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74 SERIES TTLIC'’s TRANSISTORS o

’
TYPE QUANTITY  TYPE QUANTITY TYPE QUANTITY TYPE PRICE TYPE PRICE DIODES
1100 1 100 1 100 AC128 10p 282217 15p
£p £p £p Tp £p. E.p ACYIS3K 18p 2N2218 14p
ey AC176K 20p 2N2218A 15p TYPE PRICE
74007 0.08 0.07 7448 0.70 068 74122 042 040 AC153/176K 2N2219 14p 0 A
7401 0.12 0.09 7450 012 0.10 74123 058 050 MP 38p 2N2218A 15p g,: 0 Sp
7402 0.10 0.09 7351 Q.12 6.10 74141 062 060 AC187K 20p 2N2229% 14p = 47 i Sp
7403 012 0.09 7453  0.12 - 0.10 74145 0.70 0.65 AC188K 18p 2N2221A 15p 0:3?-0 Sp
7404 . 0.10 009 7454 0.12 0.10 74150 1.30 125 ACI1B7K/ 188K 2N2222 14p N Sp
7405 010 0.09 7460 012 Q.10 74151 0.65 0.60 MP 38p 2N2222A 15p i 13 Sp
7406 028 025 7470 026 0.24 74153 065 0.60 0c?1 9p 2NZ369 12p s 4p
7407 028 025 7472 022 0.20 74154 130 1.25 BC107 6p 2N2369A 12p m:.oo? £n
7408 0.14 0.10 74723 026 0.22 74185. 0.65 0.60 8C108 6p ‘2N2904 12p I 3p
7409 0.14 0.10 7474 027 0.23 74156 0.65 0.60 BC109 6p 2N2904A 13p Mggz 4p
7410 008 0.07 7475 044 0.40 74157 0.90 0380 BC118 8p 2N23905 13p llmooi 4p
7411 020 0.18 7476 028 025 74160 0.95 085 BC154 20p 2N2905A 13p i 5p
7412 020 018 7480 040 035 74161 095 085 BC147 8p 2N2906 10p el 5p
7413 026 025 7481 095 0.90 74162 095 0.85 8C148 8p 2N2906A 12p 00 6p
7816 028 025 7482 072 0.62 74163 0.95 O0.85 BC149 10p 2N2907 11p ™N4007 9
74%7 0.27 024 7483 0.80° 068 74164 1.20 1,10 BC157 12p 2N2907A 13p
7420 0.10 0.09. 7484 0.85 0.80 74165 1.20 1.50 BL158 10p. 2N2926G 9p
7422 025 0.23 7485 1.20 0.95 74166 1.20 1.10 BC159 10p 2N2926Y gp
7423 0.26 024 7486 030 0.25 74174 1.00 0.90 BCT69C 7p 2N3053 15p S.C.R
7435 026 024 7489 270 250 74175 095 085 BC170 5p 2N3055 40p GRS
7426 0.26 0.24 7450 038 0.32 74176 1.00 0.95 8C171 sp 2N3702 8p
7427 0.26 024 7491 060 0.50 74177 3.00 0.95 BC172 Sp 2N3703 8p
7428 0.36 0.34 7492 043 035 74180 1.00 095 . BC182 LAK  10p 283704 9p JA/B0VTOS5  15p
7430 012 0.10 7493 038 035 72181 200 180 8C183 10p 2N3705 8p 1A/400VTQS  25p
7432 025 022 7494 045 040 74182 1.00 0.90 Bc184 12p 2N3706 8p 5A/50VTO66  25p
7433 0.35 0.32 7495 0.58 050 74184 150 1.40 BC212 L&K 10p 2N3707 7p SA/400V TO66 40p
7437 025 0.22 7496 068 083 74190 1.40 1.30 BC213 10p 2N3708 7p
7438 0.25 022 74100 1.00 0.90 74191 140 1.30 8C214 12p 2N3709 7p
7440 012 0.0 74101 030 0.25 74192 1.10 1.00 BC251 bp 2N3710 7o
7441 064 058 74105 030 0.25 74193 1.10 1.00 8C327 12p 2N3711 76
7442 060 052 74107 0.30 0.25 74194 1.00 0.5 8C328 12p VOLTAGE
7443 095 090 74110 0.50 045 74195 0.75 0.70 BC337 11p
7444 095 090 74111 080 0.75 74196 1.00 095 8C338 i1p REGS.
+7445 075 055 74118 090 0.82 74197 1.00 0.95 BF135 10p
7446 005 085 74118 1.30 1.20  7a198 1.90 1.80 8F167 10p FET.
7447 068 0.65 74121 Q.26 0.25 74199 180 1.70 BF173 10p L129 {UATBOS) 85p
BF198 12p 2Nn3819 12p L:go tyfgm 85p
Devices may be mixed 1o qualify for quantity price. (TTL 74 series only) data is BF199 12p 2N3903 8p L131 (UATB15) 85p
available for the above series of 1.C."s in booklet form. Price 3&p. BF194 9p 2N3904 8p
BF195 9p 2N3905 9p
8F196 1p 2N2306 9p
8F197 11p 2N4058 8p LE.D.
S 0 C K ETS 8F257 22p 2N4059 8p d
g BF258 26p gmggo gp
i 1 BF253 30p 1 p T ELv
BPS8 9p BPS14 10p BPS16 11p BFA39 185 2N4062 o Reo e o s0p
b BFX84 15p 286172 90
3 BFX85 20p
. BFX86 16p
LINEAR IC B
BFYS1 15p
\ BFY52 15 3
741P 8PIN 20p 8FY53 1ap UNIJUNGTION
2ZNB96 10p
- . 2NE97 11p
TIMERS 2N706 6p UT46 = T1543 20p
ZNT0BA &p ZTX300 5p
2N708 7p ZTX5D0 8p
= 2N1613 15p ZTX107 Sp
NE555 42p DUAL NE556 85 2N1711 15p ZTX108
p 2N1893 18p Z1X109
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PUSH-BUTTON

STEREQ
FM TUNER

Fitted with Phase Lock-loop

QUR PRICE ONLY

£19.95

The 450 Tuner provides instant program setection at the touch
of a button ensuring accurate tuning of 4 pre-selected stations.

+ FET Input Stege
+ VARI-CAP diode tuning
* Switched AFC

ngh quality modules for stereo mono and
other audio equipment.

* Multi turn pre-sets
+ LED Stereo Indicator

any of which may be altered as often as you choose, by simply
changing the settings of the pre-set controis.

Used with your existing audio equipment or with the BI-KITS
STEREO 30 or the MK60 Kit etc. Alternatively the PS12 can
be used if no suitable supply is available, together wnh the

Typical Specification:
Sensibility 3y volts

Transtormer T461. Stereo separ{:fion 30db
The S450 is supplied fully built. tested and aligned. The unit is Supply required 20-30v at
90 Ma max.

easily installed using the simple instructions supplied.

ey

Jasa

STEREO PBE-AMPLIFIER

id8 20Hz -

Frequency Response +
20KHz. Sensitivity of inputs
1. Tape input 100mVY into 100K ohms
2. Radio Tuner 100mV imo

A top quality stereo pre-amplifier
and tone control unit. The six

ST

push-button selector switch pro- 100K ohms
vides a choice of inpuls together 3. Magneuc P.U. 3mV into
with two really effective filters for SOK ohms

high and iow frequencies. plus tape P-U tnput equalises 10 R1AA curve with
output. 1dB 'rc:m2 230:4; :2 20KHz
0. Supply -— 20-35V a1 20mA.
MK. 60 AUDIO KIT: Comprising "":" e
IMENSIONS e
PR 00, Gl R BT G o il 6 G o B2

PA100. 1 front panel and knobs. 1

Kit of parts to include on/off SOm GUMPLETE AUDID
switch. neon indicator, stereo CHASSIS
headphone sockets plus instruction

booklet.

COMPLETE PRICE £27.55 plus 62p

TEAK 60 AUDIO KIT: postage.
Comprising’ Teak veneered cabinet
size 16%"xt1%""x3%"" other
pans include aluminium chassis,
heatsink and front panel
bracket plus back panet
and appropriate sackets
etc. KIT PRICE £9.20

7+7 WATTS R.M.S.
The Stereo 30 comprises a complete stereo pre-amplifier,
power amplifiers ano power supply. This. with anly the addition of a
transformer or overwind will produce a high guality audio unit suitable

TRANSFORMER £2.45 plus 62p p &p
TEAK CASE £3.65 plus 62p p & p.

MPA
30

Enjoy the quality of a magnetic cartridge with
your exisiing ceramic equipment using the new
M.P.A. 30, a high guality pre-amplifier enabling
magnetic canridges 10 be used where facilities
exist for the use of ceramic cartridges only.

It is provided with a standard DIN £2 65
[ )

input socket for ease of connection.

Full instructions supplied.

!
POSTAGE &
PACKING

Postage & Packing add
25p unless otherwise
shown. Add extra for
airmail. Min. £1.00

AL10-20-30

AUDIO AMPLIFIER
MODULES

Ideal for record players, recorders,
stereo amplifiers, etc.

Harmonic Distortion Po=3 watts
f=1KHz 02.5%

Load Impedance 8-160hm
Frequency response+43dB Po=2
watts S0Hz-25KHz

Sensitivity for Rated O/P —
Vs=25v. RL=8ohm f=71KH:z
75mV. RMS

Size: 75mm x 63mm x 25mm

AL710 3w R.M.S. £2.30

plus 62p for use with a wide range of inputs i.e. high quality ceramic pick-up,
postage. stereo tuner, stereo tape deck etc. Simple 10 install, capable of producing really

first class results. this unit is supphed with full instructions. black front panel knobs,
2:’3“5':)"“‘:5 mains switch, fuse and fuse holder and universal mounting

brackets enabling it to be installed in a record plinth, cabinets

ot your own construction or the cabinet available. Ideal for the
beginner or the advanced constructor who requires Hi-Fi performance

£15.75

Atzoswams. £2.65
AL30 1owa.m.s. £2.95

with a minimum of installaiion difficulty {can be installed in 30 mins).

=

20Hz to 100KHz *» Distortion better than 0.1 at 1KHz %

Supply voltage 15-50v * Thermail Feedback * Latest
Design improvements * Load — 3,4.,5, or 16 ohms »
Signal to noise ratio 80db x Overall size 63mm. 105mm.

P&FPd45p
25 wa“s (RMS] Modulas. Features include on/off volume.
* Max Heat Sink temp 90C. * Frequency response Balance, Bass and Trable controla. Complets

Frequency Response 20Mz1-20KHr
(—3d8). Bass snd Treble range
120E. Input impedence T meg ohm.
Input Sensitivity 300mV. Supply
requirements 24V .5mA. Size 152mm
x 84mm x 33mm.

Pre-Amplifier com-
pletaly rades
for use with AL10/

PA] NEW PA12 Stereo %*

20/30  Ampilifier

e Ny o

gnec 10 a sincl sp on Onty the
hnest componenls have been used and tha latest
solid-state’ Circuitry incorporated in thes powerfut lintle
amplhher winch should sausty the most crtical A F.
enthusiast

£3.95

Stabilised Power Supply Type SPM80

SPMB0 is especially designed to power 2 of the ALEG Amplifiers,
up 10 15 watts (R.M.S)) per channel simultanecusly. With the
addition of the Mains Transformer BMTE&0, the unit will provide
outputs of up to 1.5A at 356V. Size- 63mm. 105mm. 3Cmm.

Incorporating short circuit protection. £3 u n

Qutput current 800
26mm.

Transformer BMT80
£2.60 + 62p postage

PS12

Input voltage 15-20v A C. Output voliage 22-30v D.C

Transforme? T538 £2.30

Power supply for AL10/20/30,
PA12, SA450 ertc.

mA Max. Size 60mm x 43mm x QUR PRICE

I-PAK

P.O. BOX 6, WARE, HERTS
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‘SILVER’ CALCULATOR FROM
SINCLAIR

This new Sinclair ‘Cambridge Memory’
pocket calculator, which is finished in
‘silver’ and matt-black is supplied with
a comprehensive instruction booklet
and a rigid plastic carrying case, all
packaged in an attractive ‘silver’ gift
presentation box.

Featuring the four basic functions
+ — + x, the unit also tncorporates a
percentage key and an accumulating
memory, which makes it ideal for all
non-scientific applications. {t is
expected to appeal to a wide cross-
section of people ranging from house-
wives to business men.

Typical selling price is £14.95
including VAT.

An Ampex BCC-2 portable colour camera was recently carried to the summit of
the Dufourspitze, Switzerland’s higest peak. The cameraman is also wearing the
back-pack, through which this new hand-held camera generates full broadcast-
quality pictures. Behind him is the dish of the temporary microwave link, and
the Ampex VR-3000B portable videotape recorder is in the foreground with a

£1 OFF SINCLAIR CALCULATORS

These giant size Daz packs, which
feature ‘£1 refund on any Sinclair
Calculator’ vouchers are currently
being sold into 100,000 retailers
nationwide. Millions of ‘money-off’
packs of Daz wi!l carry this joint
Proctor and Gamble and Sinclair
Radionics promotion, which is valid
unti! 1st November, 1976. The offer is
valid for any Sinclair caiculator,
regardless of the price paid to the
retailer,

Customers must supply the follow-
ing proof of purchase to Sinclair, who
will send a £1 refund by return

— the front of the calculator pack. -

— £1 voucher from the Daz pack.

— the connecting strip from the top

of any bottle of Fairy liguid,
and, either, — the end flap from any
carton of Fairy household soap

— any Head and Shoulders sham-

poo carton top.

NOVUS BONUS

This is just one of many letters we've
received:
Dear Sir,

{ have just received my Novus
3500 calculator and am delighted
with its performance.Those of your
readers who have also purchased
one of these machines will be pleased
to know that it is capable of lower
case functions in addition to those
of the inverse trig. functions.
Prompted by the similarity between
the 3500 and the more expensive
4510 | have found that the ARC
key can be used in the same way
as the F key on the 4510. With x
in the display and after touching
ARC, the functions shown in the
right hand column are performed
on touching the corresponding key
in the left hand column:

v x2

MS M+x2
= degrees>rads
X rads>degrees
- M -8

+ M+

The two machines are therefore
identical in performance. In
correspondence with Novus prior to
receiving my 3500 they had explained
that the difference between the two
was the lack of lower case functions
on the 3500 excepting the inverse
functions. This bonus greatly enhances
the value of an already exceptional
offer.

Y ours faithfully,
G.0.Hayward,
Dyfed.

WHAT'S THIS?

Is it a flying saucer, or a contemporary
flying pan? A new hovercraft perhaps?
In fact, this is the new 3M Scotch
948 "Winchester” magnetic disc data
module. The one illustrated has a
capacity of 70 million bytes of inform-.
ation.
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TRANSISTEK MODULAR CASES
FOR ELECTRONIC INSTRUMENTS

Following their recent launch of the
Transistek range of modular elect-
ronic instrument cases, Lektrokit Ltd
now have available ex-stock a number
of models in the WS3 Series. Ideal for
housing logic circuitry, remote control
units, power supplies, telecommuni-
cations equipment and the like, these

low-cost extruded and laminated
aluminium cases are suitable for both
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production units and prototype or
development work.,

Four sizes of the functional WS3
instrument case are offered (from
70mm high x 220mm deep x 286mm
wide to 128.5 x 260 x 442mm) and
each enables most types of electronic
or electrical components to be fitted.
Several sizes of perforated support
trays and extruded aluminium cross
sections are available for mounting
such components, and the cases can
also be supplied with ventilation holes
in their lids.

There are eight styles of instrument
case in the complete Transistek range,
all of which are offered in various
colours for production quantities:
items from stock are blue and unvent-
ilated. Further models will be
announced as soon as they are avail-
able. Lektrokit Ltd, 3 Trafford Road,
Reading RG1 8JR.

HANDBOOK OF
COMMUNICATIONS

This 400-page volume has been pub-
lished by the National Computing
Centre for the Post Office, and is
aimed at computer people who need
to acquire a knowledge of telecommun-
ications. The Post Office holds a range
of training causes in data communicat-
ions for computing staff and have
now utilised their expertise in the

DATA

. systems and a summary of data

production of a volume which serves
both as an introduction to, and
reference on data communications.
The text, although easily readable,
is also concise and quick to use for
reference. Starting with the basics of
communications and: telephone
systems the book progresses through
transmission and modulation systems,
terminals, error correction, concent-
rators and multiplexers, to distributed
intelligence, message and packing

transmission services in the UK and
abroad. Priced at £8.50, the book can
be obtained from technical bookshops
or direct from the Post Office at:
Data Communications Division
{TMk4_3.1), Freepost, London EC2B
2TX.

ELECTROVALUE CATALOGUE

Now available is the latest edition
{No.8) of the Electrovalue catalogue.
This runs to 144 pages and gives
plenty of useful information on trans-
istars and IC’s. Virtualiy all the com-
ponents and hardware one could want
are listed. Included is a 40p voucher
refundable on purchases of £5 or over.
The catalogue is available for 40p post
paid, from Electrovalue Ltd., 28
St. Judes Road, Englefield Green,
Egham, Surrey TW20 OHB.



LASER GUN -- A lightweight laser gun, weighing only 13

pounds, can be aimed by infantrymen to pinpoint targets
for laser-homing missiles and projectiles, or used to desig-
nate targets for airborne laser spot trackers. [t is built by
the Hughes Aircraft Company, which has delivered 12 dev-
elopment units to the US Army Electronics Command.
Starting March-1, the US Army will begin a six-month pro-
grarmmme to field test the equipment under actual operating
conditions against a variety of laser seekers and laser spot

trackers.

LOW-PROFILE KEY SWITCHES

The new DC-80 Series switches from
“Invader Components offers the same
desireable features as expensive reed or
solid state switches at less cost than
menchanical types. Profile of the new
switch is a mere 19.558mm (0.7770in)
including cap.

High reliability is achieved with a
trifurcated gold contact design giving
a minimum 10,000,000 operations.
Mounting alternatives include snap-in
clips, high strength solder terminal
mounting and heat stable. bottom
locating pins.

Switch housing is in minerat fitled
nylon for high stability throughout
the life of the device.

CMOS PRESETTABLE COUNTERS

Two new presettable up/down count-
ers have been added to the compre-
hensive CD4000 Series of COS/MOS
digital integarted circuits produced
by RCA Solid State—Europe. The
RCA-CD4510BE is a presettable
binary-coded-decimal up/down
counter and the:CD4516BE is a pre-
settable binary up/down counter; each
device consists of four synchronously
clocked gated D-type flip-flops
connected as counters, Applications
include up/down difference counting,
multistage synchronous counting,
multistage ripple counting, and syn-
chronous frequency division.

The devices are designed for
medium-speed operation (typicatly
7MHz), and incorporate facilities. for
resetting and presetting. The counters
are cleared by a high level on the
‘reset” line, and can be preset to any
binary number by a high level on the
‘preset’ line. The counters can be
cascaded in ripple mode by connect-
ing the “carry-out’ to the clock of the
next stage. Both devices are supplied
in 16-lead dual-in-line plastic packages.

RCA Ltd, Sunbury-on-Thames, Middx.

5-FUNCTION LCD WATCH CIRCUIT

AMI| Microsystems have announced
the development and production of
the first 5-function, 4-digit LCD
{liquid crystal dispfay) watch with a
voltage tripler.
Designated S1424A, it is designed
to interface directly with the standard
4-digit LCD and requires only two
push buttons for all display and setting
functions. In normal operation the
S1424A provides a continuous display
of hours and minutes. By pressing ong
button, hours and minutes are
replaced with a display of the month
and date; a second operation of the
same button causes a display of
seconds.
Also contained in the circuit is a
calendar which automatically compen-
sates for the 28-, 30- and 31-day
months during the course of the year,
so that the watch needs only to be
reset when the batteries have been
changed.
An integral voltage doubling or trip-
ling circuit derives either 3V or 4.5V
display drive voltage from a single
battery at 1.5V, without the need for
coils or transformers. This allows the
manufacturer a wider choice of liquid
crystal displays which, additionally,
will present a greater contrast and
viewing angle when driven from a 4.5V
source.
The S1424A is available in a variety
of packages, including a 40-pin DIP
(S1427A)} for evaluation purposes or
clock applications. AMI Microsystems
L td, 108A Commercial Road,
Swindon, Wilts.

METRIC TOOL SETS

Set A — Six instrument screwdrivers
from 0.5mm to 3.8mm blade width.
The temipered steel blades are
mounted in chromium plated brass
handles with a freely rotating top.
Price £1.32 plus VAT.

Set B — A combination set of
nineteen pieces comprising five open
ended, five socket spanners, allen
screw, cross-head, and plain screw-
drivers all of which fit into a collect
driving handle. Price £3.28 plus VAT.

All- the tool sets are supplied in
a rigid plastic case with clear lid. Light
soldering Developments Ltd., 97-99
Gloucester Rd, Croydon, Surrey,
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Videomaster
urge allgood eleclronics
enthusiasls lo play the game

The best thing about the Videomaster Indetail . . . The Videomaster Mk_lli has eleven
Home T.V. Game Mk. il is that the sheer integrated circuits . . . fourtransistors . . .

elevendiodes . . . iseasytobuild . . . withno
alignment necessary because with ready-built
and tested transistorized UHF modulator, is

pleasure of building it isimmediately followed
by the excitement of playing three fascinating

games. A : complete with all parts . . . including fully
The famous Videomaster is now drilledand preparedp.c.b. . . . handsome plastic
available for youto make. It plugs into any box ... controlleads . . . complete step by step

standard UHF 625 line TV set, and it shouldn't ~ @ssemblyinstructions ... Runsona PP79volt

; battery . . . and has logic and analogue “state
take you longer than afew hours1o build. of the art” circuitry all with National Semiconductors
CMOS devices . .. with full specification.

POST TODAY TO: The cost? Only £19.95 (+ van

. GEG. N B SN GERG, SEER SN GEED WIS TENS D GEED D GEED R G e S D D S S S G S SN m— ————‘

Videomaster Ltd

119/120 Chancery Lane, London WC2A 1QU
Pleasesendme . ... ... . .. {insert no) Videomaster Mk. lll kits at £21.55 ea. inc. VAT. P & P

{ enclose my cheque/money orderfor. .. .. .......
Tick if VHF Modulator required [] -£1extra

NAME

ADDRESS

— T G GUES S S e S A

ETI/S
ALLOW14 DAYS FOR DELIVERY

———————————————’--—-_——i————-i——-—
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CMOS)

THE FIRST PART OF A NEW SERIES BY T. BAILEY

THE AVAILABILITY OF THE
CD4000 series of chips brings
CMOS to the forefront of logic
technology to rival TTL in many
applications. CMQS is far less

critical as regards power supplies’

and possesses high noise immunity
as well as capabilities which are not
oftered by other logic families. In
this article we shall give various
circuits which illustrate the use of
CMQS. We suggest that these
circuits can be 'breadboarded’ on
ETI Utilboard (Nov 75 issue) using
DIL sockets, there is nothing like
trying it to see. Some of the
circuitry, of course, is capable of
realisation in a number of different

logic families, so that,. in these’

cases. we will merely be introducing
equivalents of familiar
However, some of the applications
we give show the refolutionary
possibilities of CMOS.

HANDLING AND USE

Firstly we shall deal with the
disadvantages of CMOS and get
these behind us before we look
more closely at some of the virtues.
The first point is that these devices
are very susceptible to surges of
over-voltage from. static electricity
and unearthed test equipment.
When you come to buy any of the
1Cs we will discuss you should find
them with their leads buried in
foam. This foam is conductive and
protects the device so do not
remove it until the 1C is to be put in
circuit. If you run out of foam for
storing devices then stick them into

devices..

a piece of soft balsa wood. What-
ever else you do, you must not keep
them in plastic containers or use
ordinary plastic foam which may
develop a great deal of static. It is in
fact a good rule to keep the devices
away from all plastics as much as
possible including any - nylon
clothing. It is sensible to use IC
sockets for the more expensive

devices and also for any chip you-

may wish to re-use, but if you do
solder them solder the Vg, pin first,
then Vgs and then all the others. The
reason for this is that the 'common
ranges of CMOS have internai
protection devices which operate
fully only when the supply lines are
connected. While we are on the
subject of soldering, check that your
iron and any other instruments you
may use (meters, oscilloscopes,
etc.) are all properly earthed.

The only other real disadvan-
tages of CMOS compared with TTL
are that it is slower (typical gate rise
time 25nS) and that a few operating
precautions are necessary. Firstly,
all unused inputs must go some-
where. The alternatives are tying
unused inputs to used inputs, either
supply line as appropriate, or to a

supply line via a resistor (220k} is

usually about right). The Ilast
soluticn is particularly helpful for
inputs to which off-board connec-
tions are to be made. This avoids
feaving the input “floating”’ untii it
is wired in. The other point is to
ensure that the chips do not have

'signals at their inputs when the

power supply is not on.

when the supply lines are off.

TABLE 1 CMOS OPERATING LIMITS........... CD4000A SERIES

STORAGE TEMPERATURE. . . .. . oot oo e e aeea —65 to +150°C
OPERATING TEMPERATURE . . . . .\ oo een. —40 to + 85°C
SUPPLY VOLTAGE LIMITS (Vpp—Veg). - oo o vovvven —0.5t0 +15V
PAE ICAG ESDISSIPATI ONE. St VECHeIal £ £ 0T el 200mW max.
NPT O A GE o o a e ar hal) Vo<V <Vpp
RECOMMENDED SUPPLY VOLTAGE {Vp—Veg). - - - - - .. +3V to +15V

Unused inputs should be tied to a supply line. No input should be present

10

Now we shall consider a few of
the advantages of CMOS. Most of
these will come out more clearly
later and so we shall just mention
them briefly here. The principal
virtue is the ease of choice of power
supply which may be anywhere
between three and fifteen volts at
low current. The actual power
reguired depends on operating
frequency (see fig. 1) being com-
parable with TTL at ten megahertz
but in the region of a few
microwatts at sub-kilohertz speeds.
Voltage regulation is not required
but operating speed and current
consumption rise with increasing
supply voltage. For most practical
purposes CMOS will run off a nine
volt battery or the simplest of mains
power supplies. Other advantages
include high noise immunity and
analogue possibilities. Before we
proceed with some circuitry a table
of operating conditions (table 1) has
been given and these should be
adhered to rigidiy.
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DISSIPATION/GATE )
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I
w0* 10° T 107
1/P FREQUENCY 1Hz)

g
%

DISSIPATION/PACKAGE {uW)

1/P FRECIJENCY (Hz)

Fig.1. Power dissipation in CMOS as a
function of frequency for a) a simple gate
and b) an MSJ package.
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Fig.2. Somne simple CMQS gate packages.

TYPE NUMBER FUNCTION

4000ADual 3 i/p NOR + inverter

el 3

ouT

c

4002A Dual 4i/p NOR

4012A Dual 4 i/p NAND

4025A, Triple 3 i/p NOR

4023A Triple 3 i/p NAND

li—

Fig.3. Basic CMGS astable.

Fig.4. Improved astable muitivibrator.

g OUT

-

i
Fig.5. Duty cycle adjustment.

4001A Quad 2 i/p NOR

4011A Quad 2 i/p NAND

4030A Quad Exclusive OR

4049A
4050A Hex non-inverting buffer

Hex inverting buffer

SIMPLE GATES

It is an unpleasant fact that it
seems one must always start
considering any subject at its least
interesting parts and it is hardly
surprising that the least interesting
togic ICs are the simple gates.

We shall assume that the reader
is familiar with the truth tables and
terminology of the subject and
consequently our discussion will

mainly be on the subject of
monostable and astable multivibra-
tors. For ease of future reference a
list of basic CMOS gates and their
pin-outs is given in fig. 2. Itis worth
remembering that inverters may be
realised by trying together all the
inputs of a NAND or NOR gate, thus
allowing a circuit requiring two
NOR gates and two inverters to be
constructed for a single type 4001A
package.

ELECTRONICS TODAY INTERNATIONAL-FEBRUARY 1976

ASTABLE MULTIVIBRATORS

The basic CMOS astable is
shown in fig. 3. This coul!d of course
be buift using any of the packages
in fig. 2 with the exceptions of the
4030A and 4050A, indeed, the
4049A could produce three of
these circuits simultaneously. The
period is approximately 1.4RC (R in
ohms, C in farads) and the wave-
form may have a non-unity mark-
space ratio due to the voltage at
whigh the inverters switch (called
the transfer voltage—V,. ) not being
exactly half way between Vp, and
V.. The frequency is also depen-
dent on the supply voltage. In
keeping with normal practice,
connections of the device to the
supply voltage have not been
shown.

The next few circuits will rectify
some of the aberrations: of the
simple version. The addition in fig.
4 of R, which should be at least
twice as large as R, makes the
frequency almost independent of
the supply wvoltage over a wide
range. The frequency of any of the
circuits may be made variable by
making R a variable resistor.

Duty cycle adjustment may be

.achieved using the circuit in fig. 5.

Altering the duty cycle will affect
the frequency and the diode may
have to be reversed to achieve the
desired resulit.

11
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Fig.6. A gated astable muitivibrator.
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Fig.7. Jitter-free muitivibrator with inhibits
which may be made from a 4011A.
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Fig.8. Two networks which will provide
variable mark-space ratio for multivibrators.
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Fig.9. Basic Monostable Multivibrator.

GATING

A gated multivibrator is shown in
fig. 6 where the oscillator only runs
when the gate input is low, thus
producing “‘bursts”™ of output in
synchronism with the control signal.
Using a NAND gate instead of the
NOR would cause the circuit to run
‘when the gate was high instead of
(OW.

One of the huge advantages of
CMOS is the exceedingly high input
impedence. ‘As a consequence of
this the timing resistors can be very
large and values in the hundred
megohm region with capacitors of
several microfarads can be a
practical proposition.

Before we leave the astable
multivibrator for a time we shall
give one more circuit which corrects
a tendency of all the preceding
ones to “jitter’” near the switching
point. This requires an extra inverter
and a fourth has been added as an
output buffer. There are also two
inhibit inputs which stop the circuit
with the output high or low,
depending on which is used. The
theoretical diagram is shown in fig.
7. Another feature of this circuit,
and indeed virtually all the others, is
that the timing resistor may be
substituted by one of the networks
in fig. 8 to give a variable
mark-space ratio. They work
because the diodes effectively
change the value of the timing
resistor depending on whether the
capacitor is charging or discharging
and it is reported that values as
large as 5000 : 1 may be achieved.

MONOSTABLE
MULTIVIBRATORS

The basic CMOS monostable is
shown in fig. 9. it is triggered by the
input pulse’s leading edge and
produces a positive going output
pulse. The period may vary by more
than = 50% with different devices
due to the dependence of the circuit
on the transfer voltage of the
inverter.

Once again we shall improve on
the basic circuit and also give
several alternative versions. The
circuit in fig. 10 operates in an
interesting way. The quiescent state
is with the first and second inverter
outputs at "'0O"" and 1" respecti-
vely, The falling edge of the
triggering pulse makes the first
inverter go high, C2 charges
through the diode up to V, and the
second inverter goes low thus
initiating the output pulse. C1
recharges through R1 and crosses
the transfer voltage of the first
inverter which consequently goes

12 ELECTRONICS TODAY INTERNATIONAL—FEBRUARY 1976
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Fig.11. A negative edge  triggered macnostable.
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Fig.13. A frequency doubler and its associated waveforms.
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low and is isolated from C2 by the
now reverse biased diode. C2 then
discharges through R2 and causes
the second inverter to revert to its
initial state thus completing the
output pulse. The advantage of all
this is that inverters fabricated on
the same chip have similar transfer
voltages and if the two time
constants {(R1C1 and R2C2) are
made identical, errors cance! out
and the period becomes well
defined. It is in fact approximately
equal to 1.4R1C1 {(=1.4R2C2) and
this circuit is capable of being
retriggered during the output pulse.

Cur last two monostables (figs.
11 & 12) are non-retriggerable and
the two time constants should be
made the same, as in the previous
circuit. Fig. 12 is particularly
interesting because the circuit
isolates the trigger input during the
output pulse as the charge on C2
holds one input to the NOR gate
high, thus keeping the output low
independently of the state of the
trigger unput.’

FREQUENCY DOUBLER

The frequency doubler shown in
fig. 13 works by differentiating the
leading and trailing edges of the
waveform and applying the result-
ing pulses to the two inputs of a
NAND gate. This produces a
complete output pulse at both the
rise and fall of the input signal. The
values of the discrete components
will depend on the desired fre-
quency of operation.

THE 4007

The next device we are going to
consider has no equivalent in other
logic systems. It is described as a
‘dual complementary pair pius
inverter’” and its type number is
4007. It can perform several
different functions and while we are
discussing it we shall present a
number of usefu!l circuits and have
the added advantage of learning a
little about the internal operation of
CMOS.

In CMOS there are two different
types of field effect transistors,
namely n-channel and p-channel
enhancement mode devices (see
fig. 14). What all this means is that
when biased in the conventional
manner (drain positive in n-channel
devices but negative in p-channel
devices), the n-type turns on when
the gate becomes sufficiently posi-
tive with respect to the source and
the p-type when it is sufficiently
negative. A “'turned on’ device
may be considered to have a
resistance of the order of 500-1k-

13



C'VI(DS

between source and drain whereas

the equivalent resistance when T U THREE 1/P NAND
“off”” is about 10%2.The resistance 6
at the gate is always very high N 12
(>10'Q) regardless of the state of 10
the device. .
The working of the CMOS (13.2); (12,5,8); (1.11); (7.4.9) {1,12,13); (4,8} {2.14,11); (5.9)

inverter {fig. 15) should now be R
fairly clear. When the input s

- 6 8 3 5
- CURRENT DRIVER a
e g —ve|d
I_l sn——l>>—<1 12
10 12
| [ (13,8,1,5,12); (6,3.10); {14,2,11); {7.4,9) =
) o

(14.2,11); (8,13); (7.4.9}), (1.5)

ely Fig.17. Some uses of the 4007; pins bracketed should be connected together.
{A)} (8) VDD—pm 14, VSS pin 7.

Fig.14. The 2 different MOSFETS used —~

in CMOS, (a) nchannel, and (b) p-channel. :

VDD
Voo
W CONTROL IN
IR 2 115,12),12.9): {11,4%
: (8,13.10); (6.3)
4 out ‘
v 2
CONTROL : Q-_/__o
12

i out 2 ____j ——04
R B e F}__ e I_
l ; Fig. 19. An SPDT Electronic switch

which could be used for multiplexing.

(&

Fig.18. The Transmission Gate,

Fig.15. CMOS inverter, V gg=0V. ' +15V
Vpp=t3—15V. S 010 AN 1
I i | c1
i | j T
| d o
b = 1
| I
I
N 6 >c3‘”°’ . R1 47K
PN oY P o S | 12
83 ® | 1 +—
o & j I | c2
(=]
~ F |
’3‘3 195 ; I'41 I I\ ouT
35 i : 19 741
§§ L— - —! I | +
SN TTTE. TT T = o ChanozA il Lt
33 g [—< 7 10k 2
s T _ov
}'}3 q FSD FREQUENCY C1 c2 -15V
" e = r——— . —
S‘s I 10Hz 1uF 10uF
Sk 100 Hz 100
S nF  1uF
§§ g:l" [ T_-I—:r 'E§ 1kHz 10nF  100nF
: : ‘ 10kHz inF 10nF
R 100k Hz 100pF 1nF
j "; Fig.20. Linear frequency-to-voltage converter.
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“high’’ the bottom FET is turned on
and the top one off. Thus the output
voltage is held very low. When the
input is low the FETs reverse roles
and the output is high. Now look at
fig. 16 which shows the internal
circuitry of the 4007, You should be
able to see how joining a few pins
together will allow three separate
inverters to be produced. Reference
to fig. 17 will reveal how several
other gates may be produced and
their mode of operation should be
relatively easy to discern.

TRANSMISSION GATES

There is another way of connect-
ing two FETS which produces a
result unique to CMOS. This is the
transmission gate {fig. 18). Here,
due to the inverter, both FETS are
either on or off simultaneously.
When they are on, the path
between input and output (they are
interchangeable) may be regarded

as a resistor of about 500-1kQ
‘whereas when they are off the

equivalent value is about 1000ME2.

Thus the device behaves as a
switch capable of passing analogue
signals with very little distortion
provided that the load resistance is
fairly high (=100k). We shall have
more to say about these “'bilateral
switches'' later but while we are
dealing with the 4007 fig. 19
shows how to connect one as a

single pole-double throw switch .

which will pass analogue signals in
both directions.

Any of the three or less inverter
circuits we have mentioned to date
may be realised with a 4007, as
may several more interesting
designs. Fig. 22 shows a linear
frequency to voltage converter
which works by charging a capaci-
tor up once for every input cycle,
the charge to do so being passed by
a MOSFET into a summing ampli-
fier. The component values given
are based on an approximate five
volt output for the given frequency.
The resistor R1 should be made a
100kQ preset if it is required to set
a range exactly. The capacitor C2
“smooths’’ the output and need

not be changed from 10uF if fast

response on the upper ranges is not
needed. The linearity achieved on
the top range will depend on the
particular ““741'° used and if
reliable operation is required a
higher speed op-amp should be
used.

Fig. 21 shows an alternative
monostable multivibrator. We have
already given a number of muitivi-
brator circuits and so we shall say
nothing more about this one except

P 0
o |

55 1

ouT

LL

= = V5
IC is 4007A
Fig.21. Low Powar Monostable, for stability R2=3R1C1.
pr
| 11 cD 40074 |
I
10 i2 | aur
45
|
v

|

|

|

|

|

9 __7 - N

ol
S5
Vc
BT

Fig.22. A

voltage controlfed oscillator using the 4007 IC.

S —
Cr

-that it has an extremely small power
consumption. This is due to the
feedback connection ({(pins 12-6)
which turns off the n-channel
MOSFET during the discharge of
the time constant. This circuit is also
an interesting demonstration of the
use of components in the 4007 as
discrete transistors.

ELECTRONICS TODAY INTERNATIONAL—FEBRUARY 1976

A WIDE RANGE VCO

The voltage controlled oscillator
depicted in fig. 24 uses two
inverters as well as a separate
transistor as a voltage controiled
resistor. The inverters function as an
astable multivibrator in the manner
of Fig. 4 but the timing resistance is
the paraltel combination of Ry and

15
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iNPUT
vCO out PHASE
(Fig.24) COmp
V.
e R Y

o ;A—JL__—»—-I:-\N\,L——

Fig.23. Qutiine of PLL receiver.

b)

Vea -INPUT

%CD4030A

I 1
Ve 22k

l_j
&

\Y%
133
Fig.24. (3a) Adjustable M—S ratio narrow range controller, (b) Exciusive—OR phase-
comparator.

Fig.25. Exclusive—OR gate used as a
conditional inverter together with the IN
device’s truth table.

IN-1 IN-2 OUT ouT

SO O] .

0 1 ! CONT

; t; (17 %CD4030A

P 0y O

DRIVE SIGNA
o

o0—

Oy =
SEGMENT
INPUTS
O
S ATAVA
A o

Fig.26. Exclusive—OR gates driving liquid crystal segments, represented by resistors.

the FET. As V_ varies between V
and V so the resistance of the FET
varies between about 1k and
1000MQ. f the upper value is
iimited to 10M&2 by making R;
that value, then the circuit will
sweep over a 10000 : 1 range
in frequency. There would seem
to be scope here for experiment-
ing with a pulse frequency
modulation communications sys-
tem. One might produce an
analogue system aithough distor-
tion would probably be high due to
mismatching. The transmitter could
be the circuit in fig. 22 and the
receiver a phase locked loop along
similar lines (fig. 23) using some
sort of phase comparator and a
low-pass R-C filter.

EXCLUSIVE-OR GATES

Exclusive-or gates, for example
the 4030 (see fig. 2) will function as
phase comparators but they require:
:a unity mark-space ratio to be
effective. Perhaps a voltage con-
trolled oscillator might be designed
with a narrower range along the
lines of fig- 24 for both transmitter
and receiver, together with a phase
comparator and low pass filter as
shown in fig. 24. While we are on
the subject of the exclusive-or
function we shall consider two more
uses of these devices. Fig. 25
shows the exclusive-or truth table
and its use as a conditional inverter.
This configuration causes the input
signal to be inverted when the
control input is high but not when it
is low.

Liquid crystal displays are
undoubtedly the readout devices of
the future but they last longer in
general if an a.c. drive is used. If
then a square wave is applied to one
end of a liquid crystal segment and
also to the other connection via a
conditional inverter (see fig. 26)
then the control input will decide
whether or not there is a net voltage
across the segment.

CMOS and liquid crystal make an
ideal combination for ultra-low
power logic and display systems
and so manufacturers have pro-
duced BCD to seven segment
decoders and drivers specifically for
this application. Their type numbers
are 4054 /5/6, the variations being
due to the addition of latches and
other refinements. These devices
have too limited an appeal to justify
a full description here and it is
suggested that if it is intended to
experiment with this technology.
data sheets should be obtained from
a manufacturer” or large distributor.

‘e.g. RCA, Sunbury-on-Thames,
Middiesex, for the ~CD4054/

5/6A" range. Continued next month....
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The only

6 Function L.E.D. Watch Kit

in the world . .

SABCHRON DIGITAL

Probably the only six-function LED watch kit available today.
the Sabchron Digital offers more features than many other LED
WATCHES. At the touch of a single button you see the exact
hour, minute, second, month and day-of-month . . . PLUS an
automatic date change memory which remembers whether the
month contains 28, 30 or 31 days. Also, an AM /PM indicator
which lights up while setting hours.

HOURS7MINUTES

ru
Ly
o

MINUTES/SECONDS

Ly
(my |
.
-

DATE

AM/PM INDICATOR

ay] ;)
Tfm

NEW CMOS IC CHIP

Contining the equivalent of over 1,500
transistors, this new IC chip features STATIC-
PROTECTED TERMINALS — this means the IC
can be handled safely with bare hands. It
contains all the logic, decoding, multiplexing,
display drive and counfting circuits on a single
silicon slice 1760 square inch.

QUARTZ CRYSTAL
ACCURACY

The heart of the Sabchron Digital is a quartz crystal which
provides a basic frequency of 32,768 Hz. This frequency is
tuned to > 2 parts per million via the trimmer capacitor ahd
is divided in half 15 successive times to provide one
incredibly accurale pulse every second. This means a
timekeeping accuracy 1o * 5 seconds per month. Careful
adjustment of the trimmer can bring this accuracy 10
within = 1 second per month or * 12 seconds per year!

+ ORDERING INFORMATION

All prices shown in British £'s are approximate eguivalents of the
following U.S. Dollar prices. Complete watch kit (less- case and
bracelett $38.00: Gold-plated case only $12.00. Total 550.00
postpaid via registered airmail to customers in U K., Eire and Canada.
Other countries please add $3.00 additional for postage/ packing.

REMITTANCE BY BANK DRAFT or INTERNATIONAL MONEY ORDER
IN U_S. DOLLARS {available from all banks and national Giro offices).

sabtronics

NTERNATIONAL
P.0. Box 64683, Dallas, Texas 75206, U.S.A.
Tel. (214) 369-7309

Business hours: GMT 15.00 to GMT 24.00 H:s.

If you require any additional information please send $.A.E. and 2
International Reply Coupons.

ooy £18.995"

AUTOMATIC
LED BRIGHTNESS

The Sabchron Digital features a special light sensor
circuit which automatically adjusts LED display
brightness according to varying light levels, thus
conserving battery power. In a bright room the display
brightens; in a dim room or darkness the display dims
— a feature not found in many other LED watches.

COMPLETE KIT

Contains all the components needed to build this
space-age walch module. including soider, battéries
and easy to follow assembly manual. If you can use a
fine-point scldering iron and follow step-by-step
assembly instructions, you can build the Sabchron
Digital. H you have any problems, remember we're only
as far as your nearest mailbox or telephone.

PLUS THESE OTHER
FEATURES

Long-ife silver-oxide power cells last up to one full
year with normal use.

* Shock-protected. anti-magnetic

* Low component count — IC, LED package, Quartz
crystal trimmer, photacell and two chip capacitars.

* Universal module size — fits many LED watch cases
(optional goid plated case available),

+* Easy time and date resetting — you can change the
time or date without affecting the accuracy of other
functions. A very useful feature when crossing time
or date fines.

OPTIONAL GOLD-PLATED CASE

The above price does not
include a case or band. A
gold-plated case as pictured
{without bracelet) is available
for £5.95. Note: The case 1S
gold-plated; not “‘gold-tone .
“"gold-colour”™ or plastic. Efe-
gantly styled and only slightly
larger than a conventional
watch. it is shown here actual
size. Wear a time computer that
looks like a watch, not vice
versa.. Cut out this case outline
and try the size on your wrist.

COMPARE THE FEATURES OF THE SABCHRON DIGITAL TO OTHER
LED WATCHES — THEN ASK YOURSELF WHAT OTHER LED WATCH
OFFERS SO MUCH AT SUCH A REASONABLE PRICE. MAIL THE

COUPON TODAY.

F——————————————————

Sabtronics intermnational, P.O. Box 64683. Dallas, Texas, 752086, '
U.S.A. Tel. (218) 369-7309. I

Please send via Airmail . . . . .. . {quantity) Sabchron Digital l
6-function LED watch kits. Enclosed is a [] Bank draft [] International

Money Order for U.S.8_.. total.

ADDRESS be] B A b o3

= 4 {country)
(etisuk1)
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SIMPLE

CMOS TESTER

An inexpensive unit for the hobbyist.

YATCH POWIR OFf
ATORE CHANCING i

NOW THAT the use of CMOS logic
is becoming widespread there is an
obvious need for a simple CMOS tester

suitable for the hobbyist. In last

month’s issue we described a
sophisticated tester for both CMQOS
and TTL. That particular instrument is
very versatile but -may be too
expensive for many budding
experimenters and we have therefore
designed this simpler instrument to
cater for their needs.

A simple CMOS tester, although
being inexpensive, must be capable of
performing the majority of tests
reguired for CMOS logic without
causing any damage to the ICs under
test or being damaged itself. it must

also use only those components which
are readily available to the average
home constructor. The ET! 123 Tester
fulfills all these reguirements.

The tester circuitry draws very little
current except for that drawn by the
LEDs. Even the LEDs only draw
current whilst a device is actually
under test. For this reason we thought
that the expense of a mains power
supply was unwarranted and chose to
use batteries instead. For those who
would rather operate the unit from a
mains derived supply, one capable of
supplying anywhere between 5 and 12
volts at up to 40 milliamps will be
suitable. Another major expense, that
of providing a large number of
programming switches to set up the
test conditions, has been alleviated by
using flying leads fitted with alligator
clips to connect to the IC under test.

Several steps have been taken to
prevent damage to the IC by the tester
and conversely, damage to the tester
by the IC. Firstly each pin of the test
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socket is fitted with a static discharge
resistor to earth. A current limiting
resistor, R 37, is in series with the
supply so that the tester is protected
against damage due to possibie
excessive current into an internal short
in the test 1C. This limiting resistor
also ensures that current through the
input-protection diodes on the IC
does not exceed the specified limit of
10 mA.

Only readily available components
are used in the tester and, in fact the
ICs used are available from at least
four different manufacturers.

To test simple gate functions, eg
NAND gates, NOR gates, we need at
least four switches and a logic level
detector but for the more complex
functions, eg muitipliers, we need at
least six switches and six level
detectors. A clock — pulse generator is
required for the testing of flip flop and
other clocked devices., This puise
generator must be free of the contact
bounce that is typicaily encountered
with mechanical switches, For this
reason we used a pair of CMOS NAND
gates wired as an astable muitivibrator
to generate a continuous train of
pulses. This may be used to increment
counters and to shift data in shift
registers. As it is a CMOS circuit it is
perfectly suited to driving other CMQOS
devices.

CONSTRUCTION

We recommend that the
printed-circuit boards as specified be
used as construction is thereby greatly
simplified. The printed-circuit boards
should be assembled as detailed in the
component overlay diagrams. Switches
SW? to SW7 should be mounted by
first glueing two strips of
printed-circuit board to the front
panel {copper side out). The switches
may then be soldered to the copper
side of the board. This procedure
avoids the necessity of having 14 screw
heads visible on the front panel.

The test socket is mounted on the
non-copper side of board 123b. This
board also carries links Lk1 to Lk16
which connect directly to the pins of
the test socket. These links are also
mounted on the non-copper side of
the hoard and should be of reasonably
heavy - gauge tinned-copper wire, and
should be instailed such that sufficient
room is under the link to enable test
leads to be attached to them by means
of aligator clips or Easy-Hooks
Resistors R1 to R16 are mounted on
the copper side of this board so that
they are not visible when the board is
bolted to the front panel. The top two
screws, nearest to the LEDs, should be
18 to 25 mm long so that board 123a
may also be mounted on them later.

On board 123a, mount and soider in
position on the component side of the
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SIMPLE CMOS TESTER

S

=

PIN16 PIN1S PIN14 PIN13 PIN12 PIN11 PIN1O PIN9 ¢

20

PIN1

Rl <R2 <R3 <R4 <RS
10M < 10M < 10M < 10M < 10M

Lk? Lk2 ¢Lk3 oLk4 @LkS

Lk16 &Lk15S ¢Lk14 9Lk13 $Lk12 $Lk11

R16 < R15 < R14 < R13 <R12
10M < 10M < 10M < 10M < 10M

RE
10M

Lk6

PIN2 PIN3 PIN4 PIN5S PING PIN? PINS

R11
10M

R7 R8
10M < 10M

Lk7? ¢Lk8

Lk10 #Lk9
R10 < R9
10M < 10M

c1
0.334F B

1C1 TYPE No 4011
1C2 TYPE No 4009

0OSC OUT
POWER RAILS ON IC1, 2 NOT SHOWN

PIN 7 on IC1 1S OV

PIN 12, 13, 14 ON IC1 IS +9V

PIN 8 on 1C2 IS OV

PINS 16 AND 1 ON IC2 IS +9V

P
IBATTI:.-&Y

GROUND i_

POINTS A-Q GO TO ALIGATOR CLIPS
POINT QIS +9V FOR IC UNDERTEST

POINT P IS QV FCR IC UNDERTEST

HOW IT WORKS -
ETI 123

The ETI 123 CMOS tester can be
described in three separate sections.
Firstly there is the test socket for the
device under test. The test socket is
mounted on a printed circuit bourd
which also holds a 10 megohm
static-discharge resistor to  protect
each pin of the 1C. Each IC pin is also
connected to a surlaoce mounted link
by which connections cun be made to
the 1C.

The next major section of the tester
contains detectors which monitor the
voltage at cach pin of the IC. Each
detector consists of u CMOS inverter
which drives an LED indicator.
When the voltage at the input of the
inverter is  greater than half- the
supply voltage the LED will be alight.
Conversely the LED will be off when
the voltage at the input to the
inverter is below half supply voltage.
Resistors R19 to R30 protect 1C2
agast static charges and from the
condition where a detector has no

input. Resistors R31 to R36 set the
operating currents for the LEDS.

The -final section contains switches
SW2 to SW7 and a clock oscillator.
The output of the switches can be
either -0 volts or +9 volts that is, a
logic ‘0" or a logic *1". These outputs
are made available at test leads which
may be connected to the IC under
test uas required. To protect the tester
against internal shorts on the IC
under test. and incorrect
connections, R37 has been inserted
in series with the supply rail to
limit the current that may be drawn
to a level which cannot cause any
danage.

1C 1/2 and IC 2/3 are wired as an
astable multivibrator where the
frequency of oscillation is
determined by the time constant of
Cl and R17, whilst R18 is used to
protect the input of IC 1/3 from any
voltage excursions past the supply
rails. 1C 1/ is used as an inverting
buffer and the output of the circuit is
made available at the front panel by
means of 2 lead and alligator clip.

4 1
>o—|<—«/w~—<> o
LED2 o
’ 12
>O—K—’V\/\/‘—0 ¢—oc SW4a
LED3 : g

1C2/4

b &—o SW5
LEDA A S

oE—

LED

| R3?
Jhl 4%
A O—4—o SW2

" R34

&

ST

3 T_—o SWé6
./0'—0 L

102 F ’___‘/)-QM
16V

= SHOWN IN
OVOP 0 b0SITION

Fig. 1. Circuit diagram of the CMOS tester.

PARTS LIST — £TI 123
Resistor 1k Ya Watt 5%
”» l.2k ”» [

R37

R31.36

R25-30 = 10k s
R17 " 1.5M L WES L
R1-16 - 1om T
R19-24 » 10M w o
R18 & 12M Gl w
C3 Capacitor O.Ig.F polyester

Ccl o 0,3 #F =

Cc2 Y IO.U 16 electrolytic
1C1 Integrated Circuit 4011 (CMOS)
1c2 ' . 4009 (CMOS)
LED 1-6 Light Emitting Diode

RL 4484 or simitar

SW1-7 Miniature slider swiich 2 pole
2 position.

IC Socket 16 pin DIL {preferably
with I1C removing slide}

Case 160 x 90 x 50 mm pilastic box
with atluminium front panel UBI

Alligator clips {15)

Battery 9V (6 penlight cells).
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Fig. 2. Component overlay for the test-socket board ETI-123b,
non-copper side.
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Fig. 4. Component overlay for board ETI-123a. Note that C1 may need to be mounted on

reverse side, and that the L EDs should be mounted as detailed in the text.
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Fig. 3. Component overlay for the copper side of board ETI-123b.

text continued from p 20

board, all components with the
exception of the LEDs and capacitor
C1. As C1 needs to be a polyester type
it may be physically too big to be
mounted on the component side
without fouling the front panel and
should therefore be mounted on the
copper side. The LEDs should be
inserted in their positions but not yet
soldered. Temporarily mount the
board in position such that the LEDs
protrude through their correct holes in
the front panel. Keeping the front
panel face down, solder the LEDs into
the board. Remove the board and
solder 150 mm lengths of hookup wire
to the points marked A to F on the
overlay and pass these leads through
the corresponding holes in the front
panel. Do the same for the leads G, H-
J. KL MP and Q from switches SW?2
to SW7 using a different coloured wire
to that used previously., These wires

TO BATTERY
—-Ve

SW7 SWo SW5 & Swa SW3

-
o

K T J

SWI

should also be passed through the
appropriate holes in the front panel.

Finally solder alligator clips or Easy
TO BATTERY Hooks to the ends of &ll these leads

Ve and connect supply and earth leads to
the 123b board. Check both boards
for wiring errors or errors in
el component insertion before bolting
board 123a in position. The battery
may then be connected and the unit is
ready for use.

Note that if the type UB1 box is
used as in our protype the top corners
of the 123a board may have to have

Fig. 5. Switch interconnection diagram, Note that C3 is mounted across 0
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the corners trimmed off at 45 degrees
ne of the switches.
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SIMPLE CMOS TESTER

eti 123a

o o0 o 0 o
eti 123b s

Fig. 6. Printed-circuit board layout — ET! 123a. Full size 88 x 62 mm. Fig. 7. Printed-circuit board layout — ETI 123b. Full siz2 88 x 71 mm.

without fouling the mounting pillars
for the front panel.

OPERATION

Before testing or inserting any IC
make sure that the power is switched
off. Set up the operating conditions
for the IC to be tested either by

consulting the manufacturérs data or
by duplicating the conditions under
which the [C will be used in the
circuit.

Next insert the IC to be tested into
the test socket and connect the power
supply leads to the links for
appropriate pins of the I1C. Double
check these connections to make

absolutely sure that these connections
are correct. Reversed power
connections will destroy the IC.
Switch on the tester and use the input
switches to systematically apply all the
possible input conditions to the IC
whilst noting that the output
conditions of the IC are as they are
supposed to be. ®

Internal view of the tester. Note how the top board is mounted [see text).

22
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| FROM BI-PRE - PAK |

.Stlrlmel.i \ ound Droducts

BRAND NEW MODULES FROM THE DESIGN-BENCH OF A
FOREMOST BRITISH DESIGNER AND EXCLUSIVE TO B-P-P

NEW FOR 1976

THE $S125 HIGH FIDELITY POWER AMPLIFIER
DUTPUT

25 watls RM.S. into BQ using 50¥
22 walts R.M.S. into 402 using 33V -
|Loud imp. no! less (han 492]

DISTORTION F X ] i : N i
Less than §.05% at all power levals Not only is this Stirling Sound’s best audio amplifier yet; it
[from 10Kz to 10KHz) nghtfully qualifies as one of the best of its kind yet made available
10 constructors. Intended above all for high-fidelity. the

FREQUENCY RESPONSE characteristics of the $5.125 are such that it can be used in many
+ {dB 15 Hz 1o 30 XHz [49) other applications where dependability is the prime consideration,
+ 148 10Kz to 30 KHz {BQ) The S5.125 integrates well with other S.S units as well as those of

3 other manufacturers. !ncorporates new circuitry using a
HIGH Z iNPU'T complementary long-taifed pair input and full complementary
100 Kohms {43dB gain/100x] output circuits 1o give standards of performance.
INPUT SENSITIVITY
150my for 25W.A-M.0. oul ...And 5 NEW STIRLING

SOUNDS POWER

SIZE
[Inc. 40w. built on heal sink)
¥ x W high[120x76x 2 mm]

SURPLY UNITS

Robustly designed units in each of which is a stabilised
1ake-off point 10 provide for tuner, pre-amp and control
stages. Size — 5%"' x 3" x 2% high (P/P add 50p
any model)

SS 312 12V/1A £3.75°

SS 318 18V/1A £4.15°

More Stirling Sound Modules

With easy to follow instructions

F.M. TONER UNITS
§5.201 Tuner iront end. Ganged, geared variable tuning,

88-108MHz. A.F.C. facilit 5.
. o g2 S$324  24V/1A  £4.60°
$8.202 [ F. amp. A metre and/or A F.C. can be connected §S 334 34V/ 2A £5.20°
{size 3" x 2*) £2.65 4

Ss 345 45V/4A £6.25°
fall above are at 8% V.A.T.)

55.203 Stereo decoder for use with §5.201 and 202 or

any good F.M. winer- A LED beacon may be

attached (3 x 2") £3.85
55.105 5 wati amplifier to run from 12V. (3% x 2" x %'’} £2.26 -

§5.110 Swmilar to $S.105 but more powerful giving 10W.
into 4ohms £2.75

£$85.120 20 watt module when used with 34 wolts into 4 £3.00
instant change to conventional ignition. nstant adaption 1 pos.

§5.140 Relivers 40 watts R.M.S. into 4 chms using a or neg oarth retum. anti-burglar immobilising switeh, pre-set
45V/2A supply such as our §5.345 the power and control tor rev. imiation. There are no exposed parts, the unit.
quality of this unit are superb — two in bridge =1, L A0 DEEE) 6 STean) Calfe ool rralietut Lo

. - - Y nstructions and ieads.
formation will give B0 watts R-M.S. into 8ohms. Size 7% x 4% x 2'%" ex. switches {193 x 11 7 x Sdmm) (P/P

A new Stiriing Sound C.D.l. Unit for your
car.

Even betier than the original version. thousands ot which are n
use saving MOonsts appreciable time and maney {or patrol. Very
easy 1o nstall The Stulng Sound model incorporates switch for

Size 4 x 3 x %" £3.75° e, e
$5.100 Active tone control. stereo, = 15d8 cut and bogcst KIT £7.95
with suitable network £1.60 TESTED £1 0.50

A NEW X-HATCH GENERATOR

$5.101 Pre-amp for ceramic p.u.. radio & tape with passive

tone control details £1.60 For colous and mono TV Plugs into aerizl socket of set. Operates

2 , without need for transmissions, 4 push-bution operation. Runs

55.102 Stereo pre-amp with R.I.A.A. egualisation, mag., on 4 self-contaned penlie type batteries. Wil fit into a large
p.u., tape and radio in. £2.25 pockei. Strong plastic case,

BUILY £27.50° KIT£25"

A USEFUL CATALOGUE — FREE

§5.300 Power Supply Stabiliser. Add this to your
unstabilised supply 1o obtain a steady working
voltage from 12 1o 50V for your audio system.

workbench ete. Money saving and very reliable £3.25° » Send uss :Iar%e iA E-lw-th I?p stbarnp and er v\:(-gdsen_tihvou "hel'
\atest Bi-Pre Pack caizlogue free by return, Facl e usely
TERMS OF BUSINESS: hnes, ns a real money saver

VAT at 25 % must ba addad to total value aof order except for itemg marked ° or (8%). when [— — et —— — —— —— — — — — — .—]
VAT is to be added at B%. No VAT on cverseas orders. POST & PACKING add 22p for UK \
orders unless marked otherwisa. Mininmium mail order accaptable — £1. Overgeas orders, add OIESEHIRLINGIRS DI NDJE SERE B RLIEIR 202 22 SR i(ES IO D

222 224 WEST ROAD, WESTCLIFF-ON-SEA. ESSEX SS0 9DF. ot
TELEPHONE: SOUTHEND(0702) 48344
FACTORY — SHOEBURYNESS, ESSEX

€1 for postage. Any difference will be credited ar charged. PRICES subject to alieration l RESIC s s oL 250l D I
without notice. AVAILABILITY All itams available at time of going to press when avery effort Bloasalsend

I_s made 10 ensure correctnass of information. I i - I

Order your Stirling Sound products from I ~ |

for which | enclose £ !

BI-PRE-PAKLTD |

Co Reg No 820919 NAME |

ETIB.2

R e Y AL S I ey 0
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clock.

The * A Complete Kit
or fully built.

"MISTRAL Digital Clock

© Pleasant green display ¢ 24 Hour readout

o Silent Synchronous Accuracy ¢ Fully electronic

° Pulsating colon ¢ Push button setting

® Building time 1Hr ¢ Attractive acrylic case

¢ Easy to follow instructions ¢ Size 10.5x5.7x8cm
* Ready drilled PCB to accept components
EXETRON (pept ETD

-

Exetron Time Ltd. offer this

unique transformerless design Regal House,

at a substantial saving on re- .

tail price. The kit is compl- Penhill Road’

cte less mains lead - all you LANC'NG, Sussex.

require is a soldering iron,
solder, and screw driver to

assemble your own digital Payment: CWO, Cheque, AcceSS_,
[ Barclaycard. (auote Number)
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TONE BURST testing is a technique
which is rapidly gaining acceptance in
a wide variety of applications. Typical
applications are in testing of
hydrophones, signal-to-noise in

telephone channels, reverberation TDNE BURST GATE
chamber testing and in the ;

determination of peak distortion in CYCLES ON CYCLES OFf
loudspeakers. With loudspeakers, tone
burst testing has the further advantage
that the speakers may be tested with
their maximum peak power Ilevel
whilst keeping- the average sound
output level low enough to not annoy
the neighbours — a considerable
advantage indeed.

Some time ago our audio
consultants, Louis Challis and
Associates, asked us to build them a
tone-burst generator and the resulting
instrument has been used by them ever
since with much success.

DESIGN FEATURES

A tone burst must always be an

integral number of cycles. If the burst

. is switched on or off part way through

' a cycle then undesirable transients will

| be produced that will mask the test

i results. Thus the burst must start and

f end exactly at the zero-crossing point
of the sine wave in the burst.

' In the original unit, designed for

Louis Challis, preset times can be

: independently selected for the on and

off periods of the burst with the

. exception that the burst time is

automatically modified to give an

integral number of cycles. The

preselected on/off ratio, however, is

independant of the burst frequency.
To give the required control range, six

| witched renges = wetl 22 2 varabie /A Valuable tool for testing loudspeakers.

control are provided for both the on
and off periods. Other features of the

original unit are the ability o start at MEASURED PERFORMANCE

any point in the cycle as well as the

zero crossing point, a phase-inverting TONE BURST GENERATOR.

switch to select either the positive or

the negative half cycle first and an . 4 16
OFF LEVEL control to set a base tone BopneiCycles: ZABor

level which is modified when the tone . 248o0r 16
burst occurs. In addition the dc level OiRRmeICycles s
of the output can be set and a switch Response

1s provided to select burst, pure tone Fgeﬁ:ezcgooimn - +0 —3 dB
or off as required.

When it came to redesigning the unit Distortion
as a project we decided that many of 3V input at 1 kHz <0.02%
the features offered by the original
design were unnecessary for the user Input Level ;
concerned only with testing speakers. Maximum 3V RMS
Hence the unit has been redesigned in a - Nominal range 100 mV to 1.V
greatly simplified form.

Instead of using monostables to Input Impedance ek
generate variable on/off times we now :
divide the input with a counter to Cutput Noise Voltage
obtain times that remain in the same with no input <25 pV
ratio regardless of input frequency. We
settled for the ability to select 2, 4, 8 Power Supply Current 4 mA

and 16 cycles for the duration of
either period, as this compromise
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TONE BURST GENERATOR
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TONE BURST GENERATOR

Fig.5 (a) Top trace — the input tone burst of five cycles. (original design).

fb) Bottom trace — the respanse of a fow-cost speaker at 1 kHz. Note the reduced
amplitude of the first half cycle and that ringing has added another cycle at the end of
the burst. The room reflection can be seen on the trace after the burst.

Fig.6. Printed circuit board
for the Tone Burst Generator
Full size. 142 x 47mm.

ETI 124

will be easy to reproduce.

One of the main problems with
speaker testing is that the speaker
cannot easily be isolated from its
environment. For example, reflections
from the walls of a room madify the
response, seen by a microphone, no
matter where the microphone is placed
in the room. If one could "eliminate
reflections then the situation would be
improved considerably, and hence the
use of anechoic (echo free) chambers
for testing speakers. But such
chambers are very expensive to build
and consequently not readity
accessible to the amateur.

- A further problem is in assessing the
transient power handling capability of
the speaker, Speakers will handle far
greater peak transient power than is
indicated by their RMS power rating.
This is a very important attribute of
loudspeakers in handling musical
transients. Any attempt to assess this
with a sinewave signal may result in
the destruction of the speaker due to

greatly simplifies the circuitry. We still
have the switch to select tone, tone
burst or off, but the OFF LEVEL
control has been deleted. The latter
control may quite easily be added,
‘however, as shown in Fig. 4. . The
output dc level control and the
starting-point phase change have also
been deleted.

Since we only need half of a CMOS
4016 IC, to give the required output,
the other half may be used to give an
inverse output if required, that is, the
reverse output is on when the other is
off and vice versa. This output is not
buffered or brought out to the front
panel. If it is intended to load this
output with less than 47 k it is
recommended that a 4066 IC be used
instead which will handle loads down
to 10 k. For loads of lower impedance
than this, a buffer such as is on the
normal cutput should be used.

CONSTRUCTION

As with any project construction is
greatly simplified if a printed circuit
board is used. However the layout of
the unit is not critical and any other
suitable method, such as Veroboard or
Matrix board may be used if desired,
We strongly recommend that sockets
be used for the CMOS ICs, especially if

28

a printed circuit board is not used, as
these devices are quite easily damaged
when soldering. The use of tC sockets
also facilitates later servicing. Also
remember that, unlike TTL, all unused
inputs of CMOS must be connected to
either the positive or negative supply
rail.

The plastic box that we used
measured 160 x 95 x 50 mm and is
very convenient in that the printed
circuit may be held in position by
sliding it down behind two of the
pillars to which the front panel is
screwed. As the amount of lettering
required is quite small, this may
readily be done directly on the panel
by hand or with Letraset.

Shielding of the internal wiring is not
required providing that the unit is kept
away from strong 50 Hz fields. If
gperation in the vicinity of strong
fields cannot be avoided then the unit
should be mounted in a diecast box.

USING THE UNIT

The testing of loudspeakers is very
difficult indeed and much effort is still
being spent to find test methods which
will not only give an accurate
understanding of the relative
effectiveness of the design, but which

thermal failure — apart from also being
extremely noisy,

The use of a tone-burst generator
minimizes both these problems. How
this is achieved is better understood by
examination of Fig.5. This shows on
the upper trace a five cycle 1000 Hz
burst that is fed to a loudspeaker.
The second trace shows the same burst
as picked up by a microphone in front
of the speaker. We notice that the
burst has been changed by the speaker
and an examination of these changes
can tell us a lot about the speaker. For
example we notice that the first half
cycle has not reached full amplitude
and this indicates that the speaker
would have some difficulty in
reproducing high frequency transients.
Next we notice that instead of ‘five
cycles there are now at least five and a
half. This could mean one of two
things. Either there is a speaker/room
resonance or, the speaker itself is
continuing to vibrate after the original
excitation has ceased. Which is it? We
can determine this by changing the
position of the speaker to see if any
change occurs in the shape of the
burst, if not it is caused by the speaker
itself, and if it does then it is a
speakerf/room resonance. A speaker
that lengthens the burst unduly will
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sounid muddy in that region. Of course,

the speasker must be examined over its
whole range to gain a thorough
assessment of performance.

* 1t is of course possible to eliminate
toom reflections simply by performing
the tests outside. However unless one
lives in a very quiet area, background
noise will introduce problems — and
your neighbours are
appreciate the noise that you will
generate.

By varying the off period we can also
select a ratio where the room
reflection, the oscillation seen after
the cessation of the burst, does not
interfere with the first few cycles of
the burst and the response versus
frequency of the speaker may then be
assessed from the amplitude of the
first half cycles that are stable in
amplitude. Thus it is possible to gain
an appreciation of the frequency
response, transient performance and
quality in terms of ringing of a speaker
by careful use of the tone-burst
technique.

The transient power handling
capability of a speaker may be assessed
by selecting a fairly long off to on
ratio for the burst and by feeding the
burst to the speaker via a high-power
amplifier. If for example an off to on

unlikely to

How the unit is assembled.

ratio of 8:1 is used then the peak
power will be eight times the average
power. Thus the speaker may safely be
driven to a peak Jevel where a
predetermined amount of distortion
occurs. Take care that the amplifier is
capable of providing the peak power
required.

Of course a tone-burst generator may

be used for a wide range of testing. We
have mainly concentrated in this
article on its application to the testing
of loudspeakers. .

The circuitry of the tone-burst
generator may easily be modified for
use as a 'silent switch’ for A/B speaker
testing. The method of doing this will
be described next month. 1=
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This is our open competition to find
solutions for problems facing the deaf.

This closing date is March 31st 1976.
ETI and the Royal National Institute
for the Deaf (RNID) are co-operating
fully in the organisation of this com-
petition.

Three problems are shown above.
We invite individual readers, clubs,
schools, universities, companies, in fact
anybody, fo

develop a practical

The Silver
Trapiy
specially
designed
for the

winners of
Helping

Hand

solution. The rules are as basic as
possible and impose virtually no
restriction apart from insisting that
any Patenmt Royalties are waived if the
idea is produced.

The prizes, three in all, will each be
a silver trophy specially designed for
ETI. At the close of the competition
the magazine will hand over £250 to the
RNID to help with development costs.
There is a £1.00 entry fee (payable to

THE PROBLEMS

1 A sick person is being looked atter by a
deaf person. The deaf person has no
useful hearing and requires to know
whether the sick person is all right and
above all needs to know if the sick person
is in @ state of distress anywhere in the
sick room.

2 A hard of hearing person is attending a
College of Further Education and has
considerable difficuity in understanding
what the lecturer says due to his distance
from the lecturer and tc the background
noise in the room. A device is required to
enable him to make the best possible use
of his hearing.

3 Many deaf people have great difficulty
in using the telephone and in fact many of
them cannot use the telephone at all. The
development of a writing tablet which
would allow them to write a message on a
small pad and for this t¢ be communicat-
ed over the telephone line to a pad at the
other end would have many great
advantages. In addition the communica-
tion should be two way so that the person
can receive 8 message or an.indication
that the message has been received.

RNID) and this will be added to the
£250.

Background information has been |
prepared to help readers and say what is
alreayd known. This is available from
ETI on receipt of a large self-addressed
envelope. Enquiries should be sent to:

Helping Hand,
ET1 Magazine,
36 Ebury Street,
London, SW1W OLW.
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____ELECTRONICS IN

GEORH

GEOPHYSICS IS THE study of the
physcial characteristics of the earth. In
its applied form geophysics is an im-
portant tool in the world-wide search
for minerals. Diamonds, gold, oil,
copper, tin, uranium and many other
minerals may be directly or, more
often, indirectly located using geo-
physical methods.

The advantage of airborne geo-
physics over other prospecting meth:
ods is the ability to cover large areas
of the earth’s surface in a relatively
short time. Interpretation of the sur-
vey results, combined with prior
knowledge of the area’s geology and
follow-up field investigations, provides
a short list of sites which merit inten-
sive investigation. Areas of hundreds
of square miles may be surveyed in a
period of months rather than the years
which would be required using more
traditional methods.

The three characteristics studied in
modern airborne geophysical surveys
are (a) Magnetic (b) Radioactive (c)
Thermal.

MAGNETEIC EFFECTS

The earth’s rocks have become mag-
netised by two methods; by induction
due to their alignment in the earth's
magnetic field or by a permanent
{remanent} magnetisation which occ-
cured when the rocks were formed.
Often remanent magnetisation is com-
pletely disorientated with respect to
the earth’s field due to the fact that
the rocks have been twisted and turn-
ed since they were cooled. These rocks

.modify the - earth’s magnetic field-

in the area and this attracts the
interest of the prospector. A device
used to measure magnetic flux density
is called a magnetometer. There are
two types: {(a) the static type, which
measures the field directly, and (b) the
dynamic type, which measures the
modification of a signal transmitted
into the ground.

In geophysics the field is usually
measured in gammas: 105gammas =
1 Gauss = 10—4 weber/m.

The magnetic flux density at the
surface of the earth is normally be-
tween 25,000 and 60,000 gammas.

Rl

HADIATION EFFECTS

Radioactive elements are those con-
taining atoms whose nuclei undergo
spontaneous disintegration. During the
disintegration two types of particle
are emitted: (1) o (alpha)particles,
which are helium nuclei, and (2) §
{beta) particles, which are electrons
or positrons.

After the emission of particles a
nucleus is in an excited energy state
and in order to return to its ground
state a 7y (gamma) quantum is emitted
(Not to be confused with a gamma,
the unit of magnetic flux density). In
the atmosphere alpha and beta
particles are quickly attenuated but
gamma rays have a much greater range.

The Gamma rays are pure electro-
magnetic radiation. They do not alter
the nuclear charge of the emitter but
they are composed of discrete pack-
ages of energy {quanta) (the difference
between finite energy levels in the
atom). Each radioactive substance has
a characteristic spectrum of gamma
ray emission energies. Gamma ray
energy is usually measured in elect:
ron Volts {eV)}, where 1 eV = 1.602
10—19 joules. The range of energies
of interest to the prospector is about
0.1 to 3.0 Mega-electron Volts {MeV).
The following elements occur natur-
ally and are important in geophysical
work. They have these useful energy
peaks in their spectra:

{a} Uranium 1.12, 1.38,and 1.76

MeV.

{b) Thorium 1.61 and 2.62MeV

{c) Potassium 1.46MeV

Gamma rays are attenuated by
surface soil or sand and are usually
detected with a Geiger counter or a
scintillation counter.

THERMAL EFFECTS

Temperature changes on the surface of
the earth are due either to the effects
of the sun and atmosphere or te vol-
canic action, Various types of rock
have differing thermal conductivities
so that temperature measurements
made over a period of time enable
differentiation between the types of
rock. Sub-surface volcanic heat is also
detectable {providing that faults or

by Martin Blanchard

cracks in the rock, or water rising to
the surface, can transfer the heat).

In airborne geophysics temperature
measurements are made with an Infra-
red line scanner. Originally IR radia-
tion comes from the sun or is emitted
by the ground — it can be a combinat-
ion of both. IR is electromagnetic
radiation with a wave length range of
about 0.000075 to 0.04cm.

Temperature measuring, although
useful for additional information, is
not as important as radiometric {radia-
tion measuring) or magnetic technig:
ues. IR line scan surveys are very
useful, however, for such tasks as
checking power station and industrial
plant pollution in rivers or the sea.

MAGNETOMETERS

This month we will discuss the instru-
ments used in Magnetic Surveys. Three
types of magnetometer will be con-
sidered: (a) the proton precession
magnetometer, (b) the flux gate mag-
netometer, and (c) the electro-mag-
netic (em) magnetometer. Types (a)
and (b} are static magnetometers, (c)
is a dynamic type.

PROTON PRECESSION

‘MAGNETOMETER

This device uses the principle of
nuclear magnetic resonance {NMR} to
measure the earth’s magnetic field.
The NMR principle shows that in a
suitable liquid the proton spins are
aligned in the earths field.

The detector head of a proton
magnetometer consists of a container
filled with a proton rich fluid (water
or paraffin usually) and a coil either
wrapped round the container or
immersed in the fluid. The container
and coil are often towed behind the
survey aircraft in an airfoil known as
a ‘bird’ so that the detector is not
affected by the magnetic field of the
aircraft.

The essence of the operation of this
magnetometer is shown in Fig. 1. A
current pulse of several amps is
switched from the unit power supplies

ks GAl
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Fig. 1 Basic Proton Precession Magnetometer.

down the tow cable and through the
detector coil to create the strong mag-
netic field necessary to disturb the
proten spins. As soon as the current
oulse ends the protons begin to precess
and the precession signal is picked up
by the detector coil and passed
through the tow cable to a sensitive
amplifier in the main unit.

The next stage is to measure the
frequency of the precession signal. A
resolution of *1 gamma in a field of
50,000 gammas requires that the pre-
cession frequency be measured within
0.04Hz in about 2kHz. The counter
output is scaled so that a digital dis-
play may be read directly in gammas.

Fig. 2 shows the more sophist-
icated system normally used. The bird
now contains not only the detector
head but also an electronic package

Photo 1. Proton
magnetometer
‘Bird’.

consisting of a preamplifier, a filter
and a pulse shaper. These circuits im-
prove the signal to noise ratio of the
precession signal when it is passed
through the tow cable.

Outputs from the counter are taken
to the recording systems which are
described later. The measurement
accuracy of the system is within 0.5
gammas and is a total field value. The
main disadvantage of the proton pre-
cession magnetometer is the necessity
to switch between energising and
detecting from the coil as this means
that the fastest sampling rate is about
one reading per second which may
mean that anomalies are missed. These
factors of speed and resolution are
important considerations in airborne
geophysics as the survey aircraft
travels about 200 feet in one second.

ELECTRONICS TODAY INTERNATIONAL—FEBRUARY 1976

Fig. 2 Complete Proton Precession Magnetometer.

Photo 2. Fluxgate magnetometer detector
head showing detector coil within the two
sets of gimbals.

FLUXGATE MAGNETOMETER

The fluxgate is the detector in this
type of magnetometer The permea-
bility of a ferro-magnetic material
depends on its intensity of magnetisa-
tion. If a coil with a ferro-magnetic
core is driven cyclically through
saturation by ac, the inductance of the
coil is proportional to the slope of its
hysteresis curve. A distortion occurs
in the voltage output across the coil.
{sce Fig. 3). If now two coils are
connected in series, as shown in Fig, 4,
with an external magnetic field in the
direction shown the ‘kink’ in the coil
output voltage waveform is shifted
in phase and the summed output
voltage Vg varies with the external
field as shown in Fig. 4.
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Photo 3. Fluxgate magnetometer “bird’.

BIRD WiTH
RECEIVING
[=218

TRANSMITTING COIL

magnetometer detector head.

extended portion of the tail of the air-
craft. Using a stinger means that the
detector is influenced by the magnetic
field of the aircraft and in order to
overcome ‘this problem compensation
coils are built in. A fluxgate magneto-
meter bird fitted to a DC-3 aircraft is
illustrated in photo 4.

Generally the fluxgate magneto-
meter has an accuracy of 1 gamma
but values are relative: rather than
absolute and some instrument drift
takes place. The fluxgate magneto-
meter does, however, provide a cen-
tinous record.

ELECTRO-MAGNETIC
MAGNETOMETER

Electro-magnetic {em} magnetometers
differ from those already described
in the important respect that they do
not measure the earth’s magnetic field
but rather the conductivity of the
ground over which they are flown.
There are many types of em magneto-
meter and they vary in performance,
construction and operation. The gen-
eral principle is illustrated in Fig. 6.
Here a signal transmitted from the
survey aircraft causes a current to be
induced into any conducting body
within the transmitted field. This
induced current then sets up a second-
ary field which is detected along with

Photo 4. DC-3 aircraft fitted with a ‘stinger’ suitable for a fluxgate

/ QUT-QF-PHASE

IN-PHASE

ﬁ_'

the transmitted {primary) field by a
receiving coil.

The vector diagram shows that the
resultant, Hr, of the received primary
{Hp) and secondary {Hs) fields may.be
resolved into an in-phase and out-of-
phase component of the primary field.

Two important characteristics of
em systems are that the separation
between the transmit and receive
aerials is roughly proportional to
the depth penetration capability and
that the out-of-phase component is
largely independent of the aerial
spacing and alignment.

EM systems can be broadly split
into two groups, rigid boom systems
and towed bird systems. Rigid boom
systems measure both in and out-of-
phase components usually at a single
frequency and with the aerials at fixed
positions relative to each other. This
is achieved by using a long boom
towed by a helicopter or by mounting
an aerial on each wing-tip of an air-
craft. Towed bird systems measure
out-of-phase components usually at
two frequencies which give more
detailed information about bodies of
only moderate conductivity. The
transmitting aerial is usually mounted
in the survey aircraft while the receiv-
ing aerial is towed in a bird.

A serious problem in em magneto-
meters is the fact that the amplitude

ELECTRONICS TODAY INTERNATIONAL—FEBRUARY 1976
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Fig. 6. Basic EM Magnetometer Operation.

of the received primary field compo:
nent is very much greater than the

_secondary field component which

leads to some difficulties in measure-
ment. A system known as INPUT
{INduced PULse Transient} overcomes
this problem by using a pulsed trans-
mission and by only receiving the
secondary field after the transmitted
pulse is over.

INPUT EM MAGNETOMETER

In this system (Fig. 7) the transmitting
aerial is a large loop strung between
the aircraft wing-tips, nose and tail.
The timing of the system is derived
from the divided output of a crystal
clock. The transmitted pulse has an
output power of 2kW and a duration
of 1mS at a repetition frequency of
about 3kHz. The receiver is gated
open when-the transmit pulse is over
and received signals from the aerial
in the towed bird. The received signal
is sampled at increasing intervals,
usually six times between the trans-
mitted pulses from 150 microseconds
after to about 2 milliseconds after.
Each sample is displayed as a channel
on a chart recorder. A rapidly decay-
ing signal. which indicates a porrly
conducting body, only shows a re-
sponse in early channels while a slowly
decaying signal, which indicates a good
conductor, has a response in all chan-
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Proto 6. DC-3 aircraft fitted with em magnetometer transmitting
foops (on top of fusalage) and detector coils in the ‘stinger’,
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Fig. 7. INPUT EM Magnetometer System.

nels. As measurements are made when

there is no primary field in the input
system it is independant of aerial
orientation.

OPERATIONAL TECHNIQUES
WITH MAGNETOMETERS

As with the use of most airborne:

geophysical equipment the two main
operational parameters to be decided
before the start of the survey are the
altitude at which the aircraft is to fly
and the line spacing. Line spacing
refers to the manner in which survey
. areas are covered. Obviously the area
must be flown in a methodical manner
and this is done by covering the area
with a series of parallel lines. The
spacing of the lines and the altitude
chosen are linked, in that the higher
the magnetometer is flown, the greater
is the area covered and therefore the
wider apart the flight lines can be.
Usually the line spacing and altitude
are chosen to give the best results for

the type of survey. Small ore bodies
are best detected flying at fairly low

altitude (say 150 meters) with a
narrow line spacing (about 400
meters) while general geological

surveys are more usually carried out
at about 600 meters altitude with a
line spacing of 1500 meters. These
figures apply to proton and fluxgate
magnetometrs only — as em magneto-
meters will only function at low altit-
ude. In practice the operational height
is more limited by the terrain in the
survey area and the performance of
the aircraft being used.

Generally em magnetometers oper-
ated from conventional aircraft cannot
.be used below 100 meters because of
safety considerations., Operation of
em magnetometers from helicopters
enables the survey height to be re-
duced to about 50 meters.

The magnetic field at any point on
the surface of the earth is not constant
but undergoes daily variations and
during magnetic ‘storms’ (often caused
by sun-spot activity} the field value

Photo 5. Catalina aircraft with em magnetometer system fitted.

will change radically over a very short
period. Compensation for these effects
is usually achieved by keeping another
magnetometer at a ground base in the
survey area. This ground magneto-
meter (often called a storm monitor)
is run continuously and gives a record
of daily magnetic variations which
may be used to modify the results
obtained from the airborne magneto-
meter and thus provide more accur-
ate results. If the ground magneto-
meter indicates the presence of a mag-
netic storm magnetometer, flying is
usually stopped as compensation for
the large rapidly changing field values
is not possible.

Often surveys are carried out with
the aircraft carrying more than one
type of detection system and the
operational parameters must then be a
compromise that best suits the char-
acteristics of the various systems.

Next month we will look at the
other two techniques used by the
geophysicist: Radioactive Surveys and
Thermal Surveys. )
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Special offer for readers of E.LL.

Sinclair Scientific calculator kit.
Logs, trig,arithmetic,for only £9-95 .. ..,

Forget slide rules and four-figure

tables!
The Sinclair Scientific is an altogether
remakable calculator.

It offers logs, trig, and true scientific notation
over a 200-decade range — features normally
found only on calculators costing around
£20 or mare.

Yetas a kit, it's on offer to Electronics Today
International readers for the first time at
£9.95 including VAT.

with the functions available on the Scientific
keyboard, you can handle directly
sin and arcsin,
cos and arccos,
tan and arctan.
automatic squaring and doubling,
logso. antilogie. giving quick access
to x¥ (including square and other
roots),
plus, of course, addition,
subtraction, multiplication,
division,
and any calculations based on them.

In fact, virtually all complex scientific or o

mathematical calculations can be handled 1
with ease.

Sois the Scientific difficult to
assemble ?

No. Powerful though itis, the Sinclair
Scientific is a model of tidy engineering.

i
All parts are supplied — all you need
provide is a soldering iron and a pair of
cutters. Complete step-by-step 3
instructions are provided, and
our Service Department will
back you throughout if
you've any queries or
problems.

¥ sinclair
& Scientific

Components for Scientific Kit
{illustrated)1. Coil. 2. LS| chip. 3. Interface
chips. 4. Case mouldings, with buttons,
windows and light-up display in position.
5. Printed circuit board. 6. Keyboard panel.
7. Electronic compaonents pack (diodes,
resistars, capacitors, etc.). 8. Battery
assembly and on/off switch. 8. Soft
carrying wallet. 10. Comprehensive
instructions for use.

Assembly time is about 3 hours.

Features of the Sinclair Scientific

@ 12 functions on simple keyboard. Basic
logs and trig functions (and their inverses).
@ Scientific notation. Display shows 5-digit
mantissa, 2-digit exponent, both signable.

@ 200-decaderange. 105910 10+99.

@ Reverse Polish logic. Post-fixed operators
allow chain calculations of unlimited length.
@ Genuinely pocketable. 43" x 2" x 4§,
Woeight 4 oz.

i

3
;?l
BEE29 -0 1 1

57-2958" : |
2-30259
271828 ¢ |
3-14159 :

1rad
In10
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Take advantage of this money-back,
no-risk offer today

The Sinclair Scientific kit is fully guaranteed.
Return kit undamaged within 10 days, and
we'll refund your money without question.
Ali parts are tested and checked before
despatch — and we guarantee any
correctly-assembled calculator for one year.

Simply fill in the preferential order form
below and slip itin the post today.

Pri‘ce inkit form £9.95inc. VAT.

[~ To:Sinclair Radionics Ltd, =l
FREEPOST. Stlves,
Huntingdon, Cambs., PE17 4BR.

Please'send me
[ Sinclair Scientific, kit at £9.95.

| I
I I
I I
| Price includes 8% VAT. |
| |
I I
I I

*| enclose a cheque for £
made out to Sinclair Radionics Ltd,
and crossed.

*Please debit my *Barclaycard/Access

account. Account number I
[ T T T T T T r
|| l 1 | I 1 i _[ L i 1 |

*Delete as required.

Signed__ e e o

Name,

3

A dre s L __I

Please print. FREEPOST — no stamp |
| Eigneeded wo it sha- _EB@J

sinclisir

Sinclair Radionics Ltd,

FREEPOST. Stlves,

Huntingdon, Cambs., PE174BR.

~Reg. No: 699483 England. VAT Reg. No: 213817088
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A couple of issues ago we
announced the ETI T-Shirt—
the response has been
enormous. Initially we just
wanted to sell the surplus
but we've had te reorder
twice! Made in cotton
{yellow with black printing)
these are available in three
sizes suitable for both sexes.
Send vyour cheque and
P.Q. for £1.50 (payable
to Electronics Today
Internationall and  state
Small, Medium or Large.
ETi T-SHIRTS, 36 EBURY
STREET, LONDON SwWiw
oLW.

Now there's a better way

to keep your ET| copies

We reckon ETI is worth keeping: and our surveys indicate that a
staggering 97% of readers keep their copies for at least three
months. Now we can offer you a binder which holds 12 issues
whose quality befits the magazine: excellent. Send £2.00 (which
includes VAT and postage) to:

ETI BINDERS, 36 EBURY STREET, LONDON SW1w OLW.

6-Digt

Digital Clock Kits

® 712/24 HOUR

® 50/60 HERTZ

@® BRIGHT DISPLAYS
® SLOW TIME SET
©® FAST TIME SET

® 7TIME HOLD

i

B oo
=

o) -

£6.95

special offer so that you can get a second chance to

we have just removed your last excuse.
KIT COMPRISES:

€ — Bright red common cathode displays, 0.27° character height,
7 — NPN Segment driver transistors.

6 — PNP Cathode driver transistors

9 — Carbon resistars

5 — Diodes

2 — Disc caps

1 — Electrolytic filter cap

3 — Switches for time setting functions

2 — Etched, drilled and plated p.c. boards.

1 — lllustrated assembly instructions manual

All you provide is a 9-12v ac/ 200 m/a Transfarmer
and case of your choice.

sabtronics
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The response 10 our advert in the December issue was
purchase this fantastic bargain in case you missed
the first offer. If you've been considering building a digital clock but were discouraged at the high prices.

1 — National MM5314 Clock Chip, 12/24 hour, 50/ 60 Hz option.

NO ELECTRONICS KNOWLEDGE REQUIRED TO BUILD THESE KITS i

P.0. BOX 64683, DALLAS, TEXAS, 75206, U.S:A.

+90p Airmail p&p

phenomenal. We are therefore extending this

OPTIONAL JUMBO DISPLAYS

You can have 6 — 0.5 Jumbo displays with a suiiable
board instead of the 0.27" types. Clock kit with 6 jumbe
displays £10.95° + 90p airmail p&p

* ORDERING INFORMATION

The above prices shown in British £s are approximate
equivalents of the following U.S. Dollar prices and should
be used as a guide only:

Clock kit with 6§ —.0.27"' displays: U.S. $16.50 post paid.
Clock kit with 8 — 0.50"' displays: U.S. $24.75 post paid.
Remittance by BANK DRAFTS or INTERNATIONAL
MONEY ORDERS [N U.S. FUNDS. SENT ANYWHERE IN
THE WORLD.

ELECTRONICS TODAY INTERNATIONAL—FEBRUARY 1976

e —



Fiexible low-cost noise filter virtually eliminates record surface noise . ..

1BMS on INPUT
. TIME oy G
LCONS surer comp g
I M5 OFF QuTrPuT

Fig.1. Interior of prototypa.unit.

BYNAMIC NOISE FILTER

;
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LEVEL SET

100
70 150 3 °
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v e
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SPILTER

DESPITE denials from many record
manufacturers, many present day
recordings have excessively foud
surface noise - and this cannot be
reduced using conventional tone
controls without also losing a
substantial amount of the pregramme
content,

Serlous coilectors of older recordings
have an even more serious problem.
Most of these records are quite noisy
— even by today's standards. For
example, 78 rpm commercial discs,
even though in mint condition, quI
have a typical signal-to-noise ratio of
only 30 to 35 dB due to the abrasive
nature of the record material. b
Many collectors dub their best

struction.

records onto tape. This way they may
be played as often as desired — and
conveniently shared with other
collectors — while the often
irreplaceable  originals are safely
preserved. Also, the sound can often
be improved considerably during the
copying process through equalization
and filter(ng.

This article describes a flexible,
low-cost noise filter designed for
taping records with a maximum
“fidelity-to-noise’ ratio. It can be
duplicated by the serious electronics
hobhyist for about £40, or slightly less
if certaln features or ranges won't be
needed. Although not recommended
as a beginner's project, the

ELECTRONICS TODAY INTERNATIONAL—FEBRUARY 1976

NOISE

PART
ONE

9.2 I ILI ER by M.G. Strange

This two-part article gives you the theory you need
to design your own unit . . . plus advice on con-

experimenter with some circult
experience should have no difficulty,
Minimum equipment requirements are
an oscilloscope, sine wave generator,
and multimeter.

The heart of this circuit is a dynamic
noise suppressor with frequency
characteristics  and convenience
features which are optimized for Its
intended use. The concept of dynamic
noise suppression has existed for many
years, Workable clrcults were designed
by H.H. Scott in 1946, and their
performance was improved by Scott
and others in 1947 and 1848. Then
with the advent of the vinyl
microgroove record and the rapidly
increasing use of tape, both of which
offered a considerable noise
improvement over the 78 rpm system,
the dynamic noise suppressor was
almost forgotten. Recently, R, Burwen
has revived this principle and applied it
primarily to tape playback. Taking fuli
advantage of = modern integrated
circuits, Burwen has designed highly
sophisticated and flexible systems with
impressive specifications. These,
however, are too expensive for many
hobbyists and do not have frequency
characteristics optimized specifically
for old, intrinsically band-limited
material.

THEORY

Dynamic noise suppression is simple
in concept. Record surface noise varies
in spectral content, but the higher
frequencies (above 1 or 2 kH2)
predominate. Low-pass f||ter1ng is
commonly used to limit noise. But
unless used sparingly, this type of
filtering band-limits the programme
material, making it sound muffled and
lifeless. The dynamic filter, however,
provides a method by which a signal
can be effectively extracted from the
noise (at least subjectively) when
signal and noise occupy overlapping
frequency ranges.

37

ki



‘_1‘;_»-

DYNAMIC
NOISE
FILTER

Operation of the dynamic noise
suppressor depends upon a
“characteristic of the human auditory

apparatus. f two signals occupying
well-separated frequency ranges are
present simultanecusly, they are

clearly perceived as individual entities,
(This effect is often used to advantage
in public address systems for noisy
environments. I considerable

drops in frequency and/or amplitude,
bandwidth contracts. The idea is that
when high-frequency signal
components are present, they will .tend
to mask the accompanying noise.
When highs are not present, the wide
bandwidth is not needed. Admittedly,
the recovered signal is not as faithful
as a noise-free original would be. For
example, high-frequency content in
low-level passages may be lost. Of
some help here is the fact that many
musical instruments tend to have less
harmonic content at low acoustic
levels. In spite of this compromise, the
processed signal is usually far more
pleasing to the ear than the noisy
input signal.

high-frequency boost is used, voice The bandwidth control signal is
announcements will seem to cut derived by separating the
through ambient noise of high-frequency programme
predominately lower frequency components from the signal-plus-noise.
— = T—— .
Y INPUT  ouTPUT
—
vae SRy |
e |

+I5VDCTO -15VDC TO

078V =0 VYU

:
[
| ON
| PIN7, ALL  PING, ALL Lasme
| OP AMPS  OP AMPS
= ; VOLTAGE
; SET CONTR.
olgF | | feo L-P FILTER
!
{Cw) I 4
10 TAPER) L-P PRE-
EVEL SET FILTER
100K H-P FiLT
10 K AND | SET
{AUDIO TAPER)g'_" PRECISION [*—BASS
150K SUPPR.GAIN DETECTOR | FREQ
B 44 SET = SET
feo TG

‘ig.2. Block diagram of system,

—

without having to be excessively loud.)’
This is the case, at least for a large
portion of the time, for a typical
recorded signal with attendant surface
noise; hence, the annoyance of the
noise, However, if two simultaneous
signals occupy substantially the same
frequency ranges, the ear will tend to
hear only the louder signal and ignore
the weaker one, A level difference of
only a few dB-is sufficient for one
signal to effectively override, or mask,
the other. Operation of the dynamic
noise suppressor depends upon this
masking effect.

GHARAGTERISTICS

The dynamic filter has a fairly steep
low-pass characteristic which, in the
absence of signal, starts cutting off at
about 1 kHz. This very effectively
rejects the noise spectrum. When a
signal having high-frequency
components at sufficient amplitude
comes along, the filter is made to
“open up'; that is, its cutoff
frequency is quickly raised. As the
high-frequency programme content

38

Unless the signal level is consistently
higher than the noise to begin with,
this becomes impossible. Thus, there is
a minimum signal-to-noise requirement
below which no improvement is
possible. As the original S/N improves,
the dynamic suppressor’s performance
improves also.

Ideally, the signal frequency range to
which bandwidth is most sensitive

should correspond to the frequency

range of maximum noise. The
optimum  filter characteristic for
separating the bandwidth-control

signal from the noisy input thus varies
widely with the characteristics of the

- Furthermore,

noise with which we are dealing,
Bandwidth control sensitivity {or gain)
must be set properly for the incoming

signal level and noise properties.
Bandwidth should respond rapidly to
signal changes to avoid loss of

transients and to prevent audible
'swishing” sounds which can be
produced by delayed bandwidth
contraction,

DESIGN APPROAGH

| have tried to implement the basic
requirements outlined above as
completely as possible in an
easy-to-use, low-cost unit. A dynamic
high-pass filter stage: was considered
but later dropped, as high-frequency
noise predominates on most older
records. Low-frequency noise can
usually be handled adequately with a
simple manually-set rumble filter,

Figure 2 shows an overall block
diagram of the noise filter. Operational
amptifier A1 is connected as a
non-inverting amplifier with a voltage
gain of 3.2 (10 dB), enabling the
system to be driven to 0 VU with an
input level of 0.25 voit, This amplifier
also serves as a buffer, providing an
input impedance of 100 kilohms for
compatibility with virtually any signal
source.

Amplifier A1 drives the rumble filter,
which could be omitted if one is
available in the associated external
equipment. Following this is the
pre-fifter, which is simply a low-pass
filter with a manually set cutoff. This
filter is important for several reasons.
First, it removes noise which is above
the frequency range of the recorded
signal. Many recordings have no signal
content above 4 or 5 kHz (even lower
for acoustic records), and no
programme content is lost by cutting
off the upper range. Thus, the total
noise voltage is lowered, often
appreciably, permitting the use of
higher suppression gain settings as will
be seen later, Another reason for this
filter is that the dynamic filter can do
nothing to reduce the annoyance of
high-frequency distortion.
since a
limited-bandwidth signal cannot
effectively mask higher-frequency
noise; removal of the latter helps to
eliminate audible evidence of the
continually changing bandwidth,

From the pre-filter output the signa!
passes to the voltage-controlled

CO33uF

| — '
INPUT IIK 224K
100
oo & o

[o]
NC) ——o  FeolHz) -
i =otr @,ﬁz?

Q033 uF

%2?0»( :00»(%751(%4?1( 33K

’ 1

1 -0 ‘l !
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£ig.3. Optional high-pass rumble filter schematic.




low-pass filter and, via the suppression

r ’ = T
gain control, to the high-pass P T l
filter/precision detector whose 4TK 239K $3ox 24K 2I50KSI2K  S4TK 239K 30K S24K |5OK 12K

function is to derive the bandwidth
control signal. This point additionally

goes to a switch which permits the [ K,Q 5 ,,{ = S / =
<
\

dynamic filter to be by-passed at will T
so that its effect with various control B @/E
settings may be easily judged. Another 25 oFF |
switch permits the output to be N
compared with the “raw’” input signal.

All of the filters usedin this system,
including the voltage-controlled filter, St
are of the 2-pole active type, giving a INPUT

12 dB/octave rolloff slope. The
damping factor is chosen {with one t ! :
exception) for a Butterworth response, Fig.4. Schematic of the low-pass pre-filter.
which produces the steepest possible.
slope beyond cutoff with no peaking
.in the passband. (High-pass filters with
3 dB peaking were tried, but these
produced a slightly rough, “grainy”
sound compared to the flat-passband
version.) The design approaches are
widely published and need no further
discussion here, The rumble filter
(Fig. 3) and the pre-filter (Fig.4) are of
this type: their response curves are
shown in Fig.5. The rumbie filter is not
essential to  proper  suppressor
operation, but is convenient in case an i g characteristics of the
effective low-cut filter is not included j epe g e L ; manually-set rumble filter
with the associated preamplifier in the : and pre-filter.

copying setup, The design shown here = =" >
has rather high settings intended
primarily for acoustic records.

OUTPUT LEVEL —d8

I~ Fig.5. Frequency

BANDWIDTH O

The bandwidth control signal is -6 —
derived with the circuit of Fig. 6, S 4.
which consists of a high-pass filter !
followed by a precision detector. The w18
filter damping factor is made low in =] _

- 28—
order to produce a pronounced peak ]
and more rapid low-frequency rolloff §
{Fig. 7). Three selectable cutoffs :
pro?duce peaks at 3.5, 5, and 7.5 kHz; E 1 7 il W R i :,’g;—cfe’;gt‘;;”g e
these were empirically determined to _42- A » oy : filter used to derive
best accommodate a wide range of | T i | (e | ||| ‘the bandwidth
noise characteristics and recorded ) 0 1) T ~1aok control signal.
bandwidths. . . === come—

The knowledgeable enthusiast: could The filter output is coupled to a of thf_a variable-cutoff filter anq con-
readily modify the cut-off points to detector and an integrator. T_he oper- SFI’UCtIOI‘I follows r_next month in the
suit his own particular application. ation of these circuits and discussion final part to the article.
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#ilter and precision rectifier. IC A8 circuitry LBK 18K ——1 2mssHown)
may be modified, as shown in separate g 0 005F | necay T.C-RgC
detail, for shorter attack with respect to ~ —4 7 5mS SHOWN)
decay time — note that Rl and R2 alsc L 1.§M
affect rectifier gain so time constant = 15y :-—_-i—:l>_‘»
changes are not compietely independant - AS

of suppression’ gain.




We're usually pretty brash about the way we announce what
is planned for the next issue. The March issue is something
special so we decided to tell you about it in a different way:
quietly.

First we've got a rather special competition which we are
running in conjunction with Henry's Radio. It is a sort of
‘Sale of the Century’ for the winners —something like a 99%
discount (up to a certain limit} for goods in the Henry's
catalogue.....and quite a lot is being given away at that. It
won't be an easy competition 1o enter, we get excellent
responses to our competitions mainly because they are
challenging and don’t insult the readers intelligence.

Second, there, is a pretty good reader offer. Now, we can’t
tell you too much about it at this stage, when you see it you
will understand why.: We are not being mysterious to hide a
mediocre offer. We can say that it i1s for a highly popular
product, especially of interest to the technically minded
and at a price which is about 40% cheaper than the current
cheapest price for any product in this field. As someone put
it to us the other day, ETI brings you today’s products at
tomorrow's prices. In our field that could be taken as a
compliment.

Next we have a Data Sheet Special: on Op-Amps. This will
cover various types and should be something you will want to
keep for fulure reference. It also forms a nice wrap-up to our
serigs which finishes in this issue.

We've also gol an Index for you, covering every issue of ETI
to date - that’s four year’s next month. In the March issue
we are dealing with all subjects except Tech Tips and Data
Sheet; these will be done in April.

Then there is an excellent article by Gordon King on
Distortion. Did you know that in certain cases distortion can
actually help the sound quality? This is an article which we
feel will be of interest to everyone.

There are plenty ol projects of course.
A 5V Switching Regulator Power Supply. An unusual design
operating on very different principles to the regular stabilised
4 PSU. Next is an Audio Level Meter using a ‘bar’ of LEDs
instead of a moving coil meter. Even if you have no interest
in this subject, the technigue rmay be of interest. There is also
s an article describing how to modify the Tone-Burst
Generator for silent A-B switching. Cannibals  and
Missionaries - sounds ridiculous, but it's a great party game.
Another simple project is a headphone adaptor with
adjustable stereo separation — it also restores natural
damping, giving a better quality sound.
Well, if you have read this we hope your appetite has been
whetted. We have to add the rider that circumstances can
affect the final contents but evervthing we mentioned is at an
advanced state of preparation. The March issue will be
published on Friday, February 6th.

‘electronics today

international
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The General Instruments Master Tone
Generator is a digital tone generator which
produces from a single input frequency, a
full octave of twelve frequencies on twelve
separate cutput terminals.

The MTG consists of twelve divider
circuits which divide the input by an exact
integer to produce a chromatic scale of
twelve notes. When used in conjunction
with an oscillator and frequency dividers,
a system may be configured which generates
all the frequencies required by an eiectronic
music synthesiser. The AY-1-0212 operates
at inpuf frequencies up to 1.5MHz. Typlcal
advertised price is £7.

The AY-1-5051 is a 4 stage divide-by-two
frequency divider which will operate up to
1MHz on either sine or square wave input.
The ouiputs change state on the negative
going edge of the ciock.

Other divider configurations are avail-

able:
AY-1-6721/5 5 stage divider 10 lead CAN
AY-1-6721/6 6 stage divider 12 |ead CAN

AY-1-5050 7 stage divider 14 pin DIL
AY-1-6722 B stage divider 16 pin DIL..
The typical advertised price of the

AY-1-5051 1s £1.50.

e TYPICAL APPLICATION r———
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ELECTRICAL CHARACTERISTICS
VGG Power consumption 16mA
VDD Power consumption 20mA
Input frequency 0.25-1.5MHz
VGG —26V approx.
VDD 14V approx. _'
—
[ —
ELECTRICAL
CHARACTERISTICS 4 STAGE AY-1-5051
Input Logic Levels :
“0!" Level —2V max.. PIN RUNCTION
“1"" Level =10V min. 1= QuUT A,
Output Logic Levels e = OUT A,
0" Level —1V max. 5 A
1" Level —~11V max. ; : 7 OUT B
PIN DIAGRAM a0 GND
6 . IN Cc
fivs QuT C
8 . Ve
RS e . Vo
105 7 e rike Bakies - IN A

WHzL ! 4
0sc. [~ T
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AY-5-3507 3% DECADE DVM

ing all the logic necessary for a 3% Decade
Digital Voltmeter utlifsing Duai Ramp
integration. Automatic polarity detection is
incorporated, as Is automatic overrange
indication. The outputs are multiplexed
onto a 7 segment highway allowlng easy
interface to LED and similar  displays
whlist Keeping the pin count to 18. Typical
advertised priced 1s £6.50.

OPERATION

The operation of the circuit is as foliows:
Intially the slgnal and reference outputs
are in the logic ‘0’ state. The counter
continuously _and at the 1999 to 0000
transistion a = 2 is toggled drlving the signal
switch output to logic ‘1’ turning on the
signal switch. The integrator generates a
ramp. the amplitude and pelarity of which
depend on the amplitude and polarity of
the input signai. After a further 2000 clock
pulses the = 2 is toggled again. This stores
the state of the comparator output ina D
type flip flop (the signal represents the sign
of the input signal). The appropriate
reference switch is then energised to cause
the integrator output to ramp back to zero.
When the comparator cutput subsequently

. changes state the reference is switched off

and the number In the counter is transferred
to the store together with polarity
information.

Should the input signal be so large that
zero is not reached during one counter
cycle, an overrange flip flop will be set
and will remain set until the next 1999 to
0000 transltion of the counter. During over-
range tha main display will be set to 0000
and the overrange indicator will ftash.

To minimise pin requirements a time
shared output is uﬁed. The display store
output {including = = 0/1 and oOverrange)
Is gated sequentially a decade at a time onto
a common 7 line output highway.

18 lead Dual-i

PIN FUNCTION

ik

© @ N O Y A E N

Segment F

Segment G

Segment E

Signal Switch
Comparator Input
Negative Ref. Switch
Positive Ref. Switch
Segment A

Segment B

lnfioEaSz BuSalinloim

n-Line

PIN FUNCTION
10. Vss

11. Segment C
12. Segment D
13. VGG

14. Clock

15. Mux 1

16. Mux 2

17. Mux 3

18. Mux 4

12 i1 10

TS Ar 5586

0oa

7 8 g9

PACKAGE INFORMATION

ELECTRICAL
CHARACTERISTICS

CLOCK & COMPARATOR INPUTS
Logic ‘0’ level between -6V & —18¥
Logic 1’ level between +0.3V & —1V
Clock frequency between DC and 20kHz

DISPLAY MULTIPLEX QUTPUTS
Logic ‘1’ sink current 2mA typical
Logic ‘O’ leakage current less than 10UA

SWITCH OUTPUTS
Logic 1’ sink current 0.8mA typical
Logic ‘0" leakage current less than 10LA

SEGMENT OLUTPUTS
Logic “1’ sink current 7mA typical
Lohic ‘0" leakage current less than 100A

SUPPLIES
Vs ov
VGG ~-12V to -18V

At VGG = --12V, Supply current is
1.5mA typical

At VGG = —18V, Supply current is
3.6mA typical

INPUT AND OUTPUT SIGNALS
COMPARATOR INPUT

CLOCK INPUT
REFERENCE SWITCH
QUTPUTS

SIGNAL SWITCH OUTPUT
DISPLAY MULTIPLEX

A logic ‘0’ level corresponds to a negative input signal.
A logic *1° level corresponds to a positive input signal.
This signal should be supplied from an external oscillator giving a square wave signal.

These outputs drive analogue switches which connect the Reference Voltages to the Integrator. A
logic ‘0° at the Comparator Input will be followed by a logic 1 at the Positive Refarence Switch
Output. A logic “1' at the Comparator Input will be followed by alogic '1” at the Negative Refer-
ence Switch Output.
This output will be at ‘logic’ during the time that the signal is connected to the Integrator.
These outputs will be at logic *1’ to display. The outputs selected will be as follows: -

QUTPUTS MX1 0/1, £, Over-range MX3 Decade 2 (101)
MX2 Decade 3 {102} MX4 Decade 1 (109)
SEGMENT QUTPUTS The outputs of the 3 decade counters are presented sequentially on the outputs A, B, C, D, E, F,
G. In the first multiplex position 1 is indicated by segments B and C, — is indicated by segment G,
overrange by the flashing of segments A and D. 0, + and underrange are not indicated.
— == - ==
INPUT & INTEGRATOR
REF. SWITCH LM308
4016 OR MEM HhlE 5%8;-"7414
2 REF - 7HP 50827432
e : COMPARATOR 4 x 2N3705
5 LM301A :
i § DISPLAY
€
P 4
X DIGIT
ey | DRIVERS
ITT ‘ __)1
7120
AY-5-3507 J
10KHZ = R
0se l

PN S

B

Vss Vae

THE AY-5-3507
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EXTERNAL CIRCUITRY TO BUILD A
DVM

We give here circuitry required to build a 3%
digit Dual Ramp Integrating DVM which
witl,run from a 6V battery and has an FSD
of £ 2V. The circuits described here are an
inteagrator, a comparator, a voltage
reference, a clock oscillator and a displav.
ANALOGUE CIRCUITRY (Fig. 1)

This consists of an L M308 Integrator
followed by an LM301A comparator, The
input and reference signais are switched
onto the integrator by an MEM 780 quad
n-channel MOS FET switch,

Zero setting is achieved by injecting a
small current into the input, sufficient
to balance out the bias current of the
LM380 and the leakage current of the MEM
780. Full scale setting is achieved by adjust-
ing the Positive and Negative references,

The LM301A negative supply is
decoupled with 220 Ohms and 150UF,
this is only when the ITT 7120 power
supply is used. ;i

VOLTAGE REFERENCE (Fig. 2)
A BZV10 temperature compensated Zener

amplifier is used to generate a +3.25V
and a -—3.25V reference from the Zener
voltage., Four outputs are proviged, the
Positive and MNegative references (X 2 volt
nominal} a —3.25V substrate bias for the
MEM 780 anatogue switch and a zero set
control for the integrator.

DISPLAY INTERFACE (Fig.3)

The high output current capability of the
AY 5-3507 allows direct driving of LED
segments. With a 6V supply, the output
drive to the digit select transistors be SmA
and the peak segment current will be typ-
ically 16mA, 9giving an average segment
current of 3.2mA.

The segment output is high enough to
ogive outdoor visibility on 011" displays
such as the 7HP 5082-7414 and 7232.
Larger displays can be driven if indoor
use is intended.

POWER SUPPLY AND CLOCK
OSCILLATOR (Fig. 4)

The circuit is designed to be run from a 6V
battery, an ITT 7120 calculator power
supply is used to generate 3 —14V supply.
This results in supplies of +6V for the DVM.
The 7120 also contains a clock oscillator

Typical power consumption for the
circuit, excluding the display, is 50mA at
6V. The display as shown takes on average a
further 50mA.

Alternative power Supplies may be used,
the restriction being that each supply must
lie within the range 4.5 to 10.5V and the
surn of the supply voltages must be in the
range 12 to 18V. If It Is desired with a
positive supply greater than +6.5V, limiting
resistors will be required in the-segment
and multiplex outputs.

OVERALL PERFORMANCE

Full scale range +1.999v

Accuracy + 0.1% reading ¥ 1
digit

Input Resistance 220k

09C to +70°C

1 digit change 0°C
to 70°C supply 5
to 7V

0.004% per °C
0.16% per volt
supply

2.5 per second

4.5 to 6.5V. 6V

Operating Temperature
Zero stability

FSD stability

Reading rate
Power supply

diode is used to provide a basic 6.5V this runs at 10kHz giving a reading rate & 3
reference. An LM301A operational 2.5 per second. nominal at 100mA
= MEM 4016 of equivafent Y5 *6V
may be used in place of
MEM 780
MEM 780 -
+REF SWITCH
220K ul \
Vi T T
SiG. swn'crhj
220K )
T S T — L W )
—Ret Switch
220K I 15
N G T | Tl
—3.25v =
246701 ~
ZERQ SET s
vGG -8v
FIG. 1. ANALOGUE CIRCUIT
N e e I —— — = i e “s
—— T I
r Vgg *8V
+8V = — V55 38V
+3.25V
| ] 110uH
= o
tVopp O 220K v & 3 e -L
28uF
e b
5K -1 nx
- = 0.015:F
3y
- -
~Vage @5 220K
- Voo -8y
=3. 25V W ]
o FIG. 4. POWER SUPPLY AND CLOCK OSCILLATOR
CLOCK
ZERQ SET M2 el v BV
FIG. 2. AY-53507 VOLTAGE REFERENCE
e i
=1
220K
7 £l A
=~ REF SwITCH 3 —"ﬁ : : :
—REF SWITCH m IS 1 K] ]
516 SWITCH : = 1 <DIGIT [COMMON 1
cOoMP INPUT 5 : ED y ' d
T L { B
5:?_‘: 5 2] av.53807 v AL 5’?’" l
Vs 6V s 0 7» = 1 I : :
18 135, . 2
8 2 J
r
2 i 3 £
L 2N 3705
ov .. =, - __]
- FIG. 3. AY-5-3507 DISPLAY INTERFACE
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““ELECTRONICS SELF-TAUGHT WITH
EXPERIMENTS AND PROJECTS
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ELECTRONICS
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‘ELECTRONIC MUSICAL
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ELECTRONICS UNRAVELLED
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DIGITAL ELECTRONIC CIRCUITS AND
SYSTEMS

N. M. Morris £2.
The ides book for the enthustast confused by logic and dighal
techniaues. f
TNDUSTRIAL ELECTRONICS
N. M. Morris

£2.05

£3.20
The book concentrstes mainty on semiconductor devices snd ciréuits
solutiont 10 the Many numancs! problomae and given, S.1. unitsiare
used throughout.

LOGIC CIREUITS

N. M. Morria £3.10
Aids the ing of logics! pi . di cireult pringi
insluding integrated circuite.

INTRODUCING AMATEUR
ELECTRONICS

I. R. Sincisir £1.60

The book for the complete hovice of any nge, as no previous
kncwledge B zssumed
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BEGINNERS GUIDE TO ELECTRONICS
T. L. Squires % £2.55
A 3ot cut for those wishing 10 obtsin 5 quick mcquaintance with
modern slectronics.

1.C. OP-AMP COOKBOOK
W. G. Ju £8i15

Covers tha basic theory of IC OP.Amp in grest detail“ales includes 3 B0,
practical citcust applications Iibcr-l_ly ustrated.

TTL COOKBOOK
D. Lancaster 5.80

£
- Compiete and cotalied Quids to TTL, how It worke. how 10 use it and”

pactcal spplications

110 OPERATIONAL AMPLIFIER
PROJECTS FOR THE HOME
CONSTRUCTOR

R. M. Maraton £2.
Outlinas tha sseniisl charsciaritlas of thz OF AMP and presenta 110

upafid po
110 SEMICONDUCTOR PROJECTS
FOR THE HOME CONSTRUCTOR

R. M. Murston £2.85
This book introduces the 19ader 10 uselul New devices such 83 the

FEY. SCR and i€, with full constructional detsl's of many useful

clrcuits

UNDERSTANDING CMOS

INTEGRATED CIRCUITS

R. Meion £3.28
Boging with bamic digas! IC's, covers semiconduttor phylics. CMOS,
fabrication 1achnology snd design,

INTEGRATED .ELECTRO'NICS
J. Millman £5.00

Using an integrated eircuba spproach thie text (sads the resder step by
slop Irom semiconductor phygice 1o devices, Models, cifcults snd

Tystame.
LINEAR IC PRINCIPLES,

‘EXPERIMENTS AND PROJECTS

E. M. Kol
An intro to one of alectromc’s most #aciting devices. £5.80

DESIGNING WITH TTL INTEGRATED
CIRCUITS

Texas instruments £6.
Covars the antire tamidy of TTL and practical applicstione of the circuits .
in digitai systeme.

OPERATIONAL AMPLIFIERS DESIGN
AND APPLICATION

G. Tobay (Burr-Erown) £4.70
Campiarely up to date, thfs wark covars 1he entirs fisid of operations
ampliers .

Towers' Intemational
Transistor Selector
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e

‘Please list titles (with price) separately. Cheques,
atc., 10 be payable to° Electronics Today
International and sent to:

ETl BOOK SERVICE, 25 Gourt Close,
Bray, Maidenhead, Berks.

Al prices include Postage ana Packing,
BEGINNERS' GUIDE TO

TRANSISTORS

J. A. Reddihough i £2.55
Cw-g- the basic theory and practice of modsrn tranaietors.
COLOUR TV THEORY

G. F. Hutson £4.65

FAL Systems, principles and racover Clrcuitly for enginders. technicians
and students.

TV SERVICING HANDBOOK
£8.00

_'Ighomq ity practicsl handbook. deals In detsil with modarn receivers.
COLOUR TELEVISION SERVICING

G. King £5
.A_w-mg‘d handbook, cesting with il modern receivars.
‘MAZDA BOOK OF PAL RECEIVER
SERVICING

0. Seal £5.30
A practical handbook with over 200 illustrations.

THE OSCILLOSCOPE

G, Zwick £2.10
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HOW TO USE VECTORSCOPES,
OSCILLOSCOPES AND SWEEP

SIGNAL GENERATORS

§. Prentiss £1.85
It gos 10 the whole subject dogp!y. In 250 heavily iliustrsted pages.

99 WAYS TO USE YOUR
OSCILLOSCOPE

A. Ssunders £1.80
Describes how 10 90ive practical problems using a scops. \
WORKING WITH THE OSCILLOSCOPE
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EXPOSURE METER

- By Dave Adams

The prototype unit as seen on the front cover. The case is a Kodak

20-exposures transparency case.

1T IS COMMON for amateur photo-
graphers to find three or four useless
prints in the wallet picked up from the
chemists, and wsually there are a
couple of shots lost because the
exposure was so way-out that there is
no image on the negs. For a few quid,
however, you can build this simple
instrument and -ensure that all your
shots are correctly exposed.

The exposure meter uses an LDR
(Light Dependent Resistor} to measure
the amount of light falling on a trans-
lucent window. The position of the
potentiometer control when the meter
is set is directly related to this
quantity. Setting up simply involves
adjustment of the knob until the two
LEDs glow with equal brightness,

The prototype is built in a 20-
exposures transparency case and uses a
slider control. The control is cali-
brated in units which are 1 stop
(representing a doubling in quantity of
light) apart; we call these LV (Light
Value) units. Having found the LV
number, the camera setting can be

The Mark Il meter is built into a2 Vero box.

found using the circular calculator
on the underside of the meter.

After building the first prototype
we found that we needed to build a
second one (there were two of us at
ET! who wanted the meter, so to save
arguments we built another}. The
mark 1l shows some of the possible
alternative methods of construction —
we used a small Vero box and a
conventional pot. Now the rotation of
the control automatically sets the
calcutator without the need for LV
numbers, The circuit was the same
in each case.

As it stands the meter is ideal for
measuring light levels normally found
indoors — but it cannot cope with
highly illuminated sets or outdoor
work. To give an additional range to
the meter we use an optical atten-
uator, a mechanical filter placed in
front of the LDR window, Now the
instrument can cope with all the
lighting conditions met by the amateur
photographer.

—

ETI 951

oO——C0000

e

‘Fig. 2. The pcb design.
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Fig. 1. The circuit diagram of the Exposure Meter.
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]
Fig. 3. The component overiay.
PARTS LIST

Resistor 12Kk 1/8W 10%
th gsgg i e
" P " "
" saoQ " ~

plastic

VRl Potent;o- 4k7 1in o ~.
me
Q1, Q4Transnstors BC108 ~

Q2,Q3 BC178

LEDs TiL209

LDR ORP12

51 Miniature slide switch
or push-on switch

Batteries 3x1.35V Mercurly Cells

PCB ET! 951

Box Either Kodak (or sim-

Alsc: 18swg aluminium for the filter;
3.1mm perspex (at least 50 x 35mm},
red perspex 30 X 15mm; matt black paint,

" (13 "

ilar) 20-exposures tran-
sparency case or Vero
75-1413-E.

card, impact adheswe ete.

46

ELECTRONICS TODAY INTERNATIONAL—FEBRUARY 1976



—

The reward! This is the kind of picture you
can take with this meter (shown in action
_on the front cover).

CONSTRUCTION

The pcb holds all the electronics
except the pot, the batteries, the
switch and the LDR. The transistors
must be mounted as low as possible
on the board so that it can be fitted
under the pot. The positioning of the
LEDs can be finalised only when the
board is mounted in its case.

We will give details of construction
in the slide case. Fig. 4 shows how
slots are cut to enable the mechanical
filter to be fitted. The LDR window
ts marked out, according to Fig. 5, and
made inte a diffuser by rubbing with
wirewool. Then the transparent top is
painted (except for the window)
with a couple of coats of matt black
paint.

Fig. 6. shows the construction of
the LDR holder. The dimensians here
are important — they decide how
much of the light falling into the
window will be measured by-the LDR.
The holder must be a light-tight box —
use matt-black paint and glue to
achieve this.

The battery holder is located at
the other end of the box top, and is
made from perspex; see. Fig. 7. A
useful source of copper contacts is
raw printed circuit board — glue pads
at each end of the holder and solder
feads to these.

The photographs show how the
slider pot and on-off switch are

Fig. 4. The work required to modify the
transparency case.

(5
1

e mm i mm

Fig. 6. How the LOR Holder is made
using two pieces of perspex inside the Iid.

LN DEE; l

MATT BLACK PAINT |

15

THICKNESS OF BORDER =~ APPROX. 1MM

' Fig. 5. The LOR Window. This is rubbed
inside with wirewool and then the
surrounding area is painted matt black.

\
Pl 21
|

COPPER CONTACTS
PLACED MERE =

=
S
=

-

Fig. 7. Construction of the battery holder.
The inside of the end faces of the holder
should be lined with copper contacts.

mounted. Fig. 8 gives details of cali-
bration for the pot. The pcb s
mounted by one balt through the
centre — this bolt also acts as the
centre of the calculator. The proto-
type calibrations, Fig. 8, will work if
the meter is constructed exactly like

sty 739

the prototype. Check the meter
against a known accurate instrument,
then if adjustment is required this only
needs to be done by moving the scale
of LV numbers a little (the time and
aperture scales ought to be ok).

The prototype was held together by

Fig. 8. The scales

for calibrating the

8 9 10 1

1
= | 1 |.1_,L1 '

12 13 4 15

! 16
1|4J1I|IBRIGdT 4

1 siider pot.

1 S RNEG

0 ||Llllllli|L

7
I DliA 10

- 73 =
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The top of the transparency box is painted black inside. Then the Battery Holder {left) and
LOR Holder (right] are built into opposite ends.
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METER

a BBA bolt (Fig. 10}, but less crude
methods can be used if you can think
of them.

The mechanical filter is constructed
from 18swg aluminium, The necessary
information is given in Fig. 11. Twelve
holes are drilled, in three columns
of four. Vertical separation is 4mm,
horizontal 9mm. The size of the holes
is 1.16mm diameter. Check that all the
hgles are over the window (the format
of the matrix is not critical, but should
be symmetrical).

\Fig. 10. How the meter is held together =
a 68A bolt.

Construction in the Vero box can
be seen from the photographs. The
LDR holder and battery holder are the
same as before. We used a push-on
miniature switch — this will keep
the drain on the mercury cells down
to a minimum. The pcb is mounted
on the back of the pot. It is held by
the connecting wires, The body of the
pot is covered in pvc tape to prevent
shorting.

The calculator was made from two
discs cut from plastic board. Perhaps
the best way to calibrate the Mkll is to
use an accurate meter {borrow one}.
We found that we needed to divide the
circle into 13 segments. The useful
range of the pot’s rotation has nine
stops {nine of these segments}. The
aperture settings found on your
camera can be marked on the outer
disc {in the sequence 1, 1.4, 2, 2.8, 4,
5.6, 8, 11, 16, 22, etc). ‘

Beneath the outer disc we glued a
pointet {a plastic arrowhead} which
runs in a slot cut into the thick
perspex block beside the calculator.
This holds the outer disc firm while
the inner is rotated and allows the

.
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Inside the Mark ll.  Tha pch is mounted on the back of the pot.

SILIEDNE RUBHER KOt

e i

Fig. 1. The mechanical fliter for the Mark | meter is constructed from 18swg aluminium.
For the Mark 11 the front is the seme but the supports need re-designing to fit tha case.

y 5
- I
2 i
| see [ "r
e ——— |
TOGETHER TAL FLAP TO FIT ON

FRONT OF MAJN BODY
1=+ o FILTER

outer disc to be turned for setting film
speed.

In the middle of the perspex block
we marked a speed of 80 ASA. (the
full sequence was 20, 40, 80, 120,
320; with extra markings for 25, 50,
100, and 200 ASA). With the pointer
at 80 ASA we found that with the
control set mid-range an aperture of
§5.6 would require an exposure of
{ second. So we calibrated the inner
scale 1/15, 1/8, 1/4, 1/2, 1, 2, 4, 8,
16; to give times for all apertures
marked on our meter. To extend the
range for other film speeds we marked
two more stops each way.

The mechanical filter is of the same
basic design as before but needs re-
modelling to fit around this box. The
inner scale of the calculator is in fact
cut into 26 seguents sa that the
second range (with the mechanical
filter) could be incorporated. On this
range we got an exposure of 1/250 sec
at 6.6, ASA 100, with the pot
mid-range.

All that remains now is to find
some black leather, a 5" zip, and some
obliging lady to make you a case!

HOW IT WORKS

The resistance of the LDR varies from
30052 to 10MS2, from bright suntight to
darkness. When the meter is set up the
ratio of LDR resistance t6 R1 is the same
as the ratio of resistances on the pot, so
the position of the wiper contact varies§
with the light being measured.
In equilibrium Q1 and Q4 are both
turned off (Q2 and Q3 sense this condit-
jon and the LEDs fight up). Setting up
equilibrium is made critical by the|
common emitter resistor, R3. When one
transistor is conducting the potential on
the emitter rises and helps turn off the
other transistor.

WHERE TO GET THE COMPONENTS
The slider pot is available from
Electrovalue (Type PG58) for 38p. (pius
15p small-order surcharge) inc VAT.

The batteries are type 675 from boots,
but these aren’t critical.

The PCB can be obtained from advert-
isers in this magazine (Ramar or Crofton).

The Vero boxes are available from
vero only ln 10-off quantities. Your local
components shop is likely to sell them for
about 30p, plus VAT, each.
North America Radlo Shack supply the
following components for this project —
Cadmium Sulphide photocell (LDR);: Gen-
eral purpose NPN_transistors= N3904 elc;
General purpose PNP translstors=2N3906
etc; Resistors, pot, switches, LEDS, all oK.
South Africa Hamrad can supply the com-
ponents for this proiect. The MK7251
Cadmium Suiphide photocell will do for
the LDR but the calibration might have to
be done again.
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UK 325
UK 330

£8.34

£8.34

AMTRON KITS
UK 302 _ oS
UK 105/C 2;‘1.07. Microtransmitter

R/C "Gxc2” Channel Split-
ting Unit 1000 o< 2000Hz

‘Gxec2” Channel Splitter
Unit 1500 o< 2500 Hz

. Signal injector £3.53°

MACK'S ELECTRONICS FOR
(M)moTroroLaMcMOS

MC14001CP Quad 2 Inpurt NOR .. .. ... .. 20p
MC14002CP Bual 4 Input NOR ... ....... 20p
MC14009CP Hex Invertor Butfar ... .. ... 98p
MC14011CP Quad 2 Input NAND ... ..... 20p

MC14015CP Dual 4 Bit Static Shift Register £1.26
£1.22

MC14017CP Decads Counter . ... .. ... 2

MC14021CP B Bit Static Shift Registar . . £1.26
MC14023CP Triple Three Input NAND .... 20p
MC14027CP Dusal J-K FlipFlop .......... 86p
MC14042CP Quad Latch . .. .. ........ £1.26
MC14048CP Phase Locked Loop .. .. ... £1.85

UK 345/A ¢5';

Meter £9.65

£11.65

Superhet R/C Receiver
R/C 27mHz Field Strength
Electronic  Metal Detector

Capacitive Discharge Elec-
tronic Ignition Unit Neg.

MC14510CP BCD Up-Down Counter .. .. £1.40
MC14611CP 8CO 7 Segmeant Latch Decodar
Driver £2.12

ALL PRICES INCLUDE V.A.T.

Please aliow 20p fo cover P. and P.

The revolutionary
SUPERTESTER IGE 680R

outstanding features:
[} 20.000 siem per veil sensitivity
L} Fully scresmsd agalenl
axleras] sagastic fisids
(TScais width aad zmall case

DL707 {Common Anode)

Earth £17.33

UK 230 AM/FM Antennea Ampli-
fier £4.16
DHF/UHF Antennea Am-

U K 285 plifier £8.87

LITRONIX DISPLAYS
Common
DL704 cicae

(See ETI Digital Frequency Meter in this issue)

£1.80 each 4 for £7
£1.80 each 6 for £10

cimmzsion: {128 x 85 1 Xmm)

Aecoracy aad stability [1% in
= 0C. 24 m AG) ot ‘l‘nd'fwod

raading
[ Simmplizhy ang sase of use ang
readahility
Full ranges af acceszories
1000 times everioad oA the
oewdric ranges only
[] Prinled clremit board is
. remavabis without dazoldering
[ 10 faids of messuremeni & 80

£19.95

FAIRGHILD 723

14 Pin Dil var. voitags Regulator 55p
FAIRCHILD 741

8 Pin Dil Op Amgp 30p
SIGNETICS NE5S55v "
8 Pin Dil Timer 60p
FERRANTI ZN 414

Radio Chip £1.25
MOTOROLA MG 1310P

14 Pin 0il Coiless Stereo Decoder £2.10
MOTOROLA MFC4000B

Ye-Watt Audio Amp 75p
NATIONAL SEMICONDUCTOR
LM380

14 Fin Dil 2 Watt Audio Amp £1.20
NATIONAL SEMICONDUCTOR
Lm380-3

8 Pin Dil 1 Watt Audic Amp £1.05
NATIONAL SEMICONDUCTOR
LM1303

14 Pin bil Stereo Pre-Amp £1.65
NATIONAL SEMICONDUCTOR
LM3900

14 Pin Ol Quad Amp 69p
NATIONAL SEMICONDUCTOR
MM5314

24 Pin Bil Clock Chip £4.35

ACKR’S _ELEETnm]Es

283 EDGWARE ROA
LONDON W2 1BB

TEL- 01-262 8614
Callers welcome
Open 9.30-6.0C. Mon_-Sat.

I.Understand
electronics.

Step by step, we take you through

all the fundamentals of electronics

and show you how easily the sub-
ject can be mastered using our

A—-___unique Lerna-Kit course.
e
D

(1)

NAME

Build an oscilioscope.

Read, draw and understand
circuit diagrams.

Carry out over 40 experi-
ments on basic electronic
circuits and see how

they work.

2.Become a
radio amateur.

Learn how to become a radio-
amateur in contact with the whole
world. We give skilled preparation
for the G.P.0O. licence.

A\

- ¥y §F ¥y g g 3 8 8 F R FE R E R R R T R R DR E R § B F B
Brochure, without obligation to°

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL,_-Dept. ETL 125 |
P.0O. Box 156, Jersey, Channel Islands.

ADDRESS

—— —
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i PR I CE LIST ALL PRICES EXCLUDE VAT AT B% ]
! CLOCK CHIPS
; NATIONAL 1-9 DISPLAYS
MM ¥ :
R oy 3‘53 M T 207 1.6 FUTABA PHOSPHOR DIODES
MM5312 7 seg + BCD. 4 digit only Bigage SLEONNS 5LT01 5.80
MMB313 7 ceg + BCD 569 DL707.704. 701 1.48 50703 5.80
i MM5314 7 segment acagl VOERCTpIRaT 20 3.75
! MMB5315 7 seg + BCD with reset 5.69 746 2.45  FILAMENTARY DISPLAYS
i MM5316 Non-mpx alarm clock 10.17 f‘:":;"g"sﬁo‘ 7F égg
! MM5318 7 seg + BCD (external digit selecs) 3.36 T i
‘[ MMS5371 Alarm clock SOHz B.14 LITRONIX CLASS 11 PRODUCTS toka 24.80
A MM5377 Car clock, crystal controlled, LCD 7.29 DLIQ7E 704 0.70
£ MM5378 Car clock, crystal contralied, LED 6.73 'DL727E, 728E 1.80 Liautd (_:RYS'I_'A_L
! MM5379 Car clock, crystal controlled. Gas discharge 6.73 DL747E 750E 1.50  Swarovski 3% digit watch disp10.00
g MOSTEK
g MK50250 Alarm clock (12Hr+60Hz/24Hr+ 50Hz) 5.60
3 MK50253 Alarm clock (1 2Hr+50Hz/24Hr+5OHz) 5.60
1 MK50204 Swopwatch/ Calculator . . . 11.19
b MK50395 UP/DOWN Counter—6 Decade 14.50 MHI DISPLAY KITS
MK 50396 UP/DOWN Counter—HHMMSS 14.50 h
MK5G397 UP/DOWN Counter—MMSS.98 14.50 1-8 o
CALTEX MHL707/4 (digi0 0.3  _ 6.60 MH-727/80.50 4200
CT7001 Alarm/calender. 7 segment 7.30  MHI-707/6 0.37 .50 MH:A‘MTIG 06" 14.70
CT7002 Alarm /calender BCD 7.30 MHI-727/4 0.5 8.50 . i - "
CT7003 Alarm /Calender 7 seg. Gas discharge 7.30
CT7004 Alarm/calender 7 seg 7.30
CT6002 LCD/CMOS. Clock/watch chip 15.00 PAYMENT TERMS BcEs ‘
Cash with order, Access. Barclaycard (simply quote your number and 5|gn).h
Credit facjlities to accredited account holders. Pro-forma invoices can be issued.
: issued.
; MHI CLOCK KITS Please send 20p for post and packing.
g 1-9 MHI-50396 19.50 ALL PRICES EXCLUDE VAT AT 8%
i MHI-5309 7.35 MHI-50397 19.50
f MHI-6311 7.35  MHI-7001 10.00
i paiadna 8 0 MMI CASE Please include 25p post
° MHI-5378 i o B e S : :
MHI-50250 8.35 SOCKETS BYWOOD ELFCTRONICS
MH1.50253 8.35 1B pin 0.60 68 Ebberns Road
: MHI-50204 14.00 24,28 or 40 pin 1.00 Hﬁn;‘esl g;';r;%';:g
s MHI-50355 19.50 Soldercon strip sockets 0.30 (3
g N 7 Tel 0442 62757
i e e e
| — e e -
; ™ TTLs by TEXAS QP_AMPS — T TRANSISTORS, | V060 130 |oaso 7
! ‘ v C-MOS LOGIC | 7355 Dusi Do Amp mi Comn 8 pinOlL porgigRcizasize "3NA289 20p | -Oa o
3 7400 13p 7483 80p 307A Ext Comp B pin OIL 38p | AC127 -12p | BF182 33p ZTX502 159. | 5 “0AS1 P
| 7401 . 1 7484 85p 1.Cs NEW 3930 COSNAGS BxPou Memfet 8 oo DI 390p | aC128 11p | BF184 22p | 2N697 13p 2N4347130p | -0A95 70
! 7402 1ap | 7485  120p -bs | 3900 Guadt Op Amp 14 pun BIL 05 | af141 18p | BF1B5 22p | 2NE9S 3op | 2N4348180p | "0A200  8p
i 7403 16p | 7488 30p 3BT FETOp Amp Joss z75p BF194 10p | 2N708 12p | 40380 40p |-0A202 10p
| 7404 18p 7489 270p LOW PRICES 708 Em Comp. 814 pn DL 30p AC142 18p P P 40361 38p | NO1a
| 7405 16p 7450 40p 741 Int Comp R/14pnDIL 25 | AC176 11p BF196  8p | 2N708 18p 40362 40p |- N . Ap
| 7406 38p 7491 75p CD4000AE 19p 747 Dual 741 14 pm OIL 70p | ACIB7 13p |BFIS6 14p | 2N918 40p 27 IN4148 4p
4 7407  38p | 7492  4Sp | CD2OGIAE  i9p | 748 €x Comp 8 pin DIL 36p | aC188 12p |'BF197 15p | 2N928 20p | 403 P
} 7408 1ap | 7493 CDA002AE  18p | 776 Programmanle Op Amg  TOS 3200 | Apt149 43p | BF200 32p | 2N830 18p | 40409 ESp
H 7409 20p | 7494 75 | CO400%E 870 T INFARI DS AD161 36p | BF257 32p | 2N1131 18p | 40410 55p | RECTIFIER
' 7410 13p | 7495 65 | CD4O1IAE 19, | INERMLL. [ 39 3 40411 225p | "BY100  2s5p
7412 23p 7496 78p CDA012AE 19p CA3028 D, Cascade Amp. TOS. 30p AD162 36p |'BFR39 30p | IN1132 18p 94 78 ‘BY126 12
] 7413 32p 74107 30p | CD4D13AE §5p | CA30AE S Teansisior Arrmy 14 pin DIL 50p | AF174 18p |'BFR40 30p | 2N1304 21p 405 P o 1 P
7412 s0p 74121 30p | CD4DIBAE s0p | CA304E  Qusd LowNoseAmp, 16pmOL 2000 | apy35 qjgp |'BFR79 30p | 2N1305 21p | 40595 B85p | 8Y127 2p
7416 33 74122  48p | CO4017aE  120p | CAJOBIE  FMIF Sysem 16 pin DIL  200p AF116 18 8FRS0 30p | ZN1306 28p ‘8YZ10  asp
2420 14p 74123 COAD1BAE 175p CA3080E  FM Sterec Mulu Dec 16 pin DIL 160p ] ‘BFRE8 30p | 2N3307 28 BYZ11 45p
7422 18p | 74347  6Sp | CD8D0AE  250p | 'CLAUSBCC VEO Fun Gen. i4pnDiL  278p | AF117 18p P (FETs ‘BYZ12  45p
7423 74151 72p CDA022AE 170p tM3B0 2W Audio Amp 14 gy DIL S0p AF139 33p BFX30 30p | 2N1308 28p 'BF 244 25p | '8YZ13 a5
7426 30p 74183 85p | CO40Z3AE 19p | LM38Y Stereo Preamp J4pnDIL 160p | AF2339 38p | BFX84 26p | 2N1309 28p [.ioci0n 39, INGH B
1427 370 74156 150p CDA0Z2AE 120p *M252 Rhythm Ganeratar 16pnDIL  800p B8C107 9p 8FX85 26p | 2N1613 20p MPF103 SCIP 001 5p
1 7430 1ap 74155  78p CO4025A¢ 19p MC1310P_ FM Sterco Dec. 14pn0IL  175p 8C108 Sp | BEX86 25p | 2N1711 20p |. p| INAOD4  6p
7432  26p | 74156 76p | CD40Z6AE  196p | ‘MCI312 ; 5 BEXS? 20p | ZN1893 30p MPF104 30p | IN40O7 7p
i 7537 25p | 74160 %9p | C04027AE  75p | ‘MCI31: P SO Quad Dec 1epnD 1300p [8CI09 10p | 8 ‘MPF105 30p
7410 14p 74161 995 CDA028AE  140p "MC1315 8C109C 12p | BFXEE 24p | 2N2218 21p |.5pnqgqg 22p
' 7441 85, | 74162  99p | CDS02BAE  175p | ‘MFCA00087 1/4W Audic Amp. PCE 70p |°BC147  7p | BFYS0 16p | 2N2219 20p |,5n3050 57, | 2ENER
7442 60p 74163 99p CD4030AE §5p MECE040  Electronic Attenuatar PCB 30p |'BC14g 7p | BFY51 15p | 2N2220189p INIB23 S 3.3V 10 33V
7447 75p 74164 320p CO40438E  137p [ NESS55 Timer 8 pm DIL 46p ‘BC149C 8 BFY52 16p | 2N2221 20p |. Op | 3.
7448 70p 74166 126p CO4043AE  202p NESSE Dusl 555 14pn DL 100p P BRY39 IN2227 2 2NS5457 306p 400mW  9p
7450 150 74174 120p CD404G5AE  140p, | "NESE1 PLL with AM Oemod W anDiL  326p | BC157 11p | B 34p Op [.oNB458 30p | W 18p
7251 18p 74375  85p | 'CDa02JAE  154p "NESB2 PLL with VCO W pe DL 325p ["BCISE 10p | BSXI9 16p | 2N236% 14p ‘2N5459 30p
7453 18p 74180 100p | CD4049AE 63p | 'NESES PLL FM/IF Demod 16pn DL 300p |'BC15Q 11p | BSX20 18p | 2N24B4 30p
7454 16p 7418%  298p CD4054AE  196p NESES PLL M pin DL 2000  |-pryggC 12p ‘BU105 140p | 2N2504 20p TUNNEL
7480 15p 74182 32p CDa055AE  196p NESEE PLL Fun. Gen. BpnOIL 1508 BC177 18p | BUIOB 250p | 2N2905 20p MCSFETs AEY1t S0P
1 7470 27p 74185 135p | CO40SBAE  135p NESE7 PLL Tone Dec BpnDL 1508 | oo o0 008 | MIE3404Sp | .INZ906 2 3N128  BSp
! 7472 25p 74190 144p CD40EOAE  228p 2567 Duai 567 14pnOIL  370p C [ P |- Op 3NIA0 85
7473 300 74191 1aap | cD40Bga:E 37p | 'SN72733  Video Amp 14pn DL 120p | BC179 18p | MJE295599p | "2N2926R 7p B | H Pi - a
7474 30p 74192 120p CD4071AE 27p “TBAROD 5W Audio Amp. oL 90p |"BC182 10p | MJE305365p | "2N2926B 7p %0 Sp | yA 1ICAP
7475 45p 74193 120p CD40BIAE 19p “TRAB10 TW Audio Amp (+1]8 100p [-pryg3 10p |"MPSAOB 30p | ‘2N29260 &p 6503 58p | "BB105S 25p
] 7476 30p 74191  108p | CD40B2AE 27p TRAR20  2W Aude Amp ok 800 .g184  11p |‘MPSA1250p | '2N2926Y 9p 40673 SBp
) 7480  B0p | 74185 755 | CD4SIOAE  130m |, XR2240  Prog TmeCodiec  16pn O 370 | piigg 30® |-MPSASE 32p | an2926G
. 7481 asp 74198  198p CO4511A8  200p INS14 TRF Radia Recewer TO18 110p PN P Sp wiT NOISE
| 7482 70p | 74199 1B0p | CDA4S52BAE  120p | Basic daw'sheets on abowe o1 10p each +5.A € BE%;% ‘:;l’: m:gﬂgg %: g:gggz :l‘gp Tis43 270 71y 1009
A i P
VULTAG[BEGULATUB_S_ FIXED PLASTLC — 3 Tarminsts| TRIACS OTHER BC214 14p | OC28 65p | 2N3055 50p | 2N2160 80p
200ma  (105) e O BC478 30p  0C35 S5p | IN3439 67p  2N2646 38p| ponpe
‘W e0s age 7505 200p e 'S5 1200 D AT B BCY70 18p | OC36 60p | 2N3442140p| 2N4871 30p A
. 12v 7812 140y 7912 200 7812 9% 13::;, ,.,g; o 1980 40ses_ amp BCY71 22p |"OC41/2 15p | '2N3702 11p RECTIFIERS
| 15y Je1s e 7015 e 315 e | 100TR (0P 3N ZS6h  meiot | 8D123 100p |0C4S  15p | 2N2703 11p | PUIT A e
i 26y 7824 140p  7o2:  '200p = = Drac 21p  j BDI24 65p 'OCZ‘iQ 4235; g:g;gg ::D 2NB027 48pi-ya50v  22p
! VARIABLE “Data sheets on regs | BTi06 80131 36p | TIP29A : P 1A 100V 24p
i SCR-THYRiSTORS ;00N BD132 “TIP30A 48p | 2N3706 10p 1A
I 72314 PINDIL 45p at 10p each + s.a.c. P b C é':o;gm St 1::’ ‘BD135 :g: TIP31A 52p zng;gg 1;9 DIODES ':A gggg :z;;z
14 P AA 800V Plasuc o |*8D139 63o | TIP32A 58p |2 P | SIGNAL “2A 50V [}
! 9PTo‘EI‘EGTnu’"GSSE\IEM SEGMENT DISPLAYS | ‘:‘:gg: Ig: ;g:- ”3‘:;2’0"5" 1087  2sp | BDI140 70p | TIPI3A 90p ["2N3709 9p |'gaad7 7p | 24 100V 35:
k OCF'Il Dﬂp 3015F 0.3 DI 120p 14600V TOS 70p  2N3525 BF115 22p | TIP34A115p | 2N3773 ‘0A70 9p |24 100V 45p
;' DRP12 s50p MAN3M 0127« PCB 110p 24100V Stud 49p  5a/400V  TO-66 gapl BF167 23p | TIP35A225p ‘0AS1 8p! BASOV &0p
ORPEQ 60p DL704 O3 in DiL 135p 34400v  Swd Sp  2MN4444 BF170 23p | TIP36A270p | 2N3866 90p | -0A8S 100! BA 100V 65,
§ ORPH1 &0p DL207 0.3 DIL 135p 7A100v TOS#HS 84p RA/600v ' Plasue  185p | BF173 2s5p | TIP41A 65p | "2ZN3903 18p i el
' NS77T _40p DL737 Q.6:a. DIL 225p 7A400V TO5+HS 90p NS00 BF177 260 | TIPA2A 70p | -2N3904 2up —‘“—_—‘_'_VAT RATES
F‘ LEDS: TIL209 Red 14ap; TIL211 Green 30p sx-‘gov ;r‘::gz -‘lggz o.s;;azov i0-92 34 | gri7s 28p | TIP2955 70p | "2N3905 18
f LOW PROFILE DIL SCCKETS BY TEXAS 16100V Plastic  160p 08A/i00v 1082  37p | BF179 33p | 2TX108 10p | 2N3906 zop ALL ITEMS AT 8% EX-
8pn13p.’ 14pnldp. 160 15p. 24 pn SOP. 16A400V Plastic  180p -ING0BA BF180 33p | "ZTX300 13p | '2N4058 15p | CEPT where marked
| INSULATORS: 1 1066 5 18AD00V Pt 2205 0.847200v 1092  40p | BF181 33p | "ZTX500 15p | 'IN4059 10p | which are rated at 25%.
I branded de es b RCA Orde - el leiuling [ ] & [ ]
j O1oro 3tiona a a A 2ol 2 ygarn 3 S ragihe & AND R ROAD DNDO g
| - - B
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BOOST

Increase the output from your existing
amplifier to 50 watts per channel.

MEASURED PERFORMANCE OF THE PROTOTYPE

POWER QUTPUT
Both channels driven

into 8 ohm load 50 watts RMS
FREQUENCY RESPONSE. '

20 Hz — 20 kHz =05 dB
CHANNEL SEPARATION

at rated output and 1 kHz 80 dB

HUM AND NOISE
With respect to rated ocutput —100dB

SENSITIVITY
For 50 watts output 500 mV
DISTORTION 100 Hz 1 kHz 6.3 kHz
1 watt 0.14% 0.11% 0.12%
5 watts 0.17% 0.13% 0.15%
10 watts 0.16% 0.11% 0.13%
50 watts 0.27% 0.38% 0.60%
DAMPING FACTCR >170
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ER AMPLIFIER

The booster amplifier fcover
remaved).

AFTER many years of faithful service
you have finally decided to update
your old Hi-Fi system with a new pair
of speakers. Upon evaluation however,
you find that the modern speakers you
have chosen are much less efficient
than those you presently have. This
means that not only do you have to
get new speakers, but you also have to
replace an otherwise perfectly good
amplifier because its five-to-fifteen
watts output is no longer anywhere
near enough. A pity, because there
may be nothing wrong with the
preamplifier and you may have to pay
out £60 or more just to get that
additional power.

An obvious solution is to retain your
existing amplifier, which has all the
facilities that you require, and obtain
the extra power required by means of
a booster amplifier. Unfortunately
commercial booster amplifiers are very
rare, if available at all. The ETI 422B
is designed to fulfiil this need and thus
save the person updating his system a
considerable amount of money that
need not be spent in replacing the
preamplifier.

The ETi 422B is designed to be used
as a main amplifier, driven from the
existing preamplifier, or as a booster
amplifier driven directly. from the
speaker output of the existing power
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BOOSTER AMPLIFIER
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2 x PHONOQ SOCKETS

INPUT SOCKETS IF BUILT
AS A MAIN AMPLIFIER

-
. LEFT REGHT
INPUTS
FROM
EXISTING
AMPLIFIER
Q
*SEE TEXT AR
*sSEE TABLET /N reD
BLACK
&4

32

POWER AMPLIFIER BCARD

Fig. 1. Interconnections of the booster amplifier (heatsink nbt shown).
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PRIMARY
+ 240V
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amplifier. 1t provides an output of up
to 50 watts into 8 chm speakers with a
distortion that is typically around
0.2%.

1t must be noted however that the
distortion and noise cannot be less
than that available from the existing
amplifier and you must ensure that
this amptifier is of good quality if this
add-on technique is to be successful.

HOW IT WORKS

The amplifier is constructed around
the power module from the ETi 422
first described in the August 1974
issue of ETI and subsequently reprint-
ed in Project Book 2. The only add-
itional circuitry required is that for
the input attenuator or for a direct
input depending on whether a booster
or main amplifier approach is being
used. We have used 33 ohm resistors in
the earthy side of each input to
prevent the damage which may occur
to some amplifiers if the leads to the
booster amplifier are inadvertantly
connected the wrong way around.

CONSTRUCTION

Assemble the main amplifier
printed-circuit board and the heatsink
assemblies in accordance with the
component overlays and drawings for
the 422.

Any conveniently sized box would be
suitable as a housing. To minimize
hum pickup the transformer was
mounted centrally to keep it as far
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away from the input circuits as pos-
ible. If a larger box is used put the
transformers as far away as is possible
from both inputs. Chassis mounting
fuses were used as they are less ex-
pensive than the rear-panel mounting
types, and only need to be changed
on the very rare occasions when the
speakers leads are accidently shorted.

A power outlet socket was fitted to

the amplifier so that the existing
amplifier may be powered from it if
required. The individual constructor
may include or omit this socket as
required. The interwiring details
(except for the heatsinks) are given in
Fig. 1. For the values of resistors
required in the divider networks
reference should be made to Table 1 as
these will vary depending on the
power output of the existing amplifier.
{f required these may be made
adjustable by substituting a
potentiometer (10 k} for the series
resistor.

Most modern amplifiers can work
into a high impedance without
trouble. However some older types;
especially those with an output
transformer need to be terminated
into the correct load. The resistors
shown across the inputs are for this
purpose and should be made equal in
value to the nominal output
impedance of the existing amplifier.
The rating of these resistors should be
about two watts. ‘o

TABLE1

AMPLIFIER VALUE OF
POWER {8 chms} SERIES RESISTOR
2W 2.7k
5W 4.7 k
10w 6.8 k
15W 82k
20w 10 k

IFOR NEW READERS_

The circuit and full constuctional details
of this extremely popular 50W audio
module are still available in Project Book
2, copies of which may be obtained by
sending 90p {inc. postage}
to: Top Projects No. 2.

ETI Magazine,

36 Ebury Street,

London SWi1W OLW.

= e ——
FFOR CANADIAN READERS ==

Copies of Top Projects No. 2 will be sent
to Canada surface mail for 52.00 {2-3
weeks) or Air Mail $3.00.

Transistor equivalents to those shown:
BC1?7 may be replaced by Radio
Shack’s RS 2022. BD139 and BD140
may be replaced by 2N4921and 2N4918
{Archer-Pak #276—117). MJE2955 is
complimentary of 2N3055.

PARTS LIST ETI 422B

All components as per 422 parts
list

Chassis and cover as required.

4 Input terminals

2 speaker sockets »

Power outlet socket (if required)
Power switch (2 pole)

Necn indicator (if requlred)

Nuts, bolts, spacers etc. J
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FREE Brochure

on New K ITS

Whether professional,
student, teacher or amateur,
the field of electronics can open
up a new world for you.

ADVERTISEMENT

The Plessey Company Limited and
1..S.1 (Electronic Systems) Limited announce,
following settlement of a dispute between
themselves and General Instrument Corporation
of America and General Instrument
Microelectronics Limited, that the following
metal oxide semiconductor circuits have been
withdrawn from the market:

CROFTON donr’t just sell kits, we offer you a technical

MP9100 Push button teiephone dialler
back up service to ensure your success

MP9200 Repertory telephone store
MP1013A Universal asynchronous receiver/transmitter

The equivalent circuits AY-5-9100, AY-5-9200
and AY-5-1013/1013A can be obtained from
General Instrument Microelectronics Limited.

The following is a selection of some of the more popular kits -

Multard CCTV Camera

PE CCTV Camera

PE Rondo Quadraphenic Four Channel Sound
{Designer Approved )

Etectronic Ignition

Electronic Flash

PW Tele-Tennis Game.

UHF Modulator

Bench Power Supply

Wobbutator

All ET! Top Projects

Many of the Elektor Projects

NOTE: PC B for most published projects availabie 1o order.

CROFTON ELECTRONICS LTD

Dept. C 124 Colne Road.Twickenham.Middx O1 898 1569

%

o

@ PLESSEY_ Semiconductors

iz mk3

The tried, tested, proven, reliable, complete,

ORDER NOW

T0 ELECTRONICS DESIGN ASSOCIATES OEPT ETI2°
92 Bath Strevt. Waksall WS1 JOE. Phons 31852

FRCM Name. —

| SPABKRITE MK 2 DIY Aszerobiy kits @ £10.93
i SPARKRITE MK £ Brady Bailt Negative serth ¢ £13.86 -

| SPARKRITE MK 2 Rasdy Hulit Positive sarth # £1336
| Ignition changeaver switches » £2.78
| AP.M Limit systams in the sbove mity @ £242

| p0cheda choque/P.03 fee £,
Chogue No.

(Send SAE if brochure anty required)

professional, capacitive dlscharge,

Electronic Ignition Rit

Sparkrite MK2 is o high perfarmance, high quality, capati-
tive discharge. electronic ignition system.

Secausa of the superb design of the Sparkrite cicuit it
completcly ehminates problems of the contact braaker
There is no misfire because contact breaker bounce is eli-
“ninated eiectzanically by a pulse supprassion circuit which
oDrevents the unit firing if the points bounce open at high
R P M. Contact breaker bum is eliminated by reducing the
Curren 1o about 1450th of The norm. It will perform equally
well wath new, old, or even badly pitted points and i5 not
dependent upon the dwell time of the contact breakers
for recharging the system Sparkrite incorporates a thad ¢irr
cuit protectrd nverter which eliminales the probiems of
SCR tock on and therefore aliminates the possibility of
Mowvang 1he transistors or the SCR. |Many capacitive dis-
chame i are nat \2 t i this re-
spect

Sparkrite can therelore give you:~

up to 20% beuer fuel consumption, instant all weather
starting cleanec plugs ~ they last up 10 S times longer
wathout attention. faster acceleration. higher top speeds.
tonger coil snd battery fife. efficient fuel burming and less
ar polfution. smoother runaing. continual peak paror-

_mance

THE KIT-COMPRISES EVERYTHING NEEDED
Raady drilled pressad steel case coated in mau black spoxy
resin. ready nlled base and heatsink. top quality 5 year.

ELECTRONICS TODAY INTERNATIONAL—-FEBRUARY 1‘976

guaranteed transformer and cornognenty, caties. coil con
nectors, peintad circuit board, nuts. bolts. silicon grease.
fuli instructions 10 make the kit negdtive or positive earth,
and 10 page installation instructions.

OPTIONAL EXTRAS

Elactronic RLP.M. imitation.

This can be included in lthe unil 10 Maver? cyver revwng,
an advantage to mast compames, hie figms Mgk pwrfor
mancg divers ¢10.

Elactronic/conventional Ignition sevitch. -

Gives instant changeover from  Spaihei~" igaition to cor
ventional :gnition o+ perforrance CorNPAnsons. st atic Tim-
i6g eTc. and will aiso switch 1 ignition off completens
as 8 seCurity device Includes: switch corvectors. [L.QuUnTEnY
hracket and instructions Cables igylued.

PRICES
D1Y assernbly kit £1093 ingt VAT post and packing,
Ready huilt unit £13 B6 incl. V.A.T, post and packing
[Both o fit 3l vahiclas with coildistibutor ignition wp to
8 cytinders }

Switch far iistant changeover fro a “ Epadkrite ignition to
convennonal ignition 2,79 inck VAT post and packing
RPM firuting control £2 <2 ingl. VAT past and packing
IFittert in case on ready built whit. dashboard mouating
on kit |

CALLERS WELCDME
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AT THE END of November, Tektronix
revealed for the first time in Europe
a new development in the micro-
computer field. Their new 4051 desk-
top micro-computer offers a facility
never seen before in the most sophist-

icated of progammable calculators —

graphics ability.

It has long been obvious that the
human half of the man-machine
interface can become punch-drunk
when - confronted with too many
columns of figures on a print-out; and
since time immemorial information
has been presented in the forms of

The Tektronix 40517 -
computer on a desk-top

graphs, charts and histograms on
paper. How often has a scientist,
statistician or businessman processed
all his figures in a few moments and
then spent a few hours plotting the
results on graph paper, only at the
end, to discover he’'d made a mistake
and had to repeat the process? Only
the lucky few who had access to a
graphics computer terminal which was
coupled to a full-scale, expensive and
probably underworked computer,
could delegate the boring plotting to a
machine, and gain.the full benefits of
working  interactively with the
machine.

54

DESK~TOP GRAPHICS

Programmable  calculators  have
been getting smaller in size {to pocket
size now) and more powerful, to
minicomputer standards  virtually,
until now we have the Tektronix
4051~ which is a megalomaniac’s
dream. This microcomputer is pro-
grammable in BASIC, a very well-
known, simple, yet powerful language,
through a keyboard similar to that of
a typewriter so that anyone who
knows BASIC will be able to walk up
to the 4051, switch on, and commence
solving problems. The basic BASIC (?)
language has been supplemented by

some special instructions which are
zasy to learn — for instance, typing
SET DEG will put the unit in degrees
mode for trigometric calculations,

NO NEED TO PROGRAM

One very reassuring feature is that
one needn’t write programs to solve
simple calculations. For example, we
tried "2+2, carriage return” and the
4051 responded with “4”. The extra
calculator keyboard beside the main
one is very useful when using this
“immediate” mode.

One important benefit of the
graphics screen is that one can see up
to 35 lines of program at once; when
used with the editing keys, one can
delete and alter lines at will, so that
correcting programs is very simple.
But the main benefit of the screen
is the display of graphs, drawings and
histograms.

ET! watched the 4051 plot sin x
from 00 to 3600 in a few seconds,
then add the first harmonic to this
curve. Adding up the first 10 odd
harmonics we were able to see a
fair approximation to a square wave
— what would Fourier have done
with a machine like the 40517

WHAT MAKES IT TICK?

The electronics inside are based
on the Motorola M6800 micro-
processor with 8k of RAM
supplied as standard — this is
expandable to 32k.
Microprocessor enthusiasts will
be interested to know that all
the standard routines and the
BASIC language interprets are
squeezed into 32k of read-
only memory. The "RAM
strorage is backed up by a
magnetic tape cartrsdge unit
which offers another 256k
characters of storage.

By pushing the ‘TUTOR® tape and
pressing the 'AUTO LOAD’ button,
a completely inexperienced user can
be taught to use the 4051, by the
4051. The program asks questions
which are answered YES/NO, and the
machine then proceeds to a new quest-
ion, or explains fully the last point
more fully if a mistake was made.
Obviously, the principle can be ex-
panded to enable the 4051 to ‘teach’
other subjects, such as statistics,
electrical engineering, as well as solv-
ing problems in these fields. And at
the price of about £4,500 it’s probable
that the 4051 will appear in schools
and offices — it won't be long before
you meet one. @
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EXCLUSIVE TO ETI READERS

Excellent New Range of QUARTZ CRYSTAL [5igita| Electronic Watches
LIGHT EMITTING DIODE MODELS

LED MODEL TLE4
* Hours

* Minutes

* Seconds

* Date

LED MODEL TLES

* Hours
2+ * Minutes
; * Seconds
. % Date
* Alpha Day

i 4 AL
3 p\?\i kS @rac®
_h

of

Jet Black Stainless
Steel Bracelet

SPECIAL
OFFER

LED MODEL TLE3
* Hours

* Minutes
* Seconds

CONTINUOUS DISPLAY

* Hours
* Minutes
* Seconds
* Date

with unique
Backlight

MODEL TLC4

MODEL

TLC4 : Rhodium
Gold Bracelet ; : Bracelet
THE ELECTRONIC r =y S
, METAC INTERNATIONAL
WATCH CENTRE I CROSS LANE, BRAUNSTON, NORTHANTS
| Tel: Rugby 890672

* Large range of watches

* Solid state — no moving parts  Please supply the following .. .. .......... ... ..
* Quartz Crystal controlled, accurate to 5 secs.

per month. Name i - EEE P R A e M s = o R 1 .

* One year guarantee with every watch IAddress I encluse chegue [ postal order "] money order [7]

* Attractive presentation gift box I -------------- I wish to pay by Barclaycard/Access and my aember Is
Money refunded in full if not satisfied Lt il e L- -

l Signaitre ST Eeh. 1 e n s L N e e i L B N -
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Now...the most exciting Sinclair kit ever

The BIack Watch kit

At £1795,1t’s

* practical—easily built by The Black Watch by Sinclair is unique.
anyone in an evening’s 1 S & Controlled by aquartz crystal...

straightforward assembly. k powered by two hearing aid

B batteries...using brightred LEDs to
show hours and minutes and
minutes and seconds...it'salso
styled in the cool prestige Sinclair
i fashion: no knobs, no buttons,

no flash.

The Black Watch kit is unique,
too. It's rational -Sinclair have
i reduced the separate
components to just four.

xcomplete -rightdown to
strap and batteries.

xguaranteed. A correctly-
assembled watch js
guaranteed for ayear. It
works as soon as you put th
batteries in. On a built watch
we guarantee an accuracy 0
within a second a day-but uslgsaséf;ggi‘nzf‘i}’gggg:v“o can
building it yourself you may be %“ e T 7 assemble a Black Watch without
able to adjust the trimmer to = difficulty. From opening the kit to
achieve an accuracy within a wearing the watch isa couple of
second aweek. hours’ work.

The special features of The Black Watch

Smoaoth, chunky, matt-black case, Large, bright, red display-easilyread Runs on two hearing-aid batteries
with black strap. (Black stainless- at night. (supplied). Change your batteries
steel bracelet available as extra— Touch-and-see case— yourself-no expensive jeweller's
see order form.) no unprofessional buttons. service.
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The Black Watch-using the unique
Sinclair-designed state-of-the-art IC.

Thechip...

The heart of the Black Watchis a
unique IC designed by Sinclair and
custom-built for them using
state-of-the-art technology-
integrated injection logic.

This chip of silicon measures only
3mm x 3mm and contains over
2000 transistors. The circuitincludes

a) reference oscillator

b) divider chain

¢) decoder circuits

d) display inhibit circuits
g) display driving circuits.

The chipis totally designed and
manufacturedinthe UK, andis

...and how it works

A crystal-controlled reference is used
to drive a chain of 15 binary dividers
which reduce the frequency from
32,768 Hzto 1Hz. Thisaccurate
signal is then counted into units of
seconds, minutes, and hours, and on
request the stored information is
processed by the decoders and -
display drivers to feed the four
7-segment LED displays. When the
display is notin operation, special
power-saving circuits on the chip
reduce current consumption to only

afew microamps.

LED display

Complete kit

£17.95!

The kit contains
printed circuitboard

unigue Sinclair-designed IC
encapsulated guartz crystal
timmer .
capacitor

LED display

2-part case with window in
position
batteries

battery-clip
. black strap (black stainless-
steel bracelet optional extra—

the firstdesign to incorporate 4
all circuitry for a digital S
watch on a single chip.

see order form}

11. fullinstructions for building
anduse.

Allyou provide is a fine soldering
iron and a pair of cutters. If you've
any queries or problems in building,
ring or write to the Sinclair service
department for help.

Trimmer
Quartz crystal

Batteries . e
2000-transistor siliconintegrated circuit

Take advantage of this no-risks,
money-back offer today!

The Sinclair Black Watchis fully
guaranteed. Return your kit within
10 days and we'll refund your money
without question. All paris are tested
and checked before despatch -

and correctly-assembled watches
are guaranteed for one year.

Simply fillin the FREEPOST order
form and postit-today!

Price inkit form: £17.95 (inc. black I
strap, VAT, p&p). I
Name -

— | | — ||l ,

Sinclair Radionics Ltd,
London Road, St lves, e e
Huntingdon, Cambs., PE174HJ.

Tel: Stives (0480) 64646. I
Reg.no: 699483 England VAT Reg. no: 213817088.

e

0: Sinclair Radionics Ltd, FREEPOST, St Ives, Huntingdon, Cambs_, PE17 4BR. :

I Please send me Total £ I

........ (gty) Sinclair Black Watch
kit(s) at £17.95 (inc. black
strap, VAT, p&p).

........ {gty) black stainless-steei
bracelet(s) at£2.00
{inc. VAT, p&p}.

*|lenclose chequefor£........_ ... ...
made outto Sinclair Radienics Ltd
and crossed.

* Please debit my *Barclaycard/Access/
American Expressaccount nurnber

ET 2

Please print. FREEPOST—no stamp required.

*Delete asrequired I
________—__-————
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THE SINE WAVE oscillator described
in the previous article was an example
{albeit an extreme one) of how
frequency selective feedback is used
with operational amplifiers. We shall
now go on to consider an amplifier
employing non frequency-selective
feedback and then amplifiers using
feedback of such a nature as to
produce two particular forms of
frequency response. Then to conclude,
there is a description of the use of an
op. amp., as a dc amplifier, to increase
the sensitivity of a moving coil meter
— in this case the frequency is required
to be limited to dc up tc a few Hz
only.

Figure 1 gives the circuit of a high
input-impedance amplifier with a
nominal voltage gain of 48 and a
bandwidth of from 10 Hz to at least
50 kHz. In the prototype the
measured value of input impedance
was 10M § at 1 kHz. This value will
vary slightly with frequency and with
the particular layout employed, but in
any case is likely to be as high as will
normally be required for most
applications.

As an ac connection, via a
capacitor, is provided at the
non-inverting input there would be no
dc return for bias current, at that
input, if R, were not present. The
value of R, is 47k however,
bootstrapping is used to raise the
apparent value of R; to the value of
10 megohm as quoted, in the following
manner.

Due to the extremely high gain of
the op. amp, and to the feedback
between the output and the inverting
input pin 2, there is very little
difference in the signal levels at the
+ye and —ve inputs, and, since C1 has
a negligible reactance, there is similarly
very little difference in signal voltage
at either end of R. Accordingly, very
little signal current can flow into R;
from the signal input, thus Ry appears,
to the input signal, to be many timeg
its actual value.

With the op. amp. arranged in the
non-inverting configuration, the volt-
age gain is:

+ R,

R
1 =48

Av =
Ry
This amplifier set-up is most likely
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In this_down-to-earth series, J. T. Neil
explains the basic theory and practical
applications of op amps.

to be used in the design of a
pre-amplifier for an oscilloscope or
millivoltmeter, where the high value of
input impedance is necessary in order
to load the circuit under test as little
as possible.

In audio applications, a ‘tailored’
frequency response is often called for;
for example, the output of a tape
replay head should be fed to a stage
with a gain rising at 6dB per octave
below about 2.5 kHz, and a flat
response above that frequency. (The
actual value of the break frequency
depends on the tape speed and the
particular replay characteristic em-
ployed). Such a response is readily
arrived at by replacing R, of Fig. 1
with the network shown in %:ig. 2a.

At high frequencies C. has a
reactance low compared to R, and
hence it can be ignored. Thus the gain
is determined by R, alone (although
R, is in parallel its value is large
enough to be disregarded). As the
frequency is lowered, the reactance of
C; rises and consequently the
feedback is reduced, so giving the
frequency response shown in Fig. 3a.
Resistor R, provides a dc connection
for the negative input of the op. amp.

PART 3

PS

and limits the gain at very low
frequencies.

The voltage gain of this circuit at
high frequencies is abaut 16 times; this
will make the tape head output
comparable to that from a magnetic
pick-up. If more gain is called for, this
is best done by increasing the value of
R and reducing the value of C; in
proportion.

What if a response suitable for
pre-amplification of the output of
magnetic pick-up is required? In this
case the network of Fig. 2b is a
suitable replacement for R, in the
original circuit; the overall response of
the stage is now as given in Fig. 3b.

Similar reasoning to that given for
the tape head amplifier applies here
also — the gain rises at lower
frequencies as C; reactance becomes
larger, falling at the higher frequencies
as the reactance of C, and C, both
fal. As before, R, sets the
low-frequency gain.

These two latter configurations are
good examples of the shaping of a
frequency response to suit a particular
need — as indeed was the audio
oscillator of Part 2. Note that the
response and the overall gain can be

———AAAA———

R2

4 ;
1.5k 33pF

c4

Fig. 1. High input impedance ac amplifier.
Positive supply rail is pin 7 and negative
supply rail is pin 4,

{a) Tape head; [6) Magnetic pick-up.

=)
(a) RS (b} R7
— A
< t m @-1—‘
R
c5 C6
. 18 00033:F 0.01uF 7
Fig. 2. Alternative feedback networks. 0.0033uF
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OUTPUT 10 1oV

]
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1

HAN :

1 FLAT RESPONSE AMPLIFIER.

] 1
3\\\\ ! ;
\ 1

2 \ \\ T

: jg‘ - v
o3 =

0-80_7 TS I [==1

0-6 T SN BREE 1 ] T
U-; B, TAPE HEAD AMPLIFIER {a) ;

' T
0-4 Eosl !
03 MAG PICK-UP AMPLIFIER ib) =

M
0-2
N

gl : L 0.1v
S 1 4 56783 3 4 56789 4 5 9
100 Hz 1k Hz 10 kH2 FREQUENCY

Fig. 3. Responses of the three different amplifiers.

adjusted independently.

All the circuits given so far in Part 3
are intended to make use of type 709
op. amps., although a 741 or an
LM301 could be used with the
appropriate equalizing network
changes as detailed last month.

. The amplifier configuration des-
cribed is an inherently stable one and
almost any convenient layout can be
employed. A small piece of Vercboard
was used in the prototypes, with a
dual-in-line 1C holder soldered in place
and the remaining components placed
around it.

For convenience, it is best to build
the whole amplifier in a small metal
box, either mounting. this in existing
equipment or leaving it as a separate
unit for greater flexibility. The box
must be earthed to give a measure of
screening to reduce hum pick-up. This
is especially necessary if the feedback
networks of Figs. 2a or 2b are
employed as both of these provide
considerable bass boost thus aggra-
vating the hum problem.

METER AMPLIFIER

Now for the dc meter amplifier
which uses a 741 type IC. The circuit
is given in Fig. 4. The values shown
give full scale deflection on a 1 mA
meter with only 10uA flowing into the

input.

Circuit function depends on there
being negligible difference between the
voltages at the two -inputs of an op.
amp. when arranged in a negative
feedback configuration Accordingly,
whatever voltage is applied to the
non-inverting terminal, that is, across
Ry, will appear at the inverting
terminal, that is, across R,. However,
R is only 1/100th of the value of R,,
so that the current through R, must
be 100 times larger than that through
R,. It is, of course, the current
through R, that flows*through the
meter, and it is worth noting that the
value of this current is not affected by
resistor R, in series with the meter —
provided of course that R, is not too
large to allow the required meter
current to flow. The value of R, is
chosen here to limit meter current to
about twice the FSD current, so
providing a useful safety device should
an unexpectedly high voltage be
applied to the non-inverting terminal.

Thus we have a circuit in-
corporating a meter of 1 mA basic
sensitivity but which appears to be a
meter of 100 times that sensitivity.

Resistor R, is included to improve
the performance with regard to drift,
of the meter reading, as temperature

ineuT R
R3
33
Fig. 4. Meter amplifier.
e —t- OV

e e
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PARTS LIST

Flat respansa amplifler

IC1 Integrated Circult 709 8 pin DIL

R1 Reslstor éiyc a \:vatt 5%
» it

R 5%

R3 &z 47k " 5%

R4 Siys LYSIRERE 5%

C1 Capacitor 120 LF 6V electro.
c2 s 0.22 LiIF polyester
c3 o 100 pF ceramic
ca o 33 pF ceramic

rlus all ot Fig. 1
£’ watt 5%
5%

Tape head netwo,
RS Res:stor lM
CS Capacitor 3 300 pF polyester

Pick-up network plus ali of Fig. 1
F!7 Resistor 270k Y watt 5%

22Kk 5%
CG Capacitor  0.01 liF polyester
Cc7 N

3,300 pF polyester
Meter ampllifier

ICL Integrated Circuit 741 8 pin DIL
R1 Resistor 1k Vo watt 5%
R2 o 6.8k Y watt 5%

R3 e 33 7. watt 5%
R4 P 1k s watt 5%
R5 2 10k s watt S%
RS 2 10k Y watt 5%

D 10k Yo watt S%

RV] Potentiometer 22k linear
€1 Capacitor 0.1 UF polyester
M1 Meter 1 mA movement

Miscellaneous
IC holders, Veroboard, small
aluminium boxes ete.

i
changes cause changes in the op. amp.
bias currents. It is best selected by
experiment, although the value given
was found to be satisfactory with
three individual 741's.

The voltage at the slider of RV, is
fed via R, to the inverting input to
provide a means of setting the meter
zero. It can, if desired,-be used to give
a centre zero, so producing a
5 uA—0-5 uA meter. The capacitor
C, ensures that the gain falls at high
frequencies.

With a basic sensitivity of 10 uA.,
this amplifier enables a dc voltmeter of
100 kohm per volt to be constructed,
by connecting the appropriate resistor
in series with the input. The value of
the resistor is given by:

R = 100 V kilohms
where V is the input voltage
required to give FSD

Note that the basic meter of TmA is
a type of movement that is much more
robust, and yet cheaper, than others of
greater sensitivity.

The actual method of construction
can be adapted to suit individual
requirements. If a 1 mA meter is
bought for the job, almost any housing
capable of containing it will have room
for the 741 and the few other
components required, whilst only

three short lengths of wire are required
for connection to the power supply.
The test-meter used in the prototype
had a 1mA range, so a small
aluminium box was used for the
circuitry, with two output terminals
for the test-meter connections, and,
again, three leads for the power
supply.

As with the audio amplifier, it is
best to use a small piece of Veroboard
to mount the IC holder and
components, and to bolt the board to
the box with insulated spacers if
required.
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BUILD THE

TREASURE
TRACER
MICHI

METAL

l|]|u ?E(r; LETTERS FROM
% W (@g OUR READERS

STANDARD CANNGN, STAN- IR BURGLAR ALARM

i DARD DIN Having constructed the infra-red
i With reference to the article in your  burglar alarm (July 1972) and
News Digest column (October issue) overcome one or two minor prob-
refering to the correct wirina lems, | tried to obtain the sealed
standard for Cannon (or XLR)} beam lamp recommended in the
connectors, | am afraid you may  parts list without success. | con-
have been misled as to the ‘com-  tacted one of the largest import-
mon” standard. As you may have ers of General Electric lamps, who
noticed, DIN plug wiring is not  said he did not have that model
always as standard as it should be  and that it was not worthwhile to
(le — right channel either 1 or 5 import just one anyway. Other
both — there are two ‘‘'standard’’  readers must have met the same
ways of wiring a stereo DIN plug, problem and solved it, if so | should
both commonly appearing on be grateful for information that
domestic and foreign equipment  would enable me to replace the bulb
and not interchangeable). As to  and reflector that | have at present
saying that most manufacturers  with a sealed beam lamp giving a
work to DIN standard, | can assure  parallel beam.

you that this is ‘the exception. | A.-P. N. Beaumont-White, Putney.
know of two manufacturers of audio s o2

AUt &

AS SEEN
ON BBC-1
& BBC-2

TV

mixers that use male cannons on AMBISONIC SEPARATION
] inputs and female cannons on et e et
[ 4 - . 2 e 5 silicon transisto 5
g outputs. o Using ambisonics the separation 5 do:,'sm:ot need: transistor radio to.
As to the correct wiring between the front pair of speakers is operate.
sequence, you were more correct in only 3dB whereas that between the: e Incorporates unique varicap tuning

your original statement as Cannon for extra stability.

plugs are wired in numerically

Hot (for unbalanced inputs). This
system is easy to remember and
suits the common name for these
plugs in America, XLR. (earth, left,
right); Cannons are mainly a US
device. This system of wiring is

diagonal pairs is (in theory) infin-
ite. With most programme material

f ascending order ie: 1— Earth, 2—  the majority of the ‘action’ takes cffects.
! Low, 3— High (for balanced inputs) place in the front part of the sound e Loudspeaker or earphone operation §
1 with 1 and 2 tied to Earth and 3— stage_ It would therefore seem (both supplied).

better if the greater separation
was between the front (and rear)
pairs of speakers. Using the notion
used in ETI Vol. 4 No. 7 and
taking LF as the reference direction
the ‘A’ channel could be changed

@ Scarch head fitted with Faraday
screen to eliminate capacitive

e Britain’s best selling metal locator
kit. 4,000 aiready sold.

e Kit can be built in two hours using
only soldering iron, screwdriver,

- pliers and side-cutters.

® Excelient sensitivity and stability.

e Kit absolutely complete including
drilfed, tinned, fibreglass p.c. board

'}' common to all American radio and-  from with components siting printed
5 recordin ios, and issued in al On.
P?:os dst gmsSmdlos RS in_all s a% o Complete after sales service.
NI ! to ® Weighs only 220z; handle knocks
My band runs all of their RS RF down to 177 for transport.
- . ’ T
f equipment at 600 ohms: instru- % o o oF Suinl SrmmEe SV e @
ments, microphenes, and amplifiers velope for literatiire.
(customized by a US PA company). e Y 8 =

In the past 22 months we have
never had to alter any wiring for
feeds to any recording, radio. or
T.V. studio nor PA company. This
includes, recently, BBC radio,
Capital radio, EMI| Abbey Road
studio, AIR London studio and The
Music Centre, Wembley (Delane
Lea studio) as well-as various radio
and television studios in Europe and
America. | believe this speaks for
itself regarding ‘standardization .’
Hoping | have been of assis-

Complete kit
G £12,50
pearchicalle e P e P

Plus £1.00 VAT (8%)

Built, tested
and Guaranteed £I 1.50

Plus 85p P & P
Plus £1.40 VAT (8%)

{keeping the ‘O’ channel the same).

This is the same as changing
over the RF and RB microphones
and speakers and means that the
diagonals become the front and rear
pairs when encoded. By extending
this idea the front to rear separation
could be made the greatest which
might be useful for dramatic stage
effects. If height were encoded as
well then music could at the flick of
a switch be turned upside down
which is useful if you happen to be a

MINIKITS ELECTRONICS,

6d Cleveland Road, South Woodford,
LONDON E18 ZAN

tance. : {Mail order only)
Wm. T, Penman, Equipment Manager “Ren-  Sleeping bat. P4
aissance’’ C. P. Ishell, Bants,

- T EE R T n
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New Coursein Digital Design

Understand the latest

developments in calculators,
computers, watches, telephones,

television, automotive instrumentation. . . .

Each of the 6 volumes of this self-instruction
course measures 11%’" x 8%4" and contains 60
pages packed with information, diagrams and
guestions designed to lead you step-by-step
through number systems and Boolean algebra,
to memories, counters and simple arithmetic
circuits, and on to a complete understanding of
the design and operation of calculators and
computers,

After completing this course you will have
broadened your career prospects and
considerably increased your fundamental under-

_standing of the changing technological world
around you.

Also available — @ more
elementary course assuming
no prior_knowledge except
simple arithmetic.

Digita! Com
A

In 4 volumes:

1. Basic Computer Logic

2. Logical Circuit
Elements A

3. Designing Circuits to
Carry Out Logical
Functions

4. Flip flops and Registe?fs

QOffer. Order this together
plus  with Design of Digital
95 50p  Systems for the bargain
[ ] p&p

Design of Digital Systems contains over twice as much
information in each volume as the simpler course. Digitai
Computer Logic and Electronics. All the information in the
simpler course is covered as part of the first volumes of
Design of Digital Systems which. as you can see from its
contents. also covers many more advanced topics.

price of £9.25, plus 50p p&p.

Designer

Manage.r Learning by self-instruction has the advantages of
Enthusiast being quicker and more thorough than classroom

Scientist learning. You work at your own speed and must
3 respond by answering questions on each new piece
::g(;neetr of informatian before proceeding to the next.
uaen

Guarantee-no risk to you

If you are not entirely satisfied with Design of
Digital Systems or Digital Computer Logic and
Electronics, you may return them to us and your
money will be refunded in full, no questions
asked.
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These courses were written so that you could teach
yourself the theory and application of digital iogic.

Design of Digital Systems

A Self-Instruction Course in 6 Volumes

1 ComputerArithmetic,
2 Boolean Logic

3 Arithmetic Circuits
‘l Memories & Counters
z Calculator Design

Computer Architecture

595

plus 50p packing and
surface post anywhere
in the world (VAT zero
rated). Payments may
be made in foreign
currencies. Quantity
discounts are available
on request.

To: Cambridge Learning Enterprises,
FREEPOST, St. lves, Huntingdon, Cambs PE17 4BR
‘Pleasesend me . . . . set(s) of Design of Digital

[

|

|

(

Systems at£6.45 each, p&p inciuded :
o] frts il set(s) of Digital Computer Logic and i
Electronics at£4.45 each, p&p included |
: t

TOF= e combined set(s) at£9.75 each, p&pincluded |
N M e T L e o LSO Y s t
k

A eSS s X I
1

.......................................................................... 1
.......................................................................... '
*delete as applicable. ETi 2 :

No need ta use a stamp—just print FREEPOST on the envelope.

. A o —— WD T el - o b EE S T D e e e
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ELECTRONICS
_it,s easy! Introducing Digital Systems

WE BEGAN this course with a
discussion of electronic systems in
general; what they do, how they do it
and how we can progressively break
down a complex system into
fundamental building blocks. The
example chosen then, a TV system, uses,
in the main, analegue signals. These we
know from other parts of the series are
those signals that contain information
in the form of many: continuously
changing levels of an electrical voltage
{or current),

Although we have  already
introduced the concept of the on-off,
or digital kind of signal, the course so
far has concentrated almost entirely
on the linear, analogue circuits used in
electronic systems. The time has now
come to study an alternative
philosophy and practice, by which
tasks can be accomplished in another
manner — the digital electronic
approach.

DIGITAL OR ANALOGUE
SIGNAL APPROACH?

By itself a purely electronic system
has no real value until it is applied to
the real world we exist in. At the input
of a system physical variables are
measured by sensors that convert the
information, from the original form of
energy, into an electrical signal. This

electrical-input signai s then
conveyed, through the system being
modified, and converted in different
ways as required. The output signal
from the system is fed to actuators
which convert this signal back to
real-world variables at the output. It is
the differences between two basic
means of transmitting and converting
information that we are concerned
with now.

We have seen in the earlier part
dealing with information that both
analogue and digital signals can convey
the same information between two
points. It is a matter of how the
information 1s coded on the signal. It
is not possible to state categorically
that one signal form is better than the
other. Each has its advantages
depending upon the application.
Analogue systems can process the
same information using far less
components, than their digital
counterparts, but they are unable to
provide anywhere near the same
ultimate accuracy, precision and
long-term stability. In some uses, such
as precise mathematical computation,
digital techniques are a must. The
same holds true for measuring
equipment needing better than around
1 perceny, or perhaps 0.1 percent,
accuracy.

SELECT RANGE
1

[

RESISTIVE | o

—
ANLOGUE|NETWORK OUTPUT
| e BUFFER
SIGNAL
TO BE MEASURED AMPLIFIER DISPLAY METER

Fig. 1. Schematic representation of analogue multimeter system.

AUTOMATIC
RANGE
SELECT
ANALOGUE !
INPUT ANALOGUE]
SIGNAL TORL DIGITAL | OUTPUT
ANALOGUE DIGITAL DIGITAL | | ou
TO BE i il == DISPLAY
MEASURED]|NE TWORK SIGNAL COURISE
CONVERTER

analogue signals.

Fig. 2. Digital multimeters contain black boxes that operate with digital rather than

==
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PART 24

Other factors that decide the choice
of signal form ‘are the cost of
components needed, the size of
equipment and power  supply
demands. Today, the enormously
large-volume production of digital
circuits, especially when marketed as
large-scale integrated systems, coupled
with the tremendous effort that has
been expended on digital techniques
for computing markets, has now
tipped the balance heavily in favour of
using digital methods. This is now true
even for what have traditionally been
analogue applications. It may well now
be cheaper to use a mass-produced
digital assembly for a more unusual
analogue requirement, even when
analogue circuits could easily supply
the need.

Take, for example, the choice
confronted when purchasing a good
quality multimeter. The traditional
multimeter can be represented as a
resistive network driving a display
meter — see Fig. 1. The signal level can.
be ascertained by the degree of pointer
deflection seen on the meter. High
input impedance units incorporate a
linear amplifier to buffer the signal
source against a relatively low-
impedance meter movement. Apart
from the selector switch which has
discrete settings, all components work
with analogue signals and this means
they must be linear in operation and
adequately stable with time. Some
components — the ballast and shunt
resistors, for instance — must be made
to tolerances that require expensive
hand-made manufacture. We can
summarize the situation as one where
only a few components are needed but
they are inherently expensive.

The alternative is to-use a special
circuit that we will discuss in detait in
a later part. This is called an
analogue-to-digital converter {or just
A-to-D converter). As represented In
the schematic of a digital multimeter
given n Fig. 2, it converts the
analogue input level into a digital
signal form that is then used to drive a
digital readout display. These units
display the output value as a decimal
number rather than as the position of
a pointer as is used in totally analogue
systems. We will see, as we delve more
deeply into how such a system works,
that the digital alternative uses literally
dozens of active elements and many
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CONTACTS REMAIN

INSULATION

ELECTROMAGNET .
PROVIDES MOVEMENT
UPWARO TO CLOSE
CONTACTS

Fig. 3. Mechanical
switches are designed
to allow cansiderable
laztitude in the open
and closed contact
positions, thus
ensuring reliability,
Electro-mechanical
switches come in
many shapes and sizes.

many more passive components than
an analogue type of multimeter. Yet
today, there is little difference in the
cost of either alternative for the same
accuracy. The digital scheme, however,
can be made considerably smailer, may
pbe made moreé accurate, uses no more
power and may even have circuitry
that automatically selects the most
appropriate range for itself.

Another example is found in
computing. We have seen how
operational amplifiers — those that
perform linear arithmetic inherently —
can be used to solve equations and do
complicated arithmetical operations in
what are called analogue computers.
These can provide extremely powerful
solutions of matheématical problems
for quite small outlays. But only if the
problem does not require high-
accuracy — then digital computation is
needed. Another instance where digital
method is a must is when the problem
involves logical type operations where
yes-no decisions are needed. Digital
computers can sort information into
groups and decide which way to
proceed at a decision junction. This
will become clearer when we discuss
the mathematics of fogic which is
quite unlike normal algebra.

As with the multimeter example,
digital computers also involve many
more compenents than the anatogue
units that would perform similar tasks.

CLOSED FOR THIS
POSITION TOLERANCE

v o

QPEN STATE
TOLERANCE

CLOSED STATE OF
NORMALLY-OPEN
CONTACTS

OPEN STATE OF

NORMALLY OPEN
FORCE REMOVED CONTACTS

vaed et

—
i =

T
i rm
iy e

- Rk

Yet, somewhat strangely, they can be
far less expensive, much more accurate
and more reliable. Undoubtediy the

trend in electronic systems is toward -

more use of digital solutions — but this
does not mean that analogue systems
have no place in electronics.

One dominant reason why digital
systems can be so retiable and positive
to design is that the signal operations
involve  switching  rather  than
continuous-mode action. We, there-
fore, begin our study of digital systems
by l!ooking at the design merits of
various switching devices, starting with
the mechanical kind.

MECHANICAL SWITCHES

The ON-QFF switch has only to
define two states of circuit operation
and hence the tolerances associated

L-—Lb'
1 :
: , RisHIGH
Vin =k Vour {a)
Fig. 4.-Switches can SCHEMATIC EQUIVALENT CIRCUIT
handle large power signals __&_N
wizh little loss (a) open | : ‘
(b} closed. : RisLOW
C—oo—0 O—NWA—0
s
Vin Vout (b}
- =— —9 .
IN EYTHER STATE SWITCH POWER RATING 1S V.. s or V%R orlg. R
Y ——

with each state can be very wide.
Consider the basic mechanical switch
having two contacts as shown in Fig,
3. When the contacts are disengaged it
matters little how much further the
designer separates them; the further
they separate the less the chance of a
spurious make-condition occurring.
Conversely, when closed the spring
action will ensure contact over a wide
range of relative positicns. The harder
the two contacts are pressed together
the better the reliability, but there will
be negligible electrical change in the
circuit-made state.

Continuing with the mechanical
switch example we can also easily see
that a switch  with  heavily
over-travelled contact pressure or
excessive opened distances will be slow
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ELECTRONICS -it’s easy!

CONNECTION EXISTS
{a) ISOLATED SWITCHING

13
3
1
i SWITCHED ——
SWITCH CIRCUIT
ACTIVATING ! ———— SWITCHED
SIGNAL ! SWITCH - CIRCUIT
. ACTUATING
INPUT ) X
L SIGNAL
ACTUATION |
MECHANISM
NO ELECTRICAL ELECTRICAL

Fig. 5, Uniike electro-mechanical switches, most solid-state electronic switches do not
provide ideal isolation between the actuating signal source and the controlled source.

CONNECTION EXISTS
(b} NON-ISOLATED SWITCHING

= mm——

to change 1o the opposite mode’
because greater force, or more travel,
is needed to effect the change.

Another feature of the two-state.
switching circuit is that the switch's
power rating can be very small
compared with the load power being
controlled. This arises because in each
of the two states the switch has only
to dissipate very small power losses.
When open, see Fig. 4(a), the voltage
across the switch is maximum but the
current minimum. The power rating
needed of the switch {neglecting arcing
effects in this case} whilst open is,
therefore, the product Vs.ls, and this’
is always very small, for only leakage
currents flow when the switch is open.
When closed, the situation is reversed;
the current is now of the maximum
value but the voltage drop is merely
that due 1o resistive losses in the made
contact {which can be very small). In
practice the change of state from one
condition to the other is so rapid that
we can consider the switch as only
ever being in the fully-off or fuliy-on
case. This low-loss feature is used to
effect in power-supply switching
regulators where the “made” to
“not-made” times of a vibrating
contact are varied to pass the required
amount of average power.

SOLID-STATE SWITCHES

Qriginally digital circuits did indeed
use electro-mechanical switches; the
relay as we know it. These are still
used in some circumstances today but
their size, cost, slowness of switching
and possible unreliability now make
them a poor choice, for logic
applications, compared with solid-state
switching alternatives.

A switch by definition, is a device
that provides either a satisfactorily
high or low resistance between two
points, with the state being rapidly
reversed by an external control input,
1t can be used in series or shunt to
effect control. The degree of isolation
provided is decided by the open-state
resistance; the power rating is decided.

64
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by the made-state switch resistance.
What is high or low is purely relative,
depending upon the impedances of the:
circuit elements connected to the
switch. A perfect switch provides
infinite open-circuit resistance and
zero closed-circuit resistance. Typical
resistances encountered in a small
relay are from many megohms
{contacts open) down to mere
milliohms {contacts closed) thus giving
excellent switching characteristics.

Solid-state switches normally do-not.

provide such large resistance ratios
{some special devices come close)
giving around a megohm to a hundred
ohms change which is adequate for
most logical tasks performed by digital
systems.

Another disadvantage of most
solid-state switches is that, as we will
see below, the circuit connected to the
switching part of the solid-state switch
is not completely isolated from the
circuit actuating the switch mechan-
ism. This concept is shown in Fig. 5.
At times this is most inconvenient and

saaass———— 1
. —o0
ACTUATING 17_- SWITCHED
INPUT SIGNAL
o=t —o0

PHOTO SENSITIVE
SILICON DETECTOR
(BANDWIDTH 20 MHz)

Fig. 6. Opto-electronic switches such as
HP5082 series can provide a very close
approximation to the low-power
mechanical switch and are much faster
in operation.

LIGHT EMITTING
DIODE [LED)

(BIAS SUPPLY)

R
—0
Vin Vout
O— O

Fig. 7. Diode wired to provide switching

action batween input and output.
=

the development of workable
solid-state switching systems has been
influenced by the need to make-do
with this shortcoming. A relatively
recent newcomer to the solid-state
switch, which overcomes the last
disadvantage, is the solid-state
opto-electronic isolator, shown in Fig.
6. This uses the actuating input to
energise a solid-state light-emitting
diode (LED); this, in turn, deduces the
resistance of a light sensitive detector
that acts as the ‘contact’. This device is
used in a minority of switching
operations involved in digital circuitry
where extremely high isolation is
required between the switching and
the switched circuits.

The two most commonly used
solid-state switching technigues are
those using two-terminal diode designs
and threeterminal active element
designs based on devices such as the
transistor and = other solid-state
amplifying devices.

SWITCHING WITH DIODES

Let us first look at a diode wired to
provide a switching function. In Fig. 7
a diode is connected to a bias supply V
and to the input as shown. When the
input voltage Vin is more negative that
the bias voltage V the diode is
forward-biased providing a quite low
resistance path between the input and
the output terminals. In this state
Vout will be closely equal to Vin. If
the bias voltage {or the input voltage)
are changed to make Vin more positive
than Vv the diode  becomes
reverse-biased placing a high-
resistance between input and output.
Thus, by changing V from positive to
negative we have produced a switching
action between input and output
terminals.

A similar action is provided if the
dicde is wired in shunt across the line
rather than in series as shown in Fig. 8.
The state of V decides whether the
diode shunts the line {when forward
biased) or not {when reverse-biased).

In either design it is important that
the diode resistances in the two states,
the output impedance (Rg) of the
preceding stage connected to the
input, the load impedance (R()
connected 1o the output and the

V (BIAS SUPPLY)

7—'ig. 8. Diode wired to provide shunt
switching action.

=
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Fig. 9. Typical characteristics of silicon and
germanium diodes.

bias-resistor value (R} are atl chosen to
have the right ratios in the two
switching states. Adequate switching
action will not result if the bias input
is allowed to dominate the values
being switched.

It is important that the bias voltage
actually developed across the diode is
sufficient to produce a diode
forward-current greater than a value
around the knee of the |F against VE
characteristic — see Fig. 9. For a
silicon diode this requires at least
700mV, a germanium diode at least
350mV: these values vary little with
make or shape of particular device,
being a parameter of the
semiconductor material itself. Note
how a quite large change in forward
current hardly changes the dynamic
resistance once the knee is passed.
{Dynamic resistance is the slope of the
characteristic which is reasonably
constant beyond the knee). This
reliable and constant ioss switching
{but not zero-loss} results over a very
wide range of bias current conditions.

In its reverse-biased state the diode
provides a larger resistance. Fig. 9
shows that germanium diodes do not
provide as high an ‘open’ resistance as
do silicon diodes — this is because the
slope of the germanium characteristic
is not as horizontal as that of silicon.
Nevertheless both slopes represent
higher  resistance than in the
forward-biased case, proving that
resistance of the diode changes
markedly. Again, we see that both
reverse-biased curves are closely linear
meaning constant resistance or, in
other words, constant “‘open circuit’”
switch resistance,

When selecting the value of
switching bias to apply it can be seen
from Fig. 9 that too high a value for
silicon devices will cause breakdown at
the zener point, providing instead, a
condition that could cause total
failure of the device.

The speed at which diodes can
switch is a function of circuit values
and the characteristics of the diode. It
is routine practice with diodes to
switch at tens of megahertz rates or
higher. Mechanical switches are limited
to less than 1 kHz at the very best.

Later in the course we will see how
these basic diode switches can be used
to perform logical operations by
connecting more than one diode to the
same bias source. Such connections are
called gates.

SWITCHING TRANSISTORS

Now to the use of three-terminal
devices, transistors for instance, as
switches rather than as linear
amplifiers. This can be explained using
the Ic versus E¢ characteristics of a
typical transistor, as is given in Fig. 10.
The two switching states occur when
ip is either large or small. A chosen
collector resistance value {in common
emitter configuration) establishes the
load-line on the characteristic. In a
switching-mode the transistor operates
around points A or B. At A, |, is large;
the transistor is, therefore, switched
on with Vg being very close to zero

volts. At B Ig is small {practical
circuits may apply a reverse polarity 10
ensure this}; the transistor is switched
off with VcE being virtually at the
supply voltage. in the on-stage the
transistor provides a low-resistance
path between its collector and emitter:
when off, a high-resistance path.

The transistor switch, unlike
non-amplifying diodes and mechanical
contacts, does not directly pass the
input signal but instead replicates a
signal current in its base by providing
an equivalent change in collector
current or voltage. In reality a large
proportion of digital circuits
regenerate in this way with the output
signal change closely following that of
the input.

At either of the circuit operating
points A or B the transistor is operated
well  within its allowable power
dissipation. As we should expect, a
given transistor used in a switching
mode can handle a greater power than
if operated as a linear amplifier. A
little thought will also show that the
load line can, in switching use,
intercept the maximum dissipation
curve, the reason being that the
transistor does not dwell long enough
in states other than A or B to produce
deleterious heating. It is vital, however,
in such designs to ensure that the
switching action is rapid between
states, and that the device never dwells
on the way through. A ramp input
signal may well destroy a stage
designed to switch!

The above explanation is most basic
— reality requires other criteria to be
recognised to obtain more ideal
switching. Like the over-travelled
mechanical switch, a transistor switch
with too much reverse-bias base
current (off-state) or too much on
state base current will be slower
to operate than one not driven so hard.
This is because the charge associated
with the base current must be removed
to alter the state and the more the
charge there is to move, the slower will
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ELECTRONICS -it’s easy!
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Fig. 11. High-speed switches Y
are designed to remain non-
saturated. This circuit em- .
ploys feedback D1 with D2 2
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needed. The speed-up { ~{J
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be the switching time. Solid-state
switches operated very positively by
use of farge drive currents are said to
be working in a saturated state.

Certain circuit devices can be added
to the basic solid-state switch to speed
up the response. The first is to supply
a much larger input signal than would
be needed to just turn it on. This
speeds up the charge movement but
would take the device into deep
saturation unless clamps are added
that hold the circuit nodes at given
values. Diodes acting as switches are
often used to hold a point at a given
voltage. A second circuit addition is
the speed-up capacitor. This is a small
value capacitor piaced across the
resistor feeding the input of the
switching stage. When fast switching
signhals occur the capacitor provides a
low impedance path around the
resistor which must be of a reasonably
high value to supply correct dc signal
level requirements. Yet another
technique is to use feedback between
the collector and the base to speed up
the switching transition yet hold the
stage in a non-saturated state once
switched. Fig. 11 is a non-saturating
switch circuit — one of many
possibilities. It shows how the basic
transistor needs the addition of more
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Fig. 12. Transistor-transistor logic,
TTL is a commanly accepted in-
tegrated circuit manufacturing
method. This gate combines up

to three inputs switching with a
defay of only 10 ns. The whole
circuit is integrated on a common
chip.

ouTPuUT
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components to realise fast switching in
discrete designs.

The integrated-circuit revolution
has provided us with inexpensive,
ready-made digital circuits of great
sophistication. These are extremely
basic yet super fast — see Fig. 12.
Rarely does one now have to consider
the in-depth design of switching
circuits. The task is usually one of
devising a system using a few basic,
digital system building blocks which
have been so deveioped as to facilitate
their ease of connection into systems.

The reliability of the switching
state of an electronic circuit is one
reason for the widespread use of
digital techniques. There is another
equally important reason for the use
of digital signals and that is that
philosophers and mathematicians of
the past have developed powerful ways
to process logical infermation by way
of special-algebra and techniques. This
is employed to design complicated
switching circuits and other digital
systems with the simplest possible
circuitry. In the next part we lock at
these philosophical concepts in
readiness to return to a discussion of
the basic,
blocks.
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EARLIER THIS WEEK a small parcel
insinuated itself through our letter-
box; inside was a beautifully
packaged Black Watch kit from
Sinclair. As usual with Sinclair kits,
all of the parts were laid out in a
plastic tray and the whole kit is
presented in a neat plastic case; first
impressions — very good. Open up
the case and find the instructions
plus any of the usual addendas and
read thoroughly to get a general
idea of the construction sequence.
The only addenda mentioned a
plastic-backed copper shield which
has to be bent eventually to
surround the completed module in
order to protect the module from
large static build-up which the
plastic case would not ground back
to the skin.

First step — identify all of the
components from the list and check
that all of the components are there
and that none are duplicated in"any
way. Most of the components listed
are obvious but some could be
identified better by drawings or by
further description. For instance,
the kit contains an ampule of grease
and a small tube of varnish (these
are mentioned as grease and
varnish}; if you open the grease in
mistake for the varnish you could
get into a very sticky mess. Now we
will follow Sinclair's instructions
through with any problems that |
found or any comments that | feel
are worth making.

ASSEMBLY

1. PREPARE PCB. “The
component side of the board should
be thinly coated with some of the
varnish supplied. Do not get varnish
on the rear of the board and do not
varnish the lower row of contacts.
Allow the varnish to set for 2-4
hours before proceeding.”” The
varnish can be applied with a small
piece of scrap paper but | suppose
that &2 small paintbrush would be
better — add this to your list of tools
required. As you can see the kit is
not to be completed within a couple
of hours, in fact it will take you
about 3-4 hours’ construction time
spaced over as many days.

2. PREPARE TRIMMER. "‘The
arms of the trimmer should be

o8

carefully removed with side-cutters.
Take care as the bndy of the
trimmer is easily cracked. A small
file will be useful to remove burr
from the legs. The trimmer is now
inserted in the board ensuring the
base is flush with the board; it is
then soldered in place. Do not use
tooc much solder on the large
lead . . . cut off the leads within
omm of the rear of the board.”” The
trimmer supplied has two legs, one
fat, one thin; each has a small
projection about halfway up which
has to be removed in order to get
the trimmer sitting correctly on the
PCB. All of the components have to
be as close to the PCB as possible
and the leads and soldering on the
back of the PCB have to be as short
as possible in order for the com-
pleted module to fit into the case.
The ruination of your kit could start
here if this major rule is not adhered
to.
3. CAPACITOR. “The capacitor
should be soldered in place with the
white dot facing toward the inte-
grated circuit.”” Apart from the
obvious and unfair comment that
the integrated circuit is still in the
box, the leads on this capacitor have
to lie across tracks on the PCB.
These tracks should have varnish on
them and thus be insulated but
ensure that the capacitor leads are
not touching the tracks during
soldering as | suspect that the heat
could melt the varnish and cause a
short.

4. QUARTZ CRYSTAL. No
problem with this component, yet
again Sinclair mention components
being flush with the board.

5. DISPLAY. Once you have
identified pin 1 with the help of a
drawing this major component
should cause no problems.

6