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UNBEATABLE PRICES

ATLANTIC RESEARCH HEWLETT PACKARD
40A Data Analyser £1950 2671G Thermal Graphics Printer £ 300
3581C Selective Voltmeter £ 950
3582A Spectrum Analyser £ 4950
BARCO , 4951A Protocol Analyser £ 1950
5151-NP 14" Colour Monitor, 25MHz £ 750 49518 Protoco/Ana/yser £ 2250
and 50 MHz Video 69408 Multiprogrammer £ 650
Banawidth 8016A Word Generator £ 1250
CD5137-NP Colour Monitor £ 450 8568A Spectrum Analyser, £15000
100Hz-1500MH2z
FLUKE 8662A gynthe;sésed Signal £11000
: enerator
6010A gﬁclyzugn?’/ g}{ztzhes;sor, £1500 ) 0 OKHz-1 28GHz
80504 4v% Digit Multimeter £ 175 8672A Signal Generator, 2-18GHz £16500
RACAL
MARCONI! 9081 AM/FM Generator, £ 1250
2370 Spectrum Analyser £4500 520MHz
30Hz-110MHz. 1Hz 9702 Spectrum Analyser, 0.1t0 £ 4250
resolution, 10008 1000MHz
displayed dynamic range. TEKTRONIX
X-Y output, digital storage 1225 Logic Analyser, 100Hz £ 1500
of spectral information. 48-Channel
2371 Spectrum Analyser, £6000 2430 2 Channel, 1500Hz £ 3500
30Hz-200MHz realtime 100Ms/sec
2437 Universal Counter Timer, £ 475 sample rate, Digital Scope
DC to 100MHz 2445 4 Channel, 150MHz £ 1750
2438 Universal Counter Timer £ 650 realtime Ana/ogue Scope
DC to 520MHz 2710 Spectrum Analyser, £ 3000
2610 True RMS Voltmeter £ 850 1.85H2
6059A Signal Source 12-18GHz £1200 4114 Graphics Display with IMb £ 2000
6158A Signal Source 8-12.4GHz £ 950 4663 A2 plotter, RS232 and £ 800
6159 Signal Source 12-18GHz £1500 GPIB.9 Character fonts
6460 TFT Power Meter £ 950 dual programmable pen
6500-001 Automnatic Amplitude £1950 control
Analyser 7904 500MHz, Mainframe £ 2950
7L12 100KHz to 1.8GHz £ 4000
Spectrum Analyser Plug-in
PHILIPS
3219 50MHz Analogue Storage £1500 e /:'5 ;o 18GHz Spectrum < o0op
Scope. Will operate from nalyser
DC power source 21-30V WILTRON
DC, dual timebase 6663A 210 40GHz Sweep £17500
3267 100MHz Scope £ 950 Generator

All prices advertised are exclusive of carriage and VAT,
All equipment sold subject to availability
Warranty period 12 months on all equipment (except computers MDS — 3 months).

FORFURTHER [ = 7] LONDON 0753 580000
INFORMATION (& 5 MANCHESTER 061-973 6251
TELEPHONE = ABERDEEN 0224 899522

(All prices advertised are exclusive of carraige and V.A.T))

ENTER 1 ON REPLY CARD



IEEE-488:..

Instrument Control
Solutions For
Your Computer

National Instruments,
| the IEEE-488 leader,
has the widest selection
of hardware interfaces
{ and software technologies.
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NATIONAL INSTRUMENTS HARDWARE MEETS ALL YOUR GPIB NEEDS

National Instruments has been working with the IEEE-488 bus (GPIB) for more than 12 years. Our hardware products are designed to meet
all your needs. Choose any popular computer and we have an IEEE-488 solution. Each product line also offers you the choice of a low-
cost solution for less demanding applications or a high-performance solution for appiications that demand the best. We back our products
with comprehensive customer support. No one gives you more choices, better perfosmance, or better support than National Instruments.
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Turbo488™ ASIC Technology
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AT-GPIB—PC/AT Interface

* Turbo488 ASIC

* 1M bytes/sec DMA rates

* GPIB monitor port for board and bus
level diagnostics

* Byte-to-word packing/unpacking to
increase throughput

At the heart of our highest performance interface boards is the National Instruments Turbo488
Application Specific Integrated Circuit (ASIC). Turbo488 integrates 26 chips into one, resulting in a
lower cost implementation with significantly improved performance. Special last-byte handling
significantly reduces the software overhead of an application program.

* 11 interrupt levels

% Three 16-bit DMA channels

% Shared intercupt and DMA capability

* LabWindows and NI-488 Software
support

* Operates independent of AT clock speed

MC-GPIB—Personal System/2 Micro Channel Interface

* Turbo488 ASIC
* IM bytes/sec DMA rates

* Programmable Option Set circuitry for

selecting 1/0 address, interrupt level,
and DMA channel

* Byte-to-word packing/unpacking to
increase throughput

* LabWindows and NI-488 Software
support

NB-DMA-8-G—Macintosh II NuBus Interface

* Turbo488 ASIC
* 1M bytes/sec DMA rates
* 8 channels of high-performance 32-bit
DMA
— Buffer chaining
— Accesses full NuBus 4 gigabyte
address space

* DMA and timing support for National
Instruments data acquisition cards via
RTSI bus

* 8 independent 16-bit counter/timer
channels

* LabVIEW and NI-488 Software
support

NB-GPIB—Macintosh II NuBus Interface

GPIB-SE—Macintosh SE Interface

NB-GPIB

* Turbo488 ASIC

* 400K bytes/sec programmed 1/O rates

* GPIB monitor port

* DMA operations over RTSI bus with
NB-DMA-8-G

% Byte-to-word packing/unpacking to
increase throughput

% LabVIEW and NI-488 Software
support

GPIB-SE

* Turbo488 ASIC

* IM bytes/sec rates with optional DMA
controller

* Optional numeric coprocessor

* LabVIEW and NI-488 Software
support




SECOND GENERATION

LabWindows®

LabWindows is a software system for the IBM PC, PS/2, and

compatibles designed to provide rapid developm=nt,

prototyring, and operation of test and measurerr ent applicaticns

by fortifying and enhancirg C and QuickBASIC. These languages

are fortified by an interactive development envisonment and
enhaac=d by supportive libraries. Instrument control applicatsons can be quickly developed using LabWmdows interactive editing and
debugg ng features, automatic code generation mechanisms, instrument library, GPIB library, graphics library, analysis library, and
formatring and 1/0 library.

Lotus Measure

Lots Measure is a set of data acquisition drivers for Lotus 1-2-3 or Symphony that can collect dzta and store it directly into a 1-2-3 or
Symptony spreadsheet. Lotus Measure fortifies the 1-2-3 or Symphony macro command language by acding in advanced set of macro
commuands to perform IEEE-488, R$-232, and analog-to-digital operations. All functons available in the worksheet can be easily accessed
for immediate reduction, analysis, anc presentation of the dita.

THIRD GENERATION
LabVIEW®

LabVIEW is an easy-to-use, powerful graphiczl programmirg
language for the Macintosh family of computars. LabVIEW
'Laboratory Virtual Insgrument Engincering Workbench) hzs a
complete integrated programming environment for applicztions
invclving instrument coatrol, data acquisitioa, data analysis, datc
formatting, data presentation and data management. LabVIEW also has an extensive Instrument Librery. The basis of LabVIEW is the
repeesentation of a software module as a Virtual Instrument. A Virtual Instrumeat is a real ins:rumert mace with software. LabVIEW
users construct programs using block diagrams—a natural design notation of scientists and engineers. These block diagrams are the
acal executable programs, that can be operated by way ot user-defined graphi-al front panels that look ind act like instruments

Additional Application Software Instrument Libraries

Mational Instruments IEEE-488 interface boards are widzly Ther: exist over 4000 IEZE-483 compatible instruments
recognized for their quality and perfcrmance and are manafactured by more than 3(:0 vendors worldwide. Each »f
supported by many application software packages: these instruments has its own, unique set of commands tha
makz it function prograrimatially. The real ease of
programming instrumen-s comes from having a library of fre-
packaged softwar2 modaules that operate instruments, by way
of intuitive, graphical panel imterfaces. An instrument library
makes operating 11 inst-ument from the computer as easy as
operating it from its frent panel. National Instruments is
decicated to increasing the irstrument libraries of both

Lat Windows and LabV'EW ty adding the instruments
frequently requested.

* ASYST ¢ GURU * TestWiidows  * ASYSTANT
* EZ-TEK o LaserPaint ¢ TBASIC ¢ EZ-TEST
* SPD * XScan * WaveTest ¢ ChromaScan

¢ LABTECH NOTEBOOK * Parameter Manag:r

Orcering Information
Surrey C House KT1 1ER
Suite 315 Phone * 01-549-3444
34 Eden Street
Kingston upon Thames

OCopyright 1988. National Instruments Corp. All Rights Rescrved




*
Fo
5
5
s

GPIB-PCII/IIA—IBM PC Interface
* Half-size card * 6 interrupt lines
* DMA rates over 300K oytes/sec * 3 DMA channels
* Standardized by IBM * LabWindows and NI-488 Software
* AEGIS handler for Apo'lo 3000 and support
4000 workstations
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GPIB-PCIII—IBM PC/XT/RT PC Interface

* Onboard high-speed FIFY buffer
* IM bytes/sec DMA rates

% GPIB monitor port

* Optional AIX handler

* Interrupt circuitry for detecting
SRQ and clock alarm

* LabWindows and NI-488 Software
support

MicroGPIB Products—Converters, Controllers,
and Data Buffer

MicroGPIB Products

* GPIB-232CV bidirectiona!
transparent data converter between
IEEE-488 and RS-232

* GPIB-422CYV bidirectional
transparent data converter between
IEEE-488 and RS-422

% GPIB-PRL transparent parcllel data
converter

* GPIB-232CT full-function .EEE-488
controller from RS-232 port

GPIB-MAC

* Macintosh serial port interfaze
% External configuration switcaes
* 2K to 32K byte data buffer

* GPIB-422CT full-function IEEE-488
controller from RS-422 port
compatible with Macintosh serial
port

* GPIB-SCSI full-function IEEE-488
controller from SCSI port

* GPIB-BUF IEEE-488 data buffer
with 900K bytes/sec transfer rates
and 1M bytes of RAM

* Baud rates from 300 to 57.0K bits
per second
* LabVIEW Software system support

GPIB 100 Series—Bus Extenders/Expander

* GPIB-100A High performance
parallel bus extender
— Supports 28 devices at 300 m
— 222K bytes/sec transfer rates
* GPIB-110 Serial bus extender
— Fiber optic or coaxial cabling
— 144K bytes/sec transfer rates

* GPIB-120 Bus Expander
— Optically isolates 2 GPIB buses
— Extends GPIB by interfacing up
to 14 more devices
— Doubles the GPIB 20 m cable
limit
— Transparent to user software

GPIB-410—Bus Analyzer/Monitor

* For use in debugging any GPIB
application

* Stores GPIB status in memory for
later review

% Simulated LEDs reflect the current

condition of the GPIB

* Emulate source or acceptor
* Requires IBM PC as host




GPIB11 Series—Q-BUS/UNIBUS Interfaces

GPIB11V-2 GPIB11-2

* Dual height carc for Q-BUS #* Hex height card for UNIB J5

* Supports MicroVAX series of * 500K bytes/sec DMA rates
computers

GPIB11-1
* 250K bytes/sec ['MA rat
50K bytes/sec rates * Quad height card for UNIELS

GPIB11V-1 * 00K bytes/sec programmec ¥O
* Dual height card for Q-BUS rates
* 50K bytes/sec programmed 1/O

rates

GPIB11 Series Software Support—3T, RSX, Mi:roVMS, VAXELN, UNIX, ard
ESX11M + handlers m source code; NI DEC-Stle Software

GPIB-1014 Series—VMEbus Interfaces

Complete 3upport for Sun Computers

GPIB-1014 GPI3-1014DP
* 500K bytes/sec DMa rates * Dual GPIB-1014P interface: 01¢
# Full 24-bit addressirg exaansion slot

GPIB-1014P GPIB-S3/4
= 3ingle or double height front * Kit for Sun-3 and Sun-4
panels wo-kstations
+ 80K bytes/sec programmed 1/0 + Inc.udes interface board, adaptzs
rates bracket, internal cable, and
software

GIB-1014 Series Software Support—UNIX, -eal-tine and multitasking handless,
NI438 Software

GPIB-796 Series—MULTIBUS/SBX Interfaces
Complete Support for Apollo Computers

GPIB-796 GPIB-SBX

* 24-bit MULTIBUS addressing

* S0)K bytes/sec DMA rates

* +E5IS handler for Apo.lo 3000 and
4000 workstations

GPIB-796P
* 3 optional iSBX connecrors
* 50K bytes/sec programmed 1/0 rates

GPIE-796 Series Software Support—UNIX. AEGIS, real-time, and multitasking
handlers, NI-488 Sofiware

* Intel SBX bus interface

* Turns GPIB-796P into multiport
‘nterface

* 250K bytes/sec DMA rates

GPIB-961P—STD Bus Interface

* ST[-Z80, -8085, -8088 compatible * RS-232, -ounters, timers, digital
* 500K bytes/sec DMA rates 1/G lines
+ NI-188 S»ftware support

GPIB-3B2—AT&T 3B2 Interface

* Onboard 80186 processor with « UNIX software
128K bytes of memory + NI-488 Software support
* 790K bytes/sec DMA rates




THREE GENERATIONS OF SOFTWARE TECHNOLOGY

Three generations of innovative, high-performance software technology have been developed to simplify your programming task. The
frst generation includes flexible products that handle the fundamental I/O and data acquisition requirements. The second generation
i5 an extension of the first generation that includes products that fortify and enhance an existing programming environment in order
%0 minimize development time and meet the data acquisition, data analysis, and data presentation requirements. The third generation
combines the features of the first two generations with an integrated programming environment and language designed for instrument
Zontrol applications.

FIRST GENERATION
“°"§ °°°°’§ “f NI-488 Software
|k

if] The NI-488 software established a standard for PC-based instrument control drivers by
- Y introducing the first loadable IEEE-488 device driver for MS-DOS based personal
e | computers. The NI-488 software now covers a number of different computer platforms
NI-488 GPIB HANDLER such as IBM PC and PS$/2, Macintosh, Sun, and Pro-Log STD-DOS. Major companies such as
TT. BT BT.HI. g T.H IBM, Tektronix, Philips, LeCroy, Howtek, Sharp, Perkin Elmer, Instron, Bruel & Kjaer,
q |3 g ’ E - g =Y |2 % Hitachi Nakaworks, and Advantest all use the NI-488 software to produce innovative,

NI-488 high-quality products. This large backing has established NI-488 as the de facto industry
standard.

FORTRAN

APPLICATIONS
MONITOR

Flexible High-speed Easy-to-use Reliable

¢ Use any instrument, even one * Designed to be a high-speed * Subroutines and functions ¢ Over twelve vears
not 100% compatible with device driver can be called from familiar experience developing GPIB
the 1EEE-488 specification ¢ Subroutine-based structure as programming languages device handlers

* Use 2 language that meets the opposed to a slower * Only a small number of ¢ Built-in error checking
demands of your specific character 1/0 high-level functions are * Exhaustive testing prior to
application (BASIC, C, Pascal, implementation needed for most applications release
FORTRAN, Assembler) ¢ Direct Memory Access * To initialize the bus and * Quick response to user

¢ Use a computer architecture (DMA) transfers are used configure a multimeter only needs and suggestions
that will handle all your without special two simple commands are
computing needs programming instructions needed:

¢ Use 2 multitasking operating
system: versions for 0S/2,
UNIX, 386/ix, and XENIX

Utilities:

IBIC—With the IEEE-488 Bus Applications Monitor—
Interactive Control (IBIC) EEeE ' A utility that performs
utility you can control and . automatic error detection
communicate with instruments [iss and identification. For ease
from the keyboard. The e in debugging, a Session
IBIC utility is a simple 2in Summary of all the GPIB
way to learn the NI-488 : i commands made during a
handler functions and the { session is generated.
device-specific commands

of the instrument or

to troubleshoot the system.

IBCONF—A utility program HP-Style Calls—For users

that configures the NI-488 familiar with the calls

handler for GPIB addresses, supported by a Hewlett-

timeout settings, termination Packard controller, the

methods, and device-specific NI-488 software has an

characteristics. option for HP-Style function
calls

R D S EID R WD 30D ' NEE
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DESIGNING FOR RS232

340

When is RS-232 genuinely RS-232? Not
that often, despite what it says on the
equipment label, says author
Graham Stephens.

INSTRUMENTATION
AMPLIFIERS

344

A new design of op-amp based amplifier
circuit provides a high common mode
rejection ratio without need for
component matching.

_CHIPS FOR PANEL METERS
347

An at-a-glance round-up of ICs for panel
meters with associated application circuits.

BALL BEARING MOTORS
356

The author believes this novel motor design

produces energy from nothing. It certainly

produces rotation with considerable torque.
But from nothing?

SATELLITE SCRAMBLING
362

Satellite encryption companies claim
virtually unbreakable code for their
systems. A philosophical challenge if ever
there was one.

FREQUENCY COUNTER
~_ADD-ON
367
The January design feature on a
microprocessor-controlled frequency

counter produced much interest. We now
present a bus interface.

VOLUME 96

OBJECT ORIENTATED
PROGRAMMING
370
Object oriented languages work on a
bottom up principle placing emphasis on
the data rather than the structure which

contains the data.
Rupert Baines

SHANNON, CODING AND
 SPREAD SPECTRUM

375

The third article in this series examines
error correction coding.

PROGRAMMING
PRODUCTIVITY

380

This article highlights the advantages of
specific high level languages as applied to
realtime control. By Brian Frost

INDUSTRY INSIGHT

Testing surface mount devices in situ. The
ATE and semiconductor industries now
agree on test procedure protocols for devices

mounted on the PCB. 385

Changing role of digital oscilloscopes. We
chart the rise and rise of this ubiquitous
instrument., 389

Digital testing for digital audio. Dr Richard
Cabot makes standard audio measurements
on digitised audio in the digital domain. 393

Test structures in wafer fabrication. This
month’s IEEE conference on microelectro-
nic test structures highlights issues relating
to wafer process control. 397

Waferscale testing procedures. Can faulty
circuitry be reclaimed by pouring in redun-
dancy? The answer is probably yes, provided
redundancy is backed with on chip intelli
gence. By Ivor Catt. 401

Beyond modularity and automation. More
recent architectures such as VXI and RTSI
provide for precise timing at system level.
But the software should be able to keep time
from the top down. 403
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Computer-guided driving could soon be a
reality — see Update p 336.

PIONEERS
417

Sigurd Varian never lost faith that. one day,
his brother Russell "would invent the big
one”. He wasn't disappointed. The thing

originally referred to by the Varian brothers

as the “spittoon” was renamed the
“klystron”

ON THE HOUSE
421

Our report on parliamentary affairs as they
affect the electronics industry.

COMMUNITY RADIO
427

A three-month community VHF experiment
licensed by the DTI could pave the way for
nationwide community broadcasting.

APPLICATIONS 408
CIRCUIT IDEAS 359
COMMENT 331
) LETTERS 414 _
NEW PRODUCT CLASSIFIED 353
RESEARCH NOTES 332
' RF COMMENTARY 422

UPDATE 335, 410, 425
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MAKING ELECTRONICS C.A.D. AFFORDABLE

| nnv-re |

PCB CAD, FOR THE PC/XT/AT

Are you still using tapes and a light box?
- Have you been putting off buying PCB CAD software?

Have you access to an IBM PC/XT/AT or clone inc Amstrad 1640 & 1512

or Archimedes with P.C. Emulator?

- Would you like to be able to produce PCB layouts up to 17° square?

- With up to 8 track layers and 2 silk screen layers?
- Plus drill template and solder resist?

- With up to eight different track widths anywhere in the range .002

to .631"?
- With up to 16 different pad sizes from the same range

With pad shapes including round, oval, square, with or without hole and

edge connector fingers?

With up 1o 1500 IC’s per board, from up to 100 different outlines?
With auto repeat on tracks or other features - ideal for memory planes?

- That can be used for surface mount components?

- With the ability to locate components and pads on grid or to .002"

resolution?
- With an optional auto via facility for multilayer boards?
With the ability to create and save your own symbols?
That can be used with either cursor keys or mouse?
That is as good at circuit diagrams as it is at PCB’s?

That outputs to Dot Matrix Printer, or, with extra drivers can drive a pen

plotter or photoplotter .
~ Where you can learn how to use it in around an hour?

-THAT ONLY COSTS £95+ VAT (TINY-PC), £275+ VAT (EASY-PC)

S —
SMITH CHART PROGRAM mcmcun ANALYSIS BY COMPUTER m

For IBM, PC/XT/AT and clones inc. Amstrad 15612
and 1640 and BBC B, B+ and Master.
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Z-MATCH - Takes the drudgery out of R.F. matching
problems. Includes many more features than the standard
Smith Chart.

Provides solutions to problems such as TRANSMISSION
LINE MATCHING for AERIALS and RF AMPLIFIERS
with TRANSMISSION LINE, TRANSFORMER and STUB
MATCHING methods using COAXIAL LINES
MICROSTRIP, STRIPLINE and WAVEGUIDES

The program takes account of TRANSMISSION LINE
LOSS, DIELECTRIC CONSTANT, VELOCITY FACTOR
and FREQUENCY.

Z-MATCH is supplied with a COMPREHENSIVE USER
MANUAL which contains a range of WORKED
EXAMPLES

£130 for PC/XT/AT etc.

£65.00 for BBC B, B+ and Master

Output on dot matrix printer reduced from 2:1

For IBM PC/XT/AT and clones inc. Amstrad 1512,
1640, R.M. NIMBUS, and BBC B, B+, and Master.

TV IF AMPLIFIER

¥ Vi i i A v Had e T~
o t /

4 i \ . -
i ¥ L ¢ © O =

=) 44 ] ;+,. j’-vl‘- | y,/

“ANALYSER II'" — Analyses complex circuits for GAIN,
PHASE, INPUT IMPEDANCE, OUTPUT IMPEDANCE
and GROUP DELAY over a very wide frequency range.

Ideal for the analysis of ACTIVE and PASSIVE FILTER
CIRCUITS, AUDIO AMPLIFIERS, LOUDSPEAKER
CROSS-OVER NETWORKS, WIDE BAND AMPLIFIERS
TUNED R.F. AMPLIFIERS, AERIAL MATCHING
NETWORKS, TV |.F. and CHROMA FILTER CIRCUITS,
LINEAR INTEGRATED CIRCUITS etc.

STABILITY CRITERIA AND OSCILLATOR CIRCUITS
can be evaluated by “breaking the loop”

Can save days breadboarding and thousands of pounds
worth of equipment.

£195 for PC/XT/AT etc.
£130 for BBC, B, B+ and Master

All prices Ex-VAT
WRITE OR PHONE FOR FULL DETAILS:- REF WW

Number One Systems Ltd

Harding Way, St lves, Huntingdon Cambs, PE17 4WR

Tel: St lves (0480) 61778

We provide full after-sales support with free telephone
‘hotline help’ service.

Software updates are free within 6 months of purchase date

ENTER 44 ON REPLY CARD
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MMENT

An old prejudice

Attend any convention of electronics engineers and youwill find that the delegate sitting
next you is more than likely to be a man. Indeed, the entire row of seats inwhich you are
sitting will probably be occupied by men. Inan audience of 106, perhaps halfa dozen
delegates will be women. This appears to be blatant prejudice on the part of the
electronics industry, astate of affairs which wouldn't be allowed to continue elsewhere in

society.

Our industry has responded with rather self-conscious initiatives along the lines of

‘Woman Engineer/Designer/Technician of the Year —veryworthy. but totally missing the
point. This journal has never encountered a direct case of discrimination against women.
Discrimination, if this is the right word for it, occurswith the individual's first encounter
with the education system. Boys are encouraged to playwith computers and electronics;

girlsaren't. The association is ingrained at an early age, reinforced by a predominantly
female primary-school teaching corps with a similarly L.mited outlook.

This damaging attitude of mind can best be resolved by education secretary Kenneth
Baker. Given that we could be wasting nearly half of the country’s latent talent, we look to
him for speedy action. Yet the electronics industry harhours another form of blatant
discrimination which it could do something about itself; ageism.

‘Ageism’is a concocted word, but nonetheless apt, and implies a totally negative
attitude to the acquired experience. proven performanc 2 and reliability often found in
older people. The following letter was received at the off.ces of our sister publication

Electronics Weekly.

“Once you turn 45 it is difficult to obtain re-employment in the electronics
industry. This is the conclusion L have reached as a 56-vear-old quality manager of

some 20 years experience.

“Ihave worked all the way through engineering from the bench right through to
divisional quality manager for a large company. In the last nine to twelve months |
have been trying to obtain a new position, but constantly get turned down. Out of
some 30-odd applications, | have been granted only one interview.”

One can't definitely state that the writer of this letter and the hundreds of people like
himwill turn out to be the perfect employee for any given job; but neither can one be any
more certain of anew recruit to the industry. It seems odd that companies prize vouth
well above proven experience. It appears even stranger in the light of an industry

professing to suffer a skills shortage.

Avouthful outlook certainly helps in circumstances where preconceptions and habits
could be limiting. Marketing jobs involve a ready acceptance of risk: the caution which
comes from bitter experience may well be inhibiting. Most other jobs which spring to
mind would seem to benefit from experience, however. In short, individual qualities
could be more important than the candidate’s age. It is tus unfair, wasteful and

inappropriate to pursue ageism.

Electronies & Wireless World s publhished  monthly
USPSERTH40 By post, current 1ssue £2.25, back issues af
availabler £2 50 Order and payments to 301 Electranies
and Wireless World, Quadrant 1ouse. The (Quadrant, Sut-
ton. Surres SM2 5AS Cheques should be payable ti Reed
Busine: Publishing Ltd  Editorial & Advertising
offices: EWW Quadrant House, The Quadrant, Sutton, Sur-
rey SM2 5AS Telephones: Editorial 01-661 3614 Adver-
tiaing 01-661 3130 01661 8469 Telex: 392084 REED BP
G EEP Facsimilez 01-661 3948 (Groups [1 & 1H) Beeline:
01-661 897K or 01-661 K986 300 baud. 7 data bits, even
pirity, one stop-bit Send etrl-Q, then EWW to start. NNNN
to sign off Newstrade - Quadrant Publishing Services No
01-661 3240 Subscription rates: 1 vear (normal rates
£23 40 UK and £28.50 outside UK. Subscriptions: Quad-

April 1989 ELECTRONICS & WIRELESS WORLD

rant Subscription Services, Oakfield House, Perrvmount
Road, Haywards Heath, Sussex RI6 3DH Telephone 0444
441212 Please notify a change of address USA: $116 00
smirmail, Reed Business Pubhishing (USA) Subscriptions
Office, 208 E 42nd Street, NY 10117 Overseas advertis-
ing agents: France and Belgium: Pierre Mussard, 18-20
Place de k1 Madelemne. Paris 75008 United States of
America:Jay Fernman, Reed Business Pubhshing Ltd. 205
East 42nd Street, New York, NY 10017 Telephone 1212
R67-2080 Telex 23827 USA mailing agents: Mercury Air-
freight International Lid, Inc. 10th) Englehard Ave,
Avenel NI 07001 2nd class postage paid at Rahwav NJ
Postmaster — send address to the above

« Reed Business Publishmg Ltd 1989 [SSN 0266 3244

331



'RESEARCH NOTES

Superconducting dipoles

One of the world’s first practical applications
for high-temperature superconductors is a
miniature dipole antenna developed at the
University of Birmingham. Michael Mehler
of the Department of Electronic and Elec-
trical Engineering has demonstrated in the
laboratory an efficient dipole constructed
from vttrium barium copper oxide ceramic
material (YBa,Cu,;0x) and operating at li-
quid nitrogen temperatures (77K).

Two obvious questions arise: why use
superconductors when losses in convention-
al antennas aren’t usually great and what's
the practical value of an antenna if it has to
be immersed in liquid?

The answers to both these questions have
to do with size. There are many situations in
which a full-size HF dipole. for example,
would be out of place. Anything larger than a
few tens of centimetres long would be
difficult to accommodate on a fighter air-
craft or a spacecraft during its passage
through the atmosphere. Scaling down a
standard half-wave dipole or loop antenna to
around a tenth of its normal size would thus
be extremely advantageous.

Obviously it is not impossible to get such a
miniature antenna to radiate, though the
losses under normal circumstances would
he extremely large. Not only would the
dipole impedance be very low (~0.1¢1) it
would have a large reactive component.
Matching would be difficult and losses. even

Quarter micron
c-mos developed
at IBM

A milestone in the race for ever smaller and
hence more powerful memories was con
tained in a paper presented at the 1988
International Electron Devices Meeting in
San Francisco by a team of researchers from
IBM's Yorktown Heights Laboratory. B.
Davari et al. report success in the construc-
tion of c-mos circuitry using transistors only
0.25 micron wide (250nm). Such tiny ele
ments. they say. would make possible c-mos
memory chips with a capacity of 256 mega-
bits.

The IBM circuits were fabricated in bulk
silicon technology using advanced optical
lithography. incorporating elements that
are only 7mm, that is 20 atomic layers thick.
These quarter-micron circuits are the smal-
lest that have so far been incorporated in
c-mos though the team have now made
experimental tenth-micron n-mos devices
which they hope to develop in the same way.

Research Notes is written by John Wilson of

the BBC World Service science unit.
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in a copper radiating element. would be
high

Altempts to circumvent resistive losses
have been made in the past using conven-
tional metallic superconductors operating at
about 4K in liquid helium. Such attempts.
though successful, have been unpractical
and prohibitively expensive for everyday
applications.

By using the new ceramic superconduc-
tors Mehler has. in effect. turned a bhit of
esoteric engineering into something with
practical potential. What he's done is to
fabricate a 550MHz dipole a mere 20mm
long and its associated matching network
and line, all from the new ceramic material. |
Surrounded by a glass dewar containing
liguid nitrogen, the whole tiny assembly
matches a 50¢) source and radiates just as
well as a full-size copper dipole.

As far as practicalities go, the ceramic
dipole is connected to its RF source by
means of wire-wrapping and silver paint, no
real problem. Nor is the refrigerant. Apart
from being transparent to radiated RF well
into the gigahertz region. liquid nitrogen is
cheap and readily available.

With backing from the Science and En-
gineering Research Council (SERC) and the
Ministry of Defence. Michael Mchler is now
refining the hardware and also developing
other practical configurations such as loops ]
and multi-element arrays.

Amps, volts and bananas. . .

For decades now we've had electronic trans-
ducers that will convert most physical quan-
tities into their electrical analogues.
Temperature, pressure, light intensity, mass
and nuclear radiation are just a few examples
of quantities that are easily measurable with
cheap and readily available transducers.

More recently, this list has begun to
include detectors for chemical entities such
as hydrocarbons, smoke particles, alcohol
etc. But imagine the range of uses for a
transducer that could generate an electrical |
output directly proportional to the concen-
tration of AIDS virus. . . .

So far, the development of entity-specific
sensors has proceeded very slowly indeed for
a number of reasons, some practical and
some to do with the chemical reactions on
which they depend. The most obvious
approach of coating a chemical reagent
directly on to a silicon circuit element has
proved disappointing because of corrosion
or other interactions between the two.

Two interesting new approaches are,
however, proving more successful. George
Guilbault, a chemistry professor at New
Orleans University is one of a number of
researchers who are experimenting with

electric transducers. Monoclonal antibodies,
developed originally in Cambridge, are high-
ly specific reagents that will bind chemically
to individual complex chemicaks. Thus it is
possible to create a monoclonal antibody
that will react only with one particular
protein. When such an antibody is coated on
apiezo-electric crystal the resonant frequen-
cy is critically determined by its mass. So if a
protein comes along that binds to the anti-
body the mass will increase and the resonant
frequency will decrease. Guilbault has so far
employed such a systein to make electronic
detectors that are specific for cocaine and for
various agricultural pesticides:

monoclonal antibodies coated on piezo-

- ‘
5ARM/W THBZES ‘ '
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The deafening smell of pollution

We've all by now grown used to the idea
that excessive noise can cause deafness.
Above a certain threshold it is very nearly
a product of amplitude and duration. But
of all the factors likely to induce hearing
loss, airborne pollution hasn't up till now
been a front runner.

Disturbing experiments conducted at
Johns Hopkins University in the USA and
at two Japanese institutions show that, in
rats, noise and atmospheric carbon
monoxide levels have an additive effect.
Laurence Fechter, Associate Professor of
Environmental Health Sciences, has pro-
duced data to show that the danger
threshold level for noise is considerably
lowered in the presence of carbon mono-
xide. Moreover, noise levels and carbon
monoxide concentrations (500ppm),
harmless on their own, can cause perma-
nent ear damage when combined.

Although there’s no direct means of
proving that the same is true for humans,

'RESEARCH NOTES

Fechter is convinced that the risk is a
very real one. This is especially so in view
of the tendency of high ambient noise
levels to occur in the same situations as
high carbon monoxide levels. Examples
that come 1o mind include smokers in
discos, furnace operators and transport
workers. Smokers have carbon monoxide
levels in their lungs of around 350ppm —
not much below the level that causes
serious problems for rats.

Providing conclusive proof of a risk to
human health will not of course be easy.
But if it does emerge, it will be immense-
ly complicating for occupational health
legislators. No longer will it be reason-
able, for example, to specify blanket
intensity/time limits on noise in all en-
vironments. And of course the famous
orange warning light, bane of concert
promoters, could well in future need to
have a second input... from a gas
detector.

Viruses wait for All Fools’ Day

Stories aboul computer viruses make
curiously compulsive reading. Could it be
that thev appeal to our gruesome appetite for
disaster? Or is it because such stories reveal
that machines. like men. have feet of clay?
As a lifelong joker with natural sym
pathies for the under-dog | must confess to

Another intriguing approach to bioche-
mical sensing goes one stage beyond the use
of biologically active substances. Garry
Rechnitz of the University of Delaware is
using bits of living creatures built into
electrodes. In particular he’s fitted iead-out
wires to the antennae of blue crabs. When
immersed in water the crab antennae act
more-or-less as ready-made transducers,
producing electrical nerve impulses in direct
proportion to the concentration of certain
toxic pollutants.

Plants. too. can be pressed into service as
chemical sensors. Rechnitz has used an
oxygen-sensing electrode in conjunction
with a slice of banana to detect an important
brain chemical called dopamine. This ‘bana-
natrode’, as he calls it, produces an electrical
signal that could, in theory at least, measure
susceplibility to Parkinson's disease (due
essentially to lack of dopamine).

Some of these experimental devices may
seem somewhat whimsical, but there’s a
huge range of important applications await-
ing biochemical sensors that are stable,
reliable and resistant_to the corrosive en-
vironment of the human body. Imagine, for
example, a cure for diabetes in which an
insulin pumnp were directly controlled by a
feedback loop attached to a continuous-
reading glucose sensor inside an artery.

| finding more than a little entertainment
value in some recent reports... like the
innocuous little program that was designed

| to deposit a mere 400 bytes of garbage in a

memory on the day its hapless investigator

was removed from the company payroll.

Each successive day the garbage was pro-

grammed to double until... calculators at the

ready... it )ammed up a whole 300 megabyte
memory in a little under three weeks.

Or what about a virus. dubbed Sizzle. that
somehow managed progressively to increase
the clock rate of its host until the central
processor became incandescent from the
thermal dissipation? Ingenious at least.

Now. as April 1Ist approaches, academic
institutions all over the country are bracing
themselves for a repeat of some clone of the
| 1813 Friday the Thirteenth Virus' that l

struck in January. According to a number of
L.ondon consultants this is more than just
speculation: threats have already been re-
ceived.

i One answer of course is to equip yourself
with one of the many anti-viral programs or

| vaccines thal are now appearing on the
market. “Immunise” is just one example of
this increasingly anthropomorphic breed.

| But are these medical allusions merely |
marketing hvpe or journalistic licence? Or

| could it be. as | hinted earlier. that machines
and men are actually evolving, along conver-
gent lines?

[ If so, may | leave you to ponder a sobering
thought... what happens when someone
writes a rogue program called Computer

| lmmunodeficiency Virus (CIV)? Please send
your suggestions under plain wrapper... and
of course make sure they're electronically
tested

{
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Blind to our future?

At a recent press conference to launch their
new book ‘Pathways to the Universe’. the
Astronomer Royal Sir Francis Graham-
Smith and Sir Bernard Lovell drew attention
to an unseen form of pollution that has
steadily been restricting our view of the
Universe. That pollution is of course man
made radiation. not just at radio and optical
wavelengths but across the whole electro-
magnelic spectrum including gamma rays.

The reason this problem has now reached
critical proportions is twofold: first the
increase in man-made radiation levels and
secondly the increasingly distant and hence
weak sources of natural radiation that are
now. with the help of modern technology.
capable of being observed. Such sources.
often at the extreme edge of the observable
Universe, are of particular interest because
of what they can tell us about the early
history of creation.

Pulsars and quasars. to say nothing of
supernova explosions, represent some of the
most fascinating and energetic regions of
the sky - objects which. because of their
energy. tend to emit in the shorter
wavelength parts of the electromagnetic
spectrum, mainly X-rays and y-rays. Such
rays donot penetrate the atmosphere and it's
only in the last decade or so that this window
on the Universe has been opened to astro-
nomers by means of space-borne telescopes.

Yet this window. so recently opened. may
soon ¢ ose. according to Smith and Lovell.
Soviet RORSAT military satellites carry un-
shielded nuclear reactors which emit y-rays
n far greater quantity than those arriving
tfrom the depths of space.

Radio astronomy. long a victim of man-
made radiation. is now becoming more
restricted than ever. No longer is it just
occasional leakage from faulty equipment or
drifting oscillators. Today the international-
y agreed 'silent” bands allocated to radio
astronomy are fast being invaded deliberate
ly by such sources as military navigation
systems.

Allin all, our greed for spectrum seems set
to denv researchers access to the informa-
tion that would do mosl to answer the most
fundamental of all questions about the ori-
gin and destiny of the Universe.

Making waves with
electrons

The colour image which appeared under
this title on page 114 of the February
issue showed a tantalum disulphide
charge density wave, and was kindly
provided by Dr John Clarke of the physics
department of the University of Califor-
nia at Berkeley. Further details of this
work by Dr Clarke and his collaborators,
led by Dr R. E. Thomson, appeared in
Physical Review B, November 15, 1988.
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DEVELOPMENT SUPPORT FOR IBM PC (AND COMPATIBLES) USERS

CROSS ASSEMBLERS

including all the common ones

@ A complete range of RELOCATABLE ASSEMBLERS. which
INCLUDE, MACROs and CONDITIONAL ASSEMBLY facilities

search
@ Universal LINKER, LIBRARY and MAKEFILE features
@ A source level DEBUGGER
@ On-line HELP facility
@ A complete range of DISASSEMBLERS with code labelling
@ An EPROM Emulatnr which emulates 2716 to 27512 EPROMS

PROGRAMMER
@ Comprehensive User Manual

PRICE LIST (excluding VAT)

METAI-01 As METAI-01 but including Disassembler

The METAI development system supports over 50 processors

@ An editing environment with dual-windows and automatic erroneous line

@ Object code in several formats compatible with the Model 18 EPROM

METAI-01 Assembler, Linker, Loader, Editor, Manual and Interface Card £395
£

(E)EPROM PROGRAMMER

have

—

Over 80 (E)EPROM and MICRO-CONTROLLER types...
| : o ‘

695

zzzzEZ

miqp

MALMESBURY, WILTSHIRE, ENGLAND SN16 0BX.
TELEPHONE: 0666 825146

Please add £5 plus VAT 1o all orders to cover posta
Overnight delivery can be arranged at £14 pius VAT (€18 for Northern Ireland and Iste of Man, £20 for Scottish
Highlands and Istands and Scilly Isles). Telephone ACCESS orders welcome.

METAI-03 As METAI-02 but including EPROM Emulator £995
Also the following upgrades
METAI-11 Extra EPROM Emulator £325
METAI-12 Extra Interface Card for multiple users, includes Manual £245
METAI-13 Disassembler to upgrade METAI-01 to METAI-02 £395
PROCODE Single Processor Version (please state which processor) £195
XA48 8048/41 Cross assembier £99.50
Compalible with Intel assembler New devices continually being introduced i
E512 EPROM EMULATOR 2716 t0 27512 £149.80 ... ata price to suit any budget!
Use in conjunction with the Model 18 Programmer THE MODEL 18 PROM PROGRAMMER
uvio EPROM ERASER with Timer £93.50 :‘AIH MhnEPROMS.Gvy«:nmn Instruments Emulators, 27C parts and EEPROMs now programmable!
PS41 PRINTER SWITCH 4 to 1, serial or parallel. all 25 wires £29.80 §! Mannaly o ot Still only
o/ ng 30w 1
PAL PROGRAMMER EPLD PROGRAMMER o . 2»18\?A9T5
The PLD-1100 programs all | The PLDSO1 EPLD Development Cl
commonly available 20 and 24 pin | system programs Lattic and Altera 3o IBRONORIVE HINGransoc Leal Me o
PALS as well as the new EEPROM | GALs 16V8, 20v8, EP310, EP320 et PRI o . AT
based second generation GALs. It | and EPB00. Software to run on IBM . noe L RICE LIST (excluding VA ) .
can read, test and program both PCs and compatibles is included in maroo19 8755 FAMILY SOCKET ADAPTER (Ac 29.95
bipolar and CMOS PALs, GALs, | the price e BUILY/SOCKED ERlhdapcyay toge
PEELs, PLDs and EPLDs MC 3 P . ) £75.00
PLD1100 £795+ VAT PLDSO01 £495+ VAT M & v o o - £75.00
t 1 £39.95
Wirite or telephone for further details : s e
ELECTRONICS, UNIT 2, PARK ROAD CENTRE, 2  BEC £14.95

. packing and insurance during dispatch within the UK

ENTER 16 ON REPLY CARD

® [
OSCILLOSCOPES,
NIX M £2400 £150
K NIX 244 M £1.600
\ e SPECIAL OFFER - HAMEG MODULAR SYSTEM
£975
6/ M :
£475 ohLY £
3 M £400 G
ONIX 2 i 1650 £4.250
NIX 465 £500
NiX 740 £450 £750
" £400
£800 £600
£600 M 1200
£500 £1.000
£550 £1:000
A M N £300 1500
M £475 £325
£250 £275
130 £100
82 £100
AME M £240wa). 1
£200 i £125
£210~p W NI
£210 £35(p&p £7)
£180
1801 £60 (p&p £4)
M ONLY £650
£130
o £50
£400 £30
% £650 1654
WAYNE KE ‘gosg £5(pap £3 \‘»
N £15 (p&p £4
fo00
£500 " INLY £25ea {p&p £7)
f:osg each (n&p £7)
g Y 25
MARCON! SAN £500 only £33 (p&p £7)
MARCONI SAN| g £500 Yomeon " only £45 (a8 £7)
MARaon MM 1K 5 NEW EQUIPMENT ’ ’
2 £550 £575
A
m NI £425 8314
£400
MARCON £300
" 559 :
AMFM 10K " £00 =%
i99
450
as | i i
£750 £110
ADEF W ‘
N 3 2] £209
oy N ™
[ £500
N £3950
3
L9 X e M 4175 £300ea
RGEN
£400 £
This s a very smalt sample of stock SAE or telephane for LIST of OVER 700 ITEMS Please check availability before ardering
CARRIAGE all units £16, VAT to be added 10 total of goods and carriage.
STEWART OF READING [k 9734 68041
m Fax: 0734 351696 s
110 WYKEHAM ROAD, READING, BERKS RG6 1PL —
Callers welcome 9am to 5.30pm. MON-FRI. (UNTIL 8pm. THURS)
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PINEAPPLE

SOFTWARE

BBC PCB SOFTWARE

56 p y avo 1 Yat 1 st
Milise it st Input rautine O ¢ ‘picked up’ a
without ha to respe m 1tn

standard unexpunded rmodel B

PCB auto-route is remarkable. No similar software comes near the price.

PCB monual track routing £85.00 PCB outo-routing Acarn User Aug 88
PCB Plotter driver a {35.00 P&P free £185.00
IBM PCB Software
EASY PC EASY P werful PCB design program combined wi hemati Winy ki 1
boar k fe
Suttable for IBM P(/XT/AT and compatibles with 512k RAM  £270.00 P&P free.
PCB TURBO V2 unbeat tull featt rauting IBM P(B d er, Be up 10 32 th ye
Output ta pe er. p ter, d ter o qu /X
e (286 0 ) w K ¢
odopter  £675.00 P&P free.
Ne st heatable pricest All with A3 paper handling t
f Pi t n wi 10 g fels. 1
| trast X
DXY 1100 E775._00 DXY 1200 £1050.00 DXy 1300 £1250.00 P&P £10.00
We now Ve nk the 1r 1t
\rchimec oL
Bore Trackerball (No Seftware) £45.00
BBC Model with software £59.00 P&Pon
Adapters to drive BBC ouse software £8.00 Trackerballs
Archimedes Adaptor £19.95 £1.75
IBM model (serial intertoce) £199.95

[racker 1is0 avarloole far ather com 1se ‘phe et
MITEYSPICE, SPICE.AGE AND ECA
very powerft it analysis packages. Mite able t

Y ge and E for the IBM d compatibles, S ) P

yrovides facilites fo nsient € SIS q. re
Miteyspice (For BBC and Archimedes) £119.00
Spice Age (IBM PCUXT/AT 512k Rom) from £70.00
ECA-2 (1BM PC/XT/AT 256k Rom) £675.00
LCA-1 (Logic Analyser for IBM's) £350.00

th

-2

BM

P&P
free

—
Pineapple Software, Dept WW, 39 Brownlea Gardens,

|
VISA
Y

Add 15% VAT to all prices 01-599 1476

Seven Kings, liford. Essex 1G3 9NL. Telephone: 01-599 1476
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Low pressures create giant LCDs

Imagine an A4 sheet of silicon upon which
you can build transtucent fet devices of good
quality. Because the light will shine
through, you could harness the photosensi-
tive properties of the transistors for direct
imaging on this enormous silicon target.
Alternatively, packed into hermetic plastic,
an A4 piece of silicon would produce a real
monster of a chip. It becomes possible to
implement neutral networks, paraliel pro-
cessing and memory without ever having to
leave the wafer.

The idea of placing polysilicon on glass
isn't new; semiconductor companies have
repeatedly experimented with alternative
substrates. Monocrystalline silicon produces
devices with highly repeatable and excellent
electronic properties. Because electrons can
move freely about the silicon lattice. mobil-
ity is very high and the conducting state
resistance accordingly low. Monocrystalline
silicon also has the inherent advantage of the
excellent surface smoothness necessary for
repeatable submicron geometries. When
vou try to place silicon on glass by a chemical
decomposition of gases such as silicon hyd-
ride, the silicon deposits as regular, small
crystals or even takes an amorphous form.
This is because the glass substrate interferes
with the formation of the crystalline lattice.
The resulting fractures in the silicon struc-
ture drastically reduce mobility within the
rolysilicon layer.

Display manufacturers in Japan have pro-
duced LCD display products for the commer-
cial market up to around 35¢m diagonal size
which use amorphous silicon. However, the
very high resistance of the amorphous sili-
con pixel-switching transistors means that
the display is very slow to refresh. The new
polysilicon on glass substrate technology
from Rytrak promises high quality silicon
display screens up to 35cm with acceptable
refresh rates.

There isn't anything spectactularly new in
the Rytrak CVD (chemical vapour deposi-
tion) process. It does little more than care-
fully control the deposition pressure and the
accompanying thermal gradient within the
deposition chamber. The manufacturing
principle is straightforward. The processes
exposes high purity glass to Sil, gas at a
temperature of around 600°C. The gas de-
composes to form a layer of silicon on the
glass sheet. Traditionally this process would
involve a chamber pressure of around
200mtorr. This results in a silicon deposi-
tion rate in the region of 100A per minute
requiring a total process time of around 10
minutes to an hour to reach the desired
silicon thickness. This type of silicon is
characterized by very small crystals of re-
latively poor electrical performance for the
intended application. As a first pass at solv-
ing the problem Rytrak reduced the pressure
to around 40mtorr resulting in a much

Above: three dimensional representation
of a fet-on-glass structure.

Right: a pixel from a thin film transistor
display uses essentially the same structure
as dynamic memory. The transistor in the
top left ot the structure switches the
capacitance of the pixel element.

Upper photograph: a cross-section of a
polysilicon-on-glass film produced with a
standard CVD process at 200mtorr pro-
cess pressare. Note the fine grain of the
crystals leading to high surface resistance.

Bottom right: a cross-section of polysilicon
film deposited at 2.5mtorr using the Rytrak
process. It clearly demonstrates that ultra
low pressure CVD produces crystals of
very large size and almost perfect uni-
formity.

better crystal structure but with a deposition
rate which fell to 10A per minute, insuffi-
cient for a commercial process. It is thus
very surprising to learn that the secret of the
new CVD process is to reduce the process gas
pressure to just 2mtorr, a reduction of two
orders of magnitude from the traditional
industry norm. One would expect the de-
position rate at this very low pressure to be
virtually zero but indeed the opposite
appears to happen. The deposition rate
actually rises to around 50-70A per minute, a
figure compatible with a commercial pro-
cess. It comes as an even bigger surprise that
Rytrak does not know why this should occur.

One can speculate on why the massive
pressure reduction should lead to an in-
crease in deposition rate. The traditional
CVD process has much lower gas flow rates
even though the pressure is much higher.
Whatever the reason. the company expects
to delivery its first 35¢m in substrates by the
time you are reading this, and it seems
assured of a bright future providing it can
protect its patented process from the giant
industry predators.

April 1989 ELECTRONICS & WIRELESS WORLD

Glass substrate

Column Column
v
Ro\w (gate line)
Pixel
— h—l
G
—\—_—/__‘.
\__..__..../_‘—/_
= HBA i
S DS

-

Switching transistor

FIRST LEVEL
I A

SECOND LEVEL

a St H/SIN/AL

335



"UPDATE

Research profile: transport and road research vaineccies

Department of Transport research into all
aspects of Britain's highways and vehicles is
carried out at the Transport and Road Re-
search Laboratory in Crowthorne, Berkshire.

Electronics is responsible for two signifi-
cant advances in traffic-flow efficiency - we
could be feeling the effects of both of them in
the near future. One is an interactive compu-
ter system called Autoguide that can guide
drivers effortlessly to their destination and the
other a traffic-light controller called Mova. A
new traffic-light controlier might seem unex-
citing to you until you learn that the ones
currently used have been based on the same
principles for about 50 years.

Surprisingly, one of the most electronics:,
intensive areas at TRRL is setting safety stan-
dards for the country’s vehicles. Crash tests
involve the use of many types of sensors,
analogue and digital processors, and data
recorders.

Within the car are five main units relating to
Autoguide, one of which is the display panel
shown here. Besides verifying the destination
that you have entered, the display panel gives
directions — turn left, follow the road, etc. —
and it even helps you when you are confronted
with two or three left turns very close to each
other. Looking at a display distracts the driv-
er's attention and so each direction change is
also announced by a voice synthesizer.
Information arrives at this display unit from
infra-red beacons at strategic positions on the
roadside with a range of about SOm. In central
urban areas, it should be possible to direct
drivers to within SOm of their destination.

Inefficient traffic routing is thought to cost the
nation £2400 million a year. According 0
TRRL, that represents some 6% of all vehicle
mileage. This photograph is a demonstraticn
of TRRL's Autoguide system that could save
not only fuel and road wear, butalso some 12%
of driving time.

Unlike earlier attempts to route traffic efii-
ciently. which include Prestel software and
in-vehicle route-planning experiments, Auto-
guide looks promising. Some 15 cars in Lon-
don are already equipped with Siemens Auto-
guide hardware as part of a practical evalua-
tion and a number of consortiums including
companies such as Plessey. Rover, the AA and
Ferranti are interested in bidding for a pilot
scheme which will provide London with some
300 information transmitting beacons and

some 400 Autoguide equipped vehicles.

This demonstration illustrated to us Auto-
guide's ingenious ability to determine, rather
than simply look up, the best route. If roadside
beacons detect that drivers are taking longer
than predicted to negotiate a particular route,
Autoguide assumes that there is a delay on
that route and gives subsequent drivers a
modified route. Should, say. an accident have
occurred on a particular route, beacon con-
trol centres can also insert route-modifying
data into the beacon-control computer.

We are assured that ailthough Autoguide
knows whether Autoguide-equipped vehicles
passing its beacons are bona fide users, it will
not inform the police when a driver takes less
than the predicted time to cover a given route!

Roadside beacons transmit routing informa-
tion continuously at 125kbit/s through an
infra-red link; information travels from the car
to the beacon too, but more slowly. Just behind
the rear-view mirror you can see the unit that
receives the route information and also sends
‘stopwatch’ information derived from the vehi-
cle's speedometer/odometer back via the
roadside beacon to the control computer.

You can also see the remote-control unit
used to enter destination data and the display
unit in this picture. In the interests of safety.
the remote-control unit only functions while
the vehicle is standing still. How data is

entered on the control unit will depend on the
amount of software within the vehicle. In a
basic system, grid references would be re-
quired but more sophisticated systems could
easily accept street names.

Stopwatch information derived from the
speedometer/odometer tells the control cen-
tre whether or not you have encountered
delays on your route. If many drivers encoun-
ter the same delays to the extent that another
route could result in a shorter travel time,
subsequent drivers are sent along the aiterna-
tive route.

Autoguide's in-vehicle control computer not
only communicates between the roadside
beacons and the driver but it also processes
data from the speedometer/odometer and a
inagnetic heading sensor which is used to
determine whether you have deviated from
the prescribed route. This means that — in
theory atleast—you can never getlost.
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UPDATE |

individual cars are not tested at TRRL; the
laboratory's job is to advise the Government
on vehicle safety standards within the con-
fines of manufacturing techniques of the day.
Its job therefore is never ending.

Eurosid here is an impact-test dummy that

could soon be standardized throughout
Europe. You cannot see his electronic trans-
ducers but the umbilicali that researcher
Adrian Roberts is holding is evidence that they
are abundant.

Vehicle sensors have been used with traffic
lights now since lights were first introduced
some 50 years ago. Early traffic lights had
relatively simple control systems but in the
1970s, when electronic switching became
more readily available, traffic light efficiency
advanced gradually with the technology.

The computer board shown here is the heart
of a new generation of traffic-light controllers
called Mova. Most of the experimental work
for Mova — modernized optimized vehicie
| actuafion — was done on a PDP11/23A running
Fortran 66, but traffic lights controlled by a
PDP11 are notvery practical. A significant part
of the project involved transferring the essen-
tial functions of Mova onto the 68008-based
| board shown here.

Some of the transducers used inside the
Eurosid crash-test dummy are shown here
tagether with two signal-processing modules.
On the left is a standard strain-gauge load cell
for measuring axial compressive force on the
femur and to the right of itis a load cell used to
measure seat-belt tension.

Measuring impact displacement is particu-
larly problematical. It is quite easy to measure
slow-moving displacements but for impacts
occurring within a few hundred of mil-
liseconds, the task is not so simpie. A number
of options have been tried, including LVDTs
(linear variable differential transformers) and
high-quality linear potentiometers, but optical
solutions have been found to be most practic-

able. The four-eyed device on the right mea-
sures displacement by reading reflections on
a bar code. It works, but it is sensitive to
rotation and changes in its position relative to
the bar code.

A more fauit-tolerant approach is the trans-
missive optical displacement transducer in
the middle of the photograph. which has a
linear Gray-code strip and light emitter
detecors.

The device in the left foreground is a
single-axis accelerometer for measuring up to
750g. Child dummies often require three-axis
devices costing £1000 but three single-axis
accelerometers are generally preferred since
they canbe positioned more flexibly.

This junction on the infamous Hanger Lane
gyratory system in west London is controlled
by a Mova unit that can be monitored at TRRL
via @ modem link. Blue squares filled with
white indicate a vehicle passing over a sensor.

Existing traffic light systems have three
vehicle sensors at 40, 25 and 15m before the
lights. These sensors serve to extend the
‘green’ signal or to recall the green signal if the
lights are currently red.

Basically, an existing traffic light system
knows that when a vehicle crosses a sensor, a
green signal is required. When it gives that
green signal depends on time limits that can
be set for a given junction. This works well for
quiet periods, but the system cannot evaluate
traffic density during busy periods.

Mcva has only two vehicle sensors at each
junction approach butitis far more intelligent
For example, Mova has special features to
cater for situations where a traffic-light
approach is left with a significant queue at the
end cf a green signal. Under these conditions,
the system judges the approach to be over-
saturated and switches to a capacity-
maximizing routine to clear the congestion.
This and other such features of Mova could
reduce average vehicle delay by about 13%.
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British automatic arms firm
establishes Russian base

One of the first British companies to embark
on a joint venture with a Russian firm in the
post-glasnost era is the Cambridge robot
manufacturer Sands Technology. Sands has
agreed to form a new Soviet-British com:.
pany which will supervise robot production
in Sverdlovsk’s Scientific and Engineering
Centre. The centre is backed by United
Turbo Works and closely allied to the Urals
Polytechnic.

For Sands Technology. the agreement
involves supervision of SEC's robot produc-
tion and advice on production and manage-
ment techniques. Sands robots will be pro-
duced under licence in the USSR and mar-
keted in the Comecon and Soviet sphere
countries. David Sands, director of Sands
technology, says, “There are many opportu-
nities for British technology in the USSR and
the Soviets urgently need Western tech:
nology”.

As a result of one of the first joint ventures
between a Russian and British company,
robotarms like this one are to be produced
under licence in the USSR. The agreement
involves advice to Russia on both produc-
tion and management.

Green cells — battery makers clean up their act

These zinc chloride cells are described by
their manufacturer, Panasonic, as
“environment-friendly”. Unlike conven-
tional dry batteries they contain no mer-
cury, and so there is no risk of the highly
poisonous metal leaking into the soil
when the cells are thrown away.

I Other battery manufacturers which

| have announced “green” zinc chloride
cells are Varta, Philips and Ever Ready.
But removing mercury from the popular

long-life alkaline cells is proving harder
and progress has been slower. But Euro-
pile, the joyously-named consortium of
European battery manufacturers, has

By 1992, European battery makers
hope to reduce the mercury content of
their alkaline cells to well below one
partin 1000 by weight.

agreed a programme for mercury reduc-
tion and most manufacturers - including
Duracell in Britain — claim to be ahead of
the targets.

Eliminating mercury altogether from
alkaline cells entails quite a challenge for
the battery chemist: without mercury,
corrosion occurs inside the cell, gassing
takes place and pressure builds up. Safety
rather than performance is the reason
given for retaining it.

PERCENTAGE MERCURY BY WEIGHT

Europile's
mercury
target

I
1986

1
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1990 1992
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Designer’s guide to RS-232

or better or worse. the RS-232 data
Fcommunications interface standard

based upon the 25 way ‘D’ connector
has been with us for many years. and will no
doubt continue to dominate the field. It is
simple to implement, versatile, internation-
al. extremely well documented and excel-
lently supported throughout the industry.

To function correctly. there must be
agreement on the mechanical, electrical and
functional characteristics. International
agreement is contained within various speci-
fications from the International Organiza-
tion for Standardization (1SO) and the Inter-
national Telecommunications Union (via its
CCITT arm’s 'V’ recommendations). These
bodies have worldwide authority, unlike the
Electronic Industries Association (EIA)
which is a trade association of equipment
manufacturers in the USA under ANSI.

While all this may seem unimportant, it is
necessary to maintain a realistic perspective
on the position and status of EIA recom-
mendations within world standards
(although this in no way denigrates the
major and pioneering contributions made by
EIA to world standards). However, some
people insist on quoting just EIA standards
as though there is some kudos in doing so.
Users are therefore confused and may con-
sider "R8232 to be superior in some way to
international standards. without knowing if
this is being used in a valid shorthand,
legally evasive or ‘semi-professional’ man-
ner. Whatever its mode of use, conformity
claims which prove false arouse great in-
terest among those well versed in trading
legislation.

Another area where RS-232 is often
quoted is modems. Regardless of manufac-
turer or supplier, a claim to conform to a
CCITT V' modem recommendation also
implicitly entails conformity to 1SO 2110,
V.24 and V.28. Nowhere is there any men-
tion of RS-232. A *V' modem interface nas a
25-way ‘D’ socket (female contacts) with
V.28 electrical characteristics and with pin
allocation according to 1SO 2110 function-
ingtoV.24.

The most recent EIA 232" standard is
“E1A-232-D" published in January 1987,
which, to quote its foreword, is “a revision to
RS-232-C, which brings it in-line with inter-
national standards CCITTV.24. V.28 and ISO
IS2110."(V.24,V.28 and IS 2110 refer to the
functional. electrical and physical character-
istics respectively: 232-D covers all three in
broadly equivalent terms.) Presumably re-
ferences to ‘RS-232" must mean these latest
standards, and ‘*RS-232-C" is not in-line with
these international standards and may
therefore need further clarification.

The remainder of this article is concerned
with the electrical characteristics of the
interface which are defined in CCITT V.28
and also within 232-1). The differences be-
tween them are of no practical significance.
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The communications boom has led to many
products which make interface conformity
claims by guoting ‘RS232". Subsequent pur
chasers are often disappointed and con-
fused when this interface does not appear to
be compatible with other ‘RS232" imple-
mentations, or, even worse, when other
standards such as ‘RS423’ are introduced as
being virtually the same thing. However,
some users are beginning to fight back by
taking action against suppliers whose
claims, a condition of purchase, are invalid.
Other users regard interface conformity as
indicative of product quality, and test it early
on in their evaluation. Those who merely
assume that all is well are taking significant
short and long-term risks.

Mechanical interface

Male pins

123 456178 810111213
O000O00O0OO0OD0O0OO0OO
000000000000
14 15 16 17 18 19 20 21 22 23 24 25

25-way with pin number static shell type

Male shell

Connections

Terminal Host

Earth

o 3e<a 3

7600——e 7

CTs
DTR

23:::’<:::2:

Cross connections or null
modem connection

Connections between DTE's
with no modems or DCE's

DTE DTE
Earth 76— 09e 7
Tx 2 2
Rx 3 o<y 3
RTS 4 4
TS 5 % 5
DCD/RLSD 8 8
DSR 6 6
DTR 20 >< 20

Timing for synchronous comms

15 TT7
:]-——E RT
EXT-TT 24

Timing from this DTE

ELECTRICAL CHARACTERISTICS

Measurements are made with respect to
signal ground (or common return) which is
the zero volt reference point. This appears
on pin 7 only on the 25 way ‘D’ connector,
and is the middle pin for both plug and
socket so there should be no confusion. The
actual point of measurement must also be
determined. A terminal (DTE) and modem
(DCE) connect together via an interface
cable which may be sufficiently long to affect
some of the characteristics. (Earlier recom-
mendations — both EIA and CCITT - limited
cable length to 15 metres or 50 feet. The only
time that a ‘scope was used was to wind a
cable around it to measure its length!) This
often brings a third supplier into the fray.
Although 232-D is not helpful on this point,
V.28 states that it is commonly accepted that
the cabling is provided by the DTE. and that
the interface point is at the junction of the
DTE plus cable, and where this plugs into
the DCE.

Generator (driver): space/zero/on/active/
start, +5 to +15V: mark/one/off/idle/stop;
—5to —15V.

These voltages are measured with a load of
3k to 7k ohms (which is within £ 2V of
signal ground) and a maximum capacitance
of 2500pF.

The output resistance is not specified
other than as not less than 3000 in a
power-off condition, and a maximum cur-
rent of 500mA without driver damage when
shorted to any other conductor within the
cable.

These characteristics alone preclude the
use of +5 or —5V power supplies to the
driver device's oulput stage. and several
claims have been seen where nominal TTL
levels are said to be practically the same as
232. Not so much logic levels as bodge-it
levels!

The maximum (instantaneous) slew rate
is 30V/ps, and is often ignored by designers.
The minimum slew rate is measured as the
maximum time to cross the 6V transition
region. For clock and data circuits this time
is the lesser of 1ms or 3% of the nominal bit
period. e.g. 1.5us for the maximum allowed
data rate of 20kbit per second {1ms is only
significant for rates below 30 bit/s and may
therefore be ignored). For control circuits,
the maximum time is 1Ims.

Remember that these signals may be
measured before or after passage through a
long interface cable. and data rate becomes
very significant. This cable may also pick up
interference from outside, or, if screened,
quickly reach the 2500pF limit. If the screen
is incorrectly terminated then even relative-
Iv short cables can cause major problems,
and only circuits in use should be wired.
25-way ribbon cable may not be a good
choice.
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1. Fail — steady state not in range

2. Fail — slew rate greater than 30 volts per microsecond

. Pass — lots of mains hum from psu, but steady state

within range

. Fail — change of direction within transition region
. Fail - spike out of range {could be cable problem)
., Fail — transition time too fong (probably driving

cable with toc much capacitance)
7. Pass — smaller voltage excursion through same cable

Electrical characteristics of an RS-232 link, showing good and bad signals.

Receiver (load): greater than +3V is the
equivalent of space/zero/on/active/start: less
than =3V is the equivalent of mark/one/off/
idle/stop.

The maximum test input voltage swing is
+25V.

The input resistance is 3k to 7k ohms to
within 22V of signal ground and over the
range of +3 to £15V. The effective capaci-
tance must not exceed 2500pF.

(!t would appear that the resistance may
be outside the 3k to 7k ohm range when
within the transition region, and presum-
ably allows for diode forward voltage drops).

The point of change (threshold) in the
+3V transition region is not defined. There
may be two points to allow for hysteresis.
These actual threshold voltage(s) may be
varied according to application. Those close
to zero may be too susceptible to interfer-
ence. The most common threshold range is
between + 1 and +2V. and so a disconnected
cable defaults to a detected '1". However. it is
sometimes useful to have a negative switch-
ing threshold so that a disconnection results
in a detected ‘0" - to instigate a V.54 loop for
example. Note that a power-off condition in
the attached device may also appear as a
disconnection.

GENERATOR IMPLEMENTATIONS

As has been mentioned earlier, driver output
stages powered from five volt rails cannot
conform even though they mav work under
favourabhle circumstances.

The simplest method of implementing a
driver stage is to use a purpose-designed

+—'°1»—{>}-—————

R

14

1488

-10

Series protection diodes
for each 1488 package

Protectingthe 1488 RS-232 driver.

V.24/232-compliant integrated circuit.
although a manufacturer’s claim to conform
to V.24 is meaningless. The most common
device is the multi-sourced guad driver - the
‘1488'. Three of the drivers appear as a
2-input Nand. with the fourth as a simple
inverter. The Nand function is rarely used as
it gates the output ON rather than the more
useful OFF. The inputs are TTL compatible,
and should be tied high if unused. A pull-
down resistor of 1k} may be necessary if
driven by unhuffered 4000 cmos. As over
90'% of data comms equipment failures are
in the inlerface (usually the driver), this
device should be socketed. This does not
mean that the device itself is unreliable,
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Qutput
resistor

V.28
out

Standard op-amp generator
with slew rate limiting
and output protection

10k f 2N3304
—
1

339 with external active pull-up

>300R
: AWV +/- 6 volts
From {minimum)
gerierator
3k
+/= 2 volts

Selecting output resistor

merely that it is exposed to the unsuitable by
the uneducated!

Power supplies are uncritical and do not
require close regulation or matching.
However it is advisable to insert series diodes
(1IN4001) in the supply leads to guard
against hostile interface conditions. espe-
cially during power-up or while in power off.
(This applies to all drivers, not just the
1488.) Power consumption tends to be pro-
portional to the supply voltages but these
should not be less than +9V to ensure a safe
margin on the output swing and correct
short-circuit operation. Note also that a
lower voltage swing usually permits the use
of langer interface cables. Slew rate limiting
is usually needed, and 330pF from output to
signal ground is normally sufficient. In some
instances. this value should be increased to
prevent local interference. especially in
rack-mounted applications. There is no con-
sistent failure mode. although a fairly com-
mon one is where the output swings from
near the positive supply to just above
ground, rather than negative. This may look
valid on some of the elementary interface
monitors and cause an incorrect diagnosis.

Other specialist devices are available.
These include cmos versions of the 1488,
mixed drivers and receivers, and those that
generate the necessary power supply volt-
ages internally. Should PTT approval be
necessary, it has proved worthwhile to use
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industry-standard devices as they tend to be
well-known. and therefore exhaustive test-
ing may not be thought necessary as long as
their application is correct.

Non-specialist devices include op-amps,
comparators, cmos buffers and, of course,
resistors for permanent states. Quad op-
amps with good slew rate and output swing
are satisfactory for control signals and for
lower data rates. The ubiquitous 339-type
quad comparator may also be used for clocks
and data with the addition of an active
pull-up stage. and *4000° cmos buffers may
be pressed into service. Each output should
be protected by diodes to the power rails and
a limiting resistor calculated to give the
correct voltages into the worst-case load of
3k(} with a 2V offset in the opposite direc-
tion.

RECEIVER IMPLEMENTATIONS

The receiver part of the interface generally
consists of a resistance-matching load and a
level-detecting switch. Inputs of greater
than +3V are converted into the system’s
zero, and less than —3V into the system’s
one. Once again there are readily available
standard devices, the most common being
the quad ‘1489 type. The power require-
ments are +5V at about 20mA, and outputs
are TTL compatible. Each receiver’s input
presents a resistive load of about 4k olims to
signal ground. Paralleling inputs (standby
systems or patching) should do so through
resistors to maintain the minimum 3k ohm
load to the driver. (it is always disturbing to
watch people with interface patching devices
merely connecting several receivers to one
driver on a trial-and-error basis to make
something work. On the other hand, they
keep service engineers in employment.)

Transistor receiver with hysteresis

Each receiver has a ‘response control'.
This access point may be used to shift the
input threshold voltages. as a decoupling
point for noise spikes attenuation and as a
normal input via an external resistor where
the exact input resistance must be known.
There are two varieties of 1489 IC — the 89
and 89A. With the response control open.
the 89's positive-going threshold is about 1.2
volts and the negative going threshold is
about +1 volt. The equivalents for the 89A
are at +2 and +0.8 volts respectively, and
this device is generally to be preferred.

The majority of applications seem to leave
this control unused. Care should be taken to
ensure that the open circuit input voltage
does not go outside the 22V specification. In
most applications, it is much more useful to
decouple the response control to ground to
improve high frequency and impulse noise
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Universal receivers

rejection. It is very important to decouple as
close to the pin as possible with a short
ground track, otherwise a single input tran-
sition can result in a momentary spike on
the output which is readily acted upon by
edge-triggered logic.

Non-specialist receivers are generally de-
signed to operate by a matching and at-
tenuating resistive load feeding a level detec-
tor. Remember that this load must be
between 3k and 7k ohms for both positive
(+3to +25) and negative (—3 to —25) input
voltages. The simple transistor circuit needs
a diode for the correct negative loading. and
should include some hysteresis. Again, the
339 is useful for 4000 cmos interfacing,
although there comes a time when the
additional components begin to occupy sig-
nificant areas of bhoard. The differential
inputs of comparators, however, simplify
compatibility with other interface standards

notably V11 (almost ‘RS-422°) and V.35.
Even the unbalanced V.10 (423) can be
accommodated easily. Probably the simplest
‘universal’ receiver is based upon the
26L.S32.
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Smart Cards, principles, practice and ap-
plications, by Roy Bright. (SmartCard Inter-
national Inc.). Review of the technical and
commercial aspects of smart cards (cards
containing memory plus a microprocessor
for data management and security) and
related technologies. Applications for these
now extend far beyond the credit cards and
electronic money of the financial sector. into
the storage of medical and other personal
data. control of access to services and to
physical locations, telecommunications,
and government uses. Included in the book
is detailed information on trials and com-
mercial applications of smart cards around
the world, and some interesting material on
identification and validation techniques, in-
cluding emerging biometric methods such
as vein-checking and electronic signature
verification. The author’s figures predict a
global smart card population of 450-500
million by 1995, so we had better pay
attention. Ellis Horwood, 173 pages. hard
covers, £24.95.

; N
' APR [(ODE
2124813100

SmartCard International’'s “Ulticard” in-
cludes a two-line LCD and a 64K reprog-
rammable memory. The travel company
Thomas Cook, which is issuing it to busi-
ness travellers, believes it could replace
travellers’ cheques. Holders can also use it
to record and monitor business expenses.

World Radio TV Handbook, 1989 edition.
edited by Andrew Sennitt. International
directory of broadcasting stations. both
radio and television, including the standard
time and frequency service. Country-by-
country entries list all transmitters of grea-
terr than flea-power. together with such
details as station addresses, names of mana-
gers. local time, mains frequency and so on.
HF, LF and MF stations are also listed by
frequency. Feature section at the back in-
cludes articles on satellite television (trans-
mission details are now included in the main
directory). international radio relay agree-
ments, and radio-related computer software;
and there is a useful receiver buyer’s guide.
Billboard Ltd. 576 pages. soft covers. Avail-
able in the UK through Pitman Publishing at
£17.95 from bookshops or by post for an
extra £1.15 (Pitman are at 128 Long Acre,
London WC2E 9AN). An update entitled
Downlink is issued four times a year for a
subscription in Europe of £9.
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High CMRR—no matching

An advance on the conventional three-op-amp instrumentation
amplifier which needs no component matching for a high common-

mode rejection ratio.

JOHN LIDGEY, CHRIS TOUMAZOU and COSTAS MAKRIS

nalogue ditferential (difference)

amplifiers are generally based on

a structure of resistive feedback

around one or more op-amps and

the ability of the circuit to reject

common-mode signals relies on resistor
ratios being precisely matched.

Figure 1 shows the conventional three-
op-amp instrumentation amplifier which is
widely used in applications requiring high
differential gain, wide bandwidth and good
common-mode rejection properties. The
part of the circuit to the right of the broken
line AA is a simple, single-op-amp, ditferen-
tial amplifier that will reject common-mode
signals well if the resistance ratios R./R,
R4/R.

The differential-mode gain of this stage is
equal to Ry/R,. The differential input/output
pre-amplifier to the left of the line AA has
unity common-mode gain and a differential-
mode gain of (1 + 2Rs/Rg). The complete
circuit is effective in operation, but good
CMRR performance means that R, to R,
must be trimmed accurately to reduce the
common-mode gain as much as possible.
This trimming process adds considerable
production costs in the manufacture of a
practical amplifier.

To return to the input stage of the circuit
of Fig 1, it is interesting to note that the
current | in the Rs, Rg, Ry network is directly
proportional to the input voltage difference,
that is

I = (V- V, IR,

and so this part of the circuit could be used
to provide common-mode rejection if cur-
rent | were made available as an output
parameter rather than the output voltages of
OA, and OA,. The new instrumentation
amplifier, based on this concept, is shown in
Fig.2. Current-mirror symbols have been
used to simplify the circuit diagram, the
driven side of the mirrors (CM; and CM,)
being shown by the arrows. which also
indicate the driving current directions. In
practice, we have used high quality four-BJT
current-mirrors, as we did previously when
using the same supply-current sensing
technique'?.

The operation is very straightforward and
can best be understood by considering the
node voltages and branch currents indicated
on the diagram. Assuming that V, >V, then
current flowing through R is

1=(V,-V, /R,

and, assuming that the current-mirrors

344

A

*Vee !

i
V2 i Vo2 : R3
1y AN

L [ ,

R( :

'V“ 7? :

|

T |

o3|

2 1

|

DL

SRESS
A P B 6
1Cy VV\

V, ]

e o, |

I

~Vee A

Fig.1. Standard form of the three-op-amp instrumentation amplifier, which requires
attention to matching of resistors R, to R, to achieve good common-mode rejection.
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Fig.2. The new amplifier, which is well suited to integrated-circuit design. No matching of

components is needed.

operate with unity retlection, this same
value of current is driven by CM, into
resistor Ry, CM, merely cancelling the OA,
bias current. Op-amp 3 is a voltage-follower
used to provide a low-output-impedance
drive. The role of CM, and CM, swap over
when V, - V, changes polarity. The output
voltage is given by Vg = IR; = (V5-V|)Ro/R,
or Ay, = Ru/Ry, this being the differential

mode voltage gain.

In practice, the amplifier does not give
zero common-mode output, this mainly
being due to mismatches in the gain
bandwidth products of OA, and OA,".
However, the CMRR performance is good
and no resistor matching is needed. Slight
departures from unity in the current-
mirrors CM; and CM,, together with relative
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Fig.3. Differential gain of the new circuit,
which offers constant gain/bandwidth at
gains of 0dB, 20dB. Shown at (b} is the
CMRR. An IC version of the design is being
made, which will improve CMRR band-
width.

imbalances between them. do contribute to
some differential-mode distortion at the
output, but these mirror imperfections do
not degrade the CMRR figure at all.

We have built a test amplifier using a
variety of single-chip op-amps with BJT
current-mirrors. Figure 3(a) shows the
differential-mode gain for R./R, set at 1000,
100 and 1. It is interesting to note that the
gain bandwidth product is virtually
constant'. Figure 3(b) shows the CMRR
with unity differential-mode gain, which
gives a respectable figure of 80dB up to about
1kHz. AD711 op-amps were used in the
circuit for these measurements and the
current-mirrors were constructed with
CA3096 BJT arrays.

The amplifier is really no more complex
than the standard three-op-amp instru
mentation amplifier of Fig.1 and is ideally
suited to integration. Recent developments
have involved design and fabrication of an
integrated-circuit version of the amplifier,
which will improve both the CMRR low-
frequency figure and the CMRR bandwidth,
as OA, and OA, will be better matched than
the two separate op-amps used in our tests.
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Single-chip
digital panel meters

The profusion of instruments on the market can make
decision difficult. Mr Wyre of Lascar Electronics discusses the

ore and more original-equipment
manufacturers are fitting digital

panel meters (DPMs) to their pro-
ducts in preference to the older moving-
needle, or analogue, instruments. The
reasons are many and are concerned with
accuracy, freedom fromscale reading errors,
case of scaling, simple calibration. auto-
zevoing and low cost.

In many DPM applications, little or no
signal conditioning is needed. in contrast
with those using analogue types, which
often need amplifiers to match impedances.
Any cost advantage in using analogue meters
is quickly eroded in these circumstances.

There are other, less technical reasons for
their adoption. The design of test equipment
does not stop with the circuit diagram:
ergonomics, physical appearance and the
overall product “image™ must also be consi-
dered by the designer and by those who
market the equipment.

The technigues of A-to-) conversion and
digital frequency conversion have been well
known for many vears, but the construction
of digital meters using discrete components

differences.

SIMON WYRE

and small-scale ICs was not financially feasi-
ble. The appearance of large-scale 1Cs
changed the picture.

In the ten vears since the first single-chip
meter/display drives emerged. they have
revolutionized the design of panel instru-
ments and made possible new designs that
were not possible with earlier components.
Most of them need only a few passive
components and a display to provide an
accurate, reliable and low-cost instrument.

By the term “single-chip™ 1 mean an
integrated circuit which can accept an ana-
logue or frequency input and convert it to
drive a digital display directly. I have ex-
cluded microcontrollers with A-to-D inputs
and LCD drive. since they need to be pro-
grammed and 1 do not regard them as
“off-the-shelf™ components.

Panel meter ICs can be categorized by
their type of display and by the number of
digits in the display. The somewhat bizarre
expression “4'%4 digit display” refers to the

types will read 3999. In the list of currently
available equipment, have not entered into

Fig.1. A basic ICL7106 meter application circuit.
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details of specification, since makers’ data
sheets provide full information.

A-to-D) CONVERSION

Conversion in panel instruments is almost
exclusively performed by means of the dual-
slope technique, which possesses a number
of advantages over other methods.
eitisaccurate

@ external passive devices are not critical

e most ICs have bipolar inputs, accepting
negative or positive inputs

e resolution can be up to 15 bits plus sign
(1999%)

e measuring and reference inputs are dif-
ferential

@ noise immunity is high

@ auto-zero operation

erejection of supply-borne disturbances is
good

o common-mode rejection is high

The most popular meter {Cs were intro-
duced by Intersil following a development
for Fluke. who needed low-cost, reliable
multimeters for which the best solution was
a custom-designed chip for A-to-1) conver-
sion and display drive: a spin-off from this
work was the 71XX series of DPM {Cs. In its
hasic form. a 3! digit chip. itis still the most
popular; other makers have second-sourced
many of the original Intersil chips and have
gone on to make their own. The table lists
the available DPM chips and their manufac-
turers.

One other method of A-to-1) conversion is
charge balancing, used in the Ferranti
ZN451E. This device operates as low as
1.999mV full scale. In this design. the input
is applied to a voltage-controlled oscillator
whose output frequency is measured by a
digital frequency meter.

The choice of devices is so extensive as to
he bewildering and the small print in IC
specifications will repay study. Figures
quoted mostly relate to the analogue inputs
and. s.nce the inputs encounter linear (op-
amp) circuitry, it is not surprising that they
bear a close resemblance to op-amp speci-
fications. The most important thing to re-
member is the limitation imposed on the
common-mode range of the inputs: 1 have
seen very embarrassing attempts to measure
the output current of high-voltage supplies
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by placing the shunt in the positive rail.
when the meter is referred to OV!

GLOSSARY

One or two of the terms used in manufactur-
ers’data sheets might need explanation.

Auto zero. During the conversion cycle. the
chip disconnects the inputs and applies a
short circuit to the converter input. Any
offset reading is stored in a capacitor or in
the output counter and added or subtracted
from the reading lo give true zero. The
ZN451 can drive external switches to include
any conditioning circuit in the auto zero
action.

Common-mode range. Most meter |Cs must
keep their analogue inputs between the
supply rails to give stable and linear results.
The CMR specifies how close the inputs may
approach the rails,

Differential input. Measuring and reference
inputs are normally taken to two pins, the
difference between them being the voltage to
be measured. The meler will operate cor-
rectly provided that the voltages on the
inputs are within the common-mode range
of the meter. This facility is particularly
usetul for measurements on bridge circuits.

Ratiometric operation. A typical application
is the comparison of a voltage against a
known reference, which may itself be a
variable. [f the same current passes through
known and unknown resistors, the meter
will measure the voltage drop across each
and give a direct reading of the ratio of their
values.

Ratiometric operation. A typical application
1s the comparison of a voltage against a
known reference. which may itself be a
variable. I the same current passes through
known and unknown resistors. the meter
will measure the voltage drop across each
and give a direct reading of the ratio of their
values.

Single-ended operation. Most meters will
only operate within their specified CMR, but
for many applications the input must be
referred to power supplv ground. One
method of overcoming the problem is to use
+5V supplies and another is to use a
negative-rail generator such as in the ICL.
7660. MAX138 and MAXI139 devices have
this facility built in.

A-TO-D CONVERTER TYPES

ICL7106. All types in this group are pin-
compatible and need only slight changes in
the values of passive components. The 7136
can be recommended for new designs; it uses
less power, offers fast recovery from over-
range and employs higher-impedance pas-
sive components, which are therefore smal-
ler. Figure 1 shows the core of a typical
application.

The MAX 138 is almost pin-compatible
with the 7106 but, with two extra capacitors.
will operate from a single 5V supplv with the
instrument connected to OV.

ICL7116. This is virtually pin-compatible
with the 7106. but has a DISPLAY HOLD
input to maintain the reading indefinitely
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Table 1. A/D converter ICs

TYPE VARIANT

ICL7106 ICL7106
ICL7106
TSC7106

TSC7106A
MAX130

ICL7126
ICL7126
T1SC7126
TSC7126A

ICL7136

ICL7136
TSC7136
TSC7136A

MAX131
MAX138
ICL7116 ICL7116
ICL7116

TSC7116
TSC7116A

MAX136

T7SC810

Tscsll
ICL7107 ICL7107
ICL7107
TSC7107
TSC7107A

ICL7137

ICL7137

MAX139
ICL7117 ICL7117
ICL7117
TsC7117
TSC7117A

ZN450
IN4S1E

IN450
IN451E

ICL7129 iCL7129

TSC7129
ICL7129A
MAX7129
TSC829

AUTORANGERS
TSC805 TSCB805

TSC815
TsC816

ICL7139 ICL7139

ICL7149

BARGRAPH CHIPS
TSC826 TSC826

ICL7182 ICL7182

TSC827 TSC827

MAKER  DISPL RANGE SUPPLY SPECIAL FEATURES
{Excluding
LED drive
current)
INTERSIL LCD 3% 9V ImA The original LCD meter chip
MAXIM
TDYNE
TDYNE ICL7106 with low drift internal reference.
Tempco. 50ppm/degC max.
MAXIM 9V 250uA  As 7106 but with lower power and precision
bandgap reference
INTERSIL 9V 100,.A Low power version of ICL7106
MAXIM
TDYNE
TOYNE ICL7126 with low drift internal reference.
Tempco. 70ppm/degC max.
INTERSIL 9V 100pA  As ICL7126 but with fast recovery from
overrange inputs. Replaces the 7126
MAXIM
TDYNE
TDYNE As 7136 but with low drift internal reference.
Tempco. 75ppm/degC max.
MAXIM As 7136 but with precison bandgap reference.
MAXIM 5V 200uA  Like ICL7136 but with on-board-ve rail generator
for ‘single ended’ operation.
INTERSIL LCD 3% 9V ImA ICL7106 but with digital hold in place of Ref LO
input
MAXIM
TDYNE
TDYNE ICL7116 with low drift internal reference.
Tempco. 50ppm/degC max.
MAXIM 9V 100pA  ICL7136 but with digital hold in place of REF LO
input
TDYNE Low drift reference 75ppm/degC max.
TDYNE Similar to TSC810 but with differential reference
and digital hold.
INTERSIL LED 3V: The original LED meter IC with 8mA direct
segment drives
MAXIM
TDYNE
TDYNE ICL7107 with low driftinternal reference.
Tempco. SOppm/degC max.
INTERSIL +5V 100A Low power version of the 7107
MAXIM ~5V 50uA
MAXIM 5V200u4A  Like ICL7137 but with on-board-ve rail generator
for ‘single ended’ operation _
INTERSIL LED 3% +5V1ImA  ICL7107 but with digital hold in place of REF
LO input
MAXIM -5V 1mA
TDYNE
TDYNE ICL7117 with low drift internal reference. Tempco
50ppm/degC max.
FERRANTI LCD 3% 5V45mA  Full scale 1.9mV. Display hold. offset null inputs.
FERRANT! 3% 5V45mA  Full scale can be as low as 1.9mV. External auto
zero loop. overrange/underrange outputs. digital
auto zero.
INTERSIL LCD 4V 9V ImA 4'%4 digit resolution, overrange and underrange
(t3 Triplex) o/ps, digital selection of 200mV or 2V full scale.
digital hold, low bat indicator, continuity
indicator 110dB CMRR. digital auto-zero
operation needs no auto-zero capacitor.
TDYNE 9V 05mA  AsICL7129 but with lower power and no need for
integrator snubber.
MAXIM 9V ImA Very low noise inputs (3uV typ.). No need for
integrator snubber.
MAXIM Low noise (7uV typ)). Very low input leakage
current (1-3pA typ ).
TOYNE Similar to TSC7129 but with each digital signal
brought out separately. Also a continuity buzzer
output and P interface. Available only in a 60
pin flat pack.
LCO 3% 9V ImA Autoranging with 22 operating ranges. continuity
(¥a Triplex) buzzer drive. low drift ref, range/function
annunciators. Available in 60 pin surface-mount
only.
TDYNE Very similar to TSC805 but with digital hold.
TDYNE Very similar to TSC805 but with digital hold and
24 operating ranges.
INTERSIL LCD 3% 9V 1.5mA  Autoranging with 13 operating ranges. continuity
(¥2 Duplex) buzzer drive. display annunciator. display hold.
Available in 40 pin DIL.

ICL7149 As ICL7139 but with 18 ranges.

TOYNE LCD 40BAR 9V125uA Bar or dot display. overrange and polarity
indication, hold input. precision reference,
20mV to 2V full scale. Avallable in flat pack only.

INTERSIL LCD 101BAR 5V 350uA Single ended operation, overrange and polarity
indicators, precision reference. internal

(% Duplex) oscillator, user selectable annunciators.
Available in 40 DIL or flat pack.
TDYNE LCD 101BAR9V14mA  Two set points with annunciators and outputs,
(¥ Triplex) overrange and underrange annunciators and

outputs, 1000 resolution serial data output PLCC
pack.
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when connected to the positive line; the
meter free-runs if this input is disconnected
or taken to the TEST pin. The MAX136 does
not have an internal pull-down to TEST
(which doubles as digital ground in L.CD
meters) and needs an external resistor.

TSC811. Since only 40 pins are available.
the 7166 type has REF L.O connected to COM
to free a pin for the HOLD input. The
TSC811 keeps the differential reference but
loses one of the oscillator pins: it therefore
needs a crystal to set the clock timing.

1CL7107. This is nearly pin-compatible with
the 7106, but has a digital ground instead of
the LCD backplane signal. 7107s drive
common-anode. seven-segment LEDs
directly. each driver having a constant-
current output of 8mA. Power dissipation is
high and temperature has a tendency to
increase. affecting the internal reference. so
that it might be necessary to use an external
reference. Types with low-drift internal re-
ferences present less of a problem. The 7137
is only fortuitously a low-power version: the
means whereby this is obtained also provides
fast over-range recovery and low noise.

MAX139 s intended for single 5V operation.

ICL7117. As 7107. but with the HOLD
feature.

ZN450. This uses the charge-balancing
method of conversion and operates down to
less than 2mV full scale. Provision of an
offset null allows tare removal in weighing
equipment. Connection to the LCD is simi-
lar to that of the 71XX chips.

ZN451. Similar to the 450. but with the
addition of outputs to include external cir-

Fig.6.1C17216 frequency meter.

1CL7182
1- Tg Segy Ann:?;ri’ﬂfors
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Ay Sign 100 ——
= Bt Segs =—
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> s
I—— Vds
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Todisplay | =] *
backplanes | = 1
— v
L 2 py BP, )

Fig.5.1CL 7182 with bargraph indicator.

cuitry in the auto-zero process. Figure 2
shows the circuit.

1CL7129 (Fig.3). Asa 4"~ digit instrument,
this uses two successive integrations (o
achieve a 5% digit internal conversion.
which is used to give the final result. The use
of a triplex display frees many pins for hold.
over-range and other uses. There are two
logic-selected ranges.

TSC829. The pin saving referred to in the
7129 needs careful use, since some pins have

a dual function. The TSC829 avoids the
problem by means of a 60 pin package, which
also provides outputs for a processor inter-
face and a continuity buzzer.

AUTORANGING CIRCUITS

The prmc:ple of autoranging is to connec( a
series of mos switches to a set of precision
external resistors. the set in use being
selected by the function input. As an out-of-
range condition occurs, the range is
changed by the attenuator/shunt selected.

v, v Display Display
- 10k T blank test
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Input A Typ. ™" ES?’(?;IS l l ] enable
/ /7
11 2M IN9ILx3
2 10MHz
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Tabte 2. Frequency meter ICs

FRE JUENCY METER CHIPS DISPL. SIZE

SUPPLY

(Excluding
LED drive
current

ICL7216 ICL7216A INTERSIL LED 8 Digit

ICL7216B INTERSIL
ICL7216C  INTERSIL
ICK7216D INTERSIL
ICL7226 ICL7226A INTERSIL LED 8Digit
ICL7226B INTERSIL

The devices also need display outputs to
drive decimal points and function indica-
tors. This technique entails the use of very
stable resistors in very odd values. Figure 4
shows a typical application circuit

BARGRAPH CIRCUITS

In most respects. these resemble ordinary
3V or 4% digit ICs with their outputs in the
form of abar or moving dot

TSC826 will drive a 40 segment bar with
polarity and over-range indication.

ICL7182. This uses a multiple backplane
duplex drive to give 101 segments with
polarity, over-range and three use:
selectable segment inputs. Figure 5 shows
thearrangement.

TSC827. In a 60 pin flat pack. this has a
triplexed 101 unipolar display but with two
programmable set-points (with indicators)
and a serial data output

FREQUENCY METERS

There are-fewer of these A-to-D types avail-
able. since not only is there less demand, but
also most of the counter/driver ICs can be

5V2mA

5v2mA Common anode. Counts frequency, time,

frequency rat o, unit and period.

As 7216A but common cathode,

Common anode. Frequency counter orly.

As 7216C but common cathode.

Common anode. Counts freq.. time, frex. ratio, unit
and period. B2D outputs.

As ICL7226A but for common cathode.

fitted with gating circuits to convert them to
frequency meters.

ICL7216/7226 are similar in operation,
both accepting two inputs for frequency,
frequency ratio, period. elapsed time and
count. The 7226 is in a larger package and
has BCD outputs. The 7216 is shown in
Fig.6.

Further information

The Intersil Component Data Catalog. GE/RCA
Solid State International Ltd. Beech House. 373
London Road. Camberley. Surrey GU15 3HR.
Telephone 0276 685911

Ferranti Semiconductors ZN450/451] data sheets
Ferranti Electonics Ltd. Gem Mill. Fields New
Road. Chadderton. Oldham, Manchester OL9
8NP. Telephone 061 624 0515

Maxim Data Converters and Voltage References.
Maxim Integrated Products UK Ltd. 2 Whitchurch
Road. Pangbourne, Reading. Berks RG8 7BP.
Telephone 07357 5255

Teledyne Data Acquisition IC | landbook. Teledyne
Semiconductor, The Harlequin Centre. Southall
Lane. Southall. Middlesex. Telephone 01-571
9596

Digital Panel Meter Handbook. Lascar Electronics
Ltd. Module House. Whiteparish. Salisbury. Wilt-
shire. Telephone 07948 567

DFMs from Lascar Electronics. Top to bottom: DPM 400; DPM 500; and DPM 2000.

Alluse the ICL 7136 fast-recovery chip
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NEXT
MONTH

Getting into asic. Custom chips were once the
preserve of Hewlett-Packard, IBM and other
industry heavies. Designer chips can now find
a place in your product - or your competitors’
- for under £1000 with samples thrown in.
These are true custom metallised gate array
products, not just a programmable standard
logic array. Our in-depth look at asic concen-
trates on custom chips for small companies.
We consider both programmable logic and
true gate array processes.

Inside S-VHS. Dr Johnson once said “A
woman preaching is like a dog walking on its
hind legs. it is not done well but you are
surprised to find that it is done at all”. The
good doctor would surely have been equally
damning in his praise of the old VHS standard.
S-VHS represents a genuine improvement in
the picture quality of domestic video, possibly
the first in ten years.

Running realtime /O with the Z80 and Z280
processors. Concurrent subroutines form the
basis of a real improvement in the efficiency of
realtime task execution. This article is a must
for programmers with an intellectual invest-
ment in Z80 code.

Integrated high vacuum valve circuits. Valve
technology has been brought up to date and
seems set to make a comeback. You probably
wouldn't recognise it: no glowing cathodes,
glass envelopes or lethal voltages. Look for
multiple cold cathode valves integrated onto a
micro chip structure, CRTs without heaters
and a new generation of flat panel display
technology. The new valves also promise
microchip performance in the most hostile
environments.
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COOKE INTERNATIONAL SERVICES
TEST EQUIPMENT

GOOD USED EQUIPMENT ALWAYS
AVAILABLE & WANTED

ANALYSERS, SCOPES, SIG GENS, BRIDGES, POWER METERS,
DC - MICROWAVE EQUIPMENT

P% o)

FIECIRONIC N0S) &
VAN REVIENT INSTREMI NS

Sample of current stock:
Airmec 304 HF Oscillators 50KHz-100MHz 10+ v output (1) £200
Bird Model 4310 Thru-line wattmeter + 2 inserts 400-1000MHz £325
Bryans Model BS272 — 2 channel — 2 pen chart recorder (1) £285
Dana Model 4600 5 digit auto DMM (2) £65
Dana Model 8110, Auto time & frequency 8 digit counter, 0-20MHz £250
Fluke 871A Differential voltmeter (1) £170
HP 214A Pulse generator high power 100 volt/50 ohms (1) £185
HP 431B RF Power meter with lead + mount (6) £250
HP 606A HF Signal generator 50KHz-65MHz 3v output (1) £95
HP 608D VHF Signal generator 10-420MHz with mod. (1) £150
HP 1740A 100MHz General purpose oscilloscope with delay (1) £750
HP 3300A Function generator 0.01-100KHz all modes (1) £150
HP 3406A Broad band RF sampling voltmeter >1GHz (1) £265
Marconi TF 1313A universal LCR bridge (1) £250
Northern Scientific NS-710 pulse height analyser ECON11 £1,250
Philips PM3370 DC-60MHz dual trace scope with delay (1) £175
Philips PM8235 Multipoint recorder up to 12 channels (2) £375
Rohde & Schwarz SMA1 UHF Signal gen 500-1800MHz (1) £2,500
Rohde & Schwarz SMB1 SHF Signal gen 1.7-5.0GHz (1) £2,000
Rohde & Schwarz SMC1 SHF Signal gen 4.8-12.5GHz (1) £3,000
Tektronix 8002 development system inc: Z80, and 8085 IC emulators with
4024 video terminal, manuals, software and spare discs £2,000
Tektronix 611 storage display (1) £200
Tektronix 465 DC-100MHz dual trace with delay (3) £750
Wayne Kerr B642 Universal autobalance bridge (1) £245

Wide range of items available send for lists.
Competitive prices * Bargains to callers * Bulk & Trade Terms.

Hours of Business: Mon-Fri 9.30-5.00.

Cooke International

Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex PO22 OEB.
Telephone: 0243 545111/2 Fax: 0243 542457

ENTER 55 ON REPLY CARD
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With 40 years’ experience in the design and manufacture of
several hundred thousand transtormers we can supply:

AUDIO FREQUENCY TRANSFORMERS OF
EVERY TYPE
YOUNAMEIT!  WE MAKEIT!

OUR RANGE INCLUDES:

Microphone transformers (all types). Microphone Splitter/Combiner transfor-
mers. Input and Ou-put transformers. Direct Injection transformers for Guitars.
Multi-Secondary oufput transformers. Bridging transformers. Line transformers.
Line transformers to B.T. Isolating Test Specification. Tapped impedance match-
ing transformers. Gramophone Pickup transformers. Audio Mixing Desk transfor-
mers (all types). Miniature transformers. Microminiature transformers for PCB
mounting. Experimental transformers. Ultra low frequency transformers. Ultra
linear and other transformers for Valve Amplifiers up to 500 watts. Inductive Loop
transformers. Smoothing Chokes. Filter, Inductors, Amplifiers to 100 volt line
transformers (from & few watts up to 1,000 watts), 100 volt line transformers to
speakers. Speaker matching transformers (all powers), Column Loud-speaker
transformers up to 3C0 watts or more.

We can design for RECORDING QUALITY, STUDIO QUALITY, HI-FI
QUALITY OR P.A. QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND
WE SUPPLY LARGE OR SMALL QUANTITIES AND EVEN SINGLE
TRANSFORMERS. Many standard types are in stock and normal dispatch
times are short and sensible

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING
AUTHORITIES, MIX NG DESK MANUFACTURERS, RECORDING STUDIOS,
HI-FI ENTHUSIASTS, BAND GROUPS AND PUBLIC ADDRESS FIRMS.
Export is a speciality and we have overseas clients in the COMMONWEALTH,
EEC, USA, MIDDLE =ZAST, etc.

Send for our questionnaire which, when completed, enables us to post
quotations by return

SOWTER TRANSFORMERS

Manufacturers and Designers
E. A. SOWTER LTD. (Established 1941). Reg. No. England 303990

The Boat Yard, Cullingham Road, Ipswich IP1 2EG.
Suffolk. PO Box 36, Ipswich IP1 2EL, England.

Phone: 0473 52794 & 0473 219390 -
Telex: 987703G

ENTER 51 ON REPLY CARD

From simple minimum chip solutions
through to complex turnkey
multiprocessor systems, Cavendish
Automation has the hardware and tools to
allow you or us to design rapid and
professional implementations.

Off-the-shelf hardware includes numerous
DACs, ADCs, bus-drivers and decoders.
and many other forms of analogue and
digital I/0 cards, together with power
supplies. backplanes, card cages and
equipment cases.

Software development couldn't be easier Our 7034
card’s text editor enables software development for the
8051/2 in either assembler or MCS-52 BASIC.
Programs are simply blown into EPROM or EEPROM
on the card itself. When writing in assembler, both
source and/or assembled code may be saved in this
way

>

For further information contact

Cavendish Automation

Cavendish Automation Limited
QOak Park, Bartord Road.

St Neots, Huntingdon, Cambs PE19 2SJ
Telephone 0480-219457

FAX 0480-215300 TELEX 32681 CAVCOMG

ENTER 38 ON REPLY CARD
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ACTIVE

ASIC |

Linear array. The flexible Linear Array
(FLEXAR) from EXAR offers the tast
turnround and flexibiity of semicustom and
the low unit cost of full custom The senes
alsoincludes thin-film resistors and Schottky
diodes and operates at anf, of IGHz
Microlog Ltd 04862 29551

A-to-D and D-to-A converters

8-bit A-to-D converters. Monolithic c-mos
A-t0-D converters feature a 6 microsecond
conversion rate — including sample-and-hold
acquisition - to allow digitization of a OV-5V
sine wave at 40kHz with better than 45dB s n
ratio Ambar Cascom Ltd 0926 434141

12 bitA-to-D converter. Comlinear CLC925
1sa 12 bit converter with a conversion rate of
over |0 millionsamples/s Ithas a
differential ineanty of 0 5LSB and in-band
harmonic distortion of -70dBc at 5SMHz and

72dBc at 2MHZ Angha Microwaves Ltd
0277 630000

Development and
evaluation

V25 development and evaluation. This
V25 D and £ system allows applications tobe
developed on the NEC V25 processor using a
PC.together with the Hexatron “"Appcom
environment Hexatron Ltd 0462 675530

General microprocessors

32bitprocessor board. The CC118 works
n hostile conditions and 1s a 32 bit 68020
processor, with an optional 32 bit 68881
floating-point co-processor. both working at
16MHz The internal bus s 32 bits wide and
attaches to up to 4 Mbyte of on board eprom
for apphication software and | Mbyte of zero
wait state ram for data Compcontrol Ltd
040124955

Interfaces

12 bit data acquisiton, Acomplete 1 2 bit
system, the DAS862 or 863, 1s packaged in a
linsquare leadless chip carrier or 1 1in pin
gnd array It comprises an input muitiplexer
and instrumentation amplifier with

se ectable gain, asample-and-hold amghifier
and an A-to-D converter with a
microprocessor interface and tri-state
butters Microelectronics Technology Ltd
084468781

The XR-51 115 a high speed. low noise head
interface IC for hard-disc drives and the
XR-541 adisc-drive pulse detector IC for use
with RLL and MFM coding schemes XR-511
performs both read and wnte and 1s
compatible with 3 25 to 14in multi-platter
drives. XR-541 1s for application in
Winchester disc drives and removable
cartndge drives Microlog Ltd 04862 29551

Microwave devices

Comb generator. The FEI ASG series step
recovery ciode coaxial comb generator
provides a spectrum of pulses from0 1 to
18GHz of 120ps widthat arep rate equal to
that of the drive signal. Angha Microwaves
Ltd 0277 630000

Crystal oscillator

Ovened oscillator. Perhaps the smallest
oven-controlled crystal oscillators yet
developed, Oscilloquartz 8760 VC-O0XCO
devices are about a quarter of the size of
traditional types. Phase noise spectral
density at 10Hz and 100Hz 1s -70dBc and

105dBc respectively. Frequency range is
10MHz to 24MHz Stability from -30deg C to
7Cdeg Cis 1 partin 10" Chronos Technology
Ltd 0494716146

ECL clock oscillators. The Vectron CO-450
hybrid dip ECL clock oscillators cover the
range SMHz to 400MHz They provide
complementary 10k ECL compatible
outputs with a supply voltage of -4 S5VDC or

5 2VDC Standard stability from 0t> 70 deg
€15 25 p p m, with a higher-stability option
Lyons Instruments Ltd 0992 467161

Surface-mount crystals. The Mtron
SX2550P senes combine advanced strip AT-
cut technology with high-temperatu-e epoxy
pockaging The senes covers
microprocessor frequencies between 4MHz
and 24MHz with a frequency tolerarce of 50
pom at 25deg Candastability of 100

p p m maximum Quartet Technology Ltd
01-449 2700

| HzTechnology Inc GFS203 temperature-

compensated crystal oscillator 15
18 5mmby 12 5mm it 1s available inthe
range 5-20MHz to a tolerance of 3ppm over
30to +60degC Stability with voltage
vanationis 0 S5ppm max for a supplv change
ggO§5V Total Frequency Control Ltd 09066
1

Programmable logic arrays

High-density 24-pin pals. PALCE29M | 6H
and MA16H tigh-speed electrically 2rasable
¢-mos pal devices for glue and general-
purpose logic replacement in TTL and ¢-mos
systems Advanced Micro Devices (UK) Ltd
0486222121

Reprogrammable c-mos. The Cypress
Semiconductor PAL C 22V10, whichiuses
second generation ¢ mos PAL architecture,
incorporates a programmable macro cell
and draws 55mA in the low-power L version
The device has 22 inputs and 10 ou*puts,
each of which s individually specified Pronto
Electronic Systems Ltd 01-554 6222

Power semiconductors

High-voltage. high-speed bridge driver.
Bnidge driver IR21101s a monolithic power
IC designed as a high-voltage, tugh-<peed
dual driver to drive the gates of a pair of
n-channel power mosfets or insulated-gate
brpolar transistors Hitek Electronics Ltd

HEXFETS for automotive electronics. The
IRL famity of HEXFET power mosfets
reduces the cost and complexity of

e ectronics ncars All devices in the family
are driven directly fromlogic and ptovide an
a'ternative to smart-power ICs International
Rectifier Ltd

Power mosfets. With alow supply current of
2 5mA and 4 ohm output impedance, the
Maxim dual power mosfet drivers, MAX
626/627 628 turn large power mosfets on
and oft quickly They operate from 4.5V to
18V and are compatible with TTL and c-mos
nput signal levels Outputs drive In= with nise
and fall times of 20ns Thame Components
Ltd 0844214561

Standard logic circuits

Analogue switches. Three analogue
switches, DG421 423 and 425, witn on-
board data latches, are silicon-gate devices
with on-resistances of 40 ohms and leakage
currents of 0 25nA maximum Sihicanix Ltd
0635 30905

Task oriented processors

STDbus dual-axis indexer. STD 22
intelligent dual axis indexer aflows users of
STD computers to implement low--ost
motion control for microstepping drives It
supports drives motor resolutions of up to
50000 steps/rev and employs ASEll
commands, allowing the use of ugn-level
languages such as Basic Parker-D giplan Ltd
0202690911

Colour lookup table.IMS G178 from Inmos
integrates the function of a colour 1ookup
table, RGB D-to-A converters,
Ticroprocessor interface and display dnver
The D-toAs can be switched for either six or
eight-bit resolution and pixel rates of up to
B30MHz are supported Rapid Silicon 0494
442266

April 1989 ELECTRONICS & WIRELESS WORLD

N\

|
|

PASSIVE EQUIPMENT

posed by large Eurocard DIN connector
buses They are AMP s HDI press-fit PCB
connectors and offer up to 564 connections
on a standard triple-height Eurocard Dage

( GB) Ltd 0296 393200

Passive components

EMI filters. The ST range of miniature EMI
filters 1s designed primarily for pc wer supply
application They provide high at-enuatior.
over the range 10-100MHz and are available
n capacitance values of 270pF to 22 000pF
The filters are rated at 16, 25 or 5CV and 7A
maximum ECC Electromics (UK) Ltd 062&
810727

Circuit protection

Resettable over-current protection. The
MultiFuse range of devices 1s a series of
positive temperature coefficient sohd-state
components which behave as fuses under
over-current conditions but which returnto a
low-resistance state when cooled below a
trip point They will also trip under over
temperature conditions Bourns Electronics
Ltd 0276 692392

The XR-1543/2543 3543 supervisory
circuits contain the functions needed to
monitor and control the output of a power
supply. including over-and under-voltage
sensing and current imiting, with provision
for external crowbar triggenng The internal
reference 1s accurate within 1% Microlog Ltd

High-voltage resistors. These high-voitage
tugh-value resistors have operating voltages
from 1 to 40kV andresistances from lkilohm
to 1000megohm, with tolerances of 0 5% to
10%. The thich-film process confers low
inductance and the voltage coeficient of the
top two models 1s 0.2 p.p m /V Menwvier |
Hybrids Ltd 029556363

Crystals. As replacements for standard M-
tron crystals over the 3.579545 to 20MHz
band, M-tron ATS-49 senes crystals after a
maximum frequency tolerance cf 50ppm at
25 deg C and a stability of 50ppm Quarte:
Technology Ltd 01-449 2700

Snap-in electrolytics. The Philps Type

054/055 series of “snap-in” capacitors offers 04862 29551
acapacitance range of 47to 33900
mucrofarads, mith atolerance of 20%, in - o -
ratings of 10V to 385V RR Electionics Lto .
| 0234270272 Displays

Digital indicator/controllers. Models
D450 350and 351 display the signals from
analogue measuring instruments in several
units, for example those of pressure load,
displacement or torque Control Transducers
0234217704

Multi-capacitor arrays. The SiP series cf
epoxy-coated ceramic capacitors 1s

| available in NPO, X7R and Z5U dielectrics
with tolerances of 5%, 10% or 20%
Capacitance range 1s 10pF to 22C000pF
Vitramon Ltd 06285 24933

Information display modules. These 16 by
16 dot-matrix displays run at video speeds
(20MHz) and are available in mono and
tricolour ted combinations They are made in
3.5and 8mm dot sizes Panasonic Industnal
(UK)Ltd 0753824851

High-density backplanes. Dage has
developed custom backplanes which
overcome size and mating-force problems
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Instrumentation

Power meter. Boonton's Model 4220 low-
cost power meter occupies 3 5in half-rack
space and can be used over the range
100kHz to 1 10MHz It accepts
interchangeable power sensors of coaxial or
waveguide, diode or thermocouple types, for
50 or 75 chmoperation Sensors cover the
range - 70dB to 30 dBm Aspen Electronics
Ltd01-8681311

Real-time clock. Real-time clock umit 10374
1s 3 self-contained unit accurately to
retrigger up to 16 programmable pulsed
outputs at set times up to 64 times during a
week Eeprom storage for event time
settings ensures data security during loss of
power Cescom Electronics Ltd01-534 7613

When used with an IBM PC or compatible.
this logic analyser presents information
and user prompts simply It has 24 input data
channels, can operate at sample rates of up
to 100MHz and has an acquisition memory
of 8K Componedex Ltd 0908 322177

Digital chartrecorder.The PL16recorder
converts almost any printer into a multi-
channel recorder - monitoring up to 16
channels of analogue data The choice of
charactenstics includes number of channels,
sensitivity of each, plot type, speed and
printer type. all set up using keypad. LCD and
internal menu Eidawn Biosensors Ltd 0792
295573

Analogue/digital oscilloscope. The ITT
OX7508 oscilloscope 1s a dual-trace
instrument with digital storage capabihity
Any event from 100 to 200 microseconds
per dwision can be captured and displayed
The preceding instant’s trace is retained to
allow the onigin of the event to be seen
Analogue bandwidth 1s 20 MHz. Feedback
Instruments Ltd 0892 653322

PC-instrument counter/timer. This muiti-
channelinstrument is intended for the
automatic evaluation of power supplies and
1s an add-on board for Interpro’s Micro-
Senes ATE system Applications include
adjustment of switching oscillator. checking
power-up time or momitoring recovery times
Interpro Systems Ltd 0425471421

Logic analyser. This PC-based instrument,
the Pc/La. 1sa 32-channel, 100MHz analyser
with 32 data channels and 4K samples of
buffer per channel Itisona full-size PC
expansion card with a test prod and clips
Multi-way branch and loop triggering 1s
provided MA Instruments Ltd 0822 853585

Time interval analyser. The TIA 3100 from
Kode measures bit shift, margin and error
rate with 100ps resolution Maximum
sampling rate is better than IMHz and the
instrument will detect faults in tape and disc
drives, whether Winchester. floppy or optical
Time interval measurement range 1s from
5ns to 440ms. Steatite Insulations Ltd 021
634 6888

Signal-processing analyser. The Tektronix
3052 digital spectrum analyser has a 2MHz
real-time signal-processing capability The
system includes a high-resolution colour
monitor with disc drives and s operated
from a detachable front-panel/keyboard
Thirteen frequency display spans cover 1
kHz to 10MHz or, with downcounters, up to
milimetrc frequencies. Narrowest
resolutions 1 25Hz inthe 1kHz span
Tektronix (UK) Ltd 06284 6000

V/I/R calibrator. This portable calibrator
provides voltages from 10nV to 100V.
current from 100nA to 100mA and
resistance from 10 millichms to 10 kilohms
at accuracies within 0.005% Resolutionis 1
p p m and controlis digital. enabling output
to be adjusted in steps of 0 999% Time
Electronics Ltd 0732 355993

Power supplies

Triple-output DC-DC converters. Known
as UW Triples, Models 48T5 1 2UW and

48T5 15UW accept any DC input between 18
and 72VDC and provide three DC outputs. a
single SV rail at 800mA: a positive/negative
supply at 185mA; or positive/negative 15V at
150mA Calex Electronics Ltd 0525373178

Voltage regulator for micros. SGS-
Thomson's TEA7105 1s a voltage regulator
suited to microprocessor-based digital
systems Reset, watchdog. store and on/off
functions are included, enabling the activity
of adedicated microprocessor to be
controlled Impulse Electronics Ltd 0883
46433

DC-DC converters. Single and dual-output
mostet converters with an output power of
20-150W. the KIP series use switching
techniques at a frequency of 1 MHz
Etficiency 1s about 84% Kingslo Ltd 0635
32585

DC power supplies. The Condor medical
DC power supply range now comprises 18
single-output. 6 dual-output and 2 triple-
output models, providing power to SOW and
voltages from 2 to 28V. The units are of the
linear open-frame type and meet the VDE
0871 level B RFI standard Gresham
Powerdyne 0722 413080

Radio communications
products

Miniature VCO. The MQC500 series of
voltage-controlled oscillators operate froma
supply voltage of 5V, have a current
consumption of 5mA and measure 20.1 by
12 Sby 7 5mm overall They provide a
minimum output of —2dBm. a s n ratio of
45dB and carner-to-roise ratio of 75dB
Murata Electronics (UK) Ltd 0252 522111

Mobile radio. Fleetmaster s a compact.
dash-mounted. FM two-way radio operating
onup to six fixed. crystal-controlled
frequencies in the rarges 66-88MHz and
156:174MHz The RF performance meets
current UK and CEPT specifications Pace
Communications (UKi Ltd 0489788122

Switches and relays

Dil relay. The ITT MT2 15 a dual in-line relay
which, withtwo changeover contacts and a
nominal power consumption of 150mW at
20deg C. hasahighdielectric strengthand
canswitch currentsof upto 1 25A ITT
Multicomponents Ltd 0753 824212

Transducers and sensors

Thermocouple trip amplifier. Internal
hysteresis ensures positive switching and
immunity to noise. whlst cold-junction

compensationisimplemented close to the
input terminals to eliminate the need for
large 1sothermat blocks The devices canbe
wire-Ored to drive acommon load Kiippon
Microsystems Ltd 0732 460066

Hand-held character reader. The Soricon
Pencilwand is designed for selectve data
entry and 1s capable of being passed across
machine printed text for entry to PC XTs. ATs
and compatibles Package includes “wand”
full-size PCB. diskette and manual Bar-code
software is available Micro-Marketing
(Electromcs) Ltd 06285 29222

Pressure transmitter. This1s a device for
power-loop applications, where two-wire
telemetry systems are used Itis available in
pressurerangesfromQOto 100p s atan
accuracy within 1% orupto 10000 p.s1 at
better than 0 25% The BP16E interfaces with
alltypes of 4-to-20mA current-loop
instruments Pioden Controls Ltd 0227
463641/463072

Load transducer. The UFl load transducer
has a sensitivity of 4mV Vwith an accuracy
better than 0 5% and an overload capacity of
2 Skginaliranges The device measures
steady and fluctuating tensile or
compressive forces in the range 25kg to
1000kg with an armature displacement of

0 05mm Pioden Controls Ltd 0227 464641/
463072

COMPUTER

Materials

Ferrite RF chokes and filters. SEI/
Thomson announce a grade of fernte
matenal for use in mains RFl chokes and
filters T8 fernte combines a permeability of
3500 with a saturation flux density of 0.48
Tesla Salford Electrical Instruments Ltd
0706 67501
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Computer board level
products

Faxcards for PCs. New versions of the
C-Fax Plus and C-LANFax add-on faxcards for
IBM PCs and compatibles handle incoming
multi-page fax messages much more quickly
Each page 1s individually converted and
immediately displayed on screen C-Fax Plus
provides full Group 3 facilities to CCITT
standards Communicate Distribution Ltd
01-390 6802

DSP board. A VME digital signal processing
board based on the INMOS IMS A100 DSP1s
available from T-Cubed The VME-T3Ad s the
firstin a range of VME products for low-cost
signal and image processing application
Hawke Systems Ltd 0753 686686

Data communications
products

Transient protection for modem lines.
The MP modem protector from General

Variable Type [Analog input

Semiconductors is designed to guard
modem lines from transients caused by
hghtrung, inductive switching and
electrostatic discharge The units will clamp
transients up to 10kV and 2 SkA per wire In
lessthan 10ns Hunte- Electronic
Components Ltd 062375911

Mass storage devices

200 Mbyte 3.5in disc drive. Swift isa range |
of 3 5indnives which is available in capacities
of up to 200 Mbytes (Lnformatted), with an
average seek time of 15ms The drives can
be used with a industry standard interfaces
suchas SCSI.EDS  ""7706 Rapid
Systems 0494 450244

Software

Labtech Notebook. The Apple Macintosh
version of Labtech Notebook software for
dataacquisition, monitoring, control and
analysis runs on Apple Macintosh |1, SE or
MacPlus computers Data acquisition
interface cards are available from severa!

Interface Device

interface Channel (0..15} I

Buffer §
| Output = @Tus. ¥ graph
e
— Hetp — O Huvs. ¥ graph
O Horizontal bar
| O Vertical bar
—

O Oigitat meter

I._ue Variable 3

PI P2 P3 P4

15

Time 1n Minutes

sources Adept Scientific Systems Ltd 0462
480055

Logging and dispiay. A software package
enables PCs and compatibles to log, store
and graphically display data collected from
the AIP-24 analogue input card It can
sample up to 24 channels at up to 3500
samples per second into a 64Kb ram buffer
Blue Chip Technology 0244 520222

Cadnetix has introduced a series of
enhancements to existing CADM software
for SMT These include alternate shapes.
multiple clearances, fixed via gnd. inner pad
and via removals, automatic stringer
generation and a macro capability Cadnetix
Ltd 0793513400

Low-cost GPIB interface. Asystant GPIB
provides a menu-driven control package to
control GPIB instrumentation Data s
displayed in a number of ways. including bar
charts, graphs and windows Mathematical
facilities include statistics. polynomial and
differential equations and array and matrix
operations Roalan International 0202 86
1512

20 28

ELECTRONICS & WIRELESS WORLD  April 1989



TYPE 9006

TYPE 9002

LOW NOISE GASFET PREAMPLIFERS
Aligned to your specified frequency in the range 30-1000MHz
Masthead or local use.
TYPE 9006. NF 0.6dB. Gain 10-40dB variable.
30-250MHz ... £78+£3 p&p
TYPE 9006FM. As above. Band 11 88- 108MHz £78+£3 p&p
TYPE 9002. Two stage Gasfet preamplifier. NF 0.7dB. Gain 25dB
adjustable. High Q filter. Tuned to your specified channels in bands
IVorVv.. . . .£102+£3 p&p
TYPE 9004 UHF two slage Gasfel preamplmer NF 0.7dB. Gain
25dB adjustable. High Q filter. Aligned to your specified frequency in
the range 250-1000MHz ... £102+£3 p&p
TYPE 9035. Mains power supply for above amplifiers ...£304 £4 p&p
TYPE 9010. Masthead weatherproof unit for above amplifiers
£12+£3 p&p

In the range

WIDEBAND AMPLIFIERS
Monolithic microwave integrated circuits in a fully packaged
microstrip module format. Full-wave shottky diode protected inputs.
Temperature compensated bias circuitry. Voltage reqgulated local or
remote operation.
TYPE 9007. 1-900MHz. NF 2.3dB at 500MHz. Gain 20dB

£150+£3 p&p
TYPE 9008 Gasfet. 100MHz-2GHz. NF 2.5dB at 1GHz. Gain 10dB.
Power output +18dBm, 65mW . . .£150+£3 p&p
TYPE 9009 Gasfet. 10MHz-2GHz. NF 3.8dB at 1GHz. Gain 20dB.
Power output +20dBm, 100mW .£150+£3 p&p

TYPE 9253. 40-860MHz. NF 6dB. Gain 30dB. Voltage output
10dBm R

100mV, 100dBuV £94 +£3 p&p

SIS TYPE 9113

PHASE LOCKED LOOP FREQUENCY CONVERTERS

TYPE 9113 Transmitting. Converts your specified input channels in
the range 20-1000MHz to your specified output channels in the
range 20-1000MHz. 1mV input, 10mW output (+10dBm). AGC
controlled. Gain 60dB adjustable -30dB. Will drive transmitting
ampilifiers directly . ..£356+£6 p&p
TYPE 9114 Receiving. Low nmse Gasfet front-end. NF 0.7d8. Gain
25dB variable. . £356+£6 p&p

-1

TYPE 9176 TYPE 9271

TMOS WIDEBAND LINEAR POWER AMPLIFIERS
TYPE 9246. 1 watt output 100KHz-175MHz 13dB gain

£108+£4 p&p
TYPE 9247. 4 watts output 1-50MHz 13dB gain £108+£4 p&p
TYPE 9051. 4 watts output 20-200MHz 13dB gain ...... £108+£4 p&p
TYPE 9176. 4 watts output 1-50MHz 26dB gain £254+£6 p&p
TYPE 9177. 4 watts output 20-200MHz 26dB gain ...... £254+£6 p&p
TYPE 9173. 20 watts output 1-50MHz 10dB gain ......£308+£20 p&p
TYPE 9174. 20 watts output 20-200MHz 10dB gain £308+£20 p&p
TYPE 9271. 40 watts output 1-50MHz 10dB gain ......£616 +£20 p&p
TYPE 9172. 40 watts output 20-200MHz 10dB gain  £616+£20 p&p
TYPE 9235. Mains power supply unit for any of the above
amplifiers ......... £164+£12 p&p

RF MODULES AND SYSTEMS

PHASE LOCKED SIGNAL SOURCES

Very high stability phase-locked oscillators operating directly on the
signal frequency using a low frequency reference crystal. Phase
noise is typically equal to or better than synthesized signal
generators. Output will drive the Types 9247 and 9051 wideband
linear power amplifiers and the Types 9252 and 9105 tuned power
amplifiers

TYPE 8034. Frequency as specified in the range 20-250MHz. Output

10mW .. £120+£2 p&p
TYPE 8036. Frequency as specified in the range 250-1000MHz
Ouput 10mW. £170+£3 p&p

TYPE 9182. FM 6r FSK modulanon 20-1000MHz Output 10mW
£248+£3 p&p

FM TRANSMITTERS 88-108MHz. 50 watts RF output
TYPE 9086. 24V + DC supply £945+£30 p&p
TYPE 9087. Includes integrat mains power supply

£1,110+£40 p&p
TYPE 9182FM exciter + 75KHz deviation. Qutput 10mwW
£248+£2 p&p

" TYPE 9252 TYPE 9259 |

Complete television
retransmission
systems available,
including connectors.

TYPE 9263

TELEVISION LINEAR POWER AMPLIFIERS

Tuned to your specified channels in bands IV or V. 24V + DC supply.
TYPE 9261. 100mV input, 10mW output. £218+£10 p&p
TYPE 9252. 10mW input, 50CmW output.. £254+£10 p&p
TYPE 9259. 500mW input, 3 watts output £290+£10 p&p
TYPE 9263. 2-3 watts input, 15 watts output. £400+£12 p&p
See below for Television Amptifiers in bands | & II.

ﬁé" o

TYPE 9105 TYPE 9158/9235
TMOS RF LINEAR POWER AMPLIFIERS
Tuned to your specified frequency in the range 20-250MHz, or your
specified channels in bands | or It. 24V +DC supply.
TYPE 9105. 10mW input, 1 watt output. ..£230+£10 p&p

e

[4Y

TYPE 9106 500mW input, 10 watts output. £284+£10 p&p
TYPE 9155. 1 watt input, 30 watts output £327+£12 p&p
TYPE 9158. 5 watts input, 70 watts output .£448+£15 p&p

Please add 15% VAT on total.

RESEARCH COMMUNICATIONS LTD

Unit 1, Aerodrome Industrial Complex, Aerodrome Road, Hawkinge, Folkestone, Kent CT18 7AG.
Tel: 0303 893631. Fax: 0303 893838

ENTER 150N REPLY CARD
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The intriguing
ball-bearing motor

Whether or not one can accept the author’s contention that
it delivers energy produced from nothing, the novel
electric motor he describes certainly deserves to be better

alternaling current passes through the

ball-bearings of an axle, it is set in
rotation. In the few papers where this effect
is discussed, the torque is explained as an
electromagnetic effect. Yet the torque is due
to thermal extension of the balls in their
bearings al the points of contact with the
hearing races.

The arrangement of the simplest ball-
bearing motor is given in Fig.1. where the
inner races rotate. With the same hall
bearings, a bigger torque can be obtained by
rotating the outer races. In such a case the
axle must be made of two electrically insu
lated parts, and the current goes through a
metal cylinder connecting the outer races of
both ball-bearings. Such are the small and
big ball-bearings motors presented in Fig.2.

| have established that the ball-bearing
motor is not an electromagnetic motor but a
thermal engine. Here the expanding subst
ance leading to mechanical motion is steel,
while the expanding substance in all thermal
engines used by humanity is gaseous. There

It is almost unknown that if direct or

known.

STEFAN MARINOV

Low vottage AC
orDC source

‘:-j /J

Fig.l. The ball-bearing motor rotates in
either direction, on AC or DC supplies. Its
mode of operation is thermal, not electro-
magnetic.

is. however, another much more important
difference: the motion in the conventional
thermal engine is along the direction of
expansion of the heated substance, while in
the ball-bearing thermal engine it is at right
angles to the direction of expansion of the
heated substance. Conseguently. in gaseous

thermal engines. the gas cools during the
expansion and the kinetic energy acquired
by the “piston” is equal to the heat lost hy the
expanding gas. This is not the case in the
ball-bearing motor. Here not the whole ball
becomes hot but only that small part of it
which touches the race. at a “point contact
where the ohmic resistance is much higher
than the resistance across the ball. Only this
small “contact part” of the hall dilates; and
the dilatation is very small, only a few
microns. (Of course, | have not measured
the dilatation, 1 only presume that it is a
couple of microns.) Since the balls and the
races are made of very hard steel, a slightly
ellipsoidal ball produces a huge torque when
one of the races rotates with respect to the
other

Usually a push is needed to start the
ball-bearing motor. However, on occasions
it does start spontaneously {(with a greater
probability at greater bores) bhecause the
surface of the races is not ahsolutely smooth.
With absolute smoothness and geometrical
perfection, spontaneous starting is im

The contents of Dr Stefan Marinov’s travel-
weary holdall did little to dispel the sceptic-
ism which greeted the man and his theories
during a visit to our editorial offices. We
politely listened to a rambling discourse on
ball-bearing electric motors which rotated
without magnetism and provided work in
defiance of energy conservation theory. Dr
Marinov unburdened himself as a man pro-
selytising a deeply held yet widely ridiculed
conviction.

The two ball races, one set into each end
of a tube, didn't look to be the starting point
from which new theories are forged. Neither
did the thin PVC-covered wire connecting up
to the blocks at each end of the tube
supporting the ball race inner sections.
“Stefan, how much current do you need to
make the races turn... Would 5A be enough?”

“No, you need a lot more than that™.

“25A7."

“No. Much more.”

“How much more?”

“Have you got a car battery?”

“Only the one fitted in my car.”

“Getit | showyou..”

“Stefan, if you connect up a car battery to
your machine using those wires, the ball
races will present an almost perfect short
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Greatballs of fire

circuit and the wire will vaporise in a puff of
acrid smoke...”

“They get warm, sure. But | show you.
Where is your car?”

“In the multi-storey...”

But Dr Marinov never heard the rest of my
protests. He was already down the corridor
and halfway out of the building. | headed him
off at the revolving doors in the lobby.

“Stefan, the multi-storey is no place to
advance science. Let's see if we can borrow
a battery from the motor transport depart-
ment”

We set off across the road, Marinov clutch-
ing his holdall. | went upstairs to get permis-
sion from the garage manager. When |
returned Dr Marinov was nowhere to be
seen. | went into the garage to enquire of the
duty mechanics the whereabouts of my
Bulgarian friend.

“Have you seen a foreigner with a battery
fixation?”

The huddle of mechanics pointed to a
figure crouched over a stack of batteriesina
corner of the garage. The figure looked up
without surprise.

“l think this should work. Put your thumb
on the bearing tube and, when | connect up
to the battery, give it a flick.”

| looked doubtfully at the battery, the
machine and the wires in turn.

“I'm telling you, Stefan, those wires will
simply melt.” He didn’t answer. He forced the
bare ends of the wires hard against the
battery terminals. There was a shower of
sparks and an eruption of smoke from the
blistering cable ends. | gave the tube a flick.
It took up a life of its own which all but had
the skin off my thumb. The tube connecting
the bearing outers spun up to what must
have been at least 1500 rev/min before the
connecting wire, unequal to the enormous
current, disintegrated.

“You see itturn?”

I looked at the burgeoning friction burn on
my thumb.

“Yes.”

| also looked at the acrid blue haze of PVC
smoke which was rolling across the floor
towards the group of curious mechanics.

“Your bearing motor certainly works but |
shall need a bit more convincing about it
being a net producer of energy.”

Dr Marinov simply gave me a look which
suggested that all his efforts had been in
vain.

Frank Ogden
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possible.

During rotation the ball’s “bulge” moves
from the one race to the other, the local
overheating is absorbed by the ball and the
radius of the “bulge” becomes equal to the
radius of the whole ball. At the new point of
contact. when current passes and ohmic
heat is produced, the radius of the contact
point becomes again bigger than the radius
of the whole ball and again a driving torque
appears. Thus. as a result of the mechanical
motion. the ball is not cooled: and conse-
quently. in the ball-bearing thermal engine.
heat is not transformed into kinetic energy.
The whole heat which the current delivers
remains in the metal substance of the
machine and increases its temperature. If
the ohmic resistance between balls and races
is the same both at rest and in rotation, the
heat produced and stored in the metal of the
machine will be the same at rest and rota-
tion. This resistance. however, increases in
rotation; but with further increase of the
velocity the increase of resistance is very
slight.

1 established that the ball-bearing motor
produces the same amount of heat at rest
and rotation in the following manner. |
measured for a definite time the tempera-
ture increase in a calorimeter in which the
motor was maintained at rest. applying a
tension Uand registering the current I, Thus
the resistance of the whole motor was R
U/l Then I started the motor and applied a
tension U’ suchthat at the new resistance R’
the current I' = U'/R’ was such that Ul
U’l'; i.e., in both cases | applied exactly the
same electric power. According to the ener-
gy conservation law, in both cases the
temperature increase of the calorimeter had
to be the same. as in both cases the same
amount of electric energy was put in the
machine.

I recorded. however, that in the second
case the temperature increase of the calori-
meter was higher. Thus 1 concluded that in
both cases the ohmic produced heat was the
same: however in the second case there was
also heat coming from the friction of the
rotating ball-bearings. The temperature in-
crease in the second case was about 8%,
while the mechanical energy produced was
about 10% of the input electrical energy.

One can see immediately that the ball
bearing motor has no back tension because
there are no magnets, and the magnetic field
of the current in the “stator” cannot induce
electric tension in the metal of the “rotor”.

Thus the firm conclusion is to be drawn
that the mechanical energy delivered by the
bali-bearing motor is produced from no
thing. in a drastic contradiction to the
energy conservation law.

With a direct current supply. the ball-
bearing motor can rotate either left or right.
Thus it cannot be an electromagnetic motor,
since a DC electromagnetic motor rotates
only in one direction, with a given direction
of the current. The ball-bearing motor ro-
tates with DC as well as with AC. With a
greater current it rotates faster. It is in-
leresting to note that the resistance of the
ball-bearing motor depends on the current.
and for higher current it is Jower. If the
current doubles, say, the applied tension

IN A BULGARIAN PSYCHIATRIC INSTITUTION

In 1966 | was imprisoned in a psychiatric
clinic in Sofia and ‘cured’ by horse-doses of
neuroleptics (Mageptil), of my unorthodox
political thinking. Also imprisoned in the
institution to be forcibly cured was another
seemingly absolutely normal man. He was a
very able mechanic who, refusing to work for
a salary in a state plant. had executed
special work on his own lathes and milling
tools installed in his living room and the
apartments of relatives. He had earned good
money, but evidently the envy of his neigh-
bours had brought him to the loony-bin to be
purged of his vicious individualistic be-
haviour,

This man asked me once in the toilet (as a
very dangerous lunatic | was kept locked the
whole day in isolation and watched by a
policeman, and so it wds only in the toilet
that | could speak with other human beings),
“Well, Stefan, if you are a physicist, explain
why an axle on ball-bearings rotates when
current flows through it”.

| could not give an answer, and the
mechanic shook his head: “What are the
professors in the universities teaching. if
they cannot explain such a simple thing?”

At that time | did not know that this simple
experiment was unknown to the professors;
the first publication on this effect! was to
appear a year later. Ergo, when this extreme-

increases only. say, 1.3 times. Here [ wish to
avoid any confusion between the increase of
resistance because of the increase of the rate
of rotation, and the decrease of resistance
because of the increase of current: although,
obviously. a higher current leads to a higher
rate of rotation. The torque disappears if the
ball-bearings are replaced by box-bearings.

At equal applied electrical powers and
equal number and size of the balls (i.e.. at
equal resistance), the torque is bigger for a
ball-bearing with bigger bore. A ball-bearing
with two times bigger bore has two times
higger torque. Fig.2 shows two ball-bearing
motors with a small and a large bore which
have almost equal ohmic resistances (of
course. the mechanical friction of the bigger
motor is greater). By touching both motors.
one can immediately feel the difference in
their torques. The bigger ball-bearing has
greater number of balls and consequently a
bigger torque: however. its current (and
power) consumption are higher

IMPROVING PERFORMANCE

Methods of improving efficiency in the ball
bearing motor include the following:

@ The use of balls which are harder and
where a smaller amount of heat leads to
larger thermal extension. \We know that
normally a harder solid bodv has a lower
coefficient of thermal dilatation, so that one
has to find the optimal solution which
nature offers.

@ Tighter ball-bearings have a better
pushing torce. However, at the same time
they will have more friction. A compromise
is needed. But even if friction is verv low.
there is always a maximum velocity which
the motor cannot surpass. At this maximum
velocity, heat from the “bulge” cannot be
absorbed by the ball, and the ball retains
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ly important effect was discussed by the
idiots in the toilet of a Bulgarian psychiatry, it
was not yetregistered in the scientific annals
ofthe physical world.

Milroy® describes the effect without giving
an explanation for the torque. Eleven years
later Gruenberg’® repeated Milroy's experi-
ment and tried to give an explanation.
Although he used very sophisticated
mathematics, Gruenberg's starting hypoth-
eses are physically nonsensical. A further
three years later, Weenink?, in a big article
proceeding from the same nonsensical
starting hypotheses, drew the conclusion
that “the non-zero torque in first order found
by Gruenberg is shown to be due to an
algebraic error” (p.171).”

Another theoretical paper dedicated to
the ball-bearing motor was published a
further two years later by van Doorne* who
tried to explain the torque by electrostatic
forces, but concluded that “this torque,
however, is too small to keep a ball-bearing
motor running” (p.327). In 1980 A. Mills®, in a
popuilar journal, showed a photograph of a
ball-bearing motor constructed by him and
reparted almost the same effects as Milroy
and Gruenberg. Not once, though, was Mills
able to self-start the motor, though this can
be done very often (10% probability) when
the ball-bearings have a greater bore.

Fig.2. Small and large bali-bearing motors.
A low-voltage, high-current supply is suit-
able.

more or less a spherical shape. It is obvious
that the maximum velocity is higher for
larger balls.

@ The driving force is higher for bigger
bores. as the curvature of the races is less.

@ The driving force is greater for bigger
balls, as their curvature is less.
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Large Range 10¢
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Capacitors t::&g sggg:
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| Item )
Flat Twiste

Z8410ABI £180 | Fiat

Z8420ABI 95p

Z8430ABI per metre

Z8440ABI £150

| Item (CMOS) I

Z84C20AP £100
' Z84CA0AP
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We also have a range of semiconductors, switches, potentiometers, linear dots, IC sockets and much more
We also buy component and computer stocks. For full list send 50p and addressed envelope + VAT on all goods + minimum postage & package 50p
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COMPUTER PLUS

8 Acres, Great Totham Road, Wickham Bishops, Witham, Essex CM8 3MP. Telephone: (0621) 892049
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LOW COST PCBLAYOUT
oy SOFTWARE _0m

£247.50* £247.50%

EASYTRAX is Powerful Affordable
Easy to use software for laying out single

and multi layer circuit boards.
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Complete with Printer Output including
HP Laser plus a range of plotters
including Photo plotter, also includes a
large component Library. Works on most
MsDos Computers and supports a wide
range of Monitors.

el

JJAV. ELECTRONICS LTD. Unit 12A,
Heaton Street, Denton, Manchester M34 3RG.
Tel: 061-320 7210. Fax: 061-3350119.

UK Distributor for PROTEL. Advance System Centre for

AMSTRAD. Main dealer for ROLAND also dealer for
Brother, Oki Microline & Epson. Plus VAT
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COMMUNICATIONS

B INTERCOMS m CB RADIQ

"SECURITY

W PANELS mPIRS mSIR
] DOORPHONES | STROg’gg

B Instruments/Security
Computer
m General Catalogue

Please state Trade/Education or
Retail/mail order Send 12%"x9"
(A4} SAE £1.50 each or £3.00 for both

HENRY'S ot msara

*ALSO AT Audio Electronics 301 Erlgware Road W2 01-724 3564
SALES OFFICE 01-258 1831 Telex 298102 Fax 01-724 0322
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Digital i/o for PC
compatibles

If yvour PC compatible has a bus-expansion
system, this digital /o interface developed
for the Amstrad PC will provide vou with
three paralle] ports.

An 8255 interface chip controls the three
eight-bit ports designated A. B and C: all
three are bidirectional. Signal ior deter-
mines the direction of the L.8255 bus trans-
ceiver and address decoding, carried out by
Nand gates. places port A at 1FC,,,.. port B at
1FDy, and port C at 1FE . Adding the LS05
and leds allows the port lines to be moni-
tored; this small routine sets bits on port B
according to input data.

10 OUT 1FFH, 90H
20INPUT A: OUT 1FDH. A
30G0OTO 20

A Crispin

Leeds

Amplitude modulator
using electronic
potentiometer

| designed this amplitude modulator for
signals of fess than 1Ez but it works satisfac
torily at much higher frequencies. Three
main elements of the circuit are a digitally-
controlled potentiometer, a programmable
crystal oscillator and a variable-gain op-
amp.

A TTL-level clock feeds the external clock
input of the programmable crystal oscillator

CIRCUIT IDEAS

tAa) Dn 2 18 34 PA
A 0 gy
3 17 B 3 - T iy
L 16 32 2 : e
Data 5 15 3 1 | < 330
bus | | A B2 K 30 Port A ,-_,
| 7 13 ) 39
l | 8 12 28 38 %
¥ - : v /\ 741505
(Ag) Dy 9 1 27 37 PA~ / E\
1 T '
DIR 82554 |18 _I PBy
PPl 19 i
0
19 £ ’ |
(B2) RESET 5 2 1
[A31) Ap 9 772 ¥ Port B
(A3p) Aq 8 ET |
(By,) TOR = RD "
(B13) [OW —¢ 361 R % PR+
( 761500 n
— i Pr
I T4LS30 [15__ "0
— 741500 16
& s |
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/ 12 I
S ‘.__
/ )
( — = v
(A73) Ag
« Pin ids for the
P[ expansion bus
¥
I*'&E;r} Al
[Azg) Ag
> o T
[ LR, P —

and the mcrement input of the digitally-
controlled potentiometer. Division ratio of
the oscillator is set at 200 so the up/down
input to the potentiometer changes direc
tion every 100 cycles.

Since the digital potentiometer is confi-

SV
CKin
L ive Ve B
16 5 <
i Voo ;’E £
] : L1 LV v .: B
S CSEL
K cp
i — £4pot Analogue
— f— 10k —— ground
8 9 %9103
Vss out
ov PXO B64LOAN (3200}
A———
1k 2 oSV
- Modulated analogue output
Anal [
— e
-5V
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gured as a simple resistor, gain, and hence
modulation depth, of the amplifier varies at a
rate determined by the clock frequency. The
potentiometer is available in three versions,
10k. 50k and 100k().

T.G. Barnett

London

Typical waveforms. Output is the top trace.
Input in the bottom trace is a 1kHz sine-
wave at 0.5V pk-pk, and the clock frequen-
cyis 4kHz.
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Digitally selectable filter types

A%

Digitally-programmable filter functions

A recently developed multiplexer op-amp
the LM604 - can be configured to provide

4:Band reject

Vour_ _1-SCRi/Ry+s"C'RY
Vin K

four digitally-selectable filter functions,
namely band-pass. high-pass, all-pass and
band-reject.

Four binary values at inputs A and B each
select one of the four filter operations. In all
four cases both the cut-off frequency w, and
Q factor are given by these expressions,

w,= ]/R] C
and
Q=R2/R|.

Supposing that C and R, are fixed at 0.1n.F
and 100k respectively, the circuit compris-
es only several external components with a
value of either R; or R,. These can easily be
chosen according to requirements, which
makes the configuration suitable for further
integration.

Kamil Kraus
Rokycany
Czechoslovakia
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| COLOUR MONITORS |

16" Decca, 80 series budget range. colour monttors, features in
clude. PIL tube, attractive teak style case. guaranteed 80 column
resolution. only seen on monttors costing 3 times ourr price, ready
to connect to a host of computer or video outputs. Manufacturers
lully tested surplus. sold in litile or hardly used condition with 90 day
full RTB guarantee. 1000°'s Sold to date.
DECCA™80 RGB - TT SYNC Input for BBC t interface etc.
DECCA 80 COMP 75 () composite video input with integral audio
amp & speaker ideal for use with video recorder or TELEBOX ST or

any other audio visual use Only £99.00 (E)
| HIGH DEFINITION COLOUR |

BRAND NEW CENTRONIC 14" monitors in attractive style mouided
case featuring hi res Mitsubushi 0.42 dot pitch tube with 669 x 507
ixels. 28MhZ bandwidth. Full 90 dadég'uaranlee

rder as1004-N2 for TTL + sync RGBtor BBC etc £159.00 (E)
1003-N1 for IBM PC etc fully CGA equiv £189.00 (E)
1005-N2 RGB interface for QL 85 columns.  £169.00 (E)

20" & 22" AV Sgecials

Superbly made, UK manutacture, PIL tube. all solid state colour
montitors, complete with comP:;sne video and sound inputs. attrac
tive teak style case, Ideal for a host of apglicalions including Schools,
Shops. Disco’s, Clubs etc. Supplied in EXCELLENT litle used con-
dition with 90 day guarantee

20" Monttor £165.00 (F) 22 Monitor £185.00 (F)

[ MONOCHROME |

MOTOROLA M1000-100 5" CRT black & white compact chassis
monitor measuning only cm 11.6h 12w 22d. ideal tor CCTV or com-
E{ulet applications. Accepts standard Composite video or individual
& V syncs. Operates from 12v DC at apprx 0.8a.Some units may
have minor screen marks, but still in very usable condilon. Full
tested with 30 day guarantee & full data Only £29.00 (C
Fully cased as above, with attractive mouided, desk standing swivel
and tilt case Dim. cm 12h,14.5w,26d £39.00 (C)
JvC l;pe 761-7 §" ultra compact black & white chassis monitor for
t2v 0.7a DC operation Dim cm 11h.14w,18d. Simple DIY circuit data
included 10 convert data and separate sync Input to composite video
Input. Ideal portable equipment etc S\g)plled with full data
rand New £65.00 (B)

KGM 324 9" Green Screen, Little used fully cased, mains ered
high res monitors with standard composite video input. Ful gy tested
and in excefient condition £49.00 (E

20" Black & White monitors by AZTEK, COTRON & NATIONA|
All solid state, fully cased monitors, ideal for all types of AV or CCTV
applications. Units have standard composhie video inputs with in-
tegral audio amp and speaker. Sold in good. used condition- full
tested with 90 day guarantee Only £85.00 (Fy

FLOPPY DRIVE SCOOP
Drives from Only £39.95

A MASSIVE purchase of standard 5 25 disk drives enables us to
offer you prime product at all time super low prices. All units unless
stated are removed from often BRAND NEW equipment, fully
tested and shup#«,' to you with a full 120 day guarantee. Al units
oftered operate from g and + 12 volts DC, are of standard size and
accept the common standard 34 waY interface connector _
TANDON TM100-2A IBM compatible 40 track FH double sided
Only £39.95 (B

TANDON TM101-4 FH 80 track double sided Only %49.95 B
JAPANESE Half Height double sided drives by Canon, Tec,
Toshiba etc. Specify 40 or 80 frack Only £75.00 (B)
TEAC FD55-F 40-80 track double sided Half Height

Brand New £115.00 (B)

DiSK DRIVE ACCESSORIES

34 ng inertace cable and connector single £5.50, Dual £8.50 (A)
25" OC power cable £1.75. Fully cased PSU for 2 x 5.25" Drives
£19.50 (A) Chassis PSU for 2 x 8" drives £39.95 (B)

8" DISK DRIVES

SUGART 800/801 single sided refurbished £175.00 (E
SUGART 851 double sided refurbished £260.20 &E
MITSUBISHI M2894-63 Double sided switchable Hard or Soft sec-

tor BRAND NEW £275.00 (3
SPECIAL OFFER Dual 8" drives wth 2mb

C capacity in smart ca
with irtegral PSU ONLY £499.00 (F)

[ COMPUTER SYSTEMS |

TATUNG PC2000. Big brother of the famous EINSTEIN. the
TPC2000 professional "3 piece %vslem comprises: Quality high res
GREEN 12" monitor, Sculptured 92 key keyboard and plinth untt con
tatmrg the ZBOA CPU and all contral electronics PLUS 2 integral
TEAC 5.25" 80 track double sided disk drives. Many other features
include Dual 8" IBM format disk drive support, Serial and parallel
outputs, full expansion ﬁ)n 64k ram and ready 1o run software. Sug-
plied complete with CPM, WORDSTAR, BASIC and accounts pac

ageF " 9%dAND NEW' ==_ = - o
oo [ Only £299(E) |

EQUINOX (IMS) S100 system capable of running ether TURBO or
slandard CPM - Unit features heavy duty box cortalning a powerful
PSU. 12 slot S100 backplane, & dual 8 double sided disk drives.
Two individual Z80 cpu boards with 192k of RAM aliow the use of
multi user software with upto 4 RS232 serial interfaces. Many other
features indude battery backed real time dlock. all IC’s socketed elc.
Units in good condition and tested prior despatch, no documentation
at present, hence Rrkce of only £245.00 ﬁ)

S100 PCB's IMS A46564K dynamic RAM- £55.00 éBEIMS AS30 FDC
controller £85.00 (B). IMS A862 CPU & i/o £65.00 (B)

SAE for full list of other S100 boards and accessories

| PRINTERS |

nge of printe Bu

n ether “one off ba 1
HAZELTINE ESPRINT Small desktop 100 cps print speed with both
RS232 and CENTRONICS intertaces. Full pin addressable graphics
and 6 user selecable type fonts. Up 1o 9.5" single sheet and tractor
Eaé)ev handlin Brand New Only £199.00 (E)

NTRONICS 150 series. A real workhorse for continuous use with
tractor feed paper, either in the office, home or factory. desk standin
150 cps 4 type fonts and cholce of inteffaces. Supplied BRAND NE

rder as
150-SN up 10 9.5 paper handling £185.00 (E
150-SW up to 14.5" paper handling £225.00 (E
150-GR up to 14.5" paper plus full graphics £245.00 (E

When ordering please specify RS232 or CENTRONICS interface

Ultra Fast 240 cps NEWBURY DATA
NDR 8840 High Speed Printers
Only £449 1

A special purchase from a now defunct Goverment Dept enables us
to offer you this amazing British Made, quallBH)rinler at dearance
prices SAVING YOU OVER £1500 1l The NDR8840 features high
speed 240 cps Prim with Inl(ﬁral. fully ad{'ustable paper trac
tor, qvvmg exceptional fast paper handling for multi part forms etc. The
unit Teatures 10 selectable type fonts giving up to 226 printable
characters on a single line. Many other features include Internal
electronic vertical and horizontal tabs, Self test. 9 needle head, Up to
15.53gape_f 15 million character ribbon cartridge Ife and standard
RS232 serial interface. Sold in SUPERB tested congmon w'rtthd(a
nly £449.00 :i

uaraniee
EPSON model 512 40 column 3.5" wide paper roll feed, high s
matrix (3 lines per second) printer mechanism tor incorporation in
point of sale terminals, ticket printers data loggers etc. Unit features bi
directional printhead and integral roll paper Yeed mech with tear bar
Requires DC volts and simple parallel extemal drive Zo?‘c Complete
withdata. RFE and tested Only £49.95 (C)
EPSON model 542 Same spec as above model, but designed to be
used as a slip or flatbed printer. Ideal as label, card or ticket printer
Supplied fully cased in attractive, small, desk top metal housnng. Com

ete with data. RFE and tested Only £55.00 (D)

HILIPS P2000 Heavy duty 25 cps bi directional daisy wheel printer
Fully DIABLO, QUME, wénos AR com{)atlble, Many features In-
clude full width platten - upto 15" paper, host of available daisy wheels,
slnge sheet paper handling, superb quality émm. Supplied complete
with user manual & 90 day guarantee E'XS REE dust cover & dais!
wheel, BRAND NEW Only £225.00 (E¥

Most of the items in this Advert, plus a whole range of other
electronic components and goodies can be seen or purchased
at our

[** South London Shop **]

Located at 215 Whitehorse Lane, London SE25. The shop is
on the main 68 bus route and only a few mites from the main
A23 and South Circular roads. Open Monday to Saturday from
9 10 5.30. parking is unlimited and browsers are most wel-
come. Shop callers also save the cost of carrage.

| POWER SUPPLIES |
Al

power supplies operate from 220-240 v AC Many other types from
3vto 10Kv in stock .Contact sales office for more detalls.
PLESSEY PL12/2 Fully enclosed 12v DC 2 amp PSU. Regulated and
protected Dimecm 13.5x 11 x 11 New £16.95 (B)
AC-DC Lirzar PSU ouid)u!sd 5v5.5a, -6v0.6a +24v5a Fully regu-
lated and short proof. Dimcm 28 x 125x 7 New 249.509?0)
POWER ONE PHC 24v DC 2 amps Linear PSU fully regulated
New £19.95 (B)
BOSHERT 13088 switch mode suppg/ ideal disk drives or complete
system. +5v 6a.+ 1225a.-12 0 5a.-5v 0.5a DlmcmN5.6x21 x10.8

BOSHERT 13090 same as above spec but outputs of +5v 6a. + 24v
158 +12v05a,-12v0.5a New £39.95 (B)
GREENDALE 19ABOE 60 Watt switich mode outputs +5v 6 a 2V

+ 1
1a -12via, +15v 1aD. 11 x20x55 RFE Tested £24.95 (B
CONVER AC130-3001 High grade VDE spec compact 130 wa
switch made PSU._ Outputs give -+5v 15a, -6v 1a, +8-12v6a Dim6.5
x 27 x 12.5 Current list price £190 Our price New £59.95.00 1C'
FARNELL G6&/40A Compact 5v 40 amp switch mode fully encl
New £140.00 (C
FARNELL G24 55 Compact 24v 5 amp switch mode fully encl
— New £95.00 (C)
Speclal Offer ONLY
EXPERIMENTORS PSU || £16.95 (c)
Made to the highest spec for BT this unit gives several fulslz
protected DC outputs most suited 1o the Elecfronics Hobbyist.
Sv 2a.+8-12v 1a,-+24v 1a and +5v fully floating at 50ma
Ideal for school labs etc. Quantity discount avaiable
Fully tested with data RFE - Removed From Equipment
The AMAZING TELEBOX
Convert%éour monitor Inté: 8
QUALITY LOUR TELEVISION
Brand new high quality. fully cased. 7 channel UHF PAL TV tuner sys
tem. Unit simply connects to your TV aerial socket and video monitor
tuming same iNto a fabulous colour TV. Dont womy if your monitor
doesn't have sound, the TELEBOX even has an Integral audio amp for
deng a speaker plus an auxfifary output for Headphones or Hi Fi sys-
tem elc. Many other features; LED Status indicator, Sman moulded
case, Ma:r\\liscf)owefed Buil to BS sa!etxlsg)ecs Many other uses for TV
sound or video etc. Supplied BRAND NEW with full 1 year guararee.
Camage code (B)
TV SOUND
& VIDE
TUNER
ONLY
£29.95
TELEBOX ST for monitors with composlite wideo input gs.ss
4.95

TELEBQX STL as ST- but fitted with Integral speaker
TELEBQOX RGB for use with analogue RGB monttors £59.95

1Nt ‘I CRV RGBS n N TEAN- INI
—_ pe cosaar monitons. DATA sheet or cst PAL ;e jons (
MODEMS | [RECHARGEABLE| [COOLING FANS ]
- — Keepvour hot parts COOL and RETIARE 1 with cour
Modems to sult all applications and budgets. | [ y AND N W cooting fans
Please contact our lggmlcal sales staff if you BA ERI :S AC FANS ! "rsp.. \1240 or 1‘#(‘)\;
require more Information or assistance X?lrgenzange‘xf;‘ee sealed longite LEAD ACLD 3 Fan dim 80 x 80 x 3| £8.50 (B!
00 1 13.95 5 imii
SPECIAL PURCHASE _| 435 405%h N L e
V22 1200 baud MODEMS | a3006-06v18ah RFE £5.99 (A) Asabove-TESTEDRFE  Only £4.95 (C
round x 3. otron £10.95
ONLY £149 1! NICKEL CADMIUM 391 Mafgh 2.5 Rotren 10V 0.95(B

MASTER SYSTEMS type 2/12 microproces-
sor controlled V22 full duplex 1200 baud. This
fully 8T anroved modem employs all the latest
features for erro; Irgg d:?la comms at the sla%
ering speed of 120 characters per secor
gavingg you 75% of Your 8T phog: bilis and
data connect time [l Add these facts to our

etc
12v 17 Ah Uttra ru

Quality 12 v 4 Ah cett

for the TECHNICOLOUR udeQ company,

this unit contains 10 high quality GE nicad,

type cells, configured in a smart robust

moulded case with DC output connector. Dim

cm19.5x4.5x 125, ldea“;)onable equipment
BRAND

ged. all weather, virtually

gieOnginallyurtiatie Papst Miniature DC fans 62x62x25 mm

Order 812 6-12v or 814 24v £15.95 (A
4" 12vDC 12w 120 x 120 x 38 £12.50 (B
4'24vDC 8w 120 x 120 x 25 £14.50 (B
BUHLER 12v DC 62 mm £12.95 (A

NEW £24.95 (B) .

ElNe away price and you have a superb buy '

indestructable refillable NKCAD stack by

Itra slim unit measures only 46 mm high with ALCAD.

many integral features such as Auto answer,
Full LED status indication, RS232 interface
Remote_error diagnostics, SYNC or ASYNC
use, SPEECH or DATA swilchingr integral
mains PSU, 2 wire connection to

Supplied tully tested, EXCELLENT slightly used
condttion w-% data and full 120 day guarantee.

Only £149 0

CONCORD V22 1200 baud as new £330.00(E
CONCORD V22 1200-2400 BIS ~ £399.00 (E)
AIXON Ex BT Modem 27 V22 1200 £225.00 (E)
DATEL 4800 / RACAL MPS 4800 EX BT
modem for 4800 baud sync use.  £295.00 (E)
DATEL 2412 2780/3780 4 wire modem unit

EX BT fully tested £199.00 (E)
MODEM 20-1 75-1200 BAUD for use with
PRESTEL etc EX BT fully tested. £49.00 (E)
TRANSDATA 307A 300 baud acoustic coupler
with RS232 O Brand New £49.00 (E)
RS232 DATA CABLES 16 ftlong 25w Dgﬁ;ﬁg to
25way D socket Brand New  Only £9.95 (A
As above but 2 metres long £4,99 (A
BT piug & cable for new type socket  £2.95

A

line etc. 22C

AD. Unit features 10 » individual tyﬁe
XL 1.5 cells In wooden crate Supplied to the
MOD and made to deliver exceptionally high
output currents & withstand iong perods of
storage in discharged state. Dim cm 61 x 14 x
ost over € Supplled unused & tested
complete with instructions £95.00 g
EX EQUIPMENT NICAD cells by
Removed from equipment and believed in
800(1 but used condition. 'F’ size 7Ah 6 for
8 (B) Also ‘D’ size 4Ah 4 for £5 (B)

BRAND NEW 85 Mb
Disk Drives ONLY £399

End of IingPurchase enables this brand new
unit to be oftered at an all time super low price

The NEC D2246 8' 80 Mb disk drive features
full CPU control and industry standard SMD
interface, Ultra high speed data transter and
access times leave the good old ST506 inter

face standing Supplied BRAND NEW with
full manual Only £399.00Aa
Dual drive. plugin 135 Mb subsystem for |

AT unitin case with PSU etc '£1499.00 SQ
etc available Brand new at £395.00

Intertace cards for upto 4 dives on IBM

[SPECIAILNINTERESI]

Please call for availability or lurther info.
RACAL-REDAC real time. colour draftin
PCB layout system £3950
DEC VAX11/750 inc 2 Mb Ram DZ. and full
doc etc ) Brand New £8500
HP7580A 8 pen dighal A1 drum plotter with
IEEE intertace As New £4750
CHEETAH Telex machine £995
1.5 kw 115v 60 Hz power source £950

sine

500 watt INVERTER 24v DC t0 240v AC
wave 50 Hz out. £275
SOLDER SYSTEMS tin lead roller tinning
machine for PCB manufacture £350
CALLAN DATA SYSTEMS muiti user INTEL
based UNIX system complete with software
and 40 Mb winchester disk drive £2750
WAYNE KERR RA200 Audio. real time fre-
uency response analyzer s:%ooo
EKTRONIX 1411/R PAL TV test signal
690!

standard. £

TEKTRONIX R140 NTSC TV test sign,
standard i:g7
HP 3271A Correlator system £350
PLESSEY A >rtable Microwave speech | data
link 12v DC, 70 mie rangeThe pair £275.00
19' Rack cabinets 100's in stock from £15.00

0
al
5

Allprices for UK Mainland UK Customers must ADD 15% VAT to total order value. Minimum order, carh £5, Credit Card £10. Othaial account orders from

DI=FLAY
-ELECTRONICS-

LONDON SHOP

Open Mon-Sat 9-5.30
215 Whitenorse Lane

1000's of Bargains for callers

South Norwood. London SE2!

ENTER 36 ON REPLY CARD

DISTEL (© The ORIGINAL
FREE of charge dial up data base
1000°s of items + info ONLINE NOW1!
300 baud 01679 1888. 1200/7501 679
6183. 1200 FOX 01 679 8769

01679 4414

Government Depts. Universibes Schoois & Local Authorities welcome — minimum account order value £25. Carnage charges (A) £1 50, (B) £3.50, (C)
£6 50, (D)£8.50. (E) £10.00, (F) £15.{G) Call. All goods are supplied subject to our standard conditions of sale. All guarantees given on a return to base basis
Wae reserve the nght 1o change pnces & specifications without prior notice. Bulk trade & export enquiries most weicome.

MAIL ORDER & OFFICES
Open Mon-Fn 9.30-5.30
32 Biggin Way
Upper Norwood
London SE19 3XF

ALL ENQUIRIES

FAX 01679 1927
TELEX 894502



Scrambling television

Eurocrypt and Eurocypher are the latest in a series of
conditional access systems used for satellite and cable
transmissions in Europe. Frank Huntingford of Hi Tech
Xtravision reviews the principles on which television
scrambling systems work.

our analogue encryption systems
Fwidely used in Europe are described Satellite broadcasters are now adopting  installed in millions of homes across the
here. Many others are used in Amer- conditional access systems which offera  continent, affording interested parties
ica, but these seem unlikely to cross the level of security much higher than any- the opportunity to mount an assault on
Atlantic. The decoders are illustrated only in thing seen previously in Europe. Muchis  these systems on a scale which has never
their most basic form: much extra complex- at stake: a subscription to Sky Televi- been possible with other high-security
ity may be needed in the decoder to disting- sion’s pair of pay-tv channels will cost hardware — for example, that used by
uish a legitimate signal from real garbage. more than twice what viewers now pay  banks for keeping intruders out of our
. for their terrestrial licence fee, which personal accounts. The cut-and-rotate
SAVE supports the BBC's entire domestic scrambling systems adopted by the new

radio and television output. For other broadcasters are of daunting, seemingly

pay-tv channels, viewers will have to pay  impenetrable complexity. But if the fu-

still more. ture funding of good-quality television
The temptation to would-be pirates is  broadcasting is to depend on them, they

obvious. Receiving hardware for the new  need to be.

conditional access systems will soon be

This system is used by Premiere, the BBC
and was used by the now defunct Spanish
‘Canal 10". Encryption involves inverting the
video, reducing its level by 6dB and adding
an interfering sine wave of approximalely
95ki1z.

SAVE is a fairly low-security encryption
system: a watchable picture can easily be

created by simply inverting the received ~Video

signal, amplifying it by 6dB and filtering out Video Summing

the sinewave. But this filtering leads to a Ap e | amelifier
certain loss of video performance. A far \‘

superior method is shown in block form in Unclamped +Video URseranbiEs
Fig. 1. video input video output

The received signal is first amplified. A Synchronous V(o
synchronous detector. forming part of a detector O 6MHz
phase-locked loop locks an oscillator to the _\/\/\/_
interfering signal. The output of the oscilla Sinewave
tor is fed in antiphase but at the correct level Eabet
to a summing amplifier together with the
amplified and non-inverted signal. The out
put of the summing amplifier is a descram
bled video signal.

filter

94 kHz 94kHz

MATSUSHITA low-pass 1y low-pass
elliptic elliptic
filter

This system is used by Filmnet, a film
channel intended for the Low Countries and
Scandinavia, though more than 90% of the ¢
films are in English with a variety of lan . . . ) . . . .
guages available as sub-titles on teletext Fig.1. SAVE: decoding this low-security system entails cancelling an interfering sine wave.
(Filmet has now moved to the medium-
power Astra satellite.)

The present method of encryption con- Baseband
sists of inverting alternate fields of the signal video input Video buffer - F—
and shifting the DC level of the blanking > and splitter _\ dmpmegr
signal to raise the sync and colour burst
signals into the active video area. This very
effectively disables the sync separator in the ! A';f.l‘:g:e
television set or video recorder. An addition

signal is transmitted on a subcarrier at | I

7.56MHz. which is frequency-modulated

+

Unscrambled
video output

Recovered

, . quett 756MH Field i
with the composite blanking signal. A furth. = Pl syiic ?r:?::r;:%ion
er subcarrier at 7.02MHz is modulated with recerver e separator

subscriber data information to enable or
disable registered subscribers’ decoders for
various subscription levels.

Decoding consists of recovering the trans-
mitted blanking information to restore the  Fig.2. Decoding the Filmnet channel: in this system by Matsushita, syncs are corrupted
correct DC level in the blanking area. and  and alternate video fields inverted.
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re-inverting alternate fields (Fig. 2). This
signal is easilv derived from the field blank-
mg information. A pulse occurring in the
blanking of every fourth field enables field
inversion to be synchronised at the correct
polarity,

Aweakness of this system is that blanking
information is essentially redundant and can
easily be reconstructed from the scrambled
video without the complexity of a subcarrier
receiver. But the system can make several
tiers of encryption available at the flick of a
switch perhaps including active video
inversion.

LINE SHIFTING

This system is used by the BBC for late-night
terrestrial broadcasting to doctors, by Canal
Plus in France and a growing number of
other continental stations. It consists of
leaving the svncs and colour burst unaltered
but selectively delaving the active part of the
video waveform. on a line-byv-line basis.
Delay time is selectable between Y00ns and
1.8us. The specific delay is controlled on
transmission and reception by a predeter-
mined algorithm. The resulting picture is
recognisable (with a lot of squinting) but
visually quite disturbing,

Encryption of this svstem is completed by
scrambling the audio by frequency inversion
using a single-sideband technique, with a
suppressed carrier at 12.8kHz.

Decoding (Fig. 3.4) consists of delaying
alt lines to the same total — approximately
1.8ms - by using a stored algorithm in an
eprom on the decoder, and recovering the
audio using single-sideband detection.
Addressing for the eprom is derived from a
counter using line frequency as its clock and
svynchronised to the frame pulse.

LINE DICING OR CUT-AND-ROTATE

This is the system proposed by Sky Televi-
sion as Eurocrypt. It consists essentially of
partioning the line into two, three or poss
ibly more segments and interchanging the
information in those segments. Cut-and-
rotate is certainly the most secure analogue

RECEIVERS FOR SATELLITE TELEVISION

Scores of companies all over Europe
are producing home terminals for
suitable for Astra's 11GHz transmis-
sions, but the list of manufacturers of
12GHz equipment for BSB'’s service is
for the first three years restricted by
BSB to just three: Ferguson, part of the
French-owned Thomson group,
Salora, a large Scandinavian receiver
maker, and the Taiwanese company
Tatung.

Ferguson, having a foot in both
camps, has launched a range of re-
ceivers capable of giving access to
both Astra and BSB. For Astra, a 60cm
dish and receiver for Astra will be
offered from late March at £300 (an
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Fig.3. Line-shifting: for this system, now used during the night on BBC transmitters for
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Fig.4. Line-shifting; in this scheme, the audio is made unintelligible by simple frequency

inversion.

encryption system yet proposed for broad-
casting television programmes to the public.

The cut point or points on the line and the
interchange order are determined by a
stored algorithm. Basic information for the
algorithm is stored in a “smart card” - this is
like a credit card but has rom. ram and a
processor included. The card will probably

80cm version for viewers north of
Manchester will cost an extra £30).
Features include remote control, on-
screen graphics and electronic polar-
ization switching. Two Scart (peritel)
sockets will be provided for add-on
decoders. Later in the year, a further
£100 will buy versions ready-
equipped with a decoder for Sky Tele-
vision's Eurocrypt channels.

For BSB, Ferguson will have — from
September — a remote-controlled re-
ceiver with digital stereo decoder and
RGB or PAL output at about £300,
including a “squarial” flat plate anten-
na. A Eurocypher conditional access
modaule is included.
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give controlled serial information to the
decoder and will be changed at regular short
intervals, perhaps three months or less.

Hi-Tech XtraVision is at Camberley, Surrey.

It s not the author’s intention, or that of his
company. to encourage the intningement of
copyright m encrvpted television programmes.

363



T——

ANALOGUE DE-SCRAMBLER

Experimental de-scrambler for the Matsushita encryption scheme.

This analogue decoder is intended for use with
more versatile receiving equipment than the
Astra-only variety. i.e. that having Ku-band
coverage with polarity control and a dish
diameter of the order of 1m. Filmnet's original
home. Eutelsat F1. gives an EIRP at the centre
of its footprint of 41dBW and covers most of
the UK. Astra offers a marginally stronger
signal of 51dBW for the whole of Europe.

In Filmnet's Matsushita analogue encrvp-
tion scheme. alternate frames contain either
inverted frame syncs with non-inverted line
syncs. or non-inverted frame syncs with in-
verted line syncs. The sense is reversed for odd
and even fields. Further reversals of polarity
occur randomly in bursts lasting from several
seconds to afew minutes.

Several modes of operation are reported to
be possible with the Matsushita scrambler and
there are possibly more combinational cor-
ruptions to overcome, but during the last
couple of years the decoder illustrated here
has taken all that has been thrown at it.

Video and sync pulses arrive from the
composite baseband signal of the satellite
receiver. A phase-splitter stage provides posi
tive and negative-going video. [n switch posi

o

MICHAEL GREATOREX

tion 1 (clear) the composite video is switched
straight through. In positions 2.3 and 4. the
TBA 920 horizontal combination i.c. comes
inte operation. This complex i.c. uses a stable
PLL line oscillator to provide line syncs at pin
2. These pulses eventually control the ana
logue switch to allow composite syncs
through 1o the sync separator. Field sync
pulses from the separator trigger the dual
D-type bistable, which switches the video
polarity for alternate fields via the analogue
switches and triggers the 555 timer to produce
field timing. The re-formed composite video
and sync signal is then de-emphasised (the
transmitted signal has high-frequency pre-
emphasis to help maintain picture definition)
and passed to the NE592 video amplifer.

ADJUSTMENT

With the switch at position 1 (clear), load the
video output of the decoder with a tv set, video
recorder or 75 ohm resistor. Connect an
oscilloscope at TP and adjust R, for a noise-
free sync pulse. Adjust R, for approximately 1V
pk-pk video output. If you are using the UHF
modulator, then R, should be adjusted for best
peak whites with no glowing or audio buzzing.

Buffer and clamp

1t may he necessary toback off R,.

Now tune to ATN-Filmnet and switch to
position 2 or 4. Whilst examining the video
output on the oscilloscope, adjust Ry (line
phase) until the switching pulse is half-way
along the back porch. whilst adjusting Ry, (line
hold) to prevent horizental picture tearing.
Next adjust R; until the picture stops bounc
ing or rolling vertically. For best effect it may
be necessary to return once more to R and R,,.
Finally adjust R., for correct black level on the
oscilloscope.

To test adjustment of R,. tune slightly oft
channel on the receiver and rapidly back: the
picture should synchronise in less than half a
second.

Position 3 on the switch is provided for
encryption where the video is inverted. This
type of signal is now rare. but with this
position Premiere and Channel 10 can be very
nearly decoded save for a disturbing pattern of
broad stripes of varying brightness rolling
down the screen. These stripes are due to the
AC component (100kHz for Premiere) of the
composite scrambled information. It should
be possible to insert a notch filter or some
phase cancelling network to remove it.
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Eurocypher

With the spread of satellite broadcasting will come the routine
use of conditional access techniques. British Satellite
Broadcasting has adopted the Eurocypher system, based on

onditional access allows the introduc-
Ction of subscription and pay-per-view

(PPV) television services, which will
augment the income from traditional adver-
tising revenues. For the broadcaster. con-
ditional access also simplifies the purchase
of programme rights, since the regions and
countries in which the programme will be
available can be clearly defined. It is widely
believed that successful, high-quality satel-
lite broadcasting can only be achieved with
the support of a secure and flexible con-
ditional access system,

It was against this background that
Eurocypher was devised. The future of satel-
lite broadcasting lies with the D-MAC trans-
mission format, which has been developed to
match the characteristic of the FM satellite
broadcast channel. D-MAC is ideally suited
to conditional access since the audio and
video components are in a form that can be
readily processed (or ‘scrambled’) to make
them unintelligible to a normal receiver.
Plenty of spare data capacity exists within
the D-MAC signal to deliver the authorising
signals that allow specific receivers to de-
scramble the signals.

CONDITIONAL ACCESS

A conditional access system can be consi-
dered as two separate processes. The first
step is to scramble the broadcast signal.
Here Eurocypher uses the standard D-MAC
techniques of modulo-2 addition of a
scrambling sequence for sound and data
components. and cut-and-rotate scrambling
for the video component. Both of these
methods use scrambling sequences pro-
duced by pseudo-random binary sequence
(PRBS) generators, which are initialised
every few seconds with a new control word.
The control word determines that start point
in the pseudo-random sequence and its
frequent changing ensures that the televi-
sion signal is highly protected against unau-
thorised use.

The second process is to deliver the
control words to specific receivers. This is
accomplished by the conditional access
system.

The control word is sent in a stream of
repeated messages, known as entitlement
checking messages. or ECMs. These are
provided in a special data service in the
digital sound/data multiplex of the D-MAC
signal. To derive the control words, the
receiver must be in possession of a hierarchy
of keys which culminates in a key known as
the session key. This changes every few
weeks, which allows time for the next ses-
sion key to be delivered to authorised receiv-
ers. To do this the session key is acquired
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from a key that is unique to each individual
receiver. The message so formed is included
in another stream of messages. known as
entitlement management messages. or
EMMs. Each receiver is periodically sent an
EMM containing the session key encoded
with its own unique key. Unique keys are
programmed into the receiver during manu-
facture and a secret list of receiver identities
and their unique keys is kept by the author:s-
ing authority.

Overlaid upon this basic system structure
are additional features which protect the
security of the system and enhance its
flexibility. Information about the program-
me being transmitted is included within the
accompanying ECM, This includes informa-
tion such as the programme name and how
long it has left to run. together with data
relating to conditional access. describing the
price of the programme (for PPV) or matur-
ity level of the programme content.

ADDITIONAL SERVICES

A D-MAC signal can carry a number of other
services in addition to television. Eurocy-
pher can provide independent scrambling
for these with parallel ECM streams. car-
rving the conditional access data for their
associated service.

EMMs also contain more than just con-
ditional access information. Each EMM is
intended for a specific receiver and contains
information relevant to the viewer associ-
ated with that receiver. This would include
details of the various services that the viewer
is entitled to, the geographical location of
the viewer's home, and possibly an electro-
nic credit signal for PPV systems.

PAY-PER-VIEW

Eurocypher allows two forms of PPV opera-
tion. The simpler version requires the viewer
to decide in advance whether to pay for a
particular programme item. This would
typically be an international sporting event
such as a foothall or boxing match. Orders
for the event would be taken by telephone
and post in the days before the event is
transmitted. and the individual receivers
authorised via an EMM. Although this
method is practicable for small audiences, a
rush of last-minute purchases would quickly
overwhelm the booking system.

A more sophisticated version is impulse
pay-view, or IPPV. Here EMMs are used to
transfer credit to an electronic money box in
the Eurocypher receiver. ECMs for a PPV
event then provide the purchase price of the
programme. Details of the event, its purch-
ase price, and how much is in the receiver's
money box are shown on the television

General Instrument’s Videocipher I1.

screen. If the viewer wants to buy the
programme, he or she enters a personal
identification number (PIN) via the remote
control unit. This can be done on impulse at
the start of the event or shortly after. The
cost is deducted from the credit total. When
credit eventually runs out the viewer must
contact the authorising agency and arrange
for a further EMM to be sent.

A complication of IPPV is the need for
statistics on the number of people purchas-
ing it. Eurocypher accommodates this by
providing a report-back facility. Periodically
it uses the telephone network to download
records of what has been purchased to a
computer system at a PPV centre.

GEOGRAPHICAL BLACKOUTS

It is possible to deny access to a programme
item according to the geographical location
of the receiver. This can be used to advantage
when purchasing programme rights, since
the owner of the rights knows that the event
will be seen only in specific countries. A
further refinement is to “black-out™ an area
surrounding the site of a sporting event, so
that the promoter can sell the rights for
television coverage without fear of harming
the attendance figures.

Yet another feature is the ability to black-
out specific items, such as an advertisement,
from a region where it may be considered
unacceptable. Throughout Europe. a host of
different rules apply to products such as
tobacco, alcohol, contraceptives, and adver-
tisements directed towards children.

The requirements of Europe form a strong
thread running through the Eurocypher
system. Provision is made for displaying text
messages in different languages, depending
onwhich country the receiver is in. Prices of
PPV events can be assigned the appropriate
currency symbols (£, Dm, Fr etc.) whilst
displayed times will take account of time-
zone differences and daylight-saving adjust-
ments. Even the parental control function
can have the programme rating displayed in
a manner consistent with the cinema rating
system for that country (e.g. X, PG, U for the
United Kingdom).

EMMs sent to particular viewers have the
capacity to control authorisation for up to
512 different programme packages. Such a
package could include programmes on one
particular channel or on several channels
having a common ownership.

Further reading

IBA Technical Review 24, The D-MAC/packet
Svstem for Satellite and Cable. Independent
Broadcasting Authority, November 1988,

David Eglise is Director of Technical Ser-
vices, British Satellite Broadcasting.
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High-resolution
frequency counter

High-stability clock, display protection and PC interface
for the instrument described in the January 1988 issue

he clock oscillator described in the

I January issue was a standard design
built around a single 74HC-type inver-

ter. This circuit is reliable and simple. but its
performance is far from ideal. HC type c-mos
gates have input currents and capacitances
which are both heavily voltage dependent
when they are used as amplifiers with DC
feedback. and the output from such an
oscillator is easily seen to be a far cry from a
pure sinewave. These factors. together with
temperature-dependent propagation delay
and the temperature coefficient of the exter-
nal capacitors, make it seem unlikely that
this simple oscillator will show good fre-
quency stability. In an attempt to confirm
this supposition. a few tests were carried out
on similar oscillators built using c-mos gates
and small ceramic capacitors. One oscillator
showed a remarkably small temperature
dependence of less than

2 Hz/°C in the region 10—40°C. while
another was poorer at about —7 Hz/°C. A
commercial oven-stabilized oscillator was
used to drive the frequency counter while
these tests were performed.

These figures are probably not particular-
ly accurate. since the equipment used for
temperature cycling was rather primitive
(ice-cubes and large transistors mounted on
a heatsink inside an insulated box) and the
time-consuming nature of these experi-
ments prevented further investigation. The
results do. however, indicate that if the full
seven-figure accuracy of the counter is to be
realised, then some better clock source is
required, bearing in mind too that the
temperature rise inside the case of the
counter can easily exceed 20°C even with
good ventilation. It is at any rate wise to
position the oscillator components as far
from the power supply as possible, since this
is the main heat source within the instru-
ment.

When the clock-inhibit switch, S, is
closed. the internal oscillator is disabled and
the instrument can then be operated with an
external clock source when greater precision
is needed. An ovened crystal oscillator pro-
viding tight temperature control and using
flow-temperature-coefficient capacitors
should be capable of maintaining an accura-
¢y of about 1 part in 10" or better. Suitable
units can be built. which is difficult. or
hought. which is expensive. They are also
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Fig.1. Phase-locked-loop clock source to provide 5MHz from unhelpful carrier frequencies.

unfortunately rather bulky and consume a
fair amount of power hecause the oscillator
runs at an elevated temperature; 70° to 80°C
seems to be typical. Long-term ageing
effects will also mean that periodic, though
infrequent, calibration will be necessary.

Where the ultimate in accuracy is re-
guired. a clock source derived from, and
phase-locked to one of the highiy stable LF
transmitters such as Rugby. Droitwich and
Kalundborg (Denmark), provides the very
hest solution. These stations transmit fre-
quencies accurate to better than 1 part in
10", which is at least two orders of magni-
tude more precise than we in fact need.
Designs for suitable receivers have appeared
in the pages of Wireless World and other
electronic journals from time to time,"* and
these can supply the reference input to a
phase-locked frequency multiplier. Inte-
grated circuit manufacturers have taken
most of the problems out of the design of
phase-locked loops these days. and data
sheets usually contain helpful advice. or
even complete design examples. '

The transmitters mentioned above have
slightly unfortunate carrier frequencies
which cannot simply be multiplied up to
exactly 5 MHz. This means that the carrier
must first be divided down to some conve-
nient frequency. say 5 or 10 kHz, before
being multiplied. A block diagram of such a
system is shown in Fig. 1,and it is clear that
large division ratios may be required in the
feedback path.

The microprocessor-based frequency
counter can, however, simplify the design of
the PLL stages owing to its in-built comput-
ing capability. Although designed to work
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with a 5 MHz clock, the instrument can be
arranged to work with any clock frequency
in the range of 4 to 6 MHz, provided that a
few minor changes are made in the contents
of the rom. When these changes are made,
the input divider in Fig. 1 can be omitted,
and only relatively small divisors appear in
the feedback path. The changes necessary
are the writing of a four-byte floating-point
number and its reciprocal at certain addres-
ses, and the resetting of a flag. The microp-
rocessor uses the numbers to adjust the
results obtained on the assumption of a 5
MHz clock if the flag is reset. The process is
perhaps best explained by the use of an
examole. Consider that we wish to use the
Rugby transmitter broadcasting on 60 kHz.

We first choose a convenient multiplier
which will bring this frequency up to some-
where in the vicinity of 5 MHz. The figure of
80 is decided upon. which will increase the
LF signal to 4.8 MHz.

X = 5/4.8 = 1.0416667 and Y = 4.8/
5=1096

These are converted into binary form, giving
X = 0100001010101 0101 61010101 x 2!
Y = 01111 1010 11100001 0100 1000 x 2"

Note at this point that all working must be
done to an accuracy of 8 decimal digits and
25 hits, the 25th bit being rounded up or
down as necessary, and that X and Y both
have a fractional part, F. such that
(.5=.F< 1. X has been post-multiplied by 2 in
the example to achieve this.
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These are now converted into hexadecim-
al, four-byte values, the fourth byte being
the power towhich 2 has been raised. Thus

X' = 85555501 andY’ = FAEI4800

These bytes are now written as a string in
reverse order, 00 48 El FA 01 55 55 85, and
stored in the rom at addresses OFFO to
OFF7, in the given order. Doing this will also
automatically reset the necessary flag. The
bytes at these addresses are all FF originally.

Anyone considering using this technique
should note the following points:

® The frequency decided upon must not lie
below 2.5 MHz or above 6 MHz. Frequen-
cies under 5 MHz will slow the instrument
down, and 4 MHz is probably a usable
lower limit.

o The 5 MHz crystal in the internal oscillator
should be replaced by one having the same
frequency as the external source.

® Lowering the clock frequency will also
lower the maximum PRR which may be
applied to the input in the event mode
without pulses heing missed.

o The counter will perform normally on all
functions except the cLock function. This
one function is interrupt driven and de-
mands a5 MHz oscillator.

_PROTECTING THE DISPLAY

The multiplexed display of the frequency
counter is run at a much higher current
than the devices can stand during static
operation. Each segment is driven with a
current in excess of 30mA, but this is quite
safe provided that each digit is only turned
on for one eighth of the time. However, if the
multiplexing action should cease for any
appreciable length of time, there is a great
danger that some of the segments may be
damaged, resulting in reduced brilliance
from that part of the display henceforth. If
the worst comes to the worst, one of the
digits may even burnout completely.

The instrument has been designed to
ensure that this cannot happen during nor-
mal operation, but there is the ever-present
risk of disturbances on the mains upsetting
things. Noise spikes, for example, can quite
easily propagate through the power supply
and either cause the microprocessor to
malfunction for a short time or cause incor-
rect data to appear on the busses. If the
microprocessor, by this or any other means,
gets out of step with its program, it is highly

probable that the scanning of the display will
stop with one of the digits turned on. The
instrument has not shown itself to be unduly
prone to such problems, but some means of
protecting the display is obviously desirable.

A simple LC filter on the mains input will
be able to reduce the effect of spikes and of
course can be recommended, but this does
not offer complete protection, nor will it
guard against short-term drop-outs which
canoccur fromtime to time.

A better solution, one which guarantees
full protection against all malfunctions
caused by external influences, is awatch-dog
circuit. This is standard equipment ina great
many microprocessor designs nowadays,
and is simple to implement. It works by
monitoring some recurrent behaviour of the
system and resetting the system to some
well-defined state if the expected behaviour
fails to occur. In the case of the frequency
counter, it is clear that we should monitor
one of the anode drive circuits of the display.
the PA7 output of IC, being particularly
suitable. This output does not drive any
digit, but is multiplexed along with the other
seven output lines all the same. A rectangu-
lar wave with an 87% duty-cycle is available
at this point.

Figure 2 shows a simple circuit that may
be used to implement the watch-dog func-
tion. The PA7 output is capacitively coupled
to the input of the first inverter so that only
dynamic multiplexing can affect the inver-
ter. Diode D, restores the DC level of the
waveform. So long as multiplexing takes
place, the output of the first inverter will also
be a square wave with the same frequency as
the input. Each time that the inverters
output goes low it will discharge C» via D,
maintaining the second inverter’s input at a
low level and its output high. This point is
connected to the NMI input of the Z80B,
which is active-low, so that in this condition
the processor is not interrupted.

However, if the multiplexing should fail at
any time, resulting in a static output from
PA7. the input of the first inverter rapidly
falls low, its output goes high, and D,
disconnects it from the following circuitry.
The second inverter is now able to function
as a low-frequency oscillator, providing
short negative pulses at its output which
interrupt the microprocessor. The micro-
processor will always respond to these inter-
rupts, jumping to the routine starting at
address 0066. This routine first of all blanks
the display completely and then pulses the
PA7 output rapidly up and down for about

Fig.2. Watchdog circuitavoids damage to the display in case of multiplex failure.
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200 ms. This then puts an end to the
interrupting signals and the routine finishes
by restarting the microprocessor at address
0000, which is the normal starting point of
the program. Even prolonged and very
irregular disturbances of the system will not
prevent the instrument from eventually
starting up normally again because the
watch-dog will go on oscillating and inter-
rupting the microprocessor until multiplex-
ing is re-established. The chances of an AC
signal appearing on the PA7 line if the
program is not running correctly are very
remote, perhaps almost impossible.

The inverters for the circuit could be the
two spare ones in IC,. This circuit was
specified as a 74LS14 in the January article,
but may be replaced by a 74HCT14. The NMI
input was also shown connected to the +5V
rail, but must of course be disconnected
from this if the watch-dog circuit is to be
incorporated in the instrument.

INTERFACING THE COUNTERTOA
COMPUTER

It is quite some time ago now that design
work first started on the frequency counter,
and no thought was then given to equipping
the instrument with a computer interface. it
should be possible to do this, however,
providing not only for the transmission of
measurements from the counter to a com-
puter or data-logger, but also allowing the
counter to be completely remote-controlled.
Note that the interface design which is
presented here has not been built, but it is
straightforward and should work without
difficulty. The design will not prove suitable
for all computers, but enough information is
given to allow the reader to adapt it to
his/her needs.

The well-known 8255 24-bit 1/0 port has
been chosen for the immediate interface to
the computer. This device can operate in
three main modes, mode 0 heing chosen for
this application. In this mode ports A and B
operate as two independent 8-bit input or
output ports, while port C operates as two
4-bit ports. In the diagram. Fig. 3, port A is
output while B and C are inputs. It is not
intended to deal with the detailed working
and control of the 8255 here, and would-be
users are recommended to refer to Intel's
data sheet?.

Let us consider port A first: this controls
the functioning of the frequency counter.
Bits A6 and A7 are used to switch the two
relays governing gain and coupling in the
preamplifier. Bits A4 and A3, clocked
through the latch 1C,, replace switch $2,/
S2,, in the diagram in the January issue,
while the lowest three bits of the port and the
associated circuits 1C; and ICy. an 8-input
multiplexer and a 3-to-8 line decoder respec-
tively, replace S1,/81y,. All of these switches
should be removed from the counter entire-
ly. The accompanying table in Fig. 3 shows
which control word the computer should
write to port A to obtain any particular
function.

Synchronization of data transfers between
two asynchronous systems is nearly always a
difficult matter, as witnessed here by the
presence of ICs and the use of bit 6 of port A.
When a new function is to be selected in the
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frequency counter, the appropriate control
word should be sent to bits AQ0 — A4 with AS
low. It should then be sent again about 1 ms
later with A5 high, and once again 1 ms later
with A5 low. The clock signal for [Cs, a dual
D-type flip-flop, is the same signal used to
clock the displav output ports. This clock
occurs about every 820 microseconds. The
net effect of the above procedure and the
flip-flop delay line is to ensure that data is
stable on A0-A4 before I1C; is clocked from
the pulse out of A5, at a time when the
display is being refreshed; i.e. when the new
data is not being examined by the counter
This allows the counter to change cleanly
from one state to another without passing
through any undesired states. If this proce-
dure is not followed. it would be possible to
overwrite the stored frequency in the coun-
ter’'smemory by accident.

If the counter is switched from one func-
tion to another, it reacts rapidly in most
cases to perform the new function. This is
not always the case however. In particular,
moving horizontally in the upper four rows
of the table of Fig. 3. it may take up to a
second before the counter reacts, plus
another second before a reliable reading
becomes available. Moving vertically be-
tween rows 101 and 100 the reaction is very
fast, and avalid reading is available within 10
ms. The same applies for vertical movement
between rows 011 and 010. and for transi-
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Fig.4. Timing of data on display output ports.

tions inany direction in the lowest two rows.

Ports B and C transmit the results from
the display out onto the computer bus. Data
received by the computer is obviously in the
same format as that used by the display. and
if the data must be mathematically manipu-
lated. the computer will have to be program-
med to converl the data to some more
amenable form.

There are a couple of points worth noting
in connection with the display. The first is
illustrated in Fig. 4. which shows the timing
of data on ports PA and PC in the counter.
We see that the anode drives of the separate
digits do not overlap, and that data is valid on
PC 3.2 microseconds before the associated
line of PA goes low. The second point
concerns the data on PC. The lower nibble

continued on page 379
Fig.3. Interface between counter and computer.
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ect-oriented programming

Structured languages promote modular programming, but the
modules that result have their data held remotely. Rupert
Baines describes the advantages and disadvantages of a
programming ‘environment’ that allows only completely

fall the areas of high technology. that
Oof software seems especially subject
to sudden enthusiasms and fashions.
Ideas seem to arrive from nowhere and
become established as common knowledge
almost immediately. Others fall from favour
just as fast. Who had even heard of C five
vears ago, let alone used it? Yet today it is
perhaps the single most popular language.
The idea attracting attention at the mo-
ment is that of object-oriented program
ming, or oops. Despite (or possibly because
of) all the ballyhoo about oops, it is sur-
rounded by confusion and misunderstand-
ing. | hope that this article will describe the
subject and clear some of the confusion.
So, just what are oops and why are they so
controversial? What is all the fuss about and
isany of it justified?

self-contained modules.

RUPERT BAINES

An oops is simply a programming lan-
guage. The reason that oopss are important
is that they work in a slightly different way
from normal languages. By offering a subtly
different set of tools to the programmer an
oops provides a different way of solving
problems. Enthusiasts claim that this new
approach makes software clearer. shorter
and more reliable while making the prog-
rammer more efficient.

Over the four decades that people have
been using computers there have been many
different ways of programming them, pro-
gressing from hard wiring and machine code
to high-level and fourth-generation lan-
guages.

Despite apparent diversity in the many
different languages that exist now. most of
them conform to the same philosophy, i.e.

they are organized in basically the same way.
Until twenty years ago. computers were
real computers, filling large rooms with
their air-conditioned extravagance. And the
languages with them were cryptic monstro-
sities like Cobol or Fortran 66, which seem
terribly restrictive nowadays. You are only
allowed short variable names. the control
structures are very limited and there is very
little flexibility or modularity. There were
few data types, and no way of defining more.
With these older languages the only con
trol structure was GOTO so the programs
were totally controlled by a network of
jumps and re-jumps which would (perhaps)
be documented and analysed using flow
diagrams. It is possible to write clear, well
structured programs in them - although
they don't make it easy. But what did that

SONOFC

The C+ + programming language is the work
of Dr Bfarne Stroustrup at Bell Labs (where C
was born). It started as a project to correct
some of the perceived failings in C by provid-
ing various enhancements and expansions to
the original language. However, development
progressed until a whole new language
evolved.

The compiler was first released outside the
lab in 1984 and shortly afterwards Dr Strous-
trup published his book The C+ + Program-
ming Language which is very much the
definitive specification (thorough and com-
prehensive it is; clear and readable itisn‘t?).

The simplest way to describe C++ is as a
superset of C; the old language is all there,
complete with the cryptic commands and
standard librarles that C programmers are
used to. However a vast number of new
facilities and functions have been added.

Since the standard language is still sup-
ported, any code written in C will run under
the new environment (always assuming that
it ran before). This means that investment in
systems, software or programming skills can
be transferred without waste.

A programmer could start by using only the
conventional functions, gain familiarity with
the system and gradually use the powerful
object-oriented aspects of the language when
they became relevant.

Since the ‘learning curve’ for pure lan-
guages like Smalltalk is notoriously gradual,
this easy entry can be very attractive. The
benefits of starting from the secure base of an
already popular language and then building on
that to offer the power and flexibility of an
oops explain why, despite its youth, C+ + is
so successful.

The language supports a number of minor
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extensions to the original C as described by
Kernighan and Ritchie. This isn't to devalue
the extensions; they improve the language
significantly. They include having genuine
constants from within the language, function
prototypes and more rigorous type checking
(1 can hear the gasps of horror). These may all
seem familiar; having originated in C+ +
they've been adopted and used by many
compiler writers including the committee
which specified ANSI C.

There are also the object-oriented aspects
of the language, allowing the programmer to
define new classes and redefine existing ones.
These can work happily with the rest of the
system, allowing us to enhance our existing
programs. To prove how useful objects can
be, C++ includes some predefined classes,
just waiting to be applied. The most useful of
these to the novice C+ 4+ programmer will be
the stream classes, which radically simplify
i/o operations.

In conventional C the programming relates
to the real world using five streams; stdin,
stdout, stderr, stdaux and stdprm. These have
now been simplified to only two classes;
istream and ostream, which (obviously
enough) deal with input and output respec-
tively (for example stdout is part of the
ostream class).

If an object is to be printed, all the prog-
rammer has to do is send the data to this
stream using the ' <<’ operator. If the source
code for this is examined all the usual *putch-
ar’ output routines are found but the user
needn’t access them; the definition of the
object chooses which routine is to be used.

At last a programmer has a general-purpose
print function without needing to worry about
a tortuous set of Printf() masks.

In the past all C++ systems have been
written as code translators, which interpret
the code and translate it into standard C to run
on your existing compller. This isn’t the
quickest way of doing things (although it does
guarantee that your code is truly upwards
compatible with the usual language).

A better way of doing things is to write a
genuine C+ + compiler, which has now been
done by Zortech (as far as I know this is the
only one available — if you know differently
please tell me). It is a fast and powerful
system, being the latest development of their
deservedly popular C compiler, and apparent-
ly is selling very well.

There are several translators available at a
range of prices. Rumour tells of an excellent
shareware version (which would be an ideal
way of testing the language to see if you liked
it). Unfortunately 1 haven't been able to find
any details of this mythical bargain. If you
know of it I’'m sure there are plenty of readers
who'd appreciate the information.

The definitive hook on the language is
obviously Bjarne Stroustrup’s The C++
Programming Language, but it is definitely
not an easy read. It is only to be tackled if you
know your C and take your time. There are
other books which will be easier going: one 1
found particularly good was The Waite
Group’s C+ + Progrumming by John Berry,
published by Howard Sams, which is a good
introduction to the language. These should be
available from most of the bigger software
distributors or any good computer bookshop.

Thelr C+ + compiler costs £95 from Zor-
tech on 01-316 7777. C+ + translators can
be obtained from any good software dealer -
just have a look through their advertise-
ments.
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matter when the only programmers were a
rare breed of specialists who could cope with
itall?

As more and more people became involved
with programming. the new philosophy of
structured programming, which is now
almost universally accepted. began to
appear. The principle is to adopt a ‘top down
approach to program writing. You start by
considering the problem as a whole. with the
aim of dividing it into separate parts. These
sections are continually divided and subdi
vided until you reach a stage where each
module performs asingle discrete task.

As a result. the total program is divided
into a tree structure with the initial problem
at the top and the fundamental modules at
the bottom. The program will be a series of
procedures and function calls. with the
emphasis on a well defined structure and
logical layout.

Languages like Pascal, C and Modula-2
that follow this philosophy (procedural lan-
guages) are designed to put an emphasis on
program flow and therefore support lots of
control structures including Repeat-Until
Do-While. For-Next, Begin-End. If-Elself-
Then-End-1f, and Case-Esac. These struc-
tures, defining the skeleton on which the
program is built up, determine how the
algorithm is constructed.

Data is different from the structure and
the two are carefully segregated; data is
purely passive as it gets passed between the
active modules. This style of procedural
language dominates today's software scene.

It is here that object-oriented program
ming differs from the more conventional
procedural style. An oops starts from a
‘bottom up’ principle with emphasis on the
data structures within the program rather
than the control structures of it.

During the design process. the language is
extended by defining new dala tvpes and new
operations that directly relate to the needs of
the application. These objects are fun-
damental to any oops; as they are combined
and built upon, the application develops.

The crucial point about objects is that
they contain code as well as pure datawithin
the one definition. There is no distinction
between the data and the code which will
manipulate that data — both are needed to
make up that object.

Smalltalk was the first oops to be de-
veloped and it is still the best. The Smalltalk
environment (it is far, far more than just a
language) was developed at the Xerox Palo
Alto Research Centre during the late 1970s
and early 1980s. It is based on a ‘What If
structure; ignoring conventional wisdom
the Xerox team followed their own ideas to
produce a totally innovative view of compu
ters and how humans can relate to them.

Many of the ideas that were developed as
part of Smalltalk fifteen years ago are now
making their mark on the computing main
stream; examples including windows, mice
and HyperText. Often the versions we see
now are only pale shadows of the originals.
All these ideas are firmly based on Smalltalk,
which is still the object-oriented language.
There are other object-oriented languages
but it is Smalltalk that they emulate.

In a Smalltalk environment there are only

LET'S TALK SMALL. ..

Smalltalk is the oops that really matters. If
you’re interested in the subject then it is well
worth getting hold of a copy and giving it a try
—but be warned it can be addictive!

There are three dialects in commeon use.
One is Xerox Smalltalk 80. More than just a
language, this system really is a complete
environment complete with incremental com-
piler, windows support, debuggers, source
code browsers, application programs and a
vast library of application code and predefined
classes. This is a direct implementation of the
original Xerox PARC research project, and is
therefore the richest implementation avail-
able. 1t is also the largest and requires some
serious computing power — packages are
available for Xerox, Sun and Tektronix work-
stations, the Apple Mac II; there are also
versions for PC compatibles but I wouldn't
bother unless you have a 386 model.

A better dialect for PCs and compatibles is
Smalltalk/V, written by DigiTalk. This excel-
lent system is hased on the Xerox environ-
ment and is reasonably compatible with it.
However it is a stripped-down version and
better suited to the limited power of 8086-
based machines. It still needs at least 512K of
ram and a hard disk. though.

Finally there is Little Smalltalk, developed
as a teaching package by Dr Tim Budd at
Arizona University. Like the Tiny Basics on
microcomputers of yesteryear, Little Small-
talk is a highly cut-down version of the
genuine language, lacking the powerful
graphics and many of the more sophisticated
features.

Little Smalltalk isn't a professional de-
velopment language and was never intended
to be one. However it is an excellent entry into
Smalltalk, capturing the essence of the lan-
guage brilliantly. It supports all the functions
that you need and enough of the luxuries to
make using it great fun!

objects. Everything is an object. from an
integer to the compiler. and they are all
treated the same way. Everything is consis-
tent in its approach in that everything
happens by one object sending a message to
another, and that is the only way that things
can happen.

There is no distinction between the ap
plications program, the language itself and
the operating system. They are all objects
and can be treated in the same way. If you do
not like anything in the system it is just as
easy to modify the source code of the

The Little Smalltalk package places much
more modest demands on hardware than a
full implementation. It is available for most
micros including the PC, the Archimedes and
the Atari ST. Finally it is in the public domain
so the price is right too — what more do you
need?

The genuine Xerox package is expensive. It
is aimed at professional developers who can
afford 10 pay good prices for good software. If
'you need to ask the price you cannot afford it.

Smalltalk/V for any PC with 512K of mem-
ory and a hard disk is available at the very
reasonable price of £70. There is also an
enhanced version called Smalltalk/V286
which needs a 286 processor and 2Mbyte of
ram to give you surprisingly good results.
This costs £135 and is worth every penny in
my view. If you are serious about using
Smalltalk then I doubt if you can do better
than these packages. Digitalk deserves to
dominate the Smalltalk market in the way that
Borland has captured the Pascal one, and for
the same reason. These are quality products
at very reasonable prices.

Finally, Little Smalltalk is available very
cheaply, thanks to Dr Budd’s generosity in
releasing it into the public domain. The cost
you pay covers the price of the disks and the
documentation. You can expect to pay £20-
30 for an excellent introductory package —
which is well worth the money if you are
curious about the subject.

This package (and various others) are
availahle from any of the good software
distributors. There is a company who deal
exclusively in the language — Smalltalk Ex-
press D1-200 0220. They run a bulletin board
on the subject too; this is on 01-205 0512
and runs at 300/300, 1200/75 and 1200/
1200 baud. There’s a wide variety of applica-
tions, hints and support for all dialects of the
language.

compiler as it is to change your own prog-
rams (it would be a good idea to keep back up
copies though!). It is this consistent. open
attitude that makes a Smalltalk system so
flexible.

Of the other object-oriented languages
around most are "hybrids’, being based on a
conventional procedural language which
has been extended to include some object
oriented features. They are. for example,
Object Pascal. the intriguingly named trio of
LOOPS. SCOOPS and FLAVOR (which are
object-oriented versions of LISP) and finally

In conventional languages, like Pascal and C, a prcgram is built up from procedures but
in an object-oriented environment the program consists of interacting objects each with

their own private data and code.

The program is
built up from
procedures

-

(a)
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The program is built up
from interacting objects
which hove their own

private data and code

(b)
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C++ which is an extension of everyone's
favourite language (see panel).

Even ADA, the cumbersome monstrosity
of a language designed by the US Depart-
ment of Defense, is rumoured to support
some object-oriented features (along with
just about everything else!)

Logically enough. objects are the fun-
damental item in an object-oriented prog-
ramming service. Each object is a complete
sealed unit — it contains all the data it needs
as well as the procedures to manipulate that
data (its ‘'methods’ in oops parlance). In a
way an object is an extension of the Pascal
record or the C structure, but not only do
you specify the data structure but you can
also define what operations are relevant and
how they are towork.

Objects essentially have a public part and a
private part; their public face relates to the
outside world and to all the other objects by
sending and receiving ‘messages’, which are
then conveyed to the private body. This
private body decides for itself whether or not
it understands that message and, if it does,
what to dowithiit.

When a message is received and recog-
nised a method is triggered; this executes a
section of code which processes the data and
sends further messages on to other objects
computing happens. This is the only way
that things can interact, by passing mes-
sages to each other — there is no way of
directly accessing the inside of an object.
Once an object has been defined you need
never know how it is actually implemented,
merely what messages tosend to it.

This ability to keep objects totally self-
contained and independent is one of the
biggest attractions of object-oriented pro-
gramming. For code to do anything at all a
message has to be explicitly sent to an object
that knows how to understand it and has an
appropriate method ready. This means that
it is virtually impossible to write a piece of
code that has unexpected side effects — an
extremely attractive feature.

Once a class of objects has been defined
and tested the objects can be used in a variety
of programs just by sending the appropriate
messages. As time goes on and the program-

“Unlike data types
in normal languages,
Smalltalk classes
do not exist
in isolation.”

mer huilds a stock of useful objects they can
be built into any future projects without
worries about interference or side effects.

Developing re-usabie code is one of the
ways that oops makes programming more
efficient. Most languages encourage you to
re-invent the wheel; it is often easier to write
a procedure from scratch than it is to modify
an existing one to suit the rest of the
program. An object doesn't need to be
modified - it can be used directly. If mes-
sages are necessary these are easily added,
without risk of altering the behaviour of any
other objects.

Obviously. when you define a new type of
object you can have more than one of them.
Objects that represent the same type of thing
and arise from the same definition are
grouped together as members of a class.
Every object in the environment is a mem-
ber of a class (an ‘instance’ of that class).

Classes act as the template for all their
instances {all the objects of that class that
exist in the program) and they represent the
definition of them. Accordingly a class stores
all the information that is common to all
the directory of methods that are used when
the object receives a message, the code
associated with them and the details of data
structures that each object will contain,
Once a class has been defined new objects of

Objects are like icebergs in that most of their bulk is below the surface. The rest of the
program can only see the ‘public’ face of the object; the private section is set up by the

class definition.

Message Message out to

in Message between objects i? other
N ______g__ __J___ f objects

Public &‘

Private. ==

Methods Data

If message X John
section of code [217539 £

If message Y (Fred =
sechion of code _8_870173_-
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If message Z
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that class. which can be created at will, can
draw upon that same definition.

Unlike data types in normal languages.
such as integers and characters. for example.
Smalltalk classes do not exist in isolation.
Instead they are arranged in a tree structure
with parents and children. Objects which are
instances of classes lower in the tree not only
have their own definitions but they inherit
those of their parents.

The tree diagram (p374) shows the built-
in classes of a commercial Little Smalltalk
system; instances of the class Float have
methods and data as defined by their own
class definition (Class Float) as well as those
defined by all the parents - Class Number,
Class Magnitude and Class Object.

When a message is received by an object
the system looks for method in that object’s
class. If it finds one then that is executed. [f it
doesn’t find a match the system will then
move up one level and check the method
directory of the parent mode. Again if the
method is found. it will be executed.

This process repeats until either a match
is found, inwhich case the message is run. or
the system hits the top of the tree without
finding any acceptable method for that
message. In that case it generates an error,
since the object has been sent a message that
it cannot understand.

‘Inheritance’ of classes is the fundamental
method of code re-use in all oops and it is
amazingly powerful. Features can be defined
higher up in the tree and then be used
painlessly from the lower levels. This means
that there is no occasion for any duplication
of coding - objects can understand any
message defined for their parent class.

Once you have a class which works reli-
ably you can extend it by defining a new class
as its descendant. This daughter class can
use all of its parent’s functions as well as its
own. Because we know that the parent’s code
is reliable, opportunities for bugs are greatly
reduced.

For example. suppose that vou were to
develop a program for architectural cad
purposes. You might define a class of object
called BUILDING, which will understand
messages such as ‘print plan® or “show
elevation’. This might have two sub-classes
of HOMES and OFFICES: these would still
accept the earlier messages but would have
ones specific to their application (perhaps
“Print number of bedrooms™).

Sub-classes could have further sub-
classes (e.g. bungalow, terraced house,
semi-detached) with their own specific
methods and messages depending on the
needs of the system. but they would still
simply use the already defined and tested
routines from higher up the tree whenever
necessary. Ultimately the classes could di-
vide to give individual objects.

As a simple example of how an oops might
be used in practice, imagine writing a
program for increasing desk-top productiv-
ity. Part of this program is an address book,
which can be represented by a single object.
This will understand messages like ‘Find
Fred Bloggs™ or "Include Joan Smith". Of
course Fred and Joan will be objects in their
own right elsewhere in the program.

Other objects might be a modem or aword
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processor that will use the address book by
sending these messages, and getting other
ones hack. Because of the information-
hiding aspect of objects the programmer
who wants to use that address hook need
never know how the data inside it is orga-
nised — it might be a list or complex B-tree,
or it may be plain ASCI1 or some compressed
format — it doesn’t matter. All the program-
mer has to do is send the appropriate
message and the methods within the object
will do the rest.

If the people stored within the address
hook fall into different groups then it would
be a simple matter to set up different
sub-classes to handle them. A business
address file could understand a request like
‘get Fred's fax number for example.

As another example of how oops can help
programming. imagine writing a program
for manipulating complex numbers. In a
conventional language vou would have to
decide how numbers would be stored — in a
rectangular form as a+jb or in polar form as
r.0.

Whichever method vou chose would be
followed throughout the program consis-
tently. with routines needed to handle con-
versions explicitly. Even worse, you would
have to define a whole suite of procedures to
handle the operations on these numbers
since you cannot say

complex x.v.z:

z=x+v

hecause the "+ operator is not defined for
the tvpe complex, and there is no way to
redefine it. Instead we are forced to use
expressions like

complex x,v.z:

complex add (z.x.y);

which is clumsier and less clear.

In contrast. an oops would allow us to
define the object to represent a complex
number in any way you choose, so that it can
understand the conventional + symbol and
react appropriately. The methods and inter-
nal data of the object would know which
representation had been used (polar or
rectangular) but it is irrelevant to the user
who can send four messages to access a,b.r
or 8 at whim, allowing easy use of the
information in either form. The conversions
are done automatically and transparently by
the object itself without the user ever
knowing.

The object-oriented approach not only
makes the code clearer (which of the code
sections above would you find easier to
understand?) but it makes it more versatile
too by eliminating the need for conversion
routines.

As afinal thought, this idea of information
hiding and message passing means program
objects behave in a way that is akin to real
world objects. When we use something
physical we send it a signal and then expect it
to handle the precise implementation.

For instance when vou change the volume
of a radio you neither know nor care what
amplifier configuration it has or what is the
value of the variable resistor. Most people are
happy to leave the radio as a hox that accepts
messages at one end. converts them in the
middle, and sends them out at the other end.

The Smalltalk

Address
book
‘Business”

universe

Screen

Integer -1

Integer 1

Computer

Objects within
the universe

Smalltalk philosophy is very consistent, with everything in its universe being treated as an

object

The benefits of oops are that programs can
be built up easily from independent, self
contained objects. These can be sealed off
from each other. only communicating
through predefined messages and interact-
ing in a known way. This makes bugs far less
likely (and easier to trace if they do occur).

Once objects have been defined and tested
it is trivially easy to re-use them for any
other applications as building blocks — sav-
ing time and effort.

The concept of inheritance means that
defining the classes that objects belong to
can be a painless task too, since vou can draw
upon earlier definitions and make use of
previous work. If there is a problem then it
can only be in the newly defined item. since
we know that the existing objects are error-
free and there is no way that the two can
interact except by deliberate passing of a
message.

The way that objects reflect the real world
makes designing an application simpler and
easier tounderstand.

It is inevitable that any topic as new and as
controversial as object-oriented program-
ming has been atlacked as well as praised.
Many of these criticisms are unfair or unsub-

[13

. . .imagine
writing a program
for increasing
desk-top
productivity.”
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stantiated. Many more are fair as far they go,
but tend to be criticising one particular
implementation, rather than the idea as a
whole.

It 1s undeniable that learning to use an
oops can be hard work: many of the concepts
are strange or unfamiliar and things are
done in differently in relation to a conven-
tional language.

It takes time to grasp the intentions
behind the system and why things are done
in a particular way. Compared with those of
conventional languages, the concept of oops
is so different that newcomers to program-
ming often have an easier time with object-
oriented systems than experienced software
writers.

One way to shorten the learning curve
would be to start with a hybrid language like
OBJECT PASCAL or C++ (see panel). In-
itially, vou could write all your programs
only using the mainstream language in a
conventional procedural style. Then you
could gradually start to use the powerful
object-oriented facilities as part of the main
program.

In theory, as you gain familiarity with the
ideas and appreciate the benefits, you will
gradually end up writing exclusively in an
object-oriented style. Once familiar with the
concepts of object-oriented programming it
would he a comparatively easy matter to
transfer to another system like a full Small-
talk implementation.

Some people complain that they feel
constrained and isolated from the machine
when using an oops. Hackers and some old
style programmers feel unhappy and alien-
ated if they cannot fiddle with absolutely
everything and anything within the system.

Since one of the key themes of the
philosophy is that of containment it is hardly
surprising that direct access to the raw
innards of your machine is definitely not
encouraged. For the majority of applications
this won't matter, since the programmer
will only be working on high-level functions.

Things that are very machine-specific or
very lime-critical — arcade games and real
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Objects in Little Smalltalk. In Smalltalk, all objects are members of classes, which are built up as a tree. For example, the object
representing the real number 3.1416 is a member of the class ‘Float’, which is in turn a subset of the class ‘Number'. Ultimately,

everything belongs to the class of ‘Object.’

time control for example - are probably not
suited to being written within the oops
environment but would be better coded in a
low-level language. Any application that can
be written in a conventional high-level
language could be coded using an object
based language — and would probably he
better written for it!

Finally if you ever did need direct access to
the internal system then you can always
extend the object definitions to allow it!

Similarly it is claimed that programs
written in an oops will be larger and slower
than those written in a conventional lan-
guage. The size penalty arises because of the

“. . .defining the
classes that objects
belong to canbe a
painless task too.”
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need for extra libraries and extra code to
cope with the newly-defined data structures
and operators; these may mean that the
program is perhaps 10 or 20% larger than it
would be if coded in another language. This
won't matter for any real applications; most
computers nowadays have hard dises, and
programs typically are split into several
sections, which are called as and when
necessary so the total size of that program is
essentially irrelevant.,

The relative speed issue is harder to settle
though. because of the different attitude of
an oops. For example, object-oriented pro-
grams tend to do badly in benchmarks, but
this is more a reflection on the test proce-
dure than the relative speeds of the com-
pilers.

Typically the benchmarks for testing a
compiler are some fairly trivial procedures,
tor example counting to 1000, finding the
first 100 prime numbers or sorting a few
integers. These are of course well suited to
conventional, procedural languages with
their simple data types, but they are hardly
fair tests for an object-oriented language.

The only realistic {worthwhile) test is to
ask how well they compare in real applica-
tions that people actually want to use, and
inevitably the answer is not clear-cut. The
language used is of far less importance than
the quality of the compiler and the skill of
the programmer.

Quality of the implementation of the
compiler makes a huge difference — the
excellent Digitalk compiler for Smalltalk
will outpace anvthing but the very fastest €
compilers.

“One way to shorten
the learning curve
is to start with a
hybrid language. . .”
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SHANNON, CODING
AND SPREAD SPECTRUM

In this third article, the author examines error-correction
coding techniques, concentrating on hard decision decoding

oth the linear and logarithmic ex-
Bchanges {when not used for band-

width compression), involve use of
redundancy (see March article); but unlike
the spread-spectrum case, the “redundant”
information in error-correction schemes is
essentially related to the true information.
Coding gain G, was defined (equations 7 and
8) as the additional gain theoretically attain-
able (by use of suitable coding) over and
above the linear “gain” due to simple expan-
sion of the bandwidth. In other words. G, is
the extent to which the logarithmic ex-
change out-performs a linear exchange, or
to which error correction schemes could, in
theory, out-perform DSSS schemes.

Figure 7 shows a plot of G, (dB). as given
by equation & for various values of the
bandwidth expansion factor n and as a
function of the “output signal-to-noise
ratio”. This last, perhaps. requires a little
clarification.

Equations 7 and 8 showed a dependence of
G, upon an initial arbitrary reference signal-
to-noise ratio r,, and the bandwidth expan-
sion factor n. Now since we are concerned
with theoretical bounds on performance we
may make the optimum assumption that the
effective output signal-to-noise ratio is the
input signal-to-noise ratio multiplied by the
processing gain. The epithet “effective” is
used s0 as to cover two types of optimum
receiver. The first is one in which an ana-
logue output is obtained which literally
exhibits the enhanced signal/noise ratio as
described. The secord is one in which the
output is reconstituted data having a bit
error rate which. for the chosen modulation
technigue, corresponds to that enhanced
signal-to-noise ratio.

With this assumption. and reverting to
equations 7 and 8, we may now let r, be also
the oufput signal-to-noise ratio for the
reference system which by definition must
have unity processing gain (0dB). Hence in
Fig. 7. the abscissa corresponds to 10logr.

It is convenient to relate the gain to the
output signal-to-noise ratio in this way
since. from experience or from standard
analvtical results, we can assess error rates
and/or the utility of the system from this.
Thus. for most purposes. the threshold of
acceptable performance corresponds to an
output bit error rate of between 10 = and
107, and for almost all practical modula-
tion schemes subjected only to additive
gaussian noise, this corresponds to an out-

L.C.WALTERS

in the first article of this series (January), |
showed that it is always possible in theory to
effect, for a given communication perform-
ance, a linear exchange of bandwidth for
operating signal-to-noise ratio. | also indi-
cated that for input signal-to-noise ratios
above some threshold level, ry say, one
could do rather better than this and in fact
achieve a logarithmic exchange (ry=Ya or
—6dB was suggested as a practical crite-
rion). -

The second article (March) was primarily
concerned with means of achieving the
linear exchange (applicable in principle for
any s:n ratio), with especial consideration of
a simple form of direct sequence spread-
spectrum system.

This article considers basic ideas under-
lying error correction schemes; that is,
means of approaching a logarithmic ex-
change.

put signal-to-noise ratio between about
4.5dBand 15dB.

Consequently. when considering the
advantages attainable by coding, we may
restrict our attention to that region: for it is
not really of much use to have, say. a 10dB
enhancement of signal-to-noise ratio if the
system is working in a region where the
error rate is so low that onewould not notice
the enhancement. Equally, whatever proces
sing gain is achieved is of little avail if the
output error rate is still unacceptable.

Coding gain (dB)

0 Il i L L (] J
0 5 10 15 20 25 30

Output signal /norse retio (dB)
Fig.7. Coding gain G for various values of
the bandwidth expansion factor n.
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Witn these considerations in mind. it is
instructive to examine Fig.7 in some detail.
We first notice that relatively small increases
in the factor n, when n is itself small, give
rise te significant increases in coding gain.
For example, for 10dB output signal-to-
noise ratio, a change from the reference
system (n=1) by only 50% ton=1.5allows a
coding gain of 2.28dB (in addition to the
1.76d8 due to the linear exchange). A furth-
er inerease by a factor of 2.1 to n=10
permits a further coding gain of 2.28dB (in
addition to a further 3.22dB due to the linear
exchange).

In contrast, for the same 10dB output
ratio, an increase in n by a factor of 1000
from n=101to n=10 000 allows only a 0.4dB
coding gain (in addition to the 30dB due to
the lLinear exchange). The reason for this
phenomenon is clear. For 10dB output ratio,
a value of n much greater than about 10
implies that the input signal-to-noise is
much less than unity (negative dB). and
hence that the logarithmic and linear ex-
changes are almost the same. That is, the
coding gain G_ is small, For n less than 10,
however, the implied input signal-to-noise
ratio is greater than unity, so that the
difference between the logarithmic and
linear exchanges is appreciable.

This gives rise to the concept of a “practic-
al ideal”™ system, in which a linear exchange
is scught (e.g. by use of spread-spectrum
technigues) to bring the worst-case effective
output signal-to-noise ratio to about ~6dB
and then a further logarithmic exchange is
sought (by error correction schemes) to
recover the remaining 10.5 to 21dB required
for satistactory operation. This is a concept
of ceding within coding.

It is worth noting that for large values of n
and for output signal-to-noise ratios of 10 to
15dB. coding gains of between 6 and YdB are
potentially available (in addition to the
10legn dB due to the linear exchange).

IMPLEMENTATION

We shall now consider, in general terms.
how one might attempt to achieve such
periormance. But before doing so, we should
emphasise the underlying equivalence ot
bandwidth expansion and redundancy. Thus
for a given improvement in performance in
terms of bit error rates for example, we may
either retain the same information rate and
pravide redundancy by increasing band-
wicth; or we may reduce the information
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rate and then provide redundancy to restore
the bandwidth to its original value. From the
point of view of coding gains. error rates and
the like, the two schemes are identical. As
practical communication systems, however,
they are very different: but since we are here
concerned only with the effects of redundan-
cy.we deem them wholly equivalent.

To simplify the presentation | shall con-
fine my discussion to binary data systems;
and for the present | shall restrict it to
systems in which, at the receiver, each bit is
individually evaluated as 0 or 1 and the
resulting bhinary sequence forms the raw
material for error correction and detection.
Such schemes are called hard decision
schemes since a firm or “hard” decision is
made on each received bit before the data is
decoded.

The reader, by the way, may have encoun-
tered what 1 call the “bureaucrat’s delight”
principle of information theory: that deci-
sions should be delayed until the last possi-
ble moment - see the final article. 1t follows
that hard decision systems, which essential-
ly make decisions on each bit as it arrives,
are non-optimum. They are. however, often
rather easier to implement and historically
were the first to achieve widespread applica-
tion.

SINGLE PARITY

All error correction and detection schemes
involve the use of redundancy: that is to say.
the etfective repetition of information.
However, this does not necessarily imply
actual repetition. For example, a single
parity check bit provides redundancy. Thus,
if we have, say, a seven-bit hinary sequence
of Is and Os (e.g. an ASCII character). we
may add an eighth bit so as to make the total
number of 1s odd (odd parity) or even (even
parity). The choice is fundamentally
irrelevant, though for some systems there
may be small advantages in one or other. For
example, choice of odd parity implies that an
all-0 sequence is inadmissible, which is
convenient to exploit in some instances.

Ignoring any extra bits required to estab-
lish frame sync or character sync, (which
would be necessary for both systems) our
simple parity scheme involves one additional
bit for every block of seven “information”
bits in the reference system. The bandwidth
expansion factor in this case is % =1.143. As
a result of such expansion, and assuming
that the transmitter power and the informa-
tion rate are unchanged, each bit is trans-
mitted with less total power (hy a factor of
“) than in the reference case. and has to be
detected against a larger noise power (by a
factor of %) due to the increased receiver
bandwidth. Thus the bit error rate resulting
from adding redundancy is increased. Pro-
vided, however, that the correction/
detection capability of the coding system
more than compensates for this increased
error rate, the coding is worthwhile.

Single parity bit schemes do not normally
provide scope for error correction, but per-
mit detection of an odd number of errors. An
even number of errors would leave the parity
“correct”; but such schemes are used chiefly
under conditions in which the bit error
probabilities are very small and the probabi-
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lities of two or more errors in a block are
negligible. Nevertheless. in many systems
bit errors are due primarily to brief bursts of
noise (or equivalently, to brief fading of
signal strength). In such instances, provided
the noise bursts or fading periods are shorter
than a bit period, even single parity schemes
can be used for error correction: if the parity
of the received signal is incorrect. and if one
can detect one particular bit for which
reception conditions were “abnormal”, one
may surmise that this is the bit in error,
logically invert it to restore parity, and
output the amended data. Such a scheme is
known as Wagner coding after its inventor;
and it is a curious, though by no means
unique, exception to the more general rules
of error correction which normally assume
that there is no a priori reason to distinguish
between bits regarding their susceptibility o
error. In other words we usually assume that
the source of all errors is, or is equivalent to,
additive gaussian noise.

There are some special codes which have
been devised specifically to deal with errors
which occur in bursts, a common phe-
nomenon in practical systems. Many of these
can give enhanced performance if combined
with information (such as is used in Wagner
coding) as to those hits or symbols which are
especially likely to have been subject to
error. Their discussion is outside the scope
of this series: but if you are interested in
pursuing the matter further, you should
consult any standard text on error-
correcting codes and particularly the sec-
tions on Fire codes and Reed-Solomon
codes. However, for reasons which will be
given in my concluding article. most such
codes are rarely used. A major exception to
this is provided by Reed-Solomon codes
which are effective against both bursts and
uniformly distributed errors and are becom-
ing increasingly popular.

REPETITION

Reverting to the main theme of this article,
we here assume, as implied above, that the
only evidence that any particular bit is more
likely to be in error than any other is derived
from the structure of the code itself.

On this basis, a single parity bit can only
detect errors, and can detect only an odd
number of errors, since an even number
would leave the parity unchanged. Single
parity is therefore the most primitive error
detection coding scheme. capable in reality
of detecting only single errors in each block,
since if the error rate is such that there is any
significant probability of two or more errors
occurring then it cannot be relied upon at
all.

Any scheme which applies redundancy to
discrete blocks of data in this sort of manner
is known as a "block coding” scheme. There
are other types of codes such as convolution-
al and punctuation-free codes which are not
necessarily block codes at all: these too are
outside the scope of these introductory
articles.

Before considering more sophisticated
block codes for error correction 1 shall
briefly discuss the other extreme of actual
data repetition. which in many implementa-
tions is also a block coding system.

ARQ REPETITIONS

If the probability of receiving a message in
error is p and we have J messages to send,
then after sending them we shall on average
find that pJ have been received incorrectly
and must be sent again, making a total of
J(1+ p) transmissions so far. But a fraction p
of these pJ repeats (i.e. p°J) will be received
in error and so will need to be repeated,
making a total so far of J(1 + p+ p?) transmis-
sions. For a determination of average per-
formance we must assume that J is very
large and hence that this process needs to
be continued a very large number of times
overall. Thus the total number of transmis-
sions required will be

J1+p+pP+pi+....)=J/(1-p)

Repetition is a very old concept for correc-
tion in the case of two-way communication
systems. We all instinctively invoke it if we
fail to understand some spoken information.
The word “pardon” is commonly used as a
request for repetition in such cases.

In data communication systems, some
form of error detection scheme (such as a
single parity bit) is required if the receiver is
to request repetition. Then when an error is
detected. a request for a repeat is issued
automatically. Such systems are called Auto-
matic Repeat reQuest svstems. or in the
technical jargon, ARQ systems. They are
very efficient provided the probability of
error is very small; that is to say. provided
that the error detection scheme is not too
complex (e.g. does not itself involve too
much redundancy) and the time spent in
requesting and receiving repeats is a very
small fraction of the total transmission time.
On the other hand. their efficiency drops
dramatically as the error rate increases (or if
the transmit-receive delay time is long. as in
the case of communications with space-
craft).

ARQ involves overheads in the form of
time and channel capacity necessary to make
the requests and to implement the house-
keeping system required. These overheads
can be quite considerable when ARQ is
frequently invoked. But, ignoring these fac-
tors for amoment, if p,,, is the probabhility of a
message error (only groups of bits or “mes-
sages” are normally repeated), then the
average number of repeats required for a
group of ) messages isj=J/{1 —p,,,) - see hox.

Thus if p,, is less than, say, 5086, then ARQ
could conceivably be more efficient than a
more sophisticated error correction scheme
with 100% redundancy (n=2). However,
this ignores the overhead factor. This factor
can be potentially small for long messages
and very high for short messages. On the
other hand, the error probability p,, will be
much higher for long messages than for
short ones. For example, with a bit error rate
of 1in 10 000, the probability of an error in a
message of eight bits is (LO8%, but the
probability of an error in a message of 1600
bits is 14.8%. If p,,, becomes too large there is
a significant probability that the repeat will
itself have to he repeated. though this is
taken intoaccount in the above formula.

It is apparent that when p,, greatly ex-
ceeds 0.5 the system is unlikely to he viable
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even if the overheads are negligible, a condi-
tion which is itself unlikely to apply in these
circumstances. As an example, with a bit
error rate of 10+ and a message length of
1600 bits, the message error probability p,,
will be 80%: so that on average. each
message will need to be repeated five times,
equivalent to a bandwidth (or time) expan-
sion factor of n=5 in addition to any over-
heads. Other technigues could achieve good
performance under these conditions with a
much smaller time or bandwidth penalty. (1t
is clear that time and bandwidth are linearly
interchangeable since repetitions can be
made serially, using just one channel, or in
parallel, using two or more channels.)

The preceding discussion should have
clarified the main issues and explained the
difficulties of making definitive statements
on the operability of ARQ systems. Clearly
they become increasingly unattractive as the
hit error rates increase.

Finally, although it is one of the oldest
correction schemes, ARQ shares with some
of the most modern schemes the property of
being “adaptive”. That is to say, the amount
of redundancy emploved is not fixed, but
adapts itself to the reception conditions.

FORWARD ERROR
CORRECTION (FEC)

ARQ is a scheme for providing corrective
redundancy adaptively, on the basis of
observed errors. We now consider schemes
tor providing redundancy in advance (usual-
Iv on a non-adaptive hasis). These are called
forward error correction (FEC) schemes.
They have the disadvantage that the redun-
dancy is always provided even when it is not
necessary; but the advantage that no return
link or “handshake” is necessary, and within
the capabilities of the coding. correct mes-
sages are output with minimum deiay.

Again, before considering more sophisti-
cated systems, [ shall briefly discuss simple
data repetition. but this time without re-
quest.

DATAREPETITION

In general, simple data repetition schemes
involve repeated transmission. and. in the
case of hard decision decoding, “majority
voting™. The majority vote can be applied to
blocks of data such as characters, or to each
information hit. The latter is more powerful
and is usually adopted in practice.

We shall here assume that the “voting™ is
applied to each bit. Clearly, if a data bit is
transmitted an even number of times there
is a possibility that, at the receiver, half of
the samples represent a “one™ and the other
halfa “zero”, In this case the receiver will be
uncertain as to which to choose and for this
reason most thut not all) repetition schemes
employ an odd number of repetitions.

Thus, in general, a technique of this type
involves at least a three-fold redundaney and
hence bandwidth expansion (or data rate
reduction) by a factor of at least three. Such
expansion (or reduction) is frequently un-
welcome. so that more subtle approaches are
often preferred. However. when bit error
rates become very high (e.g. 20% or more)
simple repetition may be as efficient as or

ERROR RATE WITH MAJORITY VOTING

If the bit error probability (often called the bit error rate or ber) is p then p is the probability that any
particular bit is received in error and (1-p) is the probability that it is received correctly. The
probability that in a message of m bits a particular set of r of them will be received in error and the
remaining m-r received correctly is p'(1-p)™ ". If the number of ways in which groups of r can be
selected frommis ,,C,, then the total probability that exactly r bits are received in error is

P(mr)=,C.p(1-p)" *
The probability thatan m-bit message will be received with s or more bit errors is therefore

imc. pr1-p)™

With majority voting, an output error will occur if more than half the repetitions are incorrectly
received, so if m—2n+1 the output error probability is given by letting s=n+1 in the above with m
replaced by 2n+1 (,,C,= m¥/[r..(m- r)!] where r! means factorial r and r'= 1.2.3...... r. with 0'=1;
thus 5!=123.45.-120).

BIT ERROR RATES

The probability that a bit is received in error cannat exceed 0.5 because it we imagine for a moment
that it does, we merely have to invert it to improve the error rate to less than 0.5. An alternative way of
looking at this is to note that on average, any purely random sequence of bits will have half of them in
agreement with any selected message sequence of the same length. In other words, if half the bits
are in error there need be no connection whatsoever with the transmitted message. This is
exemplified in table 1 by the last row, where for an input error rate of 0.5 the output error rate is also
0.5 regardless of the number of repetitions. However, no such constraint applies to other
probabilities such as message error probabilities This is quite consistent with the above since, as |
have indicated, if half the bits in a message are in error the message could be a purely random one,
thus giving a message error probability of almost unity! In fact, in this case, if the message contains n
bits, there will be only one chance in 2" of the rece/ved message being “correct”, and so the message
error probability willbel-2 "

even maore efficient than these other  example, a radio channel is wholly occupied

approaches.

In fact. systems have been designed which
use repetition to reduce such error rates to
levels at which further, more subtle coding
can be effective. This implies “coding within
coding”. rather as | suggested coding within
DSSS in the earlier sections of this article.

Suppose the bit error rate is p and that
cach bit is repeated 2n+1 times; then with
majority voting on a bit-by-hit basis the
output bit error rate (see upper box) will be

il
Effln|cr P’” P’

ron+l

IRN
P,

The table below shows the output error
rate p,, as a function of p for various values of
2n+1.

Clearly. when ervor rates become large,
very considerable redundancy is required to
produce much improvement. tIncidentally.
for those unfamiliar with bit errors, the
highest pessible bit error rate is 0.5 — see
lower box.a

In most practical cases a very large redun-
dancy factor is unacceptable, but there is at
least one type of system where it may often
he encountered. This is the case inwhich, for

by a data svstem. A good example is a
military VHF radio system which may typi-
cally carry binary data at 16kbit/s. This may
be used for digitised speech for example, but
in some conditions the users may be pre-
pared to use data at rates as low as S0bit/s.
Clecrly, one could repeat S0bit/s data 320
times with a 16kbit/s transmission, which
would give extremely powerful error correc-
tion. In fact, majority voting on a 319-fold
repetition, even for an input error rate of
45%, would give an output error rate of
3.68%. At an input error rate of 40% this
would be reduced to 0.015% and at 35% to
2x 10 " For binary signalling schemes such
as frequency shift keying (FSK), commonly
used in such applications, error rates of 45%
and 35% correspond respectively to signal-
to-noise ratios of the order of —6.7dB.
-3.5dB and —1.5dB.

In the first part of this series we consi-
dered a bandwidth expansion scheme in
which the same data was sent in parallel in a
number of frequency channels. | pointed out
thet that particular approach gave a linear
exchange of bandwidth for signal-to-noise
ratio but that it was not a very practical
implementation of a spread spectrum sys-

Table 1: majority voting. Output error rate for various numbers cfrepeats.

Number of repeats
2n+1 3 5 7 9 11 19 29 39 79
0.05 0.007 12x10 ® 19x10 * 33x10 ® 58x10 ® 12x10 ¥ Negligible
0.10 0.028 86x10 * 27x10 > 89x10 * 30x10 % 39x10 ® 20x10 ® 1.0x10 '° Negble
015 0.061 0.027 0.012 56x10 * 27x10 * 14x10 * 4.1x10 © 1.0x10 7 Neg'ble
020 0.104 0058 0.033 0.020 0.012 16x10 * 14x10 * 1.3x10 * 12x10 °
025 0.15% 0.103 0.071 0.049 0.034 89x10 * 18x10 ® 37x10 * 9.0x10 °
030 0216 0.163 0.126 0.099 0078 0.033 0.012 43x10 * 98x10 ®
035 0282 0235 0.200 0.172 0149 0.088 0.048 0.027 31x10 ?
040 0.352 0317 0.290 0.267 0247 0.186 0.136 0.102 0.036
045 0425 0407 0.392 0.379 0.367 0.329 0.293 0.264 0.186
0.50 0,500 0.500 0.500 0.500 0.500 0.500 0.500

0.500 0.500
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tem. Now sending the same data simul-
taneously in several channels is conceptually
identical to repeating the data; and so one
might expect that a redundancy factor of,
say. 319 as considered above, might yield an
improvement of the order of 10og;,319 i.e.
25dB. But binary signalling techniques such
as FSK typically give quite negligible error
rates (less than 107 ‘) at say 15dB signal-to-
noise ratio, and with 319 repetitions one
might expect excellent performance at
(15-25)=—10dB signal-to-noise ratio. So
why do we get such performance only at
about —1.5dB with a rather dismal perform-
ance even at —6.7dB? The answer lies in the
means of utilising the repetitions.

You may recall that in the parallel channel
system described in the first article, [ made a
point of combining the outputs of all chan-
nels coherently. That is to say we got them
all coincident in time and phase before
adding them linearly and then extracting the
information from the combined signal. The
spread spectrum system described in my
second article effectively combines all the
energy in the wide transmission bandwidth
coherently into the narrow information
bandwidth at the despreader output prior to
extracting the information. With the repeti-
tion scheme and majority voting however,
we are effectively combining outputs in-
coherently. 1t is as if, in the parellel channel
system, we were to demodulate each narrow
band channel independently and then per-
form majority voting. Because of the low
signal-to-noise ratio in each channel, each
output will have a high error rate, so that
even with the power of a 319-fold repetition
the result is still far short of that attainable
with coherent addition.

OTHER FEC TECHNIQUES

Virtually all other FEC techniques use parity
checks in some form or other and this
implies the generation of redundant bits
from some sort of logical function applied to
a block of data. Note, however, that the input
bits to this logical function may include not
only the information bits but also the redun-
dant bits themselves. Thus a common tech-
nique for generating block error-correcting
codes is to start with a block of information
bits and enter them into a binary shift
register with “taps™ at various stages. The tap
outputs are fed to a logical combining
network (usually exclusive-or gates) and the
resulting output used to provide a redundant
bit, which may. of course, change with each
clock cycle. Often these bits are fed back as
input to the register so that it becomes a
feedback shift register similar to that de-
scribed in the second article for generating
m-sequences. Such schemes lead to codes
with cyclic properties which are therefore
known as cyclic codes.

Although we have considered code gen-
eration in terms of shift registers, equivalent
procedures can be implemented in software
on digital computers and with the advent of
cheap and powerful microprocessors this is
now the most common method, except
where extremely high bit rates are involved.

The study of codes involves some quite
subtle mathematics. usualiy invoking the
theory of Galois Fields, and | shall not
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Fig. 8. One of the very early ideas for direct
sequence spread spectrum (DSSS) was the
so-called transmitted reference system, in
which problems of signal acquisition and
code lock were avoided by transmitting the
spreading code also, on another channel,
These schemes gave, theoretically, an im-
provement by a factor n~ instead of n,
Thus for n=319 they would have given 12.5
dB rather than 25 dB improvement; butycu
will notice from Table 1 that the majority
voting scheme does better than this.

discuss this here. Instead. 1 shall consider
one or two simple examples in a small
amount of detail and merely mention some
examples of other types of coding.

BLOCK CODES

One of the earliest examples of a block code
was the Hamming single error correcting
code. This code employs a block of four
information bits to which it appends three
parity bits, making a total code block length
of seven bits. It is usually important in code
design that parity checks complement but
do not duplicate each other. The Hamming
single error correcting code is constructed
as follows (though the ordering can clearly
be changed):

e Bits numbered 3, 5. 6 and 7 are informa-
tion bits.

e Bit 1 gives a parity check on bits 1, 3, 5.
and7.

@ Bit 2 gives a parity checkon bits 2, 3,6, 7.
® Bit 4 gives a parity check onhits 4,5,6.7.

On receipt, we perform the parity checks on
the received word in the above order. In
other words we check the parity in succes-
sionof bits (1.3, 5and 7), (2, 3, 6 and 7) and
(4,5, 6and 7), indicating correct or success-
ful parity checks by a 0 and unsuccessful
checks by a 1. These bits then form a three
bit word which is called the “syndrome”,
since it is indicative of the “disease”. In the
case of the Hamming code as described
above, this syndrome, if interpreted as a
binary number, gives the number of the hit
in error. Hence all we have to do to correct
the data is to invert that particular bit and
then extract the information bits (3. 5. 6 and
7) from the amended word.

The above Hamming code is particularly
simple in this respect and most syndromes
are not so readily interpreted. In fact. since
the Hamming code checks every one of the
seven bits it is clear that it will permit
correction whichever four bit positions are
chosen to represent the information. These
positions are therefore chosen so as to ease
the encoding and decoding. That is, they are
chosen so that each parity bit is immediately
calculable from the data bits. or in other
words, each parity bit involves three in-

formation bits. If different positions were
chosen for the data bits, parity bits would
depend partly on some data bits and partly
on other parity bits. Thus if bit number 7
became a parity bit, its determination would
involve some iteration (or trial and error)
since it would be involved in, and would
itself involve, all the other parity bits.

Note, however, that if two or more bits are
inerror, the system falls apart and is likely to
result in even more bit errors in the output
thanwe started with. This is the Achilles heel
of block error correcting codes with hard
decision decoding: they have a strictly li-
mited error correction capability. Note also
that in this, as in most FEC codes, the
corrected errors may be in the check bits
themselves rather than the information bits.
Thus. contrary to some naive notions on
FEC. correction does not depend upon the
correct reception of the check bits. Finally,
we should note that in some coding systems
the information bits themselves are encoded
and do not appear explicitly in the transmit-
ted code-word. Codes in which the data bits
do appear explicitly are called systematic
codes.

Here | should mention that the reciprocal
(1/n) of what we have hitherto termed the
bandwidth expansion (or data compression)
factor n, is — in the case of FEC systems -
called the rate of the code. Thus the rate of
the Hamming code discussed above is 4/7.

CODEWORD DISTANCE

If a block code or “word” contains a total of n
bits of which k are information bits it is
described as an (n, k) code. If this code is
capable of correcting up to s errors it is
sometimes called an (n, k. s) code. Clearly
there are 2" possible words of n bits, but only
2% are legitimate codewords. Hence for each
legitimate codeword there are 2"~ possible
received words. Now consider the complete
block of n hits. there are ,C, ways in which
precisely r errors can occur. Hence the
number of ways m(s) in which s or fewer
€rrors can occuy is:
b
WC=l+n+n (n—D+nin-NHn=-2)+

2 6

r 0

..... +inn=1)....in—s+1) /s

Note that for large n and likely values of s.
i.e. s<n/2, the last term dominates so that
m(s)=n"/s!

If the code is to be capable of correcting up
tos errors. then each of the m(s) possibilities
must be uniguely defined by one of the 2" ¥
“illegitimate™ words. It is therefore neces-
sary that 2n—k=m(s).

Note that codes for which the equality
sign applies are called “perfect™ codes. The
Hamming (7.4.1) code described above is
therefore a perfect code since n=7, k=4,
s=1 giving n—k=3 and 2"7%'=8§ while
mis)=1+n=1+7=8.

Similarly the Golay (23,12.3) code is
described as perfect with 2K =21 =2048
and m(s)=1+23+253+1771=2048. Codes
which are not perfect, i.e. for which
2=k m(s), canbe used to correct or detect
some instances in which the number of
errors exceeds s.
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It is often convenient to consider error-
correcting codes in geometrical terms. This
involves the concept of n-dimensional
spaces, but this need not dismay readers
whose mathematics is severelv limited since,
at least at the level required here. the idea is
very simple and almost intuitive. We are all
familiar with the idea of graphs or two-
dimensional spaces in which a point (x.v) is
represented by two coordinates x and y. If
these are each allowed to assume only the
values O or 1, (i.e. to represent bits) then the
only permissible points on the graph are the
origin (0,0) and the points (0,1), (1.0) and
1.1). Thus this set of four points represents
all possible two-bit words. We may extend
the idea to three dimensions where a point is
represented by three co-ordinates (x.v.z) and
obtain the set of eight points (0,0,0}, (0,0.1),
(0,1,0), (01,1, (1,0,0). (1,0,1). (1,1,0),
(1,1.1) to represent all possible three-bit
words.

Suppose now we restrict the “permissible”
words to those with odd parity: i.e. to the set
(0,0,1), (0,1,0) (1,0,0) (1,1.1). Each of these
differs from each of the others in exactly two
coordinates; and because only the values
and 1 are permitted this means that to move
from one point to another one must move a
distance 1 parallel to one axis and a further
distance 1 parallel to another axis - a total of
two movements each of unit magnitude.
Each of the above odd-parity three-bit words
is therefore described as having a “distance”
of two from each of its fellows. One does not
need much mathematical skill to extend the
idea to n dimensions and to the concept that
any two ordered bit sequences of the same

length whose bits differ in m positions are at
a distance m from each other. (This is often
known as the Hamming distance).

In the n-dimensional world appropriate to
an n-bit (n.k} code, only 2" of the possible 2"
points represent legitimate codewords, and
any particular bit error on reception will
“move"” the perceived point a distance 1. If
there are s bit errors, the perceived point will
be at a distance s from its correct position. If
every legitimate codeword is distant 2s+ 1 or
more from every other such codeword then
the “correct” codeword will still correspond
to the legitimate point nearest to the per-
ceived word point. and hence error correc-
tionwill be possible.

It follows in general that if all genuine
codewords differ from all other such code-
words by 2s+1 or more bits, then it is
possible to correct up to s errors. Converse-
ly. if a code is required to correct up to s
errors then each valid codeword must differ
from each other such codeword in at least
2s+1 bit positions. Clearly, a good set of
codewords will be one for which the distance
between all pairs is maximised. This is
equivalent to minimising the cross-
correlation between members of the set.

ERROR DETECTION

From the above, it is apparent that code sets
having a minimum distance M would need to
have at least M bits in error before a
corrupted codeword would be mistaken for a
genuine (but incorrect) one, provided no
attemipt at error correction is made. Conse-
quently one could forego the luxury of

correclion and instead use the code to
provide a powerful error-detection capabil-
ity. This can be even more valuable than
correction in some instances because the
error-detecting power of a code is much
greater than its correcting power.

An (n,k,s) code can correct only s or fewer
errors but can detect up to 2s errors. In fact,
if used only for error detection, it will detect
any number of errors which do not result in
production of an incorrect valid codeword.
Thus for a code set for which all codewords
are equidistant by 2s+ 1, the code will detect
any number of errors other than multiples of
25+ 1

Thus if it is more important to be sure
there are no errors than to reduce their
number, the detection scheme may be pre-
ferable. A possible example is a case of a
nuclear alert!

Alternatively, one may adopt a combina-
tion of both detection and correction. It is
easilv seen from the geometrical model
above that in general. for a code set of
minimum distance M=2s+ 1, one may cor-
rect up to z bit errors (provided z is less than
s) and detect any number of errors between
z+1 and M—=2z—-1=2(s—z). If M is even
(e.g. M=2m) one may again correct up to z
errors (provided z<=m—1) and detect any
nurrber of bit errors hetween z+1 and
M—2z—1. This flexibility can be very useful
in some circumstances.

In the concluding article the author will
consider soft decision decoding and some
further oddments of information.

High-resolution frequency countey continued from page 369

contains the BCD value of the figure in the
result being refreshed. The L3SB of the
higher nibble is low only if that digit has its
decimal point lit. The remaining three bits
indicate the range. which the computer
must interpret as the exponent of ten by
which the result must be multiplied. The
highest bit will therefore mean a multipler of
10° (MHz) or 107" (ns), according to the
function being measured. On the 1F and
pulse ranges this bit indicates mHz and s,
giving multipliers of 10" % and unity.

Let us now look at the NR output. This is
an extra output from the interface to the
computer and goes low each time the coun-
ter has just made a new reading. The circuit
consisting of [Cy ; is basically a two-bit delay
line. The input to the delay line is the LSB of
port PC and the flip-flops are clocked by PA7,
the anode drive for the last, non-existent
digit. The circuit operates on the following
principle,

Throughout any one complete measuring
cycle the sequence of data put out on PC as
PA sends its lines low in turn remains
constant. When the counter obtains a new
result at the end of a measurement, the new
data sequence on PC is dependent upon the
actual result obtained and can not be pre-
dicted. PAT7 drives no digit however, and the
microprocessor of the counter is able to
guarantee that the data on the LSB of PC,
when PA7 is active, will change state from
one measuring cycle to the next. It is this

transition that we detect.

The negative edge of PA7 clocks PCO into
the first flip-flop. and the positive edge
copies it into the second. In the interval
between these two edges then, the first
flip-flop holds the new value of PCO, while
the second holds the value from the previous
refresh cycle of the display which occurred
about 6.5 ms ago. The ex-Or gate connected
to the output of the flip-flops can therefore
compare the two samples and will give a high
output if they are different. This is inverted
by the next gate to produce NR. NR is
therefore about 820 microseconds in length,
but this may be increased in steps of the
same length by clocking the second of the
flip-flops from the anode drive lines PAQ,
PAL, etc. The behaviour of the NR line is not
to he counted upon in the enent and cLock
modes of operation. The results here change
too rapidly for the NR signal to have any
meaning. Once the computer receives a
pulse on NR. perhaps on its interrupt pin. it
may obtain the new result from the display
in the course of the next 6.5 ms approx-
imately, by reading each digit in turn via the
interface.

Another solution to the interface problem
which appears attractive is the use of one of
the many single-chip microcontrollers that
are on the market today. Some of these have
a large number of 1/0 pins. 20 or more,
allowing them to replace the 8255 in the
above circuit. The part of the circuit built
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around 1C,, IC;, IC, and IC5 can be used
unchanged. although it ought to be possible
to do away with ICs. To save on I/0 pins, only
one line of PA, say PA7, need be monitored.
This may be used to synchronize data trans-
fers into the microcontroller as each line of
this port is low for a period of 800 — 840
microseconds in turn. The controller could
alsn provide a serial rather than parallel link
to the computer, allowing the counter to be
placed very remotely from the computer.
One controller which looks promising for
this application is the 8400 from Phillips.
This has 19 I/0O pins and an in-built serial
interface intended for 1°C bus working. It is
available in a 28-pin piggy-back version
which allows an eprom to be mounted
directly on top of the controller. Although its
working is rather leisurely when run with a
clock frequency of 5 MHz, its instruction set,
being very similar to that of the 8035/39
series of microprocessors, is also suitable for
mathematics so that it could perform the
necessary data conversion to binary, for
example, if this was required.
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PROGRAMMING

PRODUCTIVITY

Mr Frost makes a plea for a wider use of easy-to-read software and illustrates

n this article, I set out to highlight the

advantages of certain programming

languages, particularly for use in real-

time control applications using the

IBM PC, although much of the discus-
sion also applies to general programming
requirements on any system. It is with due
humility and not a little trepidation that |
embark on such a discussion, since | feel |
am liable to unleash the wrath of many
programmers who have no reason to be at all
unhappy with the programming language
and style that they currently employ, but |
am hoping that this is outweighed by the
benefit of the stimulus and any thought that
it may provoke.

My qualifications for initiating such a
discussion are hardly academic, since I am
primarily a hardware designer (and analogue
at that) who has learnt about software over
some 15 years of ‘on-the-job’ training, work-
ing on various real-time systems since mini-
computers began to become extinct. As did
many others, with the rise of micro-
processors in the early 1970°s | began to use
machine code out of necessity and the result
was fast, tight programs that seemed easy to
debug and which demonstrated time after
time that many ‘software” problems involv-
ing direct control over hardware or mecha-
nics were often related to timing. or simply
hardware faults hiding within a software
“cloak’.

As customers began to require a higher
level of data presentation and as complete
computer systems became available at very
low cost, many engineers changed to writing
control software using the basic interpreters
supplied with these systems, experiencing
the advantages of the fast editing, mathema-
tical manipulation and file handling that
machine code did not have. However, it soon
hecame apparent that the execution speed of
the programs left a lot to be desired and that
hardware or machine timing problems
which had already been solved during prog-
ramming would often recur when the addi-
tion of more program code slowed the
interpreter’s operation.

As is now widely appreciated, the advent of
the IBM PC family heralded a new era of
standardization in computer system design
where, for the first time, sofbware companies
were able to produce products for one
machine without its architecture becoming
dated even before the software products had
matured. The maturing of the PC technolo-
gy means thal now many popular computer
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languages have become available in PC
format and the user may now choose from a
number of implementations rather than
having to accept only the limited software
tools that were supplied by the computer
system manufacturer. With the PC as a
platform, it is now a more straightforward
task to assess programming languages for
use in real-time control (or any program-
ming task of course) and to discuss just how
closely any of them can approach an “ideal’
tool for the busy engineer or programmer.

HIGH-LEVEL LANGUAGES

Programming in high-level langauages has
changed remarkably over the last few years,
with great benefit to real-time program-
mers. Firstly. languages such as Basic using
interpreters now run several times faster
than older versions due to better coding and
faster hardware (although, interestingly, the
change from 8-bit machines to 16-bit types
has nothing like doubled speed perform-
ance). Secondly, the environment within
which the programmer writes the code, runs
it and debugs it has matured to provide tools
that greatly improve programmer produc-
tivitv within any one language.

Despite these advances, programmers
working on real-time systems find that the
‘old’ problems don't really change. Software
execution speed can often limit the perform-
ance of a product, and the difficulty of
subsequent maintenance or upgrading of
software can be very dependent on the case
with which it was written and its presenta-
tion to another programmer reading the
listing some time later. Indeed, as the
general complexity of software rises in line
with the increased expectations of its cus-
tomers, it becomes increasingly important
for bugs not to be created. rather than
relving on their later removal.

Before trying to highlight those condi-
tions under which ‘good’ software has the
best chance of being created, the limitations
of the English language make it necessary to
clarify exactly what is meant by ‘good’. |
believe that *good software can be created in
any language and is the result of using as
many as possible of the following ingre-
dients, not necessarily in this order.

o The programmer should be very experi-
enced with the particular language.

® The programmer must have a detailed
knowledge of the control-system task on
which heis working.

® The software being generated must be
easy Lo create and modify.

® The software bheing generated must be
casy for others to read.

This list does not have priorities, and most
would agree that known software successes
have included at least one of these attributes.
In some cases, the definition of "good soft-
ware’ is hazy since, if an experienced prog-
rammer is working with thorough know-
ledge of the task, then initially the result will
be successful software. but software which
may be judged poor when given to another
programmer. or when re-examined much
later when its original features can less easily
been seen.

Where it is possible, | now believe that
writing software that is easily read should be
given great importance, because a case can
be made that the other items in the list are

POPULAR LANGUAGES IN USE

MACHINE CODE (ASSEMBLER)

This is the level of programming that is
closest to the hardware and processor in-
volved and whose use almost always resuits
in the fastest performance and smallest final
program. Used extensively for small control
systems, often within eproms, it is used
where accurate timing, single-step debug-
ging and ‘hand-crafting’ combine to achieve
very specific software/hardware interac-
tions and where processor systems have
littte user I/0 such as disks, keyboard and
CRT. An assembler is used to translate user
machine-code mnemonics entered using an
ordinary text editor or word-processor. Un-
less provided from libraries of existing
machine-code routines, operations such as
mathematical functions and disk handling
are not available to the machine-code prog-
rammer, since only the processor instruc-
tions can be used.

BASIC

The old favourite usually provided with all
boxed computer systems and available for
all processors in one form or another. Itis a
good language on which to learn the first
programming principles, but the traditional
Basic interpreters can limit program struc-
ture and are slow with larger programs. The
newer Basic compilers used to their capabil-
ity can give excellent performance.

c
This language is often used as a bridge
between assembler programming and the
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strongly connected to it. If software is easily
read. then it is likelv to be easv to write since.
given that changes can be made quickly.
iterations around the ‘write-lest-modify’
loop are encouraged and converge quickly
toward succesful listings.

Again, if the essential features of a piece of
software are immediately apparent. the cor-
respondence between the software and the
task in hand are also clear. A useful by-
product is that any grey areas in the prog-
rammer’s knowledge of the task are visible to
himself. and (vitally important) to others.

The programmer’s competence within a
given language cannot be aided. except with
acombination of tuition and experience. and
this is where the choice of language can
often become a personal one. Indeed. it is as
easy to become partisan about one's
favourite language as about one’s favourite
processor or make of car. However, many
programmers are now realising that. if a
language is presented within an “integrated
environment’, the "write-modity-test” loops
become particularly short, resulting in a
hoost to productivity.

INTEGRATED ENVIRONMENTS

To programmers. this phrase has taken on
the significance that ‘what you see is what
you get’ (WYSIWYG) had for word proces-
sors when they became popular a few years
ago.

The traditional programming method of
using a compiler is based on the so-called
‘edit-compile-crash’ loop, where a separate
editor and compiler are used. with the

‘high-level’ languages. With C instructions it
is possible to generate programs that per-
form in a similar manner to their machine-
code counterparts, yet at the same time C
has many ‘high-level’ features and conve-
niently provides libraries of disk handling,
mathematical operations and other com-
monly required routines. As with machine-
code, the level of programming freedom
within C can introduce logical programming
errors in the hands of the less experienced
and the language is not the best for con-
veying meaning out of listings to those less
familiar with its syntax. Despite this, it is
probably the language most widely used by
experienced professional programmers
working with hardware.

PASCAL

Pascal began as a language for teaching
program structure to students, but has now
gathered a solid following of programmers
who appreciate the error-correcting disci-
pline of its stricter structure and also its high
level of readability. Because of its strict
structure, it can be more difficult to learn
than the more free-form languages.

FORTRAN

Fortran compilers are available for the PC,
but their application is, in the main, res-
tricted to scientific processing and running
programs brought across from larger main-
frames where the language is well estab-
lished.

programmer typing in the program. compil-
ing it. running it and then doing his best Lo
diagnose faults from any resulting symp-
toms. At best. this process is time consum-
ing because there is constant movement
between editor and compiler but. at worst.
the compiler error messages can make for a
significant amount of referral to manuals
and cross-referencing with source code.

‘Integrated environments’ provide the
programmer with evervthing necessary to
produce and lest a program in one package.
Source code for the program is retained in
memory within an editor and can be com-
piled in a few seconds at a key press. Any
errors will be flagged. but will also put the
cursor at the erroneous statement to allow
immediate editing corrections to be
‘context-sensitive (for example *:"expected).

When the program is run (another key-
press from within the editor). a run-time
check allows logical program faults to be
highlighted to the programmer in the same
way as syntax errors; an example would be
trying to use the 11th element of a 10
element array.

Several of these environments also in
clude a "debugger’ that operates at run-time.
This is extremely powerful and provides the
same facilities as machine-code program-
mers have had in a monitor. The program-
mer can single-step instructions. execute
instructions up to specific points, execute
loops a selected number of times, and all
whilst ‘watching’ variables to see the effect
on them. This powerful feature replaces the
need to continually insert priNT statements at

FORTH

Forth continues to increase rapidly in popu-
larity, especially amongst real-time users
who point to its ease of learning and the
direct correspondence between its own in-
structions and those of its host processor. It
has a unique structure that allows the lan.
guage to be ‘extended’ by the creation of
definitions which allow it to be applied
efficiently in place of machine-code, whilst
offering high-‘evel constructions. Because of
this efficiency, the small size of Forth com-
pilers has allowed several manufacturers to
offer processors that contain a ‘builtin’
Forth optimized on-chip to provide high
execution speed. Unfortunately, the reada-
bility of its stack-oriented listings can be
impaired, for those less familiar with the
language, by its syntax.

MODULA-2

This is a development from the Pascal
language, with which it shares many instruc-
tions, but Pascal's poorly defined areas have
been strengthened by standardization. Mod-
ular programming has been encouraged.
allowing a programming project' to be
broken down into logical modules, particu-
larly effective where more than one prog-
rammer is working on the project.

OTHERS

Other languages are available, but are often
specific to areas removed from real-time
control, for example disk-file processing.
graphics or artificial intelligence.
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strategic places in your code to determine
logical faults.

COMPILER VERSUS INTERPRETER

When | get a piece of 1/0 or memory-mapped
hardware running. | often turn to a simple
Basic interpreter to check it. This is because
it is still the quickest way to create the few
instructions that can send a value to a
defined address. If you type the program
incorrectly, or introduce some other mis-
take. a Basic interpreter is almost un-
crashable, since each line is checked as the
operations are performed.

However. as most people have found when
they try to write control programs using an
interpreter. they are painfully slow at a
typical speed of around 1ms per program
line. This can be irksome when you need to
examine a front-panel push-button from
withina loop of some 100 lines or so, and you
are then amazed for just how short a time
someane can press a button. To solve the
problem the engineer in us creates wonder-
ful mechanisms to either latch or lengthen
such pulses until the program will see them:
and of course this kind of problems is the
reason that interrupts are so popular. Unfor-
tunately, many find out the hard way that
the apparent sophistication of interrupts is
bought for the price of careful hardware
design — especially in noisy shop-floor sur-
roundings.

Many of these problems slide out of sight if
the program can be made to execute faster,
and advocates of machine-code have used
these very arguments o juslify its use. If
tamed. the compiler is an excellent happy
medium. where ‘lines’ often take only 10-
20ps to execute with a complete program
appearing some 20 to 50 times faster than an
equivalent Basic program using an interpre-
ter. This speed advantage increases as prog-
rams become larger. since compilers do not
show the interpreter’s dependence of execu-
tion speed upon program size.

STRONGLY-TYPED LANGUAGES

In using the early microprocessors for inten-
sive real-time control tasks. | used to be very
proud of my machine-code programs and it
became a personal challenge to produce
code that worked efficiently and elegantly.
Occasionally. some of it even worked first
time! Any question of whether my productiv-
ity could be improved by the use of other
tools or techniques would have been re
garded in the same way as a slur on a
favourite football team, with a strenuous
denial and pointing to the success of my
existing approach

The situation that existed then was rather
special when viewed with the *20-20 vision’
of hindsight. The control systems were
relatively small and the performance of one
piece of machine code amazed many. Be-
cause that code was often relatively small,
one programmer could keep its entire struc-
ture (if it had any) within his brain for long
enough to produce a very elegant result,
even though many repeat listings were
required during its construction for cross-
reference. Even more importantly. con-
tinual use of the same machine-code pro
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duced a level of comprehension of his prog-
ram by the programmer that was far in
excess of any meaning conveyed to others by
his listings.

Today, that same programmer may only
be creating part of a large program suite,
where additional tools become necessary to
ensure that his work is consistent with that
of his team members, but even where he can
word unaided it is now unusual for the
application to be so straightforward that
machine-code is as appropriate as the other
options that are available. Rather the press-
ure now is to produce sophisticated results
quickly, not relying on de-bugging. but
writing bug-free code.

Putting aside science-fiction computers
to which the programmer can say “write me
a program”, present-day programs that are
closest to aiding the programmer to write
bug-free code do so by being ‘strongly-
typed’. In other words, their syntax checking
is so strict that, at first sight. much prog-
ramming ease seems to have vanished. By
contrast, Basic is ‘freely-typed’, allowing a
very free and easy programming style. but
also permitting mistakes.

A particularly good example is the use of
simple variables in a program. In Basic. a
perfectly acceptable program could include

100A__variable = 3
110 PRINT A_varihle

At first sight this looks correct, but notice
that the variable that was PRINTed is not the
same variable as was set to ‘3" the ‘a’ is
missing from the word *variable’. The result
printed would be the value ‘0’, being the
value assigned to all fresh variables in Basic.
Clearly. subsequent program operations
based on that variable would be in error:
indeed. as many programmers testify. the
effect of such a ‘bug’ often appears long after
its cause! Because the use of long names
improves readability within a program. it is
obviously desirable to have the program
perform some checking on our use of these
variables. The strongly-typed Pascal lan-
guage prevents this happening by requiring
that variables are ‘declared’ before being
used. For example,

var A__variable : integer: {this is the
declaration part }

A__variable := 3; {(now we use it
correctly}
Write(A__varible): {and then get it
wrong)

Compilation of this program would pro-
duce an immediate message highlighting
the typing mistake "A__varible". since it does
not agree with any declaration.

Such declarations have other advantages
too. As with machine code programming, it
forces the programmer to think early about
the kind of data that is needed and thus to
create variable types appropriately. For ex-
ample a screen column position variable
does not require 15-digit floating-point pre-
cision when an integer value will suffice.
With data types appropriately used, subse-
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quent program bugs that may incorrectly
manipulate such data often result in the
compiler being able to help in detecting
them. For example, shifting four single bits
left eight times because bits 0-3 are needed
in bits 8-11 might erroneously operate on a
wrongly supplied value of (say) 128. The
excessive value that would result from the
shift would be trapped by the compiler when
it checks that the result did not overtlow the
data type specified (maximum integer is
32767). Ordinary Basic would be quite happy
with the result, however excessive its value.

For constructing programs to run on a
fixed piece of hardware (the PC). and with
significant experience in machine-code and
Basic programming. | began to look for a
language that would allow me to concen-
trate less on the detail of programming. but
yet would give me as much of the flexibility
of machine-code as possible.

The closest that 1 have achieved to this is
Pascal, a choice that 1 would have rejected
vehemently five years ago. had it been
suggested. In the manner of all converts, let
me try to justify its use to sceptics by means
of areal-time control example.

PASCAL PROGRAMS CONVEY
‘MEANING'

If you have never used Pascal before the
initial appearance of the program is strange,

program Cats;
uses Crt;

const
Forever = False;
function CatlsPresent :
var

boolean;
Ch : char;

begin
Delay(100);
CatlsPresent := False;
I1f KeyPressed then
begin
Ch := ReadKey;
CatlsPresent := True;
end;
end;

procedure OpenCatFlap;
begin
GotoXY(1,1);
ClrEol;
writeln('Open cat flap');
end;

procedure CloseCatFlap;

because of the simple rules that govern its
layout. In reality, they are a great aid to
creating the structure behind programs that
often dowork firvst time.

As you start to write your program, Pascal
only knows the commands that are built-
into the language, such as screen com
mands, keyboard commands and mathema-
tical functions. Using these. vou create
neatly partitioned sections of program that
are either "procedures’ (any general piece of
program) or ‘functions’ {pieces of program
that always return a result). These proce-
dures and functions are given any name that
youwish.

As the program builds up. any of these
procedures or functions can make reference
to earlier ones. as it by being placed earlier in
the program their names had added extra
facilities to the language itself. This struc-
ture has the effect of placing the main part of
the program at the botiom of a file rather
than — as would seem more logical — at the
top. However, this ordering does ensure a
program structure that is consistent.

I am not impressed by programs that are
structured nicely, but | am impressed when |
can read a program listing and understand
immediately what is happening: | believe
this is the most important single attribute
that a real-time control program can possess

for two reasons. Firstly, the discipline
imposed on the programmer (o create this
explanation does ensure that the program
has been well thought through rather than
having simply been allowed to evolve: and
secondly, ease of future maintenance will
depend upon the level of clarity that the
program can exhibit to anyone. even to its
author some time later.

This need to make the program operation
‘obvious’ is often increased by the chosen
language structure hiding any inherent
meaning, the only recourse being to add
comments to aid the process. The use of
machine-code is an example where the
instructions used with comments are indi-
vidually very obvious. powerful and fast, but
when used without comments become
almost meaningless. Of course. a good
machine-code programmer recognises this
and generates such comments, but now
finds that he has a double burden. Real-time
systems very often require optimization
during which program timings are changed,
low-level drivers are changed or even signifi-
cant modifications are made to the entire
control program in the light of unforeseen
hardware/software interactions. These mod-
ifications are often accompanied by last-

begin minute panic over the impending visit of the
GotoXY(1,1); Managing Director or a customer and. in
ClrEol; such circumstances, it is natural to leave the
i writeln('Close cat flap'); task of updating the comments until the
end;
R L L E T T PR PRSP > Fig.l. Cat-flap control
O begin ) program in Pascal. Even
O Ctrser; O  without comments, the
0 Repeat ' meaningis clear.
O If CatIsPresent then OpenCatFlap ()
O else CloseCatFlap; O
O until Forever; O
O end. O
L R ERR R TR LRI PRI SLEPD )
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heat has died down and face the attendant
difficulties of re-aligning comments with
code

For any programming task this burden
‘self-documenting’. This may seem an idle
dream. bhut have look at Fig.1 which shows
the listing of a hypothetical. real-time con
trol system that controls vour high-tech,
cont-olled-entry feline-access mechanism
(cat-flap). Look directly at the section of the
program in the box: it has no comments at
all. and yet the meaning is perfectly clear at a
glance.

Now have a look at Fig.2, which is the
same program, but coded in Basic. Although
the program has been laid out to separate the
subroutines, and comments have been
added. the essential program operation is at
least clouded.

The secret behind the clarity of the Pascal
program in Fig.l is that any section of
program c¢an use¢ names that vou have
‘created’ using smaller sections of program
earlier; and these names do not need explicit
prefixes such as ses. costwor cwr This is
very powerful feature and is now accepted as
heirg the closest approach to self
documentation” of code. In this language.
comments are still required, but far less
often and then only when the essential
program operation is clouded.

There are several implementations of Pas
cal now and | can recommend “Turbo
PASCAL’ by Borland, which is offered within
the integrated environment mentioned ear-
lier and contains extensions to the Pascal

100 cLs

110 GOSUB 1000 REM Test for cat present
120 IF CATISPRESENT = 1 THEN GOSUB 2000 ELSE GOSUS 3000

130 goto 110
140 REM

150 REM

1000
1005
1010
1020
1030
1040
1100
1110
1120
2000
2010
2020
2030
2040
2050
3000
3010
3020
3030

CATISPRESENT = 0

FOR A=1 TO 10000 : NEXT
IF INKEY$ = "" THEN 1100
A$ = INKEYS
CATISPRESENT = 1

RETURN

REM

REM

REM Open cat flap.
LOCATE 1,1

PRINT "Open cat flap "
RETURN

REM

REM

REM Close cat flap.
LOCATE 1,1

PRINT "Close cat flap"
RETURN

language which allow programmers to use
machine-code where the ultimate speed is
required. To a large extent. this language has
become a de facto standard with many
libraries of routines available. Anyone who is
interested in continuing to learn this or any
other implementation of the Pascal lan
guage can easily obtain one of the many
excellent introductory books available.
Adherents of Basic can benefit from Micro-
soft’s Quick-BASIC, which is offered within a
powerful integrated environment and offers

REM Tests for cat present. Sets 'CatlsPresent' = 1 if so.

Fig.2. The same program as shown in Fig.1,
but written in Basic; its meaning is to some
extent obscure.

additional features that make it more
5[!‘4bn§{|}‘-t}'ppll Other languages are
being offered within integrated environ
ments and the development is certain to
continue toward the aim of maximizing a
programmers’ productivity.

Whilst 1 am sure that this discussion ha:
not swaved more than a few from their
favourite language, the message is to keep an
eve on tools and technigues that continue to
evolve since careful selection of the right
tool can make the task a lot easier.,

now

AUDIO TESTING

FROM BEGINNING.

For,

® Analogue Signal Lines

® Professional Digital Audio Systems
® High Quality Satellite Circuits

o Communication Links

® Broadcast Satellite Sound

THE SOUND TECHNOLOGY 3000 SERIES MULTI-FUNCTION AUDIO TEST SYSTEM IS
AS FLEXIBLE AS YOUR TEST NEEDS.

Sound Technology features:
® Entirely manual or fully automatic control

® Programming from the front panel or external computer

® Self contained test set or separate generator and analyzer with full communications
between the two halves via the test circuit — no extra lines or modems.

PRECO

21 SUMMERSTOWN
LONDON SW17 OBQ
Telephone: 01-946 8774

Fax: 01-944 1326

ENTER 8 ON REPLY CARD
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TAYLﬂR RF/VIDEO MEASUREMENT INSTRUMENTS

MEASUREMENTS
MADE EASY

Tatl emimii

A
i
1
a
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UNAOHM EP741FMS
FIELD STRENGTH METER/SPECTRUM ANALYZER

Frequency
Range:

Frequency
Reading:

Function:
TV Monitor

Panorama:

Panorama
Expansion:

Analogue
Measurement:

Continuously adjustable via a geared-down vernier as follows:
IF 8.9

OMHz
Band | 46 to 106MHz
FM Band 88 to 10BMHz
Band Il 106 to 290MHz
Band H 2390 to 460MHz
Band U 460 to 860MHz

TV Bands — 4 digit counter with 100KHz resolution
FM Band — 5 digit counter with 10KHz resolution
Reading Accuracy: reference Xtal +/-1 digit.
NORMAL: picture only
Z0OOM : 2 to 1 horizontal magnification of picture
picture + fine sync pulse [with chromaburst if TV signal
J L s coded for colour)
panoramic display of the frequency spectrum within the selected
band and of tuning marker.

Adjustable expansion of a portion of the spectrum around the tuned
frequency.

20 to 40dB. Static measurement of received signal. Scale calib-
rated in dBuV (at top of picture tube) to rms value of signal level

DC/AC Voitmeter: S to 50V.

Measurement
Range:
Measurement
Indication:

Video Output:
DC Qutput:
TV Receiver:

Additional
Features:

Price:

20 to 130dBuV in ten 10dB attenuation steps for all bands;
-60 to 130dBuwV in nine 10dB steps for IF

ANALOGUE: brightness stripe against calibrated scale
superimposed on picture tube. The stripe length is proportional
to the sync peak of the video signal.

BNC connector 1Vpp max on 75 ochm
+12V/S0mA max. Power supply source for boosters & converter.

tunes in and displays CCIR system 1 TV signals. Other standards
upon request.

[1) Video input 75 Ohm. [2) 12V input for external car battery.
(3) Output connector for sterec earphones.

£1344.00 exc. VAT and Carriage.

UNAOHM FSM5987 T.V. FIELD STRENGTH METER

INPUT
Sensitivity: from 20dBuV to 110dBuV [-40dBmV to 50dBmV] or 10uV 1o 0.3V,
in eight 10d8B steps.

Reading: d8 reading proportional to peak value for video signals; proportionel
to mean value for AM or FM sound signals. For both signals scale
calibrated to rms value and expressed in dBuV. Two more scales are
avallable: volt from O to 50, and ochm from 0 to 2000 chm. Battery
status is also provided.

Accuracy: +/- 3dB for bands | & Ill +/— B6dB for bands H & IV/V
Impedance: 75 ohm unbalanced; OC component blocked up to 100V.
FREQUENCY

Range: 46 to B60 MHz as follows: Band | 46 to 106MHz

Il 106 to 206MHz
H 206 to 460MHz
IV 4860 to 860 MHz

Reading: 4 digit LCD readout. 100KHz resolution.
Price: £378.00 exc. VAT and Carriage.
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TAYLOR BROS (OLDHAM) LTD.
BISLEY STREET WORKS, LEE STREET,
OLDHAM, ENGLAND.

TEL: 061652 3221 TELEX: 669911 FAX: 061626 1736
ENTER 7 ON REPLY CARD
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UNAOHM EH 1000 TELETEXT AND VIDEO ANALYZER

Function:

RF Input:

Video Frequency
Input:

Teletext Input:

Teletext Clock
Input:

Oscilloscope:

Price:

Eye Pattern: display of RF and video-frequency teletext signals by
means of eye pattern diagrams both in inear representation and
lissajous figures (O and X). Line selection: display of video signals
and line by line selection. Measurement of modulation depth.
Teletext: monitoring of teletext pages.

Freq. Range: 45 to 860MHz. Frequency synthesis, 99 channel
recall facility, 50KHz resolution, 30 channel digital memory. Level:
40 to 120dBuV; attenuator continuously adjustable. Indication of
the minimum level for a correct operation of the instrument.
Impedance: 75 ohm. Connector type: BNC.

Minimum Voltage: 1Vpp. Impedance: 75 ohm or 10K ohm in case
of a through-signal. Connector type: BNC.

Voltage: 1Vpp/75 chm.

Voltage: 1Vpp/75 ohm. Measurement: Aperture of eye pattern:
linear or Lissajous figures, selectable. Indication: directly on the
picture tube. A calibrated scale shows percentage of eye pattern
aperture. Error: the instrument introduces an error of £ 5% with
video input and 20% with RF input. Jitter on regen'd clock: < 25ns.
Line selector: Selection of any TV line between the 2nd and the
625th scanning cycle by means of a 3 digit thumbwheel switch.

VERTICAL CHANNEL: Sensitivity: 0.5 to 2Vpp/cm. Frequency
Response: OC to 10MHz. Rise time: pre & overshoot € 2%. Input
Coupling: AC. Input Impedance: 75 ohm/S0pF.

TIME BASE: Sweep Range: 20 to 10ms [1.1/2 frames); 32;
64/192us (1/2; 1; 3 lines]. Linearity: +/—3%. Horizontal Width:
10 divisions; x5 magnification.

£1670.20 exc. VAT and Carriage.
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Carry our new Digital
Storage Oscilloscope
away with you -

and weigh up the
arguments for yourself.

The new Gould 400 offers
t7e ultimate price/
performance ratio in digital
oscilloscope technology.
For just £1,795, you get
120 Megasamples per
second performance to

8 bit, 10ns resolution . . . all
In an instrument weighing
12Ibs. Its 12-33V DC
operation enables you to capture high speed
transient signals in virtually any environment -

on a ship or an oil rig, in a plane or even up a
telegraph pole - and take the data back to the
laboratory for analysis in a DSO that's as easy to
carry as your briefcase!

Because we're so confident you'll like the 400, we
are prepared to give yoJ: A FREE demonstration
video, a one week FREE trial to let the 400 speak
for itself, and our FREEphone number so you can
order your trial instrument without delay. Just dial
100 and ask the operatcr for Freephone Gould
Electronics.

Once you've weighed ud the arguments
for yourself, you'll never want to give
it back!

Gould Electronics

Test & Measurement Sales Division
Roebuck Road, Hainautt, llfcrd, Essex 1G6 3UES

Tel: 01-500 1000. Telex: 263785.
Fax: 01-501 O116.

100Ms/sec 20MHz Oscitloscope (DSO} 400

TECHNICAL
SPECIFICATIONS
AT A GLANCE

@ 100 Megasample/
second, 8 bit, 10n
time resolution fo
single shot
waveforms

@ 500 Megasample‘
second, 8 bit, 2ns
time resolution fo
repetitive
waveforms

® Cursor
measurements

® RS423 serial
interface

@ 12-33v DC
operation

@ 90-130V, 190-265\
45-400Hz AC
operation

® Auto Setup

@ X-Y display

® 5.25in (H) x
15.3 in (D) x
11in (W)
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Meonu/ folr Rt XY Mwd@® Sl At

Setwct Trace
CURSOR

Special Offer ,
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1 WEEK FREE TRIAL* =" GOULD

*SALE OR RETURN OFFER AVAILABLE
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HOW TO TEST
SURFACE-MOUNT CIRCUITS

here is a limit to the ability of

present-day automatic test

equipment to cope with the

continuing increases in the
number of integrated circuit packages and in
the complexity of integrated circuits them-
selves. Manufacturers of assembled printed
circuit bhoards use either high pin-count
in-circuit test systems or functional board
testers or hoth. Either way. test technology
is faced with increasing difficulties as
surface-mount technology develops. Besides
the high cost of specialised test fixtures,
probing is near impossible where compo-
nents are densely packed.

The way forward was recognised by Harry
Blacker of Philips some years ago in initiat-
ing the Joint Test Action Group. What was
needed was a design structure to be included

Changing role of digital
3 oscilloscopes Over the

past 12 years develop-

ments have made the
oscilloscope acceptable in many applications
that were previously unacceptable. John
Brvan of Gould Electronics charts the fea-
tures that have made this instrument so

successful.
393 Richard Cabot. en route
from the Hamburg AES
Convention, stops off in London to discuss
how to make standard audio measurements
on digital signals without converting to the
analogue domain, and illustrates the techni-
ques with measurements on commercial

A-D and D-A converters.
Walton, organiser of this

month’s Edinburgh IEEE

conference on microelectronic test struc-
tures, explains how different structures are

Digital audio testing in
the digital domain Dr

Test structures in wafer
fabrication. Dr Andrew

in all the integrated circuits involved in a
product so that it can detect defects. such as
those introduced by solder splashes, incor-
rect components, and open circuits. ‘Bound-
ary scan’ does just that.

The technique involves the inclusion of a
shift register latch next to each component
pin so that signals between chips can be
controlled and observed using scan testing
methods. The paths for houndary-scan cells
in the individual i.cs are connected serially
to form a path through a complete design.
data is either loaded into the scan register
from the input port, or driven from the
register through the output port.

The Joint Test Action Group has brought
together users and 1C manufacturers; mem-
bership has grown from the original ten to
36, taking in the major ATE and semicon-

INSIDE

used to test wafer parameters, and high-
lights the topical issues in wafer process

control.
40' ty circuitry be made to
work correctly by pouring
in more and more circuitry? Improved re-
lability in semiconductor process technolo-
gy means that Catt’s Spiral Aigorithm - the
basis of Insight's cover picture — may be
superfluous when products using it finally

reach the market.
The newer system archi-

tectures — VXlbus and

RTSIbus — provide for precise timing at the

Wafer-scale kernel test-
ing, by Ivor Catt. Can faul-

After modularity and
automation, what next?

ductor manufacturers. The group's speci-
fication for boundary scan has been submit-
ted to the IEEE Testhus subcommittee.
whose March San Francisco meeting is
expected to ratify its inclusion into the
P1149 spec and the 1149.1 protocol. (P1149
covers Test bus at the sub assembly and
system levels as well as integrated circuits.)
Already implemented in custom silicon cir-
cuits produced by members of the group,
production of semi-custom with boundary
scan is at last getting under way now that
suitable cell have been incorporated into asic
libraries.

Seme standard parts have been sampled
by Texas Instruments. But what about the
rest of the industry’s output? How many
houndary-scan systems have you seen?

system level, but there is still a need for a
software spec that deals with timing in a top
downway.

Cover story. This superposition of a
computer-generated display for the routing
of soft” connections between the 1Mbit rams
on this Anamartic wafer is due to Gordon
Neish and Neil MacDonald. The photograph,
which readers may have first seen in last
June’s Industry Insight, is reproduced here
to mark February's joint Anamartic/Fujitsu
announcement of their 200Mbit wafer at the
IEEE’s annual solid-state circuits confer-
ence in February.

The success from this little-known British
company — in the face of some spectacular
industry failures - is due largely to the
alternative, software approach to fault-
tokerant wafer-scale integration of Ivor Catt
(W July 1981). and to the foresight of Clive
Sinclair at Sinclair Research’s Metalab. The
wafer memory is also self-repairing, the
sp ral routing being formed each time the
wafer is powered up.

April 1989 ELECTRONICS & WIRELESS WORLD
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THE CHANGING ROLE OF
OSCILLOSCOPES

DIGITAL

uring the 1970s a whole new
range of sophisticated test
equipment came on to the
| market and in its light the
oscilloscope was seen as being primitive and
difficult to use. It was not regarded as a
measuring instrument in many applications
but simply that of a viewing device for the
visual comparison of signals. To a certain
extent, the oscilloscope of twelve years ago
was a primitive device and gave less than
satisfactory results on transient or low re-
petition rate signals.

A major technological advance came in
the form of the digital storage oscilloscope
which gave a digital representation of an
analogue waveform. Users immediately saw
the advantages of having a clear, stable
display of any waveform and they soon
realised that as the signal was now stored ina
digital form there was a lot more informa-
tion that could be gleaned from the signal.

Gradually the move away from the simple
digital storage oscilloscope was made as
more features were included to increase the
use and range of applications. The chart
shows how this change has evolved from the
simple ‘view-only" products to the modern
sophisticated instruments used to capture
the signal of interest exactly and perform
complicated measurement and analysis of
the signal.

Overview of user requirements
User needs can be broken down into five
main areas

For most users the tradi-
tional triggering system
is not elaborate enough
to cope with modern re-
gquirements.

Signals captured by a
scope are not always in
the form needed to
understand the
measurement.
Customers want to mea-
sure the range of signal
parameters traditionally
measured using an
oscilloscope, but be-
cause measurements are
made by eve, accuracy is
low and repeatability
poor.

Providing a permanent
record of a scope trace

Acquisition

Analysis

Measurements

Archiving

388

| Significant developments
‘inthe past twelve months
have made the oscilloscope
accebtable in new fields
of application—andeven
more acceptablé in
existing areas

was by using a scope
camera is difficult and
expensive — users want
to be able to transfer
traces to remote loca-
tions for further
analvsis.

Traditional instruments
have been labour inten-
sive, needing a skilled
operator to use and in-
terpret results. Now the
need is for scopes that
can be incorporated into
computer-driven test
systems, and perform
series of tests and
measurements with the
minimum of operator
involvement.

Automation

This discussion looks at the latest develop-
ments in each area.

Acquisition

The traditional oscilloscope would only cap-
ture a signal if it passed through a threshold
in a positive or negative direction. This was
later extended to window triggering — where
the oscilloscope would capture a signal if the
trigger voltage left a pre-defined band. These
modes of operation were essentially
hardware-based triggering systems. With
the arrival of the digital scope, the need for a
more sophisticated triggering system was
established.

Basically there are two types of triggering
now seen as essential in modern oscillo-
scopes: pattern triggering and variation cap-
ture. Both are similar in that they are either
capturing a signal which deviates from an
established pattern, or capturing variations
inasignal - for example drift or glitches.

Trigger point

Triggering pulse n

Oscill P
display

N\

Traditional oscilloscopes would only cap-
ture a signal if it passed through a threshold
in a positive or negative direction.

Trigger point
Trigger
window

Triggered pulse \I-I

Oscill P
display

N\~
\/

In window triggering the oscilloscope would
capture a signal if the trigger voltage left a
pre-defined band of voltages.

Pattern triggering

Pattern triggering is a very powerful mode,
especially in digital electronics. As most
signals are visually similar, it is difficult to
find a unique point at which to trigger the
scope as all the pulses are identical.

To capture deviations from a pattern, the
oscilloscope compares the captured signal
against a predefined pattern. 1f the signal
falls within the limits of the pattern the
scope will not trigger, but if not it will
capture the signal (see diagram).

Mask testing is another type of pattern test
where the need is to compare the captured
signal with a predefined mask to ensure that

ELECTRONICS & WIRELESS WORLD  April 1989
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INDUSTRY INSIGHT

the signal falls within a parameter set. This is
common in production testing and the mask
is either production — specific, or an interna-
tional standard.

This has been a very labour intensive task
and one prone to many errors in both
measurement and interpretation. The use of
limits testing simplifies this tremendously.
as the mask can be defined from a computer
and the comparison performed quickly and
easily. If there should be a need to adjust the
test system, the scope can display a fail
message while still performing the test so
that it is possible to make interactive adjust-
ments while testing.

Variation acquisition

The traditional tube storage oscilloscope
provided a capability for monitoring a signal
for variations with a variable persistance
mode. Here the physical process would
retain a trace for a certain time and build up
several sweeps —each trace would then fade a
certain time after the trace had been written.
This provided the capability to capture drift
within a signal, intermittent signals or to
capture the envelope of a signal where the
basic signal components were of t0o high a
frequency to view, see diagram.

This mode of operation was difficult to
implement in digital storage oscilloscopes
and this type of application was the only one
remaining for tube storage scopes. Now this
acquisition is catered for by envelope mode,
which will build up a trace over several
sweeps and then store alternate maximum
and minimum values, as shown on this page.

Analysis
There has been a gradual move within the
digital storage oscilloscope that has allowed
facilities that were once external to the unit
to be incorporated into it. External imple-
mentation was either via a computer or
visual comparison by the operator. The areas
of analysis are

signal transformation

comparison analysis

signal processing.

Signal transformation

One of the principal transformations is from
the time domain to the frequency domain.
The frequency domain shows the amplitude
of the signal against the frequency domain
rather than the time domain. The most
common way to do this is by using the fast
Fourier transform (FFT). a special case of
the discrete Fourier transform (DFT) which
uses an integral power of two points (e.g.
128. 256. 512 or 1024). Because of this, the
speed of operation is greatly increased with
no degradation of accuracy.

Originally an external computer or a
dedicated FFT analyser would be used, but
the first solution is inconvenient with two
units to move, interfacing problems and
software. The second solution could be
expensive if all that was needed was a quick

390

Test limits ‘Extra’ puise

/ !

Test signal

Pattern triggering uses limits testing lo
capture a glitch within a pattern if it falls
outside the pattern limits.

Test waveform

Mask — upper fimit

Mask — lower limit

Computer generation of masks for paltern
testing makes for quick and easy compari-
son as well as interactive adjustment while
testing.

Jitter

Trace retention in storage tubes provided
the capability to capture intermittent sig-
nals, drift or the envelope of signals too
high in frequency to view, functions now
provided by an envelope mode.

look at the frequency domain to examine the
extent of the problems without the cost and
inconvenience of a separate FFT analyser.

Of course, FFT analysers are essential to
make high resolution measurements on
wide dynamic range signals, but the vast
majority of oscilloscope users will only need
the FFT capability infrequently. There are
advantages and disadvantages to both — the
FFT analyser will usually offer a wide dyna-
mic range (>70dB) with a comparatively
slow a to d converter (< | megasample/
second), whereas the scope will have a lower
dynamic range (40dB) but a higher digitiz-
ing rate and more powerful triggering.

An FFT facility allows selection of
e the number of points — fewer points give
faster results. The disadvantage is that fre-
quency resolution is degraded.

e window function. The nature of the FFT
algorithm requires that a transient signal
needs a different window function from a
repetitive waveform. The window function

Signal sweeps

Captured display

Sample clock

TPosnive 1 Negative
value value

In digitizing oscilloscopes, envelope mode
stores the most positive or negative values
in alternate memory locations and builds up
an envelope over a period.

Amplitude
Frequency
7
/ ]
974
Time
Time Frequency
domain domain
- I 1
Amplitude
o Amplitude
‘ ’\/\N\{\/\/ I i
Time Frequency

In oscilloscopes with a built-in FFT capabil-
ity for frequency domain display the limited
dynamic range 4 dB is adequate for many
applications. The Fourier transform is a
special case of the discrete transform with
points at 128, 256, 512,. . . to increase
speed.

hasically multiplies the captured data points
by afunction.

e logarithmic scaling. To be able to view
both high and low level frequency compo-
nents it is important to scale the amplitude
axis as a log scale.

Comparison analysis

It is difficult to determine whether a current
trace is the same as either a previously
captured trace or a reference trace. This is
easiest if the trace is repetitive and traces can
be superimposed, but if the signal is a
transient that may not he possible. There can
be many changes in the trace that will not
affect the comparison, but can make a visual
comparison impossible.

Both horizonal and vertical position dif-
ferences are easily corrected in a digital
storage oscilloscope (1)SO) as the digital data
can he moved. With a conventional scope. a
facility such as this is impossible once the
signal has been captured. Even differencesin
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amplitude can be eradicated using post-
storage magnification and attenuation
which are, again, not possible with a conven-
tional oscilloscope.

Conventional scopes also had difficulty in
making easy comparisons between the cur-
rent trace and one that was previously
captured. The only technique that made this
possible was the use of a scope camera and to
visually compare the two signals - the
advent of the DSO overcame this problem
entirely.

Traces can be stored in either non-volatile
ram or an external computer and then
recalled for comparison. To make this com-
parison simple. trace arithmetic gives the
differences between two traces. Coupled
with the post-storage shift features, this
makes it easy to compare a current trace
with one previously captured.

Signal processing

A captured trace can be processed to give the
effect of a low-pass filter. The algorithm is
formed so that the cut-off frequency varies
with timebhase range and there are several
steps of filtering per timebase range. The
immediate application of this is to filter the
high frequency noise from a captured signal,
an extension being to perform ‘What if?’
analysis.

It is thus possible to capture a signal that
may need some form of filtering and see the
effect that different values of filtering will
have on the signal. This means that with the
minimum of effort it is possible to obtain a
quick preview of the type of effect a hardware
filter might have upon the signal - even
before it has been designed.

Measurements

As the basic function of an oscilloscope is to
give a time-domain display, the standard
measurements are voltage and time differ-
ences. To the majority of engineers, the
main instruments for these functions are the
digital voltmeter and the time-interval and
frequency counter. These give excellent re-
sults for the measurements of simple wave-
forms — a DVM can measure voltages with
resolutions of nonovolts, and a counter can
measure time intervals with resolutions of
picoseconds. Problems arise when the wave-
form is more complex.

The DVM will give a measurement of the
overall waveform. It is possible to make
several tens of readings per second or, at a
Jower resolution, several thousand, but it is
impossible to make spot readings between
points on the waveform, as illustrated. For
that particular application a DSO is the hest
instrument, although it has a lower resolu-
tion.

Again, with a counter. the resolution
achieved on a simple signal greatly exceeds
that obtained on a DSO. It is impossible to
make measurements on a complex signal
because it's not possible to see which part of
the signal is being measured. A DSO makes it
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DVMs are accurate for simple, constant
signals but oscilloscopes view the signal and
measurement point, and change the refer-
ence poinl after capture.

Signal
frequency —=
measured

Time
datum

N

Voltage
datum

' *== Cursor

The microprocessor makes it easy to in-
corporate routines to measure a wide range
of waveform parameters.

Cursor

Sometimes it is useful to select point other
than the 10 and 90% points when measur-
ing rise or fall times.

possible to select the exact part of the signal
to measure.

Simple measurements of voltage and time
have been available for a long time and with
the arrival of the microprocessor it is an easy
task to incorporate a range of routines to
measure a wide range of waveform para-
meters, as indicated on this page.

As signals can be easily viewed, the oper-
ator can quickly select the waveform of
interest, leaving the scope to calculate the
parameters. Rise and fall time have generally
been performed on oscilloscopes but they
needed a skilled operator and were prone to
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poor accuracy and repeatability. Today.
meastrements such as these can be per-
formed quickly and casily. To make a
measurement more useful. it is now possible
to select different points from the usual 10
and Y6 points on a signal.

Other measurements such as area and
RMS are not usually made on an oscillo-
scope These are only possible because of the
digital nature of the trace. A scope makes it
easier to select the part of the trace to
measure and then the processor can calcu-
late the waveform parameters.

The ability to view and select part of a
trace makes it possible to contemplate re-
placing some of the test equipment items
such as counters and digital voltmeters.

Archive

Information is stored to have & permanent
record of the signal, to monitor changes in a
parameter, and for analysis at a more conve-
nient time. A permanent record was usually
achieved with a camera. Once a result had
heer obtained, the display was photo-
graphed. Though this method gave good
resuits it could be expensive and didn't easily
lend itself to any further analysis techmques.
Once the signal was digitized — the number
of options increased. The signal could be
converted into a slow-speed analogue signal
with the output recorded on an analogue X-Y
recorder. When low-cost digital plotters
appeared on the market, offering colour
plots with tull annotation, the analogue
recorders were superseded.

Digital plotters changed from being exter-
nal to internal devices giving integral plot
ting of the captured trace. Again this is
faster, more convenient and cheaper than an
oscilloscope photograph, but still only gives
arecord with no further analysis capability.

In terms of analysis there are two require
ments: to compare two traces, and to analyse
them further. Most digital scopes have a
computer interface, but it is not always
possible to transfer data to the computer tor
further analysis immediately. Often signals
are captured away from the laboratory and it
is not possible to use a computer with the
oscilloscope.

To simplify this situation, oscilloscopes
can now store several traces for analysis at a
mere convenient time. In some cases these
are automatically saved on the receipt of a
trigger signal. When the scope is at a site
remote from the laboratony a memory mod
ulz can be detached and sent back to the
main site for analvsis on another oscillo-
SCope.

Automation

To make the task of automation easier, most
digital scopes can now use their internal
processor to provide a sequence of tests and
measurements that can be performed auto-
matically. The length of sequence is kept
short as there is a limit to the number of
separate tasks that can be undertaken before
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it becomes more cost eftective to use an
external computer. An extension to the
technique is for the computer to store
several sequences and then incorporate
them within a larger test program. This
approach makes it much easier towrite large
test programs.

The writing of a sequence should be as
easy as possible. The most natural way is for
the user to perform the test sequence and
the scope to learn it. This is an effective
method as the user may know the best way to
carry out a task but not necessarily be able to
write it down. A sequence can also be entered
using the 'Edit’ mode to either edit a learned
sequence or enter an established one. The
main advantage of using a programmable
sequence is that it can give the most
appropriate amount of automation. without
the engineer having to learn how to program
acomputer.

Operatorinterface

Control for added facilities are provided in
three ways — additional front panel buttons.
menu functions. a through an external
keypad. There are several problems in
adding more huttons to the front panel. The

trend is to move towards a smaller front
panel. Extra buttons add to the clutter and
make the instrument more complicated to
operate.

The menu system always seems an attrac-
tive idea because the extra hardware cost is
minimal, particularly when the product
already uses a menu svstem for the operation
of the scope. The disadvantage is in the |
terms of the usability of the oscilloscope.
They tend to be used by several people in a
particular environmental, and most will be
‘occasional” users. The difficulty with menu
systems is that no matter how much effort is
put into arranging the system — the wrong
function is always in the wrong menu!

The external keypad is by far the best
solution for many reasons. For the user who
only needs the basic oscilloscope features
the front panel is uncluttered, but for the
user who needs the extrafacilities the keypad
gives one key per function for ease of use.
The unit can also be upgraded when further
enhancements to the software are made.

Time datum

Digital nature of the trace makes it easy to
select parts of waveforms for measurement
and calculate areas under curves. It is thus
possible to contemplate replacing counters
and digital voltmeters, sav Gould.
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at Gould Electronics Ltd of Hainault. tel 500
1000.

Carston:<Il Carston>ury Carston:-i! Carston

FIRST QUALITY SECOND USER

EQUIPMENT

CENTRONICS Guide Price € MARCONI Guide Price €
353 180 CPS Line printer 250 TF893B Power meter 495
DEC Q4 Microvax/16-user licence from 14500 PHILIPS PM8252 2 pen recorder 495
SUN 360 Workstation, 14” colour, 4Mb mem 12000 HEWLETT-PACKARD %\
SOLARTRON 8754A Network analyser 6500 /

35300 Data logger 3950 8901B/001 Audio analyser 690

353018 Solid state card 250 8620C Sweeper mainframe 1500

35302A Event status module 200 862908 Sweeper plug-in 4000 /
HEWLETT-PACKARD '

4951A-001 Protocol analyser 1500

16306 Logic analyser 4500 g

16500A Logic analyser mainframe 4100 s your Carston Stock

16510A 80 channel card 2950 Guide Up-to-Date?

16515A 16 channel, 1 GHz card 6100

16521A 48 channel pattern gen. card 3500

FLUKE 9000A-280 280 POD for 9010A 450

PHILIPS PM3267 100 MHz oscilloscope 650 Carston Electronics Limited
MARCONI 2-6 Queens Road, Teddington. Middx TWI1 OLR Tel: 01.943 4477
6960 Digital power meter 1500 Fax: 01-977 9232 Telex: 938120 (Carlec G)

---\

4
; TEKTRONIC

. 577

Curve tracer
g% g

£4500
‘g‘ - &

et

HEWLETT-PACKARD 8350A Systems
Various configs. available on request

PHILIPS PM3295 Scope £2900

ENTER 34 ON REPLY CARD

ELECTRONICS & WIRELESSWORLD  April 1989



INDUSTRY INSIGHT

DIGITAL
INTHED

hen digital de-
vices perform
functions pre-
viously available
in analogue form they may be
tested as black box replacements
for the corresponding analogue
device using the conventional
analogue measurement range of
hardware.

However if the device only
interfaces in the digital domain,
if the purpose of testing is to
provide detailed design feed-
back, or if it performs functions
not previously available in
analogue form, this approach is
not adequate.

To isolate the performance of
portions of the device under test
designers often employ high
quality AD or DA conversion
systems to convert their test
equipment into the digital
domain. This technique also requires, or
takes on faith, that the conversion system
used to interface to the device under test is of
higher performance.

Digital gain can be introduced in the
device under test to help separate the effects
of conversion achieved by shifting bits of
digital words to the left or right by N bits
which produces a gain or loss of 6N dB. Any
application of digital gain or attenuation
limits the dynamic range of the measure
ments. This approach does nothing to solve
the other inaccuracies of conversion; anti-
alias and reconstruction filtering, sample
and hold problems. deglitcher problems,
and clock jitter. Another problem is that
some parameters of interest to digital audio
designers are difficult to measure in the
analogue domain: differential nonlinearity,
integral linearity. missing codes, error rates,
error correction efficiency and interpolation
accuracy for instance.

A means of measuring digital audio sig-
nals in the digital domain is required to
eliminate these inaccuracies in conventional
tests and to facilitate specialized testing. The
solution cannot focus solely on the digital
portion of the problem since the equipment
under test transcends the analogue and
digital domains. Audio Precision has de-
veloped the concept of dual domain testing,
allowing testing of hybrid systems with
equivalent methods directly in the appropri-
ate domain.

How to make standard
audio measurements on
digital signals without
converting to the
analogue domain

Digital measurement hardware

Audio Precision developed the DSP-1 to
make the measurements directly in the
digital domain. 1t provides a digital signal
processor core with both analogue and
digital input and output capabilities. It is one
module in a larger computer-based test
system, Audio Precision’s System One.
which includes conventional analogue
measurement hardware. The DSP-1 moduile
provides direct digital measurement capabil-
ity and enhances the analogue measurement
functions of the existing analogue system. It
is built around three digital signal proces-
sors, one for the DSP core functions. one for
the analogue interface. and one for the
digital interface. The DSP core and analogue
circuitry are on one board. the digital inter-
faces are on an optional second hoard.

Digital audio testing was the subject of
the March lecture to the British section of

the Audio Engineering Society.
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AUDIO TESTING
IGITAL DOMAIN

Hardware is built around
three Motorola DSP56001 24-bit
digital signal processors. Pro
gram memory is 8K words of 0-
wait-state static ram and data
memory is 32K words of 1-wait-
state static ram. The option
board adds another 64K words
of static data ram, split equally
between X and Y memory. The
main board also contains a
hardware random number gen-
erator and simple real-time
clock.

The decimator DSP receives
signals from two on-board con-
verters and decimates the data
to lower sampling rates. The
ADCs are always run at 192Hz or
176.4 kHz and reduced if desired
by decimation filtering to 48.
44.1 or 32 kHz. Analogue sig-
nals from the various portions of
the System One measurement
medules or from dedicated front-panel in-
puts are routed to 80kHz anti-alias filters
before feeding the A D converters.

The third processor is for serial audio
communications over an AES-EBU format
port. Data encoding and decoding. synchro-
nization, parity checking and extracting the
serial status bit stream are accomplished by
dedicated logic circuits. The additional DSP
provides sample counts, time-of-day clock,
pre-emphasis flags, channel allocation in-
formation, and source and destination
codes. Additionally. it pre-emphasizes and
de-emphasizes data from this interface via
recursive (1IR) filters.

Parallel input and output ports are also
provided for connection to external test
circuits and DSP devices. Each port handles
two channels of 24-bit data.

Dual Domain Testing’

To allow comparisons hetween signals at
arbitrary points in a digital audio device
requires that the measurements be made
digitally in a manner similar to that in the
analogue domain. Suppose an unacceptably
high value of THD+N is measured at the
analogue output of a digital tape recorder. A
measurement of distortion on the digital
signal out of the recorder will indicate
whether the problem is in the record or
reproduce sections of the machine. Howev-
er. measuring distortion with an FFT of the
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digital data will provide incomplete results
since it cannot be correlated with the read-
ing on the analogue signal. To avoid this
problem the measurements in the two do-
mains must be made with comparable
methods.

By downloading signal processing code to
the DSP module for the desired measure-
ment the same digital hardware may be used
for many different types of measurement.
One of these programs is described below.
Others, for performing FFTs or displaying
digital audio signals in oscilloscope fashion
are also available,

In a conventional analogue signal gener-
ator and audio analyser test scheme one or
more signal sources are summed to create
the test signal. For harmonic or intermo-
dulation distortion tests these are very low
distortion sinewave oscillators: for other
tests one of these may be a random noise
generator or squarewave generator. After
summation these signals are attenuated to
the desired level and sent through a balanc-
ing amplifier or transformer to the device
under test input.

The signal received from the device under
test is buifered and converted to a ground-
referenced signal for processing by the
measurement hardware. The signal at this
point is used by many different measure-
ment circuits: an rms level meter, frequency
counter, noise weighting filter and notch
filter. The rms level meter provides the
fundamental level reference for distortion
measurements or may be used for general
purpose level and amplitude response
measurements. Hf THD+N is being mea-
sured the notch filter removes the fun-
damental.

The remaining signal is amplified and
drives high-pass and low-pass band-limiting
filters. This filtered signal goes to a second
level meter for display of the distortion
component amplitudes. A frequency counter
will typically determine the incoming fre-
quency. The measured value tunes the notch
filter frequency and informs the operator as
to the signal being measured. When noise
measurements are needed a weighting filter
and special ac to dc converter is used to
simulate the frequency response of the
human ear and correlate the measured value
with the audible nature of the noise.

In the digital signal generator and analys-
er architecture. there is a strong similarity
to the analogue implementation. Again. one
or more signal sources are summed to create
the test signal. Many digital signal gener-
ators have been developed in the past which
simply read a sinewave or other test signal
out of rom. This limits the resolution of the
test signal to submultiples of the sampling
frequency. inversely proportional to the rom
address size. A 64K-word rom would be
needed to obtain resolution of better than
1Hz. This integer frequency relationship
also limits the number of different addresses
read from rom, limiting the number of
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MEASUREMENTS ON COMMERCIAL CONVERTERS

For an alias rejection test an oversampling A/D
converter, the ADC is driven with a sine wave
and the output is measured digitally with the
DSP-1 operating as a digital RMS meter (see
diagram). The sinewave amplitude is set at
6dB below full scale to prevent overdriving the
input filters of the converter. The sinewave
frequency is swept from 10 to 200kHz and the
RMS level of the digital signal shown. This
provides a plot of the response of the converter
to in-band and out-of-band signals. The alias
products that the converter lets through show
quite clearly in the graph at about 50dB below
full scale or 44dB below the input, and are
mirrored around 96 and 192kHz.

Level linearity on DA converters may be
measured by generating a digital sinewave
using the DSP. The output of the converter
under test is measured with an analogue
bandpass filter followed by an rms meter,
Sweeping the amplitude of the digital signal
and graphing the measured amplitude results
in the plot shown above. Subtracting the best
fit straight line from the data and re-graphing
gives the deviation from linearity plot — within
1dB down to 95dB.

Inverting the functions of the analogue and
digital portions of the measurement equip-
ment allows linearity measurements on AD
converters. The low distortion analogue
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different codes tested in the DAC under test.

The DSP-1 computes the values of the
output signal from equations and coeffi-
cients are stored in the program. This allows
any sinewave to be generated with 24-bit
resolution and accuracy in both frequency
and amplitude. The waveforms are free from
rom-size limitations and suffer no degrada-
tion in accuracy when set to non-integer
frequency values. These signals are correctly
dithered before being quantized to the de-
sired output resolution, preventing

generator stimulates the AD with a sinewave.
The DSP is programmed to filter the digital
signal from the converter with a passband
centred at 997Hz and to compute the rms
amplitude of the filter output. The amplitude
of the analogue sinewave is swept and the
digital rms level recorded. Converter is an
oversampling 18 bit design with exceptional
low-level linearity performance.

Using the DSP to generate a properly
dithered low distortion digital sinewave,
THD+N measurements may be performed on
the DA converter measured earlier. The ana-
logue distortion analyser measures and tracks
the frequency out of the DA and tunes its
notch filter appropriately. Bv sweeping the
frequency or amplitude of the digital sinewave
plots of the converter distortion may be
obtained.

The digital and analogue functions of the
system may again be interchanged to obtain
measurements of an AD converter. The DSP
measures the frequency and rms amplitude of
the received data.

It computes the necessary coefficients to
form a notch filter centered on the incoming
sinewave. The filter output is measured with a
second rms computation. A typical THD+ N vs
frequency plot of a professional audio grade
converter is shown.
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erroneous results at low signal levels.

The analysis portion of the DSP measure-
ment system is less complicated than the
corresponding part of the analogue
measurement system. The signal is proces-
sed by an rms level measurement routine, a
frequency counter routine and a filter
routine. Instead of having a bank of filters
that are switched in and out there is one
multistage filter — a ten-pole design com-
posed of five second-order stages in cascade.
The coefficients are programmed approp-
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riately for any of the measurements to be
made. When measuring THD+N this is
programmed as an eight-pole notch filter.
Two additional poles are used as a high pass
filter to block incoming direct current. The
notch filter is then tuned by the frequency
counter that measures the input frequency.

There is an additional routine which
computes the necessary coefficients of the
digital filter for the measurements being
made. When performing THD+N measure-
ments the frequency value is used to derive
the 20 coefficients required for the four
sections of filter. The five coefficients to
program the two poles of highpass are set by
the desired high-pass frequency. For noise
measurements the filter is converted to a
weighting filter by re-programming these
coefficients with the appropriate values.

The process has 250 instructions available
between samples at a 48kHz sampling rate.
The real-time tasks are allocated 200 of these
instructions and operate in a loop. The
remaining 50 instructions are allocated to
background tasks which run in a separate
loop. The signal generation, scahng, and
dither must all be done in real time. On the
measurement side, the rms computation of
the input signal, filtering, amplitude detec-
tion of the filtered signal and zero crossing

|y (rmwmw: dmmas

detection for the frequency counter must
alsu be done in real time. Frequency com
putation. coefficient computation. coeffi-
cient loading, housekeeping tasks and com-
munication with the PC happen in the
background.

-8 i

. wam A.Jihrl. s =
e -t

By Dr Richard Cabot. vice-president and prin-
cipal engineer with Audio Precision Inc. of
Beaverton, Oregon. The company was formed in
1984 hv former Tektronix engineers specializing
in high-tech audio test equipment. and is
represented in the UK by Scenic Svunds of
London, telephone 01-387 1262
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The Strobes Signal Acquisition System when attached to your
Apple Macintosh or IBM PC (or compatible) will provide you with all the
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Dual trace oscilloscopes

A RANGE OF 20, 40 AND 60MHz OSCILLOSCOPES FOR USE
IN EDUCATIONAL, TEST, SERVICE AND DEVELOPMENT APPLICATIONS

20MHz, 1mV sensitivity. Component 40MHz, 1mV sensitivity. All the

test, variable trigger with hold-off, features of the DTV20 (except

single sweep, Add/invert/XY/Z mod, component test) plus fully calibrated
TV trigger, illuminated graticule - delayed timebase — useful for R and D
useful for educational or general and Test applications in both Industry
purpose applications. and Higher Education

60MHz, 1mV sensitivity. As the DTV40
but with a faster timebase and
additional input channel - useful for
the majority of R and D, QA, Test and
Inspection or Service applications.
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Farnell Instruments Limited
Sandbeck Way, Wetherby, West Yorkshire, LS22 4DH
Tel: 0937 61961 Telex: 557294 Fax: 0937 66908
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TEST STRUCTURES IN
WAFER FABRICATION

hen integrated circuits are

fabricated the manufacturing

process is first parametrically

checked before any of the
chips are functionally tested. This monitors
the engineering parameters, while the func-
tional testing which follows provides in-
formation on the vield of the process. Para-
metric testing provides the process engineer
with the first confirmation that each of the
process steps has performed within speci-
fication and the decision can then be made
about whether the wafers should proceed to
functionat test.

The measurement of test structures pro-
vides an insight into the fabrication process
which would not othenvise be avaitable. Not
only does it give information about device
performance but also supplies additional
data on individual process step. This gives
the process engineer the ability to not only
identify the exact process step that caused a
problem but also to monitor the uniformity
of processing across wafers and batches.

Parametric testing is performed on de-
vices and test structures which have been
designed to measure specific parameters.
These structures are located either on a
process control chip which is dropped into
the wafer at a few sites or in the scribe
channel. The smaller-geometry processes
which expose each chip individually tend to
locate the test structures in the scribe
channel.

The dilemma for the manufacturer is the
decision on how much area should be de-
voted to test structures at the expense of
product chips. If too much area 1s used for
test structures profitability is reduced. On
the other hand, too few test structures is
potentially dangerous, since the perform-
ance of the process cannot be properly
monitored and drifts in device parameters
may not be detected except by catastrophic
failures at functional test. If this is the case
there is then the further problem that the
specialist test structures will not be available
for use in a diagnostic mode. There is no
straightforward answer to this issue of area
ratios, and while the experience gained from
present day technologies may be tr<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>