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ENTER 1 ONREPLY CARD

Now you can select from the world of test and
measurement equipment as never before
instantly.

Today you can directly access a stockholding
of £110 million worth of the highest quality
second user equipment from over 50 of the
world's major manufacturers ... and al/at a
price you can afford and trust.

Yes, trust. Because when Instrumex say
quality it also means trust. For not only has
every stock item been regularly serviced and
comes with a free calibration certificate if
required, but also carries a full parts and
labour warranty of 3 months for computer
equipment and 12 months for test and
measurement equipment

Our product range itself is enormous, it offers
you the widest selection of equipment in
Europe ... these are just a few examples:

SENSION DPR-2 Demand Profile Recorder £1150

HP, 98165 MINT* Desktop Computer £2250
SOL 7150 D.M.M £500
HP.1630D Logic Analyser £3500
HP,4951C-102 Protocol Analyser £4100

HP,7440A/001°MINT" Colorpro Plotter - RS232 £695

Bird Elementkit For 40 Series £175
HP,7475A/001'MINT* A3 Plotter - RS232 £1050
TEK 2445 150MHz Oscilloscope £1950

MARCONI 2022 1GHz Signal Generator £2100

MARCONI 2610 True RMS Voltmeter £950
HP 862420 5.9t0 9 GHz Plug-in £2150
HP.2686A Laserjet Printer £950

HITACH! DISTRIBUTED PRODUCTS
HITACHI,V1060K 100MHz Scope, 2 Channel ~ £1195

HITACHIV1100AK  100MHz Scope, 4 Channel  £1795

HITACH!, V223K 20MHz Scope, 1mV £475
Sensitivity

Prices are exclusive of carriage and VAT.

So call now and talk to one of our friendly and
experienced technical sales engineers and find
out how we can help you meet your immediate
and future equipment needs.

European Distribution Centre
Dorcan House, Meadfield Road, Langley
Berkshire SL3 8AL, ENGLAND

TELEPHONE 01 897 2434

Or you can call one of our RRSE,

regional offices: g
Munich 089.2021021 4
Paris 169285829 o
Aberdeen 0224.899522 .
Manchester 0619736251 &
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Equipment Sales Division of Instrument Rentals (U.K.) Ltd
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PROTEL

The Circuit Designer’s

! dreamt that the
computer was laying the
t'racks automatically —
right there on my 1BM pPC
screen. ..

I dreamt that the
computer was dra wing
perfect schematic

diagrams for me . . .

_ mbé
the 47 ien Prot on

. becomes a reality!

~ ThePROTEL family is the answer to all these
\ dreams — at prices you can afford! }
When you look at its price, specification and
ease of use, it’s not surprising that PROTEL |
is fast becoming a world standard for LOW
COST PROFESSIONAL CIRCUIT DESIGN
CAD on any IBM PC or compatible. \
1

TRY FOR YOURSELF!
For £25 per program you can try our “full
facilities” evaluation packs.

ceality ¥ jnact!

Englneering Solutions Limited

King’s House, 18 Kings Street, ENGINEERING
Maidenhead, Berks. SL6 1EF SOLUTIONS
Tel: (0626) 36052 Telex: 849462 Fax: (0628) 74928 LIMITED

=
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OFF AIR FREQUENCY STANDARDS

NPLTRACEABLE ~Now you have a choice!

Use the new QUARTZLOCK model 2A or 2A-01 now and after the change to 198 kHz to calibrate

TIMERS, COUNTERS, FREQUENCY METERS, SYNTHESIZERS, RADIO TELEPHONE TEST SYSTEMS
It you have five of the above i.rjs.t[u_me_ptswtgqalibrate.2A or 2A-01is cost effective IMMEDIATELY!
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The new QUARTZLOCK model 2A features:

31 MHz, 5 MHz and 10 MHz ttl outputs

01 x 10-" long term accuracy NPL TRACEABLE

1 x 10-%and 1 x 10-'° short and medium term accuracy

I Reliable 24 hour operation (Not MSF dependent)

O No frequency jitter (1No warm-up O No ageing

ONo VCO adjustments (3 High noise immunity

0O Use to VHF as calibrator

[1198/200 kHz ‘CORE' output gives ultimate reference certainty
O Autolocking OO No temperature effects (1 No price change

The new QUARTZLOCK 2A-01 with the above features plus:

O Level, stable. very low distortion sinewave outputs @ 1 MHz and 10 MHz
0O Better than —50 dBc harmonic distortion

[J+10dBm + 005 dB O/P [OJOutputinhibited if uniocked

O Option output frequency you can specify at modest additional cost

Matching products include: [ Active antenna [J0.01 Hz-1 MHz divider
in 1,25 and 10 steps [ Master quartz oscillator [J Distribution amplifier
O Uninterruptableffield PSU O Afmeter OA @ meter

DARTINGTON FREQUENCY STANDARDS

MOOR ROAD STAVERTON DEVON TQ9 6PB ENGLAND
Telephone: 080426 282 Telex: 42928 A/B WETRAV G (QUARTZLOCK)
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Words and pictures

t has been said — indeed. in our own columns — that there are literates and
I numerates, but not many literate numerates. Engineers, runs the common
comment. might be brilliant at explaining the operation of the newest better
mouse-trap by means of circuit diagrams and flow charts, but less than breathtaking
when they have to describe it in words. Their lack of education in the skills of written

communication has failed them.

Countering this criticism. those whose facility resides in doing rather than writing
claim that, if their use of the diagram and flow chart provides a clear description of the
mouse-trap. then they have suceeded in communicating and have no need of a

polished prose style.

Both these arguments are, of course, simplistic: the first being the result of
generalization and the second of reduction almost to absurdity. Engineers have
probably been practical. green-fingered types since early youth, withonly a
long-way-second interest in “the arts”, including writing. but nevertheless areable to
express themselves in prose of one standard or another: and it is not sufticient to rely
solely on pictures when explaining one’s work to the public or even to the

management.

The fact remains that the early education of both engineers and arts people has
indeed failed them. While engineers can. as has already heen mentioned. express
themselves in prose to some extent and arts people have been known to exhibit an
interest in science and engineering, there is still a divide and the inability to use the
written language in an effective and attractive manner exists on both sides of it. Since
the teaching of young children started to go wrong in the 1950s. English heing
considered unimportant and mathematics mis-taught to such an extent that vast
numbers of people in their thirties and younger are hard put to it to add fifteen per cent
v.a.t. toa hundred pounds, it seems that only an innate interest in a subject has
allowed success in its study, the others being too difficult to progress in against a
headwind of misguided teaching practices forced on teachers by “forward-thinking”

educationalists.

These comments themselves are clearly over-simplified generalities. but contain a
core of fact. There are outstanding schools and many outstanding teachers, but the
base from which they stand out is plainly very low indeed.

Articles submitted to this journal are, in the main, successful at communicating
their content, but some are far from easy to read and are unattractive. The comment
applies over the whole spectrum of contributors: some of those who have a valuable
point to make send in material which is badly written, scrappy. disorganized and
generally presented in a manner which verges on the insulting, allegedly literate arts
graduates being little, if any, better than their more practical hrethen. The impression
that must be gained from such experience is that the English language simply has not

been properly taught.

David Brancher, writing in The Times for 26 November, 1987, expresses the opinion
that amajor corporation and a gond university should co-operate in developing a
‘communications-competence” module, to be taught in universities. [He goes on to
say that “..any graduate who had taken the module, and passed well, would be
interviewed by (the corporation) on the milk round, as a matter of priority”. Surely, if
the student has arrived at the age of 18 or so without the ability to communicate in
words or pictures, one might begin to wonder what he is doing at university and how
his teachers at primary and secondary schools whiled away the time during English
and science classes. The time for learning “communication” is between the ages of 5
and 18 and it isan indictment of British post-War education that this is even a matter

for discussion.
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Second User Sales

means First Rate deals.

when you buy our re-furbished, re-calibrated instruments
from the world’s leading manufacturers.

DEVELOPMENT SYSTEMS
INTEL Price €
1PDS 100 Portable Development Syslem 895
IPDS 130 Add on Disk Drive 490
IPDS 140 EMV/Prom Programmer Adapter 65
IPDS EMV51 8051 Emulation Vehicie 245
IPDS EMV51A Enhanced version of above 1495
IUPF 27/128 Prom Programming Module 55
IUPF 87/51 Prom Programming Module 145
WP 200 Universal Prom Programmer 115
WP 201 Universal Prom Programmer 795
IMDX 2258 Serles Il Development System 690
IMDX 7208 Dual Floppy Disk Subsystem 685
IMDX 557 Series Il 1o Series Ill Upgrade 845
IMDX 201 Expansicn Cnassis 350
IMDX 7508 35Mb Winchester Disk Subsystem 1495
ICE 49 8048/49/50 In Circuit Emulator 800
ICE 51 8051 In Circuit Emulator 990
iCE 85A 8085 In Circuit Emulator 595
ICE 86A 8086 In Circuit Emulator 535
ICE 88A 8088 In Circuit Emulator 690
MOTOROLA
EXORSET 100 6809 S/W Development System 1200
EXORSET 165 6809 S/W Development System 1990
MVME 10 680X0 Development System 8115
M6BKHDS402A 68020 Emulation for use with VME 10 3315
¢/w M68020POD
MVME SYS 319 VME Development System 3615
M68KRDS2 2 Remote Development Unit 250
ASHLING
A5t Stand Alone 8051 Emulator 2250
GOULD
9508S Microsystem Emulator 995
XEZ80A 280 In Circuit Emulator 370
XE6801 6801 In Circuit Emulator 995
TEKTRONIX
8002A Development System C/W 16K and RTT 150
8300E15/P17 8086/88 Emulator and Probe (8540) 668
8300E06/P06 8085 Emulator and Probe (8540) 595
ZAX
ICD-178-8048 In Circuit Emutator 2795
ICD-178-8086/88 In Circuit Emulator 3975
ICD-278-280 in Circuit Emulator 2735
2ILOG
2DS1/40 Z80 Development System 995
ZSCAN Z8001/2 Stand Alone Emulator 1785

G.P.T.E.

HEWLETT PACKARD
1630G Logic Analyser 5095
1631D Logic Analyser 4995
2225AU Thinkjet Printer 250
267G Thermal Printer 595
3777A Channel Selector 1995
3780A Digital Signal Generator 3595
49518 Protocol Analyser 3695
4951C Protocol Analyser 3990
4952A Protocol Analyser 6250
4953A Protocol Analyser 7950
4955A Protocol Analyser 11400
49718 LAN Analyser 17995
50058 Signature Multimeter 1495
8495H Switched Attenuator 395
9133H 20Mb Winchester Disk Drive 1800
FLUKE
1722A Instrument Controlier 4995
TEKTRONIX
4041 System Controlier 4500
TEKELEC
CHAMELEON Il Protocol Analyser 11995
BRUEL & KJAER
2209 Sound Level Meter 495
FRANKLYN
3600 Mains Analyser 1250
MICROTEK
MATE T900 Digital IC Tester 295

For up-to-date list and prices contact

Ta~rhniDant

INN\Pl 1T 1T VT L

SECOND USER SALES

Park House, Downmill Road, Bracknell, Berks.

0344 411011
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EPROM PROGRAMMER

AT LAST! Over 50 Generic Device Types. . . .
1-2508 10ms 15-2764 29-8749 43-8744
2-2508 50ms 16-2764A 30-8750 44.8051
3:2516/10ms 1727128 31-8748H 45-8052
4.2516/50ms 18-27128A 32-8749H 46-8044°
5-2532/10ms 19:27256 33-8750H 47-87C51
6-2532/50ms 20-27256/21V 34-8741 48-63701V
7-2564/10ms. 21-27512 35-8742 49-63701X
8-2564/50ms 22-27513 36-8041° 50-65705V
9-2758 23-87C64 37-8042° 51-637052
10-2716 24-87C256 38-8048
11-2732 25-8755 39-8049°
12-2732A/10ms 26-8755A 40-8050"
13-2732A/50ms 27-8355° 41-8751
14-2764-50ms 28-8748 42-875221v ‘READ ONLY
. .. .ataprice to suit any budget!
THE MQP ELECTRONICS MODEL £189.95
18 PROM PROGRAMMER VAT

* Automatic Data Rate setting 300-19.200 Baud.
* Two independent Communications Protocols built in.
+ Terminal Mode Protocol.
Use any host computer with R$232 port and Terminal Emulator.
+ Host Computer Protocol.
Use our PROMDRIVER Advanced Features User Interface Package
available for all MS-DOS, PC-DOS and CP/M-80 computers.
* No personality modules to install, no switches to set.
+ Fast interactive algorithms automatically selected as appropriate.
+ Upgradable for future types.
+ Designed, manufactured and supported in the UK. *EX-STOCK!
+ Comprehensive 60 page User Manual
+ n.b. Devices other than 24/28 pin require low cost socket adapter

Write or telephone for further details:

ELECTRONICS, 22 RINGSBURY CLOSE, PURTON,

SWINDON SN5 9DE. Telephone: 0666 825146

ENTER 10 ON REPLY CARD

REMOTE MONITORING
& CONTROL STATIONS

for Industry, Science, Commerce and Education

TYPE 1: DIGITAL I/Ps (WITH COUNTERS); 8 DIGITAL O/Ps
TYPE 2: 16 DIGITAL I/Ps; 16 DIGITAL O/Ps

TYPE 3: 32 DIGITAL I/Ps

TYPE 4: 8 DIGITAL I/P’s; 8 DIGITAL O/Ps; 8 ANALOGUE I/Ps

Two interface options are available, either with RS$232
interface for use in solitary applications, or with RS485
interface, allowing up to 16 stations to be distributed
along a single twisted pair cable.

The stations are easily interrogated and controlled from a
RS232 equipped host computer using printable ASCII
codes. A low cost RS232 1o RS485 converter unit (for the
distributed systems) and a control program on 5.25 disc
for IBM-PC compatible computers are available.

Stations are housed in an IP55-sealed enclosure and have
optoisolated inputs (which can be configured as counters),
solid state switch outputs, a microprocessor watchdog
circuit for high reliability and are supplied with a 12 month
guarantee. Prices range from £365 to £560.

Full details available upon request. Export enquiries
welcome.

CONTROL & DISPLAY TECHNOLOGY LTD
BROOKSIDE, S. KILVINGTON, THIRSK, N. YORKS YO7 2NL.
TEL: 0845 22918

ENTER 8 ON REPLY CARD
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signal processin

Modern signal processing requires discrete-time versions
of sampled-data systems and signals.

Convolution — time-domain

istorically, signal processing in the
Htime domain has been avoided and

the equivalent operation carried out
in the complex frequency domain. But mod-
ern signal processing is compelling en-
gineers to revise traditional methods and
concentrate on discrete-time versions of
sampled-data systems and signals. This
approach is particularly rewarding because
it unifies the signal processing operations in
time and frequency domains.

Consider for example the dynamic be-
haviour of a linear system described by a
differential equation in the time domain; it
can be modelled either by a Laplace trans-
form in the complex frequency domain, or
by a Fourier transform in the frequency
domain. Similarly, the dynamic behaviour of
a sampled-data system is described by a
difference equation in the time domain and
by aztransform inthe z domain.

In each of these examples the time-
domain behaviour may be determined by the
solution or inspection of the appropriate
time-domain model. This article describes
the operation of convolution and explains
how it provides a time-domain solution of
the dynamic behaviour of both analogue and
sampled data systems, Fig.1.

There is no distinction between the La-
place transform of signals and systems. This
becomes clear when you examine the effect
of applying a decaying exponential signal to
the first-order system. Initially the signal
processing will be accomplished in the com-
plex frequency domain, Fig.2.

Signal System

=g 0t x ET y
|

Transform Transfer function
P 5 =2
X‘S)'sm His)= 3
a=1/CR
Y(s)=X(s). H(s)

Fig.2. The signal and system are matched
in the sense that the system impulse
response is identical to the characteristics
of the signal.

Clearly, the system’s response is obtained
by the operation of multiplication. This is
equivalent to the operation of convolution in
the time domain as the following contrast-
ing examples illustrate.

ELECTRONICS & WIRELESS WORLD

HOWARD J. HUTCHINGS

Fig.1. Time domain convolution and the
equivalent signal processing operation in
the complex frequency and frequency
domains.

Time domain s-domain and jw domain
LT
X =4 hth  py(h=x(h*hit) - X(s)= H(s) [==Y(s)=XisIH(s)
(21 Szjw

X{jw) Hw)  =Y{jw) = X(jw)H (jw)

Time domain

Complex frequency domain

LT
Original signal  f{t)

-at

Fis) Fig.3. Frequency shifting rule.

e Replace s
by s+
LT
Modified signat ¢ttt (D F (s+0
— - __1___ transform
L mfm Fis) (591 7CRY: L 1et/CR
= [+ 4
¢ f_(z) Fls+q) g
Consider the ramp-function : fit)=t s
: “lo
]
transform =
f—=———=1/s

t

Fig.4(a). To obtain the time-domain response
t use the frequency shifting rule. Fig4b From equation (1)
in the text it shouldbeclearthat

Consider first signal processing in the
complex frequency domain,

()= UCR 1
YIZSH1/CR s+1/CR
1CR
YOI CRY 8y

To obtain the form of the time domain
response it is expedient to use the frequency-
shifting rule together with a table of Laplace
transform pairs'.

In a previous article' ! demonstrated that
a shift or delay of T seconds in the time
domain gives rise to a multiplication by e T
in the complex frequency domain. A similar
pattern exists for the frequency-shifting
rule. If s is replaced by s+a in each term of

the transtorm, the effect corresponds to
multiplication of the original time domain
signal by e ™. Figs 3-5.

Now consider signal-processing in the
time domain. Convolution is the name given
to the ordered combination of multiplica-
tion and summation. The analogue opera-
tion of convolution is particularly un-
pleasant and difficult to visualize. Convolu-
tion of two continuous functions x(t) and
h(t) is defined by the integral,

-

fh(-r)x(t —1)dr

x(t)*h(t)=fx(r)l1(t--r)d-r
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jw
Double pole ot
the origin \
t—e 152 %- ¢
| iw
Pole shifted
to the left 3
by1/R units
_e-f_ t —- 1 |
(R (s+1/CR)

Fig.5 The Laplace transform of the ramp
function t—Y2 gives rise to a double pole
at the origin of the s plane. The frequency
shifting rule has the effect of moving the
poles to the left by Ycrunits.

Where the asterisk denotes the operation of
convolution. Dummy variable 7 symbolises
excitation time, while the real variable t
symbolises response time. The mathematic-
al scaffolding states; multiply the input
signal x(t) by the time-reversed impulse
response h(t—7). Finally integrate the pro-
duct over all time.

Applying the convolution integral to the
signal and circuit shown in Fig.2,

y(t)=x(t)«h(t)

where,

x(t)=e ' h(t)=1/CRe /R
and,

Y(U=Jx(1)h(t—1)d1

—Q0

= fte TCR 1 /CRe— (%Rl)d'r
0

Epan ICR _+/CR
- - T T/
=CR e e dr

t/CR

€ llt
CR o

Finally, the processed output is
_ U wer
y(t)~—CRe

Compare this result achieved by time-
domain convolution with the equivalent
operation carried out in the complex fre-
quency domain.

Reference

1. Hutchings H.J., Closing the loop (t,s and z
domain representation of delayed signals), Elec-
tronics and Wireless World, January 1988. p.44.

Howard Hutchings is a senior lecturer with
Humberside College of Higher Education and a
part-time tutor with the Open University.

In his next article, Howard describes the digital-
system equivalent of the first-order low-pass filter.

110
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There is little that can be done to improve a blurred image by optical means but when the
image is represented in digital form, the information can be manipulated mathematical-
ly. These blurred images, produced by a rotating camera, were deblurred using a
convolution filter developed by Smith Associates of Guildford. The convolution filter is
partof a high-speed image processing computer.

"BOOKS

Music through Midi: using Midi to create
vour own electronic music system, by
Michael Boom. Microsoft Press, £17.95.
Non-technical introduction to the musical
instrument digital interface and computer-
controlled music-making, with a detailed
look at four practical Midi systems: in a
recording studio, on the stage, in a college’s
electronic music laboratory, and at home
with acomposer. Soft covers, 304 pages.

Computers and Telecommunications Net-
works by Michael Purser (Trinity College,
Dublin). Blackwell Scientific Publications,
£18.50. Lucid guide to the converging tech-
nologies of data processing and telecom-
munications: an explanation of networks for
computer people. Sections cover basic con-
cepts and switching techniques: store-and-
forward systems: local area networks;

ISDNs; OSI and message-handling systems;
and the integrated broadband networks of
the future. Soft covers, 323 pages.

Data communications and networks edited
by R. L. Brewster. Peter Peregrinus for the
IEE, £25. Detailed survey of present-day
data communications and networks and a
look into the future, with contributions
from Plessey, Case Communications, STC,
BT and universities. First principles; mod-
ems; transmission standards and interfaces;
information services; local area networks;
the UK ISDN; ISDN international standards;
wide area networks; multiplexers and con-
centrators; communicating terminals and
distributed intelligence. Hard covers, 231
pages including index (text is reproduced
from camera-ready typescript); number 16
in the IEE’s telecommunications series.
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‘ TAYL oR R.F. EQUIPMENT MANUFACTURERS

PERFORMANCE
& QUALITY

19" RACK MOUNT CRYSTAL CONTROLLED

VESTIGIAL SIDEBAND TELEVISION MODULATOR
PRICES FROM £203.93 (excluding VAT & carriage)
Prices CCIRI3 £203.93
CCIR/31 £260.64

19" RACK MOUNT VHF/UHF

TELEVISION DEMODULATOR
RICE AT ONLY £489.00 (excluding VAT & carriage)

CCIR/3 SPECIFICATION

Power requirement 240V 8 Watt (available other voltages)
Video Input IV Pk-Pk 75 Ohm

Audio Input 8V 600 Ohm

FM Sound Sub-Carrie: 6MHz (available 5.5MHz)

Modulation Negative

IF Vision 38.9MHz

IF Sound 32.9MHz (available 33.4MHz)

Sound Pre-Emphasis S0us

Ripple on IF Saw Filter 6dB

Output (any channel 47-860MHz) — +6dBmV (2mV) 75 Ohm

Vision to Sound Power Ratio 10to 1 )
Intermodulation Equal or less than 60dB

Spurious Harmonic Output 40dB (80dB if fited with TCFLI filter or

combined via TCFL4 Combiner/Leveller

CCIR/3-1 Specification as above but output level
60dBmV 1000mV Intermodulation 54dB

WALLMOUNT DOUBLE SIDEBAND

TELEVISION MODULATOR I Other Options Availakle LF. Loop/Stereo Sound/Higher Power Qutput l
PRICES FROM ONLY £404.53 (excluding VAT & co"ioge) Alternative Applications CCTV Surveillance up to 100 TV channels

down one coax, telemetry camera control
signals, transmitted in the same coax in the
reverse direction

302 DEMODULATOR SPECIFICATION

Frequency Range 45-290MHz, 470-860MHz
A.FC. Control +/- 18 MHz

Video Output 1V 75 Ohm

Audio Output 75V 600 Ohm unbalanced
Audio Monitor Output 4 Ohms

Tunable by internal preset
Available for PAL System | or BG

Options Channel selection via remote switching.
Crystal Controlled Tuner.
Stereo Sound.

CCIR/S MODULATOR SPECIFICATION

Power Requirement 240V

Video Input 1V Pk-Pk 75 Ohms

Audio Input 1V rms 30K Ohms Adjustable .4 to 1.2
Vision to Sound Power Ratio 0to 1

Output 6dBmV (2mV) 470-860MHz

Modulation Negative

Audio Sub-Carrier 6MHz or 5.5MHz

Frequency Stability 25 Deg temperature change 150KHz
Intermodulation less than 60dB

Sound Pre-Emphasis S0us

Double Sideband Moculator(unwanted sideband can be suppressed using TCFL4
Combiner/Leveller)

CHANNEL COMBINER/FILTER/LEVELLER
to combine outputs of modulators

TCFL2 2 Channel Filter/Combiner/Leveller. Insertion loss 3.5dB
i TCFL4 4 Channel Filter/Combiner/Leveller. Insertion loss 3.5dB
Prices TSKO Enables up to 4x TCFL4 or TCFL2 to be combined
CCIR/5-1 | Modulator £104.53
CCIR/5-2 2 Modulators £159.99 TAYLOR BROS (OLDHAM) LTD.
CCIR/5-3 3 Modulators £226.28 BISLEY STREET WORKS, LEE STREET,
CCIR/5-4 4 Modulators £292.56 OLDHAM, ENGLAND

CCIR/5-5 5 Modulators £358.85 ENTER 54 ON REPLY CARD TEL: 061-652 3221 TELEX: 669911 FAX: 061-626 1736



10KHz to 1024MHz
AM/FM SIGNAL GENERATOR

Microp:cessor controlled AM/FM signal generator TF2017
Superb specification. Dem’ use only. 10KHz-1024MHz

£6000
TF1020A RF power meter 0-100W 250MHz £75
TF1152A/1 RF power meter 0-25W 250MHz £75
TF10668/6 AM/FM signal generator 10-470MHz £350
TF1245/1246 Q-Meter and oscillator £500
TF2002B/2170B AM/FM signal gen’ 10KHz-88MHz £500
TF2011 FM signal generator 130-180MHz £325
TF2012 FM signal generator 400-520MHz £325
TF2016/2173 AM/FM signal gen' 10KHz-120MHz £600
TF2020 AM/FM synth’ signal gen’ 50K-520MHz £850
TF2092C noise receiver. Some filters avallable £350
TF2162 MF attenuator 0-111db in 0. 1db steps £100
TF2167 RF amplifier 0.05-80MHz 47db gain £450
TF2000 AF signal source/monitored attenuator
TF2300 modulation meter AMWFM to 1GHz
TF2300A as above with deviation to 1.5KHz fsd
TF23008 modulation meter as above
TF2303 modulation meter AM/FM 2.5-520MHz
TF2304 modulation meter automatic
TF2331 distortion meter
TF2356 level oscillator 20MHz
TF2430 frequency counter 80MHz 7 digits
TF2501 power meter 0.3W fsd DC-1GHz
TF2600 millivoitmeter AF 1mV-300V isd
TF26008 video voltmeter 1mV-300V fsd
TF2604 eleclronic multi-meter
TF2807A PCM muttiplex tester
2828A digital simulator
2829 digital analyser
2833 digital in-line monitor
TF2905/8 sine squared pulse & bar generator
TF2908 blanking & sync mixer
TF2950/5 mobile radio test set
6460 RF power meter
6460/6420 power meter/microwave head
TF893A audio power meter TmW-10W fsd
TF395A/5 AM/FM signal generator 1.5-220MHz
TF995B/5 AM/FM signal generator 0.2-220MHz

ADVANCE BRM40.30.PSU. 0-40V 30A.

AVO B151 RCL bridge

AC/DC Electronics. electronic load to 200 amps

BIRD 43 wattmeters

BIRD 4370 standard RF wattmeter

DL905 translent recorder c/w XY display

BRUEL & KJAER 1013 BFO

BRUEL & KJAER 1521 comparator bridge

BRUEL & KJAER 2209 sound level meter

FLUKE 8600A digital muttimeter 4% digits

GEN RAD 13908 tone-burst generator

GEN RAD 1606B RF bridge

GREEN 2601 RF wattmeter 0.3-300W to 500MHz

LEADER TV pattern generator colour. LCG392

LEVELL TG66A decade oscillator

ONEAC 3KW mains conditioner

SCOPES-Tek, Telequipment, HP, Trio, Hameg etc in stock

SCHLUMBERGER remote-controlled RF attenuator £250

RACAL 9081 AM/FM signal generator 1.5-520MHz ~ £1500

RACAL-DANA 9083 2-Tone signal source £350

RACAL-DANA 9084/9934A sig ger/GPIB iface. 104MHz
£2500

RACAL-DANA 9301A RF millivoit meter. 1.5GHz £395
RACAL-DANA 9303 digital RF mVmeter c/w 2 head £950
TELONIC Rho-tector £195
TEKTRONIX 7511 sampling plug-in unit £750
TEKTRONIX S1 and S2 sampling heads £500 £600
TEKTRONIX 7L12 1800MHz spectrum analyser unit  £4500
TEXSCAN WB711 0-500MHz sweep generator £495
WAYNE KERR B642 auto-balance bridge £295
WAYNE KERR B905 automatic precision bridge £1500
WILTRON 350 phase meter 10Hz-2MHz £295

ALL DUR EQUIPMENT IS SOLD IN EXCELLENT, FULLY |
FUNCTIONAL CONDITION AND GUARANTEED FOR 90 DAYS. |
MAIL DROERS AND EXPORT ENQUIRIES WELCOMED. PLEASE |
TELEPHONE FOR CARRIAGE QUOTE. ALL INSTRUMENTS ARE
AVAILABLE EX-STOCK AS AT COPY DATE. GDDD QUALITY TEST
EQUIPMENT ALWAYS WANTED FOR STOCK. PRICES QUOTED
ARE SUBJECT TD ADDITIONAL VAT.

ENTER 25 ON REPLY CARD

-y T}

OQOO
RV

HP8559A 10MHz-21GHz spectrum
analyser plug-in.
£6950 including 182T main-frame.

1122A power unit for fet probes
116028 transistor fixture

1730A storage oscilloscope 20MHz
3325A synthesizer/function generator
334A distortion meter

355E & F attenuators, pair

400F voltmeter 100uV-300V fsd
4204A digital audio oscillator
435A/8481A RF power meter/head
4800A vector impedance meter
5300A SOMHz counter 6 digits

608F AM signal generator UHF

8004 pulse generator

80078 pulse generator

8407A/8412A network analyser/phase-mag display
8061A sweep generator 0.1-110MHz
8733A pin mogulalor

8745A S-parameter test set

MIX N COMPARE
MATCH! ! OUR
PRICES!

1417 storage main-frame £950
85528 |.F. unit £1500
85538 110MHz analyser unit £1000
85548 1250MHz analyser unit £2000
SPECIAL OFFER: 1405/8552B/8554B complete 1250MHz
system just £2750.

Tektronix 7L12 spectrum analyser plug-in unit 0.1-1800MHz,

£4500
Need a mainframe for it? — no problem, order now for a free
7000-series frame AND time-base plug-in unft.

COMMERCIAL QUALITY
SCANNING RECEIVER

The IC-R7000, advanced technology, continous coverage communications receiver
has 99 programmable memories covering aircraft, marine, FM broadcast,

Amateur radio, television and weather sotellite bands. For simplified operation
and quick tuning the IC-R7000 features direct keyboard entry. Precise frequencies
can be selected by pushing the digit keys in sequence of the frequency or by turning
the main tuning knob. FM wide/FM narrow/AM upper and lower SSB modes with
6 tuning speeds: 0.1,1.0, 5,10, 12.5 and 25kHz. A sophisticated scanning system
provides instant access to the most used frequencies. By depressing the Auto-M
switch the IC-R7000 automatically memorises frequencies that are in use whilst it
1s1nthe scan mode, this allows you to recall frequencies that were in use. Readout

is clearly shown an a dual-colour fluorescent display. Options include the
O RC-12infra-red remote controller, voice synthesizer and HP-1 headphones.

leom (UK) Ld. Tel: 0227 363859. Telex: 965179 ICOM G
N.B. Authorised Welsh distributian by:
MRS Communications Ltd. Carditf. Tel: 0222 24167.

| lease send information on lcom pre products & my nearest lcom deale_l
|Name/address/postcode:

SEOTUSE ..ereeserecuansiuesmsnasssaonessenssrssasesssases TeIRN moit 1o i s oo S s e
|l.Pi“° :lcom (UK) Ltd. Dept. WW, FREEPOST Herne Bay, KentCTbBBRJ

ENTER 29 ON REPLY CARD
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DM105

ranges; 2V -

= £21.50

A meter to suit all pockets,
including the one that holds the
wallet! Full complement of

1kV DC,
200V-750V AC. 2mA-2A DC
current and 2k-2M resistance
range. Baslc accuracy 0.5%

IMETERS
Cirkit

Affordable
Accuracy

A comprehensive range of
quality Multimeters at very
competitive prices

DIGITAL

All models feature full ranges, 3'% digit
0.5 in LCD, low battery indication, auto
zero and auto polarity, strong ABS
casing, 10 Amp range (except DM105},
overload protection. Prices from £21.50
to £52.50. Battery, spare fuse, test leads
and manual included with each model.

ANALOGUE

A choice of four meters with prices
ranging from £5.50 to £21.00. All
models include battery, test leads and

manual.
Please add 15% VAT to all

prices and 70p for post and

|

Cirkit Distribution Ltd.

packing.

Phone or write for full
catalogue price £1.20 to

Park Lane, Broxbourne, Herts EN10 7NQ.
Telephone (0992) 444111,

ENTER 64 ON REPLY CARD
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Semiconductor blood-pressure sensors are
more reliable than mechanical sensors since
they have no moving parts. They have better
long-term stability and they are more easily
interfaced to computers and-data loggers, as
this circuit from the SenSym BP0l data
sheet shows.

Within a 0 to 300mmHg pressure input
range — the BPO1 sensor's limits — the circuit

ELECTRONICS & WIRELESS WORLD

provides free-running eight-bit parallel data
proportional to pressure. Calibration of the
circuit is easy and only a 5V supply is needed.

Reference and excitation voltages, which
are independent of supply changes above 5V,
are provided by the LT1014 op-amp and
reference (or LM10). Reference voltage at
pin 9 of the ADC0804 a-to-d converter is
amplified to 1.5V so a full-scale output of all
ones occurs when converter input is 3V.

When input pressure is 300mmHg, a
senor excitation voltage of 4.2V results in a
differential sensor output of 12.6mV. Before
entering the converter Vin(+) input, this
voltage is amplified to a level depending on
the setting of Rg. Initial offset is adjusted by
R,.
On the digital side, data output is free
running; the only requirement is that the wr
and INTR signals must be momentarily
grounded or taken to logic low on power up.

For many applications, elaborate calibra-
tion of the BPO1 non-invasive blood pressure
sensor is unnecessary since the difference
between its output voltage at zero and full
scale, nominally 15mV, is precalibrated to
within 1%. At OmmHg pressure input, out-
put is within 300V of OV.

Response time of the sensor is 1ms, its
peak-tn-peak noise is 0.04mmHg and its
impedance is 4k(), making it suitable for
portable pressure monitoring apparatus.

The data-communications line interface shown in the
photogiaph is BABT recognized and so reduces
modem design approval time.

Modem routines

Standard routines and demonstration pro-
grams for Rockwell signal-processor-based
modems are contained on an applications
disc from RCS Microsystems.

The £30 disc — in 1BM PC/XT/AT 360K
format — is intended to simplify the writing
of modem-driving software by providing
software designers with subroutines written
in 6500 code.

Demonstration programs included are
specifically for RCS Zero-One-Q and Eleven-
Q computers but they can be modified to run
on other systems. Assembly language used is
for the Avocet macro cross-assembler.

113



APPLICATIONS SUMMARY

-60 . L)
< 4Power-line disturbances
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‘zc: i Of three publications covering aspects of combinetoyield normal-mode impulse atte
= -120 mains interference, ‘How to correct power- nuation over the full frequency range. For
; / line disturbances’ is the latest. It deals with  tunately, well designed d.c. power supplies
E'mjr* types of interference, line monitoring and exhibit considerable normal-mode noise-
< _180 ' methods of reducing interference. attenuating capability.
0 100 1k 10k 00k Typical common-mode impulse-attenu- Producer of the brochure, Dranetz, pub-
FREQUENCY (Hz} ating capability of a high-quality isolation lishes two other notes on mains interference
0 transformer is shown in the top diagram. called, ‘Understanding power line disturb-
_ [ e / The bottom diagram illustrates how isola- ances’ and ‘How to identify power line
10 i
= fsolation transformer / tion transformer and d.c. power supply disturbances’.
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In applications where stability is more im -6 Rectangular chip with thick film
portant than cost, thin-film resistors with a -
vacuum-deposited metal film may be more -8
appropriate than thick-film types. ‘How to -9 125°C |
sglect SMD re515t91‘§ fqr bgst efncnem?y 100 600 200 000
discusses the merits of using Beyschlag OPERATING TIME { hours)
thin-film resistors against ordinary rec
tangular thick-film devices. ADDRESSES RCS Microsystems Beyschiag Dranetz Technologies. Inc.  AVX Limited
Long-term stability of resistance at va-  SenSym 141 Uxbridge Road Trident Microsystems  Livingston Technical Sales  AVX House
. | . f N Hi-Tek Electronics Hampton Hil} TridentHouse Livingston House Manor Park
rious surface lgmpex:{tures is shown in the oy Middiesex 53 Ormside Way %5 QnedpsiRg, Teadington  Aldsrsict
graph on the right. Figures for rectangular  cambridge CBS8QD TW12 1BL Redhill, Surrey RH122LS Middiesex TW11 OLR GU12 4RG
chip capacitors are drawn from IEC draft 0223213333 01.979 2204 0737 65900 01-977 0022 0252333851
40(C0)620, 1985.
*
Thermal shock in Termination >
coucrsrs  SUrface-mounted i e ]
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body acts like a wedge CapaCItOI’S \ i
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o Surface mounted components are directly : > ' ‘
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exposed to soldering temperatures. This v / s
Electrodes Ceramic  Isothermal lines

Partial surface
crack starting

at or near the
termination

Side cracks starting near
or under the termination

Full circular or elliptical
surface cracks

Side cracks
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direct exposure causes reliability problems
when the temperature rises too rapidly,
especially with multilayer ceramic capaci-
tors.

During a temperature transient, mecha-
nical stress is unable to spread throughout
the component and fractures can occur. This
is compounded by differences in thermal
expansion coefficients and conductivities of
the various materials within the capacitor.

Reducing thermal stress in multilayer
capacitors is discussed in ‘Surface mount
soldering techniques and thermal shock in
multilayer ceramic capacitors’ from AVX;
two other recent publications related to this
are ‘Factors responsible for thermal shock
behaviour of chip capacitors’ and ‘Tempera-
ture profiles: the key for proper surface-
mount assembly process control’.

A micro crack starts at or just
under the ceramic
termination interface

Ceramic
Electrodes

Ceramic——

Propagated micro -

crack after V7 & /I/Z

numerous power cycles
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Poynting the way

has often shown up stranger than fic-

tion. In the present case our slight
surprise rests on the fact that encoded data
transmission — and digital at that' — de-
veloped before telephony. The wheel has
turned full circle and we are back to sending
messages by similar encoded digital
methods. In the interim, telephones con-
veying direct speech dominated the scene.

The early engineers placed wires, and even
used wires with earth return to save mate-
rials, alongside railway lines, on poles
around the towns and countryside and in
ducts underground. This is all a familiar
piece of history now. The whole telecomms
system went into very successful commer-
cial operation with hardly any theory of
signalling being properly understood. Work-
ers managed just about everything with
Ohm’s Law — even sometimes without it. In
other words, the bulk of the earliest work
developed empirically.

Then came Maxwell” with his promise of
wireless telegraphs and telephones.
Although an amazing revolution at the time,
and eventually put to very convenient use in
telecommunications. wireless propagation
and the earlier wired, or line, propagation
differed little in basic principles. Both used
electromagnetic waves, in the one case
‘broadcast” to all and sundry, in the other,
guided along the conductors.

What really became significant in all the
methods of telecommunication turned out
to be the wider and wider frequency band-
width needed as the rate of signalling went
up, together with the differing etfects of the
propagation media on the various frequency
components in the signal. People only gra-
dually realised the effects of these. although
we note the genius of Oliver Heaviside, who
fully grasped what delay and distortion pro-
duced by lines would do to the telegraph and
telephone signals as the speed of sending and
distances increased. Engineers soon experi-
enced these problems. especially with
undersea cable systems. Professor Pupin put
Heaviside's theory to use in equalizers.
which gave early line communication a new
lease of life.

The other effect. the connection between
bandwidth/signalling rate and noise. even-
tually gave rise to whole new disciplines.
Communication and Information Theory.
But the understanding of such ideas and
relationships came surprisingly late,
through the thinking of Hartley, Nyquist,
Shannon and others”.

In many of my recent discussions, fact

ELECTRONICS & WIRELESS WORLD

Another look at transmission lines

JOULES WATT

ENERGY OF THE SIGNAL

Most people still imagine, like the early
telegraph workers, that the electrical energy
‘goes in the wires’ by current driven by the
e.m.f. But Maxwell's theory showed that
energy can be propagated in space with no
wires at all. This problem of what conveys
the energy still causes argument. The ‘cir-
cuit’ view bases the energy flow on the
voltage-current product VI (watts) operating
in the circuit. It makes no assumptions
about what is the current — whether ‘elec-
trons’ convey it, and so on. In other words,
the concept is only a simplified model. The
explanation 1s quite sufficient for simple
applications — wiring a house, operating
loudspeakers across the room, getting the
brake lights working on the car. There are no
philosophical problems to worry about. En-
gineers are pragmatic. "1f it works, then use
it” and leave the niceties of what really
happens to theoreticians.

We never know if such models are ‘true’.
In fact we suspect they probably are not. only
good enough for the job in hand. Mind you,
when the simplifying assumptions work and
become accepted, an august body of (usual-
ly) mathematical modelling and theory
builds up, to say nothing about conservative
professional bodies, which to the unwary
look very authoritative indeed. However
beautiful the theory, it only models the
situation in the way | mentioned — ‘good
enough for the job in hand’.

In this context, other than the circuit
approach, there is another model. the ‘field’
view of things in which the watts flow in the
space containing the E and H vector fields of
the signal, whether conductors figure in the
picture or not. We find the field view looked
upon as somehow more fundamental than
the circuit concept, which is often thought
of as a simplified field view for ‘small
circuits, i.e. those whose dimensions are
small relative to the wavelength of the E and
H waves. Any size circuit is ‘small for d.c., so
wave aspects do not surface at all. Yet even in
d.c. circuits there are electric and magnetic
(static) fields of course.

" POYNTING THE WAY

Earlier | mentioned what Maxwell said” and
how Heaviside smartened up the notation
and (with Willard Gibbs) gave us the modern
vector field theory®. From that revisionary
nibble at the ideas involved, the divergence
and curl turned out to be most significant.

The salient features of this mathematical
modelling gave us the notation that div
measures the scalar source strength gener-
ating a vector field, while curl measures the
non-source (‘closed loop’) vector field that
gives rise to another one alwavs at right
anglestothe first.
In electromagnetic situations, we saw that
a curl field turns up only if we change the
generating vector field. Thus arose Max-
well’s equations No 1 and No 2 in free space,
dJE .
No 1. curlH=¢,— ¢, the permittivity,
describes the capa-
citance of free space.
{faradsm’')

No 2. curl[E=— uoa_—H Ko the permeabil-
ity, is to do with
the inductance of
free space (henries
m)

In a medium such as the ionosphere. for ex-

ample, which conducts current, there will

be a conduction term in No 1. so we have,
3dE

curlH=0oE + ¢,—
ot

You can see that No 2 states Faraday's Law,
in which Ho% acts as a magnetic displace-

ment current.

No.l shows Maxwell’s contribution, in
which he spotted that eo% forms an elec-
tric displacement current.

We notice an important point arising from
either or both of these equations. The field E
must be at right angles to H at all places and
at all times, because the curl operation is a
vector product that always gives an ortho,
gonal result. If you remember this, then
sketches and mental pictures of fields in
space. waveguides, coax. cables, around ae-
rials and so on, all have the E and H fields at
right angles.

In my earlier article', one theoretical
vector identity turned out to have great
importance in giving the wave equation,
namely,

curl curlA = grad divA — T7A

You will find that another one of these vector
expansion identities turns out to have very
useful properties*?,

div (AXB) = B.curlA — A.curlB
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This is a scalar equation, because div of any
vector results in a scalar and the dot, or
scalar products on the right hand side, also
means a scalar result in each term.

Professor Poynting put this vector rela-
tion to good use in the case of electromagne-
tic wave radiation.

Place the vectors H (amps m™ and E (volts
m'!) into the relation so that we have,

div(ExH) =H.curlE-E.curlH

But from Maxwell, we know curlE and curlH
in terms of the displacement currents,

e _ oH JE
S div(ExXH) = —p H. ot E.(¢E + ¢, i
Now from your elementary school calculus,
you might remember that if y = (x(t))* then
dy _ ,dx
=0 — DI
dt dt
ceeds the same way via the vector dot pro-
duct, so that we can re-write the first and
last terms on the right hand side above as,
aH? | 1 4E? »
o 51 + 2607 + oE
Remember that in vectors, E.E = EZ.

As engineers, we get a little kick of
satisfaction out of interpreting such modell-
ing as this. Does the above vector equation
give us anything from an engineering point
of view? Remember the physical dimensions
of all the quantities. The conductivity of the
medium in the last term, «, has dimensions
siemens (for the old hands, “mhos”) per
metre. E has units, volts per metre; there-
fore ¢E has units,

. Differentiation of vectors pro-

= div(ExH)=%p

volts® 1

ohm =~ m
We know that V*/R gives watts dissipated in
a resistor as heat with V volts across it, so
oE? means the watts dissipated by the EM
wave field per cubic metre at the point in
question.

Glance at the other terms. H has dimen-
sions amps per metre, w, is the henries per
metre of the space so,

1 o
2 Mogy
literally means “half the amps squared
times henries per unit volume, per second”.
In other words, as LI?/2 gives the joules
stored in the field of an inductance, and

d - fly 12

at (2”)
indicates the rate at which this energy is
stored, i.e. the watts flowing into space in-
ductance. This means

1 9H®

tells the story of the rate at which energy is
being stored in the inductance of space per
unit volume, by the growth of the magnetic
field there. Similarly
T
2 2ot

gives the energy rate going into and stored
by. the capacitance of space, per unit
volume.

From your knowledge of energy conserva-
tion, you can see that the total energy rate
going into storage and being dissipated as
heat in the unit volume described by the
right hand side of the above equation, must
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mean that its left hand expression, that is
div(ExH) describes the flow of this amount
of energy per second into the volume
through its boundary surface.

Notice the operation ‘div’ has dimensions
“per metre”, and E producted with H (the
vector product is still a multiplication of
units) is (volts X amps)/sq. metre, so that
with the div operation, the result is “watts
per cubic metre”, just as we require.

The most interesting point here comes
from looking at the product ExH, which isa
vector normal to E and H, with dimensions
power per unil area, watts/m?. We call this
vector P, Poynting’s vector, which shows the
magnitude and direction of the power or of
energy current in the EM wave at any point.
Now E is always at right angles to H in the
same EM wave, so that in ordinary cases the
requirement for the vector product doesn’t
come into it. Only the ordinary multiplica-
tion of the field magnitudes hecome in-
volved, with the proviso that the energy flow
is at the speed of light (in a vacuum) in the
direction of the EM wave propagation.

EH= energy flux density. or power
density (watts m?)
Radio astronomers use a small fraction of
this quantity in their measurements. They
call theunit J = 1026 W m2 ajan after Janski
—an early pioneer.

Fig. 1. In (a) the standard fields around the
parallel wire pair show the right angle
property of E and H well. Also evidentis the
spreading out, and therefore the likelihood
of radiation losses and cross coupling
when using such lines. The coaxial line (b)
also has the fields crossing at right angles.
But they are now confined to the interior of
the outer sheath. The twin wire shielded
line exists, as shown in (c). Triplate stri-
pline and microstrip illustrated in (d) and
(e) have become quite common in m.i.cs
(microwave integrated circuits). These,
and the waveguide shown in (f), also sup-
port fields at right angles, although in the
waveguide whatever the mode, pure trans-
verse wave are not possible.

All this indicates that the energy in elec-
trical circuits, as well as in free space waves,
propagates at or near the speed of light in the
space around the conductors. How fast the
actual charges (electrons?) move in conduc-
tors is a question that isn’t asked.

© TRANSMISSION LINES

Most students soon arrive at consideration of
lines via the standard bookwork examples;
parallel-wire lines and coaxial cables shown
in Fig. 1(a) and 1(b). Other transmission
lines now figure significantly in modern
equipments, notably microstrip and, to a
lesser extent, stripline. Dielectric guides also
crop up, together with the now venerable
single-conductor pipe lines. called wave-
guides, still affectionately called r.f. “plumb-
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ing”. Figure | also illustrates some of these.

You will notice usual methods used to
analyse lines involve voltages and currents.
The only unusual thing in addition to ordin-
ary circuit theory is dealing with a time delay
to account for the finite velocity of wave
propagation. This is a kind of half-way
house. Circuit concepts like voltage, cur-
rent, inductance, capacitance and so on, all
figure (see hox) and a wave equation solution
in terms of these quantities models the line.
Heaviside again gave us all this.

When waveguides turn up for considera-
tion, you have to use the full field treatment.
Concepts like voltage, current and so on
have little meaning for a single conductor
which has a size significant compared to a
wavelength. Maxwell's equations do the job
again. Inusing these, Lord Rayleigh gave the
propagation solutions for rectangular and
circular cross section waveguides in 1896°.

TEM SOLUTIONS FOR TWO-
CONDUCTOR LINES

We can show off our growing knowledge of
the div and curl operations on E and H fields
by using it to revise the theory of propaga-
tion of r.f. energy along transmission lines,
(and show that the results agree with the
more usual ‘circuit’ method outlined in the
box). The field integrals you end up with,
doing it this way, would apply to any kind of
Transverse Electro-Magnetic (TEM) wave
guided system — if you could solve them!
(These days. powerful numerical methods
on computers can solve any finite integral by
avast series summing operation.)

1 expect by now you have a reasonable
picture of electromagnetic fields moving as
transverse vibrations in space. Guided TEM
waves only travel if we provide two separate
conductors. You will find that if the conduc-
tors possess randomly shaped cross sections,
waves still propagate along them, but diffi-
culties occur with the awkward boundary
conditions, so the messy numerical methods
[ mentioned with regard to the integrations
become the only hope of solution. Even
shapes interesting from an engineering
point of view, such as those used to fashion
dielectric supported microstrip lines, com-
plicate the mathematics required and you
will find it necessary to use ‘guesstimation
from experience, computer-aided numerical
design. or various approximate formulae/
graphs.

We often refer to the TEM waves on
transmission lines as the principal waves and
vou will see in a moment that there are no
frequency cut-off limits. A principal wave
will propagate from d.c. upwards in frequen-
cy. In practice, limitations at the high-
frequency end are concerned with increas-
ing dissipation in the dielectric and conduc-
tor losses, and with energy radiating away
when the spacing between the conductors
hecomes comparable with the wavelength.
Coaxial types of line screen against the
radiation, but TE and TM wave modes
(where there are longitudinal vector compo-
nents of the fields) can he set up. These
troublesome modes have differing velocities
of propagation and loss factors, so tend to
cause havoc. In spite of this, small-size,
high-quality ‘semi-rigid’ coaxial lines appear
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in applications up to 18 GHz or so.

The lossless line guides the EM waves
without a progressive decay in the energy
density, unlike free space waves obeying the
inverse square law. The attenuation that
does occur arises from the conductor resist-
ance and dielectric losses. We call this the
Joule heating. A uniform line has an un-
changing conductor cross section geometry
along the line. This indicates we should use
at least one linear axis coordinate system.
Nearly everyone knows the Cartesian sys-
tem, so the axis scaffolding on Fig. 2 seems
most appropriate.

The electric field lines terminate at right
angles on the conductors, (but see later for a
slight modification to this statement). The
magnetic field lines completely encircle one
or other conductor; they all lie in the x, y
plane. and cross all the E lines at right angles
evernywhere.

How would you apply the basic EM princi-
ples to show how waves propagate along the
line, how the attenuation goes and what the
impedance levels are and so on? If you can

Fig. 3. The key to handling the field
approach to lines means constructing a
small volume in the space around the line,
bounded by the E field lines, the H field
lines and direction of propagation, z.

Fig. 4. This shows a curl journey around the
H field loop.

answer this question, then you could use the
mathematical models to go some way to-
wards designing real cable and transmission
systems. Notice that, in Fig. 3, | have taken
advantage of the orthogonal properties of E
and H to construct a small volume whose
edges lie along lines of E and H and also
along the z — axis.

FIRST. THE H FIELD AND THE
CURRENT

Imagine looking along the E lines into the
surtace efgh. The circulation of Haround the
perimeter equals the total current flowing
through the surface, by an application of
Maxwell's No 1. This is the same as taking
the line integral of H around the closed path
efghe, as you can see from Fig. 4. Remember
that the circulation per unit area at a point in
a vector field is the curl of the vector there.
In our example, we hardly have a line
integral to do around efghe — it is too small.
All we have to do is add the components of
the field multiplied by the lengths along
each side all the way round, to get the
magnitude of the circulation of H. This gives
in symbols,
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Hds,, + 0d, — (H + %dz)dsm ~ 0dz
I have deliberately shown the zero contribu-
tions from the journeys along the dz's. The
result is

E’_ﬂdldsm (amps)

0z
(For interest. notice that if we divided this
circulation by the area, dzds,,, what remains
amounts to the curl of H, which is very
simple for this problem.)

The total current through the dielectric
has two components. You will notice a
conduction current if the medium is leaky
with conductance o, (siemens m). Max-
well’s displacement current forms the other
part, with a density aD/at (amps m2). Use
Ohm’s Law on oy with the force field E
setting up a current flux density J, according
toJ =oy E (amps m™). You should now see
that the total current through efgh amounts
to,

oyEdzds, + ‘:’—?dzdsm (amps)
The last two results for the current say the
same thing,

_dH

Jz

where I have cancelled the dz right through.
so evervthing works “per unit length” along
the line (z — axis . . . ) now. Resist cancelling
the ds,,, because the next move is to integrate
along the H field lines completely round the
closed loop produced by them. In other
words,

- L’-fudsm = ¢ fEdsw - j:odEdsq
dz at
in which [ have changed the order of dif-
ferentiation with respect to time and in-
tegration with respect to distance (along H).
The line integral along H right round the
conductor equals the current tlowing
through, see Fig. 5. That is,

ds,, = e%dsm + odEds,,

fHdsm = | (amps) (this is Ampere’s Theo-
rem.)
i {electron flow direction)

Fig. 5. A journey round the H toop gives the
totat currentthrough the loop, by Ampére's
Theorem.

NOW THE ELECTRIC DISPLACEMENT
ANDVOLTAGE

Have a look now at the surface integral for D
taken right round the conductor. The result
gives the total lines of displacement passing
from one conductor across to the other per
unit length of the line at our position along it
and at the instant in time we are talking
about. These lines end on charge, so you see
we have the charge per unit length on the
conductors of the line. In other words,

118

:¥Ddsm {coulombs m™')

gives the instantaneous coulombs per metre
on the conductors. @/at of this gives us the
displacement current per unit length be-
tween the conductors — and in turn, this
equals Cav/at, where C is the capacitance
between unit length of the conductors; in
other words, the Farads per metre along the
line. The voltage v is that existing between
them. If you find difficulty seeing this,
remember that ¢=Cv and in the situation 1
am discussing here, g is the charge per unit
length on the line, which equals,

§Ddsm andv = IEds. .

1
Notice that the integral for v is a line integral
along a line of electric force from conductor
1 to conductor 2.

= 9 (farads m")

and I have already said,

Q-}Ddsm = Ca,—v- (amps m Y
at at

INTERPRETING THE
CONDUCTION TERM

The conduction term in the equation for the
current above involves consideration of the
transverse leakage per unit length which is

j.= j:(rdEdsm (ampsm.)

You have already seen from the preceding
discussion that the potential between the
conductorsis

2
v= JEds,
1

and from these quantities we can finally

write,

{()’dEdSm
—' = C — - r»
v JEds,

1

(siemens or
mhos m™")

This means we now have the conductance G
between the conductors. By substituting all
these results, the current equation becomes,
oi _ av ) 1
a2 C o + Gv (ampsm')
and we end up with one of the ‘Telegrapher’s
Equations’, see box.

THE SECOND TELEGRAPHER’S
EQUATION

[ was tempted to suggest you derive the
other equation, which involves the resist
ance and inductance per unit length.
Perhaps vou still might like to attempt it, but
there are one or two pitfalls that make it a
little more difficult to account for the resis-
tive losses along the line. In Maxwell’s field
theory no series resistance loss arises in
space, no matter how lossy the medium.

We can manage the interpretation by

Fig. 6. lllustrated is the similar E field cur!
loop. The result this time is the magnetic
flux rate of change through the loop. This is
used to derive the second Telegrapher's
Equation.

going round efbae with E, which gives its
line integral (Fig. 6). You might notice that
the magnetic field lines go perpendicularly
through the small plane area of efba. Recall
Maxwell's No 2 and use it like the previous
derivation. You should end up with

- u-d;iidsg %dsB + (;—[s'::dse (volts m™")

(after cancelling dz again). The left hand side
is the rate of change of the magnetic flux,
with the minus sign of Lenz’s Law in place.
The first term on the right arises from the
survival of curl H. The last term makes a
contribution from any longitudinal compo-
nent of the electric fietd. This requires some
interpretation, as Maxwell says nothing ab-
out a longitudinal component. In fact, if
there is one, we do not have a purely TEM
wave.

I cannot think of a more suitable discus-
sion than that from Oliver Heaviside, the
master himself’.

“Aline of electric force does not now start

quite perpendicularly from the positive

lead and end similarty on the negative
lead. It has a slight inciination to the
perpendicular, and therefore curves out
of the reference plane to a small extent.
In the dielectric itself, this peculiarity is
of little importance. But the slight
amount of tangentiality of the electric

force at the surface of the leads . . .

attenuate(s) and alter)s) the shape of the

waves . .."

So the problem looks like arising in the
final term of the last equation and finding
the longitudinal component of E that sets up
a loss current in the conductors. We ought
to integrate first right across from conduc-
tor to conductor to get the full effect, giving
abriefinterpretation of each term again,

. 2 . 2 2
o o : I n
~-< |Eds, = Hds, + | ?Ez
azj, «'njfl ¢ ,[65 ds

i (volts m™")

We identify J“EdsE as the potential between
1

the conductors, and d/0z of this is simply
avlaz (volts m™').

The integral ‘quse (webers m’') is the

1
magnetic flux per unit length linking the
conductors. We know the definition of self
inductance (henries) as the magnetic flux
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linking the circuit per unit current. We also

know the current i fHds . From this we

have
J wHds,
J1 L

fHds

from the rate of change of flux,

d
ath‘“ s

There remains the last term. The integral
only has contributions at the surfaces of the
conductors 1 and 2. Think of integrating
element bv element along the E lines; each
longitudinal side dz cancels the one before as
1 attempt to show in Fig. 7. Another way you
could look at this is to see that for this
integration,

(henriesm'')

. di \
L3t (voltsm™’)

9E, _ dE, 3ng you can write down the
as ds

following relation,

Jgflds JdE E, — E

We have nearly completed our transform-
ation of above voltage equation,

(volts m™)

av [lai

= o + E, 9 — E, ,] (volts m’)

Fig. 7. This illustrates that if there is a
longitudinal component of E field, the only
place where it is significant is on the
conductors.

During the discussion you may have been
guestioning how there can be a longitudinal
electric field at all. Or more probably you
have already seen that because of the voltage
drop along the conductors, set up by the
current flowing in their resistance (per unit
length . . .), there must be a small resultant
electric field component tangential to them,
as Heaviside said. So write R(ohms m™ ") for
the resistance per unit length along the
conductor (for the moment, consider just
one of them), then you can see from Ohm’s
Law that dv, = iRdz volts.

Therefore, iR E, (voltsm'}

av
a
This arises by dividing through by dz and
making use of the relation between electric
field and negative potential gradient.

The conductor might have a variable
current density over the cross section. It
may also have a non-uniform resistivity p
{ohm m), which is unlikely — but you could
give a moment's thought to silver-plated
copper conductors or, very likely with mod-
ern technology, a microstrip line formed hy

ELECTRONICS & WIRFLESS WORLD

WAVES ON LINES

A pair of conductors of any cross sectional geametry that forms a transmission line, has a
certain amount of inductance, L; capacitance, C; resistance, R; together with conductance, G
— all defined per unit length. The diagram shows an equivalent circuit of this situation, from
which we obtain the standard ‘Telegrapher's Equations’. One further step yields the wave
equation for TEM waves on the line. Assume a simple sinusoidal wave at this point and we get
a straightforward result, even if the wave dies away exponentially because there are losses
(the Rand C) on the line.
The voltage decreases by dv as we go forward a distance dx. By Kirchhoff's Law, this equals
the sum of the drop o0
i
L;)_tdx

across the inductance and iRdx across R,

dv = — (L9 + Ri)dx, thatis, 2= — (L& + Ri)
at ax at

We get similarly for the shunt path (by using Kirchhoff's Current law),

di = — (2 + Gu)dx, in other words, & = — (€Y + Gv)
ot ax at

These are the ‘Telegrapher’s Equétions’.
We expect a wave dn the line so, as such a wave varies as a function of time t and distance x.
then a glance at the Telegrapher's Equations shows we have the appropriate variables in
place.

Consider the sinusoidal wave in the form we have seen before®,
The voltage wave: v = Velwt g7~ 1Bk
In this, w is the angular frequency as usual, a is the attenuation constant for the line and B is
the phase change constant along the line.
This kind of assumed solution means that we can write ov/d = — jov and dv/ax = - (o + JB)V
in the equations above, and similarly for the current Now the two equations look like,

{a + iB)v = (jwL + R)iand (o + jB)i = (wC + G)v

1f we divide the second of these into the first, we get the rate v/i which has the grand title of
‘Characteristic Impedance’, Z,.

Vo yflelt B g,
i (jwC + G)
By multiplying the two equations together, v and i disappear and this is the result
{« +iB) = (jwl + R)jwC + G),
This relation turns out to be quite tricky to handlie. The multiplying outand taking the square
root of the complex number on the rightto geta and b on their own, is tedious. Butif Rand G
are tiny with respect to wl and wC (true_@} high frequencies, because w is large . . . ).then
neglectthem, so thata = Oand = w V1C.
Now our assumed wave function is (slightly re-written),
v= Ve wxeltt pX,
so that the exponential decay clearly shows up in the “«" factor, and at the same time the
phase varies both with time and distance along the line (@s shown by the “j” exponent factor).
When we go along the line a distance x equal to the wavelength 1, the phase exponent
decreases by 21 radians, therefore,
B(x +\) = —px—2usothatB = 2mw/A
which shows us clearly the phase change property described by b. Finally in this short review
w/B = 27f + 2mw/\ = fA = ¢ which is the velocity of the wave, and for the assumed lossless line
c= VLC

(ohms)

If the line conductors work in a vacuum (or
near enough, in air) then c for the wave on
the line turns out to be the velocity of light

The usual circuit equivalent to a small = jwcvdx\i
increment of the line enables the Tele- Sy vGdx |
grapher’s Equations to be derived by x 1 dx-

applying Kirchhoff's and Ohm's Laws . ..

avery thin lower layer of nichrome. followed
by a layer of gold and/or copper.

The voltage drop along a filament of
conductor of length dz and cross section dA
(m?) can be easily written down if you
assume a resistivity p. which is constant
across the small section dA and with a
current density of J (amps m~?) flowing
along in the z direction. Also assume this
current density remains constant across dA.
(If these quantities do vary as functions of.
say, the radius. then working out possibly
fairly complicated integrals will give an
accurate result). The simple case gives

JdApd—df\ Jpdz=dv,  (volts)

So from the potential gradient/E field rela-
tion, this is,

Ez = Jp (voltsm
For our special case of uniform p and J
(highly unlikely in practice) vou can write

JA =i (amps) andi - R (ohms m )

where A now represents the whole cross
section. From this,

iR=JAP =Jp=-E
A
and yeu see immediately E, 1, 1R, and
E i,R,. If you allow further that i, = i
and i i, in other words that we have
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Fig. 8. The losses in the conductors ‘distort’
field direction, so that there is a net
movement of energy current into the con-
ductors from the field (seen by the direc-
tion of the Poynting vector).

equal forward and reverse currents at the
same point z along the line, then
Ez(g) = Ez(” - l(Rz + Rl) = iR (VO“S m l)
where R is the total, or ‘loop’ resistance per
unit length of the line. In the derivation, the
values of R, and R, correspond to the d.c.
values. This is never true in r.f. practice,
because the skin effect ensures that the
current crowds into a thin layer near the
surface. The a.c. resistance differs often
greatly from the d.c. value. Nevertheless if
we place the appropriate R into the equation,
acorrect result turns up. So finally,

g—; = (L% + iR) (volts m")
... this is the second ‘Telegrapher’s equa-
tion.

There remains just one small comment
that beady-eyed readers may already have
noticed. This concerns the total inductance.
By integrating from the surface of conductor
to conductor, 1 neglected any internal in-
ductance from flux linking current inside
the conductors. The same argument about
the skin effect now enables us to say that as
the current is a thin surface sheet — then
there is negligible internal inductance on r f.
lines.

CONCLUSION

In concluding this substantial discussion, if
you have followed thus far, may | sum up by
saying that a basic grasp of the field ideas the
various integrations and the geometry in any
particular case, should now enable you to see
away towards a solution.

The comment that there is a current
shortage of r.f., microwave, and analogue
engineers; plus the point a colleague made
that students judge the subject ‘very badly
taught’, or even as someone else said, ‘I find
it boring’ — might I hope, result in this
discussion being particularly useful. Boring
indeed!?!
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OSCILLOSCOPES price
Tektronix
16 *  300MHz: 4 Input channels: Delayed t/base: Screen & cursor r/out 3500
2445 * 150MHz: 4 Input channels: Delayed t/base: Screen & cursor r/out 2250
Ener
522%’)c *  100MHz: Dual Trace: Dual delayed t/base 750
Gould
1421 *  20MHz: Dual Trace: DIGITAL STORAGE 850
Philips
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8656B/001 * .1-990MHz:AM/FM:Phase-locked ) 2950
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Hewlett
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8903B * Audio Analyser—Dlstortlon/Fre%Sl ‘Noise/AC & DC volts:.02-100kHz 3300
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2305 *  Automatic Modulation Analyser . o . 3500
TF2370 *  Spectrum Analyser: 20Hz-110MHz with built-in Tracking Generator 6950
FREQUENCY COUNTERS
Hewlett
Packard
5§42A * Microwave Frequency Counter: 0.5-18GHz: with options from:- 3700
Marconi
2440 *  Frequency Counter:20Hz-20GHz 2850
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9904 *  DC-50MHz Universal Counter/Timer 150
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FX105 *  160cps/25¢cpsNLQ/132col printer. Centronics I/face 340
Hewlett
Packard
2671G *  Thermal Text/Graphics printer. HP-IB I/face 295
7470A /1 * 2 pen/A4 graphics plotter RS232 I/face 650
7475A * 6 pen/A3 graphics plotter. HP-IB or RS232 I/face 1250
Nicol
Zeta 8 * 8 pen/Al graphics plotter.Roll /Fanfold Feed. HP-IB/RS232 I/face 2750
MICROPROCESSOR DEVELOPMENT SYSTEMS
Hewle
Packar(lit * 64000 series : Configured Systems prices from:- 4500

INTEL series 2,3 & 4: MOTOROLA & TEKTRONIX systems and,
sub-systems, all available at attractive prices: We can supply a wide
range of emulators......... Please call us for full details.

PRICES EXCLUDE DELIVERY & VAT.
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PHONE 01 943 4477
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Major users in the Communications Industry,
Broadcasting, Civil Authorities and Military
Commands worldwide, have all contributed
and benefited from Clark Masts il
reliability and ceaseless engineering
improvement.

¥

Write for your
copy of Clark
Masts’ Fost
Guide to Mast
Selection” and
see what we mean

CIARK MASTS

CLARK MASTS TEKSAM LTOD./WW
England. Tel: {(0983) 63691 Telex: 86686

CLARK MASTS TEKSAM NV.1V Woudstraat 21
3600 Genk, Belgium. Tel 011/38.08.31. Telex: 39354

Binstead. Isle of Wight
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The Electronic Source

Boles Catetogus - Spring 1887

Has access to in excess of £100m. worth
of Second User General Purpose
Test  Equipment, P.C’s. Instrument
Controls, Dataloggers. MDS Systems
and Audio Visual Equipment. Our
latest catalogue indicates price and
specification of our more readily
available items.

Without reference to this Catalogue.
can you ,really bhe sure that you
have secured the best possible deal?
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CIRCLE 50
FOR FURTHER DETAILS.

STEREO MICROPHONE AMPLIFIER

@50 or 200 Ohm balanceg
microphones to balanced
lines

@ variety of low frequency
characteristics for improving
the clarity of recordings

@ Inputs filtered against radio
interference

/@ Complete boxed unit or
double mumetal screened
amplifier module alone. Suits
direct connection to digital
line inputs

Surrey Flectronics Ltd., The Forge, Lucks Green, Cranleigh,
Surrey GU6 7BG England. Tel: 0483 275997

STEREO MICROPHONE AMPLIFIER

Y vASS RETPONE cam @

ALL THE SCOPE YOU MAY EVER NEED
ON PAPER!

We are not decrying today's excellent test instruments but we think you ought to know

1. No longer must you wait until a circuit is built before you can test it and

2. No longer must you wait until it is in production before you can sample its
behaviour statistically.
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Those Engineers have always offered the highest performance In analogue circuit
simulation. The latest version of ECA-2 is stacked even higher with useful features (fully
programmable signal generator. Monte Carlo and Worst Case tolerance analysis, Fourier
analysis of transients) and is up to four times faster than before. Circuits of over 500
nodes and 2500 components can be modelled. Its non-linear representations allow
switches. diodes (inc.uding zeners), JFETs, MOSFETs, BJTs, SCRs, discharge lamps,
motors and etc to be modelled complete with any saturation characteristics. Transducers
and signal conditioners can also be modelled using polynomial functions. Most
importantly, despite its capabilities, ECA-2 is easy 0 use and user-friendly. Interfaces are
now available to schematic and PCB design software
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cost of many a 'scope. phone us for a free IBM PC compatible demonstration disk
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Single op-amps or
instrumentation
amplifiers?

The apparently magical properties of the standard three
op-amp instrumentation amplifier are explained. A
straightforward analysis shows the circuit designer that
the instrumentation amplifier is not always better than a
simple single op-amp differential amplifier.

is a circuit providing an output vol-

tage, generally with respect to ground,
that is linearly related to the potential
difference between two input terminals. The
constant of proportionality is the
differential-mode voltage gain, A,y. In an
ideal amplifier, if there is no voltage differ-
ence between the two input terminals but
both terminals are being fed with a common
voltage with respect to ground, the output
should be zero. In practice, such acommon-
mode input voltage will be significantly
attenuated but not totally absent at the
output. The ratio of common-mode output
voltage to common-mode input voltage is
termed the common-mode gain, A,. In
point of fact, the term common-mode atte-
nuation would really be more appropriate,
since the term gain generally implies an
output greater than the input, which is
almost never the case. Mathematically, the
output voltage can be written as

V,_,=(V2—V1).Avd+1/2(V2+V1)Avc (1)

where the differential input is (V, — V) and
the common-mode input is (Vo + V,)/2.

The term common-mode rejection ratio,
c.m.r.r., is defined as the ratio of A, /A,.. It is
a useful figure of merit for comparing
various differential amplifiers. The ideal
differential amplifier with zero A,. would
clearly have infinite c.m.r.r. In practical
circuits, this figure might be in the range
100 to 1,000,000, depending upon the par-
ticular design and component matching.

Probably the other most important para-
meter to be considered when using differen-
tial amplifiers, is the input common-mode
voltage range (input c.m.v.r.), defined as the
range of common-mode input voltages that
the amplifier can tolerate and still perform
correctly as a linear differential amplifier.
The input c.m.v.r. is limited because of the
necessity to keep the op-amp or amps oper-
ating within their linear active region, with
inputs neither excessively high or low in

The ideal differential voltage amplifier
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potential nor the outputs reaching voltage
or current clipping levels. The value of input
c.m.v.r. for a particular differential amplifier
circuit depends very much on the choice of
amplifier topology and is likely to range in
practice from 10 volts to 5000 volts.

Generally higher values are achieved with
either an opto link or an a.c./d.c. link of
some description.

" CONVENTIONAL DIFFERENTIAL
AMPLIFIER

The standard differential amplifier circuit
shown in Fig.1. is designed to have A,y = N.
However, as the following analysis shows,
the c.m.r.r. is critically dependent upon
precisely matched resistors.

Assuming that the op-amp is ideal and
using normal op-amp analysis for circuits
with negative feedback (that is V(—) = V(+)

and I (=) = 0 =1 (+)), then the output
voltage is given by
Vo=kV, - ka V2 2)
where
R 1+R. R,
Ky ={—2—) [—2): k, =2
! ((R3+R4)) ( R, Z(R,)

Now, if the input signals are common-mode
only, that is V; = V,, then (2} gives the
common-mode voltage gain,

A=k —k )

Similarly, if V|, = V¢2 and V, = —Vy/2, that
is the differential-mode voltage is V4 and the
common-mode voltage now is zero, then (2)
gives the differential-mode voltage gain,

Avd= VZ(k] +k2) (4)
and from the definition of c.m.r.r.
C.m.rr. = A /A, = % (k) + ka)/(k) — ky)
(5)
from (3) and (4). Rewriting (5) by substitu-
tion for k; and ky

Avd = l/2(R|R4 + RzR'; S 2R2R4)/(R|R3 S

RiRy) (6a)
AVC = R|R4 - RzRg)/(RlRa + RIRA) (6b)

1B(R|Ry + RaR; + 2R;R,V/
(R|R4 - R2R3) (6¢)

cmer.r. =

Remember that in all this we have
assumed that the op-amps are ideal: how-
ever, unless the matching of the resistors is
perfect, the c.m.r.r. will not be that high.
The match condition from (6¢) that gives
highest c.m.r.r. ideally infinite, is clearly

R|R4 = R2R3 or R|/R2 = R3/R4 (7)

The best choice from the viewpoint of satis-
fying (7) and simultaneously providing bias
current compensation to minimize output
d.c. offset is to make

R, =R:R; =NR;R;=RandR,=NR (8)

Now these components will each have the
value shown in (8) subject to variation due to
normal manufacturing and practical toler-
ances and therefore it would be more
appropriate to write the values of (8) as
follows

R =R(1+38;); R,=NR(1+8,);
R;=R(l+83) and R4=NR(I+84) (9)

where 8, refers to the departure of the R,
from its nominal value and so on. That is, the
set of equations (8) are the nominal values of
the resistors and the set of equations (9)

refer 10 the exact values of the resistors. If
the components are, say, +1% tolerance
then the range of & will lie within — 0.01 and
+0.01.

Returning again to (6a) for the
differential-mode voltage gain, substitution
of the nominal values of resistors from (8)
gives

Ay=N

this being the expected (nominal) value of
differential-mode voltage gain. Clearly the
nominal value of c.m.r.r. from (6¢) is infi-
nite, but what is of greater interest is the
exact value of c.m.r.r. for any particular set
of resistors or, even more useful, the worst-

(10)
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case c.m.r.r. for a given tolerance of compo-
nent. This is relatively easily ohtained by
substituting the expression for resistors
from (9) into (6¢). which if 8,8, terms are
neglected as they are relatively small for
high-tolerance components, gives the
c.m.r.r.

N(148,48,) + (1 48,4 8,)/2+(148,+8,)/2

(83+8,)—(8;+83) (11)

which further approximates to
crr. =(N+ 1)/(3; +8; —8,-83) (12)

for high-tolerance components in which
§<<l.

So what does equation (12) actually tell
us? Suppose we are dealing with a unity
differential-mode voltage-gain amplifier and
we have used * 1% tolerance resistors, then
(12) provides a figure for the worst-case
c.m.r.r.

Worst-case c.m.m.r.=+- -+50

g
~0.04
This means that, unless the resistors are
accurately trimmed to better than +1% we
might obtain a circuit with unity Ay that
only attenuates common-mode voltages by a
factor of 50; not a particularly high value of
c.m.r.r. At first sight, one might be tempted
to think that trimming to better than +1%
is simple. Initially, perhaps. but will the trim
be that accurate over the temperature range
that the circuit is to operate and will the
trimmer setting be a once only operation?
Clearly the answer to both these questions is
almost certainly no.

DIFFERENTIAL INSTRUMENTATION
AMPLIFIER

The conventional differential instrumenta-
tion amplifier is shown in Fig.2. Essentially
there are two identifiable voltage gain
stages: the one to the right hand side of the
broken line AA being exactly the same circuit
as Fig.1, the analysis of which we have
already carried out. The circuit to the left
hand side of AA is a differential-input to
differential-output amplifier which, as the
analysis will show, has unity common-mode
voltage gain, and the differential-mode vol-
tage gain, determined by Rg, R; and Rs, can
be very high.

Let us analyse the pre-amplifier stage to
the left of the line AA and then consider the

total performance of the amplifier. Again
assuming that the op-amps are ideal, then
inputs V; and V,, will produce node voltages
of

Ve=V,andV, =V

and. using Kirchhoff's laws, the output
nodes X and Y of this circuit are given simply
by
\. = V| + (\| - \’2) R(,/R7

and V, =V, — (V; = V) Re/R, (13)
There is zero differential-mode input if V, =
Vs and then V, = V, = V,, giving a common-
mode voltage gain of unity.

if we now consider the situation in which
the inputs are differential only, that is

V| Vd/2 and VZ 8= Vd/2

then, from equation (13), we obtain the node
voltages of

\'_“ = (l/? P R(,/R—;)Vd
V,=—(%2 4+ R¢/R7) Vy (14)
and the differential-mode voltage gain of the
first stage is

Avd - (\x - V )Nd = “ + (Rs + Rb)/R-,)
(15)
Asnodes X and Y are at low impedance. then
the overall gain of amplifier is simply the
product of the gain of each stage calculated
separately, that is

Avateotan = Avar-Avazs Avctrotal) = Avel Avea

C.M.I.T oran = C.M.T.T .

C.M.r.T.y
R2
—,‘l’\‘/A Vv
W
Ry <
— AAA I
R3 Op-amp
-T’\/\. ]
V2 < -
Y SR, TV "

Fig.l. Standard differential amplifier, in
which common-mode rejection is heavily
dependent onresistor matching.

Fig.2. Conventional differential instru-
mentation amplifier. The circuit to the right
of the dotted line is identical to thatin Fig.1.

A
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The nominal value of total differential-mode
voltage gain is

Avd(luml) = (] at (R5+Rb)/|<7)R2/R| (lb)
where, as before, Ry/R; = Ry/R-

The most interesting feature of the instru-
mentation amplifier is the fact that the
common-mode voltage gain of the total
circuit remains determined solely by the
common-mode voltage gain of the second
stage. Since A, = 1 thenc.m.r.r., is

Rg(1485) . Re(14+8)

Avd,=(1+ i 17
- ( Ri140;) Rp1+5p) 7
Generally, to preserve circuit symmetry and
enable equal value components to be used,
R is nominally set to equal Rg and may be
written as Rs = R; = MR7, and so equation

(17) reduces to
(1485)
(1487)

(]+6,,)

1+M— (l+6)

c.m.r.r.

) (18)

and, since we recognise that component
tolerance must be good, we can neglect the
5, terms and equation (18) approximates to
c.m.r.r.= (1+2M)= A\dl(nominal)) (19)
We can now obtain an expression for the
total c.m.r.r. using equation (19) and (12).
C.M.V.T ortal = (l + ZM)(N + l)(8| + 64 —
Sy — B4) (20)

STANDARD DIFFERENTIAL v
INSTRUMENTATION AMPLIFIER

The additional differential input-output
stage of the conventional instrumentation
amplifier (Fig.2.) has improved the overall
difterential-mode gain and the ¢.m.r.r. com-
pared with the simple standard differential
amplifier (Fig.1). both the total A, and
c.m.r.r. apparently increasing by a factor of
(1 + 2M), the differential-mode voltage gain
of the first stage of Fig.2. The key question to
be answered is, “when should the more
complex, and therefore more expensive,
circuit of Fig.2 be chosen in preference to
the simpler circuit of Fig.1?” The answer to
this question is not simple; however, a clear
answer can be obtained with some care.

Since the differential amplifier of Fig.1. is
a sub-circuit of Fig.2, to make a comparison
between the two we will assume that the
same quality of components are used in both
circuits. Also assume that the required
closed-loop differential gain-bandwidth pro-
duct is less than that of a single op-amp, so
that the circuit of Fig.1 could satisfy the
designer’s needs in terms of differential-
mode performance. Using the equations
described earlier a comparative table can bhe
drawn up and it is shown in Fig.3. Since the
circuits are to be independently designed,
resistor designations for the circuit of Fig. 1
have been changed to R’, R, R, R’ so that
they are not confused with the resistors used
in the circuit of Fig.2.

The same quality of components will be
used in both circuits and this means that the
terms (d' + & — &' — &) and (8, + &; — &
d3) will lie within the same range.

Refer to the c.m.r.r. of the two circuits of
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Fig.l and Fig.2 as c.m.r.r; and c.murry
respectively. From Fig. 3 we may write

cmrrg=(1+k/(® +38 -8 —8)

(21)
and ¢c.m.r.or.y, = (1+k + 2R5/Rg)/
(5, +8,—8-.—83) (22)

where k is the overall ditferential-mode
voltage gain required.
Nominally the & terms eguate so that

cnurry = (14+(2Rs/R/(1 + K)) c.mrry
(23)
Equation (23) shows that c.m.r.r 5 is indeed
greater than c.m.r.r.;. However, since the
total differential-mode gain is k, the term
(2Rs/R7)/(1+Kk) must be less than unity, so
that c.m.r.r., is not even lwice that of
C.M.rr..

In practical electronic engineering terms,
an improvement of ¢.m.r.r. of less than a
factor 2 does not warrant using the instru-
mentation amplifier of Fig.2. with its addi-
tional compiexity over that of the standard
differential amplifier of Fig.1. This conclu-
sion does not mean that the circuit of Fig.2 is
never worth using, since we have yet to
examine the case where the specified closed-
loop differential gain-bandwidth product re-
quired is greater than that of the op-amps
that are tobe used in the circuit.

CASCADED-STAGE DIFFERENTIAL
AMPLIFIER

In many differential-amplifier applications a
very high differential-mode voltage closed-
loop gain is required perhaps 10,000 or more
over a specified bandwidth. and the total
amplifier gain-bandwidth product may well
be too high to be obtained with a single-stage
circuit such as the standard differential
amplifier of Fig.1. If this is the case, thereare
two basic options available to the electronics
engineer. Either the circuit of Fig.2 can be
used. or a simple, single-ended post ampli-
fier can be added to the standard differential
amplifier, as shown in Fig. 4. On the

assumption that with either arrangement
the specified ditferential gain-bandwidth
product can he achieved, the circuit of Fig.2
is, without doubt, the best, as it can be
designed to provide a much better c.m.r.r.
than is possible with the circuit of Fig.4. as
the following discussion shows.

The second gain stage of Fig.4 1s a single-
ended input/output stage, and so the total
c.m.r.r. of this amplitier (c.m.r.r.4) is equal
to the c.m.r.r. of the first stage, which is
identical to the circuit of Fig.1, hence

cm.r.ry = c.mr.r., = (1+R/R/
(5'+8'—8'—d') (24)
Rewriting equation (20), which is the
c.mr.r. of Fig.2, we have c.m.rrp = (1 +
2Rs/Ro M1 + Ro/R V(B + 84— 85— 83) (25)
Comparison can now be made between
equations (241 and (25), giving
(14+2Rs/R7 M1 +Ro/R))

cm.rry +|
(1+RYR])

C.M.rry

(26)

where the §; terms have been cancelled as it
is again valid to compare the two circuits
only if the same tolerance of components are
used in both. Eguation (26) cannot be
simplified further, as the choice of relative
values of resistors for each circuit is made
independently. But a specific example will
serve to illustrate that the circuit of Fig.2
will produce a much higher c.m.r.r. than
that of Fig.4.

Suppose identical op-amps, each with
open-loop gain-bandwidth products of
IMHz. are used and that the application
demands a closed-loop ditterential voltage
gain of 10,000 over a bandwidth of 1kHz. The
total differential closed-loop gain-bandwidth
product is therefore 100 MHz. To maximize
signal-to-noise ratio, both Fig.2 and Fig.4
circuits should be designed with maximum
gain in the first stage. The maximum possi-
ble closed-loop gain for a 1kHz bandwidth is
1000 and so. for the circuit of Fig.2,

R/R" = 1000 (27)

conventional instrumentation |

parameter standard differential
amplifier amplifier
total A, R)/R! = R;/R; (1 + 2Rs/R;)R,/R,
where R,/R, =Ry/R;andRe=Rg |
total c.m.r.r. R; R
220 Th (1 +F‘,)N(8'+8; 858 (14 2R/R{ 1 +22)/ (B, + 845 51)1
— S 3. A E— —— -4 d

Fig.3. Characteristics of the two types of amplifier. At first sight, the improvement in

c.m.r.r.is notspectacular.

Fig.4. One way of obtaining a high gain, which can only provide a c.m.r.r. equal to that of

the first stage.
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andsimilarly for the circuit of Fig.4

(1+2R5/Rg) = 1000 (28)
In both cases the second stage gain needs to
be equal to 10 which in the case of the circuit
of Fig.2 gives

Ro/R, =10 (29)
The comparative ratio of ¢c.m.r.r. between

the two amplifiers can now be calculated
using equation (26) from which we obtain

cm.r.r, (1000)-(1+10)
T T L

So. the c.m.r.r. for the circuit of Fig.2, the
instrumentation amplifier, is 11 times, or
21dB, greater than the best that can be
achieved using the circuit of Fig.4. The
reason for such a significant advantage is
because both gain stages in the instrumenta-
tion amplifier provide high c.m.r.r. whereas
the amplifier of Fig.4 has a c.m.r.r. equal to
that of the first gain stage.

The analysis-is above shows that if a closed-
loop differential amplifier is needed with a
gain-bandwidth product which is greater
than that of the op-amp to be used, implying
at least two gain stages are required, then
the conventional instrumentation amplifier
shown in Fig.2 will give the best total
c.m.r.r. available. But if a closed-loop dif-
ferential amplifier is needed with a gain-
bandwidth product which is less than that of
the op-amps available then no significant
advantage is gained in terms of c.m.r.r. by
using the instrumentation amplifier and it is
probably perfectly acceptable to use the
simple, standard. single-op-amp differential
amplifier.

In passing, it should be noted that the
instrumentation amplitier does provide a
buffered high input impedance at both non-
inverting and inverting input terminals. The
same cannot be said of the rather asymmet-
rical input impedances of the standard.
single-op-amp differential amplifier. A
further point to note is that none of the
circuits described in this article are particu-
larly useful in the presence of high common-
mode voltages.

Dr F.J. Lidgev. BSc.. Ph.D.. MIEE.. is
Principal Lecturer in the School of En-
gineering, Oxford Polvtechnic, Oxtord.
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RELATIVITY -
joke or swindle?

Louis Essen re-states his view that Einstein’s theory of
relativity contains basic and fatal flaws

cult to accept my contention (WW

October, 1978) that Einstein’s theory
of relativity is invalidated by its internal
errors. Butterfield for example (EWW,
February, 1987) denies that there is any
duplication of units or any harm in obtain-
ing results from thought-experiments.
Moreover, if my contention is correct, the
new experimental work described by Aspden
(EWW, August, 1987) is not required to
disprove the theory, although it might con-
firm that his assumptions were wrong. This
is not to suggest that experimental results
are not important but they should be consi-
dered as steps in the development of new
theories.

Discussions about the theory tend to he
very involved and your readers may be
interested in a brief history of the subject
which I wrote some time ago for a friend who
wanted to know what the controversy was
about and in particular what was the signifi-
cance of the clock paradox.

The theory was an attempt to explain the
result of an experiment which had been
made to measure the velocity of the earth
through space. Scientists reasoned that,
since light is an electromagnetic wave
travelling through space with a velocity

S ome of your contributors find it diffi-
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denoted by the symbol ¢, and the earth is
travelling through space with a velocity v, it
should be possible to measure v by an optical
experiment carried out in the laboratory.
Michelson and Morley designed and used an
interferometer for this purpose. A beam of
light was split into two parts which were
directed along the two arms of the instru-
ment at right angles to each other, the two
beams being retlected back to recombine
and form interference fringes. The instru-
ment was turned through a right angle so
that, if one of the arms was initially parallel
to earth’s motion, it became at right angles
to this direction. It was expected that there

There have always been...
critics: Rutherford treated
it as a joke; Soddy called it a
swindle; Bertrand Russell

suggested it was all
contained in the Lorentz
transformation equations;
and many scientists
commented on its
contradictions

would be a movement of the fringes, from
which the velocity of the earth could be
calculated, but no change at all was
observed.

Fitzgerald and Lorentz pointed out that
this result would be obtained if the arm of
the interferometer which was moving par-
allel with the earth was, in consequence of
this movement, reduced in length by the
amount (1-v?/c?)"*. Such an arbitrary
assumption did not constitute a satisfactory
explanation and scientists tried to think of a
more fundamental cause.

Einstein came to the conclusion that the
answer rested on the way time was measured
and the simultaneity of two events was
defined; and on the basis of these ideas and
two additional assumptions he developed his
theory, published in 1905. It was essentially
the electromagnetic theory of Maxwell and
Lorentz modified to incorporate the
Michelson-Morley result. Later, in 1907, he
extended the theory to include gravitational
effects and predicted that light would be
deflected as it passed near the sun. The
prediction could be tested only by observing
the path of the light from stars during an
exlipse of the sun and in 1919 Eddington led
an expedition to the island of Principe,
where the eclipse was total, and when the
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results had been studied, announced that
the prediction was confirmed. The theory
was then gradually accepted, eventually
being regarded as a revolution in scientific
thought.

But there have always been its critics:
Rutherford treated it as a joke: Soddy called
it a swindle; Bertrand Russell suggested that
it was all contained in the lLorentz trans-
formation equations: and many scientists
commented on its contradictions. These
adverse opinions, together with the fact that
the small effects predicted by the theory
were becoming of significance to the defini-
tion of the unit of atomic time, prompted me
to study Einstein’s paper. | found that it was
written in imprecise language. that one
assumption was in two contradictory forms
and that it contained two serious ervors.

...he concluded that, at the
end of the journey, the time
recorded by the moving
clock was less than that
recorded by the stationary
clock. The result did not
follow from the experiment,
but was simply an
assumption slipped in
implicitly during the
complicated procedure

The essential feature of science is its
dependence on experiment. Results of ex-
periment are expressed in terms of units
which must not be duplicated if contradic-
tions are to be avoided and units of measure-
ment are the only quantities which can be
made constant by definition. When Einstein
wrote his paper, two of the units were those
of length and time. Velocity was measured in
terms of these units. Einstein defined the
velocity of light as a universal constant and
thus broke a fundamental rule of science.

One of the predictions of the theory was
that a moving clock goes more slowly than
an identical stationary clock. Taking into
account the basic assumption of the theory
that uniform velocity is purely relative, it
follows that each clock goes more slowly
than the other when viewed from the posi-
tion of the other. This prediction is strange
but not logically impossible. Einstein then
made his second mistake in the course of a
thought-experiment. He imagined that two
clocks were initially together and that one of
them moved away in a number of straight
line paths, at a uniform velocity, finally
returning to the starting point. He con-
cluded that on its return the moving clock
was slower than the stationary clock.
Moreover, since only uniform motion is

...Ido not think Rutherford
would have regarded (the
theory) as a joke had he
realised how it would retard
the rational development of
science
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Einstein defined the
velocity of lightas a
universal constant and thus
broke one of the
fundamental rules of
science

involved there is no way of distinguishing
between the two and each clock goes more
slowly than the other. This result is known
as the clock paradox or, since the clocks are
sometimes likened to identical twins, one of
whom ages more slowly than the other, the
twin paradox.

Hundreds of thousands of words have
been written about the paradox but the
explanation is simple, arising from Ein-
stein’s use of the expression, “as viewed
from”. Clearly if the time of one clock is
viewed to be slower than the other even
when it has returned to the same position as
the other then it must indeed be slower. But
the rates of distant clocks are not compared
by viewing them. Ticks from them are
received and counted on a separate dial. a
process now carried out continuously
throughout the world for the synchroniza-
tion of atomic time. It is the reading on this
subsidiary dial which would be less and not
that on the dial of the clock itself. If the
thought-experiment is carried out correctly,
the result is that the time of the moving
clock as measured at the position of the
stationary clock is less than that of the
stationary clock. This is the same as the
initial prediction, which is as it should be
since a thought-experiment cannot give a
result differing from the information put
ntoit.

Einstein’s use of a thought-experiment,
together with his ignorance of experimental
technigues, gave a result which fooled him-
self and generations of scientists. -le con-
vinced himself that the theory yielded the
result he wanted, because the contraction of
time is accompanied by the contvaction of
length needed to explain the Michelson-
Morley result.

The round trip could not have been made
without accelerations being applied, but
Einstein ignored their possible effect on the
rate of the clock, thus implicitly assuming
that they had no effect. Some years later, in
1918. he used another thought-experiment
in an attempt to answer criticisms of the
paradox result. One of the clocks again made
a round trip, the changes of direction being
achieved by switching gravitational fields on
and off at various stages of the journey, the
time recorded by the moving clock was less
than that recorded by the stationary clock.
The result did not follow from the experi-
ment, but was simply an assumption slipped
in implicitly during the complicated proce-
dure. The slowing down of clocks which he
had previously attributed to uniform veloc-
itv. acceleration having no effect. he now
attributed to acceleration, a line of argu-
ment followed in many texthooks.

Claims frequently made that the theory is
supported by experimental evidence do not
withstand a close scrutiny. There are grave
doubts about Eddington’s claim, both as

regards the predicted value which was in-
creased by a factor of 2 from that first given
by Einstein and the way the results were
analysed — some of the readings being
discarded. The same criticism applies to a
more recent experiment performed, at con-
siderable expense, in 1972. Four atomic
clocks were flown round the world and the
times recorded by them were compared with
the times recorded by similar clocks in
Washington. The results obtained from the
individual clocks differed by as much as 300
nanoseconds. This absurdly optimistic con-
clusion was accepted and given wide public-
ity in the scientific literature and by the
media as a confirmation of the clock para-
dox. All the experiment showed was that the
clocks were not sufficiently accurate to
detect the small effect predicted.

Why have scientists accepted a theory
which contains obvious errors and lacks any
genuine experimental support? It is a diffi-
cult question, but a number of reasons can
be suggested. There is first the ambiguous
language used by Einstein and the nature of
his errors. Units of measurements, though
of fundamental importance. are seldom dis-
cussed outside specialist circles and the
errors in clock comparisons are hidden away
in the thought experiments. Then there is

Einstein’s use of a thought
experiment, together with
his ignorance of
experimental techniques,
gave a result which fooled
himself and generations of
scientists

the prestige of its advocates. Eddington had
the full support of the Royal Astronomical
Society, the Royal Society and scientific
establishments throughout the world. Tak-
ing their cue from scientists, important
people in other walks of life referred to it as
an outstanding achievement of the human
intellect. Another powerful reason for its
acceptance was suggested to me by a former
president of the Royal Society. He confessed
that he did not understand the theory him-
self, not being an expert in the subject, but
he thought it must be right because he had
found it so useful. This is a very important
requirement in any theory but it does not
follow that errors in it should be ignored.

Insofar as the theory is thought to explain
the result of the Michelson-Morley experi-
ment | am inclined to agree with Soddy that
it is a swindle; and 1 do not think Rutherford
would have regarded it as a joke had he
realised how it would retard the rational
development of science.

Dr Louis Essen. D.Sc.. F.R.S., has spent a
lifetime working at the NPL on the measure-
ment of time and frequency. He built the
first caesium clock in 1955 and determined
the velocity of light by cavity resonator, in
the process showing that Michelson’s value
was | 7km/s low. In 1959, he was awarded the
Popov Gold Medal of the USSR Academy of
Sciences and also the OBE.
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Programmable
amplifier with wide
dynamic range

4 Amplifiers with programmable gain tend to
be based on analogue multipliers or, if under
digital control, may use a multiplying d-to-a
converter or op-amp with switchable feed-
back. Analogue multipliers can drift and in a
digitally-controlled circuit considerable out-
put spikes can occur when the digital input
value changes.

Neither of these problems occurs with this
low-noise, low-drift and transient-free pro-
grammable amplifier. It has two identical
amplifying paths, called main and standby,
each using a 1232 d-to-a converter. One path
at a time feeds the output buffer depending
on the position of a DG243 single-pole
two-way switch.

Initially, output comes from the main

'CIRCUIT IDEAS

amplifying path. New data is latched into the
first HC574 and transferred to the standby
amplifier, setting it to the new gain value.
Next, output is switched to the standby path,
the main amplifier is set to the new gain, and
output is returned to the main path.

Neither converter is switched through to
the output while its digital input is being
changed so switching transients do not
occur. Transients produced by the DG243
make-before-break switch are negligible.

Normally d-to-a converters provide atten-
uation but here, amplification is needed. A
high-stability potential divider with buffer-
ing determines amplification. This does not
degrade temperature performance since
temperature tracking of the converter resis-
tor network is still used.

In this mode however, leakage current
through the converter switches introduces
output offsets of up to several millivolts,
depending on the digital input word; eproms
programmed to suit the converter compen-

sate for this. Data values for the eproms are
quite easily determined and are reasonably
predictable once the individual contribution
of each converter switch is known.

Gain accuracy is eight bits but twelve-bit
converters are used because of their superior
noise and leakage-current performance. In
this configuration, the four least-significant
bits of the twelve track the four most
significant so gain error introduced remains
less than one bit.

Overall bandwidth is limited to the 20kHz
required for the original application by a
second-order low-pass filter. Circuit per-
formance is degraded if the source impe-
dance is greater than 50() since transients
from one converter feed to the other
through the common input line. Adding an
input buffer solves this problem at the
expense of noise performance.

Tim Wilmshurst
Department of Engineering
University of Cambridge

+SV
VMEbus eprom board
[ Tx k7
2 S S Any convenient address boundary can be
1 b—a = A17_2_ 3 x used for this VMEbus eprom board occupy-
s -y 2 ing 128Kbyte of memory space. The circuit
= ._g.| 2%LS ; is economical, easy to build and easily
— =1 52 |3 expanded to take up to eight eprom banks.
s -3 % Dip switches feeding an eight-bit
— s % AM251.8252]1 comparator determine the
Cy5 —A23 A3 = m
En Eg r'l [ ]
19 , BB
MASEL MASEL
= : BA3
. ﬁ] s
] e 7 BA16 1 s st 15 7
Caz[—A% 1<} = o I % 13
G210 737 N " ¢ | rowiD i ROMOLO
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A2 _o—sf S 1 B80S +5V 9 ! :
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d e————
805
B80S,
BRIW
address space and acknowledge signal pTack
comes from the LS95 shift register. On
receipt of a valid address, the local 8MHz
7461595 . 1 4
clock oscillator starts clocking the shift
o DTACK 10 a3 +sy register to provide additional wait states at
16 N 7T each successive output. Shift register output
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8MHz
clock

Qo gives one wait state and output Q; gives
four.

Frank Kelly

Computing Science Department

University of Stirling

Scotland

VME bus eprom board continued overleaf
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. Sync. signals are summed with the RGB nothing to enhance the appearance of a
VldeO converter for signals into the 75¢) load. Variable resistors monochrome picture.
1 allow adjustment of the relative RGB levels; Keith Wootten
RGB tO COmpOSIte a blue background may look good on a Reading
monochrome colour monitor but a grey background does Berkshire
Video RGB signals compatible with
extended-graphics-adaptor systems can be Circladinombane are G R AAA A
turned into monochrome composite video 18M 9pin ‘D’ connections 330 Zw
without the need for a separate power (ON )\ﬁa\b« pob ik
supply. , ® 8 AAA——ANA
Line sync. at 21kHz is a short 5V pulse 5V v 330 %
while the 60Hz frame sync. signal is a longer ov | | ® Vsync
negative-going 5V pulse. Using the 1005 47 L
normally-high frame sync. line as supply, y }——f\%«—‘ -
the transistor inverts the line sync. pulse : ” ” ” ®Hsyne BCY0T W N9 < Load
while the 47wF capacitor and diode shift the ov 8k2 ST
combined sync. signals consisting of @ ov )

negative-going pulses.
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The New Generation

Thermal Linescan Recorders from Waverley

E——
Waverley Thermal , transport. The
Linescan Recorders recorders are rugged
have been developed and reliable giving
inthe UK to overcome dust and fume-free
the well-known operation. The only
disadvantages of existing consumable required
electrographic hardcopy is the low-cost paper.
printers, which include Routine maintenance
fumes, dust and the need of the printing

for amoving stylus or assembly has been
chemicals. e virtually eliminated.

All recorders incorporate a The printers feature high resolution
revolutionary full width thermal print ~ with 16 grey levels and 1/12mm
head, enabling high definition dry image edge definition.
paper grey scale recording with no Waverley offer a comprehensive
moving parts other than the paper range of models including;

A == \W7 Maritime Systems Ltd LE
For further details, contact: !a ew 1r‘ WAVERLEY DIVISION 'J-“—P

Waverley Road, Weymouth, Dorset, England DT3 5HL
Tel: Weymouth (0305) 784738 Telex: 41477 Fax: (0305) 777904

A Dowty Electronic Systems Division Company
ENTER 11 ON REPLY CARD

3700 - ilustrated left

Cual channel analogue or digital input
with IEEE control and built-in character
generator for annotation. = —

3640 '

Asingle channel
analogue or digital unit
withvariable sweep,
trigger, delay times and
input level.

- Asingle channel, multi
application printer with a
.| general purpose digital

PROLCESSOR PROJELT..?

For complete turn-key instrumentation and systems, Cavendish Automation offers delivery at little more
costthan stock items. This is achieved by our calling on our own comprehensive range of standard hardware
and configuring it to customers’ exact requirements. In addition to hardware, we are able to write and
include user-requested software drivers for scanning keyboards, driving displays, sensing front panel

switches, driving DACs or reading analogue.

Our existing experience
includes medical diagnostic
equipment, marine
instrumentation, control of
real-time video as well as
many forms of industrial
process control.

Even if you don't want a
complete system, we will be
happy to talk about any level of
custom option you may need.

Advantages:

B Very low cost

B No advance payment

B Guaranteed working system

B Delivery normally around 6
weeks from RPO

So, for professional implementations at super-low cost, call us on (0480) 219457.

Cavendish Automation, 45, High St., St. Neots, Huntingdon, Cambs PE19 1BN, Tel: 0480 219457. Telex: 32681 CAVCOM G.

ENTER 13 ON REPLY CARD
ELECTRONICS & WIRELESS WORLD
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Programming p.l.ds

Control software for programming and verifying
aprogrammable logic device is often fed by output

rogramming a p.l.d. takes three pro-
Pgramming and verifying steps, one for
output polarity, one for the And mat-
rix, and one for the Or matrix. In my
program these tasks are independent of each
other and the overall program integrates
these functions in the proper sequence.
Before the p.l.d. can be programmed it
has to be checked to make sure that it is in
the virgin state which is characterized by
the presence of all the NiCr links, presence
of both the true as well as complement
terms of the input variables, the presence of
all 48 P terms in the Or matrix. and the
active-high polarity of all the outputs.
Software should therefore be modular and
each of the above tasks performed by a
subroutine. My program was written in
Intel 8085 assembly language.

Coding of output-polarity data. There are
eight output functions and each of them can
be programmed to be active high or active
low. Thus each function requires one bit of
data to store its status and a byte to store
information about the polarity of all the
output functions, with by ; in Fy.7. Data b; is
zero for active-low output polarity and one
for active high output polarity.

Coding of And-matrix data. There are 48
And gates each with 16 input variables
present in both the true as well as comple-
ment form. Each input may be present or
absent, and, if present it may be in the true
or compelement form: one bit is required to
store this information for each input line to
the And gate.

Since there are 32 input lines to each And
gate and 48 And gates, four bytes are
required to store the programming data for
each And gate and a total of 48 X 32 bytes, i.e.
192 bytes. for the entire And matrix. Pro-
gramming data for P term 0 has 155 in the
first byte, I;. in the second, |5 5 in the third
and I-, in the fourth. The next byte of
programming data in the memory for P term
1 contains I ;5.,5. and so on.

Presence of an input variable is indicated
by a logic one, and absence by a logic zero.
For example, if P Term 0 in a particular
Boolean function contains I, I, 1. I, 17, Ly,
L1, Lis. 1is, the four bytes of programming
data for P term O would be,

Byte  Data
1 01000010
2 16010001

3 10001000
4 01000100

132

from a Boolean-logic assembler.

V. LAKSHMINARAYANAN

While forming the fusing pattern care
should be taken to see that the input links
corresponding to unused P terms are not
fused.

Coding of Or-matrix data. There are eight
Or gates each with 48 inputs from the And
matrix. Each And gate output may or may
not be present as an input to a particular Or
gate, i.e. a particular P term may be present
or absent. The presence or absence of a P
term is indicated by a logical one or zero as
in the case of input variables. Therefore,
each Or function requires 48 bits i.e., 6
bytes of information for programming, and
a total of 8 x6=48 bytes are required for the
entire Or matrix.

Or-matrix data for programming is
stored in memory for function F,, with P;,,
in the first byte, P54 in the second, Pys ¢
in the third, Py, », in the fourth, Psy 4, and
Py; 40 in the sixth byte. The next byte in
memory will be programming data for
output function F, and so on.

For example, if F,, is defined as

F()=P]+P3+ P7+ P9+ Pll+

fusing data stored in the memory would be;

IC:'

-
=,
(s

te  Data o
10001010
00001010
00010000
11111111
11111111
11111111

NS

You will notice that P terms P, 4; are not
being fused: it is assumed that these P
terms are not being used in the function F,,.

" PROGRAMMING PROCEDURE

Programming a p.1.d. involves the following
steps,
- check the virgin state of the p.1.d.

program and verify output polarity.

SOFTWARE

The 48-page p.la. programmer listing in 8085
assembly language is too long for us to print in the
magazine. We also have the author’s 15-page
Pascal listing for reading an input file for the And
and Or terms and outputting data in Intel hex form.
They can be obtained by sending an A4 s.a.e. with
your address on it and a £3.75 copying charge to
PLA listing, E&WW Editorial. Room L303, Quadrant
House, The Quadrant, Sutton, Surrey. Cheques
should be payable to Reed Business Publishing.

— program and verify the And matrix.
— program and verify the Or matrix.

Before programming, the necessary data
should be stored in the memory in the
correct format and the routines performing
the above tasks should be sequentially
called.

To illustrate the programming technique,
a specimen set of Boolean equations is given
in List 1, and the corresponding fusing
patterns in List 2. [ will now look at the way
the fusing patterns are formed for output
polarity, a P term and an output function.

From List 1 you can see that outputs F,,
F,, Fy, Fs, Fg are to be programmed active
low and Fy is to be programmed active high;
outputs F; and F; are not used. Therefore,
the polarity fusing pattern is,

F; Fg Fs Fy Fy F, F, F,
1 0 0 0 1 0 1 o0

i.e., 84,5 which, as you can see from List 2, is
stored in location 1000,4.

Coming to P-term 1, you can see that it
contains I, I and I5. Therefore, the links to
be blown are all of I,,.;5, and all but I, I, and
Is in ;5. Corresponding bytes stored in
memory are,

liss 0000 0000 (0)
1.0 0010 0101 (25,6)
Liss 0000 0000 (0)
Iz 0000 0000 (0)

These bytes are stored in locations 10054
to 1008,. Fusing patterns for other P terms
are formed in a similar way. To program
output function F, the fusing pattern re-
quired would be in the form of six bytes
defined as follows,

P-, 0000 0110 (6,4)

Piss 0000 0000 (0)

Pyige 1111 1110 (FEg)

Pji2s 1111 1111 (FFy)

Pagap 1111 1111 (FF}4)

Pyra0 1111 1111 (FF4)

These patterns are stored in locations

10C1,4-10C6,,. Fusing patterns for other
ouput functions are formed on similar lines.

ASSEMBLER REQUIREMENTS_

In preceding sections | have explained how a
p.l.d. can be programmed by using the
fusing patterns for the And and Or matrices
and the output polarity. Essentially the
c.p.u. reads the fusing patterns stored in
memory and as decided by the assembly-
language algorithm either fuses the NiCr
links or leaves them intact.

ELECTRONICS & WIRELESS WORLD
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List 1. Specimen programming data for p.lLa.

| Productterms

| Py =lglsls
P, =lplaly
P; =lglalslioflia)ls
Py =lplalpy
5 =hlals
Pe =lglalyy
P; =lglls)lz )2

| Pg =lls)hlghi2
Py =lpladls)]y
Pm =|n-|3-{|q}-”|r»’-|| 1
Py =l dla)
Pis =lolelollis)
13=M3)ha

Pra =lol2lsl1s)

Pis =lgq2ls i3

Pie =lolals {la) 0}

QOther P-terms are not used.

| Sumterms

[ (Fo)=P,+P;
(Fa)=P3+Ps+Pg

(F3 =P, +P¢

(Fa)=P;+Pg
(Fs)=Pg+P1o+Pya+Pi5+Pig
(Fe)=Py +P12+Py3

Outputs F; and F; are not used.

Note: Terms in parentheses are active-low
outputs/complementary variables.
|

.

I_ = = 1

List 2. Example of programming data for the p.l.d.
programmer produced from Boolean equations |
in List 1 by the author's assembler

Here the fusing pattern for output polarity data

for F;; is stored in location 1000, for the And |
matrix in locations 1001 to 10CO and for the Or

matrix from 10C1 to 10F0 |
1000 B8A :Polarity

1001 FE EE FF FFE. PO

1005 00 25 00 00 Pl

1009 08 09 00 00 ;P2

100D 84 29 20 00 :P3

1011 08 11 00 00 P4

1015 00 26 00 00 PS5

1019 08 05 00 00 :P6

101D 10 81 00 20 :P7

1021 11 82 00 20 ;P8

1025 08 06 00 20 ;P9

1029 08 09 06 00 ;P10

1020 00 42 20 00 ;P11

1031 02 41 -20 00 ;P12

1035 40 00 20 00 P13

1039 00 45 80 00 P14

| 103D 20 25 00 00 ;P15 |
‘ 1041 00 29 06 00 Pi6 [

To prevent fusing input links of unused P terms, |
| terminate program after P16. Or matrix fusing
pattern follows.

JOCE 06" 00 “FE* FF FF*'EE :FD

10CT SFEFE7 FF. FE B PR bl

10CD 38 00 FE “FFE FE FE iE2

10D3 42, 00 FE FF FE FE F3

10D9 80 01 FE FF FF FF F4
| 10DE 00 C6 FE FF EF FE 36D

10ES 00" 38 EE “FF _FF FE 6
[ IOEB: FF- FF UFF: FE 'FF AEE E7
|

e
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My Pascal assembler is described in this
section to give you ideas for writing your
own software. The assembler produces the
fusing patterns for the And and Or matrices
directly from Boolean equations. In other
words, the assembler converts user-readable
inputs into machine-readable format.

Final output of the assembler is a file in
the Intel hex form which can be directly read
from disc into microcomputer ram for use
by the c.p.u. The assembler accepts data in a
particular form. For example, the repre-
sentation of a typical Ptermandan F term is

PO7=100.C05... 109/ (1
/F2 =P00+P12+P23+... P19/ (2)

Here P stands for the product term, its index
varving between 0 and 47 for the 48 And
terms. In (1), it is set as a combination of I's
(true inputs) and C’s {complemented inputs)
which are specified by the accompanying
indices.

Similarly, in (2), F is a sum term desig-
nated by its index which lies between 0 and 7
for the eight outputs, and is set to be the
combination of the P terms on the right of
the equal sign. Both these eyuations are
enclosed within obliques to indicate the field
of each And/Or term. For each p.l.d. the
required Boolean equations are written for
the And and Or matrices in the form ex-
plained above, and an input file is produced.
The assembler is structured to that it reads
the input file and creates an output file in the
Intel hex format.

ASSEMBLER ALGORITHM

My assembler assumes that mput data that
is to say the P and the F terms. is present in
an input file called DATA.IN. First. data is
read from this file. The assembler recognizes
the end of P term datawhen it encounters an
asterisk in the field of the character P (each
line in the input file is declared as a record);
similarly the end of F-term data is indicated
by a hash symbol.

Each P term has a combination of I and €
terms. Since these cannot exceed 32 (I, 5
and €, 5) a four-by-eight matrix is associ-
ated with each product term. Each row is
equivalent to a byte. The structure of each
matrix is,

iy — Lk
I —
Cis — Gy
CT I Cn

These matrices are initialized to null mat-
rices for the P terms: the 1 and C terms
present in each P term decide which of the
matrix elements become 1 (logic one in a
byte is equivalent to presence of that input
variable and hence the corresponding NiCr
link need not be blown).

Once the matrices are formed. each mat-
rix row is converted into hexadecimal form
by grouping the bits four at a time. The
hexadecimal code lies between 00 and FF. An
absent P term requires none of the links to
be blown; hence it will have FF FF FF FF.

Thus all P terms have a hexadecimal code
whether they are present or absent. These
codes are combined to form the Intel hex file
in which each line has 16 bytes of
hexadecimal-form data.

A similar procedure produces hexadecim-
al code for F terms. Since there are 48 P
terms (0 to 47), each F term has a six-by-
eight matrix associated with it. Procedures
for both And and Or matrices have numeric-
al test facilities built into their algorithms to
arrange the terms in ascending numerical
order.

~ CONCLUSION

Wlth thls programmer it is p()SSlble to
transform a blank p.l.d. into a device con-
taining a custom algorithm, microprogram,
or Boolean transfer function in a few
seconds. Such a logic i.c. has applications
including character generators, look-up and
decision tables, function generators, micro-
programming, sequential controllers and
frequency synthesizers.

[ would like to thank Dr N.W. Nerurkar
and Mr V.B. Taneja of the Centre for Adv-
anced Studies in Electronics. New Delhi, for
their encouragement during this work and
for their permission to publish this article.
Further reading
Bipolar and mos memory data manual, Signetics,
USA. 1980,

Programmable-logic data manual,
USA. 1986.

PAL/PLE programmable-logic handbook. Mono-
lithic Memories USA, 1985.

Programmable logic data book, Advanced Micro
Devices. USA, 1986-87.

Signetics.

V. Lakshminarayanan obtained his B.E. in
Electronics Engineering from Bangalore
University in 1981 and an M.E. in Electrical
Communication Engineering from the Indi-
an Institute of Science in 1983.

He is currently on the technical staff at the
Centre for the Development of Telematics in
Bangalore, involved in the design of digital
telephone exchanges and v.h.t./u.h.f. com-
mumication systems.

Moving-coil head
amplifiers

In the article by Doug Self which
appeared in the December issue. an
error appeared in Fig. 6, the complete
circuit diagram. A correct version of the
relevant part of the diagram is shown
below. Apologies to readers and to Mr
Self and thanks to Mr D. Symons, who
pointed out the error.

/ \
R3 \H’ r\"% 3x2N6603
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A.m. stereo

With reference to the item “A.m.
stereo for Europe” in EWW,
November, 1987, page 1167, 1
would like to point out that, in
my opinion, it is much better for
Europe to have a.m. higher-
fidelity than a.m. poor stereo.

That is, instead of sending L
and R, which are two band-
limited (5kHz) audio channels, it
would be more enjoyable if the
added information extended the
bandwidth of the transmitted
programme (at the speaker).

The latter could be done by
shifting down (e.g. by 5kHz) the
higher frequencies of the audio
programme (probably from
5kHz to 10 kHz) and then adding
them (now bandlimited to SkHz)
to the old programme (also
bandlimited to 5kHz) in quadra-
ture as proposed in stereo sys-
tems.

Kerim Fahme
Aleppo
Syria

Mechanical
television

I was most impressed to read the
letter by Mr A.S. Henderson in
your December issue on mecha-
nical tv under Feedback. | was
the first engineer to join the
Scophony Company in 1932, and
probably I am more fortunate
than Mr Henderson in that I have
kept records and photographs of
.most aspects of the Scophony
system for over fifty years.

Adam Hilger Ltd produced our
first high-speed scanners in both
stainless steel and glass, but
when it became established that
the definition of television would
be either 240 lines 50 frames or
202.5 lines interlaced to produce
a 405 line picture, the polygon
was designed for 20 facets and
was in stainless steel and not
glass. We manufactured 50 poly-
gons on a mandrel, using a very
accurate Zeiss optical dividing
head, and it was possible to use
35 of these in the centre of the
mandrel — the outside polygons
were discarded. We could carry
out this work when Ted Wilson
joined us and I am obliged to Mr
Henderson for reminding me of
his name. 1 retain all the cost
sheets, which were carefully pre-
pared, and note that the high
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speed motor and stainless steel
polygon as a complete unit had a
total material and labour cost of
£8.12.6, the polygon represent-
ing the magnificent sum of
£3.10.0.

I am at a loss to find the reason
for the 49 facet polygon; we were
thinking in 1939 of front projec-
tion rather than the rear projec-
tion of our standard cinema sys-
tems, and the 49 facet would
reduce the angle between each
facet and so give us a longer
projection distance than the 20
facet polygon. I have known of
multi-facet polygon tests for
front projection, and for a 405
line picture the lower-speed
high-speed scanner would mean
an increase in the distance be-
tween the ultrasonic light cell
and the scanner from 13 to
something like 35 cm. in order to
obtain the immobilising of the
waves in the liquid column.
Another reason for the 49 facet
polygon was toaccommodate the
intended 441 line 60 frame stan-
dard in the United States to
reduce the high-speed scanner
speed which, on the British stan-
dard, was running at 30,375
r.p.m.

Incidentally, the total cost in-
cluding labour of the complete
24in Scophony Home Receiver
was just under £52, excluding
cabinet, the reason being that
Ted Wilson was getting £3 a
weekand I, as a Design Engineer,
got £450 a year! Converting
£.5.d. into present day metric
pounds by multiplying every-
thing by 2.4 and 50 years of
inflation, multiply by at least 20
and you will get a cost of nearly
£2.500!

Joshua Sieger
Poole
Dorset

Coupling

coefficient

We thank Mr Clifford for his
interest (Letters, December
1987) in the article “Does your
coupling coefficient matter?, by
Tom lvall, June 1987 issue, and
are ourselves interested that he
has written on allied topics (any
reprints left, Mr Clifford ?).

May we reply to three of the
points he raises:
1. If the receiving part of the
circuit shown in Fig.2 were in-
deed a “test circuit”, then of

FEEDBACK

course it would be better to do
away with the transformer and
measure |, as the voltage drop-
ped across a small (0.5 ohm)
resistor, as Mr Clifford suggests.
But what the figure portrays is
not a test circuit; it is a practical
circuit for an implantable receiv-
er whose output must match the
resistance of the tissue to be
stimulated ~ of the order of half a
kilohm, rather than half an ohm,
with a typical electrode setup.
Hence the need for a step-up r.f.
transformer, which does indeed
degrade the range-independency
of the link, but not by much.

2. Tongue doubtless in cheek, Mr
Clifford suggests that if one ex-
pects the frequency to fall as one
approximates oscillator and re-
ceiver, it will in fact surely rise,
and vice-versa; and that this is
undesirable. On the contrary, it
would not matter which way the
frequency went, but in practice,
with the various series oscilla-
tors the MRC Unit has published,
the frequency always falls and
never hops to the higher, theore-
tically possible, value.

3.Using an operational amplifier
to drive Vmos transistors has
thrown up no noticeable prob-
lems with reliability. In any case,
it is the implanted receiver
which must be ultra reliable; the
external-to-the-body series oscil-
lator need only be reliable.
P.E.K. Donaldson

MRC Neurological Prosthesis
Unit

London SES

T.E. Ivall

Staines

Middlesex

In an article in the June, 1987
Electronic & Wireless World, en-
titied “Does your coupling coeffi-
cient matter?” Tom lIvall reports
work funded by the Medical Re-
search Council. He purports to
report a “little-known, possibly
hitherto unknown. fundamental
property of inductively coupled
oscillating circuits”.

I am sure that by now you will
have received many other letters
in addition to this one from
‘old-timers’, protesting that far
from being the “unknown” prop-
erty claimed, the results are well
known (even to a now non-
practising ex-electronics person
as | am). 1 referred to one of my
text-books last used in 1951
when | took my physics degree,
“Principles of Electricity™ by

Page & Adams (first edition June
1931, second edition 1949) by D.
Van Nostrand Company, Inc,
New York. Pages 509-517 deal
explicitly with coupled circuits
in forced oscillation and contain
analogous results.

1 trust that Mr P.E. K. Donald-
son will make an acknowledge-
ment of at least this prior work in
future publications.

D.C. Chadney
Chinnor
Oxfordshire

Catt’s anomaly

There is no rigid rod in my story
(January, 1987). Indeed, I chose
the two examples, a cable and a
body of water, in order to steer
clear of such dubious idealiza-
tions. Any number of other ex-
amples could have been used,
such as ordinary sound in air.
The point of them all would be
the same — that the speed of the
elements of the medium can be
far below (and is certainly quite a
separate issues from) the speed
with which displacements prop-
agate. Indeed, I mention in the
case of the water, but the point
holds also for the cable, that the
displacement propagates at the
speed of sound. There is a close
mathematical paraliel between
the mass (or density) of an acous-
tic medium and the inductance
(or inductance per unit length)
of a transmission line, as there is
between elasticity and capaci-
tance. There is simply no prob-
lem about a pulse of charge
travelling at the speed of light
while the electrons themselves
move at speeds that are orders of
magnitude slower, and Catt's
self-named anomaly is no more
than an elementary misunder-
standing.

At the time of writing my
letter it did seem funny, and at
least has the merit of being on a
level of pottiness comparable to
Mr Catt’s declamations.
AlexWilding
Redditch

The Conquest
of thought

Ivor Catt (December, 1987)
seems to think I have been going
on about Bohr's Correspondence
Principle in articles on electro-
magnetism and vectors recently.
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If I put my physicist’s cap on, the
principle is familiar and could be
discussed, but 1 did not have
anything like it in mind while
writing the tutorial articles.

Regarding the little bit that |
related to Kuhn's statement -
and Kuhn says quite a number of
contradictory things — | would
only add the following extracts:

“Second, the new paradigm
must promise to preserve a re-
latively large part of the concrete
problem-solving ability that has
accrued to science through its
predecessors.”

and:-

“paradigms...usually preserve
a great deal of the most concrete
parts of past achievement and
they always permit additional
concrete problem-solutions be-
sides”.

These, by the way. are on page
169 of his book “The Structure of
Scientific Revolutions”, in case
Ivor Catt gets time to read the
book.

On the correspondence from
C. F. Coleman in the November
issue, 1 wonder what point he
was making? One flavour in his
letter seemed to be the delusion
arising yet again that 'progress’
is everything, and frenetic at
that. “0O”, "A” and BTEC level
people should study tensors,
number pairs, up-to-the-minute
bits and pieces that the 'maths
pushers’ say is in fashion. Many
of us do not go along with the
fiction that progress is occurring
in this naive way at all. What
about the chlorinated com-
pounds and the ozone layer — and
the nuclear fiascos?

Much closer to home, how
would Mr Coleman offer the bud-
ding electronic engineer ex-
pressions for the reactance of an
inductor, jwl for example, or
Fourier transforms. More to the
point even than that, all the
exams | have seen from en-
gineering institutions contain
questions about j and the concise
way phasors show phase and
frequency and so on.

On the other topic, vectors,
I'm afraid it is the same story.
Yes. division by a vector is not
defined, and that’s O.K. as there
is no physical or engineering
need for it anyway. Would Mr
Coleman throw away all algebras
that didn’t commute? Out would
go matrix algebra too, | suppose.
Tensors might very well turn up
with anisotropic media, like per-
meability and ferrite material, or

birefringent dielectrics. 1If Mr |
Coleman’s students study Gener-
al Relativity, then sure, tensors
will turn up. But I'll wager they'll
not turn up until all the students
have a good knowledge of vector
analysis for electromagnetism

studies, and so on.

No, I repeat, Mr Coleman
must be reading some remote
esoteric stuff to think he can
argue about obsolescence in the
way he did. In any case I disagree
entirely that everything studied
20 years ago has gone — we still
use Newton's laws and those of
thermodynamics for nearly all
engineering design task any
motor engineer), and for rocket
design and launching - to say
nothing about those Maxwell's
equations | discussed in the
article...

Joules Watt
Staple
Kent

Moving-coil
preamplifier

I read with great interest Doug.
Self's article on m.-c. stages in
EWW for December 1987. I'm
glad to see at last a proper,
practical approach to circuit de-
sign. The article was well writ- |
ten, fluent and not bogged down
with largely irrelevant mathema-
tics. Figure 2 clearly demons-
trated the fact. little known
amongst most engineers, that |
Bi-fet and J-fet op-amps are ex-
tremely noisy. Any engineer will
tell you, after reading any data
sheet on modern op-amps that
they are all very low-noise, very
high-performance devices. That
fet op-amps are low noise devices
is sheer nonsense. Any engineer
worth his salt who can wire up a
circuit and measure it will find
that, for impedances below
50kHz, bipolar junction transis-
tors are quieter than fets. A fet
only comes into its own in two
areas; for high impedances or for |
r.f. from 50MHz to 500MHz.
Above this frequency, b.j.ts again
exhibit superior noise specs. Fet
op-amps are far noisier than even
741s in audio applications, as
shown by Mr Self, their main use
being for high input impedances
and low bias-current usage in,
for example, sample-and-hold
circuits. Outside this limited
area they are best put to use for

| building motorways.
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However, 1 must point out
that Mr Self fell down ¢n the
definition of which noise he is
actually measuring. He mea-
sured unweighted noise and
without RIAA correction. This is
grossly in error for a practical
m.-C. stage.

The reason is that a high-gain
(hpg typical 1200) BC650 will
exhibit exceptionally low flicker
noise (low frequency), but un-
weighted measurements show
high wideband noise in excess of
that of virtually any other type.
Since an RIAA stage has roughly
30dB differential gain between
low frequencies and mid audio-
band frequencies, a transistor
must be measured under these
conditions to give a true indica-
tion of whether it is audibly quiet
or not. Secondly a CCIR filter
fitted with a true peak detector
must be used to simulate the
ear's response. Unweighted
measurements are meaningless
even for comparisons. A selected
low r, ZTX655 will give a very
good performance in Mr Self’s
setup due to its low-gain. low
white-noise level. However,
when fed through a RIAA circuit
it is dominated by flicker noise,
which makes the system almost
useless, with a continuous
growling sound.

One last point on noise; the
key to the whole performance is
running the input transistor at
the optimum collector current
for a given source impedance, as
Mr Self mentions. He then uses a
standard 3R3 resistor as a source
load. 1 have found many times
that optimum 1. for minimum
noise cannot be set on a pure
resistor. Presumably one intends

to actually use the circuit with a |

particular cartridge, theretore 1.

should be optimized for that |

cartridge. | have found that if a
cartridge (carefully screened) is
actually substituted for the 3R3
resistor, the audible and measur-
able noise is significantly worse,
typically by 8-10dB. The reason
is that the cartridge is inductive
exhibiting a rising impedance
with frequency. Since noise with
most low-noise transistors is
subjectively worse at mid-audio
frequencies, the input stage's I,
must be lowered to give a better
match. Empirically, this opti-
mum operating current with an
actual cartridge connected has |
been found to be around 1/3 that |
obtained with a shorted input,
and gives a real, practical noise |

| voltage within 2dB of that of a

3R3. It is also interesting to note
that a lower input-stage noise in
medical electronics is normally
obtained by operating the input
device at optimum collector cur-
rent and with a fixed Vg of less
than 3V. Mr Self’s is a little high
at 5V and with an op-amp output
stage linearity is not a problem.
Whilst [ agree entirely with Mr
Self’s view of a single input stage
and the avoidance of differential
inputs due to 3dB worse noise, |
cannot agree with the idea of
using an electrolytic at the input.
Whilst 1 myself cannot measure
any degradation in t.h.d. down to
Ip.p.m., it has been demon-
strated many times that there is
an audible difference between a
short circuit and a high-quality
polypropylene capacitor. The use
of a 220u input capacitor is
rather excessive; whilst 1
appreciate the value has to be
large in order to present a low
impedance at the base terminal
at low frequencies, low-
frequency noise is of impulse
nature, with most of its energy at
higher frequencies, and little at
the fundamental pulse-
repetition frequency. Subjective-
ly, a 224 is satisfactory with no
audible change even at 4u7, To
stabilize the individual transis-
tors’ collector currents, as emit-
ter degeneration would degrade
the noise, the first stage's d.c.
loop being local, individual col-
lector resistors, say 220ohms,
and individual base-collector
feedback resistors would serve
this purpose without noise de-
gradation as the signal level at
this point is greater than at the
base-emitter input. This would
then allow three separate input
coupling capacitors, say 10y pol-
propylene filmcaps, connecting
to each isolated base.
Les Sage
Bingley
Yorks
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ELECTRONICS
AND WIRELESS WORLD
1988 COMPETITION

For news of our 1988 competition, do not fail to
see this issue. The prizes are truly spectacular and
there is no hardware design involved — simply
writing. All will be revealed in the March issue, on
sale Thursday, 18 February, 1988.

V-series microprocessors and ‘C’. Two articles from NEC describe the
V-series of high-speed c-mos micros, which are pin-compatible with
8086 and 8088 types. The V25 incorporates features which allow
efficient handling of internal peripherals, residing in separate /O
address areas, directly from the C language — a process which is
normally difficult in high-level languages.

The goniometer. Gregor Grant contributes a piece on the goniometer
and its decades of application in direction-finding equipment for air
navigation, from the Bellini-Tosi antenna to the standard VOR beacons.

High-definition television. Geoff Lewis reviews the proceedings of the
Third International Colloquium on h.d.tv held on Ottawa recently. The
NHK Muse/MAC controversy continues.

Shockley, Bardeen and Brattain are the subject of this month’s
Pioneers piece, by W. Atherton. It is forty years since the world first
heard of their invention, the point-contact transistor, which took
several years to find any serious application.

Einstein’s relativistic ether. Einstein has the reputation of having killed
off the ether. Dr Ludvik Kostro, of the University of Gdansk, points out
that this is not the case: Einstein denied the fixed ether, but proposed a

new conception of the ether which is non-stationary.

Confessions of a frustrated inventor. Heinz Lipschutz, who invented
inertial navigation in 1939 but was unable to interest anyone in the
system, recounts his experiences over many years of trying to exploit his
work. “Unless an inventor has... financial muscle... he is better off
growing roses on the centre lane of the M1”.

International
programming
language

A computer language that can be used on
almost any desk-top or home computer
without change is the aim of I-APL, an
international version of APL (A program-
ming language) which conforms to ISO and
proposed British standards. The language is
freeto users.

APL was originally devised as a method of
notating mathematical expressions in a lan-
guage that could be understood by a compu-
ter. Its first practical use in 1956 was a
paper-and-pencil exercise to design the
microprogramming of the IBM 360 compu-
ter. Since then the original 400Kbytes of
code have been reduced to the 25Kbytes of
I-APL which will fit into two 16K roms on,
< for example a BBC micro, with

enough space left for a
character font and a printer
driver. The main advantage

of APL is that it is particularly
good at maths. Formulae can be
entered almost as written. Consequently
programming time is reduced to a tenth of
that of other programming languages. Typi-
caily, statistics students can be shown how
formulae are entered without needing to
know that they are using a specific program-
ming language at all. This method is used at
the Statistics department at University Col-
lege, Swansea, by Prof. Hawkes. Similarly,
Prof. Spence of Imperial College, London
has written a book on circuit theory with the
equations in APL notation. A disadvantage is
that on smaller computers APL is slow;
benchmarks to complete a given task com-
pare poorly even with Basic. However this is
offset by the complexity of mathematics
possible, such as matrix transformations.

I-APL is free to all who wish to use it. The
only cost is the disc or eprom copying fee and
for the manuals and textbooks. Tutorial,
encyclopaedic and installation manuals are
in preparation and will cost less than a
photocopy of the same texts. Versions of
I-APL are in preparation for IBM-PCs, BBC,
Sinclair Spectrum, Commodore C64, Apple
Il, Atari ST and many other computers.
Details from Anthony Camacho, Chairman
I-APL Project, 2 Blenheim Road, St Albans,
Herts ALl 4NR.

‘Enhancing IBM PCs, XTs
and clones

In this article presented in the November
issue, the reference to jumper E was incom-
plete; itis in fact jumper E2. The photograph
on pl094 is of IBM’s new PS2 computer,
which would not benefit a great deal from
the modifications described in the article.

ELECTRONICS & WIRELESS WORLD
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‘ he Blue Book that must be read!

Electronic Brokers introduce the essential guide for users, specifiers and
purchasers of test and measurement equipment — The Blue Book. More than
just a catalogue, the 256 page Blue Book includes technical and
applications information in addition to comprehensive guides and product
specifications.

There are 16 sections from oscilloscopes to analysers, signal sources,
multimeters, communications and television test equipment . . . plus much
more. And as you would expect from the leading distributor in the industry
all the leading major manufacturers are included.

The Blue Book will be an invaluable source of information for you —
Secure your FREE personal hard back copy today by sending off the coupon
with a business card or letterhead.

Electronic Brokers Ltd, 140/146 Camden Street, London NW1 9PB

Fax: 01-267 7363. Telex: 298694. Tel: 01-267 7070.
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FIRST VXI PRODUCTS EMERGE

nly five months after the
announcement of the VME-
bus extensions for instru-
mentation, VXI for short, the
first products to be designed around it are
revealed. Companies active in the high-
speed instrumentation business — the 30 or
so registered potential users highlighted
elsewhere in this Insight — have been keep-
ing their instrument cards close to their
chesls, some aiming to release details at
January’s ATE Show West in Anaheim, Cali-
fornia. But what we have been able to
establish as we go to press in mid December
is included in this report.

@ First product details came from one of the
smallest companies in the business. United
Test Equipment of Anaheim. The VXI Modu-
lar Test & Monitor System is based on an
A-size card using the P1 connector and
measures 25 by 30 by 15cm without the
computer. It is software-driven from an IBM

First VXI products
emerge Who's doing what
plusan alternative view of

139 VX1 from Steve Lekas of

VXlbus and its impact on

Keithley Instruments, Cieveland. Report by
Geoffrey Shorter
instrumentation Lou
Klahn of Colorado Data
Svstems explains why the
VXIbus is an evolutionary necessity in the
world of test systems
The VXIbus — an
emerging industry
standard Larry DesJardine
of HP's Loveland r & d
centre analyses the VMEbus extensions for
instrumentation
Will your dmm cost more
to keep than to buy? It
isn’t enough toread specs
and price tags and leave
the rest to chance, argues Solartron’s
Umar Qureshi
Market trends in test and
measurement Tony Leach
of STC Instrument
Services presents market
figures derived from multiple sources and a
wealth of experience

PC or compatible and the monitor screen
shows i.c. pinpouts, logic signals with labels
(just visible in the photograph on page 167),
and connector details when cable testing.

@ Another product on show in Anaheim is
Colorado Data Systems VXI Prototyping
System, which they claim is the first VXI
product. According to Lou Klahn of CDS it is
the first of many: “We plan to announce a
new product at the rate of one a month
throughout 1988 he told Insight.

The prototyping system, type 73A, con-
sists of a 488 mainframe, a 488-to-VXI
interface board that also provides the re-
quired VME and VXI interface clock and
control signals and other slot-0 functions

Integrated tendency

two wire wrap cards with power filtering
(one with VXI interface), an extender card,
and an adapter to allow the 60 or so modules
of CDS’s 53A series of ‘instruments-on-a-
card’ to be used. Detailed user and service
manuals with circuits are included “One ot
fo——— = P |
PC-based test equipment
is growth area Market
I 53 research analyst Mike New
reports on bus and control
issues in this fast growing market
IEEE488 control using
an IBM-compatible PC
For multi-instrument set
ups the PC used as the
display and control element has to be paid
for only once. And it can be put to other uses
Oscilloscope architecture
There’s littie point in
trying to improve
performance in one area if
the underlying architecture leads toa
reduction in capability elsewhere, says
Robert Stubbings of Tektronix
Survey Prices and
I 59 essential specs of high
accuracy digital
multimeters and 100MHz
digital oscilloscopes on the UK market
HP’s latest CAT system
combines measurement
control and computation
in one box, with high speed card-to-card
communication

ELECTRONICS & WIRELESS WORLD February 1988

the most exciting possibilities of having a
number of instruments in a common,
closely-coupled environment is tighter time
coordination leading to a higher level of
system performance than has ever been
possible” enthuses Lou Klahn. “The 73A-
PRT allows users to explore the ramifica-
tions of this capability in their own market
place”.

@ Tektronix had been working on a VME-
based architecture for Card Modular Instru-
ments prior to the development of the
VXlbus standard. Other instrument com-
panies and a.t.e. end-users had independent-
ly determined a need for a card instrumenta-
tion architecture and, significantly, VMEbus
had been indentified by them all as the
foundation bus.

The VXI spec reflects the early Tektronix
work, as well as that of the four other
companies who participated in the VXlbus
discussions. Many of the higher perform-

Continues on page 167

Seen these before?
Flat-screen d.s.o. from
Philips/Createc’s hand-

I 62 heldd.s.o0. and

multimeter/Keithley’s new scanner-dmm/

More on page 164
I 7' distributors become more
specialized they offer
greater service to the customer and amore
efficient selling effort to the manufacturer.
By Graham Sibley of Electronic Brokers.

Increasing role of
distribution in t&m As

Cover story Time-varying signals are
analysed in this cross between a spectrum
analyser and oscilloscope — turn to page 171
for the details.

© 1988 Reed Business Publishing. Industry Insight is
edited by Geoffrey Shorter and designed bv Alan Kerr.
Potent al contributors for April's Insight on
communications should make immediate contact on
01-661 8639, send an abstract by fax on 01-661 3948, or
mail anticles to Industry Insight, Electronics & Wireless
World. Quadrant House. The Quadrant, Sutton, Surrey
SM2 5AS. Potential advertisers contact Martin Perry on
01-66153130 or James Sherrington on 01-661 8640.
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XIBUS AND ITS IMPACT
N INSTRUMENTATION

he recent announcement by

five major instrument manu-

facturers of a new bus stan-

dard for instrumentation,
dubbed the VXIbus for VMEbus extensions
for instrumentation, raises two important
questions: why is the VXIbus necessary, and
secondly, what is it and why is it important
in the instrument world?

The fact that five instrument manufactur-
ers who are traditional competitors have
agreed to a new bus standard is a good
indicator of the importance of this step.
These companies, CDS, Hewlett-Packard,
Racal-Dana Instruments, Tektronix, and
Wavetek, have wholeheartedly endorsed the
VXIbus, and believe that it will enhance the
development of automatic test systems by
allowing the user to more easily utilize
modular instrumentation. By virtue of it
becoming a standard, it will provide a great
variety of available ‘Instruments on Cards’.

In order to understand why VXIlbus,
although technologically an innovative con-
cept, is an evolutionary rather than a revolu-
tionary step, it is first necessary to under-
stand the historical motivation that led to its
development. Two fundamental and basical-
ly independent forces have combined to
bring VXIbus to where it is today. The first
factor, primarily driven by military require-
ments, is an increasing need for more
capable test systems that are smaller and
lighter. The second factor, driven by all users
of a.t.e., is a growing requirement for test
systems that have the higher levels of sys-
tems performance that can be achieved by
integrating multiple instruments in a com-
mon instrument environment.

Since the VXIbus will be a standard, it will
allow users to select from a wide range of
instruments, interface cards and computers
from different manufacturers, with full con-
fidence that these modules will operate
together when used in a single test system.
Test system designers that use the VXIbus
will be able to tailor their test to their actual
needs, since they will be able to design the
equipment for the test rather than the other
way around.

A short history

Although test systems using modular tech-
nology have been around for a number of
years, they have all suffered from the prob-
lems caused by a lack of standardization. A
user could typically not get all or enough of
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LouKlahn of Colorado
Data Systems explains

whythe VXlbusisan

evolutionary necessity in-
the world of test systems

the instrumentation that might be needed
for a given requirement in a common for-
mat. (In fact, a system that uses a relatively
large mainframe into which only a few of the
needed complement of functions can be
placed, can actually make a test system
larger rather than smaller.) In addition,
since some of these systems used either an
unmodified computer backplane or an ex-
tension of the IEEE-488 bus itself, the
problem of properly distributing instru-
mentation signals within a mainframe still
remained, although these approaches did
solve many of the command and control
problems.

In 1985, the US Air Force asked the MATE
User’s Group (MUG) to make specific recom-
mendations regarding standardization of
instrument-on-a-card (IAC) technology. It
was their intent to take these recommenda-
tions and turn them into a standard that
could be added to the Air Force’s Modular
Automatic Test Equipment (MATE) Guides.
This task was completed and the recom-
mendations submitted to the Air Force early
in 1986 — a set of recommendations that
were based on extensions of, and minor
modifications to, VME. The Air Force then
undertook an extensive evaluation of those
recommendations. The major stumbling
block to Air Force adoption of an IAC
standard was a lack of consensus on the part
of industry, especially the manufacturers, as
to the exact technical content of the stan-
dard. The actual need for a standard had
already been endorsed by both industry and
users.

In a parallel effort, each of the five com-
panies was in some stage of developing an
internal IAC standard. Colorado Data Sys-
tems was in the process of updating the IAC
system they had been delivering since the
mid-70's. In 1985, Tektronix had announced
a concept, an open architecture, and initial

products for a product line they dubbed CBI
for computer based instrumentation. In
1987, Wavetek announced their Model 680,
which included a product from Racal-Dana.
Hewlett-Packard was in the process of defin-
ing upgrades and replacements for some of
their modular equipment. The common
denominator for all of these efforts was VME.

Private conversations between the five
consortium companies started during 1986.
By early 1987, it had become apparent that,
for the good of the industry, it was necessary
for these companies to temporarily set aside
their differences and see if they could agree
upon a working standard. A series of meet-
ings started in April of this year that culmin-
ated with the announcement, in July, of the
VXlbus. (An interesting sidelight — the
VXlbus not only meets all of the recom-
mendations of the MUG IAC Subcommittee,
but its backplane is also functionally very
similar to the backplane defined by that
group). The consortium also intends to
submit the VXIbus to the IEEE with the full
endorsement of each of the five companies
involved, and a strong recommendation that
it be adopted and published.

What is VXIbus?

Before beginning to describe what VXIbus is
and how it works, one basic question needs
to be answered: why was it necessary to
extend VME rather than use it intact? The
fundamental reason is that VME is a compu-
ter bus, and while it solves the problems of
command and control, it is not ideally suited
to the world of instrumentation. For exam-
ple, it tends to be somewhat noisy, a real
problem in the world of low-level analogue
and r.f./microwave instrumentation. In
addition, it contains no provisions for hand-
ling some of the signals necessary to instru-
ments, such as triggers and analogue sig-
nals.

Moreover, to create an environmental
conducive to the higher level of system
performance that instrumentation users
want, the consortium found it necessary to
define additional clocks and signal paths.
Another problem with the VMEbus was that
it did not supply the kind of power needed by
instruments, so additional power and
grounds had to be included.

The VXIbus standard builds on the ex-
isting standard for VME (IEEE-1014): it in
no way violates VME and in fact contains
specific provisions that help ensure that
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standard VME cards will operate properly
within VXIbus systems. Where VME specifies
two card sizes, VXIbus specifies four diffe-
rent card sizes (designated in the standard as
A, B, C, or D), drawn from the Eurocard
standard. Depending on the card size
selected, these cards may use one, two or
three 96-pin DIN connectors. The size-A
card utilizes a single DIN connector (P1).
Size B, which corresponds to the standard
VME card, and size C cards also use P1, and
optionally, P2 connectors. Size D cards use
P1 and, optionally P2 and P3 connectors.

Like VME, each additional connector
offers increased power and performance, but
unlike VME there are no user-defined pins.
All connectors are fully defined. The VXIbus
P1 connector conforms exactly to the VME
definition for the P1 connector, which is
used for command and control. Likewise,
row B of the P2 connector is exactly per
VME. VXIbus uses rows A and C of the P2
connector, and all of the P3 connector, to
define additional power and ground, two
local buses, two additional clocks, trigger
and sync signals, and a sumbus, all of which
are explained in more detail later in this
article.

Because the potential application areas for
the VXIbus include all of the areas where
automatic or semi-automatic testing is
being used today, the architecture had to be
extremely flexible. It also had to make
provisions for the future growth of instru-
ments on cards. As a result of these needs,
special care was taken to ensure that the
VXIbus could accommodate almost any sys-
tem hierarchy or topology. It deliberately
does not specify the use of any particular
type of microprocessor, operating system or
interface to the host computer. Similarly,
the content of the individual instrument
commands is left solely to the manufacturer,
although IEEE488.2 is suggested as a guide-
line.

What the specification describes

If these areas are left up to the manufacturer,
what then does the new spec. address? What
the proposed standard describes, in detail,
are the technical requirements (hardware
and software) necessary for a variety of cards
from different manufacturers to be used ona
common computer/instrumentation back-
plane.

As a start, the VXIbus defines the hierar-
chy of device types with an automatic con-
figuration protocol defined for all types. A set
of configuration registers, which are accessi-
ble from the P1 connector, are specified for
each device type. Through these registers,
the system can identify each device and its
type, together with model number and
manufacturer, plus additional memory re-
quirements, if any.

The simplest of these devices types, called
“register-based devices”, are normally
“dumb” devices in that they will normally
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not contain local intelligence. A second class
of devices, “memory devices”, may include
such things as rams and roms. A third class,
“message-based devices”, is required to have
communication registers that are accessible
to other modules within the system, and are
intended for use where higher levels of
communication are desired. The latter class
will typically be a smart device that contains
parsers that an interpret ASCIl commands.
They can also be designed to control
register-based devices.

Communication between VXIbus devices
is based on a hierarchical device relationship
involving Commanders and Servants. With-
in a system containing multiple comman-
ders, each commander can control its subset
of instrument modules (“servants”). A
VXIbus system can contain as many as 256
different devices if multiple chassis are used.

The most common VXIbus configuration,
especially over the next few years, will
probably be a system with an IEEE-488 to
VXIbus interface card controlling the instru-
mentation within the cardcage. In this
mode, the VXIbus can be made transparent
to 488 users, although higher level users (so
called “power” users) will have direct access
to the bus if they need it. Another possible
configuration is a stand-alone system with
its own c.p.u., memory cards, and optionally
its own mass storage. This would allow it to
operate independently of, or in conjunction
with, an external system controller.

Fundamental communication within a
VXlbus system is based on a byte-serial
protocol. This allows users to choose, for
example, between the IEEE-488.2 for
commercially-oriented systems, or CIIL for
MATE-oriented test systems, as well as util-
ize other test languages now or in the future.
It also means that VXIbus instrument mod-
ules can be configured in a wide variety of
ways as required by the application, limited
only by the user’s imagination, and by the
suite of instrument functions available at the
time the test system is built.

One of the most exciting possibilities of
having a number of instruments in a com-
mon, closely-coupled environment is tighter
time coordination, leading to a higher level
of system performance than has ever before
been possible. The VXIbus trigger lines have
been defined with just this possibility in
mind. Traditional rack-and-stack instru-
ments connected via cables cannot hope to
match the control over signal characteristics
and propagation delay that is possible in a
well-defined and controlled backplane en-
vironment. Signals that have been added on
the VXlbus specifically for this purpose
include a 10MHz and a 100MHz e.c.l. clock,
e.c.l. and t.t.I. trigger lines, and a “local
bus”. To give some idea of the performance
levels possible, t.t.1. triggering is possible at
rates in excess of 10MHz, while e.c.l. trigger
rates exceed 50MHz. Data transfer rates well
in excess of 100MHz can be generated.
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The local bus, defined for both P2 and P3,
is a daisy-chained structure between cards
that allows manufacturers or users to define
their own unique protocols and uses. For
example, the local bus can be used to
transfer analogue signals, t.t.l. data, and/or
e.c.l. data between adjacent cards of a instru-
ment set. IAC modules that use the local bus
must follow a hierarchical classification
scheme based on a given module’s intended
use of the local bus. This scheme includes a
mechanical keying mechanism designed to
insure that an IAC module that falls into a
given class regarding its utilization of the
local bus is not accidentally connected to an
incompatible class, which could result in
damage to either or both of the IAC modules.
Classifications currently defined the VXIbus
include t.t.l., e.c.l., low-level analogue
medium-level analogue and high-level ana-
logue. A given IAC module may occupy more
than one classification.

One of the stickier problems faced by the
architects of the VXlbus was that of power
and cooling requirements. The standard
solved the problem by requiring manufac-
turers to always specify the power and
cooling requirements for each card using a
standard, easily reproduced, method. Simi-
larly, manufacturers of cages must also
specify the power and cooling capacity for
their cage. This means that users can easily
determine whether or not a given card or set
of cards can be used with a given card cage. A
side benefit of this approach is that manufac-
turers can choose to build either IAC mod-
ules, or cages, or both, while still allowing
users full freedom of selection.

Similar to VME’s impact on the computer
industry, adoption of the VXIbus standard
represents a major step forward in the
instrumentation industry. Some industry
observers have stated that its potential long-
term impact may even rival that of IEEE-
488. Not only will it widen the areas where
modular instrumentation is being used, but
it will also, due to its ability to offer a higher
level of systems performance, open new
application areas. It is important to empha-
size that the VXIbus architecture is an open
architecture available to all manufacturers
and users. In the short time since its original
announcement, more than 25 different com-
panies have expressed an intent to produce
products designed in accordance with the
VXIbus standard.

Designers desiring a copy of the VXIbus
specification are free to contact the author at
the address below.

Louis J. Klahn is vice-president of sales at
Colorado Data Systems Inc, 3301 W. Hamp-
den Avenue, Unit C, Englewood, Colorado
80110, one of the five originating companies
of the VXlIbus.
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INSTRUMENTATION

THE VXIBUS

An emerging industry standard

Xlbus, a backplane bus speci-
fication, will enhance the
construction of automatic
test systems by providing
greater flexibility in mixing and matching
modular instrumentation. The name itself
comes from VMEbus Extensions for Instru-
mentation, as the VXIbus builds on top of the
VMEbus standard.

The VXIbus will allow users to select a
wide range of instruments, interface cards,
and computers from different manufactur-
ers and to have these modules coexist within
the same cardcage. Like the IEEE-488 bus,
VXlbus users will be able to tailor their
automatic test svstem to the application
with a broad range of products offered by
many manufacturers, while gaining the
benefits of integrated instrumentation.

As shoivn below, there are four standard
card sizes and up to three connectors. The
size A card only uses the standard DIN Pl
connector, which remains as defined by
VME. This connector accesses the VME data
transfer bus, and is capable of up to 20Mbyte/
second data transfer rate between modules.
Size B and C cards use P1, and optionally,
the P2 connector. Size D cards use P1 and
can also use P2 and P3. Each additional
connector offers increased power and per-
formance. The VXlbus is designed so that
smaller card sizes can fit into the larger
maintframes.

Since the application range for VXlbus
products is extremely broad,
the architecture was designed
to be very flexible. For exam-

Larry DesJardin, of
Hewlett Packard’s
Lovelandr&d centre,
analyses the VMEbus
extensions for
instrumentation.

have a set of configuration registers which
are totally accessible from the P1 connector.
This allows the system to identify the mod-
ule, its device type, model and manufactur-
er, and memory space requirements.

The simplest of these devices are called
register-based devices. Memory devices such
as rams and roms have also been defined.
Typically, register-based devices are dumb
services, and only a few simple logic chips
are needed to fully implement their VXIbus
protocols. If a higher level of communica-
tion is desired, a class called message-based
devices is defined to have standard com-
munication registers accessible to other
modules within the system. These typically
are smart devices that interpret ASCII com-
mands and may also be designed to control a
number of register-based devices.

A device that controls other devices is
called a commander, and its subordinate

Eurocard  Slot

ple, the VXIbus spec. does not fely) AR /El
define a specific system con- P1 w >
troller or topology nor does it A 1 39x63 0848
specify the tvpe of micro-

i~ | tandard
processor, operating system Pl lVME e
or interface to the host P2 - 22x63 G8 protocols
computer. Likewise, instru- s, forall |
ment commands are left to the -8 Additional :;g
choice of the manufacturer. Pl _sizes,
What is defined by the VXIbus P2 I 92%134 12
specification are the technical
interface requirements and — &} 5
protocols so a variety of cards a i
can be used on a common
backplane while ensuring P2 BTy

compatibility between differ-
ent manufacturers.

The VXlbus has an automa-
tic configuration protocol
that is required of all de-
vices. A given device must
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modules are called servants. When a multi-
ple commander system is assembled, each
commander can control its subset of instru-
ment modules. In other words, the bus can
be shared by more than one c.p.u.. using the
arbitration features of the VMEbus. A fully
configured VXIbus system can have as many
as 256 devices in a multiple chassis con-
figuration.

By having the language of the message-
based cards the same as for IEEE-488 con-
trol, VXIbus cardcages may be easily inte-
grated into standard rack-and-stack 488
systems. Several possible configurations for
VXlbus systems are shown on page 147.

One of the most popular configurations
will be a system with an 488-\VXIbus card
controlling all the register-based instru-
mentation within the cardcage. The internal
VXIbuswill be transparent to ‘488’ users.

Among other possible configurations is a
488-VXIbus card which interfaces with the
other message-based cards in the svstem. In
turn, each of these cards may have its own
subordinate register-based instrument
cards. By having each message-based instru-
ment accessible through a unique IEEE-488
address or secondary address, the devices
logically appear as separate instruments to
the programmer. It is also possible for a
complete system to stand alone with its own
c.p.u. and memory cards, allowing it to
operate off-line from a host controller.

The close proximity of instruments in a

cage, combined with tight time
coordination using the trigger

C°P"2"/"P°3‘°' lines. will lead to new levels of
performance. The short and
well-matched propagation de-

¢ Nore  Jays, only possible on a well
controlled backplane structure,

VX'P2°'d substantially improve both per-

segmented ¢ mance and ease of con-
figuration over the traditional
rack-and-stack instruments
connected via cables. Noise un

VX! P2 or i .

segmented Lhe backplane, w!nch can
cause timing jitter, is reduced
by surrounding the trigger

wip2pP3 lines with a.c. grounds. and

or sandwiching them between

segmented 5o nd layers on the back-
plane.

Strict near-field r.f.i. limits
effectively mandate the use of
shields on most modules.
These levels allow the precise
analogue measurements many
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had believed to be impossible in a bus-
based environment. Performance ranging
from six-digit voltage accuracies to
measurements of signals in excess of 1
GHz are expected to be available on the
VXIbus within the next year.

The VXIbus retains compatibility with the
VMEbus solution of defining the centre row
of the P2 connector to complete the 32-bit
architecture. This doubles the system band-
width to 40 Mbytes. The VMEbus standard
further allows the 64 pins of the outer rows
of P2 to be defined by the system. On these
lines, the VXIbus adds a 10MHz e.c.l. clock,
logic and analogue power supplies, e.c.l. and
t.t.1. trigger lines and a daisy chain structure
known as the local bus with 24 pins (12 lines
in, 12 lines out); t.t.l. triggering is possible
at rates exceeding 10MHz, e.c.l. trigger rates
may exceed 50MHz.

The P3 connector is aimed at high per-
formance instrumentation and includes a
100MHz clock and 48 additional pins for the
daisy chain local bus (24 lines in, 24 lines
out). It also defines a star trigger system to
allow precisely matched triggering between
modules regardless of module position with-
in the cardcage.

Some cardcages may also ‘segment’ the
VXlbus backplane. That is, they may con-
form to the P2/P3 VXI subsystem definition
for some slots, and define these pins dif-
ferently for others. They may even keep
these pins undefined. to be connected by the
user. This is useful for integrating some
present VME cards that have implemented
alternative bus structures on P2 (such as the
VSB subsystem bus), or are using these pins
for internal i/o. Of course, P1 will always
remain as defined by VME and VXI.

To maximize compatibility between
manufacturers, standard trigger protocols
have been defined. Trigger protocols include
a synchronous mode where a source module
drives a single line. The semi-synchronous

ID Codes Company

4095 Hewlett-Packard Company
4094 Wavetek, Inc.

4093 Tektronix, Inc.

4092 Colorado Data Systems, Inc.
4091 Racal-Dana Instruments, Inc.
4090 Electro Scientific Industries, Inc.
4089 North Atlantic Industries

4088 Systron Donner Instrument Division
4087 Elgar Corporation

4086 National Instruments

4085 Analogic Corporation

4084 Schlumberger

4083 LeCroy

Shield double-width
instrument
Shielded (2 slot)
single-width

instrument (1 slot} '
\ .

\
b

Unshielded
slot O
resource card
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S
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Unshielded ~

single-width
instrument
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2
W

i
Emi shield
between slots

Shown here is a VXIbus mainframe used for
internal product development at Hewlett
Packard Co. Also shown is a prototype
instrument module and a carrier assembly
that allows standard B size VME modules to
be integrated into C size mainframes.

mode allows acceptor modules to handshake
on the same line. Asynchronous triggering
using a pair of lines further expands trigger-
ing capability, and will commonly be used to
interface to standard rack-and-stack instru-
ments.

For applications requiring very high data
transfer rates — approaching 1 Gbyte/s using
emitter-coupled logic — the local bus struc-
ture defined on P2 and P3 is available. It is
daisy chained between adjacent cards, allow-
ing manufacturers to define their own uni-

VXI bus manufacturer list with ID codes

4082 Grumman
4081 John Fluke Manufacturing Co., Inc.
4080 Bruel & Kjaer
4079 Sciteq Electronics, Inc.
4078 Westinghouse
4077 Emerson Electric Company
4076 Radix Micro Systems
4075 NH Research
4074 Autek Systems Corporation
4073 ICS Electronics
4072 ILC Data Device Corporation
4071 California Avionics Labs, Inc
4070 Universal Test Equipment
3839 General Purpose Breadboards
. i il

e m——
78 AR\

i

General Purpose Breadboards refer to custom breadboard modules a user may build to add to commercially available
modules. By having a unique code for breadboard modules. these will never be identified as belonging to a particular
manufacturer, which could cause a system module to mistake a breadboard module as a commercially available VXI
instrument. The breadboard modules we offer, as well as our competitors, will have this code, 3839 happens to be a simple
code to implement.
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Power supply
cooling
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3 connector
back plane
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D-size chassis

Carrier with C-size
VXlbus card

To become a VXIbus manufacturer, a unique
manufacturer identification code is re-
quired by the VXIbus autoconfiguration pro-
tocol. There is no fee, and no further obliga-
tions. An application form is in the beginning
of the VXIbus System Specification Rev. 1.1.
Alternately, a company may apply by send-
ing its official company name, VXI point of
contact, title, address, and phone number to
the author or any of the other VXIbus consor-
tium representatives. The author's mailing
address is Larry DesJardin, P.0. Box 301A,
Loveland, C0.80539, USA. Identification
codes are usually granted within a month.

que protocols and uses. The local bus can
also be used to transfer analogue signals and
t.t.1. data between neighbouring cards of an
instrument set. A keying mechanism on the
faceplate ensures that one signal class on a
local bus is not accidentally connected to an
incompatible class, which helps avoid poten-
tial damage.

First, there has to be a critical mass of
modules on the market to choose from. The
original set of five manufacturers has ex-
panded to over 27 (see list), and product
announcements are expected throughout
1988. Next, the user must check that the
requirements of the modules match that of
the mainframe. The VXlbus specification
requires the power and cooling require-
ments for each module to be specified by the
manufacturer. Since the power and cooling
capacity of the cardcages must also be
specified, users can intelligently match the
requirements of their cards to be equal or
less than the capacity of the cardcage.

The A and B-size modules, with their
smaller, stiffer form factor, will be most
suitable for portable and ruggedized applica-
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tions, as well as where compatibility with present VME cages is
important. C-size modules will find many of their applications
reducing the size of present rack-and-stack test systems, while
delivering a more integrated solution. Much of present day instru-
mentation can be implemented in this form factor. D-size systems
will addrgss applicqtior}s_requir.ing high bangiwidth and Fight time IHE%sEtEggH)o\};ﬁtr)us card with commander capability x L e
coordination that is difficult, if not impossible, to achieve using Register-based Instrument-#1
discrete instruments. - Register-based Instrument-#2

The acceptance in the industry looks extremely promising. The | Register-based Instrument-#3
IEEE has formed a committee (IEEE P1155) to pursue adoption of the | RAM card
VXIbus specification, and Working Group 3 of the IEC is also tracking
this effort. Defence contractors, needing to downsize test equipment
for quick deployment, are welcoming the new standard. and the
United States Air Force is considering adopting the VXIbus as its
standard “instrument on a card” architecture. Many commercial Ihﬁsssggg-t)(;::éﬁ?\:ﬁﬂﬁent- #1 with commander capabilit
users, driven by needs of higher throughput, functional density, Message-based instrument-#2 with commandercagabilitz
flexibility, and easily customized solutions, are also considering | Register-based Instrument-#3 (subordinate to Instrument-#1)
adopting the VXlbus as their future test platform. Register-based Instrument-#4 (subordinate to Instrument-#2)

A VXIbus standard will open new application areas for modular | RAM card
instrumentation by simplifying the configuration of an automatic
test system. It will allow users to select from a variety of manufactur-
ers and to mix and match their products within the same cardcage. i oiinil d with q bili
The VXibus architecture is open to all manufacturers, not just the Message-braose?jrir?s';raurfwaernt-;’l cormandier capasility
original five. Already over 20 additional companies have been | Message-based Instrument-#2
assigned identification codes to allow them to design to this emerging Registgr-based Instrument-#3
_standard. RAM card

La;y D;Ia;din is_R&D section mar?ger and VXIbus consortium
representative at Hewlett-Packard Co, Loveland, Colorado.

Host controller |IEEE-488 bus

Gould ... Innovation and Quality in Oscilloscopes
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WILL YOUR DMM COST
MORE TO KEEP
THAN IT DOES TO BUY?

he wide span of price tags
attached to the many digital
multimeters currently on the
market presents a difficult
selection problem to users anxious to secure
the best value for money. In the absence of a
Which? Guide to Multimeters there are no
clear, independent recommendations on
best buys, and the user is left to sift through
reams of specifications which, at the end of
the day, may give scant consideration to the
underlying issues involved. Current think-
ing is that determination of the true life-
cycle cost of ownership must take into
account a large number of ohvious or hidden
factors which are often less a matter of
specification than of the traditions and phi-
losophy of the manufacturer.

Only one cost is obvious. that is cost of
acquisition. 1t may come as a surprise to
many to discover that widespread opinion in
the T&M industry puts this cost at typically
30% of total lifecycle cost, or cost of own
ership for the full lifetime of the instrument.
Here is a summary of the costs that must be
considered and their relative importance:

Initial purchase 30%
Integration into system 309
Periodic re-calibration 15%
Support documentation 10%
Lifetime maintenance 10%
Upgrade/expansion 5%
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ltisn'tenoughto read
specifications and price
tags and leave the rest to
chance. Alittle probing
could pay off handsomely
overaninstruments
lifetime.

It follows that the manufacturer who can
minimize the hidden costs and ensure that
his selling price is still competitive is giving
the user a much fairer basis for his choice. A
further, and fundamental requirement is
that the manufacturer support the instru-
ment during its entire lifetime — a point
which should not be taken for granted.
British manufacturer Schlumberger
(formerly Solartron) has a unique tradition
in design and manufacture of these instru-
ments, and the newly-launched 7150plus
multimeter embodies the knowledge and
experience gained over two decades of tech-
nological innovation. Minimization of the
hidden costs is achieved through measures

which include testing to military standards
for optimum reliability, careful design for
ease of use, and comprehensive measure-
ment capability.

Down with cost of ownership!

The figures given show that it can cost more
to install and operate the instrument than to
buy it, so ease of use becomes a key factor in
selecting a cost-effective instrument. Time
to train operators and calibration personnel,
to develop software, and to document test
procedures and results, frequently have a big
impact on total cost of ownership. A good
manual is a benefit, but even better is an
instrument which is so easy to operate that
the manual is redundant. A simple front
panel layout and a clear easy-to-read display
giving total user information avoids costly
errors and reduces operator training time.
Autoranging is an essential practical step
towards ease of operation. Features such as
these, together with digital calibration and
built-in [EEE interface, all help to minimize
operating costs.

Second only to operating costs come
calibration costs, and here the concept of
calibration for life can have a profound
influence on the choice of an instrument.
Gone are the days when calibration intervals
must be strictly adhered to because of the
unpredictability of performance thereafter.

The first name to call for
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Careful choice of components and good
design techniques, together with thorough
manufacturing quality control and testing of
the finished product, can eliminate the
random variations of calibration and ensure
that drift is attributable to the inherent
stability of the critical precision components
only.

For example. long-term drift to the best
quality wirewound resistors is less than
10ppm, but by using them as matched pairs
in the ratio mode actual drift can be reduced
to one tenth that of individual components.
Tests conducted over ten years on precision
resistors reveal that drift is proportional to
the square root of time, allowing drift to be
predicted for long periods.

The reference voltage is usually derived
from temperature-compensated zener
diodes, with long-term stability one of the
most important parameters. Optimum sta-
bility for d.v.m. applications is achieved by
pre-conditioning or burn-in at high curr-
rents to produce accelerated ageing, fol-
lowed by a stabilization period. Long-term
drift can be reduced to less than 10ppm per
square-root vear by this method, and
temperature compensation factors stored in
non-volatile memory can be used in associa-
tion with temperature-sensing circuitry to
produce an overall change of calibration of
well below five parts per million.

Excellent though the drift figure of
commercially-available input amplifiers
may be, amplifiers built with discrete com-
ponents using drift correction techniques
can be better, producing less than one
microvolt per year drift.

The accurate prediction of long-term drift
and performance of precision measurement
instruments enables the user to select the
calibration interval that best suits his ap-
plication, to the extent of making calibration
a thing of the past in some applications. The
technigue eliminates downtime for calibra-
tion and the need to provide backup instru-
mentation, particularly useful in a.t.e. ap-

mobile radio test

plications or in remote locations. A higher
initial purchase price with minimal re-
calibration costs may thus provide the
lowest cost of ownership.

When calibration is necessary, digital
calibration with non-volatile storage of
calibration constants eliminates the need for
preset potentiometers with their inherent
reliability problems. Another point worth a
mention, storage of calibration constants is
safer in floating gate semiconductor mem-
ory than in battery-backed memory, given
the unreliability of batteries.

Maintenance costs. estimated to be at
least 10% of cost of ownership, can be
gleaned by the prospective buyer from
mean-time-between-failures and mean-
time-to-repair ratings, which will be freely
available from the manufacturer who is
proud of them! Decades of experience in
designing for military markets gives
Schlumberger the edge in manufacturing
for built-in reliability, using techniques
such as design type testing to Defense
Standard 56-31, purchasing high-quality
components from reputable manufacturers,
and performing 100% hot soak lesting. A
high degree of mechanization allows for
continuous soak testing for 168 to 1000
hours, using computers to weed out early
failures to provide more thorough testing
than manual methods at much lower cost.

A combination of component stress data
in the circuit and historical test failure data
is converted to m.t.b.f. ratings according to
MIL specifications. The figure of 30,000
hours m.1.b.f. which Schlumberger quotes
for its 7150plus means that there is a 63%
probability that the unit may fail during that
time: Schlumberger’s verification proce
dures suggest that its instruments are at
least three times better than this prediction.
due in part to detection of early failures
during hot soak test. When breakdowns do
occur, self-diagnosis integrated in software
locates the fault to board or part-of-board
level for speedier repair. Analysis of failures

Signal Generator
and Modulation

Meter.
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during test or in service is carried out to
ensure a long-term improvement in quality.
Finally, although only 5% of overall cost
of ownership is allocated to expansion it
should be regarded as 5% too much, since
careful consideration of requirements with
an eye to future needs would ensure that
measurement capability is adequate. If in
doubt, it would seem sound policy to go for
more capability than currently required to
avoid subsequent need to updateor purchase
asecond instrument. It is important that the
benefits of some of the newer technologies
are fully understood before a choice is made.
In summary, it isn't enough to read the
specifications and price tags and leave the
rest to chance. A little extra probing could
well pay off handsomely over the instru-
ment’s lifetime; an instrument which has a
short payback time, say one or two years, and
then lasts seven to ten years can be consi-
dered the correct choice.
Umar Qureshi, is marketing manager for
digital multimeters with Schlumberger-
Solartron, Victoria Road. Farnborough,
Hants GU14 7PW. Tel: 0252 544433.

Tel: UK (0727) 59292
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TEST AND MEASUREMENT
MARKET TRENDS

study of the market for test
and measurement instru-
mentation since 1984 indi-
cates that it enjoys extremely
steadv but very unspectacular growth.

Growth figures for the overall market
need to be examined against the background
of falling prices — especially in the oscillo-
scope area. Limited growth in financial
terms does not necessarily indicate a falling
off in discrete instrument sales, which are
obviously rising at a higher rate than the
monetary totals might suggest.

In the breakdown of oscilloscope sales,
more than 50% of the oscillscopes of
100MHz or below come from Japan. Above
this freqency. Japanese manutfacturers have
a share of around 15% — but it is a growing
share and a trend which UK manufacturers
need to monitor very closely.

Whilst t & m equipment continues to
advance in terms of the provision of facilites,
better presentation of controls and other
ergonomic aspects, and either progressively
smaller footprints or more features packed
into the same footprint area, the two factors
that are really generating real growth and
interest in t & m are in the area of bus
interfaces and mini/micro computers.

The electronic industry's need
for greater throughput, more
data and greater versatility in t &
m can only be effectivety met by
some form of systems approach.
The power of today’s micro and
minicomputers can be employed
in this area with enormous effect
but such aids can only work
effectivelvifthevarelinked tot &
m instruments, printers, control
systems etc in what is effectively
a network system. The need is
being met with the growing use
of interface buses as integral

Unspectacular money-

vlue growth may hide-
increasing unitvolume

salesin some areas.
Tony Leachfinds

the bus interfacing
business thriving.

ed as a means of externally connecting up
to 14 independent devices, such as volt-
meters, disc drives and oscilloscopes, onto a
single computer port. This was a highly
significant breakthrough as the previous
requirement had been to provide a separate
port for each instrument. In 1975, the
concept was adopted by the Institute of
Electrical and Electronic Engineers who,

parts of both instrumentation
and computer products.

It is no longer necessary for
most users to purchase highly
expensive t & m systems — they
can now create their own using
readily available products and
tailoring to meet both their tech-
nical requirements and budget
limitations.

Bussed instruments

The Hewlett Packard Interface
bus (HP-1B) development of the
early seventies was design-

UK £34M
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Total Markets
Europe £220M

with slight revisions, published it as the
IEEE488-1978 Standard with manufactur-
ers (other than Hewlett-Packard) referring
to it as the General Purpose Interface Bus. As
with all such standards, similar concepts
were already — or were to become — available.
The most important of these was the [EC625
International Standard which used a diffe-
rent connector system to the IEEE version
but was eventually brought into line in
terms of compatability.

In a typical bus arrangement up to 14
instruments will be linked to a controller
with the maximum cable length being
limited to 20 metres in total. It is not,
therefore, possible to use a GPIB over parti-
cularly long distances but this is rarely a
requirement in the vast majority of automa-
tic test equipment applications.

The advantages to the user include com-
plete flexibility in that any instrument com-
forming to the standard can form part of a
system. This means that a variety of instru-
ments from a variety of manufacturers can
be assessed to ensure that the technical and
economic requirements can both be met. In
addition, of course, a system can be up-
graded at any time — often by the substitu-
tion of a single instrument.

Typically, a controller such as
the Hewlett-Packard Vectra can
be programmed to set the ranges
of any measuring instruments
connected to the bus and adjust
the output levels of operation.
The test can be run through in
the correct sequence and, furth-
er, since the controller is a com-
puter. the information gathered
can be processed in terms of
averaging, fast Fourier trans-
formation, and soon.

With improvements in tech-
nology and competitiveness
being the main factors causing
the price of the business compu-
ter to fall, both mini and micro
computer manufacturers are an-
xious to seek out all possible
avenues to increase their sales. A
benefit arising from these has
been the growing co-operation of
these manufacturers with in-
strumentation companies spe-
cialising in computer interfacing
to generate better and easier-to-
use control systems.

In addition, the mini/micro
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computer approach to solving industrial
problems satisfies yet another need — this
time in the laboratory and scientific environ-
ment. FHere, by linking individual engineer-
ing and manufacturing functions into a
unified automated system, elements of con-
trol systems can be physically or functionally
separated vet also be part of a hierarchy of
integrated computers.

It is the advent of bus interfacing that has
placed instrumentation distributors in a
unique position to provide advice to custoin-
ers on building their own t & m system.
Unlike a dedicated manufacturer, they are
able to propose a wide selection of alterna-
tives based on sound technical knowledge.
They are not committed to plugging any one
particular range of instruments or any one
form of technology — they should be simply
interested in giving the customer what he
needs at the price he can afford.

Value for money

The number of instruments coming onto the
market featuring GPIB and a host of features
at a reasonable price is increasing at a quite
dramatic rate. Three very recent introduc-
tions provide aguide towhat is available.

Hitachi’s VC6165 is a digital storage
oscilloscope with a sampling rate of 100M
samples per second, a 100MHz equivalent
sampling bandwidth, a 100MHz real-time
bandwidth, and a memory capacity of 4K
words per channel. Other features include
an ability to save stored data in 2 X 4K
memories using batten back-up, and en-
velope mode to capture the glitch and
extract the envelope, averaging and roll
modes, x-y display. pre- and post-trigger
functions, magnitied display, and a plotter
interface —all for under £7000,

In the area of function generators, the
Global Series 8200 20MHz programmable
instruments are available in three versions:
the 8210 20MHz with burst, the 8230 with
burst, phase lock and frequency counter,
and the 8232 synthesized unit with burst and
with phase lock and frequency count as
standard. These provide universal sources of
test stimulus waveforms — sinewave, triang-
le, ramp, squarewave, pulse (* or t.t.1), —
thus replacing many instruments in labora-
torv or production environments. The three
units are available in the range £1895 to
£2495.

And Marconi’s latest synthesized signal
generator, the 2022C, really does offer out-
standing value for money due to novel
techniques employed in its manufacture.
Easy to use, the instrument offers compre-
hensive amplitude, frequency and phase
modulation, a frequency range of 10kHz to
1GHz, 100 non-volatile memories, 10Hz
frequency resolution to 100MHz, and 0.1dB
level resolution. Additional features include
a high r.f. output of +13dBm, auxiliary f.m.
input on the rear panel, and a memory clear

ELECTRONICS & WIRELESS WORLD

1985

1986 1987 {1988 est.)

The market sector figures provided in this article have been collected from a variety of
industrial and other resources. These figures have been assessed in relation to STC’s own
markel appraisals to provide the most realistic estimates possible.

facility. The basic cost of the 2022C is just
over £3000.

Options

Having expounded the merits of the GPIB, it
should not, however, be assumed that other
options are not available. Keithley, for exam-
ple, have produced a new software package
(Asystant+) for use with 1BM-compatible
computers that not only runs a range of
functions specifically for scientists (calcula-
tion, graphics, curve fitting, file i/o. statis-
tics, waveform processing, polynomials,
waveform generation, ditferential equations,
file-based processing), but also makes possi-
ble interactive data acquisition that is menu-
driven and very easy to perform.

In general, other menu-driven systems
required the filling out of extensive prompt
lists to define i/o parameters. The software,
however, simply requires that just one of
eight modes is selected — such as strip-chart

February 1988

recorder or x-y recorder — that simulate
common laboratory data collection instru-
ments. The x-y recorder mode, for example,
will display two channels of data in an x-y
format. Such capability allows the user to
concentrate on the meaningful parameters
(acquisition speed, triggers and data storage
options) and thus make data collection easy
without the need to concentrate on unneces-
sary detail.

Tonv Leach is marketing manager for STC
Instrument Services of Harlow, Essex.
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Total
confidence

is what you'll derive from

Schlumberger's new 7150plus 6'-digit DMM . ..
... because its components are specially chosen

for performance and reliability and it is tested to

military standards
... because you'll readily master its
comprehensive range of facilities
because it will meet all your measurement needs
with outstanding accuracy and sensitivity
... and because, to underline our own total
confidence, it comes with a two-year warranty.

I Yl Technologies

Instruments

Schlumberger-Solartron
Victoria Road, Farnborough, Hampshire GU14 7PW, England.
Telephone: Farnborough (0252) 544433
Fax: Farnborough (0252) 543854. Telex: 858245 Solfar G
Cables: Solartron Farnborough Hants

DO YOU WANT A POWERFUL
40 CHANNEL LOGIC ANALYZER
AT A REALISTIC PRICE ?

If you do then take a look at the SA3
from LJ Technical Systems

@ 40 Input Channels. @ Data comparison facility.

@ 36-bittrigger word for use with 8 @ Data report, giving channel
or 16-bit CPUs. levels.

@ On-board disassemblers for @ RS232 and centronics printer

6502, 65C02 and Z80 CPUs. interfaces.
@ Trace facility. ® Timing waveform output to
@ 10MHz operating speed. oscilloscope.

@ 4 memory banks of 511 events.
@ 4 x 16 character LCD display.

@ Buffer module and all necessary
connectors supplied.

L.J. Technical Systems Ltd.
Francis Way, Bowthorpe Industrial Estate, Norwich. NR5 9JA.
Tel: (0603) 748001. Fax: (0603) 746340.
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WHEN 1T COMES TO INSTRUMENTATION,
IT'S THE DETAILS THAT COUNT!

Whether you are involved with signal conditioning or general measurement,

repeatability. quantification and possibly compensation will be your goals.
....THE GOOD NEWS

With ECA-2. circuit simulation (including transducer transfer function

simulation) has come of age. No longer need you risk dangerous

assumptions about operating points and small signal linearity.

3 . 3 .
©C iInput Signil

JFET characteristic curves.
with ECA-2 you can simulate the circuit properly and know for sure
AND NOW . . ..

Unfortunately. life is not that simple for the components you have modelled
50 thoroughly with ECA-2 are actually unpredictable. But the good news can
return after you have run a Worst Case or Monte Carlo tolerance analysis
with ECA-2 showing that your clever design is impeccably behaved even
when its components are not

If you are one of the many circuit designers who have been wondering
whether 1o prote into circuit simulation. why not ask us for a free
demonstration disk. You will not be hounded but we believe you will be
pleasantly amazed! ECA-2 is supported in the UK and can now be interfaced
to schematic CAD software

Please ask us for details of our other BBC, PC and HP simulation software

—_— S GRI
Engineers e G5

166e Fertune e Road « Wit Hampetead ° Leaden KRS D8
Tet 01-435 2771 - EMail One to One Bas 23332001 Thx. 8950511 lansbk ONE ONE Gi Quoting bos 23332001
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PC-BASED TEST
EQUIPMENT

he personal computer test
equipment market has been
going through significant
el  changes during the late
1980s, centering about bus and control
standards and technologies. Initially, most
of the participants in this market had pro-
ducts that were based around the IBM
Personal Computer or an Apple computer,
or a clone of the PC. Now, however, even
though there are still a lot of these products,
manufacturers are no longer limiting the
computer part of their systems to either of
these buses. The market is beginning to be
defined as a microprocessor-based computer
test system that is dedicated solely to test
applications. This puts the PC-based instru-
ment in competition to what used to be
minicomputer or mainframe systems. But
there is a difference, which is why these are
“personal” computer-based test systems.

In older computer-based test systems.
testing was only one of the many functions
carried out by the computer. The cost of the
mainframe and minicomputers made it
necessary to incorporate as many functions
as possible into the system. With today's
personal computer prices so low, test en-
gineers are able to construct systems for
themselves where every function of the
computer, even word processing and
graphics, is designed to enhance testing.

Today's personal computer instrument is
basically a cardcage hooked up to a
microprocessor-based compu-
ter. The cardcage can have a
VME bus and be connected to
the PC via an IEEE488 inter-

Market research analyst

‘Mike New reports on bus

‘and control | issuesin '[hIS
fast-growing market.

PC-based test equipment market are the
actual boards or "instruments ona card’ that
go into the cardcages. These hoards allow
data acquisition, signal analysis, recording,
metering, frequency counting, and more.
These boards are the substitutes for the
stand-alone instruments.

Manufacturers of traditional stand-alone
test equipment are acutely aware of the
possible impact of the PC-based instrument
on their sales and they are developing a
number of strategies to counteract this. To
make rack-and-stack systems easier to confi-
gure and develop programs for, new
IEEE488 standards have been proposed and
others are in the negotiating stage. Partici-
pants on the 488 committee, which is
composed of companies such as Keithley,
Fluke, Tektronix and Hewlett-Packard, hope
to have significant changes made to the
general purpose interface bus by 1989,

Source: MIRC. For further information on
report A278 PC-Based Test Equipment,
contact Bob Pearce (415) 961 9000.

At the same time they are certainly not
putting all their eggs in one basket. Several
instrument manufacturers have banded
together and developeda modification of the
VME bus which will make it easier to develop
test systems. This new bus, described else-
where in this Insight, has an open
architecture which simplifies assembling
modules from different manufacturers intoa
single chassis. What types of boards will be
introduced? Undoubtedly, board develop-
ment for the VXI will follow the trends in the
rest of the PC-based market. There, in terms
of board sales, the largest segment has
always been data acquisition. Part of the
reason for this is that end users with existing
analysis equipment —scopes, logicanalysers,
spectrum analysers — can through an 488
controller take advantage of the personal
computer's data storage abilityand continue
to use their stand-alone boxes for the
analysis.

The most popular analytical boards are
also the most popular analytical instru-
ments: oscilloscopes, logic analysers, and
spectrumanalysers.

Since personal computers lend them-
selves readily to data acquisition it is not
surprising that another popular instrument
that is being replaced by these instruments
is the graphics recorder. Especially in indus-
tries like the medical field, computers with
associated peripherals for data acquisition
are becoming well accepted.

The estimated total 1987
world market for PC-based test
equipment is $223.1 million.
With a projected compound

face. If the cardcage has the (SUM) annual growth rate for 1986-
bus of an IBM Personal Freq. Oscillator Recorder DOM Data  Total 1993 of 19.0%, this market is
Computer or an Apple compu- l mﬁﬁi‘ W_ e Reg expected to amount to $635 mil-
ter. then the PC-based instru- 1983 118 104 07 70 47 06 %58 609 lion by 1993. The largest and
ment looks more or less like 1984 154 14C 09 91 59 08 ;T W6 slowest growing segment of the
the computer on top of an (1985 197 TE 11 114 75 08 518 1100 PC-based test equipment market
office desk. This is the way (1986 258 230 14 147 94 12 1126 el is data acquisition, representing
many of these instruments 0L/ e R -JR0 ¢ RS | SRS - TN S o R ) 55% of the 1987 total. As shown,
look. But an equal or greater 11988 467 437" 237 260 159 22 1361 230 most product areas in the PC-
number have either external 1989 612 595 29 341 197 30 1393 3196 based test and measurement
cardcages tied to them or even ,“ryﬁr“xs 791 35 433 236 39 1496 3826 market are projected to grow in
standalone instruments with ' 1931""951' ‘95.'7_'71'““5?3"“";25,1' 50 1683 4570  the 25-30% annual range for
IEEE488 connections. 192 1168 1205 47 613 32 61 192 5389 1986-1993.

The component in these
systems that is of most impor-
tance to test equipment manu-
facturers interested in the

ELECTRONICS & WIRELESS WORLD
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Mike New is senior analyst with
Market Intelligence Research
Company 2525 Charleston Road,
Mountain View, California.
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IEEE 488 CONTROL

USING AN

IBM-COMPATIBLE PC

HE usefulness of the decade-

old IEEE488 bus is that it

enables a computer to control

many types of test and
measuring instruments from multimeters
to pressure calibrators. In computer control
of instrumentation the collection of results
is faster and more accurate, repetitive tasks
need only be programmed once, calculations
on data can be more readily carried out
reporting of results can be completed auto-
matically and there are convenient mass
storage devices available.

Up until recent times the use of IEEE 488
instruments left few options. Generally the
prospective purchaser bought basic instru-
ments and wrote his own applications soft-
ware or purchased expensive application
software — usually running on dedicated
IEEE 488 controllers. And the implementa-
tion of IEEE 488 controllers could be very
expensive. But in the age of the £500 PC* it
is possible to implement an IEEE 488 con-
troller for as little as £600.

*By which is meant IBM-compatible MS-
DOS personal computer

Desk File Help Setup

International
standardization of GPIB
software should ensure a
healthy future for bus-
based instrumentation

Also, by using a PC as a controller it is
possible to do many more things on the same
machine. It is possible for instance to have a
PC data logger which can say, control a
multimeter or number of multimeters and a
scanner (i.e. an analogue relay multiplexer)
to enable the collection of widely divergent
data such as voltages, currents or the output
of various transducers. All data can be
collected and conditioned and presented in a
useful form for the end user.

Manufacturers of test and measurement
equipment appreciate these advantages and
can now supply a package which includes a

~ SIEMENS PC-Instruments - Iransient Recorder 8bit 21z IEC 07

VUV R
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multimeter, scanner and software package
which will run on a PC to allow the imple-
mentation of a low-cost datalogger. The
reasoning behind this type of package is
clear, there are as many users committed to
the use of IEEE 488 instruments as there are
users committed to IBM compatible PCs. If
the two are put together there are many
advantages: IBM compatible PCs such as the
Siemens Sicomp PC 16-20 offer more advan-
tages than simply the portability of a single
software package. They can, for example,
run scientific spread sheets, wordprocessors
for reporting, and c.a.d. software for design.

High-resolution, muiti-colour displays
can be used as can pointing devices such as
graphics tablets and mouse systems. Mouse
systems can be used interactively with the
screen and select particular fields.

The example in Fig.l shows a screen
representing the control and display of a
transient recorder. The graphic display used
the IBM Enhanced Graphics Adapter screen
which has a 640 x 350 panel display with up
to 16 colours. This enables the clear, concise
representation of data and controls. The top
line of the screen shows one of the immedi-
ate advantages of this type of system, the
names indicated are titles of menus which
can be pulled down in conjunction with a
mouse pointing device. This is one of the
main features of the Graphics Environment
Manager system as supplied by the Digital
Research Company.

The first title shown for a pull-down is
Desk which is a general GEM utility, it
enables the user to have a real-time alarm
clock, a print spooler and to save screen
images. The second is File which is used in
conjunction with the transient recorder,
allows the user to save files which may have
information on the way the instrument is set
up. It also allows transients to be saved in
GEM format. Once in this format the col-
lected transient can be sent to a graphical
output device such as the screen, plotter,
printer or even an RS$232 camera.

The next title shown is Help which can be
called upon at any time and has specific
information on the device being used.

The title Set Up allows the user to return
to the instrument default set-up or display
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the transient information in a different
format.

The blue section of screen shows the
representation of the collected result. In this
example the captured transient data consists
of a square wave and a sine wave. The signal
has been captured by sampling at a 5us
period, which is shown in the window
marked ‘Clock’. This sampling period can be
changed by using the mouse to point to the
clock window and clicking the mouse but-
ton, a pop-up menu in the centre of the main
screen gives a selection of sampling periods
from 0.5us to 1 second.

The titles in white boxes show the other
features available for the transient recorder
such as voltage range, trigger level, signal
offset coupling etc. One of the most powerful
features of this instrument shows the advan-
tage of the PC-based 1IEEE 488 controller,
this is the zoom feature. [t enables a window
to he opened over the signal, which is 16K of
collected samples and any single or group of
samples can be viewed. The zoom feature
uses the high-resolution graphical display
and mouse pointing device to the best
advantage.

The main idea behind PC instruments is
the fact that control and display elements are
separated from the instrument and given to
amore flexible device in the form of the PC.

If other instruments are installed into a
system the same PC is used as the display and
control element of the instrument by having
a front panel which is a piece of software.

This has a major advantage in that the
display and control element of the instru-
ments has to be paid for only once.

The basic philosophy of modular instru-
ments using a common PC has been taken
further with the Siemens range of PC instru-
ments. The range includes many other
instruments such as a multimeter, voltage-
current source, counter-timer, function
generator, scanner, a range of transient
recorders, digital input-output and a local
area network tester. A common bus connec-
tion eliminates multiple IEEE cable connec-

tions and enables sets of instruments to be
stacked neatly. A number of additional in-
struments are being developed as well as
more software tools.

Future advances in user-friendly software
for PC IEEE 488 controllers plus interna-
tional standardization of the software stan-
dard of the IEEE 488 bus should ensure a
healthy future for bus-based instrumenta-
tion systems.

Frank Healey is manager of Siemens electro-
nic test and measurement instruments.

‘MEASURECOMP’ PC
INSTRUMENT SYSTEM

+ PC interface card drives up to 12

instrument modules in stand alone
case.
Measurecomp Software gives high
level, menu driven, multitasking real
time ATE capability to PCs.

# Universal IEEE 488 Software driver

allows inclusion of other instruments

;

in a system.

8 different types of instrument
module currently available

’ 9 + The shortest software route to be
working Automatic Test System yet
devised

For full data pack fill in card
Name Position EWW/2/88
Company Address

Phone Ext

PPM Instrumentation Ltd, Freepost, Guildford, Surrey, GU1 4BR

ENTERTION REPLY CARD
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OSCILLOSCOPE ARCHITECTURE

A case of revolution rather than

he first microprocessor-based
digitizing oscilloscope re-
volutionised the test and
measurement industry. For
the first time, users could analyse signals in
ways which had not previously been possi:
ble. Because waveforms are stored in mem-
ory. they could be saved for future reference.
output to hardcopy devices such as printers
and plotters, transferred to computer for
statistical analysis, averaged over time to
remove noise, or plotted on the screen as an
envelope. enabling the user to see change or
drift. Digitizing also enabled users to ex-
amine signals with low repitition rates.

With the passage of time, however, capa-
bilities such as these became commonplace.
In addition, the performance demands
placed on digitizing oscilloscopes increased
to the point where a single microprocessor
simply could not cope, and the industry was
in need of another revolution.

When the Tektronix 11400 series of digi-
tizing oscilloscopes was launched last
spring, most of its advanced features were

evolution

Thereis relatively little
pointin trying to improve
performance in one
particular areaifthe
underlying architecture
leads to areduction in
capability elsewhere.

readily visible. Examples of these are the
machines touch screen operation. pop-up
menus and uncluttered control panel. Also.
unlike conventional digitizing oscilloscopes.
the 11400 series products feature real-time
operating speed. which makes them feel and
behave like analogue scopes. Underpinning
all of the visible improvements. however, is
something far less tangible.

Mainframe
Digitizer Executive Display
Plug-ins
Sampler
Ad.c. I Controller
Timebases Cur.t. driver
Cagiis Acquisition Crt.
memon 80186
80186
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GPIB/RS232/Cent
Front panel

The oscilloscopes incorporate a radically
new architecture, which owes more to com-
puters than to traditional oscilloscope tech-
nology. At the heart of the 11400 main-
frames are three Intel microprocessors, giv-
ing the scopes the combined power of three
personal computers. In addition to these. all
the plug-ins incorporate dedicated micro-
processors. The advantages that this brings
over more traditional architectures, in
terms of speed, flexibility and performance,
are enormous. Before looking at these in
detail, however, it’s important to understand
the Tektronix product development philoso-
phywhich has allowed them to be realised.

Alittle history

In 1946, when Jack Murdoch and Howard
Vollum founded Tektronix, it was with the
expressed intention of designing and manu
facturing the world's finest oscilloscopes.
There is no question that they achieved their
goal, and that which became the 500 series
dominated the oscilloscope market through-
out the 1950s and '60s.

By the late '60s, however, it was apparent
that the architecture on which the 500 series
was based had been stretched to the limit,
and that a new technology was needed. The
result was the enormously successful Tek-
tronix 7000 series. which again set new
standards of quality and accuracy, and in its
turn came to dominate the market. The
range was continually developed throughout
the "70s, and still sells well today.

Despite the success of the 7000 series.
however, by the mid-1980s it too had
reached the limit of its realistic develop-
ment. and another new architecture had to
be sought. The pressure to do so was in-
creased by the 1983 launch of the Hewlett
Packard 54000 series of digitizing scopes
which. throughout its lifespan to date. has
sold well into awide range of applications.

Digitizing oscilloscope or computerized
measurement device?

By its nature, a digitizing scope is as much a
computer as it is an oscilloscope. In the same
way that a computer takes characters from a
keyboard. processes them and displays them
on a screen;, a digilizing scope takes a
sampled waveform and digitizes, processes
and displays it. Similarly. just as a compu
ter’s overall performance depends on the
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power of its central processor
and the extent to which that
power is harnessed, so a digi-
tizing oscilloscope will only be
as good as the hardware on
whichit is based.

When the HP 34000 series
was launched, the Motorola
68000 microprocessor was in
its ascendancy. Not only did it
form the basis of the HP 54100
design and all the models that
have followed it, but it also
spawned, among other things,
a host of multi-user micro-
computers running under the
Unix operating system.

One of the drawbacks of
68000-based micros has been
that as the number of users
increases, so do the response
times, and the overall perfor-
mance of the system deteriora-
tes dramatically. The essence
of the problem is this. With
one 68000 handling the tasks
of central processing, polling
of terminals, screen display,
print spooling and all other i/o
functions, there simply isn't
enough raw horsepower for it
to be able to cope. The HP
54000 series has had similar
problems.

In the HP 54000 series, the 68000 micro-
processor handles digitizing, processing and
screen display functions. The overall per-
formance of the system is therefore limited
by the 68000's power. And as the 54000's
single-processor architecture has continued
to be exploited — up to and including the
recently-launched 54112 and 54120 - so the
demands placed on the 68000 have in-
creased. Some of the drawbacks that this has
resulted in. such as the long screen update
times. are widely reccgnised. Others were
not so obvious until an alternative approach
was made available. This is precisely what
has happened with the launch of the Tektro-
nix 11400 series.

Three chips are better than one
The 11400 series is based on three 16-bit
Intel microrpocessors. Specifically, the
machines incorporate an 80186 which is
used purely for digitizing; an 80286, used to
handle the executive functions of the scope:
and another 80186 which handles screen
display. Clearly. the provision of three pro-
cessors rather than one has a dramatic
impact on the overall speed of the machines.
Indeed, the raw processing power of the
11400 is about three times that of the 54000
series. What is equally important, however is
the flexibility that the three processors offer,
without comprising overall performance.
With a single microprocessor, perform-
ance is something of a juggling act. With
variables such as bandwidth (both repetitive
and single-shot). sample rate, record length
and screen update to be considered, it is
clear that with an oscilloscope performing at

its limits, as one measure of performance is
increased. another will suffer. To achieve
longer record lengths, for example, the time
between screen updates will almost certainly
have to increase. If longer record lengths are
needed. then the rate at which they need to
be sampled should increase. Higher sample
rates can then lead to less bits, and therefore
lower vertical resolution. With only a single
microprocessor in control, compromises are
forced between the various capabilities of the
scope.

Distributed processing, as used by the
11400 series, avoids these clashes of need.
For example, the fact that the processor in
charge of digitizing is having to work harder
to sampie a longer record length will be
transparent to the executive processor.
Similarly, although the executive processor
is working harder to process the longer
record length, this will not affect the way
that the resultant waveform trace is display-
ed. And hecause each processor is handling a
specific task, none will be stretched to its
operating limits.

The result is an oscilloscope design which
guarantees high performance however it is
being used. The following are just a few
examples of what this means for 11400 series
users.

Maximum bandwidth. The advance of com-
munication technology is something of a
chicken and egg situation. As transmission
rates increase, so faster oscilloscopes are
required that can analyse the signals being
produced. Conversely, without adequate
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oscilloscopes, it is impossible
to ensure transmission quality.
As the technology currently
stands, data transmission
equipment capable of com-
munication at 560Mbit/second
is now in use, while large scale
communication in the 1-2Gbit
range is still in the future. As
far as bandwidth is concerned,
therefore, the fact that the
11401 and 11402 can handle
bandwidths of 500MHz and
1GHz respectively, means that
they are both well placed to
deal with many of the needs of
current technology.

Single-shot sampling. Two
examples of events where a
single-shot capability is im-
portant are in isolating non-
repetitive ‘glitches’ in a micro-
processor's clock signal, which
would impair its performance,
or in analysing its power-up
sequence.

Single-shot samples can only
be taken at 20MHz on the 11400
series. Indeed, the 11400 is not
intended as a transient single-
shot machine, and if this is a
prime requirement of a parti-
cular installation, then there

are a variety of other products, both ana-
logue with higher bandwidth, and digital
with higher sample rates, that are better
swited to the task.

However, complete single-shot waveform
records from up to three channels can be
acquired at slow and moderate timebase
settings, and a unique ‘trigger-to-trigger’
mode can measure time intervals as short as
20ns between trigger events on a single-shot
basis. Even if incomplete records are pro-
duced, interpolation routines are available
which enable them to be completed. As a
result, the 11400 series can, in practice, be
used for single-shot sampling.

Sample rate. The 11400 series samples at
20MHz, which is more than adequate to
digitize repetitive signals containing fre-
quencies up to 1GHz. This is combined with
an interesting sampling method which is
central to the overall performance of the
machines.

The Tektronix scopes use the random
equivalent-time sampling method. With this
technique, the time between the trigger
point and the sampling strobe is measured
for each triggered acquisition cycle. The
trigger-to-strobe time is then used to sort
data into its proper position in the final
waveform record.

By combining random equivalent-time
digitizing with a dedicated custom proces-
sor. d.m.a. channels for waveform data, and
other special display hardware, the 11400
series scopes are able to acquire and display
waveforms with the update rate of analogue
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scopes (between 30 and 40 waveforms per
second). This gives them a major perform-
ance advantage over the HP products, which
can generally display only two waveforms
per second (and a maximum of 15 on the
54111). Indeed, the slowness of 54100 series
screen updates has been one of the major
criticisms that has been levelled against the
entire family.

Record length. From the record length
onwards, the key specifications of the 11400
series products point to the clear improve-
ments in flexibility that they offer to their
users. By offering variable record lengths —
between 512 and 10K points — the 11400
series enables users to tailor their sampling
to the complexity of the waveform being
analysed.

Variable record lengths are combined
with a unique windowing facility which
enables users to ‘window-in’ on a particular
part of the waveform being displayed. An
example of where this would be useful is for a
radar signal which could be analysed using a
512-point main record in order to maintain
speed, with two 10K-point window records
being used to re-sample specific parts of the
overall trace. In this case, in-depth examina-
tion of the echo pulses in the 10K windows
could clearly reveal target identification
information which would be invisible in the
512-point main record.

The key here is that the part of the
waveform displayed by the window is resam-
pled as 10K points, rather than using more
conventional delayed sweep technology. As a
result, the resolution capability of the 11400
series is massively enhanced, way beyond
anything else available on the market today.

Channels. Many advanced oscilloscope ap-
plications now require the ability to look at
four or more channels. With the 11400
series any eight of 12 input channels which
can be digitized and displayed at the same
time. Example applications of this would be
to configure the oscilloscope with up to
twelve 300MHz channels for sophisticated
data acquisition and timing analysis. Alter-
natively, three 150MHz differential channels
could be used for power supply measure-
ments; six 600MHz channels for a.c. para-
metric analysis on high-speed logic devices;

vertical

bits levels
resolution
6 64 1.5625%
7 128 0.7813%
8 256 0.3906%
9 512 0.1953%
10 1024 0.0977%
11 2048 0.0488%
12 4096 0.0244%
13 8192 0.0122%
14 16384 0.0061%
158

Optical oscilloscope: Waveform analysis of the fibre-optic communication bands of 850, 1300
and 1500nm is possible on the 11400 oscilloscopes with new probes from Tektronix. The
opto-electronic converters - believed to be the first in direct probes — enable the scopes to act
as calibrated optical waveform analysers. “Having redefined the digitizing scope market with
the introduction of the 11000 series” Robert Stubbings says “we're now expanding on its
capabilities with some of the most innovative add-ons ever produced. And at around £2000
our 6701 and 6702 converters have a significant price-performance edge over their
{non-probe) competitors ™. One extends from 450 to 1050nm with 700MHz bandwidth while
the other covers from 1000 to 1700nm with 500MHz bandwidth.

or three 1GHz channels for high bandwidth
analogue and digital testing. The 11400
series will support as many active and
passive probes as there are channels.

In these ways, the 11400 series scopes are
eminently suitable for application areas
which the two channels offered by the HP
54100 series simply will not support.

Vertical resolution. The 11400 series offers
10-bit vertical resolution (14-bit with aver-
aging), and has established new standards in
oscilloscope resolution. The table left
emphasizes what this leap in technology
means.

The high resolution offered by the 11400
series is only part of the story. A new
analogue amplifier design enables the
accuracy of the scopes to be improved by a
factor of between two and ten over the
previous industry standard set by the Tektro-
nix 7000 series. This enables accuracies of
1% on average, and in certain cases 0.25%,
to be achieved. There is absolutely no point
in building the best digitizer in the world if it
isn't supported by the best analogue front-
end.

ELECTRONICS & WIRELESS WORLD

Finally, the 11400 series can store over
100 waveforms concurrently. This obviously
adds dramatically to its usability, since many
waveform measurements need to be com-
pared with standard or reference signals.
The fast processing power of the 11400 series
actually supports real-time analysis of multi-
ple 10K record length waveforms, thus
giving Tek a major competitive advantage in
this area.

Specifications alone though are only part
of the story. What is ultimately of prime
importance, as with all products, are its
users. For some time now, published pro-
duct specifications have, not surprisingly,
highlighted those areas in which a product is
particularly strong, leaving the potential
user to surmise what the downside of a
particular performance characteristic is
likely to be. The architecture of the Tektro-
nix 11400 series removes this necessity
completely.

Eobert S_tutgings is product manage; for-
laboratory oscilloscopes and systems at Tek-
tronix UK Ltd, Globe Park, Marlow, Bucks.
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100MHz digitizing oscilloscopes on the UK market

Maker & Model Equiv time Sample rate Channel/ Memory Smallest Auto-  Mass Price Comments/interface
supplier bw(MHz) per ch (Ms/s) traces length/ch glitch(ns) setup kg £
Gould 4072 100 (k) 400 2/8 1K 5 v 114 7750 { XY,RS,GPIB
4074 100 400 4/8 1K 5 v 114 dual timebase
Hewlett 5185T 110 250 2 16K 4 v 48 31,200 Discdrive. GPIB on all HP scopes
Packard 16500A 100 400 2-8/2-8 4K 25 \% 1821 9-6-18.6K RS237 Card options
541120 100 400 4/4 16K 2.5ss, 40p rep v 28 17,800 Colour. Logic trigger. 6 bit
54201A 300(50ss) 200 2/4 1K 5 v 5907 27 bit logic trigger. 6 bit
541110 500(250ss) 1G 2/4 8K 1ss 10rep \% 27 18,600 Colour. Logic trigger. 6/8 bit
541100 1G 40m 2/4 1K 10rep \% 2% 15,100 Colour. Logic trigger
54100 1G(4ss) 40m 2/4 1K 10rep v 13 10,000 £13k6 with logic trigger. 7 bit
541207 20G 10K 4/4 1K 0.25p \% 24 25,200 Vertical error 0.4%. TDR. 12 bit
:'D'::f;‘m 8130A 1246 70K 22 1K . vV 198 GPIB&RS. 10bit. 3 5GH2 option
Kikusui 7101 100 50 4/8 1K - V via 10 4695  dmm, freq. counter
(Telonic) 7201 200 50 4/8 1K = V bus 10 5895  memories
LeCroy 3400 125 100 2/4 32K - - 14 7495 XY .7x5in screen. Setup store
Nicolet 4180 100 200 4/32 4K - - 25 14,300 FFT, disc option. 12 bit
Panasonic 5741A 35(100R) 100 2/4 10K - v 17 7x7in screen, mem. expn
Philips 3320 200 250 2/8 4K 3 \ 18 7995  GPIB, RS options. 12 bit adc
(Pye Unicam) 3308 100 40 2 8K 6.5 N/A  8x4inl.c.d XY,RS, G PIB option
4MHz realtime.
Schiumberger 5602 100(4R) 40 2/4 1K = v 136 4750 GPIB or RS232. XY
Tektronix 2230 100 20 2/552 41K 100n - 33 2995  100MHz real time 52-w'form store
2430A 150 100 216 1K 2 v 109 6249  Automodes, memory
2432 300 100 2 1K 2 \% 109 7995 GPIB
7854 400 500k 4-40 1281K - 13,895 10bit. 14GHz option GPIB
11401 500 20 12/100 512-10K - v 20 10,000+ with 11A52. 10bit. Cent. RS
7912HB 700 100G 172 512 - - 25 29,682 9 bit. GPIB. Digitizer
11402 1G 20 12/100 512-10K - v 20 12,000+ 10bit. Cent. RS. GPIB
7250 6G 17 1715 512 - - 60 90,318 Syr memory split screen

Vertical resolution based on 8 bits unless shown otherwise. R: real time, ss: single shot.

High accuracy multimeters on the UK market

Maker & Digits Model Sensitivity Basic error Speed Basic Interface Microprocessor Other Options Comments
supplier dv.(nV)  dv.ppm/yr) rdg/s price  (GPIB) features features
Datron 8% 1281 10 +(5rdg+0.2fs) 150 3550 inc 157101113 frequency, Selfcal av, {1, |, analogue o/p
7% 1081 10 +(Brdg+ 1fs) 2 2950 250 1-57,1011,13 temperature awv. (), ratio, analogue  Rack mounting
1071 10 +(20rdg+2fs) 2 2450 250 157101113 av. (], |, ratio, analogue kits available
6% 1061A 100 +(30rdg+4fs) 200 1730 200 1-57,1011,13 av. (), |, ratio, analogue
1065A 100 +(60rdg+4fs) 200 1835 inc 14101113
Fluke 72162 8506 100 10 500 4995 572 1-5,10,11,13  highest rms accuracy ohms, current RS232 £471
8505 100 10 500 2995 572 1.5,10,11,13 fast systems meter ohms, current RS232 £471
6y, 8502 Vv 20 500 4755 572 1-4,10,11,13  fast systems meter ohms, current RS232 £471
8520 Inv 90 500 3115 inc 1-13 extended maths extended s/w —
Hewlett- 72 3457A 10 27 1350 2095 inc 1-i3 1000rdg store relay mux,CIIL 3yr w.
Packard 62  3456A 100 25 330 2700 inc 1-13 350rdg store, 0.c. 3yr warranty (offset complo.c)
Keithtey 6Y% 196 100 30 1000 1195 inc 1,24.79,10,13 Transiator software, 0.C. 300M() range
Prima (ppm) B4 6048 10 7 30 4500 inc 1-13 20 way scanner
Ronde & % UDS5 1V 30 80 1590 inc 1235671011 2/4 wireres. shunts, probes
Solartron- 8%z 7081 10 1V 100 4495  inc 113 true ohms, temp. 16 ch scanner RS232 included
Schlumberger 72 7071 10 200V yr 100 3495 inc 1-13 true ohms, dig fiter 16 ch scanner RS232 included
7Vi6Y2 7061 100 25 1500 2595 inc 1-13 true ohms, temo, ratio  scanner, 9000rdg store  power fail recovery
7062 100 25 1500 2395 inc 1-10,12,13 true ohms, temo, ratic  scanner, 8000rdg store  power fail recovery
6'%2 7060 1pV 80 250 1355 inc 3513 ratio a.c.rms, |, scanner

Microprocessor features: 1 auto calibration, 2 compute (offset, scale, % dev), 3 ratios, 4 max, min, hold, limits, 5 averaging, 6 results store, 7 dB, 8 linearizing, 9 statistics (variance, r.m.s.),

10 self test, 11 error display, 12 timer, 13 null facility.

Arbitrary waveform generators

Maker Model Channels Sum Vertical D.S.0. Clock Looping Operating Waveform  Price
mode ‘res’ (bits) readout rate (MHz) Linking memory memory (nv) £

LeCroy 9100 2 \'% 8 Vv 200 \'4 B4k 350K 7500

Data

Precision 2020-100 1 - 12 v 100 \% 128K -

Hewlett B770A 1 - 12 \' 50 v 128K - 19,508

Packard 8175A option 002 2 - 10 - 50 Link 255 files 1K - 10,812

Wavetek 680/01 1-8 \% 12 - 20 Link 4 files 28K -

ELECTRONICS & WIRELESS WORLD
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Masterclass
OSCILLOSCOPES
For tHOSE WHO Compare

With the phenomenal success of the HM205, with its Component Tester
feature, pioneered by Homeg, we now take pleasure in introduc ng the
HMZ205-2. This improved version contains all the previous features, but
hos increased capabilities in the following areas

Increased sampling rate of SMHz 20 MHz analogue bandwidth ¢

e s]ol thon
"

Dot joining facility f A digital timebase of 5s-2us per
f division mokes 1t poss
f f ture of n k
! 05

Memory of 1024x8 bits per channel Maximum sensitivity of 2mV per
t f division meons even the smo

en, t

§

because at £527 it deserves

the prize of the year!

HIRAINMNMELs

74-78 Collingdon Street, Luton, Bedfordshire, LU1 1RX Telephone (0582) 413174 Telex 825484

ENTER 22 ON REPLY CARD

Oasis Instruments

OASIS VIRTUAL INSTRUMENT SYSTEM

NEW VERSION - NEW INTERFACES - HIGH SPEED OPTION

The OASIS Virtual Instrument System (VIS) emulates conventional OSCILLOSCOPE,
L CHART RECORDER, PROCESS MONITOR, MULTI-CHANNEL DVM. XY PLOTTER

and DATA LOGGER in one easy to use package.

HARDWARE

L B VIS includes a precision 16 channel A-D converter, with programmable ranges
and read rates of 50k R/s at 8 bit, 25k at 12 bit (100k and 60k with high speed
option). This simply installed unit has proven long term stability and reliability.

| =TT Y il SOFTWARE
— e ' The menu-driven acquisition, analysis and display programs  combine
| == on-screen set up of measurement parameters, SPREADSHEET data
e’ 3 1 3 'O manipulation and a fange of display formats, with ZOOM and ON-SCREEN
= MEASUREMENTS
Gzl o PR v dd Total data mobility from measured information to memory, disk, screen and
L '”1“ LA it HARDCOPY output, including screen dumps.

‘ W g | The OASIS VIS carries full documentation to allow the beginner or
-’i;; professional programmer to create new interface applications or personalised
sy, instrument emulations.

PRICE

. The price of the complete system is less than any one of the instruments it replaces.
For fast delivery, phone your order ;oo e, clude VAT, P&P (£8). High speed option  £160,
on 0603 747887. Technical queries
answered and requests for further The Virual InstrumenlSystemlssupphedcomplete no further components are
it A hi q b required - just plug in to your laboratory computer.
information on this number. Digital to Analogue and industrial interface options - POA

PC-XT/AT - £499, Nimbus - £499, BBC/Master - £399, New Archimedes Version - £599

The Street. Old Costessey. Norwich NR8SDF Tel: 0603 747887 Design Consultancy
ENTER 17 ON REPLY CARD
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INTEGRATED TENDENCY

he tendency to integrate
computers with test and
measurement instruments
has taken various paths.
Plug-in cards for personal computers were
an obvious starting point, but it soon be-
came clear that this was not an optimum
solution, not only for the noisy environment
but also from the inherent limitations of
power, number of slots, and even card size.
Using PCs for GPIB controllers suffers from
the complex programming required com-
pared to dedicated controllers, as well as
generally lower performance. Increasing in-
telligence within instruments can still have
limitations in computational facilities — in
general it's not programmable and a built-in
processor will run a custom operating sys-
tem and not standard software. And at the
time when Hewlett Packard decided they
needed to integrate a bus controller into
their multi-instrument cardcage (6942), the
VME-based VXIbus hadn't emerged.

It became clear to H-P’s system designers
that the additional cost of a computer board
would justify its inclusion in a new
instrument-computer. So with the object of
achieving a more integrated solution, cou-
pled with an overaii cost reduction through
shared housing. display and power supply.
H-P developed a new cardcage instrument
that would not compromise computational
facilities. It is a highly integrated stand-
alone test system controller that is based on
standard 32-bit HP hardware and software. It
has an operating system optimized for in-
strument control, but will run other prog-
rams as well, and H-P say interface boards’
will give it “compatibility” with future VXI
solutions.

Called a ‘multiprogrammer’, which
strange name dates from the 6940 multiple-
use power supply programmer of the early

HP's latest CAT system
combining measurement,
control and computation
“inone boxalso features
high-speed card-to-card
communication.

_ Stimulus:
Controller power supply
o
ﬁ; IN
Response: digital 'scope
digital s 1 du.t
ouT

seventies, the 6954A has eight slots, expand-
able in 16-socket frames to 120, a 300 series
computer, 1Mbyte of ram and a 20Mbyte
disc, whilst running Basic 5.0 and maintain-
ing compatibility with the previous series
software. The computer, actually a 310
series with 68010 c.p.u., replaces the 68000
series 300, which in turn supersedes the
series 200 introduced six years ago.

In ‘local mode’ a keyboard and monitor
will allow it to function as a development
station. and in ‘remote mode’ a terminal or
host computer can control the 6954A over
RS232 or the interface bus. File exchange
with a remote host is facilitated by an HP1B
file transfer utility, Remcon (remote console
driver), and Kermit. A ‘run-only’ mode with
autostart program on disc can dedicate the
6954 to a specific task and eliminate oper-
ator intervention if required.

The cards, of which there are over 30
originally developed for the 6942, are de-
signed to communicate directly with one
another through common data lines, hand-
shaking control, triggering and status sig-
nals. This permits the triple synchronization

stimulus to d.u.t., d.u.t. to response, and
stimulus to response — for tests requiring
complex timing. New cards are added to the
range: 69774 3.5MHz universal counter,
69734 timebase and 69544 high-spced data
capture and remote monitor for component
evaluation, with an FFT card on the way
(transforms are much faster in hardware
form than software, typically 10ms rather
than 200ms). The 6954 controls up to 14
other GPIB instruments, and does not of
course require a separate interface bus con-
troller. Price is £8000, keyboard and moni-
tor for local control £460, and extension

¥ cardcage £2.938, with cards typically cost-

ing around £230. Contact H-P's enquiry
office 0734 696622.

Simple stimulus response test using standard instrumentation (left) has limited adaptability and an excess of features. In the 69544 setup
(right} the relationship between cards is not fixed and is determined by the test designer. Features can be adapted by ‘rewiring’ the blocks,
and as the selection of /o cards is determined by the test designer unnecessary functions can be omitted.
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Handheld digital
oscilloscope

A combined digital storage oscilloscope,
multimeter and frequency counter/timer
weighs only 700g in a new ‘Signal Compu-
ter’, model SC02, made by Createc of Berlin.
And the world’s smallest d.s.0. also contains
a signal processor and store for 46 wave-
forms. The miniaturization makes use of
custom v.l.s.i. circuits in 2m cmos, four
microprocessors, three layers of surface-
mount boards, and a 128 x 128 element I.c.
display. The two-channel instrument is an
improved version of the SCO1, first marketed
18 months ago (though not in the UK) whose
two-channel inputs were multiplexed and
which had nine waveform data stores.

The 7-bit oscilloscope with 10mV/div de-
flection factor samples at 20Ms/s with an
overall bandwidth of 5MHz. Single-shot
operation has a resolution of 1s/div or 50ns,
while periodic signals can be displayed at
50ns/div giving a resolution of 2.5ns/pixel.
Trigger and other measurement parameters
can be set up automatically or entered
manually through a numeric keypad, and
four cursors provide for accurate measure-
ment. Measurement results are displayed in
two scrolled data fields at top and bottom of
the display.

In the multimeter mode the instrument
displays true r.m.s., d.v. component, and
peak voltages and is unusual in also showing
maximum error figures. Using a zener refer-
ence and what is claimed to be a novel
technique of feeding captured signals back
through the a-d converter, the error figures
are presented free from temperature or
range dependence. Bandwidth extends use-
fully to 5MHz with an error of around 1%,

continues on page 164
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i Multimeter takes in scanner for
r&d production testing

Set for release early this year is Keithley's
two-in-one multimeter/scanner. Given
model number 199, its mainframe is a fully
programmable 5/%2-digit multimeter with six
functions while an eight-channel scanner
can be incorporated for switching applica-
tions.

Measuring signals from multiple sources

transducers for example — is a requirement
not only in r&d but also in production
testing, incoming component acceptance,
and quality control. Life test evaluation of a
sample of eight cells or batteries is a typical
situation in which the 199 would be an
appropriate solution.

“Being microprocessor controlled the
meter already has the ‘intelligence’ neces-

sary to control a switching module” Bob
Green of Keithley’s parent plant in Cleve-
land, Ohio told Insight “and the eight
channel option can therefore be added to the
basic instrument very cheaply”.

In addition to the scanner option, the
instrument will function as a data logger
with a 500 memory store under computer or
front-panel control. Other features include a
thermal offset in the relay contacts of <1uV,
running average filter to reduce noise
effects, a controller message display, and
Keithley’s Translator software to allow
emulation for existing software. Basic sensi-
tivity is 1pV, with a 12 month error of
70ppm. Further details from Keithley In-
struments in Reading, 0734 861287.

100MH: flat- screen digital
oscilloscope from Philips

Philips t&m have developed a 100MHz digit-
al sampling oscilloscope with an unusually
large display area — 96 by 192mm. The
large-area flat screen with freedom from
parallax errors allows more accurate
measurement tham c.r.t. displays and also
makes the new design more easily portable.
Model 3308 with display lid after the style of
lap-top computers weighs 6.5kg and is de-
signed for shoulder-strap carrying.

It is a 40 megasample per second machine
with eight kilobyte memory length. A
204Kbyte random access memory will store
up to 100 signal waveforms or 100 instru-
ment settings.

Pye Unicam, Philips t&m marketing arm
in the UK, said its release in the UK is set for
January — just before publication of this
issue in fact — but they didn’t want us to
include it in our 100MHz oscilloscope listing!
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“It’s a pretty small battery-powered PROM programmer

— so what?”
«, “I’m bound to let the battery go flat.”

'a'l' Quite so. But in practice it doesn’t matter. 83 switches

¥ off after a half-hour of non-use anyway. or when the

%% battery gets low. You don’t lose your data. Then a

slow-charge overnight or boost-charge for three

. hours will restore full capacity. You can keep using
it when charging. So there really is no problem.

Tools which are convenient get used a lot - thut‘justiﬁes
their existence. There is no wurl we  coul
explain all the usefulness of S3 here.

Instead, if you're interested we're
going to let you sec it, use it
and evaluate it in your own
workshop. We went to a lot
of trouhre to design S3 just §
the way it is no other
PROMMER is all CMOS and
all SMT. So we must be con-
vinced that S3 would be a for-
midable addition to  your
armoury. Now all we have to do
is tO convince you.

“Such a little thing can’t be
powerful, like a big bench-

programmer — er — can it?”
Yes. it can. It is more powerful. S3 leaves
other prommers streets behind. S3 has
continuous memory, which means that you
can pick it up and carry-on where you left off
last week. S3 has a huge library EPROMS and
EEPROMS. $3 can blow a hundred or more

PROMS without recharging. S3 also works re-
motely, via RS232, There’s a DB25 socket on the
back. All commands are available from your computer
(through a modem, even). Also S$3 helps you develop
and debug microsystems by memory-emulation.

_*] already have a programmer.”

a Pitv it doesn’t have S3 features, eh? But
L hére’s a trick worth knowing. If you plug
S3’s EMULead into the master socket of a
ganger then you get an S3 with gang
capacity. Isn’t production separate
from development anyway?

“It looks nice. Will I be

Dataman tools are designed to
be used by Engineers. Not
just sold to Management.
Have you ever been misled
by some mouthwaterin§
ad for a new product’
Great artwork and ex-
citing promises which
feed your fancy? On
impulse you buy and
when the thing arrives
you feel let down. The pic-
ture looked better. The claims
are hardly justified; not exactly
misrepresentation,  just
Eoor implementation.
ut you've bought it.
And you're stuck with it.
It stays in the cupboard,
most of the time. So how
about this: buy S3 and
use it for up to a month.
If you’re not still thrilled
then you can have your
money back.

“What’s this memory-emulation, then?”

back™ micros. You plug t
tiles are downloaded in standard format — ASCIL. BINARY,

It's a technique for Microprocessor Prototype Develop-
ment, more powerful than ROM cemulation, especially
lead with the 24/28 pin header
in place of the ROM/RAM.
You clip the Flying-Write-
Lead to the microprocessor

and you're in business. The

code "is entered using either

the keyboard or the serial

INTELHEX, MOTOROLA, TEKHEX.

Your microprocessor can WRITE 10 83 as well as READ. You
can edir your variables and stack as well as your program, if
you keep them all in $3.
S3 can look like any PROM up to 64K bytes, 25 or 27 series.
Access is 100ns — that's really fast. Memory-emulation is
cheap, it's universal and the prototype works “like the real

useful for single-chip "pngﬁy
o
0 1S NEre.
interface. Computer-assembled
thing"™.

S3 loads its working programs out of a
PROM in its socket, like a computer
loads from disk. Software expansion is
unlimited. Upgrades will come in a
PROM. Programs can be exchanged
between users. How’s that for
upgradability?

“Can I change the way it works?”

You surely can. We keep no secrets, System Variables can be
“fiddled.” New programming algorithms can be written from
the keyboard. Voltages are set in software by DACs. If you
want to get in deeper, a Developers’ Manual is in preparation
which will give source-code, BIOS calls, circuit-diagrams, etc.
We expect a lively trade in third-party software e.g. dis-
assemblers, break-point-setters and single-steppers for various
micros. We will support a User Group.

“Refund in the first month! How can you offer
that?”

We trust S3 to fire your enthusiasm. We trust you not to use us
as a free hire-service. We bet you won't send it back. How
would you manage without it?

“These things cost a fortune and take months to

arrive.”

We wouldn't get you all excited and then let you down. It Costs
£495 plus VAT. That includes P & P, Charger, EMULead,
Write Lead and a HELP program in ROM. S3'is in stock. Buy
it today. Use it tomoriow. (g That's a fair promise. But please
reserve product by phone or telex to make it come true).

[.
l I MICRO ENGINEERING

Lombard House,

Cornwall Rd.

DORCHESTER Access
Dorset DT1 1RX. . N
Phone 0305 68066 Telex 418442

If you purchase while this ad is current, you have 28 days to
examine the goods and return them for refund. Carriage will be
charged at cost. The right to charge the cost of refurbishment
of damaged goods is reserved.

ENTER 30 ON REPLY CARD
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but no figures are given for direct vollage
readings.

Settings for the frequency converter are
fully autoranging, and readings from 1tz to
TMHz are made with a best error of 0.04% at
h.f.

During data acquisition incoming wave-
forms are tracked hy the ‘signal computer’ to
adjust timebase trigger, trace and cursor
positions, and which also allocates memory
space. Post signal processing on previously
stored data allows analysis relative to a
reference or across channels. Prices in Ger-
many are DM2500 SC01, DM3750 SC02.
CVG, Limburger Strasse 42, 1000 Berlin 65.
Tel. Berlin 4535083.

Crompton to sell
Signal Computer

Negotiations for a new t&m division of
Crompton Instruments to take on UK dis-
tribution of Createc’s instrument were at an
advanced stage as Insight went to press.
Headed up by Steve Figures the new division
will market handheld instruments — chiefly
the d.s.0. — from its Witham base in Essex.
“There are still one or two problems to sort
out” said Figures. “One is that Tektronix
may also be selling it, though their model
should be a simplified version. Price has
been fixed at £995 including mains adapter,
with a Vidor battery pack still at the planning
stage.”

If the deal goes through Crompton {&m
division will be exclusive importer, and as a
sign of their confidence in the product are
prepared to take on a field sales force of six.
Crompton Instruments are at Freebournes
Road, Witham, Essex CM8 3AH, tel 0484
862894,

O Market research has revealed to Marconi
Instruments that the demand for spectrum
analysers with a frequency range upto
4.2GHz accounts for 35% of the existing
market. Major users of spectrum analysers
in this sector are civil and militarv v.h f. and
u.h.f. cellular and mohile radios to 1Gtlz,
u.h.f. fixed links to 2.3GHz, tv and radio
broadcast, 1.5 and 1.6GHz Inmarsat satellite
links, high bit-rate p.c.m. and data links, and
avionics systems and radios. MI therefore
addressed the need to improve on critical
specifications — resolution, accuracy and
frequency range — in the model 2383 achiev-
ing a minimum resolution bandwidth of 3Hz
and an unprecedented level accuracy of +
1dB upto 1.5GHz. Marconi say that the
extensive temperature cycling, environmen-
tal and performance testing carried out on
the 2383 have been supported by an invest-
ment of over £1 million in test equipment
for this one product. The 2383 is also one of
the first instruments to benefit from the
company’s thin-film facility.
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New use for old scopes

Thurlby’s new adapter DSA524 will convert
any single-channe! oscilloscope into a high
performance dual-channel storage instru-
ment — but at a fraction of the cost of ad.s.o.
Sampling rate for single-event signals is
2x107 per second, and repetitive signals of up
to 35MHz can be captured with an equivalent-
time sample rate of 2x10° per second. Inter-
polation is either linear or sine, the sine giving
near perfect reconstruction at four samples
per cycle, with its ‘cubic spline’ algorithm.
This gives the adapter a single-event band-
width of 5MHz, substantially higher, say
Thurlby, than most other 20M sample/s in--
struments.

DSA524 also features many of the facilities
found on d.s.os — summation averaging for up
to 256 recordings, cursor measurement, auto-
ranging, program memory for 50 front panel
settings. full programmability through RS232
(optionally GPIB), and memory for 16 wave-
forms. The adapter annotates the scope display
with up to 30 characters of text to aid in
operating the instrument. UK price is £585,
from Thurlby on 0480 63570.

Increasingly complicated nature of mul-
tiprocessor systems makes analysis by con-
ventional logic analysers extremely difficult,
if not impossible, according to Dolch Logic
Instruments. Their latest model M128 in-
corporates a twin-slot capability that allows
two cards to be linked together and analyse
data on two independently clocked and
synchronized processors.

A typical system might be based on an
8086 c.p.u. with a Z80 i/o controller or
graphics processor, or even a pair of 68000
processors, all operating at different clock
speeds and with different synchronization
making accurate time-correlations impossi-
ble. By providing three 64-channel card
slots, two of which may be linked, the M128
allows accurate tracking of dual processors
with proper time correlation. The two chan
nels may also be combined for use on asingle
processor with up to 128 channels. Stimuli
are provided by word generator modules
with up to 48 channels and 20MHz clock
rates. The M128’s channels can be confi-
figured for static and timing analysis up to
200Mtz. Dolch Logic Instruments are on
0635 48630.

O Acquire is a new modular wavetorm ac-
quisition and processing package from Data-
lab for use with HP200 and 300 Series
computers. It provides an integrated system
solution for Datalab Multitrap 1200 and
2000 Series multichannel waveform recor-
ders and includes facilities for the acquisi-
tion, display and processing of analogue
data. graphics plot generation and creation
of permanent files. In addition to a compre-
hensive selection of time and frequency

domain processing functions including FFT,
Acquire enables users to easily create their
own dedicated measurement routines
through its sequence generation function
and user hook capability. It requires a
minimum of 1Mbyte r.a.m. and Basic 3.0 or
later, a waveform digitizer and graphics
plotter. Contact Data Lahoratories on 01
6405321.

Nicolet are hack in the real-time spec-
trum analyser market as the newly
appointed sole UK distrihutors for the Rock-
land Scientific FFT spectrum analysers.
First product is a battery powered, portable
FFT analyser, believed unique with large
l.c.d. as seen on lap-top computers. Features
of model 5840A include direct digital plot-
ting via HPGL, RS-232 interface for post
processing, optional non-volatile memory
for up to 78 spectra, input for direct coupling
to i.c.-piezo accelerometers, power
measurement, and go/no-go comparator.
Price helow £5,000. Enquiries to Nicolet on
0926 494111.

) Since Hewlett Packard introduced the
first automatic network analyser 8542 19
years ago, and its 8510 successor four years
ago, the US military build-up has created a
new generation of phase-sensitive active
components. systems, and antennas. These
newer systems demand more agile, fast-
acting test equipment, Wiltron Company
say, who have stretched the upper frequency
limit of their new vector network analyser to
40GHz using a new sampler design and new
coaxial ‘K’ connector. Details from Wiltron
UKon 0344 777778.
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Accurate
Easy to use

LCR component measurement

4 g j /A Measurementof R, L, C, D & Q. |
Auto-ranging and autofunction |
for maximum ease of use. [

Push button selection of 100Hz, | ELECTRONICS

1kHz or 10kHz measu-ement
frequency
® Accuracy 0.1%

Full 5 digit displav.

Optional 4 terminal accessory
test leads including sarface mount
fixtures.

A Opiional IEEE-488/RS2:2
interface

& Optional applications scftware
for the IBM PC

The 451 databridge has been
specifically designec for meximum
ease of use combined with a1gh

Prism Electronics Ltd,
Burrel Road, Industrial Estate

: ; St. Ives, Huntingdon,
accuracy. Simply switch or and f :
plug in a component, the AIM 451 Cambridgeshire PE17 4NF
will identify the comrponen: type, ENGLAND.
and d.splay the value Telephone (0480) 62225
: : For full details cantact as now. Fax (0480) 494047
L e e — -_— Telex 32303 PRISM G

ENTER 6 ON REPLY CARD

LOGIC
ANALYSERS

TA3000 from £4795 + VAT TA2000 £2950 + VAT
Upto 112 channels. 32 data channels; 100MHz maximum sampling rate.

100MHz Timing; 20MHz State. 5ns glitch capture; glitch triggering

Multileve! conditional triggering 4 tevel trigger sequencer with event count and delay.

State/Timing cross-triggering and correlation Non-Volatile memory for data and set-ups.

Easy tc use soft-key control Easy to use soft-key control.

Optional disassemblers for 68000, 8086/8088, Z80, 8085, 6502, 6809. Optional disassemblers for 68000, 8086/8088, Z80, 8085, 6502, 6809

A } t h Thandar Electronics Limited
London Road. St. Ives, Huntingdon
O n Q r Cambridgeshire PE17 4HJ, England
V 7 Telephone (0480) 64646 Telex 32250 Test
ELECTRONICS LIMITED THE LOGICAL CHOICE

ENTER 56 ON REPLY CARD
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COUNTERS & OSCILLATORS

COUNTERS MET 100/600/1000/1500

8 digit 0.5" LED. 5Hz up to 100/600/1000/1500MHz
Resolves 0.1Hz. Sensitivity 5mV up to 10MHz. Low pass
fiter. Mains/rechargeable battery powered.

LEVELL RC OSCILLATORS TG152D/DM

3Hz-300kHz. 5 ranges, acc 2% +0.1Hz up to 100kHz
3% at 300kHz. Sine or square <200LV to 2.5Vms. Distn
<0.2% 50Hz-50kHz. TG152DM has an output meter

LEVELL RC OSCILLATORS TG200D/DMP

1Hz-1MHz. 12 ranges, acc 1.5% + 0.01Hz to 100kHz, 2%
at 1MHz. Sine or square outputs <200uV-7Vrms
Distortion <0.05% 50Hz-15kHz. Sync output >1V
TG200DMP has output meter and fine frequency control

LEVELL FUNCTION GENERATORS TG302/3
0.02Hz-2MHz n 7 ranges. Sine, square, tnangle, pulse and
ramp 20mV to 20Vpp from 500. DC otfset 0/=10V. TTL
output. TG303 also has a CMOS output and 6 digit 10MHz
counter with INT/EXT switch

LEVELL AC MICROVOLTMETER TM3B
16 ranges 15.Vfs/S00Vfs, accuracy 1% + 1%fs + 1uV
20dB/ + 6dB scale. +3dB 1Hz-3MHz. 150mVfs output

LEVELL ELECTRONICS LTD.

LEVELL

—
- e

LEVELL BROADBAND VOLTMETERS TM6B
16 LF ranges as TM3B + 8 HF ranges 1mVi{s/3Vts
accuracy 4% + 1%fs at 30MHz. +3dB 300kHz-400MHz

HC DIGITAL MULTIMETERS HC5040/5040T

3% digit 12.7mm LCD. Up 1o 1kVdc, 750Vac,
10A, 20MQ. Resolution 1004V, 100nA, 10mQ
(5040T: 100mQ). Buzzer. dcV 0.25¢ Battery life
2000nrs. 5040T: has a TR test

HC DIGITAL MULTIMETER HC4510

4 digt 11mm LCD. Up to 1kVdc, 750Vac. 10A, 20MQ
Resoin. 10LV. 100nA. 10mf). Buzzer. dcV 0.05

LEVELL DIGITAL CAPACITANCE METER 7705
0.1pF-2000uF, acc 0.5% 3" digit 12.7mm LCD

LEVELL INSULATION TESTER TM14

Log scale covers 6 decades 10MQ-10TQ at 250V, 500V
750V, 1kV: TMATQ at 25V 100V: 100k- 100G at
2.5V-10V: 10k 10GQ at 1V Current 100pA 100uA

ENTER 5ON REPLY CARD

Moxon Street, Barnet, Herts.,, EN5 55D, England
Telephone: 01-440 8686 & 01-449 5028

OSCILLOSCOPES

CROTECH SINGLE TRACE 20MHz 3031/36
2mV-10V/div. 40ns-0.2s/div. Cal 0.2V. Component test
3031: CRT 1.5kV 5x7cm. 3036: CRT 1.8kV 8x10cm
HAMEG DUAL TRACE 20MHz {@2mV) HM203-6
2mV-20V/icm. Ch2=Ch1. XY Cal 0.2V/2V 1kHz sg
20ns 0.2s/cm. Auto, normal or TV trig. Component test
HAMEG DIGITAL STORAGE 20MHz HM206-2

2mv 20V Ch1-Ch2. Single shot and X-Y modes
20ns0.2s.cm. Auto, normal of TV trig. Component test
Cal 0.2V 2V 1kHz. 5MHz sampling. Tw
Dot Joining feature. Y out

1K memories
CRT 2kV 8x10cm

HITACHI DUAL 20MHz V212/222/223
ImV-12Vicm. 20MHz at 5mV. Ch1+Ch2. X-Y. Chi

output. 100ns-0.6s/cm. Auto, normal or TV trigger
Cal 0.5V 1kHz square. Z input. CRT 2kV 8x10cm
V222: Plus DC offset and attemate magnify function
V223: As V222 plus sweep delay 1us-100ms.

LEVELL DECADE BOXES

CB410/610 . 4 /6 decs. 10pF steps. acc 1% +2pF

R401/410 . 4 decs. 102 or 109 steps, acc 1%, 2.5W
R601/610 : 6 decs. 19 or 10§ steps, acc 1%, 2.5W
R601S 6 decades. 191 steps, acc 0.3%, 2.5W

R701 7 decades. 191 steps, acc 1%, 2.5W

(' TRANSFORM YOUR CONVENTIONAL SCOPES
WITH THE SGOPADAPTOR :ii1 INTO A

(4

02 CH. FFTA.

00-50Hz Span to 0-20kHz Span.
OFull ANTI-ALIAS filtering.

0200 line resolution.

040 dB dynamic range.
OSelectable LOG/LIN Amplitude.
OHanning/Rectangular weighting.
OFast update speed.

OUp to 128 averages + peak.
OOverload indicators.

02 CH. D.S.O.
0O50kHz sampling rate (max.)

00.5% vertical resolution.
OTimebase from 5§ sec/div to 1 msec/div.

MODES OF OPERATION

sy O Comprehensive trigger facilities.
OSingle shot.
01% or 25% pre-trigger
0512 point horizontal resolution.
ODisplay ‘freeze’ control.
o
OSPLIT MODE
OSimultaneous display of frequency and time A REVOLUTIONARY NEW CONCEPT
domellin. | f f 4 IN TEST AND MEASUREMENT A
0100 line resolution for both frequency an 3 "
time tlrac:es.s e d Y OTrue real time F.F.T. analysis. D
ODUAL MODE OFull Anti-Alias Filtering.
.8.0. with extensive triggering.
OTime and frequency traces correlated. ggesri(?dic and transient wga%efor?n DATA ACQUISITION
OSame samples used for both domains. IS LIMITED
OSingle shot mode. analysis. Electron House, Higher Hillgate,
OSample rate up to 100kHz. ORS423/232 out. Stockpon, Cheshire SK1 3QD.
0200 line resolution for both traces. ODirect connection for plotter, Tel: 061-477 3888 Telex: 666839
/ rinter or computer BEVELOPED AND
P o puter. MANUFACTURED IN THE U.K.
ENTER 35 ON REPLY CARD
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First VXI products emerge, from page 139

ance aspects of VXlbus, sucti as the data
transfer rate of nearly 1Gbyte per second and
precision timing, are a direct outgrowth of
Tek's prior activities.

Tektronix is establishing a VXI product
line to take advantage of the significant
performance improvements made possible
by the VXIbus spec and will be offering a
D-size mainframe which provides the data
coupling, tight timing, and power to support
both current and future instrumentation
technologies. The Tek mainframe provides
necessary VXIbus slot 0 system resources,
slots for 12 instruments, and power and will
support a line of high performance stimulus
and acquisition instruments.

Coupled with Tek's wide variety of pro-
grammable instruments, software, switch-
ing and d.u.t.-interface components, the
Tektronix VXIbus products will offer a.t.e.
system integrators and end-users a wide
choice of configurations and functionality to
support test and measurement needs. As
GPIB-based a.t.e. suppliers for a number of
companies, Tek feels it knows that market
place quite well, “The VXI product range will
complement existing products and will also
add capabilities by exploiting the perform-
ance capabilities of the new VXI bus
architecture”, said Robert Stubbings of Tek'’s
UK Instrument Marketing Group, “And it
will be exploiting our prior knowledge and
experience in card modular design. We think
we have spotted some opportunities that
others haven't” he told Insight.

@ Racal-Dana are adapting their 1993 uni-
versal counter for the VXIbus. This counter,
not shown in their current catalogue, is a
card-based instrument developed specifical-
ly for the Wavetek 680 multifunction instru-
ment system. Though VME based. this pro-
duct was announced last April prior to VXI
agreement, and is not VXI compatible.

® Among the group comprised by HP,
Wavetek, CDS. Tektronix, Racal-Dana, and
more, Sciteg of San Diego, California stands
out for two reasons. “First”, says president
Henry Eisenson “we are by far the smallest of
the players — a young firm with a staff of 30.
Second, we control the frequency synthesiz-
er technologies most needed by the VXl field.
We plan to produce the only synthesized
signal sources for the VXI industry. Many
applications exploit the phase manipulation
capabilities of our designs, because this
technique provides a degree of accuracy not
possible with other approaches, whether
employed as a clock generator, r.f. source,
phase shifter, general purpose signal gener-
ator, or modulator. "We currently produce
several frequency synthesizers in VME/
Eurocard format which we're converting to
VXL.” They include these four:

Band. Step Phase  Switching Phase
width size(Hz) control speed  noise lkHz
0-3MHz  0.C01 0.36° 05us 136dBc/Hz
0-15MHz 0.1 0.09° 0.3 us 130dBc/Hz
0-35MHz <5 007 us 110dBc/Hz
O-110MHz <1 015 ps 110dBc/Hz

United Test Equipment’s VXI Modular Test & Monitor System was developed within five
months of the announcement of the VXIbus specification last July.

"We have applied for patent coverage on the
circuitry that makes such performance
possible, and have further embedded our
designs in custom integrated circuits. We
feel confident enough to place ourselves
squarely atop the VX1 juggernaut.”
@ Another VXlbus user is Universal Test
Equipment which began three years ago in
Anaheim, California. The initial product was
a universal grid bare board circuit board
tester which remains today as the only
table-top grid tester. It operates using an
IBM or compatible PC, XT or AT computer
and includes simple fixturing, high speed,
and component failure redundant circuitry
that they claim no other manufacturer has
incorporated.

What initially involved much custom

AN ALTERNATIVE VIEW OF VXI

The V4| specification is primarily targeted toward
markets where density is a major requirement
Keithbey, however, focuses on the worldwide semi-
conductor research and indus-rial test markets. At
this point, Keithley feels that the best value for the
customer still lies in traditional |EEE-488 GPIB
boxes and systems. A VXI system will cost more
than a comparable rack-anc-stack implemeta-
tion. VXI instruments are nct targeted for non-
prog-ammable operation. There are notlikely to be
any push buttons or displays on the front pane s of
these instruments. And, of course, stand-alone
operation and portability are not attributes of VXI.

Keithley will be assuming a3 greater role in VXI
standardization due to their experience in design-
ing YME-based systems and their desire to have
future products conform to an industry-accepted
standard.

The proposed standard is a sound beginaing.
However, it will be a few years before all of the
system integration and software issues stablilize.
With VXI products only just emerging. the expected
compatibility of different manufacturers’ products
is still in question. Until the standard has evolved to
a skeady state, IEEE-488 syszems will clearly have
the advantage. The initial GPIB implementztions
var.ed greatly between instr yament manufacturers.
A f2w years passed before the user could 2asily

bine several facturers’ products. We
expect‘d‘)tl to follow a similar path.
Steve Lekas, Keithley Instruments,
Cleveland, Ohio
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hardware and software engineering has be-
come a complete corrosion monitoring sys-
tem operated remotely by computer on a
serial cable because of the adverse radioac-
tive environment. The system was originally
designed around the VME cardcage due toits
convenient size and availability. and at that
time (mid 1987) used a backplane bus
customized for the monitor system. The
emergence of the VXlbus for instrumenta-
tion however prompted the company to
re-design the corrosion monitoring system
to comply with the newly proposed stan-
dards.

“The development of many electronic
products created a requirement for signal
and bus monitoring, interface monitoring,
iogic state analysis, and system testing”
president Tom Reimer told us. “Investment
in fixturing and expensive test equipment for
the research and development process is not
usually practical until the product is manu-
factured in quantity to support the cost of
the test equipment, sowith this in mind, and
to fulfil future needs, we have designed
practical solutions utilizing the new VXIbus
proposed standards.”

Their VXI Modular Test & Monitor System
referred to earlier, is pictured above. For
truly portable operation, this system may be
operated from a laptop computer. It is
software driven by an IBM or compatible PC,
XTor AT computer. The software graphically
presents information on the users’ computer
with most types of monitors although best
results are obtained with an EGA monitor.
ICs are shown complete with pin-out in-
formation. For logic monitoring, signals
may be labelled on the screen showing
address. data, and control lines on a bus. For
cable testing, the cable connectors are
shown so that in a production environment
quick repair can be made.

@ National Instruments of Austin, Texas,
will supply VXIbus cards that will interface
the VXlbus to the IEEE-488 bus, as well as
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software support for external controllers,
such as the IBM PC and Apple Macintosh
computer families, to use the IEEE-488 bus
for controlling and monitoring the VXIbus.
These products will be supplied to VXIbus
integrators, o.e.ms and end users. Since
most VXI bus instruments will not have
conventional instrument front panels, soft-
ware such as LabView and LabWindows can
be useful because they provide user-
configurable, graphic front panels on the
computer screen.

They also provide the instrument driver
code for communication between the per-
sonal computer and the VXIbus instrument.
Linking the VXIbus instrument to personal
computers provides an ideal way of im-
plementing test and measurement systems.
LabWindows is an integrated, interactive
application software system that runs on
1BM PC and PS/2 computers which features
the function panel user interface and the
instrument control library. LabView is a
graphical system that runs on the Macintosh
Plus/SE/IL. With a VXI system interfaced to a
Macintosh and LabView, a sophisticated sys-
tem consisting of several VXI boards from
different manufacturers can be made to look
and “feel” like an off-the-shelf instrument.
LabView provides the knobs, switches,

Looking identical to their 53A series of
card-based instruments, this 73A series pro-
totyping system is Colorado Data Systems
first VX1 product. (CDS is represented in the
UK by Instrumatic UK Ltd of Marlow, tel.
06284 76741.)

meters, etc., on the Macintosh screen that
allow the user to monitor and control system
with the mouse.

National Instruments are represented in
the UK by Amplicon of Richmond Road,
Brighton.
® As one of the five originators of the joint
specification, HP is completely committed
to modular instrumentation and is actively
working on projects that will implement
VXI. “Our products will be integrated offer-
ings to span the very wide range of instru-
ment system needs” is all that Bill Porter of

the Loveland instrument division would say.
“We are also taking care to ensure full HP-IB
compatibility in our VXI products. Custom-
ers will want to mix and match VX! bus and
HP-IB instruments in the same test system
to solve theirwhole test problem.”

@ ICS Electronics (San Jose, California)
believes that the proposed VXIbus standard
will become one of the major standards for
military a.t.e. systems in the next four years,
with eventual migration into commercial
a.t.e. systems after that. “We are currently
examining several potential VXI products,
some of which will be based on our existing
IEEE 488 bus products” says Robert Prosin,
vice president of marketing. “One product
we are considering as a joint venture effort is
a series of switching modules for audio-to-
r.f. signals.”

@ Tailpiece. VXI is not yet standardized by
the IEEE, despite frequent references to a
“standard” in the press, but the five-
company consortium of CDS, HP, Racal
Dana, Tektronix and Wavetek are encourag-
ing product development so that evaluation
of the first products can be taken into
account before the specification is put finally
tothe IEEE. The IEEE P1155 subcommittee
met this January to discuss details of the
software interfacing elements of the spec.

CONQUERING NEW HEIGHTS

* Component Comparator
% Variable Hold Off

n % Triple DC Source
N\ * DC - 25 MHz

Yes its 25MHz for £3

catalogue
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To scale the heights, just call
us for your FREE copy of our

* 40ns/div
Ny 2mV/div
8. % Low Cost .,

£31

*(Ex VAT & Delivery)

1o Lrotech Instruments Limited

2 Stephenson Road, St. Ilves, Huntingdon, Cambs. PE17 4WJ
Telephone: (0480) 301818
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Image-10 is a high performance single board computer optimised for

graphics intensive applications, and it’s fast — very fast. Motorola’s
68010 cpu and Intel's 82786 graphics co-processor work '
concurrently to produce displays of dazzling speed
and quality. All graphic operations, including
window manipulation, are generated by
dedicated hardware which frees the cpu to
concentrate on running your programs.

An impressive hardware specification is
complemented by the availability of two
professional disc operating systems.

0S-9/68K — A powerful UNIX like multi-tasking
operating system supporting real-time applications.
C, PASCAL, FORTRAN, BASIC, FORTH and PLuS
languages available.

TRIPOS-3 — A well established multi-tasking operating
system with propriety window management scheme. Supplied
with assembler, disassembler, debugger, screen editor, BCPL and C

compilers.
P Floppy disc — WD1772 Zontrolier supports one or two 5.25/3.5 inch
v, . drives. Format may be single/double sided, single/double density. Step
Image-10 Specification: rates selectable from 2, 3, 6 or 12m secs.
- Winchester disc — SCS! interface capable of supporting up to 7 drives.
Central Processor — MC68010 16/32 bit microprocessor. Serial I/0 — MC68681 provides two independent RS232 input/output
Graphics co-processor — 182786 running with 16Mhz pixel clock. ports. Independently programmable baudrates 50-38.4K baud.
Display resolution is 768 by 576 pixels (user definable). Actual _ External clock permits transfers up to 1Mbit/sec. IMSC012 link adaptor
resolqtlon_llmned qnly by memory mth instantaneous scroll and panin provides 20Mbit/sec transfers to optional transputer co-processor.
any direction plus independent horizontal and vertical zoom from x 1 Parallel /O — Two MC68230 PIA's provide up to 48 lines of
to x64. Displayed colours may be 256, 16, 4 or 2 at all resolutions. programmable input/output with multi-mode handshaking protocols.
Colour look-up table provides a pallette of 262,144 colours. Disc operating systems use some of these lines for SCSI, parallel
Hardware managed windows. _ _ printer, mouse, digitizer etc.
Hardware generated lines, polylines, polygons, circles, arcs, fills, Real-time clock — DS1216 maintains date and time to 1/100th of a
characters and bit block transfers at up to 20Mbit/sec. second.
Unlimited character fonts and character sizes supported. Sound generator — SAA1099 generates stereo sound output. Contains
Memory — 2.0M byte (Image-10.20) or 512K byte (Image-10.05) six frequency generators, two noise generators, six mixers and twelve

dynamic ram. 256K byte fast static ram. Shipped with 64K byte. 512K amplitude controllers.
byte eprom. Shipped with 128K byte system firmware. 32K byte high User expansion — A full 16 bit buffered bus is available via DIN connector.

security battery-backed static ram plugs into RTC. Board format — Extended double eurocard. 218mm by 243mm.
Image-10 is available as a board level product or as a compact packaged system at prices starting at ............ £1,295

LLED
UNIVERSAL CROSS ASSEMBLERS for all MICROPROCESSOR CONTRO

MICRO PROGRAMMER
—Supports the following devices Programs the following devices:
1802 1805 6301 6303 6502 6800 6801 2508 48202 2516 52B13 2532 52823
6802 6803 6804 6805  68HCO5 6808 6809 2564 52B33  27(C)16 68732 27(C)32 68764
68HC11 8020 8021 8022 8031 8035 80C35 2732A 68766 27(C)6a 8741 2764A 8742
8039 80C39 8040 8048  80C48 8049  80C49 27(C)128 8744 27128A 8748  27(C)256 8749
8050 8051 8080 8085 8748 8749 8751 57(C)256 8748H  27(C)512 8749H 27513 8751
z8 780 68000 2758 8755 27011 9761 2816A CY7C282
- 2817A CY7C292 2864A 28256 DS1225

Extensive directives support odular, conditional and AT-ROM PC-ROM XT-ROM
structured programming. Powerful Macro Pre- No Personality Modules required. Controlled via RS232
processor, xref generator and output conversion interface.
utilities provided. Accepts Intel, Motorola, Aseii-hex and binary data. Ultra-fast,
COMPLETE SUITE w...oooovvvooooooooeeeeeoe g2gs | | fastand standard programming modes.
INCLUDES FULL 'C' SOURCE CODES Low and high byte programming supported.
(NOT 68000) Completely self contained but uncased. Price £295

All prices shown exclusive of VAT and carriage

e ()ﬂ(‘@ 43 - 2St. Stephens Road, Cheltenham, Gloucestershire GL51 5AA

Telephone (0242) 510525 T
ENTER 40 ON REPLY CARD
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CIRCUIT MODELLER

SOLVE CIRCUIT PROBLEMS FAST

g e Linear AC analysis ® Printer plots. e Screen plot (Upright).
e Gain, delay, group delay, phase, bandwidth. @ 8087 version for 3 X speed.
i e Use any of the components on the left. ® 80 nodes for larger circuits.
T e Select named devices from libraries. ® Mouse pop-up menus.
i e Transistor models use hybrid-pi. ® Double precision.
| ® Hertz or rad/sec. ® Zin, Zout. o s e TaER
e Tune R, C, L to optimise performance. = , fres: M, (gt EIN -
35 e Frequency range 1 pHz-100 GHz. 2 7
e Answers to nine significant figures. / \\
1.9
:{> PRICES: ! d
‘ Are from £38 to £250 (8087 version). R : |
I MacHINES: o | \f | /,_ ‘
,Jlt:]l IBM, PC, AT, XT, AMSTRAD PCW, PC o | |
PC COMPATIBLES, ATARI ST, MEGA ST. - A EX "

The photograph shows a screen plot with cross-hairs picking off a point on the curve.

HARCOURT SYSTEMS slssexouisorr.

Tel: (0903) 763490

ENTER 57 ON REPLY CARD

TELescom MAST SURPLUS/REDUNDANT
c.,. ’ STOCKS

WE OFFER CASH for all types of redundant and

@ Hydraulic Ram surplus electronic components, including integrated
Operated circuits, transistors, capacitors, connectors, sockets,
and many more besides. Top prices paid, collection

® Winch Operated Ly proplem .
Please contact us today with your list by fax, telex,

- telephone or letter to:

MARLOW MARKETING
151A Milton Road, Gravesend, Kent DA12 2RG.
Fax: 0474 327960. Telex: 940 16512 (NWWO G).
Telephone: 0474 320062

} Also complete factory clearances undertaken.

ENTER 50 ON REPLY CARD

QUALITY QUARTZ

CRYSTALS QUICKLY

Our frequency ranges are:

M.P.U. Crystals 1
;M P.U. Oscillators iy

L L L ' L L i 'l
L ) L] L] Ll L] L] L] L]

T10kHz 50kHz 100kHz 500kHz 1MHz 100MHz 250MHz 360M?z

Professional Crystals

We aiso supply quartz crystal filters.
oscillators of all types and
comimumnication antennae

Hilomast Ltd.

THE STREET, HEYBRIDGE, MALDON
ESSEX CM9 7NB ENGLAND
Tel: (0621) 56480 Telex: 995855

ENTER 24 ON REPLY CARD

Webster Electronics
ILMINSTER, SOMERSET TA19 9QA. ENGLAND
TEL?(0460) 57166 TELEX: 46571 FRONCY G
FAX (0460) 57865
ENTER 61 ON REPLY CARD
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ORI RIS LS
INSTRUMENTATION

Cover story - frequency and time-interval analyser

new type of instrument for

analysing time-varying sig-

nals that is a cross between a

spectrum analyser and a digi-
tizing oscilloscope has been developed by
Hewlett Packard. Called a frequency and a
time-interval analyser, it provides statistical
analysis and a time profile of frequency,
phase, time-interval and jitter on dynamic
transients, repetitive and non-repetitive sig-
nals up to 500MHz. The analyser is able to
reveal phase, frequency or time-interval
information on complex signals used in
communications systems, both analogue
and digital, in such applications as pulse-to-
pulse jitter in p.c.m. systems, timing and
data jitter in electromechanical designs,
radar frequency profiling and phase coded
demodulation, frequency-agile radio sys-
tems random event and error totalizing,
zero dead-time variance measurements, and
analysis of v.c.o0. operation.

The patented time sampling technique, or
‘continuous measurement technology’. uses
reciprocal counting at rates up to 10 times
per second to continuously track frequency.
Because the register counters are not reset
between measurements, thus eliminating
dead time, count rate can be increased to

10MHz, and by sampling fast enough the
time variation of frequency or time-intervals
can be reconstructed.

The analyser measures carrier signals up
to 500MHz for sampling intervals as short as
100ns, each sample having a 150ps resolu-
tion. A high-speed 1000-measurement
memory stores the sampled input-signal
timing information from the registers, and
signal processing firmware then reduces the
stored data according to the measurement
mode selected. The fast measurement rate
provides frequency or phase modulation
analysis — if frequency is sampled often
enough the plot of samples versus time
shows the modulating waveform.

The new instrument'’s capabilities in mod-
ulation analysis, jitter analysis and frequen-
cy profiling should have application in awide
range of activities in electronics and com-
munications. In f.s.k., the switching carrier
is easily profiled, as is the distribution and
mean value of each carrier frequency, and
analysis of frequency overshoots now be-
comes possible. Data-to-clock jitter (h.f.
errors greater than about 10Hz) in com-
munications networks can be characterized
with the histogram facility, which will dis-
plav mean and standard deviation of timing

variance. Timing jitter in magnetic or optic-
al discs or magnetic tape can be analysed
with the instrument’'s statistical and
graphical analyses. (Though fuzzy oscillo-
scope traces can indicate jitter, the 5371A
provides statistical analysis with a histogram
of frequency or time-interval measurements
to show whether the effects are random of
systematic.)

The single-shot capability means that
settling time of frequency hops and random-
channel usage on the agile carriers of spread
spectrum communications can be investi-
gated, obviously including display of the
hopping algorithm. In radar systems, chirp
linearity is measured on a cycle-by-cycle
basis in a single pass, and pulse risetime,
width and repetition frequency are all
measturable to within 150ps r.m.s. resolu-
tion. Step resolution in v.c.0s. as well as
overshoot, ringing and settling time are all
easily found from the time-variation plot,
and steady-state performance can be mea-
sured from the histogram feature. Further
details in April's Insight.

The 5371A frequency and time-interval
analyser costs £16,730 and is available from
January. Hewlett Packard’s enquiry office is
on 0734 696622.

Increasing role of distribution in t&m

or many years, manufactur-

ers of electronic components

have appointed authorized

distributors to stockhold
their products and offer fast delivery to the
customer. Test and measurement equip-
ment manufacturers have always had a
different approach to selling. The technical
nature of the products necessitated the use
of a highly skilled sales force, demonstrating
each product to the customer. While this
ensured that individual customers received
good technical presentations, it did not give
the manufacturer as wide a coverage as
perhaps he would have liked.

It was in the mid-1970's that companies
first began selling test equipment purely
from a catalogue, and several high street
electrical outlets started to stock multi-
meters and the like. The reason for this
development was that the products involved
had matured to such an extent that the
majority of users knew enough about them
to make a quick decision on what to buy.
This meant that all they were interested in
was the delivery. The first advantage of the
distributor becomes apparent, since they
hold the product in quantities, and are thus
able to deliver ex-stock.

Since that time, much low-cost instru-
mentation is available almost exclusively
through distributors, with the manufacturer
having very little contact with the end-user.

Several companies, such as Hameg, Thandar
and Fluke have built their UK businesses
almost entirely by having a set of stockists
around the country. In these low-cost areas,
alarge distribution network gives the manu-
facturer far wider market coverage than they
could achieve with only their own sales
force. Probably 40% of oscilloscope sales, up
to 100MHz, go through distribution,
although the figure is nearer 80% up to
20MHz.

The majority of these distributors are
themselves very small, either being high
street outlets or ‘one-man bands’ working
out of the upstairs bedroom. Such people
operate on very low overheads and often give
the customer discounts, leading to price
wars in the low-cost sector.

The other end of the distribution spec-
trum is the larger company supplying a
broad range of equipment, with exclusive
agreements on certain high technology,
high value equipment. These companies
have grown in the 1980’s and operate with
large catalogues and a technical sales team.
It is a sign that the market is becoming
better educated and aware of products that
such operations can exist, since the majority
of sales are made to people approaching the
distributor for a certain product, knowing
exactly what it does and only requiring fast
delivery. Thus, distributors offer the cus-
tomer the advantage of delivery from stock.

ELECTRONICS & WIRELESS WORLD  February 1988

Major manufacturers have also become
aware of the advantages of having their
products available through other outlets.
Until a few years ago, it was almost unthink-
able that companies such as Marconi Instru-
ments or Philips would have their products
availabie other than through themselves.
But, as the overheads of a technical sales
force became higher, they looked to certain
outlets to offer a limited range and act as an
additional salesman. A major move by Mar-
coni was to appoint Electronic Brokers as
their distributor, so that customers could be
virtually guaranteed delivery of a £19,000
spectrum analyser from stock.

This 'top-end’ of the distribution market is
developing further, and companies are
attacking niche markets with more special-
ized product ranges. As the rate of technolo-
gical improvement gets faster, so products
are maturing in the market earlier, and
become available through distributors soon-
er. Customers have now become more tech-
nically aware and buying patterns are chang-
ing: the role of the distributor is likely to
become even greater in coming years. As
they become more specialized they will offer
even greater service to the customer and a
more efficient selling effort for the manufac-
turer.

Graham Sibley is marketing manager for
Electronic Brokers.
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Using bubbles
to spot faulty
memories

Complex memory chips (or in-
deed other devices) can now have
their faults pinpointed to an
accuracy of 10~m using a tech-
nique developed by Standard
Elektrik Lorenz in Stuttgart. It
needs nothing more than milling
or etching equipment, a micro-
scope and a power supply.

The technique depends on the
fact that many failures lead to
short-circuits, latch-ups and the
presence of spurious conductiv-
ity. This in turn causes the faulty
area to overheat. Until now the
only way to pinpoint such local-
ized overheating has been to
employ infra-red thermography
or liquid-crystal thermography,
techniques which are either ex-
pensive or imprecise.

What Standard Elektrik
Lorenz have done is to exploit
the fact that liquids, when heat-
ed, form tiny bubbles at points
where heat is applied. Just watch
a saucepan of water coming to
the boil: it's possible to see
thousands of bubbles forming at
the points where most heat is
being transmitted. To apply this
principle to dud chips, the en-
capsulation is first removed,
either by acid etching or careful
milling according to whether it
is plastic or ceramic. The ex-
posed chip is then sprayed with a
thin layer of some low boiling
point liquid such as acetone or
propanol. The precise chemical
is immaterial as long as it has a
well-defined boiling point and is
non-conducting and non-
poisonous.

Under a microscope, power is
applied to the suspect chip,
which is scrutinized for bubbles.
Under carefully controlled light-
ing conditions, a bubble will
appear as a black circular spot
approximately 107°m in dia-
meter. Such a spot is relatively
easy to detect against the back-
ground of the chip’s structure. In
the middle of the black spot
however, there is a bright dot
which pinpoints the fault to an
order of magnitude greater
accuracy. This spot is in reality
an artefact that marks the pre-
cise centre of the bubble. It is the
point at which the bubble’s sur-
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face is parallel to the chip subs-
trate and at which incident light
is not diffracted away.

Standard Elektrik Lorenz say
that bubble thermography is as
accurate as any other currently
available technique for analysing
chip defects, but is infinitely
cheaper. No special equipment is
required and it takes less than an
hour to carry out a comprehen-
sive bubble search of the chip.

New
piezoelectric
polymers

Piezoelectric polymer materials,
although by no means new, were
something of a rarity until the
1970s. Then it was realised that
the relatively large piezoelectric
(and pyroelectric) properties of
polyvinylidine fluoride (PVF,)
could be used commercially in
the manufacture of mechanical
transducers and radiation detec-
tors. In the former case the
material acquires an electric
polarization as mechanical stress
is applied, this polarization hav-
ing a relatively linear rela-
tionship to the stress. The poly-
mer can thus be used to provide
an analogue signal in response to
a whole range of mechanical
inputs.

Of the various polymers avail-
able today, the semi-crystalline
forms such as PVF; are by far the
most common. These materials
are also known as electrets be-
cause of their readiness to ac-
quire a permanent polarization
when crystallized in the presence
of an electric field. Because the
polarity can be reversed by the
subsequent application of an
electric field, such materials are
also said to be ferroelectric. Per-
manently polarized piezoelectric
polymers find widespread use in
domestic electret microphones
where their movement relative
to a fixed plate is translated intoa
changing voltage.

The search for alternative and
better piezoelectric polymers is
currently based on the starting
point of a molecular bond with a
high dipole moment. The
carbon-fluorine bond is particu-
larly good in this respect, which
explains its universality. A poly-
mer sub-unit (monomer) com-
prising these bonds must then

'RESEARCH NOTES

add together with other sub-
units to produce a chain capable
of molecular rotation in re-
sponse to an external field.

Within these constraints re-
searchers have been looking at
polyvinyl fluoride (PVF) and
polytrifluoroethylene (PVF).
Neither is ideal. PVF crystallizes
only with difficulty and PVF; is a
bulky molecule that does not
rotate easily. Other related sub-
stances such as nylon have also
been investigated.

In a recent edition of the GEC
Journal of Research, vol.5 no.3,
experiments are reported in
which a whole range of difficult
materials and fabrication proces-
ses are analysed. Four VF./VF;
co-polymers of varying composi-
tions were assessed for stability
and for their use in a particular
transducer application - hyd-
rophones. (A co-polymer is one
in which different monomer sub-
units alternate along the length
of the molecule.) The paper con-
cludes that these recently dis-
covered co-polvmers open up
new areas of application and ex-
hibit superior properties to many
established ceramic piezoelec-
tric materials. Much research
also remains to be done on eva-
luating the piezoelectric prop-
erties of polymers in other che-
mical classes — a field that clearly
holds much commercial
promise.

Cadmium
mercury
telluride

transistors

Transistor action continues to be
demonstrated in an increasing
number of exotic and unlikely
materials. This is the result part-
ly of a search for improved prop-

erties but more often than not
through constraints of integra-
tion. It is no use having a circuit
element that shows enhanced
properties if its method of fab-
rication makes it incompatible
with other essential circuit ele-
ments. Frequently, however, the
incompatibility arises the other
way round. Solid state lasers, for
example, are difficult to inte-
grate with their control circuit-
ry: so too are transducer ele-
ments based on materials other
than silicon or gallium. Difficul-
ties with resistors are discussed
elsewhere in this column.

In some cases an extreme
solution may be to create new
components that are compatible
with their intended environ-
ment, even if this seems a bit like
re-inventing the wheel. An in-
teresting example of this phi-
losophy, described in Electronics
Letters vol.23 no.24, is the de-
velopment of a transistor based
on cadmium mercury telluride
(c.m.t.). This material is ex-
tremely valuable as an infra-red
detector, for which it has obvious
military applications in areas
such as heat-seeking missiles.
But to integrate a c.m.t. detector
with an amplifying device im-
plies ac.m.t. amplifying device.

Last year transistor action was
demonstrated for the first time
inc.m.t., but only at low temper-
atures. As the temperature was
increased there were leakage
problems due to high base
minority carrier generation.
That situation has now improved
as a result of research by the
Royal Signals and Radar Estab-
lishment and Mullard Ltd at
Southampton. At a temperature
only a little below ambient
(263K) they now have a device
capable of maintaining transis-
tor action with a current gain
(h¢) of 15 or more. Interestingly
enough, this gain remains un-
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changed as the base is driven into
reverse bias (see curves). A re-
verse base-emitter bias of
>40pA is necessary to turn off
the collector current because of
the thermal generation of
minority carriers within the base
region. These act as a sort of
current offset.

The researchers believe that,
given more development, espe-
cially geometry optimization,
the c.m.t. transistor has the
potential to become a practical
high-gain device suitable for in-
tegration into specialist infra-red
and other transducers.

How to stop
sparks flying

When engineers talk about de-
vices being blown up by static,
the expression does not usually
refer to anything more cataclys-
mic than a dead piece of c-mos.
However, given the increase in
the use of flammable fluids for
cleaning and degreasing. a more
serious hazard could be lurking
around.

A symposium on electrostatic
hazards held at a meeting of the
American Institute of Chemical
Engineers considered amongst
other things what can happen
when a flammable liguid is car-
ried in a partially-filled plastic
bottle. One speaker described an
incident in which a lab techni-
cian began to pour methanol
into a metal can from a plastic
bottle that had been carried in a
plastic bag. Movement between
the bag and the bottle had cre-
ated a static charge which had in
turn induced an opposite charge
on the methanol. As the metha-
nol flowed into the metal can a
spark occured igniting the li-
quid.

Methanol is particularly
dangerous in this respect be-
cause it is electrically conductive
and highly volatile. The AICE
warns, however, that any liquid
can hecome charged up either by
being transferred from one con-
tainer to another or indirectly
through the walls of a non-
conducting container. Even pas-
sing through a filter of critical
pore size can effect a significant
transfer of charge.

Care is necessary not only with
volatile liquids that are obviously
flammable, but even when trans-

ferring chemical powders in and
out of metal hins or drums.
Because of the friction between
individual particles, powders are
more likely to acquire a charge
than liquids. In finely-divided
form they can also be just as
explosive. Serious damage has
resulted in the past from spon-
taneous ignition of such unlikely
substances as custard powder.

Experiments conducted by
Union Carbide using granular
polyethylene have shown that
when such material is pou¥dd
into a silo there is nearly always
widespread discharge as the pow-
der settles down. This occurs
because of charge concentration
and results in thousands of mic-
roscopic sparks. The finer the
powder, the worse the effect.
What can also happen, often with
catastrophic results, is one big
spark instead of harmless micro-
sparks. Why this happens is not
precisely known, though it does
depend on the type of material
and the size of the particles.

Until more is understood ab-
out the precise mechanisms of
static build-up. the most obvious
advice must be: think before you
pour.

Stable resistors
for galliumi.cs

One of the many problems in the
fabrication of gallium arsenide
microwave integrated circuits is
the design of the humble resis-
tor. lon-implanted or mesa-
etched GaAs resistors might
seem the easiest in terms of the
manufacturing technology. but
suffer from non-linear behaviour
at high electric fields. They also
have an unacceptably high posi-
tive temperature coefficient.
Currently used alternatives in-
clude nichrome, tantalum nit-
ride and cermet, but none of
these is entirely free from prob-
lems of stability of manufacture.

A team working for British
Telecom’s research laboratories
at Martlesham Heath (Electro-
nics Lettersvol.23n0.23) reports
promising results from tungsten
silicide, a material usually em-
ployed in mesfet technology.
Tungsten silicide resistors have
been fabricated on a GaAs subs-
trate using r.f. sputtering. Aratio
of 1.6 parts of tungsten to one
part of silicon was chosen to give

ELECTRONICS & WIRELESS WORLD

'RESEARCH NOTES

a resistance of 50-300¢)/square
and from this material resistors

were etched using a sulphur hex- |

afluoride plasma. Values of up to
9k() were obtained, with high
reproducibility and good
temperature stability. As for long
term stability, a newly-
constructed resistor decreased in
value by 1.25% after 1000 hours

at 125°C. A pre-aged one that had |
been encapsulated by a layer of

silicon nitride changed in value
by less than 0.1% under the same
conditions.

The BT team claims that its
tungsten silicide resistors are
completely compatible with
GaAs i.c. fabrication technology
and superior to alternative forms
of resistor.

Medical effects
of power lines

Two recent studies have added to
the tantalisingly inconclusive
evidence on this emotive subject.
Each of them in different ways
has unearthed what seems like
compelling anecdotal evidence
that low frequency electric and
magnetic fields do indeed have a
harmful effect. The problem
faced by all studies of this sort is
that of establishing a true causal
connection from what, at best,
are barely significant statistics.
Another difficulty in this particu-
lar case is reconciling the
epidemiological evidence with
laboratory work showing that
fields much higher than those
associated with power lines have
little or no effect on biological
tissue.

So what is one to make of
evidence from a British medical
practice that migraine sufferers
tend to be clustered near power
lines? Obviously there could be
some direct effect of the lines on

the blood vessels in the patients’ |

brains. But why then does it
affect only a tiny minority of the
people living near power lines?
Could it be that the mere sight of
nasty great pylons is enough to
induce migraine in those who
are susceptible to stress? Several
other possibilities suggest them-
selves, including pure chance
association. As with similar
epidemiological problems such
as the speculative link between

| radioactive discharges and
leukaemia, most of us incline to
an opinion based more on emo-
[ tion than on scientific evidence.
For that reason another study
in the USA costing $5 million
was undertaken to try and estab-
lish the true facts. Financed by
| the US government, the New
| York electricity companies and
various charities, it reviewed all
the existing evidence and also
funded a number of major new
studies. The New York Power
Lines Project, now published as a
153-page report, makes interest-
ing reading, covering not only
the 765kV overhead lines that
were the prime objects of the
study, but also electric and
magnetic fields in the home and
work place. Diseases looked at
include cancer, mental illness,
strokes, infertility and problems
associated with fetal and child
development. Studies on isolated
biological cells were likewise in-
cluded.

To summarize such a study in
a few words is difficult. Most of
the individual research projects
reported no effects of concern,
No effects were found on repro-
duction, growth or development.
Several attempts to demonstrate
genetic or chromosome damage
that might lead to inherited de-
fects or cancer also failed com-
pletely. Brain studies showed no
effects of power lines except a
hint of a small but consistent
effect on body rhythms that
might interfere with sleep pat-
terns. Experiments on rats
showed changes in their re-
sponse to painand in their ability
tolearn.

One effect of power lines that
the authors of the New York
study do believe warrants further
investigation is a possible link
between leukaemia and elevated
| 60Hz or 50Hz magnetic fields.

Although they admit that more
| research is necessary hefore a
causal link is properly estab-

lished, they claim that only two
l of four studies showed any con-
nection at all and that the two in
question are from the same
geographical region. Perhaps it
has something to do with the
hirds that sit (sic) on the lines?

Research Notes is written by
John Wilson.
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Speech transposer for radio
hearing aids

For some types of deafness, adding a frequency shiftertoa
classroom hearing aid brings a marked performance

any people with sensory-neural deaf-
Mness receive some benefit from con-

ventional amplifying aids. But they
may find it difficult or impossible to hear
certain high-frequency speech and other
sounds. Such patients usually have residual
hearing in the low frequencies but little or
none in the high frequencies, producing
what is known as a ‘ski-slope’ hearing loss.
Since vowel information is concentrated in
the lower speech frequencies and consonant
information in the higher speech frequen-
cies, hearing loss of this kind tends to impair
selectively the perception of consonants — in
particular, fricative and stop consonants
which have major energy components in the
higher speech frequencies (e.g. from 4kHz
to 8kHz). In addition, the perception of
many environmental sounds, including im-
portant ones such as water running, gas
hissing and the ringing of door bells and
telephones may be greatly impaired. Pa-
tients in this group often complain that their
aids amplify but do not clarify speech.

Over recent years, therefore, various
attempts have been made to modify the
response of conventional hearing aids so as
to improve intelligibility for patients with
sloping losses. Evaluation studies have been
carried out with various configurations of
low-pass and high-pass filtering, with ex-
tended low frequency and extended high
frequency response, with selective ampli-
fication (typically of the higher frequencies)
and with various forms of amplitude com-
pression.

Although a number of studies have sug-
gested modifications that may be of
benefit'?, in general the effects of such
manipulations have been found to be com-
plex and the findings inconclusive®*®,
Moreover, none of these techniques can be
expected to restore missing high frequency
information in cases where its loss is very
severe or profound — for instance, where the
average loss at 4kHz, 6kHz and 8kHz exceeds
80dB®. Furthermore, in cases where no
measurable hearing in the higher frequen-
cies exists, such techniques become in-
adequate in principle. For these patients,
therefore, frequency transposition (i.e. con-
verting the non-detectable high frequency
signals to some detectable low frequency
form) may be an appropriate alternative.

There have been many attempts over the
last 20 years to produce devices which
accomplish such conversions’ but few of
these have proved to be superior to conven-
tional amplifiers. In some ways this is hardly
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surprising as the vast majority of these
devices produce versions of speech which
sound grossly distorted both to those with
normal hearing and to the hearing impaired.
Furthermore, the recoded high frequency
information provided in the low frequencies
may in fact be treated by the ear/brain
system as noise and may also interfere with
low frequency information already available
in the residual hearing range®®1°.

During the last decade, however, a fre-
quency recoding device (Fred) has been
developed whose output is highly speechlike
in character!'. The Fred system subtracts a
constant 4kHz from signals in the 4-8kHz
region, thereby mapping them on to the
0-4kHz range. This transposed information
is then combined with conventionally ampli-
fied speech in a second, non-transposing
channel. One realization of the Fred system
in the form of a radio hearing aid is outlined
below. Before turning to this, however, it is
worth noting the effects of the recoding
operation on both speech and environmen-
tal sounds.

EFFECTS OF FRED

In speech, very little energy related to vowel
sounds occurs in the region above 4kHz.
Vowels, therefore, remain largely unaffected
by the transposition process. But fricatives
and stop consonants do have significant
energy components in this region, and Fred
transposes these in such a way that they
blend with consonant cues that already exist
in the low frequency range (transmitted by a
conventional amplifying channel).

Recoded speech sounds much like normal
speech. To a normal hearing person, howev-
er, transposed speech cues are redundant
and phonemes affected by such cues are
unnecessarily emphasized. For those with
high-frequency hearing loss, the subjective
effects vary. Where the loss is severe, re-
coded cues may improve the identifiability of
connected speech. If the high frequency loss
is profound, this improvement may be con-
siderable, because the recoded cues may fill
what would otherwise seem to be gaps in the
speech stream. On the other hand, a patient
with a relatively flat hearing loss may receive
little or no advantage from transposition,
since high-frequency cues can, in general,
be made audible for such patients by the use
of a conventional amplification technique.

Transposition also affects a range of en-
vironmental sounds, i.e. sounds with signifi-
cant energy in the region above 4kHz. These

include natural sounds such as rain, bird-
song, wind in the trees, etc., sounds around
the house, baby cries, doorbells, telephones
and so forth. These not only provide in-
creased contact with the environment but
may also be important for safety or for
communication. By and large, transposed.
environmental signals sound very similar to
the originals (to a normal hearing person)
although their lowered frequency may, in
some cases, give them the appearance of
coming from a larger object — keys jangling
may, for example, sound more like cowbells
and water running into a glass may appear to-
be running into a bath. With a little practice,
such sounds are easily identified.

In principle, transposition may improve
the discrimination, identification and arti-
culation of various phonemes and it may
therefore help in the speech training of
sensory-neural deaf children. For example,
transposed information may improve their
ability to discriminate between sounds
which are otherwise commonly confused,
e.g. z/v, t/k. To test such claims, however, it
is necessary to compare the effects of con-
ventional amplification on learning to dis-
criminate such sounds with the effects of
adding transposition to conventional ampli-
fication. Furthermore, the children involved
in the present study were already equipped
with radio hearing aids for classroom use. It
was necessary, therefore, to construct an
adapter for these aids so that they could be
used either as a conventional amplifier or as
afrequency transposing device.

DEVISING A TRANSPOSING ADAPTER

The engineering difficulties in making a
transposing adapter for radio hearing aids
resulted from physical and economic con-
straints. The children were already required
to carry radio receivers and so there was a
restriction on size and weight. Sixty units
had to be produced in little time and within a
limited budget.

At the two schools designated for the
trials, the partially-hearing units were pro-
vided with different types of very expensive
radio hearing aids. It was uneconomic to
replace or even retrofit these units, and soan
early decision was made to find a means to
add to the existing apparatus without mod-
ifying it.

It would have been easier and cheaper to
apply transposition to the transmitted sig-
nals rather than the received signals because
teaching is often a one-to-many com-
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munication and so fewer transposers would
have been needed. Transposition before
transmission is advantageous because it
reduces bandwidth and enables the narrow-
band f.m. channel to carry a wider effective
speech range. Furthermore, the placing of
prototype equipment in the care of adult
teachers rather than children might have
increased reliability.

This desirable solution ran into problems,
however. Inputs to the children’s hearing
aids could come from a local microphone as
well as from the radio channel, and this
‘environmental’ signal could not of course
be transposed at the teacher’s transmitter.
In addition, the design of the experiment
required students to have identical appar-
atus, yet half of them at any time had to be a
control group without transposition. If
teachers were to transmit transposed sig-
nals, the need for a control group would
require them also to transmit non-
transposed signals simultaneously on
another channel. That would have meant the
unacceptable use of different-coloured re-
ceiving crystals which would have identified
the control and test groups, and it would also
have required more frequency channels than
were available.

Thus it was necessary to overcome the
problems of providing identical transposers
for each student and to fit these with
invisible on/off control.

The transposer connection had to be at
the output terminal of the radio receiver
hearing aids to achieve transposition by
means of a non-invasive jack-socket connec-
tion. This arrangement also allowed trans-
position of both radio and environmental
signals. However then the transposers had to
match or duplicate the output impedance
and levels of the radio receiving hearing aids.

Both types of radio receivers were de-
signed to drive multi-turn inductive loops,
to be worn like necklaces, that could couple
their outputs magnetically to normal post-
aural hearing aids. These loops require 2V
peak drive and have impedances of about 100
ohms.

From the block diagram (Fig.1), it is clear
that the transposer output must be added to
the non-transposed audio output. This non-
transposed output was already provided at
sufficient power level by the radio receiver
hearing aid, so an ideal solution in energy
terms would be to place the transposed
power in series with the receiver output and
provide extra output only for transposed
signals. To achieve this the transposer out-
put stage would need four active elements in
a full bridge configuration (Fig.2). With this
arrangement, even when the main channel
had large signal currents flowing, only base
drive currents would be needed to drive the
transposer output to zero, if there was no
transposed signal.

In the event a compromise circuit (Fig.3)
was used instead. This was due to constraints
on space within the transposer units and to
the greater importance of quiescent cur-
rents than running currents because of the
variable level and intermittent nature of
speech.

The energy budget was saved by the very
low quiescent current of the audio output
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Fig.1. Transposer-type hearing aid.
Sound components above 4kHz are
superimposed on the 0-4kHz compo-
nents. This treatmentimproves intelligi-
bility by adding emphasis to speech
consonants and other sounds.

Radio
hearing
aid

Fig.2. Modifying a radio hearing aid
using a full bridge transposer output
stage.
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Fig.3. Final version of the combiner. The
op-amp alone supplies the load current
for outputs of less than 700mV.

Feedback
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stage. This is a crude current-dumping
circuit: an op-amp delivers small outputs
itself, but for higher outputs it supplies drive
and difference signals to control and correct
the transistors. The output transistors re-
main cut off for signals whose peaks do not
turn on their base-emitter junctions. Even
with larger signals the transistors have a
dead zone between the drive levels of £0.7V.
This dead zone of course allows this output
stage to operale with no more quiescent
current than the op-amp alone, but on the
other hand guarantees crossover distortion.
The problem in this case was effectively
eliminated because the entire output stage
was used as part of a low pass filter.

Low power op-amps, a high quality mono-
lithic multiplier, nine poles of filtering
(some to compensate deficiencies of the
radio channel), and the special output stage
completed the design of the adapters.

RESULTS OF THE STUDY

At the time of writing the results of the study
are still being analysed. But the initial
finding is that Fred transposition may in-
deed improve children’s ability to discrimin-
ate amongst and to produce transposed
sounds. Whether it does so, however, de-
pends, at least in part, on the nature of the
child’s hearing loss and, in particular, that at
high frequencies. Children with a severe or
profound loss in the high frequencies (an
average loss of 71dB or more averaged over
4, 6 and 8kHz) are likely to benefit from
transposition. But children with mild or
moderate losses at these frequencies cope
just as well (or better) with conventional
amplification.

It is clear, furthermore, that requiring
children to wear a module additional to their
body-worn receivers causes considerable
practical difficulties. This was particularly
true of the school where a binaural system
was used and therefore two additional mod-
ules were required. For everyday use it
would be necessary to incorporate the Fred
circuitry within the receiver of the radio
hearing aid.
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Multiprocessor systems

In this illustration of a multiprocessor system, two 8080
processors running synchronously produce economical
hardware with high performance.

G.AM.LABIB

ome microprocessors are not fast or
S powerful enough to keep up with AR

demanding real-time applications. An An
alternative to choosing a faster and much
more expensive device is to use many cheap
microprocessors working in parallel. Having
each processor executing a different task
compensales for the slow processing speed.

In a synchronous multiprocessor system,
each processor takes control of the common 5
bus whenever it requires it. independentlv of ! I ([ §l o
the other processors. Synchronous bus con- 33
trol is achieved by dividing the bus-control ks
cycle into equal time slots, each of which is
permanently assigned to one processor.

Last month's article outlined various ways
of connecling microprocessors in a multi-
processor system. This article is a specific
example of how two economical eight-bit
processors can work together efficiently over
acommon synchronous bus.

A block diagram of this system was shown
last month. Output of the 18.432MHz cen-
tral clock generator (ck) synchronizes the
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Fig.1. Processor control signals modified
to allow two processors to operate
together. In this synchronous system, &1
and ¢2 clocks of each microprocessor are
shifted in relation to each other so that the
processors access the bus alternately.

clocks of both processors with the multiplex-
ing operation of their buses over the com
mon bus. It feeds the circuil producing
phase-shifted clocks $1(1,2) and ¢2(1,2),
and control signal seLecr.

Figure 1 is the system timing diagram
showing that each machine state takes 16 ck
pulses i.e. 868ns. Within each machine
state. &1 is generated during the first two
central-clock puises, resulting in a pulse
width of 108ns. and $2 is generated from the
fourth ck pulse until the eighth. resulting in
a pulse width of 271ns. Remaining central
clock pulses in each machine state are used
to produce &1 and $2 clocks for the other
processor in the same manner.

Signal seLect determines which processor
is to gain the control of the common bus.
When it is low, the first processor controls
the bus, and when it is high, the second
processor controls the bus. Each processor
is allowed to control the bus during the first
two ck pulses ahead of its machine state, and
during the first six ck pulses of its machine
state. This timing allows each processor to
control the common bus for about 108ns
ahead of the rising edge of its &1 clock pulse,
and for about 325ns following that edge.

l.ike single-processor systems. each
microprocessor in this multiprocessor sys-
tem has an associated circuit for producing

Fig.2{(a). Chip-select decoders for the com-
mon memory. opposite page top, (b) data-
bus multipiexers, opposite page bottom,
and (c) clock drivers.
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affects the duration of activation of the
output signals from both system controllers.
This is achieved in this design by control-
signal alignment modules which act upon
pein and wr signals of each processor, and
product osin* and wk* modified signals.
These signals are activated only during the
bus time slot of their associated processor.
Central clock cxk is a crystal oscillator
running at 18.432MHz whose output feeds
phase-shift generator IC, 5. Four-bit binary
counter IC; produces the 16 states of each
bus-control cycle from clock ck. Qutput of
[C, is fed to open-collector decoders IC, ; to
produce the clocks of both processors,
Fig.2(c). During the first eight states of the
bus-control cycle. I1C, is activated to produce
the first processor’'s &1 clock during the first
two states by wiring together 2Y, and 2V,
outputs of IC,. and the &2 clock of the same
processor bhetween the fourth and eighth
statesby wiring2Y;and 1Y, 5 0f 1C,.
Decoder IC; is activated during the next
eight states of the bus-control cycle by
feeding the inverted most-significant bit
(Qg) of IC; to its 1G and 2G inputs. During
these eight states, the clocks of the second
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processor are generated in a similar way to
those of the first. Pull-up resistors are
connected to the wired outputs of I1C,,
resulting in t.t.l. compatible signals. Qut-
puts of IC,; feed open-collector inverters
IC4 5 which produce processor clocks
&1(12) and 2(1,2) at mos levels, and
dI(1.2)att ] levels.

Signal seLect, which is responsible for
switching both processors on to the com-
mon bus. is produced during the seventh
state of the bus-control cycle until the
fourteenth. This is achieved by decoding the
three most-signilicant bits of counter IC,
using Nand gates IC7, . And gate 1Cq, and
inverter ICg,

The ser input of D-type bistable device
ICy2, is low at the seventh state, while the
cLEAk input is high causing skrLecr to be set
high. At the fourteenth state, the sit input is
high while the cLear input is low, causing the
sELECT signal to be set to low. When skiect is
low. the first processor controls the bus and
when it is high, the second processor con-
trols the bus.

Signal-alignment modules of both proces-
sors are composed of D-type histable devices

Fig.3. Address buses from the two microp-
rocessors are multiplexed together and
applied to the shared memory alternately
using the secect signal. Simple circuits for
keying in and reading data are also shown
opposite.

1Cy0... And gates ICq;, . and inverters ICs, ;.
These modules modify osix and wk signals
of both processors to fit in each time slot of
the associated processor. Signal vwiy is
normally produced by the processor during
the &2 clock pulse and lasts until the next &2
pulse. For the first processor nisini is fed to
D input of IC,,, and the bistable device is

clocked by b2(1) at L.1.1. level causing signal
pBINGD o be latched at the falling edge of the
&2(1) pulse.

Output Q of 1Cy, is Anded with the
iverted seecT signal at ICs; output, generat
ing the aligned nsinay*, Fig.2(b). At the
negative edge of the following &b2(1) pulse.
peNe will be low causing bistable I1C,,, to be
reset, and thus N * goes low.

The same method 1s apphied to N 01
the second processor but in this case SELEcT is
applied as a clock to IC,,,, Note that in spite
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of the availability of Serrct at the Q output of
IC».. the inverter ICs is used to invert the
skLECT signal prior to Anding it to the latched
priNeh signal. This is because the seikert signal
is used for latching psina) and there must be
a delay before it is reapplied to align the
latched state of i, Inverter 1Cs; provides
this lime lag. The same applies to both
processors.

Signal wk is normally generated from the
processor during ¢ 1's clock pulse, and lasts
until the next pulse. For the first processor
wieh is inverted bv 1Cs. and then fed to
D-type bistable 1C,, as clock input. At the
negative edge of Wi, a binary one is latched
at the Q output of this bistable device.
Whenever the second processor is contvoll-
ing the common bus. output of [C;;, goes low
for the duration of the seventh state of the
bus-control cycle. causing [C,;, to be
cleared. Thus aligned signal wra* is acti-
vated only during the time slot of the first
processorwhenever wii is active.

The same applies to wrz of the second
processor but in this case. the output of IC;,
is used to clear histable ICy;;, whenever the
first processor is controlling the bus.

Svstem controllers for the first and second
sections are composed of 1Cy 15.,;. For the
first processor. IC 4 is a four-bit latch which
saves part of the status byte generated by the
first processor when it is connected to the
comron bus. At the first machine state of
each machine cycle of the first processor,
syxa goes high and feeds And gate 1Cy,
together with db(Ht.Ll: output of this gate
latches the status byte of the first processor.

Only bits Dy, 4 ; of the status byte are used
to produce the necessary control signals
TNTAL), IN(L. MEMKe). SEMwen and o0t
The first three signals are produced bv
Anding the latched least-signiticant bits of
the status byte with the aligned iy "
signal. The last two signals are produced by
adding the second and fourth latched status
bits with the aligned wwn* signal. The
svstem controller of the second processor is
similar to that of the first.

In the multiprocessor system controller,
contiol signals of both processors are
aligned with their associated c.p.u. time
slots so Oring the corresponding control
signa's of both system controllers results in
common bus-control signals i, MEsk. ouT and
siesw. Open-collector Nand gates of 1Cy5
perform these Or functions.

Data bus multiplexing is done by 1C ;g5
The multiplexer is bidirectional in that it
switches the data buses of both processors in
the outward direction to the common bus
wheneaver the time slot of the corresponding
c.p.u. is due. Multiplexers 1C|. 4 perform
this function whenever nain® is active. and
the switching process is controlled by seiect
which feeds the select inputs of both i.cs.

Also in the inward direction. the multi-
plexer switches the common bus to either
processor data bus depending on the current
time slot. Drivers 1C., 4 perform this func-
tion according to neive 2 states.

Components €. .7 form the address-bus
multiplexer. It is a unidirectional multiplex
er which switches the address buses of both
processors at the corresponding time slots
under control of the seirer signal. Fig.3.




DIGITAL MULTIMETERS from £89

3% DIGIT 05" LCD

7000 HR BATTERY LIFE
0.1% BASIC ACCURACY
TRUE RMS

1000V DC 750v AC

10A AC/IDC
DIODE/RESISTANCE TEST
CONTINUITY BUZZER

FORTH INSTRUMENTATION
" " COMPUTER

¥ ' /
/

T [ 9090

'TITy

A powerful control computer based on the new Hitachi
6303Y and high level language Forth. 100mm x 72mm.
30K bytes RAM, 16K dictionary RAM/PROM, 256 bytes
EEPROM, 16K Forth. You can attach 64 key keyboard,
LCD and IC bus peripherals. Built in are interrupts,
multitasking, time of day clock, watchdog timer, full
screen editor and symbolic assembler. 32 parallel and two
serial ports. Single power supply and low power 3mA
operational mode.

1 off £194.95 including manual and non-volatile RAM.

from £99 FREQUENCY COUNTERS

100MHz. 600Mhz, 1GHz. 1.5GHz
MODELS

3 GATE TIMES

RESOLUTION TO 0.1Hz

%" BRIGHT LED DISPLAY
MAINS/BATTERY

TCXO OPTION

LOW PASS FILTER

UNIVERSAL COUNTER-TIMERS . fr9m

FREQUENCY DC — 100MH2z
RESOLUTION TO 0.001Hz
RATIO

PERIOD

TIME INTERVAL

COUNT

STOP WATCH

RPM

SIGNAL CONDITIONING

Triangle Digital Services Ltd
100a Wood Street, London E17 3HX

Telephone 01-520-0442  Telex 262284 (quote MOT775
ENTER 9 ON REPLY CARD

S00KHz and 2MHz MODELS
SINE. SQUARE. TRIANGLE. TTL
EXTERNAL AM

EXTERNAL SWEEP

030V QUTPUT

+ 15V DC OFFSET

50 (2 and 600 {2 QO/P's

0, -20dB. 404B ATTENUATOR

SOWTER AUDIO FREQUENCY
TRANSFORMERS

You name it! We make it!

For the past 45 years we have concentrated on the design and manufacture of high
grade audio transformers during which period our total sold exceeds half a million. We
itinually take full advantage of all the improvements in magnetic and insulating

aterials and in measuring techniques utilising the most up to date instrumentation
PAL PA I I ER N GEN ERATOR £199 We have a very large number of original designs made for clients all over the world
but naturally there are certain types of Sowter Transformers which are in constant
demand. These have taken into account the tendency towards small size without

sacrifice of performance. particularly for PCB mounting, and a few of these are listed
below. They can be supplied with or without mumetal shielding cans. Performance

e FULL SELECTION PATTERNS requirements can be modified on request {utilising our readily available questionnaire)
o VHFUHF and generally without alteration in price
@ RF. COMP. VIDEO, IRGB O/P's We specialise in LOW COST AND QUICK DELIVERY which means a few days only or
e 55 6.0. 6.5 MHz SOUND ex-stock
e SEPARATE OR MIXED SYNCS
e 1V OR TTL IRGB : TYPICAL PERFORMANCES_ ~
e VARIABLE VIDEO O/P I?;::o 3575 4652 |3678 |6499 14079 6471 6469
e INT/EXT SOUND —1 1
scription | M utput  |Multi pnmary |Line output  |Sphtter Midget mic | Very high
microphone | gh level tow |combiner transtormer  |quality
transtormer | distortion transtormer  |for BT private |microphone
toroidal core systems. iransformer
fmpedances |10k() 10k 600 or 150 Pys60.200 |600() 6000) |200() Bal Py |Py 600 T 200Q) Py tor
can be fed nputs or ot 60000 Two 200 Sy 60k 1k(} loading
rom outputs Sy SK(} down Secondaries {Bihlar) 8 1
50-600 1o 1k8Q step up
+ 1 L 4 = ]
Frequency 20H7 20nHz | 20Hz 20kMz |30Mz 20kHz (20M7-20hHz | 20Mz 20kHz |300Mz 3k4Hz | 20MHz 20kM2
ange
[Pertormance | <0 1B over | =0 2508 over | <0 5dB over | <0 348 +05dBover |+05dBover | =0 2dB over
above range |above range [aboverange |40M2.15kMz |above range |above range |above range
20MHz DUAL TRACE, COMPONENT ’0542% "
TESTER. £295 b | EOHEZ0RH: | .
iMa x1n; 175v s 775V s n 5k() load |26dBm at 23¥rms oev, 20Vems on
*  1SMH: DUAL TRACE BATTERY Tl Rl e S R e
e 35MHz DUAL TRACE SWEEP [Mazimum  |Wth10V  [0m6000  |Less than Ol%at  |neggible  |negigble  |01%a120Mz
DELAY £399 |Distortion rms at lowsource 7 |O1%al IkMz |30M7 at 1%a
® 50MHz DUAL TRACE SWEEP aoHzonl ol 26g8m el
DELAY £579 4— — —m
heiding Electrostatic | Mumetal can |Mumetal can |Toroidat can  [Mumetal can |PCB Mumetal can
screevs and  |if desired at g haong mounting
mumeldl <an |extra cost bolts
~ Dimensions |33mm dam | 36mm high - |33mm dam  |SOmmdam | 33mm dam |11 Imm high | 33mm diam
PRICES EXCLUSIVE OF CARRIAGE AND VAT ALL PRODUCTS CARRY 1 YEAR GUARANTEE 22mm high |43mm 22mm high | - 36mm high | - 37mm high |19mm 22mm high
FOR ILLUSTRATED DATA SHEET, PRICES, TECHNICAL ADVICE OR DEMONSTRATION CONTACT 33mm 1mm |
weseach |1 S5£1137 |1 5£1015 |1 S£1015 |1-5£1798 |1 S£1532 |1 55428 |1 5£119%

t works S0 -£1026 (50 £933 S0 £910 | S0 £1647 |S0- £1404 | 50 £391 |S0 £1063

BLACK STAR LlM'TED ) 100 £937 [100-£912 _loo £883 | 100 11612 | 100 mn_ 100 £362 | 100 £1042
4 HARDING WAY, ST IVES, B'de S'ar E. A SOWTER LTD. (Established 1941) Reg. No. England 303990
HUNTINGDON. CAMBS PE17 4WR The Boat Yard. Cullingham Road. Ipswich IP1 2EG. Suffolk. PO Box 36, Ipswich IP1 2€EL.
Tel '0480) 62440 Telex: 32762 England. Phone: 0473 52794 & 0473 219390 - Telex: 987703G SOWTER

ENTER 18ON REPLY CARD ENTER 120N REPLY CARD
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ATELLITE SYSTEMS

Uplink station
for UK’s d.b.s.

Programmes and spacecraft con-
trol signals will be transmitted to
Britain's direct broadcasting
satellite from an earth station at
Chilworth, Hampshire, about
four miles north of South-
ampton. The IBA is responsible
for designing. building and oper-
ating this uplink station. Con-
struction work is now going
ahead on the site, which lies near
the M27 motorway. and the in-
stallation is expected to be com-
pleted in October 1988.

Brian Salkeld. the 1BA's Head
of Satellite Engineering, gave an
outline of the uplink arrange-
ments at a recent IEE lecture on
the forthcoming d.b.s. service.
Sited in fairly open country, the
station is being landscaped so
that it will not be an environ-
mental eyesore. Like all 1BA
transmitters it will operate un-
attended. though office accom-
modation is being provided.

Four parabolic antennas will

|
modulates the appropriate car-

\
|

rier. Details of the carrier fre-
quencies and digital audio sys-
tem were given in the September
1987 issue. Finally. each mod-
ulated carrier passes through a
high-power r.f. amplifier and |
into a combiner, which sends all
three signals via waveguides to |
the two 8m uplink antennas. {
The specified uplink e.i.r.p. is
84dBW. On being questioned
whether he didn't consider an
8m antenna something of an
overkill for the task required, Mr
Salkeld replied that this size was
required in order to give the
necessary power flux density
over the whole of the geostation- |
ary slot area, allowing for the

| permitted satellite movement |

be installed. A pair of these, with |

eight-metre reflectors, will be
used for transmitting program-
me signals to the satellite in the
17.3 ~ 18.1GHz uplink band, one
acting as the main antenna and
the other as a redundant spare.
Step-tracking will automatically
keep the antenna beam pointed
at the satellite in its 31°W
geosynchronous slat.

The third antenna will be for
tracking. telemetry and com-
mand (t.t.c.) and will operate in
the 14 — 14.5GHz band. Finally.
the fourth antenna will be used
for testing and t.t.c. of BSB's
second spacecraft held in an in-
clined storage orbit as a spare
d.b. satellite. Having this fourth
antenna available means that the
spare satellite can be tested at the
same time as the main one is
operating.

As already reported, the trans-
mission standard to be used is
encrypted D-MAC/packets (see
September 1987 issue. p.928).
Incoming baseband video signals
will be in component form to
give compatibility with the CCIR
world digital coding standard for
studio equipment and to allow
flexibility for future develop-
ments. Each baseband signal in
the three programme channels
(4. 8 and 12 in the WARC-77
plan) passes through a D-MAC
encoder and subsequently the
D-MAC multiplex frequency-

1
\

|
|

within it. An additional safety
measure to ensure reliability of |
service will be a transportabie
uplink terminal available to the
station. ‘

During 1988 the IBA hopes to
be able to provide some D-MAC |
test transmissions. both from a
terrestrial source in the London
area and from a satellite.

Further details of the satellite |
itself were given in this lecture. |
The Hughes HS376 was chosen
by BSB mainly because of this |
manufacturer's ability to deliver, |
in orbit, in the required time of
two years (by August 1989).
Other spacecraft considered at
the time included designs by
British Aerospace. Eurosatellite
(manufacturer of Germany's TV-
Sat 1 and France's TDF-1) and
RCA Astro-Electronics.

The HS376 is required to pro-
vide three operational transpon- |
ders but will carry six separate l
chains of equipment through
which any of the three channels
can be switched. thus giving a
6-for-3 level of redundancy. As
shown by earlier experience, the
most critical part of the high-
power d.b.s. transponder is the
travelling-wave tube amplifier.
Each 110W r.f. amplifier will in
fact be formed by two 55W t.w.ts
running in parallel from a com-
mon power supply.

These tubes are made by
Hughes themselves and were
chosen by BSB because of the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>