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Circuit Ideas

@ 6 Y bit DAC using four output pins

@ Long delay timer using one 555

@ Audio level and peak metering

@ High voltage, simple and fast inverter

@ Electronically tuneable active only oscillator




Quality second-user
test & measurement
equipment

elne

Hewlett Packard 3314A Function Generator 20MHz
Hewlett Packard 3324A synth. function/sweep gen. (21MHz) £1950

£750

Radio Communications Test Sets

JELNET

Hewlett Packard 3325B Synthesised Function Generator £2500 Agilent (HP) 8924C (opt 601) CDMA Mobile Station T/Set £8500
Hewlett Packard 3326A Two-Channel Synthesiser £2500 Agllent (HP) EB285A CDMA Mobile Station T/Set L0
H.P. 4191A R/F Imp. Analyser (1GHz) £3995 Anritsu MT8802A (opt 7) Radio Comms Analyser (300kHz-3GHz) £8500
H.P. 4192A L.F. Imp. Analyser (13MHZ) £4000 Hewlett Packard 8920B (Opts 1,4,7,11,1 2) £6750
Hewlett Packard 4193A Vector Impedance Meter (4-110MHz) £2900 Hewlen.Packard 8922M + 83220E 22200
Hewlett Packard 4278A 1kHz/1MHz Capacitance Meter £3500 Marconi 2955 / 2955A from £1250
H.P. 53310A Mod. Domain Analyser (opt 1/31) £3950 Marconi 2955B/608 23502
Hewlett Packard 8349B (2 - 20 GHz) Microwave Amplifier £2000 Marconll 2955R - E;ggo
Hewlett Packard 8904A Multifunction Synthesiser (opt 2+4) £1750 Motorola R2600 £
Hewlett Packard 89440A Vector Signal Analyser (1.8GHz) Racal 61053 (optst, 2'\)/”: 55000
opts AY8, AYA, AYB, AY7, IC2 £9950 R°:"e & C:Wafz S DP27 o %o ‘ggg
Agilent (HP) E4432B (opt 1E5/K03/H03) or (opt lEM/UK6/UNS) 2°hge : §°hwa’2 ng 950 ((28‘: )‘bz‘gfv 19, 42, 43, 61) ggggs
(250kHz - 3GHz) £6000 O e £
Marconi 6310 - Prog’ble Sweep gen. (2 to 20GHz) — new £2500 F*O:fe & Schwarz 9MTA494 (GSM) gggg
Marconi 6311 Prog’ble sig. gen. (10MHz to 20GHz) £2995 oSl e . e
Marconi 6313 Prog’ble sig. gen. (10MHz to 26.5GHz) £3750 chlumberger Stabi ng OMO oy ggg
R&S SMG (0.1-1GHz) Sig. Generator (opts B1+2) £2500 Wavetek 4103 (GSM 900) Mobile phone tester o
Rhode & Schwarz UPA3 Audio Analyser £1500 Wavetek 4032 Stabilock Comms Analyser £4000
Rhode & Schwarz UPA4 Audio Analyser £2500 Wavetek 4105 PCS 1900 GSM Tester £1600
Fluke 5800A Oscilloscope Calibrator £8995 MISCELLANEOUS
OSCILLOSCOPES Agiinet (HP) 5343A Microwave frequency counter 26.5GHz £1500
Agilent (HP) 54510B 300MHz > -> 1GS/s 2 channel £1250 Agilent (HP) 8656A / 8656B 100kHz-990MHz Synth. Sig. Gen. from £600
29!:%; g:g; gzgggg :ggm:z i(ghgf)‘"f;' dlglta: — Efggg Agilent (HP) 8657A/ 8657B 100kHz-1040 or 2060MHz from £1250
gzt b A2 Elk il el Agilent (HP) 8644 A (opt 1) 252kHz - 1030 MHz Sig.Gen. £4500
:g;:e:: g:g; gzg}gg gggmi 322;‘""9" d'gl'éa'r g;gg Agilent (HP) 8664A (opt 1 + 4) High Perf. Sig. Gen. (0.1-3GHz) £10500
grle g channg) cojou Agilent (HP) 8902A (opt 2) Measuring Rxr (150kHz-1300MHz) £7500
Agilent (HP) 546450 DSO/Logic Analyser 100MHz 2 channel £2750 ) . 3
Hewlett Packard 54502A - 400MHz — 400 MS/s 2 channel £1600 Agilent (HP) 89708 (opt 020) Noise Figure Meter B
Hewlett Packard 54520A 500MHz 2ch £2750 Agflent (HP) EPM 441A (opt 2) single ch. Power Meter £1300
Hewlett Packard 54600A - 100MHz ~ 2 channel £675 Agitent (HP) 6812A AC Power Source 750VA £2950
Hewlett Packard 54810A 'Infinium’ 500MHz 2ch £2995 Agilent (HP) 60638 DC Electronic Load 250W (0-10A) £1000
Lecroy 9304A 200MHz > -> 100MS/s 4 channel £600 Anritsu MG3670B Digital Modulation Sig. Gen. (300kHz-2250MHz) £4250
Lecroy 9310CM 400MHz - 2 channel £2250 EIP 545 Microwave Frequency Counter (18GHz) £1000
Lecroy 9314L 300MHz - 4 channels £2750 EIP 548A and B 26.5GHz Frequency Counter from £1500
Lecroy 9450A 300MHz > -> 400MS/s 2 channel £1400 EIP 575 Source Locking Freq.Counter (18GHz) £1200
E:!:!ps gﬁg\géwg{%% ° Dté%loc’aa/nnek . g:‘;gg EIP 585 Pulse Freq.Counter (18GHz) £1200
ips 1 Z - $/§ - 4 channe Juk A B Si . -1 M 9
Philips PM3350A - 60MHz »-> 100MS/s 2 channel £750 E:nreagofgsﬂa%dss/ﬁ;ggatgs & ;g‘:z 050MHz -
Philips PM3380A 100MHz - 100MS/s Combiscope 2 channel £1300 Gi lcs 8541C P M 80350A Peak P s £1250
Tektronix 2220 - 60MHz - Dual channel D.5.0 £850 Igatronlc i8S e e e gy e e S
Tektronix 2221 - 60MHz - Dual channel D.S.0 £850 Gigatronics 8542C Dual Power Meter + 2 sensors 80401A £1995
Tektronix 2235 - 100MHz - Dual channel ' £500 Hewlett Packard 339A Distortion measuring set £600
Tektronix 2245A - 100MHz - 4 channel £700 Hewlett Packard 436A power meter and sensor (various) from £750
Tektronix 2430/2430A - Digital storage - 150MHz from £1250 Hewlett Packard 438A power meter - dual channel £1750
Tektronix 2445 - 150MHZ - 4 channel +DMM £850 Hewlett Packard 3335A — synthesiser (200Hz-81MHz) £1750
Tektronix 2445/2445B - 150MHz - 4 channel £800 Hewlett Packard 3784A - Digital Transmission Analyser £2950
$ektronix 5363858246?\&2:65088-0302M:z/350MHz 4 channel from Eggg Hewlett Packard 37900D - Signalling test set £2500
ektronix 10 50MHz - 2 channel Hewlett Packard 4274A LCR Meter £1750
Tektronix TDS 420 150 MHz 4 channel £950 Hewlett Packard 4275A LCR Meter £2750
19‘;:’0"!" L’?g f?é’i&?ﬁﬂ”z 4'3‘9:3' 0?°"'°T'C°De fgggg Hewlett Packard 4276A LCZ Meter {100MHz-20KHz) £1400
T‘ékt:g::i oY OMsz ) 2‘; hi'l'ﬁl i‘j'i‘;n‘;?“e o Hewlett Packard 5342A Microwave Freq.Counter (18GHz) £850
. = Hewlett Packard 5385A - 1 GHz Frequency counter £495
;:tgg::i 132 333 A2 g%m:iz _2 4c Zig:ﬁle?gigiltlal Sggg Hewlett Packard 83508 - Sweep Generator Mainframe £1500
Tektronix TDS 5408 500MHz - 4 channel digital £2500 Hewlett Packard 8642A — high performance R/F synthesiser (0.1-1050MHz)  £2500
Tektronix TDS 640A 500MHz - 4 channel digital £2700 Hewlett Packard 89018 - Modulation Analyser £1750
Tektronix TDS 744A 500MHZ - 4 channel digital £4250 Hewlett Packard 8903A, B and E - Distortion Analyser from £1000
Tektronix TDS 754C 500MHz - 4 channel digital £4500 Hewlett Packard 11729B/C Carrier Noise Test Set from £2500
Hewlett Packard 85024A High Frequency Probe £1000
SPECTRUM ANALYSERS
Hewlett Packard 6032A Power Supply (0-80V)-(0-50A) £2000
Advantest 4131 (10kHz - 3.5GHz) £3000 Hewlett Packard 5351B Microwave Freq. Counter (26.5GHz £2750
Agilent (HP) 3562A Dynamic Signal Analyser - Dual Channel £3500 Hewlett Packard 5352B Microwave Freﬂ. Counter &OGHZ) ) £5250
29"“‘ (“;’) 35662‘* {opt. 12°‘)T°“E,' ChGDV"ag""C_‘ S'g"aéﬁ‘"a'yse' ggggo 1FR (Marconi) 2051 {opt 1) 10kHz-2.7GHz Sig. Gen. £5000
g!lent (HP) 85604 (opt 002 - Tracking en.) S0Hz -2.9GHz 0 Keithley 220 Programmable Current Source £1750
Agilent (HP) 8560E (opt 002 - Tracking Gen) 30Hz - 2.9GHz £8995 Keithley 228A Prog'ble Voltage/Current Source IEEE £9950
Agilent (HP) 8593E (opt 41/105/130/151/160) 9kHz - 22GHz £12000 eitiey e 9 Y S = =
Agitent (HP) 8594E (opt 41/101/105/130) 9kHz - 2.9GHz £4250 ey 2t (el Il = e MBS Ll =
Agilent (HP) 8590A (opt H18) 10kHz - 1.8GHz £2500 Keflhiey 486/487 Picoammeter (+volt.source) £1350/£1850
Agilent (HP) 8596E (opts 41/101/105/130) 9kHz - 12.8 GHz £8000 Keithley 617 Electrometer/source £1950
Hewlett Packard 3582A (0.02Hz - 25.5kHz) dual channel £1500 Keithley 8006 Component Test Fixture £1750
Hewlett Packard 3585A 40 MHz Spec Analyser £3000 Marconi 6950/6960/6960A/6970A Power Meters & Sensors from £400
Hewlett Packard 35858 20 Hz - 40 MHz £4500 Philips 5515 - TN - Colour TV pattern generator £1400
Hewlett Packard 3561A Dynamic Signal Analyser £3500 Philips PM 5193 - 50 MHz Function generator £1350
Hewlett Packard 8568A -100kHz - 1.5GHz Spectrum Analyser £3500 Rohde & Schwarz FAM (opts 2,6 and 8) Modulation Analyser £2500
Hewlett Packard 8530A (opt 01, 021, 040) 1MHz-1.5MHz £2500 Rohde & Schwarz NRV/NRVD Power meters with sensors from £1000
:zx::g Eggtg:g g;g_)gﬁ 3?\](;1::(2”;(iig;;?tgo;éar;e)ﬂyser giggg Rohde & Schwarz AMIQ I/Q Modulation Generator 2 channel £3500
0 > Rohde & Schwarz SMIQ 03B Vector Sig. Gen. 3.3GHz £7000
s R b el AU S ctwork B (S0 Stanford Research DS360 Ultra Low Distortion Function gen. (200kHz) £1400
Hewlett Packard 8753B+85046A Network An + S Param (3GHz) £6500 ; g
Hewlett Packard 8756A/8757A Scaler Network Analyser from £900 Tektronix AM503 - AM503A - AM503B Current Amp’s with M/F and probe from £800
Hewilett Packard 8757C Scalar Network Analyser £3500 Tektronix AWG 2021 Arbitrary Waveform Gen. (10Hz-250MHz), 2 ch. £2400
Hewlett Packard 70001A/70900A/70906A/70902A/70205A - 26.5 GHz Wayne Kerr 3245 - Precision Inductance Analyser £1750
Spectrum Analyser £7000 Bias unit 3220 and 3225L Cal.Coil available If required. (P.O0.A)
Tektronix 492P (opt1,2,3) 50KHz - 21GHz £3500 W&G PCM-4 PCM Channel measuring set £3750
Tek 496 (9KHz-1.8GHz) £2500 W&G PFJ-8 Error & Jitter Test Set £6500

All equipment is used - with 30 days guarantee and 90 days in

some cases.
Add carriage and VAT to all goods.

1 Stoney Court, Hotchkiss Way, Binley Industrial Estate

Coventry CV3 2RL ENGLAND

Tel: 02476 650 702
Fax: 02476 650 773
Web: www.telnet.uk.com :
Email: sales@telnet.uk.com "
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3 COMMENT

A late developer

4 NEWS

@ Digital spectrum analyser chip could change
test gear

@ Nanotech gets funding boost

@ Computer becomes a music buff

@ Facility opens for systems engineers

@ Electrons get in a spin

@ Tiny atomic clock size of grain of rice

@ Phone gets a hard drive

® CW transmission and detection at terahertz

@ Chill runs through high energy physics

@ Mine hunters meet a robot deminer

@ Lasers make mice better

® Crimewatch in the UK

@ Many lasers make light work

@ Pilotless plane takes electronics for a ride

10 CLASS-A IMAGINEERING:
PART 6

Graham Maynard concludes his investigation into
loudspeaker back-EMF induced amplifier
distortion and hopefully has answered the ‘why
does Class A sound better’ question

26 SIMULATING POWER
MOSFETS

In this second part of a series using the Micro-
cap6 software, Cyril Bateman introduces a
method by which any Spice user can ‘hand carve’
power MosFet models
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Spice (Simulation Program with Integrated
Circuit Emphasis) was originally developed
around 1968. Recently, the number of programs
offering Spice simulations has increased.
Alistair Macfarlane of Electric Fields Design
Consultancy, a long term Spice user, reports

ADVANCED RF HARMONIC
THEORY... IN PRACTICE

Opamp and ADC technology have progressed so
far that they have outreached high-resolution
harmonic distortion measurements. A fresh look
is needed at the practical aspects of the
measurement process, allowing designers to
debug their latest creations.

Leslie Green CEng MIEE investigates

CIRCUIT IDEAS

@ 6 % bit DAC requires only four output pins
@ Long delay timer using only one 555 chip

@ Audio level and peak metering

@ High voltage, simple and fast inverter

@ Electronically tuneable active only oscillator

LETTERS

Nutters
Curious result
Hybrid amp
Cottaging
Catt’s litter
Pseudo science
Not me guv

NEW PRODUCTS

The month’s top new products

WEB DIRECTIONS

Useful web addresses for electronics engineers

1



In line with our policy of producing top quality
products at amazing prices we have reduced the price
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Olson Electronics Limited
490 Honeypot Lane, Stanmore,
Middiesex HA7 1JX
Fax: 020 8952 1232
e-mail: sales@olson.co.uk
http://www.olson.co.uk
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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 @ £22.65 ea. Nett
5 Sockets 13A/5/R @ £24.99 ea. Nett

6  Sockets 13A/6/R @  £27.57 ea. Nett

sl ( Sockets 13A/7/R @ £30.96 ea. Nett

Vertical
4 Sockets T13A/4 @ £20.25 ea. Nett
) Sockets T13A/6 @ £24.60 ea. Nett
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
(] Sockets 6LH/MS @ £24.60 ea. Nett
8 Sockets 8LH/MS @ £31.47 ea. Nett
10 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 5RH/MS @  £23.37 ea. Nett
6 Sockets 6RH/MS @  £24.60 ea. Nett
~ 8 Sockets 8RH/MS @  £31.47 ea. Nett
~ 10 Sockets 10RH/MS @  £34.95 ea. Nett
12 Sockets  12RH/MS @  £39.62 ea. Nett

CALL OUR SALES HOTLINE

S / s
)A) 3990 53
gy J ~ B
This promotion cannot be used in association with any other

discount or offer. Olson Electronics Ltd reserve the right
to change the price without prior notice.
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A late developer

FID is surely a technology that is
R?bout to explode and proliferate

into every sphere of modern life. I
have been keeping a weather eye on this
topic for about fifteen years, since
involved, while with Plessey/Siemens, in
a study into the feasibility of using
Radio Frequency IDentification tags to
keep track of children in theme parks. A
practical problem - several get lost every
day and one or two a year get lost
permanently - it is a difficult application
for the technology, due to the range
required. In retailing, a tag is only
required to operate over a short range, a
few metres at most.

One of the problems holding back wide
scale application of RFID tags has been
that of standardisation. It would be a
great disadvantage if Europe, the US and
Asia went their different ways, with
mutually incompatible systems.
Fortunately international co-operation is
on its way, driven by the needs of
industry and commerce. For keeping
track of pallets for the transfer of goods,
EPCglobal Inc. is developing the
proposed the EPCglobalG2 standard.
This uses a 96 bit format, and tags using
this format are already available, with
read and write operating ranges up to a
few metres, while operation at UHF
permits multiple tags to be read/written
per second without collisions.

I don’t have details to hand of the
allocation of the 96 bits to headers, serial
numbers etc. but 2% is a seriously large
number, about 7.922816244 x1028!
Major concerns, both commercial and
governmental, are mandating the use of
RFID technology, with Wal-Mart, Tesco,
US D.O.D and others requiring its use in
their supply chain and logistics systems
as early as 2005. And in the EU, new
regulations will require the use of tags to
keep track of individual animals such as
beef herds etc. with the system already
proven by pilot trial schemes. Tags
complying with ISO 11784/85 were
placed subcutaneously in each animal,
allowing it to be tracked at various points

during its lifetime, and after. Knowing
where the beef the housewife buys comes
from, should boost her confidence - and
sales - in the view of past catastrophes
such as scrapie, BSE, foot and mouth
disease, etc.

Another burgeoning RFID application
is smart tickets, which can be loaded
with credit like a phone card, and
debited automatically, in accordance
with the journeys undertaken by the
holder. Card readers on the various
forms of transport could simplify matters
by enabling a traveller to make a journey
involving both buses and trains, without
the need for a through-ticket or separate
tickets for each stage. Already trialled in
Perth, Australia, it is shortly to be tried
out on the Seattle mass transit system.

Other applications abound, and Jo(e)
Public will have to get used to tags
appearing everywhere, whether he or
she likes it or not. For instance, tags in
clothes may cause the washing machine
to inform you of the right programme to
use for each, while tags on food packs
may enable the smart fridge to warn you
when you are running low on butter, or
eggs, or milk... In time it will become
as difficult to buy a ‘dumb’ fridge or
washing machine as it is now, for those
with a ‘keep it simple - less to go
wrong’ philosophy, to buy a car without
central locking.

Much more on RFID tag technology
and applications can be found in the
Philips publication ON THE MOVE,
Identification News, Volume 6 Issue 3,
September 2004. Philips’ World News,
Volume 13 Number 3, September 2004
also covers the topic, with other useful
and interesting articles such as
Bluetooth/WLAN intercommunication,
hands-free car phones, class D amplifiers
and electronic ink, among others.

lan Hickman
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Digital spectrum analyser chip could change test gear

Isle of Wight-based RF Engines
has produced a digital
intermediate frequency (IF) chip
for use in spectrum analysers.

Called ‘SpectraChip IF’, it “is
a digital replacement for
analogue IF filtering used in
current spectrum analysers” said
RFEL, which specialises in DSP
firmware for FPGA
programmable logic. “It
provides a digital
implementation of all the
standard features, such as
resolution bandwidth filtering,
video bandwidth filtering and
conversion to log power.”

Resolution bandwidth is 10Hz
to 3MHz in 1-3-10- steps and
video bandwidth is 1Hz to
1MHz in 1-10- steps.

Test equipment makers can
license SpectraChip IF from
RFEL as an off-the-shelf design,
although the firm has to
customise interfaces for
individual customers. “The
standard design will fit
comfortably into the Xilinx
Spartan3 1000 FPGA device

Sweep
Generator

RFEL SpectraChip Digital IF on Low Cost FPGA
Traditional RF | L >—>/\/ Fixed
Front- End —* ADC [~ ®® ﬂ%_, +Q _,%-—’ Log Fz:at
Y
* tt RBW Convert vBw Convert
| To To Log
Fs Digital Power Power
Down
Convert
Y
l |
A
_/L = — » Display

costing less than $100,” said
RFEL. “It consumes a mere
0.5W in operation, or
significantly less in the power
save mode.”

In this form, the FPGA
expects a digitised IF signal
centred at 21 4MHz with a
signal bandwidth of up to
10MHz - although other IF
frequencies and signal

‘Free’ real-time spectrum analysers

While RF Engine’s
SpectraChip IF is a
replacement for existing
spectrum analyser IF strips,
adding an ADC and an FPGA
raises the prospect of real time
spectrum analysis with no
extra hardware costs.
Traditional spectrum analysers
sweep a filter through the
spectrum to develop their
amplitude verses frequency
display, missing activities at
frequencies either side of the
instantaneous sweep
frequency.

Real-time spectrum analysers
continuously pull in the entire
spectrum of interest, missing
nothing, and are extremely
expensive.

According to RFEL, with the
right firmware a Xilinx

bandwidths can be
accommodated.

In addition to the FPGA,
spectrum analyser designers will
also have to include a fast
analogue to digital converter
(ADC). Together “we estimate
these will cost 50 per cent of the
analogue equivalent; based on
the limited information we can
get from our customers”, said

A ‘waterfall’ plot of a Bluetooth signal captured in real time by RFEL’s
SpectraChip MHz’ prototype real-time spectrum analyser chip.

Spartan3 1000 FPGA could
take a 5MHz band and
measure the instantaneous
amplitude in 4,000 separate
frequency bands, known as
bins, within this.

RFEL is working on such
firmware, for a product to be
know as ‘SpectraChip MHZz'.
“Standard Gaussian shape
filters can be used to produce
a standard spectrum analyser

sales executive Simon Underhay.

Dynamic range is restricted to
around 85dB by available ADCs.
SpectraChip can “match any
dynamic range the customer
requires”, said Underhay.

The product has already been
licensed by one test gear firm,
with another expected to sign
soon, said Underhay.

www.rfel.com

effect, or higher specification,
flat top, low transition band
filters can be used to achieve
power measurement accuracy
and good frequency
isolation,” said RFEL.

As no human can possibly use
4,000 simultaneous channels
of data at 5MHz, SpectraChip
MHz includes a trigger facility
to record waveforms at all
frequencies before and after a
trigger event at a particular
frequency. See the blue
diagram for one way of
displaying this data. Averaged
displays are also possible.
Beyond this, SpectraChip
GHz is under development. In
a very large fast FPGA, with a
1Gsample/s ADC, this will
capture 16,000 bins at
500MHz.

ELECTRONICS WORLD November 2004




Nanotech gets funding boost

The Government has released
the first tranche of its £90m
funding for nanotechnology
projects in the UK.

The Department of Trade and
Industry has made £15m
available to 25 projects,
spanning anti-corrosion coatings
to electronics and printing.

“Nanotechnology is an
important and exciting
emerging technology, one that
has the capacity to improve
daily life for us all. It is about
designing new products and
improving existing ones by
making things much smaller,
faster, stronger, or more energy
efficient,” explained DTI
minister Nigel Griffiths.

The Government is also
making £70m available for
nanotechnology through the

Research Councils and has set
up the UK Micro and
Nanotechnology Network to
support firms moving into this
area. “We want to help
organisations turn ideas into
reality, helping create jobs and
prosperity for companies in the
UK,” Griffiths added.

Grants awarded under the
scheme total up to 50 per cent of
a project’s total value.

Some high profile projects
have won funding under the
scheme, including Trikon
Technology from South Wales.
It has received over £1.5m to
help develop an ion beam
deposition tool for creating
magneto-resistive RAM.

Meanwhile Teraview from
Cambridge has over £1m from
the fund to continue work on its

Terahertz imaging systems.
These could revolutionise the
detection of cancers.

Two firms — Insight Faraday
from Runcorn and Mast Carbon
from Guildford, are working on
fuel cells.

Qinetiq in Malvern has won
funding for molecular gas
sensors and for narrow bandgap
spintronic devices.

Other projects include
improved power electronics
contact technology by Dynex
Semiconductor; low temperature
polymer embossing by Applied
Microengineering; and nanotube
and nanowire production at
Thomas Swan.

A £3m grant has also been
given to INEX, a microsystems
and nanotechnology facility for
industry based in Newcastle.

Support network for
Yorkshire firms

Yorkshire electronics firms are
getting their own support group
that hopes to promote growth
and job creation in the Yorkshire
and Humber region.

Electronics Yorkshire is a not-
for-profit limited company that
will establish a network of
experts able to provide support
to new and existing companies.

“This is a serious opportunity to
bring real and tangible benefits to
the electronics industry in our
region,” said Arthur Gillatt, chief
executive of Electronics Yorkshire.

The group will also take control
of the Training and Technology
Centre in Bradford, moving it to
Leeds in the process.

“The Network and the new
Technology and Training Centre
are the first steps in ensuring
Yorkshire and the Humber’s
electronics companies have a
brighter future,” Gillatt added.

Electronics Yorkshire is funded
by Yorkshire Forward and the
Learning and Skills Council.
Firms wishing to join the group —
free of charge — contact Dave
Williams on 0113 274 4270.

Computer becomes a music buff

Researchers at the universities of
Southampton and Vienna have
demonstrated that the complex
and individual performance styles
of concert pianists can be
modelled in unique ‘performance
alphabets’, providing a method of
recognising their performance
styles by computer.

“Concert pianist Glenn Gould
had a unique and instantly
recognisable performance style,
for which he is rightly
renowned,” said Southampton.
“Indeed, the extent to which
pianists such as Gould, Horowitz
and Uchida have a discernibly
individual style of playing is
recognised not just by classical
music aficionados, who can hear
the differences, but also by
computers, which can analyse the
differences and model them.”

Vienna researchers measured
tempo and volume when the
same Mozart sonatas were
played by Glenn Gould, Daniel
Barenboim, Andras Schiff,
Mitsuko Uchida, Roland Batik,
and Maria Joao Pires.

Professor John Shawe-Taylor of
the University of Southampton
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School of Electronics and
Computer Science led the analysis.

“Different players have different
ways of building tension or
expression in the music,” said
Shawe-Taylor, “and they [Vienna
researchers] represent this raw data
for every note and progression of
the music as a trajectory, which
can be represented visually in
tempo-loudness space as a
‘performance worm’.”

The novel analysis techniques
applied to the performance worm
data at the University of
Southampton were able to
distinguish the different
performers based on a relatively
small sample of their
performances.

On a speculative note: “We are
seeking common patterns across
two different ways of looking at
an event,” Shawe-Taylor said.
“On the one hand we have the
musical score, and on the other, its
interpretation by an individual
concert pianist.” If these two could
be combined “then we might be
able to generate aspects of a
Horowitz performance of a piece
that he had never actually played”.

Facility opens for
systems engineers

Loughborough University has
opened its £60m Systems
Engineering Innovation
Centre (SEIC), which com-
bines training and research
for systems engineers.

The centre is already com-
mitted to training 1,000
engineers from BAE Systems
by 2005.

Opening the centre, Minister
for Science and Technology
Lord Sainsbury said:
“Innovation - turning new
technologies and ideas into
commercially successful
products - is the key to
business success. Partnership
working between academia
and industry is vital if we are
to capitalise on our world-
class science and technology
base and pull through
knowledge from the lab to
the business bottom line.”
Joining the University and
BAE is the East Midlands
Development Agency,
making SEIC a unique
collaboration between
academia, industry and a
regional authority.

UK firms working in areas
such as aerospace, automo-
tive, food and drink process-
ing, medical technologies
and clothing and textiles will
benefit, said the centre.

Demand for training in
systems engineering is
expected to be high. The
SEIC highlighted a
Department for Education
and Skills report which said
the UK would need 270,000
engineering professionals by
2010. Up to 45,000 engi-
neers will need to be trained
each year to meet that
demand.

At the SEIC, some 30 jobs
will be created in the first two
years, with up to 45 in the
longer term.



Lay it on thick

A technique to form layers of
ceramic film at room
temperature on printed circuit
boards has been developed by
Fujitsu Laboratories.

The process could be used to
produce high quality passive
components, particularly
capacitors in microwave
applications, on standard
FR4 PCB:s.

Along with Japan’s National
Institute of Advanced Industrial
Science and Technology
(AIST), Fujitsu developed two
technologies; formation of low
temperature ceramic films and
multi-layering of those films.

To create the films, the
developers used an aerosol
deposition, with a gas spraying
ceramic powder at high speed
onto the board.

Ceramic film

Copper electrode

By using ceramics with
“unstable surface
characteristics”, films can be
created at room temperature,
claimed Fujitsu.

Ceramic films have been
created with dielectric constants
of 400, some ten times higher
than existing techniques which
combine ceramic materials with
the resin of the board.

Similar results are obtained by
sputtering ceramic onto the
boards, but this requires high
temperatures up to 600°C,
impractical for low cost FR4
boards.

Fujitsu said three layer
devices made using the films
have a capacitance per unit area
of 300nF/cm?.

Ivar Martin, a researcher at the
Los Alamos National Lah

The spin of a single electron in a
silicon transistor has been
observed by researchers from the
University of California.

Working at the Los Alamos
National Lab in the US, the team
found a way to convert the spin
of a single electron in the gate
oxide layer of a Fet into a
charge. This charge could then
be measured by the Fet.

“We believe this is a
significant advance in the field
of quantum physics. The more
that the fields of science and
engineering learn about the
enigmatic physics of electron
spin, the more we will be able to
use that knowledge in the future
to create nanoscale technologies
like spin electronic and quantum

Electrons get in a spin

computers, that are based on
electron spin control,” said Los
Alamos scientist Ivar Martin.

Future electronic systems may
rely less on the statistical maths
of thousands of electrons that
existing transistors and Fets rely
on. Instead single electron
memories and transistors may
become commercially viable.
Studying spin and decoherence
is crucial to understanding how
electrons behave.

Decoherence is a process
undergone by sub-atomic
particles such as electrons as
they interact with other matter,
thereby losing their wavelike
properties. Electrons have long
decoherence times compared to
other particles.

Phone gets a hard drive

Samsung’s SPH-V5400 is claimed to
be the first mobile phone with an
internal hard drive. The drive,
which measures 25mm diagonally,
can hold 1.5Gbyte of data,
compared with a maximum of
100Mbyte in more conventional
phones, said the firm. The phone is
also equipped with a 56mm QVGA
LCD and a mega-pixel camera as
well as features including an MP3
player, electronic book and Korean-
English/English-Korean dictionaries.
Initially, the phone is only being
sold in Korea.

Tiny atomic clock
size of grain of rice

Scientists at the National
Institute of Standards and
Technology (NIST) in the US
have built an atomic clock just
4.2mm high, the same size as a
grain of rice.

The so-called ‘chip-scale’
atomic clock uses a combination
of solid state laser technology,
optics and micromachining.

NIST claimed the output
frequency of the clock achieves a
long-term stability of one part in
10'°, better than 10us per day,
while consuming just 7SmW.

At the heart of the clock is a
vapour cell. Conventional
atomic clocks have a cavity
defined by the microwaves used
to excite the atoms, making the
cells in the order of centimetres
long.

NIST has used a technique
called coherent population
trapping. A vertical laser diode
is modulated at half the ground
state frequency of caesium
atoms in the cavity. Modulation
produces sidebands that are
separated by the caesium
resonance frequency.

Optics polarise the light before
passing through the caesium-
filled cavity. A photodiode
detects the output frequency.

A small cell has the added
advantage of not requiring much
power to maintain a constant
temperature of around 80°C in
the cell.
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CW transmission
and detection at
terahertz

Teraview, the Cambridge-based
terahertz imaging company, has
made a solid-state continuous-
wave terahertz imaging system.

Previously, the firm has been
imaging skin cancer cells using a
pulsed lasers pumping a GaAs
heterostructure quantum cascade
laser (QCL). Output power is
1uW, with returns received by a
synchronous detector based
around a similar heterostructure.

Now the firm has a continuous
wave version (see diagram) with
two 800nm infra-red CW laser
diodes pumping a modified GaAs
QCL. The pumping diodes are
tuned so their difference frequency
is the terahertz output required.

“We have reduced cost by a
factor of ten and size by a factor
of eight or nine,” said the
company’s CEO Dr Don Arnone.
Power is also down from the
pulsed version: “just shy of a
microwatt”, said Arnone, “but the
[synchronous] detector operates
in the order of attowatts”.

Key to getting the system
working has been compensating
for the low power of the CW
pumps compared with the
previous pulsed source.

Final output power depends to a
degree on a bias voltage applied to
the QCL and re-engineering the
hetrostructure to withstand more
voltage has allowed sufficient
output power to be recovered.

The photographs show a knife
and a razor blade, both partially
concealed from visible light,
viewed by the CW terahertz
imaging system.

Chill runs through high energy physics

Superconducting electronics

cooled to just two degrees above

absolute zero will form the basis
of the next generation of particle
physics accelerator.

With experiments such as the
Large Hadron Collider under
construction at CERN, an
international team of scientists
has chosen the next technology,
which could see contributions
from UK firms.

The electron-positron linear
collider will be designed to
create impacts with an energy of
up to 1TeV (10'2 electron
Volts). It would be able to
investigate the Higgs boson (if it
exists) and maybe give clues to
the nature of dark matter.

To create such huge energies,
scientists have chosen to use
“cold” technology developed at

Deutsches Elektronen-
Synchrotron in Germany.
(DESY)

“The superconducting
technology uses L-band

Simulated response of linear collider
detector to supersymmetry displaying
the characteristic signature of a
lepton, a hadronic jet and missing
transverse energy.

Credit: Norman Graf

(1.3GHz) radio frequency power
for accelerating the electron and
positron beams in the two
opposing linear accelerators that
make up the collider,” said
George Kalmus, of the
Rutherford Appleton Laboratory.
By using superconducting
niobium cavities in the 20km
long colliders, power from

the drive klystrons is coupled
efficiently.

The LHC at CERN is a
circular proton-proton collider.
“A linear collider is the logical
next step to complement the
discoveries that will be made at
the LHC,” said CERN director
general Robert Aymar.

The other technology touted
for the linear collider uses
X-band structures at room
temperature.

Mine hunters

Carson the robot, seen lurking in
the background, was one of the
demining technologies
demonstrated to group of
humanitarian mine removal
organisations by Malvern-based
research organisation QinetiQ.

It can be driven remotely up to
a mine, place charges to burn out
or blow up the mine, then
reversing away.

The organisation representatives
were in the UK to attend a course
at Cranfield University and the
QinetiQ visit was part of a de-
mining technologies awareness
day arranged by Cranfield.

“This is an annual event with

meet a robot deminer

Cranfield
University.
Clearance of
mines is a
huge concern
in many areas
of the world
and we are
always ready
to discuss our
humanitarian
de-mining
technologies *®
with those who experience the
problem first-hand,” said QinetiQ
project manager David Lewis.
Together, the organisations
attending cover de-mining in

Afghanistan, Azerbaijan, Bosnia
and Herzegovina, Burundi,
Cambodia, Iran, Iraq, Jordan,
Kenya, Sri Lanka, Sudan and
Vietnam.

Adrio Communications Ltd re-launch radio-electronics.com

Adrio Communications Ltd, owners
of the radio-electronics.com
website have re-launched the site
as resource of free information,
data and tutorials for those in the
radio and electronics industries.
The site covers a variety of topics
which currently includes: cellular
telecommunications, private
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mobile radio (pmr), wireless
connectivity, radio receivers, radio
propagation, test and
measurement techniques, and
electronics components.

The front page links to useful
articles both on site and
elsewhere, and there is a small
section that is frequently updated

providing interesting quotes,
dates, and facts associated with
radio and electronics.

To make the site easy to use, time
has been spent to ensure that it is
easy to navigate, and to further aid
any visitors a site search facility is
included.

www radio-electronics.com.



Lasers make
mice better

Mouse maker Logitech has
turned to lasers to improve
tracking performance in optical
computer mice.

“We’ve turned off the red light
on these optical mice and
replaced it with an invisible
laser,” said David Henry,
Logitech senior v-p of its control
devices business unit. “Laser will
eventually make the optical mice
of today obsolete,” he claimed.

An optical mouse tracks by
illuminating the surface it slides
over, viewing that surface with a
detector array through focusing
optics. Algorithms in the mouse
track marks and blemishes on the
surface and infer motion direction
and speed.

Smooth plain surfaces, and
those with certain patterns, like
polished or wood-grain surfaces,
can fool the system and prevent
the mouse working reliably.

Working with optoelectronic
device maker Agilent
Technologies, Logitech
developed the laser system, which
includes a sensor which can
capture 5.8Mpixel of detail each
second. “The nearly singular
wavelength of laser light is
capable of revealing much greater
surface detail,” said Logitech. “In
tests conducted at Agilent, the
laser mouse was found to have 20
times more sensitivity to surface
detail than LED optical mice.”

 The laser has been built into the
MXTMI1000 Laser Cordless
Mouse, which also includes
Logitech’s Fast RF 27MHz radio
link which “enables the same rate
of wireless data transfer as that of
corded mice operating through a
USB port: up to 125 reports per
second, approximately 2.5 times
more than other RF-based
cordless mice.”

Power comes from a lithium
ion rechargeable cell which
charges in under four hours and
“typically lasts 21 days”. A ten
minute charge will give a day’s
use. www logitech.com

Crimewatch in the UK

An image processing project to
monitor passengers in public
transport systems is being
carried out by Thales Research
and Technology in Reading.

Part of a European research
team, Thales hopes to develop
tools that can automatically
recognise dangerous or criminal
behaviour on systems such as the
London Underground.

Charles Attwood from Thales
describes the system: “First, a
time-base corrector system
assigns and aligns the timing on
the video feeds. It then digitises
the analogue signals, compresses
them and sends them to the
‘crowd monitor’ system

provided by Kingston University
in the UK.

“This analyses the video
provided and returns alarms
based on movements related to
crowd behaviour - overcrowding
on station platforms, for
example.”

Motion detection is able to

track people as they move
through the station. Behaviour
recognition software issues
alerts if any suspicious activities
are spotted.

Called ADVISOR (Annotated
Digital Video for Intelligent
Surveillance and Optimised
Retrieval) the system has been
tested by the Barcelona and
Brussels metro systems, the
latter running 800 cameras.

Alarms are issued when the
cameras spot overcrowding,
access blocking, the detection of
ticket barrier jumping, vandalism,
and scenes of violence such as
fights and muggings.
www-sop.inria.fr/orion/ADVISOR

Many lasers make light work

Washington state-based laser
firm Aculight Corporation has
produced an external cavity
diode laser that combines the
outputs from seven diode laser
bars, each containing 200 single-
mode emitters, to generate 26W
of near-diffraction-limited light
at 820nm.

“To date, this may be the
largest number of diode lasers
combined into a single, high-
beam-quality light source,” said
the firm.

Aculight originally developed
the 820nm laser for a military
customer that needed to project

a small spot of light on a
faraway target using an efficient
light source.

“One of the most common
lasers around is the diode laser.
They’re rugged, efficient and a
great workhorse for generating
optical power,” said Dennis
Lowenthal, Aculight’s v-p for
R&D. “But poor beam quality
has limited their use in many
applications. A technique called
spectral beam combining [SBC],
however, allowed us to merge
the output of several diode laser
bars and yet retain the beam
quality of a single emitter; the

result is a novel high-power,
high-quality diode source.”
SBC overlays the outputs of
many laser emitters into a
single, near-diffraction-limited
beam. “The SBC technology
behind the unique laser could
provide an important stepping-
stone for the use of diode lasers
in many applications that
demand high-power, high-beam-
quality light,” said the firm,
which could be used in
projection displays,
photodynamic therapy and as a
pump source for fiber lasers.
www.aculight.com

Pilotless plane takes electronics for a ride

Vector P is an unmanned aerial
vehicle (UAV) aimed at carrying
9kg of electronics, cameras and
SEensors.

With a 3m wingspan, the plane
can stay aloft for up to five hours
and its position and payload
information may be monitored
from up to 100km via wireless
data modems.

The plane can take-off and land
autonomously, as well as
automatically follow flight plans
using GPS. Manual control is also
possible.

Built-in safety systems can

include auto-parachute deployment

in the event of an emergency.
www.intellitechmicrosystems.com
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PROFESSIONAL SOFTWARE
AT AN UNBELIEVABLE PRICE

New powerful functions

¢ Virtual instruments - meters, scopes, transient recorder, function 3
generator, power supplies and more = .
.....1|l"

i‘T

¢ Test mode, equivalent to the standard SPICE analyses and a separate
continuous transient simulation mode that allows you to alter
device and circuit parameters and examine the results immediately

¢ Layered sweeps, meaning you can step almost any device or circuit "
parameter on top of any test

¢ Monte Carlo analysis available for all tests including expanded Monte Carlo
¢ Easy part selection, including a customisable parts palette

¢ User-friendly interface with buttons and control tabs

¢ Live updating in simutation mode

o Circuit wizard makes it easy to generate standard circuits including
attenuators, power supplies, filters, op-amp and tube-based circuits

o QOver 25 thousand parts, unlimited circuit size

o] | 4

¢ Highly flexible 3D graphing
o NEW “realistic” models for caps, resistors, inductors £ 2 2 9 p&p

¢ Interactive parts including switches, fuses, LEDs, etc.

¢ Layered sweep tests (expanded) Ex VAT

B? SPICE is backed by comprehensive free technical support both
local rate telephone and online, full user manuals and tutorials and
a NO QUIBBLE, FREE 30 DAY EVALUATION OFFER

caL 0845 6017242

www.spice-software.com



Figure 20:

The range of
control responses
for my class-A
amplifier with
different values of
NFB sensing
capacitor.
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Imagineering: Part 6

Most high fidelity listeners appreciate the cleanly controlled loudspeaker
cone reproduction of class-A amplification. After John Linsley Hood
presented his simple 1969 design in Wireless World Graham Maynard
needed to know why class-A is so much less fatiguing to listen to,

because on-going solid-state design efforts are not worthwhile unless
the final results actually sound better. Here he concludes his
investigation into loudspeaker back-EMF induced amplifier distortion

date my reverse driven
I amplifier simulations have been
completed under zero input
quiescent current conditions that
could be said to rarely arise during
sound reproduction. However
‘passive’ loudspeaker crossover
frequency separation and dynamic
voice coil motion cannot be achieved
without some degree of loudspeaker
system induced back EMF being
generated, and thus any global NFB
loop that encloses correction delaying
‘stabilisation’ circuitry cannot
instantaneously control output
terminal potential wrt input, and this
has the potential to affect
amplification and thus reproduction
no matter at what output driving
instant or at what amplitude any
higher frequency back EMF might
impinge. Given that circuit delay and
minimum stability characteristics are
design specific and that these ought
not change significantly in time under

10

2500 500n 750n 1y

Time [nS}

the effect of any amplitude or phase
of loudspeaker generated back EMF,
no matter what type of amplification
and NFB or output error correction
methods are involved, my simulated
reverse injection method for amplifier
circuit excitation should remain
representatively valid.

Back in my valve amplifier days, I
was well aware that varying the value
of the pico-Farad capacitor which
parallels the output terminal NFB
loop sensing resistor could have a
notable effect upon reproduction
whilst not especially altering the
amplifier’s measurable steady
sinewave audio frequency response
and distortion figures. This capacitor
affects not only closed loop stability,
as may be observed via conventional
steady squarewave observation using
a real loudspeaker load, but also the
‘quality’ of sound that a loudspeaker
might eventually reproduce;- too high
a NFB capacitor can ‘dull’ or ‘suck
back’ the dynamic detail of
reproduction, while too low a value
can cause a just perceptible false
‘brightness’ or ‘glassy sheen’, and
thus the complete omission of this
component should be avoided due to
the way in which differentially
sensed closed NFB loop controlled
current correction ends up lagging
back EMF modified output terminal
voltage error.

Two of the most useful components
in my early separate magnetic
cartridge pre-amplifier were a dual
gang 47k variable in series with
22k€2, and a 250pF variable capacitor
in parallel with short and un-padded

pick-up leads, both being finely set to
match cartridge loading. As front
panel controls both were mostly left
in the optimally flat reproduction
position, but the capacitor proved
very useful in compensating for
overly ‘dull’ or ‘bright’ pressings. As
part of the real world testing for my
Part 4 - Figure 10 class-A 25W-8Q
circuit, I actually tried an insulated
100pF air-spaced shortwave variable
connected in parallel with its 10kQ
NFB loop sensing resistor to see if
there might be any advantage in
providing user variability. However
amplification did not change
significantly because the circuit
already had an extremely low
propagation delay, even though
dynamic response and stability
characteristics must have been
becoming degraded at maximum and
minimum settings respectively.
Based upon past experience I had
already prototyped using both 15pF
and 22pF capacitor values, and was
pleased with the neutrality of output
when either component was fitted. In
view of the long known importance
of this component, I more recently
wondered how my amplifier might
simulate dynamically when the value
of its NFB sensing capacitor was
varied with 1V.RMS - 10kHz of
reverse sinewave drive applied, with
the results being observed from t=0;
as illustrated in Figure 20.

Figure 20 shows four separate
response simulations for NFB
sensing capacitor values of 1pF,
4.7pF, 22pF and 100pF. The 620uV
(-67dB) under-damped oscillation of
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the 1pF (stray capacitance) controlled
response shows why this component
should not be omitted; inadequate
high frequency NFB loop sensing
leads to control overshoot, thus the
accuracy and stability of the reverse
(loudspeaker back EMF) damping
response becomes compromised. The
4.7pF component provides better
damping, but at 380uV still does not
adequately control back EMF
induced overshoot. The 22pF (-80dB)
trace corresponds to my earlier Part 5
- Figure 13 simulation, though with
different resolution, this value being
optimum for the simple two stage
amplifier circuit. The 100pF trace
appears to establish superior initial
error control, but by now it is also
beginning to degrade the amplifier’s
forward measurable phase response
and is ‘dulling’ the first cycle
forward amplification (transient)
response with its own charging
requirement, which causes a
gradually settling error offset and
increases the equivalent FCD figure I
am keen to keep low so that the
amplifier will retain top flight and
uncompressed dynamic impulse
response capabilities.

That the 22pF value subsequently
turned out to be correct for quickly
returning the simulated 25W-10kHz
toneburst signal level zero shift to
within 1mV of its biased dc zero, and
with Figure 20 separately showing
this component’s excellent overshoot
limiting, this is rather satisfying.
Fortuitous perchance? No: the
amplifier was already sounding
‘good’ because it does not appear to
introduce audible waveform
distortion or characterising qualities
or reproduction smear, as more recent
simulations have done no more than
confirm. It was only after I had
finalised the circuit and its write up
that later simulator examination
revealed the alternating signal zero
for a 25W-10kHz sinewave toneburst
most quickly returns to genuine zero
with a feedback capacitor value of
18pF; also that the 100pF NFB sense
capacitor increases the 20kHz
forwards simulation measured phase
shift to minus 6.7 degrees with a just
perceptible alteration of reproduction
quality corresponding to an input
related equivalent FCD figure of
0.33%.

Squarewave testing?

Sub microsecond oscilloscope
observation from t=0 with a suddenly
starting sinewave is not easy to
arrange on an audio test bench,
though it is possible to reverse
resistor load drive any amplifier with
say a steady 10kHz 1V.p squarewave

and monitor its voltage output
through each ‘+ to-’ or ‘- to +’
generator induced output stage
current crossover. Amplifier
deviation and stability disturbance
arise much more quickly than with
sudden reverse sinewave start-up,
and both examinations may well
produce findings different to those
arising via normal forward
continuous squarewave drive with a
resistive output termination. The
results for reverse simulated steady
squarewave drive for my class-A
circuit could be shown in a separate
illustration, but the nature of the
traces do not differ enough from
those already shown in figure 20. The
amplitude of an initial reverse
squarewave driven error spike relates
to the natural output impedance of
the output stage itself, prior to any
global NFB loop or error correction
circuitry being able to correct the
induced voltage error, and thus
initially it remains the same for a
given bias setting and topology,
irrespective of any NFB loop or error
correction arrangements; the time
period taken for a return to zero volts
at the output terminal relates to the
amplifier’s separate external
impedance, internal parallel
capacitance induced propagation
delay and global NFB loop
characteristics; whilst any oscillation
relates to the amplifier’s reversely
excited stability characteristic.

Now, I do not especially like
squarewave testing, nor for that
matter 2uF amplifier output terminal
loading, because nowhere in real-
world audio reproduction is there a
similarly sharp response that must be
followed or controlled, nor is there a
similarly leading current load that
must be driven in order to ensure
subjective listening satisfaction,
besides, the sibilance, musical
harmonic and percussive transient
responses these tests are most related
to are more akin to being a range of
abruptly starting harmonics, with the
highest and most energetic frequency
components being the least sustained.
Also, not all squarewave generators
have equally fast rise times so that
measurements taken in isolation
using different equipment, or the
results from different simulator
programs running with different time
and voltage subdivisions might not
be objectively satisfactory either.
Indeed, simulated squarewave testing
can even appear to induce circuit
oscillation where this will not arise in
real life due to component and wiring
impedances not being entered on
screen. There is however some real
value to be gained from comparing
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different circuit variations or Figure 21:
topologies with an unchanging test Comparing the

bench or simulator set-up, and this is
my reason for directly comparing in
Figure 21 the simple Part 4 25W-8Q
class-A circuit with the exampled
Part 5 generic class-B circuit.

Figure 21 illustrates how stored
energy within the series output choke
has led to the output voltage of the
generic class-B amplifier
momentarily exceeding the ‘-’ to ‘+’
1V series resistor driven excitation,
with eventual settlement from 1.46V
extending off-scale and out to Sus.
Without the series output choke the
lowly biased 260nH output
impedance generic circuit hits 0.83V,
and its C.dom delayed settlement
takes 400nS, whilst my simple class-
A limits error to 0.36V with a mere
50nS recovery period. The lower the
amplitude of the error spike and the
faster its stable return to zero, the
more competent the amplifier will be
at limiting dynamic loudspeaker back
EMF induced amplifier-loudspeaker
distortion without compressing
ongoing dynamic control capabilities
and smearing the eventual forward
amplified sound-stage image. A non-
feedback amplifier would limit error
amplitude in relation to its bias and
topologically generated output
impedance, but would be incapable
of subsequently establishing equal
but opposite error correction and
crossover-loudspeaker damping
current flow, but then it could not
induce loudspeaker cable, crossover
or driver induced ‘ringing’ against a

low output impedance either. There is

also always the potential for the
reverse squarewave driven error
amplitude that is momentarily
permitted by a stable class-B
amplifier to be greater due to higher
natural output impedance with lower
standing current, no matter how fast
the global or local NFB loop
amplified correction, and this is why
steady sinewave forward testing

procedures alone will not reveal all of

the circuit activity that could lead to

output terminal
responses for the
generic class-B and
simple class-A.



different amplifiers ‘amplifying’ and
thus ‘sounding’ differently,
especially at those unavoidable
instants of music waveform induced
overdrive or overload. Unfortunately
reverse squarewave simulation can
also induce output stage cross-
conduction where this is unlikely to
arise in a competent real-world
finished design due to series load
impedances and the amplitude of
loudspeaker generated back EMFs
reducing with increasing frequency.

Could it be that it has been these
momentary load induced and leading
w.r.t. circuit delayed NFB loop
stabilised amplifier output ‘tweeter
driving’ errors that have been causing
many solid-state amplifiers to sound
tiringly ‘over bright’, ‘sharp’, ‘brittle’
or ‘tizzy’, where such effects have
come to be formally attributed to
minute levels of higher harmonic
steady sinewave distortion when
evaluated via conventional Fourier
analysis with passive and thus non-
back EMF generating resistor loads?
Also are these ‘Fourier’ components
equally generated when a real cable
plus loudspeaker system is the
amplifier load instead of a test bench
resistor? After all, valve amplifiers
have much inferior high frequency
harmonic distortion figures at higher
output powers without them sounding
so dissonant; but then valve
amplifiers do not similarly generate
an extremely low output impedance
against which loudspeaker terminal
back EMF can so reactively develop,
and I am not aware that amplifier
distortion is routinely Fourier
analysed when a loudspeaker system
is the load anyway. I always found it
extremely hard to describe the veiling
and mind confusing loudspeaker
reproduction of a Part 5 - Figure 14
type of class-B amplifier, for whilst
there was no doubt that NFB always
firmed up the bass response and
reduced single tone distortion, these
amplifiers made composite
loudspeakers sound as if the musical
dynamics had been internally
compressed, such that not only was I
aware of an anonymising loss of
projected image depth and an
alteration of detail, especially on
leading wavefronts, but that sonic
changes led to me becoming
disenchanted and disinterested with
what had previously been enjoyable
listening from known to be good
source material. Now that [ have
simulated these reverse (loudspeaker
back EMF) induced leading edge
distortions I realise that my ears had
been right all along.

Curiously I did observe a similar
sonic characteristic on one

experimental valve power amplifier
where substantial NFB loop sensing
had been internally derived directly
from the push-pull anodes instead of
more conventionally from the
loudspeaker output terminal, where
the latter leads to a more naturally
sounding control of transformer
output with a more constant time
relationship w.r.t. signal input,
though I do feel that valve amplifiers
could benefit from using limited
amounts of both resistive anode
internal and output terminal global
types of feedback in a nested
configuration, with further additional
improvement being achievable by
using quiet and directly coupled 50V
powered differential solid state first
stage circuitry instead of doggedly
maintaining an ‘all valve’ practice
with its unavoidable front end
thermionic hiss .

Disparate attention required!

In spite of John Linsley-Hood via his
Solid State Audio Power article in
EW+WW, Nov 89, pl042, also Ed
Cherry as he yet again repeated in his
Ironing Out Distortion article EW,
July 97, p557, as well as many
others, all making suggestions that
C.doms should not be implemented
as a Miller connected capacitor at the
VAS stage, my generic class-B
circuit is similar to many that are still
being written about by some
‘established’ designer-writers as if
THD specifications can prove beyond
criticism that these are upper echelon
audio amplifier designs. The error
waveforms shown in Part 5 -Figures
16, 18& 19 demonstrate class-B
weaknesses caused by circuit design
flaws that regular EW Letters readers
have been assured as recently as
December 2003 are ‘solved problems
and dead issue’ aspects that are
‘completely understood’, thus
amplifier end users and expectant
constructors are not getting a fair
deal.

Class-B amplifier designers might
care to run suddenly starting reverse
driven output stage sinewave
simulations via a lower value series
resistor that will mimic loudspeaker
impedance dips, whilst varying
output stage, driver and input stage
bias currents, because waveform
control degradation due to the
dynamic invocation of a voltage
sensing NFB amplifier’s internal
closed loop current limitations, are
much more significantly
consequential for audio reproduction
than the normally observed bias
controlled minimisation of forward
examined steady sinewave crossover
distortion with an ideally resistive

load alone. Moving the acting end of
the C.dom away from the high
impedance input stage output node in
the way that was so long ago
suggested, leaves the VAS collector
free to slew at very high speed
through the output stage bias range,
which usefully minimises VAS stage
correction delay and therefore limits
loudspeaker back EMF driven
conduction crossover commutation as
well as conduction crossover induced
differential input stage signal
waveform modulation. By getting rid
of the Miller Effect inducing VAS
C.dom, and by minimising the V-ce
variable effect of VAS transistor
base-collector capacitance by
increasing input stage current, or if
the connection of a Miller C.dom is
essential to prevent instability - by
working it against a VAS base-
emitter resistor to ensure that its rate
of charge w.r.t. input stage current
capability at audio frequencies is low
enough for flat open loop gain
throughout the audio spectrum -
loudspeaker induced leading output
terminal voltage commutation
development at audibly significant
frequencies is minimised, and the
Part 5 -Figure 19 illustrated zig-zag
superimposition plus time elongated
crossover distortion anomaly could
thus also be minimised, with
amplifier-loudspeaker interface
induced errors being reduced to
extremely low levels.

Fundamental nulling

Over the years I have spent countless
non-Fourier hours trimming the
amplitude and phase adjusting
controls of a fundamental nulling
sinewave filter in order to reveal and
study output stage conduction
crossover plus amplifier generated
distortion artefacts, and yet today,
this is one method for waveform
examination where our modern
computer simulation software is
much less convenient. We might
need to sit back for ten or more
separate long running simulations to
gradually establish an exact
amplitude and phase null for
fundamental cancellation at the
output voltmeter via a second
separately configured voltage
generator in series with the
measuring instrument. What
manually takes thirty seconds with
stable test bench gear can easily take
ten to twenty minutes on a desktop
running with sufficient resolution to
fully reveal the amplitude of
coincidental non-linearity and any
conduction crossover spikes, for
these are all still there and it is
insufficient resolution with
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Figure 22:

The simulated output
terminal residuals for
the generic class-B,
with and without its
Miller connected
VAS C.dom and
output choke
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unrealistically used equipment that
leads to them not being revealed. The
computer method however is
potentially much more useful, for
once a specific sinewave null has
been established to reveal exactly
what the amplified but propagation
delayed output terminal waveform is
additionally carrying, i.e. the
distortion residual that accompanies
loudspeaker waveform drive, we can
re-start the simulation to reveal and
investigate any first cycle distortion
that would normally pass undetected
before test bench gear is capable of
stabilising, and which some
simulators might be incapable of
analysing.

Now any analogue error arising
between t=0 for a suddenly starting
and rising sinusoid at amplifier input,
and t=0 for the delayed output we
eventually hear at amplifier output is
not going to be as great as the
simplistically ‘time shifted’
differential sinusoidal waveform
subtraction would suggest actually
arises during that initial propagation
delay period, though as far as on-
going music is concerned we cannot
fail to hear any errors arising after the
t=(propagation delay) period w.r.t.
any other coincidentally running
waveform already being amplified.
This leads me to offer a simulated
substantiation for different amplifier-
loudspeaker interface distortions
being generated by ‘loudspeaker’
back EMF interacting with different
NFB loop controlled output stages in
the same manner that my more
convenient reverse injection testing
has already suggested can arise.

For Figure 22 I have parallel
simulated the steady state responses
for five separate generic class-B
circuits, each having an identical Part
5 - Figure 14 semiconductor
configuration, which is similar to
those possessing excellent
fundamental open loop gain linearity
as investigated by Douglas Self in his
1993-94 EW+WW reference series

entitled Distortion in Power
Amplifiers, but which here have the
different capacitor-inductor overlays
as described below. Each circuit
variation is separately fundamental
amplitude-phase nulled in order to
reveal its individually generated error
waveform whilst outputting
15V.RMS at 10kHz into my virtual
approximation of the ‘Ariel’
loudspeaker. The power rails for the
generic circuit were increased to
+35V, bias to 30mA, and circuit
usage is for illustration purposes
only, not to claim any stable real-
world reference amplifying
capabilities.

The black sinusoidal trace of Figure
22 shows the simulated generic Part 5
- Figure 14 Blue amplifier’s output
terminal waveform when divided by
100 in order to illustrate a minus
40dB level. Any first cycle amplitude
distortion products arising at this
level are unlikely to be subjectively
inaudible on sharply expressive
sound waveform leading edges.

The blue trace shows the simulated
fundamental-nulled distortion-
residual at the loudspeaker terminal
for the generic circuit with both its
100pF Miller C.dom and its series
output choke fitted, when the
amplifier is loaded by a standard 82
non-inductive resistor. The amplifier
circuit introduces an overall voltage
waveform delay of 1.2us, and the
resistor loading ensures that both the
output current and output voltage
crossovers occur simultaneously.

The red trace shows how the
amplifier’s voltage error, especially
during a first amplification cycle, has
immediately become seriously
compromised by loading it with an
approximated virtual ‘Ariel’
loudspeaker in place of the resistor
load. The first cycle error due to
series output choke induced voltage
error is clear to see, as is the Miller
C.dom induced zigzagging back
EMF induced reverse commutation
which follows every VAS collector

polarity change through output bias
conduction crossovers, though these
internal errors are somewhat
smoothed by the series output choke.
There is also evidence of prematurely
impaired NFB loop current control at
higher output voltage amplitude with
the reactive loading, even though the
virtual loudspeaker should not
overload at this frequency. In this
simple 10kHz sinewave example
‘loudspeaker’ loading has increased
the voltage waveform delay to 1.8us,
whilst the Miller capacitor charging
currents are +8% of the first
transistor’s static current after 200us!
The differential input stage transistor
current variation becomes +16% at
20kHz, has highest amplitude and is
beginning to ‘tear’ non-linearly as in
Part 5 Figure 19 when the output
stage passes through zero conduction
crossover, as is clearly illustrated by
the red output error trace.

The only causative difference
between these blue and red
simulations relates to amplifier
loading; i.e. ‘resistor’ and
‘loudspeaker’. When it is driven at
10kHz the steady sinewave zero
current crossover for this
approximated ‘Ariel’ loudspeaker
example leads the zero voltage
crossover by 4.8us, thus the output
stage bias is obliged to swing through
its current conduction crossover
before the voltage cycle ends. The
global NFB loop enclosed leading
Miller C.dom induced current flow
no longer charges about zero output
volts, but at approximately +5V
output voltages, and thus there is this
global non-linearity, even without
any coincidental low frequency drive
which would further voltage offset
that zero current crossover!

The green trace illustrates how
removal of the series output choke
alone can get rid of its dynamically
induced contribution to loudspeaker
back EMF-choke generated first
cycle transient distortion. However,
the unsmoothed Miller C.dom
permitted loudspeaker back EMF
induced reverse output node
commutation, with its significantly
higher speed product generation, is
now clear to see. Without the series
output choke, the amplifier’s
loudspeaker loaded voltage
waveform delay has been reduced to
0.5us, and thus the zero current class-
B crossover for the green trace arises
earlier than for the red and mauve
traces. (By comparison, the virtual
loudspeaker loaded waveform delay
with my simple class-A amplifier is
just 0.2us, and there are no output
stage induced current crossover
discontinuities.)
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The mauve trace shows how the
error residual can be cleaned up by
not using a Miller connected C.dom.
The much improved high frequency
bandwidth response/delay has here
been established on the still
unchanged class-B base
semiconductor foundation by using a
low value capacitor two pole HF gain
degeneration network between the
VAS collector and the differential
feedback transistor base, and by
adding a 22pF capacitor in parallel
with the 10k€2 NFB resistor as used
in my own class-A amplifier. See
Figure 23. Only the Miller Effect
inducing C.dom, the differential
stage, and NFB loop capacitor
arrangements have been modified for
this simulation (the VAS driver
transistor collector remains OV
connected) the result being a further
40dB reduction in steady state
distortion after 200us. The
loudspeaker circuit plus series output
choke induced first cycle error still

arises, even though this would not be
quotable on a specification sheet that
merely lists a historically
‘established’ steady state THD
measurement result.

Choke-less and C.com-less
Piease note that this Figure 23 circuit
has not been tested for stability in the
form of a real world construction. It
is used here to show how by
removing the Miller C.dom alone that
it is the internally generated leading
differential input stage current flow
within the globally closed NFB loop
that causes additional class-B
conduction crossover generated
amplitude error, as opposed to
crossover spikes merely being
superimposed upon and straddling
NFB loop controlled amplitude
waveform distortion, as is so often
imaged with simplistic passive
resistor loading.

Yellow. With the Figure 23 gain
degeneration arrangement used in
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place of the audio frequency gain
stultifying Miller C.dom, and with
the series output choke removed, we
can reduce both input stage distortion
and VAS collector delay, leaving the
simulated amplifier with the
illustrated near straight yellow line
error trace. This introduces 1.7us of
voltage waveform delay, with up to
SmV.p-p of crossover distortion
spiking, though with a negligible
amplitude distortion error. Also note
that the first transistor current
variation has dropped to less than
one hundredth of that with the direct
100pF C.dom connection as it drives
the VAS stage buffer; hence the very
immediate NFB loop generated
output current control in the presence
of exactly the same ‘loudspeaker
circuit’ loading as for the green and
red traces.

With the ‘- to +* 1V reverse
squarewave Figure 21 test, the initial
output stage error for the Figure 23
circuit remains a class-B 0.83V, but

Figure 23:

The non-‘Miller
Effect’ generating HF
gain degeneration
circuit used for
illustration purposes.
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the choke-less and C.dom-less
recovery correction takes a mere
100ns, with especially improved
performance notable via its -93dB
amplitude and 20 degrees of leading
10kHz phase error when examined
via a reverse driven steady sinewave
investigation as per Part 5 Figure 11
where my class-A measures -64dB
and 8 degrees respectively; figures
that could question the sensibility of
class-A usage.

The only difference between the
red and yellow traces relates to NFB
and stabilisation control components
connected to an unchanged Figure 14
transistor layout. The Figure 23
circuit shows that it is possible for
steady state distortion and reverse
(back EMF) excitation damping
levels to remain high at all audio
frequencies, when using the earliest
of semiconductor devices within
bipolar circuitry very similar to that
optimised and introduced by Mr
Douglas Self as a ‘Blameless’ design;
however unlike the Blameless, real
world user stability for the full Figure
23 circuit has not been proven, and I
am not presently able to check this
out.

Clearly a Miller connected VAS
C.dom drawing input stage current at
audio frequencies causes a substantial
and not subtle increase in dynamic
loudspeaker load induced amplifier-
loudspeaker interface distortion in the
green and red traces when compared
to the Blue resistor loaded trace. This
confirms that there is a need for
reverse injection testing to reveal the
leading error caused by components
that are invisible to the end user, for
Figure 22 shows they can induce
additional reproduction affectations
when the amplifier is used as part of
a real-world sound reproducing
system. Figure 23 reveals by
removal, how, when a deliberately
introduced Miller Effect at an
amplifier’s three electrode VAS is
used to ensure unconditional
stability, it can simultaneously
degrade global NFB loop control and
leave the output stage more free to
sharply reverse commutate through a
portion of the fixed output stage bias
when loudspeaker system back EMF
induced current flow momentarily
becomes leading phase shifted w.r.t
an amplifier’s signal input voltage.
The leading two pole VAS collector
potential derived HF degeneration
applied to the NFB sensing input of
the differential pair of Figure 23,
does not interfere with the balanced
voltage to current transductance of
the input pairing or the control they
exert upon amplifier output w.r.t.
input. This same stabilising two pole

filter arrangement can be added to
other solid state amplifier designs to
increase their stability and stabilise
load induced amplifier circuit voltage
delay.

Bridged amplifiers

It is also worth considering at this
point how one amplifier might thus
affect its bridge connected partner if
the output from a signal driven A*1’
is then used to feed a potential
divider at the negative input of its
A*2’ pairing. Integrated circuits and
amplifiers that are bridged in this
way or via a commoned NFB loop
link might bench measure okay when
their common load is a passive
resistor, yet produce much less
convincingly realistic sound
reproduction than when they are
separately driven by an external
phase splitter or via genuine ‘+’ and
‘-* input reversing. This is due to an
A*1’s inability to instantly control its
output terminal voltage potential
under the influence of a portion of
loudspeaker plus A*2’ delayed error
arising at the output of A*1’, the error
then being momentarily re-amplified
by A‘2’ such that music input
generates a range of differently timed
voltage errors between A°1’ and A2’
outputs. When the capacitor that
parallels a NFB loop sensing resistor
is omitted within a Miller C.dom
stabilised amplifier that might work
well on its own, it would not be
impossible for leading loudspeaker
induced output stage reverse
commutation to initiate catastrophic
inter-amplifier oscillation. Often,
stereo car audio amplifiers run much
more cleanly when each channel is
separately optimised to drive ‘in-
phase’ just one separate voice coil of
a dual voice coil sub-bass driver
each, when compared to bridged
mode with the voice coils either in
inductance increased series, or 4x
amplifier current flow parallel. Small
and sealed car audio enclosures
generate phenomenal back EMF
inducing air-spring pressures, so
reducing the sound level does not
especially improve reproduction
quality when d.v.c. drivers are
parallel driven by an auto-bridged
stereo amplifier, even when power
supply rail capabilities have not been
exceeded!

Here I have managed to illustrate
using a generic circuit similar to
some that have been published,
constructed and marketed, one
mechanism whereby passive
crossover circuitry and dynamic
loudspeakers can cause many already
existing class-B bipolar amplifier
output stages to sound increasingly

indistinct as rising waveform levels
energise complex back EMF
induction responses, simply because
so many of those amplifiers have
been fitted with a series output choke
and/or Miller Effect inducing and
NFB loop response delaying C.dom!

Any failure to understand the real
significance of reactive loudspeaker
induced distortion mechanisms which
arise due to their frequency
dependent dynamic impingements
upon either a series output inductor
or capacitor coupled output terminal,
or a Miller-VAS C.dom HF control
reduced amplifier’s NFB output
node, will devalue the most erudite of
amplifier designer’s efforts in
reducing forward circuit distortion
below what once were already
excellent 0.1% valve power amplifier
levels and especially those that use
triodes with their natural load
damping anode resistance, or grid
aligned beam output tetrodes running
in AB1 40% ultra-linear where there
is still good damping plus a much
lower internal Miller Effect plus
lower reverse parasitic electron
reflection and re-emission than with a
pentode or triode at higher output
power. Thus I cannot but wonder
what types of amplifiers have been
chosen by experienced loudspeaker
designers for their own reference
work - they might not actually use
the better than 0.01% solid state THD
specified class-B chassis that some
‘experienced’ amplifier designers
think they should; and, if they did
optimise their designs whilst using
low impedance but reactive output
stages, how would their loudspeakers
then sound when driven by other
more reverse phase linear plus
minimally signal path and thus NFB
loop response delayed amplifier
types?.

My suggested reverse injection
testing procedures, which apply no
more than a simple 10kHz-1V.RMS
sine wave via an amplifier’s nominal
load resistance, have been shown to
have validity in predicting the
likelihood of tweeter voltage
modulation from loudspeaker system
generated back EMF, due to a lack of
coherent output terminal control via a
series output choke or correction
current delay within a closed voltage
sensing global NFB loop solid state
class-B amplifier. The procedure is
simple, and may be retro-completed
on any existing amplifier, old or new;,
class-A or B; other or dumper; nested
feedback or error correction;
thermionic or semiconductor; and,
analogue or digital! It requires no
more than a buffered, or amplified
signal generator, a dual trace
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Motor Drivers/Controllers

Here are just a few of our controller 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 PSU445 £8.95

NEW! Bidirectional DC Motor Controller
Controls the speed of
most common DC
motors (rated up to
32VDC/5A) in both
the forward and re-
verse direction. The
range of control is from fully OFF to fully ON
in both directions. The direction and speed
are controlled using a single potentiometer.
Screw terminal block for connections.

Kit Order Code: 3166KT - £14.96
Assembled Order Code: AS3166 - £24.96

Control the speed of
almost any common
I DC motor rated up to
Q -
maximum motor torque
at all speeds. Supply: 5-15VDC. Box sup-
plied. Dimensions (mm). 60Wx100Lx60H.

DC Motor Speed Controller (6A/100V)
100V/SA. Pulse width
modulation output for

Kit Order Code: 3067KT - £12.96

Assembled Order Code: AS3067 - £19.96

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 - £9.96
Assembled Order Code: AS3179 - £16.96
Assembled Order Code: AS3113 - £24.96

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 - £12.96
Assembled Order Code: AS3158 - £26.96

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 learnt 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 - £41.96

Assembiled Order Code: AS3180 - £49.96

Computer Temperature Data Logger
4-channel temperature log-
ger for serial port. °C or °F.
. Continuously logs up to 4

© separate sensors located
;& 200m+ from board. Wide
"= range of free software appli-
cations for storing/using data. PCB just
38x38mm. Powered by PC. includes one
DS 1820 sensor and four header cables.

Kit Order Code: 3145KT - £19.96
Assembled Order Code: AS3145 - £26.96
Additional DS 1820 Sensors - £3.96 each

NEW! DTMF Telephone Relay Switcher
Call your phone number
using a DTMF phone from
anywhere in the world and
remotely turn 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. Not BT ap-
proved. 130x110x30mm. Power: 12VDC.

Kit Order Code: 3140KT - £39.96

Assembied Order Code: AS3140 - £49.96

Serial Isolated /O Module

[- 8 Computer controlled 8-
" channel relay board.

' 5A mains rated relay
outputs. 4 isolated
digital inputs. Useful in
a variety of control and
sensing applications. Controiled via serial
port for programming (using our new Win-
dows interface, terminal emutator or batch
files). Includes plastic case 130x100x30mm:.
Power Supply: 12VDC/500mA.

Kit Order Code: 3108KT - £64.96

Assembled Order Code: AS3108 - £64.96

717 7168

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 - £41.96
Assembled Order Code: AS3142 - £61.96

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) £16.00
18V DC Power supply (PSU010) £19.96
Leads: Parallel (LDC136) £4.956 / Serial
(LDC441) £4.96 / USB (LDC644) £2.96

NEW! USB 'All-Flash’' PIC Programmer
USB PIC programmer for all y
‘Flash’ devices. No external

power supply making it truly

portable. Supplied with box and

Windows Software. ZIF Socket

and USB Plug A-B lead not incl.
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oscilloscope, plus a nominal value of
non-inductive load resistor. The
reverse driving amplifier does not
even need to be an ultra low
distortion type, and so one channel of
a stereo pair could be used to
evaluate its partner. Switching to
squarewave with an adequately
buffered generator could also reveal
any NFB loop control instability
w.r.t. input, and, if the error
amplitude is not near instantly
controlled, reveal output stage
impedance or a risk for loudspeaker
driven pre-NFB controlled output
stage reverse commutation through a
portion of the output stage biasing
potential.

A simple observation of reverse
driven output terminal phase shift at
10kHz will indicate whether the
chassis under test has a
predominantly resistive characteristic
that does not momentarily permit the
generation of leading error potentials,
or, have an inductive characteristic
where suddenly generated leading
quadrature and ‘step like’ error
potentials could reactively increase
with increasing frequency and
dynamic loudspeaker impedance
dips. Also, in view of the above
mentioned momentarily high output
stage currents already noted by Mr.
D. Self, an increase in the
voltage/current level of this reverse
examination drive via the ‘load’
resistor until it dissipates the
amplifier’s rated power might also
reveal any output device conduction
crossover induced problems due to
signal path induced current
insufficiency limitations within the
closed NFB loop, which could then
become apparent only when driving
efficient or crossovered dynamic
loudspeakers loudly. Where a
capacitive output characteristic is
suspected, a second test could be run
at 100Hz to check whether the output
terminal develops an additional
lagging alternating zero-level shift
that increases with falling frequency,
because this would have a worst
effect due to phase shifting around
any loudspeaker designer’s
deliberately intended utilisation of
loudspeaker driver-cabinet bass
resonance.

Real loudspeaker response

If the output potential of an amplifier
being tested remains more than 60dB
below that of reverse drive up to
maximum rated current flow through
the nominal series resistor, then any
phase shift at 10kHz might be
considered as being inconsequential,
but this would be true only if an
initial first cycle of reverse

(dynamically) generated error is
stably controlled by the closed NFB
loop, which is why first microsecond
and first cycle circuit energisation
responses need to be separately
simulated from t=0 w.r.t input and
t=0 w.r.t output driven signal
injection examinations.

Each of the simulated traces
illustrated in Figure 22 was derived
via individual fundamental
amplitude-phase nulling with a
differently phase delayed equal-but-
opposite 10kHz steady sinewave in
order to separately reveal distortion
content. This nulling permits voltage
error observance at each amplifier’s
output terminal, due to individual
amplifier-loudspeaker interface delay
induced reactions with identical
loudspeakers and inputs. The traces
represent the way in which a 10kHz
waveform would be modified by
composite loudspeaker reactivity and
subsequently erroneously generated
amplifier circuit responses.
Conventional THD analysis fails to
reveal the first cycle distortion due to
a composite loudspeaker’s
impedance reacting with any
amplifier’s separate, but both integral
and internal impedances, as has been
is illustrated here. Using an
oscilloscope to directly observe the
output terminal waveform or
differential input base potentials for
error during music amplification with
loudspeaker loading will not show up
this kind of leading current induced
crossover distortion because
fundamental nulling is necessary to
reveal such activity and this cannot
be set up for music. Nor can THD
measurement and scope monitoring
reveal the dynamic activities of
Miller C.dom generated ‘internal’
closed loop inductance or ‘external’
series inductance waveform
modification either. When it is
driving a reactive load the generic
class-B amplifier does not behave as
if the total inductance at its output
terminal is a simple summation of
both internal plus external attributes,
because leading Miller capacitor
charging current within the closed
NFB loop causes additional ‘ringing’
through back EMF driven output
stage conduction crossovers as it
constantly hunts for, but never quite
manages to achieve, a steady state
correction, as illustrated by the green
and red traces of Figure 22, whilst the
choke allows dynamic loudspeaker
current flow to momentarily
modulate the amplifier’s output
voltage w.r.t. the NFB loop
controlled output node, as per the
first cycle red and mauve traces.

For those who have the equipment

there is a possibility for 24/192
digitally encoding, delaying and
decoding any amplifier input signal,
and simultaneously comparing it with
attenuated amplifier output terminal
waveform potential to generate an
on-going and live display of
‘listening-time’ error whilst real
loudspeakers are reproducing real
music waveforms.

Those amplifiers observed having
inductive output characteristics under
reverse sinewave examination are
likely to be the ones that will be more
tiring to listen to because they cannot
keep themselves from distorting the
leading edges of waveforms due to
the influence of complex reactive
current flow within real-world
dynamic loudspeakers, as has been
illustrated by the parasitic tweeter
driving wavelets of my Part 3-Figure
8. Thus they cannot keep themselves
from fractionally time and voltage
smearing detail within the differential
stereo sound stage image which the
loudspeakers subsequently recreate,
whilst amplifiers that pre-correctively
overshoot during a cycle of reverse
simulation are also likely to sound
too ‘bright’ or ‘glassy’ when driving
reactively complex loudspeakers.
Those amplifiers having a capacitive
low frequency characteristic might
actually sound warmer and louder as
the bass response softens with phase
shifted NFB current generation at the
output terminal because they cannot
genuinely damp bass driver voice
coil movement; this can lead to kick
drums sounding flappy instead of
tight.

‘Standard’ and ‘established’
amplitude-phase and slew rate
measurements observed when
amplifiers drive steady sine or square
waveforms into a phase linear
passive resistor load are so
inadequate for determining how an
amplifier might actually respond to
and therefore ‘sound’ when it is used
to dynamically drive suddenly
starting asymmetric sound
waveforms into real-world electro-
magnetic loudspeakers, because
single frequency testing cannot reveal
how a family of musically related
harmonic components can become
differentially phase shifted or
intermodulated w.r.t. the original
input due to loudspeaker induced
back EMFs separately acting against
an amplifier’s individual dynamic
and NFB loop controlled capabilities.

Where the output of a signal
generator cannot be gated for first
cycle start-up, then an initial leading
edge of reverse driven error as per
Part 5 - Figure 18 might not be
directly observable, especially if the

ELECTRONICS WORLD November 2004



reverse driving source amplifier
already introduces its own first cycle
waveform distortion. This is where
simulator evaluation can be of
significant help, because, although
fundamental test bench nulling will
reveal additional product generation
when a real loudspeaker is the load, a
real loudspeaker will make much
noise and might not survive lengthy
voice coil heating; also the test set
controls will need endless tweaking
as every change impacts upon both
the phase and amplitude of null
settings - necessary adjustments
which prove that internal amplifier
behaviour is not as constant as is
generally expected. Look at the zero
current conduction crossover timings
in Figure 22 above, they vary with
each of the individual amplifier
circuit’s internally generated current
flows which eventually arise in
response to loudspeaker induced back
EMF, and thus the zero current
crossover timing and amplifier circuit
induced distortion will vary with
frequency. All five of the Figure 22
amplifiers have identically connected
transistors, but their different series-
parallel path connected
componentature introduced different
internal NFB and signal voltage
propagation delays, and thus each
amplifier generated different
loudspeaker back EMF induced
soundwave distortions that would
(except for the yellow trace example)
change and sound different when the
loudspeaker is changed!

Continuous display

We might not always be able to
discern any amplifier altered delays
which arise when a single channel is
being tested in isolation, but our ear-
brain neurology is capable of
perceiving directionally and
harmonically induced differential
affectations having short time
differences that would otherwise
relate to 100kHz or more on a cyclic
basis. This leads me to suggest
another way in which it should be
possible to compare different stereo
amplifiers by using switch attenuated
headphones, or an old series
capacitor connected tweeter, or a
ground isolated oscilloscope to
observe an amplifier’s load driving
competence whilst it is actually
music driving real-world
loudspeakers; a method that should
also enable investigation for whether
a specific phantom sound stage
disturbance or undiagnosed
manifestation of distortion is actually
source or power amplifier related,
and which may also be computer
simulated, as is illustrated here.

If both channels of a stereo
amplifier under test are
simultaneously fed together, with
headphones, tweeter, oscilloscope or
simulated monitoring of the
difference between outputs, then
nothing should be observable when
each channel is driving the same
output into equal resistance loads.
However, if one resistor is then
replaced by a composite loudspeaker
system, as is illustrated in Figure 24,
then any previously level balanced
degradation of amplitude linearity or
any reactively induced dynamic
phase (time) shift in amplifier output
will instantly be rendered audibly or
visibly detectable. If there is any
amplifier non-linearity distortion in
the 82 output w.r.t. the loudspeaker
output, then this too will become part
of the audible error or amplitude
trace, such that the output from a
poor amplifier will appear worse than
expected, but this is no bad thing
because it is just as important to
optimise amplitude linearity as well
as minimise dynamically generated
loudspeaker back EMF induced
amplifier errors. Also, I see the
Figure 24 examination arrangement
as being a ‘live’ monitoring set-up
because it is capable of automatically
‘nominally nulling’ the amplified
music waveform via an on-going
subtraction of a normal propagation
delayed and 82 resistor loaded zero
phase waveform, from that which
becomes modified by loudspeaker
back EMF generation, such that there
will be an on-going ‘listening time’
indication of loudspeaker induced
amplifier distortion whilst the
amplifier is real time driving the
loudspeaker with complex music
signal waveforms.

Figure 25 illustrates the error
waveforms as three pairs of
amplifiers are simulated together. All
of the amplifier circuits have been
gain equalised for direct comparison
purposes when being simultaneously
driven by a single 1V.p - 10kHz
signal generator source, to output
10V.RMS each when loaded with an
8Q resistor. The ‘Y’ or vertical axis
voltage differences displayed here
relate to the resistor loaded amplitude
distortion w.r.t. the loudspeaker
output, pius reactive loudspeaker
induced internal impedance error
component w.r.t. the initial zero
phase output across the resistor load,
this being the reason for two
crossover spikes appearing on the
class-B trace. The initial and any zero
voltage level spiking is due to an
amplifier’s normal output stage
current crossover or poor stability
response, whilst any second and
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normally larger amplitude spiking
would due to an amplifier’s internal
stability of NFB loop delayed current
control in the presence of
loudspeaker generated but phase
shifted back EMF.

The green trace in Figure 25 shows
the simulated output terminal *V’
difference caused by 8S2 loaded
amplifier output nulling of the
approximate ‘Ariel’ loaded amplifier
for two Part-5 Figure 14 circuits;
please note that the loudspeaker
induced loss of ‘amplifier’ output
amplitude shown in the waveform
w.r.t. a positively starting common
input has been divided by ten, i.e. the
simulated difference and quadrature
loss in output amplitude between
virtual loudspeaker and plain resistor
loaded outputs is 1.3V.p-p! The
sudden dynamic loss due to the initial
amplifier ‘permitted’ virtual
loudspeaker induced series output
choke voltage change and the
subsequent quadrature phase shift are
clear to see.

The red trace shows the Miller
connected VAS C.dom plus NFB
loop generated amplifier inductance
of a choke-less Figure 14
‘permitting’ loudspeaker back EMF
induction of initial plus subsequent
reverse driven conduction crossover
commutation, plus quadrature output
terminal voltage development.

The blue trace is the resultant from
my simple class-A. It has minimal
sudden starting error and no
crossover distortion, just a smooth
and low level of NFB loop permitted
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Figure 26:

Four two-cycle
10V.RMS-10kHz
‘live’ interface
distortion displays.

20

phase shift with near resistive loss;
i.e. the loudspeaker induced amplifier
loss almost mirrors amplifier input.
Note that even though this is an
excellent sounding amplifier the error
(not its output) potential is more
shifted than steady sinewave plus
resistor examination suggests!

**The most humble of
oscilloscopes should be capable of
producing this kind of differential
display from the ‘Y’ take off point
illustrated in Figure 24, Note
however that the oscilloscope input
ground is directly connected to the
resistor loaded 8Q amplifier output,
so it must be a battery portable type
with anything connected to it being
ground isolated and insulated, or be
ground isolated and powered via a
good isolating transformer; also the
oscilloscope should be kept well
away from the audio frequency signal
source and cabling, also the
amplifier’s input panel. The
oscilloscope timebase may be free
running, event triggered or externally
synchronised to the phase linear ‘X’
waveform appearing across the 8Q
resistor such that an on-going display
of dynamic loudspeaker induced
distortion may be viewed during
‘live’ listening.

‘Live’ distortion monitoring

My final illustration is Figure 26. It
shows the traces from four pairs of
amplifiers each being driven at 1V.p

- 10kHz and again equally gain
matched to output 10V.RMS across
an 8Q resistor. Here the difference
between the resistor loaded amplifier
under test, and its virtual ‘Ariel’
loudspeaker loaded stereo partner,
goes to the Vertical or ‘Y’ input of an
oscilloscope as set out in Figure 24,
whilst the Horizontal or ‘X’ input is
connected to the common ground
termination. The oscilloscope ground
is again directly connected to the 82
loaded amplifier output, so good
isolation remains essential.

I well remember using a similar
oscilloscope arrangement to monitor
transmitter radiation when the BBC
first introduced dynamic amplitude
modulation control on their AM
services. A synchronously
demodulated output was fed to both
the oscilloscope vertical and
brightness inputs, whilst receiver
intermediate frequency amplitude
was fed to the horizontal input; the
result being a flat based triangular
display that was not meant to go
beyond a 100% modulation pointed
top display. Unfortunately it not
infrequently did so, though nowadays
with their over-enthusiastic automatic
dynamic ‘optimisation’ of studio
output being compression limiter
adjusted to match the 100%
modulation level, supposedly
‘necessary’ for transmission
efficiency and ease of listening at
noisy reception sites, our

broadcasters are ruining AM
reception for everyone due to
amplitude demodulators sounding as
if ‘flat battery’ garbled because they
become highly non-linear at 90%
carrier modulation levels, let alone
100%. This is like audio; what is
monitored at an amplifier input or
transmitting antenna input, is not the
same as what we eventually hear.

I mention this AM radio
modulation monitor because it was a
display that could be left constantly
running and be viewed whilst
listening to distorted reception. This
is the idea behind my Figure 24 ‘live’
monitoring method for observing
music signal induced amplifier
interface distortion, because
loudspeaker induced amplifier
distortion products can be rendered
visible and be directly associated
with what we are listening to whilst
the amplifier under test is music
driving real-world loudspeakers, Of
course this method of investigation
can also be set up using computer
simulation software, as here in Figure
26 which shows;-

A; the 1.3V.p-p output vertical
input error of the Part 5 - Figure 14
circuit that arises due to series output
choke decoupling between the
amplifier’s loudspeaker loaded
output terminal and its true NFB loop
controlled output node, w.r.t. the
nominally propagation delayed ‘X’
axis reference output that is more
linear and time coherent when the
amplifier’s load is purely resistive.

B; without a series output choke the
Figure 14 circuit error amplitude is
limited to between +10mV, but audio
is still going to sound coarse with this
degree of conduction crossover
spiking at only 10V.RMS output on
such a simple waveform. This virtual
loudspeaker induced error really is
substantial!

C; the very much reduced initial
spiking, horizontal start-up, low
amplitude distortion and phase
shifted crossover spiking of the
Miller C.dom-less and series output
choke-less Figure 23 circuit is plain
to see. Here it has become obvious
that not only has one half of the
output stage maintained better control
than the other by its reduction of
vertical input voltage error, but with
there being less stray path
capacitance charging within the
closed global NFB loop, the loop
response is more accurately defined,
and thus it is more resistant to back
EMF induced reverse commutation
through a portion of output bias
potential. This kind of difference
between output halves due to
dynamic loading would not be
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obvious via other more conventional
forms of testing.

D; my simple 25W class-A
generates a less vertical (less
inductive) first cycle start-up error
without any crossover spiking, and a
smoothly controlled low level
amplitude error. Note however that
whilst a pure biased class-A amplifier
might perform cleanly it is unable to
drive as loudly through loudspeaker
impedance dips as can a fixed biased
class-A that is free to run into class-
AB output operation when dynamic
loudspeaker current requirements
become momentarily increased; for
interest read:
www.passdiy.com/pdf/a40.pdf

The vertical axis portion of
waveform distortion in C is
approximately 25dB lower than in D,
but the ‘loudspeaker’ induced
crossover spikes, which in this simple
10V.RMS - 10kHz sinewave
example remain sharp, would almost
touch the smooth and near resistive
better than -60dB trace of D if both
were superimposed. Note that both of
the chokeless class-B amplifier
voltage outputs pass close to the
centre zero with slight offset after
each half cycle, and that the
loudspeaker induced output stage
zero current crossovers have become
very clearly illustrated due to a
degree of sinusoidally generated
expansion in the centre region of the
display. The illustrated loudspeaker
back EMF induced leading current
left-up/right-down crossover spikes
actually arise between 4 and 4.5us,
whilst the sinewave synchronous
graticule width here represents
between +25ms of amplitude display.
When musically driven ‘loudspeaker’
induced errors are displayed it will
only be the relative output amplitudes
that may be determined, for the
frequency and thus the time period 6f
horizontal display width will be
inconstant.

In all of these displays the
maximum horizontal amplitude was
potentiometer adjusted to match the
amplitude from the sinusoidal voltage
appearing across the 8 resistor of
each individual amplifier pairing; in
real life the sensitivity of one channel
on a dual beam scope would need to
be most appropriately set for the
required front panel switched
horizontal deflection. Also note that
all simulated second cycle traces are
slightly different to the first; this is
not especially due to any amplifier
weakness, but to composite dynamic
loudspeaker characteristics taking
longer than one 10kHz waveform
time period to stabilise, which can
significantly affect amplifiers

(especially pure class-A with their
naturally limited output current
driving capability) that are expected
to drive loudspeakers with more
dynamically complex music than the
medium level simple sinewave
comparison illustrated here.

If this kind of dual axis ‘live
monitoring’ display is set up with say
a modern digital hand-held
oscilloscope, I would expect a good
amplifier to maintain a mostly
horizontal straight line trace. Those
amplifiers generating crossover
distortion will produce centre of
screen voltage spikes much as
illustrated in B and C; those
amplifiers which current clip due to
dynamic loudspeaker loading with
insufficient amplifier bias or output
stage current limiting will generate
vertical off-screen left-down/right-up
error traces closer to the left and right
display edges, whilst any
semiconductor device current
insufficiencies, saturation or cross
conduction could become easily
identifiable as the differential vertical
error responses fall or lift away from
what should be a smooth and more
horizontal amplitude display. Also
where an oscilloscope has a voltage
triggerable storage capability it
should be possible to study individual
error events.

The choke-less and Miller C.dom-
less class-A designs discussed in this
text are not upset by reverse
investigations where the series load is
driven up to the amplifier’s
individual bias limited maximum
current capability, but class-B types
that use output chokes exhibit notable
reactive load current induced error
potential generation at their output
terminal no matter how accurate the
internal NFB arrangements, and,
even without an output choke, Part 5
- Figure 14 like circuits can still be
reverse driven into additional
conduction crossover distortion at
higher loudspeaker driving levels due
to the Miller connected VAS C.dom
capacitor’s leading input stage
current flow reducing necessary
dynamic NFB loop control at the
output terminal, and thus failing to
prevent additional reactive
loudspeaker induced output terminal
current flow from reverse driving the
output devices through a portion of
their VAS controlled forward bias
potential, as has now been much
more comparatively simulated in
Figures 22, 25 and 26. This still
occurs at low level in example C for
the Figure 23 circuit, because I have
deliberately used VAS driver
transistor C-bc Miller Effect to
degenerate hf gain and thereby

improve closed loop global stability,
though the error amplitude remains
very low.

Figure 21 shaws how a fully biased
class-A design can be more naturally
resistant to initial output terminal
leading voltage shift under the
influence of dynamically generated
loudspeaker back EMF currents.
Mosfet class-B amplifier designs tend
to be more highly biased and can
have naturally lower gate voltage
controlled output impedance, but
they still need to be checked for
additional resistor/collector/drain
driven gate-capacitance induced
circuit delay creating an additional
signal path phase change within what
often already are two or more stages
of high gain-bandwidth amplification
within a global NFB loop, and which
often are stabilised through the use of
a Miller connected VAS C.dom,; the
very component that momentarily
increases internal high frequency
non-linearity as one or other output
device drops out of current
conduction maybe one to five Mosfet
bias volts offset from the alternating
signal zero voltage potential. This
can show up very clearly via X-Y
monitor investigations.

Now I am not stating that all class-
B(AB) amplifiers are going to
perform badly when driving
loudspeaker crossovers and voice
coils with suddenly changing
asymmetric waveforms, but reverse
or differential load testing methods
could be a definitive method for
‘live’ monitoring their capabilities
with a view towards topological
performance ranking. Also there is no
reason why a digitally delayed or this
differential examination method
could not also be used for checking
out different amplifier plus
loudspeaker cable characteristics by
monitoring loudspeaker terminal
potential w.r.t. the resistor loaded
reference; maybe those who rely
upon steady sinewave voltage
measurements will then come to
realise that loudspeaker sited
‘passive’ crossover networks can set
up ‘dynamically’ significant
amplifier-cable-loudspeaker induced
audio waveform distortion effects.

Conclusions

Quite literally I had all of my ‘FCD’
(first cycle distortion) reasoning, and
both class-A amplifier circuits
completed before I thought about
simulating these 10kHz reverse
driven output response examinations
and the parallel-differential
distortion monitoring investigations
which have further lengthened and
thus delayed the originally intended
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completion of this article. My
investigations arose from a personal
need to know why simple class-A
amplifiers already have a natural
advantage, and why they can be so
much less cerebrally tiring to listen
to, thus I feel that the above findings
are worth passing on, even if some
readers might dislike my
presentation, find related errors that
could rightly be stated to affect
examination detail but not the nature
of this overview, or claim that some
of it has been ‘old hat’. If anything I
have written is wrong then it can be
corrected, but please realise that [
am unable to cover with a depth I
would have ideally preferred to due
to real-life limitations and lack of
facilities.

Any power amplifier having a low
equivalent forward first cycle
distortion figure is very likely to
have the excellent and phase coherent
NFB loop controlled output terminal
error correction necessary for
dynamically transparent treble and
image reproduction via real world
loudspeakers, but music cannot be
stopped in order for us to make those
first cycle or fundamental nulled
observations of amplifier
performance, and this is where the
differential monitoring arrangement,
with its continuous and ‘live’ display
capability can give us an
instantaneous audible and/or visual
indication of real-time amplifier-
loudspeaker interface induced
amplifier distortion.

Observance of these differential
traces has convinced me that good
results from the above suggested
methods for 10kHz investigation are
essential, i.e. a low equivalent FCD
output terminal measurement w.r.t. a
conventional forward input voltage;
a low level of low angle steady
sinewave residual w.r.t. a reverse
testing load resistance injected
input; a low level of initial reverse
driven dynamic output terminal
voltage development with fast and
stable control, and especially, a
smooth plus low level of observable
differential resistor-loudspeaker load
induced dynamic error via the
Figure 24 test circuit. Differential
testing is especially easy to set up on
a good simulation program screen
by copy-pasting a resistor loaded
amplifier circuit on to the same page
and then changing one load into a
virtual loudspeaker, linking the
inputs to a single source and
attaching horizontal and vertical
screen oscilloscope inputs as
illustrated. Indeed, this method is so
instantly revealing of possible
reactive loudspeaker induced

crossover distortion and loading
effects, circuit reactivity and
stability, device storage and gain-
bandwidth product related
differences between stages and
output halves, also all signal and
NFB loop enclosed impedance -
especially parallel, interstage or
feed-forward connected capacitors,
that it has already become my most
used amplifier circuit investigation
method. It has already shown up
weaknesses on many supposedly
‘high-fidelity’ amplifier circuits, and
thereby offers a practical route for
design improvement.

Simulation of the humble JLH-69
with a 22mF output capacitor
reveals that its circuit typically
manages an equivalent FCD figure
of 0.05% with a mere 14 degrees of
NFB loop controlled reverse driven
phase shift at 10kHz, though with its
limited bias and loudspeaker
damping control at approximately -
30dB that original circuit is not quite
as capable of driving complex
loudspeaker systems loudly. Any
amplifier that can match or better
these figures is likely to sound
acceptable, though with hindsight,
and as with the generic class-B
circuit used here for illustration
purposes, the original JLH class-As
can also be further improved upon
without changing the basic transistor
arrangement they already use. The
Figure 14 circuit has an equivalent
first cycle distortion figure of 0.43%
and a reverse driven 10kHz phase
angle of 85 degrees; the very similar
Miller C.dom-less and choke-less
Figure 23 an excellent 0.10% FCD
and 20 degrees; my simple class-A
0.02% FCD and only 8 degrees of
reverse induced phase shift.

An 8Q resistor measured
equivalent 10kHz FCD figure of
circa or better than 0.1% within a
100kHz bandwidth should signify a
satisfactory standard for dynamic
high fidelity reproduction with good
pass-bandwidth and fast closed NFB
loop generated loudspeaker back
EMF control. Under 10kHz reverse
driving examinations, an initial error
can reveal either series output choke
reactivity, enclosed NFB loop
propagation delay induced
inductance, an inadequate closed
loop stability margin, or too high an
input (filter) impedance degrading
the NFB loop’s discrimination
capabilities. A low level and low
angle of reverse driven steady
sinewave error development,
especially at higher reverse testing
levels will prove not only a good
dynamic loudspeaker driving
capability, but that all stages within
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the closed NFB loop have high
frequency current phase linearity and
are biased with sufficient capability
for charging all unavoidable and
internal signal path capacitances.
Where an input filter has a -3dB
turnover below 200kHz its delay
could affect and possibly mask
subsequent weaknesses in an
amplifier’s forward tested dynamic
response capabilities. Yet an input
filter, or a series output choke, must
not be bypassed for testing purposes
because this will affect reverse
loudspeaker back EMF energised
closed NFB loop operation and
thereby falsely improve the genuinely
realisable response speed, which is
where these reverse driven and the
differential output monitoring
investigations come into their own
because they allow testers to examine
amplifier reactions and look out for
those series inductance and minutely
delayed but audibly deleterious
‘voltage sensed’ output-current
correction errors that otherwise might
have remained unmeasured and thus
unstated.

There might indeed always have
been more of a Fourier-less ‘art’ to
designing genuinely realistic
sounding audio systems than many
technical writers have been willing
to accept. Properly noted findings of
audible change due to single circuit
alterations backed up by continuous
auditioning, with the development of
an ever stronger and empirically
refined foundation does have an
equally viable basis in its own right
because measurements alone cannot
fool humans into accepting
reproduction errors along the lines
of those touched upon in this
writing, no matter how superb the
quotable THD and slew figures that
are still being quoted,; that is of
course, as long as the loudspeakers,
listening room or studio do not
overly modify reproduction and the
sound levels are not too low or too
high when compared to an original
performance as to make the learned
cerebral perception of human
hearing mask out distortion, which
does happen more often than is
realised. I have often been able to
discern amplifier distortion that has
been masked at higher output
powers by completely closing one
ear and lightly closing the other with
gentle finger pressure in order to
(non-linearly) attenuate high sound
pressure levels; and to protect my
hearing too! The qualities or
weaknesses of high power amplifiers
really are best examined in large
upholstered theatres, or at a distance
in open air and thus quite literally in
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a free field, also by driving a variety
of different loudspeaker types.
Empirical designers could find the
above differential load examination
technique especially useful for it
reduces their need to purchase
calibrated distortion measuring
equipment, and leaves funds for
where they can be more
productively used.

Time for a cuppa

Through these very lengthy efforts I
have come to realise that separate
forward and reverse energised first
cycle output terminal measurements,
backed up by differential resistor-
loudspeaker output monitoring
studies of an amplifier’s response
capabilities are essential before
anyone can state beyond doubt that
any audio frequency amplifying
circuit is genuinely capable of being
deemed a fully-fledged loudspeaker
driving audio amplifier, no matter
how fantastic its ‘conventional’
specifications, or how emotional the
claims are for one particular type
‘sounding’ best. Maybe some high-

claimed for them, and it is little
wonder that established retailers have
by necessity become so experienced
at matching amplifier-loudspeaker
combinations.

I cannot claim that these findings
are definitive, for I am not especially
knowledgeable of theory, but I have
sought to test my own beliefs, as well
as the understanding of others, in

theory does not actually conflict with
the nature of that which is
fundamental and demonstrably
observable.

At this point I need a break from
the writing, but in so taking I will
leave readers to ponder a rather
significant question:-

What’s inside your amplifier?

order to ensure that the results of
anyone's conscientiously applied

As with my previous article, this writing has been long in completion,
then freely passed on to Electronics World for publication. Sincere
thanks are therefore due to the entire Electronics World team for their
substantial donations paid directly to the Marie Curie Cancer Care
Nursing Service.

Thank you very much, Graham Maynard.

Graham hopes to be back soon, examining some of the loudspeaker
driving capabilities of ultra-linear beam tetrode output stages, and the
challenges they set for competent solid state replacement, which
eventually led to his development of a more efficient JLH based class-A
power amplifier.

He suggests that anyone interested in class-A amplification visit the
excellent web site run by Geoff Moss, and especially Geoff’s ‘JLH update’

e R it noverdioriha ke page at;- htip://www.tcaas.btinternet.co.uk/jlhupdate. htm
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In this, the second of a planned four part series using the Micro-cap6
software, Cyril Bateman introduces a method by which any Spice user
can ‘hand carve’ the power MosFet models needed when designing
audio amplifiers

LDRAIN
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¥ L P 2
10 11
R
IERSLC1 S
L 151 DBREAK
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Figure 1: Fairchild’s PSpice schematic for their FDP038 subcircuit model. Modelling audio frequency distortion, the circuit
voltages used to drive the gate-source capacitance switches should not occur. To minimise convergence problems these
switches were deleted from my audio models.

ower MosFet transistors are said  few simple low current DC devices which do require a PSpice
Pto be easier to manufacture than measurements. compatible simulator.

the equivalent junction In this second article, we get our To accurately model distortions in a
transistor, but vastly more difficult to hands dirty producing our first power amplifier with MosFet output
model accurately. For this reason subcircuit model, one which does not devices, our model must accurately
most Spice? users rely on using need complex Spice2 Analog predict MosFet behaviour for small
models provided by the transistor Behavioral devices. Using three drain currents while subject to the
maker. In my last article I outlined Spice2 Level-1 MosFets together drain-source voltages used in power
how more accurate models, better with selected Spice2 devices, this amplifiers. Datasheets mostly
suited to modelling distortions, might model should be usable within most concentrate on larger drain currents at a
be produced by a user ‘hand carving’ versions of Spice2. My next article small drain-source voltage. For
a subcircuit model using data from describes a most complete model example, the datasheet transfer curves
the datasheet, supplemented with a using more complex behavioral for my chosen devices used a 10V
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Model_Therm.CIR
Schematic test version using FDP038 Data

C1_DPL 387p § 1
—p o AN

R3 .001
I < 1
R3_sle (setto 10R for thns, 0.001 for DC)

R2_slc2

Figure 2:

Nodes 10, 20, 30,
representing drain,
gate and source
connections into the
subcircuit model, will
be translated by the
MC6 schematic shape
editor into the
connecting nodes 1, 2
and 3 for the final

1e3 5

subcircuit model. This

NF) E4 I

R1_drain
te-4 TC=5.5e-2,3.2e-4 |

1e6 TC=1e-3, 1e-5
l L%(S,SUIAB (V(5.51)*(PWR[V(5 51)/(1e-67250),10))}

175C 18-22=348mV 25C =5mv -55C =-211.724mv
175C 18-8=-1.32v 25C =13.3mv -55C =449mv

175C R6=0.869 R7=0.652 R8=-0.320
25C R6=1.002 R7=1.005 R8=1.013
-55C R6=1.074 R7=1.212 R8=1.449

schematic was used to
plot and quickly refine
the model, the first
step towards the netlist
needed for our
subcircuit model.

in81j¢ |
M3_Weak
20 R4 gate D1 V4
A '"T M2 Mbd D_Body -
18 22 1 15v
2.5mV degC M1_sttong
S J =
i) RS ? czm| ! L
1e6 ;
Vi ond
! ik ) S S | 30]
0 | R5_source

DC 10AC 0.02 SFFM 00.021000

V6 setto Ov for DC calc, 4.45v bias for Trans
V4 set 15v for DC, 60v for trans.

drain-source voltage and plotted
currents up to their 16A maximum.
The curves for currents below 3A were
cramped and difficult to read
accurately.

The drain-source voltage used in a
power amplifier might be 35 volts or
more and 3A transistor current in a
typical output stage is sufficient to
produce some 50 watts of audio.
Using increased supply voltages and
staying within the MosFet square law
characteristic, more than 100 watts
may be produced.

Initial exploration

When I commenced this work, my
knowledge of power MosFets or their
problems was limited, mostly
gleaned from private correspondence
with Ian Hegglun during his lengthy
investigations and from reading his
two part article, May/July 1999. So
followed many hours searching my
literature files and internet using
Google, as well as visiting and
searching most power MosFet
makers sites and downloading every
interesting file, in total some
200Mbytes.

After several weeks work I attained
my aim, usable Spice2 power MosFet
models better able to predict audio
distortions than conventional models.
Not by devising much original work
but rather by selecting and combining
the most appropriate, existing, non-
propriety modelling methods, able to
work from a datasheet without needing
details of the transistor construction or
any specialised measurements.

2.8e-3 TC=5e-3, 1e-6

Claiming to provide both electrical
and thermal models, Fairchild’s
FDPO38ANO6AO datasheet and two
application notes AN7532/7533
caught my attention!. On
examination the thermal model
claim did not really stack up, but the
electrical model could be used as a
knowledge base. It would be
possible to produce similar models
with information extracted from a
datasheet and using only relatively
common Spice2 devices. Whenever
I undertake a new computing
venture, I like to start either with a
simple, easily verified task, or if
more complex, less well understood,
one which can be separately
verified. For this the FDP038 model
looked ideal.

A complete model requires those
characteristics which change with
temperature, current or voltage in
use, be described. Subjected either to
reversed gate-source voltages of
more than two or three volts or a
very small drain-source voltage,
power MosFet input capacitances
change abruptly. Change of Cgd is
modelled by a diode, DPLCAP and
the change of Cgs is modelled using
the combinations of switches and
capacitors CA and CB. Such
voltages are unlikely to occur in
audio circuits and switches can
increase convergence problems so
were omitted from my models, as
were D_Break and E_break, which
model the transistor breakdown
voltage, all easily reinstated if
required, see Figure 1
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R7_temp 17C=-25e3, 1e-6

—AAA~
R6_break |
1 TC=Ze-4, 1e-7 e]
|

f
nr($)s i

AN
RB_thres 1 TC=-6.7e-3, -1.5e-5

Component models used

With the exception of the models used for the three Level-1
MosFets and the diodes, all other model values and
equations needed are input in the schematics and visible in
the figures. Schematic drawings and full subcircuit netlists are
available from the editorial offices (contact Caroline Fisher,
details page 3), but to save space in the issue have reduced
the netlists to those device models needed, but not detailed
on the schematic drawings, to implement the circuits:-

BUZ900/01D semiconductor models only:-

-MODEL MstroMOD NMOS (LEVEL=1 LAMBDA=0.001
VT0=2.53 KP=7.5 L=1U W=1U RS=0.8 I1S=1E-30 TOX=1
RG=10 N=10 T_ABS=25)

*

.MODEL MmedMOD NMOS (LEVEL=1 LAMBDA=0.001
VTO=0.285 KP=3.0 L=1U W=1U RS=0.18 1S=1E-30 TOX=1
RG=1.36 N=10 T_ABS=25)

*

.MODEL MweakMOD NMOS (LEVEL=1 LAMBDA=0.001
VTO=-0.275 KP=0.2 L=1U W=1U RS=2.9 IS=1E-30 TOX=1
RG=25 N=10 T_ABS=25)

*

.MODEL D_BODY D (1S=2.4E-11 N=1.04 TT=1E-9
CjO=1.6E-9 M=0.54 XT1=3.9 T_ABS=25)
.

.MODEL D_PLCAP D (IS=1e-30 N=10 CJO=100E-12
M=0.47}

BUZ905/06D semiconductor models only:-

.MODEL MstroMOD PMOS (LEVEL=1 LAMBDA=0.001
VTO=-2.22 KP=8.75 L =1U W=1U RS=0.3 1S=1E-30 TOX=1
RG=10 N=10 T_ABS=25}

*

.MODEL MmedMOD PMOS (LEVEL=1 LAMBDA=0.001
VTO=-0.578 KP=2.75 L=1U W=1U RS=0.395 IS=1E-30
TOX=1 RG=1.36 N=10 T_ABS=25)

.MODEL MweakMOD PMOS (LEVEL=1 LAMBDA=0.001
VTO=-0.28 KP=0.38 L=1U W=1U RS=2.5 1S=1E- 30 TOX=1
RC 25 N=10 T_ABS=25)

.MODEL D_BODY D (15=2.4E-11 N=1.04 TT=1E-9 CJO=2E-
9 M=0.54 XTI=3.9 T_ABS=25)
*

.MODEL D_PLCAP D (IS=1e-30 N=10 CJO=300E-12
M=0.47)
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Schematic testicircuit using FDPO38 data
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Figure 3: These DC analysis plots from the figure 2 schematic
illustrate how changes in junction temperature affects drain
current with gate-source voltage for this power MosFet. The
crossover region in a power amplifier is affected by changes
in threshold voltage.
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Figure 4: The datasheet curves for the BUZ900/01D MosFet are
small, so difficult to read especially for small currents. These
transfer curves were printed as large as possible, then annotated
with actual spot values to facilitate developing my model.
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Figure 5: Attaining this smooth merging of the sub threshold
conduction - square law regions, important when modelling
distortion, completes stage 1 for our model. Our 25°C curve
shows good agreement with the datasheet.
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MosFet input capacitances Cds and
Cgd also change with drain-source
voltage, but both curves flatten with
increasing voltage. These capacitance
changes could cause distortion and
affect the transistor’s apparent gain
with frequency. Using AC simulations
to model frequency response Spice2
performs a small signal analysis, so
cannot replicate these capacitance
changes with drain-source voltage.
Modelling distortion using transient
simulations, the
subthreshold/crossover distortion
region is critical, however drain-
source voltage will then be large,
minimising these capacitance changes.

Obtaining model data
I found the Fairchild' and Infineon?
sites the most useful. Both companies
produce a large selection of
switching power MosFets for which
they list models and a good selection
of application notes. I already had a
copy of the Harris CD ROM from
1998 which provided many early
application notes. One of the earliest
attempts to provide an adequate
model is described in AN9210 dated
February 1992. Now part of
Fairchild, several of these Harris
application notes have been updated
and re-issued, explaining in some
detail the Fairchild PSpice models.
Two meanings seem to be inferred
by the description thermal model,
some makers use it to describe the
transistor’s internal heat flow from
junction to case, others provide a
transistor model which ‘self heats’
according to the power dissipated.
For clarity I shall use the term self
heating for such devices.

Exploring the FDP038 PSpice
model

Having downloaded the datasheet,
their PSpice model file and
AN7532/33 application notes, I
redrew the model! as a conventional
schematic, simplified as above but
complete with stimulus, supply
voltage and loads, enabling the model
to be run and tested. This schematic,
Figure 2,must provide the model
descriptions in the FDP038 PSpice
electrical model netlist.

Three Level-1 MosFets are used
connected in parallel to model the
gain block for the full current range,
from the sub-threshold region to the
devices limit. The M1_strong MosFet
provides the curve for the square law
and saturation regions, M1_Med fills
in from the sub-threshold to the point
when M1 takes over. M3_Weak
provides the small currents required
near zero volts and initiates the sub-
threshold curve.

The Level-1 data set applied to
these MosFets is severely restricted,
temperature is permanently fixed at
25°C,both W and L are set to 1
micron, reducing the Level-1 gg
equation to KP. Using essentially just
two parameters, threshold voltage
and KP for each MosFet, facilitates
attaining the desired transfer curve in
the subthreshold and square law
regions. A small value of source
resistance can be used to flatten the
curve from individual MosFets as
gate voltage increases, smoothing the
transition from one MosFet to
another. The settings used for TOX,
IS and N are chosen to minimise
convergence difficulties.

Having restricted the MosFet
characteristics to provide a gain
curve locked to 25°C, we must
separately provide the variations in
threshold voltage, source and drain
resistance with temperature and
voltage. Three Spice2 voltage
controlled voltage sources E1, E2, E3
and one PSpice function source E4
are used, so must be compatible with
your simulator.

The small network of components
bottom right in the schematic uses
three resistors each having specific
temperature coefficients. Used with
E2 and E3 they adjust the threshold
voltage with temperature by adding
or subtracting a small correction
voltage to the gate voltages. At 25°C
these resistors remain as 1Q, the
network is balanced so E2 and E3
make no adjustments.

With the circuit still set to simulate
at 25°C, the resistors in the source
and drain leads can be adjusted to
match the 25°C transfer characteristic
curve. Resistor R5_source, acts to
rapidly flatten the transfer curve with
increasing gate voltage. Two resistors
and E4 in the drain circuit are used to
control the transfer curve at high
drain currents. The resistor R1-drain
reduces current in the linear region.

The multiplier X in the E4 equation
((1E-6 x X) also the exponent ‘10’ of
the power statement) models the space
charge limiting effect. Reducing X or
the exponent ‘10’ rounds off the curve
at high currents. The modelling
needed to replicate the MosFet’s 25°C
transfer curve is now complete.

When simulations are run at
temperatures other than 25°C, the three
resistor network, bottom right in the
schematic, becomes unbalanced
according to the TC of each resistor
and the simulation temperature. E2 and
E3 now adjust the threshold voltages
by adding or subtracting a small
voltage to the gate voltages. To aid
understanding, I ran a few simulations
to ascertain the level of these applied
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N.B. for C1 use either C1_DPL or D2_PLCAP, not both

Model_Therm_BUZ_N.CIR
Schematic test version using BUZ901D_Data
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Device models.

.MODEL MstroMOD NMOS

(LEVEL=1 LAMBDA=0.001 VT0=2.53 KP=7.5 L=1UW=1U
+R8=0.85 1S=1E-30 TOX=1 RG=10 N=10 T_ABS=25)

.MODEL MmedMOD NMQS
(LEVEL=1 LAMBDA~0.001 VT0=0.285 KP=3.0 L=1U W=1U
+RS=0.18 1S=1E-30 TOX=1 RG=1.36 N=10 T_ABSE=25)

.MODEL MweakMOD NMOS
(LEVEL=1 LAMBDA=0.001 VT0=-0.275 KP=0.2 L=1U W=1U
+RS=2.918=1E-30 TOX=1 RG=25 N=10 T_ABS=25)

.MODEL D_BODY D (1S=2.4E-11 N=1.04 TT=1E-9

D1
%D_Body v4

‘L DC 10 AC 0.3 SFFM 00.3 1000

V6 satto Ovfor DC calc, 4.45v bias for Trans

corrections by temperature. The results
are listed in figure 2, directly above the
resistor network.

Final proof that this schematic
version of the model works correctly
can be seen in the attached plot of
temperature/transfer curves, which
comply particularly well with those
shown in the datasheet, especially in
the subthreshold region, see Figure 3.

The simplest way to craft our
desired lateral ‘N’ MosFet subcircuit
model is to save and rename a copy
of this FDP038 working schematic,
using its settings as starting values
for the new model. I decided to
model the BUZ900/01D transistor® or
its direct equivalent, the Exicon EC-
20N16/20%,

A BUZ900/01D non-self heating
model

The MosFet labelled M3_weak is
adjusted first, setting its threshold
voltage just above or below zero
volts as needed with a small value, 1
or less for KP. Paying attention only
to the lowest current section of the
datasheet transfer curve, running DC
simulations at 25°C and plotting the
result as adjustments proceed, as
shown in Figure 4.

MosFet M2_med is then adjusted,
starting with a threshold voltage
around 0.5 volts and KP around two
to three. Adjust these values to match
the transfer curve from some 0.5
volts to perhaps two volts, simulating
and plotting as before.

Finally adjust MosFet M1_strong,
starting with a threshold voltage

+CJO=1.6E-9 M=0.54 XTI=3.9 T_ABS=125)
-

10 MODEL D_PLCAP D (S=1e-30 N=10 CJO=100E-12 M=0.47)

R7_temp 1 TC=-2.5e-3, 1e-6

R6_break
R5_source 1 TC=-9e-4, e- 7é 19
39.3e-3 TC=1.968-2, 1e-6 i ]
T (¢

\/\'-E‘ V2_Vbat

around two to three volts and KP
perhaps five to ten. Adjust these
values to follow the transfer curve
from some 2 volts up to some 5 or 6
volts gate-source, simulating and
plotting as before.

Should you find any of the above
curves increasing too quickly at
voltages above their threshold but
cannot reduce the value of KP and
still match the curve at lower
voltages, simply add a small amount
of source resistance in the relevant
MosFet model, to flatten its curve
with gate voltage. Any source
resistance used within these Level-1
MosFets remains fixed and cannot
change with temperature, so use the
minimum values needed.

My chosen devices are ‘double die’
types packaged in a single TO-3 case,
so exhibit increased transconductance
compared to many transistors. When
modelling other types, you may need
to adjust downwards my suggested
starting KP values.

Having attained a good match with
the transfer curves up to say 5t0 6
volts, slightly more perhaps with
single die lateral MosFets, you will
probably find the curve continues as
a nearly straight line, indicating
excessive drain currents for gate
voltages of 7 and above.

This is easily corrected by adjusting
the temperature dependant source
resistance RS_source, a major
contributor to the MosFet Ryg(on)-
This should significantly flatten the
curve but will not produce the
rounding off needed as the MosFet
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RB_thres 1 TC=-6.7e-3, -1.5¢-5

approaches its saturation region. That
is controlled by the two resistors R3-
SLC1, R1_drain and the PSpice
function source E4.

(V(5,51)+ABS(V(5,51))) x
(PWR(V(5,51) +(1e-6x220),10))}

This E4 function is controlled
according to the voltage drop
between nodes 5 and 51, the voltage
drop across R3_SLC1, using the
expression shown above as used in
the figure 2 schematic. In Spice2
terminology the voltage between two
nodes is described as e.g. V(5,51)
signifying the voltage drop across the
resistor R3_slcl. Both produce a
large, dramatic rounding off effect.
Initially I find it best to vary
R3_SLCI in small amounts then
adjust the value in brackets (le-
6x220),10). Small changes in the
‘220’ value produces modest
flattening and rather more
dramatically when adjusting the
power ‘10’. With some models this
power originally shown in figure 2 as
a ‘10’ factor for the FDP038, may
also have to be reduced to avoid
excessive ‘floating point range
exceeded’ errors.

To expedite this process, I enlarged
and printed the datasheet graph as
large as possible, then using ruler and
calculator noted the relevant drain
currents by voitage on my printout.
When satisfied your 25°C plot
replicates the data sheet, plot the
curves for higher and lower
temperatures, by running simulations
with the temperature reset as needed.
See Figure 5.

Figure 6:

Final schematic
circuit model for a
BUZ900/01D
power MosFet
showing the values
used to model the
R_Source also the
resistors in the
drain circuit. The
gain setting for E2
was increased to
2.1 times to match
the change in
threshold voltages
with temperature.
Also shows the
polarity needed for
D2 if used to
replace C1
capacitor.
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Schematic test circuit using BUZQOOIQ1D data

Te75C

Drain Curent

000
ABD Gate-Source voltage,

Figure 7: Using the values shown in figure 6, these
temperature plots display particularly good agreement with
the datasheet for drain currents up to some 12A.

2 %
22k

Figure 8: The simple test circuit used to measure the
subthreshold region transfer curves, providing additional data
points for this critical crossover region. Measuring a ‘P’
MosFet the supply polarity should be reversed.

EL
Schematic test circuit using BUZ905/06D data ‘P'MOS

T=7!

126
Tj=25C

Oratn Current

Ti=100C

Am

[T —

0 Gate-Source voltage.

Figure 9: Using the final values for the ‘N’ device schematic model
as starting values for the ‘P device schematic quickly produced
these curves, dlosely replicating the datasheet subthreshold
conduction, to complete our pair of schematic models.

Before explaining this sequence, it
is now appropriate to further explain
the circuit, [1_IT, R6_break,
R7_temp, R8_thres, and V2_bat,
bottom right in the schematic.

The three resistors each have a value
of 1Q and an associated TC= xxx
instruction. The first number
following the TC= indicates a linear
temperature coefficient, the second a
quadratic coefficient, translating as
<value> RQx(1+TC1(T-
Tnom)+TC2(T-Tnom)?). When
simulating at 25°C these TC
coefficients have little effect, resulting
in a near 1€ value for each resistor, so
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E2 and E3 have little effect on the
threshold voltages and the gate source
voltage controls E1. With higher or
lower temperatures, these resistor
values increase or reduce in line with
their stated coefficients.

To help my understanding I plotted
the effects of temperature on this
network, which are tabled in the
figure 2 drawing. Increasing or
reducing temperature produces the
voltages used to control E2, and E3,
which now replicate the effect change
in temperature has on the threshold
voltage. Used with a suitable
capacitive diode model for C1_DPL,
E1 results in the dramatic change in
the gate drain capacitance with gate
voltage already discussed. Used with
a capacitor as shown, it has no effect
and capacitance stays constant.

Run and plot simulations for the
upper and lower datasheet transfer
curves. In all probability these will
now approximate the datasheet
curves. If not small adjustments to
the TC values for R1_drain,
R3_SLC1 and R5_source, should
suffice. You may also need to modify
the ‘gain’ values for E2 also E3.
Changing these or the resistor TC
values should have little or no effect
on the 25°C curve. See Figure 6.

As a final check plot the transfer
curves by temperature in sequence as
one plot simply by ‘stepping’ the plot
temperature using a temperature list,
e.g. 25,75, 100, see Figure 7.

Improving subthreshold data

It is possible you may feel, as I did,
the curves for small values of gate
voltage and drain current should
better match your devices. Most
makers datasheets are produced
assuming 25°C, using extremely
short test pulses in an attempt to
avoid transistor self heating and
retain the junction at this
temperature. Lacking a suitable pulse
measuring method, pulse testing was
not an option.

After some consideration I decided
to mount my devices onto a known
heatsink using a known thermal
washer. I would measure drain
currents using a steady 10V DC
drain-source voltage, adjusting the
gate voltage as needed to obtain
various currents, from less than ImA
to the 3A maximum which interested
me, then calculate the expected
junction temperature for each
measurement. By increasing the
simulation temperature slightly above
room temperature to match each
measurement temperature, I could
now tweak the “25°C’ subthreshold
curve for each measurement, to match
my measured drain current values.

I measured six pairs of devices,
obtained from three different batches.
I found each MosFet did conduct
slightly, even when the gate was
directly connected to the source, i.e.
zero gate-source voltage. Choosing
the values from an intermediate
device I amended the transfer curves
by small adjustments to the threshold
and KP for all three transistor
models. Ensuring the best possible
model in the subthreshold region for
realistic simulations of crossover
distortion.See Figure 8.

With models now closely aligned to
actual measured values for low drain
currents, I was forced to accept some
divergence at currents approaching
the saturation region. For my needs
that matters little, since I don’t expect
to use such high drain currents.

‘P’ Types

Following the above process but with
the polarity of some components
reversed in the schematic, I produced
a model for my BUZ905/6D ‘P’
MosFets. Having completed my
initial learning curve and using the
values developed for the ‘N’ model
as a starting point, this ‘P’ model was
developed rather more quickly and
easily. See Figure 9.

However, when I measured the drain
currents for my ‘P’ samples, I found
notable differences compared to the
‘N’ types. The ‘N’ types conducted
some 0.25mA at zero gate voltage and
current increased steadily with each
small increase in gate voltage. The ‘P’
types also conducted some 0.25mA at
zero volts but their current did not
increase until some 0.3V gate-source
voltage was applied. This approx. 0.3V
difference increased slightly with each
voltage step, becoming nearly 0.65
volts for 2A drain current. As if an
additional Schottky diode existed in
the ‘P’ device source path.

This voltage difference meant the
threshold voltage for the weak
MosFet had to be moved significantly
to model the ‘P’ type, compared to
that used for the ‘N’ type.

Netlist
The next stage in producing our final
subcircuit model is to export this
schematic netlist into a simple text
editor such as Windows notepad. One
which does not insert control codes.
First we should assign the node
numbers we wish to use for our
subgcircuit, to a printout of the
schematic. As already explained the
node numbers connected to the gate,
drain and source electrodes must
match those specified in the first
subcircuit line also the schematic
shape we intend to use.
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Schematic test version using BUZ906D_Data

Figure 10:
Assigning ‘fixed’
reference nodes to
our ‘P’ MosFet

Model_Therm_BUZ_P.CIR

N.B. for C1 use either C1_DPL or D2_PLCAP, not both E4= ((V(51 S)ABS(V(G1 .5)))¢(pwg(v(51 5y 8'5'235),2))} SChe'n:'at’cl
C1_ORL Jes 5 to 10R 0.001 for OC Spilinstes
= setfo rans, 0.001 for L
B - M’ﬁms ) Device models. CERER fro
- R3_slet 4 MODEL MstroMOD PMOS this schematic
D2 |p_PLCAP 39.15e-6 TC=1e-3, 5.056-5 l (LEVEL=1 LAMBDA=0.001 VT0=-2.22 KP=8.75 L=1U W=1U format to the netlist
51 RS=0.3 18=1E-30 TOX=1 RG=10 N=10 T_ABS=25) required for the
S o
R2_slc2? 'MODEL MmedMOD PMOS final subcircuit
103 £4 (LEVEL=1 LAMBDA=0.001 VTO=-0.578 KP=2.75 L=1U W=1U model.
S50 . R$=0.395 15=1E-30 TOX=1 RG=1.36 N=10 T_ABS=25)
R1_drain MODEL MweakMOD PMOS
¢ 1.08e-4 TC=5.5¢-2, 3.24-4 A

(LEVEL=1 LAMBDA=0.001 ¥T0=-0.28 KP=0.38 L=1UW=1U
RS=2.518=1E-30 TOX=1 RG=25 N=10 T_ABS=25)

[t M3_Weak
20 Régate E2 S D1 .MODEL D_BODY D (1S=2.4E-11 N=1.04 TT=1E-9
A g —L]lqu—M d . va *+CJO=2E-9 M=0.54 XTi=3.9 T_ABS=25)
_Body »
10
- M P =1e- = = - =0.4
3 M1_Sibng T ODEL D_PLCAP D (18=1e-30 N=10 CJO=300&-12 M=0.47)

C2_inl

190[JDT § |

G A7 temp 1 TC=2 5.3, 1e-6
RE_break

A
30
hal
R10
1eb
V6
0

|

DC 10 AC 0.3 SFFM 0 0.3 1000
V6 setto Ovfor DC calc, 4.45v bias for Trans

- § _204_

RS_source
39.9¢-3 TC=1.96e-2, 1e-6

1 TC=-8e-4, 1e-7 \r

l V2_vbat
v

“

nmw

MOSFET! CR
2000 EN CI

Subcircuit test using BUZ9010_Data 'N'MOS

Tj=25C

Orain Current

Gate Source Volts.

0GR 20 i
A DS

V_GATE

Figure 11: Having completed the netlist

at last test the finished subcircuit models. Using MC6 | found some final tweaking

was needed.

In all probability your Spice2
schematic software will already have
assigned these nodes, which is why
my drawing shows apparently odd
nodes, in larger fonts, e.g. the ‘5°,
‘517, ‘507, ‘8’, etc on my schematic.
MC6 and possibly your own
simulator automatically assigns
circuit nodes, any circuit change
results in the nodes automatically
renumbering. Hence where needed
for calculations or to plot results, to
avoid confusion or errors | assign
these named nodes which do remain
constant. See Figure 10.

Your exported netlist will include
some items not needed for the
subcircuit model, also the
automatically assigned nodes will not
agree with the nodes used in the
formulae or the schematic shape
nodal requirements. Manually edit the
nodes in the netlist and formulae as
needed, insert the opening statement

RB_thres 1 TC=6.7e-3, -1.5¢-5

Temparstwe =25 100

Subcircuit rules.

A subcircuit can easily be called from a net-list:- Simply by
entering its name and nodes,

X<name> {nodes} <subcircuit name>

e.g. X12 1020 30 BUF905D

Ti=75C

Calling a subcircuit from a Windows schematic is even

. ; simpler. All subcircuits in your library will have been assigned
a representative component ‘shape’. Any subcircuit included in
your library is simply selected and its ‘shape” inserted into
position in your schematic exactly like any conventional
component, resistor, capacitor, transistor, op-amp etc. This
schematic shape will initiate the subcircuit call for you.

“ : Using a subcircuit model to circumvent the limitations inbuiit

in Spice2 is not new, if you look you will see that Op-amps are
modelled as relatively large subcircuits even though Spice2
does include the primitive components needed to model a
simple op-amp within its core software.

needed for the subcircuit models, we can

and .ENDS etc needed for a subcircuit
to complete our subcircuit model,
then insert into your library.

Having added the subcircuit into the
library as required by your particular
simulator and explained in my last
article, you assign the model to a
schematic ‘shape’ using the shape
routines supplied by your simulator.
You can now import the model into a
drawing, just like any other
component. Assign stimulus and
voltage sources together with any
required test load and test run your
model. A small amount of model
tweaking, by amending and resaving
the subcircuit netlist, resulted in my
final models. See Figure 11.

Convergence

As stated in my last article,
convergence is a perennial problem
using Spice2 other than with the
simplest models. This model, despite
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When creating a subcircuit for our power MosFet, the
subcircuit nodes representing its drain, gate and source
electrodes must be assigned in the first line of its netlist. The last
line must be terminated with .ENDS and not .END as is usual
for a netlist:-

e.g. .SUBCKT BUF905D 10 20 30

* DRAIN, GATE, SOURCE

* any required explanation e.g. modified 12/10/03

* an asterisk at the beginning of a line indicates a remark
statement.

C19550p

D13 30 D_BODY

M1 1 2 3 3 MstroMOD ;then follows the rest of the

subcircuit netlist lines
o

it’s features, is relatively easy to
converge, however should problems
arise then adjusting your Spice2
defaults away from their default
settings should provide a solution.
See table 1 on page 32.
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Global Defaults, amended settings as used.

Name Default Revised
ABSTOL=  1pA A
CHGTOL=  001pC  1pC
ITL1= 100 1000
ITL2= 50 1000
ITL4= 10 1000
RELTOL= 0.001 0.01

Thermal modelling

If you obtained the datasheet for the
FDP038 from Fairchild, you will
notice they claim it provides both
electrical and thermal models. The
electrical model is certainly fine and
runs extremely well producing
unusually good agreement with the
datasheet curves. However the claim
to also provide a thermal model in my
view is optimistic. It is true they do
supply a mode! of the thermal path
from the transistor junction to the
outside world, but the format used
makes attaching a heatsink difficult.

I did many experiments but could
find no way this thermal model could
be made to control the junction
temperature. Without additional

Simulation controlled

maximum current accuracy

maximum charge accuracy

Permitted iterations for DC analysis
Permitted iterations for DC analysis
Permitted iterations for transient analysis

Relative accuracy of voltages - currents

components it could not even be used
to monitor the junction temperature.
Obviously while the subcircuit
model described in this article can be
used to model distortion at various
junction temperatures, the most
desirable model of all would be one
which ‘self heated’. Fitted with an
electro-thermal representation of a

heatsink and insulating washer, not
only could transistor junction
temperature be measured, the MosFet
characteristics also would change in
real time with change of junction
temperature, even during one cycle at
1kHz, just as in a real transistor.
These improvements are possible
and form the subject for my next
article. I have already produced
working self heating thermal models
for my pair of BUZ transistors.
As will be seen, these thermal
models do provide distortion
simulations satisfying close to those
measured on my modified Maplin
amplifier. However these thermal
models must use behavioural
modelling elements which may differ
from or even not be available in
your Spice2 simulator.

References
1. FDPO38ANO6AOQ spice model.

http//www.fairchildsemi.com/models/PSPICE/Discrete/index.htmi
2. Infineon Technologies http://www.infineon.com/simulate
3. BUZ900/01D lateral power MosFet. http//www.magnetec-UK.com
4. EC-20N16/20 lateral power MosFet http//www.exicon.com

NEXT MONTH IN TELEVISION

TEST REPORT: the DigiFusion FVRT100 DVR

The FVRT100 is a hard-disk recorder for use with DTT
reception. Roger Thomas bought one to replace his
elderly VCR and gives it a thorough check out.

wmimimv-hsrmm-snvoi-mamms
AND CONSUMER ELECTRONICS

OCTOBER 2004 £3.20

[ ﬁ satellite TV

PROJECT: an electronic stethoscope

This simple but efficient design uses an electret
microphone for sound pickup, a TL431 adjustable
regulator (comparator) for amplification and a
MOSFET as the output stage. There are all sorts of uses
for stethoscopes. In particular they can be helpful for
activity detection when fault-finding.

Installi
di

jstrlbuho ﬂtem
Servicing:

JVC HRJ200 series VCRs

e

" Repairs:
. THE LUNEBERG LENS AERIAL

J. LeJeune describes an unusual aerial for satellite
signal reception.

Proview LCD rnui"or

Yura and Microsonic
Keyring radios

VINTAGE REPAIRS: the Collaro Conquest autochanger

Michael Maurice describes the operation of this record
changer, which dates from the Fifties/Sixties, and
what’s involved when repair is necessary.

Awvaeilable Octeber 20

e,
FALLT FINDINGFOR TV © AUDIO  SATEHUTE © VIDEO [T
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FRUSTRATED! . ¢

Looking for ICs TRANSISTORS?
A phone call to us could get a
result. We offer an extensive

range and with a World-wide
database at our fingertips, we are able
to source even more. We specialise in
devices with the following prefix

(to name but a few).

2N 2SA 2SB 2SC 2SD 2P 25J 2SK 3N 35K 4N 6N 17 40 AD
ADC AN AM AY BA BC BD BDT BDV BDW BDX BE
BFR BFS BET BFW BEX BFY BLY BLX BS BR BRX BRY BS
BSS BSV BSW BSX BT BTA BTB BRW BU BUK BUT BUV
BUW BUX BUY BUZ CA CD DX CXA DAC DG DM DS
DTA DTC GL GM HA HCF HD HEF ICL ICM IRF ] KA
KIALLALBLCLD LE LM M M5M MA MAB MAX MB
MC MDA] l\gE MJF MM MN MPS MPSA MPSH MPSU
OM OP PA PAL PIC PN RC S SAA SAB
SAD S J SAS SDA SG SI SL SN SO STA STK STR STRD
STRM STRS SV1 T TA TAA TAG TBA TC TCA TDA TDB
TEA TIC TIP TIPL TEA TL TLC TMP TMS TPU U UA
UAA UC UDN ULN UM UPA UPC UPD VN X XR Z ZN
ZTX + many others

Please visit our website at
www.cricklewoodelectronics.com
17 thousand components in stock

Maxl phone, Fax, Credit Card orders & callers welcome.

B =

Crxcklewood Electronics Ltd
40-42 Cricklewood Broadway, London NW2 3ET
Tel: 020 8452 0161 Fax: 020 8208 1441
Visit our new www.cricklewoodelelectronics.com
Email: sales@cricklewoodelectronics.com

YOUR SLIDES
DIGITISE YOUR
SLIDES

WATCH SLIDES ON TV
MAKE VIDEOS OF

(using a video capture card)

"Liesgang diatv" automatic slide viewer with built in high quality colour TV camera. It has
a composite video output to a phono plug (SCART & BNC adaptors are available). They
are in very good condition with few signs of use. For further details see www.diatv.co.uk

...£91.91+ vat = £108.00

very small hole.

Board cameras all with 512x582 pixels 8.5mm 1/3 inch sensor and composite video out.
All need to be housed in your own enclosure and have fragile exposed surface mount
parts. They all require a power supply of between 10 and 12v DC 150mA.

47MIR size 80x36x27mm with 6 infra red LEDs (gives the same illumination as a small
torch but is not visible to the human eye)... e e

30MP size 32x32x14mm spy camera wllh a fxed tocus pin hole lens for hiding behind a

..... £37.00 + vat = £43.48

£35.00 + vat = £41.13

than with the smaller lenses

40MC size 39x38x27mm camera for 'C' mount lens these give a much sharper image

£32.00 + vat = £37.60

VSLB8020F 8mm F1.22 32x24 deg

Economy C mount lenses alt fixed focus & fixed Iris

VSL1220F 12mm F1.6 12x15 degrees viewing angle..
VSL4022F 4mm F1.22 63x47 degrees viewing angie
VSL6022F 6mm F1.22 42x32 degrees viewing angle.
viewing angte

£15.97 + vat = £18.76
£17.65 + vat = £20.74
£19.05 + vat = £22.38
...£19.90 + vat = £23.38

Better quality C Mount lenses

1000 of 1 value £5.00 + vat

VS8L1614F 16mm F1.6 30x24 degrees viewing angle..
VWL813M  8mm F1.3 with iris 56x42 degrees viewing angle
1206 surface mount resistors E12 values 10 ohm to 1M ohm 100 of 1 value £1.00 + vat

866 battery pack originally intended to be used with an orbitel
mobile telephone it contains 10 1.6Ah sub C batteries
{42x22dia the size usually used in cordless screwdrivers etc.)
the pack is new and unused and can be broken open quite

easily

Please add 1.66 + vat = £1.95 postage & packing per order

JPG ELECTRONICS
Shaws Row, Old Road, Chesterfield, S40 2RB
Tel 01246 211202 Fax 01246 550959 Mastercard/Visa/Switch
Callers welcome 9:30 a.m .to 5:30 p.m. Monday to Saturday

£26.43 + vat = £31.06
£77.45 + vat = £91.00

. £7.46+vat = £8.77

Losmas

WE HAVE MOVED TO :-
17A KING STREET, MORTIMER, NR READING RG7 3RS

Tel No:-

0118 9331111

Fax:-

0118 9332375

MISCELLANEOUS CLEARANCE STOCK

DSCILLOSCOPES Dranetz 606 Line Distribution Analyser .....
Tektronix 4658 Dual Trace 100MHZ Delay fitted into 19" rack Wayne Kerr B601 Radio Frequency Bridge ...
frame £125 Feedback TFABO7 Transter Function Analyse

Wavetek 52 Data MuRtimeter..........
Gould S6200 RF Signal Generato!
Chatilion Force Meter... a
Alfred E105 Variable Attenuator4-8Ghz
Cammetric 6 Oecade Resistance Box ..
Sullivan C8710 Precision 5 Decade Cap:
Marconi 6033/3 Waveguide .
Marconi 2169 Pulse Modulato
Marconi 2430A Frequency Meter 80Mhz.
Marconi 6950 RF Power Meter - No head
Marconi 6960 RF Pawer Meter - No head - Digital
HP X382A Variable Attenuator Wavequrde

HP 5316A Counter ..
HP 8750A Storage Normailzer
HP 907A Co-axial Sliding Load
Programma TM2 Timer

HP 17404 Dual Trace 100MHZ delay (no jock) .
HP 1740A Duat Trace 100MHZ Delay
HP 1741 Dual Trace Y0OMHZ Analogi

Philips PM3264 4 Ch. 100MHZ ....
Gould 0S3000A Dual Trace 40 MH;
Trio C§1040 Dual Trace 40MHZ
Goldstar 0S9020P Duat Trace 20MHZ....
Iwatsu $§5702 Dual Trace 20MHZ.....
Kikusui C0$5020 Dual Trace 20MHZ .....
POWER SUPPLIES

Farneil L30BT 0-30V 0-1A Twice ..
Farnell L30AT 0-50V 0-500MA Twice
Farnell LT30-1 0-30V 0-1A Twice Scrutfy.
Farnels L30-2 0-30V 0-2A Scrufty ... ...
Famell L30-1 0-30V 0-1A Scruty. -
Farnell L30B 0-30V 0-1A ...
Farnell L30AT 0-50V 0-500MA
Farnell C1 0-50V 0-1A - 2 Meters.
Farnell TOPS1 5V 1A +/- 15V 200
Coutant LB500.2 0-30V 0-5A - 2 Meter:
Coutant LA200.2 0-3V 0-2A - 2 Meters
Coutant LQT200 0-15V 0-2A - Twice

Bird Attenuator etc in box 300B.
Bivd 8341-200 Coaxial Atienuator 20dB 40W 500hm.....

Wattmeter 6 & 30W 500hm 30-50Mhz ...
Telonic TTF35-5-5EE Tunable Band Pass Fiiter .
Telonic 190-3EE Tunable Bank Reject Filter 125- 250
Telonic 95-3EE Tunable Band Reject Fiiter 60-12
Helper Inst CMLY Sinadder
Helper Inst S103 Sinadder 3.
SXP100 Parallel to Senial Co
Micromaster LV....

eter.
Eagle DC30 Probe 30Ku OC...

AVQ 100AMP Shunt for AVO B
Southern Caffornia BTXAM-S-10 2000.0MHZ .
Matorola R2001D Communication System Analyser
Weston 1149 Standard Cell 1.01859 ABS Votts at 20C
Muirhead A-6-B Reslstance Box.......
Racal 9817A UHF Frequency Meter 10HZ-560MH:
Racal 9917 UHF Frequency Meter 10HZ-560MHZ
Racal 99150 UHF Frequency Meter 10HZ-520MHZ..
Racal 9901 Universal Counter Timer DC-50MHZ.
Racal 9900 Unlversal Counter Timer 30MHZ DC-30MHZ.
Wavetek 136 VCG/VCA Generator..
HP 435A Power Meter - No lead no 'head

Kingshill 36V2C 0-36C 0-2A.....
Marconl TF2158 0-30V 0-2A Twice .
Lambda 422FM 0-40V 0-1A Twice 4 Meters .
Lambda LK345A FM 0-60V 0-10A 2 Meters.,...........
Systron Donner SHR40-2v0-40V 0-2A - 2 Meters
Sorenson SRL60-4 0-60V 0-4A....
Grenson BPU4 +5V 2.5A & +/- 15V 0.5,
RS 813-991 2 x 5v 2.5A 0r 2 x 12V 1. 5Aor2x SV 1A,
RS 208-197 Line Voltage Conditioner - Output 240V 0.65.
Power Conversion PLC1000 Line Conditioner 1000VA .
Hartyn Autemation IPPS5200 System Power Supply
Powerline LABB07 0-300V AC 0.75A
Power Supply Model 12030 0-20V 0 mps - On Wi

Harmer Simmens 50/25/110 lnpul 240v !OA Output 50V 25A.....

HP 8015A Pulse Generator .
HP 4038 AC Voltmeter.
Centron 4 Di-Log PR415 Phase R
1000VA ... Maywood D2000 Digitat indicator ...

HP 37204 HPIB Extender ...

Hatfield 2115 Attenuator 750hm 10008 . £10
Hatfield 2115R Aftenuator 750hm 10008 890
Hatfieid 2118R Attenuater 7500hm 100B... £10
Hatfield 2135 Attenvator 6000hm 1000B ..o £20

Tektronix 1103 Tekprobe Power Supply .
Systron Donner 6243A Frequency Counter ZDHZ 1250MHZ
Levell TG301 Function Generator 1MHZ Sine/Sa/Tri
Solartron 7045 Digital Multimeter .

HP 84044 Levelling Amplifier .......
HP 3455A Digital Voltmeter ...
Feedback FM610 Oigital Frequency Meler N
Farnell TM8 True RMS RF Millivoitmeter... .£40
Thurlby 1503 Digital Mulitmeter ....... .£15
Sullivan 6666 Milliohmmeter ...

K&L Tunable Bank Reject Fil Filter ...

Barr & Stroud EF4-01 Bank Pass Filter tHZ-100KH
Barr & Stroud EF4-02 LP/HP Filter tHZ-100KHZ......
Fluke 8810A Digital Multimeter.
Fluke 8502A Digital Muttimeter.. L4
Electronic Visual EV4040 TV Waveform Monitor..
Tracer Northem TN1750

jave Tube Amplifier.
Moore Read SFC500/1 AUXR Static Frequency Com
Volts 400 HZ..
Orager 21/31 Multi Gas O
Philips PM8237B Multipoint Dala Recorder
Endeuco 4417 Signal Canditioner X 2
Pulsetek 132 DC Current Calibrator.... 3
PM1038-014 Display with 1038- N10 Nelwork Analyser No

Meggar 1000V X2 Wind Up
Edgcumbe 30A Clamp Meter Analogue ........

Linstead G1000 Generator 10MHZ Sine/Sg/CMOS/TTL ..
Circuitmate FG2 Function Generator tHZ-2MHZ ...
Kllppon UT2 Combi Check.....
AVO 1200R Clamp meter 0-600V 0-1200A Analogue.
AVO TT169 Insitu Transistor Tester...
Thurlby Thandar TG102 Func. Generator 2MHZ .
Farnell PA122 Programmable Attenuator S00MHZ.
Farnell ESG1 Oscillator 1MHZ.
Telequipment CT71 Curve Tra
HP 5004A Signature Analyser....

SPECIAL OFFERS

Oscilloscopes
LECROY 94004 Dual Trace $75MHZ 56/S..

TEKTRONIX 465 Dual Trace 100MHZ Delay Sweep
PHILLIPS PM3217 Dual Trace S50MHZ Delay Swee;
THURLBY PL320QMO 0-30V 0-2A Twice Digital PSU .
H.P. 663124 0-20V 0-2A Communications PSU......
H.P. 6623A 3 Qutputs PSU 0-7V 0-5A or 0-20V 0-2A ............
0-20V 0-2A or 0-50V 0-0.84
0-7V 0-10A or 0-20V 0-4A
H.P. 6626A Precision High Resolution PSU 4 Outputs . .£500
0-7V 0-15MA or 0-50V 0-0 54 Twroe
0-16V 0-0.2A or 0-50V 0-2A Twi
CIRRUS CRL254 Sound Level Meter with Calrbralor 80-120db LED .. 295
WAYNE KERR 8424 Component Bridge........
RACAL 9300 True AMS Voltmeter SHZ -20MHZ usable to G0MHZ 1UV

nAr,AL 'G3008 True RMS Voltmeter SHZ-20MHZ usable 1o 60MHZ
10-316V .&75

Heads .£50
Megger MJ4MK2 Wind Up 1000V MChm... B 1]
Metrohm 250V Pat Tester.... o -£15
Sublivan AC1012 4 Decade Resi: Box 0.05% £10
Brandenburgh 020 Static Freg Convertor 110/240V input

50/60HZ Qutput 115V 400HZ 20VA... ....£40
Narda 706 AHENUAION...........ocovvceercnonimirecnermnecsscanecsssiniinns. £10

Analogue Associates X800 Audlo Amp ier 800wart (400w per
Channel na OC Protection) .... ..£60
WA&.G PCG2 PCM Channel Generato
Sivers Lab 12400 - 18000 MHZ.....
Sivers Lab 5212 2500 - 4000MHZ+C264 ..
Cropico VS10 DC Standard 10V .
Dawe 1405D Sound Level Meter
Cambridge 44228 Potentiometer
Weircliffe Model 6 Bulk Eraser.........
Casella T8620 Heat Stress Monitor ...,
Casella Drum Recorder...
Negretti 0-55C Drum Recorder...
Negretti 125 Series Drum Recorder. ..£20
Sato Keiryoki NS307 Hydrothermograph Dual Cnannel 15c to
+40c. ..£30

= STEWART OF READING
17A KING STREET, MORTIMER, NR. READING RG7 3RS |
Telephone: 0118 9331111 Fax: 0118 9332375
e www.stewart-of-reading.co.uk
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement)

OK Industries CECCO0-015 Surace Resrslrvrty/Resrs(ance 1o
Ground Meter - No Probe .. ..£10

AVO DA116 Digital Avometer with Battery and Leads. e £20
FARNELL LFM4 Sine/Sq Oscillator 10HZ-1MHZ low distortion TTL
Output Amplitude Meter .. £75
FARNELL J3B Sine/sq Oscillator 10HZ-100KHZ Low Drsmmon
HEME 1000 LCO Clamp Meter 0-10004 in Carrying Case
FLUKE 77 Mutitmeter 3 1/2 Oigit handheld with Battery & Lead:
KENWOOD VT1762 Channe! Mullivaltmeter ...
KENWOOD FL140 WOW & Flutter Mefer
KENWOOD FL180A WOW & Flutter Meter ......
KENWOOD FL180A WOW & Flutter Meter Unused ..
MARCONI 69608 Power Meter with 6920 Head 10
SOLARTRON 7150 OMM 8 172 digit True RMS.IEEE ...........
SOLARTRON 7150 Plus As 7150 + Temperature Measureme;
IEEE Cables £5
HP 33124 ancllon Gen 0.1HZ-13MHZ AM/FM Sweep/SqlT ri/Burst elc

- £200
HP 3310 Function Gen 0.005H2-5M2 Sinu/SqlTn/RamplPulse o £80
RACAL 9008 Automatic Modulation Meter 1.5SMHZ-2GHZ .. £60
ISOLATING Transformer Input 250V Oulpul 500VA Unused
RACAL 1792 Reciever ...

USED EQUIPMENT - GUARANTEED. Manuals supplied.
This is a 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.
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Spice (Simulation Program with Integrated Circuit Emphasis) was

originally developed by the University of Berkeley in California around

1968. First used mostly by academic types to simulate and optimise the
behaviour of semiconductor devices, gradually it became less
dependant on the original arcane text-based language as it was

integrated with schematic capture and graphing capabilities, and
available in ever more complex PC/Windows based programs. Recently
the number of programs offering Spice simulations has increased until

there are nearly as many flavours as on your supermarket shelves.

Alistair Macfarlane of Electric Fields Design Consultancy, a long term

Spice user, reports

nalysing many different Spice
Aprograms is a somewhat

daunting undertaking. Each
and every program designer has their
own idea of how the schematic
capture, layout, help, graphing and
modelling should be done, never
mind the maths behind it all. This
involves solving a large number of
differential equations using matrix
algebra, and running various iterative
processes until the (potentially many)
nodes of the circuit all settle down
(‘converge’) to prescribed limits.

From a long web surfing session I
identified 12 programs which looked
promising to examine and if possible,
test. Some of the other more complex
(and expensive) workstation based or
IC design types were not tested, due
to both time constraints and a
suspicion that these would be of less
immediate interest to readers.

To learn even the basics of any new
Spice program thoroughly requires at
least a day or two of effort, and the
features in some of these programs
can be so complex that even then it’s
only possible to scratch the surface of
what they can theoretically do. Spice
provides many different types of
analyses, such as DC, AC (e.g. Bode
plot, phase shift) Transient analysis,
frequency domain, noise, distortion,
digital, complex maths such as RMS
values, Nyquist control loop stability,
Smith charts for RF and so on.
Sensitivity /MonteCarlo/worst
case/optimisation analysis is
sometimes provided to help with
tolerancing a design. Most have the
choice of integration methods from

Trapezoidal, Gear and sometimes
Backward Euler. I have been working
with Spice since the mid-80’s in my
capacity as a circuit designer and
latterly a consultant, and still find
features I have not used - yet.

With so many programs to
examine, ease of learning was
considered to be an important part of
the process. I quickly found that
many programs have so many layers
of menus, options and choices that it
is easy to miss the function you
might want because it is hidden
several layers down behind some
button which perhaps does not appear
immediately relevant. Personally, in a
design business rather than academic
application, I want to use Spice both
to design and to investigate the
operation of a given circuit quickly,
easily and reliably, and then go on to
build and test a prototype (if
possible), and then PCB design. A
good simulation can find and take out
the question marks and perhaps save
a design iteration or two. And circuit
elements in Spice do not burst into
flames or explode when overloaded,
causing damage to either the circuit
or designer!

With Surface Mount components
becoming smaller by the year, the
days of prototyping boards and
hanging a scope probe on a
convenient wire-ended resistor are
gone; it’s much easier if you get it
right first time! (Most of the
programs provide a netlist output for
PCB design.) With that kind of
schedule I may not go back to using
Spice for some time, so when the

next design pops up I don’t want to
have to relearn some quirky program
from scratch again. Nor as a circuit
designer do I wish to have to become
a software guru, or have to have to
call on an IT department (or the
program’s tech support department)
for help. I dare say there are many
other applications where Spice is to
be used more constantly and
familiarisation is not so much of a
problem. To assist with learning, a
few programs provide animated runs
to show how some of the functions
can be carried out. Others rely on a
short tutorial and some solely on
plodding through a help file, hoping
that the relevant terms can be found
in the index — not always the case!
Most of the Spice providers offer
demo programs with circuits which
they have created, and it would be
easy just to run some of these and
treat the results as a guide to
performance. However being a
cynical engineer I of course
wondered whether these demo
circuits could have been massaged so
the bugs have been removed
(actually, not every time!) and there
is even the possibility of using
already prepared files which appear
to run. Often the makers provide
these demos with limited time, size
or model database; a few offered full
versions for the purpose of my test.
To try to make sure I was
comparing as realistically as possible,
I decided to try to create a simple
mixed-signal circuit to pulse-width
modulate a coil, which hopefully
would be within the limits of the
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demos available (albeit —
theoretically - almost insultingly easy
for some of the programs!). I could
then see how easy - or difficult - it
might be to capture this to schematic,
run the simulations and examine the
data produced using a transient
analysis, which to me is the more
interesting - and more challenging to
the software. My experience of Spice
has shown that oscillators in
particular can be problematic due to
the strong feedback implied, and
indeed this proved to be the case.
(The circuit has two, one analogue,
one digital, feeding a D-type Flip-
flop divide by 2, which in turn drives
an npn transistor controlling the
inductor current). The flywheel diode
used was a deliberately ‘bad’ choice
being a slow recovery type.

The Spice programs to be tested
were 5Spice, B2Spice, Edwin, Icaps
4, LTSpice/SwitcherCAD, Microcap
7, Multisim 7, Orcad/Pspice,
Simetrix, Superspice,
Spiceage/Spicycle and Visual Spice.
Not tested were programs like
HSpice, Accusim, Smart Spice,
Dolphin Spice, Spectre, nVisage etc.
as I consider these are more for the
big companies.

5Spice

SSpice is a collaborative effort
between an Englishman, Mike Smith
and an American, Richard Andresen,
30 years an analogue design
engineer. Mike developed the
WinSpice engine and Richard the
schematic capture front end. The
program demo is a little minimalist
and I suspect SSpice may be at quite
an early stage of development. It has
only limited if any mixed
signal/digital capability and no
obvious FFT and advanced features
like Monte Carlo (although the
registered version claims to have
noise and distortion, which could
imply some sort of FFT is available).
To me, one of the more useful
features during a Spice transient
analysis is to have the program graph
the results at the same time as the
simulation is running. (These are
known in some programs as
‘Marching Waves’.) SSpice does not
appear have this feature. During a
long simulation, it is important to
know what is happening, so that if
things are going hopelessly wrong it
can be aborted.

Unfortunately I was unable to get
even the simplest part of my circuit
(the opamp relaxation oscillator) to
run properly. A 5V supply, 4
resistors, a capacitor and comparator
managed to generate —1.6kV in a
100uS run. (Useful perhaps as a

source of renewable energy, but
unfortunately not exactly accurate!)
And to make my case for marching
waves, on one attempted run, 5Spice
told me the simulation was running
but after waiting a goodly time
looking at this message, I found the
computer had hung! And hanging up
was something which happened all to
often with various programs to be
discussed later. Life is too short to
have to watch your computer reboot
and Scandisk run through multi-GB
drives; I quickly got bored with
making yet another cup of coffee. I
feel that such basic faults should have
been ironed out well before the
programs concerned were put on the
market. So I had to be content with
running their astable demo.

The screen grabs are shown in
Figures 1 & 2.

In fairness to 5Spice, the front end
is fairly intuitive to use and construct
a circuit, with a component toolbar
down the right side of the screen. But
there is no auto-numbering of
component references; each has to be
put in manually. And junctions of
more than two wires need a junction
point to ensure connection; all too
easy to forget. As well as this minor
irritation, opamp shapes come either
as three wire (no supplies) or an 7-
wire version which has only 4 pins
identified. ‘Dangling pins’ like this
need a no-connection symbol. There
is no facility for expanding graphs
other than one cursor. All rather
basic, but then 5Spice costs just
$169. They can be found at
www.5spice.com.

B2Spice

B2Spice is created by Beige Bag
Software in the USA. I wondered
where the name came from; it turns
out that they originally wanted to call
it ‘Brown Bag’ to signify good value
for money but as that was already
taken settled for the present name! I
first tried to run the demo but was
getting nowhere so the UK
distributor arranged for a full version
4 ‘Pro’ to be made available to me.
At one stage I was asked to try a beta
of their latest version S, but that
proved much too buggy, so after
several crashes I reverted to V4. This
is a much more advanced program
than 5Spice, but does not support
FFT and other DSP functions; that is
still to come in V5, along (I am told)
with many new features. Digital is
limited, and the digital models
proved to be somewhat eccentric,
having a dead band between 0.5V
and 4.5V where it was considered an
illegal level and everything stopped.
However the boys at Beige Bag bent
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over backwards to help me and with
some tweaking got my circuit to run.
But even then not all was well,
curious artefacts appeared, namely
dips in the transistor collector voltage
trace without any base drive (see
screen dump). These are probably
due to ringing between the slow
diode and ‘perfect’ inductor, but this
goes to show one of the maxims of
using Spice; often you need to know
pretty much what the answer should
be before you can rely on your
results! The simulation took a slow
16 seconds to run!

Creating the schematic was
reasonably intuitive; there was no
component toolbar but the
components were listed in categories
under the Devices menu.
Unfortunately sometimes this meant
a long scroll down through many
components to find the desired part.
And placing a part and changing your
mind was a pain; the ‘Esc’ key didn’t
get you out as I’d expect, and the
only way I could find was to continue
to place it then delete! And rotating
required Ctrl-R, a rather clunky
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Figure 3: above

Figure 4: below
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method. I found that after I had
enabled the component names (such
as the 74HC04) for some reason all
but that name disappeared from the
schematic, and nothing I have been
able to do since has persuaded them
to return! At least it didn’t hang.

Graphing produced a nice set of
(marching) traces but rather limited
in that the left y-axes are all ‘sort-off
commoned (but not quite) and the
autoscaling doesn’t leave any
headroom. It’s hard to see, but the
first dip in the collector trace actually
goes negative. And you are limited to
just one cursor. In my experience two
are desirable so that the delta can be
measured. Apparently it is possible to
tile the traces, but ‘a bit involved’.
But otherwise the trace expansion
worked well and I could ook into the
switching edges easily. The failure of
the transistor to stay saturated with
the extra current due to the diode’s
slow recovery time was clearly seen
in the collector graph.

B2Spice is available from
RDResearch (www.spice-
software.com) costing £139 for the
standard and £239 for the Pro
versions. The screen grabs are shown
in Figures 3 & 4.

Edspice

Edspice is part of the Edwin suite of
EDA programmes from Visionics,
originally a Swedish company. It is
bundled with schematic capture,
mixed signal simulation, thermal
analyser, electromagnetic analyser,
signal integrity simulation and PCB
layout. I purchased the non-
commercial version out of interest
but had never explored the Spice
capability. There are a number of
demo circuits which run OK, so I
tried to build my ‘standard’ circuit
using the capture module. It is not an
easy program to learn due to
numerous similar looking icons and
quirky menus. Also the net and
wiring are apparently separate. When
wiring up the net and wires coincide,
but deleting the wire does not delete
the net; this has to be deleted
separately.

With all these features, the program
gives the impression of being
potentially quite powerful, but is not
intuitive or easy to understand from
the long-winded help files. The first
part of the circuit - when eventually
created - did apparently run but
without producing a graph. I
contacted Visionics who sent me a
quick reply (from India) attaching
two files containing sections of my
proposed circuit. Unfortunately these
were for Windows XP, and I use
98SE, so that didn’t work. I created

my full circuit and sent it off again to
Visionics to see if they could get it to
work. The circuit arrived back after a
few days and I was able to run it in
an encouraging 7 seconds. But the
results were completely wrong. The
digital oscillator waveform was weird
(there seems to be some interaction
between the two oscillators) and the
voltages too low to switch the
transistor. So *nil pointes’ for Edwin,
I’m afraid. The screen grabs are
shown in Figures 5 & 6.

Icap 4

Icap 4 is a somewhat scarily
complicated Spice program suite
from Intusoft, a US company. After
the (by now usual) unsuccessful
attempt to use their demo, followed
by several e-mails for help to their
representatives in the UK,
Technology Sources Ltd., I was able
to create my circuit and run it. In fact
I was limited to 20 components in the
demo, but the IC models used up an
unknown number of sub-circuits
internally, so the representatives
created special models to stay within
the limit. There are a number of
quirks in the schematic capture,
which no doubt regular use could
make easier. Dangling pins — even an
output - are a no-no; you must attach
a wire to the pin, even if it doesn’t go
anywhere! Selecting a component or
text for moving or rotating involves
the slightly annoying delay of
holding the cursor clicked on the part
for a second or so, otherwise it
doesn’t move. Commands and
functions are hidden under layers of
menus, but for the power available it
could be worth the intellectual effort
(and patience) to find them.
Unfortunately this complexity does
not make it very intuitive; running a
simulation throws up a bewildering
array of three Windows on top of the
first one, including a set of thumbnail
marching graphs. In fact Intusoft are
one of the vendors who produce a set
of animations of the use of their
program, and in one of these they
mention that ‘this problem is being
addressed’. It needs to be.

Buried underneath it all is the menu
to find Intuscope, the ‘real’ graph
program. This is also quite powerful
but not very intuitive; at least in the
demo, traces have to be selected each
time, but the default is to tile them,
which makes for easy viewing.

Icap can have the thumbnail probe
waveforms included in the schematic,
as shown on the next page. The graph
window below is not easy to find but
once expanded to full size has a
number of useful functions such as
expanding the traces, changing scales,
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math functions and so on. The screen
grabs are shown in Figures 7 & 8.
The simulation took a rather
mediocre 9 seconds to run. (At one
stage I changed the Set and Reset
connections to the D-type and on the
next run the waveforms went soft
edged. But after saving and re-
running the correct shapes returned.)
After that the waveforms from
Intuscope can be post-processed
using various scripts using the ICL
language, again very powerful but
not to my mind user-friendly. Many
templates for these scripts are
provided, however. The database is
claimed to hold over 18,000 models
including such esoteric devices as
Hall-effect. Intusoft also appear to
specialise in SMPS and magnetics
design, and have a number of
‘averaging’ models which can assist
in SMPS control loop optimisation
without the pain of waiting while
every high-frequency clock cycle is
simulated. A neat feature of their
SMPS design is the ability to
superimpose the statutory EMI limits
on the FFT graphs. And a filter
design tool option is also provided.
Monte Carlo and optimisation etc are
available to those savvy (or brave)
enough to delve into the scripting
language. Another neat idea is the
provision of a description of the
component when looking to select a
part, for example a Mosfet has the
voltage, current and Rdson specified,
speeding the selection process
without having to pick up a databook.
There are far too many other options
available in Icaps4 to be covered in
the scope of this article. Intusoft
produce quarterly newsletters with
lots of useful hints. Icap 4 comes in
numerous different versions, from the
entry level Icap/Rx at £530 to the
professional at £2860. Deals are
available for educators
(www.technology-sources.com).

LTSpice/SwitcherCadlll
LTSpice/SwitcherCadlIll is a
freeware program produced by
Linear Technology. It was the
surprise of my testing; a well featured
Spice program covering AC, DC,
Noise, Transient analysis and even
FFT for the just cost of a download!
Intended to be used for designing
with Linear Technology SMPS parts,
Switched capacitor filters, and other
analogue components, this little
program runs very well. Especially
since Linear’s designers have in
some way optimised the switching
models to run very fast so that the
much slower control loop time
constants can be established without
having to wait a lifetime. But even

without these special models, the
program ran the solenoid simulation
(with marching waves) in just 2%
seconds! And Linear’s models of
capacitors etc. can be ‘real’ with the
parasitics such as ESR and ESL
included. There is however no Monte
Carlo analysis and another limitation
is that there seems to be no provision
for cursors on the graphs.
Unfortunately the only diode models
available were fast recovery types so
I couldn’t see what it did with a slow
diode.

There was a difference in the
frequency of the Schmidt oscillator
from what was expected using a
‘real’ 74HC14 (2.2MHz vs. 485kHz)
but this can be attributed to too small
a value of hysteresis in the model. I
couldn’t get the two-gate oscillator to
run; perhaps that’s a challenge for
someone with more time? In fact its
‘Digital’ modelling is a little limited
but there are adequate models for
playing with and the possibility of
importing models, which could
expand its use considerably. LTSPice
has an active user group
(http://groups.yahoo.com/group/Ltspi
ce) and can even export netlists to
various PCB design programs. The
screen grab is shown in Figure 9.

All things being considered, an
excellent entry level program for
anyone interested in getting into
Spice. And did I mention - it’s free!

Multisim 7

Multisim 7 is the Spice simulation
part of the Electronics Workbench
EDA suite of programs; it claims to
have 16,000 models and to cope
with VHDL and Verilog as well. I
struggled with this from the start. Its
demo does not allow a save, so that
each time I had to start again meant
rebuilding the circuit from scratch. It
hung the computer on too many
occasions (even twice in the middle
of schematic capture, with a ‘Run
Time’ error), which of course meant
every time starting again after a
reboot; this quickly got more than
just boring and eventually I gave up.
Capture is slightly quirky and
erratic, in that you cannot connect
more than one wire to a component
pin, and I found wires came and
went rather arbitrarily. Component
values are selected from a table of
‘standard’ values, and this was
limited to 1 Ohm to 22 Megohms for
resistors. I never did find how to use
(say) a 0.001 ohm resistor for
current sensing!

Since I couldn’t get my circuit to
run, even after a discussion with the
technical support (who in this case
was concerned that I might be using
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XP", I looked at the demo circuits
provided. I chose the AC-DC
converter to try which is basically a
rectifier followed by a LP filter. It
ran OK but seemed to ignore the stop
time I'd set. The only way to stop it
was to press the pause button. And
the graphs appear as an oscilloscope
trace. The resolution was coarse and
the sinewave distorted, in spite of
setting a 10us time step. The only
way to view the traces for analysis
was to use the view graph command,
although at least there were a pair of
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cursors provided. Personally I dislike
the use of ‘Virtual Instruments’

educational purposes. They tend to
clutter up the schematic especially if

different voltages or currents. The
screen grabs are shown in Figures

although I can see their value for you need to measure a lot of 10 & 11.
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Readers may be interested in the following further reading, available from the
EW book service operated for us by Boffin books at www.boffinbooks.com

SPICE: A GUIDE TO
CIRCUIT SIMILATION AND
ANALYSIS USING PSPICE:
Paul W Tuinenga, Prentice Hall
1992 & 1995. Limited Availability
as out of print item - price on
application.

ANALYSIS AND DESIGN
LINEAR CIRCUITS 3E WITH
PSPICE FOR LINEAR
CIRCUITS (USES PSPICE
VERSION 9.2) SET, Thomas, John
Wiley & Sons Inc, 2001,
hardback £97.50 0-471-20929-5

BASIC ENGINEERING
CIRCUITS ANALYSIS 7E
WITH PSPICE FOR LINEAR
CIRCUITS (USES PSPICE
VERSION 9.2) SET, Irwin, John
Wiley & Sons Inc, 2001,
hardback £93.50 0-471-20924-4

CIRCUITS 5E WITH ETA &
CD WITH FIRST LAB IN
CIRCUITS & ELECTRONICS
AND PSPICE FOR LINEAR
CIRCUITS SET, Dorf, John
Wiley & Sons Inc, 2001 hardback
£122.00 0-471-21997-5

CIRCUITS 5E WITH HAND
ON PSPICE SET, Dorf.,
John Wiley and Sons (WIE),
2000 hardback £115.00 0-471-
43969-X
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CIRCUITS ANALYSIS 2E
WITH PSPICE FOR LINEAR
CIRCUI TS (USES PSPICE
VERSION 9. 2) SET,
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harmonic theory
..In practice

Opamp and ADC technology have progressed so far that they have

outreached high-resolution harmonic distortion measurements. A fresh

look is needed at the practical aspects of the measurement process,

allowing designers to debug their latest creations.
Leslie Green CEng MIEE investigates

udio engineers use 24+ bit
acquisition systems to
measure harmonic distortion

120dB below the fundamental.
Microwave engineers use spectrum
analysers to measure harmonic
distortion 85dB below the
fundamental out into the far gigahertz
region. In between the extremes of the
audio and microwave regions lies the
vast bulk of modern designers. We
want to design for low harmonic
distortion in the low megahertz range,
but neither of the aforementioned
disciplines is of much use.

Spectrum analysers

Modern spectrum analysers are
enhanced with digital technology,
reducing the noise floor and hence
increasing the dynamic range. It is
therefore quite usual for spectrum
analysers to quote dynamic ranges in
excess of 120dB. They also have
extended low frequency operation so
that some work down to the kilohertz
region. You would therefore be
forgiven for assuming that such a
device would be ideal for measuring
harmonic distortion in the low
megahertz region.

Of course ‘microwave and RF’
engineers have their own
terminology. Instead of measuring
relative to the fundamentai, they
measure relative to the ‘carrier’. A

second harmonic 80dB lower than
the fundamental is then simply
-80dBc. HD?2 is a convenient
shorthand notation for second
harmonic distortion, and will be
used henceforth.

Although a spectrum analyser has a
huge non-harmonic dynamic range,
the HD2 specification seems quite
poor. Consider the HD2 specification
of the Agilent E4402 9kHz to 3GHz
spectrum analyser:

10MHz to 500MHz:< —-65dBc

500MHz to 1.5GHz:< -75dBc

1.5GHz to 2.0GHz:< -85dBc¢
>2GHz : < -100dBc

Observe that HD2 gets better as the
frequency is increased. Also notice
that there is no HD2 specification
below 10MHz, despite the fact that
the analyser is otherwise specified
down to 9kHz operation. The bottom
line is that spectrum analysers
specified for —-100dBc at IMHz just
do not exist.

The key problem with a spectrum
analyser for measuring harmonic
distortion at ultra low levels is that
the displayed distortion is critically
dependant on the size of the signal
presented to the input stage, ‘the
mixer’. This effect is shown quite
clearly in the measured results of
Figure 1.

The best HD2 measurement on a
spectrum analyser is achieved by

reducing the signal at the mixer until
the second harmonic is just sitting on
the noise floor. Whilst this can be
done by using the input attenuator
built into the spectrum analyser, this
attenuator usually has 10dB steps.
Such a coarse attenuator does not
allow the best possible measurements.
It is for this reason that the Anritsu
MS2681A, for example, uses an input
attenuator with 2dB steps. One can of
course use an external attenuator, but
this is not ideal from a usability point
of view.

In order to minimise the noise floor
of the spectrum analyser, the ‘local’
measurement bandwidth, the
resolution bandwidth, has to be made
as low as possible. Minimising the
resolution bandwidth slows down the
sweep speed and makes it impractical
to see the fundamental and second
harmonic at the same time.

The optimum measurement is
achieved by centring the display on
the fundamental, taking a reading,
then re-centring on the harmonic and
taking a reading. All very
inconvenient and time consuming;
not something that even a proficient
user should be expected to realise.

When I wrote out the table of HD2
specifications for the Agilent E4402,
I missed out a crucial piece of
information, the signal level at the
input to the mixer. In order to
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estimate the best HD2 reading that
can be made, you are expected to
realise that HD2 improves at a rate of
1dB for every dB that you reduce the
input signal until the second
harmonic reaches the noise floor of
the spectrum analyser. This 1dB/dB
slope is seen quite clearly in

Figure 1, provided the signal is
initially low enough.

Equipment

If you look at the data sheet for the
Analog Devices opamp AD8021, for
example, you will see typical
distortion specs at IMHz of HD2 =
-93dBc and HD3 = -108dBc¢. As a
user you might reasonably ask how
this high level of performance can be
verified in your design.

In the case of an opamp, it can be
wired into a unity gain inverting
configuration. If the input is supplied
with a clean sinewave then the output
should be an anti-phase sinewave
plus whatever harmonics the opamp
itself produces. If the input and
output are summed using a pair of
equal resistors, the fundamentals will
largely cancel. The remaining signal
will therefore contain a much higher
proportion of the opamp’s harmonics.

This technique has effectively
boosted the resolution of the
measuring system. In fact, any
technique which suppresses the
fundamental will have the same
resolution enhancing benefit.

Unfortunately, because of the delay
through the opamp, the input and
output fundamentals will not be
exactly in-phase. They therefore will
not null particularly well, even if a
fine gain control is included in the
summing network. A phase shift of 6
degrees will prevent the fundamental
from being nulled by more than
—20xlog g[sin(8)]. Nulling the
fundamental by more than 40dB
requires the input-to-output phase
shift to be less than 0.57°.

Introducing such a small phase shift
is apparently easy, just an RC filter.
But capacitors and inductors are
notorious for creating harmonic
distortions!

Obviously if you used a ceramic
capacitor you would only use an NPO
dielectric, knowing full well that ZSU
and Y5V types are useless for
analogue work.

However, even metallised film
capacitors are known to create
harmonic distortions, so it is unsafe
to assume that the filter you have
made will be completely free from
harmonic distortion. The only safe
answer is to use a low-loss delay line
to produce the phase shift, preferably
a delay line having an air dielectric.

Having nulled the pure sinewave
you can now ... but wait a minute,
where did the pure sinewave come
from? A typical RF signal generator
at IMHz and above will have HD2
and HD3 levels of around —40dBc to
—50dBc, depending on the output
level. You cannot buy a signal
generator that produces less than
~90dBc harmonics above 1 MHz; and
the best I have found only gives
—60dBc.

In the case of the opamp scheme,
you might feel that the input
harmonics from the signal generator
would also be nulled by summation
with their counterparts after passing
through the opamp. The trouble is
that the phase shift network now has
to vary with frequency appropriately
to correctly phase-up the
fundamental, second and third
harmonics, and the gain also needs to
be constant over this 3:1 frequency
range. Realistically then, it is still
important to use a very pure
sinewave source.

Standards

Let’s suppose that you make yourself
a fixed frequency ultra-pure sinewave
generator. Having made it, you don’t
know how well it performs so you
want to calibrate it. I checked with
the UK National Physical Laboratory
(NPL) and they are unable to
calibrate such a generator. I also
made the same enquiry with the US
National Institute of Standards and
Technology (NIST, formerly NBS)
but they did not respond.

Of the five calibration laboratories
in the UK accredited for distortion
measuring equipment, not one was
able to calibrate anything above
100kHz. Thus whatever confirmation
you can get from other sources, the
measurement is not going to be
traceable to national standards. This
being the case, you need a much
better understanding of fundamental
metrology than usual; there is no
measurement establishment to
corroborate and backup your
readings.

Text books suggest using a notch
filter to kill off the fundamental, but
do not then explain how to prove
‘beyond reasonable doubt’ that the
notch filter is linear. It is very easy to
make a notch filter that is non-linear
at the ultra-low distortion levels we
are talking about.

The solution to our signal source
problem is to use either a notch-pass
filter or a low-pass filter; either way
we get rid of the output harmonics as
required. The solution to the
measurement problem is either a
notch filter or a high-pass filter;
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either way we need to remove at least Figure 1:
60dB of the fundamental in order to Measured second

boost the system measurement
capability by at least 60dB. The
problem is that neither filter is
testable on its own, they can only be
tested as a pair.

Theory
The way a spectrum analyser works,
the only place harmonic distortion
can be created is in the mixer. The
input signal is then converted to a
fixed intermediate frequency so that
no further frequency related
information is processed. You always
need to test for distortion in the mixer
by using extra attenuation at the
spectrum analyser input. If an
additional 2dB attenuation reduces
the fundamental by 2dB, but the
harmonic by 4dB or more, then the
harmonic is being generated by the
mixer and is not present in the signal.
The theory behind the 1dB per dB
reduction of internal second
harmonic distortion with input
attenuation is very simple. The
spectrum analyser’s input mixer can
be characterised by a power series
expansion:

Vo= Ay + AV, + 4, V,'+A3V|~+...

Using a cosine input signal gives:

V= Ay + A Vcoslwit)+ A, V2 cos* (o 1)
+ A4,V cos (mt)+...

The cos squared term can be
converted to a double frequency term
using standard trigonometric identities
and it is then clear that the resulting
double frequency term is multiplied
by the same V2 factor that was
originally in front of the cos squared
term. Hence when the input voltage V
is increased by a certain number of
decibels, the second harmonic is
increased by double that amount.

harmonic distortion
characteristic of an
Advantest R3261C
spectrum analyser
at 1.1MHz.
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Figure 2:

Theoretical second
harmonic distortion
due only to second

and forth order terms

in the power series
representation.

Left - Figure 3:
Second harmonic

distortion in a Nicolet

Accura 100 12-bit
digital storage
oscilloscope as a
function of the peak
to peak input signal.

Right - Figure 4:
Second harmonic
distortion in an
Accura with a 4 div

0.001

nput

The more complete answer is that
all even-order powers of the input
signal, created by the even-order
powers in the power series, result in
some second harmonic contribution.
(Likewise, all odd-order powers of
the input signal contribute to the third
harmonic distortion.) However the
higher order even powers will
contribute more second harmonic
distortion as the input signal is
increased by virtue of their higher
index of the V term in the power
series expansion. What therefore
happens is that the V* term creates
second harmonic distortion that
increases at four times the dB rate of
the input signal. A graph of this
situation shows the increased slope at
increased signal levels (Figure 2).

From the graph it is seen that the
initial slope of the curve is two
decades per decade (= 2dB/dB). At
the far right hand end of the curve,
the slope is 4dB/dB due to the fourth
order distortion. The dip in the
middle is due to the fourth order term
being of opposite sign to the second
order term. Hence it is not
guaranteed that harmonic distortion
monotonically decreases as the input

ptp signal moved to  signal is decreased.
different screen The measurements of Figure 3
positions. validate the theory, showing that

HD2 versus amplitude @ 21kHz

amplitude (div)

0.1 1

higher order terms in the power series
give rise to a great many local minima
in HD2. The signal generator used for
this test was a Krohn-Hite 4402B,
which typically generates very pure
sinewaves. Although a 12 bit system
has 1 part in 4096 resolution (72dB),
more resolution is achieved when you
FFT the time domain data. The FFT
spreads out the quantisation noise,
giving more resolution.

The measurement was performed
using a 4096 point FFT and the
resulting FFT was averaged to
minimise the noise. Furthermore,
additional resolution was achieved by
putting the Accura into a dithered
oversampling mode; the resulting
—110dBFS noise floor is quite
impressive. It seems likely that these
high-order power series terms are due
to the integral non-linearity errors of
the ADC used, an Analog Devices
AD9432BST-105.

Since the Krohn-Hite is not
specified up to a distortion level
which eliminates its effects from the
test, another test helps to show that it
is the acquisition system giving rise
to these wiggles in the HD2 reading.
By using a fixed 4 div ptp signal and
shifting it up and down the screen,
changes in the signal source are
eliminated. Figure 4 shows that there

is still interesting structure in the
HD2 readings.

The point to be stressed here is that
simple devices, like the diodes used
in a spectrum analyser mixer, will
tend to have a monotonic increasing
transfer function. Such a transfer
function will have a power series
representation where the terms all
have the same sign.

In a complex linearity-corrected
device such as an ADC, the wiggles
in the transfer function created by the
linearisation process amount to
dominant higher order terms which
are not all of the same sign.

Consider just second harmonic
distortion. For any system, if you
reduce the input signal sufficiently
the second harmonic distortion
created by the second order term will
eventually dominate, unless you hit
the system noise floor first. The
reason is that the second harmonic
distortion due to the higher order
terms will have been reducing much
faster than that produced by the lower
order terms as the signal amplitude
was reduced. For an ADC, however,
the signal level required for the
second order term to be dominant
may not be found because, in
practice, the signal is seldom reduced
below one tenth of full scale.

Signal Source

The first step in any testing process is
to generate a pure sinusoidal signal,
which, as mentioned earlier, is
achieved using a filter. I bought a
custom-made notch-pass filter from
Allen Avionics for several hundred
pounds. A centre frequency of
1.1MHz was chosen, rather than
1MHz, to minimise aliasing
problems.

This filter was tested to —95dBc
insertion loss at the second harmonic
by the manufacturer. That is a very
easy figure to verify using a signal
generator at 2.2MHz feeding into a
spectrum analyser. There is no
dynamic range consideration because

HD2 versus shift position @ 21kHz
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you can use a nice big signal at the
input to the filter.

In normal use, with this much
attenuation at the second harmonic,
‘none’ of the second harmonic
present in the signal generator will
get through to the output; -45dBc
HD?2 at the input, for example, would
give rise to —140dBc at the output!
However it is quite possible for
internal distortion within the filter to
create its own second harmonic
distortion.

What is clear is that I cannot ‘turn
down’ the signal from the signal
generator, look at the signal on the
wave analyser and see if the
distortion changes. (By ‘wave
analyser’ I mean any one of a
spectrum analyser, an oscilloscope
with FFT capability, or a dedicated
FFT analyser.)

In fact it is not even possible to say
that reducing the output level of an
RF signal generator is guaranteed to
reduce its harmonic content! If the
generator consists of an oscillator, a
variable attenuator and an output
stage, the oscillator harmonics will be
fairly constant, whereas the output
stage harmonics will be changing
with amplitude. It is therefore quite
possible for the oscillator harmonics
to null with the output stage
harmonics at one or more amplitude
levels, thereby making the harmonic
content a non-monotonic function of
the output amplitude.

One test I could do is to initially
use a 3dB pad at the input to the
filter. (RF people use the simple term
‘pad’ instead of ‘inline S0Q2
attenuator’.) If the 3dB pad is first
used at the filter input, then moved to
the filter output, the overall harmonic
distortion should be substantially the
same in both cases. If it is not the
same, the filter was causing a
significant amount of distortion.
Figure 5 makes this test clearer.

A slight caution is in order at this
point. The 3dB pad between the
signal generator and the filter will

improve the matching between the
two devices. Therefore, when the pad
is removed, the system may not give
exactly the same performance due to
the mismatch. This problem can be
minimised by always using additional
pads at the signal generator output
and at the wave analyser input.
Mismatch changes will then be
considerably lessened when the
moveable pad of figure 5 is used.

Now of course the 3dB pad which
is being moved may introduce
distortion of its own. In this case it
might cause a difference between the
readings in the test of figure 5. Thus
the test is most useful when no
change is detected.

Then again, the change in distortion
in the filter may just happen to cancel
the additional distortion due to the
3dB pad, causing no overall change!
In a situation like this, you need
another independent method to verify
the test. If the test also worked with a
6dB pad then the confidence level
would be increased.

Absolute harmonic filter

Ideally a filter is needed which can
remove at least 10dB of the
harmonics, but which is guaranteed
not to introduce harmonic distortions
of its own. Clearly no LCR filter can
perform this function because any
inductors and capacitors in such a
filter would be under suspicion and
cause an uncertain result. Air-wound
inductors should give reasonably
distortion free results, as should air-
dielectric capacitors, but a piece of
wire should give the best possible
results.

What we are talking about is a
quarter wave transformer used as a
notch filter. For those who are rusty
on transmission line theory, an open-
circuit length of loss-free coaxial
cable will appear as a short-circuit
when the signal frequency is equal to
the reciprocal of four times the delay
time of the cable. A IMHz
fundamental requires the 2MHz

HD2 versus amplitude @ 1.1MHz
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second harmonic to be removed and Figure 5:
this requires a cable that is 125ns The pad is moved
long. RG58 coax has a delay of from the input to
around 5ns/metre, so that means the output of the

around 25 metres of cable.

The loss of the cable determines the
depth of the attenuation notch, so
don’t use skinny coax such as
RG174. In my case, the second
harmonic reduction of the (chunky)
RGS8 absolute filter was 20dB.
Please note that propagation delays
are dependant on dielectric constant.
You should always cut the cable too
long in the first instance, measure
the notch frequency and iteratively
tune the notch by successive
measurements, calculations, and
snips.

A simple T-piece junction can be
used at the input to the wave
analyser, the open circuit coax line
being attached in parallel with the
input signal. A switched attenuator
will be needed just before the input to
the wave analyser/quarter wave line
to cope with the loss at the
fundamental frequency when the
quarter wave line is attached.
Obviously you switch in some
additional attenuation when the
quarter wave line is not in circuit,
thereby maintaining the amplitude of
the fundamental applied to the wave
analyser between the two tests.

This absolute harmonic filter
method should give a very high
confidence that the notch-pass filter
is, or is not, putting out sufficient
harmonics to be measured in your
system. Having determined that the
notch pass filter was not producing
significant harmonics by using an
absolute harmonic filter, I was
confident that the readings taken

notch-pass filter. If
the reading on the
wave analyser
changes, the filter was
creating distortion.

Left - Figure 6:
Second harmonic
distortion in the
Accura driven from a
pure source.

Right — Figure 7:
Third harmonic
distortion in the
Accura driven from
a pure source.

HD3 versus amplitude @ 1.1MHz

amplitude (div)
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were due to the oscilloscope and not
the signal generator or the filter.
(Figure 6, Figure 7).

Using the absolute harmonic filter
method, the source/filter combination
can be qualified for use at any
arbitrary level of resolution.
Therefore the next step is to increase
the wave analyser resolution by using
either a high-pass filter or notch
filter, thereby lessening the
fundamental content.

The harmonics visible with this
configuration should be minimal if
the high-pass filter is linear. The
absolute filter is used at the input side
of the high-pass filter to see if there is
a change in the harmonic level. If
there is no change, and the harmonic
is too big relative to the enhanced
measurement being made, then the
high-pass filter itself needs to be
improved. If, on the other hand, the
harmonic drops, then the harmonic
you were previously seeing was a
valid enhanced view of the harmonic
coming through the notch-pass filter.
One should still do a test with a 3dB
pad moved from input to output of
the high-pass filter, however.

Another thing to watch out for is an

increase of harmonic distortion when
the absolute filter is used. This would
mean that harmonic signals from the
generator/low-pass filter combination
were nulling with distortion created
by the high-pass filter.

In conclusion

Higher frequencies and higher loads
make low harmonic distortion more
difficult to achieve. However,
absolute filters using transmission
lines get shorter, smaller and more
effective at higher frequencies.
Unless you can measure harmonic
distortion to a sufficient resolution,
and with confidence, you cannot
easily evaluate optimum components
for your precision application.

At the moment, accurate
measurements of ultra-low levels of
harmonic distortion in the low
megahertz region are laborious and
can only be done at spot frequencies.
However, it will only be a matter of a
few years before time domain
equipment such as FFT analysers and
oscilloscopes totally outperform
frequency domain equipment such as
spectrum analysers in this
measurement region. Specialist filters

will be needed in the first instance to
calibrate these FFT analysers, and
absolute harmonic filters will be
needed to calibrate the specialist
filters.

RF signal generators in the 1MHz
to 10MHz region are generally very
poor on harmonic distortion and it is
to be hoped that they will also
improve to support the measurement
efforts; at least a factor of ten
improvement would be appropriate.

It is also important for national
metrology institutes and accredited
test laboratories to upgrade their
capabilities to provide the necessary
traceability of harmonic distortion
measurements at these frequency and
distortion values.

1 should finally admit that even
cables and connectors are known to
be non-linear! The non-linearity
manifests itself as passive
intermodulation distortion (PIM).
PIM is important in RF transmitter
cables, with figures in the region of
—140dBc to —160dBc being quoted.
Thus well-made cables should be
acceptable at the level of —110dBc
which is required for the present
purposes.
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Reader offer:

x1, x10 switchable
oscilloscope probes,
only £21.74 a pair,

fully inclusive*

* Additional pairs as part of the same order, only

£19.24 each pair.

Please supply the following:
Probes
Total_

Name

Address

Postcode Telephone

Method of payment [please circle]
Cheques should be made payable to Electronics World
Access/Mastercard/Visa/Cheque/PO

Credit card no

Card expiry date Signed

Please allow up to 28 days for delivery

Seen on sale for £20 each, these high-
quality oscilloscope probe sets comprise:

® two x1, x10 switchable probe bodies
® two insulating tips

® two IC tips and two sprung hooks
@® trimming tools

There’s also two BNC adaptors for using the
cables as 1.5m-long BNC-to-BNC links.
Each probe has its own storage wallet.

To order your pair of probes, send the
coupon together with £21.74 UK/Europe to
Probe Offer, Caroline Fisher,
Highbury Business, Media House,
Azalea Drive, Swanley

BR8 8HU

Readers outside Europe, please add £2.50
to your order.

Specifications

Switch position 1

Bandwidth DC to 10MHz

Input resistance 1MQ — i.e. oscilloscope i/p
Input capacitance 40pF+oscilloscope capacitance
Working voltage 600V DC or pk-pk AC

Switch position 2

Bandwidth DC to 150MHz

Rise time 2.4ns

Input resistance 10MQ +1% if oscilloscope i/p is
TMQ

Input capacitance 12pF if oscilloscope i/p is 20pF
Compensation range  10-60pF
Working voltage 600V DC or pk-pk AC

Switch position ‘Ref’
Probe tip grounded via 9MQ, scope i/p grounded
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Fact: most circuit ideas sent to Electronics World get published

Send your ideas to: Caroline Fisher, Highbury Business, Media House,
Azalea Drive, Swanley, Kent, BR8 8HU or email to: ewcircuit@highburybiz.com

The best circuit ideas are ones that save time or money, or stimulate the thought process.
This includes the odd solution looking for a problem — provided it has a degree of ingenuity.

Your submissions are judged mainly on their originality and usefulness. Interesting modifications to existing circuits are
strong contenders too — provided that you clearly acknowledge the circuit you have modified. Never send us anything
that you believe has been published before though.

Clear hand-written notes on paper are a minimu