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Class-A imagineering:PART I

SDI Vision mixer Circuit Ideas

® Frequency divider

AUtoma'l'iC hemmdyne fi|ter ® Accurate one second clock

Single-frequency element | ' ronge AM transmitier
.g q 4 . ® Ceramic cartridge preamp

OSCl"G'I'OrS I ® and much more ...
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ENI 550L Amplifier (1.5 to 400MHz) 50 Watts
Hewlett Packard 3314A Function Generator 20MHz
Hewlett Packard 3324A synth. function/sweep gen. (21MHz) £1950

Hewlett Packard 3325B Synthesised Function Generator

Hewlett Packard 3326A Two-Channel Synthesiser
H.P. 4191A R/F Imp. Analyser (1GHz)
H.P. 4192A L.F. Imp. Analyser (13MHz)

£2500
£750

£2500
£2500
£3995
£4000

Hewlett Packard 4193A Vector Impedance Meter (4-110MHz) £2900

Hewlett Packard 4278A 1kHz/1MHz Capacitance Meter

H.P. 53310A Mod. Domain Analyser (opt 1/31)

Hewlett Packard 8349B (2 - 20 GHz) Microwave Amplifier

Hewlett Packard 8508A (with 85081B plug-in)
Vector Voltmeter

£3500
£3950
£2000

£2500

Hewlett Packard 8904A Multifunction Synthesiser (opt 2+4) £1750

Hewlett Packard 89440A Vector Signal Analyser (1.8GHz)

opts AYS, AYA, AYB, AY7, IC2

£9950

Agilent (HP) E4432B (opt 1E5/K03/H03) or (opt IEM/UK6/UN8)

(250kHz - 3GHz)

Marconi 6310 - Prog’ble Sweep gen. (2 to 20GHz) — new

Marconi 6311 Prog’ble sig. gen. (10MHz to 20GHz)
Marconi 6313 Prog’ble sig. gen. (10MHz to 26.5GHz)
R&S SMG (0.1-1GHz) Sig. Generator (opts Bl1+2)
Rhode & Schwarz UPA3 Audio Analyser

Rhode & Schwarz UPA3 Audio Analyser

Fluke 5800A Oscilloscope Calibrator

OSCILLOSCOPES

Agilent (HP) 546008 100MHz 2 channel digital
Agilent (HP) 546028 150MHz 4(2+2) channnel digital
Agilent (HP) 54616B 500MHz 2 channe digital
Agilent (HP) 54616C 500MHz 2 channel colour
Agilent (HP) 54645D DSO/Logic Analyser 100MHz 2 channel
Hewilett Packard 54502A - 400MHz - 400 MS/s 2 channel
Hewlett Packard 54520A 500MHz 2ch

Hewilett Packard 54600A - 100MHz - 2 channel
Hewlett Packard 54810A ‘Infinium’ 500MHz 2ch
Lecroy 9310CM 400MHz - 2 channel

Lecroy 9314L 300MHz - 4 channels

Philips 3295A - 400MHz - Dual channel

Philips PM3392 - 200MHz - 200Ms/s - 4 channel
Philips PM3094 - 200MHz - 4 channel

Tektronix 2220 - 60MHz - Dual channel D.S.0
Tektronix 2221 - 60MHz - Dual channel D.S.0
Tektronix 2235 - 100MHz - Dual channel

Tektronix 2245A - 100MHz - 4 channel

Tektronix 2430/2430A - Digital storage - 150MHz
Tektronix 2445 - 150MHZ - 4 channel +DMM
Tektronix 2445/2445B - 150MHz - 4 channel
Tektronix 2465/2465A /24658 - 300MH2/350MHz 4 channel
Tektronix TDS 310 50MHz DSO - 2 channel
Tektronix TDS 420 150 MHz 4 channel

Tektronix TDS 520 - 500MHz Digital Oscilloscope
Tektronix TAS 475 100MHz - 4 channel analogue
Tektronix TDS 340 100MHz - 2 channel digital
Tektronix TDS 360 200MHz - 2 channel digital
Tektronix TDS 420A 200MHz - 4 channel digital
Tektronix TDS 540B 500MHz - 4 channel digital
Tektronix TDS 840A 500MHz - 4 channel digital
Tektronix TDS 744A S500MHZ - 4 channel digital
Tektronix TDS 754C 500MHz - 4 channel digital

SPECTRUM ANALYSERS

Advantest 4131 (10kHz - 3.5GHz)

Agilent (HP) 35665A (opt. 101) Dual ch. Dynamic Signal Analyser
Agilent (HP) 3588A High Performance spec. An. 10Hz - 150MHz
Agilent (HP) 8560A (opt 002 - Tracking Gen.) 50Hz -2.9GHz
Agilent (HP) 8593E (opt 41/105/130/151/160) 9kHz - 22GHz
Agilent (HP) 8594E (opt 41/101/105/130) 9kHz - 2.9GHz
Agilent (HP) 87530 Network Analyser (30kHz - 3GHz)

Agilent (HP) 6590A (opt H18) 10kHz - 1.8GHz

Agilent (HP) 8596E (opts 41/101/105/130) 9kHz - 12.8 GHz
Farnell SSA-1000A 9KHz-1GHz Spec. An.

Hewlett Packard 3582A (0.02Hz - 25.5kHz) dual channel
Hewlett Packard 3585A 40 MHz Spec Analyser

Hewtett Packard 35858 20 Hz - 40 MHz

Hewlett Packard 3561A Dynamic Signal Analyser

Hewlett Packard 8568A -100kHz - 1.5GHz Spectrum Analyser
Hewlett Packard 8530A (opt 01, 021, 040) 1MHz-1.5MHz
Hewilett Packard 8713C (opt 1 E1) Network An. 3 GHz

Hewlett Packard 8713B 300kHz - 3GHz Network Analyser
Hewlett Packard 8752A - Network Analyser (1.3GHz)

Hewlett Packard 8753A (3000KHz - 3GHz) Network An.

Hewlett Packard 8753B+85046A Network An + S Param (3GHz)
Hewlett Packard 8756A/8757A Scaler Network Analyser

Hewiett Packard 8757C Scalar Network Analyser

Hewlett Packard 70001A/70900A/70806A/70802A/70205A - 26.5 GHz

Spectrum Analyser
Tektronix 492P (opt1,2,3) S50KHz - 21GHz
Tek 496 (9KHz-1.8GHz)

£6000
£2500
£2995
£3750
£2500
£1500
£2250
£8995

£800
£1250
£1750
£2750

£7000
£3500
£2500

Quality second-user
test & measurement
equipment

Radio Communications Test Sets

Agilent (HP) 8924C (opt 601) CDMA Mobile Station T/Set

Agilent (HP) E8285A CDMA Mobile Station T/Set

Anritsu MT8802A (opt 7) Radio Comms Analyser (300kHz-3GHz)

Hewlett Packard 89208 (opts 1,4,7,11,12)

Hewlett Packard 8922M + 83220E

Marconi 2955 / 2955A from

Marconi 2955B8/608

Marconi 2955R

Motorola R2600B

Racal 6103 (optsi, 2)

Rohde & Schwarz SMFP2

Rohde & Schwarz CMD 57 (opts B1, 34, 6, 19, 42, 43, 61)

Rohde & Schwarz CMT 90 (2GHz) DECT

Rohde & Schwarz CMTA 94 (GSM)

Schlumberger Stabilock 4015

Schiumberger Stabilock 4031

Schlumberger Stabilock 4040

Wavetek 4103 (GSM 800) Mobile phone tester

Wavetek 4032 Stabilock Comms Analyser

Wavetek 4105 PCS 1900 GSM Tester
MISCELLANEOUS
Agilent (HP) 8656A / 86568 100kHz-990MHz Synth. Sig. Gen. from £600
Agilent (HP) 8657A/ 86578 100kHz-1040 or 2060MHz from £1250
Agilent (HP) 8644A (opt 1) 252kHz - 1030 MHz Sig.Gen. £4500
Agilent (HP) 8664A (opt 1 + 4) High Perf. Sig. Gen. (0.1-3GHz) £10500
Agilent (HP) 8902A (opt 2) Measuring Rxr (150kHz-1300MHz) £7500
Agilent (HP) 8970B (opt 020) Noise Figure Meter £3950
Agilent (HP) EPM 441A (opt 2) single ch. Power Meter £1300
Agilent (HP) 6812A AC Power Source 750VA £2950
Agilent (HP) 6063B DC Electronic Load 250W (0-10A) £1000
Anritsu MG3670B Digital Modulation Sig. Gen. (300kHz-2250MHz) £4250
Anritsu/Wiltron 68347B (10MHz-20GHz) Synth. Sweep Sig. Gen. £9000
EIP 545 Microwave Frequency Counter (18GHz) £1000
EIP 548A and B 26.5GHz Frequency Counter from £1500
EIP 575 Source Locking Freq.Counter (18GHz) £1200
EIP 585 Pulse Freq.Counter (18GHz) £1200
Fluke 6060A and B Signal Gen. 10kHz - 1050MHz £950
Genrad 1657/1658/1693 LCR meters from £500
Gigatronics 8541C Power Meter + 60350A Peak Power Sensor £1250
Gigatronics 8542C Dual Power Meter + 2 sensors 80401A £1995
Hewlett Packard 339A Distortion measuring set £600
Hewlett Packard 436A power meter and sensor (various) from £750
Hewilett Packard 438A power meter - dual channel £1750
Hewilett Packard 3335A ~ synthesiser (200Hz-81MHz) £1750
Hewlett Packard 3784A - Digital Transmission Analyser £2950
Hewlett Packard 37900D - Signalling test set £2500
Hewlett Packard 4274A LCR Meter £1750
Hewilett Packard 4275A LCR Meter £2750
Hewlett Packard 4276A LCZ Meter (100MHz-20KHz) £1400
Hewlett Packard 5342A Microwave Freq.Counter (18GHz) £850
Hewlett Packard 5385A - 1 GHz Frequency counter £495
Hewlett Packard 8350B - Sweep Generator Mainframe £1500
Hewlett Packard 8642A - high performance R/F synthesiser (0.1-1050MHz)  £2500
Hewlett Packard 8901B - Modulation Analyser £1750
Hewlett Packard 8903A, B and E - Distortion Analyser from £1000
Hewlett Packard 117298/C Carrier Noise Test Set from £2500
Hewlett Packard 85024A High Frequency Probe £1000
Hewlett Packard 6032A Power Supply (0-60V)-(0-50A) £2000
Hewlett Packard 53518 Microwave Freq. Counter (26.5GHz) £2750
Hewilett Packard 5352B Microwave Freq. Counter (40GHz) £5250
JFR (Marconi) 2051 (opt 1) 10kHz-2.7GHz Sig. Gen. £5000
Keithley 220 Programmable Current Source £1750
Keithley 228A Prog'ble Voltage/Current Source JEEE. £1950
Keithley 238 High Current - Source Measure Unit £3750
Keithley 486/487 Picoammeter (+volt.source) £1350/£1850
Keithiey 617 Electrometer/source £1950
Keithley 8006 Component Test Fixture £1750
Marconi 6950/6960/6960A/6970A Power Meters & Sensors from £400
Philipg 5515 - TN - Colour TV pattern generator £1400
Philips PM 5193 - 50 MHz Function generator £1350
Rohde & Schwarz FAM (opts 2,6 and 8) Modulation Analyser £2500
Rohde & Schwarz NRV/NRVD Power meters with sensors from £1000
Rohde & Schwarz AMIQ Q Modulation Generator 2 channel £3500
Rohde & Schwarz SMIQ 03B Vector Sig. Gen. 3.3GHz £7000
Stanford Research DS360 Ultra Low Distortion Function gen. (200kHz) £1400
Tektronix AM503 - AMS03A - AM503B Current Amp's with M/F and probe  from £800
Tektronix AWG 2021 Arbitrary Waveform Gen. (10Hz-250MHz) 2 ch. £2400
Wayne Kerr 3245 - Precision Inductance Analyser £1750
Bias unit 3220 and 3225L Cal.Coil available if required. (P.O.A}
Wayne Kerr 3260A + 3265A Precision Magnetics Analyser with Bias Unit £5500
W&G PCM-4 PCM Channel measuring set £3750

All equipment is used - with 30 days guarantee and 90 daysin  Te|: 02476 650 702

some cases.
Add carriage and VAT to all goods.

Fax: 02476 650 773

1 Stoney Court, Hotchkiss Way, Binley Industrial Estate Web: www.telnet.uk.com

Coventry CV3 2RL ENGLAND

Email: sales@telnet.uk.com

£8500
£8500
£8500
£6750
£2000
£1250
£3500
£1985
£2500
£5000
£1500
£4985
£3995
£4500
£3250
£2750
£1300
£1500
£4000
£1600
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NEWS

@ Lead-free legislation in free-fall

@ LED:s close to 100lm/W

@ High powered LED

@ Colossus 60 years old comes out of retirement
@ Getting to grips with 90nm

@ Lasers make microstructures on a hair

@ Students dream up novel sensor delivery

@ Games console is a PC in miniature

@ Flexible LCDs

@ Sliders, but not as you know them

@ Low-cost chip make fibre affordable

@ Scotland gets opto design centre

@ Tiny RF tag reader opens door to new applications
@ RF amplifier gets efficient

@ Novel technology shows its TV credentials

@ Record claim for OLEDs

SDI VISION MIXER

Mike Cox, video design guru and analogue
dinosaur designs his first digital vision mixer.
This is the account of an 18 month project to
build the unit

CLASS-A IMAGINEERING:
PART lll

Graham Maynard’s investigation into
loudspeaker induced amplifier distortion
continues; here his simulations match some
previously reported subjective findings

AN ELECTRIC UNIVERSE -
MAGNOFLUX AETHER TUNNEL
Throughout the universe there is time. For if
there was no relative time then nothing has space
to move in, a reason for moving or time to even
exist. Clive Stevens, expiains

NEW PRODUCTS

The month’s top new products

AUTOMATIC HETERODYNE
FILTER

Modern high-grade equipment now comes with
DSP notch filters that can eliminate up to six

separate heterodyne whistles simultaneously and

automatically. Michael Slifkin and Michael
Rotenfeld discuss a practical example
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SINGLE-FREQUENCY
ELEMENT OSCILLATORS

Oscillators such as the Wien bridge type are apt
to suffer from erratic amplitude changes as the
frequency is varied. George Short explains.

CIRCUIT IDEAS

@ Circuit mimics battery discharge

@ Electronically tuneable CM oscillator using
FTFN and OTAs

Electronic fuse with remote cut-out

Low range AM transmitter

Frequency divider

Versatile flasher revisited

A simplified method for calculating reactance
Accurate one second clock

Optical powering and isolation of a loop alarm
Two-way serial communication over a single
optical fibre

Current-controlled sawtooth generator
Controller for high torque servo

A collection of non-inverting logic translators
Low area, low power startup circuit

Ceramic cartridge preamp

Frequency synthesiser with auto ranging and
reset on loading

ENGINEERING VERSUS
PSEUDO-SCIENCE

In the olden days, science did not exist as we
know it today. Ideas were propagated based on
opinions, unsubstantiated by any facts.

Leslie Green turns back the clock

LETTERS

No amps for sale
Intelligent electric fence
April fools

Master and slave
Colossus

Blown fuse indicator
Reflections

The mystery of magnetic lines of force
JLH info

Not me guv

Less Catt please

Ivor question answered
Capacitance meter
Buzz Lightyear

60 WEB DIRECTIONS

Useful web addresses for electronics engineers

1
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Passive Component Analyser

Inductance: 1uH to 10H @?
Capacitance: 1pF to 10,000uF
Resistance: 1Q to 2MQ
Basic accuracy: 1%

“Astonishingly, this little unit
seems to pack most of the punch
of a large and very expensive
automated LCR bridge
into its tiny case.”
Andy Flind - EPE Magazine
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— Semlconductor Analyser
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'79/}%,’ Autn"pzf ciPin-outildentification:
Justiconnectany iway round!

Transistor gain measurement
MOSFET gate threshold measurement
PN junction characteristics measurement
Shorted Junction identification
Transistor leakage measurement
Auto power on/off

Bipolar transistors, Darlington transistors,

Diode protected transistors, Resistor shunted transistors,
Enhancement mode MOSFETs, Depletion mode MOSFETSs,
Junction FETs, Diodes and diode networks,

LEDs (+bicolours)

Visit mpm ec.co.uk to download the data sheets, usef guides and copies of independent Also available from Farnell,
reviews. You can pay using a cheque, postal order, credit or debit card and even pay securely Maplin, Rapid and CPC
online. Please contact us for your volume requirements. (prices vary)
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Speak up!

As I said last month, we have
finally got around to doing
another reader survey. A lucky
winner (pulled from the hat) will
receive a bottle of Champagne,
but if you’d rather get a free
subscription or one of our archive
CDs, do let me know. This
survey is very important to us, as
it will steer the direction of
Electronics World for the
foreseeable future. So please
participate if you want your voice
to be heard.

In this issue we have yet
another bumper crop of circuit
ideas in an effort to reduce the
time taken to publish ideas. And
I can report that for new ideas,
the wait time is down to just
under a year — but it was 18
months not long ago! My aim is
to get this down to three months,
so as long as no one objects, and
no one has so far, I’ll continue to
do bumper Circuit Ideas sections
until my goal has been reached.

Also this month we have a
slightly off topic contribution
from Clive Stevens on the subject
of magnoflux aether tunnels,
which I’'m sure will stimulate
debate in the Lerrers section. And
talking about letters, Mr. Catt has
decided to put his money where
his mouth is. To find out how —
Letters begin on page 54.

Elsewhere, we’ve got Graham
Maynard’s excellent continuing
saga of things audio, an
automatic heterodyne filter for
the RF aficionados, a different
slant on oscillators and another
thought provoking piece from
Leslie Green.

I read on the internet this week
that in April this year Tim
Berners-Lee (the inventor of the
World Wide Web), had won the
Finnish Technology Award
Foundation’s first Millennium
Technology Prize. Highly
commendable all round. But how
come the first award was in 2004
not 2000? Perhaps they ought to
rename the award.

I’m sure a lot of you are
getting bored with my monthly
ramblings so, if anybody else has
some comments or observations
on our industry and would like to
air them — feel free to send in a
leader column. This page
normally runs around 4-500
words — so any volunteers
gratefully received. And unlike
the Lerters section — you’ll
actually get paid!

Phil Reed
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Lead-free legislation in free-fall

Europe’s forthcoming RoHS
Directive is causing chaos in the
industry as firms, trade groups
and governments argue over
definitions within the Directive.

Much of the industry confusion
stems from the term
‘homogeneous materials’ which
is used to define the basic
component by which
concentrations of lead,
chromium and other dangerous
materials are measured.

Three possible alternatives exist
for a definition of homogeneous
material: Whole assemblies like
modules, PCBs or even a whole
TV or computer; individual
components such as ICs; or the
raw materials themselves.

The latter definition is the
only one that would see lead
eliminated completely from
components. This is the
definition to which chip firms
such as National

Semiconductor, Intel and Zetex
are working.

Using the component as a basic
definition would allow lead to be
used on the terminations of
components. This definition is
supported by trade bodies
including EICTA, the pan-
European group.

However, such a classification
could result in major problems for
manufacturers. Components
marked as ‘RoHS Compliant’
might, or might not, contain lead
and the manufacturer would have
no immediate way of knowing
which components contain lead,
and which do not.

Components that use lead on
their terminations could reduce
reliability if used with lead-free
solders and could ruin solder baths.

Manufacturers would have little
option but to test every batch of
components to see whether they
contain lead.

The problems extends to other
materials banned under RoHS.
Hexavalent chromium, for
example, is carcinogenic - far
more so than lead - and is often
used to plate mechanical
components. The thin layers
used means that the compound
could be used to plate a screw
and still meet the 0.01 per cent
limit.

At a meeting of the EC’s
technical adaptation committee
(TAC) in May, the final
definition should have been
made, but EC procuedures and
voting rules meant it had to wait.

Following this TAC meeting, a
clear definition of the term was
called for by the DTI in a report
it commissioned from ERA
Technology.

This report was presented at
the most recent TAC meeting. It
said “There is a requirement for
a clear understanding of how the

definition of the maximum
concentration values will be
interpreted”.

However, at this latest TAC
meeting the issue was still not
cleared up, despite a vote on the
matter that should have seen the
relevant paragraphs inserted into
the Directive.

A source told EW that the
number of votes needed to make
a decision was not reached.
Uncertainty over the new voting
rules meant not enough
members were available at the
meeting.

All European member states
must implement their version of
the RoHS Directive by August
13, but the failure of the TAC to
come to a conclusion about the
term ‘homogeneous materials’
means that Governments will
have to provide their own
definition, which might not be
common to all states.

LEDs close to 100Ilm/W

LED firm Osram Opto
Semiconductors is claiming an
efficiency of 96lumen/Watt for an
LED.

The 300x300um device emits
more than |2lumens at 70mA,
claimed the firm, although the
highest efficiency is achieved at a
more modest 20mA of drive
current.

“The efficiency of 961lm/W is
the highest reported efficiency at
this wavelength (618nm),” said a
spokeswoman at the German
firm. “However, even more
important might be the fact that it
is achieved with a purely surface
emitting LED."

High powered LED

Surface emitting LEDs are
more useful, and are easier to
couple light in and out of fibres.

“Most other high-brightness
LEDs use all sides of the chip for
light extraction. Even if these
chips achieve high efficiency
values, the luminance is much
lower,” said the spokeswoman.

“For operation at higher
currents, we just increase the
emitting area,” she added. The
firm has thin-film LEDs available
for nominal operating currents of
50mA (chip-size 300um), 200mA
(500um) and 400mA (1000xm).

The devices are made using
AlGalnP materials.

LED chip maker Cree recently demonstrated 57InvW of white light from
an LED die operating at 350mA, and 142Im from the same device

operating at TA.

“The company believes that these are the highest reported results for a
high power packaged LED chip to date,” said a spokeswoman,

North Carolaina-based Cree uses a combination of silicon carbide and
gallium nitride materials to make its LEDs. It produces blue, green and
near-UV diodes as well as near-UV lasers.

www.cree.com

Colossus 60 years old comes out of retirement

The Science
Museum in London
hosted an important
anniversary on June
Ist. It was 60 years
ago to the day that
the first Colossus
Mark Il was
commissioned at
Bletchley Park.
Colossus was the
world’s first
electronic digital
computer and it
played an important
role in enabling the
deciphering of high
level German tactical
messages during
World War I1.

Over one hundred
and twenty people were present
including Harry Fensom, an
original Colossus engineer, now
83 years old. Wrens played an
important role in the operation of
Colossus and 20 attended the
event offering useful stories
about operating the machine.

The event also marked the
near-completion of a rebuild of
Colossus MKII. Tony Sale, who
is running the project gave a
presentation showing for the
first time, on the rebuild, how
the machine was actually used to
break a cipher in 1944.
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Getting to grips with 90nm

Each shift to a smaller
manufacturing process brings a
raft of new problems for chip
makers. The move from 0.13um
to 90nanometre has proven
exceptionally tricky.

Now Intel is claiming to have
gained ground on one of the
major problems - that of current
leakage.

As the process and
hence transistor
channel length
shrinks, the oxide
layer separating the
gate from the drain-
source channel must
also shrink.
However, with gate
oxide thickness
approaching Inm, or
10Angstrom,
leakage through the
oxide becomes a major problem.

Using exotic materials such as
hafnium oxides is a solution, but
not one that can be integrated

into today’'s
processes.
Intel in its
90nm Dothan
processor -
sold as a mobile Pentium - has
managed to double transistor
count, while raising clock speed

and lowering power compared to

Above: Intel’s 90nm Dothan processor

Left: A 300mm wafer of 90nm Dothan processors

its 0.13um chip (codenamed
Banias).

Dothan has 140 million
transistors, Banias has 77
million, but both have a die size
of 83mm?

Intel has used multiple
threshold transistors in the core.
Slow transistors not on the

critical path can have thicker gate
oxides to reduce current leakage.

To improve speed the substrate
uses strained silicon. This
stretches the silicon lattice by
growing a thin layer of
germanium. The larger lattice
spacing leads to increase carrier
mobility.

Various sections of the design
industry are also working to help
with the problems faced at
90nm, not least the EDA tool
suppliers and process library
developers.

EDA firms are releasing tools
that can automatically design
with ‘voltage islands’, where
different areas of the chip have
different supply voltages. They
can also cope with several types
of transistors with differing
threshold voltages.

Library vendors are also
offering cells that cope with
voltage islands and multiple
thresholds.

Lasers make microstructures on a hair

Researchers at Boston College in
Massachusetts adapted a micro-
fabrication technique to mould
polymer features onto hair.

Called multi-photon-
absorption photo-polymerisation
(MAP), the technique involves
depositing polymer at the focal
point of a laser. Scanning and
modulating the beam “allows for
the formation of intricate, three-
dimensional patterns,” said the
college, which claims that it
“makes it possible to create
features that are 1,000 times
smaller than the diameter of a
human hair.”

The discovery of bio-
compatibility was serendipity,
following on from the original
purpose of the study which was
to demonstrate intricate and
resilient structures could be
created with MAP using cheap,
common materials.

In order to demonstrate the
size of the features that could be

created, the researchers
fabricated structures near a
human hair and in the course of
these experiments discovered it
was also possible to fabricate
structures on the hair itself.

“We built the structure on top
of the hair with a material that is
akin to Plexiglas [Perspex],”
said Professor John Fourkas.
“One of the really exciting and
unexpected things about this is
that we found that we could
make this structure on the hair
without harming it in any way."”

This has prompted the
researchers to look for other bio-
applications. “It suggests that we
could accomplish the same with
other biological materials. One
could imagine, for instance,
building devices directly on
skin, blood vessels, and
eventually even a living cell,”
said Fourkas, who cautioned:
“While this idea is currently in
the realm of science fiction, our
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results represent an important
step in that direction.”

Back at the original reason for
the project, Fourkas sees MAP
as a way to make optical
components for opto-electronics.
“While there are applications of
the technique we used in the
optical communications area that

are being pursued by us and by
others, writing a structure on a
hair does not have direct bearing
on optical communications,” he
said. “On the other hand, we can
and have done exactly the same
sort of thing on optical fibres
that are of comparable size, and
this does have direct bearing.”



Students dream up novel sensor delivery

University of Florida students
have turned to a paint ball gun to
position wireless sensors in
hazardous and difficult-to-reach
places.

The project is part of a
military-sponsored programme
to find ways of safely sniffing
out hidden explosives, led by
Florida-based Lockheed Martin
Missiles and Fire Control.

Numerous delivery
mechanisms, including a gun
made of plastic tubing, were
tried before settling on an off-
the-shelf paintball gun.

The projectile, currently a
prototype, includes a transmitter.
a sensor and a wire antenna, all
powered by a watch battery.

As miniature chemical and
explosive detectors are not yet
available, the team opted to
install an accelerometer which
allowed force measurements to
be made during launch and
landing.

““I think the most important
thing for the proof of concept
was to see if the electronics
could survive the impact,” said
electrical engineering student
Felipe Sutantri.

Getting the projectile to stick
proved problematic. Eventuaily
an “industrial polymer” was
discovered that provided instant
grab. The weight of the polymer,
together with the arrangement of
the components, causes the
projectile to be heaviest at the
front, which helps it fly straight
and strike the target with its
sticky end. “What we did was
we made its tip heavy so it’s like
a dart — it doesn’t tumble over.”
said Sutantri.

Tests show the transmitter
could report data from over
70m, while the paintball gun can
shoot the projectile 20m. “Both
distances could be extended in
the production version.” said
Florida.

Top: A sticky-tipped wireless
sensor, the green lead is an aerial.

Inset: engineer Syad Sohab with the
sensor and the paintball gun which
delivers it.

Games console is a PC in miniature

San Diego-based Ministry of
Mobile Affairs (MoMA) has
revealed the tiny Eve mobile
gaming console, based around an
x86 processor and running
Microsoft’s XP Embedded
operating system.

“With its traditionally high
levels of power consumption and
heat dissipation, the x86
architecture has never been able to
break into the mobile space,” said

The Eve console

(6] Windows XP Embedded

Processor 533MHz Eden-N
RAM 128MB DDR266
Hard disc 20Gbyte 1.8in
Display 10cm 640x480 LCD
Graphics S3 UniChrome Pro (VIA)

Battery Liion and external power

MoMA CEO Andrew Huang.

To get around the power
problem, Huang adopted VIA
technologies’ ‘Grace platform’
which includes a low-
consumption processor and an
MPEG2/4 accelerating chipset for
2D and 3D graphics.

*“The single largest challenge to
enter the mobile gaming console
market has always been signing
up developers to deliver games for

unique [non-x86) hardware
architectures.” said VIA
spokesman Richard Brown.
Ministry of Mobile Affairs is
“dedicated to providing affordabie
yet unsubsidised [by games sales]
mobile gaming based upon the
x86 architecture”, said Huang,
who is the author of ‘Hacking the
Xbox: An Introduction to Reverse
Engineering’.
www.ministrymobile.com

Flexible LCDs

Scientists at Philips have created
flexible LCDs by coating a
plastic foit with a fluid mixture,
followed by a single step ultra-
violet (UV) light exposure
process. The firm said it is an
improvement over the compa-
ny’s previous process, which
required two separate UV
exposure steps to produce the
array of liquid crystal cells.
"Using a simpler and less time-
consuming offset printing stage
is a major step towards the
realization of reel-to-reel LCD
manufacturing,” said Philips.
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Sliders, but not as you know them

Fabless chip touch sensor chip
firm Quantum Research Group of
Southampton has developed a
replacement for
electromechanical slider controls.

QT401 is a ‘slider chip’ that
senses along a line or arc and
provides a linear to a resolution
of one part in 128.

A resistive element, which can
be made from transparent
indium-tin oxide, acts as the
capacitive sensor and can be
located behind up to 3mm of
insulator including glass and
plastic.

“This chip is for control panels
in appliances, or in just about
any consumer product where
you would expect to see a knob
or linear control, for example for

F o
v/

-

THE NEW VIBION OF TOUCH™

brightness, volume, temperature,
power and other functions,” said
Quantum.

The output is a SPI serial
interface. Data output can be
interpreted as either a linear
control, or as a series of buttons
or a mixture of the two,
depending on the needs of the
designer, said the firm.

To create up to eight buttons,
the output range is interpreted as
a number of sub-ranges.

“It can be used with clear
sensing elements to create LED-
backlit touch zones for a very
dramatic effect, or to show
position after the touch is
released,” said Quantum.

See Quantum’s Concept
Cooktop at www.qprox.com

Low-cost chip make
fibre affordable

A Scottish spin-off firm from
Heriot-Watt University has
developed a single chip that can
drive multiple fibre optic
standards.

The device could dramatically
lower the cost of fibre links and
beat copper is many applications.

“So far it has been prohibitively
expensive to add optical
interconnects to most devices,”
said Dr Keith Symington, founder
of Conjunct. “It has only been
telecoms switches and routers
costing thousands of dollars.”

Conjunct’s device could be
applied to a PCB and would offer
short range optical links.

“What were creating is a system
package that incorporates the
integration of optical transceiver,
passives, serialiser/deserialiser and
a field programmable gate array,”
says Symington.

The FPGA allows the device to
implement multiple comms
standards across the fibre,
including USB, FireWire,
Gigabit Ethernet, Fibre Channel,
SCSI and PCI Express.

*“The advantage of a field
configurable standard product is that
an engineer can just pick it off the
shelf and choose to implement the
protocol required,” Symington said.

Scotland to
it et o

companies. They will be able to use
the centre’s facilities and service to
develop and test their ideas.

“It's the kind of practical support for
innovative products that will give
them the competitive edge in the
market place,” said David Ruxton,
chief executive of Optocap. The
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Tiny RF tag reader opens door to new

applications

Not much bigger than
an RF identification
(RFID) tag,
Wokingham-based
Innovision claims this
is the world’s smallest
and lowest-cost
13.56MHz RFID
reader.

“The reader has been
designed to enable the
next generation of
RFID applications. For
example, by passing
your MP3 player with
a built-in reader over
an NFC-enabled music
poster, you could
download a sample
track from the
advertised album
instantly or even purchase the
entire CD,” said Rob Kitchen,
head of the firm’s consumer
business.

Known as ‘io’, it is aimed at the
fledgling Near Field
Communications (NFC) standard
and includes a risc microcontroller
to allow users to keep up with
changes in the standard. “The
reader’s future-proofing for the
emerging NFC standards opens up
the possibility of RFID

applications in completely new
areas,” said Kitchen.

io runs off 2.8V and reads and
writes to industry-standard
13.56MHz RFID tags and smart
labels.

Innovision specialises in RF
tag products and is probably best
know for developing the
technology behind talking Star
Wars toys a few years ago.

www.nfc-rfid.com

www.innovision-group.com



RF amplifier gets
efficient

A firm from Cambridge claims
to have improved the efficiency
of power amplifiers used in
mobile phone basestations, in
some cases doubling or tripling
the efficiency to 35 per cent.

Nujira said its technology is
suitable for wideband-CDMA
and OFDM modulation
techniques and could be applied
to other air-interface schemes.

The firm is using a tracking
technique to increase efficiency,
which involves modulating the
voltage to the drain of the RF
power transistors in sync with
the signal envelope.

This technique of envelope
tracking is well known, but can
create significant distortion in the
output while making the power
supply design rather difficult. “This
in itself can cause some other
distasteful effects,” said Nujira.

The firm has managed to
reduce distortion by ensuring the
drain voltage supply very
accurately tracks the RF envelope
and claims to have produced the
required power supply.

Power supply modulation has
been achieved with an efficiency
of greater than 85 per cent and
bandwidths over 60MHz, it said.

“We are demonstrating a 20
Watt multi-carrier WCDMA
amplifier using high accuracy
envelope tracking,” said Tim
Haynes, Nujira’s CEO. He said the
firm is “demonstrating that the
poor efficiencies associated with
WCDMA and OFDM systems
need no longer be the case”.

Other techniques to improve
performance of RF amplifiers
include pre-distortion and feed-
forward. However, the firm said
these “are complex and require
complicated hardware circuits for
implementation and rarely
achieve efficiencies of over 20
per cent in cellular systems”.

Nujira has received almost $1m
in funding to develop its products.

If the technology can be made
successfully, a mobile operator
could save several hundred million
pounds over the ten year life of a
10,000 basestation network in
electricity charges alone.

Novel technology shows its TV credentials

Claiming it to be the largest of its
kind, US firm iFire has unveiled a
34in. colour inorganic
electroluminescent (EL) flat panel
display.

“Producing a 34-inch prototype
display of this quality in our R&D
facility proves both the scalability
and the simplicity of our
electroluminescent technology,”
said company president Anthony
Johnston. “Proving the scalability
of our technology is an important
milestone as we move from R&D
into pilot production.”

Based on iFire’s proprietary
thick-film dielectric
electroluminescent (TDEL)
technology, the prototype is also
the first native high definition
display of its kind. The 1280x768
display can handle 720p video
and XGA computer data.

“iFire is well on track to
produce high-definition, mid-30in.
sized flat panel television
modules,” said Barry Heck,
President & CEO of The Westaim
Corporation which owns iFire.

iFire claims a 30in. TDEL
display will cost 30 to 50 per cent
less than a similar LCD or plasma
display.

This may be true, but
techniques for making these other
technologies are well established
and iFire will have to work hard
to get market acceptance.

“We see a major market
opportunity for an affordable
high-quality flat panel display
technology,” said Johnston. “Our

analysis indicates that iFire’s
TDEL will have a sustainable
manufacturing cost advantage and
will require a smaller capital
investment for manufacturing.
This presents a very attractive
altemative to other flat panel
display technologies for potential
manufacturing partners.”

The firm plans to begin pilot
production of 34in. high-
definition television display
modules in 2005.

Record claim

Universal Display Corporation
(UDC) is claiming a record for
power efficiency using white
OLED:s (organic light emitting
diodes).

The firm has used
phosphorescent OLED
technology to make a device
with luminous efficiency of
38candela/Amp and a power
efficiency of 18.4lumen/Watt
at 1,000cd/m2.

The device has a white
emission with a colour
rendering index (CRI) of 79.

UDC is aiming its OLEDs at
both displays and at white
backlighting applications. In
the latter case it is working
with Toyota.

“This demonstration is
crucial to establishing white
OLED technology as a suitable,
and more efficient, alternative
to traditional displays and LCD
backlighting,” said Dr Julie
Brown , chief technical officer
at UDC.

for OLEDs

The firm said the use of
phosphorescent materials with
OLED allows quantum
efficiency to approach 100 per
cent, four times that of a
standard OLED.

Phosphorescent materials are
commonly used to convert
higher energy photons from
blue or violet LEDs into lower
energy green and red photons,
thereby creating a white light
source.

UDC has also developed
flexible OLEDs built on thin
metallic substrates.

Making flexible OLED:s is
tricky, as the organic layer
must be kept sealed from the
outside environment as
moisture and oxygen are
poisonous to the materials.
UDC used alternating layers of
polymer and ceramic film
applied in a vacuum to seal the
display.

The 150x150mm display was
built on a 100xm substrate.

Professor Joe McGeehan CBE

Professor Joe McGeehan, managing
duectordToshibaRsewth

Laboratory, has been awarded the
CBE for pioneering innavation in
mobile communications,

Professor McGeehan has
published more than 200 papers in
the field of mobile communication
systems, RF engineering,
microwave theory and techniques,
radio-wave propagation, signal
processing and plasma physics.

His research into Wideband
Code Division Multiple Access (W-
CDMA) during the early 1990's
formed the basis of today's 3G
cellular standard. He also led the

of speech scrambling
technology which is used today by
all the UK’s police forces for secure
mobile radio transmissions. This
won the Prince of
Wales Award for Innovation (1992),

Professor McGeehan is a
Fellow of the Institute of Electrical
Engineers (FIEE) and a Fellow of
the Royal Academy of Engineering
(FREng).
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“PRICE

In line with our policy of producing top quality
products at amazing prices we have reduced the price
of our best selling items by up to 50%

Don’t delay - this is for a limited period only!

19” Horizontal 2U High
4 Sockets  13A/4/R @  £22.65ea. Nett
5 Sockets 13A/5/R @ £24.99 ea. Nett
6  Sockets 13A/6/R @  £27.57 ea. Nett
7 Sockets 13A/7/R @ £30.96 ea. Nett

Vertical
4 Sockets T13A/4 £20.25 ea. Nett
6 Sockets T13A/6 £24.60 ea. Nett

@
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8 Sockets T13A/8 @ £31.47 ea. Nett
@
@

10  Sockets T13A/10 £34.95 ea. Nett
12 Sockets T13A/12 £39.62 ea. Nett

Vertical Left Hand with Switch
4 Sockets 4LH/MS @  £20.25 ea. Nett
5 Sockets 5LH/MS £23.37 ea. Nett
6 Sockets 6LH/MS £24.60 ea. Nett

e
e

8  Sockets  BLH/MS @  £31.47 ea. Nett
1 @
@

(0] Sockets 10LH/MS £34.95 ea. Nett
12 Sockets 12LH/MS £39.62 ea. Nett

Vertical Right Hand with Switch
4 Sockets 4RH/MS @ £20.25 ea. Nett
5 Sockets SRH/MS @  £23.37 ea. Nett
6 Sockets 6RH/MS @ £24.60 ea. Nett
“lsn" 8  Sockets  8RH/MS @  £31.47 ea. Nett
10 Sockets ~ 10RH/MS @  £34.95 ea. Nett
12 Sockets  12RH/MS @  £39.62 ea. Nett
Olson Electronics Limited -
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NEWAFRE E A d S WA Rl to change the price without pelor notice




Mike Cox, video design guru and analogue dinosaur designs his first digital
vision mixer. This is the story of how he came to love digits and is the
account of an 18 month project to build the unit

e IBC show in Amsterdam (one

I of the world’s largest and most

prestigious broadcast hardware
events) has long had an information
channel, which trails and promotes
Conference Sessions and other events
in the show. This has been displayed
on around 70 - 80 screens around the
RAI Exhibition and Conference
Centre. I have been involved with this
for the last 10 shows as technical
director. The images are mainly
derived from Aston Character
Generators (CGs), which Aston
kindly lend the IBC, augmented by
several computers with digital video
recording facilities and associated
graphics composing. Some years ago,
the RAI-ACS decided that it wanted
an SDI (Serial Digital Interface,
270Mb/s) feed to the PAL modulators
that feed the RAI cable distribution
system. The Info Channel at that time
was arranged as an analogue
component system. To meet the SDI
requirement, we fitted a Vistek YPbPr
to SDI converter at the end of the
local chain.

All the video switching and mixing
was done in YPbPr, using a device
called a Title Assembler. This is an 8
input, 2 bank YPbPr device,
originally designed for broadcast
facility graphics compose areas, with
simple dissolve between the banks.
Following this was a simple Split
Screen unit, which allowed insertion
of a ‘strap’ along the bottom of the
screen, carrying information about
the current conference session, and
who is currently speaking. This is
vital information for those who are
combining conference attendance and
visits to the exhibition.

Typical screen of e
conference information Monday Attormoon 9

-

10

A final fade to black facility
completed the video path. These
analogue products had been designed
over the years, drawing heavily on
work I had done with Cox Associates
and Vistek. In between IBCs, they
live in my garage, along with all the
power and video cables for the
complete control system: and some
other analogue component mixers
that are used for the IBC Conference
A/V set-up.

After IBC2001, it was felt that the
Info Channel should move into the
digital age and perform all switching
and mixing on SDI signals,
particularly as the Aston CGs all had
SDI outputs. The target was to build
an SDI mixer incorporating all the
switching, mixing, split screen and
fade facilities that we needed by
IBC2002. The mixer has now been
used in anger at IBC2002 and
IBC2003. The following is an
account of the design and
development process.

Early work

It might be worth setting out my
resources to undertake this task. I
used to operate a company that made
video mixers, as well as
PAL/NTSC/SECAM coders,
switchers and a variety of broadcast
items. Some readers may have come

S$DI mixer in action at IBC

across the COX 841 series of mixers,
or even the COX T8/T16/T24 series.
I'had a lot to do with the 841s, but
very little to do with the T series as
they used processors such as the Z80
in the control system, and I am an
analogue dinosaur! However, after
the company was bought by Carlton
in 1985, Cox Associates (CAL) was
set up to produce test generators, and
also the 2036 Title Assembler
mentioned earlier. CAL designed
numbers of small spine cards using
Surface Mount (SM) components for
such things as video crosspoints, 75
ohm driving output amplifiers and
blanking regenerators, which were
used in the Title Assemblers and
various routing switchers.

In parallel with this, I helped Vistek
Electronics financially with a
management buy-out from GEC-
McMichael, and after Vistek bought
back my original company from
Carlton in 1990, I threw Cox
Associates into the pot, and semi-
retired. Vistek continued to make
some CAL designs, and I continued
my responsibility for these, mostly
working from home.

To do this, I have a reasonably
well-equipped lab at home, although
it only measures 8 feet by S feet. It
contains an SPG, a component
(YPbPr) test generator, a caption
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camera (CCD) looking at a card,
oscilloscope, spectrum analyser,
EPROM programmer etc. In addition
there are several picture monitors,
some proprietary analogue to SDI
converters and a PC and printer.
ORCAD and Boardmaker software
(DOS versions) cover the CAD side
of things.

At a leisurely pace over the
previous years, I had done some
simple digital video experiments,
building up on a large peg board a
27MHz clock generator, video ADC
and DAC, simple digital sin? pulse
and bar/ramp generator, frame store,
3 x1 switcher, and a number
generator driven by a shaft encoder.
This led to some thoughts on inter-
connection.

All the parts that are easily
available are 8 bit - EPROMs, 8 wide
latches and buffers such as
74HC574/541. Hence the decision
was taken that all work would be 8
bits wide, although the CCIR and
SMPTE specifications do allow for
10-bit working. The standard 8-bit
interconnection uses a 10-pin IDC
connector on 0.05” ribbon cable. By
extension, the ‘601" interconnect uses
a 14- pin IDC connector and ribbon
cable. The extra pins cater for the
clock signal, and some extra ground.
This has proved remarkably simple
and economic.

A pair of SDI equalisers were built
before the mixer project started.
These proved useful at IBC some
years ago when a long length of
indifferent quality coaxial cable was
used for a particular run, and the
signal was beginning to go over the
digital ‘cliff’. These use Gennum
GS9004/GS9007 parts, each giving
three outputs.

Brief tutorial on SDI
Standard definition digital television
involves sampling the analogue-
luminance signal (Y) at 13.5MHz
(864 x H frequency), and the two
colour difference (Pb, Pr) signals at
6.75SMHz. Due attention has to be
paid to levels at the input to the
ADCs. Black level for digital signals
is set at 16 (10h), and peak level at
235 (EBh) for Y and 240 (FOh) for
Cb and Cr. Note that Pb/Pr notation
is used for analogue colour difference
signals, and Cb/Cr for their digital
version. Care must be taken in any
digital processing to ensure that
levels do not stray into the 00h or
FFh region as these levels are used to
indicate End of Active Video (EAV)
and Start of Active Video (SAV).
The three streams are multiplexed
together with an effective speed of
27MHz. At this point the streams are
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parallel 8 or 10-bits wide. The object
of SDI is to serialise the parallel
signals into a single stream at
270Mbits/sec. The stream is sent at
around 800mV pk-pk on a 75-ohm
coaxial distribution system. Thus,
standard good quality video cable
and jackfields can be used. Because
of the high frequencies involved,
there is a limit of around 300 metres
for signal transmission using the best
quality 75-ohm cable. The failure is
very sudden, and is called the ‘digital
cliff’. Good installation practice
would introduce equalisers at around
250 metres in the run. Devices called
‘cable clones’ simulate lengths of
cable and allow testing of equipment

-----

CAROS
SIMPLIFIED

BLOCK DIAGRAM

and cable runs by adding ‘cloned’
cable until the cliff is reached. This
will indicate the margin of error in
the particular run.

Start of design phase

Early in 2002, the project was started.
It was a bit like trying to assemble
flat-pack furniture - little or no
instructions; and have I got all the
bits? The first action was to produce
a block diagram of the mixer as a
guide for the detailed design.

Before this, decisions had to be
taken about the internal switching
arrangement. There were two
options. Either to switch the SDI
signal (along the lines of the article
by Emil Viadkov in the August 2003>
issue of EW), deal with de-
multiplexing the SDI bus signals to
CCIR601 and then to the components
YCbCr for mixing and split screen;
or to have an SDI receiver for each
input, and switch the resulting ‘601’
signals. This latter makes for an
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easier switch matrix design in that
T4VHCxxx parts can be used as they
are only handling 27MHz clock
frequency, and the layout becomes
much simpler. After the ‘601° signals
are de-multiplexed to YCbCr, the
clock rate drops to 13.5MHz, which
is even simpler.

Input section

Most SDI receiver systems use at least
two chips, but Gennum offer a single
chip receiver, GS7005, which has
built-in equalisation for up to 75
metres of cable. For a video mixer,
where the sources are relatively close,
this was not a problem. Also by using
PCB mounting upright BNCs, the SDI
signal path length was about 1 inch,
thus minimising any return loss issues.
The GS7005 has a 52-pin QFP
package, and one of the early jobs was
to create a Boardmaker library shape
for it. Deep joy was in the house when
the chip was married up to a print of
the shape, and it fitted.

Top:
Levels

Bottom:
Block Diagram

1



The eight GS7005s were laid out on 621" IN 1 6oL IN &
a strip PCB 270mm by 38mm, and g m— 1
was designed to fit directly to the rear —%0 ot —3%0 o—t—
panel of the mixer. Each receiver chip sl & IDENTICAL =22
has a pin, which can light an LED to dio ook STAGES i o-i
indicate a valid input. These pins were | e < |
also remoted to a panel at the front of - b
the mixer to give a clear indication of
which inputs are being fed. —— =

The 601 outputs were taken away
on 14 pin plugs, mating with the 14 i -3

in IDC sockets on ribbon cables.
Iglote that I refer to ‘601°. This is an 2 cam oy | [25 980888 [Fhucene
unbalanced version, perfectly valid to Sremsst Sanapast
use within a unit. True CCIR601 uses
balanced signals, specially twisted s
ribbon cables, and D25 connectors. il —4 g ] e P

= CLOCK

Several problems showed up = [SELeCT |
One of the inputs did not work, and — 5 § 3 ij:g SK1|
on investigation, it seemed as if the [ e —41
chip was suspect. Gennum’s agent iz 3 d ﬁf

very kindly sent a replacement, and
the original chip was carefully
removed. This was achieved by
grinding down the blade of a cheap
Stanley knife so that it could slide

under the legs of the chip once they
had been de-soldered. Unfortunately,
I do not possess an infra-red reflow
tunnel so all SM components have to
be soldered using solder cream and
the finest solder bit that Weller offer.
When the chip was replaced, it still
did not work. A close examination of

the rear of the board showed that a not. A scrape and some solder cured
‘via’ hole that was supposed to the problem.
SDI receiver card connect to the rear ground plane did Another problem was the +5 volts
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Switch Matrix Card

distribution. Power is fed in near
input 1, and a long track takes it
down the board. The +5 volts at input
1 fell to around 4.5 volts at input 8. A
piece of 30 SWG wrap wire in
parallel cured any problem due to
volts drop. The proper cure is of
course to use wider track.

Switch matrix
Attention now turned to the switch
matrix. The choice of switch element
was the 74VHC574 8-bit latch. A
card was laid out with 8 of these
crosspoints with their outputs in
parallel, and the output enable pin
(/OE) used for crosspoint control.
Each latch uses the clock input from
the ‘601’ input. The eight clock feeds
are then selected by a 74HC251 8 to
1 multiplexer. A three line to eight-
line decoder is used to translate the 3-
line control input to each of the
output enable pins. To indicate
matrix status, SM LEDs are fitted to
each crosspoint. The output and
control connections to each card are
via a 16-pin socket, designed to mate
with a plug on the mixer
motherboard. Each card therefore
makes up one bank of the matrix.
The inputs are on 14-pin headers,
which mate with IDC connectors on
ribbon cable. Note that each SDI
receiver drives a 4-drop cable,
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Helping you make the right connections!

Motor Drivers/Controllers

Here are just a few of our controlier and

| driver modules for AC, DC, unipolar/bipolar
stepper motors and servo motors. See
website for full details.

CREDIT CARD
SALES

Controllers & Loggers

Here are just a few of the controller and
data acquisition and control units we have.
See website for full details. Suitable PSU
for all units: Order Code PSU345 £9.95

DC Motor Speed Controller (5A/100V)
Control the speed of almost any common DC
motor rated up to 100V/5A. Pulse width
modulation output for maximum motor torque
at all speeds. Supply: §-15VDC. Box sup-
plied. Dimensions (mm): 60Wx100Lx60H.

Kit Order Code: 3067KT - £12.95

Assembled Order Code: AS3067 - £19.95

NEW! PC / Standalone Unipolar
Stepper Motor Driver
Drives any 5, 6 or 8-lead
unipolar stepper motor
rated up to 6 Amps max.
Provides speed and direc-
tion control. Operates in stand-alone or PC-
controlled mode. Up to six 3179 driver boards
can be connected to a single parallel port.
Supply: 9V DC. PCB: 80x50mm.

Kit Order Code: 3179KT - £9.95

Assembled Order Code: AS3179 - £16.95

PC Controlled Dual Stepper Motor Driver
Independently control
two unipolar stepper
= motors (each rated up to
3 Amps max.) using PC
parallel port and soft-
ware interface provided. Four digital inputs
available for monitoring external switches and
other inputs. Software provides three run
modes and wilt half-step, single-step or man-
ual-step motors. Complete unit neatly housed
in an extended D-shell case. All components,
case, documentation and software are sup-
plied (stepper motors are NOT provided).
Dimensions (mm): 55Wx70Lx15H.
Kit Order Code: 3113KT - £15.95
Assembled Order Code: AS3113 - £24.95

NEW! Bi-Polar Stepper Motor Driver
Drive any bi-polar stepper
motor using externally sup-
plied 5V levels for stepping
and direction control. These
usually come from software
running on a computer.
Supply: 8-30V DC. PCB: 75x85mm.

Kit Order Code: 3158KT - £12.95
Assembled Order Code: AS3158 - £26.95

Most items are available in kit form (KT suffix)

or assembled and ready for use (AS prefix).

Rolling Code 4-Channel UHF Remote
State-of-the-Art. High security.

4 channels. Momentary or

latching relay output. Range

up to 40m. Up to 15 Tx's can

be leamt by one Rx (kit in-

cludes one Tx but more avail-

able separately). 4 indicator LED 's. Rx: PCB
77x85mm, 12VDC/6mA (standby). Two and
Ten channel versions also available.

Kit Order Code: 3180KT - £41.95
Assembled Order Code: AS3180 - £49.95

Computer Temperature Data Logger
4-channel temperature log-
, ger for serial port. °C or °F.
3 Continuously logs up to 4
, separate sensors located
. 200m+ from board. Wide
f! range of free software appli-
cations for storing/using data. PCB just
38x38mm. Powered by PC. Includes one
DS1820 sensor and four header cables.
Kit Order Code: 3145KT - £19.95
Assembled Order Code: AS3145 - £26.95
Additional DS1820 Sensors - £3.95 each

NEW! DTMF Telephone Relay Switcher
Calt your phone number
using a DTMF phone from
anywhere in the world and
remotely tum on/off any of
the 4 relays as desired.
User settable Security Password, Anti-
Tamper, Rings to Answer, Auto Hang-up and
Lockout. Includes plastic case.
130x110x30mm. Power: 12VDC.

Kit Order Code: 3140KT - £39.95
Assembled Order Code: AS3140 - £49.95

Serial Isolated /0 Module

@ 4 PC controlled 8-Relay
. . Board. 115/250V relay
~ outputs and 4 isolated
. digital inputs. Useful in
a variety of control and
sensing applications.
Uses PC serial port for programming (using
our new Windows interface or batch files).
Once programmed unit can operate without
PC. Includes plastic case 130x100x30mm.
Power Supply: 12VDC/500mA.

Kit Order Code: 3108KT - £54.95
Assembled Order Code: AS3108 - £64.95

717 71638

Infrared RC Relay Board

Individually control 12 on- @
board relays with included

infrared remote control unit.

Toggle or momentary. 15m+

range. 112x122mm. Supply: 12VDC/0.5A
Kit Order Code: 3142KT - £41.95
Assembled Order Code: AS3142 - £51.95

PIC & ATMEL Programmers

We have a wide range of low cost PIC and
ATMEL Programmers. Complete range and
documentation available from our web site.

Programmer Accessories:

40-pin Wide ZIF socket (ZIF40W) £15.00
18V DC Power supply (PSU010) £19.95
Leads: Parallel (LEAD108) £4.95 / Serial
(LEAD76) £4.95/ USB (LEADUAA) £2.95

NEW! USB ‘All-Flash' PIC Programmer
USB PIC programmer for all
‘Flash’ devices. No external
power supply making it truly
portable. Supplied with box and
Windows Software. ZIF Socket
and USB Plug A-A lead not incl.
Kit Order Code: 3128KT - £39.95
Assembled Order Code: AS3128 - £49.95

Enhanced “PICALL" ISP PIC Programmer
Will program virtually ALL 8
to 40 pin PICs plus a range
of ATMEL AVR, SCENIX
SX and EEPROM 24C de-
vices. Also supports In Sys-
tem Programming (/SP) for PIC and ATMEL
AVRs. Free software. Blank chip auto detect
for super fast bulk programming. Requires a
40-pin wide ZIF socket (not included).
Available in assembled format only.
Assembled Order Code: AS3144 - £59.95

LT r—

ATMEL 89xxxx Programmer
Uses senal port and any
standard terminal comms
program. 4 LED's display
the status. ZIF sockets
not included. Supply: 16-18V
Kit Order Code: 3123KT - £29.95
Assembled Order Code: AS3123 - £34.95

NEW! USB & Serial Port PIC Programmer
USB/Serial connection. Header
cable for ICSP. Free Windows
software. See website for PICs
supported. ZIF Socket/USB Plug
(== A-A lead extra. Supply: 18VDC.
Kit Order Code: 3149KT - £39.95

Assembled Order Code: AS3149 - £54.95

No.
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CCIRS01 MULTIPLEXING

LATCHES
Multiplex/demultiplex

of the three banks of the switch
matrix, and are ready to mix, split the
screen and finally fade to black if
needed. However clock and
housekeeping signals have to be
considered.

The assumption was made at the
start that all signals into the mixer
would be synchronous. This is a very
practical point as all the sources used
at IBC are referenced to a master
black and burst signal. Accordingly,
a local Sync Pulse Generator (SPG)
was designed into the mixer such that
it could be genlocked to the external
house reference feed. The master
oscillator for the SPG is a 27MHz
crystal; so clocks at 27MHz and
13.5MHz are readily available. The
output multiplexer requires 27MHz
clock, and special H and V drive
pulses that have to be carefully
timed. These are derived from the
SPG outputs.

The SPG is based on a Philips
SAA1101 device. A genlocking
colour SPG using this device was
described in an article! in EW for
February 1996. In the SPG for the
mixer, colour subcarrier lock is not
required. For sections such as the
split screen unit, H and V drive
pulses from the SAA1101 are used as
counter resets, and 13.5MHz and
6.75MHz feeds are used for clock
and for the H counter. Mixed
blanking is also used to ensure that
no key signal strays into prohibited
time zones.

In the early experiments, the SPG
used a SMHz crystal oscillator, using
the internal phase comparator to lock
to input reference mixed sync. Ina
second loop, the SMHz frequency
was divided down to 0.5MHz and
compared with the output of the
27MHz clock oscillator divided by
54. The phase comparator section of
a 74HC4046 was used for this, and
the error signal used to steer the
27MHz oscillator into lock. After the
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looping through the 4 matrix cards.
Four PCBs for these cards were
ordered, although originally only
three banks were to be fitted. Ata
late stage, it was felt that it would be
useful to populate and fit the fourth
card as an Auxiliary bank (AUX). To 601" :
return the ‘601 signal to SDI, a 8CX6244 MUX/DEMUX ASIC
device such as a National CLC020
serialiser (or its Gennum equivalent)
is used.
One down side to switching the 601
stream showed up at IBC. We were
using the AUX bank to route a source
to a recorder. The source had audio
embedded in its SDI output. When it
reached the recorder, it was mute. By
de-multiplexing to 601 and then re-
multiplexing in turn to both 601 and
SDI, the embedded audio had been companies such as Aston, Acron,
stripped from the stream. Direct Avitel and Cintel. The device can
switching of the SDI signal would operate as multiplexer to take in Y,
have obviated this problem. However,  Cb and Cr 8/10 bit parallel data and
the layout of the matrix would have give out 8/10 bit parallel ‘601’
been more complex, and would have signals. By taking a pin (39) low, it
involved multi-layer boards. For the operates as a de-multiplexer, giving
A, B and C banks, the SDI receiver three parallel streams (Y, Cb, Cr)
chips would be placed at the output of ~ from a ‘601’ input. Unfortunately
the matrix, followed by the de- there was a small snag in the masking
multiplexers to deliver YCbCr to the of the device, resulting in occasional
Mix/Effects (M/E) system. upset of the order of outputs, with Cb
— coming out of the Y ports etc. To
De-multiplexing correct this, a PAL was supplied in a
Because of the way in which the 16-pin package. This corrected the
components are multiplexed in the counter reset problem.
CCIR601 parallel stream, it is not Through friends in the industry, I
practical to carry out any operations was able to acquire several more of
on it other than switching. Therefore these devices and had enough for each
the signal has to be de-multiplexed of the three banks of the mixer as de-
back to the original components. multiplexers, and one for the output
Some years ago, I was given as multiplexer, as well as one spare.
samples a pair of multiplexer/de-
multiplexer ASIC devices (SCX Clock and housekeeping
Clock and 6244) that had been designed by a We have now recovered the digital
housekeeping consortium of UK broadcast component signals YCbCr from each
TEST
POINT 27 MHz
ERROR 27 MHz -2 3 13.5 MHz
12.9 hSALEZER T4AC04| 74HC4024
2 1
»BLANKING
454 SPG »H DRIVE
2 X74HCA017 SAA1101 [——VDRIVE
‘ + 74HC390 [¢—REFERENCE
0.5 MHz ¥ SYNC IN
PHASE vCo
PART PART
COMP. ! 5 MHz |
0.5 MHz
-10 »5 MHz TO
SYNC DELAY
CLOCK1.COR T4HC 3
14
k — . eeeestmkeiEREES




mixer had been used in anger, it was
found that this was not the optimum
arrangement for jitter performance.
Subsequently, the SMHz crystal was
removed from the SPG and the
74HC4046 reconfigured to act as a
SMHz VCO. The VCO output fed the
SPG oscillator input. The dividers
remained as before, and the SPG
error steered the 27MHz clock
oscillator directly. This resulted in
greatly improved jitter performance.
It was also found that some sources
exhibited a long time delay between
their reference inputs and the SDI
output. Consequently a large passive
delay was necessary in the reference
input feed to the mixer to avoid
pictures shifted over to the right.
Accordingly an internal delay has
now been fitted. The sync signal
from the reference input sync
separator is fed into a 15-stage shift
register, clocked by the SMHz signal
from the SAA1101. An8x 1anda?2
x 1 multiplexer are used to select the
outputs, giving a sync delay
adjustable in 16 x 200nS steps. A hex
push button switch on the front panel
completes the modification.

Mix-effects (M/E) system

A number of companies offer digital
multiplier devices, but Logic offer
one of the most interesting. Their
LF48212 has two 12-bit inputs, and a
12-bit alpha or key input. The output
is such thatitequalsax A + (1 -a) x
B, just what we want for dissolves,
fades or split screens. Accordingly,
11 of these were purchased, and a
(ME) card was designed to carry
three of them. (For the three channels
Y, Pb, Pr). Three cards were needed,
for dissolve between TX and Next
Event banks, for split screen and for
fade to black.

Experience has shown up another
negative. The Split Screen unit has
one of the LF48212 devices as a Key
fade stage. This is of no great
consequence in a split screen mode,
but if a luminance key signal is taken
from the C bank input to the split
screen M/E card, the key will be
about 7 clock cycles later than the
fill. This is due to the latency in the
LF48212. A second glance at the
device block diagram shows why.
There are seven latches from input to
output. A PhD in maths is not needed
to work out that this gives a latency
of 518nS. As this is 1/100™ of the
screen width, it is fairly noticeable.
Consequently a new version of the
M/E card has been made which
carries a programmable 8-bit wide
16-section register (TMC2111AR3C)
for each of the six inputs. The key
signal is taken off before the
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registers, which are set to correct the
delay due to the key processing stage.
Satisfactory luminance and very
simple ‘blue screen’ keying using the
Cb signal has been achieved.

Split screen

The split screen card produces ramps
at H and V rate, appropriate selection
system, a full adder to add the ramp
signal (8-bit) to the fader signal,
followed by a clipper to tailor the
signal to give the required split
screen. Ramps are generated by
EPROMs as look-up tables, and the
clipper is another EPROM,
programmed with a series of slopes
to allow for changes of softness on
edges, as shown in Fig.10. In Key
mode the ADC, normally used with
the split fader, is used with a
potentiometer to give a KEY
CLIPPER control.

The card is designed as a split
screen rather than a wipe generator;
hence the 8-bit ramps are not a
problem. Obviously to go completely
from one side of screen to the other
would require 288 levels for the
horizontal, and 351 levels for the
vertical. This requires 9-bit EPROMs,
or using some other device.

Fade to black

This uses another M/E card, with
the output from the split screen card
as one input, and the other input hard
wired to 10h (00010000) for Y, and
80h (10000000) for Cb and Cr.

=
ot

]
19-a}
[
[
LF48212
A/B MIX

Above: M/E system and M/E card.

Split screen system
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Block Diagram of UART

Control could be either from a fader,
or from an up/down counter initiated
by push buttons on the control panel.
For simplicity the counter approach
was chosen. A pre-set clock
frequency control on the card is set to
give around % second fade time.

Limiters and title addition

In the tutorial section above, the need
for the digital component streams to
avoid the levels 00h and FFh was
stressed. To ensure this does not
happen, three EPROMs arranged as
limiters are fitted in the path from the
fade to black M/E card to the output
multiplexer and serialiser. The

DATA OUT

opportunity was taken to provide a
simple title or channel ident injection
facility into the Y channel only. This
is achieved by using a full adder
(74HC283 x 2) stage inthe Y
channel, together with a switch to
control the insertion; and to equalise
time delay, dummy full adder stages
are fitted in the Cb and Cr channels.
Any title video can be used, but a
card has been produced to generate
an appropriate logo/message. This
uses an EPROM, which is
programmed with the title and
appropriate scan counters to read it.
The EPROM is programmed so that
the highest level is at 80h, i.e. half

“801" INPUT SYNC DETECT
PCLK D9 D8 07 DS DS D4 3 D2 01 DO ENABLE
INPUT DATA SYNG
— REGISTER DETECTOR
-
Ll
+
SUPTE
POWER-ON
POLYNOMIAL
GENERATOR RESET
1
TPG Enable TEST PATTERN SERIALIZER/ $00
GENERATOR & NRZ - NRD! | _
Teat Out ¢ BIST CONTROL CONVERTER 00
‘ | t SDI
Recr ouTt
PHASE
FREQUENCY DIVIDER veo
OETECTOR
Block diagram of the + _I T
serialiser, and its place Lock
on the output card. Detect
16

peak amplitude. The title is added to
the video rather than keyed, and
hence the limiter prevents peaks
exceeding EBh. To give confidence
to the operator, a digital to analogue
converter is provided on the card so
that a simple monitor can show the
title in the EPROM.

Output section

Following the limiter and titler
section, the three streams Y, Cb, Cr
are fed to the output card. This
carries a multiplexer (SCX6244) and
a serialiser (CLC020) and output
driver (GS9007). This card is
mounted on the rack unit rear panel,
and provides a very short path for the
four SDI outputs. An identical card,
without the multiplexer or output
driver, is used to serialise the ‘601’
stream from the next event bank.
Two next event SDI outputs are
provided.

Control

In these sections, the video path has
been described, but only passing
mention of controls. For the mixer’s
first outing, the control panel from
the analogue units was used, with the
ADCs mounted at the rack end. It
worked, but it was a bit small and not
very user friendly. Furthermore it
used two ribbon cables, one 25 way;
the other 15 way.

Accordingly, thought was givento a
panel that was specifically designed for
the job, and which would carry two
integrated LCD monitors for TX
(Transmission) and Next Event. For the
21st century, it seemed ludicrous to use
wire-a-function, and a multiplexed
system was chosen. The T series mixers
that my old company made used serial
communication using RS422 protocol
and a two pair cable as the interface.
However it used microprocessors, and
you will recall that I am an analogue
dinosaur. So a compromise was chosen
—a UART. This is a fancy name for a
bi-directional serialiser.

I had done some work on an
analogue processing amplifier, which
was to be controlled using R§422
protocol and using a 6402 UART.
The project did not go ahead, but
there were some prototype cards
lying around. These were set to work
— after about 10 years shelf life, and a
design began to emerge.

The way the panel operates is that a
source is previewed by selecting it on
the Next Event bank either by pressing
the CUT button, or by moving the
A/B Fader over, that source is now
sent to transmission. The source that
was previously on transmission is now
on the Next Event bank. In this mode
of operation, the fader end position is
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irrelevant.

Latching of buttons is achieved
using a counter (74HC161) and a 4 to
16-line decoder (74HC4514). When a
button is pressed, the counter is
enabled and counts round until its
decoded output puts a ‘high’ on the
LED (which illuminates) and
simultaneously de-enables the counter.
The Qa to Qc outputs of the A and B
counters are stored in a latch
(74HC574) and the output of this store
taken to the load inputs of the counter
for the other bank. When the CUT
button is pressed, or the fader ADC
reaches FFh, the bank swap process is
initiated, and the stored information
exchanged between the banks. The C
bank uses a similar latch arrangement
but without the store.

Three ADCs are used with the
faders. To generate the bank swap
flag, the A/B fader ADC is followed
by a digital comparator (74HC688).
When the fader ADC output reaches
FFh, the bank swap results and the
flag also toggles a bistable stage to
select either the ADC output or its
complement. The other ADCs are
used with the over (C bank) fader and
the split screen position fader,
without any complication except for
a NAND gate to signal when the over
fader is off the end stop. This is used
to gate an oscillator to make the LED
in the selected C bank button flash
brighter to indicate that the over
system is active.

The UART system comprises a
transmitter at the control panel, and a
receiver at the rack unit. Both
UARTS are clocked at 2MHz, giving
a baud rate of 128Kb/second. The
receive UART sends a word to the
panel initiated by a field pulse. The
transmitter UART receives this and
this initialises the data transfer
process. Each UART has 8-bit inputs,
and these are fed via six buffers
(74HC541) with their outputs in
parallel. These are fed with the 8-bit
words corresponding to their
function. Words 1 to 3 are from the

Control panel PCB
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fader ADCs, while Words 4 and 5 are
for source selection, fade to black,
pattern selection, title insertion etc.
Word 6 is spare for future use. Thus
48 bits of information are sent during
every field-blanking interval.

As soon as the first word has been
sent, an end of word flag from the
UART is used to clock a counter that
moves selection on to next word.
After the UART has had the last
word, the counter is reset for the next
field. The receiver card at the rack
unit drives a series of latches
(74HC574) in parallel. The same
counter arrangement as used at the
transmitter generates a series of
clocks at the correct time to clock the
words into their respective latches.
The latch outputs are then taken to
their respective destinations. Note
that all changes occur during the
vertical interval, so there is no
unexpected picture disturbance.

To give comfort to an operator, a
re-triggerable monostable circuit is
fitted to each UART’s End of Word
pin. When all is well, the monostable
Q output will be high. Should the
RS422 link fail, there will be no End
of Word signal, and the monostable
output will go low. A bicolour LED
between Q and /Q of each

YWER FADE

B o B |
i

Block diagram of
control panel

monostable will be green when all is
well and red when communication
fails. Apart from the UART and the
line receiver/driver, all the circuitry is
surface mount, on a double-sided
circuit board.

In the first trials of the mixer using
the old analogue control panel, tally
outputs were integrated into the
panel. For the serial control panel, the
necessary information is available at
the rack unit, and that is where the
tally card is. Every input has its own
relay to provide a set of closing
contacts when that input is ‘on air’.

LCD monitors

The two monitors are based on 7-
inch LCD panels, switchable
between 16:9 and 4:3 operation.
These have PAL inputs, so an SDI to
PAL converter is necessary. The
converter chosen is made by
ShootView (DAC271) and has
analogue component outputs as well
as PAL. A suitable case was found in
the Maplin range, which
accommodates the LCD panel, the
SDI decoder and an auxiliary card
for power and video distribution. The
size of this case defined the width of
the mixer control panel. The LCD
panels require 12 volts at around
700mA, whereas the SDI decoder
normally takes in 7.5 volts which is
sub-regulated to +5 volts on board. A
more efficient process is to use a
switch mode buck regulator from 12
volts to 5 volts. This was done using
a National device (LM2575),
mounted on the auxiliary card. Thus
a single 12 volts supply drives the
monitor and decoder. Switching is
provided on the front panel for
aspect ratio and for SDI/PAL
selection. Switching is provided
between the PAL output of the SDI
decoder and an external PAL input.
The switch out is also fed to a BNC
at the rear so that an extra PAL
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monitor can be used for mixer

outputs. The YPbPr outputs are
also brought out to the rear for

similar reasons.

Power

All the rack unit power rails are +5
volts; these are obtained from a
switch mode block supply giving a
maximum of 4 Amps. Individual LC
filters split the supply up to the
various sections and cards. The
control panel requires +5 volts at
about 100mA. As each monitor
requires 12 volts at around 1.1 Amps,
a 12-volt, 2.5 Amps switch mode
block supply is used, with a linear
regulator providing 5 volts for the
panel electronics. Monitor power
connections are made using 2.1mm
plugs and sockets. This allows the
monitors to be used elsewhere if
necessary using Sony type BP90
batteries, or NP1 batteries with

an adapter.

<5 L" \

/AUX BANK
SELECTION

Metalwork

The rack unit uses a proprietary tray,
standard 3U panel and a purpose built
rear panel. As previously mentioned,
the receiver card is mounted directly
on the rear panel, as are the TX and
Next Event output serialisers. The
rest of the electronics siton a
motherboard mounted in the base of
the tray. The three M/E cards are
plug-in, using DIN41612 connectors,
the switcher cards are also plug-in,
and other cards are mounted on the
motherboard and connected using
Molex or IDC ribbon interconnects.
This has made for a remarkable
degree of flexibility, very desirable in
what is an experimental unit.

One of my former colleagues, now
in the metalwork business, very
kindly offered to make the control
panel. He also replicated the
Maplin’s monitor boxes, saying that
it was as easy to build from scratch as
to pierce an existing box.

Conclusions

It is very gratifying when a project
succeeds in all its objectives. Perhaps
only someone who has had to
struggle with designing, aligning and
setting up analogue component video
mixers can appreciate the complete
absence of ‘tweaking’ in the digital
equivalent. If it is assembled (and
designed!) correctly, it works!

Every piece of kit has to have a
name, and as the architecture of this
mixer is very similar to the 841 of
blessed (?) memory, it is called the
841SDI.

This has been a challenging 18
months spent designing, proving and
laying out circuit boards. The most
costly parts of the process have been
circuit boards. A total of 12 different
types of board have been made, all
double-sided, with colander ground
plane where at all possible. The
motherboard was the trickiest, with
the interconnection to and between
the M/E cards the most complex. I
must confess to cheating, in that
some of the inputs are done in wire-
wrap wire. Tracking from three 84-
pin PLCC sockets to the M/E
connectors was too difficult on a two-
layer board. A handbook of sorts has
been produced, highly essential if one
is to keep track of modifications
along the way. Major vision mixer
manufacturers such as Grass Valley
or Ross have nothing to worry about,
as this is definitely not a commercial
project.

Finally, I must thank a few people
such as Tony Frere and Andy Eden
of DT Electronics, who helped with
the supply of Gennum and Logic ICs
and Veetronix push buttons; Graham
Barker of Fastform for his panel
making skills; PC Designs for their
efforts in the PCB making area; and
Phil White, IBC’s Technical
Resources and Events Chairman,
who suggested the project in the first
place. I must also thank Sheila, my
wife, for her patience, particularly at
tricky moments when the air got a bit
blue and the cats were scared.
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Graham Maynard’s

Glass-
iImagineering: Part 3

investigation into loudspeaker induced amplifier

distortion continues; here his simulations match some previously reported

subjective findings

doubting whether I have

conclusively illustrated how
microsecond delays and the small
quadrature potentials which reactively
develop, go on to behave as I suggest
and integrate to cause what I describe
as a smearing of amplifier output in
both amplitude and time, which then
subsequently affects the sonic
character, rightful position and
stability of a reproduced sound stage
image. However, we must remember
that the transient errors caused by
crossover filter section components
and lower frequency drivers are due
to entirely natural characteristics
which act most significantly over tens
of microseconds - long enough time
frames to develop higher audio
frequency potential changes — which
thereby become capable of modifying
tweeter drive due to their parallel
action upon any interposed series
impedance between the loudspeaker
system itself and a low output
resistance NFB loop controlled
amplifier. Nor should we forget that
some of these reactively generated
back EMFs can be due to
loudspeakers having become excited
by waveforms that have gone before,

I could understand some readers still

Figure 7: the circuit for but which may no longer be

examining tweeter
drive error at 2.5kHz.

30y
o L
11

observable, or, worse from an

amplifier’s output powering
viewpoint, have become shifted
completely out of phase with driven
waveform at its NFB loop controlled
output node.

Series output chokes
For this reason, I simulate using the
circuit of Figure 7, effects that the
commonly used series output choke
can have upon tweeter drive due to
none other than its insertion between
a low impedance amplifier output
node and a loudspeaker system, as
exampled here both with and without
the additional connection of
paralleled twin mid-bass drivers and
their associated crossover plus driver
compensation and impedance
correction components which are
essential for properly balanced full
range reproduction.

Here the most significant back EMF
induced errors shown in
Figure 8, arise during the first 90
degrees of 2.5kHz sinewave amplifier
drive. The combination of loudspeaker
system components acting throughout
their initial ‘transitory’ inductive delay
and settlement periods have reactively
generated the completely separate,
different slew rate, parasitic and
tweeter modulating, error waveforms
illustrated.
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Figure 8: The higher energy tweeter
driving error components caused by
2.5kHz excitation of parallel
connected crossover section circuitry.

The simulated ‘CHOKE mV’ trace
of Figure 8 illustrates the effect upon
Tweeter-2 of the treble-section
reactance interacting with current
flow through a 6uH//8.2Q series
output choke. This causes an initial
negative error (minute delay wrt
direct connection), with a natural
(catch-up) settlement of crossover
section voltage development, plus an
overshoot that is determined by the
treble section components themselves
and which hopefully is properly
electrically damped, as here and
reasonably so by the series connected
2u2F+6.2Q. After 100us, there
remains a minute but phase shifted
steady state ‘undistorted’ residual.
Note that this is not the actual voice
coil waveform apparent at Tweeter-2
itself, but what is equivalent to a
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series output choke insertion error
development due to the crossover-
section loading and back EMF
generation, when compared with the
directly connected Tweeter-1 option.

The waveform appearing at
Tweeter-1 is already crossover
section modified, and although less
accurate and more poorly damped
than it could be with a line-level
signal crossover and direct connection
between amplifier and driver, it
remains useful as a directly connected
reference. The waveform at Tweeter-
2 has been series output choke
modified during the first 90 degrees
of 2.5kHz drive due to approximately
4uS of treble-section crossover to
output choke lead-dividing wrt the
amplifier, followed by an entirely
natural settlement between the series
output choke, section components and
the driver itself. The induced error
has been reactively modified by the
treble crossover section, and this
clearly indicates a complex inter-
reaction; the less reactive a treble
driver and its section components,
then the less image distorting the
resulting electrical delay and
overshoot error will be.

The Figure 7 test circuit also
illustrates the way in which a parallel
connected mid-bass driver section
with additional but necessary
impedance correction circuitry can
further affect tweeter output when an
amplifier incorporates a series output
choke; see the ‘DIFF mV’ trace
simulated in Figure 8. Here
capacitive loading of the additional
mid-bass inductors, has separately
divided a fraction of amplifier output
potential across the series output
choke; there is a lower level, but
longer acting delay, circa 20uS, plus
an entirely separate natural recovery
into the undistorted steady state
2.5kHz sinewave at Tweeter-3, wrt
Tweeter-2. The now compositely
utilised Tweeter-3’s transient
response has been additionally inter-
reactively modulated by no more
than the parallel connection of mid-
bass driver and compensation
components, such that the tweeter
potential now carries a quite
separately generated component from
the mid-bass section, which looks
like almost 4mV of a more highly
energetic third harmonic wavelet,
before it too runs into its own
steady sinewave residual, again from
100us onwards.

The ‘ERROR mV’ trace in Figure 8
shows the combined effect of
waveform distortion at Tweeter-3
when compared to the directly
connected drive of Tweeter-1. Both
crossover section error contributions
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are identifiable; though they result
from different crossover section
delays with differently timed
overshoot errors that increase in
amplitude with frequency until each
runs straight into phase shift. Both
sections contribute to the generation
of a characteristic leading edge
‘output choke’ induced sound that is
discernible on sibilants, transients,
etc. Here, where the crossover driven
tweeter has its own -12dB (steady
state) first half cycle 2.5kHz
contribution at approximately 200mV
(dynamic), there is a more clear
illustration of dynamically induced
transient distortion than the steady
state and common ground sensing
illustration of Part 2, Figure 4
suggests; this being followed by a
reactive ‘catch-up’ plus overshoot
that is akin to those illustrated in Part
2, Figure 6, though generated via
more realistic crossover-driver
inductances with their longer self
delay periods.

We are very unlikely to hear these
errors on a single sinewave start-up,
but when their relatively frequency-
constant crossover-section induced
effects are repeatedly superimposed
upon wide ranging music waveforms,
they are likely to engender an audibly
recognisable sonic affectation, and I
suggest that readers might listen for
these sorts of differences for
themselves by inserting a small
inductance in series with their
loudspeakers. Also, it is not as if the
mid-bass driver can itself generate a
matching contribution that will
correct tweeter output, because the
short time delay which creates the
induced tweeter error arises more
quickly than the mid-bass driver is
capable of responding unless directly
connected in the first place;
waveform changes arise more
speedily than the mid-bass-section
can itself react.

I have no doubt that the
reproduction from Tweeter-1 could
have been deemed reasonable in its
own right, but the reproduction via
Tweeter-3 will be notably different
due to additional leading edge
modulation by what is not just a
normal-forward output choke delay
induced error, but almost 100uS of
mixed and reactively induced-
reverse, and no longer phase linearly
damped, circuit inter-reaction.

I note that;-

@ the timing and frequency of the
differently delayed ‘transient’
waveform settlements into steady
state are due to individual crossover-
section characteristics, not the series
output choke;

@ the crossover-section inductor-

capacitor delay induced error
increases with frequency until it runs
straight into phase shift;

o the natural frequency at which
each individual crossover-section
becomes momentarily excited does
not change with start-up frequency,
and thus repeated dynamically
induced affectations become a
noticeable superimposition;

@ also, the cross-coupling between
excited crossover-sections, and the
loss of phase linear amplifier
controlled reactance damping,
increase with the value of any
amplifier’s series
amplifier+choke+lead inductance.

Reproduction fidelity
We could go round and round in ever
increasing circles discussing the
fundamentals of transients -
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