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THE INFORMATION
SUPERHIGHWAY LEADS TO

SALFORD
Nynex CableComms, one of the three
largest cable operators in the United
Kingdom, is tearrung up with Salford's City
Council and universities to make the area
in northwest England a test-bed for ex-
plortng the tnteracttvc potential ofbroad-
band cable networks in the provtslon of
Ioeal services.
They are not there yet, bu t the project

ts already helpmg to overturn some of
the received wisdom where the Itrat lanes
on the Information superhtghway nught
lead in Brttatn.
The United States-owned cable oper-

ator- the licencsed cable provider for the
regfon - has spcnt the past six months
agreeing the terms of the experimen twith
loeal partners. These are: the City of
Salford, the Uruverstty of Salford, and
Untverstty College Salford (the lattertwo
will merge tnto a single untverstty in the
middle of 1996).
The lhree parties plan to eollaborate

in seturig up loeal experimental broad-
band servtces in a range of public-sector
settings. "we're not talkingabout the tra-
ditionaJ video-on-demand type stuff."
saysJohn Edwards. Nynex's regional di-
reetor in Salford. "The fiveareas are crime
preverrtton , community service, health,
education and tramtng. and local busi-
ness development."
The chorce of sectors ernerged from

discussions with public servants from
all over the ctry. held earlier thts year. The
local police force might sound like an un-
likely pathfinder in thc information rev-
olution, but the acttng Chref'Supertntendent
of Police was at one of the sesstons. He
contributed several ways in which the
force could use the network: everything
from sending out Jugh-qualtty identikit
Images to transmttting DNArecords to
other stattons.

Pilot projects
It will be severalyears before some ofthe
more ambitious ideas are translated Into
reality. However, the partners are hoptng
to start early pilot projects in rnost, ifnot
all. ofthe five areas very soon. "There are
a number ofopportunities that l thtnk could
be explotted pretty readily." saysJohn Willis,
chief cxccuttve of the City of Salford. "For
example. I think we could move fairly
qutckly towards using the network to
supply information about Ioeal services
more efficiently."
For their part, the two universities are

ptanrung to use the project to buUd on their
established interest in developtng com-
mercial and educational applications for
the new information technologies. "The
Open Unrversrty. as currently conceived,
has taken current technology about as far
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as it's possible to go." saysJohn Squires,
principal ofUniversity College Salford. "what
we're talking about here, among other
things. ts the possibUity for a kind of
Open Untvcrsfty. Mark 2, thatexploits the
benefits of tnteractrvtty in an accessible
and excittng way."
For the cable operator, which expects

to invest aro und 5;20 million in the pro-
ject, It ts clearly an opportunity to foster
goodwill among the local community.
Thiscan be tn shortsupplyfor acompany
that spends most of tts time dtggmg up
streets, as othercable operators in Britain
have discovered. "The geographreal na-
ture ofthe franchise system means that
the operators are very locally focused."
says Niall Hickey. press spokesman for
the Cable Commurucaüons Association.
"They want to establish themselves as
good corpora te cttizens."

Discounted prlces
Th.is has led several companies to build
up links with local schools and other
public bodies, In Croydon, South London,
for instance, United Artists Commuru-
cations, has now cabled up around 85%
ofthe local secondary schools at heavily
dtscounred prtces. By and Iarge. such
projects have tended to lookat how schools
and others rrught take advantage of cable
servtcee that already exists.
But the commercial- and technolog-

real - bottom line to all the civic-worthi-
ness is the need to foster demand for
fibre-optic services which have yet to be
established. The UKeable tndustry plans
to invest around .EIO billion by the end
of the decade Iaytng cable networks na-
tionwide.
At present, cable providers can earn

a return on this Investment offering en-
tertainment, a banned scgmcnt of the
market for Brttiah Telecom. as well as
standard telephone services. But the ban
will be lifted some time during the next
decade. By then, BT should be able to offer
popular video-on-demand servtces over
Its extsting telephone network. All lhe
cable companies wculd like to find ways
to earn areturn from services which are
only possible on their thtgher-capacttyl
networks.

Comprehensive network
lt will be a while before there ts a corn-
prehensive network nationwide, so the first
expertrnents will have to be geographically
conftned. The logic of the Salford pro-
ject, however, is that finding ways to let
people tnteract, locally, is not merely a stop-
gap to them tnteractmgwtth the world out-
side. Local public agencies could be a
fertile source ofpotential fibre-optic ap-
plications in their own right, responstble
for a wide range of information and ac-
tivities to which the new technology could

usefully be applied.
More broadly, the development ofthese

and cther applicalions must necessarily
be demand -Ied, and people are more likely
to think of new products to demand if
they have already seen the network fill a
local niche. "No-one is denytng that broad-
band networks can allowyou to be talktng
to the world." says Carl Grose, executive
directorofNynexforthe north-west. "But
when tt comes down to It, you're still
tal ktng about people. we're not going to
make money offering facilities tat are
somehow worldwtde. but are actually
anonymous at a local level."
Critics bemoan the lack of a 'bigh pic-

turc' in the government's piecemeal ap-
proach to re-cabling the United Kingdom
for the interactive era, since It couJd mean
that some parts of the eountry get lefl be-
htnd. Yet, the Salford projects tndieates
that, for all the worries about universal
coverage, same individual communities
couJd benefit from the rather limited hort-
zons of the cornparues laying cable in
thetr area. Indeed, Salford's first trtp
down the information superhtghway may
be just around the corner.

"SPREADING" RADIO NETWORKS
Low-cost spread-spectrum radio tech-
nology can provide an attractive alter-
native to existing hard-wired cornmunt-
cations. inc1uding Ilbre-opücs. Ior both
potnt-to-potnt and local-area-network
(LAN)applications.
Recentwork done by the Instrumentation

Group ofthe Central Research Laberatortes
Ud (CRL) ofBrttain's Thorn EMI Group has
resulted in the development of an inno-
vative spread-spectrum system. Already.
a rnajor international computer rnanu-
facturer has licensed the teclmology so
as to apply it to radio local-area networks
(RLANS).

A 2.45 GHz prototype spread-spectrum
radio transceiver
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Diagram illustrating the spread-spectrum principle.

Operating at 2.45 GHz, the spread-
spectrum radio transceiver (SSRT)pro-
vides data rates of up tal Mbtt./s at a
cost expected to make the application of
such a device viable in a wide range of stt-
uations. This data rate ts more than ad-
equate for most applications, including
the seeure transmrssron ofgraphics data.
There are many cases where high data

rate is not the limiting factor, tmmuntty
from interference and ease ofinstallation
being of greater importaoce. Whereas
existing UHFnarrow-band radio systems
used for remote sensing and process con-

trol are becoming increasingly prone to
interference. especia1ly in large towns
and ctttes, spread-spectrum enables data
to be transmitted and recetved with much
more confidence and little or no extra
cast.
The technical advantages ofspread-spec-

trum technology have been recogn.ized for
manyyears, especiallybythemilitary. The
benefits include the ability to suppress
interference and deliberate jamming and
resistance to locattng the source of'trans-
mtsston and to eavesdropping. While de-
liberate jamrrung may not be relevant to

civilian users, freedorn from interference
certatnly ts.

Robust alternative
In the pest. the technology involved was
too complex and thus too expensive to be
transferred to the civilian sector. However,
the CRLdevelopments will enable spread-
spectrum to be used for both RLANS and
potnt-to-potnt links in cost-sensitive ap-
plications. Overall, the latest technology
provides a low-cost ad robust alterna-
tive to existing hard-wired cornmuruca-
ttons and removes the need to tnstall ca-
bltng. whtch is costly, ume-consuming and
inflexible. In addttton. the elimtnatton of
cabling obviates a major source of over-
all system unreliabiltty.
As CRL has taken into account the ex-

isting and proposed frequency alloca-
t100S in many regtons and individual
countrtes around the world, the outcome
has a truly international scope. In par-
ticular, operating in the 2.45-GHz band,
the laboratortes' system satisfies a wide
range of allocations, tncludmg crn (USA)
arid ETS300328 which will supersde ex-
rsung natronal standards throughout the
European Union.
With spread spectrum, the wanted

Signal is combined with a spreadtng code
to produce apseudo-random spread sig-
nal wluch ts used to control the transmitter,
When received, the resultant signal ap-
pears as a band oflow-Ievel noise except
to a receiver that uses the same spread-
ing code with which it is synchronized.
This receiver is thus able to extract the
wanted signal by ftltenng out the major-
tty ofthe interfering background signals.
In the SSRT. a 3I-bit spreading code ts

used which is long enough to maintain
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data security and yet minimize syn-
chronization time. However. to obviate in-
tcrference from similar nearby systems,
the spreadtng code generator is pro-
grammable so that any one of 16 codes
can be switch-selected. They have been
chosen to minimize cross-correlation.

Potentially troublesome
The system operates at a clock rate of
16 MHz togenerate direct-sequence spread-
spectrum stgnals which are used to con-
trol the digital frequency synthestzer.
Generating frequencies directly in the
2.45 GHz band avoids the production of
potentially troublesome spurious fre-
quencies (mixing products) as well as
costs being reduced as no converston
stages or filters are required.
In the initial CRL implementation, the

entire transceiver is built on to a single
surface-mount printed-eircuit board mea-
suringabout220xlO0 mm. Thisincludes
control electronics. frequency synthe-
sizers together with one transmitter and
dual recetvers. and 'printed' antennas.
Should OEMS requireexternal antennas,
coaxtal connectors may be fitted.
A transmit/receive RFswttch seleets

one antenna, while the seeond antenna
and duplicate teeeiver channel provide
a spatial dtverstty capabtltty. Adtverstty
swttch continuously monrtors signals
strengths to seleet the stronger stgnal
from the appropriate antenna/receiver
channel. A data recovery section, linked
to the spreading code generator in the con-
trol section, converts the analogue re-
cerver output to dtgttal Ievelsand mont-
tors the stgnal to detect the spread-spec-
trum synchronization and tracking stg-
nallevels.

Maximum f1exlbility
Fast hardware synchromzaüon provtdes
initial synchronization in 512 microsec-
onds with tracking then being provided
under processor control for the duration
of the receivcd data packet. The data
packet format, error-correction coding,
and network protocols, are under the
control ofthe OEM'S equipment for max-
tmum flexibility in application.
This is not a case of the CRLdestgners

abrogaung responsibility. In praetice,
SSRTS will often need to operate in con-
junetion wtth an cxtstrng system where
the data protocols have already been es-
tablished.
Consequently, when a master trans-

rnits, all slave stations will receive the data
and present it to the uscr's interface. The
user must then determine the destina-
tion of the data packet by inspection of
the user's address within the data packet,
Similarly. when a slave transmtts. the
data pacxket is expected to be received
by the master, while the other slaves re-
ceive the same data, but determine that
the data packet is notintended for them.
This is achieved by inspection of the
user's address data within the data packet.
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The range of operation ts estimated at
2.5 km in line-of-sight and 50 rn within
a typreal office building. These estimates
are based on a 400 kbitjs data rate and
dipole antennas, and take into account
factors such as fadtng margtn. detector
stgnmalynorse rationand permissible
transmttter power.

Competitive equipment
The SSRTwill be prices at around 5:300
to ;E350, which makes the equtpment
competitive for a wide range of appli-
cations in both technical and com mer-
eial environment. However, the key tssue
is that the availability of a standard com-
mercial product will enable the technol-
ogy to be adopted at an early stage.
For exarnple, in the retail seetor, su-

permarkets require immediate access to
point of sale data. At the same time, they
want to minimize cabling to the check-
out positions so as to have a flxible store
layout. In addition, data and barcode
readers for stock control are being used
tncreasmgly. In view ofthe vast amount
oflighting and referigeratton equipment
which can generate electrtcal notse. stores
have always been a difficult environment.
Another application is in remote teleme-
try where It is often necessary to mont-
tor large numbers of outstauons. These
are just two of the many applications
which will emerge for this innovative
spread-spectrum technology.
CentralResearchLaboral:ories Ud, Dawley
Road, Hayes, England UB3 1HH.

MAKING TUMOURS VISIBLE AND
AIRCRAFT INVISIBLE

Question: What can make aircraft invis-
ible but cancer tumours visible?
Amnswer: RFSS,that ts. Reconfigurable
Frequency Selective Surfaces. RFSSis the
brainchild of a team led by Dr John
Vardaxoglu at Loughborough Univer-
stty's Department of Electronic and
Electrical Engineering in Letcester-shtre.
England. RFSSwas first developed as a way
to sharpen up a pilot's virw of the world
via his radar screen. But is now finding,
or expected to find, a wealth of other ap-
plications, ineIuding the diagnosis and,

Demonstrator AFSS in the Loughborough
laboratory
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in the future. the treatment of cancer, and
the provision of more channels for sat-
ellite broadcastmg and telecommuni-
cations.
The secret OfRFSS ts a copper-colourcd

cone about the size and shape of a traf-
fic cone. This is a specrally-destgned
radome, one ofthe streamlined covers used
to proteet the radar antennas that pro-
trude from the fronts of aircraft. The
radar projects beams ofmicrowaves around
the aircraft, which are reflected back
from other aircraft. targcts on the ground
or storms looming ahead, all of which
show up on the radar screen. The radome
proteets the antennas agains darnage
from hail, rain or birdstrikes.

Electromagnetic windows
The radome is made of polyester covered
wtth a thin layer of copper. which forms
the frequency-seleetive surface. The thin
layer of copper is covered wtth tiny cir-
cles, formed by removing rings of copper
each about one ccntimetrc in dtameter.
revealing the plastic beneath. These cir-
eIes acts as electromagnetic windows, al-
lowing only a very narrow band of radar
wavelengths to pass through the radome
in either direction. This screens out ir-
relevant wavelengths and prevents them
from confusing the picture on the ptlot's
screen.
Radomes already produced at Lough-

borough are not reconftgurable: theyal-
low only band of wavelengths to pass.
But the next generattön. a prototype of
which is nowworking, will allow the size
if the circles to be varted so that differ-
ent frequencies can be seleeted and al-
lowed to pass.

Patented technology
This is done by making itpossible to alter
the diameter of the rings while the radar
is in use, thus altering the frequencies that
are selected. The technologywhich makes
this possible has been paten ted, and ts
now und er further development in the
Antennas and Microwaves Laboratory at
Loughborough.
One use for this could be in advanced

military atrcraft wtth 'smart' RFS sur-
faces.Asmart skin made ofa material which
would absorb or reflect any chosen wave-
lengths could be tuned to absorb rather
than to reflect enemy radar. RFSSmay
soon be involved in battles of wtts wtth
smart radar, in whichwavelengthsare con-
stantly altered so as to Image aircraft
wtth smart skins.
Avery different use is being developed

wtth the radiology department of the
Leicester Royal Infirmary in Leicester
near Loughborough. The alm is to use RFSS
as a back-up scanning system to detect
deep cancer tumours at an early stage of
development in patients who are being
scanned with the use ofMagnetie Reso-
nance Imaging-MRJ.
In MR1, microwaves beamed into a pa-

tient's body in a very powerful magnette
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field stimulate the emission ofradiation
that is charactertstic of the type of atom
whicb produces tt. This radtatton is de-
tected and processed in a computer to pro-
duce detailed Images ofsoft as weilas hard
structures, including tumour-s.

Tissue mass
However. there is often uncertainty as to
whether a mass oftissue deep in the body
is a maltgnant tumour or something else.
Ir some technique were available that
would help to decide whether such struc-
tures were tumours or harmless, nor-
mal structures, actually durtng the MRI
sean, this would enable doctors to pro-
vide the best possible treatment at the ear-
liest possibe stage.
The Loughborough team are develop-

ing detectors equipped with RFSS which
can be tuned to pick up only the precise
range of frequencies of infrared or other
radiation produced by tumours, which as
a consequence of their high rate of me-
tabolism act as local 'hot spots' in the
body. They give off tell-tale radiation at
wavelengths not produced, 01' produced
at much lower levels, by normal tissues.
In a pilot study, Ws technique has

been used alongside MRI.The airn is to use
tt to confirm during an MRJscan whether
or not masses of tissue imaged by MRI
are malignant turnours. The next step
may be to use microwaves from a trans-
mitter fitted with RFSSto treat the can-
cer. Selected wavelengths can be focused
on turnours to literally cook them to
death. This rrught even be possible dur-
ing the MRJscan itself.

Commercially important
It is possible that the most commer-
cially important of the many Iikely ap-
plications for RFSSwill be inmakmg rtfea-
sible to provide more channels for broad-
casting and telecommunications, in the
first. place via satellites. Broadcasting
antennas covered with RFSSon satellites
could be made effectively invisible to one
set ofbroadcasting frequencies used by
other antennas on the satellite. while
themselves broadcastingin the same di-
rcctton using different frequencies.
In thts way, several different broad-

casters can beam their broadcasts in the
same directions. This could allow a net-
work ofoverlapptng racliobeams to be used
to supplement or replace cable for local
telephony and radio networks. Proto-
types at Loughborough are already betng
used to develop this concept.
The development of RFSS at Lough-

borough Is betng sponsored by the British
Govemment through the Physical Sciences
and Rkngtncertng Research Council and
by Brtttsh Aerospace.
Dr John Vardaxoglou, Department oJ
Electronic and Electrical Engineering,
Loughborough University oJTechnology.
Loughborough. Leicestershire. England
LEl13TU.

UK MAlNS SUPPLY
In sptte ofmtsgivtngs in certain quarters
regarding the 'reducuon' of the mains
voltage in the United Kingdom, the
Institution of Electrtcal Engmeers ad-
visesasfollows.Asfrom 1.January, 1995.
the stngle-phase supply voltage in the
UK has been reduced in statutory legts-
lation from 240 V ±6% to 230 V +10%,
-6% in order to move towards an align-
ment with Europe. European countries
have moved their nominal voltage up
from 220 V to 230 Vas Irom 1.January.
1995.
This is a 'paperwork exerctsc' and the

actual voltage provided at customcrs'
terminals by a UK supply authority will
rematn at 240 V for many years to come
- there is no agreement to change further
as 240 V is wtth in the agreed tolerance
band. Consequently, there will be no dif-
ference in the operation ofdomestic con-
sumers' appliances.

HOT BIRD 1 IN ORBIT
EUTELSAT'S new television satellite, Hot
Bird 1, was launched in late March and
is now in orbtt at 13° East where it is co-
located with EUTELSAT II -FI.
Hot Bird I's 16 transponders have

gone in to service in the second half of
April. The satellite is dedicated entirely
to televtston and radio channels for re-
ception by cable, community and direct-
to-horne antennas throughout Europe
and the Medrterranean Basin and is fully
opt:imizedforeither analogue ordigital trans-
missions.
European TeLecommunications SateUite
OrganizaliDn, Tour Maine-Montparnasse.
33,AuenuedeMaine,BP 19, 75755Paris
Cedex, France.

NEWBROADCAST STANDARDS AND
SYSTEMS

The Institution ofElectrical Engmeere.
lEE, is to hold its Seventh Residential
Course on 'NewBroadcasts and Systems'
at the University of Durham from 3rd to
7th July. 1995.
The course will provide delegates with
an in-depth understanding of the new
broadcast standards, the principles be-
hind them and the background to their
development.
It is airned at engmeers already work-

ing in the broadcast industry. whether in
equipment design. manufacture and in-
stallation, or in programme production
and transmission.
Topics, which will be covered by ac-

knowledged experts in the field,will range
from digital audto and video fundamen-
tals through current studio and systems
practice, to the use oflow bit rate systems
such aSMPEGand DVB for the dellvery sys-
tems of the future.
Further derans from Janet McCready.
ELectronics Division, lEE, Savoy Place,
London WC2R OBL. Telephone 0171 344

5421. Fax 01714973633.

38TH LONGLEAT
AMATEUR RADIO RALLY

The 38th Longleat radio rally will be held
on Sunday 25June, 1995, frorn 09:30 to
17:00. Parttcipan ts should follow the
brown tourist stgns for "Longleat House"
(not the Safari Park) from the A36. There
will be 150 trade stands and 20 club
stands. Parking is free, and there are
catering and bar facilities on stte as well
as camping and caravanntng facilities.There
is also a RSGBbookstall and membership
services stand.
Further information from GordonLindsay,
GOKGL, 66Jvbil.ee Crescent,Mangots.field,
Bristol BS17 3AZ. Telephonelfax/an-
suserphone 011 7 940 2950.

RESULTS OF IEEIE SALARYSURVEY
Results of the Salary Survey conducted
last January among members of The
Institution of Electroncis and ElectricaI
Incorporated Engmeers (IEEIE) show
that htghest paid Fellows and Members
now earn s45,300 per annum, and more
than 55% of Fellows and Members earn
overf,25,000 peryearwit.h median earn-
tngs at >:25,600 against >: 24,000 in
1993. Over the two years stnce the last
survey. Graduate Members have moved
ahead markedly from >: 17,100 p.a. to
>: 20.000 p.a. in the public scctor and
From E 17,000p.a. to>: 18,900p.a. in the
private sector.
Turning to academtc qualtftcations.

almost 25% of Fellows, Mernbers and
Graduates now have a Htgher National
Diploma (HNO) or URdegree and over 27%
of Technician Members and Associate
Members have a Htgher National Cer-
tificate (HNC).
Copies ofthe survey, which covers not

only remuneration - categortzed in age and
level of responsibility - but also areas of
employment. penston provisions, bonus
payments and an analysis ofbenefits re-
ceived by type ofwork are available from
The Secretary, IEEIE, Savoy Hili House,
Savoy Hili, London WC2R OBS. Tele-
phone 01 718363357.

BACK ISSUES OF EE
In case ourSubscriptionjBack Issue de-
partmcnt can not supply a particular
back issue of our magazine. it may be
thatBookland are able to help. This com-
pany holds weil over 100,000 specialist
magazines in stock, among which Elektor
Electronics. The also operate a Magtrak
service whereby they hold custorners' re-
quirements on computerand check them
against the constant flow of incomtng
magazines.
Bookland, The Fosse, Fosse Way,Radford
Semeie, Leamington Spa, Warwickshire
CV31 1XN. Telephone 01926 614101.
Fax 01926 614293.
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This article proves that building a no-frills RFsignal generator
has nothing to do with sorcery as many d.c. oriented
constructors seem to assume. The design is based on two les
only, and uses ready-made inductors in the frequency
determining sections.

Design by L. Lemmens

LET'S face tt: you can't test a radio
or. for that matter, any piece of RF

circurtry wtthout an appropriate stgnal
generator. Fortunately, it is not always
necessary to know the generator's
exact output stgnal level, as lang as
you are sure that you are on the rtght
frequency. and that a reasonably
streng stgnal is being tnjected into the
circuit under test. This will bring nine
out of ten ctrcurt faults to light. An os-
cilloscope ts then an invaluable tool,
as the types used by hobbyists will
usually work quite weil up to about

20 MHz. Armed with the present RF
stgnal generator and such an osctllo-
scope you are ready to tackle, say, an
FM radio whose 10.7 MHz IF (interme-
diate frequency) seetion 15at fault, or
find the resonance frequency of an in-
ductor-capacttcr combination, or ...

Circuit description
The signal genera tor ia based on
Motorolas Me 1648 voltage-controlled
oscillator (Veo) IC. Here, the device is
used as an L-C tuned oscillator rather

than as the VCO in a PLL system for
which it was originally destgned by the
rnanufacturer. The internal circuit dia-
gram of the MCI648 is shown in
Fig. 1. A low-dtstortton oscillator is
created by connccüng an external in-
ductor-capacitor combtnatton (parallel
tuned circuit) between the TANK and
Bias Pt. terminals. The oscillator in-
corporates positive feedback by cou-
pling the base of tranststor Q6 to the
collector of Q7. An automatie gain con-
trol (AGC) is incorporated to limit the
current through the emitter-coupled
pair of transistors (Q6 and Q7), and
allow optimum frequency response of
the oscillator. Transistors Qg and Q I1

prcvtde the bias drive far the oscillator
and output buffer Q2-Q3. By setting a
suttable bias level for the buffer, the
MCI648 can be made to supply square
wave output stgnals. a feature which ts
not used here.
A glance at the circuit diagram.

Fig. 2, reveals that the internal buffer
of the MCI648 is not used at all. The
oscillator Signal is taken directly frorn
the TANK terminal, and fed to opamp
IC2 via coupltng capacitor C15 and level
contral PI' The reason for using an ex-
ternal buffer opamp instead of the
buffer transistors contained in the
MC1468 is (I) that the LTI252 grves
much better performance and (2) al-
lows 50-Q loads to be driven directly.
Also, the AGe ofthe MCI468 can then
be set for pure sinewave operation.
That is achieved by connecting the
AGe pin to ground via a capacitor, Cl I.
The oscillator frequency is deter-

mtned by the postnon of rotary swttch
SI and the setung of tuning capacitor
Cl' The generator has five ranges:

1 200 kHz to 800 kHz
2 660 KHz to 2.7 MHz
3 2.1 MHz to 8.1 MHz
4 6.5 MHz to 29 MHz
5 18 MHz to 56 MHz

All frequencies are approximate. de-
pendtng on the tolerance and Q (qual-
ity) factor of the inductors used (LI
through L5)'
The maximum output level in

ranges 1. 2 and 3 is of the order of
1.4 VPP'In range 4. the maximum out-
put level drops from about 1.3 Vpp at
the lowest frequency to about
600 mVpp at 29 MHz. Similarly, the
level in range 5 drops from about 1 Vpp
at 18 MHz to 300 mVpp at 56 MHz. All
levels were measured with a 50~Q load
connected to the output. Although
range 5 may extend up to about
90 MHz. the output level will not be
stable above 60 MHz or so, and there
is a fair rtek of the oscillator quitting
suddenly at these frequencres.
The LTI252 is a current feedback

opamp from Linear Technology which
is marked by a fairly constant stgnal

ELEKTOR ELECTRONICS JULY/AUGUST 1995



Tank

Fig. 1. Internal schematic of Motorola's MC1648 voltage-controlled oscillator (VCO).

COMPONENTS LIST

Resistors:
R, = 47>2
R, = 680>2
R, = 100>2
P, = 22kQ linear potentiometer

Capacitors:
C, = 500pF tuning capacitor (Conrad
or Maplinl
C,-C,;Cll;C15 = 100nF
C7;C9 = 100~F 25V radial
C.:ClO = 47~F 16V radial
C12;C13;C14 = 47nF

Inductors:
L, = lmH
L, = 100~H
L,= 10~H
L5= 100nH

Semiconductors:
IC, = MC1648P (Motorola)
IC, = LT1252 (Linear Technologyl*
IC, = 7905
IC4 = 7805

Miscellaneous:
K, = SNC socket.
S, = 12-way 1-pole rotary switch, PCS
mount.
Printed circuit board, order code
950023-1, see page 70.

• MicroCal1 (018401261678

bandwidth at all gain settings. The de-
vice is actually a low cast amphfter for
video appncattons. The hneartty of the
LTl252 is outstandtng. As witih all cur-
rent feedback amplifiers, the imped-
anee at the mverttng (negative) input

SIMPLE RF SIGNAL GENERATOR 11I

7805
7905

determines the bandwidth. FOTmaxi-
mum stability of tihe amplifier, tihis im-
pedance should be resisttve. not
capacitive. Hefe, the gain of IC2 Is
about x8 (actually. 1+[R2/R,)). Reststor
RI matches tihe output of the opamp to
50-Q loads as usual in RF technology.
The symmetrtcal power supply is

entirely conventional, and based on
tihe familiar 7805/7905 three-ptn volt-
age regulators. The unregulated input
voltage to the supply should remain
below ±15 V to avoid high dissipation
in the voltage regulators.

Construction
The RF signal generator ts best beult
on the prtnted ctrcutt board shown in
Fig. 3. For an RF project. construcUon
is remarkably simple. The tuning ca-
pacitor, Cl. and the RF output level
control, PI, are mounted at the solder
side of the board. The spindIes of
these parts. however. are at the com-
ponent side of the board. While the Pv-
tentiometer terminals may be soldered
directly to the relevant copper spots at
the solder side of the board, the termt-
nals of the tuning capacitor are COD-

nected via two pieces of component
wire with a length of approximately
12 mm. The rest of the construction is
all plain sailing. Altihough not strictly
necessary, sockets may be used for the
two lCs. Switch SI is a 12-way PCB
mount rotary swttch which is limited
to five positions with the 'stop' ring
provided.

100nH lj.lH lO!,!H

i) •a , 4 • ....
1 OUT Ne Ne NC
veet

14 12 st
Vcc2 TANK

'Cl .!o
MC1648 5 ,

47n 3

7 veet 10
BIAS

8 Vee2 1.5 L4 CI L2 "AGC Ne Ne Ne
5 9 11 13

7805}.-_-~-.---1.'CO 01--.---.,""*.(1....

Cl1

100n

C2
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950023-12

Fig. 2. Circuit diagram 01 the simple RF generator. Note that the RF signal is taken directly
from the MC1648's TANK pin, rather than trom the OUT ptn. A currentfeedback opamp is used
to buffer the RF signal, and step lt down to 50-0 impedance.



TEST AND MEASUREMENTS

e new SC ematic capture program
Geswin (GESECA for Windows/")
adds more than a pretty face to
SpiceAge. UpgradeforflOO+VAT*

Geswin ODE links with SpiceAge to provide instant
circuit editing. Because this link enables SpiceAge
to retain all its simulation settings, the schematic
(produced by Geswin) is uncluttered so that you
can create clean drawings that may be c1ipboarded
into your other Windows applications.
You can clipboard sections of your netlist frorn
SpiceAge back into Geswin's attribute Inspector if
you wish to use patches of existing circuits.
Geswin has inherited GESECA' s speed and ease of
use. You will find it's best-Ioved "bocket of bits" components' store waiting for your instant use from a
special self-replenishing window.
The SpiceAge component library has been expanded and re-drawn into "stubbies". The new symbols allow
more components to fit within a given screen area without compramising c1arity.
Multiple windows allow you to scratch pad your designs (simulating as you work) and clipboard them into
a fair copy window.
File compatible with GESECA: schematics and components from GESECA may be read.
Comprehensive HELP provides reference material; tutorial style manual reassures you of your own intuition.
Geswin automatically invokes (or switches to) SpiceAge; you can also invoke Geswin from SpiceAge.

•

•

•

•
•
•••
Please contact Those Engineers Ltd, 31 Birkbeck Road,
LONDON NW7 4BP.
Tel 0181-9060155, FAX 0181-9060969.
*upgrade price trom GESECA; (295 + VAT new

---------_._-_ ...._ .._----_ .._--

The voltage regulators do not re-
quire heatsinks. The RF output pins
on the board are connected to the RF
output socket via a short length of 50-
Q coax cable (RG58jU or RG174jU).
The completed board may be fitted

into any reasonably sized all metal en-
closure, such that the spindles of SI,
CI and PI are accessible from the front
panel. In nearly all cases, the sptndle
of CI will have to be extended. The
power supply is best incorporated into
the case.

Calibration
The tuning scale of the signal genera-
tor is best calibrated with the aid of a
frequency meter or a general coverage
receiver. The output level control may
also be fitted with a 'mVpp'scale made
with the aid of an oscilloscope.

(950023)

Fig. 3. Track layout and component mount-
ing plan ot the single-sided printed circuit
board tor the RF signal generator (board
available ready-made, see page 70).

._-~
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m
ACTIVE MINI SUBWOOFER

Design by T.Giesberts

Most proprietary subwoofers require you to be weil-off and
strong: the first to be able to afford them and the second to be
able to litt them. The active unit presentedhere does not cost
the earth and can be moved readily even if you are not a
trained weightlitter. Even so, its performance stands

comparison with many a commercial unit.

A loudspeaker system that has be-
.n..come very popular over the paat
few years is a combtnation of a sub-
woofer and tWQ medium/high speak-
ers. Since human hearing is not (ar
hardly) directional as far as low fre-
quencies are concerned, ONE sub-
woofer suffices in most cases and this
may be situated below a settee or a
table without its performance being
affected. Since the medium/high fre-
queney uruts are also farrly small, the
entire speaker system is ideal where
there is not much space Cf If you
dori't want your living roorn taken up
by the spaker system.

Thedrive unit
Ihe drive unit used in the prototype is Type
SPP-llO/8fromMonacor. Thedatasheet
of this unit gives cut-off frequencies
(-3 dB potnts) of 50 Hz and 8000 Hz.The
frequency charactertstic is shown inFig. 1.
A lowcut-offfrequency of 50 Hz is fine

for good bass perfcrmance. However, this
requires an encIosure wtth a (specified)
volume ofnot less than 5litres, whtch is
what we do not want to use for a MINI
subwoofer. The present destgn uses a
volume of 2 litres. which shifts the low
cut-offfrequency tc 120 Hz. To brtngthis
back to about 50 Hz, a correction network
with a frequency charactertsttc shown
in Fig. 2 is used. This charactertsttc.

0.

combined with that of a 2litre enclosure
gtves an overall characteristic as shown
in Fig. 3.
In order to raise the low frequencres.

a 55 W power amplifier is provided. The
amplifier also corrects the frequency sen-
sitivity of the human ear. Human hear-
ing is much less sensitive to low fre-
quencies than to medium and high fre-
quencies. Thus, more sound press ure
(read: amplifier power) is needed to en-
sure that low frequencies sound as loud
as other. high er, frequencies. This re-
duced scnsttivtty ofthe human ear to low

SPP~110/8

se '~Tl~ ~ .. " ~1... ~

1 11 1 1 h.
1/ I v~

1

.
N H. .00 .. -936047)( -11 .~

Fig. 1. Frequency characteIistic of the drive uniL

frequencies ts also taken into account in
recordmg studtos.

Circuit description
The ctrcutt diagram of the electronics
part of the active subwoofers is shown in
Fig.4.
The correction filteris formed by ICld.

ICle. and ICIb. It is sub-dtvtded into two
low-pass sections. The first. a third-order
section constsung ofICld arid IC1c•has a
fixed cut-offfrequency. The second, based
on lCIb, has a cut-off frequency that can
be vaned with PI' This arrangement makes
itpossible to vary the frequency charac-
teristic (that Is. the amount ofbass) to a

o
small extent: this is shown forthe two ex-
treme positions of the potentiometer in
Fig. 5. The output ofthe corection filter
is taken from ptn 7 oflCI and applied to
the power amplifier via Cs.
The power amplifier consists of an in-

tegrated input stagc. IC1a, dnver stages
T2 and T3' and output stagce T4 and TS.
At the onset of a (sinusoidal) stgnal

from ICI" the bases of both T2 and T3
areat zero volts. Durtng the positive half
ofthe stgnal, T3is offand T2begins to con-
duct when tts base-errutter potential rises
above +0.6 V. During the negative half,
the roles are reversed: T2is offand T3be-
gins to conduct when its base-emitter
voltage drops below -0.6 V. The wave-
forms of the input stgnal and the poten-
tial developed across R21 are shown in
Fig. 6. The kinks in the voltage across
R21show that stgnal is distorted to an ap-
preciable extent.
This eross-over distortion is eltmt-

nated by the use of Tj . Since the degree
to which this transistor conducts is de-
termtned by the setting of P2, the tran-
sistor may be considered as a poten-
tiometer-see Fig. 7. This potentiometer
enables the bases ofT2and T3to be biased
wtth +0.6 Vand -0.6 Vrespectively. This
means that even in quiescent operation.
that is. when tbere ts 00 input signat
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MINI SUBWOOFER
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Fig. 2. Bccause the drive unit ts fitted in too small an en-
closure, the lower cut-off frequency shifts to about 120 Hz.

Fig. 3. The lower frequencies attenuated by the box are
amplified by a corrcction fllter.

(Uin = 0 V], a small current flows through
T2 and T3. If then a stgnal ts input, the
relevant transistor will switch on tmme
diately. since it was already on the verge

tentiometer so as to compensate for the
temperature dependence ofT2-T5' Stnce
Tl is also affected by the ambient tern-
perature, lhe transistor varies the bias

toT2 and T3 in accordancewith
ternperature vartattons. Thts
in turn ensures that the qut-
escent current through the out-
put tranststors ts keptconstant.
The output ofthe powerstages

is applied to the loudspeakervi.a
a relay. This relay ts energtzed.
after a short delay when the
mains supply to the unit is
switched on, and denergrzed
immediately the supply ts
switched off.Thts prevents an-
noying cltcks to be emitted by
the speaker.
The power supply forthe elec-

tronice ts stratghtforward anel
tradittorial Isee Fig. 8). The
supply lines to the op amps
must be stabilized and thts ts
effected by regulators lC2 and
IC3 in Ftg. 4.

ofconduction. This arrangement ensures
that the DU tput signal shows no eross-over
distortion.
Transistor Tl ts used instead of a po-

es '"
56k2

1DO~
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Fig. 4. Circuit diagram of the active filter and power amplifier.

Building the circuit
The circuit ts intended to be
built on the prtnted-circurt board
in Fig. 9. Populate the board in
the tradtttonal way. starttng
with the wire bridges and fin-
ishing with capacitors C 17 and
CIB·
Use solder Ups for connections

that carry large currents as
shown in thecJose-up inFig. 10.
It ts also advisable to fit suit-

able solder tags to the (heavy-
dutyl wirestothepowersupply
andloudspeaker.
The connections to PI must

be in screened cable to prevent
hum caused by stray Ilelds.
Sold er the screen of thte cable
to theearth point on the board.
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Fig. 5. Overall frequency characteristics for the two extreme positions of PI'
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Fig. 6. Cross-over distortion is caused by
the base-emitter voltage threshold
having to exceed a certain value.

936047X·19

Fig. 7. For clarity's sake,
TI is replaced by a
poten tiometer.

Use screened cable also forthe link from
the input to the board and keep it as
short as feasible.
When the board is finished (Fig. 11),

itmust be mounted on to the aluminium
back cover of the enclosure as shown in
Fig. 11 andFig. 13. The heat sink must
be screwed on to this cover on the out-
side after a reetangular opening has been
made in the cover through which the
transistors protrude (since these must,
ofcourse, be screwed to the heat sink. Note
that they must be insulated from the heat
sink by means of ceramic washers and
heat conducting paste). Awiring diagram
for the back cover assembly is grven in
Fig. 12. The deslgn is based on the use

Tr

tTS

1

::.

o-__2X_2~2VNA8~1~(8_0_VA~) ,

'V :

······
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..
c!§18

T

936047X - 20 30V

Fig. 8. The power supply must be
built separately since the board does

not allow for it.

Fig. 9. Printed-circuit board for the active filter and power amplifier.
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Fig. 10. Car -type flat connectors are ideal for use with large currents.

ofa toroidalmains transformer,whieh has
the advantage of producing only a weak
stray field.lt is fittedon to the bottom panel
ofthe enclosure onee this has been com-
pleted.

types ofwood orwoodboard may be used.
The eutting diagram for the various pan-
els is shown inFig. 15. The finished box.
ready forvarnishing orpatnttng. is shown
in Fig. 16. When the drive unit , finished
ampltfter and mains trarisformer have
been fitted. fill the box with with suit-
able sound-damptng material. fit the alu-
minium rear panel, and make sure that
the box is made airiight (use a proprietary
sealing compound).

Enclosure
The prototype enclosure is made from
10 mm thickchipboard, which is streng
and easy to work with. However, other

Fig. 11. Ftrushed prototype board.
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ACTIVE MINI SUBWOOFER

Setting up
The setting up consists merely of ad-
justing lhe quiescent CUITentwith PI'
This done by replacing fise F1with an
ammeter. set to the mA range. Short -cir-
cutt the input ofthe amplifier and swttch
on the mains. Note the meter readtng. say.
x mA. Vary PI until the meter reads
(x+ 5) mA.

Usage
The subwoofer can be connected to the
left-hand or to the right -hand channel out-
put ofthe power amplifier. since record-
tngs are invariably made so that each
channel has the same bass frequencies
available. Anyone not enttrely happy
with Ws can use the auxiliary ctrcutt in
Fig. 17. The subwoofer must, of course,
be supplemented by two medium/high
frequency speakers as ShO\VT1 in Fig. 18.

Parts list
R1.RII=lOkQ
R2-R4 = 16.9 kfl. 1%
RS' R7= 10.0 kfl, 1%
I<ß. Rs = 56.2 kfl. 1%
Rg. RiO= 7.50 kQ. 1%
R12, RI6 = 1 kQ
RI3 = 18 kfl
R14,R23= 220 Q
RIS = 1.2 kQ
R17,RIS = 5.62 kQ, 1%
R19' R20= 120 Q
R21=47Q, 5W
R22= 150fl,5W
PI = 5 kD.. linear, stereo potentiometer
P2= 1 kfl preset

Capacitors:
CI =270nF
C2 = 1 pF, 63 V, polypropylene
C3 = 18 nF
C4 = 680 nF
Cs, Cl!' CI2 = 100 nF
C6= 120nF
C7= 56 nF
Cs = 330 nF
C9 = 22 pF
CIO= 100 j.lF, 10 V, radial
C13.Cl4 = 10 ).lF,25 V. radial
CIS. CI6 = 220 nF
C17.CIS= 10.000 pF, 35 V, radial for
board mounting

CI9 = 100 pF, 40 V. radial

Semiconductors:
01, O2 = IN4002
Tl, T2= B0139
T3 = B0140
T4 = BOT88
Ts = BOT87

Integrated circuits:
ICI =TL074
IC2= 7815
IC3=7915

Miscellaneous:
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Fig. 15. Construction diagram of the enclosure for the subwoofer.

Fig. 12. Wirtng diagram of the mini
subwoofer.
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Fig. 13. One stage in the construction
of the subwoofer ...

Fig. 14. The completed electronics
part of the subwoofers.

Fig. 16. The 'bare' enclosure.
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ECALemulator H75

LOW COST DEVELOPMENT SYSTEM
The PC based ECAL hardware emulator is fully
integrated with the assembler. Connection is made to
the target through the eprom socket so a single pod

can support an processors.
Facilities include windows for
the inspection or change of
registers or memory. You can
even watch your prograrn
executing at source level!

Download time is about two
seconds!

Pods can be daisy-chained for
16/32bit systems.

Applications include software
development, hardware
debug, test and, finally,
teaching about micro-
controllers in education.

ECALcomprises a versatile relocatable assembler with
integral editor which runs about ten times faster than
typical assemblers. Support includes 4, 8, 16 & 32 bit
processor farnilies including
75X, 6502, 6809, 68HC05/ll,
8031/51,H8-300,78K,PICs, ST6
& Z80/180,68000, 80C196,H8-
500 & Z280.

ECAL is either available for a
single processor farnily or alJ
farnilies.

Single processor version ~295
Multiprocessor version .... ~395

Overseas
distributors
required

OEMJlLtd.,
7 & 7A Brook Lane,
Warsash,
Southampton S03J 9FH
TeJ:OJ489 57J300
Fax: OJ489 885853

. - . .
Ouantity discounts 01
up '050% malre ECJU.
so~areideallOr
education.

Re] = relay 24 V. 1100 n,
1 make contact

Ls1:= drive u nf t, Monacor SPPlIO/B or
equtvalent

Heat sink (T1-T5), <1.5 KW-]
e.g. SK71/75 SA'

p], F2=fuse 1A
Mains transformer, e.g. ILP310 15:
2x22 V/l.81 A

Mains entry plug with integral
fuseholder and switch

Soldering pins and lugs as needed

Fiveceramic

Fig, 17. The completed box wtth electronics
fltted.

washers (TO-220)
Heat conducnng paste as needed
Audio input plug

19360471

walkman

headphone/output

mlnt- jackplug

i
audioplug

2x 4k7
inplug

L_J}. .....:JIlCJ-:, 10- &ubwoofer

audloplug

, _ _-_.L1l.,-~r-

936047)(· 23

Fig. 18. How to connect the subwoofer to the sound output.
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OUTOOOR SATELLITERECEIVING
EQUIPMENT

BACKGROUND TO LNB AND ACTIVE
SPLITTERTECHNOLOGY

At the time of writing this article, the history of receiving
equipment for communication satellites can be traced over a
period of about 10 years. Apart from aseries of extended
features for satellite TV receivers, developments in the area of
outdoor equipment, that is, low-noise converters (LNCs),
splltter systems and ancillaries, have moved at a terrific pace.

By R. Badenhausen

you rnay remember those first LNCs
(or LNBs as they are sometimes

called) used in the Eutelsat era. Indeed,
you may still be using such an LNB to
view satellite TV programmes. The effec-
tive length of these units is determined
also by the feed horn system fitted in
front of the LNC. The waveguide !lange
at the input ofthese LNCs usually allows
either a mechanical (motor-driven) or a
maguetie polarizer to be fitted. Although
their operation was fair1y easy to under-
stand, mechanical polarizers often devel-
oped, well, mechanical, problems. Not

surprisingly, they were relatively short-
lived, and generally replaced by the more
reli able and much faster magnetic coun-
terparts. The photograph in Fig. 1shows
such apolarizer fitted on to a typical
HEMTLNB.
A direct current sent through a coil

sets up a field which operates on a small
ferrite rod positioned in the centre of the
waveguide. The drawing in Fig. 2 shows
this arrangement. A virtually linear rela-
tionship exists between the strength of
the induced magnette field and the rota-
tion of a linearly polarized wave received

Fig. 1. Typical HEMT LNB with magnetic polarizer. The plastic cover around the polarizer was
removed for the purpose of this photograph. Inside the LNB, the HEMT input transistor is 10-
cated underneath the small screening fitted upright on the peB.

from the dish. To obtain a 90-degrees ro-
taticn of a received wave, the coil should
have a number of tur-ne whicb pro duces a
magnetie field strength of about 500Nm,
depending on the exact specification of
the fer-rite material used. A full discus-
sion of the operation of the Faraday or
polarisation rotator is, unfortunately, be-
yond the scope of this article. The basics
are, however, explained with reference to
Fig. 3 in the inset on the next page.
Figure 4 clai-ifies the way taken by

the received signal after passing through
feed horn, and shows the waveguide-to-
peB transition. The waveguide is rectan-
gular, type R120/IEC153. The probe at
the elecrrical input ofthe LNA (low-noise
amplifier) only picks up co-oriented
waves from a RN (horizontal/vertical)
mixture. The input amplifier and mixer
in the LNA are usually based on HEMT
(high electron mobility transistor) tech-
nology. The relative ease wi th which
HEMTs can be produced in very large
volumes has certainly contributed to the
fact that satellite TV reception is now
within reach of tbe masses. As prices of
LNCs tumbled, the eleetrieal specifica-
tions ofthe LNA section in particular im-
proved dramatically to a level where a
noise figure of about 0.6 dB was reached
eoupled to a gain of 13 dB. That was
about five years ago, when the HEMT fi-
nally took over from its Ga-Ae MESFET
predecessor. At about the same time,
SMA (surface mount assembly) technol-
ogy had evolved to a level where new
ways of producing an LNB could be at-
tempted. The result of alt these improve-
ments was the now widely familiar
Mareoni LNB. This LNB was one of the
first types which did not require an ex-
ternal polarizer to be fitted in front ofits
waveguide input, horizontaUvertical se-
lection being accomplished with the aid
of two direct voltage levels applied to the
LNB via the downlead eoax eable. The in-
ternal HJV selector results in a more
eompact LNB on to whicb a conical
shaped feed horn is fitted. The size of
this feed horn is determined mainly by
the construction ofthe feed holder. These
types of LNB are also marked by several,
independently operaring. LNA circuits.
as illustrated by Fig. 5.
If you want to exchange an older con-

verter with a large feed horn against a
Marconi-type LNB, you may run into
pr-oblerns because tbe existing LNB
holder may not keep the new LNB at the
right foeal poaition. In cer-tain cases, a
new LNB holder structure will have to be
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OUTDOOR SATELLITE RECEIVING EQUIPMENT

made to make sure that the Marconi
LNB is correctly focussed. While most
magnetic polarizers require a holder
with an inside diameter of about 30 mm,
the Marconi LNB is usually fitted with
one of two standardized feed horns hav-
ing an outside diameter of 23 rnm or
40 mm. In a few cases, 23-mm Marconi
LNBs come with an adaptor for use with
40-mrn holders.
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State of the art converter
technology marker hole

When designing HEMT based input cir-
cuits, a compromise must be found be-
tween highest achievable amplification
and lowest noise figure. An important
factor in this design strategy is the
source impedance of the input circuit, in
other words, the matehing between the
waveguide-to-PCB transition and the
input of the HEMT. Thanks to the good
dieleetrieal eharaeteristies of Teflon® cir-
euit boards, induetors, eapaeitors as well

feed horn wall

(no. 01 turns end wire dIsmeier not 10 seele)

1cm 932005·19.1\

Fig.2. Typical construetion of a magnetic polarizer. The ends of the ferrite rod are tapered to
avoid undesirable wave refleetions. The marker hole only serves for produetion purposes.

leave the medium then beeomesBASICS:magnetic polarizers
$'=$'~~$'+

or. converted to the linear polarized wave,The plane of a linearlv polarized wave may
be rotated by modifying the permeability
of ferrite materials with the aid of a
surrounding magnetic field.
As illustrated in Fig. 3, the ferrite then has
a complex permeabillty, which requlres
two real components to be taken into
account along with two other, imaginary,
quantlties. wh ich are not discussed here.
The real components are ~'+ «1) and u'
(>1). Here, the point of operation is
assumed to be in the non-saturated
regions caused by a magnetic field.
Another analytical assumption is that each
linearly polarized wave consists of two
circularly polarized, counter-rotatinq
components (positive and negative circular
waves), each having half the amplitude.
In a medium made from ferrite material,
the phase rotation angle, $, of two counter-
rotating circular waves is calculated from

where
fe=. operating frequency (MHz);
k = correction factor «1, e.g., attenuetion):
1= effective length of medium in direction of
wave propagation;

1':0 = 8.85.10-12 F rrr':
E' = dielectric value of medium;
uo > permeability constant; 1.26.10-6 H rrr':
~'± = real permeability values of medium;
eil = in radians.

$=0.5 ~.

In practice. owing to technical restrietions,
most waveguide is only partially filled with
ferrite material. Consequently, some
deviations will occur in the above
(simplified) calculation models.
Ferrite-ceramies in general have dielectric
values greater than 10, and initial
permeability values of up to 1,000. Such
values are necessary to be able to use
relatively low magnetic blas power levels,
say, below 100 mW. As regards insertion
loss, most manufacturers of magnetic
(ferrite) polarizers indicate a value ~0.2 dB,
and state a value of at least 20 dB for the
cross polarization isolation. As an aside.
raising the magnetic field strength by an
amount HR, causes absorption of the
received wave, converting its useful RF
energy almost entirely into heat in the
ferrite material.

By applying the magnetic field, the positive
circular wave is rotated by an amount

similarly, the negative circular wave is
rotated by an amount

$'_=hfkl~EO C ~ou';
The resulting difference between the angles
of the two circular polarized waves which

FERRITE CERAMICS

p"

p.;:

Sm
r=2.21·10 A;
(gytomagnatk: CDNltanl)

~
satural&d

&32005 _19 _ 12

Fig.3. Effeet of a statie magnetie field on complex permeability. The initial permeability, ~'::t, was normalized at 1.
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RADIO, TELEVISION AND COMMUNICATIONS

Fig. 4. A quarter-wave probe is used to cou-
pie the RF signal trom the waveguide to the
input of the LNA. Obviously, the polarizer
was removed trom the LNB input tor the pur-
pose of this photograph.

as fil ters may be realized virtual1y Ioss-
free with the aid of microstrip technol-
ogy. Examples of microstrip seetions are
visible in a number of areas at the board
side shown in Fig. 6. At the same time,
the logic and coutrol circuit for the H/V
switching 18 quite extensive, too, as
shown in Fig. 7.
Repair work on faulty LNBs is usually

limited to voltage measurements on the
logic parts and the voltage regulator.
Type numbers being rare on microwave
semiconductors, it i8 nearly impossible to
replace these parts. In most eases, at-
tempts at repa ir are futile and a waste of
time, and a defective LNB ia best re-
placed by a new one.
Special attention should be given to

the waterproof sealing of the LNB case.
Marconi-type LNBs with two outputs (H
and V) are either 'twin' 01' 'dual' versions.
Although a number of manufacturers of
these LNBs do state the type and ap-

Fig. 5. A 'twin' LNB: two mutually indepen-
dent V/H eonverters with a shared mierowave
fed system in a single ease. Ideal tor two
satellite TV receivers on a single dish.

Active splitter systemsproval nurnbers on an adhesive, the indi-
eation 'twin' 01' 'dual' is usually missing.
A 'dual' version supplies only one polari-
sation plane on eaeh of its outputs, while
a 'twin' version eontains, in principle, two
completely independent VIH converters.
The selection is usually made with the
aid of a few jumpers in a shared circuit.

The Multiswitch signal distribution sys-
tem allows the use of 'dual' type LNBs.
Figure 8 shows such an active splitter,
which allows up to foul' satellite TV re-
ceivers to be conneeted. It should be
noted, however, that this splitter system

Fig.6. The almest eompletely symmetrical microwave and IF signal paths of the twin LNB are
clearly visible in this pieture. Also seen are the two quarter-wave 'antennas' tor the two polar-
ization planes. The square pad which joins the probes at the centre of the waveguide serves
mainly to compensate electromagneHe retlectlons caused by the LNA input eireuitry.

Fig. 7. For the purpose of this photograph, the pca was flipped and put back into the LNB
ease. Most of the components at this side of the board 90 into the power supply and polarlza-
tlon seleetion logic.
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OUTDOOR SATELLITE RECEIVING EQUIPMENT

Fig. 8. An active four-way switch with optlonal insertion of terrestrial (VHF/UHF) TV signals.
LNB signals are applied separately tor the two polarization planes, 10r which the Multiswitch
suppües the appropriate supply voltages.

Fig. 9. A look inside the Multiswitch tram Lynk. The Matsushita RF relays switch the LNA IF
signal for the H or V plane to the individual outputs (1-4), under the contral of the polarization
selection voltage sent up by the satellite TV receiver.

ELEKTOR ELECTRONICS JULY/AUGUST 1995

IS, generally speaking, a passive circuit
as rar as the connection of terrestr-ial TV
signals 1S concerned. In particular, when
more than two participants are con-
nected, it may be necessary to use an ex-
ternal antenna booster to compensate
the attenuation of about 15 dB in this
frequency range (40-960 MHz). Also, as
regards installation of a Multiswitch, it
should be noted that these units are fit-
ted in a metal enclosure which may not
be fully watertight, although it affords
sufficient RF screening.
The Multiswitch system is often an

ideal ~ and certainly cost-effective - al-
ternative to multi-user satellite TV sys-
tems in which cables to the individual
users are already present, or when where
re-an-anging some of the cables is not
problematic. Easy to install, the
Multiswitch is still a fairly complex unit
from a point of view of electronics, as
shown in Fig. 9.
A 'twin' type LNB mayaiso be used in

conjunction with a Multiswitch splitter,
but only if the latter provides the nor-
malized LNB supply voltages at its in-
puts. AIthough this 1S usually the case,
most manufacturers of active splittere
recommend the use of 'dual' type LNBs,
simply because these are less expensive
and better available.
H I V converters have input and output

markings which resemble those of
Multiswitches. These units supply the
horizontally and vertically polarized sig-
nals in separate bands within the range
950 MHz to 2,000 MHz. This approach,
which is not as cost effective as the
Mu1tiswitch, has an advantage when is
not possible to go round a signal feed to
several participants on a single (existing)
cable. (932005)



MINI ROBOT CAR

This playful projeet demonstrates the operation of a small
eleetrie vehiele whieh is eapable of traeking a line. Inexpensive
and easy to build, the projeet forms an exeellent introduetion
to the faseinating world of roboties.

Design by L. Pijpers

DOBOT cars in large factory halls
~ind thetr way wtth the aid of sen-
sors and a track in or on the floor, The
track may consist of a white line
pamted on a dark floor. 01" another re-
flecttve substance. Such tracks can de
detected wtth opttcal sensors. Other
vartants of track types inc1ude metal
strips which can be followed wtth the
ajd of a meta! detector, or a slot in the
floor which can be followed by ustng a
probe or another mechanical device.
Ta avoid collisions wtth personnel

and objects, moat robot cars have ad-
ditional sensors, for instance, infra-
red detectors, cameras , or a kind of
radar based on ultra-sonie waves,
laser light or radio waves. Ta enable
them to be stopped in the (unlikely)
event of a colliston or malfunction,
these robat vehtcles usually have a
nurnber of easily accessible swttches.
The miniature robot car described

in this article is capable of following a
black line drawn on a light surface. or
a white line drawn on a dark surface
(as illustrated by the photograph in
Fig. 1). The description of the opera-
tion of the electrorucs is based on the
assumption that a black line is fol-

lowed on a light surface.
The sensors used are reflectton

types, based on a combination of an
infra-red LED and a phototransistor.
The sensot-s, shown in Fig. 2, drive
two small electric motors via some
electromcs. The motors are used to
power the front wheels of the car.

Drive system
The ctrcurt diagram. shown in Fig. 3,
indicates a remarkably low component
count. The symmetry of the circuit is
qutte obvious and not surprising be-
cause t.he front wheels of the car are
powered separately by motors MI and
M2. Because the speed of anormal
electric motor is far too high for the
present application. motors wtth a
butlt-tn reduction gear are used. Also,
because t.he motors rnust turn in op-
posttc directions to move the car
straight on, they receive opposttc sup-
ply voltages,
The current through the motors Is

swttched on and off by darhngton tran-
sistors, Tl and T2. LEDs D1 and D3 are
provided to indicate activity of the rele-
vant motor. Diodes O2 and D4 are con-

nected in parallel wtth the respective
motor to suppress back e.ffi.f. surges
which are genera ted when the motor
coil rs switched off.
Electrical power is furnished by a

set of batteries. the size and type of
which will depend mainly on the size of
the car. NiCd, lead-acid and ordinary
dry batteries are all suttable, although
the rechargeable types are , of course,
preferred because of the envtronmen-
tal aspect. The battery voltage ts not
crtttcal: depending on the type of mo-
tors and the desired 'top speed' of the
car-, voltages between 6 V and 15 V
may be used. If you use NiCd cells,
ermply put a number of these in sertes
until you have the desired voltage.

On the right track
In the present measurement and con-
trol circutt, the two reflectton sensors,
IC2 and IC3• 'check' if they are looking
at a reflecting surface, for instance, at
either side of a track made from black
tape. The detectors are mounted such
thal one of them is always to the nght
of the track, and the other, to the left
of the track. Each of the Infra-red
LEDs in the detectors then ülumtnates
a scctton of the surface underneath.
The light re!lected by the (white) flocr
at either side of the track ts detected
by the photo tranststors, which enable
the relevant motor to be powered.
When the vehicle swerves from the
track. one of the photo tranststors will
detect less reflected light, or no light at
all, and the relevant motor will be
slowed down. Because of the electrtcal
characteristics of the sensors used,
this ts a fairly gradual process, I.e, not
an abrupt action, which serves to cor-
reet the direction of the vehic1e.
The circutt diagram indicates that

the phototransistors in IC2 and IC3 are
n-p-n types. The collectors are con-
nected directly to the positive supply
voltage. The base of the phototransis-
tor ts not bonded out to a pin because
the devtce is driven by light rather
than voltage. Assuming that a fixed
emitter resistor is used, the amount of
collector-emitter current which flows
through the device depends on the
amount of light detected by the photo-
transistor. The crmttcrs of the two
phototransistors are connected to
ground via resistors R2 and Rs, and a
scctton of preset Pt. As lang as there is
sufficient light on the phototransts-
tors, they will keep conducting. and
the emitter voltage will be 'htgh' (nearly
the supply voltage). When the vehicle
dtverges from the track, however, one

ELEKTOR ELECTRONICS JULY/AUGUST 1995



Fig. 1. The mini robot car is capable of fol-
lowing a white or a black track on a smooth
surface such as cardboard.

of the phototransistors will switch off,
causing its emitter voltage to drop con-
siderably [down to almost 0 V). When
the sensor ts exactly above the border
between the dark track and the white
surface. the emitter voltage wil1 be
roughly half the supply voltage,
The sensor voltages are combtned by
two opamps, lCla and IClb. and then
fed to the motor driver tranststors. TI
and T2. The motor assoctated with the
sensor which sees a 'white' surface (or
more whtte than the other sensor. see
further on) is energtzed.
Both phototransistor emitters are

connected to an inverting and a non-
inverting input of one of the opamps.
Consequently, when the emitter volt-
age changes, the output of one opamp
will go low. while that of the other will
go high. An example: assuming that
le2 is suddenly unable to detect a
white surface, its emitter voltage drops
low. This low level also reaches pin 3 of
ICla (non-Inverttng input) and ptn 6 of
IClb (inverting input). The result is
that the output of le I. [pin 1)goes low,
while the output of leib [pin 7) goes
high. Transistor Tl is then swttched off

Flq. 2. The two reflectors mounted at the un-
derside of the car ensure that the ventcre
stays on the track.
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Fig. 3. When reflection sensor IC2 detects more 'white' than IC3, motor M1 runs and powers

the front lett wheel. The little vehicle then makes a right turn.

because its base current is removed.
T2, on the other hand, does recelve
base current (via R5). and starts to
conduct. Motor MI stops. and M2
starts to turn. Assuming that MI is fit-
ted at the left-hand stde of the vehtcle,
and M2 at the rtght-hand side, the ve-
hicle will turn to the left.
As already discussed, each of photo-

transistor is connected to two opamps.
However, the opposite is also true, i.e.,
each opamp ts connected to two photo-
transistors. Looking at IC1a, for in-
stance, It is seen that both inputs of
thts opamp are actually connected to
IC2 and IC3. This causes the opamp to
behave like an ordmary difference am-
pltfier, whose output can be made to
go high by pin 2 dropping low or ptn 3
going high. In practice. that means
that motor M1 is switched on either as
a result of lC2 detecting more light, or
le3 detecting less light. Remember. by
'light' we mean infra-red light reflected
by the white floor. The story is the
same for opamp IC1b and motor M2.

SummaIizing. the operation of each
motor ts governed by the light dtffer-
ence detected by the pair of sensors,
rather than the absol ute ou tpu t level
of the sensor tt belongs wtth,
Because of the electrical coupling

between the two symmetncal halves of
the circuit, a kind of 'electrtcal equütb-
rtum' ts created. This balance occura.
theoretically, when both sensors de-
tect an equal arnount of light, and PI is
exactly at the centre of Its travel. Only
in that (hypothetical) case, MI receives

just as much current as M2, and the
mini car would drive straight on. In
practice, that will never happen be-
cause of the relatrvely high gatn of IC la
and leib. and the fact that the vehicle
ts constantly busy correcting its
course, which can only be achieved by
switching MI and M2 on and off all the
time. In fact, the vehicle tracks the line
along a slightly zigzaggtng course. lf
the vehicle has a constant tendency to
swerve to one direction, that can be
corrected by adjusting the preset.

Construction and test
As far as the electronics are con-
cerned, everything fits neatly on the
printed circuit board shown in Fig. 4.
This board is available ready-made
through the Readers Services. Before
you start fitting the parts. cut the
board in two sections. The small sec-
tion is for the detector, and the large
section, for the motor drtver electrcn-
ics. The completed driver board ts
shown in Fig. 5. Onee a11parts are
mounted, run a thorough visual in-
spection on your solder work and the
values and orientations of a11compo-
nents.
Assuming that everything is to your

sattsfacnon so far. you may intercon-
ncct the boards, and connect the sup-
ply voltage. The motors are not
connected as yet. Their activity is Indt-
cated by LEDs D, and D3. Stick a piece
of black adhesive tape on a piece of
whtte cardboard, and move the sensor



GENERAL INTEREST

Fig. 4. Track layout and component mounting plan 01the printed clrcult board deslgned 10r
the mini robot car (board available ready-made, see page 70).

Fig. 5. The large board accommodates the
darlington transistors which switch the
motor current. The two reflection sensors are
fitted on aseparate little board.

board to etther side of this track. The
LEDs should come on and extinguish
as you follow this track and simulate
diverstons. If this checks out. you may
run the same test with the motors con-
nected to the board (mind the polar-
ity!). One motor will run at a time.
Adjust PI if there appears to be a dtver-
gence to one side.

Building the vehicle
Although you are perfectly free to
make a model car in the tatest Italian
style. the emphasts here is on a simple
little vehicle to demonstrate elernen-
tary robotics. The prototype is actually
a three-wheeler built from pteces of
perspex cut and bent to form a bastc
chassis. Perspex ts easily bent into the
desired shape with the aid of a hot -air
gun or an electnc paint stripper. If you
do not fancy butldmg your own chas-

sis, pay a vtstt to a rnodeUers' shop.
Figure 6 shows the bottom side of the
three-wheeler, The third wheel, which
Is not used to power the car, ts ftxed on
a vertrcal spindie, and serves to Im-
prove the steering charactensttce. The
two rear wheels are durnmtes whtch
are not in contact with the Iloor.
Oncc the mini car works. you may

want to experiment wtth different
types of track. It is best to start wtth a
narrow black track (which fits between
the sensors) on a light surface.
Alternatively. you may want to use a
wider, white, track (underneath the
sensors) on a dark surface. In the lat-
ter case, be sure to swap the wire pairs
on the motors. In both cases. PI will
have to be set roughly to its centre po-
sition. Another interesting experiment
is to make the car drive aJong a single
black/whtte border. That requires PI
to be adjusted almost fully clockwtse
or antt-clockwise, Arriving frorn the
left, for instance, the car will faithfully
track the border . Coming from the
rtght, however, it will not even be able
to detect the bord er!
In case the car is unable to 'sec' the

track, experiment a little with the dis-
tance bebween the sensors and the
track. This distance must be between
1 mrn and about 5 mrn.
Finally, aremark about the power

supply. Although the prototype was
powered by a 9-V battery in series with
a couple of 1.5-V 'mono' cells, it ts , of
cout-se, better to use batteries of the
same type to arrive at the desired volt-
age. The reason for this choice should
be c1ear: only then will all the batteries
be drained simultaneously, so that
they can also be charged simultane-
ously. (936069)

COMPONENTS LIST

Resistors:
R, = 47011
R,;R3 = 18kl1
R,;Rs = 2k112
R.;R, = 15011
P, = 10kl1 preset H

Capacitors:
C, = 100~F 25V radial

Semiconductors:
D,;D3 = LED, red, 5mm dia.
D,;D, = 1N4001
T,;T, = BD679
IC, = LM358
IC,;IC3= CNY70

Miscellaneous:
K,;K,;K3 = 2-way PCB terminal block,
pitch 5mm.
K, = 8-way 51L pin header.
Ks = 8-way 51L socket
M,;M, = 12VDC model car motor w.
reduction gear.
5, = on/oft switch
Bt, = 9V to 15V battery set, with
holder.
Printed circuit board, order code
936069 Isee page 70).

Fig. 6. Prototype of the car viewed trom un-
derneath. The third wheel at the rear of the
car improves the steering. The two rear
wheels are dummies which da not touch the
floor.
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GENERALINTEREST

Fig. 4. Track layout and component mounting plan of the printed circuit board designed for
the mini robot car (board available ready-made, see page 70).

Fig. 5. The large board accommodates the
darlington transistors which switch the
motor current. The two reflection sensors are
fitted on aseparate little board.

board to either side of this track. The
LEDs should come on and extinguish
as you follow this track and simulate
diversions. If this checks out, you may
run the same test with the motors con-
nected to the board (mind the polar-
ity!). One motor will run at a time.
Adjust PI if there appears to be a diver-
gence to one side.

Building the vehicle
Although you are perfectly free to
make a model car in the latest Italian
style, the emphasis here is on a simple
little vehicle to demonstrate elernen-
tary robotics. The prototype is actually
a three-wheeler built from pieces of
perspex cut and bent to form a basic
chassis. Perspex is easily bent into the
desired shape with the aid of a hot-air
gun or an electric paint stripper. If you
do not fancy building your own chas-

sis, pay a visit to a modellers' shop.
Figure 6 shows the bottom side of the
three-wheeler. The third wheel, which
is not used to power the car, is fixed on
a vertical sptndle, and serves to im-
prove the steering characteristics. The
two rear wheels are dummies which
are not in contact with the fIoor.
Once the mini car works, you may

want to experiment with different
types of track. It is best to start with a
narrow black track (which fits between
the sensors) on a light surface.
Alternatively, you may want to use a
wider, white, track (underneath the
sensors) on a dark surface. In the lat-
ter case, be sure to swap the wire pairs
on the motors. In both cases, PI will
have to be set roughly to its centre po-
sition. Another interesting experiment
is to make the car drive along a smgle
black /white border. That requires PI
to be adjusted almost fully clockwise
or anti-clockwise. Arriving from the
left, for instance, the car will faithfully
track the border. Coming from the
rtght, however, it will not even be able
to detect the border!
In case the car is unable to 'see' the

track, experiment a little with the dis-
tance between the sensors and the
track. This distance must be between
1 mm and about 5 mm.
Ftnally, aremark about the power

supply. Although the prototype was
powered by a 9-V battery in series with
a couple of 1.5-V 'mono' cells, it is , of
course, better to use batteries of the
same type to arrive at the desired volt-
age. The reason for this choice should
be clear: only then will all the batteries
be drained simultaneously, so that
they can also be charged simultane-
ously. (936069)

COMPONENTS LIST

Resistors:
R, = 470Q
R2;R3 = 18kQ
R4;R5 = 2kQ2
R6;R7 = 150Q
P, = 10kQ preset H

Capacitors:
C, = 1OOIJF 25V radial

Semiconductors:
0,;03 = LEO, red, 5mm dia.
O2;04 = 1N4001
T,;T2 = B0679
IC, = LM358
IC2;IC3 = CNY70

Miscellaneous:
K,;K2;K3 = 2-way PCBterminal bleck,
pitch 5mm.
K4 = 8-way SIL pin header.
K5 = 8-way SIL socket
M,;M2 = 12VOCmodel car motor w.
reduction gear.
S, = on/off switch
Bt, = 9V to 15V battery set, with
holder.
Printed circuit board, order code
936069 (see page 70).

Fig. 6. Prototype of the car viewed from un-
derneath. The third wheel at the rear of the
car improves the steering. The two rear
wheels are dummies which do not touch the
floor.
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MARCONI - THE FATHEROF RADIO

ThiS year, tt ts a hundred years ago
that Marconi gave the first demon-

stratton of a usable radio system near
Bologna in Northern ltaly. From these
begtnrungs. he went on to become one
of the grcatcst figures in the history of
the development of radio. There is
Iittle doubt that, without his drive and
innnovation, radio would not be as
advanced as it 1Stoday.

Upbringing
Guglielmo Marconi was born in Bologna
in 1874, theson ofawealthybusinessman
named Guiseppe. In hts early years. he
travelled widely, accompanying hts mother
on her trtps abroad. During his periods
at horne. he was given private tuition.
Unfortunately. when he started to at-
tend a college, It was found that his pre-
vtous tutnon had been inadequate and
he did not show any signs of his future
brilliance.Eventua11y he abandoned his
formal ectucation without any qualifica-
tions.
Despite thts. his last years in educa-

tton had left htm with a keen interest in
physics. Seeing thts. his mether arranged
some tuition with a family friend, Professor
Rtght, who was a lecturer at Bologna
University. Itwasaa resultofreadingan
article by his new tutor that Marconi be-
came very interested in the newlydiscovered
Hertzian waves.

Firstexperiments
Quickly he started to repeat some of
Hertz's original experiments. In these,
Hertz had made a spark jump across a
spark gap in the transrrutter circutt. This
made a more feeble spark j ump aeross a
mueh smaller spark gap in a ctrcutt nearby.

.---- Eleclrodes
Glass Tube l

BylanPoole

Photograph by courtesy of
The Institution of Electrical Engmeers

Using this set-up. Mareoni was able to
achieve distances of a few metres be-
tween the two circuits.
Marconi realized that the method ofde-

tecting the transmitted spark was very in-
sensitive. To improve this, he made a co-
herer. This was a device invented by a
Frenchman, Edouard Branly, and later
made into a form thatcould be used with
Hertzian or radio waves by Sir Oliver
Lodge, an Engltsh research er.
Basically, a coherer consists of a glass

tube ftlled wtth metal Iilins. At either end,
electrodes are inserted as shown inFig. 1,
Normally, the resistance between the two
electrodes Is very high, butwhen aspark
signal is detected, It causes the ftttngs to
cohere (stick togetherl and so make a low

r

.
Metal Fllings ~ s'opp er ..J C
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resistance path between the electrodes.
This can be used, for example, to sound
a bell. Asmall tap is then given to the tube
to de-cohere (separate) the fiIings,and often
this was provided by a tapper attached
to the bell ctrcutt as shown in Fig. 2. In
this way, the bell would sound repeatedly
whilst a long stgnal was present.
Not satisfied wtth the performance of

the coherer in this form, Marconi set
abou t tmprovtng it. As he did not have a
sound mathematical background. he
started expenmenting wtth different eom-
positions of metal and soon found a far
bettercombination [thari used by BranIy).
In fact, tt was Marcorus practicaJ, ex-
perimental approach that enabled him to
make so many of his dtscoveries.
Soon, Marconi was able to span much

greater distances with his system ustng
a transmitter llke that shown in Fig. 3.
For many of his tests. he would operate
the transmitter in the hause and one of
his father's ernployees would be with the
receiver in a fteld nearby. When a signal
was recetved, Ws would be signalled by
wavtng a Gag, although when they went
out of sight over a hill, a shotgun had to
be ftred so thatits report couId be heard.
Onee a range of about 2 km could be

spanned. the Marconi famtly decided that
tt was time to approach the authortnes
to see tf they were interested in exploit-
ing the tdea. The ftrst demonstration took
place in 1895 to the ltalian Ministry ofPosts
and TeIegraphs. They decltned the offer.
however, because they could not see any
advantages over the extstmgwtre telegraph
systems they already used.

Move to England
Marcoru was naturally disappointed with
the refusal by the Italian authgortties.
However. he was not deterred and the

====\ "'-.eC-"-~NICA---'l
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RECORDER

I

Fig. 1, Diagram of a coherer.
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Fig. 2. Circuit diagram of an early receiver.
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MARCONI- THE FATHER OF RADIO

Fig. 3. General vtew and elose-up of an early magneue detector. (From the Journeaux Historie Wireless Seetion).
Photographs by courtesy of G.C. Arnold Partners.

family decided that there mtght be more
opportunities in England where Marcoru's
mother had many roots.
Arrtvtng in London in 1896. Marconi

and his mother were met by Ws cousing
who was hirnself an engtneer. He gave
Marconi an introduction toA.A Campbell
Swinton, who saw possibilities in the
idea and arranged a demonstration to
Williaam Preece. the then ChiefEngineer
Ior the Post Office. Preece was very im-
pressed with the demonstration, but bu-
reaucracy meant that the Post Office
were very slow in coming forward with any
offers.
By this time, Marconi had given sev-

eral demonstrations, inc1uding same to
the Press, and the response was very
favourable. As a result. he decided to set
up his own company. This was formed in
July 1897 and called Wireless Telegraph
and Signal Company Limited'. The for-
mation ofthe company enabled Marconi
to borrow money to further his develop-
menL
It did not take him long to start on fur-

ther work. By the end of 1897, he had
erected some masts over 40 metres high
at The Needles Hotel on the Isle ofwtght
so that he could perform tests with a
boal steaming up and down the Solent.
From this site, he was able to ac hieve
distances of over 30 kilometres.
Next, Mareout made the first inter-

national link. In 1899 he set up stations
at wrmereux near Boulogne in F'rance
and South Foreland inKent. England. Apart
from the test receiving a large amount of
press coverage. a major discovery was
made when the transmissions were picked
up at his factoryin Chelrnsford. Up until
then, tt had been thought that radio waves
could travel only over Itne-of-slght paths.

The challenge of the Atlantic
With this new discovery, Marconi started
to think of communications over even
greater distances. By provtng that com-
munication could be made to ships in
the Atlantic. a whole new market for his
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equipmentcould beopened up. Accordingly.
Marconi decided to try to make commu-
nicatfon across the Atlantic. However.
this was a rnajor challenge both in terms
of the technical achievement and the fi-
nance needed to carry out the project.
Heset up the fust ofhis stanons in Poldhu

in Cornwall, England. Here he erected a
ring oftwenty masts over sixt:ymetres high
to su pport a cone of wires which formed
the aerial. A sirnilar aerial was erected at
the station on the othersideoftheAtlantic
at Cape Cod in Massachusetts, USA.
Unfortunately, the destgn ofthe aerial was
poor and the one at Polclhu was totally de-
stroyed during a gale. The one at Cape Cod
was also found to be unsafe. drstorüng
in a strong breenze.
With typical resilience, Marcont did

not let this disaster destroy his dreams.
He set about rebuildtng the station at
Poldhu, but this time he used a smaller.
more robust desrgn for the aerial. He also
decided to relocate the American station
to Newfoundland. Canada. to make the
transmissten path shorter. lt was also
necessary to use simpler wire aerials
which would be supported by kttes or
balloons.
Tests commenced in December, 1901,

with transmissions from Poldhu.

950085 - 13

Fig. 4. The circuit of one of Marconi's
first transmitters.

Unfortunately, weather inNewfoundland
was bad, and the kite supportingthe aer-
Ial moved rapidly in the wind making the
receiver difficult to tune. In addition to
this, the Signals were very weak and so
Marconi resorted to the use of a 'self-
restortng coherer' and a sensitive pair of
headphones. This type ofcohererwas an
early form of rectifier which enabled the
stgnals to be detected much as they are
in many modern sets. Ustng this, Marconi
and his assistant were ju st able to detect
the letter 's' being transmitted from the
otherside oftheAtlantic. News ofthis was
enthusrasttcally received by the press
and Marconj was hailed a hero.

Further developments
Whilst Marconi had proved it was possi-
ble to span the Atlantic, he had not yet
succeeded in proving that a rehable ser-
vice could be matntatned. To achieve this,
he set up a station on Cape Breton
lsland, Canada. Here agam. an aerial
collapsed and this proved that more work
was neede to improve the aerial destgns,
Shortly afterwards. when he was back

in England testing out a new aertal, he
noticed that a wire on the ground polnt-
ing in the direction of the transmitter
picked up a better stgnal. After further de-
velopment, the inverted Lor Marconi aer-
ia]was conceived-see Fig. 4. Thls became
the mainstay ofMarconi installations for
many years and is in use even today.
As it became clear that useful and re-

liable communications could be provided
between ships and the shore, the num-
ber ofinstallations started to grow. The
first commercial installation on a merchant
shipwascompletedin 1900. and by 1902
a total ofseventy ships were ustng Marconi
apparatus; by 1910. this figure had rtsen
to over 250. Many of these installations
used a magnette detector. This was an-
other ofMarcont's developments and was
more sensitive than previous types. This
gave Marconi installations a competitive
edge over his rivals.
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lastyearsShorter waves was in service for over forty years.
In the followrngyears,Marconi continued

the trend to the use of shorter wave-
lengths, exploitingwavelengths ofabout
one metre. This was made easier by the
fact that valves for these frequencies were
beeoming available. However, to prove
the viability of these new frequencies,
Mareoni instal1ed a link between the
Vatican and Castel Gandolfo, the Pope's
summer residenee.

In later life, Mareoni beeame involved in
polities inbis native ItaIy. Hewas elected
to the Italian Senate and undertook many
diplomatie missions for his country.
However. his lastyears were troubled by
iIl health and he died in July 1937 at the
comparatively early age of63.
Such was the impression Marconi had

made on the technology of radio that on
the day after his death, all radio trans-

missions were silenced fortwomin-
utes in bis honour.

The first long-distance communication sys-
tems used very long wave1engths, often
greater than 2000 metres. However, in the
1920s, experinlents were undertaken
into the possibility of using short waves.
Marconi. toD.started some experiments.
In 1923, he set up a transmitter at Poldhu
and monitored the signal strength as he
sailed away. He noticed that the strength
fell at first. but at a distance of around
4000 km he noted that the short-
wave transmissions were stronger
than those from the very-high-
power long-wave stations. This
was despite the fact that the short-
wave transmitter was much less
powerful.
With proof oftheviability ofthe

short-wave bands, many organi-
zations started to use them. The
British Government required a
network of stations to linkvarious
locations in the British Empire. The
Marconi company took the contract
and very quickly installed the net-
work. Even though much of the
technologywasverynew, thesys-
tern proved to be very reliable and

[950085[

AERIAL WIRf..J A history of Marconi's Wireless
Telegraph Company can be found
in Setmakers, by Keith Geddes
in collaboration with Gordon
Bussey. ISBN 0 9517042 0 6
(British Radio and Electronic
Equiprnent Manufacturers'
Association. Landseer House, 19
Charing Cross Road. London
WC2H OES).

TRANSMITTING
AN)

RECEIVING
EOUIPMENT
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Fig. 5. The inverted 'L' or Marconi aerial.
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FASTNiCd BATTERYCHARGER

Design by A. Riet jens

A microprocessor-controlled charger is described that surely
meets the requirements of most users of NiCd batteries.

It is fast, suitable for all types of NiCd battery and
affords protection against overcharging

Tbe present eharger takes into ac-
count the many comments on pre-

viously published chargers and re-
quests for more facilities Jrorn a vart-
ety of readers during the recent past.
The charger is fast and offers a

choice of tWQ fast-chargmg periods:
1 h 15 min and 2 h 30 min. It is sutt-
able for chargtng batteries with a ca-
paeity of up to 4 Ah. Up to 10 battcr-
ies in series can be charged srmulta-
neously, Overcharging ts prevented by
the batteries being dtscharged before
chargtng ean take plaee and by the
provision of delta-peak protection.
After the eharging eycle has ended,
trickle-charging keeps the battery
fully charged .
The operation of the charger is

wholly controlled by a Type ST62T20
microcontroller. which also provides
an indication of the müdes of oper-
atton and any error concttttons.
A moving coil meter may be added

to gtve a constant Iridtcatton of the
chargtng current.

Operation
The chargtng principle ts simple and
efficient and Is based on the fact that
when NiCd battertes are being
charged, the danger zone is reached
onty when the batteries are nearly

fully charged. All sorts of temperature
effect and pressure effect may then
happen, depending on whether the
batteries were charged rtghtly or
wrongly.
In the danger zone, the charger en-

sures that the chargmg current is
brought back to a low level, so that
overcharging is prevented.
At the onset tbe charging current ts

fairly high, but this ts gradually re-
duced to keep the process within safe
limits. Moreover, du ring the enttre
chargtng proeess, the battery voltage
is monitored to show up any drop.
Such a drop indieates that the battery
is fully eharged and that chargtng
should cease. This is the earlier men-
tioned delta-peak proteetion.
Basically. the charger supplies a

charge for a given ftxed time to the
batteries. After that ttmes has
elapsed, trtckle-chargmg is com-
menced. Owing to this fixed time, it
must be assumed at the onset of
charging that the batteries are flat.
This ts why all batteries are first dis-
charged with a current of lC until
their voltage has dropped to 60% of its
Initial value.
After the batteries have been dts-

charged, they rnay be charged in
1 h 15 rnin or in 2 h 30 rnin. In the
first case, the charging time is divided
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Fig, 1. Block diagram of the eharger.

mto 15 min periods and the initial
charging current is 2C-see Flg, 2a.
After each 15 min perrod. the charging
current is halved. except that the cur-
rent du ring the fifth period is the
same as du ring the fcurth. After the
five pertods have elapsed, triekle-
chargtng is begun. The total charge Is
thus

2C·1/4 + 1(.1/4 + 1/2(.1/4 + 1/4 (.1/4 +
1/4(·1/4 = I(

Those who doubt the robustness of
their batteries and therefore prefer to
play it safe can choose thc langer

I

t

o L..J,l!.,_,~.,,..b,,:!.,_,_.,_,!l,."=, -3.-, d:3.s',uP
t (h) -----+- \150076 -148

--,--- -- 'I"e
0.5 1.0 1.5 2.0 2.5 3.0 3.5

t (h) -----+- 950071I.14b
c

Fig, 2. Chargtng time vs current
charaeteristic for (top) 1 h15 min
chargmg process and [bottorn]
2 h 30 rntn chargtng process.
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chargmg period of 2 h 30 mtn. Agam,
the time is dtvtded into five pertods.
but now of 30 min. while the initial
charging currcnt 15le-see Fig. 2b.
The total charge remains. of course.
the same:

lC.I/2 + '/2C·I/2 +'/4C'I/2 +'/SC-J/2 +
'/gC'I/2 = JC.

Chargtng at the 2.5 h rate is recom-
mended for batteries that can not
cope with heavy charging currents.
Durtng the final perrod. chargtng is at
'/gC. which is very close to the '/IOC
rate which all NiCd batteries can han-
dle.
The block diagram in Fig. 1 gtves a

fajrty complete ptcture of the principle
of operation. The charger goes
through threc successive steps: dis-
charging, eherging and trtckle-charg-
iog. For the dtschargtng. a current
sink is required and for chargmg. a
current source. In the present
charger. both functions are fulfilled by
one current source, which 15reversed
by a relay. Since there 15only one CUf-
rcn t source. a single digital to ana-
logue converter, DAC, suffices to define
the current.

During the chargmg and discharge
processes, the voltage of the batteries
is monitored constantly. Each step in
the process has its own LED indicator
to show at a11 Limes what is happen-
ing. Optionally, a panel meter can be
added to gtve a constant reading of
the current.

Circuit description
In Fig. 3, the rrucroccntroller. fC2,
controls the relay via T3' the LEDS in-
dicating discharging, chargtng and
trtckle-chargtng. and the DAC.
The chargmg current is set in ac-

cordance with the battery capacity by
the current source (this will be re-
verted to), and PI provides fine adjust-
ment. The chargtng period ts set with
52' The battery voltage is monitored
by IC4.
The current source consists of IC3.

T" T2 and RJ4-R2J' Depending on the
control voltage at pin 3, IC3 will drive
TI and T2 to a smaller or greater de-
gree until the current through R1CR21
reaches a level at which the potenuals
at pins 2 and 3 are equal. The control
voltage Is generated by the DAC, which
here consists simply of a nurnber of

FAST NI CD BATTERY CHARGER

resistors. The MSB is determined by
PB2 and the LSB by PB7. When only
the MSB is high, the voltage at pin 3 of
IC3 will be about 0.5 V. When all the
bits are high, there will be potential of
1 V. The current through each of re-
sistors R14-R21 is then 0,5 A or 1A re-
spectively. Changing the number of
resistors will thus enable the maxi-
mum current through the source to be
varied.
Apart from wtth RI4-R21' the cu r-

rent may also be varied with PI' The
potential at the wiper of this poten-
tiometer may be varied from 0 to 2.5 V
or from 2.5 V to 5.0 V. depending on
the position of 52' Turrung the poten-
tiometer allows variation of 50% in the
capacity of the battery to be charged,
which is independent of S2' This
switch only determines whether
chargtng will be for 75 min or
150 rntn. lf only one resistor of
R14-R21 is fitted, the current can be
varted with PI such that batteries wtth
capacities of 250-500 mAh can be
charged. With each added reststor, the
range of capaeitles is extended by the
same value , that ts , three resistors
gtve a range of 3x 250 = 750 mAh to
3x500 = 1500 mAh. See TabJe 1.
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Fig. 3. Ctrcutt diagram of the battery charger.
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I POWER SUPPLIES & BATTERY CHARGRS

The optional 100 pA panel meter.
MI. enables the current to be moni-
tored continuously. It should, of
course. be borne in mind that the cur-
rent is determined by the number of
resistors. When a battery capacity is
selected with PI. the meter can be set
P2 to half full-scale deflection (f.s.d.)
during dtschargmg of the battery. This
makes it possible to follow the charg-
ing process on the meter. The meter
may be given a new scale extending
from I/SCto 2C.
The battery voltage is measured by

IC4• a differential amplifier with unity
gain. Thu s, the output of IC4 carries
the battery voltage, plus or minus the
drops across the parasitic resistances
in the sockets. These parasitic resis-
tance can cause difficulties with com-
plex charglng processes. However, in
the present charger, it is sufficient if
the voltage applied to IC2via potential
divider R30-R31remains below 4.5 V
during the entire process. This is be-
cause the software does not consider
absolute voltage levels. but percentage

differences (5/S of the initial voltage
during dischargtng and '/40 of the peak
voltage in the delta-peak detection).
This is elaborated on in Table 2.

Software program
An overview of the software program is
given in the flow diagram in Fig. 5.
This shows the entire process from
start to finish.
It starts with the question whether

there are batteries in the holders and
whether these are inserted properly
(BATTERY?) If so. discharging is com-
menced (RELAY ON/SET DISCHARGE) and
DI is switched on.
Subsequently. a small chargtnf cur-

re nt flows to enable a deeply dis-
charged battery to recover.
When during dtscharging the volt-

age measurement shows that the bat-
tery voltage has dropped to 5/S of the
initial value, the relay is changed over
and charging begins (RELAY OFF/SET
CHARGE). whereupon D2 lights. The
mann er of charging is then selected in

Fig. 4. Printed-circuit board for the battery charger.

accordance with the chosen setting:
1 h 15 min or 2 h 30 min. That choice
immediately determines the situation
during the first period: 30 min at a
current of lC or 15 min at 2C. The
current is halved (I = 1/2) until the
fifth period is reached. A delta peak
check is carried out du ring the entire
charging process. At the end of period
5 (I = 'hoC). trickle-charge indicator D3
lights.
Note that each of the three LEDS

has two functions. Their main func-
tions are indicating the discharge,
charging or trtckle-chargtng mode.

RELAY ON
SET DISCHARGE

01 ON
1=1C

MEASURE VtO

950076 ·12

Fig. 5. Flowdiagram of the software.
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Fig. 6. The completed prototype board wtth heat sink.

when they light continuous1y. When
they flash, something is happening.
When the answer to question "BAT-

TERY?" 18negative, D1 flashes. When a
chargtng time of 2 h 30 mtn 18chosen,
D2 flashes. When the delta-peak pro-
teetion detects a voltage drop. charg-
ing is stopped and D3 flashes.

Construction
The charger circuit is tntended to be
built on the printed-circuit board in
Fig. 4. Populating the board is
strarghtforward. although one of the
lang sides needs some extra attention.
Thts side hauses all the components
that dissipate more than the usual
heat: Tl, T2, D5, D7-DlO and 1CI·
Cooling of these components when
large capacity battertes are charged at
the I h 15 mtn rate 18 no luxury.
Since they are at the side of the
board, It 18 a fairly simple matter of
fitting them all one 1arge heat sink
(see Fig. 6). Note that insu1ating
washers should be used in all cases.
The secondary of the mains trans-

former is connected to terminal block
Klo See Table 2 for various secondary
voltages. A correct choice of trans-
former is important so as to minirnize
the dissipation. lt is advisable to take
a value equal to the maximum supply
voltage dtvtded by 1.4. The current
drain from the transformer Is shown
in Table 1: it ts advisable to round off
th e values shown upward. For exam-
pIe, for chargtng four batteries with a
capacity of 500-1000 mAh, the tab1es
show that a supply vo1tage of 12-14 V
and a current of 2 Aare required.
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This requires a secondary voltage of
10 V and a current of 2.5 A. If, ac-
cording to the table, a peak current of
4 A ts required. it is advisable to rate
the secondary at 5 A.
Whether to use two, four or etght

1 n resistors in the RI4-R2I positrons
is entirely dependent on the capactty
of the batteries-see Table 1.
The values of resistors R24 and R30

FAST NICD BATTERY CHARGER

depend on the supp1y voltage. that is,
the number of batteries-see Table 2.
If varytng numbers of battery are to

be charged, the va1ues for the largest
expected number in Table 2 shou1d be
used. The minimum voltage should be
used, however. For instance. for 4, 5
or 6 batt.ertee. the supp1y voltage
should be 14 V. R30becomes 6.8 kO
and R24becomes 49 O.
The holder for the batteries to be

charged is connected to terminal
block BTI.
lt may be a good idea to gtve the in-

dicator diodes different colours (red,
green and yellow, for instance).
Potentiometer PI can be fitted dt-

rectly on to the board. The connecting
points for charging time selector S3
are Iocated directly behind PI'
If the optional moving-coil meter ts

used. this should be connrected,
together with R34and P2 to '+' and '-'
between C3and R21'

Assembly and usage
The choice of an enclosure will depend
to a large extent on the shape and di-
menstons of the required matns trans-
former. Fortunately, there is a wide
choice of suitable enc1osures. What-
ever, it is important to ensure that the
beat sink can radiate heat freely.
The holder for the batteries is best

mounted on top of the enclosure, but
it mayaiso be kept separate from the
enclosure and be connected to it by a
short cable (and plug and socket).
Light-emitting diodes DI-D3 must,

Resistor(s) Battery Chargtng Maximum
fitted capacity (mAh) time (h) current (A)

R14 250-500 1.25 or 2.5 1
R14.R15 500--1000 1.25 or 2.5 2
R14-R17 1000-2000 1.25 or 2.5 4
RI4-R21 2000-4000 2.5 4

Table 1. The chargmg current depends on the capacity of the battoriea
and Is decided by the number or parallel-connected resistors RI4-R21'

Number of R30 R24 Supp1y vo1tageM
battertes Minimum Maximum

1 1000 490 7 8
2 1000 490 9 10
3 1.5 kO 490 11 12
4 3.3 kO 490 12 14
5 4.9 k.Q 490 12 16
6 6.8 kO 490 14 18
7 8.2 kO 490 16 20
8 10 k.Q 1500 18 22
9 12 kO 2700 20 24
10 15 k.Q 3900 22 26

Table 2. The number of batteries in sertes dictates the supply voltage.



POWER SUPPLIES & ßATTERY CHARGERS

of coursc, be fitted in such a way that
they are freely visible from the out-
side. This means that in most cases
they can not be soldered on to the
rcn, but must be connected to It via
flexible insulated circuit wire. The
same applles, of course, to PI, SI, and
S2' As regards SI, note that although
in the prototype this was a rce type
switch, it may be advisable to use a
standard pu sh-bu tton type and fit
this on the front panel.
Use of the charger is straightfor-

ward: insert the battery or batteries
into the holder, switch on the mains
and leave weil alane for the selected
charging time. Ta eliminate any likelj-
hood of errar, it is good practtcc to
start the dtschargeychargmg cycle by
pressing reset switch SI' If everything
is in order, the red LED will light. If the
batteries to be charged are really flat,
the discharge period will be fairly
short. which means that the red LED

will go out quite quickly, whereupon
the yellow LED will light.
F'inally, sinee the charging current

range set by R14-R21can be varied by
a factor 2 wtth Pj , it is necessary to
set PI to the exactly required level on
the (optional) front panel meter. If this
is not used, measure the current with
an ammeter in se ries with the batter-
ies or measure the voltage across
RI4-R21'

Parts list
Resistors:
RI = 10 n
R2' R26-R29.R32, R33= 10 kn
R3 = 9.09 kn. 1%
~ = 19.1 kn. 1%
R5 = 39.2 kn. 1%
Rß = 78.7 kn. 1%
R7 = 158 kn. 1%
RB = 316 kn. 1%
Rg = 1.0 kn. 1%
RIO=470n
R1I = 680 n
R12.RI3 = 0.33 n, 2 W
R1CR21 = see text and Table I

Battery capacity

The capacity of a rechargeable bat-
tery is norma11yst.ated on its case in
mAh or Ah. Chargmg and discharge
currents are relative to this capactty.
A current that discharges a battery
in one hour ts, therefore. indicated
by IC[apacity). A current of 2C thus
discharges a fully charged battery in
half an hour.
A current of 1/IOC is normally

laken as a safe charging current.
This level of current needs to Oow
into a dtscharged batlery for 14-16
hours to rech arge the battery fully.
Even tf this current Ilows for a much
langer time. the battery does not be-
come overcharged. A current of lhoC

R22=lkn
R23= 330 n
R24= see text and Table 2
R25=47n
R30= see text and Table 2
R31= 3.3 kn
R34= 2.7 kn [optional)

Potentiometers:
PI = 10 kn
P2 = 5 kn preset [optional)

Capacitors:
CI = 4700 J1F.25 V
C2, C3, C6. C7. CI I = 100 nF
C4• Cs = 22 pF
Cs, CI2 = 10 nF
Cg, CIO= 100 J1F.25 V

Semiconductors:
DI = LED, 3 mrn. red
D2 = LED, 3 mm, yellow
D3 = LED, 3 mrn, green
D4 = zener. 4.7 V. 500 rnW
Ds, D7-DIO= BYW29
D6 = IN4148
DII = zener, 15 V, I W
TI. T2 = BUZIO

Parameters

• Fast charging in 1 h 15 min or 2 h 30 min.
• Automatie dtscharge before chargtng can commence.
• Chargtng morutored by delta-peak protection circuit.
• Suitable for battertes with a total capacity of up [0 4 Ah.
• Operation affected minimally by parasitic resistance of battery holder.
• Circutt adjusted to accord with battery capacity wtth potenticmeter.
• Simple, single-sided prtnted-circuit board.
• When charging completed. automatie transfer to trtckie-charging.
• Modes of operation (chargmg. dtschargtng. tnckle-chargmg) indicated
by LEDs.

• Bad contact indicated by LED.
• Error tndrcauon by LED.

is nonnally used for trtckle-charging.
Thus. for a battery of [1000 rrtAh}.
C = 1 A; 2C = 2 A; 1/2C = 500 mA;
and I/JOC= 100 mA.
Fast charging ts carried out wlth

an appreciably htgher current and
can only be used with batteries that
are suitable (not al1 are: see data
sheet). Also, same battery holders
have a resistance that interferes with
the chargmg process, especially
when the chargmg current ts a pulse
tratn.
Finally. keep an eye on the drsst-

pation. particularly when the num-
ber of baUeries to be charged is
small, 01' the number of sertes-con-
nected battertes being discharged Is
large.

T3 = BC547B

Integrated circuits:
iCI=LM317
IC2 = ST62T20 [Order no. 956509
see p. 70)

IC3 = CA3160
IC4 = CA3140

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

SI = push-button swttch
82 = double-pole change-over switch
X I = crystal 8 MHz
Re- = relay, 6 V. 5 A with two
change-over contacts

F1 = fuse, 5 A. slow with holder
MI (optional) = moving =-coil meter,
100 J1A

Heat sink. SK411SA/50 or
SK85SA/50 [Dau)

Mains transformer = see Tables 1. 2
PCB Order no. 950076 [see p. 70)

(950076)
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APPLICATION NOTE
The content of this note is based on information received from manufacturers in the electrical
and electronics industries or their representatives and does not imply practical experience by

Elektor Electronics or its consultants.

Fault-tolerant CMOSmultiplexers
AMaxim Application

A II analogue multiplexers act as the
~olid-state equtvalents of drgttally
controlled rotary switches. Bu t multi-
plexers at the interface between an
electroruc system and its environment
have an additional functrcn-c-they act
as insurance polrcies agatrist rnalfunc-
tion and darnage.
Designers may control the system, but

input multiplexers contend with every-
thing outside the systcm-cpoor installa -
tion, careless operators, and electrtcal noise.
They must operate correctly in the pres-
ence of ground loops, electricaJ interfer-
ence from motors and engtnes. and un-
intentional Inputs such as 240 Va.c.
In the followtng dtscussion. the serial-

MOSFETswttch emerges as the most eco-
nomical choice in overcoming these prob-
lems. Other designs offerovervoltage pro-
teenon alone, but only the serial-MOS-
FIT approach combines overvottage and
fault tolerance without the need for ex-
ternal components.

Multiplexer construction
The switches in common multiplexers
have been designed the same way for
nearly twenty years: each consists of an
n-channel and p-channel MOSFE'Tcon-
nected in parallel on a silicon substrate.
and driven with opposite-polarity gate-
drive voltages (Fig. la). This connection
provides asymmetrical sfgnal path through
the parallel source-to-drain resistances.
productng a charaeteristic double hump
in the curve of on-resistance vs input
voltage (Fig. lb). (Many destgns mini-

mize this effect by driving the body con-
nection of the n-channel MOSFETwithstg .
nal voltage).
The presence ofeach devicepolarity guar-

antees that at least one of the two MOS-
FETSwill conduct for any Input voltage be-
tween the supply raüs. Thus, the multi-
plexers can handle any stgnal level that
falls between the rails.
A multiplxer switch ceases to be a

swttch, however, when signal voltage ex-
ceeds either supply rail, Each switch in-
cludes two parasitic diodes. intririsic to
the MOSFETsource and drain structures,
which provide current paths to the rails
(Fig. 2). Both diodes are reverse-biased
duringnormal operation, butany signal
excursion beyond the rails applies forward
bias to one ofthe diodes, clamping the stg-
nal at 600 mV beyond the rail. Beeause
the diodes are present when power is re-
moved. they also clamp (at ±600 mV)
when the rails are at zero volts.
Parasitic diodes provide a useful clarnp-

ing function, but they also Intro du ce
problems. Excessive current in the diodes
can cause overheating and darnage in
the signal sauce as weIl as the multi-
plexer (Fig. 3). Somewhat lower levels of
current (belowthat ofoverheating and dam-
age) can still cause latchup in the mul-
tiplexer. And once it crosses a diode junc-
tion, the fault current becomes a flow of
injected minority carriers that 'spray'
into the silicon substrate. Collected by other
swttchmg devices, thts current can induce
an error voltage in every channel.
Turning on a parasitic diode clamps

the multiplexer output to one supply

v,

W P-CH
->-

=,.~

-0-.,.
IN

m- OUT..,.
~, fN

->-- T '-eH ->--

950086-13v·

Fig. 2_ Parasitic diodes provide a path for fault current when a
conventional analogue swttch is exposed to overvoltage.
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Fig. 1. The traditional eMDSswitch
is a transmission gate (a), whose
on-resistance vs signal voltage
characteIistic exhibits a double

hump as shown in (b)

rail-an action that can damage external
circuits connected to that output. The
causeofdamagemaynotbeobvious, but
an output transient (to the rail) caused
by momentary overvoltage at the multi-
plexer can destroy an analogue-to-dtgt-
tal converters input, or cause differen-
tial overload and lang settling ttmee in an
op amp.

Protecting the multiplexer
Several design rneasures offer protection
for a eMOSmultiplexer and its associated
external ctrcutts. These rneasures in-
clude connecttng a reststcr in senes with
each channel input, connecttng diode-re-
sistor networks to control the fault effects.
and cheosing a multiplexer whose ar-
chitecture and process technology pro-
vtde fault-tolerant properties.
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FAULT-TOLERANT CMOS MULTLPLEXERS

IN

PARASITIC mOOES SIiOWN

N-CHANNEl

3,
'-Will

MV1 PROCCESS

v-

V·,,-l!iV

OUT

P-CHANNEl

SUBSTRATE

950086-12

Fig. 3. A closcr look at the transrrusston-gate MOSFETS shows parasitic diedes tied to the supply rails.

The simplest form of proteenon adds
series resistors that work inconjunction
with the Internal proteetion diodes (Fig, 4).
The reststor values are critical because
theypresenta tradeoff: Iargcr values grve
more protection. but introduce greater stg-
nal errors.
Leakage current into the multiplexer

also flows through the sertes reststors.
causing an error voltage that worsens

with temperature (theleakage doubles for
each 8 "C increase above ambient). Lowertng
the resistor values can reduce this error
to an acceptable level, but the lowervalue
may allow too much diode current, threat-
ening latchup in the multiplexer. As a
r-ule. unless otherwise specified in the
datasheet secnon on absolute maximum
rattng, you should limit the diode current
to 20 mA continuous or 40 mA peak.

Low leakage currents can offset this
drawback oftarge protection resistors. New,
ultra-low-Ieakage multiplexers likeMaxtrn's
MAX328 and MAX329 have extended the
destgn limits for scrtcs-rcststor proteenon
over those for earlier-generation multi-
plexers. The new devtces low leakage
(±1 pA at 25 "C: ±20 nA at 125°C) al-
lows bvery htgh-valued protection re-
sistors. Reststors of 150 kQ, for tnstance,

Fig, 4. Adding aseries resistor to the switch of Ftg. 2
limits fault current, but also adds to the switch resistance

and lengthens settling time.

ELEKTORELECTRONICSJULY/AUGUST 1995

~: ,

,... :0,,... ,

. , , ,
:;,. ,

,,
, ,

v. ,

~ f 'f r< r r1 rf f : I LOGte ~
~,~ ~~

,.... _-_._-
0<'

o~'
.. ..

< FAULT eURRENTS A.OW IN THE ZENER OIOOES,

-lN

v- NOT THE MULnplEXER SUBSTRATE. 950086,15

urnrrs

~
5c,

P-CH "
V. v.

.: ~~~
OUT e,

"

= v- v-
N-eH

• Rp INCREASCS THE SEm.I«i TIME 950086,14 .1N

NTROLS

Fig. 5. Fault protection for a conventional multiplexer
entatls current-limiting reststors, two zener diodes for a
bipolar clamp-voltage network, and dual clamp diodes

for each channel.
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Fig. 6. The 3-MOSFET switch element of a fault-tolerant multiplexer (a) has an on-resistance
characteIistic shaped like a bathtub [b)

admtt fault currents of only 1 mA while
withstandtng e Iöü V inputs. At±1500 V,
they admit fault currents of only ± 10 mA.
The resistors produce only ±3 mV of ad-
ditional error at 125 "C,
Note that ± 1500 Vproteenon resistors

require 15Wratings forcontinuousduty.
But, inmostapplications, you can scale
this thermal rating considerably, be-
cause the overvoltage has a much lower
duty factar. External reststors thus offer
flexibility-you can choose different re-
srstor values for different channels in
the same device, and scale thetr power rat-
tngs as requtred. Integrated reststors. on
the other hand, are constrained by their
package power rattng: thts rattng may
lirnit the numberof channels tbat can witb-
stand overvoltage at the same time.
The sertesreststor approach protccts

the multiplexer, but It doesn't prevent
corruption of signals in tbe selected channe!.
Thesesignals are at the mercy ofovervoltage
in any ofthe unselected channels. But the

dtrect cause isn't overvoltage; it's fault CUI'-
rent (the inkjected minority carrier men-
tioned earlier) Ilowtng into the substrate
via one or more proteenon diodes. Eliminate
that substrate current and you eliminate
the gross Signal errors.
One way to handle the fault current Is

to divert It Into an extemal network [FIg. 5).
Two zener diodes produce ±12 V c1amp
levels,centred witbin the multtplexer's ±15V
supply rails. Then, instead of flowing
through an internal prctcctton diode, the
fault current owing to overvoltage in any
channel flows through one ofthe two ex-
ternal protection diodes for that channel.
Though it offers excellent protection,

this technique requires alarge numberof
external components. Moreover, the ex-
ternal diodes produce additional leak-
age current that prec1udes use of the
htgh-valued series resistors discussed
earlrer. The external components repre-
sent extra board space, not to mention
the cost ofpurchase, test, through-hole

aseembly, and inventory. A better solu-
tion is to mtegrate this protection with the
multiplexer, on a single chip.

Fault-tolerant multiplexers
Fault-tolerant multiplexers requtre no
extern al components, yet are capable of
witbstanding high levels ofovervoltagewitb-
out correspondtng high levels of fault
current. They ac hieve this proteetion
with an Interrial design that is qutte dif-
ferent from that of conventional multi-
plexers.
Each swttch in a fault-tolerant multi-

plexer ts actually a series connection of
three MOSFETS, in the order n-channel/
p-channel/ri-channel [Fig. 6a). Internally
generated drive voltages turn the switch
on by simultaneously drtvtng the n-channel
gates to tbe positive rall and tbe p-channel
gate to the negative rail, The switch then
remains on for as long as the analogue
stgnal (which modulates thegate-source

FIII.TVIIlTUE n. FIII.TCIJIIIEJIT
1.0D0E'..Q3

TA,=,-+25OC
1.00DE-04 Off: tVcc ~ -rcc "rJI

ON·.VcC =.15V

1.000E'-05
-vcc =-1SV

..g.1V

F<lW9\OFf GNO''''''''''
F<lW9\ON tO.1V .11101/

1.000E'-07 .oov;;-
15 1,OOCIE-(18 GNO~~
il 1-'" ....
'"~ ·100'1

'" 1.000E-tO

950086-17b
l11OOE-11

UKIOE-12
-150 ·100 -50 0 50 100 ISO

FAUlTVOlTAGE M 950086-17a

Fig. 7. The onset of avalanche (fault) current in a MAX388 multiplexer defines a fault-tolerant regten of approximately
±100 V (al. A 0 V stgnal in the selected channel [b, top trace) ts unaffected by ±100 V applied to an off channel.
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5TH-ORDER BESSEL FILTER

Bessel filters have a fairly constant
transit time (delay) over the pass

band and thetr characteristic thus
shows 00 ringing. This means, how-
ever. that the characteristic starts
falling off much earlier than in, say, a
Butterworth scctton. Also, it takes
much langer for the slope of the char-
acteristic to reach the theoretical
value of 30 dB/octave; in a Butter-
worth filter this occurs almost imme-
diately after the cut-off point.
The table gtves various values for

the capacitors and resistors. The cut-
off point for each combtnar ton is
1 kHz. The last lirte of the table gives
theoretical values for the capacttors
for equal values of the resistars -
these are required for converston to a
high-pass filter.

Design by T. Giesberts
19540271

C2

R4

*
C3

*

C4

*
R'

*

954027 - 11

I

2
3
4
5
6

7
8
9
10
11
12
13

10
12
15
18
22
27
33
39
47
56
68
82

22.671

4.7
5.6
6.8
8.2
19
12
15
18
22
27
33
39

10.690

6.8
8.2
10
12
15
18
22
27
33
39
47
56

16.137

3.3
3.9
4.7
5.6
6.8
8.2
10
12
15
18
22
27

6.9535

Cs
(nF)

1.5
1.8
2.2
2.7
3.3
3.9
4.7
5.6
6.8
8.2
10
12

3.3489

25.036
20.375
16.036
13.288
10.486
8.587
7.223
5.955
5.030
4.416
3.709
3.093
10.0

Rj
(kQ)

20.688
17.658
14.552
12.168
10.313
8.456
6.668
5.736
4.644
3.689
2.976
2.478
10.0

25.239
20.727
17.015
13.990
11.060
9.359
7.621
6.140
5.084
4.274
3.558
3.063
10.0

20.291
17.333
14.495
12.372
10.245
8.395
6.836
5.686
4.477
3.734
3.049
2.451
10.0

21.724
18.214
15.003
12.151
10.036
8.560
7.092
5.996
4.922
4.023
3.277
2.727
10.0

voltages) remains within limits set by the
D- and p-channel gate-source thresh-
olds.
Typical gate-source thresholds are

1.5 V for n-channel devices and 3 V for
p-channel devices. Therefore. with ± 15 V
supplies. the thresholds confine a mul-
ttplexer's input signals to the range -12 V
to +13.5 V. Becauseoneofthethree MOS-
FETS in a switch begins to turn off as the
signal exceeds either ltrrut, the switch-on
resistance versus input voltage assumes
a characteristic 'bathtub-shaped' curve
(Fig.6b).
The resulting high impedance in the

off state is very convenient: the switch is
off,blocking the overvoltage, and faultcur-
rent is virtually zero. Substrate (fault)
current flows onJy as a resultmof avalanche.
which occurs when the overvoltage exceeds

a limit set by the MOSFET'S gcometry and
doping levels.
Below the avalanche ltrrut, signals in

the selected channel remain unaffected
because the overvoltage produces no sub-
strate current (Fig. 7). The senes-connected
switch also turns off when power is re-
moved. Tlus behaviour stmplaftes the de-
sign ofredundantsystems. because rnul-
tiplexers connected to common signal
lines can be powered down without load-
Ing the lines.
The Maxim range of scrtcs-structure

multiplexers includes the MAX358 and
MAX359dcvtccs (1-of-8and duall-of-4)
which withstand overvoltages to ±35 V,
abd the similar MAX378 and MAX379
that withstand overvoltages to ± 75 V.
The MAX368 and MAX369 add latched
address inputs to the basic 35 V-tolerant
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models, and the newMAX388and MAX389
are latched models that withstand ± 100 V.
The non-latched devices are ptn-com-
patible with industry-standard multi-
plexers DG508/509: the latched devtces
are pm-compattble wtth the latched mod-
els DG528/529.

Reference: Maxim Engineering Journal.
Val. 12. Maxim Integrated Products (UK)
Ltd.. 21C Horseshoe Park. Pangbourne,
Readtng RG8 7JW. Great Britain. Tele-
phone (01734) 845 255. Fax (01734)
843863.
Maxim products are available. among
others, from 200 1Electronic Components
(see advert on p. 67).
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5TH-ORDER BESSEL FILTER

Bessel filters have a fairly constant
transit time (delay) over the pass

band and thetr characteristic thus
shows 00 ringing. This means, how-
ever. that the characteristic starts
falling off much earlier than in, say, a
Butterworth scctton. Also, it takes
much langer for the slope of the char-
acteristic to reach the theoretical
value of 30 dB/octave; in a Butter-
worth filter this occurs almost imme-
diately after the cut-off point.
The table gtves various values for

the capacitors and resistors. The cut-
off point for each combtnar ton is
1 kHz. The last lirte of the table gives
theoretical values for the capacttors
for equal values of the resistars -
these are required for converston to a
high-pass filter.

Design by T. Giesberts
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switch also turns off when power is re-
moved. Tlus behaviour stmplaftes the de-
sign ofredundantsystems. because rnul-
tiplexers connected to common signal
lines can be powered down without load-
Ing the lines.
The Maxim range of scrtcs-structure

multiplexers includes the MAX358 and
MAX359dcvtccs (1-of-8and duall-of-4)
which withstand overvoltages to ±35 V,
abd the similar MAX378 and MAX379
that withstand overvoltages to ± 75 V.
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models, and the newMAX388and MAX389
are latched models that withstand ± 100 V.
The non-latched devices are ptn-com-
patible with industry-standard multi-
plexers DG508/509: the latched devtces
are pm-compattble wtth the latched mod-
els DG528/529.
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TUE DIGITAL SOLUTION

Arecent example ofthe ben-
efits of the digital solution

is the catalogue with data
sheets published by RS Com-
ponents as a CD-ROM. At pre-
sent, custorners receive both
the new-style CD-ROM and the
old-style eatalogue of nearly
2000 pages weighing nearly
2.8 kg, but we might assume
that eventually the bock-form
catalogue will be phased out
with a considerable saving in
production costs, postage.
shelf-space, and woodpulp (an
environmental bonus). The
CD-ROM veraion also has the
benefit that it can print or-
ders and, if the computer has
a modem, fax the order di-
reetly to the RS Components
loeal depot.
Taking the ward 'computer'

to include mobile telephones,
fax machines and any other
'smart' device which sends or
receives digital data, this
month's article describes how
we mave data along a COID-

munication channel from Olle

computer to another. Moving
da ta in binary digital form
brings advantages and raises
problems. The fact is that
communication by digital
means is rapidly expanding
relative to analogue com-
munication so presumably the
advantages outweigh the
problems.

Transmitting data
There are three main chan-
nels of communication: copper
wi.re, radio and optical cable.
Copper wir-es are almost in-
variably used for short dis-
tances, sucb as between a
computer and a printer, or be-
tween a telephone in the
horne and the loeal telephone
exchange. In BTs experimen-
tal 'Video on dernand' in Ip-
swich, England, which also of-
fers services such as shop-
ping, banking, and games, it
has been found that the exist-
ing telephone wires are suit-
able for digital signalling over
typical distances betweena
subscriber's house and the
local telephone exchange. For

Part 8 - Moving data

By Owen Bishop

In this se ries we look closely at digital electronics,
what it is, what it does, how it works, and its

promise for the future.
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Ionger distances, optical fibre wir-es. For international com-
has largely replaced the munications, both radio (espe-
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cially satellite radio) and opti-
cal fibre are dominant. We
will look at each of these
channels in turn.
One way of sending a digi-

tal signal along a pair of
wires is to transmit a succes-
sion of high and low voltages,
representing 1s and Os. In a
cable connecting a printer to
a personal compu ter, the high
level is 5 V and the low level
is 0 V. In order to speed up
the transmission of da ta so
that minimum time is re-
quired to load the printer's
buffer memory, data 1S sent a
byte at a time through eight
parallel wires, each wire car-
rying one bit. The printer
cable also has wires for send-
ing control pulses between
the computer and printer, a
procedure known as hand-
sha.king. This parallel trans-
mission of high-Iow da ta is
limited to short distances.
One reason is that it is foul'
times as expensive to run
eight lines over a given dis-
tance than it is to run two
lines. Also, in the case of
transmission over the tele-
phone network, twin wiring
already exists and it is uneco-
nomic not to use it. For th is
reason, the first stage in
transmitting data to a com-
munication channel is to con-
vert it from parallel to serial
form. Instead of the eight bits
being sent simultaneously on
eight separate lines, they are
sent one after the other on a
single line. Serial transmis-
sion runs at approximateIy
one eighth of the speed of par-
allel transmission, but the
economy of using only two
wires prevails.
One frequently-used plan

for transmitting data serially
from computer to computer is
illustrated in Fig.60. The-
nunit that converts parallel
data to serial data or to re-
verse the process at the re-
ceiving end is known as a uni-
versal asynchronous re-
ceiver / tranemitter, abbrevi-
ated to UART. Essentially, it
consists of a register into
which data is loaded eight
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THE DIGITAL SOLUTION - PART 8

bits at a time and unloaded
bit by bit. Or, in the reverse
operation at the receiver, ser-
ial data arriving a bit at a
time is accumulated in a reg-
ister until the register is full,
whereupon the bits are fed
out in parallel along an eight-
line cable. The UART also con-
tains circuitry for dealing
with timing and other control
operations.
Voltage levels on a line of

any appreciable length are
subject to attenuation and
other changes (see box), so
that sen ding signals for lang
distances along telephone
lines or other wired connec-
tions as aseries of high and
low voltages Ie not the pre-
ferred method. They are sent
as a continuous tone, the fre-
quency of which 1Salte red to
indicate ls and Os. Tbis is
known as frequency shift key-
ing, FSK, and is performed by
a unit know as a modern, 'I'his
receives aserial train of
pulses from a UART and emits
one of two tones. While it is
receiving a low vo1tage (0 V =
Jogic 0), it produces a 1070 Hz
signal-see Fig. 62. While it
is receiving a high voltage
(5 V = Jogic 1), it emits a
1270 Hz signal. We say that
the signal i.s 1170 Hz modu-
lated by ±100 Hz. At the re-
ceiver, the modem determines
the frequency of the recei ved
signal and produces a high or
low output accordingly. The
receiving modern demodulates
the signal, converting it to
high and Jow voltages. The
fact that the unit both modu-
lates and demodulates gives it
the long name modulator-
demodulator, wbich is con-
tracted to modem. At the re
eivi ng modern, the demodu-
lated ser-ial data is fed to a
UART and converted to bytes
of parallel data.
Communication between

two computers alonga single
channel may be simplex (one
way), half-duplex (two-way,
but only one station can
transmit at any one time), or
full-duplex {twc-way, both
stations able to transmit si-
multaneously). For ful1-du-
plex communication, it is
necessary for the two modems
to operate at different fre-
quencies. Otherwise, modems
would be unable to distin-
guish between each other's
signals. By convention, the
modem originating the data

~
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make a cable only a few mil-
limetres in d iameter. This
makes optical fibre lighter
than copper-wire cable and in
addit.ion, it is eheaper to pro-
duce. These two features
partly account for the popu-
larity of optical fibre for long
distances. Total internal re-
fleetion me ans that light
passing along one fibre does
not pass through to adjacent
fibres. Each fibre is isolated
from its neighbours and acts
as separate channel without
interference. A light-emitting
diode, LED, or laser diode at
the transmitter produces the
modulated light-beam under
computer contra\. The light
passes along the fibre and is
detcted by a photodiode at the
receiving end. In a lang link,
there are repeaters to m ai n-
tain signal strength. As is
usual wi th digital signals, it
1S necessary only to discrimi-
na te between highs and 10w,
so the recovered signal is
identical with the original
signal. There is no lass of
data.
Each f bre carries several

modulated signals simultane-
ously, each modulated wi th a
different frequency. At the re-
ceiver, signals can be sepa-
rated out and routed to differ-
ent computers. Because 1ight
itself is of extremely high fre-
quencies, the modulation fre-
quencies can also be very
high, allowing more of them
to be 'stacked' in a given
channel, so increasing the
quantity of da ta that can be
transmitted in a given time.
This is auother reason that
optical fibre has supplanted
wi re cables as a comm uni-
cation medium. In addition,
optical fibre is not subject to
electromagnetic interference.
In certain circumstances,

single waves in water tr avel
long distance, regaining their

of ls is already odd and the
parity bit is O.But if the data
byte is 1101100, which has an
even number of 1s, the parity
bit is 1. It is also possible to
the UART to work with even
parity. Whether odd or even
parity 1S in use is part of the
specification of the system
and, like the rate at wh ich
bits are transmitted, 1S de-
cided before transmission be-
gins. The transmission fin-
iehes with one or two stop bits
to signal tbe end of the group,
after which the signal returns
to 'high'.
At the receiver, the UART

strips off the start and stop
bits. Then it counts the num-
ber of ls and checks that the
parity bit is correct. If it is
correet, it strips it off and
sends the remaining eight
bits to the computer as a data
byte. If the parity bit is incor-
reet, it sends a message to the
transmitter to ask for the
data to be retransmitted. The
parity bit is an elementary
though effective way of de-
tecting an error in a single
byte. There are nurnerous
other ways of er-ror detection
that are employed in various
circumstances to detect and
possibly correct multiple-bit
errors.

transfer transmits at
1170±100 Hz. The answering
modem replies with signals at
2125±100 Hz.

Asynchronous
transmission
The UART is described as
'asynchronaus' , which means
that it may begin to receive a
byte at any instaut of time. In
asynchronous system, the
transmission of bytes is set on
a regular time-scale under
the control of a system c1ock.
For this to be effective, the re-
ceiver must keep in step with
the transmitter and needs ac-
cess to the same c1ock. Other-
wise, the receiver will not
know when one byte ends and
the next one begins. Sending
clock pulses along with data
pulses is feasible, 01' the clock
pulses can be sent along a
separate line, but the most
pr-acticable approach is to
work asynchronously.
When the UARThas loaded

a data byte, it adds a few
more bits to it before sending
it out in ser-ial form-Fig. 63.
During the intervals between
transmission of data, the line
is held high or, in the ca se of
transmission by way of a
modem, the modem transmits
its higher frequency. To begin
its transmission, the UART
sends a low start bit, The ar-
rival of this low bi t (01' lower
frequency) alerts the receiv-
ing UARTthat data is about to
arrive. Next corne the eight
bits of the original data byte,
followed by a parity bit. The
purpose of this is the detec-
tion of errors in transmission.
Before sending the parity bit,
the UART counts the number
of ls in the data byte and
adds either a 0 01' also as to
make the total number of
1-bits odd. Thus, if the data
byte is 1101000, the number

Optical fibre
Optical fibre transmits a
modulated light-beam in the
same way that cop per wire
transmitsa modulated voltage
signal, but optical fibre has
significant advantages. A
fibre in a typical fibre-optic
cable is ab out 0.1 mrn in di-
ameter. It is surrounded by a
layer of glass or- plastic, the
cladding, wh ich ensures that
light striking the surface of
the fibre is totally internally
reflected. Several fibres are
enclosed in a plastic sheath to
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shape after they have co!lided
with other waves. This effect
ean sometimes be seen in the
wake of a large boat. These
waves are called solitons. A
similar situation is found
with light waves of a wave-
length of 1.3 um, traveling in
optical fibre. A short (a few
picoseconds) pulse forms a
soliton which travels lang dis-
tances in the fibre without
significant reduction in am-
plitude, change in frequency
01' change in shape. On a lang
eable run (for example, a
transatlantic eable), it is
usual to employ repeater sta-
tions every 100 km to detect
the optical signal, convert it
to an electrical signal, and
use a laser to retransmit the
'cleaned-up' light signal. The
use of solitons makes another
type of amplification possible.
Tbe signal is passed through
a special length of optical
fihre a few metres long, doped
with erbium. This is 'pumped'
by a low-power external semi-
conductor laser, supplying en-
ergy tc the fibre and so regen-
erating the soliton. This is
amuch simpler system to in-
stal over lang distances, par-
ticularly in trans-oceanic ca-
bles and allows signals of
high frequency to be used.
This technique is in the ex-
perimental stage at present,
but initial results are very
promising.

Radio
Radio transmission is the al-
ternative to communication
by wire 01' optical fibre. Digi-
tal signals may be modulated
on to the carrier wave in one
of three ways: amplitude shift
keying, ASK, (high amplitude

for 1, low or zero amplitude
for 0); frequency shift keying,
FSK (as explained earlier);
and phase shift keying, PSK.
In PSK, the phase of the
carier is shifted by 1800 at
each transition between a 1
and a O. There ts a more effi-
ient variation of PSK known
as quadriphase PSK (QPSK), in
which the bits are grouped in-
pairs and phase is shifted by
45°, 90°, 135°, or 180°, de-
pending on whether the bits
ar-e 00, 01, 10, or 11. Combi-
nations of methods such as
QPSK plus ASK are also used
to increase da ta transmission
rates still further. The de-
scription above applies to a
given channel but, as with op-
tical fibre, several hundred
channels at different carrier
frequencies can be combined
into one transmission. This is
known as {requency division
multiplexing. It requires a
multiplexer at the transmit-
ter to collect togetber signals
from many sourees, allocating
each of them to a different
channel. At the receiver, a de-
multiplexer separates the sig-
nals in each channel and re-
lays them to their destina-
tions. An alternative, known
as time division multiplexing,
is often used in satellite
transmissions. Here, the user
may occupy the whole of the
bandwidth of the system, but
the transmission time is di-
vided into time slots. Only
one user 1S allowed access at
each time slot, transmitting
frames of data each time their
turn comes rcund. Data may
be transmitted from several
earth stations provided that
each transmitter is synchro-
nized to send its frame at the
correct time. The satellite re-

cei ves frames from each
ground station in turn and re-
lays them as a succession of
frames to the receiving earth
station where a time demulti-
piexer splits them up and
routes them to their dest.ina-
tions.

Data compression
The need to compress data for
storage has already been dis-
cussed, but the topic arises
he re in the context of data
transmission. Even with the
methods for rapid and multi-
ple transition already out-
lined, the amount of data to
be transmitted is increasing
relentlessly. The more we can
compress data before moving
it, the more data can be sent
in a given time, or tbe more
data can be fed into a single
channel. The first choice is
between lossy and lossless
data compression. Lossy com-
pression deliberately discards
some of the information (for
example, by approximating
analogue values with fewer
than the ideal number of
bits), so that it 15 not possible
to reconstruct the original
data entirely at the receiving
end. For many classea of data,
this is perfectly acceptable.
For example, images that do
not accurately reproduce the
fine details and the exact
colours of the original are
good enough for video-phones.
In the audio field, it is necess-
ary to sample at 44.1 kHz and
with 16-bit accuracy for CD
recording, but a slower sam-
pling rate and fewer bits are
perfectly adequate for voice
communication by telephone.
In both examples, the human
ability to recognize objects,
faces, voices, and words, fills
in the 'gaps' caused by loss of
data. This is similar to the
case of movie films and
videos, in which a succession
of still frames is in.terpreted
in the human brain as a mov-
ing picture. Far other types of
data such as computer pro-
grams, data files, and control
data, it is essential that da ta
compression is lossless. L05s-
less compression generally re-
lies on a system of coding at
the transmitter, and revers-
ing (decoding) and recovering
the original data at the re-
ceiving end.
One of the simplest meth-

ods of encoding is run-lengtli

coding. In transmitting a pic-
ture, for example, in which
most of the document consists
of white paper, it is extremely
wasteful to encode every
pixel. If one particular value
is repeated many firnes, it is
sufficient to code it by quoting
its value and the length of the
run. For instance, a por-tion of
a scan lasting 50 bytes (as-
suming 1 byte per character
as in Ascn coding), and if B is
black, G is grey and W is
white, the full code might be:

BWGWBBBWWWWWWWWW·
WWBGBGWGGGGGGGGGGGGG-
BBBBBWWWWWBG

Run-length coding is preceded
by a control character such as
Escape (27 in ASCII code),
which we represent by E in
the coded version below. Each
E is followed by two bytes cod-
ing the repeated character
and the length of the run:

BGWEB3EW13BGBGWEG 12EB6
EW5BG

This requires only 25 bytes, a
reduction of 50%. At the re-
ceiver, this code allows the
original string to be recon-
structed withcut loss.
Run-length coding is not so

useful with text because it is
rarely that long runs occur
(only one occurrence in the
sentence before these brack-
ets and only two within the
brackets!). The Huffman code
relies on the frequency with
which tdifferent letters nor-
mally occur in text. The com-
moner the letter, the shorter
its code. Coding depends on a
Huffman 'I'ree, see Fig. 64,
the exact configura tion of
which depends on tbe relative
frequency of letters. Here we
use an order based on the let-
ters ETlONASH, being the
most frequent in English text,
and assume that the relative
frequencies are as shown in
the figure. For text in otber
languages, or perhaps for par-
ticular disciplines in English,
freq uencies and the structure
of the tree would be different.
Figure 64 is only part of a
tree; a full tree covers all let-
ters of the alphabet.
To form the tree, the let-

ters are listed in order of fre-
quency, 95 for E down to 7 for
H. Then, the two least com-
mon letters are grouped to-
gether: S+H has frequency 17.
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Transmission lines
When a wire is of any length
greater than a few matres, it
begins to have an apprecia-
ble effect on a signal as this
passes along it. 'I'his applies
to both analogue and digital
signals, but we shall discuss
this with special reference to
digital transmisaions. A
length of copper wi re has
resistance, R ohms per unit
length. Another resistive
property is the leakage be-
tween the two conductors, G
ohms per unit lengtb. The
capacitance between the
conductors, C farads per
unit length, introduces a re-
active component, depen-
dent on frequency. Finally,
tbere is another reaeti ve
component, the inductance
of the wires, contributing L
heuriss pe r unit length. R,
G, C, and L are continuous
along the line but, in calcu-
lations, a unit length of the
eable ean be considered as a
number of separate
(lumped) components as in
Fig. 61. The total input im-
pedanee of the line ta a sig-
nal frequeney fis referred to
as ZO, the characteristic i.m-
pedance, and is given by tbe
equation:

Zo = ~[(R + jwL) / (G + jwCn,
where w = 21tf. If {is large,
as it usual ly is for tbe trans-
mission of data, tbe equa-
tion simplifies to:

Zo = ~(L/C).

T'his approaches a fixed
value at high frequencies,
typically 50 Q or 75 Q. The
Iine impedance bringe abaut
attenuatian of the signal.
For Iine transmissions over
lang distances, it is necess-
ary to place repeater sta-
tions alang the route. These
receive the signal, remove
noise, amplify it and re-
transmit it. Sinee Zo is de·
pendent on frequency and
since squa re waves of the
type found in digital signals
contain a rich spectrum of
harroonics, passage along a
copper Une results in dietcr-

tion of the original square
wave. Further, the velocity
of a wave is dependent on
frequeney, a phenomenou
known as group delay. In a
mixed-frequency signal such
as a square wave, the vari-
aus components of th e
square wave travel at differ-
ent velocities; the lower tbe
frequency, the faster they
travel. Lower frequencies
arrive first, so distorring the
waveform. These are two of
the disadventages of usiog
copper wire as a transmis-
sion channel. However, dif-
ferent types of tranem ission
line vary in these respects.
The local telephone lines
have a constant group delay
over a wide range of fre-
quenciee, which means that
they can carry high-fre-
quency signals without dia-
tort.iou. This has important
implications for loeal traue-
mission of data, including
video signals, as in the case
of tbe Video on Demand ser-
vice mentioned earher.
In crder to rnaxim ize the

power passed from the
transmitter to the Iine. the
output :impedanee of the
transmitter should equal Z00
The same consideration ap-
plies at the reeeiving end. If
the inpu t impedance of the
reeeiving equipment 18
greater or less th an ZO, the
energy transfer to the re-
ceiver is less than the maxi-
mum. Transferring the max-
imum power into the re-
ceiver is not the only reason
for matehing impedances.
The non-transferred energy
muat go somewhere: wben
the wave energy reaches the
end of the line, part of the
wave energy is reflected
back. As a train of pulses ar-
rivee at the receiver, a train
of pulses of lower amplitude
begins its journey back to
the transmitter. If imped-
ances are badly matched at
the transmitter end, too,
there is a second reflection
back in the original direc-
tion. The multiple echoee
create havoc in a digital sig-
nal.

Tbe least frequenct group is
formed by A and S+H. Group
these together to make 32.
This leaves the two least com-
mon letters as 0 and N, so

group these to make 44.
Group the two least common
groups, O+N and A+S+H. Con-
tinue in this way to produce
Fig. 64. A letter is coded by
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starting on the right and
moving along the tree to the
letter. An upward direction at
each fork is 0, a downward
drection is L Thus, the letter
N is eoded as 1101. The most
common letter, E, requires
only a single bit, o. The least
common letter, H, requires
five bits. Note that no letters
are coded by 1, 11, 111, er
1111, and no letter has more
than five bits. These facts 2.
make it easier to distinguish
the beginning of a new group
wben decompressing. For in-
stance, the ward ESTATE is
compressed to:

01111010011101000

This is 17 bits long. In tbe
ASCII code, in which eaeh let-
ters requires eight bits, the
word would be 48 bits long.
The Huffman Tree is but

one of several compression
techniques. Like ru any other
techniques, it is based on
probability. In the Huffman
Tree, the letters most likely to
occur are coded with the
smallest number of bits.
This idea can be extended

to groups of letters and to
words. Words such as THE,
ARE, BIT, and groups forming
parts of words, such as ING,
MENT, ION, and QU, are more
likely to oceur than other
combinations of letters. Some
compression methods scan
the text and match it to
groups or words that have oc-
curred previously. Instead of
repeating the groups or
words, the code refers back to
the previous cccurrence, indi-
cating its length and how far
back it OCCUTS.

The Information
Superhighway
We a re living in an age in
which more information is
available than ever befare.
Not only is it available, but it
1S rapidly transferable frorn
almost any part of the worId
to alm ost every other part.
Costs are low and data trans-
fer is virtually immediate.
This is the beginning of what
has come to be called the In-
formation Superhighway It is
yet one mcre product of the
digital solution.

Further reading
Daniel, Christine, and Owen
Bishop: An Introduction to

Networks [or PC and Mac
Users, Bernard Babani Press,
1995.

Test yourself
L A modem operating on the
standard frequeneies is re-
sponding to a received
message by sending a 0.
What frequency is its tone?

The ASCH code for capital
Ais 65 in decimal. Convert
this to binary, then add the
bits to produce the signal
that would be sent by a
UART with odd parity.

3. Using the Huffman Tree of
Fig. 64, decode this word:

11101111010011001101101
1111011111.
By what percentage has it
been compressed in com-
parison with an Ascn file?

Answer to
Test yourself (7)
1. 2; 4.4; 9.68; 14.096; 7.5712;
9.0886; 10.3556; 7.2208;
6.5938; 6.0245; 5.2866;
4.7859. The output obvi-
ously dies away to zero but
very slowly.

[940120-VIIIj



I
VIDEOjSCOPE MULTIPLEXER

Most of the new, fast cur-
rent-feedback op amps

have an enable input via which
it ts possible to switch the de-
vice on and off. Because of
this, the output 'floats', so that
It is permisstble to couple sev-
eral outputs, provided that
only one op amp is active at
any one time. This ts a prop-
erty that makes it possible to
construct a multiplexer from a
number of such op amps
which, because of the speed of
-the devtces, can swttch stgnals
up to 20~30 MHz. This ts ideal
for video appltcattons or, as in
the present destgn. to multiply
the number of oscilloscope in-
puts, for instance. to make a
two-channel scope from a
single-channe 1model.
Each of amplifiers ICI and

1C2 processes one of the two
input signals and offset voltage
from PI and P2 respectively.
Which of the two channels be-
comes available at the output
is determined by the level pro-
vided by rectangular-wave gen-
erator IC3. This level is COI1-

stanUy inverted by gate IC3d, so
that at any one time only one
of the op amps 1S active.
The frequency can be set

over a wtde range with P3- Ex-
pertmenttng wtth the value of
Cl Is recommended.
Although the supply is specified as

±lO V. it may be any value between
±9 V and ± 12 V. Make sure, however,
that the 4093 ts supplied from the
positive line.

3 +

wtth a short time base. This ob-
viates the stream of on Zoff
switching voltages being dis-
played as aseries of interrup-
tians in the signals.
Mind the trtggermg of the

scope, since it may happen
that, owing to the offset, the
time base is trtggered by the
oscülatcr stgnal instead of by
one of the measurement srg-
nals. Because of this. the use of
an external trigger input is rec-
ommended.
Bear in mind that the de-

stgn is not an elaborate exten-
ston of the oscilloscope. For ex-
ample, the input impedance ts
only 100 kQ, whereas that of
most scopes ts 1 MO. However,
for video applications, even
100 kQ ts already on the high
side. Also, most op amps take
about 1.5 us to switch over.
The annoying thing about this
is that the switching causes a
peak on the output voltage that
is sometimes displayed vaguely.
like a veil. It may also happen
in scopes wi th a limited bright-
ness control that the display is
on the dark side.
Finally, it is advisable to

limit the level of input signals
to 1~2 Vpp to make sure that
the amplifiers are not over-
driven.
The circutt draws a current

of about 15 mA.
Design by K. Walraven

[9540471
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10V

BATTERYBACKUP FOR RAM

Systems with RAM rnust always be
connected to apower supply oth-

erwise the data in the memory get
lost. Any break in the supply can,
therefore, be disastrous. A simple ad-
dition to the system. whereby a bat-
tery automatically takes over when
the normal suply voltage ts inter-
rupted can prevent such a disaster
from happening.
There are several ways of inserting

a battery Irrte the system, one of
whtch is shown in the diagram. The Je
arranges the switch-over in such a
way that the mains-dertved supply
line remains unbroken. The circutt
also provtdes a status indication
which can be used for signalling or for

IC3a IC3b IC3c

,.,
IC3 = 4093

.cl",IC3tL''00'
- 10V

954047·11

The rectangular-wave oscillator is
not synchronized with the horizontal
deflection of the oscilloscope. It is,
therefore. best to use a high frequency
with a long time base and a low one

, ·+)-.....---'1vP voI-'-~--{::±),
ICl

IC17673
CPA

vs .... P .. , P-.....~.T-(ATUS .'
1N4148

+ Sll
~d

-:-3V6
: 60mAh

A
,

,
,
'(ol}-----<....-+----.(oo) ;

954018 - 11

swttchtng off current-drairung parts.
The JChas two inputs: one for the

mains-dertved power supply and one

for the battery. The status output.
pin 6 goes high the moment there Is
switch-over to the battery. The unbro-
ken mains-derived power supply is
output at pin l.
Resistor R1 and diode Dj are op-

tional. They ensure that the battery
remains charged. The resistor has a
value that gives a current equal to the
trickle-chargmg current of the battery.
These components must, of cou.rae,
NOTbe fitted when a primary (non-
rechargeable) battery is used.
The JCcan handle a current of up

to 38 mA at pin 8 and up to 30 mA at
pin 2.

Design by H. Bonekamp
(9540181
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~e generator may be of interest to
.1. those who wish to record FSK(fre-
quency-shrft keying) signals on thetr
tape recorder. Such stgnals constst of
pulses at two Irequencies. which erther
represent a 0 (low) or a 1 [high). In the
generation of these pulses. care must
be taken to ensure that DO phase er-
rors occur,
In the clrcu it, leI chooses between

the high and low frequency. repre-
sented at the input by a I or 0 respect-
ively. AI causesf2'16. and a 0.f)'16.
to he connected to the input of 1C2'
This makes it clear why these inputs
are designated "'16: the :16 scaler di-
vides the input frequency by 16, so
that the wanted FSK frequencies are
made j] andh.
Network R2·R3,C2 is a lew-pass filter

with upper cut-off frequency f2' and
also provides level matehing to 1 Vpp-
which corresponds to 0 dB in a tape
recorder.
Raising the frequency hy a factor 16

ensures that 00 stgntftcant phase er-
rors can artse. At the same time. the
dtvtder is rcsct at each trai1ing edge,
which prevents half or other submulti-
ple pulses being generated.
The circutt draws an operating cur-

rent of about 10 rnA.
Design by A. Rietjens

(954060)

FSKGENERATOR

IC2
~
lel IC2

~R2

ICl = 74HCTOO
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DELAYED MONITOR POWER-ON

In many computer systems.
the mains for the rnonttor is

derived from the computer, so
that when the computer is
swttched on, the monitor is
switched on also, This can gtve
rise to such a high current, that
the domestic mains fuse may
blow. Thts is not just anncytng,
but it can give rise to data lass
and even darnage to the hard
disk. This dtfftculry may be
remedied by a slow-blow fuse, a
separate mams switch for the
monf tor or the power-on delay
in the ctrcutt diagram shown.
The power-on delay un it ts

connected in the mains lead of
the monitor. It provides a time
delay in the switching of power to the
monitor and thus reduces the initial
peak current and ensures that the
mains fuse is not overloaded.
Resistor R1 and capacitors C" C2

by C3. From this, an average
current of 20 mA is derived
which charges C4 via R3. When
the potential across C4 has
reached a certain level, transts-
tor Tl is switched on, where-
upon relay Re1 is energtzed. The
relay contact then connects the
mains to the monttor.
Diode 03 and resistor R2 en-

sure that C3 and C4 are dts-
charged as soon as the mains is
switched off.
Diode D4 is a freewheeling el-

ement for the protection of Tj .
The circutt is best buflt on a

small piece of prototypmg board
and fitted Inside the monitor en-
closure. If that ts not possible

owtng to lack of space. It must he fitted
in a smaJJ plastic box of rts OWI1.

Design hy J. Kirchner
(954031)

02

1N4007

330n
250V- 01

15V 1W

954031-11

draw a current of about 40 mA from
the matns. The positive half wave of the
mains voltage ts limited to 15 V by
zener diode D). These clipped half
waves are rectified by D2 and smoothed
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The decoder enables FSKsignals. for
example, those Irorn a tape re-

corder, to be converted tnto digital sig-
nals.
Input amplifier Ie] ratses the ana-

logue signal to a level that ts symmet-
rical around half the supply voltage.
This is converted into a digital stgnal
by an HCMOS gate. The switching lev-
els of this gate are at exactly half the
su pply voltage (wherefore it must be a
Type 74HCI32).
Sincc in some tape recorders the

input and output signals are in an-
tiphase, SI is provided to change the
phase of the detected signal. Each
trailing edge of the resulting signal
trtggers monostable IC3a. The mono
time is about 3/4of the period of the
htghest detected frequency. This
means that the clock applied to IC4a
generates a clock at the low frequency
when this is still in the '0' state, while
the high frequency is in the "I' state.
Since the digital signal ts applied to
the D-input, a 0 will be clocked in for
the low frequency and a I for the
high frequency.
The detected Os and 1s are avatl-

able at the output, from where they
can be processed further. The present
ctrcu tt ts destgned for input fre-
quencies of 2 kHz and 4 kHz.

Design by A. Rietjens
19540581

Chaos is a11 around us: on the
roads, in nature, in the weather.

and in everyday life. Electronic sys-
tems mayaiso show chaotic behav-
iour, such as the Colpitts oscillator in
the diagram. This suffers from what
has been called the multi-oscillation
phenomenon. In this, two or more os-
cillations exist simultaneously in the
steady state. In other words, there are
parasitic or unwanted oscillations ex-
isting together with the main oscilla-
tion. The resultant steady-state signal
is severely distorted, which limits its
appltcatton in communication sys-
tems.
The circuit in the diagram Is eastly

butlt on a piece of prototyptng or stmt-
lar board. lt needs a supply of ±5 V.
When the probes of an osciIloscope in
the X-Y mode are connected as
shown. its display will show some-
thing like the photograph.

Design by L. Lemmens
19540211

FSKDECODER
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IC2 IC3 IC4
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... ICl = CA3l30
IC2 = 74HC132

IC3 = 74HCT123
IC4 = 74HCT74
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9 V BATTERY LlFE EXTENDER

Orten an equipment is supplied by
a battery whose nominal voltage

is only slightly high er than the re-
quired supply voltage. The result is
that when the battery is only partly
discharged, the equipment already
gives a 'low battery' tn dtcattcn and
switehes itself off. Only half of the
battery capacity. If that, has then
been used, which ts not only wasteful,
but also eostly.
The circuit in the diagram provides

a mtntmum of 7 V until the 9 V bat-
tery voltage drops to less than 2 V. lt
uses a MAX8212 programrnable volt-
age deteetor and a MAX630 miero-
power step-up switehtng regulator.
The MAX8212 contains a compara-

tor. a 1.15 V band-gap reference, and
an open-drain n-channel output drt-
ver. Two external resistors are used in
conjunction with the internal refer-
ence to set the trip point voltage to the
desired level. A hysteresis output is
also included to allow positive feed-
back to be applied for notse-free out-
put switehing.
The MAX630 is a low-power step-

up switching regulator that can han-
dle powers from 5 mW to 5 W. All
necessary functtons are contained in a
compact 8-pin case: a 1.31 V band-
gap reference, an oscillator, a com-
parator and a MOSFET output stage
that can provide a current of up to
375 mA. The chip draws a current of
only 70 I'A, which is virtually inde-
pendent of the output current and of

L1

01
1N4002

the duty factor. Moreover, a special
circuit ensures that the quiescent-
current dratn is Itrruted to 1 p.A.
Consequently, a high efficiency is
guaranteed even in Jow-power appli-
cations. The chip operates sattsfacto-
rily with (battery) supply voltages from
2 V to 16.5 V.
Input le, pin 6, of lC2 is low as long

as the battery voltage ts htgher than
7 V. The chip is then held in the shut-
down mode and draws a current of
only 10 nA. When the battery voltage
falls below 7 V, the ou tpu t of voltage

1mH

a 5

LOW-POWER QUARTZ OSCILLATOR

Ready-made oscillators are available
with standard frequencies onJyand

usually require a buffer when they are
to provide a Iarge circutt wtth a clock.
An interesting alternative is shown in
the diagram. It is based on Maxtrn's
analogue eomparator Type MAX903.
This Je draws a current of only 1.3 mA
and the entire circuit only 13 mA. The
rc has a typieal transfer delay of 8 ns
and provtdes a high open-loop voltage
gatn.
The oscillator uses a quartz crystal

tn the range 10--20 MHz and requires a
load of about 500 n. Network R1-C1
lowers the open-loop gain at high fre-
quencies to reduce the number of spu-
rtous harmonics: this enhances the
symmetry of the oseillator signal. If a
erystal in the range 2.5-10 MHz is
used, the Re network may be omitted,
but the value of C3 should then be

l>< (1)+-__ , LBR le 6
IC2

..
•

C' •
470~! ,
25V

,
,,

RB l
,,

o )
954087·11

5V
r-----~~------~r_--~~~

C1

deteetor lCl goes high, whereupon lC2
is enabled. This circuit holds the out-
put voltage at 7 V. even when the bat-
tery voltage falls further. The 'Iow bat-
tery' deteetor, LBDlpin 8). is used to
lower the oscillator frequency when
the battery voltage falls to 3 V in order
to increase the permissible output
current at this low battery voltage.
The circuit mayaiso be used, with

or without the MAX8212, to obtam a
guaranteed voltage of 5 V from four
1.5 V batteries even when the total
voltage drops below 2 V.

A Maxim application

ralsed sligbtly.
Network ~-C3 lowers the gain at low

frequencies to prevent overtone crys-
tals oscillating at thetr fundamental
frequency.
Capaeitor C4 deeouples the supply

voltage ltne.
A Maxim applieatlon

[9540551
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PROGRAMMABLE FREQUENCY DIVIDER

The circutt in the diagram is based
on IC2, which contatns a row of se-

ries-connected binary scalers. The
clock input to the Je via K} will be
available divided by 2 at output QQ. by
4 at QI. by 8 at Q2. and so on. How-
ever, a closer look shows that Qo-Qg
are not used as outputs but as inputs
for the output from ICI.
Ctrcutt let is a decade scaler wtth

the spectal property that only one out-
put can be high at any one time. de-
pending on the state of the counter.
Because of the coupling of the two

rcs, a current will flow from Je} via
one of the outputs of IC2 (for as lang
as this is lowl. and the associated re-
sistor and LED to ground. (The LEDs

thus flash. visibly or otherwise. at a
frequency associated wtth the selected
output of IC2).
The current flowing to ground will

cause a potential drop across the re-
sistor in series with the supply termi-
nal, which Is converted by Tl into a
standard legte level. Depending on the
state of counter leI, the current
through the supply connection will
have a certarn pulse rate. which is de-
termined partly by the stgnal at KI.
Depending on the supply vertage

and the type of ICI used. the maxi-

sv
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mum clock Ior IC2 may be 7 MHz at
Vdd = 5 V, or 24 MHz at Vctd = 15 V.
The state of IC] is set wtth SI' Net-

work R14-C5 ensures a defined start-
ing state (power-up reset). while

cambination R]-C} debounces the
switch.

Design by M.5. Nagaraj
19540081

MIDI FOR PC SOUNDCARD

On many rc sounctcards, the MIDI
(Musical Instrument Digital Inter-

face) is not fully implemented. This is
because MIDIslgnals are not really 1TL
signals. The MIDIis strictly a current
loop whtch in the receiver ts electrt-
cally separated frorn the remalnder of
the circuitry by an optoisolator.
F'ortunately tt is not difficult or

costly to provtde a soundcard, such as
the Soundblaster Pro 2 used for this
destgn. with a complete M!OJ as shown
in the diagram.
The circutt is based on a Type

CNYI7/11 optoisolator and a 74LS14
TIL drtvcr. and may easily be built on
a small piece of prototyping board. lt
is connected to the joystick/MIDI port
of the card via a 15-way plug. lt is im-
portant to note that in the MIDIIN eon-
nector ground pin 2 {central between
pins 4 and 5}must NOT be connected.

Design by C. Weterings
19540151
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I
MICROCONTROllER DEVElOPMENT ITESTTOOl

I\. nyone involved in the development
nand application of microcontroller
systems is aware of the complexities
that can arise during test and fault-
finding. Of course, these do not bother
those who have the use of a
32-channel legte analyser, but many
readers have no such equipment. For
them, the present tool may provide a
very useful alternative.
It is assumed that the JCS in the mi-

crocontroller system are fitted in suit-
able sockets. These sockets are con-
nected to single LEDS via an appropri-
ate plug-in connector, a length of flat-
cable and a double-row pin header.
The LEDS are low-current types that
light at full brtghtness with currents
as low as 2 mA.
The pin header, in combination

with individual plug connectors,
makes it possible to cater for a variety
of JC pinouts and pin numbers.
During test or faultfinding, a separ-

ate ground lead is required between
the circuit on test and the tool. All
LEDS that are linked to an JC pin that
is legte high will light. The current of
2 mA per LED can normally be drawn
from the microcontroHer equipment
on test, provided its power supply has
the necessary reserve.
Since our eye can not follow fast

variations in brightness, there is an
adaptation of the software to be tested
in the form of relevant time delays for
each change in signal. These are, for
instance, functions STJME or LTJME on
diskette Type 1811 (Assembler Course
EASM52 - see Elektor Electronics
March-June 1994). If one-second
stops are inserted into the software,
signal vartattons can be followed weIl.
Even better, but more complex to pro-
gram, are stops that can only be dis-
abled by the pressing of a switch.
The tool has an undoubted advan-

tage over a legte analyser in that no
presettings are required that increase
the likelihood of error. Variations in
the software can be tested immedi-
ately.
The destgner has used the proto-

type tool for more than a year with his
80C535 development system without
any problem whatsoever.

Parts list
R1-R32 = 560 n
D1-D32= LED, low-current
Double-row pin header, 2x16 pins
PCB 954114 - not available ready
made

Design by U. Hinke
[954114]
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SPLITTERFOR S/PDIF COAX/OPTICAL OUTPUT

TH1Scircuit was ortgtnally designed to
enable one S/PDIF output on a CD

playerto drive several tnputs. Thecircuit
acts as a 3-way splitter or formatconverter
Ior a/rmr ('digital') oroptical signals. The
functron ofthe circuit is determined with
the atd of two [umpers. as folIows:

JP1 JP2 Function
0 0 optical input to optical and

coax output
0 A opticaJinput to opticaJ(bulfered)

and coax output
C 0 optical input to optical out-

put, coaxtnput to coax output
C A coax input to optical and coax

output

In the selecttons available, JP1 has prt-
ortty, The third option indicates that the
circuit ts capable of splitting two sources
separately, while retatning their formats.
It is not pcsstble to make cross connec-
tions because it is not usually required
to convert from coax to optical. The other
way around, though, Is rar more usual,
and available wtth the other three op-
tions.
The optical inputs and outputs con-

sist ofToshiba 'Toslink' modules, which
are ITL compatible. The coax inputs arid
outputs are formed byRCA-style 'phono'
sockets. Both the Toslink modules and
the phono sockets are accomrnodated on
the printed circuit board.
A digital [coax) input stgnal is first

amplified by ICla. Resistor R4 lightly
loads the gate to prevent itfrom oscillating
tf 110 input stgnal is connected. In some
cases, a reststor with a slightly lower
value may be required in this position. Next.
jumper JPI allows the output of the
amplifier [position 'C'l. or that ofToslink
receiver IC2(position '0'), to be selected.
The Toslink stgnal ts superi.mposed on a
half-supply btas created by Rg and Rg, and
then applied to lClb' Thehalf-supplybias
corresponds to the switchmg threshold
of ICIb·This allows Toslink transmitters
lC3,lC4 and lC5,to be driven from the out-
put of recetver IC2, or from the output of
IClb' Remember, the signal supplied by
the latter is cleaned and arnplified. Simply
select the optton which gives the best re-
sults.
The buffer formed by the four paral-

lel-connected inverters has sufficient
drive capactty tomatch thelow impedance
of the prirnary of transformer TrJ. The
transforrner actually forms the heart of
the ctrcutt. The three digital outputs are
electricallyisolated fromthe input, although
the r.f. stgnals 'see the ground level
through capacitors C4,C5and C6.Matching
resistors Rg, Ru and Rl3 prevent reflec-
tions at the relevant output Irorn ex-
ceeding the xl level. Resistors Rg, RIO
and RI2strrularly damp the nnging effects

5V
.+.

I",,!

~

:
Z1Op.H

14 er ce
ICl :J({::TGO~(
~63V

IC3
TOTX173

'Cl:: 74HCU04 *"" "'1ft

5V

t,
IC2 "\1

TORX173 I

IC5
TOTX173

K2

, .

h-,.-'±5V

_·11
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which occur on the non-used sec-
ondarywtndings. The drawtng shows
the practical construction of the
trans former, which is based on a
type G2.3-FTI2 ferrite ring core.
This type was chosen because of its
high bandwidth and coupling factor,
factors which allowthe primarywind-
ing of 15 turns to occupy only about
half the core, while the secondary
windings of three turns each are
distributed over the remainder. All
windings are made from 0.5-mm dia
(24 SWG) enamelled copper wire.
The power supply is conventional

and 'on board', consisting mainly of
a 1.2-VAmains transformer, a bridge
rectifier and a 7805 three-pin volt-
age regulator. All ICS on the board have
individual supply decoupling parts.
Current consumption of the circuit
is of the order of 70 mA. We regret
that the printed circuit board shown
is not available ready-made.

Parts list
Resistors:
R1;Rg;Rll;RI3 = 75Q
R2 = 100Q
R3;~ = iokn
R5;~ = IMQ
R7;Rg;RlO;RI2= 220Q
RI4;R16;R1S= 4Q7
RI5;RI7;RI9 = 8kn2

Capacitors:
CI = 10nF ceramic
C2 = 1nF ceramic
C3;C7;Cg-CI3;CI5= 100nF ceramic
C4;C5;C6= 47nF ceramic
Cs = I11F63V radial
C14= 101lF 63V radial
C16= 47011F25V radial

Inductors:
LI = 27011Hchoke
~ = 4711Hchoke

Semiconductors:
IC1 = 74HCU04
IC2 = TORX173 (Toshiba)
IC3;IC4;1C5= TOTXl 73 (Toshiba)
IC6 = 7805

Miscellaneous:
JP1 ;JP2 = 3-way pin header, w. jumper.
Kl-~ = RCA style PCB mount socket,

Monacor T709G.
K5= 2-way PCB terminal block, pitch

7.5mm.
BI = B80C1500
TrI = G2.3-FTI2 ferrite ring core;

primary 15 turns 0.5mm dia. ecw,
secondary 3x3 turns 0.5mm dia.
ecw.

Tr2 = 9V/ 1.2VAtransformer, e.g, Hahn
BV EI 302 0376; Velleman
1090012M; Monacor VTRll09
(1.5VA);Block VRl109 (1.5VA).

Design by T. Giesberts
[954045)
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CPU VENTILATOR CHECK

Someof'hefastest PeSaround these days,
particularly 60-MHz+Pentium and 486-

based machines, have a small ventilator
fitted on the CPU to help it stay cool. These
ventilators are also available as add-on
untts for rcs which suffer from CPU over-
heating problems. The circuit shown in-
dicates whether the CPU ventilator is ac-
tually running. In fact, the circuit is ca-
pable of detecting two fault conditions:
(1)ventilator not running because ofawtnng
fault or a burnt motor winding (i.e., cur-
rent interruption): or (2)ventilator not run-
ning because it is jarnmed.
Both conditions can be detected by

measuring the current drawn by the ven-
tilator motor. Nocurrent means condition
[I}, and too much current means condi-
tion (2).These faults are stgnalled by two
red LEDsand a buzzer to alert the user that
there is an acute overheating risk for the
expensive CPU. For peace ofmind there
are also two green 'OK' LEDsto indicate
that all is well.
The motor current flowsthrough R7;'the

resulting voltage drop across the resistor
is smoothed by Rjj-C5. Resistor R7should
have a value which causes a voltage of
about 0.5 V across C5when the ventila-
tor is running normally.
When the ventilator current is inter-

rupted, the voltage at the +input of ICj
rises abovethat at the -input. Consequently,
the comparator output swings high and
switches on transistor Tj , Red LEDDj
then lights and the green one, D2, goes
out.
When the ventilator is jammed, the

output of IC2 goes high, and diode D4
lights, while D5 goes out. Provided the
jumper marked 'Bz' is fitted, the buzzer
will sound to signal either of the two fault
conditions.
Preset Pj should be adjusted such that

both red LEDSstay out when the motor is
running normally.
The circuit is designed for 5-V venti-

lator units. When a 12-V ventilator is
used, all that is necessary is for Rj to be
increased to 15kr.!,and ~and RlO,to lkr.!.
The buzzer should then obviouslybe a 12-V
type.
The printed circuit board shown is not

available ready-made.

Parts list
Resistors:
Rj = 8kr.!2
R2;~;RlO = 220Q
R3 = 470Q
~;R5;Rs;Rg = lkr.!
R7 = 4.7Q (see text)
Rll = 100kQ ,
Pj = lkr.! preset H

+++rc~--------~--~------------~-----------------D-i ,,,,,,,
:,,,,,,

C3

Ioon

lN4148

Cl

Ioon

Capacitors:
Cj;C3;C5 = 100nF
C2;C4 = InF

Design by A. Rietjens
[954032]

Semiconductors:
Dj;D4 = LED, red, 3 mm
D2;D5= LED, green, 3 mm
D3;D6 = IN4148
Tj;T2;T3= BC547B

Integrated circuits:
ICj;IC2 = CA3160

Miscellaneous:
BZj = 5V active buzzer
PCB 954032 - not available ready

made
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SWITCHED NiCd BATTERYCHARGER

The charger ts destgned to charge
NiCd battertes with capacittes of

150-4000 mAh. A potential 5 V higher
than the nominal voltage of the bat-
tery to be charged is derived Irorn an
8-15 V mains adaptor by IC I' The
supply voltage is decoupled by CI and
C2' The nominal voltage of the battery
to be charged, wh ether this is 1.5 V or
9 V, has no effect on the circuit. lt is
therefore possible to charge Tl series-
connected batteries, provtded that the
supply voltage ts (n·1.5 + 5) V.
Charging current can re ach the

battery in three different ways. Firstly.
a current of 5 mA flows from the refer-
ence terminal of leI to the + terminal
of the battery. Secondly. since the
gate-source voltage of TI is 0 V, the
LED current of 10 mA flows into the
battery. Thirdly, the charging eurrent
proper, whtch ts provided by the CUf-

rent source formed by the regulator
and the reststor specific to each differ-
ent type of battery. The total chargtng
current is l/lOC. so that a flat battery
is full eharged agatri within 14-16
hours.

150mAh
180mAh
270mAh
SOOmAh

5 600mAh
7805 • 700mAh1) le1. 13

900mAh... 7 R7• 390 1500mAh
K1 Rect • 330 1700mAh

t' 10 R9 2200mAh270
RIO 4000mAh120

954051-11

Note that in posrüon 1 of the selec-
tor switch no 'proper' chargtng current
Flows , because the LED current and
the current from the REF terminal of
the regulator already make up I/IOC
for 150 mAh batteries.

The mains adaptor must be able to
provide a maximum operating current
of not less than 400 mA.

Design by A. Rietjens
1954051)

FLASH KEY ADD-ON FOR TELEPHONE SETS
I\. lthough most modern telephones, in
.I"1particular, those with a number mem-
ory, already have a Ilash key. there are
many excellent sets around which have
not. This circuit makes these older sets
compatible with a domestic telephone
exchange which requires a flash keyon
each extension.
The function of a flash key is simply

to interrupt the Une current for about
victh of a second. In principle, you could
mirnie Ws by presstng the receiver switch
a few times. but the chances that you
achieve the rtght pulse length are pretty
smalI. This circuit does a much better job.
The ctrcutt is connected in series with

the telephone line. When the receiver ts
lifted, or when the extension is called, the
voltage across the ctrcutt is the Unevolt-
age or the bell voltage respeetively.
Transistors Tl and T2start to conduct via
Cg. This creates aminimum supplyvolt-
age of about 3 V for the 401 1 CMOSJC
which is wired as a monostable multtvt-
brator (MMV).The output ofthe MMV is nor-
malIyhigh. keeping the transistors switched
on. By pressing the 'Hash' key. the MMV
ts started via e5' During the monotime,
Tl andT2arepinchedoffforabout lOOms,
the exact time betng determined by C. and
R3. If the pulse is too long, the crrcutt
may occasionally be disconnected by the
exchange. Ifthat happens. simply make

Itmakes no sense to press the flash key
while the set is rtngtng. 00 not do It be-
cause the high ring voltage (65 V and
more) will arrive at Tl and T2 via Cl and
C3, putting the the transistors at rtsk.
The ctrcutt tsnot type-approved forcon-

nection to the public switched telephone
network.

Design by R. Jansweyer
1954069)

R3 a little smaller to reduce the mono time.
lf the pulse ts too short. you will hear a
dick, but the extension will occasionally
not swttch properly. The remedy Is then
to increase the value of R3.
The ctrcutt reduces the line voltage by

4-4.5 V,which is equivalent to the effeet
of a really long line. Fortunately. the re-
actance ofCl is aImostnoughtfor the speech
stgnal, which is thus not attenuated.

,---Hb

BC546
BC556 'U'

<I3V k400mW

C3 •
954069-11
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11
DIFFERENTIAL VOLTAGE
MEASUREMENTS
Sometimes you wish you had an electronic magnifying glass
to do a really accurate voltage measurement, or watch voltage
fluctuations within a small range. This article shows how that
can be achieved with a simple circuit.

Design by F. Hueber

HOWEVER accurate they are, ordi-
nary voltmeters have deftctenctes

for some applications. For instance,
when dealing with a voltage of 9 V
which is to be kept as constant as pos-
sible, the check should really concen-
trate on a small range on either side of
the target voltage, say, from 8 V to
10 V. Should the measured voltage fall
outside this 'wtndow', its exact value is
of no importance because the devta-
tton is too large anyway. In ather
words, what we are after ts: being able
to see small voltage variations.
An accurate read-aut of such small

voltage variations ts not possible wtth
the aid of an 'ordinary' voltmeter. For
instance, selecting the 'lO-V' poettton
on the meter gtves you a range of 0 V
to 10 V, in wh ich the desired range,
8 V to 10 V. is simply too small to en-
able accurate measurements. In fact.
what we need is a voltmeter with a
range from 8 V to 10 V.
Although some modern DMMs do

offer the above 'voltage window' func-
tion. it is, obviously, not practicable to
incorporate the (expensive) instrument
into existing equipment just for the
purpose of morutortng fluctuations of a
certain voltage. Time to start desrgn-
ing a 'voltage magntfytng glass' tatlored
for the function.

Voltage subtraction with a
zener diode
There are several ways to reaJize a volt-
meter whtch limits its activities to a

950041 ·11

Fig. 1. A voltage magnifying glass can be
made with very tew components.
Unfortunately, this little circuit suffers trom

poor accuracy.

relatively small range. One of the sim-
plest options available is shown in
Fig. 1. A moving coil meter, M, Is con-
nected in sertes with a zener diode, Dz.
and a reststor. Rv.The value of the re-
sistor is such that the maximum volt-
age (in this case, 10 V), produces
full-scale deflectton (f.s.d.) on the
meter. The value of the zener diode ts
that of the 'Iow' limit of the desired
voltage wtndow, t.e., 8 V.
The effect of the zener diode is that

no current flows through the meter
coil until the applied voltage exceeds
8 V. In other words, the meter's needle
starts to deflect at 8 V, and reaches
the f.s.d. point at 10 V. This is exactly
what we were after. Resistor Rv takes a
value of

Unfortunately, the simple ctrcutt of
Ftg. 1 has an important disadvantage.
Because the zener diode starts to con-
duct a httle just before the actual
zen er voltage, and does no act as an
ideal switch when the zener voltage is
reached, the start of the scale is badly
defined. Another problem is that the
zener's temperature dependency de-
grades the accuracy of this measure-
ment ctrcurt. The upshot is that the
ctrcuit of Fig. 1 is not really suitable
unJess there is a large difference be-
tween Um1n and Umax, and that these
voltages are not too small. The latter
condition is related to the fact that the
higher voltage zener diodes have a bet-

ter defined 'knee' in their VI [ curve
than lower-voltage ones. Still, be pre-
pared to see htghly inaeeurate behav-
Iour at the start of the range you wish
to monitor.

Bridge circuit

The schematic in Fig. 2 shows a eir-
cutt which does far better in respect of
accuracy. What you are looking at Is a
brtdge circuit of whtch one branch is a
reference voltage source conststtng of a
zener diode which ts being supplied
with a eurrent Izvia resistor R7.' The
other branch is formed by voltage di-
vider R)-R2, and also passes a defined
current, 1d. A moving coil meter. M, Is
eonnected between the junctions of the
two branches, A and B, via aseries re-
ststor, Rv.
The values of R] and R2 in the volt-

age divider are selected so that lhe
voltage drop across R2 equals the ref-
eren ce voltage. Uz, If that ts the case,
the potential difference between june-
tions A and B is nought, and no cur-
rent flows through the meter.
When the applied voltage rises to

the maximum value. Umax, the poten-
tial at junction A remains constant,
while that at junction B rtses, depend-
ing on the ratio R]IR2. The resulting
voltage difference between A and B
causes a current, Ij, to flow through Rv
and the meter eoi1.As before. the value
of Rv is selected to give f.s.d. at Umm:·
That completes the theoretical dis-

cussion of the eircuit. In precuce.
things are a little more complex. When
the applied voltage rtses, [d and 1zrise.
Unfortunately, [I then also rises be-
cause it flows through R1 and the
zener. The effect eauses two error-s.
Firstly, the referenee voltage ts

Um)n to Umu

r--------------4~+

R,

950041 - 12

Fig. 2. A circuit with much better accuracy
than the one in Fig. 1. Unfortunately, prob-
lems arise if the meter has a relatively high

current consumption.

ELEKTOR ELECTRONICS JULY/AUGUST 1995



changed a ltttle. because the exact
zener voltage depends on the eurrent.
Secondly, It is hard to avord the eur-
rent I, having an effect on the voltage
at junetion B. In other words, the ac-
curately defined ratio between Rl and
R2 Is disturbed. The voltage divider ts
actually loaded, and ita behaviour is
then difficult to compute.
The problems caused by the mea-

surement bridge are better controlled
when Id' and possibly 1z. too, is made
much greater than 1j• If the current
through the voltage dtvtder ts, say. ten
limes greater than that through thc
meter. the latter has hardly any effect
on the voltage at junctton B. Problems
oeeur, however, when a fairly insensi-
ttve meter. for instance. a 1 mA or
10 mA type. is to be apphed. The total
current drajn of the circuit then be-
comes so large that tt will form a tao
heavy load on the voltage source to be
monitored.
There are yet other problems. Some

of lhe posstble candidates for the func-
tion of reference voltage devrce may
not behave as they are expected to.
Thc graphs in Fig. 3 tell the whole
story. Especially with Iow-voltage
zener diodes. the supplied voltage de-
pends strongly on the forward current.
This is illustrated by curve 'a' whtch
shows the response of a 3-V zener
diode. If you want an accurate low-
voltage referenee, a green LED (curve
'b'I gives much better results, particu-
lar ly, if you ltmtt the LED current to
about 1 mA. By the way. the LED does
not light. a condition which never fatls
to cause confusion with inexperienced
constructors about alleged non-func-
tioning of a such a circuit. Curve 'c'
shows that zener diodes wtth a rela-
tively high value are well sutted to the
application. This curve belongs with a
5.6 V zener diode (read the value on
the rtght-hand scale).
Accuracy. by the way, is always rel-

ative. Curve 'd' shows the current de-
pendency of a 'real' voltage reference.
in this case. an LM385 bandgap diode.
The green LED eertainly takes a back
seat to the shape of thts curve, which
remains a straight ltne over three
decades of the current range, In fact,
the reference voltage rises only 2 mV
agatrist a current rtse from 20 pA to
1 mAl Moreover, the temperature co-
efficient of the bandgap devtce is neglt-
gible at only 20 ppm/K. A1though the
price of the LM385-2V5 is about ten
times that of an ordinary green LED or
a zener diode, the device represents
excellent value for money if you are
after really accurate measurernents.

An active measurement
circuit
The best way to eradicate all problems
with cross-effects between components

ELEKTOR ELECTRONICS JULY/AUGUST 1995
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Fig. 3. Current-voltage response of a few reference voltage sources. The green LED and the
two zener diodes take a back seat to the extremely stable response of the bandgap diode.

in the differential voltage monitor ts by
making the circuit 'acuve'. in other
word s. by inserting a buffer between
the voltage divider and the meter. As
illustrated in Fig. 4. that is eastly ae-
complished by adding one opamp.
The current through the moving coil

meter ts now supplied by an opamp.
fCl, whose inputs have such a high
impedance that they hardly load volt-
age divider ~-R3-P], This eliminates
the problems caused by variations of
the zener voltage and the voltage sup-
plied by the voltage divider, as dis-
cussed above. AlJ resistars are simple
to ca1culate using Ohm's law. The
opamp does not need exiernal parts:
and almost any ordinary type may be
used.
The vartous component values are

computed as follows. based on these
assumptions:

Lower voltage. Umin = 6V;
Upper voltage. Um", = 12V:
Reference voltage, UD] = 2.5 V;
Meter f.s.d. current. 1j = 0.5 mA.

The reference voltage rs obtained from
an LM385-2V5 bandgap reference. The
current whtch Ilows through voltage
divider R.,-Ra-PI is made large with re-
spect to the input eurrent of ICj . To re-
main on the safe stde, a factor 10 is
used. Reststor R, then takes a value of
68 kQ. At the lower voltage. Umln. the
current through the voltage divider
equals

[d = (Umln-UDd/R., = 0.0514 mA

The total value of R3 and PI should
eause these two resistars to drop the
same voltage as D] at the previously

+
+

Fig. 4. Most, if not all, accuracy problems
with the basic bridge of Fig. 3 may be solved
by adding a buffer opamp to drive the meter.

calculated divider current. So,

R3+PI = 2.5 V/0.0514 mA
= 48.64 kQ.

which is conveniently arranged by
choosing a 5-kQ preset for Pj , and a
47-kQ resistor for R3. The mevttable
tolerances may then be compensated
by adjusting the preset.
At Umin = 6 V, the voltage difference

between D] and the output of the
opamp is nought. As the Input voltage
rises to the maxirn urn level, Umax
(12 V). the Input voltage of le, also
rises to

(Umax/ Umin) X UDI.
or
(12/6) x 2.5 V = 5 V

A potential difference of 2.5 V then ex-
tsts between D1 and the opamp out-
put. Consequently. the meters series



I

There are frequent occasions in
which a circuit needs a low-cur-

rent supply at a voltage appreciably
hrgher than the 12 V provided by a
standard mains adaptor. A good ex-
ample of this is the turung voltage in a
v.h.f. receiver, wtuch is normally of
the order of 24-33 V.
Oscillator IC1a-!C1b generates a rec-

tangular signal at a frequency of
about 200 kHz. This srgnal is applied
to a multiplier which ratses the signal
level x4. When pin 10 of ICI ts low and
pin 6 is high, C3 is charged to about
12 V. When just afterwards the levels
at these tWQ ptns are reversed. the po-
tential at junction C3-Dj-DZ rtses to
almost double the supply voltage. This
voltage ts used to charge C2. When
ptn 6 becomes high again shortly af-
terwards. the potential at junction
C2-D2-D3 is three times the supply
voltage, that ts , 36 V wtth respect to
earth. This voltage is used to charge
C4 to 24 V during the next half cycle,
so that during the following half cycle
the potential aeross C4 is 48 V wtth
respect to earth.

OC-OC CONVERTER

C2

22"

4x 1N4148 •33V01 D2 03 D4

r--r012V

@dge"

~

IC1 IC1 = 4069UB
1 101116V

o
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Owing to unavoidable lasses. for
example in the diodes, the pr-acncal
output voltage is rather lower than the
theoretical value. Nevertheless. in the
prototype, with Dg removed, the out-
put voltage was 46 V, In the practical
circuit shown, the output is held at

resistor, R2+P2, should take a value
whtch causes f.s.d. on the meter at
that voltage. The internal resistance of
the meter should also be taken into ac-
count. As a rule of thumb, thts will be
about 1 kQ for a 100-pA meter, 100 Q
for a l-mA meter, or 10 Q for a 10-mA
meter. With the meter used here, an
internal resistance of 1 kQ should be
observed. The series resistor then be-
comes:

R, = (t'.U/I,)-R,
= (2.5 V/100 pA)-1 k.Q
= 23 k.Q

Here, too, a combination of a ftxed re-
sistor and apreset is used for accurate
adjustment. The actuaJ values of these
components become: R2 = 22 kQ and
P2 = 5kQ,
Adjustment of the 'voltage magrufy-

ing glass' is fairly simple. First, apply
the lower voltage, Umln, and adjust Pj
for zero deflection on the meter. Next,
apply Um=, and adjust P2 for f.s.d. on
the meter.

Special cases
When Umax. is very small, you should
use a small reference voltage also. for
tnstance, an LED or an LM385-IV25.

The output of the opamp used must be
capable of handling this lower voltage,
so cxrt the ubiquitous 741. Al
Umin<5 V, it is better to change to a
'ratl-to-ratl' opamp such as the
CA3130.
When Umax is very large, and ex-

ceeds the maximum supply voltage of
the opamp (usually 36 V or ±18 V), the
excess voltage may be dispelled by
connecttng a zener diode in sertee wilh
the positive supply. In extreme cases,
tt is better to connect the zener and its
current ltmiting resistor in parallel
wtth the supply.
Problems may also arise if the mea-

surement window ts very small. In that
case, the voltage rtse at the input may
not be suffictent to enable the meter to
reach its f.s.d. The problem rnay be
remedied by wiring the opamp as a
non-tnverttng amplifier. Using a lO-kQ
resistor between pin 2 and ground. and
another lO-kQ resistor in the feedback
path, a gain of x2 is obtained. Mind
you. the output voltage of most ordt-
nary opamps should rcmatn at least 2 V
below the positive supply level.
Ftnally, there may be a problem if

the current consumption of the meter
Is on the high side. The output current
of most opamps is limited to 10 to
15 mA. Moving coü meters requiring

33 V by D5-R2. The maximum output
current ts 1 mA.
The total current drawn by the con-

verter is about 18 mA.
Design by H. Bonekamp

[954084[

more current are, therefore. unsuit-
able for use in the present ctrcutt, un-
less, of cout-se, an opamp is used
which is capable of drtvtng such a
large load.

Final notes
The ctrcutt is, in principle, also sutt-
able for small altemating voltages -
just add a rectifier consrsttng of, say,
four lN4148 diodes and a 220-).1cFelec-
trolytic capacitor. Do take into ac-
count, however, that the voltage across
thts capacitor is about 1.4 times
(minus two diode voltages) lugher than
the applied alternating voltage, It is
also possible to omit the electrolytic
capacttor altogerher - the recttfied
voltage is then roughly equal to the av-
erage value of the sine-wave, or about
O.9XUeff. Because of the threshold volt-
age of the rectifter dtodes, the ctrcutt
deslgn is a bit more complicated than
with direct voltage measurements.
The etght or so components which

make up the voltage monttor should
not be difficult to fit on a piece of ver-
oboard or stripbaard. wtth sorne dex-
tertty. this board may be secured to
the connections of the moving coil
meter, which results in a fairly corn-
pact module. (950041)
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There are frequent occasions in
which a circuit needs a low-cur-

rent supply at a voltage appreciably
hrgher than the 12 V provided by a
standard mains adaptor. A good ex-
ample of this is the turung voltage in a
v.h.f. receiver, wtuch is normally of
the order of 24-33 V.
Oscillator IC1a-!C1b generates a rec-

tangular signal at a frequency of
about 200 kHz. This srgnal is applied
to a multiplier which ratses the signal
level x4. When pin 10 of ICI ts low and
pin 6 is high, C3 is charged to about
12 V. When just afterwards the levels
at these tWQ ptns are reversed. the po-
tential at junction C3-Dj-DZ rtses to
almost double the supply voltage. This
voltage ts used to charge C2. When
ptn 6 becomes high again shortly af-
terwards. the potential at junction
C2-D2-D3 is three times the supply
voltage, that ts , 36 V wtth respect to
earth. This voltage is used to charge
C4 to 24 V during the next half cycle,
so that during the following half cycle
the potential aeross C4 is 48 V wtth
respect to earth.

OC-OC CONVERTER

C2

22"

4x 1N4148 •33V01 D2 03 D4

r--r012V

@dge"

~

IC1 IC1 = 4069UB
1 101116V

o
954084 - 11

Owing to unavoidable lasses. for
example in the diodes, the pr-acncal
output voltage is rather lower than the
theoretical value. Nevertheless. in the
prototype, with Dg removed, the out-
put voltage was 46 V, In the practical
circuit shown, the output is held at

resistor, R2+P2, should take a value
whtch causes f.s.d. on the meter at
that voltage. The internal resistance of
the meter should also be taken into ac-
count. As a rule of thumb, thts will be
about 1 kQ for a 100-pA meter, 100 Q
for a l-mA meter, or 10 Q for a 10-mA
meter. With the meter used here, an
internal resistance of 1 kQ should be
observed. The series resistor then be-
comes:

R, = (t'.U/I,)-R,
= (2.5 V/100 pA)-1 k.Q
= 23 k.Q

Here, too, a combination of a ftxed re-
sistor and apreset is used for accurate
adjustment. The actuaJ values of these
components become: R2 = 22 kQ and
P2 = 5kQ,
Adjustment of the 'voltage magrufy-

ing glass' is fairly simple. First, apply
the lower voltage, Umln, and adjust Pj
for zero deflection on the meter. Next,
apply Um=, and adjust P2 for f.s.d. on
the meter.

Special cases
When Umax. is very small, you should
use a small reference voltage also. for
tnstance, an LED or an LM385-IV25.

The output of the opamp used must be
capable of handling this lower voltage,
so cxrt the ubiquitous 741. Al
Umin<5 V, it is better to change to a
'ratl-to-ratl' opamp such as the
CA3130.
When Umax is very large, and ex-

ceeds the maximum supply voltage of
the opamp (usually 36 V or ±18 V), the
excess voltage may be dispelled by
connecttng a zener diode in sertee wilh
the positive supply. In extreme cases,
tt is better to connect the zener and its
current ltmiting resistor in parallel
wtth the supply.
Problems may also arise if the mea-

surement window ts very small. In that
case, the voltage rtse at the input may
not be suffictent to enable the meter to
reach its f.s.d. The problem rnay be
remedied by wiring the opamp as a
non-tnverttng amplifier. Using a lO-kQ
resistor between pin 2 and ground. and
another lO-kQ resistor in the feedback
path, a gain of x2 is obtained. Mind
you. the output voltage of most ordt-
nary opamps should rcmatn at least 2 V
below the positive supply level.
Ftnally, there may be a problem if

the current consumption of the meter
Is on the high side. The output current
of most opamps is limited to 10 to
15 mA. Moving coü meters requiring

33 V by D5-R2. The maximum output
current ts 1 mA.
The total current drawn by the con-

verter is about 18 mA.
Design by H. Bonekamp

[954084[

more current are, therefore. unsuit-
able for use in the present ctrcutt, un-
less, of cout-se, an opamp is used
which is capable of drtvtng such a
large load.

Final notes
The ctrcutt is, in principle, also sutt-
able for small altemating voltages -
just add a rectifier consrsttng of, say,
four lN4148 diodes and a 220-).1cFelec-
trolytic capacitor. Do take into ac-
count, however, that the voltage across
thts capacitor is about 1.4 times
(minus two diode voltages) lugher than
the applied alternating voltage, It is
also possible to omit the electrolytic
capacttor altogerher - the recttfied
voltage is then roughly equal to the av-
erage value of the sine-wave, or about
O.9XUeff. Because of the threshold volt-
age of the rectifter dtodes, the ctrcutt
deslgn is a bit more complicated than
with direct voltage measurements.
The etght or so components which

make up the voltage monttor should
not be difficult to fit on a piece of ver-
oboard or stripbaard. wtth sorne dex-
tertty. this board may be secured to
the connections of the moving coil
meter, which results in a fairly corn-
pact module. (950041)
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SIMPLE1/0 CARD

The 1/0 card provides
• 8 inputs at TIL level;
• 8 outputs wtth data memory and
power buffer;

• 8 preset 1/0 addresses.
Three sectrons of dipswitch SI are

used for selecting an 1/0 addres s.
When all swttch seetions are closed
(on). the address is 300H. Other ad-
dresses are gtven in the table.

Address

(hex)
'2''4'

300
304
308
30C
310
314
318
31C

on onon
on on
on on
on

on
on

on

on

This address may be used to wrtte to.
and read Irom, the eard. Written data
are stored in IC2 and are available via
buffer IC5. The properties of this
buffer are: open collector, maxtrnurn
50 V. maximum 500 rnA. Its outputs
are collectors of darüngton transistors
that switch to earth. This arrange-
ment has several consequences. It
makes it possible for output potentials
high er or lower than 5 V 10 be
switched. Such potentials must be ap-
plied externally, that ts , the external
loads or pull-u p resrstors must be
supphed from an additional voltage
source with respect to earth: pin 20 of
KI. The chip has Interrial diodes that
protect the transistors agatrist over-
voltage in case of inductive loads.
These diodes are all connected to
pin 10, from which a fast zener diode.
DJ• is linked to earth. 'Thc ratrng of DJ
must be htgher than the level of the
external voltage source. The spectfted
rating of 15 V is all right for an exter-
nal voltage of 12 V. If the external po-
tentiaJ is 24 V, the zener dtode must
be rated at 30 V. Apart from this. it is
good practice to shunt an inductive
load with a freewheeUng diode.
The inputs at connector Kl are ap-

plied to buffer IC3 via additional pro-
teetion resistors. Note that this buffer
should preferably be an He and not an
HCT type. because, when the inputs
are used to rneasure the level at the
darlington outputs , a potential dtfft-
culty arises. Since the output of a
darJington transistor ts never lower
than 0.7-1.0 V. it may happen that an
HCT type does not detect a legte low.
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According to manufacturers' specifica-
tions, HCT types detect a logtc low only
if this is below 0.8 V. An HC type has a
slightly higher switching threshold.
The inputs are at TTL level, which

means that input signals must not ex-
ceed 5 V. If necessary, a potential di-
vider can be used at the inputs. Re-
sistors R4-Rll provide additional pro-
tection, but it is doubtful whether IC3
would survive long if permanent 12 V
inputs were applied to tt.
The 1/0 card is intended to be con-

structed on the printed-circuit board
shown. The introductory photograph

shows the completed board.

Parts list
Resistors:
Rj, R2, R3= 10 kQ
~-Rll = 1 kQ

Capacitors:
c., C2, C3= 100 nF
C4 = 10 J.lF, 63 V

Semiconductors:
Dj = BZf03C15

SIMPLE IIO CARD I
o

IIIIIIIIIIIIII~
1l1Ii1li1l1l1l~~ 0 r- .J

1l1I1Ii~ 110 L
0000 0"

1111111111111111110 -......~
·t~~
rllllllllllill·I -

ft
o11 11 11II 11II 11 111
°m .cl. -

...... ,,0 ~re~m: ==
m~~.~~~.~---. .. ~;r: :m ~

L =
Integrated circuits:
ICj = 74HCT02
IC2= 74HCT573
IC3= 74HC541
IC4 = 74HCT688
IC5= ULN2803

Miscellaneous:
Kj = 20-way right-angle box header
Sj = 3- or 4-section DIP switch
PCB Order No. 954074 (see p. 70)

Design by K. Walraven
[954074)

'BATTERYLOW' INDICATOR

Batteries often go flat at the
most inopportune moments.

What's more, frequently, this is not
detected until it is too late, but this
can be prevented by the simple cir-
cuit shown in the diagram. It en-
ables the battery voltage (here, 9 V)
to be monitored and give an indica-
tion when the potential drops
below a certain level.
When the battery voltage drops

below 5.9 V, the LED lights: it will
go out only when the voltage rtses
above 6.3 V. The circuit draws
acurrent of about 40 J.lA when the
LED is out, but increases to about
10 mA when the diode lights.
The thresholds are determined with

ELEKTOR ELECTRONICS JYLY/AUGUST 1995
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C1-9V:
1011
16V
.....-~4

resistors. For the lower Iimit (at which
the LED lights):

Utl = (RjR3/(Rj+R3)+R2)(1.115/R2)
[V)

and for the lower limit (at which the
diode goes out):

These two equationsenable the cir-
cuit to be adapted to any given bat-
tery.
The Type ICL8211 is a chip from

Intersil, which is now part of Har--
rts,

Design by H. Bonekamp
[954017)



SIMPLE VO CARD I
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According to manufacturers' spectftca-
ttons, HCT types detect a logic low only
If this is below 0.8 V. An HC type has a
slightly htgher swttchtng threshold.
The inputs are at TTL level, which

means that input signals must not ex-
ceed 5 V. If necessary. a potential di-
vider can be used at the inputs. Re-
ststors Rt-RlJ provide additional pro-
teetion, but it Ia doubtful whether 1C3
would survive lang If permanent 12 V
inputs were applied to It.
The 1/0 eard is mtended to be con-

structed on the prtnted-ctr cutt board
shown. The introductory photograph

shows the completed board.

Parts list
Resistors:
RI• R2. R3 = 10 kQ
~-RII = 1 kQ

Capacitors:
Cl. C2. C3 = 100 nF
C4 = 10 [.IF. 63 V

Semiconductors:
DI = BZT03C15

Integrated circuits:
ICI = 74HCT02
IC2= 74HCT573
IC3= 74HC541
IC4 = 74HCT688
lC5 = ULN2803

Miscellaneous:
Kj = 20-way rtght-angle box header
SI = 3- or 4-section DIPswitch
PCB Order No. 954074 (see p. 70)

Design by K. Walraven
19540741

'BATTERYLOW' INDICATOR

Batteries often go flat at the
most inopportune moments.

What's more, frequently, this is not
detected until it is too Iate, but this
can be prevented by the simple ctr-
cutt shown in the diagrarn. It en-
ables the battery voltage (here, 9 V)
to be monttored and grve an indica-
tton when the potential drops
below a certatn level.
When the battery voltage drops

below 5.9 V. the LED lights: it will
go out only when the voltage rises
above 6.3 V. The circuit draws
acurrent of about 40 ~ when the
LEDts out. bu t increases to about
10 mA when the diode Iights.
The thresholds are determined with

ELEKTOR ELECTRONICS JYLY/AUGUST 1995
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resistors. For the lower hmtt {at which
the LED Itghts):

Utl = (RIR3/IRj+R3)+R2l1l.115/R2)
IV)

and for the lower limit (at which the
diode goes out):

These two equations enable the cir-
cuit to be adapted to any given bat-
tery.
The Type ICL8211 is a chip from

Interstl, which is now part of Har-
ns.

Design by H. Bonekamp
19540171



SMART SCART BOX

Aproblem occurs when you have a
comfortable chatr. a satellite TV

tuner with only one SCARTconnector,
and two decoders. also with only one
SCART(loop-through) connection. Such
a situation exists. for instance, in a
setup consisting of a Pace 800rd Sat-TV
recetver. a Luxcrypt RTL4/5 decoder,
and a D2MACdecoder (for1VPlus).Although
small SCARTboxes are available corn-
merctallyto connect three SCARTappa-
ratuses, manual switching is then re-
quired. in this case, between the Luxcrypt
and the D2MACdecoder. Obviously, any-
thing to da with manual switching ts a
drag in this day and age of channel hop-
ping and remote controls. whence the pre-
sent unit,which selects the actuated
decoder automatically. without the need
to get out ofyourchair and flick a switch.
The ctrcutt shown here offers auto-

matie swttchtng between two video sources
which, when actuated. supply a swttch-
Ingvertage at pin 8 oftheir SCARTconnector.
Most satellite TVdecoders, as wen as
video recorders, have such a functton. The
smart SCARTbox does not require an ex-
ternal supply voltage. or a battery - the
internal supply voltage is stolen from the
previously mentioned SCARTswitching
voltage.
The ctrcutt diagram shows a straight-

forward two-channel switching arrange-
ment based on the familiar, low-cost,
Type 4066 electronic bilateral switches.
The 39-kQ resistars on the switching
voltage lines prevent undefined levels at
the control inputs ofthe 4066. Two high-
efficiency LEDS show the status of each
decoder. The LED current is kept to a mtn-
imum to keep the load on the swttching
voltages as small as possible. The (tan-
talum) coupling capacitors in thc video
Une, Cl and C2' cancel the effect of any

I--~ Ejgl-
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-~~-

-~~-

-~~-

-~~-

-~~-

-~~-

I--~~-

I--~~-

y~

1
2

4

6

8

10

12

14

16

18

20

3

5

7

9

11

13

15

17

19

21
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offset voltages on the video signal sup-
plied by the decoder. In particular, the
au thor's Luxcrypt decoder was found to
have a d.c, offset in its output signal.
which caused stgnal leakage through the
relevant 4066 switch when a 02MAC sig-
nal with high brtghtnese was present.
The tantalumcapacitors should prevent
this effect.
If the smart SCARTbox is used wtth

two VCRSand a 1Vset, the VCRat Input I
has prtortty.
The circutt has one shortcorrung which

ts caused by the absence of apower
supply, and should not be left unmen-
tioned. The video stgnal supplied by the

satellite TV tuner is distributed between
two loads without ampltftcatton. This
obviously causes stgnal lass because of
the too low load impedance whtch then
occurs at the receiver output. Ta pre-
vent overloading, you rnay want to use
resistors Rx (start with approx. 82 n) be-
tween the video output ofthe recetver and
each decoder video input. In some cases.
however, these resistars may not be necess-
ary because the lowersigna; levelmay etther
be compensated by setting a slightly
htgher gain in the decoder (Luxcrypt), or
tt may not cause problems at a11{02MAC
decoder}.
It is suggested to build the ctrcutt into
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Piease mention ELEKTOR ELECTRONICS when contacting advertisers

Great Sound
is a work of art!

If you want to aeate your own great
sounding works of an,

Speaker Builder can show you how!
STARTER KIT CONTAINS: MPlC, IBM PC

programming interface & compiler, detailed
programming & inlerfacing manual.

The publishers of Speaker Builder invite you to use your electronics know-
how 10 explore the world of berter sound. Ta subscribe, simply return this
form with your payment or FAX your credit card order and receive 8 issues
of Speaker Builder for a low Introductory rate of $45. That's a $5 savings off
the regular subscription rate. Or, double your savings and subscribe for 16
issues (2 years) at $80 (that's $10 off).

D $45.8 Issues (I year) S80, 16 issues (2 years) D
Rernit in US $ drawn on a US bank only

'PROGRAMMED IN BASIC

•ANALOGUE CAPABILITY •

'16 1/0 PORTS(A&D)

'STANDALONE OPERATION

'APPLICATIONS LIMITED ONLY BYYOUR IMAGINATION
Measuring just 68mm X72mm. The MPLC is a stand alone miero computer,
programmable in BASIC. An on board EEPROM stores your compiled
programme and 16 channels of 1/0 Interface to the real world. But that's
not all -Despite the small footprint, the 16 channels of 1/0 can be
configured as digital inputs, digital outputs, analogue inputs, or pulse
counters or any combination thereof. If that is still not enough, the
MPlCIOOO has on board timers and can drive LCDdisplays directly. It can
talk to external devices using the ,lC protocol and also pcssesses an
onboard 9600 baud RS232 interface. You might be forgiven for thinking
that this type of performance comes at a priee. Simply put, it doesn't. One
of our main design aims was to produce the lowest cost analogue capable
MPLCin the world ...

MG I visA NÜMBER EXP

NAME

STREET & NO.

CITY tdÜNTRY poslA[ CODE

Speaker Builder
PO Box 494 Dept. EUK5. Peterberough. NH 03458-0494 USA

Phone: (603) 924-9464 or Fax your order 24 hours a day to (603) 924-9467
Rates subjecl 10change withoul notice.

Call NMB Marketing on Tel: 0171-731-8199
LORdonHous., 100 N.w Kings Road, London SW6 4LX. Fax: 0171·731·8312

an extstmg 'dumb' SCARI"box,whieh is avail-
able cheaply, and saves you the trouble
of drilling and hunting for three panel-
mount SCART sockets. The component
count being quite low, it should not be a
problem to construct the circuit on a
small piece of veroboard, and use wires
to make the connections to the relevant
SCART sockets ptns.

Design by F.M. Bemelman
19540611

PIN DESIGNATIONS FOR SCART CONNECTORS

Pin
I
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Decoder SCART
RAudia Out
RAudia In
LAudia Out
Audio Ground
Blue Ground
LAudio In
Blue In
Ext. Decoder Status In
Green Ground
n.c.
Green In
Seria! data liD Port
Red Ground
n.c.
Red In
RGB Status .Ln
Video Oround
Grcund
Baseband Video Out
Video in
Ground (casmg)

TVSCART
RAudia Oui
n.c.
L Audto Out
Audio Ground
Blue Ground
n.c.
Blue Out
AVStatus Out
Green Ground
n.c.
Green Out
n.c.
Red Ground

VCRSCART
R Audio Out
R Audio In
LAudio Out
Audio Grourid
Ground
LAudia In
n.c.
AVStatus In
Ground
n.c.
n.c.
n.c.
Ground

n.c. n.c.
Red Out/SVHS Cbroma SVHS Chroma
RGB Status Out n.e.
Video Ground Video Ground
Ground Ground
Video Out Video Out
n.c. Video in
Ground (easing) Grouncl

(easing)

ELEKTORELECTRON1CSJULY/AUGUST 1995



6 V MOTIVE-BATTERY CHARGER

The motive-battery charger described
in Ref. 1has met with great interest,

particulary among owners of motor cy-
des. In response to many requests from
owners ofvintage cars and motorcydes,
a modification is described which allows
the charger to keep 6-Vbatteries in shape
during the winter season, when the ve-
hicle or machine is not used.
The nominal output voltage ofthe L200

regulator is calculated from

(
R4 +p\ JUout =Uref X I+~

where Urefis2.77 V (typ.). So, change R3
to 2.7 kn, and Rt to 1.8 kn, and Bob's your
unde. These values allow the charger's
output voltage to be adjusted between 6V
and about 7.7 V.The LEDseries resistor,
R5, is lowered to 1 kQ.
Because ofthe loweroutputvoltage (6V

instead of 12V), the dissipation in the L200
may be on the high side if the original trans-
former is used. If you need the present
6-V version only, the transformer is,
therefore, best changed into a type with
a 9-V secondary. Suitable types are the
BlockVR13/l/9 (9V/1.44AJ, theMonacor
(Monarch)VfR12109 (12VA),or the Block
PT13/ 1/9. The latter is a short -circuit pro-
tected type (more expensive than the
others, unfortunately). All three trans-
formers are rated at 230 V primary volt-
age, and fit on the printed circuit board.
Also do not forget to change the fuse to
a 63-mA type. As wtth the 12-V version
of the charger, the current limiter is ac-
tuated at a level of 0.5 A.

Parts list
Resistors:
RI = 1 Q
R2 = 150 Q
R3=2.7kn
Rt = 1.8 kn
R5= 1 kQ
PI = 1 kQ multiturn preset

Capacitors:
Cl, C2 = 100 nF
C3 = 220 llF, 40 V, radial
C4 = 22 llF, 25 V, radial

Semiconductors:
DI = BYW29-100
Dz-D5 = 1N4001
D6 = LED, red, 5 mm

Integrated circuits:
ICI = L200CV (5-pin)

Miscellaneous:
KI = 2-way terminal block, pitch
7.5mm

K2= 2-way terminal block, pitch
5mm

TrI = short-circuit-proof mains

2
01

BYW29·100
L1M

1. ICl sR1)t---....!.-I. L200. t n-~
3 4

4 x 1N4001

12345

o~

transformer, 9 V, 12 VA- see text
Endosure, synthetic fibre
120x65x65 mm (43/4x21/2x21/z in)

Heat sink 5 KW-I, complete with
fitttng/Insulating kit

PCB Order no. 940083 (see p.70)

Design by L. Lemmens
[954071]

Reference:
1.Motive-batterycharger, Elektor Eieciromcs
October 1994.
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We du. The Adverttslng Standards Authorlty ensures
adverttsements rneet wlth the strict Code erAdverüslng Practlce.

So Ir you quesuon an adverttser; they have to ~.
answer to us.

To find out more about the ASA, please wrile io
Advertising Standards AuthorlLy,

Department X. Brook Hcuse.
Thrrlngton Ptace, London WCIE 7HN. ASA
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BADGER ~ BOARDS
Peinted Circuit Boards for Amateur Radio Schools Colleges
Short weve Listencrs Clubs Hobbyisls & Industry

A range of Printed Cireuit Boards in stock from many of the Prcjects in Magazines
PRACTICAL WIRELESSC) SHORT \V,\VE MA(;'AZINE 0 ElE~TORO HRT

RADIO COl\1MUNICATION
Kits ProjeclS and Materials rar mllnufaeturing yaur own boards. Artwork. and Plouing from
your own Sehemarie drawings end also C.A.D. facilities. We supply ONE OFF Prototypes
Phone between 9.001lm lind 5.36pm Mondny to FridllY for he/pru! adviee and assistance
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MODIFIED SCART SWITCHING BOX

The SCART switching box described in
Ref 1was carefuUy designcd to make

sure that any input is connected to only
oneoutputata time. This was done to pre-
vent signal loss and mismatching effects
on the video and audio signale. A rather
simpler design is presented here which
lets ga of the Lsignal-to-Lcoutput pr-in-
ciple. The result 15a considerable stm-
pltfrcatton of, in partrcular. the switches

channel. The swttchcs used should be me-
chanically coupled (interlockingJ, which
means that only one swttch can be de-
pressed at a time.

Design by C. Romaldini
19540571

and the way they are wtred.
In practice, the present version ofthe

SCART box was tested wtth a setup con-
sisting oftwo video recorders and a TV set.
Although some stgnal Ioss was noted. no
serious problems occurred owtng ta rrus-
matehing whtch ts inherent in drtvtng
two 75-0. loads frorn one 75-Q source. The
advantage ofthe design shown here is that
it ts readily extended with one more SCART

Reference:
I. SCARTswitching box. Elektor Electronics
December 1993.
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11I
10TH-ORDER BESSEL FILTER

C2 C4

lOn Sn'

Ra R4 R5
tOkO 8k87 9k09

Rll
C3 es

12n 2n2

'"2

R6 R7

R13

~~--4-------__--------4-__----------~--------4-------~~~-------{,.

~

'5V
Cll

• ~oonIC1 0~"'~:n-
~15V

ABesset filter has a fairly constant
transrt time (delay) over the pass

band, but its amplitude charactcrtetrc
starts to fall 0[[ rather earlier than in
a Butterworth filter. Moreover, the
skirts of the amplitude charactertsttc
are not as steep as those of a Butter-
worth filter. For mstance, the -0.1 dB
point in a Bessel filter occurs at
184 Hz, and the -I dB point at
581 Hz; the same points in a Butter-
worth filter occu r at 827 Hz and
934 Hz respectively.
To make the skirts of a Bessel filter

steeper. a 10th-order type may be
used and this can be constructed by

Rt ... Rl 0 * Rl '" 9k8906
R2 = 1»:6429
R3 = 9k8167
R4 = Bk8808
R5 = 9kl013
Ra = l1k486
R7 = 8k9349
Ra = 10k713
R9 '" lffi1420
Rl0 = Bk4439

l1k5 8ka7

95402iI· 11

Although not optimal, the specified
values of the capacitors are rounded
off to E-12 values and those of the re-
sistors to E-96 values. These values
gtve a small variation in both the
delay (<; 0.25%) and the cut-off Ire-
quency (990 Hz instead of 1 kHz). If
these variations are unacceptable. use
combtnaticns of resistors to give
values as shown in the table in the di-
agram.
The current drawn by the TL082 is

about 4 rnA.

ICl = TL082 • see text

cascading two 5th-order sccuons. The
two seetions can not be taken at ran-
dom, however: they must be attuned
to one another. As the diagram shows,
the resistor and capacitor values in
the second sccu an are different from
those in the first section. 'Thts is be-
cause the first section has a fairly
high gain at frequencies beyond the
cut-off point, whereas the second has
to arrange an early onset of the falling
off of the characteristic. Although the
cascade may be reversed, it ts better
for the stgnal-to-notse ratio to place
the htgher-gatn section first, as shown
in the diagram.

Design by T. Giesberts
19540261

3 OP AMP CURRENT SOURCE
1\ current source based on
r-l.one op amp can not easily
be made variable, nor is the
current very stable when stan-
dard resistors are used. The
present destgn may be made
variable and the current is held sv
wtth tn reasonably accurate %,
umtts.
In contrast to a single

op amp source, the current de- ICl

sign uses active feedback, X-'
which serves to make the po-
tential drop ac ross R I qual to
the reference voltage. The out- sv
put current is thus U,er/RI'
To keep the output voltage

across RI constant, differential
amplifier leIb monitors the po-
tential at both ends of the re-
sistor. This potential ts applied to the
inverting input of IC1a. which com-

R'
:>'--.-----1"

954013·11

IC1 = Tl084

'"

pares it wtth Uref'Depending on the
result of this compartson, the poten-

tiaJ at pin 1 will mcrease or de-
crease until an equilibrium is
reached whereby URI= Uref'
It ts necessary that R2 = R3 =

R! = R5' Also, lelc prevents the
current through R1 being
loaded by a possible measurtng
current, provided its Inpu t re-
sistance is not too low. Capaci-
tor Cl is necessary for fre-
quency compensation since the
delay of the control loop is rela-
tively long.
If these requirements are

met. the design provides a good
current source. If a variable
output current is required, RI
must be replaced by a combt-
nation of a ftxed and a variable
resistor.

Design by H. Bonekamp
19540131
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410n
630V

R3

lOk

C2

(27) ],.220011
10V

01 0'
C3

rpfIe prtnciple of the ctrcutt is that on
.1 the basis of the current drawn by a
matns-opcratcd master equiprnent an-
other appliance, the slave, 1S swttched
on. Same untts that provide this func-
tion make use of one or more diodes
connected in series wtth the master
power line. This inevitably means a
loss of voltage to the master and (albett
sltghtl Interference on the mains. The
present ctrcutt uses a current trans-
forrner. whrch causes a 1055 of voltage
to the master of only a few millivolts,
The current through the primary of

TrI produces a proportional voltage
across the scondary that rs tndepen-
dent of the number of primary tu rns.
Basically, therefore, one turn would
sufftce. but in practice two turns pro-
duce a mechanically more stable wind-
ing. The prototype reached saturation
at about 0.5 A, after which the sec-
ondary voltage no langer increases. lt
is thus possible to detect the switching
on of appliances with a standby power
of roughly 100 W. In practice. the
standby power is only a few watts, and
the ratto of operating power to standby
power will be large.
The secondary winding and C2 and

C3 form aresonant circuit tuned to
55 Hz, which suppresses mams and
r.f. tnterfcrcnce. and increases the sen-
sttivity. With a main s frequency of
50-60Hz, this ts fine, but if it devtates
largely Irom this, it may be necessary
to adapt the number of Isecondaryl
turns (fewer turns for a lugher fre-

Lf_..j....JK2

MAINSSLAVE
quency). This rnay reduce the sensitiv-
ny. but that can be countered by the
range of PI'
Preset PI sets the level of current

through the master at which the slave
must be actuated. The values of Rti, R7'
and Pj gtve a potential at junction
R6-P( of about 0.5 V above that at
junctions R4-R5 and PI-R7. When that
potential is exceeded, ICl outputs a
50 Hz pulsating voltage. This voltage is
smoothed by D6 and C6 and then used
to switch on Tl via Rg. whereupon relay
Re , ts energtzed. The relay contacts
then connect the slave to the matns.
Potential divider Rti-Rg ensures that

when the output of IC} is permanently
low (it can not drop to zero), T} can not
be switched on
Diode D6 and C6 provide instant

switch-on, but delayed swttch-off, of
the slave
When smaller powers need to be de-

tected, the number of primary turns
may be mcreased. This means that the
value of C2 and C3 must be altered as
well to retarn the resonant Irequency.
The inductance of the secondary wind-
mg ts L = AI.,'n2, where AI.,is a factor de-
termined by the the eore of the trans-
former (in the prototypc: 10 p.H±25%),
and n is the number of tur-ns. The total
capacttancc of the parallel connection
C2-C3= C is grven by

C = 1/(2rrjj2·L= 8.4· 1O-s.l/L.

24V
+

The 24-V supply for ICI and the po-
tential dtvtders is derived directly Jrom
the matns voltage by capacitive divider
Cl-05. The current through CI is about
30 mA, whtch is sufficient for the pre-
sent ctrcuit. When the matns voltage is
appreciably different from 240 V, the
value of Cl must be recalculated. In
that case, do not Iorget the voltage
drop across RI, DI-D4 and C4. totalltng
about 32 V),
Reststor RI ltmrts the current when

the rnains is swttched on first. The
total dissipation ts about 1 W. The
relay draws a current of about 28 mA.
It may be necessary with certain

loads to place a snubber network
(R = 220 11, 1 W: C = 100 nF, 630 V)
across the contact of Re},
The secondary winding of TrI ts

wound frorn 0.7 mrn enamelled copper
wire. The drameter of the wire for the
primary winding Is determined by the
maximum permtestble current to the
master equiprnent.
If the circu it is followed faithfully,

th e potential difference between the
primary and secondary side of TrI Is
the surn of the Iorward voltages of the
diodes, that is, about 27 V. In most
other cases, the difference may be as
high as the mains voltage.
GREAT CARE SHOULD BE TAKEN WHEN

WORKING WITH THE CIRCUIT SINCE IT 18
CONNECTED DIRECTLY TO THE MAINS.

Design by T. Giesberts
[954053[

V23056·A0105·Al01

07 Rel

K3
Slave
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I
LIQUID-LEVEL GAUGE

Since measuring liquids with a di-
reet voltage quickly leads to catal-

ysis effects and corr-os ton, the gauge
uses a reetangular voltage. The gauge
is intended primarily for measuring
the level in a rainwater reservoir, but
can, of course, also be used for mea-
suring other kinds of liquid. In the
prototype, eight sensors in the reser-
voir were used. Placing these sensors
at well-thought-out locations will min-
imize any errors in the measure-
ments.
Counter-oscillator IC4 functians as

the central control of the circuit. The
oscillator frequency is detern1ined by
Rj-RZ-Czoand is here 76 kHz. The test
voltage produced by IC4 is applied to
the seSOTS via potential dtvtder R3-R4.
multiplexer IC5• capacttors CjZ-Cjg
and Kj.
The sensors are scanned sequen-

tially at a frequency of 76 kHz. When
a sensor remaina dry, the test voltage
is unchanged. When it is under water,
however, an additional load is placed
on potential divider R3-R4• which re-
sults in the test voltage dropping to
some extent. The test voltage is de-
modulated by R5-C)-Dj and applied to
comparator IC2.
Circuit IC4 not only selects the sen-

sors. but also arranges, in conjunc-
tion with IC3. the multiplexing of the
eight indicator LEDS. For this latter
purpose. ptn 12 of IC3 is 'misused' as
enable input, whose level determines

whether the relevant LED lights or not.
It is bastcally possible to link pin 12
direetly to the (inverted) output of IC2.
but this would result in a ttny cos-
metic error. Owing to time constant
RS-C1 the test voltage of a sensor is
retained unti I just after the next
switching action of the multiplexer
and this causes the first LED to light
very faintly although it should have
remained off. Gates IC6a and IC6dob-
vtate this happening.
Gates 1C6band IC6e create a clear

'ernpty' indieation: Djj Ilaehes if the
reservoir is ernpty. In thts sttuatton.
C7 ts charged via Rq, whereupon pin 4
of IC6b goes high. A choiee may be
made with jumper Jp) whether Dj j
flashes in rhythm with the output at
pin 3 of IC4 (about 4.7 Hz) or lights
contmuousty. As soon as one of the
sensors is under water, C7 is dis-
charged pertodtcally via Dz. so that
Djj can not light.
The gauge ts intended to be butlt on

the printed ctrcuit shown, which is,
however, not available ready made. Do
not forget the wire brtdges before pop-
ulating the board.
The sensors rnay be made from

nine pieces of bare wtre of increasing
length. The earth link must be as long
as sensor 1 and should not be too far
from the other sensors. In the proto-
type. a piece of f1atcable was used,
whose cores were cut to different
lengths; about 3 mrn of the insulation

was removed Irom the ends. The earth
link must, however, be completely
bare.
The gauge is calibrated by immers-

ing the electrodes to a certain depth
in, say, a glass of water and setting
the reference level of IC2with PI such
that the dtfference between dry and
wet sensors is clearly indicated by the
display. Once this is done, Pj may, if
destr-ed, be replaced by two fixed re-
ststors of appropriate value.
Power for the gauge may taken

from a simple 8-15 V mains adaptor.

Parts list
Resistors:
Rj = 5.6 kQ
RZ= 56 kQ
R3=47kQ
~ = 100 kQ
R5. Rg = I MQ
~= I kQ
R7 = 1.8 MQ
Rs. RlO = 150 Q
Pj = 25 kQ preset

Capacitors:
Cj = I nF
C2-C6. Cs. Cg. Cj2-Cj9 = 100 nF
C7 = 220 nF
ClO = 220 )lF, 16 V
Cll = 47 uf', 25 V
Czo= 100 pF
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Semiconductors:
DI, D2 = IN4148

D3-DIO= LED, low current
Dll = LED, red

LIQUID.LEVELGAUGE

Integrated circuits:
ICI = 7805
IC2= CA3130
IC3= 74HCT42
IC4 = 4060
IC5= 4051
IC6= 4093

Miscellaneous:
JPI = jump lead
KI = SJL connector
PCB 954062 - not available ready
made

Design by U. Werner
[9540621

MOTORCYCLE TEMPERATUREGAUGE

01 ...04 = red H05 •.•06 = green
Ll0

10 01
07 ••.010 = yellow

9 MODE
L9 11 D2 --5

SIG IC1 n 12 D3 --17 13 04 --Rl [6 14 OS -6 -
~

RHI Ili 15 D6 -7 -REFOUT LA 16 07 -LM3914 --0 [3 17 D6 -8 REFAOJ -L2 18 D9 -4 ALO -[1 1 010

H

954019·11

gine block: these may reach 120°C.
The colours of the LEDS can, of

course, be varied to individual taste;
those specified are used on the proto-
type: four yellow ones for cold; two
green ones for normal; and four red
ones for hot. The LEDS are connected

ELEKTOR ELECTRONICS JULY/AUGUST 1995

in the bar-mode by strapping
pin 9 of the JC to pin 3, and in
the dot-mode by leaving pin 9
open.
Bear in mind that, owing to

the curved characteristic of RI,
the diodes do not give a linear
display. Some experience, or
calibrating, is necessary to
know when the engine really
gets too hot.
The current through the

LEDS is ten times greater than
that through R2' At a reference
voltage of 1.25 V, the current
through the diodes will thus be
10 mA. In the dot-mode, the
total current will remain below
20 mA, but in the bar-mode it
may be up to 100 mA when all
LEDS light.

Design by J. Bosman
[9540191

Many motorcycles have no
temperature gauge -

which means that their riders
have to guess whether the en-
gtne is hot, cold or lukewarm
(by putting their hand on or
near the engtne). The present
circuit takes this guesswork
away. It uses a linear voltmeter
JC which drives a display of ten
LEDS in a bar- or dot-mode.
The drive voltage (SJG) for the

JC is derived from a potential
divider consisting of a sensor,
RJ (a resistor with a negative
temperature coefficient - NTC),
and preset PI' This combi-
nation is adjusted so that an
operating temperature of 80°C
causes the first green LED to
light (arranged with a bowl of
water at this temperature).
Several types of rrrc-resistor may be

used. The most convenient is, of
course, one with a screw fitting, since
it needs to be fitted at or near the en-
gine. Make sure that it can withstand
the fairly high temperatures of the en-



Semiconductors:
DI. D2 = lN4148

D3-D10= LED,low current
D1l = LED,red

LIQUID-LEVELGAUGE

Integrated circuits:
ICI = 7805
lC2 = CA3130
IC3 = 74HCT42
IC4 = 4060
IC5=4051
ICs = 4093

Miscellaneous:
JPI = jump lead
K1= SILconnector
PCB 954062 - not available ready
made

Design by U. Werner
[954062[

MOTORCYCLE TEMPERATUREGAUGE

Many motorcycles have no
temperature gauge -

which means that their riders
have to guess whether the en-
gtne is hot. cold or lukewarm
[by putting their hand on or
near the engtne). The present
circuit takes tbts guesswork
away. It uses a linear voltmeter
Je which drives a dtsplay of ten
LEDsin a bar- or dot-mode.
The drive voltage [SIG)for the

rc is derived from a potential
divider consisting of a sensor,
R1 (a resistor with a negative
temperature coefficient - NTC),
and preset PJ• This combt-
nation ts adjusted so that an
operattng temperature of 80 "C
causes the first green LEDto
light [arranged wit.h a bowl of
water at this temperature).
Several types of NTc-resistor may be

used. The most convenient is, of
course, one with a screw fitting. since
tt needs to be fttted at or near the en-
gtne. Make sure that it can withstand
the fairly high temperatures of the en-
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gme block: these may reaeh 120 °C.
The colours of the LEDs can, of

course, be varied to individual taste:
those specified are used on the proto-
type: four yellow ones for cold; two
green ones for normal; and four red
ones for hot. The LEDsare connected
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in the bar-mode by strapping
pin 9 of lhe rc to pin 3. and in
the dot-mode by leaving pin 9
open.
Bear in mind that, owing to

the curved charactertstic of Ri-
the diodes do not gtve a linear
display. Same experience, or
calibrating. is necessary to
know when the engine really
gets too hot.
The eurrent through the

LEDsis ten times greater tban
that through R2. At a referenee
voltage of 1.25 V. the eurrent
through the diodes will thus be
10 mA. In the dot-rnode. the
total current will remain below
20 mA. but in the bar-mode it
may be up lo 100 mA when all
LEDS light.

Design by J. Bosman
[9540191



SOFT STARTSWITCH FOR OC MOTORS
'T"'l1e starting current of heavy-duty
.1d.c. motors can be 3~8 times as
high as the normal operating current,
which puts a heavy load on the on Zoff
swttch. Also, when the motor is
swttched off. a breaking spark occurs
which causes erosion and oxidization
of the contacts. This obviously short-
ens the life of the switch appreciably.
Moreover, the starting torque is much
greater than the operating torque and
this does neither the motor nor the
load to which it may be coup1ed any
good. The usual remedy for this deft-
ciency ts aseries reststör in the motor
leads which llmits the starting current
and is short-circuited shortly after the
motor has started by a relay. It does
not nullify the breaking spark, how-
ever.
A better solution is the ctrcutt

shown here, which uses a MOSFETas
switeh. Such a switch can be made to
operate like a continuously variable re-
sistor. In the present ctrcutt. lt allows
the current to the motor to reach nor-
mal operating level within three sec-
onds. The load on the onyoff switch is
a matter of a few milliamperes. The ctr-
cuit can handle currents of up to 25 A,
but, with suitable eooUng, can be used
with currents of 40-100 A.
Since the starting current is ltrruted.

the MOSFET should, of course, not be
rated at the original starting current.
Thts ts a matter of cost. because the
100 A model used in the prototype, the
BUK416-100A. is expensive. Therefore,
for smaller loads, a much less expens-
ive (and lower rated) MOSFET should be
used.
In the quiescent state, SI is closed,

so that the gate of the MOSFET is virtu-
ally at ground level (via R,V. When SJ ts
opened. C4 will be charged slowly via
R3 to about 2/3 of the supply voltage.
The MOSFET starts to conduct and is

A small quartz clock that ts powered
.l"l.by a I.5 V battery provides a
simple means of determining the ca-
pacity of a NiCd battery. The circuit
makes use of the property of such a
clock to cease working when its supply
voltage drops below about 1.05 V.
Set the clock to 00:00 and connect

the fully charged NiCd battery to tts
battery terminals. Resistor Rensures a
defined discharge current. Assuming
that the nominal battery voltage, Ut,. is
1.2 V. the capacity of the battery. K. (tn
mAhl is given by

~~:)~
s G ~
BUK416·100AE

fully on when the gate potential has
rtsen to 5 V. When the swttch Is closed
agam. C4 is discharged rapidly via ~.
When tt is on, Tl has an on-rests-

tance, ROSon of less than 13 mQ, so
that its dtssrpation is smalI. When the
current through the motor is 20 A. the
disstpation of Tj ts 4 W, so that a heat
stnk of 2.5 K W-J will suffice. This
rattng must, of course, be increased
when the motor current is larger. The
BUK416-100AE need not be isolated
from the heat sink. Its source and AS
(auxiliary source) ptns must be inter-
linked.
Such an expensive component needs

to be protected, whence 02 functions
as polarity revereal protection. Diode
D4 (an FR606 or P600) short-cu-cutts
the current brtefly when the motor is

NiCd-battery tester

954007-11

D3
BUK416
-100AE15V

'W
954024 - 11

betng switched off; öurtng normal oper-
atton. it prevents inverse voltage peaks
artstng.
Zener diode D3 makes it impossible

for the gate potential of TJ to be greater
than 15 V.
Capacitor Cl decouples the ctrcuit

for spurious r.f. signals.
Voltage-dependent resistor RI elimi-

nates any voltage peaks across the
motor Iargcr than 35 V.
Inductor LI and capacitors C2 and

C3 ensure a smooth direct voltage
when the motor is heavily loaded and
brush sparks may create pulses on the
supply lines.

Design by W. Zeiller
[954024[

where T is the elapsed time in hours
shown by the clock. The ca1culation is
simplified If R is gtven a value of 12 Q.
The discharge current ts then about
100 mA. which means that the battery
loses 100 mAh of tts charge in an hour.
If thus the clock stops after 5.5 h, the
capactty of the battery is 550 mAh. lt is
advisable to dtsconnect the battery
from the clock at that time to avoid dts-
chargtng the battery beyond repatr.

Design by J. Dietrich
[954007[
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LlNKWITZ-RILEY CROSS-OVER NETWORK

The Linkwitz-Riley crossover net-
work is known for its homogenous

performance and constant amplitude.
The transfer ts identical to that of two
2nd-order Butterworth filters in se-
lies. The Linkwitz-Riley filter is an ex-
ample of an acttvc crcssover network
Ior a two-way loudspeaker system
whose crossover frequency ts 1 kHz. It
can be buflt around one quad op amp
for a two-way Cf three-way speaker
system and can be converted to pro-
vide alternative crossover Irequeueres
by proportional adaptation of the re-
sistors.
The destgn is based on E-12 sertes

capacitors. which simplifies purchas-
ing the components. Note that tf dif-
ferent values are used, the entire filter
may have to be recomputed, unless
the values are ten times smaller or
larger.
To keep the ratios CI :C2:C3:C. and

Ra:Rg:RIO:R11as small as possible, the
amplification of the buffer is x2 (R5/Ra
and RI2/Rd. The amplification at the
crossover frequency is then O.
When components with values as

specified are used, the surn of the two
Itlter seetions will form a straight fre-
quency charactertstic. Exact rests-
lance values can be obtatned only by
series/parallel combinations of re-
sistors. If E-96 sertes resistors are
used. that is not too difficult.
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Design by T. Giesberts
(954011J

SINGLE OP AMP CURRENT SOURCE

Current souces ar e used in a
variety of applications. They

can be desrgned in a number of
ways. One of the simplest ts a
common resistor, but this presup-
poses a constant load and a con-
stant voltage supply. If those re-
quirements are not met, the CUf-

rent will vary according to the cir-
cuit elements. A considerable im-
provement is achieved when an
active element like a transistor is
added to thc resistor. Variations
in the ambient temperature and
in the threshold potential of the
p-n junction then determine the
accuracy of the source.
A better tdea is to add an

op amp to the crrcutt as shown in
the diagram. This has the added
advantage of being bipolar. In the dta-
gram, resistors RI. R2 and R5 ren der
the non-inverting amplifier into a cur-
rent source whose output is gtven by
U"r/R5• provided that R2 = R3 = R.
and RI = R2 + R5'
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The operation of the source is fairly
simple If It is assumed that the load is
a short-circuit. In this case, a current
of Uref/3 x 103 (3 kQ) will flow through
Rj and R2. The potential at the non-
inverting input is then Urer/3, wh ich

results in a voltage at pin 6 of
2Urer/3, The current through R5 is
2 Uref/3R5' The current through
the (short-crrcurtedl load is
Uref/3 x 103 + 2Uref/3R5' If R5 =
1 kQ, the current Is Uref/R5'

A1though the destgn is fairly
weIl controlled, tolerances of the
resistars may cause current varta-
tions. If these are unacceptable, a
design with three op amps should
be used (see p. 94J.

Design by H. Bonekamp
(954012J



SPEED-UP FOR PRINTER BUFFER

Printer buffers serve to ensure that
the data to be printed are taken

from the computer as quickly as pos-
sible so that th e computer can be
used for other purposes. This is why a
large buffer rnemory and fast commu-
nication between printer and corn-
puter are essential: the buffer pre-
vents the computer having to wait for
the much slower printer.
At the instant the first data are

written inta the buffer, the printer
starts to print. Thte means that the
buffer has to contral two matters: the
data traffic Jrom the computer and
that to the printer. If the printer is
made to wart durtng the pertods when
data ar e being received, the buffer
needs to control only one process at a
time, which saves time.
Ta arrange this, the strobe stgnal

must be monitored by the computer. lf
there are strobe stgnals. the busy line
frorn the printer must be actuated so
that the buffer does not send data to
the printer. When after about 1 ms no
strobe signals have been received, the
busy line IS made low so that the
printer Is reenabled. This arrangement
does not work so well when the buffer
is nearly full, however. In that ca.se,
the present ctrcutt may aetually delay
matters because the printer is reen-
abled only after a delay of about 1 ms.
This is a good reason for making the
RAl\1 in the buffer as large as possibIe.
The strobe stgnal (STRBINor INTl)

ensures via NOR gate ICI that the
bistable ts set and C3 is eharged.

BUSYIN

tel = 74HCT02
IC2 = 74HCT74

When the btstable is set, the Q output
is low and Cl is diseharged via RI. If
the strobe is not aetive for some time,
CI will be dtscharged completely,
whereu pon after 1 ms the bistable is
reset.
The output stgnal is eombined with

the busy stgnal. which means that in
the existing buffer the link wtth pin 7
of lClQ (BUSY IN)must be broken. Con-
neet ICIband ICla across thls break so

10

12 S •0
C2

C •
100" R

13

954042·11

that the modtfted busy stgnal is ap-
plied to the mieroproeessor et the cor-
reet Ioeation. Connect pins 8 and 9 of
ICI to the incoming strobe, STRBIN
(external buffer) or INT(terminating
card). In other words, the ctrcutt may
be used with an internal or an cxtcr-
nal printer buffer.

Design by A. Rietjens
[954042J

FREQUENCY COMPARATOR

Even with a good frequency
meter, it is well-rugh impossible

to set two frequencies to a fraction
of a hertz. It can, however, be done
wtth the aid of the ctrcutt shown. It
conststs of two bistables (fltp flops).
an XORgate which functions as a
comparator, and an LEDindicator.
The bistables derive from the two

inputs stgnals with a duty factor of
0.5 and at half the Input frequency.
The output of the XOR gate is low
when the input frequencies are
equal. When they are not. this ts in-
dicated by the flashtng of the LW.
When the frequencies are equal,

the light intensity of the LEDis a
measure of the phase shift between
them. The brtghter the LEDlights,
the smaller the phase difference.
The maximum input frequency is

determined by the peak operating
rate of the bistables, and is here
about 30 MHz.
The circuit draws a eurrent of

around 1.5 mA, which is mainly on
account of the sertes resistor of the
LED.The current is kept low by the
use of a high-effictency LED.

Design by H. Bonekamp
[954043J
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CHARGERFOR
ALKALINEjMANGANESE BATTERIES

Design by K.Walraven

In spite of several reports published in the past year or so,
there is no possibility of recharging flat dry batteries
of whatever type. This allegation has been finally put to
rest after tests by various international technical and
consumer organizations. What may have confused a
number of people (no doubt driven by the scandalously
high prices of dry batteries) is the emergence on the
European market of secondary alkaline/manganese

batteries which had, however, been known in the USA and
Canada since the late 1980s* (see our May, 1995, issue).

The charger presented here is intended for these
secondary (i.e., rechargeable) batteries.

The construction of secondary alka-
line/manganese battertes is differ-

ent from that of the well-known pri-
mary {non-rechargeable) alkaline bat-
tery First tests in our design depart-
ment showed that the secondary alka-
line /manganese batteries could be
properly charged like NiCd batteries.
However, as far as their electrtcal
properties are concerned, they have
more in common with primary batter-
ies than, e.g., wtth NiCd batteries.

* See Crompton's authorttative Battery
Reference Book. ISBN 0 408 00790 7
Butterworth Scientific Ltd, 1990

Their nominal e.m.f. is 1.5 V and the
capacity of an HP11-sized type is
1000 mAh. However. thetr internal re-
sistance ts appreciably hrgher than
that of NiCd batteries, so that they are
not able to provide Iarge currents.
In fact, tests show that tf a large CUT-

rcnt ts drawn Irom them, their capac-
tty drops wtthtn a few charge/ dts-
charge cyc1es (see our May, 1995,
issue).
Chargtng these alkaline.manganese

batteries is also qutte different from that
ofNiCd batteries. According to the manu-
facturer'e data sheet. chargtng should
not be done at constant current, but at
constantvoltage (i.e., similarto Iead-actd
batteries). Furthermore, to prevent gas

formation in the battertes, tt ts important
not to use a constant, buta pulsattng. cur-
rent.
A further difference wtth other sec-

ondary batteries is that the alkal-
ntne zmanganeee batteries must not be
discharged too much, otherwisethe checmt-
cal process can noIongerbe reversed,which
means they can not be recharged prop-
erly. It ts. therefore, recommended by
the manufacturers that they are not dis-
charged belowan e.m.f. of 1.0 V (theab-
solute 'safe' lower limit is 0.9 V).

The charger
It is clear from the foregoing that sec-
ondary alkaHne/manganese batteries

F1

rE=30TR1r----,

+

le'
1'----'1
1 lM3t7 1 riVe2\..,'-..-/ ~ 4x Be337

')-~H'0 .~'Hr~------~~--~--~---.
I -< I
I .,.... I
I!.. ~J A1

Cl
01

100'

*sieheTen
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Fig. 1. Circuit diagram of the charger for alkaline/manganese batteries.
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must be charged by a dedicated charger.
Unlike NiCdbatteries, they have no mem-
ory effect, so periodic completely dis-
charging is not necessary; in fact. it may
well be detrimental, but we have no prac-
tical experience of this as yet.
As already stated, these batteries must

be charged at constant voltage with a
pulsating current. This means that lim-
iting the charging period, as with NiCd
batteries, is not necessary. The upper
Itmtt of the chargtngvoltage ts 1.85 V.The
maximum chargtng current for HP11
batteries is about 120 rnA, which is very
close to the well-known value of I/10th of
the capacity.
Afirst requirement ofthe charger is thus

a constant -voltage source which limits the
maximum chargtng potential. Notwith-
standing what has been said, it appears
useful to provide some sort of chargtng-
current limiting. Ifthe charging current
ts, moreover, made pulsating, the basic
requirements are met.
Apractical design. intended for charg-

ing up to four HP11 batteries in parallel,
is shown in Fig. 2.
The charging voltage is clarnped at

1.85 V by integrated voltage regulator
ICI.The LM317used is about the only read-
ily available regulator that can provide
such a low level (since its reference level
isevenlowerat 1.25 V). Theoutputvolt-
age is determined by the ratio RI :R2'
The input to ICI is provided by a tra-

ditional mains transformer and bridge rec-
tifier combination. A smoothing capaci-
tor is not fitted so that the output volt-
age ofICI is pulsating.
Each of the (up to) four batteries to be

charged is in series with a transistor,
T1-T4,which functions as a current source,
and also provide a degree of current lim-
iting. However, in practice, this limit ap-
pears to be about several hundred rnA,

CHARGER FOR ALKALINE-MANGANESE BATTERIES

CD

~to~~~
~
,;,
CD
o
o
Il)
CI)

Fig. 2. Printed-circuit board for the charger (see p. 70).

so it should, perhaps be seen as a pro-
tection rather than as a limiting. The
transistors are Type BC337, because
these can provide rather more current than
the usual BC547, although their gain is
about the same.
Thus, when the batteries are fairly

flat, the initial charging current is limited
to a few hundred rnA. When the battery
voltage rises, however, the current drops
quite quickly to an appreciably lower
level. When, after about 16-18 hours,
thebattery voltage has risen to 1.85 V,
the current is almost negligible.
In this design, therefore, the chargtng
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Fig. 3. Photograph of the completed prototype PCB.

current is not highly defined, because at
all times it is determined by the charg-
ing voltage. However, for a large part of
the chargtng period, the current drawn
from the prototype charger was about
100 rnA,which is an excellent levelfor these
batteries.
Since there is no smoothing capacitor,

the outputvoltage ofICI,and thus the base
potential ofT1-T4, is pulsating. This ac-
tion is magnified because the chargtng cur-
re nt has to overcome two thresholds: the
diodejunction of Dj and the base-emit-
ter junction 0 the transistors. This results
in the transistors switching on quite
abruptly, remaining on for about 213 of
the time and being off for around 1/3 of
the time. This pulse behaviour accords
with the manufacturers' recommenda-
tions.
It is hoped that this makes it clear that

the transformer and rectifier in no cir-
cumstances can be replaced by a mains
adaptor. Such a device does not provide
a pulsating current, but a smoothed di-
rect current. Also, the transformer must
not provide a voltage higher than 6 V,
because that would make the intervals be-
tween the chargtng-current pulses too
short.

Construction
The charger is intended to be constructed
on the printed-circuit board shown in
Fig. 3. As will be seen, this should not pre-
sent any difflculttes. It should, however,
be noted that ICIshould be provided with
a he at sink. Since the metal base of the
LM317 is internally connected with its
input, the base is at the same potential.
Since the heat sink is not connected to



Incertarn apphcatrons It may be de-
strahle. in order to ltmtt unneces-

sary power lasses. to have the use of a
diode with a forward voltage lower
than 0.7 V. The present ctrcutt fulfils
that destre. At a forward current of
1 A. the total drop across the two
(acUve) components is only 0.04 V -
an appreciable reduction compared
wtth a standard diode.
Normally, the current in an

n-channel MOSFET flows from drain to
source. In the present circuit, how-
ever, tt flows in the opposite direction,
which conforms to the polarity of the
internal protection dtode between
dratn and eou rce. This prevents the
whole circuit conducting in the re-
verse-voltage dtrection.
When the source is positive with re-

spect to the dratn , the comparator
swttches the MOSFETon. At a current
of up to 1 A in the Iorward dtrection of

DIODE SIMULATOR

--

state (from high to low) , resulting in
the current through the FET being in-
terrupted. In other words. the 'pseudo
diode' conducts in only one direction.
The drain and source potentials of

the BUZll must remain at least 1.5 V
below the supply voltage to ensure
that they fall within the input range of
the LM393.
Resistor Rl functions as pull-up re-

sistance for the open-collector output
of the comparator.

Design by A. Rietjens
(9540891
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any other parts, insulating washers are
notneeded.
The fuushed board should be fitted in

a plastic case, since several parts carry

ALKALINE BATTERY
CHARGER
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Fig. 4. Suggested front panel layout.

the FET. the vottage drop is then only
0.04 V.
When the polarity of the voltage is

reversed, so that the drain becomes
positive with respect to the source,
the output of the comparator changes

the maina voltage. Therefore. no parts of
the circuit must be accesstble from the
outside dunng operatron. Moreover, the
matns input cable should be provided
with astrain relief.
The battery holders should be mounted

on top ofthe case. They are linked to the
board with flexible. insulated circurt wire.
It is advisable not to use a four-fold bat-
tery holder, because these normally have
sertes connections whtch can not modt-
fied easily.
Finally, the indicator. D2. must, of

course, be clearly visible on the front
panel.
The ftmshed prototype board is shown

in Fig. 4, whi!eFig. 5 gives a viewofthe
opened prototype charger.

Setting up
Befare the charger can be taken into use,
the chargtng voltage must be set, for
which a digital voltmeter is required.
Temporarily connect a 100 j1F'. 16 V.

e1ectrolyUccapa citor in parallel with C j.
Measure the output voltage oflCj• which
should be 1.8-1.85 V.
lfthe voltageis toohigh. lowerit by giving

R2a lower value. Tlus reststor need not
be removed: simply ccnncct another re-
ststor. probab1y 470-1000 Q. in parallel
wtth It. If the measured voltage is too
lowrn a resistor should be connected in
parallel with Rj .
Remave the 100 uF capacitor from

across Cl'
The charger is nowready foruse. When

chargtng battertes, make sure that there
is good contact between them and the
holders. because bad contacts gtve rise

to high resistances.
Acharging time of 16-18 hours ts rec-

ommended {in line with the advice of he
manufacturers).

Parts list
Resistors:
Rj =330Q
R2 = 150 Q
R3 = 1 kQ
R.-Rs = 470 Q

Capacitors:
Cj = 100 nF

Semiconductors:
Oj = lN4148
02 = LED
Tj-T4 = BC337

Integrated circuits:
ICj = LM317

Miscellaneous:
Bj = rectifierType B40C1500
Fj = fuse, 50 mA. slow
1 offfuse holder
Kj = terminal block, 2-way. pitch 7.5 mm
TrI = mains transformer, secondary
6 V. 4.5 VA[e.g..Velleman 1060050M.
available from Mapltnl

Heat sink SKI04. 37.5 mm (available
from Dau components)

Case, 120x65x65 mm. e.g. OKWHI20

PCB Order no. 950065 (see p. 70)
Front panel foil not available.

(9500651
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11
MODULATED PUSH-PULL CRYSTAL OSCILLATOR

PUSh-pull oscillators have an impor-
tant advantage over conventional

oscrllatore: they provtde appreciably
more power at the same supply volt-
age.
The present oscillator ts based on a

pair of gallium-arsenide, GAs, field-ef-
feet transistors, FETS. Controlled by a
quartz crystal, It operates with capaci-
tive feedback, which ensures high out-
put power and high frequeney stability.
The circutt may be used as apower

oscillator or as a small transmitter in
remote contral applications. An a.f.
stgnal may be applied to KI to provide
amplitude modulation of the oscillator
output.
The highly symmetrie destgn allows

further push-pull circuits to be con-
trolled. Ampltfters, Of an antenna
(when the circuit is used as a small
transmitterl. can be coupled induc-
tively to LI by 2-3 turns of enamelled
copper wire.
At a supply voltage of 4.5 V, the ctr-

+
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cutt draws a current of 150mA to pro-
vtde a relatively high power output.
When a lugher supply voltage is used,
the values of R3 and R4 must be in-

creased accordingly to prevent the FETS

being overloaded.
Design by L. Lernrnens

(954064(

FRONTjREAR CAR RADIO FADER

ELEKTOR ELECTRON1CS JULYIAUGUST 1995

A1though most car radio/casseUe
players produced in the past five

years or so are fitted wtth a front/real'
speaker volume control. there are still
many about that have no such provi-
sion. A simple way of adding this fa-
cility 1S shown in diagram A. which is
the principle on which many car radio
faders operate. This arrangement
gtves a stepped front/rear speaker
volume control with step rattos be-
tween 4: land 1:4. (Many modern car
radios have a continuously variable
control. however. Editor).
The arrangement has a few draw-

backs in that power ts dtsstpated [u.n-
necessartly) in the reststor-s. which
lowers the overall efftctency (down to
83% in positions 1 and 5. bu t as low
as 67% in position 3). and the load
impedance ts lowered to 3 Q in post-
tion 3 and to 2.67 Q in positions 1
and 5.
A better arrangement ts shown in

diagram B. Since this is aseries clr-
cuit. the load impedance can not drop
to the dangerously low values met in
A: it varies from 4 Q in positions 1
and 5 to 8 Q in posttron 3. Since the
dtssrpatton in the resistors is srnaller,
the efficiency is lugher than in A: only
in posttlons 2 and 4 does this drop to
88% - in the other positions It ts
100%.
The volume control proper ts srrnt

lar to that in A. but in the extreme po-
stuons one speaker is on fuIl, while
the other ts short-ctrcuited.
Make sure that the switch can han-

dle the power of the car radio.

A:
position
1
2
3
4
5

B:
position
1
2
3
4
5

front/rear ratio

front/rear raue
4:1
2: 1
I: 1
1:2
1:4

2: I
I: I
1:2

Design by J. Seyler
(954085(
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ZERO CROSSING DETECTOR

Inmany eireuns that operate in syn-chrony with the matns. synchroruza-
tion normally takes place du nng the
zero crossmg of the mains voltage. An
auxiliary ctrcutt as shown in the dia-
gram is then required to detect the
zero crossing. Thts pulls the output
br-tefly to earth at the instant the
mains vertage becomes positive after
passing through the zero crosstng.
The present auxiliary circutt oper-

ates witb the full mains voltage rather
than wtth a transformed-down poten-
tial. This has the advantage that the
zero crossing 18 detected much more
accurately. Also, of course, there is no

max.
240V""

1N4007

D1

1N4007

~~~------------~
e eee teet
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transformer required. This arrange-
ment 15 particularly useful in comput-
ers in which there is no lowered mains
voltage available.
Durtng the negative halves of the

mains voltage. CI is charged via DI,
D2. D3 and Rl to a potential of 15 V.
This charge will leak away via the LED
in the optoisolator when Tl begins to
conduct. This happens when the po-
tential on the L(ive)Itne is about 1.4 V
htgher than that on the N(eutral) !ine
(so that base current flows via Rj}.
Since the collector current ts fairly

high. Cl will be discharged quite
rapidly. The diode will thus light only

Sync•

Cl = 470IJF 95400S ·12

-

,,,,,

briefly, which means that TI conducts
on1y for a short time. With the speci-
fied value of Cl. the sync output will
be low for about 1 ms. Thts time can
be varied by changing the value of Cl:
when it is 470 pF. the pulse will last
for about 10 ms.
Since the circuit ts connected di-

rectly to the mains, it must be treated
with respect and great care. Note that
the optotsolator must be able to han-
dle the mains voltage. The specrfied
type is,

Design by J. Schuurmans
(954005J
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AUDIO POWER DOWN

The audio amplifier in a battery-op-
erated scanner or walkie-talkie is

often on standby for long periods. Of
course. in that state it draws a much
smaller current than during normal
operation, but even so, this ts a waste
of energy.
A system in which the amplifier is

switched by the squelch circuit is al-
ready a lot better as far as energy
drain is concerned. Unfortunately, the
switching c1icks are a11too audible.
However. there are special amplifier

chips that have an integral power-
down circuit. which comes tnto oper-
ation when there has been no stgnal
at the input for more than 0.5 s. The
current then drops from about 15 mA
to 100 uA. Examples of such ICS are
those in the TLC247x series from
Texas Instruments (see dtagram).

The ics are invariably intended for
speech, rather than music, appli-
cations. This ts because an interna I
lowpass filter limits the frequency

10~OO~

16~

PI 2

range to 5 kHz in the
TLC24701/24721 or to 3.5 kHz in the
TLC24711/24731.
The devices are also suitable for di-

reet processing of pulse-width-modu-
lated (PWM) stgnals. Such a stgnal is
app!ied to pins 7 and 8. A potentiome-
ter that varies the potential at pin 2
between 0 and 2/3Vddfunctions as vol-
urne control. Note that tho diagram
shows a eircuit that works wtth an
analogue stgnal, whose volume ts ad-
justed with PI'
The ctrcutt shown draws a current

of not more than 250 mA. With a
supply voltage of 5 V. the output stage
can provide a peak power of 0.5 W.

Design by L. Lemmens
[954003[
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SWITCHED VOLTAGE COMPARATOR
I\. voltage comparator ts a device
n.that monitors whether an input
potential ts below or above a certain
level. Dependtng on the manner in
which the comparator ts swttched , tts
output is high or low respectively.
Stnce a comparator is able to liken

two potentials, many sensor circu1ts
use one, for example to show when
the temperalure is tao high. The out-
put of the comparator can then be
used to switch on a cooling fan, for in-
stance. When the temperature has
dropped to below its upper limit, the
circuit detects this and switches off
the fan.
Apart from tts application in sensor

ctrcutts. a comparator mayaiso be
used as an event detector. Orten it is
not just important to know whether a
certain limit has been exceeded, but
also when thts happened. For such an
application. the comparator must be
cascaded wtth a histable (fltp-Flop}.
Ttus is set at the moment the com-
parator detects a limit betng exceeded.
Ttus arr angement can also be made
by adding a reststör and a diode to the
comparator ctrcutt to simulate the
bistable operation.
The complete circuit is shown in

the diagram. The input stgnal is ap-
plied to the input of the comparator
via DI: Depending on the setting of Pj ,
the potential at the non-inverting (+)

05

evr
D3 Rel

~--~--~--~~--~--------4-~(O

input is then htgher or lower than
that at the inverting (-) input. If it is
htgher. the output will be nearly equal
to the supply voltage. This potential is
applied to the input via D2• so that the
comparator retatns tts state irrespec-
trve of the level of the input Signal.
This situation alters when the swttch
ts pressed: the comparator then
changes state (returns to its quiescent
state).
As an example. a transistor is

954006 . 11

added to the ctrcutt to operate a relay,
but this addition ts not necessary. The
level at pin 7 of leI can also serve to
drive other circuits. Reststor ~ ts al-
ways requtred. however, because leI
has an open-collector output.
The circuit draws a current of only

a few milliamperes when the relay is
not energtzcd.

ZN436 REPLACEMENT

Since Ferranti have taken their
well-known ZN436, a 6-bit digital-

to-analogue converter, out of produc-
tton. the ZN426 has 'replaced' it. This
ts. however, not a direct re placement,
because, to start wlth , tt ts an 8-bit
device. lt is also not fully pin compati-
ble as the diagram shows.
Note that the ZN426 has a 2.5 V in-

ternal reference source. Therefore, if
the ZN436 to be replaced uses an ex-
ternal reference source, thts can be
omitted; pins 5 and 6 of the replace-
ment ZN426 should then be strapped
together. To convert the ZN426 to a
6-bit device, Da and DI are grounded.
If the device is mounted on a board

and an external reference ts used,
pins 9 and 10 must be connected to
earth. If the internal 2.5 V source ts
used, pin 5 must. of course, be dts-
connected from the external reference.

Design by A. Rietjens
19540101
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Design by M.S. Nagara]
19540061
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DESIGN COMPETITION REVISITED 
International 1st prize 
After our July/August issue had gone 
to press. it was decided to award a n  
INTERNATIONAL 1 s  PRlZE in addition to 
the national prizes in the various 
countries. The additional prize will be 
awarded for what the judging panel 
considers the best overall design from 
anywhere in the world. It does not re- 
place national prizes. 

The International 1st Prize. made 
available by Tektronix. is the new 
Type THS720 TekScope. This attrac- 
tive test instrument is a complete 
pocket-size digital. two-channel oscil- 
loscope. The bandwidth of each 

channel is 100 MHz: the sampling fre- 
quency is 5 X 108 samples sec-'. Test 
results are displayed on a clear 
screen: they may also be applied to a 
personal computer via the integral 
RS232 interface or printed out on 
paper. The instruments also provides 
a fully-fledged multimeter function. It 
comes complete with all necessary 
test cables and a protective cover. 

CORRECTIONS TO JULYIAUGUST ISSUE 
Owing to some last-minute alter- signal generator' was given a s  30: 'ZN436 replacement' on p. 109 is 
ations. a few small, but nevertheless this should have been 10. incorrect: the correct one is repro- 
annoying errors occurred in our July The circuit diagram included with duced in column 1. 
/August issue. The necessary correc- 
tions are detailed here. 

The 'AF Power Indicator' advised 
in the contents to be on p. 102 was 
omitted and is given here. 

The page number of 'Speed-up for 
printer buffer' was shown in the con- 
tents a s  104, whereas this should 
have heen 102. 

The page number of 'Simple r.f. 

AF POWER INDICATOR 
e ~ n d ~ c a t o r  is intended primarily T" for ' heavy-duty PA (Public Address) 

loudspeakers. Connected simply to 
the loudspeaker input terminals. it 
displays the power applied to the 
speaker by a row of five LEDs: the 
larger the power. the more diodes will 
light. Since the power provided by the 
output amplifier also influences the 
total current through the diode array. 
the brightness with which the LEDs 
light also increases with increasing 
power. In this way, only five LEDS give 
a fairly good indication of the applied 
power. 

The scale is geared to use with PA 
systems. where a few watts here and 
there do not matter. The stated values 
relate to peak voltages across 8 R. If 
the loudspeaker impedance is 4 R. the 
values are double the stated ones. 

Since a clear display requires that 
the lighting times of the LEDs are not 
too short, a single-phase rectifier, 
R-/-D6-Cl. is provided at the input. Be- 
cause the capacitor is discharged each 
half period via Rg and the remainder 
of the circuit. the afterglow lasts for 
some tenths of a second. Resistor R7 
limits the chareine-current ~ e a k s  to 

LEDs is not exceeded (7 mA at an a.f. 
power of 150 W into 8 R). 

If  slightly longer afterglow times are 
required, the value of Cl may be in- 
creased to some extent. However. this 
results in a power somewhere between 
peak and continuous values being 
measured rather than peak values. 
This is determined by the time con- 
stant of network R7-Cl. Some experi- 
menting with this may prove useful. 

Design by T. Giesberts 

U U 1 Cl to about 1 A. The LEDs used are of 1 
954010 - I ,  I the low-current type and light clearly 

1 ;f 
bn ! a t  currents a s  low a s  1 mA. Resistor row 

Rg ensures that at full drive the maxi- 94407, - 14 ZN436 replacement mum permissible current through the - - ~ ~~ - . ~- . 
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GAME PORTAS pe INPUT
Parallel inputting of data into a rc is
not stratghtforward , unless an

8-hit slat is available into which an
easily available card with two game
ports can be inserted .
The card consists of an address de-

coder (2x 74LS138 arid 74LS32 for de-
codtng game port address 20IHEX) and
a four-fold timer, NE558C, which con-
verts the resistance values of the
single joystick parameters into pulses
of corresponding widths. Many game
port cards only use an LS 138 for the
address decoding, so that addresses
200-207HEX can be accessed. A
74LS244 functions as bus buffer and
connects the outputs of the timers
and the joysttck to the PCbus.
The four Re networks, four addi-

tional capacitors and the timers must
be removed from the eard as shown in
Ptg. 1. The timers are replaced by wire
bridges between input and output.
This gtves allocations of the joystick
terminals (A- top; B - bottom) to the
set addresses as shown in the table.
Since terminals A and Bare connected
in parallel, the correspondmg alloca-
tions must not be occupted simultane-
ously to avotd short ctrcutts.
The modtftcatton described causes

the card to operate at address 201HEx.
If another jcyettck card ts al ready
used, it should be removed or deactu-
ated, otherwtse the game ports will be
destroyed by the consequent bus con-
fltct , A second joystick card can be
used only after the standard address
has been a1tered. To that end, the ad-
dress decoder must be adapted as
shown in Fig. 2. Break the link be-
tween output Qo of the LSB decoder
and the buffer Je and make a new
connection between Q 1 and the buffer
JC.The card can then be accessed at
address 203HEX (or 208-20F HEX if the
card contains only a single address
decoder IC).

10 DlM BlN(8)
20 FORK=I TO 8
30 BITE = lNP(&H20 I)
40 FORJ=OT07
50 BIN(? -J) = I
60 1F(BITE AND (2AJ)) = 0 THEN
BIN(7-J) = 0
70 NEXTJ
80 FOR L=OTO 7
90 PRINT USING "#-:BIN(L);
100 NEXTL
110 PRlNT""
120NEXTK
130 PRINT
140 GOTO 20

Sample program in BASIC

10-1-----,. *. .
0--1----,-. .. . *. ...
o-t----r... . ~ _ . * see text

*.•....•..........•..........
,
,

t

addressdecOder_.- ~
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#lncJude <stdio.h>
#inelude -cdos.h»
#include <limits.h>

#define ADDRESS 0x201

votd bit_prtnt(lnt);

void main(void)
I
int value. i:

while (!kbhltOlI
i=O;
do I
value = Inp (ADDRESS); I' Read value at port '(
bit_prtnt(value); (' Print value bitwise '(
prtntfl" "):
Iwhile ((i++) !=7);
prtntflvvn"):
I
getchf):

void bit_prtnt(lnt a)
I
Irrt i;
intn=CHAR_BIT:
Int maske 1«(n-1);

for (te I: 1<= n: ++iJ I
putchar(((a &maskJ == O)? '0· : '1');
a x-oe l :
I

2

[~
1

DX
15}~ •2

1
,.

3 13 t *see text
2

12 *zieteksl
3

74LS138 • 11

4
5
,.

5 & • 9

• 7
7

IQWA

IC2a

ICl = LT1013CN8
IC2 = 74HCU04 '"'•.)------------+----------~~--~~

954067-11

954040 - 12

Since a11inputs of the card are TTL
compatible, tt may be used with most
PCs. The output +5 V and ground may
be used for experimental ctrcutts.
Complicated software Is not re-

qutred. since writing can be done in
BASIC or C (INP(&H201) or Pascal
($201). The sampie prograrns in BASIC
and c represent the written values on
the morutor.

Sampie program
InC

.,Qe 10k
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Design by N. Koerber
[9540401

SIMPLE VOLTAGE AMPLIFIER
operating in tts linear regten.
Capaeiter Cl presents capacitive
feedback to create Ioop cornpen-
sation.
The output voltage swtng ofthe

circuit is 0 to 4.92 V wtth a load
of 5 kQ. A disadvantage of this
method is the relatively high cur-
rent drain ofthe inverters when the
output voltage approaches the
half-supply level. The application
ts intended mainly Ior d.c. cir-
cutts. because the dtstortron at
full drive rises to unacceptable
values above 100 Hz or so. Current
drain of the circurt Is s; 50 mA .
Linear Technology Application

Note 18
[9540671

The reststtve nature of the com-
plementary outputs ofa eMDS

legte inverter may be used to cre-
ate a voltage gain stage which al-
lows an output swtng of alrnost
the supply voltage. In the circuit
shown. eMDS gates are used to ex-
tend an amphfter's output swing
to almost 5 V. The ctrcutt ts par-
ticularlyusefuJ In 5-Vpowered ana-
logue systems where improve-
ments in available output swtng
are needed to maximize the sig-
nal processing range and drive
rnargtn.
The paralleled inverters are

placed wtthtn the LTlO13·s feed-
back loop, where they effectively
drop theoutput resistance, aiding
considerably in the swtngcapability.
The inversion in the loop requires
the feedback connection to go to
the arnpltfrers positive inpu t.
Network R.t -C2serves as a lead (lag
compensatton, It eliminates 05-

cillation in the inverter stage. which
has a high gatn-bandwtdth when



#lncJude <stdio.h>
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#include <limits.h>

#define ADDRESS 0x201

votd bit_prtnt(lnt);

void main(void)
I
int value. i:

while (!kbhltOlI
i=O;
do I
value = Inp (ADDRESS); I' Read value at port '(
bit_prtnt(value); (' Print value bitwise '(
prtntfl" "):
Iwhile ((i++) !=7);
prtntflvvn"):
I
getchf):

void bit_prtnt(lnt a)
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Irrt i;
intn=CHAR_BIT:
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Since a11inputs of the card are TTL
compatible, tt may be used with most
PCs. The output +5 V and ground may
be used for experimental ctrcutts.
Complicated software Is not re-

qutred. since writing can be done in
BASIC or C (INP(&H201) or Pascal
($201). The sampie prograrns in BASIC
and c represent the written values on
the morutor.

Sampie program
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Design by N. Koerber
[9540401

SIMPLE VOLTAGE AMPLIFIER
operating in tts linear regten.
Capaeiter Cl presents capacitive
feedback to create Ioop cornpen-
sation.
The output voltage swtng ofthe

circuit is 0 to 4.92 V wtth a load
of 5 kQ. A disadvantage of this
method is the relatively high cur-
rent drain ofthe inverters when the
output voltage approaches the
half-supply level. The application
ts intended mainly Ior d.c. cir-
cutts. because the dtstortron at
full drive rises to unacceptable
values above 100 Hz or so. Current
drain of the circurt Is s; 50 mA .
Linear Technology Application

Note 18
[9540671

The reststtve nature of the com-
plementary outputs ofa eMDS

legte inverter may be used to cre-
ate a voltage gain stage which al-
lows an output swtng of alrnost
the supply voltage. In the circuit
shown. eMDS gates are used to ex-
tend an amphfter's output swing
to almost 5 V. The ctrcutt ts par-
ticularlyusefuJ In 5-Vpowered ana-
logue systems where improve-
ments in available output swtng
are needed to maximize the sig-
nal processing range and drive
rnargtn.
The paralleled inverters are

placed wtthtn the LTlO13·s feed-
back loop, where they effectively
drop theoutput resistance, aiding
considerably in the swtngcapability.
The inversion in the loop requires
the feedback connection to go to
the arnpltfrers positive inpu t.
Network R.t -C2serves as a lead (lag
compensatton, It eliminates 05-

cillation in the inverter stage. which
has a high gatn-bandwtdth when



AUTOMATie PARKING LIGHT

Insorne countries, it ts still cbltgatoryfor cars parked in the road at rught to
have their parking lights on. If the car
ts parked well before dark, there is an
unnecessary drain on the battery. This
may be obviated, however, by the pre-
sent circuit, which ensures that the
parking lights da not come on until It
gels dark. and are switched off agatri
when it gets light. Jt has integral delays
to prevent the parking lights being
switched off by the headlights of pass-
ing traffic. The circuit can be enabled
only when lhe ignition ts switched off
and the parking lights are switched on.
How the circuit is butlt tnto the car

electronics is shown in the top dia-
gram. The figures near the various ca-
bles are standard in most European
cars; the colour codes apply primarily
to Volkswagen vehicles.
The circuit of the automatie parking

light unit is shown in the lower dta-
gram. The ambient-light sensor is a
ltght-dependent resistor (LORI. RI. The
sensor and R2 form a potential divider.
whose juncüon is linked to the non-in-
vertrug input of comparator rclb. The
tnverting Input of the Je ts at half the
battery voltage via Rg-R1o. Resistor Rs
provides a certarn hysteresis, which
prevents the comparator reacting to
brtef light pulses. Reststor R, is a pull-
up rcststor.
The circuit is made insensitive to

brief darkerung or lighting. as the case
may be. by delay network R;;-RrC2.
Branch RrC2 determines the delay
with wh ich the parking Iights are
switched on. while R6-C2 determines
for how lang the parking Iights remaln
on when daylight breaks. With values
as specified, these delays are 15 s and
10 s respectively.
Transistor Tl provides an operating

check by actuating the parking lights
for 15 s after the igrutton is swttched
off. To this end. C2 is charged via Tl
and R3. until the potential ac ross Cl,
which is charged via Ra. attains a level
at which Tl is cut off. If there is sufft-
cient ambient light, C2 1S discharged
slowly via R7' If tt is dark. however. C2
can not be discharged, so !hat the po-
tential across it stays high. and the
parking lights remain on. Capacitor Cl
is discharged via 03 when the supply
voltage is switched off to ensure that
the delay time is available when next
the supply voltage is swttched on
agam.
The delay networks are followed by a

second comparator, ICIb• whose invert-
ing input is also at half the supply level
via Rg-RJO. Hysteresis ts provided by
R11.Reststor R13ts a pull-up resistor.
The comparator controls TZ. which

can supply a current of up to 200 mA,
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ICl = TLC272 954004 - 12

which is sufficient to energize an mex-
perisive car-type relay, Re]. The tran-
sistor is protected agatrist tnducttve
voltage peaks by 04'
The entire circuit, except R]. ts built

on a small piece of prototyping board.
It needs only three leads to the car's
electric systern: +12 V, earth and out-
put. These connections are best made
with car-type in-cable connectors. The

leads to the relay contact should be
heavy-duty wire.
The LDRmay be located in any sutt-

able position on the car where it re-
ceives ambient light. Ir the connecting
cable to tt is langer than 10 m,
screened cable should be used to pre-
vent noise on the car's electrtc system
causing spurtous opcratton.
The values of R2 and PI should be
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MAINS VOLTAGE DETECTOR

Itis normally easy to tell when the
mains voltage fails because then the

radio stops playtng oryou are in the dark.
Joking apart. computers and other elec-
troruc equipment may require a special
stgnal which provides a simple matns
present/not present indication. Simple
as tt sounds, there ts more to such a de-
tector than you would expect. The main
reason is electrical safety, and that is ex-
actly the key feature ofthis little ctrcutt,
which offers total electrical insulation
from the mains.
The mains voltage arrtves at the Input

of optoisolator IC]via two relatively high-
value resistors, R1 and R2-Inside ICI are
two anti-parallel LEDs, which light al-
temately on each half-phase ofthe mams
voltage. The phototransistor conducts
durtng (nearly) the entire mains voltage
cycle. The resulting voltage at its ernit-
ter ts smoothed by capacitor Cl, and is
turned into a TrLcompatible digital swttch-
ing stgnal by a TLC555 timer. which is
configured as a Schmttt trtggcr. Capacttor
Cl ts discharged via R3·
The output oflhe circuit ts legte 0 (low)

when the mains voltage is present. and
logic I (high) when the mains voltage
fails at the input.

A simple BASIC program is shown to en-
able a PC, or indeed any computer capa-
ble ofrunning BASIC, to monitor the out-
putofthe circuit, Obvtously, thecomputer
should not be on the same mains outlet
as the detector (so get out your laptops
and notebook pes)!The output ofthe de-
tector Is connected to any data line of
the Centrenres port on LPTl:, and, of
course, to the ground line oftheinterface.
The printed circuit board shown here

is unfortunately not avaiJable ready-
made through our Readers Services. so
you have to make tt yourself, or have It
made.
WarningThe circuit should be built into

an aJI-plastic case to eliminate any risk
of the parts at matns potential being
touched. It ts recommended to use a
matns adaptor case, which comes with
amoulded mains plug. Neverworkon the
ctrcutt while it is connected to the mains.

R,

7 .B R
DIS

8

Kl r-r-----t"..,
le2

6 TLC555 orr
llfR

, TR ....

CLS
key$" ...,
OUT&H378.0
LOCATE ]2, 29
COLOR 7
PRINT "stete:"
WHILE key$ <> CHR$(27)
x% " lNP{&H378)
LOCATE ]2.38
lF ;\:% > 0 TI-IEN
COLOR 0.7
PRlNT" off'

ELSE
COLORO.2
PRINT" on"
END 1F
key$ " ]NKEY$

WEND

•N•
Design: O. Rennen

[9540011
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matched to the type of LDR used. When
it is light, lhey should provide a voltage
at pin 5 of ICIb which ts appreciably
below the potential at pin 6. When It is
dark, they should provide a voltage at
pin 5 that Is appreciably htgher than

Parts list
Resistors:
R]:R2 = 150kQ
R3 = 15kQ
R! = lOOkQ

Capacitors:
C] = Lp.F 15V radial

C2 = 100nF

Integrated circuits:
IC] = PC814 (Sharp Sem.iconductors)
IC2 = TLC555

Miscellaneous:
K] = 2-way PCB terminal block, pitch
7.5mm

that at pin 5.
The time constants of lhe delay net-

works may be altered to individual re-
quirements. but the value of C2 should
not be so high that the charging cur-
rent through Re ts no longer sufficient

to charge the capacrtor.
Design by G. Kleine

[9540041



MAINS VOLTAGE DETECTOR

Itis normally easy to tell when the
mains voltage fails because then the
radio stops playing or you are in the dark.
Jokingapart, computers and otherelec-
tronic equipment may require a special
signal which provides a simple mains
present/not present indication. Simple
as it sounds, there is more to such a de-
tector than you would expect. The main
reason is electrical safety, and that is ex-
actly the key feature of this little circuit,
which offers total electrical insulation
from the mains.
The mains voltage arrives at the input

of optoisolator ICIvia tworelatively high-
value resistors, RI and R2.Inside ICI are
two anti-parallel LEDs, which light al-
ternately on each half-phase ofthe mains
voltage. The phototransistor conducts
during (nearly) the entire mains voltage
cycle. The resulting voltage at its emit-
ter is smoothed by capacitor CI, and is
turned into aTILcompatibledigitalswitch-
ing signal by a TLC555 timer, which is
configured as a Schmitt tngger, Capacitor
Cl is discharged via R3'
The output ofthe circuit is Iogic0 (low)

when the mains voltage is present, and
legte 1 (high) when the mains voltage
fails at the input.
Asimple BASIC program is shown to en-

able a PC, or indeed any computer capa-
ble of running BASIC, to monitor the out-
putofthecircuit. Obviously,thecomputer
should not be on the same mains outlet
as the detector (so get out your laptops
and notebook rcs)! The output ofthe de-
tector is connected to any data line of
the Centronics port on LPT1:, and, of
course, to the ground line ofthe interface.
The printed circuit board shown here

is unfortunately not available ready-
made through our Readers Services, so
you have to make it yourself, or have it
made.
WarningThe circuit should bebuilt into

an all-plastic case to eliminate any risk
of the parts at mains potential being
touched. It is recommended to use a
mains adaptor case, which comes wtth
a moulded mains plug. Neverwork on the
circuit while it is connected to the mains.

CLS
key$ = ""
OUT&H378, °
LOCATE 12, 29
COLOR 7
PRINT "state:"
WHILE key$ <> CHR$(27)
x% = INP(&H378)
LOCATE 12. 38
IF :&-010 > ° THEN
COLOR 0, 7
PRINT" off"

ELSE
COWRO,2
PRINT" on"
END IF
key$ = INKEY$

WEND

K1
r-i!"'-----t'""\o

95400;1 0 I
~

Parts list
Resistors:
RI;R2 = 150kQ
R3 == 15kQ
~ = 100kQ

Capacitors:
CI = IpF 16Vradial

C2 = 100nF

Integrated circuits:
ICI = PC814 (Sharp Semiconductors)
IC2= TLC555

Miscellaneous:
KI = 2-way PCB terminal block, pitch
7.5mm

Design: O. Rennen
[954001]

matched to the type of LDR used. When
it is light, they should provide a voltage
at pin 5 of IClb which is appreciably
below the potential at pin 6. When it is
dark, they should provide a voltage at
pin 5 that is appreciably higher than
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that at pin 6.
The time constants of the delay net-

works may be altered to individual re-
quirements, but the value of C2 should
not be so high that the chargtng cur-
rent through RtJ is no longer sufficient

to charge the capacitor.
Design by G. Kleine

[954004]



Measuring the current drawn by
an apparatus is always a rather

complicated matter. Ir a shunt resistor
ts placed across the positive supply
rai!, the measured voltage has. by def-
inition, an offset equal to the supply
voltage. lt ts. of course, much simpler
to place a rcststcr in series with the
negative supply line, but, owing to
vartous circumstances. that ts not al-
ways possible. A better way is using
the circuit shown in the dtagrarn.
The circuit removes the common-

mode voltage and has variable gain so
that the transfer ratio can be selected
as desired. It draws a current of only
a few milliamperes.
In the ctrcutt, the measurement re-

sistance is R4' The current-dependent
voltage drop across this resistor is ap-
plied to the non-tnverttng input of ICI.
The op amp will endeavour to bring its
inverting input at the same potential
by switching T I on or off. As a result.
a current flows through R2 that ts pro-
portional to the drop across R4 and
thus to the current through RL. The

CURRENT METER

TL081 B5250

~:::.,
r J~t
!5l0FFSETN2 G

OFF$ETN1 1

954082-12 •
current through R2 causes a potential
drop across R3, whtch is proportional
to the load current and is referred to
ground. Thus, a voltmeter connected
between A and ground gtves an exact
indication of the load current.
The sensitivity of the meter is de-

termined as follows. A load currcnt of
1 A causes a drop of 100 mV across
R4' The current through R2 is then
1 mA, which causes a drop of 1 V
across R3. The transfer ratto is thus
1 V A-J. This ratto can be varied by
giving R3 a different value. Resistor R4

mayaiso be adapted to particular
measurements. If, for instance, the
load current is smalI, it is advisable to
increase its resistance to 1 .0..
ANational Semiconductor appltcatton

[954082[

PROGRAMMABLE SINE WAVE OSCILLATOR

Micro Lmear's ML2035 monolithic
programmable sine wave gcnerator

Je is used here without the usual micro- CTR14 7

~~
a

controller to supply the frequency de-
'C'

5• C3 C1 5V
termtning code word. ICI, a 74HC4060 X1 5

,
oscillator / counter, supplies both the sjne 3.579545MHz 11 Kl •J ACX • 10011

wave generator's clock and the gating 10 14 10V
ex + 7 0

pulse for shift register IC2'When the Q5 9 er 13cx • C2

output ofKf goes high, IC2starts to shift • 15
12 1

etght hard-wtred bit levels tntc the SID(se- CT",O 11 '''~2 10V
rial input data) input ofthe ML2035, fol- I'· 74HC4060 12 a
lowed by etght l s. The shtft-m operation 13

is synchronized by the positive-going ., •edge of the clock stgnal applied to the 1k LAll
60Hz• 'C3SCKpin. When a1116bits areread, the fre- Cl.Kln • ~2 Voo1

quency determtntng word ts copied into 3 $CI( ML2035 •the ML2035's internal data memory on SlO
v" GND v..

the negattve-going edge at the LAT' input. 7 1 f!!The gcnerator's output frequency,fout, is
computed from SV

20 m.fcLKlN x(DI5- DO)DEC 10
foUl =

223
12 10
13
14 ICl IC2

The lower-order byte of thefrequency a tp0O"determtntngword is hard-wired at the load •
inputs (A througb H). The htgher-order bytc
is always 255 (1111 1111). Because the • 9

Q output ofthe HC165 is used, inverted 10 7

+
logtcapplies, and the frequency deterrnining 74HC165 954054-11

value should be written as:
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NOTlllll 1111 HGFE DCBA)

The circutt can produce 50 Hz or 60 Hz
sine wave stgnals from an in expensive
NTSC quartz crystal. The shift register
load values for other pcpular crystal fre-
quencies are shown in the table. The gen-
erator's output sfgnal exhibits a maximum
ofO.5%THD.
Current drain of the circuit ts about

7 mA at +5 V. and 2 mA at -5 V.
AMicro Linear application

19540541

Micro Linear, 2092 Concourse Drive.
San Jose. CA95131. U.S.A.
Tel. (408)/433-5200.

FCRYSTAL
74HC165 Code

(MHz) fOUl °10 °HEX ABCO EfGH Error

4.00 50 105 69 1001 0110 0.14%

4.00 60 126 7E 1000 0001 0.14%

4.194304 50 100 64 1001 1011 0.0%

4.194304 60 120 78 1000 0111 0.00%

6.00 50 70 46 1011 1001 0.14%

6.00 60 84 54 1010 1011 0.14%

8.00 50 52 34 1100 1011 -0.82%

8.00 60 63 3f 1100 0000 0.14%

LOUDSPEAKER PROTECTION IN CARS
~e output stages of many car
~ radto Zcassette players have no
swttch-on delay for the loudspeakers.
This causes annoying clicks when the
radio is switched on Cf off. Usually, the
output stages are remotely contro lIed
via switching voltage outputs of the
radio. One of these outputs. Vs' is used
by the present circuit to swttch on the
amplifier before the loudspeakers and
to swttch off the loudspeakers before
the amplifier.
The realization of this is shown in

the ctrcutt diagram. When the radio is
swttched off, the inverter inputs are at
ground potential via R2' Capacitor C2 is
then dtscharged, the input of ICla goes
low. Tl is swttched off. and relay Rej ,
which switches control vo1tage Vs' (out-
put G) is deenergized. The output of
rc le is high, however, so that C3 is
charged and the output of ICld is low.
Thus, T2 is off and the loudspeakers
are removed frorn the output stages by
relay Re2'
When the radio is switched on, the

Vs Input is 12 V, C2 becomes charged
and series-connected ICla and ICIb
change state. Transistor Tl then con-
ducts, whereupon Re} is energtzed, so
that the output stages are switched on.
At the same time, IC}c changes

state, which causes D4 to be reverse
biased, so that C3 is discharged slowly
via Re. When the potential at the input
of ICId drops, the Inverter changes
state. so that T2 conducts, whereupon
Re2 is energtzed and its contacts COD-

nect the loudspeakers to the output
stages.
When the radio ts switched off the

output of ICle goes high. causing C3 to
be charged, whereupon ICld changes
state and T2 is swttched off. The loud-
speaker connecttons are thus broken
before C2 has bcen dtscharged suffi-
ciently via R3 to cause ICla and IClb to

ELEKTOR ELECTRONlCSJULY/AUGUST 1995

change state. Tl to be swttched off. and
Re j to be deenergrzed (which switches
off the output stages).
The Schmitt trtgger inputs of the in-

verters ensure faultlese switchtng.
The supply voltage for the inverters

is stabilized at 9 V by R8 and 07, and
buffered by C4. Cs. The control voltage
lines are decoupled by CI and C6'
Diodes Dj anc1 D2 short-ctrcuit vo1tage
peaks over 12 V and below -0.7 V re-
spectively. thereby protecting the in-
puts of the Inverters agatrist excesstve
potentials.

Relay Rej may be a miniature type.
stnce its contacts sei dom handle cur-
rents htghcr than 250 mA. Relay Re2.
however. should be a heavy-duty type
whose contacts can cape wtth the high
currents flowing through the loud-
speaker coils.
All connections are best made via

car-type m-Ime connectors available
from all good car accessory shops.
The protection circurt draws a qutes-

cent current of only 4.5 mA.
Design by F. Hueber

19540351

.,
r---------~r..~2kkl~------------------------~A Qvs
0'

+-~'-------~=---------~---t-------t---{Bv+

Re>

D3

G 'VS'

n-1r
04

tCl = 4093
01...06 = 1N4Q07

H
954035-11



NOTlllll 1111 HGFE DCBA)

The circutt can produce 50 Hz or 60 Hz
sine wave stgnals from an in expensive
NTSC quartz crystal. The shift register
load values for other pcpular crystal fre-
quencies are shown in the table. The gen-
erator's output sfgnal exhibits a maximum
ofO.5%THD.
Current drain of the circuit ts about

7 mA at +5 V. and 2 mA at -5 V.
AMicro Linear application

19540541

Micro Linear, 2092 Concourse Drive.
San Jose. CA95131. U.S.A.
Tel. (408)/433-5200.

FCRYSTAL
74HC165 Code

(MHz) fOUl °10 °HEX ABCO EfGH Error

4.00 50 105 69 1001 0110 0.14%

4.00 60 126 7E 1000 0001 0.14%

4.194304 50 100 64 1001 1011 0.0%

4.194304 60 120 78 1000 0111 0.00%

6.00 50 70 46 1011 1001 0.14%

6.00 60 84 54 1010 1011 0.14%

8.00 50 52 34 1100 1011 -0.82%

8.00 60 63 3f 1100 0000 0.14%

LOUDSPEAKER PROTECTION IN CARS
~e output stages of many car
~ radto Zcassette players have no
swttch-on delay for the loudspeakers.
This causes annoying clicks when the
radio is switched on Cf off. Usually, the
output stages are remotely contro lIed
via switching voltage outputs of the
radio. One of these outputs. Vs' is used
by the present circuit to swttch on the
amplifier before the loudspeakers and
to swttch off the loudspeakers before
the amplifier.
The realization of this is shown in

the ctrcutt diagram. When the radio is
swttched off, the inverter inputs are at
ground potential via R2' Capacitor C2 is
then dtscharged, the input of ICla goes
low. Tl is swttched off. and relay Rej ,
which switches control vo1tage Vs' (out-
put G) is deenergized. The output of
rc le is high, however, so that C3 is
charged and the output of ICld is low.
Thus, T2 is off and the loudspeakers
are removed frorn the output stages by
relay Re2'
When the radio is switched on, the

Vs Input is 12 V, C2 becomes charged
and series-connected ICla and ICIb
change state. Transistor Tl then con-
ducts, whereupon Re} is energtzed, so
that the output stages are switched on.
At the same time, IC}c changes

state, which causes D4 to be reverse
biased, so that C3 is discharged slowly
via Re. When the potential at the input
of ICId drops, the Inverter changes
state. so that T2 conducts, whereupon
Re2 is energtzed and its contacts COD-

nect the loudspeakers to the output
stages.
When the radio ts switched off the

output of ICle goes high. causing C3 to
be charged, whereupon ICld changes
state and T2 is swttched off. The loud-
speaker connecttons are thus broken
before C2 has bcen dtscharged suffi-
ciently via R3 to cause ICla and IClb to
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change state. Tl to be swttched off. and
Re j to be deenergrzed (which switches
off the output stages).
The Schmitt trtgger inputs of the in-

verters ensure faultlese switchtng.
The supply voltage for the inverters

is stabilized at 9 V by R8 and 07, and
buffered by C4. Cs. The control voltage
lines are decoupled by CI and C6'
Diodes Dj anc1 D2 short-ctrcuit vo1tage
peaks over 12 V and below -0.7 V re-
spectively. thereby protecting the in-
puts of the Inverters agatrist excesstve
potentials.

Relay Rej may be a miniature type.
stnce its contacts sei dom handle cur-
rents htghcr than 250 mA. Relay Re2.
however. should be a heavy-duty type
whose contacts can cape wtth the high
currents flowing through the loud-
speaker coils.
All connections are best made via

car-type m-Ime connectors available
from all good car accessory shops.
The protection circurt draws a qutes-

cent current of only 4.5 mA.
Design by F. Hueber

19540351

.,
r---------~r..~2kkl~------------------------~A Qvs
0'

+-~'-------~=---------~---t-------t---{Bv+

Re>

D3

G 'VS'

n-1r
04

tCl = 4093
01...06 = 1N4Q07

H
954035-11



5TH-ORDER BUTTERWORTH FILTER

Butterworth filters have a charac-
terislic which ts virtually straight

rtght up to the cut-off potnt and this
makes them ideal for many appli-
cauons. Unfortunately, the toJerance
of the components is critical and
should, therefore, be 1%or better.
The Type TL081 op amp used in the

prototype may be replaced by any
good op amp that is stable at an am-
plification of x2 o r more. The table
gives values for an amplification of x2
and a cut-off frequency of 1 kHz. Be-
cause of the amplification, the ratio of
the capacitors is as small as feasible,
while that of tbe resistors is as nearly
equal as possible. The last line gtves
theoretical capacitor values for equaJ
values of the resistors. These are re-
quired if the low-pass filter is to be
converted to a high-pass seetion.

Ir the amphftcatton presents a prob-
lem. it can be reduced by converttng
Rj into a potential divider. Make sure
in that case that the output reststance
of the divider is equal to the value of
RJ in the table. Reststor Ra provides
bias for leI when there ts no d.c.
coupling at the input.
The tabJe gtves reststör values for

a11combinations of capacitor from the
E-12 se ries whereby their mutual

C4C2

A6

954028 - 11

ra tio varies little tf at all. Because of
the rounding off of the capacitor
values to E-12 values. some parame-
tcrs of the filter may dtffer by a few

per cent from the theoretical values.
The TL081 draws a current of

about 2 mA.
Design by T. Giesberts

[954028[

Cl C2 C) C4 Cs Rl R2 R) R4 RS
(nF) (nF) (nF) (nF) (nF) (kQ) (kQ) (kQ) (kQ) (kQ)

I 10 5.6 8.2 3.9 1.5 33.216 36.632 32.664 29.103 32.864
2 12 6.8 10 4.7 1.8 27.462 30.613 26.568 24.129 27.447
3 [5 8.2 12 5.6 2.2 21.710 25.189 22.187 20.526 22.550
4 18 19 15 6.8 2.7 17.261 21.891 17.364 17.049 18.416
5 22 12 18 8.2 3.3 14.059 18.145 14.531 14.231 15.053
6 27 15 22 10 3.9 11.931 14.055 11.926 11.481 12.799
7 33 18 27 12 4.7 9.340 12.147 9.654 9.621 10.713
8 39 22 33 15 5.6 8.158 9.783 7.988 7.509 8.970
9 47 27 39 18 6.8 7.147 7.629 6.755 6.265 7.305
10 56 33 47 22 8.2 6.198 6.137 5.611 5.080 6.011
11 68 39 56 27 10 5.115 5.099 4.821 4.119 4.917
12 82 47 68 33 12 4.243 4.227 4.001 3.341 4.104
13 35.076 19.362 25.933 11.803 4.9125 10.0 10.0 10.0 10.0 10.0
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TEMPERATURE SENSOR

The circuit described is based on a
Type DS1620 temperalure sensor

from Dallas Semiconductor. This de-
vice can rneasure temperature wtth a
resolutton of 0.5 "C over the range -55
"C to +100 "C. Moreover, since it con-
tatns tWQ 8-bit non-volatile memortes.
it can gtve an alarm above and below
programmed limits.
The rc has three switched outputs

of which Thigh ts high when the tem-
perature is above the upper ltmtt: Tlo\V
ts high when the temperature is below
the lower limit: Team is low with rtstng
temperature. becomes high when the
upper level is exceeded, and then be-
comes low agatri when the tempera-
ture has dropped below the lower
limit.
The limits are programmed via a

three-wire interface. The internal
memo rtes retain their data, so that
the chip after having been pro-
grammed can be placed Into a circuit
without losing its programmed tnfor-
mation. This makes It possible for a
stand-alone untt to be desrgned. Lass
of the supply voltage has no conse-
quences.
Data are written on the leading

edge of the clock. Use ts made of an
8-bit serial format, LSB first. There is
an internal configuration regtstcr that
deterrrunes whether the chtp opcrates
in a stand-alone situation. In that
case. a conversion can be started via a
pulse at the clock Input. or measurtng
may be continuous. During a mea-
surement, whtch lasts only 1 second,
the Je draws a current of 1 mA; during
standby only 1 pA.
When the lC communicates wl th a

r-c or nucroprocessor, instructions
such as 'read the tcrnpcraturc'.
'readjwrite the temperature or status
registers', 'startjstop convcrston' are
possible. More rcs may be accessed in
turn by resets.
To measure the temperature, the

instruction 'AA1i' Is sent to the Je. The
master (r-c or microprocessor) then

••

954076-11

emits nine additional clock pulses
and, always at the leading edge, reads
the data emerging from the Je starting
with LSB. The temperature is given in
9-bit 2s complement format. Thus, 0
means 0 ", 32H means 50 steps of half
a degree, that is , 25", and I FFH
means one negative step, i.e., -0.5 0.

The circuit as shown is contained
in a demokit available from Dallas

051620
+ sv

na 02 0' C3
a x

1N4148
~oon

v"
, RST THIGH

7

R' ICl AOORESS

220n , c,x TeOM
...,

5 RESET
OS1620

t Da TLOW
6GNO RST-

4

954076·12

7
THIGH

I

Semiconductor. The temperature,
switching thresholds, and status of
the three -swttchcd outputs are shown
via the parallel port wtth the atd of a
Visual Basic program. It shows clearly
how simple the interface can be.
Power ts provided to the Je via the

three diedes.
Design by K. Walraven

19540761
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UNE FEED ADD-ON FOR HP DESKJET520
/\ fine printer, really. that Deskjet 520
r-lfrorn Hewlett Packard, only it lacks
a line feed button! This obvious deftctency
ts made good by the add-on ctrcutt shown
here. It ts inserted in the Centronics link
between the computer and the printer, and
effectively su pp lies the code for a line
feed (OAhex) plus the associated strobe
pulse.
The line feed cornrnand is pre-wired as

hex code OAon pins 2, 4, 6 and 8 of ICt
and IC2. The two HCT241 bus trans-
ceivers switch between Centtonics data
and the line feed command. The Centronics

data are dtstrtbuted across the trans-
cetver seetions wtth 'high' enable. The
line feed command is distributed across
the transceiver sections with 'Iow' en-
able.
The strobe pulse required to copy the

line feed command tnto the printer ts
generared by presstng Sj. The switch con-
trols a simple ttmer based on Rcnetworks
and Schmitt trigger NAND gates, which
also debounce the presskey. Gates IC3b
and IC3d select between strobe pulses
supplied by the computer. and the line
feed strobe pulse. Obviously, the line feed

RESET

sv

R5 ~1

RESET

ERROR

,.10M

I
•

~IClb~

11 t> v g
ra r

" .
" a

~ICla~

~ t> V 18· .., ..
• n

1ft; IC2a ~
cp~ !>V'8· "
•

~ IC2b~

-----1.! t> v 9

" r
" s
H , IC1,IC2 = 74HCT241

IC3 = 74HCT132

"
"

~
::7."

'": IT& 3 IC3d 9 1T& 8

IC3a : 1T& 6 rcae
~
IC3b

5V

~1°o~01001@
954o.1.8"1~

1 :,,,,,
,,,,,,
:

1 STRQBE (STR)
2 DATA 0
3 DATA 1
4 DATA 2
5 DATA 3
6 DATA4
7 DATA 5
8 DATA 6

19 9 OATA 7
10 ACKNQWLEDGE (ACK)
11 BUSY
12 PAPER ERROR (PE)
13 READY
14 Ne
15 NC
16 SIGNAL GROUNO

36 17 CHASSIS GROUNO
18 Ne
19..•30 GROUND
31 RESET
32 ERROA
33 Ne
34 Ne
35 NC
36 Ne 954048-12

button should not be pressed while the
computer Is still feedtng data to the printer,
stnce that would corrupt the flle to be
printed. The length ofthe line feed corn-
mand is determined by the dtscharging
of C1.and is will be at least a few tens of
miIliseconds, depending on the time SI
is held depressed. The strobe is actuated
a little later{approx. 25psl, and lasts about
200 us.
The circuit has a current consumption

in the pA regten, so that tt can be pow-
ered frorn the 5-V supply voltage which
is present {inmostcases) on pin 18 ofthe
Centronics connector (check to make
sure!). The input and output connectors
of the circuit are 40-way boxheaders
which accept 40-way IOC f1atcable sock-
ets. The pinout ofthe Centronics socket
is given for reference. Note that only pins 1
and 36 are 'straight through' connec-
tions between the boxheaders and the
Centronics sockets - the rest ofthe pins
have no number correspondence.

Design by T. Gtesberts
[9540481
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INTELLIGENT LOW-SIDE SWITCH

/\ lthough a digital circuit for drtvtng
r-la load such as a lamp or a d.c.
motor is fairly simple, tt has a few
drawbacks. It does not make the lay-
out and conetructicn of a printed-cir-
cutt board simpler. Space needs to be
reserved for at least Olle resistor, ooe
transrstor and one dtode. If the circuit
consists of a number of such stages,
this ean be a problem. It would be far
easier to use an Je that has a11these
components on board. Several types of
thts kind of Je are available, such as
Texas Instruments Type TPlC2404.
The TPIC2404 is a monolithic high-

voltage, htgh-current. quadrupie low-
side switch espectally destgned for dri-
ving from low-level logrc to peripheral
loads such as relays, solenoids, mo-
tors, lamps. and other high-voltage,
high-current loads.
The device has four inverting open-

collector outputs controlJed by a COID-

mon-enable input. When ENABLE ts
low. the outputs are disabled. An
error senstng circuit monitors loads
and devtce faults. When an error is
sensed the FAULT output goes to a low
state. In addition. the device has on-
board Vcc overvoltage and thermal
overload proteetion circuits. and the
outputs are current-limit protected.
The output state 15 compared wl th

the tnput value by four XNDRgates. If,
for instance. an output is shorted to
earth, this will be deteeted by one of
the gates whieh eauses D, to light.
This diode also lights in case of over-
voltage or a thermal overload.
TheTPlC2404 has live TIL or eMDS

compatible inputs: four for control
and for enable. When ENABLEis high.
and switch SI (see diagram) is oper-
ated. lamps L,-L4 light simultane-
ously. The integral current limiting
crrcutt restriets the current to 1.5 A.
Finally. the device is protected

agatrist tnducttve voltages at the out-
puts by four diodes in parallel with
the load. This arrangement enables
the device to switch inductive loads
without any diffieulty.

A Texas Instrument application
[954002[

<f'V
I"

95400~· 11

rc 1
TPIC2404

• "

CLAMP 1. 2

" CLAMP 3,.

".
01 RI

"11

Enable A Y FAULT

Normal operation H H L H
Open load H L H H
Short 10 ground L X H H
Overvoltage shutdown H L L L
Thermal shutdown H X H L
Short 10 Ycc H H H L

FUNCTION TABLE
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SMD- TO-DIL ADAPTORS

These adaptor boards are designed for
readers who find it increasingly dif-

ficult to experiment with certain inte-
grated circuits which are only available
as SMDS (surface mount devices). Also, an
increasing number of ICS is no Ionger
manufactured inDIL shape, being replaced
by SMDS (for example, the 74LSI63A).
Obviously, the problems are caused by
the small size ofthese parts, which require
dexterity, as weIl as by the fact that SMDS
donot sit insockets, and thus are not easily
removed from a circuit for a quick test,
or for faultfinding.
The PCB shown (which is not available

ready made) enables you to build three
adaptors. Each adaptor consists of two
sub-boards. First, the SMD is carefully
soldered at the copper side of the board
with the SMD pin layout. Next, pins cut
offfrom a turned -pin IC socket are pushed
through the holes of the centre rows of
the other sub-board, and soldered.
Alternatively, short pieces of stiff wire
can be used. Check that the the pins at
the underside ofthe sub-board are prop-
erly aligned, and that they can be in-
serted into a regular OlL socket. Then se-
eure the sub-board with the SMD on it on
top of the other sub-board with short
lengths of stiff wire which pass through
the relevant holes at the outside ofthe sub-
boards. In general, make the adaptor
unit as compact as possible.
The 24-way adaptor is obviously also

suitable for 18 and 20-pin ICS, provided
there is enough space around the socket
on the PCB for the adaptor to be inserted.
The 16-way adaptor with the IC off-

set from the centre is intended for appli-
cations where there is little space at one
side of the socket into which the adaptor
is inserted.
FinaIly, before inserting the adaptor,

ascertain the orientation, and be sure
the pin numbers of the SMD correspond
one-to-one with those of the OlL version
of the relevant IC!

Design by L. Lemmens
[954016)
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SUMMER
CROSSWORD

ByKlodz

Across:
1. A proverb ruins pienie time -

surely not Chnsuan Seien ce? Bu t
still is first word! (2, 9, 4, 6)

10. 34 Same dip around for a way to
work (5, 8)

11 In which paragon advertises organ!
(5)

12 Mountains where you find same
sour Alsatian dogs? (5)

14 Gold srsters made to slow flow (9)
15 Ta rob Mtg oil may cause mass

confusion (9)
19 2000 pointless slaters getting

wrong nets (8)
22 Cleaning lady's cornpany. et al,

produces fuel (8)
24 Interpol - EC - attempts to catch

the beast (7)
27 A tenth some make out to be

different (3, 3, 4)
28 Hill-dweller round wtth a twitch - a

bit cold here! (10)
30 Deprecate? No thanks - about to

corne early (7)
33 Despair planet Earth - has one of

rnany fliers (8)
34 See 10 across
381mpress room-mate in Ed's place!

(9)
41 Top bill. one on htll. keeps the

charge! (9)
43 Lesotho losing the French, mixed

sprout (5)
44 Preen? Clean Oll t natural log

division! (5)
45 Drive away the bird (5)
46 0, spectacle: Sid is an Iron. But

needs extra cares! (7, 14)

Down:
1 A tern in Its Iatr on a port -

strangely - comes and goes from
these! (13, 8)

2 Industriai attempt to denude
flower (5)

3 Throw gold to Heavenly twin (6)
4 Rampage South to contatn

attendants (5)
5 Gold to the North East, wtth rye,

mtsstng the point - plainly (6)
6 Do I raid spokes? (5)
7 Torn's opposable ones?! (6)
8 Orate strangely to Muse (5)
9 Strict Roman dips toilet in

muddred conurbations (I2, 9)
10 Dreams I haven't seen properly?!

(7)
13 Colin is made of this element (7)
16 Intttaltze a stgnal processor? It

didn't do Cleopatra any good! (3)

1 2 3 4 5 6 7 8 9

10 11 12 13

14 15

16 17 18

19 20 21 22 23

24

25 26

27 28

29 30 31 32

33 34

35 36 37

38 39 40 41 42

43 44 45

46

950087-11

17 Cycle-man goes to repair a water-
violet (8)

18 Cat-play? (3)
20 He has surface-mount tntegrated

circuits held at every Iaboratory!
(7)

21 ? (8)
23 Managed dog wtth nolhing but

bitterness (7)
25 One quiet tree (3)
26 Sheepish memory? (3)
29 Creeps around point to follow

gyration (7)
30 Cat-scanner? (3)
31 Neon light has a long Itfetime (3)
32 Rtght kitten mixes with wool-gath-

erer (7)
35 Nearly everyone chases drtnk at

doorway (6)
36 Insist apes have these tn ear (6)
37 Strange despair loses aspinner (6)
39 Gosh! I can play Japanese chess

(5)

40 lnman goes to have a fruit! (5)
41 Rue CD player, but got better (5)
42 Riddle it soundly for perfume (5)
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