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WINRADI

TAKIiNG THE EUROPEAN RADiO MARKET BY STORM

TAKE A LOOK AT WiNRADIiO’s DiGIiTAL SUITE SOFTWARE (AWARDED 5 STARS BY WRTH)
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5. Squelch-controlled AF Recorder ONLY £81.07 inc vat - Pox  FTsorcs —
6. DTMF, CTSS decode and analyse (requires SoundBlaster 16 compatible sound card) = sme) ] sok L WL
WIiNADIO™ PC RECEIVERS NEW EXTERNAL MODELS ]
Available as either an internal ISA card EXTERNAL WINRADIO™ “It's software is excellent.. more versatile and less idiosyncratic
that slips inside your PC, or as an external We are now able to offer you a than that of the Icom IC-PCR1000”
(portable) unit. WINRADIO combines the complete range of stand-alone WRTH 1999 Review
power of your PC with the very latest, and WINRADIO comms systems:
greatest, synthesised receivers. » WR1000e - £359 INC VAT “Five stars for its
+ WR1500e - £429 INC VAT mechanical design
YOU CAN USE WINRADIO™ SCANNING . wWR3100e - £1169 INC VAT WRTH 1999 Review

PC COMMUNICATION RECEIVERS FOR: Each stand-alone unit connects
Broadcast, media monitoring, professional & to your PC through either the
amateur radio communications, scanning, basic RS232, or through an
spot frequency, whole spectrum monitoring, optional PCMCIA adapter (for
instrumentation surveillance and recording. high speed control).

The units are powered through
either your existing 12v

“Most Innovative
Receiver’
WRTH 1998 Awards

If you're after the ultimate receiver-in-a-PC
with full DSP then smile and say, “Hello” to supply, or through an
the new WR31000i-DSP with its hardware for  (gntirely optional) NiMH
real-time recording, signal conditioning and rechargeable 12v battery

decoding applications. It's all you need. pack.

Model Name/Number WR-1000 WR-1500 WR-3100
Construction of internals 00i/WR-1500i-3100iDSP- Internal full length ISA cards

Construction of externals -1000e/WR-1500e - 3100e - external RS232/PCMCIA (optional)

Frequency range 0.5-1300 MHz 0.15-1500 MHz 0.15-1500 MHz

Modes AM,SSB/CW,FM-N,FM-W AM,LSB,USB,CW,FM-N,FM-W AM,LSB,USB,CW,FM-N,FM-W
Tuning step size 100 Hz (5 Hz BFO) 100 Hz (1 Hz for SSB and CW) 100 Hz (1 Hz for SSB and CW)
IF bandwidths 6 kHz (AM/SSB), 2.5 kHz(SSB/CW), 9 kHz (AM) 2.5 kHz(SSB/CW), 9 kHz (AM)

17 kHz (FM-N), 230 kHz (W) 17 kHz (FM-N), 230 kHz (W) 17 kHz (FM-N), 230 kHz (W)
Receiver type PLL-based triple-conv. superhet
Scanning speed 10 ch/sec (am), 50 ch/sec (FM)
Audio output on card 200mwW 200mwW 200mwW
Max on one motherboard 8 cards 8 cards 3-8 cards (pse ask)
Dynamic range 65 dB 65 dB 85dB
IF shift (passband tuning) no +2 kHz +2 kHz
DSP in hardware no - use optional DS software YES (ISA card ONLY)
IRQ required ' no no yes (for ISA card)
Spectrum Scope yes yes yes
Visitune yes yes yes
Published software API yes yes yes (also DSP)
Internal ISA cards £299 inc vat £369 inc vat £1169.13 inc
External units £359 inc vat £429 inc vat £1169.13 inc (hardware DSP only internal)

PCMCIA Adapter (external):  £69.00 inc when bought with ‘e’ series unit (otherwise: £99 inc)

PPS NiMH 12v Battery Pack and Charger: £99 inc when purchased with ‘e’ series unit (otherwise: £139 inc)
The WiNRADIO Digital Suite: £74.99 inc when purchased with a WiNRADIO receiver (otherwise: £81.05 inc)

To receive your completely free (no obligation) info pack and WiNRADIO software emulation demo disk all you have to do is get on the internet and go to
our website at http://www.broadercasting.com. If you don’t yet have easy access to the Internet then by all means feel free to telephone us or send a fax.

Please send all your enquiries to: info@broadercasting.com or Telephone: 0800 0746 263 or +44 (0)1245 348000 - Fax: +44 (0)1245 287057
Enformatica Limited, Unit B, Chelford Court, Robjohns Road, Chelmsford, Essex, CM1 3AG, United Kingdom

E&OE WINRADIO and Visitune are trademarks of WiNRADIO Communlcations - copyright Broadercasting Communications Systems
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A wireless free for all.

NEWS

® BT could lose line monopoly

® Wireless approval changes

@ Mobile masts — more say for public
® R&D spending falls

@® Police get internet intercept powers
@ Nanotube has diode characteristics
@® Chip sales boom forecast
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US scientists have demonstrated a carbon
nanotube that behaves like a diode. For
this and other news stories,

turn to page 709.

714 LOW VOLTAGE DESIGN

Analogue ICs are appearing that work from
a single 1.5V cell. These building blocks
use new topologies and to get the best from
them, you to understand how they work.
Giovanni Stochino et al explain.

FAST AUDIO POWER

Using a matched-fet input pair for
improved linearity, and a switchable
feedback system, Yuri Ezhkov’s 90W
power amplifier has a slew rate of 70V/us.

INTERFACING WITH JAVA

Java prides itself on platform neutrality and
probability. But what about computer
interfacing with non-standard hardware?
Les Hughes investigates.

THE ROUTE TO
SIMULATION il

In his third in-depth review of popular and
low-cost circuit simulators, Rod Cooper
analyses the latest version of Tina.
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Life-like virtual instruments are a feature of the Tina
circuit simulation package reviewed on page 738.
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ELECTRONICS
AND MUSIC

Richard Brice recounts the evolution of
music synthesis from the Moog to wave
tables and additive techniques.

NEW PRODUCTS

New product outlines, edited
by Richard Wilson

HANDS-ON INTERNET
Cyril Bateman has been looking at

solutions available on the net for helping you

measure current, large or small, AC or DC.

STAND-ALONE
EVENT LOGGER

Pei An and Pinhua Xie’s compact,
battery-operated instrument wakes up for a
preprogrammed period and records events,
together with a time stamp that can later be
fed into a PC for analysis. '

CIRCUIT IDEAS

@ Automatic load switch and timer

@ Phase-linear crossover network

@ Overvoltage load protection

@ Variable pulse-width generator

® DC position servo with motor options
@ Street light controller

CRYSTALS MADE CLEAR

Joe Carr explains how quartz crystals
work, and how to get the best from them in
a variety of oscillator circuits.

INTRUDER ALARM
TECHNOLOGY

Joe Cieszynski looks at the technology
used in modern security alarm systems.

Electronics World exclusive offer:
as a reader, you will receive x1, x10
oscilloscopes probes free of charge
when you buy any ADC virtual
instrument from Pico Technology
between now and Christmas — turn
to page 726 for details.

Leading RF designer Joe Carr
takes an in-depth look at crystal
oscillators from the cut onwards,
starting on page 780.

Semiconductor data galore:
for more information on this
month’s cover mounted CDs,
turn to page 728.

October issue on

sale 9 September
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Professional Electronics Design

50% 50%

Discount ED\N]N NC Discount

« Genuine, professional EDA software with no limitations! - and YOU can afford it!
« EDWin NC comes from Visionics: one of the longest established, most experienced producers
of professional EDA systems, so it’s fully proven in professional work.
« Now you can have this best-selling non-commercial version of the software at just
50% of the normal price, with no limits in its capabilities.
o It does just about everything you could want!
Schematics, simulation, PCB layout, autorouting, manufacturing outputs, EMC and Thermal Analysis.
Many more advanced features are available and it runs in Windows 3.x, 95, 98 or NT.
« Where’s the catch? It’s for non-commercial use,
but companies may order for evaluation purposes.
Prices start from just £59.00 for the basic system,
up to only £285.00 for the full system
including all available modules!

You can't sell it
for that!

HW Don’t forget - Phone Today for Your 50% Discount!
[—

« EDWin NC Basic: Schematics, PCB Layout, Manufacturing Outputs,
Max. 100 Component Database, SO0 Device Library.

« EDWin NC De Luxe 1: Basic + Professional Database and Libraries, Arizona Autorouter.

* EDWin NC De Luxe 2: De Luxe 1 + Mix-Mode Simulation, Thermal Analyser.

« EDWin NC De Luxe 3: De Luxe 2 + EDSpice Simulation, EDCoMX Spice Model Generator,
EMC and Signal Integrity Analysers.

Plus Postage & Packing UK £5.00; Rest of World £10.00 (only one charge per order)

Order hotline: +44 (0)1992 570006 Fax +44 (0)1992 570220 E-mail: swift.eu@dial.pipex.com
Please Visit Our Web Site http://www.swiftdesigns.co.uk

%ﬂffm g

Ienclose: £...........cc..... total. e Sl Ol e BB (L,

but please alIO\:v 28 days for delivery.
Cheque/PO/Credit Card: - I wish to order: Qty. Total (£)
Visa/Mastercard/Eurocard: No. « EDWin NC BASIC: £59.00 |

I, L TH [ ] [ | « EDWin NC De Luxe 1:  £119.00

TShub Date: Jjjj Eipity Dite [ T I*Ji « EDWin NC De Luxe 2: £155.00
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L
L]
.EDWin NC De Luxe 3: £285.00 | |

Date.............. SIGNALULE ..o Postage & Packing UK £5.00

NAIMIE: ..o s e ran st sesens Rest of World £10.00

AQAIESS: ..o veveecevverrierr s (only one P&P charge per order) Total £
........................................................................................ Swift Eurotech Ltd.,
................................................... Postcode .................... Twankhams Alley, 160 ngh Street,
Teb oo T it turotech [t Epping, Essex, CM16 4AQ, UK.
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A wireless free for all

Radio waves are buzzing with talk of the latest
regulatory proposals to come out of Brussels.
Mobile communications and radio systems
manufacturers in the UK and other European
countries are being threatened with the prospect of a
flood of substandard but cheap foreign products on to
the market.

And those clever bureaucrats have decided in
their wisdom that there is to be no mandatory
product testing in the EU to protect suppliers and
users from dodgy radio receivers and security
devices.

National type approval requirements designed to
ensure that all radio equipment sold in the UK
works properly and is safe to use will be scrapped
next year at the stroke of a pen in Brussels. In
future, manufacturers will only be asked to take
responsibility for the safety of their products.
Approvals will not necessarily be backed up by
mandatory product tests.

We know why the changes are being made. Self-
assessment is fine if regulators want to cut their
costs. But will it protect users from substandard
products, imported by little known Far East
suppliers who are less than.rigorous in their self-
assessment practices?

According to the Low Power Radio Association,
the proposed Radio & Telecommunications
Terminal Equipment Directive will effectively
remove the need for national type approvals.

“Instead,” says the LPRA, “there will be a
system of self declaration by manufacturers that
their products conform with the appropriate ETSI
Standards. This will be policed by market
surveillance by as yet unspecified bodies.”

Manufacturers of radio systems as diverse as
security systems and mobile phones are rightly
worried by the apparent relaxation of the radio
systems approval rules this represents. The natural
concern is that such is the vagueness of the
proposed surveillance system it will fail to prevent
substandard equipment entering the market,
whether from inside or outside Europe.

If the new rules allow for users in the UK to be
sold inferior radio equipment, then the concern
amongst the established manufacturers is that low
power radio systems, like those working in the
unlicenced 418MHz band which have been tested
and type-approved at not inconsiderable expense,
will be marked with the same ‘dodgy’ tag.

Manufacturers feel they have invested a lot of
time and money in raising the public perception of
low power radio systems by bettering the quality
of their products. The last thing they want right
now is for the EU regulators to turn the clock back
with a free-for-all of untested products.

In the words of the LPRA: “Thereby bringing

the industry into disrepute in the long term. In this
relatively new area of technology it has been an
ongoing process of persuading the market to have
confidence in the efficient operation of well
manufactured devices which conform to
regulations.”

But have the LPRA and its members anything to
worry about? Self-certification of electronics
products is nothing new. It has been part of
Europe’s electromagnetic compatibility (EMC)
regulations for a number years.

The market does not appear to have been
flooded with substandard and dangerous
equipment as a result. However, this has not
stopped some manufacturers from complaining
about the potential loop-holes in the rules which
self-certification can present to unscrupulous
suppliers. And the EMC rules are being actively
enforced.

So these are real and continuing concerns, which
should not be dismissed out of hand by the
regulatory authorities.

As the LPRA warns: “How the new Directive
will actually be applied a d policed in different
countries is still under discussion and there are
complicated issues to address.”

But the real kick in the teeth for radio equipment
manufacturers is that they have spent money on
third-party testing of their products which now
seems to have been completely unnecessary.

Manufacturers in this country have good reason
to be angry. After being asked by the authorities
and their customers to invest in the necessary type
approval of their products in the run up to the new
directive, the bureaucrats in Brussels have decided
to tear up the game plan at the eleventh hour.

Manufacturers fear that when the new rules on
self-certification are introduced next year, they
will have to compete with cheap imports from
overseas manufacturers who have not had to bare
the cost of type approval testing for their products.

This will create more unwelcome and unfair
competition in the low power radio market. And
the timing could not have been worse.

UK manufacturers are already grappling with a
UK radio spectrum licensing cock-up which
seems to expose some low power radio systems to
interference from the Tetra mobile
communications system now being deployed by
the emergency services.

But this is not just a business issue.-By opening
the flood gates at the eleventh hour the European
regulators have done nothing to reassure all us
users who will be looking for that “best-buy”
radio transmitter next year that we will necessarily
be getting value for money. u

Richard Wilson
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Simulation

® Berkeley SPICE3F5 analogue simulation kernel.

® True mixed mode simulation.

® New analysis types include multi-plot sweeps, transfer
curves, distortion and impedance plots.

® Active Components: Switches, Pots etc.

® Over 1000 new library parts with SPICE models.

® Greater ease of use.

“a constant

__high level
of capability P—

EWW CAD Review Round Up September 1998

[ Comporant Sig 2] Seiects cusmens bager

Schematic Capture

® Produces attractive schematics like in the magazines.
® Netlist, Parts List & ERC reports.

® Hierarchical Design.

® Full support for buses including bus pins.

® Extensive component/model libraries.

® Advanced Property Management.

® Seamless integration with simulation and PCB design.

PCB Design

@ Automatic Component Placement.

“the

BEST all-round

® Rip-Up & Retry Autorouter with tidy pass.

® Pinswap/Gateswap Optimizer & Back-Annotation.
® 32 bit high resolution database.

® Full DRC and Connectivity Checking.

® Shape based gridless power planes.

P Ro G RAM 99 @ Gerber and DXF Import capability.

EWW CAD Review Round Up September 1998

Available in 5 levels - prices from £295 to £1625 + VAT.
Call now for further information & upgrade prices.

i

ladbcenter
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Write, phone or fax for your free demo disk, or ask about our full evaluation kit.
Tel: 01756 753440. Fax: 01756 752857.  EMAIL: into@labcenter.co.uk
53-55 Main St, Grassington. BD23 5AA. www: https/www.labcenter. co.uk

Fully interactive demo versions available for download from our WAV site.

Call for educational, multi-user and dealer pricing - new dealers always wanted.
Prices exclude VAT and delivery. All manufacturer's trademarks acknowledged.
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BT could lose line monopoly

T could lose control of the local

loop this year, allowing its
competitors access to the telephone
lines going into consumers’ houses.

If the government legislates on
proposals of industry watchdog Oftel
to free up the local loop, the UK
could be in for the biggest upgrade to
the telephone network in its 110 year
history as rival operators rush to offer
xDSL broadband access technologies
like ADSL and cable modemsto
domestic users.

Oftel is expected to recommend
following the US 1996
Telecommunications Act which said
that any licensed operator wanting to
provide an upgraded line to a customer
can go to the local operator and
demand control of the customer’s line.

Traditional operators in the US like
the Bell operating companies, and
like BT in the UK, are reluctant to
provide upgraded lines to customers
at reasonable cost. This is because
chips implementing xDSL technology
exist that allow lines to be upgraded
for $25, whereas operators charge
businesses tens of thousands of
pounds for upgraded lines.
Businesses will obviously switch to
cheap xDSL lines, so losing the
traditional telecommunications
operators a lot of revenue.

BT is under threat from several
quarters. First there’s Oftel and the
British government; second there’s
the EU, which plans pan-European
legislation this year to force operators
to provide xDSL; and third there’s

rival operator Cable and Wireless,
which is going to offer an xDSL
alternative technology — cable
modems — to its customers in the
second half of the year.

BT is expected to fight all the way.
BT’s financial director is said to have
told an investments bankers’
conference that the company will
make an announcement on
asymmetric digital subscriber line
(ADSL) technology roll-out in
August. But in another report BT is
said to have threatened the
government that it will not offer
ADSL if the local loop is opened to
competition. That would ruin BT’s
business further as rivals rush in to
provide xDSL broadband access over
their networks.

Telecoms industry will be hit by EU approvals changes

he EU’s controversial decision to

scrap type approval requirements
for telecoms and radio products will
hit UK manufacturers and the BABT
telecoms approvals body next year.

BABT is being forced to move
away from approvals to compliance
testing in response to the EU
directive, which states that from April
2000, approval by a notified body
will not be required for telecoms and
radio equipment. Instead the onus for
standards compliance will be on the
manufacturer. “Basically that means
we will lose all our business in
April,” said a BABT spokeswoman.

Manufacturers of radio systems as
diverse as security systems and
mobile phones are worried by the
apparent relaxation of the radio
systems approval rules this
represents. '

According to the Low Power Radio
Association (LPRA), the proposed
Radio & Telecommunications
Terminal Equipment Directive will
effectively remove the need for
national type approvals. “Instead
there will be a system of self
declaration by manufacturers that
their products conform with the
appropriate ETSI standards. This will
be policed by market surveillance by
as yet unspecified bodies,” said the
LPRA in a statement.

BABT has already teamed up with
test house ToV Product Service to

become BABT Product Service and
will offer testing and compliance
checking for telecoms and radio. It
will be able to supply a voluntary
approval certificate which will give
manufacturers confidence that their
products meet all the relevant
specifications.

The spokeswoman claimed that
although companies will be able to
self certify products, if anything goes
wrong their branding and company
name will be blemished. “Do you
really want the onus of blame to
come to yourself when we can still
help you?” asked the spokeswoman.

Melanie Reynolds Electronics Weekly

Electronic, I am...
Hasbro’s Star Wars
figures, released to go
with the new film Episode
1, come with an audio
microchip in their bases.
The CommTalk Reader,
which can be bought
separately and
complements the figures,
allows them to talk by
downloading their speech
and storing it. This is a
new toy technology that
reads four key phrases of
dialogue for each
character, and sound
effects from the film,
which opened in the UK

on 16 july.

Mobile mast sites - public to get more say

“he government is to give the public more

time to comment on proposed mobile
phone masts as part of changes to its
guidelines.

Its new circular, Planning for
Telecommunications, also provides for
stronger planning control for sites of special
scientific interest.

Responding to a written parliamentary
question, Minister for Planning Richard
Caborn said the changes include a new
42-day prior approval procedure for
telecoms masts. This includes erecting a
notice publicising proposed development.

“The circular sets a clear policy

framework for planning for
telecommunications development to keep
environmental intrusion to a minimum,”
added Caborn.

The government wants local planning
authorities and industry to adopt a more
active role in.identifying the best
environmental solution for the masts. To
help bring this about, said Caborn, pre-
application discussions between the parties
will examine the various sitings and designs
options.

The order making this change has already
been presented to parliament and came into
force on 9 July.
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NEWS

UK spending on electronics R&D drops

lectronic and electrical companies

are investing less on research and
development than at any other time
over the last three years.

Total expenditure of £763m in 1998
was 16 per cent down on the year
before. Electronics and electrical
companies spent 3.2 per cent
compared to a national average of 1.9
per cent. But the top three companies
- GEC, Racal Electronics and

Siemens — account for two thirds of
the total spent.

Generally the scoreboard shows the
UK is not achieving the levels of
R&D investment reached
internationally, which the Unit feels
could indicate a lack of commitment
to growing into the large technology
companies of the future.

“Tomorrow’s profits come from
today’s R&D,” commented Norman

Price, an industrialist on secondment
to the Unit.

According to the 1999 R&D
Scoreboard from the DTI Innovation
Unit the UK’s largest R&D investor,
GEQC, ranks ninth out of 28
companies on an international scale.
The average spend at intérnational
level is 5.3 per cent, which means the
UK is lagging behind, although GEC
at 6.3 per cent is ahead of the game.

Ultimate connection... The final winner in broadband-to-the-
home will be fibre optics - replacing xDSL, cable modems,
satcomms, and terrestrial broadcast, it is claimed. Fricsson
Cable’s Ribbonet system (pictired) can inject optical cables
into existing cable conduits.

In-car satellite radio
drives a step nearer

Digital satellite radio beamed directly
to cars is closer to reality in the US
with the involvement of major car
manufacturers.

Ford Motor Company said it has
teamed ‘with CD Radio to bring
satellite radio broadcasts to its car
owners for $10 per month with 100
advertising free channels. The digital
radio receivers, however, will not
show up in Ford cars until early 2001.

“CD Radio service will bring to
radio what cable networks have
brought to television,” said Ford
executive director Mike Ledford.

General Motors recently took a
minority stake in CD Radio
competitor XM Satellite Radio and
said it will begin installing digital
radio receivers in its cars and trucks
by the end of 2001.

In addition to radio broadcasts, the
digital receivers may also be capable
of providing drivers with in-car access
to e-mail and Internet-based
navigation services.

Engineers are climbing the ladder

lectronics engineers feel their
L status within society has improved
in the last 12 months, according to a
recent survey.

A survey of almost 1300 engineers
and managers in the electronics
industry has indicated that concern
over the poor status of engineers in
the UK has eased from the alarmingly
high levels recorded a year ago.

Just 65 per cent of those questioned
in the telephone poll expressed
concern over the status of engineers.

Although this represents
considerable disquiet in the industry
over status, the figure is significantly
down on the 90 per cent of engineers
expressing concern over their status
in 1998,

In this latest survey just 36 per cent of
those questioned felt strongly that poor
status was still an issue within the UK.

This was another indication of how
concern over the issue seems to be easing.

It seems that a more positive
response to investment in the
high-tech sector from the government
may have bolstered the standing of
electronics engineers within society
as a whole.

The negative factor of
semiconductor plant closures has also
been off-set by the growing
importance of the local design
coOmmunity — particularly in
technologies for mobile
communications and digital TV.

The poll also demonstrated the fears
that engineers might be forced to
move abroad to work by relatively
poor pay and conditions in the UK
seem to be unfounded.

Just 11 per cent maintained that
working conditions in the UK were
poor. Only nine per cent could see
themselves working abroad on
account of better working conditions,
including salary.

Police electronic media powers look set to widen

he government is planning to

widen police powers for
intercepting telephone and postal
communications to electronic media.
It is asking service providers to
comment on the impact this will have
on businesses and costs.

The intention is to allow for the
tapping of messages on e-mail, the
Internet and other electronic media
for the first time.

The proposals also bring private
networks into the scope of the
warrant system for the first time
allowing people who believe their
privacy has been unfairly invaded a
right of redress.

Home Secretary Jack Straw has
published a consultation paper on
“Interception of Communications in
the United Kingdom” and is asking
communication service providers

details of their business and the
impact of the proposed new laws on
their firm. )

“Sophisticated criminal and
terrorists have been quick to éxploit a
revolutionised communications
industry,” commented the Home
Secretary.

Freeserve nets one in three

domestic UK web users

Nearly one in three home users — 31 per
cent — of the Internet use Dixons’
Freeserve service, according to a survey
by Fletcher Research. The second most
popular service was BT ClickFree
which attracted 14 per cent of users in
the poll, which covered 40000 users. It
also predicts 12.5 million adults at
home and work will be linked to the
Internet by the. year end.
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The HANDYSCORPE 2, connected to the
parallel printer port of the PC and
controlled by very user friendly software
under Windows or DOS, gives every-
body the possibility to measure within a
few minutes. The philosophy of the
HANDYSCOPE 2is:
"PLUG IN AND MEASURE".

Because of the good hardware specs
(two channels, 12 bit, 200 kHz sampling
on both channels simultaneously, 32
KWord memory, 0.1 to 80 voit full scale,
0.2% absolute accuracy, software
controlled AC/DC switch) and the very
complete software (oscilloscope,
voltmeter, transient recorder and
spectrum anatyzer) the HANDYSCOPE
2 is the best PC controlled measuring
tnstrumentinits category.

The four integrated virtual instruments
give lots of possibilities for performing
good measurements and making clear
documentation. The software for the
HANDYSCOPE 2 is suitable for
Windows 3.1 and Windows 95. There is
also software available for DOS 3.1 and
higher.

A key point of the Windows software is
the quick and easy control of the
instruments. Thisis done by using:

- the speed button bar. Gives direct
access to most settings.

- the mouse. Place the cursor on an
object and press the right mouse button
forthe corresponding settings menu.

TiePie introduces the HANDYSCOPE 2
A powerful 12 bit virtual measuring instrument for the PC

- menus. All seftings can be changed
usingthe menus.

Some quick examples:

The voltage axis can be set using a drag
and drop principle. Both the gain and the
position ¢an be changed in an easy way.
The time axis is controlled using a
scalable scroll bar. With this scroll bar the
measured signal (10 to 32K samples)
can be zoomedlivein and out.

The pre and post trigger moment is
displayed graphically and can be
adjusted by means of the mouse. For
triggering a graphical WY SIVWY G trigger
symbol is available. This symbol
indicates the trigger mode, slope and
level. These can be adjusted with the
mouse.

The oscilloscope has an AUTO DISK
function with which unexpected
disturbances can be captured. When the
instrument is set up for the disturbance,
the AUTO DISK function can be started.
Each time the disturbance occurs, it is
measured and the measured data is
stored on disk. When pre samples are
selected, both samples before and after
the moment of disturbance are stored.

The spectrum analyzer is capable to
calculate an 8K spectrum and disposes
of 6 window functions. Because of this
higher harmonics can be measured well
(e.g. for power line analysis and audio
analysis).

&

= HAN

The voltmeter has 6 fully configurable

displays. 11 different values can be
measured and these values can be
displayed in 16 different ways. This
results in an easy way of reading the
requested values. Besides this, for each
display a bar graphis available.

When slowly changing events (like
temperature or pressure) have to be
measured, the transient recorder is the
solution. The time between two samples
can be set from 0.01 secto 500 sec, soit
is easy to measure events that last up to
almost 200 days.

The extensive possibilities of the cursors
in the oscilloscope, the transient
recorder and the spectrum analyzer can
be used to analyze the measured signal.
Besides the standard measurements,
also True RMS , Peak- Peak, Mean, Max
and Min values of the measured signal
are available.

To document the measured signal three
features is provided for. For common
documentation three lines of text are
available. These lines are printed on
every print out. They can be used e.g. for
the company name and address. For
measurement specific documentation
240 characters text can be added to the
measurement. Also "text balloons" are
available, which can be placed within the
measurement. These balloons can be
configuredto your own demands,

For printing both black and white printers
and color printers are supported.
Exporting data can be done in ASCII
(SCV) so the data can be read in a

DYSCOPE =

F@mtemel zone

STORAGE OSCILLOSCOPE

SPECTRUM ANALYZER

VOLTMETER |

spreadsheet program. All instrument
settings are stored in a SET file. By
reading a SET file, the instument is
configured completely and measuring
can start at once. Each data file is
accompanied by a settings file, The data
file contains the measured values (ASCI}
or binary) and the settings file contains
the seftings of the instrument. THe
seftings file is in ASCII and can be read
easily by other programs.

Other TiePie measuring instruments are:
HS508 (50MHz-8bit), TP112 (1MHz-
12bit), TP208 (20MHz-8bit) and TP508
(50MHz-8bit).

Convince yourself and download the
demo software from our web page:
http:/Avww.tiepie.ni.
When you have questions and / or
remarks, contact us via e-mail:
support@tiepie.nl

Total Package:

The HANDYSCOPE 2 is delivered with
two 1:1/1:10 switchable oscilloscope
probe's, a user manual, Windows and
DOS software. The price of the
HANDYSCOPE 2is £ 299.00 exc!. VAT.

TiePie enginering (UK), 28 Stephenson
Road, Insdustrial Estate, St. lves,
Cambridgeshire, PE17 4WJ, UK

Tel: 01480-460028; Fax: 01480-460340

TiePie engineering (NL}
Koperslagersstraat 37
8601 WL SNEEK

The Netherlands

Tel: +31515415416
Fax+31515418819
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NEWS

FEl predicts boom in chip sales

massive increase in the demand

for integrated circuits is predicted
next year, according to the Federation
of the Electronics Industry’s (FEI)
annual semiconductor review and
forecast of the component market.

The organisation predicts a 24 per
cent increase in the value of the market,
rising from an estimated £5.1bn for this
year to £6.3bn.

Malcolm House, the FEI’s economist,
said the growth depended on
manufacturers choosing to stay in the

UK. “The government and

manufacturers have to work together to
ensure the equipment manufacturers
remain in the UK,” said House.
According to House, the
extraordinary growth in 2000 will be
driven through three industry sectors:
set-top boxes, mobile phones and PC
growth. The memory market will pick
up this year and continue to grow into
2001. “Prices will stabilise. It is a
difficult sector to predict but we are
forecasting growth,” said House.
Overall the FEI is expecting the total
UK semiconductor market next year to

grow in value by 22.7 per cent,
compared to an estimated 13.4 per cent
value growth this year. The market for
discretes will also rise next year by 7.7
per cent, compared to 2.6 per cent value
growth this year.

The optimistic forecast follows years
of poor growth with an actual overall
increase of the UK semiconductor
market by 3.3 per cent last year, 1.1 per
cent in 1997 and a decrease of 10.2 per
cent in 1996.

Alex Mayhew-Smith
Electronics Weekly

Nanometric tube exhibits diode characteristics

S scientists have demonstrated a
single-wall carbon nanotube
behaving as a diode, writes Roy

Rubenstein.

Nanotubes, made from a graphite

plane of carbon atoms that are rolled

up and sealed at the edges, are

60

A

3

attracting research interest due to
their inherently small structure.
Ultimately they promise nanometre-
sized circuits switching at terahertz
speeds.

*“It will probably be one to two
decades before they are used in
practical applications,” pointed out
Alan Johnson, assistant professor at
the University of Pennsylvania, who
has demonstrated the nanotube diode.

What Johnson and his team have
shown is the effect impurities have on
the electrical behaviour of nanotubes.
“Nanotubes are highly sensitive to
everything: roll it one way and it’s a
metal, roll it another and it’s a
semiconductor,” said Johnson.

While laying a 600nm-long, 2nm in
diameter nanotube across three gold
electrodes (A, B and C - see picture),
an impurity was placed near electrode
A. The nanotube itself was rested on
a silicon-dioxide insulator separating

it from a highly-doped substrate.

Connecting first a negative and
then a positive voltage across B and
C, the current/voltage behaviour
shown was symmetrical, as shown in
the graph.

However, repeating the process
with the voltage across A and B and a
diode-like characteristic results. “We
believe the impurity is acting as a
dopant, totally changing the
nanotube’s electrical behaviour,” said
Johnson.

The current — tens of nanoamps
when forward biased — may be
minute but currents up to twenty
times larger has already been
demonstrated. This is a tremendous
current density, said Johnson,
suggesting that nanotubes could
make excellent interconnects.

Johnson and his team are now
experimenting with known impurities
and their positions with respect to the

C

nanotube to better understand how
they alter its electrical behaviour.

Since nanotubes are so sensitive to
impurities, creating active circuit
elements will require “putting them
{impurities] exactly where you want
them”, said Johnson.

Java is embedding itself

Java technology is winning support in the
embedded systems market with three
suppliers making announcements in the US
last week.

Sun Microsystems introduced a compact
version of its Java Virtual Machine called K
virtual machine (KVM). It allows Java
applications to run on sub-PC devices such
as hand-held computers. And
Hewlett-Packard introduced a compact
version of its Java clone Chai called
ChaiFreeze-Dry for electronic devices such
as printers and embedded systems.

KVM is based on the latest Java 2
Standard Edition and was developed with

Motorola, which demonstrated a pager
running KVM with Microware’s OS-9
RTOS.

Cheapest digital TV deal yet?

Cable & Wireless Communications is
launching an all out attack on the digital TV
market with its announcement of the
cheapest deal available yet.

The package which includes a set-top box,
telephone line rental and a basic channel
package will be available for £9.98 per
month in parts of Manchester and London
this week. The company claims the same
deal would cost £15.90 for other delivery
systems.

TV e-mail and access to interactive
services will be available from October and
the services will be rolled out to other areas
of the North West and Greater London by
the end of the year.

Achievement of the century — the PC

The PC has been voted the top technological
achievement of this century in a poll
sponsored by communications company
Harris. In a survey of 1,000 Americans,
about 40 per cent said that the computer was
the top technology invention followed by the
television with 12 per cent, and the
refrigerator, also with 12 per cent. (]
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Ask for details about opening an
account, which can give you up
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by paying by Variable
Direct Debit.
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intended application.

meTechnic
Superstore

that’s always open

The Electromail CD-ROM Catalogue contains more than 100,000 technical products, all available
from stock for same or next day despatch. All you have to do is make your selection from the
CD-ROM and ‘phone your order through to our 24 hour orderline - any day of the week.

Qur sister company, RS Components, is the U.K.s largest distributor of electronic, electrical and mechanical products
to technical professionals. The Electromail CD-ROM makes this extensive product range available to technical
hobbyists and small businesses, and there's a comprehensive library of product datasheets already on the CD-ROM
which contain detailed information on the majority of our product range. There are also Technical Helplines, to answer
more specific enquiries, relating to your actual

Al just £3.99, the Eletronail CO-ROM gives you E l E n TB ” m H ’ l

everything at your fingertips, with the service
back-up which is second to none.

Tel: 01536 204555 Fax: 01536 405555 K5 m=m

Please quote stock number 332-3396 when ordering, and have your
credit card information available.

Electromail, P.0. Box 33, Corby, Northants. NN17 9EL.
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Ramco

GENUINE GOVERNMENT SURPLUS

We currently have in stock a selection of MOD
surplus electrical equipment.

All items are untested and sold as seen.
Please ring for more details.

Tektronix 212 Oscilloscope (AC/DC) £99,
Tektronic 2205 Oscilloscope (20Mhz) £ 199
Tektronic 2445A Oscilloscope (150Mhz) £399,
H.P. 1744A Oscilloscope (100Mhz) £75,
Philips 3217 Oscilloscope (50Mhz) £149,
Marconi 2305 Modulation Meter £999,
Solartron JM1861 Signal Generator £99,
Datalab DL1080 Transient Recorder £99,
Wavetek 178 Waveform Synthesiser £599,
Datron 1041 Voltmeter Multifunction £132,
Fluke 8800A Multimeter Digital £58,
Dana 5000 Multimeter Digital £92,
Philips PM5705 Pulse Generator 0.1Hz-10Mhz £149

OFFICIAL SURPLUS CONTRACTORS TO THE
BRITISH MINISTRY OF DEFENCE

Church Lane, Croft, Skegness, Lincs PE24 4RW

(Just off theA52) Telephone 01754 880880
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Wrlte your PICmicro programs in BASIC!

¢ Quicker and easier than “C” or assembler

¢ Expanded BASIC Stamp | compatible instruction set

e True compiler provides faster program execution and longer programs than
BASIC interpreters
12CIN and 12COUT instructions to access external serial EEPROMs
More user variables
Peek and Poke instructions to access any P{Cmicro register from BASIC
Serial speeds to 9600 baud
In-line assembler and Call support (call your assembly routines)
Supports PIC12C67x, PIC14Cxxx, PtC16C55x, 6xx, 7xx, 84, 92x and
PIC16F8x microcontrollers

e Use in DOS or Windows

¢ Compatible with most PICmicro programmers
The low-cost PicBased Compiler (PBC) makes it easy to write programs for the fast
Microchip PICmicros. PBC converts these programs into hex or binary fines that can be
programmed directly into a PICmicro microcontroller. The easy-to-use BASIC language
makes PICmicro programming available te everyone with its English-like instruction
set. No more scary assembly language!

The PicBasic Pro Compiler runs on PC compatibles. It ¢an create programs for
the PIC12C67x, PiIC12CE67x, PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 9xx, PIC16CE62x AND
PIC16F8x microcontrollers. The PicBasic Pro Compiler instruction set is upward
compatible with the BASIC Stamp Il and Pro uses BS2 syntax. Programs can be
complied and programmed directly into a PICmicro, eliminating the need for a BASIC
Stamp module. These programs execute much faster than their Stamp equivatents.
They may also be protected so no one can copy your code!

oln the world C Basic mail list, emall:-
majordomo @qunos.net with “subscribe picbasic-L" in the message

CROWNHILL ASSOCIATES LIMITED

The Old Bakery, New Barns Road,
Ely Cambs. CB4 7PW
Tel: +44 (0) 1353 666709 Fax: +44 (0) 1353 666710
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putting increasing effort into reduc-

ing the supply voltage and power
consumption of digital, analogue and
mixed integrated circuits and systems.

This trend towards lower operating
voltages has been brought about by a
number of factors. Firstly, there is a
need to reduce power dissipation in
modern digital systems. Complete sys-
tems can be implemented on modern
high-density integrated circuits. As
chip components get closer together,
the problem of heat dissipation

I n recent years, designers have been

increases. And break-down voltage
between components on a chip
reduces as geometries get smaller.
Secondly, the use of battery-operat-
ed portable electronic and wireless
systems is increasing. Examples are
cellular phones, portable PCs and
wireless terminals, pacemakers, blood
flow meters and auditory stimulators.
All these benefit from lower power
consumption, and all have small size
and low weight requirements.
Thirdly, low-power solutions are
spreading into other fields of applica-

Giuseppe Ferri , Universita di L'Aquila, L’Aquila, Italy.

Pierpaolo De Laurentiis, Universita di L’Aquila, L’Aquila, [taly.
Arnaldo D’Amico, Universita di Tor Vergata, Roma, Italy.
Giovanni Stochino, Ericsson Telecomunicazioni SpA, Roma, ltaly.

Analogue ICs are appearing that will work from a single 1.5V cell. These building

blocks use new topologies and to get the best from them, you need to understand

how they work. This set of three articles reviews the state of the art in research

and looks at commercial applications relating to low-voltage and low-power

analogue design. Starting with an analysis of bipolar options, the authors provide
the main design rules and tricks needed to build new functional blocks for

low-voltage, low-power operation.

»
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tion, such as filters, audio signal pro-
cessing and EMI and EMC compliant
systems. In particular, non-invasive
sensors are being fully integrated on
chip.

Finally, there is considerable scien-
tific interest in exploring the techno-
logical and physical limits of inte-
grated devices.

These factors fall into two main cat-
egories: the increasing demand for
long-life portable equipment and the
technological limits of VLSI circuits.
As for the portable applications, low
power requirement usually implies a
sacrifice in terms of speed and/or
dynamic range, while high speed and
high integration density are the basic
aims of VLSI research.

The best way to reduce power dissi-
pation in VLSI digital circuits is to
decrease the supply voltage. A
decrease in supply voltage is necessary
because the electrical field within the
chip has to be maintained at an accept-
able level.

The panel entitled ‘Scaling supply
voltage’ demonstrates the conse-
quences of scaling down circuit
dimensions. It also projects what sort
of performance improvements are like-
ly in the future.

For analogue applications, the rules
are quite different from those for dig-
ital circuits. The supply voltage reduc-
tion does not imply an automatic
power reduction, because this is set by
the signal-to-noise ratio and by the
bandwidth required for a proper cir-
cuit operation. Consider a typical
&m-C configuration. It can be proved
that the minimum power consumption
needed to sustain a sinusoidal output
voltage swing with V,,, peak-to-peak
amplitude, in a circuit supplied by
voltage Vyq that realises a single-pole
is,

Vi

P=8kT X f X SNRx =

.4

For a rail-to-rail signal this becomes,
P =8kT x f xSNR

ANALOUGE DESIGN

Scaling supply voltage

and for the MOS transistor:

Feature

Supply voltage (high performance)
Supply voltage (low power)
Lithographic resolution

Channel length

Gate oxide thickness

The reduction of supply voltage and power dissipation follows the scal-
ing of the circuit dimensions, whose consequences are summarised
below.! Scaling at a factor of K gives:

Vertical dimensions K-
Voltages K-
Impurity concentrations K
Capacitances (per unit area) K
Lateral dimensions >K-1
Propagation time K
Power dissipation K-

Gm 1
S-to-n ratio K1
Mismatch K

The next table shows an interesting comparison between the actual
and future scenario of the main circuit performance.?

Scaling at a constant
field of a factor K
means that scaling the
physical dimensions of
silicon devices is
accompanied by a
proportional reduction
of the internal voltages.
This is done to keep the
electric field
unchanged, allowing
consistent comparisons

1998 2004
1.8-2.5V 1.2v
1.2-1.5V 1V

0.35mm 0.18mm
0.15mm 0.07mm
200A 80A

sumption in low-voltage analogue cir-
cuits, the topologies have to be kept as
simple as possible.

Low-voltage topologies do not nec-
essarily produce low power circuits.
The main requirements for low volt-
age topologies are as follows.

For portable applications, low-volt-
age circuits need to be compatible
with common battery voltages. They
need to have low power dissipation,
i.e. low current drain.

Low-voltage topologies need to
offer the possibility for designing ana-
logue functions with sufficiently high

performance. In operational ampli-
fiers, for example, this means full
input and output swings, large gain-
bandwidth product, etc.

In addition, low-power topologies
need to allow the design of suitable
current and voltage references and
temperature insensitive circuits. In
bipolar technology, for instance, base-
emitter compensation is useful for
improving performance.

These requirements have to be
matched with the following main low-
voltage limitations: threshold voltage,
or base-emitter voltage; noise (in cur-

Low voltage bipolar rail-to-rail o

The input stage of Fig. 6 can be completed by a suitable rail-to-rail output stage in order to
implement a complete low-voltage op-amp. The main characteristics of such an op-amp, for
0.9V total supply voltage and 10k Rjoag, 100pF Cioag, are:

Low-V, low-P requirements and
limitations’

Reducing the supply voltage leads to
the lowering of the power dissipation
of digital cells. This is because the
current consumption of CMOS digital
circuits is directly proportional to the
square of the supply voltage.

In analogue circuits though, when
the supply voltage lowers, the power
dissipation does not necessarily
decrease. This is because the folding
technique can replace the traditional
stacking of transistors. Consequently,
in order to decrease the power con-

Input-stage swing
Output-stage swing

Input transconductance

Gain bandwidth
Low-frequency gain

Power consumption

Slew rate

Total harmonic distortion, 1kHz, V,,=60% Vai
Equivalent input voltage noise
Input bias current

input offset voltage

CMRR

Temperature working range

Rail-to-rail (Vgs—0.35V, Vye+0.15V)
Rail-to-rail (about 94% of Vyq—Vss)
Constant (Agmmax)=8.5%)
0.7MHz (phase margin>45°)
>112dB

0.46mW-

0.1V/ps

0.01%

145nVAHz

150nA max.

<0.1mV

>60dB

0 to 80°C
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ANALOUGE DESIGN

rents); precision, speed, driving capa-
bility — especially in MOS - and the
fact that low currents mean high resis-
tances and consequently high noise.
Note that threshold limitations affect
the ability to stack transistors.

To compound the problem of
designing low-voltage circuits, the
architectures available for working at
low supply rails are inadequate, as
are existing models for transistors.
Since this is a relatively new area
there are also cultural lacunas and a
rather low appreciation of the prob-
lems involved.

As a sum of all these factors, you
can see that low-voltage design calls
for an efficient use of the supply
voltage range. In many wide range
applications this implies the target of
rail-to-rail input and output stages.

On the contrary, the power limita-
tions are mainly linked to,

@ parasitic capacitances — with
consequent increase of the power

necessary to achieve the
bandwidth constraints;
traditional current-inefficient
amplifiers — the power spent in
bias circuitry is wasted and has
to be minimised;

peak-to-peak amplitude
limitations — some stages are
required to have a peak-to-peak
voltage range as close as
possible to the total supply
voltage;

noise — coming from the power
supply or generated on chip by
other circuit modules;

low g,/I ratio — in MOS,
working in strong inversion;
need for precision — which
generally leads to the use of
larger size active and passive
devices;

clock power dissipation in
switched capacitor circuits.

As a result of these factors, low-
power design demands an efficient

use of the supply current. In particu-
lar, this can be achieved by the use of
specifically designed low-voltage
class-AB output stages and an effi-
cient frequency compensation strate-
gy

The combination of these con-
straints and requirements gives the
basic rules to be followed in order to
design circuits capable to operate at
low supply voltages with reduced
power dissipation.

Bipolar versus CMOS
technology’

A delicate point concerns the choice
of the technology. Bipolar and CMOS
technologies each have advantages
and disadvantages, summarised as fol-
lows.

Bipolar advantages: transconduc-
tance higher than CMOS - and con-
sequently, higher bandwidth; collec-
tor-emitter  voltage lower than
corresponding drain-source voltage;

Widlar’s low-voltage amplifier®

current is absorbed by Try4. Drive for the
p-n-p half of the output is more

Widlar's operational amplifier is able to
operate at a supply voltage of 1.1V. A
simplified schematic of it is shown below.

its input stage is made up from lateral p-
n-p transistors Tr; and Tr,. These are used
to ensure proper operation at common-
mode voltages near or equal to the
negative supply voltage.

Proceeding through the circuit, the input
signals are buffered by the vertical p-n-p
followers, Trs 4. The outcoming differential
signal is converted to single ended form by
Trs ¢ and fed to the base of the second
stage amplifier Tr7.

From the collector of Tr; the signal is
split, in order to drive the two separate
halves of the complementary class-B
output stage. The n-p-n output transistor,
Tras, is driven directly by Try3 14. This
complementary emitter-follower
arrangements is unavoidable in very-low-
voltage applications, since it provides the
necessary current gain without requiring
the extra diode voltage biasing of a
Darlington connection.

Transistors Try4 26,27 form a boost circuit
that increases the available drive as a
function of load current. Excess boost

complicated, due to the need to maintain
circuit balance and to obtain the correct
phase relationship and DC level shift.3

This following circuit is the first example
of low voltage operational amplifier in
bipolar technology, and is used in
National Instruments’ LM10. It has an
internal bandgap reference voltage,
described in a further panel, and its main
characteristics are: minimum-maximum
supply voltages of 1.1-40V, amplifier
supply current 0.3mA, DC gain 50000,
gain bandwidth 70kHz and input offset
voltage 0.3mV.

The low-voltage 1 T -
amplifier SuA SuA (§ ) SuA @ 5pA § ) 5HA Ras
proposed by 20K
Widlar operates |
from supplies
down to around c, Tias
1.1v. 22p
x| !
R, |
4k
Vin = 0—AV\~
2 T l Tryg
ak A
Vin + 0—AA———— o
Tr, -
F i , @
R, % T Trig
90k ot
Tra
Rs R, Re Ryg Rz
100k 10k <100k 40k 80k
4 |
Balance ‘l
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base-emitter voltage more predictable
and lower than the threshold voltage
of CMOS — especially in the past.

CMOS advantages: design simplic-
ity — greater degrees of freedom; sig-
nificantly lower costs; high input
impedances; a cut-off frequency not
dependent on supply voltage and qui-
escent current; threshold voltage tune-
able in some technologies. 1

As you will see from Table 1, bipolar
and CMOS have complementary
properties, which can sometimes help
the choice of the proper technology.

Recently, the reduction of the
threshold voltage in the CMOS tech-
nology has definitely directed the low-
voltage design towards this technolo-
gy. This reduction is related to oxide
thickness, doping, dielectric constant
and internal working voltage.

In CMOS technology, it is important
to choose the right working region for
the MOSFET, because this can
improve the circuit performance.

A device operating in weak inver-
sion has some advantages relative to
one working in strong inversion. Its
behaviour is similar to a bipolar
device. It has a lower drain-source
voltage, gate voltage and gate capaci-
tance. In addition, it has a higher g /I
ratio.

However, strong inversion operation
is better for reduced output noise for a
given drain current and low current
mismatch, leading to precise current
control. It is also best if high operating
speeds are needed.

Sometimes, it is not possible to
choose the operating condition of a
transistor. It depends on the threshold
voltages values, and, in particular, on
the process technology and the circuit
topology. Especially when the supply
voltage is very small, due to the volt-
age drop caused by the circuit topolo-
gy, the transistor itself is often work-
ing in weak inversion.

Low-voltage low-power cir-
cuits overview

The most demanding low voltage
operation requirement is operation
from a single cell. This means mini-
mum operating voltages ranging from
0.8V for a discharged cell to 1.6V for
a fully charged cell.

Conventional circuit architectures
are not generally adequate for single
or dual-cell operation. Consequently,
there is a need for new architectures
specifically for low voltage circuits.
As a result, analogue as well as digital
circuit designers have been forced to
redesign a number of functions and
subsystems capable of operating at
supply voltages as low as 2.4V and

even 1.2V.

In this context, designers are usual-
ly faced with three different options.?

They can stick to traditional topolo-
gies, provided that they are able to
work at lower supply voltage without
performance degradation. They can
make appropriate use of complemen-
tary topologies — p-n-p/n-p-n and
pMOS/nMOS. Or they can redesign
the circuit, considering that the
stacked architectures can often be
replaced by their folded counterparts.

Take Fig. 1 as an example. It shows
a Darlington current amplifier. The
‘stacked’ topology of Fig. 1a) works
at a minimum supply voltage of 1.6V.
The ‘folded’ solution, Fig. 1b), allows
this value to be reduced to 0.9V.

Another example is the cascode
stage, Fig. 2. It is shown in its two
topologies — the traditional stacked
version, Fig. 2a), and the low-voltage
folded solution, Fig. 2b). Also in this
case the folded topology works at
lower supply voltages.
Bipolar analogue designs34>
Low-voltage input stages. In order to
obtain the maximum input voltage
range, two input differential pairs can
be placed in parallel. Figure 3 illus-
trates this type of input stage.

The n-p-n pair, Tr|, operates cor-
rectly in the upper portion of the com-
mon-mode voltage range while the p-

(a) (b)

Vbias

ANALOUGE DESIGN

Fig. 1. At very low
voltages, the stacked
Darlington in a)
becomes
impracticable so the
folded version in b) is
used.

Table 1. Comparison of the two main technologies
available for low-voltage, low-power design.

Property MOS
DC current control No
Current noise Low
Flicker noise High
Voltage switch Yes
Current matching Low
Voltage offset High
Thermal control Bad
Cut-off frequency fr Low

Bipolar
Yes
High
Low

No
High
Low
Good
High

-~

Fig. 2. Aniother example of
the traditional stacked
cascode, a) and the folded
cascode, b), which is more
suitable for low voltage
operation.

Fig. 3. To make the most of
a low-voltage op-amp, it
needs to have a special
rail-to-rail input stage.
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An op-amp architecture that runs from a 0.78V supply'!
A bipo-

lar op-amp was designed for low voltage sensor applications with the following basic requirements:

Operating temperature range —-20 to +80°C

DC gain >80dB, load 21kQ
Gain bandwidth >500kHz

Phase margin >45°, capacitive load 2100pF
Input offset voltage <imV

Input noise <15nV/NHz, Ryource=0
Output current 25mA

Capacitive loads >100pF

Supply voltage range 0.9-12v

Supply current <ImA

Output swing 290% V), load 210k

The op-amp, shown in the diagram below, also had to have a wide common mode input voltage
range, including ground so that it could operate from a single supply rail. And it had to have a four
quadrant operation output stage.

The circuit topology has been developed in order to achieve the requested performance of full

.output swing (rail-to-rail operation). This is related to the need of having a large enough dynamic
range and a good current capability at the lowest supply voltage.

This performance cannot be obtained by conventional topologies. The simple complementary
emitter follower configuration can only operate with a V. of 1.8V or more and it does not allow
rail-to-rail operation.

In low-voltage op-amps, a push pull complementary common emitter configuration is generally
mandatory to provide large output voltage swings. Unfortunately, such stages require extra circuitry
for bias stabilisation and make frequency compensation of the whole op-amp more difficult.

The n-p-n output transistor Try, is directly driven by the input voltage V;,, while the p-n-p
transistor Tr, is driven by a transconductance amplifier made up from Tryq.14.

Shifting voﬁage Vs is used to control the quiescent current iq of the output transistors Try, and
Trgp. Contrary to common-mode feedback loops, I, stabilisation mechanism is embedded in the
same signal path circuit. This results in reduced complexity, simplified frequency compensation
and potentially lower supply voltage.

Current amplifiers Al down and Al up can provide the extra base drive current without
demanding too much bias from the supply rails. They are a modified implementation of the current
amplifier presented by Widlar,2 in order to extend its range of applications to high impedance
input sources.

In the following the measurement results, taken from ten samples, in the condition of loading
resistance of 1k and at 20°C of temperature are presented.

Minimum supply voltage 0.78V

Low frequency gain 80dB

Gain bandwidth product 0.7MHz (PM=60°)
Supply current (at 1V) 750pA

Output voltage swing 90% of V.= Vee
Input voltage range (-0.3, Vce-0.7)
Input offset voltage 400pV, averaged
Distortion, G=—1, f=1kHz, V,,4=0.6 Vj,p, V5=0.8V <0.15%

Slew rate 0.1V/us
Overload recovery time (50% overload) about 5ps
CMRR(f = 50Hz) 100dB
Equivalent input noise voltage, f=1kHz 15nV/NHz
Temperature range —20to 80°C

n-p pair, Try, operates correctly in the
lower part of the common-mode volt-
age range. Input transistors combine
with common-base transistors 77y | to
form a complementary folded cascode
stage. Here, the differential signal cur-
rents coming from the input stage are
summed and converted into a single
ended output current.

The operating regions for the com-
mon-mode input voltages versus sup-
ply voltage V,,, which is Vy4+V,, are
depicted in Fig. 4. The main issue that
can be drawn from this figure is that
the minimum supply voltage at which
the input stage has a rail-to-rail input
voltage swing is 1.6V. Below that
value, either one of the input pair is
able to operate near one of the supply
rails.

In the middle of the common mode
input range, though, there is a gap
where both the pairs are off because
both [,; and [y, are saturated.
Moreover, the input stage of the Fig. 3
shows a serious drawback. If the com-
mon-mode input voltage is moved
from one range into another, the sum
of the tail currents changes by a factor
of two. Consequently, so too does the
transconductance of this input stage.
This, in turn, makes the frequency
compensation difficult and induces
large signal distortions.

Therefore, the need arises for an
input stage with the same rail-to-rail
capability, but with a more constant
transconductance.

Input stages with constant
transconductance

If the sum of the tail currents biasing
the input pairs is kept constant, the
drawbacks previously described can
be overcome. Since the transconduc-
tance of a differential pair is directly
proportional to its current, the total
transconductance is also made con-
stant.

A circuit that realises this principle
is depicted in Fig. 5. If the common-
mode voltage is near the negative sup-
ply rail, the p-n-p pair is activated by

+Vee

Trie
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schem:;:'ze)l;’f;-;(ej @ubo“ Al 1048 (IP"’“A ) 10pA é)wtm CbmuA T
new configuration W T i d 4 4
that allows op-
amps with supply > ) .
rails down to Tr — L tEL
0.78V to be made. ] | ‘©T'n
Trg —
- T 4 b
V= 0
@)T,S l_ o
—Ca = @
Vit & — | 700 Tr,

8

>T'on

~Vee




the current source I,;. If the common-
mode voltage is moved higher than a
certain threshold, current source Iy,
supplies the n-p-n pair.

Note that if the sum of the biasing
currents is made constant, the
transconductance can be kept con-
stant, even within the turn-over range
of the switches. Therefore an
improved rail-to-rail input stage can
be obtained. The rail-to-rail capability
continues to exist if the supply voltage
is equal or higher than 1.6V.

Rail-to-rail input sta%e
operating at a volt >

In order to lower the supply voltage
without degrading the amplifier per-
formance, a new topology has to be
considered, Fig. 6. Here, level-shift
resistors Rgy-Rgr» and current
source/sinks Trg| and Trgp4 are
inserted between the input terminals
and the bases of the n-p-n and p-n-p
input pairs.

Two complementary pairs, Tr 4,
have been placed in parallel in order
to achieve the rail-to-rail operation.
Transistors Trs.; operate as a switch.
They help to keep the input stage out-
put current constant with respect to
any variation of the input common-
mode voltage. In this way, the p-n-p
stage is in conduction only for a lim-
ited range of the input voltages.

Bias voltage V. sets the limit. In
this design the level shift network
doesn’t significantly affect the input
bias current and the input offset of the
amplifier. The shifting currents, pro-
vided by transistors Trgy and Trg 4,
are not constant here. On the contrary,
they are controlled by sensing the dif-
ference between the emitter voltages
of the two complementary pairs,
AVEgpN, by means of transistor Trg.
The level-shifting currents are adjust-
ed to the desired value by means of
transistors Trg and T7y;.

Resistors R34, between the collec-
tors of transistors Trs and T74 reduce
the dependence of the differential gain
on the input common mode voitage
Vinicm)- The equivalent voltage input
noise is about 145nV/VHz, the input
offset .voltage is 1.5mV, the power
consumption is 45mW and the esti-
mated chip area is of about 0.05mm?.
The shape of the level-shift voltage is
shown in Fig. 7.

In the panel entitled ‘Low-voltage
rail-to-rail op-amp°, the specifications
for an operational amplifier created
using the described input stage and a
suitable output stage are presented.

Low-voltage output stages

The output stage of a low-voltage op-
amp has to deliver a voltage signal
that is as large as possible. This

excliudes the use of emitter followers
as output transistors, because of the
voltage drop of one diode voltage.
Therefore, most low-voltage op-amps
feature a complementary common-
emitter class AB output stage.”

The main problems to work out with
complementary common emitter class
AB output stages are twofold. Firstly
there is the idle current stabilisation
versus temperature and supply volt-
age. Secondly, the problem of provid-
ing enough current gain in all operat-
ing conditions to retain low-power

Fig. 5. Input stage
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operation and sufficient amplifier effi-

stage is about 1.0V and depends on

0.3|- ciency. Included in these operating the emitter-area of Try, and on the
ﬁ conditions is saturation, since at low  maximum current that has to flow into

I V.. voltage transistors are saturated. the load.

Vis
V) Common-emitter output stage. In  Darlington output stage. In order to
- Fig. 8, the block scheme of a comple-  increase the current-gain of the com-
mentary common emitter output stage  mon-emitter output stage, an emitter-
is presented. The common-emitter follower can be added, as seen in Fig.
topology is driven by a bias/drive cir- 9, to realise a Darlington output stage.
cuit control. Transistors 7r| and Tr, are the com-
L The minimum supply voltage of this  mon-emitter stage and emitter follow-
0 o1 0.5 09 1 er respectively. Frequency compensa-
vem

Fig. 7. The desired level-
shift voltage as a function
of the common-mode input
voltage.

Fig. 8. Outline of a

complementary common- Vi
emitter output stage, which
requires a supply of at least
1Vv.

Driveup |

Bias/drive
circuit
Drive down

= CL  Fig. 9. Here is the n-p-n side of a
I typical output stage using a Darlington

Tn to increase current gain. This

configuration needs a supply of at least

1.6V.

tion is realised by means of the Miller
capacitor Cy, that splits input and out-
put poles. The minimum total supply
voltage for this stage is about one
diode voltage higher than the previous
stage, which is about 1.6V.

Widlar output stage. The Darlington
stage is not appropriate if the supply
voltage is lower than 1.6V. For very
low-voltage circuits, a suitable lower-
voltage output stage has to be devel-
oped. Such a circuit is shown in Fig.
10. It is known as a ‘Widlar output
stage,” Widlar being the name of its
inventor,® .

Transistor 7r| has again a common-
emitter configuration to ensure the

Band-gap voltage reference for

low-V designs!?

Band-gap voltage references are circuits
that give a constant reference voltage,
independent of external parameters such
as temperature and supply voltage. These
circuits are used in many types of
analogue circuits for signal processing,
such as smart sensors, sensor systems and
a-to-d and d-to-a converters.

The band-gap reference voltage3 can be
obtained by thermally compensating the
base-emitter voltage of a bipolar
transistor. Normally, Vj. has a negative
trend of about -2mV/°C. An additional
temperature compensation circuit is used
to cancel the first-order temperature
dependence on V..

A fraction of the thermal voltage
Vi=kT/q, which has a positive thermal
drift of 0.085mV/°C, is used, so that
reference voltage V, is obtained as a
linear combination of V. and V4, as
follows,

Vie=box Vbet bx V.

Figure A shows the topology for the
implementation of byxV,,e. The b,
coefficient is obtained by the ratio of R; to
R;. To realise the fraction of V,, the offset
of a low voltage operational amplifier is
obtained by mismatching the emitter
areas of the input transistors. This offset is
then increased by the gain of a non-
inverting amplifier, Fig. B.

Fig. A. Part of a low-
voltage band-gap
reference providing
the b1xVbe function.

Fig. B. Compensation
factor V, is obtained by
mismatching the
emitter areas of an op-
amp’s input transistors
and then amplifying
the resulting error
signal.
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largest possible output range. The Vyg !
emitter-follower 7r, has its base-volt- * € F':g. 10. N-p-n'
age very close to the negative rail, so 7 side of the Widlar
the transistor Try restores a voltage v outpuf stage
level suitable to the correct operation Trs Tre designed
of the intermediate stage. specifically for
Maximum output current is reached low-voltage
when all the current /, flows into Tr, = analogue
base, and is given by imax)=/2Bsar» Cu N\ g applications.
where Bg, is the saturation gain of Tr, I
Tri. When high output currents are Tr, Tr,
required together with low power con- ImVin
sumption, i.e. a low value for I, an R, Ui R,
additional current gain stage is insert- v
. . ss
ed in front of the output stage. This s .
stage of course has the same require-
ment for low-voltage operation. enhances the available current gain at  sizes of transistors and on the current
The Widlar current-boosting circuit  the base of output transistors. that has to be driven into the load.
shown in Fig. 10, consisting of 77y, Miller capacitor Cy; splits the input Widlar output stage architecture is
Trs and Trg, meets all these require-  and output poles. A pole splitting capable of operating at a very low
ments. Its operation is based on a mechanism for CMOS technology  supply-voltage value and the current
careful control of the embodied posi-  will be discussed in a subsequent arti-  gain can be very high. However, its
tive feedback loop, tamed by the emit-  cle. high-frequency behaviour is affected
ter resistance of driver Tr,. This posi- The minimum supply voltage is by the presence of two emitter fol-
tive feedback mechanism greatly about 1.0V and depends both on the  lowers preceding the output transistor;
Biasing bipolar devices using where n is the ratio of the areas of Try and Tr,.
In practice, using an Rpg of 900Q and n=2 yields
This bias circuit is based on a simple low voltage It reference current of 10pA at room temperature,
proportional-to-absolute temperature reference, or 8pA at —40°C and 12pA at 80°C.
PTAT, which provides constant bias versus supply The PTAT bias generator circuit is buffered from the
voltage and relatively low variations versus current source biasing the op-amp, i.e. Try;.15 by the
temperature. voltage followers made up from Trggand Tryg.13 This
The complete circuit is shown. Resistor Ry with Try,  prevents PTAT circuit operation from being affected
Try, T, and Tr; form the PTAT core. Reference by occasional saturation of the biasing current
current I is defined by the following relationship, sources of the op-amp, when the output swing is
close to the supply rails.
I, = v x In(n) Resistors R3, R4, and Ry, together with Try 5, serve
“ Ry n as a start-up circuit.
Biasing circuit for bipolar devices operating at low supply voltages.
. - - = e i ~ - +Vee
R, % Rs Ry Rs Re R,
1k5 100k 3k 1k5 1k5 1k5
Trg
Try Tr, Trg
Traq Try
Yiref l l
) (@) @B
Tr, Tr, Trg Trg -
Trg Trs
Tryg
RQ %Rw RH Tr13 R|2 RIB
4k5 200k 4k5 4k5 4k5
P * - 1 . —Vee
T PTATcore ) ~ Start-up circuit 1 ~ Buffer and current source
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Fig. 11. Multi-path-driven output stage, n-p-n side. This circuit is
very efficient when operating at low voltages.

this means that the second and third
order poles need to be split locally
with an extra Miller capacitor.

Multi-path-driven output stage.? In
the previous section we showed that
high frequency behaviour deteriorates
it emitter followers are placed in front
of the common-emitter output transis-
tor. However, the need for high cur-
rent-gain prohibits the use of a one-
transistor common-emitter stage.

As a consequence, a circuit that
combines a high current gain with the
good high-frequency behaviour of a
single transistor common-emitter
stage has to be exploited. This circuit,
called multi-path-driven output stage,
is shown in Fig. 11.

Transistors Try, Tr3and Trydrive the
common-emitter output transistor 7r.
In parallel with this path, there is a
‘feed-forward’ path directly from the
intermediate stage to transistor Tr. It
ensures a good high-frequency per-
formance, while transistors 7Tr, Tr3
and Tr, supply the necessary current
gain.

Note that the intermediate stage has
to drive the output stage by means of
two, identical-in-phase, input current-
signals. The poles, at the outputs and
at both inputs, are split with the Miller
capacitors Gy, and Gy,.

The minimum value of supply volt-
age can also be very low, i.e. 1.0V.
From the bases of Tr; and Tr, to the
output,- the current gain is
0.5 1 (B,+1)=0.58 { B,. This value is
about half the value of the Darlington
stage. Because of these characteristics,
the multi-path driven output stage can
be considered very efficient.

A low-voltage solution for bipolar
operational amplifiers is discussed in
the panel entitled ‘Widiar low-voltage
amplifier’. This is the very first bipo-
lar low-voltage op-amp - developed
in 1978. The panel entitled ‘An op-
amp architecture that runs from a
0.78V supply’ describes the lowest
supply voltage solution for bipolar
designs. This solution can operate
from rails as low as 0.78V. In the
panel entitled ‘Band-gap voltage ref-
erence for low-V designs’ is the cir-
cuit for a bipolar band-gap voltage
reference, while in the panel ‘Biasing
bipolar devices using a PTAT’ a bias-
ing current topology known as PTAT
is presented. [ |

The next article on this topic looks at

CMOS options for low-voltage and
low-power analogue circuits.
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Yuri Ezhkov
describes his
90W, 70V/ps

power amplifier
featuring a novel
equaliser in its
feedback loop.

Fast audio power

er speed on perceived sound quality

has not been investigated enough.
Depending on maximum output power,
the slew rate needs to be at least 4V/ps
to remove dynamic distortions. But to
allow the negative feedback circuit to
correct for small dynamic distortions,
the slew rate needs to be considerably
greater than 4V/ps.

Negative feedback generates new
higher-order harmonics due to band-
pass nonlinearities in each cascade.
These harmonics frequently limit the
amount of negative feedback that can
be applied. This means that an increase
of negative feedback should be accom-
panied by a reduction of inherent non-
linearity in the amplification cascades
and by an improvement of their high-
frequency properties.

When designing the amplifier
described here, 1 had the following
goals in mind,

I n my view, the influence of amplifi-

e Use of amplification cascades with
the best possible linearity and
bandwidth

® Fastest speed possible

® Rail-to-rail output swing

® Good overload capability

® A global negative-feedback circuit
with a high/low equaliser that
could be disconnected

® Facilities for optimising general
negative feedback level

@ Application of common
components.

Cascades based on FETSs, in particular
differential cascades, have the least
nonlinearity. A problem with transistor
amplifiers is thermal distortion. This
problem can be resolved by means of
cascodes involving a fixed collector-
to-emitter or drain-to-source voltage.

The input stage of the amplifier is a
differential common-source-common-
base cascode using a matched pair for
transistors 7ry 5. A peculiarity of the
input cascade is an active load on Trg,
for realising the differential to single-
ended transition.

The circuit is simultaneously a stable
current generator for the right-hand
part of the differential cascade circuit
and a current mirror for the second
amplification cascade on the transistor

AUDIO DESIGN

The amplifier’s specifications are,

Slew rate greater than 50V/ps.

Output power 90W minimum with 4Q load.
THD less than 0.03% at 10W output in the
frequency range of 20Hz to 20kHz (maximum
precision of my distortion meter is 0.03%)

Trg. This transistor is connected to the
common-base circuit and has an active
load, transistor Tr;. Diodes Djg4
increase the amplification of Trg.

Relative to operation-amplifier cir-
cuitry, the precision in forming a sin-
gle-ended signal from differential one
using this circuitry is small. However,
the suggested configuration increases
speed and, as a consequence, the pre-
cision of the input amplifier.

With the aim of increasing amplifi-
cation precision, the input differential
cascade is covered with common-
mode signal negative feedback. This is
formed by the emitter follower Tr; and
constant-current generator transistor
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Try controlling transistors Trys by
means of voltage-reference diode D.
This improves linearity with medium-
speed audio signals.

Stabilising the FET pair’s drain-
source voltage increases the amplifi-
cation precision under large-signal
conditions. It has a favourable effect
on the transfer of the treble and bass
products.

The gain of two input cascades is
about 100; they have a local negative
feedback circuit to reduce the amount
of overall feedback.

Output stage

The stabilisation circuit around the
output transistors’ bias is straightfor-
ward. Resistors R|s ¢ reduce the
amount of the thermal negative feed-
back and eliminate transient overshoot.
They do this by fixing the bias current
of the output transistors Tryg.5; at
120mA.

The symmetrical output allows the
power stage to swing almost to each
rail. It contains three amplification cas-
cades.

The first voltage amplifier — transis-
tors Tryq )2 — is a cascode. The second
is a current amplifier with improved
linearity relative to traditional designs.
Its transistor, Trg, has an active lin-
earisation effect on the transistor Trg.
Such cascades can be used for ampli-
fying voltage and current.

To achieve the necessary current
drive, the output stage has paralleled
devices. A loudspeaker load can have
significant reactive product and simple
current protection used in even the best
amplifiers should not be used.

The output stages have some nega-
tive feedback. The first cascade has
local current feedback due to the emit-
ter resistor Ra3ll(Ry7+0.5R43). The sec-
ond cascade has inherent feedback via
Tryg collector current to the emitter
circuit of Trig. A further negative-
feedback path uses the resistor Ry4 in

the output transistor collector circuit -

for pickup. The distorted output signal
is amplified and inverted by the Tr g,
which closes this feedback circuit.

The slew rate of the described ampli-
fier with a load of 4Q reaches 50V/us
without transient overshoot, even
when the high/low equaliser is in the
negative feedback path. A further ben-
efit is the fact that the products of non-
linear distortions created by output
stage are not propagated to other cas-
cades via the negative feedback circuit.
These are suppressed at source.

The whole output stage is covered
with its own general negative feedback
through R, R33||(R27+0.5R28). setting
voltage gain at 4.7. Trimmer R,g per-
mits partitioning of the amount of neg-

ative feedback applied to the positive
and negative voltage half-waves, min-
imising parity harmonics.

Transistor 7Tr;4 together with the
diode D, reduces switching distortion,
placing the output cascade, Tryg 2, in
current generator mode.

At the input of this power audio
amplifier, the elimination of the
preamplifier requires an increase in
voltage gain. In turn this reduces the
amount of global feedback needed.

If timbre adjustment is necessary, a
passive control at the input or in the
general negative feedback circuit of
the amplifier is required.

This design is non-inverting, and the
high-low equaliser connects to the
general negative-feedback circuit.
Such a decision allows practically any
input resistance to be determined by
the value of R,.

Implementing the amplifier
Transistors of the matched pair should
have an Ipgg greater than SmA.
Transistor Tg should have an Ipgg
greater than 12mA.

Unspecified resistors in the circuit
diagram are 0.125W. Resistors Rjs j¢
should have 0.1% or better tolerance. If
you cannot find such precise resistors,
it is possible to select them in pairs
with precision of 1€2 within the limits
of 980-102042.

Resistors Ry4 45, Rs2.54 are pieces of
resistance wire soldered directly to the
circuit board. Considering amplifica-
tion of a real musical signal with peak
factor of around three, and taking into
account the dissipation of these resis-
tors, such a decision is permissible.
During a failure, these resistors will act
as fuses.

If you want to test the amplifier at
full power with a sine wave, the dissi-
pation capability of resistors Ri33.3¢
should be at least doubled. Capacitors
C\ 2,47 are ceramic while C3 is a non-
polarised electrolytic.

Variable resistors in the high-low
equaliser should be logarithmic. Each
channel of the amplifier can be built on
a printed circuit board measuring 120
by 65mm. Capacitors Cy) j; need to be
placed as close as possible to the output
devices on each board.

While mounting it is necessary to
pay attention to the use of the separate
return wires for input and output cir-
cuits of the amplifier.

While setting-up and adjusting, it is
useful to be able to power up the input
and output stages separately by omit-
ting R;q 4. First the input cascades are
checked.

The left-hand leads of Ry, and Ry3
should be temporarily connected to
ground. This permits checking of the

4k7

—— W —
F*L l

4-8Q

-

Using this filter connected to the
output, distortion of the amplifier
can be trimmed to 0.036 % without a
distortion meter.

input cascades. Next, C3 is temporarily
shunted. Between the points CP; and
‘In NFB,’ connect a 200kQ resistor.
Now set resistor Rg’s slider to its mid-
dle position.

Apply both 30V rails to the input cir-
cuit. Resistor Ry, is adjusted according
to the minimum voltage offset in the
connection point of resistors Rygg and
R)5,16. Timmer Rg allows more precise
balancing at the same point.

Checking the output stage

Resistors Ry 27.24 are put in place and
the sliders of Rz and R,g are set to
their top and middle positions respec-
tively. At first turn-on, it is advisable to
use a power supply with its current
limiting set to approximately 150mA.

If there are no errors in the circuit,
current consumed by the output circuit
is minimal. Trimmer R g is used to set
the output stage bias current to a total
of 120mA. Resistor Rg balances the
whole amplifier.

Remove the bypass around Cj.

Non-linear distortions are minimised
via Ryg by measuring with a distortion
meter. This minimising of even-signal
output harmonics is at the expense of
equal gain setting.

When the input is a sine wave, the
amplifier output will comprise the sine
wave voltage and second harmonic.
This harmonic is proportional to the
input signal’s amplitude squared and
also to higher-order harmonics.

During setting up, a low-pass filter
and meter as shown can be used for
indicating minimal nonlinear distor-
tions. Linearisation is tuned via Ryg by
measuring fundamental voltage at the
amplifier’s output with an input sine
wave between 5 and 8kHz and with a
level equal to 0.7 of maximum.

Such linearisation gives good preci-
sion. Initially it should be possible to
achieve 0.08% THD. After non-linear-
ity is cancelled by means of the
microammeter, distortion should
decrease to 0.036%. Further minimisa-
tion using a distortion meter enables
distortion to be reduced to 0.03%. =

AUDIO DESIGN
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Free oscilloscope probes when you buy

any Pico ADCxx virtual instrument

Free probes

The probes featured in this offer are
excellent quality x1, x10 switchable
attenuation types normally sold for
£15. Each is supplied in a plastic
wallet complete with detachable
sprung hook, trimming tool and an
adaptor for turning the probe lead
into a 1.5m BNC-to-BNC adaptor.
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Electronics World readers can obtain free probes when
ordering any of the products between now and 31
December — a single probe for each single-input ADCxx
ordered, two probes for dualchannel options. Simply
attach the coupon below to your order. Order as many
ADC units as you like, and all will be delivered with
probes, but note that you can only use the coupon once.

® ADC-40: low cost, single channel, 8-bit resolution (£69)
® ADC-42: low cost, single channel, 12-bit resolution {£95)
® ADC-100: General use, dual channel, 12-bit res. (£219)

e ADC-200/50 (£399)

e ADC-200/100: High speed (20, 50 and 100MS/s),
dual channel, 8-bit resolution (£499)

® ADC-212 & ADC-216: High resolution {12 and 16 bit),

dual channel, good spectrum ranges —0 to 80dB and
0 to 96dB dynamic ranges. (£299, £499)

Prices exclude £3/item carriage and VAT.

Circle enquiry number 110 fo receive a free catalogue
with details. Or visit Pico’s Web site at
www.picotech.com. Pico’s telephone number is

01954 211716, fax 01954 211880.
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Virtual instruments replace bulky and expensive test
equipment, saving money and workbench space.

They make switching between instruments quick and easy. Pico
Technology virtual instruments are easier to use than traditional
instruments: simple to use software and on-screen help makes
you an expert within minutes.

Virtual Instruments are supplied with PicoScope software,
which turns a PC into an oscilloscope, spectrum analyser and a
meter. By integrating several instruments into one small unit, a
virtual instrument is lighter and more portable. When used with
a notebook computer, field engineers can carry a complete
electronics lab in their PC.

PicoScope is both flexible and easy to use. For example,
user-defined test menus can be set up to automate common
tasks. A click on a menu option can load up an example
waveform, set the instrument up to make a comparison
measurement and even display instructions and a photo
showing where to connect the probe.
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Test equipment Imﬁélity?
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Easy choice? Then send for the Pico V¥ Up to 100MS/s
measurement catalog and software ¥ Prices from £59
demonstration disk. Alternatively, visit our ~5$ﬁtgo
web site at: "'\ / ¥ Software included
'/ W Easy to use
www.picotech.com V¥V Compact & portable units
oscilloscopes  data acquisition spectrum analysers multimeters signal conditioning  environmental monitoring

Tel: +44(0)1954 211716, Fax: +44 (0)1954 211880, E:mail: post@picotech.com, Web: www.picotech.com

CIRCLE NO.110 ON REPLY CARD

the

. “a serious threat to the competition”
complete

TINALab are a unique

famnily of 32 bit simultion = I ECt ron I CS I a b

products now available in f

the UK. Start with or
Edison, the fun w I n d o
multimedia electronics lab

that teaches electronics in

3D - and then move on

to TINA Pro - the new interactive mixed
mode 32 bit simulator with over 20 types
of analysis, comprehensive virtual
instrumentation and over 10000 models.
TINA Pro also lets you create custom
schematic symbols from subcircuits, or
SPICE models and now includes a
parameter extractor for calculating model
parameters from manufacturers data.
Uniquely, TINA Pro can also be used to
make real-time measurements using the
TINA Lab card & prototyping board. For

more information call Quickroute Systems.

Edison £79
TINA Plus £199
TINA Pro £299

Technology

TINA Lab from £788.

Prices exclude
p+pand VAT

Quickroute Systems Ltd, Regent House, = Tel 0161 476 0202 Fax 0161 476 0505
Heaton Lane, Stockport, SK4 |BS, U.K. Email TINA@quicksys.demon.co.uk

www.quickroute.co.uk

CIRCLE NO.111 ON REPLY CARD
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Free with this issue:

Farnell, well known throughout industry as the cata-

logue distributor with the broadest range of semicon- TWO C DS WO rfh Ol:
ductors, has teamed up with Harris Semicondtictors to . d
semiconductor

bring you the brace of CD-ROMs that grace the front
cover of this issue of Electronics World. /
The Farnell Semiconductor Data CD-ROM set is a man UfOCtU rers d.O tCI
unique offering which features over 15,000 data sheets S h eets — b rou g h]‘ to
— from Harris Semiconductors alone over 500 lines are
available — together with detailed applications notes. YOU by FCI m el | an d
You now have access to the largest collection of - c
datasheets from multiple manufacturers available H arris Se micon d UCtO r
anywhere. s
All of the datasheets are complete and accurate w
renditions of the original manufacturers’ literature; to b
allow the user to view or print the datasheets an instal-
lable version of Adobe Acrobat reader (in both 16- and
32-bit) is included. A built-in browsable search engine
assists the user in finding the desired datasheet. ,
Nine volumes of application notes are available,
detailing both typical and innovative uses of compo- '
nents. Some volumes are dedicated to certain suppliers

such as ST, Phillips and Siemens, whereas others are
multi-supplier based.

conductor SN

Using the CD-ROM The 15,000 semiconductors covered by the datasheets
In order to use the Semiconductor Data CD-ROM you wil are just a small part of the total Farnell product offering,
need to have a PC running Windows 3.11™, Windows which spans over 100,000 lines in a two-volume cata-
95™ or Windows NT4™, with the following minimum logue. All products are available ex-stock and are
specification: backed by free technical support. Orders can be placed
® 486 25MHz processor 24 hours a day, 365 days a year, with free next day

® 8Mb RAM (WIN 3.11895) delivery on orders placed before 8:00pm.

® 16Mb (WIN NT) To request your free catalogue simply call

@ 10Mb free on hard disk drive 0113 213 2828

® Dual speed CD-ROM drive or visit the Farnell web site and Online Catalogue at

@ VGA monitor

http://www.farnell.com

Bo mows veer e K @resms ICL7136, ICL7137 The Farnell
@l kN T L BALO s 2 m £0 o power Semiconductor
S S P 1 CD-ROM dafa base is
ez fuonsocures wtoums =] [egnang =] [ G0 .| a search engine
Al records are being filtered on Hartis | Containing thousands
Méigs [ist No. Description [pata Multipie o] - | of full manufacturers’

[ Jieczizecer [ICL7126CPLIC-35 DIGIT ADC 4134001 [

[ jicriasce IICLZ135CPEIC CMOS 45 DIGIT (6130001 1 data sheets. Once you
ICL7136CMA14 ICL7136CM44:1C-SM-3.5 DIGIT (5181001 1 3 have found the part
ICL7ICOIACP ICL71CO3ACPLIC-A/D 13081 1) g 8

[~ lazstiocaa ICL7611DCBA IC-SM-CMOS 0P 6182007 0 you are interested in,

[_Jici7s11iocPA [ICL761IDCPASC-CMOS OP  (§1920M1 1 ] you can browse the

[ licL7612BCPA CL7612BCPAIC-CMOS OF (5132001 1

[ licL7sizncea ICL7612DCPAIC-CMOS s1s28m 1) PDF data sheet on
ICL7621DCBA ICL762)DCBA IC-SM-DUAL |6183801 1 P

[ licL76210CPA ICL7621DCPAIC-DUAL CMOS (5193001 1l a screen, or print it out.

I [icL7sa1ECPD ICL7641ECPD:IC-CMOS QUAD 6183001 1 You can place your

[_jicLzsazecen ICL7642ECPD IC CMOS QUAD 61930071 1 X p

| jrcLzesescPD [ICL7650SCPD IC-CMOS OP  (E134001 1] order online or ring
ICL7660CBA ICL7B60CBAIC-SM-VOLTAGE (5135001 1

[ ficL7ssoscra [CLISROSCPAICVOLTAGE 6198881 1 Farnell on the number

~licLzss2cPA ICL7662CPAIC VOLTAGE s157001 18 § '{ above

!J'—I Jigh bove.

l No_of records found 582 [ ,P“"‘? C\FamelD\Db\Sermidata mdt

!sn_lnj[" 2 %) ¥ || E)Fomei Semconduct. | I Corel PHOTO-PAN. | |§f§)‘g 1956
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Telnet

Quality second-user
test & measurement
equipment

* - Radio Communications Test Sets
P Marconi 2955 — calibrated £2000
ewiel acKar M .
: : arconi 2958/2960 £2250
8642A - high performance R/F synthesiser Antritsu MS555A2 £1200
(0-1-1050MHz) £5500 o
3335A - synthesiser (200Hz-81MHz) £2750 Hewlett Packard 8920A £2000
Hewlett Packard Hewlett Packard 8922B (GSM) £7500
. chlumberger ilock 4031
436A power meter and sensor (various) from £750 g hlu ge ge gtag!:ock 482 0 £3995
437B power meter and sensor (various) from £1100 chlumberger Stabiloc £1750
Hewlett Packard Racal 6111 (GSM) £2500
; Racal 6115 (GSM £5000
8753A network analyser (3GHz) from £2500 Rhode & S ﬁ] ) CMS 54 £6250
8753B network analyser (3GHz) from £3250 oae chwarz (new)
‘S’ parameter test sets 85046A and 85047A Rhode & Schwarz CMTA 94 (GSM) £5950
available at £2500 & £3000 IFR 1200S (calibrated) £2995
Wandel & Goltermann
PFJ-8 — error and fitter test set i R
(all options fitted) £9950 SanmEE
PCM 4 - PCM channel measurement set £8500 2=l
Marconi
2305 — modulation meter £1250 =
6310 - programmable sweep generator =
(2 to 20GHz) — new £3500 mm
Hewlett Packard
5342A - microwave frequency counter
T P e i Fax 01203 650 773
5370B — universal time interval counter £1750
gﬁeguro - MSA 49128- | MHf - IGHZ SpFerc.AnaIyser £995
OSC| LLOSCOPES tanford Research SR760 (100KHz-FFT anaiyser) £2300
Beckman 9020 - 20MHz - Dual channel £150 Tektronix 495P -Spec analyser prog. - 1.8GHz £3500
Hewlett Packard 54100D - IGHz Digitizing £1250 Jveim[)or:] g‘l‘(‘)ggﬁ OTZT)T)%)I:/?HEBR(?Pina! ser g;gg
Hewlett Packard 54201A - 300MHz Digitizing £1250 4
newlen Packard 54512B (300&AH2-1G s/s) — 4 channel ; £POA
itachi VI152/V212/V222/V302B/V302F/V353F/V5508/V650F rom £125
Hitachi VI [00A - I0OMHZ - 4 channel £900 MISCELLANEOUS
Intron 2020 - 20MHz. Dual channel D.S.0. (new) £450 Eaton 2075 — 2ANoise Gain Analyser at £2250
Iwatstu SS 5710/8S 5702 - from £125 Farnell AP30250 - Power Supply 30v-250amp . ] , £1500
Kikusui COS 5100 - 100MHz - Dual channel £350 Fluke 5100A/5100B/5220A/5200A — Calibration Units (various available)  from £1000
Lecroy 9450A - 300MHz/400 MS/s D.S.0. 2 channel £2250 Fluke 2625/2635 Data Buckets (various) £POA
Meguro MSO 1270A - 20MHz - D.S.0. (new) £450 GN ELMI EPR31 - PCM Signaliing Recorder £1500
Philips 3055 - 50MHz .Dual channel £450 Hewlett Packard 6033A - Autoranging System PSU (20v-30a) £750
Philips PM 3335 - 50MHZ - D.S.0. Dual channel £950 Hewlett Packard 6632A - System Power Supply (20v-5A) £800
Philips 3295A - 400MHz - Dual channel £1600 Hewlett Packard 3784A - Digital Transmission Analyser £5000
Philips PM3392 — 200MHz-200Ms/s — 4 channel £1995 Hewlett Packard 3785A - Jitter Generator & Receiver £1250
Tektronix 465 - I00MHZ - Dual channel £350 Hewlett Packard 8660D - Synth'd Slg. Gen (10 KHz-2600MHz) £3,250
Tektronix 464/466 - I00MHZ - (with AN. storage) £350 Hewlett Packard 4192A - LF Impedance Analyser £6750
Tekironix 475/475A - 200MHz/250MHz - from £450 Hewlett Packard 16500C - Logic Analyser Mainframe £3250
Tektronix 468 - I0OMHZ - D.S.0. £650 Hewlett Packard 16501A/B & C - Logic Analyser System Expander Frame from £2000
Tektronix 2213/2215 - 60MHz - Dual channel £350 Hewlett Packard 6624A — Quad Output Power Supply £2000
Tektronix 2220 - 60MHZ - Dual channel D.S.0O £1250 Hewlett Packard 6652A ~ 20V-25A System PSU £750
Tektronix 2225 - S0MHZ - Dual channel £395 Hewlett Packard 83508 ~ Sweep Generator Mainframe £2000
Tektronix 2235 - I0OMHZ - Dual channel £600 Hewlett Packard 75000 vXI Bus Controllers £POA
T ok e 050 i S Do g
ektronix - - 4 channe - rol un
Tektronix 2440 - 300MHz/500 MS/s D.S.0. £2950 HP 435A + 435B Power meters from £100
Tektronix 2445A - 150MHz - 4 channel £1250 HP 8656A Synthesised signal generator £850
Taeh s Lo e o e e e o b
ektronix - - 4 channe - Signal g -
Tektronix 7000 Serles (I00MHZ to 500MHZ) from £200 HP 37900D - Sig{nalllng test set £3750
Tektronix 2211 — 50MHz - 2 channel DSO £950 ng gggt{»é - I1V|Gd IZ Freq:en::y counter ggggg
Tektronix 7104 — 1GHz Real Time from £2500 - Modulation Analyser
Tektronix 2465A ~ 350MHz — 4 channel £1995 ng BQOgA angﬁ}:{ D'i:sk')niog Analyser from g%gg
8112A - 5 z Pulse Generator
SPECTRUM ANALYSERS HP 16500A + B — Logic Analyser Mainframes from