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Talking Multitester. Press a button on the probe
and the meter calls out it's reading in clear
English. The reading is also shown on the unit’s
large easy to read LCD display. Features
autoranging, autopolarity, continuity sounder,
diode-check and over-range indicators. 10
megohms input. Measures to 1000 VDC, 750
VAC, 300 mA AC/DC, 30 megohms. Measures:
613/16 x 35/32 x 114",

InterTAN U.K. Ltd., Tandy Centre, Leamore Lane, Walsall,
West Midlands. WS2 7PS Tel: 0922 710000



This month...

Two new continuing series are
introduced this month. How it works
examines a piece of functional
electronics technology, kicking off with
the Macintosh computer, as used here
at PE’s offices to typeset the magazine.
Practical Components scrutinises the
resistor, often overlooked but as vital
to electronics now as it was 100 years
ago.

Hooking up electronic gadgetry to
computers can be easy or hard,
depending on the machine in question.
We take a look at a whole selection of
connections with advice and circuits
for the BBC, Spectrum, ST and the
Commodore Amiga and 64. Also on
the subject of interfacing, John
Becker's project not only provides an
EEPROM programmer for an 1BM PC
compatible, it looks at the 8255 PPI
and 78540 switch mode voltage
converter.

Finally, switches are not what they
seem, especially when you turn them
on and off. Find out why and what can
be done about it on page 24.

Kenn Garroch, Editor
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Inside next month's PE we are giving
away a free Greenweld catalogue.
On sale April 4th
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U200 Digital read-out
soldering station.

Three new soldering stations, each with Antex quality and
innovation.

U100 Soldering Station adjustable temperature without
read-out.

U200 Digital read-out Soldering Station.

U500 Power Supply Unit - 24 volts AC, 50 watt output for
powering 24 volt soldering irons.

All three soldering stations are available in standard
polycarbonate (meets requirements of DOD 2000) or
static-dissipative housing.

Now - an industrial soldering
range with greater flexibility,
greater compatibility

® A new family of soldering irons from Antex.

® A245 45 watt soldering iron, for use with Antex U100 and U200
soldering stations. {Works equally well with Weller EC2000 and
2100 soldering stations).

A545 24 volt 45 watt “In-handle” adjustable temperature soldering
iran 200° to 450°C, for use with U500 power supply unit.

AT718 18 watt Fixed Temperature iron. Mains inputs - 220/240v;
110/115v; or 100v - or 24v for use with U500 power supply unit.

All models available with or without fume-extraction tubes.
Range of 12 SMT desoldering bits fit all irons.

A 245 soldering iron - with &
without fume extraction
standard or static

,, dissipative housing.

For further information,

please contact:

ANTEX
(AW AWRAWAW,

Antex (Electronics) Ltd, Dept. PE, 2 Westbridge Industrial Estate,

Tavistock, Devon PL19 8DE. Telephone: (0822) 613565.

Telex: 9312110595 AE G. Fax: (0822) 617598.

C A D. SOFTWARE MADE £FASY

ISIS SUPERSKETCH

PCB Il

ISIS SUPERSKETCH is a purpose designed program
for drawing circuit diagrams. Our Graphical User
Interface and Intelligent Diagram Editor combine to
leave all other budget packages far behind in this
application. For example, you can draw a wire from
pin to pin in just 4 mouse operations: point at first
pin, click, point at second pin, click. The wire
autorouter does the rest.

Auto wire routing.

Auto dot placement.

Auto name generator.
Powerful editing facilities.
Object oriented 2D drawing
with symbol library.
Comprehensive device
libraries available.

Output to dot matrix, pen
plotters, lasers, POSTSCRIPT.
Export to DTP packages in
IMG or DXF formats.
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PCB Il is a new state of the art manual PCB layout
package sharing the same Graphical User Interface as
ISIS SUPERSKETCH. It also features Topological
Route Editing which is easy to learn and yet stunningly
powerful... our demo disk will reveal all!

For a limited period only, we are offering ISIS
SUPERSKETCH (Extended library) and PCB 1l for just
£149 - can you afford not to join the CAD revolution?

Topological Route Editor
Unlimited user configurable pad,
track and via styles.

Full surface mount support.

2 copper + 2 silk layers.

1 thou resolution.

30x30 inch max board size.
Object oriented 20 drawing for
silk screen graphics.

Drivers for dot matrix, pen
plotters, lasers, POSTSCRIPT,
gerber, etc. etc..
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PRICES

labcenter
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PCB Il
SUPERSKETCH (|
OTHER S/W & HW

SUPERSKETCH (Basic Library)
SUPERSKETCH (Extended Library). £99

Call for demo disks
today - 0274 542868.

£69

.. £69

o
[0 .
£149

CALL T4 Marriner’s Drive, Bradford, BOY 4JT
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Wavelengths

If you have any comments, suggestions, subjects you think should be aired, write to PE

Listings Please

have taken your excellent
Imagazine for the past 25 years

and I still have the first copy.

The content is high in
information and it is extremely
readable and humorous at times,
for which I thank you.

However, I have one complaint,
the object of which is to improve
the magazine. It is when you
produce CPU controlled projects.

A hex dump of the program
alone is of no value. We
experimenters cannot modify,
improve (or correct!) from a pure
hex dump. What is needed is an
assembler formatted listing. This
enables such as myself, when
pursuing my lifelong hobby, to use
assemblers and cross-compilers to
provide the final object code.
Obviously the hex dump is still
required and can be printed
alongside.

As CPU electronics projects are
becoming more frequent, I hope
that you will look into this request
as it allows the project builder to
customise to suit their needs.
Otherwise we may as well buy a
ready made unit. A nominal charge
is, of course, reasonable. However, |
feel that this should be kept to a
minimum to allow experiementers
to obtain circuits and listings for the
purpose of reading them.

I hope my comments have been
helpful and contstructive.

SH Alsop
Managing Director DMS Electronics
Ltd.
Sheffield

I quite agree and will be
implementing something along these
lines in future issues. The only problem
is one of space in that a hex dump takes
up less room that the full assembler
listing. Where possible we will offer full
listings at a nominal fee of £1.50 — to
cover photocopying, P&P.

Reward

any thanks for the cheque I
received under your
loyalty bonus award

scheme.

I have been fascinated by
electronics for quite a few years and
chose PE after comparing it with
two competing magazines,
fortunate perhaps because the other
two have since disappeared from
the scene.

I have had many hours of
enjoyment both from the excellent
articles written by expert
contributers and from building the
projects.

Keep up the good work.

David Randerson
Nottongham

Alternative PCB Route

read with great interest your
Ireview of EASY PC in the

December issue and felt inspired
to write a few comments on the
subiect which may be of interest to
you and your readers.

Like you I have recently
purchased a leading PCB design
program and am left wondering
how I ever managed without it. For
years | made my own printed
circuit boards, usually copied from
the pages of excellent electronics
magazines such as yours. But rather
than use dry-transfer tracks and
pads to produce camera-ready
artwork on paper, I transferred the
pads and tracks directly onto
copper. Dry transfer tracks and
pads  and tracks are quite
waterproof and give excellent etch
resistant properties.

You can imagine how tedious
the above method is though. While
it is possible to produce quite -
proffessional looking boards this
way, there are a number of
disadvantages. Firstly, it is limited
to fairly simple boards and
secondly, the dry transfer material

Letters

leaves a sticky residue where a
piece of track or a pad has been
ripped up and this residue is very
etch resistant.

So I started to think about
buying a PCB design program that
would make the production of
artwork easier. I had made up my
mind that, like it or not, I would
have to do the thing properly and
have professional transparencies
made from my own x2 artwork.

Having bought my PCB design
package and learned the basics of
using it, the next thing was to buy
an A3 size flatbed plotter. The
result was beautifully accurate x2
artwork of my PCB patterns all
ready for the camera. However,
there had to be a quicker way of
producing a board than messing
around with all those chemicals and
photography.

Why not try plotting the PCB
pattern directly onto the copper
board instead of paper? The plotter
has a mechanical accuracy of .
001mmm, so I tried it using a new, 0.3
mm permanent, black OHT pen as
sold by plotter supply stores.

A quick examination confirmed
that the ink had gone on evenly
without smearing and the result
looked very impressive magnified.
There was only one remaining
question. Would the OHT ink be
sufficiently etch resistant to allow
correct etching? At any mornent I
expected to see tracks disappearing
where the ink hadn’t gone on
evenly. I took the board out and
inspected it. It was perfect! I would
not have believed it was possihle to
produce such accurate looking
result! At last I had a method I
could use at home to produce a
PCB from start to finishwithout all
the mucking about with photo-
graphy and light-sensitive chem-
icals done away with at a stroke!

Trevor Rymell

IT Consultant
The British Council, Singapore #
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Innovations

Chip Count

A new bi-polar IC
from Philips (071 636
0394) provides group
listening in facilities in
addition to call progress
monitoring and pulse or
DTMF tones. The TEA
1085 incorporates a
loudspeaker amplifier
with a fixed 35dB gain, a
dynamic limiter and
mute as well as power
down circuitry, logic
inputs for gain control
and a Larsden level
limiter to prevent
feedback. Being able to
develop 40mW into a
50Q speaker, the chip
allows ‘'hands free'
dialing and listening
facilities in one mneat
package.

To enable NICAM
digital stereo receivers
to be built easily and
cheaply, Micro Call
(0844 261939) is
distributing three chips
from Finland. The
MASTA101 is a QPSK
demodulator incor-
porating Nyquist filters
and PLLs Phase Locked
Loops) and is designed to
work directly with the
MAS78102 decoder and
MAS7A103 dual 14 bit
DAC. Together, these
chips can demodulate
the NICAM 728 signal,
de-scramble and de-
interleave the original
sound samples, check for
parity errors and output
the results to the DACs.

Another chip from
Micro Call is a 2Mbit §
EEPROM,
28C020. This is organ-
ised as 256kx8 and is |
made up from four 64kx8
modules on a multi-
layered ceramic sub-
strate. To enable the
whole module memory
array to be written in
10s, the chip supports a
128-byte page write

8 Practical Bectronics April 191

£100 video
camera

iniature video

cameras for around

£100 could be
available in the near future
if the new technology from
VLS| Vision fulfils its
promise. Instead of using
the normal approach of a
CCD (Charge Coupled
Device) coupled to an
external processing
system, the new technique
uses ASIC CMOS to
implement an array of
photo-diodes and a signal
processing system all on a
single chip the size of a 5p
(25mm?2). Automated
exposure control allows
cheap plastic lenses to be
cemented directly onto the
chip — the large amount of
processing power
available also allows the
output signal to be in a
standard format, for
example composite 1V
peak to peak.

The team from
Edinburgh University who
developed the idea is also
considering a number of
other image processing
devices. Soon to be
announced is a fingerprint
verification device that
uses 100,000 transistors
to perform the two billion
integer operations per
second needed to

differentiate one print from
another. As with the single

the XM- &

chip camera, the aim is to
put as much processing
power on the chip
alongside the image
reception circuitry. The
only external device would
be a database of
fingerprints, providing a
complete security system
on a chip, perhaps even
for use in ‘smart cards'.

Originally developed at
Edinburgh University the
idea of '‘personal imaging’
has been taken up by
Technology  Transfer
Centre who, in turn,
formed VLSI Vision. In
practice this is an ASIC
design house selling
proprietry technology for
commercial development
in the consumer market.

Future chips and
designs being looked at by
the company include
developing the single chip
camera to work in colour,
producing a standard PAL
or NTSC output and video
telephone that uses the
H216  standard to
compress images into a
format that can be squirted
down a standard
telephone line with all
processing circuitry built
onto a single chip of about
half an inch on its side.

For more information
contact VVL (031) 668
1550

operation which, when
combined with the data
polling or toggle bit
testing, provides a
40us/byte write cycle.

Northern Design
(0224 729533) has
launched the XD range
of current transducers
which can give instant
indication and position
of any failures in a group
of lamps. By routing the
neutral conductor
through the XD10V5, a
failing lamp will cause
the current to rise and
trigger an alarm. Useful
in security lighting,
prices start at £38 each
(ex VAT).

Silicon Systems of
Tustin California USA
(714 721 7110) has just
released a device that
will allow a personal
computer to have a
COM's port that will
accept virtually any
synchronous or asyn-
chronous communica-
tions protocol. The SSI
73M650 SPC (Serial
Packet Controller)
employs novel UART
technology that allows
the PC to appear to have
a normal comms port
while being able to
accept virtually any-
thing. Other features are
the ability to act as a
powerful packet cont-
roller, a power down
mode to save battery life
in portables and 32 bit
CRC error correcticn for
full V42 compatibility.
At a cost of $15 this chip
looks set to cure the
RS232 blues.

Also from Silicon
Systems is a single chip
low power quad modem
IC. The SSI 73K324L
conforms to CCITT V21,
V22, V23 and V22bis
standards. It is designed
to be interfaced to
microprocessors by
direct connection to the



innovations

system bus, the chip
operating through an
eight-bit multiplexed
port. All that is needed
to build a complete
modem is the addition of
a phone line interface, a
micro-processor and
RS232 level converters.

Computers

For those who want to
get data into and out of
their PCs, the new range
of PC bus I/O cards
from Artistic Licence
(081 961 9520) is sup-
plied ready-to-go with
software

isolated, TTL, Darling-
ton drive, relay, multi-

channel analogue output :

and intelligent stepper
motor cards, ranging in
price from £125 to £165.

Owners of the Sam
Coupé computer can
now get a number of
DOS extensions with
Masterdos (£14.95),
allowing tree directories,
a RAM disk and
advanced file handling.
Also available is the
1Mbyte memory
expansion (£79.95)
which, using four of
them, allows memory
expansion up to 4.5

Mbytes - 256k is
available internally.
Unfortunately, the

memory is external and
cannot be accessed from
Basic, but when used as
a RAM disk, it speeds up
file access times.

To allow all of the
available add-ons to be
attached at once, the

Sambus (£49.95)
interfaces the standard
single expansion

connector to four other
devices, including other
Sambuses. An optional
extra is another power
supply (£19.95) that

drivers, |
diagnostics, example [
programs and manual. |
The range includes opto- [

In position

unique new global
Apositioning system

(GPS) receiver from
Navstar enables portable
PCs to locate themselves
exactly on the earth's
surface.

Designed as a full
length expansion card for
IBM compatible PCs, the
XR4-PC comes complete
with antenna cable and
software and once instal-
led provides posi-tion and
navigation data either on
screen or in the back-

The wall hanging
picture TV may soon
be possible if the
new LCD VGA displays
from Seiko Instruments
are any example of what
the technology is capable
of. Offering resolutions of
640x480 pixels with side

ground — allowing other
software to be run at the
same time.

As well as finding uses
in surveying, astronomy,
forestry, and seismology ,
the new portable system
could lead to automated
route finding and nav-
igation on land and at sea.
Priced at £1575 the XR4 is
available from Navstar Ltd.
Wardell House, 108-112
High Street, Southampton,
S901 OAA..Tel. 0703
333539

mounted cold cathode
back lighting, the G643G
and G642G use RC-film
technology to implement
all the VGA controller
circuitry on the display. At
460g and 740g both
displays are under 15mm
thick.

4 meter.
| accuracy is 1% and the
| measurement frequency
| 1kHz with a sample time

gives a boost for the
inereased number of
add-ons. For more info.
contact Sam Computers
Ltd. on 0792 700300.

Devices

The DM 310 from The
Instrument Centre (0633
280566) is a new digital
multimeter that offers
a 0.5 inch 3.5 digit
display, low battery,
auto zero, AC and DC
voltage measurement in
five ranges to 700V and
1000V respectively and
current measurement in
seven ranges from 20upA
to 10A. Resistance can
be measured to 20MQ
and a built in buzzer
provides an audible
continuity tester. A
separate socket allows
diodes and transistors to
be tested and identified
(PNP, NPN) all for £69
ex VAT.

With modern noise
exposure limitation
legislation, some way of
monitoring the hazard is
required. A new
dosemeter from Brunel
and Kjaer (081 954 2366)
offers a range of facilities
including parallel
detection of RMS and
peak values, data
logging, PC data
transfer, statistical
functions, 20 hours of
data storage, a secure
keyboard and auto-start
and stop operation,

Two new meters are
available from Thurlby-
Thandar (0480 412451).
The first is used to
measure capacitances
over six ranges, induc-
tance over five ranges
and resistance over six
ranges — the TC200 is a
low cost (£95) LCR
The basic
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of 0.4s ensuring a fast
response.

The other meter is the
TM357 which provides
five ranges of AC and
DC with a basic accuracy
of 0.5% and a resolution
of 100pV. Resistance can
be measured to a
resolution of 0.1Q over
six ranges. A continuity
buzzer and diode check
facility are also provided
in the unit which costs
£39 plus VAT.

Also from Thurlby
Thandor is the new
Hitachi VC6024
oscilloscope which
offers real time and
digital storage functions
with a sampling rate of
20MHz, a real time
bandwidth of 50MHz. In
digital storage mode it
can capture repetitive
events up to 50MHz and
single shots to 5MHz.
The memory size of 2000
words per channel allows
up to four saved and new
waveforms to be dis-
played at once and a ‘roll
mode’ allows low speed
signals to be viewed as a
single trace up to 200
seconds in length.

Additional features of

the CC6024 are an
RS232 interface to
transfer data to a

computer for further
analysis, an averaging
function, pre-trigger and
cursor measurement.
The scope costs £1595 ex
VAT and comes with two
free probes.

For anyone who needs
the best in cassette
recording reproduction,
the new H-1 from Revox
uses the Studer four
motor mechanism with
twin pinch rollers from
the Revox 215.
Featuring Dolby B, C
and HX-Pro, the H-1 also
has a fully automatic
microproces-sor
controlled tape
alignment system. For a

8 Practical Bectronics April 1881

British
Telecom set
for Video
Phone service

T has launched ISDN
B2 (Integrated Ser-
vices Digital
Network) — a new
communications service
aimed at small to medium-
sized businesses and
branch offices of larger
companies. New
applications include rapid
fax transmission — an A4
page in 2 seconds, much
faster data transfer without
a modem, low cost video
links allowing customers to
see as well as hear each
other and improved
telephone service with
faster connection and
clearer speech. By the end
of 1991 over 90,000 lines
will be available, covering
every major high street
and business centre
across the UK.
Since 1984 BT has

-spent more than £8 billion

on modernising the
network with the digital
technology on which ISDN
depends, with 100% of the
trunk network and almost
50% of the local

exchanges now converted.

The new technology
allows the ‘twisted pair’
wire which connects the
phone and network to
carry two independent
digital communication
paths instead of one; this
allows one line to carry
two data streams, for
instance voice and data,
simultaneously.

No special connections
are needed and users

simply plug into the
existing coppér wire
system.

Among other facilities,
so-called Caller ID (Caller
Line Identification) is
provided as an option but
requires additional
equipment to display the
originating phone number.
Suitable equipment for the
ISDN facilities, such as
connector cards which slot
into computers and
terminal adaptors, are
being designed and
manufactured by various
companies. These will
allow existing equipment
to be upgraded quickly
and easily keeping them

£1121 (inc VAT) the H-1
is available in black,
titanium and gold.

Dentanurse UK (0981
550781) produce a
flexible mirror,
originally designed to be
used for amateurs to
view their own mouths,
which may also be useful
to electronics construec-
tors. Able to be bent to
allow any angle of view
the mirror costs 99p+25p
P&P and is available
from chemists or
Dentanurse UK Ltd.,
Old Forge Estate,
Peterchurch, Hereford,
HR20SD.

It may not be widely
known but soldering is
not exactly environ-
ment friendly.
However, help is at hand
from Electroustic Ltd.
(0264 33364) who
produce a new range of
water soluble fluxes
which emit no CFC

gases or toxic by-
products. Over 17
different fluxes are

available with solvents
of water or alcohol and
temperature ranges
varying between 120°C
and 320°C with metals of
copper, nickel, EN and
alloy.

Ferguson will be
showing its new 16:9
widescreen TV at the
Brown Goods Show in
the Olympia Conference
centre between April
7th-10th. It features a
high scan 1250 line
HDTV compatible
display capable of
showing programmes in
a 16:9 aspect ratio. It
also features an on-
board satellite receiver,
an idea that Ferguson
will be pushing in 1991
as the intention is to
supply a retrofit option
for existing large screen
models.



Probing The
Interface

Computer interfacing

Chris Hanson pokes around under the covers of the BBC, ST, Amiga, C64, Spectrum and
IBM PC computers to see where the user ports are.

1 computers have interfaces
Aof one sort or another, to

control the video output,
read the keyboard, communicate
with disk drives and so on.
Unfortunately for the electronics
enthusiast, they don’t all provide a
user port, an interface that can be
customised to accept any form of
input and output (I/0O). Some
computers, such as the BBC model
B, come with a plethora of interface
possibilities, others such as the
Sinclair Spectrum and the
Commodore Amiga have virtually
nothing. However, there are ways
around the problem, usually
without a great deal of extra
hardware — generally a good idea
since software is cheaper and easier
to develop than than hardware.

User Ports

Of all of the popular home
computers, only the BBC micro and
the Commodore 64 come with

easily accessed user ports. Other
machines such as the Atari ST,
Commodore Amiga, Sinclair
Spectrum and IBM PC all have to
either have extra hardware fitted,
or use existing interfaces in unusual
ways. The basic requirement for a
user port is to be able to pass
information in the form of +5V and
0V binary signals into and out of
the computer.

The normal path for data is via
the data bus with the address bus
defining where to data is to go or
come from. Because the computer
processes information so quickly a
user port has to have some sort of
latching mechanism for outputs so
that they are separated from the
rest of the data travelling along the
bus and held long enough for
external hardware to read them. In
a similar way, inputs must be held
in a buffer until the computer can
get around to reading them. To
help with these processes,
commercial user ports or interface

Port A PA PAS DDOO
Port B ps | pBa | pPB3 | PB2 DDO1
; DDRA - Sets the daza transfer direction of port A DDo2
DDRB Sets the data transfer direction of port B , DDo3
TA Low Low oight bits of imer A~ _ - | ppos
TA High High-eight bits of timer A v DDoS5.
TB Low Low sight bits of timer B ‘ ' l DDO6
L TB High ; High eight bits of timer B , DDO7
op1oths| 0 ] e | o | o BCD 0.9 ' DDO8
TOD Secs |0 BCD 0-5 BCD 0-9 DDO9
TODMin] .0 BCD 0:5 BCD 0-9 DDOA
ODHours | AMPM | 0 0 |mcpo-1 . DDOB
SR Eight bit shift register , - DDOC
ICR [int enable] ] marm [ 18im [ TAInt | ppop
CRA TA@/CT | LDTA | TA CO DDOE
CRB [TODALM|  TBCount | LDTB | TBCO | PB7PT |PB7nTB|TBONGN | DDOF

Fig. 1. The tegisters of the 6526 CIA used in the Gnmmuéofe 64.

chips, provide a number of
handshaking options so that
external hardware can signal to the
computer that the data is ready,
and in return, wait until the
computer is ready before using any
data output from it.

Interface Chips

There are two main types of
microprocessor architecture used in
modern computers. The first is the
Motorola design that accesses 1/0
chips as though they are part of the
memory. The 6502, 6800, 68000
types use this method. Outputting
data is simply a matter of writing it
to a specific memory location -
instead of accessing RAM, the
computer hardware knows that this
should go to the outside world.
Reading data in operates in the
same way - a particular memory
address has the data available as
though it were in RAM or ROM.

The other main type of
architecture is used in Intel chips.
Here, special microprocessor
instructions are used to transfer
data to and from the outside world
— known as IN and OUT. Normally
they are used with a number which
tells the hardware which in or out
is to be used. In practice, the only
real difference between the two
systems is an extra signal that
defines whether the operation is to
be memory or I/0O. In practice, the
Intel system could use the Motorola
type of interface but a few more
bytes of memory become available
if the IN and OUT commands are
used.

In both systems, special chips
are available to make interfacing
easier. For the Motorola technology,
common ICs are the 6522 VIA
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Port B4 PB7 PB6 | PB5 PB4 PB3 PB2 PB1 PBO | FEB0
PortA | PA7 PAB PAS PA4 ‘i PA3 .I PAZ PA1 PAD FEG1
DDRB ' §§_ts the dmafar direction of port B FEB2
DDRA Sets the data transfer direction of port A FEB3
T1C-L Write low eight bits ofcounter 1 latch - read low eight bits of counter 1 FEB4
T1C-H Write counter 1 high eight bit latches - read timer. 1 high eight bit counter FE65
TTALL Write same as T1C-L - read counter low sight-bit latches FEG6
T1L-H | Write high eight bits of counter 1 _I_a_t_t_g_t}_eg_« read hi_gh___sight bits of counter 1-latches | FEG7
T2C-L Write counter 2 low eight bit latches - read loaw eight bits from counter 2 FEe8
T2C:H Write counter 2 high eight bits - read counter 2 high eight bits FE69
SR Shift register FE6A
ACR| Countert intentrt [ont2oti]  Shiftregistercontrol - [Port A&B latch enbl | FESB
PCR CB2 control CB1 edy CA2 control CA2 ed_g_e_{ FEBGC
IFRI JRQ | Crttint'| Cnt2int | CB1int | CB2int | Shitint | CA1int] CA2int| FEED
IER | Set/Crl .]Cnt1 enbl{Cnt2 enbl}CB1 enbl ICB2 enbl | Shit enbli CA1 enbl{ CA2 enbl| FEGE
CRB Same as port A but no handshake FE6F
Fig. 2. The 6522 VIA as-used in the BBC micro.

(Versatile Interface Adaptor) as
used in the BBC, the 6526 CIA
(Complex IA) as used in the C64
and the 8520 CIA as used in the
Commodore Amiga. Intel chips
may be as simple as the 8212 input
output port or as complex as the
8255 PIA (Peripheral Interface
Adaptor).

The more complex chips, as well
as providing the latching and
bidirectional I/O lines (allowing
signals to travel in or out down the

same path), also have timers, shift
registers, interrupt controls and
handshake lines. The latter can be
used to clock data into a shift
register with interrupt flags being
set when the process is complete
~these in turn generate an interrupt
to the processor or are periodically
scanned (polled). All of the internal
registers, bits and flags of the 6526
and 6522 are shown in Figs. 1 and 2
along with the memory addresses
for the C64 and BBC computers.

Gnd
OSCXT

|

+BVGnd

| |

Select

|

Busy

|

Gnd.  Paper.out ACK e
D8 D7 D6 D5 D4 D3 D2 D1Strobe

LTI

S

o o fad

oolome oo .o [0 T R 5
s ] R

| Reset Gnd
Fault
Fig. 3. The standard Cemntronics printer port.
/ Earth
0
Sec TX e Transmit data (TX)
TX Clock 1:* i Receiver data (RX)
Sec |ka ol Request To Send
RX Clock e Clear To Send (CTS)
Not used -| o
11 o Data Set Ready (DSR)
Sec RIS 110 o Signal Ground
Data Terminal Ready 9 5 Carrier Detect (CD)
Signal Quality Detect 10
‘Ring Indicator 0 2 zot u:eg
Data Rate Select o © S
; , o Not used
TX Clock ° 4 Sec CD
192
Not used Q‘ Sec CTS
Fig. 4. Complete pinout of the RS232.
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Other Ports

One of the most common interfaces
available on small computers is the
printer port. This normally
conforms to the Centronics
standard (Fig. 3) and in some
systems can be re-jigged to be a user
port. It provides eight I/O lines and
a few handshake signals.
Unfortunately, many systems use
buffers and line drivers to protect
and boost the signals on the printer
port. These are one way and only
outputs can be generated.
Fortunately, there are ways to get
data in over the few available input
lines, for example Busy.

The other common interface is
the RS232 or serial link. This
normally uses signal levels of
between +3V and £12V- unsuitable
for conversion into a user port.
Another problem is that special
chips such as UARTs (Universal
Asynchronous Transmitter
Receiver) and ACIAs
(Asynchronous Communications
Interface Adaptor) are used which
don’t allow individual control of
the lines — see Fig. 4. Where this is
the only interface option, the best
solution is to design a universal
user port which can be controlled
using standard RS5232 characters,
possibly based around a
microcontroller giving all of the
facilities found in an interface
adaptor.

12 Into 3 Will Go

There are times where it is
necessary to transfer data into, or
out of, a user port from a peripheral
that has more data bits than the
port itself. An example of this is
when using a 12-bit analogue to
digital converter (ADC) with an
eight-bit port. To get the extra four
data bits in, a shift register system
can be used as in Fig. 5. As soon as
the ADC has finished its
conversion, it signals to the
computer which then shifts all
twelve bits into a single line of the
user port. Only three lines, the
handshake, clock and data, are
needed to access as many bits as
necessary. The main drawback of a
system like this is one of speed - it
takes at least 12 times longer to
transfer the data into the computer
than when transferring the data
directly over a parallel port.



Computer port

_ Clock I

< Handshake

_Fig. 5. Using a shift register to expand a pont.

12-bit shift register -

0123456789101

Practical User Ports

Experimenting with a user port or
possible user port on a computer
requires a bare minimum of
hardware. Fig. 6 shows a simple test
probe consisting of an LED and a
resistor. For a normal LED with a
maximum forward current (If) of
20mA and a forward voltage of 2V,
the value of the resistor is given by:

R=(V-Vf)/If

In most cases, V is 5Volts so
R=150Q to give maximum
brightness — in practice, values a
little larger than this should be used
so that the 20mA maximum is not
exceeded. The end of the LED is
connected to 0V and the resistor
used to test whether output lines
are high or low.

A little care should be exercised
when poking wires into the
connectors on the back of a
computer since shorting power
lines or high outputs to ground can
damage the machine. Systems that
use VIA or other interface adapters
should give few problems since the
outputs are buffered. Others, can
easily be damaged and it is a good
idea to make sure of the
connections before experiments
begin.

BBC Micro

As was mentioned earlier, the BBC
Micro is probably the most flexible
computer available when it comes
to interfacing. As well as providing
standard features such as
Centronics and R5423 (similar to

RS232 serial), it also has a set of
analogue inputs, provision for a
light pen, the 1IMHz bus, Tube, disk
interface and user port.

The user port connections are
shown in Fig. 7. To make life easier,
a 20way IDC connector connected
to a 20 way ribbon cable with a DIL
(Dual In Line) header socket on the
end can be hooked up to a
prototype board. All of the I/O
lines then become available for easy
experimentation.

Computer interfacing

Memory Locations

Access to the user port is via the
6522 chip whose full register set is
shown in Fig. 2. For simple 1/0,
only DRB and DDRB need to be
used. The first is located at memory
location &FE60 (the & denotes
hexadecimal notation) and writing
to it places data on the PBO to PB7
lines of the user port. Whether each
of these lines is input or output
depends on the setting of DDRB at
&FE62. Bits set to one define
outputs and set to zero, high
impedance inputs. This
arrangement allows the user port to
pass data in both directions at once
for example, ?&FE62=241 defines
PB7, PB6, PB5, PB4 and PBO to be
outputs and PB1, PB2 and PB3 to be
inputs. ?&FE60=254 will set PB7 to
PB4 to one and PB0 to zero, PB1 to
PB3 are unaffected since the are
high impedance inputs. PRINT

Fig. 6. A simple test probe.

Test probe:

Resistor

LED

Because the BBC provides a
straight forward user port, there is
no real need to go into detail about
the other interface options. The
1IMHz bus can be used to attach a
number of other VIA chips,
extending the 1/0O capabilities
considerably. The Tube is really
only for attaching a second
processor such as another 6502 or a
Z80 to the system. The analogue
interface provides an easy means to
read varying voltages into the
machine and, like the light pen, is
covered in detail in the Advanced
User Guide for the BBC micro.

—
- PB2

CB1

CB2 . PBO  PB1

BV 0V ovoov
Fig. 7. BBC Micro user port.
i : ,

+5Y

PB3 PB4 PBS PBe PB7

?&FE60 will reveal the status of PB1
to PB3 without affecting the
outputs.

The drawback with using peeks
and pokes, or in the case of the BBC,
indirection operators, is that the
designer might move the hardware
so that in future machines it is no
longer at the same memory loc-
ation. To get around this, programs
designed to be used on future
machines should use operating
system calls rather than direct
memory accesses — with the BBC
micro this involves the *FX or
OSBYTE command. The user port is
in an area referred to as SHEILA
(&FE00) in memory and the
OSBYTE 150 and 151 calls are used
to read and write it. The X register
contains the offset and Y the value
to be written (in the case of FX 151).
For read operations, the value is
returned in Y. For example, to write
254 to the user port, the A reg
would be set to 151, Y to 254, X to
&60 and &FFF4 called from Basic
this would be:

A%=151:X%=&60:Y %=254:CALL&FFF4
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88000 Assembier

The microprocessor used in the Atan ST and Commodore
Amiga is relatively easy to program in assembly Ianguage
Anyone with experience of the 6502 will find moving up to the
-68000 a snap. Users of the 280 may have to learn a few new
concepts but, again, they should find it easy.

Of the to machines, the ST is by far the easiest to program
and also provides easy access to the sound chip and printer
port. However, the designers of the system decided that
certain areas of memory, notably those to do with 1/0 should
be protected. This uses the privilege violation trap provided
by the system which occurs when external hardware senses a

_memory access in a prohibited area To get around pnwiege
violations, the mtcroprocessor must be put mto supervisor
mode. '

The 68000 has two main operating modes user and
supervisor. A number of instructions and options are only
available in the latter so that major system functions cannot
be altered by processes that don't have the privilege level.
‘This has the main advantage of stopping run-away programs
making a complete mess of the system - for example, it can't
mess up any 1/0 since this is in reserved memory. Getting
from user mode to supervisor mode can actually only be
done from supervisor mode but fortunately, user mode is
able to cause exceptions. These are software interrupts

normally used to access frequently used portions of program.

CLR.L  -(SP) Zeroonthestack
MOVE  #$20,- (SP) GEMDOS Super command
TRAP # Call GEMDOS

ADDQ.L  #6,SP Correct stack
MOVE.L -~ DO,STKSVE  Save the old stack pemter

One feature of them |s that they always enter supemsor
mode — normally they return to user mode when the end so
programs can't accidentally go into supervisor mode. =~
To switch from user mode to supervisor mode (and back)
a special system call (GEMDOS) is available.When first | sed
a zero on the stack tells it that supervisor mode is required.
Using it with-any other value on the stack returns to us
mode - the value passed to the is actually the address
sta((:jk for user mode. The general routine to enter supe
mode is:

a return to user mode can be made with:

MOVEL  STKSVE,-(SP) Old stack pointer on stack
MOVE  #820-(SP)  GEMDOS Super command
TRAP # Doit

ADDQ.L . #6,SP Correct stack now in user mode
STKSVE DS.L1 Set aside space for pointer save

unlike the ‘non-standard” BBC) and,

Atari ST

The Atari ST is even more
dependent on system calls for I/O
than the BBC micro. It has a much
more complicated operating system
and design changes mean that the
memory locations of certain chips
have been changed.

As it stands the ST doesn’t have
a user port. However, the
Centronics connection is not

buffered in such a way as to
preclude inputs and can be used
instead. Unfortunately, access is
through the sound chip - note that
this only applies to older 520s and
1040s which use the YM2149 or
equivalent PSG (Programmable
Sound Generator).

Only two memory locations are
used to access the 15 registers in the
PSG. The first, at $FF8800 ($ is used
to denote hexadecimal notation

Accessing the ST's PSG

Unlike many VIA chips, the PSG only -

~outputs. The direction is set by bit
seven in register seven. One deﬁnes

itself is 15 and when the port is set for
output, any data written here will
‘appear at pins DO to D7 on the
_centronics port. Setting the port for
“input and reading port 15 allows any -
data on the port to be read into the
_computer. The process in 68000
_machine code, after going into.~
supennsor mode is roughly as foﬂows

MOVE #1,$FF8800 Select register 7
MOVE $FF8800, DO Read register 7
AND #127.00 = Setl/Obittoin

MOVE DO $FF8802 And write it back
 MOVE #15,$FF8800 Select reg 15
MOVE $FF8800,D0 And read it

 This can be done from Basic with Peek
allows its 1/0 port to be all inputs,or all  and Poke but care should be taken
- since the operating system can reset

output and zero input. The port register  the key clicks.

 xbios routine —
“go into supervisor mode. For example:

~ MOVE #128+15,-(sp) Write to reg 15
MOVE #1,-(sp)

~ MOVE #28-(sp)  Giaccess call
TRAP #14 Call xbios
, ADDQ.L #6,5p Correct stack

_ This will write one to register 15. The
128 added to the value tells the routine

PSG registers when the bell rings or
 An alternative method of access isto

_use the system calls with the giaccess
it also doesn’t need to

Aone

to write rather than read. Note that
when reading, the data will be returned

in register DO.
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when written to, selects the desired
PSG register. Reading from this
location returns the value held in
the selected register. $FF8802 is
used to write data to the selected
register, A minor complication is
that the 68000 microprocessor has to
be in supervisor mode when
directly accessing these locations
from machine code - see box.

Other 1/0O options available on
the ST involve the multi-function
peripheral (MFP) chip which
provides a few extra lines on the
video port, the RS232 and the
printer port.

One other option that is
sometimes used is the cartridge slot.
This doesn’t actually have a write
line available to it so, at first sight,
outputs are not possible. However,
by clever use of the large range of
memory addresses, an eight-bit I/O
port can be set up. Fig. 8 illustrates
the idea in block form. By using
external logic to interpret one of 256
addresses as a number between 0
and 255, eight bits of data are
simulated. For example, to set bit 7,
the 128th address in the range is
read from. The external logic sees
that this is in the correct range and
sets the top bit of the port. Reading
in is straight-forward since there is
a read line available.



Eig 8. Block diagram of read only output port.
Address bus

Address decodmg

Amiga
Like the ST, the Amiga doesn’t have
a user port as such but is able to use
its parallel printer port instead. This
is driven by an 8250 interface
adaptor chip and, as in the BBC,
allows the direction of each bit to be
set independently. Note that the
following memory locations
probably only apply to the Amiga
A500.

The data direction register is at
memory location $BFE301 and the
port itself at $BFE101. As usual, one
defines an out and zero an input
and the eight-bits of parallel data
appear and can be read from D0-D7
of the centronics connection. Care
should be taken when
experimenting with the Amiga’s
ports as they are not particularly
well protected and shorting them
out can harm the machine.

Commodore 64.

As well as its cartridge, cassette,
serial IEEE and joystick ports, the
C64 has a built in user port. This
operates in a very similar way to
the BBC - the registers in the 6526
CIA are shown in Fig. 1 and the

Fig. 9. C64 User
Port pinout.

| , FG2 PBI PB3 PB5 Pm ‘nd
.ﬁg 10. Saectrum expansinn bus - italics de;mte Iater muﬁnts '

A3 F?QM15§ D1

logic
. : = B7
Cartridge port | pata bus - B
input buffer %
— ' —B7
Read
connections in Fig. 9. The port

address is at 56577 (3DD01) and the
eight bits correspond to PB0O-PB7.
The data direction register is at
56579 ($DD03) and as usual, one
denotes output and zero, input.
From Basic, PEEK and POKE can
easily set up the user port to
perform simple ins and outs. For
example, POKE 56579,240 sets PB7-
PB4 to output and PB3-PBO to
input. Looking at the user port
connection in Fig. 9. there are a
number of lines available other than
the eight that form the port. In
practice, the C64 has two CIA chips
and some of the spare control lines
from the second chip also appear -
to differentiate between them, they
are numbered 1 and 2. The four CIA
control lines, CT, SP, FG and PC are
used for handshaking and RST goes
to the C64’s microprocessor reset —
taking this low will make the
machine re-boot. ATN and PA2 are
from parallel port A. ATN should
really be labelled PA3 since this is
where is comes from. They are
normally outputs but can be re-
configured by altering data
direction register A bits 2 and 3. The
power supply output +5V can be
used to drive circuitry but beware

~ Gnd

Computer interfacing

of placing heavy loads on it. The 9V
AC outputs come from the
computer’s power supply and need
stabilising and regulating if they are
to be used.

The control lines are used to
help with the transfer of data either
through the parallel or the serial
port. The SP line connects directly
to the CIS shift register and can be
input or output depending upon
the setting of bit six in control
register A. Data is transferred under
the control of timer A or the CT line
allowing synchronous (external
clocking) or asynchronous (internal
clocking) transfers to be made.
When a complete shift of eight-bits
has been made in or out, the SP
interrupt flag is set in the ICR
allowing the processor to read in
the data from or load some more
into the shift register.

The FG or flag line is simply
connected to a bit in the ICR. When
it is moved from high to low, the
interrupt bit is set. Reading the ICR
will clear any set bits allowing the
next FG input to be observed. This
is a useful function since it allows
external hardware to signal the
processor when data is ready. For
example, an ADC (Analogue to
Digital Converter) could pull this
line low when it finishes a
conversion so that the computer
only reads data in when it is ready.

The PC line is used to handshake
with devices transferring data over
the user port. The line goes low
once clock cycle after data has been
read or written through port B -
PBO to PB7. Any external device can
then sense this and put or get some
more data from the port. This lines
allows data transfers to take place at
a very high speed, generally set by
the speed of the computer program
reading and writing the port.

Spectrum

The old Sinclair Spectrum provides
no easy way to attach a user port
since it doesn’t have any interfaces
as standard — newer models come

lO'QV WR

v

D8 D3 INT R’KET - WAIT RFSH ~ A1O ‘
Al5 i D7 k Do pz I D5 1 ,m l qu s EQJ ‘Notusedl +12 AB RESET
. l . b &" ' 1 | | lNowsed
o e e
Ald | 45V ov CK 3 D:skRD Dtar@ﬂ - As |
A2 9y Yy Ap , Az ““““‘1036”/ Video v "B‘U”S”“”RQ A7 }
' - NotusedROMZOE D:kVV“ '

_ Notused
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, ,?4}4(;27

with disk drives, printer and serial
interfaces but the main expansion
bus is virtually identical. The
differences are not vitally important
and are shown in Fig. 1 in italics.

A simple interface for the
Spectrum is shown in Fig. 11. his
decodes the address and handshake
lines and uses an 1/0 chip to feed
the data onto the data bus.

The commands available in the
Spectrum are IN and OUT which
both take a port number and send
or receive data. The port number is
put onto the address bus and the
IORQ line is sent low. Depending
on whether a read or write is taking
place, the appropriate line is also
sent low. The address can be
detected by an eight-input gate, in
this case, NAND which also
produces a low output when the
correct address appears. The three
low signals can be sensed by the
NOR operation which then signals
the 8212 and enables its outputs on
the the Z80 data bus. The Spectrum
then reads this in and either places
the value into a variable or onto the
screen.

One result of only using eight
address lines is that the port
appears at a number of addresses in
the I/O address space — any that
have address lines A0 to A7 high
which are 255, 511, 1023, 2047 and
so on... This means that PRINT IN
255 will give the same result as
PRINT IN 511. To decode the
address further, another eight input
NAND must be used and both the
outputs NORed and inverted to
give a 16-bit address.

To get a user port that gives
outputs, the same sort of
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Fig. 11. Simple
Spactrum interface

arrangement can be set up but the
8212 is reversed and the WR line is
sensed. The port must also be
placed at a different address -
alternatively, the same address can
be used by the activation of the WR
and RD lines can be used to
differentiate between the two 8212s.
To get another address, one of the
spare inverters in the 7427 chip -
connect all three inputs together to
form one input - can be used
inserted where one of the address
lines goes into the eight-input gate.
For example, putting this into line
A0 makes the port address 254 (and
multiples), that is, all lines high
with A0 low but inverted to give a

high. The only thing to watch out
for when connecting ports up to the
Spectrum is to avoid clashing with
existing system ports. However,
there are 65536 to choose from so a
spare one or two can usually be
found.

IBM PC

PC compatibles provide expansion
slots to which extra equipment can
be added. Attaching a user port
requires the use of an interface
adaptor, say the 8255 PPI for
complex systems or an 8212 for
simple I/0O. The connections are
shown in Fig. 12 with the important
ones being: 1/0 read and write, the
data bus DO to D7, address latch
enable, the address bus A0 to A19.
When a valid address appears on
the bus, ALE is sent high. An I/O
read or write is signaled by sending
I/0 read or write low and the data
can be transferred over the data bus
-~ the Basic supplied with the
machine usually has INP and OUT
instructions. The AEN line is used
to define whether the
microprocessor or a DMA (Direct
Memory Access) is taking place.
AEN should be high for an I/0O
read or write from the
microprocessor. A circuit similar to
that for the Spectrum could form a
simple user port, all that is needed
is a little more decoding. |

Name
-Gnd
Rgget DRY (reset carés)
- :inierrupt ReQuest IRQ2
. _’DMA ReQuest DRO2

'Reserved
- Hv
e t'm&w
 Memory Write
, Memory Read MEMR
- /6 Write | ,
4 /ORead] ~
o DMA ACKnowtedge DACK& .

. DACK?

CLSCK CLK4.77 MHZ

> 'imos
3 RQ5
IR

 DACKZ -
'T/C DMA comp ete o
Aﬂdress Latch Enable ALE

, 'gSC 14.31818 MHz

Pin Name
1/ OCHEK




BoordMoker 1 is a powerful software ool
which provides a convenient and professional
method of drawing your schematics and
designing your printed circuit boards, in one
remarkably easy to use package. Engineers
worldwide have discovered that it provides an
unparalleled price performance advantage
over other PC- based systems.

i See us at
CadCam 921
on stand »

252

BoardMaker 1 is exceptionally easy to use - its
sensible user interface allows you 1o use the
cursor keys, mouse or direct keyboard
commands to start designing a PCB or
schematic within about half an hour of
opening the box.

HIGHLIGHTS

Hardware:

B BMPC, XT, AT or 100% compatible.

| MSDOS 3.x.

B 640K bytes system memory.

B HGA, CGA, MCGA, EGA or VGA display.

W Microsoft or compatibie mouse recommended.

Produce clear, professional schematics for
inclusion in your fechnical documentation,

Baver
Segment auer
ALL L idth
Segment Bidih

1it

Capabilities :

Integrated PCB and schematic editor.

8 fracking layers, 2 silk screen layers.

Maximum board or schematic size - 17 x 17
inches.

2000 componenits per layout. Symbols can be
moved, rotated, repeated and mirrored.

User definable symbol and macro library facllities
including a symibol library editor,

Graphical library browse facllity.

Design rule checking (DRC)- checks the
clearances between items on the board.
Realtime DRC display - when placing fracks you
can see a continuous graphical display of the
design rules set,

Placement grid - Separate visible and snap grid -
7 placement grids in the range 2 thou to 0.1 inch.
W Auto via - vias are automatically placed when
you switch layers - layer pairs can be assigned by
the user.

' PCB layout editor provndes s full analogue lglta and
surface mount support - ground and power planes
(hatched or solid)- 45 degree, arced and any angle tracks.

Despite its quality and performance,

W Blocks - groups of tracks, pads, symbols and text
can be block manipulated using repeat, move, BoardMaker 1 only costs £95.00 +
rotate and mirroring commands. Connectivity £5.00pp + VAT. Combine this with the
. gﬁg b? ?oi?ffoined if re;:‘uired. s and 100% buy back discount if you upgrade
- full surface mount components an
facilities are catered for, including the use of the ‘ro BoardMoker 2 or BoardRouter and your investment
same SMD library symbols on both sides of the in Tsien products is assured.
board,
® Circles - Arcs and circles up to the maximum ,
B o, Tnage oan be used fo Don’t take our word for it. Call us today for a
W Ground plane support - areas of copper can be FREE demonstration disk and iudge for
filled to provide a ground plane or large copper yourself
area. This will automatically flow around any '
existing tracks and pads respecting design rules. Tsien (UK) Limited
Output drivers . Cambridge Research Laboratories
B Dot matrix printer. 181A Huntlngdon Road
8 Compensated laser printer. Cambridge CB3 0DJ
B PostScript output, 5 Tel 0223 277777
B Penplotter driver (HPGL or DMPL).
B Photoplot (Gerber) output. tsien raxozzs 27747
B NC (ASCIl Excellon) drill output,

All trade marks acknowledged
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Memory Project

Getting It All

Down On Silicon

John Becker shows how easy it is to use a PC-compatible computer for programming
PROMs and looks at the 8255 PPl and 78540 switch mode regulator in the process.

his project enables an IBM PC-
I compatible computer to
program three varieties of
PROMs (programmable read only
memories). The main unit is for use
with EEPROMs (electrically
erasable PROMs) and Lithium
battery-backed memories (also
known as NVMs or non-volatile
memories and, strictly speaking,
RAMs, random access memories).
An optional secondary unit extends
the project to include UV-erasable
EPROMs. The basic operation of the
system is shown in Fig.1.

In addition to the main object of
producing a programmer, three
aspects of the design are of
additional interest to
experimenters. Practical examples
are shown of PC-bus decoding, use
of the 8255 programmable
peripheral interface (PPI), and use
of the 78540 switch-mode voltage
converter.

On The Buses
Typically, PC-compatible

computers have at least three

=

, PODRESS
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oBus o e

ADDRESS
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expansion slots for use with add-on
peripheral cards. They are directly
connected to the computer address,
data, control and power buses. Of
the 64 lines available, this PROM-
programming unit uses only 22:
address lines A0, A1, A3-A9, data
lines D0-D7, AEN, RD, WR, +5V
and 0V.

The standard PC memory map
has the hex-block addresses $0300-
$031F reserved for use with
prototype cards. In Fig. 2, IC1 and
1C2a are used to decode this block
into eight sub-blocks, any of which
may be used as the controlling
address base. This allows the unit
to be accessed at unique addresses
which do not conflict with other
expansion cards that may be on the
bus at the same address. In the
circuit diagram, the decoder is
shown connected for use with
address block $0300-%$0307. In
conjunction with IC1, IC2b gates
the WR (Write) line, and IC3 gates
lines A0, Al and the RD (Read) line.

8255 PPI Programmable
Peripheral Interface

Although it is possible to
program high-speed PROMs by
connecting them directly to the
computer bus, slower devices such
as EPROMs require longer control
pulses. Typically, EPROMs need a
write pulse of between 10ms and
50ms. Pulses of this length cannot
be sent directly from the computer
bus and a form of pulse expansion
needs to be used, ensuring that the
EPROM control lines remain stable
for the required duration. There are
several techniques that could be
used, including discrete serial or
parallel latches. In this project,
multiplexed parallel latching via an
8255 PPI (IC4) is used.

The 8255 has an 8-bit bi-

directional data port (D0-D7) and
three 8-bit input-output registers
(PAO-7, PBO-7, PC0-7). Fig. 3 shows
the basic idea.

There are three modes in which
the 8255 can be used:

Mode 0: Basic input/output, also
called BitI/O

Mode 1: Strobed input/output
Mode 2: Bi-directional bus.

Mode 0, the simplest of the three
is used in the project. Its control
functions are selected by setting the
control register in accordance with
the data in Fig.4 and Fig.5.

Any of the ports A-C may be set
as inputs or outputs by changing
the control word data. However, it
should be noted that writing to the
control register automatically clears
any data within the port registers.
This inconvenience must be
allowed for when writing software
control programs.

Port Selection
In this project, Port PBO-7 acts as the
input/output port conveying data
to and from the PROM, shown as
IC5 in Fig.2. Port C outputs address
line data to IC5 A0-A7. PAO-PA2
control address lines A8-A10. PA3
is inverted by IC6b and controls the
Write/Vpp input of IC5. With
EEPROMs and NVMs, the output
of IC6b is switched by S2 directly to
the Write pin (pin 21). ICéb also
controls the programming pulse
voltage (Vpp) generator used when
programming EPROMs, S2 being
used to switch the generator into
circuit.

PA4 controls the Output Enable
(OE) pin of IC5, while PAS5,
inverted by ICé6a, controls the Chip
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Fig.2. Circuit diagram for the main control unit,

Enable (CE) pin. PA6 and PA7 are
not used.

Basic Ins And Outs

The controlling software program is
written entirely in Basic. The
variant used in the listing of Fig.6 is
GW-Basic - probably the most
common available to PC users.
When using the program with other
versions of the language, the
principal change that may need to
be made is the possible substitution
of PEEK and POKE for INP and
OUT in the input and output
routines. Some dialects may also
need the statement Z$=INKEY$ to
be replaced by Z$=INKEY$(0) or
GET Z$.

The memory-map address at
which the programmer is accessed
is set by the value of A in line 110.
The value of 768 is the decimal
equivalent of hex $0300. The other
control addresses are automatically
offset in line 110 using ‘A’ as the
base.

There are five program menu
options. They apply to all three
PROM varieties. Option 1 is used
when programming individual
PROM:s. It prompts for the address
within the PROM at which the
programming is to start, and then

asks for the start and end addresses
within the computer memory of the
data to be transferred. An error
intercept routine then asks
confirmation that the data is correct.

Once the data is entered, the
8255 is set with all three ports as
outputs, and the PROM
programming is carried out as a
continuous write operation. On
completion of the writing, Port B is
set as an input, while Ports A and C
remain as outputs. The program
then checks that the data
programmed into the PROM is
correct. If any errors are detected,
their values and locations are
displayed on screen.

Fig.3. Diagram of the 8255 PPI.
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If data errors occur when
programming EEPROMs or NVMs,
the correct data can be selectively
reprogrammed into the required
locations. Errors occurring with
EPROMs, though, will usually
require the EPROM to be erased
and then reprogrammed. (There are
instances where erasing may not be
necessary. A high, Logic 1, bit can
be selectively reprogrammed low.
However, a low bit cannot be
reprogrammed high. If there is an
error, examine its binary code
against that of the desired number
to see whether selective bit setting
can be used without the need for
erasure.)
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Menu option 2 is used when
several PROMs need to be
programmed with the same data.
The initial data is set via option 1,
then for each subsequent copy,
option 2 is called.

Option 3 allows for separate
checking of PROM data between
the addresses originally entered in
option 1. Option 4 provides for
PROM contents to be displayed on
screen. A ‘Pause’ facility enables the
display to be halted, and then
continued or aborted.

The final menu option is only
used for checking the unit once it
has been constructed. The routine
resides at lines 450-600. The REM
notations state the function
controlled by each line. They may
be omitted when keying in the
program.

The test routine simply
increments a counter, writing the
counter value to the PROM address
of the same number. At the end of
the write loop, the PROM contents
are checked and displayed. In line
480, the loop values in the
statement FOR B=0 TO 25 may be
changed to suit requirements.

Power On

The unit draws its power directly
from the computer +5V power
supply, via the expansion socket
interface PCB. IC1-IC4 remain
continuously powered while the
computer is switched on. IC5 and
IC6 are only powered when S1 is
switched on. The program has
screen prompts which advise when
S1 should be switched on or off.
These must be obeyed otherwise
erroneous data may be written into
a PROM. S1 also controls the CS pin
of the 8255 removing internal
power levels from all pins of Ports
A-C. This allows PROMs to be
inserted or removed safely once S1
has been switched off.

High Voitages

EPROMSs require a programming
voltage of greater than +5V. The
value depends on the EPROM type,
typically ranging between 12.5V
and 25V. The value will be stated in
EPROM data sheets, or advised by
suppliers.

This project’s Vpp generator is
shown in Fig. 7. It can be set by VR1
for any voltage within the 12.5V to
25V range, and with a fair margin to
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either side.

The heart of the unit is IC8, a
78540 voltage converter. The chip is
a versatile switching voltage
regulator that can be used to
perform a variety of voltage control
functions, including step-down,
step-up and inversion. It is used
here as a step-up regulator. The
chip’s power is supplied from the
computer’s +5V line, via S1, and
controls an output voltage which is
generated across the external
inductor, L1.

An oscillator within the chip has
its frequency set by C5. The clock
pulses cause current to be switched
through L1, which, in simple terms,
converts the current changes into
voltage peaks of an amplitude
related to inductance value,
frequency and load. The inductor’s
output is rectified by the chip’s
internal diode and stored in C3. A
proportion of the resulting DC
voltage is fed back to the chip via
the chain R6, VR1 and R7. The chip
then controls its switching process
so that the output voltage remains
constant at the level set by VRI.

The pulsing requirement for an
EPROM calls for a high voltage on
its Write/Vpp pin to ‘burn in’ the
data for a duration of between 10ms
and 50ms, depending on the
EPROM type. At the end of the
pulse the level must revert to
around +5V.

An optically coupled isolator,
IC7, is used to control the Vpp
pulsing. The chip consists of an
internal LED and a light sensitive
transistor. The transistor only
conducts when the LED is turned
on. IC8b controls the LED under
direction of line PA3. When the
LED is off, the EPROM’s
Write/Vpp pin is held at +5V via
R2 and D1. For the duration of the
programming pulse, the LED is
turned on, allowing the opto-
isolator’s transistor to conduct the
Vpp voltage from IC8 to the
EPROM. D1 prevents the higher
voltage from affecting the +5V line,
while R1 speeds the Vpp discharge
once the transistor has closed.

Variation of the Vpp control
pulse length has not been allowed
for in the controlling software. It
was found that with the program
written in Basic, the inherent pulse
length was satisfactory even for the
50ms requirements of some
EPROMs. On faster computers, a
holding loop can be inserted in the

A0 AT GRDURGE T OPERATION.
G e RERD PORT A
e I I READ PORT B
N A RESD PORT £
@ e ot e 8 WRITE 0 PORT 8
o 1 e e WRITE 10 PORT B
tooe f e 8 WRITE 1O PORT €
1 ¥ 1 J; 8 WRITE 7 TG CON;TRDL
REBISTER
X ¥ i NO“TRANSACTION
1 1 2 1 ) TULEGRE
[ SR RV NOTRANGECTION.
% = DON' T CARE . [
| Fig.4: Access codes for the 8255 PF

program between the two OUT CTL
commands in line 300. For example:

OUT CTL,120 OR HI:FOR PP=1 TO
50:NEXT:OUT CTL,112 OR HI

Amend the maximum loop
count value by experimentation or
measurement of the pulse
monitored at IC8b.

Note that when using the unit,
the Vpp voltage must be preset
before inserting the EPROM,
measuring the level with a
multimeter. A test point is provided
on the PCB.

Putting It All Together

There are three PCBs for this
project: the main control unit
(Fig.8), Vpp generator (Fig.9), and
the third (Fig.10) for plugging into
the computer’s expansion socket.
The latter board is double-sided

Fig.5. Bit definitions for the 8255 PPI

control register.
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n Fig.

100 REM BUS/B255 (E)JEPROM PROGRAMMER 17 JAN 91

110 COLOR 15, 1:A=768: RS=A+7 c AL=A+H: DW=A+E: CTL=A+4 rDR=A+1: DIM AS(8)
120 ASC1)="PROGRAM (E)EPROM™:A$(2)="REPEAT PEASCL) P AS(3)="CHECK +AS(T)
130 ASCA)="YTEW (E)EPROM™:AS(5)="TEST CHECKOUT : A$(6)="(E)EPROM START
ADDRESS”

140 A$ (7 )="MEMORY: START ADDRESS”:A&(B)m"MEMGRY END ADDRESS”

150 QUT .RSy128:0UT CIL,

160.CLS:COL0R 15, 1+ PRINT PRENT TAB(30) ;" SWITCH -OFF POWER”:PRINT

170 COEOR 14,1 :PRINT:PRINT:FOR V=1 T0 5 PRINTEPRINT TAB(25Y:V;AS(V)
180 NEXT:PRINT: PRINT TAB(26):: INPUT “WHMICH";Z$

190 Y=VAL  (78):TF y<1 OR V>5 THEN 180

200 L=LEN (AS(V)):T=38-(L/2)

710 CLSICOLOR 14 1:PRINT:PRINT:PRINT TAB(T) ;AS(Y):PRI

220 COLOR 15,1:PRINT TAR(Z3);"INSERT (EJEPROM, SW I CH ON POWER™:GOSUB
610

230 ON-V GOTO 240,270,320,390,450

Zgﬁ CLS:COLOR 14,1 :PRINT:PRINT:PRINT:PRINT:PRINT TAB(26):A3(6);: INPUT
ES:PRINT

250 PRINT TAB(26):AS(7 ) INPUT-MS:PRINT:PRINT TAB(26);A$(8);

260 INPUT ME:GOSUB 610

210 1F V= THEN GOSUB 650

'288 M=ES-1:COLOR 15,1:FOR AD=MS 70 ME:D=PLEKCAD):M=M+]1 HI=INT(M/256)
AN

290 LO=M (HI*ZSG) QUT CTL, 112 OR HIS0UT AL, LD

300 OUT DW,D:PRINT D;:OUT CTL 120 OR HI:0UT CTL,112 OR HItNEXT:PRINT
310 COLOR 14, 1:PRINT:PRINT TAB(31):"CHECK (E)ERROM™:PRINT

320 E=0:1F V=3 THEN GOSUB 650:PRINT:PRINT TAB(34);"CHECKING” s PRINT
33? gUE)RS.13D:OUT CTL,96:N=MS:FOR B=ES TO M:tHI=INT(B/256) AND 15:10=B-
(HI*25 ;

340 QUT-CTL,;96 OR HL:OUT AL, LOsD=INP (DR):IF D=PEEK(N) THEN 370

350 COLOR 12,1:PRINT TAB(Z0):”ERROR *;D;TAB(31);7AT LOC";B;

360 PRINT TAB(22):7”SHOULD BE*:N:E=1

370 N=N+L:NEXT:PRINT#COLOR 14510 1F E=0 THEN PRINT TAB(33):;"CHECKED 0Kk~
328 COLOR 31, 1:PRINT:PRINT TABL30);"SWITCH OFF POWER”:GOSUB 610:GOTC
1

390 -REM . yiew (e)eprom

400 CLS: PRINT:PRINT:PRINT TAB(ZB) "PRESS "ANY "KEY- TO HALT”:PRINT:PRINT
%H?*ggg)RS 130:0UT CTL,963F0R B=0 T0 2047 :HI=INT(B/256) -AND 15:L0=8-
258 QUT CTL,96 OR HL:0UT AL LO:PRINT INP (DR);:Z%=INKEYS:1F Z$="" THEN
430 PRINT:PRINT:PRINT TAB(26): ”LAS? MEMORY “LOCATION “3B:GOSUB 610
440 NEXT:PRINT:GOSUB 610:6070 1

450 REM eeprom-test checkout

460 OUT RS;128:REM set all B255 registers as outputs

470 00T CTL,T12:REM AB-ALD = 0, eprom 08 off, READ on, CE on

480 FOR B=0"T0 25:REM set loop length - may fe varied

490 QUT CTL,112:REM AB-AL0 = O, eprom O0F off, READ-on, CE. on

500 OUT AL, B:REM set K0O-A7 to value 8

5100UT Dw B:iPRINT B::REM send B .as data to eprom and print to
screen

520 REM above may be rewritten for other values., eg QUT DW,255-8

530 QUT CTL,120:REM QE 0ff, WRITE on, CE on

540 0UT CTL,112:REM OFE off, “READ on, CE on

550 NEXT:PRINT:

560 OUT RS,130:REM set 8255 REG B as input

570 OUT CTL,96:REM OF on, READ on, OFE. on
580 FOR B=0.T0 45:0UT AL B:REM step through Tow addresses

590 PRINT INP (DR);:NEXT:PRINT#REM display eprom contents

600 GOSUB 610:G0T0 150

610 COLOR 14, 1:PRINT: PRINT TAB<26) "IM] MENY [BAR] -CONTINUE”: PRINT
620 13=INKEYS$:1F 7% = TH

630 1F Z8="M" OR Z%="m" THEN RUN

2e8 EEeT0 o 15,1-pR1NT: PRINT:PRINT ‘

3 i N 1 PR y

TAB(30) ; "CURRENT SETTINGS”:PRINT Fig.6. Complete Basic soﬂwafe listing.
660 COLOR 14, T¢PRINT

TABL26 )Y AS(6); ESsPRINT

670 PRINT-TABL26) ;AT )y MSePRINT::PRINT. TAB(26) 3AS(8)sMESG0TO. 610

il

108 THRde 5
& & 15 :_;a
UEE g ; s

| selg .

A
b4

7. Vpp generator circuit.

Memory Project

and has been designed as a general
purpose connector allowing access
to all expansion socket lines for use
in other applications. Only those
connections required by this project
need to be made. The remainder are
left unconnected.

If you are making your own
PCBs and do not have facilities for
double-sided boards, the connector
can be made as two single-sided
boards, plugging each into a
separate expansion socket. Ensure
that you observe the correct track
polarities!

Take care when soldering on the
main PCB as many tracks run
between the IC pins. Sockets should
be used for all ICs. A ZIF (zero
insertion force) socket is
recommended for the PROM
position, allowing ready insertion
and removal of chips without
damage to their pins.

If the unit is to be used without
the Vpp board, the use of a box is
questionable as there is little to be
protected. If you are using the Vpp
board, it can go in a box with the
main board and the switches
mounted on the top or lid.
Alternatively, mount the boards
and the switches on a piece of
aluminium or fibreglass sheet to
which stand-off feet are mounted.
The feet should allow clearance for
protrusion of the switches below
the assembly.

Before connecting the unit to the
computer, check with a multimeter
that no shorts exist. It is highly
undesirable that the computer
should be subjected to adverse
loads caused by faulty unit
assembly. Consult your computer
manual for the orientation of the
expansion sockets. If the computer
fails to respond as normal when
first switched on, immediately
switch off and recheckthe work.

If all is well, run the test
checkout routine to confirm correct
functioning of the board. It is best to
use an EEPROM or NVM for the
initial checking, so avoiding the
possible need to erase EPROMs.

Other Computers

It some instances it may be possible
to use the unit with computers
other than PC-compatibles
providing that there is direct access
to the microprocessor bus. The unit
has, for example, been used with a
Commodore 3032 - 6502-based that
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N POWER FET [RF531 . €1 (50 WAY IDC RIBBON WITH FOIL AND BRAID SCREENS, ROUND IC SOCKETS
P POWER FET IRF531 .21 SECTION WITH BLACK PVC OUTER) £1.METRE, 100 REEL ...£65 6 pin 15/€1 8 pin 12/€1 14/16 pin 10/€1 18/20 pin 7/&1,
28C1520 sim BF259 ... 381 100/€22 FANS 240V 120mm £6 (1.50) 22/24/28 pin 4/£1 40 pin 30p

1.25" PANEL FUSEHOLDERS ... IR
CHROMED STEEL HINGES 14 5 each 200R 220R 270R 400R 620R 1K0 6K8 8K2 10K 15K

12v 1.2w small wire ended lamps fit AUDI vw TR7 saas  PHOTO DEVICES
SLOTTED OPTO-SWITCH OPCOA OPB815
INSTTT oo

FLASHING RED OR GREEN LED 5mm 30p
HI BRIGHTNESS LEDS CQX24 RED

TIP141/2 €1 ea TIP112/125/42B ... 21€1 (OTHER VOLTAGE/SIZES USUALLY AVAILABLE)

TIP3SBTIP3SC ..o . £1.80 MOULDED INDUCTOR 470UH SIZE OF 1WRES ......coovovevvreenr 8/£1 4soA°2l5.o'VDACs S.(r)LAID.l;EATREE‘%LQYYS s £18
SES301 100V 10A DARL. SIM TiP /€t POLYESTERIPOLYCAHBCAPS
2N3055 EX EQPT TESTED ... 4/€1

PLASTIC 3055 OR 2956 equiv 50p 00/£38 ﬂ!ﬂ? ESANDRECT'F'EHS . 100/81.80 100,220, 83vEmM .. ... 2051 1003

100/K8
100/£3.80
,,,,,, 100/£3
100/€£8 (£1)
... 100/E10

2N3773 NPN 25A 160V £1.80 - 10/898  1N4004/SD4 1A 300V

QUARTZ HALOGEN LAMPS 1N5401 34 100V ...
A1/216 24V 150 WATTS BA158 1A 400V fast recovery
H1 12V 50W (CAR SPOT) ... BA159 1A 1000V fast recovery

10063 1n/3n3/5n6/8n2/10n 1% 63v 10mm
.. 1081 10n/15n/22n/33n/47n/68n 10mm rad .
. 100/:3 100n 250v radial 10mm _............
100/€4 100N 600v sprague axial 10/€£1 .

14 WAY 2IF SKT 120V 35A STUD ... . @8p  2u2 160v RAD 22mm, 2u2 100v RAD 15mm
TEXTOOL single in line 32 way. Cn be ganged (coupling supplled) ~ BY127 1200V 1.2A . jo/eq  10n/33n/47n 250v ac x rated 15mm ... . 10189
for use with any dual in line devices. . 2p2 BY254800V3A L. . gigy 470n250vacxratedrad ... .. 481
28 WAY TEXTOOL ZIF SOCKET EX NEW EQUIPMENT ..£2.50  BY255 1300V 3A ... gy 1U 600V MIXED DIELECTRIC S0p oa.

.48 1u0 100v RAD 15mm, 100 22mm RAD .
C4/£1  2U2 250V PMT CAPS, STOCK 6K ......,
.3¢1 RF BITS

- 2/€1  MINIATURE CO-AX 500 URMS5 ..
€1.38  TRIMMER CAPS ALL
.. £1.80  SMALL Spf 2 pin mounting 5mm centres

6A 100V SIMILAR MR751
CAPACITORS COMPUTER GRADE 5, 50V SMILARMATSL
3300uF 350V SIC SAFCO FELSIC 037 4A 100V BRIDGE '
2200uF 160V SIC SAFCO FELSIC CO38 . 6A 100V BRIDGE ...

24,000uF 50V ...
VO SOV oot v 8A 200V BRIDGE ...
TURNS COUNTING DIALS itor025snat  10A 200V BRIDGE .

10 turn dial 21 mm dia. fits 3mm spindle 25A 200V BRIDGE £2 . . 10/€18  SMALL MULLARD 2 10 22pF
10 tum digital dial (3 digits) for 3mm or 6mm shaft . 25A 400V BRIDGE £2.80 .. . 10/€22 SMALL MULLARD 5 to 50pF
10 turn clock face dial for 6mm spindle . larger type grey 2 to 25pF biack 15 to 90pf
MISCELLANEOUS SCRS TRANSISTORS 2N4427 .....
MAINS ADAPTOR 8V DC 200MA .ooooooooooooooeeooees oo ¢1.25  PULSE TRANSFORMERS 1:1+1 . . £1.28 FEED THRU CERAMIC CAP

MICROWAVE X BAND GUNN OSCILLATOR 9 TO 11GHz EX-
EQUIPMENT {DOPPLER SHIFT MICROWAVE MODULE) ...£9.50

. 31f1

SLOPING FRONT PLASTIC CASE 228 x 218 x 78mm  2P4MEQUIVCIOSD ...
76mm WITH ALI FRONT PANEL 200 x 130mm . MCR72-6 10A 600V SCR ..

HUMIDITY SWITCH ADJUSTABLE 35A 600V STUD SCR ....... "
WIRE ENDED FUSES 0.25A ........ : "232’ 06D B00MA 400V cSCBN x:"'g“‘:;gg&g:E}Avs Suiiable for RF
NEW ULTRASONIC TRANSDUCERS 40k . £2/pair  MEU21 PROG. UNIUNCT ;

12 CORE CABLE 7.0.2mm OVERALL SCREEN L 5 volt coil 2 pole changeover

12 volt cail 1 poie changeover .

MONOLITHIC CERAMIC CAPIGITORS

100n 50v 2 Smm or Smm .
100n ax short leads ..

TRIACS ...
BNC 50 OHM SCREENED CHASSIS SOCKET . 3/81 BT 137-600 8A TO-220
BNC TO CROC CLIPS LEAD 1 metre ....... . €1 BT138:600 12A T0-220
LEMAG EARTH LEAKAGE TRIP 35A 30mA Irip .. .£0.00  MEU21 PROG. UNWUNCTION
AMERICAN CHASSIS 2/3 pin SOCKET .. .21 NEC TRIAC ACOBF 8A 600V T0220 ...
USED 3 112" FLOPPY DISCS D/S 720K . 0p10/64  TXAL225 BA 400V SmA GATE 2/...... 100n e 03 rad
TO-220 HEAT SINK sim RS 403-162 . 10/£2.80  3TA0B-400 8A 400V 5MA GATE ISOLTAB ..cvvoovrorocr STEPPER MOTORS
SMALL MICROWAVE DIODES AE| DC1028A | 2/81  CA3059 0 VOLTAGE SWITCH 7.5 DEGREES PER STEP 2 12 VOIt Windings ...........ccvcevrevivee o4

KEYTRONICS ..o
MIN CASH ORDER £3.00  OFFICIAL ORDERS WELCOME

UNIVERSITIES COLLEGES SCHOOLS GOVT. DEPARTMENTS

OP AMP LM10OCLN

TEL. 0279-505543 P SHO AC?°3§Z§? QrEeri:z%% ITEMS
FAX. 0279-757656 B S sop OTHERWISE (IGHT) ITEMS
PO BOX 634 ADD 15% VAT TO TOTAL
BISHOPS STORTFORD ELECTRONIC COMPONENTS
HERTFORDSHIRE CM23 2RX BOUGHT FOR CASH
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Fig.9. Vpp generator board.
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does not have separate read /write
lines, just a common line controlling
both. The necessary wiring change
to the unit is simple. The RW line
was brought to the unit’s WR point
and computer address line A2
brought to RD point. The software
has been written to allow for this
eventuality without modification.

It may be necessary to change
the overall memory map address
block used in the software to suit
non-PC type machines. With the
3032, the unit was plugged directly
into an unused socket located at
address block $9000-$9FFF. The
value for A in line 110 was then

amended to decimal 37632, hex
$9300. (Note the importance to the
unit’s decoder of the ‘300" part of
this hex address).

The 3032’s equivalent of the PC’s
AEN (address enable) line is the CS
(chip select) line allocated for the
$9000 block. Had a different block
been used, the respective CS line
would have been substituted and
the software memory map address
amended accordingly. Apart from
the Basic language changes, the
only other amendment necessary
was the dropping of the Color
commands.

PROM Variations

The unit has been proved with
EEPROM type 2816, EPROM type
2716 and NVM types MK48Z02 and
MK48T02. Fig.11 shows the
designations for pins 18, 20 and 21
of these devices (the D0-D7 and AQ-
A10 pin-outs are common to all).
Other types can probably be used
instead, providing their pin-outs are
the same. Experienced constructors
will also recognise that by slightly
amending the PCB and software,
the unit can be used with 4 kbyte
devices. For example, with the 2732
EPROM (Fig.11 bottom right), the
additional address line All needs
to be taken to pin 21 and Vpp to pin
20. The use of this device would
necessitate re-routing the 8255 lines
PA3 and PA4, and amendment of
the associated software commands.

Memory Project

Adventurous readers are
recommended to examine the data
sheets for various 4 Kbyte devices
to establish their requirements. W

R1, R7 mk,'
R2 100k
R3 ik
R4 270R
R5 10R
R6 220k
All 0.25W 5% carbon mm or better
POTENTIOMETER
VRl  47kmin horiz preset |
CAPACITORS
C1,02,C6  100n polyester
C3,C4 1!;416\/ electrolytic
05 1n8 poiystyrene
SEMICONDUCTORS
1N4148

tC1 - 74HG138
162  74HC4075
IC3 74HC157

IC4 . 8255
5 PROM gsee text)
1C6 74HCO '
IC7 . HUMZor 0P52046
eic ' .

c8 78340 . ‘
SOCKETS .
6-pin dil (or 8-pin dil), ?4-pm dﬂ 2
off), 16-pin (3 off), 24-pin, 40-pin.
SWITCHES o
81  SPDT mintoggle
52 DPDT min toggle
MISCELLANEOUS
10mH inductor, printed circuit
hoards, 22~way interconnecting
ribbon cable (approx 1 metre), PCB

Fig.8. Main control unit board and
switch wiring details.

[
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Memory Project

The PGBS

For those who want to build their own boards, 100% reproductions are shown below.
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UPGRADE OR BUILD
YOUR OWN IBM COMPATIBLE

MOTHERBOARDS
RAM L/SPEED PRICE
Ok 16Mhz £105
1Mb 18Mhz
Ok 19Mhz
Ok 33Mhz
64k cache 54Mhz

GRAPHIC CARDS

256k 16 BIT

KEYBOARDS

{ENHANCED 102 KEY)

IBM + COMPATIBLE £35
AMSTRAD 1640/1512

PS2 + COMPAQ

FLOPPY DRIVES

360k 5.25 £55
20 5.25 £59
720k 3.5

VGA
SUPER VGA 512K 16BIT

ADD-IN CARDS

Fioppy Hard Disc Controlier
i/0 Card for XT/AT

BOOKS

Build your own 80286 1BM Comp-Pilgrim £16.30
PC Upgrade Book Smith £11.85

1.44 3.5

HARD DISC DRIVES
ST 225 20Mb 68MS 525"  Half Height £145
ST 251 40Mb 28MS 525"  Half Height £240
IDE hard disc 40Mb 28MS 3.5" Half Height £219
Dual Drive Cabte Set £10
Write, Phone or Fax for a FREE Catalogue
All prices exclude 15% VAT (Carriage by Post)

Y OTHER PERIPHERALS AVAILABLE

- Global

MODEL 1300 TRIPLE POWER SUPPLY

£89.50

(EXC VAT)

i, //////////////////

5Vat 1A & 2x0 to 20V at 0.25A
EfE S/C Protection—-Good Regulation & Ripple
BI= Approved For Use In Education
EfEDesigned & Manufactured in the U.K.

ELECTRONICS

93 KENTMERE APPROACH, -

LEEDS LS14 1JW.
Tel: 0532 650214 -
Fax: 0532 300 488

Rackery Lane, Llay,
Wrexham,

Ciwyd, LL1Z20PB,

United Kingdom
Telephone: (0978) 853920
Telex: 61556

Fax: (0978) 854564 J

E&Linvtrumenty  Global Specialties

TEACHING &TE/TING
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Switch Feature

The Merest
Flick Of A Switch

When is a switch not a switch? Anthony Smith BSc. checks out some rubber switches and
suggests some ways to stop them bouncing.

sk anyone of an electronics
Apersuasion what they

consider to be a particularly
useful and common component,
and you're likely to get a variety of
suggestions:

“The resistor...the capacitor...a
BC108...a signal diode...a 741...and
LED...a D-type flip-flop...ceramic
decouplers...those coily things that
get rid of RFL.." and so on.

Without doubt, the humble
switch should figure in this list.
After all, how many times do we
operate a switch of one kind or
another during a typical day?

Important Contacts

The switch has been around for
more than a century and has
become indispensable to everyday
life. To describe it as simple is,
perhaps, a gross error: it may seem
simple, especially when

represented on a circuit diagram -
just a collection of contacts which
make or break as a result of some
mechanical action.

However, interfacing just one
SPST (Single Pole, Single Throw)

24 Practical Electronics April 1991

f' . 91 71 6 513 ‘2

{Ck 40408

i Qe G Qs Qo Qi Qn

switch to an electronic system can
be far from simple and as the
number of switches increases (up to
say, a full computer keyboard), so
does the complexity of the interface
circuitry required.

The three main functions
required of a switch are:

¢ Switching current to a load;
* Switching electronic signals:
¢ Asalogic input

In the first case the load may
have to be capable of handling as
little as a few amperes. On the other
hand, it may require thundering
great big contact breakers to cope
with some applications.

The second situation represents
any application where electronic
information must be switched
along a particular route. Here,
power is not usually of great
importance; instead, it is the
information contained in a DC or
AC current or voltage which
matters.

The final case is not concerned
with switching power or routing
signals. Instead, it is the state of the

Binary outputs

Vobo Qo Q1 @2 s Qv Qs |

4 halho hahs Ty
Binaryoutputs

switch that’s important: it is either
open or closed, off or on, that is, it
deals with binary information.

Unfortunately, the problem in
controlling digital circuitry with
mechanical contacts is that they
usually generate too many inputs —
far too many!

Fig.1 shows a simple circuit
which can be built to illustrate this
drawback.

The IC is a 12 stage binary
counter. Each time a negative
transition appears at its clock input
(each time pin 10 is pulsed low), the
12-bit binary output is incremented
just once. Output Qo is the least
significant bit (LSB), and Qu: is the
most significant bit (MSB). (Note
that other devices could be used for
IC1. For example, a 4020B 14-stage
counter or 4024B 7-stage counter
will suffice equally well).

To test the circuit, connect a
suitable pushbutton for SW1 and
apply power from a DC source in
the range 5 to 15V. On power-up,
the Oul capacitor will pull pin 11
momentarily high, thus reseting the
IC (all outputs should be low).

Now press SW1 just once, and
observe the outputs using a logic
probe or similar device. For an ideal
switch, a single closure should
increment the count from zero to
one and only output Qo should be
high. However, the chances are that
several outputs will go high,
corresponding to a count of
anything from six or seven to over a
hundred, depending on how many
times the switch bounces.

Ups And Downs

Contact bounce is a fact of life for
most mechanical contacts. Most of
them have some inherent elasticity;
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when they close, the kinetic energy
in the moving parts leads to a
bounceback of the operated contact.
Thus, the contacts bounce back and
forth many times before finally
settling down. The result is a series
of contact interruptions, each of
which will generate a short pulse
when used in an electronic
application such as the circuit of
Fig. 1. The duration of the bounce
period (the time during which the
contacts are not stable), and the
number of pulses generated will
depend on the type and quality of
contacts used. Bounce periods of a
few milliseconds are common,
although this may be as long as
20ms for some devices.

Incidentally, bounce also occurs
when contacts open, although this
is usually less severe than when
they close, and is often a result of

contact resistance changes
occurring when the contacts
separate.

Returning to the counter circuit,
reset the outputs to zero by
momentarily closing SW2, and
press SW1 again. Each bounce pulse
generated as the switch closes is
interpreted by the counter as a valid
clock pulse. The resulting count can
be any random number depending
on how many times the contacts
bounce.

Obviously, this kind of random
behaviour could cause havoc if left
unchecked and some way of
debouncing the contacts is required.

There are times when bounce is
not a problem and whether or not it
will cause trouble depends on the
type of input the switch is driving.
For example, the bounce associated
with the RESET switch (SW2) in
Figl causes no problems, since only
the first bounce pulse is required to
reset the counter - subsequent
bounce pulses have no effect.

As a general rule, it is usually
edge-triggered inputs, such as the
clock inputs of latches, flip-flops
and counters, where bounce is
likely to cause problems.

No Bounce

There are two approaches to
solving the bounce problem. The
first is to eliminate the bounce at
source - this is true debouncing.
The second involves some kind of
hardware or software to obviate the
effects of the bounce. Although
such techniques are usually referred
to as debouncing, they don’t
actually eliminate the bounces at
the contacts, but instead get rid of
them at some point before they can
cause trouble.

True debouncing requires the
use of switches or relays which
simply don’t exhibit contact bounce.
For example, some bounceless
switches make use of a moving
light source. For example with an
LED and a photodetector — when
the switch is operated, the change
in light intensity falling on the
detector causes a change in the
electrical output of the switch.

Other switches employ a
capacitive effect, where a movable
plate when pressed towards
another plate causes a change in the
capacitance between them. Suitable

_{rcuitry, either integral to the

switch or external to it, detects this
change and generates an output.

A variation on this theme
employs a magnet fixed to the
switch plunger which, when
operated, passes over a static reed
switch causing the contacts to close.
Provided the contracts are bounce-
free, a clean output is produced.
(Incidentally, this kind of switch
sometimes incorporates up to four
reed switches connected in parallel

Read state
of switch
Switch
closed?

Yes
Wait for
20ms
. | Read state of
| switch again
Still
closed?
' Yes
Y

Take action for Take action for
switch closed - switch open

Fig. 2. Software debounce routine.

No

for applications requiring ulira
reliability).

Hall effect switches are another
kind of bounceless switch which
make use of a changing magnetic
field to produce a clean output.

As well as their inherent lack of
bounce, most of the above switch
types often benefit from prolonged
life - as many as 10® operations or
more. Unfortunately, most of them
tend to be more expensive than the
simple, mechanical-contact types.

Wetter Is Better

Bounce-free relays are usually
typified by those with wetted reed
contacts. In this class of relay, the
contacts are formed by thin metal
strips, or reeds, encapsulated in a

v

April 1991 Practical Electronics 25




Switch Feature

|, pulses

. Closed
\h conlacts
N\ Steady

glass envelope. The reeds are
wetted by a thin film of mercury
which provides a cushioning effect
on closure, thus ensuring bounce-
free operation. This also ensures
reliable switching and extends the
life of the relay.

For applications where cost is
not restrictive, and where reliability
and contact lifetime must be
maximised, the bounce-free
switches and relays described
above are likely to be the best
choice.

The Soft Option

When interfacing switches and
relays to microprocessor based
systems, software routines can be
used to eliminate the effects of
bounce. The algorithm required is
fairly simple, and is represented by
the flow chart of Fig. 2.

When a switch closure is
detected, a delay is initiated during
which time the contacts will
bounce. 20ms is usually adequate
for most switches. At the end of the
delay, the switch status is again
checked: if the contacts are still
closed, the switch operation is
treated as wvalid, and the

appropriate course of action is
taken.

Although elegant, this technique
is sometimes undesirable since it
uses up valuable processing time
which could be better spent on
other tasks. Consequently, where
processing power is at a premium,
or for systems which simply don't
have any processing capability,
hardware debouncing methods
must be used.

Bounce Killers

There are plenty of hardware
techniques available for getting rid
of bounce. Monostables, latches and
Schmitt triggers can all be used in
one way or another to clean up the
spurious outputs from switches or
relays. There are also specialised
ICs available for cases where an
array of switches must be
debounced.

First on the list is the monostable
technique. This method requires
simply that the monostable pulse
width be set slightly longer than the
maximum bounce time anticipated
from the contacts. The switch is
connected to the monostable trigger
input. Thus, the first bounce pulse
triggers the one shot. Further
bounces have no effect, since the
monostable generates only one
output pulse when the contacts
close.

Almost any monostable device
can be used - a standard 555 timer
(or low power version) is ideal. The
only drawback is cost ~ for every
set of contacts which need
debouncing, a 555 plus six or seven
passive components are required.

The technique is extremely
useful, however, where only one set
of contacts needs debouncing and

where there is a spare monostable
in the design. For example, many
CMOS and TTL monostables are
dual devices. The 452j8B, 4538B,
74HC123 and 74HC221 are typical
examples. If only one monostable is
required in the design, the other can
be pressed into service as a
debouncer. These devices also have
the advantage that only a single
resistor and capacitor are required
to set the pulse width.

On The Latch

As an alternative to monostables,
the simple SR (Set-Reset) latch can
be used as a debouncing element.
Two variations are shown in Fig.3.
Both are SR latches and provide the
same function, the only difference is
in the gates used. For both versions,
the input contacts are shown in
their rest (non-active) positions —
this resets the latch such that output
Qs low, and Q* is high.

When the contacts change over,
the first bounce pulse arriving at the
SET input causes Q to go high and
Q* to go low. Further bounce pulses
have no effect. In order to generate
a subsequent transition at the
outputs it is necessary to switch the
contacts back to RESET and then
over to SET again.,

The disadvantage of this
techniques is that a change-over
(SPDT - Single Pole Double Throw)
switch is required — this will ruie
out the use of many simple
pushbuttons which are only SPST
devices. B

Two Gates

The debouncers of Fig.3 have a
further drawback in that two gates
are required. However, the latch-

74HC, 5V to 15V fo
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type debouncers are simple,
reliable, and there’s no need to
bother with any timing
components.

The NOR version can be built
using gates from a 74HCO02 or
4001B, whereas gates from a
74HCO0 or 4011B can be used in the
NAND version. Alternatively,
dedicated latches such as the 4043B
quad NOR SR latch can be used, as
can flip-flops with over-riding SET
and RESET inputs, such as the
74HC74.

To test the operation of the latch
debouncer, connect one of the
outputs to the clock input of the
binary counter in Fig. 1. Operating
the switch should increment the
output by just one count. For a
counter like the 4040B having a
negative-transition clock input,
connecting latch output Q should
increment the count when the
switch is moved to the RESET
position, whereas connecting
output Q should advance the count
when the contact is switched to the
SET position.

Bounce Filters

Schmitt triggers can be used as a
simple and effective tool in
eliminating contact bounce.
However, simply feeding the
contact signal directly to the
Schmitt is not the solution. This will
result in a series of well-defined
bounce pulses as shown in the
lower waveform of Fig. 4.

The signal from the contacts can
be thought of as a low-frequency
signal with a high-frequency
bounce component. Because the
bounce pulses are of a much higher
frequency than the opening and
closing of the contacts, they can be
filtered out using an RC low-pass
filter. This is the basis of the simple
debounce circuit of Fig. 5a, where
R1 and C are the low-pass
components. When the switch is
closed, C must discharge via R1 in
order to take the Schmitt inverter
input low, and thus generate a
single, positive-going transmission
at the output. With the right values
of R1 and C, the bounce pulses are
filtered out - they simply do not
have sufficient energy to discharge
C fully as in Fig. 5b.

The Schmitt inverter is shown in
the diagram as being a 74HC14
device, although a 74C14, a 4584B
or a 40106B could all be used

equally well — and they all have the
same footprint as the 74HC14.

If a Schmitt inverter isn’t
available, the debouncer can be
built using a Schmitt NAND gate,
such as the 74HC132 or 4093B.

Special Circuit

In comparison with the previous
debouncers, the specialised
debounce circuit of Fig.7 looks
unnecessarily complicated.
However, there is a good reason for
including it.

The shift register has four
outputs at Qo, Q1, Q2, and Qs, four
parallel inputs at Po, P1, P2 and P3,
and a serial input (formed by the
connection of the ] and K inputs).

When pin 7 is high, data at the
parallel inputs can be loaded into
the respective outputs on the
positive-going clock edge; when pin
7 is low, the logic level at the serial
input is shifted to output Qo on the
first clock edge, then into Q1 on the
next clock edge, and so on. The
operation of the circuit can be seen
by referring to the timing diagram
Fig.8.

Assume the switch has just been
closed, such that a positive bounce
pulse occurs at clock edge 1. The

 Fig. 6. NAND Schmift trigger de

circuit output at Qo is low (the
register has been reset on power-up
by the RC network at pin 5). Thus,
at clock edge 1, the EX-NOR output
is low, causing the high level at the
serial input to be shifted to output
Qo, as shown.

At the second clock edge, the
switch is still bouncing, and there is
a low level at the serial input. At
this point, the EX-NOR output is
high, and so the low level from
output Q3 is loaded in parallel
fashion into all outputs - thus, Qo
goes low.

At clock edge 3, the switch has
stopped bouncing, and there is a
stable high level at the serial input.
Because the EX-NOR output is low,
the high level is shifted into Qo. It is
then shifted into Q1 on the clock
edge 4, into (2 at clock edge 5, and
into Q3 (the debouncer output) at
clock edge 6. Thus, the output has
gone high, like the signal from the
switch, but without the bounce
pulses.

Opening Bounce

A similar analysis applies when the
switch opens. At clock edges n+1
and n+2, the switch has opened, but
the contacts are still bouncing.
However, at clock edge n+3, the
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Switch signal |
to serial input

EX-NOR |
 output
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Fig. 8. Typical waveforms of a dehouncing operation:
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3.4 Clock periods

serial input has a stable low level,
and so this is shifted into Qo. At
n+4, it is shifted into Q1, at n+5 it
shifts into Q2, and at n+6 it is
shifted into Q3 such that the circuit
output is now low like the switch
signal, but again without the
bounce.

Note that there will always be a
delay of between 3 and 4 clock
periods between the stable input
edge and the output following suit.
For this particular example the
delays are 3.5 and 3.4 clock periods.

The circuit can be built using a
4035B 4-bit shift register, and the
EX-NOR is provided by a 4077B. It
is important to make the clock
period long  enough to
accommodate the worst bounce
anticipated. For example, if the
bounce time is likely to be as long
as 20ms, a clock period time of
10ms (100Hz) should be adequate.

Digital Filter

The shift register debouncer is a
rather clever little circuit. It is, in
fact, a digital low-pass filter; that is,
the high frequency bounce pulses
are filtered out using purely digital
means.

Naturally, this presents a variety

of possibilities in applications (other
than debouncing) where a high
frequency component must be
removed from a digital signal of
lower frequency.

Fig.9 shows a suitable example
where the composite input signal is
a 100Hz squarewave mixed with
10kHz tone bursts. With this signal
fed to the circuit’s serial input, and
the clock frequency set at 3.5kHz,
the output at Qs is a displaced,
jittery  version of the 100Hz
squarewave, but without the tone
bursts.

The output is jittery because its
transitions depend on the
instantaneous relationship between
the input signal and the clock. In
other words, because the output
periods must equal an integer
number of clock periods, there is
bound to be jitter, unless the low
frequency input signal and the
clock are phase coherent.

Naturally, it follows that the
jitter can be minimised by
increasing the clock frequency,
which effectively increases the
resolution of the output signal,
since the clock periods are now
much shorter.

For example, with the clock
frequency increased to 35kHz, the

_ Basic100Hz

- ‘squa,reiwa've :
~ Input |

» «x Displacement

",Outp’ut

| 10KHz tone bursts

- Fig. 9. Digitally filtered waveform.

output jitter is hardly noticeable.
Furthermore, the amount of
displacement between the input
and output signals is also
minimised as a result of the shorter
clock periods.

However, the clock frequency
cannot be increased indefinitely
because it effectively dictates the
corner frequency or break
frequency of the filter. For example,
with the clock at 60kHz, one or two
of the tone burst pulses from the
input signal find their way to the
output, and at 90kHz, practically all
the burst pulses get through.

For correct filtering, the clock
frequency must be high enough to
let through the low frequency
signal, and yet low enough to
eliminate the hight frequency
component. It is worthwhile setting
up the circuit to tune the clock
frequency and see the burst pulses
in the output signal gradually
disappear as the corner frequency is
adjusted.

SiX In One

Motorola manufacture the
MC14490, a hex contact bounce
eliminator containing six individual
debounce circuits which are almost
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identical to the circuit of Fig. 7.
With six circuits in the one IC, it is
possible to debounce six individual
sets of contacts.

The IC is a CMOS device,
housed in a 16-pin DIL package,
and has an operating voltage range
of 5 to 15V. The pin-out is shown in
Fig.10.

The clock frequency can be
derived from an internal oscillator
(requiring only an external
capacitor between pins 7 and 9), or
can be driven from an external
clock connected to pin 7. The only
requirement of the clock frequency
is that four clock periods do not
occur whilst the input signal is
bouncing, otherwise one or more
bounce pulses could get through.
Making the clock period equal to,
say, half the maximum likely
bounce duration should be
satisfactory.

Like the circuit of Fig. 7, the six
inputs to the MC14490 each require
a SPST type contact. However,
unlike Fig. 7, the contacts must be
connected between the input and
ground (all inputs have internal
pull-up resistors). The advantage of
switching ground rather than the
positive supply is that system faults
(such as shorts to ground on the
input signal lead) are unlikely to
cause excessive currents in the
wires and contacts.

Simplicity vs Cost

Although the MC14490 is
undoubtedly a useful device and is
simple to apply it is, unfortunately,
a little expensive. It works out
considerably dearer than using a
hex Schmitt inverter along with a
handful of resistors and capacitors
to make six debouncers of the type

shown earlier in Fig. 5a.

Keypad Interface

Debouncing half a dozen or so
switches is a fairly straightforward
task. Interfacing to a larger number
of switches, such as a 16-key
keypad or even a full size computer
keyboard, presents more of a
problem.

Once solution is to connect all
the switches via separate lines to an
input/output device, such as the
6821 Peripheral Interface Adaptor
(PIA), or the Z80 PIO Peripheral
Interface Controller. However, for
sixteen keys, this would require
sixteen lines, thus taking up both of
the 8-bit ports contained in each of
these devices.

An alternative, and much more
elegant solution is to arrange the
sixteen switches in a 4x4 matrix,
such that only eight interconnection
lines are required. These can then
be connected to just one 8-bit port
of the I/O device as shown in
Fig.11. The sixteen circles represent
SPST pushbutton switches each
connected across a vertical and
horizontal line.

The upper four bits (B4 - B7) of
the port are configured as output
lines, whilst the lower four bits (BO -
B3) are used as inputs. When
operated, each of the 16 switches
will connect one output line to one
input. Two techniques - either
polling or an interrupt scheme - can
be used to detect switch closure.

inelegance

Polling is a software technique
which scans the switches at regular
intervals (say twenty times per
second) to check if a key has been
pressed.

Mterfacmg a 4x4 switf:h mattix
- i/Odev&ce ,

[

L gooo g
wwomn.—-—a -

- 4x4 keypad matnk"

/ Interrupt

, Pmup -
reslstm‘s_,

Scanning is performed by
driving each output low in
succession, while the others are
high. In this way, a logic zero
moves from B4 to B5 to B6 to B7,
then back to B4 again, and so on -
known as a walking zero.

Every time one of the outputs
goes low, all the inputs are checked.
If they are all high, the scan moves
on to the next output. However, if
one of the inputs is low, it signifies
a closed switch, and the
combination of the particular
output and input lines determines
which key is pressed. For example,
if input B1 goes low when output
B6 is low, key 10 must be the one
pressed. In this way, the processor
can determine the address of each
switch in the matrix. Unfortunately,
polling is wasteful in terms of
processing time because the CPU
can only carry out its other tasks
during the time between polls.

A Solution

A better way to use the computer’s
time is to use an interrupt. The
processor latches the four outputs
low and goes off to perform its
other tasks. Whenever a key is
pressed, the corresponding input to
the AND gate is pulled low,
generating a negative-going
interrupt transition at the AND gate
output. The processor responds to
this interrupt by executing a
scanning routine (such as the one
described above) in order to
determine which key is pressed.
However, both polling and
interrupts have the disadvantages
that an I/0O port is completely taken
up, and a software routine is
required for the keyboard scanning
(the software is also required to
debounce the switches and to detect
multiple switch closures). n
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Barry Fox

Dry Joints

This is a section of the mag that shouldn’t
appear very often but here are a few errors
that cropped up.

Jan 91 Low Cost Car Alarm

Fig. 2 IC2 should be NOR. The parts list for the shock
sensor shows IC1 as a 4903, it should be a 4093 quad
2 i/p NAND. In Fig. 3, the four letters showing the relay
leads ABCE should be ABCD

Figs. 5 and 6 the right side of terminal four (relay) to
read terminal 4 to horn (button side) to agree with Fig.
2 and 18. Fig. 14 R6 should read 270k for 0.5 second
flash every 3 seconds.

Thanks to Alan Hoggett for pointing them out.

Feb 91stated in Digital Compass that the Hall effect
voltage in good conductors is small since “the charged

Packaged Short
Courses

The National College of Technology (NCT Ltd) offers a range of
packaged short courses in analogue electronics, digital
electronics & fibres, optoelectronics & programmable logic
controllers for study at home or at work. The advantages are that
you may,

- commence at any time

- work at your own pace

- have a tutor (optional)
and there is no travelling involved. BTEC certificates are
available subject to the conditions of the award. These highly
popular packed courses contain workbooks, a cassette tape,
circuit board and components necessary to provide both
theoretical and practical training.

Whether you are a newcomer to electronics or have some
experience and simply need updating, there is probably a
packaged short course ready for you. Write or telephone for
details, quoting Practical Electronics, to:

particles move too fast to be deflected in substantial NCT Ltd, Bicester Hall
quantities”. This is not true, the Hall Effect voltage is 5 London Road, Bicester
proportional to the velocity of the charge carriers

which is very small in good conductors. Oxon OX6 7BU

Thanks to Andrew Chadwick. ] or telephone (0296) 613067 Ext. 202

floppy disc drive. A wire carries
text and data from the portable
either to a PC or printer, or via a
modem for phone line transmission.

But wire transfer needs a tailor-
made lead and control software. Do
not be fobbed off with shop floor
promises of how easy it is. Before
buying, insist on a demonstration of
a full working system.

The sad truth is that there is no
free lunch. With a bright screen and
busy disc drive, the charge in a
small set of batteries will last only a
few hours. Different countries have
different mains supplies, 200-240
volts in most of Europe, 100-120
volts in Japan and the USA. If your
computer works only with its own
rechargeable batteries and the
charger cannot cope with both
voltages, you can end up unable to
do any further work once the
batteries have gone flat.

In any case, most long haul
flights and train journeys last longer
than the batteries in a bright screen,
disk driven portable. So there is a
real advantage in choosing a
portable with removable
rechargeable battery pack; you can
then carry a fully charged spare. All
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this comes as a nasty shock to
anyone upgrading from the Tandy
100, which was very economical on
expendable pen cells, available
anywhere in the world.

Check what happens when you
change batteries. There should be a
capacitor or small rechargeable
battery inside the unit which holds
the memory secure even after the
machine has shut down for a
battery change. Words cannot
describe the fury that comes from
losing large volumes of data
because the RAM lost power.
(Exactly the same thing applies if
you have a digital watch or
calculator with phone number
memory).

Psion was probably the first
company to use the name “Mobile”
for computers. The object was to
distinguish from early portables
which were soon dubbed
“luggables” because they were far
too heavy and clumsy to carry
further than the car. A folding
design gives a large LCD screen
and large typewriter keyboard.
Intel’s “Flash EPROM” needs only
small amounts of electrical power to
store large quantities of text and

30

data, without the need for battery
back-up. So small, light batteries
can hold more than enough juice to
keep the computer working for
even the longest flight.

Psion refuses to sacrifice battery
life for the convenience of a disc
drive. So the user is once again
stuck with the need to get work out
of the computer by wire. It helps
that the control software is frozen
in, but this can never be as
convenient as swapping floppies.
Psion sees the longer term solution
as persuading MC users to connect
a Flash EPROM reader device to
their office PC. But there is no sign
yet of this concept catching on.

If you want a personal
recommendation, based on nearly
ten years of trying to work on the
move, and both borrowing and
buying a lot of portable computing
kit, I would now only consider a
unit which has a full size keyboard,
switchable backlight, universal
voltage charger and floppy disc
drive that directly matches my desk
top PC. N

Barry Fox is a winner of the UK
Technology Press award.
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A Chip To Remember

This month's data sheet starts with a look at a much used chip that is also featured in the
PC EPROM programmer project.

he 2716 EPROM is al6k bit
Tdevice that has been the

mainstay of UV erasable
memory for a number of years. It is
arranged as an array of 2048x8 bits
to make for easy interfacing to
microprocessor systems. Once data
has been programmed into the chip
it is stable until erased with a 15 to
20 minute dose of of 2537 Angstrom
(UV) radiation  from a
12000pW/cm2 lamp. Direct
sunlight will erase the chip in
approximately three days and
flourescent lighting should do the
job inaround three years.

There are five modes of
operation, read, standby, program,
program verify and program
inhibit.

Read

To get some data at the outputs, the
chip enable (CE) should be sent low
to power up the device and output
enable (OE) also sent low to enable
the data outputs. With a correct
address, data_will become available
120ns after OFE has gone low.

Standby

To reduce power consumption to
around 25% of the normal level
(5625mW to 132mW), CE should be
placed high. The outputs will go
into tri-state_(high impedence) and
the state of OE will be ignored.

Program

After the 2716 has been erased, all
of the memory cells are in a high or
one state. Programming sets the
appropriate cells to zero and leaves

Operating characteristcs

Operating temperature  0°C to 70°C
Power supply (Vec) 5V+5%
Input voltage fow (Vil) -0.110 0.8V
input voltage high (Vih) 2V to Vce
Prog voltage(Vpp) -0.310 26.5V
Prog current (1pp) 5mA max

a7 [0e = 24] vee
A [2] % A8
s [3] 22] Ao
A4 [7] 21] vit
a3 [5] 20] O
2 6] 2716  [] a0
At [7] 18] cE
Ao [e] 7] o7
oo [3] 16] 06
ot [1g 5] o5
o2 [11] [14] 04
aND [12 13] o3

ones alone. To start programming
25V must be applied to Vpp and
OE set high. The data is placed as
eight bits on the output bus (00-O7)

and the address for the data placed
on the address bus (A0-A9). Once
the data and address are stable, a
50ms pulse is appled to the
CE/PGM pin to burn the data into
the memory. The whole chip can be
programmind in around 100s.

Program Inhibit.

It is possible to program multiple
chips at once by connecting all cf
the relevent inputs in parallel. The
CE/PGM pin is then used to
differentiate between them

Program Verify

To make sure that the data
programmed into the chip is
correct, a verify can be performed
with Vpp at 25V.

Mode CE/PGM OE  Vpp Vee Outputs
Read Vil Vil +5 +5 Dout
Standby Vih don'tcare +5 +5 tri-state
Program Vil to vih Vih +25 +5 Din
Program verify Vil Vil +25 +5 Dout
Program inhibit Vil Vih +25 +5 tri-state
Block diagram of the 2716. Data outputs DO o D7
OF s r?utput eglabled ———
ChIp eneaple an
M p?ogram ofi iy Output buffer
e >
e Dec\c()der ¥ gating
e
AD-A10 ——— :
Address PRERLRECERER €
inputs : X
: 16384 bit
| Degoder cell matr;x
iy
BRI IS, i
e i
RS —" % 3
———y
L
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Data Sheet

The 8212 Input/
Output Port

Also this month, data sheet looks at a highly flexible chip that
can be used in a number of microprocessor I/0 applications.

The 8212 is a general purpose
input/output port that finds a
number of applications in
computer circuits. Originally designed
for use with the Intel 8080 family of
logic chips, it can be used with any
microprocessor system that requires a
simple parallel communications port.

On its own it forms a uni-
directional gating system that can be
controlled either by the device selects
or the mode input. The outputs can be
tri-state (high impedance), follow the
inputs or be latched versions of them.
The first state is useful in common bus
arrangements where a number of
devices have to share the same data
pathway, for example
microprocessors. In the second state,
the outputs follow, a useful facility for
data logging systems where
continuous data must be fed to a
device, for example a digital to
analogue converter (DAC). The third
state allows data to be frozen so that
the output can be read by a device that
is not synchronised with the input, for
example in microprocessor output
ports.

Back to back

Using two 8212s a bi-directional
buffering system can be built which
will pass data along a common data
bus. The direction is controlled by a
single line so that, for example in a
microprocessor system, the read/write
signal can be used to control the
transfer. By making additional use of
the strobe this circuit can also form a
bidirectional latching port. .

For more complex systems, the INT
output can be used to drive a
microprocessor interrupt input so that
as data becomes available, the
microprocessor can halt its current
task and examine the data at the port.
The output buffers are activated from
the microprocessor so that data from
the 8212 doesn’t appear on the bus
until it is needed.
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The operation of the 8212 can most
easily be determined from tables one
and two. The first defines how the
outputs behave in conjunction with the
control lines. The two main states are
with MD=0 and MD=1. In the first case
the device selects define whether the
output is active or not.

When the output buffer is enabled,
the STB line moving from one to zero
latches any data at the input. If the STB
line is left at 1 then the data in is the
same as the data out and will change
at the same time. Setting STB to one
freezes the data on the outputs.

When MD is one the STB line has
no effect on the outputs and the device
selects switch between a transparent
and frozen buffer. When the device is
not selected, the outputs come from
the latches, when the select becomes
active the data on the outputs is the
same as the data on the inputs. ~ ___

Table two defines how the INT
output is generated through the

service request flip-flop. ]
Absolute Maximum Ratings.
Operating temperature 0°Cto +70°C
Storage temperature -65°C to +160°C
Output or supply voltages -0.5t0 +7V
All input voltages -1.01t05.5V
Output currents 100mA

bst [1]e
mp [2]
pio [3]
Dol E
pit [5]
Dot [6]
iz [7
Do2 E
pia [9]

po3 [10]

sT8 [11
GND ,

The chip and its pins.
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13] Ds2

8212
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¥

Output
buffer

DOo

DO

DOz

DOs

DO4

DOs

-~ DOs

DO~

Function

Device select. Taking this
line low when DS2 is high
enables the output buffer
and sets INT low. It also
puts a low on the S input of
the service request (SR)
flip-flop which will clock
through at the next strobe
transition (STB).

Pins Name
1 DSt

Mode. Setting this high will
enable the output buffers
independently of the device
select signals. The clock
for the data latches will
come from the device
selects. When mode is low
the device select control
the output buffer and the
clock for the data latches
comes from the strobe
(STB).

3,5 Di0-Di7 Data inputs.
7,9,16 18, 20, 22

4,6, Do0-Do7 Data outputs. 8,10,15,
17,1921 These are driven by tri-
state latches and when

1

disabled go high
impedance allowing more
than one device to use the
output bus.

STB Strobe. When MD is low,
STB acts as the clock for
the data latches. it also
resets the SR flip-flop on
its negative edge.

GND Ground. Connected to 0V.

DS2  Device select 2. See DS1.

CLR Clear. Taking this low
clears the data latches but

has no effect on the output
buffers.

ne]

Interrupt. This is driven by
the device select or the
service request flip-flop
and can be used to tell a
receiving system that the
chip has gone active and
that data is available.

Vee Supply voltage. This is
normally set at +5V.

§.bit data bus )

1 F{j%ht to left
0 Le!

———

Vee

"5 b data bus

to right 1

- Bi~directional bus driver.

TB MD DS1.DS2 Data outis
High impedance
High impedance
Data latch
Data latch
Data latch
Data in
Data in

S
0
1
0
1
0
1
0
1 Data in

S, _— OO OO
EE Y o Yo Yo ¥ )

Table 1.

—_ okt bk O €

-
=

*
(=
(7]

—— i i

1.082 STB SRt INT
0

0
x

0

0

0
1
1
1
0
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1 -~
internal service request flip-flop.

Table 2.
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Practical Components

The Resistor

There is more to the humble resistor than immediately meets the eye. Without it, electronic

circuits would be impossible.

esistors are one of the most
Ruseful passive components in

electronic circuits. They can
be made from a variety of materials,
all of which have a similar
property; they are able to conduct
electrons. The conductivity of the
material depends upon the amount
of impurity in it. Pure copper has
around 10%° conduction electrons
per cubic meter and when a voltage
is connected across it, the electrons
accelerate from the negative to the
positive end. There are other
electrons in the material but these
don’t conduct since they are not
free to move, hence the term
conduction  electrons.  The
impurities cause the electrons to be
deflected from their path through
the material and slow down the
overall flow - see Fig. 1.

At some stage, the electromotive
force of the battery (voltage)
reaches an equilibrium with the
resistance of the conductor
resulting in a steady flow of
electrons — known as the drift
velocity. In normal copper wire it
takes about an hour for one electron
to drift one metre, which may not

Conduction electrons

Impurities

HB mo> o> g

o>m4m o> J
o>

@c}»

mO\og o

+
1|

Battery Fig. 1. Conduction.

seem very much but there are an
awful lot of electrons. The
resistance (R) of a conductor is
proportional to its cross-sectional
area (a) according to the following
formula:

R=r/a

where r is the resistivity in ohm
metres. Some typical values are
shown in Fig. 4.

This drift velocity or flow gives
rise to a current measured in
Amperes and in an electrical circuit,
the following formula connects
voltage, resistance and current:

V=RI - Ohms Law

Making A Resistor

There are three main ways in which
resistors are constructed, carbon
composition, carbon film and wire
wound. The most common are the
composition types where a mixture
of carbon and a suitable binder are
moulded onto two connections, one
at each end as in Fig. 2. The
resistance can be set by altering the
ratio of carbon to binder, the more
binder, the higher the resistance.
The tolerance of carbon
composition resistors is not usually
very good and is normally in the
10% to 20% range. To obtain better
accuracy, an alternative method of
construction is to use a film of
conductor over an insulator,

Fig. 2.

| —

Embedded connection
Carbon composition

Fig. 3.

Glass

Carbon tube

film coat

Paint coating

Connection placed
well inside to improve
heat conduction

Connection

Resistance
wire

Connection

QOil

Brass case
Fig. 5. The standard resistor.

Resistance
wire

Brass
former
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usually a ceramic or glass tube. The
thickness of the film determines the
resistance of the component, see
Fig. 3.

Carbon film resistors offer
tolerances in the 5% to 10% range
and for more accuracy, metal or
metal oxide film can be used
instead. This brings the rating into
the 1% region and is the best
commonly available.

Another main characteristic of
resistors is the amount of power
they can cope with. Carbon
composition are generally used in
the 0.5 to 2.5 Watt range. Film
resistors have their connections
seated deep withinto conduct the
heat out (Fig. 3) and operate in the
0.125W to 1W range. For high
power ratings than this, wire
wound resistors are used (Fig. 4)
and are able to provide accurate
resistances (5%) with ratings up to
25W or more.

The stability of resistors with
temperature can be quite important
in some circuits and the
temperature coefficient may be
given on the packaging. The most
stable are the wire wound resistors
followed by film and composition.
There are times when it is desirable
to have the resistance of the
component change with
temperature. Thermistors are made
from mixtures of the oxides of
manganese, nickel, copper, cobalt,
uranium, iron, zinc, titanium and
magnesium.  The  negative
temperature coefficient means that
the resistance decreases as the
temperature increases. The rate at
which this happens is determined
by the proportion of oxides in the
mixture which are usually molded
into a ceramic to form the actual
component.

Setting The Standards

The National Bureau on Standards
in Washington DC use resistors of
the type illustrated here to maintain

Resistivity
Aluminium  2.86x10°®
~ Brass 6.6x10°8
Lead 22x10°®
Copper 1.72x108
~ Silver 95x10°®
Diamond 102
Glass 5x10°
Fig. 4.

Practical Components

Colour codes

Most resistors use a standard colour
coding scheme based on three, four or
five bands painted on the body of the
component. The value is always read
from the band closest to one end with
the first two defining the first two digits
of the resistance. The next band
defining the amount that these two
digits are multiplied by and the fourth
band the tolerance or accuracy of the
resistor. The fifth band, If it is present;
indicates the how much the resistance
will change with temperature. For
example, a component coded yellow,
violet, orange, silver has a value of 47

Multiplier

Tolerance

(the first two figures) times 1000 or
47kQ) and a tolerance of 20%. If the
orange was red then the value would be
47 times 100 or 4700€2 which is

normally written 4k7 for 4.7 thousand

ohms. ,

One problem many people have is
telling the colours apart — especially
men who are colour blind (around one
in 20 males are red, green colour
blind). The solution is not to give up on
electronics but to get a reliable
multimeter which will give an accurate
reading that can’t be mistaken.

standards for values above 10Q.
Manganin resistance wire is wound
around an insulated brass former
and cemented in place. This is then
baked and assembled into a brass
case surrounded by moisture free
oil - Fig. 5. Resistors used in
electronic circuits also come in
standard sizes based on the
following numbers:

10, 11, 12, 13, 15, 16, 18, 20, 22,
24, 27, 30, 33, 36, 39, 43, 47, 51, 56,
62,68,75,82,91

These are available for both
composite and film multiplied by
0.1, 1, 10, 100, 1000 and 10000.
Certain values are also available
multiplied by 100000. Wire wound
resistors are available in other sizes
which may or may not follow the
standards. [ |

Colours Digits Multipliers Tolerances Temp coeff
Black 0 1 - 200ppm/°C
Brown 1 10 1% 100ppm/oC
Red 2 100 2% 50ppm/°C
Orange 3 1000 15ppm/°C
Yellow 4 10000 25ppm/C
Green 5 100000 0.5% ‘
Blue 6 1000000 0.25% 10ppm/°C
Violet 7 ' 01% bppm/°C -
Grey 8 ippm/icC
White 9 ,
Gold 01 5%
Silver 10%
None 20%

Rs1 Rst

T ef oy
I ’Rtot

Reet = Ret+ Ret

=

Ruot

S 1
Rt va* Rpz

Riot - "Rpt Roz
" Rp1+Rpz

Resistors in serial and parallel.
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Practical Electronics is giving away

up to £2,000

to its readers!

Only an April Fool

wouldn’t take a chance on our
Loyalty Bonus Scheme. After all,
what have you got to lose?

We're offering to refund 10 readers of

Practical Electronics up to £200.00 for

purchases made from advertisers in this
issue of PE.

The rules are simple:
Buy any product from any advertiser and we will
refund you all or part of the cost, Up to a maximum
value of £150, or £200 if you are a subscriber.

All you have to do is complete and cut out the
coupon below and send it to us. Then, if you are
one of the lucky readers drawn out of the bag on

April the 5th, we will refund your money upon

proof of purchase.

Needless to say, this is one offer you
really can't afford to refuse!

Buy any product

from any of our
advertisers!

i Send to: PE Reader Loyalty Bonus, April 1991,
i Intra Press, 193 Uxbridge Road, London W12 9RA

I purchased ... s Price ..o
185 AdVETHSEd DY w.ooviviiiciriir st s
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:Address: ......................................................................................................
:Town: ............................................ POSECOAE: c.viiririerrrricneescetereneniersra e ieene

il AM A SUBSCRIBER (J

! Complete and return this coupon as soon as possible. The winners will be
1 announced in the July issue of PE, published on the first Thursday in June.
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Security Project

The Box That
Bites Back

This month Owen Bishop presents a portable personal alarm unit which can be triggered in

a number of ways.

This project may not explode
but, when touched, it emits a
piercing scream. It is a
portable alarm device with many
applications. Placed in a bicycle
bag, it sounds off when the bicycle
is moved. It can be used in a similar
way in a car or to protect a
briefcase. Placed on top of a video
recorder, it defies anyone to remove
the recorder without arousing
attention. It also has many other
less serious applications as a
general attention-getter, triggered
by tilting or vibration.

The prototype looks like a small-
scale version of the monolith from
2001. It is just a black rectangular
box with no external features.
Closer inspection shows a grille of
fine holes on one side for the
loudspeaker but, apart from that,
there is nothing else. The device
operates without any external
controls, making it difficult for

anyone to disarm it. The lack of
knobs and switches means that
there is no problem in disguising
the the alarm as an innocent-
looking object. It can be made to
look like a book, a video cassette, a
box of chocolates, a box of paper
tissues, or even a block of wood.

Switched On

The system diagram (Fig. 2) shows
that the device has 4 (optionally 5)
control switches, each operating on
a different principle. The first is a
tilt switch which consists of a sealed
capsule with a pair of contacts and
a small quantity of mercury. The
mercury bridges the contacts when
the switch is tilted.

The next switch is seismic and
responds to tilting and small
vibrations. It is optional and is
wired instead of or as well as (in
parallel with) the tilt switch. It

should be used if the alarm is to be
sensitive to vibration. As there is no
ready made switch available, the
design shown in Fig. 1 can be made
up. This comprises a wander plug
on a short length of fine wire, its tip
being surrounded by a metallic
loop. When the switch is disturbed,
the mounting moves but the plug
stays put. The tip makes conzact
with the loop and completes the
circuit. The PCB switch is a
miniature slide switch, with two
sets of contacts designed so that one
set is closed when the other set is
open. As used in this project (for
sensitivity selection), it functions as
a single-pole double-throw switch
(62). The microswitch is employed
as an anti-tamper switch and its
lever is held depressed by the lid of
the case, holding the switch on.
Any attempt to remove the lid
releases the pressure and the alarm
sounds.

- Fig'! ;"k,'f’fhe"saismic detector.

F rhbun,ﬁng strip
~ Side view
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~ Pls;ag swirjgs making
S contact with tag

_ Front view
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The final switch is a reed switch
which is used to arm and disarm
the alarm It has a pair of contacts
that close together in a sufficiently
strong magnetic field. The switch is
mounted on the inside of the wall of
the case. A magnet placed against
the outside operates the switch and
only the constructor knows
whereabouts on the outside of the
case to replace the magnet when
disarming the alarm.

Operating Logic

The system (Fig.2) is co-ordinated

by a master clock, pulsing at 2Hz.
The mark-space ratio is
approximately 9:1. In other words,
the highs last about 0.45s and the
lows last about 0.05s — Fig. 3. This
signal is fed through a capacitor to
bistable flip-flop three. A low logic
level resets it. If the tilt switch is
disturbed during the next 0.45s, the
logic low from the switch sets flip-
flop three and its output goes high.
The shift register is clocked by
the inverted signal from the master
clock, shifting occurring on the
rising edge. Thus, if a disturbance
has occurred during the previous

[ Fig. 3. System timing.

Clock FF1 |

Inverted
clock
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£ £
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0.45s, a high is loaded into the first
register. Then flip-flop three is reset
and waits for further disturbances.
The eight registers thus hold
information about the disturbances
detected during almost consecutive
0.5s periods during the past 2s
(except for the brief periods while
FF3 is being reset).

The contents of the shift registers
are analysed by two logic gates. The
first is a majority logic gate which
has a high output if the majority of
its inputs are high. This checks the
contents of the first 5 registers. If
disturbances are detected in more
than two 0.5s periods during the
previous 2.5s, its output goes high.
The other gate is an OR gate
(actually NOR followed by NOT).
Its output goes low when all eight
registers contain a low. This gate is
used when arming, giving time for
all vibrations to die away before the
device becomes armed.

The behaviour of the system is
determined by flip-flops one and
two. These are J-K flip-flops wired
to act as clocked set-reset. The
reason for using clocked flip-flops
instead of ordinary cross-connected
gates (as in flip-flop three) is that
this avoids the problem of logic
races. Small propagation delays in



Fig. 4. (:ircuit diagrm '
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Security Project

the action of flip-flops and gates can
result in changes of state that occur
a nanosecond or so earlier or later
than intended. Clocking gives 0.05s
after shifting for the logic level at
the J input to reach its correct value.
At that instant, and if J is high, the
flip-flop becomes set. Resetting is
not affected by the clock state but
this does not matter. A high on the
reset input resets the flip-flop
instantly and it stays reset for as
long as the reset input is held high.
In this device the reset input comes
from the reed switch. As long as the

magnet is in place, flip-flops two
and three are held reset, they can
not change state and the alarm is
prevented from sounding.
Referring to Fig. 5 and starting
in the OFF state (no battery) with
the lid removed, the device is put
directly into its RESET state by
placing the magnet by the reed
switch and connecting the battery.
The lid is then screwed down.
Removing the magnet now arms
the device, provided that all eight
registers hold logic low. This gives
time (four seconds) for vibrations of

Disconnect
battery

| Friset

, (-——-—-—--—-
§ Connect battery

FF2reset |
with magneton o4

Reset
FF1 reset

 |rresa | Majori

the tilt (and optional seismic) switch
to die away.

In Fig.3, the arming logic is
arranged by a single NOR gate, gate
1. The output of this goes high
when both its inputs are low. On
the next high-going edge from the
clock, flip-flop two is set arming the
device. The not Q output of flip-flop
one is now low, and is fed to gate 2.
When the output from the majority
logic gate goes high, or the tamper
switch snaps open, the output of
gate 3 goes low. Thus, if the device
is armed and there is excessive
disturbance or the lid is loosened,
flip-flop two is set on the next clock
pulse. This enables the oscillator
and the alarms sounds. The
enabling gate (Gate 4) also receives
the 2Hz signal from the clock, so the
alarm sounds as a series of short
‘pips’, which is more attention-
catching than a continuous tone.

The device is now in its alarm
state and continues to sound even if
there is no further vibration or if the
lid is re-tightened. The only way to
silence the alarm (other than by
completely removing the lid and
disconnecting the battery) is to
replace the magnet, returning the
device to its reset state.
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Fig. 6. Board A layout
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The copper side of board A showing the cuts.

Sensitivity

An alarm which cries wolf is soon
likely to be ignored. This is the
reason for having the majority logic
gate in the circuit. In certain
applications an occasional vibration
is no cause for alarm. In other
circumstances it is vital for the
device to respond to any
disturbance. In this instance the
output from flip-flop three is used
directly. The sensitivity switch
allows a choice between the output
from flip-flop three and that from
the majority logic gate.

Circuit Details

The circuit diagram (Fig.4) is laid
out with the main sections
positioned similarly to the system
diagram (Fig.2). The clock is the
familiar 7555 (IC1) in astable mode.
The output from this goes to a
Darlington pair (TR1, TR2) which
provides sufficient current
amplification to drive the
loudspeaker. TR2 is a high power
transistor. IC8 contains two gates
but only one is used. The unused
inputs (pins 9 to 14) are all
connected to OV.

The circuit requires only 1.3mA
when quiescent, so can be powered
from a small battery. With 4 AA
alkaline cells in a battery holder it
should run for about 1500 hours. If
space is limited, use 4 AAA cells

40 Practical Electronics April 1991

(700 hours) or a 9V PP3 alkaline
battery (400 hours). Using the 9V
battery gives a slightly louder alarm
sound with no alteration to the
circuit.

How To Make It

The circuit is constructed in two
sections which may be assembled
on separate boards (Figs. 6 and 7).
However, if it is more convenient,
the circuit can be assembled on one
board, 22 strips deep. Begin with
Board A which carries the clock,
control flip-flops and the audio
generator. Assemble the clock (IC1
and associated components) and
check that its output is
approximately 2Hz (use an
oscilloscope or connect an LED and
a 180-ohm resistor in series between
pin 3 and the 0V rail). Next
assemble the oscillator (IC4) and
amplifier circuit. A loud note is
heard when pin 1 is connected to
the positive rail. To complete board
A, wire up ICs 2 and 3. For testing,
oin the pins at C15, D2 and H23 to
the OV rail, and the pin at K22 to the
+6V rail. Connect the battery. The
circuit is in the reset state and there
is no sound. Remove the connection
to K22 (equivalent to removing the
magnet from 54); no sound.
Remove the connection to D2
(equivalent to opening the tamper
switch, S3); the alarm sounds. It is

silenced by remaking the
connection to K22 (replacing the
magnet). Remake the connection to
D2, remove the connection to K22
and then connect C15 to the +6V
rail. The alarm sounds.

Repeat the sequence above, but
first connect H23 to the +6V rail. No
sound is heard at any stage as the
circuit is not able to leave the reset
stage unless H23 is low.

Begin board B with IC5 and its
associated components, including
the tilt switch S1. The type specified
has a single axial terminal pin;
slightly enlarge the hole in the
stripboard to accommodate this.
The other connection is a wire from
J6, soldered to the case of S1. To
test, connect pins 1 and 2 (at C8) to
the +6V rail; connect D14 to the
clock (pin at E34 on Board A).
Apply power to both boards; the
output at pin 4 is low. It goes high if
the board is tapped or shaken, but
almost immediately goes low again
as the next clock pulse arrives.

Complete the wiring of the other
ICs on this board. C4 is a
decoupling capacitor (100nF) wired
between the 6V rail and the OV rail,
to prevent spikes on the power rails
affecting the operation, especially
IC8. 1f odd behaviour is
experienced with any of the ICs try
connecting other 100nF capacitors
across the supply rails close to the
affected chips.
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Fig. 7. Board B layout
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To test board B, connect the
clock from board A, as before, and
set switch S2 to connect the pin at
J44 directly to IC5 pin 4. Output is
low but goes high briefly when the
board is shaken. Alter 52 to connect
to IC8 pin 7. Output at J44 is low
and remains low if the board is
shaken briefly. Prolonged shaking
makes it go high, after a delay of a
1-2 seconds.

Make all inter-board connections
and connect the off-board switches.
If you are using a 9V PP3 battery
holder with 4 AA cells, fit a battery
connector with press-studs.

The way the circuit is set out in
the case depends upon the type and
shape of case used. To obtain
maximum volume, the loudspeaker
must be firmly mounted. A grille is
made by drilling fine (lmm) holes
in the wall. To obtain even spacing,
temporarily clamped a scrap of