
V 

Thd B Adder i s & p a r a l l e l t y p e adder at&d t o i l l u a t r a t e 
the nethod o f o p e r a t i c ^ ) i t i» o n l y necessary t o c o a e i d e r t h e 
a c t i o s o f t h e c i r c u i t oa one p a i r o f i s p u t d i g i t s ( s aad y ) 
and t b o e f f e c t o f t b e " c a r r y " or "ao c a r r y " f r o a tb© a d d i t i o a 
of o t h e r d i g i t s i u o t h e r c i r c u i t a o 

The I n f o r a a t i o a oa t h e s: aad y i n p u t s t o t h e adder i s i u 
t h e forss o f 24 address b i t s or t h e c o u t e n t s o f a B r e g i e t e r 
again S4 b i t s . ea«!s d i g i t b e i n g a t t h e i n p u t s t o t h e v^arious 
Adder Xaput Boards s i i & u l t a n e o u s l y a 

The boards used t o f o r e t h e cosaplete adder a r e as folIotra:<=> 

Type 813 Adder I n p u t Board 
Type 6IS C a r r y Board 
Type 814 Adder Output Board 

Biagrom 1 shove t h e l o g i c o f each beard and t h e nauuer 
i a v h i c h one s e t o f boards ( a ®ootio23 o f cuo &et) i s ister» 
coBuectedv 

The f a c i l i t i e s o f f e r e d by tb© adder a r e , a d d i t i o n ( x + y ) j 
• u b t r a c t i o u (x-^y) aad rovers© ©ufeiractioa (y«s)o 

F i r e s i g a a l s are t a k e a frora the Adder l a p u t Board and used 
t o c o n t r o l t h e o p e r a t i o n o f t h e C a r r y Board aad Adder Output 
BoardSo 

The p a r a l l e l adder i s t o be p r e s o a t e d v i t h t h e auabers t o 
be addedf e i e u l t a a e o u s l y , adde each p a i r o f d i g i t s a@ a 
(Separate u a i t ^ aad produces a carry^. i f necessary^ t o be 
a v a i l a b l e i a g t a a t l j as an e f f e c t i a t h e ae^ct c i r c u i t ^ h e r e 
the n e s t p a i r o f d i g i t s a re b e i n g austmed. Tlie process i s 
r e p e a t e d f o r each p a i r of d i g i t s i n t h e auiabere b e i n g added« 

I n o r d e r to f o l l o w t h e o p e r a t i o n o f t h e adder, i t i s 
necessary t o know t h e v o l t a g e l e v e l s produced i a t h e d i f f e r e n t 
c i r c u i t S f t 

They are as f o l l e w s s 



Outputs f r o a t h e Adder Z&put Boardt 

^ "Ô  S +80OV TA (TBA) j 
TB <TBB) \ 
TC (TBC) 3 
A (+ab) \ 
I ( + a b - ) J »13 5. «.0»5V 

Outputs f r o a C a r r y Board 

C c a r r y f r o e p r e v i o u s c i r c u i t "0'' «&+lo8V 
O f S+0o3V 

C« c a r r y produced by c u r r e n t a d d i t i o n *0« » +I08V 
S'+0o3V 

Adder Output Board 

A c u r r e n t o f 9aiA s v i t e h e d i n t h e o u t p u t c i r c u i t r e p r e s e n t s 
a ^0^ l e v e l a t t h e o u t p u t S<, 

A c u r r e n t o f Imk s v i t c h e d i n t h e o u t p u t c i r c u i t r e p r o s e n t s 
a ^i^ l e v e i a t t h e o u t p u t So 

S «0» s. +2oOV 

These a r e s t a n d a r d A t l a s l e v e l s f o r "0^ and 

Operation 

Reference s h o u l d be aade t o Biagram 1, 

AsciDite b o t h z and y t o be ' i s ^ and t h a t t h e »ode of 
operation i s a d d i t i o n ^ 

The g a t e s a t t h e i n p u t w i l l be s t r o b e d by "add" and i t 
f o l l o v r a ( s i n c e t h e ga t e s e r e n e g a t i v e 'ands^ f o l l o w e d by 
n e g a t i v e ^ o r s ^ t h a t t h e o n l y g a t e s p r o d u c i n g an o u t p u t 
w i l l be A^ £ and Fo 

The o u t p u t s f r o n t h i s board (813) w i l l be: 

TA 2 0 TB « 1 TC 0 
I % 1 A » 0 



The f i r s t t h r e e c o n t r o l t h e c a r r y c i r c u i t s and t h d l a t t e r 
two t h e Adder Output Boards 

The a d d i t i o n o f x end y where a: « y ® 1 siust produce 
a zero i a t h e suie ( s ) o u t p u t c i r c u i t aad must a l s o p r o p o g a t e 
a c a r r y i n t o t h e a e x t c i r c u i t i n a t a n t l y o 

Carry Board 
• 

As s t a t e d ahove^ TA^ TB aad TC c o n t r o l t h e a c t i o n o f t h e 
c a r r y c i r c u i t s a The e f f e c t o f a n e g a t i v e v o l t a g e a t t h e base 
c i r c u i t p i n s ioOo p i n e 12^ 13^ 14 i a t o "clarap" t h e e m i t t e r 
a t t h e p o t e n t i a l o f t h e c o l l e c t o r * I t v i l l be n o t i c e d t h a t 
each t r a n s i s t o r TRS and TR7 has a di f f e ^ ^ c ^ a t ^claep" p o t e n t i a l 
+1«8V and +0o3V r e s p e c t i v e l y ^ t h ese r e p r e s e n t i n g ^ c a r r y 0" 
and ^ c a r r y 1^ r e s p c c t i v e l y o The closip l<&vol o f TR6 depeada 
npoa t h e presence of a c a r r y or n o t i n t h e p r e v i o u s c i r c u i t 
aad t h e r e f o r e I t i s p o s s i b l e t o a l l o w t^hia c a r r y i a t o t h e 
c i r c u i t p r o v i d i n g TBA goes a e g a t l v o o 

On d i a g r a a 1$ t h e s e t r a n s i s t o r s a re r e p r e s e n t e d by s v i t e h e o 
which w i l l bo c l o s e d when a n e g a t i v e v o l t a g o i s a p p l i e d f r o a 
t h e Adder I n p u t Board« 

The f i r s t s e c t i o n o f t h e f i r s t C a r r y Board Is a s p e c i a l 
c i r c u i t which a l l o i r a t h e d i f f e r e a t f a c i l i t o s ^ 

On a d d i t i o a aad s u b t r a c t i o n (Nortijc,! TRl o m i t t e r its 
h e l d a t +1*8 V which r e p r e s e n t s a '>0% b o t h TR2 aad TRS a r e 
h e l d o f f t h u s ; t h e f i r s t p a i r o f d i g i t s f o r a d d i t i o a caa 
o n l y be p r e s e n t e d w i t h a c a r r y Oo 

Oa r e v e r s e s u b t r a c t i o n a s i m i l a r process i s c a r r i e d o u t , 
b u t i n t h i s case TR8 i s s w i t c h e d oa and produces a c a r r y » I 
v h i c h i s a v a i l a b l e t o t h e n e x t c i r c u i t p r o v i d i n g TA i a aegative« 

I n t h e case b e i n g c o n s i d e r e d t h e r e f o r e , t h e p r e v i o u s 
c a r r y « o aad TA 0 (-i-SoOV) 

TB «« 1 (»ve p o t e n t i a l ) 
TC » 0 (•3,0V) 



The a c t i o B o f theee l e v e l s on t h e c a r r y c i r c u i t i s t o 
s w i t c h on TE?, s i n c e TB i s a p p l i e d t o t h i s c i r c u i t s The 
r e g a i n i n g t r a n s i s t o r s r e a a i n off« T h i s produces a ^ i ' ^ ^ l e v e l 
on t he C l i n e which foreis t h e c a r r y t o t h e n e x t c i r c u i t and 
a l s o a f t e r b e i n g a p p l i e d t o an e m i t t e r f o l l o w e r becogsos a 
l e v e l c o n t r o l l i n g t h e Adder Output c i r c u i t . 

There a r e s i x i d e n t i c a l c i r c u i t s c a r r y boardo 

Adder Output 

The i n p u t s t o t h i s board are A Aand C^o ie o q i u i T a l e n t 
t o S i e e x p l a i n e d i n t h e l a s t paragraphs 

The X i n p u t i s used oa a d d i t i o n and s u b t r a e t i o n o The 
s e l e c t i o n of these i n p i t s i s deterssined by two s t r o b e s j -
st(x«»»y) f o r s u b t r a c t i o n aad s t ( x - f y ) f o r a d d i t i o n and r e v e r s e 
subtraction» 

The i n p u t l e v e l s e f f e c t i v e l y c o n t r o l t h e s w i t c h i n g o f two 
c o n s t a n t c u r r e n t sources which are a b l e t o s u p p l y e i t h e r laiA 
o r OnA t o the o u t p u t c i r c u i t s ^ The l a t t e r c u r r e n t i s th» t o t a l 
when '>oth source© ar© availablo» fh© l e v e l s r e p r e s e n t e d by 
laA and 9bA r e s p e c t i v e l y ^ , a t t h e o u t p u t ^ are 0 and l« 

The t r a n s i s t o r c i r c u i t i s shot?n on Biagraia Tfea 
t r e u s a i s t o r s are r e p r e s e n t e d by s w i t c h e s on t h e l o g i c diagram 
( d i a g r a s i i ) o 

I n t h e exairaple takesj, A i a e q u i v a l e n t t o a 1 l e v e l aad by 
r e f e r e n c e t o t h e s w i t c h i n g boy on diagram i t T ^ i l l be seen 
t h a t BaA i s s w i t c h e d i n t o t h e l e f t hand c i r c u i t s 

The c a r r y frosa t h e p r e v i o u s c a r r y c i r c u i t j , i s '̂O''̂  io® 
•fi.BV aad t h e two " s w i t c h e s " w i l l be i a such a p o s i t i o a 
t h a t OsA i s s w i t c h e d t o t h e S o u t p u t c i r c u i t r y p r o d u c i a g a 
r i s e i n p o t e n t i a l w h i c h i s l e v e l ch&^ged t o t h e s t a n d a r d 
l e v e l f o r ̂ O' a t t h e o u t p u t 'S'o 

Thus, t h e c i r c u i t a have produced a ^ c a r r y ^ t o t h e n e x t 
s e c t i o n end t h e r e s u l t o f a d d i t i o n i a © whore x»y«l a t t h e 
t a p t t t . 



A t r O t h t a b l e can be drawn ap^ aasnniBg t h e f o u r p o e c i b l e 
c ombinatione o f x and y and assuising; e i t h e r a 0 o r 1 s t a t e 
f o r t h e p r e v i o u s c a r r y o l a t h i s way a l l p o s s i b l e r e s u l t s 
any be t a b u l a t e d • 

T a b l e s f o r a d d i t i o n s s u b t r a c t i o n and r e v e r s e a u b t r a c t t e a 
a r o flhowo i n d i a g r a n s 4$ 5 and 6 r e e p e o t i ^ e l y o 

By i a s p e e t i o B o f t h e s e t a b l e s ^ c e r t a i n c o n s t a a t s caa 
bo deduced* 

A d d i t i o n 

The o u t p a t s TBA, TBB, TBC caa bo r e p r e s e n t e d by t h e 
f o l l o w i n g : ^ 

TBA always g i v e s t h e saae r e s u l t as n o n - e q u i v a l e n t x w i t h y 
eog« when x ^ y e s O c T A i ^ O 

whoa S a l aad y « 0 : TA •« i 

Thns^ TA caa be s a i d t o be r o p r e s e a t e d by ( x ^ y ) a S i a i l a r 
d e d u c t i o n s can he made f o r TB aad TC^ except t h a t TB produces 
t h e saae r e s u l t as c o l l a t i n g x and y, iaO. i'B ? ( x & y ) , and 
TC g i v e s t h e sane r e s u l t as c o l l a t i n g x and y i»e« TC s (x&y)e 

FroB t h i s i t f o l l o w s t h a t t b e i a g t h e o u t o f phase v e r s i o n 
o f TA i s e q u i v a l e n t t o ( s s y ) , ioOo when x » y t h e n A s l e 

The i n p u t s t o t h e Adder Output can be s n i d t o be ( x ^ y ) 
and ( s ^ ) r e s p e c t i v e l y ^ t h e f o r i s e r b e i n g used on a d d i t i o n 
which means t h a t whenever x » y t h e adder i n p u t i s 1^ and 0 
i a t h e o t h e r casesa The c a r r y can a l s o be r e l a t e d t o t h e 
i n p u t s . 

Froa these i d e a s a r e l a t i o n s h i p between t h e co n d i t i o n ' s 
o f X and y and t h e c a r r y e" can be shown t o holdo 

These r e l a t i o n s h i p s are as f o l l o w s ( r e f e r t o d i a g r a a 4):«' 

When x & y * l c ^ ^ O 
x & y « l c « = l 
X ^ y c' w c 



S u b t r a c t i o n 

D i f f e r a n t s t r o b e s are nsod on adder i n j u t and adder o 
o n t p u t boards9 b u t a t r u t h t a b l e can be made up on t h e sane 
p r i n c i p l e s as f o r a d d i t i o n o 

Oiagran S shows t h e t r u t h t a b l e * 
The r e l a t i o n s h i p s aret» 

When x & 7 * » l b ' » 0 
x a t y w l b » « l 
X ^ y b» « B 
b" b e i n g t h e f u t u r e borrow 
B b e i n g t h e p r e v i o u s borrow* 

Bowerse a u b t r a c t i ^ n 

The s t r o b e s a r e t h e n o r n a l a d d i t i o n s t r o b e s ^ b u t i n t h i s 
case t h e f i r s t c i r c u i t o f t h e f i r s t c a r r y board produces a 
1 l o r e l * Thus a 1 l e v e l c o n t r o l s t h o f i r s t Adder o u t p u t 
and i s a c o n s t a n t l e v e l s c' r o a a i n s under t h e c o n t r o l of 
TAy TB and TCo Again a s i m i l a r process as i n a d d i t i o n and 
s u b t r a c t i o n w i l l produce a t r u t h t a b l e which w i l l r e v e a l 
t h e f o l l o w i n g r e l a t i o n s h i p s upon i n s p e c t i o n s -

When x & y « l b « « l 
X & y » 1 b« « 0 
X a y b" a B 

C o n t r o l Adder ( H a l f Adder) 

Refer t o diagram 7, 

The C o n t r o l B a l f Adder c o n s i s t s o f t h r e e d i f f e r e n t t y p e s 
of b o a r d , n a n e l y ; -

Type 611 Adder I n p u t 
Type 812 C a r r y Board 
Type 814 Adder Output 

The l a t t e r two o p e r a t e i n e x a c t l y t h e aasoe way as 
s o s c r i b e d f o r t h o B Adder c i r c u i t e 

The f i r s t s e c t i o n o f t h e C a r r y Board, i n t h i s case^ 
produces a l e v e l (•fO.dV) e q u i v a l e n t t o " a l l l ^ s * * . T h e r e f o r e 



t h i s i9 i h o c o n s t a n t p o t e n t i a l c o n t r o l l i & g t h e two " s w i t c h e s " 
i n t h e 1 s t Adder Outpnt o i r c n i t o The -i-OadT l e v e l c o n t r o l 
* * s v i t c h " i n t h e o a r r j s e c t i o n i s p6r»aB«atly h e l d o f f , ioe„ 
o n l y two i a p n t s a re r e q u i r e d . They are TA and TC and t h e 
Adder I n p u t produces t h e s e wavefoms* (TB i s r e p l a c e d by 
the -fOodY d e s c r i b e d above)o There i s no y i n p u t t o t h i s adder^ 

The d i g i t i a p o s i t i o n AK3 ( l e a s t s i g n i f i c a n t d i g i t o f 
t h e address) c o n t r o l s t h e adder o u t p u t boards The c a r r y i 
i n p u t t o t h i s c i r c u i t i s periBanantly -vOoSVo The e f f e c t o f 
these c o n t r o l s i s t o produce a c a r r y i f AS i s a 1 aad no 
c a r r y i f AK i s Oo The suo d i g i t w i l l bs 0 and 1 r e s p e c t i v e l y ^ 

A l l o t h e r c i r c u i t s ioO, C a r r y Boards and Adder Outputs 
then o p e r a t e as d e s c r i b e d f o r t h e B adder« 

A t r u t h t f ^ b l e i s shown i n diagr a i s 9<, 
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ADDITION B ADDER 

(813) ADDER IHPUT BOARD (OUTPUTS) 

( s # y ) (s&y) (s^^y) (xp^y) 
X y TBA TBB TBC A 
0 0 0 0 1 0 
0 1 1 0 0 i 
1 0 1 0 0 t 

1 1 0 1 0 0 
0 0 0 0 t 0 
0 1 I 0 t 
1 0 1 0 t 
1 X 0 t 0 0 

Rulde t^v addert ADDITION 

I f s & y « l c » = t 
x & y » l c ' « 0 
X t r c« * c 

D i a g r a n 4 

"mm" 

(J 

CAHIIY BOARD (812) ADDER O/P (814) 

(xs-y) Assuae Tbon 
A C C» s whea 
i 0 0 0 X&7 « i 0 
0 0 1 c» C 
0 Q 0 1 xl^y c» » c 
1 0 1 0 x&y»l 1 
% 1 0 i x*:y«l c« 0 
0 1 1 0 c* «> c 
0 1 1 0 c» c 
i 1 i 1 x&yal rs 1 



SUBTRACTION* B ADDER 

(81 8 ) ADPgR I/P BOARD (OPTPliTS) 

(^y) e&y) 
z 7 TBA TBB TBC A 

0 0 1 0 0 1 
0 X 0 X 0 0 
t 0 0 0 i 0 
t 1 1 0 0 1 
0 0 1 0 0 1 
0 X 0 X 0 0 
X 0 0 0 t 0 
X X X 0 0 1 

Rulea f o r addert a t i b i r o c t i o B i 

x & y a l l>*«»0 
s & y « l b ' ^ ' i 
z « y b" « B 

Diagraa 5* 

CARRY BOARD (812)ADDl!:R O/P (814) 

Aseaae Thea 

B b« D i f f e r e n c e wben 

0 0 0 z^y b««B 
1 1 z & y s l b»r:l 

0 0 1 x&yal b««0 
0 0 0 xay b«»B 
i 1 1 z«y bo»B 
1 1 0 z&y»^i b»«l 
1 0 0 z & y n l bo^O 
X 1 i ««y b«»«B 
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CONTROL HALF ADDBR 

AK If 
1 0 

OrigiDAl d i g i t «» 1 
Anawor ( s ) o 0 
Carry « 1 

AK A I 
0 I 

O r i g i n a l d i g i t ^ 0 
Anaver ( s ) »i 

Carry » 0 

TAB TCH C C» S 

1 0 1 1 0 

a q u i v a l e n t t o a d d i n g 1 t o t h o o r i g i n a l d i g 

TAB TCe C C S 

0 1 1 0 1 

o q n i r a l o n t t o adding 1 t o tho original d i g i t 

Diagram 0 


