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SECTION 19 

LOGIC CIRCUITS 

PART A. ELECTRON-TUBE CIRCUITS 

Port A of this section i s  reserved ior electron 
lube ioglc circuits, whish rrtoy be inciidpd i l  3 !n!er 
revision of the Hondbaok. No electron tube circults 
are discussed in this issue: 

ORIGINAL 

LOGIC CIRCUITS 
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PART 8. SEMICONDUCTOR CIRCUITS 

LOGIC POLARITY. 
Cooroteer lcqic i s  exgressed by o form of two-value 

iogic .which is ensiiy adaptable t o  the binory number 
system. 'Thus computer eiements (circuits) have o ~ l y  
two s t s t e s ,  suc5  35: the c o n ~ l ~ c t i o n  or nonconducaoo 
oi n clrcu~!, the ercesene 0: ibsence of a hole on 3 

cord or paper, or the presence oi  cksence of a moqnetic 
field. The use d twc,io!ue !cgic a lso means thot, 
basical ly ,  these  s to tes  may ossume o vaiue of either 
0 or 1. (">ihile true or fa lse  could ~ l s o  be used, the 
nuxeric  v3lues lend ti-emselves reai i ly  to comput,ctlons 
ond olgebralc man~pulo t~ans . )  

:n ony e!eciricai clrcult, arv  !uo !istinct .init-:p- 

2: ;;;;2;ts iin t c  iu raprrserir 1"e thlo ioglc 
s to les  of 0 and I. For om-ple .  1 -c?zti,,,c vc!toqe 
iail!? in?icste 3 3rd :: pcsitl-e vc!t;qe could lndicote 
i ,  or vice versa. L>uewls", c!!rrsnt f l m .  i n fn  *h;. 

circuit could lndicate 0, and current ilow out ot the 
circuit caul* indicate 1. S i r i l a r  results could be 
oatoined ,with nmplitilde control,  usmq smzli 3nd larje 
i -o~tnges or c x r e n l s .  Pa i ses  c o u l j  oiso be used i n  a 
llke fast ion,  ' i .~th a neqztive orllse indicctinq C and 
n positive pulse indicztir:: I :  3: C coal? he indicated . , 
ny t1e c l s z z c e  si -. pz!:c, i; zki;?. c;se tLe presence 
ct o pulse  could signify 1. '.'any combinot~ons a1 laqic 
expressions are possible; theycon a l so  be used inter- 
changeably, s ince  eccn logic element (circuit) or oper- 
otlng entity can  actually function independently os 
!unj os me jeslred res;!: 1s achieved. ?.lix?ri ioglc 
systems 3:e not ase: in large computers, hor/ever, 
s ince t!,is aia;tlce wolllti calise enlensive circs!! c 2 r -  
?!icot~ons. "cct ;resent-?>; logic systems ut i l ; i i  
polarity t c  J r f ine  the circuit s tole ,  s ince pcslt!ve 
and neqstlve vo!tajes =re eosily obtained ond msnipu- 
loled: r~qnr r i i e s+  ni whetner the z ~ t c z !  !n:i~ c!ezc;: 
i ^  i . , ^ _ ^ i _ . . _  . ~ l  
s u . ~ k u A ~ ,  L7, . ,vLuya Z C A ~ Y S ,  >*itci:es, i i o s e s ,  01 Iron- 
slstors. Logic circuits csr, be i i v ~ d e d  into two gen- 
ercl  classes, o c c o r i n g  t o  polarity, namely positive 
ond negctive Ioqlc. As employei on !oqic riioqion~s, n 
signal m3\1 o s s m e  either toe " ~ c t i v e  (or trlie!" ;tale 
(ioqir I], or t i e  "lnnctlve (cr i-.lseY s t z t e  !!c;i: C). - 
.:IF e iec t r l i l l  slqncl i rve i s  csoc and a statement can- 

celn!ng whether j o s l t ~ v ~  01 nevotlve ioqic qpplies ore  
~usualiy speri!!e6 explicitly on thr  inl:,ii?u,x! l n ~ i c  
XG,;:;T,S 2" ;:,c , , , , d . , u ; d c ~ u r ~ ,  ,>: 1 , ) ~  i n m ~ r  ,a*:! -r!?r. 

~ .... ~ 

, , , . i . i .L'- ' ,  ... a:, ., ,..... c.":,., :: ,:>>;,~. E,-l:?lI.v :re 
, ! :-. . .i,l L". .". . i - ,  . #  , . ,. ' . '>-2,,,-:t, ' ,- . . d. . . - .- , - ,, - . -w-  . 

posltive voltage, ir Lron posi,.l,r to mcund; t icr  o 
' ,.,-., - , # : + t ~ . = , ~  2 .L;.-:,e(,;tLJe UJ,I,2,,E, or tr0:1, ?,?(:a- 
tlve 13 licliri; ,::,,> :,.!,& zolzr!v!, !lor. : k q k  ?;SIP 
. ~. ~. , , " , ~ ~ , , ,  , , , . - .  - i , , . .  ~ ,:...u.,....,-,...... 
. ;.._ I / _ _ :  ! L i ~  .L,d.. , -: L;,,, : ;;:; 7ew1 :, ,zLt>ss?s 
or ooiarit" is pissent?:: !n tb.? ! r ! ! l l * !~? ~311:r7"!:. 
i a c n  of I-;,- - r i r i l t  :ISC ; aan i  3lsoalven ir! 
rt,is i ec t io r  :,ill ~ " o ' P ?  :7il. ,-.r !-r- . ~. I - - , -  ~. ,-- . , , , - , " I . . , .- - 1 . .  
: . .  , .". " ...*... c"<_.iird~r.,,, , I ,  ,..? 

,-,rF ,,, .-., ,, . = ,.",- *,. ... ... .~; L.X. : ...- -........, &::I  :i i i i -  
p , , 7 - m "  .... ~ .~~ ~ 

-uw..L: ~ L . o u . u L ~ ~ ~  .jL.,:.kb~ Lujic. tur<.81>!- 3 -  
7 .. . , , , . . . . , .  8 - - . ' . .~ .... ~~ ., . , .  . . ".,,"<. , . . 
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involving only switches and relays will be covered 
under "Mec+onicol Circuits", Port C of this section. 

POSITIVE LOGIC. 

APPLICATION. 
Posi t ive l o l i c  rnlority i s  \iol!!y -ie n&:tc5!!e !c 

?,he 35- of P!?:! :.{pi : i i i i i j i j t ~ i j .  

CHARACTERISTICS. 
T h e  i ~ p u t  nctlvctes the logic e!ement only when it 

i s  of positive polarity. 
T h e  sut;;: of I'E ! q i c  elemfnt i s  ,>:so nf posiilve 

palnrity (except i\.iler it i s  P ~ r 2 ~ ~ ~ ! y  in,,erfcd;. 
n L~ C . ~ ~  , , , , ,  , ,  " . / I U > i i l ~ ~  i l l  ,J l o w  LUbL- 

five voltoqe or current, or 2ositive against ground 
(the hiqh posmve  voltale or current   usually act ivates  
the circsi t l .  

CIRCUIT OPERATION. 
Posi t ive l o c k  jolarlty i s  defined as f o l l ~ u s :  '?-ier 

the  logic 1 s t o t e b a s  relatively more posi t ive  elec- 
tcical level than the logic 0 s t a t e ,  ond the circuit 
i s  o c t i ~ a t e d  (operated) by the lcqic I signal ,  the  
ioqic 3 ~ ! 3 r 1 ~  15 c o n s i d e i d  to be positive. Tkle fol- 
!owing t p i c s !  excmp!es illilstrate *,2 mmner in which 
positive loqic may be eap!oyd .  

Exarnnle 1: L o q c  1 = 110  volts 
Logic 0 = O voits 

Excrrole 2: Loqic 1 = 0 volts 
[.G;;,= 2 - -;: ,.09.> 

In both encmples the icgic ! s t a t e  i s  olwoys more posi- 
*..,. .L .., ,..= t1.e :02ii ; stote, even thou+ in cxsr ; le  ; 
the logic 0 stole  is neqs t lve  The previous stiltemenrs 
and definitions are ?nrticulorly appiopriote for 6-c 
sw~tch inq  circuits,  but a l s o  apply t o  n c  circuits as 

,, 7 

we!!. 1 sr :rc:::plc, o os:::ve ;-lse c;n Se ~ s e d  t z  
simulate a positive ,voltage, an3 o negative p u i s ~  can 
b e  used to sirnul3te 3 neaotive voltoge. However, such 
rnppleui ty  i s  urwcesssry, si1ce the z b ~ c n : ~  31 G p;!se 
r c r  sij-i!y the lsqic  C s t a t e  an3 the original deflni- 
*<",. -: " - - <  .,,. - . , e p 1 s t  p l y .  ina t  is,  
tnr lomc i s tnte  i s  mrio ? n ~ i l ~ , r o  t h n  the nn -!nnc! 
lor logic 0)  stz:e. 

, , , . . . ... ...., .,, ~, ;.. . . lua~  3d:plcL;e 
* "  ,,:3\, ...-. ...- ~ 

,i " ,  . >,,J ?,5nht,~,r:.   IF,.,:,,^? ,!f .&? :P :?:crl?: 
; t ;~; : : : . .~r t~.  C i r ; ~  ; ;lsi!i,;c ca:iect-: vl;:i,~r !E 

:-;c.:~? 1- :i.:c:si;;;; ;LC !;?U : i i n i s : i i  ,~.i .r~,l:i," 

;i : ,=  :ransist;r p i o j u c ~ i  f i t i~e r  o low 01 .: ?!qn 
pmc?!:..e ...?!:z:~. y : : z  5~ jr;fi: <;:?it ;;,~ 
"I:",:, f,:!!,: , r ~ c z ~ z ! 7 : ! ~ n ~  2cr,: ::.;:!.. --)-.:-: J A - -  . . , > -.-. .-.- - - 
, - >,, , .,e i-. ,.c<-l"ye'l. ,I-.- tk.!?~?!>" ~ l , - . i ? , , , l in?  ,"t?rct:-7? 
L4uij;i;l,i ca;,ilclt~:rs ani on,) ?oss!3ie wcve!orr disror- 
i,nn nUs.t,- T k - f  + i  --,*.- $ 2 :  In:..-- . . < -. ... --. ---?.-" .L.... 

.~ ::t;,i lJ?!- ':':TLj :i:c , i tr  i:; iis..,:s.e: 11. 
, h i C  Th* "' ""-;* t o - : -  L-. ~. . . .  "..b .,i ,.. .,.,, " _  ,r , u r r r r c , ,  1s 
i ot r s s t r i c l r i  tu '.F:; i r ~ : , s ~ s t o ~ s ,  s lnce ?I<? trcn.15- 
'cr. .3p t e  cs.2 !? 1-c cvs!..rs : : , 7 , :  t?"  r c - - l r ~  
t : ::i.:-:. ,.;J,.:L ::- .,-,.,,,?~ 

, ,.-.. : . -I ,.,, i,. ,,"i,ii iil_ l,,. . .c- >>P I , ,  .: v : 8  ! ' -  

iisrors i1erel.9 !>ores !?e irs;?n o! d-c jcs l r lve loql i  
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circuits easier and simpler, so that normally positive 
loqic is assaioted with NPN transistors, while nega- 
tive logic is ossaioted with PNP transistors. At 
present, however, it i s  unimportant which type of 
logic polority (positive or negative) i s  used, since 
logic components and circuits are available for all 
types. In foct, by using o form of mnemonic (sym- 
bolic) notation, such a s  H for the high or active 
state (I), and L lor the low or inactive state (0). 
logic design may be completed and circuitry devised 
without concern for the polority or levels used. 
Once the logic design i s  completed, standard circuits 
of the proper type ond polarity for the components and 
level to be used ore selected, ond the unit i s  constructed. 

FAILURE ANALYSIS. 
Since positive logic polarity invalves the operatior 

of circuits by means of a more positive voltoge or 
signal, it is evident that under normal operation such 
circuits would be activated by o positive signal and 
would produce a positive output. However, while the 
previous statement isgenerallytrue, it may not apply 
to a particular circuit because of special design con- 
siderations. Reference should be made to the proper 
loqic circuit (schematic) and flow diagrams to deter- 
mine the polority and levels that onivate the suspected 
circuit. 

NEGATIVE LOGIC. 

APPLICATION. 
Negotive logic polarity is usually more adaptable to 

the use of PNP type transistors. 

CHARACTERISTICS. 
The input octivotes the logic element only when it 

i s  of negotive polarity. 
The output of the logic element is also of negative 

polarity (except when it i s  purposely inverted). 
Operation may be from a hiqh negotive to a low nega- 

tive voltoge or current, or negotive against ground 
(the high negative voltaqe or current usunlly ocri- 
votes the circuit). 

CIRCUIT OPERATION. 
Negative logic polarity i s  defined a s  follows: when 

the logic 1 state has relatively more negative elec- 
trical level than the logic 0 stote, and the circuit 
i s  .astivoted (operated) by the logic 1 signal, the 
logic polarity i s  considered to be negotive. The fol- 
lowing typical exanlples illustrate the manner in which 
negative logic can be employed. 

Example 1: Logic 1 = 0 volts 
Logic 0 = 110 volts 

Example 2: Loqic 1 = -10 volts 
Logic 0 = 0 volts 

In both examples the logic 1 state i s  alwoys more 
negative than the logic D state, even though in example 
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1 both states are in the positive region. Vihile the 
obove definitions of logic polority ore particularly 
applicable for d-c switch~ng circuits, they also opply 
to a-c circuits as well. For example, a negative 
pulse con be used to simulate o negotive voltage, and 
o positive pulse can be used to simulate a positive 
voltage. Such complexity i s  unnecessary, however, 
since the absence of o pulse con be assumed to indi- 
cote the logic 0 stote. Thus only a negative pulse i s  
necessary, and the above definitions will still apply. 

As normally used, negative logic i s  more odoptobie 
to PNP type transistors because of the PNP polarity 
reauirements. Since o negative coiiector voltage i s  
required to reverse-bios the PNP transistor, operation 
01 thetransistor produces either a low or a high nego- 
tive output voltage. By using direct coupling, o 
completely negatively polarized d-c system can be 
developed, and interstoge coupling capacitors can be 
eliminated. Thus, besides thesoving of the cost of a 
component, waveform distortion due to phase shift 
through the coupling capacitor can be minimized. 
Operation may also be speeded up, since it is no 
longer necessary to wait for the charge anddischarge 
of the capocitor. Directsoupled transistor logic 
(DCTL) circuits are discussed later in this section. 
Negative logic i s  not limited to PNP transistors, 
since the common emitter configuration (in on a s  
coupled circuit) can invert the polarity of the input 
signal and provide a negative output iron an NPN tran- 
sistor. The use of PNP transistors merely makes the 
design of d-c negative logic circuits easler and sim- 
pler, so that negative logic i s  normally associated 
with PNP transistors, while positive logic is a s s o  
ciated with NPN transistors. Since logic circuits and 
components ore available for all types of polarity, 
there i s  no particular reason why negotive logic 
should be used in preierence to positive loqic. In 
f an ,  for design reasons some special computers use 
both (mixed) positive and negotive polarity. The 
usual practice i s  to design the logic without regard 
to polarity or levels. Once designed, the proper type 
of polarity and levels for the standard logic circuit 
and components to be used is selected, and the unit is 
constructed. 

FAILURE ANALYSIS. 
Since neqotive logic polarity involves the operotion 

of circuits by meons of a more negative voltage or 
signal, it can be reasoned that under normal operation 
the loqic circuit must be activated by a negative 
signal and thot the output must also be negotive. 
However, since special design considerations some- 
times negate this reasoning, it is necessary to 
refer to the schematic ond flow diagrams to deter- 
mine the onuoI polarity and levels which activate 
the suspected circuit. 

ORIGINAL 
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DIODE LOGIC. 

31ode 1 3 9 1 ~  (5: ;cr.cerr.s basic  l9q1c clrcmts iltillz~ng 
.L- ..ic i . - i e  uaru -- ,, +L- .., -. 4.2.~ ,r-rlnn ...., e!anpn? -........ F,lnr,>nnnll . - lnn l r  r l i -  ........... y, ..,.. .. 
cl;;:s :re broken down lntc s l ~ p l e  baslc clrcul!s sach GS 

the OR :,re. qnri rhe AND ?rite, whch h a w  thelr counter- 
P U l i b  fur CULh iyp of loTii, TL-.- iilui. r U U ~ ~ ~ . ~ , ~ ~  ,̂ . !u,ab ̂ _,a "."- ^lir ..-u ici 

i ts  P gste  an3 AND gate, plus add:tlonol clrcults such cs 
ihe NOR gate and NAND gate. Corrb~notlans of h e s e  h s l c  
i l r i i l i t  building blocks, m turn, far- cddltloncl but more 
complex configurations. For exomple, o co;lblna:icn of AND 
3rd O%ircuits iorms o haif-adder, dnd two h a l h d d e r s  
5r.i 2 full-adder or odder. Thlrs thc 10tj:c blocks =re I -  

r n l q e ?  ra !erior-: :ne 6el:ed circu:l iuucuu:l> u; ilr i ~ j ~ u :  

ccmputer design. in oddl t~on to diode and trunslstor loqlc, 
other f311.s O! logic ut~l izing dlodei or trcrslstors are en- 
c3;r.te:ed. Fgr eacmpie, where only dc :s ~nvclved,  ~ r e c t -  
coupled tranjistar i o q c  (UCTi)  is usdcily enpioyed to 
;vw? losses  in cmi; l inj  C ~ : C U I ~ S .  ',','he:e 3-c pu!ses are 
r rp loyed  resistor-transistor loqlc clrcults (ZTLI or resist- 

ancexapacl tance tionsistcr logic (FICTL) are  usualiy used 
(this is slnlilar to the resistance C O L P I I ~ ~  used In O U ~ I C  

ompi~flers). Thereiore, each basic logic group has i t s  sun- :!. b c s ~  C'P ond AND c~rcu~ts, plus any other c i rcu~ts  pe- 

;\ cullar to that type oi log~c .  In xos t  cases, the -ore lz- 
% 
I: \ volvei c ~ i c u i t s  are  node up of combinations of CR, AND, 

and NOT circurts. Whlle the operotLon of these basic cir- 
c ~ l t s  :.oy be sllghtiy different, they are s~mllor: For exam- 
;I-, !:onsis!oi !ngic cnn ens!ly be Y , + U O ~ ~ Z P ~  by considering 
the enlitter-ause junction a s  cn input diode on6 !.a,~-c~l- 
lector junction as the output diode. 

3 ; o e  lo j l c  1; tne smples: type c t  l i j ; i ,  ca::espondi?;, 
~n general, to swltch operation. Either the switch is ON 
(diode ionduct~ng) or it  ;s OFF (.'>ode nonsonductirg). It 
:s csuclly used where signols o! only two levels r e  ;nvaivrC 
( the  oii ievel and the on ievei) o l t h o q h  h e r - l e v e l  i r i -  

cults nay oe arronged, 11 desired. E ~ t h e r  negotlve or pasi- 
t ; l e  loglc may be use with !he same clrcuit arrangements, 
except <hot the d d e  connections munt be reversed. iVhile 
1: 15 :-parton1 that the iorword resistonce of the diode be 
I m ,  lt  is :are lmpcrtont tho1 the reverse resistance be ,very 
i . , j i , .  Thus ++hen dlde., are pc;3!!e!s:nne;:ed :LC:: &:a!- 
led revrrsr-reslstonce is st111 high, and leokoge and operot- 
~ n g  p w e r  requirements ore low. oiso, iolse triggering will 
I . - :  ;:cLr. ~ ~ i h t r  , d u i i z : , ~ j ~  tc :?r KC sf 3 : d e  j ~ l n : ~  :s 
.*,: ",. .-.,- r;.^r .' .Lp ^ ..... ..'..* ..."nri iri,,r; '!'b ........... i ... r u . .  ., ill l.... ...y.... ..>Ll: I t i s  

. . 
-:I:cz;;;Y :r 113 31 :zvo:ter c l rcx t  !c rely!" !he sinr:ni 
vc its original p o l o ~ t y ;  thls helps sir.p!:iy ccxputer desigr .  

: z c ~ ; ~ j s 2 : c ~ ; e ~ ~ r  !:~:e;! !,~ F,g!!!,,; Q , : ~ ~ ,  n ,em+:, :: 
,.vnrre u iumolootjon of inputs AS bs rd  ," ;:od.~,r ; >.;.;:i 

. "..> :.: , decoding mot r ice  -': I : ............ .-.. . . .  .. . 
;erre!y, 3 2  ?rr?nqement with slnqle inDuls producing o 
multiple output 15 Known as or) encoder motrice u~ ~n~ui~rn. 

In generoi, wnrn arronged in u rectongulor oriilnijei;lent the 
notr ice becomes o rcctongulqr motrice, regardless oi iunc- 
t l x ,  that 15, it  nay  be e i h e t  an encoder or decoder. Each 
.i v k s e  hi),- cl icj i ts  ord urror.gec.rr.ts ;re !L!y d i s c ~ s s e d  ..... . . . .  
;: t?,C :o:ic.s:zq ;~rr;!2;!!>. 
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OR GATE. 

APPLICATION. 
The dlode OR qote 1s o basic laglc c i r c ~ l t  whlch prc- 

duces an output when elthei Input i s  octlvated, and w h e ~  
both inputs ore s~niil!meous!y actjvoted (~nc lus lve  Of?). 
It r e p l o c ~ s  the relays nnd electron tubes used in curlier 
computers. 

CHARACTERISTICS. 
May use e ~ t h e r  p s i t i v e  or negative logic. 
Xsy be opzrated oy short duration pulses, or by s t o t ~ c  

2 7  voltage levels representing inp;:s on3 outputs. 
3"-."-"".- "A"".-" "'C-,!. . ,.v.b--...u ."y.- .. 
Corresponds to an oppositely polorlzed AND gate. 
2utput never exceeds die .np! (nu  i::.p:;!l;it:cn ;c ;b 

:anrd.)  

CIRCUIT ANALYSIS. 
General. L o q ~  C I I C X ~ S  'life[ f~om basic elecvonlc 

clrcults i n  thelr general treatment. Through the use of 
stundcrd iaqlc symbols (see  I.?IL STD 00806C (NAVY]  for a 
complete llst),  o b l o c k d ~ a g r o ~ .  ;,type oi presentotlon may be 
used, lnsreoa of :he convent!onol schematic representatlo" 
with wmch We ET is more iomlilar. Thus the slgnoi poth 
and operoton can be followed, or considered, w~thout  re- 
gard to the actual e lec t ron~c  clrcuit operation. Typical 
standard symbols used to represent a posi+ive logic OR clr- 
cult ore shown below, acconponied by a truth table of pas- 

. k , -  ---!- ........ 
>LU,C <.., ".,."<." ..-. 

INPUT OUTPUT * 
i I i B!!!! 

* I  " 

Positive OR Gotc Symbols Table of  Conbinotionr 

"L- ,., iU1 ,,,, - ,.L,," -._.. ........... -- --"- L."b ...v.. 1n.rr.l nr . LnqLc 3""1!" 
......-L.. I +L . .  ......-.I.......L.. , - ~ . ~ ~ + d  h,, ?he ................ r , l !nA- ,n  ! P , ~  sc!l,,! ...... .... .>hi. ",...I .. -, 

1135: tnonqles. TIIF inputs are A 31 8. The output, F show: 
In Boalean olqebra nutallon tne resuit (A  t dj, where tne + 
J.,; .;.?;:;:L; I13 (zi2:::cr). TL.c !&!t. C! :~cr ! " :~c! !~~r  
skaws every p s s i b i e  conblnat~on of input nnd output and is .~,... ..2,-, L .-k>" .. LL:EL=LU,=, L",,- ...... uuc,. ':;hcc c:thc: :n;dt >. c: :n- 
c-t 3 (or aoth] ore ot o relatively nlgn ievei, the output, F. 
:s ~ l s o  I! I relativel,f hl?h level. !';?,en 50th A :mi 8 sre 
. ,  ,. : , .,, , < , ,  , i r . t  ....................... r 

CHANGE 1 
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ELECTRONIC CIRCUITS 

Two Input Negative OR Gate 

The negotirs OR gate operates lnvcrsely to the pasltive 
OR gote. 'Illhus, when inactive, it i s  held s o  by inputs ap- 
proximately equal to + V  and no conduction occurs. ' h s  
represents the 0 state. When o negotive 1 1s applied either h 
or B, he respective d ~ o d e  i s  fonvaid biosed and cdrrent 
fioh,s through Pi. Electton flow is ir, such a direction thnt 
rhe output end of resiator 8 i s  fiegatiie, azd the i n p t  signci 

k appears os the output. While one diode i s  conductinq, the 
other diode i s  reverse biased by the amount of the output 
signal; thus it cannot conduct unless a greater negative 
voltage i s  applied its input. When both inputs ore sinulta- 
necuzly octlvoted with o negatlve signol, i1 equoi in am- 
pl~tude both dlodes ccnduct. This is the case  oi the in- 
clisi;e OR. if the plori t ics of the 0 and i ore reversed, the 
negauve OR qate will function os u wsluve  AND gate. 
Thus the pmper conventions must be used to produce the 
desired function. When the 1 input is relatively more neqa- 
live than the O input, the above discussiar.. the syxbcl, the 
scheinat~c, and the truth taoie ior the n e q t i v .  OR gate uppiy. 

FAILURE ANALYSIS. 
~ e n e r o l .  In the basic OR circuit only three ports are 

:zva!ved and it 1s o simple matter to make a resistonce and 
continuity check with an ahme te r  1; quickly deternlne 11 
the parts ore defective. Military computers are usually made 
sel! ind~ccting-tho1 i s ,  for o given n d u i e ,  normol operation 
is shown by a lamp operating in sgnchrcnis? with !he input 

-. 
ar t y  a test signal ~nrerted s t  spec:flc intervals. Inus tne 
o:,e:atai :on quickly determme li the moduie is uiaiKinq 
properly and substitute a new cne when neeaed. in s o r e  ~ n -  
stgnces !t moy be considered economical to throw away the ."-. . ' . , ' r  ntner iwtonces, io:oi cr tzc:ay remlr I: --dce 
and tt,e !o!!a.v~ng troub!e onclysis w!ll be apphcable. 

No Output. if ni, autpit is obbii;td !r;m sithe: Lp.e ~ i t l -  
f!un o~ '?CI]O~IVP OR gote when an lrlrut ,voituqe or puise is 
cpplled to a ther  A or B termlncl, the cssocicted dlode 1s 

dc!ecd\.e. L!se an nhmmeter 7" check the forward and r e  
verse resistuncr oi eliner CRl ai CR2. A tdgh reverse rc- 
sistonce and a low farviaid reslstancc ore normol. if the re- 
- ,  -. ~ . . . . . ~ c  .,-?- 1s !he s ane  :n k!s ?imct!onc repicce [ii- d!ixir 
w i t *  d k?,>"<~ ? ~ Z ? C .  
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continuous Output. When o dlade 1s short-xcuited, the 
3 level will appear continuously at the ourput. Thct 1s u 
constant d-c level w ~ l l  appear of the output, becouse c d-c 
current poth ex;sts fro- the supply !nrougE resistor 6, 
through the diode, and througn the inpilr i:rpdai,cr br volt- 
age supply unpedonce to jrcund. Thus he output ..*111 tr a 
constant and opposlreiy poiu~ired vvituge iij t i s t  ii~iii;!!l. 

produced. Tne ovtmt ami~ t l i de  v111 be eitker nlaier or icwer 
tnan nomai depnding u p n  iaitoqe divider action u i  ii an:. 
the inout reslstonce. When the input poruon presents u hiqh . ~ 

resistance the output wlll be neor the suppiy voltage. If 
e q x l  to the ,doice of resistor 3, the cutput will be iol! the 
supply voltage. If lower than R the output v~ l t age  nii l  six 
be low. 

Erratic Operotion or Reduced O ~ t p u t .  I! IfL!:!?! ? ' =  
anen, no forward bias will be oppl~ed to the ~ I O ~ C S  and they 
wlii be i n  a flwting condrtian, subject t . ~  oFratlan by 
rondom noise pulses, or ony signal that makes the anode 
nore p s i t l ve  thon the cathode (or the cothode more neqatiue 
than the onode]. Make a reslstonce check of resistur, 9, 
~ t h  an ohmmeter when errcsc operatLon occurs, and replace 
i t  if it reads outside ske taleronce range. 

AH3 GATE 

A7PLICATION. 
The diode AND jate 1s o h s l c  1q1c  circuit ,which pio- 

duces an output only if u l i  of 11s inputs  are s~m~l t j neous ly  
ocavared. k ;e;rrsc::in the bx i ;  l q i c  c l i i ~ i t  !si biz,;;; 
mult~plicotion, and the dct iycnol ?s used to l r d i cn t~  tnis 
(A .  t? = Ci. It replaces the re!oys a?delectron t u b s  used i n  
.r!.er Z~T:;J:CIJ. 

CHARACTERISTICS. 
'day ?use eltiler r/ls!tlve or nenotlve !.jq~c. 

L -----.- > i.. -i-.. 2 ...*.. "" -;,.lror n. i, :""y ur  "~cruisu uy rir"i. "uiri.ui. ?..-- ", .. ., .. 
2; vo!tcge levels represefiting lnplits and outputs. 

Corresponds to an appjsi:e!y paiar;zed OR gate. 
Output neve: exceeds the i n p t  (no ampllf~cotlon i s  oa. 

tslced!. 

CIRCUIT ANALYSIS. 
Generol. Logic clrcu~ts differ from h s l c  electronic 

c ~ r c u ~ t s  :K their general treatment. Througn the use oi 
s r n n r i , i i j  i uqc  n y r ~ l L u l a  jncs :,:lL S I L  L:t2Er (:iA"X; ic: 

yY;:,;.;t.:t ii>!i, 3;"L-, ;.jgi . . - -: ---..--.. 6 . - -  u:.. y*L..L,,,"..".. ,.", 
. . .  . , 

i'/ ,.:n?, Ir<>ii%a or ti,= Ll;>.";;;,;:; ;;;,; ...<..- ".: . 2 ~  

;reser!atlon .ilk whch the LT I> c u e  iorrl1.ar. Tnus :h; . .  , 
sl<nG. >c;r, 3 r  OpkrGLb, ,  ,:.ay >e ,b.,d""c", u, ,..i ,.,>- L,U, 

;+~I'ncut reqord to tne octuai rieci;onlc clrctilt orjcrarlon. ;; 

a! possible combinations 
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E L E C T R O N I C  C I R C U I T S  

Posi t ive  A N D  Gmte Symbol Table  of Comoinotionr 

The (H) notation mems hgh level or positive logic 
and i s  indicated in the sjmtnl by the fille&in right 
triangle (when the ttimgles are used the parentheti- 
cal notation m w  be omitted). The inouts are A ond 
a. Theoutput, F, shows in Boolean algebra notauon the 
result (A'B), where tile dot sign indicates AND (multiphco- 
tlon). The tableof mmbinouok shows every possible com- 
blnatlon of mput ond output, and is, therefore, called o 
truth table. When inputs A and B a r e  bath a t  a relatively 
hlgh level, the oiltput, F, 1s also a t  a relatively hlgh level. 
#hen both A and Ba re  at a low level, s o  i s  F. For o single 
lnput the gote renoins inactive. 

#hen negotlve logic is used, the symbol stnwn k l o w  
and ocmmpanyinq uuth table opply. 

INPUT WTPUT -47- 

Hegorive A N D  Gate Symbol Table of Combinations 

The IL) notation meons low level or negative logic, m d  
the snoll  open right triangle a t  the inputs and outputs of the 
sy .~bol  i ndmtes  they are low (if fllled in they are high). 
When the triangles ore used, the parent5etlcal (L) notauon 
aoy  bc on~t ted .  Thetable of ca::binot~ons shows thot for 
all Inputs but one, the output is high. When both inputs cre 
low, the output also IS law. For o single input the gate re- 
i-oms lnuctlve and rests in the high state. 

Circuit Operotion. A two-lnput positive AND gate 1s 
shown in the accompanying illustrction. The gate consists 
cf ?#o diode;, CRl md  CR2, and curtent limjting reslstor, 
ti, ccmected a s  shown in the schematic. 

When the gate i s  inactive (no output i s  qp l ied)  the 
cathodes of CR1 and CR2 are a t  o relot~vely low level v:~th 
respect to the11 onode. Thus the cathodes ore effectively 
negative with respect to the anode and the diodes conduct. 
The diode current flowing through reslstor R produces o 
voltage drop equal to that of  the supply and of opposite 
polarity. Therefore, ot the output end of R the potential i s  
zero. md no output signol exists between F and giound. 

Should a positive input be opplied to either A or B alone, 
either CR1 or CR2 will c w s e  conductmy. However, the 
other &ode will then conduct more heavily ond keep output 
F ot zero. Thus i f  only one input is activated there will be 
no output. On the other hand, if  both A and B inputs ore 
activated simultanewsly by a high level or positive signol, 
the cathodes becone more p s l t l v e  than the onodes and botn 
diodes cease canduct~ng. When conduction ceases, the 
voltage drop across reslstor R no longer exists, and output 
F rises to the iull value of the supply voltage (becomes 
h~ghly positive). Thus a positlve output i s  produced when 
both inputs are simultonwusly activated by a relat~vely 
high level lnput representing a 1. 

A positive AND gate 1s sometimes referred to as o nega- 
tive OR gate, because if the polarity of h e  input trigger is 
reversed s o  that a negotlve signal represents a 1, and a 
posltlve signal represents a zero, a sir.gie lnput will pro- 
duce o negotive output, but comblned inputs will not. Refer 
to the OR gate schematic in the prevlous d~scussion earlier 
In this Chapter and observe they are identical. Bemuse of 
the ~nterchongeabiiity of the AND acd OR functions w~th  
paiorlty it i s  necessary to adopt certaln conventions to 
m i d  canfusion. Therefme, if we asswne thot relatively 
posltve s~gnais  produce o I ,  and reiat~veiy negotive signals 
a 0, we moy d l  the AND c u m t  discussed prwiollsly b e  
a p o s i t i ~ e  A N D  got=. Unless otherwise noted, we shall 
assume this mnvention throuqhout the r e m i n d s  of the or 
cuit discussions in this Chapter of the Hmdbook. 

In some systems, 0's ond 1's are represented by the ab- 
sence or presence of a pulse. If the pulse 1s absent it re- 
presents a 0 ,  i f  present, o 1. The AND gate must poduce 
o pulse a t  its output only when al l  inputs ore act~uated. 
Thus in o three input AND gate, lnputs A,  B, and C must 
al l  be activated before on output can be produced. Like- 
wise, where both d s  and pulse levels ore used, a11 must be 
activoted. Where two levels "re d s  and the thlrd i s  o pulse, 
both d s  levels must be pasitive and o positwe pulse must 
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uppeor ot the tnlrd level before me circuit will operate. 
Absence o! h e  pulse would 3e a C exoctiy 0s though 3 

negctlve s l p a l  were cppl!ed instead, ond the c i rc l~l t  w ~ l d  
nni  operote. 

4 two ,"put negative AN3 gate 1s sho.z'n i n  the accon- 
m:rvlno illus:rct~on. The ~ O ~ ~ C C ~ ~ S L S ~ S  sf P ~ V C  dmdes,  (:ill 
on:! L'R?, +!:!kc-:rent l:z~t:c; :es?e!o:, U,  cxz.ected as 
shown in the  schorratlc. 

Two Input Hegotive AN0 Gote 

The negotlve AND qcte opeis tes  inversely to the p3s1- 

f i v e  AND qote. lhus,  wnrrl inochve, the rrnodes are 2 ,  Q 

!'A relot;,iely high level (positive) with respect !o tne coti;ces, 

& 
which ore connected to the negative supply through R, and 
they conduct. The  voltage drcp across R is opposite the 

c-7 supply and equal sc that no valtaqe exls ts  a t  the o t i t p ~ t  

' 5 .:: :cs;z::: Q, th,X zc ;:tTG: :z &t:i;?z !:c: !-. :;>,:; 
e:ther m?ut A or B :s :ctivotei (wlth 3 negative 1 s ~ g n a l )  
i5e assoclatcd h o d e  stops i,,niuc'il-,. k t  t!,e c,izei ilox 
rnaintalns theoutpdt a t  zero. tiowever, ,#:,en bth i n p ~ t ;  
ore s ~ a u l t o n s u s l y  ac t~ i , a t rd  by o low level or ielotiieiy 
negotlve input the anodes become more negative than the . . . . .  
"".h""o ".." .- ..u...uu. ".." -.c 5:ocec cecse coed-nix. Sxce nc c-::e>: 
now flow: through R, the voltage a t  the outgut terrnln~i  
r i ses  to the voiue cf the supply voltoqe, and a neqatlve 
x t p ~ !  reprerez!!ng o 1 !s prc.duce?. When !he :np,ts cn5 .e .  
the output ogoin te iz inates  and the 33% is ~ o n s l d i ~ e d  ::- 
a i t i w ,  even t:o-qh this is the period dxiirg which ths  
d;ndes qr? nrt lve nnd condrlctlnl. 

I! the ~ a l n r l t l e s  of he 0 and I are reversed, the ne.7"- 

a i  rhe i ion ibok j .  %us the rq;r; cur:veot;;-; 1 . ~ ~ 1  Lc 
y s d  I; ;nJi;c the des;:es !;-.;:::r.. SLec :t.c i :r.;c: :; 
relotlvely more negctlve thar tne G Input, the above dlsc l s -  
z:r- the svxSc!, the ;ch?.:.c!i~ nc? :he ::.d!h tzi.1~. ~ C I  :hi 
,-.rgativc AND got. :;;!).. 

FAlLtiRE ANALYSIS. 
Sensi i ! .  S:zcc sc!;. tL..:̂-. j:::; ;:e x e !  :.- t52 L^z:c 

AN? ?ate, 11 is o simple natter to ?eke rcslstcnce or.; .. .......... .L.., .. . . ~ . L  .. . & ~  > ' .L... 
L U " L " 1 L " L ~  LllTLhO n,lil Yl> " I I : . , , I I S L S L  L U  YSicl,i!iliz .I Yl= i lC  

parts are detective. M ~ l ~ t a r y  conputers are u ~ u a l l y  self 

or by o test s l jna i  Inserted a t  speclflc intervals. Tininus tne 
operator car; d e t e r x n c  I! tne nodule ;s  working prcpe;ly 
a d  subst!t.i!e rl c e r  nce *.hen needed. Lv some :nstx:e: 
it may be cnnc~dil ra i  ecnnomicol In throw '>way the d e f ~ t i , : ~  
codule ,  i n  other instances, Inc-i or i a c ~ s r )  repon 1s 733s 
and the failowlng trouble onoiysis wlil k appl~cnble .  

g= &:P":. If 2~ c d t p :  is ~ b t ~ a c d  !:or; c ~ t h e r  LX 

positive or neyotlve A V 3  gate when a? Inpot V"]!C:P 1 r  
pulse of the proper poloilty cnd orpi l tude 1s o p p l l ~ d  ~lmc.-  
tunemsly to jot. lnputs A ond 3,  bath dlodes 3re d r f c c t ~ i - e  
or resistor 5 is open. Use an oh-meter to check the fsr;io:: 
;nd rc~zcrcc rcs;;tan;cc. af CE: m d  CRZ. >I ieri:st 
rea i i t a i ce  o n i  a ! ~ n  fcrworj !?..i.i!unce Jre nz::zc!. If :?.; 
r~sk:z-acc 2s t k  iG7,e arb h<.t:# i t r e ~ t l c f i >  .c!>LLc ;iac :&:= 
.w>th o known g o d  one. I! r e s ! s ! ~  R 1s m t s ~ d e  irc tal.21- 
::rice nmqe, replace 11. 

Continuous Output. If elthe: t !  Fs!!s:!!:,r cr negv!:vr, 
.&."SZ $ t ~  prodhcz> ":I ;":put *,t!, !lU Hip! a b P l , 4 ,  k t : ,  

diodes nre defec!~ve, c: reslstar R is shaitc?. Check !tr 
diodes wlth on o h m e t e r  for forword and reverse re- 
slstonce, ~ n d  the value oi  R .  Reploce the defective p~:'. 

~ r r o t i c  Operotion. ;f on ~ u t p u t  IS obtoined when 3nly 
3ne :nput is 3ct:voted, h e  dmde osjcciated w;tb. tqe ;<lei 
~n;ut is open. Check the dlodts  i i i  foiwurd and reverst 
resistance wlth 5.7 ahnre te r ,  on.' replace 15s defec:,:e 
&ode. I! an au:put is obtoined when either A or ti urc 
ac t~va ted  ind~viduolly c: slnultanecusly, resistor R is p r u b  
ably open and the diodes ore free !loat?ng, subject to O ~ E T O -  

:,on by any trigger or mlse  slgnul which nokes the onodes 
z2>:5 psi:i.".e tkfiJfi ;kIe ,:G::..Je, (u[ tbjC -u:+wjc> .I:urc 

a t lve thar; the anodes). A rcslstance check of R wll! reveal 
:he :r>uble. 

RECTANGULAR MATRICES. 

APPLICATION. 
A rectanyular diode motrice ;r;rrin) 1s used in co.i,puter:; 

'" -".'".m " "-.ci',- ',,""I,-- .,."i .- .. ......... " " . . ,  -,. &.. ..Yp,"i, . _) " &..,,.< 

output ,.*hen supplied nitii r i ~ l t i - l n ~ ~ t s  or vice .vfr=. IL 
zuy also te k;.own by >IS i,~:~ctiilr.ui ;lu::.e .nsterd. T h u s ,  
gl'h.n,,qb 7irnpqel q c  r TPC'112,J!nT ny.?:, ., -^i: . . . .  in b"n...r. 

nil encoding or decd!nq .m.a:r?ce. Ac!~!~lly :t is i :;enir!; 
, . 

S"Z.? far ,: zl,2ss a f  c , ,~u: ts  *::LC!, ,:re d s c  !>,a?,=" .A: :;,e 

i,,-r:!.? [h.?? r":TE.zer:. 

CHARACTERISTICS. 
!buy use paslllve 3r negouve !ag;c. ..... ' - - 2  ................. i i : . .-..-.- .......... ,,,,. r:!,, .......... " . . . . . . . . . . . . . . . . . . .  
I L ^ "  ......*.__......_ , . ^ A  _ '  _ ...... :~ ".'. ; ...p"'- 4.- *.... > ....i ....... - .- 

. t l  r e  : r 1 :  i n d  31;. :r-r:.i. 
:Gal- 1s !rss :ha? I (no oxolltl:atlor i s  3:-mdcq:. 

CIRCUIT ANALYSIS. 
i.n=roi. Rcctcilruloi drddc ; r , o t i , ~ c ~  Lave ,jc;l;l 

cfioracterisrlcs c r  !unctlcns cf ineir cwn cthe: than 3: 

:r?ered x r o j  ci 5 o d c s .  '?Le - ? t r i i  7 i17 r7Sr?T :  !-is 7 : .  

, A +  ,: ......... . - . r . - . .  .. :: , <  :;~,* .x........ . . . .  -; . . . .  ! ,- ......, -~ . ~~ . .~,.. ...................................... 
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elements ore cornected inot cieterzlnes the logic iunctmn 
produced. Thus to describe s co;;puter as  :onto:nlng c 
iectongulor catr ice  1s of no signiflccnce unless the asso- 
ciated func t~on  is also desc rbed .  

Circuit Operotion. A simgie rect3ngulor .T.atrlce cam- 
posed of two Ziiil) gates and one OR gote, i;h~;h perform 
the loglc functlon (AB + CD) ore flrst shown symbclically, 
then os a T O ~ ~ I X  diogom, and f~no l ly ,  in schematic dloqrarn 
fnrm. 

INPUT 

OUTWT 

F~(AW+WIIH =?=- 
INPUT ~a 0 

Logic Diogram of Matrice 

4 s  shown In the  logic dlogron, the diode AND gates  are 
AG1 and AG2, and the dlode OR gate i s  OGI. Inputs A ocd 
B a re  provided for AGI, and C and D for A i 2 ;  the output 
of h t h  c ~ r c u ~ t s  i s  combined by the OR <,ole a t  F. Thus out- 
put F i s  active whenver AG1 output (A'B) i s  active, or 
when AG2 output JC'D) :s zctive, or when both AG1 and 
AG2 are active. The output function 1s wrltten symbalic- 
ally a s  A M D ,  whlcn is read us  A and B, or C ond D, or 
both A AND B o n d  C AND D. The lost mentioned condition 
1s the inclusive OR functlon. 

The d ~ o d e  motrlx representation of the func t i~n .  F = 
AB + CD is shown in the foliow~ng illustration. AND gate 
AGI consls ts  of diodes CRI and CR2, with current limltina 

+v +v 
0 0 

INPUT 

0 (HI 

CIHI -b4- 
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rei.:;tcr 51 .  AiiC gate A22 cansls ts  of dicdes Zit4 on; 
CR5, w t n  currect 1:"ltinr; resictor 3,2. OP g3te 3 G 1  ccn- 
s l s t s  of diodes CR3 an0 CR6, w!th current l.:itlnq iesl j !ar 
83. In tne ?iar?ing, rero volts represents c !;jlc 2 ur.6 +'r 
volts represents c :ogle I ,  tnus pasltlve i o ~ l c  is u;ci, 3T; 

output F is actlve (ioglc I) anen i t  :s s t  +',) volts relutjve 
to ground. It 1s inuctlve (i-iglc C) ,when i t  is a! zero ~ ~ 1 : s  
relotlve to jround. 

Assume :hat 111 lnputs (A,E,C, and D) are ot zero volts 
( loglc  0). Sitn the anodes of CHI ,  Ch2,  and CR4, Ct'i 
connected :o the posltlve bias supply tt,rourjh R1 onJ P2, 
r e syec t~ve iy ,  the dlodes ore forward biused and condsc:. 
The supply volluge 1s dropjed across resistors ii! dn? 32 
so that the onode; of 3 R  gate d ~ o d e s  CR3 and CH6 cre c!so 
a t  approximately rero volts. Becacze the cathode; 01 trie 
OR date &odes connect to ground v:d Fi3, there 1s no i l f -  

ierence in potenl~al  across these d l d e s  ond no conduction 
occurs. Thus, the output of the OR gate remoms a t  zero 
vol ts  (o logic 3). The conditions stoted above ore ihmyn 
on line 1 oi the toble 01 coob~nol:ors sho'sn below, that 
15, ol l  lnputs cnd the output a re  a t  a lm,v level (L). 

LINE A , l lA lT  
NO C D 

I L L L L  
2 L L L H  

3 L L H L  
4 L L H H  
S L H L L  

6 L H L H  
7 L H H L  
8 L H H H  
9 H L L L  

~ H L L H  
I I H L H L  
I ~ H L H H  

X I 3  H  H  L  L  
Y H H L H  
I 5 H H H L  
I b H H H H  

Table of Conbinationr 

Assume now thot the candi t~on on line 13 1s true. That 
IS,  inputs A and B o r e  octlve a t  +V volts (relatively high), 
ond inputs C and D a r e  lnactlve c t  i e r c  ,volts (reIat>vely 
low). ihth Inputs A and B bath a t  +V volts,  d ~ o d e s  CR1 
cnd Ci32 ore held in the non-mnductlng s t a t e  (re,:erse 
blosed), rinlle C 4 3  anode 1s positive wlth respect to ground 
and conducts, current flow is i r x  ground through R3, +ode 
CR3, aqd R1 to the supply. Thus, cutput F is equal !o the 
supply voltage n m u s  thedrop ocross 4 1 ,  cnd the s m d l  
drop through the d ~ o d e ,  or apyroxlmately +V volts, 3 logjc 
1. Meanwhile, Inputs C and D ore lncctive a t  zero volts, 
und diodes C34 cnd CR5 conduct bcccuse of Lbe hlgh PC;,- 
tive onode potential. The current flaw through R i  6rops 
the suyply vcltoge to zero. .rith respect to yrour,d, a t  the 

CHANGE I 



ELECTRONIC CIRCUITS NAVSHIPS 

onode of dlode CR6 (the OR gate). With the cathc.de of CR6 
connected to ground through R3, no potentlol exists across 
the dude, it :s reverse based by the positive output volt- 
age across R3, therefore CR6 does not conduct. 

Assume now, tho1 conditions ore reversed, thot is, In- 
puts C ond D ore uctivoted by o positive vsltoje, and i-puts 
A and Bare inoctive at zero volts, this is comblnauon 
numoer 4 in the toble obave. OR gate diode CR6 n w  con- 
ducts, while CR3 remoins nonconducting, and the output at 
F 1s =grin at + V  volts, ond produces a logic 1 while in thls 
active state. It is evident from the toble of combinations, 
above, that if each of the input comb~nations is perforr.ed, 
only comb~notlons nuniber 4. 8. 12. 13. 14, 15, and 15 w1i1 
;;;se an c:!:ve (high] oufpu! to be produced ot f .  

The schemotlc representauon of the clrcuit described 
obave is shown :n the occompnyinq illustiat~on. 'Alhile t h ~ s  
drowlng and the matrix representation are identical, the 

+ v 
P 

OUTWT 
ctnl 

F.lAEtWllM1 
DWllT 

an 
0 lHl - - 

Schematic Circuit 

arrangement 1s slighlly diiferent. Thus the schematic ie- 
presentarlon shows the more familiar AND and OR gate 
,i;Gi.je,xefi:j ;: ; ;lczce. swcvc:, ." ... b ..," "-."+... ..... A. -" ......,,,. ,.... . 2 .- 
. ...& :". -,.. ;" ,3uu1 us ,", ...u,r.ue; Scccure i! essen!ial!y ci.?fc.rs 
;; ;7e $.. ,,"..-. ... .! "..2 ... *.::?; 3rron;exe?: :! 5 e  zz:rze, z-..? 
~t is clearer ond easier to iollow s~gnal  path flaw when a 
iuiur nwntr r  u: iuscoded iiiiji:i i : ~  L Z C ~ .  3x1 :::c.-::; 
ore identlcnl, however, so you may use whlcnever seer::s 
niblrr  to iailou or undeistnnd. The iircc;: uxplon;t:on ;; 

applic,hle t i  Sc:h d;uw;ngs. To fui!y vndersta-6 ~ p e i ~ t ~ ~ n  
of t h ~  C I ~ C U I ~ .  you should npply eacn input condluon snown 
in the toble of comb~not~ons and verify thot an ldenticol 
result :s obtained. Once establ~shed, the truth toble makes 
I: neccssory to know how the circuit operates in d e t e n n -  
:z; c ;o:Ccdcr result. !! the inputs are known, then the 
vut~ui  iun te deteizinec c: G ~iancc .  
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FAILURE ANALYSIS. 
tenerol. The slnple rectangular motrice discussed 

abave only contains th:ee t x e s  cs -ow pcrts as the basic 
AND ai OR c;:m;ts, so tint :: :es:stance znd continu~ty 
check wlth an ohmmeter wlli quickly deterxlne lf the parts 
c:e defecti,e. Cisunlly !n !rl!!!!niy mrnpllters, I ~ P  moii~:le 1s 
made seii lridluutilig so the opeio;oi cofi diteimini qa;;k!). 
I! :he cn5re module is working i ~ d  replgce !t when necps- 
sary. The deiect~ve module is then repalred e:ther at o 
lacol activity or at the factory, or :s dlsmrdsd if 11 is con- 
sidered economically feasible. In large computer repolr 
centers resi jigs ore US~MIIY ~volloble, and the module is 

.nserted in t?e 1 1 ~  and slrn~lctcd test s iqo l s  are cpplied 
m tne inputs,  and me oucuu~~ 01 i u ~ k  U ;  L ~ U L ~ U L ~  l l L i ~ Y .  

Thus the defective part and circuit 1s qu:ckly located. For 
s-.oll computers, ivhm authorize<, a s~mliar procedure mav 
be followed. The computer con be used to supply the 
necessary inputs, and tne aQtpurs i o n  be observed ull elitlr: 

a voltmeter, o VTVM, or an osc~I1oscop.e. Lock of output 
wnen the proper trigger is applied, or o continuous output 
with no trigger oppiied wlll usuolly :solote tne trouble tc 
the cirmit and port ot fault. 

No Output. With a trlgger applied tc eitner diode Cii3, 
or CP6, nc output 1s obtained. the assoc~oted diode is 
piobobly open. Check the forward and reverse resistorce 
with on ohmmeter, if it ~ndicates the some resistance i n  

both directions ond is a high volue the dlode is open. If 
no output is obtained with on input to both A ond 8,  or C 
c.?? In, d!odes CP! md CF?, or CR4 nnd CR5.. respectively 
are open, or eirner Ri or EZ is awr. A ;e>;s!Jr;e ;!.r-l 
will determine whlch is at fault. 

If both, ANC qote diodes are snortec, :ce C S S ~ C ~ C : ~ ~  

A N D  gore will not o.perate, but the matrice can 3e opercrd 
by the o:her AND gate. However, if bcth AND ,gates ore 
inoperative no output w?!l be obtained from the natnce: on?. 
oii diodes must be defective. If R j  is short&, no "";put 

w ~ l l  be obtained; check R3 wlth on ohmmeter. 
Continuous Output. !f o COII~IIIUOUS output 1s obtoln~' 

cni remains unaffected by any in j4t tIiggeI i ~ r b i ~ a t i ~ i . ,  
e~ther  dmde CR3, or CR6 is shorted. Checkinq the reverse 
resistance of either diode will !ndlcore which one 1s defec- 
t.ir (if la*, :he diode unit: tes: :s 6e!cni:e: :I h?'. t5e 
other diode is defecuve). 

I! mrh AND gate aicaes ure own, [heir cssoc~oted SS 
pte *ill & :ii.21ieied on6 o cnltiE3mJS 3U!L.J! ...:il OCC'II. 

i reverse res:stanre check will reven! th!s cnnd!!~~.r. .;:a- 
. . .,-.,.. , 
.>. .;, :i " i-: " 2  i r e  s-lr!!? !".-!I 1!?1.1"-1~211. 1 "  lll,? 

diorks CP3 oi CP6 will conduct continuously, on3 p r m u c ~  
- :~~- , . . ; - . ." , - . ' , , ,1~, .  ......... 3 2  8 ,".,,.,+,,?,a I,-, . - .. ..~?. .~ . . .~  . - 

, , oi inc resistcis *.;h aim YIiiiiiii~ie; A... IU.C ....... u ::;c i-!i- 
... :- F,.77, ."... 

ENCODING MATRICES 

APPLICATION. 
Encoding not;lces :r.a:r;r: ;re x e d  :i ck37;i +::: 

. , 
I . . . .  . , "  :.,i- I,.:<, ,Gr,fi::,ei~ ::,-,: ?<,7x?;,;: :nc cc?,,.,c:S:c? 

~ 
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of convent~onal dec~mal or engllsh notatlon Into o form 
usable in  a digital computer. The dec~mol numbers, letters, 
and punctuation marks are convert& to blrmry form far use  
in  the digltol computer. 

CHARACTERISTICS. 
Consists of many input lines, but only o few output 

lines. 
Only one input line is activated at a time to produce 

a unique output. 
May use positive or negative loglc, or combined loglc. 
Gain is less than 1 (no amplification is provided). 
The motrlx may be arranged in any suitable geometric 

form (rectangular, square, pytamid etc.). 

CIRCUIT ANALYSIS. 
t.n.rol. A decimal-to-binary encoder matrice changes 

a voltage level which represents o specific declmal number 
into a unique s e t  of voltage levels representing the binary 
form of the decimal number. The follow~ng table shows 
decimal numbers from 0 through 9 with their brnury equiv- 
alents. 

DECIMAL N U W E  

0 

Note tho1 the decimal digit requlres four binary digits (or 
blts) to represent it. Therefore, the circuit which performs 
the decimal to binary encoding must have 10 input llnes, one 
for each decimol digit input, and 4 output lines, one for 
each binary output. 

Circvit Operotion. The logic dlaiyom for a typical dec- 
imal-to-binary encoder i s  shown m the accompanying illus- 
tration. 

0967-WO-0120 LOGIC CIRCUITS 

Decimal to Binary Encoder Logic Dioprom 

Exmimtion of the logic diagram reveals that bur 
OR gates ore employed. OR gote number 1 has three inputs 

-and one output. OR gates numbers 2 and 3 hove five inputs 
and one output, und OR gote number 4 has six inputs with 
one output. Tne open triangles Indicate that negotive 
logic i s  used. Therefore, o logic 0 (inoctlve stote) 1s re- 
presented by a relatively high voltoge level (H), while logic 
1 (the octive stote) IS represented by o relatively low volt- 
age level (L). 

The !oilowing table of combinations shows the specific 
dec~mal number ic?ut and level, and the un~que output level 
for each of the inputs 

~ H H L  
H H L H  
H H L L  

H L t t H  
H L H L  
H L L H  

7 H L L L  

L H H H  
~ n n ~  

Table 01 Combinations (Truth Tmblc) 

CHANGE 1 
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Examination of the table of mmbinauons reveals 
that the l is ted gate  output i s  activated when 
m e  input is the decimal n ~ m b e i j s )  shown in L+e I c I I o w ~ P ~  
matrix truth table; note 'Lot the nurnkm of inputs correspond 
to those stawn on the logic diagrm. 

The  iollowing illustration shows the mmplete  
not i ix  schemotic representation oi  the encoder. 

:~..--.-..+.-.. .,.\ -..-.. ,,:I;,,. -. ,,;,;. ;chei;,-r:i; irvenls th-1 & :st 
. -A nl:lte: ; (%ti: ) c-ns;st< cf  l i ndes  (:hi !?rcucb ,.nj. 

. , .' - ----. ':- - ." -.-. -. " '  '2- c,i7r,er 1 (O,,lO,.i L. l_L ....> . I 
E j  consists sf dlodes 'JP4 ttioilqh LRB, with current hmitinq 

-. :&i::;: y,;, 2?, ;z? ::.7be: ? [':,,tp#:! r) <mr.?ists of  ? i d e s  

L ~ E  tnrougn Chi$ with cdren t  i1rnilir.g r r s iQi :  32. ?F 
3o:e number 4 ( m t p t  D) ?j~.siS14 o! i ioeds  CP.14 thrmgi- 
CPl9 ,  -i!h currmt li-itinq resistor h4 As shown in tr,e 
s c n m m ~ c ,  roe anodes oi oii d m J o  u ~ i  i~nfiei:?: ?z ; p;;i 
l ive  bias supply through the curiefit l i r i t i c s  resistors. tihen 
their cathodes ore connected t o  a i e s s  posirive vuiiugr, ai 

ploced ot zero (ground) potentlol tkry will conduct. irhe.? lei1 
, r t ~ i r n i r , d e d  (no ;np~!) tb,e circuit f rcn !he supply ti,rccqk 

, , , , , 2 .  ::I:?!: 
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no conduction occurs, no current flows through the associafed 
current limiting reslstar m d  t h e  gote output i s  +V, the  supply 
voltage. Since neqotlve logic i s  employed, o pasitive (rela- 
tlvely hlghl output represents o 0 and the clrcurt is then 
i;nsidered :r.act:.ie. When g zero voltage (negative or reic- 
tlvely low) lnput is app l~ed ,  a l l  dlodes on !h~s line will ccn- 
d i r t .  7he naro~ally high lws i t ive )  outpu: wlli be d i a p p d  
to zero by the cunent  flowing throigh the associated cur- 
rent limiting resistor, thus zero voltage or no autput re- 
presents a I ,  that is ,  on active negotive output. 

For enomple, ossume :he decimal nu-ber 7 is opplled 
by, ,gro,mdmg that input line (a re lo t~ve ly  low (L) 1npl;t i s  
app1:ed). The cgthodes of diodes CRB, C813, and C318 
=re, !!.erc.!"r~, mnrp npnntwe thar theu  "nodes, and !hear 
j lodes ,w111 conduct. Inus ot gate aurputs E. C, urn; ;, iru 
ra l tage 'hill cppezr, cnd these '3"otes w:li c l l  be a t  o 
reiutively low (Li output. At the s m e  !;me, since q~te A 
:I:~L! IS ZC! ccr?ec!e.! t" !I-- 7 11 will reno:n hiqhlv m51- 

live a t  +V volts creatlnq o relotlvely hlph (ti) output. Tnus 
by activating the number 7 line (through graundlnq 11) tne 
ij~tpli:  c l l l  be HLLL, representing 0111 or t'ne binary nunkr  
7 .  By lol1owir.g the tobie oi combmunons, number for 
ourber, I n  a s>rnjla; 1osh~o:l ma c>plying each input lr, 
turn, the outputs shown in  the table 3f ~ o z b i n s t : ~ ~ ~  iw!1 ke 
ooto~ned. Gniy one de i ioo l  mmbe; in*: ;: ; :;ze :s 
pernltted, with al l  the remalnlng l ines  resunq i n  the In- 
active state. If two ci more mput h n e s  were slmultonwusiy 
activated, one oi the numbers nlight be produced correctly 
2nd the others masked out, or e l se  the wrong number would 
he pinduced. Thus in on encoder at thls type a ser ies  inpu: 
;lust be used, s ince  o parollel mput  would prodiice o iolse 
:r.d:czt:;n. za rv t rce ly ,  the decoder whlch works lust the 
opposite, requires a parollel input. T! ,s the icd:ng t;rc 
!o;o ser:cs 31 dec!nol Ciglts i n  o slm31e conlputer re- 
presents a fimte tlme, slnce only one can be produced a t  o 
!!i~~r. iiourever the op2:z::;g !:ze !3: ench ?!$! !s m!y ,2 

tew m ~ c r a s c o n d s ,  so tnat rne cndinq is usuuiiy uc~ol i l -  

piished as fost 3s the ~niotmntion can be inseited, and op- 
penis  to be instantaneous. 

.Nh:le the obove expionotion assumes the use of d c  volt- 
a c e  !e,;els. the S O ~ P  oction con be obtomed wi!h oulses 
usma approprlaie iouphnq :::cu:ts, ,when zeeded. Secnuse 
of the 2herer.t loss  in the diode, althouqn assumed zero 
f s r  ease of d scuss~nn  in these paragraphs, when larqe 
number; a! d i d e s  cre used c?nsidemh!e T w e r  ir required. 
-L j,:u, .. u l ~ i e  _I 1 3 ~ : ~  is ssnaily use0 !~qe the i  w l i n  r r o n s ~ s t r ~ i s ,  
:xi ~13"ic-t:0"+i~t3? ;?c:c :~ i i !  CI~CUIIF oreused i n  i-;:;r 
ar!ruters. 

F A I L U R E  ANALYSIS. 
~ s n ~ ~ a l .  In large .ma!r!ces c r e  n,is a chat- d nai;:nq 

G ; e * ~ t o n ~ e  check af the ;IG:..~::L zs:,>::en:s z!  !:c 7 3 ~ ~  

lie, ?T ,w?iymq an axrut lonu1 cnrcn uslng me tiYtn 1a;;c 
und 3 niotr~x sche-cnc :a ar.a!yze the 3utp?;!s. In !aige 
cc-putei repmr i m p s  shls is ocmmpilshed dulckly by 
pcp.lred tes t  1;js ;;:; r.hlct :he zo.l!e zli. be ;!~:qd. 
I he trouble is ,heresy plrl-p?ntrd io I; few disocia:?d ;i:- 
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ponents which are then checked indivlduoily. The !oilow- 
I n j  pmaqraphs ~ndlcotes o systecotlc method 31 analyzing 
fallures for uouble lacallzation. 

Cots Output Alwmys High. If o p r t i ~ ~ l a r  gate output 
oiwoys remalns :n the high state regardless of the Inputs 
to the matrix, it con be assumed that al l  the diodes assa- 
clated with thot gate are probably open circuited, or the 
assoc~nted  current llmtmq resistor is shorted. Make a 
forward reslstnnce check of the dlodes with on ohmmeter, 
jf the reslstance is the some in bath directions and hlgh, 
the d i d e s  ore open. Check the resistance of the resistor. 
With o shorted current lim~ting resistor, the heavy current 
through the dlode w ~ l l  usuolly be sufflclent to cause the 
diode to heat, smoke, and eventually burn out, or to blow 
the suwly fuse. 

Cotes Outputs Always L o r .  If a portlcuior gate output 
alwoys remains in the low state, regardiess of the Inputs 
to the moulx, oll of the dlodes ossocioted with thot gate 
ore probably short c~ rcu~ t ed ,  or the associated current 
l~rn i t~nq resistor w open. $hake u reverse reslstance check 
of the diodes .with on ohmmeter, lf they read the same in 
both dlrectlons ond it i s  very low, the diodes ore shorted. 
Check the resistor value. 

Inco.rsct Output. By using the truth toble ond the proper 
input, mch input line can be checked individually lor pro- 
per operotlon. For example, if lnput lmeU (decimal zero) 
i s  dctive and low (L] ond the cutputs ore: A hlgh (H), B 
low (L), C low (L),  and D low (L)  11 ind~cntes thot dlode 
CRI i s  open clrcu~ted. Thls 1s indlcoted by outputs B. C, 
and D belng normal, and output A abnormal when mmpared 
w ~ t h  the proper outputs llsted in the toble o! combinotions. 
Note t b t  whlle d~odes  CR2 and CR3 are oiso connected to 
output l ~ n e  A, they can only be octlvoted when lines 8 or 
9, respectively, ore octivoted. Thus, slnce only one lme 
may be active ot a tune only the diodes associated wlth 
that llne need be considered. It is evident thot if three 
diodes ore concerned, and two outputs are wrong, two of the 
diodes must be ot fault. 

DECODING MATRICES. 

APPLICATION. 
Decoding matrices (mutrix) ore used to change dota froni 

machine (computer) longuoge to ord~nory decimal or engiish 
notation. The binary representauon of a decimal or M 

enql~sh  character (machine language) i s  automoticolly con- 
verted by the maiilx into o straight-fommd reading character 
or digit easily recognized by the render. 

CHARACTESISTICS. 
Canslsts of mony lnput lines, and many more output 

Ilnes. 
Several inputs are activated s~nultonmusly to produce 

a unlque output. 

0967-000-0120 LOGIC CIRCUITS 

CIRCUIT ANALYSIS. 
General. A b~nary-tc-decimal decoder mauice changes 

a unique set  of input voltage levels representing o binary 
number into an output which represents o smqle decimal 
number. The following table shows binay numbers from 0 
through 9, with their decimol equivalents. 

Note tho1 each decimol digit requlies four binory digits 
(bits) to represent it. Thus thls type oi decoder i s  sometimes 
coiled o "many-to~ne" decoder, since mony inputs ore con- 
verted t o o  single output. To perform the binary decoding 8 
inputs are required (four inpu!s for binary 1's ond fow in- 
puts for their complement, binary 01, with 10 outputs 
representing the decimals from 0 through 9. 

Circuit  Opcrstion. A logic diagram !or o typical blnoiy- 
to-decimoi decoder is shown in the accompanying 
~llustrotion. 

The motrlx may be arranged in ony suitoble geometric 
form (rectmgulor, square etc.). 

CHANGE 1 
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LOGIC CIRWITS 
A .PUTS 

Examination o! the loslc diaaram shows that lOAND 
w t e s  having binplts md four diodes in each qate (AGO 
thrs-gh P.G% ore us&. Tne ciosed trianqles indicote 
that positive logic is employed. Therefore, the inactive 
state (a lwic  0) i s  reorasenred bv o re!at:velv low voitaae 
level (L), while the octlvr state (c ioqic i! 1s represented 
bv n relntivelv hi& level (H). 

The iollow~na table oi camolnotlons shows the various 
blnmv input levels md  the Luvaue outout level !or each of 

BINARY INPUT 

Exaninina the table of combinouona. we find that if the 
binmy :?.w!s A, F C 5 ure ocuvoted iil, L. L, Ll, mte  
AG6 is acuvoted to produce a hiah (H) autwt, which indicote 
that the nlotrlr 59s decoded a binary 8. Wniie the mte tho! is 
octivatec for ecch bicary lnliut u show by the table of 
comb~ouons, 11 it is converted into a Truth Table by 
substitutino the 0 an2 1's corieswn&na to the decimal 
number a s  s h o w  below, ope:ntion k a m e s  eosiw to 

DECIMAL W T W T  

L L L L  
L L i  k 

L  L H  L  

L i H n  

folLow. :t is also evident thot this is !he snme r t?i 
binary-declrnal quiva!ent x m b e r s  prrviousiv listed. 
When the wtes are activat~d i t  is hu mars o! G l m i r  : 
signal. In !he 13qc zerc i tste t h ~  quie remoms inocilvoted. 
When :he ;C:E 1nmt is uctlvuted, the m ~ u t  si.mal s to~ l s  ~e 

B C D )  F 

M lbl 
n 1 1 1  
H 121 

H 13) 
L X L i !  " (4)  
L H L  n n 151 

L n n  n H 171 
X H  L  L L I  H 181 
I n 1 n 191 

I 
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assocloted gate diodes from conducting, and on output IS bios any diodes connected to that line. ~ h e n x ( A - b o r )  is 
produced as the output level nses to the tV supply .voltage. octivoted it i s  a "NOT A": thus, it i s  not o logic 1 but a 
When the gate input i s  inactivated, the cathode of the logic 0, and all the diodes associated with that line conduct 
associated diode is a t  o lower patentmi than the anode because of the forward blos opplied by the relotlvely-low 
and the diode conducts. The current flow through the IL) input siqnal. 
associated current limitingresistor drops the supply voltaqe Thls owtotion may be followed more eosily 11 the 
to zero s o  thot no output i s  obtained. Thus when input A i s  occompanylnq matrlx schematic i s  examined in conjunction 

octivoted o positive voltaqeisopplied to block off or reverse with the truth toble lnputs as the discussion continues. 

+v 

., ., ., 
0 I 2 3 4 5 6 7 8 9 

Decoder Matrix Schcmotic 

For example, assume that i n p u t s x  B, o n d D  ore ~ c t i v e  CR14 conduct and outputsU, 1, 2, and 3 are low or zero. 
high (H), and are a t  tV volts. The truth table shows that Far line C diodes CR11, CRlS, CR27, and CR31 conduct 
the corresponding combination 0101 must actlvote gate s o  that outputs 2, 3, 6, and 7 ore zero. F~nolly,  i n p u t T  
number 5and produce a high positive output. Ezamination inactive causes conduction of diodes CR4, CR12, CRZO, 
of the matrix schematic shows that gate 5 consists of CR28, and CR36, .with o u t p u t s ~ 2 ,  4, 6, and 8 a t  zero. 
CR2I through CR24 with current lim~ting resistor R5. When Thus, while gate 5 is high, all the other outputs ore low 
input I i n e T l s  activated, ma* high lH), diode CR21 cwses or zero s ~ n c e  ot least one of the associated diodes is con- 
conduction; i~kewlse, a s  5, C and D, respectmely, are also ductlng. Sometimes two or more diodes will be con3uctlng. 
mode high the diodes CR22, CR23, ond CR24 are also but only one i s  necessary to prevent the gote from operoting, 
reverse biased. Thus al l  the diodes of AND gate 5 stop and producing an output. 
conduction simultaneously, and output F whlch i s  assigned If you follow the truth table comblnatlons, applying hlqh 
the decimal number 5 rises to the supply voltage level and low inputs a s  ind~cated and noting the output, or lack of 
creating a positive output pulse, a s  required by the table. output, you wrll see that the truth table shows the proper 
Note that if any one of these lnputs were not activated (H), combinotlon for the des~red output, and no other combino- 
but were low (L) instead, then that one diode would conduct notlon will produce the some results. 
and the high output could not occur. Thus  one, and oniy 
one particular comb~notion will actlvate each of the AND FAILURE ANALYSIS. 
gates. To prove this, examine wch of the input lines which General. In large maulces one has a choice 01 nak- 
ore not activated and are a t  a relatively low value. We ing o resistonce check of the numerous components of the 
find, then, that line A iorward biases diodes CR33 and module, or applying on operotionol check using the truth 
CR37 and dec~rnal outputs 8 ond 9 are, therefore, at zero. toble and o mumx schematic to onolyze the outputs. In 
Likewise, ior input I ineBdlodes CR2, CR6, CR10, and laqre computer repolr shops t h ~ s  i s  accomplished quickly by 
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prepared t e s t  11gs Into w h ~ c h  the module moy be plugged. 
The t e s t s  ore than run sequent~al ly  (uslng the p r o p i  input) 
untli the wrong response IS obtained. The tiouble IS thereby 
oin-po~nted to a few ossoc~o ted  components, which o ie  
;+en- checked indiv~dually. Tne iollo.riing paragraphs 
indicate c s y s t e m a t ~ c  methad oi  moivzlnq ialiures for . - 

trouble localization. 
Got* Outp.+ AiwoYs nigh. i i  a p o r t l c ~ ~ h r  gate aut- 

put always remains in the high s t a t e  regardless of the 
lnputs to the motnx. 11 can usuolly be assumed that oil the 
diodes associated with that gate ore prohably open circuited, 
or tne ossoclated current limiting resistoi is shorted. Make 
J furword und reverse resistance check of the Zlodes in  that 
qu i e  w i t h  ~ i , r , : . . e t ~ r .  1: ::,e ;SS~S:GXC 1s t k  ;cr,e :?. 

bc!h directlans ond high, the diades are open. Check the 
resistonce c i  tile current lmlt ing resl i toi  u:;h iin ahiiimeter. 
!!suol!y w ~ t h  o shorted current limitinq resistor, ine heovy 
current through the diodes will be sufficient to cause the 
diodes to heat, smoke, and eventually burn out, or to blow 
the supply fuse. 

Gate Output AIwoys Lox. If a partliillar yaie rutput 
alwoys remains in the law state ,  iegardless of the inputs 
to the mabix, one of the diodes associated with that gate 

, . , 
:c prccb!y shcr t  circiiited, cr the ossncioted current limitin&] \. 
resistor 1s open. Make a reverse reslstonce check of the 
diodes with an ohmmeter. Ii the reslstonce is the same 

, in b ~ t h  directions, and i t  is very low, the diode i s  shorted. 
Check the ies is tor  value w ~ t h  M ohmmeter. 

incorrect Ournut. Sy uni~;q ir;e ir~:ll t u b k  oird 6-se 
croper input, eoch input line can be checked indiv>aually 
for proper operation. For e x o m p l ~ ,  if diode CRI of gate 
K C  we:e open-circulted, AGO would become active when- 
ever inputs%, r, and w e 5  high. l3e table of cocbino- 
tlons shows thot i n p u t s 3  C, a n a n  must be a c t i i e  to 
produce an otltpu! from gotes AG€ and AGE under these 
ion:itions (T '" ..". "-" -..-. d ,..,,, ,, ..,. ,, .... , ,.." :o P.GB, 2nd P. :r.p.d: is 
.not connected to AGO). Therefore, h t h  AGO ond AGE wo,lld 
h c o m e  ocuve  when the AGE inputs are correct, and 4GO 
would a l so  become act ive when i t s  inputs a re  correct. - 
~ t , u ;  !he.per. c ; rcu~rcd Ci;: &ode a a ~ i d  p.0: br detected 
unless :t was noted thot KITH AGO ond AGE outputs were 
ocilve when only me AG8 output shouic De ociivr. i t  is 
evment, then, that the logical procedure is to apply the 
proper inputs separately, o s  listed in the toble of conbino- 
uunb, flh,;e dfieck.fiq <tLc 3 ~ 1 ~ " :  l ines  :c ie ce::siz +,z: 

, . 
4 G k  i;r.e zG?Tec: ?G:c! is cc:>;c:ci b: c ?c:!:z:lz 

. f i P " C  <"I,,Ll;,GI.x,. 

TWO-LEVEL AND-OR GATE 

0967-000-0120 LOGIC  C IRCUITS  

CHARACTERISTICS. 
May use  positive or neyaflve logic, or combined 

loq,c. 
n o s  not i e s s  thun fuw lr~iiuts for one  output, wd 

m v  have s ix  or eight inputs with only one output, i f  
:eslr?d. 

ihe actuai Input ieveis may be dliierenr, iiorvever, 
tkeobtputs  mi o l w q s  ill the s i ze  level. 

Gutput never exceed tile input (no m p l i f ~ c a t l o i i  is 
obtained). 

CIRCUIT  ANALYSIS 
tsnsrol.  Tno-level  logic circuits h o i c  ?,uc b s l c  

- 
lnplt riicuits on? o sinqie co!F;lr circuit. In? 1"- 

put c i rcui ts  may have a number 01 mput Imes, ruch 
mntrolled t y  o diode, but there i s  orJy one output 
h e .  Thus i t  is common pructice to make t4e input 
c l r m t s  AND gales, ma u ~ e  output circuit an 3F( 
q t e .  Aidicugh this logic my be chanzei tc exactly 
the opposite by applying negotive logic inputs. ?bus, 
the AND gotes become OR gates, and t4e 03 gate becomes 
an A N D  q t e  without changing any circuitv. 3 , i s  
allows complete ilexibility m c o r c b ~ n ~ n ~  !o;~,lc operc- 
:!zr.t, and, ikerioare, !NO-!eve1 I o g ~ c  clrc.ilts are 
orilversally used throughout computas .  3 . e  logic 
d~agrorn for o :omb~na:~on of two posltlve AND gotes, 
and a positive OR gate  i s  shown in die iollonlng 
illustrotion. 

Tro-Level  P o r i ~ i v c  AND-OR Gate 

Circuit Opcrcrlion. The schemuu; [or .: typiccl 
i -.,=I ":?.?n , c  , -  ,rn rrrnmmr. ... " .-... a,.,. -., "" .-.-- i...: 

?ii-str?cc.n. A!ioOlh nrlv two !.puts i r e  sko in  far 
1.r.1. ~ - -  ~~~ ? r . x ~ ~ . . ; ~  - ~ ~ -  ~ P I I W ~ !  ~~ ill! -1,- rrf , l~c , , i i , i ln ;  a l i r i i i  
n ~ n b e r  a! inputs xuy be i;cco:nmo63tec. 

APPLICATION 
Coi;!bimations ot ANG-Utl qotes wnlcn rorm a two-levei 

!oi;?c clroJlt can De used to apply tie outputs of two 
or mcie logic  c l r c u ~ t s  to the input of cnothcr ioqic 

circ-lt 13 cmduce I r p c  :I ??iron, S : I ~ ~ I O C I Y ~  m d  
:Lr:rr ill".-!Jn!?n-l Oper71.""i. 
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Two-Level AND-OR Gate Schsmotlc 

It is evident from the schematic that AND p t e n u m b e r  
NAG11 i s  identical to AG2. Two different inputs 
ore applied to each AND gate. The output of the AND 
gates me applied through CR3 and CRE, ond OE swnmed 
a a o s s  R2. A table  of combmations shows that t h e  
following truth table i s  applicable, where 0 i s  ground or 
zero level, and 1 is o +5. 

Truth Table 

I W T S  
A B C D  

0 0 0 0  
0 1 0 1  
1 0 1 0  
1 1 1 1  

Thus w t h  no lnput opphed. & a l e s  CR1, CR2 and CR4, 
CR5 conduct s ince they are forward biosed, and the volt. 
OF across  R1 and W i s  dropped to zwo. OR diodes 
CH3 and CRE ore olso conducting (anode i s  more 
posiuve than cofhode) s o  that this output i s  olso 
zero. When either A or 8 ,  or C or D is r o d e  a l 
(hy applying plus  5 volts) the ossocioted diode is 
reverse- biosed and s t sps  conducting. However, cir- 
cuit operation remains unaffected s ince the other 
diode of the poi1 s t i l l  conducts md holds h e  gote 

OUTPUT 

S  

0 
0 
0 
I  
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m t h e  z e o  state. However, whenever both inputs 
are applied simultaneously to either AND q t e ,  b t h  
diodes are reverse biased, conduction ceases ,  and 
the voltcge at the bottom end of R l  or R3 1s the 
same a s  the supply, i f  the reverse bios i s  equal to 
or ; p a t e  thon the supply. If thereverse bias i s  
only a portion of the supply voltale, ( a s  i s  the 
case )  conduct~on a b v e  thot l w e l  holds the output 
at the value of the reverse bios. Thus with a 10 
volt supply and a 5 v a l t  reverse bias, the output i s  
+5 volts. This output of the AND gate when opplied 
to t h e  OR gate p a s s e s  through either CR3 or CR6 and 
appears a s  the output sum (AB + CD). When +5 volts 
appears a t  the output the inactive OR diode is 
r e v e r s e h i a s d  by that some amount, so that the 
other AND output hos no effect. That is the 
exclusive OR function i s  represwted,  where either 
one or the other (AG1 or AG2) appears but not both. 
In this  respect, the  truth toble appears errmwus. 
However, i t  1s just the manner in which i t  i s  
arranged. Thus this circuit i s  someumes colled o 
onrquorter adder, s ince  i t  only represents the 
sum of two digits. \$hen an.other AND q t e  1s added 
to indicate the carry ivhere both OR gate inputs 
are present simultaneously, the circuit then i s  
k n o w  a s  a halfadder  (discussed separately later 
in this section of the Hmdbmk).  

FAILURE ANALYSIS. 
Gonerd. Since the two-level gate i s  composed 

of AND m d  OR circuits,  the failure onalysis for 
each of these circuits can be applied individually 
( see  separate discussion of AND and OR circuits in 
this section of the Hondhok)  after i t  hos been 
determine? which is a t  fault. To determine whlch 
i s  a t  fault, pmceed generally a s  follows. 

No O ~ l p ~ 1 .  Use o vacuum tube voltmeter or on 
oscilloscope c s  on indicator ond apply o simulated 
"1" signal to input A, B. C, and D separately; no 
output should be observed c t  the OR input. However, 
i f  h t h  A and B, or C m d  D inputs are ac t iwted  
and no output appears o t  the OR gate, the AND gate  
Fortion of the circuit i s  defective. Check the diodes 
for a short circuit or resistor R1 or R3 . i i&  a ohm- 
meter. I f  no outputs occurs  from t h e  OR q t e  portion. 
with a n  input appearing on the anode of CR3 or CR6, 
either the diode or R2 i s  open. Moke a c h ~ k  o f  
f o r w r d  diode resis tance and c h ~ k  the resistor with 
cn ohmmeter. 

Wrong Output. Usually with o wrong output, i t  
will be follnd thot the &ode ossocioted with h o t  
clrcult is e ~ t h e r  lnoperatlve or s horted. A forward 
and reverse resis tance check of the diodes with an 
ohmmeter will usually locate  this form of foilwe. 

Continuous output. USUOIIY in the c a s e  o f  a con- 
tinuous output you will find h o t  the diode a s s o a -  
oted with thot output i s  shorted. Th.e key to deter- 
mining whlch i s  a t  foul1 i s  to study the circuit 
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operarlon. !i the circuit requires that the diode 
conCuct to p o d u c e  the desired wtput ,  then t h s  
Ciodp LS sb,orted. If the diode must c w s e  mn!uc. 
uon. then the dicrde is oper. Because of the f e w  
ports involve: i n  i slmple bs ic  circuit o re i is t -  
znc t  s i ~ l y s i s  1s IISYIIY m5y to r~oke,  requirlnc . #.. ,," ...........,or ................. 

HALF-ADDER CIRCUITS 

APPLICATION. 
3 o l f ~ d l e r s  cxe ;Isel t c  form t h ~  5 ~ i i  a! tlic incident 

'.- .,, ' ,-+- .e , ;zre;ze ~ 2 z L ~ s ~ z ~  cclre2: !fL: ....-. , .. - ... 
a lull- ldder (t*o M i - a d d e r s  m ~ k e  a lull-adder]. 
-, i..:; b.rtarr d . n ;  net*iui;\s used :n cuntpurers ;on- 
s i s t  ai : number a i  noif-odiers, and cssoc lo te t  clr- 
.. , .  .... .~ A , . 

CHARACTERISTICS. 
b : i i  use mthei cosltlve or neaztive lone, or com- ~. 

bme? logic. 
3suollv has four input lines with two output lines. 
Corlslsts of three ANG gates ond one 03 gote. 
Gmn is i s s  than i (no ompiliicouon i s  piov~ied . )  

m CIRCUIT ANALYSIS. 

'a \ General. Slnce the half-adder paforms blnory (onth- 
metlc) sddition i t  i s  necessary that i t s  output be 

-[ ................................... , r .at ,mi t" ,Lo r o ; . l l ~  ^' tho i-.""*, n.lii,.nn - .....-... ,"i lp 
:;s :C!~,>,*,S: 

$ 0 0 ,  I 

B O l O l  

SUM 0 ! ! o 
CARRY 0 0 a I 

ei:ient kc! to odd three bizor). numbers onctiler mrrv 
?-!PC! i s  nde r i .  Fence !c ad?. mare ~h,m t,:.~o h n a  
:,*- ,. . ?  ---" *- .L-- "*" k", '  
L,,,., ., ,> ,,LLL.,o">" ,- L,.>v,u" ".",, ",,- ,,",, 
-4". -- 'L," 4 . .  8 "42 ................. .-I,-- .... CIS (co:isisting of ::ji or 7jre 
, , ,  . 2 .  , . I .  ." J , p  - 2 4  .... 4,c ... .~.T ... :-.et+vorss. 

C , r c v i t  Operation. ;I l j ; i : a :  i>~if-;~::er is S ! I S N T .  i n  
t i -  . !r-nTplrylr- IT!,- <!omor.  
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Excr*nlnq t!ie diagranl vie see thot three t-iide A-VD 
p t e s  AGI, AG2, n n i  AG3 me used, t o ~ e t h e  with o 
single t n o - ? i d t  CR gate OG 1. The l o ~ i i  qua t io r ,  a t  
Uir output s h o ~ s  thot Ute sunl output ( S )  is hi& (H), 
and active whenever the two inputs A and B a r e  unlike. 
and i s  inactive low (L) whenever the two inputs a re  
alike. The output q u o t i o n  S=KB +KB i s  read os  "A 
or 8 ,  but nor both'; this i s  the axclusivs OR function. lhe 
carry output IS  active and h i+  (HI w h ~ l e v e r  the t\vo 
lnputs A a r ?  B o r e  q u o 1  to blnory l ' s ,  w d  i s  lnoctive 
!mi (L) for ol! other conditions. The table of m r h i -  
notions below shows the proper output for any parucu- 
iar lnput mmbmouon. 

H L H L 
* H L H 

TABLE OF COMQINATIONS FOR HALF-ADDER 

:f~?.en the table of combmauons is zcnverted lnto a 
truth table bv substituting the 0's and I 's,  os shown 
klov, .  it is emdmt !hot i t  corresponds to the b i n a q  
addinon table previously shown otove, and that the 

. . 
zircwt is perlo;ii,iilj the i e s i i e d  !iincuoi,. 

INPUTS OUTPUTS + 
0 0 1 0  a 
> : I :  D 

o ; P j b  , 
HALF-ADOER TRUTH TABLE 
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Circuit details gre os shown in the occomponying motrlx 
schemuuc ( the half-dder  may a l so  be c o n s i d ~ e d  o s  a 
rfftonguior or square motrice). 

R I R 2  R 3  
INPUT 

A 0  

I 

Half Adder Matrix Diagram 

Excmination o i  the matrix diagram reveals that AND ?ate 
number 1 consis ts  of diodes CRI  ond CR2 wlth current 
h u n g  resistor R1; AND gote number 2 consis ts  of 
diodes CR3 ond CR4, with current limiting resistor R2, 
and the carry gate i s  AND gate number 3 with diodes 
CKi and CRB, and current limiting resistor R3. The OR 
gate c o n s ~ s t s  of olades CR5 ond CR6, wi*. current 
lirmting resistor R4. Zero volts represents logic 0 
(L), and +V volts represents logic 1 (H). 

Assume that inputs A and B m e  logic I 's,  thus t h a r  
input l ine  i s  a t  a h i &  level (H). Therefore, osso- 
cioted diodes, CR3. CR7 an l ine  A, and CR2, CRS on 
Une B a r e  reve r seb iased  and will stop conduction. 
?bus output C of AND gate number 3 (the cow gote) 
will rise to +V volts and olso be nt a high level, 
which i s  the outpl t  expressed by the formula C=AB. 
'Llth lnputs A ond 3 high, their complement input;$ondg 
(NOT A and NOT 3 )  ore low, couslng dlodes CR1 and CR4 
to conduct. Therefore, OR gote d l d e s  CR5 m d  C S 6  iwll 
not conduct, since the potential a t  the m o d e  end of 3 1  ond 
R2 will be zero, and with the diode cothades connected to 
ground throilgh R4 no potentiol exls ts  across these jiodes. 
Thus  tilere is no output from the S output line, and i t  is o 
Iog,c 0. 

In a s lnl~lar  manner, l t z  evident that for the sum output 
( S )  to be high (I+), inputs AS or A% bill not both ,nust be 3 

lugic 1 (I!). For these conditions, either diode CR7 or 
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d l d e  CSS is held inoperative by reverse bios from the 
loqic 1 input, while the other diode conducts becouse of the 
lock of on input (both diodes must b e  reverse h o s e d  to 
produce an output). Therefore, carry output, C, r e m a r s  
inoctlve and low or o loqic 0. BY fallowina the toble of 
combinotians (or truth t ib le )  far each mpu<conditmn, and 
by using the matric diaqrom to determine which diodes are 
activated and w h ~ c h  ore not, you c m  verlfy operotion of 
the clrcult ogalnst each unique output l is ted in the table. 
Normally, ,when inputs A m d  B a r e  alike, the sum output 
is alruoys 0 (L), and when u n l ~ k e i t  is always 1 (H). T h e  
corry output, C. is olwnys 0 (low) except when bath A and 
U inputs are high ( I ) ,  in w h ~ c h  c o s e  it i s  olso high (H), and 
0 logic 1. 

FAILURE ANALYSIS. 
General. Large computers ar? usually designed with 

built-in test circuits,  signals, and alorms which indicote 
*,hen a sectlon or module 1s operating incorrectly. The  
offending board or chass i s  may then be reploced qulckly to 
keep the computer operating. In large computer repair 
shops, tes t  l lqs  are provided into which the module may be 
plugged and the necessary inputs opplied to locate the 
defective circuit. Once the circuit i s  locoted the individual 
par ts  are eosily checked by resistance or voltage measure- 
ments to Iind the defective port. Once the module i s  

\ 
located, o systematic procedure such as indicated in the 
fallowing poragiophs will help isolate  the failure. 

No Output. LOSS of output ccm be caused by loss  o f  
input s~gno l s ,  loss  of bias  supply, or open diodes. Vhen 
no output is obtained from m y  of the gates Mlth the  proper 
lnput supplied, i t  i s  most probable that the bias supply is 
defective. No output from o single gote usually involves 
the d ~ o d e s  and current limiting resistor for that gate only. 
Refer to the d~scusslon of foilure o n o l y s ~ s  for ;he AND 
gate  (or the OR qate, os applicable) and whlch were p r e  
viausly explcined in this  section of the Handbook. 

Continuous Output. A continuous output regardless o f  
the type of input signal applled mzy be caused by o shorted 
OR gote d ~ o d e ,  or by AND gate  outputs occurring at the 
wrong :me. Follow the procedure discussed in  the follow- 
ing paragraph lor on incorrect output to locate the defective 
circuit and port. 

Incorrect Output. The  sum output, S, and carry output 
C ,  must beact ive only a s  indicated in the table  of combi- 
nations (or the truth table). Any other output for o specified 
se t  of i rputs  indicates a chaxge in circuit logic caused by 
o defective part. Therefore, 11 i s  usuolly easier  to set up 
speclflc mputs (preferably inputs whlch yield incorrect 
cutputs) and check the output of each gote with o voltmeter 
or an osc~l ioscope.  For example, assume that both A m d  
9 inputs are made h o h  (H), and the sum on3 carry outputs 
both show high (H). Checking agalnst the truth table re- 
venls th3t for such an ingut the sum output 1s c I o j ~  0, 
and the corry output 1s o loglc 1. In thls c o s e  the C output 
is correct, but tile S output 1s not (11 should be o 1ag:c 0). 
This indicates thot OR gate number 1 is belng activated 
when i t  should not be (botil mputs  should be low). Con- 
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In the clrcult shown, the emltter 1s l e f t  f loot~ng ond reverse 
blas :s o ~ ~ l l e d  to the collector. Therefore, wlth no slonal . . 
applied either P.1 or R2, sirndatlng o 0, tronsistor Ql rests  
m the cutoff condition. Collector current connot flow 
(becouse of reverse collector bios) and the output voltage 
i s  the sameas thecollector supply voltoge (-6 volts a s  
shown an the woveform). \'hen a t3-volt signal is applied 
elther R1 or R2 simulating a 1, forward bias is applied to 
the emltter, and collector current flaws through R3 pro- 
ducing a positive-going output. In t h s  case  i t  is assumed 
thot the input voltage is sufficient to drop the collector 
potentla1 ot 0, and a 6-volt positive output i s  obtained. 
'When the input signal i s  removed, the transistor returns to 
its quiescent state, vilth no collector current flowing and 
the 0 level a t  -6 volts. There is, of course, o reverse 
current flow (ICBO) due to thermal effects inherent in 
~ o n s l s t o r  operation. However, this reverse current i s  so 
smoll (usually less thon a few microamperes) that it moy 
be neglected. Since there is no slqnal inversion in the 
common bose clrcuit, the output signol i s  an amplified 
replica of the input signal (except for distortion produced 
during turn+ff). This circuit will not operate a s  a negative 
OR gore by reversing the plori ty of the input signal slnce 
~t 1s already of cutoff. The circult i s  only slightly affected 
when both OR signals are applied simultaneously (the case 
of the inclusive OR). In this instonce, the application of 
both input signals merely increoses the minority carriers 
releosed in the transistor and it takes Qi longer to recover 
from the operating pulse, thus producing o slightly longer 
output pulse than when individually triggered. Input 
resistors R1 and R2 ore large valued and are used to 
isolate the two inputs, since they ore bath connected to the 
some emitter. 

Circuit Variations. A typical 3-trmsistor OR gate 
i s  shown for comparison in the accompmying i l l u r  
trotion. 

A study of the schematic reveals that the circuit or- 
rangement i s  thot of the emitter-follower, and that the three 
outputs ore parallel connected using common load and bios 
resistor RE. In the 0 or inactive stote o positive voltage 
1s applied to the base of Q l ,  Q2, and 0 3  and they rest 

I" a cutoff stote. When o 1 sicpal, consisting of a negative 
voltoje is applied to any translster, the base is forward 
blosed and emltter current flows. The emitter current flow 
through RE develops s negative output slgnol, and the 
emitter reslstor also determines maximum current flow in 
the tr~ggered transistor. Once the lnput signal is removed, 
the stage again resl;mes its cutoff condition. An output 
trigger results when any of the inputs are energized or when 
011 of the inputs ore energized, simultaneously, representing 
inclusive OR function. Slnce a negouve input produces o 
negatlve output, nejotive loglc is employed. 

FAILURE ANALYSIS. 
General. Because of the few components involved, 

simple resistance and voltage checks using o high re- 
slstance voltohnmeter will usually reveal the source of 
trouble. If the lnput voltage, and the supply ond collector 
voitoqe ore normal, and the reslstor values ore correct, 
faulty operation can only be caused by o defective 
t ian~istor .  

No Output. h open input or output reslstor, or a 
defective transistor will cause a no-output condition. 
Check the supply and colledor voltage w th  a high resistonce 
voltmeter. If the collector voltage i s  the some a s  the 
supply voltoge with no input applied, load resistor R j  i s  
prohbly sat~sioctory. If no output 1s abtolned w~ th  n>incl 
collector voltage and the proper input opplied, input 
resistors R i  andR2 are both open or Q1 i s  defective. 

'4 
Reploce the transistor with o known good one and check 

Lk 
the resistance of R1 and R2 with an ohmmeter. 

Partial Output. If an output is obtained when either 
A or B inputs ore opplied but not when both ore applied, 
check R1 and R2. If o reduced output i s  obtained with 
either input activated, the supply voltage, the transistor or 
R3 are defective. Replace the transistor with a known good 
one, check the value of R3 with an ohmmeter, and check 
the supply voltage with o wlmeter. If the outputs are 
normol with a "1" input opplied but a partial output occurs 
with no input opplied, either 0 1  i s  defective or there i s  a 
low resistonce shunt across one of the inputs. 

Continuous Output. If o continuo~s output occurs 
whether or not on ~npu t  i s  appiled, Q l  i s  defective. 
Replace i t  with o known good transistor. 

TRANSISTOR "AND" GATE 

APPLICATION. 
The transistor Ah'D gate i s  used in digital computers 

to perform logic multiplication with high sped and goin. 

CHARACTERISTICS. 
tday use elther positive, negative, or combined logic. 
Provides higher speed ond gal" than the diode. 
Performs logic multiplication (1 ' 1 = I). 
Single-stage gate uses common-base configuration, 

multi-stoge gate uses any configuration. 

CHANGE 1 



ELECTRONIC CIRCUITS NAVSHIPS 0967-CQ0.0120 LOGIC CIRCUITS 

CIRCUIT ANALYSIS. 
Cenarml. The AND gate, like the OR gate previously 

discussed in this section of the Handbook, can consist 
of a single stage with multiple inputs, or a number of 
similar staaes with separate inputs. The AND looic function 
requires that an outpu; be prod;ced only when all-the inputs 
ore applied simultaneously. No output is obtained far any 
other mmbinotion of inputs. 

Circuit Operaion. The logic diagram for a typical 
AND arcui t  ,using the mmodxse configurntion is s h o w  
in the accompanying diagram, together with a truth table. 

INPUT I OUTPUT 
A b l  F 

Transistor AHD-Gate Logic Diagram Truth Table 

- 
!ne ope- tr:czgles izd:c?te t h t  iegatIs:e !og?c :s xsed, 

and the symbol lor the transistor AND gote i s  the same a s  
thot for the diode AND gote. The truth table is recognized 

b\ as o standard AND table, where on output only occurs when 

r 4  both inputs ore applied simultaneously. 'The schematic 
I 5b ior this negonve AND-gate i s  shown ir. tine occomponylng 

figure. 

el 

T B 

u R3 
INPUTS T-?OV 

OUTWT + 
O V ~ ~  - m= 

- 
Negative Tconsirter AND-Gate Schematic, 

bmmon-Gore Circuit 

" ,  ,.,s b:,".*:, .;, ;i,c sc!.e::,oti<, 9 G;,s iS!L: cl ;> :2:,,G;: 

biased by the positive voltage applied to the em1:ter. Thus 
G re,<ers= cd!ec:z: blzs dpp;ied * , l~ "g ; -% z4, cz< z 

torward oios opplled tnrough 33, the transistor conducts 
, i.euvil, - A,, h e  quiescent or ir.act;vc stote, an? the caliectoi 
.,oltcge :s drcpped !o ze:o across laad resistor R4. n - s ,  
there is no output and a ioglc zero IS represented. *hen 
an input s i p 0 1  such as a negative pulse or step-voltage i s  
applied to e~ther  input A or B, but not to bath, the forward 
bios is reduced. This slight reduction in bios changes the 
collector current very little so thot the lnput still remaris 

effectively at the zero output level. 'Men the negative 
Input i s  applied to both inputs simultaneously, twice the 
current produced by o single i nwt  flows through base 
resistor R3 and drops the forward base-bias to below the 
cutoff point. Collector cwrent now ceases flowing through 
R4 and since the voltage drop across R4  i s  now zero, 
lull reverse collector voltoqe oppeors ot the collector, 
producing o negative output voltage. \\'hen the lnput signal 
ceases, collector current flow thrwqh R4 resumes, and 
again drops the collector voltage to zero. Thus, the output 
voltage rises ond lolls a s  bath inputs iise and loll together. 

Circuit Variations. A typical schematic for a t h in -  
input AND-gate, using separate transistors for each input 
1s shown in the occomponylnq illustration. 

c n  
INPUTS 

OUTWT 

I - - 
Three-Stage ANP Gate 

Exoninallon of the schematic reveals hot the errutter- 
follower connection 1s used, with the transistor outputs 
connected m parollel ocross a common load and bios 
(emitter) resistor. Slnce the emitters ore connected to a 
positive bias voltage, forword bias causes wch of thp 
,."~,..,,."."""~A.."* ,,,.. i ." ..-... .*-I< 2 " -... . 

YY.I. iiirYL Yyrlle~,  iiiiiiiel 
current flow through resistor RE (because of forword biosed 
emitter) drops the output voltage to zero. n u s ,  the emit- 
ter voltage is effectively reduced to zero level. When o 
"1" signal of soy 15 volts i s  applied to either 01,  02, or 
G3 the tionslstor i s  reverse biased and ceoses conduction, 
mruriwh~ie, tne otner swo transistors continue to conduct 
und keep the output ot zero level. When oil three Inputs 
are applied s~multaneausly, current flow through them is 

"..A *ke "?A. ..-'.-- . .  . 
..~.,e v ~ L , , , ~  rises to.n.arc tne :izs 

EZ::!~, ~lr~t:.:; 3 pos:!i;.e a-lpu: v3l:;;e. ',,!her, :>c pc;i~ .: .- -. .- . '.... .:... ,. ;< ; ! , <  .,.. .. l t Y ,  . ' 4 . .  .-, . .  . v : > a  " .. . .u..uy i ." 
ogoin a t  zero bias level and stays at this paint unnl the 
~ZPU: ?"ize cecses, ';.:,C;C+LE a r c  c~sir.  ;CU.V~ ic.r+.,x: 
conductlor, causes she emlttri voltage to De reaucea la zero 
Ths x; ps i t i ve  .:.pi: si;no! Icvil less thm the totcl 
e.mi!ter hios valtoge, w~!l eiiectively pss tb,:ougb, h e  
uons~srorisj  and appear os tine output voltage ithe actuai 
output amplitude i s  a fractional amount less than the full 
m2piltude of the mput sliyld tecause 01 o h c  drop in the 
tronsistor, however, this drop i s  s o  low os to b? considered 
negligibir). 

CHANGE 1 19-8-21 



ELECTRONIC CIRCUITS NAVSHIPS 

FAILURE ANALYSIS. 
Gsnsrol. Because of the few components involved, 

simple resistance and voltage checks using a high resistance 
voltohmmeter will usually reveal the source of trouble. 
If theinput voltage, and the supply and emitter voltages 
me n o d , m d  the resistor values me correct, faulty opera- 
tion con d y  te m s e d  by a defective transistor. 

No Output. An open emitter or collector resistor, lack 
of emitter voltage, or a defective transistor a s  well a s  an 
open input resistor will cause a no-output mnditioo. Check 
the supply and emitter voltage with a high resistance volt- 
meter. Check the voltage from input A and B to ground: 
i t  should be approximately the same a s  that measured for the 
emitter voltage, (emitter to ground) indimting that resistors 
R1 or R2 are not open. With no signal applied, the collector 
voltaqe to mound should be zero. If a negative value of - .  
collector Voltage is indicated, either the transistor i s  
defective, or insufficient forward bias is applied to the 
emitter to muse  soturation. Replace the transistor with a 
known good one and check the value of R3 with an ohmmeter. 
Check collector resistor R4 for continuity and proper re- 
sistance with M ohmmeter. 

Pmrtial Output. If a reduced output i s  obtained with all 
inputs activated, either the bias voltage, the transistor 
or R4 ore defective. Replace the transistor with a known 
good one, check the value of the bias voltage with o volt- 
meter, and meosure ths resistance of R4 with on ohmmeter. 

Continuous Output. If 0 Continuous output occurs 
regardless of whether or not an input i s  applied, Ql is 
defective. Replace it with a known gmd transistor. 

TRANSISTOR "NOT" CIRCUIT. 

APPLICATION. 
The transistor NOT circuit i s  used in computer and high 

speed switching circuits to provide signal inversion and 
high gmn. 

CHARACTERISTICS. 
Elther positive, negative, or combined logic may be used. 
High voltage or power goin i s  possible. 
Fixed-bios is usually employed. 
Output signal i s  inverted in phase and poiority from 

Input slgnai. 
On a logic b a s s ,  the output i s  the complement of the 

input. 
Usually hos one input and one output. 
Input resistance i s  hlgh and the output resistance is 

relotlvely low. 

CIRCUIT ANALYSIS. 
teneral. When the common-emitter configuration i s  used, 

the output p la r i ty  is always inverted by inherent transistor 
action slmllar to the electron tube grounded cathode circult. 
In logic operation i t  is sometimes deslied to produce o 
signal which i s  identlcol but opposite that of the input 
signal. Thls i s  the logical NOT operation, and the clicuit 
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1s also known as on inverts., whlch produces the cornpie- 
men, of the input signal. Either o single stage of invers~on 
i s  used, or the common-emltter version of a circuit is used 
to provide the desired logic operation and inversion simul- 
taneously. This discussion w11l be limited to the use of o 
single stage operating a s  on inverter or NOT circuit. Other 
circuit voriatlons will be discussed with the other circuits 
in which they are employed. The voltage gain obtained 
through this clrcuit also mokes it useful as o level restorer. 

Circuit Operation. The logic representation of a typic01 
NOT (inverter) circuit i s  s h o w  in the accompmying 
illustration. 

INPUT 

Logic Inversion Inverter Truth 
Diagron and Table 

Symbol 

The own  triangle on the input side and the closed 

a 
b\ 

triangle on the output side indicate thot w~th  o negative in- 
put, on inverted or positive output 1s produced. The actual 
schematic of a typical inverter 1s shown m the following 
figure. 

Transistor NOT Circuit 

In the quiescent condition (the "0" state) with a 
positlve base blos opplled, tianslstor Ql is a t  cutoff and 
no current flows (reverse milector current flow, Iceo, is 
considered negligible). Since no collector current flows 
through R3, there is no voltage drop to oppose the supply 
and the collector and output voltage fall to almost the value 
of the negatlve supply, representing a logic zero output. 
#hen a negotlve (1) Input slgnol is opplled, the base blos 
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1s chonged from o reverse to a forward blos ond couses 
emltter current to flow. Collector cunent  flow through R3 
drops the n q t i v e  supply voltoge to apprax~motely zero s o  
that o las i t lve qoinq outpdt 1s developed. With jufficlent 

m~noted. When riie Input slynoi srops, Cne coiiecror voiroge 
does  not change immediately because of the rnnority corners 
lnserted Into the base dunnq sorurouon ( ~ n  Lie PNF rron- 
s ls tor  these ore holes). Therefore, collector cunent  flow 
continues for the durot~on oi  the storage delay tlme untd 
the mlnorlty carriers ore d ro~ned  cut, whereupon the collec- 
tor voltuge becomes negutiveqoing and ful ls  to approxi- 
mately the some value os the supply voltage. The rc1crio~- 
chips  tetween i r .7~:  pulse and rise 2-2 is!! > z e i  :!: zr.6 !!) 
on the o u t ~ u t  pulse and storoae delov time Its) ore s h o w  . . 
in the folicwing waveforms. The o u t ~ u t  woveform i s  slight- 
ly evoqgeroted to cleaily show the delayed and defoimed 

~ ~ 

pulse wnlcn is produced. S n c e  the circuit iunction is 
merely that of on oi off, the pulse d ~ s t o i u o n  i s  of no con- 
sequence except for the slight deloy In operot;ng t;me which 
ensues. R e s ~ s t a r s  R1 and R? function os a base  bias 
d lv~der ,  wlth R1 a l so  acting as o h s e  current isolating re- 
sls tor ,  so h o t  the base connot be shorted by cannectlnq 
t h e  in;;: :o qrousd when prodilci-g a logic zero irip~:. ,.. 
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These  circult varlatmns will be discussed in  mare detail 
wlth the appropriate logic ond in the clrcults ir. w n ~ c h  they 
occur. Since the transistor d e s ~ g n  also deternines the turn- 
on ond tu rnv i i  c h u r ~ c t e i ~ s t l c s ,  a s@ec;ol grout of transis- 
tors of varlous types c i a s s l i l d  a s  "swltchmg tronslstors" 
a re  employed to obtaln jreater speed and cleaner swltcnlng 
operorion. 

FAILURE ANALYSIS. 
tonciol. Because of the few ports involved, o reslst- 

once ond voltage a n o l y s ~ s ,  pt.rformeo wlth o voltuhmmeter, 
will usuolly locote the foully component wthout ony loss  
of time. 

No Output. I! e?<?er R l .  82 ,  sr 33 ore open, or i f  b! 
:L +!ec!?,:e, re sn!p! ,.+!!I k ~S:n?nel. :,I!!> EC :?;o! 

slonal o o ~ l i e d ,  check the Lase bias  and mliectoi  voltage . .. 
:i,:th u high reslstunce voltmeter, cnd meusure the voltage 
from the input terminal to ground. Normal blas  ond cailec- 
tor voltage readings will lndicote a l l  reslstars hove contl- 
nuity ond probably a re  of correct voiue. Therefore, the fault 
-us: be w;th the transistor. Replace i t  with a known good 
cne. 

LOW output. A deiective transistor, improper blas, or 
low collector voltage can reduce the noimol output. Check .. .A. e bias, collec:~:, and supplv vo1toqes w;:h o voll7;eter. 

Zeplace Q1 11 a i l  voltage readings ore noimal. 

TRANSISTOR NOR GATE 

I 
! 
I  

1 
+6V 

OUTPUT 

0 I I 
! I  I 
! I  I 

4 k  - 
1 ,  1. 11 

Input and Output Waveform Relotianships 
3 l s e  rur,e, ti, 1s oisa Know 0s turn-on time a r d  1s deiined as 
.L.. . 2 . .  . " 6 .  " .. ...a ". , , ,  , - , ,  , , , , , ,  , . , .LP . .. . C C C ~ E S  

- r -  ~. 
T Onrcen! of steody s t c t r  ;.:!pl:!cdr. '?he ! ~ ~ 2 n  r ! c v  ! s  
.-l..eQ c.. :ne f!?!!? !!me ! r  !&rs tile c.?rr!.!i- .rvtjiu?n I \  

emitter oction to trove1 to the collector. The !ol! t n e ,  
:; !> ,,;+ k , ~  ,,>ivq , n c  :b,+ ,",".off ,736 I.. .!I= t l ~ ? , ?  .,*+,A+ 

f,;.. !he s t i r ;  i i  ths fiillir; ;:: *i.i' ..:I:! ;r i;!!; 
:= .N:tl:n !I! ;PICPII c! the !!no! s:yci level. s t c r ~ g e  
roiny 1,-p, 15, L ~ d e f ~ n ~ d  ns the time ! r - 7  :?P -nAn^  o! Ine 
.. . . 3 . .  I. .L. -... r _, +i_ . . _ , i . _ .  "2"" ^' *i_ ^ ,,,,,", JIUI>C LY ",i ".L ..r.l..iy Lug% r. iriL rr.vr. 

pulse. 
F,xci Lius "lid lului. : ~ : v , i ~  pu:>e> <ir USU": :~  u 5 . d  ti. 

prnduce a shcrp turnvn tlme, and other iorms o i  logic sdcn 
3s CTL cnd K T L  Jre ~s.5 to decease :te :~;m-zif :!.-cs. 

APPLICATION. 
The  transistor NOR gote ls used in  computers ond 

s*;:chmg devices to supply on inverted OR (that i s  n com- 
plemented OR) output. 

CHARACTERISTICS. 
irln.9 use p s i r i v e ,  legolive. or coz<~ined ioqic. 
Usually uses flxed blos. 
Promdes an inverted or complemented output. 
k c c ~ n ~ ~ l i s i ~ r : ,  logic udditluri a d  ~u , i lp i r~ i~mlu l>un  sl:;;ui- 

tonwusiy. 
Has c nlgh impedance and 2 iow sutput impedance. 

CIRCUIT ANALYSIS. 
~ e n c r ~ l .  7ne NCE aote oio.iides 2 s ~ a n d a r i  3F output 

~ ~ 

1CI '.?!1!':"I!C..-?!!rr '-""f!~,,,n_!?~" >IC,UCYF 1" ? ! ! " ~ ~ ! ~ l l  CU!. 

put s~gr.d, 11 1s only n e c e s s w  t o  c h m g e  the cor;s:m-base 
,-" , , ,,, . ,,:, ... .- ,,, , ,  . ,,,,,,,, , , I , -  .- 7 < : t e r  ,>r.,n,gp-:e?; I 3  r,r,>3t,,-= , ,  

- . . ' . .  .". . . ..~: r . L  i - -q . . 
*.LL-.,. ,,.... E -.= -LU.- .:czzL .ur ... c , " - a .  -.,-L.. .- 

r,z cc?.rle!rer! > r ~ n k r  !U Cr:T,zr l  U S ~  !i to ?ccnmnl?sh 

Circui t  Operotion. ':be ioglc dlogron for o typ!col NCH 
c l r c ~ i t  i t s  a s s c c i 3 t d  rrct:, t&le ZS s~,G"<E ic  tk,e ! ~ l l ~ ~ l n g  
ll!ustiot~on. 

CHANGE i 
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( A t B )  

INPUT OUTPUT 

( A t B 1 '  

NOR Logic Diogramr Truth Table 

The open triangles in the logic diagrams denotes thot nego- 
tlve logic i s  used. Thus the l-state requires a negative in- 
put signal for octivotion. Since the output i s  inverted in the 
NOR circuit, this i s  indicated by the small circle (in the 
upper dlagiom) adpcent to the trlongular output ievei indl-  
cator. T h ~ s  indicates that wltn o negot~ve ~nput  o p s t ~ v e  
output I> ubtalned. The same cond~ t~a rcau ld  clso be indl- 
cated by amlttlng the small circle and uslng o illled-~n trl- 
ongle at the output os shown in the lower (alternate) d~ogrom. 
In thls case the lnput and output levels ore lndlcoted a s  
being different or inverted, and smce the input i s  indicated 
os negotive in  !he octlvoted state by the oper. trorgles, the 
logic is olso negative. It should be not.ced tnot the c:rcie 
when used toexpress lnverslon must be  lccated at the sym- 
bl. The smoll circles a t  the inplt ond output termnols 
represent teiminol cannectlms and have no l o g ~ c  s~gn i f l -  
carce. 

The schemat~c for a typic01 slngle stage tronsistor NOR 
clrcult i s  shown in the accompanying ~llustrotion. Note 
thot the PNP corrmon-emitter configuration i s  used. 

PNP Tranrirtor NOR Gate 

A positlve(reverse)fixed bias i s  applied to thebase tokeep 
the transistor mt off in the inaa ive  state. With no Input ap- 
plied, and reverse bias applied to the h e  and to the 
collector no mndudion occurs, therefore, the collector and 
output voltage 1s approxlmotely the same as the collector 
supply volue. Slnce a negat1.de "b" or hlgh ilqnal 1s re- 
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q u d  to activate the a m i t ,  the zem lnput represents a 
low, and the mnsequent negative output o high, or inverted 
low simal. Thus the first mmbinotlon in the truth table i s  
venhed. When a n e g a v e  input is applied to A, or B, w to 
b t h  A and H. 11 forward biases the base m d  muses callec- 
tor current flow. The voltage drw caused by collector cur- 
rent flow through R4 rduces  the collector voltage (md the 
output to zero. Thus a h g h  input signal produces an in- 

verted or low (posltlve) output siqnol. R e s ~ t o r s  Rl and R2 
function as isolation resistors to prevent loadma on the 
sepmate inputs A and E. Since tile input r e s i s t a s  are con- 
nected in series ulth R3 to mound, they fom, a voltage 
div~der which aloces the laroer voltaoe across H3 m d  the 
h e  of Ql. 60th R3 and either R1 a R2 also proted agolnst 
shorting of the base bias or input circuit respectively, when 
a zero level input i s  apphed. The h g h  resistance of the 
input reslstars requires that a relatively hiah voltooe be . . 
used t o  couse base current to flow. Hence, operation of 
t h s  t w  1s k n o w  a s  voltage mods operotion. (In DCTL 
logic the reslstars and bias are omitted and only a froct~on of 
a volt input i s  necessw to drive the tnse into mndudion, 
m d  t h s  is called the currant mods of operotlon.) 

When both inputs ore sii;.ultaneously applied, the larger 
negative input assumes contial. When Q l  1s dilven into 
collector saturation by the octlvating signal, excess carriers 
are inserted Into the base and the turn off tune is extended yl 

by the storage time needed to drain the mansistor of these 'J 

excess holes. Because the full aperotlng ronge of the tran- 
sistor born cutoff to soturatlon i s  ovalloble, relatively high 

r: 
and power output can be obto~ned from this cammon-emltter 
orrongement. 

FAILURE ANALYSIS. 

General. Becouse of the few parts involved, o resist- 
once and valtoge onalysis may be quickly made wlth a volt- 

~ ~ 

ohmmeter. Obvious symptoms moy also be used to locate 
the failure and are discussed in the follow~ng paragraphs, 

No Output. Lack of supply voltage, no input s~gnol,  
an open collector resistor, or o defect~ve tronslstor will 
couse a no-autput candlt~on. Measure the collector and bias 
voltages wlth a h~gh  resistance voltmeter, and measure olso 
from the Input termmals to ground. f i l s  will prove that 
R1 and R2 have conunu~ty and also roughly check thelr op- 
pioxmote volue. If voltage readings are normal and the 
no-output cond~ t~on  pers~sts ,  replace Ql.  

Reduced Output. A defective transistor, low collector 
voltage, insufflc~ent Input drive or a change in the volue 
of R4 con produce o reduced output. Check the value of 
R4 with on ohmmeter, and the supply ond collector voltages 
w~ th  on ohmmeter, ond the supply and collector voltoges 
w~ th  a hloh resistance voltmeter. Reolace the transistor 
with o known goad one. If o reduced output still exists 
check the lnput slqnal ampl~tude with a vacuum-tube volt- 
meter or an osc~llosmpe.  

Continuous Output. If o Conunuous output occurs wlth 
or without a signal input the transistor is defective, replace 
~t with o known qood trons~stor. 
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TRANSISTOR NAND GATE 

APPLICATION. 
The transistor NAND gote 1s used in  computers and 

swltchlng devlces to supply an lnverted iu'u'D(iu cunxp:e 
mented AND) output. 

CHARACTERISliCS. 
May use positive, neyutive, or combined logic. 
Usually uses fixed bios. 
Provides on inverted or complemented output. 
Acmmplishes logic multlplicotion and cornpiementotion 

sirnultaneousiy. 
Has o high lnput impedance, and a low output impedance. 

CIRCUIT ANALYSIS. 
Gsncrol. The NAND gote provldes a stondard AND out- 

pi;t but ir; inverted or mmpler.ented for-. Thus a NOT AN3 
output is supplied irom a slngie stage. Slnce  he nansls- 
tor commonemitter mniiquiotion p~droduces on :nverted out- 
put s l p a l .  11 is only necessary to change the common- 
base AND circuit to a corn-on-emitter arrangement to pro- 
duce a NAND circuit. Its primary use is accomplish arith- 
metic division by multlplicat~on and addition and thus ovoid 
the necessity for more complicated circuitry. This c ~ r c u ~ t  
1s also sornetir~e; referred :a i s  o coincidence clrcg!t ar 
an otl c~icui t  in other publimtlons. 

Circuit  Operation. The logic diagram for o typical 
NAND clrcult, with its associated truth table i s  shown in 
the !o!!owinn ill~!strotion. 

INPUT )OUTPUT . 

OUTPUT 
I 

INPUT 

ADG B 

NAND LOGIC Diagram Truth Table 

The closed triangles in fie I q i c  diogrars indicmte that posl- 
tlve logic is employed. ?hat i s  a positive input signd r q r e  
sents as o m v e  1. D e  inversion of output produced bv the 
?!!AI!F drcui! !- jcdiccted by the $moll circle (in the upper 
diograa) adjacent to the triangular c u t p ~ t  level indicator. 
.- 
~ h i s  shows that with o positive input o negative miltpat i s  
&t?:ed. When the !?"PI ind,rntnrs alone are used, the inver- 
sion i s  shown by using an open triangle at the output (os 
;howr, in the !ewer (s!!e~"ate! l q i c  d iqmm) md nrnittinq 
rhe circle. Since the input levels in the activated stale ore 
shown os closed triangles, positrve l o g ~ c  i s  indicated, and 
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with on open triongle a s  the output level indicator a negative 
or inverted output i s  indicated. Note that when the circle 1s 

us& to indicate inversion it must be placed nt the symbol. 
and before the level indicator. The small circles at the input 
and output !e.m:rr!s represent termlnol connections and 
have no ioglc s l g n i f l c ~ c e .  

The srhemntlc af a twa-lnput, slnqle-staqe transistor 
::A::D @e is ;ha;:r, in  he acco.m9"y?ng ?l]ustro_t!on. Note 
that the cammar.-emitter mnfigurotion i s  used. 

PNP Tronrlstor NAND Gat- 

A negative, fixed base bias i s  applied t o  transistor Q i  to 
provide fowmd bias, and moke the transistor conduct heavily 
in the so-called inonlve state. With no input signal applied, 
and with iorwad base bios the transistor operates in the satu- 
rotion rq ioc .  Hewy milector current ilow through fi4 pro- 
duces o v o l t q e  drop which reduces thenegative collector 
voltage to zero. Since reverse coilector bias i s  applied, a 
DOsiUve o u t ~ u t  i s  produced [absence of theinput sipnd in 
this cose represents a zero input). Thus the first mmbination 
in the truth tableis  verified. When o positive (one) input 
signal i s  applied to either inp-t A or 3, but not both, the 
voltage deveiopei across R i  or RZ by bose current flow i s  iir. 
sufficient to stop conduction, anda zero or positive output 
still occurs. However, when theinput signal i s  applied sim- 
ultaneously to tath A ondB terminals, base c w e n t  flow 
through R3 i s  twice that produced by single input signal, 
and. since it i s  in o direction which produces a polcaitv 
opposite to the forward hose it canceis the hias: reducjng 
it to zero. With no forword bias applied to the base and a r e  . . 
,verse bias applied to the mllector, transistor 0 1  ceases mn- 
ductlon. With no coiifftor cmrent fiow through R4, no volt- 
nge drop is produced, and rhe coliector vaitaqes falls to *- 
proximately inenegar ivesu~p~y ~ d u e .  Thus a negative a t -  
put isproduced indicating a zero. input resistor R i  and R2 
a n  os isolatlnqresistors iar tne separate ANG inputs, and 
together with h s e  resistor R3, preventing shorting of e~ther  
thebase or the b~ss  when zero (g:aunded! input isupplied. 
hr!ie 3;  norxally operaits .:: ti;e ;utir3i; i ir  rcgiik., exre;: 
carriers are inserted into the h e ,  and the turnoff time i s  
enended by the storoqe time needed to drain the transistor 
of these excess boles. Because the full operating rmge of 
the transistor from saturation to cutoff i s  available, relatively 

CHANGE ! 
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high gain and power output can he obtained fmm this mmmn 
emitter arrangement. 

FAILURE ANALYSIS. 
General. Bemuse of the few ports involved, o resist- 

ance and voltoge analysis may k quickly made with a volt- 
ohmmeter. Obvious symptoms may also be used to locate 
the failure md are d~scussed in the following paragraphs. 

No Output. TO produce no output the tmnsistor must 
continuously conduct. Such mnduction may be stop& by 
lass of base bias or by the opening of R3, which has the 
same effect, or by lock of supply voltoge or collector volt- 
oge by the o p i n g  of R 4  Checking the bias and base to 
ground voltoqe, and that of the supply and the collector to 
ground voltage with a high resistonce voltmeter will clear 
R3 or R4 from suspicion, and if the trouble still exists. Qi 
i s  defective and should k replaced with o known gmd tron- 
sistor. If Q1 conducts, but no output is obtained when si- 
multaneous inputs ore applied terminals A and B, either re- 
sistor R1 or R2 i s  open. An ohmmeter check of the resistors 
will lomte the defective one. However, by checking the 
bias voltage from base to ground, and from A and then B 
to ground (when making voltaqe checks) the continuity of 
these resistors con be verffied without performing the re- 
sislance measurement. 

Redused Output. A defective transistor, low collector 
voltage, insufficient input drive, or a change in the value of 
R4 can produce a reduced output. Check the value of R4 
with an ohmmeter, and the supply ond collector voltages 
with a voltmeter. Replace the tmnsistor with a known good 
one if R4 and the voltoge checks ore normal. If o reduced 
output still exists, check the input signal amplitude with a 
vccuum-tuhe voltmeter or an oscilloscope. 

Continuous Output. If a continuous psitive+rnegotive 
output i s  obtained regardless of whether or not inputs are 
applied, the transistor i s  defective. Replace it wlth o 
known good transistor. 

TRANSISTOR FLIP-FLOP CIRCUIT. 

APPLICATION. 
The transistor flip-flop is used in electronic computers 

to supply an output and its complement simultaneously, a s  
an off-on trigger, and for stoioge purposes. It fcrms the 
basic circuit used in most registers. 

CHARACTERISTICS. 
May use positive, negative, or combined logic. 
Usually employs self-blas. 
Provides two outputs (one is the inverse of the other). 
Requires a turnaff or reset trlgger to change state. 
Has two stable states, sometimes called off and an 

(or 0 and 1). 

CIRCUIT ANALYSIS. 
G e m r a i .  The baslc transistor filpflop is sometimes 

considered os two tronslstar Inverters placed back-to-back. 
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Howeve, by far the simplest anongement, the d s  flip-flop 
uses a minimum of parts and corresponds closely to the 
mecha~coi  form of "relay flipflop" described in part C of 
this section of the Handbook. Actually, the flipflop i s  con- 
sidered to k o multivibmtor, and the various types of tmn- 
slstor muitivibrotors ore fully discussed m Section 8 of thls 
Handbmk (mcludmg the binary M.V.). The flip-flop circuit 
is included here for the sake of completeness of the loglc 
section since most computers certoln many flipflops. Con- 
seauentls, lwic  considerations will be stressed. and the 

will be given to sotisfy the iogic student. The symbolic 
logic diogram and truth table me shown below. 

Flip-Flop Logic Diagram Truth Table 

Like the otherlqicsymbols, the flip-flop logic symbol i s  iunc- 
tionalandis the same regardless ofinternal circuit. Thus my 
number of types of multivibrator may be indicated by the 
some logic symbol. Input and output level indicators are 
not shown since, in most instances, they mas be determined 
from the levels shown on the outputs of driving or following 
circuits. The desiwt lon of clear (reset) or IC) ond set . . 
(S) inputs ore not required to be shown. However, the C 
lnput i s  always placed on theleft of the diagram with the 
0 output termmnol, and the S input is piaced on the right 
of the diagram with the 1 output m accordance with Amer- 
ican and Milltory Standard usage (other arrangements may 
be found in other texts). The truth table shows inputs A 
and B with outputs X and Y. in most instances, these ore 
the some terminals, and the table merely indicates that 
when one transistor is in the zero state the other tronsis- 
tor of the flip-flop i s  m the 1 state, and vice verso. 

Circuit Operotion. The schematic of a simple d-c tron- 
sistor flip-flop i s  shown in the accompanying illustration. 
Outputsore taken from points X and Y, andinputs are r e p  
resented by A andB swltches which temporarily ground 
these p i n t s  when the input is considered to be applied. 
The manner in which the trigger is applied is of no im- 
mediate concern since it may be o number of ways, such as 
by diodes, :ransistors, relays, switches, or otherwise (in 
some instances these triggas may form a part of the cbcuit 
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ond ore included in the discussion, see the Diode-Trmsis- 
tor Flip-Flop). 

ate at a spciiic repltltinn mtP. ?n which case :I is a truc 
ate of a specific repution rate, in which case it is a true 
mullivihotor (see Section 8, part B of this Handbook for 
the complete discussion of semiconductor multivlbrator 
circuits). 

Basic Transistor (PNP) Flip-Flop 

k s m e  far ease of dismssion that initialy Vmsistor 
0 2  i s  conducting, md  Ql i s  a t  off. With Q2 opera- 
ting in the saturation rqion, hewy mllector current 
flows ond the collector voitaae is d r o ~ d  to almost zera bv . . 
current flow through R,, ond the Y output i s  zero. Since t i e  

:lq co!!ec=r of 02 is also connected to the base of 01, the base 
of 9 1  is also held ot zero b ~ o s  or practically at cut off, and 
no callecm cwent  flows through 0L With m milector cur- 

C\3 rent fiow through R, the collector voltage on 0 1  is almost 
the full voiue of the negotive bias supply. Slnce Q2 is 
directly connected !o the co!!ecto: of P i ,  :his negative cui- 
lector voitage places a large forward bias on the base of 
Q2 and holds it in heavy conduction. As long a s  the heavy 
collector current flows through 02, transistor Qi remalns 
In the Inactive state. Thus, the Y output is held at zem, 
representing a logic 0, whiie the X output i s  o large nega- 
tive voltoge, representing o !. If switch A i s  now temp- 
rarily closed (simulating o set input), tne forward bias is 
removed from the tose of 92, because the collector of Q1 
is shunted to qround bv contact A, therefore. collector cui- 
:en: cwses flowing through Qz. AS the collector current 
through 02 ceases, the collector voltoqe oi 02 rises toward 
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Unue a s  the flip-flop i s  triggered off m d a n  by closing switch 
contocts A and B. Although relay triggering IS assumed m 
this discussion, modern circuits use switching diodes or 
tronslstors, which oprate at much greater speeds h a  re- 
lays to produce high speed operotlo". It is olso pss ibie  
to provide self-triggering action and have the fllp-flop oper- 

FAILURE ANALYSIS. 
If either 01 or Q? 1s IIPCCI!VP. e!!her Crt5 2:tj.~:; :i.i!: 

be zero, or the outputs wlli k apparently normal and o p  
Tsi te ,  but cannot be trlggeied into the other state. Sirnil- ~ ~ 

urlly, if both R1 and R2 are open no outputs will be ob- 
tamed; but if only one resistor is open, the f l i ~ - f l o ~  .#I!! . . 
rest in one stable condit~on ond be lmpssible to trigger 
into the other condition. Check the collector voltage to 
ground with a voltmeter, and manipulate switches A and B 
manually, observ~ng if the collector voltage changes: if i t  
does, theother transistor and ossocioted collector reslstor 
are protnbly at foult. If in doubt, measure the resistance 
of Ri ond .Q w?th cr. ohmmeter. If R1 and R2 resistance 
is norm1 the tranststor!s) are at fault. To determine which 
tronslstor is defective, connect the base of the conductinq 
transistor temporarily to ground. if the collector voltage 
becomes more negative indimtlng that conduction has 
ceased. the trunsistm can be presumed to be sot is lac to^. 
Check the other tronsistor similarly, if defective it will not 
stop conductinq and the collector voltage will remain near 
zero. ff switches A and B ore reloy contacts, it is possible 
that poor or dirty contocts will prevent the flipflop from 
changing stote. Such condition con be determined by tem- 
porarily connecting the collector to ground (shunt the douk- 
il l!  cr'nt~ct) ond observe i! opc:a:;o;, is then nuinlul. ii in 
doubt, replace both tronslstors with good ones. 

EMITTER-FOLLOWER CIRCUITS. 
~ ~ 

the n q t i v e  bias sowce value, and places a forward bias 
on !he b s e  of trons~sto: Q:. Ccnsequently, 21  conducts APPLICATION. 
heavily, and the voltage drop across collecto~resistot 8, 
 laces the base of Q2 at zero and prevents the flow of col- 
iecior mrrenr in 02. Now, 0 2  :emc:ns in the ilonconductin~ 
condition, while 0 1  continues to conduct hwviiy. Meon- 
while, they output is a lorge negative voltoge, representing 
a i. When switch B 1s temporarily closed (s~mulating o 
c!eor :?gat!, h e  Scsc of C: ;s ground&, and muses it tc 
s!cp ci.?duc!:ng. The :is:cg m!!ecti.i voltage an j i  
o negaUve (forword) bias on the base of Q2 and causes :: 
to conduct heav~iy, and goln resume the origrnoi state os- 
r.,".ni *. .k" k"^,rm,r- - 4  ,L" 1 Ti.. . ~ .  - .- -. "-, ........3 ". ... ".-..u-.-.iri,. , , a L r  ui l lv l l  ugui,, 

produces on 0 output ot Y, while the X output i s  o 1. Thus 
,,, -* ""-"-A..-- .Ab., bw,,u the X x ~ u t  is a 1 ond !'he 'I' outpw 
1s un G, 0.3 when Q i  canaucts, tne Y output is 3 i and !he X 
output i s  an 0. The alternate X md Y outputs of 0 and 1 can- 

The tronsistor emitler-iollower circuit is usually used 
m computers and switching circuits to provide a hioh out- 
put cdrrent to d::ve othcr nonsistoi iircwts. Tiiis CiIcuit 
is also used foi impdnn:e -n:cbJng, drivlnj cirwrioi lines. 
" - A  k. .". . " " > " * . - " . 7 - . , . , - ~ A  ... " .U.l 11, ..iiL_ -.i ,- "".r". .- ,, "."IJt5. ,.* .- 

CHARACTERISTICS. 
May bsr either posirlvr, negotlve, or camolneC ioglc. 
Moy ase either fixed c: self blos, tependmg m mi? 

ciicult arrangement. 
Zx"uac ui h e  iow ourput irnpedmce, a hgh current 

gain is obtained, but the voltage gain i s  always less than 
1 ioulpui smalier inon urput). 
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CIRCUIT ANALYSIS. 
General. ' h e  emitter-follower or common-collect01 

transistor configuration i s  usually (but not always) 
operated in the active region. Bias is normally such that 
the stage operates a s  o class A amplifier, a s  opposed to 
operating in the entirely saturated or cutoff region. Tnus 
the emitter-follower will usually respond to either a positive 
or o negative input s~gnal.  Since the output i s  in-phase 
with the input o negative input will produce o negative out- 
put, and o positive input will produce o positive output. 
Operation is similar to the cathode-follower type of electron 
tube circuit. In the eledron tute mthcde-follower, there is 
a large difference in voltage between the grid inprt level 
and the cathode output level. However, in  the emitter- 
follower, there i s  only a slight difference in d-c input and 
output levels (usually less than 0.5 volt). Therefore, the 
emitter-follower makes a very useful dc current-amplifier, 
capable of large current amplification without shifting the 
level between the two stages to ony noticeable extent. 

Clrsvit Operation. 'here i s  no special symbolic 
representotion far an emitter-follower circuit. ' h e  logic 
diagram uses functional symbols only, regardless of circuit 
configuration. Thus an OR gate (or and AND gate) may be 
formed of either common-base, common-emitter, or emitter 
follower (commoncollector) arrangements, and they would 
be drawn identically in the logic diagram, although the 
schematic representation would be different. Operation of 
the common-collector circuit is described for a sinusoidal 
input in section 3, paragraph 3.5 of this Handbook. Opero- 
tion of the emitter-follower in response to pulse input i s  
discussed in the following paragrophs, and then typical OR 
and AND circuits are analyzed. 

In the accompanying figure, three emitter-follower 
types of operation ore illustrated. Part A shows a negotive 
bios applied to the collector and no bias opplied to the 
base, the emitter i s  returned to qouhd through load 
resistor RL. 

INPUT Br-vcc -7 
0 - u  OUTPUT 

A V! 

OUTPUT 

B 

- - 
INPUT 

C 
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With a reverse collector h a s  and no forword base bias 
the transistor rests in an essent~ally cutoff condition with 
no collector current flow. With no lnput there i s  no outpul. 
A positive input signol would only bias the base further in 
a reverse direction and no output would occur. However, 
with a negative input signal the base is quickly driven 
into conduction by the forward bios, md both emitter and 
collector currents flaw. Electron flow i s  from the emitter 
through RL and bock to the collector, and a negative output 
voltage is developed across load resistor RL. ' hus  the 
output voltage follows the input voltage. When the input 
signal is terminated the transistor stops conducting and 
the output pulse is completed a s  shown by the waveforms in 
the illusuotion. In Port B of the figure the opposite 
condition is shown, the collector is connected to ground and 
the Lase is agoln left open, but the emitter i s  forword- 
biosed by o positive voltage to ground. With no base bios, 
and forward emitter bias, heavy emitter current flows and 
produces a voltoge drop across RL which opposes the 
forward bias and drops the output to approximately zero. 
Application of a negative input signal cannot increase 
the emitter current any appreciable amount so the output 
remains at zero. However, when o positive input pulse is 
applied, the base is biased more positive than the emitter 
(reverse bias), and collector and emitter current flow 
m s e s .  As a result, the output voltage rises to the value 
of the positive emitter bios, since no voltage drop i s  
produced across RL to reduce the miput. In part C of the 
figure, both forward emitter bias and negotive (reverse) 
collectorbias are applied, and the transistor is biased ot 
the center of its active region (Class A operation). With 
na signal opplied, the quiescent value of collector current 
represents zero level. When a negative input i s  applied, 
the forward bias is increased, o lager collector current 
flows, and a negative voltage drop appears across RL and 
at the output. In a similar manner, when a positive input 
signal i s  opplied, collector current flow i s  reduced by the 
increasing reverse bias, and the emitter voltage rises 
towards the bias value, producing a positive output. 
Thus the emitter output follows theinput signal, and 
operates entirely in the active region (this i s  the same 
operation os occurs in regular amplifier operotion). 

A typical emitter-follower OR-Gate i s  shown 
schematically in the accompanying illustmtion. The 
inputs are separate and the outputs are connected in parallel. 
In the quiescent condition, with no signal applied, both 
01 and 02 are noncondunin~ since collector current i s  
prevented from flowing by reverse base bios opplied 
through R2 ond R4 from o fixed bias source. When the A 
inputis activated by o negative one signal, Ql i s  forward 
biased and emitter current flow through R5 develops a 
negotive going output voltage across R5. ' h e  output volt- 
age i s  slightly less than the input voltage by the base- 
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W: By reversing the input polority and bios on emitter- 
follower AND gate i s  obtained, a s  shown m the accom- 
ponying schematic. 

m--0 

emitter voltoge. Capacitor C1 helps speed up oction by 
applying the leudlng onJ ~ t i i l i n ~  edqts G: 1k.i p ! s c  
trigger instmtly to the base, bypassinq HI so that only 
the low frequency components representing the flat-top 

U poruon of the pulse are attenuated by R1. In addition, 

?O R1 and R2 form o duo1 voltoge divider. When input A is a t  
' , ground potentioi reprrsentmg a zero input, the Wse is 

~soloted from the input by R1 preventing it from being shunted 
to ground, and maintaining the desired high input im- 
pedance. Cihen 91 is iondl;ct:nq the base-collector 
ieslstance 1s low, but 1s prevented from shunting the bias 
source by R2. Thus the bios remains unaffected by any 
ir.put s i w d  s!x&?tinc eifec!. .A.s n result of base m e n i  

flow rkuouqh R i  u riqutive itrpui iokiige is i - v e l a ~ d ,  
the bias and signal voltages add algebraically, to produce a 
forward (negative) bias. Vhen the input slgnol i s  removed, 
the fixed msitive bias aaain resumes control, bias~na 
the base in o reveise dlrectlan and stopping conduction. 

When an input siqnal is applied to input B, identl- 
~ ~ 

col opemtion occurs. Caljacitor LL now passes the ieodlng 
(and later the troillnqi edges to 92, while resistors 
R3 ond R4 form a similar input voltoqe divider and blas 
dlv,der 0 s  expi"inrd for I,,; " --; '.. ' , W L  -- r iL v'L","U..r. ,,..en '42 
conducts, ti;r output ~ i . k a ~ i  is develope;' ci:3~5 ez:!?~: 
iood res~btor Z5. A c,~gowv~e ir;~: ; :aJ~es  2 : ;egc~:;e  
output. When the mput signal is removed the transistor 
aqmn returns iu iia i lu r~nd iu;ii:: iond:;;;. 27,: C.L:;d: 

ceases. ilhen an output is ceveiopeo oy either u i  or GZ, 
h i s  nrgutlve voltage i s  iipplle; os o rcversi. emitter bias 
:o the non-cooduc:ir,g t;ws:s:o: sc t k !  I! i s  prevented 
fmm being uiggered. Shoula on input be oppilw to w i n  i. 
and B simultaneously, the signal with the larger negatlve 
omplitude will prevail ond cause only that circuit to 
0pe:ate. 

" - - - 
Enitter-Follower AND Gate 

By camparingthe emitter follower OR-Gxe schemarlc 
s i l o w ~  pe.i~us:i iii:L :he e;;;!:er-!ol!w;e: b>!rY.c!e 
shown a b v e ,  it IS seen that the circults are identicoi. 
By changing the base bias to a forword bias, Ql  and 02 
conduct in the absence of M input slgnol, m d  emltter 
c s i en t  flow through R5 develops a negative voltage drop 
which holds the output to c steody negative level and 
produces a zero. When a signol i s  applied to e~ther  A or B 
biit not to b i n  lnputs simuitanr'3usly, h e  mput to hhich 
no signal i s  applied continues conduction and holds the out- 
put a t  zero. However, when an input i s  simultaneously 
cppiied tu buih 4 and B, both trms;sto;s z:c cut o!! cnd Q! 
and 92 stop conduction. The output rises in a positive 
direction to zero and produces an equivalent positive (one) 
",.,".., 5 . h e n  !he :nput pulse ceases, both transistors resume 
conduction, ond theoutput falls to the normal steady 
negotlve output level representing o zero. 

P.lth.auqh h e  emi!ier-ioliawer ouipui vohoge is o h q s  
smaller In ompljtude by the onxlunt of base-emitter bias, 
t 1  current and power gar.  31C achieved. Cu::er.t amplifl- 
cotlon is obtolned bv usina o small omount of base 
cl;r:en! lusunllp in the microampere range) to control the 
!c:;e cxitte: cxre . :  !!cw !cs,uclly in the millompere rona~l .  
Averaqe current qoms on the order of 25, or more, are 
09lamed. Since the pawer output is the voltage tlmes 
Lhe c-rren!, i! is mr?!y seen why il power goin i s  obtalned 
even tholigh voltage amplificauon i s  not produced. 
k1.L-..A .h^ -^rn..--hon ",.A m m m n n . ~ m , f t ~ ~  C,,nne,tl""s ,,*.,.""",> ".- -".," ,.-.. ""-- 
olso con provide o power gal", the emitter-follower orrange- 
men1 is umque in  that it pioviaes o law lmpeamce and 
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transistor stages without dropping to a very low level, or 
for operating reioys, or lamps, which requlre high current at 
low voltage. 

FAILURE ANALYSIS. 
The emitter-follower AND, NAND, NOR, and OR gates 

are almost identical with respect to failure analysis with 
the previously discussed circuits of the same name, if it 
is remembered thot the output signoi is developed across 
the emitter lwd reslstor (mstead of the collector resistor). 
ond that the collector is usually grounded without any series 
(Iwd) resistor. Thus loss of output can be due to on 
open emitter resistor, a defective transistor, no emitter or 
collector voltage, or due to lack of on input signal. A 
voltage check of the base, emitter, and coliector potentials 
will reveol if the source is normal, ond whether or not any 
series resistance i s  open (or shortedl. In mse  of any 
doult, o simple res is tkce  check will detmjne lf t h e  
resistance i s  normal. Any mntinuous output which is 
not changed by an input signal indicates o defective 
transistor. 

CHANGE 1 
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LAMP DRIVERS AND RELAY PULLERS. 

APPLICATION. 
Lamp drivers md reloy puller circuits are used ir: com- 

puters ond switching circuits to supply the power and volt- 
cge neiesslry to drive i~dicotor lnmps ond aperate reloys 
indirccily by tiiggeiing G transi~tor. 

CHARACTERISTICS. 
Provides large voltage or pwer  output, as needed. 
Is controlled by a small voltage or current. 
May be sell-biosed ai fixed biased. 
llsudly prov:des a high input impedance and o moderate 

or iow uuupu~ ~ ~ ~ ~ c L u ~ I L s .  

CIRCUIT ANALYSIS. 
General. There are o number of circuits used to control 

tne mdculor Iwnps wid relays "sei! lii iompiiteis wd 
switching circuits. ..~- - ~ ~ It i s  rather difficult E s p ~ i f y  a basic 
circuit since there me so many variations. Therefore, o 
circuit capable of contioilintr hiqh voltatre and low curent 
devices, ond another one c$&L of conirolling low-voltage, 
hiahcurrent devices me selected as typical circuits for . . 

h didcussion. The s~nqle  transistor type of circuit usually 
ii requires thot ibe trlgger hold the stage in fir "ulr" or the 

"on" stote, whereas the two tronsistor circuit requires 
? only an "offan" trigger De applied to change i ts  stote. 

Since the advent of thyratron semiconductor devices, using 
pnpn four loyer diodes or sirnilm controlled rectifier de- 
vices, it i s  posslble to have n single stage uigger itself 
in a "holding" condition until the shut-off trigger arrives. 
;i'hlle I: is also poss:ble !o use dlades for control elements, 
the translaor ilnds umveisal use since it may easily be 
"turned on" or turned oil" without elaborate circuitry. 

C i ~ s u i t  Operation. The schematic lor a typical high- 
unitnge circuit capable 31 operoting neon ~ndicator lamps 
1s shown m h e  occompany~ng sciematii. T ~ E  source of 

resistors. Resistor R6 is a current limiter, ond i s  also 
used to drop the lamp voltage during operation to avoid 
overload on the transistors. Normally, when no lnpur is 
applied, the transistors rest in a cut-aif stote. No collector 
or ernltter current flows (except that due to reverse current 
iiowj ond the rleuc, i n i i i a t ~ i  1m~s:erncin 3 j t  b e c x s ~  they 
are oniy connected I; 3r.e side c! :he !he. The "CLI-off" 
conjltion is aj;ainet by !cwgi::; !he 1:;:r:stor k s e  fi0-t- 
ing, and applying reverse collectoi bias. Because there i s  
no iorwlrd-bius. on: the ic1:ec:or ;s :~~e:se5:s;ed nr! 
<?r:*:,e: c-xept -?, t . ~ .  .:. l q t  J:..,c :$:te, :nc-,::..c -- 
:.. .I z . ; : .  . >  1:r.. : A ' . "  L: .: :L!:.L-: L i z :  :. . . 
it.? base o! thc zctlvated !r.ms!stor. Assume lor the sake 
of dlscusslon that kji is activated and ihar crniuer curlrrri 
flows. Current flaw through resistors R6 and R5 keep the 
collector voitoge within transistor ratings, while heavy 
conduction to ?round throuoh 0 1  offers a low resistance 
path for indlcatar lamp DS1. As long os the voltoqe ocross . . , ,  , :,?e:a%2 :s !!:;:! rt)c,",,:! :c i,-,G;ze t:,e k7,p (55 tz 55? lcr 
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neon), it i s  illuminated. h c e  iIIuminated, the lamp con- 
tinues to glow until the voltage across it drops below 15 
volts, or tronsistor Ql stops conducting. When the forwmd 
bias i s  removed from the base of Q l  by turning off the 
trigger pulse, conductim through Q1 ceases, I m p  DS1 i s  
disconnected from ground, ond i s  extinguished. 

- 
High-Voltage Neon Lonp Driver 

CHANGE 1 
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Eoch of the lomps may be llluminoted by apply~nq a 
nwiative triqser. Note thot this circuit i s  desiqned for . ~ 

sequential operotion of the lomps, md once conduction i s  
produced in my lomp, the valtageocross oil lamps will 
d r o ~  to a low Y O ~ U ~  [iust above 15 volts) becouse af the 
shunting effect of the lamp being triggered. For parallel 
operotion, R6 i s  eliminated ond a separate resistor i s  con- 
nected in series wltheach lndlmtor Imp, thus allowmg 
the full source voltoge to ionize each lamp when triggered. 

A typical schematic of o reloy puller or lomp drlver 
circuit for low-voltage, high-current applications i s  shown 
I n  the occompmying illustration. Two transistors and o 
diode are employed in a bi-stable arrangement where the 
relay or i m p  i s  turned on by a negative trigger and then 
held in that position until turned off by o positive trigger. 

Relay Puller-Lamp Driver Circvil  

Trans~stor Q l  i s  used to control 02. Resistors R1 and R2 
ore emitter bias resistors, while R4 md R5 ore base blos 
resistors for 01. Bios values are such thot in the "off" 
condition 0 1  i s  held at cutoff, so no current flows through 
collector resistor R3. Thus the base of 02 i s  held posi- 
tive, which produces o reverse bias for the PNP transistor 
and prevents emitter arrent  from flowing and actuating the 
reloy or lamp. When o negotive trigger i s  applied, the base 
of 02 is driven negative and this forward bias causes 
emitter current flow throuah 02 therebv ooeiatlno relav K1 - .  , . 
or ~ilum~noting indlcotor lamp DS1, wkchever i s  used. In 
the miescent condition, com~lementorv NPN transistor 0 1  . . 
i s  held in the nonconducting state because the hase bios 
voltoqe produced across voltooe dlvider R4 and R5 i s  
smolcer than the emltter bias produced by dlvider R1 and 
R2, thus the base i s  effectively reverse biased and 01 
does not conduct. Since relay KI, or lamp DS I, are can- 
nected in series with the base voltoge divider consisting 
of R4 and R5, whenever 02 conducts the voltoge across 
this load ralses the bias on Q l  base by a like amount and 
thus supplies a forward bias. With the forward blas con- 
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trolling Ql ,  ~t now conducts and produces a collector cur- 
rent flow through R3. Electron flow i s  in the directlon 
which prcduces a negativedrop across R3, which holds the 
base of Q2 in a forward biased condition, and keeps col- 
lector current flowing when the input trigger ceases. 
Operotion i s  initieted by o negative trigger, causing Q1 to 
conduct, and, in turn, 0 1  holds 02 in the conducting state; 
this actlon continues until a positive trigger i s  applied to 
the input to turn it "off". 

When a positive "off" triqaer is ao~lied to the base 

age developed across the reloy or lomp by 02 ;ollector 
current ilow dmps to zero, md thebase of transistor Ql 
drops to a lower voltoqe (that produced across R51 than 
the emitter, to produce m effective negative or reverse 
base bias for the NPN unit. Thus conduction throuqh 0 1  
i s  stopped, and hath transistors rest in the cutoff state. 
Diode CRI ensures that current may only flow in the proper 
direct~on and prevents initiation of a reverse current ilow 
during switching operations. Diode CR2 operates a s  a 
discharge diode across the windinqs of reloy Ki, so thot 
anv trmkients caused bv the inductive kick-in the coil 

~~ ~~~~ ...~ 
when it is turned off cmnot harm the trmsistor. Capacitor 
C1 bvpasses R5 so thot any load chanae i s  reflected im- 
medibiely a s  a bios chmgeon the base of 01, and produces 
quicker turn-on and turnaif operation. 

FAILURE ANALYSIS. 
High Voltage Circuit. Lack of supply voltage, too low 

a supply voltage, or a defective transistor or lamp will 
make the clrcuit inoperative. Check the supply voltoge 
with a high resistance voltmeter, md the voltage from R6 
to ground. The voltage at R6 should be 65 volts oi more to 
ionize the lomps, md once they ore ionized it may drop to 
a b u t  15 volts. Measure the collector to ground voltaqe 
also with unit inoperative. An indication of almost the full 
supply value indicates the associated resistor (R1 through 
R51 i s  probably satisfoctov. If no voltoqe exists from the 
collector to ground, the resistor i s  open and should be 
replaced. After the voltoge measurements are mode, if o 
lamp still will not illuminate when the appropriate trigger 
i s  applied, the transistor i s  defective md should be r e  
placed (replace lamp if trouble persists). 

L o r  Voltoga Circuit. Failwe of the transistors, diode 
CRI, md lack of supply voltage or improper bios can pre- 
vent the circuit from operating. With the circuit in the 
"off" condition the emitter wltcqe of 0 1  should te largw 
than the base voltoge and the collector of Ql and base of 
02 should be almost the full supply voltage value. With 
normal voltaqes ond the proper triqoer apphed, lack of 
circuit operation indicatis thot ~ i & d  possibly Ql are 
ore defective. Replace them w~th known qood ones. If the 
circuit still does not operate ond the loodis o relay, check 
diode CRZ with m ohmmeter for a short. If shorted the 
coil of the reioy will be shunted out of the circuit md the 
relay cannot operote. If the circuit operates but does not 
hold until the next trigger resets it, check capacitor C l  for 
a short circuit. Use an ohmmeter or o caoocitor checker. 
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R R T  C. MECHANICAL CIRCUITS 

SWITCH LOGIC. 
Switch logic presents basically two states of action; 

that is, o witch is either off or it is on. Thus the con- 
nected circuit is either inactive oi it is activated, and it --- .?,...ore-* .LO I^"<^ '̂ n ,-.. .b,.bu-.,. .....-. ...- .",.- -.-.- -. 3: !. Wher the 
switch is aii, rhe circuir is nor energized (no vuliuge ul 
current is ~ e s e n t ) ,  snd it :epreseats the inactive state oi 
0. 'When theswitch is turned oo, the circuit is energized 
(voltage or current is present), andit represents the active 
state of 1. Theopposite condition may also be assumed, 
if ?esi:ed. 

Actually, switching logic has been used for years prior 
ro theadvent oi compurers on6 ioglc clrculrs. Far exompie. 
when lights at different locations me operated by one-way, 
two-way, or thee-woy switches, a form of eiementary switch 
~ott:o! !oqic is represented. Likewise, elevators hove 
been controiied tor years by instructions irom swltcnes 
h a t e d  on difieient f!oors. Not only is theelevatoi stmted 
and stopped, it is directed to go up or down and to prxeed 
to different iioors. When called upon to operate in two dif- 
ferent directions, it selects a sequence of operation and 
conies it out, in turn, as eoch commandis sequentially 
fo!lowed in occwdance with the b s i c  design. 

Bosico:ly, there ore three forms of switching used in 
logic circuits; themanually operated switch, the mech- 
anically operated switch, and the electromagnetically 
operated switch. Manually operated switches included 
k d f e  +witches. t w ~ l e  swi!ches; push-button switches, key . .. 
swizches, ;army sw~tches, and many other vorintions. 
Mechanically operated switches are similar to manually . ~ 

operited switches, act ore operated by mechcnisms such 
os corns, linkages, hydraulic or pneumatic cylinders, and 
other means. These ore generally used in analog computers 
where the state of somephysical quantity is indicoted when 
{he quantity is oi  a maximum or a minimum, or a s  it reaches 
a series oi predetermined values. The electromagnetically 
operated switch is simply a mechaniml switch opemted by 
the pilssaqe of electric current through a magnet coil. 'Ihis 
type of switch commonly known os o relay, finds widesprmd 
use raioy, ii an additional set ofcontacts i s  added, it can 
z!sc be :se? tc c3n!rc! anotL.er :el=).: t h ~ s  nc-erous com- 
binations of open and closed circuits can be contrived and 
autornot~caliy controlled to praiuce logic operations. Re- 
'".,. ."," ""2 ",,- " c%.> ..-,,-" tri.c - , s O  *" A ," ... i - i r  .""." r l r r , , i r ~  differ fro"- [hf. 
%sic electiicni itlay m construction and size because 
t+u wci rloi cnrrv h ~ ~ ~ v r  c,lnpnti or hreok hi+ volta?es: 
they ore usuolly oproted at very low currents ond voltages. 
?i iii-olly iocs t r~i t rd:  th~irrnatij-P ci the :e!ay is he!d 
:;, :> ,ErPe:, ;Gs:tizrl kj sp:2~ ,2cticz ~ : d  :!zsei 5: the 
m ~ e t i c  ottractioc of the coil for theormotlire when current 
1s oppiled. ' h e  contacts may be numerous, either normoily 

- ,* .*A *. .k- -' " ?**"b ", ,," ,.., ".., I.YaL", ", ..,i .ill, ..,", II1.".I. "1 I -...-.\ 
31 contacts containing various cambinot~ons. While the 
seiection oi <he type ai caii und r r i q  is busiuully l i f t  
engineering problem, the loqical designer must be famiiiar 
with the types of contocts ond coils available for efficient -. 2 , "  "".̂ .̂a mnn. . .  :..,- cmn;n.rl ,,,npc ,A rn","", , s r -  "-" ,*,,. ~ ,,-.* ",- """" .... " .,r-" -. -. 
.---"..,,.,.--.-:,-k,- ,.. ,--- .,,,,,..,.,, .u,.,,., , ,, .-, A, 3, C. U, and E ?vF~ch are 
make, break, break and moke, make before break, ond breok 
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before moke continuity-transfer, respectively). Similarly, 
there are a b u t  five different combinations of coils, such 
os the singlecoil, the two or more independent winding 
~ype,  the two or more cooperative type (two or more wind- 
ings must be energized simultaneously for operationi, other 
combinations with holding windings, and differential types 
... ..,,A.J, L ~ P L  --- Lu,, -1. ".. e---*ely .,,u. ene:gize or sim-!taneous!y d e  
energize ine relay. Since inis orricle is devored to switch 
logic rather than component design, it is suggested that 
the interested reader obtain fwtherdata on relays and con- 
tacts by consulting manufacturers' catalogs containing de- 
sign andoperating specifications. Further mention of con- 
tacts nnd coils will be made only when pertinent to the 
logic design or circuit operation. 

Let usnow consider simpie swltch ioq~c. Fi:sr, i r  musr 
be understood that in applying switch logic all operations 
are treated first in elementory form, that is, a s  simple make 
and break contacts. Later, after the logic i s  firmed up, the 
contacts are counted and vaiious relay contact stacir or- 
rangements ore considered in order to determine the mini- 
mum number and types of contacts and relays. This sum- 
mation is known os sirnplif~cotion, which will be discussed 
lotei in the section. 

Examine thesimple series switching cucuit formed by 
two relay contncta connected in series, a s  shown in the 
lollowing figure. For simplicity, actuating coils me not 

Series Switching Circuit 

shown. Part A of the figure shows an elementary normally 
open circuit; when the coil of each contact i s  actuated, 
the relay switch is closed. Thus, in order for current to 
flow in the !md circuit, coils A and Emust both be actuat- 
ed, thereby, closing contacts A and S and completing the 
circuit. :f contact A is closed and contact S i s  open, no - curren! ilows. Ine som? condition ioilows with B closed 
and A open (the closed condition is indicated by priminq 
the iontoit: e.q.: A' instead of 31. 'With bath ioctacts aoen 
a similar condition exists, so that one, andonly one, con- 
"*'-- wi!! a r o d u a  cc::en! flew intc the!oad, n o - e ! ~  wb,en 
both contacts ;re c!o:ed. Let us tzbu!ate these rcn?iti3ni 
using 0 to represent open contocts and 1 to represent closed 
contacts. Such a toble, commonly called o truth table or 
" .-L,- ., ..-L,.-.:--- ;= c!. n,.," kI2 ,>!, ?.is t,2!L. - ."".. ", -",,,".,,",,"... ." 

A B C 
" 

0 ! 0 

! 0 0 

AND Truth Table 
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i s  easily identified os the typical AND logic operation 
(multiplication). In part B of the figure, contact A is 
normally closed when the reloy i s  de-energized, and, since 
it is closed it i s  represented in logic notation by priming 
the letter, thus making it A' (indicating "not" open) in- 
s twd of A. Forgetting for the present whether the coils 
are enersized or not, consider onlv thecontocts. For each 
opening and closing combination the AND truth toble still 
applies. A similar condition exists for mi t  C of the fiaure. . . 
except that B' is the primed contact (no;molly closed). 
Thus, we may soy in generol that a series arrangement of 
relay contacts produces the AND logical function. The 
circut of part A is simpler to comprehend and follow in 
logic design, smce the circuit operates only to produce 
current when both relay coils are energized; in parts Band 
C only one reloy need be energized at a time to produce the 
desired condition. 

Consider now a porallel arrangement of contacts, a s  
shown in the fallowing figure. It isevident from an ex- 

Parallel Switching Circuil 

omination of the figure that cuirent flaws in the lwd 
circuit when either contact A or contact B 1s closed, or 
when both contacts A ond B ore closed. Note that current 
will flow when A is closed, regardless of whether B i s  
closed, ond vice versa. This action i s  indicated hy logic 
notation a s  follows: C = B (A t A') t A (B t B') which con 
be reduced to: C = AB + A'B + AB t AB'. As interpreted 
logically, this expression says that the load will draw cur- 
rent if A and Bare closed, or if B is closed and A is not 
closed, or if A ond B are closed, or if A is closed and B 
i s  not closed. Since AB + AB = AB, the expression for 
C moy be simplified to: C = A'B t AB' t AB. A truth 
table for the preceding function follows: This toble is 

Inclusive OR Truth Table 

recognized os o typical O R  table. Since it includes opera- 
tion when A and Bore both closed, it also represents the 
inclusive OR loqic state. In qenerol, then, we may soy 
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Exclusive OR Circuit 

A truth toble for the circuit above i s  s h o w  below. It 
i s  recognized a s  theclassic exclusive OR truth table, 
proving oui contention that the schematic is that of the 
exclusive OR circuit by perfect induction. 

Exclusive OR Truth Table 

In addition to the schematic farm of reloy circuit draw- 
ings shown above, a kind of short-hand notation (diaqrom) 
i s  sometlrnes used, a s  shown in the following figure. In 

I R E L A Y  A I R E L A Y  B I 
I I 

Relay Logic Notation Diogram 

this f o i , ~  of notation the horizontal lines represent normally 
closed (or primed) contacts, while the diagonal lines re- 
present the normally open (or unprimed) contacts. The con- 
tacts shown in a particular column are all operated by the 
some relay. The figure illustrates relay logic notation a s  
applied to the circuit of the series-parallel switch con- 
tacts representing the exclusive OR circuit shown by the 
preceding schematic. The abbreviations N.C. (normally 
closed) and N.O. (normallv open), shown in parentheses in 

when either A or B octivate the clrcu~t; but the circuit re- thebasic AND and OR switching circuits, the discussion 
mains inactive when both A and B are operated. Such a i s  limited to logic concepts alone. The circuit action of 
condition is shown schematically in thefollowing ilgwe. specific logic circuits i s  discussed in the latter part of this 

section. 
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OR CIRCUITS. 

APPLICATION. 
-, 
I ne OR circuit is ~ s e d  in mcchmicol comwters  nnd 

switchinj  clrcuits to perform logic odditlon. 

C H A R i C i E R i i i i i j .  
idily "sf p o ~ i t i v e ,  negc::,,e. c: cambne.' logic. 
C a n s ~ s t s  of o serles of swltihlnq contacts connected in 

parallel. 
Performs logic addition. 
S w ~ t i t ,  m i y  3e e iec t r~ca i iy  3: r e c h o ~ ~ c ~ I I y  i l p r i ~ ~ t e o ,  

usually consis ts  of o q o u p  of relays. 
"~c  zm:!?!::"!?Qr 1s ?i"ll,TPC. 

CIRCUIT ANALYSIS. 
c .~~.oI .  In switch l o ~ i c ,  a b35i; Q?, LLICII!! C0051;\S 

of o group of parollel connected single pole, slnqle tn:ow 
switches connecting the power source to the output !oa.', 

L\ 
a s  s h o w  In the accompanying schematic. 

Boric OR Switching Circui t  

;is  in be seen !:am c study z! the sci.ema!!c, In thp ~ n -  
active mnditlon al l  swltches ore open, and s ince the load 
and output are not connected to the power source there i s  
no output, representing o ioqic 0. Converseiy, when any oi 
the swltches me turned on, either separately or in combine 
a o n ,  the power 1s connected to the load and the output 
voltage is the same as the Input voitnqe, reprrseiitinq il 
logic 1. The  loqic diagram for thls  c ~ i c u l t  1s shown sym- 
bo!ica!!y in the following illustration, with o truth table. 

0967-000-01 20 LOGIC CIRCUITS 
From the synbolic loqlc i loqion; 11 i s  ?vlbent ti,rit tlirre is 
no j i f ference between the mechonicol and e1e:tronlc cir- 
cuit, !he symbol is functioncl. Slnce i t  1s necessary to 
operote each swltch by hand in the example glven, and 
sviltches are not oifected by polar~ty,  the level indlcatcrs 
ore omitted from the l o q ~  diorjrom. Because l l t t ie  ad- 
vafitaqe 1s obtained by :equi:lnq moruol monipulat~on of the 
i w ! t i h ~ s ;  the mechanics! ;amputer uses relays. ; i p p i y ~ ~ ~ ~  
the proper palentlo1 to me relay m i l  pulls in the relay airno- 
lure and c l o s e s  the zircu,!. Thus by using anotner relay to 
control a ser ies  of switchlnq operations, performed by 
qroups of ieloys arranqed in the proper sw~tch ing  sequence. 
e!ecfrn-mecnnnlcal o a u t e r s  which operate a t  high rates 
of ;;ecd o:e iorred.  Speed of aperotlon 1s llrnlted by the 
::zc :r !zl:er ti.- r - 1 7 ~ ~  r 0  men orid close. Since relays 
ore expensive and iequlre more puwrc uuu >puce th;;. 
t r ~ n ~ l s t o i s  or ? : 2 e s ,  :kesc !y?es o! Computers flnd limited 
115P. 

C;,c.;t Opc:=~ion. T'f ;-h-mntl- a! u !vclcol reiny-type 
o! OR switchln,2 clrcult i s  shorn  in the iollawlng 
1 1 1 ~ s t r 3 t i c ~ .  

+ V  

I - 
ihrce-input OR Relay Circuit 

Tke ;z;uts s:? ~pp!!e? !n thp ro l l s  of ie loys K i t  K2, and 
K3. 'Xhen energized, these r e l q s  c lose  and complete the 
circu~r iron. ttie power s m r c e  th:o~gh common load resistor 

. . 
, : - ~ , .  .. :hen no in"ut slonul is ooolied either A, '3. 
a: C, !k,p C!ICU!! t h r n ~ g h  the load reslstor to ground i s  open, 
i,o ;~;:cnt I i u w s  *,rauji. DL, x? the pote?!ia! at !he nutpt:! 
- , . , , , , . , , .u . , .u . ,  +i. ,-'.. ,,.. 1.. i..i .,.... nns,il"r ~ level DO...Ci 
jir-,!:!!?,~ s heno t l i e  , 0 1 1 3 ~  (i- pljs l t ,~e v ~ l r z q ~  COUI? 015C -. !.-i l.I...ii,:,iu .i :%;? : :; 2L:i:er := :?plJt !e~:lnnl 

A ,  r ~ l o y  K l  ciosrs and the current tlowlnq through Hi to 
..,,. ' , .  - 1  -.- 

A~ . , .. ..!t:;c ?:a:: .sh:rh lawnrs t h ~  oiltp!>t to 
:he :c,;:. T t t  ci:;;: ;!?t ?!!he zem !?VPI fnr the 

:.::;lo- ?i r'e !r.cm~! . w i s e  . .rr,i l!?m returns to the norm! 
;-'- . -i..;!*i,z . !evpl when t h p  Input slqnal ceoses ond K l  

.. . . ' . ~  .,. ,>,,?,*,7,e, d : c  ,r. _ I r L  . . ,  . . ,  . . , .  . , 
L U I S  2 i; C 31U s;::,,ott.d the s o r e  sequence of ooerotio~, 

1 1 1 1  4 ,occurs, e n c ~ p l  rhor ;riuyi i(2 2.r K? G; c n ~ r ~ : z e d  izctezd 
c' Kl. In e:tk.pr ccse o neqotlve output is jeveioprd. i i  

OR Logic Ciagron Truth Table  . .... . . . . . - .., . . . ::!:;I!?! ; .r- '!it-~"e~"lly, ?n octput wll! 
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oiso be generoted. This represents the case of the inclu- 
sive OR where the output is A + B + C + A 5  + AC + BC + 
ABC. This type of OR circuit allows several independent 
s~qnols  of different origins to perform the same switching 
function without any interaction between the sign01 sources. 
The relay in the OR circuit thus acts a s  a buffer or isolat- 
Ing element. To perform logic addition, this circuit must 
be used together with othei OR or AND circuits arrmged to 
produce the desired logic function. Should inversion or the 
NOR type of operation be desired, it i s  only necessaiy to 
control these relays w~th mother relay, which when activated 
temporarily shorts the second relay coil causing it to d ~ -  
activate. In this special case, the input signal does not 
produce an output signal. 

To accomplish the exclusive OR operation it i s  neces- 
sary to prevent operation of the other two relays when one 
of the relays i s  already activated. This is occomplished 
by adding a bock contact on each relay which i s  normoily 
closed. The logic symbal ond truth diagram for this circuit 
1s shown in the following iliustiation. 

Exclurira-OR Logic Diagram Ttutk Tabla 

In this instance, the logic symbol changes sliqhtly to in- 
dicate that this is the .xclu.ive-OR function ond not the 
inclusive OR function. The circuitry, however, moy be 
solldstate, electron tube, or mechanic01 without chonqe of 
symbol a s  long a s  the same function i s  ach~eved. The 
schematic of the mechanical exclusive-OR circuit i s  shown 
in the following illustrotion. 

+ V 

? 
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A s~mpllfied schematic of t h ~ s  clicuit showing only the 
relay contocts i s  illustrated below to simplify the discus- 
sion. Note thot for my clrcuit to produce m output, the 
other two relays must be resting in the normally closed 
psll ion,  as ~ndicated by the primed symbois. Thus, when 
input A i s  activoted, r e l y  K1 closes and produces on 
output only i f  contacts B'and C'aie closed. 

Simplified Contact Arrangement 

Likewise, when B i s  activoted relay K2 closes and produces 
an output only i f  contocts A'md C'aie closed. When C i s  

0 
\ 

activated, relay K3 closes ond produces m output only if 
contacts B'and A'are closed. Since activating the relay 
opens the normally closed contact, whenever two relays 

0 
are activated the circuit to the power supply, load, md out- 
put will be opened and an output cannot be produced. Thus. 
o negative pulse is generated only when one of the inputs 
i s  activated at a time, and never when more thm one i s  
octivoted simultaneously. Thus, the exclusive OR function 
i s  accomplished as shown in the truth table. 

FAILURE ANALYSIS. 
Since o relay must be activated to produce m output, if 

there Is no output, either the supply voltoge is open, the 
reloy coil i s  defective or open, or the relay contacts are 
defect;ve or in need of cleaning. The relay c m  be o b  
served md checked visually for operation by applying an 
external voltage to the coil. If the armature operates, then 
the fault must lie in the circuit controlling the relay, or in 
the relay contacts. The contacts can be checked by operat- 
ing the reloy mmually, w~th a pencil, stick, or piece of 
insulating materiol (for voltages of 30 or more) md noting 
if there i s  M output when the armature i s  operated. If not, 
check the power source with a voltmeter to be certain sui- 
iiclent voltage i s  present, and then follow through the 
circuit, looking for any normolly closed contocts which moy 
be open. Checking through the contacts can be quickly 
performed by uslng a voltmeter to measure the voltoge from 
contact to ground. 

In r e lq  operation, knowledge of how the clrcu~t operotes 
i s  important for quick trouble shwting, since key relays 
may be manipulated manually to determine which portions 

MANGE 1 19.C-4 
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of the circuit are operating or are ot foult. In this foshion, 
the foilure con be quickly isoloted to o particular group of 
relays or mntocts. 

AN0 CIRCUITS. 

APPLICATION. 
?ile>.ND c!rcmr is used in nechon~col  c;:-,:ers 

md switching circuits to pafom logic multipli- 
callon. 11 i s  sometimes called o coincidence cu- 
cult in i the i  p~b!;ci::ans. 

CiiiiiiiiiiGijilCS. 
May use posiuve, negative, or combined logic. 
Consists of a qroup of switching contacts con- 

nected in series. 
Sw,t& may je rnrcilurwcu:ly or eli-~tiic;!ly opcr 

oted, usually consists of o group of relays. 
No amplification i s  provided. 
Perfams logic rnuluplimtion. 

CIRCUIT ANALYSIS. 
tonerol. In switch logic, a basic AND c:rcult 

p n  
i j 

consists of o group of single pale, s inde  throw 
swltches connected in series, os shown in the oc- 
canpanying schematic. 

I - 
Basic AND Switching Circuit 

As mn be seen horn the schematic, In the mocuve 
cmdiuon oil switches ore open, and since the lwd 
and output are not connected to the power source 
there i s  not output, represenung a logic 6. Con- 
versely, whesr oil the s ~ i l c h e s  are rxne?. nn, he 
lmd i s  connected to the power scurrr, and on 0x1- 
put i s  developed ocross load reslsta RL by the 
cdren; iIWLni thJosgi: h e  ~ b 3 ~ i 1 ,  iep:esw,enc 
z lo+c I. D,e logis l i q m m  !or th!s circuit is 
L).L;:;: u ~ ~ b l i c , d f i y  ;C $3" !oli~w::~ i i l ~ s ! r ~ t i u ~ ,  
with a truth table. 
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From the symtalic logic diagram, it i s  evident tho1 
there i s  no difference between the medanical and 
electronic urcuit, the symtol i s  functional. Since 
it is necessary to operate eoch switch by hand in 
the exompie shown, and switches me not affected by 
polarity, the level indimtors ore omitted from the 
logic diagom. "omuse a & ~ i i t a ~  is obtoined by 
requiring manual monipuiation oi the switcines, the 
mechan~ml computa uses relays. Applying the proper 
potential to the relay coil pulls in the relay orma- 
twe and closes the circutt. By using one relay to 
con1101 o series of switch~ng operotions performed 
by groups of relays arranged in the proper switching 
sequence, electremezhamcol mmputers which operate 
u t  1,igh roles ;! s p e d  -re fsTmed. Operating speed 
is determined by the time it takes the relays to 
open and close (from 1 to milliseconds on the 
overage). S~nce relays are expensive md require 
mare pow- ond space than transistors or diodes, 
these types of mmputms find limited use. 

Circuit Opnotion. ?he schematic of o typicol 
relay-type of AND switching circuit is shown in the 
following illushotim. 

Threrlnput AN0 Relay Circuit 

n c  ir.pu!s are opp!ied IQ h e  coils of relays Ki. K2. 
r:? K3. W5en closed, these reimjs connect cummuit i u d  
resistor .?L to gounb. In me &energized position, 
the load clrcuit and output floot a1 t ie  suppiy &t- 
q e ,  and this high psitive output level i s  considered 
!e iepresmt o lo$c 6. Whm oil three ,"puts ore 
octivoted sirnuitoneously, relays K1. K2, and K3 close 
and connect the l a d  resistor ood output to yound. 
7hn hi$ pos?tlve output d t a ? e  i s  dropped to zero 
by thecurrent flowingthrouqb thelmd resistor andthe out- 
?;;! :G e!fec!ive!y n_ large ogativegoing pulse. For the 
duration oi theinput signal or pulse, the output remains ot 
zero and then rises to its normal hgh positivelevel when 
:heinpat terminates. mmpleunq the negative output pulse. 

AN9 Lopic Diagron Truth Table 
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Becauseof the series mangernent of relay mntocts 
the circuit i s  only completed when all contacts are 
closed. 'bus, a s  shown in the huth table previous- 
ly, all outputs are zero, except when 011 the inputs 
ore simultaneously activated to produce a "one" 
signol. 

FAILURE ANALYSIS. 
Loss of supply voltage, an open load resistor, or 

defective relay om cause lock of output. Ch&ng 
h e  voltage from theoutput to ground with a hi* 
resistance voltmeter and no input signal will determine if 
source voltage exists, and if the lmd resistor has mntinu- 
ity. Now apply an input signal to each reloy, K1, KZ, and 
K3 in turn, md observe h a t  they operate. if the relays 
operate and no output is obtained with ail inputs simul- 
tonmusly activated, the relay contacts must be defect~ve. 
Clean the contacts and adjust the spring tension for o sat- 
isfactory contact. If na voltage is obtalned in the inoctive 
state when mmsuring from output to ground, but the source 
voltoge i s  nonol, Imd resistor RL i s  open and should be 
replaced. 

When cleaning reloy mntacts use o h i s h i n g  tml and 
avoid use of sondp~per or files to prevent removal of excess 
contact material. If the contacts me excessively pitted re- 
place them with new mntmts. Ditty mntacts & be cleaned 
with approved electrical solvent. Apply a drop to o tmth- 
pick, clean the contact, allow 11 to dry and dress wlth a 
burnishing twl. 

FLIP.FLOP CIRCUITS. 

APPLICATION. 
Relay type flip-flop circuits are used in mechanical 

computers and switchinq circuits to supply off-on triggering 
pulses and provide o signol and its complement simulto- 
neously, they are also used os storage elements. It forms 
the basic clrcult used m most registers. 

CHARACTERISTICS. 
May use positive, negative, or combine3 logic. 
No ampllflcation is produced. 
Consists of two operating and two control relays. 
Provides two output siqnals (one is the inverse of the 

other). 
Usuoliy requires two inputs (on "off" trigger ond on 

"on" higger). 

CIRCUIT ANALYSIS. 
Gomrol. The relay type of flip-flop is the mechonicol 

swltchmg equlvnlent ci the trans~stor or electron tube 
b~stable muluv~brotor ( i t  1s .;ornetimes known os o "toqqle . . 
sw~tch') circuit). It hos two stable states, one the inoctive 
or zero-stote, and the other the octlve or one-stote. Once 
triggered, one reloy is held in the octlve psltion until it 
isrelwsed, meonwhile the other relay rests in the lnanive 
condition until a trigger oppeors. Thus, this type of clr- 
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cuit provides a limited mnount of storage. It will retam 
elther a zero or o one indefmitely, and without attention, 
untll it is triggered into the oppsi te  state of operation. 
The logc diagram for this circult is shown symbolically in 
the following illustration, together with o truth toble. 

Flip-Flop Logic Diagram Truth Table 

It i s  evident there is no difference inthelog~c symbol between 
electronic and mechanical flipflops, since the symbol is 
functionoi. When the symbol bears the designations C and 
S on the unident~f~ed lwds it indicates o clear (reset) input 
for C and a set input for S. The clwr input always returns 
the flipflop to the zero or inactive stote, while the set 
Input always triggers the flip-flop into the octlve or one con- 
dition. It i s  not necessary to lobel these inputs, but they 
may be labelled, if desired. 

Circuit Operotion The schematic of o typical reloy 
flipflop i s  shown m the accompanying illustrotion. The .~~ 
outputs are X and Y, and the inputs are A and B which oper- 
ate control relays K3 and K4. The flip-flop operating relays 
are Kl and K2. 

Relay Flip-Flop Circuit 

CHANGE 1 
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',$'hen no power i s  applied, both reloys K l  and K2 
rest  in the deenergired position and no out;iut i s  
produced. Fnen power 1% applied, both re!c,;s :.,:I! ::., to 
c lose  s ince  their cod i s  co i lnec t~d  b i w c c n  the power 
source and ground. The flist relay to c lose w ~ i l  1scK out 
the other iel-i; snd ;rc;r:.c-: :! !:cr c!cc:.y, ccd t k  plrr,llr 
wlil re.: In  one o! the two poss!5ie ;cr:iluu~lm. A.SS>:;.E 
ior the ifiorzent that r e l i i  K l  i s  c l c scd ,  ihec i e ! ~  K2 !s  
open ond output Y i s  connected to ground via the can:ac!s 
of 1 .  Current flow to ground t h i o ~ g h  RL, will drop t i e  
voltage a t  terminol Y to zerc and sinul;te J 2. ~deanxk.ile, 
X, and the coil res ls tunie  01 K: izr; 2 :.oir.:e i ~ v l d r :  
!:3x +V to ground, and outpu: :< w!li hi. 2 !,dsitljc ;ilt;jc 
?c:e::.,lc* by the :=t?? 1! the -e.sl'i-~i.l^ I ?  tne "oi:~!:e 
dlvlder, but is olwoys l e s s  thur, :be supply v9itoje. As 12% 
as KI rc-naris closed, ti.e X output ;;.I! ?. : ;r:<;::,:i !c!!- 
a q e  represrnlinq a i .  iYnen i n j ~ t  2 :, :i:::c!e? r; .: "P:" 
signal, relay K3 closes  ond qracras the :ci, o; .(I w .;:,an:- 
ing i t  to ground and ccuslnq X i  to open. A:; SOY os  !:: 
opens, current flow through EL, a?d the m?l of K2 !o g r r ~ a 6  
pulls in relay K 2  The output of ter::!ln-! X 1s r.uu C, s~cii 
i t  is grounded, while the Y output is the voltaqe developed 
x m s s  K2 rill !K2 and ?L, for3 Q voltoqe di.r:dir be~wecc 
i? SE? crxc?!. T i p  r:nn:!:il;n: c:e Gsr: ex;:!.; :c;c:tcl, 

"1 and the Y ou:;.ut :s o positive .vrltdje ; tss mor ;he sukicu 

\ 
value, while the X output is G. When o "cleur" puke :; 

"? 
opplled to reioy K4 by energlzlnq B Input terrlinol, relay 
K2 is shorted out and X l  o s r a t e s  cid restires ~ontrul .  
Ihus the lllp-flog rnrf "e :xw& :.u c?,an~e s:c:c bi :lb?:zc- 

tely enerqlzlng con:ro! t e r r ino l s  A ond 3. t i n e  :r,g<;e: 8s 
only momentary it i s  not cantlnuousi. As o r e su l t ,  the 
flip-!la;: pcddces r;,c outyurs, one !r.e Lnvrrse ni r"e cthei 
as shown in the wove:orn;, and will rei! :- one s b t e  mt!i 
triggeied into the opps::e s ta te .  

Cirmi! s:xqemen!s n a y  be mode to ":uduce neyiiii-e 
output ~ o i t u y r ~  if &sir&, ci.2 :% ccn::cl relcyi. T?:, he 
t r iggerd  by e ~ t h e r  ;os;!;vc 3: lrnegntiat ,,nituges, s m c e  tne 
relays are not polorlzed. The  output voitoqe ,wLII be e t e r -  
mined by :he values of relay c o ~ l  r c s l s t ince  cnd lood re- 
slstonce used far 3 S ~ ~ C I ! I C  source ~ o i t a q r  ~ n d  w11i never 
exceed the source, except pnsrinly !nr t h ~  s '~i tchln,?  tran- 
s i en t s  shown by the pips on tne output wove!arzs. hlm 
proper design these tronslents can be proct~caily elimlnoted. 

FAILURE ANALYSIS. 
fi  any reioys ore deiecove, ai <ne ioa" : r;.siur (s; ~ r ;  

. . .  . 
open, either no output or on izpruper uuiput ~ L L L  ir i-;~i;.;.;. 

Oppmtian of control reloys K3 or K4 ccn be checked nsuol ly  
to ilrtenlne if they close when a puise is uppiled. ;petL- 

tion of relays K! ond K2 can a l so  be checked by usioq o .. . 
pencll or piece oi iii~ui-;ti~:, :C :r;h:ncnl:y c l r s e  me : : I : , ! -  

t , i i r  nnd observe if the other o s s a c ~ a i e 0  1eiu.t drcus ~ d t .  . . 
If n!echonicai operotion ccuses  proper c l~tputs  and h n c t ~ o n -  
in? to ccc l r ,  e1tht.r the relnv coil involved i s  open, or the 

one is open ii sicgle  3titjut w11! be o ~ t ~ l n e d ) .  ihecn tne 
source voltage to g r a d  rib+ 3 v o l t ~ e t e r ,   UP^ the c o d  t3 
ground voltaqe. Knowlnl; rhe grope: reststance djv>s>or. 
between then will enable you to determine lf :key are apei- 
ut;ng no;mally by rmns of n voltage check. For exu-gie, 
I! the i m d  ;es:star~ce is 1C t.:;e; tho: :! t:,e relo; cod, tne 
r e h y  vnlrcne should be !Il!th oL :t.e ;c;r:c ,vaito;le (10 + i) .  
!n mechaniml relay o;ler;oon tnc sir.sles: nnd quickest 
:~ethod of troubie ahw:;nq i; to r ~ n u o l i y  i p r c t e  tne relays, 
irzd locote sne  whlch d ~ r s  vat ;r?>ce the pruper rc;bit. 
The trouoie thsn en l s t l  ir :be c:rc,:! conti:l!ed by :h;s 
 re!^;. I!  one n i  the  ;plays see.- ta vpercte properly, the 
p>.;.:r so,izi is a t  !cult, s::c I! !s !be only ?crt 01 tne 

.. .- -;, re,.,,< ,..," ~. .. -.. ...., ! V I ?  ' t  r n n  ne c;rrccia!ud 
thct a cleui underst~rdlnt ;  ot how !ne c l i c ~ ; t i  spciuw I* 

n rc r s sa ry  ro inteihqen:ly ;c;i;c: :2!!:;!3 :c!;Y +::rr.-r!?. 

TWO-WAY AND THREE-WAY CIRCUITS 

APPLICATION. 
Two-way and three-way circults ore used in mmputers 

und switching devices  l o  opply to outputs of two or three 
other logic circuits to t b e  i n w t  of a s ingle  lcqic circuit,  
;ad control i t s  output. 

CHARACTERISTICS. 
May use  positive, negative, or corrbined l o q ~ c .  
llaes cn.i.binotions of Oli ond A N D  circuits.  

CIRCUIT ANALYSIS. 
General. Twoway  ond threrwoy c i r c u t s  pravldc o 

- e m s  of mxblninq lor~icnl operations so that t h e  
r e s d t  can  be hmdled by simple olf-on switching clicuits.  
Combinations of &'dZ an: 23 g-e; oiie: c r n c ~ . ~ e ~ i r ~ !  
and easy method of fonning-in o large number of inputs 
to c s ingle  output line. Besides  being convenient for 
b i n q  und digital u s e  they m e  a!so usefu! !or control 
functions. For example, i f  it i s  necessary far three switches 
to be ploced "on" beiore onather swi:ch cm. be iperated. 

sii;,p:e th1eeir.p~: AVE ci:c,:it w!!! c a n t r d  this  ernti ti on. 
Likewise, the tminq cn o! a t rmsni t ter  from two sepmote 
locations is acconpl ished by o sin;ple C3. gde. Ir, diji:d 
logic it i s  t i e  a;r,mr,iemot o! !tese I ~ N C - W ~ Y  n ~ d  t i t r r r ~ u y  
c!rca!r (or lour-ar fiveiycy c!rc,i?tsj which forin thc c:itli- 
? & h i  2: !z$c ci:r,:i! :!s& cs ,un t n A i ~ r  fir s"bt:ac~:, c: 

otherwise to prodiice the desired funcuon(s). 
circui: Oparo,!or ;. l , ! > , , ~  :*,?-*,T< ,:;r?>:s ca?,s:z!!~z 

01 two &%;gates OE; G ; ,  ::. ,,LC :; s?,:~.: :?. t!.c ::lie:.;-; 
icgic A,,, 

contocti ore dirty 3rd o!!ei ; 513" :es:s!azce p t h  tn 7ro::ld. 
C l w n  the contacts, and :i the !rouble Lrrslsts ierhie 'l;? 
:c!cy. !f Doth iaod res:s:nrs nip :,per:, n~ GU;:U; *ill bs 
~h:,,i,d z-;:. :L-x;i. t?,c :e!c)~ cFer"9- p ~ n y r i y  i l i  r,r!iv 

M A N G E  ! 
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Two-Way Circuit Logic Diagram 

Note that the logic dlogram i s  functiond and does not 
indlcate the octuol circut, so  that diodes, trmsistors, relays 
or switches could be used as long as the proper function 
was performed. Note also, that the actual circuit diagram or 
schematic i s  not needed in understanding circuit logic. When 
inputs A AND B existthe first AND gate produces output 
AB. Likewise, when inputs C AND D exists the second 
AND gate produces output CD. These inputs can be at two 
different levels and supplied from separate logic circuits. 
;hen either input combination i s  w l i e d  to the OR gote o 
single output is produced, md, since it also represents 
the inclusive OR function, when both combinations 
simultaneously exist moutput is d s o  produced from the OR 
gate. Thus the output of this circuit i s  AB t CD t ABCD, 
and the two level input i s  expressed a s  a singlelevel 
output. 

A typical schematic diagrarr using relay switching to 
ocmmplish the logic explained above i s  shown in the 
accompanying illustration. 
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Helays Kl and K2 form one AND gate, while relays K3 
md K4 form the other AND gate. Bcth AND gate relay 
contons are connected in series to ground, md actuate 
relays K5 and K6 of the OH gate when opyropriate inputs are 
applied. Wen either K1, KZ, K3, or K4 alone are actuated, 
the circuit to ground for the OH gote relay mil  i s  open since 
only one set of mntods i s  closed. However, when hoth K1 
and K2, or K3 and K4, or all relays ore mtivated simul- 
tanmusly, the Oh gate i s  activated. Therefore, when on 
output such a s  AB i s  obtained from the AND gate by 
closing relays K1 AND K2, relay K5 i s  closed md output 
F is at ground potential. Nomolly, with K5 md K6 open, 
output F i s  at a high positive level since no voltage drop 
occurs across RI. However, when K5 AND K6, or K5, or 
K6 is closed, current flow to ground through R1 drops the 
output to zero. When these relays are released, output F 
again assumes a high positive level. Thus the OR gate 
Output effectively i s  a negative pulse representing a 1, and 
negative logic i s  employed. 

A three-way or threelevel logic circuit merely provides 
m additional input level over the two-way circuit. Therefore, 
by adding mother AND circuit a s  shown in the accompanying 
logic diagram, a three-way circuit i s  obtained. 

Three-Way Circuit Logic Diogrom 

Exomination of the new logic diagram reveds that when 
input A AND B exist, the first AND gate produces output 
AB. Similarly, when inputs C AND 0 are pesent the second 
AND gate produces output CD; md finally, when inputs E 
AND F me present, the third AND gate produces output 
EF. When my of the AND gate outputs are applied to the 
OR Gate input a single output i s  produced. Since, this 
circult also includes the inclusive OH function, when d l  
combinations simultanmusly exist an output is also 
produced from the OH gae.  Thus the output of the three- 
way circuit i s  AB t CD t EF t ABCDEF, md the three- 
level input i s  expressed as a single-level output. The 
schematic diagram for the threeway circuit i s  shown in 
the cccompanying illustrolion, using relay switching to 
mcomplish the logic indicated md explained obove. 

I - 
Tro-Wq Circuit Schematic 

CHANGE 1 
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are checked out fir:.. When the circuit functions under 
manual operotion bu: not under normal operation, the relay 
coil i s  defective ond the relay or coil should be replaced. 

SIMPLIFICATION PRINCIPLES. 

APPLICATION. 
AB+CO+EF Sim~lifimtion is used to reduce the number of klaic 
+*BCDEF or switihing circuits necessory to obtain a desired 

functional result. 

Relays K1, K2, K3, and K 4  operate identically with the 
previously described tweway circuit and the new relays 
K7 and KB have their contacts connected in series to 
ground, controlling new OR gate relay Kg. Since the 
contacts of K9 are conneaed in pm~lle l  with those of 1(5 
and K6, Operation of the OR gate drops output F to zem 
level when K9 i s  closed. Therefore, when relays K 7  and 
K8 are simultaneously activated, relay K9 i s  closed, 
producing M effective negative output for a loqic 1. 

FAILURE ANALYSIS. 
Check the output with o voltmeter, normolly it should 

indicote a relatively high positive voltaqe to ground, if 
not, tne power s u p i y  source is at fadt or resistor .?I is 
open (check Ri  with an ohmmeter when in dsubt). Apply 
inputs to terminals A ond B. C ond C, and EF, mear.while 
observing that relays K5, K6, and Kg, respectively, a e  
actuated. The output snould drop to zero when relay K5, KC, 
or K9 me octuoted, if not, the associated relay contacts may 
be dirty. If they are sufficiently dirty to produce o poor 
mntocr and high resistonce, the output voltage will not be 
zero, but will be some intermediate value depending upon 
the resistance of the contacts. Each of the relays can be 
checked nonually, by opwating it with o pencil or in- 
sulating rod (for voltages over 30 volts) to quickly determine 
which reloy or group of contacts me not functionin;. Ey 
>:sce?inq Oom c??!pgt !o i n p ~ r ,  n i w p r  number ul cuntocts 

CHARACTERISTICS. 
- , ~ -  .. :. ..J ..-A 2.- -: --,--. '".- 
~ ' L C Y L L  12. L N U L N  L Y  oIIIIp.S~L 

Unnecessary or excessive components me eliminated. 
Usually employs BmleM Aigebro. 
Function is not chonged. 

CIRCUIT ANALYSIS. 
Cenerol. The process of simplification i s  generally 

to reduce my given circuit to its simplest form with- 
out chonging the logic. This i s  mcomplished by eliminating 
unnezessory rwitches or by substituting one switch for 
duplicate switching. There are t w  basic methods which con 
be used; the first method involves pure reasoning, Mile the 
second method uses the mathematical manipulations of 
Boolean Algebra to reduce the unsimplified expression to 
its simplest form. Examples of each method will be qiven. 
Since si?lplificat3o and !he intricosies of Boolean l q i c  
are mainly of use to the logic designer, and the equipment ei. 
countered in Noval use will already be in simplified form, 
the subject i s  only briefly discussed in this Handhook in 
elementary form. For more information on this subject 
theinterested technicion should consultthe text books on 
logic design available from commercial sources and public 
ilbrmies. 

Procedures. A simple switching circuit involving A?IU 
and OH operations i s  shown in the accompanying illustre 
tion, with its simplified equivalent. 

Switching Network Simplified Rcprarentotion 

$;,ct ssit;-, :.'CT B ( E  ' )  :.: S3r,T31iy ,;Icz&, +ile sK!cL, 

B is normally open, the path from i( to Y wiil aiwoys jr 
completed when switch A i s  closed. Thiis b t h  B arid 5' 
switches may be renoved and a clcsed wire connection mclk 
between switch A md output Y, iwvlng switch A os h e  
only one in the circuit. *hen represented in Boolean 
nototion, multiplication of A AND t) or A AND B'ls  
indicated because of the su ies  ANDiog of the switches, 
snd the s u ~ i ~ g  of these wantitles is also indicated .. . becodse oi :he pa;o::e: comccrian (O?,inG) si s?iiii!rs. 
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Thus the original expression i s  (A ' B) + (A ' 0'). If we 
factor A from both terms we can rewrite the expression a s  
A ' (B + B'). However, the quantity (B + 0') i s  equal to 
1 by the first law of complementation in the Boolean 
postulates. Therefore, we write expression as A(1) which 
i s  equal to A, proving the simplified version and reasoning 
are correct. 

Let us now toke a more complex switching arrange 
ment where it is desired that point X be connected to 
point Y through independent elements A, B,  C, D, E, AND 
F, as shown in the accompanying illustration. 

Complex Switching Circuit 

We may now reason a s  follows. Since switch A'is normdly 
closed and any path between X and Y must have switch A 
closed, swith A'will alwoys be open andmay k eliminated 
to produce the simpler circuit shown klow. 

First Simplification 

Note that the circuit now consists of a series group 
of switches forming on AND circuit, and feeding a group 
of series and pmallel switches. Furtha simplification i s  
desirable. Since B and C switches must be closed for the 
AND gate to owrate, duplicate switches B md C may be 
eliminated and wired m o s s ,  producing the s m n d  simpli- 
fied circuit shown below. 

Second Simplification 

Finally, we may reason that switch F provides an inde- 
pendent path, which if F is open has an alternative path 
offered through D'or E AND F'. Therefore. D'md E may 
be directly wired to Y and F'disposed of. Thus the final 
circuit version i s  obtained a s  shown below, consisting of 
an AND gate feeding an OR gate. 

Final Simplification 

By elementar/ reasoning the 13 switch circuit i s  reduced 
to 6 switches and retains the originol desired function. 
This 1s proven with Booleon algebra a s  follows. The over- 
all expression for the unsimplified network is: 

A(A'+ BC) [ (D'+ t) ' C ' F'+ DA'F + BFI = F, 

a n d F =  l 

Combine the terms in the following mannei: 

(AA'+ ABC) [D'CF'+ ECF'+ D A T +  BFI = F 

since AA'in the first expression i s  equal to 0, thaefore 

(ABC) [ D'CF'+ ECF'+ DAT + BFI = F 

and we have by further combining 
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ABCC'F + ABCEF'+ AABCDF + ABCF = F 

but AA'in the third term i s  equol to 0 eliminating the 
term, and 

ABCD'F+ABCEF'+ABCF=F 

combining the last two terms qives 

ABCDT'+ ABC (F + F'E) = F 

since F + F'equds ! ,we have 

"OC""', xz ;y E; = y 
'--u a 

eliminating the parentheses we get 

AZCC'F'+ AaCF + AECE = F 

combining the first two terms gives 

ABC (F + F'U') + ABCE = F 

, since F + F' equals 1 we hove 

P< ABC (F + D') + ABCE = F 

recombining terms we get 

which can be written as 

PBC ( F  + D ' t  E) = F, which oqiees with the final 
simplification 

arrived at hy a simple reasoning. 

CHANGE l 
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