
what is a 
ROM's have a fantastic number of uses and are 

widely available as you-build-it and 
factory-builds-it types. Here's what ROM's are 

and what they are good for. 

How WOULD YOU Ll�E TO BUILD \OUR O\\N l!'ilEGRATED CIRCUll, 

perhaps to do a joh you can't lind some catalog item for? This used 
to co't $15,000 or so and take months or"ork. Today you can do it 
for $5 in minutes, with surplus units. and under $20 with lirst-1un 
parts. The trick is to use an extremely versatile integrated circuit 
called a Read Only !\1emory or ROM for short. 1.et"s take a closer 
loo� at this exciting integrated circuit and see" hat it is aml how you 
can use it. 

Actually. it would he much better ifa Rm1 were c<:illed something 
else, for its name implies it"s llnly good for computer,. Worse yet. 
its name says there is something "wrong" or incomplete with the 
device. It "mild be best to call a ROM a "universal code. state, logic. 
or sequence cnnverter'". for this name at lea-,1 hini- at the thousand� 
of different things you c;111 do with the -,;une hasic device. custom
progr:11nmed to do a specific job. Since RCJ\t is e<isier to say than 
··uc Lose·. we'll go along with the original name. 

Figure I shows the important parts or a R0�1. There are a numher 
of input lines. a series or .mtp111 lines, 'ome power connections. and 
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an ena/>le control that optionally lets you turn the outputs on or off 
or combine them \\·ith other R0\1 m1tput' in other packages. As 
you've probably wo;pected. a ROM is a digital device. meaning it 
accepts yesses an•tno's or l's and o·s or positive voltage and ground 
as tw<'-state input signals. It provides similar Is and O's as two-state 
output levels. Ho�i's are available in most every logic family. includ
ing TTL. l'MO:\. C�IOS. and ECL. 

For each and every unique comhination of input ones and zeros. a 
code word appears on the outputs. What this code word is or what it 
docs in the rest of the circuit i, .vours to decide, for you can tench a 
HOM to do any one specific joh for you. 

For instance. if a RO\I has six input lines. there are 64 (2•) possihk 
combinations of ones and zeros 011 the inputs, ranging from 000000. 

INSIDE AN ROM you'll find a labyrinth of individual memory cells. Re
member, actual size of this assembly is about .02 inch wide. 

000001. ()()0010. through 111110 and 111111. For ea.:h of these pos
sible h4 cnnditions. you cctn select a11.v output word you like, its 
m;1.ximum kngth determined hy the numher of availahle output 
leads. If you have eight output It-ads. each of the h4 words you select 
can he up to 8 hits long. Since we have 64 possible H-hit words, "e 
arriarently have ;111internal1<0\J "decision" or '"training" capahility 
or 'i 12 (� x h4 l hir.•. Fach of t he 'i 12 locations can he a one or a zero 
per yo11 r choice. so there are apparently 2' 12 or hi/lions 11po11 !>ii/ions 

of tli(fi'rent thing� you can teach one IC to do. 
The arrangement of the ones and /Clo� you want is usually shuwn 

on a rm tit rahle. a state-hy-state listing of all possible input combina
tions and the de,ired rn11puts you want. 

How is thi, teaching done? There are several h:1sic "ay�. Ir yo11 
ne.:d a lot nf identical 1<0M's and are slue of" hat yo11 want. yo11 use 
a mask-progrwn111ahle 1<0�1. Here a final metal overlay connection 
pattern is set up for your particular program. All the 1<m1's made are 
identical up to this step. Your mask then customizes your order to 
the particubr truth tahle you need. 

More pop1llar is the jield-1,rogrt1n1n1t1hle KO�L You use these if 
you only need one 01 t"o. or aren't sure if your truth table will 
work. or suspect you will have to change things later. Some tield
programmahle ROM0S arrive from the lactory with a fuse at eaclt 
possihle location in the memory. Hefore you use the ROM. vou go 
through a {'rogrun1111ini.: procedure that selectively blows nut the 
f11ses you don't want. leaving you with a custom pattern of ones and 
1crns that matches your truth tahle. Yo11 do the programming one 
hit at ;1 time. usually arriving (I current or �everal hundrL·d mA at a 
programming input. The current is increased till rhe fuse opens. and 
you then go on to the next fuse you want to open. 

All this reallv take, is a variable power supply \\ith a meter, hut 
the "zero defects" nature of this work and its "up the wall" aspects 
make programming ser vices very desirable. 

\!any electronic di,1rih11tors llffer n\1minal or free programming 
services and l!uarantee the resul.ts-provided. of course, that you 
wrote the truth table down correctly 1 Programming machines are 
nlso a\ailahle that ease the problem. These cost several hundred to 
several th011sand dollars. hut speed up the programming tremend
ously and eliminate many error pos,ihilities. 

Other field-programmable ROM·s use huried charge (electret style) 
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layc'l"s or silicon br·idgc·s ins1c.id of nich,.ome fuse's. hu1 thl' rcslill i<; 
ihc· s;1111c. Till' t<m1 rr,,11 from lhe foc1or·y is eilhc·r all ones or ;di 
zero>. and ) ou do somc·thing-usually by applving an cxce,si,·c· 
voltage ,11· cu1TL'nl 10 rl'mO' c· or i111plan1 s11mc1hing al even mcmor) 
loc;11ion-1ha1 changes the nncs 10 /c·ro, or 'in� \ c·r,a. You ihc·n end 
Ill' with 1hc trulh !able )OU \\ ;1111. 

0111.:c· prograrnmed. the majority nf KoM·> are r1er111111rc111: hl'llCc' 
1he n;111K· read 011/_, .. If you 111ade d mis ta�c·. you 1hnrn the IC a'"'Y 
am! st<irl <lll a lll'\V one. On Ille' other h;ind. 'incl' the progr;1mr11ing is 
nll'L'h<lnical. ii ·s fon�' n indepc·nden1 of suppl1 pown. Turn yol1r 
Ko�1 oil for a )l'ar <llld rl'appl� P<>\.\cr·-;rnd the 1ru1h labk is still 
inside. A fl'\\ IH'Wc'r J{O,\l.S arc L'l'aSahle  h� rc·movinl,! parl or the· lid 
and applying inlcnsc· ul1raviok1 lighl. Thl'se <lr·e exp,·nsivc· and nol 
((l(l COllllllLlll yl'I. 

Building your own read only memory 
LL'l ·s h11ild ;i .. ,,mi-discrc·k .. KO.\I and see what it can show us 

ahout ho\\ 1he real one·' wor� Outside of doing ii 01Kc' as an c·xer
cise ,,r 10 karn 111ore aboul 1hc· proc:ess. gning 1hi, ro111e is c:omplcx 
;ind e>.pen,ive compared 10 using 1hc re· al I hing. 

Suppose we need a" ay of c·on\ criing a 4-hit lre.wcleci1110/ number 
in10 a 7-scgmcnl displ<t� !>O we can displaJ the numbers 0. I. 2. 

. 9. A. B. C. D. E. and fin;i\Jy F with the lelters h;lndling Slall'S 
JO through I:\ and 1he numhl'rS repr-.:sentinl,! their own binar·� equi

valents. A quick chcc� or cat;ilogs "ill 111111 up lots or differ·c111 
dccoder·/drl\ L'r integrated cir·cuito;. This particular one seem� to he 
rar·c. so let's p,-ctend it doesn·t e\ist at all. We have to use a RO"! to 
build i1. 

No1e that we'd go up the "all trying to build this out of simpk 
gate padages-it would ta�e a bunch of them and the design \\ Ou Id 
ta�e hours. With a RO�I. the dc·sign only ta�cs minutes. and a one
pl!cki.ge solution C!lrnosl alwa) s rC'sults. 

We start hy gcnl'rating " 1m1/i wi>lf' (Fi!,!. �). Our four input line's 
hl!Vl' 16 pos>ihle st<11es COOOO. 0001 . lhrough 1111 ). We· need 
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0 0 0 0 1 1 1 I I 1 p 0 0 
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I 
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-, 
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FIG. 2-THE TRUTH TABLE W E  N E ED to b u i ld a 7-s e g ment 
decoder/driver with a ROM. Its four input lines have 16 possible states. 
Each of i ts seven output lines drives one segment of a 7-segment display 
device. 

seven ou1pu1 linl',-Onl' for each ,c·grnc·111 or1he displ<1y. Lc·t's pm
' idc erghl to round thin!!' out ;lnd put a · count 1er-D .

. 
detector· on 

1he cigh1h line. Each outpul line· ligh1< a di,play 'l'gmrnt ii' it is 
positi\C and put' out a display segment if rt i, groumkd. 

I-or· rnstance. we could connect our· ,1utpu1 line' to a MAN.< or· 
MAN-1 cornrnon-cathode LED rc-.1dou1. Positiw curTent lights a 
segment. Voltage nel!r ground pu1s it out. The segments arc labc·led 
A 1hrou,,h G in ihc· u<ual l·iocb1 isc· fron1 the· top mdnnc·r. 

To huild till' actual RD'l. \\L' U'L' ;1 hunch or diodes ;;nd a 7-l 154 
.J-line-1,1-\6-linc dl'coder. Thi' panicular IC c:onverl' 1 he four input 
Jines in10 a onl'-down-0111-of-sixtc'cn pattc·rn on our i111en11<'cfia1e 
111111>111 line s. sn that a 0000 inpul ground, the' 1op intC'rn1ediate ou1-
p11t, a 0001 the nl'>.t onC' down. ;ind so on do\\ n to I\\\ which 
ground' the hot10111 interrnediale n111p11t Jin,·. Only one 011tpu1 lint: is 
groun,kd al a tirnl': the rc·st rc·rnain po,itiVL'. Figure·> shows the 
cin:ui1ry. 

Going to our· truth tabk . 0000 slwuld gi'e us "n output 0. lighting 
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FIG. 3-0UR "FAKE" ROM is made from a 74154 4-line to 16-line decoder 
and a diode matrix to turn on and off the segments of  a cold-cathode o r  
LED 7-segment display device. 

L'VL'r·v 'egrnl'nl hlll G. so WL' pul a diode be1wc·L'n line G and the 0000 
dl'codl'd output. Thi;, diode' <:onducts only on count 0000 and ru1s 
ou1 1his scgml'nt onl' at 1h;11 1irne. On 0001. \Vl' only \\Hilt 10 ligl11 B 
:ind C. so \\L' c·vidl'nily have lL> put ?cros anc\ dindc·< on A. D. F. f-. 
and G. On 0010. to gc·1 a �  Iii. we flllt diodes on C and F. And '0 011. 
dnwn 1he trnth tahk. 

We m;1thcrna1ic:;rlly gc·nc·1-;11e the· lruth 1able b) placing"() everv
where we \\;Jn! a segmc·nt 0111 and a I e\ cry\\ he·rc· \\ c' \\;111t ;1 'eg
llll'nl lit. We· ph\ 'ic;tlh prograr11 011r KO)I hy pu11 ing a diodl' c" ery
whc•rc· we· \\ant a 0 and ka\ ing a diode nff L'V�r) where \\ L' "<1111 a I . 
:\Ill\ 1his complete' our· dccodcr/dri' er. 

To gl't l�rncy. we can u.'c' 1hc· cil,!hth Olrlp111 lines as a ,lalc' 0 
lkcoder· th;il rniµht he· useful for hl.1n�ing or soml'whcr·<.> cJ,e in 1hc· 
')'tern All thi' t<ikcs i' ;1 ne" diode' on the 0 line·. We can use' 1he 
outptrl c11;1ble on the 74154 l(l dri' e all thl' 0111pub high for· a lamp 
ll''l. and we c;;n blank ihc· di,pl;1) either b) hr·caking gr·ound or 
rc·moving 1he ,upplv powc·r. 

We use<\ diode·-; to lc';1c·h our r<OM 10 do one specilic· thin!!. There 
<1re l�X pos,ihk llll'llllll"Y loc11ions in our 'impk KO\\. E;1ch or ihc·sc· 
local inns <:<tll be given a I (no diode) nr a 0 (diode I pl'r vour· choice'. 
so there arc· apparc·ntl) c"'clt)!i're1111nrth 1abk' you can write·. (My 
math nook ''"P' ;it '"" �-5.�5.:IOJ.�00.-1.'6.-15X.XO�. 
93-l.4Ul>.-l\0.7:\�. �'" L'<Hrld be 13.J.:l\7.7�K 1i111c.< as l�rgc 
:1s 1hi�-yo11 ligun: it our.) 

Ohviolrslv we ha,1e a hunch ,,f diffc·r·cnl 1nrth 1;1blc·s we c·;111 

wrill'-A greal hcapinl,! hunch. We c:<1n leach 1hc 1<0�1 :111ything \\ c' 
like. consistl'nl with the avail;rbic' n1rmhc·r of inputs and nutpul,. 

Fnr instance. wc could tell the ra1."1 tn >ubtrac1 J l'n>m e<lch inp111. 
Or· 111u\1iply hy 6.2. Or l<tke the ,qtrl!r·c roOI of it. Or we could tell ii 
10 decode and combine· only c·crt<1in ,1a1e,. Wc cnuld rnakc· it pJa, 
musrc. \\e can chanl!e c:ode·s nr 111rmbl'r· wstem,_ We <.:<111 !.!L'nc·r·a1e 
w,.vct'orm,. There J,;e·rn·t have to he an) �lear cu1 rhvme o-,. reason 
relationship hetwcen inp111\ ;111d OlllJ'Uis. If you c.111 draw a 1ruth 
table. the KO.\I will do the _joh for )lllt-qtrickly ciml in <t single pac�
age . 

The Ol"l.fi//li�111i1111 or lhi,,, pal'licuh1r 1<0\1 i, .:ailed Jn XX or 16-X-hil 
words. lh po1ential llll'n1ory loca1ions arc 12X. so ii i,, also c:alkd" 
J 28 bi! KO."!. 

ROM de,ign i' philm;nphically ver·y diffc·rc·111 than older logi<: dt:· 
signs. The n;trnl' of the _i..:arne lt<;c·d 10 hl' a thing c:alkd "minirnila
tion''. whl'rc· you tril'd tn get ihc lngic cqua1ion' in their 'irnplc't for·m 
and thc·n build llJ' a pile nl' gatl'S 10 rcali7c' the "simple-st' possihk 
forni. With KOM·s you U'L' rerl1111cla11n· instead. You takl' one· logic: 
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hlocJ.. in 011c inlcgra1ed .:ircui1 racJ..agc "i1h an i11c1 edibk ;111H111111 l>f 
rl·dunda11c1·-it ca11 rl·ali7c 1hc "111i11irnurn" equivak11l of 11111· ;111d 
all pos;,,ibk e4ua1ion' ynu could c;11·e 10 wrilc consi�tl·nt 11iih the 
av;1ilabk inputs <1nd output\. You ignore 1he math and the simplifi
cations' 1 nslcad. ) 011 just wrill' do11 n 1hc t rnt h l<thk vo11 want and 
J"HOgrarn the Rll:VI. 

Thi: bL·twfih nt' n:uu11d;,111 circ11i1 dc,ign ;1rL' m L'rl1 hi: I ming. fhc 
old wa}. 1 ·011 gUI ;, "minimum" logic dL·,ig11 1ha1 looJ.. "dOZL'n pacJ..
<tgL'S a11d lnok hours tu design ;ind Lkh11g. It was L";SL'nli;tlly 11n
o.:h;tllgeablc afler d.:,ign. parlicularly once ii w;1s loi.:kcd inlo a PC 
board. Thi: nc11 11;1y takc' onlv ,cconds. Write vo111· program. prng
r·<trn the RO�J and plug it 111. 1 he ni:11 \\:t) al11ays \\nrk' wi1hou1 <1nv 
worry al1011 t gl i tc· hL''. rao.:e,, d i-.tl I owed cond i I ion'. su h-rou ti ncs. and 
similar horrors. Changes'' Simple. Ju,t l<1J..L' n11t 1he old singk IC 1hal 
docs ThL· joh anti pu1 a nnv 011t· in i1s pla<:L'. For c1 i:ryuay logio.: "'' . 
1hi: IL'\lhonk "111inirniza1i,in" lt'<:hniqu1.·s arc· an inL·x..:usible waslc ,,f 
1irni: and rnonc) OtKL' vnu gel pasl a 1110- or 1 hrL'C-pack<1gl' gale 
i.:urnpkxily . .  \II lhL') "111inirni1e .. is rrofil> a11tl the prnhabilitv of 
succe,s. 

Commercial availability 
T<thk I lish tltc corn1111:rcial '011ro.:i:s of progr;1111m;ihk !<0"1.S. one· 

>Ouru: of 11rograrnnll·r,. and one disirihutor that doe, prograrnrning. 
Tabk � lisl'" nurnbl·r of cnn111ll\11 RoM·s and 1hi:ir organiDtlion,. 

TABLE I 

Some sources of ROM's and services: 

CIRCUITS 

Harris Semiconductor 
Box 883 
Melbourne, Florida. 32901 

Intel Corp. 
3065 Bowers Avenue 
Santa Clara, California. 95051 

lntersil. Inc. 
10900 N. Tantau Avenue 
Cupertino. California, 95014 

Microsystems International 
Box 3529 Station C 
Ottawa. Canada 

Monolithic Memories. Inc. 
1165 East Arques Avenue 
Sunnyvale, California, ·94086 

PROGRAMMING 
MACHINES 

Spectrum Dynamics 
2300 East Oakland Park Blvd. 
Ft. Lauderdale, Florida 

Motorola Semiconductor 
Products 
Box 20912 
Phoenix, Arizona, 85036 

National Semiconductor Corp. 
2900 Semiconductor Drive 
Santa Clara, California. 95051 

Signetics 
811 East Arques Avenue 
Sunnyvale, California. 94086 

Solitron Devices 
8808 Balboa Avenue 
San Diego. California. 94086 

Texas Instruments Inc. 
Box 1443. Station 612 
Houston, Texas, 77001 

PROGRAMMING 
SERVICES 

Semiconductor Specialists 
Box 66125 OHare Airport 
Chicago. Illinois. 60666 

TABLE II 

Here are a �ew currently �pular programmable ROM'S; 

Part 
Number 

HROM-1-0512 
HROM-1-1256 
HROM-1-8256 
HROM-1-1024 
!-iROM-1_-2048 

IM5610 
IM5623 

MCM5003 
MCM5005 
MCM10139 
MCM10149 

N8223 
N82S26 

SN74186 
SN74188 

Ma nu-
factureI__ 

Harris 

lnlersil 

Motorola 

-- -
Signetics 

---

Organi-
zation 

64 8 
256x 1 
32 8 
256 4 
512 4 

32 8 
256x4 

64x8 
256 4 
32 8 
256x4 

32x8 
256 4 -- --

Texas lnsts. 64x8 
32x8 ----- ------

Bits 

512 
256 
256 

1024 
2048 

256 
1024 

512 
1024 

256 
1024 

256 
1024 ----

512 
256 

One· prngram111al1k 1<UM that's 'hm1·ing 11p 411i1c a bit in lhe s11rpl11s 
market ri:ccntl� is lhL' Signetio 822.1. Costs have gone as 1011 as $5 
L'ach. It is shown in Fig. 4. It's a hiplllar de1 ice. DTL and TTL 
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TOP VIEW 

..:umpatiblc <ind wmb with a �ingle -r5-volt Slll'Ply. Oper;1li11g spi:etl 
is a frac1io11 of a 111icr\1si:1.:ond. 

B\ lhl' w<1y-11re11r11gn111111wd KO\J·s ;w:1ilahk surplu:< ctri: univ 
11sd11I ii' you know <'.rnc1/r whal lhc·} <1rc and whal 1hq 1.·<111 d,, for 
you-a random or unkno11·11 program is to1;tlly wor1hless and cS,('11· 
tially impo��ibk 10 di:codL'. 

When do you use a ROM? 
You use a l<OM any1i111.: vou want,, grn11r or input llllllll'L'r' to ht• 

Sllml'hOW relaiL'd IO a Sl'COl\d group Of Olllptlt tllllllf'l'I'�. l''peciallv 
11 hen 1ou can'1 lind a slocJ.. IC 10 do 1he job. Ro�1·s 1'.:comc par1icu
l;1rlv atlra.:tivc if the joh si:..:111� hopl·kssl) ..:ornplex i'ur cnn,truo.:1io11 
t1si11g gate pttc��lt_!:t'"· 

Thi:ri: <1re ,cvcral difkri:n1 11;11' to !ISL' your input numhi:rs. If 
vnu fl'l•d your 1<0\t one n11111hu <1nd then gc'I a tll'W one lllll on a 
randnm basi-... you art! using tlli: "' SlL'lll for code £'0111·c•rsio11 or ruble 
lool-111>. If )Ott seq11l'nliotll� !!•' 1hrn11gh v1H1r inp111s. 1 011 h:we ' ' 
•rn•'<1i1n11 gc'nerntor. I !ere 1h1.• ottli'"" pnwidc an onkrl) progrc·s
�ion of sl�tlc: l'hetnges. perhap� tu �c:111..� rl1h.' a sinc:\\'ave or �1 mu�ic 
nolc. Ii' you t1'e your· inplll� <tS 'ep:ll'itll' logic inpt11' ill,IL'<td or 
reeding them it \VhOle \\Ord <JI <t tirne. VOii h;tVl' <I fll'Ogl'<//1111/llhfl' 
logic U1To.1·. �irniladv. if vou route Vntrr· otrtp111' 10 SL·p;ira1.: <ind 
di.;;tinct plal·e..;. )OU hi!VL' a .\'('t/lfe11cer, a co111rollc•r. a riming 
ge11nator. nr ;i rh) Ihm g.:naa1or. 

To re;ill� gel f;111.:y. )Ull l";tll lei" l<OM conlrol itsel(. ro do lhi,. 
) 011 'tore or latl'11 1h1.· 0111puts i:a..:h ..:yck <tnd trSL' 1he lost ou1p11t "' 
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FIG. 5--HOW TO EXPAND ROM'S by using severa l  of them. Note that the 
doubled storage only of fers one new input lead. 

11n1vide the Ill'.\'/ i11p111 add1.:s,. Thi" W<t). 1h.: l<0:-1 rn;1rch.:" thrnugh 
ih trtllh 1:-ible in a prL·snibc·J <tllll c11111rolkd way. Ynrr "'L' 1his fnr 
unusual leng 1 h co1111fer., �1nU L·omruter n1icropro;.:ru111111i11g. 

f{o,11 d1.·sign i, .:asy. Fir�I. you 111;1ke '11r1.· vou rc·<tlly 11.:ed on.: and 
lh«t 1101hing is «vail<1hk L'o111111.:r·ci;tlly to do lhc: .iob. Then y<>tt wrilo.: 
your trnth tabk. Then yn11 find a �0.11 lh<tl lits ii. Th.:n you progrnm 
lhe K0"1. 

G 

.,. 

I 'I 



l_ 

I f  yo1 1 r  1 r 1 1 t· h  t : 1 h l c: >e'em' l11111e le,,ly IHr),!e.  \ ou t 1·y to 111i11i111i:e i t  
1 h n11 1gh 'eve rn l  t ri c b  of t l1 c  t ra d e .  T h c -; c  i n c l 1 1 d e  re movin!,! m i 1Tor 
u11�1g('' ( <\ 1 1 (.· h ;1, genera t i n g:  tln ly UllL' q 1 1 : 1 d r: 1 1 1 1  ol ' a � l l ll' W;1 \'t: ) . p 1 1 1 t 1 11µ 
ea,y-10-rc:t l i1e f1 1 11c 1 io11' 011rsid,· t h e..· in:1 i 1 1  1<n \il , u� 1 11 g  m 1 1 l l 1 rh..· t n p� 
r h rtlugh the 1-to\1 . fa('hH·i n!-!. re;1rr; 1ng 1 ng 10 11 1 1<0\1 ... 1rµ;1n 11;1l it.'ll'\ .  
e l i m i 11: 1 1 1 1H.! . .  don ' t  c; 1re 

.
. -; t : 1 l e'' · " n Ll  ' o  on . V i r1 1 1 ; i l l y  , . , .,,,"' t rn t h  

t : 1 hk .:; 1 11 tw r n i n i r n i 7ed 1 11 " c11 1 1 1 p l e \  ' l" < l e m .  I I  · 0 1 1  h ; 1ve red 1 1l·ed 
t h i n),!-; " '  li rr  < I'  l'O" i h l e  ; 1 1 1d VOii  ' l i l l e a n · I  l i t  i t  i n .  you go 1 0  '1 1<11'),!er 
H< l\1 1 lr  "il'v� r;1l  IH l\1 " -. c n m h i n i: d  w i t h  i n p1 1 1  " l e e r i n g  a n d  ll l l i l' l l l  
e n<1 h l e , . 

N o t e  t h a t  yo1 1  don · 1  dot r h k  t h e  i n 1i u 1 ,  when yo1 1  add a 'ecPnd 1m11 
10 a r 1 1·, 1 1111e·-;i l l y 11 1 1  !,!< i i n  i, one e \ t r; i  i n ru t .  S i n c e  y ou o n l y  1 1 <1 1 1 h k d  
I he n1e 111Pry L « 1 pa c i 1  v .  ypu r· ; 1dd re· "; i 11:; h ; "  o n l y  i ncrea,;ed hy o n e  r • m  -
er or I \I' l l .  Sci e 11 I i  Il l' '  1 1 ; 1  I e I \\ 1 e·e 1 I 1 e· ' l ora),!l' ca pa hi l i t  y or , i .\ I r  VOii 
; i re ' " "lg li- 1 n r 1 1 t  ( h-1 - \\ (ll'd ) �"�' · ' · I I  1 ; 1 � e '  1 1 1 · 1 1  or t h e m  ror '<' V C' n  
1 n r 1 1 i - ( l �l' wo r·cb L /;111r o f  1 h 1' 1 1 1  for· e'i:;h t  1 n p u h  (� _'-h word , ! .  l'ig /1 1 

of t hL'lll fnr n i ne i n p u t ' . ( :'  I �  '' orJ <\ L  ii IHI '-'t '  tJll . F i g u re :" show-.. how 
V•ll' co111hine Ho�, · , with  t lw 1 r  1· 11 a h k '  
· There '1 1 \.'  st...�v l.�ra l stol.· " nrg�1 nintt ion� of Ko�1·s J 6 x :--: . �56 I .  
(,� x x .  ; 1 11u 1 2X x .J h e i n g  corn r n 1 > n  "n:i l i e 1· Pn<' ' · So111e t i m e '  yp11  c; 1 11 
rei11Tang.e t h i n l-! "  wi t h  it J ; 1 1 c h  or ;1 d; 1 1 ; 1  "�k·c l l)r to c h ange t h L' li rg; 1 1 1 i -
1 a t 1 o n  i i

. 
yo11 w;, n t  I n .  Fllr i n , l a n e l:' .  if Vll l l r  r ; i r1 i c 1 t lar Htl�l h; 1 ' C i !,! h t  

ou qi u t  le ;1 d s .  a n d  you <> n l v  1 w e d  a .J -0 1 1 qi 1 1 t  w o r d .  Y l l U  .:a n  l l SL' a 
4 -rolc dnu hlc:-t h rn w  d a t a  'l'leCl<l l' (7.j 1 57 )  to rick e i t hl'I' t h e  tor �ir 
ho1 1 0 111 fo1 1 r  h i t > .  Th i ,  i/0111>/J'.\ t h e nu rnhn or \\ llrtb you h a ve a v; i i l 
a h l e .  On t h e  o t h .:1· h;1 ml . ) 0 1 1  .:;111 pro v i d e  t wo X - h i t  l a t c h e s  011 t h e  
n u t  ru t a n d  c mi h k  t h e 111 on alrern//11' ; iddresse s .  I f  yo1 1  l no� <J I a l l  1 6  
c1u t p u 1 s  n t  t h e  rig h t  t i me .  you gl'l a 1 11-hit  o u 1 r u t  wnrd . Of C<lll r,e . t o  
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FIG. �THE DATA SELECTOR at  ( a )  gives yo u t w i c e  a s  ma ny output 
words of h a ll the norma l length. Using the setup at  (b), the odd addresses 
are saved until even a n  address arrives. Output i s  h a lf a s  many output 
words of twice the normal length. 

l!<' t  t h i ' .  vo1 1 · v e  cut t h e n 1 1 111 h.:r ,,f Wllr<h in h ; t l r  ; 1 11d red 1 1 ced t he 
ro " i l, le  ,;rera 1 i 11g <pe·ed ; 1 1  t h e  ""ne t i m e .  Fi:;u 1·e fl ,hows how yo1 1  
c1.1 n chitnge t h e org;:1 n i1 i 1 t io 11 llf 11 1-1c 1\ 1  t o  ti t y o u r  need " .  

S11111.: t i 11w' H -;pcc i;i l e·u , 1 1 1 111 nrg; i n iL;i t io n  " i l l  h e l p .  T h i ,;  w; is  dllne· 
l'or t h e t i 11 1 e - L 1 1 11 e - e n n v e r t i n!,! H 1 1 '1 1 1 11 t h e R11clio-Eleuro11ic s  

H 

Su rcrcloc� (.l u l v  1 972 1 .  whe·re• " �X.J x h  M O S  HtlM wa' l"l'd w i t h  :1 
-; i m rle e J\ l l' rrw l O R  !,!< 1 11· to cnnveri 2.JOO- h o1 1 r  t i nw to a n v  t 1 11w1one 
i n  t he " nrld . " N ll n - h i nary " (ll';!a 1 1 i/ <l l in 1 1 '  ne1rm;i l l y  C<1'1 q 1 1 i t c  a h i t  
1 1f 111<111c1 a n d  ; 1 1 e· n n l  ; ivo i lahle in  lil'ld prn),!r;1 111111 ; ihk 1 1n i t -; . 

E- vcn i f' ynu ; i re planning Pn 1 1, ing a h 1 1 n c h  nf ident ic<tl HC 111 · , .  ) Oll 
Ji r , t  u -;e rrogra m 111a hk 11nes.  ; i nd t hen b t c r  !,!ll 11 11  1 0  the dw; 1 p v r  
111; i ,k - pn>gr: 1 m m'1 h le ' c- rs in n , . The· h1·1·ak1' ' <' l1 po i n t  i ,  1 y ril·: i l l y  'e' V· 
e' ra l lw n d red i d e n t l l';i l 1 1 11 i t s .  A rew dn/e' n  ide· n t ic; i l Hu" · '  : i re ei! � i i l  
copied or d 1 1 p l ic; 1 t l'u on n "n; i l l  rn1!,!r<1 m m i 11g 111a c h i 111' .  If 1 o u d n  go 
to 111a , k -p m),!ra111 11wd u n i t - .  H0�1- P R O 'v1 pair'  make t h e  c h ;i nge1Wc'r 
easy.  

Stock rea d-o n l y  m e m o ries 
B e , i d e '  C l l S l ! l lll p;1 t t 1• rn s .  yt> J I  c;111 g e t  stock r:1 l l l' rn  )Il l \) · , r re'

rro),!ra 11 1 1111·d and rea d y  tn ' " < "  The· rl' i\ nn m:" k i n :; C hil l'!,!C ror· t h t: , C .  
,; i nce t h e v  a re " rnp1 1 l ar (' 1w ugh r< i t t e' rn  t h a t  l o h  of t h1· m  c a n  he· 'old . 
Very c n nHTitl ll e '< ;unplc .... c-1 n.· 1 h e  cht1 nH . ." ll'r gencntlnr..; '1 1<.:h "" wl� 
1 1 ,l'd in  t h e  Rculio-nl'uro1Jic � rv Typewri ter  (Se pt1· m hl' r 7� l and 
t h e· T V  T i 11 1e D i , rl; i v C 'c lw d 1 t l nl ror a fnr t h c o m i n!,! i ,;,; u e l .  

Thl're c i re .... c veral  ! V pl'�  l,f c h ; i rt 1 L· 1 v r  !!C'ne ra 1 0 rs . M o s 1  nf t h i:rn 
; iccept  � l1- h i 1  A SC I I  < t ; i n d; ird n1 111 r u t e r  code nn nnt: "'t or i 11 p 1 1 1 '  
<tnd "1H11c � y ..:. t e m  t i m i ng on ..;ome re nw i n ing o u t r u t s .  A nn1 · n u t p u t  
ch; i r;ict.:r ),!enernto1· i >  de,ig ned t n  work w i t h  T V  '<' 1 ' .  I t  p 1 1 1 s  0 1 1 1  ' '  
b u n c h  of do t s  01· 1111i/111s on i t <  n 1 n r 1 1 t  l i n e , .  The'<' !,!O lo '' TT L s h i ft 
re' ),! i s 1 e 1· ;, n d  are t h e n  clocked nut  as v i d e o .  A co/1111111 o u 1 r u 1  ch :1 r< 1c -
1 e 1· :;cn e r a 1 o r  wo1·ks s i d c " " V' � n d  p u t s  out  a v e rt ical  grour of dot s 
and u n d n t s  usef1 t l  for· m o v i ng 111cs,;age s it! n '  a n d  s t 1· i r  printer� . 
E i t h e 1· t v pe C<hlS aro u n d  S 1 2 .  h 1 1 t  a hunch nf s u r port c i rc u i t ry i s  
needed . 

O t h n  <tock HOM · , i n c l ud e  cod<' convert ers .  rart ic u larl v to get 
from t h<' spec i: i l iLcd si:uc r RIC and 1- Hc orc Clldt' '  to ASC I I  and bac k  
agai n . Trig tables for s i n e  a n d  cosine generation are : i bo f a i r l y  com
mon . al 1 h,1u�h s t i l l  a bit steep in rrice . A va s t l )  d i ffere n t  s t oc k  K0.11 
i' t he .-\ rnerican M i cro-;) ' t e 111s S � Sl\6 R h y t h m  G e nnal<>r· used t o  
:;enera t e  t h .: acco11 1 ra n i 111e 11 1 hea t >  ! wa l t z .  t a n go .  e t c .  I on o n  elec· 
t ro n ic organ . 

I n  : id d i t i 11 11 .  111<1 11 \ ord i n ;l l ' !  I ( " ,  a re 1·1·;i l l y  R0.11 ' s  in d i ,!,! u i se ,  f,1 1· 
t h e  s e 111 ic ll n d 1 1 c 1 o r  people' long ago fou nd o u t  t h a t  i t "  ,.a , ie1· to de
�'t!n one red u n d a n t  1m)1 P " l l l' rn  and t h e n  c h ; 1 11),!e the 111e t a l l i 1.. i t i <1n 
ov1· r · lav  t h ; i n  l o  rl' L 1 y  0 1 1 1  and m ; i � e  ' e 1i ; i ra t e  1 c · , f01· each and l' Ve' ry 
'pc.: i a l  1·1 1 m· 1 ion . 1 he 'v1 1> loro l:1 l\ I C -1000 ' e r i 1'' of TT L U \<'S 'ever·a l 
H.nf\1 ru 1h : t ilHl ' . 

A p p l icat ions 
We ' ve a l r ead y 't:<'n t h ; i l  : i  R0�1 c;i 1 1 he 1 1 'ed :1 11y" hl'rl' ) OU w;i n 1  t o  

con v("rt P n e  gr,,ur of dig1 1 ;d \ \  ord, 10  a '.'r.t...'Cond grou p o f  W\lrd s .  
.: i t h 1·1· on � ont: - < i t - < i - l i me . " sc'qu1· 11 1 i ; i l .  <>r " l et - t he -lir, t -nnc -dc c ide · 
t h c - n 1'.\ l -<1 11.: "" ' i ' . Th1· wi lder 11r t h e 111tlJ'1' 1 1 1 1 1 i s 1 1 o l  t h e  rel; 1 t io 11 , h i p  
h1·t wl'1' n t h l'  i n 1i u 1  : i ml uu 1 p u 1 . t h e het t 1'r a Ro�1 w i l l  wo1·� . fo r· vo11  
w111·� d i re c t l y  with l lw t rn t h  1ahk . Cn111re 1 i n g  'Y' ll'm' r1· q 1 1 i re d 1· 1· i v 
i 11g ;d i  t h e  i 11 d i v i l i 1 1 a l  l 11gic rel;i t i n 1 1,h i 1" he t \1 c 1· n  i n p 1 1 t  ;md 0 1 1 t r 11.1 . 
a n d  c a n n o t  1H11 111; i l l y  he dPne in a ,; i n ),! l e  IC . 

'io li11-. w1" ''<' 1 ; i l k l'd ; i h01 1 t  d i ,r l ; i v  decodn d r i v e r , .  c h a r; 11.: ter  
ge nt?ra t o r .... . " i n c w;1 v e  �l· 1 1 c r;. t 1 P r  .... . l· lcc t ronic m u " i c .  t i me -1 1 1 1H :"  ,.:nn
\ t"rt l' r ' .  and c,1<.Je co111 e n1·1·, . l .e t ' s  t : 1 k e  a q 1 1 ick  l onk ; 1 t  '<1111<' t > l h 1·1· 
1'0"' ihi I i  I i e , .  

F re q u 1· n c v  ,; v 11 l h 1· , i 1 e r, a n d  d i ;! i t a l  r ro g ra 111 111e r' ol'tc· n  ' " "  
t h u 11 1hwhn· I ,; w i t c h1· ,; .  Thi· n 1 1 m h1· r, or t hl' 'wi tc:hes  i 1 1 u ic; i t 1• ; i  cha 11 -
n1· l  111 1 111ber  or a fr1· q 1 11· 1 11: y . hut  t he' c i rc u i t r y  i n , i d e  m a y  t < 1k1· 1' n t i re· ly 
d i ffne1 1 1  11 1 1 mhcr' t<>  opern t e '.  R ; 1 1 hcr t han L"e <1n <'X p e·n,ive , pecia l  
swi td1 . a Hl l M  perfonn' the in ternal  e'o n v cr , i on- t h e' ope rn t o r  'e<'' 
h i s  n 1 1 mhc· r � 1 1 1d 1 h e c i rc u i 1 ry 'L'L''  t h e  m 1 m bL· r  ir neclb i l l  l h l'  '\ i l l11L' 
t 1 111c . 

S i ne\\ a ve "  : 1 r P  �;1 :-..y t 1 1  �e ncr; 1 t l.� hy l i t k. i ng ;1 cut 1 n 1t...·r  a nd ;..1 .... i nl.� -
lo,1J.. u r  tm ) J .  A d d  a D / A  con ve· rt e 1· for a low-d i , 1 on i1 1n  s i n l'W;1 v1· 
"'c i l l a t o r· 01· con , t a n l  " 111 p l i t 1 1 d e  t h H t  c;111 !,!O d1l\\ n lo u l t ra- low fre
q u e n c i e s  w i 1 ho1 1 t  ; 1 1 1�  large p;1 r t s . 

Ro11 " ; 1 1·c li'l'd i n  c·at hode r ; iy  t 1 1 he t.J i , 11 l ; i y  syst e m -; f'or p i n c u , h i o n  
c1rn·.:c 1 i o11 . d v 1w 11 1 ic  foc i "  and <.:1J ll l'1' n.?e11c.: . ; 1 11 d  'o o n .  Be· , i d c'< 
g.: n 1· ra t i n!,! dZn - 11 1 ; 1 t 1· i.>. c h a 1·ac 1 .: 1·, . 1<0�1

-
·s l·a n  ,t or-.� a n d  !,!C n eratc 

whole Ille' ' " ';!<'\ ;is \\ e l l .  Oft e n  VOi i  g1· n t>r<i t e  t hl' fi xed port i o n �  or ,, 
mcs...,;1ge in ii KO\\ i tnd <1dd t h e  c h a n µ i n g  pt1rt ll' i i .  You c<1 11 nbo 
,cr;irnhk or 1 1 11,;,· ra mble d;it; i  with �0\1 · , .  t h ro w i n g  ;l\1·a y  what yo11 
Ul)fl . I  wan l  ; 1 11 J  rl' t i rranging l h i ng� lo gel a nel·t.k•<.J form� ! .  

A n y  lc1!,!iC .:q u a t ion 1 ou c � n  \\' r i t e  i n  1 ru 1 h - 1 ; 1 h k  fo rm i ,; ; 1 1 ,o e; i -; i l v  
h a n d l ed hy H• 1 11 ' s .  l h e ont'-i' < • C � ag 1' s o l u 1 i,1n ; i n d  i r1 ' t � n t  des i!,!11 a re 
l o p  ad v an t ;ig<'' · B e s i d e , .  t h e c i 1·1' u i t  i' t r i v ia l l y "�' ' )  \tl c h ; 1 11),!e-yo11  
-; i m p l y  1 e p lric1' t he Rmt . Cn111pa 1·(' t h i � w i t h " t r < i d i t iona l " 111 i n i 111 1 1 111 " 
lo!,! i C  ck , ign of ,;e' v c ra l  d<1Len pa1-�Ht!e' and locked- in  i n t ncon ne'C · 
t io n , . 


