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Teach 01" l1ea1·n digit,al logic • • .  

Brec1dboar,d 01· test digital 

With this state-of-the-ar·t CMOS system 

i • 
circuits - .. 

E 
XPERI�1ENTING is an in1portru1t pu.rt 

of the learning process, so anyoue In
terested in underShlndiug digital logic \\·ill 
\\'ant to have this C:\IOS AI k·rolab to gain 
practical experfence. It con ta.ins four J Kl RS 
ffip-ffopst fom N10R gates1 six NAND gates 
and an inverter/TTL driver. Ec.1eh ect]on 
has �111 termic1als av1ailablc on the front panel 
and they can be easily interconnected \Vith a 

solder-free push-on patchoord system� Each 
logic hloek also has its O\\' i, LED to indi
cate the state of the hloek., The �licrola.b 
ean be constructed for about �35, is battery 
powered and fits in a 5'' by 1�1 by 2"'" box. 

The logic fun.ctions -are controUed by t\YO 
bounce]ess slirte sw·itches and two bounce
Iess pushbutton . Two RC n hvorks provide 
for visnal rate or oscilloscope rate (mid
audio) clocks, astables, n1onostables,1 and 
pulse networks. The s]ngJe inverter can be 
used as a source or sink £.or 8 BL.\� making 
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th system compatib]e �vith TTL, DTL, 
RTL,. P�JOS, or othet C\lOS units. Four 
,ru:ldjtiot al TTL unity-£ anon t outputs are 

a]so available. 
A feature of the �Ucro1ab, for learning 

purposes, Is that making the wrong con

nections behveen units cannot cause any 
dan)age. Also� if a connection that is not too 
im,po,rtant is forgotten� the ci.rcuit anHci� 
pates 'vhat the eKper irnenter is trying to do 
and tries to provide a response anY'vayA For 
inStanC'e� \Vithout external OOOOections,, an 
unused logic blocks are turned off; and gates 
with only one input autom.a«ticalJy convert 
to inverters. A flip-flop without J and K con

nec,tions tries to toggle; \Vithout R and S 
rom1ection ·,. direct inputs are disabled. 

About the Cir-cuit,. There are 21 indepen
dent circuits in the �licrolab� On1y -011e of 

(Continued on page 42) 
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Fig, 2. Mount1ing detaills and compone'rrt spac1n for circuit board, 

eacll l,,1pe is !>l n,\-u in Fi�. 1. The )JO\VCr 
supplv.. ,v( )ch is co1nin1or� tu t1n i also 
'�hO\VH. 

ate t1��.1t eacl1 eirc:uit lh\.li i\ pin co11-
1ector {<lurk c irt'le) at e·:i.ch active input 

or t�� 1tput. TJ�is Leh ti'Hy indicJ tes .:L pn Jr of 
t\Old rle�� push-011 t.�{)nnectors. Each cirruit 
( CXCC:'P' �(),- r he 0-1 svd tL'he!\) 'llSu !'HIX its 

'J'\.\·1'J h1veT�l1� ... LED drh er_ The ·,vo pushl�\ll
tuu S\Vl �hes .. tre 1nad� boln-�ce[iess by a pafr 
nf iH �em� t<l s dl"1 au g �d a� H set-n�sel H1p-Ho1l. 

A high re.s1shu1l'e is us�d on tlte ac� ive 
i np�1t� (connected eit •Cr lo grou1�di th� 
.supply. or ar:n>thet i.l�put) s-n that the LTilD 
1 - 41ff il a h[ock lS unused. Tl n1so con\-erls 
a g•tl �nto an n1vc:rtcar if 01 lj one input 
v .. used aud c11an�es a flip-Oop int<i .. t bf11ary 
clivrdtkr if t nly the ·lock i.npiut i� con1 oc-ted. 

Fon) J) cells re u�ed [or J}O\\•Cr. Siu(�e 
c;,u·h l�EJ) nse� '-lhout 7 inA" sever4"1l l1uudre<l 
hours of nper;Ltion Ci. u he- nbtt.lu1ed 'ron1 one 
'iCt of batteries. \'1ith �llch lo'v po\ rer ·nna 
SM 1n1pf io,11 nrd i1 •ar�· 11 cells \,-ork hettPr th an 
tht: 1nnrc- xpenA�1ve alk�1li11e typt:!i, Ile -ers 
I olnri y pru1tc.ct�o11 13 pro 'i{1ed hy diode DI 

Con.struction. Tl e eir(•u it bo� rd 1� den J h1e
.side<l, pi·ef L1 ra.hfy 'vith pl ated-ll1rough holes� 
Foi I JJi.t l te�·ns a1 ul c.�t)r 1ponen t layout di.i
�rar11s i-u·e ,1\'i' ila.d;,le friee frori1 tl1e source 
'·iveH i11 the P<1 rls Ljst 

_As eu1t l e. the five? S\\-itc1l ts, tl1c 1,j D"s 
� utl posts u · s] O\\ n in ]:i"'ig, 2, ote t11�1t 01 ly 
the l.�:,U"sj Lhe Lvvu thu111hv·,;hee] pcltcntio ... 
1n�lt·r�.. and the 16·8 t"O; nect]r � pius arc 
1n0Hnled on tHH� side of tl me hoL rel Instal1 the 
resistnn�, l' �1 Pi"'l' i lors, �tnd t11e cliodc� on th 
''ther ·idt· of th� hoard� alon!{ \vitl1 the 

o1C'X JC let111il �ti� (if used}, l)c-) not i11.sl£dl 
'he 1C'1 "'f tlt th i. tit 1�. 

Be �1JrC that .tll P(1nuecting ph1s are elean· 
ly so]dered Lo thL� JHJnrcon1pone11l side of the 
boiard -u1d lh11t t}u:iy are s,ql.1are to the board. 
Keep in n1111d that tl1 pins n1ust pass elect11 ly 
th1ough Lhe nH1l1ng l nles on tlu.� front p·;:n1cl. 
\1Vhe11 lnstu1Hn� thr LED\; note thnt the Aat 
�id of the LED oes to the i nv1ertel· ancl 
current-H1nih1 u rP<,\istot. lf on of the 

LED's 1 ··u.ls is lon�er than the other. the 
101 ger oue � the anode iand goes to the 
posHive snpply. 

Jnstall the LEl)"s so tit, 'l tl1ev at'e about .. 
I I ltV" 01 3/ :12"' a hove the board� lf yoa l1a ve 
trouble soldering t1n der ti �e L D., flrs·t so]de1 
�t in ptn.-c- V'ith a slightly higher spacing. 
Theu h�al fl·� i1�ns fron1 the undl·rside of the 
hoi:itd �,·hil· pushin� lhe LED into final 
posit1011, R n1en1ber n1so that lne T'""ED N 

111st fit i1 L • a H at'ing hc)le 011 the front 
p�mel _ 

� he po\V: .r �upply �houJd he i.lSse1nhJed 
r ), �� t a r 1 � co. n i ected to th(' pc bo�Lru H·ith the 
�our E�� o; . J 1i:Jrkcd �<l '1 at +5 vol ts and Lhe 
fo11 r · 0 p1n at gtound. 

-0�1' OilU e up the pushron bJtefCO� ncr-t
in \VJr'f�" a shO\\ 11 iFl Fig. 3� Crfn1p �nd 
�"alde-i e· ch e1 �d of Lhc fle��ible stranded 
llorikup \\-fr,· to u connector. "'\ ou \\·H1 want 
about 24 nt th se \Vire., varyiu-z in leuglh 
fron1 6" to 10r'. Atte1· the�r are fabricated .. 

sHp l�ej.Lt-sl rinkahJe tuhin(T nve.r the jo111ts 
1,t::t\vt::en t� e counectors �ind \vire o that 
the \.V] re., older joint� :inu connector �-ere 
,covered. Yuu can use the ceran1jc portinu 
of u soJder1ng i1·r.u1 for lhe heal source� 
J1r ·CondiHnn each connector by sHppj tg 
it on �-..nc off ,a rin sever.1J ti1nes until ]t 
\\-orl<s f1·eel . 

•or the foUo\ving steps con.neet i.l 1nil1i;Jn -
inctei· l!CTOSS po\ver S\vitch SJ� If the curr -nt 
evem· e_ eeell 1 7 utA. per LEIJ ( \Vhen la) stop 
an cf check the circ'' j t. 

lust:ill l ''7 (hex in'\1CJt ;r) and JC;,, (qn· d 

SHR1N.tc: 
I -TUBING 

Flg. 3. How to make interconnecting 
jumper�. Make up about 24 of them. 



OUT 
•-t10H1 O,SCILLA"fOR' 

CA) 

OWT 
&Ot>Nr ... ,\M1 AUDIO G£NEfti1'1'0ff 

'Bl 

' 4 8 

CLOCK �IN PUT 
(N�•ALLV 0) 

c -
k Q 

J g..-._. 
Ci 

� 

K Q t-.-... 
...._� 

CLO CK•HtPUT 
(N109'MALL'Y 0) 

81NA"Y 1DIY.0[-8Y•SiKTEtN 
(C) 

0 I Vl1DE: ev TH'R EE 
(DI 

.fll!illlll_..ME ADS 
;J OUT 8auT oau1 

I 

,, 0 

J 
c 

1Q -� Q 
c 

Q 

' 
c 
x 

� 

-
-

Q 
c -

Q1 I( Q 
I O::iR10Ll 

I .c TOP 

O"E-•NO-Ortl.Y ONE 
- lGl 

c 
" 

cont ross£" 
(f) 

�ru-:Lfl_ltEF 
,.. : i. • tN 

I 

Fig. 4. So1me exarmp,�es of the circuits that can be bu1�t up using the 
Micro�ab. There are many others, of course, that wiU be of int.eresi. 

·ou gat ) untiug th� i1ntch-and�do� ('Ode 
ou the iC dtld 011 the conlponent i r�slallalion 
dt'H\\'in J� 

Cntn1e�L oue emld of a test cub]e to one 
of the ··o·· poin rs- on lhe lo\ver ler t co111er 
of the bo�1nl Touch tlu: other end of the 
t·ahle to ti] folu� ph1� c.tt caeh "on g,1te 
T'he �lssoc�nted LED shoutd eun1e on vvhen 
the co11 tact is 11lc;tde� 

� ext 1nsl aH IC5 (dual '\ �D gate) rtnd 
/f791 ( he1' j "' erter), ohservi f 1g tl1e nntC'h-
� ud-dut �ode. Agai11.. touchiu� the ''O' 
lead to ea1el1 or l·he iuput pins should cause 
the associated LED to 1 igl' t 

1 nslall /Cf) (he� inverter) and IC�-1 ( qu . .uJ 
NA D gdte), and rept'Ht Lhe test "ith thP 
""iU'' 1 ] eac. . 

I11shdl l he re1nai1}ing h� inverter and 
c• hec1' tlll\ operation of the four '""O't 1tnd 
"1'· hou11celes$ �\\'itche� hv us.in� the1n a� 
the drivi11a sign.1h; for one of the gutes. 
JUNf 1914 

luslall JCl and lC2 (dual flip-flop). J\t 
l his llo1u t 9 it f� odvi'sol le to build tJ 11� 1 )\\'-

frequency 0)\t"'HJtitnr sho\vn ill Fi�. 4A usin 
·1 pair of _·At\ 11 gates aud ouc of tl 1e lhne 
POnst,1nt clrcnits. \\ hen this is clone, you 
\vil1 note that the LE1) .�s.,.ociuted \\;lth en(�h 

A. v gate hHnks 01 and off il.f- it fre(ltll'·u(·r 
dcpe1�de11 t o� 1 the sett Ing of the pote1 l t lo
n1cter. 

l s·incr a Ion er tc-st lead, conneet o nc of l he ·"'"' (:' 

,. � 'u-g,Lte output� to the '�(.�' in11ut of the 
first ( lcf t s•de) fl 1 p-ffo[J. 'l 1u� ·is �oc�i ated I'"'ED 
\\'il1 bhuk ou and oil ��t h:.tl of the oscillator 
raw_ Connect the not·Q output ot that ft1p
flop to the "CH 1npnt of the nexl flip-Ao' a1Hl 
note Lhal it-'l assocl,at d LED h1iuks at ha' r 

rnlP. Repeat thi: pnx·erlure \\.t�th th fina' 
t\vo ftip .. Qops., uot in� th al each ff i p-Rop L_El) 
hliHks at h�tlf the rate of the pret'ed1ng 
oue. ( _..\l·tuuUy ynu wiU be hl�tkling t11e 
di v1de-hv� 16 eircuH �hO\\'H j n Fig. c_) 
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WHY CMOS? 
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Devices for dig fta� �,ogic cirt"Uits are 
constantly be1ng improved. Today, just 
a bout the best ty p,e of rogic r opera t' n g at 
a reasonabl'e speed, ;s the CMOS fam· 
ily (Complementary Symmetry Metal 
Oxide Semiconductor). What makes 
CMOS so ,good? There are three ma in 
re-asons_ 

Ftrst CMOS reQuires very Httle powe 
from 1he supply-in th1e nanowatt 1ra nge 
if the switching speed is low. This prop· 

erty ·Of CM01.S is due to the fact that the 
in puts are ess,entfa Hy open ci rcu•ts. Th1ey 
,oniy sense voltage va rlati ons,- so, that 
there is strnp1Jy a l·OW·impedair11ce path, 
either to the posi hte supply or gro,und, 
but never both� Thus, they don't draw 
current from the pre,ceding stagel nor 
do they feed current back from the s.u p· 
P'ry .. 

Secondly, CMOS does not reQuire com
pUcated circu�t ·desjgos.- The. pow1er sup. 
pty can be anywhere between 3 and 18 
vol'ts� without reguration or ex,ceptional 
bypassing. What'.s morer since aU inputs 
are vol1age-sensing· one �ogle bfock can 
easily drave 50,1 IOOJ or more nputs. 
Worries a bout fa n·out, fanrrn and 1load
ing are thus effminated� The open-1crrcuit 
inputs provide many J)Ossibi�itles fair de'" 

You c.1-an nO\V �onnect the output of �lny 
Bip-flop to any uf the iuput- of :10y of tlae 
g�1tes 01i- the invert<: r £1niel note that the as
suciated l ED goes ou nnd off iu tep \v]'th 
the i11put S'1gnat 

Using the Microlab .. Some basic logic 
citcui�s for j£f;startersH are sho\vn jn Fig. 4. 
A�, astabl1e oscillator� using a pair of N. ·� 

ga es is shown in Fig� 4A� \Vith the 5-µ.F 
capacitor)' tne rate eian be ·aried from about 
CJ1 e to 10 per second . .. Th is r:.-an be observed 
nn the associL1ted LED .s� Changrng the 
capacit .r to 0.01 ,_..F makes an oscil ator 
whose fl·eqnency ranges &om 500 1-Iz to 
about 5 kHz. 

A conventional four-stage binary count,er 
i � m9de as sho\\-n f11 Fig .. 4C and the states 

re r adily sho\vn by the L D at each Bip
�op. If you use the 10\v-speed osciUator as 

�he clock iuput� you can 'watch he pragres
�ion. Figure D is a div ide-hy-thr counter,, 
.vhilc Fig. 4E de1 1oustrates th1e 1opera'tiou 
Jif a shifl register. 

An elen1entary game can be built using 
�he neads/ta1ht' circuit of Fig 4F. The 
>nl off gating can us - one of th s \vi tch es 

IA 

signing pulse·shap�ng circuits or astabl,e. 
rnonostab'er and Sch mitt triggers�.al I 
using large-value 1eslsto1rs and smaU
value capa(:itors� Unl,ke most other 'types 
of logic, CMOS loglc can be tri.ggered with 
eith,er polarity of the 1n�Uatjng pulse. The 
latter can be a negative putse from the 
supply or e positive pufse ·from ground) 
This feature is U'Sef uf In designing oscU� 
raters,- c1ontact conditioners. pulse ge ner .. 
ators, and time·interval generators. 
And the number of compone.nts used in 
the'Se 1Cfrcu1ts Is low. F1or e�ample.J 01niy 
one resrstor and one ,capac�tor are 

needed for a free-running oisciUator � 

The thjrd b1g plus for CMOS is its 
exceptio1nal noise penormance� lt gen· 
erates no large spi es during swttching. 
Since it switches at one ha If of the su p� 
pty voltage� any noise less. than 40 to 
45% of the. supply is aeneraUy ignored. 
In addition, CMOS rise and faU times are 
usuaUy s�ower ttian its transition times , 

so that noise iis attenuated instead of 
being passed on t·o th·e foUowing lo1g c 
stage. 

Right now, CMOS is not the cheap,est 
type ,of logic; but, at $.2 for a dual JK/RS 
flip-ff,op and $1 for a quad ,gate, it is 
comDetitive for m,ost appfications. 

I 

I 
I 
I 

The photo shows tile back: of M1cro�ab c;r. 
cuit board as rt i$ attached to power supp,ly. 

al th bolton1 of the 'board� The very use. u1 
"0ine-and�onl, -one" circuit in Fig. 4G pro5 
duces one \ �ho1e cyc]ie \vhen th� 5''-"itch 
command is · ecuted . 

For a tes' sequencer,, use the inverter 
:!$ a TTL output \Vith a fanout of Jive or 
more., or n1are TTL output5, parallel the 
inputs of Qn� _ -oR gate" -f> 

PCPULAl ElECTRONICS 


