 80 me-
tres and an optional tap for 40 metres. It is
resonated by C1-C2, which is a good-qual-
ity recelvlng type two-gang variable capac-
itor (2x125 pf) with the built-in padders re-
moved. Coupfing to the transmitter (and
receiver) is by C3 (300 pf ceramic variable)
to 48 in (120 cm) 01 RG58 coaxial feedline.
The original tuning meter-see Fig. 1-can
be used with advantage.

Construction
The construction is shown in Pig. 3. It con-
sists of an eight-spokeoctagonal frame, a ver-
tical member, and a heavy base to prevent
it tipping over. On to this is fixed the sim-

SPIRALLOOP
U
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ple resonating/loading unit, which is con-
structed on a standard 9"x4" (23xl0 cm)
fibre-glass board. copper-clad on one side.
Ideally, this should be replaced by a suit-
able box. However, as it was anticipated
that the loop would be used as a test bed
for future exper-iments, a board was used
as this can be re-used, or quickly replaced,
at little cost-see Fig. 3 and Pig. 4.
The Ioop frame conststs of eight spokes

made from four lengths of moulded hard-
wood, each 30 in. long, 5/8 in. wide and
1/4 in. thick (760x16x6 mm). A 2BA (5 mm
dia) clearance hole is drilled in the centre of
each spoke, The spokes are then glued and
c1amped together wi th a long 2BA (5mm dia)
bolt, nut and washers. The spokes must
overlap in the order shown in Hg. 3 and
evenly speced apart. The assembly should
then be allowed to dry out thoroughly, after
which it is given a coat of polyurethane var-
nish. A stx-way, 2 A polythene terminal
block (cut from a standard 12-way block) is
screwed to the end of each spoke to pro-
vide the necessary securing, spacing and
insulation of the wire turns.
A 23xO.8xO.8in (585x20x20 mm)vertical

wooden support isglued, screwed and brack-
eted toasuitable12x8x0.5 in (300x200x12mm)
wooden base, the whole being teak-wood
stained. The loop frame 15then glued and
bolted to the top of the vertical support as
shown.
The loop winding, LI, uses PVC covered

7/0.2 mrn wire with an outside diameter of
1.2mm and rated at 1 kV,1.5 A. After 1005-
ening the grub screws in the terminal blocks,
thread the wirethrough, tumby tum, forfive
turns, starting at the outer hole of the bottom
nghr-hand spoke, t1ueading through all the
blocks inan anti-clockwisedirection, and ter-
minating at the inner hole of the bottom
left-hand spoke. Tighten the grub screws
while going along just enough to hold the
wire in piace. and firmly when all the wire
is threaded through and puJled tight. Leave
long wire tails at both ends: these can be
cut back and soldered later-see Fig. 3.
Next, secure the fibre-glass board to the

wooden upright-see Fig. 3 and Fig. 4.
Positioning the capacitors depends on their
actual size and shape. but should be more
or less as shown in Fig. 4. Capaeiter C1-C2
must be fastened to the panel as shown and
fittedwith an extension shaft, with Iront sup-
port bracket and panel bush as shown in
Fig. 4, with a wooden support platform, cut
to size. to support the bracket.
Capacitor C3 is mounted at an angle and

fitted with an insulated extension shaft as
shown in Eig. 3 and Fig. 4. It must be COIn-
p/etely insulated [roni the copper-clad fibre-
glass panel. Also, it should be fitted such
that the knob is weil away from the loop
winding. This capacitor requires setting in
only one position Jor 80 m (3.5 MHz) and
40 m (7.0 MHz) and may, therefore, be con-
sidered preset.
A two-way polythene terminal block is

screwed to the vertical support just inboard
ofthe bottom inner end of Lj-e-see Pig.3.This
is to give the 40 m (7.0 MHz) lacility later.
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MARK 2 QTC 80/40 LOOP ANTENNA

1. 41engths of moulded hardwood 30x5/8x1/4 in. (760x16x6 mm).
Vamished. 2BA (5 mm dia.) holes drilled in the centre of each length.
Then glued and bolted together, spaced evenly, as shown.

2. 8 off 6-way, 2-amp polythene terminal blocks used as insulated wire
spacers.

3. 5 tums PVC stranded 7/.02 mm wire; o/d = 1.2 mm; rating 1 kV, 1.5 A.
4. 2-way, 2-amp polythene terminal block
5. Vertical wood support 23xO.8xO.8 in. (585x20x20 mm). Wood stain.
6. 2 inx2BA (50 mm x 5 mm dia) ball.
7. Fly lead (for 7 MHz tap) fitted 2 mm plug.
8. Wooden base 12x8x1/2 in. (300x200x12 mm). Wood stain.
9. 2112in (6 cm) bracket behind vertical wood support.
10. 9x4 in. (23x10 cm) single-side copper-clad fibre glass board.
11. Knob for C1+C2.
12. Knob, shaft coupler and shaft (insulated) for remote control of C3.

Fig. 3. Construclion of Ihe Mark 2 QTC Loop.
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The outer end of LI must be cut back and
solde red to the junction of C2 and C3 as
shown in Fig. 3. The inner end of LI is cut
back and inserted into the bottorn connec-
tion on the terminal block-see Fig. 2 and
Fig. 3. Sold er a flexible plug lead, cut to
length. to the stator of C" A 2 mm plug is a
snug fit in the block terminal insert.
Selecttng of the 40 m (7 MHz) tap is dis-

cussed in "Iesnng and operanon' later.
All other behind-the-panel wiring must

be in 16 SWG tinned copper wire, with the
cop per cladding of the board used for the
'earth' connections-see Pig. 4.
Fit a large 3 in. dia (75 mm) control knob

to C,-C2.
Securea 48 in (120m) length ofRG58coax-

ial feedline with cleats to the wooden base.

Testing and operation
1. BO-metre (3.5 MHz) band
Initial tests must be made with a receiver.
Rotate the resonating cantrat Cl-C2, to
ensure that it covers the 3500-3800 kHz
(3500-4000 kHz in the USA) band. Then
rotate C3 for maximum signal in the cen-
tre of the band.
Feed a small amount of RF to the loop
and re-adjust Cj-Cj toresonateattheexact
transmit frequency. Capacitor C3 may
also require a small re-adjustment for
maxim um loading (or lowest SWR if a
SWR meter is available). Check the loop
radiation with a nearby field strength
meter (the tuning meter used on the orig-
inal QTC Loop is ideal). It should now
bepossible to fully load the loop. Capacitor
C3 should not require any further ad-
justment over the band.
Check the directional properties by tun-
Ing the receiver to a signal and rotating

the loop for maxim um signal-this is
also the position for maximum radiation
to the desired station.

2. 40-metre (7 MHz) band
The approximate position of the 40-m
'tap' on L1 is shown in Fig. 2 and Fig. 3.
The exact position must be selected care-
fully so that Cl-C2 are enmeshed about
15% at 3800 kHz. The tap is made with a
flexible lead.
Ta avoid mutilating the PVC wire cover-
lng on L1 when seeking the correct 'tap'
postnon. take a lead from the top insert
on the two-way terminal block. Solder a
thin sewing needle at the other end.
With the receiver tuned to about the cen-
tre of the 40-m band, insert the 2 mm
plug into the two-way terminal block at
the top and push the needle through the
PVC wire cover in the position shown in
Fig. 2 and Fig. 3. Resonance should be
obtained at 3800kHz with C1-<=2enmeshed
about 15% and C3 peaked for maximurrt
signal. Tf necessary, move the 'needle'
tap slightly to the left er right as required.
The tapping point will vary between loop
models, depending on the construction.
Once the tap point has been found, the
PVC can be removed, and the lead end
soldered on in place of the needle. It will
be found that any tiny needJe holes will
not show if the wire is squeezed between
finger and thumb.
The transmitter can now be resona-
ted/loaded to the loop as in the 80-m
band.

3. Other bands
There seems to be no obvious reason why
a further tap cannot be added for another
band, such as the 20 m (14 MHz) band

using a similar rechnique to the one de-
scribed. A slow motion drive could be
added between the knob and C,-C2' The
loop would probably be less directional
on the lugher frequencies.

Safety
The QTC 80/40 Loop is designed for use
with low transmitter power. The prototype has
been opera ted with up to 10 watts Cw. It has
been tested up to 20watts, butany higher pow-
ers would necessitate lügher voltage vari-
able capacitors and thicker wire for L1.
In the interest ofdomestic household safety,

10 watts should Hot be exceeded. There will be
no prizes for the operator for setting fire to the
curtains or giving the kids a nasty RF shock,
or scaring the living daylights out of the cat.

Reference
"I'he QTC loop antenna', Elektor Eiectronics,
[une 1991, p. 40.

kncb

panel
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shaft

bracket
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10END of loop END
loop (outer)

Iibre glass board
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Fig. 4. Panel details.
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Mains (power line) voltages are not listed
in the articles. It is assumed that our readers
know what voltage is standard in their part
of the world.
Readers in countries that use 60 Hz sup-

plies, should note that our circuits are usu-
ally designed for 50 Hz. This will not nor-
mally cause problems, although if the mains
frequency is used for synchronization, same
modificat.ion may be required.
The international letter symbol' U' is used

for voltage instead of the ambiguous 'V'.
The letter V is reserved for 'volts'.

CORRECTIONS
Plant warmer (June 1992)

Resistor Re was omitted from Fig. 2. The
correet diagram is shown below.

Inductance-capacitance meter (March 1992)
The value of Rt6 and R'7 should be 39 0,
not 30 0 as shown in the parts list.

8751 Emulator (March 1992)
The features list in the first column on page
53 should read:
- download, modify, and upload 8751 pro-
grams without having to erase and pro-
gram an 8751.

- put breakpoints in programs.
- display register and memory contents.

ete.

FM tuner - Part 3 (May 1992)
In the PSU parts list on page 54, R301should
be 1500,1%, not 150 kO, 1%.

Video enhaneer (July 1992)
Preset P2 is best adjusted for a signal level
of2 Vpp at the collector of Tj. Output tran-
sistor T3 may run fairly hot: this is normal.
The third paragraph of the text on page

73 should read: The frequeney characteris-
tie of the signal at the base of T 3 is shaped
by P" R6 and C8, and is, therefore, to a cer-
tain extent under the contral of the user (with
P,).

Mark 2 QTC 80/40 loop antenna (July 1992)
The frequeney '3800 kHz' mentioned twiee
under 2. 40-metre band (page 90) should
have read '7300 kHz'.

Audible fluid level indicator (July 1992)
Owing lO a printing error, the diagram in this
article is incorrect. The right diagram is shown
below.

+
lO ... 16V
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Switehboardallows all PRIVATEREADERS
of EJektor Electronics one FREE advertise-
ment of up to 108 characters, including
spaces, commas, numerals, etc., per month.

Write the advertisement, which MUST
relate to electronics, in the coupon on this
page; n MUST INCLUDE a private telephone
number or name and address; post office
bcxes are NOT acceptable.

Elektor Electronics (Publishing) can not
accept responsibility for any correspondence
or transaction as a result of a free advertise-
ment cr of any inaccuracy in the text of such
an advertisement.

Advertisements will be placed in the order
in which they are recefved.

Elektor Electronics (PubHshing) reserve
the right to refuse advertisernents without
giving reasons or without returning them.

WANTED: Signeties linear LSI data & appli-
eations manual 1985., or article p.9-198.
Phone Frank Cosgrove on (0202) 432 973.

FOR SALE. Tektronix 465 100 MHz portable
scope, calibrated, manuals and probes. Very
good.t295. Phone (0344)27869.

FOR SALE. Atari 520 STFM computer, 1 M
drive, mouse, joystick, manual. t200. Phone
092684279.

WANTED. Helpwith laserPSU, 150 mW, argon
ion; heater OK; tube current and voltage con-
trol. All expenses paid. Write to Mr W. Owen,

ELEKTOR ELECTRONICS SEPTEMBER 1992

SWITCHBOARD
59 Scott Crescent. Tayport, Fife, SeoUand.

HELP. Electrohome ECM1311 monitor. Anyone
who hassuecessfully replaced the CRT, please
phone (0543) 491 867.

WANTED. Sindair ZX81 ULA logic chip or
working ZX81. Phone Jon on (0602) 307 140
belween 6 and 7 p.m.

WANTED. Cireuit diagram for TEAC FD-55
disk drive fitted with Apple 2 adapter. Please
write to Stephen Shaw, 21 KanferSt, GreenhilIs
1760, South Afriea.

WANTED. Ouantity of 18-pin RAMs type
numbers5514 HM4334 M58981 6514. Phone
Mark on 081 6938200.

LOAN. Schematic for Ferguson hi-fi system
15 model ML40001 C. Write to R. Barnell, 26
Roseholme Road, Northampton NN1 4TO.

FOR SALE. Intel8-bit embedded controllers
handbook 1991 ed. Contains 8051 data. t15
ono. Phone John on 0920 462 414.

FOR SALE. PC-based disassemblerfor8031/32
produces souree code with labels. t20. Phone
Mark on (0626) 779 987.

FOR SALE. Electronic Components (book)
by D.T. Horn (McGraw-HiIl1992)orexchange
for Elektor Electronics issues 5, 7-8, 10 and
111991 and 11987. WritetoJarkko Laukkanen,
Heleniuksenk 36A 17, SF-05860 Hyvinkaa,
Finland.

Wantto EXPERIMENT with tubes? 20 valves

incl. triodes, pentodes, rectifiers, etc. t15.
Phone (0254) 760 003.

Send this coupon to
Elektor Electrontcs (Publishing)

P.O. Box 1414
Derchester DT2 SV"

England

Block capitals please - one cnaracter 10 each box

ELEKTOR ELECTRONICS 09/92

Name and address MUST be given



FM TUNER
PART5 (FINAL PART): S-METER,WIRING, CONSTRUCTION,

COMPONENT SUPPLIERINFORMATION

By H. Reelsen

The last printed circuit board to be discussed
is the LED-based S-meter (signal strength)
unit, which is fitted on to the front panel of
the tuner encJosure.
The S-meter is a simple circuit (Fig. 16)

based on the familiar LM3914 LED bar
driver JC from National Semiconductor.
This le allows LEDs to be connected djrcct,
i.e., without the usual external current limi-
ting resistors. Here, the LM3914 is used in
'bar' mode. which allows reetangular face
LEDs to be used to mirnie a continuaus hori-
zontal scale. The driver is powered fram the
5-V supply line in the tuner. The bar indica-
tion is a good alternative to a moving-coil

meter because the input voltage range starts
at 0 V (in spite of the single power supply),
and the circuit is simple to adapt to the re-
quired full-scale voltage leveL The full-scale
indication is determined by a voltage refer-
ence source that outputs 1.25 V between
pins 7 (REFOUT) and 8 (REFADJ). The resis-
tor connected between these two pins has
two functions. Pirstly, it determines the cur-
rent througb the LEDs driven, accordtng to

hED = 12.5 V IR1.

The indicated value of 1.2 kQ results in a
LED current 01abaut 10 mA.

Fig. 17. Track layout (mirror image) and component overlay of the S-meter PCS.
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Fig. 16. Circuit diagram of the S-meter.

Secondly. the combination of Ri and R2
determines the full-seale input voltage Ievel,
Umax:

The voltage at RH! (pin 6) deterrnines the
end-of-seale value, while that at RLO dete.r-
mines the start of the scale. The resistor
values used here result in aseale range of 0
t04 V.
The supply voltage of the LED driver is

not limited to 5 V only.ln fact, you may use
any supply voltage between 3 V and 12 V, as

COMPONENTS LIST

Resistors:
1 1kil2
1 2k!l7

R1
R2

Capacitors:
1 lO~F 16V C1

Semiconductors:
10 LED, green, rectangular
1 LM3914

D1-D10
IC1

Miscellaneous:
1 Printed circuit board 920005-6
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Fig. 18. Track layout (mirror image) and component mounting plan of the keyboard/display pes.
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FM TUNER-5

Fig. 19. Front panel layout (shown at approx. 36% of true size).

COMPONENTS LIST

Resistors:
1 680Q
49330Q
5 1k!l
1 390Q

R101
R102-R150
R151-R155
R156

Capacltors:
1 220nF
1 22~F16V
1 100~F16V
1 22~F25V
2 100nF

C101
C102
C103
C104
C105;C106

Semlconductors:
33 1N4148 D101-D133
1 1N4001 D134
7 74HC4511 IC101-lC107
1 74HC138 IC108
7 DP352PK(red,common

cathode)(Telefunken
Electronic) LD1-LD7

Miscellaneous:
15 Digitast key with wide (17mm)
cap 8101-8115

1 Printedcircuit board 920005·4
1 Frontpanel foil 920005·F

lang as the Input voltage does not exceed the
supply voltage.
The signal strength indicator is built on

the small printed circuit board shown in
Fig. 17. It effectively replaces the moving-
coil S-meter shown in the circuit diagram of
the main tuner board.

Keyboard PCB
Pigure 18 shows the printed circuit board for
the keyboard/ display unit 01which the cir-
cuit description was givenin last month'sar-
ticle. On this peB is a 100-nF decoupling
capacitor, CI06, not Indicated in the circuit
diagrarn (Fig. 14). It is connected in parallel
with 0134.
The functions of the keys are apparent

frcm the front panel foil layout given in
Fig. 19. This seLf-adhesive foil is available
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COMPONENT SUPPLIER INFORMATION

FM tuner kits:
Elektronikladen
Giessler und Danne Bauteile Vertriebs
GmbH
Hammerstrasse 157

4400 Münster
GERMANY.
Telephone: +49251 795125.
Fax: +49251 74301.

FD12 tuner module:
Restek Electronic Products GmbH
Industriegebiet
Richard-Roosen-Strasse 15
3500 Kassel-Waldau
GERMANY.
Telephone: +49 561 585001.
Fax: +49 561 581664.

TQF-2599 quartz filter:
Toyocom
(Toyo Communications Equipment)
Onarimon-Daiichi Bldg.
20-4 Nlshi-Shimbashi 3-chome
Minato-ku
Tokyo 105
JAPAN.
Telephone: +81 334361 431.
Fax: +81 334338526.

Toyocom Europe GmbH
Bollenhöhe 5
D-4020 Mettmann
GERMANY.
Telephone: +492104 12099
Fax: +49 2104 15546

Viertron b.v.
Zuideinde 2
2991 LK Barendrecht
HOLLAND.
Telephone: +31 180618355.
Fax: +31 180619967.

F-G Electronics GmbH
Dipl. Ing. F. Grigelat
Mühlweg 32-33
D-8501 Rückersdorf (nh. V. Nürnberg)
GERMANY.
Telephone: +49 911570101.
Fax: +49911 570100 or 576000.
Contact: Mr. Borgers.

214KCS-l0115X inductor:
Contact your national Toko distributor
(equivalent types may be supplied).

Componex
Vogelsanger Weg 80
4000 Düsseldorf 30
GERMANY.
Telephone: +49211 626291.
Fax: +49 211 626295.

Ci rkit Distribution Ud.
Park Lane
Broxbourne
Herts EN10 7NQ.
ENGLAND.
Telephone: (0992) 441306.
Fax: (0992) 464457.

Bonex
12 Eider Way
Langley Business Park
Siough
Berkshire SL3 6EP.
ENGLAND.
Telephone: (0753) 49502.
Fax: (0753) 43812.

Integrated circuits TDA series:
C-I Electronics
P.O. Box 22089
6360 AB Nuth
HOLLAND.
Fax: +31 45241877.
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ready-made through Dur Readers Services,
end fits perleetIy on the lrontpanel olthe 19-
inch rack enclosure used to hause the re-
ceiver. It should be noted, however, that the
order of the funetion keys as indicated in
Fig. 19 should be corrected to (Ieft to right):
NORMAL WIDE EFFECT STEREO

MONO
Enure this order by cutting out the rec-

tangular, lettered, pieces fram the foil, and
sticking them on to the righr keyeaps.
The LEDs indicate the followmg lunc-

tions (Ieft to right):
WIDE EFFECT MUTE STEREO

FD12 tuner modifications
Those of you keen on taking the perfor-
mance of the FM receiver to an even lugher
level may be interested to know how the
noise figure of the FD12 tuner module can be
lowered. Well, this may be achieved by re-
placing the BF900 dual-gate MOSFET in the
RF input amplifier by a Iater, improved,
type, the BF982.
Ta gain access to the BF900, remove both

covers of the tuner module. Locate the tran-
sistor (Figs. 20 and 21), and remove it from
the board. noting its orientation. The BF982
is pin compatible. and can take the place of
the BF900 without any modificahon to the
circuit. Make sure to treat the BF982 with
care: like the BF900, it Is a static sensitive de-
vice, which requires the soldering iron üp to
be grounded. That completes the low-noise
modification. Fit the covers again.
Conversely, it may happen that the tuner r

has to cape with very high signal levels, for
instance, from a radio/TV cable network in
which amplifiers are used to boost certain
FM band signals. High signal levels may
cause intermodulahon, and require a separ-
ate, attenuated, receiver Input, which has to
be provided on the rear panel of the endo-
sure. Use any suitable RF input socket, and
solder a 82-0: resistor between the centre pin
and ground. Next, connect a l-kO: resistor Fig. 20. Showing the position 01the BF900 DGMOSFETin the FD-12 tuner module.
between the centre pin of the coax socket and
the signal wire in the coax cable to the termi-
nal marked 'Ant.' on the main tuner board.

Case and front panel
The photographs in last month's instalment
give a good impression of the internal con-
struction of the FM tuner. The rear panel of
the 19-inch case contains the two audio out-
put sockets (RCA or 'phono' style), the iso-
la ted RF Input socket, and the mains
appliance socket. The latter may, of course,
be substituted by a fixed mains cord with a
feed-through grommet and a strain relief
c1amp at the inside of the enclosure. In any
case, the metal enclosure must be connected
to the protective earth terminal (E) on the
mains socket.
The main tuner board, the synthesizer

board and the power supply board are
mounted on 10 to 15 rnrn high PCBpiUars se-
cured to the bottom pIate of the enc1osure.
The other three boards (mode eontrol; 5-

meter; keyboard/display) are fitted at the in- Fig. 21. Solder side view of the FD-12 tuner peB.
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Table 1. Wiring overview

Power supply board

o (K3) ..

+32V (K3) <->

o (K2) <->

+5V (K2) <->

+5V (K2) H

+5V (K2) <->

Main tuner board GND

Main tuner board +33V

Synthesizer board 0 (near C414)

Synthesizer board + (near C414)

Mode control board +5V

Display board +5V

Main tuner board

+33V

+33V

UABST

M1 -

M1 +
GND

+15V (+C67)

BASIS B LED
P-STEREO

MUTE LED

STEREO-LED

MODESELECT A

MODESELECT B

MONO

MUTE (at R45)

H rnaln tuner board + (near D2)
H Synthesizer board ++ (near R415)
<-> Synthesizer board TUNE (near R406)'
H Display board 0... Display board INPUT (arrow 'in')
<-> Mode control board 0~. Mode control board +15V... Mode control board A... Mode control board B
<-> Mode control board C
<-> Mode contro! board D
,-+ Mode control board E
,-. Mode control board F
H Mode contral board G
<-> Mode control board H

Synthesizer board
UNLOCKED ,. Mode control board I

Keyboard/display board

DO ,-+ Synthesizer board DO

D1 ... Synthesizer board D1

D2 ... Synthesizer board D2

D3 H Synthesizer board D3

D4 ... Synthesizer board D4

D5 e-s- Synthesizer board D5

D6 ... Synthesizer board D6

IORW H Synthesizer board IORW

+ (near D134) ... Synthesizer board + (near C414)

o (near Cl06) <-> Synthesizer board - (near C414)

E (near Sl15) <-> Synthesizer board - (near C414)

F (near Sl15) " Synthesizer board RESET

• Use screened cable.

side of the front paneL Their Iocations are
governed by the layout of the front panel
foil, which has a size of 483x132 mm (WxH).
Before sticking it on to the front panel, the
feil (or a photo copy of it) Is conveniently
used to mark out the holes that have to be cut
and drilled. Next, use photocopies of the
over1ays to mark the locations of the corner
fixing holes for each rCE. The distance be-
tween the inside of the front panel and the
peBs ISmade such that the keytops are flush
with the outside of the front panel. This may

require scme filing and cutting of peB
spacers, but it is certainly worth your while.
On the prototype, we glued the heads of
standard cylinder head screws to the Inside
of the front panel, at the locations marked
out with the aid of the respective overlays.
Plastic PCB spacers and nuts were used to
achieve the correct mounting distances be-
hind the front panel. Alternatively, you may
want to use screws with countersunk heads,
and drill holes in the front panel such that
the surface remains flat for the foil to be stuck
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FM TUNER - 5 I
on smoothly. This, however, is not easy, and
bumps and holes easily occur in the front
panel {if not immediately, then after some
time), which spoils the look of the receiver.
We therefore recommend fitring the PCBs
with the aid of screws glued to the inside of
the front panel.
The front panel foil has transparent win-

dcws (bezels) for the displays and the LED
bar. The clearance for the keys must be cut
out very carefully using a sharp hobby knife.
Take care not to darnage the foil parts cut
out, since these are used to stick on the key-
eaps later. Onee again observe the key order
(left to right):
NORMAL WlDE EFFECT STEREO

MONO.

Wiring
To keep synthesizer noise to a minimum, the
ends of the signal wire in the coax cable must
be kept as short as possible, This means that
the signal wire must be screened over the
maximurrt possible length between RF input
socket (on the rear panel of the enclosure).
and the 'Ant.' and 'GNU' terminals on the
main tuner board. The shielding braid of the
coax cable must be conneeted at both ends: to
the 'GND' terminal next to the IAnt.' termi-
nal, and to the shaft of the RF input socket,
which is fitted isolated from the rear panel.
The audio output signals are taken from

the R-OUT and 1.-0UT terminals on the
main tuner board to the output sockets on
the rear panel. The cable screening is con-
nected to the respective ground (GND) ter-
m.inals on the main tuner board. The output
sockets are also the best Ioeation to make the
only connection between the circuit ground
(GND carried via the screening of the audio
cable) and earth (carried via the metal enclo-
sure).
The conneetion of the components con-

nected to the ma.i.nsmust be carried out with
great attention paid to proper isolation, and
using appropriate wire. AlJ mains wiring
must be secured to the enclosure. and kept
away as far as possible from signal wiring.
The connections between the printed cir-

cuit boards are listed in Table 1. Needless to
say that a carefully done wiring job may pre-
vent preclous time spent on fault finding.
Note that the tuning voltage (UABST) is car-
ried via a single-core screened audio cable.
Provided the main tuner board has been

adjusted as outLined earlier, the FM tuner is
ready for use when the wiring is finished.
Simply eonnect the antenna, an audio ampli-
fier, and power up. Program your favourite
stations, and ... happy listening! _
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SCIENCE & TECHNOLOGY
A VIRTUAL COMPONENT: HALF-CAPACITANCE FROM HEAVISIDE

Acapacitor can be defined by the fact that

i=C(dVldl)

is the fonnula relating voltage, V, current, i,
and time, t, when the voltage across the ca-
pacitor, C, changes.
Similarly, although rarely used now ex-

cept in r.f. work,

V=L(di/dl)

is the formula used ro define an inductor, L.
Oliver Heaviside used his trans form to de-

fine the 'fractional integral' in the following
terms:

if F(t) has Laplace transformj(s), then

f~F(lI)dll
has Laplace transformj(s)/s and dFldl
has Laplace trans form sj(s)-F(O).

Now, the half-integral

f~F(lI)dll
has the Laplace transformf(5)l2(5). When
defined, the half-derivative is the inverse of
the half-integral. Call this operator D 112,
then

D1/2(x)=2l2(xI1l)
and

D 1/2(xm)=xm-1/2(m_l) !/(m-1/2) I

Since these are all calculared from the
first derivative half-integrated (by using the
inverse Laplace transform), they are all prop-
erly defined functions. In general, letj(x) be
expressible as apower series in x, then
D 1/2(yf(y)) is properly defined, where y2=x
(if x real, take positive value).

Static to dynamic
Definition: let DII2 denote half-differentia-
tion with respec-t to time. Then, a half-ca-
pacitor obeys the law

i=CDI/2(V)

by M.C. Soper, MA

This can be done as the half-integral of the
derivative:

if y=exp(at), then dyldl=aexp(at).

lf F(I)=aexp(al),

then j(s )=a/(s-a )(f{s )/12(s)=

=az/(5-a) (where IIz is 1215),

for which F(t)=12(a)exp(al)erf(t2[al]) is the
inverse Laplace trans form. For the ability
to ea1culate this, we are much indebted to
Oliver Heaviside.
Thus. the admittance of the half-capaci-

tor at angular frequency 0) is given by:

C/2UOl)erf(t2 [jOll])

and the impedance of the half-inductor is
given by

Lt2UOl)erf(t2 [jOll]).

Erf (x) is the integral from 0 ro x of
ex p(-x2)x2/01l.
The product of the two impedances is

Ll C, and I is the time sinee turn-on. Note
that after the cireuits have settled down (t is
large), erf(t2[jOll]) is very elose to one. Thus,
the fonnulas are much simplified and become:

and
Lt2UOl)

IICt2UOl).

Therefore, some time after turn-en, a half-
inductor becornes:

(Llt2[2/0l])( I+j)

and a half-capacitor:

( 1/(C/2[20l]) )(I-j).

Half-reactance for sole
EvidentJy, a half-inducrot can be viewed as
a frequency-dependent resistor in serics with
a frequeney-dependent inductor, and simi-
larly for a half-capacitor,
We need symbols at this point and choose

and a half-inductor obeys the law

V=LDII2(i). --1..'.
Te show how a half-derivative is calcu-

lated, considerthehalf-derivative ofexpfcr). for the half-capacitor and

-~~'~"...--
for the half-inductor,
Choose LOlL= IICOlC and consider:

This becomes:

L(I +j)12(0l/2) + L( 1-j)12(OJ/2)=Lf2(20l),

which is areal, frequency-dependent resis-
tanee; note, however, that LC;::; 1fO) eompared
with the usual formula LC= !l0l2 for a tuned
circuit at resonanee.
The parallel eonneetion produces exaetly

the same result: let Z=Lt2(0l/2), then

z(l +j)llz( l-j)=2z=Lt2(2ro).

Note that with normal tuned eireuit, the par-
allel impedanee at resonance is infinite, and
the series impedance is zero.

Is Zmaximum or minimum
when LCO)= I?
Let kl.Cc»: I, then the series connection is

L( I+j)12(0l/2)+kL( 1-j)12((2)=

=Lf2(0l12)[ I+k+j( I-k)),

which, with rnagnitude squared, becomes

OlO( I+k2).

This is a minimurn when k;::;ü,unlike the
ease for a usual tuned circuit.
Let z=Lt2(OJ/2), then for the parallel case:

(l-j)I2Z+( I+j)l2kz=[(k+ I)+j( l-k))l2kz.

The parallel impedanee is then:

2kz/[(k+ I)+j( I-k)].

Let k bepositi ve, then theminimum impedance
occurs when k;::;ü,and the maximum when k
is very large.

Zero resistance
Thecondition Lro=-I/C, which ean be brought
about by the use of negative impedanee con-
verters-NTCs-Ieads to zero resistance in
both the parallel and series connection. Then,

ELEKTOR ELECTRONICS JULY 1992



~···'~I-~'~""""'···_-
has zero impedance and, sirnilarly, forthe par-
allel case

~·"rT
L...J

gives an impedanee jz=jLt2(roI2).
For a half-capacitor in series with a l-Q

resistor, a law like this is obeyed:

V-V=CDII2(V),

where V is the supply voltage. Therefore,
the solution ofhalf-differential equations like
this is specifically interesting to see wh at kind
of evolution of voltage across the half-ca-
pacitor occurs in practice.

Duration 01the initial transient
So far in this analysis, we have adopted a
simplified expression for the half-reaetanees,
ignoring the error function (erf); this is jus-
tified, since the time-dependent feature van-
ishes very quiekly at all but the very lowest
frequencies, and this we will establish now.
As time increases, the function effet) rises

to close to I, and then stays near 1indefinitely
for increasing time. Erf constantly increases
10 this level. When 1=0.75, erf(l) is close to
1/1.414=0.7071, and thereafter is greater.
Thus, we must consider:

erf(12[0lIJ»0. 7071.

Thisoceurs when (rol»O.55;sineero=21tj, we
have:

ft>0.0872.

This implies that for frequeneies above 10Hz,
this feature can be ignored after 0.2 s.
The effect of j within the square root has

been ignored here, but analysis in terms of
functions like Fresnel sine and Fresnel cosine
shows that the same general behaviour is
displayed, although the complex number in-
troduces some small wobbles in the ten-
dency to unity.
Since the use of expjjroz) in eircuit ana-

lysis implicitiy applies only to the steady state
wben d.c. levels are quiescent, the use of the
simplified formulae is justified. The fact
that, just after initial transients, dyldt=y has
othersolutions is important,even for physics,
since the half-derivative may have a direct
bearing on the thinking behind Dirae's equa-
rion of the electron. If time is never mea-
sured directly, how cau we assert eonfident1y
that the first derivative, and not the half-
derivative, is appropriate for measuring change?

Lawsobeyed by holt-recctcnce
Laws obeyed by half-reactance will apply
in the steady state after the levels within the
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circuit have becorne quiescent. There are
rwo kinds of element, say, cZ and ez, where
the small letters denote 'half'.

I) IlcZ=CI2Uro)

lZ=Lt2U ro)

(cZ)x(cZ) is a capaeitance;

(eZ)x(lZ) is an inductanee.

2) (cZ)x(fZ) is 'has no reaetanee'.

3. clzl1c2Z is a half-capaeitance;

aznoz is a half-inductance.
4. c1Z+c2Z is a half-capacitanee;

f1Z+l2Z is a half-inductance.

5. IlcZ is a half-induetanee;

Iitz is a half-capacitance.

There are other relations that can be re-
lated to the original defining relations:

i=CDII2(V)
and

V=LD 112(i).

Evidently, when a half-capacitance is in
series with a 1-0 resistance, there is a rela-
tion between the voltage on the resistanee and
that on the half-capaeitance. Let V be the
applied constant voltage across the series
pair; then:

i=V-v=CD 112( v).

Half-differentiating this yields

VC/12(1tI)-i=C2D(v),

that is, after the circuit has settled down, i
and v are related by the law of a negative ca-
pacitance. The same applies to the half-in-
ductanee in parallel with a I-Q resistance: this
becomes a negative inductance. This does
apply not only to a constant voltage, but also
to a sinusoidally varying one.
But does following the law of a negative

capacitance necessarily entail that we have
a negative capacitance? Say, i;::;~CD(v) and
let v= vexptjcor), then

i=-C\Ij roexpUOlI);

let i=JexpUOlI), then

VIJ=v/i=-lljroC,

which is the formula for the impdance of a
negative capacitance; so, the answer is yes.

Practical use 01hclt-reoctonce
Can these circuit elements be built? The es-
sential requirement is the square-rooting of
some impedance. Now, suppose we had a

SCtENCE & TECRNOLOGY

device to square any impedance presented
to the input terminals, so that the square of
the irnpedance appeared at the output termi-
nals. We could then cornpare the output with,
say, an inductance and feed back any error
signal to the input of the squaring device ap-
propriately transfonned, and thus have the ap-
pearance of a half-inductance at the input,
Thus, fabrication is possible, because

irnpedance squaring devices are known to
exist. The case of a capacitor is not so easy,
because some activedevicesdo not work weil
with a pure capacitive Ioad; but eertainly a
half-capacitor in parallel with a very high
impedanee eould be made. The effect of I-Q
in series can then be checked ernpirically,
CA circuit element that produces a negative
eapaeitance or a negative inductance when
combined with standard components cannot
fail ro have many uses if practically pro-
dueed, but until this is checked empirically
there is uncertainty about whether this can
be done practically: a'practical' implemen-
tation may just oscillate).
More significantly, a circuit that has an

impedance magnirude that is not simply pro-
portional or inversely proportional to fre-
quency, but to the square root of frequency,
or the reciprocal of this, is a device that has
many immediate uses in the design of dif-
ferent types of filter: new types of filter with
a more gentle roll-off than usual.
In partieular, the ends of rhe frequency

band would have responses less dependent
on component tolerances, so that the frequeney
response of, say, audio filters at high and
low frequeneies would be more predictable,
and the spread in manufacture would be less,
Also, the half-capaeitance and half-in-

ductance, apart from theoretical interest,
open the door to devices whose impedance
magnitude depends on half-integral powers
of the frequency domain.
We must restate here that these devices

are defined in praetice by the half-deriva-
tive operation (or half-integral) and not by the
simple square-root form, which is approxi-
rnare,

Quiescence
We have already determined how long the
quiescent phase lasts atdifferentfrequencies,
thar is, be fore the approximations used in
the laws of the last section become accurate.
This is a consideration that relates 10 the use
of the device itself, but, on a more general
note, this is serious, because we neverdirectly
measure time (think about how time is de-
termined). We cannot say whether chan ging
parameters should be differentiated or half-
differentiated to represent the rate of change.
Consider that there is another way of con-
sidering the time variable, that is, change in
a parameter LI is represented by D 112(11), where
the half-derivative is with respect to a vari-
able j and:

D112(u)=duldl=( dfldt)( duld})

by the ehain rule. We may then eonsider that
t andfare related by some non-trivial func-



I UNDERSTANDING WAVEFORM HARMONICS

tion like t=erf(r2[f])+g(f), and thus that our
physics andourpictureofthe world is ehanged,
unobservably, (Dirae argued that d/dr had to
feature in the equation of the electron, but
did not consider fractional derivatives, in-
vented by Heaviside, which can feature, be-
cause t is not measured directly).
This does not matter at all if Dur Uni verse

is now quiescent, because of the properties
of the erf function, but at some very, very
low frequencies there is a difference which
would seem to aur measurernents as 'physics'
changing with ti rne. The red shi ft, for insranoe,
may be a feature resulting from this; nor Has
achanging value of G, the gravitational con-
stant, been ruled out as yet.
Why should this be relevant to eleetron-

ics? Because all circuits are turned on. This
means in practice, that assumptions made
for quiescent conditions may not apply in
some case for a very lang time after switch-
on; mathematically, this means that forsome
time

aex p(al)erf(Q/2[1]),

where a~r2Uül), isjust as relevant as exptjcor),
although it is both time-dependenl and a
function of frequency.

The prime example ofthis is the 'American
East Coast Blackout' after whieh it was found
that only one man knew how to turn on all
the stations and switches in the right order
withour causing fatal instabilities. That is a
large-scale version ofthe same phenomenon.

It is a daunting thought that the Universe.
which is some ten thousand million years old,
may still be affected by a switeh-on tran-
sient (of course, this is only on one view of
eosmology).
More importantly, this analysis indicates

that under a.c. conditions, not d.c. (wh ich is
what rhe erf alternarive refers to), weeannot
neeessarily apply the standard analysis meth-
ods to the frequeney dependenee of the cir-
cuit ar very, very low frequencies, since erf
forms areequally appropriate. Espeeially when
half-capacitances and half-inductances are
built in, this feature must be checked eare-
fully. In essence, D(y)~y+(terms deeaying
with time) can have a solution very different
indeed from D(y)~y. And, sinee in praetiee
differentiation takes time (even when done
with Cs and Rs), after switeh-on, the former
is more relevant; for instance:

D(y)~y+ IIr2(m)

has a solution similar to

y~exp(t)erf(12[r ]),

Durerf function,
That is, blithe clairns that 'this eircuit

works down to zero frequency' must be checked
very earefully, since reactance is always pre-
sent. •
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DIFFERENTIAL TEMPERATURE INDICATOR
THEcircuit in the diagram enables
the monitoring of two ternpera-

tures, tl and t2' The sensors are NTC
reststors R3 and ~, which may be
connected to the circuit via lengths
of circuit wire that may be up a few
metres long.
Diodes D] and D2indicate whether

t] and t2 are close to each other or
not. 'Close' means that the differ-
ence between the two voltages from
the sensors is smaller than the level
set with P2' If the temperatures are
elose, both LEDs light; tf they are
not, one LED will go out: D] if t] is
higher than ta. and D2 if t1 is lower
than ta. Apart from this optical indi-
cation, it is possible to obtatn an
acoustic one by connecting a d.c,
buzzer to terminal S.
It is also possible to connect a

7-12 V relay with a maximum ener-
gizing current of 400 rnA, to this ter-
minal. Free-wheeling diode D5 pro-
teets T] agatnst a possible, destruc-
tive back-e.m.f,
The circuitdraws amaxirnum supply

current of 35 mA, largely on account
ofthe LEDs,
A certain temperature off-set may

be preset with Pj .Normally, this pre-
set will be at the centre of its travel:
when t] =ta. the potential at the wiper
will then be half the supply voltage.
The 'window' within which tem-
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peratures are monitored may be pre-
set with P2 to a value of I-25°C at a
regulated supply voltage of 8 V and [Amrtt Bir Tiwana - 924082)
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KALUNDBORG
10 MHZ FREQUENCY REFERENCE

EVER since the long-wave broad-
cast station Kalundborg changed

its frequency from 245 kHz to 243 kHz
to comply with the CCIR's recorn-
mendations for a 9 kHz raster in the
LW and MW bands, it has become
possible to use the carrier tn the
locked frequency standard described
tn Ref. 1. Kalundborg is a 300 kW
long-wave transmitter tn Denmark,
with a range of about 500 km (300
miles). This article ts, therefore, of
particular mterest to our Scandinavian
readers.
Brtefly, what is proposed here and

in the next item ('preamplifier for

Kalundborg frequency reference') is
to change the divider tn the frequency
reference such that a carrter tnput
frequency of 243 kHz can be used
instead of 77.5 kHz (the trans mit
frequency of DCF77 in GermanyJ,
for which the circuit was originally
dcstgned. The changes are outlined
tn thesimplified blockdiagrarn, Fig. 2,
which is best compared with Fig. 1
in Ref. 1. In practice, the original
circuit of the reference is changed
to the extent that a new circuit dia-
gram is required-see Fig. 1. The
new circuit is much simpler than
the original, matnly because some cir-

cuit sections could be omitted, in-
cludtng the VLF preamplifier (T1-T4
tn the original design), the 10 MHz
'Iocked only' output (JC7 and T12 tn
the ortgmal design) and the 'error' de-
tector (N2, N3, N4 and the beeper tn
the origtnal design).
In the 'Kalundborg' circuit shown
here, the lO-MHz stgnal supplied by
XI and T3 is multiplied by 3 by par-
allel tuned circuit L4-C39'The 3D-MHz
stgnal is subsequently divided by
100 (ICs)and agatn by 100 [ICG!to ob-
tatn the 3 kHz reference formultiplier
IC3.The 240 kHz signal used to het-
erodyne with the 243 kHz carrier is
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obtained by dividing the 30 MHzsrg-
nal by25 [lC5)and then by 5 (74LS90).
The anterma, formed by an in-

ductorwound on a ferrtte rod and res-
onated by capacitors CI, C2 and C3,
is connected dtrect to the balanced
inputs ofthe S042P mixer [lCI). The
error signal at the output ofthe mul-
tiplier (IC3)ts fütered and converted
into a turungvoltage, which is applied
to a dual vartcap. 05' The varicap is
capable of detuning (to a small ex-

tent) the 10 MHz quartz oscillator,
and so closes the phase-Iocked loop
(PLL). Provided Kalundborg is re-
ceivedwith adequate strength (rotate
the ferrite rod), the LEO at the out-
put of ICg lights. and a 'rock-steady'
10 MHz reference slgnal is available
at the output of N2.
Figure 3 shows a detailed diagram

ofthe x3 multiplier. lnductor L4con-
sistof4.5 turns ofO.5mm dia. enam-
elled copper wire on a former with a
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ferrtte core. The former has an out-
side diameter of 6 mm, and L4 is
drawn out to a length of about 8 mm.
The operation of the multiplier is
easily checked with the aid of an os-
cilloscope andjor a frequency meter,
the signal levels betng qutte high. The
core in L4is adjusted for the htghest
30 MHz level at pin 5 of N4.

(L. N. Jensen, OZ6LV- 924092)

Reference:
1. "OCF77 receiver and locked fre-
quency standard", Elektor Electronics
January 1988.
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PREAMPLIFIER FOR KALUNDBORG
FREQUENCY REFERENCE

INall cases where reception of
Kalundborg is marginal using the
fenite rod at the input of the S042P,
the two-stage preamplifier shown
here can help you ensure longer 'lock'
pert ods of the frequency standard.
The antenna inductor, LI, con-

sists of 150 turns of 0.3 mm dia.
enamelled copper wtre on a 12.3 mm
dia plastic, thin cardboard or paper
former, positioned centrally on a fer-
rite rod with a length of238 mm and
a diameter of 9.6 rnm. The inductor
is resonated at 243 kHz by a fixed
capacitor, Cg, and a trimmer, C10.
To keep the load on the antenna in-
ductor, as small as possible, the first
stage of the preamplifier is formed
by a FET Type BF245.
The amplfied 243- kHz stgnal is

fed to one of the inputs of the S042P
at the input of the frequency stan-
dard (see prevtous article). Using the
preamplifier, the author (who lives
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in Oenmark) measured a signal level
of 1.4 Vpp on pin 6 of lC2 in the fre-
quency reference.
The noise levelnormally measured
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after Kalundborg swttches offat 0.30h
CET is about 100 mVpp.

(L.N. Jensen, OZ6LV- 924091)



obtained by dividing the 30 MHzsrg-
nal by25 [lC5)and then by 5 (74LS90).
The anterma, formed by an in-

ductorwound on a ferrtte rod and res-
onated by capacitors CI, C2 and C3,
is connected dtrect to the balanced
inputs ofthe S042P mixer [lCI). The
error signal at the output ofthe mul-
tiplier (IC3)ts fütered and converted
into a turungvoltage, which is applied
to a dual vartcap. 05' The varicap is
capable of detuning (to a small ex-

tent) the 10 MHz quartz oscillator,
and so closes the phase-Iocked loop
(PLL). Provided Kalundborg is re-
ceivedwith adequate strength (rotate
the ferrite rod), the LEO at the out-
put of ICg lights. and a 'rock-steady'
10 MHz reference slgnal is available
at the output of N2.
Figure 3 shows a detailed diagram

ofthe x3 multiplier. lnductor L4con-
sistof4.5 turns ofO.5mm dia. enam-
elled copper wire on a former with a
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ferrtte core. The former has an out-
side diameter of 6 mm, and L4 is
drawn out to a length of about 8 mm.
The operation of the multiplier is
easily checked with the aid of an os-
cilloscope andjor a frequency meter,
the signal levels betng qutte high. The
core in L4is adjusted for the htghest
30 MHz level at pin 5 of N4.

(L. N. Jensen, OZ6LV- 924092)

Reference:
1. "OCF77 receiver and locked fre-
quency standard", Elektor Electronics
January 1988.

3

sv

c,,~,- ePEY-
<7p

§it.
1.6mm.1

L4 '" 4.5lurns O.5mm CuL 924092·13

PREAMPLIFIER FOR KALUNDBORG
FREQUENCY REFERENCE

INall cases where reception of
Kalundborg is marginal using the
fenite rod at the input of the S042P,
the two-stage preamplifier shown
here can help you ensure longer 'lock'
pert ods of the frequency standard.
The antenna inductor, LI, con-

sists of 150 turns of 0.3 mm dia.
enamelled copper wtre on a 12.3 mm
dia plastic, thin cardboard or paper
former, positioned centrally on a fer-
rite rod with a length of238 mm and
a diameter of 9.6 rnm. The inductor
is resonated at 243 kHz by a fixed
capacitor, Cg, and a trimmer, C10.
To keep the load on the antenna in-
ductor, as small as possible, the first
stage of the preamplifier is formed
by a FET Type BF245.
The amplfied 243- kHz stgnal is

fed to one of the inputs of the S042P
at the input of the frequency stan-
dard (see prevtous article). Using the
preamplifier, the author (who lives
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in Oenmark) measured a signal level
of 1.4 Vpp on pin 6 of lC2 in the fre-
quency reference.
The noise levelnormally measured
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after Kalundborg swttches offat 0.30h
CET is about 100 mVpp.

(L.N. Jensen, OZ6LV- 924091)


