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THE NEW FORCE IN EDA
The brief was clear. To create a next generation CAD system for electronic

engineers that used state of the art desktop integration and customisability together
with unrivaled ease of use.

Project Wizard

This wizard will hep you
10 creste € new clectionics
project.

From the creators of Quickroute, Electronic Design
Studio (EDS) is an entirely new program designed
for t.o!a”s EDA performance needs. Integrating
- schematic and PCB design into a powerful design
dio, EDS lets you view and edit all the files in
ts, and through OLE2, EDS integrates i sl
with your desktop letting you drag and drop F:—::_i ==r
documents into and from your favorite Office
applications.

520 gt ahat Move x Coy

BEDET

EDS also includes the n
CADObjects engine wit
flexibility that approaches
of desktop publishing syste
its comprehensive drawing
shaping tools, professional s
for True Type fonts {even at .
stage), high resolution, larg ign "k
size, polygon fill and shaping tools,
EDS represents a genuine advance
in EDA price performance. Visit our
web site, or call now to find out how
EDS can help you.

« State of the art multiple-document user interface offering unrivalled ease of use and customisability:

¢ OLE 2 support including drag and drop, allows integration with your favorite Office applications.

¢ Project Wizard and Project Manager make creating and navigating all the documents in your
projects easy.

¢ New heiracial symbol browser, makes creating, editing and managing symbols a breezel

¢ High resolution {1um) and large design size {(up to 2m x 2m) combined with IntelliSNAP makes
metric/imperial design mixing easy!

« Unlimited schematic sheets, with full support for data busses, power rails, etc WORK BETTER

* CADCheck automatically syncronises schematic and PCB designs. No more capture worries!

¢ Unlimited Undo/Redo, print preview and a wide range of import/export options including CAD-CAM.

¢ Up to 32 layers can be assigned to be copper, silk, gold, mask, drill, mechanical, or annotation layers.

« New CADObjects engine supports a wide range of graphic objects inciuding professional True Type
fonts, object shaping and property support, in-situ editing of symbols, high resolution and arbitrary
rotation/scaling of objects.

¢ Unlimited range of pad and track sizes supported.

* Create flood fills and power planes quickly with the new polyfill tool.

¢ Fast fully customisable poly-algorithmic autorouter

Electronic Design Studio £199 $319 ‘_
Electronic Design Studio Cross Grade £149 $239

Electronic Design Studio LITE £49 $79 SRR S A

SRR

PLUS Your first double-sided Eurosize PCB fd‘” Prices exclude P&P and VAT where applicable.
produced FREE by BETA-LAYOUT 30 DAY MONEY BACK GUARANTEE

Your

Q | t fd Regent House, Heaton Lane, Stockport, SK4 1BS. UK - Tel 0161 476 0202 - Fax 0161 476 0505
http www.quickroute.co.uk. Email info@quicksys.demon.co.uk

Copyright © 1999 Quickroute Systems Ltd. All rights reserved. Prices and specifications subject to change without notice. Oversees distributors wanted!
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Society gets the scientists it deserves

885 NEWS
® Euro chip R&D — UK could miss out
® Wireless LAN standard for 54Mbit/s
® NV memory breakthrough
@ Internet via mains venture turned off
® Biggest computer ever fails to find ET
® Silicon-germanium makes its mark
® Digital camera sees only UV light

890 UNDERSTANDING USB

USB makes connection of peripherals to a
PC easy, but the protocol needed to make
the bus efficient and transparent to the user
is complex, as Tony Wong explains.

902 THE ROUTE TO

SIMULATION V

Rod Cooper investigates Easy-PC —a PCB
design package with analogue and digital
analysis add-ons. This suite has modules
extending its use to the microwave region.

ST &

Easy-PC’s digital analyser shows not only timing
relationships, but also the glitches. Find out what
else it can do on page 902.

906 CIRCUIT IDEAS
@® Wideband photodiode amplifier
® Programmable Sallen and Key filter
® Power-saving, switch-mode power
® Low-current battery monitor
® Delay-length-locked loop
® Audio modulator
@ Push-button analogue voltage generator
@ Multi-switch stairway light
® Two op-amp oscillator — MKIII

914 INS AND OUTS OF JAVA

Accessing serial and parallel ports via Java
requires no additional operating system
support, as Les Hughes explains.

920 STEREO FROM
ALL ANGLES

In the third article analysing stereophonic
reproduction and the way that we receive
and perceive sound, John Watkinson
considers how the stereo illusion is created.
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Silicon-germanium technology

NEW PRODUCTS is beginning to catch on. But
New product outlines, why? It’s already been shown
edited by Richard Wilson. that existing technologies are
adequate for RF applications?
32W CLASS A Find out on page 888.

FROM A 12V RAIL

Richard Burfoot’s 32W Class-A push-pull
FET power amplifier is inductance loaded,

achieving power efficiency of around 45%.
It delivers full power when running from a

car battery and a small NiCd pack.

THE DIRT ON SWITCHING

If you have ever connected a mechanical
switch to the input of a digital gate, you will
know that they don’t make and break
cleanly. John Wettroth looks at new
solutions to the problem of switch bounce.

MEASURING RF POWER  [/Bher quality hifi
i t [ {
Joe Carr presents a backgrounder to RF e e

q ib speakers to be further apart.
power measurement apd describes a number This, and many other aspects
of circuits for measuring it.

of creating the stereo

illusion, are discussed on
LOW VOLTAGE Il vt
Looking mainly at CMOS op-amp output
stages, Giovanni Stochino et al also
explain why traditional current mirrors are
not suitable for the new range of analogue
building blocks operating from a 1.5V rail.

LETTERS

Line-powered fault, 12V or 14V supplies
accepted, The left-handed flute, Dropper
memories, Engineering women, Aether
way, Where did Otto go? Phase-linear
crossovers, Receiver radiation.

IMPROVE YOUR
DIGITAL AUDIO

Richard Brice’s de-jittering circuit for Encapsulated RF coils - one of
digital audio can be inserted between a CD 25 mew products outlined,
player and external d-to-a converter for SErigCal a2
improved fidelity — particularly at low

frequencies. It also removes copy code and

can convert between formats.
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Professional Electronics Design

Over 50%

50%
Discount ED\W NC O[\)“ia:count

« 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 less than
50% of the normal price, with no limits in its capabilities.
« 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!

> New 4
Super Powerful 32 bit

version for Windows 95,
P sann

L] E Don’t forget - Phone Today for Your 50% Discount!

* EDWin NC Basic: Schematics, PCB Layout, Manufacturing Outputs,
Max. 100 Component Database, 500 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)

Ovrder 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

You can't sell it
for that!

it furotech

Ienclose: £........coe..... total. Wt e Lo QI 25 o 5 C TEb N Aoty

but please allo»'v 28 days for delivery. Qty
Cheque/PO/Credit Card: S 1 wish to order-: 16 bit | 32 bit | 16bit/32bit  Total (£)
Visa/Mastercard/Eurocard: No. « EDWin NC BASIC: [£59.00 £119.00 r ] J [ ]

« EDWin NC De Luxe 1: £119.00/£177.00| |

| | |
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Society gets the scientists it deserves

few months ago Dr Peter

Cochrane, the outspoken
director of technology at BT, hit
out at the media for its sloppy
reporting of scientific issues like
mad cow disease, genetically
modified foods and mobile phone
health scares.

His view is that inaccurate
reporting of half-understood
scientific facts has unnecessarily
stoked the fears of the public.

“There is nothing quite like
widespread ignorance fuelled by a
good advertising campaign to
trigger panic,” said Dr Cochrane.
“Judging from the media and
popular press you might draw the
view that science and technology
are some kind of curse inflicted
upon us.”

Good on yer Peter! Men and
woman researchers cheered in their
laboratories from Bristol to
Edinburgh. The scientists who
could not defend themselves
against the sensationalist tabloids
and broadsheet newspapers had
found someone prepared to fight
for their comer.

Dr Cochrane, who is himself a
regular newspaper columnist,
seems to have made some perfectly
valid claims. However, there was
one important point that he failed to
hit upon. That is the crucial fact that
no one in society truly believes or
trusts what scientists and
technologists say any more.

A healthy scepticism about all
things scientific or technical is to be
welcomed — even cherished. After
all wasn’t it scientists who once
argued that the Earth was flat and
claimed that there was life on
Mars?

But it is possible that this
scepticism has spread into
something altogether more serious.
Science has an image problem and
its practitioners are in danger of
being bracketed along with priests
and politicians as people we cannot
wholly trust.

Society no longer trusts what our
white-coated scientists tell it. This
is unfortunate because science is
particularly big news at the
moment.

Concern over the impact of the
Millennium Bug, fears over the
consequences of genetically
modified foods and, “should I or
shouldn’t I have this mobile phone
so close to my head?” are big three
issues making the headlines.

You can forget clever inventions
like optical fibre or the
microprocessor. It is on the
reporting and eventual outcome of
these three issues that most people
in the street judge our scientists.
And many unfortunately are seen
as laughing stocks.

Don’t take my word for it.
Consider the British university
being funded to carry a scientific
investigation into the origin of the
crop circles of Wiltshire.

Scientists are in danger of being
put in glass boxes and having
purple gunge poured over them on
prime-time TV. For those with a
passion for engineering innovation
I must remind you that, Heinz
Wolf's Egg Race has been replaced
with Craig Charles and Robot
Wars.

Things have got more powerful
and much more violent, but the
science behind the TV programmes
is being dumbed down and with it
falls the credibility of the scientists.

Dr Cochrane puts part of the
blame with the scientists
themselves. Seeking kudos for
findings before they have been
rigorously proved. “The scientific
community, for reasons that escape
me, has seen fit to break ranks,
abandon the scientific principal and
go public on the leanest of
evidence,” said Cochrane. “If an
experiment cannot be repeated by
at least two independent groups
across the planet, then going public
is plain irresponsible.”

But that is just part of the cultural
problem. Everyone wants to be a
media star for five minutes and
perhaps scientists are no different
from anybody else.

Whether it is revelations about
government’s genetically modified
Soya crop research or observations
about the heating effects of mobile
phones, it is the scientific
information that is the valuable

commodity. If a scientist can get to
the market first there is no saying
what rewards may be waiting for
them.

The very fact that a renowned
scientist like Dr Cochrane felt
strongly enough about
sensationalism and
misrepresentation in the media to

“..the current trend for
scientific sensationalism is
seriously undermining the
credibility of many of our
scientists, who now find
themselves as mistrusted as
your average TV game show
host.”

say what he did is evidence of a
scientific community under siege. It
must be difficult for the scientific
establishment to come to terms
with the realisation that society not
only no longer respects its status,
but frankly does not always believe
what it says anymore.

In the 1930s the cold-hearted
scientists of Cambridge, Heidelberg
and Los Alamos had a near god-
like aura around them.

In contrast, today’s scientists and
technologists are seen as fallible
human beings with a string of
nonsensical letters after their
names. Nothing wrong with that.
Hero-worship is rarely beneficial to
the worshiper.

However, the danger is that the
current trend for scientific
sensationalism is seriously
undermining the credibility of
many of our scientists who now
find themselves as mistrusted as
your average TV game show host.
]

Richard Wilson
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HOW INTERACTIVE
IND4010)
BOARD STRATEGY

More than

25.000

Users

ULTIboard, a leading PC based Windows
95/98/NT design system, is supplied worldwide
via a network of offices & distributors.
ULTIboard's success with professional
designers is primarily thanks to its superior
interactive functionality.

REAL TIME Placement Help, REAL TIME Design
Rule Check, Reroute-While-Move and Trace
shoving, are all features wich wilt dramatically
reduce your design time.

Integration with ULTIcap guarantees smooth data
flow between Schematic and PCB editing.
ULTIboard's 1 nanometre resolution ensures that
rounding errors belong to the past.

Another of ULTImate Technology's strengths is
our flexible growth path. Users may start with a
low cost ULTiboard Challenger and grow, step
by step, to advanced Autorouting & Placement,
Analog/Digital Simulation. ULTIboard offers the
best price/performance!

ULTImate Technology looks after existing users!
With valid maintenance they will be upgraded to
a new system based on the original investment.
For instance, a 1987 ULTIboard-DOS system was
upgraded to Windows 95/98/NT with advanced
AutoPlacement & AutoRouting and Simulation.
Regular User Meetings and Surveys resuit in 2

major Updates per year.

yortp pery ULTiboard's move

m In addition to dynamic rats nests, force vectors and density histograms,
ULTIboard's Direct Reconnect instantly displays the shortest possible
connections. Automatic Gate- & Pin Swap with full Backannotation
guarantee the best. Or... select our Auto-Placement option!

m ULTIboard understands the different soldering techniques that apply to SMT.
Flip your SMD to the other side of the board and ULTIboard automatically
applies the pad definitions for either wave or reflow soldering.

m YOU want 100% m Ultiboard Real-Time DRC does not alfow you to accidently connect wrong
design integrity pins or violate trace clearances. It always respects your design rules.

Your move

m YOU want the
best placement

ULTImate Technology not only adds value to your
investment in an ULTIboard system but backs it
up with the highest quality support.
TOLL-FREE INTERNATIONAL PHONE:
00-800-ULTIMATE  (00-800-85-846283)

SPECIALOFFER

Order our Challenger 700, a full-feature design system
with 700 pin capacity, consisting of ULTlcap schematic

[X] YOU use SMD
Technology

capture, ULTIboard PCB Design and ULTIroute GXR
AutoRouter(designed to route boards with thru-hole
components) for the price of £ 249 (until 30.11.99).

(1 ] YOU want 100% m The ULTIroute GXR Ripup & Retry Autorouter is able to remove

automatic routing connections that cause a block and automatically reroutes the removed
connections. The user can define the Autorouter parameters. Gridded
or gridless (shape based): the choice is yours!

With the system you also get an evalution copy of our
high-end ULTIroute GT AutoPlacement & AutoRotiting
(targeted at the most complex/SMT designs). This way,
you know exactly what you will buy, when you decide
to upgrade later (based upon the price difference).

Challenger 700 £ 249 excl. VAT

Your designideas are quickly
captured usingthe ULTIcap
schematic design Tool. ULTicap uses
REAL-TIME checksto prevent logic
errors. Schematic editingis painless;
simply click your start and end points
andULTlcap automatically wires them
for you. ULTIcap’s auto snap topinand
autojunction features ensure your
netlistiscomplete, therebyrelieving

m YOU don't want X ULTIboard's acknowledged powerful interactive features such as
Autorouters Reroute-While-Move and Trace-Shoving under Real-Time DRC guarantee
flawless designs in the shortest time. After all, this was an important
factor to make ULTIboard Europe'’s #1 choice for Professional Designers!

Goodmanual placement tools are vitalto
the progress of your design, therefore
ULTiboard gives you a powerfulsuite of
REAL-TIME functions such asFORCE
VECTORS, RATS NEST RECONNECT and
DENSITY HISTOGRAMS. Pinand gate
swapping allows you to further optimise
your layout. For optimal design
automation, consider our fully automatic
placementoption.

Now you can quickly route your
critical tracks. ULTIboard's
REAL-TIME DESIGN RULE CHECK will
not allow you to make illegal
connections or violate your design
rules. ULTiboard's powerful TRACE

il SHOVE, and REROUTE-WHILE-MOVE
§ algorithms guarantee that any manual
§ track editing is flawless. Blind and
buried vias and surface mount
designs are fully supported.

" you of tedious netlist checking.

ULTIboard's backannotation

automatically updates your UlTIca
@ schematic with any pin and gate
| swaps or component renumbering

= Finally, your design is post
processed to generate pen/
photo plots, dot matrix/laser or
postscript prints and custom
drill files and Bill of Material.

: ;| NOT HAPPY WITH YOUE
= % CURRENT CAD SYSTEM

ULTIboard's autorouters allows youto
control which parts of your board are
autorouted, either selected nets, or 2 o
component, or awindow of the board, k 15
or the whole board. ULTIboard's Iy
| intelligent router uses copper sharing E__;
8 techniques tominimise route lengths. i |
| Automatic via minimisation reduces 2

the number of vias todecrease o

If you need partial ground planes,
then you can automatically create
copper polygons simply by drawing
the outline. The polygon is then filled
with copper of the desired net, all
correct pins are connected to the
polygon with thermal relief
connections and user defined gaps
are respected around alt other pads
B and tracks.

EIE

production costs. The true 45 degree
autorouter will handle up to 32 layers.
Gridded or Shape based!
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Euro chip R&D - UK could miss out

he UK could lose out on an

opportunity to play a role in the
next phase of collaborative
European microelectronics R&D
unless the government gets its act
together quickly.

This is the stark warning from a
leading industry spokesman.

“If a country is not
acknowledging that IT is the
driving force of their economies
they will condemn themselves to a
low ranking in the economic
league,” said Dr Jiirgen Knorr,
chairman of the European
Microelectronics Development for
European Applications programme,
known as MEDEA. “If you’re not

participating, you’re not going to
participate in wealth and job
creation.”

The programme is gearing up for
MEDEA Phase-2, with Austria,
Belgium, Finland, France,
Germany, Ireland, Italy, Holland,
Sweden and Switzerland taking
part. The UK’s financial
commitment is zero.

For Tony Blair’s government to
pay the lip service it does to the
benefits of high-tech, and then take
no part in pan-European R&D is a
surprise to many Europeans.

The value of high-tech consortia
has been well proven with
Europe’s collaborations on GSM

and Jessi (MEDEA’s predecessor
programme). “Jessi closed the
technology gap and MEDEA
realised that in products,” said
Knorr. “Phase-2 keeps Europe
involved with the revolution that
started with the invention of the
transistor and became the IT
industry.”

Phase-2 will concentrate on
process technologies and design,
standardising software tools and
interfaces, and specific
applications such as advanced
mobile voice and advanced digital
audio and video systems.

David Manners
Electronics Weekly

New wireless LAN standard supports 54Mbit/s

wireless LAN standard has been
launched this week that will
support data rates up to 54Mbit/s.
The HiperLan 2 Global Forum —
comprising Nokia, Ericsson, Telia,
Bosch, Texas Instruments and Dell -
is promoting the technology as a
global standard for in-building and
metropolitan applications.
HiperLAN 2 works at 5GHz, a
frequency dedicated to wireless
LANSs globally, and features a radio
interface with a guaranteed ‘quality
of service’ for given data types such
as video.
It will also work with the UMTS
third-generation mobile phone

standard. “That really gives you
ultimate mobility,” said Vesa
Walldén, v-p of marketing for
Nokia’s wireless business
communications. Offering data rates
from 9 to 54Mbit/s, HiperLAN 2
will adapt its data rate depending on
channel conditions.

Walldén expects HiperLAN 2 to
eventually be used in homes. “All
wireless LANs and Bluetooth work
on the 2.4GHz frequency,” said
Walldén. “Once we see the massive
deployment of Bluetooth enabled

devices we will run out of bandwidth

— not today but soon.”
Already specification work is

under way to extend HomeRF, the

wireless home networking standard.

HomeRF offers 1.6Mbit/s links.

According to Benno Ritter, wireless

connectivity product marketing

manager at Philips Semiconductors,

HomeRF multimedia extensions
promise data rates up to 60Mbit/s.
The underlying technology for
HomeRF multimedia is still to be
decided and Nokia’s Walldén
believes it could use HiperLAN 2.
The specification will be
completed by November with
products expected in late 2001.
Roy Rubenstein
Electronics Weekly

NV memory smaller than DRAM, fast as SRAM

n innovative memory replacing

both DRAM and flash could be in
production within five years, claim its
inventors at Hitachi’s Cambridge Labs.

The PLEDM, or phase-state low
electron-number drive memory is
being developed by Hitachi’s central
research labs in Japan.

“We expect, or hope for,
commercial success around the year
2005,” said Dr Hiroshi Mizuta, head
of the Cambridge research centre.

PLEDM seems to be the perfect
technology — smaller than DRAM,
non-volatile like flash, and can be
made as fast as SRAM.

“Its area is half that of DRAM and
is smaller vertically and simpler to
manufacture,” said Dr David

Williams, senior researcher at the
Hitachi Cambridge Labs.

The devices are made using
standard CMOS processes and could
easily be integrated with logic.

Since handing the PLEDM over to
Japan, the researchers in Cambridge
have been looking further at single
electron memory and logic.

Initial research with micrometre-
scale devices worked at close to
absolute zero. Now at tens of
nanometres, test circuits are working
in liquid nitrogen and some even at
room temperature.

However, these device are not
expected to become commercially
viable until at least the year 2015.
Richard Ball

Present DRAM
1T-1C cell

ol

6

Large capacitor

PLED
transistor

PLEDM
gain cell

' MOSFET

DRAM beater? Hitachi’s PLED memory is based on a standard
MOSFET. On top of the gate, a second vertical transistor is
fabricated which writes, erases and stores the state of the cell.
Unlike DRAM it needs no large storage capacitor.
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NEWS

Internet via

ortel Networks and United

Utilities have decided to
disband NOR.WERB, their jointly-
owned Internet-over-the-mains
company.

“The decision has been made to
close the joint venture even though
the technology is robust and well
proven,” said Kate Thomson,
NOR.WEB'’s director of marketing
programmes.

Launched two years ago, the
company developed its digital
powerline technology which used
electricity substations to modulate
data onto the mains. This provided
homes and businesses connected to

the substation with 1Mbit/s links for
Internet access.

When the company first launched
the technology it announced services
would start a year ago. However,
deployment of the technology
suffered a year’s delay.

The result of the delay has been
increased competition from
broadband technologies such as
digital subscriber line (DSL) and
cable modems, and ultimately the
venture’s closure.

“The projected volumes for digital
powerline, with the roll out of xDSL
and cable, are not significant
enough,” explained Thomson.

mains venture turned off

This is despite the successful
completion in May of a technology
trial in Manchester involving 70
homes, a school and small
businesses. In turn the technology
has also been tested by power
utilities in Germany and Sweden.

No redundancies are expected —
the 50 NOR.WERB staff will be
redeployed by the two parent
companies.

There are also no plans to use the
technology in other applications.
“The two companies still own the
patents but there are no current plans
at present,” said Thomson.

Roy Rubenstein

New figures say Asian crisis is over

urther indication that the Asia crisis is over is provided

by the latest figures from the Semiconductor Industry
Association (SIA). Worldwide semiconductor sales in
July were $11.55bn, up 19.3 per cent from the same
period last year, with the upturn being led by the Asia
Pacific market — up nearly 30 per cent.

“July’s global sales continued the robust growth that
began in mid-1998,” said George Scalise, SIA’s president.

The Americas market grew 18 per cent over the last
year whereas European sales were up a modest 6.3 per
cent.

The SIA cited strong PC demand which is driving
microprocessor sales as well as the double-digit growth of
DSP and flash memory as a result of the burgeoning
communications market.

Welcome to the plasma
dome... NEC has won a
contract to supply the
Millennium Dome with
plasma TV screens and
LCD projectors. The New
Millennium Experience
Company (NMEC) is
expected to need up to
300 42in. plasma displays
and 100 LCD projectors.
Plasma screens were
chosen because of their
thickness — under 100mm
- and large viewing angle.
NMEC’s order is the
largest yet received in
Europe by NEC. Screens
will be delivered during
the next two months.

54 000 years of computing time fails to find ET

Screen»scver software designed to
search for extra-terrestrial
intelligence has become the world’s

The Arecibo
Observatory in
Puerto Rico

Picture courtesy of
David Parker and
Arecibo Observatory

biggest supercomputer.
Over a million users around the
world have downloaded the

SETI@home software which
searches radio telescope data while
the user’s computer is idle.

Launched on May 17 this year,
SETI@home has become the largest
computation in history involving
users in 224 countries. On August
14, Ed Bradburn from the UK
became the millionth user of the
screen-saver software.

Since May, over 54,000 years of
computer time has been logged on
the project, a number rising by 600
years per day.

Unfortunately, despite the
massive resources being thrown at
the project, not a shred of evidence
has yet appeared to show that ET
exists.

@ The Arecibo Observatory in
Puerto Rico, pictured left, is the
world’s largest radio telescope. It
provides data for SETI@home — the
world’s biggest computer project.
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TiePieScope HS80 1 IXORUACN=R\ON|

- The HS801: the first 100 Mega samples

per second measuring instrument that
consists of a MOST (Multimeter,
Oscilloscope, Spectrum analyzer and
Transient recorder) and an AWG (abritary
waveform generator). This new MOST
portable and compact measuring
instrument can solve almost every
measurement problem. With the
integrated AWG you can generate every
signal you want.

- The versatile software has a user-defined

toolbar with which over 50 instrument
settings quick and easy can be
accessed. An intelligent auto setup
allows the inexperienced user to perform
measurements immediately. Through the
use of a setting file, the user has the
possibility to save an instrument setup
and recall it at a later moment. The setup
time of the instrument is hereby reduced
to a minimum.

- When a quick indication of the input

signal is required, a simple click on the
auto setup button will immediately give a
good overview of the signal. The auto
setup function ensures a proper setup of
the time base, the trigger levels and the
input sensitivities.

ABRITARY WAVEFORM GENERATOR-
STORAGE OSCILLOSCOPE-

SPECTRUM ANALYZER-
MULTIMETER-
TRANSIENT RECORDER-

+ The sophisticated cursor read outs have

21 possible read outs. Besides the usual
read outs, like voltage and time, also
quantities like rise time and frequency
are displayed.

- Measured signals and instrument

settings can be saved on disk.This
enables the creation of a library of
measured signals. Text balloons can be
added to a signal, for special comments.
The (colour) print outs can be supplied
with three common text lines (e.g.
company info) en three lines with
measurement specific information.

- The HS801 has an 8 bit resolution and a

maximum sampling speed of 100 MHz.
The input range is 0.1 volt full scale to 80
volt full scale. The record length is
32K/64K samples. The AWG has a 10 bit
resolution and a sample speed of 25
MHz.The HS801 is connected to the
parallel printer port of a computer.

- The minimum system requirement is a

PC with a 486 processor and 8 Mbyte
RAM available. The software runs in
Windows 3.xx/ 95/ 98 or Windows NT
and DOS 3.3 or higher.

. TiePie engineering (UK), 28 Stephenson

Road, Industrial Estate, St. lves,
Cambridgeshire, PE17 4WJ, UK
Tel: 01480-460028; Fax: 01480-460340

TiePie engineering (NL),
Koperslagersstraat37, 8601 WL SNEEK
The Netherlands

Tel: +31515415416; Fax+31 515418819

Web: http://www tiepie.nli
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NEWS

Silicon-germanium starts to make its mark

U ntil recently, IBM was the only
volume semiconductor
manufacturer to take silicon
germanium (SiGe) seriously. Now,
Motorola, Lucent Technologies and
Infineon Technologies are among
those companies following IBM’s
lead on SiGe.

In recent weeks, two more alliances
are a clear indication that SiGe
technology is not just about
producing transistors with transition
frequencies of 75GHz. The
technology is set to become the basis
of a whole new generation of
low-power communications chip sets
for both wireless and broadband
networking applications.

Atmel’s Temic subsidiary, itself
one of the first companies to produce
commercial SiGe parts, has struck
development and manufacturing
alliances with RF component
specialists M/A-Com, part of the
AMP group, and Anadigics.

The companies say that the
alliances will produce new SiGe
devices which will target both wired
and wireless infrastructure especially
LANs and the local loop.

What is significant about these
deals is that it brings together
established RF components
specialists with Temic’s proven SiGe
process technology. As Dr Charles
Huang, chief technical officer for
Anadigics describes the move:
“Having access to Temic
Semiconductors’ SiGe facility and
technology provides us with an
opportunity to complement our
existing gallium arsenide (GaAs) and

silicon programmes.”

Temic has already introduced RF
components for the DECT cordless
telephone and GSM mobile telephone
standards. Like IBM, it has been in
volume production of SiGe parts
since the start of the year.

But these alliances will now give
Temic the specialist RF IC design
capability it will need to capitalise on
the emerging market for low-power
RF SiGe components.

SiGe transistors can be integrated
into devices with standard CMOS
components but bring faster speed
and lower power consumption. And it
is the lower power consumption
rather than high-frequency
performance which is the key to this
latest interest in SiGe technology.

Ask Dr Neil Morris, director of
advanced technology development at
Philips Semiconductors Albuquerque
if SiGe is needed for IC design in the
two to 4GHz range. “The answer is
no,”says Morris, “we’ve already
shown that.”

He is referring to the company’s
QUBIC3 0.5um silicon BICMOS
process, which is being used for a
range of RF communications devices
including a digital cordless phone
(DECT) transceiver and a family of
frequency synthesisers operating at
up to 3.7GHz.

Philips also has considerable SiGe
expertise, but it still believes that it is
not cost competitive with its 0.5um
BiCMOS process in the two to 4GHz
band.

It is fine if you have the silicon
process capability of a company like

Philips to, “push the silicon
envelope” to the limit, as Morris
describes it. But there are sufficient
big name semiconductor leaders
going after SiGe to make one wonder
whether there is something else in
this newer technology. After all
neither IBM or Motorola are exactly
novices when it comes to pushing
silicon technology to the practical
limits.

It seems that it is SiGe’s inherently
lower power consumption, rather than
high-frequency silicon process
technologies, which is providing the
trigger for this latest push for the
technology.

Like most big producers, Infineon
is using 0.25um CMOS process
technology for its mixed-signal parts.
That produces transistors with 25GHz
transition frequencies, says Danny
Thomas, a marketing manager at
Infineon. “With the silicon-
germanium process, the fr is
75GHz.”

But if these silicon processes are
more than adequate for today’s
900MHz and 1.8GHz mobile phones
and inherently cheaper, why use
SiGe? “We use SiGe for reduced
current consumption,” answered
Thomas, but not necessarily for its
faster operation.

So it is the latest moves to make all
electronic products from PCs to
digital TVs battery-power and
portable that probably lies behind
SiGe’s new trendy status. Perhaps,
unlike poor old GaAs, SiGe is an
alternative process technology that is
about to make its mark.
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New digital camera sees
only ultraviolet light

team of scientists from North

Carolina State University, the
Night Vision Laboratory and the
Honeywell Technology Center
have demonstrated a digita] camera
that senses ultraviolet light.

The camera is destined for use in
military night vision systems and
environmental monitoring, the
developers believe. Objects that
emit UV include rockets, soldering
and welding equipment and
astronomical objects such as stars.

In order to sense only UV light,
the team fabricated an array of
p-i-n photodiodes using aluminium

gallium nitride (AlGaN). So far the
researchers have managed to
fabricate a 32 by 32 array.

The array starts life as a sapphire
wafer — transparent to UV. Metal
organic vapour phase epitaxy is
used to deposit the n-layer of
AlGaN, followed by the undoped
GaN and finally the p-type GaN.

The array is bonded to a standard
CMOS chip containing the control
and interface circuitry.

The array is sensitive to light
between 320 to 365nm
wavelengths, making it blind to
visible light an infra-red. u
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PC ENGINEERING

Understandin

“USE

Devised to simplify the job of connecting peripherals to a PC, the
increasingly popular universal serial bus communicates data at up to
12Mbit/s over two of its four wires. Simple connection, yes, but the
protocol needed to make the bus efficient and transparent to the PC

niversal serial bus, or USB, is recommended for the At the end of 1999, the USB 2.0 specification will be offi-

user is complex, as Tony Wong explains.
new generation of IBM-compatible PCs in the ‘PC 98

U System Design Guide’.! It is also supported by
Windows 98.

This bus provides an easier way of connecting a PC to a
variety of peripherals via a serial bus. The universal serial bus
is a four-wire cable of which there are two wires for power
and ground — namely Vj,,s and Gnd — and two for data transfer,
D+ and D-.

Up to 126 devices can be simultaneously connected to a PC
via USB without the fear of running out of PC i/o addresses or
having conflicts on IRQs and DMA channels used. The bus

cially released and will move the maximum transfer rate to
between 120 and 240Mbit/s. However, behind of these fea-
tures, there is a need for sophisticated USB embedded con-
trollers to handle the unique protocol and algorithm for the
data communication activities on the bus.

In this article, I present a summary of the USB protocol
format based on USB 1.1.

As an example of how the bus is implemented, I describe the
Infineon Technologies C541U embedded USB microcon-
troller. Infineon Technologies was formerly Siemens
Microelectronics by the way.

can also reduce cost and PCB space by removing the need for
traditional attachment ports such as keyboard connector and
serial ports.

Other benefits of USB are its low cost and that it supports
data transfer at up to 12Mbit/s in ‘*full-speed mode’This is
described in USB specification 1.0/1.1. At this speed, it is pos-
sible transfer data such as voice and compressed video signals
in real time.

“ \ root hub

What is an ‘end point’? (upstream po ot > 1
An end-point, or device end-point, as used in USB terminology, is not Hub 1st Hub Tier
the easiest of concepts to understand. In the specifications, an ‘end-

e

point’, or EP, is described as, “A uniquely identifiable portion of a USB
device that is the source or sink of information in a communication
flow between the host and device.” Physically, an end-point can be
considered as a memory area for data flow.

. \ downstream port
upstream pont

upstream port

Take, for example, a CD-ROM drive with USB interface. The drive Hub 2nd Hub Tier
can be accessed by the file manager tool to read a data file from the = —__ =i}
CD, but it can also be used as to play audio CDs. As a result, you — '
need to use two end-points to handle these two functions. One end- Davics
point is configured as ‘bulk transfer’, for transferring data files, while
the other end-point is configured as ‘ISO transfer’ for real-time audio EPs

data transfer. Fig. 1. With universal serial bus, hubs can be used to expand the

system, allowing connection of up to 126 devices to one PC.
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USB terminology

Descriptor

A Descriptor carries the information used for
identify the device, for example, number of end-
points, or EPs, in the device and the end-point
type for each. This information is usually
accessed by the host from the device.

Function
This is a USB device that provides the host with
a capability, such as an ISDN connection.

IN

A packet-identification, or PID, type used to
perform the ‘in’ transaction. Data packets flow
from device to host.

HID

Human interface Devices class. Devices are
used by humans to control the operation of
computer systems. Examples are keyboards,
pointing devices and bar-code readers.

Host

A computer system with the instalied host
controller driver is a host. This includes the
hardware USB root port, which may be a PC
system running under the Windows 98 operating
system for example.

Motorola
MC68HC08KH12

USB keybd 8-bit controller
Full/low

12K OTP/Flash

384

6MHz

8 bytes each of transmit and
receive for control EP

8 bytes of transmit for data
1 control EP for hub

1 data EP for hub

1 control EP for device

2 data EP for device

5v

Yes

64 bytes each of transmit
and receive for bulk/ISO

transfers
8 bytes for interrupt EP

1 control EP

USB peripheral controller
4 data EPs

NetChip Technology

NET2888
8 bytes for bulk EP

Full/low
3.3V
Yes

Host controller
The host’'s USB interface.

Hub
A full-speed USB device that allows additional
connections to the USB bus is know as a hub.

ouT

A packet-identification, or PID, type used to
perform the ‘out’ transaction. Data packets flow
from host to device.

PID

Packet identification — a field in a USB packet
that indicates the types of packet. Examples are
SOF, IN and ACK.

SETUP

A packet identification, or PID, command type
used to perform the ‘set-up’ transaction. Data
packets flow from host to device. One use of
SETUP is to allocate an address to a device.

8-bit controller with USB
Configurabie USB buffer
Up to 64 bytes for data EPs
Total buffer size 256 bytes

Inflneon Technologies
8 bytes for control EP

C541U
Low-speed mode:
1 control EP

Full-speed mode:
2 data EPs

Full/low
8K-OTP
256

12MHz

1 control EP
4 data EPs
5V

Yes

8-bit controller with USB
Up to four 8-byte data EPs
Up to two 32-byte data EPs

Cypress
CY7C64113

Full

8K EPROM/OTP
256

6MHz

1 control EP

4 data EPs
4.0V~5.5V

Yes

SIE

Serial Interface Engine is a hardware circuit and
a part of USB module in silicon. it performs USB
data processing tasks.

8-bit controller with USB

Zilog
Z8E520
Low

6K OTP
160
12MHz

8 bytes

1 control EP
2 data EPs
4.0V~6V
Yes

SOF

Start-of-Frame. SOF is a packet-identification
type and also the first transaction of a frame. It
allows end points to synchronise their internal
clock to the host.

USB peripheral/USB device
A device that performs an USB function such as
a hub, a USB keyboard, or USB speakers.

8-bit controller with USB

Samsung
KS86C6004

Low

4K

208

6MHz

8 bytes for transmit
8 bytes for receive
1 control EP

2 data EPs
4.5V~55V

Yes

USB peripheral silicon
A USB embedded silicon chip.

Table 1. Some dedicated USB chips and microcontrollers with USB support.
Notes: With the C541U, each data EP can be configured to support any one of four USB transfer types. The NET2888 acts as-a bridge between processor Independent local bus and USB bus.
The Motorola chip has 1 full-speed upstream port, 4 full/low-speed downstream ports and it supporis interrupt transfer on the data EP.

Part number
Product type
with hub
USB speed
ROM (bytes)
RAM (bytes)
Clock

USB buffer
End points
Op. voltage
Int. transceiver

EP
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D+I‘ ID— (USB line)

This device provides a simple solution to the USB periph-
eral implementation. Its hardware can handle the USB pro-
tocol transmissions automatically.?

USB system architecture
There are three basic hardware elements in the USB system
architecture. They are host, hubs and devices, Fig. 1.

# 8-bit Digit. 11O * 6-blt Digit. /O

7FH
On-chip Page1
J1 T
transceiver Page0
] S N
uDnc v
- TF & DOH MMU
data Interface
SIE Interface 3 =
data
State Gl =
machine EP . S
logic contf.
: bufter )
USB Device .
protocol Eddy 25 1
loqi buffer To CPU
ogic bytes SFR
Curr. Internal
4 EP - USBVAL| [*= address B
config. data control control fs
buffer
. Set up
data buffer
= —
48/6MHz
Fig. 2. Block diagram of the USB module
pLL ff - in the C541U embedded microcontroller,
= SC . e .
ol a1 | otiHs top ({:agram, together with its chip
architecture, bottom.
ucL
| Oscillator watchdog l
OTP memory
XTAL2 — 8Kx 8
XTAL1 — ‘
ALE  — b }
IPSEN ¢—| —
/EA Emulation
RESET Programmable 1 S:Jppon
watchdog Y el
timer —
#
_»‘7 Port 0
| Tmert e =5 B
SSC (SPI) interface — 7 N
—b{ Port 1 }:’:_‘ >
PLL
— | #
D+ ¢ AN 4 Port 2 —’:—_—tD
; USB modulg (g S
ceiver «
D- ¢
B #
W th =
InterruptuTJ‘_ ~ B

|

The connection uses the ‘tiered-star’ topology and can be
connected up to five levels — i.e. have five hub tiers.
Normally, the host controller and root hub are implemented
via a chip set on the PC motherboard.

The host controller controls transactions over the USB sys-
tem. There are two types of host controller. They are the
‘open-host controller interface’, or OHCI, and the ‘universal-
host controller interface, which is shortened to UHCI.

From an application point of view, the OHCI can support
multiple transactions for a particular device end point, or EP,
within a Ims ‘frame’. There’s more on this later. On the
other hand, the universal host controller supports one trans-
action for a particular end point in each frame. Software for
USB devices should be able to handle transactions with
either of these controllers.

A root hub acts as a port for attaching the USB device, Fig.
1. A USB hub allows multiple connections to the USB sys-
tem and detects when devices are attached to or detached
from the system. It also forwards the bus traffic between its
upstream port and downstream ports.

Each USB device is allocated end-point numbers. End
point number EPO is reserved for the device’s configuration
by the host. It provides a point of communication to the host
by means of EP descriptors.

End-point descriptors communicate device attributes and
characteristics to the host. According to this information, the
host configures the device and locates the USB client soft-
ware driver.

Other device end points can be considered as a function of
the device and can be separately configured for one of the
different transfer types to communicate with the host.

For example, a keyboard application, which comes under
the USB standard’s ‘human interface device, or HID, class
uses EPO for the device configuration and may use EP1 as an
interrupt transfer to send the key-scanned data to the host.
More details on the EP descriptors are discussed in refer-
ences 3 and 4.

USB supports four types of data transfer:

@ Control transfer — transfer request commands from host to
device.

@ Interrupt transfer — data transfer from an interrupt driven
device to host.

® Bulk transfer — transfer for a large amount of data.

@ Isochronous transfer — for applications requiring constant
data transfer rate.

Implementing USB

Commonly, a USB embedded microcontroller is used to
implement the USB functions. There are also other types of
USB interface chip to suit different applications.

Table 1 shows some of the examples of USB chip. Only
the USB related features are highlighted here; for details of
other on-chip features and updated technical specification,
refer to the corresponding company’s product home page on
the web site.

In the Table, the first two columns show two low-speed
USB controllers with different clock frequencies and buffer
sizes. The third column shows a full-speed chip, and the next
one is a full/low-speed chip. The fifth column shows a USB
interface chip without an integral controller and the last one
is a controller with hub function.

Generally, a USB chip consists of a USB module in which
the serial interface engine, or SIE, plays an important role in
the USB activities. It performs all the front-end data pro-
cessing functions such as NRZI and NRZ conversion, token
packet decoding, bit stripping and bit stuffing, and cyclic
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Low cost professional quality Smart Card Systems

The intelligent programmer for Smart Cards using the International Standard T=0 or T=1 protocols
also Memory and Secure Memory using FC, 2-wire & 3-wire interfaces. From April 1 1999 all
ChipDrives are supplied with software to read and write to most popular secure smart cards, inc
GSM, PAY PHONE and ACCESS CONTROL cards. Drivers are available for Apple Macintosh,
Linux, Unix, Solaris. Microsoft PC/SC and of course WINDOWS 95/98 and NT.

Supplied with CARDSERVER AP! for easy development of SmartCard Applications using Visual
Basic, Delphi or C++.

CHIPDRIVE INTERN
£49.95 + P&P £7.50
Exclusive of VAT

CHIPDRIVE ExTERN
£49.95 + PaP £7.50
Exclusive of VAT

CHIPDRIVE Micro
£39.95 + P&P £7.50
Exclusive of VAT

All Chipdrives are supplied with a Windows API and full documentation. ChipDrives are
CE Compliant ChipDrives conform to 1SO7816, T=0 or T=1 @ 3.579MHz, RS232 @
9600-11500 bps, Internal Supply/Ni-MH. Under normal conditions power is derived from
the host Serial Port. Operation is simple, full telephone and email support is provided for

- APP-LOCK

Protect any Windows applications from

Windows developers.

Unauthorised access under Win 95/98/NT FREE application
Inclusive of Chipdrive intern, Smart Card READ‘NG P jcro
and Software. GSM CARD' h C“\PDRWE'““
£79.95 + P&P £5 exclusive of VAT snpp\'\ed wit

CHIPDRIVE Developer Kit

CDK consists of: CD ROM containing cardserver.dil. Applications and Source code examples.
CHIPDRIVE-micro a selection of Smart Cards offering protected memory, processor and memory
cards. Typical uses are Control access, Pay Phone cards and Data transport. PIN codes for the
cards are supplied along with data sheets and programming data for use with cardserver.dli. A
useful application with source codes shows how the CHIPDRIVE can be used to identify any
5 Smart card inserted, giving manufacturer info, and memory map
if avaitable. Applications produced with the devetoper kit will
operate under Windows 3.11/95/NT and are compatible with the
whote CHIPDRIVE family. The CDK uses easy to use 16 bit or
32 bit DLLs with just one function calt to the 'CardServer' to
identify the card or camy out any instruction. Cardserver is a
powerful Background task which relieves the application
programmer from device and card administration. Featuring
~automatic protocol and card type detection, Allowing several
applications to access one terminal dependent only on the
\ <t type of card inserted.
Supplied with CHIPDRIVE micro,
£69.95 + Smart Cards and Source Code.

P&P £5 Exclusive of VAT Full Tech Support via Email.

http://www.towitoko.co.uk
http://www.crownhill.co.uk
http://www.edsim2000.com

13.5Mhz-t
Contactle

Access Control, Identification, Payment, Loyalty, Transport......

> Ease'IT the development tool for systems integrators and reader manufacturers, providing
access to contactless Smart Card technology at an affordable price and with less than one
weeks integration effort.
Ease™lT Integration system contains: 10 X contactless Smart Cards, 1 X contactless 5V
Reader Writer, 1 X 13.56Mh antenna with connector cable, Comprehensive technical
documentation and a CD ROM containing all the necessary software drivers including an
easy to follow integration users guide with detailed examples.
Communication distance of up to 10cm, data exchange at 106 Kbits per second!
Ease’IT Contactless Smart Card Reader/Writer can replace an existing Contact Card socket,
pin for pin or it may be connected directly to a PC or an embedded system.
Detailed documentation enables fast integration to existing systems, allowing contactless
cards to be used with most existing applications.
Fastest integration time to an existing application so far......... 3 Hrs 1!
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Frame length = 1 ms

Frame Transaction 1

Transaction 2 J

Transaction n

Transaction Token packet Data packet jlandsnage
packet
Token | gnc | PID | Device add Endpoit# | CRC | EOP
packet yn evice addr. po
Data
packet Sync | PID Data 0/1 CRC EOP
Fig. 3. Elements of a USB
fandatake transaction. The're can 'be'a number
packet Sync | PID EOP of such transactions within a 1ms
USB ‘frame”’.
For full-speed mode, each transaction starts with an SOF packet.
Start of
frame Sync SOF Frame # CRC EOP
packet

Table 2: Packet transmission between host and device in full-speed mode.

377.
Packet#
[

File'ENURATE.USB. recorded using CATC Inspector USB Analyzer S/W Version 2.10, packets 0-

0 | RESET(109.46 milliseconds)

109 | Sync(00000001) SOF(0xAS) Frame #(0x079) CRC5(0x 15) Idle(11964)
|

| _-

110, | Sync(00000001) SOF(0xAS5) Frame #(0x0E3) CRC5(0x0C) Idle(5)
|

I | Sync(00000001) SETUP(OxB4) ADDR(0x00) ENDP(0x0) CRC5(0x08) Idle(3)
| i
112 | Sync(00000001) DATAG(0xC3) DATA(80 06 00 01 00 00 4000 )
__ICRCI16(0xBB29) Idle(5)
il
113 | Sync(00000001) ACK(0x4B) Idle(11801)
|

114____| Sync(00000001) SOF(0xAS) Frame #(0x0E4) CRC5(0x12) Idle(5)
!

115____| Sync(00000001) IN(0x96) ADDR(0x00) ENDP(0x0) CRC5(0x08) Idle(4)
|

116 | Sync(00000001) DATA 1(0xD2) DATA(12 01 00 01 00 00 00 08 )

| CRC16(0xC8E7) Idle(6)

{ - =
117 | Sync(00000001) ACK(0x4B) Idle(11799)

|

118 | Sync(00000001) SOF(0xAS5) Frame #(0x0ES) CRCS5(0x0D) Idle(1 1964)
|

119 | Sync(00000001) SOF(0xAS) Frame #(0x0E6) CRCS(0xOF) Idle(5)
|

120, | Sync(00000001) OUT(0x87) ADDR(0x00) ENDP(0x0) CRC5(0x08) Idie(3)
|

1211 Sync(00000001) DATA 1(0xD2) DATA() CRC 16(0x0000) Idle(4)

| __ -
122____ | Sync(00000001) ACK(0x4B) Idle(11866)

|

123 | Sync(00000001) SOF(0xAS) Frame #(0x0E7) CRC5(0x 10) Idle(1697)
|

124 | RESET(Start of Reset)
|

redundancy generation and checking.

Figure 2 shows the block diagram of the USB module in
the C541U controller chip from Infineon, and also the func-
tional block diagram of the chip. More details of the opera-
tion of the USB module can be found in reference 5.

USB communication structure

Communication over the universal serial bus is performed
with a series of frames. Within a frame, which is 1ms long,
there can be a number of transactions.

The number of transactions depends on the number of
attached USB devices and how often the host needs to com-
municate with these devices. A transaction can be viewed as
a transfer of data. It consists of three phases.

Figure 3 shows the elements forming a packet phase. A
token-packet phase comprises commands sent from host to a
device and has four possible packet identifiers, known as
PIDs. They are SOF, IN, OUT and SETUP.

Data is transferred during the data-packet phase. Two PID
types are available for this, namely DATAO and DATAI.
This allows a data toggling mechanism, which is used to syn-
chronise the transmitter and receiver of a transfer.

Acknowledgement of the data packet transfer is carried out
during the handshake packet phase. It carries one of these
PID codes, ACK, NACK or STALL, representing the current
data receiving status.

Under the USB communication protocol, two kinds of con-
trol transfer can be performed. Figure 4 shows the sequence
of the communication for a three-stage control transfer
involving a ‘get descriptor’ command transaction and a
‘setup’ token. Three-stage control transfer consists of a setup
stage, a data stage and a status stage. It is mainly performed
by the host to get information from the device.

Figure 5 shows a two-stage control transfer. Such transfers
are used by the host to assign data to the device. For exam-
ple, the host sets an address number to the device using the
‘set descriptor’ command as shown. Note that there is no data
stage for the device to send back data information. The
device only performs the ‘status’ stage to acknowledge the
host by sending a zero-length data packet.

In addition to the two control-transfer formats, USB pro-
vides another data transfer format that is used to perform
interrupt, ISO and bulk transfer types.

Figure 6 shows the data transfer procedure with two exam-
ples, namely ‘interrupt’ and ‘ISO’ transfers. For the interrupt
transfer, the host keeps polling the bus by sending out ‘in’
tokens to the particular device.

The time interval for polling end-point for data transfer is
user defined between 1 and 255ms. If the device has data to
be sent, it will transmit the data packets to the host following
the ‘in’ token. If not, it will send out an NAK response,
which represents ‘negative acknowledge’.

For an ISO transfer, which involves real-time data trans-
mission, the ‘in’ token should be sent to the device every
Ims.

In order to illustrate the protocol involved in a real appli-
cation more clearly, we used a monitor system called a
CATC USB Inspector. It was set up to capture data transfers
between a UHCI host and C541U device controller.

Figure 7 shows the test set-ups involved. The host was run-
ning Windows 98 and the device chip contained source code
with USB keyboard function.

Test set-up ‘A’ captures the USB traffic between host and
device directly. A full-speed hub and low-speed device are
included in the test set-up ‘B’. This second set-up can mon-
itor the combined transmissions of full and low-speed pack-
ets on the bus at the same time.
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Example of a setup/get-device descriptor command.

1. Set up stage

Set up token

[ L Data packet ] I Handshake packet l

(from host)

2. Data stage

(from host)

(from device)

In token

]. [ Data packet J [ Handshake packs J

(from host)

3. Status stage

(from device)

Out token

(from host)

Fig. 4. In the USB protocol, two types of control transfer are possible. This diagram
represents a three-stage control transfer, mainly used by the host to get information

(from host)

from a connected device.

Example of a setup/set-address command transfer.

Fig. 5. Two-
stage control
transfers are
mainly used by
the host to
assign data to
the device. In
this case, the
device is being
assigned an
address.

1. Set up stage

(from host)

L Data packet (0 length) Ha:::::tke

(from device)

Set up token l

(from host)

2. Status stage

’7 Data packet }

Handshake packet

(from host)

(from device)

=

In token

e ——————

(from host)

Data packet (0 length) I

[ Handshake
I_ packet

(from device)

(from host)

packets 0-394.

Table 3: Packet transmissions in low-speed mode.

File LS-1.USB, recorded using CATC Inspector USB Analyzer S/W Version 2.2,

CRC16 (0xCB8E7) Idle(6)

Packet#‘
= -
18 | EOP( ) Idle(1497) -
19 | EOP( ) Idle{(114)
20 | Sync(__000001) SETUP(0xB4) ADDR(0x00) ENDP(0x0) CRCS{0x08) Idle (4)
21 I Sync (00000001) DATAO (0xC3) DATA(80 06 00 01 00 00 40 00 )
| CRC16(0x8B29) Idle(6)
22 | Sync(00000001) ACK(0x4B) Idle(13)
23| Sync(00000001) IN(0x36) ADDR(0x00) ENDP(0x0) CRCS(0x08) Idle(s)
24_ _i Sync (00000001} NAK(0xS5A) Idle(11)
25____| Sync(00000001) IN(0x96) ADDR(0x00) ENDP(0X0) CRCS(0x08) Idle(S)
26 Sync(00000001) DATAL (0xD2) DATA(12 01 00 01 00 00 00 08 )

Example of an interrupt data transfer.

Data stage

[- In token |

Data packet l [ Handshake packet —]

{from host) {from device) {from host)

Example of an isochronous data transfer.

Data stage

In token Data packet

{from host) (from device)

Fig. 6. Two examples of USB data transfer structures.The
main difference is that interrupt transfer is polled and the
isochronous transfer is real time.

Host PC
Test Test
setup B setup A
e
Bus
monitor -
System setup = mBol:IS't

for monitoring the i System setup
full-speed mode l for monitoring

of hub and low- Al the full- or low-

speed mode of speed mode

device device
USB device

Fig. 7. Set-ups used to analyse USB communications. In this
case the host is a UHCI and the device a C541U.

17-Mar-~99

4:34:32 <+—— direction of data flow
D+
1 IE/
1 [
-y D-
A
0
I [
[ ¥ T
2 ps I R
1.1 v DC¥
"™ e 580 MS/s
. 1 DC B8.83 V
4.2 vocs O STOPPED

Fig. 8. USB signal, encoded in inverted non-return to zero
form during sending of a negative-acknowledge NAK
response to a host at full speed.

Snap-Shot of the USB Protocol

|
|
i
27 | Sync(00000001) ACK(0x4B) Idle(4) Table 2 shows part of the enumeration process of the device
; N o in full-speed mode. Enumeration is a procedure that allows a
28 | Sync(00000001) OUT(0x87) ADDR({0x00) ENDP(0x0) CRCS(0x08) Idle(4} r . .
i device to be recognised by the host and for setting up a com-
29 | Sync(00000001) DATAL(0xD2) DATA() CRC16(0x0000} Idle(s) munication pipe between them.
0 | Sync (00000001) ACK(0x2B) Idle (887) —T BN ‘ Pack.ets 110 to 122_sh0\:v a three-stage control transfer
| . involving a ‘get-descriptor’ command. Packets 110 to 113
31 | EOP( ) 1dle(238) form the set-up stage, packets 114 to 117 form a data stage
32 { RESET(Start of Reset) and packets 119 to 122 form a status stage. -
f - Note that packets 110 to 113 are within one frame time, i..
Ims. Since there is only one device connected to the host,
896 ELECTRONICS WORLD November 1999



Fig. 7 test set-up ‘A’, the transactions can not use up the
whole time frame, resulting in an idle time of 11801 bit

times.

For full-speed mode, the data transfer rate is 12Mbit/s. By
counting the number of bits in each packet as shown in Table

PC ENGINEERING

Table 4. The Low-speed packet transmission on Full-speed transactions.

File PRE-1.USB, recorded using CATC Inspector USB Analyzer S/W Version 2.2, packets
0-840.

Packet# Idle(10654)
2, it can be worked out that there’s around 12K bits within a = i e T - oSS0 i 5) TaENS)
. . x X X e
Ims time frame. The table below shows the number of bits —| syne *
used for different tokens in the packet. 778____| Sync(__000001) DATAL(OxD2) DATA(03 03 00 00 ) CRC16(0xFOF9) Idle(7)
. . l —m
;Ield pame 20' of bits 779 | Sync(00000001) ACK(0x4B) Idle(42)
ync - | -
ADDR 7 780____| Sync(00000001) OUT(0x87) ADDR(0x02) ENDP{0x0) CRCS(0x15) Idle(3)
—
SOF 8 781 | Sync{_0000001) DATAl(OxD2) DATA(} CRC16(0x0000) Idle(5)
ENDP 4 |
Frame # 8 782 | Sync(__000001) ACK(0x4B) Idle(765)
I .
DATAO 8 783 | Sync(00000001) SOF (0xAS5) Frame #(0x270) CRCS5(0x0E)} Idle(5078)
CRC5/CRC16 5/16 |
784 | Sync (00000001} PRE(0x3C) Sync{(00000001) SETUP(OxB4) ADDR(0x00)
gllgasoments 24 | ENDP(0x0) CRC5(0x08) Idle(10)
|
ACK 8 785, | Sync(00000001) PRE(0x3C) Sync(00000001) DATAO(0xC3)
| DATA(80 06 00 01 00 00 40 00 ) CRC16(0xBB29) Idle(48)
| _
Low-speed mode 786 | Sync(00000001) ACK(Ox4B) Idle(87)
apturi in low- |
The e ptu ed pac?(ets transferred o the bUS L] ]0 s'peed 787 | Sync(00000001) PRE(0x3C) Sync{00000001) IN(O0x96) ADDR(0x00) ENDP({0x0)
mode are shown in Table 3. Yop can see that there isno | | CRCS (0x08) Idle(40)
start-of-frame SOF token. The time frame in this case is |
defined as being between ‘end-of-packet’ EOP tokens. 7“—: Capnsoditi el gt gl g OOV
Packets #20 to #31 are located within one frame. 789 | Sync(00000001) PRE(0x3C) Sync(00000001) IN(OX36) ADDR(0X00) ENDP(0x0)
Packets #23 and #24 show a negative-acknowledge NAK } EEER (@) ene(E)
response issued b)’ device to indicate that it is not av.a.llable to 790____| Sync(00000001) DATAL(O0xD2) DATA(12 01 00 01 00 00 00 08 )
respond to the ‘in’ packet from the host at that time. The | CRC16(0xCBET) Idle(26)
. . 1
descrlptlons ol the paCkets et & fO“OWS. 791___ | Sync(00000001) PRE(0x3C) Sync(00000001) ACK(Ox4B) Idle(10)
|
@ Three-stage control transfer with 8-byte data length: 792____| Sync(00000001) PRE(0x3C) Sync{(00000001) OUT(0x87) ADDR(0x00) ENDP{0x0)
| CRC5(0x08) Idle(10)
Packets #20 ~ #22, setup stage 1
get-descriptor command 793___| Sync{(00000001) PRE(0x3C) Sync(00000001) DATA1(0xD2) DATA()
Packets #25 ~ #27, data stage. SR e
Packets #28 ~ #30, status stage. 794____| Sync(00000001) ACK(0x4B) Idle(2865)
!
. 7 s 7
Fu"-speed and Iow_speed Slgnals on the bus 95_1| Sync (00000001) SOF (OxAS5) Frame #(0x271) CRCS5(0x11) Idle(1619)
This section looks at how full-speed and low-speed modes -
can operate simultaneously. Assume test set-up ‘B’ in Fig. 7.
The USB bus between host and hub is in full-speed mode but
. N The zoomed view of this part is
U ZOAEIE el @7l SIS shown as in the iower waveform.
shown as in lower waveform.
il el M( A /
~
" A
T D+
>
Wi 1 / 2
o 1 0 0b. 11100 0 J ) 0 00 \

T

=
|

et

|

3
|
1

o T Y

@ .2pste8av [I 2ps 180V

v B.2ps 1.88 V

Sync A EOP
\ Sync . NAK EOP ) " NAK
period(A) NN 277.7 ns period(8) N 8.8 ns
width(A) M 113.7 ns width(B) A 146.7 ns
rise(R) M 16.5 ns rise(d) 18.9 ns
Fall(Rd> mn 17.2 ns Fall(B) nn 19.2 ns
delay(R) 8.7468 ps delay(8) 8.6656 ps
O  STOPPED 0 sTopPED

Fig. 9. Signal on USB D+ data line showing the sync, NAK

and EOP data formats.

Fig. 10. Signal on USB D- data line showing the sync, NAK and EOP data
formats.
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The zoomed view of this part is
shown as in the lower waveform.

/

2
r1_\c[1_10 0‘\» ,]\‘Jvhi( 0‘_1‘ 00 \
! |- D-
RUIRAN IS
EIRRERINE i
=l % T : —
B I l\) ‘,J . \:f .-J !
2 1.00 v .2 1.00 vV
8 2vs 100 Sync \ BNA:S EOP
period(B) m 278.8 ns
width(B) M 146.7 ns
rise(B) m 18.9 ns
Fall(B) mn 19.2 ns
delay(B) 8.6656 ps
0 STOPPED

Fig. 10. Signal on USB D- data line showing the sync, NAK and EOP data
formats.

(a)

Actual data 0

Transmitted data (NRZI)| 1 0 1 0 1 0 1 0 0

N
last bit of previous
packet

H "Sync" data ID
(b) )

F\ctual data

Transmitted data (NRZI)| 1

"NAK" data 1D
(©

-
o
-
-
o
-
o

Actual data 0

-
o
o
o
-
-
o

Transmitted data (NRZI)| 0 1

Fig. 11. Decoding the inverted non-return to zero signal from the bus.
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the bus between hub and device is in low-speed mode since
the device is low-speed.

We used the bus monitor to observe how the device pack-
ets are transmitted on a full-speed bus. Table 4 shows part of
the packet sequences. Packets #777 to #782 are the data and
status stages of communication between host and hub using
the normal full-speed transfer format.

Packets #784 to #794 perform three-stage control transfer
between host and the low-speed device through the full-speed
hub. In order to differentiate the low-speed signals from the
high-speed for the hub to broadcast them to the downstream
ports, a preamble (PRE) packet is required as shown.

Packets following the PRE (0x3C) are the low-speed data.
Packets #784 and #785 are the get-descriptor command from
host to the device, and packet #786 is the ACK from device.

How USB signals are transmitted

USB protocol involves non-return to zero, inverted, or NRZI,
encoding to encode the data before transmitting onto the bus.
This encoding method does not need a separate clock signal.
In NRZI encoding, a transition between two consecutive data
bits represents logic ‘0’ while no transition represents logic
)8

Figure 8 shows a serial data stream transmitted on the USB
bus, encoded in NRZI format. The waveform was captured at
the host side by probing on the data lines, D+ and D- while
the device was sending an NAK response to the host in full-
speed mode.

Logic bits for the D+ signal are shown in bold. For clarity,
the D+ and D- signals are separated as in Figs 9 and 10
respectively.

The upper waveform in Fig. 9 shows two packet transac-
tions and the bottom waveform shows the magnified view of
the last part of data transfer. It is easy to work out the actual
data value from the waveform. Figure 11 shows the trans-
mitted NRZI data from Fig. 9.

The left-most bit ‘1’ in the table of Fig. 11a) represents the
last bit transferred from the previous packet. This bit is used
to decode the following 8 data bits. The second NRZI bit is
‘0’. The change from ‘1’ to ‘0’ is a transition, so the first bit
of actual data is logic ‘0’.

In Fig. 11b), logic ‘1’ in the actual data row indicates that
there is no data transition between the previous NRZI bit, in
this case ‘0’. Following the same procedure for the rest of
NRZI bits, the 8-bit actual data decodes as 00000001, which
is a specific synchronisation data pattern.

17-Mar-98
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12— | T /
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Fig. 13. Full-speed USB signals captured at the device side of
the bus during sending of a negative-acknowledge NAK signal
to the host.
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g eV | D 8640A AMEM Sig Gen
500KHZ-1024MHz
B Un-Used @ 500KHz-512MHz Version - £250

“RAAgAL l9008 Automatic m

oL meter

Ll £200 i
OSCILLOSCOPES

PHILIPS PM3082 2+2 Ch. 100MHz Delay efc.....£900

TEKTRONIX TAS465 Dual Trace 100MHz Delay etc...
........... 2800

TEKTRONIX 24654 4 Ch. 350MHz. Delay etc...£2250

TEKTRONIX 2445B Dual Trace 150MHz Delay gtc

TEH ual Trace

KIKUSU! 6100 5 Trace 100MHz Dela

TEKTRONIX 2430 Dig Storage Dual Trace 150MHz...
£1000

UNUSED OSCILLOSCOPES
TEKTRONIX TDS350 Dual Trace 200MHz 1GS/Sec...
...................... ciiresieenneiennnen £1500
TEKTRONIX TAS485 4 Channel 200MHz etc...£1100
H.P. 54610B Dual Trace 500MHz 20M/S £2000
H.P. 546008 Dual Trace 100MHz 20M/S
GOULD 465 Dual Trace 100MHz 200M/S..
GOULD 400 Dual Trace 20MHz 100M/S .£800
FLUKE SCOPEMETER Type 93 50MHz etc........£400
FLUKE SCOPEMETER 96 Series Il 50MHz etc..£520
FLUKE SCOPEMETER 99 Series Il 50MHz etc..£650

£1000
£1400

GOODWILL GFC 8010G [~
Frequency Counter Range 1Hz- | ©ws = an o
120MHz 8 digit display 15MV

RMS sensitivity Unused @

LOOK - NOW ONLY £475

MARCONI
2019A

Synthesised AM/FM Sig Gen 80KHz-1040MHz
LCD Display Keyboard entry.

FULLY TESTED —IN GOOD CONDITION
. POWER SUPPLY Model HSP3010

0-30 volts; 0-10 amps current
limiting. 2 meters

Used £160
GOODWILL
GVT427 DUAL CHANNEL AC
MILLIVOLTMETER

10pV 300V in 12 ranges by
Frequency 10Hz-1MHz §
Used £100 Unused £125 % -! ¥
B/
FARNELL LF1{

Sine/Sq Oscillator
10Hz-1MHz @

GOULD J3B Sine/Square Oscillator, 10Hz-100KHz,
10w dISIOFION ........oocvcivice i Only £95

SOLATRON 7150 _
DMM 6.5 digit

True RMS |EEE

A Classic Bench Multimeter - SOLARTRON 7045

_ 4% digit bright LED, ONLY,

working with leads.
It's so cheap you should have it as a spare.

STEWART of READING -

110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Telephone: (0118) 9268041 Fax: (0118) 9351696
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement)

USED EQUIPMENT —~ GUARANTEED. Manuais supplied
This is VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before
ordering. CARRIAGE all units £16. VAT to be added to total of goods and carriage.

CIRCLE NO.114 ON REPLY CARD

for High Quality Audio Tubes

The CVC Premium range offers continuity of supply of high grade audio valves.
Based on the best from world-wide sources, processed by us to suit audio applications.
Pre-amp types tested/selected for LOW NOISE, HUM and MICROPHONY.

Power valves are given controlled BURN-IN to improve stability and to select-out those
with weaknesses. MAJOR BRANDS also supplied as available.

A selection of CVC PREMIUM Audio Tubes

PRE-AMP TUBES POWER TUBES | POWER TUBES |SOCKETS ETC. ’
|
EL34G

ECC81 5.00 7.50 | (contnued) BOA, rCrascs o P8B! 1.60
ECC82 5.00  EL34 mesia 8.00 | 6336A 46.00 | BOA it o P8/ Goio Prated 3.00
ECC83 5.00 | EL34 targe 02 8.50 | 6550A 11.00 | Octal 1cn or ety 180
ECCB5 6.00 | EL84/6BQ5 4.70 | 6550WA or WB 13.50 | Qctal (cn o Pesy GoigPras 4.20
ECC88 5.00 | EL509/519 13.00 | 7581A 11.00 | 4 Pin gror 243 3008 rc ) 3.30
ECF82 5.00 | EBAL/7189A 650/ 807 9.00 {4 Pin (o 741 3008 oc 1 GPirea5.00
ECL82 5.00 | KT66 950 | 811A 31.00 | 4 Pin sama fFor 211 o) 11.00
ECL8B6 5.00 | KT77 12.00 812A 34.00 | 4 Pin smdo tfor 111 o
EF86 5.50 | KTBB (standory) 1250, 845 30.00 | Gokt Prates 15.00
EBOF Gout #in 10.00 | KTB8 tGowt Specrh 21.00 5 Pin o 80/ 3.00
EBICC Goivhin 680 | KT88 Gowtonmn  60.00 | NECTIFIER TUBES' 50, 0oy 450
E82 CC GowrAn 800 | PLE0Y/519 9.00 | EZ80 4.00 | 9 Pin o 1. p1309 o1 aw ey 5.00
E83CC GowrAn 7.50 | 2A3 wor s P 14.50 | EZ81 4.50 | Screening Can
EBBCC Gowr Pin 8001 211 22.00 | GZ32 11.00 | For £CCBI erc) 2,00
BEUT7 6.00 { 3008 50.00 | GZ33 9.50 | Anode Connecter
8SL7GT 450 | 6C33C-B 27.00| GZ34 6.50 | tFor 807 otz | 1.50
6SN7GT 450 | 6L6GC 650 | GZ37 6.50 | Anode Gonnecter
6922 5.20 | 6LBWGC/5881 8.00 | 5U4G 5.00 | tFor £1509 etc.) 170
7025 650 | BV6GT 5.00 | $V4GT 4.50 | Retainer ffor s16WGC etc 200
6080 1150 SY3GT 4.00
61468 10.50 | §Z24GT 4.50
...and a few “Other Brands” (inc. Scarce types).
SARA/GZ34 mutiann  20.00 | 6BAG ravmwron 27.00 | 6SNTGT aamar 5.50 | 13E1s7c 110.00
SRAGY nca sTC 7.00 | 6BWE arman 5.00 | 12ATIWA mutiar0 5.00 | 805 cerrow 50.00
SRAWGY cramamusa 10.00 | 6BXT7 GT snvama 8.50 | 12AY7 Gesnvama 7.75 | 5842A gec 15.00
SUAGB Rca or GE 12,00 | 6CGV/6FQ7 svvanu 7.50 | 12AZ7 ¢ 7.50 | 6080V rungsor 1250
SY3IWGT svvama 5.00 | BCLB RcaorGE 5.00 | 12BH7A Gt o ACA 13.00 | 6550A 6 22.00
BASTG Acaor semens  12.00 | 6CW4 aca 11.00 | 12BY7A 6 9.00 | 61468 c¢ 17.00
BAUEWC svvama 3.50 | 6SLIGT s7c 5.50  12E1 src 12.50 |

1SK ABOUT ANY TYPES NOT ON THIS UST ALL PRICES IN UK. POUNDS £
Please note carvlago extra + VAT (EEC only} - When ordefing state if matching required {add £1.00 per tubo).
Payment by CREDIT CARD (ACCESS, VISA, MASTERCARD} or BANKERS DRAFT. TRANSFER or CHEQUE (UK ONLY).
FAX or POST your ORDER - We shall send PROFORMA INVOICE if necessary.

Valve Amplifiers sound better still fitted with CVC PREMIUM Valves!

Chelmer Valve Company, 130 New London Road,
Chelmsford, Essex CM2 ORG. England.

T 44 (0)1245 355296/265865 Fax: 44 (0)1245 490064

CIRCLE NO.113 ON REPLY CARD
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CHART AUDIO LEVELS

In-vision colour display of hard copy printout

SURREY ELECTRONICS
The Forge, Lucks Green, Cranleigh
Surrey GU6 7BG
Telephone: 01483 275997 Fax: 01483 276477

PPM10 In-vislon PPM and Chart Recorder generates a display
emulating the well known coaxial TWIN movements for monitoring stereo
audio levels and mono compatibility. Also: STEREO TWIN METER BOX
comprising two PPM9 boards, featuring inherent stability with law under
microprocessor control. A free standing mains powered box frequently
used for the final stereo monitoring when working to broadcast standards.
Manufactured under licence from the BBC.

* Advanced Active Aerial 4kHz-30MHz * Stabilizer frequency shift units
for howl reduction % Five H2 Fixed Shift Circuit Board * Stereo Variable

Emphasis Limiter * PPM9, PPM5 hybrid and PPM8 IEC/DIN -50/+6dB
drives and movements % Broadcast Monitor Receiver 150kHz-30MHz *
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PC host

USB port

5.0V

USB cable connection Beeviee

Vbus

Vous

3.3v
regulator

1.5k

15k

H

Gnd

Vee(in) C558  Vec(ou

Control C548

Fig. 15. Power switch
control circuit used to
switch off high-
current circuitry
during standby mode.

Gnd

Fig. 14. USB connection detail for a
full-speed mode link between a host
and device.

1)

Gnd

USB controller

In Fig. 11¢), the next 8-bit NRZI data stream is 11000110,
so the decoded actual data will be 01011010 which is an
negative-acknowledge NAK signal.

The three bit times at the end of the waveform in Fig. 9
indicate the end-of-packet (EOP). Both data lines D+/D— are
driven low for two bit times and back to high again at the
third bit time for D+. The D- line stays low after the EOP as
shown in Fig. 10. Some more NRZI examples are shown
below:

Name Actual data NRZI code
(packet ID)  (hex)

Datat D2 00110110
SOF A5 01101100
ACK 4B 11011000
IN 96 01001110
Setup B4 01110010

The two data lines should be overlapped in otder to show the
cross-over point. Figure 12 shows a close-up view of the
waveform of Fig. 8. The cross-over voltage point is about
1.7V and the maximum signal level is about 3.3V.

Signal quality issues

When measuring signals at the device side, a different signal
quality can be obtained. The signal shown in Fig. 13 was
captured at the device side while the device was driving
NAK to the host.

The shape of waveform is not very smooth at the cross-
over points; this is due to impedance mismatch. The signal
sent out from the device is partially reflected at the host side
and back to the device. This makes it confusing for engineers
measuring the signal quality as required in the USB
Compliance checklist.

The signals should be captured at the host side when mea-
suring the device transmission signal quality, and captured at
the device side when the receiving signal quality is required.
According to the USB specification, the rise/fall times for the
transmitted signal should be both less than 20ns and 30ns for
the received signals.

Power management

A pull-up resistor connected at the downstream end of the
cable is used to determine the operating speed of the device.
D+ is pulled high for full-speed mode, as shown in Fig. 14,
while D is pulled high for low-speed mode.

When a device is attached to the host or hub, there is a
pull-down terminator with resistance of 15k€2 at the host/hub
side to form a complete loop.

It follows that there is a constant current of about 200pA
flowing from the pull-up resistor, through the USB cable and
to the pull-down resistor. This current needs to be taken into

account when designing USB equipment.

Current consumed by a USB device is an important issue
for designers trying to meet the USB specification. This is
especially true where devices are involved that obtain power
from the host/hub through the V,,, power line of USB cable.

To avoid overloading the host or hub, a current of less than
100mA should be drawn by each attached device during nor-
mal operation. It should be less than S00pA in suspend mode.

Suspend mode and power down mode in the device and
USB controller chip are interpreted differently. During sus-
pend mode, the device should be able to receive the wake-up
signal from the host so that it can resume normal operation.

This can be done by turning on the signal receiving circuit
of the transceiver, which is normally an embedded on-chip
module. The rest of the on-chip modules can then be set to
power-down mode in order to reduce power consumption.

However, the constant current through the pull-up, and the
current consumed by the transceiver in suspend mode result
in less of the 300pA current being available to support other
hardware in the device. For this reason, it is recommended to
power-down the external hardware circuits to meet the spec-
ification. A simple power-control switch circuit is introduced,
Fig. 14, to switch off the high-current components in the
device while in suspend mode.

This circuit can be controlled by an on/off signal from the
controller. It also provides a ‘soft-turn-on’ function that pre-
vents excessive surge current drawn from the Vi, by all
components at the same time during power on. There is a
commercial chip, Infineon’s BCR 48 PN, that can provide a
similar function.

In summary

More details on the USB HID class device,” such as a key-
board interface, can be found in the application note men-
tipned in reference 7.

The introduction of the USB 1.1 standard provides an easy
way for the connection of PC peripherals and more and more
peripherals are being embedded with USB. Dedicated USB
controllers play an important role in USB products.

The imminent USB 2.0 specification will enhance the capa-
bility of USB for transmitting multi-media signals. Its high-
er bandwidth provides a wider range of applications to the

next-generation peripherals. [
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_ Easy to use
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LAB PROG 48LV
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Data Loggers 3 Plus Delivery
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Review subjects

Rod’s first review covered Electronics Workbench
version 5.12, whose maker is IIT Ltd of Canada.
Workbench’s UK supplier is Adept Scientific plc,
tel 01462 480055. Electronic Workbench's price
is £199.

Rod looked at CircuitMaker in the August issue.
This £199 package is made by MicroCode in the
US and supplied by Labvolt in the UK, tel. 01480
300695.

Tina Pro, priced at £299, was featured in the
September issue. Quickroute supplies Tina in the
UK, tel 0161 4760202.

Proteus, distributed by Labcenter Electronics,
appeared in the October issue and is priced at
£295 to £624 excluding VAT, tel. 01756 753440.

Y 4

1 4
»
4 3

PC ENGINEERING

Rod Cooper investigates Easy-PC - a PCB
design package with separate analogue
and digital analysis add-ons. Virtual instru-
ments are not available, but this suite has
modules that extend its usefulness to the

microwave region.

The route to

simulation V

ow owned by Sightmagic Ltd,
N Easy-PC for Windows is the lat-

est version of the well-estab-
lished Number One Systems product.

The program is an example of a sys-
tem using separate analogue and digital
analysers; this aspect was commented on
in the introduction in the August issue.
Strictly speaking, ‘Easy-PC’ is a PCB
design package. It is the add-ons
Analyser and Pulsar that allow the pack-
age to analyse analogue and digital cir-
cuits respectively.

Unlike Workbench, CircuitMaker and
Tina, where the simulator is an insepara-
ble part of the program, the separate ana-
logue and digital analysers of Easy-PC
can be purchased on their own, and can
operate independently.

Reading matters

Three separate loose-leaf AS binders
cover Easy-PC, Analyser and Pulsar
respectively. They are well-written and
contain sufficient information to enable
the first-time buyer to get started, as well
as covering more advanced aspects.

The style of each book is similar, start-
ing with a tutorial-style introduction. A
reference section explains all the program
commands and controls, and a library sec-
tion lists the contents.

Links to other programs and net-lists
are also discussed. All three books have

an index, but no glossary, and are well
complemented by the program’s Help
files.

Capturing schematics

The latest version of Easy-PC reviewed —
2.1 — comes on a CD and security is via a
registration number. Pin-limited versions
are available, at various prices.

If you are interested in the schematic
drawing section of Easy-PC, take a look
at its review in the August *98 edition of
Electronics World. In brief, the schemat-
ic capture program is a conventional sys-
tem with symbols being loaded to the
screen from the library. It is mainly
menu-driven, but the most common func-
tions are included in a single tool bar,
which can be turned on or off. There is no
parts bin as yet.

Figure 1 shows the graphics quality of
a typical schematic and the economical

Requirements

A minimum of a 486 with
16Mbyte of RAM are required
needed to run the package. Easy-
PC , Analyser and Pulsar occupy
20Mbyte, 2Mbyte and 3Mbyte of
hard-disk space respectively. The
programs are designed for
Windows 95/98 and NT.

November 1999 ELECTRONICS WORLD
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: Easy PC Schematics - Number One Systems - [Schemalic Design: "Lowpass2.sch}

[ Fle £t Yiew Add Setmgs Quipu Joos Wndow Helo

Diei@] #| %%

Fig. 1. The circuit
used for the
results shown in
Fig. 2, illustrating
the labels on the
left of the circuit
to be used for
setting up the
simulation. The
colours are the
default set. They
are readily
changed, as
indeed they have
been in the
schematic in the
background of
Fig. 3.

Zloix

style of the Windows set-up. When I
wrote the first Easy-PC review, there
were no connections to third party pro-
grams, but is now possible to import a
net-list in OrCAD and Workbench for-

mats.

Other new features include multi-
level undo and redo, cut, copy and
paste, auto-pan, a graphic preview of
symbols from the library before use,
and a ‘best-fit’ zoom option.

Analysing analogue circuits

The first thing to note about this prod-
uct is that it is not Spice-based. This
precludes using the Spice data handed
out by semiconductor makers with
their products. However, it is possible
to model new devices, as described in
the handbook.

The program comes on two floppy
disks. Analyser’s main theme is plotting
graphs of frequency versus gain, phase,
input and output impedance, group
delay, input and output voltage standing
wave ratio and Y and S parameters. It
also plots maximum available gain and
stability according to either Linvill,
Stern or Rollett criteria.

Where appropriate, real and imagi-
nary parts can be shown directly. This
is quite a different range of simulations
from the other programs in this review.

There is no transient simulation, or
any of the simulations associated with
transient analysis. Noise and distortion
cannot be simulated either, and there is

—— La 15
A5+ 1606050 | 206721 fihos,

no dc analysis. So, the range of simu-
lations is limited, and those available
seem to be directed towards high-fre-
quency work.

This does not prevent the simulator
from being used on, say, audio-fre-
quency circuits. Indeed, graphs from
Analyser can be seen in published
work on audio. But it clearly has less
utility outside its intended area than a
program offering a broad spectrum of
analyses.

Analyser comes into its own though
when combined with its sister pro-
grams, the electromagnetic simulator
‘Layar’, and the rf Smith-chart design-
er ‘Z-Match’. These are outside the
scope and the budget of this review,
but should be borne in mind when
assessing the package.

Analyser can be started from Easy-
PC schematic capture, or operated on a
stand-alone basis with a typed net-list.
If you use the schematic-capture route,
simulation is started automatically by
simply choosing Analyser in the ‘tools’
menu. The graphs that appear are ini-
tially auto-scaled to give an acceptable
default set of results. They can then be
re-scaled if need be.

Alternatively, you can set the
parameters up in advance from the
menu system in Analyser if you know
what they are. One graph can be over-
laid on another, to compare the
before-and-after results. You might
want to do this if a component has

been changed for example.

The simulations are conventional, i.e.
no virtual instruments and the like are
used. Input from the circuit under test
is done not by a probe tool, but via a
menu by naming specific points in the
schematic. This assumes that you are
using the schematic capture method.

Normally, graphs use both the left
and right Y-axis to display two param-
eters simultaneously. For example the
left axis displays gain and the right axis
displays phase.

Graphs can be displayed in their own
window over the schematic, as shown
in Fig. 2, and can be resized and
moved about in the normal Windows
style to suit whatever is on the screen,
and several can be displayed together if
required.

Alternatively, graphs can be expand-
ed full-screen to make measurement
easier. The clarity and presentation
style is uniformly good. The library for
Analyser stands at about 650 device
models.

Digital analyses

Pulsar is supplied on CD. Like Analyser,
it runs automatically from Easy-PC
schematic capture. Alternatively, it
accepts a typed net-list from the net-list
editor.

As you would expect, the style of
operation is very similar to Analyser.
There are no virtual instruments, and a
menu system is used as before to set up
the input, output, etc.

Two digital signal generators are pro-
vided. One gives a simple constant-fre-
quency pulse chain; the other is more
sophisticated and has user-defined
parameters.

Both generators can be attached to
any signal in the circuit, automatically
disconnecting the existing signal.
Removing the generator returns the cir-
cuit to its original condition. This pro-
cedure considerably speeds up investi-
gation of the circuit under test.
Step-by-step simulation is not possible.

Results are displayed in the familiar
timing chart, and includes all glitches,
down to a picosecond. There is no
user-defined control over glitches, so
they all appear regardless of duration
down to the 1ps limit.

From a practical point of view, this is
of more value in trouble-shooting than
an idealised timing chart. A typical
result, Fig. 3, shows the glitches, which
are highlighted in red to make them
easier to identify. When analysing
glitches, a zoom feature allows you see
it in more detail.
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Easy PC for Windows

Number One Systems at
Sightmagic Ltd, Tewkesbury,
01684 773662, fax 01684
773663. E-mail
info@numberone.com,

www .numberone.com.
Schematic drawing, capture and
pcb design from £64.
Analyser analogue simulator
£245. Pulsar digital simulator
£195

Like other simulators in this review,
such as Labcenter’s Lisa, Pulsar recog-
nises more than just the two usual
strong high and low logic states. It can
also deal with weak high and low
states, high impedance and open cir-
cuit. This can give a better correlation
with circuits where the drive is via pull
up or down resistors, or where non-
ideal events occur. Each state can be
allocated a colour in the timing chart.

The library of digital models consists
of over 120 devices in the 74LS series,
the same in the 74HC series, over 110
in the 74HCT series and over 90 in the
4000 CMOS series. As already men-
tioned, these can be added to manually.
There is a library of about 50 logic
primitive elements.

Summary

Analyser addresses a somewhat differ-
ent field from the other simulators
reviewed. Although it can be used as a
general-purpose simulator, the range of
simulations is shorter, but includes
areas not covered by the other review
products.

If you are thinking of buying this
package, check that the scope of the
simulations, focussed as it is on a spe-
cific area, is suited to your fields of
work.

For those of you interested in audio
circuits and those who want more than
the basic analyses of gain, phase and
impedance, then Analyser may not
have much appeal. But if you design
microwave circuits, for example, the
availability of the sister programs men-
tioned earlier makes Analyser an
attractive proposition.

1 found Analyser straightforward and
pleasant to use. The fact that it can pro-
duce a default set of auto-scaled graphs
helps when you are in the early stages
of learning how to use it. This feature
also enables Analyser to produce quick
‘snap-shot’ results when you are work-
ing rapidly.
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Fig. 2. Analyser
simulation of gain
and phase,
showing the
menu system for
setting up the
simulation. Note
especially the
method of
calibrating the X
axis — the same as
that in
Electronics
Waorkbench. The
graphs can be
displayed

= full-screen if
required.
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1 also found Pulsar pleasant to use.
It performs well as a basic no-frills
digital simulator. I would describe
the overall learning curve as moder-
ately steep.

Despite the commercial ups-and-
downs of this program in recent
months, Sightmagic has said that the
Easy-PC suite is to continue being
developed by them in the UK. It will
be interesting to see what the compa-
ny does with it in the future. [ |

Fig. 3. Pulsar timing display of a
counter-decoder. Note that the all the
glitches are shown, picked out in red.
To show the colour capabilities of the
chart, in this diagram | have
arbitrarily chosen strong high as
black, strong low green.
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Tel: 02476 650702

Quality second-user
test & measurement

equipment

NEW PHONE CODE FOR COVENTRY 02476

Hewlett Packard :
L : Marconi 2955 £2000
8642A - high performance R/F synthesiser .
Marconi 2958/2960 £2250
(0-1-1050MHz) £5500 Antritsu MS555A2 £1200
3335A - synthesiser (200Hz-81MHz) £2400 il
Hewlett Packard 8920A £2000
Hewlett Packard Hewlett Packard 8922B (GSM) £6950
436A power meter and sensor (var.nous) ffrom f‘lISO Schlumberger Stabilock 4031 £3995
437B power meter and sensor (various) rom £1100 Schlumberger Stabilock 4040 £1500
8753A network analyser (3GHz) from £2500 Racal 6115 (GSM) £3995
8753B network analyser (3GHz) from £3250 Rhode & Schwarz CMS 54 (new) £6250
‘S’ parameter test sets 85046A and 85047A Rhode & Schwarz CMTA 94 (GSM) £5950
available at £2000 & £3000 IFR 12008 £2995
Wandel & Goltermann
PRA-1 Frame Analyser £5250 2 1 S
PCM 4 - PCM channel measurement set £7500 p
Marconi
2305 — modulation meter £1250
6310 - programmable sweep generator
(2 to 20GHz) — new £3250
Hewlett Packard m
5342A - microwave frequency counter
(S00MHz-18GHz) ops 1 & 3 £700
5370B - universal time interval counter £1750 F a x o 2 4 7 6 6 5 o ’ ’ :;
OSCILLOSCOPES '
Beckman 9020 - 20MHz - Dual channel £150 Tektronix 495P Spec analyser prog. - 1.8GHz £3500
Hewlett Packard 54100D - IGHz Digitizing £1250 Tektronix 469P - 1KHz to 1.8GHz £3400
Hewlett Packard 54201A - 300MHz Digitizing £1250 Wiltron 6409 - 10-2000MHz R/F Analyser £1750
Hewlett Packard 54600A - 100MHz — 2 channel £750
Hitachi VI52/V212/V222V302B/V302F V353FV550BV650F from £125 MISCELLANEQUS
Hitachi VI 100A - I00MHZ - 4 channe! £900 .
Intron 2020 - 20MHz. Dual channel D.S.0. (new) £450 Eatan, 20755 2ANaise CaliAnalyser Gl ZEEA
\walstu SS 5710/SS 5702 - from £125 arnell AP30250 - Power Supply 30v-250amp : ) _ £1500
Kikusul COS 5100 - 100MHz - Dual channel £350 Fluke 5100A/5100B/5220A/5200A — Calibration Units (various available)  from £1000
Lecroy 94504 - 300MHz/400 MS/s D.S.0. 2 channel £2250 Fluhs12025/2605 Data Buckers((vagious) EROS
Meguro MSO 1270A - 20MHz - D.S.0. (new) £450 e g Digita el £o00
Philips 3085 - 50MHz .Dual channel €450 GN ELMI EPR31 - PCM Signalling Recorder £1500
Philips PM3094 - 200MHz - 4 channel £1750 Hewlett Packard 339A Distortion measuring set £1200
Philips PM 3335 - 50MHZ - D.S.0. Dual channel £950 Hewlett Packard 435A + 435B Power meters from £100
Philips 3295A - 400MHz - Dual channel £1600 Hewlett Packard 778D Dual-Directional Couplers £650
Philips PM3392 — 200MHz-200Ms/s — 4 channel £1995 Hewlett Packard 3488A - Switch/Control unit £475
Tektronix 465 - I00MHZ - Dual channel £350 Hewlett Packard 3784A - Digital Transmission Analyser £4950
Tektronix 464/466 - [00MHZ - (with AN. storage) £350 Hewlett Packard 3785A - Jitter Generator & Receiver £1250
Tekironix 475/475A - 200MHz/250MHz - from £450 Hewlett Packard 4192A - LF Impedance Analyser £6750
Tektronix 468 - I00MHZ - D.S.0. £650 Hewlett Packard E4418A Powermeter with ECP-E18A Power Sensor £2100
Tektronix 2213/2215 - 60MHz - Dual channel £350 Hewlett Packard 5343A - Frequency counter 26.5GHz £2000
Tektronix 2220 - 60MHZ - Dual channel D.S.0 £1250 Heeniaachard 53054 M Cldhraqleoycounter HE0
Tektronix 2225 - 50MHZ - Dual channel £395 Hewlett Packard 6033A - Autoranging System PSU (20v-30a) £750
Tektronix 2235 - I00MH2 - Dual channel £600 Hewlett Packard 6622A — Dual O/P system p.s.u. £1250
Tektronix 2229 - 60MHz - Dual channel D.S.0 £1250 Hewlett Packard 6623A — Triple o/p system p.s.u. £1300
Tektronix 2245A - 100MHZ - 4 channel £900 Hewlett Packard 6624A ~ Quad Output Power Supply £2000
Tektronix 2440 - 300MH2/500 MS/s D.S.0. £2950 WSt acRaid 063 2AY SYBLEMIROVE RBUDRII20V:5A) £600
Tektronix 2445A - 150MHz - 4 channel £1250 Hewlett Packard 6652A ~ 20V-25A System PSU £750
Tekironix 2445 - 150MHZ - 4 channel + DMM £1200 Hewlett Packard 8112A - 50MHz Pulse Generator £2250
Tektronix TAS 475 - 100MHZ - 4 channel £995 Hewlett Packard 8350B — Sweep Generator Mainframe £2000
Tektronix 7000 Series (I0OMHZ to 500MHZ) from £200 Hewlett Packard 8656A Synthesised signal generator £850
Tektronix 2211 — 50MHz — 2 channel DSO £950 Hewlett Packard 8656B Synthesised signal generator £1450
Tektronix 7104 — 1GHz Real Time from £2500 Hewlett Packard 8660D - Synth'd Sig. Gen (10 KHz-2600MHz) £3250
Tektronix 2465A — 350MHz — 4 channel £1995 Hewlett Packard 8901B - Modulation Analyser £2750
Hewlett Packard 8903A and E - Distortion Analyser from £1250
S P ECTR U M AN ALYS E RS Hewlett Packard 16500A + B — Logic Analyser Mainframes from £1000
Ando AC 8211 - 1.7GHz £1500 Hewlett Packard 16500C - Logic Analyser Mainframe £3250
Avcom PSA-65A - 2 to I000MHz £850 Hewlett Packard 16501A/B & C - Logic Analyser System Expander Frame from £2000
Anritsu MS 2601B 9KHz to 2.2GHz £4950 Hewlett Packard 37900D - Signailing test set 3750
Anritsu MS 62B - 50Hz to 1700MHz £1450 Hewlett Packard 75000 VX| Bus Controllers £POA
Anritsu MS 610B 10KHz - 2GHz — as new £3500 Keytek MZ-15/EC Minizap ESD Simulator (15kv - hand held) £1750
Anritsu MS 710F - 100KHz - 23GHz £5250 Marconi 1066B — Demuttiplexer & Frame Alignment Monitor (140MBIT to 64KBIT)
Advantest/TAKEDA RIKEN - 4132 - 100KHz - I000MHz £1500 . £1750
Hewlett Packard 3562A Dual channel dynamic signal analyser Marconi 2610 True RMS Voltmeter £550
64}1Hz - 100KHz £5500 Marconi 6950/6960/6960B Power Meters & Sensors from £400
Hewlett Packard 8505A - 1.3GHz - Network Analyser £1995 Philips 5515 - TN - Colour TV pattern generator £1400
Hewlett Packard 8756A/8757A Scaler Network Analyser from £1000 Leader 3216 Signal generator 100KHz - 140MHz - AM/FM/CW with built in FM stereo
Hewlett Packard 853A Mainframe + 8659A Spec. An. (0.01 to 21GHz) £2750 modulator (as new) a snip at . £795
Hewlett Packard 182T Malnframe + 8559A Spec. An. (0.01 to 21GHz) £2250 Racal 9087 - 1.3Ghz Synthesised Signal Generator, low nolse £1995
Hewlett Packard 85688 - 100Hz - 1500MHz £5250 Racal 1992 — 1.3GHz Frequency Counter £500
Hewlett Packard 8569B (0-01 to 22GHz) £3950 Rohde & Schwarz SMY-01 Signal Generator (9KHz-1040MHz) £2250
HP 8754A — Network Analyser 4MHz-1300MHz £1500 Rohde & Schwarz NRV Power Meter & NRV-Z2 Sensor £1250
IFR A7550 - 10KHz-1GHz - Portable £1950 Systron Donner 6030 - 26.5GHz Microwave Freq Counter £1995
Meguro - MSA 4901 - 30MHz - Spec.Analyser £700 Wayne Kerr 3245 — Precislon inductance Analyser £1995
Meguro - MSA 4912 - | MHz - IGHZ Spec.Analyser £995 Wiltron 6747A-20 - 10MHz-20GHz - Swept Frequency Synthesiser £4950
Wandel & Goltermann TSA-1 system analyser (100Hz-180MHz} £2750

Jas

All equipment is used - with 30 days guarantee and
90 days in some cases
Add carriage and VAT to all goods.
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BN T most circuit ideas | 355 oscillator with a linear frequency scale

sent to Elecfronics World Normally, the tuning dial of a 555 setting maximum frequency by means of
. oscillator is linear with period, not P»; then turn it to | and set minimum

gel' publlshed frequency. For a linear frequency scale, it  frequency by Ps. If you find that the

o is necessary to vary the charging voltage maximum frequency is not obtainable,
The best circuit ideas are ones that | of ¢, although it must be referred to the vary R. Output is a narrow, negative-
save time or money, or stimulate the | supply voltage of the 3V ICM7555 used going pulse.

[ . here to obtain stability. Ernst Schmid
thought process. This includes the To adjust the circuit, set the voltage on Miinchen
odd solution looking for a problem MPI to 20V=0.1V by P,. Dial adjustment  Germany
consists of turning it to read 10 and D40a

- provided it has a degree of
ingenuity. +24V =
Your submissions are judged

mainly on their originality and

usefulness. Interesting modifications :

to existing circuits are strong

contenders too — provided that you _—4qR

clearly acknowledge the circuit you 6 THR'SWE’E’E’ R

have modified. Never send us i [ AF>0ut

anything that you believe has been Dok i, 2} e o

published before though. f = 1-10kHz '1_0 Ll
Don’t forget to say why you think ’—’V\é\/\'—éz?k 12 -ll 100n

your idea is worthy. :3 100k I I I
Clear hand-written notes on paper ‘Set f at 1"

are a minimum requirement: disks
with separate drawing and text files

in a popular form are best - but