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DIGITAL SAMPLER
DELAY LINE

Just one of our customers for the MCS/1
- Midge Ure of Ultravox.

Get the professional sound of a
Powertran MCS/1 into your act.

Once again, Powertran and EEMM combine to bring you
versatility and top quality from a product out of the realms of
fantasy and within the reach of the active musician.

The MCS-1 will take any sound, store it and play it back from
a keyboard (either MIDI or v/octave). Pitch bend or vibrato
can be added and infinite sustain is possible thanks to a
sophisticated looping system.

All the usual delay line features
(Vibrato, Phasing, Flanging, ADT,
Echo) are available with delays of
up to 32 secs. A special interface
enables sampled sounds to be
stored digitally on a floppy disc
via a BBC microcomputer.

The MCS-1 gives you many of the effects created by top
professional units such as the Fairlight or Emulator. But the
MCS-1 doesn't come with a 5-figure price tag. And, if you're
prepared to invest your time,

it's almost cheap!

MCS-1 comglete only £849 + VAT
Save even more with the MCS-1 kit:
AR only £599 + VAT

Demonstration Tape £2.50 + VAT
Powertran kits are complete down to the last nut and bolt,

with easy-to-follow assembly instructions.

Specification

Memory Size: Variable from 8 bytes to 64K bytes.
Storage time at 32 KHz sampling rate: 2 seconds.
Storage time at 8 KHz sampling rate: 8 seconds.
Longest replay time (for special effects): 32 seconds.

Converters. ADC 8 DAC: 8-bit companding.

Dynamic range: 72 dB.

Audio Bandwidth: Variable from 12 KHz to 300 Hz.

Internal 4 pole tracking filters for anti-aliasing and recovery.
Programmable wide range sinewave sweep generator.

MIDI control range: 5 octaves. Portway Industrial Estate, Andover, Hants SP10 3ET, England
+1 V/octave control range: 2 octave with optional Telephone: Andover (0264) 64455 T
fzanspose.of @ further 5 octaves. Access/Visa cardholders - save time - order by phone. = b@
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News from the leading edge at the
leading edge of every issue.

READ/WRITE................. 13
Our letters page moves up front
with some up-front letters,

DIGIVISION INSIDEOUT .... 16
Vivian Capel takes the back off the

Telex 8811896.
FEATURES -
DL GE SIS, ot e e 1o s et s s 7 latestthing in television technology

and reveals all.

THE REAL COMPONENTS..... 20
John Linsley Hood gets on the TO-5
case and examines small signal and
power transistors.

TECH TIPS 54
Yet more novel ideas from the files,
devised by ETI readers with ETI
readers in mind,

PROJECTS

6802 EVALUATION BOARD... 27
If machine code leaves you cold,
warm up with our cover project —
the painless way to understand
microprocessors using the compact
version of the trusty 6800 device.

UNIVERSAL EPROM

PROGRAMMER Mkl ......... 35
Thank heavens forthe Mkill EPROM
programmer, because little EPROMs
get bigger and faster every day. Or
rather, thank heavens for Mike Bed-
ford and Gordon Bennett who have
produced an upgrade of ETI’s origi-
nal programmmer which is com-

letely software-driven and can
andle all the latest devices.

LARGE DIGITSCOREBOARD... 43
Forget LEDs, forget LCDs and get lit-
up with light-bulbs using this
stadium-sized four digit display,
which is constructed in modules
and can be controlled by computer
or hardware switches. Design by
Ken Wood.

STEREO SIMULATOR......... 50
Liven up your old record collection
orjustenhance your stereo with this
add-on circuit developed around
one specialised chip.

SCRATCH PADY . . oo s his soti s 61
ETI'snewdiaryamplifies the current
events in electronics and comes up

ETC
OPEN CHANNEL ............. 59 with a few shocks. Potentially
Keith Brindley opens communica- different.
tions in our new department with
the first of his monthly columns on
all aspects of telecoms. REVIEW ...0ovviiiinaneennnns 63

This month we open the gate on
‘Digital Lab’ — a software package
for the Commodore 64 designed,
logically, to help with logic design.
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WATFORD ELECTRONICS

250 HIGH STREET. WATFORD, HERTS, ENGLAND.WD1 2AN

TRANSISTORS

AC126/7 8cazr BF336/7 35 | MPSUOE 80 | ZTX107/8 12 | 2N3820 60 | 25C2335 200
AC141/2 8C337/8 BF394 40 | MPSUS2 68 | ZTX109 12 | 2N3822/3 80 | 25C2547 40
MAIL ORDER, CALLERS WELCOME AC176" 33 | BCasvrer a | ereey & MPSUSS 80 | ZTX212 28 | 2N3866 90 | 25C2612 200
AC187 35 | BCa7? 40 | BF4g4ss 40 | MPSUSE 80 | ZTX300 13 | 2N3903/4 18 | 250234 74
Tel. Watford (0923) 37774/40588 Telex. 8956095 AC1886 35 | BCS16/7 40 | BFS9a/s 30 | OC26 170 | ZTx302 16 | 2N3905/6 18 | 26Kas 80O
ACY19/21 78 | BC547/8 12 | BFR3g/a0 30 | OC28 220 | ZTX303 25 | 2N3906 17 | 25K288 225
ACyza/a1 78 | BCsaeC 18 | 6FR41/TY 28 | OC3s 80 ZTx304 17 | 2N4037 80 | 2Su83 228
; AD142 120 | BCSS6/7 16 | BFRBO/81 25 | OCae/a1 78 | ZTX326 30 | 2N40s8 18 | 25485 228
ALL DEVICES FULLY GUARANTEED. SEND CHEQUE, P.O.s, CASH, BANK DRAFT WITH AD149 79 | BC558/8 18 | BFR98 108 | OC42/75 73 | ZTXe51 23 | 2N4061/2 15 | aN128 118
AD161 42 | BCY39/40 8S | BFX20 38 [ OC71/72 50 | ZTX500 14 | 2N4264 30 | 3N140 118
ORDERS. TELEPHONE ORDERS BY ACCESS/MASTER CHARGE ACCEPTED. AD162 42 | BCvatza2 30 | BFXB1 45 | OCTs/7e 58 | ZTxs01/2 18 | 2nazee 28 | 40315 0
GOVERNMENT & EDUCATIONAL ESTABLISHMENTS OFFICIAL ORDERS WELCOME :i:;g/e x &::g/“ :: g:xga : 3: %;/u :g g;ggi ;g ;:-gfs ;: :gg;:a ‘:g
X85/ /84 4314
P&PADD 75p TO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE AT COST. PRICES AF124/26 70 | BCY70/T1 18 | BFY50/s1 30 | OC170/71 75 | ZTXs31 128 | 2Ns400 25 | 40328/7 70
AF139 40 |18CYT2 28 | BFYS2 30 | OC70 40 | ZTx550 28 | 2N4427 80 | 40347 90
SUBJECT TO CHANGE WITHOUT NOTICE. AF178 75 [BCY78 30 [ BFYS3 38 | OC200 78 | 2n697 23 | 2NaBT1 85 | 40348 120
AF186 7O [BD114 190 | BFYS5/56 56 | TIP29A 32 | 2N698 40 | 2N5135/8 30 | 40360 80
VA Export orders no VAT. Applicable to U.X. Customers only. Uniess ststed othewlisa, AF239 ss | BD121 938 | BFves 40 | nP28C as | 2ne99 48 | 2n5138 25 | 4036172 TO
il prices sre sxciusive of VAT. Piesae add 15% 10 the tots! cost Including PAP. %!o; 12 | BD124 118 [ BFY8Y 120 EPJOA 33 | 2N706A 25 | 2NS172 25 | s0407/8 78
1078 14 [ BD131/32 88 | BFYR0 60 [ TIP30C 37 | 2N708 28 | 2N5179 45 | 40411 288
Frelstcomithbs ands,more 18m Ay payaOWliRis,; 8C106 12 |BD133 70 | BAY3® S0 | MP31A 38 | 2Ne18 40 | 2N5180 48 | 40412 90
Underg BR Wetford High Street. BC108B 14 [BD135 45 | BSX20 30 | IP31B 39 | 2N1131/2 40 | 2NS190/1 78 | 40467a 130
Open Mondasy to Saturday: 9.00am to 8.00pm. Ample Free Car perking spsce svailabie. BC108C 14 | BD136/37 40 | BSX26/29 45 TP3IIC 485 | 2N1302 45 | 2NS5194  BO | 40468 8s
8C109 12 | BD138/30 40 | BSY26 TIP32A 43 | 2N1307 70 | 2N5306/8 30 | 40594 108
ELECTROLYTIC CAPACITORS: (Values in uF) 500v, 10uf82; 47 78p, 63V. 0.47,1.0.1.5,2.2,33.4.78p 1010p: BC1098 14 | BD140 40 | BSYSS :w TIP32C 45 | 2N1671B180 | 2N5457/8 30 | 40603 110
15,22 12p; 33 15 47 12p: 68 20p; 100 19p: 220 26p. 1000 70p, 2200 99p; S0V: 68 20p. 100 17p: 220 24p: BC109C 14 | BD144/45198 | BUTO5S 180 | TIP33A 70 | 2N2160 328 | 2NS4se 30 | 40673 75
40V: 22 9p% 33 12p; 330,470 32 1000 48,2200 90p. 28V 1.5,4.7,10.22.47 8p1 100 11p: 150 1292220 15p; BC114/5 30 | 80158 88 205 180 | TIPAAC 78 | 2N2219A 28 | 2NS485 38 | 40871/2 %0
330 22p: 470 28p: 680, 1000 34p. 150042p, 2200 50p: 3300 78p: 4700 92p; 18V: 47,68, 1009p. 125 1292330 Sotin 28] (a0ace 110 (] Bueos) 200:| TEodael ¥l ancarong 20| ot Tl S,
oA o B 6RO 4 000N T €50 8 A% 12200 RABIAT 0\ b, 137/0 40 | BD245 65 | BU208 200 | TIP34C 108 | 2N2221A 25 | 2N5879 180
- d d d { BC140 38 | BDAT8 70 | BUYSSC 228 | TIPAsA 120 | 2N2222A 28 | 2N8027 32
TAG-END CAPACITORS: 84V: 2200 120p; 3300 148p; 4700 248p; S0V: 2200 98p; 3300 155p; 40V: 4700 BC142/3 38 | BD434 70 | MDB0OY 280 | TIPAsC 130 | 2N2388 28 | 25A671 250 RF
o i A X ; -t & s BC147 ~ 12 [ BOSI7 78 | MJ2955 90 | TIPG6A 130 | 2N2369A 18 | 2SA71S 78 | ~pnyEc
180p; 28V: 2200 70p; 3300 88p; 4000, 4700 78p; 10,000 280p; 15.000 270p; 16V: 22,000 200p. BC1478 18 | BDG45 80 | MUETTO 150 | TIPI6C 140 | 2N2483/4 27 | 25C495 s | CHOK
‘ BC148 12 | BO695A 180 | MJE1BO 150 | TIPA1A 50 | 2N2646 48 | 25C4g6 ature
POLYESTER CAPACITORS: Axial Laad Type SIEMENS CRE A K | o b | e 23 || s | s PCB type
400V: 1nF, 105, 202, 3n3, 4n7, 8n8 11p; 100, 150, 18n, 22n 12p; 33n, 47n, - e BC149 12 | BF115 48 | MJE370 100 | IPa2a 85 | 2N2906/7 28 | 25C1098 85
€8n 18p; 150n 20p; 220n 30p; 330n 42; 470n B82p; 880n tuF 88p; 2u2 B2p. Yv?cc':lnm.;n'- BC149C 18 | BF154/8 30 | MJE371 100 | TIP428 58 | 2N2807A 28 | 28C1182 48
1000V: 1nF 17p; 10nF 30p; 150 40p; 22n 38p; 33n 42p; 47n, 100n 42p. PElY CHpAGliofs B8C182L 10 | BF187 35 [ MJES20 85 | MP120 70 | 2N2926G 10 | 25C1173 128 :3" 2u2. ;;7
SOV BC183L 10 [ BF173 38 | MJES21 96 | TIP121/2 73 | 2N3053 25 | 25C1306 100 | !Qu. 22u 3du.
POLYESTER RADIAL LEAD CAPACITORS: 250V FEED-THROUGH e yravar BC184 10 | BF177 38 | MJE2955 98 | TIP141/2 120 | 2N3054 88 | 25C1307 180 | 470 100u.
lon e ooty s arnon toonte lsonaton | caricirone || Syinih [l lo s e ) m s soms s s s | TR,
. 8800 10p: 1 . 202 48p. ol ORI OB 5 N & 1678
10p; 330, 470n 18p; 680N 19p; 1u5 40p; 2u2 48p. 1000pF/450V 10p :g:,;g:”“ L BC188.6/728 | BF184/S 38 ( MPF103 30 | TIP30SS 70 | 2N3441/2140 | 25C1679180 |
TANTALUM BEAD CAPACITORS POTENTIOMETERS: Carbon Track. 3an39n47n 8p BC12 = 10 | BF1g4/s 12 | MPFIO4 30 [ TISA3 80 [ N3614/5100 | 25C1023 88 | )70 /5
38V: 0.1uF, 0.22, 0.33 18p 0.47, 0.68, | Rolary 0.25W Log & LIN Values. 39n.56n  12p Bezizl. 14 jBrisal 18i] MPEIGS PRSI TREARES & e et e RaECTIAEIaR S e e Has
! i p BC213 10 [ BF200 80 | MPF106 40 | TIS88A 80 | 2N3702/3 10 | 25C1963 80 L
1.0.1.518p; 2.2, 3.3 18p; 47, 6.8 22 4T0R: 1K & 2K (Linear only) 82n, 1000  11p aoptat.d 15C HEdsah s hities Saoilltdeotu1n Goll ey cate o] Ecies i
10 28p; 16V: 22,33 16p; 47. 68,10 Singie Gang e Mo BC214 10 | BF224B 40 | MPSAO8 30 | UC 85 | 2N3706/7 10 | 25C1968 180 | 22M. 33m.
18p; 15, 38p; 22 48p; 33, 47 50p; 100 SK—2M Singie Gang Log 8 Lin  38p| 130V BCZ14L 12 | BF245 50 | MPSA12 32 | VK1010 99 | 2n3708/9 10 | 25C2020 B8 | 43m 80P
95p; 10V: 15,22, 28 3,47 80p; 100 8K — 2M  Singie Gang DP Switch 95p 150n. 1800 ": B8C237/8 18 | BF256A 45 | MPSAS5 30 | VN1OKM 70 | 2N3713 140 | 25C2029 200
80p: 8V: 100 88p. 5K — 2M  Double Gang S8livies ey e BC2568 38 | BF256E 50 | MPSA56 30 | VN4BAF 95 | 2N3771 179 | 25C2078 170 | 100M  78p
Eai ik 3078 15 | BF257/8 32 | MPSATO 40 | VNEGAF 110 | 2N3772 108 | 25C2001 88
MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS <70m, 560n 28p BC308 18 | BF2ss 40 | MPsuoz 88 | vNaBaF 120 | 2N3773 210 | 25C2314 86
100V: 1nF, 2. 4, 4nF, 10 8p; 15nF, 22, 0.25W log and linear vaiues 60mm s e BC318 80 | BF27S 88 | MPSUOS 80 | VNBOAF 120 | 2N3819 38 | 25C2166 105
30n, 40n, 47n Tp; 56n, 1000, 2000 Op; 5K — 500K single gang BOp| 1uF 34p 2u2 30p
S0V: 470nF 12p. Greduated Bezeis for above 45p CA3081 180 | MC1303 96 | TDA2020 320 | 7476 48 | 74351 L8194 78
CA3085 180 | MC1304P 260 | TDA2030 190 | 7480 60 | 74385 L8195 78
CERAMIC CAPACITORS 80V: PRESET POTENTIOMETERS ACCESS CA3086 60 | MC1310P 150 | TDBO791 420 | 7481 178 | 74368 L3196 65
Range; 0.50F to 10nF 4p. 15nF, 22nF 0.1W Miniature Vertical or T 0"‘%:"!'0 . gaoggio 200 uguas 250 | TL170 a82 00 | 74387 ;g‘: :
33nF; 47nF 8p. 100nF/300V T7p. Horizontal 100R to 4M7 8p EO g L) 30! 78 | MC145106 888 483 00 | 74388
200nF/8V 8p. 0.25W Larger 100R 10 3M3 Horz ~ 12p|  yoer® through. A e e s o i35 160 | 74376 )
¥ r R ¥
POLYSTYRENE CAPACITORS: 0.25WLarger200R104M7 Vertical  12p| Tal 0923 50234 Casrao a8 | MC1488 300 ':gg ;£ Tape ;:g ::
10pF to 1nF Bp; 1.5nF 10 12nF 10p. 176 [ RO-3-2513U 850 | CA3160 90 | MC14ps 804 490 88 | 74426 244 B0
= ; T 878 | CA3161 180 MClass 330 7451 70 | 74490 falic e
364 800 | CA3162 829 | MC1496L 70 482 110
PILCRIMICA (Vejngy in oF) Wil SP0256 880 | CA3189 278 | MC1586 228 7453 50 247 1%
2,33,47,88,8.2,10.12, 15,18, SPO2E6AL2 478 | HAT 248 108
DRAM 336w 178 | MC1648 200 484 100 74C oke e
22.27, 33 39, 47, 50, 56, 88, 75, 62, 238 TCJ3101) €13 | HA1388 238 | MC1709G 80 485 60 Fe it
85,100, 120, 150, 180pF  18p sach TMS2718-3v 728 ICL7106 878 [ MC3302 78 “ N 263 78
200, 220, 250, 270, 300. 330, 360, T TMS4047 100 ICL7107 978 | MC3401 50 49750 399 [ 74C244180 258 120
390, 470, 800, 800. 820  21p each 250n TMS4164 398 ( ICL7611 99 | MC3403 98 4104 70 ;:gg;g:g 257 78
100. 1200, 1800, 2200 30p esch £6,26 TMS4418-2 Bos | /CL7660 248 | MC3404 85 4105 70 | JiRTTS 428 258 78
TMS4500  £12 | ICLBO3BCC 348 | MC3405 180 2107 48 259 128
3300, 4700pF 80p ICLB211A 750 | MC3422 00 4109 70 | 74C922 028 260 70
27128 TMS4532:3 350 | ICLE: Vb o 2190 88 | 74C923 848 261 100
MINIATURE TRIMMERS Capacitors 250ns gl T o I IO [ i 411y 88 266 60
2:60F 2-10pF 22p; 2-25pF; 5:65pF ] e Sote o0 |icMr2teaseaz | MCass? 00 2112 170 273 120
4 TMS9914 898 4116 180
30p; 10-88pF 36p. ICM7216C €22 | MC4016 00 275 380
TMS9027  E14) \C\Mr2174 T80 | MF1I0 300 v R 279 70
RESISTORS Carbon Film, ministurs, H-Stab, 5% TS0z £10|iCMraze €11 |MFCeos0 78 2y 5 20 120
RANGE Vel 189 100+ NEW" 256X D TMSg980 €12 [ICM7240 300 [ MLB24 278 | UPCI1S6H 4121 48 o | las
RAM 150NS £28 TMSo005  £12 | ICMT7585 108 | NEs1s 278 | UPC1182 4122 88 @
el AN yopieadl SipR Wip 3242 678 75| 1CM7556 150 | NEs29 228 | URC1366 4123 78 4 Za2 £oo
05w 2m2-4M7 E12 3p 1 1027 o8 00 rao|LA3ss0. 280 | NES31 140 | xmz206 1 8 40 204 900
w 202 —10M €12 6p  4ap 4116.200n 128 WD1601  £14|LA4031P 340 | NES4aK 228 | xm2207 2123 58 40 205 140
2% Metai Film 510 — 1M E24  8p 4p 4164-150n 425 W01770 €20 | LA4032 208 | NE544 200 | xR2211 FeE ) 40 237 880
1% Metsl Film 510 — 1M E24  Sp 4p :;;gg ;:g wD2143 880 'c:::gg g:g :Eggg :: ::g;gg 413 s0 ﬁ 3“ 100
- 414 228
100+ price applies to Resistors of each type not 4532.4 250 fggfc"é’uﬂi.g:g LC7130 320 | NESS8 170 | ZN414 4142 235 £0 320 210
mixed 4818-100ns 200 280 CTC  2as |LC7120 300 | NE560 350 | ZNa19E :::- §£ ;'g $322 360
RESISTORS NETWORK 51 laeais 4zs achy "00|LETiar a0 |NESede dio |zt 130 | fiie % w %
7 Commoned. (8 pins) 1000, 680Q. 1K 2k2, 4K7. 6118-150 328 esos rel Umg) 60 | NESBSA 120 | ZNa2SE el e o 5325 150
10K, 47K 100K  28p 8116L-120 350 280 DART LF353 90 | NES68 158 4150 170 30 326 290
8 Commoned: (9 pins) 1500, 1800, 270n. 3300, 1K 8117-100n 573 ZBOA DAAT LF355 90 | NESEZV 140 4151 80 70 5327 290
2K2, 4K7, 6K8, 10K, 22K, 47K & 100K  28p. 6167-8 798 LF356 90 | NES70 410 2153 70 40 3347 120
. 6264L-15  £18 02 0 LF3s7 100 | NES71 400 4154 130 40 53‘3 :‘0
DIODES BRIDGE 76 SERIES 63403 £14 | AM26LS3I1C 125 LF398 493 | NE5532 178 e1s | 74155 78 e et |:g
RECTIFIERS 6402 380 | AM26LS324 128 LM10 328 | NE5534A 180 200 | 741 gg 40 3355 220
- 6464L-18 €11 | AM26LS3I3 150 LM301A 30 | OMa3s 750 885 a1 170 70 L5356 200
ol oo 6502CPU 328 | AM7010 LM307 45 [RC41360 60 aes || 73120 129 208 e
5 R 65024 545 | AY-3-1015 Becwo LM308T 78 | AC4558 55 4161 100 100 LS264 150
o o e B 8503 350 | AY-51013 Eagtadars o LM311 80 [ssesB 228 3162 100 150 {8565 50
JA/SPONE FZBRTNES 6503 830 | CD4724 LM318N 150 | SAB3209 428 4163 100 0 L5366 50
504 600 | COMBO1T? LM319 180 |SAB3210 328 4164 110 L5367 S0
6504 250 550 | COMB116 LM324A 48 | SAB3271 488 4165 100 L5368 50
6505 es0 | DB748 LM334Z 150 | SABi209 588 ieE Je L$373 100
6505 eco | DMB131 LM335Z 138 | SG3402 208 156 150 L5374 100
6520PIA 178 | DPB303 s55Cmos LM337 278 350 2176 83 L5375 10
8522viA 340 | DP8304 LM339 40 | SL8270CD 150 0 | 74173 130 L8377 130
30 €11 | Ds3ea? 709cepan LM348 80 | SN76227N 95 40 | 74172 100 LS3re o8
6532ARIOT 650 | DS3691N LM34% 125 | SN76477 470 40 | 74175 100 L8379 130
6545ATC  B9® | DS88LS120 au 741 8 LM358 50 | SN76488 823 35 4176 100 L3380 310
6S81ACIA osol 10| 747C 14 pin LMar? 210 [SPse2s 380 2 rs 7z Ls3s2 310
8502 00 140 | 748€ 3 vin (M379 495 | SPO256AL 478 A EHAR L8385 350
6592PC  £20 7358 0n  188[LM3s0 115 | TA7120 140 8 | 71180 100 (3386 50
6800 220 810 158 | LM381IN 178 |TA7204 150 $ | 74181 300 L8390 60
e 6802 78 9400Cy  378|LM382 200 |TA7205 90 0 | 74182 120 (5393 100
ZENERS REwME 6803 850 ADC0808 1000 |LM3ss 228 [TA7222 150 S | 74184 170 LS39s 110
Erre 6805 670 AY-1:1320 225|Lm386 110 | TA7310 125 | 7417 S | 74185 170 L3396 300
75491/2 6808 820 AY-1-5050  99|LM387 200 | TAAGE1A 190 :g“) 25 | 74190 120 L5398 195
Range 2V7 to 6809E 680 | FO1791 AY-1-50861 LM389 160 [ TAa700 275 | 7595 ol s LS399 138
39V 400mW 6810 150 | FD1798 AY-1-8720 LM393 85 | TAA90O 395 | 7433 35 | el ate LSaas 125
8p each 6821 150 | HD26501 AY-3-1270 LM394CH 380 | TAB1042 110 | 7425 35 | 74104 100 L5447 80
Range 3V3 to 68821 220 | MDE3AO3RPE14 | AY-3:1350 LMSS8 170 | TAD10O 159 | 7426 40 | 74195 78 LS465 140
33V 1 3W 8820 37s | WMeB4sSP 755 | AY-3-8910 150|Lm725CN 300 |TBAt208 7O | 7427 35 | 74196 120 LS480 150
15p each 6843 BOO | IM6402 380 | Booklet tor LM733 85 | TBASOC 395 428 as 4197 100 LS540 140
6845 650 | INSBOBON 1250 | AY-3-8910 390|LM14s8 35 |TABI042 110 [ 7430 25 | 74198 200 LS541 140
6845SP 750 | MC1488 80 | AY-3.8912 800|Lm1671 300 | TADIoO 189 | 7432 B | 142 25 oS
6847 850 | MC1489 80 | Av-5.13174 630{LM1889 400 | TBA120S 70 | 7437 £ | 7428t 198 i e
6850 120 | MC14aa1 875 | AY-5-1350 388| LM2907 395 | TBA920Q 200 438 40 4247 120 LS641 150
TRIACS 6852 250 | MCiaa12 725 | CA30t1  130|Lm2917 325 | TBA99OG 380 | 7440 30 | 74248 148 Lseas 195
6854 825 | MC3242 890 | CA3012  175|LM3900 70 |TCA220 380 | 7441 90 | 74249 175 L3668 90
68854 780 | MC3448 250 | CA3014  278|LMI909N 88 | TCA270Q 380 | 7442 85 | 72251 90 (S660 90
6859 £4 | MC3447P 315 | CA3018 85|LM3911 185 | TCA280A 220 | 7443 100 | 74259 150 LS670 170
8875 500 | MC3486 228 | CA3019 90|LM3914 300 | TCA940 175 ::; :"’g 4283 75 LS673 890
68000 €30 | MC3487 225 | CA3020  210[LM3p15 348 | TCASeS 180 | 7442 o | 258 nee LS874 8OO
8035 350 | IM6402 380 | CA3023  210(LM3818 300 | TDA1004 350 | 7447 s | TASTS NS Lse78 278
8080A 428 | MC684s 628 | CA3028A 110|LM13600 150 | TDA1008 310 | 7448 110 | 78378 Yeo L5682 250
8085 €6 | MC6346 828 | CA3035  258]LS7220 280 | TDA1010 238 | 7450 30 | 74375 80 LS684 350
VARICAPS 80854 95o| MK3886:2M £7 | CA3036 270 M706B1 150 | TOA1022 498 | 7451 20 | 74283 100 LS687 350
8088 £18 | MM5280D 896 | CA3043 278 | ms1513L 230 | TDA1024 115 | 7453 30 | 7.204 440
8123 180 | MM5303 636 | CA3045  385|MS1s15L 320 | TDA1034 380 | 7434 39 | 74285 300
8131 a18 | MMS307 1275 | CA3046 70| MS1516L 475 | TDA1490 330 | 7460 39 | 74268 "m0
8150 800 | MM53874 868 | CA3045  220|MB3712 200 | TDA200z 328 | 7379 80 | 74290 120
BY54 780 | MM58174 878 | CA3059  328| MB3756 440 | TDA2003 250 | 7473 50 | 74293 80
8155 400 | MM74C022 420 | CA307S  213|MC120s 250 | TDA2004 270 | 7a72 as | 74207 175
8156 400 | RO-3-2513L 700 | CA3080E 70| MC1301 9o | TDA2006 320 | 7475 88 | 74208 180
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W S 1
SWITCHES D wm:nu VERGSOARD O.tin | VOBosrd  188p IDC CONNECTORS
TOGOLE. 2A 250V (8PST) 4 way 88 6 wey 80p; 8 way 88p; | 2wz3%  #8p |DiPBoard  388p wETERS N
SPST26pOPOP4S | 10 way 1260 (SPON) 4 wey 180p 2nxs 110p | VeroStip  88p PCB  Pigs Female Fomale Miniature, enciosed, PCB mount
3% 2 3% 110p with  laich Header Card G e A inmature, mou
SUS-MIN TOGALE ) 128p | PROTO DECs Pins  Pins Pl "o SINGLE POLE
SPSTonvolt  S8p WOTARY SWITCHES W17 420p | Veroblock  480p Sin  Angle Conct 3 el
SPOT c/over  B4p (Adjustable type) 4% 217 se0p | 5-Dec 30sp 0-1000A b ool & zsévu: ee
FOTcanirecdss | 1om2to1Zueydpoli2i8way3oomizte | Aot 1000ks 8B Eurobrescbosrd oway 80p 99p 88p 1209 | 3004 10.5VI)LOAM 30V DC o0 e
SPOT bissed both 4 way. 4 pole/2 to 3 wey Spot face cutter 1 50p 16 wa 130p 150p 110p —
ways 108p Pin insertion tool Bimboard 1 8780 | 20may  148p 108p 1265 108p otma DOUBLE POLE Changeover. 84 30V
DPDT8tsgs 80p | ROTARY: Maine DP 250V & Amp on/oft  88p 188p | Superstrip 882 6way 1789 150p 240p | DT IOTA T e sVoC i e
DPDY centre off 88p 1380p | 3eway 2080 238p 100p 320p | OSOTA RO 11 2068 Coi, S2v OC (YOVT 0
DPDY biased bot:“ ROTARY: (Makeowich) VERO WIRING PEN Mety 2200 ;m 300 3% | o-sooma 19v8) 7 sep
‘wa 1 Make ultiway switch. assembly spool W L] 200p {3
DPOT 3 n:. b :u:n ] up to | Sparespool  78p RESIST PEN 80 ...: 5 - 230p 406p g;: :;.\50-1 14 740R Coi, 24V DC (22V|§”’
on/on/on 185p 6 walers (max. 8 pole/12 wey + DP switch). Combe 8p | Plussparetip 1009 028V
4-pole 2 way 220p Mechaniem only 0p 0.50V AC
) WAFERS: (make belors breakj to fit the above AN i UL N 0.300V AC
e 18 | ST I T | TR | PR | o g | o ssonesen | TR UF woOUNTORS
way. way. ey H. 47
ety ::: Maing DP 44 Switch 1o g 4] L0214 08D SO 8 | Comecw Ry e, B0 Ao BMH: 890p
Spacers 4p. Screen u COPPER CLAD o8 DiNa1817 CRYSTALS
ms‘nwﬁ.&"c [ NOCKER SWITCHES SOAN il 170p ~ — 178p | 327e8KHz 100
with 10mm lon 100KM:;
SPOT leiching 1800 | AoCEn. Lo aanT e Fire  Single- Double 2:3244¢8  278p - 22092880 | ookre 370 suzzERs
DPOT latchung 2000 | ROCKER: 10A/280V DPDT c/ot 8p A e e e £ Cane s 488KH 370 | ministre.sckc-statesV.ova 12V TOP
T moment 1 & x + L] 300p
OPDY moment 200p | ROCKER: 10A/250V DPST with neon 880 e x12° 1780 228p DIN41812 3 x 32 Vooem 398 | mezo TRansoucens pezrzo  7op
A+B+C 380p 388p 280p J08p 1.28MHz 480
ARE 1 | B e s 2
2 z
Push to Breek  28p BCD. Switch M:’odulo 3“: DL lOCK!L‘" CONNECTORS DIL PLUG (Mo.l;g) 18432M 230 LgUWWERC
Switch Low Solder 20MH 228 | Ministure, 0.3W- 8
DraITARY Mounting Cheeks (per pain 8 Prot Wrep | 2seey = 1119 | 14pin 40p 80p | MISBONCABLE | 3iaTem 200 | 2in 3%in 2%hin Bin [ d
Assorted Colours Spin  8p 28p 2112way ~ 100p | 1Spin 48p 108p prcoperfoot | 312MHz 240 | 2win 400 6400r 800 80p
78p each JUMPER LEADS (Ribbon Cabile Assembiy) 14 pin  10p 16wey — 1089 | 24pin 08p 178p Grey Color | 3278M 100 | 8" x4a"80 2009
1 Lengin Ydpin 18pin  24pin 40 pin 18pin 10D 42p | 2:18wey 2109 178p | 28pin 200p 208p | 10way 18p 28p | 35704M 98 | 728780 128p
Single ended DIP (Header Plug) Jumper ;gﬂ‘" x ::: "’:"" ‘t;uuon 40 pin 280p 268p ;g::; :: 3 kY “u m 8" x5 8a 26809
i ! ! | ! RED D S2on 12 2228 vey 1008 1700 2ewey 40p 885 | LOVaum: 200
Double ended DIP (Hesder Plug) Jumper :: pin ;z :g: 220 woy 1809 ~ &': ooc'ux'mm :: :; & z 41942 ], :2 MONITORS
Olinches [N 80P 3080 B 300, Qhn 30p 805 | iaeww e = Wwey 100 800 | Loceunz 206 .
GAS/SMOKE [ '2inches 1380 2150 3108 24 inches 240 wey 3009 - | 24pin 678p | S0wey 100p 138p | geomnz 200 | ® ZENITH — 12° Green, Hi
DETECTORS 2109 840p 28 pin 008p | 84 way 120p 1809 | gOMM2 160 Resolution Popular £68
480p 8IL SOCKET 0.1 Pich 20 way 88p | 40 pin 8480 §.185MH: 300 -
mnn m;nu(mm cu:.“’ 8.2421 300 | ® MICROVITEC 1431, 14
‘?gg;f 5 ANTEX SOLDERING IRONS 6OMHz 160 Colour RGB input. Connecting
1DC Fomsle Header Socket Jumper Lesds 30 Crow 828p; CS1TW  B4sp . S1SAMHEIg 0, cable incl e188
20pin 26 pin 34 pin 40 pin Cr8w ; XS26W 670p 0’ CONNECTORS 6.8836MHz 22 .
£6 esch Single ended 180p 200p 260 Spare Bita 88p; Elementa  230p o 18 28 37 TOMH: 180 | @ MICROVITEC 1451. 14" €237
Double ended 200p  370p 480  526p WonStend  178p; Heet Shunt  30p T Wy ew wey i ;gg:‘:;' m Medium resolution £280
Mate Now 1700 100 000 | 7eamu: © KAGA1Z.Medrea RGB  £250
TRANSFORMERS TATO520 Pestt Canp \Goai 01 i 81 100p 1000 1800 2609 | 20V M 2eg |  Colour. Has fiickerfree charsc-
303V 606V, 809V, 120-12V; 15013y @ +ve -ve or DIL Sockets [rl 1o 3300 20 135 b aseraam 220 ters. ides! for BBC, Apple, VIC,
1309 5V 7808 80p 7906  80p 100 ping 100p 126p 196p 388p | 9.00MHz 200 otc . £259 (car £7)
;?A 2mmw';mu 2 mvmn v T8iE  aee 7012 & R S Togawra 200 | ®KAGA 12 As sbove but
x L Covers 10.24MH2 N
2x18V-0.1A v on 18V 7818 48p 7915 x wo w0 wo O 105MNz 280 HiResolution  £300 (cer £7)
GVA: 2x8VOSA; 2x8V-O3A 2x12V 24v 7824 509 7918 » 10.7MN; 180
2016V-024 2600 7924 80 ALUMBOXes | '0C28wey'D Pho3sse Socketasop | 10TMHI 180 | @ Connecting Lead for KAGA
oVA: z:rau "IOVOAN 2 12v03K e 'ﬁ’.‘l& :0. 70L06  80p s o s
x axmxz 1 1431814M 170
2x18V-0.25A 8V 78L06  30p - - a : ey : ™ 13: VEOMHZ 200 Carmriage £7 Securicor
12VA: 2x4.5V-1.3A 2x8V-1A: 2x9V-0.8A; 2!12\/— 8V 78LO08 230p = = Axdx2 108p a8 -oy'o' CONNECTOR (R8232) 16.0MHz 220
0.8A; 2x18V-0.4A; 2x20V- 3sp 12V 78L12 30p 7HLI2 80p 4x4x2%w" 120p Laad Cabie Assombiy 18.0MNz 100
24VA: ZﬂV-LbA. 2x9V-1.2A 1111V-|k 2x18V- 1SV 78L18 BOp T7HLIS 90p Sxdx1n” 20p 18~ w !Ingb ond, Maile 478p 18.432M 180
084 2 e 80p odot | 1CL7880 48p  TAASS0 80p | Sxax2w* 1209 | 18" long Singie end. Femate 810p | 19.068MHz 180
SOVA: zm«mzamwumw' 84 | Acatoa 378p TDA1412  180p | Sax2wmxiw" 80p | 38" long Double Ended M/M 8p | 200MHz 200 w“
2x200-1.2A; 2X26V-1A: 2X30V0.8A 8309800 pdp) | RC4 108 160p  78HOG+6V/SVES0p | Sx2wx2w* 130p | 38" long Double Ended, F/F €10 | 240MHz 170 SPECIAL
Specialty wound for Multirsil computer PSUs LM309K 138p TEHI2+ T V/6A Gxd4x2" 1209 38~ long. Double Ended, M/F L] 24.930MHz 328 OFFEHII
BOVA: Outputs +8V/SA: ¢|2V +25V, -8V, Bxd4xd 180p 26.69M 180
=12V at 1A pho) LMI17K 280p T8HG + BV 10 + 25V 7x8x3 100p 27.848M 170
100VA:  2x12V-4A; zmv-u 2)20V-28A. | LM317KP  480p  SA s88p 8:6x3"  210p AMPHENOL PLUGS 27.146M 100 1+ 10+
2x28V-2A; 2x30V-1.5A; 2x50V-1A  988p (78p) | Lm323K 480p  7OHG - 2.2V 10 10x4x3 .240p 10C  Solder 38.6667M 240 | 2764-250n8 425 418
LM337 178p ~24V, 8A 085p 10x7x8" 278p 24 way (EEE 488p 400p 48.0MMz 240 27128-280n8 978 068
P&P charge 0 be added over and sbove our nor- LM723 Ver 30p 12x8x3" 200p | 38 way 450p 478p 1000MHz 298 | 8118LP-120n8 328 310
mal postsl cherge 78840 28p 12x8x3"  208p | 30 wey Fomaie 480 1180MHz 300 | 82841015008 s oes
CMOS8 4072 28| «536 278
4073 26 | 4838 [ MPUT N
oo m|fn B8 8Om0 COMPUTER CORNER SPECTRUM 32K UPGRADE
g; :: “g;g ;: ::; :g Upgrade your 18K Spectrum to full 48K with our
4078 20 | 4848 r* LEDs with clips RAM Upgrade Kit. Very simpie to fit. Fitting
R Bl e omime T |3 ST Insructions supped.
2008 8| e Bl 5| A 14 | ® EPSONRXso F/TPrinter . £22
4010 as | 088 00 | asss 38| nL2202- Res 12 ® EPSON FX80 Pénter ...
4019 28 | 4089 128 :m 581 2 Green vohowor ® EPSON FX100 Printer ..
4012 28 v ®  KAGA/TAXAN KP810 Printer.
4013 38 | 4094 i Faass) || e ®  KAGA/TAXAN KP910 Printer.
or 00| 20 100|4se0 05| SeGres . 19%8 | o SEIKOSHAGP10A Printer.
prav «0 | 4097 278 | 4881 104 | 0.2" Tn colour & BROTHER HR1$ Daisywheel BBC MICRO
w17 o0 | 4008 00 | 4582 380 | Red/Green/Yelow
<018 0 m |;: 4588 ;g m.g,mga...g., 58 Cable for sbove printers to interfsce with BBC Micro . WORDPROCESSING
L]
018 8] 318 6| does 30| VewBaGreenor | o TEXEPROMERASER — Erases up to 25 Eproms. Hes a bulttin PACKAGE
4042 43| 9182 96 | 4872 48 | Flashing red safety switch .. €30
021 ss | 4163 o0 | 4580 288 | 02 red s ® SPARE UV Lamp Bulb . .8 A (which can be
4022 a7 | 4174 98 | 4581 128 | Squere LEDa Red ® C12 Computer CASSETTES in Library cases. . heevily modified to ) your requirements, maintaining large
4023 30 | 4175 108 | 4582 id Y ®  8w" & 9%" Fen Fold paper (1000 sheets) . discount). We supply everything you need to get a BBC
024 80 | 4194 106 | 4583 100 | Rectangle Stackable Mic Pi i in for
sads 22 | 4e08 880 | 4884 o0 | LEDs o 0 a8 8 word ease cail in for a
4028 80 | 400 850 | ases 70 | Red.Greenor Yellow 18 (Becuricor Carriege charge on printers ls £7) demonstration
4027 40 | 4410 728 | 4597 330 | Triangular LEDs Exampie Package:
028 80 | 4411 780 | 4599 185 | Red 19 CALL IN AT OUR SHOP FOR A DEMONSTRATION ON ANY OF BBC Micro, with DFS interface, Wordwise. Twin 400K TEC
4029 78 | 4412 808 | 40085 60 | Green or yellow 22 THE ABOVEITEMS. BE SATISFIED SEFORE YOU BUY OAWRITE IN FOR D(oc Drives, 12 ngh-vu green monltov. Bvomor HR1 5
%30 38 :::g % m :: ;?:;:);m "':' ‘:: OUR DESCRIPTIVE MICRO PERIPHERALS LEAFLET. printer, & D
& 70| w22 7ol IR0 I ol e i1 Icc. 103M Discs, 500 sheets of paper, dway mamunllmg
4033 130 | 4438 850 | 40101 130 | TIL78 Detector 88 socket, manuais and ali cables.
B e mile e ®
1 1 1 T
““ﬁ: 3;: 4451 380 | 40104 120 | BARGRAPH. Red 10 O VIEL008
037 118 | s4%0 480 | 40108 220 s 278
& LR by B+ bt - ISC DRI
4501 40
ﬁg z: 4502 60 | 40108 328 | iL74 148 DISC DRIVES
4041 87 | 4803 40 | 40109 100 | ILD74 148 MAN,
58 39| es0s 208 | 40114 'z: o 72 e DIN!.CAS(EC:\-M'A‘UAM
11/2/4 70
provy 32 | 4sce 100 | 40181 184 | ILCTS Dartington 138 BBC & MICROCOMPUTER &
4048 10 w .;: 2}32 ;: P»::G’nmo 128 ®  C8100 — Singie Gased with PSU, 40 track, 5%~ 8/8 100K . ...... e119 ACCESSORIES
ooy 32 | 810 8s | 40175 4 ngton D ®  CD200 — Twin Cased with PSU, 40 Track, 5%~ 8/8 200K.......... e238
4048 88 :::; z 2::; :g @  C8200 — Epeon Single Cased with own PSU D/8, 40 Track, 5%*
4049 8 Olsplays | 200K...........ccoiiiiiiiiiiets e e149
4813 180 | 40192 78 | NL312.3°CA 120 Y BBC Model BOnly £315
m‘OGO‘ ;g priny 118 | 40193 0 |33 3-6C 120 ®  CD400 — Epson Twin Cased with own PSU D/8, 40 track, 5%’
062 b3 ‘5,: |;: £|=‘ ;: Rm‘ 5 CA 160 o ;t:o e e G omvu ................... 2200 We stock the full range of BBC
4083 o0 | 451 105 L322 5°CC 140 TSV oisc Micro peripherals, Hardware & Software like, Disc
04 4817 278 | 40244 198 | MY 140 Double Sided, Doudle Density' sccess 4
PSR- ain s lazs e DLrot s cc 138 peae oo PSTRLTEACK lorack Drives (Top quality Cumana & Mitsubishi), Diskettes,
4056 85 9 DL707 3°CA 128 © C8400 WITBUBISHI Single Siimiine, 5%° Cased with PSU. osoo Printers, printer, Paper, interface Cable, Dust
o | e [ Shts | eaars ool D36T Ped. ;130 1 Megabyte |400 N with BBC). . 3 Covers, Cassette Recorder & Cassettes, Monitors,
4080 88 [ 4222 1:: 45108 586 : grm a ;?.o © CDOCO MITBUSISHI Twin Slimiine, S%° Cased with PSLU. osooo Connectors (Ready made Cabies, Plugs & Sockets),
roon H
g; a 27 o o i3ehaty AadC A 180 2 Megabyte. {800 K with BBC) . M £339 Plottq (Graphic T-blgt) EPROM Programmer, Light-
4063 8s | 45268 88 (OCP71 120 | 3"21GreenCA 150 S%" DISKETTES (Lifetime W pen Kit, Joysticks, Sideways ROM Board, EPROM
4068 43 | 452 fan Jone12 G N LCD 3w Dighs 408 (Litetime’Warranty) Eraser, Machinecode ROM. The highly sophis-
4087 45 | S 130 |8Px2s 280 |cco e Mn et o ke el A ticated Watlord's 16K BEEB DFS., WORDWISE,
mu - 26 | 4532 85 m ;:: Rellective Switch 228 ® 103m ::‘"‘“" M"'*" mmaan.‘“ w"’ BEEB-CALC, Software (Educational Application &
sor0 28 0 SLoTrEn Optests & Games), BOOKs, etc, etc. Please send SAE for our
Comp's N.B Carriage on Orives £7 securicor description ieafiet.
|
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OVP POWER AMPLIFIER  MODULES HE AN T RN A WS AN
OMP POWER AMPLIFIER MODULES rovc,. JBURGLAR ALARM IDEAL for Work-

wor Id-wide reputation for quality, reliabilily and performance at a realistic price. Four models Better 1o be ‘Alarmed' then terrdied. shops, Factories,

availabte 10 suit the needs of the professional and hobby market. e Industry, Leisure Thandar's famous ‘Minder Burglar Alarm System. (O ffices. Home

Instrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal Superior microwave principle Supphed aslhve:u:uisy etc. Supplied

power supply. Integral heat sink, Glass fibre P.C 8 . and Drive circults to power compatible CGOU";XDI-‘ISSTEWE“(;‘ interconnection  cable. FU ready built

Vu meter Open and short arcuit proof.  Supplied ready built and tested. Control Unit — Houses microwave radar unit. range
—— OMP100 Mk Il Bi-Polar Output power 110 up lo 15 metres adjustable by sensitivity control.

watts RM.S. into 4 ohms, Frequency Res- Three Dgsn:(;gnekey%per‘atedéac:\a; swc;uzlh off — test

armed. 30 second exii and e ela

ponse 15Hz - 30KHz —3dB. T.H.D. 0.01%. Indoor alarm Electronic sr»!/epl %veq siren.

S NR. —118dB, Sens. for Max. output 104dB output

500mV at10K, Size 360 X 115 X 72mm

PRICE £32.99 + £2.50 P&P

Outdoor Alarm — Electronic swept freq siren. 98dB
output. Housed 1in-a tamper-proof heavy duty me!al

case
] Both th ntrol unit and outdoor ak contain re-

OMP/MF100 Mos-Fet OUlpl" power 110 '?avge:blceobé'metr‘!es aw"g\uprowdea;:I‘I plolelw:m
watts RM.S. into 4 ohms, Frequency Res- durning mains tailure. Power requirement 200/260 Volt
ponse 1Hz - 100KHz —3dB. Damping Factor AC 50/60Hz_Expandabie with doOr sensors. panic
80, Slew Rate 45V/uS. T.H.D. Typical buttons etc. Complete with instructions
0.002%. Input Sensitivity 500mV, S.N.R SAVE £148.00 usual Price £22885

125dB. Size 300 X 123 X 60mm. PRICE BKE's PRICE £79.99 + £4.00 P&P
£39.99 + £2.50 P&P ? Why buy a collection of self-assembly boards!

OMP/MF200 Mos-Fet Output power 200

watts RM S into 4 ohms, Frequency Res- OMP LINNET LOUDSPEAKERS

ponse 1Hz - 100KHz —3dB, Damping Factor

250, Slew Rate 50V/uS. TH.D. Typical The very best in quality and value. Made specially to suit todays
0.001%. Input Sensitivity 500mV. S.N.R need for compactness with high sound output levels. Finished in

130dB, Size 300 X 150 X 100mm. PRICE hard wearing black vynide with protective corners, grille and carry
£62.99 + £3.50 P&P handle. All models 8 ohms. Full Range 45Hz - 20KHz

OMP 12/100 watts 20" x 15" X 12" £125.00 per pair
OMP 10/200 watts 18" X 15 X 11" £145.00 per pair
OMP 12/300 watts 20" x 15" X 11" £169.00 per pair

OMP/MF300 Mos-Fet Output power 300
watts R.M.S_ into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
350, Slew Rate 60V/uS, T.H.D. Typical
0.0008%, Input Sensitivity 500mV, S.N.R

130dB, Size 330 X 147 X 102mm. PRICE
£79.99 -~ £4.50 P&P

Delivery. Securicor £8.00 per par

1 K-WATT
SLIDE DIMMER

» Conirol loads up
to TKw

+« Compact Size
4y, 1 2

STEREO CASSETTE DECK

STEREO CASSETTE DECK
Ideal for installing into Disco
and Hi-Fi cabinet/Consoles
Surface mounting (Horizon-
tal). Supplied as one unit with
all electronics including
mains power supply

* Metal top panel Black finish
« Piano type keys including
pause

Vu METER Compatible with our four amplifiers detalled above. A
very accurate visual display employing 11 L.E D. diodes (7 green. 4
red) plus an additional on/off indicator. Sophisticated logic control
circults for very fast rise and decay times. Tough moulded plastic
case. with tinted acrylic from Size 84 X 27 X 45mm. PRICE £8.50
50p P&P

NOTE: Mos-Fets are supplied as standard { 100KHz bandwidth & Input Sensitivity 500mV). If required
P.A version (S0KHz bandwidth & input Sensitivity 775mV). Order — Standard or P A

19" RACK CASED MOS-FET STEREO
AMPLIFIERS with twin power supplies and * Normal/Chrome tape
L €.0. Vu meters plus X.L.R. connectors.

Three models (Ratings RMS into 4 ohms) " iwi,lch VuM
MF200 (100 ~ 100w)£169.00  Securicor i win Vu Meters
MF400 (200 + 200w) £228.85 Delivery i * 3 Digit counter
MF600 {300 + 300w £274.8 10.0Q l» Slider Record Level control
1Size 171 X 317 mm Depth
110 mm

PRICE £35.99 + £3.00 P&P,

+ Easy snap in fix
ing through panel

cabinet cut out

+ Insulated plastic
case

+ Full wave con
trol using 8 amp
triac

# Conforms to

B8S800

+ Suitable for both resist
ance and inductive loads In
numerable applications in
industry. the home, and
disco’s. theatres etc.
PRICE £12.99 + 75p P&P
{Any quantity

LOUDSPEAKERS

5 to 15 INCH Up to 300 WATTS
R.M.S. All speakers 8 ohm

BSR P295 ELECTRONICTURNTABLE

Impedence. CHonel Hix; » Electronic speed control 45 & 33 r.p.m. » Plus

Ing in stock Minus vanable pitch control # Belt driven » Alu

POWER RANGE \ 3 A,' E. tor minium platter with strobed rim « Cue lever » Anti
8" 50 WATT R.M.§ Hi-Fi/ Disco. Eraise skate (bias device) * Adjustable counter balance »

Manual arm s« Standard caririge fixings »
Supplied complete with cut out template = D.C
Operation 9-14v D.C 65mA

Price £36.99 — £3.00 P&P

20 oz. magnet. 1 ally voice col Ground ally tung escutcheon Res Freq 40Hz Freq Resp. to
6K Hz. Sens. 92dB PRICE£10.99Availabte with black gnlle £11 99 P&P £1 50 ea

12 100 WATT R.M.S. Hi-Fi/Disco

?O oz. magnet. 2" ally voice coll. Ground ally fixing escutcheon. Die-cast chassis. White cone. Res
req

25Mz Freq Resp to 4KHz Sens 95d8. PRICE £28.60 ~ £3.00 P&P ea

15" 100 WATT R.M.S. Hi-Fi/Disco

50 oz. magnet 2" ally voice coil. Ground ally tixing escutcheon Die-cast chassis. White cone. Res
Freq 20Hz. Freq Resp to 2 5KHz Sens. 97dB PRICE £37 49 ~ £3.00 P&P ea

McKENZIE
12 85 WATT R.M.S. C1285GP Lead guitar/ keyboard/Disco

ADC Q4 mag. cartndge for above Price £4.99 ea. P&P S0p

PIEZO ELECTRIC TWEETERS MOTOROLA
Join the Piezo revolution. The low dynamic mass {no voice coil) of a Piezo tweeter produces an
improved transient response with a lower distortion level than ordina‘y dynamic iweeters As a
crossover Is not required these units can be added 10 existing speaker systems of up to 100 watts

2" ally voice coil Ally centre dome. Res Freq. 45H2 Freq. Resp 10 6 5KHz. Sens. 98dB. PRICE £24.99 {more it 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER

£3.00 P&P ea . .
12" 85 WATT R.M.S. C1285TC P.A./Disco 2~ ally voice coll. Twin cone TYPE 'A'(KSN2036A) 3" round wilh protective wire
Res Freq 45Hz Freq Resp to 14KHz PRICE £24 99 ~ £3.00 P&P ea . mesh -deal]or bockshelf and medium sized Hi-fi
15”150 WATT R.M.S C15 Bass Guitar/Disco \ < speakers. Price £5.39 each + 40p P&P
3" allyvoice Die-castchassis Res Freq 40Hz Freq Resp to 4KHz. PRICE £49.99 - £4. 00P&P ea — o TYPE ‘B’ (KSN1005A} 3 super horn. For general

“P& ) v purpose speakers. disco and P.A. systems etc. Price
‘:E% WATT R.M.S. Multiple Array Disco etc A £5:99) et L0p.EEP
2 ulti e ey , !

voice coil Res Freq 52Hz Freq Resp 1o 5KHz. Sens 89d8 PRICE £20.00 - £1.50 P&P ea R R C K e X idefdbperSian
8" 160 WATT R.M.S._ Multipie Array Disco etc Price £6 gs _Vh' 45 S&P Qquakhity discos etc
1" voice coll. Res Freq 48H2 Freq Resp 10 5KHz Sens 92dB PRICE £27 00 - £150 P&P ea e .n','“ 1nad — rre . )
10" 300 WATT R.M.S. Disco.’Sound re-enforcement etc / PE ‘D’ (KSN10254) 2" X 6" wide dispersion
14" voice coil. Res Freq 35Hz Freq. Resp to 4KHz Sens. 92d8 PRICE £30.00 - £2.00 P&P ea TYPE C PE E horn. Upper frequency response retained exlending
12" 300 WATT R.M.S Disco/Sound re-enforcement etc down to mid range (2KHz). Suitable for high quahty
1% voice coil Res Freq 35Hz Freq Resp to 4KHz Sens 94dB PRICE £38 00 - £3.00 P&P ea _,u] Hi-fi sy;:a'r;ws and quality discos. Price £9.99 each

40p

SOUNDLAB (Full Range Twin Cone) . \ TYPE 'E° (KSN1038A) 3%" horn tweeter with
5" 60 WATT R.M.5. Hi-Fi/Multiple Array Disco etc attractive silver finish trim, Suitable for Hi-fi monitor

voice col. Res Freq 63Hz Freq Resp to 20KHz. Sens B6uB. PRICE £299 - £1.00 P&P ea
60 WATT R.M S Hi-Fi.’Multiple Array Disco etc

voice coil Res Freq 56Hz Freq Resp 1o 20KHz. Sens B3dB PRICE£1099- £1 50 P&P ea
60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc

voice coll Res Freq 38Hz Freq Resp to 20KHz Sens B89dB PRICE £1299 - £1 50 P&P ea

o STEREO DISCO MIXER

STEREO DISCO MIXER with 2 X 5bandL. &
R. graphic equalisers and Iwin 10 segment
L.E.D. Vu Meters. Many outstanding teatures
5 Inputs with indwidual faders providing a
usefut combination of the following
3 Turmables (Mag). 3 Mics, 4 Line plus Mic
with talk over switch. Headphone Monitor
Pan Pot L & R Master Output controls Out
pul 775mV_ Size 360 X 280 ¥ 90mm

Price £134.99 — £3.00 P&P

B. K. ELEGTRONICS

UNIT 5, COMET WAY, SOUTHEND-ON-SEA,
ESSEX, §S2 6TR TEL: 0702-527572

Y systems etc. Price £5.99 each + 40p P&P

LEVEL CONTROL Combines on a recessed mount
ing plate. level conirol and cabinet input jack socket
85 x 85 mm Price £3.99 + 40p P&P

1
6
8
11,

. == HOBBY KITS. Proven designs including glass 4

@A[{#ﬂ[{lg @ fibre printed circult board and high quality SllEs
components complete with Instructions.

FM MICROTRANSMITTER (BUG) 90/105MH:z wrh very sensitive

microphone. Range 100/300 metres. 57 x 46 x 14mm (9 vol)

Price: £8.62 + 75p P&P.

3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controlled

professional performance. Range up 10 3 miles 35 x 84 x 12mm

(12 voh) Price: £13.74 + 75p PAP

SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/

RECEIVER 27MHz. Range up to 500 metres, Doubie coded modulation.

Receiver output operates relay with 2amp/240 volt contacts. Ideal for

many applications. Recelver 90 x 70 x 22mm (9/12 voh). Price: U IR

£17.82. Transmitter 80 x 50 x 15mm {9/12 voit). Price: £11.27 watt FM

P&P + 75p each. S.A.E. for complete list Transnutter

POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL (mumey

| ORDERS WELCOME, SCHOOLS,COLLEGES. GOVERNMENT ‘
BODIES, ETC. PRICES INCLUSIVE OF V.A T SALES COUNTER | A
VISA/ACCESS/C.0.D. ACCEPTED —
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DIGEST

Call For Science Minister

cience needs a minister, say

the Alliance for Science, a
campaign set up by three trade
unions who represent 100,000
scientists and technologists.
They are also calling for a
National Economic Develop-

ment Council (NEDC) to cover
research and development, pin-
pointing crucial research areas
to permit the most effective use
of funds.

In a pamphlet entitled The
case for a research and develop-

ment strategy, the group call on
the government to co-ordinate
such a strategy as suggested by
the House of Lords Select Com-
mittee on science and technol-
ogy. They argue that a science
minister should head a cabinet
committee to look at science
funding and plot long term
research and development
objectives.

They call for more govern-
ment funds to be pumped into
research and development, par-
ticularly in areas such as infor-
mation technology where we
are said to be falling behind our
competitors, and they believe
that an NEDC is the best way of

ensuring that the money goes to
where it is needed most.

The pamphlet is the second
publication from the Alliance,
which was launched in Decem-
ber of last year. The three unions
involved are the Association of
Scientific, Technical and Man-
agerial Staffs (ASTMS), the
Association of University
Teachers (AUT) and the Institu-
tion of Professional Civil Ser-
vants.

For further information about
the Alliance for Science contact
Bill Brett of IPCS on 01-928
9951, Paul Cotterell of AUT on
01-221 4370, or Stan Davison of
ASTMS on 01-267 4422,

Handheld Logic Analyser

A n ultra-compact logic ana-
lyser, which provides a full
range of measurement facilities
in a handheld, battery-operated
format, has been introduced to
the UK by House of Instru-
ments.

The SOAR 1300 Series, avail-
able in 10MHz or 20MHz ver-
sions, use a high-contrast
liquid-crystal dot-matrix display
to provide comprehensive logic-
timing, state and signature
analysis on up to 16 channels,
with features such as trigger
position, trigger pass count and
trigger delay included as stan-
dard. The 1”x3” display is moun-
ted on the top and shows eight
channels at a time.

The instrument measures 253
x 140 x 38mm and weighs only
1kg, making it ideal for field-
service use. Power is provided by

four AA batteries or an optional
AC mains adaptor, while key set-
up parameters and acquisition
data are retained for up to one
year by an internal battery-
backup memory function.

The 1300 Series may be used
in single, repeat or compare
acquisition modes, and data
display, compare and search
facilities are provided. Other
display features include a x4
magnification, a window facility
for examining part of a larger
display, and a histogram display
to compare the numbers of high-
and low-level bits.

The instrument has built-in
self-checking facilities, including
battery-low indication, and an
automatic power-off function to
conserve battery life between
readings.

The price of the 1T0MHz model

-

; - - f—":-‘—“—

i o (5 s S O

(1310) was not available when
we went to press, but the 20MHz
version (1320) costs £1987.00
plus VAT. The instrument is also
available in a form better suited
to bench use, with the display on
the front panel and a tilt stand.
These models are designated

1410 (10MHz) and 1420 (20
MHz), and the 1420 costs
£2146.00 plus VAT.

House of Instruments,
Raynham Road, Bishops Stort-
ford, Hertfordshire CM23 5PF,
tel 0279-55155.

atford Electronics, a com-

pany which started with
one man working from his home,
has just moved into new, pur-
pose-built premises in Watford’s
High Street.

ETI MAY 1985

Watférd M bves

The company was founded
twelveyears ago by Nazir fessa, an
optician who spent his evenings
and weekends selling compo-
nents from a stock keptinthe cor-
ner of his bedroom. Although he

advertised ‘mailorderonly’, Nazir
spent his weekends serving the
people who insisted on calling in
person, and the queues often
filled his lounge and hall and
extended to the front gate and
beyond.

Assisted by his younger Brother
Raza, he build the company up
until, after three years, he was
able to buy the shop next door.
Within a year the extra stock
needed to serve the fast-expand-
ing business filled even this
space, and the problem has only
been remedied with the move to
the new building.

Called jessa House, the pre-
mises house over 7000 different
components and micro peripher-
als and cost £700,000 to build.
Nowadays they actually welcome
personal callers, and although
they now have a staff of thirty
Nazir and Raza still take their
turn behind the counter.

Watford Electronics, 250 High
Street, Watford, Hertfordshire
WD1 2AN, tel 0923-37774.

@® Electrovalue’s spring ‘85 cata-
logue is now available and its 44
A5 pages list a wide range of
components, tools, computer
equipment, test gear and techni-
cal books. The catalogue can be
obtained free of charge from
Electrovalue Ltd, 28 St Judes
Road, Englefield Green, Egham,
Surrey TW20 OHB, tel 0784-
33603.

@ Cirkit, the re-incarnation of
component suppliers Ambit in-
ternational, will be launching
their spring catalogue on April
11th. It will be available from
leading newsagents throughout
the country for £1.15 and lists
over 4000 components along
with kits, tools and microcom-
puter peripherals. Circkit Hold-
ings PLC, Park Lane, Broxbourne,
Hertfordshire EN10 7NQ.

® Weran out ofspace this month,
but we’ll make sure we give the
results of the Reader Survey Free
Subscription offer next month.

7
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MAIL ORDERS:

Unit 1, Hill Farm Industrial Estate,

Boxted, Colchester,

Essex CO4 5RD.

Tel. Orders: Colchester {0206) 36412.

Telex: 987756.

-
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ACCESS AND

BARCLAYCARD
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The Rapid Guarantee

* Same day despatch * Competitive prices
* Top quality components % In-depth stocks

ETI MAY 1985

ORDERING INFO. Alt compon,

Please add to total order. Please add 50p carriage to all orders under £20 in value Minimum
order £5 . Send chequeP.0. or Access/Visa number with order. Qur new 50 page catalogue
is given free with all orders over £20. Avaitable at 70p each. Telephone

orders welcome with Access or Visa. Official orders accepted from colleges, schools etc
Export orders no VAT but please add for carriage. We are open Monday to Friday

ents brand new and to full spec.

MIN. D CONNECTORS SOLDERING {RONS CABLES HARDWARE CAPACITORS
9 way 15 way 25 way 37 way 20 metre gra: !
pack single core connect- battery clips 6 | Polyester, radial leads. 250v. C280
;I;::x.or:dle; lugs ;2 ‘gg: oo 160p Antex CS 17W Soldering iron 430 [l ing cable ten different colours. 75p [| Red or black crocodile clips 6 f tvpe: 0.01, 0.015, 0.022, 0.033
9 00p 2.3 and 4.7mm bits to sult 85 Speaker cable 10p/m || Black pointer control knob . 15 §6p; 0.047,0.068, 0.1 - 7p:0.15,
Sockets solderlug 80p 100p  135p Antex XS 25W soidering Iron ‘R30 Standard screened 16pIm Pr Ultrasonic transducers 390 §0.22-9p:0.33.0.47 - 13p; 0.68
Rignt angle 1200 1800 2900 33and4 Immbits tosuit . 86 [ Tein screoned 240rm | P8V Erectronic burzer sllaie zn R
vers 100p 90p 100p Solder pump desoldering tool 480 2.5A 3 core mains 23pim || P12V Electronic buzzer 70 { Eiectrolytic, radisl or axiel lasds
27128-250 £7.50 Soare noztle for above 70 W 10 way rainbow ribbon  26p/ft | PPB2720 Piezo wansducer . 75 §0.47/63V, 1163V, 2.2/63V, 4.7/63V,
CONNECTORS T 10 metres 22 swq solder 100 20 way rainbow ribbon 470/t »64mm 64 ohm speaker 70 §10/25V - Tp; 22/25V, 47/25V - 8p
0.5kg 22 swy solder 10 way gery ribbon 14P/My »64mm 8 ohm speaker 70 §100/25V - 9p; 220/26V - 14p
OIN Plug Skt Jack  Plug Skt 8rand new Mitachi product. Ideal 20 way grey ribton 28nitt 20mm panel fuseholder 25 §470/25V - 22p; 1000/25V - 30p
2pin 9p 9p 25mm 108 100 TR UL Red or black prabe clip 35 f 2200/25v - 50p ’
3pin 12p 10p 3:5,“,“ 9 9o GG this price is not & misprint!| Y :;m'\ lu'n;'lnllil ok 33 f§ Tag end power supply electralytics
Spin 13p 11p Standardi6p 20p way ‘chacolate’ bioc 21 | 2200/40V - 110p; 4700/40V - 1600
Phono 10p 12p Stereo 24p 26p RAMERS Verobloc 195 ultre-min. 6 or 12vrel. SPOT 130 §2200/83V - 1400; 4700/63V - 2300
1mm 120 13p amm 180 17p | IALSIAY S0 me OFF faimalicix 78L05 30 7905 45 JdMoibhIBPDT 195 § Polyester, miniature Siemens PCB
UHF (CB) Connectors s el 5 x 1 1 % I 78L12 30 79L12 a5 1n, 22,303, 4n7,6n8. 10n, 15n, Tp,
PL259 Plug 40p. Reducer 14p WBVE0.25A :2x9VEO. 15A 25 x3.75 96 78L15 30 79L15 a5 EURO CONNECTORS 22n,33n,47n,68n,80; 1000, 9p;
50239 square chassis skt 38p, 2% 12VE0.12A 2% 15VE0 1A 1800 | 3.75% 5 120 i 7805 20 7905 LY [ 150n, 11p; 2200, 13p;330n, 200;
$02395 round chassis skt 40p 37517 350 7812 40 7912 S R tach Rt. engle Wirewran §470n 26p;680n, 290 1u 33p;
1EC 3 pin 250V/6A. 6VA PC8 Mounting $15%17 85 7815 a5 7915 ag | Sonteets 9 socket
Plug chassis mounting 380 | 2x6ve0.5a2x9ve0.98 TS, 190 [l LM317k 270 LM723 40 | 64way AeB 195 29 Tantalum bead:
Socket free hanging 600 | 2x12ve0.3A2x18V@0.2542700 | 0 DIUE 00 LM317T 90 78MO05 550 | B4way AsC 220 270 0.1,0.22, 0.33. 0.47. 1.0 @ 35V
EUCRIRARLI2m [ ced 1200 8§\ sndard. Chassis Mounting Single sided 56 J] LM323K 420 A0 I R Y 129.2.2.4.7,10 @ 25V - 20p;
6VA: 2x6V@0.5A; 2xQVE0.4A Double sided 65 PEAWPN icov8a 65 | 1/16Y, 300: 22/16V - 27033/
. 2x12V@0.3A,2x 16V@0,26A 2a0p | Spot face cutrer 145 _ 16V - 450, 47/6V - 27p; 47/16V
SWITCHES ) Pin Insertion tool 185 m 0oy an Sosmoe 5o | 70m:68/6V - 40p; 100/10V - 900
Submin toggle: 12VA: 2K6V@1A.; 2x9VE0.6A Wiring pen 3 FiMagey 3 Cer, disc. 22p-0.01u 50V, 3p each
SPST 55p. SPOT 60p. DPDT 65p. | 2% 15V@0.4AX20V@0.3A 3500 | ppre spool 750 Comin 6 BY127 12 :::ggg 57' K % ¥ X # % ¥ %k % X % % | Mullerd miniature ceramic plats
Mimature cggi: b Oad7 10 Nacee 7 | NEW 1985 CATALOGUE |1:80F to $00pF 6p cacn
centre o . Dur new fully Tllustrs: Polystyrene, 5% tol: 10p-1000p, 6p
17128250 750 6800 200 6522 330 ll oas 7 INS401 12 ¥ 1
g:g;?:?oofor centre oft 100p, MICRO 61163 390 6802 280 6532 §20 0A200 8  IN5404 16 3 ted 50 page detailed  § 15004700, 80:6800 0.012u, 10p.
agle: 1NS406 17 RO informanon on over Trimmers. Mullard 808 series: 2-10
SPST 350. DPOTa8p 6264P15 2250 6809 600 6551 S40 10200 m B won | 3000 product hines at 2
Ministure DPDT slide 147, 216 310 4116pa 70 6810 140 80854 320 f IN914 4  400mWzen 6 | €' P! : oF, 22p; 2-220F, 30p; 5.5650F, 3%
. the most competitive
Push e 15p 2532 380 416416 480 6821 140 8158 380 PIN4148 3 1.3W zeners 13 e =
Pz‘h to make 2732 one time 21256.15 2850 6840 360 8261 380 prices in the marke! DR 0N, a0
sh to break 22p g e 65 7 The catalogue costs BRIDGE
Rotary type adjustable stop Pprogrammable  Zg0A CPU 290 6850 L 8258 29 ) 1ust 70p including pos FIERS FHaDewMd a5
1P12W, 2P6W, 3PAW all 550 each 280A P10 320 6852 240 B255 320 8 Al | RECTIFIERS ISRV
DAL switches: 2732 430  280a CTC 320 6875 500 8259 400 o L S 6A 400V 95
- 2764250 430 7oA 510 B8O 6880 100 MC1agg 70 [l 3mm red 8 5mm red ' b 1A50V 20
4SPST 80p 6 SPST800.8SPST 1004 2753 gpe 430 280AS10 880  BU30 Soo. wovien O M w11 Smmibesl 11 Yoryodr oty oy 50 VMI8 DIL 0.94
Min, DPDT slide 14p. Push-make 15. 8 Immyeliow 11 Smmyellow 11 §% % % % % % % % x # % ] 14400V 35 200V 50
—— Clips to suit - 3p each
sockeTs el G red PRSI b resrrrrrrrrrrrerradl | | OC CONNECTORS
profile B Y edge
E 0.25W Rasistor Kit. Contains 1000 0.25W 5% resistors from 4.7 ohms qreen 17 TILTS 40 § wire wrap tor ZXB1 150
fpe. < thru 10 10M. Quantities depend upon populartty Le. 10x10R, EAA 17 ORP12 85 | SPECTRUM 2 x 28 way edge PCB PCB  Socket Edge
P 30x470R, 30x 10K, 25x470K. Just £1.90 LD7a 95  1LQ4 185 [l aonm el or ety orvrn: 200 Plag Plug el
Ceramic capacitor Kit. Totsl of 250 miniature ceramic capacttors from TiL38 35  TIL100 75 | AMPHENDL PLUGS St AL ang,
22p 10 0.lu. i Just £6.90 2NS777 45 Tricolor Led 35 | 24 way IEEE 1DC 450 liowey 70 70 70
Polyester capacitor Kit. Totsl of 110 miniature polyester co:xéloﬂ Seven segment displays 36 way Centronix 10C 490 16 M’: % 80 80
from 0,01u t0 0.47u. Just £6.90 a
Preset Kit. Toral of 110 ministure preset resistors from 100R to 1M IR LN S LS SR | R18BON CAB Ry 20 Al ne a2
Horizontel mounting type. Just £6.90 C 0.5 Grey Ribbon cable. Price per toot
Radial Electrolytic Capacitor Kit. A pack containing a total of 93 P08 00 N DE0708 OO o S e war 88 [[34wev 118 130 130 180
Professional ZIF sockets mimature caps from 1u to 2200u Just £7.50 A 16 way 25 30 way 68 40 way 140 140 145 210
24 pin 430p 28 pin 480p Nut and Bolt Kit. Contains 80O sssorted items. 100 each 68A %in, Smm superbright LED 250med %0 Ry 28 50 way g0 50 wav 165 :65 170 240
40 pin 5950 %in, nuts and wahrs, 4BA %in_ %in, nuts and wshrs.  Just £3.20 red 30 26 wey 38 60 way 100 60O way 196 195 200
" - — - w —
IC7611 L 50  Lm391s 265. NES67 130 TOA1024 115 — 4.194MHz 150
LINEAR ICL7621 LM377 210 m1360¢ 110 NEST0 370 TLO6Y 40 CRYSTALS Bpyiitgts) m .
5550MOS ICL7622 LM380 80 MC1310 150 NEST1 370 TLO62 65 arbon lim 128 [ looehgl 0 S.00pMHy 280 Aluminium s
1CLB038 LM3B1 150 MC1496 70 NES532 160 TLo64 105 M %WSxdJonm-10M 2o 1o J WS 203 SQMMe 10 pp o
ICLB211A LM382 130 MC3302 75 NESs3a 105 Tion 38 M uwsxaTonm-am7 3 20 N Jowe 738 sownr 1o [Leticwiiid  4xIx1y” 95
ICM7224 LM384 140 MC3340 130 RC4136 65 TLO72 60 [ Metal film JA576M 200 Bommz  1ap |3 TEws axzeEs
ICM7555 LM386 90 MF10CN 330 RC4558 40 TLO74 110 M %W 1% 10chm-1M  4p  3p f 3276M 150 OMHz p | flx3Ex22mny 1SOsGRRINZL. 1y
ICM7556 LM3S? 120 ML9Z2 3% SL4g 195 TLOB 30 Jf 26+ price avolies 10 250 per porow g8 vzowmr i QeEN)ladsmm B8 T et N6
LF347 LM3! 60 ML924 290 SL490 220 TL082 50 M value not mixed. . MHI ) x30xS5mm
LF351 LM710 gg ML925 230 SN76018 150 TLOB4 105
LF353 tM71Y MLE26 210 SN76477 380 TL170 50
a2 B ot s omes 0 o om N, DR 2 on e monn o omo oo Mg o omm
200 LM733 70 ML928 210 sPO256AL2425 ULN2003 80 7414 60 7442 105 7483 85 74121 50 74161 90 74182 85
CA3090AQ 375 M74a1 16 ML929 210 Speechdata 50 ULN2004 80 W o000 oo 7415 a3 7a46 130 7485 110 74122 0 74162 90 74180 120
CA3130E 85 74 60 msg]?? fgg TBAB00 70 ;R??OG 33‘5’ 7401 25 7417 43 7447 98 7486 3B 74123 92 74163 90 74191 120
CA3140E LFres 38 TBABI0 90 ZN414 7402 25 7420 25 7448 98 7489 170 74125 0 74164 115 74192 120
CA3160 LM1458 35 NES44 170 T1BAS20M 65 2ZN423 135 W 5403 25 2429 30 7450 25 7490 55 73126 50 74165 90 74193 110
gﬁ:gg tm’;‘gsg"s '22 :Eggg 20 223453 gg g::;‘;: ;gg 7404 25 7422 30 7451 26 7491 B0 74132 60 74167 200 74194 80
Sasl e IMIo9e 8o Nedes 118 YoAda0 165 et 300 7905 25 7a27 30 7453 25 92 55 7a1at g0 74170 170 74195 63
X ey W3 Aot ooo B 7006 a5 7a28 30 7454 25 7493 S5 74145 85 74173 100 7419 120
ICL?106 680 LM3g1a 265 TDA1022 490 znzgss aso 7997 95 7a30 25 g0 25 744 90 a7 130 74174 100 74107 85
[re— BCS48 & BFR40 23 2NIGI3 30 2N3008 10 | snaso 285 7408 25 7432 35 7472 35 7495 70 74148 105 74175 B0 74198 195
TRANSISTORS BC543 10 BFRBO 23 2N2218A 45 2Na037 45 | Zniodee 200 | 2395 32 7e3 | gn BB W1 e A Jaiete 108 s B Maga, 195
BC557 10 BFRBY 23 2N2219A 28 2N4058 10
AC125 35 BC568 10 BFX29 30 2N2221A 25 2N4060 10  Tip3sc 125 B (0! 25 7438 45 7475 85 74100 125 j4154 135 74179 90
AC126 30 BCY70 16 BFX84 30 2N2222A 20 2N4061 10  TIPIEA 115
AC127 30 BCY71 16 BFXBS 30 2N2368 25 2N4062 10  TIP36C 130 4016 26 4034 145 4054 70 4081 18 4502 S0 4529 8o
AC128 30 BCY?72 16 BFX86 30 2N2369 18 40360 40  TiPata 45 CMOS 4017 43 4036 270 4055 70 4c82 20 4503 45 4832 g5
ACI76 26 8D115 56 BFX87 30 2N2484 27 40361 50 TiPaza 45 4018 §6 4039 270 4059 400 4085 60 4507 45 4534 390
AC1B7 25 8D131 40 BFXB8 30 2n2646 60 40362 50 Tip120 60 M@ 4000 18 4019 35 4040 46 4060 70 4086 60 4508 115 4e35 70
AC188 25 80132 40 ®FY50 27 2N2904 28 40408 50 Tip421 60 f§ 4001 18 4020 48 4041 55 4063 80 4089 120 4510 4B  qoa3 g6
AD142 120 80133 50 8FYS1 27 2N2004A 28 2N5457 30 yip122 60 [ 4002 18 4021 56 4042 45 4066 24 4093 26 4511 50 4549 350
ADIB1 42 8D135 35 BFYS2Z 27 2N2905 28 2N5458 30  Tip141 110 M 4006 65 4022 60 4043 45 4067 230 4094 70 4512 S0 4ge3 295
AD162 42 35 BFY53 30 2N2905A 28 2NS5459 30  Fipya2 120 Ml 4007 18 4023 18 4044 50 4068 18 4095 70 4514 115 ,oon  go
AF124 60 35 BFYSS 30 2N2906 28 205485 35  Tip1a7 120 M 4008 SO 4024 35 4046 60 4089 18 4097 260 4515 115  Loze s
AF126 50 35 8FYS6 30 2N2906A 28 2N5777 45 Tipogss 70 Ml 4009 40 4025 18 4047 52 4070 22 4098 70 4516 4B  4geq 390
AF139. 40 35 BRYJI9 50 2N2907 24 2N697 20 TIP3055 60 @ 4010 40 4026 120 4048 50 4071 18 40106 38 4518 48  Loo0 110
AF186 70 35 BSX20 22 2N2907A 24 2N698 40 T1s43 40 M40t 18 4027 28 4049 26 4072 18 40109 100 4520 48  ,ggs 38
AF239 65 110 BSX29 35 2N2926 10 2N706A 20  TIS43 40 4012 18 4028 4C 4050 26 4073 18 40163 75 4521 110 ,4ggs g5
BC107 10 190 BSYS5a 30 2N3053 28 2N708 25 Tisaa 45 M 4013 26 4020 46 4051 4B 4076 24 40173 100 4526 70 437 140
BC1078 12 85 BU206 160 2N3054 55 2N918 35  YIsS4S 45 4014 0 4030 18 4052 48 4076 60 40176 75 4527 60
8C108 10 8F180 35 BU206 200 2N3055 50 TIP29 35 Tiso0 30 M 4015 42 4031 125 4083 60 4077 24 40193 90 4528 45
8C1088 12 BF182 35 @8U208 170 2N3442 120 TIP20A 35 TIS®1 30
B8C108C 12 BF184 35 MJ2855 99 2N3702 9 TIP298 35 VNIOKM 65 Ls20 22
8C109 10 BF185 25 MJE3S0° 50 2N3703 10 TIP29C 38 VN4GAF 94 LS TTL QNS ;22
12 MJES20 VNEEAF L
12 MIES2! 2 2
12 MJE3055 n z
12 MPF102 ZTx 108 2 22
15 MPF104 ] z
8F199 18 MPSAO6 2TX300 2 2
BF200 35 MPSAOG ZTX301 2 22
8F2448 35 MPSA12 2 2
BF245 36 MPSAS5 ZTX304 Fz4 60
MPSA56 2 78
32 MPSUOS 22 73
30 MPSUO6 22 2
30 MPSUS5 35 2
35 MPSUS6 a5 23
2 28

Afl prices exclude VAT
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Events Diary

Amateur Radio & Computer Fair - April 8th

Bretton Hall College, Wakefield, from 11.00am. Organised by North
Wakefield Radio Club. Free Admission, various stalls, film shows,
amateur radio talkin on 145.550MHz, beer and refreshments avail-
able. Contact S. Thompson, G4RCH, 2 Alden Close, Morley, Leeds
LS27 OSCG, tel 0532 - 536633.

The Limits of Digital Audio - April 9th

The IEE, Savoy Place, London WC2 at 7.00pm with tea from 6.45pm.
Lecture by Dr. Lagadec of Willi Studer AG organised by the Audio
Engineering Society. Non AES members welcome to join-up on
the evening.

Motorola Power Design Seminar - April 15th

Sheraton Hotel, Heathrow. Programme includes SIDAC technology,
switchmode 1,11 & 111, switchmode rectifiersand power MOSFETSs
and costis £28.75. Contact Betty Fogg, IEL Travel Ltd, 9 Argyli Street,
London W1V 2HA, tel 01- 734 8200.

Innovation ‘85 - April 16-19th

Cranfield Institute of Technology, Cranfield, Bedford, from 10.00am
to 5.30pm daily. IT exhibition sponsored by Rank Xerox and inten-
ded to provide a clear overview of the technology for those consider-
ing installations and for students and others planning careers.
Innovation ‘85, Bridge House, Oxford Road, Uxbridge, Middlesex
UB8 1HS, tel 0895 - 51133,

Northern Computer Show - April 16-18th

Belle Vue, Manchester. Business and professional computer exhibi-
tion aimed at both established and first time users. Contact the
Exhibition Manager, The Northern Computer Show, Reed Exhibi-
tions, Surrey House, 1 Throwley way, Sutton, Surrey SM1 4QQ, tel
01-643 8040.

Computer Aided Design & Engineering in the Aircraft Manufacturing
Industry -April 17th

Institution of Mechanical Engineers at 6.00pm. Lecture by H. Hitch
of British Aerospace Aircraft Group. Contact Peter |, Pugh. Engineer-
ing Manufacturing Forum, 1. Mech. E., 1 Birdcage Walk, London
SW1H 9J), tel 01- 222 7899.

Hospital Broadcasting Conference - April 19-21st

Newport, Gwent. Residential weekend including training sessions,
equipment exhibitions, seminars and debates organised by the
National Association of Hospital Broadcasting Organisations. Non-
members are welcome and the cost is £51.00 including full board.
Contact Alf Partridge, Conference Chairman, NAHBO, c/o 56 Fieet
Road, Benfleet, Essex SS7 5JN.

Scottish Design Engineering Show - April 23-25th

Anderston Exhibition Centre, Albany Hotel & Holiday Inn, Glasgow.
Exhibition of new design engineering ideas aimed at engineers and
managers. Contact Cahners Exhibitions Ltd, Chatsworth House, 59
London Road, Twickenham, Middlesex TW1 3SZ, tel 01-891
5051.

Portable Computing Conference - April 25/26th

Fulcrum Centre, Slough. Conference and exhibition aimed at enabi-
ing management staff to assess the value and implications of port-
able computing techniques and including products from fifty or
more leading suppliers. Costs from £109.25 for a half-day to £281.75
for two days. Contact the National Computing Centre, Oxford Road,
Manchester M1 7ED, tel 061- 228 668962

The British Electronics Week - April 30th to May 2nd

Olympia, London, 10.00am to 6.00pm daily. The exhibition brings
together the All Electronics/ECIF Show, Fibre Optics and Electronic
Product Design, and the organisers claim that virtually every elec-
tronics company will be represented. Free entry by ticket obtained
in advance from Evan Steadman Services Ltd, The Hub, Emson Close,
Saffron Walden, Essex, CB10 1HL, tel 0799 26699.

Electronic Production Efficiency Exposition - April 30th to May
2nd

NEC, Birmingham. See February issue for details or phone 0280 -
815226.
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Framestores Make The
World Go Round

T hose of you who manage to
stay awake in front of the
television may have noticed a
change recently in the style of
the BBC 1 rotating globe symbol.
The old mechanical model with
its electric motor and fixed
camera has gone, to be replaced
by an all-electronic system using
framestores.

The BBC’s graphic desigrers
came up with a new image of the
world, with improved accuracy
and detail. The symbol achieves a
full three-dimensional effect
using solid continents and
islands mapped onto a trans-
parent sphere, which is enhan-
ced by colour shading and
highlighting. The hardware for
displaying the symbol was
developed by Engineering
Designs and the animation was
produced by the staff of the BBC
Computer Graphics Workshop.
The original map database of
20,000 points was provided by
Glasgow University.

The full rotation of the world
takes 12 seconds which is
equivalent to 600 television
fields. To store this digitally
would normally take some 250
Mbytes of memory, but a data-
saving technique has been inven-
ted (patent applied for) which
stores a single field of the world

in only 8 Kbytes. Each map is
imprinted upon the foreground
(the highlighted gold) and the
background (the shaded blue).
For each TV field a map is read
from memory in sequence so
that the world appears to
rotate,

The hardware uses two 800
Kbyte full-resolution frames-
tores to reproduce the blue and
gold areas of the symbol and the
captions. This data is stored as
eight-bit samples in accordance
with the internationally agreed
coding standard (CCIR Rec.
601). The compressed map data
is stored in a separate memory of
more than 4.5 Mbytes. Erasable
28 Kbyte memories are used for
all data storage, and high-speed
digital techniques are employed
throughout.

Fourteen such equipments
have been installed in the BBC’s
main and Regional centres, each
with their own caption identifica-
tion. The London equipment
optionally displays a caption
indicating the page number for
programmes  subtitied on
Ceefax.

Engineering Information Dep-
artment, BBC, Broadcasting
House, London W1A 1AA, tel:
01-927 5432,

ETI Takes
Allsorts

One of the advantages of
working on a magazine is
that you get some very interest-
ing things through the post.
Advertising agencies keen to
catch your eye send out all man-
ner of promotional novelties,
and there is scarcely adesk in the
company which does not groan
under the weight of pens, ash-
trays, diaries and ‘executive’
toys, each emblazoned with the
name of some electronics com-
pany or other.

Occasionally some go a little
further, and not a few desks still
bear the lens-less spectacles,
sparklers and mounted lump of
coal which mark some of the
more notable recent advertis-
ing campaigns.

But no-one ever bothered to
send us anything to eat. Pre-

" sumably, writers on food maga-

Zines spend their entire working
lives chomping through the edi-
ble offerings from each morn-
ing’'s post bag but not so

electronics writers.

Until now, that is. Possibly
labouring under the impression
that ET! stood for Eating ~oday
International, Only Natural Pro-
ducts Ltd, part of the Bassett
foods company, recently sent us
a packet of their new Traditional
Recipe Liquorice.

The accompanying press re-
lease waxed lyrical about mix-
tures of liquorice and aniseed
and the marriage of traditional
techniques with modern produc-
tion methods which went into
producing this fine product, and
indeed, the liquorice does taste
pretty good as the Assistant
Editor can well testify. But none
of this explains why they sent a
sample to us.

Still, who's complaining. The
Assistant Editor is now consider-
ing the idea of starting a regular
food column in the hope of
attracting more such samples,
and wishes it to be known that, if
Bassetts are planning any further
promotional activity, he’d prefer
it if they sent him some Liquorice
Allsorts next. Please?

(P.S. Or some Fudge? Ed.) ETI
9




01-208 1177 TrcuxomanicLo 01-208 1177

BBC Micro Computer System

ACORN COMPUTER 8YSTEMS

DISC DRIVES

8BC FIRMWARE These are fully cases and wired drives with slim line mechanisms of high

BBC Model B Special offer-.............£300 (a) 1.2 Operating System .. _.£7.50 (d) quality, Shuggart A400 standard interface. Drives supplied with cables
BBC Model B+Econet ... ...£335 (a)  Basic i ROM... J £22.50 (d) manuals and formatting disc suitable for the BBC computer. TEAC 80
BBC Model B+DFS... ....£346 (a}  View Word Processor ROM.. ..£48.00 (c) track drives are supplied with 40/80 track switching as standard. All
BBC Model B+DFS +Econet............ £399 (a) Wordwise Word Processor ROM drives can operate in sing|e or dual density format.
UPGRADE KITS . ---»23400(6) K90 SSTSEEA ’
: = £88(b 400K 407807 T th

A 10 B UPgrade KH.....................865 (d) BCPL ROM/Disc .£86.00 (b) 1 S AT i R o CVON D% T s
DFS KH......oocooocomn 695 (d)  Disc Doctor/Gremiin Debug ROM £26 (d) 2 x 100K 40T SS:TDS5A with psu ... £250(a) 2 x 400K 40/80TDS:TD55M Mitsubishi with
Econet Kit. w66 (d)  EXMON/TOOL KIT ROM ...............£28 ea (d) ...£350(a)
Speech Kit.. ; v £47 (d)  Printmaster (FX80)/Graphics ROM.. csssA with psu £125(b)

228 ea (d) CS55F with psu... e — £169(b)
ACORN ADD-ON pnoouc1‘s
280 2nd Processor .. £348 (a) ULTRACALC spreadsheet ROM 269 ea (c)
6502 2nd Processor ....... .£175 (a)
Tettext Adaptor ...... ..£190 () COMMUNICATION ROM
IEEE Intertace £282 ...... £202 (b)  Terml Emulator ...£28 (d) 3M 5%” FLOPPY DISCS
Prestel Adaptor..... ..£99 (b)  Communicator ...£59 (d) 3 5 e -
RH Light pen.... £39.50 () Commstar........ £229 (d) High quality discs that offer areliable error free performancefor life. Each

discisindividually tested and guaranteed for life. Ten discs aresupplied in

TORCH UNICON products Including the IBM Computible GRADUATE in stock a sturdy cardboard box.

For detailed specification on any of the BBC Firmware/Peripherals listed here

or information on our complete range please write to us. 40; Sg 88 £15 zc; go; 83 88 SB (5]
80T S £22 (¢ 0 4 (c)
PRINTERS
EPSON
DRIVE ACCESSORIES
RXBOFruzs‘(a) RX80T£215(3) FX80 2315(3) FX1OO £435 (a) FLOPPICLENE Disc Head Cleaning Kit with 20 disposable cleaning discs ensures continued
KAGA TAXAN optimum performance of the drives .£14.50 (¢}
KP 810 (80col) £265 (a) KP910 (156c0l) €359 (a) | Sirsie isc bl £6(6) 100ic Lrary  Duel Disc Gabe -
JUKI 6100 £325 (a) BROTHER HR15 £325 (a) 30740 Disc Lockatle Box £14(c)  70/80 Disc Lockable Box... L.£18(c)
ACCESSORIES
32K Internal Buffer Paraliel £99 (b) MONITORS
EPSON MICROVIT q4” .
Serial Interface: 8143 £28 (c¢), 8148 with 2K £59 (c) 14:5:1 Sotarlidgr% ‘:Resgﬁtaion £165 (a)
Paper Roll Holder £17 (d); FX80 Tractor Attachment £37 (c) ) B ) | EIoklnilal sleElefells GRIeIeTR TR TeTs g
Ribbons: FX/RX/MX80 £5 (d) FX/RX/MX100 £10 (d) 1451 Medium Resolution.............cvvcieriinnnnnns £240 (a)
RX/FX80 Dust Cover £4.50 (d) 1441 Hi Resolution .........c.cccooiiviiiniiniiiiicens £399 (a)
KAGA TAXAN 1431 AP Std Res PAL/AUDIO.........ccccvveeeuerennene. £210 (a)
RS232 with 2K Buffer £85 (c) KP810/910 Ribbon £6.00 (d) 1451 AP Med Res PAL/AUDIO ..............cccoune.... £280 (a)
JUKI 6100 1451 DQ3 Med Res for QL ........ccovvereeeevreceinnnnn, £239 (a)

RS232 with 2K Buffer £65 (¢) Ribbon £2.50 (d)
Tractor Attachment £129 (a) Sheet Feeder £199 (a)
BBC Parallel Lead £7 (d) Serial Lead £7 (d)

Above monitors are now availablein plastuc or metalcases,
please specify your requirement.

2000 Sheets Fanfold Paper with extra fine perforation KAGA Super Hi Res Vision Il RGB. ...................... £340 (a)
9.5" x 11" £13.50 (b) 14.5" x 11" £17.50 (b) Hi Res Vision ll........cccccoeviveiiiiniiie e £235 (a)

Labels per 1000's; singie row 3‘/:":( 17/16" £5.25(d) MONOCHROME MONITORS 12
L M- e 2 sl Kaga Green KX1201 G Hi ReS........cc.ooooooocrrrr. £99 (a)

MODEMS
— All modems listed below are BT approved

MIRACLE WS2000: TELEMOD 2:

Kaga Amber KX1201 A Hi Res..... .£105 (a)
Sanyo Green DM8112CX Hi Res..... ...£90 (a)
Swivel Stand for Kaga Monochrome....................... £21 (c)

The ultimate worid standard modem coverall
all common BELL and CCITT standards up to
1200 Baud. Allows communication with vir-

Complies with CCITT V233 1200/75 Duplex
and 120071200 Hait Duplex standards that
allow communications with VIEWDATA ser-

All monitors are supplied with leads suitable for the BBC
Computer. Spare leads available.

tually any computer system in the world. The vices like PRESTEL.MICRONET etc. as well as
optional AUTO DIAL and AUTO ANSWER user to user communications. Mains T
boards enhance the considerable tacialities powered £64(b). ATTEN ION
already provided on the modem. Mains BUZZ BOX:
powered £129(b). Auto Dial Board/Auto This pocket sizec¢ modem complies with V21 SPECIAL OFFER
Answer Board £30(c) each. (awaiting BT 3007300 Baud and provides an Ideal solution ®
approval) Software lead £4.50. for communications between users, with main ALL PRICES EXCLUDE VAT
trame computers and bulletin boards at a very Please add carriage 500 unless
economic cost. Battery or malins operated indi toll v
£52(c). Mains adaptor £8(d). indicated as follows:
e o R {a)£8(b) £2.50 (c) £1.50 (d) £1.00
| to em data lea g
GANG OF EIGHT CONNECTOR SYSTEMS
AMPHENOL TELEPHONE
IN;E;CL)ISEC%'L::EARST 1.D. CONNECTORS EDGE CONNECTORS , coNNlec*rgRs; - CONNECTORS
{Speedblock Typel way piu entroni
; No of Header Recep- Edge 01 0.5 Ided) 500p(1DC) 475 4 way plug 110p
g?\zilgsr:r?p‘i:?:'se\%otrgggl'zz'émg::\‘?ggsgg';ra;l waye ~ Bgl gle %3; 24 6&"“ (Commodork) 150p - ff? ?a SK(t entr:nlcs g way %‘Ug " }ggp
gramming time by 80% by using manufacturer's 20 1455 1280 1985 | 2x1 “a, wic 20) P as0p |(sOIden 250p(IDC) 5009 g ey Aeic P
suggested algorithms. Fixed Vpp of 21 & 25 volts 26 178p  150p  240p 2% 18w - 140p |24 wiay Iug |IEEE (solden A sop/m
and variable Q/pp factory set at 12.5 volts. LCD 34 200p 160p  320p 2x 23 way {2X81) 175p 220p {475p(iDi g s y SR
display with alpha moving message £395(b). 40 220p 190p 340p | 2x 25-way 225 2200 124 wa skt IEEE (solden| © way 4
play P 50 235p 200p 390p 2 x 2B-way {Spectrum) 200p -
2 3o way 2o - |300p0DC 500D RIBBON CABLE
ORS 1 x 43-way 260p — | PCB Mtg Skt Ang Pin b /
1] o CSON;:%&LSR 2x 22-way 130p — |24 way 700p 36 way 750p - . “"’V;e"e' .
i 2x43 3954 - way p way
proatam 3716, 3518, 2642, 5733, and with an o 15 25 a7 |ixhua S s | GENOERCHANGERS | iy i Wih 1%
adaptor, 2564 and 2764 Dispiays 512 bytepage |MALE: = = |2 X SDways 00conn) 800 = 2amay Divpe Mway 1200 chway ahe
1%— hasaserialland parallelll?ro#ﬂnes Can Sg&!erns &6 85 125 170 Male to Male. g}g
be used as an emulator, cassette interface. Male to Female £ DIL HEADERS
igftyt B T £195(b) !FDECM ALE: 7> 1206]'326 EURO CONNECTORS  |Female to Female .£10 Solder  IDC
aprontor S 140 21 DIN 41612 14pin  40p  100p
ihg‘é‘ans 388 218 g7g 338 2 x 32 way St Pin  230p 275p e 16pin S0P 110p
Un Shamen o 80 130 198 290 3x Mumangndis BB oo SUNT gy | BB IR
X way in . i 4
Ali erasers with built in safety switch and mains  |StHood 90 95 100 120| 3 x 32 way Ang Pin 3759 400,': 24" Single end Female  £5.25 24 pin  100p  150p
indicator. Screw 130 150 175 iDC Skt A + B 2758 S e tegemale  £1000%) 728 pin _20Qp -
- w e 24" Male Male £9.50 b
Bm?erasbes upbtoe ﬁgrozns at a time. 24; C‘ Lock IDCSktA+C 350p 24" Male Female £9.50 40 pin  200p 225p
as above but with a timer c r e ——
UV140 erases up to 14 eproms at a time. £88 (b) . TEXTOOL ZiIF :g;‘?ln’; (:!Ai’*wgy leés;e spacity \ wa?ngSoxwlSa};llEswsp potiin SMcIaSﬂCC%?r:‘egt%rzwp
OCKETS 24-pin £5.7 ' - - g Y
QM S £71(b) 28-pin £8.00 401;1: :9.73 8-way 120p 10way 150p | 8 pin Video Connector200p
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90p | 74L5290 ts0p | 4002 NEN
| e et S COMPUTER COMPONENTS

4285 320p | 7405290  wop | 4007
s 3: 74290 wp | 2418292  90p | 4008 8284 MC14412 7500 (i
o5 o | 742 90p | 7408283  sop | 4009 82880 21 ULN2003  TSp
7403 sp | 74298 10p [ 7415295  qa0p | 4010 87554 24 ULN2004A
2404 6p 74351 200p 7405297 90p 4011 TMS3903 £25 #0p
o 30p | 743654 %0p | P4LS298  100p | 4012 TMS991Y  £18 ULN2068 280
e o | 743684 o0p | 745209 2209 | 4013 TMSE914 14 ULN2802  190p
s wy | 14364 80p | 748321  370p | 4014 | 280PI0  260p ULN2303  180p KEYBOBARD
o/ 0p | 743674 80p | 7418323 s00p | 4015 50p Z80APIO  250p ULN2804  190p ENCODE s
ne 308 74368A 70p | 74LS324/624 4016 ;:: 280CTC  250p 2:32 %0p Ty 5 2378 11500
7410 30p | 74978 160p asop | 4017 A ZBOACTC 2759 0 | \vs 3600 T50p
il 0p | 123% 110p | 7418348 200p | 4018 =4 280DART  850p 75109 1200 | 5 lorr  ssop
7012 sop | 1490 12p | 7415352 170p | 4019 005 2ZBOADART 75110 90 | 7iCoe3  ssop
ot sop | 14%0 140p | 7405353 120p | 4020 4300 75112 160p
A Top L 743 100p | 7415356 210p | 4021 ’:: TMS4500  £14 75113 120p
== p 7ALS363  180p | 4022 pod TMS9901  S00p 75114 140p BAUD RATE
2417 a0p 7415364  180p 4023 :mg TMS9902  500p ?5:!3 ::gv ”GEN(:AYORS
7120 308 7405365 Sop 4024 x l‘f.‘.'.ﬁ ?: 8039 420p ZBOOMA 700p 7592 P IC14411  730p
7421 sop | 74L500 24p I 74LS366 sop | 4025 340p v'[m wp | 8080A 420p | Z80ADMa T50p 75122 140p | COMB116  85%0p
7422 asp | 74L801 24p | T4L5367 sop | 4026 300 | 10084 wp | 80854 300p | ZBOASIO0/1/2 751509 120p | 47028 750p
7423 8p | 741502 24p | 7415368 sop | 4027 %0 | oy wp | 8086 o 9 T00p 75154 120p
7425 top | 7aLS03 24p | 74185373 °0p | 4020 j:: o ':: 8088 1750p 75159 220p
7426 aop | 74504 2p | 745374  sop | 4029 2000 | rioet 1 | 8748 £18 75160 5009 | v.2.1015P
7427 wp | 74LS05 24p | 7408375 78p | 4030 1505 ssp | TMS1601 £12 75181 380p
7428 arp | 74508 24p | T4LS3TT  w40p | 40N :‘!: 71083 7S 1TMS9980 €12 | 2016-150  400p 75162 40P | Lv.5.1013p
7430 30p | T4LS00 24p | T4LS378 9sp | 4032 ) ;:: ;::: TMS9995  £12 | 2101 400p %172 300p 300p
7432 %p 741810 2 74LS379  140p 4033 700 o sw0p | WDSS £14.50 2102 2%0p MCE8455P 75182 20p coMB017 300
7433 op | 7481 24p | 7ALS381  4s0p | 4034 2009 120p | 280 200p | 21078 500p 650p | 75188 00 | ez asop
1437 0p | TALS12 24p | 405390 60p | 4035 “"’: u«;um ;no 280A 2sp | 2111A-38  400p | MCEBAT  650p | 75189 60p
2488 wp | 74513 3p | 7408303 110p | 4036 - | o s 21430 250p | SFF96364 €8 | 7545t 708 ¥
7439 wop | T4LS14 S0p | 74LS395A 100p | 4037 %00 | Ganiro Prieg 2147 320p | TMS9918  £18 | 75452 T0p
2440 wp | TS5 24p | 74LS399 140 | 4038 PR Ll SuPPORT 4027-3 200p | TMS9927 750p | 75453 0p
7441 sop | 74520 24p | 74L5445  180p | 4039 o mm ;: DEVICES 419615 200p | TMS9928  £10 | 75454 Top | 6Mrz UHF 3T
Taa2a rop | 74L521 24p | TALS485  120p | 4040 swp | UenZooes fling 4118-20  ¥50p | TMS9929  £10 5480 ¥50p | MMz UKF  4S0p
==y 1009 | 741522 24p | 7aLS467  120p | 4041 2% | Gueesor Wy o2 | 4183 $00p 75491 65p | Sound & Vision
7444 110p 740524 SOp | T74LS490  150p 4042 ‘:: ULNZ803 1009 | 3940 soop | 416418 $00p INTERFACE 75492 65p 12MHz £12
744 100 | TALS26 24p | 7408540  v00p | 4043 op |t e laas as0p | 4125620 115 1C 8126 120p
7846 voop | 74LS27 24p | 74LSS41  100p | 4044 we | 2000 | 6520 00p | ¢184-20 320p | ADSseC) 7TISp | €T28 1200
74474 100p | 74528 24p | 74LS608  T00p | 4045 1o | upcisen  op | 6522 3s0p | 4416.20  4sop | ADSe1s t20 | 8795 1200
7448 120 | 74520 24p | 74LSE10 1900p | 4046 m‘: S"o‘&'w m 65224 ssop | 4532.20  280p | AD758¢ 12 | 8796 120p | 32768 KHz
7450 3sp | 74532 24p [ 7415612 1900p | 4047 v | xporoe wop | 6532 «g0p | 4816AP3  200p | ADCOBOS 1i9ep | 8797 120p 1
7451 33p | TALS33 24p | 748624 3s0p | 4048 3000 | ypozor arsp | 16551 580p | 5101/5501 AM25510 3s0p | 6T98 120p | 100 KHz  400p
7453 3sp | 74L837 24p | TaLs626  225p | 4049 ‘:: XR221% s1% | 6a21 1%0p AM25L52521 811595 140p | 100MHz  270p
7454 3sp | 741538 24p | 7415628 228p | 4050 Teop ;’:;;: :;; 68821 20p | 551475114 81L59 220p | Freqin MN:
7460 ssp | 74LS40 24p | 7015620 140p | 4051 wop | e oo | 6829 £12.50 4s0p | AM25L82538 81LS97 teop | 1.8432 2259
7470 sop | 74LS42 SOp | 74LS640 300p | 052 1300 | pute wp | 6840 378p | 5516 s80p 811598 20p | 200 2%
1472 ssp | 74LS43  180p | 74LS640-1 4083 R | Dume 70 | 68840 600p | 8116P-3  450p | AM28LS3 8805120  S00p | 2457601L) 200p
7473 ssp | 74LSe7 s0p 300p | 4504 ] e Tae | sss0 160p | 6116LP3  s00p 120p | 9602 00p | 245780(S) 250p
Ta74 sop | 74LS48 %0p | T4LSB41  200p | 4055 2000 | Puzses 3s0p | 68850 280p | 6264.15 €10 | AM26LS32 96384 180p | 25 250p
7475 s0p | 74LS51 24p | 74LS642-1 4056 ’: ZnazeE 000 | 6852 2s0p | 6810 160p 120p | 96ITAP  160p | 2662 250p
Ll o | 7aisse 24p s00p | 4059 on | e fo eese osop | 745189 2250 | D002 e | 9638 zo0p | 3278 150p
7480 6sp | 74555 24p | 74US843  2%50p | 4060 %000 | 7izpes 1230 | 68854 so0p | 745201 350p | DACBO-CB1.V ZNA2SES  350p | 35795 200p
7481 180p | TALS7IA  30p | 74L5643.1 4063 300 | rvadrE t8.50p | 6875 soop | 745289 225 €28 | ZN426EB  3s0p | 400 150p
74838 Yosp | TALST4A 3 300p | 4066 bl 007 3000 | 8154 as0p | 90415 800p | DM8133  s00p | ZNAZ7E  600p | 4194 2000
Pe8aA 1280 | 74LS75 asp | 74LS644  350p | <067 e | Eu, ;:: 8155 as0p | 93L422  9s0p | DPB3I4 100p
7485 110p | 74LS7EA  36p | 74LS645  200p | 4066 rop | 1009 | 8156 380p | 93425 $00p | DS3691 =T
7486 a2p | 745838 70p | TaLS64s.1 4069 :x ss0p | 8205 2% 058830 250p
7489 210p | 741585 75p 400p | 4070 = .m 8212 220p 0S8831 l 1500
74904 ssp | 74LS86 35p | 745668  sop | 407 w0p *® | 8216 1600 058832 140p
1491 Pop | 74590 48p | 7405669  90p | 4072 500 AEAL TIME  [CCRZ] 28122 400p [ DSs832 140p
74924 709 7489 20p T4LSET0  180p 4073 :;:: GLET ¥ 8226 2sp 24810 280p DS883S 150p
74934 ssp | 74LS92  ssp | 74LS682  350p [ 4075 wo [mceatar  asop | 8228 4s0p | 185030  200p | DS8a3s sp
7494 1i0p | 74LSE3 sap | 7415684  3s0p | 4076 wo | iMearzann 8243 200p | 1854030 200p | DS8a38 150p
74954 sop | 7405958 789 | 7eLSes7 3sop | 4077 200 8250 9s0p | 745188 180p | MCta88 175
7496 #0p | 74LS9%E 90p | 74L5688  550p 4078 VOLTAGE 745287 28p | MC1489 175p
7497 210p | 7415107 «0p | 7aLS783  £2v | d4cer REGULATORS 745288 180p | MC3446 2509
74100 1s0p | T4LSI09  40p 4082 745387 225p | MC3459 150p
74307 sop | 7418112 asp 4085 FIXED PLASTIC 22523 1500 | MC3470 00p
74109 780 | 745113 4sp 4086 825123  150p | MC3480 150p
74110 755 | TALS1e asp 4089 825129 MC3486 750
24111 ssp | 748122 70p | 74500 s0p | 4093 MC3487 160p
74116 170p | 74LS123  e0p | 74502 s0p | 4094 MC4024 250p
24118 110p | 74LS124 74504 sop | 4095 MC4044 g 200p
74119 170p uuuop 74505 sop | 4096 MC14411  900p [ WD2143 o8 8.00 2009
24120 100p | TaLS125 74508 sop | 4098
74121 ssp | 74LS126 sop 74510 S0p | 4099 e  2pn 790
74122 T0p | T4LSI32 88p | 74511 5p 4501 LOW PRGFILE WIRE WRAP 0p 24 pn 750
fan sop | 745133 sop | 74520 sop | 4502 SOCKETS BY SOCKETS BY azp  28pin 100p
74125 osp | 7418138  asp | 74522 100p | 4503 TEXAS TEXAS s0p 40 pin 130p
74126 ssp | T4LS138 ssp | 74530 sop 4504 e
74128 s5p | 7aLS139 88 | 74532 60p | 4505
74132 750 | 74LS14s  esp | 74s37 80p | 4506 A 20 pin 489 24 pin 55 0o %0p
74136 70p | T4L5147 1750 | T74S38 %p 450774030 Profile Sockets 18 pin 40p 22 pin S0p 28 pin 8Sp
74141 90p | 74LS148  140p | T4S40 S0p
74142 250p | 74LS151 88p | 74551 45p 4508 TIP30A 38p 2N2160 380p | 25C1306  100p | 2A100v  3%p
74143 270p | 74LS152  200p | 74564 48p 4510 TIP30C 40p 2N2219A 30p 2SC1307  150p | 2A400V  45p
4144 270p | 74L5153 88p | 74574 7Sp asn TIP31A 40p M22224 30p | 25C1957 %0p | 3A200v  60p
74145 110p | 74L5154  180p | 74585 450p | 4512 AD161/2 asp | TP31C 45 2N2369A  30p | 25C1969  150p | FAG0OV  Tp
74147 170p | 74LS155 6s5p | Tases 100p | 4513 150p 250p | BC107/8 18 | BFX30 asp | TIP324 4sp  2N2484 30p | 25C2028  80p | 4A 100V 9Sp
74148 Wop | 74LS1S6  68p | 745112 1S0p | 4514 110p T0-220 150p | BC109C  20p | BFX84/S  39p | TIP32C 40p  2N2646 so0p | 25C2029 200p | 4A 400V  100p
74150 175p | 7ALS157  sOp | 745113 120p | 4515 110p} T03 240p | BC16OC 18p | BFX86/7  30p | TPI3A TOp  2N2904/5  30p | 25C2078 180p | BA SOV s0p
741514 rop | 7415158 esp | 748114 1205 | aste ssp| ALVAR 23 | BCIT2 1% | BFx8s 30p | TIP33C B0p  2N2906A  30p | 25C2335 200p | 6A 100V  100p
74153 80p | 74LS160A  78p | 74S124  550p | 4517 2209, 10A+VAR  g1s | BC1TIR  30p | BFYSO 30p | TIP34a %0p  2N2907A  30p | 25C2612 200p | BA 400V  $20p
74154 140p T4LSI6IA 8 | 745132 100p 4518 48p| s0p | BC179 30p | BFYS1/2 30p | TIP34C 120p 2N2926 12p INI2E 200p | 10A 400V 200p
74155 sop | 74L5162A  TSp | 745133 60p 4513 32p SA+VAR 578 | BC182/3 15p | BFYs6 33p | NP3IsA 120p 2N3053 38p IN140 200p [25A 400V 400p
74156 100p | 74LS163A  78p | 745138 180p 4520 80p, 1A+VAR 22%p | BC184 16p | @FY90 P0p | TIP3SC 1409 2N3054 60p | IN141 200p
74157 s0p | 74LS164  7Sp | T4S140  100p | 4521 15 SANNAR 8750 | pc1ay 0p | BAY39 4sp | TP36A  140p  2N308S 38 | 3n201 200p
14159 178p | 74LS165A 110p | 745181 1500 | 4522 L [~ S - 1A+VAR 2%p | pc212/3  16p | BSX19:20  30p | TP36C 150p  2N3442  Wop | 3N204 200p
72180 110p | 74.5166A 1sop | 748153 150p | as26 e g | FacTiom BC214 1% | BUte 2289 | IP41A S0p  2N3553  240p | 40290 2509
74161 80p | 74US168  130p | 745157 210p | 4s27 $G3524 BC237 16p | BUIOS 190p | TP4IC $5p  2N3S84 230p | 4036172 80
74162 110p | 74L51869  100p | 7485158 200p 4528 TLa%4 B8caz? 185 | BU1oE 250p | TIP42A 60p 2N3IB4I/4 avp 10585 120p | 3A400V 60p
74163 110p | 74LS170  140p | 745163  400p | 4529 TLa97? ecas? 18p | BUIOS 228p | TIPA2C 88p  2N3702/3  25p | 40673 90p | 6A400V 700
r4164 120p | 74S173A  100p | 745189 7000 | 4531 78540 BC338 15p | BUI2S 150p | TIPS4 180p 2N3704/8  2%p 4087172 100p | 8AS00V s8p
74165 110p | 74LS174  78p | 745174 200p | 4532 OPTO ELECTRONICS B8C461 40p | U205 200p | TIPSS 180p  N3IT08/7  28p BAL00V 759
74166 140p | 7418175 T8p | 745175 320p | 4534 uop BCATT/8 3sp | BU208 200p | THI20 %0 2N3T0E 250 BA500V 95p
74187 400p | 74LS181  200p | 745188 180p | 4536 BC516/7 50p [ BU4OE 145p | TIPI21 T5p 2N3773 200p 124400V 85p
74170 200p | 74LS183  190p | 745183 22%p | 4538 759 "’°’ “"‘“‘0 BCS4T8 20p | BuX8O aop | TP122 80p  2N3819 a0p 12A500V  108p
Ta72 420p | 7405190 780 | 745194  300p | 4539 B G g :: 8C548C  16p | BUYEIC  350p | TIPI2S T8 2N3823 sp | BY127 12p | 16A400v 2209
1 140p | 74LS519% Tsp | 745195 300p | 4541 90P! wuanzaDL7o4  00p TILT20 ‘,,, BCS49C 18p | €310 sop | TP126 80p 2N2866 90p | BYX36300 20p | 16AS00V  130p
74174 110p | 74LS192 80p 745196 350p 4543 Top mn.um wop LT BC5578 18p | MM 280p | TIP142 120p 2NI904 220 7 10p | 728000 130p
74178 105p | 7415193 a0p | 745200  4s0p | 455y 100p| MANSIIO BCS59C  24p | muB02 wop | TP147 1200 2M3906 220 [ OA90/91 9 | TIC2060  s0p
74176 100p | 74LS144  TSp | T4S201 I0p | 4553 240p/ BCY?0 30p | MJI2501 228p | TIP2985 9P 2N403I6 6% | OA9s 9p | TIC2260 78p
14178 150p | 74051954 7sp | 745225  820p | asss 38p OPTO SOLATOR BCY?Y 6p | Mu2955 $0p | TIP30SS TOp  2n4037 8sp | OA200 9 | TIC2460  v10p
1479 150p | 74L5196 Bup 745240 400 4556 50p. T BO131 7Sp | MJ3001 n%p | ISR 30p 412304 27p 0A202 10p
74180 100p | 74LS157  80p | 745241 400p | ass7 2000|4374 IS0 80132 80p | MJM502  400p | VNIOMM  S0p  2N4125/6  27p | INSWM w m
74181 340p [ 7415221  100p | 745244 5000 | 4560 140p | MCS2400 1009 B0135/8  40p | MJE340 $0p | VNGGAF 0p  2N4401/3  2%p | INSIS ™
74182 140p | 7408240 80p 745251 250p 4566 140p| MOC3020  150p 80139 40p | MJE2955  150p | VNBSAF £1 2NA42T $0p 1N4148 4p | 3A400V 18p
74184 10p | 74LS241 Bop | 745257 2%0p | as68 240p 220p BD140 40p | MJE30S5 120p | ZTXICB 16p  2N4B7Y 50p 1N4001/2 5p | BAG0OV 180p
T4185A 120p | 74L5242 90p 745258 250p 4589 170p, BD189 0p | MPF102 40p | ZTX3D 18p 2NS087 27p IN4OO3/4 8p | 12A400v  160p
74190 130p | 7415243 90p 745260 100p 4572 45p BD232 80p | MPFI03/4  40p | ZTX42 450 2N5089 27p 1N400S sp | 16AI00V  teOp
74101 130p 74L8244 30p 745261 300p 4583 90p, BD233 78p | MPF105 40p | ZTXSD 20p ANS172 27p 1N400E ™ 164400V 180p
74192 10p | 74LS245  100p | 745283  270p | ases 4807 111209 Req o | 80235 855 | MPSAOS  0p | ZTXSCZ 200 2n5191 90p | INSA01/2  12p | C1060 asp
T4193 115p | 7405247  110p | 745287 22% | asss 80p| TIL211 Green TIL226 Orange 22p | BD241 60p | MPSA12  s0p | ZTXSC4 2p NS48 40p | INS4C3/4  14p | MCRIO1  36p
74194 110p | 74L5248  110p 745288 200p 4724 150p| TIL212 Yelow MV57164 BD242 80p | MPSA13 S0p | ZTX582 5% 2N5401 s0p INS404/5  14p | 2N3525 130p
74195 80p | 74LS5248  T10p 745209 2% 14411 150p, Rec Array(10) 28p | BD3I79 80p | MPSA20 Sop | ZTX6E2 60p 2N5459 30p IN5404/7  19p | 2N4ass 180p
74196 130p | 7405251 rsp | 745299 850p | 14412 780p| CXO%5 MV54164 Green BD380 s0p | MPSA42  sop | ZTX7e2 700 2NS460 sop | 15920 sp | 2NS080  3%0p
74197 10p | 7415253 Ysp | 748373 400p | yaare mvoed SZtow) ‘:’z BO677 wp | MPSAG  sop | 2ness IS NS4S asp 2M5061 32p
74198 220p | 74L5256 90p 745374 400p 14419 280p BF244B 40p | MPSASE 30p | 2NG9E 48p 2N5875 2N5064 3sp
14199 220p | 7aL5257A  yop | 745387  22% | 14490 420p BF2568 sop | MPSA7TO  s0p | anTORA 38p  2nS5883  3rsp BRIDGE
74221 1top | 7eLs258A 70 14495 4s0p BF257/8  40p | MPSABI  3a0p | 2n70E 36p  2N6027 30p RECTIFIERS
74251 100p | 74L5259 1200 14500 630p BF327 3ep | MPSUOE  63p | 2N912 45 2N60S2  300p
74259 150p | 74L5260  7%p 200p
74265 380p T4LS261  120p 4000 SERIES
74273 200p T4L5266 60p

7405273 1285 | 4000 20p 2000

745279 2p

~ v ~ PLEASE ADD 50p'p&p & 15% VAT
TecuNomatic Lo s e
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 IED Orders from Government Depts. & Colleges etc. welcome.
SHOPS AT: 17 BURNLEY ROAD. LONDON NW10 —
(Tel; 01 208 1177) Telex: 922800
30S EDGWARE ROAD. LONDON W2

N

Dezailed Price List on request.
Stock items are normally by return of post.
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"RECHARGEABLE BATTERIES

Dry Fit Maintenance FREE by Sonnenschein

A300 07191315 12v 3 AH same as RS 591-770 NEW

£13.95 A300 07191202 6-0-6 1.8 AH same as RS 591-

382 EX EQUIP £4.99 Minlature PCB mount 3.6v 100

Mah as RS 591-:477 NEW £1.00 SAFT VR2C 1.2v 'C

size NICADS in 18 cell ex equipment pack Good condition
easily split to single celts €10.50 + pp £1.90

THE ORIGINAL FREE OF

ON LINE NOW - 300 baud,
word, no parity.

EX-STOCK INTEGRATED CIRCUITS
2732 ox saulp £3.25. 27128 - 250ns NEW £12.00.
6116-200 £4.,50, 6116-250 £3.9
6264LP-150 €22.00, 4184-200 €3.50, 4864-150 £4.,00,
4116-300.€1,20,2114 £1.75. 6800 £2.50, 6821 £1.00,
68A09 £8.00, 68B09 £10.00, 88BOYE £14.50,
DBOB5AH:2 £12.00, DBOBE £20.00, ZBOA £2.99.

Keep your hot pants CgL and RELIABLE

with our range of BRAND NEW professional

fans.

ETRFS'!UO! Dim 92 x 92 x 25 mm
Miniature 240 v equipment fan complete with
finger guard £9.95
(3( l..% JB-3AR Dlm 3" x3 x2.5 compact
very quiet running 240 v operation NEW £6.95
BUMLER 69.11.22. 8-16 v DC mcro
miniature reversible fan Uses a brushiess
servo molor for exiremety high aw Hlow,
almost sitent running and guaranteed 10.000
nr ife. Measures only 62 2 62 x 22 mm.
Current cost £32.00 OUR PRICE ONLY
£12.95 complete with dats.
MUFFIN-CENTAUR stancard 4" x 4" x 1.25
ftan suppiied tested EX EQUIPMENT 240 v at
£6.25 or 110 v at £4.95 or BRAND NEW 240v
at £10.50 1000's of other fans Ex Stock.

all for Details. Post 8 Pachung on all fans £1.6Q

ET RANGE

VIDEO MON'ITORS

At a price YOU can afford. our range of EX
OlﬁPMENT video monitors dety
ompetition!! Alt are for 240v working with
slandard composite video input. Units are
pre tested and set for up to 80 cot use on
BBC micro. Even where MINOR screen
urns MAY exis! - normal data displays are

snaftected
1000°s SOLD TO DATE

12" KGM 320-321, high bandwsdth input
will disptay up to 132 columns x 25 lines
Housed in attractive fully enclosed
brushed atlov case. B/W onty £32.95

24" KGM large screen black & white
monitor fully enclosed in light alloy case

d ts sh . clubs et
GN 1Y ESS.86 Carriage £10.00

DATA MODEMS

Join the communications revolution with
our super range of DATA MODEMS with
prices and types to suit all apphcations
and budgets"

Most modems are EX BRITISH
TELECOM and are made to the highest
standard for continuous use and reliability.
RS232 interfaces are standard to all our
modems. so will connect to ANY micro etc
with an RS232 senal interface

DATEL 2B see SPECIAL OFFER centre of
this ad

MODEM 13A. 300 baud, Compact unit onl
2 highand e size as telephone base

Cure those unnefving hang
by mains interference
SDSA As recommended by
size up 10 1000 watt load
L2127
socket

business or hobby communications
@ 300 baud tull duplex
@ Fult remote control

® CCITT tone standards
® Supplied with full data < £29.95
® Modular construction B ] e
@ Direct 1solated connection ﬁ

Order now - while stocks |

HOT LINE DATA BASE

DISTELO

1000's of stock items and one off bargains

MAINS FILTERS

mpact completely cased umi with 3 pin fitted

ave g

2 wow ONLY

Anderson Jacobson
AJB10 VIDEO -
DISPLAY TERMINAL

Made by one of the USA's
Iar% est peripheral manufacturers
e AJ510 Protessional VDU
terminal has too many
features to include in space
available - just a few are:
internal Z80 cpu control, very
readable 15" non glare green
screen, 24 lines by 80 characters,
128 ASCIl character set with lower
case and graphics, standard RS232 interface, Cursor
addressing, numeric key pad etc. Supplied in good
TESTED second hand condition with full manual
\ £225.00 + carr £10.00. Data sheet on request.

CHARGE dial up data base

full dn;le- CCiTT tones. 8 bit

88

upsanddata glitchescaused

ZXB1 news letter matchbor
£5.93

Up 10 750 watts £9.99

\ @ Major company’s over production problems, and a special
BULK PURCHASE enable TWO outstanding offers.

OOLOUR MONITOR SPECIALS

‘SYSTEM ALPHA’ 14" Multi Input Monitor.

Made in the UK by the famous REDIFFUSION Co. for their own professional
computer system this monitor has all the features to suit your immediate and future
monitor requirements. Two types of video input, RGB and PAL Composite Video,
allow direct connection to most makes of micro computers and VCR's. An internal
speaker and audio amplifier may be connected to your system's output or direct to
a VCR machine, giving superior colour and sound quallty. Many other features
include PIL tube, Matching BBC case colour, Major controls on front panel,
Separate Contrast and Brightness - even in RGB mode, Two types of audlo input
Separate Colour and audio controls for Composite Video input, BNC plug for
composite input, 15 way ‘D’ plug for RGB input, modular construction etc. etc.

This must be ONE OF THE YEAR'S BEST BUYS!!

Suppphed BRAND NEW and BOXED, complete with DATA and 90 day guarantee.
PLIED BELOW ACTUAL COST - ONLY £149.00 + Carr.

DECCA RGB 80-100 Monitor.
Little or hardly used manufacturers surplus enables us to offer this special
converted DE&CA RGB Colour Video TV Monitor at a super low price of only
£99.00, a price for a colour monitor as yet unheard of! Qur own interface, safety
modification and special 16" high definition PIL tube, combine with the tried and
tested DECCA 80/100 series chassis to give B0 column definition and picture
uality found only on monitors costmg TIMES OUR PRICE. In fact, WE
UARANTEE you will be delighted with this product, the quality for the price has to
be seen to be believed. Supplied complete and read to plug directo to a BBC
MICRO computer or any other system with a TTL RGB output. Other features
include internal audio amp and speaker, Modular constructnon auto degaussin
34 H x 24 D, 90 day guarantee. Supplied in EXCELLENT condition, ONLY £99.
+ Carr. Also available UN-MODIFIED but complete with MOD DATA. Only £75.00.

Carriage and Insurance on monitors £10.00

SPECIAL 300 BAUD MODEM OFFER

Another GIGANTIC purchase of these EX BRITISH TELECOM, BRAND
NEW or little used 28 data modems allows US to make the FINAL
REDUCTION, and for YOU to join the exciting world of data
ommunications at an UNHEARD OF PRICE OF ONLY £29.95 Made to
the highest POST OFFICE APPROVED spec at a cost of hundreds of
pounds each, the 2B has all the standard requirements for data base,

EX STOCK

DEC CORNER

PDP 1140 System compnsing of CPU
124K memory + MMU 16 line RS232
interface. RPO2 40 MB hard disk drive.
TU10 9 track 800 BPI Mag tape drive. dual
rack system. VT52 VDU etc. etc. Tested
and runming £3750.00
BA11-MB 3.5" Box PSU. LTC £385.00
DH11-AD 16 x RS232 DMA

interface £2100.00
DLV11-J 4 x EIA interface £310.00
DLVII-E Serial. Modem support  £200.00
DUP11 Sych Serlal data ifo £650.00

All this and more!!
@ CALL. ANSWER and AUTO modes
@ Standard RS232 serial interiace
- @ Built In test switching
@ 240v Mains operation
® 1 year full guarantee
@ Just 2 wires to comms. line

ast. Carriage and Ins. £10.00

Standard CCITT tones CALL mode on
Tested with data ONLY £45.00 ~ PPEOJJ
MODEM 20-1. 75-1200 baud. Compa
for use as sub<cnber end to PRESTEL
MICRONET or TELECOM.GOLD Tested with
data.£39.98 + PP £6.50.

MODEM 20-2. same as 20

1 t

£250

r, Brand new wi sth RS23‘ nterface

DACOM DSL21 23 Mulh SlanOard Modem
»wrl(

tut
1200 I200 hal' duoler

F

modes pl -L
Dm25 x85 29 BRANDNEW!uIly
uaranteed ONLY £263.00 + PP £4.50

on £3.50 e,

SUPER PRINTER SCOOP
BRAND NEW

NlGN DE
co‘umns smole shee!

much more Availabie ONLY from DISPLA
al the ndiculous price of SWLY £199.00 + VAT Compiele Mm

DRAGON orf CENTRONICS 36 way pig €12 50 Spare ribbon

DQ200 Dilog ~ muiti RK

controller £495.00
DZ11-B 8 hne RS232 mux board. £650.00
KDF11-8 M8189 PDP 11234+ £1100.00
LA36 Decwriter EtA or 20 ma loop £270.00
LAX34-AL LA34 tractor teed £85.00
MS11-JP Unibus 32 kb Ram £80.00
MS11-LB Unibus 128 kb Ram  £450.0C
MS11-LD Unibus 256 kb Ram £850.00
MSC4804 Qbus (Equiv MSV11-L}

256 kb
PDP11/05 Cpu. Ram. /o, etc
PDP11/40 Cpu. 124k MMU
RT11 ver. 3B documentation kit
RKOS5-J 2.5 MD disk drives
KLBJA PDP 8 async i/o

The “Do Everything Printer at a price thal will
NEVER be repealed Standerd CENTRONICS
p-rlll-l intertace for direct connection to BBC,

. DRAGON etc Superd pnni qual mlh lull

n addressabie graphics and 4 type fon

NITION nternal PROPORTIONAL SP ED
D PROC ESSOR apphcaiions. 80132
sprocket of roll paper handhing plus
ELECTRO

manual etc Limned quantity ~Hurmy whilg@ s1ochks last
Options Interface cabie (specify) for BBC, ORIC,

achBBC graphics screen dump utility program €8 60
Cartiage ang (ns £10 00 + VAT

ATEL 2412 Made by SE LABS for BT this
two part unit 1s for syachr nious data links at
12 ¢ 2400 baud u 0/3780
protocol Many features inc uue Auto answer.

HUNDREDS OF PRINTERS
EX STOCK FROM £49.00. call Sales Office for Details.

MIBE PDP 8 Bootstrap option

VT50 VDU and Keyboard
current loop

VT52 VDU with RS232 mteda\;e

£250.00

r 4 wire working etc. etc. COST OVER
£800. OUR PRICE £185.00
DATEL 4800. RACAL MPS4800 high speed
P¥Y)  good condition £285.00 CARR £10.00

ADD VAT TC

1 only large CALCOMP 1036 AQ 3 pen drum plotter and
offline 915 magtape controller. Good working order.

ALL PRICES

1000’s of EX STOCK spares 'ov DEC
PDP8, PDPBA. PDP11 systems &
peripherals. Call for details. Alt types of
Computer equipment and spares wanted

£2500.00. tor PROMPT CASH PAYMENT.

Al prices quoted are for U.K. Mainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00.
Minimum Credit Card order£10.00. Minimum BONA FIDE account orders from Government Depts., Schools, Universitiesand
established companies £20.00. Where post and packing not indicated ptease ADD € 1.00 + VAT. Warehouse open Mon-Fri
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export

ClIZrT

m)
CLCL £

Y
Telephone 01-679

per Norwood, London SE19 3XF
4414 Telex 894502 Data 01-679 1888

'~




READ/WRITE

READ/WRITE

To Boldly Go...

Dear Sir,

The article about Electronics for
Peace in the April Issue of ETI
shows clearly how Electronics
Technicians can get themselves a
bad name for political naivete. The
organisers of this movement should
know that including the word
“Peace” in the title of any organisa-
tion means that it will be regarded
as a front for Communist activity. If
one then goes on to publish secret
information on weapons systems,
suspicions are heightened whatever
the organisers may say. You may
rest assured that anyone foolish
enough to join such a movement
will be certain to have their phone
tapped! In due course they may also
be invited to a Worker’s Congress
in Prague, the bourne whence no
worthwhile technician ever returns.

This is not to say that a truly
independent political organisation
for technicians is not needed,
indeed it is vitally necessary. But it
should be organised under the ban-
ner of FREEDOM, something which
is anaethema(sic) alike to Com-
munist and Capitalist systems.
(Electronics for Freedom -EfF)?

In every society of the world the
Technician suffers exploitation by
immature and often incompetent
megalomaniacs. Technicians as a
class are rather meek, but if we are
to inherit the earth we have to find
a better way to make the concensus
(sic) of our views publicly known.
We have to assist in creating a just
society, make communication bet-
ween peoples easier and use our
skills to expand the capabilities of
the mind. Electronics is vital in all
this, so the objectives of the
organisation would be as follows:
1. Making possible secret mass
referenda on all important political
issues by electronic means using
TV, radio or telephone.

2. Development of Computor
Systems, Languages and Pro-
grammes to formulate just and un-
ambiguous legislation, regulations
and codes of practice.
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3. Development of personalised
communication systems with mini-
aturised privacy devices (scram-
blers), and computerised translation
facilities.

4. Development of bioelectronic
devices and biofeedback methods
for mind control and expansion.
Also to enable the assessment and
evaluation of personality types.

The last objective is the final fron-
tier of electronics - understanding
the nature of the mind and discover-
ing who are fit persons to be trusted
with power. These activities are far
more worthwhile than merely ferret-
ing out details of obsolescent
wepons systems for the benefit of
the RIS.

Anyone who feels they would like
to form an organisation on these
lines can get in touch with me at the
University of Surrey where | work.

Yours faithfully,
Keith Wakeham
Church Crookham
Hampshire

Nice try, Mr. Wakeham, but you can’t
fool us. ‘The final frontier’, all that
stuff about ‘Computor Systems’, ‘per-
sonalised communication systems’
and expanding ‘the capabilities of the
mind’. Beam us up Scottie, if you're
not Mr. Spock. By the way, we gather
Captain Kirk’s been looking for you.

Bass From The Wood

Dear Sir,

I have scanned The Final Link’
by Vivian Capel (ETI April 1985)
with interest. It was surprising for
me that no mention was made of
studio and concert hall acoustics.
There were two programmes
recently on Radio 3, concerning
concert hall ‘design’ and the reac-
tions of performers and listeners.
Even in these programmes, I felt
that the experts have somehow got
several matters wrong.

It is well known that the Festival
Hall and the Barbican are unsatis-
factory - due, it is said, to the air-
conditioning ducts under the seats
absorbing most of the deep bass.

No mention was made of \
Bayreuth or Covent Garden, and it
was implied that hard walls (brick
or stone) were good. My experience
is that the bass from Bayreuth is
very good, the walls being, |
believe, of wood.

A visit to Covent Garden
immediately exposes the good bass,
but on my equipment the bass from
there is rather weak. | wonder if this
is because suspended microphones
tend to ‘blow away’ from the deep
bass?

A recent broadcast from a
cathedral in Wales sounded very
bad indeed (stone wall etc). It was
a Mozart string orchestra, and even
a moderate volume setting was too
high. The only solution was to turn
the volume very low.

If the bass of the hall is good,
volume can be turned surprisingly
high, with every pleasure, to my
ears. Some Wagner records come
through very well.

A particularly irritating habit of
the BBC is to broadcast a concert at
reasonable volume level: then on
return to the studio the voice is
often too loud, even painful, so the
volume has to be turned down. This
could be due to a combination of
poor studio acoustics, poor monitor
speakers and insensitive control
engineers.

I also find that only tape at 7 1/2
ips gives really good HiFi. Discs
are not bad with the Goldring Epic
cartridge (only £15) but here again
volume has to be kept fairly low, to
avoid listener fatigue and discom-
fort. Here again | suggest it is the
deep bass which goes wonky. Of
course, commercial discs do not
give much in the way of really deep
bass. I find that some popular discs
have quite good bass almost regar-
dless of the size and make of the
speakers. I’d guess these attractive
results are given by microphones on
rigid heavy stands set close to the
bass instruments.

1 use a Quad 303 amplifier and
my speakers are approximately 10
cubic feet each made of brick and
stone. Upper register is via Treleax
and Olidax horns (sic), attenuated
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m n TARGET ELECTRONICS LTD.

W S
o

Telex: 334195

Target House, Crossfield Ind. Estate, Crossfield Road, Lichfreld, Staffs, WS13 6RJ
Tel: 05432 57786

We offer HIGHEST QUALITY COMPONENTS and list only a PART of our stock.
Telephone orders are welcomed.
Written orders, with cash, cheques or postal orders, are despatched by return.
Please add 60p postage & packing, plus 15%

VAT

CONNECTORS

PRICE

7598 6.38p
53440-1 13p
550262 7P
85979-3 17p
87631-5 73p
88423-2 2.43p
207896-1 77p
1-480459-0 52p
1-480460-0 55p
1-480608-9 14p
1-480609-9 14p
552224-1 351p
* 1.552299-1 28p
2-552076-1 90p
2-640387-0 63p
745014-1 43p
GO6D64PO3IBDBL 239
GOBD16A3IBLAA 94p
029-8503-000 28p
GOBD40ABBBGA 2.60p
GOBD40ABBEBA 2.60p
MS 3102€-18-11P 3.56p
MS 3106€-24-11S 20.23p
025-0480-000 12p
025-0500-000 8p
121-7326-113 1.08p
121-7326-127 1.52p
17-10150 2.16p
252-22-30-160 (50-448-10) 2.78p
31-208 2.87p
314AG-39D 13p
324AG-390 52p
340AG-900 98p
520AG-11D 98p
3324-0000 4.77p
3329-0000 3.74p
3553-0000 5.10p
57-10140 1.59p
§7-10240 2.35p
§7-30500 3.90p
801-079 1.20p
801-084 83p
801-085 90p
8128-17P2 8p
82-312 2.16p
B409U025 1.73p
CH6170-18 33p
DA155-564 2.13p
DA110963-2 1.44p
DB25P 77p
DD50SF179A 14.36p
DE 51218-1 1.30p
DE 51224-1 1.30p

INTEGRATED CIRCUITS

CA 555G 20p
CAT741G 20p
CD 40114 BE 18p
C 106 D1 13p
DBOC3SC 6.07p
DM 54125)-8838 1.81p
DM 7401N arp
DM 7414N a3p
DM 74LS00J 64p
DS 0025CH 2.16p
F4528BCP 65p
FD111 1.72p
ICM 7555 IPA 94p
LM 101AF-8838 13p
LM117K {STEEL}) 13p
LM 309H 1.30p
LM 340K-12 65p
LM 140 AKS 10.27p
MC 1489L 71p
MC 1489P-MiL 8838 2.61p
MC 1741CG aap
MC 1741 CP1 61p
MC 3423 P1D 79p
MC 6854P 13.88p
MC 14001 UBCP a3p
MC 14001 BCP 11p
MC 14011 ABCBS 112p
MC 14043 BAL 1.50p
MC 14049 UBCP 22p
MC 14075 BCP 13p
MC 14518 BCL 56p
MC 14077 BBCBS 1.00p
MC 14557 BCL 13p
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MD 7002A

MH 0009CG
MJ 2955

MJE 711

MJE 13007
NBTIBNS28
N8T32-005NS2B
NBX330NS2B
OoP20GJ
NES55N

SNJ 54L5293J
SN 7432N3

SN 74504

SN 75159

SN 74156NP3
SN 74LS32NP3
SN 74LS92PC
SN 74LS112ANTA
SN 74LS86N
SN 74LS123N
SN 74LS173 AN3
SN 74LS191N
SN 74LS273N3
SN 745240N
SN 75450N
T2300D0

TIP 30
UA741TC

UA 759 UIC

UA 78540DC
UAA 170

ULN 2003AN
ULN 2083N
UPD 8251 AC
96LO2PC

TC 45288P

SEMICONDUCTORS
JAN 1N 645
JAN 1N 4944
JAN 2N 2905
AF 125
B8C 108
BC 182L
BC 214L
B8CY 70
BFY 50
BFY 51
BSX 20
BY 127
BYV 27-100
BZvV 85C15
B82ZX 88 C5V1
BZX 88 C3v3
82X 88 C3v9
82X 88 C4v7
B2X 88 C6V2
82X 88 C9V1
B8Zy 88 C11
BZy 88 C12
BZX61C15
B8ZX 61C16
BZX 79 C5v6
82X 79 Cévs
BZX 79C13
BZX 79 C20
DTS 425
MCR 106-1
ME 1120
MPS 3640
OA 91
PIC 637
PN 3640
RGP 10M
ZTX 303
ZTX 341
IKAB4O
LED CQY 85NA
LED DL 340M
LED TiL 31
LED TiL 81
4N35

SOCKETS
DIP sockets
Contact Strips
High Rel. Sockets
P.C.B. Socket Strips
P.C.B. Pin Strips
Power Transistor Sockets

PRICE
3.61p
16.84p
66p
72p
3.81p
1.02p
3.60p
37.18p
991p
18p
98p
38p

3.73p
52p
52p
21p
43p
52p
49p
62p
1.30p
1.30p
2.15p
1.12p
1.30p
34p
13p
157p
2.30p
1.90p
55p
65p
4.85p
85p
48p

Plug-in Bases

LED Holders

Transistor Mounting Pads
Prices on applicatron

STATIC RAMS

M58725P 16k static ram 200nS.
SMSM2128RS-15 16k static ram 150nS.
TMM2016P 16k static ram 150nS,
TMM2016P-1 16k static ram 100nS.
TCS5516AP 16k cmos ram 250nS 2716.
TC5517AP 16k cmos ram 250nS 2716.
TC5518BPL-20 16k cmos ram 250nS 2716.
uPD446C-1 16k cmos ram 250nS 2716.
uPD446C 16k cmos ram 25(nS 2716.
uPD449C-2 16k cmos ram 200nS 2716.
HM6116P-2 16k cmos ram 120nS 2716.
HM#6116P-3 16k cmos ram 150nS 2716.
HM6116LP-2 16k cmos ram 120nS 2716.
HM61161-2 16k cmos ram 120nS ceramic.
TCS514AP- 2114 cmos ram 300nS.
TCS501P 1k cmos ram 5v 450nS.
2114LC 1k x 4 static ram 45CnS.
2114LC-1 1k x 4 static ram 300nS.
2114LC-2 1k x 4 static ram 200nS.
HM6147P 4k x 1 static ram 70nS.
2147EC 4k x 1 static ram 70nS.
uPD2167-3 16k x 1 static ram 55nS.
HM6167P 16k x 1 static ram 70nS.
HM6167LP-8 16k x 1 static rem 100nS.
TCS565PL-15 8k x 8 ¢cmos static ram.
HMB8264LP-12 8k x 8 cmos static ram.
HM6264P-15 8k x 8 cmos static ram.
HM6264P-12 8k x 8 cmos static ram.

Prices on application

DYNAMIC RAMS
HM50256G-15 256k dynamic ram Sv
150nS.
HM50256G-20 256k dynamlic ram 5V
200nS.
MH50257G-2/15 256k dynarric ram 5v.
4614-20 64k dynamic ram 200nS.
4164-15 64k dynamic ram 150nS.
4164-12 64k dynamic ram 126nS.
MS5K4164P-20 64k dram pin 1 refresh.
MSK4164P-15 64k dram pin 1 refresh.
MSM3732LRS-15 32k dynamic ram
150nS.
4116P-3 16k dynamic ram 200nS.
4116P-2 16k dynamic ram 150nS.
ET4116N-3 16k dynamic ram 200nS.
HM4816AP-3 16k dram single rail 5V.
Prices on application

EPROMS
27256-30 256k 5v eprom 300rS.
27256-25 256k S5v eprom 250nS.
27128-30 128k 5v eprom 300rS.
27128-25 128k 5v eprom 250nS
2764-45 64k S5v eprom 450nS.
2764-30 64k 5v eprom 300nS.
2764-25 64k 5v eprom 250nS.
2764-20 64k 5v eprom 200nS.
2532 32k 5v eprom 450nS.
2732 32k 5v eprom 450nS,
uPD27232C 32k eprom 450nS
1 prog only.

2732-30 32k Sv eprom 300nS.
2732-25 32k 5v eprom 250nS.
2716 16k 5v eprom 450nS.
HM48016P 16k Sv eprom 350nS.
27C64-30 64k cmos eprom 306nS
27C64-25 64k cmos eprom 250nS.

Prices on application

MICROPROCESSORS
HD6800 Microprocessor.
HD680 2 Microprocessor.
HD6809 Microprocessor.
HD6BAQIP Microprocessor.
HD6301 Microprocessor cmos 5801
HD6303 Micrprocessor cmos 6801/3.
HD68000L-8 Microprocessor 16-bit8MHz.
80C35 Microprocessor tmos 8035.
80C39 Microprocessor cmos 8039
MSMBOCB5ARS Micrprocessot cmos

B08S.

TMPB8035 Microprocessor 8-bit.
M5LB039P-6/8 Microprocessor 8-bit.
8085A Microprocessor 8-bit.

uPD80B6D Micrprocessor B-bit.

uPDB8088 Microprocessor 16-bit.

uPDB8741A Micrprocessor + eprom.

uPD8748 Microprocessor 8035 + eprom.

uPD7801-1 Microprocessor ZB0A 4MHz.

Z80A-CPU Micrprocessor Sharp 4MHz.
Prices on application

PERIPHERALS
ZBOA-CTC Z80A peripheral.
ZBOA-PIO Z8OA peripheral.
ZBOA-SIO ZBOA peripheral.
Z80A-DMA ZBOA peripherai.
8155 Ram + i/o.
uPDB8155H Ram + i/0.
MSMB1C55RS Ram + ifo cmos.
uPD8156 Ram + i/0.
uPD8212 170 port.
uPB8214 Priority interupt Controller.
uPBB8216 Bus Driver.
uPBB228 System Control/Bus Driver.
uPDB237A-5 DMA Controlier.
uPD8243C /0 expander.
uPDB2C43C I/O expander cmos.
8251A USART
MSMB2C512ARS USART ¢mos.
8253-5 Programmable interval Timer.
MSMB82C53-5RS Programmable cmos
Intertace.
uPDB8257-C Programmabie DMA
Controler.
uPDB8259AC Programmabie interupt
Cont.
uPDB259C-5 Programmable Interupt
Cont.
8279-5 Keyboard/Display Interface.
uPD8282 Octal Latch.
uPDB8283 Octal Latch.
uPD8284A Clock Generator/Driver.
uPD8286 8-bit bus transceiver.
uPDB8287 8-bit bus transceiver.
uPDB8288 Bus Controller.
uPDB8289 Bus Ariblter.
*B8755A 2k x 8 eprom + /0.
HD46503 Floppy Disk Controlier.
HD465055P 6845 equivalent.
HD46810 MC6810 equivalent.
F6821P Farichild MC6821 equivalent.
HD68A40 Programmer Timer Modute.
HD4650 MC6850 equivaient.
HD46850 ACIA.
HD46852 SSDA.
HD146818P Hitachi ciock peripheral,
Prices on application

MISCELLANEQUS IC's
uPD765AC Floppy Disk Controlier.
MB8876 Fujitsu FOC FD1791-1/2.
MBB8877 Fuijitsu FDC FD1793.
MSM5832RS OK! Real Time Clock micro.

«uPD7001 8-bit cmos a-d convertor.

uPD7002 12-bit cmos a-d convertor.
uPD7201 Peripheral Controller.
uPD7225 LCD Driver.
uPD3301D-2 Programmable CRT
Controlier.

uPD7210 GPIB Interface Controlier.
uPD7220D Graphics Controller.

Prices on application

EGL RAMS
HM10414 256 x 1 eclram 10nS.
HM 10422 256 x 4 ecl ram 10nS.
MBM10422 256 x 4 ecl ram 10nS.
MB7072EC 256 x 4 eclram 12nS.
Prices on application

MISCELLANEOUS

3 PRICE
SWITCH AM2-A3-10-3 26.70p
HOLDER FE1-031-1431 78p
TERMINAL GT 1265 61p
KNOB LK25 (0-10/270 DEG) 1.30p
SWITCH MBS 4991 59p
COIL MS 14049-5 1.05p
SWITCH §5022CD03-0 29p
ARRESTER TG1742-23 1.00p
BALANCER TFM-2 9.65p
PAD TO18-013D 13p
RELAY 20601-L28-231 13p
FILTER 30K6 23.40p
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to suit 12” woofers set in the

enclosures. . .
There are some listening room

effects - it is a longish room with
plastic/concrete floor.

I hope these remarks could lead
to further work along the lines of
Mr. Capel’s aticle.

Yours sincerely,

John Elliott MSc

Farnborough

Hants,

Personally, we listen to most of our
music in the bath and we sometimes
wonder if the lack of fidelity isn’t due to
the water in our ears.

Film Facts

Dear Sir,

I read with interest
Mr. Armstrong’s feature on
telecine’ and whilst agreeing
with almost all within there are
several points of accuracy that |
would contest.

1. The aspect ratio between the
cinema and television is not
necessarily different. The 1.33 to 1
(4 to 3) aspect ratio used by most
TV stations throughout the world is
in fact Motion Picture Academy
Ratio. Almost all films pre-1950,
many films of the 50’s

and 60’s and all film series made
for television are to this ratio. In
the early years of television

round display tubes were used
and 5:4 would have been
displayed with better efficiency;
despite this 4:3 for television was
chosen so as to be compatible
with the cinema.

2. The frame of Cinemascope
film is not the same size as an
ordinary 35mm film. A standard
Academy frame is .625” high,
there are quite broad rack lines’
between frames. The frame
height of Cinemascope is .715”
and the rack lines are very
narrow (35 thou.)

3. Atrue Cinemascope, that is
20th Century Fox, film will have
4 track magnetic sound; to
accommodate this and not en-
croach on the picture area the
sprocket holes on the film are
smaller, the pitch is the same,
however.

4. In the sequence of operations
for a projection system at step
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two it is said that a claw engaging
with the holes in the film moves
the frame into position. Although
35mm cameras may use claws,
35mm projectors do not. The
usual practise is to use an inter-
mittent sprocket driven by a
Maltese Cross mechanism.,

5. Although it is common practice
to refer to all anamorphic formats
as Cinemascope this is rather
akin to calling all vacuum
cleaners Hoovers. Cinemascope
was in fact a trade name of an
anamorphic system used by 20th
Century Fox. This system has now
not been used for some years;
most anamorphic films now are
shot to the Panavision standard
on their equipment.

Yours faithfully,
Nick Lyons
Normanton
West Yorkshire

Help-line

Dear Sir,

I have been a contented and
successful project builder. reader
of your magazine for quite a
while now. With such outstand-
ing comprehensive coverage and
useful up to date information, not
to mention those marvellous pro-
jects, that unanimously puts your
magazine aside from the rest.

You must now be wondering
why [ am writing to you. It is
because | am in need of some
information. Being an electronic
enthusiast for quite some years
now, | was happily employed and
able to carry out projects, now
due to unexpected redundancy, |
am now turning those projects
into my profession.

I am now in the proces of sett-
ing up a design and production
workshop, specialising in the
designing and manufacturing of:-
Disco, Group, P A, HiFi and
Studio Equipment. As these units
will have a robust rugged but
classic look! Further to this the
units will have high specifica-
tions, useful tailor-made units to
suit.

With such a marvellous ornate
new venture, | can not possibly
let down the appearence of my
units. By using the readily avail-
able commercial standard size
and shapes slider potentiometers,
plus the unavailability of stepped

rotary controls (pots), not to
mention the control knobs. If you
could be so kind as to enlighten
me as to who or where | could
obtain the following:

1. Slider potentiometers, with
travel less than 40mm both single
and stereo.

2. Stepped rotary potentiometers.
3. Stepped slider potentiometers.
4. A manufcturer who would
make any of the above to my
specifications and finally control
knobs not available to retail
outlets.

Your help will be greatly
appreciated from a happy and
grateful reader.

Yours faithfully,

R. Leslie

Wolverhampton
From one ‘electronic enthusiast’ to
another - whirr, click, pyangg! No,
but seriously, we've printed
Mr. Leslie’s letter because we can’t
really help him, although his predica-
ment must be shared by many. ETI
would like to see itself helping those
in need of technical information of
the sort Mr. Leslie seeks - hobbyists
and, especially, people seeking to
make the best of enforced redun-
dancy with the help of their hobby.
Since we are already overstretched
producing the magazine and answer-
ing specific queries about the pro-
jects we have published, there is
room for a ‘reader-to-reader’ enquiry
service, through which ETI readers
could help each other.

If anyone can offer Mr. Leslie some
assistance we would be pleased to
forward any details. If anyone seeks
help from other readers, not
necessarily on matters dealing with
ETI projects or features, we would be
happy to publish their request in
what we hope will become a special
‘help line’ section of the magazine.

The one thing we’d ask is that you
keep your letters short, preferably
sticking to the meat of the query. We
will, in any case, edit them if
necessary.

Please send letters for this page to:
Read/Write, c/o the Editor, ETI, ASP
itd, 1 Golden Square, London W1R
3AB. Send Help Line queries to Help
Line, c/o the Editor, ETI at the same
address. Please note that any letter
we receive is liable to be published
unless clearly marked ‘Not for
publication’. We reserve the right to
edit letters for space reasons.
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DIGIVISION

INSIDE OUT

A digital Dallas? Computerized Coronation Street? Vivian
Capel takes a look at the future of television and finds it’s

much the same.

worked with a television service company,

engineers would often append the comment
‘digital interference’ to their job sheets. No, they
weren’t blaming interference from a nearby computer,
they were few and far between in those days, and most,
in any case, were analogue. Otherwise expressed, they
were reporting ‘finger trouble’, faults brought on by
the television viewer fiddling with the array of presets
that adorned the rear panels and sides of the TV
receivers of the day.

Digital techniques were then known only to a small
coerie — in the computer industry, mainly. Such things
could never be applied to audio or television. Why,
how could they accomodate the vast number of valves
that would be needed, to say nothing of powering
them?

The coming of semiconductors changed all that, but
there seemed little to be gained from abandoning the
simplicity of analogue signal processing. So, domestic
sound and vision reproducers have remained firmly
analogue - until recently. With its narrower bandwidth,
audio was the obvious candidate for digitization. The
compact disc has certainly shown what advantages can
be obtained by digital signal storing and processing,
with its low distortion and absence of noise.

But what about television? Professional studio
equipment has employed digital techniques for many
years. Independent television has had a digital stan-
dards converter in use since 1972, and the numerous
weird effects increasingly seen on our TV screens
demonstrate the growing use of digital video effects
generators in broadcast studios.

Since 1977, ITT Semiconductors has been develop-
ing methods of applying digital techniques to domestic
TV receivers. Seven years later, and at a cost of some
£20 million, what is claimed to be the world’s first digital
domestic TV receiver went on sale — the Digivision
D1000.

D uring the early days of post-war television when [

Reception

How does it work and what does it do? The principal
source of signal degradation in any system is the
transmission process - whether that be broadcasting or
some form of analogue recording. The compact audio
disc overdomes most signal degradation by recording
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and replaying digital signals but this advantage is not
obtainable with digital TV at present, because the
television signal itself is not digital. The set can only do
its best with whatever is presented to it in the way of a
normal analogue transmission via the aerial.

Because of this, the tuner and the IF stages of the
Digivision receiver are conventional, as is the vision
demodulator. From that point on the digital circuits
take over.

The vision signal is converted to a 7-bit digital data
stream. By employing a system of averaging on alter-
nate lines, 8-bit resolution is achieved giving 255 sam-
pling levels. As with a conventional TV, the colour or
chroma signal is processed separately from this
luminance or black-and-white portion.

The eye is less sensitive to colour definition than
light and shade detail, which is why the chroma signal
has a much smaller bandwidth than the luminance.
Furthermore, the eye is less aware of small hue dif-
ferences than shade gradations. Hence, the chroma
signal is represented here by 63 sampling levels, obtained
by a 6-bit data stream.

Ironically, it is the sound signal that gets the best
treatment digitally; a 14-bit sampling system gives
16,383 levels. This is of course as it should be, because
the ear is very sensitive to the distortion produced by
an inadequate number of sampling levels, whereas the
eye is less critical of gradation differences.

ITT’s Digivision - the look of the future?
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FEATURE : Digivision

Processing

After conversion todigital signalsthe luminanceinfor-
mation is filtered, the contrast is set, and black-level
clamping and white balancing are carried out. A single
chip is used for the video processing, and this includes
the colour decoding. For PAL decoding a delay line is
used in the normal analogue receiver. The function of
this is to delay the signal for 64 us, or one complete
line, in order to obtain the averaging on alternate lines
to cancel phase aberrations. However, in place of the
conventional glass delay line and ultrasonic transducers
at each end, the delay is obtained by blocks of RAM
with capability for storing the required one line. This
occupies far less space than a glass delay line - only
three square millimetres of chip area. The store is
accomodated in the video processor chip along with
the filters and other decoding functions.

The chip permits the decoding of NTSC colour
signals as transmitted in America, and in this mode the
delay circuit can be used as a comb filter for separation
of the chrominance and luminance signals.

After processing and decoding, the digital signal is
converted back to analogue. This task is performed on
the same chip that carried out the A/D conversion.
From there the three colour outputs are taken to con-
ventional output stages to drive the display tube.

Deflection signals are generated digitally in a further
chip in which division and count-down circuits provide
both line and field scanning pulses which drive their
respective output stages. These are synchronised from
the digital video input.

A master clock generator provides the pulses for all
the conversion and processing functions, and a mic-
rocomputer chip controls the whole operation. It scans
the control keyboard which can have up to 32 keys
covering brilliance, colour, and volume, among other
things. Included is a phase-locked loop which provides
tuning for VHF and UHF, plus a memory to store data
for receiving up to 30 channels. The chip also incor-
porates a memory to store factory-programmed data
for tube drive and timebase control. The clock
generator runs at 17.73 MHz, four times the colour sub-
carrier frequency.

In the sound circuit, one chip converts to digital and
back again to analogue to feed the sound output stages
and speakers, just as with the video signal. It seems as

or
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Fig. 1 Block diagram of the Digivision Circuit.

though the designers missed a trick here. If they had
employed PWM {pulse width modulation) to drive the
speakers there would have been no need of an
analogue output stage which generates considerable
distortion. In between the A/D and D/A conversions,
another chip takes care of the sound signal processing.
It includes the ability to deal with two-carrier TV
stereo signals. ’

Sound reproduction is usually the lowest priority
with most TV sets and the results are pretty ‘lo-fi’. Here
though, some attention has been given to this side of
matters. The twin output stages deliver 15 watts each to
two, three-driver speakers having bass-reflex loading.

Servicing

One thing that Digivision service engineers will not
be able to report is ‘digital interference’ — in spite of it
being a digital device. There are no viewer-accessible
presets, only the normal controls. One internal preset
sets the HT voltage, which is common practice with
conventional TV’s. All other adjustments such as picture
height and width, tube-drive and timebases are made
by re-programming the control computer. This can
only be done by using a service computer that plugs
into a socket provided for the purpose. ITT has dubbed
this device an ’electronic screwdriver’. Maybe, but a
conventional screwdriver costs a lot less! Dealers
purchasing five Digivisions get one service computer
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————p] GREY TO BINARY
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Fig. 2 Simplified function chart of the video processor IC.
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free from the makers. The snag is that owners who are
qualified and prefer to do their own servicing,
especially after the guarantee has expired, will be
without the means to do so.

Apart from the clock generator and tuner interface
IC’s there are six VLSI chips. If you didn’t know, that
stands for Very Large Scale Integration, and just how
large can be gathered from the fact that one chip can
contain up to 200,000 transistors.

Possible Enhancement

That brings us to the obvious question, is it all worth
it? Are there dramatic improvements comparable to
those obtained with digital audio recording? Given a
good signal from the aerial and good programme
material, a conventional analogue TV which is properly
adjusted is capable of excellent results. What limitations
there are arise from the transmission system. These are:
horizontal definition, line structure — which is easily
noticeable on very large screens - and mutual inter-
ference between colour and luminance signals due to
the way the colour sub-carrier is interleaved into the
video spectrum to save bandwidth.

The main processor board of the Digivision.

These, and degradation due to transmission and
reception conditions, will be suffered by the digital set
just as much as the analogue. Real improvement could
only be expected when the transmissions themselves
become digital — which is likely to be a long way
ahead. What then about reliability?

The makers claim that peak performance is held
longer than with conventional sets because the
onboard computer monitors performance continually
and makes the necessary adjustments to maintain it.
However, to put things in perspective, modern TV sets
need far less adjustment than did their predecessors.
Most faults occur in the display tube and deflection cir-
cuits which are conventional with the Digivision. Most
sets these days contain a number of chips, and all can
and do break down. Statistically, the more semi-con-
ductor elements a chip has, the greater the chance of
failure. On this basis the VLS| IC’s offer less prospect of
longevity than the far simpler units employed in
analogue receivers. All the same, there are many com-
plex chips in daily use that have a good record of
reliability and only time will tell with the Digivision.
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In the absence of any major benefits to the viewer, it
seems that digital television at present is an exploratory
step.

The number of scanning lines could be increased.
Plans are already afoot to double the line number by
using 2.2 kbyte of RAM for line storage to enable each
line to be traced twice. This would not increase the
actual vertical definition, but the doubling of the lines
would make them virtually indistinguishable, even on
very large screens.

Another possibility is to use a field store that will
hold a complete field of picture. By use of this the TV
could be given a still-frame capability just like a video
recorder. The only snag is that you could not continue
viewing from where you left off, or inch to the next
frame, since material transmitted while you were view-
ing the still frame would have passed. But some studio
trick effects would be possible.

Two pictures could be displayed at the same time.
With TV programmes as boring as they are, this could
be a boon, as viewers could then transfer their atten-
tion to whichever seemed the most interesting! Zoom
facilities could also be incorporated enabling a portion
of the picture to be enlarged at will. Another possibility
is the enhancement of the received signal by identifying
and eliminating ghosts caused by multipath reception.
With the problems caused in some areas by high rise
buildings, this would give a positive advantage over
analogue sets.

Other Makers

ITT have proved to be the first in the field but others
are following. The Finnish firm Salora have produced a
digital receiver which is now on sale and uses the same
chips as Digivision. They are the first with the smaller 20
and 22-inch screen sizes, the ITT being 26-inch. Salora
call their offering the Digicomputer, which could be a
little misleading. Optional extras include a satellite
tuner and PAL/SECAM/NTSC converter.

We may be seeing many other makers producing
digital TV’s, because the ITT subsidiary Intermetall —
which makes the chips at Freidberg — are supplying
packages of the complete line-up of chips to such
firms as Matsushita, Toshiba, Sharp and Zenith. Some
21 companies have signed up to buy the package from
Intermetall. Knowing the cut-throat competition exist-

The sound and picture goes in here and it comes out...
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ing among these giants, it is almost certain that their
research teams are busily finding ways to produce their
own, with sufficient differences and perhaps im-
provements to circumvent the patent laws.

A further chip is being added to the package from
Freidberg and that is one that will process any of the
existing European teletext systems (except the French
Antiope). To assemble all that on one chip is quite an
achievement, especially as it includes automatic switch-
ing between the systems.

There are also plans to produce a digital VHS video
recorder. This could be a major step forward, as the
reproduction from domestic video recorders leaves
much room for improvement. It all depends on
whether they can digitize the main noise and distortion
producing areas. Principally, these are in the recording
process itself and with present technology digital video
recording using the VHS format seems very unlikely.

As for those future gimmicks, the frame store and
such, these are well in the future and present sets will
not be adaptable. It requires about 4 megabits for a
high quality frame store, and at present 1 megabit
seems the maximum for a single chip.

It appears that djgital TV — along with about prac-
tically everything else — is the set prospect for the
future. (I wonder if we will ever get crisp, clear, digital
hi-fi telephone conversations with no clicks, crackles
and noise?). Present purchasers of digital sets will have
the satisfaction of being in at the start of a new technol-
ogy, but at present there are few other compensations
for the extra cost. ETI
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THE REAL

COMPONENTS

We may be biasedi‘but we think the majority of you will get quite

carried away by Jo

developed and how they had evolved into their pre-

sent form. | now propose to look at some of the
various contemporary types.

As a working electronics engineer | tend to look
unsympathetica IK at the propaganda of the ‘back to
valves’ brigade. The enormous scope for circuit design
now available to the electronics fraternity is due entirely
to the wealth of devices at our disposal. Of course, one
has to know what devices are available and how to use
them properly sothatthey give of theirbest,and itis also
necessary to know their individual strengths and weak-
nesses so that one always uses the most appropriate
device for the job in hand. There are a lot ofpthem to
choose from, so let us take a look.

Ilooked last month at the way in which transistors were

Small Signal Junction
Transistors

These exist as small metal cans or blobs of moulded
plastic with three (or sometimes four) wires, as shown in
Fig. 1. There isn’t much difference nowadays between
the longevity and reliability of plastic and metal can
encapsulations, especially since the can is often just a
receptacle into which epoxy resin has been poured to
hold thesilicon chipin place. Metal cantypes, especially
those which are hermetically sealed, tend to be a good
bit dearer than plastic moulded types.

PLASTIC ENCAPSULATIONS

E E 3 {D)C G .D
c 8 B (G)B . DIis G
8 [ c (SIE D/sS S

TEXAS L’ MOTOROLA EUROPEAN

SERIES AND MPS-A SERIES 'BC’ SERIES
2N TYPES AND SOME
2N TYPES

FERRANTI  MOTYOROLA
‘E-LINE’ AND FETS
MOSFETS

TEXAS FETS
AND PLASTIC
2N5457/60 CASED SMALL
ETC POWER
MOSFETS BY
MANUFACTURERS
OTHER THAN
FERRANTI

METAL CAN TYPES

GATE 2

8 8
o ° E°

€ c E(o o)C p{e o)gater (O c O
° o Bo
CASE s

105,7018,7039 RF TYPES RF DUAL-GATE

MOSFETS

T03.7066

Fig. 1 Common transistor connection arrangements.
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n Linsley Hood's article on transistors.

The chip inside the encapsulation will normally be of
either the planar or the epitaxial planar type, both of
which are shown in Fig. 2. Epitaxial (or epitaxial base)
types have an additional thin layer of a different type of
silicon grown on the chip by vapour phase techniques
before the other diffusions have been made. They are
cheaperand generally work better than other types and
are therefore the most commonly used.

Typical power dissipations for small signal plastic tran-
sistors range from about 250 to 650 milliwatts. Metal can
ones will typically handle from 300-1000 milliwatts

- dissipation. Itis good practice to keep dissipations down

to about half of the rated maximum.

Small signal NPN and PNP transistors can generall
beregardedas’maidsofallwork’ inthe small circuitfield.
They are easy to use, inexpensive, reasonably difficult to
damage, and willwork wellwhen used within theirlimits.
Certain types are particularly suited for use in very low-
noise, lowimpedance applications. Because theycan be
used in complementary symmetry arrangements, some
very crafty circuit layouts are possible. The circuit
symbols for these devices are shown in Fig. 3a.

Darlington Transistors

These consist of a pair of small signal transistors
coupled together in one case. Theyare availablein NPN
and PNP typesand the circuitsymbol forthe NPN typeis
shown in Fig. 3b, with my own preferred symbol shown
in Fig. 3c. They are similar to other junction transistors
except that they have current gains of between 20 000
and 50 000 and relatively highinputimpedance. Typical
input impedances would be from 100k to 250k for out-
put currents of between 2 and 10mA, which is the range
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Fig. 2 The construction of a typical small-signal, plastic-
encapsulated transistor.
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{a) {(b) (c)
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(d) (e)
JUNCTION FETS MOSFETS

Fig. 3 Transistor circuit symbols.

over which they work best. The Motorola MPSA-12/14
(NPN) and the MPSA-62/64 (PNP) are good examples.
Inevitably they are a bit dearer than standard single
transistors.

Junction Field Effect
Devices

These were the original high impedance transistor
types and are represented in circuit diagrams by the
sKmboIs shown in Fig. 3d. Their physical construction is
shown in Fi%. 4,

They differ from junction bipolar transistors in that
their input terminal, the gate, is normally non-
conductlnF, Infact, it is a reverse biased junction diode,
and the only current which will flowis the normal reverse
leakage current of such a diode. Typical input
impeSances for good quality devices of this type range
from ten thousand to a million megohms.

Contrary to popular legend, these devices will not
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normally be damaged by static charges any more than
any other small signal diode would be, so they don’t
need especial care in use. They come into their own
where very high input impedances are needed, and
where the extra cost of using ajunction FET is justified —
they are about five times the cost of an equivalent
bipolardevice. The betterexamples arealsoless noisyin
high impedance circuitry than bipolar devices but one
needs to choose carefully because some of the cheap
and cheerful junction FETs are not very good in this
respect.

GATE

METALLISATION $i07 LAYER
| e——
Z + + + -
{L# + + J : - DRAIN G
- = == _DEPLETION'REGION , _
sourcel _ =~ _ _ = "TTwmexIT _ =sro
= === DEPLETION' REGION \l _
I+ * &+ * 4 *+ ) (- &
—7
N MATERIAL

GATE

{NOTE UNSYMMETRICAL SHAPE OF DEPLETION REGION
DUE TO GREATER DRAIN-GATE POTENTIAL)

Fig. 4 Cross-sectional view of an N-channel FET, showing the
depletionregions whichresult when the device is just biased
to cut-off.

Junction FETs also make good RF amplifier devices at
frequencies up toabout 300MHz, and can offervery low
noise in this application. In circuitry, they will tend to
have a lower stage gain than bipolar devices, unless a
very high impedance output load is employed which
usually means an active load of some kind. They have a
very flat drain current/drain voltage characteristicwhich
makes them good at rejecting HT line ripple effects, and
also allows them to be used as nearly ideal constant
current sources.

The chip construction of a junction FET is shown in
Fig. 5. Thechipactsasathin conductinglayerof P-type or
N-type silicon (germanium is almost never used, though
itis still used sometimes in bipolar devices), intowhicha
depletion layer will expand, narrowing and finally cut-
ting off the undepleted layer through which current may
flow as the reverse bias potential applied to the gate is
increased. Junction FETs are usually, though not always,
symmetrical, so source and drain may be inter-
changed.

Small Signal
MOSFETs
These devices, sometimes also known as insulated

Eate field effect transistors or IGFETs (MOSFET stands
or Metal Oxide Silicon FET), have the general construc-

Si0y LAYER P

GATE
SOURCE | N DRAIN

V77777 i
HEADER (CONNECTED TO GATE)

CROSS SECTION THROUGH SLICE
(METALLISED THROUGH APERTURES IN SiO; LAYER)

Fig. 5 Cross-sectional view of an N-channel small signal iunc—J’
tion FET.
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Fig. 6 Cross-sectional views showing the construction and
operation of a MOSFET.

tion shown, for the wafer, in Fig. 6a. They work on the
principle that if a charge (i.e., a voltage) is applied to an
insulating layer, a charge of the opposite type will be
attracted to the other face, as shown in Fig. 6b.

If that other face happens to lie in the body of a slice
of high impedance (low impurity, or intrinsic) silicon,
then current will flow in that charge layer. If the insulat-
ing layer is very thin, only a few volts need be applied to
the gate inordertomake current flow through the charge
layer, The layer, which can be less than a micron thick, is
usually made by oxidising the outer face of the silicon

GATE 1

GATE 2

DRAIN

Si0, §i0z S0,
T I T T,

NOTE VERY THIN SILICA INSULATING LAYERS
OVER CHANNEL (N-P-N) REGIONS

wmu;;DL |
Q} N+

N- SUBSTRATE

Fig. 7 Cross-sectional view of a dual-gate MOSFET.

slice, so that a metal layer can be deposited onit without
makingcontact. Itis normally capable of withstandingan
applied voltage of some 20 or 30 volts only, and can be
damaged by static charges or careless handlin%

In order to make these devices a little less fragile in
normal day to day use, it is customary to incorporate on
the chip a couple of back-to-back zener diodes across
the gate-source connections. This reduces the input
impedance to perhaps a million megohms. it is possible
to get unprotected MOSFETs which have a higher input
impedance, but these need careful handling,

The most common variety of small signal MOSFET is
the dual gate type shown in Fig. 7. This was specifically
designed as a device for RF amplification and mixing in
radio and TV tuners, and is usagle up to a few hundred
megahertz. The second gate can be used to screen the
input signal gate from the output signal on the drain, per-
mitting stable RF amplification. in this application, itacts
in asimilar way to the screened-grid or RF pentode type
of valve. | have shown the circuit symbol for these tran-
sistors in Fig. 3¢.

All of these MOSFETs require a forward voltage
applied to the gate electrode to cause them to conduct.

5
W= 2 w [t
sE |32 |8 | & 3
- w ar 20 = -k ~C
=) Q S= xuw w x X
a < a = < [ a0 4>
Sw - Sw sSu = => =0
=9 & =2z ) Os =0 =
- - -0 - w5 e 2>
<d < S5s <E s << <=
(3= 3] T ox w=s ox X
o w T2 = e nZz -9 e
e | 3 | 50 | &0 | 82 | £o0 | &0
FZ | Fo | 88 | k2 | 22 | 22 | £= COMMENTS
SMALL SIGNAL NOT VERY LINEAR
JUNCTION TRANSISTORS 05-20k | 40-200 | 200k + |300MHz | 1dB | 150V | 500mA | \ru0uT NFB
SMALL SIGNAL TEMPERATURE
DARLINGTON TRANSISTORs | 250k |100-500| 200k [100MHz| 6dB | 40V | 1A | cpngiTivE
JUNCTION FETS 10" | 1030 | 10M [400MHz| 25dB | 30v | 15mA | LINEAR
12 ) CAN BE DAMAGED
DUAL-GATE MOSFETS 10'R | 50-100 | 500k |500MHz| 2dB 20V | 20mA | U T ATIC CHARGES
12 ! CAN BE DAMAGED BY STATIC
SMALL POWER MOSFETS 10'“R | 50-20¢ | 250k |500MHz| 6dB 100V 1A | CHARGES. VERY LINEAR
CAN SUFFER FROM
POWER TRANSISTORS (NPN) |10-200R| 10-30 5k 40MHz | N/A | 400V | 25A | Pl e GE EFFECTS
. SOMEWHAT SLUGGISH &
POWER TRANSISTORS (PNP) | 10-200R| 10-30 5k 10MHz | N/A 100V 15A | SUFFER FROM ‘HOLE' STORAGE
SLUGGISH AND SUFFER
POWER DARLINGTONS 20k 50 + Sk 4MHz | N/A 120v T | e e e e
HIGH INPUT CAPACITANCE-PRONE
POWER MOSFETS 100M+| 50+ 10k |500MHz| POOR | 750V 10A | 10'0SCILLATE IF NOT PREVENTED
HIGH OPERATING
POWER FETS 1M+ | 10+ sk |100MHz| N/A ? ? SEET s
Table 1 A comparison of the characteristics of different transistor types.
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Fig. 8 Cross-sectional views of MOSFETs.

Thiswill be positive in the case of an N-channel MOSFET
(operating on a positive DC supply line) and negativein
the case of the less common P-channel types. Small
signal devices of this type will tyFicaIIy have a mutual
conductance or Gm of a few milliamps per volt. This
allows a simple calculation of stage gain from

Gain=Gm x RL

where RL is the effective load impedance.

Recently, and to my great delight, small signal ver-
sions of the T-MOS type of power MOSFET have been
introduced. These have a slightly different type of chip
construction to the normal small-signal MOSFET, and |
have shown thisin Fig. 8. Their big advantage is that they
can withstand drain voltages of up to about 100V,
whereas the average dual-gate device or small signal
junction FET can only cope with some 20-30V.

By comparison with bipolartransistors, MOSFETs are
much more linear in their characteristics and do not
suffer from operational problems such as thermal
runaway and hole storage. The absence of this latter
defect makes small signal TMOS devices considerably
better than bipolar junction devices when used in the
class A stages of audio amplifiers, as in the case of the
Audio Design power amplifier shown in ET| last
summer,

The circuit symbol used for the TMOS device is the
same as that used for other MOSFETs except that they
are only available in single gate versions.

| have shown the normal operating characteristics of
the various small signal transistorsin Table 1,and agroup
of curves showing their input voltage/output current
characteristics in Fig. 9.

Bipolar Junction
Power Transistors

These are heavier duty versions of the small signal
transistors we have already come across, and range in
current handling capacity from an ampere orso forsome
ofthesmall plastic encapsulated types withametal cool-
ing tag to 400 amperes in the case of some of the big
industrial devices.

Permitted dissipations, with adequate heat-sinking,
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range from one to many hundreds of watts, and max-
imum collector voltaies can be up to 500-1000 volts in
specialised types, with 60-150V being more common in
easily found J:evices such as the 2N 3055 or 2N3442.

Thereisn'tabig difference in price betweenthe plas-
tic encapsulated types and the hermetically sealed
metal TO66 or TO3 versions, so, for DIY projects where
oneisn’t buying a lot of power transistors, the metal can
versions may be preferable. They are certainly easier
to cool.

Power junction transistors are available in NPN and
PNP types, just like small signal devices, but the PNP
ones tend to be a bitslower in action and a bit less burst-

roof than the NPN ones. One should beware of assum-
ing that because they are complementary in character-
istics they can be treated as identical. A nice comment |
once heard was that’NPN and PNP powertransistors are
as similar as a man and a woman of the same height
and weight'.

The transition frequency of a power transistor, that is,
the frequency at which the current gain falls to unity, will
usually lie within the range 4-20§AHZ, which is con-
siderably lowerthanthe transition frequency of atypical
small signal device which would probably be between
100 and 400MHz. In addition to being more sluggish
than small signaltypes, powertransistors also have lower
current gains. Whereas a small signal junction transistor
has a typical current gain of 100-500, a power device
might have a current gain of only 15-80, with the lower
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Fig. 9 Graphs showing the input voltage/output current
characteristics of different types of transistor. ’
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values usually being found at higher collector
currents.

Since this can occasionally be a nuisance where hiEh
output currents are required (remember that the
required drive current is the output current divided by
the current gain), compound Darlington power transis-
tors are available whicﬁ have current gains in the range
1000-10,000. These are very useful, especially since
they are not a lot dearer than single power transistors.
However, they do have snags, of which the chief are that
their output current for a given forward voltage is very
temperature dependent and that they they are, if anyth-
ing, even more sluggish than ordinary power output
devices.

DIF FUSION MASK FOR
EPITAXIAL POWER
TRANSISTOR {2N3055)

0.1 SQUARE

POSSIBLE REGION OF
. LOCAL OVERHEATING

P (EPITAXIAL)
) —""(THICKNESS NOT TO SCALE}
il

_—HARD SOLDER

HEADER

Fig. 10 Sectional views of a 2N3055 power transistor chip.

The major problem with bipolarjunction power tran-
sistors is that of secondary breakdown. This arises
because the forward voltage of a conducting semicon-
ductorjunction — such as the base emitterjunctionin a
transistor — drops as the temperature of the junction
rises. So, in a power transistor, which has a typical chip
cross-section as shown in Fi%.1 10, if the current flow
through the transistor makes the chip get hot, itis likely
that some parts of its area will get hotter than others. The
base-emitter junction forward volta§e in these regions
will then drop, and more current will flow through this
region. This will cause the collector current opposite
these areas to increase, which will make the areas con-
cerned still hotter . . . and so on, until the device goes

hut.
X The only way to avoid this is to make sure that such
transistors are always operated well within the ’safe
operatingarea’ specified by the manufacturers. Ensuring
that this condition is always met can be tricky in equip-
ments designed to drive dynamic loads such as loud-
speakers or motors. Nevertheless, it is practicable.

Power MOSFETs

Small signal dual-gate devices have a lateral current
flow, that is, in a direction parallel to the surface of the
wafer, and consequently have afairly high channel resis-
tance. In order to use the MOSFET !)rinciple in power
devices, a means had to be found of lowering the con-
ducting resistance. The chip construction employed is
shown in Fig. 8.

In this arrangement, the current flows in a vertical
direction (ie., atright angles to the surface of the wafer).
This means that the channel length is defined not so
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much by the accuracy of the wafer masking during
successive diffusions as by the actual thickness of the
diffused layer, which can be very narrow indeed and
quite accurately controlled.

Power MOSFETs are very fast devices by comparison
with the relativelK sluggish z;ipolar power devices. They
arealsovery much more linear, although they don’t have
such a high gain. Apart from the fact that they require a
forward bias of 2-3V to force them into conduction, they
are similar in characteristics to output ‘Beam-tetrode’
valves, but, of course, much more compactand free from
the need for a cathode heater supply.

Their main drawback is that they are inclined to see
wires connected to their pins as small inductances,
whereupon they will happily oscillate at a few hundred
megahertz until they burn out either themselves or
some other, weaker link. This can be avoided simply by
the use of a suitable 'gate stopper resistor, in the range
250R-2k2. They also have an absolute limit on the
voltagewhich canbeappliedtotheirgatesin eitherafor-
ward or a reverse direction. This usually requires both
attention to the circuit design, and some form of zener
diode protection.

Cost considerationsapart, | think thatthey have over-
taken bipolarjunctiontransistors as poweramplifierout-
putdevices Erovided that they are correctly employed.
Moreover, they are quite immune to 'secondary break-
down’, and whilst they do have other problems, there is
nothing that cannot fairly easily be avoided.

Power MOSFETs are currently available in working
voltages up to 500V, and current ratings up to 50
amperes — although not both inthe same package. Max-
imum power ratings are now up to the 150 watt
mark,and rising.

Combination devices are beginning to appear, con-
sisting of small power MOSFETs driving large power
bipolar transistors, all on the same chip and in the same
package. They combine the easy drive characteristics of
power MOSFETs with the very high current capabilities
of power transistors, mainly for uses like motor driving,
Also appearing are power MOSFETs with built-in logic
elements, to give muscle to low-power logic circuitry.

Power Junction FETs

These were introduced by Sony, in Japan, just before
the general acceptance and widespread manufacture of
power MOSFETs. Theyare, in effect, just bigger versions
of the small signal devices described above, with higher
voltage, current, and dissipation ratings. The few audio
amplifiers built by Sony using these had a good
reputation.

I am not sure whether the success of the ‘vertical’
power MOSFET will mean that power junction FETs
(which behave in a manner very similar to that of valve
triodes) have now become obsolete, or whether in the
fullness of time they will be made by other manufac-
turers and become widely available.

| propose tolook next month at the topic of transistor
parameters, y, z and h, and the techniques of perfor-
mance calculations using these. | willalsolook abitmore
closely at the way in which transistors are employed,
with particular reference to some of the hidden snags,
since the quality of the designs which we make for our-
selves will depend alot on ourability to avoid unforseen
problems and to choose the most appropriate device
and the best way of using it. After aIE it often costs no
more to make up a good design than a less satisfactory
one, and the same components may
serve for both. ETI
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SOLDERING KIT

Free ‘How To Solder' booklet
and pack of solder

T T -

e VR LK

SKS
Soldering Kit

“ g —

Model XS

TGU-D
Temperature-Controlled
Soldering Uit

Mocel C

50, 22G, 1 (
24 volts.
Model XS

afts Avallable for

240,220,115, 100, 50, 24
or 12 volis
Model %5-8P

25Warts. 240 volss, fitted
with Bnitish Plug
ST4 Stand

[l = 5
To-surt alt irons

SKS Scidering Kit. Contan
mooel €S 240v Iron, an ST4
SK6& Scidering Kit. Contains
mocel XS240v Iron, an ST4
Stard and solder
SK5-8F and SK6-BP
Soldenng Kits as above with
Bntivh Mg
Modet €S
17 Watts. Available for

240, 220, 115, 100, 50, 24

Zvchs

ST4 Stand

Model CS-BF
17 Watts. 240 volts, fitted
with British Plug

TCSu1

Very robust temperature
controlied Soldering Unit
with a choice of 30 Watt
(CSTC) or 40 Watt (XSTC)
miniature irons
Range 65°C t0 420°C
Accuracy 2%

-~

d.of soldering

Tomorrows Soldering Technology Today.

ANTEX has a worldwide reputation for quality & service & for mzny years
has been one of the best known & most popular names in sold2ring. Always
at the forefront of technology, ANTEX is continually researching new and
better ways of achieving more accurate, reliable, and cost effective
soldering. On ANTEX Soldering Irons, the advanced design of the interface
between the element & the bit allows more efficient heat transfer to the
bit and improved stability of the temperature at the point of contact with
the work. indeed, experiments have shown that an X525 watt iron can be
used for tasks where a 40 watt iron would normally have been required.

ANTEX Soldering Irons exhibit exceptionally low leakage currents & hence
are suitable for use on Static Sensitive Devices. Sophist.cated temperature
controlled soldering units have recently been added to the ANTEX range.

TCSU1 Soldering Unit
L4

«f "y

S
TCSU-D / \\“ Qg.& 2 &
Elegant Temperature S ANV
Controled Scidering Unit Q ‘(\é QQ:\ )
with 50 W Iron (XSD) and /v
built around FERRANTI / § "
custom-made ULA. Range o?\ § 4
Ambierm t0 450°C. Acc d S
uracy + 5°C. Zero g <
crossing switching. o oY ‘
Detachable / \3(4& B2 .
sponge &—z',g‘ &
tray /



I-PAK BARGAINS

HIGH QUALITY MODULES FOR

STEREO, MONO & OTHER
AUDIO EQUIPMENT

Audio Amplifiers

POWER O/ MAX SUP
RMS VOLTAGE
10 Watts 30v
25 Watts 30 S0V
35 Watts 40-60V
S0 Watts $0-70v
125 Watts 50-80V

Stabilised Power Supplies

Output current 25 Amps
No AC Input
SPM 120/45 40 48V
50-55v
60 65V

Mono Pre Amplifiers perating Vig 40 65V

0 No Price
MM 100 Suitable for Disgo Mixer (3l ¥,
MM 100G Suitable tor Guitar Pre-Amp

Mixer s

Magnetic Cartndge Pre-Amplifier
0/No. MPA3D Sup Vig 20 30V

Monographic Equaliser .
GE 100 MKIl 10 Channel OUR PRICE ONLY £20.00

Price €429

Full Specitications and Data avadabdle on request
Please send selt addressed envelope

HYBRID
LED COLOUR
DISPLAYS

Red, Green, Yellow

3/.%.6 inch Mixed

types and colours

/ NUMERIC & OVER

FLOW Common

/ Anode/Cathode

GaAsP/GaP

/' New. Full Data incl

10 preces (our mix) £4.00

Normal Retail Value Over £10.00

Order No. VP58

BI-PAK’S OPTO SPECIAL

A selection of large and small sized LED's
n various shapes, sizes & colours, logeth-
er with 7 Seg.nent Displays both anode &
cathode plus photo transistors emtters
and detectors. Cadmium Cell ORP12 and
Germ. photo transistor OCP71 included. In
all a total of 25 Opto pieces valued over

£12 Normal Price
Order No. VP57
f a Our Super Value

'\“Qi Price Just

£5.00

SEMICONDUCTORS FROM
AROUND THE WORLD

A coliection of Transistors,
100 Diodes. Recttiers & Bndges
SCR's, Tnacs. 1.C's & Opto's all of
which are cumrent every-day useable
devices

Guaranteed Value Over £10 Normal
Retail Price

Data etc in every pack. Order No. VP56

EDGE CONNECTORS
2 x 5 way .1 Pitch Edge Connector {Gold)
{0/No AMP163279 2| £1.20 each. £50 per 50 off

PICK-UP COIL

Large tetephone pick-up coit for tugh
sensinity Suction pad 1o stich 1o tele-
phone 90cm iead 1o 39 jack plug Con
nects direct to cassefte recorder Dims
J2mmidial Vimmibody) 36mmidial
sucher ONo YP8? 100

Brand !

Qty
300

&8 LLERLLITLY

VALUE PACKS

Description

Assorted Resistors Mixed Types

Carbon Resistors Y4-12 Wan Pre-Formed

A Watt Min Carbon Resistors Mixed

‘2 Watt Resistors 100 ohm 1M Mixed

Assorted Capacitors All Types

Ceramic Caps Miniature —~ Mixed

Mixed Ceramics Disc. 1pt - S6ot

Mixed Ceramic Disc. 68pt - 015pt

Assorted Polyester/Polystyrene Caps

C280 Type Caps Metal Foit Mixed

Electrolytics - All Sorts

Bead Type Polystyrene Min Caps

Sitver Mica Caps Ass, 5.6pf - 150pt

Silver Mica Caps Ass 180pt - 4700pf

BlufF 250v Min_ layer metalfised Polyester Capacitors
Wwewound Res IW {avg) Ass 1 ohm - 12K

Metres PVC Covered Single Strand Wire Mixed
Colours

Metres PVC Covered Multi Strand Wire Mixed Colours
Metres PVC Single/Multi Strand Hook-Up Wire Mixed
Rocker Switches 5 Amp 240v

2in. tugh bight RED LEDs in plastic encapsulation-Large
area light source

Sq Inches Total, Copper Clad Board Mixed Sizes
Assorted Shder Pots. Mixed Values

Shider Pots. 40 mm 22K 5 x Log § x Lin

Siider Pots 40 mm 47K 5 x Llog § x Lin

Small 125" Red LED's

Large 7" Red LED'S

Rectangular 7 RED LED'S

Ass. Zener Diodes 250mW - 2W Mixed Vits. Coded
Ass. 10W Zener Diodes Mixed Vhs. Coded

$ Amp SCR's T0-66 50-400v Coded

3 Amp SCR's TD-66 Up To 400v Uncoded

Sil. Dodes Switching Like IN4148 DD-35

St Diodes Gen. Purpose Like DA200/BAX1Y/16

1 Amp INAODO Series Sil. Diodes Uncoded All Good
Black Instrument Type Knobs With Pointer 4" Std
Black Heatsinks To Ft TQ-3. TD-220 Ready Drilled
Power-fin Heatsinks 2 x 10-3 2 x TD-66 Size
BCIG?78 Type NPN Transistors Good Gen. Purpose
Uncoded

BC1778 Type PNP Transsiors Good Gen. Purpose
Uncoded

Sincon Power Trans. Similar 2N3055 Uncoded
Precision Resistors. 2-1% tol.

tN4002 Sit. Rects. 1A 100v preformed pitch

40A Power Rectifiers Siicon TO48 300PIV

BY187 12KV Sii. Diodes in carriers 2.5mA

100K 1in. Mutti-turn pots sdeal vari cap tuning
Assorted pots inc. Dual & Switched types

Sohd Tantalum Caps. Mued Values

OPTICALLY COUPLED MODULES
1 pair S01/131 Consisting 1 x LS600 Sihcon Light Sensor & 1x Matched

Galium Arsenide Light Source

Type TILZ3, on ready mounted fibre

glass board. Including Data. ideal Alarm projects etc. O/No. VP147.

Fwworro e

Right Hand Decimal Point cc
Left Hand Decimal Point CA

BI-PAK Price ONLY £0.60 pr.

LED DISPLAYS

RED 7 Seg. CC 14mm x 7.5mm ROP FND3S3
GREEN 7 Seg CA 6" LOP XAN6520

RED 7 Seg. CC 67 LOP XAN6340

RED Over-flow 6 3 x CA 3 x CC 6630/50
GREEN Over-flow 6" CA XANG530

RED 7 Seq. CA 3" XAN306)

DUAL RED 7 Seq. 5" CA DL527 DPR

OUAL RED 7 Seg 51" CA DL727 DPR .|
Assorted LED Displays - Dur mix with Data £5.00
Common Cathode
Common Anode

ANTENNA SWITCH 2 and 3 WAY

Designed to reduce harmonics
on the VHS and TV band

Co-axial switch for one transcewver 1o two
antennae of ore antenna to two transceivers.
Dims: 86 x 55 x-32mm (Bodyl

0/No. VP 113 £4.50

As above but 3-way

0/No. VP 114 £4.75

CB/TV. High pass filter. Reduces
unwanted signals picked up by
antenna. Dims: 45 x 25 x 17mm
0/No. VP 115 asp

SS FILTER

Cut-off frequency: 30MHz
VSWR Less than 12 10 1

Insertion loss

02dB (¢ 2IMH..

Impedance: 50 ohms.
Dims: 80 x 5 x 40mm

0/No. VP 116

£2.75
IC BARGAINS

40 Assorted TTL CMOS INTEGRATED CIRCUITS 74 Series & CD4000

Series

All new Gates. Fip Flops - MS| etc. GREAT VALUE Data

Book & Sheets included. 40 Pieces (Our Mix) £4.00 0No. UP40

Send your orders to Dept
SHOP AT 3 BALDOCK ST. WARE, HERTS

TERMS CASH WITH ORDER, SAME DAY DESPATCH, ACCESS,
BARCLAYCARD ALSQ ACCEPTED. TEL (0320} 31%2, GIRO 388 7006
ADD 15% VAT AND £1.00 PER DRDER POSTAGE AND PACKING

TRANSISTOR PACKS
BC183B Sil. Trans. NPN 30v 200mA Hfe240+ TO92
BC1718B Sil. Trans. NPN 45v 100mA Hfe240+ TO92
TISS0 Sil. Trans. NPN 40v 400mA Hfe100+ T0O92
TIS91 Sil. Trans. PNP 40v 400mA Hfe100+ T092
MPSAS56 Sil. Trans. PNP 80v 800mA Hfe50 + TO92
BF595 Sil. Trans. NPN eqvt. BF184 H.f. T092
BF495 Sil. Trans. NPN eqvt. BF173 H.F. TO92
ZTXS00 Series Sil. Trans. PNP Plastic
ZTX107 Sil. Trans. NPN eqvt. BC107 Plastic
ZTX108 Sil. Trans. NPN eqvt. BC108 Plastic
E5024 Sil. Trans. PNP eqvt. BC214L TO92
BC183L Sil. Trans. NPN 30v 200mA TO92
SJES451 Sil. Power Trans. NPN 80v 4A Hfe20+
NPN/PNP pairs Sil. Power Trans. like SJES451
2N6289 Sil. Power Trans. NPN 40v 40w 7A Hfe30+
BFT33 NPN Sil. Trans. 80v S5A HfeS0-200 TO3%
BFT34 NPN Sil. Trans. 100v SA H1e50-200 TO39
BUYE3C NPN TO3 VCB 500 10A 100w Hie15+
BC478 eqvt. BCY71 PNP Sil. Trans. TO18
BXS21 eqvt. BC394 NPN Sil. Trans. 80v 50mA TO18
Assorted Power Trans. NPN/PNP Coded & Data

v
.

BF355 NPN T0O-39 Sil. Trans eqvt. BF258 225v 100mA
SM1502 PNP TO39 Sif. Trans. 100v 100mA Hfe100 +

TRANSISTORS

100 Silicon NPN Transistors. All Per
fect. Coded Mixed. Types With
Data And Eqvt. Sheet No Re-
jects. Fantasic Value. O/No
BP38 £3.00

The best known Power Transmitter in

the world 2N3055 NPN 115w

Our Bi-Pak Special Offer Price.

10 off 50 off 100 off

£3.50 £16.00 £30.00

100 Silicon PNP Transisiors. All Per-
fect Coded. Mixed. Types With
Data and Eqvt. Sheet. No Re-
jects. Real Value.

£3.00

O/No. 8P39
80312 COMPLIMENTARY PNP POW-
ER TRANSISTORS TO 2N3055. Equiv-
alent MJ2955 BD312 TO3. Special

Price £0.70 each. 10 oft £6.50

SEMICONDUCTORS FROM AROUND THE WORLD
100 A collection of Transistors, Diodes, Rectifiers & Bridges, SCRs, Triacs.1.C.s
& Opto’s all of which are current every day useable devices. Guaranteed Value
Over £10 Normal Retail Price. Data et¢. in every pack. Order No. VP56
Our Price £4.00

TRANSISTOR CLEARANCE
100 All Sorts Transistors. A mixed bag NPN-PNP Silicon & Germ. Mainly
Uncoded You To Sort Pack includes instructions for making Simple

Transistor Tester, Super Value.

TECASBO

Order No. vP60. £1.00
150 De-soldered Silicon Transistors from boards 10mm leads all good. O/No.
VP173 £1.00

THE ELECTRONIC COMPONENTS AND
SEMICONDUCTOR BARGAIN

OF THE YEAR!

This collection of Components and Semiconductors for the hobbyist is probably
the most value-packed selection ever offered, it consists of Resistors. carbon
and wirewound of various values. Capacitors: All types. sorts and sizes

including electrolytics. Potentiometers

single, dual, slider and preset. Switch-

es, Fuses, Heatsinks, Wire, P.C.B. Board. Plugs. Sockets etc., PLUS a selection of
Semiconductors for everyday use in popular Hobby Projects. These include
SCR's, Diodes, Rectifiers. Triacs & Bridges as well as a first class

mix of Transistors and I.C.’s. In all, we estimate the value of this in
current retail catalogues to be over £25! So, help yourself to a
reat surprise and order a Box TODAY

emember, stocks are limited so hurry!

just
£7.00

ONLY at BI-PAK.
You can call us on 0920

3182/3442 and order with your Barclaycard or Access Card — 24hr Answerphone
Service NOW. Order No. VP 85

PIEZO BUZZERS
£ 4 MEZO
Miniature round piezo-electric
buzzer. White plastic. Low
consumption
'C ’Frequency 4kH approx.
Qutput: 70dB (A) G 1, typ.
Power: 12Vd.c. 4mA.
Dims: 22 (dia.} x 11.5mm
il Fixing Centres: 26 5mm.
O/No. VP 107

£1.05

PIEZO

Piezo buzzer White plastic, 90mm
leads. For use on a.c. mains
Frequency ASkHZ
approx

Qutput. 85dB (A} @
im typ

Power 240Va
SmA

Oims: 32 (dia) »
14mm

Sgn" centfes

(G
°)
o

0'Ne VP 108

£1.25

BI-PAX PO BDX 6 WARE. HERTS

ELECTRONIC BUZZER
W Minature electrome buzzers
—%' Sofid state tvory plastic 150
Jleaes Frequency 500 Mz
pprox.
Oms: 22 x 16 % t5mm
Output. B2dB (A) (v tm typ
Fuung centres: 26mm
IV 25mA. O/No VP B2 6V 25mA° VP &3
9V 25mA Do VP B4, 12V 25mA- VP 86

95p each
TAPE RECORDER SWITCH

Unit to control motor of tape recorder. 1.8m
cord and 25mm plug attached. On/Off
switch. Dims. 5 x 20 x 20mm

£1.00

&R

POWER SUPPLY

OUR PRICE £3.75
Power supply fits directly into
13 amp socket. Fused for safety.
Polarity reversing socket. Volt-
age switch. Lead with multi
plug input — 240v AC 50Hz Out-
put -3 456 759 & 12v DC.
Rating 300ma MW88.

{LEARN A UNGO)
PILLOW SPEAKER
2 speaker. 1.5m lead with §}

3.5mm mono jack phug. Black
Dims: 65(dia) « t7mm. O/No,
VP 88

Use your credit card Ring us on Ware 3102 NOW
and get your order even faster. Goods normally
sent 2nd Class Maif

Remember you must add VAT af 15% 16 your order
Total Postage add €100 per Total order




- BOARD

The 6802 is not a microprocessor we have paid a lot of
attention to in the past. C.P. Atkins has come up with this
straightforward design for those who would like to get to know

it a little better.

his project was designed for
I eople who wish to break

into the world of micropro-
cessors. Many such systems have
been designed in the past but
most are still too complicated for
the hobbyist to understand. Other
people buy expensive computer
systems and find they still know
very little about the micro and
how it works, quite often because
of a monitor program which
controls every move,

The project described is very
simple and of basic design yet
forms a powerful base upon which
to design complex systems. It was
primarily designed to allow people
to teach themselves micropro-
cessor hardware design and
machine-code, allowing the user
not only to program the circuit but

- also to program the vectors. Hex
displays are added so that the
programmer can actually see the
result. In time the user should find
it unnecessary to keep designing
new circuits and just reprogram
the board for each requirement
instead.

The draw back with this project
is that every time you wish to
change or modify the program you
will have to reprogram an EPROM,
unless you are luc xenough to
have access to an EPROM
emulator. Because most of the
people likely to construct this
project will own or have access to
a computer, | have also designed
an EPROM emulator which will
run the board, and this will be
described in a future article,
Simply by loading an area of RAM
with micro-code and then isolating
the RAM from the computer, the
6802 board can be made to think
it is addressing EPROM. In this
way machine code can be
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changed with care and can also be
stored on tape or disk when a
program is completed or modified.
By building up in this way a
powerful system can be put
together quite cheaply.

The 6802 Microprocessor

The 6802 microprocessor was
used because it has the familiar
6800 instruction set, but it also
includes some additional features.
The 6802 is an eight bit micro-
processors which contains all the
registers and accumulators of the
present 6800 plus an internal
clock oscillator and drives. It also
has 128 bytes of RAM at hex
address 0000 to 007F. The first 32
bytes at hex address 0000 to 001F
may be retained in a low gower
mode by using Vcc standby, thus
retaining memory on powerdown,
but this feature is not incorporated
on the evaluation board.

The processor has three sixteen
bit registers and three eight bit
registers. These are the Program
Counter, Stack Pointer, Index
Register, A and B accumulators
and a condition code register or
status register. The program
counter is a two byte (16 bit)
register that points to the current
program address. The stack
pointer is also a two byte register
and contains the address of the
next available location in an
external Eush down, pop up stack.
This stack is normally the part of
the RAM which can be put any-
where in your memory map.

The index register is a very
useful register because it is also
two bytes wide and can be used as
a general purpose register or, more
importantly, for the indexed mode
of memory addressing. Two eight
bit accumulators are used to store

PROJECT

6802 EVALUATION

results from the arithmetic logic
unit (ALU). The last register
mentioned is the status register or
condition code register which
holds the condition flags of the
ALU. Only the first six bits are
used, the last two being held at
cne. The flags are Negative (N),
zero (2), overflow (V), carry from
kit 7 (C), and half carry from bit 3
(H). These bits of the condition
code register are used to test
conditions for the conditional
branch instructions. Bit 4 is the
interrupt mask bit (1).

7 . 0
ACCUMULATOR A
7 0
ACCUMULATOR 8
15 0
1l [ |
INDEX REGISTER
18 9
[ rc I
PROGRAM COUNTER
7 0
TRL AV E)
CONDITION CODE REGISTER (STATUS)
15 0
s |
STACK POINTER
Fig. 1 The registers provided on the
6802.

The control and timing signals
for the 6802 are identical to those
of the 6800 except that TSC, DBE,
01, 02 and two unused pins have
been eliminated and some signal
and timing lines have been added.
These are enable (RE), crystal
connections Extal and Xtal,
memory ready (MR), Vcc standby,
and enable 02 output (E).

The internal oscillator is crystal
controlled, but owher clocks may
be used if desired. The connec-
tions are for a series resonant
crystal. A divide-by-four circuit is
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included, so a 4MHz crystal is
used and the board effectively
runs at TMHz,

The 6802 has a setof 72
different instructions which are
exactly the same as those of the
6800. The instruction set is very
elegant (unlike, for example, the
instruction sets of the Intel 8080
and 3085 micros) and for this
reason is ideal for learning with.
The full instruction set is givenin a
book called ”6800 microprocessor
applications manual,” which any
constructor who is serious about
learning micro-programming
should purchase.

The 6802 uses the RESET signal
for its start and restart procedures.
A low on the RESET input causes it
to go to address FFFE H and fetch
the most significant byte of the
restart address stored there. The
6802 then increments its program
counter to FFFF H and fetches the
least significant byte of the restart
address stored there. While this
signal is low all the registers are
cleared and the interrupt mask bit
is set. This is bit 4 in the condition
code register.

The restart address is loaded
into the program counter and
fetches its next instruction from
that address. Since the 6802
always goes to FFFE H and FFFF H
to get the RESET vector address,
the user must ensure that the
starting address of the EPROM is
stored there. This is 8000H on the
g80)2 evaluation board (H means

ex).

Interrupts

There are three different types
of interrupts: non-maskable inter-
rupt (NMI), interrupt request
(IRQ) and a software interrupt.
The non-maskable interrupt is, as
the name suggests, not maskable.
A low on this pin causes the
processor to finish its current
instruction and push the return
address, index register, accumu-
lators, and condition code register
on the stack. The 6802 then goes
to address FFFC H to get the most
significant byte. After that it goes
to FFFD H to get the least signifi-
cant byte. These two bytes are
then loaded into the program
counter and the interrupt sub-
routine is started somewhere in
memory.

The interrupt request works a
little differently because it is
maskable. A low on the IRQ pin
will have no effect unless the
interrupt mask has been cleared. If
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The board contains just seven chips.
These are one 6802 microprocessor, one
2716 EPROM, one 7400, two 6821 PIA’s
(peripheral interface adaptors) and two
TIL 311 hex displays. The micro-
processor is connected up in aminimum
configuration, which is to say that there
F are no fancy extras.

The data bus is 8 bits wide and is
connected to both PIA’s and the
EPROM. The addressbusis 16 bits wide.
A0 to A10 are fed into the EPROM giving
amemory area of 2K. A15 is taken off the
bus, inverted through a two input NAND
gate, and used to enable the EPROM via
pins 18 and 20. The 2K memory starts at
hex address 8000H. This figure is arvived
at in the manner shown in Fig. 3.

signals. These have all been linked
tonﬁther and connected to the IRQ and

signal on the micro, just to keep
things simple. The remaining 20 pins on
each chip, namely PAO-PA7, PBO-PB7,
and the four control lines CA1, CA2, CB1
and CB2, are all connections to the
outside world. It is from here that you
will see the results of the program you
have written.

Tohelp youto see this, two TiL311 hex
displays have been linked to the PAO-
PA7 lines of P1A 1. These displays take
one four bit word and decode and drive
the seven segment display. So, using
your PIA data register as a memory
location, you can display your answer or
the result of a program. These displays

A15 A4 AI3 A2 A1l A0 A9 AB

A7 A6 A5 A4 A3 A2 Al A0

1 0 0 o o 0 0 0

0 0 [ 0 0 [ [ 0 BINARY

8 0

[ o HEX

The end of the EPROM is 8000 + 2K
which is 87 FF, When the reset switch is
pushed for arestart the micro thinks it is
looking at address FFFE butin this case it
is87FE. Soourresetorrestartvectors are
stored in 87FE and 87FF. Since the
EPROM starts at address 8000H, 80H
will be stored in address 87FE and 00H
will be stored in 87FF. Obviously if the
EPROM was being programmed in an
external programmer the 8000H would
be the same as 0000H.

Decoding of the PIA’s is made simple
by the number of chip enables the 6821
has to its credit. RSO, RS1, and CS1 are
connected to A0, A1, and A2 respect-
ively, and this is the same on both PIA1
and PIA2 (1C3, 1C4). On P1A1 (IC3) the
four register addresses were decoded
for 5004H to_5007H, so A14 was
connected to CS2 and A12 is NANDed
with the valid memory address line and
connected to CS0. PIA2 is decoded for
4004H to 4007, so A14 is connected to
CSO0 and A15 is connected to CS2. The
R/W, Reset, and E(02 clock) signals are
straightforward connections to similar
pins on the micro.

That leaves the IRQA and IRQB

Fig. 3 Derivation of the memory start address.

are also latched so a result will stay until
changed. Inciuding these eight lines,
there are thirty two input/output lines
and eight control lines, which is more
than you would get in a home
computer.

The 6802 has an oscillator and a driver
circuit, so the clock is produced simply
by putting a 4MHz crystal between the
XTAL and EXTAL pins of the micro (pins
38 and 39). Because the circuit is so
small, pull up resistors are fitted to some
of the signals. in a bigger system with
more chips these signals would auto-
matically be dragged up.

For ouruse some signals are held high.
These are RAM enable (RE), memory
ready (MR) and Halt. Other signals that
are in operation but are pulled-up are the
interrupt lines, (pins 4 and 6), the VMA
(valid memory address) signal which
should be gated to the peripheral chips
in some way, and the Reset signal which
is also connected to a micro switch for
use with restart procedures. This leaves
the BA (Bus Available) signal which we
are not really interested in. This is left
disconnected.

i1

=

it has been cleared an IRQ input
will cause the 6802 processor to
push the return address, index
register, accumulators, and con-
dition code register on the stack
after it has finished its current
instruction.

It then goes to address FFF8H
to get the most significant byte
and to FFF9H to get the least
significant byte. The processor
then sets the interrupt mask so
that no other IRQ interrupt routine
can start, after which the program
counter is loaded with the
contents of FFFH and FFFG H and
the interrupt routine starts.

Note that NMI has a higher
priority than hat of IRQ. On the

evaluation board NMI and IRQ are
linked together and connected to
the interrupt pins on the 6821
PIA’s, so that all the interrupts are
controlled via the PIA (peripheral
interface adapters) handshake
lines. These are CA1, CA2, CB1
and CB2, and these will be
explained later.

The software interrupt request

'S VECTOR Ls DESCRIPTION

FFFE FFFF RESET

FFFC FFFD (NON-MASKABLE INTERRUPT|

FFFA FFFB SOFTWARE INTERRUPT

FFF8 FFF9 INTERRUPT REQUEST
Fig. 2 The interrupt vector byte
locations.
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HOW IT WORKS
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4 Circuit diagram of the evaluation board.

1C3,4 = 6821 or 6820
1€5.6 = TIL311

IC7 = 74L500

XTAL = 4MHz CRYSTAL

is controlled by micro-code, and
registers are stored on the stack.

The program counter is loaded
with the contents of FFFAH and
FFFBH and then jumps to the

interrupt routine in memory. It can
also be used as a break function.

Address Modes

There are seven address modes

that can be used by the pro-

grammer. They are:- Accumulator

addressing, immediate, direct,

extended, indexed, implied, and

relative addressing.

In direct addressing, the 8 bit
address of the operand must be
stored in the lowest 256 memory

locations, from 0000 to OOFF,

ETI MAY 1985

D

called base page addressin%
because the operand must be in
the first 256-byte page of memory.
The 6802 uses address locations
FFF8 to FFFF to store reset and
interrupt addresses so as to keep
the lowest 256 addresses free for

d
A

the contents of memory location
09H to the contents of the A
accumulator and leaves the result
in accumulator A. The advantage
of this mode of addressing is that it
is quicker than extended add-
ressing because it uses two
instructions instead of three.

irect addressing is sometimes

irect addressing.
An example of this mode is the
DD $09 instruction, which adds

Extended addressing uses the
second and third bytes of the
instruction to store the address of
the operand, a rather different
approach to that used in the Intel
and Zilog processors. The second
byte contains the high order
address byte and the third byte
contains the low order address
byte. For example ADDA $073A
would be written in three memory
bytes as BB 073A. This instruction
adds the contents of memory
location 073A to Accumulator A.
Extended addressing is used for all
memory beyond $ FF, but can be
used for memory below that point.
Note that $ also denotes Hexa-
decimal in 6802 assembler. As an
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MACHINE ON HALT

Fig. 5 Flow diagram of the
internal program controlling
the Reset, Interrupt and Halt
signals.

FETCH
INSTRUCTION

I

EXECUTE
INSTRUCTION

MASK ON?

EXECUTE
INTERRUPT
ROUTINE

et

NMi RO

FEEC
FFFD

FFF8
FFF9

| !

example, compare these two
instructions:

Direct LDAAFF < 96FF
Extended LDAA OOFF < B6 OOFF

They both have the same effect.

With indexed addressing, the
operand is obtained from an
effective address. The address is
calculated by adding the offset
number in the second byte of the
instruction to the contents of the
16 bit index register. For example,
suppose the index register con-
tains a base address of 4321H. The
instruction Add A $30 in index
addressing first calculates the
effective address from which it will
get its operand by adding the
displacement of 30 H to the base
address of 4321H. This gives an
effective address of 4351. The
6802 then fetches the byte from
memory at the effective address of
4351H, adds the contents to
Accumulator A, and then leaves
the result in Accumulator A.

in the implied addressing
mode the operand address is
contained in the instruction op-
code. For example the command
‘DEX’ is simply written as 09.

Only one byte is used in implied
addressing.

In relative addressing a dis-
placement contained in the
second byte of the instruction is
added to the program counter.
The next instruction is fetched
from the address. The displace-

30

ment is stored in the second byte,
and the most significant bit of this
second byte is the sign bit which
allows the displacement to be
positive or negative. A number
from —128 to +127 can be
derived.

Because the program counter
automatically increments after
each fetch, the displacement is
added to the address after that in
which the displacement byte was
stored. Therefore, when measured
from the instruction address, the
relative addressing range is —126
to +129 addresses. When jumping
to a location you actually state the
address you wish to jump to. The
easy way to remember relative
addressing is to bear in mind that
you always branch or jump relative
to a memory location. For example:

0050

Branch 0051 20 FE ‘
0053

Jump 0050 ‘
0051 6E 0050
0054

The above two examples have the
same effect, which is to go back
one address space.

Accumulator addressing is a
special case of implied addressing.
The operand is one of the
accumulators and this is indicated
in the op code for the instruction.
An example of this would be
CLR A which is a one-byte code.

Little has been said so far about
the Peripheral Interface Adaptors,
of which there are two on the
evaluation board. In effect, it will
be these chips which the operator
will program, so an insight into
their operation will be useful.

An input/output port must

rovide a versatile programmable
interface between the micro-
processor and the external system
devices (peripherals). These
devices or peripherals can be
simgle lamps, switches or
keyboards or more complex
devices such as tape recorders,
visual displays or other circuits.
There are no special instructions
for the PIA because, as far as the
6802 is concerned, it appears as a
block of four memory ad% resses
which can be read from or written
into like any other RAM.

The addresses chosen must be
consecutive and in the case of the
evaluation board these addresses
are 5004 H, 5005, 5006 and 5007
for PIA1 (1C3). For PIA 2 (1C4) the
addresses 4004, 4005, 4006 and
4007 are used. The eight data lines
of the PIA are simply connected to
the MPU data bus as normal and it
will be noticed that several control
lines are also connected between
the two as discussed earlier.

Small differences aside, the PIA
can be considered as two identical
halves, side A and side B each
having eight data (1/0) input/
output lines and two special lines
used for control or handshake
purposes. To avoid repetition the
A side only will be described.

PAO to PA7 are data I/O lines
which can be used as either inputs
or outputs dependent upon how
the programmer writes the initial-
isation routine. You could, for
example, programme three lines
as inputs and five as outputs. CA1
and CA2 are peripheral control
lines; CA1 is always an input but
CA2 can be initialised as an input
or output.

There are three registers for
each half of the PIA but one
register serves two purposes. The
Control register may cause some
problems as it contains all the
control flags. At this stage we are
only concerned with bit 2,
because it is this bit which decides
which register has this memory
address. When bit 2 is 0, the
address 5004 (4004 for PIA 2)
belongs to the direction register.
When bit 2 is 1 the address 5004
belongs to the data register. The
remaining bits are all connected
with the behaviour of the control
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Fig. 6 Component overlay of the evaluation board.

lines CA1 and CA2 (CB1 and CB2
for the other side of PIA 1).

The addresses are well thought
out in that, when the reset switch
is operated, all the registers in the
PIA are reset to zeros. This
includes bit 2 in the control
register. So the first time address
5004H is used, it will address the
direction register. After this the
programmer will ensure that bit 2
is set to 1, so that any further
references to 5004 H will address
the data register. It is most unlikely
that you will have to change the
direction register contents in the
same program but if so, it would
be necessary to clear bit 2 first and
reset it again afterwards.

As discussed earlier, 1/0 lines
can be programmed as input or
output in any configuration. For
example if the direction register
was initialised with 0000 1111,
PAO-PA3 would be inputs and
PA4-PA7 would be outputs. The
register is available to the
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programmer as address 5004 H.

nce initialised, the data
register is the one most used by
the programmer and therefore has
priority over the direction register
which also shares memory address
5004H.

Unfortunately more has to be
said about the control register
flags. The main differences
between sides A and B of the PIA
are here and this is best shown in
Fig. 8. Bit 2 has already been
discussed, but every other bit in
this register also has some effect
upon the behaviour of the peri-

PIA 1 (iC3) P1A 2 {IC4)
SIDE A SIDE A

CONTROL
DIRECTION
DATA

SIDE B

CONTROL
DIRECTION
DATA

33

DIRECTION
DATA

SIDE 8
CONTROL

4007
DIRECTION 4008
DATA 4008

Fig. 7 Register addresses on the
evaluation board.

§38| (888

PARTS LIST
RESISTORS ]F
R1-R5 3k3
SEMICONDUCTORS
11 6802
1C2 2716
1C3,4 6821 OR 6820
1C5,6 TIL311
1C7 74L500
MISCELLANEOUS
sSwi1 SPDT micro switch
XTAL1 4MHz crystal

PCB; IC sockets — 3 off 40 pin, 1 off 24
pin and 3 off 14 pin; 42 off PC terminal
pins.

j

BUYLINES

Everything here is widely available with
the possible exception of the TiL 311
display 1Cs, and these are sold by
Technomatic. The PCB is available from
our PCB Service.

pheral control lines CA1, CA2, CB1
and CB2. A detailed explanation
can be found on a Motorola 6821
applications sheet.

CA1 and CA2 only are shown in
Fig. 8, but side B is the same (CB1
and CB2). The illustration may be
a bit confusing, and for this reason
some examples will be given later.
For simple programming little
knowledge is needed of the
control register, but as you
grogress an understanding will

ecome essential.

Construction and Testing

The complete project is
contained on one, small, double-
sided PCB. The tracks are neces-
sarily very close together so great
care must be taken during soldering
to ensure that adjacent tracks are
not accidentally bridged. Terminal
pins are used for the external
connections and these should be
pushed through the board before
any other components are
installed. |C sockets are recom-
mended and these should be
soldered into place next, followed
by the switch, the resistors and the
crystal. Finally solder the display
onto the board and then insert the
ICs into their sockets, taking care
that they are the right way around.

When the board has been
assembled, check it carefully and
then connect up the 0 and 5V
rails. The TIL 311 displays should
illuminate and show the letters FF.
If all is well, the next stage is to try
a test program.

3
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FLAGS CAN ONLY BE SET 8Y CA1OR CA2 (WHEN i/P}

FLAGS CAN ONLY BE RESET BY INSTRUCTIONS
WHICH ‘READ’ DATA REGISTERS SUCH AS ‘LDA 5004’

WHEN CA2 IS OUTPUT

8IT7 8IT6 BITE 8IT4 BIT3 BIT2 BIT1 BITO
INTERRUPT INTERRUPT
CA1FLAG | CA2FLAG Dm‘é'(‘:z"o“ c"fE‘\fETL'VE WHENCA1 | ADDRESS | CA1ACTIVE | wreN cAl
FLAG SET BIT LEVEL FLAG IS SET
0= INPUT WHEN CA2 IS I/P 0-LOW 0= NO
1=0UTPUT 1= HIGH 1= YES

0 ADDRESS 5004 = DIRECTION
1 ADDRESS 5004 = DATA

WHEN CB2 IS OUTPUT

00 SETS ON ACTIVE TRANSITION OF CA1
RESETS WHEN DATA REGISTER IS READ

MUCH THE SAME BUT FOR THE DIFFERENCES
OF CLOCK TIMING (TIMING EDGE}

SETS AUTOMATICALLY WHEN E FALLS
01
RESETS WHEN DATA REGISTER IS READ

SETS AUTOMATICALLY WHEN E RISES
RESETS WHEN DATA REGISTER ISWRITTEN

1x BECOMES THE SAME AS ‘X"

© WHILE ‘X’ REMAINS 0, CA2 REMAINS 0
AND VICE VERSA

EXACTLY THE SAME

Fig. 8 Operation of the PIA control register flags.

To do this you will need either
a programmed EPROM or an
EPROM emulator. For those who
do not already have one, an
EPROM emulator design will be
described in a follow-on article,
but other emulators such as the
one described in our July and
August issues last year should be
suitable. Constructors who do not
have an emulator but do have
access to an EPROM programmer
and a UV eraser can simply load
the test program ontoa 2716
EPROM.

ADDRESS PROGRAM

0000 8E OOOF

0003 CD FFO4

0006 FF 5006

0009 86 55

0008 B7 5006

000E 3F

07FE 80 RESET VECTOR

O7FF 00 RESET VECTOR
Program 1

Program 1 is very simple and
should cause the displays to show
5S when the reset switch is
pushed. If this fails to work check
the Erogram. If it still does not
work, check the signals described
earlier with an oscilloscope. You
need not worry about the com-
plicated waveforms, just check
that a switching signal is present
or, in some cases, that the signal is
held high.

Once this works you are ready
to start writing your own programs.

32

Remember that complicated PIA,
and note that it was initialised by
two simple lines using the index
register,

CE FFO4
FF 5006

In full this would be written quite
differently using the accumulators

86FF LDA #FF
B75006 STA 5006
8604 LDA #04
B75007 STA 5007

You can see how the 16 bitindex
register can simplify things. Overall
program speed can be increased
usin? this method, although it

wou

d be no advantage in the

initialisation routine, [t comes into
its own in the subroutines.

In the example, the contents of
the index register are said to be
stored in location 5006 H. You may

INITIALISE INITIALISE
PIA 1 SIDE B PIA 1 SIDE B
AS QUTPUTS AS OUTPUTS

1 1
LDAA WITH LDAAWITH
#66 *00
I I
STAA IN l
5008 LDAB WITH
#01
|
I
sTOP
STAA IN 5008
|
3 DELAY OF o 1 SEC
1
LDAB WITH
3
|
ADD ACC A
AND ACCB
Fig. 9 Aow diagrams of programs 1
(left) and 2.

have thought this strange, trying to
stuff 16 bits into 8. What the
processor actually does is to store
the least significant byte in 5007H
and the most significant byte in
location 5006H,

Because the programmer may
like to be able to see a change on
the displays, delays are a widely
used subroutine. Again the 16 bit
.dex register comes into use. An
example of this is shown, giving a
delay of around a second.

CE0000 LDX 0000
09 DEX
26FD BRE

This can be used in a program
such as Program 2, whichis a
count sequence. This will cause
the display to count up to FF
before resetting to 00.

ADDRESS PROGRAM
0000 8E 000F LDS 000F
0003 CE FFO4 LDX FFO4
0006 FF 5006 STX 5006
0009 86 00 LDA# 00
0008 cé 01 LDAB# 01
000D B7 5006 STA 5006
0010 CE 0000 LDX 0000
0013 09 DEX
0014 26 FD BRE
0016 Cé 01 LDAB# o1
0018 18 ABA
0019 20 FO BRA
O7FE 80 00

Program 2 ETI
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WOULD YOU
HAVE THE
COURAGETO
JOIN DATELINE?

If all your friends are married, you’re
not meeting anyone at work, you’ve
moved to a new area or you are newly
single again, joining Dateline is really
just a sensible way of meeting lots of
compatible people, and perhaps

someone special...
A A

- \
‘The best thing I could have done.’
John and Margaret — married.

As she was rather shy, one of Margaret’s friends
from work who had met and married someone
through Dateline suggested she should join, and
John joined us as a last ditch effort to invigorate
his social life at home before emigrating to South
Africa. Four years of marriage and two children
later, they still think it’s the best thing they could
have done!

‘It took about a week to fall in love’
Margaret and Michael — married.

Within two weeks Margaret and Michael were
talking about marriage. ‘It might seem a little bit
far-fetched, but we weren’t prepared 1o setile for
just anything to try to regain happiness. We both
wanjed something a little bit special, and thanks
to Dateline, we've got it now.

/

| ‘Well, you’ve got to do something!’Clive and Sara —

To Clive, without a wide circle of friends after his divorce, joining Dateline
seemed ‘logical’, and to Sara, a single parent with litle opportunity to make a
social life, joining Dateline was simply a decision 10 ‘do something’ about it.
They were attracted to each other when they first met over a cup of tea at
Sara’s home, and Clive thought Sara had done marvellously well to bring up
such a joyful little girl on her own. Initial liking and attraction grew into love
and Clive and Sara were married six months later.

WHO JOINS DATELINE?

People just like you! Thousands of people join Dateline each month so you
probably already know people who have used the Dateline service or met through
Dateline.

People who join Dateline come from all over the country — from farms, villages, market towns
and cities. The problems of meeting people are not confined to any particular locality,
occupation or class. What all Dateline members have in common is an optimistic, positive
attitude in tackling the problem practically.

Most people at some pointintheir lives have felt the need to meet new people, getoutofarut,
or find someane special, and there really are very few ways you can meet the kind of people you
want to meet. Dateline is simply the most honest, realistic way of being introduced to a wide
choice of compatible partners.

HOW DOES DATELINE WORK?

Forget fears of cold-hearted computers! You choose the sort of people you wantto meet. When
you join Dateline you will complete a very comprehensive questionnaire. Information from this
will be locked into our computer memory, and the matching process, in which your data is
compared with that of every Dateline member of the opposite sex, will begin. The most
compatible matches will be found and their details forwarded to you. You will also be matched to
othercompatible people and they willcontactyou, and so awhole newsocial life begins

IS DATELINE SUCCESSFUL?

Many thousands of couples like those on this page, have met and married through Dateline. The
Dateline questionnaire is designed to match couples through many facets of physical type,
personality and life-style; not just matching those who want to meet people similar to themselves,
but those who also want to meet someone different.
If you think you would like to join the thousands of people all over the country who have been finding a new
social life or love and happiness through Dateline, simply complete the questionnaire below. We will send you
confidentially and completely free, full details abow: Dateline and how it works, and details of just one of the
London W8. Tel: 01-938 1011.
gtt » I I 1 K I I 1

START HERE | am over seventeen and woulid like you 10 send me

1 Do you consider yourself: completely free and wrth gation, a descriphon of my

Dateline members who are compatible with you. Send to: Dateline Computer Dating. 23 Abingdon Road,
Computer Test to Find Your Ideal Partner.

Shy Generous ideal partner. Plus 8 free full colour brochure and lots more
Extrovert Outdoor tvpe imformation abowt Dateline | enciose two first class stamps.
Adventurous Creative Yo N :

Family type o JYoursex__putMarF  Your Height 11— ins
Clothes-conscious Intellectual Your Age ___ \r. Age you would like to meet \Min. _ My __

Indicats which sctivites snd interests you snjoy by placing
8V (one) in the approprists bex. N yeu dslike s partcular
activity, write 8 ‘0’ (nougitt) in e bex. # you have no
preference. isave the column blank.

2

Christian Name

Sumame
Address

] Pop music L] Politics

L] Fashion | ] Classical music

|| Pubs | | Art/Literature

| { Sport | ‘Live’ theatre

| | Pets | | Science or technology

| | Folk music | | Creative writing/painting
Jazz Poetry

[ Travelling : Phiiosophy/Psychology/Sociology
Cinema History/Archaeology
Goodfood  [] Conversation
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Master
Electronics -Microprocessors

- Now! The Praclical Way!

@ Electronics — Microprocessors
— Computer Technology is the
career and hobby of the
future. We can train you at
home in a simple, practical
and interesting way.

@ Recognise and handle all
current electronic components
and ‘chips’.

@ Carry out full programme of
experimental work on electronic computer circuits
including modern digital technology.

@ Build an oscilloscope and master circuit diagram.

@ Testing and servicing radio — T.V. — hi-fi and all types of
electronic/computer/industrial equipment.

NewJob? New Career? New Hobby?
SEND THIS COUPON NOW

FREE! COLOUR BROCHURE  on 7eLepmone us 062 667 2508 [

l Please send your brochure without any obligation t OR TELEX 22758 (24 HR SEAVICE JAL;L. l

~

1 name ] R | am interested in ]
1 {—_JELECTRONICS |
| AeReEE = —— [ MICROPROCESSORS '
e — B L [C__—JRADIO AMATEUR LICENCE |
|E I CITY & GUILDS EXAMS

| — " Other Subjects

|
|
|mummm&mmam RO.Box'?,Tb@mmm.Devm.'IQKCHSI

ELECTRONICS LTD

that there is a real difference at Cricklewood Electronics
That ‘s why you should never be without the FREE CRICKLEWOQOD ELECTRONICS
COMPONENTS CATALOGUE, for sheer variety, competitive prices and service
from the U.K.'s number one 100% component shop. No gimmicks, no gadgets or
computers, just components, millions of them, all easily available by mail order
calling or credit card telephone orders. Just pick up the phone (or a pen) to get your
FREE copy now {no SAE required). You have nothing 1o lose

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET

Tel: 01-450 0995/01-452 0161
Telex: 914977

[ querpgmeen |
- E B 1.8 ETI

&/ k(oA

HARDWARE
SOFTWARE

MDEX disc O/S + BASIC £95
MDEX Professional Dev. Sys. £275
CORTEX POWER-BASIC disc extenslons £43
MDEX Extensions
Editor £35
Relocating Assembler/linker £35
FORTH — screen editor, assembler £55

— graphics — better than BASIC £35
PASCAL — by Pre Brinch Hansen £35
QBASIC — tast BASIC compiler £150
UCSD Pascal, SPL, META, WINDOW, SPELL
CORTEX tape software
Pengo — fast machine code action £6
Golf — excellent animation £6
Micropede — rampant caterpillar £6
Space Bugs, Pontoon, Breakout each £6
Cassette/CDOS word processor £13
Add £2 for software on CDOS disc
Disc Drives
80 track double-sided doubie-density £190
40 track single-sided double density £120
E-BUS Floppy/Winchester Controller £135
E-BUS 64/128 Kbytes DRAM card £145/£245
E-BUS 9995 Processor card £145
80*24 Character video card £48

State disc format and add VAT to all prices
lIBrainstem Issue 2 out soon!!

MICRO PROCESSOR ENG LTD |
e 21 HANLEY ROAD SHIRLEY

SOUTHAMPTON
SO1 5AP
TEL: 0703 780084

ROBOTS

For Education,

Training and Industry
PN
-, i F
NEPTUNE | T g
NEPTUNEII®

NEPTUNE - for clean
hydraulic power

tap water is the
hydraulic fluidl

MENTOR '
Kit from
£345

NEPTUNE | 6 axes; 8 bit control system; 2.5Kg Robots may also be taught by “lead by the

capacity; 1120mm reach. nase’ method.,
Extensive software Is supplled free with
NEPTUNE 1 7 axes; 12 bit control system e s

2.5Kq capacity: 11 20mm teach.

Leads avaliable for connection to BBC, ZX
MENTOR DC servo desktop robot; 8 bt Spectrum, Appie tie, Commodore 64 and
controi system; 300gm capacity; 420mm reach. VIC 20

Most other mecros are also easily usabie with
these robots.
Robots also availabie ready busit
Please phone for brochure: 0264 50093.
" West Portway Industrial Estate, Andover SP10 3ET.
a yberas™e A private and independent company giving prompt,
pplicatisns ersonal service

Robots programmed from keyboard or hand-
hetd simulator {model robot).
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UNIVERSAL
EPROM

MARK I

Make programming even exotic EPROMs easy with our
upgraded Universal EPROM programmer. Mike Bedford
(hardware) and Gordon Bennett (software) produce a software-
driven version of this invaluable device in both upgrade and self-

contained form.

s far as the world of micro-
A electronics is concerned, a

lot of water can pass under
the bridge in 18 months. In August
1983, a design for a universal
EPROM programmer was published
in ETI and, as its name su%?ests,
this piece of equipment allowed
virtually all the common single
supply EPROMs to be programmed.
At this time the largest device avail
able was the 27128, only prelimin-
ary data being available for the
27256. In the intervening period
the 27256, 27512 and 27513 have
become available and since they
use a different programming volt-
age to the previous devices may
not be programmed by the original
programmer. The 2764A and
27128A have also made an appear-
ance, these being lower program-
ming voltage versions of the 2764
and 27128 respectively. This being
the case, it seemed appropriate to
introduce a Mkll version of the
EPROM programmer to support
these new devices and at the same
time make some other improve-
ments, We have produced an up-
grade board to allow existing users
of the Mkl board to enhance it
and also a single Mkl board for
those without the earlier board.

The Mkll Universal EPROM

Programmer is capable of pro-
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gramming a comprehensive range
of single supply EPROMs varying
in size from the 2758 to the 27512
and 27513 and including the 27-
series, 25-series and the Motorola
68-series as well as a number of
EEPROMs. In addition it allows the
2764 and larger devices to be pro-
grammed by the intelligent pro-
gramming method hence reducing
programming times drastically. All
supply voltages have been made
switchable under program controls
so there is no need for a switch on
the programming console. Two
LEDs have been provided to indi-
cate the current status of the pro-
grammer — in particular whether
or not it is safe to remove the
device. A modification to speed up
EPROM reading has been made
and, as a final enhancement, it is
easier to set up since the adjust-
ment of the programming voltages
has been made much finer and the
potentiometers are now more
accessible when the board is rack-
mounted.

in both versions, the program-
mer is fully programmable and
everything i> controlled by soft-
ware. It is designed around the
Tanbus specification which means
that it should be an easy task to
interface it to any 6502 or 6809
based system and users of a

PROGRAMMER

Tangerine computer will be able to
plug the programmer directly into
the system rack.

New Devices

Before describing the new pro-
grammerit is helpful to outline the
advances in the realm of EPROMs
which have made this upgrade
necessary. Table 1 shows the pin-
outs of all the devices which are
supported. A similar illustration
was included with the original
article showing how standard pin-
outs made designing a universal
programmer relatively easy. The
new devices conform to the same
standard and also have JEDEC pin-
outs,

This family of devices must
now include the largest single
page EPROMs which will be used
with 8-bit processors, as the capa-
cityofa 27512 is 64K bytes — in
other words, it occupies the entire
memory map of an 8-bit system.
The 27513 has the same capacity
as the 27512 but the memory is
organised differently having 4
pages of 16K bytes each and
therefore representing the first of a
new class of devices — paged
EPROMs. To specify the page to
be accessed a write operation is
gerformed. The least significant 2

its of the following data word
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then specify the page number.

The major fact about the 27256
and 27512/2513 which makes
them incompatible with the
original EPROM programmer is
that the programming voltage is
12.5V. This follows the trend of
decreasing programming voltaﬁes
as the capacity increases and the
silicon die size decreases, the
devices up to and including the
2732 using 25V and the 2764 and
27128 using 21V. In addition, ver-
sions of the 2764 and 27128
which also use the new 12.5V Vpp
have been released. These are
known as the M2764A and
27128A.

Intelligent programming is
possible on all devices from the
2764 upwards. In this case, Tms
programming pulses are applied to
the EPROM until it verifies, at
which point a further pulse is
applied. This contrasts with the
standard programming method in
which a 50ms programming pulse
is always used. As the larger
EPROM s are introduced, intelligent
programming becomes increasingly
desirable. It can reduce program-
ming times from almost one hour
to about eight minutes for the
27512,

Intelligent programming
requires the supply voltage to be
raised from the normal 5V to 6V
during the programming cycle, a
facility not available on the Mkl
board. A different programming
time reduction method has been
introduced on the latest version of
the Texas 25 series devices and
on some manufacturers’ recent
2732s and 2764s. These devices
use a fixed length programming
pulse of 10mS rather than the

The console of the programmer.

standard 50mS pulse.

Another facility introduced on
some of the newer devices is re-
ferred to as 'intelligent identifier
or ‘auto select mode’. After apply-
ing +12V to A9, where this facility
Is available, one ot two bytes may
be read out depending on the
logic level of AQ. These two bytes
contain codes identifying both the
device type and the manufacturer.
It was decided not to implement
this mode for two reasons, Firstly,
the facility was designed for indus-
trial production programming
where the process is often carried
out by those with a minimal
knowledge of electronics. By con-
trast, the home user will probably

be clear about what device type is
being used. Secondly, not all de-
vices include the facility, and it is
reasonable to assume that apply-
ing +12V to A9 of EPROMs with-
out intelligent identifier will be
detrimental. In an environment in
which all devices from the 2758
upwards are to be programmed,
the provision of the feature will
increase the likelihood of destroy-
ing EPROM:s.

The price of EPROMs has been
influenced by the fact that quartz
windows could only be fitted in
ceramic packages. Recent advances
now allow a seal to be
made between quartz and plastic
and, as a result, some manufac-
turers are releasing EPROMs in
plastic packages at a significant
cost reduction. Over the past few
years, the price of EPROMs has
already reduced to the point where
they are comparable to the price
of ROMs. Since a large proportion
of the remaining cost is due to the
quartz window, manufacturers have
also started producing EPROMs
without the quartz window at an
even lower price.

The lack of quartz window
means that these devices cannot
be exposed to ultra voilet and
erased. They are referred to as pro-
duction EPROMs or OTP EPROMs
(One Time Programmable). Since
these EPROMs are electrically
identical to standard EPROMs,
they are programmed in exactly
the same way.

Some EPROMs are now avail-
able not only in the standard 24 or
28 pin DIL (dual-in-line) packages
but also in the newer, smaller,
LCC (leadless-chip-carrier) pack-
ages which have pins spaced at

(27612 127812 | 27296 | 27138 | 2864 | 2704 (08704 | 2032 | 7722 |@e7x2| 2770 | 278 | P PN | 2788 | 2018 (0722 | 732 | X2 |e7ea | 2784 | 2860 | 27928 | 27208 | 27m2 | 212
N7 1204 T784A n]A »nmn ~NO, NO, »e TTR4A 712048

N/ |a1s | vee |vee [vee |vep 1 E:.... S 1 28 vee | vee | vee| vee| vee| vee
2 P PACKAGE

A2 [a12|a12 [A12 | €8T (A2 2 E :] 2 POR| &52 | PGR| A14 | Ava| WE

a7 | a7 | a7 | a7 | a7 [A7 | A7 [ A7 | A7 (A7 | A7 | a7 | 3 [ & N/ I ber24 vee | vee | vee | vee |vee [vee| e [ nic [ aiaf a1af a3 arz
24 PIN PACKAGE

a6 (A6 [ ae | a8 | a6 [ac | a6 | a6 | a8 | a6 | a6 | a8 | 422 [ ] psrz) as | as | a8 | a8 | as | as | as | as| as| as | as| as

as (a5 (a5 | a5 [ a5 [ a5 | a5 [ a5 | a5 | a5 | a5 | a5 |52 [ i 24s22) A9 | A9 | A9 | A9 | A9 | A9 | A0 | A0 | A | A9 | As [ e

A [ae | ae | as {aa |as | ac|ac|ac|ac| as|ae]en 1 ] pari|ver | vee | ar a1t |ver|a1z|annjarz|an|an|an|an

A3 (A3 | A3 |a3|a3|A3|A3 (A3 ]|A3(A3|A3|A3]m [ ] mm&vﬁ%%vﬁ&%&&ﬁﬁ;

A2 (A2 | A2 |A2 [A2 |a2| A2 | A2 | a2 |A2|a2]| A28 O ] R1/19] AR | A10 [A10 |A10[A10|At10|A10]|A10] A10| A10] Ar0] AT0

ar |ar|arfar|arar[ar]ar a1 |ar]|ar|ar|en 1 :] 20/1&'505'/‘ 'C('s!./. an 'Cg'/‘ anfan| e |an| e8| e 'C& [

A0 [0 | a0 | a0 [ a0 | A0 | a0 | a0 | A0 | A0 | A0 | A0 {108 1 ] ho/17| 07 | 07 {07 {07 |07 | D7 | D7 | D7 [ D7 | 07 | 07 | D7

I NUMBE|

00 {00 (D0 |00 (0o |00 | 0o | oo (Do Do Do| oo EE:'EE:::::.J"] he/18| 08 | D6 | D6 | D8 | Do | Do | De [ Do | De | D | D6 [ Do
PACKAGES AND THE

D1 |p1 | D1 D1 |01 DV |{D1|D1|D1 D1 | D1 | DY |1270f [] smeosoromem™ h7/18{ 06 (05 | 05 | 05 (05 (05 | 05 | 05| 05 | D5 | 05 | DB

D2 (02 {02 | D2 D2 |D2 | D2 | D2 [ D2 | D2 | D2 | D2 [13M9 L i he/14( D4 | D4 | D4 | D8 | Da | D4 | Da [ Ds | Da | D4 | 04 | Ds

IGND |GND [GND {GND |GND |[GND [GND |GND |GND [GND [GND [GND |14/ { 1 hs/13 03 |03 |03 |03 |03 |03 | D3| 03| 03| O3 | D3| D3

o q
Table 1 Pin-outs of all devices supported by the programmer.
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2564 | A8 A7I_1 vep | vee | C82 | vee
2632 | A8 | A7 vee A8
2764 | A7 [A12| VPP vece | PGM
27132 A7 vCC
2716/2618 | A7 vee
PINND. | 4 |3 |2 |1 32|31
A5 |AB [AB (A8 [a8 | & a8 | A8 | aB a8
A¢ [as (A5 | A5 (A5 | & A9 | A9 | A9 |vPP| A9
b | as | aa | 7 27 A1 | A1 ,'& A2
a3 |A3 A3 [A3 A3 | 8 26 |vep ,’gﬁ
A2 |2 (A2 [az a2 2 |oe |9E | o
A1 (a1 [ A1 |ar|ar |0 24 |a10 |a10 |A10 | A10 |At0
A0 | A0 | a0 | A0 [ A0 | 1 23 fg," g" CE a1 |an
oo | DO 12 22 |07 |07 |07 |07 | D7
o1 (D1 |00 | D0 | DO |13 21 |06 |06 | D6 | D8 | D6
14|15 |18| 17|18 19] 20
o1 | 02 [GND 03 | pa | DS
o1 | D2 [GND D3 | D4 | D5
o1 | D2 [GND o3 | ps! ps
02 GND| D3 D4 { DS
02 ano| 03 D4 l DS

Table 2 Pin-outs of all LCC devices which could be
supported by the programmer.

0.05” on 4 sides of a rectangle and
so allow a much greater PCB pack-
ing density. Internally these devices
are identical to conventionally
packaged EPROMs and as a result
the programming requirements are
the same. To handle them, the
EPROM programmer only needs
to be provided with a difterent
socket on the console, Table 2
shows the pin-out of those devices
currently available in this package.
It should be noted that the 25
series devices differ from each
other and the 27 series devices in
this configuration more than in the
standard DIL package. Accor-
dingly, it would be advisable to
consider programming only the 27
series EPROMs in LCC configura-
tion or to provide a number of dif-
ferent sockets.

Similar Devices

The term EPROM is usually
taken to mean UV erasable
PROM, but there is a closely re-
lated family of devices — elec-
trically erasable programmable
read-only memories, known as
EEPROMs or E2PROMs, At the
time of designing the original pro-
grammer, the extra complexity in-
volved in supporting EEPROMs
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was not considered justifiable in
view of their high cost. The price
of EEPROMs has not dropped
drastically and they are, therefore,
still quite rare among home com-
puter users. But numerous enhance-
ments to these devices have been
made which simplify the program-
ming and accordingly they may be
supported by the Mklt programmer.

The fact which complicated the
programming of the original Intel
2816 (2K x 8 EEPROM) was the
fact that it used a 21V program-
ming voltage which had to be
shaped by an RC circuit to give an
exponential rise. the next develop-
ment still used 21V for program-
ming but the waveform shaping
requirement was relaxed, the only
restriction then being on the fall
time of the Vpp pulse. The latest
EEPROMs don’t even require a
high programming voltage, internal
circuitry generating this from the
+5V supply. In addition, there are
now some devices which support
these very latest programminF
techniques but are compatible
with earlier devices, accepting
either 21V or TTL programming
levels.

EEPROMs have also developed
in the method of programming.

On the first devices, a byte could
only be programmed if it were first
erased, either by writing an
FF(HEX) to that byte or ?l using
the complete chip erase facility.
On the more recent devices, bytes
may be directly re-programmed
without the need for erasing first.
Programming times and the num-
ber of programming cycles have
also seen improvements. The first
2816 required 10mS programming
pulses whereas some of the newer
versions will programme in 2m$S
per byte. The technology used in
EEPROMs, HMOS-E FLOTEX cell
design, has an inherent limitation
on the number of programming
cycles. The original EEPROMs had
a lifetime of 10,000 cycles but 1
million cycles is now not uncom-
monly quoted.

Unfortunately, there isnt the
same degree of standardisation
among EEPROMs as with UV
EPROMs. Although a 2816 is
always a 2K x 8 EEPROM, different
manufacturers’ devices with this
number may represent a number
of different points within the pro-
gression outlined above. In addi-
tion 2816A, 2817, 2817A and
5213 are variations on the same
theme by various manufacturers.
Because of these complications,
we won't give a list of EEPROM
type numbers which are suppor-
ted by the Mkll Universal EPROM
programmer. It will, in fact, handle
all those 2K x 8 devices which fea-
ture TTL level programming. Some
8K x 8 EEPROMs are also becom-
ming available — for example, the
2864 and 52B33. Where these are
programmed by TTL levels, they
may also be supported by the
MkI| programmer.

Mark 11 Board —
Hardware

This section refers to either the
Mkl EPROM programmer or the
MkI with the addition of the up-
grade board, the hardware of
these two configurations bein§
identical with one exception. The
Mkl board has 4 x 6821 PlAs, of
which 2 are used by the program-
mer for control functions leaving 2
free for general use. The Mkli
board utilises 3 PIAs for controlling
the programmer, the 4th having
been omitted in order to fit the
extra circuitry onto the PCB. The
upgrade board makes use of the
3rd PIA on the Mkl board but does
not, however, affect the 4th one
which means that this configura-
tion gives a spare PIA, the true
MkII'board not having this facility. ’
(See’How It Works' for part
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numbering.)

Table 3 is a memory map of the
Mkl Universal EPROM Program-
mer in which the function of each
bit is outlined. Some bits control
certain functions such as Vcc and
Vpp voltage levels, the majority,
however, control the signal levels
on various pins of SK3, the EPROM
socket. For all bits connected to
SK3, except those marked Vcc or
Vpp, writing a 1 will set the pin to
a logic high, whereas writing a 0
will set it to a logic low. For the Vcc
and .Vpp bits, a 1 sets the pin to
the currently selected Vcc or Vpp
voItaFe and a 0 sets the pin to OV.
It will be noticed that some pins
have more than one bit controlling

them. This happens where a par-
ticular pin can take either a logic
level or a Vpp voltage. In such
cases, although this wouldn’t nor-
mally be required, it would not be
harmful to set both bits high at the
same time since the two corres-
ponding outputs are isolated by
use of diodes.

Finally, in the 6821 PIA, the
data direction registers are double
addressed with the corresponding
I/O port register. Bit 2 in the
appropriate control register deter-
mines which of these two registers
actually will be addressed, a 1
selecting the 1/O port register and
a 0 selecting the data direction
register. Once the data direction

register is selected, settinga 1 toa
bit in this register selects the
corresponding bit in the 1/0 port
to be an output whereas a 0
selects the I/O port bit to be an
input.

The Upgrade Board —
Construction

Construction of the upgrade
board for the Mkl programmer is
straightforward and no special
comments need to be made. Inter-
facing to the main board and sett-
ing up do require explanation. The
procedure is as follows:

A. Remove the regulator IC10
from the main board. This may be

re-used as IC12 or IC13 on the
srnow upErade board.
wo. B. Remove R4, R5 and C1 from the
< . 5 main board. RV1, RV2, RV3, Q3,
I £ & o BIT DESIGNATIONS Q4 and R6 may also be removed if
S B 7 s 5 . 3 2 ! ° required.
ot a7 1 2 2 27 24 » C. Remove SW1 if :itted to the
19 oumicnow O oumT wimeo | uwveto az| an main PCB or if not fitted remove
measTeR A o0 L Vel Vil Ve the two wire links in its place.
ey D. Remove D1 on the main board. ’
oo oL 4 A2 UNUSED S5t | caruwuseo E. Add D3 to the main board, con-
(A, necting the cathode to SK3 pin 1
and the anode to IC9 pin 9.
o 3 4 5 [ ? 8 [} 10 F. Replace Cs (1 on) by 100n on
O omition 2 U™ the main board.
e il Vel Vil Vil Vil Vs VAl Vil G. Physically fix the upgrade board
T to the main board by use of three
o Emmer 3 oumw Do | e [ el cayunuseo plastic bolts. If the fixing holes
orvee| Toms marked on the upgrade board are
used they will allign with ‘track-
Y o | 1 v 16 e i ? " free’ areas of the main board. The
G Y o7 ps | o5 | o 03 oz | /on 00 photographs with this article
tllustrate the means of inter-
plieer connection.
o W3RN 8 — b n e | H. make the connections between
1o A the two boards as shown in
VPP 12VE W'oI‘VJ VPP SV Table 4.
rORT O/ vee ay seLacT seLect seeecr | 23 2 2 20
- TR e el [ N s NP
uﬂ.#lllv
IC8 atomrins 7 — €B2 UNUSED S CB1 UNUSED
\Poare
) A 8 — AVAILABLE RO GENERAL USE ViA SK7 (ON MK1 BOARD)
REGETER A
€7 poeran 0 — AVAILABLE FOR GENERAL USE ViA 857 {ON MK1 BOARD)
PORT &/ 2 2 U
167 omethow A oumur unusED o | uwuseo . b
REGETEA S Ot vce VPP
neduTan AT
€7 Skrias 8 — €82 UNUSED AcORSMA | @1 UNUSED
lw'.l
ey b PRl o B T
mn:v'lgmv:v‘( B BENG USED. DETAILE MAY B
Table 3 Memory map of the programmer. An early prototype of the upgrade
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J. If using a programming console
remove the switch, connecting the
two wires which this interrruped
directly to the appropriate ZIF
socket pins and add 1 green and 1
red LED which are wired to con-
nector A on the upgrade board via
a 4-way cable as follows:

A/1  Green LED anode

A/2 Green LED cathode

A/3 Red LED anode

A/4 Red LED cathode

K. Installation is now complete
and Vcc and Vrp voltages need to
be set up as follows after first tem-
porarily removing the wires to con-
nector C:

1. Apply +5V to C7 only and

UPGRADE BOARD CONNECTOR

LIEIIIXIQQQQ22QQQLQ

B/

-
ONOVNHLWN=OOWONOUV LEWN =

MAIN BOARD DESTINATION
IC7 PIN 14
IC7PIN 13
IC7 PIN 12
IC8 PIN 17
IC8 PIN 15
IC8 PIN 16
IC8 PIN 14
IC7 PIN 11
IC7 PIN 10
IC8 PIN 12
IC11PIN1

NO CONNECTION
SK3 PIN 28
O/P (CENTRE) OF IC10
SK3 PIN 1
OV (IC11 PIN 11)
SK3 PIN 22
+S5V(IC11 PIN 13)

Table 4 Connections between the upgrade board and the original programmer.

adjust RV4 to give +5V on B4.
2. Apply +5V to Cé only and
adjust RV5 to give +12.5V on
B4

3. Apply +5V to C5 only and
adjust RV6 to give +21V on B4.
4. Remove +5V from C5 and
adjust RV7 to give +25V on B4,
3. Apply +5V to C4 only and
adjust RV8 to give +5V on B2.
4. Remove +5V from C4 and
adjust RV9 to give +26V on B2.

+30V

R17

10k
Vee ON €8 O—AAMA
Vpp ON €O O—A A

R1g
10k
N oury
— 112
cn L
1600 apJ| e

RVa

VS RV
220R
R25 R26 R27
560R 1k2 k2

A 13 [} 0)

31
47
Vpp +6 C7 ) )
R32 4k7
Vpp +125 C6O—" VWA

»

Vpp 421 €5 O—AAAA
A33

&®7

Veg 6 €4 0—AAAA
R34

&7 BV
aw
RED LED I/P R38
c2 R35 470R |
10k
a8
a1
GREEN LED
I3 R3S
ca R37 470R
10k
Q20
OE DRIVE C10-
VpplPIN 22)
DRIVE O-
clo

016

NOTE.

1C12,13 = LMI17MP

IC14 = 78540

Q9,11,13-21,23,24 = BC1B4L
Q10,12,22 = BC214L

01,45 = 0A91

(SEE TEXT FOR MODIFICATIONS
TO MAIN BOARD}

Fig. 1 Circuit diagram of the upgrade board (note component numbering).
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HOW IT WORKS

PARTS LIST

Readers should note that the compo-
nent numbers on Fig. 1 — the upgrade
board circuit diagram — do not startat 1.

switched out by transistors, has been
replaced. The new regulator is similar to

supply which is regulated to either +5V
or +6V for Vcc. This regulator circuit is
built around IC13 and is a similar con-
figuration to the Vpp regulator. Transis-

tors Q11 and Q12 provide a switched
Vcc supply which replaces the original,
manually switched supply to EPROM pin

Instead they follow on from the compo- 28. 45 10k
nent numbers on the main Mkl board. It should be noted that the Vcc supply R19,22 240R
The following description assumes a to pin 24 on the EPROM need not come R20,23,44,46 1k0
knowledge of the workings of the Mkl from this circuitry as no 24pin devices R21,24 100k
board to which the upgrade boardis con- feature intelligent programming so R25,29 560R
nected and a description of which may +5V will always be used. R26,27 1k2
be found in ET! August 1983. On the original board a 10nF capaci- R28,36,38 470R
The upgrade board supplies Vpp tor, C5, was connected between OE/ R30 82R
(selectable to +5V, +12.5V, +21V or Vpp on pin 22 of the EPROM socket and R31,32,33,34 4k7
+25V), Vcc (selectable to+5V or +6V), 0V. This was a compromise between the R39 OR22 W/W
a replacement driver for OE (the active 100nF suppression capacitor actually R40 12k
low output enable line) and drivers for specified in the 2732 data sheet and a R42 2k2
two LEDs. The old part of the Vpp cir- value which wouldn’t slow down logic R47 120R 1/2W
cuitry which generates an unregulated edges too much. On the new circuit the RV4,8,9 220R vertical min
+30V by use of a 78540 has been re- recommended 100nF capactitor is used preset
tained. However, the regulator consist- but logic signals are not significantly RVS5,6,7 470R vertical min
ing ofaLM317MP and aresistor chain, in slowed down as aresult of the Q21/Q22 preset
which portions of the chain could be combination which provides a high CAPACITORS

current OF signal capable of charging
the capacitorrapidly and Q24 which pro-

the one on the .Mkl board bl{( diﬂers_in vides a I9gic low si_gnal bypass_ing the c11,13 100n ceramic
two respects. Firstly each variable resis- suppression capacitor. Capacitor C5 C12.14 1u tantalum
tor in the chain has a fixed resistor in should be changed on the original c15' 100u 16V axial
series with it, hence giving a more board. electrolytic
accurate means of setting up the volt- Transistor Q23 provides a NOR func- C16 4n7 polyester
ages. Secondly an extra resistor portion tion, turning Q24 on when neither of the

and transistor have been added to allow signals driving EPROM pin 22 are SEMICONDUCTORS

the +12.5V programming voltage to be present. 1€12,13 LM317 MP
selected. This regulation circuit com- Transistors Q17, Q18, Q19 and Q20 1IC14 78540

prises 1C12, Q13, Q14, Q15 and the simply form two darlington drivers with g Q9,11,13,14,15,16,

associated passive components. An un- built-in current limiting resistors to drive Q17,18,19,20,21,

switched Vpp is passed to various Vpp two LEDs indicating programmer status. 23,24 BC184L
switches on the main board. Transistors In addition to the extra circuitry on the Q10,12,22 BC214L

Q9 and Q10 provide a switched Vpp upgrade board an extra diode, D3, is D1,D4,D5 | 0A91

which replaces the supply to EPROM pin added to the main board. This is to pro- D3 (fit on main

1, previously switched manually. 1C14 vide the extra address line A15 to pin 1 of board) 0AN

and its associated components form a the EPROM socket, the diode being MISCELLANEOUS

second step-up circuit providing a +8V requiredtoisolate it from the Vpp supply L2 31uH, 13 turns 22

which can also be present on this pin.
Thisdiode — an OA91 — should be fitted
between SK3 pin 1 (cathode) and I1C9 pin
9 (anode).

' v'"

o
Y —8

—{FE}—~

= CIED, - L
- @) (=) %
o | Py — ______BUYLINES
r —'-—' . 3 [ ] tr q_
,v L, g@ 2 All components are standard. The
;- = m—— w55} 3 ET0, biggest problem may be in finding a 28-
.v o . A3S&EaS pin ZIF socket. These are supplied by
= L ~{Ezz}— |2 Watford Electronics and Technomatic.
| —{Rr%d] Electrovalue and Maplin will supply a
OR22 wirewound resistor and Elec-

z - dard inter-PCB connectors and the Euro
"" m =7 ) 1= connector for the Mkil board likewise.

= =iz S qd® The version of the LM317 you should

b - look foris oneinaTO 202 or TO 220 case
%= " . -a317Mor317 Twilldoifyou can’tfind a
u— 3 _-’_‘ b 317 MP. All semiconductors should be

Srme

RESISTORS (all %YW, 5% unless stated)

R17, 18,35,37,43,

C5 (replace on 100n ceramic

main board)

SWG on RM6 pot

core (Al=250)
Connectors A,8,C 0.1” pitch right

angled molex

connectors. 4,9 and

8 ways respectively.
PCB, three plastic bolts and nuts for
attaching to main PCB.

trovalue will also supply the RM6 pot
cores. The Molex connectors are stan-

available from any supplier with a good
stock - Technomatic, Rapid and TK
advertise the LM317 T, Watford adver-

S e

41U - N - § tises all the other ICs.
o s (o] —_ e H —— 1
S [ lg Lrerreey H% Over the next two months, we’ll be
3 - : R} & dealing with an entirely self-con-
5 M f } tained version of the Mkll and with
) =Lkt 1 EA R T e the software to drive the upgrade.
% Fig. 2 Overlay diagram of the upgrade board. ETI



Next month’s ETI leads off with a major feature on TIME
DOMAIN ANALYSIS, an invaluable technique for circuit
design and analysis brought within the reach of everyone
with a home micro. Our comprehensive feature, complete
with program listings in standard BASIC, explains the tech-
nique and how to use it.

A major constructional project is the SECOND PRO-
CESSOR FOR THE ACORN ELECTRON. Second processors
areamongthe most exciting add-ons for computers and this
feature explains the whys and wherefores in general terms
before leaping into the particular circuit. Of course, the
board can be adapted to suit any 6502/6510 computer.

Meanwhile, on the analogue front, John Linsley Hood
continues his series on THE REAL COMPONENTS, explain-
ing the y, z and h characteristics of transistors and how to
handle them in designing circuits. Linsley Hood also unveils
a LOW-COST AUDIO MIXER which will bring near-pro-
fessional facilities to the humblest of PA, broadcast, domes-
tic and studio systems.

In addition, we include the second part of the EPROM
PROGRAMMER UPGRADE - the completely self-contained
board-; an EPROM EMULATOR designed for use with the
6802 board featured in this issue, but adaptable to any
system; a HEAT PEN add-on for digital voltmeters, which will
convert almost any DVM into a multi-purpose ther-
mometer; TECH TIPS, READ/WRITE and the new ETC
section, featuring COLUMNS, REVIEWS and SCRATCH-
PAD, the ETI diary.

Plus all the usual ETI features in ajam-packed issue. It’s on
sale on MAY 3RD - SO AVOID DISAPPOINTMENT AND
PLACE YOUR ORDER NOW.

A COMPLETE
SECURITY
SYSTEM

FOR ONLY
£39.95 + var

contains
Control Unn
Enclosure & mechanical fixings
Katv Switeh & 2 keys

D's

ALARM CONTROL
UNIT
CA 1250

Price £19.95+VAT.
The hesrt of any alarm system is the control
unit, The CA 1250 offes every possible feature
that s likely 10 be raquied when constructing 8
System whether 8 hghty sophisticated
nstsliation of simply controling @ single
Magnetic swich on the front door.
¢ Budt i stectronic siren drives 2 loud

5% " Horn Spesker

4 high quality surface mounting Magnetic Switches MS 1025

With onty & few hours ol your time it 13 possible to assemble and install an
effechve secunity system 10 protect your famity and proper ty. st the smazingly
low cost of £39.95«V A T. No compromises have been made snd no corners
have been cut The outstanding vatue results from volume produc tion and
diect supply Assembly s straightforward with the detaded nstruchons
provided. When installed you can enjoy the peace of mind that results from a
securehome Shouid you wish 10 ncrease the ievel of security, the system may.
be extended st 8ny time with 8ddmional magnelic switches. pressure pads o
ulivasonic sensors Don't wait until t's 100 Iate -~ order 10dey

Order Code: CS 1370,

EXTENDED SYSTEM CS 1480 Price £62.50 + VAT,

Thes system contains. in addimion to the CS 1370, an wiirasonic detector type
US 5063 « its enclosura. an sddional hom speaker and 8 further 2 magnetic
switches This system represenis outstanding value for money tor the hugh
level of securnty provided

Order Coder CS 1480,

speakers

*Provides entt and entrance delays together
with fixed alarm time

»Battery back up with trickle charge faciity

*Operates with maynatic switches. pressure
pads, uitrasonc or LR umits

* Anti-tamper and paric tacihty

* Statwlised output voRage

*2 operating modes full alarm/antl 1smper
and pandc facility

*» Screw connections 1or ease of nstailation

*Separate refay contacts for external loads

* Test loop facility

FORQUALITY COMPONENTS
BY MAIL ORDER

ElCecTROVALUE)

FREE POSTAGE
GOOD DISCOUNTS
GOOD SERVICE
THOUSANDS OF
STOCK ITEMS
PHONE YOUR ORDER
ACCESS OR
BARCLAYCARD

44 PAGE
PRICED AND
(LLUSTRATED
CATALOGUE

ON REQUEST

ELECTROVALUE LTD 28 St. Jude’s Road. Englefield Green. Egham.
Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475
North Branch. 680 Burnage Lane. Manchester M19 1NA
Phone 061 432 4945
Please meniion this publication when replying

TIMER SWITCH & POWER SUPPLY MODULE
DP 3570 Price £13.95 + VAT.

The DP 3570 consists of an adjustable timer switch and statvlised 12V power
supply for use iha wide range of apphcations including security, Iighting control
and automatic switching

The timer section of the module provides switching of loads up 10 3A for pre
set imaes, the duration of which may be set by (he user 10 between K secs and
§ mins The tmed penod may be tnggered by the openng of 8 100p o the
closing of external contacts, with the timed period commencing
mnstantaneously or delayed to provide 8 form of entrance detay

The power supply section of the module provides 8 12V output of up 16 250mA
which @ sufficient for most appiications. The moduie operates from either
240V sk supply or a 12V battery for which trickle charge faciliies arg included
Connections to the module are by means of screw terminal connectars with no
soldering needed

For mounting the unit an sitractive moulded
enclosure i1s avalable

ME 357 only £2.85 + VAT

\

INFRA-RED SYSTEM IR 1470 only £25.61+VAT.

Consisting of separate transmitter snd receiver both of which are housed in
atrractive moulded cases. the systemn provides an invisible modulsted beam
over distances of up to 501t operating & relay when the beam is broken.
intended for use M security systems. but also «dest for photographic and
measurement 3pphcations. Size BO x 50 x 35mm

SELF-CONTAINED ULTRASONIC
ALARM UNIT CK 5063 only £37.00 + VAT,

Requires no inataliaton. Eas'y assembied using owr

professionally buill and tested modules

*Adjustabie range up 10 25M

*Built-in envrance and exit delay

*Buiit i tamed alarm

*Key operated switch - Off. Test ana Operate

*Provision for an extension speaker

sFully selt-contained

*Uses US 5063, PSL 1865 Key Swiich 3901

J Speaker 3515

Now you can assembie a really effective mtruder alarm at this low price using
tred and tested Riscomp modules Supplied with full Instructions. the kit
conlanseverything necessary 1o provide an effective warning sysiem for your
house or flat. With s buitt-n LED indicator and test position the unit is eas)ly set
up requining no installauon. t may s\mply be placed on 8 Cupboard o desh
Movement within is range will then cause the bt siren to produce a
penetrating 30dbs of sound of even 110dbs with an addibonal speaker. Al
parts included andt suppled with tull instructions for sase of assembly, Suze
200 x 180 x 70mm Order as CK 5063,

RISCOMP
LIMITED

Dept ETI1/5

21 Duke Street,

Princes Risborough,

Bucks. HP17 0AT

Princes Risborough (084 44) 6326
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HARDWARE KIT
HW 1250

only
£9.50
+ VAT

Trus atrractive case @ designed to house the
control unt CA 1250, together with the
appropriate LED indicators and key switch
Supplied with the necessary mounting pillars
and punched front canel, the unit 13 given a
orofessional appearance by 8n adhesive sith
screened label Suze 200 u 180 x 700m

SIREN & POWER
SUPPLY
MOOULE

PSL 1865

only '
£9.95 + VAT,

A compiele siren and power supply Module
which 3 capabie of providing sound levels of
110dbs at 2 metres when used with 8 horn
speakes. In addmion the unl provides 8
stabiised 12V ouiput up 10 100MA A
swrching relay i 280 ncluded 0 that the una
may be used I conunchion with the US 5063
10 form a compiete slarm

DIGITAL ULTRASONIC ; ULTRASONIC MODULE
DETECTOR ENCLOSURE
US 5063

. - -
"if
w .

- only
g , £295
+ VAL

*3 levals of discrimmnation against faise alarms

E1395 + VAT Coyatal control for greater stabety

*Adpstabie range up to 250

*Bustt in delays 12V operation

This advanced moduie uses dignal signal processing 10 provide the

highest level of sensitivity whi'st discaiminating against potential faise

slarm conditions

RiSCOMP
THE SECURITY
SPECIALISTS!

tot00pm
anquines
phone or post

e
B o croonters (B

Sutable metal enclosute for housing an
ndridusl ultrasonic Modute type US 3 or
US 4012, Supphed wih the necessary
mMounting pilars and scraws etc For US 506
order SC 5083, for US 4012 order SC 4012,

FULL
RANGE OF
ACCESSORIES
STOCKED
SEND SAE FOR
DETAILS

Add 15 VAT to ait orices
Add 7$p post and paching to sl orders
Unds 3n demonstrstion

Shop wours 90010530 p m

Closed Wednasday
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electronics today international

BOOK SERVICE

How to order: indicate the books required by ticking the boxes-and send this page, together with your payment to: ETI Book Service,
Technical Book Service, Oak House, Cannon Hill Way, Maidenhead SL6 2EY. Make cheques payable to Technical Book Service. Payment
in sterling only please. All prices include P & P. Prices may be subject to change without notice.

BEGINNERS GUIDE

Beginner’s Guide to Basic Programming
Stephenson .
Beginner’s Guide to Digital Electronics
Beginner's Guide to Electronics
Beginner's Guide to Integrated Circuits
Beginner’s Guide to Computers
Beginner’s Guide to Microprocessors

CO0KBOOKS
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Microprocessor Cookbook M. Hordeski
I1C Op Amp Cookbook Jung

Active Filer Cookbook Lancaster

TV Typewriter Cookbook Lancaster
CMOS Cookbook Lancaster

TTL Cookbook Lancaster

Micro Cookbook Vol.1 Lancaster

ELECTRONICS

Principles of Transistor Circuits Amos

Design of Active Filters with experiments Berlin
Electronic Devices & Circuit Theory Boylestad
Principles of Electronic Instrumentation De Sa
Giant Handbook of Computer Software

Giant Handbook of Electronic Circuits

Giant Handbook of Electronic Projects

Electronic Logic Circuits Gibson

Analysis and Design of Analogue Integrated
Circuits Gray

Basic Electronics Grob

Introduction to Digital Electronics & Logic Joynson
Electronic Testing and Fault Diagnosis Loveday
Electronic Fault Diagnosis Loveday

Essentlal Electronics A-Z Guide Loveday
Microelectronics Digital & Analogue circuits and sys-
tems Millman

Practical Solid State Circuit Design Olesky

Power FETs and their application Oxner
Electronic Dratting and Design Raskhodoff
Electronic Fault Diagnosis Sinclair

Physics of Semiconductor Devices Sze

Digital Circuits and Microprocessors Taub

Active Filter Handbook

Designing with TTL Integrated Circuits Texas
Transistor Circuit Design Texas

Digital Systems: Principles and Applications Tocci
Master Handbook of Telephones Traister

COMPUTERS & MICROCOMPUTcRS

From BASIC to PASCAL Anderson

UNIX - The Book Banaham

280 Microcomputer Handbook Barden

Digital Computer Fundamentals Barter
Microprocessor Interfacing Carr

Microcomputer Interfacing Handbook A/D & D/A
Carr

Microcomputers/Microcomputers - An Intro Gioone
Troubleshooting Microprocessors and Digital Logic
Goodman

Let your BBC Micro Teach you to program Hartnell
Programming your ZX Spectrum Hartnell

How to Design, Build and Program your own working
Computer System Havilland

BASIC Principles and Practice of Microprocessors
Heffer

Microcomputer Builders' Bible Johnson

Digital Circuits and Microcomputers Johnson
PASCAL for Students Kemp

The C - Programming Language Kernighan

Guide to Good Programming Practice Meek
Principles of Interactive Computer Graphics
Newman

Theory and Practice of Microprocessors Nicholas
Microprocessor Circuitss Vol.1. Fundamentals and
Microcontrollers Noll

Beyinner's Guide to Microprocessors Parr
Microcomputer Based Design Peatman

Digital Hardware Design Peatman

BBC Micro Revealed Ruston

Easy Programming for the ZX Spectrum Stewart
Microprocessor Applications Handbook Stout
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Programming the PET/CBM West
Computer Peripherals that you can build Wolfe

REFERENCE BOOKS
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Electronic Engineers’ Handbook Fink

Electronic Designars’ Handbook Giacoletto
Handbook for Electronic Engineering Technicians
Kauffman

Handbook of Elecironic Calculators Kauffman
Modern Electronic Circuit Reference Manual
Marcus

International Transistor Selector Towers
International Microprocessor Selector Towers
International MOS Power and other FET Selector
International Digital IC Selector Towers
international Op Amp Linear IC Selector Towers
Illustrated Dictionary of Electronics Turner

Servicing Home Video Cassette Recorders Hobbs
Complete Handbook of Videocassette Recorders
Kybett

Theory and Servising of Videocassette Recorders
McGinty

Beginner's Guide to Video Matthewson

Video Recording: Theory and Practice Robinson
Video Handbook Van Wezel

Video Technique White

NEW TITLES

Electronic Devices and Circuits Bell

CP/M - The Software Bus: A programmers guide
Clarke/Eaton & Powys-Lybbe

Electronic Instrumentation and Measurement
Techniques 2nd Ed. Cooper

Graphics on the BBC Microcomputer Cryer

The BBC Microcomputer for Beginners
Dunn/Morgan

Engineering approach to Digital Design Fletcher
A UNIX Primer Lomuto

Understanding Digital Logic Circuits Middleton
CP/M Primer Murtha/Waite

Introducing Computers Peleu

Dictionary of Computers/Data Processing and
Telecommunications Rosenberg

Computer Networks Tenenbaum

UNIX Primer Plus Waite/Martin & Prata
Introduction to PASCAL Weilsh/Elder

ELECTRONIC DATA BOOKS

THT 83/84 Data dictionary and comparison table
TVT A-Z Transistor equivalent book

TVT 2N Transistor equivalent book

DAT 1 Part 1 of compendium covering transistors A-

DAT 2 Part 2 covering C-Z transistors

DAT 3 Part 3 covering 2N21-2N6735

DAT 4 Part 4 covering 25A,25B,25C,25D,2SJ,
2SK,3N,35J,35K,4000

LIN 1 Linear operational amplifiers data and com-
parison tables

LIN 2 Linear voltage stabilizers, data and
comparison tables

TTL TTL digital data and equivalent book

DDV/1 Part 1 European diode data equivalent book
DDV/2Part 2 Amerizan and Japanese diode data and
equivalent book

Please send me the books indicated. | enclose cheque/postal order for
£

Prices include postage and packing.
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PROJECT

LARGE DIGIT
SCOREBOARD

Do your achievements go unnoticed? Build Ken Wood'’s big,
bright display board and make sure that everyone knows the

HOME VISITORS

score.

designed for use in a gym-

nasium or other large space
and uses mains light bulbs to
provide a display which is large
enough to be seen from a distance
and bright enough to be read
easily in daylight. The scores or
other numerical information are
normally entered via thumbwheel
switches but the system could also
be adapted to accept data from a
microcomputer. The basic model
has a four digit display which
could be used, for example, to
show a two-digit score for each of
two teams, but the number of
digits can easily be increased to
suit other applications.

The Circuit

The heart of the project is a
digit driver module. This uses a
7447A (BCD to seven segment
decoder) to drive a digit com-
posed of mains lamps via seven
triacs. The BCD information is fed
serially through a shift register, and
picked off the drive the display.

One module is used per digit in
the display, and they are chained
together so that they form a long
shift register of four bits per digit.
The control logic is isolated from
the mains by an opto-isolator
module at the start of the chain,
and only one of these is needed
for the display.

The third module is a power
supply. This provides two separate
5V supplies, one for the circuitry in
the display drivers and the other
for circuitry isolated from the
mains by the opto-isolator
module. The supplies shown only
offer ur) to 100mA, so for displays
with a lot of digits a different
regulator may be needed.

Finally, there is a controller
module. This takes data from up to

T his scoreboard has been
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Fig.1 Block diagram of the complete system.
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HOW IT WORKS

:::%'1%- 78L06 ? (=] —O +5V FLOATING
Q1= BC184L
BR1,2 = W005
D1 -21moo1 cs |+ cs __LED'I 8
LED1,2 » MINIATURE RED LED 417:\.; TS
BR1 v R
n 330R
; O 0V FLOATING

K10 O +5V EARTHED
P AR
C8L MAINS SYNC
1000 T~
T s
330R Q
MAINS EARTHED
€ARTH © Oov

“The power supplyisin two sections, each
of which has a bndge rectifier and a
smoothing capacitor followed by a
voltage regulator (ICs9 & 10). C6 and C8
cut out any high frequency spikes and
protect the regulators from oscillation.
Each section is also fitted with a LED and
current limiting resistor as a visual check

The section that supplies power to the
control electronics has its 0V connected
to earth as a safety precaution, and also
provides mains sync pulses to the
controller module. The bridge rectifier
BR2 is isolated from the smoothing
capacitor with a diode D1, so a full wave
rectified AC waveform appears at the
junction between D1 and R12. This s fed

to TR1, which is driven hard on for all but
the briefinterval when the waveformis at
less than 0.7V, 100 times a second.

The mains sync pulses are not
necessarily at the zero crossing point of
the mains because of the phase shifts
that can occur through the transformer.
To overcome this, they are fed into a
monostable IC1a which is trimmed so
that its output is truly at the mains zero
crossing point. This is fed into a second
monostable whose output is gated with
the controller blanking output to hold
the triacs off for a period into the mains
half cycle. This achieves the dimming
function.

1C2a, 2b, 2¢, and 3a produce a square
wave clock at about 50kHz. It is also
used to control the operation of the
remainder of the module.

IC4a, 4b, and 6a produce a pulse
lasting for exactly one clock period at
each mains crossing. Thisis used to reset
IC7, a four bit counter. The counter
controls 1CB, an eight input multiplexer,
to sequence through the bit inputs from
the thumbwheel switches. Output D
from the counter selects one switch
bank or the other via 1C2d.

of operation. N
sV
RV2
c1.L (it &

2 3
1] icen BLANKING
5

1 IOn/I

NOTE

IC1 = 4098

IC2 = 4069
1IC34=4013
ICS5 = 4001
IC6 = 4011
IC7 =~ 40163
IC8 = 4512
D2-17 = 1N4148

D217

4
ICSb SHIFT CLOCK

6 12

3b Q

ENVELOPE
JEP
1
» 3

"2 1C5¢

SHIFT

MAS"'ER

C2d

O >

SWITCH
DISABLE

w1

+5V O { I
ca |+ PINS 35, nnzu
-

11,1396 PIN14
ict 'ﬁuz, PINSS, PINS4,
PINS 1,15 7810 67810

I S S

PIN 14  PINS 12,
IC4 13,14

ICS
PIN7

I

PINS 8, PINS 9,10,16
9,14 ©?

PIN 18
Ic8
PINS 3,
4568 PINS 8,10

L

IC6
PIN7

R29
ALL 10k
+5vV

Figures 2, 3, 4 and 5. Circuit diagrams of the power

I supply (top left), the controller (above), the opto-
isolators (above right) and the digit driver board. Note

the use of separate earthed and floating +5V supplies,

the controller being operated from the earthed supply,

and bear in mind that one digit driver board is required

for each digit of the display.
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When the counter reaches 15 the carry
output goes high and the counter is
inhibited via IC2e, This means that, after
each mains zero crossing, the data bits
from the thumbwheel switches appearin
tumn at the serial data output and via | C2f
and 5c at the shift data output to the digit
drivers.

The beginning and end of this
sequence is detected by IC3b which
produces an envelope signal while data
is coming out of the controller. The
signal is made available to an external
controllervia IC6, and also gates the shift
data and shift clock outputs to the digit
drivers. It is also fed into the blanking
signal so that, even with a very short
period set for the monostable IC1b, the
triacs cannot come on while datais being
transmitted.

The three control signals connected to
the digit drivers are fed through an opto-
isolator circuit to prevent any mains
potentials reaching the control circuits,
hence making the unit completely safe
for connection to, for example, a home

computer.

Each of the three channels is identical,
so reference will be made to one channel
only. An emitter follower transistor Q2
drives the LED in the opto-isolator IC11.
The opto-isolator transistor, biased by
R19 to improve its high frequency
response, is buffered by a Schmitt
trigger (IC14a & R25), and a final output
buffer 1C14b drives the output.

IC15 is a four bit shift register, which
converts the serial data to parallel at its
outputs. The fourth output passes serial
data on to the next driver module in the
chain, thus with four digit drivers each
getsitsnew data after sixteen clocks. The
parallel BCD data is decoded by IC16 to
form the segment drive to each of seven
triacs.

The blanking signal drives Q5 which
switches off the outputs of IC16,
preventing the possibility of a digit being
displayed while the shifting process
goes or and allowing the display to be
dimmed.

+6V EARTHED O——— ——O +5V FLOATING
v Lo
R16 1l s M0V PIN 1
150R =Nl R IC14
(Y=
IC 140 1C 140
100k
md?‘.ﬁ‘.’lc';o— 2| 3 2 14 15 OUTPUT 1
a3 R20 {(BLANKING)
n
10k
R17
1l s R25
=08 —<\el A2 a
K12
INPUT 2 = 100K 5 KC14d
{SHIFT DATA) O 2| 4 5 " 12 OUTPUT 2
a0 R22 (SHIFT DATA)
10k
R18 1l s
150R R23 ae
1c13 gy L 7
D = Y00 IC14e Ic14t
1sHIFT cLock)© 2| 4 u LI 10 OUTPUT 3
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Sy v Y
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four BCD thumbwheel switches

PROJECT : Scoreboard

and turns it into a serial stream to
send to the display drivers. It also

takes mains zero crossing pulses
from the power supply and uses

them to time the serial trans-
mission. This allows the display
data to be updated while the

displays are off at the zero crossing

point of the AC mains cycle.
The controller also provides
connections so that the display

can be driven by a special purpose
external controller, or by asimple

I/O port on a home computer. In

the case of a display with more
than four digits, this is probably

the easiest way to enter data and
the circuitry for the thumbwheel

switches can be omitted.

Construction

The box should be built first,
and this is probably the most
difficult part of the construction
for those who are not naturally
good at carpentry. It is not
possible to give exact details and
dimensions because these will
vary according to the size of the
digits and the number required,
but the arrangement used in the
prototype is shown in Fig. 6 and
may be useful as a guide. Note the
downward tilt of the display area
which makes for easy viewing from
below, and the steel brackets used
to support a coloured plastic filter
in front of the lamps. )

The circuit boards are all single

— BUYLINES __

The BCD thumbwheel switches used in
the prototype were obtained from RS
Components, who will not supply parts
to non-trade customers. If you cannot
find another source you will either have
to persuade a friendly local radio dealer
to order them for you or, for a small
surcharge, order them through Crewe-
Allan & Company, 51 Scrutton Street,
London EC2. The transformer came from
Maplin, who can also supply suitable
opto-couplers. Other suppliers may also
stock these parts but check carefully that
the transformer dimensions suit the PCB
layout. Maplin also stock sheet
aluminiumwhich could be cut up to form
the heatsink and the control panel, but
you may find that a local hardware shop
can supply panels cut to size. The
semiconductors are all readily available,
with the exception of the 4098 and
possibly the 40163. Cricklewood and
Maplin stock the 4098 and Watford
stock all of the semiconductors. The
PCBs are available from our PCB service,
and don’t forget that you will need one
digit driver board for each digit of your
display.
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PARTS LIST
————CASE AND ——
CONTROL PANEL

D2-17 1N4148

FS1 panel-mounting
fuse holder and 3A
fuselink

LP panel-mounting
mains neon

SK1 7-pin DIN socket

or other multipole

connector to

choice

BCD ten position

thumbwheel switch

with true and

inverse outputs

SW5 DPST toggle or
other mains on-off
switch

Swi14

mains lights bulbs and batten
lampholders as required; wood,
brackets, etc, for enclosure; coloured
filter for front of display; small
aluminium panel for the controls and
nuts and bolts to mount; cable ties or
spiral wrap or similar; stand-off pillars,
nuts and bolts for mounting PCBs;
ribbon cable, writing, etc.

Fig. 6 Details of the cabinet used for the prototype.

REAR PANEL

——4J

sided except for the controller
which is double sided. The legs of
the components on the controller
board are used to bridge between
tracks on each side of the board,
so in Flaces the components must
be soldered on the top side of the
board as well as underneath. This
;gles out the use of sockets for the
s.

Printed circuit board pins are
used for the flying lead connec-
tions to the power supply (except
the mains into the transformer),
the isolator module, and the

display drivers (except for the
triac-to-lamp connections). The

ins should be installed first,
ollowed by the wire links, the
resistors, the capacitors, and the
semiconductors. Be careful with
the ICs as some of them are
CMOS. Leave the power supply
transformer until last and do not fit
the triacs for the time being,

The triacs on the digit driver
modules are mounted with a small
heatsink sandwiched between
them and the board. This is a
length of aluminium strip, details
of which are shown in Fig. 9. The
heatsink also provides the extra

two mounting points for the board.

Each triac is bolted to the board
through the heatsink with a mica
washer and bush to insulate the
tab. Silicone grease should be
used between the tab and the
aluminium to improve heatflow.
Two of the pins on each triac are

PARTS LIST ___

[ POWER SUPPLY™ ]

RESISTORS (all %W 5%)

R12 10k

R13,14 330R

R15 1k

CAPACITORS

G5,7 470u 16V radial
electrolytic

C6,8 100n 5% poly-
carbonate

SEMICONDUCTORS

1C9,10 78L05

Q1 BC184L

D1 1N4001

BR1,2 wo05

LED1,2 miniature red LED

MISCELLANEOUS

T 6-0-6V, 500mA

mains transformer,

chassis mounting
PCB; 1mm terminal pins; earth tag;
nuts and bolts for mounting trans-
former.

Fig. 7 Component
overlay of the power
supply board. Note
the earth connection

to the frame of the ov
transformer and the (0
mains connections SYNC [ SorPLY
taken directly to the
transformer, not to
the PCB.
MAINS
) fipatme
€
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PROJECT : Scoreboard
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Fig.8 Component overlay of a digit driver board. The lamp connections are made directly to the centre pins of the triacs.
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Fig.10 Mounting arrangements
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Fig.9 Drilling details of the heatsink for the digit driver board.
Thiac NUT ' SEGMENT &
INSULATING
BUSH
MICA WASHER -
SEGMENT 1 '
I - I —T \l SEGMENT o SEGMENT ¢
f \ LT\ HEATSINK
c;gi%lg SJOOLI?‘%R sCLT ASHER MAINS LIVE
Fig.11 How the lamps are con-

nected to form a 7-segment

for the triacs. display.
bent down to pass through the The disglays themselves are
board, while the centre pin is bent pygmy bulbs in bulb holders,
up for a flying lead connection to mounted on a wooden panel. 15W

the lamps. Only after the triac
-heatsink assembly has been
completed should the triacs be
soldered to the board.
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shown in

bulbs should give sufficient light
for most applications. Three bulbs
are used for each segment as

figure 11, but for larger

PARTS LIST
___DIGIT DRIVER
MODULE 1
H RESISTORS (all %W 5%)
R28 330R
R29 10k
R30-36 100R
CAPACITORS
cn 100u 10V radial
electrolytic
c12 100n poly-
carbonate
SEMICONDUCTORS
Qs BC184L
1IC15 7415195
IC16 7410847
SCR1-7 TIC206

MISCELLANEOUS

PCB; Tmm terminal pins; nuts and
bolts, mica washers and insulating
bushes for triacs; heatsink (see text
and Buylines); IC sockets if desired —
2 off 16 pin DIL.

displays it might be better to use
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